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T2
9 zz J CdT . . . . . . . . . . . . . . . (6.9)

dq
cp = + ............... (6.12)

= ................ (6.13)
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LL&G  C”  = $5”
dT

. . . ..*....... . ..(6.14)

aE= (XE . . . . . . . . . . . . . .

1 “=FIU  dq dE Wdn]%.-l@l%l~~

.(6.15)

~d~'ij,l,,l~,,~l,;,U~~~l~~U~~~~~~~~~~l~~~~~  8117A85fl13  (6.7) 9Ek%l

qP
= AH = ~c,AT . . . . . . . . . . . . . . . (6.16)

LlR:  q =” BE = nC”AT . . . . . . . . . . . . . . . (6.17)

..(6.18)

rtnufii H = E + PV s34luaufm

E = E CT,  v) . . . . . . . . . . . . . . (6.21)
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dE = (g?+ ($v . . . . . . . . . . . . . .

($= (g+ (g)& . . . . . . . . . . . .

..(6.22)

. ..(6.23)

cP - cv = (g” + ($g$.  + Jfgp -(g
t...........  (6 .24)
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“a% v4ih.kauhiwo.j  X e  =
55.40

131.30 = 0.42 -h

b&wam C, 2109  Xe = (3/2)  R

=  (3/2)  ( 8 . 3 1 4 3  J/K.mol)

= 12.4714 J/K.mol

. . cp  = Cy + R

= (12.4714 + 8.3143) J/K.mol

= 20.786 J/K.mol

A E = nCV AT

= 0.42 mol (12.4714 J/K.mol) (400 -300) K

= 523.80 J

LLRL A H = nCp AT

= 0.42 mol (20.786 J/K.mol) (400 - 300) K

= 873.01 J
w
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dE0SF,  = O . . . ..(6.27). . . . . . . ..I

:. dE

(bTV = - C”cc,
. . . . . . . . . . . . . . . (6.29)
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. . . . . . . . . . . . (6.30)
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dH=(g);q+(g);T

. ..(6.36)

0 = aH
( >PT + C&AT.

P J.T. = . . . . . . . . . . . . . . ..(6.37)
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fl?lwh  (P  ) ---+

yld (6.2)  ~twnJ~Aln”JtounlRSnJ~ ( isenthalpic curve)
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fl?lUn'U

- 150°C - 100°C

1 1.266 0.6490

20 1.125 0.5958

33.5 0.1704 0.5498

60 0.0601 0.4506

100 0.0202 0.2754

104 -0.0056 0.1373

180 -0.0211 0.0765

200 -0.0284 0.0087

7

I
0°C

0.2656

0.2494

0.2377

0.2088

0.1679

0.1316

0.1015

0.0891

100°C

0.1292 0.0558 0.0140

0.1173 0.0472 0.0096

0.1100 0.0430 0.0050

0.0975 0.0372 -0.0013

0.0768 0.0262 -0.0075

0.0582 0.0168 -0.0129

0.0462 0.0094 -0.0160

0.0419 0.0070 -0.0171

200°C

1
300°C
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V*- nRln  -
Vl

V
= nRln  -! . . . . . . . . . . . . . ..(6.41)

V2

Tz v, R/C,

T,
= $1 . . . . . . . . . . . . . .

2
..(6.42)

QlilWJTll~  (6.25) &I  R = C, -

hW-ll~  (6.42) .'d6

?; =
T,

(% yw VJ Y-l
= tvz’ . . . . . . . . . . . . . ..(6.43)
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Y
PV  = ihd . . . . . . . . . . . . . . . (6.45)
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CI.  b~~~0bbu8~bbaren~~~~~~  (adiabatic irreversible expansion)

P,V, = P,V,

PV
v,  = +

2

= (10 atm)  (1 m3
1 atm

= 10  m3
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.'.  w = AE

= nC,AT

LWL.Gil = (446.15 mo1)(3/2)(8.3143  J/K.mo1)(108.68-  273.15)K

= -915.134 kJ
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w = -P2( “RT2

P2
. . . . . . . . . . . . . .

nRT nRT
nCv  (T2  - T,) = - p, t-p2

2
- y-5

n(3R/2) (T2  - Tt) = - nRP2  p2/P2)  - (T,/Plg

1.5 (T2  - 273.1510 = atm)-(273.15 K/10 atm)1
T, = 174.82 K

..m
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W = n(3R/2)  (T2  - T,)

