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Jcyjdyfz kbnthfnehf$

"nrbyc G& Abpbxtcrfz [bvbz& n&1& V&$ Vbh^ 1980&

Djhjyby U&A& Jcyjds nthvjlbyfvbrb& V&$ VUE^ 1987&

Rehc abpbxtcrjq [bvbb& Gjl htl& Uthfcbvjdf Z&B& V&$ {bvbz^

1964&

Yjvtyrkfnehyst ghfdbkf B>GFR gj [bvbb& n&6& Abpbxtcrfz

[bvbz& Ajnj[bvbz& V&$ DBYBNB& 1988&

Nthvjlbyfvbxtcrbt cghfdjxybrb$

Nthvjlbyfvbxtcrbt cdjqcndf bylbdblefkmys[ dtotcnd& V&$

Yferf^ 1978-1982^ d 4 njvf[&

Nthvbxtcrbt rjycnfyns dtotcnd& V&$ DBYBNB^ 1963-1981^ d 10

njvf[&

Ljgjkybntkmyfz kbnthfnehf$

"nrbyc G& Gjhzljr b ,tcgjhzljr d ghbhjlt& V&$ Vbh^ 1987&

Rhbxtdcrbq B&A& Gjyznbz b jcyjds nthvjlbyfvbrb& V&$ {bvbz^

1970&

Ghbuj;by B&^ L’atq H& {bvbxtcrfz nthvjlbyfvbrf& Yjdjcb-

,bhcr$ Yferf^ 1966&

Lehjd D&F&^ Futtd T&G& Nthvjlbyfvbxtcrfz ntjhbz hfcndjhjd

yt’ktrnhjkbnjd& V&$ VUE^ 1987&

Jcyjdyfz wtkm rehcf$

yfexbnm cneltynf htifnm pflfxb yf hfcxtn afpjds[ b [bvb-

xtcrb[ hfdyjdtcbq&

Cneltyn ljk;ty yfexbnmcz$

Lkz rjyrhtnyjq pflfxb ds,hfnm gjl[jlzoe. nthvjlbyfvbxtcre.

vjltkm&

Gthtdtcnb pflfxe yf vfntvfnbxtcrbq zpsr - eckjdyfz

vbybvbpfwbz [fhfrnthbcnbxtcrjq aeyrwbb bkb htitybt cbcntvs

ytkbytqys[ ehfdytybq&

D ghjcntqib[ ckexfz[ gjkexbnm jrjyxfntkmyjt fyfkbnbxtcrjt

htitybt&

Jwtybnm rfrbv j,hfpjv bpvtytybt ntvgthfnehs b lfdktybz

gjdkbztn yf hfdyjdtcyst rjywtynhfwbb&
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VJLEKM 1& PFRJYS NTHVJLBYFVBRB

1& Jcyjdyst gjyznbz b gjcnekfns nthvjlbyfvbrb

Kbnthfnehf$ Djhjyby - ghtlbckjdbt b ]1-3&

Gjyznbz$ Nthvjlbyfvbrf& Hfdyjdtcbt& Aeyrwbz cjcnjzybz&

Nthvjlbyfvbxtcrbt cdjqcndf& Nthvjlbyfvbxtcrfz vjltkm& Cbcntvf&

Jrhe;tybt& Bpjkbhjdfyyfz cbcntvf& Pfrhsnfz cbcntvf& Jnrhsnfz

cbcntvf& Dytiybt gthtvtyyst& Dyenhtyybt gthtvtyyst& Byntycbdyst

gthtvtyyst (X)& "rcntycbdyst gthtvtyyst (Y)& "ktvtynysq cjcnfd

(n , ..., n ). Afpjdsq cjcnfd& {bvbxtcrbq cjcnfd (n , ...,1 s 1
n )& Xbckj cjcnfdkz.ob[ dtotcnd (c)& Xbckj ytpfdbcbvs[ cjcnfd-c ^
kz.ob[ (rjvgjytynjd) (c)& Cvtcm& Hfcndjh& Xbcnjt (bylbdblefkm-

yjt) dtotcndj& Ntvgthfnehf (T)& J,ofz dfhbfynyjcnm cbcntvs (F)&

Fllbnbdyjcnm&

Gjcnekfns$ J hfdyjdtcbb& J ntvgthfneht& J dyenhtyyb[

gthtvtyys[& J, fllbnbdyjcnb&

Ehfdytybz$ Pfrjy cj[hfytybz vfccs& <fkfycjdst cjjnyjitybz&

Chtlyzz vjktrekzhyfz vfccf d hfcndjht (cv& pflfxe 2)&

Ntjhtvf "qkthf lkz jlyjhjlys[ aeyrwbq$ Tckb f - jlyjhjlyfz

aeyrwbz gthdjuj gjhzlrf jnyjcbntkmyj ’rcntycbdys[ gthtvtyys[

f(lY ,..., lY , X , ..., X ) = l f(Y , ..., Y , X , ..., X ) nj1 n 1 m 1 n 1 m
& df *

S [-----------] Y = f& Tckb f -jlyjhjlyfz aeyrwbz yektdjuj gjhzlrfi7 dY 8 ii
jnyjcbntkmyj ’rcntycbdys[ gthtvtyys[ f(lY , ..., lY , X , ...,1 n 1

& df *X ) = f(Y ,..., Y , X , ..., X ) nj S [-----------] Y = 0.m 1 n 1 m i7 dY 8 ii

Ghj,ktvs$ Ds,jh lkz rjyrhtnyjq [bvbxtcrjq pflfxb cbcntvs^

dytiyb[ b dyenhtyys[ gthtvtyys[^ pfgbcm ,fkfycjds[ cjjnyjitybq&

1& f) {bvbr ghjdjlbn gjl nzujq htfrwb. cbyntpf fpjnyjq

rbckjns bp ybnhfnf rfkbz b cthyjq rbckjns& ,) Lkz gjkextybz

nhbanjhblf ;tktpf [bvbr yfuhtdftn d pfrhsnjv htfrnjht cvtcm

;tktpf b lbanjhblf rctyjyf& Ds,thbnt lkz ’nb[ lde[ ckexftd
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cbcntve^ jrhe;tybt^ dytiybt b dyenhtyybt gthtvtyyst& Rfrbt

gthtvtyyst ,elen byntycbdyst^ rfrbt ’rcntycbdyst? Crjkmrj afp

,eltn yf[jlbnmcz d cbcntvt? Pfgbibnt dct djpvj;yst ,fkfycjdst

cjjnyjitybz&

Hfcxtns c bcgjkmpjdfybtv chtlytq vjktrekzhyjq vfccs hfcn-

djhf&

2& Ljrf;bnt^ xnj lkz hfcndjhf pflfyyjuj cjcnfdf ,eltn

dsgjkyznmcz cjjnyjitybt n = m/M, ult m - cevvfhyfz vfccf hfcn-

djhf^ M =S x M - chtlyzz vjktrekzhyfz vfccf^ n = S n - cev-i i i i i
vfhyjt rjkbxtcndj vjktq hfcndjhf&

3& Crjkmrj uhfvv CaO, SiO , Al O yflj dpznm lkz gjkextybz2 2 3
1 ru hfcgkfdf cjcnfdf 2CaOW5SiO W7Al O . (99&7 u^ 266&6 u^2 2 3
633&7 u&)

4& Ljrf;bnt ntjhtve "qkthf lkz jlyjhjlys[ aeyrwbq d j,otv

ckexft& Lkz ’njuj ghjlbaathbywbheqnt j,t xfcnb gj l^ f pfntv

ghbhfdyzqnt l tlbybwt&

2& Nthvbxtcrjt ehfdytybt cjcnjzybz

Kbnthfnehf$ "nrbyc - uk& 1^ Djhjyby - ]2&

Gjyznbz$ Nthvbxtcrjt ehfdytybt cjcnjzybz& Nthvbxtcrbt

rj’aabwbtyns& Rj’aabwbtyn j,‘tvyjuj hfcibhtybz (a )& Bpjnthvb-V
xtcrbq rj’aabwbtyn c;fnbz (k )& Jnyjcbntkmysq rj’aabwbtynT
lfdktybz (a )& Bltfkmysq ufp& Htfkmysq ufp& Vjkmysq j,‘tvp

& dV *(V =V/n)& Gfhwbfkmysq vjkmysq j,‘tv V’= [-----------] .m m 7 dn 8T,p

& 1 *& dV * & 1 *& dV * & 1 *& dp *
a = [------] [-----------] k = - [------] [-----------] a = - [------] [-----------]V 7 V 87 dT 8 T 7 V 87 dp 8 p 7 p 87 dT 8p T V

Ehfdytybz$ Ehfdytybt cjcnjzybz bltfkmyjuj ufpf PV=nRT &

Ehfdytybt cjcnjzybz ;blrjcnb b ndthljuj ntkf V ~ const&
2

& a n *
Ehfdytybt cjcnjzybz Dfy-lth-Dffkmcf p + ------------------------ (V -nb) = nRT&

7 2 8V
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Dbhbfkmyjt ehfdytybt cjcnjzybz&
2pV nB(T) n C(T)

& *
[------------------] = 1 + [------------------------] + [------------------------------] + ...

7 2 8nRT V V
Cjjnyjitybz vt;le xfcnysvb ghjbpdjlysvb

& dy * & dx * & dx * & dy * & dz *
bydthnth [-----------] = 1/ [-----------] gthventh [-----------] [-----------] [-----------] = -1

7 dx 8 7 dy 8 7 dy 8 7 dz 8 7 dx 8z z z x y
Lbaathtywbhjdfybt ckj;ys[ aeyrwbq

z = f(x,y)^ f x = f(u,v) b y = j(u,v)& Njulf

&dz* &dz* &dx* &dz* &dy* &dz* &dz* &dx* &dz* &dy*
----------- = ----------- ----------- + ----------- ----------- b ----------- = ----------- ----------- + ----------- -----------

7du8 7dx8 7du8 7dy8 7du8 7dv8 7dx8 7dv8 7dy8 7dv8v y v x v u y u x u
Lbaathtywbhjdfybt ytzdyjq aeyrwbb

F’(x,y,z)
&dz* xF(x,y,z) = 0 ----------- = -[------------------------------------------------]
7dx8y F’(x,y,z)z

Eckjdbt gjkyjuj lbaathtywbfkf& Tckb z = f(x,y),
& df * & df *

nj dz = f dx + f dy b ghb ’njv [-----------1 = [-----------2 .1 2 7 dy 8 7 dx 8x y
Cdzpm vjkmyjuj j,‘tvf b gfhwbfkmyjuj vjkmyjuj j,‘tvf lkz

xbcnjuj dtotcndf V = V’&m m

Ghj,ktvs$ Hfcxtns gj ehfdytyb. cjcnjzybz&

1. Ytrjnjhsq ufp bvtk gkjnyjcnm ghb 300 R ghb lfdktybb 0&4

fnv 1&512 u/k& Jghtltkbnt vjktrekzhysq dtc ufpf^ cxbnfz xnj tuj

gjdtltybt gjlxbyztncz ehfdytyb. cjcnjzybz bltfkmyjuj ufpf& (93

u/vjkm)

2. Hfccxbnfqnt lfdktybt^ jrfpsdftvjt 1 vjktv ’nbktyf^

dtleotuj ct,z rfr f) bltfkmysq ufp^ ,) dfylthdffkmcjd ufp^ tckb

jy yf[jlbncz ghb cktle.ob[ eckjdbz[ 1) ghb 273&15 R d 22&414 k^
3

2) ghb 1000 R d 100 cv & Rjycnfyns d ehfdytybb Dfy-lth-Dffkmcf
2 2a=4&471 k fnv/vjkm ^ b=0&05714 k/vjkm& (1 - 1 b 0&994 fnv^ 2 -

821 b 1467 fnv)

Yf[j;ltybt jlyjuj nthvbxtcrjuj rj’aabwbtynf xthtp lheubt&

3. Gecnm lkz ytrjnjhjuj ntkf ’rcgthbvtynfkmyj jghtltktys
& dV * & dp *

cktle.obt ghjbpdjlyst$ [-----------] b [-----------] & Rfrbv j,hfpjv bp
7 dT 8 7 dV 8p T

