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,dd 6

bl ,dd osQ vè;;u osQ ckn vkiµ
• fudk; ,oa ifjos'k inkssa dks le>k losaQxs_
• can] [kqyk ,oa fo;qDr fudk; esa varj dj

losaQxs_
• vkarfjd ÅtkZ] dk;Z ,oa Å"ek dks le>k

losaQxs_
• Å"ekxfrdh osQ çFke fu;e dks O;Dr dj

losaQxs ,oa bldk xf.krh; :i fy[k losaQxs_
• jklk;fud fudk;ksa esa ÅtkZ&ifjorZu dks

dk;Z ,oa Å"ek osQ ;ksxnku osQ :i esa
ifjdfyr dj losaQxs_

• voLFkk&iQyu U, H dks le> losaQxs_
• ∆U ,oa ∆H esa lacaèk LFkkfir dj losaQsxs_
• ∆U ,oa ∆H dk çk;ksfxd ekiu dj

losaQxs_
• ∆H osQ fy, ekud voLFkk dks ifjHkkf"kr

dj losaQxs_
• fofHkUu çdkj dh vfHkfØ;kvksa osQ fy,

,UFkSYih ifjorZu dh x.kuk dj losaQxsA
• gsl osQ fLFkj&Å"ek ladyu fu;e dks

O;Dr vkSj vuqç;ksx dj losaQxs_
• foLrh.kZ ,oa xgu xq.kksa esa varj dj losaQxs_
• Lor% rFkk vLor% ço£rr çØeksa dks

ifjHkkf"kr dj losaQxs_
• ,UVªkih dks Å"ekxfrdh voLFkk&iQyu osQ

:i esa ifjHkkf"kr vkSj bldk vuqç;ksx dj
losaQxs_

• eqDr&ÅtkZ ifjorZu (∆G) dks le> losaQxs_
• Lor%ço£rrk vkSj ∆G rFkk ∆G vkSj lkE;

fLFkjkad esa lacaèk LFkkfir dj losaQxsA

Å"ekxfrdh
THERMODYNAMICS

;g lkoZf=kd varoZLrq dk osQoy HkkSfrd fl¼kar gS] ftlosQ fy, eSa larq"V g¡w
fd blosQ ekSfyd fl¼karksa dks mudh mi;qDrrk osQ çkèkkj esa dHkh udkjk ugha
tk ldrk gSA

vYcVZ vkbULVhu

tc b±èku tSls esFksu xSl] jlksbZ xSl ;k dks;yk gok esa tyrs gSa] rks jklk;fud

vfHkfØ;k osQ nkSjku v.kqvksa esa laxzghr jklk;fud ÅtkZ Å"ek osQ :i esa

fueqZDr gksrh gSA tc ,d batu esa b±èku tyrk gS] rc jklk;fud ÅtkZ ;kaf=kd

dk;Z djus esa ç;qDr gks ldrh gS ;k xSYouh lsy ('kq"d lsy) fo|qr~ ÅtkZ

çnku djrh gSA bl çdkj ÅtkZ osQ fofHkUu :i fo'ks"k ifjfLFkr;ksa esa ,d&

nwljs ls ijLij lacafèkr gksrs gSa ,oa ,d :i ls nwljs :i esa cnys tk ldrs

gSaA bu ÅtkZ&:ikarj.kksa dk vè;;u gh Å"ekxfrdh dh fo"k;&oLrq gSA

Å"ekxfrdh osQ fu;e LFkwy fudk;ksa] ftuesa cgqr&ls v.kq gksrs gSa] ls lacafèkr

gksrs gSa] u fd lw{e fudk;ksa ls] ftuesa cgqr de v.kq gksrs gSaA Å"ekxfrdh

bl ckr ls lacafèkr ugha gS fd ;s ifjorZu oSQls ,oa fdl nj ls dk;kZfUor

gksrs gSaA ;g ifjorZudkjh fudk; dh çkjafHkd ,oa vfUre voLFkk ls lacafèkr

gSaA Å"ekxfrdh osQ fu;e rHkh ykxw gksrs gSa] tc fudk; lkE;koLFkk esa gksrk

gS ;k ,d lkE;koLFkk ls nwljh lkE;koLFkk esaa tkrk gSA fdlh fudk; osQ LFkwy

xq.k (tSlsµ nkc ,oa rki) lkE;koLFkk esa le; osQ lkFk ifjo£rr ugha gksrs

gSaA bl ,dd esa ge Å"ekxfrdh osQ ekè;e ls oqQN egRoiw.kZ ç'uksa osQ mÙkj

nsus dk ç;kl djsaxsA tSlsµ

,d jklk;fud vfHkfØ;k@çØe esa ge ÅtkZ&ifjoZru oSQls fuèkkZfjr

djrs gSa \ ;g ifjorZu gksxk vFkok ugha\ ,d jklk;fud vfHkfØ;k@çØe

oSQls çsfjr gksrk gS\ jklk;fud vfHkfØ;k fdl lhek rd pyrh gS\

mís';
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159Å"ekxfrdh

6-1 Å"ekxfrdh osQ rduhdh 'kCn
gekjh mRlqdrk jklk;fud vfHkfØ;kvksa ,oa muesa gksusokys
ÅtkZ&ifjorZuksa dks tkuus dh gksrh gS blosQ fy, gesa
m"ekxfrdh esa iz;qDr gksus okys oqQN rduhdh 'kCnksa dks
tkuuk gksxk budk o.kZu uhps fn;k x;k gSµ

6-1-1 fudk; ,oa ifjos'k

Å"ekxfrdh esa fudk; dk vFkZ czãkaM osQ ml Hkkx ls gS]
ftlij isz{k.k fd, tkrs gSa rFkk bldk 'ks"k Hkkx ^ifjos'k*
dgykrk gSA ifjos'k esa fudk; dks NksM+dj lc oqQN lfEefyr
gSA fudk; ,oa ifjos'kµ nksuksa feydj czãkaM curk gSA
fudk; + ifjos'k = czãkaM

fudk; ls vfrfjDr laiw.kZ czãkaM fudk; esa gksusokys
ifjorZuksa ls çHkkfor ugha gksrk gSA blhfy, çk;ksfxd dk;k±s osQ
fy, czãkaM dk ogh Hkkx] tks fudk; ls var£Ø;k djrk gS]
ifjos'k osQ :i esa fy;k tkrk gSA

lkekU;r% lef"V dk og {ks=k] tks fudk; osQ vklikl
gksrk gS] ifjos'k osQ varxZr fy;k tkrk gSA

mnkgj.k osQ fy,µ ;fn ge ,d chdj esa mifLFkr nks
inkFkks± A ,oa B dh vfHkfØ;k dk vè;;u dj jgs gksa] rks
chdj (ftlesa vfHkfØ;k&feJ.k gS) fudk;* gksxk ,oa dejk
(ftlesa chdj gS) ifjos'k dk dk;Z djsxk (fp=k 6-1)A

fp=k 6-1 % ifjos'k ,oa fudk;

è;ku jgs fd fudk; HkkSfrd lhekvksa (tSlsµchdj ;k
ij[kuyh) ls ifjHkkf"kr fd;k tk ldrk gS ;k lef"V esa ,d
fuf'pr vk;ru osQ dkrhZ; funsZ'kkadksa (Cartesian coordi-

nates) osQ leqPp; (set) ls ifjHkkf"kr fd;k tk ldrk gSA
;g vko';d gS fd fudk; dks okLrfod ;k dkYifud
nhokj ;k lhek osQ }kjk ifjos'k ls i`Fko~Q lkspk tk,A og

nhokj] tks fudk; ,oa ifjos'k dks i`Fko~Q djrh gS] ̂ ifjlhek*
(Boundary) dgykrh gSA ifjlhek }kjk ge fudk; osQ
vanj vkSj ckgj æO; rFkk ÅtkZ osQ lapj.k dks fu;af=kr ,oa
çsf{kr dj ldrs gSaA

6-1-2 fudk; osQ çdkj
vc ge æO; ,oa ÅtkZ osQ lapj.k osQ vkèkkj ij fudk; dks
oxhZÑr djrs gSaµ

1- [kqyk fudk; (Open System)

,d [kqys fudk; esa ÅtkZ ,oa æO;µnksuksa dk fudk; ,oa
ifjos'k osQ eè; fofue; (Exchange) gks ldrk gSA
mnkgj.kkFkZµvfHkdkjd ,d [kqys chdj esa fy;s tk,¡A

2- can fudk; (Closed system)

can fudk; esa fudk; ,oa ifjos'k osQ eè; æO; dk fofue;
laHko ugha gS] ijarq ÅtkZ dk fofue; gks ldrk gSA tSlsµ
vfHkdkjd can chdj esa fy;s tk,¡A

3- foyfxr fudk; (Isolated system)

,d foyfxr fudk; esa fudk; ,oa ifjos'k osQ eè; æO; ,oa
ÅtkZµ nksuksa dk gh fofue; laHko ugha gksrk gSA mnkgj.kkFkZµ
vfHkdkjd ,d FkeZl ÝykLd esa fy;s tk,¡A fp=k 6-2 esa
fofHkUu çdkj osQ fudk; n'kZk, x, gSaA

fp=k 6-2 % [kqyk] can ,oa foyfxr fudk;

ifjos'k

ifjos'k

* ;fn ge osQoy vfHkfØ;k feJ.k dks fudk; ekusa] rks chdj dh nhokj ifjos'k dk dk;Z djsxhA
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160 jlk;u foKku

6-1-3 fudk; dh voLFkk

fdlh Hkh Å"ekxfrdh fudk; dk o.kZu oqQN xq.kksa] tSlsµ
nkc (p)] vk;ru (V)] rki (T) ,oa fudk; osQ la?kVu
(Composition) dks fu£n"V (Specify) djosQ fd;k tkrk
gSA gesa fudk; dks o£.kr djus osQ fy, bu xq.kksa dks ifjorZu
ls iwoZ ,oa i'pkr~ fu£n"V djuk iM+rk gSA vkius HkkSfrd
'kkL=k esa i<+k gksxk fd ;kaf=kdh esa fdlh fudk; dh {kf.kd
voLFkk dh O;k[;k fudk; osQ lHkh æO;&¯cnqvksa osQ ml
{k.k ij fLFkfr ,oa osx osQ vkèkkj ij dh tkrh gSA Å"ekxfrdh
esa voLFkk dk ,d vyx ,oa ljy :i çLrkfor fd;k x;k
gSA blls çR;sd d.k dh xfr osQ foLr̀r Kku dh vko';drk
ugha gS] D;kasfd ;gk¡ ge fudk; osQ vkSlr ekiu ;ksX; xq.kksa
dk ç;ksx djrs gSa ge fudk; dh voLFkk dks ̂voLFkk&iQyuksa*
;k ^voLFkk&pjksa* osQ }kjk O;Dr djrs gSaA

Å"ekxfrdh; esa fudk; dh voLFkk dk o.kZu mlosQ
ekiu;ksX; vFkok LFkwy xq.kksa osQ }kjk fd;k tkrk gSA ge ,d
xSl dh voLFkk dk mlosQ nkc (p), vk;ru (V), rki (T),

ek=kk (n) vkfn ls o.kZu dj ldrs gSaA p, V, T  dks voLFkk pj
vFkok iQyu dgrs gSa] D;ksafd budk eku fudk; dh voLFkk
ij fuHkZj djrk gS] u fd bldks çkIr djus osQ rjhosQ ijA fdlh
fudk; dh voLFkk dks iw.kZ :i ls ifjHkkf"kr djus osQ fy,
fudk; osQ lHkh xq.kksa dk o.kZu djus dh vko';drk ugha gksrh]
D;ksafd oqQN xq.k gh Lora=k :i esa ifjo£rr gks ldrs gSaA bu
xq.kksa dh la[;k fudk; dh çÑfr ij fuHkZj djrh gSA ,d ckj
de ls de la[;k esa bu LFkwy xq.kksa dks r; dj fn;k tk,] rks
ckdh lkjs xq.kksa dk eku Lor% fuf'pr gks tkrk gSA

