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Model Questions — Solution

Group A

Attempt any FIFTEEN questions.____ (i [15%2=30]

E 1.
=

Predict the structure of water molecule i-l;i'ng VSEPR model.
According to VSEPR model, a molecule takes a shape that minimizes the repulsion
between bonding pair i.e. bond pair and non-bonding i.e. lone pair of electron. '
Lone pair- bond pair repulsion > bond pair - bond pair repulsion
In H,O molecule, two lone pair of electrons and two bond pair of eletirons are present.
Pue to the presence of lone pair of electrons on O- atom, the shape of water is angular or
inverted V-shape.

s 0=

H 105" H
Angular or V-shape of H,0

Why is it difficult to undergo nucleophilic substitution in haloarene? ) : ¥

Haloarene, the carbon attached with halogen is sp? hybridization and stabilized by .
resonance. Due to the resonance a double bond is developed between carbon and

halogen atom and having lesser polarity of C—X bond.

©) ‘@ 44
2Xe X
i
5 -
(1) (In (1 (v) : (V) Resonance hybrid

Resonating structures of haloarene’

Therefore, haloarene does not easily undergo nucleophilic substitution.

4

fa ¥

Why is the b.p. of ethanol high

Give an example of Reimer Tiemann reaction. kit o

When chloroform is heated with phenol and sodium, hydroxide followed by hydrolysis,
salicyaldehyde (o-hydroxy benzaldehyde) is formed. This reaction is known as Reimer-,
Tiemann reaction. ' : ' L. o :

OH ' s 1 oH% .0
Cl cl g l
I 601070 °C P H.
+ /C\ +'3 3NaOH ————= + 3NaCl + 2H,0
: Ci¥ - H _ 3 A 3
Phenol Chloroform ' Salicylaldehyd_é

er than its isomer dimethyl ether? ,
Ethanol forms hydrogen bond whereas dimethyl ether does not form hydrogen bond.
So, the ethanol has higher b.p. than dimethyl ether. We-know that hydrogen bonded
compound having higher b.p. than hydrogen non-bonded compound. - 3

HZ?_CHS Hz?'—CHa

|
H30—0H2—0~-----~-------»-H-—-O ...... [RPIINE H—O
- ¥ / Bi®

H-Bonding
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5. What happens when benzaldehyde Is heated with ag. NaOH.

™ When bernzaldehyde is heated with aq. NaOH solution, sodium benzoale and bﬂnzyl'

alcohol is obtained. Tl'_uis reaction is called Cannizzaro's reaction.

OHC COONa  H,C—OH
50 % NaOH
Benzaldehyde

Sod. benzoate  Benzyl alcohol

6. Suggest the structure of (A) in the reaction given below:
A m Methanal + Propanone

» The compound A gives methanal and propanone on ozonolysis. So, the compound A

must have alkene containing four carbons.

H CH 0 o]
3
SR TR | |
H/ SeH ZniH0 A q iy
3 Methanal

2-methylprop-1-ene (A)

7. Give a chemical test to distinguish between methanoic acid and ethanoic acid.

= Tol[e_n's reagent test is suitable test to identify whether the given acid is methanoic i.e,
formic acid or ethanoic acid i.e. acetic acid. The two acids is taken in two separate test
tubes, added Tollen’s reagent and boiled for a few minutes. A silver mirror is deposited
on the inner wall of test tube which shows the presence of methanoic acid. Methanoic
acid only gives the silver mirror test but ethanoic acid does not give. In this way ethanoic

and methanoic acid is identified.

2AgNO3. + 2 NH,OH — Ag,0 + 2NH4/NO, + H,0

1
H—C—OH 4+ Ag,0 —2 = H,0 + CO; + 2Ag¥

Methanoic acid Silver mirror

Propanone

Write an example of diazotization reaction.

= Aniline reacts with' nitrous acid at 0 - 5°C then diazonium salt is formed. This reaction is -
known as diazotization. Nitrous acid is prepared by the action of sodium nitrite and

mineral acid.

NaNO, + HCl —— HNO, + NaCl

Sodium nitrite Nitrous acid
Mg N=N—CI '
NaNQ,/ HCI
+ HNO, + HCI :
2 05°C + 2H,0
\niline
Benzene diazonium chloride !
Give twe cifferences between DNA and RNA. S
[ifhe “lween DNA and RNA are )
| ; DNA RNA
It 15 dee Ieic acid It is ribonucleic acid
It is iman hromosome. It is mainly found in cytoplasm.

s .Li:!lwoluncl-l-nh-!_ol_pae—lrl_;.—__‘

Model Questions-Solution l

Following are the two main functions;
It acts as biological catayst'in various metabolic processes in the living body.

i. It'helps in the synthesis of hormons, Example: glycoprotein is used in the synthesis of

thyroxin.
11. Match the following:
A Aspirin A Antiblotic
B. Dettol B. Antipyretic
C. Paracetamol - C. Antiseptic
D. Chloromycetin D. Analgesic
™
A. Aspirin = ' D. Analgesic
B. Dettol - C. Antiseptic
C. Paracetamol - A. Antipyretic
D. Chloromycetin  — B. Antibiotic
12. Name any two Insecticides. -

Two insecticides are DDT and BHC.

. X gram of CaCO; reacts completely with 20 mL of 1 molar HCL, Calculate the value of X.

Here, 1M HCl = 1N HCI
So, 20 mL of 1M HCI = 20 mL of IN HCI

+
Equivalent weight of CaCO; = w =50

"

We know that,

1 g equivalent weight of acid = 1 g equivalent weight of base

or, 1000 mL of IN HCl = 50 g equivalent weight of CaCOs

or,

50
20 mL of IN HCI =555 * 20 =1 g equivalent weight of CaCO,

Therefore, the value of X =1 gram.

14,

k-

State Faraday's Laws of Electrolysis.

Faradays Law of Electrolysis

Michael Faraday's in 1833 introduced the quantitative aspect of the decomposition of

electrolyte by passing an electric current through them. He established a relationship

between the amount of the electricity passed and the amount of the substance deposited

at the electrode. His result can be expressed in the form of two laws called Faradays law

of electrolysis.

Faraday's First law of electrolysis

Statement: “The amount of substance deposited or liberated at electrode during
electrolysis is directly proportional to the quantity of electricity passed through the
solution”

Faraday's second law of electrolysis

Statement: If the same quantity of electricity is allowed to pass through the solutions of
different electrolytes, then the amount of different substance or ions deposited or
liberated at respective electrode are proportional to their chemical equivalent or

equivalent weight.

Calculate the standard EMF of a cell from the half cell. Ag* | Ag and Ni*2 | Ni having standard

reduction potential + 0.80 V and -0.25 V respectively. ‘
The reduction potential of two half cell reactions are

Agt+ le- —> Ag [Eo=+0.80 V]

Ni*2 + 2¢- ——— Ni [E"=-0.25V]
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3 i at of
Here, the reduction potential of Ag' / Ag is more than tha
reduction will occur at nickel electrode. e
So, EMF of cell i.e. Eocell = E* (u!l'lllr_j_‘f:'[.mlc} = GE{! -_(_0_25_)’_-.“9. A4
16. Define él{d_giv-e one example of Lewis base. . ' ‘ |
» Lewis base: The species which is capable of donaling a pair of electrons 15 known'
Lewis base. Example: NH, R_N_H: . |

Ni*2 / Ni. Sg

17. Whatis the criteria for spontanelty of a reaction?
~ For spontaneity of a reaction
Free enérgy change should be negative i.e. AG = -ve (or<0)
Entropy change should be positive i.e. AS = :‘\’t‘__((i ’_[1_ e —

18 Draw_e_mrgy profile diagnrﬁ-f;; catalyzed and uncatalyzed reaction. e
™ The energy profile diagram of catalyzed and uncatalyzed reaction is

Y-axis /Unc.miymi reaction
1 | / \
E z E G \ E, E S
o ] ] ol ]
gl | = Ell:
= 8 3 z 5
A F FE
S & EE
° L
- Catalyzed reaction
Reactants AE
" . Products
T 5 X-axis
0 Reaction coordinate ——==

E.(forward) = Forward reaction for uncatalyzed reaction '
E.(backward = Backward reaction for uncatalyzed reaction
E.C(forward) = For catalyzed reaction
E.C(backward) = For catalyzed reaction y
19. Write two ways for prevention of corrosion.
n Prevention from rusting
a. By galvanizing iron with Zn or Sn.
b. By covering iron surface with paint, coal tar, liquor etc.
20. Give two uses of Zinc. Y n L
». Following are two uses:
i. Itis used as galvanizing iron.
Itis used for the extraction of silver or gold.
Group 'B'
1 any FIVE guestions. =
s Diethyl ether prepared in the laboratory?
nle: When excess of ethyl alcohol is heated with conc. H;S0; at 140°C, diethy.

I'tained. :

3 100 °C 3
"H;—OH + H,80, ————> H,C—CH,—HSO, + H,0 !

hnl . Ethyl hydrogen sulphate

Model Questions:Solution . 5

140 °C

HyC—CH,—HSO04 + H;C—CHy—OH ———— H,C—CHy—0—CH,—CH, + Hz504
Ethyl hydrogen Ethyl aleohol Diethyl ether
sulphate (Ethoxyethane)

Procedure: 50 cc of conc. HiSOy is gradually added with constant shaking to 100 cc of
ethyl alcohol kept in the distillation flask. The mixture is heated on a water bath at
II4D°C_. when ether begins to distill over. Alcohol is added in the distillation flask from
the dropping funnel at nearly the same rate as that of the distillation, the temperature
being maintained at 140°C.

Tyl akwkod
e Thermameicr
T Waler oul
o
Leihigg ssimlemer
Ethyl ak shol +
Conw, M =

Waler bath  —f

leecold water =1
Ethoxyethane —

Figure: | ¥ prep ofd

Purification: The distillate contains ether, ethyl alcohol, water and sulphur t!ioxide, Itis
first washed with dil. NaOH solution and then with water. The upper layer is §eparated
and dried over anhydrous CaCly. It is then redistilled on a water bath pure ether passes
over at 34 - 35°C.

. A primary haloalkane (X) on dehydrohalogenation yields a con;p_;uﬁ—ﬁ]_. ‘which when reacted with

HCN gives (2). The compound Z on hydrolysis gives pro_pano:m acid. Identify X, Y and Z. _

The compound Z on hydrolysis gives propanoic ac{d‘. So, compqu_nd X contains two
carbons. The primary haloalkane having two carbons is H;C —CH: -

The complete reaction is given as:

= 2 QiH ]
HyC—CHy—x —HEKO o pye==CH, —HEN i c—cH—en 222 e —cH,—C—OH
Halocthane A 4 Ethene Propanenitrike Propanoic acid
%) m @

The compounds are

X = Haloethane

Y = Ethene

Z = Propanenitrile .

. What happens when:

a. The gas produced by heating chloroform with silver powder is passed into ammonical silver nitrate

solution. _ .
When chloroform is heated with silver powder, acetylene gas is obtained. Acetylene gas

is passed through ammoniacal solution of silver nitrate.a white ppt of silver acetylide is
obtained.
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|

H—cqct + BAg + c|_,.c_-u__-—- HC==CH + 6AgCI

| ’J Acetylene

Chloroform Chloroform

Again, dividing equation (ii) by (i) we get,
36x100  k[03]"[04]"
“3x102 - k[0.1]"[0.2)

or, 12=3m 20 [n =2

or, 12=3m 22

or, 12=3m .4
CHE=CH + 2AgNO; + 2NH,OH—>Ag—C2 C—Agl + 2NHiNOs * 2H,0 el
Acetylene  Silver nitrate Silver acetylide(White ppt) Ay

{o react with Oz at aboy * The reaction is 1%t order with respect to A.

b. The product obtained by heating chiorobenzene with aq. NaCH is allowed
130°C under pressure. A
= When chlorobenzene is heated with aq. KOH at 350°C and 300 atm pressure, sodiu

phenoxide is formed which on acidification to form phenol.

Hence,
The reaction is 1" order with respect to A.

The reaction is 2" order with respect to B.

cl ONa Overall order is (2 + 1) = 3 (3" order)
Units of Rate constant
NaOH 350 °C Rate mol s-'L-1 v
g Hnm ke (AT " “mol L-{(mol L1 =L
Chlorobenzene Sod. phenoxide Phenot 25, 0,05 g of impure CaCO; is dissolved into 20 mL ol 5 [f = 1.05] HCI solution and excess of HCI

Sodium phenoxide is heated with carbon dimu'de at 130°C under 4 - 7 atm pressuref',
sodium salicylate i is formed which on acidification gives salicylic ac1d

ONa
+ 130°C @ ©/
& 7 am

Sod. phenoxide sod. salicylate Salicylic acid

solution needs 30 mL o! [l 1.15] NaOH mlu!ion for complete neutralization. Find the percentage
purify of CaCOs. .
Solution .

: >
20mL Df% (F1.05) HCI = 4.2 mL of IN HCl

30 mL of {I'l .15) NaOH = 3.45 mL of 1N NaOH

24. For the reaction 2A + B — C, the following data were oimlned
Expt No, | 'Mtial conc® of [A]° | Conc® of [B° { Initial rate of reaction

Accardmg to volumetric analysis principle
1000 mL of 1IN NaOH neutralizes 1000 mL of IN HCI
So, 3.45 mL of NaOH must neutralizes 345 mL of IN HCI

mol /L Mol L' s il ke
1 0.1 0.2 3% 102 The volume of HCl left = (4.2 - 3.45) = 0.75 mL of 1N HCl which was already neutralized
2 03 . 04 ‘ 36109 by 0.05 g of CaCOs.
3 0.3 0.8 144 x 104 Now,
0.75 mL of 1N HCl is neutralized by 0.05 g of CaCOs

a. Find the order of reaction with respect of A, B and overall,

b. What are the units of rate constant of the reaction? 0.05 x 1000

1000 mL of 1N HCl is neutralized by — 5=z =66.66g

Solution
Given, But actually,
Reaction 2A + B==» C 1000 mL of 1N HCI requires = 50 g CaCOj; i.e. equivalent weight
Rate = k[A]m[B]» The weight of ;?g:re CaCO; = (66.66 -50) =16.66g -
The;"fm' % impurity =—gg gz x 100 =24.99 %
x 102= K[0.1]m[0.2]o i) G 66
i - ) ?nﬁ"m?ze_ é.l (1:1;?:?) Caggol ;‘5 01%
H x104=k[0.3]"[0.8] .. (i) i R
ding equatioﬁ (iii) by (if) then we get 26. Define Gibb's free energy and derive an expression to show the relation between AG, AH and AS.
IO‘ _X[03]~[08] . = Gibb's Free energy: Any part of energy which can be converted into useful work is
3t “K[03][0.4] called Gibb's free energy. It is denoted by the symbol G. its relation with E,H,Sand T are
P _ : . given by the following equation.
or, 22=2n ! ' G=H-TS
o If the system is changed from one state to another state then
Gi=H-Ti5 y e (l}

The reaction 15 second order with respect to B. : : G:=H:-TS; (i)
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en by

i.
The change of free energy is giv
Gi-G) = (Ha = Hy) - (T1S2 - TiS)

If the system is carried out at constant
AG = Al - TAS

The equation-(iii) is call
spontaneity of a process.
From 1 law of thermodynamics

AQ = AE + AW

or, AQ = AE + Wy + Wasetnt

or, AQ = AE + PAV + Waw [Wep = PAVI

or, l\Q = AE+ \\'uw“,][ilE =PAV = ﬂH]

or, AQ = AH + Wi

We know that,

: AQu
E\S--‘Q‘r—

AQ=TaAS

Equation (iv) becomes
TAS = AH + Wywetul
AH - TAS = - Wwhl

T=Ta=T :
femperalure thenTi ®

.. (iii)

i mercury is S(‘pdl’ill{‘(l
— .
od Gibb's Helmholtz (‘il\l‘l.lIOI i

{ useful for l”"-‘d:
i

i)

Maodal Ouestions-Solution ]

Fillration through chamais leather: Impure mercury is filtered through a chamois
leather bag, when mercury filters out and solid impurities remain in the bag,

ii. Treatment with 5% 1INOx The filtered mercury is trealed with 5% HNOy when most of
the base metals impurities dissolve in FINOy but mercury dges not dissolve. This

, washed with water and dried.

{ii. Distillation in vacuum: The dry mercury is distilled in vacuum when very pure

mercury is obtained. )

——— Impure mercury

¢——— Pure mercury

Fig: Purification of mercury

Group 'C’'

_[2x10=20]

pt any TWO guestions.
or, AG =- ‘l\ru‘.fm ‘4“!“1 — y—-- J B

27. How is mercury
~ Extraction: Mercury is extracted from cinna
process consists of the following steps:

siracted inwure form fromits sulphide ore? _
extracted in pure form bar 1 carbon reduction: pro 1

th floatation process: Cinnabar is a sufp da conc. HNOj3 and conc.

28. How is nitrobenzene prepared in
aboralory preparation of nitrobenzene:
Theory: It is prepared in the laboratory by the nitration of benzene with a mixture of

laboratory? Give its reduction in different media.

HS0; at ordinary temperature.

a. Concentration of cinnabar ore by fro ( : . et - Cone.H,50 NO,
and hence it is concentrated by froth floatation process. P I H HO—/NO; b + H,0
b. Roasting of the concentrated ore: The concentrated ore is roasted in air When: A ._.Nil;ii X 50 °C
oxidized to HgO and portion decomposes to Hg and Oa. ina et
2HgS + 30, — = 2HgD + 250qf i Benzene
2HgO —— 2Hg + Oif e o s
c. Smelting in a shaft furnace: The roasted ore is mixed ‘.vl.th coke and the mixh Vo S
heated in a shaft furnace to about 1000°C. Under this condition, HgO gets reduce_ed -
HgO + C—sHg + CO b i
The vapours of Hg and CO are led into a tank containing water where mercury vap
condenses to form liquid mercury. . i
Ore + Charcoal @
HLe— Cold water i

«— Blastof air

Cooling Jacket

—— +— Water in

Found botiom sk
Benzene + Cone. HNO + Cone. HiSO,

Water hath

Mercury

Fig,

Fig: Shaft furnace

d. Purification: Mercury contains some solid as well as soluble b

ificati ase-metals impurities, |
purified in following steps: P 3

Laboratory preparation of nitrobwnzene (reflux)

Procedure: 60 mL of conc. H;504 and 60 mL cone. HNOj is taken in a round bottom flask
and the flask is cooled by immersing in cold water then 50 mL benzene is added in small 3
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on.

. : iditio dour a
amount and the mixture is shaked in every & vith bitter ﬂlm o o aterppT;
at 60°C for 60 minutes, pale yellow oily lay e:;trans erred in cold Wi 3
p e mixture
surface. The flask is cooled and th parating funnel.

nitrobenzene is separated by using s¢ 4
Thermometer (10°C)

Alr condunser
-‘_""‘--..._‘_‘_‘_‘_ I
\‘\T'“\\"“-\\
Impure A
nitrobenzene Sand hath ‘ "'ﬁ
A 0 A

for purification)

COs and wa
Purification: Thus the obtained nitrobenzene is waShlin‘:e:;: I\: 2dlst:ller.i ‘by
times and dried over anhydrous CaClz. The mitro " pure nitrobenzene
condenser to get pure nitrobenzene. Thus, the obtained p ;

point 210°C. .
Reduction of nitrobenzene in different medium:

Figure: Distillation af miteohenzene {

a. In acidic medium: Nitrobenzene gives aniline in ﬂ;l:{il(‘ medium. i
2 o
e + 2H,0 "
- Zn/ conc. HU 1l
A
Nitrobenzene Aniline | ‘, k

b. In neutral medium: In neutral medium ie. in the presence of Zn + NHiCl then

N-phenyl hydro Iamine P
pheny! hydroxy e 0

—m + H,0
z«rNH cl 2

Nitrobenzene N-phenyl hydroxylamine

¢. In alkaline medium i.e.Zn / NaOH: In alkaline medium, nitrobenzene gives diff
bimolecular reduction product depending upon the nature of reducmgagent used

4 \
'. i
i

NO, NasO/NaOH N_N :_
+ 6[H * o CH0, NaOH pi 3H2° o

Nitrobenzene Nitrobenzene Azoxy benzene
NO, _ZVNOH N=N
+ 8 + “onon *
Nitrobenzene Nitrobenzene : y

Azo benzene

Modsl Questions-Solution . 11

@— O Zamaolt @— HwNH'@ + 4H,0
+10H) +

Nitrobenzene Hydrazobenzene
A1

Nitrobenzene

d. Electrolytic reduction: Nitrobenzene on electrolytic reduction gives different products in

different medium.

NH,
Weak
NO Acidic
— Aniline o
HN—OH NH,
Nitrobenzene St Rearrangement
Addic A
N-hydroxylamine OH
. p-aminophenol
rite the major productoﬂollwing reactions:
29 a{|;N e ] P05 (i N=N-Br (i) OHCs Conc. HNO
CHiCOOH —— CusChiHEI : —_—
(iv) OH (v NH

@ 2081 @ cHycoct
A
N=N—Br

O & ﬁl
.._J ___.__—.Po e i
H,c C—OH ;’ HyC—C o—c CH, _cunivor_ -
Ethanoic acid Ethanoic anhydride y

bromide

-

i) flil )
j . HNO. ar,
’ CI-—-('!:—'H ﬂc__’- Q_ti-;dmz =
! | ' :

Chl(‘CI f Chli:opicrm Eheso] Br 24,6-tribromophenol
roform
V.
: i

HyN HN—C—CH,

CH,COC! @
—_—
Aniline ‘ Acetanilide
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e. e valu

b. How would you convert? {
i.  1-Propanol into 2 - propanol
ii. Nitrobenzene into phenol

~ Conversion:

i. 1l-propanol to 2-propanol

t
or weak clectrolyte and will be slow for strong electroly

pends on (i) number of ions (i) speed of ions. 1 due adeaee
electrolyte the increase in molar conductance is only e e il
because with increase in dilution force of attraction

will be sharp f
conductance de
In case of strong
speed of the ions

n dilution is

i ithi ase i
H.50 HB CH—CHy ;l?crease} weak electrolyte, the increase in molar conductance with incre
conc. . f —CH— | 1 case of We? . ’ : .
H:;C——CH;—'CHz—OH __ITU:C ~—= HyC—CH=CH, — ™ H4C | 3 sharp. Itis pecause of no. of ions will also increase.
B ] y-ax
1- 3 2 '
propanol 1-propene sbromaprortl :
l aq.KOH Strong electrolyte
HJC'_?H__CHG "
i Weak electrolyte
z_prupmnl k.
o
ii. Nitrobenzene to phenol: ) . 7 P
Fig: Variation of molar conductance (1) with dilution
| ] W - : N=N—Cl ‘
S ©’"“z S @ b. Find the pH of 0.01M acetic acid solution. (Given Ka = 1.85 x 10°%)
. * ’ 5 i w CH;COOH jonizes as
k" Aniling Benzenediazomum chloride rooci b '
L itially C 0 0
In“f“ y aC a C(Let a is degree of ionization)
HO At equilibrium  (1-0)C '
Applying Law of mass action
H*][CH:COO G
Ka= [CHJCOOH] ............
Phenol

Here, aC = [H*] = [CHsCOOT]

30. a. Define specific conductance and molar conductance. How do they vary with dilution? (1-a)C= [CH;COOH] = 0.0IM

i : ; i is called specific condunce. Tt Ka=1.85x 107 "
> ipj::\g:r:f:‘d::;;: z‘;l'he repreolelmei R e Putting the value in the above equation (i) we get
Molar conductance: The conductance of certain volume of solution containing 1 mole of Ka'= aC? _ a’C
solute when the whole solution is placed between two parallel electrodes of 1 cm apart is (1-a)C  (1-a) N
called molar conductace. [H*][CH:COOT]
Variation of specific (x) conductances with dillution: With increase in dilution, the Ka= [CHACOOH]
specific conductance will decrease. It is due to decrease in number of ions per cm*. The H*|[H*
decrease in specific conductance will be sharp or abrupt for strong electrolyte but will be or, 1.85x 105 = [0.01]
gradual for .we.?k electrolyle. .Wilh inrreasg in dilutit:n. degree of dissociation will also or, [H*]2=1.85 x 10 x 0.01
increase which is not posslﬂil:n case of strong electrolyte. or, [H*] =185 x 107 =4.30 % 104

_ 31, Write short note on any TWO:

a. Characteristics of Transition elements. -
dilution

' We know that
pH = -log[H*]
. Strong elactrolyte pH = -log[4.30 x 104]
« pH =336
Hence, pH of 0.01 M CH3CQOOH is 3.36
O

™ Transition elements: Those elements which have partially filled d-orbitals in metallic
Jig: Veriation of spesific conductance (<) with dilution state is called transition elements.

¢ dilution on molar conductance (u): With increase in dilutiey, General properties:
Effect o o will increase. The increase in molar conductance witly Mg | L. Transition elements have'high melting and boiling point.
Conductanc n ii. Salts of transition elements are coloured in the solid state.

the Mgy
" dilygy
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nagnetic
iii. The compounds of transition elements I'ShU'EV TI“:::::‘S.E

iv. Transition elements exhibit variable oxidatio S

v. Transition elements have ability to act as cat? y

b. Hoffmann's method of separation of mixture of fm nel‘s[.“im'S i
» Separation of primary, secondary and tertiary & e
Given mixture of primary, secondary and tertiary

i stalline sO
Primary amine reacts with diethyl oxalate to give crys

iermlchcmiml reactions,

Hoffmann's method:
cated with diethyl o
lid dialkyl oxamide,

0 H

H

i -

C—0—CH,—CHy + H—N—R + 2 HC—CH;—OH
| c—N—R Ethanol

C—0—CH,—CHy + H—T-—R )
Il ! 5 n

Dialkyl oxamide (Crystalline solid)

Diethyl oxalate 1" amine

Secondary amine forms oily liquid dialkyl oxam:: ester.

Il T _
i o C—N—R
[ + HC—CH,—OH

+ H—N—R —™

c— — a — 0—CH,—CH
O CHCHy o e g 0—CH,—CHy Ethanol
Diethyl oxalate Dialky! oxamic ester(Qily liquid)

Tertiary amine does not react with diethyl oxalate. k . N
The reaction mixture containing dialkyl oxamide, dialkyl oxamic ester, tertiary. am A
and ethyl alcohol is first filtered and solid product of dialkyl oxamide is separat

Dialkyl oxamide is heated with aq. KOH to recover primary amine. !

T

Il
C—NH—R c—

IOH Ok
" L i + 2R—NH,
=R ﬁ—O‘K' 1"amine
Dialkyl oxamide Pot. oxalate

" The remaining mixture of dilakyl oxamic ester, tertiary amine and ethyl alcohol is
subjected to fractional distillation. Tertiary amine is distilled out first. The residual

dialkyl oxamic ester is heated with aq.KOH to recover secondary amine and ethyl
alcohol in different fractions. ’

gl '
C—N—R Lo- K 5
2kOH I ¥
| A L+ R—NH + HyC—CH,—0OH
I 25 ﬁ—O K T'amine Ethanol
o}
Dialkyl oxamic ester Pot. oxalate

In this way, the given mixture of 19,203° amines are separated out by Hoffmann
method. 1

*,C Manufacture of steel by open-hearth process. ; i
Open- Hearth process: In this process , a mixture of cast
charged in a open hearth furnace.The furnace is lined wit
. upon the nature of impurities present in cast iron, The mi

the furnace at 1500°C. The impurities are oxidized by
gases.

iron,steel ,iron ore and lime i
h dolomite or silica dependi 'Y-,..
xture and air is passed through
iron ore and removed as slag’

e ———

Model Questions-Solution 15

2Fe;04 + 35— 4Fe + 350,
Fe03+ 3C— 2Te + 3CO
10Fe;0; + 6 — 20Fe + 6205
205 +6Ca0 — 2Ca3(POy)2
2P,0;5 + 6MgO — 2!\"1310’04)1
2Fe;0, + 36 — 4Fe * 3510,
5i0; + CaO — CaSiOs

Fe;Oy + 3Mn— 2Fe-‘+ 3MnO
MnO +5i0; — MnSiOs

o-—\
e

14

‘Basic or aculic

Molten pig iron + lining

low grade wrought B
iron + scrap iron +
haematite

Hot gases

Hot producer gas

Fig: Open Hearth Furnace
Advantage of the open hearth process over Bessemer converter process:
i, Better quality of steel can be manufactured.
ii. Large quantity of steel can be manufactured in once operation.
iii. Low quality of iron ore or cast iron can be directly used.
iv. The temperature can be controlled.

. Application of common ion effect in qualitative analysis. :

Following are the some important application: 5 ) )
In the purification of NaCl: When HCI gas is passed in a saturated solution of impure
NaCl, pure NaCl crystals precipitate out. This happens because [Na‘] and [Cl] are
maximum in the saturated solution of NaCl. On bubbling HCl into it the concentration
of CI” ion increases due to dissolution of HCl in solution. Hence, [Na*] [CI ] becomes
larger than the solubility product of NaCl. Hence, NaCl precipitates out. [t must be
noted that a substance precipitates from its solution when its ionic product exceeds its
solubility product. .
Precipitation of soap: When excess of NaCl is added to a solution of a soap which is
RCOONa, the concentration of the common Na* ion increase too much so that [RCOO ]
[Na*] becomes greater than solubility product of RCOONa (soap). Hence, soap
precipitates out. .
Precipitation of sulphides of group (II) in salt analysis: When H:S gas is passed in an
acidified solution of cupric salt, lead salt, Cd-salt, Bi-salt, Hgfic) salt, stannous salt, As-
salt and Sb-salt, their sulphides are precipitated because the product of the concentration
of these metal ions and S - - ions exceeds the solubility product of CuS, PbS, CdS, BiaSa,
HgS, SnS, As:S: and SbiS; respectively. X
Precipitation of hydroxides of group (IIIA) in salt analysis: When NH4Cl and NH:OH
solution are added to solution of a salt mixture containing Fe",Cr-“,M‘*,Mgl*,Nif*,an‘.
Co?* Mn?* ions, only Fe(OH)s, Cr(OH); and Al(OH); are precipitated in Group (IIIA) but
those of Mg2*,Ni?*,Zn2*,Co?",Mn? are not precipitated. This is because of the fact that
ionic products exceed the solubility products of F(OH), Cr(OH)a and Al(OH)s, but ionic’
products do riot exceed solubility product S{:g[{OH)l Where, M = Ni,Co, Mn,Zn, Mg.
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Chemical Bonding and
Shape of Molecules

B
;,__‘; @ﬁ?d_ﬁ_ confirm that B in BF; gets sp? hybridization? ! .
™ The central atom Boron has one half filled orbital in ground state (1522522p,2p,°2p o)
it has three half filled orbital in excited state since one electron is promoted from 2s tg
orbital during chemical combination. Hence, one 2s and two 2p orblital llmdergg
hybridization to form three sp? hybrid orbital of equivalent energy and identical shap
size which takes trigonal planar geometry with bond angle 120,

B

2s 2p, 2p, 2p,

1s
B'm III u- In Ground state

1s  2s 2p‘2p, 2p,

In Excited state
sp” Hybridization
sp! sp] SPI

ENENER

Three sp” Hybrid orbitals

Thewe s hybrid orbitals
Trgonal Bromotry

Each half filled sp? hybrid orbital of boron overl
fluorine atom to form three covalent bonds.

2 ROeSetcano Cin CiHrgets sp hybridization, why?

™ Each carbon has two half filled orbitals in ground state (1522522p,;2p,

unpaired electrons in excited state since one electron is

orbital during chemical reaction (1s22512p, '2p,

. undergoes sp hybridization to form two sp hy

identical shape which has linear geometry and bond angle 180,

Orbital picture of BF,

One half filled sp hybrid orbital of carbon atom overlaps with another half filled sp

hybrid orbital to form sigma bond. The remaining half filled sp hybrid orbital o
carbon atom overlaps with half filled orbital of hy
unhybridized orbital of carbon atom forms pi bond.

-

12p,0). It has four
promoted from 2s to empty 2p
2p.!). One 25 and one 2p orbitals|
brid orbitals of equivalent energy andd

fa .; /

drogen to form’ sigma bond. The|

aps with half filled 2p, orbital of three

3. TS GE Qo 1 State
" hybridization of C in C2H2?

Chemical Bonding and Shape of Molecules 17

1s 25 2P« 2Py 2p,
C @ D@] In Ground state

T
Orbital picture of ethyne

any two proper conditions for hybridization. What is the mﬁ :;

: +] .
w The necessary conditions for hybridization: _
i, The orbitals taking part in hybridization must have only a small difference of enthalpies.

ii. The orbitals undergoing hybridisation generally belong to the valence of the atom. The
. mode of hybridization of C in C3H; is sp-hy bridization.

~ji. sp? hybrid orbital having 33 % s-character and 6_6'% p-c_hf_rachen

4. Predict the mode of hybridization of B in BFy. Mention any two features t:fl z:a
hybridization. :

= Tilr'ne central atom B in BFy has sp? hybridization. Two important fe_akures of sp?
hybridization are: ' . )

i. Bond angle of sp? hybrid orbitals is 120

= - - P

s. Predict the mode of hybridization. [1+1]
i. carbon in ethyne ii. oxygen in water .

=

i. The hybridization of carbon in ethyne is sp—hyb:idi_u@n
ii. The hybridization of oxygen in water is sp*-hybridization

's. 074 Supp. GNo. 1] Write two important features of hybrid orbitals. [
» Following are two important features of hybrid orbitals: =
i. They have same shape and same energy.

ii. They are equivalent and symmetrical.

7. Which kinds of hybridization results into tetrahedral geometry? Give an enm
of such hybridization. _ .
~ sp? hybr)irdization results into tetrahedral geometry. Example: methane (CH)
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8. [£074 5o 8 Go_1] Which Kinds of hybridization results Into linear geometry. Give an example of
such hybridization. - [1+1]
™ sp hybridization results into linear geometry. Example: Ethyne (CaHz) has sp.

__hybridization, ey o o
s. (973 Supp QNo_1) What kinds of hybridization results Into trigonal planar geometry. Give an

example of it [141]
> sp?hybridization results into trigonal planar geometry. Example: ethene (CH1=CHy)

10. How would you predict the geometry of ammonla molecule on the basis of VSEI;:]

theory? :
> According to VSEPR model, a molecule takes a shape that minimizes the ‘repulsion

between bonding pair i.e. bond pair and non-bonding i.c. lone pair of electron.
Lone pair- bond pair repulsion > bond pair - bond pair repulsion )

In NHy molecule, three bonding pair of electrons and one lone pair of electron are
present. Due to the presence of lone pair of electron the regular tetrahedral strucl:are r:-f
NH; is distorted to give triangular pyramidal shape and having bond angle 106°45". This
gives the maximum stability between the bond pair and lone pair of electrons.

Lone pair of electron

(7 1y
H Py ¥ \J‘&

Pyramidal shape of NH,

1. Ammonia molecule has got trigonal pyramidal geometry even though nitrogen of
ammonia gets sp’ hybridization. Give reason. ’[!]
» The central atom N has one lone pair and three bonding electrons. Three bonding

electrons are shared with three hydrogen atom to form three bond pair electrons.
According to VSEPR theory, lone pair - bond pair repulsion is greater than bond pair - |
bond pair repulsion. Due to the unequal repulsion, tetrahedral geomelry is distorted and

Bond pair of electrons

T

changed into trigonal pyramidal geometry.

Laone pair of eleetron

-
(7 !
N H=——N—0-H
H/ I.'\H‘ ‘N Bond pair of electrons

H

Pyramidal shape of NI,
1. Predict the mode of hybridization In the central atom of the molecules having ()
trigonal plannar (ii) tetrahedral structure with an example of each. [141]'

»
i. Trigonal plannar: The mode of hybridization in central atom is sp2 Example: BFy

ii. Tetrahedral: The mode of hybridization in central atom is sp*. Example: CH,

13. 072 Sei C O No_ 1) Define hybridization and write any two features of tetrahedral hybridization, '[i
Hybridization:

The process of mixing of dissimilar atomic orbital of same atom giving rise lo equ
number of a new sel of orbital having same energy is known as hybridization, .

Chemical Bonding snd Shaps of Malecules 19
Features of tetrahedral hybridization

Two important features of tetrahedral hybridization are:
a. Carbon atoms are sp? hybridization,

b. The bond angles are 109.5°, ~ :
14, ESTZSe0.GNo 1] What ae the features of tetrahedral hybridization? Write an example of It

=~ Following are the features of tetrahedral hybridization

a. Carbon atoms aresp - hybridization

b. The bond angles are 109.5°
Example: Methane (CH.), the central carbon atom is sp? hybridizgtion.

1. State the mode of hybridization In B of BFy and C of CiHe. 4]

= The mode of hybridization in B of BF, is sp? hybridization and mode of hybridization in
ColGHsissp* - . S oI —

16. B Which kind of hybridization results Into tetrahedral geometry? Mention any one
character of such hybridization, o

» sp? hybridizalion have tetrahedral geometry. sp? hybridization is formed by mixing of
one s-orbital and threc p-orbital. The characteristics of sp hybrid orbital: It has bond
angle 109.57 and tetrahedral shape.

17. B071 Supp. Q.No__1] What Is the mode of hybridization In carbon of aceridtna? Write iny two correct
features of this hybridization. . [141]

« The mode of hybridization in carbon of acetylene is sp.
Two important features of sp-hybridization are:

i. The bond angles are 180°.

ii. The shape sp-hybridization is linear. sp-hybridized orbital possess 50% s-character and

50% p-character.

18. Predict the geometry of molecules having:
a. sp’hybridization
b. sp hybridization with an example of each.

o)

-

sp’ hybridization: The molecules having sp? hybridization generally possess tetrahedral

shape. Example: CHy molecule.
b. sp hybridization: The molecules having sp hybridization generally possess linear shape.

" Example: CzHz molecule.

19, Write any two features of sp? hybrid orbital with an example. 2
n Two features of sp? hybrid orbital are:
i. The bond angle of sp* hybrid orbital is 109.5¢ and tetrahedral shape.

ii. sp*hybridized orbital possesses 25 % s-character and 75 % p-character.
Methane molecule has sp? hybrid orbital. B

2, What is meant by hybrid orbital? Write an example of i 2

» Hybrid orbital: The process of mixing of dissimilar atomic orbitals of same atom giving
rise to equal number of a new set of orbitals having same energy is known as
hybridization and new orbital is called hybrid orbital.

Example: Mixing of one s-orbital with one p-orbital to give two sp- hybrid orbital.

O+C>mp——C><3

' ones Two sp hybrid orbitals

21. 070 Se1D Qo 1] Why do NH; and BF; have dissimilar geometries? T
™ In NH; molecule, the cetntaral atom N has one lone pair and three bonding electrons.
These three bonding electons is shared by three hydrogen atom to form three bonding
pair of electons. Bul in the case of BFy molecule, central atom do not have lone pair
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electron and only form three covalent with three F atom. .

different. e
pair repulsion, geometry of NHM’“ e mﬂon any two feag

= State the mode of hybridization of

this hybridization. iy = sl
™ Ethane molecule i.e. CzHy has sp? hybridization. Two ,[:d Rk,
i. The bond angle of sp* hybrid orbital is 109.5° and tetrah

haracter.
iil. sp? hybridized orbital possesses 25% $-C h“’"t"r_a_“d_ﬁpf——— ErTTET
—— i ization but ammonia molecule has r
. Nitrogen of ammonia gets sp* hybr : a
pyramid geometry. Give reason. )
™ Please refer to Eo7a setba No 1] e v
et el e ortant f
24 065 S5U8 Gie. 1] Whatis the mode of hybridzaton of B n BFs? Wrte any two important featur
this hybridization.
. Please refer to s SAGTS ] — -
— - cerlopgiisceAuMNal 0
. Write any two important characters of tetrahedral hybridization.
e Following are two important characters:
i Carbon atoms are sp*-hybridization.
ii. The bond angels are 109.5° ol A
2. Mention one example of each:  * ‘
. Tetrahedral Hybridization ii. Trigonal Hybridization

p-hybridization ag

.
T

b=

i. In methane (CH,), the central carbon atom is sp*-hybridization i.e. tetrahedral shape. -
ii. Inboron trifluoride (BFs), the central boron atom has trigonal hybridization. -t

the central atom whose mule:ular-g_eometry' ?
H

an. What is the mode of hybridization of

tetrahedral? And, give an example of its. - '
™ If the molecule has molecular geometry of tetrahedral, the central T
atom of that molecule is sp3 hybridization. Example: In CHy o _(’l,p': 1
sp\ H
H

molecule, the central carbon atoms are in sp? hybridization and

having bond angle 109.5¢. H )
28. Predict the mode of hybridization in 2
i. CofCzHs ) ii. BofBFs

™
i. The mode of hybridization in C of C;H; is sp? I'_lybﬁdization,
- ii. The mode of hybridization in B of BF; s also sp2 hybridization.

2. Why is H-O-H bond angle in water molecule comparatively higher than H-S-H bond:
angle in HzS molecule?

= In both molecules i.e. HO and H3S, the central atom O- and S- are sp* hybridized orbital
and both atom having two bond pair and two lone pair of electrons. O-'atom has smaller
size and higher electronegativity than S-atom, due to this reason bond pair in H:0 are
closer to the oxygen atom and repulsion between them are large. In the case of Hj
larger size and low electromregativity of S-atom than O-atom, The bond pair in H3S,

Pond pair are away from the central atom. Therefore, the bond angle in water molecule
is comparatively higher than HS.

HieH
H-H
W4 /4>\ ; "
Closer bond pair and H 2 H '

larger repulsion Farther bond pair and

smaller repulsion

Eﬁhﬁy | 4 i .

Chemical Bonding and Shape of Molecules u

L e e showing tetrahedral
o Define hybridization. Draw the orbital picture of a hydroc )

"+ structure. H

Hybridization: The process of mixing of dissimilar atomic

orbitals of same atom giving rise to equal number of a new 10957
set of orbitals having same energy is known as B 4
hybridization. Methane shows tetrahedral structure and

orbital picture of methane is

H
Tetrahedral structure of methane

1. Bo6: foszaNo.1 How do you predict the molecular geometry of NH; based on VSEPR model? ; [

N )\u 510':;;‘;1 to VSEPR model, a molecule takes a shape that minimizes the repulsion

N h::ween Eonding pair i.e. bond pair and non-bonding i.e. lone pair of electron.

Lone pair- bond pair repulsion > bond pair - bond pair repulsion .

In NHa molecule, three bonding pair of electrons and one lone pair of electr:uun ::;
resent. Due to the presence of lone pair of electron the reglular tetrahedral SIT-:S’ TT o

NH; is distorted to give triangular pyramidal shape and having bond angle 106°45". Tht

gives the maximum stability between the bond pair and lone pair of electrons.

Lone pair of electron

-
0 e, |
/ "\H H Bond pair of electrons
H

Pyramidal shape of NH, & .

32 bo _051_0_.;4;_-1_The band angle at the central atom in NFsis 103°, whereas in BF; is 120°. What factor
. accounts for the difference in bond angles? ‘ ] 2
Due to the presence of lone pair of electrons in cental atom N in NF, the,j lone pair —l
bond pair repulsion is greater than bond pair repulsion. The shape of NF3 is pyramida
trigonal geometry. Due to the absence of lone pair of electron B in B.F\. there is only bond
pair - bond pair repulsion and having triangular geometry with bond angle 120°.
Therefore, NF; has pyramidal trigonal and BF; has ILriangular geometry. , 1

lone pair

™

Triangular geometry

F
pyramidal rigonal shape

n. Ew-w_lzuld_ yﬁﬁtﬁl’? that all four c- H bonds of methane are idenﬂ:al? [2)
~ Al the four carbon atoms in methane are sp* hybridization
which are directed towards the four corners of regular 1095°

tetrahedral having bond angle of 109.5°. Each bond _is
formed by the head to head overlapping of sp* hybrid
orbital of carbon atom and s-orbital of hydrogen. Therefore,

all the four C—H bond in methane are identical. o :lmdm W
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- Draw the molecular orbital picture c'fal osm -
. Molecular orbital picture of ethene I$ given

Orbital picture of Ethene

' i d pi bonds.
8. Draw the orbital picture of ethyne indicating sigma and. :
™ Orbital picture of ethyne indicating sigma and pi-bonds is given as:

x
Orbital picture of ethyne

Chemical Bonding and Shape of Molecules ]

a. BelnBeF:
b. BinBF;
c. NinNH:

v

Hybridization of Be in BeF; is sp-hybrsidization.

:: Hybridization of B in BFs is sp-hybridization.
¢. Hybridization of N in NHy is sp3-hybridization. Bl i |
-;;,_- Predict the structure of methane based on hybridization. T m
= The electronic configuration of central atom C in methane is AT

C, = 1522522p? [Ground state] 1 1

The p-orbital is empty. During bond formation, carbon atom sp’ hybridization

absorbs energy and one 2s electron gets promoted to 2p '

orbital. m_rﬂ:w

3 3 3
Cy= 15125'2f3~‘ [Excited state] sp® sp' s’ sp
H
These four sp-hybrid orbitals overlhp with 1s-orbital of 4 100.8%

hydrogen atoms to give a methane molecule. These four

" bonds are directed towards the corners of a regular
tetrahedral with bond angle of 109.5°, '
Tetrahedral structure of methane

SHORT ANSWER QUESTIONS [5 MARK]

36.: How do you predict the molecular geometry of NHs based on VSEPR model? 0. Using VSEPR theory, explain the shapes of BeFzand BFs. [s]
= Please refer to P73 Set C O.No_1] ; x e w In BeF; molecule, the central atom Be have two
- B sy R s T ki e 2
» Shape of sp hybrid orbital: When one s-orbital and one p-orbital are mixed togethef 7 formed around the central atom Be. % e _@
thet; two sp-hybrid orbital is formed. The shape of sp-hybrid orbital is linear i.e. bo ?\r:cording to VSEPR theory, these two bond pai;' L el F ; 4
AR o0 of electrons is arranged in such a way that there o L.msr
must be minimum repulsion. These two bond
180° pair is in 180> apart from each other. The
@ * _ _. geometry of BeFz is linear. . - “ s
sp sp In BF; molecule, the central atom B has three *F. F 120
L ; T , . valence electrons. These three electrons are oo’ e
o spriybrid orhial : shared by three F atom to form three bond pair of .B al f.’ /B F
FERSEC S g - g electrons. They have equal force of repulsion :' B F
thenpfhree sPP:L l‘:r ;:.d orl;:.tal': }'Vhen one s-orbital and two p-orbital are' mixed togethel among each other and are oriented in triangular . Shape: Triangular
bl aksie d90 ybrid orbital is formed. The shape of sp-hybrid orbital is trigonal i@ ___geometry with bon angle 1200, S il
g g . a1 Explain the state of hybridization in ethyne molecule. 151
. The central carbon atom in ethyne is sp-hybridization. One s-orbital and one p-orbital of
' the excited carbon atom hybridize to form two sp-hybrid orbital. Two sp-hybrid orbitals
@ + G . . are inclined to each other at right angle i.e bond angle 180¢. In ethyne, each carbon atom
_ forms two sigma bond using sp-hybrid orbital and two pi bonds are formed by using
s : ]

2p

.) Y ! i |
Three sphybrid orbital 1

unused p-orbitals of carbon atom. The orbital picture of ethyne is




=

© ™ sp-hybridization: When one s-orbital and two p-orbital mix together to form th
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n
Orbital picture of ethyne

4. What do you undmtand.bv sp? hybridization? Using any example explaj
molecular geometry involved.

sprhybrid orbital, is called spx-hybridization. The three hybrid orbitals are oriented
e three conrers of a tiangle having an angle of 120° to one another.

Three sp” hybrid orbital

Ethene molecule has sp? hybridization. In ethene molecule the three sp? hybrid orbital

- form sigma bonds, while the unused p-orbital will for_m n bond. The orbital pictune_
ethene molecule is

Orbital picture of ethene

RITE SHORT NOTES ON:(5 MARKS) i

43. 2061 Q.No. 31(iv) / 2055 Q.No. 31(a}| VSEPRmodel g 3 [ |

= Valence shell electron pair repulsion theory is also called VSEPR theory. This theory wa
given by Sidgwick and Powell. This theory describes the influence of lone pair o
electrons to the bonding electrons and also predicts the shape of molecule. This theory i
based on the number of valence of electrons present in the central atom of a molecule,
" Statement: "A molecules take a shape that minimizes the repulsion between the bonding
and non-bonding pair of electrons”.
Following are the postulates of VSEPR theory:
a. In any covalent molecule, there is a central atom around which other atoms are
arranged.

b. The shape of molecule is determined by the number of cle

clrons pair presents in the
valence shell of the central atom, 3

Chemical Bonding and Shape of Molecules 25

If the central atom of a molecule is surrounded by electron pairs of dissimilar atoms then -
the molecules will have irregular geometry due to different repulsive interaction.

. If the central atom in a molecule is surrounded by both lone pair and bond pairof

electron then the molecules will have irregular geometry due to different repulsive
L]
interaction.

. The order of repulsion between electrons pair are:

Lone pair - lone pair > lone pair - bond pair > bond pair - bond pair.
The magnitude of repulsion between bonding pair of electrons depend upon the
electronegativity difference between central atom and other atom.

. Triple bond have more repulsive force than double bond and double bond have more

repulsive than single bond.
. aao




VERY SHORT ANSWER QUESTIONS [2 MARKS]
1 Distinguish between decinormal and decimolar solution.

= FoI]owing are the difference between decinormal and decimolar solution:

Decinormal solution

Decimolar solution

Prepare one litre solution,

1. The solution in which one tenth gram
equivalent' of solute is dissolved to

1. The solution in which one tenth molg
of solute is dissolved to prepare ones
litre solution.

2. Itis denoted h,-%

M
2. Itis denoted by 75

strength of solution is decinormal.

3. Example: 4 g NaOH solution is
dissolved to prepare 1 L solutioen, the

3. Example: 9.8 g of sulphuric acid is '
dissolved to prepare 1 L solution, the

2, Distinguish between titration error and normality factor. T
=

strength of solution is decimolar.

Following are the difference between titr.
—

ation error and normality factor.

Titration error

Normality factor

The difference between the equivalence
point and the measured end point is
called titration error.

It Is defined as the ratio of observed
weight of solute to the theoretical, weight

of solute required to prepare a solution of |
desired normality, ]

ot

EE975 GIE GNo.3 Differentiate between end point and equivalence pointof 2 eaction.

Following are the difference between end point and equivalence point.

End Point

, Equivalence Point

1. The point in a titration at which the
reaction between two solutions is
complete as shown by indicator.

1. The point at which one gram |
equivalent of a substance completely
reacts with one gram equivalent of |
another  substance is calle
equivalence point. 4

2. [t must be in acid base solution.

2. It may or may not in acid
solution.

4.

075 Set A Q.No. 3 Differentiate between normality and mulan_'ty._ i

= Following are the difference between normality and molarity:

[

Normality

Molarity

called normality,

The number of gram equivalent of solute
is present in one litre of it's solution js

[ Itis denoted by"N'

The number of gram mole of solute i
present in one litre of it's solution |
called molarity,

It is denoted by 'M!' i

Fl

6. E074Supp GNo 7Definetheterms: ) i e v

ji. Acidimetry: The method of determinin,

Volumetric Analysis n
DI‘““," l'.h rween Primary la—ﬂ;d:oltﬂbn and secondary standard wMIan.iM]
Naiti¥ing wre: the: distitution between primary standard solution and secondary
standard solution: }

Primary standard solution

Secondary standard solution

It is prepared by neutrdlizing against the
primary standard solution.

—_— |
It is prepared by dissolving pure
substance which is not affected in its
composition for a long time,

- . ——— |
Example: Oxalic acid, Na,CO,, AgNO,
KCl etc.

Example: NaOH, HCl, H;SO,, HNO;,
KMnO, e,

—
I. Primary standard solution . 1

li. Acidimetry

Primary standard solution: The substances w
directly by dissolving the known weight of su
called primary standard substance and the

substance is called primary standard solution. E

hose standard solution can be prepared
bstance in certain volume of solution is
solution made from primary standard
xample: solution of oxalic acid.

g the strength of acid by titrating it with the
known volume of standard alkali solutio

. Eo74SetA Qo Define thetermy;

n is called acidimetry,

. Normality factdr

ii. Secondary standard solution [1+1]

theoretical weight of substance.

. Observed weight
Normality factor (f) =3 Srek o weight

Nor;nality.facton Normality factor (f) is the ratio of observed weight of substance and

i. Secondary standard solution: The solution whose strength is to be determined with the

help of primary standard solution is called secondary standard solution.

} How is end point differed from equivalence point? ti]

Please refer to

o, Whatisthelmpoﬂamolukuldﬁagnomlkyhdnrﬂwluﬂumduﬂng

titration? . 1)
In order to minimize the experimental error, normality factor of solution is calculated

during titration. Normality factor (f) is the ratio of observed weight of substance and
theoretical weight of substance.

: Observed weight
Normality factor (f) = Theoretical weight

: Define the terms:

[1+1]
i. Normality factor
ii. Secondary standard solution.

Normality factor: The ratio of actual weight of substance taken to the theoretical weight
of substance to be taken is called normality factor. It is denoted by symbol 'f.

T ‘ Weight taken 1
Normality factor (f) = Weight to be taken

ii. Secondary standard solution: The solution whose strength is to be determined with the . '

help of primary standard solution is called secondary standard solution.
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11. 073 Se1D GNo. 4 Why Is crystal oxalic acld regarded as a good substance for the preparation
primary standard solution? )

» Oxalic acid is regarded as primary standard substance because it 15 “T}g‘e"’i“ pu
stale, non-toxic, high equivalent weight, non hygroscopic and deliquescent: 50, : 5 use
for the preparation of primary standard solution in titration.

12. 2072 Supp. GNo. 3 How would you convert 500 cc of ZMH;SO4 Into

i. Gramlhter il. Normality !

» Given,
Volume of H;S0, = 500 cc
Molecular weight of H,SO,4 = 98
Equivalent weight of H,50, = 49
Molarity of H;S0, = 2M

i Gram,:‘L Molarity x Molecular weight =2 x 98 = 196 gfL

ii. Normality = mw—m&m 1%.4 N_-_._-_.________________
13. 972 SeLC N3 Distingulsh between end point and equivalence pomkol Ty

> Please refer to -

14. (072 SetD G.No. 3 Which one nasi@mmw and why?

M
a. B0gl |rm NlOH so!ution and 3 M NaOH solution. :1]
b. 5.3 g/litre Na;COy lnd 0 Na; COs solution. ]
-
a. Given,
g/ litre of NaOH = 80 g/litre _
Equivalent weight of NaOH = 40 = Molecular weight
We known that, :
litre 80
Normality = Equivalent we:gﬂ =2 N of NaOH

Given, molarity of NaOH = 3M = 3N of NaOH

Hence, concentration of 3M NaOH is higher than 80 g/ litre NaOH solution.
Given,

litre of NazCOs = 5.3 g/ litre
lecular weight of NazCO; = 106
ivalent weight of Na;CO3 = 53

53

=2 53 =0.1N of Na;CO,

N
ration of both 5.3 g/litre Na;CO; and 7= 10 Na,CO; are same.

‘m;‘wd Na:CO; weighing 0.53 g Is added to 101 mL of 0.1N HzS0s sol
Will the resulting solution be acidic, basic or neutral? ! uoutio[:]
» Given, weight of Na,CO; = 0.53 [ '

Equivalent wenghl of Na,CO; = 53
From normality solution,

1000 mL of Na;COs of 1 N requires 53 g of Na;CO;.

O, Koo

™ Given,

Volumatric Analysis 29
100 mL of Na;COy of 0.1 N requires 0,53 g of Na,COy
For complete neulralization
100 mL of Na;COv of 0.1 N = 100 mL of H;S0, of 0.1 N
We know that,

Equal volume of acid neutralizes equal volume of base, if acid and base have the same

normality. So, 100 mL of HiSO4 of 0.1 N neufralize 100 mL of Na;CO; of 0.1 N. Thus, 1
mlL of acid is Icft unreacted and the resullmg solution must be acidic.

16. EO718upp 3 Calculate the normality and molarity of 5% of NaOH solution. v
. Given, 5% NaOH solution means 5 g of NaOH is dissolved in 100 cc of solution.
Given weight of NaOH=5¢
Volume of solution = 100 cc
Equivalent weight = Molecular weight of NaOH = 40
We know that,
Weight of solute
i No. of g equivalent weight of solute Equivalent Weight
Normality (N} Volume of solution in litre = Volumen of solution in litre
5
40 5 5
=700 3010 =3=125N
1000

N=M=125
Hence, Normality (N) = Molarity (M) = 1.25

d What mass of 90% pure CaCO; is required to neutralize 2 litre deci-normal
solution of HCI?

[1+1]
» Given,
2 litre 0.1 N HCI = 0.2 litre 1 N HCl = 200 mL 1N HCl
Volume of HCI = 200 mL
Normality of HCI=1 N

The equivalent weight = Molecular \'weight of NaOH, So, ﬁomality is equal to molarity.

100
Equivalent weight of CaCO; ==~ = 50
Weight of CaCO;3 (W) =?
We know that,

NEV 1 x50 x 200
1000 =~ 1000 - 108
Let, Xgof90 % =10g

90
Or, X 100-=‘10

100 : ~
50 =1111g

I
ernce, 11.11 g of 90% pure CaCOs is required to neutralize 2 litre of deci normal solution
o HCI

18. Q071 Set b GNo. 2 How many moles of H:SD. are required to neutralize 4 litres of 2 N NaOH

solution? [1+1]
4 litres of 2N NaOH = 8 litres of 1N NaOH
Volume of NaOH = 8 litré = 8000 mL
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Normality of NaOH = | N

Equivalent weight of S0, = 49 !

Welght required for 1150 (W) =? g

We know that, )

woNEV 149 x 8000
oo = 1000

Molecular qu;hl of Hy50, =98 g

Given weight 392 L
- W %

S( " ke 3,
Bt 0k ok ol Hi90y » Molecular weight
1 |t‘l1t‘\‘ 4 mol of I!-‘-0. are m‘(ulwtl to nvutmlm- A liters. of 2N NnOI l \nlull(m___

=392 :

4 mol

2070 Supp. Q.No. 3 No  Define the term

I Seml normal solution

19.

Il Alkalimetry
Semi normal solution: If half gram equivalent of solute is present in one litre of solutiy

then itis called seminormal solution, Itis denoted by &5

Alkalimetry: The method of determining the strength of alkali by titrating it with the
knm\ n volume of standard acid solution is mllvd .1lf\ul|motr\ it ;

20. 070 SetC Gio. 3 Define secondary standard solution with a 2 sultable example.
™~ Tho f-nlu!mn nnd‘ from secondary standard substance is called secondary slandarg

sn]ulmn E\nmp!o HCl solution.

21, (067 GNo_ 17] Write an example of redox titration, Why Is It called so?

™~ E\nmplv of redox reaction is
2KMnO, + 5C;H:0, + 3H:50; — KiS0, + 2 MnSOy + 10 CO; + 8H:0

Here, KMnO, is reduced to MnSO; and C:H;O, is oxidized to CO; and H;0. So, this
reaction is called redox titration. - ) :
2. What is the normality of 20 cc of 2 M phosphoric acid (H:P04)?
»  Molarity of HiPOy = 2M
Basicity of HiPO, = 3
Normality of 20 cc of HiPOy =?
We know that,
Normality = Molarity x basicity of acid
=2x3=6N
So th? nomlallt) of 20 cc. of HyPOy is 6N.
23. 7965 Q.No. 17 What i is normality? How is it related with molarity? 2
~ Normalrty (N): If the equivalent weight of a substance is expressed in gram is called’
gram equivalent. It is defined as the number of gram equivalent of a solute present i n
one liter of it's solution It is denoted by “N” :
) No. of gram equivalent weight of solute
Normalify (N) === %;olur:gaf solution l.ﬁ litre |
5 Wenghl of solute in g
= "Equivalent weight of solute "
Normality is related with molarity as
_Normality (N) = molarity (M) x basicity of acid or acidity of base

2 What do you mean by equivalent weight of an element? 21 .

n The equivalent weight of an element is that parts by weight of it which combines with or
displace from a compound 1.008 part by weight of hydrogen or 8 part by weight of
oxygen or 35.5 part by weight of chlorine.

1000
Volume of solution in mL

Uolm!rie lmlnll - n
24 What are the roquishtes for a substance to b a primary standard? [2)
lnl\k!winp nre the requisities for a substance to be primary standard.

a. They should have high molecular and equivalent weight.

. They should be easily available and highly purity.

¢c. They should be non-volatile, non-toxic, non-hygroscopic in nature,

( . ley shnuld be hlp,!ﬂy soluble in waler.

) Duﬂna decinormal solution,

A solution conlalning =5 " of gram equivalent of solute present in one litre of solution is

™

)

known as decinormal solution,
SHORT ANSWER QUESTIONS [5 MARKS

. Are 41l standard solutions, primary standard solutions or not? Give reason. 1g
of a divalent metal was dissolved in 25 mL of 2N H2SO (f = 1.01). The excess acid required 15.1mL of
1N NaOH (f = 0.8) for complete neutrallzation. Find the atomic weight of the metal. [1+4]

Not, all satandard solutions are not primary standard solution. To be a primary
standard, a substance must fulfill the following criteria:
i, The substance must be easy to obtain and purity.

_ The substance should not be hygroscopic or efflorescent of del:quescenl
iii. The composition should not change during storage or weighing.
jv. The substance should be readily soluble under the employed condition.

‘ The substance should have high molecular mass.

Numerical:

Given,
The weight of metal = 1g

The valency of metal =2

For acid:
Volume of acid (H2SO4) = 25 mL
Normality of acid = 2N (f=1.01) /

-

v,

We know that

i Volume x Normali 25x2x1.01.
The gram equivalent of H;504 = 1000 S 1000 - 00505
For base: . L

‘Volume of base (NaOH) 151 mL
Normality of acid = 1N (f=0.8)

We know that
Volume x Normality 15.1 x1x 0.8
The gram equivalent of NaOH = 1000 =00 - 0.01208
For Metal:
Wea_g}g of metal 1

The gram equivalent of metal Equwa]ent weight of metal ~ Equivalent weight of metal

We know that
equwalent of

The gram equ:va[énl of metal = The gram equivalent of H2504 - The gram
NaOH

1 :
= =0 =0.03842
Equivalent weight of metal (P58 _001203} !
Or, Equivalent weight of metal = 26.02
Hence, the atomic weight of metal =

amu,

Equwalent weight x Valency 2602 x2= 5205
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3 conmntration tion in ' molality rather Ihan molarity,

N
100 cc of 7 Hcl solution. T|

0. ETESaC aNo 7y s beter o expres

[
ivalent “Igm n 12’ was Camplmly di!‘ol"'ed in
Uf the d"u“d acid SO'““OH r

. Zn+H;50s — ZnSOy + H;

( 6557 1 mole.

Here Pl ud

I mole of hydrogen gas is produced from 65 g Zinc :

0.1375 male of hydrogen is produced from 65 *0.1375 g Zinc

equired 17,

was then made upto 500 cc. It is found that 25 cc .
NaOH for complete neutralization. Find the value of x. tion as compared to

; ntra
= Molality is considered better for expressing the {::::sc of expansion OF contra ~=8.9375 g Zinc
‘because the molarity changes with temperature hanges with temperature becg X . 9375 x 100 -’
the liquid with temperature. But molality does not chang " The percentage purity of zinc = T =7448 %

mperature e
ckeagnoe ™ Pe 975 SetAQ No. 23 73 Define end point. 12 g of commercial zinc Is made to react: with excess dilute
u;so. The total volume of Hz gas liberated was found to be 4.2 litres at 570 mmHg pressure and 279
K. Determine the percentage purity of the zinc. (Atomic mass of Zn = 65) [1+4)
End point: The point in a titration at which the reaction between two solutions is

complete as shown by the indicator is known as end point.

Numerical: Please refer to 2

the mass of the solvent does not change wit
Numerical: Given,
Equivalent weight of metal =12
Weight of metal (x) = ?
Given, 100 cc of]—:‘ HCI = 50 cc of IN HCI
Again, ; . # —-E:—D%; Set B QNo. 29 E_o-}'z Set D QNo. 2§ What Is meant by normality factor? “How ruanyr mL of conc.
- " HNO; of specific gravity 1.41 containing §9% by mass are required to prepare 500 mL of 0.5 N HNOs?[1+4]

» Normality Factor:
The ratio of actual weight of substance taken to the theoretical wenght of substance to be

taken is called normality factor. It is denoted by 'f'.

N
25 cc of the diluted acid requires 17.5 cc of 7g NaOH

N
or, 1cc of the diluted acid requires ZS ccof g NaOH
17.5 x 500

or, 500 cc of the diluted acid requires ~55 % 10 of IN NaOH 3 Weight taken
=35 cc of IN NaOH . Normality factor () = Weight to be taken »

Numerical:
Given, specific grav:ty 141

% by mass of HNO;3 ie% (W) =69%
Equivalent weight of HNO; = (1+14+3x16)=63 .
We know that, 2

So, 35 cc of IN NaOH solution requires 35 cc of 1N HC] solution for compl

neutralization.

For dilution 0f 500 cc

500 cc of diluted HCl solution contains 50 cc of TN HC1 soluhcm

Hence, the amount of IN HCI consumed by x g of metal = (50 - 35) = 15 cc of HCI
We, know that,

1000 cc of IN.HCI = 12 g of metal i.e. equivalent ofmetal

12x15 %%" Specific gravity X 10 59 1 41 x10

15ccof INHCI = ?IUUO =018g N
3 i = : n = =15.44
The weight of metal required ie. the value of xis 0.18 8- Mol Equivalent weight 63
29, ] Define deci-normal solution. 12 g of commercial zinc is made to react with exce s, Now,
Volume of HNO; (Vi) =7 Volume of HNO; (V) = 500 mL

dil. H2S04. The total volume of H; gas was found to be 4.2 litres at 570 mmHg pressure and ZTQ

_temperature. Determine the percentage purity of the zinc. 1
» Deci-normal solution: The solution in which one tenth gram equwalent of sn['

Normality of HNOs (N1) =15.44 N Normality (N2) =05 N
For Normality equation

dissolved to prepare one litre solution is said to deci-normal solution. VIN; =V:N;
Numerical: :
x 0.5
oy, .oy 0 =1619 mL
i N], 15.44 .

Given weight of zinc=12 g
Volume of hydrogen (V) =4.2L
Pressure of H; gas (P) = 570 mm Hg = 0. 7Sal-m
Temperature of H; gas (T) = 279 K

. Universal gas constant (R) = 0.0821 L atm K-'mol-!
No. of mole of H; gas (n) = ?

Hence, volume of HNO; is 16.19 mL.

'32. 2074 Supp. Q.No. 24 Define the terms:

i Tlttation error

ii. Unknown solution
What volume of 1D M HCI and 3M HCI should be mixed to obtain one litre of 6 M HCI solution? [1+143]

We know that ~
PV =nRT i. Titration error: The difference between the equivalence point and the measured end

PV 075x4.2 point is called the titration error. A visual end point is always slightly beyond the
I equivalence point because of the necessity of seeing the color change by eye.

or, n =ﬁ=m=.0,13?5 mole [
r y R i ii. Unknown solution: The solution whose strength is unknown is called unknown

The balanced equation is
solution.
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Numerical:
Moles = Molarity x Liters

1liter of 6 M HCl contains 6 moles of HCI, This is the total number of moles in the final

solutian. The final volume = 1 Liters. I
LetV = volume of 10 M HCI

(1- V) = volume of 3 M HC|

10 x V = moles of HCI from 10 M HCI

3% (1-V) =moles of HCl from 3 M HCl
Thus,

or,leV+3x(1-\r).6 )
or, 10xV+3-3xVy=¢ v
or,7xV=3

Hen-e,

I
V =3 Liters of 10 M HCl = 0.42 L of 10 M HCI

3 4
A -3}'5 Liter of 3M HCl =057 L of 3M HCI

5. -Defm titration error, 0.012 g of a divalent metal Is cum;ﬁ;lely dissolved in 40 cc
of '1!0 HCL. The excess of acid required 15 cc of N \aOH for neutralization. Find the atomic weight of

5

the metal. (1+4]
~ Titration error: The difference between the equivalence point and the measured end
point is called the titration error. A visual end point is always slightly beyond the

equivalence point because of the necessity of seeing the color change by eye.
Numerical:

Weight of metal =0.012 g

Valency of metal =2

N
Volume of HCI ofﬁ =40cc
olume of HCl of IN = 4 cc

N
ime of NaOH cfg“ 15¢cc

ne of NaOH of IN =3 ec
lume of acid (HCI) comsumed = (4 - 3) cc = 1 cc of IN HCI

| N HCI reacts with 0.012 g metal.
(1 N HCl reacts with 0.012 x 1000 g metal = 12 g metal
alent weight of metal = 12
L "
s = Valency x Equivalent weight =2 x 12 =24
ic mass of metal = 24 a.m.u.

o 24 Define the terms;

of 1M NaOH required to neutralize 200 cc of 2M HCI. What mass of sodium
d from the neutralization reaction? [1+14142)

for: The difference between the equivalence point and the measured end
the titration error. A visual end point is always slightly beyond the
point because of the necessity of seeing the color change by eye,

Volumetric Analysis 35

. gtandard solution: In analy‘tical chemistry, a standard solution is a solution containing a
ji- rccisely known concentration of an element or a substance.

mg:ical:

N or NaOH For HCI
Vi = ? V2 =200 cc
Ml =1M MI =M

[Acidity of base = Basicity of acid)
we know that,
viM; = VM2
VM3 2002
o Vi -._N"_I— O
Hence, the volume of NaOH required is 400 cc.
‘The balanced chemical equation is

=400cc.

NaOH + HCl ——= NaCl+ H,0
{ mole 1mole 1 mole
585g

1000 cm? of 2M of HCl solution contains 2 mole

f HCl soluti ins 2520 4 0.4 mol
200 cm? of 2M o solution contains 1000 mole-mmolet 4 mole

1 mole of HCl reacts with NaOH to give 58.5 g NaCl
(.4 mole of HCl reacts with NaOH to give 0.4 x 58.5 g NaCl = 23.5 g NaCl
tHlence, the mass of sodium chloride produced is 23.5 g NaCl.

54 73 521 C o, 34 Wha Is meant by acidty of base? 500 cc of 2 N NaxCOs are

. ixed ‘with 400 cc of 3N H;S04 and volume was diluted to one litre. Will the resulting solution acidic,
basic or neutral? Also, calculate the molarity of the dilute solution. [1+242]
. Acidity of base: The number of replaceable of OH- ion present in the base is called
acidity of base.
Numerical: .

Given, 500 cc of 2 N Na2CO3 = 1000 cc of 1 N Na,COs
And 400 cc of 3 N H2504 = 1200 cc of 1 N H2S04
We know that, : _
Equal volume of acid neutralizes equal volume of base, if acid and base have the same
normality. So, 1000 cc of 1 N NasCO; neutralizes 1000 cc of 1 N of H;S0s. Thus, 200 cc of
1 N H,S0y acid is left unreacted and solution is acidic in nature.
Molarity of dilute solution: )
Volume of acid left (V1) = 200 cc
Normality of acid (N)) =1N
Final volume of solution (V2) =1L = 1000 cc
Normality of dilute solution (N2) =?
From normality equation,
ViNy = VaN2

V|N| 2001
I'he normality of acidic solution is 0.2 N.
We know that,

=0.2 N H:SO,

. Normality 0.2 0IM
Molarity of dilute solution (M) = Basicity of acid 2 =0.

Ience, the molarity of acidic solution is 0.1 M.

-
-
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-3—;—-____01 RS- Emﬂ of conc. HCI contain 38%ch,!‘. ’

is meant by acidine? A9 glec?
i Whatls the mo|:',th;:f this solution If the denstty of the ““i'."o::so.11 ": ElaOH solutionTh
il. What volume of the conc. HCI s required to neutralize one iler & © by titrating it wi
™ Acidimetry: The method of determining the strength (?f.afl , .
known volume of standard alkali solution is known as acidimetry. :
Numerical:
i. Given,
Density i.e. specific gravity = 1.19 glcc
% by weight of HCl i.e. % (w/W) = 38%
Molarity of solution (M) =?
Equivalent weight of HCI = (1 + 35.5)= 365
We know that,
% %) x specific gravity 10 35 1,19 x 10
Molecular weight = 36.5
Hence, the molarity of HCl solution is 12.38 M.
ii. Given,
Volume of HCI required to neutralize (V1) = ?
Normality of HCI (Ny) = 1238 N
Volume of NaOH (V3) = 1 litre = 1000 mL
Normality of NaOH (N2) =0.1M=01N
We know that,

=1238M

Molarity =

V1N| = V;,Nz
VaNa 1000 x (0.1 ;
or, Vi = N, = 1238 =8.077 mL

Hence, the volume of HCI to neutralize 1 litre of 0.1IM NaOH solution is 8.077 mL.

7. What is meant by redox titration? 4 g of a divalent metal was dissolved in 100 §

of 2 M HaS0 (f = 1.01).The excess acid required 30 cc of 1 N NaOH for complete neutralizay’un; :

the atomic mass of the metal, 1%

= Redox Titration: A titration which involves the oxidation and reduction reaction
called redox titration. Example: - !
2 KMnOy + 5C;H,04 + 3H,50, — K350, + 2MnSO, + 10 CO++ 8H,O
Numerical:
Given,
Weight of metal =4 g
Valency of metal = 2
Volume of H:S504 =100 cc
Molarity of H:504=2M (f = 1.01)
We know that, )
Normality = Molarity x basicity of acid =2M x 2=4N (f=1.01)=4.04 N
Volume of NaOH =30 cc
Normality of NaOH = 1IN
Atomic mass of metal =?
. 100 cc of 4.04 N HaSO; = 404 cc of 1IN H,50; N
30 cc of 1 N NaOH =30 cc of IN H3S0, iR
The volume of H;SO4 consumed by metal = (404 - 30)=374 cc A

e s

Now,

Volumetric Analysis Y

374 cc of Ha504 of TN reacts with4 g metal

S
1 cc of H1504 of 1N reacts w.thﬁ g metal

4
1000 cc H2504 of 1N reacts with 777 x 1000 g metal = 10.69 g of metal
Thus, the equivalent weight of metal = 10.69

Wwe know that,
Atomic weight = Valency X Equivalent weight = 2 x 10.69 = 21.38 amu

atomic weight of metal is 2138 amu.
38 Define normality and,molarity. Write their relationship. A commercial sample of
" sulphuric acid has specific gravity 1, 0 my of this acid was diluted upto 1 tre with water. 10 mL of
& S
diluted acid required 30 mL of 3y NaOH for compiel

neutralization. Calculate the percentage purity
of H2504 in the commercial sample.

Hence,

Normality: The number of gram equivalent of a solute is present in one litre of solution

is called normality. . )
Molarity: The number of gram mole of a solute is present in one litre of solution is called
molarity. ;
Relationship between normality and molarity: Please refer to 2065 Q.No. 17
Numerical: .
Given, specific gravity of H:S0s=1.8
. Percentage purity(%) =?
Equiv_a_!ent weig}_\t_ o£ H,50, = 49
For dilute solution SR
Volume of acid (V1) £10
Normality of acid (N1)>
Volume of NaOH (V2) =30 mL

; N -
Normality of NaOH(Nz) =75=0.1N ;

We know that ¥
ViN; = VaN;
VN2 4 30x0.1 =03N

Or, Ni= Vi 10 .
Hence, the normality of dilute H;50,is03 N
10 mL of conc. H;50, is dilut: itre
Volume of conc. H504 (Vi) =10 mL
Normality of conc. Hz504 (Ni) =?

Volume of dilute H,S0; (V) = 1000 mL
Normality of dilute HaSO4 (N2) = 0.3N

From normality equation

V1N|=V1Nz
VaN; 1000 % 0.3
Or, N1=:,—Iz '1—;'3°N

Hence, the normality of commercial sample of HaSOj i.e. Conc. H250, is 30 N.
We know that, ~ - ’ £
Noentality % purity x_sl::eciﬁc g::avitv x 10

. Equivalent weight
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Or,30N = % Eurig4; 1.8x10

30x49

18%10° 81.66 %

Or, % purity =

sulphuric acid. (density = 1.1 g/ cc)?

& Normality factor (f) : The ratio of actual weight of subs
- 4 lity factor. Itis denoted

weight of substance to be taken is called norma

K i Weight taken
ormality factor (f) = Weight to be taken
Numerical:
Given,

% purity of H;SO, = 95%
Density or specific gravity = 1.85 g/cc
Equivalent weight of H;S0, = 49

We know that,

, %purity x Specific gravity x 10

Nurmaht)l' (N)= E Equi\rr:i‘;nt weight
Normality of H;504 (N1) =35.86 N
Volume of H:S0; (Vi) =?

Again,
Given,
% purity of H;SO, = 15%
Density or specific gravity =1.1 g/cc

" Eqv. wt. of HiSO, = 49

% purity x Specific gravity x 10 _

_Hence, % purity of commercial sample of HaSO4 i.e. conc:

3. BST1 Supp. GNo. 79 What Is meant by nommality fac
(density = 1.85 g ] cc) and what mass of water must be

Vi i adll | |

H,SOs is 81.66%

conc, HzStH
tor? What vol
{aken to prepare 100

95x1.85%10
B2 3586N

I5X1.1X10=3.36N

Normality (N) = Equivalent weight

Normality of H;SOs (N2) =3.36 N
Volume of H>S0, (V2) =100 cc
We know that from normality equation

ViNy = VN2
ViN
or, Vi= I:I; 2
100 x 3.36

or, Vi ="3586

or, V,=936cc
Hence, the volume of H2504 required (Vi) = 9.36 cc.

The volume of water added to prepare 100 cc solution.

= (100 - 9.36) = 90.64 cc
We know that
Density of water=1g /cc

Mass
Volume 2
= Density x Volume
=90.64x1
=90.64g

Density =
Mass

49

Hence.' the mass of water added to prepare 100 cc solution is 90.64 g

ume of 95 % sulphurle
cc of 15% solutje

tance taken to, the theo -_:
by symbol 'f.

or,
R 127 +4-21718

or,

Volumetric Analysis 13

71 seLC GNo.29 Differentiate between primary standard and secondary standard solution. What

volume of 12 M NaOH and 2 M NaOH should be mixed to get 2 litres of 9 M NaOH solution?  [243]
Following are the different between primary and secondary standard solution:

Primary standard solution Secondary standard solution

1. It is prepared by dissolving pure [ 1.
substance which is not affected in its
composition for a long time,

2. Example: NaCOs, Oxalic acid, silver
nitrate, KCl etc.

It is prepared by neutralizing against
the primary standard solution.

2. Example: NaOH, CuS0Oy, HCI, H;S04,
HNOs, KMnOy ete.

\Numerical:
Given, ;

Volume mixture of NaOH solution (Vi) = 2 litre
Molarity of mixture of NaOH solution (Mp;,) = 9M
Let, volume of 12 M NaOH solution (V) = 1 litre

. Volume of 2 M NaOH solution (V2) = (2 - y) litre
We know that,

M Vi + MzVa2 = Vaix X Mmix
12xy+2%(2-4)=2x9

1|]x=.18-4-'14

r' % 2'11‘ 1.4 litre

10
Hence, the volume of 12 M NaOH solution is 1.4 litre and volume of 2M NaOH solution
is (2 - 1.4) = 0.6 litre.

- Define acidimetry. A solution of conc. hydrochloric acid contain 38% HCI by

mass i :
a. What is the molarity of this solution if the density of the solution is 1.19 g/ cc? :
b. What volume of the conc. HCl is required to neutralize 1 litre of 0.1 M NaOH solution? [1+4)

Please refer to

We know that,

] Define acidity of a base giving an example. 0.8 g of a divalent metal was

dissolved in 100 cc of 1.28 N HCI and the solution was diluted to 200 cc 50 cc of this dilute solution
required 54.6 cc of 0.2 N NaOH for neutralization: Calculate the atomic mass of the metal. [1+4]
Acidity of base: The number of replaceable OH- ion present in the base is called acidity
of base. )

Numerical:

Given,

For HCI !

Normality of HCl=1.28 N

100
Volume of HCl1 =100 cc = 1000 litre

Equivalent weight of HCl = 365
Molecular weight of HCl =?

Weightin g

Normality == e in litre
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Weight in g ? " o8

. X 1.28 x 100 x 36.5
or, Weigh _—
_e:.g tin g of HCI 1000 =4672g

Given,

Volume of NaOH(V3) = 54.6 cc

Normality of NaOH(N;) =022 N

Volume of diluted acid (V1) =50cc

Normality of diluted acid Ny =2

We know that, )

ViN=V;N,

V2N, 546x022

or, N, =T =" 59 = 024N i

Since, 50 cc of solution is taken from the diluted solution. So, the normality of diluted i

also 0.24'N. The mass of HCI in diluted solution is calculated as:

Volume of diluted solution = 200 cc

Weightin g

Normality M : 2

Volume in litre
Weightin g
36.5
or, .024 =—2_m-'——
1000 :
. 0.24 x 200 = 36.5
or, wt. in g of HCl = — 1000 - 1752g
Hence, the mass of HCI which is consumed by 0.8 g of metal = (4.672 - 1.752) =2.92 g

Now,

292 parts by weight of HCl is consumed by 0.8 parts by weight of metal.

0.8 )
1 part by weight of HCl is consumed by — g5 parts by weight of metal.

0.8 . ’
36.5 parts by weight of HCl is consumed by 55 * 36.5 parts by weight of metal.
=10 parts by weight of metal i.e. equivalent weight of metal

Valency of metal = 2
Therefore, atomic mass of metal is 2 x 10 = 20 a.m.u.

4, 0.8 g of a divalent metal was dissolved in 100 cc of 1.28 N HCI and the soluti L
was diluted to 200 cc. Then 50 cc of this solution required 54.6cc of 0.22 N NaOH for neutralization

Find the atomic weight of the metal. . : i
Please refer to A
Define the terms:

i. End point
Indicators
. Acidimetry

ii. Equivalence point
iv. Basicity of acid

nd point: The point in a titration at which the reaction between two solutions
_'plete as shown by the indicator. End point 1s also known as’ equivalent point or;
tral point where an acid solution is just neutralized by a basic splution in titration. -
uivalence point: The point at which one gram equivalent of a substance ccmpletel)?
. with one gram equivalent of another substance is called equivalence point. '

4. (064 G.No_30(]] Define the terms:

~ :
a. Gram equivalent weight: If equivalent weight of substance is expressed in gram is ~

Indicator: Indicator is a chem Volumetric Analysis 41

point of the reaction between, two solut
pHofa solution near the equivalent poi::S ;
id f acid:
: Ba.su.-uy of acid : 'l_'he nurl:lber of replaceable |, dr jon p i
acid is called basicity of acid. ydrogen jon present in one molecule of

Acidimetry: The process of ;i
standard ﬂlutionzf base in !::‘:::;:""g l:“’ Sffe"glh of acid by titrating it against the
—-—-s = —_— Tesence o m_ﬂcamr is called acidimetry.

