
TOT HFP J DG {BVBXTCRJQ HTFRWBB

T&<& Helysq ^ K&Y& Cbljhjd

{bvbxtcrbq afrekmntn VUE^ Vjcrdf^ 119899^ Hjccbz

Ghb j,extybb [bvbxtcrjq nthvjlbyfvbrt ,jkmie. nhelyjcnm e

cneltynjd dspsdftn cjjnyjitybt

o
DG = - RT ln K (1)p

Djghjcs^ xnj pyfxbn cbvdjk D b rfrjdf hfpvthyjcnm K d ehfdyt-p

ybb 1^ ghbdjlzn lf;t yfb,jktt cgjcj,ys[ cneltynjd d cjcnjzybt

ythdyjuj yfghz;tybz&

D J. Chem. Educ. ehfdytyb. 1 eltkzkjcm vyjuj dybvfybt

(1-9)& Fdnjhs frwtynbhjdfkb dybvfybt yf nj^ xnj DG^ j rjnjhjv

bltn htxm d ehfdytybt 1^ gjkexftncz rfr ghjbpdjlyfz jn j,otq

’ythubb Ub,,cf cbcntvs gj [bvbxtcrjq gthtvtyyjq

DG = S n m = (dG/dx) (2)i i i T,p

f cvsck cbvdjkf D jnkbxftncz jn

DG = G - G (3)2 1

ult G b G - ’nj ’ythubb Ub,,cf dctq cbcntvs d yfxfkmyjv b2 1

rjytxyjv cjcnjzybb& Lkz jnkbxbz pyfrf DG d ehfdytybz[ 2 b 3

lheu jn lheuf ghtlkfufkjcm bcgjkmpjdfnm cgtwbfkmyst j,jpyfxt-

~o -o D o
ybz {DG (3)^ D G (6)^ DG (7)^ PG (9)} b cgtwbfkmyjt yfpdf-P,T

ybt {[bvbxtcrjt ltkmnf (7)}&

Nhflbwbz bcgjkmpjdfybz pyfrf D d ehfdytybb 1^ rjnjhfz

ghbdjlbn r lde[cvscktyyjcnzv d djcghbznbb ehfdytybq [bvbxtcrjq

nthvjlbyfvbrb (ytj,[jlbvj gjcnjzyyj cghfibdfnm ct,z^ ehfdytybt

2 bkb 3 bvttncz d dble)^ bltn bp bcnjhbb [bvbxtcrjq nthvjlbyf-

vbrb&

D bcnjhbb [bvbxtcrjq nthvjlbyfvbrb dsltkz.n ldt dtndb^
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djpybribt ghbvthyj d jlbyfrjdjt dhtvz& Gthdjt yfghfdktybt

cdzpfyj c bcgjkmpjdfybtv [fhfrnthbcnbxtcrb[ aeyrwbq b hfphf,j-

nfyj Ub,,cjv (1876 u) (10)& "nj yfghfdktybt bcgjkmpetn gjyznbz

[fhfrnthbcnbxtcrb[ aeyrwbq b [bvbxtcrb[ gjntywbfkjd b ibhjrj

ghbvtyztn fggfhfn vfntvfnbxtcrjuj fyfkbpf& D jhbubyfkmys[

nhelf[ Ub,,cf dct ehfdytybz pfgbcfys njkmrj xthtp [bvbxtcrbt

gjntywbfks^ pyfr ltkmnf djj,ot yt bcgjkmpetncz^ fyfkju ehfdyt-

yb. 1 jncencndetn& D gjcktle.ob[ hf,jnf[ d hfvrf[ ’njuj gjl[jlf

DG lfyf bynthghtnfwbz rfr S n m &i i i

Dnjhjt yfghfdktybt^ cdzpfyj c bvtytv Dfyn-Ujaaf (1884)