6-1-4 vkarfjd ÅtkZ % ,d voLFkk&iQyu

tc ge mu jklk;fud fudk;ksa dh ppkZ djrs gSa] ftuesa ÅtkZ
dk fudkl ;k ços'k gksrk gS] rc gesa ,d ,sls xq.k dh
vko';drk gksrh gS] tks fudk; dh mQTkkZ dk çfrfufèkRo
djrk gksA ;g ÅtkZ jklk;fud] oS|qr ;k ;kaf=kd mQTkkZ gks
ldrh gSA bu lcdk ;ksx gh fudk; dh mQTkkZ gksrh gSA
mQ"ekxfrdh esa bls vkarfjd mQTkkZ U dgrs gSaA ;g ifjo£rr
gksrh gS] tcfd

• Å"ek dk fudk; esa ços'k ;k fudkl gksrk gks]
• fudk; ij ;k fudk; }kjk dk;Z fd;k x;k gks]
• fudk; esa æO; dk ços'k ;k fudkl gksrk gksA

(d) dk;Z
lcls igys ge dk;Z djus ij fudk; dh vkarfjd mQtkZ esa
gksus okys ifjorZu dh tk¡p djsaxsA ge ,d ,slk fudk; ysrs
gSa] ftlesa ,d FkeZl ÝykLd ;k mQ"ekjksèkh chdj esa ty dh
oqQN ek=kk gSA blesa fudk; ,oa ifjos'k osQ eè; mQ"ek dk
çokg ugha gS] ,sls fudk; dks ge #¼ks"e (Adiabatic)

fudk; dgrs gSaA ,sls fudk; esa voLFkk&ifjorZu dks
#¼ks"e çØe dgrs gSaA blesa fudk; ,oa ifjos'k osQ eè;
dksbZ mQ"ek&fofue; ugha gksrhA ;gk¡ ij fudk; ,oa ifjos'k
dks i`Fko~Q djusokyh nhokj ^#¼ks"e nhokj* dgykrh gS
(fp=k 6-3)A

fp=k 6-3% ,d #¼ks"e fudk;] ftlesa ifjlhek ls mQ"ek&fofue;
laHko ugha gSA

vc ge fudk; ij oqQN dk;Z djosQ bldh vkarfjd
mQtkZ esa ifjorZu djrs gSaA ekuk fd fudk; dh çkajfHkd
voLFkk A gS ,oa bldk rki T

A
 rFkk vkarfjd mQtkZ U

A
 gSA

fudk; dh voLFkk dks nks çdkj ls ifjo£rr dj ldrs gSaµ
çFke çdkjµekuk fd NksVs iSMy ls ty dks eFkdj ge
1kJ dk;Z djrs gSa] ftlls fudk; dh ubZ voLFkk ekuk B
,oa mldk rki T

B
 gks tkrk gSA ;g ns[kk x;k fd T

B 
> T

A

vr% rki esa ifjorZu ∆T = T
B
–T

A
 A ekuk voLFkk B esa

vkarfjd mQtkZ U
B
 gS] rks vkarfjd mQtkZ esa ifjorZu]

∆U= U
B
–U

A

f}rh; çdkjµvc ge ty esa ,d fueTtu NM+
(Immersion Rod) Mkydj mruk gh oS|qr dk;Z (1kJ)

djrs gSa ,oa fudk; esa rki&ifjorZu uksV djrs gSaA ge ns[krs
gSa fd rki&ifjroZu iwoZ osQ leku T

B
–T

A
 gh jgrk gSA

;FkkFkZ esa mijksDr ç;ksx ts-ih- twy }kjk lu~ 1845 osQ
vklikl fd;k x;k FkkA mUgksaus ik;k fd fudk; ij fd;k
x;k fuf'pr dk;Z fudk; dh voLFkk esa leku ifjorZu ykrk

ifjos'k
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161Å"ekxfrdh

gS] pkgs dk;Z fdlh Hkh çdkj (çØe) }kjk fd;k tk,] tSlk
;gk¡ ij rki osQ ifjorZu }kjk ns[kk x;k gSA

vr% ;g mi;qDr fn[krk gS fd ,d ,slh jkf'k]
vkarfjd mQtkZ U, dks ifjHkkf"kr fd;k tk,] ftldk eku
fudk; dh voLFkk dk vfHkyk{kf.kd gks] tgk¡ #¼ks"e çØe
esa fd;k x;k dk;Z w

ad
 nks voLFkkvksa esa U ifjorZu osQ rqY;]

vFkkZr~ ∆U = U
2 
– U

1 
= w

ad 
gSA

vr% fudk; dh vkarfjd mQtkZ ,d voLFkk&iQyu gSA

jklk;fud mQ"ekxfrdh esa IUPAC ijaijk osQ vuqlkj
èkukRed fpÉ* crkrk gS fd dk;Z w

ad
 fudk; ij fd;k x;k

gS rFkk fudk; dh vkarfjd mQtkZ c<+ tkrh gSA blh çdkj  ls
;fn fudk; }kjk dk;Z fd;k tk,] rks w

ad
 Í.kkRed gksxk

D;ksafd fudk; dh vkarfjd mQtkZ de gks tkrh gSA
D;k vki fdUgha vU; ifjfpr voLFkk&iQyuksa osQ uke

crk ldrs gSa\ V, p ,oa T oqQN vU; ifjfpr voLFkk&iQyu
gSaA mnkgj.k osQ fy,µ ;fn ge fdlh fudk; osQ rki esa
25°C ls 35°C rd ifjorZu djsa] rks rki&ifjorZu 35°C–

25°C = +10°C gksxkA pkgs ge lhèks gh 35°C rd tk,¡ ;k
fudk; dks igys oqQN va'kksa (Degree) rd BaMk djsa vkSj
fiQj fudk; dks vafre rki (35°C) rd ys tk,¡A bl çdkj
T ,d voLFkk&iQyu gSA rki esa ifjorZu iFk ij fuHkZj ugha
djrk gSA ,d rkykc esa ikuh dk vk;ru ,d voLFkk&iQyu
gS] D;ksafd blosQ ty osQ vk;ru esa ifjorZu bl ckr ij
fuHkZj ugha djrk gS fd rkykc oSQls Hkjk x;k gSµ ckfj'k }kjk]
uyowQi }kjk ;k nksuksa }kjkA

([k) mQ"ek

ge fcuk dk;Z fd, Hkh ifjos'k ls mQ"ek ysdj ;k ifjos'k dks
mQ"ek nsdj ,d fudk; dh vkarfjd mQtkZ esa ifjorZu dj
ldrs gSaA ;g mQtkZ&fofue;] tks rkikarj dk ifj.kke gS] mQ"ek
q dgykrk gSA vc ge leku rkikarj ykus osQ fy, ¹iwoZ esa
[kaM 6-14 (d) esa crk, vuqlkj ogh çkjafHkd ,oa vafre
rkiº tks :¼ks"e nhokjksa dh vis{kk Å"eh; pkyd nhokjksa
(fp=k 6-4) }kjk Å"ek osQ pkyu ls gksrk gS] ij fopkj djsaxsA

ekuk fd rk¡cs dk ,d ik=k (ftldh nhokjsa mQ"eh;
pkyd gSa) esa T

A
 rki ij ty fy;k x;k gSA bls ,d

cM+s oaqQM] ftldk rki T
B
 gSA esa j[krs gSaA fudk; (ty)

}kjk vo'kksf"kr mQ"ek q dks rki&ifjorZu T
B
–T

A
 }kjk

ekik tk ldrk gSA ;gk¡ ij Hkh vkarfjd mQtkZ esa ifjorZu]
∆U = q gS] tcfd fLFkj vk;ru ij dksbZ dk;Z ugha fd;k
x;k gSA

jklk;fud mQ"ekxfrdh esa IUPAC ijaijk osQ vuqlkj
ifjos'k ls mQ"ek dk LFkkukarj.k fudk; esa gksus ij q èkukRed
gksrk gS vkSj fudk; dh mQtkZ c<+rh gS ,oa mQ"ek osQ fudk;
ls ifjos'k dh vksj LFkkukafrfjr gksus ij q ½.kkRed gksrk gS
ifj.kker% fudk; dh mQtkZ de gks tkrh gSA

(x) lkekU; fLFkfr

ge ,d lkekU; fLFkfr ij fopkj djsa] tcfd vkarfjd mQtkZ
esa ifjorZu nksuksa gh çdkjksa (dk;Z djosQ ,oa mQ"ek&LFkkukarj.k)
}kjk gksA ml fLFkfr esa ge vkarfjd mQtkZ esa ifjorZu dks bl
çdkj fy[k ldrs gSaµ

∆U = q
 
 + w (6.1)

,d fof'k"V voLFkk&ifjorZu esa ifjorZu osQ çdkj osQ
vuqlkj q ,oa w osQ eku fHkÂ gks ldrs gSa] ijarq q + w

  
=

∆U osQoy çkjafHkd ,oa vafre voLFkk ij fuHkZj djsxkA ;g
ifjorZu osQ çdkj ls Lora=k gSA ;fn mQ"ek ;k dk;Z osQ :i
esa mQtkZ&ifjorZu u gks (foyfxr fudk;) vFkkZr~ ;fn
w = 0 ,oa q = 0, rc ∆U = 0 gSA

lehdj.k 6-1 vFkkZr~ ∆U = q
 
 + w, mQ"ekxfrdh osQ

çFke fu;e dk xf.krh; dFku gSA çFke fu;e osQ vuqlkj]
¶,d foyfxr fudk; dh mQtkZ vifjorZuh; gksrh gSA¸

fp=k 6-4 % ,d fudk;] ftlesa ifjlhek osQ vkj&ikj mQ"ek dk çokg
laHko gSA

* igys fudk; ij fd, tkus okys dk;Z dks Í.kkRed fpUg vkSj fudk; }kjk fd, tkus okys dk;Z dks /ukRed fpUg fn;k x;k FkkA HkkSfrdh
 dh iqLrdksa esa vc Hkh blh ijaEijk dk vuqlj.k gks jgk gS ;|fi IUPAP us Hkh u;h fpUg ijaEijk dh flI+kQkfj'k dh gSA

2022-23



162 jlk;u foKku

cãkaM Hkh ,d foyfxr fudk; gS vr% fu;e dks fuEu
izdkj ls Hkh dgk tk ldrk gSµ^cãkaM dh ÅtkZ vifjorZuh;
gSA* lkekU;r;k bls ^mQtkZ osQ laj{k.k dk fl¼kar* dgrs gSa]
vFkkZr~ mQtkZ u rks u"V dh tk ldrh gS vkSj u gh bldk
l`tu fd;k tk ldrk gSA

uksV % ,d mQ"ekxfrdh; xq.k (tSlsµmQtkZ) ,oa ,d ;kaf=kd
xq.k (tSlsµvk;ru) esa varj gksrk gSA ge fdlh fo'ks"k
voLFkk esa vk;ru dk rks fujis{k (Absolute) eku fu£n"V
dj ldrs gSa] ijarq vkarfjd mQtkZ dk fujis{k eku fu£n"V ugha
dj ldrs gSa] ;|fi vkarfjd mQtkZ esa ifjorZu ∆U Kkr
fd;k tk ldrk gSA

mnkgj.k 6-1

,d fudk; dh vkarfjd mQtkZ esa ifjorZu crkb,] ;fnµ

(i) fudk; }kjk ifjos'k ls mQ"ek vo'kksf"kr ugha gks]
ijarq fudk; ij (w) dk;Z fd;k tk,A fudk; dh
nhokjsa fdl çdkj dh gksaxh\

(ii) fudk; ij dksbZ dk;Z ugha fd;k tk,] ijarq mQ"ek
dh ek=kk q fudk; ls ifjos'k dks ns nh tk,A
fudk; dh nhokjsa fdl çdkj dh gksaxh\

