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14. Chemical thermodynamics

QL.

Sol: In isothermal process,

W =-2.303 nRT logl\:i

= — 2.303x 1x0.0821x298 log%

-56.34 log 3.33 = -29.458 atm lit

= —29.458x 10° N/m® — 107 m? = 29458 ] = 2298 _ 55001
4 Ans_
Q2.
Sol: At constant temperature
AU=0
~. From first law of thermodynamics
AQ+W=AU=0
AQ=-W= —[—2.303 nRT log l}}]
i
=2.303x 2 x128%373 logs = B3x10x37210g100
240 0.1 2.02
1
_ 2.303x10x3.73x2 _ 8576.0'cal  Ans
2.02
Q3.

Sol: AH = AE +nRT
1440 cal = AE + PAV = AE + Tatm(0.013~0.0196)

~1.6x107 x102 J
_ vl

= AE+

1.6%10""

= 1440cal + 0.04 cal

AE =1440cal'+
= 1440.04 &at
Q4.
Sol: G, .. +%Oz(g}~—>Co(g}at298Kand 1 atm
AH =-26416c¢al
Vi = 0.0053 it

AH=AE+P(V, - V)

RANCH CENTRE : 606,6th Floor, Hariom Tower, C rcul ar Road, Ranchi
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Qs.
Sol:

Q6.
Seol:

Q7.
Sol:

Q8.
Sol:
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= AE+ :[[1 = % ]x 24.466-0.0053 }mm lit

vatT=298 K & P=1 atm (Ve = 24.46 1it)
— 26416 = AE + (296.94 cal)
AE = —26416-296.54 = —26712.52cal Ans

AQ+W=Au=0

AQ=-W=- [—2.303:1RT]0g%]

=2303x1x8.314x300 Iog%

=2.303x8314x300 log 4 = 345832 ]
&W= -AQ= —-34582] Ans

2C(S) + 2H,—— C;Hy(g), AH = Heat of formation of ethylene
given

(1) Ha(g) + %‘0;(g)—)P{30(1):&}1, =—65Kcal

(2) C (s) + 02 (g) ——> COs(g); AH,=-97 Kcal

(3) C2Ha(g) + 303(g) ——> 2CO(g) + 2H:0(1), AH; =-340 Kcal

2x (2)+ 2x (1)=(3) = 2C(s)= 2H;(g) —> C:H: (g)
AH=2AH;+2AH,- AH;=16 Kcal Ans

(1) C(S) + Ox(g) —> COx(g); AH, = -84 Kcal
(2) 2CO(g) + Ox(g) ——> 2CO5 (g) ; AH: = -136 Kcal

(l)—::-x(Z) :C{S)+%Ol(g)—>CO(g}

AH= AHI'*-;—AH;# —94—(%x-|36} = ~26KCal Ans

C-HsOH(1) + 30;(g) — 2CO0;(g) + 3H,0(1) AH = — 330 keal
S AH ,, isalways—w

Given AH (CO,(g))=-94.3Kcal
AH,(H,0(1)) = -68.5 Kcal

Heat of formation of most compounds are —Ve

- AH 2xAH¢ o, # 38H ¢y 00 = 1% AH ey on)

comb

(AH, of O, = 0;becauseit is in natural state)

Ph.: 0651 - 2562523, 7488587412, 9835508812
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~330 =+2x (- 94.3) + 3(68.5) - A H(C:H;OH)

-330 =-394.1 — AH,(C,H.OH)

'AH{C;HsOH) = -394.1 +330=-64.1 Kcal  Ans
Q.

Sol: CH,OH(l)+ —;02 — CO.(g)+2H,0(1)

AHcomb=-173.651
2 Heomb = 1. AH, €O, + 2AH , o4, = BH e o
~173.65 Kcal = -94.05 keal — 2x 68.32 kcal - AH, ¢y on
AH{ o0 —230.69 + 1?3 65 =-57.04 kcal Ans
Q10. 3
Sol: (1) 2C.He(g) + 150(g) ——> 12C0; (g) + 6H:O (1); AEy =+-162 keal
(2) 2C:Ha(g) + 502(g) ——4C0O; (g) + 2H,0 (1); AE; = -620 Kcal -
3x (2) = (1) =6CH; (g) — 2CsH4(g)
AE =3AE, - E,
=-1860 + 1600 =-260 Keal