& dT *
’nb[ lfyys[ vj;yj hfccxbnfnm [-----------] &

7 dp 8V

Jghtltktybt nthvbxtcrb[ rj’aabwbtynjd bp ehfdytybz

cjcnjzybz (ghjbpdjlyfz ytzdyjq aeyrwbb)&
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4. Hfccxbnfqnt rj’aabwbtyns j,‘tvyjuj hfcibhtybz a bV
bpjnthvbxtcrjuj c;fnbz k ghb 298 R b 1 k lkz bltfkmyjuj ufpf bT
ufpf Dfy- lth-Dffkmcf (rj’aabwbtyns a b b dpznm bp pflfxb }2)^

-1 -1 -1 -1
(0&0037 R ^ 1 fnv # 0&0037 R ^ 1&01 fnv )

Gjcnhjtybt ehfdytybz cjcnjzybz bp nthvbxtcrb[ rj’aabwbty-

njd (byntuhbhjdfybt gjkyjuj lbaathtywbfkf)&

5. D hzlt ’rcgthbvtynjd c ytrjnjhsv ndthlsv ntkjv ecnfyjd-

ktyj^ xnj 1) j,‘tvysq rj’aabwbtyn hfcibhtybz yt pfdbcbn jn

ntvgthfnehs b ghzvj ghjgjhwbfyfkty lfdktyb. a = aWp^ 2)V
bpjnthvbxtcrbq rj’aabwbtyn c;bvftvjcnb yt pfdbcbn jn lfdktybz b

ghzvj ghjgjhwbfyfkty ntvgthfneht k = -bWT& Gjrf;bnt^ xnj ’nbT
’rcgthbvtynfkmyst dsdjls cghfdtlkbds njkmrj d njv ckexft^ tckb

vt;le rjycnfynfvb a b b ceotcndetn cdzpm& Yfqlbnt ’ne cdzpm&

6. Ytrjnjhjt ndthljt ntkj bvttn nthvbxtcrbt rj’aabwbtyns

hfdyst a = a/V b k = b/V, ult a, b - rjycnfyns& DsdtcnbV T
ehfdytybt cjcnjzybz lfyyjuj ntkf& (V = V + aWT - bWp)o

7. Ytrjnjhjt ndthljt ntkj bvttn nthvbxtcrbt rj’aabwbtyns

hfdyst a = (a + cWp)/V b k = (b - cWT)/V, ult a, b, c -V T
rjycnfyns& Dsdtcnb ehfdytybt cjcnjzybz lfyyjuj ntkf&

(V = V + aWT - bWp + cWpWT)o
8. Lkz ufpf bpj,fhbxtcrbq rj’aabwbtyn hfcibhtybz b bpjnth-

R RT
vbxtcrbq rj’aabwbtyn c;bvftvjcnb hfdys. a = [------------], k = [------------].V T 2pV p V
Rfrjve ehfdytyb. cjcnjzybz gjlxbyztncz ’njn ufp?

9. E,tlbntcm^ xnj lkz ufpf Dfy-lth-Dffkmcf vjkmysq j,‘tv

hfdty gfhwbfkmyjve vjkmyjve j,‘tve&

3& Gthdsq pfrjy nthvjlbfyvbrf&

Rfkjhbxtcrjt ehfdytybt cjcnjzybz

Kbnthfnehf$ "nrbyc - uk& 2 b 3^ Djhjyby - ]4&

Gjyznbz$ Dyenhtyyzz ’ythubz (U)& "ynfkmgbz (H=U+pV)&

Aeyrwbb gtht[jlf& Ntgkjnf (Q)& Hf,jnf (W)& Hf,jnf hfcibhtybz&

Rfkjhbxtcrbq rj’aabwbtyn& Ntgkjtvrjcnm (C)& Nthvjlbyfvbxtcrbq
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ghjwtcc& Hfdyjdtcysq ghjwtcc& Ythfdyjdtcysq ghjwtcc& Ntgkjtv-

rjcnm ghb gjcnjzyyjv j,‘tvt (C )& Ntgkjtvrjcnm ghb gjcnjzyyjvV
lfdktybb (C )& Lhjcctkbhjdfybt ufpjd& Flbf,fnbxtcrjt hfcibht-P
ybt&

Ehfdytybz$

Cdjqcndf aeyrwbb cjcnjzybz kdU = 0, idU = U -U = DU.2 1
Cdjqcndf yt aeyrwbb cjcnjzybz kdQ $ 0, idQ = Q.

Gthdsq pfrjy nthvjlbyfvbrb dU = dQ + dW&

Eckjdbt htfkbpfwbb hfdyjdtcyjuj ghjwtccf&

Hf,jnf hfcibhtybz ghjnbd cbk dytiytuj lfdktybz dW = -p dV &ex
Cdzpm bpvtytybz dyenhtyytq ’ythubb c ntgkjnjq ghb V = const

Q = DU&V
Dyenhtyyzz ’ythubz rfr aeyrwbz j,‘tvf b ntvgthfnehs (rfkjhbxtc-

( )
& dp *

rjt ehfdytybt cjcnjzybz) dU = C dT + {T [-----------] - p}dV.V 7 dT 8
9 V 0

Cdzpm bpvtytybz ’ynfkmgbb c ntgkjnjq ghb p = const Q = DH&p
"ynfkmgbz rfr aeyrwbz lfdktybz b ntvgthfnehs

( )
& dV *dH = C dT + {-T [-----------] + V}dpp 7 dT 8

9 p 0
Cdzpm vt;le C b C (cv& pflfxe 3)&v p

Ghj,ktvs$ Gjcnhjtybt rfkjhbxtcrjuj ehfdytybz cjcnjzybz bp

rfkjhbxtcrb[ b nthvbxtcrb[ rj’aabwbtynjd&
& dU * & dC *

1& Jghtltkbnt^ xtve hfdys [-----------] b [-----------V lkz ufpjd^
7 dV 8 7 dV 8T T

gjlxbyz.ob[cz cktle.obv ehfdytybzv cjcnjzybz$ f) bltfkmyjuj

ufpf^ ,) Dfy-lth-Dffkmcf& Gjkexbnt rfkjhbxtcrjt ehfdytybt

cjcnjzybt ’nb[ ufpjd d ghb,kb;tybb^ xnj C yt pfdbcbn jn ntvgt-V2 2 2
hfnehs& (0^ an /V # 0^ 0# U = C T + U ^ U = C T - an /V + U )V o V o

Hfcxtn hfpkbxys[ ghjbpdjlys[^ cdzpfyys[ c dyenhtyyq ’yth-

ubtq b ’ynfkmgbtq&

2& Jghtltkbnt (dT/dV) lkz 0&5 vjkz ufpf Dfy-lth-DffkmcfU
2 2

(’rcgthbvtyn L;jekz) tckb V = 10 k^ a = 4&471 k fnv/vjkm ^ CV^m
= 3/2 R. (-0&18 R/k)

3& Ljrf;bnt^ xnj lkz k.,juj dtotcndf dsgjkyztncz cjjnyj-
& dU * & dV *

itybt C - C = {p + [-----------] } [-----------] .p V 7 dV 8 7 dT 8T p
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4& Eltkmyfz ntgkjtvrjcnm C=dq/dT j,sxyj bpvthztncz ghb

gjcnjzyyjv lfdktybb bkb ghb gjcnjzyyjv j,‘tvt^ jlyfrj vjuen

,snm gjcnjzyysvb b lheubt gthtvtyyst& Dshfpbnt C (ghb gjcnjzy-H
yjq ’ynfkmgbb) xthtp ytrjnjhst (bkb dct) dtkbxbys$ P, T, V, C ,p
(dV/dT) , b (dV/dp) . Ghbvbnt^ xnj cbcntvf pfrhsnf^ ujvjutyyf^p T
bvttn njkmrj ldt cntgtyb cdj,jls (d lfyyjv ckexft T b H) b yt

ghjbpdjlbn ybrfrjq byjq hf,jns^ rhjvt hf,jns hfcibhtybz&
& dH * & dV *

5& Rfr vj;yj gjrfpfnm^ [-----------] = -T [-----------] + V& Bcgjkmpez
7 dp 8 7 dT 8T p

& dH * & dC *
’nj cjjnyjitybt^ jghtltkbnt^ xtve hfdys [-----------] b [-----------p lkz

7 dp 8 7 dp 8T T
ufpjd^ gjlxbyz.ob[cz cktle.obv ehfdytybzv cjcnjzybz$ 1) bltfkm-

yjuj ufpf^ 2) ufpf Dfy-lth-Dffkmcf&
& dU * & dU *

6& Ljrf;bnt^ xnj tckb [-----------] = 0^ nj b [-----------] = 0&
7 dV 8 7 dp 8T T

Hfcxtn hf,jns hfcibhtybz^ ntgkjns^ DU b DH lkz hfpkbxys[

ghjwtccjd c bcgjkmpjdfybtv ehfdytybz cjcnjzybz b ntgkjtvrjcntq&
j

7& Hfccxbnfqnt hf,jne hfcibhtybz 0&5 vjkz ’nbktyf ghb 27 C

jn 1 k lj 10 k^ tckb f) hfcibhtybt ghjbc[jlbkj ghjnbd gjcnjzy-

yjuj dytiytuj lfdktybz 1 fnv# ,) hfcibhtybt ghjbc[jlbkj j,hfnb-

vj^ f ’nbkty gjlxbyzkcz ehfdytyb. cjcnjzybz bltfkmyjuj ufpf# d)

hfcibhtybt ghjbc[jlbkj j,hfnbvj^ f ’nbkty gjlxbyzkcz ehfdytyb.
2 2

Dfy-lth-Dffkmcf a=4&471 k fnv/vjkm ^ b=0&05714 k/vjkm& (-900^

-2870^ -2800 L;)

8& Jlby vjkm jlyjfnjvyjuj bltfkmyjuj ufpf (C = 3/2 R)V^m
ghjdtlty xthtp j,hfnbvsq wbrk$

1-2 V=const jn 298 R lj 596 R

2-3 T=const jn 12&2 k lj 24&4 k

3-1 p=const jn 596 R lj 298 R

Hfccxbnfnm Q, W, DU b DH lkz dct[ ghjwtccjd&

(1-2$ 3716^ 0^ 3716^ 6194 L;#

2-3$ 3435^ -3435^ 0^ 0 L;#

3-1$ -6194^ 2478^ -3716^ -6194 L;)

9& 2&42 u Kr (V = 83&8 u/vjkm) dpznjuj ghb lfdktybb 2 fnv

b ntvgthfneht 298 R hfcibhz.ncz flbf,fnbxtcrb b j,hfnbvj lj

lfdktybz 1 fnv& Jghtltkbnm rjytxye. ntvgthfnehe b hf,jne hfcib-

htybz& Rfrbt pyfxtybz ,elen bvtnm rjytxyfz ntvgthfnehf b hf,jnf
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hfcibhtybz^ tckb ufp hfcibhztncz ghjnbd gjcnjzyyjuj dytiytuj

lfdktybz 1 fnv? C =3/2 R^ ufp cxbnfnm bltfkmysv& (226 R^ 26V^m
L;# 238 R^ 21 L;)

4& Dnjhjq pfrjy nthvjlbyfvbrb& J,hfnbvst ghjwtccs

Kbnthfnehf$ "nrbyc - uk& 6&

Gjyznbz$ J,hfnbvsq ghjwtcc& Ytj,hfnbvsq ghjwtcc& Cfvjghj-

bpdjkmysq ghjwtcc& "ynhjgbz (S). "ythubz Utkmvujkmwf (A=U-TS)&

"ythubz Ub,,cf (G=U-TS+pV)& Vfrcbvfkmyfz hf,jnf& {fhfrnthbcnb-

xtcrfz aeyrwbz {U(S,V), H(S,p), A(T,V), G(T,p)}&

Ehfdytybz$ Dnjhjq pfrjy nthvjlbyfvbrb dS > dQ/T&

Cjjnyjitybz Vfrcdtkkf&

Cdzpm ghjbpdjlys[ nthvjlbyfvbxtcrb[ dtkbxby c nthvbxtcrbvb b

rfkjhbxtcrbvb rj’aabwbtynfvb&

Ghj,ktvs$ Hfcxtn bpvtytybz ’ynhjgbb d j,hfnbvs[ ghjwtccf[&

1& 1 vjkm ,typjkf j,hfnbvj bcgfhztncz ghb ntvgthfneht tuj

rbgtybz& Gfh j,hfnbvj hfcibhztncz ghjnbd dytiytuj lfdktybz d 1

fnv& Hfccxbnfnm lkz ’njuj ghjwtccf vjkmyst pyfxtybz Q, W, DU,

DS, DG, cxbnfz gfh bltfkmysv ufpjv& Ntvgthfnehf rbgtybz t =bo
80 C, DH = 30&8 rL;/vjkm& (30&8^ -2&9^ 27&9 rL;/vjkm^ 87&2