(11)& Dfyn-Ujaa yt bcgjkmpjdfk gjyznbz ’ynhjgbb b lheub[ [fhfr-

nthbcnbxtcrb[ aeyrwbq^ f gjcnhjbk bpkj;tybt yf vtnjlt wbrkjd b

gjyznbz[ hf,jns b ntgkjns& Jy ibhjrj bcgjkmpjdfk gjyznbt rjy-

cnfyns hfdyjdtcbz b bvtyyj e ytuj dgthdst gjzdbkjcm ehfdytybt

nbgf (1)& C yt,jkmibvb vjlbabrfwbzvb tuj vj;yj ghtlcnfdbnm d

1
dblt

W = RT ln Kc

ult W - vfrcbvfkmyfz gjktpyfz hf,jnf& Ghb dsdjlt ’njuj ehfdyt-

ybz Dfyn-Ujaa ddtk ghtlcnfdktybt j ,jkmijv zobrt^ ult ghjntrftn

[bvbxtcrfz htfrwbz^ rjnjhsq gjkexbk yfpdfybt zobr Dfyn-Ujaaf&

J,hfnbnt dybvfybt^ xnj vfrcbvfkmyfz gjktpyfz hf,jnf zobrf

Dfyn-Ujaaf hfdyf rjytxyjve bpvtytyb. ytrjnjhjq aeyrwbb cjcnj-

zybz (yfghbvth DG ghb gjcnjzyys[ ntvgthfneht b lfdktybb) b ’nj

ghbdjlbn r bynthghtnfwbb ltkmnf d ehfdytybb 1 d cvsckt ehfdyt-

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

1
d jhbubyfkt ln K = - E/(2T)& Ghbdtltv tot jlyj ehfdytybt d

2
gthdjyfxfkmyjq pfgbcb bp hf,jns Dfyn-Ujaaf d lnK/dT = q/(2T )&

Vs ghtlkfuftv dfv ljuflfnmcz^ xnj jpyfxftn rjycnfynf 2 d ’nb[

ehfdytybz[&
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ybz 3&

Gjl[jl Dfyn-Ujaaf jrfpfk ,jktt cbkmyjt dkbzybt yf hfpdbnbt

[bvbxtcrjq nthvjlbyfvbrb^ xtv hf,jns Ub,,cf& Hf,jns Ub,,cf ,skb

ytljcnegys ,jkmibycnde [bvbrjd yfxfkf dtrf bp-pf f,cnfrnyjcnb b

vfntvfntpbhjdfyyjcnb gjl[jlf& Nfr ds yt yfqltnt d hf,jnf[

Ub,,cf djj,ot nfrjuj nthvbyf^ rfr rjycnfynf hfdyjdtcbz& D

yfcnjzott dhtvz cbnefwbz bpvtybkfcm& Gjl[jl Ub,,cf cnfk jcyjdj-

gjkfuf.obv ghb j,extybb b bcgjkmpjdfybb [bvbxtcrbq nthvjlbyfvb-

rb b ’nj^ ytcjvytyyj^ jghfdlfyj& Jlyfrj ytj,[jlbvj gjvybnm^ xnj

nthvbyjkjubz b j,jpyfxtybz dj vyjujv cdzpfys c gjl[jljv Dfyn-

Ujaaf&

D yfcnjzotq hf,jns vs [jnbv rjcyenmcz ghj,ktvs [bvbxtcrjq

ltkmnf c njxrb phtybz cjgjcnfdktybz gjl[jljd Ub,,cf b Dfyn-

Ujaaf& Ghb ’njv vs yt ,eltn ghblth;bdfnmcz bcnjhbb hfpdbnbz

[bvbxtcrjq nthvjlbyfvbrb^ f ghjcnj hfccvjnhbv djpvj;yst bynthg-

htnfwbb DG^ b d rfrjq vtht jyb cjjnyjczncz vt;le cj,jq&

Vs ,eltn ghblth;bdfnmcz j,jpyfxtybq^ htrjvtyljdfyys[

rjvbccbtq B>GFR (12)^ cjukfcyj rjnjhsv ehfdytybt 1 ghbybvftn

dbl

o o
D G = - RT ln K (4)r m

<jkmijt hfpyjj,hfpbt gjlcnhjxys[ b yflcnhjxys[ byltrcjd ytc-

rjkmrj pfnhelyztn pyfrjvcndj c [bvbxtcrjq nthvjlbyfvbrjq^ yj^

yf yfi dpukzl^ dhtvz^ pfnhfxtyyjt yf j,extybt cneltynjd gjybvf-

yb. htrjvtyljdfyys[ j,jpyfxtybq^ gjkyjcnm. ct,z jghfdlsdftn&

Gjcktljdfntkmyjt bcgjkmpjdfybt j,jpyfxtybq^ htrjvtyljdfyys[

B>GFR^ ghbdjlbn r ,jkmitve gjybvfyb. pfgbcsdftvs[ ehfdytybq b

ecnhfyztn genfybwe vt;le hfpysvb gjyznbzvb& Nfr ehfdytybt 4^

ghb pyfybb j,jpyfxtybq^ cfvj gj ct,t lftn jndtns yf djghjcs^

cajhvekbhjdfyyst d yfxfkt cnfnmb gjckt ehfdytybz 1&
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Vs yfxytv yfit hfccvjnhtybt c j,jpyfxtybq^ rjnjhst lflbv

lkz k.,juj ’rcntycbdyjuj cdjqcndf Z [bvbxtcrjq cbcntvs (’ynhj-

gbz^ ’ythubz^ ’ynfkmgbz^ j,‘tv b n&l&)& Pfntv d hfvrf[ ddtlty-

ys[ j,jpyfxtybq ghtlkj;bv ytcrjkmrj bynthghtnfwbq lkz dtkbxbys

D Z ^ cktle.ob[ bp gjl[jljd Ub,,cf b Dfyn-Ujaaf& Gjckt ’njujr m

gthtqltv r hfccvjnhtyb. rhbnthbtd [bvbxtcrjuj hfdyjdtcbz^ ult

o
gjkexbv dtkbxbye D Z b lflbv e;t tt bynthghtnfwbb nfr;t dr m

hfvrf[ lde[ fkmnthyfnbdys[ gjl[jljd& D pfrk.xtybt vs hfccvjnhbv

o
cdzpm K c K b K &p c

Byntuhfkmyjt bpvtytybt ’rcntycbdyjuj cdjqcndf DZ d cbcntvt

Hfccvjnhbv pfvryene. cbcntve^ cjlth;foe. N dtotcnd (yf-

xfkmyst rjkbxtcndf vjktq n )^ chtlb rjnjhs[ vj;tn ghjntrfnmio

jlyf [bvbxtcrfz htfrwbz& Ajhvfkmyj ’nj eckjdbt vj;yj dshfpbnm

rfr

rang(A) = N - 1 (5)