60
. 3CHa(g) — Con.(L} AE = 33—»—- —~130Kcal

:.AH = AE + AnRT =X
= —180 Keal +(I —3) x 1.98x 10°x 300
= ~180-2x0.198x3 = - 130~ 1.188 = ~131.188 Keal Ans

QI1.
Sel: (1) CH;COOH (I) + 2C01(z,) —2C0x(g) + 2H:0 (1), AH, = -208.31 keal

(2) C (8) + Oz(g) —> COx(g), AH, =-94.05Kcal
(3)H; (g) +10 .(g8)—H, d(l)-AH =—68.32 keal

(1) AH 2‘M'Ifccu +2AH; H0 AH, CH,COOH — QAHro

_ =294 05) +2(~68.32) — (~208.34) - 2x 0
= —324.74 + 208.34
AH, ==1164Kecal Ans

Q12.
Sol: NHj(g)——-ar%Nz(g)+%H:(g);AH":ll.MKcal
AH" = AE” + AnRT
11.04 Keal = AE" +(%+%—I}<1.98x _10"3 %298

= AE"+ 1x1.98x0.298

RANCH CENTRE : 606,6th Floor, Hariom Tower, C rcul ar Road,

Ph.: 0651 - 2562523, 7488587412, 9835508812
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11.04 = AE® +0.59 :
AE’ =11.04-0.69 =1044Kcal ,

Q13.

Sol: In question it is given that
H{Ag,0(s) ==73.1Kcal
H{ HCl(g) = -22.06 kcal
H"H,O(1) = —63.82 kcal
" Ag0 (s) + 2HCI (g) — 2A¢gCl (s) + H,0 (1); AH" =-77.61Kcal
AH' =2.AH'f, ) + 18 oy — AHE,, oy = 2AH'f HCl(g)
~77.61 Keal = 2AH’;, ,, - 63.82~(~73.1)- 2(-22.0)
~77.61 Kcal = 2AH ape sy + 53.04
2AH°HSC“$) =-131.01
S AR, =~65.5 Kcal Ang

Q14. -
Sol: Enthalpy of formation of HBr

%H @+ ~Br,(g)— HBi(g), AH=?

Given

1. SO,(aq) + %0 (8)—>S0,(aq),AH, =-63.7

2. Bry(g) + SOa(aq) + HzO (l) —5=> ZHBr(aq} + S0; {aq); AHy=-54 kcal
3. Hy(g) + O (g)—rl—lQO(!) AH '~ _68.4Kcal

4. HBr (g) + ag—— HBr (aq), AH4 =-20Kcal

(2)+@3)-(1)-(2) x 4y
" Brz,(g) +H;0 (g) — 2HBr(g)

i

Rk aaH AH, + AH, - AH, - 2AH,

S 54 - 68.4 = (-63.7) - 2(- 20)
=103.7 - 122.4 = -18.7 Kcal

| |
EHl(g) +§ Br,(g)—— HBr(g)
AH=-935Kcal 4
Ql5.
Sol: 1. Ha(g) +%02{g}w—~+ﬂpm;aﬁ, =68 3Kcal

2. CaO (s) + H,0 (I) — Ca(OH)y(s) ; AH, =~15.3Kcal

RANCH CENTRE : 606,6th Floor, Hariom Tower, C rcul ar Road, Ranchi

Ph.: 0651 - 2562523, 7488587412, 9835508812
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3.Ca(s) + %O:(g}m—-——)CaO{S);AH] = -151.8Kcal

(H+3)+(2)
Ca(s) + Ha(g) + Oa(g) ——> Ca(OH)x(8),
AH=AH;+ AH;= AH»
=—-68.3-151.8+(-15.3)
=-2354 Kcal Ans

I
Sol: K+ EHz(g}+%Ol(g)—-——+ KOH, AH = heat of formation of KOH

Given:

(1)K + H;0 + ags — KOH (aq)+-;-Hz-, AH, = —48.4 Keal

(2)H; + %02 ——H,0;AH, = —68.44Kcal

(3) KOH + ags —— KOH (ags) ; AHx =-14.01 Kcal

- (H+@)-)