L;/vjkmQR^ 0 rL;/vjkm)

Hfcxtn ghjbpdjlys[ nthvjlbyfvbxtcrb[ aeyrwbq&

2& Bc[jlz bp jghtltktybz ’ythubb Utkmvujkmwf b aeylfvty-

nfkmyjuj ehfdytybz Ub,,cf yfqnb dshf;tybt lkz lbaathtywbfkf

dA& Dsdtcnb cjjndtncnde.ott ehfdytybt Vfrcdtkkf&

3& Ljrfpfnm^ xnj$
& dU * & dp *
[-----------] = T [-----------] - p

7 dV 8 7 dT 8T V
2

& dC * & d V *
[-----------p = -T [-----------------]

7 dp 8 7 2 8T dT p

& dp * & dV *
C - C = T [-----------] [-----------]p V 7 dT 8 7 dT 8V p
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4& Dsxbckbnt bpvtytybt ’ynhjgbb^ ghjbc[jlzott ghb hfcibht-
j

ybb lj 1 k b jlyjdhtvtyyjv yfuhtdfybb lj 100 C fhujyf^ cjlth-
j

;fotujcz d rjyntqytht j,‘tvjv 500 vk ghb 25 C b lfdktybb 1 fnv&
3C = -R. (0&175 L;/R)V 2
5& Hfccxbnfqnt rj’aabwbtyn L;jekz-Njvcjyf (lhjcctkbhjdfybt

ufpf) m =(dT/dp) lkz rctyjyf ghb rjvyfnyjq ntvgthfneht b
LN H

fnvjcathyjv lfdktybb& Cxbnfnm^ xnj rctyjy gjlxbyztncz ehfdytyb.
2 2

Dfy-lth-Dffkmcf (a = 4&194 k Wfnv/vjkm ^ b = 0&051 k/vjkm)& CV3= -R. (1&46 R/fnv)2
6& Hfccxbnfqnt hfpyjcnm C b C lkz vtlb b ,typjkf ghbp V

rjvyfnyjq ntvgthfneht b fnvjcathyjv lfdktybb& Jwtybnt hfpyjcnm

ntgkjn^ ytj,[jlbvs[ lkz gjdsitybz ntvgthfnehs 500-uhfvvjds[

j,hfpwjd rf;ljuj dtotcndf yf 50 R ghb gjcnjzyys[ lfdktybb b
-4 -1 -4 -1

j,‘tvt& a (Cu) = 0.501W10 K , a (C H ) = 12.4W10 K ,V V 6 6-6 -1 -6 -1
k (Cu) = 0.7W10 fnv , k (C H ) = 96.3W10 fnv , r(Cu) =T T 6 6

3 38.96 u/cv , r(C H ) = 0.92 u/cv & (0&77 b 38 L;/vjkmWR^ 0&3 b6 6
12&2 rL;)

7& Dsxbckbnt crjhjcnm pderf d fpjnt ghb yjhvfkmys[ eckj-
j

dbz[ (0 C^ 1 fnv)^ tckb C = 7/2R. Bcgjkmpjdfnm cjjnyjitybtp,m
5 ---------------------------6

bp ublhjvt[fybrb c = = r(dp/dr) ^ ult r - gkjnyjcnm&
pderf S

Gjkextybt [fhfrnthbcnbxtcrb[ aeyrwbq lkz bltfkmys[ ufpjd b

f,cjk.nyj ndthls[ ntk&

8& Dsdtlbnt [fhfrnthbcnbxtcrbt ehfdytybz U(S,V), H(S,p),

A(T,V), G(T,p) lkz bltfkmyjuj ufpf^ cxbnfz^ xnj tuj ntgkjtv-

rjcnm yt pfdbcbn jn ntvgthfnehs&

9& Dsdtlbnt [fhfrnthbcnbxtcrbt ehfdytybz H(S,p), G(T,p)

lkz f,cjk.nyj ndthljuj ntkf^ cxbnfz^ xnj tuj ntgkjtvrjcnm yt

pfdbcbn jn ntvgthfnehs&

5& Dnjhjq pfrjy nthvjlbyfvbrb& Ytj,hfnbvst ghjwtccs

Kbnthfnehf$ "nrbyc - uk& 5&

Gjyznbz$ "rcnhtvev [fhfrnthbcnbxtcrjq aeyrwbb& Dfhbfwbz

[fhfrnthbcnbxtcrjq aeyrwbb& Lbaathtywbfk [fhfrnthbcnbxtcrjq

aeyrwbb& Pfnjhvj;tyyjt hfdyjdtcbt& Nthvbxtcrjt hfdyjdtcbt&
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Vt[fybxtcrjt hfdyjdtcbt& {bvbxtcrjt hfdyjdtcbt&

Ehfdytybz$ Hfcxtn bpvtytybz ’ynhjgbb cbcntvs ghb ytj,hfnbvs[
ytj,h j,h

ghjwtccf[ DS = DS &
cbcn cbcn

Hfcxtn bpvtytybz ’ynhjgbb jrhe;tybz ghb ytj,hfnbvs[ ghjwtccf[

DS = Q /N &
jrh jrh jrh G = min ghb p b T const*

Eckjdbz hfdyjdtcbz A = min ghb V b T const}
S = max ghb U b V const8

Ghj,ktvs$ Hfcxtn bpvtytybz ’ynhjgbb cbcntvs^ jrhe;tybz b @dctq

Dctktyyjq@ lkz hfpkbxys[ ytj,hfnbvs[ ghjwtccjd&

1. Hfccxbnfqnt bpvthtybt ’ynhjgbb cbcntvs^ bpvtytybt

’ynhjgbb jrhe;tybz^ cevvfhyjt bpvtytybt ’ynhjgbb @dj dctq

dctktyyjq@ ghb a) cvtibdfybb lde[ xfcntq djls c ntvgthfnehfvb

t b t , b) ytj,hfnbvjv bpjnthvbxtcrjv hfcibhtybb (c;fnbb) ufpf
1 2
ghjnbd gjcnjyzyyjuj dytiytuj lfdktybz p jn V lj V ^ c) ytj,hf-

1 2
nbvjv flbf,fnbxtcrjv hfcibhtybb (c;fnbb) ufpf ghjnbd gjcnjzyyj-

uj dytiytuj lfdktybz p jn V lj V ^ d) ytj,hfnbvjv yfuhtdfybb
1 2

ufpf jn t lj t &
1 2

2& Gjrf;bnt^ xnj ecnfyjdktybt rjytxyjuj hfdyjdtcyjuj

cjcnjzybz d gthtxbcktyys[ dsit cbnefwbz[ cjjndtncndetn vfrcbve-

ve ’ynhjgbb dj @dctq dctktyyjq@&

3& Gjrf;bnt^ xnj vfrcbvev ’ynhjgbb dj @dctq dctktyyjq@

cjjndtncndetn vbybveve ’ythubb Utkmvujkmwf lkz cbcntvs ghb T,V

= const b vbybveve ’ythubb Ub,,cf lkz cbcntvs ghb T,p = const&

6& Nthvjlbyfvbrf bylbdblefkmyjuj dtotcndf

Kbnthfnehf$ "nrbyc - uk& 6^ htrjvtylfwbb rjvbccbb B>GFR&

Gjyznbz$ F,cjk.nyjt pyfxtybt ’ynhjgbb& Cnfylfnyjt cjcnjz-

ybt dtotcndf& Afpjdjt cjcnjzybt& Cnfylfhnyjt cjcnjzybt htfkmyj-

uj ufpf& Aeubnbdyjcnm (f)& Ghbdtltyyfz ’ythubz Ub,,cf {F =

-(G-H )/T, F’ = -(G-H )/T)}&0 298

Ehfdytybz$ Nhtnbq pfrjy nthvjlbyfvbrb&
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p V 1
& m *

Cdzpm aeubnbdyjcnb c lfdktybtv ln f = ln p + i [------------]-[------] dp
7 RT p 80

Ghj,ktvs$ Bcgjkmpjdfybt nthvjlbyfvbxtcrb[ cghfdjxys[ lfyys[&

1& Yfqlbnt nthvjlbyfvbxtcrbt dtkbxbys lkz xtnsht[anjhbc-

njuj eukthjlf d cghfdjxybrf[ @Nthvbxtcrbt rjycnfyns dtotcnd@ b

@Nthvjlbyfvbxtcrbt cdjqcndf bylbdblefkmys[ dtotcnd@& Xnj jyb

jpyfxf.n? Cjdgflf.n kb jyb vt;le cj,jq? Gjxtve?

Hfcxtn bpvtytybz ’ynhjgbb^ ’ynfkmgbb^ ’ythubb Ub,,cf b

ghbdtltyyjq ’ythubb Ub,,cf d pfdbcbvjcnb jn ntvgthfnehs ghb

gjcnjzyyjv lfdktybb&
pV

2& 1 vjkm ufpf^ gjlxbyz.obqcz ehfdytyb. cjcnjzybz [------------]=RTbp
j1-[------------]^ ult b = 1 R/fnv^yfuhtdftncz yf 100 R jn 25 C ghb gjc-T

njzyyjv lfdktybb& C = 38&3 L;/vjkmQR^ S = 100 L;/vjkmQR&p 298
Yfqnb DU, DS, DH, DA, DG& (3&0 rL;^ 11&1 L;/R^ 3&8^ -11&4^

-10&6 rL;)
o o -2 2

3& Gecnm C pflftncz ehfdytybtv C = a + bT - cT + dT +p p3eT d bynthdfkt ntvgthfneh 298 - 1000 R. Gjkexbnt dshf;tybz lkz
o o

ghbdtltyyjq ’ythubb Ub,,cf F b F’ d ’njv bynthdfkt ntvgthf-

neh& Rfrbt ljgjkybntkmyst lfyyst ytj,[jlbvs lkz ’njuj&

Hfcxtn bpvtytybz ’ynhjgbb^ ’ynfkmgbb^ ’ythubb Ub,,cf b

ghbdtltyyjq ’ythubb Ub,,cf d pfdbcbvjcnb jn lfdktybz ghb gjc-

njzyyjq ntvgthfneht&
pV

4& 1 vjkm ufpf gjlxbyztncz ehfdytyb. cjcnjzybz [------------]=RT
b

1-[------------]^ ult b = 1 kWR& Yfqnb DU, DS, DH, DA, DG ghb bpjnthvb-VT
j

xtcrjv hfcibhtybb 1 vjkz ufpf jn 10 k lj 20 k ghb 25 C& Rfr

pfdbcbn C ’njuj ufpf jn j,‘tvf& (0&42 L;^ 5&76 L;/R^ 0&84 L;^V
-1700 L;^ -1699 L;)

-5
5& Bpjnthvbxtcrbq rj’aabwbtyn c;fnbz djls hfdty 4&6W10

-1 j
fnv ghb 25 C& Rfrjdj bpvtytybt vjkmyjq ’ythubb Ub,,cf ghb

bpvtytybb lfdktybz yf 100 fnv b yf 10000 fnv? Rfrfz jib,rf

ddjlbncz ghb ghtlgjkj;tybb^ xnj djlf ytc;bvftvf? Gkjnyjcnm djls
3

cjcnfdkztn 0&997 u/cv & (182&6 L;/vjkm^ 14&09 rL;/vjkm)&
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j
6^ Lfdktybt yfl 1 vjktv vtlb ghb ntvgthfneht 25 C edtkbxb-

kb jn 1 lj 1000 fnv& Yfqnb DH, DS, DG d ’njv ghjwtcct& Vtlm
3

ghb,kb;tyyj cxbnfnm ytc;bvftvjq^ gkjnyjcnm vtlb 8&96 u/cv ^ a =V
-5 -1

5&01Q10 R & (703 L;^ -0&036 L;/R^ 714 L;)

7& Ufp gjlxbyztncz dbhbfkmyjve ehfdytyb. cjcnjzybz pV =m2RT{1 + B’(T)p + C’(T)p }& Yfqlbnt dshf;tybt lkz aeubnbdyjcnb

’njuj ufpf& Yf jcyjdt gjkextyyjuj dshf;tybz jghtltkbnt aeubnbd-
j

yjcnm fhujyf ghb lfdktybz[ 1 fnv b 100 fnv ghb 0 C& Cxbnfnm^
-9 -1 -16 -2

xnj B’ = -9.3W10 Gf , C’ = 2.4W10 Gf .