15 B0 o0 Wht are Primary g o0t i alled acidimetry.
f I ary standard soluti "
oA I repATed K mbring 28 mt of 0.3 M MaOH wlth 2o s o HiSOrsohaton,

Prim‘i'?' standard solution: Tl:|e substances w
directly by dissolving the known weight of s
called primary standard substance and the
substance is called primary standarg solution. E

jit- ical '
Substance which indicates the end point or neutral

Y changing its colour with the change bf the

hose standard solution can be prepared
ubstance in certain volume of solution is
solution made from primary standard
xample:solution of oxalic acid.

called secondary standard solution, Example: NaOH solution
Numerical: . .
20 mL of 0.8 M NaOH =20 mL of 0.8 N NaOH [Acidity of NaOH =1 50, N = M]
i =20x% 0.8 of 1 N NaOH ;
=16 mL of 1 N NaOH
25 mL of 0.4 M H:SO; =25 mL of 0.4 x 2 = 0.8'N Hy50, [Basicity of H,SO, = 2]
8 =25 mL of 0.8 N H,SO,
" " =(25x0.8)mLof1N H,S0,
. - =20 mL of 1N HySO, :
We know that, .- s -
Equal volume of acid neutralizes the equal volume of base, .
16 mL of IN NaOH is neutralized by 16 mL of 1N H;SO,
The volume of acid left = (20~ 16) =4 mL of 1N H,S0,
Here, ; ' ;
Volume of acid left (Vi) =4 mL
Strength (N;) =1N - e
Final volume (V3) = 20 + 25 = 45 mL
Strength (N3) = ? :
We know that,

V1N| - VzNz
VlNl 4x1
N2 ==~ =—35 =0.088N
Thus, the normality of the resulting solution = 0.088N. - a

-

LONG ANSWER QUESTIONS [10 MARKS]

a. Gram equivalent weight
b. Equivalent point of reaction
¢. End point of titration -

called gram equivalent weight.

Weight in gram ’

No. of gram equivalent Equivalent weight
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Equivalence point: The point at which one gram equivalent of a substance _mmp
reacts with one gram equivalent of another substance is called equivalence point.
End point of titration: The point in a titration at which the reaction between
solutions is complete as shown by the indicator. End point is also known o equival
point or neutral point where an acid solution is just neutralized by a basic solution
titration.

a. Define indicator. Explain how are indicators selected in acid base titration? o
We know that an indicator is a substance which change colour at different r!H blut this
not a sufficient condition for it to be used as indicator in a certain titration.
characteristics of a good indicator are: - ) '
The colour change should be sharp, i.e. the colour should change over a shiort range
pH value.

ii. The colour change should be stable and between contrasting colours. \
The colour change should be at the equivalence point or end point of the reaction.
suitability of indicators depends on the nature of the acid and base used in a par‘ll'-‘“|

o

=

titration.

a. Titration of strong acid and strong 12 vt
base: In the titration of strong aad u
such as HCl and strong base such i B

as NaOH, the steep rise of curve

occurs at pH 3 to 11. Any indicator

capable of changing colour within

this range is a suitable indicator. I
z

Phenolphthalein
* (8.0-10)

HCl + NaGH — Nadl + H:0

The colour changing pH range of 3

methyl orange is 3.2 to 4.4 and that 3

of phenolphthalein is 8 to 10. So 3
I

either methyl orange  or
phenolphthalein can be used as
indicator.

b. Titration of strong acid and weak 12
base: In the titration of strong acid 1"
such as HCl and weak base such as
NH,OH, the steep rise of curve

occurs at pH 3 to 8.
HC + NH,;OH — NH,Cl + H:0

Any indicator capable of changing

its colour within this pH range is a

' suitable indicator.

colour changing pH range of

; yl orange is 32 to 4.4. So

fbyf orange is a suitable

nNdicator in the titration of strong .

id and weak base.

1

i Titration of weak acid and strong

pase: In the titration of weak acid
such as CHyCOOH and strong base
such as NaOH the steep rise of
curve occurs at pH 6 to 11,
CHyCOOH+NaOH—CH;COONa
+H:O

Any indicator capable of changjng
its colour within this pH range is a
suitable indicator. The coloyr
changing pH range of
pheno]phthalein is 8.0 to 10.0. So
Phenolphlhalein is a suitable
indicator in the titration of weak
acid and strong base.

Titration of weak acid and weak

. pase: In the titration of weak acid-

such as CH3COOH and weak base
such as NH;OH there is no enough
steep rises in the curve. . The
tapering of curve takes place within
pH value of 6 to 8.

CH:COOH + NH,OH —»
CH;COONH, + H:0

The colour changing pH rahge of me

4]

Volumetric Analysis
st
12
1
10
9 } Phenolphthalein
5 (8.0-10)
- '
- 6
z g pH=6
4
3
2
1
Volume of base added — .
12
1
10
9
8
B
= 6
- i
4
-3
2 A
1

Volume of base added g
thyl orange is 3.2 to 4.4 and that of phenolphthalein

is 8.0 to 10.0. Therefore, neither methyl orange nor phenolphthalein is suitable indicator.

Hence end point of weak acid-weak base titration is not

titration which may be determined b

determined by acid-base
y other methods such as conductometric titration.

’ Acid Base. - Appro.x. pHrange gl Indicator SRproximite pH
equivalence point transition of indicator
Strong | Strong 3-11 Methyl orange 32-44
phenolphthalein 8-10
Strong | Weak 3-8 Methyl orange 32-44
E’Veak Strong 6to11 phenolphthalein 8-10
Weak | Weak about6to 8 None =

48, Define indicator. How is a suitable indicator selected for a particular ﬂtaﬁon? 5]
. Please refer to __"064 Q.No. 30(ii} ;
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. . : il
NUMERICAL PROBLEMSES 2

What volume of water should be added to 500 mL of 2 N (f = 0.98) Na:CO;
it exaclly'ﬁ 1

= Given, ;
Initial volume of sodium carbonate (V4) = 500 mL !
Initial normality of sodium carbonate (N)) = 2N (= 098) = (2 0.98) = 196N

Final normality of sodium carbonate (N;) = % =0.1N
Suppose x mL of water should be added then,

or;

Volumetric Analysis a5
Since, 50 mL of solution is taken from the diluted solution. So, the normality of c_hluled is
also 0.24 N. the mass of HCl in diluted solution is calculated as:
Volume of diluted solution =200 mL
Weightin
Eq uivalent weight

Volume in litre

Weightin g
36.5

0.24=

200
1000

Normality

i ium = 0.24 x 200 x 36.5

wgi‘::;"g}::‘e of sodium carbonate (V3) = (Vi LXTEIN ., Weightin g of HCl ==——jgi0——== 1752 '

VINi=ViN; | ence, the mass of HCl which is consumed by 0.8 g of metal = (4.672-1.752) = 292g

_ViN; _500%1.96 _ Now, ’

Va= N2 0.1 = 9800 mL 292 parts by weight of HCl is consumed by 0.8 parts by weight of metal.
or, 500 + x = 9800 mL 2 0.8
or, x = (9800 = 500) 1 parts by weight of HCl is consumed by .93 parts by weight of metal
or, x =9300 mL

Hence, 9300 mL of water should be added to make exactly decinormgl_soly_lin_n'_

. Define normaliy, 0.8 g of divalent metal was dissolved in 100 mL of 128 N
and the solution was diluted to 200 mL. Then, 50 mL of the solution required 54.6 ML of 0.22 N Na
for neutralization. Find the atomic weight metal. i ; !

» Normality: The number of gram equivalent of a solute is present in one litre of solutij
is called normality.

Numerical:
For HCl
Normality of HC1=128 N

Volume of HCl = 100 ml ='1]% ljtre

Equivalent weight of HCl = 36.5
We know that,
Weight in £
. Equivalent weigbt
Normality = Volume in litre
Weighting
36.5
100
1000

or,1.28 =

1.28 x 100 x 36.5
or, Weight n g of HCl = 122100 62
Given,
" Volume of NaOH(V;) = 54.6 mL
Normality of NaOH(N;) =0.22 N
Volume of diluted acid (V) =50 mL

=4672g

Normality of diluted acid (N) =?
We know that,
V|N|=V2N2
VN2 54.6 x0.22
or, Ny =—3 2= =55 = 024N

Therefcre,_atouj_it_t_\ffight of metal is (2 x 10) = 20 amu.

36.5 parts by weight of HCl is consumed by % x 36.5 parts by weight of metal

='10 parts by weight of metal i.e. equivalent weight of metal
Valency of metal =2 . ! .

) Define redox titration. 10 g of NaOH was added to 200 cc Df% {f=1.5) H:SO. The

volume was diluted to two litres. Predict whether'the dilute solution is acidic, basic or neutral and
also calculate the resulting molarity of the dilute solution. - [142+2]

Redox Titration: A titration which involves the oxidation and reduction reaction is
called redox titration. Example:

2 KMnOy + 5C3H704 + 3H:50; —— KaSO, + 2MnSO; + 10 COy+ 8H,0

Numerical:

Given, weight of NaOH=10g

Volume of HaSO4 = 200 cc

N
Strength of H:504 =75 (f=1.5)=05x15=075N

Equivalent of HSO4 = 49
Weight of HaSO, (w) =?
We know that,
Weight in g(w) x 1000

o : . w x 1000
Equivalent weight x Volume of solution in cc -

49 x 200
w % 1000
Or, 0.75 = 255500
_49% 200 x 0.75
O w="""T000 =735 g H:S0,

The balanced chemical equation is
HyS0, + 2 NaOH — Na SO, + 2H.O
lmol  2mol

%g 80¢g

98 g of HyS0 is neutralized by 80 g of NaOH
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80x7.35 x faOH
7.35 g of HiSOy is neutralized by 98 of NaOH =6 g of NaO

: 'i';rhat mass of Na;CO; Is required to make 50 cc of its semin
&4,

Given, ;s
Volume of solution (V) = 50 cc = 0.05 litre

. ion is basic in nature, T
The weight of NaOH left = (10 - 6) = 4 g. so, the resulting solution 15 basic ture, i
e

|
4 jon=2L) ; 22C0; (N) = seminormal = 5 N = 0.5N
strength of basic solution in g/L =5 =2 g/L (volume of solution Normality of NaxCOx (N) 2

: 03 (W) =?
Weight of Na,C
i Fquivalent weight of Na;CO3 = 53

we know that,

= = 2 I— ight of NaOH = 40)
: L -— lecular weig
Molarity =37 lecular weight ™ 40 0.05 M (Molecu

Hence, the molarity of resulting solution is 0.05 M. T
52 What volume of 5 % NaOH are required to neutra .
H:804? {
™ Equivalent weight of NaOH (E) = 40
Valume of H:50; to neutralize (V) = 2 litre = 2000 mL
Normality of NaOH (N) = 7
5 % NaOH means 5 g of NaOH in 100 g of NaOH
. So, weight of NaOH (W) =5 g

S Weight of solute in gram o il
Normality = Equivalent weight of solute * Volume of solution in liter

w
or, 05=753%0.05

-05x53x005=1325g 5 '
r{(ence mass of Na;CO; required is 1,325 g to make 50 cc of seminormal mlutnop.

o e T e
= Con\rert the followings: [

or.

i 2.5 M H:POx into Normality ii. 4.9 MH:S04into gram | litre.

We know that, . . !

— NEV j' 2.5 M H3PO; into normality

= 1000 ] Basicity of HiPO; =3
aoe - N x40 x 2000 We know that, ]
, A Normality < molarity x basicity = (25%3)=75N

or,5= N; 80 i, 49 M H;SOqintog/L }
or, N =30 Molecular weight of H;SO, = 98
or, N=00625 N

r We know that,
Thus, the normality of NaOH solution (N) =0.0625 N

From question

s6. (068 Q.No. 30 Define the terms: : [5+5]

H:50, NaOH ’ landard solution | il. Normality factor

Vi =2litre V=7 iii. Acidity of a base _ iv. Alkalimetry

Ni=0.IN N2 =0.0625N What is meant by redox titration? Write an example of it. 4 g of NaOH was added to 20 cc of 2 N
From normality equation, H:504 solution and the volume was diluted to one litre. Predict whether the dilute solution s acidic,

ViNi = VaN; basic or neutral and also calculate the resulting normality of the dilute solution in term of g / litre.

v.oViNi _ 2x01 \

-

N: ~ 00625 =32litre
The volume of NaOH required is 3.2 litre of 5%

™ : : .
i. Primary standard solution: The substances
directly by dissolving the known weight of
called primary standard substance and th
substance is called primary

whose standard solution can be prepared
substance in certain volume of solution is
e solution made from primary standard
standard solution. Example: solution of oxalic acid.

ii. Normality. factor: The ratio of actual weight of substance taken to the theoretical weight
of substance to be taken is called normality factor,

iii. Acidity of base: The number of OH- j
iv. Alkalimetry: The process of determi
standard solution of acid in the pres

32x5
“10o - 0.16 litre

__Thus,0.16 litre of NaOH is required to neutralize 2 litre

T  litre of NaOH is require ralize 2 itre ideci_nor_!nal H,S0,. R
53, X cc of 5 N HCl was diluted to one litre of normal solution. Calculate the value o
y X.
= Given,
Vi=Xce V2 =1 litre = 1000 cc
N;=5N N2=1N

on present of any base is known as acidity of base.
ning the strength of alkali by titrating it against the

ence of indicator is called alkal imetry.
We know that, Redox titration: A titration which involves the oxidation and reduction reaction is called
ViN; = V;N, redox titration, :
X x5=1000x 1

Example of redox reaction is
2KMnO, + 5C,H,0, + 3H
Here, KMnO,.is reduce
r'eact_ion is called redox

1
7 “r-x-‘_%@=200€c

Hence, the valye of X is 200 ¢c

21804 —— KaSO4 + 2 MnSO; + 10 CO; + 8H,0
d to MnSO, and CH;0, is oxidized to CO; and H;0. So, this



2 4 i a3
L1} A Complete NEB Solution To Chemistry -XIl . yolumetric Analysis

Numerical A

Given, or, 0.5x + 0.2 - 01x=04
\'\'eight of NaOH=4 4 r: 0.4x =04 - 0.2
Volume of H:S04 = 20 cc or, 0.4 x =02
Strength of H2SO4 = 2N 0.2
Equivalent wt. of H,S0, = 49 or,x =04 =03

Wt. of H}SOJ {W) =7 So, Vi=x -:0 5 lll‘l’E

We know that, AndVa=(2-%=@2-09)= heliee N : lit ofﬁ- HCL
\ = et n (e %0 H 0.5 lit of'l.\i HCl and 1.5 litre of 75 HCI must be mixed to form 2 litre of g
~ Equivalent welght Volume of solution in cc EncE,L 2 Ty dissolved with 750
e lent metal was complet:ly is
= 2 Define decinormal solution. 3 g of a triva
0r,2=%x“;;] 58. De o

"' lete
mL of 1N HCl. The residual solution further required 1000 mL of 7 NaOH for the comp

[1+4)
neutralization. Find the atomic mass of the metal. 5 T B s .
Decinormal solution: A solution having normality 0.1 N is ca ec :
E: -

Numericalz

Gwen,

Weight of metal=3 g

Valency of metal =3

Total vo[ume of HCI (IN) =750 mL

or, 1000 w =2 x 49 x 20
1960
or, W="500 " 19%¢
The ba]am;ed equation is
H,S0, + 2NaOH — Na;SO, + 2H,0
1 mole 2mole
98g 2x40=80¢g
98 g of Hx504 is neutralized by 80 g of NaOH

i N o = f 1IN HCI
]%gﬂfH QO.Lsneutrallzedbyso 1.96 gquaOH-légf\dOH ; ‘i IDCOmLsz NaOH 500mL0f1NNaOH _.SOOmLo
The weight of NaOH left = (4~ 1.6) = 7,4 gt -t ‘ gt . The volume of HCI consumed by metal = (750 - 500) = 250 mL of 1N HCl
So, the solution is basic in nature. The strength of dilute solution in g/ liter = 2.4 g/ll Now,
We know that, 250 mL of 1N HCl reacts with3 g of metal.
A L 24 3
N= Equivalent weight ~ 407 0.06N ; " 1 mL of 1N HCl reacts w:th 250 8 of metal.
Henge_, H!ﬂe_syl_h:lg solution of NaOH is basic and normality is 0.06N. i : . :
57. 2067 GNo. 29 Define: i. Acidity of base i. Endpoint T 1000 mL of 1N HCl reacts with 55 x1000 g of metal =12 g of metal.
What volumes oiiand ﬁﬂCi must be mixed to give 2 liters of %HCI? [243=§ So, the equivalent welght of metal 12
= ; i ! We know that,
i.. Acidity of base: The number of OH- ion present of any base is known as acidity of ba Al Equwa]ent weight F
ii. End point: The state at which the change in color of indicator indicates the com leti se. o _5_2 Eg atomic mass of metal = 36 amu. ’
reaction during titration is known as end point. Pletionty 59. 064 G.No. 3] 0.715 g of Na:COs x Hz0 required : 2‘0 mL of seminormal hydrochloric acid solution
N_“me"“[ f , lor completa reaction Find lhe value ufx [3]
Given, = Given,
Final volume (V) = 2 litre Weight of Na>CO3.xH:0=0.715 g
Final strength (N ,% «02N _ ] Volume of HCI = 20 mL
N
: . Normality of HCl =+ i- =
Type-1 Strength of HCl (Ny) =E2‘_ - 05N ‘ . ty Cl=3 (semi-normal) =05 N
e : ) No. of water molecu]es i.e. water of crystallization (x) = ?
Type-2 Strength of HCI (N3) =75 =0.IN 1 We know that,
Suppose, volume of type -1 (\1,) =x ' . 1 g equivalent weight of HCl =1 g equwaler\l we:ght of Na;CO:.xH0
Volume of type -2 (V2) = (2-x) . 1000 mL of 1N HCl = xg
We know that, % Yt 20 mL ¢ =
VN + VaNa= ViNi SFINHQA =555 x20

05 xx +(2-x)01=02x2 ' 20 N - 1l l
_ mLof2HC]_ﬁ3x20KE:mg
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e S
So, 100 8= 0715g
or,x=715g . kg’

Hence, the equivalent weight of Na;CO3.xH;0 = 71.5
Theé molecular weight of Na;C0;.xH;0 = 71.5 2 (acidi
2xNa+C+3x0+x(2H +0)=143

or,2x23+12+3x16+x(2+16)=143

or, 46+ 12 + 48 + x (18) = 143

or, 106 + x (18) = 143 -

or, x(18) = 143 - 106 = 37

ty of sodium carbonate is 2) =1

: o
or, X 18—20552

Therefore, the value of x i.e. water of crystallization = S

60. 0.315 g of a dibasic acid required 50 mL of decinormal sodi
complete neutralisation. Find the molecular mass of the acid.

= Basicity of acid =2 Weight of acid =0.315 ¢
Molecular weight of acid =? ~ Volume of NaOH = 50 mL
Normality of NaNOH =0.1 N

Given, :

50 mL of 0.1 N NaOH requires 0.315 g acid for compl

ete neutralization.

1 mL of 0.1 N NaOH requires &35';—5 g acid for complete neutralization.

; 5 e
1mLof 1NNaOH reqm'rna’-5((;—"::]”—T g acid for complete neutralization.

.315 O AL
1000 mL 1IN N NaOH mquires% x 1000 g acid for complete neutralization.

=63 g acid for complete neutralization.

Equivalent weight of acid = 63
Molecular mass of dibasic acid = Equivalent weight x basicity = 63 x 2=126 amu.

Hence, the molecular mass of acid = 126 amu.
61. Define normality and molarity of a solution. Find their relationship for a given solution.
1g of NaOH is added to 2 litres of x M H2504 solution, so that the pH of the resulting solution is 7.

Find the value of x. [1#14142]
» Normality: The number of gram equivalent of solute is present in per litre of solution.

Molarity: The number of moles of solute is present in per litre of solution.
. Relationship between normality and molarity:
Normality x Equivalent wt. = Molarity x Molecular weight

Molecular weight
Equivalent weight

g ity = Molarity x basicity of acid = Molarity x acidity of base

ality = Molarity x

! 4(N|) =2x N
H(V2) =7
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Nommlily of NaOH (Ng) =7
I;quivnlem weight of h_JaOH =40
we know that, ’
ViNi = VN
; Weight of NaOH
Equivalent weight of NaOH
Volume of NaOH in litre

7 x 2x = volume of NaOH in litre x

1
ar, 47 40
i 0.00625 = 6.25 x 10N or M
Hence, the molarity of HiS0, = 6.25x 10 M
2 BRI T Dals hormal selyian. Wsatis lﬁ"‘;‘;”""ﬂ]' of 500 mL solution of sodium Il;Ydlo-xlae
containing 30 9 NaOH? =
Normal soh.“ior_': A solution containing one gram equivalent of solute present in one
litre: of solution is called normal solution.

or

~

Numerical:
volume of solution = 500 mL = 0.5 litre

wt. of NaOH=30g
No. of gram equivalent of NaOH = % =075
. _ No. of gram Equivalent weight _0.75

Normality = ‘Volume of solution in liter ~ ~ 0.5
Hence, the normality of NaOH is 1.5 N.

< [t GNG 30 (a] Provide a short definiion o each ofthe ollowing terms:
i. Equivalent weight ii. Standard solution jiiil. Neutralization point
jv. Primary standard v. Indicator

=15N

15

Equivalent weight: Equivalent weight is defined as the number of gram or the number
of parts by weight of that element which either ‘combines or displaces 1.008 parts by
weight of hydrogen or 8 parts by weight of oxygen or 35.5 parts by weight of chlorine.
Example: f

Hydrogen reacts with oxygen to form water.
2H, #+ 0, —— 2HO0

4 % 1,008 4x8
Here, (4 x 1.008) parts by weight of hydrogen reacts with (4 x 8) parts by wt. of oxygen
1.008 parts by weight of hydrogen reacts with 8 parts by weight of oxygen
So, equivalent weight of oxygen is 8
ii. Standard solution: The solution whose concentration is known is called standard

solution, ;
i. Neutralization point: A point at which acid complete neutralizes base. is called

neutralization point.

iv. Primary standard solution: The substances whose standard solution can be prepared
directly by dissolving the known wt, of substance in certain volume of solution is called
primary standard substance and the solution made from primary standard substance is

called primary standard solution. Example; solution of oxalic acid.

v. Indicator: Indicator is a chemical substance which indicates the end point or neutral

point of the reaction between two solutions by changing its colour with the change of the

pH of a solution near the equivalent point.



52 A Complete NEB Solution To Chemistry -XII

solution was neutra
weight of the acid?
= Given,
Weight of the acid =735 g . ‘
Given, 7.35 g of the acid is present in 250 cc of its solution.
Now,
Volume of diluted acid solution V=25 cc
Strengh of diluted acid solution 5 =?
Volume of NaOH consumed (V3) =15 mL
Strength of NaOH (S;) = IN
We know that,
\-",S. - VzSg
25x5=15%1N

15
or,5 = 5= 0.6N

So, the strength of 25 cc acid solution = 0.6N
Since, 25 cc of acid solution is taken from
dibasic acid. . S5
So, the strength of the whole acid solution i.e. 250cc=0.
We know that,
Weightin g
Equivalent weight
Volume in litre
7.35

Equivalent weiEht ;

or, 0.6= 250
1000 ;
7.35 x 1000
250 x Equivalent weight

7.35x1
or, Equivalent weight .%= 49

250 cc acid solution which contains

Normality =

.or, 06=

Basicity of acid = 2
So, molecular weight of acid = 2 x 49 =98
He_llce. the equivalent weight and molecular weight of acid is 49 and 98 respecti

6. 59 of a diacidic base is completely neutralized by 50 mL 2 N HCI,
~ Find the molecular weight of the base.

» Weightofbase=5g

Acidity =2

L of 2N HCl is completely neutralized by 5 g of a base,
OmL of INHCI is completely neutralized by 5 g of a base,

HCl is completely neutralized 'by ‘I'g—o
tofbase=50
it of the base = Equivalent wej

=50%2 =1qg
__htofbaseis 100 amuy.

ght x Acidity

g t0 250 ML 25 ML g
[T o, 30 (5] 1.35 g of a dibasic acid was dissolved in water and dulute'dnt fpebits| ,
. Eohgon vas et lized by 15 mL of 1 N NaOH solution. What is equivale .‘

. Volumetric Analysis 53

"HCI is required to neutralize 25 mL NaOH

k _w%at volume of decinormal solution of 2

solution containing 8 g NaOH in one litre solution?

~ Given,

G/Lof NaOH =8 g/L
Equivalent weight of NaOH = 40

Normality of NaOH =?

'We know that,

4

=== =02N.

L 8
Normality (N) = Equivalent weight ~ 40

Here,

Volume of NaOH (Vi) =25mL

Normality of NaOH (N;) =0.2N

Volume of HCI (V) =?

Normality of HCI (N2) = 0.1 N (decinormal)
Wwe know that,

V|NI=VIN2
VIN; 25x02

or, V2=, 01 =.50 mL

Hence, 50 mL of decinormal solution of HCI is required to neutralize 25 mL of NaOH
containing 8 g NaOH in one litre solution.

; . . N
67. x g of a metal (Equivalent weight = 12) was completely dissolved in 100 cc ofi HCI.

N
The volume was then made up to 500 cc. 25 cc of this diluted acid required 17.5 cc 10 NaOH for

complete neutralization. Find the value of x. 5]
s Please refer to

8. x g of CaCOs reacts completely with 20 mL of 1M HCI. Calculate the value of x.  [2)

= Given,
1M HCI = 1N HCl
So, 20 mL of 1M HCI = 20 mL of 1N HCl

40+12+48
e -

Equivalent weight of CaCO; 50

We know that,

1 g equivalent weight of acid =1 g equivalent weight of base
or, 1000 mL of IN HCI = 50 g equivalent weight of CaCO3

. 50 .
or, 20 mL of 1N HCI =7000 * 20 =1 g equivalent weight of CaCO;
__[fherefore, the value of x=1g e -4
69 What volume of water must be added to 40 mL of 0.25 N acid solutions in order to
make it exactly decinormal? : 2
» Initial condition
Volume of acid (V) = 40 mL
Normality of acid (Ni)=025N

L_et, x mL of water is added to 40 mL of 0.25 N acid to makedecinormal i.e. 0.1 N
Final condition i

Volume of acid solution (V3) = (x + 40) mL
Normality of acid solution (N3) = 0.1 N
We know from normality equation (%
V|N| -~ V1N;

or, 40 x 0.25 = (x + 40) x 0.1

wt
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or, 10=01x+4
or, (10-4)=0.1x
or, 6=0.1x

6
or, "'0_.1=60m]‘

solution.

oz in one
™ Molar solution: A solution containing one mole of solute present in

is called molar solution.

End point: The point in a titration at which ll?e reaction bei\.rvec-n lyvo[ sl:lul;c'm:

complete as shown by the indicator. End point is also known as equiva T‘; }:1 int o
neutral point where an acid solution is just neutralized h): a basic solution :!1 itration,
Indicator: Indicator is a chemical substance which indicates the end point or neutra

Hence, 60 mL of water is added to make decinormal solution.

70. Define molar solution, end point and indicator. Calculate the molarity of 5%

—
H;

litre of soluti

point of the reaction between two solutions by changing its colour with the change of th

pH of a solution near the equivalent point.
Numerical:
Given,

100 cc of H2SO; solution contains 5 g H2SO4

5
1cc of H50 solution contains J00

5
1000 cc of H350, solution conlainsﬁ x 1000

=50 g of HySO;4
i.e. 50 g of HySO; is present in 1 litre.
So,g /L=50
Now,

£
L

s e
S oiarity = Molecular weight ~ 98 ~ asM
Hence, molarity of 5% H;50 solution is 0.5 M.

the acid.
= Weight of the acid = 7.5 g

Given, 7.5 g of the acid is present in 250 cc of its solution.

me of diluted acid solution Vi=25¢c
ength of diluted acid solution S, = ?

1e of NaOH consumed (V2) =163 cc
of NaOH (S;) = IN

0f 25 cc acid solution = 0.652N

71. 7.5 g of a dibasic acid dissolved in water and the solution made upto 250 cc. 25 ¢
of this acid requires 16.3 cc 1 N NaOH for complete neutralisation. Calculate the molecular weight of

cid solution is taken from 250 cc acid solution which

.

‘contains 7.5 g
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5o, the strength of the whole acid solution i.e, 250 cc = 0.652 N
We know that, . o
Normality = molarity * basicity

X Normality A 0.652
Molarity =g;dicity 2

So, molarity = 0.326 M

Here, : : . ) -
250 cc acid solutions contain 7.5 g acid.

1000 cc acid solution contains -;'—556,: 1000 =30gie.30g /L
So, g /litre =30
We know that,
b4
L
Molarity ="Nyolecular weight

4
L - 30

Molecular weight = "m =326 = 9202

So, the molecular weight of the dibasic acid = 92.02 amu. YR T W
7. ' 100 mL of 0.1 M HCI is mixed with 50 mL of 0.1 M KOH, Calculate the concentration of

acid in terms of g / litre in the resulting solution. [5)
= For HCI -

Volume of acid (V.) = 100 mL

Molarity of acid (M,) = 0.1 M

Basicity of HCl is 1 )

So, Normality of acid (N,) =0.1 N

For KOH

Volume of base (Vy) = 50 mL

Molarity of base (My) =0.1M

Acidity of KOH is 1 y

So, Normality of base (Ny) =0.1 N :

Final i.e. resulting volume of solution (V) = (100 + 50) = 150 mL

Final normality of resulting solution (Ny) = ?

The concentration of acid in terms of g/L of resulting solution = ?

We know that, equal volume of acid neutralize equal volume of base

(Va x Na) = (Vi Np) = Vi x N¢
or, (100 x 0.1) - (50 x 0.1) = 150 x N

“or, (10 - 5) = 150 x N¢

or, 5=150 x N¢
5 ; rh
or, NI=T§5=O.D’53 N . r :

Equivalent wt, of HCI = 36.5 ;
And g/L = Normality x Equivalent weight =0.033 x 365 =1.2045 g/L.
_H{-.ncc, the concentration of resulting acid solution in terl]\_s_gf_g_{ L_ i§ l_20-15_gf_l:u_ L
3, Find the equivalent weight of H,POqin the reaction
Ca (OH)z + H;POy —— CaHPO, + 2H:0. y 1 [2]

> lere, two H-atom is replaced by 20H - ' '
Molecular weight of H\PO, 3 +31+64 .

No. of H-atom replaced ~ 2 =4
Hence, equivalent weight of HyPO, = 49

So, Equivalent weight of H,PQ, =
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Volume of H;S04 = 20 mL = 0,02 litre.
Normality of H,S0, = 7
Wt of Na;COy = 0.265 g
We know from normality equation, _ 5
Volume of H;50, x Normality of H;S0; = Volume of Na;COs x Normality of Na;CO,
or, 0.02 litre x'NOl’Tnality of H,50, Volume of NazCOs in litre x

. No. of gram - equivalent of Na;COa

Volume of Na;COy in litre
| or, 0.02 litre x Normality of H,50, = No. of gram equivalent of Na;COs
Weight of Na;COs

Equivalent weight of Na;COx

| or, 0.02 litre x Normality of HiSO, = %6‘5

or, 0.02 litre x Normality of H,S0, =

[ & or, 0.02 litre x Normality of H,SO; = 0.005

0.005
or, Normality of H;S0, =002

or, Normality of HyS0, =025 N
Hence, the normality of H:50: soluionisO25N. bl
75. @954 QNG 77 X g of magnesium (equivalent weight = 12) reacts with 20 mL of N (f = 0.95) a
Calculate the weight of X.
Given,
Equivalent weight of Mg =12
Volume of acid = 20 mL
Normalh = IN
Normality factor = 0.95
Actual normality of acid = normality * normality factor =IN x 0.95 = 0.95N
We know that, ; i
1000 mL of T N acid completely reacts with 12 g of magnesium

]

b or,

or,

78.
-~

or, 20 mL of 1IN acid completely reacts with % * 20 g of magnesium
(12

1000
=0.228 g of Mg

or, 20 mL of 0.95N completely reacts with x 20 x 0.95 g of magnesium

ore, the value of X is0.228 ¢,

L0.No. 18] 25 cc of an alkali solution is mixed with & cc of 0.75 N acid solution _an_d_ﬂ-:r_c‘ur.n‘pl.
on, it further requires 15 cc of 0.8 N acid solution, Find the strength of the given al

we
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e know from normality equation,
vy % Niw= (Vai x Nay) + (Va, x Nay)

25 % Ni=(8x075) + (15 x 0.8)
r. :ngh='5“12

5-'2%= 072N

jlence, thf _']9_"‘.'““'“!’ of alkali solution is 0.72N.

Nn

952 aNo. 19 If 20 mL of 0.5 N NaOH Is mixed with 30 mL of 0.3 N HCI, is the resulting solution

acidic or basic? Calculate the normalty with respect to the acidic or basic final sofution. @
(aven,

20 mL of 0.5 N NaOH 3(20105) mL 1N NaOH
and 30 mL of 0.3 N HCl = (30 x 03) mL. 1 N HCJ
know that, i

=10mL 1 N NaOH
=9mL1NHCQ

[qual volume of acid neutralizes equal volume of base, if acid and base have the same
normality. So, 9 mL of 1 N HCI neutralize 9 mL of 1 N NaOH. Thus, 1 mL of base is left
ynreacted and the solution is basic. '

yormality of resulting solution;

volume of acid left (V1) =1 mL
vormality of acid (N)) = 1N
Final volume of solution (V3) = (20 + 30) = 50 mL
Normality of solution (Ng) =?
From normality equation,
VN = VaN2 !
VN

Nz = Va

1x1
50 =0.02N

Hence, the normality of resulting basic solution is 0.02 N.

N2 =

RITE SHORT NOTES ON [S MARKS]

[2068 Supp. Set B Q.No. 33 J 2069 (Set B) G.No. 33d Selection of indictors in acid base fitration.  [5]
Please refer to
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\ Eoreseraana 3 Fid thephol I N1

~ Given. normality NH 50, = 110 i

Basicity of HS0, =2

We know that,

Normality (N) _
Basicity of aod

|_;:1_0_‘,5,1m.\1

Molanity (M) =

' H:S0), 1onises as
H:80, —= 2H* + SO

1M 2M
5x10oM  1x10°M
So, [H]=1x105M
We know that,

pH = - log[H*] = - log[1 * 10°] =5
Henoe, pH of 1210 5N H:S04 18 5

{2076 Set C 0 No_3 Write the conjugate acid and base of NHs.

» The conjugate of acid of NHi1s NHi " 1on which is shown by the reaclmn

NH;, + H:0—— NH:* OH™
[ ] compupabe acd conpugate hase

Similarly, the conjugate base of NHy is NHy~ which is shown by the r{-achon
NHy

1onups b have

+

—NH +

NH:

- ul

NH; +

L wonmpupate aod
5 _ Ro7s GIE QNo_J Is the solution acidic basic or neutral in which concentration of h
3.33 x 107" mol L-'? "
~ The concentration of OH - jon = 3.33% 10-1° mol L'
pH=?
We know that
POH = - log|OH -] = - log[3.33x 10-17] =
pH=14-947=453
The pH of aqueous solution is less than 7, So, the aqueous | solunon is acidic in
-
T m::l; J Is the solution acidic, basic or neutral in which the hydrogen fon conct
= Given,

The concentration of H*

947

=3 %105 mol |
p”:)

_ Calculate the pH of the solution by dissolving 1 g of NaOH in 1 litrg of its solution.

lonie Equilibrium

We know that,
rl” = |(‘| [| I'I = |ll?|'1‘ * |0 "] 452
Thr‘ pll ol aqueous solution is less than 7, So, the aqueous solution is acidic in nature.

[

Given,
The concentration of NaOII =1g/L

Molecular weight of NaOH = (234 16 + 1) =40

Ve know that,

&
; L 1
Molarity ="Nfolecular weight = 30 = 0.05 M
w,
NaOH === Na* + OH
0025M  0025M  0.025M

pot = - log[OH"1 - -log[0.025] = 1.60

e know that,

pli= 14 - pOit = (14 - 1.6) = 124
Hence, the pH of 1g/L. NaOH solution is 12.4.

Is an aqueous solution \ containing hydroxyl fon concentration 3.33 * 10" mol L
acudn: hasm or neutral? r]

lest rvfer to

Is an aqueous solution “containing hydrogen ion concentration 3 * 108 mol L
acidic, baslc or neutran 2

Please refer tc

] Is an aqueous solution cnnhlnlng hydroxyl lon concentration 133 %10 mol L'
acidic, baslc or neu'tr:!? 1]
Given,

The concentration of [OH-] =3.33 x 10! mol L

pH =7

We know that,

pOH = -log[OH~-] = -log[3.33 x 10 1] = 0.477

pH =14 -0477=13.52
The pH of aqueous so[utmn is more than 7. So, the aqueous solution is basic in nature.
(]

2073 Supp Q.No. J Define

I. lonic product of water
li. pH of solution

lonic product of water: The product of the concentration of hydronium ion and
hydroxyl ion in pure water is constant at particular temperature which is known as ionic

product of water. It is denoted by K.

Kw = 1.008 x 10-1= [H,0*][OH] at 25°C.

pH of solution: The magnitude of negative power to which 10 must be raised to express
the hydronium ion concentration is called pH of solution.

pHi = -log[tl']

. B073 Set C Q.No. 3] Stale Ostwald's dilution law and mention Its limitation.

!\t(l)lt!l[‘lt’ to llw theory of electrolytic dissociation of an electrolyte, when dissolved in
aneous dissociation into +vely and -vely charged ions and in the

water undergoes spont
case of a weak electrolyte like CH\COOH, NH.(OH, etc. there exists a definite

)
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the ions present in
wat the law of mass
first corried out by

"‘\'l"lh'l\rillm between the unionized molecules of electrolyte and
13 1 ¢ e » . i .
(“ f"l"“\_ at a gl\tnltt mperature, It is, therefore, to be expected U
action can be applied to this equilibrium. This application was
Ostwald and the result is known as Ostwald dilution law. ;
« =\‘K.\’ Where, V = dilution.
Limitations: Weak electrolyte obey ald's dilution la
; ion ak electrolyte obeys Ostwald's dilu elctrolytes, the value of K fag
strong electrolyte it fails completely. In the case of strong elec! jue to the fact strong
from remaini idiv sty dilution. This is dud . § B}
\ remaining constant rapidly falls with dilutic (or strang electrolyte is equal to ]

electralyte are completely ionized at all dilutions .i.c. @
AV hat Av = Aa, but in practice it ig
A

w fairly well, but in the case of

and therelore, it is oxpﬁ‘lc‘l from the equationa =
y electrolyte. It i

Av | pood for stron
not so. It means that the equation a =570 does not hold good !

tion: It is the fraction of the total number of molecules of electrolyte

jons in the solution. It is represented by a
" No. of molecules split into ions
Total no. of molecules of the electrolyte 13
ii. Ostwald dilution law: According to the theory of electrolytic dissociation of an
. dissociation into +vely and

electrolvte, when dissolved in water undergoes spontaneous ;
=vely \-iurr,rd ions and in the case of a weak electrolyte like CH:COOH, NH,OH, etc.

there evists a definite equilibrium between the unionized molecules of electrolyte and
the ions present in solution at a given temperature. It is, therefore, to be expc(l_ed that the
Iaw of mass action can be applied to this equilibrium. This application was first carrjed
/ __out by Ostwald and the result is known as Ostwald dilution law. 1

12 97T Supp. Gio. 3 What are the limitation of Lewis acid and base?

~ Following are the limitation of Lewis acid and base:

i. This pt cannot tell anything about the strength of acid and base.
' ble to explain the catalytic activity and amphoteric nature of seve

[1#1]

l'llﬂl],"\‘ll.l'.l‘ld& ”
iii. This concept

iv. Relatne stren

ot consider about ionization process of acid and base.
\ V. eT acid and hasg: are not quantitatively estimated by this concept.
*~' 13. BorZsetc aNo. slate the pH of 0.1 N H; SO. T o e 1N
~  Given, normality of HaSO,; = 0.1N
Basicity of H-S0, =2 :
We know that !
Normality (\) = Molarity (M)?t Basicity of acid
Normality

k)

or, Molarity (\) =

Basicity of aci
H>S0y ionizes as LN
HS0y —— 2H-- <0, A
1M 2\ | O B ,

0.05M 0.1\ 4 ”
1 mole of H:-SO; produces 2 mole of }t b
r #
t

T —

i" !

; lonic Equilibrlum 61
15 mole of H:SOu produces 0.1 mol + d
01 M ol
We know that, .
GH - log [H']
= - log [0.1]
w1 (
" e I'I 1 of 0.1 N | 1150_1 is . ’;
7572 5etD G.No. 3 Define Lm'mpi_ofh_f'""" - LI Y
: Lewis Concept of Base; %€ and point out its limitation.
5B
,-\rmrdilu{ lo Lewis concept base js defin
of electron to an acid.

CpHl
ed as the chemical species which donates a pair

Limilations: S ]
This concept is unable to explain the catalytic activi )

activ
1.umpmlmls, Y ivity and amphoteric nature of several
b Relatiye ;Irt_‘ng.u:. _l'_>f acid-base is not quanlitatively estimated by this concept.

e _ Define Bronsted concept of acid and base: v;ﬂrl:n_e-n_mpli ofexch. 2

pronsted acid: An acid is a substanc i
n e which can d .
substance. Example: HCL Wggomase profon (HY) to: another

a

pronsted base: A base is a substance which can -
substance. Example: NH, accept proton (H*) from another

16, [0715upp. GNo. 3] Give an example of each of the following

i. Lewis acid . il Lewis base .

jii. Acidic salt iv. Bronsted-
~ Exampleof i. Lewis acid = AICI, s o
ii. Lewis base = NH,
iii. Acidic salt = CuSO,
__.iv. Bronsted -Lowry acid = HCI
\7. G071 5etC QNo.J Define the term: N i
a. Degree ofionization - \ .
b. Bronsted Lowry acid 9 3 It

i
a. Degree of ionization: It is the fraction of the total number of molecules of electrolyte

present as free ions in the solution. It is represented by a
_ No. of molecules split into ions
“ = Total no. of molecules of the electrolyte
b. Bronsted Lowry acid: "Acid is a substance which has a tendency to donate proton while
base is a substance which. has a tendency to accept proton during chemical reactions.” In
other words we can say that 'an acid is a proton donor and a base is proton acceptor.’

1. -'Whal happens when HCI gas is passed through a saturated solution of NaCl and
why? - @
> When HCI gas is passed over a saturated solution of NaCl, the NaCl will precipitated

out i.e. super saturated solution is formed. This is due to the increase in concentration of

Cl™ by the ionization of HCI.
HCls=—== H'+Cl~ }
We know that NaCl is also jonized

NaCls==—=== Na*+Cl~ : N
The ionic product of NaCl exceeds its solubility product due to common ion Cl ~ which

is formed form HCI that increase the coner of Cl ™ in the saturated solution.

Kyp of NaCl < ionic product of NaCl i.e. [Na*][C1]
)

-

e
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H.-iD;-———"‘ 2H* + SO~

19. B970 Suop- G e 3 State Ostwald's difuion faw. What s ts Bmitati
State Ostwald's dilution law. What is its limitation? i 5
= o M

™ Please refer to e
e refer Lo o7y I - e — (R
25 Define Lewis acid and Lewis base giving one example of each: - jmaole of H2SO4 produces 2 mole of }i+
. Lewls acid: The subsiance svhich'Hes s eagecity to accept an electron pair i ' | )5 mole of H2SO, produces (2 x 0.5)
ordinate bond is called Lewis acid. They are also called o . L“ i i
Examples: AICl,, BF; etc. o™
Lewis base: The substance which has a capacity e H=-log [H'] =-log1 =0
o, pH of solution =0

=1 mole

ectron pair to form a co

to donate an el :
hiles i.e. nucleus loving

lled nucleop!

ordinate bond is called Lewis base. They are also @

Examples: NHs, H:0 etc. _ ;_Fﬁ - Wrile_-ll:.‘;;_—-_""“—"-—- o _
;1._ _-_uzs Su- I'.-).No. .Déﬁne_ cn_m_m;n_ia'l?f?ﬂl_r N electrolyte (usual : ’?l? 1?;- :efcr to —_?e Sel C oh::m peidand “’"Mm base of NH;. W wh 11
~ If to a solution of an electrolyte (partially disiaciied) 3"“”‘9; dissociation of » T __:-STF-'mdlcl'M'l S
‘ ommon 5 e 7 2082 Q.No. 1oL er the aqueous solution of CuSOs acidic, basic or neutral. 0]

Lous solution of CuSQy is acidic ;

L Aqueaus 50 415 acidic in g oy )

roduce large concentration of H* jon i::::::;h;:;s:ue to the cationic hydrolysis and

\Jolecular equation: ; LI,

S04 + 2H20 —— Cu(OH); + H,50,

lonic ei]ualign: : )

Cu'**+50s  +2H:O =— Cu(OH), + 2H* + 50, ~

Net ionic equ_ation:

Cut*+ 50 +2H,0 —— Cu(OH); + 2H* + 50,” ~.

Cu*t* 2H;0 — Cu(OH); + 2H* _

H:50s is strong acuif lo?i?es completely and Cu(OH), is weak base ionizes partially. So,

the concentration of H* ion is wre in solution and the resulting solution is acidic in

completely dissociated) consisting of an ion ¢

i on effect.
te i This effect is called common ion efles
former electrolyte is <u[‘[‘fr-s'-r‘d to show mter_am as Bronsted-Lowry acid and base. ;

2. Wriie suitable examples . ton donar and a base is a protol
> According to Bronsted - Lowny concept acid is 4 Pro !

acceptor.

Water acts as bo
reaction.

a

ell shown by the following chemig

th acid and base i.e. amphoteric is W

HO-+C "~ '
» H-0 acts as a base because it gains proton donated by acid.

.N}{‘.‘- OH'_ n.‘,ll'l..lrp- e e
donates proton Le. acts as an acid. e 20, 262 0.No. 18 Explain the fact that the aqueous solution of sodium carbonate is basic, while the
Define pH of a solution and write the relation between pH and pOH. aqueous solution of sodium chloride is neutral, 2
« When strong base i.e. NaOH and weak acid i.e. H;CO; is reacted then Na;COx is formed.

tration of hydrogen ion. e.N
strong base NaOH ionizes completely but weak acid H,CO, ionizes feebly.

INaOH ====2Na*+20H ~

H,COy ===2H*+COy

The concentration of OH " in the solution is more than H*. So, the resulting solution is

basic in nature. )

Aqueous solution of sodium .chloride is neutral because it is formed by the

neutralization of strong acid HCl and strong base NaOH.

NaOH + HCl —— NaCl + H,0

The solution having same number of H* ion and OH " ion hence the solution is neutral.
. [057GNo_19 Wateris aLewis base as wellas a Bronsted acid. Explain. [
 According to Lewis concept base is electron pair donor. Water behaves as base because it

can donate electron pair present on O-atom to electron deficient centre or to an acid,
/—-\

B0 +s\Hy =" Hs0'

pH is defined as the negative logarithm of the concen

" Thus, pH = -log [H"]

POH: Just like pH, pOH is u
It may be defined as the negative !
pOH = - log [OH 7]

___Relation between pH and pOH: pH + pOH = 14

24, Whether the aqueous solution of CaClz s acidic basic or neutral? Given reason.

™ CaCl: is formed by the neutralization of strong acid HCI and weak base Ca(OH)z.
strong acid HCl ionizes completely and weak base Ca(OH)z ionizes feebly.

HCl s ]1- +Cl~

Ca(OH), === Ca** + 20H ~ .

sed to indicate hydroxyl ion concentration of a solution.
ogarithm of hydroxyl ion concentration.

acidic in nature. Examp]e:

25, 49 g of H:S04 Is_pruenl_I'n_imﬂ mL of its solution. What i;-ﬂqerpﬁ of the solution?
> Molecular weight of HySOy = 98
Weight of HiSO, =49 g
Volume of H;50, = 1000 mL =1 litre
/L 49

Aootarity= Molecular weight “98 ~ 05M

H,50y ionizes as :

Water Electron + Hydrogen Hydronium ion
pair donor(base) ion 4
According to Bronsted concept, acid is proton donor while base is proton acceplor.
Water acts as an acid because it donates a proton to the basc.
HiO + NHy—> OH " +NHy* =
Thus, water acts as both acid as well as base.




64 A Complete NEB Solution To Chemistry =XII

30. 2061 G No. 1§ Define Lewis acid and Lewis base. Give one example Uf_.“':h' ble of ace ti. o
~ Lewis Acid: Any species i.e. 1on, group or molecules which is r-\;‘i nwn"ls L:w
pair of electrons resulting in the formation of co-ordinate bornd 15 kN ;
Example: AICL, BFy, SO, etc. .
. i ons is '
Lewis base: The species which is capable of donating a paf of elecir $ kol

Lewis base. Example: NHy, RNHa etc.

n Calculate the pH of an aqueous solution containing 1
~ Given, the molarity i.e. moles/L of NaOH = 10°M
.NaOH ionizes as
NaOH =—=Na- + OH
10°M 10°M 10°M
The concentration of [OH ] =10"M
Water also ioruzes as
HO H* + H™ ¥ ]
D;m to the auto mnizc.:uon of H0, 10°\ of H* ton and 10°M of OH  ion are fu_
The concentration of OH ™ ion formed by the auto jonization of HxO cannot be negleg
Total concentration of [OH ] = (10°M + 10°M) = 2 % 107M
We know that,
POH = - log[OH 7| = -log [2 * 107] = 6.698
pH =14 pOH = (14 - 6.695) = 7302
Therefore, the pH of aqueous solution of N_'eOH = 7.302

32. E553 GNo 19 Why is aqueous solution of FeClyacidic? X
~ When FeClu s dissolved in water, it gets dissociated into Fe* * *and C1  ions as follows
FeClim=—==Fe "+ +3C 4
H:0 undergoes 10nization as
H.O=—=H"+0H
Ferrc won e Fe- * - combines with hydroxide ion to give ferric hydroxide.
Fer** « 30H —— Fe(OH)x
Simularly, He 1on combines with CI™ to give HCl which is highly ionizable.
He+ 1 — HCO
Thus the concentration of H* ion is more than the concentration of OH™ and |
resulting solution 1s acidic i nature.

o7 moles of -NaOH'p'e-rmll =

ey

L
Fm

33 2058 O No 15 Define Lewis acid and base giving one uamprmn‘i each.

w  Mlease refer to 1o g1 O No \g

chloride?
~ Please refer to
35, B0ST G No 1g Why is aqueous Na;COybasic?
When strong, base i.e. NaOH and weal acid i.e. HyCO; is reacted then NayCOs is forr

Strong, hase NaOH ionizes completely but weak acid H,CO; ionizes feebly
2NaOH === Na* + 201 d

H:COye=—=2}1" + COy ~
The concentration of OH ~
basic in nature.
J6. poss o.No 3
» Given,
No. of moles of KOH = 10 moles
Volume of water = 10 litres

11 What happens when dry HOl _ga; is ;as_sed through saturated solution of sod u

in the solution is more than H*. So, the resulting solution

d 102 mole of KOH is dissolved in 10 ltres of water. What will be the pH of the solution?]

r.

-

k1

-
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JHof KOH solution=?

we know that,
No. of mol
ity (M) of KOH =————2¢s 102
arity (M) Volume in litre = 10 = 100°M

ol
KOH ionizes as

KOH‘"""’K' + OH-
10°M 10°M

we now that,

pOH = -log[OH] =-log [107] =3
pHt = 14-pOH = (14-3)=11
[herefore, the pH of aqueous solution of KOH = 11

Explain why sodium choride precipiates from a satuated sat soluion when hydrog

when hydrogen
chloride gas IS passed into the solution, B e M ogm
Please rzfer‘ifl ;

What wil be the He lon concentration of a solution having pH 5.57 2
Given, A

pH of solution =5.5

I'he concentration of [H*] =7

\we know that, 4

pH = -log[H']
(H] = antilog [-pH] = antilog [5.5] =3,16 x 10+M
Hence, t_he_ grycen_'q?tion of [H'] =3.16 x 10¢M

: What do you understand by equilibrium state in a reversible reaction? v

The condition in reversible reaction at which rate of forward reaction is equal to rate of

packward reaction is called equilibrium state. At this state there is no change in
concentration of reactant and-product with time.

. What will happen when HCI gas is passed over a saturated solution of NaCl, also

explain the principle involved? ! [

. Please refer to [2071 Set D Q No.

SHORT ANSWER QUESTIONS [5 MARKS]

41

: Whatis meant by Lewis acid and base? Pointout ifs limitations. ~~ [3+2]

~ Bronsted and Lowry concepts:

This theory of acids-bases is also known as "Proton-Transfer Theory”. This theory was .
developed by J.N. Bronsted of Denmark and‘T.M. Lowry of England in 1923. According
to this theory:
"Acid is a substance which has a tendency to donate proton while base 15 a substance
which has a tendency to accept proton during chemical reac tions." In other words we
can say that 'an acid is a proton donor and a base is proton acceptor.’
Therefore, they may be represented through the following general equation.
Acid === H* + Base p

Proton i . .
Bronsted acids: It may be molecules, cations or anions, which can donate proton in
aqueous solution. |
HCl === H* +Cl~ A
NHy* === H*++NHy
HCOy s=—==H*+COs’ s _
Bronsted bases: Like Bronsted acids, it may be in form of molecules, cations and anion.
They can accept proton in aqueous solution. 5




|
|
|
]

42 All Bronsted bases are also Lewis bases but all Bronsted acids are not L
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NHy+ H ¢ —— NIH,*

OH +H* — 1,0 :
Merits: This concept explains the acid-basic
This concept is not dependent on the solvent.
This concept is also applicable to non-aqueou
ele. 3 LA "
Limitations: We know that this concept of Mid-hast‘l ibased oF |lh'FI F':”“fiple o b
transfer. It is true that most of the acids are protonic but not all. This concepteaR
explain the acidic nature of non-protonic acids.
This concept fails to explain the acid-base reaction 0

SOy, BFy, AlCly ete. o A i
Lc:vis (;oncep‘l: In 1923, G.N. Lewis gave a broader definition of acids-bases. Accord

to him"an acid is defined as a substance which can accept a pair of '31':‘"‘_’“5] Where,
basd is a substance which can donate a pair nfleltﬂrons during Cbe":‘f:e reactior
From the above definition, it is clear that there will be a co-ordinate bon tween 3
nd base during neutralization.

example: reaction between NHyand BFs

pature of a large number of substance,

s solvent like liquid NHy, liquid SO, §

f non-protonic substance like ¢

Lewisbase  Lewis acid

ne example of Lewis acids:

H*,Ag: Cu** Fe¥* Al», AICl;,ZnCly,SnCly, PCls,SiCly ete.
Some example of Lewis bases: A

. NH3,H:0,0H "X "(C17,Br-1"),C;H;0OH,CHsNH; etc. ' i
Merits: Lewis concept of acid-base is as up-to-date concept of acid-base. It is m
general than the Bronsted Lowry.
This concept explains the non-protic reactions which were not explained by
Lowry. :

Acidic nature of non-metal oxide and basic nature of metal oxide can be expla;
this concept. :

Limitations: This concept is unable to explain the catalytic activity and ampl
nature of several compounds. i

Relative strength of acids-bases is not quantitatively estimated by this concept. !

Brons

e

acids. Explain. If 80 mL of 0.01 M AgNO are mixed with 20 mL of 0.001 M NaCl solution.
AgCl precipitate or not? [Ksp for AgCl = 1.5 x 10-7) ; '
All Bronsted bases are also Lewis bases: According to Bronsted concept, the b
substance which accepts a proton. According to Lewis concept, a base is a sub

which can donate a pair of electrons. Any substance which can donate a pai .
‘electron can easily accept a proton. A

+

H

7
/-‘
H—T: + H ——|H—N—=H
H H
Bronsted base
Lewis base

All Bronsted acids are not Lewis acids: According to Bronsted concept, an acid i
substance that can donate a protdn (H"). According to Lewis Conr\";'pt an acid |
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ubstance which can accepl a

pair of electr, a co-
T ons frc ance lo form a €o
ordinate bond. Example: 11C1, 11,50 8 a another substance 10 .
— ti 4 re Bronsted acids because [hpy can donale prolons

put they cannot accepta pair of efecrop, ; .
: 510 form a co-ordinale bond, Therefore, they are

not Lewis acids. Thus, all Bronsted aciqs are not Lewis acids

Numerical:
The reaction that wo_u]d cause precipitation s

AgCl =———=A¢g’ + QI
Now

entration of - 80
The conc [Ag')=001 80+ 35 = 0.008 M

=z )

The ¢ tration of [Cl-] =
The concentration o [Cl-) = 0007 x B+ 55 = 00002M

we have .
Q= [AglICl] = [0.008){0.0002) = 00000016 = 1.6 x 10
Ksp of AgCl=15x 1010 (Given)
Q> Ksp So, precipitation will occur. :
+ EZSEONo. 2 Define thetemy;

j. Degree of ionization,
ji. Ostwald's dilution law,

Calculate the pH of a saturated solution of Mg(OH)z, Ksp for Mg(OH}z is 8.9 x 10-12,

[14143]

i, Degree of ionization: It is the fraction of
present as free ions in the solution. It is rep:

i No. of molecules split into ions
% = Total no. of molecules of the electrolyte
ii. Ostwald dilution law: Accordin
electrolyte, when dissolved in wa

the total number of molecules of electrolyte
resented by «

g to the theory of electrolytic dissociation of an
; ter undergoes spontaneous dissociation into +vely and
-vely charged ions and in the case of a weak electrolytelike CHy;COOH, NH,OH, etc.
there exists a definite equilibrium between the unionized molecules of electralyte and
the ions presentin soluh’una_ta given temperature. It is, therefore, to be expected that the
law of mass action can be applied to this equilibrium. This application was first carried
out by Ostwald and the result is known as Ostwald dilution law.

a=+K.V Where, V = dilution. .

Numerical: o
The solubility product of Mg(OH); (Ksp) = 8.9 x 10-2
The ionization of Mg(OH), is 5

Mg(OH), === Mg+* +20H-
The concentration of [Mg **] and [OH -] is x molL-!
We know that, . :
Solubility product (Ksp) of Mg(OH)2 = [Mg **] [OH -]2
8.9 x 1012=xx2=x} s

I } i |
Or, x=389x101=2072x104 !
Hence, the concentration of [OH-] = 2!: 2.072 x 10+ molL!
© =414 x 10+ molL-!
We know that, :
pOH = - log[OH] '
¢ ="log[4.144  10-4] =338
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Again, pH + pOH = 14
Or,pH=14- pOH =14-338=1062
Hence, pH of saturated Mg(OH), is 062 xed with 300 mLo .
., _ 200 mL of an aqueous solution of HCI (pH=2)ls m sohitio?
aqueous solution of NaOH (pH = 12). Witat will be the pH of resulting mixture
~ For HC],
Volume of HCl (Va) =200 mL
pH=2
We know that,
PH = -log [H-]
[H*] = antilog [-pH]
[H*] = antilog [-2] = 0.01M = M,
For NaOH,
Volume of NaOH (Vy) = 200 mL
pH=12 "
We know that,
pH + pOH = 14
pPOH=14-12=2
 pOH = -log[OH 7]
[OH ] = antilog[-pOH] = antilog[-2] = 0.01 M = M
For mixture,
Volume of mixture (Vy,) = (200 + 300) =500 mL
pH=?
We know that,
MaVi - MaVa = MoV
6 (001 * 200) - (0.01 x 300) = M, 500
(0.01 x 300) - (0.01 x200) 3-2
b 500

=<0 =Spp=2x103M
e, the molarity of NaOH in the mixture is 2 x 103 M
ionizes as = i
R Na* + O

DM 2x100M 2 x 105 M

ration of [OH] = 2 x 103\

=104

=5x ]0!}\‘[

7] =-log[5x 102M] = 1139
'pH P_I_“']? r_es_x-x_l_ti_rlg solution is 11,3,
Define degree of ionization, Calculate

\.nl“w

(,m'lll“‘l ity of ncotic acid i.e, CI [\COOH =1,0M
ylolarity

ITH - 5
lonic Equilibrium L}
rical:

=10N

ization constant of acetic acid (ka) = 18x1ps
l,\l\ -

|1 of acetic ucidl =0
! glunic of solution (Vi) = 1 litre = 1000y
\.(‘q yme of solution (V3) at which erdion A !
v o" oncentration of Acetic acid = 7
I l(("(')OI [ ionizes as {

WL !
¥ lc! [, COOH ===CH\,C0O™

|nilia |(1-}(': -(é“) C?l
Lnow that, o g e
jrom Ostwald's dllulu:;—\:aw, ka = 2C
O X
e ,1 81.{; =VI8XT05 =424 x 100
Now, [H']=Ca=1.0
e know that,
pl1 = -loglH"] = -log [424 x 103 Mj = 237 :
According to the questions, pH of solytion becomes double then pH=2x237=474
Ta calculate [H*] ion concentration, : ’
pi = -log[H"]
(1] = antilog [-pH] = antilog [-4.74] = 1819 x 105M
Hence, the molarity of acetic acid =1 819 105M
Acetic acid is monobasic acid. So, the molarity
Normality of acetic acid =1.819 x 105N

Here,

Ht

0. !
Cu
We

0 .

X424 x 107 = 494 « 105 M

is equal to the normality of acid.

N2=1819 x 105N

Ny =424 x 103N
V= 1000 mL Vy= %
From normality equation, iy

VN = VaN2
ViNi 1000 x 4.24 x 10-3
\V,= Nz T 7 1.819% 105 A = m mL = 233,095 litre
2 \ A
Hence, the volume of solution is 233,095 litre,
45. (2065 Q.No. 30 9] Define the following terms and give or;e_ex;mﬁpl;;l-;ac-h? i 08 S lﬁi
.. Bronsted Lowry acid and base. g
ii. Lewis acid and base,
i. According to Bronsted Lowry concept:
Acid: Acid is substance which has a tendency
It may be molecules, cations or anions,
Example: HCI ol

HC —— 1+ + cl~

to donate proton during chemical reaction.
which can donate proton in aqueous solution.

Proton ) B i
is substance which has a tendency
It may be molecules
Example; NH; |
NHy + B+ ——NH# \

Proton

Base: Base to accept proton during chemical reaction,
, cations or aniuns}; which can accept proton in aqueous solution.

9 .

1
&
.
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ii. According to Lewis concept:

: ring chemical 4
Acid: Acid is a substance which can accept a pair of electrons during reactig

Example: BFa
Base: Base is a substance which can donate

a pair of electrons during chemical reac

Example: NHy " " T T
H— mfls-F cmn il - T ?“F
H I!' R iF
Lewis base Lewis acid

7 G5 53 Expli Bronied and Lews conepts of acdand base with sutable exampes.
~ Please refer to PO75 GIE G No 29 ot wincio

= solubility product principle. 3
48. 052 G.No. 3012 Write a concise account of solub g : By
~ mmble solute is added to a solvent, an equilibrium is established betw

the undissolved solute (solid phase) and its solute part which completely dissociate's;!

1on. '

AB (Solid) & AB (Soluble part)—= A’ + B’ : ; A

The soluble part of AB makes the solution saturated at the t?mperature and pressure

experiment. Thus, the law of mass actiontan be applied in this case.

A*] [B R

< s ‘.

Now, since very little quality of solid AB has dissolved, the concentration of undiss?[
AB remains constant. .

. [A*][B"] = K|AB] =S (constant) or Ksp _
Where, Ksp is called solubility product of AB. Thus, solubility product of a subs tan
can be defined as follows:
The product of the ionic concentration of the ions present in saturated solution of
electrolyte at a given temperature is called solubility product of the electrolyte at th
temperature. j
Thus, in general, for an electrolyte A,B, dissociating to the following:
AB, —— xAv* +yB»-

The solubility product of A,B, = [Av*]x[Bx]¥ .
Since, solubility product of an electrolyte is constant a particular temperature and
equal to 1ts ionic product in its saturated solution it can also be concluded that.

Ifionic product < solubility product. The solution will remain unsaturated.

If ionic product = solubility product. The solution will remain saturated.

Ifionic product > solubility product. The precipitation of the electrolyte will occur.

-
.. State Ostwald's dilution law. What Is the limitation of this law? Define the term
. lonic product of water il. ~ Common ion effect ,
ili. Degree of ionization iv.  pHvalue
What will be the resultant pH when 200 mL of aqueous solution of HCI (pH = 2) Is mixed with 300 mi
of an aqueous solution of NaOH (pH = 12)? [1+141414 14144
» Ostwald's dilution law: "Degree of ionization of an electrolyte is directly proportional f
the square root of dilution.” i

Limitation: Ostwald's dilution law is only applicable for weak electrolyte. For stronj

electrolyte 1-a cannot be approximated as 1. This means, this law is not

applicable fol
the strong electrolyte. applicable |

{anic Equilibrium n
pefine:
[onic produc_l of water: The product of
|1ydmxyl i0‘n in pure waler is consty
of waler. Itis denoted by K,
K = 1008 X 104 = [.O'OH | at 25
.. common ion effect: The suppression of de.
" addition of strong electrolyte haying o
known as common ion effect,
jii. Degree of diSS?Ciﬂifon: It is the fraction of the total number of molecules of electrolyte
present as free ions in the solution, |t js represented by «.
No. of molecules split into jons
@ = Total no. of molecules of the electrolyte
jv. pH value of 50]“““}“ P! of solution is defined as the magnitude of negative power to
which 10 must be raised to express the hydronium ion concentration.
ph=-log [H*] ' 7 :
Numerical: Please refer to
0. (75 5¢1 8 QNo. 33 How s a strong electrolyte differed from a weak electrolyte? Derive the
mathematical equation for Ostwald's dilution law. Point out its fimitation. Calculate pH of the
solution obtained by mixing 150 mL of 0.2N HC! and 150 mL of 0.1 N NaOH solution. [243+144]
 Strong electrolyte ionizes almost completely in solution whereas weak electrolyte ionizes
only to a'small extent in solution. Strong electrolyte is completely dissociated at
moderate concentration whereas weak electrolyte is not completely dissociated at
moderate concentration. In the strong electrolyte, there are strong interionic attraction at
moderate concentration but in weak electrolyte, there are not strong interionic attraction
at higher concentration.
Derivation of Ostwald's dilution law:
Let us consider the ionization of a binary electrolyte AB in the solution of concentration
C mol L. Suppose the degree of ionization of electrolyte is a.

; - i d
the concentration of hydronium ion an

ntat particular temperature known as ionic product

gree of ionization of weak electrolyte by lh_‘?
ne’ ion common with the weak electrolyte 1

AB I + B
[nitial conc” C 0 0
Changeinconc” - Ca +Ca +Ca
Conc" at Equilibrium (C - Ca) Ca Ca

Applying the law of mass action at equilibrium state, the equilibrium constant of the
electrolyte is given as: *
A :
K = [AB] : R (1] ;
Where, K = ionization constant of electrolyte
Substituting their concentration, we get
_aCxaC §
T C(1-a)
aC i
T ves (1
K. =f-q (ii)
Equation (ii) is -the mathematical equation for Os
electrolyte, the dogree of iO“iZf'lliCll‘l is very small. Since, | - a

wwald's dilution law. For weak
~1. Now equation (ii)

becomes

K =al . (i)
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el
or, a* =C

or,a= 5 . >
' C v (IV)

We know that
No. of mole of solute () __

Mol : i -
Olar concentration (C) Volume of solution in litre V)

I onie mole of soluteis used io prepare V litre of solution then, C=y
Then, the equation (iii) becomes
praR T at T
Vil-a) e (V)
Taking 1 -a =1, the equation (v) becomes

; a?
K = v )
or, a =KV (i - _ A
b 1s directly p.rﬂportmlml to the s

Equation (vii) reveals that the degree of jonization
root of dilution.
Therefore, according to Ostwald's dilution law 'Degree
directly proportional to the square root of dilution’
Limitations: !
Ostwald's dilution law is only applicable for weak electrolytes. Strong electrolyte
almost completely. For strong electrolyte | - a cannot be taken as 1. So, the equa
s, Ostwald's dilution laj

as given ahove becomes K = 1;2 =Undetermined. This me

of ionization of an electrolyg

not applicable for strong electrolyte.

Numerical:

For HCI For NaOH ~
Vi =150 mL V=150 mL
Niy=02N. N;=01N

=150+ 150 = 300 mL

Total volume of mixture (V) = Vi + Vs
Normality of resulting solution (N) =7
We know that
ValNw = Vix Nj -V x Ny

T Vx NI._ Ve x Ny . 150 % 0.2- 150 = 0.1

Vi 300

l|11 the question, 150 mL of 0.2 N HCl i.e 300 ml. of 0.I1N HCI neutralizes 151;') mlL .DFO‘
NaOH solutions. 150 ml of 0.1 N HCI will remamn in the solution. So, the solution

=005N

acidic
Molarity of acidic solution = Normality 1 005 0
Basiaty = 1005 M

HCliomizes as

HOl=—=" + cl

0.05 M 0.05M

We know that

PH =-log[H*)

pH = - log0.05] = 1.30

Hence, the pH of the resulting solution s | 30

-

- - Supp @We. 34 State solublty poduct principle and common lon ¢ M NaF.
f applicalil‘-’"’? If the volume of 25 cm? of 0.05 M Ba(NO;): are mixed with 25 cm? of 0.02 : [24“4]
any BaF2 precipitate? (Ksp of BaFz = 1.7x10- at 298K) dud ‘to8 solvent, an

. [

lanic Equilibrium 713
main

Nhat are its
ffect. Wha will

ite is ad
n a less soluble solu and its solute

solubility product principle: Whe _
he undissolved sollite (solid phase)

l,quil;hrium is established between t

aart which completely dissociates into ion.
+ Water
AB (Solid) =———= AB (Soluble partj—>= A" + B’

The soluble part of AB makes the solution saturated at the temperature an
experiment. Thus, the law of mass action can be applied in this case.

d pressure of

At][B
K="TAB] .
Now, since very little quality of solid AB has dissolved, the concentration of undissolved
AB remains constant.

A*][B7] = K[AB] =5 (constant) or Ksp
Ksp is called solubility product of AB. Thus, solubility product of a substance

Where,
can be defi ned as follows: i
Common ion effect: The suppression of degree of ionization of weak electrolyte by ih_P
addition of strong electrolyte having one ion common with the weak electrolyte 15
known as common ion effect.

Application of solubility product principle and common ion effect:

Following are the some important application: .
In the purification of NaCl: When HCl gas is passed in a saturated solution of impure’
NaCl, pure NaCl crystals precipitate out. This happens because [Na‘] and [Cl ] are
maximum in the saturated solution of NaCl. On bubbling HCl into it the concentration
of CI” ion increases due to dissolution of HCl in solution. Hence, [Na‘] [CI"| becomes
larger than the solubility product of NaCl. Hence, NaCl precipitates out. It must be
noted that a substance precipitates from its solution when its ionic product exceeds its
solubility product. )
Precipitation of soap: When excess of NaCl'is added to a solution of a soap which is
RCOONa, the concentration of the common Na* ion increase too much so that [RCOO™)
[Na‘] becomes greater than solubility product of RCOONa (soap). Hence, soap
precipilates out. . .

Precipitation of sulphides of group (II) in salt analysis: When HaS gas is passed in an
acidified solution of cupric salt, lead salt, Cd-salt, Bi-salt, Hg(ic) salt, stannous salt, As-
salt and Sb-salt, their sulphides are precipitated because the product of the concentration
of these melal ions and S - - ions exceeds the solubility product of CuS, PhS, CdS, Bi:Ss,
HgS, SnS, As:Sy and SbzSy respectively. g~ \

Precipitation of hydroxides of group (11IA) in salt analysis: When NH.Cl and NH,OH
solution are added to solution of a salt mixture containing Fed', Crl', AB®, Mg2*, Ni?,
Zn2*, Co?*, Mn?* ions, only Fe(OH);, Cr(OH)y and Al(OH), are precipitated in Group
(IIA) but those of Mg?*,Ni2*,Zn2*,Co?*,Mn2* are not precipitated. This is because of the
fact that ionic products exceed the solubility products of F(OH)s, Cr(OH)s and Al(OH)s,
but ionic pr(.x{ucls do not exceed solubility product of - M(OH)» Where, M = Ni,Co,

Mn,Zn, Mg,

Numerical: .

Volume before mixing = 25 cm?

Volume after mixing = 50cm? o y

The concentration of Ba?* after mixing = 0.05 Xt =25 %102 M
¥ e

b i




[
o

"

=}
=

ifv 3 5
5= [HEIE 270 103M

: “jl‘hus., the mass of Ca(OH); precipitated = 0.010245 = 74 = 0.75813 g
: State solubility product constant. What is the prop

This solution is Ssupersaturated solution,
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2.5 b
\ I 2_10x102M
The concentration of F~ after mixing 0.02*7%5

The halanced equation is

BaF, ——= Ba"" + 2F’
lonic product = [Bar*][F- |} !
fonic product = 2.5 x 102 (1.0 x 1022

1 7% 10% at 298 K. Since, ionic product is more T892 ZE L
e e — in':_ti 1ﬂ|e ‘common-ion effect? Explain its main 3F;|::;°’:|°u:|:'nr:: C:‘{’O
3 What is 2 turated s |

B C : A 500 mL of sal
OH); at 25°C is 4.42 10, 7 initated out? ¥,
ir;de:m:‘:ae:lu(:‘iﬂr:: l:o! n.}i M NaOH. What mass of Fa[qm’t:: I::l:":'ik electrolyte by
Common ion effect: The suppression of degree s Iwith the weak electrolyf
addition of strong electrolyte having one jon common te

known as common ion effect. - _ . ‘
Application of common ion effect: Please refer _Imm
Numerical: .

The ionization of Ca(OH)z 15 I'I,"pn‘.‘st‘l‘"l’d as

Ca(OH); == Ca®* +20H

il e than Ksp, precipitation will occ

S S 5
Ksp of Ca(OH), = [Ca™][OH]?
=5 x[X)
=45

. 2227 x 102 ]
No. of moles of Ca®* ions 1n 500 mL of the solution = — - 0.011135M

Ksp  442x105 <
Now, 1cd=-]=m " G270z ~000NOM

No. of moles of Ca* 1ons or Ca(OH); precipitated
= Initial cone» of Ca?* - Final concn of Ca?*:
=0.011135 - 0.001105
=0.010245M

‘ : the proper‘&ﬁ_d_it.ior'l?pr:&ﬁtaﬂo '
salt from its solution? Explain application of the solubility product principle and common ion

What s the minimum volume of water required to dissolve 1 g of calcium sulphate at 2 o
solubility product (Ksp) for CaS04 = 8.1 x 10-4] P 98 K7'(g

Solubility Product Constant

Solubility product constant is defined as the product of ionic concentration in satura
solution at constant temperature. It is denoted by K.
Proper condTtion of precipitation of salt fro

o m ifs solution: If ionic prod '
solubility product (Ksp) of that salt at s e

a given temperature, then precipitation occu
Application of solubility product princi

Please refer to

ple and common ion effect:

b op

lonic Equilibrium 15
Numerical:

Given, Weight of calcium sulphate = | p
colubility product of CaSOy (Ksp) =9.1 x 10+
Volume of water required (V) =?

(aSO dissociates as

CaSO4 = Ca* + 50, -

1 mol 1mol  1mol

5 S [

‘W(' know that,

colubility product constant (Ksp) = [Ca* 150¢ ]

or, Ksp=[SISI=1F
or, 151 =/Ksp =\9.Tx10% =30x103M

The molarity of CaSOy solution = 3,0 x 103 M

we know that,

g/L= Molarity x Molecular weight
or, /L =30% 10 x 136 [Molecular weight of CaSO, = 136]
or, /1= 0:408 g/L

Thus,

0.408 g of CaSO, is dissolved in 1 L = 1000 mL water

o e | 1000
1 g of CaSOx is dissolved in {7308 mL water = 2.450 x 10° mL water

Hence, the volume of water is required to dissolve 1 g CaSO, = 2.450 x 10> mL

] State Ostwald's dilution law. What s the limitation of this law? Define the terms
(i) ionic product of water (ii) common ion effect (iii) degree of ionisation (iv) pH value. What will be
the resultant pH when 200 mL of an aqueous solution of HCI (pH = 2) is mixed with 300 mL of an
aqueous solution of NaOH (pH = 12)? [1+1+1+1+14144]

= Ostwald's dilution law: According to the theory of electrolytic dissociation of an
electrolyte, when dissolved in water undergoes spontaneous dissociation into +vely and
-vely charged ions and in the case of a weak electrolyte like CH«COOH, NH,OH etc.
there exists a definite equilibrium between the unionized molecules of electrolyte and
the ions present in solution at a given temperature It is, therefore, to be expected that the
law of mass action can be applied to this equilibrium. This application was first carried
out by Ostwald and the result is known as Ostwald dilution law.

a =yJK.V  Where, V = dilution. s

Limitations: Weak electrolyte obeys Ostwald's dilution law fairly well, but in the case of
strong electrolyte it fails completely. In the case of strong electrolytes, the value of K far
from remaining constant rapidly falls with dilution. This is due to the fact strong
electrolyte are completely ioriized at all dilutions .i.e.a for strong electrolyte is equal to 1
and therefore, it is expected from the equation a -'% that bv = La, but in practice it is
not so, It means that the equationa = % does not hold good for strong electrolyte, It is
observed that the value of Av is lower than hu even thougha =1.

Define the terms: ' :‘ ! .

i. lonic product of water: The product ?f tl\e,lcuncu‘lmtion of hydroni.um. ion and
hydroxyl ion in pure water is constant at ?’;&yiar‘mperamre known as ionic product
of water, It is denoted by K. A N
Ky =1,008 x 10-14 = [H:0*][OH "] at 25°C,
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tion of weak electrolyte by

ii i - ion of de f ioniza
ji. Common ion effect: The suppression of degree of 10n the weak clectroiyl

addition of strong electrolyte having one ion common with
known as common ion effect.
ii. Degree of jonization: It is the fraction of the tot
presentas free ions in the solution. It is represented by «
* No. of molecules split into ions
© = Total no. of molecules of the electrolyte
iv. pH value: pH of solution is defined as the 1
must be raised to express the hydronium ion concentration.
pH=-log [H']
Numerical: Please refer to

55. Ror2SetD GNo. 30 What is meant by the terms:

i. Common ion effect

ii. Solubility product constant (Kss) i S, .
Explain the common ion effect and solubility product principle in qualitative salt analysis. Whig

be the resulting pH of a solution prepared by mixing 200 mL of aquous solution of HCI (pH = 2);
300 mL of an aquous solution of NaOH (pH = 12). '

al number of molecules of electrol

nagnitude of negative power to whig

=
i. Common ion effect: The suppression of degree of i
addition of strong electrolyte having one ion oo

known as common ion effect. . ) :
ii. Solubility Product Constant: Solubility product constant is defined as the produc

jonic concentration in saturated solution at constant temperature. It is denoted by Kip
Common jon effect: When a weak electrolyte is dissolved in water, there ex]
equilibrium between the unionized molecules and ions and so the law of mass action
be applied to it. ) =
Consider a binary electrolyte (AB), which ionizes as,
AB === A- + B
Applying the law of mass action,
K Ir\'l IB-]

~[AB] k
Now if an electrolyte is added to this solution which produces either of the ions A* or |
then the concentration of that ion is increased and the equilibrium is dislrilruled-: But K
a constant and in order to keep it so, the concentration [AB] must evidently increase.
means that the degree of dissociation of electrolyte is suppressed by the uddiiioh'
another electrolyte cantaining a common ion. It is known as common ion effect. i
ple, ionization of NH:OH is suppressed by the addition of NHi€l whie
the common NHs* ion and that of CH;COOH is suppressed by the addition €
a producing the common acetate ion.

onization of weak electrolyte by
amon with the weak electrolyle

ringly soluble salt in solution and A'B be added to it. Let 5 and §' be
t AB before and after the addition of the electrolyte A'B. Let C be

n containing AB alone, we have

0|

'

56

 of a common ion, affects the solubility of a salt and this effect can easily bl

solubility of AB ;hangvs'while its solubility pr(.lldl.ll.‘l.' being

i lonlc Equilibrium n
from (i) and (ii) we have,

G = [ss'+ cl
i1ity product principle i i
colubility P principle in qualitative analysis: Please refer to

;]umericai: Please refer to BoT0 Supp

== ] Write short n B
- E=olubllity product (Ks) of c:t{';; ot are rodoct nd s apphcaion nanalytcal chemisi)
The S© is mixed with an e';uﬂ vulll'rm’ 06 o 42410, A 500 mL of a saursted soluton O
calOHa) - of 0.4 M NaOH. How much Ca(OH}z Is precipited? [5+5]
n|ub““1’ Producl: T’lease refer to Bog
e r‘\[’PI:.;::ic:'!n of wiibiyprosig Principle and common ion effect: Please refer to
Gel O —

Numerical: Please refer to

g7 sec 0o W EITY SO Q.3 Sate e loflowing e

51 B0 twald's Dilution Law
3| onic product of water
e. pH value of a solution
s 09_‘"""“1:“:'ilﬂtlrn llm not applicable to strong electrolyte? What mass of KOH should be
dissogln]red in one litre of solution to prepare a solution having pH is 12 at 25°C? (Atomic Weight of

- [10]

b. Degree of dissociation
d. Common ion effect

: pstwald's Dillution Law: Please refer to
" pegree of dissociation: It is the fraction of the total number of molecules of electrolyte
; present as free ions in the solution. It is represented by a. -
No. of molecules split into ions
@ = 7Total no. of molecules of the electrolyte
¢. lTonic product of water: Please refer to
; d Common ion effect: Please refer to - 1
o, pHvalue of solution: Please refer to L

Num erical: |

Given, 1
volume of solution =1 litrer

volecular mass of KOH =(30+16+1)=56 ,

pH= 12 . '_
We know that, '

PH =i 108 [}'P]

HY]= antilog[-pH]

H]= antilog[-12] =1 x 102M

We have,

(HY][OH] =10
N (i
[OH ) =Tx107" 0.01M

KOH ionizes as N
KOH ==K+ + OH

0.01M 0.01M .
Molarity of KOH = 0001 M -
We have,

Weight of KO

Molecular weight ' 4
Molarity = 75jume of solution in litre



78 A Comglete NEB Solution To Chemistry ~XII
56
I 1
or, Weight of KOH = (56 x 0.01) = 056 g
Hence, the mass of KOH is 0.56 g

NUMERICAL PROBLEMS

6. 2070 SetC QNo, J Calculate the pH of 1 g/ litre NaOH solution.
k=Y Gi\-"en,

The concentration of NaOH =1 g/L
Molecular weight of NaOH = (23 + 16+ 1) = 40
We know that, - ¢
4
S e !
Molecular weight ~ a0

or,0.01 =

Molarity =
' Now, “.
NaOH === Na+ + OH
0.025 M 0025M 0.025M
pO= - log[OH 1 = -log[0.025] = 1.60
We know that,
pH=14 - pOH = (14 - 1.6) = 124
Jence, the pH of 1g/L NaOH solution is 124.
Y2070 Set D a.No. 27) What is meant by degree of fon
~ O)fN Hz SO Find the pH of the resulting solution.
= Pegree of ionization: It is the fraction of
X— present as free’ions in the solution. It is represented by a.
No. of molecules split into ions
@ = Total no. of molecules of the electrolyte
Numerical:
Given,
&% Mass of NaOH = 0.41 g
Volume of H;S04 = 100 mL = 0.1 litre
Normality of H;50s = 0.IN
Equivalent weight of HiSO4 = 49
~ Mass of H80; =
We know that,

=005M

. Wieghting
Equivalent weight

Normality == 1/ i Titre

0= (0.1 0.1x49)=049¢g
equivalence, i

ization? 0.41/g of NaOH is placed in 100;
¥ i

: ~ el
the total number of molecules a_f ele
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049 8f H2SO4 is completely reacted with = % x 049 g of NaOH

=040 g of NaOH
 the weight of unreacted NaOH = (0.41 - 0.40)= 0.01 g
No* jolecular weight of NaOH = 40
¥ glume of NaOH = 100 mL = 01 litre
wolarity of NaOH =?
that, )
we kno¥ Weighting 001 : /
~ Molecular weight 20 001 o001
Molarity = "Volumeinlitte 0.1 ~ 40%01 - 4
N aOH jonizes as "
NiOH == Na* + O
2.5 * 1M 25x10:°M
. 1.pow that, :
“":SH - - log[OH ] = -log [25 % 103M] =256
T =14-pOH =(14-26)=114
Therefore, the pH of aqueous solution of NaOH = 11.4

=25x10°M

o

—5;" What is pH of solution of NaOH whose concentration is 0.4 g / liter? 2

Given,
The concentration of NaOH =04 g/L
molecular weight of NaOH = (23 +16 + 1) = 40

We know that,

™

1 3hent skl 040
Molarity = Nolecular weight = 40~ _(]'MM
Now, i i,
NaOH === Na' + OH

omM 0.0 M 00 M
We know that, | :

pOH= -log[OH 7] 7_-!03[0,(;1] =2 b i 4
We know that, e ' :

pH =14-pOH = (14-2) =12

Hence, the pH of 1g/L NaOH solution is12. -

y What are the limitations of Lewis concept of acid and base? A 500 mL of 2

B oltion of CalOH}y is mixed with equal volume of 0.4 M NaOH. What mass of Ca(OH): llssl

precipitated. Ksp of Ca(OH)z Is 4.42 % 10°. _ i
» Limitations of Lewis concept of acid and base: Please refer to

Numericals: Please refer to £073 Set C Q. No. 32

2. is80a. Calculate the strength n g lire of NaOH whase pH values s 1. @
» Given, .. i ;
pH=11 ' W el _ i
So, pOH = (14-11)=3 - i i
g/Lof NaOH =? e
We know that, . iy B |
H=-log[OH] . e
Fgm - a:t[uog'('-pom - antilog (-3) = 0001 mol/

NaOH ionizesas /

L : [} ¥
J



. Define

-

25°C tn_fc_mn a saturated solution. What is the solubility product of the salt? (A
Solubility product principle: Please refer to g b 3
Numerical:
Concentration of AgCl =0.00143 g L
0.00143
=435 mol L*!