:. C+ (3 =
1

- Rln  ($)
1

uwwiihwnia

( 1 2 . 5 5  J/K.mol)ln(&K)  = 22.4 liter-(8.3143  J/K.mol)ln  (44.8  liteS

I n  TZ-h(273.15  K )  = -(8.3143/12  55) ln(0.5)

InT2  = 0.4592 + 5.6100

:. T2 = 432.33 K
w

v%l~~qmw~oL~u;u  = T2 - Tl

= (432.33 - 273.15) K

= 159.18 oserlbna9u
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nRT
:. P, = -7’1

= (1 mo1)(0.0821  liter.atm/K.mo1)(273.15 K)/44.8 liter

= 0.501 atm

:. P2 = (0.501 atm)(44  8/22 4)‘.67. .

= 1.594 atm
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6.6 “gere4aol~aliblrsw~~~t~~~~~~  (Hess’s Law of Constant Heat Summation)
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.

qm@h~d  298.15 K
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‘

mJnla  (1) CH4(g) + 2 02(g)-+  coz(g)  + 2H,O(l)  A  H298,15  = - 890.35 kJ/mol

t-an15  (‘4 Hz(g) + ; 02(g)--+H20(l) Q %98.15  = - 285.77 kJ/mol

Nun13  (3) c(s)  + 02(g)--4-co2ta A H298.15 =  - 393 .51  kJ/mol

hpm.ml~ (I) 6aiauaumom%dmsnl~  (1)  ac‘ad

mJnl3  (4 )  2H,0(1)  +  C02(g)-+CH4(g)  +  2  oz(g)  A H , , , , , ,  = 890 .35  kJ/mol

hpmmis  (2) 6af.J  2 dIb

WJf115 (5) 2H2(g) + O,(g)--+2H,O(l)

h016181n14  (3) + (4) + (5) arIm’

C(s) + 2H2(g) + CH&)

AH,,,.15 = - 571.54 kJ/mol

AH29*.,5  = - 74.69 kJ/mol
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6.7 asPawla~~lFl~~loa~~~~1~~~~ (Standard Enthalpies  of Formation)
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RlWl.4Fll49" AH; WN  CH, (g) = - 7 4 . 8 5  kJ/mol

AHf”wa~  H,O  (1) =  - 2 8 5 . 8 4  kJ/mol

AH; “1109  CH30H (1) = -238.64 kJ/mol

96 0
xi91i  mngm AH” = IL  ppAHfo  - Z RnRhHfO

AHO  = [A H; (‘=$OW)  1 + A HFH2(g,j  -[A H; (CH&)  1 + AH~H,W-j

WWil = [I(-238.64) + 0 kJ  -1 c(-74.85) + (-285.84) kJ1
:. AHO  = 122.05 kJ

6&k ~@%Ul~~n~6jl-d9~b~~~~  Bt&.3bkl-d1&34LYi16J  122.05 ?ibR$R

AH;WN  C,H,(g)  = 226.75 kJ/mol

AH; YLN  co,(g) = - 3 9 3 . 5 1  kJ/mol

A HF lItI9 H,O  (g) = - 2 4 1 . 8 3  kJ/mol
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f0.inl3  (4) C,H,  cd- 2c (nmd&)  + Hz(g), AH,” = -226.75 kJ/mol

pmmia (2) t$aiau  2 mwm’bd

twm (5) 2c (naid9pFJGT)  + 2 0, (g)  - 2 co,(g) A Hf”  = -787.02 kJ/mol

h-wni4  (3) + (4) + (5) ~~%-wnisuosnm%mid  c,H,(g) aiaA&miaFh

iwn1-i  (6) CzH2(g)  + $o2(g)- 2 CO,(g) + H,O  (1)

bbRE AH” = A Ha3)  + A HX4) + A  Ha5)

=  ( -241 .83 )  +  ( -226 .75 )  +  ( -787 .02 )
c 1 kJ/mol

:. AH” = - 1255.60 kJ/‘mol

blWP661  = 2 (-398.51) + (-241.83) kJ - (226.75) + (0) kJIC 1
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C~H&g) + &(g)  ---+ 2CO,(g)  + 3H,O(  i ) AH:  : - 1 5 6 0 . 1  k J / m o l