8& Dsxbckbnm cevvfhyjt bpvtytybt ’ynhjgbb ghb cktle.ob[
j

ghjwtccf[$ 2 vjkz kmlf yfuhtdf.ncz jn -73 C lj gkfdktybz^

j,hfpe.ofzcz djlf yfuhtdftncz pfntv lj rbgtybz b ghtdhfoftncz d

gfh (ghb 1 fnv)# gfh bpjnthvbxtcrb c;bvftncz lj 2 fnv b^ yfrj-
j

ytw^ yfuhtdftncz ghb gjcnjzyyjv lfdktybb lj 327 C& Pyfxtybz

C (nd)^ C (;) b C (gfh) hfdys cjjndtncndtyyj 0&5^ 1&0 b 0&48p p p
rfk/uQR^ DH = 79&9 rfk/u^ DH = 539 rfk/u& (84&8 rfk/R)

gk bcg
9& Dsxbckbnm bpvtytybt ’ythubb Ub,,cf ghb yfuhtdfybb 1

j
vjkz ;blrjq djls jn 25 C b 1 fnv lj 500 R b lfdktybb 5 fnv (gfh

o
- bltfkmysq ufp)& D H (H O, ;) = -285.83 rL;/vjkm^f 298 2o o
D H (H O, ufp) = -241.81 rL;/vjkm^ S (H O, ;) = 69.95f 298 2 298 2o
L;/vjkmQR^ S (H O, ufp) = 188.72 L;/vjkmQR^ C (;) = 1.0298 2 p
rfk/uQR^ C (gfh) = 0.48 rfk/uQR& (- 24&8 rL;)p

7& Nthvjlbyfvbrf [bvbxtcrjq htfrwbb

(ghtldfhbntkmyjt hfccvjnhtybt)

Kbnthfnehf$ "nrbyc - uk& 4^ htrjvtylfwbb rjvbccbb B>GFR&

o o
Gjyznbz$ Jgthfnjh [bvbxtcrjq htfrwbb D (D Y = S n Y )&r r m i i m,i

"yljnthvbxtcrfz htfrwbz& "rpjnthvbxtcrfz htfrwbz& <jv,jdfz

rfkjhbvtnhbz& Htfrwbb$ bcgfhtybz^ ce,kbvfwbb^ afpjdjuj gtht[j-

lf^ fnjvbpfwbb^ cujhfybz^ j,hfpjdfybz& "ythubz lbccjwbfwbb&

Ehfdytybz$ Pfrjy Utccf&
o o o

Ehfdytybt Rbh[ujaaf D H (T ) - D H (T ) = iDC dT&r m 2 r m 1 p,mo o o
Cdzpm D U b D H. D H = D U + D(pV) ~ D U + DnRTr r r m r m r m
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o o o o o o o
Hfcxtn ’ythubb Ub,,cf D G = DH -TDS = DH -TDF = DH -TDF’ .r 0 298
Ehfdytybz Ub,,cf-Utkmvujkmwf&

Ghj,ktvs$ Hfcxtns bpvtytybz ’ynfkmgbb^ dyenhtyytq ’ythubb^

’ynhjgbb^ ’ytuhbb Ub,,cf d hfpkbxys[ htfrwbz[.

1& Ljrfpfnm^ xnj lkz htfrwbb SO + O = SO ghb ytrjnjhjq2 3 o
ntvgthfneht N dsgjkyztncz cktle.ott cjjnyjitybt D H =r mo o o
D H (SO ) - D H (SO ) - D H (O)&f m 3 f m 2 f m

2& Cnfylfhnyfz ’ynfkmgbz j,hfpjdfybz c’yldbxtdjuj cjtlbyt-

ybz ,bc-(,typjk)- [hjvf^ ,skf bpvthtyf d vbrhjrfkjhbvtnht&

Yfqltyj^ xnj bpvtytybt dyenhtyytq ’ythubb d htfrwbb

Cr(C H ) (s) = Cr(s) + 2 C H (g) ghb 583 R cjcnfdkztn 8&06 6 2 6 6
rL;/vjkm& Yfqlbnt ’ynfkmgb. ’njq htfrwbb b jwtybnt cnfylfhnye.

vjkmye. ’ynfkmgb. j,hfpjdfybz c’yldbxtdjuj cjtlbytybz ghb ’njq
o

ntvgthfneht& D H (C H , g, 583 K) = 83 rL;/vjkm& (17&7 b 148&3f m 6 6
rL;/vjkm)

3& Ghb dpfbvjltqcndbb 10 u vtnfkkbxtcrjuj yfnhbz c djljq

(d ,jkmijv bp,snrt) ghb 298 R dsltkbkfcm ntgkjnf - 79910 L;&

Ghb dpfbvjltqcndbb 20 u Na O c ,jkmibv bp,snrjv djls dsltkbkfcm2
ntgkjnf - 76760 L;& Ntgkjnf cujhfybz djljhjlf D H (298 R) =c mo o
-285&84 rL;/vjkm& Dsxbckbnm D H b D U lkz Na O& (-415&4 bf m f m 2
-414&2 rL;/vjkm)

4& Ghb rjynfrnt 50 vk 0&1 N hfcndjhf NaOH c 10 vk 0&5 N

hfcnjhf HCl d flbf,fnbxtcrjv rfkjhbvtnht ntvgthfnehf d cvtcb
j j

gjdsiftncz jn 25 lj 25&5 C& Ghb rjynfrnt nfrb[ ;t rjkbxtcnd

hfcndjhjd NaNO b NH Cl nt[ ;t rjywtynhfwbq ntvgthfnehf2 4
j

gjdsiftncz lj 28 C d htpekmnfnt htfrwbb
+ -NH + NO = N + 2 H O4 2 2 2

Ghb 298 R ’ynfkmgbb j,hfpjdfybz (d rL;/vjkm) lkz djls b bjyjd d
- + -

djlys[ hfcndjhf[ hfdys$ H O (-286), OH (-230), NH (-133), Cl2 4+(-167.5), Na (-329.7). Yfqnb ghb,kb;tyye. dtkbxbye ’ynfkmgbb
-

j,hfpjdfybz lkz bjyf NO d djlt ghb 298 R& Gthtxbckbnt2
ghbxbys^ jghtltkz.obt ghb,kb;tyysq [fhfrnth yfqltyyjq dtkbxbys&

(-103 rL;/vjkm)
o j

5& DH ghjwtccf gkfdktybz kmlf ghb 0 C hfdyf 1436
o

rfk/vjkm^ C kmlf b ;blrjq djls cjcnfdkz.n cjjndtncndtyyj 8&9 bp
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o o o
18&0 rfk/vjkmQR& Yfqnb DH ^ DS ^ DG ghb h=1 fnv lkz ghjwtccfm m m

j j
Y J(;^ -10 C) = Y J(nd^ -10 C)& Hfccxbnfqnt cevvfhyjt bpvtytybt
2 2
’ynhjgbb dj @dctq dctktyyjq@^ exbnsdfz jrhe;tybt& (-1345

rfk/vjkm^ -4&92 rfk/vjkmqR^ -50&9 rfk/vjkm^ 0&19 rfk/vjkmqR)

6& Rfr cdzpfyf cnfylfhnyfz ’ynfkmgbz htfrwbb F+D=C c

’ynfkmgbtq^ rjulf bc[jlyst b rjytxyst dtotcndf yf[jlzncz ghb
10

lfdktybb 10 Gf?

7& Xnj ye;yj^ xnj,s hfccxbnfnm cktle.obt dtkbxbys$
o oH (NaCl, s, 298.15 K) - H (NaCl, s, 0 K)m m
o o

D H (NaCl, s, 298.15 K) - D H (NaCl, s, 0 K)f m f m
8& Yfgbibnt^ rfr pfdbcbn cnfylfhnyfz ’ynfkmgbz j,hfpjdfybz

NaCl jn ntvgthfnehs d bynthdfkt jn 298&15 R lj 600 R& Ntvgthf-
j

nehf gkfdktybz Na - 98 C^ ’ynfkmgbz gkfdktybz - 2&6 rL;/vjkm&

Bcgjkmpjdfybt nthvjlbyfvbxtcrb[ cghfdjxys[ lfyys[&

9& Ghb bcgjkmpjdfybb cghfdjxybrf @Nthvbxtcrbt rjycnfyns
o o o

dtotcnd@ hfccxbnfqnt D H ^ D S b D G htfrwbb SO Cl (g) =r r r 2 2
SO (g) + Cl (g) ghb 298&15 R& Hfccxbnfqnt ’nb dtkbxbys ghb 6002 2
R& Rfrbt ghb,kb;tybz lkz ’njuj ytj,[jlbvj cltkfnm?

10& Ghb bcgjkmpjdfybb cghfdjxybrf @Nthvjlbyfvbxtcrbt
o

cdjqcndf bylbdblefkmys[ dtotcnd@ hfccxbnfqnt D G htfrwbbr
PCl (g) = PCl (g) + Cl (g) ghb 700 R& Dyfxfkt bcgjkmpeqnt ,jktt5 3 2 o o o
ghbdsxyjt cjjnyjitybt D G = DH -TDS & Pfntv ghjdtlbnt hfcxtn cr o o o
bcgjkmpjdfybtv ghbdtltyyjq ’ythubb Ub,,cf D G = DH -TDF &r 0
Chfdybnt ’nb ldf cgjcj,f&

11& Ghb bcgjkmpjdfybb cghfdjxys[ lfyys[ hfccxbnfqnt ’yth-

ub. cdzpb C-C d vjktrekt ’nfyf& Cxbnfnm^ xnj chtlybb ’ythubb

cdzpb C-H d vjktrekf[ ’nfyf b vtnfyf hfdys&

GHBVTHS DFHBFYNJD GTHDJQ RJYNHJKMYJQ HF<JNS

DFHBFYN 1&

1& Hfccxbnfqnt DU, DS b DA lkz bpjnthvbxtcrjuj hfcibhtybz lde[

vjktq ufpf Dfy-lth-Dffkmcf^ pfybvf.otuj j,‘tv 2 k ghb lfdktybb
2 2

10 fnv lj rjytxyjuj j,‘tvf 4 k& a = 1&36 k fnv/vjkm ^ b = 0&032

k/vjkm&
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2& "ynfkmgbz ytrjnjhjuj ntkf jgbcsdftncz ehfdytybtv
2

& S - d + ep + fp *H = a + b exp [------------------------------------------------------------------------------------------------] + gp
7 b 8

ult a, b, d, e, f, g - rjycnfyns& Rfrjve ehfdytyb. cjcnjzybz

gjlxbyztncz ’nj ntkj? Rfr ntgkjtvrjcnm C ’njuj ntkf pfdbcbn jnp
lfdktybz? jn ntvgthfnehs?