Q17.
Sol:

RANCHI

K+%0:+%H2—>K0H

AH = AH, + AH, - AH,
=-48.4 - 68.44 + 14.01
=-102.46 Kcal Ans

6C +3H,—— C¢Hy, AH=2
Given

(1) CeHg + goz ——»6CO0, +3H,0,AH, =-754 Kcal
(2) G+©; —> CO,, AH, =-34 Keal
(3)H, + '-;s'd, “3H,0(1),AH, = —68Kcal

In reaction (2) & (3) CO, & H,0 are forming from their constitutent elements from their
natural state & hence AH comb (CO)= AH___..(CO,)

A comb (Hz} = Q.Hﬁummlon (HIO]
From (1)
A HI =6 AHH('U:I + +3. &Hmrlﬂzﬁl T
=754 = 6x (-94) + 3(-63) -AH, CoHg
,5]1[%“0 = —768 + 754 = -14 Kcal Ans

AH; e )

CENTRE : 606,6th Floor, Hariom Tower, C rcul ar Road, Ranchi

Ph.: 0651 - 2562523, 7488587412, 9835508812
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Q18.
Sol:

Q19.
Sol:

Q20.
Sol:

JEE ( MAIN & ADV.), MEDICAL + BOARD

Fe;03 + 3 CO—— 2Fe + 3COs; AH =7

3
(1) 2Fe+=0,——Fe,0,;AH = ~177.1Kcal

(2) C+ I;O: ——>CO:AH = -32.8Kcal

3)C+0;,——>CO;: AH =-943 Kcal
AH =2 AHrpe +3AH, o, ~= 1. AH; o, ~34Hrco

=2x0+3x (-94.3)-(-177.1)= 3(=32.8)
=-2829+ 275.5=-7.4 Kcal Ans

AH y,.5,0,6) = =742 kcal AH{ 0,0, 10 H,0(s) = =1460: keal
Na,B,0,(s)+10H,0——>Na,B,0,.10H,0(s)
AH,, = AH[N:\-B,UA nH0 " AH, o a0
=— 1460 + 742 =718 Kcal
Note:- AH, of water is not considered because was molecule is not dissociating & then

reacting w Na;B4O5 solid. It just attachs itself to the solid compound.

At 298 K
(1) C(graphite) + O —— COs(g), AH;=-393 KJ/ mole
(2) C(diamond) + O; ——> COx(g), AH; =- 395 KJ/ mole
Specific heat capacity be(graphilc] =720J/KgK

moom oo Y oddiamond) = 505 J / kg K
C(graphite) —— C(diamond)
AH= AH,- AH;=-393 + 395 =2 KJ / mole
T=298 K.

T,=298K

C (graphite) ——=————> C(diamond)

= 227
C(graphite) __,I___,}_]f_> C(diamond)

By Krichoffs law :
AH; +1.C, (T,-T)+1C, (T,-T,)=AH,

.....

=2 (C\m _Cﬂ‘.,.m..... T, - T,)=AH;,

( 12 2
= 24[0.720% 2 ~0.505x — J{?.qs-z?,a)
\ 1000 1000

= 2+0.0645 = AH, = AH, =2.0645 Ki/mole Ans

RANCH CENTRE : 606,6th Floor, Hariom Tower, C rcular Road, Ranchi -1

Ph.: 0651 - 2562523, 7488587412, 9835508812



soseth Floor R, K. MALIK' S

HARIOM TOWER NEWTON CLASSES

JEE ( MAIN & ADV.), MEDICAL + BOARD

Q21.
Sol: CH;COOH + NaOH —— CH;COONa + H-0
AH, .. =-50.6KJ/eq
AH,, =AH, ... —57.7K]/eq
-50.6 = AH,,(CH,COOH)-57.2KJ/eq
AH,,,(CH,COOH) = -50.6 +57.2 =6 66 KJ / eq
NH4OH + HCl—— NHCI + H,0
AH,._ =51.4KJeq”

AH, ., =0AH -572°
~51.4= AH, (NH,0H)-57.2
AH, omom =514 +57.2=58K] eq” :
For CH;COOH + NH,OH —— CH;COONH, + H.0
AH, . =AH, =-57.2

= (6.66 + 5.8) — 57.2

=—4474Klleg

heat

heat

AH

Q22.