64,

. p" of solution: p"' of soluti

ter. It is de
,=1.008 x 101 =
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NaOH ==—=Na* OH”™
Imole 1 mole 1 mole
0.001 M 0.001 M
Molecular weight of NaOH = 40
g/L = molarity X molecular weight
0001 x 40=004g/L
Hence, the strength in g/L of NaOH is 0.04 g/L.
solubility product principle. 0.0014

+

oC! dissolve in one litre of
g= 108,Cl= 35 5

Jgofﬁ

=996 x 10+ mol L'
AgCl can ionize as

AgCl === Ag’ + cr
1mole 1 mole 1 mole
9.96 x 10+ 9.96 x 10 9.96 x 10

96 x 10+ x 9.96 % 10+ = 9.92 x 10-"" mol’L?

Ksp=[Ag7]ICI'] =9
92 % 101 molL2

So, the solubility product of AgCl i is 9

Define the terms

ii. pH ofasolution

i. Common ion effect

fii. Lewis base iv. Degree of ionization

v." lonic product of water vi. Ostwald's dilution law

A sample of AgCl is treated with 5 mL of 2 M Na,CO; solution to produce AgzC0s. The rem
solution contained 0.003 g of CI ~ per litre. Calculate solubility product of AgCl. (Ksp of Aga
8.2x101%).

of weak electml)"m:"

effect: The suppression of degree of ionization
th the weak electrolyt

.Common ion
having one ion common wi

addition of strong electrolyte

Kknown as common ion effect.
on is defined as the magnitude of nega

e hydronium ion concentra tion.

tive power to which

must be raised to express th
pti = —log [H']

wis base: According to Lewis concept base
ause it can donate electron pair presen

is electron pair donor. Water behave
t on O-atom to electron deficient centre

e & - e gl
Water Electron E’{dmgvn Hydronium ion
~ pair donor(basc)

- It is the fraction of the total number of molecules of eleclro.

the solution. It is represented by «

les split inot ions A

f molecules of the electrolyte )
t of water: The product of the concentration of hydronium ijon af
pI'Dd L

n pure water is constantat pa rticular temperature known as ionic

It is denoted by K.

[H;0°][OH T at 25,

' Jonic Equilibrivm 81
osl“‘“l]‘riled:i;::';i::;v' d",““’df"s to the theory of electrolytic dissociation of an
r[ﬂ:u:oc;ar’ ed ions and f Ilr: water undergoes spontaneous dissociation into +vely and
] 'stfn deﬁni;e @ N the casc of a weak electrolyte like CH/COOH, NHOH elc.
there = tin sol ':‘u"'l"'"urﬂ between the unionized molecules of electrolyte and
| ‘:'2'&r::::u;nns:a:ﬁn;:;:ligf" temperature. It s, therefore, to be expected that the
;ut by Ostwald and the result is knotvt: ie&tﬂ::inz:lurt;: Iaap:flitaliﬂﬂ e

u= KV Where, V = dilution,

“nmicdl
Concen

vi-

U

tration of chloride ion [C]I'] =0.003 gL
0.003 .
=55 mol L' =845 = 105 mol L

(;oncentmlim:h:f Na,COs =M

he reaction that takes place accordi A1)

gL+ N1 A, T

or, 2AgC1+COs " —— Ag/CO; + 2CT°

L et, & be the solubility of Ag:COy in 2M NaxCOs

Ksp of Ag;CO; =§2x1012 ]

Ksp of AgCl=?

dissociates as

== 2Ag' + CO; "
2 mole . 1mole
25 S+2M

Ag2COs
AgaCOs
1 mole
5

fgw’ 3 5
ksp = [AgF1CO5 7]
or, 82%10°12= (2972(5+2) i
or, 82% 1012 =452x2.  [:5+2=2]
or, 82 % 1012289

. :

or, 5 §,~l’.‘3lq-_z=1‘m24x]0_&

- [Agtl= 25 =2 x1.0124 x 104 =2.0248 10-M
To calculate the solubility product of AgCl
AgCl =Ag"* cr )

We have i}
ksp =[Ag1[CT] -
Ksp = 20248 x 10 % 845 105
=171 %101

Hence, Ksp of AgCl= 1.71 x 100
¢5, fpose 0_No. 14 The pH 73 soluion of KOR i 10.Calculate the hyd
~ pHufKOH-=10 15 ; 2
We know that,

pH + pOH = 14

H=14-pH

pOH =14 - 10=4
we know that,
pOH = - log[OH]
or, [OH] = antilog [-pOH]
Hence, the concentration ©

rorylion concentraion. m

1-11104M

= antilog[ - 4
& 1x104 M.

fhy droxide ion is



r——_—

Whats fonic product f 7 The ph of .1 WHCN solutions 3.2. Wh

concentration of hydronium §
ar temperature known as ionje

66.

jonization consta
= lonic product of W

hydroxyl ion in pure

of water. Itis denoted by K-

K. =1008 % 101= 0*J[OH Jat 25°C.

Numerical:

Given, pH of HCN =52

Molarity of HCN = 0.1M .

Jonization constant (Ka) of HCN =1 ¥ !

Concentration of [H']=7.

1 (Ka) for the acid?
. 11Iiter. The product of the
water is constant at particul

We know that,
pH= -log[H’]
[H?] = antilog [-pH]
HCl ionizes as
HCN === H* *+ . I
0 0

Ca

- antilog [-5.2] =630 X 10¢M

Initially C
(C-Ca) . Ca

We know that,
From Ostwald's dilution law, Ka = a2C

\/E
a=\/T
[H*]=Cu=Cx’\[Eca‘

or, [H')=CxKa
+]2
or, Ka ='ﬁc“]‘

or, Ka= 6'30;110-6 :

or, Ka =3.969 x 10-10
Hence, the ionization constant (Ka) of HCN solution is 3.969 x 10-10.-
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now that, '
{ =-log [H] =-log[02] =069

fence: p|-_[_9f_(£M H450, is 0.699

'—"g.'o_na, 5| What Is meant b e Pt
1 [;I jn water at 298 K s 1.43 :y1::='"::_|2, ::I: "h::"l:.‘l"lﬂﬂﬂlv soluble electrolyte? The solubility of

ubility prod L solubllity In 0.5 M KCI solution. 5

T‘:‘l" l::‘:‘u:;g dp;:]u"::::;:aspf’:'“gl)’ soluble electrolyte is product of ionic concenh'atir[n
:s dissolved in water then iﬁo:zt;mpe@mmsuppm' sparingly soluble electrolyte AB
" lonized oleddils ' partially and the ions remains in equilibrium with
)\B — Att B—
ing to the law of mass action:

Acmrd
Where, K = equilibrium constant.

. K(ABl= [A][B]
1f the electrolyte is feebly ionized, the concentration of AB remains constant. So, K[AB] is

zzr:—:.[?‘t]e[(;_l;y another constant Ky, called solubility product constant.
Numerica]: '

Given, 50|l.lbilit}’ of AgC] =143 %103 ;4 JL

Molecular weight of AgCl = (108 + 35.5) = 1435

Solubility product constant (Ksp)=?

Molarity of HCI=05M
[

We know that,
|ubility of AgClin mole/L = g/L 143x10%
.Sou ility of Ag in mole/L T e T T T
=9.965 x 10 mole/L

AgCl ioniza& as i

AgCl = Ag' +
9965x106  9.965x10¢ 9.965 x 10
We know that,

Solubility product constant (Ksp) = [Ag1iCI]
= [9.965x 104] [9.965 x 10¢]

7. Define pH. Calculate the pH of 0.1 M HSO«.

S o 2 .
pH of solution is defined as the magnitude of negative power to which 10 must bet

to express the hydronium ion concentration.

If in a solution,
[H;0*] =10~ (i)
pH=x

"lI'aking logarithm of both side of equation (i) we get
og [H30*] = log 10~ = -x log10 [log 10=1] = -x

2 x = - log[H,0]

= - log[H30°] = - log [H*]

oy = [9.965 x 104]? molL2
is added to the solution, the concentration O
Iculated with refrence to Ag’ ions.

¢ CI" is increased and the

When KCI
solubility is ca
Kl ionizes as
KCl=—=K" * -
05M 0.5M 05M _
Total concentration of [C17]=9.965% 10+ 0.5]

We know that,
Solubility product constant (Ksp) = [Agilicr]
[0.965 x 104]2= [Ag)(9.965 X 10°* 0.5
9.965 x 10<F _ _ 1 985 x 1010 mol/L

or, [Ag'] =To.965 x 10 + 0.5
KClis1985x10Wmol/L.  _____  ——
0]

Hence, the solubility of AgClin05 M ol/

9. (063 QN0 1Y Calculate the hydroxide 1on concentration of a solution having pH 10.5
» pH= 105 - " b
) If

[OHT]=?
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We know that, ‘.
pHi=- log[H*]

or, 105 = - log[H’]

or, log[H*]= - 105

or, fH‘] - anlilog -105

or, [H*] =316 x 10!

We know that,
K= [H*][OH]
1.0%104=[316x 10"] [OH )

1.0 > 10-1

[OH =3 g 100 - 316104

So, the concentration of [OH 71 =316 x 104M

70. What are ionization constant and degree of jonization of a weak electroyte? |
mey. \raryl with temperature? Calculate the pHof 0.1 M acetic acid solution having Ka 1.8 x 1

» lonization corTstant: The equilibrium constant between ionized and unionized
an e]ectrol.yte ina s_olution is known as ionization constant. When an electrol
dlssolvled in water, it ionizes to form A* and B~ and the equilibrium is between igj
and unionized form of an electrolyte is expressed as.
AB=—==A++B"

< [A1B]
- AB

Where, K = thfilibﬁum constant called ionization constant. "4
Degree of ionization of weak electrolyte: It is the fraction of the total
molecules of electrolyte present as free ions in the solution. It is represented by «, i
i No. of molecules split into ions y

Total no. of molecules of the electrolyte
I\far:atiov of degree of ionization with temperature: Degree of ionization incre :
increase in temperature and therefore the value of ionization constant also incre
the increase in temperature. .

Numerical:

CH3COOH ionizes as :
CH3COOH —— CHiCOO ™+ H*  *
Applying law of mass action

H+
K.=

Here, [H*] = [CH,COO] ¢
[CH3;COOH] =0.1M
Ki=18x105
Putting the value in the equation (i) we get '
H*] [CHsCOO™
18x10s = [HLCHCOO]
[CH;COOH]
H*] [H*
0.1
or,1.8x105x01 = [H*]2
. or,[H]=1/18x10+
or, [H*] =134 x 102
We know that,
PH=-log[H'] =-1o
g (134 x 109 = 2.87
So, the pH of 0.1 M CHyCOOH is 2_{!'}'_

or, 1.8 x 105 =

Il

lonic Equilibrium B5

Th

- GEETaRaTY The solbilty of CoFy vt 6 o+ o i
T colubllity product. 21 vater at 18°C s 2,05 x 104 mole per litre. Calculate its

[2

Given,
golubility of CaFa =205 x 104 m| L1
colubility product (Ksp) =7
CaF, ionizes as
Ca]-‘-"1 ==Cpt +
205 % 10" 205 =104
wWe know that,
Solubility product of CaFy (Ksp) = (Cas+JfF 2
, -{31[51 104][ 2 x 205 x 1042

ili =3.446 x 101" molaL-

Hence, the solubility productof CaF(Ksp) = .46 ¢ 011 maltL

2F
2% 205 x 104

-GEBEOTEW s e Loy s e
_&T.-3 ity product constant of BaS0, in water at 25°C is 1x10-"® moP’L?, Calculate

72
the solubility of BaSO4ing /L. [Ba = 1
w Given, g
The solubility constant of BaSO, (Ksp) = 1 10
The ionization of BaSOy is PJ>1x10%mobLe
BaSO-t = Ba*t+ w‘_“‘
Suppose the solubility of BaSO, 2 : . s
wiﬁ ey T ty 415 % mDIEIfL So, the concentration of [Ba**] and [SOs ]
We know that, i
Solubility product (Ksp) of BaSO4 = [Ba**] [SOs 7]
1 x 10°mol?L-2 = x.x = x2
x =41 % 100 =1x105 mole/L
We know that, !
=
e L. L &
Molarity ="Nolecular weight
Molecular weight of BaSO, = (137 + 32 + 64) = 233 s
g /L = Molarity x molecular weight =1 x 105 x 233
g /L=233%10° _
Hence, the solubility of BaSOy ing/Lis233x 10
7. Define ionic product of water. Why does Kw of water increases with temperature? 10
N
ccy HCI, 30 cc % HNOsand 60 ::% H:S04 are mixed together. Find the pH of the mixture. 51
» Ionic product of water: The product of the concentration of hydronium ion and

hydroxyl ion in pure water is constant at particular temperature known as ionic product
of water, It is denoted by K.
K,, = 1,008 x 101 = [H;0*][OH ] at 25°C.
Consider, the ionization of weak electrolyte water is as
H;0 =—=H" (aq) + OH " (aq)
The ionization constant (K) of water is given as
[H] [OHT]
K="Th0]
K[H:0] = [H*][OH ) )
Water ionizes to very less extent an
concentration remains constant i.e. K[H:0

denoted by K.

d the dissociation of water is so small that its
] = constant at constant temperature and it is
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2 052
From equation

&

: o .. (i) A 7 }o""'idd i.e. HNO1 is monobasic acid, So, the normality is equal to the molarity.
R.‘[H'](IO}:’_]““M ionic product of water. It is defined as the product of | - \Ilr“ont‘entralion of HNOy=0.04 N = 0,04\
- . T e ‘.
::ﬁ:’mﬁon of hydrogen ion and hydroxyl ion during ionization of oo I{h\lo‘ ionizeas as 8.
Effect of Temperature on ionic product of water: lonization of water is exo! ||NU‘ H* + (o}
process. So, ionization of water is increased with increasing the tempera t ol 0.04M
formation of H* and OH™ ion is increased. At higher temperature, the equ it

: _ncentration of [H*] = 0.04M
concentration of H* and OH™ would be higher and K. of water is increas conc

rThe

t,
¢ . ‘ e know thf! L 1o [0.04] =139
increasing temperature. 1= -log[H ] = -log [0 :
Numerical: ) :1911("' the pH of HNOs is 1,39,
Given, =

5 aNo. 39 Explain Bronsted Lowry concept of acids and bases. Calculate the degree of
'o:i:‘“‘m of HCN having concentration 0.01 M (K, of HCN = 4.8 = 10"). Also calculate "‘Il:nl;
9 jon and pH.

entration and p
T::Drdil" g to Bronsted Lowry concept: ‘
: -4 Acid is substance which has a tendency to donate proton during chemical mcl!un‘
:tr:u;\' be molecules, cations or anions, which can donate proton in aqueous solution.

1011:0!% HCl=5ccof IN HQl
N
30n:ofﬁ I-{NO;-3ccoleI-ﬁ\‘0g

N
60:\:0{? H3S04 = 12 cc of 1N H;S0,

Example: HCI A
Total volume of mixture of acid = (10 + 30 + 60) = 100 cc pc — H> + C
tal vol f IN acid mixture = (5+ 3+ 12) = 20 cc Proton b ‘ b
I:' w = :'m:;o cc radme “,N Sm " Base: Base is substance which has a tendency to accept proton during chemical rmcl.!on.
. VI 100 Nl 2 |t may be molecules, cations or anions, which can accept proton in aqueous solution.
= o 3= r
We know that, gxample: NHa
ViN; = V3N,

NHy + H* —— NHy*

Proton
ViN; 20x1 1 ; ical:
or. N =\ =g =5 HiS0 = 02N HiSO, Numerical

Given, the concentration of HCN = 0.01 M
lonization constant of HCN (Ka) = 4.8 x 100
[H*] ion concentration =7

pH ="

Degree of ionization of HCN _{u) =?

Mixture of acid contains dibasic acid. So, normality = molarity i.e. 0.2 N = 0.2 M. Becau
normality of acid mixture is due to H* ion concentration, a4
Therefore, [H*] =02 M

pH=-log[H*] =-log[0.2] = -[-0.698] = 0.698
So, the pH of the acid mixture is 0.698,

HCN ionizes as _
T4 Calculate the pH of an aqueous solution containing 107 moles of NaOH per litre. HCN ====H* + (N
» Given, ‘ Initially C 0 0
The molarity i.e. moles/L of NaOH = 107M (C-Ca)  Ca Co
NaOH ionizes as

We know that,
From Ostwald's dilution law, Ka = a2C

Ka 4.8 x 10-10 .
u o= I-—é-'\ /T-ZZHO"

Ihe concentration of [H*] = Ca = 0,01 x 22 x 104 = 2.2 x 10+
We know that,
pH = -log[H*] = -log [2.2 x 10#] =565

NaOH s===Na+ + QH™

107 10'M 107

The concentration of [OH ] = 107M

Water also ionizes as

HOs==H- + OH"~

Due to the auto ionization of H:0, 10-°M of H*

ion and 10°M of OH ~
The concentration of OH ~

' ion are for
ion formed by the auto ionization of

H:0 cannot b Hence, the pH of solution is 5.65. . _ : ——
neglected. L P e e P ! 95 m
a solution whose pH is 9.5.
Total concentration of [OH™ 1= (107M + 107M) = 2 x 107\ 17 2058 Q No. 1§ Calculate the hyd lon concentration o
We know that, : > Given,
P~ 18I0 = -log 2 x 107) - 6,608 pH=95
P = l4-pOie 14 6698 a7
Therefore, -

Ihe concentration of [H*] =7

We know that,

phl = ~log[H*]

1) = anilog [-pH] = antilog [-9:5] =316 X 10 M
Hence, the concentration of [H*] =3.16 X

the pH of aqueous solution of NaOH = 7.302
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78. fo —3 Define solubility product. The solu]{ima‘g in water at 1"3.'6‘,5‘ 205
-Calculate its solubility product. |

~ Solubility product: Please refer to
Numerical: Please refer to

=y The pH of HCI solution s 3. Calculate the strength of HCIin terms of molarity,
> e Y.
pHof HCI =3 : '
Strength of HCl in terms of molarity (M) =?
We know that, '
pH = -log[H*]
[H*] = antilog [-pH] = antilog [-3] =1 x 10°M
1 M of HCl gives TM of H* ion. So, the strength of HClis 1 X 10°M. _

80. The solubility product of Cus is 8.0 x 10+3at certain temperature. Find ts sg

= Given,

81. fo
» Given,

at this temperature.

The solubility product (Ksp) = 8.0 x 105

Solubility of CuS=? .

The ionization of CuS is

CuS =—=Cu~+S

Suppose the solubility of CuS is x mole/L. So, the conce

be x mole/L :

We know that,

Solubility product (Ksp) of CuS = [Cu™’] s ]

8.0 x 10+5= x.x = x?

x=/80 %104 =894 x 103 mole/L

Hence, the solubility of CuSis 8.94 x 102 mole/L i seile ol i
A The solubility product of chalk is 9.3 x 104, Calculate its solubility in gm per itr

0

ntration of [Cu**] and [S

The solubility product of Chalk CaCO;3 (Ksp)=9.3 x 10
The ionization of CaCO: is

CaCO; q———=(h"'+C03-_ e
Suppose the solubility of CaCOs is x mole/L. So, the concentration of [Ca*;‘
[COs™ "] will be x mole/L . v
We know that,

Solubility product (Ksp) of CaCOs = [Ca**] [COs ]
9.3 x 104= x.x = x2

x = '\!93 x 10-% = 3.049 » 10~ mole/L

Hence, molarity of CaCO; =3.049 x 104 M

We know that,

: g/L

.Molanty = Molecular weight

M;::‘ecu::rlwl. of CaCO; = (40 + 12 + 48) = 100

g /L = Molarity x molec ight =

o [L=349% 3}2 ular weight = 3.049 x 104 x 100
Hence, the solubility of CaCO; in g/L is 3.49 » 102

13 The solubility of CaF; i e -
solubility product. ity of CaF2 in water at 18°C is 2.05 x 104 mole per litre, Calcul

n Please refer to
VRITE SHORT NOTES ON|

06 SetB 0 s concepl .
_ Q.No. 331 (2076 Set C G.No. 331l 2060 Q.No. 31(1] Lewis concept of acid and base.

-
w

Tonic Equilibrium LE]

: ~3.No. 33(i]) 066 G_No. 31 Solubil B NT R &
. (0742 o 066 Q. No. 31 1Y Solubility product principle and its application [5]
please refer lo ;
: - d ko ] Application of
common fon effect and solubility produet principle in qualitative salt analysis s 5]
rlease r_i‘f('r to %
5. 052 SerA] GNo.33 g Solubllity product - N
-... please refer to

557 GNo_31(i) pH and pH scale, © D!
pH: the conn‘nlrlalior\ of H* or Hy0* and OH ~ in most solution are in the range of 10! to
jo. A convenient way of expressing such small concentration was suggested by
‘Gorensen who introduced the pH scale. It is after the French expression puissance de-
hydrogen meaning the strength or concentration of hydrogen.
pH is defined as the negative logarithm of the concentration of hydrogen ion.

Thus, pH = -log [H]

1
or, PH= -[?iT].
For pure water or neutral solution
IH«] = l.x 107
. pH=-log [HT=-log [TX10] =7 atZ5eC
In acidic solution [H*] 107, hence, pH will be less than 7. For alkaline solution [H*]<107.
[Hence, pH will be greater than7. -
for, INHCI solution, [H*] =1
- pH= -log [H*] = -log [1]=0
For, IN NaOH solution, [H*] =104
. pH=-log [H*] = -log [10:1] =14
pOH: Just like pH,pOH is used to indicate hydroxyl ion concentration of a solution.
It may be defined as the negative logarithm of hydroxyl ion concentration.
pOH = -log [OH] .
like, pH and pOH, ionic product of water K. may be express as
We know that,
¢ = [H][OH]
-log Ky =-log [H*] - log [OH]
or, prw = pH + pOH
This relationship is applicable fo
say that,
pOH =7 for neutral solution
pOH < 7 for basic solution
pOH > 7 for acidic solution _ e ———=
- uct 151

r water as well as any aqueous solution. Now we can

o [555 G 31ln) G038 G- 31) Solubilty produt rincple
s Please refer to [2062 Su L ] 5]

89. [2057 Q.No. 31ja] Common lon effect s
~ [lease refer to o725et0QNo 34 - - ) e _1_5]
90. [2056 Q.No. 3{a) Law of mass action _ ’ .
. tionship between
~ Norwegian cheémist Guldberg and -Wﬂfgemi:isl‘le:l::l:i‘:'llll:]::::::{;srfrw of ma‘s)s action.
the rate of reaction and concentration © oo ; : its active
Slals;menl- "‘The rate at which a substance reacts 15 directly E&m;:lc.:rnm;ad\ t:ts::s[ 2Zﬁvé
a g s : i 1 u
mass and the rate of a chemical reaction 15 directly proportiona to the pr

masses of the reactants”.
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The term ‘active massof any species is equivalents to the molar mnrf:ntm
species. It is expressed in square brackets [ ].For example, the active
t substance ‘A’ is expressed by [A] or Ca, b
The term ‘molar concentration i.e. molarity’ of a substance means the no. of gram g
of the substance dissolved per unit volume of its solution. b
No. of pram moles of solute

Molar Concentration = Volume of solutino in litre
Weight of solution in gram ;
= = r - t
’ Molar mass of solute x volume of soluiton in litre
/ Let us consider a reaction: A—— B

According to law of mass action

Rate of reaction =« [A]

Let us consider a reversible reaction,

A+B===C+D

According to law of mass action,

Rate of forward reaction x [A][B]
or, Rate of forward reaction = ki A][B]

Similarly, rate of backward reaction « [C][D]
or, Rate of backward reaction = ky[C][D] i

Where, kjand ky, are the proportionality constants, called velocity constant fo

and backward reaction respectively. J ; !
n At equilibrium, rate of forward reaction= rate of backward reaction.

. kJA][B] = ki[C][D]

ke _[C]D]
kv [A][D]

Cl[D , ;
or K = {RI][LB]l Where, K is a constant called equilibrium constant.

Let us take a reaction, 2A B
The reaction can also be written as A + A ===,
The equilibrium constant can be expressed as
g Bl
[AllA]

U
or, K [A]’

Here, the concentration of A raises to the power its stoichiometric coefficient i.e.l,

f we consider a reaction, aA + bB ====cC * dD Then, equilibrium constant
(p I{ ed as 3

—INHs2_
[N2][H,]?

[Ca0][CO,] i
ICaco?f - Since, CaO(s) and CaCOx(s)

lion are said to be constant then taken as unity. Then,

ooa

- How many coulombs are required to produce

Electrochemistry

gRY SHORT ANSWER QUESTIONS [2 MARKS)
RY SHORT ANSWER QUESTIONS [2 MARK
i How many coulombs are required to produce

27 g of sliver from AgNO;? [1+1]

ii. 50 gof Aluminum from Al,Oy?

mic weight of Ag = 108, Atomic welght of Al = 27)

AgNOs ionizes as
AgNOy— Ag' +NO;- . ’ *

Agt + le——Ag

I mole of silver ion requires 1 mole of electron
108 g silver requires 1 mole of electron

) o RLX 2T
27g silver requires —7ao= mole of electron
=0.25 mole
We know Lhat
1 mole of electron having charge 96500 coulomb
0.25 mole of electron having charge 96500 x 0.25 coulomb
=24125C

i. ALO;ionizes as '

AlLOx Alt*++30- -

Al + 3e—> Al = .

1 mole of aluminium ion requires 3 mole of electron
27 g aluminium requires 3 mole of electron

x50
7 mole of electron

= 5.55 mole

3
50g aluminium requires

We know that
1 moleof electron having charge 96500 cotomb
5.55mole of electron having charge 96500 x 5.55 coulomb
; *=536111C

[1+]
i. 80 g of calcium from molten CaCl,?
il. 50 g of Aluminum lrlom molten ALO:?

AgNO; ionizes as
CaCly— Ca**+2Cl-
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Catt + 2e—8s(p

_ 1 mole of calcium ion requires 2 mole of electron

o know that Electrochemistry
V000K 1000 X 255 x 102 :

g : K_ 1000 x 255 x 192
! 40 g calcium requires 2 mole of electron o= W 0085 =308 e o
\ i i) . the molar conductance (n
\ 80g caleium requires ence, the molar conc ) = 300 a1
_ g req a0 mole of electron @@ How many coulombs arg fﬂqulmm&
- . =4 mole o 2

~ We know that

g 3¢ — Al (Atomic mags of A= g7

The given reaction is
1 mole of electron having charge 96500 coulomb ]

- : 2]
NI 3 — Al L
; 4 mole of electron having charge 96500 x 4 coulomb I|mnlc- 3mole
= 386000 C Here: oy
~ ii. ALOj; ionizes as 1 mole of aluminiumn ion requires 3 mole of efgcyron ie.
AbOy—— 241+ ++ 4+ 39 - - 47 g of aluminium requires 3 mole of electron
1 AlY*+ + 3e— Al i 1‘”.,f;.luminil.lm requires% mole of electron S
1 mole of aluminium ion requires 3 mole of electron 2 . p ) _;f__ "
27 g aluminium requires 3 mole of electron 50¢0f aluminium requires-z? x 50 mole of electron =555 moko&k{“n 2
x ) s -
‘ 50g aluminium requires3 2750 mole of electron {lence, 50 g of aluminium requires 5.55 mole of electron, A 3
=5.55 mole we know that, ' 5
We know that T | mole of electron having charge 96500 coulo mb -
1 mole of electron having charge 96500 coulomb 50,555 male of elec.rrcn having charge 96500  5.55 coulomb = 535575 C
N 5.55 mole of electron hafing clfarge%SOO % 555 coulomb Therefore, 535575 coulomb charges are’ requir bdl’rposit 50 g of Al*? into AL
A e 2 m = : s il et o ) i
\ =536111C 7 How many coulombs afe required to deposit 126 gram of Cu from CuSOs
= — ' solution? (Atomicmass of Cu=638) -~ )
3 C‘RCUS%ZILNHMMIBIZ]M Vessel? ~ CuS0y ionizes as b,
u? i 4
Cu -Iﬁ v Zn =-076V
~ Given,

CUSO_' T__:._ .C'I.I-N g $‘ oy N
E°Cu*2/Cu =034V and E*Zn*2/Zn=-076V )

From given data the reduction potential of Cu is higher than Zn. It means CuSO, and 4
comes in contact. Zn gets oxidized and passes into the solution. So, CuSQ; can't s

Reduction of Cu*+ as

tore i Cu* +2¢° —=Cu /
Zn vessel. oA 63.5g <2mole _ J e - .,
4 Why does silver nitrate solution become bluish when copper rod is dipped into| :
[Given E* Cu™/Cu = o.;w and E* Ag'/Ag = 0.80 V] i - S 63.5 g of Cu** requires 2 mole of electron. .
» E‘I?E::;dczri Be_:::fﬁon potential of copper is lower than silver. _ g 4 1. 1g of Ca** requires é-g mole of el_ectron.
E"Ag'/Ag=080V £ oofuf 2 ) ) e
. The copper is oxidized when dipped into AgNO, solution and becomes bluish. 126 g of Ca** QU 3 & X126 mole of electran = 3.96 mole of elgctron,
2AgNO; + Cu—— Cu(NO3), + 2 Ag /

Bluish

_ e, .
el 4§ 1 mole of electron carries 96500 coulomb charges.
S [2975 Set 8 QNo. 4 A solution contains 1 g of NaCl in 200 cm’ and its specific conductance is fo 3.96 mole of electron carries 96500 x 3.96 = 382140 coulomb charges.
to be 2.55x10-3 ohm-! e, Calculate its molar conductance, T
> Given, Weight of NaCl = 1g

B _Z_jou_ Set B Q.No. § How many coloumbs of electricity are required to deposit 33 g of Ca from molten
Volume of NaCl solution = 200 cm? I.

We know that,

/
r
}
|

CaCly? | i
Molecular mass of NaCl = 58.5 G a
CaCly —— Ca** + CI
Mo!arit)mmx-%m-ﬁ%x%-o,mhd Reduction l;I‘CI "is /
Hence, the molarity of NaCl M) =0.085M e 2
Specific conduntance (K) = 2.55 x 102 ohm-lcm! Wg . 2mole
Molar conductance (an) = ?

40°g of Ca** requires 2 mole of electron.

o produce 50 g of Al when electrode reaction
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i -pjon ul’ Allw is
- ;- . l b ]{mh“ u NS

1 g of Ca" requires 5 mole of electron. e

A
- ires 5= = 1.65 mole of electron. [

33 g of Ca** requires 35 * 33 mole of electron = 1.65 m : L A eires .
- a0

We know that, 78S

3 X
1 mole of electron carries 96500 coulomb charges. Al*** requires 37 mole of e

1.65 mole of electron carries 96500 x 1,65 = 159225 coulomb charges. —
s. 973 Supp GNo. 4 Two metallic element X and Y have the following standard electrode po

ppof

.« L1¥3
0 of Al'"" requires 57 40 mole of e = 4.44 mole ofe”
08

. X=+040V - enow that.
4 Y=-080V we ;
What would you expect to occur if X is added to an aqueous solution of salt of Y2 Give ; | male of electron carries 96500 coulomb charge
~ Standard electrode potential of X is + 040 V and standard electrode potential - mole of olec!l_'ﬁ)rjl_f'_ﬂ_l'{z E‘}i?_é?(llmulcmb charge = 428460 coulomb charge

-0.80 V. The electrode potential of X is hither than Y. When X is added to 2 @i@ Why does AgNO; solution become bluish when l:;l;pe_r_m& is dipped_id i_t;!_l'ﬁ;

solution of salt of Y, X metal cannot displace Y metal from its salt soluﬁ!:""‘__'rhe * fandard reduction potell'ltial of c"‘la“‘l Ag are +0.3V and #0.8V respectively). [1#1]
“‘has mere tendency to get oxidized. A N 5““, reduction potentml of Cu is lower than Ag.
w e ME"' whether the following reaction will DCI:jI.I{ spontaneously or not. = Gy +U(,] 38\‘.;{
Pb?* + 24— 2Ag* +Pb : ag=tt i i 4
. given, ”s: o copper is oxidized when dipped in AgNO,; solution and becomes bluish
E%%tIAg=+080V 1:\[’,N0‘+Cu Cu (NOs), + 2Ag
E%2[Pb=-043V - Bluish

> The given reaction is

s, B072 SetE QMo. | What is meant by standard hydrogen electrode? Write an important use of it. [1+1)
' standard hydrogen electrode: A hydrogen electrode in which the pressure of hydrogen
gas is maintained as 1 atm and the concentration of H* ion in the solution is 1 M is called
standard hydrogen electrode. It is sed a3 primary reference electrode for measuring the
EME o?ﬁthm:#s. il

Pb™ + 2Ag —i 2Ag  + Pb

i I Oxidation” 4

Reduction

- ' How/many coulombs of electric charge are required to deposit?

The cell notabion is

Ag /[ Ag [/ Pb>/Pb i, 46gofsodium . il. 3 mole of aluminium i [1#1]
Left Right woi o Nat ¥ et pmae—y LiNg
Evcen = Eog - EoL =-0.13 - (+0.80)=-0.13-0.80=-093 V . 1mole 1 mole 1 mole

Since, the Eoco is negative, , the reaction is non-spontaneously”,

: — — - ) s k. 1 mole of Na requires 1 mole of e -
| . Predict whether the following reaction will occur sp'u{ltaneousry or not. Why?[{3

{ P> 23 g of Na requires 1 mole of e -
+ m —_— ZM' +Pb ;
} given, \ﬁ 46 gof Na requires*;'g x46=02moleof e-
ECug*/Ag=+080V \ :
¥ E%n2 /Pb=~0.13V l" We know that,
."_‘__I.)_!ef?_"_.@ to y 1moleofe- depﬁsits 96,500 C
. ! EoZSupp o § Whatis meant by single electrode potential? How s it messured? 0.2 mole of e - deposits 96,500 x 0.2 C = 19300 C
> Single electrode potential; When a metal is dipped in a solution Corhlaining its own ':'_-[._ i, Al**+ + 3e- — Al 3
a potential is developed ‘between them. This is called single electrode potential. [t I mole 3 mole 1 mole
measured by the separation of charges between the metal electrodb and its solutio I mole Al=3 molee-

Example, when zinc metal rod is immersed | i
lose electron and zinc ion is formed. The zin ’
the electrons in the metal surface.

I mole Al=9 molee-
We know that,

h :E'—n'n T T | . Ilmolee-= 96:500 C
 Bzswcansq e
!: . momn:bco:h Calculate the number of cou required to deposit 40 gtof aluminium - __?_\‘I'IDI(! e-=9x 96500 C = 868,500 C

" & Al O; ionizes as \ S h‘a-t. is meant by single electrode potential? Name any two factors that affect the .
Magnitude of single electrode potential. . _ ..
™ Single electiode potential: When a metal (M) is dipped in a solution containing its own

ion (M*), a potential is developed between them. This is called the single electrode

Al O3 ——2A1*"+30 -
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potential. It is denoted by E. The two factors that affect the ma ] 3
potential are temperature and concentration of solution. }‘a’—-‘——s&"&glum?

71 5550 034 How would you oy Bt vaie of one a6y B L pstance.
One Faraday is the charge required to deposit 1oy
Let us suppose three different electronic reactions-

by Na*- + g-—=Na

1 mole 1 moke 1 mole

Equrvalent Weight » Valency

Equivalent Weight = 1 = 1 Equivalent Weight

Cu= + 2e - —— Cu

2 mole Zmale 1 mole

Equivalent Weight » Valency
Equivalent Weight = 2 » 2g Equivasent Weght

Co*** + 3e-— Co

3 moke 1 mole 1 mole

Equrvalent Weght = Valency

we can con
le of the electron Therefore,

{ the electron which is equal_ to

From these three reactions

substance we need one mo 9@500C

E _ﬂmm MW

giving example. ' )
» Standard hydrogen electrode is used as a pnma
;rn! of all other electrodes. Example: Stan
calculated with the help of standard hydrogen

electrode through salt bridge.

Convenhion direction of current

Ance hall cell ; Cathode half cel
(Hydrogen electrode),

20. oS3 et AL o4 What do you mean by electrolytic conduction?

|4 » Electrolytic conduction: The flow of current through electrolytic conductor is ca
electrolytic conduction, The passage of current through electrolytic conductors resulf

B transfer of jons. Example: fused salts, aqueous solution of acid, base and salts etc.

21, (063 Supp. 5v1 B GWo. 4 Standard hydrogen elecirode acts as both an anode and cathode.

» Standard hydrogen electrode (SHE) i.e. normal hydrogen electrode: The ele ctr

potential of SHE is assumed to be zero and can act as both anode and cathdd

cell, it is assigned as m— the other hand, if the electrode acts as &
pole in the cell, the electrode potential is assigned negative value,

gﬂit‘l-ld? of Sil’!gl& ele _-

: . ; ivalent weight of
Eauivaleni Wi .g-_\‘l‘qwnlmllv\rﬂs?" ttode site 1 g equiva . .
quivalent Waght clude tha po'l faraday charge is numerj

mole 0
equal to charge on on¢ v = 96500 Coulomb AT [
1Faraday =16 10°Cx60x1C " rant application of standard hydrogen elec

ry reference electrode for measurir
dard electrode potential of zinc electrog

v/

P . — Bectrochemistry Ll
,.--ﬁ-”" To. 14 Define the term: e e ik =
7 = glectrochemical equivalent
:_1' Equivalent conductance

@
>~ ical equivale . -
E[“uochemlu eq nt: Fanday is the quant; .
. S h f - o
gram ﬂutl\-'ﬂle‘:l Orr ﬂ}:: Whhnce.- Le. 1 Farad:y o?d?a ! ;harge'l\.:hmh will t'ie[';OSI:oC:'“‘-'
%500 coulombs of charge deposit geq rge deposit 1 gram equivalen

- uivalent substance
{ coulomb of charge deposit 'gﬁm"g‘ equivalent substance

As, Electrochemical equivalent is the mass d

g ited by passing 1 C charge therefore,

Z = 96500 )
E

Z=F

This equation is used to calculate electrochemical

vice-versa. ) equivalent from chemical equivalent or

Equivalent conductance: It is defined as the conductance gi :
. . e en by certain volume of
electrolytic solution which is Prepared by dissolving 1 g fqvv Elt?;b'olyte and placed

petween two parallel electrode of 1 cm i A
S oleselution. 1k sepresented k) apart and sufficiently large enough to contain

Let us suppose V cc of the electro]
electrolyte. As know conductance duy,
Conductance due to V cc of electroly
=KV

To prepare N normal solution N g equivalent should be dissolved in 1000 cc

ytic solution is prepared by dissolving 1 g eqv.
e to1 cc electrolytic solution i.e. K then
tic solution is KV

To prepare N normal solution1 g equivalent should be dissolved in % .

1000
=KV =K—"
i Siemen ¢m-! 2
Unit: G5 of 3- eq__—_v. % cm-3 — oiemen cm? g eqv.-!

23. Can a solution of 1 M ZnSO4 be stored in a vessel made up of Nickel? Hnotwhy? [2]

.~ Given

Ewi**Iwi=-025V
Bzl 2 =076V
= Given,
Eenit+ w1 =-025V
Eozat++/20=-076V :
From given data the reduction potential of Zn is lower than Ni. It means ZnSO, and Ni
‘comes in contact. Ni gets reduced. So, ZnSOj can safely store in a Ni vessel.

14 Will the reaction occur: Zn** + 2Fe**—— Zn + 2Fe*** -
Given standard reduction potentials are: ; 3 'il]

B, g = ~0THY,

'E’h;‘m=+ 0.80 V.
Given reason.
™ Given reaction is
Zn** + 2Fe*+ ——» Zn + 2Fe ***
Oxidation:
s !
2l +—— 2 Fer** + 2¢-

-~
-



| ii. Molar conductance or molar conductivity i
It is defined as the conductance due to certain volume of electrolytic solution prepared

R

#

4

B £ Zemgime V=X Soirtnr Tt Siamesty K1

FedusSon

L= 2o e i

[ Fo == arts @3 zmude

Al 2o - [ Zn a1 zCuade

Eat of e ool = £ - B = (076 -08) = - 156V

I S emid of el 15 = e Gem, $e reartion p femitile. S, e g e 70000 1 ned |

2055 Tavo 73 Can 2 soiution of 1 M CaS04 be slored in 2 vensel made of nickel metal? M not, whyy

Giverr Ew~im =425V, E*Cy=/Cu= 024V 2

5 Ghem B ymm o =025V
Bt v = s 038V '
From given deta the seduction potertial of Cu is bugher than Nu It means f CuS0, ang
i comes in comtact. Wi gets onidized and pevses 100 the solution. 5o, CuS0, can 1 810y,

G e i

- BAQN, 13 How i singe electrode potential originzted? B
The single slertrode potentiz] js cngmated by the separation of rﬁaxgﬁ bw-twe.!,-! the
metz] electrode and its solution. When a metal is dipped into a solution of:lswn%
fhe metz] alom ionizes and the jons pass into the solution leaving b-hmd the Pledrmﬁ
the metz] surface, This process results in the separation of charges. Similarly, if the meta)
ions have relstively prester tendency 1o take electrons from the lectrode, the process js.
reversed wehich result in the separation of cherges. This causes the origin of

S0, Fer -

v

L  One ampere current is passing through 2 solution,
ii. The standard reduction potential of Cu™/Cuis 034 V.

™

The flow of charpe 2t the rate of 1 coulomb per second is known as one ampere.
Absolute electrode potential of a single electrode cannot be determined. A n:Lerﬂl:t’ .
electrode hydrogen is used which is known as standard hydrogen electrode. ¢
electrode potential for the standard hydrogen electrode is taken as zero. When Cu?*/Cy
electrode is connected with standard hydrogen electrode, observed emf of the cell §s
. 034V which is standard raiucnflleotenml. ]
- 2. pos0 QMo 18 Define the terms

‘L , Cell constant and ii

-
=

———

Molar conductivity,
-

i Cell constant: The conductivity of cell is designed in such a way that the ratio between

length of the two electrodes and their cross-sectional area is made constant which js «
constant for every conductivity cell.

Mathematically, cell constant = '£

Specific conductance
Observed conductance

Numerically, cell constant =

>=cme!

. em
Umt.- a " cm ¥

dissolving 1 mole of electrolyte and kept between two parallel electrode 1 cm apart

sufficiently large enough to contain whole solution. [t is represented by 'l

of the electrolytic solution is prepared by dissolving 1 mole electrolyte then,
e due to 1 cc of electrolytic solution is K

Ince due to V cc of electrolytic solution is KV

Encryziemesy Y
;,pf;ﬂ -2 W moler solztion W o
PeY i

e Mimolar b

o g .
s shenid b Enncdved 100 e
e

ton ] t:vj-_‘}!." s 1
iFr 1(!‘0 b hdm.r‘;j;} o
r " "
j LT Ut Semen caspy

Za 7

7 =74 Construct 2 gabvacic ool iy pi e ——— P e
ane.t 0 Which the ooy ; ————
;%W __'_me‘ﬁeh} Teackon e: 2
.‘"j'?__,wce']]!mmﬂ :

s )2 3504e8) — Fe0dagy s yy ) oy

206) « IH* (a;}————-—._.____‘ j "ﬁl Mz

| o,me_—nj%q

oSy
H*(aq,
(VY st can ™0

;14 Define standard electrode potena, - @

75l '
] dard eledﬁdenl::lmﬂl: The po{mna] of an electrode measured against normal
> pvdrogen electrode under standard condition ie. T = 298K, concentration = 1M, pressure

J1atm is called standard electrode potentia],
!T;“;";,.’ijdou specific conductance decreases and equivalent conductance increases with
" giution? : 2

gffect of dilution on specific conductance: _

> i - & ' i
with increase in dilution, the specific conductance will decrease. It is due to decrease in
number of ions per cmy’. Th decrease in specific conductance will be sharp or abrupt for
strong electrolyte b'j't will be gradual for weak electrolyte. With increase in dilution,
degree of dissociation will also increase which is not possible in case of strong
electrolyte- :
gffect of dilution on equivalent conductance (A): With increase in dilution, the
equiva]ent Conductance will increase. The increase in equivalent conductance with
increase in dilution will be sharp for weak electrolyte and will be slow for strong
electrolyte. The value of conductance depends on (i) number of ions (ii) speed of ions.
In case of strong electrolyte the increase in equivalent conductance is ?nly due to
increase in speed of the ions because with increase in dilution force of attraction between
ions will decrease. g : : L ‘
In case of weak electrolyte, the increase in equivalent conductance with increase in
dilution is sharp. It is because of number of ions will also increase.

y-axis

!
"
T~

Strong electrolyte

Weak electrolyte .
——» x-axis

I
e ud 32

Fig: Variation of egivalent conductance () with dilution

o

\
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n, Stato Faraday's Second Law.
~ Statement: If the same quantily of electricity is allowec
different electrolyles, then the amount of different 8t 1
liberated at respective clectrode are pmpurlioml to h
y cquivalent weight, .
’ Mathematically,
Wa I
or, W=KIE
y W ,
or, = K (where, K = constant) BiHr— AR
» 33, [2084 G No. 4 Define the lerm alectrochemical equivalent. i
» The amount of substance in gram deposited al either ol 1
! due to flow of 1 ampere current for 1 secon
| . electrachemicol equivalent. It Is de

. WhatIs E.C.E. (Electro-¢
n Please refer to

hemical Equivalent)?

S [5 MARKS

SHORT ANSWER QUESTION
» :
elecirode, The standard electrode potental for Fe*(Fa"!
\ respectively. i .
I, Drawthe standard cell notation.
\ Il Identify the anode and cathode as the current drawn from It
]
]

Kin st the electrodes. : .
Ili, Write the cell reaction taking place [1#1414144]

Iv. Calculsts standard cell potentlal.

Standard hydrogen electrode: Standard hydrogen electrode s used us o pri

eloctrode potential of zinc e
electrode through salt bridge.

(‘ Hlow ol dnlnm_,_-—l
Tulentionyelu

e

Converiion dirs o of corment

Sall hridpe

e | 1y pn at | i prvsanary

pe [ATTICT s0lution

ek tnale - s
'“k vl cell z [ v B TP Platinumn foll
(i ehextronle) Cathasle hall gl .

\ (Mydrogen el trode)

Numerleal;

Given, The standard electrode potential for Fe*V/Fe'2 = 40,77 V

The standard electrode potential for I5/1- = 40,54 V
- L The standard cell notation is given as

- 1q)/ 1aaq) /7 Fe+(aq) / Fe  ag)
~ Anode Cathode

054V +0.77V
I»= 4054 V < Ferd/Fer2 = 40,77 V

undergoes reduction.
¥

he SN

1 1o poss through the snlullt;ns }
Jhstance OF lons ‘lvr“‘.'illed'
ol chemienl equivaang =

W electrode during vlpﬂml :"
dle ! coulombs charge g c.['

poted by symbol 7. .

: “GNo 2 'ﬁ;&i&iﬁ.‘iﬁﬁn}ﬁ};ﬁlégtﬁni’ of standard hydroges
and LI~ aro + p.?? V and 40,

reference electrode for measuring the emf of all other electrodes, Example; Standagg
lectrode is calculated with the help of standlard hydrogep

(1) acts as anode which undergoes oxidation whereas Iron (Fe) ncts us cathode

Elactrachomistry 1ot
|...---'"' |2 2
o 4 20e— 211
i ol i'(.‘” !'1'"(“0“; 2 I‘:' 2ler++ —_— h 4+ 2Ppr
i |.;.-L'l'||! pCathode - E Anndn_.. (+0_77_0.54)_ Lees
W jences *l“‘__ﬁlf'j“_!']’ff[ }"7|_|_ Potentlal is +0.23 v,

Y
J’I‘P State and explain Farada

=== gIE Q.No. 2 o and explain Faraday's 19 low of croi it ae St e e

3 :::“on of CuS04 and anode of |ﬂ1F0l0‘:0'P;ltl.:o°i: Illﬂrﬂ'{lil.'kn ‘m“:;s;:‘; “:ll co:ﬁ::‘;
:,uwr.ln by 150 ampere passing for 12 hours? ' many Kg of copper e depo 23]

I:J:.IMY'“ 1+ law of electrolysis

h v The
slatvm“":' h“‘;li'ro::]lwum of substance deposited or liberated at clectrode during
l.|(-¢'lr'0|)’:‘-" 8 ¢ Y proportional to the quantity of electricity passed through the
5ﬂ|l$llﬂﬂ
(W be the weight of substance deposited by the passage of Q coulombs of charge then,
wuQ where, Q s the quantity of charge.
AL where, Z is the proportionality constant called Electrochemical Equivalent.

if*c’ be the current inampereand ‘(' be the time in second then & = Q
t

tllio =ch
when ¢ = 1 ampere and t =1 sec, then,

w=Z |
‘Therefore, the electrochemical equivalent of a substance is defined as the amount of

substance in gram deposited at either of the electrode during electrolysis due to flow of |
ampere current for 1 second l.e. 1 coulombs charge.

Numerical:

Given,

Current (1) = 150A

Time (1) = 12 hr =12 x 60 x 60 = 43200 sec

[quivalent welght of copper (E) = 31.75

Weight of copper deposited (W) =?

We know that,

W= ZIt

[t
or, W = 9650 It

3175
or, W=5e500 * 150 x 43200
or, W=2131.92p
L W= 213192Kg !
IHence, the welght of copper deposited is 2.13192 Kg.

> 575 5o A 24 WhatIs meant by () mola conductiviy and (i) Electro-chemical equivalent?
How long a current of 3 ampere has to be passed through a solution of AgNO to coat a metal of
surface area 80 cm? with 0,005 mm thick layer (Density of Ag = 10.5 glem?) [243]

h Y

I Molar conductivity: The conductance offered by solution prepared by dissolving | mole
of solute when the whole solution is placed between two parallel electrodes at 1 cm
aparl with area of cross-section of each electrode 1 cm? is called molar conductivity.

Il Electro-chemical equivalent: The amount of in gram deposited at either of the electrode
during electrolysis due to fiow of one ampere current for one second is called electro-

chemical equivalent.
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Nomenical:
Given,
Carent (=34
Ares of metal (4) = 80
Thackness of sthver = 0.005 mm = 0.0005 cm
Density of sitver (d) =105 g/am?
Eguivalent of silver (E) = 108
. Tim=(p=7?
We know that
Volume = Area x thickness
Vohmme = 80 x 0.0005 = 0.04 an?
We know that
W = Density x Volume
W=105x004=042g
We know that
W=Z7It

or. W =Gegip !

or, 0.42-9;5:0’3*!

or, t= 125 second
Hence, ﬁmgmuﬁndmdepcdtsih-eronmerals
3. 75 Set 8 Qo 23 What is meant by standard hydrogen
The standard electrode potentials are given as
E*ZniZn*=-0.T6V
P Fe¥Fe2=+ 0TIV
i Constructa cell mhﬁonforagmmicceﬂildiuﬁnganodnndcamode.
i Calculate the emf. at 1M solution of ions.
[ Wlﬂlemcﬁonh”fﬁe"—-hﬂ&"(bwﬂ _
» Standard hydrogen electrode: A standard hydrogen electrode is a re
which is used on all half cell potential reactions. Its value is zero
Numerical:
Given,
E°Zn/Zn*2=-0.76V
E°Fe*3/Fe*2=+0.77V
i. 'Cell notation is
Zn/Zn*2 /[ Fe*3 [Fe*?
Anode Cathode
-ve charged +ve charged
Here,

E° Fe*3/Fe*2> E°Zn/Zn*? x |
Zn acts as anode which undergoes oxidation and Fe acts as cathode where reduction

urface = 125 second.

= E° red (cathode) - E° red (anode)
0.77 - (-0.76)

electrode? Write its important application_ “'jj‘

. R”l

ference electroda

Ay bk

i

:

Yl giheonton 4. =

ction is
.?J'h +Fe™

i i
— In + e
Oxidation

.. peaction will not occur becayse
ZafTn? tandard electrode potential of Fe+3/Fe*? is greater
o7 What s meant by e -
o u?ln =4 electrode potentils are given n'?"'""g"‘ electrode? Mention it's an important use. The
E* Mg = - 237V, E°Cu™ICu = + 9 34y g
B Construct a cell notation for an electrochem;
; rite the reactions taking place at anode .::::"m
ﬁ. Calculate the emf of the cell.
- .= +3
AT, S o g et S 2
ox € : ; asis of the th ic sc idati
uction potentials. It is an example of of pﬁma:y m?;:::f :T::ods:ale L

Numeritﬂl:
o standard electrodes potential are

/Mg =-237V,

jven rea
_he®

EeMg
geCu e /Cu=+034V
. The cell notation is as
" Mg(s)/ Mg~ (IM)/ /Cu*(IM)/Cu(s) -
Anode : Cathode
237V +034V : ;

Mg acts as anode which undergoes oxigation and Cu acts as cathode where reduction
takes place. 4 ; . i
Mg — Mg** + 2 e~ (Oxidation)

Cu (Reduction)

Cu** +2e”

ii Emfof cell :
Eo cell = E° red(cathode) - E° red(anode)

=+0.34-(-237)
=+0.34 +2.37
=+271V
Hence, the emf of 1M solution'is +2.71V. g
0. What is meant by primary reference electrode? Mention its one important use.
The standard electrode potential of copper and silver are; . s
[E°Cu*ICu = 40.34 V and E° Ag'/Ag = +0.80 V]
L Construct cell notation for an electrochemical cefl.
i Calculate the emf at 1M solution of its ions.

jii. Wil the reaction occur?
Cu+2 Ag* — Cu** +2 Ag? Give reason.
» Aprimary reference electrodeis an electrode which has a

known electrode potential. Standard Hydrogen Electrode is an example of primary
reference electrode. A Standard Hydrogen Electrode (SHE) ‘is an electrode  that
scientists use for reference on all half-cell potential reactions. The value of the
standard electrode potentiaI is zero, which forms the basis one needs to calculate cell

potentials using different electrodes or different concentrations.

[2+3]

stable and well-

.

Numerical:
Civen,
EeCut*/Cu=+034V :
!

o
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Eo Age/Ag=+080V
L Cell notation is given as:

Cu/Cu~ /7 Ag/Ag

Anode Cathode i
Oxidation Reduction

+034V +0.80V

- ’
ii. EmF of cell ESun = Evcathoue -Eoume = +0.80 - (+0.34) = +0.80 - 035 =A040¥

iii. The cell reaction is given as: 3

Cu + 24¢ ol s
L —— |
Cradation  adiLtion

The oxidation occurs at anode and reduction occurs at cathode. The value of emf jg y

Hence, reaction occurs spontaneously. e -
Y e nce electrode and mention its one important use,

41, BS74 Set® aiio. 23 Name 2 primary reference
cell;

Mg(s)Mg**(1My/Cu**(1M)Cu(s)
E° Mg**/Mg = -2.37 V and E*Cu™/Cu = +0.34V : :
i. Indicate cathode and anode.
ii. Wﬁlemenacﬁonhkingphceﬂm :
at 1M solution : P g :
l:: i‘:::l:nt::e e:Iw:'ﬁ:rem:e electrode is  an electrode which has a -stable and 'y

ial. Standard Hydrogen Electrode is an .example of prim,
:}xfﬂ;ﬁmf ;tandard Hyfirogen Elect_rode {SHF} is anelectrode
scientists use for reference on all half-cell potential r_eactlons. The value of
standard electrode potential is zero, which forms the bas_1s one needs to calculate el
potenitials using different electrodes or different concentrations. - -
Numerical:
The given cell notation is as:
Mg(s)/Mge(1M)//Cu(1M)/Cu(s)
Anode Cathode
=237V +0.34V
i. Mg(s)/Mg** is anode and Cu**/ Cu(s) is cathode.
) EeCu*/Cu=+034V>E Mg/Mg=-237V -
#" i, Mg acts as anode which undergoes oxidation and Cu acts as cathode where reduction |

takes place.
£ Mg—= Mg"™ + 2¢’ [bxidan’on)
Cu™ + 2e —— Cu (Reduction)
i. Emf of cell N

| Eecell = E° red(cathode) - E¢ red(anode) = +034 - (-237) = +0.34 + 237 =+ 271V -
~  Hence, the emf of 1M solution is +2.71V. 4

2073 Supp Q.No. 23] How do molar and equivalent conductivity vﬂﬁ'ﬁc&?&hn for wesk
ectrolyte? A solution contains 2 g of anhydrous BaCl; in 400cm?. It's conductivity is found to be 34

Juctance will decrease. It is due to decrease in number of ions per cm3. 5
ific.conductance will be sharp or abrupt for strong electrolyte but will bé
\ # !

Jradual for weak electrolyte, ; t in Electrochemistry 105

increase ;\ l:’lflh 1S not possible in case of::rs:nm ‘]’ﬂum?n. degree of dissociation will also
Fﬁecl (] tlution on e‘l“i\'alem £ electrolyte. .

% conduct . ; K4

valent Conductance will ; ance (k): With i the
T::.L.,,so in dilution witlal ‘;;"S}‘I“Cn'a:e_ The increa:.eJ in equil\?:;-::ls iot:d;{;:;l::en'wim
' arp for
t.|¢._-uolyte, The value of conduc e Weak electrolyte and wilk be slow for strong

tanc i
I case of strong electrolyte (he ;1:1;[:5“‘1'5 on (i) number of ions (ii) speed of ions.

€ In equivalent conductance is only due t

y due to

increase in speed of the jons b it
. = L . B i
;ons will decrease, ith increase in dilution force of attraction between

In case of weak electrolyte,

the increase i
Lo é a
dilution is sharp. It is because i

equivalent conductance with i i
=T i g ith increase in

yeais ns will also increase, i
b
w trolyte
2 :
Weak electrolyte
QO - X-aXis

\c

conductance depends on (i) number of jons (i) speed of ions.

In case ?fuftr?ng elecrml_yte .the ‘increase in molar conductance is only due to increase in

;peed of the ions because with increase in dilution force of attraction between ions will
ecrease.

In case of weak electrclyt_e, the increase in molar conductance with increase in dilution is
sharp. It is because of number of ions will-also increase '

y-axis
-.r \
Q‘o'yn
- g
—— Weak electrolyte i,
0 X-axis

Fig: Varlation of molar conductance (i) with dilution
Numerical: <
Given, weight of BaCl,=2 ¢ .
Conductivity or specific conductance () = 5.8 x 102 S cmr!
Molar conductivity (u) =?
Molecular mass of BaCl, = (137 + 2 x 35.5) = 208

Given weight 2 .

No. of mole of BaCl2 (n) = \45iecular weight 208= 96 ! 10 mol
' 400

Volume of BaCl; solution = 400 cm? =7000 = 04L

. No. of mole -= 9.6 X 10
Molarity of BaClz (M) = Volume of solution in L 04

=0.024M
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| A , ) deposited at  he the weight of substance der..: . Blectrachemistry 109
] i : - : ram epos_ at gj W be 3 sit
E::::;he:nc?l equwalenr.‘ The amount of substance I; EE P wrent for 18 1f‘ "0 where, Qisthe quantit;::dl‘:d by the passage of Qesilinbesftiunse A
K N ‘elecm)iyms due fo_flow o.f e 7 denoted by symbol W Zct where, Zis the proporg; “rBe. :
| coulombs charge is called electrochemical equivalent. Itis curcd ar W= Portionaliyy constant cal
4 ii. Standard electrode potential: The potential of an electrod® e e the current in ampe s called Electrochemical Equivalent.
3 P d PO 208K, concentration =1M e be pereand 't be the time ; Q
| hydrogen electrode under standard condition i.e. T : ) Me in second then ¢ =
=1atm is called standard electrode potential. =ct
Numerical: : of When €= lampereand t=1 gec, then!
\ i. 80 g of aluminium from molten Al20s w=Z R
\ ? Given,

Wtof Al=80¢g
No. of Coulombs =?
AIZOA ionizes as
AlLO; == 2Al3* +30--
Reduction of A3 *as
AR+ + 3e- —> Al
1mole . 3mole 1 mole
<2 i for reduction
27 g of Al requires 3 mole electron

1gof Al* requires*;—}. mole electron for reduction

3 reduction
80 g of Al ™ requires 7 * 80 mole electron for

= 8.88 mole electron
We know that
1 mole electron carry 96500 coulomb charge
3,88 mole electron carry 96500 x 8.88 coulomb charge
= 856920 coulomb charge
Hence, 80 g of aluminum requires 856920 coulomb charge
i, 24 g of magnesium from MgCl
Given,
WtofMg=24¢g
No. of coulomb =7
MgCl: ionizes as
gCl, == Mg2*+2Cl-

3 . 2

agnesium requires 2 mole electron for reduction.

“electron carries 96500 coulomb charge.
ectron carry 2 x 96500 coulomb charge
' + =193000 coulomb charge

magnesium requires 19300 coulomb charges.

2 800 cm?

= Faraday's First law of electrolysis:
) electrolysis_

solution”

State Faraday’s laws of electrolysis? Silver Is electrodeposited on a

Sl ’ by passing 0.2 ampere of current for 3 hours. Calculate the thickn 55 6
d. (Given specific gravity of Ag = 10.47 and atomic mass = 108) :

Statement: “The amount of substance deposited or liberated at eléctrodé du
_is difectly proportional to the quantity of electricity passed throu‘

fherefore: the electrochemical
substance in gram deposited at either
Lmpere current for 1second i e, 1 E3e)
LF“"‘d‘"'Y‘S second law of electrolysis;
. If the sa : 5 : |
S"Jtﬂ:::l;“m'lyt:"‘:e t(}\i;nttl]:ye . electﬂcz‘l' is allo\M?d to pass through the solutions of
d:”:“‘d at respective EIec\rod:m:um of different substance or ions deposited or
here - I
rq““"“"’"l i " P'Opur.i}ml to their chemical equivalent or
\mhematically, W« E

ombs charge,

o, W= KE

W_K (Where, K= constant)

or. E

| et us suppose two different electrolytic s lutions i )
; ;mu quantity of electricity s Passedytl-.gnf) utions i.e. ;.\gNoa and CuSQO, through which

Wag « Eag )
Weu = Ecu v oo (i)

From equation (i) and (ii)

Wy i wﬂ_._c"

AL

Eag Ecu

Wap _Eng

Weu Ecu

This equation can bé used to determine the equivalent weight of substance
Numerical:

Given, surface area of metal plate (A) -}m m?
Current (1)=0.2 A

Time (t) = 3 hours =3 x 60 x 60 = 10800 second
Thickness of silver deposited (I) =?

Specific gravity or density silver (d) = 1047
Atomic mass of silver=108 =
Valency of silver £ :
Equivalent weight of silver = 108

We know that,

wW=2ZIt

E
Or, W =%‘It

108 x 0.2 x 10800
%500 - 2Ng

Mass of silver (W) =241g

Volume of silver (V) =7

Or, W=
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We know that,
W
D=y
vou
Or, V= D
241
Or, V= 1047 = 0.23 cm3
Again,
Volume = Area * Thickness
. Volume 0.23
Or, Thickness =———=="gn0"= 2.875 x 104 cm

m.

Hence, the thickness of silver deposited is 2.875 x 10 ¢ '
Design 3 Galvanic cell In’

G What is meant by electrochemical cell?

48
reaction ; -
Zn(s) + 2Ag* (aq) ——> Zn?"(aq.}+2Ag(s), takes place. Further predict.
i.  Which of the electrode is negatively charged?
ii. The carriers of the current in the cell. .
i Individual reaction at each electrode. MR
# Electrochemical cell: A system consisting of two electrodes dipping 1n the
ation is called electrochemic

different electrolytic solutions for electrical communic
Given reaction is
Zn(s)+2Ag* (ag) — > Zn* (ag)* 2Ag(s)
| i. The cell notation is .
‘ ()Zn/Zn*+ (IM) // IM2Ag* / 2A8 (*)
Oxidation / Negative pole/ Anode
Zn—>Zn** + 2e-
Reduction / positive pole / cathode
2Ag*t+2e—>2Ag {
ii. If two electrodes are connected through ammeter, a current will flow from silver to
electrode through an external circuit as indicated by the deflection in ammeter.
Zn——>Zn**+2e- i e
The electron liberated by oxidation of zinc will flow through the external ci
ammeter to silver electrode and silver ion will be reduced to metallic silver..
2Ag*++2e-—> 2Ag ; : y
iii. At anode oxidation take place by loosing electron i 8
Zn———sZn**+ 2e ]
At cathode reduction takes place by gaining electron
2Ag*+2e-—> 2Ag , 14
4. What is meant by electrochemical cell? Design a Galvanic cell in whi h |
 reaction Zn(s) + 2Ag"* (aq.) ——> Zn™ (aq) + 2 Ag (s) takes place. Further predict: s
" a. Which of the electrode is negatively charged s
b. The carriers of the current in the cell
¢. Individual reaction at each electrode

trolyte or in two different electrolytes which are joined by salt bridge.
are two type of electrochemical cell: .

Iytic cell: In this cell electricity produces chemical energy.
c cell: In this cell, electricity is produced by chemical reaction.

Electrochamistry m

2AE aq) —>Zn*%aq)) + 25
/.1(4). :‘iD; half cell reaction &(s)
(]\'Il"‘ Zn**(aq) + 2e v
(s e -vely charged.
Aot ;iio" half cell reaction
pect’ (0a) * 2e —> 2Ag(s)
gj'\ﬁ“)de > +vely charged,' R
ca f electron occurs f;
w O Tom anod
flo € to cathode Zn - Ag galvanic cell is represented

]'I\l‘
$ @) /]
7o/ 2 1 Salt bridge _C:ﬂ;g'”‘“s(s}

+ve Charge

! no¢ g
ve cha rge

Zn(s) + 2Ag’{3|¢I-}-——-_;.. Zn(aq) + 2Agls)

. Ciﬂatihn

Reduction .

e R |

—n. Q.No. 23} State Faﬁdif' Jind | e i
070> P law of electrolysis. Equal amount current was passed
an aqueous solution of tri-valent metalli salt and dil. H:SO.. The volume of H; liberated was

50 h

hroud & .

L at 27°C and 765 mm Hg pressure, T

|hé a::mic weight of the metal. ' he weight of the metal deposited was 0.74 g. Calcula[tse]
- Faraday’s Second law of electrolysis: Please refer to

;\‘umi"iﬂ]: Pl Ty

Giver ;

Valency of metal =3 S

volume of hydrogen (V) = 965 mL = 0.095 litre

remperature (T) = 27°C= (27 +273) =300 K
pressure (P) = 765 mnv' Hg =1.0065 atm
weight of metal deposited (w)=074g *

Atomic weight of metal =7

\\'(’ighl of Hz (w)=? [ ; .
\olecular weight of Hz ™) "—'7-{?]62-1111,_ l._,/ /') e

\e know that,

pv =nRT
W
v RT
PV M )
RT W ' £t
1.0065 x 0.0965 x 2.016 | . _
o,aszlx@ Jor et it
o, w=795x10" g friei 4y ¥
We have,

Faraday 2 law of électi'qusis ; ¥
Weight of Hz liberated

PV =

or, W=

or, W=

Weight of metal deposited !
. Equivalent Weight of metal . Equivalent Weight of H2
074 795%103 | e

“ET 1.008
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op o 07471008
FE="705 %10
Equivalent weight of metal = 93.82
Atomic weight of metal = Equivalent Weight of metal * valency = (93.82x3)=281

L — Zn*2+ Cu
m :0 celli-e. Eoett = Eopu (Cil!hnde) - Eoyg (ahode)
g =+034 {'0-76) =¥
e emf of cellis +1.10 v, (+0344076)=+1.10v
e e —— — .

- 9382

1™ 2 What is meant by standard ejeiis =~ - -~ . . - "
mg electrode are; - tlectrods Potential? The standard electrode potential for
f & 3 »

Hence, the atomic weight of metal is 281.47 amu. ! lo

: : v i e [l ol o=

2 — - e v = he ._—+In E*=-076V

51. 970 Set D QNo. 28] Represent graphically the variation of equivalent conductivity of o ¢ Fe*', Eo= 4077V :

e . .
fe esent @ suitable galvanic cell ang i z .
i we'rm 1 M solutions of the lons what mlr:.":;}'; *"'@h one will be cathode?

i il the reaction Zn" 4 2Fen — g0

electrolyte and weak electrolyte with concentration. Why do equivalent condUctN Y
electrolyte and weak electrolyte vary differently with dilution? .

~ First part: Please refer to g

2Fe** occur? Give reason,

Second part: : il od electrode potential: The ;
Strong electrolyte ionizes very fast with small dilution and the movement of ions is3 & W"di.,\ electrode under standard c[;"::;:':;a! of an electrode measured against normal
fast due to this equivalent conductivity increase. But in the case of weak electrolys ]"‘dr::ﬁ s called standard electrode PDlEnliar[l Le.T = 298K, concentration = 1M, pressure
s o 9
ionizes slowly and movement of ions is very slowly. In such case .lhe numbel: of - :mu_'rif‘]]: : i .
well as their speed increase with increase in dilution. So, the *"_I““""}e"t conC |.05-:nlati0|1 of galvanic cell i.e, cel| notation is :
_ strong electrolyte and weak electrolvte vary _differeljl_‘f’“_h dilution. — el i Rer [ o // Fe*** [ Few ;
s2. (065 (Se1B) G.No. 27 Give any two differences between electrochemical and eleclrolyll: :’- 0 . A Cathode
given zinc rod, copper rod, zinc sulphate and copper sulphate solutions and standa elect N“: ;r};ed sve charged
potential of zinc and copper are -0.76 V and +0.34 V respectively. aech
a. Represent an electrochemical cell indicating anode and cathode Here g
b. Write net cell reactions ey e > B0zt s zn
t ill be th f the cell? L de whi e .
- :Jiirit::;‘t‘:ate be:\:r::: eleed:rochemical and electrolytic cell: gn acts a3 anode which undergoes oxidation and Fe acts as cathode where reduction
- lace. ; v
: 5
Electrochemical Cell{ Voltaic cell) Electrolytic Cell tabe _“_‘;n %
1. ltis the apparatus in which a chemical | 1. It is the apparatus in which che et red¢

5 peTt Zn** + 2Fe+
o Enf of cell i.€. E%i = E%ed (cathode) - Eorg (anode)

= (+0.77=(-076)) = (+ 0.77 + 0.76) =+153 V
given reaction is

decomposition reaction is carried
by electricity.
2 1t converts electrical energy ir
chemical energy.

redox reaction produces electricity.

2. It converts chemical energy into

if‘\ electrical energy. jii. The

_ Zn" +  Fe" ——== In + 2Fe™
Numerical:
Given, l Reduction 1
Eo ey*2yea = +034 V > Eo 2=076V
cu*?sc 034 Zn/In Oxidation

So, zinc acts as anode and copper acts as cathode.

Galvanic cell can be constructed by using these two electrodes as: No, in the given reaction Zn is reduced and Fe** is oxidized which is not possible

pecause standard electrode potential of Fe** / Fe** is greater than Zn / Zn**.

Cenventional direction ef current

(e T D " _ga_a-a Q. 3101 Write short notes on Variation of electrolytic o:n'ductar_n':e;'with concentration. [5]

Salt bridge « Please refer to i L
""""""""""" 4 953, No. 24 State and explain Faraday's second law of electrolysis. Show that the electric charge
carried by transfer of 1 mole of electron is one Faraday. 15
Eieh solution cuo At s Faraday's Second law of.elect!'qusis: Please refer to
: Numerical: iy .
o =] e One Faraday is the charge required to deposit 1 g equivalent of the substance.

Let us suppose three different electronic reagfions-
Nat+ + e-—>Na h

1 mole 1 mole 1 mole

Equivalent Weight * Valency

Equivalent Weight x 1=1g Equivalent Weight
Cu* +  2e—— Cwy

Tmole 2 mole 1 mole

Anade half " o
cell Cathede half cell

Fig: Galvanic or Voltaic Cell

in*2 // Cu*'?/ Cu
Cathode
2action is

:
\ s
scuid S
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U
: 1 +077V
Equivalent Weight x Valency ) , -yl 2= _
Equivalent Weight x2=2g Equivalent Weight Iv If:':f"';l‘,; =+ 0.152VFEQ K .
Co*** + 3¢ — Co pos /- S e — S 2Fe" 4+ gpu2
3 mole I mole 1 mole ra Rcdueﬁon
s e i B M T I&’%:]-—'
ivalent Weight x 3 = 3 g Equivalent Wei . ivalent ok
;‘-3::&'1 the:e thr:f' reactions we can conclude that to deposite lg eq“;:; e:' u oll rl"m“gn J/ St / Sn*
substance we need one mole of the electron. Therefore, 1 faraday E: £¢€ 1s nu; CE. 1 Fe” Cathode
equal to charge on one mole of the electron which is equal to 96500 \t.'todf' ol i.e. Eoet = Ered (cathode) - go,_, (anode)
1 Faraday = 1.6 x 10-1% C x 6.02 x 102 = 96500 Coulomb Lo pof €8 = (+0.15-0-77) ;
6 _ym tinguish between (a) electrolytic and voltaic cells (b) oxidation and oxid En =062V
% S221.0.Mo.2q Distingu - ith acids in the foll 1% :
Four metals, labelled A, B, C and D react with each other and w:'::;r:c‘lM HEL oA \e reaction d?es not ochr Spontaneously because o, is —ve.
displaces only C from solution. Only A and D d::al"hfe hy::z'?riet; series with hydrogen! {en<e” 2Ry ufly Tt 5k 4 g
will displace D from solution. Arrange the four metals in an I et -7 I .
T Reduction ;
= . —
a. Distinction between electrolytic cell and voltaic cell e %_I‘
[ Electrochemical Cell( Voltaiccell) | Electrolytic Ce _tion is .
i is the apparatus in which ¢ -l notat! // Fe*3 [ Fen
1. It is the apparatus in which a | 1. Itis the apparz it cell y St . ‘
chemical redox reaction produces decomposition reaction is ca gn*? Cat & . _
electricity. . by electricity. _ ‘,\nud? cell i.e. Ecen = ECreq (caihod‘e) = E%q (anode) = (+0.77 - 0.15) = +0.62 V
It converts chemical energy into ( 2. It converts electrical energy , Emf ‘:1 the reaction occurs Sponlaneously because Eogy is +ve.
chemical energy. - ’ Hence: i«

A
1 electrical energy.

b. Distinction between oxidation and oxidizing agent:

|

Oxidizing agent

Oxidation
1. Itinvolves the loss of electrons. 1. It is the chemical substance wi
oxidizes other substance but red
itself.
2. It oxidizes others by .

E Positive charge increases in th ]

oxidized species. i electrons.
" According to the question, B displaces only C from solution, Only A and D di
hydrogen. B should be above than C but below than hydrogen in the seris. Thus

series of metals with hydrogen are
H>B>C
Again, A and D displace hydrogen from acids i.e. both of them should be above
hydrogen in the series. '
D >A >H>B>C
Again, none of the metals displace D fro
_Therefore, the arrangement of metal accordin
p How is single electrode potential
reactions occur spontaneously?
i. 2Fe*2+Sn*— 2Fe*1 4 Gpn
ii. 2Fe* +8n*2——; 2Fe*2 4 gpu
Given standard reduction potentials of )
Fe*/Fe? and Sn*/ Sn?* are + 0.77V and + 0.15V respectively. :
The single electrode potential is originated by the separation of charges between th
netal electrode and its solution. When a metal is dipped into a solution of its own ions,
he metal atom ionizes and the jons pass into the solution leaving behind the electrons in
1e metal surface. This process results in the separation of charges. Similarly, if the metal
ns have relatively greater tendency to take electrons from the electrode, the process is
versed which result in the separation’ of charges. This causes the origin of single

«ctrode potential. .

]

i

m solution i.e. D should be at the top of series,
g to the reactivity are D>A>H>B>C =

originated? Predict which one of the following

a¥

!

b (5]

23] State Faraday's laws of electrolysis. Establish relationship between electro-
quivalent and chemical equivalent. 0.197 g of copper is deposited by a current of 0.2 A in
Calculate its electrochemical equivalent. [2+142)]

e
inutes. g
e £ electrolysis: Please refer to

ch

50 i 50

Farada)’slaw hemi ival nd chemical equivalent (E):
onship between electrochemical equivalent (Z) and chemica q

ti ;
rlinow from 15t law of electrolysis,
e :

“’s th .
f1=1Aand t =1 second

e 1 lysi
we know form 2nd law of electrolysis,
w*'E

% = constant » _ N
Let, W; and Wz are the amount of substance deposited or liberated and Z, and Z> are the
efet:lrochemicél equivalent then .
According to 15t law of electrolysis
Wi=Z,and Wa=Z>

Combining both relations,

W, Z g
A - () :
Similarly, according to 20 law of electrolysis, _
}El E] - ’
W, E, (1))

Fom equatin (i) and (ii) we get

ZEE::E.E.ZQ E
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Hence, electrochemical equi
' L ] ; I |
by equivalent (Z) of a substance is directly propo
Numerical:
G- .- )
Cwen, Weight of copper deposited (W) =0.197 g
urrentinampere (1) =0.2 A
'}ls":me taken (t) = 50 minute = 50 x 60 = 3000 second
ectrochemical equivalent (Z) = ?
We know that, .
W=2ZIt
or 7z W __0197
. It~ 02 %3000~ "-ONH2=32 %1045 OV,

Hen i
. c:;:l::e electrochemical equivalent of copper is 3.2 x 10*
lhE o ;xq::ozg State Faraday's 2% law of electrolysis. Equal amount 0
e e :::t;l:;lon of trivalent metallic salt and dil. H250s. The volume of Hz
atomic weight of the metal. e e S i
™ Faraday's 2nd i |
s r)ircal: law of electrolysis: Please refer to 072 SetE QNo 24
Given,
Volume of hyd i
ydrogen liberated (Vi) = 96.5 mL
I']_;emperature (Ty) = 27oC = (27 + 273) = 300K
Wre§sum of gas (P1) = 765 mm Hg
eight of metal deposited (m) = 0.74
Valency of metal = 3 -
Atomic weight of metal (M) =?
At standard condition
Temperature (T2) = 273 K
Pressure (P;) = 760 mm Hg
Volume of gas (V2) =?
According to the Combined gas equation,

Plvl L PQVZ
9  Ta~
P\VIT.
765 x 96.5 x 273
or, Va="5z 300 = 8839 mL _

Hence, the standard volume of hydrogen gas is 88.39 mL
We know that, ’

22400 mL of hydrogen gas = 2 g of hydrogen gas

2
1 mL of hydrogen gas = 52350 & of hydrogen gas
: 2

88.39 mL of hydrogen gas =755400 * 8839 g of hydrogen gas

=0.00789g

Hence, the mass of hydrogen gas liberated is 0.00789 g
Equal amount of current was passed through an aqueous solution of trivalent metallic

salt and dil. HoSOs. Faraday's 2 law of electrolysis is applied.
Weight of hydrogen gas liberated Weight of metal deposited
Equivalent weight of hydrogen = Equivalent weight of metal

"W
KL mass o

s

. T
Eleclrnchms"‘f L

0.74
- -""-————._-_._-___--__
<9 _ Equivalcht weight of metal

el 1.008 x 074

I at weight of metal =
¢

000789 = 94.53

al

 thals : ‘
[ metal = Equivalent weight x v
ic weight of metal is 233321 amilenq (9453  3) = 283.61

.-\“‘::_‘: the ator’ — c3.01 i
W grpate b1 g of Auminium Whe?

How many nember of coulombe e meirad & Jeonal
reaction is: AlY* 4 3e A s are required to deposit

c[rﬂde i

e‘-pl‘l r(.ncuor\ 15
||u-].'.l L, e — Al .
Al 3 mole

aluminiumion requires 3 moles of electrons i.e. -
1..mil"i“'" = 3 mole electrons
1

I |luil‘lillium.—_—.5_i
e

mole electrons

2
minium requires 9 moles of electrons.

3 .
L alu minium x 81 mole electrons = 9 mole of electrons

s gotetd
g charge 96500 coulomb :
having charge 9 x 96500 coulomb = 868500 C -

81 gofAl‘Jintoi\l‘__ Al
= jvalent. A

, that: .
R ctron havin

¢
| nl: ;oif‘ of electron
4500 coulomb charges arédrequired to deposit

f‘-ﬂ. 7 ‘[ X _36

ihensét-# 3o, 25 Distinguish between electrochemical equivalent and chemical equ
1 =i spoon IS coated with silver by passing a current of 5 ampere through AgNOs solution for 5

md’wml is the thickness of silver plating if the area of the spoon is 12 cm? (density of silver is 1(;.:}
rs: i

al equivalent:

-3)7

ction between electrochemical equivalentand chemic
" Chemical equivalent

1. The mass of substance deposited
f charge is

cm )
Following are distin ;
> E[gctmchemical equivalent

~—The mass of substance deposited or
1. iberated by one coulomb of charge or when one. Faraday of 4
f current passed for one | passed through electrolytic solution.