HZ(g)  + &(s)  ----+ H,ou) AH;  =  - 2 8 5 . 8  kJ:mol

mmicj  ( I ) C&,(g)  +  3  02W+2 Co,(g)  + 2  H,O  (1) A  HE  = - 1411 kJ/mol

wfm ( 2 ) H2k)  + +Oz (13  __j H,O  (1) A Hf”  = A HE  = -285 kJ/mol

wa.mi~  ( 3 ) C&,(g)  + +Q  (g)---+  2 CO, (g)  + 3 H,O  (1) A  Hc” = - 1560 kJ/mol

hu.mi~  (1)  +  ( 2 )  - ( 3 )  9:l&wnW%8dA7~G8

C&,(g)  + H,W---+ C,H,  W

bba:  A H ” ==A H;(l)  + A H;(2)  - A H:(3)  . . . ...“.. H%J?l15  (4)

x
C

( - 1 4 1 1 )  +  ( - 2 8 5 )  - ( - 1 5 6 0 )  kJ/mol1

:.AH” =  - 1 3 6  kJ/mol
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PV  = IlRT

CH 243



AH = AE + An(RT) . . . . . . . . . . . . . (6.50)
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WOJ(s) +  C02(g)  ---+ W C ( s )  +  -$02(g) A Hc =  1 1 9 6  kJ/mol .......... (1)

C(s)  + qg) +CO,(g) AH~  = AHf = -393.5 kJ/mol .......... (2)

W(S)  + +02(g)  -+ wo3w AH~ = AHf  = - 837.5 kJ/mol .......... (3)

m.mi~  (I) + (2) + (3) srM4mh%%1

W(s)  + C(s) +ww AH~ = - 3 5  kJ/mol

:. w-m&wmsniabAm  i Ia~nvos  WC Pc~ier~aiaJfouoonui~~i~~  35 f&y
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HC1.10 H,O  + 30 H,O  +HC1.40  f$o

LbaJr A Hdi,  = A H ,  - A H ,

= -73.02 kJ - (-46.49 kJ)

= -26.53 kJ

6 . 1 1  “,~~nl~~PdasJ~sae~~,~~~~~~~~~

(Dependence of Enthalpy change Temperature)
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T

= ~zR”Rcp  (i=W&~~)  dT . . . . . . . . . . . . . . . (6.53)

'1
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IdO  xRnRCp  (RI-&¶&)  = a Cp  (A) + bC, (B)

J
T

Lbaf AH”  = r’ ,,npCp (al3wfolWa)  dT

cc&C) + dC,(D)

= A H ,  +
s

(rpnpC,  - E RnRCp)dT

TI
T1

. . . AHZ  = A H, +
5 A c,dT . . . . . . . . . . . . . ..(6.55)

TI

da A c, = x P”rFP - =RnRCp . . . . . . . . . . . . . . . (6.56)

=  (cc&C)  +  dC&D))  - ($,(A)  +  bC,,(BN
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C,H, (g)  + H,O  (g)  -----+ C,H,OW

mny‘5 AHO = ZpnpAHfD  - z RnRAHfO

Wl  I.461 = (l)AH3C,H,OW  - ~(UAH&H~)  + (1)  AHxH20)1= [(l)(-277.63)-[(1)(52.28)+(1)(-241.83ikJ

:. AH” = -88 .08  kJ

G%ik&  d$Serivomi~afi~  1  ha  C,H,OH  9=niu~aiaJio~oonui~~i~~  8 8 . 0 8

iTbay

Y) 113&&k  (15”C)hH\ al3u8mwA  (100°C)

1
AH* TAH2

Al5&&  (25°C)
AH” > i=flX48W~  (25°C)

9inbbHuniW  H I  A H ,  i7na’Eln7aa~~oPrqs~~~~~~~~*~~~~

J
298.15

AH, = z #,C,dT
288.15

= (43.55 + 33.58) J/K (298.15 - 288.15)K

= 771.3 J

:. A H, = 7.713 x  10-l  kJ

hum A H, ilP93irnlsrEi~erUq~~~~~~~~~~~~~~~~~n  25%  bmu  lo&Ii

373.15

AH, = J z ppCpdT

298.15
= (1 mol) (111.46 J/K.mol)  (373.15 - 298.15)K

= 8359.50 J

:. AH2  = 8.359 kJ

mwrmiw  e9iet-1 A  H  1799~~n75b~~erer77n~~~~~~~  (15%)  ~J~OU~I~UG~UR

(106%) szl6wiera~wjw6”Go
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AH = A H ,  +  AHO + AH~
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S S i I Br Cl F 0 N C H

H 339 339 299 366 432 563 463 391 413 436
c 259 290 240 276 328 441 351 292 348
N 200 270 161
0 369 203 185 139
F 541 258 237 254 153
Cl 250 359 210 219 243
Br 289 178 193