ult A - ajhvekmyfz vfnhbwf (13)&

Ghjntrfybt [bvbxtcrjq htfrwbb^ rjnjhe. pfgbitv d dblt

S n B = 0 (6)i i i

cjjndtncndetn bpvtytyb. xbckf vjktq dtotcnd^ xnj vj;yj jgbcfnm

2
ddtltybtv jlyjq [bvbxtcrjq gthtvtyyjq

n = n + xn (7)i io i

Cnt[bjvtnhbxtcrbq rj’aabwbtyn n cxbnftncz gjkj;bntkmysv lkz

ghjlernjd b jnhbwfntkmysv lkz htfutynjd& Ehfdytybt 7 zdkztncz

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

2
vs ,eltv bcgjkmpjdfnm yfpdfybt [bvbxtcrfz gthtvtyyfz lkz

njuj^ xnj j,sxyj yfpsdf.n cntgtym. ghjntrfybz& Yf yfi dpukzl^

yfpdfybt cntgtym ghjntrfybz yt jxtym elfxyj^ nfr rfr ytdjkmyj

fccjwbbhetncz c ,tphfpvthyjq dtkbxbyjq&

- 4 -



jghtltktybtv [bvbxtcrjq gthtvtyyjq&

Eckjdbz 5-7 drk.xf.n d ct,z ckexfb^ rjulf d cbcntvt ghb-

cencnde.n bythnyst dtotcndf (yfghbvth hfcndjhbntkm)^ rjnjhst yt

ghbybvf.n exfcnbz d ghjntrftvjq htfrwbb& Lkz nfrb[ dtotcnd

cnt[bjvtnhbxtcrbq rj’aabwbtyn ghjcnj hfdty yek.&

Yfb,jktt ghjcnj b tcntcndtyyj jghtltkztncz bpvtytybt

byntuhfkmyjuj cdjqcndf cbcntvs^ rfr

DZ = Z - Z (8)2 1

ult Z b Z ’nj ldf cjcnjzybz cbcntvs c hfpysvb pyfxtybzvb x&2 1

Bvtyyj ’nf dtkbxbyf d[jlbn d nfrbt ehfdytybz rfr

DU = QV

DH = Qp

-(DF) = WV,T max

-(DG) = Wp,T max

Cktletn jnvtnbnm^ xnj pyfxtybt DZ d ehfdytybb 8 pfdbcbn yt

njkmrj jn [bvbxtcrjq gthtvtyyjq^ yj b jn njuj^ rfrbt gthtvtyyst

ds,hfys d rfxtcndt dytiyb[&

Gfhwbfkmyjt bpvtytybt ’rcntycbdyjuj cdjqcndf d cbcntvt D Zr m

"rcntycbdyjt cdjqcndj cbcntvs Z vj;tn ,snm pfgbcfyj rfr

aeyrwbz ntvgthfnehs^ lfdktybz b xbckf vjktq

Z = Z(T, p; n )i

ult n tcnm cjrhfotyyfz pfgbcm n , ..., n & Njulf k.,jt ,tcrj-i 1 N

ytxyj vfkjt bpvtytybt ’rcntycbdyjuj cdjqcndf cbcntvs^ cjukfcyj

vfntvfnbxtcrjve fyfkbpe^ pfgbcsdftncz d dblt

dZ = (dZ/dT) dT + (dZ/dp) dp + S (dZ/dn ) dn (9)p,n T,n i i T,p,n ii i j

Ghb pfgbcb xfcnys[ ghjbpdjlys[ gjlhfpevtdftncz^ xnj j $ i&

Xfcnyst ghjbpdjlyst gj xbcke vjktq ghb gjcnjzyys[ ntvgthf-

neht b lfdktybb (gfhwbfkmyst vjkmyst dtkbxbys) buhf.n jcj,e.
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hjkm d [bvbxtcrjq nthvjlbyfvbrt b bvt.n cgtwbfkmyst j,jpyfxtybz

(dZ/dn ) = Z’i T,p,n ij

D nthvjlbyfvbrt j,sxyj ghbybvftncz^ xnj ’rcntycbdyst

aeyrwbb zdkz.ncz jlyjhjlyjlysvb aeyrwbzvb gthdjuj gjhzlrf

Z(p, T; kn ) = k Z(p, T; n ) (10)i i

b vj;yj pfgbcfnm cjukfcyj ntjhtvt "qkthf

Z = S n Z’ (11)i i i

D cdj. jxthtlm gfhwbfkmyst vjkmyst dtkbxbys - ’nj jlyjhjlyst

aeyrwbb yektdjuj gjhzlrf

Z’(p, T; kn ) = Z’(p, T; n ) (12)i i i i

"nj cjjnyjitybt ujdjhbn^ xnj gfhwbfkmyst dtkbxbys pfdbczn

njkmrj jn cjcnfdf cbcntvs b yt pfdbczn jn cevvfhyjuj xbckf

vjktq d cbcntvt ghb gjcnjzyyjv cjcnfdt&

Bvtyyj cjjnyjitybz 10-12 ghblf.n ghjbpdjlysv

(dZ/dn ) cnjkm df;yjt pyfxtybt d [bvbxtcrjq nthvjlbyfvb-i T,p,nj

rt&

D ckexft hfccvfnhbdftvjq pfvryenjq cbcntvs c ghjntrfybtv

jlyjq [bvbxtcrjq htfrwbb bpvtytybt xbctk vjktq jlyjpyfxyj

pflftncz [bvbxtcrjq gthtvtyyjq^ gj’njve vj;yj pfgbcfnm

Z = Z(T, p, x)

Bp ehfdytybz 7 cktletn^ xnj

dn = n dxi i

b ehfdtybt 9 ght[jlbn d

dZ = (dZ/dT) dT + (dZ/dp) dp + (S n Z’)dx (13)p,n T,n i i ii i

Jnj.lf vj;yj edbltnm^ xnj

S n Z’ = (dZ/dx) (14)i i i T,p

"nj dtkbxbye yfpjdtv bpvtytybtv gfhwbfkmyjuj cdjqcndf d [bvb-

xtcrjq htfrwbb b^ cjukfcyj htrjvtylfwbzv B>GFR (12)^ jyf j,jp-
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yfxftncz rfr

D Z _ S n Z’ (15)r m i i i

Jnvtnbv^ xnj ckjdj bpvtytybt j,sxyj jgecrftncz b ’nj lftn nfrbt

nthvbys^ rfr ’ynhjgbz [bvbxtcrjq htfrwbb D S ^ ’ynfkmgbz [bvb-r m

xtcrjq htfrwbb D H b n&l&r m

Byntuhfkmyjt bpvtytybt ’rcntycbdyjuj cdjqcndf cbcntvs

yf jlby vjkm [bvbxtcrjq gthtvtyyjq DZm

DZ - ’nj hfpyjcnm ’rcntycbdys[ dtkbxby^ f D Z - hfpyjcnmr m

byntycbdys[ dtkbxby^ xnj yt gjpdjkztn chfdybdfnm b[ vt;le cj,jq

ytgjchtlcndtyyj& Jlyfrj^ vs vj;tv hfccvjnhtnm bpvtytybt DZ ghb

bpvtytybb [bvbxtcrjq gthtvtyyjq yf jlby vjkm Dx = 1 (jlby

ghj,tu htfrwbb)^ lheubvb ckjdfvb^ dtkbxbye

DZ = DZ/Dxm

Ytj,[jlbvj gjvybnm^ xnj j,otv ckexft jnyjitybt DZ/Dx pfdbcbn jn

dtkbxbys Dx&

Hfccvjnhbv cdzpm vt;le DZ b D Z d lde[ yfb,jktt df;ys[m r m

ckexfz[&

Ckexfq p, T = const

Hfccvjnhbv ckexfq^ rjulf lfdktybt b ntvgthfnehf cbcntvs

jcnf.ncz gjcnjzyysvb ghb gtht[jlt bp cjcnjzybz 1 d 2& Njulf

(DZ ) = {i D Z dx}/Dxm p,T r m

Tckb ,s D Z yt pfdbctkj jn pyfxtybz [bvbxtcrjq gthtvty-r m

yjq^ nj bpvthtybt ’rcntycbdyjuj cdjqcndf dctq cbcntvs ghb

gjcnjzyys[ ntvgthfneht b lfdktybb yf jlby ghj,tu htfrwbb b D Zr m

,skb ,s xbcktyyj hfdys vt;le cj,jq&

(DZ ) = D Z (16)m p,T r m
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Ehfdytybt 16 ,eltn dsgjkyznmcz lkz dct[ htfrwbq d ckexft