(iii) fudk; }kjk w ek=kk dk dk;Z fd;k tk, ,oa q
ek=kk dh mQ"ek fudk; dks nh tk,A ;g fdl
çdkj dk fudk; gksxk\

gy

(i) ∆U = wad' nhokjsa #¼ks"e gksaxhA
(ii) ∆U = - q, nhokjsa mQ"eh; lqpkyd gksaxhA
(iii) ∆U = q - w ;g can fudk; gSA

nkc&vk;ru dk;Z dks le>us osQ fy, ge ?k"kZ.kjfgr
fiLVu;qDr fl¯yMj ij fopkj djrs gSa] ftlesa ,d eksy
vkn'kZ xSl Hkjh gqbZ gSA xSl dk oqQy vk;ru V

i
 ,oa fl¯yMj

esa xSl dk nkc p gSA ;fn cká nkc p
ex
 gS] tks p ls vfèkd

gks] rks fiLVu vanj dh vksj rc rd xfr djsxk] tc rd
vkarfjd nkc p

ex
 osQ cjkcj gks tk,A ekuk fd ;g ifjorZu

,d in esa gksrk gS rFkk vafre vk;ru V
f 
gSA ekuk fd bl

laoqQpu esa fiLVu l nwjh r; djrk gS ,oa fiLVu dk vuqçLFk
{ks=kiQy A gS (fp=k 6-5 d)A

rc vk;ru esa ifjorZu = l × A = ∆V = (V
f 
 – V

i 
)

ge ;g Hkh tkurs gSa fd nkc 
cy

{ks=kiQy
=

vr% fiLVu ij cy = p
ex 

. A

;fn fiLVu pykus ls fudk; ij fd;k x;k dk;Z w
gks] rks
w = cy x foLFkkiu = p

ex.
A.l

   = p
ex

 . (–∆V ) = – p
ex
 ∆V = – p

ex 
(V

f
 – V

i 
)       (6.2)

;gk¡ Í.kkRed fpÉ nsuk blfy, vko';d gS fd
ifjikVh (Convention) osQ vuqlkj laihMu esa fudk; ij

6-2 vuqç;ksx
dbZ jklk;fud vfHkfØ;kvksa esa xSlsa mRiÂ gksrh gSa] tks
;kaf=kd dk;Z djus ;k mQ"ek mRiÂ djus esa l{ke gksrh gSaA
bu ifjorZuksa osQ ifjek.k dh x.kuk ,oa bUgsa vkarfjd
mQtkZ&ifjorZuksa ls lac¼ djuk egÙoiw.kZ gSA ns[ksa fd ;g
oSQls gksrk gSA

6-2-1 dk;Z

loZçFke ,d fudk; }kjk fd, x, dk;Z dh ço`Qfr ij ge
çdk'k Mkyrs gSaA ge osQoy ;kaf=kd dk;Z] vFkkZr~ nkc&vk;ru
dk;Z ij fopkj djsaxsA

fp=k 6-5 (d) fl¯yMj esa fLFkr vkn'kZ xSl ij ,d in esa fLFkj
cká nkc Pex }kjk fd;k x;k laoqQpu dk;Z
Nk;knkj {ks=k }kjk n'kkZ;k x;k gSA

2022-23



163Å"ekxfrdh

dk;Z gks jgk gS] tks èkukRed gksxkA ;gk¡ (V
f
 – V

i 
) dk eku

½.kkRed gksxkA tc Í.kkRed ls Í.kkRed dk xq.kk gksxk]
rks w dk eku èkukRed gks tk,xkA

;fn laoqQpu osQ çR;sd in ij nkc fLFkj u gks ,oa
dbZ ifjfer inksa esa cnyrk jgs] rks oqQy dk;Z leLr inksa

esa gq, dk;k±s dk ;ksx gksxk ,oa −∑ ∆p V osQ rqY; gksxk

¹fp=k 6-5([k)ºA

;fn nkc fLFkj u gks ,oa bl çdkj cnyrk gks fd ;g
ges'kk gh xSl osQ nkc ls vuarlw{e vfèkd gks] rc laoqQpu
osQ çR;sd in esa vk;ru vuarlw{e ek=kk dV ?kVsxkA bl
fLFkfr esa xSl }kjk fd, x, dk;Z dh x.kuk ge fuEufyf[kr
lacaèk ls Kkr dj ldrs gSaµ

= − ∫
2

1

w
V

ex

V

p dV                                              ( 6.3)

fp=k 6-5 ([k) Nk;knkj {ks=k ifjfer inksa esa cnyrs gq, vfLFkj
nkc ij çkjafHkd vk;ru ls vafre vk;ru rd
laoqQpu esa fd;k x;k dk;Z n'kkZrk gSA

laoqQpu esa p
ex
 çR;sd in ij (p

in
 + dp) osQ rqY; gksxk

¹fp=k 6-5&xºA leku ifjfLFkfr;ksa esa çlj.k esa cká nkc
vkarfjd nkc ls ges'kk de gksxk] vFkkZr~ p

ex 
=

 
p

in
 – dp

O;kid :i esa ge fy[k ldrs gSa fd p
ex
 = (p

in 
+  dp)  ,sls

çØe ^mRØe.kh; çØe* dgykrs gSaA

,d çØe ;k ifjorZu rHkh ^mRØe.kh; çØe*
dgykrk gS] tc bls fdlh Hkh {k.k vuarlw{e ifjorZu
osQ }kjk mRØfer (Reversed) fd;k tk losQA ,d
mRØe.kh; çØe dbZ lkE;koLFkkvksa esa vuarlw{e xfr ls
bl çdkj vkxs c<+rk gS fd fudk; ,oa ifjos'k ges'kk
yxHkx lkE;koLFkk esa jgrs gSaA mRØe.kh; çØe osQ
vfrfjDr vU; lkjs çØeksa dks vuqRØe.kh; çØe
dgrs gSaA

jlk;u 'kkL=k esa cgqr lh ,slh leL;k,¡ vkrh gSa] ftUgsa
gy djus osQ fy, dk;Z] in  vkSj fudk; osQ vkarfjd nkc
osQ ikjLifjd lacaèk dh vko';Drk iM+rh gSA

ge lehdj.k 6-3 dks fuEufyf[kr çdkj ls fy[kdj
mRØe.kh; ifjfLFkfr;ksa esa dk;Z dks vkarfjd nkc ls lac¼
dj ldrs gSaµ

= − = − ± = −∫ ∫ ∫w ( )
f f f

i i i

V V V

rev ex in in

V V V

p dV p dp dV p dV

(pw¡fd dp × dV dk eku ux.; gS)

w = − ∫
f

i

V

rev in

V

p dV                                     (6.4)

vc xSl osQ nkc p
in
 dks vkn'kZ xSl lehdj.k }kjk

blosQ vk;ru osQ inksa esa O;Dr fd;k tk ldrk gSA fdlh

fp=k 6-5 (x) pV oØ tc çkjafHkd vk;ru Vi ls Vf rd
igq¡pus osQ fy, mRØe.kh; ifjfLFkfr;ksa esa yxkrkj
cnyrs gq, vfLFkj nkc ij vuar inksa esa fd;k x;k
dk;Z Nk;knkj {ks=k ls n'kkZ;k x;k gSA
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vkn'kZ xSl osQ n eksy osQ fy,  (pV = RT)

⇒ =p
n T

V

R

vr% ,d fLFkj rki (lerkih; çØe) ij

w rev = − = −∫ n T
dV

V
n T

V

V

f

iV

V

i

f

R R ln

 = –2.303 nRT log 
f

i

V

V
(6.5)

eqDrçlj.k % xSl dk fuokZr esa çlj.k (p
ex
 = 0) eqDr çlj.k

dgykrk gSA vkn'kZ xSlksa osQ eqDr çlj.k esa dksbZ dk;Z ugha
gksrk Hkys gh çfØ;k mRØe.kh; gks ;k vuqRØe.kh;] (lehdj.k
6-2 ,oa 6-3)A

vc ge lehdj.k 6-1 dks fofHkÂ çØeksa osQ vuqlkj
dbZ çdkj ls fy[k ldrs gSaµ

w = –p
ex

∆V (lehdj.k 6-2) dks lehdj.k 6-1 esa
LFkkfir djus ij

∆U = q - p
ex

∆V

;fn çØe fLFkj vk;ru ij gksrk gS (∆V = 0)] rc ∆U

= q
V
, q

V
 esa iknkad V (Subscript V ) n'kkZrk gS fd mQ"ek

fLFkj vk;ru ij çnku dh xbZ gSA
vkn'kZ xSl dk eqDr ,oa lerkih; izlj.k
,d vkn'kZ xSl dk eqDr ,oa lerkih; çlj.k ,d
(T = fLFkjkad) esa] w = 0 gS] D;ksafd pex

= 0 gSA twy us ç;ksxksa
}kjk fuèkkZfjr fd;k fd q = 0 gS] blfy, ∆U = 0 gksxkA

lehdj.k 6-1] (∆U = q + w), dks lerkih;
mRØe.kh; ,oa vuqRØe.kh; çØeksa osQ fy, bl çdkj O;Dr
fd;k tk ldrk gSµ
1- lerkih; vuqRØe.kh; çØe osQ fy,

q = – w = p
ex 

(V
f
 – V

i 
)

2- lerkih; mRØe.kh; çØe osQ fy,

q = – w = nRT ln 
f

i

V

V
= 2.303 nRT log 

f

i

V

V

3- #¼ks"e çØe osQ fy,] q = 0

∆U = w
ad

mnkgj.k 6-2
10 atm nkc vkSj 25°C rki ij fdlh vkn'kZ xSl osQ
nks fyVj lerkih; :i ls fuokZr esa rc rd çlfjr
gksrs gSa] tc rd bldk oqQy vk;ru 10 fyVj u gks
tk,A bl çlj.k esa fdruh mQ"ek vo'kksf"kr gksrh gS
,oa fdruk dk;Z fd;k tkrk gS\

gy
ge tkurs gSa fd q = – w =  p

ex
 (10 – 2) = 0(8) = 0

dksbZ dk;Z ugha gksrk gS ,oa dksbZ mQ"ek vo'kksf"kr ugha
gksrh gSA
mnkgj.k 6-3
;fn blh çlj.k esa fLFkj cká nkc 1 atm gks] rks D;k
gksxk\
gy
ge tkurs gSa fd q = – w =  pex (8) = 1 × 8

    = 8 L atm

mnkgj.k 6-4
;fn mnkgj.k 6-2 esa fn;k çlj.k mRØe.kh; :i ls gks
rks D;k gksxk\
gy
ge tkurs gSa fd q = – w =  2.303 × nRT log

f

i

V

V

= × × × ×

= × × × ×

= ×

2 303 1 0 8206 298
10

2

2 303 1 0 8206 298 5

2 303 0

. . log

. . log

. .. .

.

8206 298 0 6990

393 66

× ×

= L atm

6-2-2 ,UFkSYih Enthalpy (H)

(d) ,d mi;ksxh u;k voLFkk&iQyu

ge tkurs gSa fd fLFkj vk;ru ij vo'kksf"kr mQ"ek vkarfjd

mQtkZ esa ifjorZu osQ rqY;] vFkkZr~ ∆U = q
V
 gksrh gS] ijarq

vfèkdka'k jklk;fud vfHkfØ;k,a fLFkj vk;ru ij u gksdj

ÝykLd] ij[kuyh vkfn esa fLFkj ok;qeaMyh; nkc ij gksrh

gSaA bu ifjfLFkfr;ksa osQ fy, gesa ,d u, voLFkk&iQyu dh
vko';drk gksxhA

ge lehdj.k (6-1) dks fLFkj nkc ij ∆U = q
p
-p∆V

osQ :i esa fy[k ldrs gSa] tgk¡ q
p
 fudk; }kjk vo'kksf"kr

mQ"ek ,oa -p∆V fudk; }kjk fd;k x;k çlj.k&dk;Z gSA

çkjafHkd voLFkk dks iknkad 1 ls ,oa vafre voLFkk
dks 2 ls n'kkZrs gSaA

ge mijksDr lehdj.k dks bl çdkj fy[k ldrs gSaµ
U

2
–U

1
 = q

p
 – p (V

2
 – V

1
)

iqu% O;ofLFkr djus ij
q

p
 = (U

2
 + pV

2
) – (U

1 
+ pV

1
) (6.6)
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vc ge ,d vkSj mQ"ekxfrdh iQyu dks ifjHkkf"kr
dj ldrs gSa] ftls ,UFkSYih (xzhd 'kCn ^,UFkSfYi;u*]
ftldk vFkZ ^xje djuk* ;k ^varfuZfgr Å"ek* gksrk gS)
dgrs gSaA

H = U + pV (6.7)

vr% lehdj.k (6-6) gks tkrh gS%
q

p
= H

2
 – H

1
 = ∆H

;|fi q ,d iFk vkfJr iQyu gS] rFkkfi q
p
 iFk ls

Lora=k gSA Li"Vr% H ,d voLFkk&iQyu gS (H.U, p ,oa V
dk iQyu gSA ;s lHkh voLFkk&iQyu gS)A bl izdkj ∆H iFk
Lora=k jkf'k gSA

fLFkj nkc ij ifjfer ifjorZuksa osQ fy, lehdj.k 6-7
dks fy[kk tk ldrk gSA

∆H = ∆U + ∆pV D;ksafd p fLFkjkad gS] vr% ge
fy[k ldrs gSaµ

∆H = ∆U + p∆V (6.8)

mYys[kuh; gS fd tc fLFkj nkc ij mQ"ek vo'kksf"kr gksrh
gS] rks ;FkkFkZ esa ge ,UFkSYih esa ifjorZu eki jgs gksrs gSaA