2. Itis denoted by E

59(011(1- -
Itis denoted by Z

1

L one ampere 0

I\-umerical:

Given: {1} -5 A

t'nrrvnl
Time (1) = 5hrs=

f spoon (A)

(5% 60 % 60)==13000second
=12cm? ’

Arga 0
=105 g em? ' . ;

Density silver (d)
of silver (E) = 108

Fquivalent wt. . !
Weight of silver deposited (W) ="

[hichness of silver plating =?
iwe know that,
w=2ZIt

e
or, W =500 * It

108 \
o, W="3es00 * 5 x 18000

o, W=100.72 g
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Hence, the weight of silver deposited (W) = 100.72 g
We know that,
Mass

Density = Volume

Mass 10072
or, Volume = Denity =105
We know that,

Volume = Area * Thickness

Volume 9.59

or, Thickness = Arca -—1i'=0.799 cm

Hence, the thickness of silver plating is 0.799.

52. (2069 (Set B) G No._ 4 Convert the following:
i. Charge of 4.0 x 102 electrons into coulombs. ! il
ii. Chemical equivalent of Magnesium into Electro chemical equivalent.

™
| i

! 18

=959 cm?

We know that, -
1 mole of electron = 6.022 * 102 electrons
1 mole of electron = 96500 coulomb
.So, 6,022 x 102 electrons = 96500 coulomb
————_%500 x40%102C =6409% 107C
4.0 x 10 electrons = g9 x 102~

i Equivnient weight of magnesium metal (E) =12
Electro chemical equivalent (Z) =?
We know that,

2 1.24 x 104gC

= =

between electrochemical equivalent and chemical equivalen!
deposited at cathede by passing a current of 2.5 ampere throug|

30 minutes. What is the atomic mass of € ?
to

= Faraday's first law of electrolysis: Please refer
Relationship between electrochemical equiva
Please refer to
Numerical:
Given,
Weight of metal (W) =1.52g
Valency of metal =3
Current () =25A
Time (t) = 30 minute = 30 x 60 = 1800 second
Atomic mass of metal = ? . ¢
Equivalent of metal (E) =7

o

63. eF;naa_fs first law of electrolysis a_nEwriie the math:
t 1.52 g of a trivalent metal

h its salt solution {metal sulpha e

lent (Z) and chemical equivaleﬁt (E):

Electrochemistry 1

pow thﬂtri ht of metal = Equival,
nic W€ B alent weight x Valen

=32.59 x 3= 97.78
a wmi—r_rﬁe_i&tli(_)! metal is 97,78 amuy
4 Define one Faraday's electriciry 1o~
gNo. 2 ectricity, 4
o::i g tray by passing electricity through um::n
e What is the area of the tray, If thickness of
amP® ) . (Atomic mass of Ag=107.3). the

is Electricity: F; e gkt
raday y: Farada :
ne Fa \ Y is the quantity of charge which will deposit one gm

nt of the substance. ie, 1 Farag
< of charge deposit 1 SGQHivalen::u;:t::::ge i e il

"
A I’\[nl cy

i I‘.n('rr
Y grams of silver could be plated out on &
of Ag (1) salt for 8 hours at a current of 9
silver platting Is 8.002 cm? Density of sllve;

[5

=

i

oquive le
ot jomb .
e of charge deposit 7’35-%5
rical: .
Given Current (N =9 A _ .
rime () = 81rs = 8 * 60 60 = 28300 secon
rhickness of silver platting (1) = 0.002 cm
pensity of silver (d) =10 g /em3

Atomic Mass =107.8 X

yalency = 1 R [ g
II_L]ui\'i‘]?“t weight of silver=107.3

_107.8 x 9 x 28800

e know that,

- w=2it=" It 96500 =28874 ¢
Mass of silver (m)=28874¢g
o i Volume of silver v)=1?,
ematical rel we know that,
& m
i d="
m 288.74 i 3
of, \-=-E=—'—"m =?8.874 cm? §
We know that, 3
Volume = Area X thickness
) Volume 28874 3
Area ="ickness = 0,002 14437 cm
Hence, the weight of silver deposited is 288.74 g and the area ‘of thikness of tray is 14437
cm? )
. [2056 0. No. 24 Define: :
i Electrochemical cell :
ii. Equivalent Conductance ‘
through the solution of a metal sulphate for 30 minutes and

A current of 2.5 amphere passes

deposits 1.52 g of metal at cathode. Find the equivalent weight of the metal. 51

by
i. Electrochemical cell: The arrangement of cell in which two electrodes are fitted in the

“same electrolyte or different electrolyte which is connected with salt bridge is called

electrolytic cell.
ii. Equivalent conductance: The col
equivalent of an electrolyte in its 5o
Numerical *
Given,
Current (I) = 2.5 A

nducting poﬁer of all ions produced by 1 gram
lution is called equivalent conductance.
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Time (1) =30 minute =30 ({]]s; 1528
Weight of metal deposm'd ( )=
Equivalent weight of metal (

We know that,

E
W-th-'fll

or, Wx F=EIt

WxE_152% %5036
Dr E= It - 25x ]s‘xl
1{1;1[’

hto! m I
So, the equiv, Melg edroh"" g elec rcity through itin 10}
66. 206 State Far:daf Lo 5045| on by pass
whole mpperfmmﬂrl-rW” verated tatiEER
S Ry SRR cfdm'lmsb tance o deposit ited ml‘f |II sctricity P"l:sle “i
" su ele i

Slaterr:em: Tgle a:‘:m:‘nr;pimf‘""l to the quar ntity © 3
electrolysis is directly . {
solution” geposited Y the passage of Q coulombs of ¢}

If W be the weight of substance - * i
W a Q where Qisthe quantity of (h':wc.msh' at called Electrochemical Eqy

W = Zct Where, Zisthe prOP"mma : Q

d thenc ="y

If c be the curlrenl in ampere and 't

or, Q=ct

When ¢ = 1 ampereand t =1 second then

w=2 is defined as
) tof a substance
Therefore, the electrochemical equr alen © crode during electrolysill

ted at either of th

substance in gram d?POSI
: die. 1 coulombs charge:

ampere current for 1 secon
Numerical
Given, Volume of CuS0s =1 litre = 1000 mL «
Coner of CuSOs=1M
Time (t) = 10 minute = (10 x 60) = = 600 second
Molecular wt. of CuS0; =159.5 g
CuSO; ionizes as
CuSQ; === Cu**+50s"
Cu** + 26 — Cu
Imole 2F 1 mole
1moleof Cu=635g
1 mole of copper is deposited by 2 moles of electrons.
63.5 g of copper is deposited by 2 F of electricity
=2x%96500C =193000C
Electricity required (Q) = 193000 C
We know that,
Q=1

Q 193000
or, I="F == 10— =32166 A

So, 321.66 ampere of current is required to deposit whole copper from II

CuSO, sa!utmn

pat ¢ current strength is reqy

+ be the tme mn secon

i

Co

.= C %, go012

F TRV WI LA R Ty T

gecropomist 17
e
ific resfslaﬂ‘-'
_ Calculate the equivalent conductance of 0.1 N Kel suluﬁun ha\*lng spec [2
Sy Ohm cm".
Given
ecific resistance (p) = 83.3 uhm cm! ;
Non‘lh‘l]ll} of KCl=01N
gpecific conductance (k) =7
quive -alent conductivity (o) =7
% know that, 1
gpmftc conductance (k) == 83.3 =0.012 ohm-'cm-!
’ _Kx1000 0,012 x 1000 :
Equwjlont co.nduchnce (heq) s 120 ohm-'emZequiv-!
x Calculate the equivalent cc i olyt e
G062 equivalent conductivity of 0.12 N Iyte, whose
T iy ity of 0 solution of an electrolyte, .

co!

Can(enkmt:on of solution (C)=0.12N = =0.12 equivalent/dm?
nductivity (K) =0.024 S cm!

Equ.'\nlent conductivity (Aey) =?

kl‘lﬂw that,

K= 1000  0.024 x 1000
= 200 Scm2 eqv-!

 Hence, equwa]ent r:onductwny 0f 0.12 N solution is 200 Scm? eqv-'.
w Find out the molar conductivity of 0.01 M acetic acid having specific ific conductivity

146 % 10+ ohm'! cm' mol, 2

Given,

] Concentration of acetic acid (C) = 0.01 M

Sperific conductance (K) =1.46 x 10~ ohm-'cm'mol-!

Molar conductivity () =? )

Wwe know that,

K x1000 1.46 =10~ %1000

W CETM 0.01 =14.6 ohm'! cm-'mol”!

Hence, the molar colductivity of acetic acid is 14.6 ohm-lcm'mol-!
0. State and explain Faraday's laws of electrolysis. How long a 1 a current of 3 ampere has
to be passed through a solution of AgNO; to coat a metal surface of 80 cm? with 0.005 mm thick
Ia\,‘er'r' (Density of Ag =10.5 g/ cc). ) o]
« Faraday's laws of electrolysis: Please refer to 072 Set E Q No_2§
Numerical: ;
Given,
Current (I) = )
Area of metal surface {A)=80 cm?
Thickness of metal = 0.005 mm = 0.0005 cm
Dendity of silver (d) =10.5g /cc
Equivalent wt. of silver (E) = 108
Time required to deposit metal (t) =?

We know that,

Volume of metal = Area x Thickness = (80 x 0.0005) =0.04 cm?
Mass of silver deposited = Density Volume = (105 x 0.04) =042 ¢g
According-to Faraday first law of electrolysis
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W="ZIt
w w 0
or, | = ar———— 42 042 042
Z1 E = = - =125.37 second
96500 % | _‘ms_x3 1.12x103x3 - 335x107

H : A
___enﬂi____tmﬂ'eq“"ed to deposit silver metal is 12537 5eco_n_d;
71. 957 QNo_ 74 You are given standard reduction potental of Cu*’iCu and Fe'UlFe as + 0.3
b UMV mm.”'. _ .,.
:’ %’m“ a galvanic cell indicating anode and cathode '
- Write the cell reaction and calculate the standard emf of the
= Given,”
Ee cﬂ‘szn =+034V
Eoreype =044V
Galvanic cell can be constructed by using

(-l'lcr-n!rlrﬂnm ;

these two electrodes as:
Comvention direction of current

Salt brudge

CuSO, solution
Cu electrode |
Ancde half cell Cathode hall cell
Cell notation is
Fe / Fe2 // Cu?/ Cu
Anode Cathode

The cell reaction is
" Fe+Cu? — Fe2+Cu
Emf of cell i.e. E%n = E%et (cathode) = E%ed (anode)
—+034 - (-0.44) =(+034+044) =+078V

e, the emf of cell is +0.78 V.

How many coulombs of electricity are required to “discharge 0.1 mole of
I i 4

e — Na

1 mole
jole 0.1 mole
Thus, 0.1 mole of electron is required to discharge 0.1 mole of Na*.
We know that,
One mole of electrons carry 96500 Coulomb charge. ‘ff
So, 0.1 mole of electrons carry 0.1 96500 C =9650 C charge.

WRITE S ;
73. [EO8ZaNe.3(a] Faraday's laws of electrolyss
» Faradays Law of Electrolysis: Michael Faraday

aspect of the decomposition of electro

amount of the substance deposited at the electrode. His résult can be expresse

d in
form of two laws called Faradays law of electrolysis. ; .

in 1833 introduced the quan,ié_
Iyte by passing an electric current through tf
He established a relationship between the amount of the electricity passed and’

Electrochemistry 123

s First Jaw of electrolysis:

pate ent: Tlﬂl;t-,,;:;‘l?ut:: olzurrlrimbs]m|ce deposited or liberated at electrode during
'“I\.tr*‘l)'sls is directly proportional to the quantity of electricity passed through the
Lot ight of substan i : ”
W the weig ce deposited by the . s
“.“Ih where, Q .5 the quantity of ch“;'y passage of Q coulombs of charge

::: o et TG Z is the proportionality constant called Electrochemical Equivalent.

arad

. pe the current in ampere and ‘t’ be the time in second then ¢ -2
L . t

g :
2*% _1ampereandt=1second then,

ks jrt1fare,‘m? "Ie“;"“h‘:’mi‘ﬂ equivalent of a substance is defined as the amount of
P tance in gram eposttedlat either of the electrode during electrolysis due to flow of 1
wb* o current for 1 second i.e. 1 coulombs chafge_
second law of electrolysis /

t: If the same quantity of electricity is allowed to pass through the solutions of

olectrolytes, then the amount of different substance or ions deposited or

ympe
}'J[Jd-’."'s

;t_,wmen

.::i|"""‘Ii ;

I‘ll"‘-‘rdh‘d at r_espethve electrode are proportional to their chemical equivalent or
Ui alent weight.

:med“""”!"

" f l X

W = KE

W _ g (Where, K = constant) \

P s

et us suppose two different electrolytic solutions i.e. AgNO; and CuSO; through which
(ame quantity of electricity is passed then, e

Wy *# Eag - () 2

Weo # Ecu (ii)

Erom equation (i) and (ii)

E—-\-' = Weu

E. Ecu

Wi _ Eag

Wes  Ecu _ B
This equation can be used to determine the equivalent wt. of substance.

aoa




ERY SHORT ANSWER

» The Measurahle

UESTIONS [2 MARKS]]
Define state function. Write an
ol g g Property of a svstem which depends only u

- ‘tion, Exampln: pressure and volume.
Q No. g 5p ] B
By o Shie the first law of th

TEY can neither
form 1., :

9
Y two examples of it,

2,

Aoy
State the first law of th
ation,

075 GIE Q Ng =
Point out its limiy

(o

175

Energatiea of Chamieal Reactions
Cs (‘, e —— r“, ' m M
1 muske
Hp

Oy rl"([l'im 93 k| heat energy
y = i

B .
J ( (O requires

L]
T Nk = 29475 k)

aly - -
) L 20475 k] heat enerpy is release UPon the formation of 14 g of COs from eatbon
He™ I L~
W Y o fine standard ' of fors .
M crcaNo mlpyu'mn‘ﬂh.ﬂm fallawing reaction is
:@%ﬁ.e standard enthalpy of bmﬂuﬂﬂr',oi e
1648 1 + 101 (g) — 2Fe;0y(s) il
1‘l d Enthalpy of formation, The Quantity of heat change 1s involved when one
f chenmical substance s formed  from its constituent elements s known as

=
e IVE

VO (8) = 2Fei04(s); A" = + 1ug kI
0 .

pres) H® Fes0O

¢ ow that

e |>._|1 \\f‘l > product = AH® Rearam
\H’\: L = 2AH° Fe;0:- [0+ 0]
L

' = +824 k mol!

1648

™ First Law of Th . H FexOv="2
er : \ : .
thermody namic rrtmm:d ::ar:‘}:::n::rm‘-u::‘t :m:h ok -rnrrm y ﬁ,- e, the standard enthalpy of formation of Fe0yis + 824 kJ mol. f formation of
z & " k. 0 -~ L “' LR .
LB This means that heay energy cannot be created n: df::::::f “ s LD AL fih:tml:t?:::la::i:nbn;ﬂ:y oi:unh:o::m;ﬂh:?m ° (141)
lei“.".m"— First law does not Pfﬂ-\'ld{‘ a clear idea abouyy U.l(‘ d‘irwltinn of absg ! ;mmonia : 4}5"_'*‘“J i Ziﬂh(gl - :
evolution of heat. The infnrmahnn’s provided by the first law of thermod «, N-‘Wl']m{gf formation: The quantity of heat change is involved when one mole of

no .
. tenough 1o predict the Spontaneity or feasibiliy: of a process

7S Set A QNo. G - —
function7 ———— D*fine the term ‘internai energy. Why is the internal energy of 5
>~ Internal ehergy: It is def;

random, disg
Nergy of ideal pases i 4 function of lemperature
al gases s 4 function of lemperature, pressyre and volume
'nds on quantities. Thus the interng) “nergy of the system o
_ Sstem It is therefore state function ‘ .
5. [2075SetB ane. Define enthaipy of formation givin
> The heat change when one mole of a substance is tormed from
natural states is called heat of formation or enthalpy of formatj,,

internal enerpy of g
internal enerpy depe
on the state of (he

s own elements in th
n"Example:

1
Ha(g) +30x (g) — 11,0 (. AH = - 28624y

) Distinguish between extensive and

7 Following are the difference:
Extensive Properties
1. It depends on the nature and amount
of substance.

intensive properties with, an example of eac

| Intensive Properties

LIt only depends o, i
! substance but not en the am
| 2. Examples. density, py -:-;;_Lf;

Nature g
ount.

| 2. Examples: Volume, weight T .
' Define enthalpy of combustion. Enthalpy of combustion of carbon (5 COx is -393
kJ/mol. Calculate heat released upon formation of 33 g of COz form carbon and oxygen, (141

hen one mole of

of ¢ ombustig,

Enthalpy of combustion: The quantify of heat :‘l?ange nvolved w
chemical sub;iance is burnt completely with oxygen is called enthalpy ¢

P

py 0 * : i '
~ E"”m”{ substance is formed from its constituent elements is known as enthalpy of
J‘.-'””“l

apation. It is denoted by AH.

\iven reaction is

. Hz(g) — 2NHs(s); AH° = - 46 k]
S H° NH,
L

? |X|||I!.‘\\_|||‘:\- (ll'l:::'l;;:‘ alfreacke = ZAH:' NH; :I;[g :lolll:)lin e
YRt iy ks s 4
" ‘Ulllﬂvrlr;?!:iﬁt:::litﬁig]}(: [opt(llgia:i.;:;“::ﬁ Lnf‘ ﬂ;::ﬂn;.ﬂ. The enthalpy of formation

AH  -136 .
Pwater e AHLGHEO =‘-i"'_""2 -68 KCal

ation of water is -68 KCal/mole.
fence, the enthalpy of formation o KCal e
" 112 8¢t € @ No. § Distinguish between enthalpy of combustion and enthalpy

« Tollowing are the difference
Enthalpy of combustion
[ | o n
I Ihe amount of heat changed wht'l
one mole  of any substance 13
completely burns in air or U!Ytl%“"l
called heat of combustion or enthalpy

The

(141]

Enthalpy of formation L
[. The heat change when one mole !
substance 15 tormed from its owl
elements n their natural smtt:: is
called heat of formation or enthalpy

of formation.

of combustion.
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126 A Camplete NEB Solution To Chemistry -XII <1ate Hess's Law of constant heat surm
state Hess stant heat summation.

2. Exa : .
CH::-P;E.)Z —CO; + 2H,0 2 Exfinple: e r-“ The total am:;u:l of heat change in a reaction depends only upon lh[,l “ntz:ﬁ
AH=-935 Hy + 5 O;——HiO  Gal¢™ jal reactant and the nature of the final product and is independent of NP
.5k] 1t3 " L 7 ner by wlm:.h this change is brought about.
AH = - 286.2 kJ ‘-l (ht ﬂSi‘-lcr a reaclion

12. BO72'5e(D GNo. § What is meant by state function? Give Its example.
™~ Please refer to

e T 0 ESTH BRLE AL N, ¢ s

1. Distinguish between intensive and extensive property with examples
™ Please refer to ]
e 0y . ' I

et A———D
it A changes w ]:froduc‘t D ...one step and heat change is Q KJ.
(he o€ clhe same process is carried out in three slei)s.
158 i
auf a qi B ]2 C @ .
T ST - \ ot . ‘ N
" The enthalpy of reaction for Nz (g) + 3Hz (g) —>2NHs (g) is - 92.4 ki i‘{. the heal golvad in ﬂle-'»ei“f?s are q;,q2qs. The total heat evolved = qi + G2+ @
e enthalpy of formation of ammonia . PP ess's Law, Q=qi*+ @2+ gy A
. : Jing e3> = ——— 2 NG vy SN
® Enthalpy of formation is defined as the amount of heat energy released of ! ,-\“"‘ltuo ~51) Define the terms: Enthalpy of a reaction ' (M
during formation of one mole of a compound from its censtituent elements. In nnlf'nt of a system is called enthalpy or heat content of reaction. It is

rt:aﬂion, two mole of ammonia are produced with the evolution of 92.4 k] he t e :j l”ml Cntf‘t] by 1[:9__‘____5\:1111)0____] LR definsfl_'iis_reﬁl_a_ti(ln____, e e iEr ey

N2(g) + 3H; () — 2NH, ®; AH=-9241 i epres = 17] How Is free energy change of a reaction related to enthalpy change and e“l"’{?i
, dH -924 + B

The enthalpy of formation ammonia i.e. AHNH; = > =3 =-462k P pange hange i.e. AG of a reaction is related to entropy AH change and entropy AS

e energy €
@ Free o ‘-}G"‘ﬁH TAS . .

"h"ﬂl;.l-f;rt‘ﬂfe of AH change and AS change at constant temperature is free energy

TI“‘ dt . )
changé ;w 7 Draw energy profile diagrams for exothermic and endothermic reactions.
@/:'] diagram of exothermic and endothermic reaction:

Y-axis
3

!jl_e_nc_u_e,‘enlha_lgy_: of formation of ammonia is - 46.2 kJ.

15. Eor; Supp. Q.No. § Distinguish between extensive and imnsﬁﬁ?&peﬂki _givfng one
each.

* = Please refer to

16. Define state function and give any two correct examples of it. -

> Please refer to 5 .

17 State the first law of thermodynamics and wrile_il;ﬁ'l_ail;en;alt}q;l relat

™ Statement: Energy can neither be created nor destroyed but can be converte
form to another. ¥

AE=Q-W

This is the mathematical represtentation of the first law of thermodynamics. -

970 Setc G o Define the tems: Ty

i. Extensive properties ii. Internal energy

2]

" qg\
5 Enerh?

. pr(!ﬁll"_‘

T S S

Energy.

E.f
Eb

Reactant 1
Product

. — X-axis
o T Reaction

1 Fig: Exothermic reaction

—

18.

m
2
)
=
2,
<
"
2
=]
=
1]
2
I
0
>
=
3
=
b
=
:"
=3
-
'g-
]
o
@
]
3
=
o
o
B
g
a3
o
)
a
o
=]
(=]
=3
-
=

substance is known as as extensive property.e.g. volume, weight, quantity of current |n exothermic reaction, energy of the product < the energy of reactant.
"

ii. Internal energy: The total of all the possible kinds of energy of a system is called its
internal energy. - ) v i

19. 2069 (Set A) G.No. § [2069 (Set B] Q.No. § Calculate the enthalpy of formation of NH; from the
following equation. . '

Change of energy {QE) =E product = E reactant
= -ve value

Y-axis
A

Na(g)+3Hz(g) === 2NH: (g), AH=-186kJ. .
* In the balanced chemical equation 2 moles of ammonia gas i§ formed. The enthalpy
-186

formation of ammonia i.e, AHINH; = 2 2 =-93 kJ

Energy

Hence, the enthalpy of formation of ammonia is -93kj/mole. __

20. [2069 Supp. Set B Q.No. § Under what conditions,

‘i.  reaction occur spontaneously
ji. free energy change become zero,

= We know that, ’
AG=AH-185 ' f
For spontaneous change, (AG)rr. <0
|I_/Undf,-r equilibrium conditions (AG)rr =0
a ¥

] Reactant )
—  X-axis

Reaction coordinates

0 —p
Fig: Endothermic reaction

In endothermic reaction, energy of product > energy of reactant
Change of encrgy (AE) = E product - E rescum = +ve value

i

£ Pl
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2s. Define exothermic and endothermic reaction.
~ Exothermic reaction: The reaction in which cis i i
reaction. Example: ch b oty i liberated 1£ ﬂ.‘“ed
CHi+ O; —— CO: + 2H:0, AH =- 8904 k]
Endothermic reaction: The reaction in which heat energy is absorbed |
endothermic reaction. Example: ' ;
Hz + l;—— 2H], AH=+3522k]

26, State Hess's law of constant heat summation.

> Please refer to s

2. b State whether the following properties are extensive properties of inten
a. Entropy b. Temperature

»a. Entropy: It is extensive property because it depends uiﬂ on the
the measure of ramdomness or disorder of a system.

b. Te:;nperalure: It is intensive property because it does not de
water.

28, Define bond dissociation energy. The bond dissociation energy of Ha (g
(g) are 435 KJ/mol and 243 KJimol respectively. The enthalpy of formation of HCI (g)
Calculate the bond dissociation energy of HCI (g).

~ Bond dissociation energy: Bond dissociation energy is the energy required
rll\(’mi(.il bond. It 15 one means of quantifying the -stn’nglh of a chemical
dissociation energy equals bond energy only for diatomic molecu les.
Numerical: ;

Given,

The bond dissociation energy of Hz (g) = 435 KJ/mol
The bond dissociation energy of Cl: (g) = 243 K]/ mol
The enthalpy of formation of HCI (g) = -92 KJ/mol
The bond dissociation energy of HCI (g) =?

The balanced chemical equation 1s

amount of substan

pend up on the quaj

1 1
3 Ha(g) + 3 Cli(g) — HC (g)

We know that
Enthalpv of formation of HCl = (Bond “dissociation of reactant - Bond dissociatic

product)
R 1 » :
AH of HCI = [E.‘\I{ of H: + 5AH of Cly] — [ AH ol HC)

1 1
or, -92K] =[5 435 K] +3 » 23K]] - [ AH of HCJ

or, -92 K] = [217.5 + 121.5] — [ aH of HCI]

or, -92KJ =[339] — [ AH of HCI|

" or. AH of HCI = (92 + 339) = +431 K] /mol

Hence, the bond dissociation energy of HC! (g) is +431 K]/ mol
€ G.No. 29 State enthalpy of combustion. Hf heat of formation of COy, H,0 and CsHy

i

29. [076 Set
395 KJ mol, —269.4 KJ mol-' and -1169 KJ mol-' respectively. Calculate the heat of combustion
glucose. ) ,
S Enthalpy of combustion: ‘I he amount ol_hﬂl changed when one mole of any subst
is completely bums in air or O¥YEES is called heat of combustion or enthalpy:
combustion-

Energetles of Chemical Reactions 129

\Ilﬂ‘c(it“l“

Jation of CO2
_——» COs(g), AH = =395 k] i)

4ol
L.l\'
e wol {ortt
i b

et 2 0ug PO =-200K) (i)
e  formation of CsH12Os
L i)

at @
HeL o+ 6H2 (B)* 301(g) —> GeHinOs, AH = -1169K)
f heat of glucose is as
5) + 601(g) — 6COu(g) + 6H0() + 8H, aAH =?

Illfo"'( 2 o
(i) and (i) by 6 and adding together, the resulting equation is

y pquﬂliﬁl’l

\1: ll:llt:'ltlt_‘d from (iii) then we get,
W s O SCHRRH= 23704
A iode P SEOD R TON
- S bt (@) + JOUEE S SO 0N, UH = AR O
< btracting equation (iii) from (iv) then we get,
:c (s)+ 6H2(8)* 90,(g) —* 6COs(g) + 6H:0(1), AH = -3984 k]
sC(o) 6 ®" 30:(g) — CsHi2Ou, AH =-1169K)
= - +
40:(8) . 6COs(g) + 6H0(1) - CeHnOs, 8H =-2815Kk]
oo CHnOu+ 60:(8) — 6COs(g) + 6H:O(I). AH = -2815k]
The heat of combustion of CHuOyis -2815k] A
zg?!.- s;i_B o 24 State Hess's law of constant heat summation. Heat of combustion of benzene
" o) i 3280 kJ. Heat of formation of CO; and water are - 395 kJ and - 286 kJ respectively.
[alculate the heat of formation of benzene. [144)
. Hess's [aw of constant heapsummation:
1 amount of heat change in a reaction depends only upon the nature

gtatement: The tota
of the initial reactant and the nature of the final product and is independent of the path

or the manner by which this change is brought about.

onsider a reaction

Let us
.-\—-'"9'—_' D

The reactant A changes l%‘
Suppose, the same process\is carried out in three steps.

roduct D in one step and heat change is QKJ.

q . Q@

A —+ B R;“p - C —D
Suppose, the heat explved in these stepsare qu. qx qv
According Hess's LawQ=q+q+ ]

Numerical:

The total heat evolved = qurgeryy

Given,

Ihe enthalpy of combustion of benzene
The heat of formation of CO2 AH (= -3%5 K

The heat of formation of H:0 AHy = - 286K

The heat of formation of benzene (CoHa) AHI=?

Ihe oxidation of benzene is given as:

(CoHg) AH, =-3280 k)

GHa (1) + % 0 (g) —3 HO() + 6CO: (g)



(kR
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2 (S)H__’COz(S)'ﬂH‘-‘HKCaI
+O2

@ 1o () — MO (). aH = - 68 KCa] x 2
+2

130 A Complete NEB Solution To Ch y-Xil

We know that .
- AH. GgHs = [ 3 x AH; H:0 + 6 x AH,CO; - AH¢CoHg)

or, - 3280 = [3 x (-286) + 6 x (-395) - AH;CeHy)
or, - 3280 = [- 858 - 2370 - AH;C,H,|

7)
2 (& S i
. 204(8) * €6) T CO2(g) + 2H,0 (), AH = - 230 KCal i)
2 (8 s equation (i) from equation (iv) then we get

? by 3
" 20xg) * C6) —> CO1(g) + 2H,0 1), AH = - 230 KCal

or, - 3280 = [ - 3228 - AH,CeHy]
or, AH¢CsH, = 3280 - 3228 = + 52 k] sul
~Hence, heat of combustion of benzene is + 52 kJ. . . gt s +20:(8) — CO2(g) + 2H;0 (1), AH = - 210 KCal
M State enthalpy of combustion. If heat of rurmatiorlr ?i ;?ﬁ:ﬁf ' ot ’ - +
;f::o'::_mﬂl". ~269.4KJ ot and 1169 KJ mol- respectively. Calculate the heat i e . T CHie)aH=-20KCal
2t I;l’i'-) tof formaliﬂt‘l of CHy is -20 KCal. P S,
e 524 Write any two applications of Hess's law, Heat of formation of ethyl alcohol,
5 K Cal and -95 K Cal. Calculate the he;::;;

> _Please refer to po76 serc ano 2§ —

32. (2074 Set A GNo. 78 What is meant by enthalpy of combustion? If heat of formation of C
CsH1205 are ~395 kJ mol*, ~269 kJ mol and 1169 kJ mol" respectively. Calcula
combustion of glucose (C¢Hs205) ' P

> Please reer o s SHEG T il -
13, beﬁne- boﬂ-&-!ﬂti;lﬁy- The Eﬂd enthalpies of gases Hz, Clz al‘ld HCI ]
mol, 58 Kcal mol and 103 Kcal mol respectively. Calculate enthalpy of formation of HC

|h'l‘|‘-e: ,c__a.—;o.
7258 Zarbon dioxide are -64.1 K Cal, -68
# Wl Sonof ethylalcohol. |

com! Jication of Hess's law:

w0 for
_‘/ IS 1:9 d experimentaAlly. .
i d(,mm! {or the calculation of heat of hydration.

.

determination of heat of formation of substance which cannot be

™ Bond enthalpy: Bond enthalpy (also known as bond energy) is deﬁqed as th q
energy required to break one mole of the stated bond. 1 o Jis “Se.‘a: a .
Numerical: i merlforma tion of ethyl alcohol )
eat of 107200 () C2HsOH(l) + 30, (g0, AH( = - 64.1 KCal

sal
g 01 (g) —— H10 (1); AHf = -68.5KCal -

@) *t2
e ¢ formation of carbondioxide
Heat ® 0, () —— COx(g), AHF = -95 KCal
C {5)t P c’umbustion of ethyl alcohol !
CT;.()H (1) + 3 Oa(g) ———>2COz () +3H0 (1) , A He =?

\\:e }.mcl“' that, .

He=E AHr (product) - ZAH (reactant)

“, 10 =2 % (-95) +3 % (-68.5) - (-64.1) .
" 160 - 2055+ 64.1 = - 3955 + 641 = -331.4 KCal.
heat of combustion of ethyl alcohol is -3314KCal. -~
] Me Law of constant heat summation. The

* The balanced chemical reaction is
: {Olof formation of water

7 A 1
2Ha(g) +3Cl (5) —— HClg) aH=?

Given, i
Bond enthalpy of H—H =104 Kcal
Bond enthalpy of CI—Cl = 58 Kcal
Bond enthalpy of H—Cl =103 Kcal

We know that, s i
Enthalpy of formation of HCl = (Bond enthalpy of reactant - Bond enthalpy of pi

1 1
AH of HCl = [EQH H-H+ EﬁH a-al - IAH H-a1]

1 1
or, aanHCh[Ex 104 +5 x 58] - 103

or, AH of HCI = -22 Kcal mol Hence, 3
Hence, enthalpy of formation of HCI (AH of HCl) is - 22 Kcal. 4 No. 28 Mention the imnorﬁijt.wﬂimﬂo_\ ns of Hess's !
34, oy he ydrogen " tn::u?}d “heat of formation of SOz (g) and 505 (g) are - 296.6 kJ and -336 kJ respectively. Calcula[;

AH for the reaction: : ;
50:(g) + % 0:(9) — S0: (g)-

« Following are the important application of Hess's law of constant he_at s_umma.tmn. A
2 The most important consequence of Hess's law is that thermo chemical equation may

multiplied, added or substracted like ordinary algebraic equation.

34, Define heat of formation. Heat of combustion of methane, carbon and h
are -210 KCal, -94 KCal and -68 KCal respectively. Calculate the heat of formation of methane. [1#4
» Heat of formation: The heat change when one mole of a substance is formed from it
own elements in their natural states is called heat of formation, Example: '
CHy(g) + 202 (g) — CO:2 (g) + 2H0(l), AH=-210K Cal . (i)
Heat of formation of carbondioxide (CO;)
C(s) + Oa(g) — CO: (g), AH = -94 K Cal _ (.‘;}

Heat of formation of water (Hz0) ! Example:

l . 4 v 4 A p £ y
H:(g) +30:2(g) —= HO (1), dH=-6§KC_aI - (i) - c% 0,——> CO, AH=-263Cal, * - .

— | !
(0 +50;, —— CO,, AH = -68 Cal.

Heat. of formation of methane (CH,)
2

C(s) + 2Ha (g) —> CH, (g). AH =72
Adding equation (ii) and (iii) then we get,

TA




A Complote Ngg Soluti

on To Chomlsn, ~Xll
Net re

action
0 —

NHy( g
Mg) + HQ
NH,(Cl(s) + aq{g) > NH

= NH
Net reaction, ol

eat of formatio,
may be ghia; L .
Example: Hined with the help of this Jayy.

Heat of solution: The enthalpy chapn

- Heat of Neutralizati :

Neutraljzed by base,wn g ey change when one gre

(8)—¢
Umerica] 02(8)
Gi\mn,

S6)+ Ong) — 50,(g), ati

S(s) ‘*%Qz(g)*—-—-—-.so

SOq(s) +

Substractin

-296.6 k)
%(8), AH = 396}

] .

2 O2(g) — 503(8)-_£!H =2

. € €quation (i) from, (ii) then we get,
S(s)+5 Oxg) —, SOs(g). 4H = 3961

S(s) + Oy(g) —, SOx(g), AH =296 ¢ k]

+

1 >
2 Oa(g) ——504(g) - SOx(g), AH = _g94 kJ

1
S0,50x(5) +5 Oy(g) SOs(g), AH =994 4y -
__Therefore, enthalpy of formation of SO, to SO,

17 Delin_e—_en_‘th:Ey_of a rea;tion. State

Summation, -

»a. Enthalpy of a reaction: Th
Teaction when the numbers of moles of reactan
CHa(g) + 205(g) —— COx(g) + 2H,0(g), AH =
Therefore, AH = T (product) - H (reactant)
Hess’s Law of constant heat of summation

- Statement: The amount of heat evolved or absorbed in a process s the
Process is carried out in a single step or in several steps.

This law is a mere consequence of the first law of
'I‘heoretical'pmqf: Let us suppose that a substanc

$).8H =421 ka1
9).AH=+39 KCal.

Cllaq), AH = .38 3 kcat

n, heat of

€ amount of heat ene

eutralization, heat of solutj

)

3 994K, ",

Tgy evolved or absorbed jp
t react completely to give the
action. Example:

-890.3 k]

thermodynamics,
e’'A’js directly c/or!verbed into '

a chem_
Produc|

same Whether the
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Z+q
A" Tmg | /
' ; q\a o i

'I—u—-—l""-’
qz
amount of heat evolved o iate steps, shown
yheres 45 159 the system change from A to Z through three intermediate step
supp@ Ll :

;\'{1\\’;

qs are the hea.l evolved in three different steps.
qu :

y > le
where q ‘Hess's Law

.\L-{Ol't‘“"g to
g qQtq
‘]—(]I |+q1+q.\-Q)
gHageDee 3 illbeQ>qorQ<gq ill gain heat =
i g @0 w::hanging A to Z through different steps and baCkft c;ﬁa:‘ "will be stored
Q>4 fhen ::ﬁ this process again and again a large s thermodynamics.
L "Rep:?nstfhe law of conversion of energy or the first ]:r[:vand found to be true.
which is ag of: This law has been tested experimentally

erimental proof: :

on

Exp!
prample:
Formation of

CO; fromCand Oy

i;irsé-‘-‘l;‘i Onlg) — CQz{g)' AH =-943Cal.

(s .

gocond way y 1

sl CO, AH =-26.3 Cal. (14 step)
C+30:— _

0+ 102 —— CO;, AH = -68 Cal. (2“" step]
cO+s
C(s) + Oz(g) — COa(g), AH =-94.3 Cal.

i i h sté s is same.. _
both ways of chemical reaction that heat evolved in 'E:f = E i ki
]mt . deaif{?g:_-te and explain first law of: Thermodynamics, and, hence deduc (5]
a .
' Biole ol Sk S SN A EgR. hanical work was given by Robert
ie bt { qntialence of hat nt achmn dynamics in the form of
i Stm‘?ll‘leﬂtlct}z. e"I?he:y also stated the first law of the[r]mo Ay ways..
el mholtz. 1 ! win .
Meyer ?nd }::al'iun of energy, which may be stated - the;: ;ﬂeagsed nor decreased by
law nrmnst; nergy of any material system can neither
The internal e .

L @ P y Y om on T to
e arts f tem; lh g t ma B
any action between llIE Q the sys ; throu hi be chan Bd fr e form

38

i

e pe (4] . ich ce work
I b tu tion machine whicl vould pludu

t sible to make a per al m

It is no pos:

without consuming energy. ot
i i i

¢. Whenever a quantity of one k:;'ld of energy
another kind must be produced. L
I e e A lhﬂmdy:;:::‘ it may perform some type of exlerna[_

] , .
a system changes from one state to another, . P A havilB
W(I’\rekr:_v-’ur);\ as mechnii-.al work of expapsion. electrllcal wF_);k et(;. il;let:! ::-,?] ey

::1 irll:t.l"ﬁaI energy Ea passes into a new system having differen T8}

sappearﬁ an exactly equivalent amount of

Tk
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c\’\' he the external work done by the system and Q be the quantity of k
uring sucha change. Hence, according to the law of conservation of energy

Es-Exa=Q-w
AE=Q-w
Q=AE+W
AE =Q-w

)
.. (i)

or,
or,

Deduction of H=E + PV

Most of the thermodynamics change involves mechanical work of g

contraction and no electrical work. Then W will in general, be equal to PA

constant external pressure and AV is the change in volume- Hence, equation (jj)

Equation (ii) is the mathematical represtentation of the first law of thermod nar

Energetics of Chemical Reactions 135

E athalpy of reaction
=T AH¢ {Prﬂdl.lct} - AH,
{ = '{R”fhm
i, = [AH €Oz + 2 8H H:O] - [y, CH} +24
L= [-3935+ 2(-286.2)) - [-74.8 + 0] H, 0]
W= [-3935-5724] - [-74.8]
- -965.9+74.8

He
= -891.1 K mokt
e the enthalpy of combuyst; .
enCes mbustig, i
H N of methane i -891.1 k] mol-.

o1 C Q.No. 29 State Hess'
:—u;::?ml“ of mbm:n::;hm summation. Calculate the enthalpy of formation
,gspef-‘mly‘ The enthalpy of formation of ';: .;Udi c':ll“?on are -3280 kJ | mol and -395 kJ | mol

wiater is - mol. 151

jess's 1aw of constant heat summapig . BO75 SetB o o 24
T |

0

Q=AE +PaV ... (i)

When process occurs at constant volume, 3V is equal to zero and equation (i

Qv = AE p Jmerical

In case of process occurring at constant pressure, equation (iii) becomes .,-n'f'— .

Qr = AE + PAV (V) - { rhe enthalpy of combustion of benzene
I energy Ej to (CoHs O AH CaHg ) = -3280 kJmo}1

If absorption of heat, Qr at constant pressure increase the interna

also changes volume from V to Vs then,

Q= (Es-Es1) + P(Vs-Va)

Qr=(Es+ PVg) - (Ex + PVa)

Qr=Hz-Hs ~

Qr=AH (V)

From equation (iv) and (v)

AH = AE + PAV

Where, AH = enthalpy change
AE = Internal energy change
AV = Volume change

-

: thalpy of combustion of )
The en > carbon ie, formati
(0» or AH1CO2= =395 KJmol-1 tion of
[he enthalpy of formation of water o 1,0
[he enthalpy of formation of benzene (C&i‘i

Onidation of bezene as
15
1)+ 5 O2(g) ——> 3H01) + 6COy(p)

= -285 kJmol-!
s) or AHCH, =2

we know that, '
Enthalpy of combustion of benzene i.e. C;H, =

enthalpy of reactants] h
sH CeHs = [3 x AHH:0 + 6 x AH/CO, - AHCH,]

[Sum of enthalpy of products - Sum of

NUMERICAL PROBLEM. =
39 SeEQNo 3 State first law of thermodynamics. What are its a

respectively. Calculate the enthalpy of combustion of methane.

~ First Law of Thermodynamics states that heat
thermodsnzmic processes are therefore subject to the principle of

energy. This means that heat energy cannot be created or destroyed.
Advantage and limitation of First law of thermodynamics:

is a form of--

electrical, gravitational etc. if mechanical work is considered, W =P. AV
i This law does not explain the extent and direction of convertibility of one fo
to another. :
ii. This law is unable to explain unidirectional nature of spontaneous process.
Numerical:
Enthalpy of formation of COz
CO:(g); AHr=—-3935k]

C(s) + Oz (g)
" Enthalpy of formation of H:0
Hz(g) + Oz (g) 2H0 (I); AHy=—-286.2 k]

3 [py of formation of methane (CHj)
)+ 2 H: (g) CH; (g); AHr=—74.8 k]
Ipy of combustion of CH;
+20:(g) CO:(g) + 2H,0 (I); AH. =7

2072 24 dvantages and lin :
enthalpies of formation of COAg), H0{l) and CHs (g) are =393.5, -286.2 and 74

Advantage: In the equation, g =-W Where W includes all types of work_liﬁ;e

o, -3280= [ 3 % (-285) +6 X (-395) - AH(CeH, ]

o 3280 = [855 - 2370 - AHCH)

or, 3280 = [-3225 - AH/CH,]

or; I'.!,:};Jj + f_\HI‘C&I""Ib] =3280

or AHICaHo = 3280 - 3225

or, SHCsHe = +55 k] mol!

Hence, enthalpy of formation of benzene i.e.

€,H. or AH; CeHi is +55 k] mol-!

7259 Supp. Set B QNo. 24 What is meant by enthalpy of combustion? Enthapy of formation of

benzene is 55 kJ, enthalpy of formation of water and carbondioxides are -395 kJ and -285 kJ
(3]

respectively. Calculate the enthalpy of combustion of benzene.
~ Enthalpy of combustion: The amount of heat changed when one mole of any substance
is completely burns-in air or oxygen is called heat of combustion or enthalpy of

ik

combustion.
Example: CHy + 20, ——CO; + 2H,0, AH=-945kJ

The heat of combustion of methane is - 94.5 kJ per mole.

Numerical:

Given, z

Enthalpy of formation of benzene /
6C(s) + 3Ha(g) —> CeHe(l), AH=55k] /... (D)
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=Xl

[ — - 3 d enthalpy of formation of CiH, = AH"f = +49.02 k]
ar

Enthalpy of formation of water (ii) 5{:!1"‘;‘1 d enthalpy of combustion of CiH, aHef = 2
9 aaw %
Lo — HoW. At =354 g o s - .
Hz(g) * 2 =':g diﬂwcidn? Eflu' ;1_5_02(8) s 6 O, (g] + 3H20(|) ;ﬁHlof =
Enthalpy of formation of carbondic’ i) CFH{‘U) it

py of the reaction - ]
Enthﬂf .{);H"r (product) - SAHYf (reactant)

He= T : N
bl ) [5AH°C02 + 30H°H0] - [AH°CH, + =5 M—! 01
|5

_393.5) + 3(-286) - (49.02+0)
e ;3(51 -858-490) =-326802K k |
5 (.ﬂ"da"‘ enthalpy of combustion of GiH, is -3268.02k]. rmation of ethane

il . 3268.0 -
co, the -':%Wmt is meant by enthalpy of formation? Calculate the enﬂ!aipz;u e KC[;i
0. &4 ‘

e re - 94.14,
“ "”"9; R4 the enthalpis of combustion of C, H and CiHs are - 84
at 298 ™

f a substance is formed frnm[
f formation or enthalpy ©

C(s) + Oxfg) —> COx(g) , AH =285 k]

Enthalpy of combustion of benzene .

15 0,(g) —— 3H:0() + 6C0x(g). & k
e - o e (i) is multiplied by 6, '.;_!.

ion
Equation (ii) is multiplied by 3 and egatio
equation then we get,

- 3Hp) +% Os(g) —— 3H:0(1), AH =-395 x 3K] = -1 135:;
x 6K =-1710k

6C(s) + 60s(g) —— 6COx(g) , AH =-285 X 6 K] :

6C(s) + % Ox(g) + 3Ha(g) —— 6COx(g) + 3 HIO(),AH = - 2895 K] .. (iv) )

tively- P heat change when one mole o
. ,gspe‘: rmation: The heat ¢ g |
E“lhalpy ?fi‘;nls in their natural states is called heat o
eler

Substracting eguation (i) form (iv) then we get,

- ¢ ! & 9\\’1_1 xa]np[ei ;
e ]_; e e e R ITJ ! wrmall?:‘ b]i(g] —— H20, AH=-286.2K]
¢ +12 !
- I - - e
I; = k vt i Given [py of combustion of carbon i.e. fornlat:cm ofca;?)ond:oxs
2 Oa(g) —— 6COy(g) + 3 H:0(I) - CeHi(l), AH = - 2950 k] C e palpy oy v e o
cs) + 0:(8) nbustion of hydrogen i.e. formation of wate
CHfl + 3 Onlg) — 6C0s(g) + 3H0() , aH =~ 2950k iy o1 L i
— -0 — H0(l), -68.
__ Hence, the enthalpy of combustion of benzene is -2950 k]. ool ':,:02(8) - &
42. BO§Y (Set A) G2 Define enthalpy of combustion. Enthalpy of formation of b - halpy of combustion Jaitiecy : )

enthalpy of formation of water and carbondioxide are ~395 kJ and ~285 kJ respective
enthalpy of combustion of benzene. 3

> Please refer to 069 Supp SelB oo, 2§_ . Lo

— .. (iii
z O:(g) i 3H20(1)+2C01(_g),AH=—3?3.3_I<Cal .. (iii)

C:Hilg) * 32
f formation of ethane

=k x antheat summation. Calculat fhe hea o halpy 0 i | :
43. 2066 0. No_ 2¢] Define Hess's Law of constant heat sum.maﬁon. Calculate the hfal of comk E(Ij‘:s)af;H’- 5 — C:He(g) , AH =7 .. ad.dmg o i

ipli ion (ii) is multiplied by
9lucose from the following data; ) — il aner

C (s)+ 02(g9) —— €O (g), AH =-395 kJ
' h‘ztw%oz{ga—-u;om,an:-zssu
6C(S)+6H:(g)+30; (g) — CiHz05(s), AH = ~1169 kJ

> Hess's law of constant heat summation:
___ Numerical: Please refer to ’ :
44. 063 QO No._30(b) The standard enthalpy of formation of H:0 (), CO; (g) and

and + 49,02 kJ ot respectively at 298 K. Calculate the standard entha

at the given temperature. . §
~ Given, ;

The chemical equation involved

C(s) + Oa(g) —— COx(g), aH = -393.5k]

Equalion - 73

mualiogct)h F:;w_e—g- 2COx(g) , AH =2 % -94.14 KCal = -188.28 KCa

o = _205.41 KCal
(g) +2 Os(g) —> 3H:O(1), AH =3 x -68.47KCal = -205

3H: g )

+5 O —2 + I e | Ci 1 s (l‘\u’}
NE ¢ Rl

o it .
Substracting equation (iii) form equation (iv) then we g

2 ZO n ,AH= '39369 KCa
3t l._(g) +2C(S) + Osz) = 2C02[g) + 3H. 5 { . H C

—— 3H,O(l) +2C0Ox(g) , dH.=I-373_u.3KCaI

7
GHi(g) + 5 Oa(g) )

5 : . =- Cal
3Ha(g) +2C(s) - —_— c,Hﬁ(g).‘ AH 921233 KCa
Hence, enthalpy of formation of ethane is -2039KCal. .

“

i. Distinguish between:
a. Internal energy and enthalpy ; :
b. Exothermic and endothermic rendinl!. . 4

1 i
Ha(g) +5 Oalg) —— H,0(1), aH = _og¢ k]

6C (5) +3H; —> CoHi(l), aH = 449,09 kJ
CaHi(l) +15/20x(8)— 6 CO, (g) + 3 HO(l), AH=?
Given, !
Standard enthalpy of formation, of CO; = AHf=-3935k]
Standard enthalpy of formation of HO =AH°f = -286 k| J

i

%
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Givt"; } of formation of “"bOﬂdroxjd,_.
.;.f formation of Waler wee (i)

<) *
Ipy
fri)+ Oug) —=—= 2HO0l):aH = 5717 (i)
y of combustion of methane (CrHL)

A Complete NEB Solution Ta Chemistry -XII

128
il Calculate the heat of formation of naphthalene from (he following data:
AH =- 94 405KCal.

C(s)+ 0:(g) — CO:(g)
AH=-68.3 KCal

1
Hz(g) + 3 02 (g) —— H:0 (1)
C1o Ha (s) + 120; (g) ——= 10C02(g) + 4H;0 () AH = - 1231 6 KCal
(Naphthaiene) SH:(E 4
A than! —— COy(g) +
a. Distinction between internal energy and enthalpy: g;;[;:) " 2(?2;5‘,}1“3"0" of m:fgl)ani?gn) :AH = -8903 k] ... (iii)
Internal energy Enthalpy gnt nf‘;’(a) L CHs): Ay 1) .
1. Every substance is associateck with a | 1. Itis the heat content of the s ,f_(sl ¢ 450 ation (i) and (ii) then we get,
definit amount of energy known as 8 LJdinE ‘-’{‘g’) COxg); AH=-3935 g |
internal energy. ’ y+ L2 ——— 2 HO(l): )
Oz i AH = -571.7 kJ
2. Itdepends up on the property of state | 2. It depends up on the tem JH(E + Cs) —> C ;
/ and chemical nature. / pres?:rg of sfbﬂance. H (8" n?ﬁw“"" (iii) from eq%:f,)o: zm o -t—9652 i
3. The heat supplied or absorbed by the | 3. The heat supplied or a hS“'" '202(3) + C(s) ——= COy(g) + 2 H0(); d:efigﬁs 2k
system is equal to the change in | ° evelved in the system is ;‘H ()" 0> — C +2H
internal energy at constant volume, change in enthalpy :g_ | E-;h(g) +20:(8) Oz(g) 20(); AH =-890.3 k]
. _ 7 +
prpr.sure -4
o = s S T b
b. Distinction between endothermic and exothermic reaction: : n((» f esmndar kit Ormalmn OfCH‘ is-74.9 k. A _
o &
la Endothermic reaction | Exothermic reaction | Esﬁmale the enthalpy change for the reaction |
E The reaction in which heat energy is [ a. The reaction in which heat i j‘ c { i 2HCl(g) . ' |
absorbed by the system. evolved form the system. H"[gn bond energy a:gl-:':l' 435kJ I mol : : J :
b. The value of change in enthalpy. of The value of change ien Gve™™  pond energy O'H Cl-i;: kJ / mol ]
: system is +ve, ; system is -ve. pond energ);c‘ it rk-.'nf!'l'il:!l . ; ; 51
L Reactants — Products, AH = +ve ,i c. Reactants — Products, AH = et AH pe the entha P)z':{calnge of given reaction
Numerical: Given, ; [ Hie) * ckg) == % {g) 4
Enthal, ff ti f carb d L ow thats
C(s) + gﬁ; ——'ﬂmm r?oi(;ra??i;—u;; :04 kCaJ (i) M;Te“r:e.u change in reaction ie. eﬂ'hafpy of reaction AH = (bond energy of reactant -
Enlhalpy of formation of waler pond energy of product) ' . !
7 |,H_H'335+243J (2 x 430)] kJ
... (ii) o \H = [678 - 860]K]
o 82 kJ/mol
alpy change of given reaction is —182 kJ/mol. i
(51

Ha(g) + 5 Os(g) —— HO(I); AH = -68.3 KC'aI

Enthanpy of combustion of naphthalene (CjoHj)
CioHs(s) +120,(g) — 10CO4(g) + 4H:0(1); AH = -1231.6 KCal

Enthanpy of formation of naphthalene (C1oHs)
10C(s) + 4H2(g} — CygHx(s); AH=7? ]
Equation (i) is multiplied by 10 and equation is multiplied by 4 and adding’ bo

=-1

.. (iii) f,f,'m the enth
'

- 070 Set D Q.No. 33 d Hess's law of constant heat summaﬂon

refer to |
b 5 657 s 0] B S e i e e S0 o ]
Hess's law of constant heat summa’tfcn and its applications. [51
» Hess's law of Constantl Heat Summation: Please refer to

equation then we get,
10 C(s) + 10 Ox(g) —> 10 COs(g) ; AH = -944.04 KCal
4H>(g) + 2 Ox(g) — 4 H20O(1); AH = -273.2 KCal oE 3
T0C(s) + 4Hx(g) + 12 Oz(g) —— 10 COx(g) + 4 H0(); AH = -1217.24 KCal  ...(iv)
Substracting equation (iii) from equation (iv) then we get, . Application of Hess's law: -
10 C(s) + 4Ha(g) + 12 Os(g) —— 10 COs(g) + 4 H,O(l); AH = -1217.24 KCal Following are the application of Hess's law: . !
CigHs(s) + 120:(g) ——— 10CO:(g) + 4H:0(l); AH =-1231.6 KCal ¢ i Determination of heat of formation of substanfe which otherwise cannot be measure
- - - =Lor + g : experimentally: The substance like CO, CHy, C¢He cannot be prepared by combining
10 C(s) + 4H:z(g) — CioHs(s); AH = + 14.36 KCal . : their constituent elements. Therefore, it is not possible to determine the heat of formation
Hence, the entha!py of formation ofmphlhm'ene i.e. CoHg is +14.36 KCal: ‘ directly. These can be determined indirectly by using Hess's law.
cifculate the standard heat of formation of CHa (g) from ﬂ,, followin g inforrations R i. Determination of heat of transition: The heat of transition of one allot‘roplc from to
c}ﬁ : zo;{gj —— COz(g)+2H:0 (1) AH=~890.3kJ | ; e another can also be calculated with the help of Hess's law.
Oz(g) —— CO:(a) AH=-—3935kJ wdtld . ; i Determination of heat of various reuuons By using Hess's law, enthalples of many
AH= - 5717k - ' [5] eactions can be calculated which otherwise cannot be measured directly.
) ' ooo0
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<0 : m(l‘ion i
‘!“][d pe a reaction that pourg o nhlhat increases the number of gas molecules
mo|‘ ,and ra ndm'nnefs of the atop, iy a system. More energy gives you greater
ol n;‘“' that all physical and chem

! we ,gssihk’ to interpret varjgys §

ical Prog
e5505 are accompani
po ied by energy changes.
nrﬂneo‘ns B gy B

( \_'_.'_tcl“" in t’us universe to go frop,
Al -.‘“ which involves a decrease i, "
L3 - 1
pret . The sign of AH may be taken 2 .

e
Ful.lt - of enlfjﬂ}"

JocTe ——— | LIS )

s A BT B Sl oy o
Gt 2 s is spontan You apply the refation - AG = TASww to predict
i Eﬁ POITIANEOUs or non-spontaneous? 2
cibb

Chemical
Thermodynamics

VRORT ANSWER QUESTIONS: [2 MARKS)

G Calculate entropy change (AS) and free energy chan

th‘e conversion of ice into water at equilibrium condition when enthalpy change (AH) is 9
~ Given, Enthalpy change at equilibrium (AH) = 9 KJ/mol = 9 x 1000 J/mol
Entropy change (as) =?
* Free energy change (AG) =2

1 free energy change AG indicates the chemical reactio

3 .“‘nh‘nucus- 5 X
s 0 the rea_ctwn 15 non-spontaneouys,
A ' 0 the reaction is spontaneous,

n is spontaneous or non-

l G is negative, the reaction ls‘Sponlaneuns at low temperature. If AG is positive, the
tion 18 nen-spontaneous at high temperature, [
peat e b s e

Temperature (T,,) = 273K 2l ;
We know that Mﬁmply the relation -AG = TASu to predict whether the process is spontaneous or
1 ¢ ptaneou 2
» an,spﬂ . [
Entropy change (4S) = %}i =2 "2;3000 =32.96 ]/mol Fase refer 10 v . -

] @rﬂa Under what conditions the reaction e:pe_@_lb_ngct'lf.-- i

We know that -
ontaneous.

&

Gibb's free energy (AG) = AH — TAS =9000 — (273 x3296)=1.92]/mol . . k . on-spontaneous, if AH and A'S are positive for the reaction? [141]
Hence, the entropy change (AS) = 32.96 ]/ mol and Gibb's free energy (AG) = 1.92 ] /me i ; gt :

2 Predict spontaneity and non spontaneity in term of AG, ’ faH > T 45, then AG is negative, the reaction is spontaneous at low temperature.
and AS are positive. i ": i '\” < T AS, then AG is‘pfis.iti_\f_, the reaction is non-spontaneous at high temperature.

™ The spontaneity can be determined by Gibb's free inergy. AG = AH - TAS, Where the ! .5GNo.§ Under what conditions s the reaction expected to occur _ [1#1]
of AG depends on the signs of the changes in enthalpy (AH) and entropy (AS). y i zulipgntaneous : :

:| non- spontaneous, if AH and AS are negative

« Please refer to 2073 Supp Q.No. § ; : e 4

In cases where AG is |
i. Negative, the process is spnntan'eous.
ii. Positive, the process is non-spontaneous.
By examining the signs of the AS and AH -
i. When AS>0and AH <0, the process is always spontaneous. '
ii. When AS < 0 and AH > 0, the process is never spontaneous, bs [
always spontaneous. y . ': - E 3
iii. When AS >0 and AH > 0, the process will be spantane{!us'at!ﬁféf_li_ﬁnpemmks and non-
spontaneous at Jow temperatures. L '

iv. When AS <0 and AH <0, the process will be spontaneous at I € AG=AH - TAS g
spontaneous at high temperatures. W bot ' Gibly's free energy change AG indicates the.chemical reaction is-spontaneous or non-

3. Gi’“’e reason: N (AL [1+1] spontanesous.
i. Gases have the highest absolute entropy among the three state of o i i

=7 Supp. @No. 6] Mention the proper conditions of a chemical reaction to become. s;outaneous if

s AH and AS are positive. : . b
« [f the value of AH and AS are positive, the reaction becomes spontaneous and the

reaction orcurs_-:_)!ﬂ)j Tiisi > AH. ) e s gt A Ve
4 772 set C QNo. 6 How would you predict the spontaneity of a system in term of free-enef%
change? y / J ]
/ The relation of Gibb's free energy with E, H, Sand T are given by equation.

i

Vit
J.tem'perarures and non

AG >0, reaction is non-spontaneous :

u Decrease of enthalpy is the sole criterion for feasibility of a process. i{i.. e 'l 4G <0, reaction is spontaneous ey S g ___w____a ;
) ekt o5 g e e S T orSi i uilibrium
= a3 more pace to bounce i B2 561D @.No. g Calculate AS and AG iolr_ppwnn of ice I:lto mr when they are eq e

s Algale i i hi

i, As a gas expands in a system, entropy Increases. If an atom : s .
I aroungd, it wliJIl bounce more. Gases have the highest absolute enlro’p}_'-!\“"m compared to’ " C“t‘:? E:ll‘i’f::;"/l] it 1000]/!11'0 g
liquids and solids. Any chemical reaction that increases the number of Blﬂs moalecules ! m y
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Chemical 'lherrnodfnarnics :
=S s c example ©
e _gupp 9N Distinguish spontaneous and non spontaneous process giving an (2
10
Entropy change AS=1? W
Temperature i.e. melting pointin

We know that

Kelvin (Tw) = (0 + 273) K= 273K

¢a‘h‘ ion between spontaneous and non Spontaneous process:
[“‘uhf Spontaneous Non-spontaneous
& ess that proced in a definite
ITr(!

= » inpul
1. Process that requires energy NP
f their o :
) jirection on wn non-spontaneous.
¢ ontaneous:

e water converting into ice,
[xa

are

AH  4x1000

an =1465) mol'k!
Entropy change (As) = T 273 . ]

are
Gibb's free energy change (4G) =?
We know that
G =AH-TAS E g
) = (4 x 1000 - 273 x 14.65) = (4 * 1000 - 3999.45) = 0.55] nl::r ol ej.
Hence, the entropy change (4S) is 14.65 ] mol-! K-! and free energ G
mol-'. .

nvert water

2. Electricity is required to co
to Hj gas and Os gas. ' m

Q,ND-- ocess? Write an example for it ‘ b
“oss which occurs with its own effort without the aid of any external :gll:f:;}l 5

e rOt taneous process. It means the process which is possible undpr_lhe- gl ‘.uin o

. fod * pnns Example: diffusion of gas, evaporation of liquid, rusting of iron, melting

o Jitions: :

g What is-';‘;‘;l-h_)'-lpgni;n_e;us pr

—

11 Predict the criteria of spontaneity in light of free-energy change.
~ Prediction about a reaction
Condition for spontaneity

|-

¢ =3 How would you predictthe spontanefty using the relation? L«
1 -
1 ¢ e :

AH AS Occurrence of a reaction” ; lu“":i :‘,’::, relation: ' _
Mg Hprea) Kinchon bkl o 8 1 TASu! " ::Sl:;eous process, the total change in entropy is always Positit’t’.
~(decrease) ~(decrease) Reaction occurs only if AH > TAS I;{,r_ihc ip+ve i .‘ ‘ . -
*(increase) ~(decrease) | Occurrence impossible Tﬁ."i::nla neous process, the Gibb's enefgy of a system is always negative.
| ~(decrease) +(increase) Reaction occurs 1.;\(; ~t S
Prediction about the sign for AH :

A reaction which gives of heat to the surroundings is said to be exothermic. So, A
-negaﬁ\'e value.

Example: : :
H:0 (g) ——— H,O(l), AH=-49.93 k]

A reaction which absorbs heat from the surrounding is said to be endothermic. So,

=3 e e oredict he
Define Gibbs free~energy change. Write the mathematical relation to predict a3
. Eese el Ate 4 sy
} 9 ontaﬂE'W:e energY:. Any part of energy which can be con\rertf:d intl:_? us_t‘fll: ‘S“::‘:‘_?
ib ‘SGf-r.lﬁ,-s free energy- It is denoted by the symbol G. its relations with E, H. 5 ¢
ﬂ”l‘kl ! ;

‘. oiven by the following equations.
are §

G = H T TS
AH has a positive value. G=E+ p\"— TS
Example: \G= AH - TAS
H:0 (I) — H.10(g), AH = 49.93 K

\G=AE+ DAV -TAS b0 |
for spontaneous change, (AG)re<0 - sy Wl . e
_Give the physical meaning of entropy. 'lﬂmettsul:nit. o
1. _59 el.l\'sital meaning of entropy is the degree of‘ disorder or randomfnz:‘;‘stm B
: ”w; F.‘u[pe, of a system. It-is denoted by S. The unit of rate constant o Py
molec E L | :
il me fia it a proces pontar egardless
: I ia whi to be spontaneous reg
two criteria which must be met for a process "
19, Name the [ ]
of the temperature. : IR
< Following are the two criteria which must be met for a process to S
repardless of the temperature: B
Enthalpy change of a system is negativeY.e. AH = -ve .
Entropy change of a system is positive .ie. AS=+ve s s
A Comment the statement “The decrease of enthalpy is not the sole criterian for Ii[12e]
feasibility of the process.” .

Reaction in which bonds are formed are invariably exothermic,
Example:

I(g)+ (e) — Ig)
Prediction about the sign for AS

AS would be positive if disorder increase.
Example:

i. 45 would be positive for a reaction where the number of products molecules exc
number of reactants molecules,

2NH; —— N2+ 3H, -

ii. AS would be positive when a solid melts or when a liquid evaporates. b
12, Mention the proper conditions of a chemical reaction to become
its érﬂ_and AS are positive, ' i
™ :Please refer to (57755 G5 '-
e ] —— e .
RS Predict the criteria of spontaneity in light of entropy change.
‘Please refer to -

toe i ' ous process
s n carly development of thermodynamics, it was assumed that a spontane P
l H 1k
s R

vreurs with the decrease in enthalpy of the system. These assum[‘)twns cqulld,exp:afn
why a ball rolls down the- hill and why a hot object cools downA‘Th}S could also exp m:l
the feasibility of some chemical reaction. For example, combus.hon of mfl‘hane gas ;T\
"ulralization of acid by a base is feasible because thgse TP Y
“olution of heat and decrease in energy of the system.
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CHy(g) + 202(3}——-—». COx(g) + 2H,0 (g), AH = 8904k

, 145
Chemical Thermodynamics

dQue = reversible heat change,

H*+0OH~
i OH ‘—--ﬁHzO. AH =-56.2 k] Wt p = Kelvin scale temperature
1 reactions are exothermic, it is not " pstance is changed with changing temperature. A

Some endothermje reactions : Mot necessary that an exothermic reac oy of subs i e e 12
" are also feasibl 3 T t is the physical concept of entropy?

Example: melting of ; = = L

b ibtivat g et h s feasi ' 5.0 to foese1B AN

i dlissolved in ik alhhlgher te.mperamre is feasible process and amm .ti95fa_n1fer {o 069 SetB A.No. § |

NHINO; — N} Y the absorption of heat, : # e TIONS: [5 MARKS e

\ *+ : _ " S e B L S i i hto

The above assum tiLn ff\TO, r4H ‘_‘5 kj _ 5 —7¢] Define Gibbs free energy. How is spontaneity of a reaction predicted in lig 5
ption fails to explain the feasible process. Thus decrease enthalpy change and entropy change? s

ed inlo useful work |

Mot the sole criterion for the feasibil

ity of process,

” ergy ¢
# fre¢ eFL free energy

. Any part of energy which can be convert sadTare

21 B o1 Do ey i : < otation il
RO ir's t:tﬁne‘ then'!lodynamn: efficiency of heat engine. How is s GitP S s free energy- Itis denqted by the symbol G. its relation wi
. ed in the light of this term? e B jed i following equation.
i I“\r

™ Thermodynamic effic;
eff; . 4
by engine is called th“‘emy_o_f heat engine: The extent of conversion of hea velt _
Muthesiiialy. x| Zn?ndynamlc efficiency of heat engine. /8 = ‘tem is changed from one state to another state then
o 1[: § defined as the ratio of the external work obtained to the ji the sy# 61 e (i)
o 8Y absorbed from the heat source. : ' G * e ... (i)
S Q T‘{_ITZ : ; % G:=H~ T:i; free energy is given by
Where, T =T [he t]"mf‘g(:“lz - Hy) - (152~ Tioug 1 -
» 11 = Temperature of source, -G =N S arried out atconstant temperature then Ty =T2=T
T = Temperature of sink. i the systen’ I; : .. (iii) dicting the
: i
The efﬁciencvlv— fil oA ! B . (iii) is called Gibb's Helmholtz equation and useful for pre
Y Q of the heat engine is denoted b}' n [he ‘,qualloﬂ g
W T,=T ntaneity of 8 PIOCES2 ..
s SN AT SPO % jaw of thermodynamics
Qi T g From | AW
: A ] _AE+
Where, W= Wn.rk dongv. . A= or —\Q - iE + Wesp + Wseiul
2nd 5 Quantity of heat taken from the source, A or, 43 =AE*+ PAV + Waseful [Wexp = Pav]
. !_aw of th‘f"""'3_"’}'“ai'l1it‘ is stated in the light of efficiency of heat engi i L\? - AH + Waseiul [AE + PAV =AH| :
_ . Sitictency ofa practical "hjm‘c’d)’"amfts engine is always less than 100%. or, AQ :\ H + Waseful #
22: Define the terms: Standard free energy of a reaction T 1/ 3 “r-’, _:\?m\"- that, : .
= Standard free energy of a reaction: The free energy change in a chemical reaction u e - AQ
the reactant and product are in their standard state. It is denoted by AG® / v AS="T
| :.‘aGf = IG° (pr_od_tirl_) - ZG” (reactant) AQ =TAS

23. In order for a reaction to occur spontaneously, what s the criterion?
». For a reaction to occur 5ponianeousl i i
y, the change in free energy i.e. AG is negative. |
>T A4S, then AG is -ve. ¥ fit
AG = -Ve (or<0)

24. What is entropy? State the effect of increased ieﬁlhaur.e_ on the ent
substance. i i

~ Entropy: The degree of randomness or disorder of the molecules in a system is knowr
entropy. Greater the randomness of the molecules in a system, greater would be
entropy and vice-versa. . ‘ 1 L

. Effect of temperature on the entropy of substance: Gas has higher entro,
and liquid has higher entropy than solid. "
Entropy of gas > Entropy of liquid > Entropy of solid ]

. The change of entropy of a system between bwo states can be determined

dgrrv
Wi T £

r.g than. i u

Entropy change (AIS} =

Fquation (iv) becomes
145 = AH + Wasetut
AH - TAS = = Wasetul :

or, \G=- Wineful

rediction about a reaction: .
. Condition for spontaneity .
Occurrence of a reaction

AS
+ (incr::::) + (increase) Reaction occurs only 1§ 1:.—3: _ﬁ;
- (decrease) - (decrease) Reaction Ocr‘urs onI‘v ]1
+ (increase) - {decreaseL_ Occurrence im ossible
- (decrease) + (inq-ease) | Reaction occurs

Prediction about the sign for AH

A reaction which gives of heat to the surroundings
negative value, . .

Example: -4

Hy0 (8) —— H,0(l), aH '=-49.93k]

is said to be exothermic. So, AH has a
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A reaction which
AH has 3 Positive valye,
Example. '
HO ) —,
R 51
whic 2 i
el ich bonds are formed are invariably exothermic.
I(g) +i(g) —, I(g)
b ﬂlI’Sl:ethw:tlinn about the sign for AS
would be positive if : i
Bt .posm\e if disorder Increase, - -

i AS would be pocip: !
Positive for a react, r

number of reactants mnlecule:hon where the number of products mole

b—— N, + 34, : o |

. AS woylg be positi
Positive when a so)id | iqui
T = : i .me ts or when a liquid evaporates,
EWLI::: mear!t by f‘ree—energy change? Write the relation be
S i i Tiw i oes tﬂ'u: relation help in predicting thé spontaneity of a rea
) ount of energy ing-t}
éﬂifll,sbl?n;temp. g fme;?er;!eased or absorbed during:the che
s Fr . : y :
i Cibl::; :-‘rf::ri):;rf\n'\;‘r;fa: of energy which can be converted intp g
- 8Y- It is denoted by the sy i i ith E,H,
St i Vv the symbol G. a
é___ l—;,_ }Fsthe fO”O“’erg equation. . ; its refl‘llmn wﬂ.h E, : [
Dr.q=E+P\’~IS {H=E+PV}- - .
or, AG = AE + pav -TaS
or, AG = AH - Tag 3 i
“ (8G)rp = AH -Tas & i
Gibb’s free energy
Spontaneous. mlf
If the Gibb's free ener; i ;
' AG i ie. in -ve | e
sy is less than O j.e. AG < Le.in -ve value then th,
If the Gibb's free ener, i |
: gy AG is i ie i ,
d non*sponmneous.. more than 0 i.e, AG > Le.In +ve value then the

If the Gibb's free energy i :
re TgY 1s equal to zero then the process in equilibrj
el ey e 9 zeng | b
28. 2065 Q.No. 26 What is free energy change? How it js PR
chapge_':‘ Ht::w would you predict whether a reaction
% equilibrium in term of free energy change?

« > Please refer to ' .
29, Define Gibb's free energy. How is the feasibility .;f",}um,mj; —
reactions predicted in the light of free energy change and entropy change? e

» Please refer to 069 (Set B) Q.No_ 2§

30. 2061 Q.No. 27] State-and explain second law of th Namice Hr oy i— .
depend on the equilibrium oozmnt? ermodynamics. How does Iree energy

> Second law of thermodynamics: First law of thermodynamiee re ¢ait
direction and feasibility ,c;f a process. So, 2 law has licwl:n;;:nzsu{::::idt:ﬂ* o !
energy which measure the randomness or disorderness of a sysep, ‘ concept
2nd [aw of thermodynamics may be stated as in various way, al| (he slatement ; ppeart
be different from one another. The mm_iiﬁed statement “all forms of energy 5
converted into heat but the heat so obtained cannot-be converied into other forms of

=Xl

G indicates the chemical reaction js spontane

related with enthalpy change
is spontaneous, non spontan

.

energy by any processi

Chemical Thermodynamics 147

i:~‘;uli'led system: The criteria of spontaneity and equilibrium of an isolated system
r .

fo

M opy Change | g

aS : +ve

-ve

AS 0 :

spontaneous process the entropy change of the universe should be always positive
nship between free energy change and equilibrium constant

Process
Spontaneous
Non-spontaneotts

Equilibrium

!,‘m’ a
Il(’l‘]ho

G- RT InK

N _2303RTlogK
'\(,) .re, R= Universal gas constant.
\.\ e “’)“h‘ neous reaction AG® should be negative.

I-_}‘f:;fom log K must be +ve.

The {or a spontaneous reaction K> 1 )

o {ree energy change depends upon the value of equilibrium constant K. —
———2 Define free energy. Derive an expression to relate Gibb's free energy change e

: : i tion at
Wik energy: The amount of energy released or absorbed during the chemical reac ‘
ree ' N ¢
-~ Fm‘.mm temperature is known as free energy. ’
i Ui -
. : Please refer to [2069 (Set B) G No_26 .-
Gibb’s Free energy et p

No. 24 Id you explain the law in the light
559 Q.No. 24 State second law of thermodynamics. How would you exp! !

;:1;25:1 cr\:vg:: thermad)rnahﬁcs: Please refer to
~ second Part: PleeEeEl_’er to [2063 (Set B) Q.No. 26 1L
753 GNo. 23  Discuss the criteria of spontaneity, non spontaneity and equilib
endothermic reactior!s_o
Criteria oflspontane:ty a
be predicte_d in terms of AG

ol

—

Thus,
y pEroNe

riu_r;'n_oi ex_oihe_r;nic and
' 151

n the basis of free energy and entropy change. _ )
nd and equilibrium of exothermic and endothermic reaction can

free energy change, AH enthalpy change and AS entropy

change. ‘
According to Gibb's Helmbholtz equation
AG =AH -TAS
Where, AG = Free energy change
AH = Enthalpy change
" AS = Entropy change
For exothermic reaction:

AH is always -ve. 3 ‘
i. If AS is positive, the value of AG is
e either. +ve or -ve at high temperature.

d at low tempera

—ve and the process is spontaneous at all

temperature.
ture the

ii. 1f AS is -ve, the value of AG is is £ i.
Thus, at high temperature, the process'is non-spontaneous an
process is spontaneous. ; J _
b. For endothermic reaction: s ” ¥ ~
AH is always + ve,
i. IfASis negative, the value of AG is +ve and the process
ii, IFASis +ve, the value of AG may be +ve or -ve.
At high temperature TAS > AH .
AG = -ve, the process s spontaneous.
Atlow temperature TAS < AH

is non-spontaneous.
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Chemical Thermodynamics :
. HAN] o 15
RN I i 1Y AL high tempersire: GIBUE free energy becomes negative and the progess
r bs eous. ‘ . R .
AG = +ve, the process is non-spontaneous. ntan™ " endothermic, the entro D

ic 1 sp© i it . ve and chan
ature but endothermic sP° ction ! PY change of reaction is negative an
eratu et l i = |(F::‘§‘ enefﬁ}' a[wa)us bxome-"'\re g B
ol i

Hence, exothermic reaction is favoured at low temp

; : ess is NOMC
: 7 Irrespective temperature. The proc
favoured at high temperature.

15 | 4
: 2 F is in ilibrice jit il us.__———-—oo U =
c._If thie value of AG = 0, the value of AH is equal to TAS: The process = EE : E:ﬂuli_,‘e’o 0. 33 8 B971 SeD QNo. 33 2] Second law of thermodynamics (51

34. [2057 Q.No. 24 State and explain second law of thermodynamics.

= Second law of thermodynamics: Please refer to _
Entropy and spontaneity: According to 2+ law of thermodynamics,  process will og
spontaneously if entropy of the universe increase. i

LONG ANSWER QUESTIONS [ 10 MARKS]JE e

d law of Ihe"deym.‘mim ,“_states that "Whenever a spontaneous process takes
3 qt"ﬂn i afcom}’amed by increase in the total energy of the univerlse"
acer AG s + ASsurr > 0 !
AGur % l?“g to second 13“‘? "“"l_‘Eﬂ an irreversible spontaneous process 0ccu rs, the eﬂ::olﬁ,
Ao o and surroundmg. Increase ie. AS,, > 0. When a reversible process occurs !
fsyS trlof the system remains constant AS,,; = 0. Since the entire universe is underﬂolnigf:
vﬂtr(’mwmls c]tan.ge.." the second law can be stated as, "The entropy of the syster?
oy increasing L
const? i;s to second law of _thﬂmodynamics, for a spontaneous process, there
( \-nrl-“, in entropy of the universe i.e. AS,,; > D

35. How is the free energy change of a reaction related wi_th thfe enthalp
and entropy change? Discuss the criteria of spontaneity and non-spontaneity of a reaction ¢
basis of its energy change. ' ;

™ Please refer to and

A\
r
NUMERICAL PROBLEMS: I """ri‘.l‘for SpontanEOU;Pr“ess
36. [2964 Q.No. 17] The latent heat of fusion of ice is 336 Jg~'. Calculate the molar entropy of '\:‘“. " AGws * 8Ssur”
' atits normal melting point. - : A" __-"-."_.F_I-‘i-"-;. 0
= Given, = Guni = ASsvs : i 5
Lat : ion of ice(AHru )= =336 % -1 o _TASsys—TAHsys ; 4 oo e
ent heat o'f fus:o‘n of lc‘e(aHf..,) 336]g-' =336 0 7AGu Té !:;us process, there must be increase in entropy of the universe i-e- it must be
Normal melting point of ice(Tius) = 273 K . af ot spm‘ltt\“e_
Molar entropy of fusion of ice (ASys) = ? < itive
We know that, ' (B30l y g TASuni = -8G . 2 o tl rocess is
AH 6%18 Henct ve, there is increase in entropy of the universe. Hence the p
s 336 %1 - [ -\G = =V& ry
ASpy =20 22.15 ] mol-'K-! . i us. - -
Thus 273 J 2 Sponmne'-l "~ there is decrease in entropy of the universe. Hence the process is non
. Hence, the molar entropy of fusion of ice is 22.15 ] mol-'K-". if AG = Ve ; "
L0US.
WWRITE SHORT NOTES ON [5 MARKS] : gpontane

. Prediction of the feasibility of reaction in terms of AG and AS:

-_—
- N

ii. If the reaction is exothermic but the entropy change of the system is negative then

0, the system is ate equilibrium state. S

- e I g
3. Prediction for the feasibility of reaction in terms of AG and AS. 1

9 Ro70 SUPP- Q.No. 33 2

hange. -
c’iease refer to [069 (SetB Q.No.

z 1

Spontaneity in light of entropy change, enthalpy change and ffee-eﬂef?gi

The Gibb Hem-Holtz equation is AG = AH - TAS. This equation includes l"C-iU'I chang ein
enthalpy and change in entropy. The interplay of enthalpy change and entropy changeis
the prediction of feasibility of reaction. :

Qaa

aS AG = AH-TAS. Behaviour '
+ ve -ve | Spontaneous

- ve If |AH |>|T. AS | AG =-ve Spont

- ve If |AH | <|T.AS | ,AG =tve Non spontaneous

- Ve If |AH |=|T.AS |,AG=0 Equilibrium

- ve + ve i Non spontaneous

+ve If |aH |<|T.AS |, AG =ve . [ Spuntaneaus

+ ve If |JAH |>|T.AS |,AG =+ve Non spontancous

+ ve | If |AH |=|T.AS |, AG=0 Equilibrium

From the table given above it is concluded that i
If the reaction is exothermic'and éntropy change of system is positive, the change in
Gibb's free energy is always negative and the reaction occurs spontancously at all
temperature. § T -

different case arises. A Y ; 4
a. At low temperature: Gibb's free energy becomes positive and_d_lhe process is none. ,
spontaneous. : .

L]




Chemical Kinetics'

VERY SHORT ANSWER QUESTIONS: [2 MARKS]

1. [E076 Set® GNo.7) pure Set G Go.7 You are given a rate law equation, Rate = k [AR[B

" times will the rate increase or decrease for the reaction if
i Concentration of @ is doubled while that of @ made constant.
ii. - Concentration of @ is kept constant that of ® is doubled?

> The given rate law equation is
Rate = k [A]? [B] . '

i Ifth . )
e coricentration of A is doubled while that of B made constant, the new rate eg

may be
N =k =
ew Rate = k[2A]2 = 4K[A]? = 4 times the initial rate

B:

be
Rate = k[2B] = 2k[B] = 2 times the initial rate

©is2x 107" mol L-'Sec!. what
y ' will be the rate of di
™ The given reaction is 2N;05 (g) e g:’(‘;P:igzn:ge)or N:05?