Sol: For combustion of C;H,
C:Hq,(g) # 303{g) — 2C02(g) + 2H-0 ()
AH, . =288, +28H  ,~AH ,  —3AH

=2(-393.5) + 2(-285.8) =523 -3x0
=-1400.9 KJ/ mol . _
_ 14109KJ

FAH g = 50.39KJ/g

hent

(R

1 i
C4Hm_{g) +-?303(g)—-—>4(302(g)+5H:O(l}

5 0 S, g l 3
AHCI\mb =4£Hl'(‘ﬂ;"fg} +-5AH1'H,mn =1 -AH:':_;H,_.{g: i ?AHT_&
AH,.. = H(=393.5)+ 5(-285.8) — (—126.1)
=2876.9 KJ / mole ((AH,,, =0)
- OKJ
SAH L pergm= 28—7(:8——11 =49.6Kl.gm
Q3. '
Sol: Fe O + 2A1—— 2Fe + ALO;
AH=22AH,. +AH,, , ~AH. . -2AH,
=0+ 1675.60 (-821.32)  =-1675.60 + 821.32 =-R54.28 KJ Ans.

RANCH CENTRE : 606,6th Floor, Hariom Tower, C rcul ar Road, Ranchi

Ph.: 0651 - 2562523, 7488587412, 9835508812
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Note:- in question A Hyof Al:Os is given +Ve, which should be — ve actually
Q24.
Sol: From first law of Thermodynamics
AQ+W= AU
Alq, AQ=-1.50J
w=+4Pdv=+Fds = +2.20x9.8x0.25
=+5.39]
work done on system
S AU=-1.50+5.39=3.89J Ans

Q25.
Sol: CaF(sy*—> Ca** (aqa) + 2F (ags)
AG’,(CaF,(s)) = ~1162KJ/mole
AG’ (Ca*(aqs)) = —553.0& AG", (F (ags)) = ~276.5 KJ /mole
AG’ =2AG'F +AG’ .. ~AG".;
=2x (-276.5) + (-553) = (-1162) = 56 KJ/mole Ans
Now :
AG" =-2.303RT log ksp
56 = ~2.303x8.314x 107 x 298 log Ksp
log Ksp=-9.7145
Ksp=1.99x10""=2x10" Ans
Q26.
Sol: MgCOs(s) — MgO(s)+ COx(g)
AH = AH;W, +Aco, AHm,m.
=—601.2-3935+1112 =+ F173KIJ
AS=80 . +8 =8 o
=269+ 213.7-65.9=174.7 JK.
For decomposition at Temp T,

AGSO
- 3
AH-3AS SR Tadlt GHIOxIG
AS 1747
T>6+ 144K

Temperature will be min-" = 671.44 K Ans
Q27.
Sol: AG=AH-TAS ;
As AH & AS remain constant with temperature, (as given in question)
So if T is increased, A G decreases
AG, e =—9238KI-773x(-198.2)x 107°KJ

= 60.830 KJ Ans

RANCH CENTRE : 606,6th Floor, Hariom Tower, C rcul ar Road,
Ph.: 0651 - 2562523, 7488587412, 9835508812
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Also AH =-92.38 KJ = exothermic reaction
So if temp. is increased, according to the chat her principle reac-" will move in that direction
in which it consimes the added heat. i.e in endothermic dir-" So reaction.will move in
backward direction as T increase.
Q28.
Sol: For heat pump
W =work done = 10x9.8x12=98x12=1176J
W T b 313-288

Now n =
q, T 313
1.176KJ 25
q, 313
o MKJ =14.72KJ
25 Ans
Q29.
Sol: (1) Na(g) +20,(g) —>2NO(g); AH, = 16.18 Kcal
(2) N2(g) + 205(g) — > N2Os(g); AH=—AH, + AH>» .
=—16.18 +2.31 =13.87 Kcal Ans
N;Oy is not stable at this temperature because energy needed to decompose N,O4 (13.87
Kcal) is available to any molecule at this temperature
Q30.