;kn j[ksa fd ∆H = q
p
 fLFkj nkc ij vo'kksf"kr

mQ"ek gSA
mQ"ek{ksih vfHkfØ;kvksa osQ fy, ∆∆∆∆∆H H H H H  Í.kkRed

gksrk gS] tgk¡ vfHkfØ;k osQ nkSjku mQ"ek mRl£tr gksrh
gS ,oa mQ"ek'kks"kh vfHkfØ;kvksa osQ fy, ∆∆∆∆∆HHHHH èkukRed
gksrk gS] tgk¡ ifjos'k ls mQ"ek dk vo'kks"k.k gksrk gSA

fLFkj vk;ru (∆V = 0) ij ∆U = q
V
, vr% lehdj.k

6-8 gks tkrh gSA ∆H = ∆U = q
V

os fudk;] ftuesa osQoy Bksl ;k æo çkoLFkk,¡ gksrh gSa
esa ∆H ,oa ∆U osQ eè; varj lkFkZd ugha gksrk] D;ksafd Bksl
,oa æoksa esa xje djus ij vk;ru esa dksbZ fo'ks"k ifjorZu ugha
gksrkA ;fn xSlh; voLFkk gks] rks buesa varj lkFkZd gks tkrk
gSA ge ,d ,slh vfHkfØ;k ij fopkj djrs gSa] ftlesa xSlsa
'kkfey gSaA fLFkj nkc ,oa rki ij V

A
 xSlh; vfHkfØ;dksa dk

,oa V
B
 xSlh; mRiknksa dk oqQy vk;ru gks rFkk n

A
 xSlh;

vfHkfØ;dksa ,oa n
B
 xSlh; mRiknksa osQ eksyksa dh la[;k gks]

rks vkn'kZ xSl lehdj.k osQ vuqlkjµ

pV
A
 = n

A
RT

bl çdkj pV
B
 = n

B
RT

;k pV
B
 – pV

A
 = n

B
RT – n

A
RT = (n

B
–n

A
)RT

p (V
B
 – V

A
) = (n

B
 – n

A
) RT

p ∆V = ∆n
g
RT (6.9)

;gk¡ ∆n
g
 xSlh; mRiknksa osQ eksyksa dh la[;k ,oa xSlh;

vfHkfØ;dksa osQ eksyksa dh la[;k dk varj gSA
lehdj.k (6-9) ls p ∆V dk eku lehdj.k (6-8)

esa j[kus ij
∆H = ∆U + ∆n

g
RT (6.10)

lehdj.k 6-10 dk mi;ksx ∆H ls ∆U ;k ∆U ls ∆H

dk eku Kkr djus esa fd;k tkrk gSA

mnkgj.k 6-5

tyok"i dks vkn'kZ xSl ekuus ij 100°C ,oa 1
bar nkc ij ,d eksy ty osQ ok"ihdj.k esa
ifjorZu 41kJ mol

–1 ik;k x;kA vkarfjd
mQtkZ&ifjorZu dh x.kuk dhft,] tc 1 eksy ty
dks 1 bar nkc ,oa 100°C ij ok"iho`Qr fd;k
tk,A

gy

( ) ( )2 2H O H O g→l  ifjorZu osQ fy,

R∆ = ∆ + ∆ gH U n T

;k ∆U = ∆H – R∆ gn T

eku j[kus ij
1

1 1

41.00 kJ mol 1

8.3 J mol K 373 K

−

− −

∆ = −

× ×

U

1 1= 41.00 kJ mol 3.096 kJ mol− −−

= 37.904 kJ mol
–1

([k) foLrh.kZ ,oa xgu xq.k

foLrh.kZ ,oa xgu xq.kksa esa Hksn fd;k x;k gSA foLrh.kZ xq.k og
xq.k gS] ftldk eku fudk; esa mifLFkr æO; dh ek=kk@vkeki
(lkb”k) ij fuHkZj djrk gSA mnkgj.k osQ fy,µæO;eku]
vk;ru] vkarfjd mQtkZ] ,UFkSYih] mQ"ekèkkfjrk vkfn foLrh.kZ
xq.k gSaA
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os xq.k] tks fudk; esa mifLFkr æO; dh ek=kk@vkdkj
(lkb”k) ij fuHkZj ugha djrs gSa] xgu xq.k dgykrs gSaA
mnkgj.k osQ fy,µ rki] ?kuRo] nkc vkfn xgu xq.k gSaA eksyj
xq.k C

m
 fdlh fudk; osQ ,d eksy osQ xq.k osQ eku osQ rqY;

gksrh gSA ;fn æO; dh ek=kk n gks] rks m

χ
χ =

n
] tks æO;

dh ek=kk ls Lora=k gSA vU; mnkgj.k eksyj vk;ru V
m
 ,oa

eksyj mQ"ekèkkfjrk C
m
 gSA foLrh.kZ ,oa xgu xq.kksa esa varj ge

,d xSl dks vk;ru V osQ ik=k esa T rki ij ysdj dj ldrs
gSa (fp=k 6-6 d)A

;fn C T;knk gS] rks mQ"ek ls rkih; o`f¼ vYi gksrh
gSA ty dh mQ"ekèkkfjrk vfèkd gS] bldk vFkZ ;g gS fd
bldk rki c<+kus osQ fy, cgqr vfèkd mQtkZ pkfg,A

C inkFkZ dh ek=kk osQ lekuqikrh gksrh gSA fdlh inkFkZ

dh eksyj mQ"ekèkkfjrk Cm =
  
    

C

n
 ,d eksy dh mQ"ekèkkfjrk

gSA ;g mQ"ek dh og ek=kk gS] tks ,d eksy inkFkZ dk rki
,d fMxzh lsfYl;l (;k ,d osQfYou) c<+kus osQ fy,
vko';d gksrh gSA fof'k"V mQ"ek] ftls ̂ fof'k"V mQ"ekèkkfjrk*
Hkh dgrs gSa] og mQ"ek gS] tks bdkbZ æO;eku osQ fdlh inkFkZ

fp=k 6-6 (d) vk;ru V ,oa rki T ij ,d xSl] ([k) foHkktd osQ }kjk vk;ru dk vkèkk gksuk

 (d)  ([k)

vc ;fn foHkktd osQ }kjk vk;ru vkèkk dj fn;k
tk, (fp=k 6-6&[k)] ftlls vc vk;ru V/2 gks tkrk gS]
ijarq ;g rki leku gh jgrk gSA vr% Li"V gS fd vk;ru
foLrh.kZ xq.k gS] tcfd rki xgu xq.k gSA

(x) mQ"ekèkkfjrk

bl mi[kaM esa ge ns[krs gSa fd fudk; dks varfjr mQ"ek oSQls
ekih tkrh gSA ;fn fudk; }kjk mQ"ek xzg.k dh tk,] rks ;g
rki esa o`f¼ osQ :i esa ifjyf{kr gksrh gSA

rki esa o`f¼ varfjr mQ"ek osQ lekuqikrh gksrh gSA
q = xq.kkad x ∆T

xq.kkad dk eku fudk; osQ vkdkj] la?kVu ,oa ço`Qfr
ij fuHkZj djrk gSA bls ge bl çdkj Hkh fy[k ldrs gSa]
'q = C ∆T

;gk¡ xq.kkad C dks ^mQ"ekèkkfjrk* dgrs gSaA
bl çdkj mQ"ekèkkfjrk Kkr gksus ij ge rkih; òf¼ dks

uki dj çnÙk mQ"ek Kkr dj ldrs gSaA

dk rki ,d fMxzh lsfYl;l (;k ,d osQfYou) c<+kus osQ
fy, vko';d gksrh gSA fdlh inkFkZ dk rki c<+kus osQ
mn~ns'; ls vko';d mQ"ek q Kkr djus osQ fy, inkFkZ dh
fof'k"V mQ"ek C dks ge æO;eku m ,oa rki&ifjorZu ∆T

ls xq.kk djrs gSa] vFkkZr~

= × × ∆ = ∆q c m T C T                         (6.11)

(?k) ,d vkn'kZ xSl osQ fy, C
p
 ,oa C

V
 esa lacaèk

mQ"ekèkkfjrk dks fLFkj vk;ru ij C
V
 ls ,oa fLFkj nkc ij

C
p
 ls vafdr djrs gSaA vc ge nksuksa esa lacaèk Kkr djrs gSaA

q osQ fy, fLFkj vk;ru ij lehdj.k fy[k ldrs gSaµ

q
V
 = ∆ = ∆VC T U

,oa fLFkj nkc ij q
p 
= ∆ = ∆pC T H

vkn'kZ xSl osQ fy, C
p
 ,oa C

V
 osQ chp varj bl

çdkj Kkr fd;k tk ldrk gSµ
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,d eksy vkn'kZ xSl osQ fy, ∆H = ∆U + ∆(pV )

= ∆U + ∆(RT )

= ∆U + R∆T

R∴ ∆ = ∆ + ∆H U T                       (6.12)

∆H ,oa ∆U osQ eku j[kus ij

R∆ = ∆ + ∆p VC T C T T

R= +p VC C

R− =p VC C                                             (6.13)

6-3 ∆∆∆∆∆U ,oa ∆∆∆∆∆H dk ekiu %

oSQyksjhfefr

jklk;fud ,oa HkkSfrd çØeksa ls lacafèkr mQtkZ] ifjorZu dks
ftl çk;ksfxd rduhd }kjk Kkr djrs gSa] mls ̂ oSQyksjhehVj*
(Calorimetry) dgrs gSaA oSQyksjhfefr esa çØe ,d ik=k esa
fd;k tkrk gS] ftls ̂ oSQyksjhehVj* dgrs gSaA oSQyksjhehVj ,d
æo osQ Kkr vk;ru esa Mwck jgrk gSA æo dh mQ"ekèkkfjrk ,oa
oSQyksjhehVj dh mQ"ekèkkfjrk Kkr gksus ij rki&ifjorZu osQ
vkèkkj ij çØe esa mRiÂ mQ"ek Kkr dh tk ldrh gSA ekiu
nks fLFkfr;ksa esa fd, tkrs gSaµ
(i) fLFkj&vk;ru ij] q

