Exercise

3C.2(b) CO(g)+CH,CH,0H(l) » CH,CH,COOH(l)
AH® = > VAH® - " vAH® [2C.5]

Products Reactants
= —510.7kImol™ —(-277.69kImol™) — (~110.53 kI mol™)
=—-122.5kIJmol™
AST = Y vsT— > vsT[3B2]

Products Reactants
=191.0JK " 'mol™ —160.7T K  mol™ —~197.67TJK " mol™
=—-167.4TK " mol™*
AG® =AH® -TAS®

=—122.5kTmol ™" —(298K)x (-167.4JK "mol™)
=[-72.6 kImol™

3C.5(b) The formation reaction of glycine 1s

2C(gr)+0,(g)+ %Nl(g) + ;H (¢) = NH,CH,COOH(s)

The combustion reaction 1s

NH,CH,COOH(s) + 10, (g) — 2CO, (g) + 2 H,0(1) + = N, (2)

AH =2A,H®(CO,,g)+>A,H?(H,0,1)~ A, H® (NH,CH,COOH(s))

A,H® (NH,CH,COOH(s)) = 2A, H® (CO,, 2) +%AfH9(HEO, 1)~ A_H(NH,CH,COOH(s))

=-2%393.51 kI mol™ + (g) % (—285.83 kI mol™) — (—969 kJ mol™)

— 5326 kJ mol™
AS® = ST7(NH,CH,COOH(s)) - 2x S (C,er) - S (0O,,2) 71 ST(N,,2) fi S2(H,.e)
=103.5TK™ mol™ —2x5.740JK™" mol™ —(205.138 K" mol™)
f%xlgl.ﬁlJK_l mol™ —gx(l30.684JK‘1 mol™)
=-535.63JK"" mol™
AGT =AH® -T AS®

=-532.6 kT mol™' —(298.15 K)x (- 535.63 JK™" mol™)

=|-373kTmol™



3D.2(b) (iﬁ) =—S[3D.8]; hence ( j =—S;, and [56} =3
T, cT oT

C
) B (3G, -G)
s=ss = {5 lar) %)

_[OAG) __ @ (_ T
(ar )p_ aT( 73.17+4287x L)

~|-42.8TK™

Problem

3D.2  The Gibbs—Helmholtz equation [3D.9] may be recast info an analogous equation involving AG and

AH . since
(eAG) [ec,) [&aG)
\ar ) ~\ar) “lar)
P P P
and AH=H, - H,
(2 AG®)  AH®
Thus, J— £ J =
or T ) T’
r
(AGT) [ 52 AG®) A H®
d{ . I:t“_ : J dT[constant pressure] = ————dT
r ) \er 1 ) T
P
A(Acre‘n_ ITAHedT
\ T J_ . T
o [TdT o1 1) -
~-AH ===AH l———] [A H* assumed constant]
Sl rr) Y
AG%(T) AGS(T ( )
Therefore, — € _4 (“):AHﬂll_LJ
T T, < r 1)
( )
AGG{T)=LAG9(T)+“—£IAHG(T)
T T c T,. T c
and so © c

=tA G°(T)+(1-0)A H®(T) where r:%

For the reaction
N,(g)+ SHE(Q) — 2NH (g) A[Ge = EAfGe(N'Ha,g)

500

(@  AtS00K. r=22_1678.
208

A,G®(500K) = {(1.678) x 2 x (—16.45) + (1— 1.678) x 2 x (—46.11)} kJ mol

S0

)  At1000K, r=1000_ 3356
298

A,G®(1000K) = {(3.356) x 2 x (—16.45) + (1 - 3.356) x 2 x (—46.11)} kI mol

50

= +107 kT mol™
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@ a=( “\erl; M V_) & ),
(1) gf T—{S—?JV [Maxwell relation]
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] [Euler chain relation, Mathematical Background 2]
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[reciprocal identity, Mathematical Background 2]
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[Maxwell relation]
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GT} = —( ir) (é—SJ [Euler chain]| = —,,[ I [reciprocal]
op s s /,\ op .
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QJ = —(g) [Maxwell relation] = —al”
op ), ors,

o)}
95]

&)}
~

First treat the numerator:



As for the denominator, at constant p

@) d C dr
ds_{i—g} a7 and  ds-Sde 9T ST g
or/, T T
‘ C .
Therefore, (;) -  and (ZI ) _ al‘r /
ol P T GAY » Cp
(2) [6’_};} = { ff] [Maxwell relation]
) oV
V S
0 or
—(i} = ! ——[Euler chamn] = A—T [reciprocal]
E (3]
or ),\ es ), orly
@ _{ | (an)
or ), ov ). \erl,
=Tas\ (aU [Maxwell relation] = S\ (20 [Euler chain relation]
C cu o5 7
((P]U)V( or )V oU )V( oT
arl\és 17
= 2 z [reciprocal identity, twice] = ol (([ ) =7
Gl el i, C,, A
op ) \or ),

ol
w,C, = (g{ )L( (J:(T) )V — [Euler chain relation]

5 PY%
(aU)I
- —( g%{ )I[reciprocal identity] = p — T(S_};]V[BD'Q
_( GV)

[2] - =1 [Euler chain] = or’, g
(&) [@I"] [5";) K,

\ ('}IJ p\ Op - ).

al

Therefore, |1,C, = p—==




3D.10

The Gibbs—Helmholtz equation is

0 (AG) Al
or\ T r*
so for a small temperature change
AGT) AHT AG° AGT AHT
A—} J: }l AT and }' = }_' 7112 AT
2 1
AGY  fAHT . AG,° (1 1
SO J.d T — _j T T: and r 190 — r 220 + Al_He L_ o
T 1190 220 190 TllO

190 220

A G, = AGY £+AHG(1—&\
' ) TIJO ’ L EZOJ

For the monohydrate

A, G, = (46.2kTmol™) x { ;3(())112} +(127 kI mol™) x {1 - _ézgi] ’
For the dihydrate
A, Gy = (69.4kTmol™) [ ggi} +(188 kI mol™) {1__2812} ,
A G =|85.6kI mol™
For the trihydrate
(190K ) [ 190K )
A, G2 =(93.2kTmol™) x +(237kImol ™) x| 1 ’
oo = ( ) L220KJ (23 )XL 220KJ
© 1
A G® =[112.8kI mol
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