Sol: A H will remain same, as it is a state function quantity where as q is a path function quantity
, i.e, if the process is done with different path, it will have different value
Q31.
Sol: n=2moles; P;=10atm; .T=273K; P;=04atm
For isothermal process , :
W =-2.303 nRT logl;-'-

r
10
=-—2303x00821x2?3 log o
~—l44317 latm =-144317x10° m’x 10°N/m?® = -14431.7] Ans
AQ+ W= AE =0 (In isothermal process AE=nCAT=0)
- AG =-W=14431.7J :
AE=nCyAT=0Since T=constant AT =0
AH=nCpAT=0
Q32.
Sol: P(V—-b)=RT; P=—B:-r-
V-b
For dp to be exact differential,

RANCH CENTRE : 606,6th Floor, Hariom Tower, C rcular Road, Ranchi -1
Ph.: 0651 - 2562523, 7488587412, 9835508812
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2
av\aT) (v-b)

Since both L.H.S & R.H.S équal, sé

6 (6P)_ o(op

EV‘[EJ_E(WJ
: & hence dp is an exact differential

Q33.
Soti VXl
P
For dV to be exact differential,
a(av) elav

&S
LRl T
éT\ &P

Ao )
oT er) oP\P) Py

Tt
2.2 e R
“er\er) op\oT) P

So dv ié'an exact differential
Sok: Zn(s) + 2HCl (aq) —— ZnCly(aq) + Ha(g)
2 moles of-‘zn'produces 2 moles of H; gas
W=-PAV= —P(Vi~ V) =-PV; (" V;=0)
=-nRT; =-2x8.314x308 =-512x10"J Ans

Q35.
0.H-0
I \
Sol: 2CH,COOH——3CH, ~C C-CH,
\ It
0-H..0

RANCH CENTRE : 606,6th Floor, Hariom Tower, Ci rcular Road, Ranchi -1
Ph.: 0651 - 2562523, 7488587412, 9835508812
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Additional bond forms in product = (2 hydrogen bonds)
. A=—(B.E. of each H — bond)
=—(66.5KJ) =-66.5KJ
Also AG”=-2.303 RT log Kp (must be in atm will be discussed in class)
=2.303x8.314x107x298 log 1.3x 10°
=-5.7log 1.3x10°=-17.77KJ

. We have

AG® = AH® - TAS®

AG® -AH’ = -TAS"
_AH"-AG" +17.77-66.5

AS’
T 298
= —0.16 KJ/ mol K.
Q36.
Sok: For cannot cycle / engine
T
r;=(l—;r3-]x100=40 T: = temp of sink
1
T, 4
-2 = oot T, = temp of same
T, 100
Moo b
T, 1010
If T, =280 K.
T, x10
Ti= s EO_O. =466.6K
6 O L Ans

Q37.
Sol: T, = temp of same =400 K%, ~
Q=200 cal ; Q; =150 cal

e

TR D

200 LI ']‘l

T,_, 50 150

T 7200 206

T, = 12 1 400 = 300K
20

. Gk o _'L = 300 =4 &
Eﬂic;encyofengme.r;—(l Tl]xloo (!—ZBEJXIOO mAxloo_ZS%ms

Q38.
Sol: n= 1 mole

RANCH CENTRE : 606,6th Floor, Hariom Tower, C rcular Road, Ranchi -1
Ph.: 0651 - 2562523, 7488587412, 9835508812
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V;=2241it
Vi=224 ml
T=300K

W =-2.303 nRT log%

=-2.303x 1x8.314x 107 x 300 log

224 ..

224

=-2303x8314x03x1
=-5.74 KJ
AQ + W = O (in isothermal process A E= Q)
AQ=-W=574KJ
AH=nC,AT= @ (since AT=0)
A G = Work done in reversible process which is maximum work doné = -5.74 Kl Ans

Now

AG=AH-TAS

-5.74=0-300x A

AS

Q39.

72]

——=19.1 J/K
300 3 Ans

Sol: log(

kspl}_ ~AH fl%i]

ksp,

T 2303R(T, T,

4.159%107"°

3 [ 1.782x107" ] -AH ( 308—298]

AH’

" 2.303x8.314( 298308

_ —2.303x8.314x298 x30810 [ 1.782

J =64.655K] Ans

10 T J \4.159

Now At 25”C (Standard condition for A G)
AG’ sAH’ - TAS'
AG? = 64.655-298x AS° - (1)
AG® =-2.303RT logksp
=-2,303x8.314x 10°x 300 log (1.782x 10™%)

=-5.744 log (1.782x 10™'%)

=—56KJ
(1) = + 56 = 64.655 — 298 xAS’

AS’

Q40.