The rate Of disappem-an‘:e Of NZOS . %dINzO;[
dt

The rate of formation of 0,= 250_2}.
t

We know that,
The rate of disa
Ppearance of N;Os = !
1dN:Og] d[O) 205 = The rate of formation of O,
2 dt T dt
j -1 d[N20s
or, ) at =210 I

-4 d[N;O
. or, At 3 =2x2 x 10~ = 4 x 10-1 '

.-Hence, the rate of disappearance of N3O is 4 x 10-1,

:l e rattie law equation, d
. 1OWmany times will the rate increase whe
% " se when the col
The rediction according to question may be R

r A +2B-—-_‘.Pmdt,_|cl
i. The rate law equation is

(1 -~ A

f aw
4 ralE! ssil"]em

If th ; 2 :
€ concentration of A is kept constant that of B is doubled, the new rate equati

2. _m“——' - = :
3 For a reaction, 2N;05 (g) —— 4NO; (g) + Oz (g). If the rate of formation of @

5 Seta Q.No.7] A reaction is I order wr.to Aand I order wr, to B, .

1
Chemical Kinetics 15

_KIANEE i
r Rate = Kb?, if [B] = 3b then new rate = K(3b)2 = 9b?

Rt~ g(BI? ©
|':.!1'" = he rate of reaction will be increased b)f 9 times.

it l*"'".-L' EE’N:’ A hypothetical reaction P + @ — Z is a third order rea

X
§7558 = ression.
te law expressions for third order reaction are:

.y
ction. Write its possI!E;?

2
=K *4,
k[plz[Q]' Where, k = rate constant

For a reaction, 2 N:0s — 4NO; + Oz,
e 0 Semol L -1, what will be the rate of formation of NOz?
Ix 1 given reaction is 2 N;Os ——4N0O; + O,
A The -1 d[N;05
' o disappearance o N0 = 1

_1d[NOy]

of formation of NO =3~ ¢

dio}

of formation of O2=—g¢

The rate of dluppemn;of Nz0s [I;]

The ]'ﬂt
The rate

The rate

we know that, 3
‘Thﬁmoﬂqﬁs- The rate of formation of NOy )

4TN20s -1.d|N02| )
= QLI,J‘ AT

377 dt
e ]m,ld[NC}’I ‘
on7 4 4 dt 3

M=2x4x10“=8*10‘m0!b1r1
or.™ dt

e of formation of NO; is 8 x 10¢ mol L-'s? which is double of the rate of

Hence, rat
disappearance of N20s
o gorasetAaNo.7Fora reaction 2Hl—>Hz+h ;
' mol L s, What will be the rate of disappearance of HI? 12

If the rate of formation of lzis 9.1 x 104
1d[H1]

~ The rateofdisappearanceof}{]f-_z 5
The rate of formation of Ha=+" g

The rate of formation of Iz =+"4;

We know that,
The rate of disappearance of HI = rate of fo

1 d[HI] 5 d|H1I M dllzl

rmation of Hz = rate of forma tion of 12

Orfa e = dt dt
or, 1AMl dlb]

2 dt dt

1d[HI 2 : \
Orf-i‘i&‘t‘iﬂ‘?.lxlmmolbls-l s

0O E!ﬂl_ ? "
r-~gg= 2% 91 %104 mol L1st :

Hence, the rate of disappearance of Hl is 2 x 9.1 x 10 mol L-! 5! which is double of rate’

of formation of I. F
o
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e [y = Porward veacton for wieatalyzod re i
; “m‘“"m“m““m it et o H:ll 3 ,[Iul‘:nr“.]cl w Backword reaction ln,l:,l:(lfr”Ty'l "I """I'; ]
1088 saDDONNE Wi alilyzed rencion
e umlmt?:za il g it " Ppnl‘ b I ;uuwnrcli - Imrmtulyﬂ-d rtactjon
I the rate of formation of L1 18 8 _U_L'l ! J..[hm ot = 1orcatalyed venclon )
w The rate of dh""l"‘*"'l'-‘ntl"'u[I1I -3l 3 I

. Gol D0 ‘o, 7) What 7o tho ossontial conditions for the effective collislon of rm!lnu
atd g e the essentlal condition for the offective collision of reacting, species:
collide with proper orlentntion,
1 |I Jury {,Ill‘“”p npet fem st have !Iull’l: ent kll'll'lil nergy.

7] Wilto the rate oxprowslon of each components In the follovdng f”‘-'""“*

i||l |;l
The rate of formation of Ha =7y

dl
The rate of formation of b=+ =

i [ |'|, "W

, _——— 1 ) == 2N )
:?;::"::::-“u;I:;;:\pwm:mt ool = rate of formation of 1y = mte ol lf!llilll‘li | N-‘w:'l ||h0l:£||-|““ of reaction rate? [1.5‘0-5]
wha aclion 14
| A Lplven T
or, - i + i -}ﬁﬂ " lj '] 1] |J'[|) U 2N”" [?}
1 I[H1) o ; ANy
nr,-;‘ ol cdl I][ [",‘,,mnin terma o N;{r)-. i
g d[H d{H
e Hﬁl-q 1% 106 mol L1871 prate 0 peaction in terms of Ha(3r) « '_LITAO”' '-’]ﬁlﬂ
dpn

on in terms of NHy(2r) = ‘.'M _]..rﬂl_‘l

o -=gp =2x91x106 maol Lt s om

Hence, the rate of disappearance of HI s 2 % 9.1 X 104 mol 11 s which h d
of [urnmum\ u[ I
Em s.@i Q.No. ﬂ& rul:ilon Is second order with respect fo a reactant. How || lh.

affected If the concentration of the reactant Is
. doubled

el of reacti

Il”\hll{'lll L4 mlv tlf reaction Is also t-xpmw-tl L]
i i [}

_|gﬂ |.|[N“1|

et of reaction = = dl 3dt 2d1
1 of reaction rate: mnIL.-' tlrne-' e
E"ﬁﬁ@ WhatIs moant by instantansous rate ofreaction? Wrte the expression forthe 1

li. reduced to half 1 wi Al ' el
_ ng reactlion:
™ Forasecond order reaction ”hem”o g

—— 4NOa2(g) +02(g) i
frtﬁlnltgjncouu rate of reaction: The rate of chemical reaction at any particular instant of
s m

o during € -hemical change is known as instantaneous rate of reaction.
n

Initial rate = ko[ A2
Il the concentration of reactant is doubled S|
New rate = k[2A)2 = 4ky| A2 = 4 » nitial rate

| he given reaction is
w05 () — ANO:2 (g) + Oz (g)
1d[N:Os] _ 1dINOs| _ d[Os]

.. , |
i, If the concentration of reactant is reduced to half 3

I ' action = = ’
New mlr--k{?. 1 iy k:[f\]iu"x initial rate Rate of re b .2 dt 4 dt i L. e < ' i [14'1]
%, [573 841 C aNo. 7) Draw an energy profile diagraim to show influence of Cataltell », [Tz 5e1D No. 7] Define the terms
B073 Set € QNo. 7) Draw an energy profile dlagram to show influence of cahlyst In : i I
o i activated complex
emical reaction, i rate of reaction

™ The energy profile diagram of catalyzed and uncatalyzed reaction is' f

x5 Activated complexs An activated mmp!px is an mlcrmed:aie state that is formed during,

the conversion “of reactants into products. An activated complex is the structure tl;at
resuilts at the maximum energy point along the reaction path. The activation energy of a
(hemical reaction is the difference between the energy of tlw activated complex and the

~enerpy of the reactants.

ii. Rate of reaction: A mathematical expression in which observed rate of reaction 1s related

with concentration of reacting species 1s called rate of reaction.

Letus consicder a reaction

aA+h B —— Product

Raate e (A B]»

Rate = k[;\]..“;]h :

'(Um'.ulalyrul reaction

Forward
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ypolhelical reaction Is s€¢

14, porzsetEano The following h
i +B—>1
Write possible rate law expression.
» The hypothetical reaction for second 0
A+B—2Z
The possible rate law expression for seco
Rate = k[A]°[B]?
" Rate = k[A]?[B]°
Rate = Iv~[1\]‘*[B]‘ Where, k is the raté constant.
15. 971 Supp. GNo. 7) Define 1* order reaction and
mr:tion.
First order reaction: The reaction whose ra
one reactant is said to be 1+t order.
Let us consider a reaction
A+B ——Product
- Rate = k [A]' [B]° Where, k is rate constant
The order of reaction is (1 + 0) =1 i.e. 1% order.
Unit of rate constant (k)
R_Rate_MO!LIS' |
[A]' 7 MolL =%
Hence, rate constant (k) for 1+ order reaction is .

Oﬂd ol'defr

rder is

nd order reaction may be

N

write the unit of rate constant in ¢ e fir i

te depends upon the concenu-a'ﬁf or

\ 155
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| W becomes -
!\I (B]? where, k = rate constapy
Conslal‘lt k

Mol L-1s-1 v

it toatotiem ol
up /l{,}[%]—a = Mol L-1]' [Mol L-1jo

I'|‘l
[:,!1 f rate

= For 2 hypothelial et ks 5 ——————————— v s doubled
G No. 7] For a hypothelical reaction A+ 87 The rate of above reaction is doub

entration of Ais doubled but there is na effect of change of concentration of B.
wn the rate law.

is the unit of rate constant? - 2
ﬂ‘r l(] '
pleas® ZaNo 7 For the reactlon
G0 st pmduct is a third order. .
pt0  possible rate law expressions for the above reaction. PSR 2

wiite sssible 1 te law expression for the above third order reaction may be:

The i [PIO{Q]!

,ltt ]3[010
0 L ppiQF
Rate = k(PP Q' Where, k is the rate constant. ;

Rate 2 No. 7] Draw energy profile dlagrarﬁ for catalyzed and ﬁgta_-lyzevd reachons 121
Set D Q-
Gor® fer to pOT3Se1C QMo |

{ad l"£‘
P GNo. 7] What is meant by effective colision of reacting specnes? Mention any one

[2
erl

e

6. Borisetc ano, 7 Identify reaction orders if the units of rate constant are:
a. min-!

b. molL- min-!
2 a. Unit of rate constant = min-!
The rate law expression for a rea.chcn is as .
Rate = k[Reactant]:, Where, k = rate constant  x = order of reaction
[Reactant]x = ?:E
Mol L-'min-1
min-!
or, [mol.L-1]x = [mo] L- 'l [ minute is cancelled]
or, [mol.L-1]x = [mol. L-1p
or, x=1
1 Helm:e, the reaction havmg rate constant min-! is first order.
- unit of rate constant = Mo] L-'min-1

[Reactant]a = Rakte ) : "

or, [mol.L-1Js =

MolL-! min-1
or, L) =
[mol.L ]: T e

or, [mol.L-1]x =1
or, [mol.L-1Jx = (mol.L-1)0
or, x=0

Hence, the reachun havmg rate constant Mol L-’mm 'ls zero nrder

. Rate of reaction is doubled when concentration of A is doublet

effoct In rate wnh change in concentration of B,
a.  Write rate law
b. Find out unit of the reaction.

. The concentration of A is douled, rate is also doubled 50 it is 151
order with B. Tfle concentration of B is no change,

)

*_:‘.‘J =

ndman foracollision. + -
ve collision: The collision between reacting molecules resulting in the formation
E“emdu“ is called effective collision. There are many factors that affecting in the
a 1:)\ e cpliision which of one is the orientation of the reacting molecules. -
2 ":[sa 57 a.No. 7] Write the rate law for a first order reaction. What is the unit of the reaction?  [2]
g 206 onsider a reaction: A — product

ptus € 3
> :: e law expression fof first order reaction is written as:
a :

Rate = K [A]
= rate constant

W

Where, K ”
. tan
L'm[of rate cons
Rate _ Mol L-1s-!
k= [A] - MolL-!

» GESSipp Se B Ro.1| Define i |
i Effective collision - ii. Proper orientation - ; 2

« i. Effective collision: The collision between reacting molecules resultmg in the formation
of product is called effective collision.

' ii. Proper orientation: The reacting molecule must have a part[cular geometry Whl.(.‘h result
in effective collision is called proper orientation.

2. 2068 Q.No. 16] Define the half-life period of a reaction. The half-life penods of two reacﬁons A and B

are 3 21167 minute and 569 minute respectively. Which of these is a faster reaction? 2]

Half life period: The time required to complete the half of the initial amount of the

reactant by any chemical change is known as half life. Itis denoted by t, ;1..

A=3.21 x 102 = 321 minute - ; {

B =569 minute T e

Smaller the value of half life period of ranctlon reaction rate wﬂl be faster Because

ﬂ;nwntmtmn of reactant will decrease faster and formation of pruduré!»ls faster. So, rate
feaction A is faster than B. ‘& =  §

=g1

w

3
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e constant has same unjt
25. (057 GNo. 78 What is the order of reaction whose rate B
reaction?
™ Let us consider a reaction
A—— product
Ifitis zero order reaction
Rate = k[A]e
or, - %?]1 !
& MnISL-' -
or, k= Mol L-15-1
So, k has same units as rate of reaction.
Hence, order of reaction is zero ordi E——
26. D88 0o, 79 Wit the rats expresson for the following reaction:
2N0s — 4NO#+ 0,
™ The given reaction is 2N;05—» 4NO; + O:

: 1 d[N:Os]
The rate of disappearance of NoOs () =35~ g¢

2 f
! 1 d[NO:
The rate of formation of NOufr) =7 JTI i
d
The rate of formation of Oa (r3) ="i§d .
% d 0 .- 14

Rate of reaction =_.12.g1%3t9;l =%QL%?—]J=‘ETZI S .-
. Write the Possible rate Law equations of the following Second order react on;

P+Q—— Product il

™ The possible rate law ex
Rate = k[PJo[Q]2
Rate = k[P]2{QJo !
___Rate = k[pps [Q]' .Where ki the rate constant. B 1
28. Drawa hhelm to show the influence of catalyst in
chemical reaction, 4% : i
> Please refer to :
|2, Define zero order reaction and fing the unit of its rate constant,
| ™ Zero order: The reaction whose- e
 called zero order reaction. Eor a

tﬁ_ +Chg) — 2HCI (g)

Pression for the above second order reaction may

rate does not depend upon the conc of the

rea
photochemical reaction which is zero order;

dx v
“dt) = KIH[CL)0, Where, K is the rate constant.

Unit of concentration | LVt
() = ————2ncentration g
Unitof time - - mol.L-'s-

e rate constant is § year-1, -
iod: The time required to complete the half of the initial amount of
Y chemical change is known as half life, Itis denoted by ty, .

.
.

Hent 76| How does a Catalyst increase rate of reaction? e
E increases the rate of reaction by lowering the activatio

157
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constant (k) =5 year!
R e tv2=? |
Il-‘:‘ know ‘hatﬁ 693
i B = s
N g%‘i_ -5 0.1386 year

u?

he half life period is 01386 year.
€

* he talys
e

Y-axis ’/u,.c.m,-zed reaction

ol [

Potential energy ——s=
Forward

Back .“'ﬂ Iz
Backward

- Forward

“Reactants AE
Products
X-axis
0 Reaction coordinate ——-"'_
i tion

= Forward reaction for uncatalyzed reac :
Ej(mnvar:]r}d =F;ackward reaction for uncatalyzed reaction '
E'E-h;::vﬂ’d) = For catalylz;:éd react:t:? ; i e
s = For cata reaction :

D kward) r ; ; : e
fe one example of a reaction where order and moleculary are eq
2, 059 Q.No. 17

i i ]ecular ie. order
Ha(g) + l2(8) —> 2HI(g). This reaction is 2 order and himo
t le: Hz
« Examp

e litmot-' 5. 21
b E’_‘.clmale:“ [dentify the order of the reaction if the unit of its rate constant is
2. Ts: ::‘: iaw expression for a reaction is as :
‘. =
’ Rate = k[Reactant]¥, Where, k = rate cofistan

X = order of reaction

Rate
[Reactant]’ =k
Mol L-!s-!
or, [mol.L-"]x = L moL-'s-! ks,
or, [mol.L-1]x = [mol.2L-2] [sgcum_;l is can@lled‘]
or, [mol.L-1]* = [mol. L-1]2 : . 4)
=2 . N T : .
. ;('Ience, the reaction having rate cﬁhs',tg'nl L mol-Is-! l:'n sec:;::i :r:‘:;u T =
] Give the rate law for a reaction which Is seéond order
. Give the rate r 4 - .
~  Let us consider a reaction: @ -
A+ B — Product ; v
Rate = k[A]2[B]e Whete, k is tate cohstant_.“ i .
The order of reaction is (2 + 0) = 2 i.e. second drder. &' % =
3. Give the factors which infliience the rate of a rnc.llon.. E
s Following are the factors that influence the rate of reaction: -

Oy
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i. Temperature

ii. Catalyst ¢

iii, Size of reactants

iv. Concentration of reactants

|
o Calculate the half-life peri

n Given, rate constant (K) = 5 years™
For first order reaction, half-life period (t/2) =7k 3
oni ears.

Hence, half life period of a first order reaction is 0.1386 y

0692 0692
5

k1g The reaction X + Y —— products is a second order reaction. Write th
; jon.

law expressions which may be true to the above reactio i order reaction e

™ The three rate law expression for the above second 0 o
. Rate = k[x]o[y]2

Rate = kXY )

Rate = k[X]'[Y]' Where, k is the rate constanL. -
3. 54 aNo. § What e of a chemi tion
38. 054 Q:No_ g What is meant by rate of a chemical reac ;N :
»u The change in concentration of reactant or product with time is calleq‘ ra

reaction.

Let us consider a reaction:
"A——p8

Rate =££&]
t

Rate = :‘%Q Positive sign shows the concentrafion of B increase.

9. What is an activation energy?

» The amount of energy in which the reactant must absorb to pass over this activate
is known as activation energy. : '

—_—

40, Define the half life of a reaction.

= The time period of reaction in which the jnitial concentrati
to half is called half-life period. Itis denoted by t,.
Half-life for 1+ order reaction is

bz =

41, Give a chemical reaction to show reaction of first order,
= If the rate of chemical depe

first order.
Let us consider a reac tion:
A 1 B —— Product

Negativé sign shows the concentration of A decrease.

on of the reactant i decr

—_

k

nds upon the only one concentration of reactant is said

K[A]'[B]e Where, k is rate constant.
er of reaction is (1+0)=11ie. first order.

tion of ammonium nitrite is first order reaction,
N2+ 2H,0

9
Chemical Kinetics "

- nt of the
eriod: The time required'to complete the half of the initial amou

e any chemical change is known as half life. It is denoted by ti/z- o
V" action: The reaction whose rate depends upon the concentra
said to be 1% order. ,

n of only

1 | er €3

el O "
; I'i‘:\dﬂnl 15
i : gl

gl‘lca = + i1

ﬂu!‘“ % decomposltlonv

for centration of reactant (a) = 100 (suppose)

of inutes the concentration of reactant becomes

m

2303, 2 (10 '
"5 log (10)

r
u

_2;:;}9.3-)(1

or, K=730 .
K =7.67 x 10-2 min”!

- For 99% completion,.

1 concentration (a) =100
::r::;?lrf)(r}lcentration (a —.x}_==t10=0,- 99=1
Time taken for com_plehon =2
For first order reaction,

a
K= 2—3?9' log ;—_'x'
2303 100
or, 7.67 % 102 =.—'t—']og T00-99
100

2.303
or, 767 x 102 =" log ™3

2.303
or, 7,67 x 102 = =" log 100

or, 767 x 10-2 = x2',

2303 % 2
oL t="rm 1
" 7.67 %1072 .
i i nute.
Hence, the time taken for the completion of 99% is 60 mi _

a Define

Il Ratelaw e
In a irst order reaction 40% of reactant gets converted into prod

it require to convert 75% Into product? C

= 60 minute

on..
Half-life period of a reac:lillct in 30 minutes. What ime would

C[14143]

y : i ion i of
i. Rate Jaw: The mathematical expression that gives the true rta;tgleafj reaction in terms
foncerimﬁon which influences the rate of reaction is called ra 7
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160 A Complete NEB Solation ToCh If of the initia] a5 rate of reaction is
‘ sired to complete the e e gherefor® the 2 given by,
ii. Half life period: The um: = is known as half life. 1t1S denoted by ti/p e” K(PI'Q]
reactant by any chemical change } o Pl !
/| e i
Numerical: e Ra experiment I, we obtain
- m
For 40 % decomposition § Fro K[P]
‘ = su DSE} . =
Initial concentration of reactant‘[a) {lmim:tpbecome (a-x) = (100 - 40) =g R;li 102 =k[01] {5
After 30 minutes the concentration 0f 2 o 20%102_ 45 mint
on k=" 01

Time taken (t) = 30 minutes
Rate constant (k) =7

For 1%t order reaction

a

2303
or, k= t log;:
303 100

2.
on k== log gy

log (1.66)

or, k==
2.303
or, k= 30 log (1.66)

2.303
or, k= 30 %022

or, k=0.0169 = 1.69 x 10 *min"!
For 75 % completion
- Initial concentration (a) = 100
Final concentration (a - x) =100 - 75 =25
Time taken for completion (t) = ? :
For 15t order reaction )

2.303 a
or,k= n [og—agx

2.
Or. t =5 0169 * 0-60 = 81.76 minute, :
Hence, the time required to convert 75% into product is 81.76 minute.

! i t II, we obtain
expgnmen Y
fro™
Rate
Of‘ -“

=k[P]
0 x102=02[P]

4.0x10? _ g
» [P]"—fﬁ—- 0.2 mol L1 |

From experiment I1L, we obtain’
1

=k P i
Rate {2 L 0.4 = 0.08 mol L-'min-! = 8.0 x 10-2 mol L-'min-!

sment IV, we obtain

te=0.
= peri

From ex]
R‘“e = k[P]
or. 20x102

£ ——=0.1mol L1
or,[P1=7 0.2 :

f Define the terms: -

B = f a reaction
“atelaw . Ordero i
’ ﬁr':l’ ::rd:r reaction will take 100 minutes to complete 60% of
LAake to complete 75% of the md"'!‘,!f‘“ pmdw .

w Define: i

i, Rate law: T

lil. Molecularity of a reaction
duct, What time will it
reactant into produ [141*1*2]

B ot
he mathematical expression that gives the true rate of reaction in terms
which influences the rate of reaction is called rate la

f reacting subastance

ncentration ;
ii grdler of reaction: The sum of powers of C““'-'e“m‘:““ ‘termstio
i o ion is called order of reaction. -
i ate law equation is calle . )
which is appearing in its 7 eq lecules which take part in -

jii. Molecularity of a reaction: The total number of atnr.n._s or r_.no
- any chemical reaction is called molecularity of a reaction.

.

Numerical:

For 60 % decomposition, _ 1 ;
Initial concentration of reactant (a) = 100 [suppnse) :

. After 100 minutes the concentration of reactant becomes
(a-x)=(100 - 60) =40
Time taken (t) = 100 min.

—_—

“ Define rate law. The reaction P +

zero order with respectto @ . If so, fill in the blanks in the following.

Q—> Zis first order with respect to

Rate constant (k) =7

For‘{lrst order reaction, 2o it K

E:Imt | [PIM |___[QIM T initial rate of formation Z] -
- ~ o1 03 2.303. i-ttg7H
I 2 02 K= B ;
1T 04 .04 2303 100 b :
v 2 02 K== 18 700-60 - ' :
= Rate law: The mathematical expression that gives the true rate of reaction in te ; o
concentration which influences the rate of reaction js called rate law. . or, K= 2_t3Q3_ log 1%0

Numerical: :
The given reactionis P+ Q—» Z
First order with respect to P and zero order with respect to Q

; 2.303
or, K-—-—-_lm IOg {25)
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2.303
or, K=00 x 0397
or, K =9.16 x10-* min-!
For 75% completion,
Initial concentration (a) = 100
Final concentration (a - x) = (100 - 75)=25
Time taken for completion ®=?
For first order reaction,
2.303 a
K=" log 3%
2.303 100
or, 9.16 x103=—log 700 - 75

2303, 100
or, 9.16 x 103 =" log 55’ :

or, 9.16 x 1}a=7'3:]3 log 4 3 ;
i N ".

or, 9.16 x 10-* =@ x 0.602

o 2.303 x 0.602
9.16 x 10-*
Hence, the time taken for the completion of 75% is 151 35 mi
. (07T Supp, GNo. 24 Define the term. T
i. Rate lawequation i. In rate

- What will be the initial rate of a reacti .
: ction if its rate constant e he co
the reactant is 0.2 mol L-*? How much the reactant will be co:v::tld oWt
r into the product in 50 0|

=151.35 minute

¥ .1

. Rate law Equﬂhl}ﬂ.‘ The m the
1 equanurl WI'I.ICI'I ) i
- rehttonshlp bEtWEE!'l d’l

:eacbclm and a?ctual variation of concentration ' of
xperimentally is called rate law equal:‘an.'- e ™ AR

. Instantaneous rate: The rate of chemical reaction at llly par ticular insta ofh
11, tant f i ]
me

chemical change is know i
o
. B! n as instantaneous rate.

Instantaneous rate = (Average) y .o *

i A[A '
ne(A). ol
o BT\ W & 4

R,=(;él_l

At JH0

:-R]-—M=ﬂgl
dt ~ dt

her: d[A] d[B] an. i . nge in COI'I‘('EI"Ilrd
Where [ ] d dt belng mfmlbestmally small cha ge i atio fA :
n ol and

and that of time r i
Numerical: t -
Given, . Rate constant (k) =1 x10-* min -1
C?r.lcenh-ation of reactant = 0.2 mol L-!
Initial rate of a reaction = ?
We know that -
«-Rate =k [concentration of reaétanl]

‘ i ! 2 - ', (e
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Z1% 10~} {0'2] x

pate " ox 10 -3 mol L-! min-!
1{.\Il' _ 500 minute
tion of reactant (a) = 0.2 mol L-!

jon of reactant (a - x) =7

{ reactant converted into product (x

’\I:,IIII. .ll Onccnﬂ'ﬂ
[!u:" l:':“,'c".nflrat
rf:mf atration g

Th ;‘r order reaction

r a
e .2.-393* log7-x
}:1 t . ’
2303 . 0.2
-3="500 °g(a-x)
0-3 % 500
0z . 15—%@"" =0217
o, lofa-X
02 = IOg =1 (0‘217)
of (2~ x)
02 164
of (a- x)
02 -164

)=?

;%10
ofr

of:
U]ZB = 0073 ma] L-!

or, X< 1.64
Hence, the concentration of reactant is converted into product (x) = 0.078 mol L.
Define the term:

S
. ot SetC Q.No.2

~ Rate law
p. Order of reaction
¢ ivated complex - a -
Therate of a first order reaction is 1.5 x 102 mol L-! min-* at 0.5 M concentration of the reaction. What
isthe half-life of the reaction? ‘ 5]
te of reaction in terms of

thematical expression that gives the true ra
h influences the rate of reaction is called rate la
The sum of powers of concentration terms 0
in its rate law equation is called order of reaction.
An activated complex is an intermediate state th
ts into products. An activated complex is
g the reaction path. The acti
of the activated

w.

f reacting subastance

Rate law: The ma
concentration whic
p. Order of reaction:
which is appearing
Activated complex:
the conversion of reactan!

at the maximum energy point alon
fference between the energy

at is formed during
the structure that
vation energy of a

results
chemical reaction is the di complex and the

energy of the reactants.
Numerical:
Given,

Rate of a first order reaction=

Concentration of reactant = 05M
We know that,

Rate = k[concentration of reactant] whe
or, 15 x 102 = K[0.5]

1.5 x 102 ’ s

or, k=="p5 -2 * 02minule

i

15% 102 mol L-'min-!

re, k = rate constant of reaction
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We know that ‘

by, = 2698 __0693
k Ix102 = 2.31 x 103 minute

Hence, .
the half life of a reaction is 2.31 x 10-* minute.

48. PoT1setn g
. .No. 24 Wh a
0: 24 What is instantaneous rate of reaction? How do concentration 3

of reactant affec
reactant lnmm?;m“ reaction? A first order reaction will take 100 minutes to
at time will it take to complete 0% of reactant Into producty ©

™ Ing
tantaneous rate: Please refer to

Affect of co; . \
concentration and surface area of reactant:

i. Concentrati
tion of reactants: It is clear from collision theo

(smaller surface area)

For example:
ple: coal dust (smaller particle or larger surface area) burns in air

than that of Jar
el g
Nnmen-“]: ge lumps of coal.
]chr.60 % decomposition,
nitial concentration of reactant (a) = 100 (suppose)

After 1 i
00 minutes the concentration of reactant becomes

'(fiax)= (100 - 60) = 40
Time taken (t) = 100 minute
- R‘ate constant (k) = ?
For first order reaction
5 2.303 '
K= =
t log a-x
2.303
(o~ 230, 100
& 100 - 60

_ 2303 100
S

2303
or, K="00 log (25)

or, K= %(; x 0.397
or, K=9,16 x 10-* min-!
For 90% completion,
Initial concentration (a) = 100
Final concentration (a - x) = (100 - 90) = 10
Time taken for completion (t) =? i
For first order reaction,
- 2303+ _a
K= t lo_g_a'—.':;_’ z
o
100 -

. 2 T
or, 9.16 x 103 = —l?-fpg 100 = 90

¥

';l' £ -

ry that more m

s
[z . - .
g are the important factors which influence rate of reactions:
nature of reactants.

o :
ng!m\'m

i ClJI'l“"“"“i':'rI :
' mean more collision per unit of time and there

i 165
2.303 [ 100 Chemical Kinstics
="t °B10
303
3 ‘Z_E_. log 10
ol 2. 303 x
9 16 x 10‘3 Rl .
: af L 303
T],.I,za'-—;-l‘ﬂ'ﬁ = 251.41 minute
[ Salll f
o P ;
Henc®r the time taken for the completion of 90% is 251.41 minute.
M
[9]

pture of reactant: Rate of !‘eactions are certainly. governed by the
reactants have different composition, different shape and size, different
the rate of chemical

b pifferent ;
pond etc. these properties of substance greatly influence

L.hemical
real'f.iﬂﬂ-
Na+ HC
The change in
and 50-

of reactants: It is clear from collision theory

For example:
| — reacts violently
__—» reacts very slowly ;
te of reaction of above chemical reaction is due to different nature of Na
that more molecules in a
jven volume fore a greater chance of
reactions where as less molecules in a given volume mean less collision and less chance
for reactions. So, we can say that concentration of reactants certainly influence the rate of
reaction.
jii Temperature: It is a well known fact that
' in temperature. In homogeneous reactions,
10°C rise of temperature. . ‘
sed the molecules move more rapidl

As the temperature is increa
are more frequent and increase the rate of chemical reaction.

the rate of chemical reaction increase with rise
. ed for each

the rate becomes doubled or tripl

y, therefore collisions

- Y-axis i
] T,>T, ' i
3 :
2 T,
E Fracton of molecules thal causes
B effective collision =
=
o
-
[=}
oy :
L'Lo - X-axis
Kinetic energy ——=
t that it increase the rate of chemical

iv. Catalyst: It is clear from the definition of ‘catalys
reaction without under going any: change and can be recovere
reaction. T
It has been found from the theoretical study of
energy of a reaction there by increasing the rate o
influence the rate of reaction. '

d after completion of the

owers. the activation

catalyst that it |
can say that catalyst

{ reaction. S0, we




- {2059 Q.No. 29 .
[2953 Q No. 23 Define the rate of chemical reaction. How do concentration, temperature, cat

- Let us consider a reaction
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Y-axis |
' /Uncatalyzod reaction
iaf s \
1l i 3
3 n El'nl [
LIl EER |
B £ 8
E
3 2
Catalyzed reaction
Reactants j
3 AE
Products
0 Reaction coordinate ——= ey

Surfac : d:
The sr:;;;-a :: :eildanh: This factor is only applicapable or hererogeneops

rticles - 7 us
(smaller surface srea) (larger :surface area) react more rapidly than the

For example: coal ;
'Ple: coal dust (small i ..
than that of large Iumps{ - oaelr particle or larger surface area) b."lns inair o8

surface area of reactants affect the rate of reaction?

Rate of ion: i '
i co;::;:;::;;)A mathen:naucal expression in which observed rate of reach
, n of reacting species is called rate of reaction.

a A+bB—=bPr0du(t
Rate a [A]+[B]

Rate = k[A][B]"

Affect of concentration and surface area of reactant: Please refer to

2058 Q.No.
I_)eﬁne rate of reaction. Distinguish between order and molecularity of a re
W R n:a tl-or!. A mather:rtatical expression in which observed rate of reaction
ks entration of reacting species is called rate of reaction

ifference between order and molecularity ’
) _Order of reaction :

; . Molecularity of reacti
1. It is the‘ sum of the power of | 1. It is the total n{m'lber ofonto
concentration of reacting substance. molecules taking part in E|l1‘ 3

2. It may be a whole number or zero or | 2. Itis always a whole m.tmlr\e:rc :

fraction. '
3. It is expressed as zero order, first [ 3. It is expressed as uni b-ﬁ T
order, second order, n' order etc. molecular ete. v o

'| 4. Itcan be obtained experimentally. 4 It can  not be _obtain

experimentally,

5. Itis real number. 5. Itis imaginary quantity.
6. It has no connection with the [6. It has great connection with
stoichiometric equation of a reaction. stoichiometric equation of a reaction,
7. 2N;0s — 4NO; + O, 7. 2N20s—— 4NO, + O, 3
It is first order reaction not It is bimolecular reaction,
bimolecular.
4
ot
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G no. 37 Define the terms (i) activation energy (ii) order of reaction (iii) molecularity of
5 ) effective collision (v) rate law equation.
reac owder sugar dissolve faster than grain sugar?

oes P
wW‘:"mwin data were obtained for a hypothetical reaction x + y ——> 2

1and [y] =

The T | molL” [yl mol L' [ formation of z mol L-' S-'
EX=10.20 020 s

1 0.40 0.20 12107

2 —1020 040 5107

i 06 0.20 910 :
Calculate the

pamol L™

‘T‘ Adivation
' py the reac
energy:

;. Order of reaction:
i which is appearing !

ity of a reactio

ji. Molecularity
any ¢ he
iv. Effective €
order to pr
amount ©

f energy. This energy,

energy: The minimum energy over the average en
ting molecules before they could react to form the

tion: The sum of powers of conlentrati
n its rate law equation is called order of reaction.
n: The tota] number of atoms or molecu
mical reaction is called molecularity of a reaction. -

ollision: Effective collisions are those that result in chemical

oduce an effective collision, reactant particle
used to initiate the reaction,

rgy- '
Py The mathematical expression that

v. Ratelaw equalion:.
terms of concentration w
Numerical:

The reactionx +y —>Z
Rate = k[x]"[y]"
Therefore,

3x10- = k[0:2][0.2]"
1.2x20-2= k[04]"[0.2]"
6x10-= k[0.2]"[04]"
9x10-3= k[0.6]"[0.2]"

hich influences the rate of reaction is called

()
o (i)
(i)
..(iv)

Dividing equation (ii) by (i) we get

12x10-2  k[04][0.2]

3x10-  k[0.2][0.2]"
or, 4=2m .
or, 22=2m

or, m=2

The reaction is 2 order with respect to
Again, divid;iéng equation (iii) by (i) we get

6x10  k[02]"[04]
3x10°? '-'ll_t'[(!g-'_!]"‘[ﬂ-zl"
(2 8
or,20=2n = |

'
o, n=1

st order with respecttoy
AW expression is

0 .
rate constant and find out rate of disappearance of y when [x] = 0.2 mol L
(5+14242]

ergy which must be gained
product is called activation

on terms of reacting subastance
les which take part in
reaction. In

s must possess some minimum
is called the activation

gives the true rate of reaction 1n
rate law.
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The overall reaction is (2+1) =3

';'he value of rate constant k can be determined by Experim
i=1 2|
e ol KM
) = 04
on k=5 x 03 = 0375 Limol3s* B £ 'Ii:ﬂ
X

m
?;nce. the rate constant (k) is 0.375 L2mol s Frc;, = KX
; Ra

e rate of disappearance of y is determined by ) +102= 02(X]
Rate = k[02]0.4] :

Rate = 0.375[0.2]5[0.4]' = 0375 x 0.04 x 0.4 = 6 X 10 3

Thus, the given

iment IV, we obtain

_3_.’.‘.-]—&; 0.1 mol L
0.2

table looks like

Chemical Kineties 169

e Hence, Rate of disappearance of y = 6 x 10 mol L''s"* T
. w0 i = - = t 21 mi
Catalyst and () Define rate law. What are the effects of (i) concentration (ii) tem; (X) molL! (Y) molL-! Initial rate ﬂw2
experimental (iv) surface area of reactants on rate of reaction? Why is order 0.1 0.1 2x10-
The reactio .t . 02 0.2 4x10-2
the follow n between ® and @ is of 1% order w.r. to ® and zero order wir. to @. Fill in thy 04 04 g x 102
wing table. . 4 0.1 0.2 2x10-? _
Ix] ':.?Il L [y] mol L-! initial rate mol L' min-" — e
04 574 set A Q:No. 33 - _ i
¥ 02 e e ow. Howdo () concetaton i) tempersture i) catayst (1) e e e
04 04 s Deect the rat of reaction? Why i order o reacton a experimental parameter? W5 Ty
= = 02 2 -104 p, The reaction between x and y is of 1t order with respect to x and of zero order with resp ¥
a. Rat - "1 the blanks in the following table. T
ate lIaw: The matt : ¥ Expt 00 molL" PR Sl rate =
concentration “"';‘:c}. i tical expression that gives the true rate of reactiofiy 1 0.4 = 0.1 2x107
Affect of mncm‘;‘ﬂ“mtﬁ the rate of reaction is called rate law. 2 = 0.2 - 4x107?
ion: ““':"’"'P""m catalyst and surf 3 3 04 04 - -
g:l';‘hlun.r Please refer to yst and surface area of reamng 0 4 i 5 k| 210
er of a reaction i :
stoichiometric c'::l:;dl:n:l experimentally determined quantity. It correspo « Please refer to —
series of elementary rea °“IY for an elementary reaction. A complex reaction 55, Mﬂl:
energy. These steps do not affect Some steps are very fast as they do not rea i, Ratelawequation _
mainly determined by affect the overall rate of reaction. Hence, the rate of i Half life period for a reaction :
complex reacti by the slowest step of the reaction. Order of a reaction i How is order of a reaction different from molecularity of reaction?
plex reaction, corresponds to the stoichiometrc coefficents of thi ate delosa B ollowing rate data were obtained for the reaction 24+ B——>C :
R ¢ coefficients of this rate determi Exp.No. [A]mol L' “[BLmol L"* initial rate of formation of C mol L”
b. The reaction is given as: ' 1 TR 0.1 6.0x 102
X +Y—— Prod 2 03 02 7.2x 102
First ord = ; 3 03 04 288 % 10%
order w.r.t. Xand Zeroorderw.rt Y . . 01 2.4 x 102
' Calculate the rate of formation of C, When [A] = 0.5 mol L and [B] = 0.2 mol L. [2+4+4]

Therefore, the rate of reaction is gi

s on

Rate = K[X]'[Y] o
Rate = K[X]
From Experiment I, we obtain
Rate = K[X]

or, 2 x 102=K[0.1]

_2x102
o Ks"01

ii. Half life

=02min?

From Experiment II, we obtain
" Rate =KI[X]
or, 4 x102=02[X]
4102
or, [X]="02

=0.2mol L

i. Rate law equati

experimentally is

on: The equation which shows th
reaction and actual variation of concentration o
called rate law equation.

od for a reaction: _
the reactant is decreased to half is called half-life period. It is denoted

e relationship between the rate of
f reactant which is determined

The time period of reaction in which the initial

.
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mplex: An activated complex is an intermediate sta

Chemical Kinstics 1

te that is formed during

0
Rate = k[A]"[B}* ﬁ:livnli:sion of reactants into products. An activated complex is the structure that
Therefore, ] " he mnal the maximum energy point alorg the reaction path. The activation energy ©° 2
6.0 x 10-3= k[0.1}~[0.1] ) ' / sult 4] reaction is the difference between the energy of the activated complex an ¢
7.2x102= K[03]m[0.2] .. () f M f the reactants. ‘
2.88 x 10-1= k[0.3]"[0.4] ... (iii) ; ::_’: ence between order and molecularity of reaction: Please refer to
24 %102 = k[0AJ[0.1]1.... (¥) ! perical
Dividing equation (iv) by (i) we get ction 2A +B —-—I—“C +D
24x102  k[04][0.1]" Re ate = KIAI"[B*
6.0x 102~ k[0.1]m[0.1]" refore:
or, 4= 4n Tt = koI [01]" i
or, 41=4m 2 60 (102= k[0.3]m[0:2]" .. (if)
©m=1 : 7 x 10-= K[O3][04l" ... (i)
The reaction is first order with respect to A- ; 4% 102= k[0.4I'“{0-1]" e (iv)
:gain, dividing equation (i) by (ii) we get aividi“B equaﬁon'(iV) by (i) we get
88 x 10-1  k[03]"[0.4]" 2 K[04]"[01]" )
725102 ~ Ho3o2F ' e
or,4=2n 67
or,21=2n ar g 2
» n=2 or, 414
The reaction is 2" order with res 2 l jon is fi i
pect to B. The reaction is first order with respect to A.
Hence, the rate law expression is Again, dividing equation (iii) by (if) we get.
Rate = K[A]'[B]2 e k10 k[03][0d]"

The overall reaction is (1 + 2) = 3 order
Rate of formation of C when
[A]=0.5 mol L'
[B]=0.2mol L™
Rate = k [0.5]' [0.2)2
The value of rate constant K can be determined by
6 %102 =k [0.1]' [0.1]2 £ :

k= 6 x 10-3
[0_11! 012 =6 mol-2L2s1

2= 102 _ k[03]"[02]"

or, 4=2°
.Dr’ 2: = 2«
n=2

Rate = k[A]'[B]? .

The overall reaction is (1+2)=3order
The rate constant of reaction is calcu

The reaction is 9nd order with respect to B.
Hence, the rate Jlaw expression is "

lated by putting the value o

I

f ‘m’ and ‘0’ in the

Rate =6 x 0.5 x 0.04
=0.12 mol2 L-25-! equation (i) 4P
Hence, rate of formation of C is 0.12 mol? L-2s-. 6.0x102= k[U"l}'[ﬂ-T‘l]"
6. EU74SetA GNo. 33 Define the terms; Gc.60%103= KO TIDIL
i Rate Law equation ii. Activated complex Or k= 6'%” 10 =6s! .
How is order of reaction differed from molecularity of reaction? 001 i : s
The following data were obtained for the reaction 2A + B —C Rate of formation of C = K[A]'[B]* = 6[0.5]'[0.2]2= 51“--"][“_-&] =012 mol L's'. -
Ex[m;menl [A] rnnI!L" __[B] mol L [Initial rate] mol L8t 7. Define’ ; : :
2 3'1 - 81 6.0x 10+ A i. Activation energy il Rate law equation
3 b 92 7.2% 102 s What are the difference between order and molecularity of reaction? From the following data for the
3 03, 04 288 % 107 reaction between (A) and (B). : [2+4+4]
o 0 245107 2A+ By—> 2AB :
Calculate the rate of formation of C when [A] = 0.5 mol L' and [B] = 0.2 mol L Experiment [A] mol L [B] mol L-! nitial rate] mol L-' s~!
B , | . 1 050 0.50 1.6 %104
i. Rate law equation: The equation which shows the relationship between the rat 2 050 100 325107
reaction and actual variation of congentration of reactant which is deter o 3 1.00 1.00 32x104
p Calculate the rate of formation of AB When [A] = 2 mol L-" and [B] = 4 mol L-\.

experimentally is called rate law equation.
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A Complste NEB Solution To Chemistry -XIl L of rate constant:
mn
PR Rate
Activation energy: The minimum energy over the “emgi](‘:eﬁz:::ﬁh o w7 AR
. \ | b
by the reacting molecules before they could react to form REEE i atol ?Lif]’. = Moi-'Ls"!

k s R . ey TER — hure, catalyst
}@ﬁ ne fate law and rate of a reaction. How does temperature: 5]
# chntraﬁoﬂ of reactant and surface area of reactant affect the rate of reaction? (
con law equation: The equation which shows the relationship between the rate ©
I:Jlfl o and actual variation of concentration of reactant which is determined

energy. =7[Mo S e

Rate law equation: The equation whi
reaction and actual variation of concentration ©
experimentally is called rate law equation.

ch shows the relationship be
f reactant which is

: : ion: Please refer to 5
z:ffere.m' j between order and molecularity OEREAS: ' et t :m-lentally is called rate law equation.

um H pe i
Reac;:: 'ls’given as: :‘:Ic of reaction: e matherr'mlical E),(P’f"“iﬂn in which observed rate of reaction 1S related
2A+B ' ] 2 oncentration of reacting species is called rate of reaction.

22— 2AB wiT s consider @ reaction
Rate = k[A]™[B] Lett” g ——> Product
Therefore, ah a[B]? ;
Rate @ Al
1.6 x 10 = k[0,50][0.50]» ] o () Rate = K[A][BI® 3
3.2 x 104 = k[0.50)m[1.00]" ... (i) second part: Please refer to
3.2 % 10-= k[1.00]"[1.00]" ... (iii) ). Write short notes on Effect of temperature and catalyst on the rate of reaction. 3]
w2 o refer lu T

Dividing equation (ji) by (i) then we get
3.2x 10+  k[0.50][1.00]"

Pleas —

Do 10+ mole
i in a reaction Hy ¢ Iz 2HI the rate of disappearance of Iz is found to be 10~ mo
3 or second. What would be corresponding rate of appearance HI? (3]

= \

161047 1O S0 aritre P
g:. 2=2n The balance given equation is given as,
N =20 ol L = 2HI
o Hag) + Ia(g) = (8)
The reaction is first order with respect to B Nows
e L - . 7 d[H]
Again, dividing equation (iii) by (ii) we get. The rate of disappearance of Ha=-— g,
3.2x10+  K[1.00]"[1.00] 8 d[i]
3.2x104" m1.00] A 2 g
O i IkIU-SUI [1.00] The rate of disappearance of Iy = - =4~ = 10-*moleL-'s"!
Or, 20=2m 1 d[HI]
5 ey The rate of appearance of HI=+5 =51 = ?

‘e know that, 3
ne the rate of appearance

The reaction is zero order with tto A :
g fespee p The rate of disappearance of Hz = the rate of disappearance el

The overall reaction is (0+ 1) =1 i.e. first order. .

The value of rate constant can be calculated tting t | ‘m’ 4 of HI
equation (i) ca by putting the value ofl m 'a, i ) -dh ,*ld
Or, 1.6 x 10~= k[0.50]9[0.50]! A I L ap
Or,16x104=k x1x0.5 B +1=dH] —Em'
ok ' ’ o= TT 2 dt .
 k=————=32x1045s" 3l |
o s or, 10-bmoleL-1S1 =+73 Jd_tl

The rate of formation of AB When [A] = 2 mol L' and [B] =4 mol L-\.
Rate = k[A]9[B]' = 3.2 x 10~ [2]°[4]' = 3.2 x 104 x4 = 1.28 x 10
Hence, the rate of formation of AB is 1.28 x 10 mol L' 51 1

o, QL;%[ =2 x 10-smoleL-'s"!
arance of Hl is 2 .x 10mofeL-1s~' which is double of rate of

Hence, the rate of appe

=

Distinguish between order and molecularity of reaction. What
second order reaction? Write its units. :

Distinction between order and molecularity of reaction: Please refér to
Second order reaction: The reaction in wh.i_ch the rate is determined by the varlation e
two concentration terms. : i

A —— product

Rate = k[A]? .
Where, k = rate constant

disappearance of L.

NUMERICAL PROBLEMS

) Give any four points of difference between molecularity and order of achemical
reaction, What Is meant by pseudo first order reaction? Write an example of it. |

The experimental data for the reaction [4+241.5+1+1.3]
W+B——Cis-

Is mes
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Initial Concentration of

Expt no.

[A] mol L'

1

2
3
4

0.1
0.3
03
04

B] mol L-!

Determine:

f. Over all order of reaction g
ii. Rate lawequatidn

jii. Calculate the rate of formation of C when concentrati

=

respectively.

on of [A) and [

Difference between molecularity and order of
Pseudo first order reaction: In bimolecular rea
concentration of only one reactant is called pseu

CH;COOCHs +H,0 —> CH:;CO0H

Ester
Rate = k (Ester)

Numerical

- Reaction2A+B — C

or,
or,

. Rate = k [A]™ [B]"

Therefore,

7.0 x 103 = k [0.1] [0.1]" (i)
84 x102=k[03]m[0.2)r . . (ii)
3.36 x 10-1 = k [0.3]™ [0.4]" .. (iii)
2.8 x 10-2=k [0.4]™ [0.1] e (V)

Dividing equation (iv) by (i), we get

2.8 x 102

K[0.4]™ [0.1]

7.0 %103 ~ K[0.1]= [0.1]"

4 =4m
41 = 4m
m=1

The reaction is first order w.r.t. A.
Again, dividing equation (iii) by (ii) we get

or,
or,

3.36 x 10!

K[0.3]™ [0.4]

8.4 =102 K[03][02]

4=2n y
22=72n

w n=2

iii.

The reaction’is 2nd grder w.r.t
The over all order of reaction is

The rate law equation ca

Rate = k [A]' [BJ?
Rate d_{.: )

B. X

n be expressed as

‘mation of Cwhen %

reactio
ction, th
do first

{m+n)=(1+2]=3

g) are 0.6 mol L

n: Please refer to

o rale of reaction deper

ord

+Cl1s0H

1715

Chemical Kinetics

7% 0.6 %009

Rol® ~ 5 378 mol? L-2s!
e of formation of C is 0.378 mol? {-2s-!

pence ==
AseEQR: 321 For the reaction Clz + 2N0 — 2NOCI, the data obtained are:
# Expt no- @ hﬂfa‘f Concentration of nitial rate of reaction
1 %r;;; = [NO] mol L-! mol L' "
! e 0010
¢ - e 0.030
: 0.030 .
[3+2]

mine: |
Oeiee cof reaction with respect to Clz and NO and the overall reaction
4 concgrﬂrﬂlﬂﬂ of Clz is [0.50] molL-" and NO is [0.40] molL-", Wh

at is the rate?

jith
he reaction is
2 o— 2NOCl.

. K(CHIINOT

rht""‘f”r"' e
,40%10° k[0.020]"[0.010]" * . (i)
416 %10% k[0.020][0.030]" ... (i)
yaax 10°= k[0.040]{0.030}" ... (i)
Dividi"‘ﬁ equaﬁon (iii) by (ii) then we get
.4.'?-2"@ =k0.040"'0,[:60n .
216 * 1072 k[ﬂ.UZO]"‘[0,0GO]"
of, 2 = 2ll|
ofs 2| = 2m -
or,m =1
The reaction is 1t order with respect to Cla.
Agains dividing equation (ii) by (i) then we get
2—-,].?-{-]-9;‘ _k 0.020]m[0.030]
T0x107 K[0.020][0.010]"
or,9=3"
or, 32=3"
or,n=2 3.2
The reaction is 2nd order with respect to NO.
The overall reaction order is (1+2)=3ie. 3nd

f Cl, = [0.50] molL"

The concentration o

The concentration of

Erom equation (i)

240 x 104 = k[0.020]'[0.010]*
2.40 x 10-4 2.40 x 104

k={g.020]'[0.010F ~ 2% 10¢ =120 mol L%t

Now, .

Rate = k[0.50]'[0-40]2 4

Rate = 120[0.50]/[0.40]2 = 9.6 molL's"

Hence, the rate of reaction i 96 [ajgg.._‘ls"‘ ;

£ NO = [0.40] molL"

3

A
entration of reactant and (iii) catalyst affect the
lecularity of a reaction. For a

“ How does (i) temperature (ii) conc
rate of reaction? Write any three points to distinguish order from mo

for inltial concentration of 0.8 mol/L to become 0.2 mol/L. What

_ [10]

first order reaction, It takes 4 minute

time will it take to become the concentration to 0.04 mol / L?
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™ Affect of temperature, concentrati

Please refer to

Distinction of order and molecularity: Pl

Numerical:

For 1# order reaction-
Time taken (t) = 4 minute
Initial concentration (a) = 0.8 mol/L
Final concentration (a - x) = 0.2 mol/L

" We know that,

a
a-x

0.8
log =5 02

K= log

ar, K = 23403

or, K= log 4

or, Kﬁg%x 0.602

or, K =0.346 min-!

Hence, rate constant of reaction (K) = 0.346 min-'
Again,

Time taken (t) = ?

Initial concentration (a) = 0.8 mol/L

Final concentration (a=x)=0.04 mol/L

wi‘_‘know!hat'
2.303
K--—Iog aax
2.303 0.8

or, 0346—--—-]08 o0

2303
or, 0.346 -_-t_ 1032{).

Or,o.m-ut"n”_m

2303 x1.30
0.346
or, t=8.65 minutes

or, t=

Hence, time taken to become 0.04 mol/L concentration is 8.65 minutes.

ion and catalyst on the rate of rea

ease refer to 2058 Q.No.24

et o= K010
60 10—2:1:[{).3]-*[02]"
72 o= Ko3][04]r

' 102 = k[04]"(01])°
g equation (iv) by (i) we get
Df',d; 8 Ko4lm[0.1]"
] lof;&"’ k(1 [01]
- = 4™ }
ol 4m i
ot
“he reaction is first order with respectto A.
Agains dividing equation (iii) by (ii) we get,
ag x 107 k|03| [04] '
2'328 <702 k[03]"[02]*
4=
21 =2n
. = 2 ;
2nd order with respect to B.

Th? reaction is
ence, the rate law expression s

Rate = k[A]' [B]? i

The overall reaction is (1 + 2)=3 m'der

Unit of rate constant is
Rate = k[A]'[B]?
Rate
e
k  =TAJB?
molL-151

__ molllSt
= Mol L] [molL] = molLis"
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.- (i)

.. (i)
... (iii)
. (iv)

by

2X + Y «——> X2 Y, the following data were obtained i

For a reaction,
eriment. :
r Experiment P mol L' [Y] mol L Rate, mol L™'s™
1 0.10 0.10 1.3 %104
2 0.10 0.20 2610
3 0.20 0.20 1.04 x 107

|| Find the value of rate constant with its units.

65. 2070 Set C Q.No. 32 b] The following rate data were obtained at 303 K for the reattlo.n -~ '

| ZA'I'B__.C{.D

’ Experiment [A] mol L~ ' [B] mol L' Initial rate offormllion respectively?
T = - mol Lt min-t__ >,
' 2 ' ¢ 0 1o i. Reaction 2X + Y ——>XaY .
0.3 0.2 12x102 7 :
i 3 03 04 Byl Rate = k[X]"[Y]"
4 04 0.1 24 %102 Therefore,
1.3 x 10~ = k[0.10]=[0.10]"

I. Whatis the rate law?

ii. Write the oMer with respect to each reactant and overall order.

iii. Flnﬂhe mllol’ the overall reaction.
N Rencuuh 2A.+ B—->C+ D

Rate = kIA]'“IB]"

2.6 x 10 = k[0.10]"[0.20]"
1.04 x 104 = k[0.20]m[0.20]
Dividing equation (iii) by (i) lhen we get _

26x10-4  k[0.10]»[0.20]°
13x10~ = k[0.10][0.10]
or, 2= 2n ; -
e W P

ui What is the initial rate of the reaction when the

i Find the order of reaction with respect to X, Y and overall reaction.

initial concentration of X and Y are 1M arid_ 05M

()
e (i)
. (idi) ¢
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or, 21 =2n
on=1
The reaction is first order with “’sfl'?d toY.
Again, dividing equation (iii) by (ii) we get
1.04 x 10 K[0.20]™[0.20]"
2.6 10~ " k[0.10][0.20]"
or, 4=2m
or, 22=2m
. m=2
The reaction is 2 order with respect to X.
The overall reaction is (2+1) =3 .
ii. Find the value of rate constant with its units.

Value of rate constant (k) and unit is obtained by putting

1.3 x 104= k[0.10J2(0.10]"
1.3x10#4 13x104

& T = 221
[001p ~10x10° 0.13 mol-2L%""

jii. What is the initial rate of reaction when the initial conc

0.5M respectively.

The initial rate is calculated as:

Rate = k[X]2[y]' = 0.13[1]2[0.5]' = 6.5 10+ mol L-1s-1
Hence, initial rate = 6.5 x 10-2 mol L-'s-!

L From the following experimental data for the reaction:

2A+B —— 2AB

the value of m ;

[ Experiment [A], molL-!

[B],molL-!

1 05
2 05
3 1

05
1
1

i. _Find overall order of reaction.
ii. Find the rate constant.
® Reaction 2A + B—— 2AB
Rate = k[A]m[B]n
Therefore, 3
1.6 x 10-+= k[0.5][0.5] ... (i)
3.2 x 10+ = k[0.5]™[1]~ ; T (i)
3.2x10-4= k[1]m[1]~ . (i)
Dividing equation (ii) by (i) then we get
. 32x104  K[OSje[1]
1.6 x 104 ~ k[0.5]"[0.5]
or, 2=2n
or,”21=2n
T n=]
The reaction is first order with respect to B.
Again, dividing equation (iii) by (i) we get,
3.2x104 K11
3.2 x 10~ ~ k[05]n[1]n
or, T=2m
or, 20=2m

T zero order with respect to A..
ction is (0 + 1) =1 i.e. first order.

[
Cas o

entration of X and Y
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{'}(, . 10-4= k[05]°[0.5]"
1 104=kx1x05

1.0 4
co, K ’%Ea'z X104 51
fence, ra}p__cqtlst_a_l'llgt_)ifi,z X 10-4 g-1 _
059 55[5 Q.No. 32 i e e R
8 e the terms:
3. pirst order reaction Il Rate law
i gffective collision Iv. Activation energy
;. Hali-life period of areaction i, Instantaneous rate,
The following data are given for the reaction )
e product (Z) ; :
| g mollt T v moilT Rate of formation of (Z) molL-'s"
: 01 04 7.0510°
8ol W 8.4x102
= 04 3.36x10°
. 01 2.8x102

Calculate the order of reaction with respectto X and Y.

- Half-life of reaction with respect to X,

jii. The rate of formation of 'Z?
when [X] = 0.6 molL [¥]=0.3 mojL-

? First order reaction: Reaction in which rate is determined by the variation of only one

" concentration the reactant is called 1%t order reaction.

i, Rate law: The mathematical expression that gives the true rate of reaction in terms of
concentration which influences the rate of reaction is called rate law. _

jii, Effective collision: The collision between reacting molecules resulting in the fom.'latlon
of product is called effective collision. There are many factors that affecting in the
effective collision which of one is the orientation of the reacting molecules.

iv. Activation energy: The minimum amount of energy in which the reactant molecules
must have in order to react is called activation energy.

¢, Half-life period ‘of a reaction: The time period of reaction in which the initial
concentration of the reactant is decreased to half is called half-life period. ‘It is denoted

by ti/2.
Half-life for 1+ order reaction is
0.693 '
tiz= k
vi. Instantaneous rate: The rate of chemical reaction at any particular instant of time during

chemical change is known as instantaneous rate.
A——B ;

Instantaneous rate = (Average) 1«0

A[A .
(A 8

R-(ME[)
e ( J
v dIAl_d[B]
T di T
i 1
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Where d[A] , d[B] and dt being infinites!
and that of time respeclively-
Numerical:
Reaction 2X +Y —>Z E
Rate = k[X]m[Y]" 1
Therefore, ol ‘
7.0 x 10-3= k[0.1]m[0.1]" (i)
8.4 x 10-2 = k[0.3][0.2] . i)
3.36 x 10-1= k[0.3]"[0.4]" @)
2.8 x10-2 = k[0.4]m[0.1]
Dividing equation (iv) by (i) we get
28x 102 k[04]™[0.1]"
*70x103 T k[0.1]"[0.1]"
.or, 4=4m
or, 41 =4m
L e
The reaction is first order with respect to X.
Again, dividing equation (iii) by (i) we get,

mally simall change in concentra

3.36 x10-! _ K[0.3][0.4]"
8.4x102 ~ k[0.3]"[0.2]r
or,4=2n
or, 22=2n
on=2

The reaction is 2+ order with respect to Y.
The rate law equation can be expressed as
Rate = k[X]'[Y}:
Half-life of reaction with respect to X.
To calculate the half-life period the value of rate constant is needed.
7.0 x 10-3= k[0.1]'[0.1]

7.0x103  70x103
f = OI[01E = opo1 =7 moliLis!
Half-life period with respect to X is calculated as

) 0.693 0.
tigz= B 2'6—;3- = 0.099 second

The rate of formation of Z, when [X] = 0.6 molL-! and [Y] = 0.3 molL-1

The rate of formation of Z is

Rate = K[0.6]![0.3]2 = 7 x 0.6 x 0.09 = 0.378 mol L-'s-! T 4

Hence, the rate of formation of Z is 0.378 mol L-'s-1 . S
69. [2066 Q. No. 3 What is the rate law of reaction? How does order of a reaction differ from mo

of a reaction, Rate of reaction A+ B — P, is given below as a function of d
concentration of A and B.

[Almol L' [B]mol L™
0.01 0.01
0.02 0.01
001 0.02

i. Determine the order of reaction with respect to A and B respectively.
ii. Whatis overall order of reaction?
iii. Write rate Law equation.

ol

are

We know that,

21
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Find value of rate constant.

V- whatls the half-life of A? (10]

12 tion: i ¥

Lie jaw equation: The equatiop, which shows the relationship between the rate of

. 1 actual variati ;
caction and  actua riation nf.conmnlration of reactant which is determm_ed

,crimentally is called rate law equation
" b

, ;
: e between order and ”
|}1ff""c_"zll molecularity of reaction: Please refer to {258.0 o 24
cal.
'\'uﬂ‘e"

weaction is XA +YB—— prody¢

Sforcy

5 = k[0.01]* [0.01]y ‘
ol : (i)
0.010= k(0.02]*[0.01]» - (i)
o005 = K[OO1]" [0.02) oo (i)

pwiding equation (iil) by (i) then we get

0,005 k[0.01 ]* [0.02]y

S5 ~ Koot (001

=0

;Ji\-iding equation (ii) by (i) then we get

0.010 k[0.02]* [0.01]¥

Y05~ HOOLIF [001F

= 2%

X = | ¢

Hence, the rate equation is

fate = KIATBP . '

So, the reaction is 19 order w.r.t. A and zero order w.r.t. B and overall order is (1+0)=1
e I order. : s
cubstituting the value of x and y in the equation (i) we get
0,005 = K[0.01]'[0.01]°

0.005
k="p.01

= 0.5 min -!

0693

0.693 -5 1.386 minute

tn="

Hence, the half life of a reaction is 1.386 minute. = —
462 G.No. 25 Define Instantaneous rate of reaction. Compare the rate of reaction of all the
components of the following reaction: - i

;05 (g) ——> 4NO:2(g) + O2(g)

Find the rate of each component in mol s, when 2.24 litre of Oz at NTP are produced in 30 minutes. [3]
Instantaneous rate of reaction: Please refer to :
Numerical: ; i 't ;

Volume of 02 =224 litrea_tNTP {

Volume of O; at NTP * 2.24

0.1 mol

No. of mole of Oz = . 224 =% "
Time of Oy = 30 minute = (30 x 60) = 1800 second
Given, d

2N,05(g) ——> 4NOx(g) + Oa(g)

-\
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O
05 lANOI 59‘[—‘1
N0

1
Rate of reaction = -2 at

A 01 ... E
Herc, J%l = m: 535% 10'5 ‘|TIO|- s
Again,
1 AIN,Os]  A[O9]
S2 Al

At
1
EWEI%I = 2x55x 105 mol &= 111 %107 mol s°

Similarly,
14NOj _a(o]
1 M at
£ \.Is?z = 4 % 55x 105 mol 5 =222 % 10 mol s
So, Rate of formation of O, = 5.5 % 107 mal = 15
Rate of disappearance of N:Os = 1.11 10 mol ¥
Rate of formation of NOy = 2.22 x 10 mol 5!
. The hal lfe period of frst order reactio
87.5% of the reaction.
=~ Given,
Half life tj2=3 hrs
Time required to complete 87.5% =7
We know that,

0.693
b=y
0.693
or,3= =
0.693
or, k= =3-=0231hr'

Suppose, initial concentration = a,
Final concentration (x) =a,-875 % ofa,
875  100ag-875ag _12.5a

=ao-T0% = 100 - 100 . O-1258c

For 1% order reaction

2303

ag 2303 ag 2303 2303
t==% g5

 £=9.003 hrs. .
So, the time required to complete 87.5% of reaction is 9.003 hrs.

n is 3 hours. Find the time requi ed|

= 031°8 01252, ~ 0531 088~ 031 X090

Chemical Kinetics 18

" Suppose that the i
7a.No. 25| SUpp rate Jaw for the reaction A—, B has been found to be of
- 2 = k[A

) i
ate
'Flrﬂ'“ the folowing data, determine the overallorder o he reaction and the order with respect 10 A 5]

Initial Con:l;:;ﬁon ofAM e
010 | I
020 12x10%
' 48 x 105
-jven,
o R;;ction is A—B
Rate = KAl
e, .
T""flom‘s = k[095]" i
Tx109= K010 .
8x10°= If[ﬂ.z(.].]m . -1 '
. ding equation (ii) by (i), then we get
Dt T“ K[0.10]
x10s - Koo
3 ="
O;I (2}1 = {z)m k.
So, m =

Therefore, the order of reaction with respect to A is second and the overall reaction order

is sKUnd- i ¥
’—’i T b i tant

— =25 G No. 16 What is meant by order of a reaction? State the order of reaction having rate cons

" v mol s, , : 2

Order of reaction: The sum of power of concentration of reactants s_pecies in the

chemical reaction at the rate determining step of reaction is called order of reaction.
Let us consider a reaction: :

+ B — product
pate = k[A][B]° Where, k is rate constant.
The order of reaction is zero,

Unit of concentration
Rate constant(k) == e == molL-'s-!

o

The order of reaction having rate constant 2 x 10-2 mol L-'s-! is zero order.

= For the gaseous reaction,
Am*B:nr—'—'cm*Dm '
itis found that, rate = k[AF [B]"
How many times does the rate of reaction increase or decrease if (a) the partial pressure of both A
and B are doubled, (b) the fartial pressure of A doubles but that of B remains constant. {c) the
volume of reacting vessel is doubled (d) an inert gas is added which doubles the overall pressure
while the partial pressure of A and B remains constant. (¢) the temperature rises by 30°C. [10]
~ Given, § "

72. The rate of a reaction, A + B—— product is given below as a func!

initial conc®. of A and B.

Equation is A(g) + B(g) — C{g) + D(g)
Rate = k[A]2[B]' Where, k = rate constant

Expt. [A} mol L1 [B] mol L~ Initial rate mol L= m If Py and Pg are the’ partial pressure of two gases A and B respectively, then the rate
1 0.01 001 2 constant becomes
2. 17 . 001 Rate = k[Pa]2[Ps]' ()
3 0.01 0.02 a. If the partial pressure of both A and B are doubled, then the equation becomes

i. Determine the order of reaction with respect to-A and B..
i What is the half life of A in the reaction?
¥ Numerical: Please refer to

Rate = k[2PA]?[2Pg]! = 8k[PA2[Pa]! : i .
The rate of reaction is increased by 8 times, if both the reactant A and B are doubled.
b. If the partial pressure of A is doubled and that of B remains constant, the rate constant

becomes . g



188 A Complete NEB Solution To Chemistry -XIl

Rate = K[2PJ2[Py]! = 4K[PAR[Ps]' ; a

The rate of reaction is increased by 4 times, if the rea
constant. .

€. We know that the volume of gasat ¢

pressure. When the volume of reactio

onstant temperature is inversely pro,
o vessel is doubled, the partial pressu

Pa D 4
is decreased by half and the new pressure becomes and 5 respectively.

u 1
] -hre
The rate of reaction is decreased by 8 times- : i i

d. If the inert gase is added to the gaseous vessel there is no chanf:ltn partial
reactant A and B i.e. the partial pressure of A and B remains constant. -

e. Experimentally, it is found that the rate of reactio
every 10C rise or fall in temperature.
Suppose, 'r' be the initial rate of reaction. If th
10°C, the rate becomes 2r or 3r.

Again, if temperature of reaction is increased by
or 3r.
2x2r=4ror3x3r=9r

If temperature of reaction is further increased by 10°C, the rate will be 2 or 3 of 4r'g

2x4r=8ror3 x 9r'=27r . ¢
Therefore, if the temperature of reaction is increased by 30"C_' the rate o
increases from 8 to 27 times. =

76. 0S5 Q No. 29
a. Listthe factors that affect the rate of a reaction.
b. Hydrogen and nitrogen oxide react according to the following equation.
2Hz(g) + 2NO (g) —— H:0 (g) + Ne(g) 3
Experiments were performed at 800°C in order to determine the order of reaction and the
results were obtained. y

Initial concentration of nitrogen Initial concentration of
oxide (mol L) hydrogen (mol L")
6x102 1x10°
6x103 21073
6x103 Ix
ARz 6x 107
S 2x108 6x 10
P x 10
a. What is the order of this reaction with respect to (i) nitrogen oxide (ii) hydrogen?
b. Write the rate equation for the reaction of nitrogen oxide with hydrogen.
c. What is the unit of rate constant, k?
d. Why are chemists interested in obtaining order of reaction and rate equations?

* Reaction 2Hy(g) + 2NO(g) — 2H;0(g) + N(g)
Rate = k[NO]»[H,]®

Therefore,
3 x 10-3= K[6 x 10-3][1 x 103]n )
6 % 10-3= k[6 % 10-3][2 x 103]» <. (i)
9 x 10-3= k[6 x 10-3]n[3 x 10-3]" o (i)
0.5 x 10-3= k[1 % 10-2][6 % 103]» - ()
2 % 10-3= k[2 x 109][6 x 10-3]n ] (v
45 % 10-3= k[3 x 10-3]m[6 x 10-7]n )

ctant A is doubled and B}

n increase or decrese by 2 or 3 tinj

e temperature of reaction is increas

10¢C, the rate will be 2 or 3 lime:

m
"

= Order and molecularity of reaction. ) [5]

- Order of reaction: It is the sum of the power of concentration of reacting su

1 "'.
" The 8!

et 185
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quation (i) by (ii) then we get,
(ink £ Kk[6 * 10-3)m [1 x 10-3]n

IO = Yo x 07 X103

K
[y n" : l
) -(3)

alt (5) .

07 ]ri'aﬂion i first order with respect o (w.r.t,) H,

“ rhe (ividing equation (iv) by (v) then we get,
i,

in » k[1 %1073 [6 % 10-3]
;\5%5 *® ]0’ = k[z % ‘ID-J]M [6 X 10.3]'

ven reaction is second order w.r.t. NO
The raté equation is given as
Rate = L{NO]"'[HﬂT i
- k[NOJ[Hz]'
.t of rate constant k is given as,

Sec” = g- i
kﬁm—s Imol-2L2

st are interested in obtaining the order of reaction and rate equation to find

hemi ' w
Ti‘f :;'l:e path of réaction and change in concentration of reactant with change in time
ou
eriod. .
’P_D;J_o_.;ov Z57a) What is meant by the term rate of reaction? How Is it expressed? [2.5]
; Please refer to

RITE SHORT NOTES ON [5 MARKS]

bstance. It

: 5 i rder,
be a whole number or zero or fraction. It is expressed as zero order, first o ’

ey mber. It has no

<econd order, nth order etc. It can be obtained experimentally. It is real nu
connection with the stoichiometric equation of a reaction.
Example, 2N205 —> 4NO: + O

1tis first order reaction not bimolecular. _ )
Molecularity of reaction: It is the total number of atoms or _mo_lecul_es taking pTrt in
reaction. It is always a whole number. It is expressed as uni, bi, tri, moleculz,r em..ﬂt‘c;n
not be obtained experimentally. It is imaginary quantity. It has great connection with the
stoichiometric equation of a reaction, Example, 2N20s —— ANO + Oz

It is bimolecular reaction. . N

Rate of chemical reaction and Rate Law g [3]

Rate of chemical reaction: The rate of reaction is a measure of how fasta reactant is used
up or a product formed or we can say rate of reaction means the slowness and fastness
of reaction. When reaction progress, the concentration of reactants decrease and that of
product increase with increase time. Therefore, the rate at which reaction proceeds can
be measured either by rate of decrease of reactant concentration or by rate of increase of
product concentration. Let us consider the reaction:
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omp| i - mo]gcules which collide with kinetic energy greater than E. aré able :::

: i idi wl

Reaction v the barrier of threshold energy and give product. The molecules colliding

fuct Ame ‘ -

R (Reactant) ————> P (Produ ) - and t respectiOl , o 95 oner less th.a.n Ea, fail to cross the threshold energy barrier and prod ucts @

n of reactant R at time {1 ely, | F"'l‘-m,,“cd‘ Guch collisions are called ineffective or unproductive collision- ‘
: o octive collision, reactants molecules should approach in their favourable sit€s
A1

If [R]s and [R]; be the concentratio

Rate = - El;_;_[ﬂh= ;. A[R]
k-t At .
concentration. The -ve sign sh

The square bracket [ ] is used to indicate molar ; .
keeps on decreasing with time and +ve sign im

the concentration of reactant
increase in concentration of produ

i‘"l for c“ 2 ;
:\|4|1. et orientation during collision.  ~
el _ &
rientation 3 .
per © ;
= O-0
i

ct with time. ;
owing the relationship betwee

Rate Law: Rate law equation is the equation sh
of ‘reaction and actual variation of concentration of reactant or reactan 4
fietem"iﬂed experimentally. [t is obtained when the experimental rate law of ' NIASH
is converted into an equation after incorporating the rate constant (k). The ra + :
obtained theoretically as per overall chemical equation because the rate equatia @ @ I3
empirical relationship with the overall chemical equation rather it is dy @"
experimentally. The rate of reaction is always measured with the help of the sl e roducts ‘
of that reaction. The rate of reaction is proportional to the product jper orientation : 2 g ; o
concentrations of reactant participating in its slowest step. ¢ rhus: © ly the molecules fomdmg with kinetic energy greater than E, and with prop
;;r the following reaction: m-ienla""“ canrcga;se reaction. i
—_— - T Jlion ene 5 i

We have ﬂ:ep;;?;‘:tisné experimental data: ::::: collision theary, _it is seen that the react.arll molecules must overcome the ba:rner g;
[A] . Sate f reaction i thn‘shﬂld energy to give prod'ucts_ Thc.f addlh_ona[ energy above the aver.ageb en Sc.‘;'a el
M ctants which must be supplied or gained to cross threshold energy barrier by red
M 10 “;lﬂ.uk is called activation energy. . _
3M 323 ';: other words, the additional energy required to produce effective collision 15 called
The i 2 i ation energy- . o
But ;h:z;ep::;?;:;fr:::::aw;n hiikia]z G::ﬂ the acli\fﬂ_litm energy, slower will be the rate of reaction and lower the activation
Because by doubling the mncm':tr:sc; olf,a]« G il 4 _ energy faster will be _Ihe_ rate of rea}cuon_ A g

__of reaction is directly proportional to th " e of reaction gets doubled i.e. reaction with zero activation energy Is nearly En

== - P nal to the concentration of A. explosi\'ﬂ» d 3

» This theo c°"i=i0n theory of reactions rate . — Where,
this mmg F:‘OC‘;:':E::IE ::ic'requirements for chemical reaction to occur. Accordi g, = Energy of reactant energy

: ction takes place only due to collision between rez £, = Energy of product

: En= Threshold energy J iy

E, = Activation energy
AH = Heat of reaction.
Mathematically, E,=Em=<Er
Activated Complex :

The reactant molecules after absorbing activation energy attain a complex structure at
the top of energy barrier. At this step, original bonds of reactants are in the process of
breaking and new bonds of products are in the process of (orn1aﬁon.'This short life
molecular complex midway between reactants and products at the top of energy barrier
is called activated complex. It decomposes as soon as it forms to give products.

G O O@,0-0

P

® 0O 00 600

activated comiplex products '
ooo Sy

molecu i i
collisiortis'ainly Ii:drf.am fratchcns of total collisions are capable to give products,
ca effective collisions or fruitful collision. Conditions for efl
i

progress of reaction —>

collisions are
i. The collidin
= : o
g molecules must possess sufficient kinetic energy to cause a reaction.

ii. Th
TOZ ;ea;:!an; mnlﬂ_‘u_les must collide with proper orientation.
. plain the collision theory, Let us consider a chemical reaction,
, :e—-A+B—Bq—»2A—B
or chemical reaction, old bonds of

: , reactants are
'?‘Lokm and new bonds are formed to give products.
& e energy for the breaking of bonds comes from
m:] hr;el:c[')e energy’ possessed by the reacting

ecules before th isi i

ok re the collision. The energy profile
Where,
E;= Energy of reactant
Ep = Energy of product
Eun = Threshold energy
E. = Activation energy
AH = Heat of reaction.

energy

reactants

_—




secTION B) ;
DRGANIC CHEN"ETRY ( —i b . Aromatic Hydrocarbon 183
uenmy ® and ® in the mmg nctonsnce. - » O
OH Ic ao Clh
Na ®—— tl'lnCh
@/’r. ] |ight . s
fhe reaction sequence is given as:
" . CcOONa
. : 'hﬂOH 1 Ca0) o
Aromatic Hydrocarbe it
{ " gadium benzoate, Uuw.'m.-
W ( f\} Cl
Benzenchexachloride
BHQ) - -
ompounds are
ERY SHORT ANSWER QUESTIONS [2 MARKS | o -p benzoate
L _—l_ B GNo. g Write down correct rect reactions for the e conversion of ethyne into BHC p=Sodium S ;
N B= i_}f_qf,ene r 45 5
cl ; CaCy -—’°—+ asRedhotCu o
c——cpy Red hot Cu tube __EI-__—CI “ identify A and B in the above mcﬂon [+
aH = .H 2 Light ¢ aér « The reaction sequence is g:\ren as
thyne
1o
A & CaCy——— HC—'CH M @
BHC Calcium carbide Ethyne 4
. ) (A) A Benzene
2. p075 GIE O.No.§ Identify the majof products @ and ® in the following reaction 2y i @)
Chlorobenzene Liﬁl-h : ® E ' Identify the major product (A) and (B) in the following reaction sequence. T[]
I ‘LiAlH CHLCI A
» The reaction sequence is Chldrobehzene A - oo ;C|c| > (B)
Cl .
kit e anin » The reaction sequence is gwen as: - f
1 L
)
Chlorobenzene Benzene Cyclohexane LA, e
, (A) (8)
e Chlorol\enmr Benzene ! Tolum'
3. ESTESEATHG 8 Wentiy the majo products ® and ® inthe olowing reacton 9
Sodium benzoate NOHCI0_ o HaNi @ 2 identiy the maor product (A and (B) Inth folowing reaction sequence.  [1+1]
A A : :
=~ The reaction sequence is given as: e e N=0H = 0= 1@1: ®
% The reaction sequence is given as:
% COONa :
NaOH / CaO H,/ Ni -
A a | ) Naolren0_ . O o
e A L'sh_‘ ci— Cl

Sodium benzoate Benzene Cyt@u-xane
Sodivm benzoate Benzene

(A) Ben .,f..mnﬂdc (BHO)
g : m

The compounds are
@ = Benzene ,
® = Cyclohexane

g
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e -~ Aromatic Hydrocarbon 191
8. How is benzene obtained form toluene? .

> When toluene is oxidized with oxidizing agent like CeO,/H*, benzoic acid
which on heating with soda-lime benzene is obtained. : i

CHy CoOH T
Ce0, 1 H* NaOH / Ca0 g
: o i -

p_,rafi':'“ of benzene from E"'l!me:
{4

P cthyne is passed throy
',\'h"n

red hot ¢ .
c=C-H -———-—--....th el t“bcl OPPer or iron tube, benzene is obtained.
H-

ne Ben
- (hyne Zene
b""\ﬂralic’“ of benzene from sodium pe
; i e sodium benzoate js heateq 1o nzo_ate:
Methylbenzene Benzoic acid Benaens " wher! OONa soda lime, benzene s obtained,
. —_— C H
s. What happens when: ] NaOll + Ca0 )
i. Sodiumbenzoate is heated with soda-lime. N B @
ii. Benzene is heated with hydrogen in presence of nickel powder. o -
= i pa i : snzoatc "
i.  When sodium benzoate is heated with sodalime (NaOH + Ca0), benzene is fo| m ""‘ih sulis Sezcne

.No. 8] State Hucker" :
;+ reaction is known as Decarboxylation reaction. o7 €S rule for aro,

cool ] 's rule: A cyclic conjugg ' . [
- : > u:ketli: character, providal:l i.tdasyshtem that consists of (4n+2)n electrons will show
aroma st hiiin (a=0 whole number of integer. Thus to be a aromatic , a
-N—am + Nazooﬂ_ A nmit’f'_JI_es o )Pﬁ(“" l], 10 {rlu2) ________ EEICCIIOI‘IS_
a - grsHEaRed -
Sod. benzoate Benzene COONa . 7 "
: : R b, Soda-Lime _CH,Clial,
ii. When benzene is heated with hydrogen in the presence of Ni-powder, ._._ % T A :a : .
obtained. : Fy 3 .
H, /Ni dentify A and B of the above reaction, [141]
+3H, Tc—* « The reaction seq uence:: is _giver.! as
; 5 c
Benzene Cyclohexane 4 . Hy
NaOH + cao CH,CI/ AlCl,
10. Starting from phenol how would you obtain cyclohexane. - @ n -—’—E..__...
= Preparation of cyclohexane from phenol: When phenol is heated wi | > ; L
- benzene is obtained which on reduction with Ni/H,, cyclohexane is ubtaineq Sod. _br (9] Toluene (Y)
g : ¥ - The compounds are :
. N7l AR X= Benzene Y.= Toluene

e T s, What are aromatic compounds according to Huckel's rule? 2

Phenol Benzene Cyclohexane -
1. What are aromatic compounds according to Huckel's rule?