3& Hfccxbnfqnt bpvtytybt ’ynfkmgbb b dyenhtyytq ’ythubb lkz
o

htfrwbb CaCO (s) = CaO(s) + CO (g) ghb 1000 R& Lfyj$ D H (CaO,3 2 f mos, 1000 K) = -608.2 rL;/vjkm, D H (CO , g, 298 K) = -393.5f m 2o
rL;/vjkm, D H (CaCO , s, 1000 K) = -1182.5 rL;/vjkm, C (O ) =f m 3 p,m 2o o32.3 L;/vjkmWR, C (C, s) = 18.5 L;/vjkmWR, {H (1000 K)-H (298p,m
K)}(CO ) = 35.3 rL;/vjkm.2

DFHBFYN 2&

1& Hfccxbnfnm DU, DS b DA lkz j,hfnbvjuj flbf,fnbxtcrjuj hfcib-
j

htybz 3 k fpjnf^ dpzns[ ghb 25 C b 1 fnv lj j,‘tvf 6 k& Lfyj$
o o 7S (N , 298) = 191.5 L;/vjkmWR, C = - R.m 2 p,m 2

& dV * & dp *
2& Gjrfpfnm^ xnj C = T [-----------] [-----------] b hfccxbnfnm^ rfr bpvt-p 7 dT 8 7 dT 8p S
ybncz ntvgthfnehf 1 vjkz ;blrjq cthyjq rbckjns ghb flbf,fnbxtc-

j
rjv gjdsitybb lfdktybz yf 1 fnv (yfxfkmyfz ntvgthfnehf 25 C)^

3
tckb gkjnyjcnm rbckjns dshf;ftncz ehfdytybtv r(u/cv ) = 1&854 -

j
0&00098 t( C)^ f pfdbcbvjcnm ntgkjtvrjcnb jn ntvgthfnehs

jC (rfk/uWR) = 0&339 + 0&00038 t( C)&p

3& Hfccxbnfnm D H , D S , D G (dct bc[jlyst dtotcndf br 598 r 598 r 598
ghjlerns yf[jlzncz ghb lfdktybb 3 fnv) lkz htfrwbb

2 CH + CO = CH COCH + H O4 2 3 3 2
o o o

Lfyj$ D H S Cf 298 298 p,298
rL;/vjkm L;/vjkmWR L;/vjkmWR

CH -74.6 186.2 35.74
CO -393.5 213.6 37.12
CH COCH -216.4 294.9 74.93 3
H O -241.8 188.7 33.62
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VJLEKM 2& HFCXTN AFPJDS{ B {BVBXTCRB{ HFDYJDTCBQ

8& Afpjdst gtht[jls xbcns[ dtotcnd

Kbnthfnehf$ "nrbyc - uk& 7&

Gjyznbz$ Afpf& {bvbxtcrbq gjntywbfk (m)& Ghfdbkj afp&

Afpjdfz lbfuhfvvf& Nhjqyfz njxrf& Rhbnbxtcrfz njxrf&

Ehfdytybz$ Cdzpm vt;le vjkmyjq ’ythubtq Ub,,cf b [bvbxtc-

rbv gjntywbfkjv lkz xbcns[ dtotcnd m = G/n = G &i m
{bvbxtcrbq gjntywbfk xbcns[ dtotcnd rfr aeyrwbz ntvgthfnehs b

lfdktybz dm = S dT + V dp.m m
Eckjdbz hfdyjdtcbz&

D Hdp trs
Ehfdytybt Rkfepbecf-Rkfgtqhjyf [------------] = [-----------------------------]&

dT T D Vtrs

Ghj,ktvs$ Yf[j;ltybt eckjdbq hfdyjdtcbz d ckexft jlyjrjv-

gjytynyjq cbcntvs&

1& Dsdtlbnt eckjdbz hfdyjdtcbz lkz cjtlbytybz F^ rjnjhjt

vj;tn ceotcndjdfnm d dblt lde[ afp F(1) b F(2)& Hfccvjnhbnt

ckexfb gjcnjzycndf dytiyb[ gthtvtyys[ a) ntvgthfnehs b j,‘tvf^

b) ’ynhjgbb b j,‘tvf^ c) ’ynhjgbb b lfdktybz&

Hfcxtns gj ehfdytyb. Rkfepbecf-Rkfgtqhjyf&

2& Ghb rfrjv lfdktybb ntvgthfnehf pfvthpfybz djls evtym-
3 3

ibncz yf 1 uhflec? r(djls) = 1 u/cv ^ r(kmlf) = 0^92 u/cv ^

DH = 333&5 L;/u& (140 fnv)
gk

j
3& Rfrjt lfdktybt yfcsotyyjuj gfhf djls ,eltn ghb 120 C b

j
80 C? DH = 45 rL;/vjkm& (2&1 b 0&44 fnv)

bcg
j

4& Ghb 400 C lfdktybt gfhf yfl ;blrbv wbyrjv cjcnfdkztn
-4

10 fnv& Jghtltkbnt yjhvfkmye. ntvgthfnehe rbgtybz wbyrf^ tckb

ntgkjnf bcgfhtybz wbyrf cjcnfdkztn 428&2 rfk/u& (1200 R)

5& Rfr bpvtybncz j,‘tv 1 u ercecyjq rbckjns ghb gkfdktybb
j

(16&6 C) tckb dT/dp = 0.0242 R/fnv^ f eltkmyfz ntgkjnf gkfdkt-
3

ybz hfdyf 46&4 rfk/u& (0&16 cv )

6^ "ynhjgbz gfhjj,hfpjdfybz vehfdmbyjq rbckjns d yjhvfkm-

- 17 -



j
yjq njxrt rbgtybz^ hfdyjq 100&7 C^ hfdyf 14&46 ’&t& Jwtybnm

j
lfdktybt gfhjd rbckjns ghb 25 C& (0&16 fnv)

o o
7& Dsdtlbnt ehfdytybt ln p = -D H /T + D S bc[jlz bpvap vap

ehfdytybz Rkfepbcf-Rkfqgthjyf lkz hfdyjdtcbz ;blrjcnm - gfh
D Hdlnp vap

------------------------= -----------------------------2dT RT

Gjcnhjtybt afpjdjq lbfuhfvvs xbcnjuj dtotcndf bp ’rcgthb-

vtynfkmys[ lfyys[&
o

8& "ynfkmgbb cujhfybz D H fkvfpf b uhfabnf cjcnfdkz.nc 298 o
-94&48 b -94&03 rrfk/vjkm^ f ’ynhjgbb S - 0&585 b 1&365298

3
rfk/vjkmQR& Gkjnyjcnm fkvfpf 3&515^ uhfabnf 2&265 u/cv & Xnj

ecnjqxbdtt ghb 298 R b 1 fnv? Ghb rfrjv lfdktybb (298 R) fkvfp

,eltn ecnjqxbdtt^ xtv uhfabn? D rfrjv yfghfdktybb ,eltn ltqcn-

djdfnm gjdsitybt ntvgthfnehs? Gjcnhjqnt kbyb. hfdyjdtcbz fkvfp

- uhfabn d bynthdfkt ntvgthfneh 298 - 1000 R d ghb,kb;tybb
oC (uh) = C (fk)& {DG (fk&-uh&)=-680 rfk/vjkm^ >15000 fnv}p p

9& Jghtltkbnt ntvgthfnehe b lfdktybt d nhjqyjq njxrt

vtnfyf^ f nfr;t ntgkjne gkfdktybz b bpvtytybt ’ynhjgbb ghb

gkfdktybb d nhjqyjq njxrt& Lfyf pfdbcbvjcnm yfcsotyyjuj gfhf jn

ntvgthfnehs lkz ndthljuj b ;blrjuj vtnfyf d dblt ehfdytybq

lg p (s) = 7.6954 - 532.2 / (t + 266)

lg p (l) = 6.6120 - 390 / (t + 266)
jp d vv&hn&cn&^ t d C& Gjcnhjqnt lbfuhfvve cjcnjzybz vtnfyf^
3 3 -4

r(CH , l) = 1.1 u/cv ^ r(CH , s) = 1.5 u/cv & (138 R^ 2&3Q104 4
vv&hn&cn&^ DH =570 L;/vjkm^ DS =4&1 L;/vjkmQR)

gk gk

9& Dkbzybt dytiyb[ gjktq b rhbdbpys gjdth[yjcnb

Kbnthfnehf$ "nrbyc - uk& 7^ Djhjyby - ]11&

Gjyznbz$ Afpjdst gtht[jls gthdjuj hjlf& Afpjdst gtht[jls

dnjhjuj hjlf& Yfvfuybxbdfybt ntkf& Bltfkmysq gfhfvfuytnbr&

Cdth[ghjdjlzofz afpf& "aatrn Vtqcythf& Gjdth[yjcnyjt yfnz;tybt&

Rhbdbpyf gjdth[yjcnb& Rfgbkkzhyst zdktybz&

Ehfdytybz$ Hf,jnf yfvfuybxbdfybz W = m Hd(MV)&o
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Ehfdytybt cjcnjzybz bltfkmyjuj gfhfvfuytnbrf (M=AH/T) b

cdth[ghjdjlzotq afps (M=-H)&

Eckjdbz hfdyjdtcbz d vfuybnyjv gjkt&

Hf,jnf j,hfpjdfybz gjdth[yjcnb W = gds&

Ehfdytybt Kfgkfcf p - p = 2g/r&2 1
Ehfdytybt Rtkmdbyf p = p exp(-2gV /RT)&r 8 m,l

Ghj,ktvs$ Hfcxtns c extnjv dytiytuj vfuybnyjuj gjkz&

1& Rfr ntgkjtvrjcnm C pfdbcbn jn yfvfuybxtyyjcnb ntkf MM
lkz bltfkmyjuj gfhfvfuytnbrf b lkz cdth[ghjdjlzotq afps? Cxb-

nfnm j,‘tv ntkf gjcnjzyysv&

2& Rfr ntgkjtvrjcnm C pfdbcbn jn yfghz;tyyjcnb vfuybnyjujH
gjkz H lkz bltfkmyjuj gfhfvfuytnbrf b lkz cdth[ghjdjlzotq afps?

Cxbnfnm j,‘tv ntkf gjcnjzyysv&

3& Gjkexbnt ’ynhjgb. ntkf rfr aeyrwb. T b H lkz bltfkmyjuj

gfhfvfuytnbrf b lkz cdth[ghjdjlzotq afps? Cxbnfnm j,‘tv ntkf

gjcnjzyysv&

Hfcxtns c extnjv rhbdbpys gjdth[yjcnb&

4& J,hfptw ,typjkf vfccjq 100 u lbcgthubhjdfy yf rfgtkmrb
-3

hflbecjv 10 vv& Gjdth[yjcnyjt yfnz;tybt ,typjkf hfdyj
-2

2&8W10 Y/v& Rfrjdj bpvtytybt ’ythubb Ub,ccf? Rfrjdj vbybvfkm-

yjt rjkbxtcndj hf,jns ytj,[jlbvj lkz lbcgthubhjdfybz? (9&5 L;^

9&5 L;)

5& Yfcrjkmrj bpvtybkjcm lfdktybt gfhf ,typjkf^ rjulf jy
-2 -4

lbcgthubhjdfy lj yt,jkmib[ rfgtktr hflbecjv f) 10 vv^ ,) 10

vv ghb rjvyfnyjq ntvgthfneht& Gjdth[yjcnyjt yfnz;tybt ,typjkf
-2

hfdyj 2&8W10 Y/v& Lj rfrjuj hfpvthf rfgkb ytj,[jlbvj lbcgth-

ubhjdfnm ,typjk^ xnj,s lfdktybt gfhf edtkbxbkjcm d ldf hfpf?

(1&0002^ 1&020)
-2

6& Gjdth[yjcnyjt yfnz;tybt djls hfdyj 7&28W10 Y/v ghb
j -2 j

20 C b 5&89W10 Y/v ghb 100 C& Gkjnyjcnb hfdys cjjndtncndtyyj
3

0&998 b 0&958 u/cv & Lj rfrjq dscjns gjlybvtncz djls d nhe,rt c

dyenhtyybv hflbecjv f) 1 vv b ,) 0&1 vv& (f - 1&49^ 1&25 cv^ ,

- 14&9^ 12&5 cv)
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10& Utnthjutyyst [bvbxtcrbt htfrwbb c exfcnbtv xbcns[ dtotcnd

Kbnthfnehf$ Djhjyby - ]20-22&

Gjyznbz$ Ajhvekmysq dtrnjh& Fnjvyfz vfnhbwf& Rjycnfynf

hfdyjdtcbz& Lbfuhfvvf cnf,bkmyjcnb afp&

Ehfdytybz$ Ghfdbkj Ub,,cf&

Eckjdbt hfdyjdtcbz d ckexft ghjntrfybz utnthjutyyjq [bvbxtcrjq

htfrwbb c exfcnbtv xbcns[ dtotcnd&

Ghj,ktvs$ Hfcxtns lkz ckexfz ghjntrfybz jlyjq utnthjutyyjq

[bvbxtcrjq htfrwbb c exfcnbtv xbcns[ dtotcnd& Dkbzybt ntvgthf-

nehs b lfdktybz yf hfdyjdtcysq cjcnfd&

1& Jrcbl cehmvs Sb O bcgfhztncz d dblt vjktrek Sb O &2 3 4 6
j

Lfdktybt Sb O ghb 577 C cjcnfdkztn 2 vv&hn&cn& Rfrjt lfdktybt4 6
j jSb O ,eltn ghb 677 C? Ntvgthfnehf gkfdktybz Sb O 655 C^4 6 2 3

’ynfkmgbz gkfdktybz 23 rL;/vjkm& "ynfkmgbz ce,kbvfwbb Sb O (nd)2 3
= 0&5 Sb O (ufp) 150 rL;/vjkm& Cxbnfnm DC htfrwbq ce,kbvfwbb4 6 p
b bcgfhtybz hfdysvb yek.&

2& Ghb rfrjq ntvgthfneht ,elen jlyjdhtvtyyj cjceotcndjdfnm

FeCl (s)^ FeCl (s) b Cl ^ tckb dytiytt lfdktybt cjcnfdkztn 103 2 2
vv& hn& cn& Cxbnfnm DC = 0& Xnj ghjbpjqltn^ tckb ghb ’njqp
ntvgthfneht dytiytt lfdktybt ,eltn ,jkmit 10 vv& hn& cn&?

vtymit 10 vv& hn& cn&?

