THERMO CHEMISTRY

EXERCISE # 1

3. AH = [AH)y, + 4(AH), ~ (AH), - 2(AH),, ]

HCl ( TiCly

AH =-9447 - (4 92.3) +763.2 + (2 241.8)
AH_ = - 67.1 kJ/mole

4. AH, = [3(AH)q, * 4(AH), o~ (AH)

C3H8]
-2221.6 = 3 (-394) - 4(285.8) - (AH.). 4

3flg
(AHC)C3H8= - 103.6 kd/mole

5. AH, = [4(AH), * 2(AH), - 2(AH,)

]
CoHy

1939.1

9. Heat evolve (ULOIOIN) = x12 =581.73
PV
12 nC2H4 :ﬁ

2 1
VC2H4 :§X367 VCH4 :§X367

1x2x3.67
0.082x3x%x298

N 3.67
M 3%0.082%x298

Neyn, =

2x3.67

-2601 = - 4(394) - 2(285.8) - 2(AH - x(1400
( ) ( ) ( C)Csz Heat evolve 3%0.082 x 298 ( )
(AHC)CZHZ = 226.7 367
Heat evolve = ———— %900
6. AH_ = [2(AH) . o4 = 2(AH), /] 3x0.082x298
z total heat evolve from mixture(UDDD_UDDDDDDD DDDDDH)
-281.9 _ _
5 = (AH)_,, + 285.8 = 140 + 45 = 185 kd
1 1
(AH) . = - 426.8 Kg 18, oH,+5Cl,——HC
(AH),, = 52 + 24 - 1039 = - 22 kcal
THERMOCHEMISTRY EXERCISE # 2

9
1. CH,+ 50, — 3CO,+ 3H,0
3C + 3H, —> C,H, AH = 20.6 kJ/mole
C +0,—> CO, AH = -394 kJ/mole

1
H, + 502 —> H,0 AH = -285.8 kd/mole

(AH()e . =13AH,, +3AH AH )]

f(H,0) —
=[3 (-394) - 3(285.8) - 20.6]
(AH()e,n, =—2060kJ /mole

2. AH_ = [57(-285.8) - 52(393.5) + 7.870]

34117.4 kdJ/mole

AH
energy liberated for 1 gm fat(1 UI0I00ONOIIO0IOO0
34117.4

gl = gg7 - 38.4 ki/mole
3. AH_ = [4(90.2) - 6(241.8) + 4(46.1)]
heat realeased for 3 gm = MXIS =399
4x17

3 00000000 0oo0ooOn
4. Heat lost copper = heat gain by gold
30 0.385(318 - T) =15 0.129 (T - 298)
final temperature T = 315.1 K
T=421C
5. Applying Hess's law.

1 1
6. AH = |:_§(AHf)C2H2 +2(AH{)co, +§(AHf)H20:|

1 1
AH =--(-1300) + 2(—390)—5 572

2
AH, - 234

7. AHr = [“Z(AHf)co2 + 3(AHf)Hzo - (AHf)CZH5OH:|

AH_=[2(-393.5)-3(241.8)+277.7
AH = -1234.7 kJ/mole

8. Applying Hess's law,
AH_= [2(-414) + 2(86) + 571.6]
AH = -84.4 kJ

9. Applying Hess's law,
AH_~ =1[3(110.5) - 28.9 + 2(-285.8) + 3(-74.8)]
= -747.5
%NZ +%Cl2 —>NCl,
AH = |:—AH1 + AH, —%AH3:|
12. AH =

[2 (AHf)Nzos +4(AHf)HP03 _4(AH5 )HN03 _(AHf)P‘lOlOJ

AH, =[2(-43.1)+4(-948.5)-4(-174.1)-(-2984.0)