_ 64.655-56

=297/ molK
298 Ans

Sol: C (S)+ Ox(g) —— COa(g)

CENTRE :

Ph. :

606, 6th Floor, Hariom Tower, Circul ar
0651 - 2562523, 7488587412, 9835508812

Road, Ranchi
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By: Er. Rishi  Kumar (B.Tech. IIT ‘Kanpur) RishIChemlstry Classes, Naya Tola, Patna -4

AH" =~393.51KJ /mole
AS’=2.86]/mole-K at T=25"C
AG” = AH" - TAS"
=-393.51-0.8523
=-394.36 KJ. <O favourable at 25"C
As temp increases,
A G becomes more —ve, so it becomes more favomable at higher temperature

Q41.

Sol: 2H,05(1) —— 2H»0 (1) + O(g( 3
A G = -ve at 25°C, so H.0, will spontaneously de comes into H;O & 0. So at thls 58
temperature H;O; is not stable B0
Weknow AG= AH-TAS

H,0; will be stable when AG > O SN W,
AH-TAS>0
AH>TAS \

AH _ -233.6x10"J

AS  125.6J/K
T<-1586 K

So temperature should be less than -1 586 K Ans
Q42,
Sol: (a) AS=+Ve
entropy increases as molecule in liquid water is more random than molecules in ice.

=<

(b) AS=-Ve
Same as b
(d) AS=-Ve
Q43.
Sek: 2C {graphlte) +3H: (g) — CyHs (g)
AH =-20.3Kcal
!l-l H
A X |
-H—C—?~H
|
3. H

AH=2AHyn (C)+ 6. AHum (H) = (B.Ecc + 6.B.Ec.y)
=20.3 Kcal =2x170.9+ 6x52.1 =B.Ec.c -6x99

-20.3 =60.4 - B.E¢c

= B.Ecc = 60.4 + 20.3 = 80.7 Kcal Ans

Q44.
Sol: N,+3H,——>2NH,, AH=-20Kcal

Er. Rishi Kumar is one of the Topper in Chemistry in HIT-JEE 2004 and AIEEE 2004, He is
presently one of the best teacher at Patna for Whole chemistry for 1IT-JEE, PMT& AIEEE)
Contact no. -9852476717, 9798984530 Page 227

RANCH CENTRE : 606,6th Floor, Hariom Tower, C rcul ar Road, Ranchi

Ph.: 0651 - 2562523, 7488587412, 9835508812
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AH=BE,,, +3BE, ,-6BE
~20=BE,,, +3x104-6x93

B.En=n=246-20=226Kcal  Ans
Q4s.

N-H

0
Sol: 3C (graphite) + l01 +3H,—> Il
2 CH, -C-CH,

AH = heat of formation of acetate
AH =3.AH_ 1 c0/AH yomo 6-AH 1y —( 2B.Ec.c + B.E + 6.B.Ec.)
AH =3x171.7 +59.16 + 6x 52.1 — (2% 80 + 81 + 6x99)
= 886.86 — (835) =51.86 Kcal Ans
Q46.

! 1 - . -
Sol: C(graphite) +§ 0Oa(g) + 2H,(g) —— CH, - OH (g) AH :Thea?qffamlaﬁoﬁ of methyl alcohol

AH = Ai{almnt;' + AHalum() +4. A}lulom]-l _(3B EC H +B. EC..O +B. EO—I) 4
=(1709+59.6 + 4x52.1)— (3x99+84+ 110.55)
=438.9-491.55 =-52.65Kcal

Now ACH,OH(g)—— CH,OH(l)

CH,OH(g)—> CH ,OH(l)

AH li-ci‘hg!lilm ’igzs'ﬂ “

igastion = AH ey om =AH ¢y 0n(8) =

—8.4 = AH ¢y o — (-52°65)

AH rcuoa(l)—‘34 51&5 oy -’*61 05Kcal - Ans
Q47. ‘.; e
Sol: CH, +4F,——CF, +4HF fﬁf heat of there

AH = 4 B'E,t H +4B EF Fr(B Ec.:+4BE, ;)

_4599 #1438~ (4x116+4x135)

R *5492 t1m4) = -4548Kcal  Anms
Q48. -x,.__, . -

» CH, H

AH

Sol: =il
Isopreneis HC=C-C =CH,

CH,H

i
5C(graphite) +4H,(g)—— H,C=C-C=CH,

AH =5AH;,, . +4BE,, , —(8BE , +2BE . +2BE__.)