V
(ii) fLFkj nkc ij] q

p

(d) ∆∆∆∆∆U dk ekiu

jklk;fud vfHkfØ;kvksa osQ fy, fLFkj vk;ru ij vo'kksf"kr

mQ"ek dk ekiu ce oSQyksjhehVj (Bomb calorimeter) esa

fd;k tkrk gS (fp=k 6-7) ;gk¡ ,d LVhy dk ik=k (ce

oSQyksjhehVj) ty esa Mqcks;k tkrk gSA LVhy ce esa vkWDlhtu

çokfgr dj Toyu'khy çfrn'kZ (Sample) dks tyk;k tkrk

gSA vfHkfØ;k esa mRiÂ mQ"ek ty dks varfjr gks tkrh gSA

mlosQ ckn ty dk rki Kkr dj fy;k tkrk gSA pw¡fd ce

oSQyksjhehVj iw.kZr;k can] gS vr% blosQ vk;ru esa dksbZ

ifjorZu ugha gksrkA vkSj dksbZ dk;Z ugha fd;k tkrk gSA ;gk¡

rd fd xSlksa ls lacafèkr jklk;fud vfHkfØ;kvksa esa Hkh dksbZ

dk;Z ugha gksrk D;ksafd ∆V = 0 gksrk gSA lehdj.k 6-11 dh

lgk;rk ls oSQyksjhehVj dh mQ"ekèkkfjrk Kkr gksus ij rki&ifjorZu

dks q
V
 esa ifjo£rr dj fy;k tkrk gSA

fp=k 6-7% ce oSQyksjhehVj

([k)∆∆∆∆∆H dk ekiu

fLFkj nkc (lkekU;r;k ok;qeaMyh; nkc) ij mQ"ek&ifjorZu
fp=k 6-8 esa n'kkZ, x, oSQyksjhehVj }kjk ekik tk ldrk gSA
ge tkurs gSa fd ∆H = q

p 
(fLFkj nkc ij)A vr% fLFkj nkc

ij mRl£tr vFkok vo'kksf"kr mQ"ek q
p vfHkfØ;k mQ"ek

vFkok vfHkfØ;k ,UFkSYih ∆
r
H dgykrh gSA

fp=k 6-8 % fLFkj nkc (ok;qeaMyh; nkc) ij mQ"ek&ifjorZu ekius
osQ fy, oSQyksjhehVj
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mQ"ek{ksih vfHkfØ;kvksa esa mQ"ek fueqZDr gksrh gS rFkk
fudk; ls ifjos'k esa mQ"ek dk çokg gksrk gSA blfy, q

p

Í.kkRed gksxk rFkk ∆
r
H Hkh Í.kkRed gksxkA blh rjg

mQ"ek'kks"kh vfHkfØ;kvksa esa mQ"ek vo'kksf"kr gksxhA vr% q
p

vkSj ∆
r
H nksuksa èkukRed gksaxsA

6-4 vfHkfØ;k osQ fy, ,UFkSYih
ifjorZu] ∆∆∆∆∆

r
H  vfHkfØ;k ,UFkSYih

jklk;fud vfHkfØ;k esa vfHkfØ;d mRikn esa cnyrs gSaA bl
çfØ;k dks bl çdkj n'kkZrs gSaµ vfHkfØ;d → mRikn
vfHkfØ;k osQ nkSjku ,UFkSYih&ifjorZu vfHkfØ;k&,UFkSYih
dgykrk gSA jklk;fud vfHkfØ;k esa ,UFkSYih&ifjorZu ∆

r
H

fpÉ ls n'kkZ;k tkrk gSA
∆

r
H = (mRiknksa dh ,UFkSfYi;ksa dk ;ksx) µ (vfHkfØ;dksa

dh ,UFkSfYi;ksa dk ;ksx)

= −∑ ∑ai i

i i

H b HmRikn vfHkfØ;d (6.14)

;gk¡ Σ (flXek) fpÉ dk mi;ksx tksM+us osQ fy,

fd;k tkrk gS ,oa a
i
 rFkk b

i
 larqfyr lehdj.k esa Øe'k%

vfHkfØ;dksa ,oa mRiknksa osQ LVkbfd;ksehVªh xq.kkad gSaA mnkgj.k
osQ fy,µ fuEufyf[kr vfHkfØ;k esaµ
CH

4
 (g)  +  2O

2
 (g)   →   CO

2 
(g)  + 2H

2
O (l)

∆ = −∑ ∑a br i i
i i

H H HmRikn vfHkfØ;d

= [H
m
 (CO

2 
,g) + 2H

m
  (H

2
O, l)]– [H

m
 (CH

4
 , g) +

   2H
m 

(O
2
, g)]

tgk¡ H
m
 eksyj ,UFkSYih gSA ,UFkSYih&ifjorZu ,d cgqr

mi;ksxh jkf'k gSA bldk Kku fLFkj rki ij fdlh vkS|ksfxd

jklk;fud vfHkfØ;k esa mQ"eu ;k 'khryu dh ;kstuk cukus
esa vko';d gSA bldh vko';drk lkE; fLFkjkad dh rkih;
fuHkZjrk dh x.kuk djus esa Hkh iM+rh gSA

(d)vfHkfØ;k dh ekud ,UFkSYih

fdlh jklk;fud vfHkfØ;k dh ,UFkSYih ifjfLFkfr;ksa ij fuHkZj
djrh gSA vr% ;g vko';d gS fd ge oqQN ekud ifjfLFkfr;ksa
dks fu£n"V djsaA fdlh jklk;fud vfHkfØ;k dh ekud

,UFkSYih og ,UFkSYih ifjorZu gS] tc vfHkfØ;k esa Hkkx

ysusokys lHkh inkFkZ viuh ekud voLFkkvksa esa gksaA

fdlh inkFkZ dh ekud voLFkk fdlh fu£n"V rki

ij mldk og 'kq¼ :i gS] tks 298 K 1 bar nkc ij

ik;k tkrk gSA mnkgj.k osQ fy,µ æo ,FksukWy dh ekud
voLFkk 298 K ,oa 1 bar ij 'kq¼ æo gksrh gSA yksgs dh
ekud&voLFkk 500 K ,oa 1 ckj (bar) ij 'kq¼ Bksl gksrh

mnkgj.k 6-6

fuEufyf[kr lehdj.k osQ vuqlkj] 1g xzSiQkbV dks
vkWDlhtu dh vfèkdrk esa 1atm nkc ,oa 298 K ij
ce oSQyksjhehVj esa ngu djok;k tkrk gSA

C ( xzSiQkbV ) + O2 (g) →  CO2 (g)

vfHkfØ;k osQ nkSjku rki 298 K ls 299 K rd c<+rk
gSA ;fn ce oSQyksjhehVj dh mQ"ekèkkfjrk 20-7 kJ/K

gks] rks mijksDr vfHkfØ;k osQ fy, 1 atm nkc ,oa
298 K ij ,UFkSYih ifjorZu D;k gksxk\

gy

ekuk vfHkfØ;k ls çkIr mQ"ek q ,oa oSQyksjhehVj dh
mQ"ekèkkfjrk CV gS] rc oSQyksjhehVj }kjk vo'kksf"kr
mQ"ek]

q = CV × ∆T

vfHkfØ;k ls çkIr mQ"ek dk eku leku gksxk] ijarq fpÉ
Í.kkRed gksxk] D;ksafd fudk; (vfHkfØ;k&feJ.k)
}kjk çnÙk mQ"ek oSQyksjhehVj }kjk xzg.k dh xbZ mQ"ek
osQ rqY; gksxhA

= 20.7 kJ/K (299 298)K

                  20.7 kJ

Vq C T− × ∆ = − × −

= −

(;gk¡ Í.kkRed fpÉ vfHkfØ;k osQ mQ"ek{ksih gksus dks
bafxr djrk gS)

vr% 1 g xzSiQkbV osQ ngu osQ fy, ∆U = -20.7 kJK
–1

1 eksy xzSiQkbV osQ ngu osQ fy,
( ) ( )112.0 gmol 20.7kJ

=
1g

− × −

= – 2.48 ×10
2 
kJ mol

–1

;gk¡ ∆ng = 0

∴ ∆Η – ∆U = –2.48 × 10
2
kJ mol

–1
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gSA vk¡dM+s çk;% 298 K ij fy, tkrs gSaA ekud ifjfLFkfr;ksa
dks ∆H ij ewèkk±d 0 (Superscript) j[kdj O;Dr fd;k
tkrk gSA mnkgj.k osQ fy,µ H∆ V

([k) çkoLFkk :ikarj.k esa ,UFkSYih&ifjorZu

çkoLFkk ifjorZu esa mQtkZ&ifjorZu Hkh gksrk gSA mnkgj.k osQ
fy, cI+kZQ dks fi?kykus osQ fy, mQ"ek dh vko';drk gksrh
gSA lkèkkj.kr;k cI+kZQ dk fi?kyuk fLFkj nkc (ok;qeaMyh;
nkc) ij gksrk gS rFkk çkoLFkk&ifjoZru gksrs le; rki fLFkj
jgrk gSA

1
2 2H O(s) H O( ); 6.00 kJ molfusl H −→ ∆ =V

;gk¡ ∆
fus

Η 0 ekud voLFkk esa xyu ,UFkSYih gSA ;fn
ty cI+kZQ esa cnyrk gS] rks blosQ foijhr çØe gksrk gS rFkk
mruh gh ek=kk esa mQ"ek ifjos'k esa pyh tkrh gSA

çfr eksy Bksl inkFkZ osQ xyu esa gksusokys ,UFkSYih
ifjorZu dks inkFkZ dh xyu ,UFkSYih ;k eksyj xyu
,UFkSYih ∆∆∆∆∆

fus
Η Η Η Η Η 00000 dgk tkrk gSA

Bkslksa dk xyu mQ"ek'kks"kh gksrk gS] vr% lHkh xyu
,UFkSfYi;k¡ èkukRed gksrh gSaA ty osQ ok"ihdj.k esa mQ"ek dh
vko';drk gksrh gSA blosQ DoFkukad T

b
 ,oa fLFkj nkc ij%

−→ ∆ = + 1

2 2H O( ) H O(g); 40.79kJ molvapl H V

∆
vap

Η 
0 ok"ihdj.k dh ekud ,UFkSYih gSA

(T
f
 vkSj T

b
 Øe'k% xyukad ,oa DoFkukad gSA)

fdlh æo osQ ,d eksy dks fLFkj rki ,oa ekud nkc
(1 ckj) ij ok"ihoQ̀r djus osQ fy, vko';d mQ"ek dks mldh
ok"iu ,UFkSYih ;k eksyj ok"iu ,UFkSYih ∆

vap
Η 

0  dgrs gSaA

mQèoZikru esa Bksl lhèks gh xSl esa cny tkrk gSA Bksl

dkcZu MkbvkWDlkbM ;k 'kq"d ciZQ (dry ice) ∆
sub

Η 0  =

25.2kJ mol -1 osQ lkFk 195 Κ ij mQèoZikfrr gksrh gSA

usÝFkyhu ok;q esa èkhjs&èkhjs mQèoZikfrr gksrh gS] ftlosQ fy,

∆
sub

Η 0 = 73.0 kJ mol -1

fdlh Bksl osQ ,d eksy dks fLFkj rki ,oa ekud

nkc (1 ckj) ij ÅèoZikru esa gksus okyh ,UFkSYih

ifjorZu dks mldh ekud ÅèoZikru ,UFkSYih dgrs gSaA

,UFkSYih&ifjorZu dk eku ml inkFkZ osQ varj&vk.fod cyksa

dh {kerk ij fuHkZj djrk gS] ftldk çkoLFkk&ifjorZu gks

jgk gSA mnkgj.k osQ fy,µ ty osQ v.kqvksa osQ eè; mifLFkr

çcy gkbMªkstu caèk bldh æo voLFkk esa ty osQ v.kqvksa dks

çcyrk ls ckaèkss jgrs gSaA dkcZfud æo (tSlsµ ,slhVksu) esa

varj&vkf.od f}èkzqo&f}èkqzo vU;ksU; fØ;k fo'ks"k :i ls

nqcZy gksrh gSA bl çdkj blosQ 1 eksy osQ ok"iho`Qr gksus esa

ty osQ 1 eksy dks ok"iho`Qr gksus dh vis{kk de mQ"ek dh

vko';drk gksrh gSA lkj.kh 6-1 esa oqQN inkFkks± dh xyu ,oa

ok"ihdj.k dh ekud ,UFkSYih nh xbZ gSA

mnkgj.k 6-7

,d rky (Pool) ls fudyk rSjkd djhc 18 g ikuh
dh ijr ls <dk (xhyk) gSA bl ikuh dks 298 K ij
okf"ir gksus osQ fy, fdruh mQ"ek vko';d gksxh\
298 K ij ok"ihdj.k dh vkarfjd mQtkZ dh x.kuk
dhft,A

lkj.kh 6-1  xyu ,oa ok"iu osQ fy, ekud ,UFkSYih ifjorZu eku

Substance T
f
/K ∆∆∆∆∆

fus
H00000/(kJ mol–1) T

b
/K ∆∆∆∆∆

vap
H0/(kJ mol–1)

N
2

63.15 0.72 77.35 5.59

NH
3

195.40 5.65 239.73 23.35

HCl 159.0 1.992 188.0 16.15

CO 68.0 6.836 82.0 6.04

CH
3
COCH

3
177.8 5.72 329.4 29.1

CCl
4

250.16 2.5 349.69 30.0

H
2
O 273.15 6.01 373.15 40.79

NaCl 108.10 28.8 1665.0 170.0

C
6
H

6
278.65 9.83 353.25 30.8
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ty osQ fy, 298 K ij ∆VapΗ 
0
= 44.01 kJ mol

-1

gy
ok"ihdj.k osQ çØe dks ge bl çdkj çn£'kr dj
ldrs gSaµ

H O l H O g2 2( ) ( )ok"ihdj.k →

18g H2O (1) esa eksyksa dh la[;k =

=

−

18

18

1

1

g

g mol

mol

1 mol ty osQ 298 K ij ok"iu osQ fy, nh tkus
okyh mQtkZ =  n ∆

vap 
Η 

0  
=1 mol×44.01 kJ Mol 

-1

             = 44.01 kJ

(;g ekurs gq, fd ok"i vkn'kZ xSl osQ leku O;ogkj djrh
gSA)