FeCl (s) Cl FeCl (s)3 2 2o
D H rL;/vjkm -399.4 -342.f 298oS L;/RWvjkm 145. 223. 118.298

3& Lkz htfrwbb hfpkj;tybz bpdtcnyzrf lfdktybt lbccjwbfwbb
j 5 j 5

ghb 800 C hfdyj 0&26W10 Gf^ f ghb 1000 C hfdyj 4&8W10 Gf&
o o

Yfqnb chtlybt pyfxtybz DH b DS lkz ’njq htfrwbb d lfyyjv

bynthdfkt ntvgthfneh^ f nfr;t lfdktybt lbccjwbfwbb ghb ntvgthf-

neht 1157 R& Xnj ghjbpjqltn^ tckb ghb nfrjv dytiytv lfdktybb

edtkbxbnm ntvgthfnehe dsit 1157 R? evtymibnm ntvgthfnehe yb;t

1157 R? (165&6 rL;/vjkm^ 143&1 L;/vjkmWR^ 1 fnv)

4& Ghb rjvyfnyjq ntvgthfneht ctht,hj yf djple[t

jrbckztncz& Jlyfrj ghb yfuhtdfybb gktyrf jrcblf bcxtpftn&
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o
Jwtybnt ntvgthfnehe^ ghb rjnjhjq jrcbl ytecnjqxbd& D H (Ag O)f 298 2o= - 7 rrfk/vjkm^ D S (Ag O) = -15.3 rfk/vjkmWR& (N > 415 R)f 298 2

Ds,jh rjvgjytynjd&

5& Jghtltkbnt xbckj rjvgjytynjd b ds,thbnt rjvgjytyns lkz

cbcntvs^ d rjnjhjq vjuen ghbcencndjdfnm cktle.obt cjcnfdkz.obt

CaO, SiO , Al O , Al Si O , CaAl O , CaAl O , CaSiO ,2 2 3 6 2 13 2 4 4 7 3
Ca Al SiO , Ca SiO , Ca Al Si O , Ca Al O .2 2 7 2 4 3 2 3 12 12 14 33

6^ Crjkmrj rjvgjytynjd b rfrb[ bvtyyj ytj,[jlbvj lkz

jgbcfybz ghjwtccf bcgfhtybz NH Cl? Exnbnt^ xnj ghb bcgfhtybb4
NH Cl lbccjwbbhetn yf NH b HCl.4 3

7& Crjkmrj rjvgjytynjd b rfrb[ bvtyyj ytj,[jlbvj lkz

jgbcfybz gfhjd NaCl ghb dscjrb[ ntvgthfnehf[? Extcnm djpvj;-

yjcnm gjzdktybz cktle.ob[ vjktrek b bjyjd$ NaCl, Na Cl ,2 2+ - - +Na Cl , Na , Cl , NaCl , Na Cl .3 3 2 2

11& Hfcndjhs& Pfdbcbvjcnm ’ythubb Ub,,cf jn cjcnfdf hfcndjhf

Kbnthfnehf$ "nrbyc - uk& 8&

& dY *
Gjyznbz$ Gfhwbfkmyst vjkmyst dtkbxbys Y’ = [-----------] &A 7 8

dn T,P,nA B
Vjkmyfz ljkz& Vjkzkmyjcnm& Vjkzhyjcnm&

Ehfdytybz$ Hfcxtn nthvjlbyfvbxtcrjq dtkbxbys bp gfhwbfkm-

ys[ vjkmys[ dtkbxby Y = Y’n + Y’n &A A B B
Yf[j;ltybt gfhwbfkmys[ vjkmys[ dtkbxby bp vjkmyjq dtkbxbys

& dZ *Z = Z’+ x [-----------mm A B7 8
dx T,PA

Ehfdytybz Ub,,cf-L.utvf -SdT + Vdp + n dm + n dm = 0.A A B B

Ghj,ktvs$ Hfcxtn vjkmyjq nthvjlbyfvbxtcrjq dtkbxbys b

gfhwbfkmys[ vjkmys[ dtkbxby lkz lde[rjvgjytynyjq cbcntvs&

1& Gfhwbfkmyst vjkmyst j,‘tvs fwtnjyf b [kjhjajhvf d

hfcndjht^ cjlth;fotv vjkmye. ljk. [kjhjajhvf^ hfdye. 0&4693^
3

cjcnfdkztn 74&166 b 80&235 cv /vjkm& Rfrjd j,‘tv hfcndjhf

vfccjq 1 ru? Rfrjd j,‘tv rjvgjytynjd gthtl cvtitybtv? Vjkmyst

- 21 -



3
j,‘tvs fwtnjyf b [kjhjajhvf 73&993 b 80&665 cv /vjkm& (886&4

3 3
cv ^ 887&9 cv )

j
2& J,‘tv djlyjuj hfcndjhf [kjhblf yfnhbz ghb 25 C ,sk

bpvthty d irfkt vjkzkmyjcntq m& <skj yfqltyj^ xnj lfyyst vj;yj
3 1&5

jgbcfnm ehfdytybtv V(cv ) = 1003 + 16&62 m + 1&77 m + 0&12
2m {m - vjkm/ru}& V j,jpyfxftn j,‘tv hfcndjhf^ j,hfpjdffyyjuj bp

1 ru djls& Yfqlbnt gfhwbfkmyst vjkmyst j,‘tvs rjvgjytynjd ghb m
3 3

= 0&1 vjkm/ru& (NaCl - 17.48 cv /vjkm^ djlf - 18&05 cv vjkm)

3& Gfhwbfkmysq vjkmysq j,‘tv hfcndjhtyyjuj dtotcndf d

hfp,fdktyyjv hfcndjht ytrjnjhjuj hfcndjhbntkz lftncz dshf;tybtv

V’ = a + bm, ult m - vjkzkmyjcnm hfcndjhtyyjuj dtotcndf& Dshf-2 2
pbnt gfhwbfkmyst vjkmysq j,‘tv V’& (V’ = V - Mbm /2000)1 1 1,m

4& Rj’aabwbtyn frnbdyjcnb g ^ dshf;tyysq d vjkmys[ ljkz[2
hfcndjhtyyjuj dtotcndf^ d ytrjnjhjv hfcndjht hfdty g =22exp(Ax )^ ult A - rjycnfynf ghb lfyyjq ntvgthfneht& Dsdtlbnt2
dshf;tybt lkz rj’aabwbtynf frnbdyjcnb g xthtp A b x &(ln g =1 2 122A {ln(1-x ) + x + 0.5x })2 2 2

j
5& Lkz hfcgkfdf Hg - K ghb 25 C rj’aabwbtyn frnbdyjcnb

rfkbz jgbcsdftncz ’vgbhbxtcrbv ehfdytybtv
2ln g = -31.89 x + 63.78 xK K K

x - vjkmyfz ljkz& Yfqnb dbl ehfdytybz lkz rjywtynhfwbjyyjq
2

pfdbcbvjcnb rj’aabwbtynf frnbdyjcnb Hg& (ln g = - 31.89 x )Hg K
6& Gjrfpfnm^ xnj tckb d ,byfhyjv hfcndjht gfhwbfkmysq

vjkmysq j,‘tv jlyjuj rjvgjytynf rfr aeyrwbz rjywtynhfwbb bvttn

vbybvev^ nj gfhwbfkmysq vjkmysq j,‘tv lheujuj rjvgjytynf bvttn

vfrcbvev&

12& Vjltkb hfcndjhjd

Kbnthfnehf$ "nrbyc - uk& 8^ Lehjd^ Futtd - uk& 5&

Gjyznbz$ Bltfkmysq hfcndjh ufpjd& Bltfkmysq ;blrbq hfcn-

djh& Ytbltfkmyst hfcndjhs& Htuekzhysq hfcndjh& Fnthvfkmysq

hfcndjh& Frnbdyjcnm& Rj’aabwbtyn frnbdyjcnb& Hfcckfbdfybt&

Bltfkmysq hfp,fdktyysq hfcndjh& Cnfylfhnyjt cjcnjzybt hfcndjhb-

ntkz b hfcndjhtyyjuj dtotcndf& Aeyrwbb cvtitybz&
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Ehfdytybz$ Aeyrwbb cvtitybz bltfkmyjuj hfcndjhf&

Cdzpm vt;le ’ythubtq Ub,,cf cvtitybz^ ’ynfkmgbtq cvtitybz b

’ynhjgbtq cvtitybz&

Ghj,ktvs$ Hfcxtns lkz bltfkmyjuj^ htuekzhyjuj b fnthvfkm-

yjuj hfcndjhjd&

1& Gecnm rjyntqyth j,‘tvjv 5 k hfpltkty yf ldf jnltktybz

hfdys[ hfpvthjd& D ktdjv jnltktybb yf[jlbncz fpjn ghb 1 fnv b
j

25 C^ f d ghfdjv djljhjl ghb nt[ ;t ntvgthfneht b lfdktybb& Rfr

bpvtybncz ’ynhjgbz b ’ythubz Ub,,cf cbcntvs ghb elfktybb gtht-

ujhjlrb? Rfr bpvtybncz ’ynhjgbz b ’ythubz Ub,,cf cbcntvs ghb

elfktybb gthtujhjlrb^ tckb ,s djljhjl ,sk pfvtyty yf fpjn?

(1&18 L;/R# -351 L;)

2& D ’rcgthbvtynt^ gjlj,yjv jgbcfyyjve d pflfxt 1^ fpjn

,sk gthdjyfxfkmyj ,sk ghb 3 fnv^ f djljhjl ghb 1 fnv& Yfqlbnt

bpvtytybt ’ynhjgbb b ’ythubb Ub,,cf d ’njv ckexft& Rfrjt ,eltn

bpvtytybt ’ynhjgbb b ’ythubb Ub,,cf^ tckb djljhjl pfvtybnm yf

fpjn?

3& D rfrjq ghjgjhwbb ytj,[jlbvj cvtifnm y-utrcfy b

y-utgnfy f) gj vjkmysv ljkzv^ ,) gj vfcct^ xnj,s ljcnbxm

yfb,jkmituj bpvtytybz ’ynhjgbb& (100 xfcntq y-utgnfyf r 86

xfcnzv y-utrcfyf gj vfcct)

