Speed Test-34

() In insulated system no heat or matter is exchanged,
q=0 ..AE=W. The work done on the system
increases internal energy.

(©)  AH=H, - H = (E; +P,V,5) — (E; + P V))

= (E;=E))+ (B, -B V)
=30+4x5-2x3=44L atm

d) Given AH=41 kJmol '=41000J mol !
T=100°C=273+100=373K
n=1
AU=AH- AnRT =41000 — (1 x 8.314 x 373)
=37898.88 Imol ! ~ 37.9 kimol!
(a) Process is isothermal reversible expansion, hence
AU =0, therefore q =~ W.
Sinceq=+208J, W=-208J
An intensive property is a physical quantity whose
value does not depend on the amount of the substance
for which it is measured.
AH, - AH,
-7
(a) Heat capacity at constant volume (q,) = AE
Heat capacity of constant pressure (qp) = AH
AH = AE+ AnRT or AH-AE=AnRT
An = no. of moles of gaseous products
-~ no. of moles of gaseous reactants
=12-15=-3
AH-AE=-3%x8314x298]=-7.43kl.
() Desired equation is H,O(l) »H,0(g), AH =?
(Equation II - Equation I)
AH=-245.5k) -(-286kJ)=40.5kJ
(@ CoH;OH(£)+30,(g)—— 2C0,(g)+3H,0(/)
Bomb calorimeter gives AU of the reaction
Given, AU=~1364.47 kI mol !
Ang ==1

o)

=2

(d) Kirchoff’s equation, = ACp

1x8.314x298

AH=AU+An RT= —1364.47—
s 1000

=-1366.93 kJ mol !

10. @  AS s =ASus0) HAS(cp) ~ ASa D)

=50+30-20=60c.u.
(@ CH,+20, - CO, + 2H,0; AH = 20 kcal.......(1)
C+0, - CO,; AH = ~40kcal....(2)

14.

18.

20.

®
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(b)

o

@
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@

2H; +0; =2H,0 :AH =-20keal........(3)
(2) +(3) —(I)wehave, C+2H,—>CH,
or AH =-20+(-40) — (-20) = — 40kcal
Enthalpy of reaction

= BERescuany ~ B-Eproduce)

= [BE(c-c) +4BEc ) +BE i) |

*[Bfic—a + (’B'Eicfl{)]

=[606.1+(4%410.5)+431.37)]- [336.49+ (6 410.5)]

=-120.0 kJmol"!

AG = AH—-TAS, AH + ve, AS is+ve; TAS>AH for
spontaneous process. It will make AG, ~ve
AH=AE+AnRT ForAH #AE,An #0
Where An = no. of moles of gaseous products - no. of
moles of gaseous reactants
(@) An=2-2=0
(b) An=0  (-- theyarecitherin solid or liquid state)
(€) An=1-1=0 (- Cisin solid state)
(d) An=2-4=-2

-, (d)is correct answer
The species in its elemental form has zero standard
molar enthalpy of formation at 298 K. At 298K, Cl, is
gas while Br, is liquid.
High pressure reduces volume, decreases entropy,
hence AS negative.

AS°=28° ¢ —(S° - 480 )
=2x186.7—(130.6+223.0)

=19.8JK ™ 'mol™
AG®=AH"-TAS®
For a spontaneous reaction AG® <0

or AH°-TAS®°<0 = T>AHD
AS®
179.1x10°
=T>———>11179K =~ 118K

160.2

; " 1 g
For the reaction, Cg)+ E()Z(g) —CO

AH= AU+ AnRT or AH-AU= AnRT

An:]_l:l—;AH Au=]—x8.3l4x298
2 2 2

=1238.78 Jmol !
AG®=AH®-TAS®; —RT /nK = AH® - TAS®
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5-C-18 SOLUTIONS
AH® - TAS® 26. (¢) The standard enthalpy of the combustion of glucose
oK = — T can be calculated by the eqn.
N . CyH204(5) + 604(2) = 6CO,(g) + 6H,0(/)
21 (a) Fe,04(s)+3CO(g) —— 2Fe(s) +3C0,(g): AHp= 6% AH{CO,)+ 6 % AH(H,0) - AH{[C4H, ,04]

22.

23,

24,

25.

(b)

®)

©

@

AH=-268k] ..(i)
FeO(s) + CO(g) —— Fe(s) +CO4(g):
AH=-165k] ..(ii)
eq. (i)~ 2 ¥ eq. (ii). we get
Fe,05(s) + CO(g) —— 2Fe0(s)+ CO(g)
AH=-26.8+33.0=+62kJ
Atequilibrium AG=0
Hence, AG=AH - T,AS=0
L AH=TAS or T,=20
AS
For a spontaneous reaction
AG must be negative which is possible only if
AH-TAS<0

S AH<TAS or T> A—H: T T
AS

N, +3H; —— 2NH; AH = 2x—46.0 kI mol™!
Let x be the bond enthalpy of N — H bond then
[Nete : Enthalpy of formation or bond formation
enthalpy is given which is negative but the given
reaction involves bond breaking hence values should
be taken as positive.]
AH = X Bond energies of reactants — X Bond energies
of products

2% -46=712+3 % (436) - 6x
~92=2020-6x
6x=2020+92
6x=2112
x=+352kJ/mol
For a reaction to be at equilibrium AG = 0. Since
AG=AH - TAS so at equilibrium AH-TAS=0
or AH=TAS
For the reaction
%xl +—3-Y1——>XY32 AH = -30kJ (given)
Calculating AS for the above reaction, we get
A8 :50—[I—x60+ 3x4o]n(“'

2 2

=50 - (30 +60)JK ' =-40JK !