# According to Huckel's rule, aromatic compounds contain (4n + 2) de[tlxéh"zed

=1
clouds, above and below the plane. Where 'n' is an integer and may be 0, 1, 2,

~ Please refer to

i6. 71 Set C QNo. g Write rés__on_ance hybrid structure of arene containing meta director and ortho
director substituents of each. 2]

> Resonance hybrid structure of arene mhhinm; meta director,

Jo. 0© - -H 00 H H_ o,
Examples: _ . AN L5 s N Nk N#
. . e . mn
Benzene (n= 1) Naphthalene (n=2) Aiihraceds (n=3) N f e
6 electron 107 electron l4n clectron m \ (m ™ ™M
12. 2072 SeLC .No. § How would you prepare benzene from: Positive charges are developed on ortho and para position and no any charge is
i. ethyne: :

de_\'elo[yed at meta position. The aldehydic functional group (=CHO) is electron
ii. sodium benzoate i  electron form the benzene ring and electron rich

Grbop | \ up in benzaldehyde is meta director in

el IS meta ‘position. So, .aldehyc
*ctrophilic substitution,
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Whahapbeﬁ;ﬁ_ﬁ.‘ ;T e
fo!
3 B genzene s heated with aceic anhydride in presence of anhydrous AICh. (2]

s: Fam benzoate s heated with sodalime, -

192 A Complete NEB Solution To Chemistry -XIl

Arene containing ortho director:

e HO® Ho® HO' i
. fi.
-— -— - q when benzt'en; ;:mt::zte.l‘_’hi: ith acetic anhydride in presence of anhydrous AICh
i ‘,(ewr'he“"" - This reaction is known as Friedel-Craft acylation reaction-
o% g . COCH,
Negative charge is developed on ortho and pard position. = - +H C—ICI:—o..." anhy, AICI - :
; : iy Qution . C—CH;— & + CH,COOH
ortho and para director in electrophilic substitutton: Aceti e g y
bt 2 - 1Lk e = ; etic anhydride
Benzene -
Acetophenone

AT Sia_iiz_ Huﬁiel's- rle for aromaticity. .
{ this rule. According to. A
dium benzoate is heated with sodalime (NaOH + Ca0), benzene is formed. This

~ Huckel Rule: In 1931 Erich Huckel propose¢ louds abavel
planar compound containing (4n+2) delocalized = electron clouds aRONSEE yhen 5O
and may be 0,1,234......etc.Th . eaction is known as Dﬂg&oxyhﬁnn reaction.
; G

plane of the ring.Where ‘n’ is an integer
compound containing 2,6,10,14 etc. deloca

0 CC

lized = electron cloud can show ap

NaOH/CaO .
! R > + N32C03

Anthracenen =3, o, Lena =

Benzene n =1, six Naphthalene n = 2, ten ) _
pi clectron pi electron (.,mmanc) pi electron{aroma : i
(.‘lmmahc) . ) /_FH_'_______ : i [
; 2 ”59 5ot Q.No. § 2063 [SetB) GNo. § Identify x and y in the following reactions and give their
| ' ' .1

the Huckel rule is known ag‘ ! pames.
COONa

' @ NeOH+Ca _ CHAIACH
. ; L A i A Y
- Please refer to
e TR A, 7 —_— T T,
-, fea (oet A Q:No. 32 Give the example of Friedel Craft's alkylation . 2l
Craft alkylation: Benzene reacts with alkyl halide in the presence of AICls, alkyl
formed. This reaction is known as Friedel-Craft's Alkylation.
CH;

The cyclic compound which does not follow

T 0004

1,3cyclobutadiene c)-dopﬂuﬂdicnu C)’L'lﬂl'll,‘ph‘lll’it’m &

18, Why is benzene called aromatic compound according to Hucker's
(4n+2) delocalized n elec

s According to Huckel's rule, benzene contains

= Fri ede I-
benzene is

above and below the plane. So, benzene is aromatic compound. Benzene . _
_E_C_hln-s_.__ S e Anhydrous AIC,
19. 070 SetC Q.No.§ What happens when | RCSCt ———— % + Ha
~ Methyl chloride -
DeEnE . Methyl benzene

i Sodium benzoate is heated with soda-lime.
ii. Phenol is heated with zinc dust

. Name the monomer which on pomnerhaﬁ&ﬁ_ah_gi;é e of
polymerization is this? 2
ves benzene. When acetylene is passed

« The monomer acetylene on polymerization gi
through the red hot iron tube, benzene is obtained. This is an addition ponmerizalion.

_ . red hotiron lube :
© 3HC=CH —-——\__"

Acetylene

When sodium benzoate is heated with sodalime (NaOH + Ca0), benzene is forni “benzene. What .tb_'hi-'e
reaction is known as Decarboxylation reaction. 1Y y
COONa : !

NaOH / Ca0
A » + N33003

Sod. benzoale Hengeene
. i £ i L Benzene
ii. When [_‘henal is heated with zinc dust, benzene is obtained. This reaction is ki .
Reduction. ; I SHORT QUESTIONS ANSWERS [5 MARKS /IS
= N — e Bl e
wing: Friedel Craft's reaction. [5]

. 058 Q. 30 b (i} Show your acquaintance with the follo

> The substitution, of an alkyl or acyl group into the benzene nucleus in the presence of
anhydrous AICI; by using alky! halide or '{yl halide is known as Friedel-Craft reaction.
Itis divided into bwo types: Y

OH
A A
- distillation + 200

Phenol ’ Benzene
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i. Friedel-Craft alkylatio

benzene is formed. This

Anhyd
+ HI\C-_CI
Methyl chloride

Benzene

ii. Friedel-Craft acylation: Benzene red
group is introduced in the benzen
acylation.

f 8
© + Hye—C—0—C—CHy
. Acetic anhydride

Benzene

25. [2053 G.No. 28(a) [2062 Q.No. 319a) Write short none

s Please refer to 056 Q No_ 30 b (u)

|

n: Benzene red
: .o ie know!t
reaction is k e

cts with acyl halide i

alkyl halide in the presence

et with edel-Craft alkylation,

v as Fri

i
rous AICH, + el
A .

C

Methyl benzene

n the presence |
e ring. This reaction is known g

COCH3

anhy. AICl,

+ CH,C
A .

Acetophenone

aoa

{9)—
Haloalkg,meS oo
Haloarenes

o I ONS [2 M
=757 supp- Q-No. 3| What happens when ) [21_
1 ‘ chiorobenzene is treated with chloral i

ji, trichroromethane is heated with conc. Nitric acig

When chlorobenzene is treated with chloral in acidi :
dichlorodi pheny!trich[omethan e (DDT) is forma:cll ic medium,

ca
Ccl
@ we (I:I} a
2 + CiC=C-=H . onc HSO, |
P e A
* Chloral “HO _H C i O
Chlorolbenzpne ‘lj
DDT
cl

i. Trichloromethane is heated with Conc. HNO;, chloropicrin is.formed which is used as

an insecticide and tear gas.

Cl ' cl
CI—?-_—H + HNO, _—a_* CI—(I:—NOZ + H0
; Cl ' Cl '
Trichloromethane 'Chloropicrin (Tear gas)
What happens when chloroform Is
. exposed to atmospheric air? .
ii. heated with silver powder? ' - [1+1]

When Chloroform (CHCly) is’left exposed to air and light, it slowly gets oxidized to
phosgene gas or carbonyl chloride (COCl;) which is a poisonous gas.

2CHCIy + O —— 2COClL, + 2HCI

Chloroform . Carbonyl chloride

Chloroform (CHCIy) is used for anesthetic purpose in surgery. Hence, anesthetic
chloroform (CHCI3) is kept in brown bottle to cut off light and the'bot'tle is filled
tompletely with chloroform to exclude air. A 1% solution of ethyl alcohol is also added

g

$
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19 e NEB Solution To -x | converts phosgene 1o ICH‘ B e
to it to retard oxidation of chloroform. Ethanol €2 ' C-CEX + 2Na s X2¢ . dyether T i
i ' e e % ~ T -—l._._, HLC~CH-CH-CH: + 2NaX
diethyl carbonate. oGt k . 1-|
't 0=C “ paloprorane___ Vit
] e —CiHs 2.
. _CH:-OH o —————-..\_\_____
E‘l‘;;:—ﬂ + IH{EEE::;‘ Diethyl carbonate 5ot c DND A haloalkane 5 = s majOf
T m
. as is formed. 1 dmuld you get when lmhw NaOH to give isopropyl alcohol. What 2

Nain
f;:d gructure of haloalkane M) thil R T

H-C—iQ + 6Ag + % A Acetylene
~Nla o - &
Chioroform Chloroform
3. [Ro74SetB aNo. g Why is chloroform stored in dark colou
» Please refer to 074 SetA Q No_5] -
« BT oo g An lene ® sndergor adon W "B;;g:;?@“"‘“ :
sodrum in pmence of dry ether give 2,3~ dimethylbutane. Iden 3

; 4 r -
i. When chloroform is heated with silver wder, acetylene g _
_a a ey s CHE CH+6A

CHy—CH—CH,
2 - halopropane M)

yred d bottle containing etha

X

CHi—CH—CH,

2 - halopropane (M) el l
~ The sequence of reaction is given as: sopropy| alcohol
Br i The ma]or produtt obtained IJy hﬂhﬂgwdlum metal with (M) is
HayC-—CH=CH, L P HyC—CH—CHs 3 her HSCTCHTTI:l =l ”;\ : Clh ci, CH,
3-dime NG @000 0 N\ el
Prop-l-enc 2-bromopropane 2,3-dimethy utary SCH —1 !:-zy_,_t{l-_c{ —_ cH — i1
(A (8) i - : ‘
s 3 Clls (]| [& ] ' Clhy
5. identify ® and ® and give their IUPAC names In the following 2-halopropane D ik 2.3 dmethyloutane
reaion e o ,
gy 2ING) UK o leethemhrwodueuhmfououngmm
= Br * r i
A A i Nalether : LiAMe
» The sequence of reaction is given as l. CH3-CH- CH;'——)'A il CHJ. CHz-Br 2
HyC—Br M HyC—NC “Th - H‘C]NIFl-—uc.'r-l_:“nme + The major product of
Bromomethane Isocyanomelhane ~methyimethan ool 1 dry ether CHh
(A) (B) I\L]l—[irjgﬁe +nr}-cn<c et i \cu —cl |<
S - an? a, A an’ ci,
Henﬁ'v ® and ® in the following sequence of the reaction lnd g 2-bromopropane 2-bromopropanc 2. 3-dimethylbutane
name, .
i L AIII
CHs - CH=CH; = A Cll—CH,—Br + 2[H] 22, Cli;—CH; + H —Br
» The sequence of reaction is giv :?:mﬂ 4 Iromoethane A Ethane
v O 1 LS et N o A L S
e ¥ Nai ik — %71 Supp. G.No. 8 Give the IUFAC name of X and Y In the f I'ollowlng reaction nqunncu
IKC—CI=C] |y =t n‘c-fu—cu‘—,—,;;r- ir.c-—([*H-u —C| AGCN (alc)  LiATH,
Prop-l-ene Bir Clly QI CHiCH;Br ———— X——Y
2-bromapropane 23-dimethylb 3u A A
) il ¢ The reaction sequence is
‘ 1]
AgCN(ale.) i ) !
3 Write down the structure and IUPAC name of aecundary ‘halc Clh =ity —fr Ry —lly —NC 1"‘:'* Cle =1y S
Whlt hlPPN'II when the secondary haloalkane Is heated with Na in presence of dry e Womocthang 4 Eiyl isocynnide (V) ' Nemethylethanaming
™ Structure of secondary haloalkane of CyH;X is i &

(I.'l'll
HC-C=X
|
Hog -halopropanc
When secondary haloalkane is heated with Sodlum m
2,3-dimethylbutanc is formed.

The ompouncds are
X = Lithy] isocyanide
YeN- m:-lhyI;-llw.numint- sremes "8 A
% Starting from lodomethans, M"W"“ you prepare:

Ethane Il Etmg

f.
4

n,
etal (Na) in presence of |

Teacts with aq. NaOH to give isopropyl alcohol is

1+1)

1)

1
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N
i

o . lodometha
ii. Ethene from iodomethane: lod on chlorin

9
Haloalkanes snd Hydrocarbon 19

— 3.o.9 Convert T-chiorgpre —— - -
’—,setﬁ“ oro, = Gl E et &

4 206 . Propane intg Z-chlmpwp“. 2]
' ' cl

H.C-CHz-—CH;—Cl' alc. Kok ” |
BT 1l
C—CH=CH; ——, Hic—CH=CH»

=X
iodomethane is heated with sodium
; L.

Ethane from iodomethane: Yeher ed
hane is formee: gryether_ cH\—CHv+ 2Nal |

presence of dry ether, et
CHi—1 +2 Na+l .-CH\ . Ethane I4hlori‘[‘m[‘ﬂn'-'
ome heated with sodium metal in the — > Set B Q.No. § What happeng 2chloropropane
ne is : E s tre. when — 12
12 orobenun: s treated with chioral [ ackdic
medium,

ation with chlorine,

chl
s formed. :I h|o|-oelhan! Is heated with 'lﬂlholc KOH

> pase eferto EFTSEEOTs g

dry ether, ethane is formed. Emaﬂi‘ with alc. KOH, ethene i

formed which on deh)-drohalogenaho #w' CcH\—CHy+ 2 Nal

CHi—I +2Na* r=-Gh Ethane i 1 th h
; i hloroethane is heated
lodo metha /hen € with
pe I TR CHv—CH: —Cl +HCl | i W SR G"‘. 'j?:'OI?hene is formed.
CHy—CHu + Cl: = -
Ethane Chlorocthane Chloroethane T HC=CH:+ HQA "
__—»CHy=CH2 * KCl + ,——-——-"‘—"_'_‘——--‘-—-._.___________Et_"f
CHy—CHj —Cl + alc. KOH /"Q No. 2 Identify the major products
! Chloroethane Ethene 8. ”“ - . Aand B in the following reaction. 2]
— ~haloalkane of CaHrX. What | O R 4
12. 71 Se10 Gio. § Write down the structure of sew""'?ﬂm ether? . CHSBT g ether” A T B
the secondary haloalkane is huted with Na in presence of dry : . .
= Please refer to PA —_— « The reaction sequence is
. Henufr the major products A1 Band give ther IUPAC PGy HC—Br — 8 paene O
CH:CHal “'c"""' W A———— B T Ethyl bromide 7 T gy masfllmium HC—CHy + Mg(OH)Br
= The reacton sequence is 4 : bromide (A)- i
HiC—CHi—l _ARNGE) e N HATL, H\c-t:l-b—fmi The compounds are - - '
lodoethane Ethyl isocyanide N '“e“‘f;;I ami A = Ethyl magnesium bromide
) i p = Ethane %
The compounds are Id
. ) —Iﬂm T 2] Identify Aand B
A = Ethylisocyanide 19. 2088 fy in the following reaction: : o]
B = N-methylethanamine CHy - CHz - Br. 2e N A 0% , .
14. 2070 Set C Q.No. 9 Write down the [UPAC name of major products P and Q in the » The reaction sequence is’ - B Z0-
sequence .
HBr Nalether ' " al. KOH ) Or ?
CH!—CH'CHJ P _‘0 H1C—C.Hz—ﬂr___,__., H1C=CH; l} ZH—é-H
= The reaction sequence is 4 _ Brawioetm e 4 Ethene(a) W ZM/HQO Methanal (B)
' Br . The compounds are >
HiC-CH=CH: —, me-G-ch, Zdnes G : A = Ethene
Mg i 4 HiC” Methanal
- propane .
® n. (065 QNo. 3 Identify 'A' and write its IUPAC name In the following reaction 2]
The compounds are g:’;CH-sBr + Na _[,'_’d sther Br .
P = 2-bromopropane A~
Q =2, 3- dimethylbutane » The reaction sequence is
15. [E070 5610 GWo. 3 Convert 1 - bromopropane to 2- bromo MON cn LB aNaTEr CHy dryeher, HON (- (1 ~CHY
- propane. CH+Bri2Na+BrCH £ . —L—» CH-CHZ
;‘_l[“c B hindeos o HC” CH\CH\ +2NaBr
romopropane 2-bromopropane 2,3 dimethylbutane (A)

™

The above reaction is an example of Wurtz reaction. The IUPAC name of product ‘A’ is

2, 3-dimethylbutane.
. 068 G 7] What happens whe chiorolorm Is heated with Silver powder? N 2

N Please refer to B

HC—CH;—CH;—Br KO pe cH=cH, P, H'C—-éH-

- Propene 2- bromo,

4
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g il 0 (7 el T
22 —-nsa Q.No. 3 Identify (X) and (Y) in the follo wing rea
a BED ic acid.

" ——— Propanol
= (ii) H:0M"

™ The reaction sequence is .

DO | 1.C—CHimt
Mg/ Ether —CH:MgX oy

H:.C i) 11 Propanol
H{C=CH; =X —m o halide i

agnest
Haloethane (X) Ethyl ““F’I!“

The compounds are
X = Haloethane
Y = Ethyl magnesium halide

23. 2962 G No. 3 A primary holoatkane (X), if allo .
acidic hydrolysis gave propanoic acid? lde:t' = ) on treatment with KC

» The compound (Y) is obtained from the @ t be “Cil
hydrolys‘i‘s ugivﬁm propanoic acid. The cn|11Pnun(léY} :]l::scompoun d(x)
compound(Y) is obtained from (X) with KCN. [oc;igwing reaction,
CH;CH;— X. This conversion can pe confirmed by the e

KON Hydralysis
H{C—CH;=X —— H:.C—CHCN HO/H
Ethyl cyanide(Y)
Haloethane (X) (n'ajpaneﬂ.llﬁ]l‘]
The compounds are
X = Haloethane
Y = Ethyl cyanide (Propanenitrile)
2. Convert bromoethane to ethyne,
=
1y/NaOH
HC—CHa=Br <2, H.C-CH:-OH :
Bramoethane . Ethanol lodoform reaction

25. [2058 G.No. 3 Why does chloroform not give white precipitate with aqueous slw nl?r
= - Chloroform is non-polar covalent compound and does not ionize in a .
So, it does not give the white ppt. with silver nitrate solution. Only polar co
HCI or NaCl give the white ppt with silver nitrate. If chloroform is im
contain HCl as impurity and gives the test of silver nitrate solution.
AgNO+ HCl — AgCl| + HNOy
Silver nitrate White ppt.

26. Why is chloroform stored in a dark brown bottle? .
» Please refer to

. Give the uses of chloroform.

s Following are the uses of chloroform:

Itis used as laboratory reagent.

It is used as preservative for biological specimens.
Itis used as anesthetic in surgical operation.’

It is used to prepare organic compound like chloropicrin, salicylic acid etc.

wed to react with KCN yields a compound (¥

Hal d Hydrocarbon 201
WER QUESTIONS 5 aloalkanes and Hydro

4 . . MAR KS]
—p a.No. 28 How s lﬂchlomm T —
. k] e e e e e =
Jark room air tied bottle containing , n?l;""“' In the laboratory? Why is chioroform stored In
’abor-’“’ry prep--'l‘h‘lllon of tﬁ‘hh’m‘nelh. Il.cohon [4+1].
* chl oroform or 1 rlchloromelham( CHary ne: ‘

Cl
~ |
H-C2q

|
Q

[‘ri“dple: < .Ed

is prepared in a abg ;
chloroform 1 rato :
Jeaching powder and water, B|eacl:j):1by heating a paste of ethyl alcohol or acetone,

pydrolyZing agent. _ -6 Powder acts as oxidizing, chlorinating and
/ Ca0Cl, + H:0
—_—_—
Bluachlnsmdﬂ, Ca(OH); +Cl; !
o ethanol: O :
Chr.ida“on: CH«CH,OH +G¢‘-——h_-_b CHCHO + 2HCl
Ethyl alml_ml Acetaldehyde
chlorination:  CHCHO +3C,— | oo | o0
Acetal
a flehydw Chloral (Trichlorvacetaldehyde)

drolysis: 2 CChCHO + Ca(0
Hydroly: (OH). ——— 2CHCh +Ca(HCOO);

C-"ﬂ?fal Chloroform
From acetone: H
Chlorination: CHM' +3C; ——— cacocH, + 1HEl
! Acctone
Trichloroacetone

Hydrolysis: 2CChCOCH, + Ca(OH),

Trichloroacetone

2CHCL + (CHiCOO).Ca
. s Chloroform  Calcium acetate
Procedure: 100 g qf bleaching powder, 200 mL water and 25 mL of ethyl alcohol or
acetone are mixed to obtain a paste. This mixture is taken in the 1 litre round bottom
flask. The flask is heated gently on a water bath until a mixture of chloroform and water

distils over. The mixture from the receiver is transferred into a'separating funnel and
lower layer of chloroform is separated.

——Thermomeler

Water out

Ethyl
alvohal/ welone +
paste of bleaching. —]
Powder in water

Water bath ™|

[




(h dilute NaOH

A Complata NEB Solutian To Chomistry =Xt
to absorb ml:llstur:e ;

re chlaroform 1§
over anhy

0 ;

' washed wi
.drous CaClz

chloroform.

od to air and light, it slowly gets ¢
y whichis a poisonous gas. A

Purification: The impure ¢
separating funnel and it is d ried
which is abtained at 61°C is pur® vich
When Chloroform (CHCIY) is left X1

phosgene gas or ca rbonyl chlori
2CHCly + O — 2€OCl .
Carbonyl chloride
for anest
n bottle
air, A
[thanol conver

¢ in surgery. He
1o cut off light and the
1% solution of t'.ih}'l alcohol
(s phosgene to ng

Chloroform
Chloroform (CHCl) is ust'dl ;
chloroform (CHCly) is kept in hrm«i ;
completely with chloroform to exclude
to it to retard oxidation of chloroform.

diethyl carbonate.

helic purpos

0=CiHs
+

__—+ 0=C
1 0*C\o=cH

I
{C=CH,-0F
O 2 I Diethyl carbonate

Ihosgene gas Ethanol

B ———

_'ch'r; is trichloromethane prepared In the laboratory? Why s
use chloroform as an anesthesia? fer to 2076 Set B Q.:No, 28

i i chloromethane: Please rel
» Laboratory preparation of trich Pl e
1 f chloroform has been discourag ‘ d

The .nnesthchclluso o d cardiac arrhythmias. Chloroform hf'bs_mdl-lced |
respiratory failure an The hepatotoxiciy and nepl

i i ice and rats.
i kidney tumors in mice an _
ekl 4 be due to the formation of phosgene gas.

i ht t :
chioroform b Bongt = ical reaction for the preparation of trichloromet

Write down the chem t
acetone. How would you convert trichloromethane into

i. chloretone ii. methane iii. formic acid.
» Trichloromethane is prepared by eatin
" water. Bleaching powder acts as oxidizin
agent.

"
|

heating a paste of acetone, bleaching
g agent, chlorinating agent éa_n'd_ W

CaOCl, + H0 —= Ca(OH), *+ Cl,

Bleaching powder
o Cl

.

3 HCI

o]
I o N EW
H,c—é—cm " 3019.1‘"_”';‘;"_..@ C (I: Cl %
Acctone - cl
. Trichloroacetone
9y ¢ .
2 HyC—C—C—Cl + Ca(OH), —drolvss o 2H—C=Cl + (CHCO0)Ca s
Cl Cl ' L

Trichloroacetone Trichloromethane

Conversion:
i. Trichloromethane into chloretone:
f I T
H—C*Cl + HC—C—CHy —2L o 4 c—C—CH,
! Jeeione cl—C—c
Trichloromethane (IZI
Chloretone

i 0
methane into methane. Haloalkanes and Hydrocarbon 2

H
G

ch1or®

cl
H,(';,-a v )20

i tl

1 v H
1 rirl:lnrmmllh‘lm. Methane
‘ : ,
chtoromethane into formic acjg, .
s & , H
o}
_¢—Cl + IKOH =y b |
H T Hrss o
4 * Formic aci
T ri(hlurunu.ilmne o acid

ne Is condensed with acetone? Give IUPAC name of
[441]

. —mﬂm_ Mowh e .
A a Jct would you expect when mbm: Prepared In the laboratory from propanone? What

the roduct. r ]
aboratory preparation of trichlorometh,

150 reler 10 [2078 Sel B Q.No, 2¢
'l

P L
e ,
;gacliﬂn of trichloromethane with i

ne from propanone:

When chloroforiye Condemdl with acetone e prOPanu;ne in the presence of a base
KOH. chloretone. ! .

HC il

Cl
/C-0_+ Rl o HC\C/DH

HyC . X s \CCI‘

Acetone a s 2o
he IUPAC name of productis 1,1,1-trichloro-2-methylpropan-2-ol

P

0 p B "h‘rﬂl :h‘mh' m'
propanone. How does trichloromethane react with .

L I li. Cone. nitric acid [241+141)
B Chemical reactions for the preparation of trichloromethane from propanone: Please

refer to 2075 Set B Q.No. 2

Trichloromethane reacts with: '

i, Phenol: When phenol is heated with chloroform in the presence of aqueous KOH at
7:C, a mixture of o-hydroxy benzaldehyde and p-hydroxy benzaldehyde is obtained.
This reaction is known as Reimer-Tiemann reaction.

OH OH o
CHO
t + KCl + 2H0
0% £

for the preparation of trichloromethane from

{2

+ CHCh + 3KOH——

Chloroform
Phenol :
o-hydroxy benzaldehyde C:-;(.:
p-hydroxy benzaldehyde
il. Silver powder: When chloroform is heated with silver powder, acetylene gas is formed.-

-4 cl Jrpe.. _

H—C—Cl'i'ﬁﬁg +Cl ::C—H _a_' CHECH*ﬁﬁgCl
= a Y ay - Acetylene

Chloroform Chloroform .

i Ccll'lc. Nitric acid: Trichloromethane is heated with Conc. HNOs, chloropicrin is formed
Which is used as an insecticide and tear gas.

oy

_
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204 A Complets NEB Solution To Chemistt¥ -Xil cl g% cause death. | ich attacks 1o the central nervous system
ay t X ’
CI:I IR ct--{I:—-Noz + H0 s I .
H—C—cl Sun 0

= kil cl | - e GGl +2HcH

ct Chloropicrin (Tear §3s) Trld‘l?mmm Sacbonyl. chioride

; Ahane S hane of phosgen
Trichlorometh e ——  ehloroform. H - e gas
ethod of preparation © i

: 1+141]
e from bromoethane ;. . [14141+
I ity the major product (A) and (B) h,ml"‘"’"m trichloromethane
|dent ngether Hm. “ﬂ mrl |.qu.nce_
— (A~ ()

"33, 072 SeL ¢ G, 77 Describe laboratony ™¢ b, How would you obtin
react with acetone? Joroform: Please refer to I ! 5 B n
~ Lab tion of chlorotor¥ie: : ethane reacls wi ;
Mli:r:t::yt::;':::‘;r’nelhﬂne on acetone: Trichlorom

is formed. Br
presence of base, chloretone 15 HC~, -~ it ;
a ol to convert (A
\ / 4 ;s ctions ) Into ethy
B c=0+H-=C Lo — HCT TNColEs G"'earr:taion . ok acid. Write down suitable chemical reaction for the
" hHe” ‘\CItmn« Chloretone Pr&P
Trichlormwthe

.I{ I’IEP"'ration of Sthmss ﬁolﬂ-bmmgﬂh‘ne When bromoethane on reduction with
i 70 _Cu in the presence of methan, ethane is obtained

CHy— CHy—Br + Zn-Cy
Bromoethane I[H]m CI:;“:_:"' + H—Br

Acetone .ﬁ;ﬁWﬁ";"" trichlorometha

% Give the chemical re2¢ entify the product ®a
What happens when it Is heated with silver powder? oy _ @

name.
ion of ethyl : .

CHCly —'uf::lr-m ® A ii. prep a'am:in oace j;:nje_ fﬂ:’m _t_dcm“"“‘ﬂhane: When trichforomethane is heated with

ton Joromethane from Ethanal Silver powder ly ; e °_I hm which on reduction with Ni/H ethylene is obtained.

w» Preparation of Trich ;
When ethanal is treated with chlorine, trichl
hydrolysis gives, chloroform ie. trichlorome

Cl

£l
H—C—a bAs

is obtained.
thane S H—C=C—H+ sAg

0 ci
i 3Cl, —i— CCh— g— H + R Aceiylene
CHi—C— H + 3Ch ¥ Tricholoromethane NVH
Chloral e 3
Ethanal : . £
g ¥
0 H—C=C—
ge 2 e Hydrolysis o 4y al bl
H — C—iCCl; +HI—0||———__”' 1 . Ethylene
Chloral Chloroform - Formi The reaction sequence is )
e CHy— CHy— B M o CHyMg By HIOH"
When trichloromethane is heated with silver powder, ethyne Le.Rac : 5 E:h;ma S:E sﬁu?]r Mgz (OH) Br + CHy—CH,
obtained. = o a__,f. Bromocthane bromsidy () Ethane (B)
2EKL L8 A8 A K= E=ag .ﬁAg{:ll 4 The compounds are
Chloroform : Acctylene : " A= Ethyl magnesium bromide
ﬁ 3 ?Il B = Ethane :
: Alkali I Ep
CHCL + CHy— C— CHy———— CHy—C== Cl}; ki e i o 9 % o :
Trichloromethane Acetone - ' CHy=— CH; Mg Br ——— 0 CHv—CHy ——=%—.CHy—CH, — CI
CCl: Ethyl mngncsium Ethane i Chloroethane
) Chloretone (A) bromide aq. KON
1. 1. I = trichloro-2-methyl propan - 2 = ol 1
3. How is trichloromethane prepared in the laboratory from propanon ai o LROOH H
A g : phof - CHy— C —0—H ¢———— Cth—CH,—OH
dry state? Write its action with axygen. oo £ Ethanoic acid .01 Ethanol

» Laboratory preparation of trichloromethane from propanone:
Please refer to

- Action of trichloromethane with oxygen: Trichloromethane reacts with

presence of sunlight, carbony! chloride is obtained which is commonly calle

" A halcalbae @ reacts .Mu.,.q KOH to give Q. The compound @ on oxidation
With K.Crz0; + H* gives ® and (® undergoes Clemmensen reduction to produce ®. The compound
® react with sodium in presence of dry ether to form 2, 3- dimethylbutane, write chemical reactions_
involved and Identify P, Q,Rand S. :

1 U
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26 A Complete NEB Solution To Chemist™Y : om metal in the presence of de_ ether .-"ffi:: Howis lri:hI_'_""“""j’;.—ﬁ?“i RO e Neloutianes snd iydroce s o
™ The compound (P) reacts with so{,;must be 2-halopropane. ; Lory preparation of T"tl'llom Methane, p||n “ hborllcrr? Write its acilon on aceto
dimethylbutane, The compound ( ether H‘C“‘cH HC( ' |,.11‘° of (richloromethane on acetone; T ease refer (o Bo76 se1B 0 No 28]
HYC N | premmmimmane THC CH _,‘ir_r.x—-—* H\C F\‘[iﬂ" of base, ¢ chloretone is form ed, Tl('hlororne[hane reacts with acetone in the
%3 - ; | Genc®
HC~ R TS - 2-dimethylbutane pre r HC # _Q ;
S— 2 halopr‘P" B /.C =0 + H-¢ \q KOH H\C\ 5 / OH
. ¥ 2 Ll
The reaction sequence is givenas: oH o N_.l.lm ' Trichi, CI HC~ “Ncah
| - KOH c-—(I:H""cHS 52‘3..-—,—-' H:c—'c. Write any ﬂlm mod Chloretone
HyC—CH—CHy — 13 s : i e is heated with ® of preparation of fodoethnae, What happens "";;‘]
i
2-halopropane :*é)npa R : ¥ jodot sgdium In presence of dry.th«
Zn- 8
() , - n - HgfHCI & :I ﬂ' I:Iethllds for the preparation of iodoethane:
The compounds are P =2-halopr ik Ethene reac
= Q= Propﬂn-z'ﬂl Wil f m ethen® 7 i hydmg'" iodide, iodoethane is formed.
R = Propanone > HZC—-_CH! +H—— H;C—CH
§ = Propane Y E}IIW ) lodoethane
e
38, B071 Se10 Q.No. 27] How would you obtain: m alcohol: Ethanol is h“"ed with iodine in the presence of red phosphorous,
10 P Ly i p p
a. Ethane from bmmetha:; odo othane is for :
b. Ethyne from trichloromethane
o 12H;C—CH,—OH + 3': Py ——— 12H,C—CH,—1 + 4 H,PO,

Identify the major product ® and ® in the following realction sequence:

Mg/ether H:OMH" ®
—— " @—"

Ethanol r F : lodoethane

CaHsBr
from ethane: Ethane is heated with lodlne in lhe presence of iodic acid, iodoethane is

Give mctlons to convert @ into ethanoic acid. forme ')
s a. Ethane from bromoethane: Ethane can be pbtained by
with Zn-Cu couple and ethyl alcohol.
Zn-Cucouple _  c—CH, + HBr

it NN -
HyC—CH,—Br +2[H) s

the reduction o 0 T R
; HaC—CHy + I; —— H,C—CH,—I + H

Ethane -1 : lodoethane

when iodoethane is heated with sodium metal in the prlesence of dry ether, butane is

Bromoethane Ethane 1
b. Ethyne from trichloromethane: Ethyne is prepared by heahng tnchlo formed. ; ; Fa o
silver powder. " & HyC—CH; 1 + 2Na + ‘3" CH;—CHy — =+ HyC—CH;—CH;—CHj + 2 Nal
H_cﬁ{j +6Ag+Cl : Cc=-H _Ab HC= CH+ 6Ag€l lodoethane ; lodoethane Butane
g TCI = Ethyne 18 ii. When iodoethane reacts with alc. KOH, ethene is formed.
Trichl h richl h f E
alc. KOH
The reaction sequence is given as:* H,C—CH,—I _.5_— H,C==CH, + KI + H,0
HC—CHy—Br MO/ENer ) c—CH,—MgBr H’O;H' Hy,C—CH a’;" lodo cthane . Ethene
A i
. Bromoethane ; Elhy!‘dmimsium El;hane_ o 1. 2953 (5e1 B] G No. 23 Starting from mm,hwnu{d you prepare: 5]
Lihadl 5 ; i. Ethyne Il. Methane -
: fil. Chloropicrin iv. Carbonyl chioride

Conversion: Ethyl magnesium bromide (A) into ethanoic acid
v. Chloretone A

% Preparation of:
i Ethyne from tmh]orornellune {Chlwnfmm]:

_H —— HC=CH + 6AgCl
A
Ethyne

HO qa, . KO i
HyC=CHMgBr — = HyC—CH; ——— HyC—CH;—CI ARKOH L H3C—CH;—0
Ethyl magnesium Ethane , Chloroethane
bromide
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; . i« reduced w
ii. Methane from trichloromethan€: Tnchlurcmethnnc is rec : ith | i _ ; .
water, methane is formed e the compounds are A"'z-halo Haositanes and Hyrocarbor y
; red. el
e Oe hane 1; oén+ 1[H} I['I \ Prop ]Propane
10— Ln & . ~1*ene
slopropane ;
CHCl, + §Hj—> Gk « 3 whe” 2‘]Il1“lt0\|;:eir; I'orn‘lls dhea‘m'(l With sodium metal 2.3
> ‘ . ) Jhula ed, in "y e
iiiTréc;;llommcl]m:?e —" h:;::;:elha - Trichloromethane 1 heated with cn d.ﬂ“’”'" the presence of dry ether
i oropicrin from Iric S 2 i te it O e ey -
¢ and tear gas. i L C
chloropicrin is formed which is used as an msocllcit_i a B i CH; HHC < 4 -'ﬂ.'_“_‘:’_, HiC CHs
: 1C CH; CH-HCZ + 2 NaX
cl 4 4 " Hes NG
paloproRane hlopropane y o

+ H,0 '- i
L 23-dimethylbutane

O AT TV, -
0. 29 How Is trichloromethang R i
’%imof chloroform Into ethyne, Prepared in the laboratory? Give a chemical equation for the
¢ reparation of tr [5]
bﬂrntm)’P | richlorometh,
ljh gne from trichloromethane; Pleaga rer::f;”ese refer to
pinyne {rOm L EoT A R .

Cl JI8

. Cl »
Trichloromethane Chloropicrin (Tear gas)

trichloromethane: Trichloro

="

methane is exp

o

iv. Carbolyl chloride from

carbony! chloride is formed. leelhe chemical reaetio s 1 - e ~
zTcm}-llﬁl :u 0, _—*cz\g.?ﬂihh«:dcmc' ; W Es‘i refer to '“f'-hﬂuhrmuwmq Preparation of trichloromethane.(2.5]
v. Ch]o:et::e om trichloromethane: Tr ichloromethane reacts with’ i Wﬁuﬁ_"_jﬁh‘ﬁ;w_‘——*— S O SRS s 5
presence of base, chloretone is formed. “ D,Tspnl Chloroform (CHCh}:is left e Sk oy ol 7 sl
HiC S kon HO -9 » " ene gas or carbonyl chlori expased o air and light, it slowly gets oxidized to

By M O gl posgen 'y! chloride (COCL) which is a poisonous gas

— ~cl HC” '\.C'Ch * QCHCI.‘ + Op— 2C0CL + 2HCQ )

Chloretone Chlomform ; Carbonyl chloride

Trichlormethane

Chloroform (Cl-[Cb)‘_is-uszd for anesthetic purpose in sur Hence, anesthetic
chloroform ((FHCI:} is kept in brown bottle to cut off light S:r"'ﬂ- the bo;ile is filled
col“l‘leteb’ with c!‘lior.ofo:m to exclude air. A 1% solution of ethyl alcohol is also added
o it to retard oxidation of chloroform. Ethanol converts phosgene to non-poisonous
diethyl carbonate. )

o

gives compound @when h.:

Acetone

I

a2 A secondary halolkane @

® on ozonolysis produces ethanal and methanal as major products. Identify @
chemical reaction. What product would you expect when @ is heated \@!h sodiu
_ dryether? ' .|

0-C:H:s |

» The compound (B) undrgoes ozonolysis gives a mixture of ethanal and AT A o
compound (B) should have three carbons and having structure. Cl—C—Cl + 2 H:C—CH:-OH" bt el
He, .. CHh Phosgene gas ' Ethanol . N 0-Citls
c=c : . _._ i i Diethyl carbonate )
H” * SH - “ Starting from Methyl magnesium bromide (CHiMgB) how would you prepare: ]

Secondary haloalkane (A) produce (B) when heated with alc. KOH. The. | Ethanol i Propan-2ol _lii. Ethanolcacid Iv. 2-methylpropan-2-ol

must have structure. L ! g .
" X i Ethanol: Methyl magnesium bi9n1ide is treated with methanal, addition product is’
HVC—(I:—CHl 1% formed which on hydrolysis gives ethanol.
I ﬁ ) OMgBr oH
H R I
SO 5 U I ¥ H-C—H + HC~MgBr —— H-C-H — A H—C—H + Mg(OH)Br
R HY WA Methanal  Methyl magnestom .~ | |
“1.“_‘_4 ' H CH L bromide CHy CHi
CHi—CoCy __ MeKor \‘c 2 " o, H & s QLT Addition product Ethanol
I}i I-II ._ T . < B /C\ r;: ii. Propan-2-0l: Methyl magnesium bromide is treated with ethanal, addition product is
Y Ao VS © Prop-lene (1) 00 formed which on hydrolysis gives propan-2-al. /
i i . . "Ozuhllle ' |c|> '. FMEBF ?H !
i . 2o HiC=C—H +HC~MgBr — HC-C-H HOALE - C— H + Mg(OH)Br
i 2 i Ethanal Muthyl magnesium * e Ll =1 f [
A5 ¥ : bromide \ ! Cth ' f
.{ i o) 0 ! A 2 ; Mdilﬂ"pﬂlﬂl'l 'ropan-2aol
H—(’ZI—H + H -,C-%.’-' fii. Ethanoic acid: Methyl magnesium b e is treated with carbon dioxide, addition
Methanal Fthanal I product is formed which on hydrolysis ethanoic acid.

< g

/1 J i Ia:’ !._/” g
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. 2-methylpropan-2-ol: Methyl magnesium b

Haloalkanes and Hydrocarbon 21

A Complete NEB Solution To cnynistw -Xil iy

OMgBr I f /CI' Naoy
1 ~ o
I O g=C + M H-C=Cl + NaOH _ bo H
* Mg(© : A I
0=C=0 + HC—Mgbr —> O-L; B 3 I C Nl NaOH -.-m.a’ HeC—0H —— H-C-0H
Carbondioxide ~ Methyl magnesium CH» CHy Chloroform NOH O Formicacid
bromide . . : Fthanoic acid
Addition product

romide is wreated with propang, “ i

S an-2-ol.
product is formed which on hydrolysis gives 2-methylprop ik, 3
0 ol\.j'gBl 1 .
" ). H:0/H H:C—=C—CH; +
HC~C—CHi+HC—MgBr —> HC—?-C”‘ . )

ﬁ ? Unstable
| 0
H-C-oy , s
Nat &M I
Formicacg - H-C-ONa e—rtl

Sodformate O

-J
*mical reaction for the laboratory Fep_aﬁ.ﬂ_ﬂn_ :;
n

Propanone ‘Methyl magnesium CH CHy I D‘i':h ] “-“. ﬂllmmcam
; ' LR s pheno M
g Addition product sy ;pmpm : gilver powder - Iv.' mw ir
A ii- : {157 alr, o
ar. How s ichloromethane prepared n laboratory? How does 1t fedc poratory Preparation of trichloroform, pigy. . .
; : refer to » 2 | joromethane reacts with: . erto
™ Laboratory preparation of chloroform: Please ;  ane reac i rich! h
Reaction of trichloromethane with acetone: Trichloromet ane. l ¥ [’h"“"h R fe ol is heated With chloroform in the presence of aqueous KOH at
presence of base, chloretone is formed. o " g0eC, @ mixture of o-hydroxy benzaldehyde and : : cl:
| OH Ty ; yde and p-hydroxy benzaldehyde is obtain
HC -~ .. reaction is known as Reimer.T; "
HC sl g: _KOH C This i ! h lemann reaction,
Hc/c=0+ H-Ta Hc” ool Loiul OH OH
o 5 R :
Acetone Trichincadire e e + CHCh + 3KOH—, @CHO KCl + 2H:0
- i + +
45, [£054 G 311] Write short notes on Laboratory preparation of chioroform. L Ny
= Please refer to - i . hydroxy beraakdenyd _CHo
: i ions i i ration of chi kY - s 10%
49, Write the chemical reactions involved in the I.ahoratory prepa ch Ao | i
ethanol. Why does chloroform not give white precipitate with aqueous AgNO:? W | _+. Phydroxy benzaldehyde
:se: of chloroform. e e e : i, Nitric acid (Chlnr::dorm}: Trichloromethane is heated with Conc. HNO;, chloropicrin is
= Laboratory Preparation of chloroform: Flea Hilinrs med which is used as an insecticide and toar s
Chloroform does not give white precipitate with aqueous AgNO;: , form B, .- o "-';“"S"SA 4
Chloroform is non-polar covalent compound and does not ionize in aqu o ) S | + T W .
So,4t does not give the white ppt. with silver nitrate solution. Only pola T O, T - i CI—(I’:—N(:)2 +H,0 %
HCI or NaCl give the white ppt with silver nitrate. If chloroform is i - Cl gt i " - § a
contain HCl as impurity and gives the test of silver nitrate solution. . . Trichloromethane™ - - " Chloropicrin (Tear gas)
Agh.lo‘ L= : ‘::C o iii. Silver powder: When chioroform is heated with silver powder, acetylene gas is formed.
Silver nitrate ite ppt. : a a 3
Uses of chloroform: Following are the uses of chloroform: H—Ci Q+ 6Ag +Cl >C—H —— H= CH + 6AgCl
a. Itis used as laboratory reagent. dsid ay” © Acetylene
b. Itis used as preservative for biological specimens. . _ ) " t:m“mhm i (thloimm o ancd. Hghe i slow
c. Itis used as anesthetic in surgical operation. ) ol b iv. Atmos?h.enc air: When Chloroform (CHCL3) Lfdie!’tc gcpfsedh‘-oha‘" and lig L i i : y
d. ltis used to prepare organic compound like chloropicrin, salicylic acid etc. gets oxidized to phosgene gas or “fb‘?“Y;Lhc":“ e ) w l'l-‘ IS & poisonous gas.
50. [2055 Q.No. 27) How i trichloromethane (chloroform) prepared in the laboratory? CHCl + O P zlfoo‘;lk hl;: A
. Please refer to 2076 Set8 Q.No. 2§ no Chloroform Carbonyl chloride

51. *De‘shcri-t;e‘th.e_lra-bnratnry preparation of chloroform,
»  Please refer to '

52,
=

Chloroform (CHCly) is used for anesthetic purpose in surgery. Hence, anestljnelic
chloroform (CHCL) is kept in ‘brown bottle to cut'off light and the bottle is filled
completely with chloroform to exclude air, A 1% solution of ethyl al;ohol is also added

o it to retard oxidation of chloroform. Ethanol converts phosgene to non-poisonous
y RN :

What happens when Chioroform is allowed to react with NaOH sc
When chloroform is heated with aq.NaOH solution, sod. formate is obl

. diethyl carhonate. oA §
acidification yields formic acid. . O . 4 i O—-CiHs
¢ [ A -c” i + 2H-Cl
Cl-C=Cl + 2H\C-CH:- 3 et NO_CiHs
Phosgene gas Ethanol Dicthyl carbonate
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Py e EST G Do e s prepuaion o pre 3 Y

a. Heahd silver
b. Aqueous KOH
¢ Aniline in presence of alc. KOH.
N Laboratory preparation of chlorofor
Action of chloroform on: - peated with sils

a. Heated silver: \When chloroform is|
Cl % H — = CH= CH“‘GI

m: Ploase refer tn i

er po\\'dt‘l‘. ncet}’l&ﬂ&

H-Ci Cl + 6A8 *Cél _C-' & Acetylene
g_--—-'—"" Chiomoform
Chlaroform i OH solution, pot. formate’js
b. Aq. KOH: When chloroform is heated with aq K il
which on acidification yields formic acid. i 450
Il
A JKOH A MG
- q M H-cTH 0" romiciall
H-CZCd + KO —ra ~0OH & d
~Na KOH = Unsnbleo
Chlaroform g i i ) KOH
H—C—OH + k* «—= H-C-OK <=5
Pot.formate 3

Formic acid
¢. Aniline in presence of alc. KOH: Anili
alc. KOH, phenyl isocyanide is obtai

ine is
ned. This reaction is known as

+ CHCl + alc. 3KOH —— + 3KCl +3i'1b.'
Aniline  * ™ Phenyl isocyanide
Uked of childvoboru: Plesse retr ib
55. 2061 Q.No. 28] How is Grignard reagent preplred? What precautions should be hken
of Gngnard reagents? How does CHy CHz MgBr react with
- 0
Il Il !
a. CH;-C-CI b, H0 c. H-C-H d. CO;

Show the final product after aqueous work-up. /
= Grignard's reagent: Haloalkane i.e. alkyl halide is heated with magnesium
presence of dry ether, alkyl magnesium halide is obtained. Aikyl ma;

called Grignard's reagent.

CH\—CH: =X +Mg 2™ | CH_CH,—MgX -
Ethyl halide Ethyl magnesium halide
: Grignard's reagent
¥ © dryether ’ ¢
CH\—CH; ~Cl + Mg ——2""_,  CHy—CH; —MpgCl
Ethyl chloride Ethyl magnesium chloride

Precautions: ~ 1
i. Grignard's reagent is more sensitive to water molecules. So, no any wi
come in contact with Grignard's reagent during preparahcm. It reacts

molecule to form alkane. 3 -

- CH3;—MgBr + H,0 —s CH4 + Mg(OH)Br
Methyl magnesium bromide Methane

heated with chloroform in the T

13
Haloalkanes and Hydrocarbon j

hould be no:nlk
o rere sh aked flame e e palion. bacmase: ¢llie 310 ghly

infle ,mmable.
:on of CHi—CHrMgBr wi,.

- MgBr + H c—-c.._ 9
HyC CHy—™ 5 Ol HyC— e, g 0
Ethyl magnesium - Ethanoyl chiorig, ¢ -u; u,c—ac-;-cn, o

promide Butan-2-one
Aldd'h" P“"d““ CHCH,MgBr
“ﬁ‘éli—cla-cu,..ﬂ_"'_ HyC—C—CH;—CHy
HL=CH, HC—CHy
1ﬂuhylmm3.d " Addition product
| magnesium
S e
- — |
Ecﬂf;{l magnesium bromide Ch-CH, + MS[OH)B' ]

, HCHO: Ethy] Tag.“‘f-'““‘ bromide reacts with methanal, addition product is formed !
which on hydrolysis gives propanl-ol. - : :

HyC—CHz—MgBr + H"C'—H-—-u ¢ H,a W, R f

Ethyl magnesium Mpum.l c"‘_?‘on'& e B

broml“’ . Propan-1-ol y |
; . g Mliiunprodul /" E

4. €Oz Ethyl magnesmm bromide reacts with carbon dloxude, addition product is formed i
which on hydrolysis gives Ppropanoic acid. :

. 1 ?Msﬂf : OH |
=Cm= 2 pt 2 OfH- | !
0=C=0 + HC-CHMghr— 0=c _HOM . -~ Mg(OH)Br
Carbon dioxide  Ethyl magnesium £ -1 g I
- bromide HL-CHy i H:C—CH,
“Addition product Propanoic acid

53 QNo. 27) An Omankcommdkmuwucuducﬂongwu B, B on chlorination gives C, C
on heatmg with sodium metal in presence of ether gives D, D on chlorination gives 2-chlorobutane
a5 amajor product. Give names for A, B, Cand D, ’ [3]
» The compound D on chlnnnal:un gwes 2-chlorobutane as major product. The compound

Dmustbebutane R

CHu- it i,
Butane(D)
The ccmpuund. D is obtained by heating C with sodium metal in presence of dry ether. il

The compound C must be chloroethane. .
. CHy-CH:-C
g Chhnxlhne ©
The compound C is nbhmed on chlorination of B. The compound B must be ethane.
. CH\-Q‘I\

The compound B i is ablamed b}» catalyti reduction of A. The compound A must be
ethene, " -
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The reaction sequence is §iven 2% a: HC-CHi—Q
e He/N HC - %“ m Chloroethane (Q)
HL=CHe Ethane .
Ethene (A) Na, dry ether
a _cH-CHi
S o e e
HC—CH-CH:—CH " uionnation Buta
2-chlorobutans
Mecommombar e
i = Butane
C = Chloroethane B

RITE SHORT NOTES [5 MARKS ey —
S oo ae 5 i sig o 57 se Dot 228 82 2o Sy
Laboratory preparation of trichloromethane. -
~ PleaserefertogoresetsoNo 28 .

— . - s
5a. 2071 Set C Q. No. 33 § Laboratory preparation uf_chlorofo

~ Please refer to 2076 SetB Q Na 29 D —— = :
3o 28c] i 056031 (d
o 53 0o i) s Ga) o o o 031 A BOST 006 E
4 Kneetipe > Eﬁimn preparation of Chlorof '

c. Inductive effect d. y
. Laboratory preparation of chloroform ) i .
» :.. \:rkmgkpav?s rule: When unsymmetrical alkene is treated with u

reagent then positive part of unsymmetrical reagent goes to that double b
of alkene that have more hydrogen atom and negative part of unsymm t
that carbon atom that have less number of hydrogenatom. =

goes to

CHCH = CH: + HBr —=—=—s CHJ—CHBI'—CHj
1-propene 2-bromopropane
Mechanism :

It completes in two steps.

Step-1 Formation of carbocation Ly
CH—CH=CH; — %, CH\—C*H—CHi +Br-
1-propene Carbocation

Step-Il Addition of halide jon on carbocation

& '“ - .
CHv=C*H—CHy —— CH1—CHBr—CHs
Carbacation P 2-bromopropane ot

Anti-Markovnikov's rule or Peroxide effect or Kharash effect: In,th "’p

organic peroxide such as alkyl peroxide (R-O-O-R) or benzoy! peroxide (C¢H:

COCiHs) unsymmetrical reagent adds to the unsymmetrical alkene 7n of

Markovnikov's rule. 7

CH-CH=CHa+ HBr "% oy opcppopr

1-propene 1-bromopropane e
b. Inducl?ve effect: The electron cloud in a sigma bond (o) between two unlike
not um[orrr?, Itis more dense towards the more electronegative of the two ato
electron palr‘fnrfning the sigma bond is slightly displaced towards X, Th

_slfl:lle of polarization is called the induclive effect, I is represented by arrow (:

] 1; atom X thus acquires a slight negative charge (5) and the . :
carbon atom acquires a slight positive charge (8*) i.e. the bond is |

polarized. If (he electronegative atom is joined to a chain of — ol

carbon atoms, the positive ch, l 3
. arge on the carbon atom is relate »
(e obes carkon s s B t is related to 1

215
3 Haloalkanes and Hyéroc25o"
f,__.___.- G——— iy Ga"..__.___hx
the natu
ading upon re of
Dn'ﬂi]ucuve effect. 87OUPs attached 1o the carbon chain, there are tw0 P
of 1 positive inductive effect oy 4

T I 3 :
i __rbon chain is less e m.“'  If the group attached to carbon atom 17 e
e ative charge and EAlive than carbon, the carbon atom gets F“"_m]
e:;drons are displaced bWi':dam Partial positive charge because the bonding
Posiﬁ"e inductive effect. E,‘ampk:"-bé;:lom %(Tcﬁdg“g: effect is known as
4 Cm # 2R~ et
(o]

; .
HC+~Cw—o0_oy

Elexrtron releas gowp

and other atom acquires pargi,
negative inductive or - ] effect.

etc.

| negative charge. Such inductive effect is called as
Examples:- -NO,, -CN, -COOH, -F, -C1.-1,-OR,-OH

CHh G.h_h.-' CH, *"—'—H’?r: Hlextron withdrawing group
[ndufﬁ"e effect: Please refer 1o 2053 Q.No, 73_

. Laboratory preparation of chloroform: Please ref to ko7 8 24
i’ Laboratory prepauhor! of chloroform: Please ref:: to E: : B g :: %

9.2 Haloarenes
RY SHORT ANSWER QUESTIONS [2 MARKS])
-;_’u;s.s:; E aNo. 4 Why is ha less reactive than benzene in electro'_l;hﬁc_srbswmo_: ion
reaction L — 2
= In ha_loaren halo group is a weak ring deactivating group. This means haloarene is less
" reactive -towards e hiles than benzene. Due to the presence of non-bonding
electron, halo group can donate e wmugh the formation of n bond.
Resonance structure of haloarene i

2 : exs e .4
' i
-— @q——- @ @ :5©&.

n (1 [{11}] i (\4] Resanance hybrid

2 Explain, why Is chlorobenzene less reactive than benzene in electrophilic
substitution reaction? ; 5 ] 21

> Please refer to . ! :

3 _m g __ﬂ Set A Q.No. 3 Why Is haloarene less mcﬂve“ ﬂiﬁ;alds-nu:ho—-ﬁp_hi_liﬁs_thu_ﬁ;

feaction than haloalkane? , 2]

Haloarene is less reactive towards nucleophilic substitution reaction than haloalkane due

to Ioilawing reason; X

£
r

i | ,I:
] A
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5 7 010.9 Why 8 nuclsophis, - btz s ot
: Gl e ’r,.",[-) lllumrllxm "“t‘hed':%mhl g7
n o, Due 1o the g "'“i
" AN oms and havi 'mmh“ A dﬁub[":'ﬁm'ﬁ"ﬂm'mwn and wabitined 7
Al0 ?"nﬂ“ " Pohmy.,‘( ‘l'\"l';pwl fuAwreen carbom and
p =)

/h @H H‘)ﬁ)

the energy of activation for di pl !....' > W i
haloalkane. Thus it does cose Of haloarene, there i p, H_*
fn and halogen atom, TESOance and ro doutse bond is developed betwern

han T ’."‘0’!
”'rv titution 88 compsred touo.m....""""‘“ dows neh easilly undergp nudbearphilic

59[514}. .M. 8 Ui Mﬁ.ﬁwm

sclron ON halogen atom fs,

of el
Jone pair g d:*w"fll“'d betwe n

i. Resonanc : In haloarenc, the
e effect: In haloar ial double bo

M the benzene ring, Due 1o this par
halogen atom.

Sipée haloarene is stabilized by resonanc®
logen from haloarene is much greater than
nucleophilic substitution reaclion.

4i. Difference of hybridization of carbon atom in C-X bond:

X 1 . . :
sp- hybridization ) ( iantion "
H sp'hybridizati 6 robenzene on reduc from chicrobenzene?
R—2x " chlo “ﬂﬂmmm., St
|
H um
Haloarene Haloalkane

:ﬁgtsasiauogmm* ) S L £ o
; ummmhmm""’m'

b e vith Al i e et

In haloarene the carbon atom to which the X-group is attached is sp? hyb

is difficult to replace by nucleophile.
jii. Electronic repulsion: Since haloarene is €
a-bond. It repels nucleophile attacking, i ——

+ E5755ei8 oo g What products would you expect when
i Benzene diazonium chioride is heated with copper powder in presence of HCL
i, Chlorobenzene is heated with 2,2,2-trichloroethanal.

lectron rich molecule due to
ﬁ.

benzene can be '
‘;‘:3’;250 Comverted nto DDT by seactin, with chloral i the preserce of

k. )

When benzene diazonium chloride is heated with copper powder in pre

chlnmbenzme is oblmned. 3 7 a z
A 0 a
2 + ra(-E-H————_.M’m H-C-lc-CI
Cu-Pomder 11O ra-su.' HOl Chiorat -HO ‘
Chilorobenzene a
chloride voT
a

ii. Chlorobenzene on reduction with Ni-Al in the pruence of alkaline nu;dium. benzene is

formed.
a
Ni- Al
* IH ——
Oma(Ye

t. 2057 0 ¥io. 2 How would you convert chiorobenzene into:
i DOT iL. Toluene

ii. When chlorobenzene is heated with 22, 2-trichloroethanal, DDT is obtai d,
c ' ;

ci
Chlorobenvene 22 2 richloroethanal

be converted into DDT by reacting with

A

i Chlorobenzene fto. DUT Chlo
chloral in the presem!ofconc

:




-
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| ] + ¢,
2
cl T + Hel
llenz .l
Cl | ong
E one IS0, H-C - IC -Cl di170ﬂium compounds | s Chlorobenzene
e =H 0 Lo ¢, Band, 4 ; F
2 % e | s cl or” jo is warmed with Cuproy meyer reaction: When benzene diazonium
Chiora 3 flllﬂf"] it prinitin .Thh; ) $ chloride in (he presence of halogen acids,
Chlarobenzene noT (|||0“’ ?‘-”“ chloride ls Fmpnredlfg;r“c“?n Is known a5 Sandmeyer reaction. Benzenc
cr ' qponit Maniline by diazotizaii
'g Jia# NH, X azotization,
. Hlarobenzene and methyl chloride is _ /i N=N—cI
ii. Chlorob Toluene: When ¢hio . formed. This reaction f
snd;:]r; :::T:r::‘iﬂ:: presence of dry other, toluene 18 fore + HNO, 4 g _Vlas
; : ' * din +
Waurtz-Fittig reaction, Hy e otination 2H,0
| niline
tlwr f Benzene diazonium chloride
2Na + Hy,c—Cl R + Madl N=N—¢ ,
+ ) y p

ahyl chloride
pa Toluene

Q + CU,CI, —.___'::-l . N;
m

Benzene diazonj
chlorlde o

Chlorabenzemnt e

O P P P zene difficult

Ti‘h! Is nucleophilic substitution reaction In chloroben il
chloroethane?

™ _Please refer to

L Write the action of Monohydroxy be

Chlorobenzene

peaction of chlorobenzene with chloral: Chlorobenzene can be converted into DDT by

veno with trichloromethane .
nunle x 2 eacting with chloral in the presence of conc, 4 SO..

aqueous NaOH. A i ;
a \rshon monohydroxy benzene i.¢. phenol is heated with "“?h-lm:(:l'“c::rdngh’ _ ‘ al
in the presence of aq. NaOH, ortho hyroxy ln-n:f,nldol'lydo i.c. salicy . ehyds £ ' )
This reaction is known as Riemer-Tiemann reaction. H O Lok (o] cl
Mo | d—n - o 2@ + ey _com. Hso, H-—C-IC-CI
I (T 010 70°C + 3NaCl + 2H;0 Chlaral -HO ;
e } g i " Chlorobenzene ' (I:l
I . .
Moo Iwdroay  Trichloromed lane Salivylallehyde 4 ’ ¥
Tenene (.I‘hr::ul‘: ! il ] poT
cl

. Reaction of chlorobenupe with &lelhyl chloride: Chlorobenzene reacts with methyl
chloride in the presence of dry ether, toluene is formed. This reaction is called Wurtz-
Filtig reaction. :

_11mhy_ isit ﬁm&hﬁgﬁiﬁﬂeﬁﬁ n:lacphﬁc‘snl.l_l;u-tulion In haloarene?
n_Please refer to LTI ——
12 Write the name of the following components according fo the IUPAC ru

-

O(“' CH,
cl
» IUPAC name = 1, 2- dichlorocyclohexane 3 + 2Na + H,c—ClI Dq—'"'"- + 2NaCl
' Methyl chloride
o Chlorobenzene Toluene

13. [2063 Set A Q.No. 27] Write any two methods of preparation of chlorobenzene. How does It reat
a. Chloral and o
b. Methyl chloride in the presence of dry ether.

» Two method of preparation of chlorobenzene:

: Write two chemical reactions for the preparation of chlorobenzene. Why does it give
ortho and para products during electrophilic substitution reaction? Give its action on chloral.
> Two method of preparation of chlorobenzene: Please refer to
1. By direct halogenations: When benzene is treated with chlorine in the pres Ortho and para director in the electrophilic substitution:
acid like FeCl3,AICly etc, chlorobenzene is obtained. This reaction is n the resonance of chlorobenzene, negative charge is developed on the ortho and para
halogenations. o 4 position, So, the clectiophile is attracted towards the negative charge and chlorobenzene
f is ortho and para director in 'electrophili%uirbsﬁmtion.



o550

(V)
m () () :

Resonance of |I\Ion1lvmzent'

is heated Wlth iy
Action of chlorobenzene on chloral: When chlorobenmne 1 hf
presence of conc.H2SO0u , DDT is obtained.

Cl
| Cl e
a 0 s R
Chloral : . iy
Chlorobenzene . I 7
cr -

LONG ANSWER QUESTIONS [10 MARKS]

15. 059 Q.No. 29 b(a) Predict the major products of the followmg reactions'

Cuz Bra [ HBr s AT N .
ArN:Cl ————— ...
N=N—°CI . b Br .
HBr »
+ Cu,Br, ———» + Nz + CuCl, .
warm , )2, o e
Benzene diazonium . Bromobenzene :
chloride el |
' - Qoo
Ry
4 T
1 i 1 _,r".‘i !
. S A
| 1 !{; ’
JI 1 3
] v i .
) _'7'
o ' :

Scanned with CamScanner



Alcohols and Phenols

4 Br

CH OH Conc, I-IISO; [
" — —_ —_—— —CH—
ao—Ch— Ve o HC—CH=CH, —Hbo y,c—CH—CH,
propan-1-ol : Propene 2-bromopropanc
2
g
I/ R P
Lo Bl g T "HsC—CH—CHy -
\ el L ", . Propan-2-ol
‘s set AQNo. 10 Give reactions for the conversion of cane sugar into ethyl alcohol. poc il

Cane sugar is converted into ethyl alcohol by using enzyme invertase and zymase.

(.Hx0y + H,O Invertase o CH,06 + CoHixO:
Cane sugar ' “Glucose  Fructose
CH,0, —2m3€ o 5 C,H;0H * 2CO,

Glucose - Ethyl alcohol

hm Write a structural formula of 3° alcohol of CaH100. How is this alcohol prepared
byusing Grignard reagent. ' v - . (1+1]
The structural formula of 3¢ alcohol of C4HiO is -

CHj

I
Hsc-—(i)-—-OH

CHs
2-methylproparni-2-0l
3" aIc_dhol ' ¢
CH_‘MgBl‘) is treated with acetone, addition product

urhEln m ) - el .
; ethy] magnesium bromide ( fras
S obtained whichg:n hydrolysis in the presence _of'ac1d to give 2-methylpropan-2-ol.

F P

e

. T / :
A \ : Sl _i 4
Scanned with CamScanner
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: 0 ng:-,n o Wﬂ't; dﬂ_;nmaawﬁ-—h_ Alcohals and Phenols 223
: e HC—C—CHy— < B f u e Ny
el e W & ¢ g serucsiire fOLGLe oFtert-buty] aicqhe, is 4404 WPAC name of tertbutyl alcohol. - [1+1]
ethyl magnesium cectone .CH,y ] i » ;
b Addition prosuct 4 par ' |
3" alcoha| c :
BRSNS 4 'H]‘-" C'""OII.
© Eoreei a3 Staing rom cane sugar, how would you obtain ethy alcohof . 'cu'
- [974Supp aNo. 19 Skl ¥ i / .
» Cane sugar i. sucrose s convertbd into glucose and I:ucl:::e W 1UPAC ne i -
invertase. Glucose is converted into ethyl akohol with the help i Fre‘_par:bmﬂiz:“ ) propan -2 ol .
o7z SetE QR -0l o eyt ol
: i 7 7 - 1
gano” + H0 MEIHRO' + ‘;;._.H;:(?w; . p(ep-’m"on of butan-2-] byuslngm;:;:rl’ P.il'l 2-ol by using CH;MgBr. [1+1]
ucrose ucose

» 1 on methyl magnesium broriy ]
/hen : omid : :
::{ﬂﬂil‘li‘d which on h}'dro]ysis it € is treated with acetaldedyde, addition product is

C.H,,0, Syt CH,OH +2C0, Prcheg acid to give propan-2-ol.

e Sl oo o . e HC—MBr + ey Moty Mome M
;‘.— What is the structure of isomeric alcohol of C3HiO that give Mm_f; ;naur-es'-um Acelaldehyde . - ;';-H = H,C—CH—CH, + Mg(OH)Br
- E 28 - Fi promi Hy %
Write the test reaction. ) ' ion of -t LAtk - A - Toau =
# The secondary alcohol which gives iodoform test is preparati s nsiy Propan-2.o| by using CH3MgBr:
. ?H z Wh—:: E:f h;drolyﬁis inul:et;:resenomld; ' treated with acetone, addition product is obtained
CHy —CH —CHhr whi Tesence of audhllo give 2-methylpropan-2-ol.
g

i 0
. 114 . OH
Propan -2 - ol (2° alcohol) H.C—MgBr + H C“'f-!v-c B Mo AN
ropa 3 i g Hy == H,C ?-._CH! HO/MH .H)c_[l;._ + Mg(OH)Br

. o Methyl MAgNesium  aceign, .
The chemical reaction is gare

promide CH, HsC .
OH : ’ k Addition product 2-methylpropan-2-ol
I . 5 e N e e = e i
CHy —CH —CHy +41; +6NaOll ——=CHly '+ CH;COONa + SN . Name any sutable secondary aicohal that gves iodoform test and wrte the test
Propan-2-ol . lodoform  Sod. acetate _reaction. - P o [1-,1]
« Please refer to . o

T Write a structural formula of secondary alcohol of C:HyO an
preparation using Grignard reagent.

‘o, G071 01 QNo. 10 Wite structu oftetary aeohal of G and give fs IUPAC name. S n
# The structural formula of secondary alcohol of C;HsO is bl

» The structure of tertiary alcohol of molecular formula CyH 0 is

ol o AR .
'L HC=C-OH
CH —Cll — CHy | B R
: 1
; ) Pmpa(: -2- nld ¢ Z-methylpropan-2-cl
reparation of propan - 2 - ol by using Grignard reagent: . 070 Supp. G.No. 10 Wri : rtiary’ and give their IUPAC
i ; pp. Q.No. 10] Write down the tertiary
When methyl magnesium bromide is treated with acetaldehyde, a dit K n:::eSu 2 oy, secondary and Y alcohol of CiHuiO and give their lUP?ZCI
f : & i i _ e ' ; ] :
ormed which on hydrolysis in the presgnce of acid to give 1:urcop(a:;":I gBZ ol » The structure of secondary and tertiary alcohol of molecular formula CyH 60 are
) 4 Yy Chy . . " (I:H‘
Cll— MgBr  + CHy— C — H — CHy — ¢ — B HC—C—OH
Mel.h)l;lf'o e Acetaldehyde - 1 HiC—CH;—~CH-OH “
mide * Hy CH»
. Addition product Buian ol

2-nwthylpropan-2-ol

j & A dihydric alcohol C;Hs0; @ undergoes step wise oxidation with K:Cr20r/H* to
give a dicarboxylic acid CzH:0¢ (® as final product. Identify @ and @ with reactions and give their
IUPAC name. : ; 2]

> Dihydric alcohol (A) should be eth'ami.hl,z-"d’l_o[ which undergoes stepwise oxidation with
K:Cn0; / H 1o give dicarboxylic acitfl (B) and (B) should be oxalic acid i.e. ethane-1,2-
dioic acid., S B |

Mg (OH) Br + ClH, — r[‘ —H,

’ CHy {1
Propan-2-ol . -
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i 5.7 el P T o i
CHi=CH 01 ¢H _———loon , - Wﬁhﬁmllo e T R — .
S P, T 7 C-H KON e 2 dioic ks ¢ co“"emo H:—OH ™ P -
£tha zrza.'.f g ) ? s T Ay
Jal"r"‘.‘ i Eﬂ'-!ﬂf'i‘z"‘l"! 8 pthanol ; . ";.:CH;] + HPO.
e Lo L ¢ hanol? : ‘ i
12. 2070 8410 O W |§mnlh¢bwmwd { ethanol is heated with CHENE e e
- _ g . Few mL 0 wyliodide  Potcymide CHOH, .o 0/
~  Ethanol is tested by esterification reaction. f ester i.€ ethyl acetate is . P s i = CHCH;—COOH
ot Bnsande if cone: P 50, a fruity smell of & / - for == wmmm—?_ﬁ_ﬂm“-’ Sl
e pre o conc. HE : 3 I,ﬁ;a.ﬂ 2 3 Flm.z_d;‘"-—-—_-_ o Lo o
reac tion is called esterification reaction. o ] 1 ction of Propan-2-ol with PCl¢ Propan g 1
g e, HAN 1 4 3 APC];,), z-chioropropmnei,oham 2ol reacts with phosphorous penuchloride
HL-CH onofff‘—f""—oii-é——""'——""""%"c'c'o—c”’_m‘ * 3 : i
_=CH:— ‘,.nd‘ Ezh"x.uumrd‘rﬂﬂhm | a
Fihuasud At ! EREEEE e — - H!C-CH-(}},__PQ.__. ]
Py LKL Give 3 suitable chemical 125t of ethanol that distingy Propanzol . HC~CH-CH. + PO, + HC
propancl. ol, ethanol gives positive ‘ /"Wﬂ — s ol
- lodoform test distinguishes ethanol from propano - o 'beo{[hg same mmww..“m“ﬂﬁ#'fm in water, whereas ethefs of
hut propanol doe=s not give. ' } hols having the -OH pola} @
’ fl} = Almr put ether does have group and forms hydrogen bond with other molecules of
ate polar group
ot O 41y NaOH — CH* {—C—ONa + 5Nal +5 e ols of low ol Y and doss ot Torim hvdzogen bond. Due to this
F-tlmrnl} e T putoform sod. formate oIS g :'emoderamy soluble in water, whereas ether is not
- R e e e O—H T A BT
1o, GG A G55 3] Give th exampleof Esterficator _ . |7 g o=
. Alcohols seact with carboxylic acid in the presence of conc. HzS0, ester y Iy }l{ I
reaction is called esterification reactien. e oy T3 - il 5 o el e :
0 i 0 2 ;- i 3 dently s Spietmpoumis A,8,Cdnd . : @
= CH = O + nr'-r'.-ou,Q___._...--.ff;-'-—’-*mc—-c-o-crh-—cm 7 CHOH oA *»@ g mmows o
i . . The reaction sequence is givenas: .

Ethyl acetate of ethylethanoate

T Abaraed Ftharun achd
. (fut wtsc "Idj. ) o S - BRI The comrlOLll"ldS are cH
16, 445 0.0is, 3§ What happens when: Ethanol is heated vith iodine in presence ofag. \~ 3 <hloropropane e op T2 P BKOM, (i, CH = CHs
v When ethanol 1 heated with iodine in the presence of aq. NaOH, iodofi : P CHy”  SCH >C“ = B i
CHLH=OH + 1+ 6NaOH— CHIs + HCOONa + 5Nal +5F B= Ph l ,  Propan2al 2.Chioror )
Pahatodd fendeform sond. formabe G :l‘: a"[a (A ) l( -
IO ilbiisitisimab R err, - s 4 Yanool
17, (064 G.Ho, 3 What happens when the product obtained by dehydrogenation of et D an £ L
react with Tollen's reagent? ; e ‘ . Heat, Zn dustCH;PC C(‘:l
e Fithanal is obtained by the dehydrogenation of ethanol in the prese C;f:‘”:?:;m—" I E
solution of KA rA)z 0 ‘ ' . " /_o ,m'i\jt.
” . = ._,_.._,._.__..#__._,.._—-—-—u.________ﬂ--___.,_.,_.__ e i R
ol = CHz=OH M'—* Hsc-g-ﬂ + HO o 2 Wdteadunﬁulnwﬁonlorﬂnpfmﬂnofpdmryalmmlhymnpmcss. l?l
Fthanol Fthanal o  Oxo Process; When alkene is heated with water gas i.e. CO + Hz under pnlﬁsurt? in
| presence of cobalt carbonyl as catalyst, aldehyde is formed which on reduction gives

solution of silver nitrate and ammoniu n hy

Tollen’s reagent is a colourless

(NHOI1), When a few ml. of Tollen's reagent is warmed with a few drops of af alcohol. : ok } £,
a shining, mirror of silver is formed on the inner walls of the lest tube, - CHg=CHy+ CO+H _CofCONh, ) CH.CH;CHC" —_ CH‘CHI,CIH:OH

ZAGMNO, ¢ 2NN —— Ap) + 2NHINO, + HO / Fthene )¢ 4 i _ ;-,T,_,:,\-,L y __"_-_I—‘ru;un_-j: ] Ll UES

“lver nlirote Miver paido - v, ({953 G.No. 4 ﬂh}f.ﬁ.. polling point of ethanal higher than its isomer methoxymelhane? @

: L’ :‘IJ &  Ethanol forms h}'dpsﬂ‘ hond with its molecule whereas methoxymethane does not
Ao Coe ] # Afh) =7 HC=C=OH + 2Ag) form hydrogen bond. So, the cthanol has higher boiling pc!ifﬂ thanf methoxymethane. We
P ihanal Jithanolc acld - Silver mirror know that hy dr'og::ﬁ bgnded compounﬁl\hﬂ"‘iﬂg higher boiling point than hydrosen non-

honded rumpou;‘_’#' E. & :

g ;
.).1' 4 .
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C—Clly
Y ne—cy '

| ! =0

SEPLT Y P | G Y B et e
=y : k L -) ;
H-Bonding

u Write a chemical reaction for
~: Please refer to

2. What action takes place whe!
about 140°C? ‘
™ When excess of ethyl alcohol i

cther is obtained. i L4t e CHi—HSOu + HIO
HAC—CHi= OH + HS0y ———— HiC-=CH

Fthyl aloohel

the preparation of a primary alcohol by

n excess of ethanol is heated with cone

ethanol is heated with cone. FaSOy at 14p

Ethvl hydrogen sulphate

,__._.—--' MOC_, 1,C—CH:=O—CHi—CHy 4 |y

.
HEC=-C 1:—HSO, + HC-C r-ith Dicthyl ether

byl hydrogen sulphate Lthyl -ﬂm.hnl

J : ety

2. ER5 QN0 19 What s fermentation? sanic molecule s converte

~/The chemical process by which a bigger organie |‘|“1 ‘Fermentation’ X
organic molecules in presence of an enzyme is called d

; Em— : sthvlale )
cane sugar, fructose and starchy material are converted into ethylalcohal,

Example: ‘ :
§ CuiHOn + HO —m C-Hi:On + CiHiO,
v:u -1;..- ) Glucose Fructose
- CoHO, —amae 3 C:H:OH +2CO:
Glu;\l\se Ethyl nlcup.xi -
. Why is boiling point of ethanol greater than that of ethoxyethane? -

~ Ethanol forms hydrogen bond with its molecule whereas ethoxyethane d
hydrogen bond. So, the ethanol has higher boiling point than etho.xy'et
1l;al hydrogen bonded compound having higher boiling point than"
bonded compound. "

5

11,C—ClHy 1H,.C—CIl,

I |
H—0O H—0
k &5 -) 3t 55
H-Bonding
28. -_—l‘ou Q,No., 11 u_Give the IUPAC name 6! the following cor;lpzunds. B

CH2=CHCH: OH
~ The IUPAC name of CH:=CH - CH;—~OH is prop-2-en-L-ol.

SHORT ANSWER QUESTIONS [5 MARKS

29. Starting from CHiMgl how would you prepare !
i. propan-2-ol
ii. 2-methylpropan-2-ol <
Give the chemical test to distinguish
water? ]
~ h

|I|
1,C—CH,—O
8

them. Why are lower member of alcohol

Preparation of propan-2-ol from CHsMgl: When CHMgl is treated Wi

(CHCHO), addition product is obtained which on h
form propan-2-ol.

Y&

f
; 1::-0|1.1|m|1t‘ (CH\COCHy), additi o

2-methylpropan-2-ol is treated with red p g nd b, 2-

? oMy Mcahols and Phanols 227
—Mgl +H c-—é.... OH
HJG 2 !l H"--g Hac"""LH "10! n l
gthyl MPGRESUM. Ethongl ; = HC—C—CH,
jodide : | CH, )
Addi H
o Product Propan-2-ol

,:p.if-"”“" of '.Z-I'rlelhyl|;m-_.|:,a|,}_2-‘:l

10N prody, CH‘MSI: When CHMgl is treated with

nee of acid to form 2., t is obtained which drokisis b WE
P“‘_sl. nc 4 ethy|Pum'2_ol which on hydrolysis in

' | ol
H,c—Mal + Hac"é—-CH, =t

OH
- — HO /W [
\eihyl Magnesium - Propanone He —eH, 210 H,c—rI:—-::H,
jodide i HyC
i Addition product + 2-methylPropan-2-ol
Pmp.m-z-nl is secondary alcoho| and 2-methy

pe distinguished by Victor Meyers method Ipropan-2-ol is tertiary alcohol, these can
P ror‘““‘z"‘l his treated with red p i ;

AgNOx 2-nitropropane is obtaineq_ 2-ni
pseudonitml_ is_g'b_tained which

iodopropane is obtained which is treated with
'ropropane is treated with fitrous acid (HNO3),

on treatment with alkali . . 2
e Lapeys peeee ali to give blue colouration. This
indicates secondary alcohol i e, Propan-2-ol g
CH 1 -
Red P % 2 NO,
c—C—CHs C— AEND [l: "
Hy ‘!‘ 1, "3 CH‘-——-.’.- Hc— | —CH, ﬂ"_-, HQC—IC—CH,
i H |
-2-0l H N=
Propan 2-ioddpropane 2t o
. Nat M1
Blue colourabon

iodo-2-methy Ipropane is obtained

W]'Ii{:h is treated with ABNOL Z'mtthy[-z-mu-opmmm is obtained. ?.-melhyl-l-

nitropropane is treated with nitrous

R e acid (HNOz), no reaction and no colouration occur
with alkali. This indicates tertiary alcohol i.e. 2-me!hylpmpan—2—ol. i
OH i NO,
— C—CH. _RedP s AgNOL HING,
HyC | a—'—i-l: HyC—C—CH;——» ":ﬁ"‘l‘-c“: —== No reaction
HaC HyC ;
2-iodo-2-methylpropane 2-methyl-2-nitropropane l“' 4
N No colouration

Lower member of alcohol is soluble in water, this is due to the formation of H-bond with
water molecule. Higher the molecular mass lower the formation of H-bond.

H-bond ,
' S s*l 3* aoadls 3 '
R—o0 H T H—0 H T H_T
H v H I n R
Alcohol - Water B K
! -'f,rr
» i
£
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" Staﬁi;lﬁ from bﬁgnard's reagent, htlau:e .
© (i) propan-1-ol (il) propan-2-ol. Mention the chemi(c:a "
51“"':"-'ft'iliormulllt:l'nw-pentylalcc»halam‘llmlUP»*\ name.

s reagent: When ethyl magne
btained which on hyd

Preparation of propan-1-ol from Grignard' :
is treated wilh methanal, addition product is ©
propan-1-ol,
OMgBr .
ﬁ, | H,0/
HsC,—~MgBr + H—C—H ——H—C—H
Ethyl magnesium  Methanal CH
i 2Hs
bromide ' Addition product ol
L,
When methyl magnes
hich on hydrolysis to.

o

ii. Preparation of propan-2-ol from Grignard's reagent:
is treated with ethanal, addition product is obtained w
" 2-0l. .
r
j ﬁ ':IJMg 1o/
H3C—MgBr + HyC—C—H —=HyC—C—H—"
‘Methyl magnesium  Ethanal éHa

bromids
s Addition product

Propan-1-ol is primary alcohol and propan-2-ol is secondary alcoho
distinguished by Victor Meyer's method. V. i gy
Propan-1-ol is treated with red P and 13, 1-iodopropane is obtained which

nitrolic acid is obtained which on treatment with alkali to give re
indicates primary alcohol i.e. propan-1-ol.
OH ) |
H,c,~c—n“"—:"- H,c;,—cI:—H :
T H
1-iodopropane 1-nitropropane

d co

NO;,

AgND, HNO,

”scz—?—ﬂ —=HsCy

H
Propan-1-al

Propan-2-ol is treated with red P and I, 2-iodopropane is obtained which
 AgNOy, 2-nitropropane is obtained. 2-nitropropane is treated with nitro i
pseudonitrol is obtained which on treatment with alkali to give blue ¢
indicates secondary alcohol i.e. propan-2-ol

OH I! Toa
HyC—C—CH, _RalP _ L AgNo, HNO
5 J ,—T. H,C tl:, CHy———» H,c——c!:—cm _—
P Hz | ! | 4
‘ropan-2-ol 2-iodopropane 2-nitropropane
g T

| ntyl ale 229
| Alcohols and Ph.ﬂﬂl’ ¢
ral formula of neo-pe lal :
OH 0y ohol js o

C,“,u(lu
CHp
HiC—$—CHs '
CHI; "_ j ..'
Neo-peniy alcohol S A
|UPAC = 2,2-dimethylpropan-1.gf = - . ! .
5 -" % . .
”GE 0.No. 29 An organic compoung - A S L ;
2075 ves )"e"ﬁw ppt am* m-.‘ . .*“ H; §3s with sﬂw metal. On treatment with alkaline

" otine 9 Wb CeO: me the
. gj,;pound and write reactions hmmcm form an aldehyde (C:HiO). Na [4+1]

i vhid e You convert the compound into ethene?
e organic compound, whichigives f; gag i coium metal should be alcohol. The
“IwhOI ImIll ; 1a‘lret fo‘ Sk 8loms fe. ethanol. When alcohol is treated with alkaline
jodine: Y€ OVEI;P ec;) h;odo is formed. When alcohol is oxidized with CeOz/H*/
aldfhyde it ? AYng TO!"“]"-‘?“""“[R (C:H.0). The reaction sequence is given

s
-

as:

@ T
VA Todoform
’ A ENY s
HiC—CHz—OH ————>H,C—CH,—ONa + H,
[thanol 9(.‘5/”_ ¥ Sod. ﬂ]l_lcxlde
.
HyC—C—H
% "Ethanal

When ethanol is he_é_ted MH‘I conc. H50, at 170-C, ethene i.'sl obtained.:
Conc. H,SO % ¥

OH Lo HC= '
- 1707C HC o

Ethene. ~
o

HyC—=— CHy—
Ethanol

. An organic compound @ gives Hz gas with sodium metal. On treatment with
alkaline iodine gives yellow ppt and on oxidation with CeO2/H* forms an aldehyde (C:Hi0). Name the
compound @ and write reactions involved. What happens when ® is heated with Pz05? [4+1]

~ The ('ompouﬁc_l @D gives Hz gas with sodium 'nyﬁi, yellow ppt with alkaline iodine and
aldehyde having molecular formula GGHO on oxidation. The compound &) must be
alcohol containing two carbon atoms. A :

CH3;—CH;—OH (Etharo) ® - -~ -

The reaction is giveri as; o, ;

HyC— CHy—OH — = H,C—CH,—ONa + H, / 2 il E:
Ellum_‘n[@., 2 4 So:t!.ethoe:ide |

Hachcm—onl’.ﬂﬁ- CHI,

Elh.u'ml@ gf “ lodoform

Yellowppt ©

HyC—CH;,

Elh.uml@




]
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-l dihydro,
When ethanol is heaed with P205 diethy! dity L(; ’

I Il
_.o--P-‘O“T"

PO,
Ha{;.T'"CHz—OH_'A_’—r H;C-—CH; [
; OH
Diethy! dilydroge

Ethanol (§)

v e T Thecond
3. BO72 Set € G, 23 A monohydric alcohol reacts with PBr3 Ilta :‘: i rrrajb"
with alc. KOH gives 'C'. C on ozonolysis produces elh;n; u\:th Enctions InVANE] i

compound ‘A" responses lodoform fest. Identify *-l:e > .
when 'B' is heated with sodium in presence of dry € oly
n First part: The compound (C) undrgoes 0zon ; P
methanal.The compound (C) should have three g:rihnns and having sh‘ur.t:.l !