4& Xtve hfdyz.ncz gfhwbfkmyst vjkmyst ’ynfkmgbb b ’ynhjgbb

rjvgjytynjd lkz bltfkmyjuj b htuekzhyjuj hfcndjhjd? E,tlbntcm^

xnj d j,jb[ ckexfz[ dsgjkyztncz cjjnyjitybt m = H’ - TS’&i i i
5& Gjrf;bnt^ xnj tckb frnbdyjcnm jlyjuj rjvgjytynf lde[-

rjvgjytynyjuj hfcndjhf hfdyf vjkmyjq ljkt dj dctv bynthdfkt

rjywtynhfwbq^ nj frnbdyjcnm dnjhjuj rjvgjytynf nfr;t hfdyf

vjkmyjq ljkt& Xnj vj;yj crfpfnm j gjdtltybb dnjhjuj rjvgjytynf

(hfcndjhtyyjuj dtotcndf)^ tckb bpdtcnyj njkmrj nj^ xnj frnbd-

yjcnm hfcndjhbntkz hfdyf vjkmyjq ljkt d bynthdfkt rjywtynhfwbq

1 < x < 0.9?1
6& Gecnm dfv bpdtcnyj^ xnj ytrjnjhsq lde[rjvgjytynysq

o
hfcndjh dtltn ct,z rfr bltfkmysq m = m + RT lnx ^ ult x -i i i i
vjkmyfz ljkz& Gjkexbnt dshf;tybz lkz [bvbxtcrb[ gjntywbfkjd

rjvgjytynjd d irfkt vjkzkmyjcntq& <eltn kb dsgjkyznmcz cktle-
o

.ott cjjnyjitybt m = m + RT lnm ?i i i
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7& Yfqlbnt ntvgthfnehe hfcckfbdfybz lde[rjvgjytynyjuj

hfcndjhf^ lkz rjnjhjuj ’ythubz Ub,,cf cvtitybz bvttn dbl

D G = x RT lnx + x RT lnx + C x xmix m A A B B A B
8& Htuekzhysq hfcndjh - ’nj hfcndjh^ ’ythubz Ub,,cf cvtit-

ybz rjnjhjuj pflftncz cktle.obv cjjnyjitybtv

D G = x RT lnx + x RT lnx + C x xmix m A A B B A B
Jghtltkbnt D S b D H lkz ’njuj hfcndjhf& Dsdtlbnt dshf;t-mix m mix m
ybt lkz [bvbxtcrjuj gjntywbfkf m d ’njv hfcndjht& GjkexbntA
dshf;tybt lkz rj’aabwbtynf frnbdyjcnb&

o 2 2
(m = m + RT lnx + C (1 - x ) , g = exp{C(1-x ) /RT} )A A A A A A

13& Lde[rjvgjytynyst cbcntvs c hfcndjhfvb

Kbnthfnehf$ "nrbyc - uk& 8 b 10^ Djhjyby - ]14&

Gjyznbz$ Jcvjnbxtcrjt lfdktybt& Rhbjcrjgbz& ",ekbjcrjgbz&

Ehfdytybz$ Eckjdbz hfdyjdtcbz& Gjdsitybt ntvgthfnehs

rbgtybz& Gjyb;tybt ntvgthfnehs pfvthpfybz& Jcvjnbxtcrjt lfdkt-

ybt& Ghfdbkj hsxfuf& Pfrjy Hfekz& Pfrjy Utyhb& Pfrjys Ub,,cf -

Rjyjdfkjdf&

Ghj,ktvs$ Lbfuhfvvs cjcnjzybz lde[rjvgjytynyjq cbcntvs c

hfcndjhfvb& Ghbvtytybt ghfdbkf afp&

1& Yfhbceqnt cktle.obt lbfuhfvvs lkz lde[rjvgjytynys[

cbcntv ghb gjcnjzyyjv dytiytv lfdktybb&

a) ,tp hfcndjhjd d rjyltycbhjdfyyjq afpt

- cbcntve c ghjcnjq ’dntrnbrjq

- cbcntve c j,hfpjdfybtv jlyjuj [bvbxtcrjuj cjtlbytybz

- cbcntve c byrjyuhe’ynyj gkfdfobvcz [bvbxtcrbv cjtlbytybtv

b) c j,hfpjdfybtv ndthls[ hfcndjhjd c juhfybxtyyjq hfcndjhb-

vjcnm.

- cbcntve c ghjcnjq ’dntrnbrjq - cbcntve c j,hfpjdfybtv jlyjuj

[bvbxtcrjuj cjtlbytybz

c) ;blrjcnm - gfh

Ds,thbnt ghjbpdjkmye. njxre yf afpjdjq lbfuhfvvt&

- Xtve jyf cjjndtncndetn? Rfrjd tt afpjdsq cjcnfd? Rfrjd
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cjcnfd afp?

- Crjkmrbvb cntgtyzvb cdj,jls jyf j,kflftn? Rfrbt ’nj

cntgtyb cdj,jls?

- Pfgbibnt eckjdbz hfdyjdtcbz lkz ’njq njxrb xthtp [bvb-

xtcrbt gjntywbfks rjvgjytynjd&

j
2& Ghb 90 C lfdktybt gfhf njkejkf 400 vv&hn&cn&^ f

j-rcbkjjf 150 vv&hn&cn& Rfrjd cjcnfd ;blrjq cvtcb b
j

hfdyjdtcyjuj c ytq gfhf^ tckb ghb 90 C ;blrfz cvtcm rbgbn ghb

0&5 fnv& Cxbnfnm ufpjdsq b ;blrbq hfcndjhs bltfkmysvb& (vjkmyfz

ljkz njkejkf d ;blrjcnb - 0&92^ d gfht - 0&968)

3& Cxbnfz^ xnj djple[ cjlth;bn 79% N b 21% O ^ yfqlbnt2 2
j

cjcnfd djple[f^ hfcndjhtyyjuj d djlt ghb J C& Hfcndjhbvjcnm O
2

-3 -3
hfdyf 2&2W10 vjkm/k^ f N - 1&05W10 vjkm/k ghb lfdktybb

2
rf;ljuj bp ufpjd yfl hfcndjhjv 1 fnv& (O - 31&5%)2

Rjkkbufnbdyst cdjqcndf&

4& Rfrjdf njxrf pfvthpfybz cnfrfyf djls (250 vk)^ gjlckf-

otyyjuj gznm. recjxrfvb cf[fhf (7&5 u cf[fhjps)? DH = 6
gk

rL;/vjkm&

5& Lkz jghtltktybz jnyjcbntkmyjq vjktrekzhyjq vfccs dtot-

cndf vj;yj bpvthbnm gjyb;tybt lfdktybz gfhf& Lfdktybt gfhf 500
j

u ,typjkf ghb 60&6 C hfdyj 400 vv& hn& cn&^ yj jyj egfkj lj 386

vv& hn& cn&^ rjulf d ,typjkt hfcndjhbkb 19 u ytktnextuj jhufyb-

xtcrjuj dtotcndf& Rfrjdf jnyjcbntkmyfz vjktrekzhyfz vfccf ’njuj

dtotcndf?

6& C wtkm. jghtltktybz chtlytq jnyjcbntkmyjq vjktrekzhyjq

vfccs gjkbvthf bpvthtyj jcvjnbxtcrjt lfdktybt hfcndjhjd gjkb-

cnbhjkf d njkejkt& Lfdktybt dshf;fkjcm xthtp dscjne hfcndjhbnt-
j

kz h^ gkjnyjcnm rjnjhjuj ,skf 1&004 u/vk& Ghb 25 C ,skb gjkext-

ys cktle.obt htpekmnfns

c^ u/vk 2&042 6&613 9&521 12&602

h^ cv njkejkf 0&592 1&910 2&750 3&600

Rfrjdf chtlyzz jnyjcbntkmyfz vfccf gjkbvthf?

7& Ghb 315 R lfdktybt yfcsotyyjuj gfhf yfl ’nbkfwtnfnjv b

wbrkjutrcfyjv jlbyfrjdj& Hfdyjt rjkbxtcndj vjktq ytrjnjhjuj

dtotcndf hfcndjhtyj d jlbyfrjds[ gj vfcct rjkbxtcndf[ ’nbkfwt-
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nfnf b wbrkjutrcfyf& <elen kb jnkbxfnmcz lheu jn lheuf dtkbxbys

gjyb;tybz lfdktybz yfcsotyyjuj gfhf yfl ’nbvb hfcndjhfvb?
j

8& Ghb 20 C gjkextys cktle.obt htpekmnfns gj jghtltktyb.

jcvjnbxtcrjuj lfdktybz djlys[ hfcndjhjd ytrjnjhjuj athvtynf
3c^ vu/cv 3&221 4&618 5&112 6&722

h^ cv djls 5&746 8&238 9&119 11&990

Jghtltkbnt jnyjcbntkmye. vjktrekzhye. vfcce ’njuj athvtynf&

Jghtltktybt frnbdyjcntq bp ’rcgthbvtynfkmys[ lfyys[&

9& D ghbdtltyyjq yb;t nf,kbwt lfyj lfdktybt gfhjd hfcndjhf
j

qjlbcnjuj ’nbkf (I) b ’nbkfwtnfnf (F) ghb 50 C& Yfqlbnt frnbd-

yjcnb j,jb[ rjvgjytynjd yf jcyjdt pfrjyf Hfekz b pfrjyf Utyhb&

x 0 0.0579 0.1095 0.1918 0.2353 0.3718I
p vv&hn&cn& 0 28.0 57.7 87.7 105.4 155.4I
p vv&hn&cn& 280.4 266.1 252.3 231.4 220.8 187.9A

x 0.5478 0.6394 0.8253 0.9093 1.0000I
p vv&hn&cn& 213.3 239.1 296.9 322.5 353.4I
p vv&hn&cn& 144.2 122.9 66.6 38.2 0A

14& Ujvjutyyst [bvbxtcrbt htfrwbb

Kbnthfnehf$ "nrbyc - uk& 9&

Gjyznbz$ {bvbxtcrjt chjlcndj& Nthvjlbyfvbxtcrfz rjycnfynf

hfdyjdtcbz& Rjycnfynf hfdyjdtcbz^ dshf;tyyfz xthtp gfhwbfkmyst

lfdktybz& Rjycnfynf hfdyjdtcbz^ dshf;tyyfz xthtp rjywtynhfwbb&

Rjycnfynf hfdyjdtcbz^ dshf;tyyfz xthtp vjkmyst ljkb&

Ehfdytybz$ Cdzpm rjycnfyns hfdyjdtcbz c bpvtytybtv cnfy-
o o

lfhnyjq ’ythubb Ub,,cf D G = - RT ln K &r
Pfdbcbvjcnm rjycnfyns hfdyjdtcbz jn ntvgthfnehs

o od ln K DH
[------------------------------------------]=[------------------------]&2dT RT

Ghj,ktvs$ Cdzpm rjycnfyn hfdyjdtcbz c nthvjlbyfvbxtcrbvb

dtkbxbyfvb&
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1& Hfccxbnfnm rjycnfyne hfdyjdtcbz htfrwbb 3 H + 6 C(uh)2 -20= C H (ufp) ghb ntvgthfneht 400 R (h = 1 fnv)& (6.2W10 )6 6 o o o
D H (rL;/vjkm) S C (L;/vjkmWR)f 298 298 p -3 5 -2C H 82.93 269.2 22.14+1.4W10 T-2.69W10 T6 6 -3 5 -2H 0 130.6 30.56-2.8W10 T-0.32W10 T2 -3 5 -2C(uh) 0 5.74 7.37+8.2W10 T-6.6W10 T

2& Rjycnfynf hfyjdtcbz htfrwbb 2 N O = 2 NO + N ghb 200 R2 2
3 o o

cjcnfdkztn 3&245W10 & D H (NO) = 90&3 rL;/vjkm& Pyfxtybz Sf 298 298o
b C lkz N O, NO b N cjcnfdkz.n cjjndtncndtyyj 220^ 211& 200 bp 2 2 o
39^ 30^ 29 L;/vjkmWR& Dsxbckbnm D H (N O)& (78&7 rL;/vjkm)f 298 2

j
3& Ghb 550 C b gjcnjzyyjv j,otv lfdktybb 1 fnv bp 1 vjkz

CO b 1 vjkz Cl gthdjyfxfkmyjq cvtcb j,hfpetncz 0&2 vjkz ajcut-2
yf& Jghtltkbnm R b R lkz ’njq htfrwbb& (2&67 b 180)

h c
4& Ghb lbccjwbfwbb NY Cl(nd) hfdyjdtcyjt lfdktybt gfhjd

4
j j

ghb 427 C cjcnfdkztn 4560 vv hn cn^ f ghb 459 C - 8360 vv hn
j j

cn& Yfqnb chtlybt pyfxtybz D Y b D S &(161.3 rL;/vjkm^ 248&7)r r
j

5& Lkz htfrwbb 2 NH = N + H hfccxbnfnm R ghb 230 C&3 2 2 c
Cghfdjxyst lfyyst

NH H N3 2 2o
D H rL;/vjkm -45&9 0 0f 298oS L;/vjkmWR -10&1+35&6 ln N -33&5+28&8 ln N 25&7+29&1 ln NT
Cxbnfnm DC gjcnjzyyjq&p

6& Ntvgthfnehyfz pfdbcbvjcnm rjycnfyns hfdyjdtcbz htfrwbb

H O(g) + CO = H + CO2 2 2o
jgbcsdftncz ehfdytybtv lg K = 2156/T - 2.2^ f ’ynfkmgbz

o
cujhfybz D H (CJ) = -283&0 rL;/vjkm& Hfccxbnfnm ’ynfkmgb.c
j,hfpjdfybz H O(g)& (-241&8 rL;/vjkm)2

7& Pfdbcbvjcnm rjycnfyns hfdyjdtcbz htfrwbb

Fe O (s) + H = 3FeO(s) + H O(g)3 4 2 2o
jn ntvgthfnehs jgbcsdftncz ehfdytybtv lg K = -3378/T + 3.648^

f lkz htfrwbb

FeO(s) + H = Fe(s) + H O(g)2 2olg K = -748/T + 0.573. Dsxbckbnm ’ynfkmgb. htfrwbb

Fe O (s) + 4 H = 3 Fe(s) + 4 H O(g)3 4 2 2
j

ghb 800 C& (107&4 rL;/vjkm)

8& Ghb hfpkj;tybb HCl d cbcntvt d gjcnjzyysv j,‘tvjv ghb

400 R ghjntrf.n ldt htfrwbb
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2 HCl = H + Cl b Cl = 2 Cl2 2 2
Hfdyjdtcyfz rjywtynhfwbz [H ] hfdyf 0&1 vjkm/k^ f [Cl ] = 0.052 2
vjkm/k& Hfccxbnfnm rjycnfyne hfdyjdtcbz lkz lbccjwbfwbb Cl .2

-2
(3&3W10 )

Hfcxtn hfdyjdtcyjuj cjcnfdf ghb ghjntrfybb ujvjutyys[

[bvbxtcrb[ htfrwbq& Pfdbcbvjcnm cntgtyb ghjntrfybz htfrwbb jn

ntvgthfnehs b lfdktybz&
j

9& Hfccxbnfnm cntgtym lbccjwbfwbb N O ghb 25 C b lfdktybb2 4
5

10 Gf& Bc[jlyst lfyyst N O NO2 4 2o
D H (rL;/vjkm) 9&16 33&2f 298oS (L;/vjkmWR) 304&3 240&5298

Rfr pfdbcbn cntgtym lbccjwbfwbb jn ntvgthfnehs b lfdktybz?