      ∆
vap

 U
0

 = ∆
vap

 H
0

_∆n
g
RT

    1 mol ok"i osQ fy,
      ∆

vap
 H

0

 = (1 mol) (44.01 kJ mol
-1
)

       = 44.01 kJ

              ∆n
g
 = (1 mol — 0 mol) = 1 mol

â∆
vap

 U
0

 = ∆
vap

 H
0

_∆n
g
RT

  = 44.01 kJ - (1 mol) (8.314 JK-1 mol-1)(298 K)

          = 44.01 kJ - (8.314 JK-1)(298 K)

          = 44.01 kJ - (0.008314 kJK-1)(298 K)

          = 44.01 kJ - 2.48 kJ

  = 41.53 kJ

mnkgj.k 6-8
ty ok"i dks vkn'kZ xSl ekurs gq, x.kuk dhft, fd
100°C rki vkSj 1 bar nkc ij 1 mol  ty&ok"i dks
0°C rki dh ciZQ esa cnyus esa vkUrfjd mQtkZ esa fdruk
ifjorZu gksxk\ fn;k gS fd ciZQ dh xyu ,UFkSYih
6.00 kJ mol

-1 vkSj ty dh mQ"ek/kfjrk 4.2J/g °C gSA

gy
ifjorZu fuEu izdkj ls gksrk gS&

pj.k & 1
1 mol H

2
O (g, 0°C) → 1 mol H

2
O (l, 0°C)

      ,UFkSYih ifjorZu ∆Η
1

pj.k & 2
1 mol H

2
O (l, 0°C) → 1 mol H

2
O (s, 0°C)

      ,UFkSYih ifjorZu ∆Η
2

 dqy ,UFkSYih ifjorZu gksxk
 ∆H

 
=  ∆H

1 
+ ∆H

2

 ∆H
 1 

=  -(18 × 4.2 × 100) J mol
-1

 =  -7560 J mol
-1

 =  -7.56 kJ mol
-1

 ∆H
 2 

=  6.00 kJ mol
-1

 â ∆H
 
=  ∆H

1 
+ ∆H

2

 =  -7.56 kJ mol
-1
+

 
(-6.00 kJ mol

-1
)

 =  -13.56 kJ mol
-1

nzo voLFkk ls Bksl voLFkk esa ifjorZu gksus ij
vk;ru esa ux.; ifjorZu gksrk gS vr%µ
 p

 
∆ V

 
= ∆n

g 
RT = 0

 ∆U
 
  = ∆H

        = -13.56 kJ mol
-1

(x)  ekud fojpu ,UFkSYih ∆∆∆∆∆
f f f f f 
Η Η Η Η Η 00000

fdlh ;kSfxd osQ ,d eksy dks mlosQ gh rÙoksa] tks vius

lcls LFkk;h :iksa esa fy;s x, gksa (,sls :i dks

^lanHkZ&voLFkk* Hkh dgrss gSa)] esa ls fojfpr djus ij

gksusokys ekud ,UFkSYih ifjorZu dks mldh ekud eksyj

fojpu ,UFkSYih ∆∆∆∆∆
f f f f f 
Η Η Η Η Η 00000 dgk tkrk gSA

tgk¡ iknkad ^f* crkrk gS fd lacafèkr ;kSfxd dk
1 eksy mlosQ rÙoksa] tks vius lcls LFkk;h :i esa gSa] ls çkIr

fd;k tkrk gSA uhps oqQN vfHkfØ;k,a mudh ekud fojpu
eksyj ,UFkSYih osQ lkFk nh xbZ gSaµ

2 2 2H (g) ½O (g) H O(1);+ →

1285.8kJ molf H −∆ = −V

C (xzSiQkbV, s) 2 42H (g) CH (g);+ →

174.81kJmolf H −∆ = −V

+ + →

∆ = −

2 2 2 5

–1

2C , s 3H (g) ½O (g) C H OH(1);

277.7 kJmolf H V

(xizS QkbV )
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;gk¡ ;g le>uk egÙoiw.kZ gS fd ekud fojpu ,UFkSYih]
∆

f 
Η 0] ∆

r 
Η 0 dh ,d fo'ks"k fLFkfr gS] ftlesa 1 eksy ;kSfxd

vius rÙoksa ls curk gSA tSls mijksDr rhu vfHkfØ;kvksa esa ty]

esFksu ,oa ,FksukWy esa ls çR;sd dk 1 eksy curk gSA

2 3CaO(s) CO (g) CaCO (s);+ →

−∆ = − 1
r 178.3kJmolH V

blosQ foijhr ,d mQ"ek{ksih vfHkfØ;k esa ,UFkSYih&ifjorZu

oSQfYl;e dkcksZusV dh fojpu ,UFkSYih ugha gS] D;ksafd blesa

oSQfYl;e dkcksZusV vius rÙoksa ls u cudj nwljs ;kSfxdksa ls

cuk gSA fuEufyf[kr vfHkfØ;k osQ fy, Hkh ,UFkSYih&ifjorZu

HBr (g) dh ekud ,UFkSYih fojpu ,UFkSyih ∆
f 
Η 0 ugha gS]

cfYd ekud vfHkfØ;k ,UFkSYih gSA

2 2

1

H (g) Br ( ) 2HBr(g);

72.8kJmolr

l

H −

+ →

∆ = −V

;gk¡ ij mRikn osQ ,d eksy dh vis{kk nks eksy vius

rÙoksa ls curs gSa] 2r fH H∆ = ∆V V

larqfyr lehdj.k esa leLr xq.kkadksa dks 2 ls foHkkftr
dj HBr(g) osQ fojpu ,UFkSYih osQ fy, lehdj.k bl
çdkj fy[kk tk ldrk gSµ

2 2

1

½H (g) ½Br (1) HBr(g);

36.4 kJ molf H −

+ →

∆ = −V

lkj.kh 6-2  oqQN pqus gq, inkFkks± dh 298 ΚΚΚΚΚ     ij ekud eksyj fojpu ,UFkSYih] ∆∆∆∆∆
f f f f f 
Η Η Η Η Η 00000
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oqQN inkFkks± dh 298 K ij ekud eksyj fojpu
,UFkSYih ∆

f 
Η 0 lkj.kh 6-2 esa nh xbZ gSA

ifjikVh osQ vuqlkj] ,d rÙo osQ lcls vfèkd
LFkkf;Ro dh voLFkk esa (lanHkZ&voLFkk) ekud fojpu
,UFkSYih ∆

f 
Η 0 dk eku 'kwU; fy;k tkrk gSA

eku yhft, fd vki ,d osQfedy bathfu;j gSa
vkSj tkuuk pkgrs gSa fd ;fn lkjs inkFkZ viuh ekud
voLFkk esa gSa rks oSQfYl;e dkcksZusV dks pwuk ,oa dkcZu
MkbvkWDlkbM esa fo?kfVr djus osQ fy, fdruh mQ"ek
dh vko';drk gksxh]

3 2CaCO (s) CaO(s) CO (g); ?r H→ + ∆ =V

;gk¡ ge ekud fojpu ,UFkSYih dk mi;ksx dj ldrs
gSa ,oa vfHkfØ;k dk ,UFkSYih ifjorZu ifjdfyr dj ldrs
gSaA ,UFkSYih ifjorZu dh x.kuk djus osQ fy, ge fuEufyf[kr
lkekU; lehdj.k dk mi;ksx dj ldrs gSaµ

                (6.15)

tgk¡ larqfyr lehdj.k es a ,oa b Øe'k%
vfHkfØ;dksa ,oa mRiknksa osQa xq.kkad gSA mijksDr lehdj.k
dks oSQfYl;e dkcksZusV osQ fo?kVu ij ykxw djrs gSaA ;gk¡
a ,oa b nksuksa 1 gSaA vr%

2

3

= [CaO(s)] [CO (g)]

[CaCO (s)]

∆ ∆ + ∆

− ∆

r f f

f

H H H

H

V V V

V

1 1

1

=1( 635.1 kJ mol ) 1( 393.5 kJ mol )

1( 1206.9 kJ mol )

− −

−

− + −

− −

= 178.3kJ mol–1

vr% CaCO
3
(s) dk fo?kVu mQ"ek'kks"kh vfHkfØ;k

gSA vr% bfPNr mRikn çkIr djus osQ fy, vkidks bls
xje djuk gksxkA

(?k) mQ"ejklk;fud lehdj.k

,d larqfyr jklk;fud lehdj.k] ftlesa mlosQ ∆
r
H dk

eku Hkh fn;k x;k gks] ̂ mQ"ejklk;fud lehdj.k* dgykrk
gSA ge ,d lehdj.k esa inkFkks± dh HkkSfrd voLFkk,¡
(vij:i voLFkk osQ lkFk) Hkh fu£n"V djrs gSaA
mnkgj.k osQ fy,µ

2 5 2 2 2

1

C H OH( ) 3O (g) 2CO (g) 3H O( ) :

1367 kJ molr

l l

H −

+ → +

∆ = −V

mijksDr lehdj.k fuf'pr rki ,oa nkc ij æo
,FksukWy dk ngu n'kkZrk gSA ,UFkSYih ifjorZu dk Í.kkRed
fpÉ n'kkZrk gS fd ;g ,d mQ"ek{ksih vfHkfØ;k gSA

mQ"ejklk;fud lehdj.kksa osQ lanHkZ esa fuEufyf[kr
ifjikfV;ksa dks ;kn j[kuk vko';d gSµ
1- larqfyr jklk;fud lehdj.k esa xq.kkad vfHkfØ;dksa

,oa mRiknksa osQ eksyksa (v.kqvksa dks ugha) dks funsZf'kr
djrs gSaA

2- ∆
r 
Η 
0 dk xf.krh; eku lehdj.k }kjk inkFkks± osQ eksyksa

dh la[;k osQ lanHkZ esa gksrk gSA ekud ,UFkSYih ifjorZu
∆rΗ 

0 dh bdkbZ kJ mol
-1 gksrh gSA

mijksDr èkkj.kk dks le>kus osQ fy, ge fuEufyf[kr
vfHkfØ;k osQ fy, vfHkfØ;k&mQ"ek dh x.kuk djrs gSaµ

( ) ( ) ( ) ( )2 3 2 2Fe O s 3H g 2Fe s 3H O l ,+ → +

ekud fojpu ,UFkSYih dh lkj.kh (6-2) ls ge ikrs gSaµ

( )2H O,∆ f H lV  = –285.83 kJ mol–1;

( )2 3Fe O ,s∆ f HV  = – 824.2 kJ mol–1;

∆
f 
H 0  (Fe, s) = 0 ,oa

∆
f 
H 0 (H

2
, g) = 0, ifjikVh osQ vuqlkj

rc]

1r H∆
V

= 3(–285.83 kJ mol–1)

– 1(– 824.2 kJ mol–1)

         =  (–857.5 + 824.2) kJ mol–1

             =  –33.3 kJ mol–1

è;ku jgs fd bu x.kukvksa esa ç;qDr xq.kkad 'kq¼ la[;k,a
gSa] tks mfpr LVksfd;ksfefr xq.kkadksa (Stoichiometric coef-

ficients) osQ rqY; gSaA ∆
f 
Η 0 dh bdkbZ kJ mol-1 gS] ftldk

vFkZ vfHkfØ;k dk çfr eksy gSA tc ge mijksDr çdkj ls
jklk;fud lehdj.k dks larqfyr dj ysrs gSa] rc ;g vfHkfØ;k
osQ ,d eksy dks ifjHkkf"kr djrk gSA ge lehdj.k dks fHkUu
çdkj ls larqfyr djrs gSaA mnkgj.kkFkZµ

( ) ( ) ( ) ( )2 3 2 2

1 3 3
Fe O s H g Fe s H O l

2 2 2
+ → +

rc vfHkfØ;k dh ;g ek=kk ,d eksy vfHkfØ;k gksxh

,oa 
r H

Θ∆  gksxk
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( )1
2

3
= 285.83 kJmol

2

−∆ −r H
V

  ( )11
824.2kJmol

2

−− −

= (– 428.7 + 412.1) kJ mol–1

= –16.6 kJ mol–1 =  ½ 1r H∆
V

blls Li"V gksrk gS fd ,UFkSYih ,d foLrh.kZ jkf'k gSA

3- tc fdlh jklk;fud lehdj.k dks myVk fy[kk tkrk

gS] rc 
r H

Θ∆  osQ eku dk fpÉ Hkh cny tkrk gSA

mnkgj.k osQ fy,µ

( )2 2 3

1

N (g) 3H g 2NH (g);