= -199.8



Order of reactivity C - CI>C-H>C -F

14. AH - 22. C,HOH—> CH, + H,O ... (i) AH = 45.54
[4AH ., +4AH. o -4AH. , -4AH_ ] 8a 8a
= C,H,OH —CH,CHO + H, ...(ii) AH = 68.91
[4x414+4x243-4x331-4x4313] a a
8a+a=1
AH_ = 420 )
15. For AH8=O, AH = AE a=§
AH =0, AH # AE energy involve in (i) reaction
18. Heat evolve = mC At = 100 4.2 10 =4.2 kJ OINO00 @00 000Kl A0 8
for 0.1 mole the enthalpy change = 4.2 kd (Lbbe - )= 4554 9
for 1 mole the enthalpy change = 42 kJ energy involve in (i) reaction
-~ . . 1
19. HCl + NaOH —— NaCl + H,0 OO0 00000000100 = 68.91  —
enthalpy change = mCVdT =100 4.2 3 total involve in (i) + (ii) are = 48.137 Kg
T L2k 23. HAuBr, + 4HCl —— HAuCI, + 4HBrAH = 8.8
enthalpy change for 5 millimole = 1.26 kJ
1.26 T _ 044 _
enthalpy change for 1 mole = W % conversion (DDDDD) 88 <100 =5%
= 2.52 10% kJ
THERMOCHEMISTRY EXERCISE # 3
COMPREHENSION # 1 COMPREHENSION # 3
1. AH, = [(AH ey, +2(AH )y = 2(AH )cr, | 1. () AH=(+w+x+y+z)
= [-658.3 + 2(-92.3) + 2(485.2)] (ii) (AHf)K+=§
= 127.5 kdJ/mole y
i) (AH)  for H ==
2. Add eq. (i), (ii) and (i) (i) (AH), for H =5
CX, (@ — C(g) + 4X z
(ivy  (AH)_,., for KH =~
AH = -AH, + 718 + 2D(X - X) 2
X=F 2.(1) electron affinity is exothermic Qoo OUOn60
AH = +679.6 + 718 + 2 154.7 (ii) ionization is endothermic (DHDDDUD]DDHH]UDD
AH = 1707 3. (AH)=2 90 +2 418 +436 -2 78 -2 710
Average bond energy of C - F bond (AH), = - 124 kJ/mole
= 1707 =426.75 124
4 4. (AH)g,= -—— = 62 kJ/mole
( - FIOIIOI 0ol 0on oo
X = Cl 6. Meq. of KH = Meq. of HCI
AH = 106.6 + 718 + 2(246.7) = 1318 01 x1000 - 95 1
Average bond energy of C - ClI bond = 329.5 Kg K
3 c -l bond 399 5 Valency factor (UUIOOOIOIO) of K is 1 hence
. - ond energy = :
% E, = M, M, = 39
C - H bond energy = 416.1
E., = 40 E ., =E= E,
C - F bond energy = 426.75
40=E + 1 E, = 39



THERMOCHEMISTRY

EXERCISE # 4[A]|

1.

11.

13.

14.

16.

2 CH, +0,—> 2 CO, + 3 H,O
2 mol
(AH) / mole = - 01560 kdJ
= 2 (-345) + 3(286) - (AH ). ,
2Ms
AH , = -790 - 858 + 15 - 98 kJ
= -88 kd/mol

aso, + 5HO A1, aso, . sHO

15.9 kcal
2.8

QuSO(aar)

Applying Hess's law AH+ 2.8 = -15.9
H=-159 - 2.8 AH= 18.7

C6H5COOH(S) +15/2 0, — 7CO, + 3H,0O
AH =gq =7 (-393) + 3 (-286) + 408

= - 2751 - 858 + 408 = -3201
AH = AU + AnRT
AU = - 3201 -8.3 300 0.5=-3201 + 1.247
= -3199.75

+H 2,22 5HA©
1‘ -167.44 «
Heq) Aea)

-92.30 + x = -167.44

x = -75.14 kJ/mol

CH, 0O, (s) + O, (g —> 6CO, (g) + 6H,O (/)
10g

AU = m Cv dt

AU = -10 kJ

for 1 mole = 15.6

1 3

PH,—— 5P2+ EHZ

954 = 3 (P - H)

PH,— P, + 2H,

1485 = 4 (P-H) + (P-P)

954

1.56 = 15.6 kd
180 = -2808 kd

1485 = 4
- 1272 +1485 = 213 kd/mol

+ (P-P)
(P-P)

2C(@Q + 6H(@ %>
Tz 171.8 |3(104.1)
2C(9 + 3H(9
AH=-676+343.6+312.3 = -676 + 655.9 = 20.1
4 (C-H) =39 (C-C)+ 6(99) = 676
C-H=99 K (C-C) = 676 -594 = 84

———>CH(9

19.

20.

21.

22.

24.

(@=0 +_ A@—>> 73886

\L81.2 \L—(243)

G@ A %

\L375 7 \L—348

&+ Qe

GsA(s)

81.2 + 375.7 + 121.5 - 348.3 + x = -388.5

578.4 - 348.3 + 388.5 = -
- x =966.9 - 348.3
x = - 618.6

2C(g) + 6H(g) — 2892 , CH,

-2275.2

2C(g) + 4H(g) 2252 _, C,H,

6C(g) + 6H(g) C.H,

(C-QO +6(C-H)=-28392=C-C=237398
(C=0C) +4(C-H)=-22752 = C=C=637.72
-6(410.87)+3(373.98) + 3(631.72) + RE = -5506
-5482.3 + RE = 0.5506

RE = -23.68 kd/mol

-5506

qa=0 AU = w
nCv AT =p_ [ PRI, _nRT,
e pf Pi
nx2RAT =-p, | 28T _nRT,
2 P

5/2 (T - 300)