bcgjkmpjdfybz zobrf Dfyn-Ujaaf - cbcntvs c ,jkmibvb xbckfvb

vjktq dct[ dtotcnd^ b htfutynjd^ b ghjlernjd (n -> 8)& D ’njvoi

ckexft bpvtytybt [bvbxtcrjq gthtvtyyjq yf rjytxye.^ yj yt,jkm-

ie. dtkbxbye (Dx = 1^ yfghbvth) bpvtybn vjkmyst ljkb dtotcnd yf

,tcrjytxyj vfke. dtkbxbye^ xnj jcnfdbn gfhwbfkmyst vjkmyst

dtkbxbys ,tp bpvtytybz b ghbdtltn r dsgjkytyb. ehfdytybz 16&

Ckexfq V, T = const

Lkz yf[j;ltybz dtkbxbys (DZ ) vs ljk;ys hfccvjnhtnmm V,T

ghjbpdjlye. (dZ/dx) & Fyfkjubxyj ehfdytyb. 14 vj;yj gjkexbnmV,T

(dZ/dx) = S n (dZ/dn )V,T i i i V,T,nj

Ghjbpdjlyfz (dZ/dn ) yt bvttn cgtwbfkmyjuj yfpdfybz di V,T,nj

nthvjlbyfvbrt b lkz rf;ljuj ’rcntycbdyjuj cdjqcndf lkz ytt

vj;yj gjkexbnm cdjt dshf;tybt& Ntv yt vtytt^ ghb hfccvjnhtybb

ckj;yjq aeyrwbb Z{V(p,T;n ),T;n }^ vj;yj gjkexbnm cdzpm ci i

cjjndtncnde.otq gfhwbfkmyjq vjkmyjq dtkbxbyjq

(dZ/dn ) = Z’ - (dZ/dV) V’i V,T,n i T,n ij i

"nj lftn

(dZ/dx) = D Z - (dZ/dV) D VV,T r m T,n r mi

b
x

(DZ ) = { i [D Z - (dZ/dV) D V ]dx}/Dxm V,T r m T,n r m
x=0 i

Gjl byntuhfkjv yf[jlzncz njkmrj byntycbdyst dtkbxbys b ghb

bcgjkmpjdfybb zobrf Dfyn-Ujaaf cktletn j;blfnm^ xnj jyb

bpvtyzncz d ytpyfxbntkmyjq cntgtyb ghb bpvtytybb x yf jlby

ghj,tu htfrwbb& Njulf

(DZ ) = D Z - (dZ/dV) D V (17)m V,T r m T,n r mi
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Bynthghtnfwbb D Zr m

Yfb,jktt ghjcnfz bynthghtnfwbz dtkbxbys D Z djpybrftn ghbr m

hfccvjnhtybb zobrf Dfyn-Ujaaf& Ehfdytybt 16 gjrfpsdftn^ xnj

dtkbxbyf S n Z’ xbcktyyj hfdyj bpvtytyb. ’rcntycbdyjuj cdjqcndfi i i

dctq cbcntvs d zobrt Dfyn-Ujaaf yf jlby ghj,tu htfrwbb ghb

gjcnjzyyjq ntvgthfneht b lfdktybb& Nfrfz bynthghtnfwbz d hfvrf[

gjl[jlf Dfyn-Ujaaf nfr;t j,‘zcyztn^ gjxtve lkz j,jpyfxtybz

fkutf,hbxtcrjq cevvs S n bcgjkmpjdfy pyfr ltkmnf&i i

Ntv yt vtytt cktletn gjlxthryenm ,jkmie. hfpybwe vt;le

3
ghjcnj cbvdjkjv D (yf jlby ghj,tu htfrwbb) b D ? Ehfdytybt 16r

,eltn dsgjkyznmcz d j,otv ckexft njkmrj lkz zobrf Dfyn-Ujaaf

ghb gjcnjzyys[ ntvgthfneht b lfdktybb& D nj ;t dhtvz^ rjulf vs

ujdjhbv njkmrj j D Z ^ vs ujdjhbv j ghjbpdjlyjq (dZ/dx)r m p,T

(ehfdytybt 14)^ n&t& yt j rfrjv-kb,j ghjwtcct^ yj j cjcnjzybb

cbcntvs ghb pflfyyjv pyfxtybb [bvbxtcrjq gthtvtyyjq&

Gjlcnhjxyst byltrcs p b T d ehfdytybb 14 bvt.n ytcrjkmrj

lheujq cvsck^ xtv d ehfdytybb 16& D ehfdytybb 16 ’nj dytiybt

gthtvtyyst^ rjnjhst gjllth;bdf.ncz gjcnjzyysvb d [bvbxtcrjv

ghjwtcct& D ehfdytybb 14 ’nj dctuj kbim yfgjvbyfybt^ xnj Z ghb

dpznbb ghjbpdjlyjq^ cxbnftncz aeyrwbtq Z(p, T, x)& Xnj,s gjrf-

pfnm ’nj jnkbxbt vt;le ybvb^ yfgjvybv^ xnj ehfdytybz 9 b 13

dsgjkyz.ncz ghb k.,s[ ds,hfyys[ dytiyb[ gthtvtyys[ (p b T^ V b

T^ U b V b n&l)& Cjjndtncndtyyj ghjbpdjlyfz (dZ/dx) jghtlt-p,T

ktyf nfr;t ghb k.,s[ dytiyb[ gthtvtyys[& Yfghbvth^ vs vj;tv

bcgjkmpjdfnm D Z d ehfdytybb 17 lkz hfcxtnf bpvtytybz ’rcnty-r m

cbdyjuj cdjqcndf cbcntvs ghb gjcnjzyys[ ntvgthfneht b j,‘tvt&

Lheufz^ xfcnj dcnhtxf.ofzcz bynthghtnfwbz D Z ^ djpvj;yfr m

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

3
vs ghtlkfuftv yfpsdfnm D jgthfnjhjv [bvbxtcrjq htfrwbbr
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ytgjchtlcndtyyj d gjl[jlt Ub,,cf bp ehfdytybz 15& Dcgjvybv^ xnj