91.8kJ molr H
−

+ →

∆ = −V

3 2 2

1

2NH (g) N (g) 3H (g);

91.8kJ molr H
−

→ +

∆ = +V

(p) gsl dk fu;e

pw¡fd ,UFkSYih ,d voLFkk&iQyu gS] vr% ,UFkSYih ifjorZu
çkjafHkd voLFkk (vfHkdkjdksa) vafre voLFkk (mRiknksa) dks
çkIr djus osQ iFk ls Lora=k gksrh gSA nwljs 'kCnksa esaµ ,d
vfHkfØ;k pkgs ,d in esa gks ;k dbZ inksa dh  Ükà[kyk esa]
,UFkSYih ifjorZu leku jgrk gSA bls ̂ gsl fu;e* osQ :i esa
bl çdkj dg ldrs gSaµ

vusd inksa esa gksus okyh fdlh jklk;fud vfHkfØ;k

dh ekud ,UFkSYih mu lHkh vfHkfØ;kvksa dh leku rki

ij ekud ,UFkSfYi;ksa dk ;ksx gksrh gS] ftuesa bl laiw.kZ

vfHkfØ;k dks foHkkftr fd;k tk ldrk gSA

vkb,] ge bl fu;e dk egÙo ,d mnkgj.k osQ }kjk
le>saA fuEufyf[kr vfHkfØ;k esa ,UFkSYih&ifjorZu ij fopkj
dfj;s djsaµ

( ) ( ) ( )+ → ∆ =2

1
C O g CO g ; ?

2
rHxiSz QkbV V

;|fi CO (g) çeq[k mRikn gS] ijarq bl vfHkfØ;k esa
oqQN CO

2 
xSl ges'kk mRiÂ gksrh gSA vr% mijksDr vfHkfØ;k

osQ fy, ge ,UFkSYih&ifjorZu dks lhèks eki dj Kkr~ ugha
dj ldrsA ;fn ge vU; ,slh vfHkfØ;k,a <w¡< losaQ] ftuesa

lacafèkr Li'kht gksa] rks mijksDr lehdj.k esa ,UFkSYih&ifjorZu
dk ifjdyu fd;k tk ldrk gSA

vc ge fuEufyf[kr vfHkfØ;kvksa ij fopkj djrs
gSaµ

( ) ( ) ( )+ →2 2C s O g CO g ;xiSz QkbV]

1393.5kJmol−∆ = −rH
V (i)

( ) ( ) ( )2 2

1
CO g O g CO g ;

2
+ →

1283.0kJmol−∆ = −rH
V (ii)

ge mijksDr lehdj.kksa dks bl çdkj la;qDr djrs gSa
fd bfPNr vfHkfØ;k çkIr gks tk,A nkb± vksj ,d eksy
CO(g) çkIr djus osQ fy, lehdj.k (ii) dks ge mYVk djrs
gSa] ftlesa ÅtkZ fueqZDr gksus dh ctk; vo'kksf"kr gksrh gSA
vr% ge ∆rH

V  osQ eku dk fpÉ cny nsrs gSaA

( ) ( ) ( )2 2

1
CO g CO g O g ;

2
→ +

                   1283.0kJmolr H
−∆ = +V          (iii)

lehdj.k (i) ,oa (iii) dks tksM+dj ge bfPNr lehdj.k çkIr
djrs gSaA

( ) ( ) ( )+ →2

1
C s O g CO g ;

2
xSiz QkbV]

blosQ fy, ( )= 393.5 283.0r H∆ − +V

= – 110.5 kJ mol–1

O;kid :i esa ;fn ,d vfHkfØ;k A B→  osQ
fy, ,d ekxZ ls oqQy ,UFkSYih ifjorZu r H∆  gks ,oa

nwljs ekxZ ls ∆ ∆1 2,r rH H ] 3r H∆ --- leku mRikn B osQ
cuus esa fofHkÂ ,UFkSYih&ifjorZuksa dk çfrfufèkRo djrs
gksa] rks
∆

r
H = ∆

r
H

1
 + ∆

r
H

2
 + ∆

r
H

3
 ... (6.16)

bls bl :i esa çn£'kr fd;k tk ldrk gSµ

A B

C D

∆
r
H

1

∆
r
H

2

∆
r
H

3

∆
r
H
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6-5 fofHkÂ çdkj dh vfHkfØ;kvksa
osQ fy, ,UFkSYih

vfHkfØ;kvksa osQ çdkj dks fu£n"V djrs gq, ,UFkSYih dk

ukedj.k djuk lqfoèkktud gksrk gSA

(d) ekud ngu ,UFkSYih ∆∆∆∆∆
c 

Η Η Η Η Η 00000

ngu vfHkfØ;k,a çÑfr ls Å"ek{ksih gksrh gSaA ;s m|ksx]

jkWosQV] foeku ,oa thou osQ vU; igyqvksa esa egÙoiw.kZ gksrh

gSaA ekud ngu ,UFkSYih dks bl çdkj ifjHkkf"kr fd;k tkrk

gS fd ;g fdlh inkFkZ dh çfr eksy og ,UFkSYih ifjorZu

gS] tks blosQ ngu osQ iQyLo:i gksrk gS] tc leLr

vfHkfØ;d ,oa mRikn ,d fof'k"V rki ij viuh ekud

voLFkkvksa esa gksrs gSaA

[kkuk idkus okyh xSl osQ fl¯yMj esa eq[;r% C;wVsu

(C
4
H

10
) xSl gksrh gSA C;wVsu osQ ,d eksy osQ ngu ls 2658

kJ Å"ek fueZqDr gksrh gSA blosQ fy, ge Å"ejklk;fud

vfHkfØ;k dks bl çdkj fy[k ldrs gSaµ

4 10 2 2 2

1

13
C H (g) O (g) 4CO (g) 5H O(1);

2

2658.0 kJ molcH
−

+ → +

∆ = −V

blh çdkj Xywdksl osQ ngu ls 2802.0 kJ/mol

Å"ek fueqZDr gksrh gS] ftlosQ fy, lehdj.k gSµ

6 12 6 2 2 2

1

C H O (g) 6O (g) 6CO (g) 6H O(1);

2802.0 kJ molcH
−

+ → +

∆ = −V

gekjs 'kjhj esa Hkh ngu osQ çØe dh rjg Hkkstu ls

ÅtkZ mRiÂ gksrh gS] ;|fi vafre mRikn dbZ çdkj osQ tfVy

tSo&jklk;fud vfHkfØ;kvksa dh Js.kh ls curs gSa] ftuesa

,U”kkbe dk mi;ksx gksrk gSA

mnkgj.k 6-9

csUT+khu osQ 1 eksy dk ngu 298 K ,oa 1 atm ij

gksrk gSA ngu osQ mijkar CO2(g) ,oa H2O (1) curs gSa

rFkk 3267.0 kJ Å"ek fueqZDr gksrh gSA csUT+khu osQ

fy, ekud fojpu ,UFkSYih dh x.kuk dhft,A CO2(g)

,oa H2O (1) osQ fy, ekud fojpu ,UFkSYih osQ

eku Øe'k% –393.5 kJ mol
–1 ,oa –285.83 kJ

mol
–1 gSaA

gy

csUT+khu dk fojpu fuEufyf[kr lehdj.k ls fn;k
tkrk gSµ

( ) ( )

( )

+ →

∆ =

2 6 66C 3H g C H l ;

?... if H V

(xzSiQkbV)

1 eksy csUT+khu osQ fy, ngu ,UFkSYih gSµ

( ) ( ) ( )

( )

6 6 2 2 2

-1

15
C H l O 6CO g 3H O l ;

2

3267 kJ mol ... iicH

+ → +

∆ = −V

1 eksy CO2(g) osQ fy, fojpu ,UFkSYih gSµ

( ) ( )

( )

+ →

∆ = −

2 2

-1

C O g CO g ;

393.5 kJ mol ... iiif H V

(xSziQkbV)

1 eksy H2O (1) osQ fy, fojpu ,UFkSYih gSµ

( ) ( ) ( )2 2 2

1
H g O g H O l ;

2
+ →

( )-1285.83kJ mol ... iv∆ = −f H
V

lehdj.k iii dks 6 ls ,oa iv dks 3 ls xq.kk djus ij

( ) ( )+ →

∆ = −

2 2

-1

6C 6O g 6CO g ;

2361kJ molf H
V

(xzSiQkbV)

( ) ( ) ( )2 2 2

–1

3
3H g O g 3H O l ;

2

857.49kJ molf H

+ →

∆ = −V

mijksDr nksuksa lehdj.kksa dks tksM+us ij

( ) ( ) ( )

( )

( )

2 2 2

2

-1

, s
15

6C 3H g O g 6CO g
2

3H O l ;

3218.49kJ mol   ...  vf H

+ + →

+

∆ = −V

(xSiz QkbV )

lehdj.k ii dks myVk djus ij
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( ) ( ) ( )

( )

2 2 6 6 2

-1

15
6CO g 3H O l C H l O ;

2

3267.0 kJ mol   ...  vif H

+ → +

∆ =V

lehdj.kksa v ,oa vi dks tksM+us ij ge ikrs gSa %

( ) ( )2 6 6

-1

6C 3H g C H l ;

48.51 kJ molf H

+ →

∆ =V

(xizS QkbV)

([k) d.ku ,UFkSYih ∆∆∆∆∆
a 

Η Η Η Η Η 00000

vkb,] MkbgkbMªkstu osQ d.ku osQ bl mnkgj.k ij fopkj
djsaµ

1

2H (g) 2H(g); 435.0kJ molaH −→ ∆ =V

vki ns[k ldrs gSa fd bl çfØ;k esa MkbgkbMªkstu osQ
H – H caèkksa osQ VwVus ls H ijek.kq çkIr gksrs gSaaA bl çfØ;k
esa gksus okys ,UFkSYih&ifjorZu dks d.ku ,UFkSYih] ∆

a
H0

dgrs gSaA ;g xSlh; voLFkk esa fdlh Hkh inkFkZ osQ ,d eksy
esa mifLFkr vkcaèkksa dks iw.kZr% rksM+dj ijek.kqvksa esa cnyus ij
gksus okyk ,UFkSYih&ifjorZu gSA Åij n'kkZ, x, MkbgkbMªkstu
tSls f}ijek.kqd v.kqvksa dh d.ku ,UFkSYih budh vkcaèk
fo;kstu ,UFkSYih Hkh gksrh gSA d.ku ,UFkSYih osQ oqQN vU;
mnkgj.k fuEufyf[kr gSaµ
CH

4
(g) → C(g) + 4H(g); ∆

a
H0  = 1665 kJ mol–1

;g è;ku nsus ;ksX; ckr gS fd ;gk¡ mRikn osQoy xSlh;
voLFkk esa C vkSj H ijek.kq gSaA

Na(s)  →  Na(g) ;  ∆
a
H0  = 108.4 kJ mol–1

bl mnkgj.k esa d.ku ,UFkSYih vkSj ÅèoZikru ,UFkSYih
,d leku gSaA

(x) vkcaèk ,UFkSYih ∆∆∆∆∆
bond

 H
00000

lkekU; vfHkfØ;kvksa esa jklk;fud vkcaèk VwVrs ,oa curs gSaA
vkcaèk VwVus osQ fy, ÅtkZ dh vko';drk gksrh gS vkSj vkcaèk
cuus esa ÅtkZ fueqZDr gksrh gSA fdlh Hkh vfHkfØ;k dh Å"ek
dks jklk;fud vkcaèkksa osQ VwVus ,oa cuus esa gksus okys ÅtkZ&
ifjorZuksa ls tksM+k tk ldrk gSA jklk;fud vkcaèkksa ls tqM+s
,UFkSYih&ifjorZuksa osQ fy, Å"ekxfrdh esa nks vyx in
ç;qDr gksrs gSaµ
(i) vkcaèk fo;kstu ,UFkSYih
(ii) ekè; vkcaèk ,UFkSYih

vkb, ge mudh ppkZ f}ijek.kqd ,oa cgqijek.kqd
v.kqvksa osQ lanHkZ esa djsaA
f}ijek.kqd v.kq % esa fuEufyf[kr çfØ;k ij fopkj djsa
,d eksy MkbgkbMªkstu esa fo|eku lHkh vkcaèk VwVrs gSaµ