1
. H /
i ¥ c=C

Ho” NH
" The compound (B) pmduﬂl' (C) when heated with with alc. KOH. TI.'|e: cor
must have structure. - ;

en diphosphate is obtain

0—CH,;—CHy 1

OH
n diphosphate

'sis pives @ mixture of*

Br

|

Hi{C—C—CH
| ;
H

The compound (A) reacts with PBr; to give compound (B)-The compounql’ (A)1
structure. ’ ; A

OH
|
HiC-C-CHs
|
H
The reaction sequence is given as: "
OH . Br H/ y
I PB Mt alc, KOH s
H.C—C—CH) — 5 CHi—C-C-H —/——
I ¥ s H""
H H H
Propan-2-0l 2-bromopropane
(A) : ()
o] " D E
1l Il :
H-C-H+ HC-C-n 0 H 50x’ ci o,
° 7~
Methanal Ethanal H [
07
-

= Addition product
Hence, the compounds are
A = Propan-2-ol B = 2-bromopropane C = Propene

The compound (A) is secondary alcohol propan-2-ol which respbnées
iodoform test. : i
Second part: The compound (B) is. 2-bromopropane which is heated sodiu
presence of dry ether, 2,3-dimethylbutane is obtained.

Hsc\ _ /.:;1!13 CHy CHy .
[ B Diry #her
H C/CH-EBr +2Na + BELHC\ HyC—CH—CH—CH; + 2
2 CH; 2,3-dimethylbutane
2-bromopropane ;

z-bromcprd;m

o gthd cation of ethanol from:
rrcPae, When ethyne on reductio,

g |\’1t

Alcohols and Phenals 1

# 11,1 - dichioroethane? Convert
[1#1 +241]

- ’E. EJ.;‘;._!H_O;'I_“ llhlml Bt &
i1 :I‘:o propanone. What s the u;"z;": W L
L ofcarbonyl compounds?

ne: : with N;
El."]: pydrogen chloride, chlorgg lhanell'h NifH,, ethene is obtained. Ethene is treated

0”56[““""* ethanol is obtaineq_ 2 ut,’tfim’d which on treatment with aqueous

K Niflhy

st Tiamp Hzc=cuz_-§51_.

HiC~CHy—g ) KOH__ o cp,—OH

E
gthyne : w‘;m . Chiofoethane PRt
; roethane: en Pt 1! |
l,T‘qlc:J?When ethyne on r:i':::hfoﬂham is treated with alc. KOH, ethyne is
| UItmmh drogen chloride, Chlof';:)eﬂ'mnnm‘u‘ Ni/Hy, ethene is obtained. Ethene is treated
‘:'3:_[ solution, ethanol is obtaine, € Is obtained which on treatment with aqueous
K cl i
| rile ale. KOH 4% Ni/H ,
3‘3ch o= IHC==CH --—--.‘_...tl,c"-zi:Hz G . nc—CH—C
y 1-dichloroethane Ethyne i Ethene Chioroethane
' - T
2
g
H,C—CH,—OH
- W i Ethanol
convert ethanol into propanone: - 3 g,
o Ko : : OMgar H
Hc—CHr—OH '_';;.’_”'__..H,c_ﬁ_ﬂ 2 T LD N
i Y " ddition product Propan-2-ol
lqlxlnp,m'
] HyC—C=-CHy
Propanone

Laboratory test of c;thonjrl compound: Silver mirror test and Fehling solution test are
test of carbonyl compound. i
Silver mirror test: The ammoniacal solution silver nitrate in presence of NaOH is called
Tollen's reagent. Aldehyde reduce Tollen's reagent to metallic silver mirror in inner wall
of test tube. Ketone does not give silver mirror test.

AgNO, + NaOH ' —— AgOH + NaNO,

: b Grey ppt
AgOH + 2NH,0H — [Ag(NH),JOH+ 2 H,0

{ Tollen's reagent
RCHO + 2 [Ag(NH,)JOH ——= RCOONI, + 2 Ag§+ H,0 + 3NH,
Aldehyde Tollen's reagent Silver mirror
Fehling solution test: Fehling solution is a-mixture of Fe}.uling solution A (Copper
sulphate and NaOH) anldiFehIing solution B (Alkaline spluhon of sod. Pot. Taflarah‘:,
Rockell's salt). Aldehyde gives brick red ppt of cuprous oxide. Ketone does not give this
test, g e v ;

RCHO 2 Cu(OH), ——— Cu,0f+ RCOOH + 2H,0
Aldcligd&l- From Fehling';‘_ ‘Brick red ppt

. solution -+ = . 4
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35, Bore Se—73 Write down the. jsomeric alcohols of C:Hi0 2 :“,lhnr‘nl Me th)'fjlr:"e:ﬁ::mum H \c’l; . /1 N o + Mp(OH)Br
- .

Meyer's method to distinguish them.
™ The possible isomers of CiHsO are

Addition g HZ Newy
ation of propan-2o] ¢

T om Methy! - ' Fthanal
oH : o . "’Bpa’;l is treated with methy| Magnes; yl Magnesium bromide (CH,MgBr): When
He-CH-ciy . HC-CHi—O=Ciff b ined. ; "omide followed by hydrolysis, propan-2-0
H\C—CH)—CH;—OH Mr]}mx}rﬂhﬁn‘e |‘ |'§ o u 0 H‘C
2.propanol oM
1-propanol . :.p;hnlml _(l_J..-H + H\C—MgBr — \ ~ “MpBr I HC oH
1% alcohal _ H ol Methyl magnesium - Hc/ o o N . + Mp(OH)Br
. S pand s v
ndary (2°) alcohols: g fih bromide J'\thlm.m'm ik HC” N\
Distinction of primary (17) and se.w reated with red P/l I-ip‘{o]1romne T qinction of ethanol a"f‘ Propan-2.| by Vi ' Propan-2-ol
Propan-1-ol: When propan-1-ol is 53 [-nitropropane. I-nitropropane. Djsﬂnoli When clhangl is treated_yjyy d ;r[Meynsmethm‘i: ) S
which on treatment with AgNO: 10 give with KOH solution; red } Ethtmcul with AgNO; to give Nitroetha /11 lodoethane is obtained w

; atment
HNO; to give nitrolic acid which on trea n

5 " ureatte acid which on treatmeny i KOF] sqiroethane is treated with iy
: e funt ropan-1-al. : c solution, red colouration is obtained.
obtained. This indicates the presence of prop: T PURTPORPC PSS Eﬂl'ﬂles e ; orﬂh:;m]’.
R i =it —C1 Gt ——— Il Wl 11,C—Cl lz‘-OH“"E-i H i
HyC—Cl—Cl,—0 S 1-nitropropane A } il Sc"‘c“z"'l'—-—'-- HyC—CH;—NO,
Propan-1-ol Llodupre) -~ Hehanal ;4 Mlhw Nitroeth
£ nriwethame
g
g
~ _0"
% &
—OH B =
Kol s .
Reud colour HyC—=Clz—=C—=NO -1
Nitrolic acid

Kot

; Rl Red colour «— 11,c—C—noO.
Propan-2-ol: When propan-2-ol is trealed with red P/lz, ?—mdo}"mpar]e 5, colour 1C 2
which on treatment with AgNO; Lo give 2.n§1ropr?pﬂl1e- 2-n|tru;:1ropane !
HNO; to give pseudo nitrol which on treatment with KOH solulion, blual

obtained. This indicates the presence of propan-2-ol.

) Nitrolic acid
-2-0l: When' propan-2.] js treated wi : is obtained
 propan-2-0 . with red P/ly, 2-iodopropane is obtaing
" which on treatment wlt.h AgNO; to give 2-nitropropane, 2Z-nitropropanc is treated with
HNO:z to give pseudo nitrol which on treatment with KOH solution, blue colouration is

o8 £ " NO, '/ obtained. This indicates the presence of propan-2-o.
I Pl C (l:H—C‘H ok H;C-—r’:I}‘{.-— i bl 1 I 1o
HyC—CH—CHy; — o HyC— T s e R + SN d o AgNO,
Propan-2-ol 2-iodopropane 2-nitroproy HyC—CH—CHy — . ch. CH—=CH; — o H,C—CH—CH,
Propan-2-ol 2iodopropane 2-nitropropane
&
=
Kol ! i
Blue colour KOH I"NI—O
g ; Blue colour o H°c_-T —CHj,
NO:

Pseudo nitrol
— e 2-Nitro-2-nitroso propane

. B055 Set A Qe 79) Wrile the functional Bomers of GO with thal IBAL oS P Also, give a

3.

 Wite chemical reaction for the preparation of

i. ethanol : o chemical test to distingulsh them which one gives lodoform test and why? 5]
il.propan-2-ol from methyl magnesium bromide. How would you distinguish » The functional isomer of C;H¢O is % < it gend :
Meyer's method? 4 (o] o
£ : . . L | I
i. Preparation of ethanol from methyl magnesium bromide: When methana St - CHi~CoHUSSE (CHy—-CcH
with methyl magnesium bromide, i

addition product is formed which on hydi

. the presence of acid 1o give ethanol,

« Propanal Propanone
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s reagent lest, Pra A" Ofﬂ_gni?""'“ T I 235
d by Tollen's reagent lest, p Par lh ale, Kohc?r’::ﬂumw e oo Neahols and Flsnots . -

_'Pfopana] and propanone are dislil‘IgUiShC"

o

. ) . . 3 A IS with pg,, ¢ —— N g
Tollen's' anone does not give. ( nal as major products, T u Brs to give (B). Compound B produces
. reag;:tgt;g‘bftzr;ml;‘oH —_— A0 +2NHINO * HO m::':i’on, involved. How is (A) :;h“h'::ﬂlnd_wn:’“ﬁ“l:nd!rsm omnulyjs:g [u.py{eld ethanal and
” ﬁ 4 rFeifS‘ Parli: P‘]ei:se refer to H’"ﬂBn ®8 lodoform fest. Identify A, B, C, and va'[ﬂs!]
4 . d Part: Preparati 0. 23
* 0 TELY L. HC—CHi—C—OH + ?Agl Y - Se“’"o . paration of pmpan-l-ol from
WC—CHLC - 0 —3 Propanoc acid Silver mirrgr 1l H¢ : CH;MgB,_-; ‘
P " t. In propanone methyl group ie, ¢ C H"'C'-HM+1;{\|C_MEBI' Wi o H.C
Topanone gives positive iodofrom test. In ey o v T pihanal  Methyl magnesiym - pess, ™ Hose o
directly Iinkid wirh carbony! carbon. Only methyl ketu"O'? gives positivenp bomide 7Ny 0, >c + Mg(OH)Br
by 4 ° N
o o e e progy H‘C H
HC=&—CHy + 313+ 4 NaOH ——> CHI\ + CHi—C—O Na® + B S ~ 567 .No. 31 1 Write short pote :ﬁ'ﬁ‘m“,’n‘hﬁ;—- . Tiepandal el
3 s fodoform _ Sodacetate " fhe chemical process by ypip ™ bioner  Ctalcohol, 5]

3. 069 Set A Gio. 33 Describe Victor Meyer's method to distinguish primary, secong
alcohols, ' :
» Victor Meyer's metho d for the distinction of primary, secondary, tel_'hx!
involves different steps. : I
i. The given alcohol is treated with a mixture of red phosphorous
corr ing i i ined.
ii. Theimr;rl!:;ﬁ;o;u:d::n;;:gtaw“h siver nitrite solution (AgNO3), Lhe co
nitroalkane is obtained.

organic molecules inl'PréSane of Organic molecule is converted into simpler
ane sugar, fructose and starcp o enzyme is called ‘Fermentatior’. By this process
(Flwn‘l sugars: Molasses is 5 vefyn:::m are converted into ethyl alcohol.

dark- colored molhe_f liquor Source of supar ie. sucrose, glucose, fructose. It is

[ike invertase, Zymase etc.

CHH +. : iy '. .
o HIO"E‘_!EL"‘F GHi:On + GH ;0.

iii. The nitroalkane is then treated with nitrous acid (HNOz). Ry TR Al Cluose - Fructose
iv. The resulting solution is made alkaline with aq. KOH or NaOH solution, - o0 GHpQ, --3-"’"-_‘"‘5.__. 2C.H;0H + 20,
The colour of the final solution gives the idea about the class of alcoho.! h Th . Clucose Ethyl lcobal
;IE:OhOISlaI il ii. F'“}’" iizl;he;e foz.;‘:m 'f“““‘"““_g faw materials are rice, wheat, maize, potatoes,
At hathey h '-rh Itin ﬂle_rfak are first cooked with water so as to release the granules
Pels AgNO: HNO: | of starch; TTye esi g 5°‘“_']an is called “Mash'. *
R—CH:;—OH ——— R-CH:—| ——— R—CH;=NO; -=——s l.t_, The‘ mash is lhetjl_m:_:SEFi_.WIlh malt (which is the dried gen-ni.naled barley containing
Primary alcohol lodoalkane - Nitroalkane various enzyme like diastase, maltase, zy ’
2(C‘H.'05]" +nHO W nCizH20n
Starch ' Maliose
CuHzOn + H:0 —Mallase 2C.Hi:0.
Secondary alcohal ; o Maltse Glucose
yn\lﬂ:
R R R F ) GiHiOn = 2GH;0H + 2€0;
R—CH—OH F*E, p_cpy AN L N Ee. o A0S 15k s Come _ Ehylakohol :
; .7 — R-CH-NO; —— R- = Write down the oxidation of Primary, Sécondary and Tertiary alcohols. How would
Secondary alcohol lodoalkane Nitroalkane el you convert Propan-1- ol into Propon-2- ol ? : : 5]
m Oxidation of primary, secondary and tertiary alcohols: '
Alcohol can be easily oxidized by acidic or alkaline KMnO; or acidified NaxCr207 or
A K2Cr07.The ease of oxidation and the nature of product formed depend on the type of
alcohol used.
a. Primary alcohols are easily oxidized first to corresponding aldehydes and then to
Testiary alcohol . corresponding carboxylic acids. ,
R foo R 4 RCHOH —L, geto. <, ReooH
_ . ;i . 3 ic acid
R-C—OH P2, g_ &y ANOL R-CNOy TNO: reaction KOH,' § Paforss- Mkrde L SR x
1'; ,'; 2 -1'; v civaton CH.;HO L, chcoon
Tert. alcohal lodoalkane Nitroalkane, ' i Em:mol E!hgnd ] Ethanoic acid

7 - ONFELR"
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iold the cor
o ey ol OXIdf!:{t]i‘;n}:; form a carboxylic ac!

reaction undergo further oxI " E

id cnntmnmg

atom than parent ketone. I

R - ol RNc-0 -""“L""' e
>CH-0H ___HB.—-—-—D R/ Carboxylic acid '

Ketone
Alcohol e o]

1 i
i o HPneen 9 . HC-C-OH

Hc CH-OH = - DAL . Acetic acid

Acctone
Isopropyl alcohol

c. Tertiary alcohols are generally reSISt“'“

the fewer number of carbon atoms.

mixture of carboxylic acid w ith fo}
]

1
HC~_ 0] _C-CHv  *+ H-C-H
H:C = C-OH—— H‘CM s Formaldehyde
H\.C A

tert-butyl alcohol ol 1
o] E o
T 1]
H:C—C—OH H—C—OH

Formic acid

Acetic acid ;
This different behaviour of the three types of alcohols may be “f_'*‘d for their
Conversion: Propan-1-ol to propan-2-ol . pi il
. - 1A
CHi—CH:—CH:—OH &t‘.ﬂl. cH--CH=CHz—-r—' CH,—CH—
B 170°C” 2-bromopro
Propan-1-ol *. Propene "
i
CH\—CH-CH;
Propan-2-ol

42. [2065 Q.No. 29 ) Write the Victor Heyefs test of dlstinction of primary, sacond
: alcchols /

oy Flease- refer to m g G

43. 064 Q.No. 21] What is meant by Grignard's reagent? How could you :onvert a primar
Gngnard's reagent? By using a suitable Grignard's reagent how would you s;mthesise'
i. 2-methylpropan -2- ol ii. ethanoic acid? pa

» When haloalkane is treated with magnesium metal in the presence of dry

magnesium halide is formed which is known as Grignard's reagent. -
Dry ether

R-X + Mg RMgX
¥ CHy—Br + Mg Py eter CHaMgBr

Methyl bromide Methyl magnesium bromide
Coversion of primary alcohol to Grignard's reagent: '
HIC~CHy-OH —2Ctey HC-CHy~Cl + Mg 0Nt - Mg

Ethanol - : Ethyl chloride
. Grignard reagent |

to oxidation put under drastic cond; i.‘,.:

HyC—CH:— MgC
Ethyl magnesium chl

Aleohols and Phenols 237,

of
IaY'P“’Pa"'z'oI .
? ; wropanone is treated w“h m :
h npr ethy| . y
i 1I‘hl Apropan- 2ol s obtained. ¥ masm‘"‘"m bromide followed by hydrolysis: ¥
L O '
N+ He—MgB C\__OMga,
ke ». ' g r--. hofti HCx " OF
prapanone Mﬂhilmﬂwum HCZ \gy, —— c + Mg(OH)Br
i il

_bromide ] n“'“ﬁn[!odua HiC” \CH\

. I Z-methylpropan-2-ol
Ell‘l ! cqrhondloxlde gas 13

Passed z
\\“h;'“ ! e, ethanoic acid is obtaineq. . U8 ethereal solution of methyl magnesium
pro i

OMyBe o
0=C=0 * HC= Mgar____, \c/ - i
carbon dioxide Mc'h)‘;lm magnesium 0¢ ———— HiC—C—0OH + Mg(OH)Br

mide Ethanoic acid

Addition producy,
o 2 What aclon ks pce e, —
Elhal‘lol is r;eat;d with cone, H-;SO:I! about 160-17p° c7
wheﬂ ethariol & heated with cine 4 atabout 160 - 170C, ethene is obtained.
HiC—CH,- 0}{ 160-170°C Mot s
conc, Hi50, Zvk
3 Ethanol Ethene
- 051 QNO 21 Write down the olmn products of = _-'__'_
& Fease  fer to b primary, secondary and tertiary alcohols

3
Describe ‘”‘“" “'Y"" method or e distinction,between 17, - and 3* alcohols. (5]

. | Plasere refer to

I cgnslder a teaction. _
K . = ®
PBr.s g_NeN, CN C HOM 0 P:0s E ; 2
A A A .

The compound A is a prlmlnf alcohol which gives positive iodoform test. Identify the organic
compounds A, B, C,D and E. - g Iy e neg

i. Convert the above compqqnd D into ethanoic Icld

, The cumpound A is primary alcohol and it gives posmve iodoform test. The compound
A must be ethanol which is primary alcohol and gives positive iodoform test
y i
L}
H-C-CH:—-OH+ 4Iz+ 6NaOH—-b CHI + H C—ONa + JNaI +5H:0
Ethanol " Imlofurm Soud.formate
The reaction sequences are gi\ren as:

H\C — CHz— OH—225 H1C - CHz—Br KN, HiC— CHs— N HO/1, py ¢ cH,—COOH

Ethanal . Bromoethane - ‘Etyleyanide Propanaic acid -
@ s ® 2 M - ©
The compounds are i LA o ¢ ml '
A = Ethanol E F )
B=Bromoethane  ° : - - I,-. o A CHCH:—-CO_

C=Ethyl cyanide
D= Propanoic

ga: : [ CHCHI—C0™
A . ¥ Propanoic anhydride
eh - Iy 1 (E)
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LT

[ wrled In
aic acid. It is convt to au

| oyl nlcohol In treate wi
1)

i, . Tha { D is propan o wlorlfle neotje
Conversion: The compound \\:‘“," s esterification reaction, el “hyl acetae In
|

formed, This reaction 18

follows, 0 . Py § |
Ihr, - - i " LW e 5
W NIl ”,.;..(‘II:-(.!"N”’ o “\ln:.:mH‘rN ||.(.—C|ll-{f}!L:j_“f}o..ﬂ._‘.nl <L W
HC=CH;=C=0N Propananiide *thang jihy! alcohol N‘“’N‘hl H{'_(_'”"_“_(-_C"‘ v 1A
Propanaic acid ™ e pthanol Is heated wiypy cone, H;50 ot Filyl acetate
o m— ! ww"wn as etheriflcation renclion, ' '“K,Flhnxyrlh.mn I8 formed, This reaction
) Kol [ i C e O o O ¥
\c-C-0M' —— MC-CHISES 1~ OEEITRO= oy, _com i,
iy [ Tithano| pihano! lithang) e N O O = CHy = C s 11O
| ¢

| ihanole acid

A eacts with PCls 1o give an alkyl haj

hovaywthane

48, —:_nss_ GNo. 31 A secondary alcohol (X) (Y J e g difte s
dyhydrohalogenation ylold?ln alkene (). The alkene ‘i}':::’ &;:z;:m‘:; ?.lm } 7 /g'(ﬁé_ aNo. 30 Explal Wﬂi“ o7 B i .
ethanal and methanal, Identify X, Y and Z. Suggests your A 3 the distinction of 1%, 22 and 3* alcohol, How Is 2-

. 0 B8 opano converted Infg { .
{ ethanal and nwthﬂnnll. ¥ h'“';if,:-mﬂ-'ﬂamlﬂﬂ react] Wmu an sxample of sach of:

> Alkene (Z) up on ozonolysis gives a mixture ©

have three carbons and having, structure, - I wurlz reaction
e M . . | | lodoform ructlllon" A, .
c-C | ' pistinction of 1°, 2° and 3¢ aiegpey, py, :
no “NR 0 » :: aversion: 2-hromOPmpal'le into1. br nm"""
5 0 - bro
Alkyl halide (Y) on dehydrohalogenation gives alkene, (Y) must have structypy Br , “‘BPmPﬂﬂ'._
’ €l j ale. KOH - A i
HC—C~CHe He—CH— S Ml —CH—cp, _HB__ o o —CH,;—Br
nopropane ‘ . Peroxide 3 2
}|1 . 2-briw .yrw ' I-blmmﬂ'll'l"ﬁm‘
; f:
Sec ; ‘ i ive alkylhalide, X must have s gxamples © j
ondary alcohol (X) reacts avith PCls to gé\;f Y ; . peimer-Tiemann reaction:
G o 4 : '
* HiC—C-CH -
|
H + CHCI, + 3 KOH (aq) —
The reaction sequence is given as: Chiocoiom TR ’ RN
on 3 - e
| = . _ i rox; 4
HC—C—CH: — | H-C-C-CH, KOl \‘c-c. - 1| et g : e cHo .
| |.|| }!! . _ CH _ p-hydroxybenzaldehyde
Phépaesial - Propene ii. Wurtz reaction:
x) 2*"'"'?5’“""“" BRI T ' Br : g - CHy CH, .
_ § Na :
- " H;C—CH-—CH, Dry Ether HyC—CH—CH—CH,
H-CoH 4 HC-Ct el H\é,{o?(c'/ CHy: &t - o l
Methanal Ethanal H” \0 l ’ C; NH : iii. lodoform reaction: -
0
Ozonide

Il -
HiC—C~—CHj +31, + 4 NaOH—- CHI, + CH,COONa + 3Nal + 3 H,0

Hence, the compounds are
Propan-2one il . lodoform

X = Propan-2-ol
Y= _2-ch[oropropa ne
" Z = propene

9. s set A Q.No. 39 Explain Victor-Mayer's test for the distinction of primary, secondary and tertiary
alcohol. How Is 1-chloropropane converted into 2-chloroprapane? Write an example of each. [5+2+3)

*0. (8957 Qo. 24y, 7053 Qo 23(c) What happens whom ™

I Carbylam] ctio ‘
b. Ethylalcuholis&ealedb\ithacetlucu ylamine ] & :
Il Reimer-Ti v .
¢- Ethanol is heated with cone, H,50y er-Tiemann rea .
T ; . iil. Cannizaro's reaction voot, R R ' 110}
1'% : i ‘ ™ Distinction of pr ary and tertiary alcohol V'u:tor_—Meyet's test: |
Please refer to B i 7 s g
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4
Conversion: When 1-chlorop P““? 2-chloropm[‘ﬂﬂ? Cll ’ Alcahols and Phenols ;
which on treatement with HCI 1 &' --(l'-——ﬂll P4 c“:
- Cll: ] ———___.C‘"’___c__ | AgNO,
Al KOH___ H,c—CH=—=CH2 Clla
HC—CH,—CH—Cl=—3  * propene - id i,
1-chloropropane 2-methylpropan - 2jodo-
s g 2-methyl propanc
Example of:
. Carbylamine reaction: b
AR cH
NHZ - col 30 . :&—K—Eli No HNO; 1 ; -
v lon . W CH;—C —NO;
+ 3KCl + 3H, 0 ; Teaction I
+ CHQ, * uoH(aH""""" _ CHh
Chloroform m : 2—methy| —2-nitroprpopans
Jsoxy -anobenze " which show tha H-ihm
A - ) gl react with melalll ike T Proy inalechl s mena kY e
ii. Reimer-Ttiemann reaction: - \|cah0|5 2”“: :h' K- Mgetc. to form hydrogen gas.
T cHo ' : Nehol 2 BONa « i, T
. XL 21-1,0 Sod. alkoxide
+ CHQ, + 3_‘:0H (aq) —_— . » ZCz"_QO" + INa 2C;HONa H!T
t Chloroform o-h\ﬂ“‘:;‘l . LoE )dl:?xl{yd 3 : Sod. cthoxide
Pheno enzaldehyde cnzaldehyde
- o _ o b Alcohol reacts with ﬁﬂ’""f"‘ acid in the presence of acid to give ester.
il Cannimro s reaction: o
P R—CFoH + Wl or . g—b_or + 1o
Carboxylic acid Mmhnl Ester
o ruou
Come R o lcohol reacts with Grignard reagent to &lrm alkane
¢ A ——
Benzaldehyde Benzyl akohol - Sod. bercate : CIO =1 +CHIMgBr  ——Cill +CHO MgBr
575 Set.8 G o, 33 Describe Victor Meyer's method ta distinguish propan -2 -ol an - Methanol  * Ethyl magnesium  Eshane
-2 oL Give 2 reaction to show that the H-atom of the -OH in alcohol ﬂ“'“"? . ~ .. bromide
followings. - Conversion
i propan-1-ol into propan -2-ol ji. ethanal into propanone - . Ppropan -1-ol into propan -2-ok:
£ Victor Meyer's Method for distinction of propan -2 - ol and 2-melhyl prop - Cooc.HS0
Propan-2-ol: 4 CH; —CH; —CH; —OH —————— CHy —CH =CH;
Propan -2 - ol is treated with red P/l», 2 -iodopropane is obtained w] Propan —1-ol - 170° C Proiia=i-ens
with AgNO: to give 2-nitropropane. 2- nitropropane is treated with l"ﬂ
pseudo nitrol which on treatment with KOH solution, blue colouration | on " a
indicates the presence of propan -2 - ol : :
i CH. s CHs s Cil, __éu —CHs ﬂ_cn, _6" —CHs
Pl AN .
Clls — Ol — Ol 5.l — by, Propan—2-ol 2chloropropane
Popc o Capia l ii. Ethanal into propanone: -
OMgBr . on
aq KOH f"' 1INO, -+ £ oo e ('-_" CH’M : l_H_ﬂm_l..Cllg —']‘—-H
T R R R, T ST, R cn._tl:n_no,' B % -
Colour | 3 Lw 1 CHs CH:
N=0 2-nilropropane ot g .
Pseudo nitrol 2 A Addition product Propan -2-ol
o M N i . 0 =
o 4 1 RCooa
2-methylpropan -2 —ol: l'# Oy —=C—=Clk ol
Alcohol is treated with red P/I,, iodoalkane is obtained which on treatmenl i ' il 3 hupm':ne
KA.t m:alkanfhmm{k“"e cloes not restt with HNO, and elveRER i b By ils dovn a sructural ol and 1 IUPAC. name of GHyu0. How would you apply
indicates the presence of 2-methylpropan -2- - : e EP 4 N : :
prop ol 3 : Victor Meger's mel luhdhﬁ\m“ m&;?lpmpanzﬁ‘lﬂmmwu&
l.  Oxo-Proc b
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Convert propan-2.ol into propan-1-ol.

™. The structural formula of tertiary alcohol of GHic0

Hy. .
Hsc_? —OH
CHj

2-methylpropan-2-ol

Distinction of propan-1-ol from propan-2-ol b?r Victor Meyer'.; method; :
hopﬂﬂ'l-ol: When Pfﬂ[‘ﬂn'I'OI is m{ﬁj ?Vﬂ.h red P;!L '.l-lodopropane -
which on treatment with AgNO; to give 1-nitropropane. l-mlrnp.rnpane. 5 treg
HNO; to give nitrolic acid which on treatment with KOH solution,

obtained. This indicates the presence of propan-1-ol.

Pl

HyC—CH,—H,—o0H
Propan-1-ol I-inlopropane

Red colour

Propan-2-ol: When propan-2-ol is treated with red P/I, Z-iodopropane s
which on treatment with AgNO; to give 2-nitropropane. 2-nitropropane js
HNO:; to give pseudo nitrol which on treatment with KOH solution,

N0y
HyC—CHy—CHy— 1 ——=

AeM

H3C—=Cll~CHy—
I«rilmpmm

HyC—CHy;—C—np

i EsaE

oH
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—Cll— Hoy
11,C CI_I cn;—m:ﬁ_. H ? 2 y LI
Propan-2-ol A gy I~y i i
. Tlllnmpmhneﬁ ”:C'—"'Cfla—cl'llj. W
Propane
P l'l: Light
: W~y
’ el N, Ko
s / Pﬁpuml:?[!‘""u}lgc"'ﬂlz-mz—m
et e oy T<horgope
red colgy, # disﬂngm:‘r‘:u'i Meyers ? Give .mmm and tertiary alcohols. How are they
B! 0xo € of,
B =, ,
No, - prample O PrMATY. secondary gng tertiary alcohols are o RREHLR
= ; E € given as;
o H3C—CH,—0Q ?" ?"
i g i Ethanol HaC~Cit-cy, HiC—C—cHy .
. Primary alcoho| Propan-2.q| (I:“
N—on Secondary alcohol  2-methylpropan-2-ol
I £ Tertiary alcohol
:ctor Meyer’s Method for the a:.,: .
Nitrolic acid e he distinction

obtained. This indicates the presence of propan-2-ol.

blue cology 3

: 2 f prima i Icohols:
nol: When ethang] js'y, . OF Primary, secondary and tertiary alco
e il ANO; 1o give e With red P/L, fodoethane is obtained which on

treatm > i gl\fe Nlmﬂ'lane_ Nitroe! B
nitrolic acid. which on treatment yyith KOH solut,
indicates the presence of ethan)

A .
Lo C—CH,— - - AN,
55 ' NO, Hy e OH———4 HiC—CH,—— H{C—CH,—NO,
PIL | AgNO, . Ethanol lodoethane sl
HyC—CH—CH, -~ HC—CH—CHy ———— HgC"—CH—-CHr 3 RN Nitroethane
Propan-2-ol 2-iodopropane Z-nitropropane | -
o &
ra
g : N—OH
. . KOH
Red colour «——— H,C—C—NO,
e 'f=° _ 34150 o Nitrolicacid
Blue colour «—— HyC—C ; ii. Propan-2-ol: When. propan-2-ol.is treated with red P/, 2-iodopropane is obtained
I s

Example:
Oxo-process: ~
o]
[ColCOY,), “l
HC=CH, + CO +H, HyC—CH;—C— 11
Ethene I Propanal

Baeyer's test:

‘

KMnO/ 011~

HyC=CH; + H,0+ [0) ———— H,C—CH,

Ethene )
onversion: Propan-2-ol into propan-1-ol *

which on treatment with AgNO; to give 2-nitropropane. 2-nitropropane is treated with

;. NOz, HNO:; to give pseudo nitrol which on treatment with KOH solution, blue colouration is
Pseudo nitrol obtained. This indicates the presence of propan-2-ol.
2-nitro-2-ni - ; :
o G m OH t NO,
P AgNO, “d
HyC—CH—CHy % o HiC—CH—CH, — 0 HyC—CH—CH,
i 4 i) - 2-iod ; i 2-nil pane
— - H C—CHy—Cli Propan-2-ol. .. ... Ziodopropane . ¥ tropro
Propan-1-ol e
Z
?I{ OH .I #
W ol erarig ' - N=0
ik e p KOH . )
Ethane-1,2-diol AR e

- Blue colour a—— "HJ'C_% —CH,4

NO2
Pseudo niteol
2-nitro-2-nitroso propane

4
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) nemistry =XII - : :
A Complate NEB Solution To Chemi is treated with red

-2-ol :
Al ith AgNO: lo gi

2-methylpropan-2-ol: When 2-methylpr

methylpropane is obtained which o7 (;realn::::lr:;lﬂ with HNO; and
nitropropane. 2-methyl-2-nitropropanc 2(_):: g
indicates the presence of Z-ml’lh_\'ll"w?an' : lr'Oz d
OH I AgNO, .
L] —C—
H c-—nlz-—CH P Oy " I
7 | CH,.
CH, CHy

2-methyl-2-ni

2-methylpropan-2-ol 2-iodo-2-methylpropane

bl
. KOl No reaction
(LR% 4

Exami:le of:
Oxo-process: -
Col 0O, ) I 1,/ Ni ;
H,C=Cli; + CO +H, : - n,c——cnl—{'-—tl—-—"' 1,C—ClI
Ethene Tropanal |'fﬂpa|'p‘ ol
Dehydration of alcohol:
160 - 170°C i ‘
HiC—CH;—OH + Conc. HSO, "—'—'A_.' H,C=CH, +
Ethene

Ethanol

Conversion: Propan-1-ol into propan-2-ol:

11,50 . i
CH; —CHy —clty —on S50 g, o = CHL

' Propan —1-o s Propan —l-cne
Jne
oH Cl
i | B
ity —i—c, 9K Gy — CHil
Propan —2-ol . 2-chloropropane
s8. Write down the structural formula of tertiary alcohol and
CiH1e0. How would you apply Victor Meyer's method for the distinction
propan-2-o0l? Write an example of; !
i. Oxo-process
ii. Baeyer's test
Convert propan -2-ol into propan-1-ol.
~ Please refer to - t1e _
s6. BO73 Supp O.No. 374 What are the oxidation products of primary, secondary and terfi
™ Oxidation of primary, secondary and tertiary alcohols: g

Write down suitable methods for the conversion of
i. ethanol to propanol
™ Oxidation product of primary, secondary and tertiary alcohol:

Please refer to

s What ae the oxidation products of rimary, secandary and |

Please refer to .

3

il.  Chloroform to dimethyl amine,

Ry Alcohols and Phenals 245
nuershon. |
Eihanﬂl to propan-1-ol: i
’ : KLCr, . ;
“l(.""(." 1,—01 [_ﬁfi- }f_!c‘“g-—H CH, My, ﬁ\\kllr uec 4
s " Ethang| HiIC—g—H =2 p g1
£Hy Clly
Pan: Addition peoduct Propan-2-ol
HO—CH Lol -
=G,
4 Mo .
; : j
a—=CH~} . = 3
Tchi e H’c_f_ll-L me—¢—H
] Ciy
I | . Pmﬂm . 2<chloropropane
. chloroform to dimethy] amine:
g : <N
ey g m P
Cl‘-? T }_1_-1:-0 ) ll—?—-m I [SI0] " =
I R R
schlor k CH 3 g . |
Ti nccll;llomfnm 5 o M - N-methylmethanamine

& . ? Dimethyl amine
B i . R e e
o a7 _set D Q.No. 31] How would you distinguish propan-2-ol from 2-methylpropan-2-ol by using
" Victor Meyer's method?Write down suitable method for the conversion o [542.542.5]
i, Chloroform into dimethylamine il. Ethanamine into methanamine
« Victror Meyer's method for distinction of propan-2-ol from 2-methylpropan-2-ol:
Please refer to

Conversion:

., Chloroform into dimethyl amine: Please refer to
ii, Ethanamine (Ethyl amlne)llnt'n methanamine (Methyl amine)

HiC—CHy—NH; — 02 H,C—CHy—OH L9 o 4,C—COOH

Ethyl amine 1 Acetic acid
\Wﬂkk\_ -
2 ¥ o
. \E:
2
HyC—NH; < H,C—Cl CH,
Methyl amine Methyl chloride Methame

[s]

5. Write Victor-Meyer's method for the distinction of 12, 2° and 3° alcohol.
 Please refer to

77 Set nethod to distinguish pﬂ:lpii‘l-_—l - ol and

0, Describe Victor Meyer's method to disting
‘ z-nr;zeths);;:r:pa?\ h-l; —ol. Give a reaction fo show the H-atom of the -OH in the alcohol is weakly acidic.
Convert the following. ) ; [5+14242]
. Propan -1- ol into Propan-2 - ol
> Please refer to —_s Set B 0.No. 13

61, Meyer's method to distinguish mpan--i:_l a_n&_ztl;'léimropan-
2-0l. Why Is .ph;nbl more acidic than alcohol? How would you convert ethanal into propanone and
! ol . . ool ]

vice-versa? ; : " ‘“1'“]
N Distinguish propan-2-0l and 2-methyl propan-2-ol:
Please refer to 2075 SetB Q.No. 33 : %

& §

il. ethanal Into propanone.

r

\
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Phenol more acidic than alcoho! Ils aqueous
Phenol is weakly acidic in nature: 584

phenolate ion and H *ion or | [0 *ion. .
oH
—(r
henolate fon
ol

{ollowing reaction:

S i« supported by 4
Acidic nature of phenol is suppo hol, active melals Na or K react wiy

Reaction with alkali melals: Like alco g

form salt and hydrogen gas. -
OH
+ Na — + VaHa
Phenol Soul.phenoxide

: X i )
Reaction with alkali: Phenol reacts with alkali N‘;q: of KQH o B SﬂI--l_.n
at ’
OH

@ + NaOH -——-——O ¥ He)

Phenol Soud phenoxide

With litmus paper: Phenol tums blue litmus (0 red. On the other har?ﬂ
are neutral to litmus. So, phenol is stronger acid than alcohol.

Conversion:
Ethanal into propanone:
0 () Mg Br on i
i i ot I KiCr O
Cly—=C==11 + (1l Mg e — Cli— €= H———’Uh-‘i n o
Ethanal ~ Methyl magnesium Clh i Cll :
bromide Addition product Propan -2 - ol H
Propanone into Ethanal:
i i i
Uy Q311" LiAlN il
ci—c— e, —£ ;;”’ cu.—c—n—,u—-—u-(Ti—-» CI—C=1ii0
Propanone Ethanoic acid Lthanal * e

2. ESTE5eLE aiaTig Divintion f 14,2 and 3 scohol by Vicor-Neyer's mehod,

» Distinction of 1¢,20and 3» alcohol by Victor-Meyer's method: Please refer to [

BNo 33

B3 2071 setc anosT b 7))
Starting from CHyMgl, how would you prepare ethanol? Convert
I ethanol Into propan-1-ol (

. ; &

& Preparation of cthanol from CHMgl: When methanal is ircated with
magnesium iodide, addition product is formed which on hydrolysis in the pre
acid to give ethanol. ' o

(@)

1 . H OM!',I ¢ -3
H=C-H+HC-Mgl — ¢ wone N oM '
Methanal  Mothyl magnesium H g \C‘H _— C o+ Mg(OH

lolide , " H”  Nchy:
J\lld!tilln product Fthanol

Coversion (i) Ethanol into Propan-1-ol;

solution, phenol slightly jonp, &

247
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HC=CHI=O0H —=y e 0 en
rahanal ! Chlorothap ———— HWC-CH;—- CN -
; $ Propanenitrile
l Mg

H\C-.(_‘H'__ 1IN,
ot gty TI=OH L, CHu—NH:

- _QNO_J“I_ EIFTIHE; m’;‘--—- ..... —wo . laminopropane -
',1 "Muh:rand tertiary alcohol Introdyceq bwm::'m“ of distinction of primary alcohol, l"-“'—‘“"gl
’To,s" ,p{er_tg_ ; Meyer.
Mo =8 H e e S — e
5 Set B) Q.No. 30 § How would TR Py PCT ISy N |
s L ethod? Give sulable et gf 01" DeMMen propan-- and propan-2-o by Victor
peye’ jon between pro conversion of propan-1-ol into propan-2-ol. (51
igtinct! Propan-1-g| anq Propan-2-of by Victor-Meyer's method: Please

3 ﬂ'['i_r \0[(070SeICONo 29 |
e

;: pnversion: pmpan-‘l.-ol info popan-2-of.

i Br OH
_CHi—OH Sebi0, Her - | aq. KOH I
Cw’CH’ ot e~ CHi=CH=CH,—, CH\—-CH~-CH\ ——— CH\—CH—CHh
moplt s : 2bromopropane Propan-2-ol

e ‘_"—"——-——._,___________ __Propa
gaaa o 283 How Wil you make 4 disinction of primary, secon tertiary alcohol by the
i Jictor Meyer's Method? : P ﬂ‘lry. secondary and ry s
please refer to P06 SelAQ N 33 N
" g o 5] Descrbe Victr Meyers method o th disinction etween pimary secondary and
" fertiary alcohols.
please refer to ___ _ . .
~ 543 Q.31 (Iv); 2059 Q.31(a}; 2035 Q.31(c]; 2054 Q. No. 30(d o
~5._Use of Grignard's regent in the synthesis of 1%, 2°, 3° alcohols.
p. Victor Meyers method for distnction between primary, secondary and tertiary alcohols.
c. Distinction between 1°, 2° and 3° alcohols by oy
d. Fermentation. Victor-teye

. Grignard's reagent can be used to prepare 1%, 2° and 3° alcohol. Alkyl magnesium halide
" is called Grignard's reagent (RMgX)
Preparationof . 28 ‘
_ primary alcohol i.e. 1°alcohol: 1°lcohol is prepared by treating Grignard’s reagent with
methanal followed by hydrolysis
O i

=

H OMgBr : OH
Il . N A H
H-C—H+R-MgBr—s' ' C nosr . - Ne + Mg(OH)Br
Methanal Grlgnard H/ \ R H / ~ R
TOBENt - Addition product 1* alcohol

2. Secondary alcohol i.e, 2%alcohol: 2°alcohol is prepared by treating Grignard's reagent

with ethanal followed by hydrolysis

i _ Hy ,OMgbr H ' OH
Cly=C—H+R-MgBr— C~ _HOAE C + Mp(OH)Br -
Iithanal Grignard ne/ R e” Mg
ooreagent o Addition product 29 aleohol

Tertiary alcohol 1.¢. 3%alcohol: 3"alcohol is prepared by treating Grignard's reagent with

3
acetone followed by hydrolysis
O - /e HCy |, OMgBr H\C Okl
I T N ./ o/ N o
CHy=C—CHi# R=MpbBr — t{_ . °C + Mg (OH)Br
Acvlone '.Jlll?r'innn"' HC k H\C/ R
7 reopeat Addition f 3 ¥ aleohol



248 A Complete NEB Solution To Chemistry -xi

b. Please refer to

¢. Please refer to posa SetA Q No 33

d lese refer to 067 Q.No 31

¢9. 962 aNo, 253 Consider the following rea
Pl KCN

A—— B

The compound, A is a prima
B, C, D and E; giving complete reaction.
» The compound A is a primary
must be ethanol. Ethanol priman

H«C—CH:—OH +4l: + 6N

Ethanol

The complete reaction is given as

Il
H.«C—CH;—OH— H.{C—CH:—

243

ersion of compound
oY KCrdy;
il 1OH

i Hnnnl

rﬂhanﬂl tom Alcohals and Pheno!s

ot
CHiCooy ”“Iu:T -

Aclle aeiy T\:m-- CH.-._..CH ClIAL KL Ot

* Methane — Methyl Methanal
sfon of compund (A) ¢y ethy
) . Coﬁ\rcr ; hano | Elhyng< ¢hlonde
3 SOCl
sction CHCHIOH———— CHyyc) 8 Koiy . u
Jthanol Lty ¢hy s’ '—'CH "o -
Hz‘o‘w D-LI{-)-’-“E W1 chlorie PEALINT | f (f

ry alcohol which gives jodofo

alcnhcl and gives +ve

v alcohol and &

soH — CHlt

rm test. Identify the organic ce

1 2-\Ial~rnm| -t'llmm
Ale. KO

HC =CH + 2HBr
Ethyne

jodoform test. Th
ives +ve iodoform test.
Q

RITE SHio

Set D GiNo. 33
‘“’ method. 2370 SKL0 Qe 35 3 Distincton beween 1%, 2° and 3° alcohol by Vd‘;;]

o reler to 2069 SelAQ No. % !

Il
+ H—C—ONa + 5Nal +5]

Jodoform Soud formate

P] "IS
| ken H,c-CHz—CNMH\C-c: e

Ethyl cyanide

Ethanol lodoethane : © E
(A) (B) : ERY gHORT ANSWER QUESTIOI‘.]S [2 MﬁRKS]
The compounds are ‘ - nﬂiPfletn'i;Ilclll'll‘::a:insum“n-ﬁW“ how el youobtan. e
e
= Etha :
A:Ed D:;Iane i Phydroxyazobenzene
C = Ethyl cvanide : ) >
f Propanoic an| i Phenol to phenolphthalein: Whe“ phenol is heated with phthalic anhydride in the

D = Propanoic acid =
E Pmpanmc anhvdride

rnA Conslder the following reaction

PCls Mg

I

S\ presence CONC. HaS0,, Phenﬂlphlhalem is obtained.

A

A dry tlher

The compound, A is a primary alcohol, which on oxidation gwr.s ethanal. |denlily
Convert the above compound A into methanol and ethyne.
~ The compound (A) is primary alcohol which on oxidation gives eth ai.

primary alcohol should be a two carbon chain alcohol. So (A) should be C I

Now the given reaction sequence is expressed as,

A

CH+«CH:0H——— CH.CHO
Ethanol Ethanal

H.0H/H*

G

Phthalic an]:{}'drldn.

8]
Phenolphihalein

ii. Phenol to p-hyd:oxyazoberizetie: When phenol is treated with benzene diazonium
chloride, p-hydroxyazobenzene is obtained. This reaction is known as Coupling reaction.

: M : e
CHICHOHLE , CHCHACI Drvither CHICH:MgCl LE: X
Ethanol Chlorocthane -~ Lthyl magnesium | . N_N—"Cl + QH"'—"" N=—N :
: OH + HCI
(A) (B) chloride (C) ;
; el Benzene dinzonium " Phenol p-hydroxyazobenzene
OH - chloride i 3
| . s
1O/ B it —— :
Mg(OHICI +¢=0 <—LJ,,” : va prodmtmuuyoumm phenol is treated with 1]
CHCHy © % .. Benzene diazonium chloride? _
or CH\CH.COOH 1 il." Phthalic anhydride? (
Iropanoic acid

b Please refer to po7E SatB QMo 10]
" Please refer to ojgserBaNo 10
3

()
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-/afbenzene dlazuniumchloridf gt 3 [
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i R S e T in p-hydroxyazobe
> s 1 swing o pherol o O e e
™ Phenol reacts with benzene d:azonml‘i: reaction is known as Coupling

p-hydroxyazobenzene is obtained: . Alkaline medium i N=N—¢' :
N-N—CI+H—©‘ OH—rsc 1 —._c' _ 1o
Binrere diazbaiiam Phenol phydmxya):ubcnwnc{m Ho
. . =3 _‘—‘—-—-—-.._,._
chloride ——-—'—'—'_—_F-__mldehyde‘! T Hydrodyws + N, + HCL
Starting from phenol, how would you 0btarn BE1 : Bertbena o
. 9 obtained which on treatme cm"rr‘ @zonium | Phenol .
ae

. Phenol is heated with zinc metal, benzene ]IS
chloride in the présence of anhydrouls AICls,
with CeO; / H*, benzaldehyde is obtained.

toluene is obtained. Tolueng ;
: . when chlorobenzene is treated with aq. NaOH at 350C and 300 atm pressure, sodium

CHy » |-||!E""‘”“'cie is obtained which on acidification with dil. HCI to give phenol.

| o cl NaO ont
cngl Ce0, /1l .
d Zn —— __!()|_—' MaNaot . - il HC
T T anh. AIC, T —_— + NaCl
Phenol Benzene E'“‘i‘i = mani Benzaldet Chlorobenzene " Sod, phenaxide Phored
e shmry - e e T e Y e e et el e st . - — -
S [B073 Supp G.No. 10 What is the aboratory testof phenol? What happens whe ph i + gari st O.No. 1d What happens when phenol s treated with: s 0B
Zn—dust? ' " 5 Benzene diazonium chioride -

> Laboratory test of phenol is FeCly test: Phenol reacts with ferric c.h]"
form water soluble coloured complexes. In fact, all compounds con
group (=C-OH) give characteristic color with FeCls. The colour may va;
blue, green or even red depending upon the nature of the phenol.

; S ‘
oOrmsra—ere(-O) ] + o1+ 3ma

Phenol  Ferric chloride Iron hexaphenoxide ion

(Violet Colour)
Phenol is heated with Zn-dust: When phenol is heated with zinc d
formed. This reaction is known as reduction. 2

p. Methanal in acidic medium

g s - . 3
». Phenol reacts with benzene diazonium chloride in ice cold alkaline medium, yellow dye
P_hydroxyazobenme is obtained. This reaction is known as Coupling reaction.

" Alkali
OO orgztm Oyl Jrovms

&.ngen;:)i:.;::nium_ Phenol ; p-hydroryazot (yellow dye)
C

b. Phenol undergoes condensation reaction with methanal in the presence of acidic
medium to give synthetic thermosetting plastic called Bakelite.

i

OH . - OH o ; OH i OH
" He CH:OH
Zl‘!-d;.l.'ll + HO « HoC—H i
H Methanal -
* : benzyl akohol
Phenol Benzene Phenol o-hydroxy y! CH:OH
. p-hydroxy benzyl aleohol

s. [073 SetC GNo. 19 How does phenol react with

i. aqueous bromine ii.  Benzene diazonium chloride. '

-nH | Copolymerization

™ 4
i. Reaction of phenol with aq. Bry When phenol is treated with aqueous
tribromophenol is formed. :

OH H .

I Br, Br .

‘ TARHN), =——————h + 3HBr

P'henol 4 g
r 7

2,4, 6-tribromophenol J

ii. Reaction of phenol with benzene diazonium chloride: Phenol reacts ¥

diazonium chloride in ice cold alkaline medium, yellow dye p-hydroxyi
obtained. This reaction is known as Coupling reaction. R

Alkali J
N=N-Cl+H O === Teium.
. ; 0-5°C i i .
Benzene diazonium Phenol y - r luk !
chloride S Phydmayambmmng (yellow. 5" (
/.
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. - e e _'_'—’--r:é?wm Its one use. : y . Name the compound ‘x ;‘m‘ " e o U 2 -
How Is picric acid prepa rinitrophenol i.e, W y ) 'M {Y)In the hllmw reaction, e .12
il OH Na cHl[

™ Wﬁéﬁdfyﬁenpa is treated with conc. Nitric acid, 24,6-1

= X ——,y

formed. 1t is ing dyes.
is used for making dy o
OH O:N NO: ~ljon sequence is given as; !
conc. HNO + 3HO0 ) et OH O Ny
A X - O=CHiy
NO} + Nﬂ —_— (_‘“d
" Phenol 2.4, t-Irinitrophenol 'l 3 Mﬂh-—’yl + Nal
o e . e e e ["heno . Sod, iodide
10. [063 (Set &) G o, 8 How would you obtain benzene from phenol? This readl e Mo i
™ When phenol is heated with zinc dust, benzene is formed. This reaction . Why s phenol more ackic than aiphat sicahaly e T
reduction. g u ] — o refer to 2
OH s "3 How would you prepare et~ -
" —qa.No.8 e Prepare methoxyben —— e e
l @ T @ - 8 B ferto Mo el @
il s 1 I What DaPDens W B
; “22(v) Ppens when P TR, L et
o . OIIN?eac:ts with sodium l'l)'dl':ﬂl sdmm phﬂ.wl.m reacts with iodomethane? 1
phen® xide, sodium phenoxide is formed which reacts with

I'henol .9

. 063 Set &) Qo 19 Starting from phenol, how would you prepare methoxybenzene? I iodide to form methoxybenzene.
; ' _OH :

1 :I1L‘lh,"
O Na* O-CHs

™ Phenol reacts with sodium hydroxide, sodium phenoxide is formed wh P
methyl iodide to form methoxybenzene. i =
. OH B .0 Na* O-—CHx . .+ NaOH —_— Ciit
R Mk'thyl__.hdni\- + Nal
% CHAl Phenol ]
@ + NaOH _-© -—'-——"M o + Nal | __.d.__—_.____._,____*s"" Phenolate Muthoxybenzene
ethy - 2 Wri R o N1 7 ). i ST SO
iodide i . Wrke fhe st Monohydroxy benzene with aqueous bromine. 2
Phenal Sod phenoxide Methoxybenzene Please refer to [2073 Sei C Q.No. 10
N e e e e

Show your acauainance i Reime Tievands edeion,

b phenol s trestes .thh chloroform in the presence of aqueous solution of KOH, a
miture of o-hydroxy benzaldehyde and p-hydroxy benzaldehyde is obtained. This
reaction is known as R"-"F“ef"fiemann's i

12. \;t‘h_y is phenol more acidic than Iﬁph;ﬁ: alcohol? .

™ Phenol is weakly acidic in nature. Its aqueous solution; phenol slightly.
pl1enolate ion and H *ion or H3O *ion. . i

i OH o ; i
11 it OH a’ _ OH OH

—_— + H* : R ; CHO

=< +H—C—Cl +3KOH(aq) —» . + KCl + 2HO

Phenol Phenolate ion él . i
5 ge g 5 . - g 1 E o | e 2 40%
Acidic nature of phenol is supported by following reaction: L _ ‘—hi‘“’“f"_ﬂ“ o-hydroxy benzaldehyde (::{:1.0
' __Phydoy beoaldebyde

2

Reaction with alkali metals: Like alcohol, active metals Na or K reac

form salt and hydrogen gas. 15, 1957 @3] Write the reaction mgﬁﬁeml and aq.Brz. -

» Please refer to i .

O Na*

OH :
@f Na —— @ + 14 H; EHORT ANSWER QUESTIONS [5 MARKS) ' s & L
- . 10, 2053 G o, 22(iv] What action takes place when Phenol reacts with ethanayichloride? m -
Phenol Sod.phenoxide T : ide i r SO,
i : . i ) / ~ When phenol is treated with ethanoylchloride in the presence of conc. SOy
Reaction with alkali: Phenol reacts with alkali NaOH or KOH to give sa pheiylethanoate (ester)'ls formed: 1
: ©  OH ; O"Na* - - OH ' ; Y -
: 3 ' 0 o
O o +HO i +cH.-g-C|__——s_.'©-0?C~CH~ + HCl
7 ! ' W b Ichloride 1 18
Phenol + Sod.phenoxide 't o R chieree Phenylethanoate 2 ,
. Phenol to m_-_naiﬁsenzok acid - )]

*. BOSZ QR 227) Conve

- With litmus paper: Phenol turns blue litmus to red. On the other hand alcol
" Conversion: Phi

. __r',='.~'_ are neutral to litmus. So, phenol.is stronger acid than alcohol,
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CHy, . 1 :2 a) Hl:l\\'could m W --‘__‘____-_- Alcohols and ﬂllﬂﬂ‘l 155
"ht? A - s
un men 3 e 0 mphenul . [l]
@ O Methy! |U} ' # ﬂwﬁ on reduction wll[h zine du it
iodide ‘m oin the preseure of AICI,, ¢ toluene ; ¥hicly formed which on treatement with methyl
Phenol Benzene ”
CH»
IOI '—'——_..____. O C"ll
. : Phenol M«hﬁ iu.sm,
o Py | e L o 2
CONC, h - aNo zz. -_.._______-—___-_-'-‘-- .
"_“_m%':_ @ 3 o:;n “ne to m-bromophenol, 11 Compounds, i
2 conc. 1150, Mmk'- . ;ﬂn‘,c,smﬂ Benzene to m bromophmd .

m-nutmlvnrmc acid

22. { 2061 QNo. 23 m How is phenol prepared from [a] aniline and 1b] benzene? How do
the —OH group of phenol is ortho [ para directing? .

_conc. Ny | HNO : L
@ conc. Ithla O i, Q

a Preparation of phenol: Penzene Nlhﬂmm
a. From Aniline: i‘:\’h!erl aniline is treated with SOdm(lj“ l;l"]'te ‘“hu:;-' ," m-bromoaniline
o hloride is obtained which on hydrolysj :
about 0 - 5°C, bcrxgedmzomum ) ) ysisg . l"’s'c
NaNO: + HCI 10 OH . N=N=Cl
—ee— —_——p
0-5°C (diazotizaton) A Q HO/H-
Anili P nmednzoniumch!orid; —_—
niine . : & Hrdﬂ’l}’slﬁ Br
b. From benzene: When benzene on chlorination in the presence with F‘_- .+ mbromophenol m-bromok P
is obtained. The chlorobenzene is heated at high pressure with aq. NaC e chloride k: i
phenoxide is obtained which on hy dm]ys:s in the presence of acid g os7 a.No. 23(c] Write the chemical squation with conditions for the following reaction.  [1]

1
(a) Phenol is coupled with benzene diazonium chioride.
b phenol is coupled with benzenediazoniumchloride in ice cold alkaline medium, yellow
dye P.hydroxya.zobenz.em is obtained. This reaction is called Coupling reaction.

Alkaline
N= N+CI+H: OH =T O—N—N—@—OH+HG

Benzenediazonium phydmuyambtnm (yellow dye)
chloride
% An mwlmmmmmmﬂmm B.B on nitration
gives C.C on reduction mmmnummgmumummum D gives
dla:oaminohenma Giwnmhtl.u,clnd D. Write the chemical reaction involved. 151
» The aromatic cnmpound D on coupling with diazonium salt gives diazoamino benzene.
The sompound D should be aniline.
NH: - N=N-a’ N=N

S 566

Aniline (D) Benzene diazonium
- chloride

process is known as DOW pnxess

F{'C]n I Lo NaO}{ H"O/H e
e s+ Chlorination '%00—'\50°C y
200-300 atm e

Benzene Chlorobenzene Sod. phenoxide
Phenol is ortho / para directing group in electrophilic substitution
Due to the presence of two lone pair of electrons on oxygen atom of th
pair of electrons gets delocalized and forms the resonance structure of P

electrophile is attracted towards the ortho and para position. Thus /|

phenol is ortho and para posmon in elertrophll ic su bstltutlon e, g
OH Wi ] aminodiazobenzene
1 A itrobenzene.
. u The compound C on reduction gives D' the mw“mi C :}:t Sk
/ + E* . NO: :
5 = m T
P 2 > ' Ph:n : ] - < ortho-product 4
£ - ol L para pmdm'.'t Aniline (D)
B e . -
B/
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Tha compound C is obtained from B on nitration. So, B mus

NO: I Alcohals and Phenols 257
cone. [TNOy * 7
It
O cone, 15O @ -RT.’ @ + Zn0
" Nl () lele reaction 5"“\'@1 o The
Tenzen g iplele rea equence jg o neene (1)
The compound B is obtained from the reduction of A, the compoung i [he S g 4 . 2 §ivenas
A r 9]
phenol or haloarene. i . ' ol % o, {I. ;
Zn-dust L. T @ ‘cui\l(!h ' i
— id
[T (j A T Ce0y1
Benzene (1) phenol Berrzene To A
Phenol (A) (A) L O "l:"‘ Benzaldehyge
. is piven as: 4 1))
The reaction sequence Is given as NO; he (‘(H“P{)unds are k. 2
™ 1 = Phenol L 1] {ale KoM, —Nif,
Zn=dust cong, [HNOW Sn=HC1 A = Benzene Y ¥ Clt
O50 =50 == e R
Phenal (A) Fenzene (B) . Nitrobenzene (C) D = Benzaldehyde | ! :
e —— ‘M:lhyl benzene
MARKS , : ~ H:FEVTE‘E:“"‘-‘--E,»---_-_ — o
IS ANSWER QUESTIONS [10 MARKS A B, Cand DintheTolore . &Y P 'nwsl'-“h'm“"‘“'ﬂ reaction sequences (23]
2 dentt the major products A, B, C an ollowing rg ConAOME0. w5 I cheimon
Zn  CH:CIl AIC c CeOaH 0 ; () m (B) - (©) c) o Hﬂ“_. ]
A—B — - 5 A
A A A g und A can be obtained py
Compound D gives methylbenzene when heated with alc. KOH and hydrazine, - Compa mpound A Sl 6:’{'“ Phenol in presence of zn st
« The compound (D) gives methylbenzene when heated with ac. KO rh:, ﬂ:ch:e h”_. ed by heatmg phenol in presence of Zn-dust. So, A must
< ] d 'D' must be aldehyde j o, be DenZENC, - e
Hehe l‘eduft:'“]- TR d 2 The reaction sequence iS_EWm as; "
¢ —u Cil, o 2 © NO; NH:
ale. KOH/NH—NI1, o ® _?f'_,. __Conc.HNOy Sn/HQ
@ + ] ———— +H,0, A m‘. H)
Benzaldehyde Methylbenzene - Phenol Benzene (A) 7 Nitrobenzene () Aniline ()
(D) - (Toluene) - Y :
The compound (D) comes from (C). The Eompound (C) on oxidation A l‘-‘“U-IK\“'(ﬂk‘-l
Benzaldehyde (D) is formed. The compound must be tol L
yde (D) is fo . P © o uene. 7. it NG
 CHy C—1 . : LiAN,
CeOH" L q . g A
L i Thenyl i e
The compounds afe. e i e
Toluene [C)] Benzaldehyde D) — % f A = Benzene ’
The compound (C) comes from (B) when treated with methyl chloride B‘= Nitrobenzene 4
AICls. The compound (B) must be Benzene : C= Aniline ‘f G i
Cl, D = Phenyl isocyanide :
ey E = N-methylaniline L.
]: :|+ Clh— 1 ' [ ™ '
e —— —— » e B dW e
b Methyl chloride 0, Identify A, B, C,D u}éE in the following sequence of reaction. y [0}
j enzene (13) g Toluene (C) OH = e _
;Ezn‘o"lmf"’““d (B) comes from (A) when heated with Zn. The con écnci,ﬂ KOl NN £
‘e , 5 4 K =) -

e

-




258 A Complete NEB Solution To Chemistry ~XI

™ The reaction sequence is given as:

NH;
Zn _om /N0 FINO: wnq @
@ cone. HS [HI
Benzene (A) Nitrobenzene (1) Aniline (O)
A lca ICh/KOI
The compounds are )
A s Bemhe NH_cH‘ NC
c- Fh LiAIH,
C = Aniline k
D= Phenyl isocyanide

E= N-methylaniline N-methylaniline () Phenyl isocyanide {D}-'.

[s]=]s} ¢

3

N
i

i,

g froll -.::'

1 rear-l'““ sequenr.e

—
5 [5G Qo 11 Prepare methoxyethane by Willamson's synthesis
. methoxyethane s treated wih excess. HR

7 denty te Mi}or Products @ and

and @ giving their IUPAC names in the following

Excess Hl _ Sodly i [141]
Etho;yethane ——— @—-—E‘_"‘_"‘L"'_ﬁf ®

The reaction sequence is given as
"

— — H,C—ONa
p,C—CHy—0—CHy Cﬂz‘—"—'——- HaC—CH— I = . CH,—O—CH;
Ethoxyethane Sod methowide
Methoxycthane
n)

lodoethane
(A)
method. What h: happms ;uﬁ.;;
(1]
preparation of methoxyethane: When sodium ethoxide is treated with iodomethane,
methoxyethane is obtained,
HyC—CH,—ONa .+ Hab—l — H;C—CH,—0—CH,
Sodium ethoxide lodomethane Methoxycethane
When methnxyclhane is treated with excess of HI, ethanol and iodomethane is obtained.
Hy,C—CH,—O—CH, —Exess E"H"‘]"’ HiC—CH,—OH + HyC—I
'\-klhuxyuhdnc.

Ethanol lodomethane
075 Set A Q.No. 11] How would you obtain '
I.  Anisole I'rurn phenol

ii. Methoxyethane from ethoxyethane,

[1#1]

Anisole from phenol: = |
OH :

O NaOH ——u-

Phenol

Mtthoxyethatle f

HsCp—ONa szt

Hac‘—O—-Cz - A
Sodethoxide

H5C;—0—-CQH5
Methoxyetha &

Ethoxyethane
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* ' Give an example of unsymmetrical ether and write Williams
process for its preparation. 3
s Unsymmetﬁcalp:mer The ether having different alkyl group around g
gn_}ub is called unsymmetrical ether. Exam ) §
Clh—{))— CHy— CH: CHh— (]——(lll‘—(l];-—.c

Methoxycthane I-Mcthoxypropane

Preparation of Unsymmetrical ether by WiIliamson's. Synthesis ;

CH: — CHs— ONa + cH:—Cl — Cith —CH,— 0— CH, +

i Methyl

Sod.cthoxide
chloride )

5. {2074 Supp. QNo. 11 BOT4 Set A GNo 11 Write an exam
etherification reaction. What s its importance? .
n: Please refer to 074 Supp- Q-No.11] *©

 Williamson’s etherification reactio :
The reaction in which alkyl halide and sod. or pot. alkoxide are reacte

ple: !

known as Williamson’s etherification reaction. ; ;
f_ONa* RaX =—7 7 R=0-R' + NaX
4 Ether )

Sod. alkoxide  Alkyl halide
ther can be prepared from this reactic

Both symmetrical or unsymmetrical ;
CH1—CH:—ONa + 1-CH;—CH» —'—'3'_"" CH:CH;—0—CH:CH
Sod. ethoxide lodocthane Ethaxyefiant S
Importance of Williamson's etherificatio
Following are the importance of Williamso
It involves the reaction of an alkoxide ion Wi

n reaction:

n's etherification reaction: .

i th a primary alkyl
reaction.

ii. It helps to prove the structure of ethers.

iii. It is suitable for the preparation of a wide variety of sym

metrical or

ether.

6. [2573 Supp GNo. 11 Convert ethoxyethane to methoxyethane. e
> When ethoxyethane is treated with water in the presence of acid, etha_a_'
Ethanol is treatéd with sodium metal, sodium ethoxide is formed which

with iodomethane, methoxyethane is obtained.
H\C—CHi—O —CHi—CHy —M | H.c—CH:—OH N HCE

Ethoxyethane I:thanol

7. 673 eL.C . 11] Write down isomeric ether of isopropyl alcohol and use Willa
process for the preparation of such ether. + 0 .
= The isomeric ether of isopropyl alcohol is methoxyethane.
CHs
H:‘C—CH —OH H],C—C[ ’2'_ O—CH}

Isopropyl alcohol - . Methoxyethane

. Williamson's synthesis: Methoxyethane is prepared by treating sodium eth

methyl iodide.

’;’Dﬂo.uo. 1 erte. down an s O Ll BE R
z 02 ether is heated with excess jy #ther of isopropy alcohol. What happens when the
[141]

b
27 . ;7 '
6‘) C7L - €Ly
O Ethers . 261
HiC—CHy—ONa # e

Sodium ethoxide  Methy ;0. " H,C—CH,—0—CHs

Methoxyethane

50" " eric ether of isopr
1'|‘Ir-' |5on1 P UPYI Iko'hﬂl is mth 0 tlhane_

; hoxyethane is heated w;
Then met with ex T 1
N argeralky goup forms o), e Ay group forms L iodide
1]}

HaC—CHy—0-—C
¢ Methoxyethane CHS B HC—CH;—OH * H:C—I
A B k. Ethanol _lodomethane
,.ﬂ“' oo, Q.No. 11] Wi 2.
) Oﬁe: 1 o. 11] Write down the possible unsymmetrical ethers of CuHiO and their IUPAC
ames- . :
;hri’e possiblc iosomers of CH 0 are @
H\C—-CHI—O —'CHI—CHV HiC--0-CH;~CH;~CH» HiC = 0—CH(CH1):
F.thulxyclharlc asi. 4 . .1-Methoxypropane 2-Mcthuxypropane
-, porzseic a1l Howwoudyou oban methonysane fomathanel 11
& Methaxyethane from ethanol:
Wwhen ethanol is _tre;ated St_ﬂitlm metal, sodium ethoxide is obtained, sod ethoxide is
reated with melh_yl idodide, methoxyethane is obtained. :
¢ ay :
Hzc»—CHz-—-OH-FL? H,C—CH,—OMNa . HyC—CH;—0—CH; + Nal
Ethanoal % Sod ethoxide Methoxyethane
— Y e )
i _Wrilp IUPAC name of CH;—0—CH and use Wiliamson's synthes
method for its preparation. [1+1]

« The IUPAC name of structure is A
! CH,—0— i.'ll""('ll,

C"|
2-methoxypropane

Prepnraﬁmi of 2-methoxypropane by Williamson's synthesis:
Itis prepared by treating Sodium isopropoxide with methy! chloride. ‘
CII;-—(iH-—-ONu -I-.CII,—_CI————*(‘]II- 1—0—Cllh
CHs cin
Sod 'I'stlpn;poﬁdc 2-methoxypropane

06 ) > ___..,____.__‘_'.,....__I__..__._.._._. R

12, Howls un:WWI ether prepared by Williamson's ether synthesis?
* Please refer to I ey . ——
o lliamson's synthesis lo-prepare
i 77 What are ansymmetrical ethers? Give Wil ynih e

o e A

Methyl chloride

unsymmetrical & /
™ Please refer to
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%2 A Complete NEB Solution To Chemistry X1 TN [ HsCa=0=Cibly 4, __ Lipht
of CyHiO. How wo You preg Dithyl cther M: H;C;..(f_cﬂ I

—_
14, [

/

Wite an unsymmetrica ether
. using Williamson's synthesls?
' > Unsymmetrical ether of CilsO is
f

Oy O Diethyl peroxide
+ 0 Ben is
CH» ~CH:=0=ClIl Fe 1 CUNsUey

O T - PP b - TN FeO
Methowvethane ! wh'l. Is mnm"m e e e e e
. ide with i 4 Q. : f erification reaction
Methoxyethane is prepared by healing sodium ethoxide w ﬂ:_: m&(ljunicc}lih&ne‘ i ’055 eaction in which alkyl halide and soqd 7 [.z]
- prepe Gl — @ h—CHa=0 = 1 as Williamson's etherifjcqy; - O pot. alkoxide are reacted to form ether is
CHy—~CH:—ONa * ' Methoxyethane ol “ml\'" > R—ONa + R ON reaction,
Sod. ethoxide lodomethane e | i <X )
15, TG Serc e What s unsymmetricaleher? Wl an example and IUPAC name, s g R; et
. R0 No, 11 : : ; 2 ther
Ly salled unsymmelrical o s 3
S The ethef having two different alkyl groups 1€ € E ] joth symmetrical O unsymmetrical eyper cap b prepared from this reacti
Example: B CHi—CHa—ONa + —CH,_yy, pared from this reaction.
H\(C-0-CHs ”‘C'O‘C‘H’_ God. ethoxide " lodoethane T a " CHCHi-O-CH.(CH\ + Nal
& s B il —%ﬁ%:ﬁu p— Eive reason: . T ————— s sl
16. EO70 et Qo1 Prepare CH -0~ CHyCHaby using WSOt = P18 STV Aesie - B2 dangerous 1o bollsample of sther store for o
> When sodium ethoxide is heated with iodomethane, methoxyethane ig i A . along time.

reaction is called Williamson's ether SY““‘”is' ;
CH\—CH;—ONa + CHi—l — CH\=CH;=0-CH; +
Methoxyethane

Sod. ethoxide lodomethane S " i
r of C:HsO which reacts with exces;

j Ethr s stored ina bt contabingro wie, -

e presence of i
ue to the p ce of lone pair of electrons on the ethereal oxygen, ether when comes

i ta twith atmcspheri ox}r en in the
in contac e oY Ben in i i
lm form ther peroxi | hydic - presence of sunllghl, ether reacts with oxygen

17. [2069 Supp. Set B “aNo. 11) Name the isome

n . . 4 ; which are highly unstable and explosive. They
< E“’Tm;:e as]@ajur prodl;% Edo“:t: g ¢ explode violently on strong heating causing serious accgideynh. . y
? e functional isomers o 5 P
H\CEC;-{:—OH H«C=0-CH: CZ[?I!_-(:),—CJH;_ + O, ght CiHs—0=CyHs
Ethanol ) Methoxymethane Diethyl ether Air il
: o
Methoxymethane reacts with excess of HI to form iodomethane. Ether peroxide ( Explosive)

A3 :
Go, the sample of ether stored for a long time may contain some amount of peroxide or

h},droperoxide and cause serious accident on heating. Therefore, it is dangerous to boil
the sample of ether stored for a long time.

ii. Etheris stored in a bottle containing iron wire.
Ether i.e. diethyl ether is highly reactive towards atmospheric oxygen in the presence of
sunlight and forms peroxide which explodes on heating causing serious accident. When
ether is kept in bottle containing iron wire, the oxygen combines with iron to form iron
oxide and it prevents the formation of peroxide. Therefore, ether is stored in a bottle

H«C—O0—CH: + (excess)2Hl ———> 2CH—-1 + H.O :
Methoxymethane lodomethane

18 Give an example of Williamson's etherification.
> Please refer to

1. Name the isomer of CHeO which reacts with excess HI, gives
major product and write reaction for it -

= Please refer to p063 Supp SetB Q.No 11
20. Write chemical equation for the reactions taking place when:

: containing iron wire. W Myt 3 :
i. Sodium phenoxide reacts with iodomethane, L)
ii. Ethoxyethane is exposed to light and air. | s dcidh e,

, Diethyl ether Air
O Diethyl peroxide

Sodium phenoxide reacts with iodomethane, methoxy benzene i.e: anisole

Oxygeni o
ONa O—CH,  FetO T RO
T 2, There are three possible isomeric ethers of CiH1:0. One of them is ethoxyethane. Write
* IH‘C'_"hm : al /g other two isomers and give their IUPAC name. ¢
Sodium phenoxide Methoxybenzene , X G mt‘_i'ISI? refer to ) . NSy, . (. T .
i.e. anisole f u, Write -the sequence of chemical reactions for the conversion of ethoxyethane to

ii. methoxyethane, . ' | @
» Please refer to

i

Ethe_r i.e. diethyl ether is highly reactive towards atmospheric oxygen iﬁ &;e p
s:;:llg_ht and forms peroxide which explodes on heating causing serious accid
ether is kept in bottle containing iron wire the oxygen combines with iron to [0

oxide and it prevents lhE.' fOI'lTlaﬁOn Of roxi i L
8 0 d . ;
s : iy Pe xide, T herefore, Eu 1er 15 5t°led ]‘-
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[ Cu(OH), + 4 NH,0H ._EL%‘_‘ Heavy Matals 407

ICU(N”JJ(OI‘IHI +1 “20
P blue solution

Tﬂla-dmm'
= : i mo(ul"fli' hydroxide g
F seﬂ,: Q.No. 2 su;l'lll'lg hmmpp" = T _)_--uxu ¢ complex
Jper is heated with conc, " Would you obia)y T ——

'l
Cof T i, €0
= " . blue vitriol. Pper sulphate ; : [
JIVES 2 is obta ; N
E": +2HSO4 — C uSQ, + 2H,0 4 tned which on crystallization
- Crystallizatgy S0,
Ccusdh solution . il
| ) I ﬂlurﬂm
. ’ I "ﬂ” seDare. i;il\'l: te the action of heat on biye vitrig],
hen €O rsu ate h g
s B PRle blue cofor et hydrate i kept in open ai ]
=——3 | 7 |ost and pale S coloured coppe, sulph Pen air the two molecules of water is

ain two molecules s lost e s formed. When h
;E.:.::mg upto 250°C then c0|ou:{m :uuh €OPPer sulphate is ?on;::dwuh};:; LO:.E#II}J::
Exposed on open aip OPper sulphate is formeg,

18.1 Copper

: —_— 1
RY SHORT ANSWER QUESTIONS [ 2 MARKS 0 SHO S Oy CSMIHO gy s Ho B0 o
e — i e i “2HC e
1. BO74 Supp_GNo. 20| 074 Set A G No. 20) Give the balanced chemical reaction for the B';W | _ ____._______________P:'i"'““ " Blush whie - HO Colourless
black oxide from blue vitriol. How s black oxide converted into red oxide? l:':' 72 Supp- O.No. 2] Write down the molecular formela of —————————
= ™ Preparation of black oxide from blue vitriol: When blue vitriol is treated with NaOH? ¢ i Copper pyrite . "Calaming i 2
cupric hydroxide is obtained which on healing gives black oxide of copper. jii, Calomel .. Cinnabar 5
) \folecular formula of:
CuSO, + ZNaOH —— Cu(OH), + Na,S0, | > Copper pyrite: CuFeS,
Blue vitriol Cupric hydroxide | 'I Calamine: ZnCO;y
. I
Cu(OH), —— Cu0+H,0 a Calomel:Hg2Cly
= A ~ N i H
Cupric oxide v Cmrh_lE"-__Ss 0 L i
Black oxide : Give reason: Mettaic copper turns back when exposed to molst i N |
s ; ; : - Lis exposed in moist 3j P ;
When black oxide is heated with r, red oxide of co in ¢ When copper metal is In moist air for a long time, black ba
. xide is wi . copper, red oxide pper is obtained. 5 i< Gbained g i _&_ :;i_c copper carbonate
CuQ + Cu —-—‘—p- Cu,0 Cu+t CO:+H, O+ Op— C'I-ICO;. Cu [0]-])2 i
_ Black oxide Red oxide = 5971 Supp. Q.No. 21] Write an Important use of red oxlde [0.5)
—_— - | sy B s .
2 [074 SeB QNo. 20 Give the balanced chemical reaction for the preparation of copper sulphate ol ¢ Redoxide julsised as red antitrust pigment
copper. What happens when blue vitriol is heated at 100°C? ] .| ¢ G071 Supp. G.No. 21id Write an important use of biue vitriol [0.5)
= The balanced chemical reaction for the preparation of copper sulphate from copper is ¢ Blue vitriol: Itis used as modrant in dyeing. :
given below: | 0. 2071 Set C Q. No. 21] What is meant by copper matte? Rl
Cu + Conc. 2H,80, CuSO, + 2H,0+ 50, ‘ ~ Copper sulphide contains some amount of iron s_ulphide as impurtues which is called
& g 3 (opEel' matte. 2
When blue vitriol is heated at 100-C, Copper sulphate monohydrate is obtained. o Write an important use of each of the followings: B
; [ i b.  biue vitriol
CuSO, 5H,0 XC e €50, . H,0 +4HO ;ser:dfwd'
5 . 3 .
Blue vitriol Copper sulphate 1 Red oxide: It is used asa red antirust pigment.

monohydrate . : laborah t
: - i : | b. Blue vitriol: It is used as ory reag .
3. What happens when copper sulphate solution is treated with ammonia solution?[2] | 12 2070 SetC Q. No. 22 Write a reaction for the preparation of each of the following: @
~ When copper sulphate solution is treated with ammonia solution, bluish white ppt of i. CuO il. Cu0.

copper hydroxide is obtained. If excess of ammonia solution is added, deep blue solution ~ - \ . >

of tetra-ammino cupric hydroxide complex is obtained. 3 | i cuO:Itis prepared by heating copperin I{wprﬁeme of air below 1000°C.
2 gl 2060

CuSO, + 2NH,OH —— Cu(OH), + (NH,),50, 20w+ O ———

Bluish white ppt
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ii. Cu:0: It is prepared by heating copper in the presence of air above 1000-C, ﬁ
> 1000°C
2Cu0 \

1 ﬂg_h-t_ blue colored precipitate ‘A" obtained by the addition of caustic soi{i‘,“ﬁ.‘?‘
solution of cupric sulphate is converted to a black precipitate 'B'on heating. What are ‘A’ and B 1y

> The blue coloured ppt.'A’ is obtained by the addition afNa!OH with CuSO; solutjg, ;
the compound ‘A’ must be Cu(OH); which on further heating gives a black ppt of
Thus, the compound ‘B is CuO. . d
Cush: + 2NaOH—— Cu(OH): + NasSOi

Cupric sulphate Cupric hydroxide(A)

ColOH): s 0 + HO

Cupnc oxide
Black ppt B e AR =

1. B Write 2 compound of Cu (1) which is insoluble in water but soluble in dilute

without effervescence. ' .
» The compound black oxide of copper i.e. cupric oxide (CuO) which is insoluble in water

but soluble in dilute acid without effervescence. '
CuO +2HCl(dil) —> CuCL+HO
15. [2058.0. No. 14 What happens when NHais passed over red-hot Cu0? 3
» When HN\ is passed over red - hot CuO, CuQ is reduced to Cu and forming N; gas, .

2NH;+ 3Cu0 ——3Cu+N:+3H0 - ; ;
16. Name two important ores of copper with formulae.
> The two important ores are Copper pyrites (CuFeSy) and Copper glance (Cu:5)

17 Give any one method of conversion of cupric sulphate into c-“PfOu;
with chemical equations. . I
» When cupric sulphate is reduced with glucose in the presence of alkali, red PPt of

;
cuprous oxide 15 formed.