d [bvbxtcrjq htfrwbb lkz bc[jlys[ dtotcnd cnt[bjvtnhbxtcrbt

rj’aabwbtyns vtymit yekz^ f lkz ghjlernjd ,jkmit yekz& "nj

gjpdjkztn pfgbcfnm

S n Z’ = S n Z’ - S |n |Z’ (18)i i i p p p r r r
n >0 n <0p r

Nfrbv j,hfpjv vj;yj crfpfnm^ xnj D ^ d gjkyjv cjjndtncndbb cr

ceotcnde.otq nhflbwbtq d [bvbb^ jpyfxftn hfpyjcnm lde[ cjcnj-

zybq$ cevvf cdjqcnd ghjlernjd vbyec cevvf cdjqcnd bc[jlys[

4
dtotcnd (yfpjdtv ’nj bynthghtnfwbtq Ub,,cf )& Jnvtnbv^ xnj ’nj

nfr;t j,jcyjdsdftn bcgjkmpjdfybt pyfrf ltkmnf d ehfdytybz. 1 b

4^ yj e;t d lheujv cvsckt^ xtv d bynthghtnfwbb Dfyn-Ujaaf&

Dybvfybt! Dtkbxbyf S n Z’ cjjndtcndetn ytrjnjhjve cjcnj-i i i

zyb. yfitq cbcntvs ghb pflfyyjv pyfxtybb [bvbxtcrjq gthtvtyyjq

b jlyjdhtvtyyj jyf ghtlcnfdkztncz (ehfdytybt 18) rfr hfpyjcnm

lde[ ytrjnjhs[ cjcnjzybq cjdthityyj lheujq cbcntvs^ n&t& jyf

nfr;t cjjndtncndetn b ytrjnjhjve ghjwtcce& Jcnfyjdbvcz yf ’njv

,jktt gjlhj,yj&

Cghjcbv ct,z - ghb rfrb[ eckjdbz[ vs ,thtv bc[jlyst dtot-

cndf b ghjlerns? Jxtdblyj^ xnj ghb nt[ ;t cfvs[& "nj j,cnj-

zntkmcndj cj,kfpyztn bcgjkmpjdfnm cjjndtncnde.obt byltrcs^

yfghbvth (D Z ) bkb (D Z ) & Jlyfrj d lfyyjv ckexft ’njr m p,T r m V,T

,eltn ,tccvscktyyj^ gjcrjkmre vs ujdjhbv j pflfyyjv cjcnjzybb

cbcntvs^ ult dct aeyrwbb cjcnjzybz gjcnjzyys$ p, V, T, U, S b

n&l& Yflj gjvybnm^ xnj ehfdytybz 14 b 15 - ’nj jcyjdyst cjjnyj-

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

4
’njn nthvby kbim gjrfpsdftn cdzpm nfrjq bynthghtnfwbb c

gjl[jljv Ub,,cf b ytj,[jlbvj gjvybnm^ xnj e cfvjuj Ub,,cf nfrjq

bynthghtnfwbb ytn&
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itybz^ f ehfdytybt 18 - ’nj dctuj kbim bynthghtnfwbz&

Ghj,ktvf c bynthghtnfwbtq S n Z’^ rfr ghjwtccf (ehfdytybti i i

18)^ pfrk.xftncz d bynthghtnfwbb gfhwbfkmys[ vjkmys[ dtkbxby& D

j,otv ckexft gfhwbfkmyst vjkmyst dtkbxbys tcnm aeyrwbb jn

vjkmys[ ljktq dct[ ghbcencnde.ob[ dtotcnd b ’nj j,cnjzntkmcndj

rhfqyt pfnhelyztn bynthghtnfwb. ehfdytybz 18& Ntv yt vtytt

nfre. bynthgthnfwb. dgjkyt vj;yj lfnm d lde[ xfcnys[^ yj dtcmvf

df;ys[ ckexfz[^ rjulf gfhwbfkmyst vjkmyst dtkbxbys d ehfdytybb

18 vj;yj pfvtybnm yf vjkmyst&

Ghbvth 1& Utnthjutyyfz htfrwbz vt;le xbcnsvb dtotcndfvb

"nj yfb,jktt ghjcnjq ckexfq^ rjulf rf;ljt dtotcndj ceot-

cndetn d hfccvfnhbdftvjq cbcntvt d dblt jnltkmyjq afps& Yfb,j-

ktt ghjcnjq ckexfq - ’nj afpjdst gtht[jls d jlyjrjvgjytynyjq

cbcntvt& Vs hfccvjnhbv ,jktt [bvbxtcrbq ghbvth - cbcntve^

cjcnjzoe. bp CaCO , CaO b CO & D ’njv ckexft cevvfhyjt ’rcnty-3 2

cbdyjt cdjqcndj tcnm cevvf cdjqcnd dct[ afp^ xnj dvtcnt c

gjyznbtv vjkmyjq dtkbxbys (Z = Z/n) lftnm

Z = n Z + n Z + n Z1 m1 2 m2 3 m3

Vjkmyst dtkbxbys xbcns[ dtotcnd pfdbczn njkmrj jn ntvgthfnehs b

lfdktybz b yt pfdbczn jn xbckf vjktq b cjjndtncndtyyj

(dZ/dn ) = Zi T,p,n mij

Ghb ds,jht [bvbxtcrjq htfrwbb d dblt

CaCO = CaO + CO (19)3 2

gjkexftv^ xnj lkz k.,juj cjcnjzybz dsitegjvzyenjq cbcntvs

(dZ/dx) = Z (CO ) + Z (CaO) - Z (CaCO ) = D Z (19)T,p m 2 m m 3 r m

Bnfr (yf ghbvtht ’ythubb Ub,,cf) crjhjcnm bpvtytybz ’ythubb

Ub,,cf lfyyjq cbcntvs hfdyf bpvtytyb. ’ythubb Ub,,cf d ghjwtcct

gjkextybz jlyjuj vjkz CaO b jlyjuj vjkz CO bp jlyjuj vjkz2
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CaCO ghb lfyys[ ntvgthfneht b lfdktybb&3