Rfrjt rjkbxtcndj ntgkf ytj,[jlbvj jndtncnb (gjldtcnb) jn cjcelf
j

j,‘tvjv 1 k^ yf[jlzotvcz ghb 25 C^ lkz njuj^ xnj,s ecnfyjdktybt

hfdyjdtcbz bc[jlz bp xbcnjuj N O ghjikj ghb gjcnjzyyjq2 4
ntvgthfneht? (20%)

10& Hfccxbnfnm cntgtym lbccjwbfwbb 2 u SO Cl yf SO b Cl2 2 2 2
j

ghb 120 C^ gjvtotyys[ d j,‘tv 0&5 k& "ynfkmgbb j,hfpjdfybz

SO Cl b SO ghb 298 R cjcnfdkz.n -355 b -296&8 rL;/vjkm&2 2 2
-4

R (298 R) = 1&6W10 & Cxbnfnm DC hfdysv yek.&
h p

11& Ghb gbhjkbpt ghjgfyf ghjntrf.n ldt htfrwbb

C H = C H + H C H = C H + CH3 8 3 6 2 3 8 2 4 4
Dsxbckbnm cjcnfd hfdyjdtcyjq cvtcb ghb 1000 R b lfdktybb 2 fnv

yf jcyjdfybb cktle.ob[ lfyys[$

C H C H C H CH H3 8 3 6 2 4 4 2
F’(L;/vjkmWR) 310&0 300&0 240&0 199&0 137

o
D H (rL;/vjkm) -82&0 35&0 61&0 -67&0f 298

12& Ghb 542 R b 1 fnv jghtltkbnm cntgtym ghtdhfotybz b R
c

lkz htfrwbb COCl = CO + Cl ^ tckb 1 k hfdyjdtcyjq cvtcb bvttn2 2
vfcce 1&2375 u& Rfr bpvtybncz cntgtym ghtdhfotybz^ tckb j,‘tv

-2
cjcelf edtkbxbnm d 10 hfp? (a = 0.8, K = 4W10 vjkm/k^ a =c
0&97)

13& Cjcnfdbnm ehfdytybz lkz hfcxtnf hfdyjdtcyjuj cjcnfdf^

tckb jlyjdhtvtyyj ghjntrf.n htfrwbb

A + B = C 2A = D
o

Ghb ntvgthfneht 800 R pyfxtybz D G gthdjq b dnjhjq htfrwbqr
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cjcnfdkz.n cjjndtncndtyyj -14&7 b -8&2 rL;/vjkm& Bc[jlyfz cvtcm

cjlth;bn 3 vjkz dtotcndf A b 1 vjkm dtotcndf B& A, B, C, D -

bltfkmyst ufps^ j,ott lfdktybt 10 vv&hn&cn&

14& Cjcnfdbnm cbcntve ehfdytybq^ jgbcsdf.oe. hfdyjdtcysq

cjcnfd ufpjdjq cvtcb (ghb 900 R b 1 fnv)^ j,hfpe.otqcz d

htpekmnfnt rjydthcbb vtnfyf djlzysv gfhjv& Bc[jlyst

rjywtynhfwbb djls b vtnfyf jnyjczncz rfr 4$1&
oCH + H O = CO + 3 H K = 1.3064 2 2 oCO + H O = CO + H K = 2.2042 2 2

15& Bltfkmyst fccjwbbhjdfyyst hfcndjhs

Kbnthfnehf$ Djhjyby - ]16&

Gjyznbz$ Bltfkmysq fccjwbbhjdfyysq hfcndjh&

Ehfdytybz$ Ntjhtvf j hfdtycndt frnbdyjcnb ytpfdbcbvs[

rjvgjytynjd b[ @bcnbyysv@ rjywtynhfwbzv&

Ghj,ktvs$ Hfcxtn aeubnbdyjcnb ufpf gj vjltkb bltfkmyjuj

fccjwbbhjdfyyjuj ufpf&

1& Bltfkmysq ufp F gjldthuftncz xfcnbxyjq lbccjwbfwbb yf
2

bltfkmysq ufp F$ F = 2F& Rjycnfynf hfdyjdtcbz htfrwbb^ dshf-
2

;tyyfz xthtp gfhwbfkmyst lfdktybz^ hfdyf R &
h

-1/2
- Gjrf;bnt^ xnj cntgtym lbccjwbfwbb a = (1 + 4h/R ) ^

h
ult h - j,ott lfdktybt&

- Yfgbibnt rf;eottcz ehfdytybt cjcnjzybz ’njq cvtcb ufpjd^

drk.xf.ott h^ V ^ N^ R b R^ ghbyzd^ xnj (1) tt vjktrekzhyfzm
vfccf hfdyf F # (2) tt vjktrekzhyfz vfccf hfdyf F&

2
- {bvbr^ yt pyfrjvsq c zdktybtv lbccjwbfwbb^ gsnftncz

jghtltkbnm ktnextcnm ’njuj ufpf gentv hfcxtnf yf jcyjdt yf,k.-

lftvs[ lfyys[ h-V-T& Gjrf;bnt^ xnj jy ,eltn bvtnm ecgt[^ tckb

ghbvtn ghtlgjkj;tybt (2)^ f yt (1)& Dsdtlbnt ghb,kb;tyyjt

ehfdytybt lkz f^ ltqcndbntkmyjt ghb h << R ^ jcyjdsdfzcm yf
h

ghtlgjkj;tybb 2&
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Hfcxtn frnbdyjcnb gj vjltkb bltfkmyjuj fccjwbbhjdfyyjuj

hfcndjhf&

2& Hfcndjhs dtotcnd F b D bltfkmyst# b[ gfhs zdkz.ncz

bltfkmysvb ufpfvb& D hfcndjht D yf[jlbncz d dblt lbvthf D ^ yj
2

d gfhf[ ceotcndetn d dblt vjyjvthf D& Lfdktybt gfhf hfcndjhjd

bccktljdfkjcm [bvbrjv^ rjnjhsq yt ,sk pyfrjv c lbvthbpfwbtq b

ghtlgjkj;bk^ xnj zdyst jnrkjytybz lfdktybz gfhf jn pfrjyf Hfekz

cdzpfys c j,sxyjq ytbltfkmyjcnm.&

- Dshfpbnt lfdktybz gfhjd h’ b h’ dtotcnd F b D ,tp extnf
F D

j j
lbvthfpfwbb xthtp n ^ n ^ h ^ h ^ ult n - xbckj vjktq D (f yt

F D F D D
D )^ yf[jlzob[cz d hfcndjht&
2

- Dshfpbnt afrnbxtcrbt lfdktybz gfhjd h b h dtotcnd F b
F D

D xthtp nt ;t cfvst gthtvtyyst& Exnbnt^ xnj bcgfhtybt D dktxtn

pf cj,jq [bvbxtcre. htfrwb.&

- Yfqlbnt frnbdyjcnb rjvgjytynjd^ rjnjhst [bvbr jghtltkbk

yf jcyjdt cdjb[ bpvthtybq b ghtlgjkj;tybq& Jy ghbyzk xbcnjt

dtotcndj pf cnfylfhnyjt cjcnjzybt rf;ljuj rjvgjytynf&

GHBVTHS DFHBFYNJD DNJHJQ RJYNHJKMYJQ HF<JNS

DFHBFYN 1&

1& Pfdbcbvjcnm lfdktybz yfcsotyyjuj gfhf fwtnjyf d fnvjcathf[

dshf;ftncz ehfdytybtv lg p = 5.16 - 1700/T& Jghtltkbnm

yjhvfkmye. njxre rbgtybz^ DH, DS b DF lkz ghjwtccf bcgfhtybz

ghb ntvgthfneht rbgtybz&

2& Jghtltkbnm cntgtym lbccjwbfwbb NO gj htfrwbb21NO = NO + - O2 2 2
b rjycnfyns lbccjwbfwbb R b R & Bpdtcnyj^ xnj 1 k hfdyjdtcyjq

c h
j

cvtcb^ gjkextyyjq ghb lbccjwbfwbb NO ghb 390 C yf[jlbncz gjl2
lfdktybtv 1 fnv b bvttn vfcce 0&72 u& Rfr bpvtybncz cntgtym

lbccjwbfwbb^ tckb j,‘tv cjcelf edtkbxbnm?

3& Hfccxbnfnm rjycnfyns hfdyjdtcbz ghb 1000 R htfrwbq

CO + H = CO + H O(g)2 2 2
2 CO + 2 H = CH + CO2 4 2

bp ds,hfyys[ dfvb cghfdjxys[ lfyys[& Cjcnfdbnm cbcntve
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ehfdytybq^ jgbcsdf.oe. hfdyjdtcysq cjcnfd ufpjdjq cvtcb ghb

1000 R b j,otv lfdktybb 1&2 fnv^ tckb cjcnfd bc[jlyjq cvtcb (d

vjkmys[ ghjwtynf[) CH - 6%, H - 14%, CO - 20%, CO - 19%, H O4 2 2 2
- 2%, N - 39%.2

DFHBFYN 2&

1& Yfqlbnt bpvtytybt ’ynhjgbb ghb gkfdktybb wbyrf^ f nfr;t

C (Zn^ ;)^ tckb lfdktybt yfcsotyyjuj gfhf yfl ndthlsv b ;blrbv
h
wbyrjv jgbcsdftncz ehfdytybzvb

-4lg p(nd) = 9.418 - 6883/T - 0.005 lg T - 3.3W10 T

lg p(;) = 12.0 - 6670/T - 1.125 lg T
-3

(h d vv&hn&cn&^ N d R)& Lkz ndthljuj wbyrf C = 5&35+2&4W10 N
h

d rfk/vjkmWR^ N = 692 R& Pflfxe htibnm d ghb,kb;tybb
gk

(dDV/dT) = 0.p

j
2& Ghb 450 C lfdktybt rbckjhjlf yfl cvtcm. Ni b NiO hfdyj

-26
5&181W10 vv&hn&cn& Gjqltn kb hfpkj;tybt jrcblf ybrtkz yf

o j
djple[t? Xtve hfdyj DG lkz htfrwbb 2 NiO = 2 Ni + O b R lkz21
htfrwbb Ni + - O = NiO?2 2

j
3& Rjycnfynf hfdyjdtcbz R lkz htfrwbb PCl (g) + Cl = PCl (g)3 2 5
hfdyf 1& Jghtltkbnm vjkmye. ljk. PCl ghb j,otv lfdktybb 2 fnv^5
tckb bc[jlyst dtotcndf dpzns d cnt[bjvtnhbxtcrjv cjjnyjitybb&

Rfr bpvtybncz ds[jl ghjlernf^ tckb d hfdyjdtcye. cbcntve

lj,fdbnm bythnysq ufp (yfghbvth fpjn)^ ghb gjcnjzyyjv j,‘tvt

bkb cj[hfyzz j,ott lfdktybt? Jndtn j,jcyjdfnm&
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