Atequilibrium,  TAS = AH [ AG =0]

2~ Tx(-40) = -30%1000 [~ 1kJ =1000J |
-30x1000

or T=—+—0o750K

-40
According to first law of thermodynamics energy can
neither be created nor destroyed although it can be
converted from one form to another.
NOTE : Camot cycle is based upon this principle but
during the conversion of heat into work some
mechanical energy is always converted to other form
of energy hence this data violates 1st law of
thermodynamics.

27.

28.

29.
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(b)
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AH®=6(-400)+ 6(-300) - (~1300)

AH? =-2900 kJ/mol

For one gram of glucose, enthalpy of combustion
2900

——=-16.11kl /g
180 S

AHC=-

() 2C(s)+Hy(g) — H-C =C-H(g)
AH=225kJmol ™!

(i) 2C(s) —— 2C(g) AH=1410 kJ mol!
C(s5)——C(g) AH = 18410 _ 20 skmol™!
(i) Hy(g) —— 2H(g) AH=330kJmol ™!

From equation (i) :
225= [2X AHe(g) gyt 1% BEji_y ]

—[2xBE¢c_y +1xBEc=c]
225=[1410+1 % 330]-[2 %350+ 1 x BE,
225=[1410+330] - [100+BE_._ (|
225=1740-700 - BEfEC
BEq_ ¢ =815kJmol”

AH  for strong base and strong acid

c=cl

=137 kealeq™'

AH,,, (CH3;COOH)

=—12.5-(- 13.7)= 1.2 kealmol ™!

AHj,, (NH,OH)

=105 (-13.7)~ AH;,, (CH3COOH )
=13.7-105-1.2

=2 kealmol™'

Write the proper chemical equations.
C(graphite) + 0, (g) - CO, (g)

AH =-393kJ (i)

1
Hy (2)+ 505 (8) - H,00)

AH =-286kJ

C,HOH(1) +30,(g) — 2C0,(g)+3H,0(1)
AH =—1360k]

..{Gif)

From (2x1+3x11) - (I1T) we get
1
2
. 2(=393kJ )+ 3(—286kJ) — (—~1360kJ) = —284kJ
AHpyg = AHg — AHjgpice

2C+3H, +50, - C,H,0H

=1-180=-179 kealmol™!
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34. (a)
35 M)

36. ()

Then AHjpyg (Na™) + AHpyy (C17) =-179
2 .
or AHp,g(Na®) + EAH,,y.,(Na ) =-179

or AHjpy (Na®) =-107.4kealmol !

For non spontaneous reaction

AG =+ve

AG = AH ~TAS and

AS=121 JK !

For AG =+ve

AH hasto be positive. Hence the reaction isendothermic.

37.

The minimum value of AH can be obtained by putting
AG =0
AH =TAS=298 % 121]J

=36.06 kJ
The standard enthalpy of reaction is the enthalpy
change for a reaction when all the participating
substances are in their standard states. The standard
state of a substance at a specified temperature isits 38
pure form at 1 bar. For example, the standard state of
liquid ethanol at 298 K is pure liquid ethanol at I bar. 39,
Standard state of solid iron at 500 K is pure iron at 1 4o,
bar.

AC, =2x251+3x753-[1038+3x28.8]

=85.9 JK 'mol™

Ay=BHy WG, ¢
T,-T ¥

AHy-(33290) o 4L
358-298

AH =-28136Jmol ™! 4.

=-28.136 kI mol ™!
The enthalpy of ionisation of weak acid is given by

AHjon(11a)

= AH N(weakacid /strong base) ~ AH N(strong acid / strong base)

=-56.1 ~(~57.3)=1.2 kimol '

AH o nication) = 1.5 kI mol™
Hence % ionisation in 1 M solution
(1.5-1.2)
= === X 100=20
15

| 3 45.
TN @+ FRa(e) — NF: AH =113k

®

@

(©)
(@)

3
or AHyey + 5 AHpp ~3AHy ¢ =113k

Letx kimol™" be the bond energy of F — F bond then
bond energy of N=N bond = 6x
% I—x6x+1xx—3x273:7113 kJ
2 2
On solving,
x=156.9 kimol " and

N =N bond energy =6 x 156.9 =941.4 ki mol '
Given AH
1

FA——B +150 A1)
3B—20+D 1B -(2)
E4A ap 430 .0)

To calculate AH operate
2xeq.(1)+eq.(2)~eq.(3)
AH=300-125-350=-175

q=-W= 24303nRTlog%
1

The first reaction is exothermic and the second reaction
is endothermic. On passing the mixture of O, and
H,0 (steam)over coke while keeping the temperature
constant AH of both the reactions must be same.
Moles of O, needed to evolve 132kJ

0.5x132
T
Hencesteam : O ratiomustbe 1:0.6

Thegreater the (negative value) of heat of neutralisation,
the more is the strength of the acid. Hence,
HCOOH > CH;COOH > H,S >HCN

Dissolution of KNO is endothermic, hence heat is
absorbed and cooling is observed.

The positive sign expresses when work is done on the
system. Similarly, negative sign expresses when work
is done by the system.

This is combustion reaction, which is always exothermic
hence

AH=-ve

As the no. of gaseous molecules are increasing hence
entropy increases so AS = +ve,

now AG =AH-TAS

For a spontaneous reaction

AG =-ve

which is possible in this case asAH = —veand AS = +ve.
AS has negative value if number of gascous moles
decreases during a reaction, Ang = -ve

For the reaction

250, +07 2803

Ang=2-3=-1