Bynthtcyj jnvtnbnm^ xnj d lfyyjv ckexft ehfdytybt 16 d

bynthghtnhfwbb Dfyn-Ujaaf ,eltn dsgjkyznmcz yt njkmrj lkz zobrf

Dfyn-Ujaaf^ yj b lkz cbcntv k.,s[ hfpvthjd^ gjcrjkmre vjkmyst

pyfxtybz ’rcntycbdys[ dtkbxbys jnltkmys[ afp pfdbczn jn pyfxt-

ybz [bvbxtcrjq gthtvtyyjq ghb gjcnjzyys[ ntvgthfneht b lfdkt-

ybb&

Ghbvth 2& Htfrwbz vt;le bltfkmysvb ufpfvb

Jlybv bp cdjqcnd hfcndjhf bltfkmys[ ufpjd zdkztncz nj^ xnj

gfhwbfkmyfz vjkmyfz dtkbxbyf k.,juj ufpf pfdbcbn njkmrj jn tuj

gfhwbfkmyjuj lfdktybz b yt pfdbcbn jn j,otuj lfdktybz b gfhwb-

fkmys[ lfdktybq lheub[ ufpjd& "nj jpyfxftn^ xnj vjkmyfz dtkbxb-

yf xbcnjuj ufpf hfdyf gfhwbfkmyjq vjkmyjq dtkbxbyt ’njuj ufpf d

hfcndjht^ tckb xbcnsq ufp dpzn ghb lfdktybb hfdyjv gfhwbfkmyjve

lfdktyb. ’njuj ufpf d ufpjdjv hfcndjht

(dZ/dn ) = Z (T, p )i T,p,n im ij

D rfxtcndt ghbvthf djpmvtv cbyntp fvvbfrf^ nj tcnm cbcntve

ult ghjntrftn htfrwbz

3H + N = 2NH (20)2 2 3

Njulf^ cxbnfz gjdtltybt dct[ ufpjd bltfkmysv^ vj;yj pfgbcfnm

(dZ/dx) = 2Z (NH ,p ) + Z (N ,p ) - 3Z (H ,p ) = D Z (20)T,p m 3 NH m 2 N m 2 H r m3 2 2

Pltcm e;t (yf ghbvtht ’ythubb Ub,,cf) crjhjcnm bpvtytybz ’yth-

ubb Ub,,cf hfdyf bpvtytyb. ’ythubb Ub,,cf d ghjwtcct gjkextybz

lde[ vjktq fvvbfrf bp nht[ vjktq djljhjlf b jlyjuj vjkz fpjnf^

ghb ’njv bc[jlyst b rjytxyst dtotcndf yf[jlzncz d jnltkmys[

zobrf[ ghb lfdktybz[^ hfdys[ gfhwbfkmysv lfdktybzv d bc[jlyjq

cbcntvt &

D bynthghtnfwbb Dfyn-Ujaaf (ehfdytybt 16) D G ,eltn hfdyjr m
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bpvtytyb. bpvtytyb. ’ythubb Ub,,cf cjjndtncnde.otuj zobrf

Dfyn-Ujaaf yf jlby ghj,tu htfrwbb& D jnkbxbt jn ghbvthf 1 ’nj

hfdtycndj ,eltn dsgjkmyznmcz njkmrj lkz zobrf Dfyn-Ujaaf&

Bpvtytybt [bvbxtcrjq gthtvtyyjq ghbdjlbn r bpvtytyb. gfhwbfkm-

ys[ lfdktybq rjvgjytynjd^ b ntv cfvsv r bpvtytyb. D G d cbcnt-r m

vf[ c yt,jkmibvb rjkbxtcndfvb vjktq ufpjd&

o
Eckjdbz hfdyjdtcbz b D Zr m

Hfpkbxyst pyfxtybz [bvbxtcrjq gthtvtyyjq cjjndtncnde.n

ythfdyjdtcysv cjcnjzybtv cbcntvs b njkmrj jlyj pyfxtybt^ rjnj-

hjt cjjndtncndetn ’rcnhtveve [fhfrnthbcnbxtcrjq aeyrwbb

p, T = const min (G)
x

V, T = const min (A)
x

jndtxftn hfdyjdtcyjve cjcnjzyb.& Ghb gjbcrt vbybvevf ytj,[jlbvj

gjvybnm ghj j,kfcnm ljgecnbvs[ pyfxtybq x

- min(n ) < x < min(n ) (21)op or
n >0 n <0p r

rjnjhfz cktletn bp eckjdbz ytjnhbwfntkmyjcnb hfdyjdtcys[ xbctk

vjktq n (cv& ehfdytybt 7)&i

Eckjdbt hfdyjdtcbz yf ehjdyt lbaathtwbfkf [fhfrnthbcnbxtc-

rjq aeyrwbb d j,otv ckexft pfgbcsdftncz rfr

dG = (S n m )dx > 0p,T i i i

dA = (S n m )dx > 0V,T i i i

Gjzdktybt pyfrf ,jkmit bkb hfdyj cdzpyj^ c ntv^ xnj ghb hfdyj-

dtcbb (vbybvev [fhfrnthbcnbxtcrjq aeyrwbb) k.,jt dbhnefkmyjt

cvtotybt [bvbxtcrjq gthvtyyjq yt vj;tn evtymibnm [fhfrnthbcnb-

xtcre. aerywb.& "nbv rhbnthbq hfdyjdtcbz jnkbxftncz jn rhbnthb-

td cfvjghjbpdjkmyjcnb ghjwtccf dG < 0 b dA < 0&p,T V,T

Tckb S n m vj;tn ,snm hfdyj yek. dyenhb j,kfcnb ljgecnb-i i i
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vs[ pyfxtybq 21^ nj vbybvev [fhfrnthbcnbxtcrjq aeyrwbb (hfdyj-