-

5/2T—750—?f +60

3T = 810 T=270 K

5
AU =w = 2 ER(_SOO)Z - 150R = -1247.1J

AH= -150 R + 2 R(-30)= -210R = - 1745.9J

2Al(s) + Fe,O,(s) —> AIZOS(S) + 2Fe(s)
0.2mole 0.1mole 0.1mole 0.2mole
0.254 kg ice melted

AH ZWZ 20.26 kcal

Heat liberated for 0.1 mole = 20.26 kcal
Heat liberated for 1 mole = -202.6 kcal
AH=0—">(CHO

[
nCO,+nHO
applying Hess law

AH - 122 = - 134 = 12 Kecal



THERMOCHEMISTRY

EXERCISE # 4[B]|

1. Given
PN ar _HC= ar <t
ai
cal kcal
AH, = -950 = -0.95 ...(1)
1 mole mole

SO

N e g G h >CH, = CH - CH, - CH,

cal kcal

AH, = +1771 =1.771 ...(ii)
mole mole

CH, = CH - CH, - CH, + 60,— 4CO,, + 4H,0
kcal

AH, = -649.8 ... (iii)
mole

(ii) + (i) - (i)

_HC= ar 60, —> 4CO, + 4H,0(/)
a

kcal
AH = -647.079 ...(iv)
mole
H,0(/) — H,0(g)
kcal
AH, = 11 )
mole
(iv) +4  (v)
HC=
G—IS/ +6C0O,— 4CO, + 4H,0(g)

AH = -603.079
(2B, .*B._ .t8B._

|

+6B,_,8B._ ,-8B, ,, =-603.079

B._ .= 192.921 kcal/mole

Given

n(CH,=CH,)—>(-CH,-CH,-),  AH = -72
B._.-2B., .=-72 ...()
6C(S) + SHZ@ — CH, AH = 49 (ii)
CHgy — C6H6(g) AH = 30

RE. of CH = - 152

1

EHZ ——> H AH = 218
Cy— C(g) AH = 715
B., = 415 for equation (2)

(6 715+6 218)~(3B_ .+3B_+6 415 - RE) = 79
B.+ Bo.= 959 ... (i)

c-C
from equation (i) and (iii)
B. .= 343.66 B.=C=615.33
Given
6C(S) * 3H2(g) — CaHe(rz)AH =49
C.Hy, — CHyy AH = 45
6C,, + 3H, —> CH, AH =94 ... (i)
2C, + Hyy —> C,H,, AH =75 ... (ii)
(i) - 3 (i) 3CH,, — CH,, = 131
3B . 2B -8B 3B .+ 6B, ;- RE]=-131

3B._.- B._ o B..J *+RE=- 131
RE = - 131 + 99 = -32

4. Ca, Cay Ca+1( j ,Ca+2( )
. S s ;12 — CaC,

C(s) () CZ@ CZ(g) ~ 2(g)

-60=[179+590+1143+718 2-614-315+410+ L.E.]

L.E. = - 2889 kJ/mole
5. O, consumed by body in 1 hr.

=20 60 200 (0.2 - 0.1) = 24000 mL.

so volume of O, at 273K is let V then

vV 24000

273 310

V = 21135.48 mL moles of O, = 0.9435

CH, 0, + 60,— 6CO,+ 6H,0

AH = -2880 kJ/mol
0.9435
moles of glucose ——> 6
2880x0.9435

Heat released = 7 =452.9 kd

Heat used for muscular work

=452.9 0.25 =113.22 kd

so distance = 1.132 km
6. Given :

3 1 B )
2C(S)+§Hz(g)+§ Nz(g)——>CH3CN(g) AH =88 ...(i)
2C(5) +3H2(g) —_ CZHG(Q) AH = -84 .. (ii)

C(S) — C(g) AH = 717

Nz(g) —_— 2N(g) AH = 946

Hz(g) — 2H(g) AH = 436

B. , =410

(2 717+1.5 436+0.5 946)-(3 410+B. .+B

7.
NaCl +taq ——> Na' + CI
Na+(g)+Cl’(g) —— NaCl(s)

from equation (i)
= 88
...(iil)

C CEN)

B. .+ B._,= 1243

c-¢C C

from equation (ii)
(2 717 +3 436) - (B
B. .= 366 kdJ/mole

C

B = 877 kd/mole

C=N

.+ 6 410) = -84

C -

from equation (iii)

Given :
AH = -2 kJ/mole
AH = =772 kJ/moles

(aq) (aq)

so Na:g)+ClIg)+aq. __)Na:nglfaq,) AH = -774

+ + - +
& Na @ ©ad. — Na @

AH = -390
so enthalpy of hydration of CI" = -384
similarly enthalpy of hydration of I" = -307