=5x171.7+4%x104.0-(8x98.8 +2x147.0+2x83.1) -
=1273.5-(1250.6) = +23.9 Kcal Ans

RANCH CENTRE : 606,6th Floor, Hariom Tower, C rcular Road, Ranchi -1
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Q49.

Sol: CZH.;-—-:'EL—) CsHs, AH = heat of hydrogenation
AH = (4.B.Ecu + B.Ec-c + B.Ey.y) — (B.Ec.c + 6.B.Ec.c)
=(4x98.8+147 + 104) — (83.1 + 6x 98.8)
=251-83.1-2x988
AH =-29.7 Kcal Ans
Q50.
Sel: CH;COCH; + 20, —— CH;COOH + CO, '+ H;0
(0] 0]

I I
CH;-C-CH;+2(0=0)—H,C-C-0-H+0=C=0+H,
AH,, . = Heat change without considering resonance
=(6.B.Ec.u + 2B.Ec.c + B.Ecc + 2B.Eg-0)
= (3.B.Ecu + B.Ec.c + B.Eco + 3B.Ecug ¢ 3BIEcH),
AHy o =(6x414.99 + 2x 347,92 + 72432 + 2x 494.04)
—(3x414.49 + 347.92 + 967.13% 3x724.32 + 3x 462.64)
=4895.18 -6119.4 =-1224.22 Kcal
Now

AH, , = Heat change assuming resonance is happening
= AHW.O.R + R'Epmd '—R"Ele:wl f AH \\!._().ﬁ."f,BI:EPmd HO

=122422 +(-117.23 +(-136.18) = -1477.63KJ  Ans
Q51.

Sol: N2+%02-_“>N20 (N=,«N=0); )

1o % \J 08
AHyop = (B‘E’N-N * EB‘EU;&‘}L(B'EI%N +BE\.,)

2 ¥
AH, = AH', = 82K/ mole
Also <
AHy  =AHy o +REp o ~RE

roduct
82 =170 -0 + R.Eproguar
R.Epoqua= 82-170 = —88KJ Ans
R.E ,=-88KJ Ans

- (9464-3- X49BJ;— (418 ¥ 607) =1195-1025=170KJ/mole

Objective Question :
Q1.-Ans - (d) Heat of formation will be defined AH in the reaction -
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%Hz(g) + %cug)——» HCl(g); AH = %“Kcal = -22Kcal

Q2. Ans - (a) Explained same as 1.
Q3. Ans - (a) heat of atomisation is the energy needed to get one atom from the natural state of
the element.
H;—— 2H ; AH =104Kcal

= %Hz——eﬁ; AH=%=52KcaI

Q4. Ans - (b) Fuel value CH, = -Si%l(lfg =55.625KJ/¢g
1411
Fuel value C;Hs = 3% KJ/g=504KlJ/g
1560
Fuel value C3Hq = — (% ) =52KJ/mole

.. Hence lowest fuel value for C,Hs.
Q5.Ans-(¢) Fe + S —— FeS

It 2. g AH=-3.77Kl1
-3.77
lg AH = 3
S6g AH = '*: ':7 %56 = ~100.51KJ
Q6. Ans - (b) mole of C;Hs combusted = 62123[0 =4.412mole
144 ; mole

Vo, (atNTP) = 4.4I2(2 + %}x 22.4 lit = 296.5 lit

For I mole CxHy mole of O; required = (x + y/4)
Q7. Ans - (a) moles of water gas at NTP = —2%% =5 So it will contain 2.5 moles of Ho& 2.5

moles of CO; so heat evolved
=25 AHl +2.5AH, =2.5(-241.8 - 283)KJ =1312KJ

Q8. Ans - (a) Ratio of heat evolved when C;H; and H; are evolved = %?—g% =5.376:1
« Heat of volume contain equal moles at same condition
Q9. Ans - (a) Heat of ncutralisation for strong acid & base is equal to -13.7 Kcal & it is defined
per €q. So it doesn’t make any difference in AH neutralisation,
Q10. Ans - (a) When 10 m} is added, heat evolved will be twice but at the same time mass
increases twice the hence AT will remain same.