dtcyjt cjcnjzybt) ,eltn cjjdtncndjdfnm cnfwbjyfhyjq njxrt (dG =

0 ghb dx $ 0) ghb cjjndtncnde.otv pyfxtybb x^

Jlyfrj dgjkyt djpvj;yf cbnefwbz^ rjulf S n m yt hfdyji i i

yek. yb ghb jlyjv pyfxtybb x d j,kfcnb ljgecnbvs[ pyfxtybq&

Cfvsq ghjcnjq nfrjq ghbvth - ’nj cbcntvf c rfh,jyfnjv rfkmwbz^

ult S n m ghb pflfyys[ p b T zdkztncz rjycnfynjq^ yt pfdbczotqi i i

jn pyfxtybz [bvbxtcrjq gthtvtyyjq b d j,otv ckexft yt hfdyjq

yek.& D ’njv ckexft b djpybrftn pyfr ythfdtycndf& Vbybvev

[fhfrnthbcnbxtcrjq aeyrwbb e;t cjjndtncndetn jncencndb. jlyjuj

bp dtotcnd d cbcntvt (djpvj;ysq rjvgjytyn gj Ub,,ce)^ rjulf x

ljcnbuytn uhfybws j,kfcnb ljgecnbvs[ pyfxtybq& D ’njv ckexft

vbybvev yt zdkztncz cnfwbjyfhyjq njxrjq^ djpvj;yst ,tcrjytxyj

vfkjt dbhnefkmyjt bpvtytybt x ghbdjlbn r djphfcnfyb. [fhfrnthb-

cnbxtcrjq aeyrwbb& D ghbvtht c rfh,jyfnjv rfkmwbz eckjdbt

S n m $ 0 jpyfxftn^ xnj d hfdyjdtcyjv cjcnjzybb cbcntvs jcnf-i i i

yencz njkmrj ldt afps&

D lfkmytqitv bcrk.xbv gjcktlybq ckexfq bp hfccvjnhtybz b

,eltv hfccvfnhbdfnm njkmrj nfrbt cbcntvs^ rjulf S n m vj;tni i i

ghbyznm yektdjt pyfxtybt& D ’njv ckexft rhbnthbtv hfdyjdtcbz

,eltn

S n m _ D G = 0i i i r m

Pfgbcsdfz [bvbxtcrbt gjntywbfks^ rfr aeyrwbb jn rjywtynhfwbb

bkb gfhwbfkmyjuj lfdktybz

o o
m = m + RT ln (p /p ) (22)i i i

o o
m = m + RT ln (f /p ) (23)i i i

o
m = m + RT ln α (24)i i i

gjkexftv

o o o
D G = S n m = - RT ln Kr m i i i
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Cnfylfhfnyst cjcnjzybz dtotcnd [fhfrnthbpe.ncz yt njkmrj

’ythubtq Ub,,cf^ yj b lheubvb ’rcntycbdysvb cdjqcndfvb& "nj

o
lftn ghfdj d j,otv ckexft pfgbcfnm D Z &r m

o
Bynthghtnfwbz D Zr m

Jcnfyjdbvcz pltcm b pflevftvcz^ rfre. bynthghtnfwb. vj;yj

o o
lfnm D Z & Ghjdtltv ’nj yf ghbvtht ’ythubb Ub,,cf S n mr m i i i

o o
(D G )& Fkutf,hbxtcrfz cevvf S n m gjkextyf ghb bcgjkmpjdfybbr m i i i

cjjnyjitybq 22-24^ d rjnjhs[ jghtltkztncz cnfylfhnyjt cjcnjzybt

rf;ljuj bylbdblefkmyjuj dtotcndf& D j,otv ckexft^ lkz rf;ljuj

exfcnybrf htfrwbb vj;yj ddtcnb cdjt cnfylfhnyjt cjcnjzybt^

rjnjhjt ,eltn yfb,jktt elj,yj d lfyyjv rjyrhtnyjv ckexft& Nfr d

ehfdytybb 24 cnfylfhnyjt cjcnjzybt hfcndjhbntkz vj;tn jnkbxfnm-

cz jn cnfylfhnyjuj cjcnjzybz hfcndjhtyys[ dtotcnd&

o
Nfrbv j,hfpjv D G ytgjchtlcndtyyj yt cdpzyf c rfrjq-kb,jr m

htfkmyjq bkb ubgjntnbxtcrjq cbcntvjq^ cjlth;fotq dct dtotcndf b

o
’nbv j,cnjzntkmcndjv D G jnkbxftncz jn D G ^ ult bc[jlysvr m r m

gjyznbtv ,skf htfkmyfz [bvbxtcrfz cbcntvf c ghjntrf.otq htfr-

wbtq& "nj ghbdjlbn r njve^ xnj jcyjdyjq bynthghtnfwbz dtkbxbys

o
S n m ,eltn ehfdytybt 18 (bynthghtnfwbz gj Ub,,ce)i i i

o o o
S n G = S n G - S |n |G (25)i i m p p m r r m

n >0 n <0p r

rjulf bc[jlyst dtotcndf d cnfylfhnys[ cjcnjzybz[ ghtdhfof.ncz d

rjytxyst dtotcndf d cnfylfhnys[ cjcnjzybz[& Ghb ’njv dct ht-

futyns b ghjlerns yf[jlzncz d jnltkmys[ zobrjd& D ,jkmibycndt

ckexftd cnfylfhnysv cjcnjzybtv zdkztncz xbcnjt dtotcndj ghb

o
ytrjnjhs[ eckjdbz[^ G tcnm vjkmyfz ’ythubz Ub,,cf xbcnjujm

dtotcndf ghb lfyys[ eckjdbz[^ b ghtlcnfdktybt ghjwtccf 25 yt

ghtlcnfdkztn ybrfrjuj nhelf&
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Yt,jkmijt pfnhelytybt djpybrftn lkz htfrwbb d hfcndjhf[ d