Glucose

2[H]

2CuS0. + 4 NaOH 2Na50; + 2HO + Cu0 |

Red ppt

» When copper turning is treated with conc. HNO1 in a test tube, NO; gas is evolved with
the formation of copper nitrate. L.
Cu + 4HNO3; —— Cu(NO3); + 2NO; + 2H:;0
e Brown gas
19. When copper wire is put into a solution of silver nitrate beautiful El‘yns*uls
* deposited on the surface of the copper. What are these crystals chemically? Write the re ,
involved. . ! i3
» When copper wire is put into-a solution of silver nitrate solution, beautiful crystals ¢
_ silver are deposited. ! K.
Cu +2AgNO; — 2Ag + Cu(NOs); : . b
Crystals - A _—— oy g
20. What is the effect of heat on copper sulphate penta-hydrate?
~ Please refer to 2073SetDQNo.20 - : '

21. [2051 Q. No. 7(c) A copper coin is dropped into concentrated nitric acid in a test tube. L (il
» When copper coin is dropped into conc. HNO; acid in test tube, nitrogen peroxidt}.
formed which is brown gas. "
4HNO; + Cu —— Cu(NOs); + 2NO; + 2H,0

Nitrogen peroxide

PRT QUESTIONS ANSWERS (5

: ||11Furiti?5 such as free Sulphuf' ars,
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MARKS]

HORLooe —
@nusewqug,;m oo g N
Z750 Supp- 568 0. No. 29 Howls blster copper Q.No. 26 072 Set b G.No. 26

o.
pxtraction of copper: extracted from copper pyrites?
. ciple: Copper is ext : i
I_,,nclplf - racted majp| _
\rOCeSS: Th{s Process consists of the r):,fltom_. COPper pyrites ore by means of self reduction
C On;gntral:on: Theore s m"r’“-ﬁlted Owing steps;

poasting: It is then roasted jn , Rgm-by Froth floatation process.

oxides @ nd the ore is Partially oxig izedenit and antimony are removed as their volatile
scuFeS? + O2——>Cu;S + 2Fe5 4 oy
scuFeS: + 401 —— Cu;s 4350, + 2Fe0

q“'"ﬂi"s hole

e it T
. Fig: Reverberatory furnace

Solid« harye
franad & coke = oer)

smelting in a blast furnace: CusS
does not oxidize till all the FeS js

oxidized to FeO. Hence, the r
roasted ore is heated in a blast " Worthe:
furnace lined inside with silica in

a blast of hot air. Here, most of

FeS is osidized to FeO and forms _ Steel plate

fusible ferrous silicate slag. * -
2FeS + 302 —— 2Fe0 + 250,
FeO + 5i0: ——> FeSiOy(slag) -
Thus two layers get separated in
the hearth of the fumace. The
lower layer is a molten mixture of
Cu:S and little FeS called MATTE
and the upper is ‘of molten slag.
The slag is separated out through
the slag hole and the matte is
transferred  to - aj Bessemer
converter for Bessemerization.

Lining of hard fire
i ks

Hot air
x B Tuvens hor passiog blast
o bl are iy furmace

-

Slag

Alalien copper-

rrrrrrm

~SCopper matte

Figure: Blast furnace

-
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d. Bessemerization: The matte is heated in a Bessemer converter in a current of air w

the remaining portion of FeS is oxidised to FeO which combines with (SiO;) lining of o ctiont

Bessemier converter to form ferrous silicate slag. Ree cathode G o, b

2FeS + 30, —— 2Fe0 + 2501 Aamtt . Medy oSl
 the anode: Ui+ SO —, cugq

FeO + 5i0; — FeSiOx(slag)

———e  Blue Mlame of burming CO

Acichi or bas lining

Pear shaped Brusemer
unnverter

Refratory, brck liming

L

Tumniom ="

Molten copper

Fig: Bessemwr Converter
When all FeS is converted to FeSiO; slag which is removed, cuprous sulphide beigns to
be oxidised. When about two-thirds of the Cu;S is oxidized to CuO,the latter is reduced
by means of CusS to metallic copper. #
2CuyS + 30 — 2Cu,0 + 250,
CusS + 2Cu0 —— 6Cu + 502
Copper obtained in this way is impure and is called BLISTER COPPER because there are
blisters on its surface due to the escape of SO gas.
. Refining: Crude copper is purified by the process of electrolysis using of CuS04.5H;0
acidified with dilute H:SO, as the electrolyte. Thick slabs of impure copper are used as
anodes and thin sheets of pure copper as cathodes. On electrolysis, anodes dissolve and
thin slabs of Cu-cathodes become converted to thick slabs of pure Cu. Thus, pure copper

is obtained at the cathodes.
DC source Ammeter {

—I[F —(

Impure copper (Anode) e SUEcopperee )
CuS0, sol

Fig: Electro-refining

g tf-"w“. refer to

Black,
iii. Action of NH4OH sol

s
—get E @.No. 29 How is blister coppar coo = — —
(2072 Set C‘-‘Ppeum,d"f.;-— — . —
Its copper pyrite ore? 5]

. Q.No.2 Stanlﬁifw‘rri cop,

(070 8Y o o T i o
e reler o EUESoEagy  OWE oo bistr coppert [
— .

po70 setD Q. No. 29 Write ﬂlepmﬁn___"‘—'—-————-__. =l D O
Sreparation: NS Properties and uses of Biue vitriol 5]
. dissolving CuO,Cu(OH), ,

(A} and C H .

lirate. uCOy in dilute H:50,, filtering and crystallizing the

cu0+ H:S0y —— CuSIO‘q.on
Cu(OH)2 + H2S0« — €us0, 4 211,0
(uCOs + HaS0w —— 1CuS0;+ €O, + 1,0
[y heating Cu with conc, H3:S0,.
Cu+ 2HzSOC4 T CuSOy + 2H,0 + 50,
3 heating CuCl2.2H;0 or Cu(N
o R o i
2Cu(NOs)2 + 2H —_—
2Cu(NOs)2 zsoccmmn&icusol + zH,Io¢ 4NO; + 0,
CuSOu solution —oun—— 450, SHO
s Blue vitriol
Physical properties: * ¢
It is a blue crystalline solid.
It is soluble in water,
Chemical properties:
Action of heat: On heating, it becomes white and anhydrous alt 250°C. The anhydrous

' CuSOy turns blue when treated with water.

_ T . -
CusousHO ST ' oo, 1o, S0 Mo, ST CuO + SO0:
Blue 4 : A white 4
CuSOy ﬂp CuS0.. H:O
white 4  Blue

Action of hot NaOH: When NaOH solution is added to a solution of cupric sulphate, a
greenish biue ppt. of Cu(OH): is obtained which turns black on heating.
CuSO, + 2NaOH — Cu(OH): + Na:SO4
Greenish blue ppt
Cu(OH); —— CuQ+H:0

w‘ o f - .
lution: When NH:OH Solution is added to a solution of

a blue ppt of Cu(OH) is formed which dissolves in excess of

CuS0y.5H;0 in water, -
NIOH solution, to give deep blue solution of tetra-ammino cupric hydroxide
complex, 2
CuSO, + 2 NH{OH — Cu(OH):}  +  (NH):SOu
' Greenish bluep['lm (OH) 4H:0
C OH — [Cu (N : + +{O 8
u(OH), + 4_?'1 l‘ﬂ’l‘u'g o

f J
L]
|
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iv, Action of KI solution: When KI solution is added to a solution of CuSQ, SH,0

potassium iodide is oxidized lo iodine.
2CuSO,y + 4Kl — Cualz] + 2KiSOy + Dl

White ppt Brown ppt J
Action of KCN: When KCN solution is added to a solution of CuSOq, a white PPL. of

V.
cuprous cyanide is first formed which dissolves in excess of KCN solution to form
colourless potassium cuprocyanide solution.
2CuSO; +4KCN —— Cux(CN)2l  +2KiSOs+ GiNa

i White ppt
Cuz(CN); +6KCN — 2Ky [Cu (CN) ).
[ Colourless solution

Uses:

i. Itisused as a germicide.

ii. Itis used in electroplating.

iii. It is used in electric cells.

iv. Itis used in refining of crude copper.

v. Itis also used to prepare green dyes. i

26. Write the chemistry of blue vitriol. : m"‘

~ Please refer to ’
27. Mention the preparations, properties and used of blue vitriol.” . _ 15
= Please refer to -
28. How would you convert copper into blue vitriol? Name any one alloy of each of: _ﬁ

i.  Copperand Zinc. ii. Copper and tin. o
=» Copper is heated with conc. HaS04, copper sulphate is obtained which on crystallization

gives blue vitriol. ’ ’

Cu+ 2H,50, — CuSO, + 2H,0 + 502

Crystallization
CuSO, CuSO. 5HO
Blue vitriol

Alloys of
i. copper and zinc = brass
ii. copper and tin = bronze
2. Write the chemistry of blue vitriol? 151
= Please refer to :
30. How is metal copper extracted from its pyrite ore? How is it refined? Write the action

of it upon:

i. Moist air and ii. Conc. H2S04 ‘ [6)]
= Extraction of copper from pyrite ore: Please refer to

Reaction of copper metal 4

i. Action with moist air: After long exposer to moist air, a green layer of its basic carbonate
is formed over it
2Cu + HyO + COz + Oy —— CuCO;.Cu(OH)

Basic copper corbonate )
ii. Action of conc.H;SO4 When heated with conc. H;50y, sulphur dioxide gas is formed.
Cu + 2H;50y —— Cuﬂ% _:-_SO; + 2H;0

31. [2062 Q. No. 283 Copper sulphate crystal tums white powder on heating. [3]

= Copper sulphate crystal when heated with slowly to 100°C loses four molecules of water

giving bluish white salt. The last molecule of water escapes out at 250°C and white
anhydrous copper sulphate is formed. :

|
|
|

™

Fxposed nn open ale ), jrois
) SN0 = e 1mC 3rC
e 2110 W0, 3100 = Cuso, 1o 20 T (B
= _;_ _Ab_____ _ ________"_".! Huye 0 Bluishwhite =M€ Colourles
5520 No-2 TOWN gas is oblaineq T s O S P
32 OPper s treated with conc. nitric acid. [

= er turning i ;
=W hen fopp mgl|s treated with co
ormation of copper nitrate,

f Oy —
cu+dt INO;y Cu{'l’st()._,}2 +INOy 1 + 5 %o

nc. HNOy, a brown gas NO; is evolved with the

5l_uw|| gas

7o 7016 Coper becomen g
52 Q. No. 3 b e F e
5. B2 _ oo areen when exposed to air for long time.

pg55 Q. No- 31(c)2057 Q. No. 33(b) Write shon -~ e P
14, please refer !o notes on: Chemistry of Blue Vitriol. 51
- i N e
35 E0200- o TR} Ammonlum bydroside i sdded o3 sotaion of coppersuiphate, 51

when ammonium hydroxide is added to a solution of copper sulphate solution, a bluish
white p_pL 2 Coppsr hydroxide is formed which on further combination of excess of
ammonium hydroxide then deep blue solution of tetramine copper sulphate is obtained.
CuS0s + 4NH,OH —_— [C“N{!JA]SOL +4H,0

————____Tetramine copperfl) salphate ;
4 Point out the important processes invlved in the extraction of copper from its
sulphide ore. ! 3 3 5]

_ Please refer to 076 SetB O No 25

LONG ANSWER QUESTIONS

I, Starting from copper pyrite, how would you obtain pure copper? E:plai_riﬁe_sie-ﬁs
involved in the process with necessary diagram for it. Give the chemical reaction for the followings:
i, Copper is exposed to moist air.
ii. Conversion of copper into blue vitriol.
- Extraction of copper: Please refer to 076 Se{B QNo_2q
i, Copper is exposed to moist air: k !
Reaction of copper metal
Action with moist air: After long exposer to moist air, a green layer of its basic carbonate
is formed over it. ;
2Cu + H;0 + CO; + 0 — CuC0y.Cu(OH):
b. Action of conc.H;SOs: When heated with conc. H:S0s, sulphur dioxide gas is formed.
Cu + 2H;50; — CuS0; +50; + 2H:0 . :
¢. Reaction with conc. HNO;: When heated with conc.HNO», brown fumes of NO: gas is

evolved. " 3
Cu + 4HNQ; —> Cu(NOs)s + 2NO;T 4 2H:0

Uses of copper: i .

a. Itis used for making alloys.

b. It is used for making :'_Iefl.rital uten

riol: Please refer to {0570 No 29
e —

ii. Conversion of copper into blue vit = — - O EESELe
{er copper extracted from copper pyrite? How does the metal react with:

[e1+2)

sils.

3. 2064 Q. No, 32 How is blis
l conc. HiSO(¢) conc. HNO3? Mention the Important uses of the metal. [6+3+1]
~ Extraction of copper: Pleaff.e refer to
-
l

v {

LAF]
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Reaction of coppér metal: Please refer o 2066 Q No 3

How is pure copper extracted from “copper pyrite? Discuss Its me!ail_u\rb'}'c;l‘
operations with necessary chemical reactions and diagrams,

[10)
Please refer to 076 Set B 0 No_2§] __ =¥ty " g
Write a method of preparation of blue vitriol. Deseribe its action with h;i;ﬂ
i. ammonia solution till excess
ii. aqueous potassium iodide
Preparation of blue vitriol: Please refer to
Action of Copper sulphate with:
Copper sulphate solution is treated with ammonia, a buish white ppt. of ‘“Pptl'r

hydroxide is formed. On addition of excess of ammonia, the ppt. dissolves ang blue

solution of tetramine copper sulphate is obtained.
CuSO,; + 2NH,OH — Cu(OH): + (NHy):S504
. Bluish white ppt.
CuSO, + 4NH,OH —— Cu(NH),S0, + 4H:0
[Hue (tetramine copper sulphate) X
When KI solution is added to a solution of CuSO4.5H;0, potassium iodide is oxidized (o

iodine.
2CuS0y +-|K|—+Cu:|:l + Z.K:SOI + I!l
firown ppt

White ppt

How is metal copper extracted from ils'sulphide ore? How is it refined?
Please refer to 076 Sel B 0 No 2§ T R A | :
How i blister copper extracted starting from concentrated copper pyrites one? | How.
is it refined electrolytically? . [8+2]

Please refer 1o 2076 Set B Q No 2§

o

RITE SHORT NOTES ON [SMARKS] S Fiiva
4. [2076 Set € Q.No. 33i] [2075 GIE Q.No_33i [2075 Set B Q.No. 23] [2074 Set A @.No. 335

B3] [2073 Set € @ No_33] 2073 Set D @ No. 33] Extraction of blister copper from copper pyrites 15]

» Please refer to (076 Set B0 No 29 2 mi

4a. [7075 Set A GNo_ 331 2070 Se1 C G No. 33 d Chemistry of Blue Vitriol. i (s g BT

~ Please refer Lo 070 SetD 0O Na 29 _ : g
as. 2074 Supp. Q.No_33(] 2071 Supp. O.No. 33d 071 SeL C Q. No. 33 d] Extraction of blister of é{;ppér _{5_]'

~ Please refer o

46. Chemistry of black oxide of copper T T

~ Chemistry of hlack oxide of copper (CuQ)

Preparation:

It can be prepared by healing copper in presence of air below 1373K.

<1373K

—_— 2Cu0

2Cu + O

It can be prepared by heating copper hydroxide, carbonate or nitrale,
Cu(OH); —— CuO + H;0

CuCOy —— CuO + CO:

2Cu(NOy); —— 2Cu0 + 4NOy + 01

I'roperties: '

Hi.

IL1s black powder.
[Lis insoluble in waler,
It reacts with acids to give corresponding salts. ; .

ﬁ .

1l g
can 2 —-—..._r_\_____b CuCl_l e Heavy Matals

+ 1150, L -
cul? s __"‘"A—'—-nh UﬁOi+”n
H__-—.-;«___. Cu{Nn.h ‘o

reduced to metallic .
| s ree Copper wiy
. 1 wO* Hy — Cu+ H,0 h”“‘ Co, NHjete,
¢ n() + CO —— Cu+ COI

“_-“() + 2NHy —— ICu taHzO N

40+ 20 INOY
L

o's:
[ juis used for the manufacture of coloured o
55,

j1 ives green blue glaze 1o glass,

ey |2 MARKS

2076 Set B Q.No. 201 How s ithopone prepared? wrre e o = I
when zine sulphate is treateg wil:b vl animporan apfection.
which is used as white pigment,

sns0, + Bas = ZnS.BaS0 %
e |

Lithopone (Double salt)

o 2076 se::c 0-!@_1 Howis granulated zinc obtained? Write is an important application.
_ Granulated zing_is obtained by pouring of molten zinc into. water which

. lwdrochloric or sulphuric acids.

‘ , [075 SetB G.No. 23 Give balanced chemical equations for the followings.
i. Zinc white is heated with cobalt nitrate v '
ii. Zinc is expased to moist air” '

sincate is obtained which is called Rinmann's green.
2 Co(NOy): 2Co0 + 2NO; +0;
/n0 + CoO —— CoZnO,
Cobalt zincate -
i When zinc is exposed to mois! air, basic zinc carbonate is obtained.
2/n + CO; + HO + O3 =——— ZnC01.Zn(OH):
Basic zinc carbonate

zinc white is heated with cobalt nitrate? Write an application of the product.

| called Rinmann's green. It is used to detect basic radicals like Zn**, Mg**, Al***, etc.

2C0(NOy) — 2Cq0+ 2NOy + 01
/n0O+ CoQ —— .CoZn_O:
Cobaltecate (Rinunm'y grevn), ___ ___
5 [2073 Supp a r-ao_:'1‘|alﬂr;;|:ﬂons for the extraction of metallic zinc from zinc blende.
~ The reaction for the extraction of zinc from zinc blende are:

2705 + :’-01‘_—._ - 27n0 +250,

]

/O + ¢ —»7nt+C0

4 [2074 Supp. QNo. zg" {E’& SelA o,um_z;@fs.}"i GNo. 2_1 What product would you expect when
[1+1]

Zinc oxide is heated with cobalt nitrate, a green mass cobalt zincate is formed which is

: 1)
"”urr_' sulphide, double salt lithopone is obtained

T
lar shape. Tt i ; having,
irregular shape. It is used in chemistry as a source of hydrogen when acted upon by

[141]

. When zinc while (ZnO) is heated with cobalt nitrate (Co(NOs):), a green mass cobalt

(2
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AC 1_- NEB Soluti

5 _ What hippeni s when Zinc white is i
i.  heated ii. treated with caustic alkali. R
’ - :
E i, When zinc white (ZnO)is heated, it becomes yellow colour.
In0 —(—— Yellow colour d 1 . ; » 2

ii. When zinc white (Zn0O) is treated with’ caustic alkall (N‘\OH), Sodlum zincate is"

obtained. . &

Zn0 + 2 NaOll — = NaZn0, + HO e
Sodd. zincate

7. [0735etD GNo.21] GNo. z ] Give the 1 reactions for the !ltl‘ll‘-llﬂﬂ of metallic zinc from zinc hlende__*_"ﬁ

. Please refer to QoT3 SuppONo 21 ) }
e bl i
8. [072 SetE Q.No. 20] What happens s when Zinc is exposed to moist air. ﬁ_i!

= Due to the formation of a protective layer of basic ZnCO; over zinc surface, zinc bemma;
dull in moist air.
Zn + CO: + H:0 —— ZnCO3.Zn(OH)2 + H:0
er zine G carhnmte i o
B072 Set E G.No_ 20 What What happens when White vitriol is strongly heated. N
When w hlte- \ntno] is heated upto 100°C then zinc sulphate monchydrate is ublamed
which on further heating at 300°C, only zinc sulphate is formed and agaln on hanhng
above 800°C then zinc sulphate is decomposed to form zinc oxide.

ssniio T . zetivio 2T Zes0 P, zn0+50,+0;" /-
_ zinc sulphate zinc sulphate zinc oxide ¥ by
" Monohydrate i
10. 072 Supp. Q.No. 23 Starting from metalic Zinc, how would you prepare white vitriol? :
™~ When zinc is treated with dilute H1S0;, aqueous solution.of zinc sulphah: (ZnSO.) g:«
obtained which on crystallization gives white vitriol. - : £
Zn +dil. H:S0; — ZnSO;+ Ha 1 .
Crystallization : Pl R : ey
ZnS0, (aq) _ s ZnS0THO
White vitriol 1
1. 4 What is Rinman's green? Write its important uses. [1#41]
» Please refer to 1
12. 2071 Supp. G.No. 23 Howiis Rinmann’s green prepared? Write its one important use. [1#1]
1 Please refer to 2 — 3.
13. 971 8+1C Q. No. 23 Give a correct balanced chemical reaction for the preparation of irl]
a. White vitml 5. |
b. Philosopher's wool
w Preparation of
a. White vitriol: It is prepared by reacting zinc oxide with dil. H:SO.
Zn0O + HSQy —— ZnS0; + H:0O
b. Philosopher's wool: It is prepared by healing zinc carbonate.
ZnCO; —— Zn0O +CO; g
14. What happens when zinc white is: U]
a. heated with cobaltnitrate "
b. dissolved with caustic alkali
- :
a. Please refer to
. J '

U

=

0.

=

o

ﬂﬂno Wnle ction
ws,chNo a °"°’h i
. zﬂhcn white vitriol is he m"“"ﬁltumiol

— - What happens when; 57— ————

Metallic zin is dissolved in hot conc. NaOH.

: _ g What happens when zinc white is heated?

19, (2059 (Set B) Q. No. 201, 1 Write the e R

Heavy Metals 417

(yhen zinc white is dissolved wiyy, &

auslic
/ WO 2NaOH Na:Zn0, + 0 alkali, sodium zincale is obtained.
’ < Sad 1"|nc;||.

Fﬂﬂ How Is Rinr s P
70 5Y 2. minn S green —. .
ase refer t Prepared? Giva its one nsortant o

ple i 2

0]

ated upto 10gec
then zinc sulphate monohydrate is obtained

on further heahng at 300‘(:

W hich only zin s
ho‘,p 800°C lhel!::]i{nc sulphale is ¢ i dt:';::ale is formed and again on heating
pose m z,
m@.?m —_— SO M0°C -, o u::‘::de
! IO S0+ (0
7inc ’“If'hlk ! ——— *ik
Munollydrm * ainc sulphate zine owide

Zinc whlle is heated With cobalt nitrate, T

i
i, Metallic zinc is dissolved in hot cone. NaOH,

zinc white is heated with cobalt Nitrate,

Itis heated with cobalt nitrate to form a green mass cal
2CoNOs)z —— 2C00+2NO,+0; -
[no + COO — COZnO;

led Rinmann'’s green.

yhen zinc is dissolved in hot and conc. NaOH then sodi
evolution of hydrogengas. .. _ en sodium zincate is obtained with the
In»}l\nOH NagZnOs + Hs
R
Sod. zincate

When zinc whlte is heated, it Incarnu yellow colour.”,
200 —Yellow colour ‘ fy

i. Fhalosopher's wool
ii. Rimman's green :
jiii. Calamine et T 3

Philosopher's of wool (Zn0) |
Rinman's green (CoZn0,)

. Calamine (ZnCO) 1

2063 Supp. Set B Q. No. 20, Kow'would you obtain white vitriol from 2inc? td]

Zinc metal is treated wllh dil. H1504. zinc sulphate is obtained.

Zn + H:50; —— ZnS0;+ H;

The solution of ZnSQy on evaporahm and tryslalhzahon helow (312K) gives w hite

crystal of ZnS0,. 7 HiO
Evaporation

ot
| Zn80, 710,
at crystallization point 2

l\"h'll" P

/050 (aq.)

0]

i. Phllusopher'l\wﬂ'.
ii. Calamine. .
' 4
_!;

—

-

e

=
-
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i. Philosopher's of wool (ZnO) - t
ii. Calamine(ZnCOY R _‘____-—;‘ i
':»-i.u- What is the action of heat on white vitriol? : ‘n']‘
~ Please refer to o & ——
23. 2087 Q. No. 19 Why do zinc become dull in contract of moist air? { i

~ Please refer to p072 SetE Q.No 20§

2 Name one important use of each of the followings: Zinc

~ Itis used for galvanizing iron.

26, Gi;r;t-h_e_ balanced chemical GI!I.‘I'“DI‘I: j T
Zinc is dissolved in hot and conc. NaOH solution. _ - n

~ Zinc is dissolved in hot and conc. NaOH solution. 3 g x
i

Zn+ 2NaOH . NaZnOy + 1L
v Sod. zincate

[ — i T
26. (064G, No_ 1§ Write an important use of each of following substances: a

i. Calomel ; >

ii. Green vitriol

iii. Zinc white j
~ "
i. Calomel: It is used for making calomel electrodes.
ii. Green Vitriol: It is used in medicine
iii. Zinc white: It is used as white pigment. . .

. _Whal happens when: Zinc oxide is heated with cobalt nitrate.
~ Zinc oxide is heated with cobalt nitrate, a green mass cobalt zincate is formed which js
called Rinmann’s green. ; .
2Co(NO3); ===+ 2Co0 + 2NO; + 02
ZnO + CoO0 —— CoZn0;
Cobalt zincate . =

I\'ﬂ'ite the formulae of the following ores of metals: r]]
i. Magnetite
ii. Calamine
~ Formulae of
i. Magnetite: Fe;Oy : 1o e
ii._Calamine: ZnCO; - SRR O
29. Write an important use of each of the following substances: White vitriol -~ [2]
e o R i e e on of Athopone:s papiilar winis Pric Ly
3o. Write the name of two ores of Zinc with their molecular formulae. * - 'Y

» The two ores of Zn are: .
Zinc blende (ZnS), Calamine (ZnCOs)

. What action takes place when aqueous sodium hydroxide is added to zinc sulphate
solution drop by drop tiil excess? B (1]

» When sodium hydroxide is added to the solution of zinc sulphate a white ppt. of zinc
hydroxide appears which dissolves in excess NaOH forming sod.zincate b
ZnS0y + 2NaOH —— Zn(OH)2 + Na;S0,
Zn(OH); + 2NaOH —— Na:Zn0; + 2H:0

Soud. zincate - | .
32 Nar_ne_tivu ores of zinc with their formulae. - _ IS )]

™ Please refer to 2061 Q. No. 18

Hoavy Metals 4139

| “,'75‘01 solution.

| Y 4SO — ZnS04 + Cu
Tt et i, S

| e o b iy T

|4 &= s not considered as a hansilionelementduﬂ . -

n 'III::S completely filled d-orbital, 3dogs2 - Ot fallasving propertien

[ “Poundsare colourless,

: 5 col i .
[ hows gnl}- one oxidation state 42,

I [ Lt _— & X
il = o Write acti e e i it i i e P
|;5. 5720. No.61 °"°’°°b'“""ﬂhheaondn;uu, [

| > Heat on ZnO: When zinc white is heated, it becomesye[lowcolnur,

i 0 _——=Yellow colour

. cobalt nitrate on ZnO: It is heated with cobalt nitrate to form a green mass called
| i ginmann’s green. . ;.
| 5Co(NOs)z — 2Co0+2N0, +0,

700+ CoO — CoZn0,

Rinmﬂn‘sw
g5z o.7] How wil youoblai cystals of white ior? Give a chemicalreacton. 12
HI It is prepared by heating ZincZinc oxide,Zine carbonate or Zinc hydroxide with dilute
y SlJ|r,|1un'c acid. . c o |

7n + HSO0s — ZnS0; + H,

7n0 + H:504y = ZnS0; + H0
7nCOs + HaS04 — ZnSO,+CO, + H,0
Zn(OH)z + H;S0y —— ZnSO, + 2H0

The solution of ZnSOs on Wﬂpoj‘ﬂﬁon and crystallization below (312K) gives white

crvstal of ZnSO.7H;0 :
’ Evaporation
7000 (ag.) ZnS0 7HA
' at crystallization point

SHORT ANSWER QUESTIONS [5 MARKS] ‘ T 24

+7. 971 Supp. G.No. 2 How s zinc extracted from zinc blende? 151

« Most of zinc is extracted from zinc blende ore by carbon-reduction process.
Principle involved in the extraction of Zn: Zinc is extracted from zinc blende ore by
means of carbon reduction process, This process consists of the following steps:

Concentration of the ore: The ore is concentrated by the froth floatation process. ;
¢: The concentration ore is roasted in a

i.
ii. Roasting of the ore in a multiple heath furnac Tl entral
hot air in a multiple hearth furnace when it is oxidized to its oxide.

27ZnS +30; — 2Zn0 + I'EOJI
iii. Reduction of ZnO with cokein a vertical retort furnace:

Zn0 + C — Zn+ COT - :
apo Zn and CO come aut from an outlet present
:ul:sqi;pfvizc;fa: then bubbled under water .Zinc vapours condense under water to

for solid zine which is called spelter and CO gas escapes out.

below the top of the

o
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Changing door ;
L Silienn carbie bricks

Condenser
Washe gases

—  Spelier trapping hole
Producer gas + air — : rping hole
e Heating jacket

——  Roashed ore and ke

—=  Bumt gases

Residue (ash)
Fig: Vertical retort furnace

iv. Purification: The spelter (impure zinc) is purified by EI?('trOl)sjs using Zn
solution acidified with dil. H:50; as an electrolyte. The thick slabs of spelter zine je
suspended in the electrolyte and are connected to the positive’ termlnan' of a ba;i h'

and thin sheets of pure zinc suspended between the anode act as cathode as lhey
am :

connected to the positive terminal. On passing current, anode of impii
dissolve and pure zinc gets deposnted on the calhode Thus thick slabs fp e
are formed at the cathode. . puwm
Atanode: Zn — Zn** + 2¢-

Atcathode: Zn** + 2ee —— Zn
DC source

Ammeter

’HH_- . —(

Pure Zinc (Cathode) ~

Impure Zine (Anode)

ZnS0y solution

Fig: Electro-refining

. Give the chemistry of Zinc white. ~~ [§

w Preparation: . !

i. Itis prepared by the combustion of zinc in excess of air by calcinations of zinc carbonate,
zinc nitrate or zinc hy droxlde

Ny — 2/ Heavy Metals S
m* k A

pRaL __—-‘—v 0+ Oy |

:_’;”[N(‘J-}: T RV"L)*"INO_‘ A0,
P eIDE T 7n0) + |10

gic cal Prgperlles
l'“‘| ;s white powder.
b Lis very light.

|
" is insoluble in water,

{emical properties )
\mPhotcnc nature: [t dissolves holh is acid as whil
i HLS0, 2050, 4110 i ﬂ!-well as strong base.
,’,-.U + 2NaOH . —— Na;ZnO; +H,0 i N '
“eated with reducmg agent: It is reduced to'metallic zinc wllen heated with reducing,

;15}.(‘“
/"0+C—'-"ZI'I+C0 i ; d
/I,0+CO—~Zn+COZ e ¢ b
/|1O+”2_'Z“+Hzo ;
jii. with cobalt nitrate: It is heated with coball nitrate to form - a gmm mass called
Rinmann’s green. w ' il _

2Co(NOs)y —> 2C00+2N01+02 % - _'--
Zn0 + CaO _"_ CoZnOZ - J
Uses: e gy
Itis used as whlle pamt
_ [tis used as medicine and surgical dressing, ]
ii1. Itis used to prepare Rinmann's green.

1. m 067 Q. No. 27] Starting from zinc blend, how would you obtain pure zinc? What is  galvanization? Bl
~ Extraction of zinc: Please refer to $

Galvanization: The prmess of deposmng a thin fayer of zinc over the surface of iron is

known as galv.mlzauon ¢ 4 _ _
m 2066 Q. No. 27) Write the chemistry ¢ of white e vitriol. 3
~ Chemistry of white vitriol Zr601 ?H;O £

Preparation - ]
i. Itis prepared by Iu-ahng eru:. Zinv oxide, Zinc carbonate or Zinc hydroxide with dilute

sulphuric acid. 2
Zn + H.50; — ZI‘ISOH‘Hl ]
Zn0 + H,50; — ZnSO;tH;O
ZnCOy + H2SOy _—— ZnS0;+COx+H:0
Zn(OH)s + HiS0; — ZnSO4 +2H:0

The solution of ZnSOy on evaporation and ¢
crystal nI'Z|_1904 ?HzO

Znﬁ’.hlml ) at crystallization point

' hyronsting, zine blende (ZnS) at high te mpumuu-e i.e. 903K
W At K

708 +201 | ——r

rystallization below (312K) gives white

g ation
Byaposa 2050, 71O

i ltis also prepa
B S0
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LIt is colourless, efflorescent crystalline solid.
i, Itis highly soluble in water.
Chemical properties:
i. Action of heat: When white vitriol is heated upto 100°C then zine sulphate monohydp,
is obtained which on further heating at 300°C, only zinc sulphate is formed and agam!l’e
heating above 800°C then zinc sulphate is decomposed to form zinc oxide, 4

>H0EC
—

zosozn:0 _10°C | znson 41O L]L_. 750, 700+ 504+ 0,

zine sulphate " zinc sulphate zine oxide

Monohydrate
ii. .Action of NaOH: When sodium hydroxide is added to the solution of zjne sulphate
white ppt. of zinc hydroxide appears which dissolves in excess NaOH Iormma
sod.zincate, X 5
ZnS04 + 2NaOH —— Zn(OH); + Na;SO;
Zn(OH)z + 2NaOH ——— NaZn0; + 2H;0 ’
i. With barium sulphide: Zinc sulphate reacts with barium sulphide to give I:thupone
ZnSO4 + BaS —— ZnS + BaSOy
iv. With sodium carbonate: When sodium carbonate is added to the solution of zing
sulphate, a white ppt. of basic zinc carbonate is formed.

4ZnS04 + 4NayCO, + 3H:0 —— ZnCO;. 3 Zn(OH)2 + 4Na,S0, + 3CO,
Basic Zinc carbonate

Uses
i. Itis used as eye lotion.
ii. Itis used for preparation of lithopone.
iii. It is used for zinc plating.
- Itis used as d as mordant dye

#1. G965 O_No_27] Explain the principle a and process sketching a well- labelled dtagram for the extraction
of zinc I’rorn its ore. What happens when zinc is exposed to moist alr? : [51'

> Please refer to BT Sugp 0o 79
B _Z"“ is e"Pﬂsed to mo:st air: Please refer to [072 Set E Q.No. 20] *

a2 J Write short notes on Chemistry of White Vitriol. 0]
= P]ease refer to ¢ I
43; Wn'tg‘ two chemical reactions for the pre;_:a_rat_ion_ of Zinc white, and Justify its
amphoteric nature by giving suitable chemical reactions. Write its one important use. [5]
@n Preparation of zinc white: :
i. It is prepared by heating zinc with oxygen.
Zn+0; —— s 270 .

ii. Itis prepared by heating zinc nitrate.
2Zn(NOWz — o 2Zn0+4NO» +(h
A

Amphoteric nature of zinc w!ule i.e. ZnO: It dissolves hoth'is acid as well as strong
base. :
ZnO + HyS0y —— ZnSO; + H,0
ZnO + 2NaOH —— Na;Zn0; + H,0
Uses of zinc white: It is used as medicine and surgical dressing,
"

. |

W How s 2 Zinc e:lricied frorn m;‘; —ooa N "_'"_"_ &
* 1']1\1-‘" refer to —m :m 4 151
i _27] Write the preparation | B
zgaNo.2 preparation, prq - - . -
p [zrll e refer o ES O o 7] Perties and uses of white vitiol, 5]
. 5 Desciibe the AR B et
TICED e AP et actonof o o Bende. ]

ﬂs Q. No. 2 Name the im imporu"[ o

ot er the chemllﬂybfwh!en:ltnofﬂu Dnmh' Be waclon of foee it
t £ _ 10,

. mportant ores o zinc: P|ease|-efert0 [10)

Extraction of zinc: PIease refer to p677 Supp

Chemistty o7 WLe 2o Plese efer o Gsa s O i

RITE SHORT NOTES ON

48 @WSMBQM“. 35'“0!0 334 2070 Supp. 0. No. 33 d RoT0 Set D Q]
o33 3 (2069 Supp. SetB . No. 333@:@:“ No_31(cjChemistry of white vitriol. [5]

Please 1€ sfer to
1@&_& No_33 1 069 (Set A] O No. 3 ¥ 2068 Q. No]
71 Extraction of zinc from zinc blemle 5]

. Please refer to 7T Sip OWe 7

50, [2072.5et D Q.No. 5 Eljism:u NonQChemhtryofzmcvmh P 15]
- Please refer to [2069 Set B Q. No. 29 OR

51. [2080 Q. No. 3101 Extraction of zinc. - %
_ Please refer to 071 Supp QNo 2§

18.3 Mercury

ERY SHORT ANSWER QUESTIONS [2 MARKS]

7075 GIE Q.No, 20 [2075 Set A Q.No. 20 How i Nessler's reagent prepared from cun‘usm sublimate?

l " Give a Laboratory use of Nesslers reagent. [1+1]
\When Kl is added to mercuric chloride solution then a scarlet ppt. of mercuric iodide is

formed which is dissolved in excess of KI to form a complex potassium mercuric iodide

| i.e. Nessler’s reagent.
gCly + 2KI —— 2KCl + Hgh
Scarlet ppt

Hgla + 2KI — KaHgly
| Excess _ Nessler's reagent
Use: It is used for the det the detection ofa ammonium salts in the laboratory.

d through the aqueous solution of
2 m [2075 Set B Q.No. 20 What happen when ammonia gas is passed through the aq -

i. Corrosive suhllmm ii. Calomel

i, When ammonia gas is passed through the
basic mercuric ¢

(HgCly), a white ppt of ammono
HgClz + 2NH, ———> Hg(NHCl * NHLCI :
Ammonobasic mercuric chloride

White ppt

aqueous solution of corrosive sublimate

hloride is obtained.
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. When ammonia gas is passed through the aqueous solution of calomel(Hg.Cly), black

mercury and mercuric am ido chloride is obtained.
Hg:Cl + 2NHy —— [Hg + Hg(NH2)Cl] + NH,CI
) Black [ Mercury and mercuric amido chloride]
' - How would you convert calomel into corrosive sublimate and vice versa m

suitable chemical equations? [141)
~ When corrosive su_hlimate is heated with mercury then calomel is oblained. Calorme] o8
strong heating gives corrosive sublimate. s
HgCl, + Hg — HgaCla
Corrosive sublimate Calomel

Strongly heat

HgCl: + Hg
Corrosive sublimate

el ool of oo preptiie o i
[1#1]

HgCl:
Calomwl
4 [0725etC ONo. 20
happens when calomel s treated with ammonia solution?

£ Preparation of Calomel (HgaCha):
Itis prepared by treating a solution of mercurous nitrate with HCI or NaCl,
Hgg (NO\}: + EHCI e Hg:Ch + 2HNO;
Hgz (NOi): + 2NaCl ——— Hg:Cly+ 2NaNO»
When calomel is treated with ammonia solution, black metallic mercury and mercuric
amido chloride is obtained. . ! : B " -
Hg: Cl; + 2 NHy —— [Hg + Hg (NH2) Cl] + NHLCI

Black :

5. What happens when Corrosive sublimate is:
i. treated with excess Kl solution? A )
ii. heated with excess SnClz solution.

[1+1]

b S
i. When corrosive sublimate is treated with excess Kl solution, a complex potassium

mercuric iodide is obtained which is called Nessler's reagent.
HgCl + 2KI—>2KCl+Hgly =~ ;
Hgh+2KI—5> KHgl, .. o
Nessler's reagent .
ii, When corrosive sublimate is heated with excess SnCl, solution, metallic mercury is
obtained , : gt
2HgCl, + SnCl, ——> Hgz Cla + SnCls : o

A

Excess ) i
i

Hg:Cly + SnCly———> 2 Hg + 5nCl4
Metallic mercury

gers Write an important use of corrosive sublimate

# Itis used in agriculture for fungicide.

7. Eo71 Supp. N 21 Write an important use of calomel
= Itis used for making calomel electrode. Lo

. Write an important use of each of the'folav;;as:
b. corrosive sublimate
d. calomel’ ‘ Fhech ; 2
w Use of:
a. Corrosive sublimate (HgCl): It is used to prepare Nessler's r;agt'nl, ¢
b. Calomel (Hg:Cly): It is used as fungicides.

|~ joisoningand a medical condition caused

‘ formed which is dissolved in excess of KI to

} Hgl + 2KI —— K;Hgls
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: =5 No. 21| Given a balanced gheis ~ ~ —— = -—— — —— - ey
W Kl solution? emical equation for the preparation of comrosive sublfma[t;].
ha

trong healing giv ;
s gmel o0 5! 2 £, BIVes corrosiy .
calo! strongly heat e sublimate,
il 1 — —  HgQy + Hg,

Corrosive sublimate

a.

1"
p .Ilr‘,nn_'f
2 siv i ; o ’
f‘(uo.n t-]fl mn“;los:a:I:: . Ilm:'e Wlth.l([ solution: When K| is added to mercuric chloride
golution (R0 & PP 9 mercuric iodide s formed which is dissolved in excess of KI
1 a complex potassium mercuric jodide i.e, Nessler's rea gent.

o form
1oClz 4+ 2Kl —— 2KCl + Hgl,
He Bt
g+ K1 ——> Kiigl
B Excess Nesslor's reagent
— T e T
@?ﬁ@mﬂthmMmesmm t)]
10. Sjoase refer to
2

‘; 205'9_50,Sal.BQ.P_lo,ﬂwhﬂhmbym;mrmW

Nercury polsoning (also known. ash drargyria or mercurialism) is type of metal
T expdsure_fo mercury or its compounds.
rcury is @healy metal occurring in several forms, all of which can produce toxic

nMe )
offects ip__fli_gh enough doses.

12 B nssrs <t A] O. No. 21| Howis corrosive sublimate converted info calomel and vice-versa? [
| pleasereferto : -
o AN e S i

" How s Nessler's reagent prepared? Give its one use.
.. Please refer to : '

= Give the molecular formula of: Nessler's reagent
-« The molecular formula of Nessler's reagent is K:Hgli (potassium meir_u_l_'if iﬂd_l#_t’_];_____
U]

15, [£955.0.No_ 18 1] Write any one use o each ofthe folowing: Calomel

- Calomel; Itis used for making medicine. (- e R
: Corrosive Sublimate reacts with excess Ki

ey Give the balanced chemical equation: -

solution. e
« When KI is added to mercuric chloride solution then a scarlet ppt of mercuric iocide
form a complex potassium mercuric iodide

i.e. Nessler’s reagent. .
chl; + 2K —— 2KCl+ Hg[z )
Scarlet ppt

)|

eXCess Nessler's reagent

e
[ 4 £ Mercury with aqua regia. y _
| 4 Wrihmuctiono 4 '::of HCI and HNO», mercuric chloride i.e.

~ Mercury reacts with aqua regia ie. 31 ma
corrosive sublimate is formed.
HINO; + 3HCI —> 2H:I0+

— HgCh ) b -

Ilg+2[(;ll D e Bi i w4
ot use of gach of the following substances: 4

10, (057 No. 701 Write s Important use
i imate
o [t is used for preparin

g Nessler's reagent.
~ Corrosive sublimate:
p
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-“;h_at Fa;;per;s Mer_l_HiCh is allowed to react with SnCl:?
. Mercuric chloride is reduced to mercury by stannous chloride.
2chlz +5nCly — ]{g:C!: +SnCl
Hg-Cl, + SnCly —— 2Hg + SnCh__

20. 2058 G No.29 ﬁ{ﬁ;};ns when mercuric chloride reacts with excess of Kl solution?
» Please refer to 20650 No 20 iq
SHORT ANSWER QUESTIONS [5 MRKS

21, [2076 SeLC G No. 26 Write the chemistry of corrosive sublimate.
# Chemistry of corrosive sublimate:
Preparation:
1. Itis prepared by heating mercury with chlorine.
Hg + Cla — HgCl:
2. ltis also prepared by
HNO, + 3HCl — NOCI1 + 2H:0 + 2C1
Hg +2C1 — Hg Cl:
3. Itisalso prepared by treating mercuric sulphate with sodium chloride
HgS0, + 2NaCl — chb + Na:S0, 3
Physical properties
1. Itis colourless crystalline solid.
2. Itis slightly soluble in water.
3. Itis extremely poisonous.
Chemical properties
1. Action with SnCl3: .
It reacts with SnCl: to give SnCly 3
2HgCl, + 5nCl;— HgCl; + SnCl, y g
Mercuric chloride Mercurous chloride i
2. Action with KI solution:
It reacts with Kl solution to give scarlet ppt of mercuric iodide. When excess of KI
solution is added, ppt dissolves due to the formation of complex potassium mercuric ic
iodide
HgCl; +2KI —= Hgly ! + 2K
Scarlet ppt \
K:Hgls -
Potassium mercuric iodide ’
.(Nessler's reagent)
3. Action with NaOH:
It reacts with NaOH to give vellow ppt of mercuric oxide. b -4
HgCl, + 2NaOH — HgO + 2NaCl + H:0 &)
(Yellow ppt) 5
4. Action with ammonia:
It reacts with ammonia to give white ppt of ammonobasic mercuric chloride

———

a

—

B3]

treating mercury with aqua regia (1:3 vol. of HNOs and HCI) :

Hgl; + 2KI —

HgCl; + 2NH;—  Hg (NH3) Cl + NH.Cl . =7 -
Ammonobasic mercuric chloride 5
(White ppt -
Uses: o '-'l-:‘
1_ It is used in agriculture for fungicide. .!'

ii. Itis used in button cells. '
i Itis used in prepare Nessler's reagent. -

'S

R .

b Heavy Mainis [l

5 aMNo.2 .E‘Phll.\ the proces m cinnabar,
1 Sy called quick silver? process of extraction of mercury fro oo
# W“’_ilion of mercury: '
L ot important ore of Hg s cinnabar (Hgs),
The!
paction: Hg is extracted from cinnabar ore by carbon reduction process. This process
B sts of the following steps: _
ration of cinnabar by froth floatation process: Cinnabar is a sulphide ore and
is concentrated by froth floatation process.
of the concentrated ore: The concentrated ore is roasted in air when it gets

l-‘\|1
L'ullc"n‘
il

. et

Sling f |
P Ro? jized 10 HgO and portion decomposes to Hg and O,
;|\li‘|r~; . 308 . » 2HgO +250:) '

P 2Hg +O:1
21R A

- elting in a shaft furnace: The roasted ore is mixed with coke and the mixture is
Tnlml in a shaft furnace to about 1000°C. Under this condition, HgO gets reduced to Hg.

£ ) i
o + C—= Hg + O .
-1'1-:0 vapours of Hg and CO are led into a tank containing water where mercury vapours
denses to form liquid mercury. ] i
- . Ore + Charcoal

con

Blast of air

1 Water
2 out

Fig: Shaft furnace
ins some solid as well as soluble base-meta

Is impurites. It s
d. Purification: Mercury conta

purified in following steps: Al
Filtration through chamois leather: lmm metcu r
leather bag when mercury filters out and soh:l lmpu::i :
ii. Treatment with 5% HNOs: The ﬁltefa‘l Hg ﬁ::aH ::)E

the base metals impurities dissolve d:dtl\(): t Hg

i ter and

separated, washed with wa (IBPre . Mo

iii. Distillation in vacuum: The dry mercury s distilled in ¥

is obtained.

is filtered through a chamois

es remain in the bag.

th 5% HNO» when most of

not dissolve. This Hg s
.

erv pure Hg
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M

v————————— Impure mercury
7

3% NHO,

i_q...__ Pure mercury

Fig: Purification of mercury

Mercury is called quick silver:

Mercury has long been known as quick silver, because it is a silver liquid. The
symbol ‘also reflects this property. The symbol, Hg, comes from the L
hydrargyrum, meaning "watery silver."

chemiCaJ
atin term

— RPN ey - N
23. 2073 Supp Q.No. 25 [2073 Set C Q.No. 25 Write down the chemistry of corrosive sublimate. [ﬁ
> Please refer to R073 Supp Q No. 2§ :

24. 2070 Set D Q. No. 28 0 How is mercury extracted from its ore and refined? h*“ﬁ
= Please refer to po7a Supp Q No_2§ '

25. Ro7o :Sup[..'.:. Q. No.‘z—s?)??éxplain the process of extraction of mercury from its or-_—_‘[ﬁ
x Please refer to 072 supp. Q.No. 2§ -

;sf_@fﬁe_ic—d.;c;ﬁ B06S (Set A) Q_No. 23 OR] How is mercury extracted fro;a;n;i;r?_&_—' P o
= Please refer to 074 Supp. Q.No_2§ ' '

27. [2069 Supp. SetB G No. 29 0 How is mercury extracted from its ore? iiﬁ

= Please refer to 2074 Supp. Q.No. 2§ -

28. Write one method of preparation of HgCl» and Hg:Cl, of each. What happens when an
aqueous solution of HgCl; is treated with: . 5]
i. an aqueous solution of KI . ‘ : ~
ii. anaqueous solution of SnCl, '
What peculiar behaviour does mercury have?

>~ Preparation of HgCl,: Mercuric chloride is prepared in large scale by heating the
mercury in a current of chlorine. - ‘ '

Hg + Q. —_____, HgQ:
- A

Preparation of Hg,Cly:” Mercurous chloride is prepared by treating a solution of
mercurous nitrate with HCI or NaC] .
Hga(NOs); + 2HCI —— Hg,Cl, + 2HNO,
Hg>(NO3)2 + 2NaCl —— Hg,Cl, + 2NaNO; i
i. WHen KI is added to mercuric chloride solution then a scarlet.ppt of mercuric iodide is
formed which is dissolved in excess of KI to form a complex potassium mercuric iodide
Le. Nessler’s reagent.
HgCl, + 2KI —— 2KCI + Hgl,
Scarlet ppt
Hglz + 2KI —_— Kzth '
excess Nessler's reagent
it.  Mercuric chloride is reduced to mercury by stannous chloride.
2HgCl; + SnCl, —— Hg,Cl, + SnCl,
Hg>Cl, + SnCl, —— 2Hg + SnCl, : _
Peculier behavior of Mercury: It can form alloy and called amalgan.
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@;@W"‘e short notes on chemistry of calomel

) o i 4

b lwpamlmn. " : K B ? ith HCI or

~ tercurous chloride {s prepared by treating a solution of mercurous nitrate wi

[ ! : ¢
NaCl tol

Hpa(NOs)2 + ZHCl_'I'—_—-b Hg,Cly + 2HNO,
\ "1‘»3{{\!0‘)2 +2NaCl - —— ngClz + 2NaNO;

' Mercurous chloride s pre

“ed by i i i € erCul}‘ and .
p‘ hEa ““g i l‘nlxtul‘e Of mercuric Sulphdte , M !
common Sdlt. ) ¢

HpSOs + 2NaCl +.|Hg‘—-—+ Hg,Cl, + N32504
i Mercurous chloride is prepared by p

assing.sul-phur dioxide through the solution of
mercuric chloride, _ e
2HgClz + 2H,0 + S0; —— HgClz + H,80, +I‘_2HCI
Physical properties: X 2 g b b
i Ilis anamorphous and colourles

s white powder,
n. ltis non poisonous. . g

il Itis springly soluble in water.
Chemical properties:

i. With conc.HNQg". It dissolves in hot and conc. H

3Hg,Cl, + 8HNO; —— 3HgCl, + 3Hg(N03]2 +
With aquér_egia: It dissolves in aq'uaregia to for
3HCI + HNO3 —— NOCI + 2H,0 + 2] - -
ngclg +2C] —— HgCl,

With ammonia: ‘When -ammonia gas is passed throu

NO; to give mercuric chloride.
4H,0 + 2NO . .

N mercuric chloride.” -

ii.

iii.

mercury and mercuric amido chloride is f

gh calomel then black metallic—
ormed. ' *
ngClz + 2NH3 —— [Hg _+ Hg(NHz)Cl] + NH;Cl 4 '
-Black [Mercury and mercuric amido chloride]

iv. Action of heat: It decomposes on heating into mercuric chloride.

: Hg-Cl; -__;1—_* 2Hg + HpCl '
V. With SnCly: It is reduced to mercu ry with SnCl,.

SnCl; + HgaCl —— 2Hg + SnCl,
Uses: WL

1. Itis used for making medicine.

ii. Itisused for making calomel electrode. , -5 5 ;
30, oss Q. No. 31 i] Describe chemistry of calome| T R s s
= Please refer to '

. . P _--_-____“-_'_—
s : . _ [5]
31. 2064 G No. 31(il) Write short notes on Extraction of Hg h__“““‘““‘-“\
= Please refer to 2074 Supp. Q.No. 2§ ‘ 1 . 5]
32. Write two methods of preparation of corrosive sal_)‘li‘n:;t_t;.“Ghi\Eﬁit; action o
(a) excess of Kl and (b) NHs. . .1t actiop upon. [Ei
w  Two method of Preparation of corrosive sublimate:
i. Mercuric chloride is prepared in large scale by healing the vk :
chlorine. . ' F 5, cury in i
7 3 11l llt Qf
4 l‘lg + Ch —-T——b gelz
_ii. Mercu

ric chloride is prepared by heating a Mixture of Meroys -,
- Ic sy
salt. : Iphate with,

1
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HgS0, +2Nacy —— & HgCh + NasSO),
A
Action of corrosive sublimate upon:
a. Excess of KI: When KI is added to
mercuric iodide is formed which
potassium mercuric iodide i.e. Ness|
HgCl + 2KI —— 2Kl + Hglz
Scarlet ppt

Hglh + 2K|— KaHgl,
excess Nessler's reagent

- NHs: When ammonia gas is passed through mercuric chlorid
amido chloride is formed.

ch[: + 2NH; —— [Hg(NH;]C” + NH,Cl

mercuric chloride solution then scarlet

is dissolved in excess of Ki to form 5 e
er's reagent, 3

e white ppt of mercyric

o ————— ... . LYY SON ) | SR E¢

3. How is mércury extracted from its ore? e
> Please refer to ! g
34, How is calomel prepared? Give its important properties & uses, ""'"“‘[;i-
= el BEREY i 2 .

35, Briefly describe the metallurgy of mercury. _—'_‘“-ﬁ-
= Please refer to !

g A
RITE SHORT NOTES ON :
36. 2076 Set B Q.No. 33i] [2071 Set D Q. No. 33 d 2069 (Set B] Q. No. 3?&‘&63&50?&5?&%
cinnabar

[

> Please refer to FreSiGHeA 5 ;

37. 2072 Supp. G.No. Y] 065 Q. No.31 1] 2063 0. No. 31(1] 2055 G. No- 37(d] Fosz 6 s
15

Bi(b)Extraction of mercury.
» Please refer to

38. 2072 Set E Q.No. 33i] 2061 Q. No. 31(i) 2056 Q. No. 31(b) Chemistry of calomel. PR

Bl
= Please refer to

39, Chemistry of corrosive sublimate . 0]
™ Please refer to 076 Set C 0.No. 28] ' Ly
= el e
40. Purification of mercury : 5
™ Please refer to :

18.4 Iron

s e i et Y O
1. [2076 Set B Q.No. 22 [2076 Set C Q.No. 22 What is meant by (i) quenching of steel. (ii) annealing of

steel? . [141]
™

i Quenching or hardening: The process of heatin

suddenly by plunging it in water or oil is called
hard and brittle.

g steel to redness and then cooling it
quenching. This makes steel extremely

ii.

Annealing of steel: The process of heating steel to bright redness followed by slow
cooling is'called annealing.

BO7S GE V. 2 Give the composiion and uses ofwoughtiron. ~ © [t
e compositions of wrought iron are 99.99 % Fe and 0.05 - 0,25% C.It is used to make
ts and bolts. :

-

m plu .

e —— S k!
" ; BRI o LN Heavy Matals 434
et A Q.No. 22 Give the Compositiong

M Imgortag o -~ —-
3 -rhp.rastircvl'lCer‘lSist.sof2.5--41.,5-}{H i o use of cast iron.

> carbon along it 1: L (1) \
= purities. Itis used for making o "¢ With little quantity of Si, P,'S, Mn el as |
imp -*‘—EWE;T‘—?—-&EEL' h;";_‘ile’ Parts of machinen:. ‘ :
s ngunhbmnwmhha—”&;"___ e a——, (',
4 Foll owing are the difference between ¢ peron of steat. (1]

venching and tempering of steel.
Temp ering of steel

It is the process of heating steel below
redness and then cooled slowly,

Quel“hi“ of steel

t is the process of heating stee] beyond
crilitﬂl temperature ~and
suddenly either plunging in o;
waler.

jt makes steel very hard anq used to
make nail, chain, rail, beam, sp

cooling
I or in

It makes steel neither too hard not too
| brittle,

stainless steel? Give an important use of such steel, (141)
s steel contains about 12% Cr and 1-8% Niand

Whatis the composition of
5. o mposition of stainless stee[: Stainles

0.2 to 0.3% carbon. It s used in the manufacture of household and hospital utensils.
Use of steel: It is used to make machinery parts,

s | Distinguish between quenching and tempering of steel.,
" Please refer oIS T ‘ I
: Name any two important ores of ron. Which parts of Nepal
" are these ores mainly found? [1+1)
= The two important ores of iron are Haematite (Fe;0) and Magnetite (Fe:0). In Nepal,
" iron ores are found mostly in the areas of Phulchoki of Lalitpur district (Bagmati), Tanhu
of Gandaki Zone, Ramechhap of Janakpur zone and also in Piuthan, Bandipur.

_add_ Write down chemical reactions that occur in zone of reduction of blast lurna;:;]

during extraction of iron. .
~ Zone of reduction: Temperature in the upper part of the blast furnace is 400-800°C. In
~ this region of the furnace Fe;0, is reduced to Fe by means of CO.

Fe:03 + C—— 2Fe0 +CO

FeO + CO—— Fe +CO; - =

U Thomas Slag? Write its one use.

72 Supp. o, Whats meant by faon L
" Thomas Slag: The finely.powdered basic slag obtained in the Thomas Gilchrist process
B i i fertlizer. S .

It consists of phosphates and is used as a fer il '
10. | '-:% Set D GNo. 22 Write chemical reactions involved in zone of reduction of blast furnace dmu[g;l

extraction of iron. _ s

jease reler o BTSOORE _________
- P—E:S: : £ Q.o 23 What is the composition of stainless steel? Write its ;’;ﬂ: Lot usel e
"‘ % Niand 0.2to 0.3% ¢ 3
i ins about 12% Crand 1-8
& Stainless steel contains a

the manufacture of household and hospital utensils.

2071 Supp. G:No. 70 What s the compositon of stainless steel?
12. 2 pp U Zil
: FF. I &
> Hesserchrt '____- isen? Write its one use.
T Al omposition of spiegeleisen i B
13 w:l':;l::::e, Ph:n and C. 1t is used for the manufacture of s y
» Spiegeleisen is an
Bessemer'i prﬂ'Cf_S_S-_____._ﬂ,t
" m?m‘rhe process 0
B oo m|m‘ii:l;“il:si:\ water or oil is ca
suddenly by plung

hard and brittle. - _ -

bt

e

Write ts oneuse, (1+1

T B S
by quenc teel? e
b’ltl"'ﬂ‘""‘? oh'e:lting steel to redness and then cooling it
[led quenching,. This makes steel extremely
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'y h V;h;; ':[“’f ‘;;"P“lmo" of ‘lieel-?- Write its one use, B
= M0 GrNi et s used or making pars o morprae ™" © M MPuries sy 1
16, Differentiate between cast iron ang woughtiron, e
~ Follnwing are the difference between castiron and wrougpyt iron: @
Cast iron .
. It .con_lai‘ns 2-5 % of carbon. i. Itcontains U.IZ [I, % carbon
_ L. It is _d:ffrcult to weld and magnetize. ii._Itcan easily weld and mano:i::g

17 Why is open-hearth proc -
manufacture of steel? N PR e Mniagton than Bessemer process of
= The open hearth process is more advantageous than Bessemer converler process for
manufacture of steel due to following reasons: L
i.  Better quality of steel can be manufactured.
ii. Large quantity of stgel can be manufactured in once operation,
fii. Low quality of iron ore or cast iron can be directly used.
v, Th£tempgra_tgrgEgn_hg_m_ntrpll_ed,‘ SRR

18. 069 (Set A1 No. 34 Write the molecular formala ofr =

i. Mohr's salt ii. Green vitriol

5% .

i. - Mohr's salt: FeSO,.(NH.);504.6H:0

ji._Green vitriol: FeS0. 7H.0

19. 069 (Set B) Q. No. 20 1 Write the molecular formula of: T oA
Mohr's salt

> Mohr's salt: FeS04.(NH4),50,.6H,0 a L I

20. 069 Set B G. No. 23 Write chemical reaction occurring in zone of reduction in the extFi-cli;:;l_uﬁﬁfZ]

> Please refer toporsseioonozd. O AOE | L

21. What is meant by tempering of steel? Mention one important use oﬁe;;;e_r;dst_e_grﬁj

> The process of heating the quenched steel to a lemperature much below redness'and
then cooling it slowly is called tem pering. Such steel is neither so hard nor so brittle.

_ Use: Itis used for making automobile parts. e S S

22, What reaction occurs in the combustion zone in the blast furnace during extraction of
iron?

> In the combustion zone during the extraction of iron, ]
carbon dioxide and high heat energy.

T

carbon burns with air to form

Bt e 05 L R R N . 395~ o
2, Name one important ore of each of the followings: Iron [2]
e Its

> lIron is a reactive metal and hence it does not occur in the form of metal in natur

important ores are the following:

a. Rede Haemetite Fe;O;

b. Brown Haemetite 2Fe;0:.3H-0

. i\-laggplite_fe;oq_ i B T
2]

24, Mention the function of Spiegeleisen in the manufacture of Steel.
™ Spiegeleisen is an alloy of Fe, Mn and C. It is used for the manufacture of steel by
Bessemer’s process. During the process cast iron is heated in a Bessemer’s converter by a
hot blast of air. The disappearance of blue flame indicates the complete oxidation of
carbon. At this stage, the spiegeleisen is added to give the fixed concentration of carbon
in iron. The major function of spiegeleisen in the manufacture of steel is to converl the

R e e

he

iron into &el__ ) )
O [T r— _
& When iron is exposed on moist air for long time, a reddish brown layer is coated on t
outer surface of iron. The reddish brown coating is called rust. The formation Df rust on

e |

Fe? """'_"“‘—'*——-_‘___‘_h
ﬂ"’?? What happens when; i ..
] 4 ‘owﬂ"’" of Fell. . . T f&rroqmide is added 1o aqueous
. .s|‘-"‘ fow dro!Js o ‘Kd“_:E(CN)l]! is added |, .
i '.-f {err050 ferricyanide is obtajne
€
o™ + 3Ki[Fe(CN),] 1
-l ~ F,
et chloride Potferrocyanide P:‘[‘:{E:)‘h“uxﬂ
permc € g
e e ETTO fer,
- — T Ticyanide
Write an important S
570 No. 20 VWi Imol'mholuum —— e .
I ﬁ_[t is usec_f‘lg making e]mmm,m ng substances: Wrought iron m
s . Wri‘t!twomtﬂlﬂ_ls__—‘-h_ R ey, S
ge10. Ho-1 by which rusting of
r‘:ﬂi‘,muon from rusting 18 Ofiron can be prevented. 1]
, By f,d]‘.vm-aizr.ing iron with Zn or &p,
B s surface with paint, coal tar, [;
v LO_\r_e_”"EI_._____ al tar, liquor etc.
: 5&50 @ No. 19 What is tempering of steet? g =
) The process of heating the quenched steel to a temperature much below redness and then
T ooling it slowly. Such steel is neither so hard nor so britle, i
g7s0 0 No 19 Whatis stainless stee? -
? The alloy of steel which contains about 11 12 % Cr, 8% Ni and 0,08 - 10% C. It is not
" corroded by atmospheric moisture, acids and bases. It is used to make house-hold
utensils, watch, automobiles parts etc. ' ‘ _
79 Write two methods of revenon of coros @
~ Gps7.Q.No. 1 Wntelmmwlpmenbon comosion,
e TR - FLI S
s ——— ot fe th . . - m
_ﬂuss Q. No. 13 What is th_e function of limestone in the smefting of ron? =
" ' he function of lime stone in smelting of iron is to remove acidic impurities present.

1000°C ]
CaCOr —— 5 C30+CO: d

Lime stone
Ca0 + Si0y —— (CaSi0s
Hux  Impurities Slag ; - T
o Give two ways to prevent corrosion. }

. Please refer to 2061 Q. No. 18

B o caclp 5.
a i it jon two of its important characteristics.
—‘, o] What is a transition element? Mention two of is Importan . W
. l“" Il::an having pastially ie. incompletely filled d-orbital is called transition e
~ Thee

They are commonly known as d-block elements.
0i characteristics: P L
5 Imlml"at;casl electronic configuration of transition elen:iem is (n-1)
: " i i on. o B
The oute lyst during chemical reac =

s cata
l:inmhrul in manufacture of steel by Opeaneartl': ‘;:b::.tn .-
i in the manufacture of steel by
ple involved in

a.
b. They are generally used

3. Write the pnnclp i
~ Following are the basic princ

: ce is lined with magnesite i .
26—30% scrap iron and little haematite.

n basic process and with silica in acid

process:
The hearth of furna
process. i 76}80% Ly
ii. The charge corlilstfd < pra_ducer b ) 3

iii. The cha Lg_e_iS_lfﬁ____—s forpreventing usting ofron.
2. 553G, 17)Give o mehods (1 PE
B l’IeaserefcrlD
¥ 2
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; HORT ANSWER QUESTIONS [5 MARKS)
e —

L8 Howis Steel manufactured b

impurities present in cast iron. The mixture and air is passed throu
' 1500C. The impurities are oxidized by iron ore and removed as slag or

2Fe:0;+ 35— 4Fe + 350,

Fex0;3 + 3C =— 2Fe + 3CO
I 10Fe;0; + 6P — 20Fe + 6P;05

2P;0; + 6Ca0 — 2Cay(POy)a

2P0; + 6MgO —— 2Mgy(POy):z .

2Fe;0;5 + 351 — 4Fe + 35i0;

SiO; + Ca0 —— CaSiO;

Fe;05 + 3Mn —— 2Fe + 3MnO

MnO + Si0; —— MnSiO,

gases.

Molten pig iron +
low grade wrought
iron + scrap iron +

haematite

Hot producer gas Hot gases
Fig: Open hearth process

—— : oo S S
38. [2075 Set A Q No. 26 How is steel manufactured by Open Hearth process? [
w Please refer to

39, How is steel manufactured by Open Hearth process? Write the composition of

stainless steel. [4+1)

' > Manufacture of steel by Open-Hearth process: Please refer to ;
Composition of stainless steel: 12 % Cr + 1-8%Ni+02-03%C.

40. How s cast iron extracted from Iron pyrites?

™ Occurrence: Iron is a reactive metal and hence it does not occur in the form of metal in
nature. [ts important ores are the following;
1. Red Haemetite Fe;0;
2. Brown Haemetite 2Fe;03.3H,0
3. Magnetite Fe;Oy

Extraction: Most of iron is extracted from Fe;0; ore by Carbon reduction process.
Carbon reduction process: [t involves the following process,

¢ L Washing the ore: The ore is washed with stream of water to remove earthy and
| silicious gangue, g
| 2. Calcination: The ore is heated in air to remove moisture and other volatile impurities
B from it, Sulphur burns away as SOz and arsenic away as As;0, vapours.

S+ 0;—, 50,

4As + 30, —— 2As5,05
| ;
(#

-

ah

3 cated in @ blast furnace i ,

i to form CO and CO,ang

;hobenAHeaan p_récess'r; "R N _‘““E]-
Open- Hearth process: :
In this process, a mixture of cast iron, steel, iron ore and lime is charged ina open hearth
funace. The fumnace is lined with dolomite or silica depending '

upon the natyre of
gh the ﬁ.lln'a‘:e at

' i M
Smel!ing: The calcinated ore i5 mixeg o Heavy Metals a5

blasg !‘h m;f" and lime stone and the mixture is

different zones of the blast fumace, o hot sir. The following reactions occur in
bustion; Thi Z o

zone of combustion; This rer;gru::ulrz ne'ar the heart of furnace. Cobonbainai g

—_— es a [ot

2C+023 2CO + 58 Kca of heat,

zomw of fusion (1200 - 1400°C)
zone of comiustion (1400 - 16007C)

Tuyeres for passing blast
of hol air into furmace

Molten iron —

Fig: Blast Fumnace

} ! _. ‘ )
b. Zone of reduction: Temperature in the upper part of the blast fuomace is 400-800°
" In this region of the furnace Fe)0; is reduced to Fe by means of CO.
Fe;03 + C——2Fe0 + CO f
+CO——Fe+CO; ; S

;ﬁe of slag formation: In this region of the furnace temp:ug&ue is abou
- 800-1200°C. At this temperature CaCO; flux decomposes to CaO and CO>.

CaCO; —3 > Ca0 +CO; : 5 I <

The basic EaO then' combines with the acidic gangue such as P;Os and SiOz p

in the ore to form Ca; (PO)2 and CaSiO; slag.
P,0s + 3Ca0 —— Ca\(PO;)z Slag
+50 £ i - C. The iron -
S i Ical:is :\egifn of the furnace temperatu@ is 1200 lxt:)(]' 1
g fl-l_sml"i 5 nd absorbs C. Si, P; 5, Mn etc. In this way muhe:rpo% ] ,
melts in 1]1:5_20!18“:: s in the hearth lighter with slag. Thuis, rw(i) : r)(') i
ey Thl? c’o the hearth. The lower layer is that of molten l;: ‘g A et gl
material collect l:‘lIt clag, The lag is emov ed from upl}l“.;- Sla%h ole
. - en - ) % ; : x
!ayer. 5 ll;,h;;:gdn}:um the lower tapping hole present in the hear
ironis o -

SiO; + 2C _...‘r_—-rSi +2C0O

MnD+C":""M“+m ;
F1)

A
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P-Os+5C—— 2P + 5CO
Purification: Iron is generally purified by hammering of polling process. In this
is hammered with heavy steam hammers when mosl of the

e.

process red hot pig iron

impurities are thrown out and white shining sheet of 90% pure tron is obtained
_ which is called wrought iron. A TS
41. Po71 Set D Q. No. 26 How is cast iron extracted from Iron pyrites? B -[-5]
w PleaserefertoporiseticaNo 28 o
42 Eos; Q. No. 31 _iEi Write short notes on manufacture of steel by Open Hearth process. T ~~[.§],
'~ Pleaserefer toPoTsGEQNO 28 o
43. m Describe the Manufacture of steel by Open Hearth Process S _[5:]
= Please refer to 075 GIE QNo 2§ O R ) |

lled sketch of blast furnace for the extraction of pig iron a;md_;w—n;

v by

k-8

& Draw a neat label
| reactions involved at different zones.

<6 Boss G No. 27] What is rusting? Desc
is exposed on moist air for-a long time, a

down the chemica
Please refer to Bo71 SetC Q No. 2§ o
ufactured by open hearth process? What is quenching of steel?—“[g]

. ko063 Q. No. 27] How is steel man uf
two

Please refer to 2075 GIE Q.No_2§ _ 3 )
ribe electrochemical theory of rusting of iron. List any

(5]

methods of prevention of rusting.
Rusting of iron and its prevention: When iron 1
reddish brown layer is coated on the outer surface of iron is called rust. The reddish

brown coating is called rust. The formation of rust on the surface of iron is called rusting

of iron. The hvdrated ferric oxide is called rust i.e. Fe:Os.x H20. -

There are two theories
Electrochemical Theory: When impure iron comes in contact with water containing

dissolved CO: then a voltaic cell is set up. The iron and impurities acts as electrodes
while water has dissolved oxygen and carbon dioxide acts as an electrolyte.

Anode: Fe — Fe2* + 2e -

Cathode: H:O+ O + 2e -—— 20H-
In the presence of dissolved oxygen, ferrous ions are oxidized to ferric ion which

combines with hydroxyl ion to form ferric hydroxide.
2Fe2* + H,O + O — 2Fe3* + 20H-
2Fe3* + 60H- ——> 2Fe(OH); or 3Fe;03.3H20 (Rust)

Chemical Theory: The presence of CO; and water forms carbonic acid which combines

with iron to form ferrous bicarbonate.
CO+ H0 — H,CO; !
Fe + HzCO3 — FE(HCOJ);) + H>

*  Ferrous bicarbonate |
The ferrous bicarbonate is precipitated to ferric hydroxide in the presence of water and

oxygen.
4Fe(HCO;3); + 2H20 + Oy —> 4Fe(OH); + 8CO,.
Prevention from rusting: \

1. By galvanizing iron with Zn or Sn.

2. By covering iron surface with a paint,coal tar,liquor etc.
3. By electroplating iron surface with Ni,Cr,Cu etc.

ver

47.

_-oss Q. No. 23] How is steel manufactured by Open hearth p'rt;ce‘sS?‘ Mention its :-i-d'\-r‘én‘t-a.ge 0
| [5]

Bessemer process.
Open-
pen- Hearth process: Please refer to 2075 GIE Q.No. 26

Advanta
- Betterge Of;he open hearth process over Bessemer converter process:
b. Lar quality of steel can be manufactured.
. e qu ]
- Lofqgaﬁam}; 9( steel can be manufactured in once operation.
d. Thete 'y of iron ore or cast iron can be directly used )
. ' lemperature can be controlled. ‘

L A :
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sy

510 @.21 Explain any four methods for preventing rustine afine
. I-‘nlln\\'ml’, are four methods for Prevonling rm:lg "‘“:"9 o 9
sting of iron:

. anization: Iro is ¢ ;
jalval e n metal is coated with thin film of zi : -
.,\ppllc"“o" of antirust solution: Tron mefal  of zinc metal for preventing rusting.
an',HNO]. HiPOy, KyCryOs for preventin d. is treated with antirust solution like
(".nhodic protection: Iron melal is ys d § rusting,
6 e Mg ZnAl ete. acts as ’modec aaij cal:mdeand other more electropositive metal
. Hvpe Lo ‘ . n eeClYO 0." 1 H
vh‘lnntl?l’:ﬁlll\t.‘ .mr-tall is coated on the surface of ironl:ms(lil}‘)’rivfsell'f : eslal?llshed. ioee
»otective coating: Iro y : nt from rusting.
b e N o prevenled from rusting by coating the Surface with
no! Is ote :" d ey 1CrZn ete. or by coating with oil, grease, paints varnishes
= o b 3 3 MNOs ' ’ ’ ’ A
oname eposition of thin layer of oxide film over the surface of iron like Fe;Os.

ONG ANSWER QUESTIONS [10 MARKS

e S S =

", G055 0. No. 29 Describe the extraction of iron from its'principal ores, giving a neat sketch of the

~ furnace used and the probable reactions occurring their in. ; 1
. Pese eler o ETTSECA o 73 i
o 10540 No. 29 How is cast iron produced from iron ore? Discuss the reactions involved. ~ [10] |

. Dlease refer to [2071 Set C Q. No. 2§

¢ 2076 Set B Q.No. 33] [2076 Set C Q.No. 33] Chemistry of rusting theory of iron - (5]

. Dlease refer to

52. 2074 Supp. Q.No. 33(iii) 2074 Set A Q.No. 332 {2074 Set B Q.No. 334 Theory of corrosioi{ in iron [5] 1

« Dlease refer to 059 Q. No_27]

5 2073 Supp Q.No. 33i] [2069 (Set B) Q. No. 33¢] [2061 Q. No. 31(ii) Mgnufacti:re of steel by Bassemer's
' ! : [5]

s the molten cast iron is poured into a large

process. o 7
» Bessemer-Convertér process: In this proces
egg shaped Bessemer converter. It is made up of steel and outer surface is lined with fire

bricks silica. When the impurities are Mn,Si,C etc. then Bessei_r_uer converter is lined with
silica and the impurities are P,S,C etc. then the Bessemer converter is lined with dolomite
and the corresponding process is called acidic and basic process respectively. The
converter is mounted on horizontal axis. A blast of hot air under pressure is passed

through the molten cast iron.

1__.-"_--—- Blue Tam of burming CO

CAckdic or hasic limog,

Pear shaped Bossenwr

Refractory hrick imng,
vonverler

slag,

Turnmuns

Molten Iron

F:}f: Bessemer Converter
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nlllJWing reaction occurs.
Acidic Bessemerization process

1 2C+0;—— 200

2Mn + O; — 2Mn0O
Si+0;——Si0; |

MnQ + SiO; —— MnSiO; (slag)
Basic Bessemetrization process
2C+0;,— 2C0 |
S+0;——50;

Py + 50, —— 2P10;

6Ca0 + 2,05 —— 2Cas(POy)a(slag)

__6MgO+20:0s——2Mgy(POa(slag) -
54. 2073 Set C Q.No. 33i] [2072 Set E Q.No. 33] 2070 Supp. Q. No. 33 4 %

Manufacture of steel by Open-hearth process.

s Please refer to 2075 GIE Q No.26

§5.

k-3

56.
=

Please refer to 2053 Q No 27 o

[2073 Set D Q.No. 331] [2072 Set C Q.No. 333 072 Set D G.No. 338
056 Q. No. 31 i 2060 Q. No. 31(iii] 2058 @. No. 31{cjRusting of iron .

{:hemistry- of Open Hearth prdcess for the manufacture of steel, [Ej
Please refer to 075 GIE Q No_2g] .

57.

[2070 Set C Q. No. 33 a or Theory of corrosion. 0]

= Please re_-fe_rt_nﬁosg Q No 27 o

58. Rusting of iron and its prevention. ) 5

v B

VERY SHORT ANSWER QUESTIONS [ 2 MARKS

-

o

Please refer to poss @ No 27

; Definition and general properties of Transition elements. . * .- 5]

Transition elements: Those elements which have partially filled d-orbitals in metalllic
state is called transition elements. . ;
General properties:

a. Transition elements have high melting and boiling point.

b. Salts of transition elements are coloured in the solid state.

¢. The compounds of transition elements show paramagnetic behavior.

d. Transition elements exhibit variable oxidation states.

e. Transition elements have ability to act as catalyst in different chemical reactions..

[2076 Set B Qho. 21] 076 Set C GNo. z_ifﬁhj is si!;&_n?tr;_l_e_ solution used for staining fingers of

voters during election? 2]
Silver nitrate is reduced to metallic silver on exposure to light or when in contact with

organic matter. Due to this silver nitrate solution is widely used for staining fingers of
voters during election. '

2 AgNO,-ZEMCIAET 5 404 2NO, + O,

Light
= Black

-

[2075 GIE Q-No. 21] 075 Set A G.No. 21) What is meant by 'Spongy Silver? T [2]

During the extraction of silver from Argentite ore of silver, the ore is treated with
sodium cyanide, sodium argento cyanide is obtained. The solution of sodium argento
cyanide combines with zinc dust and forms sodium tetra cyanozincate and precipitated
.silver. This precipitated silver is called spongy silver.

- |

Heavy Metals
G+ 4 NaCN=—= N“[ﬂg{CNJ,] ) NS

gl
Argentite L g S0d. argento cyanige

(al AG(CN)] * Zn by I
é':‘jrgt""m cyanide Sod, i[EZI:i[CNJ‘] *S“”m+
! Cyanozincate T

et B Q.No. 71] Silver nitrafe solufion & ciioe—— —— - —— =

g ' te soluton i Widely used for staining fingers of voters durin
please refer to

b SR e TR I e e =

| asacated g'“ reason: Silver niteate produces permanent black stan on the skin? [}

_ Gilver ‘mlraie 1 reduced lo.mglall|c silver on exposure to light or when in contact with

organic matter. A black stain is, therefore, produced on skin when it comes into contact

W“h clothes or skin in the Ppresence of sunﬁghl_
Organic compound v VA
T
2 _,\HNnu Light Jaﬁ; NO; + Oy -
'
D Q.No. 21

: Why does silver nitrate produces permanent black stain on the skin? Write an
{mportant use of silver nitrate; : [#41]
. Silver nitrate produces permanent black stain: Please refer to P72 Set C O No_21]

Use of Silvelf nitrate; :

silver halides especially silver bromide prepared from ﬂgN.Ol are used in photography.

AgNDJ is used as Iaboratory reagent in the detection of halides ion in the salt sample.
sun

i Af
s [oe4 0 No. 1§ Why does Silver nitrate solution produce black-stain on the skin in presence of
light? r ; 2

« [lease refer to - . . :
.. 0520 No. 18 What s the acton of heat on silver nitrate? % @

. When silver nitrate is heated above its m.p. (212°C) it is decomposed to AgNOz and O-.

il

12°C
2AgNOY ——— 5 2AgNO; + O )
When it is heated further to redness at 450°C, it gives metal silver.
2AgNO, 5 2Ag + 2NO: 402

4 4 4 gk
5. Bosia.! . an les. 2]
5. [0610Q. No.9 {f) What do you mean by noble metals? Give any two examples.
~ The metals which are unreactive towards acids, bases and salts solution are called noble
metals. They are Gold (Au), Platinum (Pt)and Palladium (Pd).

. [958 Wo. 13 What happens when AgNO s heated at450°C. S o
= Pleasere.ferE@’E : S G m___ﬁ

10. Give two uses of silver nitrate.

n The two uses are { .
i. Silver halides especially silver bromide prepared from AgNO\ are u_sed in pﬁotogn}phy.
. the detection of halides ion in the salt sample.

i is used as laboratory reagentin : jon i :
e oun Al How Is presence of halide ions are tested with silver nitrate solution? . 2
e es ions present in the given solution, about 1 mL of given

added.

~ In order to test the halid
solution is taken is clean test tul
The colours of ppt formed indicates the prese
Following are the reactions:
AgNOy+ClF — AgCl| + NOy

silver ni lution is
tube and about 2-3 drops of silver nitrate solul |
: . nce of halides ion in the given solution.

- White ppt
+Br —>AgBr |+ NOy
AghiOs - Pale yellowppt -
+1 — Agll+NOx
AsNCE " Yellow ppt )
E
i
’ w
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leached with metal cyanides for the extraciioﬁ}f;iﬂz}ﬁi]

~No. 22 Group A Why silver ores are
ver metal can be extracted from sulphide ore Argentite or silver glance (AgsS). Th
- The

gl‘gentite ore is treated with 0.4 to 0.7 % NaCN by blowing a current of air, sodi
, K %

. argento cyanide is obtained :
AgsS+4NaCN — 2Na[Ag(CN).] + NaCl

Sod, argentocyanide
d with more electropistive metal zinc which displaces silv
er

Sod. argentocyanide is treate
from solution.
2Na[Ag(CN):] + Zn— 2 Ag + Naz [Zn(CN)]
Sod. sincocyanide Y o ' T
13. What do you mean by noble metals? Name at least three noble metals }ou kné;n_h_l'gi
ive towards acids, bases and salts solution are called noble

The metals which are unreact
metals. They are Gold (Au), Platinum Pt) and Palladium (Pd).

LONG ANSWER QUESTIONS [5 M _
involved in the extraction of silver from silver glance. 5]

14. p052 Q. No. 29 Give the various steps
nciple of silver from silver glance: o

from silver glance ore by Mac Arthur cyanide process. In this-*

~ Extraction pri
Most of Ag is extracted
process following steps is used: .
1. Concentration of argentite ore by froth floatation process. ]
2 Dissolution of the concentrated ore in 0.6% NaCN solution. ;
Ag:sS + 4NaCN — 2Na[Ag(CN))] + NasS
Sodium argento \

_ Cyanide sol™ i .
The solution is filtered and the filtrate is used for the recovery of silver.
3. Precipitation of Ag by Zn: The filtrate containing Na[Ag(CN).] and NasS is treated °
itated. ;

with zinc when silver gets precip :
] + Zn—— Naz[Zn (CN)4] + 2Agl

2Na[Ag(CN):
. Sod.zincocyanide e
The precipitated silver is filtered, dried and purified by electrolysis. The excess zinc
dissolves in the alkaline medium. ; :
Na5 + 2H,0 —>2NaOH +HsSI
Zn + 2NaOH —— Na,ZnO; + Hal
. Sodium zincate ' ; Sy s
4. Purification: It is purified by electrolysis. AgNO;3 solution acidified with dilute
ds of impure Ag are made anodes and then_

HNO; is used as the electrolyte. Ro
sheets of pure Ag are made cathodes. On electrolysis impure Ag anodes dissolve

and pure silver is deposited at the cathodes.
At cathode: Ag* + e —> Ag

At anode: Ag ——> Agtte .
DC source Ammeter

—

@

-
|-

Pure’Silver (Cathode)

Impure Silver (Anode)

AgNO»

Fig: Electro-refining
Qoo