I 213 151
S i 227 177
S 213

CH, - CH, 368 CH, = CH, 682
H,N  - NH, 243 CH, = 0 732
HO - OH 213 o = o 498
F - F 159 HN = 0 481
CH, - Cl 349 HN = NH 456
NH, - Cl 251 CH, = NH 644
HO - Cl 251 NEN 946
F - Cl 255 HC ZE  CH 962
CH, - H 435 HC = N 937
NH, - H 431 c-0 1075
OH - H 498
F - H 569
CH, - NH, 331
CH, - OH 381
CH, - I 234
F - I 243
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%?il bhd@%JlVMdi@l C,H,OH  b%?&

2W + ; O&z) + 3 Hz(g) -----+C,H,OH  (1)

tGmhph7uGo

2C(s)-+2C(g)  A H  = 2 A Hvap

= 2 x 717 kJ ($lilbB'Yl6~lHUWBll%49q~

& 0+9jO(g)  AH  = (l/2) X 498 kJ 81?lW1-d19'd (6.3)

3H,(g) -+ 6HW A H = 3 X 436 kJ WETl579d  (6.2)

:. w~~j99l~w"%~'tbnl~~lRl~~~b~  = 2991 kJ
w

l(C - C) A H = -348 k3

‘:  9 5(C  - H) AH = 5(-413) kJ
H - C - C - O - - H

A A
i(c-o)  A H  = -351 kJ

1 ( 0 - H )  A H  = -463 kJ

:. naluioulIosd~~?ul (AH) = (2991)kJ + (- 3227) kJ

z -236 kJ

&&A  A H; “uD9  C,H,OH  &ilLtilfh -236 %R;R
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3406.57

1 8 4

22.4 44.8

aml-d (&i-d)---+

CH 243



616113~

1

2

3

P (rmmi81)

1 .o

v (8m3)  ’

22.4

44.8

44.8

T (&la%)

273.15

-hm4

A

B

C’

-

-

-

-

w (p) E @)

-

- -

44.8

1  i

I

IiIi

3

B

2

-
273.15 546.30

?staW@ T __j
(osa1anniu)
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“13,s~ 3

WF1lpd” P (msuifm) v (Fim) T @IA%)

1 22.4 273.15

2 22.4 546.30

3* 44.8 546.30

-

-

-

-
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(‘,)  YCIY  CO(p) = 26.86 + 6.97 x 10m3  T - 8.20 x IO--’ T2

cr “UclY O,(g) -= 25.72 + 12.98 x 1O-3 T - 38.63 x IO-‘T2

CI1  "ii09  CO&) = 26.00 + 43.5 x 10m3  T - 148.3 x lo-’ T2

6.12 ,%m&yGi  2StK

:- Ei&.g)  t  ;+,(g) ---a  O H ( p ) A H ”  =  +42.09  kJ

H,W + k Q2W  ---+ +Xg) Ati’  =  - 2 4 1 . 8 3  kJ

q&d .- 2H(gJ A H ”  =  +435.88  kJ

’ Q@J - -  2QM AH0 = i-495.04 kJ

'dY61iaa<ti  A W dsi~Ud~:~UldO~d<

71.  OH(g) -mm--*  H(g) + O(g)

“l.  H,O(g)  - :==  ZH(g) t O(g)

6. H,O(@  -----+  H ( g )  i- O H ( g )

.Y.  a8lsJii~l~ilalts~l~~~~~~l~~~,~~~  sY+h~asLaMl  A  E  &&d~i%&W%.

%~~k3 (nj, (u) kx (fl) .

6.13 ~?n~a7u~~u~~s~7a~=~7~~  2h

HCl(y) + lOOH,O --+ HC1.100H20 A Fi = -73.8476 kJ

NaOH(s) + lOOH,O -3 NaOH. lOOH,O A H  =  m-~42.342  kJ

NaCl(s)  + 200H,O > NaC1.200Hz0 A H  ,= +4.2509  kJ

~~~~1 A lf; WI9 HCl(g),  NaOH(s),  NaCl(s)  bbK  H,O(i)  vil~~~~nWl~lS~Udl?~WUan

%?~1uasw1  A H ~?~%JI@%JI

HC1.100H,O  + NaOH.lOOHzO + NaC1.200H20  -t  HzO(l)
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6.14 ?lnnaiu~ouuosn-lsrii~~l~  (heat of forma!ion)  d  2S%

CH 243