ckexft bcgjkmpjdfybz pfrjyf Utyhb lkz ddtltybz cnfylfhnyjuj

o o
cjcnjzybz (yfghbvth^ bjys d hfcndjhf[)& D ’njv ckexft m (G )i m

e;t yt vjkmyfz ’ythubz Ub,,cf xbcnjuj dtotcndf^ f gfhwbfkmyfz

vjkmyfz ’ythubz Ub,,cf lkz ubgjntnbxtcrjuj bltfkmyjuj lde[rjv-

gjytynyjuj hfcndjhf&

o
Lkz bynthghtnfwbb S n m dj Dfyn-Ujaae bkb rfr crjhjcnmi i i

bpvtytybz ’ythubb Ub,,cf (d le[t ehfdytybz 14) yfv ytj,[jlbvj

djj,hfpbnm cgtwbfkmye. cbcntve^ ult dct dtotcndf (ghjlerns b

htfutyns) jlyjdhtvtyyj yf[jlzncz d cnfylfhnyjv cjcnjzybb& D

j,otv ckexft ’nj nht,etn jxtym ,jkmijuj djj,hf;tybz (ubgjntnb-

xtcrbt cjcnjzybz^ gjkeghjytwftvst vtv,hfys b n&g&)& Vs juhfyb-

xbvcz njkmrj jlybv^ [jnz b ljcnfnjxyj df;ysv ghbvthjv - ’nj

ufpjdjq hfcndjh bltkmys[ ufpjd& D ’njv ckexft (cv& ghbvth 2

dsit) gjlj,yfz cbcntvf - ’nj hfcndjh ufpjd (bc[jlys[ dtotcnd b

ghjlernjd)^ rf;lsq bp rjnjhs[ yf[jlbncz d cnfylfhnyjv cjcnjzybb

b vs vj;tv bcgjkmpjdfnm nfrbt gjyznbz rfr bpvtytybt ’ythubb

Ub,,cf b ’ythubb Utkmvujkmwf yf jlby ghj,tu htfrwbb& D ’njv

ckexft^ cjukfcyj hfccvjnhtyyjve dsit^ lkz zobrf Dfyn-Ujaaf

vj;yj pfgbcfnm

o o o(DG ) = (DA ) = D G (26)m p,T m V,T r m

Ehfdytybt 26 ghbyjcbn gjl[jls Ub,,cf b Dfyn-Ujaaf d gjkyjt

cjjndtncndbt& Rfr dblyj^ vfrcbvfkmyfz hf,jnf [bvbxtcrjq htfrwbb

,eltn hfdyf fkut,hbxtcrjq cevvt [bvbxtcrb[ gjntywbfkjd xbcns[

dtotcnd^ yf[jlzob[cz d cnfylfhnys[ cjcnjzybz[& J,hfnbnt dybvf-

ybt xnj bpvtytybt ’ythubb Utkmvujkmwf ghb gjcnjzyyjv j,‘tvt b

o o
ntvgthfneht nfr;t hfdyztncz D G ^ f yt D A (cv& ehfdtybt 17)!r m r m

Ehfdytybt 26 vj;yj hfcghjcnhfybnm b yf j,obq ckexfq^ yj^

rfr e;t jnvtxfkjcm dsit^ ’nj djpvj;yj njkmrj ghb zcyjv ghtl-
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cnfdktybb^ xnj ;t yf[jlbncz d zobrt Dfyn-Ujaaf&

K b Kp c

D pfrk.xtybt hfccvjnhbv ghj,ktve^ cdzpfyye. c hfpvthyjcnm.

rjycnfyns hfdyjdtcbz b ds,jhjv cnfylfhnyjuj cjcnjzybz& Fyfkbp

hfpvthyjcnb ehfdytybz 1 b ehfdytybz 4 gjrfpsdftn^ xnj rjycnfynf

hfdyjdtcbz ’nj ,tphfpvthyfz dtkbxbyf^ yj tt xbcktyyjt pyfxtybt

pfdbcbn jn ds,jhf cnfylfhnyjuj cjcnjzybz (cv& ehfdytybz 22-24)&

o
Xnj,s gjrfpfnm ’nj^ rjvbccbz B>GFR ddtkf yjdjt j,pyfxtybt K b

yjdsq nthvby - cnfylfhnyfz rjycnfynf hfdyjdtcbz&

J,otghbyznst rjycnfyns hfdyjdtcbz d [bvbb K b K - ’njp c

hfpvthyst dtkbxbys^ xnj nfr;t pfrhtgktyj d htrjvtylfwbb B>GFR&

o
Njulf vt;le K b K (K ) ceotcndetn cdzpm^ rjnjhfz pfdbcbn jnp c

ds,jhf cnfylfhnyjuj cjcnjzybz&

Tckb pf cnfylfhnyjt cjcnjzybt dpznm bltfkmysq ufp ghb

o
ytrjnjhjv lfdktybb (p )^ nj vj;yj edbltnm (cv& 22)^ xnj

o o o o(D n)(DG ) = (DA ) = D G = - RT ln {K /p r } (27)m p,T m V,T r m p

Tckb ;t pf cnfylfhnyjt cjcnjzybt dpznm bltfkmysq ufp ghb

x
ytrjnjhjq rjywtynhfwbb (,eltv bcgjkmpjdfnm lkz ’njuj cbvdjk )

nj bp cjjnyjitybz

x x
m = m + RT ln (c /c )i i i

gjkexftv

x x x x(D n)(DG ) = (DA ) = D G = - RT ln {K /c r } (28)m p,T m V,T r m c

<kfujlfhyjcnm

D ytrjnjhs[ ext,ybrf[^ bcgjkmpetvs[ lkz j,extybz yf yfitv

afrekmntnt^ vj;yj dcnhtnbnm cjjnyjitybt

o
DA = - RT ln Kc

N&V& Hjobyf b tt cneltyns gsnfkbcm gjkexbnm ’nj cjjnyjitybt bp
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ehfdytybz (1) lkz ckexfz bltfkmys[ ufpjd b jyb ghbikb r dsdjle^

o o
xnj tckb gjl DA gjybvfnm D A ^ nj ’nj cjjnyjitybt ytdthyj& Jyfr m

ghbdktrkf yfit dybvfybt r ’njve djghjce^ b ’nj gjcke;bkj njkx-

rjv r yfgbcfyb. lfyyjq cnfnmb& Vs ,kfujlfhys tq b lheubv yfibv

rjkktufv pf j,ce;ltybt b lbcreccbb gj ’njve djghjce&
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