S AQ = msAT

CENTRE : 606,6th Floor, Hariom Tower, Circular Road, Ranchi -1
Ph.: 0651 - 2562523, 7488587412, 9835508812
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Q11. Ans - (a) Neutralisation reaction is actually H" + OH z=—= H,0

Q12. Ans - (¢) When maximum amount of strong & strong base react, maximum heat will evolve.
In 25 mi acid & 25 ml base complete reaction occur which is not the case for any
other option.

Q13. Ans - (b) Heat of dissociation = (55.9 - 12.1) = 43.8 KJ

Q14. Ans - (d) Dissociation of energy of CH,4 base

_ Dissociation :nergyof CH, _ ? — 90Kcal/mole

Dissociation energy of CHg
620 = 1(B.E of C-C bond + 6 B.E of C-H bond
620=B.E. of C-Cbond + 6x90
B.E. of C.C bond = 620 - 540 = 80 Kcal/mole
Q15. Ans - (d) In polymerisation, more no of molecules form a less no. of giant molecule & hence
entropy decrease.
Q16. Ans - (¢) Gas has more entropy than liquid, so AS+ ve
Q17. Ans - (b) AG =:AH —TAS(+ve)
+ve in melting of ice
However we have to give heat to melt Heat 15°C because normal melting point is 0°C.
AtT=0C, AG=0
T>0"C. AG<O & T<0°C,AG>0
Q18. Ans ~(b) A reaction will be spontaneous if’
AG<O
AH-TAS<O = AH<TAS
Q19. Ans - (a) AG =—Ve if AH=-ve& AS=+ve. Atany temp, because T(K) > 0 always.
Q20. Ans - (b) AG = +veif AH=+ve & AS=-ve yhich is non spontaneous condition at any temp.
Q21. Ans - (a) AH —~AE = AnRT ',
=(12-15)x8.314x10°x298 = —3x8.314x0.298 =-7.433 KJ
Q22. Ans - (b) "~ At eq-", temp doesn’t increase only ice will convert into water. i.e, AT =0

5 AQ = msAT
§= ag — o asAT =0
ma
Q23. Ans - (d)
C(graphite) + O, —— COa(g)

AH = heat of combustion of C(graphite) = AH formation of COx(g)
Q24. Ans - (d) ' :

~AS_ =AS_ +AS., > O for spontaoeous process

o

~Ve  must be +ve by larger amount
Q25. Ans : AG =AH-TAS <O [for spontaneous process].
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34KJ-358xAS <0

~ 34x000

AS > =94.972]/K

min-" value of AS = 94.972 J/K. No option cort
Q26. Ans - (¢) -;—A: + %]‘32 ———> AB;AH = —50cal

AH = —;—(B.Eﬁz +BE, )-BE, ,

% 50 = %(x+%)~x=%—x=+%
X =200 |
Q27. Ans -(¢c) AH=AE+(P,V,-PV,)
AH=30.01.atm+(4x5 - 2x3) = (30 + 14) = 44:0¢ ha**
Q28. Ans - (d) mass depend an amount of sub taken & so if is'an extensive properties.
Q29. Ans - (d) mas%ol = density is independent from the amount of substance taken & so it is
an intensive properties.
Q30. Ans - (a) will read in electrochemistry.
AG® =-nfE’.,

ZAGY

n -
E Cell —

Q31. Ans - (a) work depend as path, so it is a pagivﬁmction
Q32. Ans - (a) Exact differential are those function if

3(2)- 35

Where f is the function of MT Increase of q, it will not be equal, so it will be not
exact function.»
Q33. Ans - (a) AE =nCyAT. {depend on n).

%, g ; . .
Q34. Ansg (b) AW is.path so will not be equal to O in a cyclic process.
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