H
2
(g)  →  2H(g) ;  ∆

H–H
H0  = 435.0 kJ mol–1

bl çfØ;k esa gksus okyk ,UFkSYih&ifjorZu H – H

vkcaèk dh vkcaèk fo;kstu ,UFkSYih (Bond Dissociation

Enthalpy) gSA
vkcaèk fo;kstu ,UFkSYih ml çfØ;k esa gksus okyk

,UFkSYih&ifjorZu gS] ftlesa fdlh xSlh; lgla;kstd
;kSfxd osQ ,d eksy vkcaèk VwVdj xSlh; mRikn cusaA

è;ku nsa fd ;g ,UFkSYih&ifjorZu vkSj MkbgkMªkstu dh
d.ku ,UFkSYih ,d leku gSaA vU; lHkh f}ijek.kqd v.kqvksa
osQ fy, Hkh ;g lR; gSA mnkgj.kkFkZµ

Cl
2
(g)  →  2Cl(g) ;  ∆

Cl–Cl
H0  = 242 kJ mol–1

O
2
(g)  →  2O(g) ;  ∆

O=O
H0  = 428 kJ mol–1

cgqijek.kqd v.kq esa vkcaèk fo;kstu ÅtkZ dk eku ,d
v.kq esa fHkUu caèkksa osQ fy, fHkUu gksrk gSA
cgqijek.kqd v.kq (Polyatomic Molecules) : ge
,d cgqijek.kqd v.kq (tSlsµ CH

4
) ij fopkj djrs gSaA

blosQ d.ku osQ fy, Å"ejklk;fud vfHkfØ;k bl çdkj nh
tkrh gSµ

4

1

CH (g) C(g) 4H(g);

1665 kJ mola H −

→ +

∆ =V

esFksu esa pkjksa C-H vkcaèk leku gSaA blfy, esFksu v.kq
esa lHkh C-H vkcaèkksa dh vkcaèk&nwjh ,oa vkcaèk&ÅtkZ Hkh
,d leku gS] rFkkfi çR;sd C-H vkcaèk dks rksM+us osQ fy,
vko';d ÅtkZ fHkÂ&fHkÂ gSa] tks uhps nh xbZ gSaµ

1
4 3CH (g) CH (g) H(g); 427 kJ molbondH −→ + ∆ = +V

1

3 2CH (g) CH (g) H(g); 439kJ molbondH −→ + ∆ = +V

1

2CH (g) CH(g) H(g); 452kJ molbondH −→ + ∆ = +V

−→ + ∆ = + 1CH(g) C(g) H(g); 347kJ molbondHV

vr%
−→ + ∆ = + 1

4CH (g) C(g) 4H(g); 1665kJ molaHV

vc ge CH
4 
esa C-H caèk dh vkSlr vkcaèk ,UFkSYih

ifjHkkf"kr djrs gSaµ
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1

4CH = ¼( ) = ¼ (1665kJ mol )aH −∆ V

                              = 416 kJ mol–1

ge ns[krs gSa fd esFksu esa C-H caèk dh vkSlr vkcaèk
,UFkSYih 416 KJ/mol gSA ;g ik;k x;k fd fofHkÂ ;kSfxdksa]
tSlsµ CH

3
CH

2
Cl, CH

3
NO

2
 vkfn esa C-H caèk dk vkSlr

vkcaèk ,UFkSYih eku ,d&nwljs ls FkksM+k fHkÂ gksrk gSA* ijarq
bu ekuksa esa vfèkd varj ugha gksrkA gsl osQ fu;e dk mi;ksx
dj osQ vkcaèk ,UFkSYih dh x.kuk dh tk ldrh gSA oqQN
,dy vkSj cgqvkcaèkksa dh ,UFkSYih lkj.kh 6-3 esa miyCèk gSA
vfHkfØ;k ,UFkSYih cgqr egÙoiw.kZ gksrh gS] D;ksafd ;g iqjkus
vkcaèkksa osQ VwVus ,oa u, vkcaèkksa osQ cuus osQ dkj.k gh mRiÂ
gksrh gSA ;fn gesa fofHkÂ vkcaèk ,UFkSfYi;k¡ Kkr gksa rks xSlh;
voLFkk esa fdlh Hkh vfHkfØ;k dh ,UFkSYih Kkr dh tk
ldrh gSA xSlh; voLFkk esa vfHkfØ;k dh ekud ,UFkSYih

rH∆ 0  mRiknksa ,oa vfHkfØ;dksa dh vkcaèk ,UFkSfYi;ksa ls bl
çdkj lacafèkr gksrh gSµ

r H∆ = −∑ ∑
V

mRiknvfHkfØ;dvkcèa k ,UFkSYih vkcaèk ,UFkSYih

(6.17)**

;g lacaèk ml le; fo'ks"k mi;ksxh gksrk gS] tc

f H∆ 0  dk eku Kkr u gksA fdlh vfHkfØ;k dk oqQy
,UFkSYih&ifjorZu ml vfHkfØ;k esa vfHkfØ;d v.kqvksa osQ
lHkh vkcaèkksa dks rksM+us osQ fy, vko';d ÅtkZ ,oa mRiknksa
osQ v.kqvksa osQ lHkh vkcaèkksa dks rksM+us osQ fy, vko';d ÅtkZ
dk varj gksrk gSA è;ku jgs fd ;g lacaèk yxHkx lgh gSA ;g
mlh le; ykxw gksxk] tc vfHkfØ;k esa lHkh inkFkZ
(vfHkfØ;d ,oa mRikn) xSlh; voLFkk esa gksaA

(?k) tkyd ,UFkSYih
,d vk;fud ;kSfxd dh tkyd ,UFkSYih og ,UFkSYih
ifjorZu gS] tc ,d eksy vk;fud ;kSfxd xSlh; voLFkk esa
vius vk;uksa esa fo;ksftr gksrk gSA

* uksV djsaµ vkcaèk fo;kstu ,UFkSYih rFkk vkSlr vkcaèk ,UFkSYih osQ fy, leku fpÉ dk ç;ksx fd;k tkrk gSA
** ;fn ge vkcaèk fojpu ,UFkSYih (∆

f
H0

bond
) dk iz;ksx djas] tks xSlh; ijek.kqvksa }kjk fdlh çdkj osQ ,d eksy vkcaèk cuus dk

,UFkSYih&ifjorZu gks] rc ∆ = ∆ − ∆∑ ∑r f fH H HV V V

mRikn osQ vkc/a vfHkfØ;dkas osQ vkc/a

H C N O F Si P S Cl Br I

435.8 414 389 464 569 293 318 339 431 368 297 H

347 293 351 439 289 264 259 330 276 238 C

159 201 272 - 209 - 201 243 - N

138 184 368 351 - 205 - 201 O

155 540 490 327 255 197 - F

176 213 226 360 289 213 Si

213 230 331 272 213 P

213 251 213 - S

243 218 209 Cl

192 180 Br

151 I

lkj.kh 6-3  (d) 298K ij oqQN ,dy vkcaèkksa osQ vkSlr ,UFkSYih eku (kJ mol–1 esa)

N = N 418 C = C 611 O = O 498

N ≡ N 946 C ≡ C 837

C = N 615 C = O 741

C ≡ N 891 C ≡ O 1070

lkj.kh 6-3  ([k) 298K ij oqQN vkSlr cgqvkcaèk ,UFkSYih eku (kJ mol–1 esa)

2022-23



177Å"ekxfrdh

pw¡fd tkyd ,UFkSYih dks ç;ksxksa }kjk lhèks Kkr djuk
vlaHko gS] vr% ge ,d ijks{k fofèk dk mi;ksx djrs gSa]
tgk¡ ,d ,UFkSYih vkjs[k cukrs gSaA mls ckWuZ&gscj pØ
(Born-Haber cycle) dgk tkrk gS (fp=k 6-9)A

fp=k 6-9 NaCl dh tkyd ,UFkSYih osQ fy, ,UFkSYih vkjs[k

vkb,] ge fuEufyf[kr inksa esa Na+Cl– dh tkyd
,UFkSYih dh x.kuk djrs gSaµ
1- Na(s) Na(g)→  lk s fM;e èkkr q dk ÅèoZikru]

–1108.4 kJmolsubH∆ =0

2- –1Na(g) Na (g) e (g)+→ +  lksfM;e ijek.kq dk vk;uu

,UFkSYih
–1496 kJmoliH∆ =0

3- →2

1
Cl (g) Cl (g)

2
Dyksjhu dk fo;kstuA bl vfHkfØ;k

dh ,UFkSYih vkcaèk fo;kstu ,UFkSYih dh vkèkh gSA

–11
121kJmol

2
bondH∆ =0

4- –1 –Cl (g) e (g) Cl (g)+ → Dyksjhu ijek.kqvksa }kjk xzká

bysDVªkWu yfCèkA bl çfØ;k esa bysDVkWu yfCèk ,UFkSYih
–1348.6kJmolegH∆ =0

vkius ,dd 3 esa vk;uu ,UFkSYih rFkk bysDVªkWu yfCèk
,UFkSYih osQ ckjs esa i<+k gSA okLro esa ;s in Å"ekxfrdh ls
gh fy;s x, gSaA igys bu inksa dh txg vk;uu ÅtkZ ,oa
bysDVªkWu caèkqrk inksa dk ç;ksx fd;k tkrk FkkA (ckWDl nsf[k,)

vk;uu ÅtkZ ,oa bysDVªkWucaèkqrk

vk;uu ÅtkZ ,oa bysDVªkWucaèkqrk inksa dks ije 'kwU; rkieku

ij ifjHkkf"kr fd;k xk;k gSA fdlh vU; rkieku ij budk
eku vfHkdkjdksa rFkk mRiknksa dh Å"ekèkkfjrk dh lgk;rk
ls ifjdfyr fd;k tk ldrk gSA fuEufyf[kr vfHkfØ;k esa

(vk;uu oQs  fy,)–M(g) M (g) e+→ +

(byDs Vkª uW  oQs  fy,)– –M(g) e M (g)+ →

rkieku T ij ,UFkSYih ifjorZu uhps fy[ks lehdj.k dh
lgk;rk ls ifjdfyr fd;k tk ldrk gSµ

T

O

(T) (O) d∆ = ∆ + ∆∫r r r PH H C T0 0 0

mijksDr vfHkfØ;kvksa esa Hkkx ys jgs çR;sd inkFkZ dh

Å"ekèkkfjrk ,5/2 RPC  ( ,3/2 R)νC  gSA blfy,

5/2 R∆ = +
r P
C
0 (vk;uu osQ fy,)

– 5/2 Rr PC∆ =0 (bysDVªkWu yC/rk osQ fy,)

bl çdkj

∆r H
0  (vk;uu ,UFkSYih) = E

0
 (vk;uu ÅtkZ)

5/2RT+  – A∆ =r H
0  (b.ysDVªkWucaèkqrk) – 5/2 RT

5- – –Na (g) Cl (g) Na Cl (s)+ ++ →

bu fofHkUu inksa dk Øe fp=k 6-9 esa n'kkZ;k x;k gSA
bl Øe dks ^ckWuZ&gscj pØ* dgrs gSaA bl pØ dk

egÙo ;g gS fd bl iwjs pØ esa ,UFkSYih&ifjorZu 'kwU;

gksrk gSA

gsl fu;e osQ vuqlkj

latticeH 411.2 108.4 121 496 – 348.6∆ = + + +0

latticeH 788kJ∆ = +0

–NaCl (s) Na (g) Cl (g)NaCl+→ +  osQ fy,]
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bl çfØ;k osQ fy, vkarfjd ÅtkZ blls 2 RT de

gksxh (D;ksfd gn 2∆ = )] tks + 783 kJ mol–1. osQ cjkcj

gksxhA
vc ge bl tkyd ,UFkSYih osQ eku dh lgk;rk ls

foy;u ,UFkSYih dk ifjdyu dj ldrs gSaA

sol lattice hydH H H∆ = ∆ + ∆0 0 0

NaCl(s) osQ ,d eksy osQ fy, tkyd ,UFkSYih
–1– 784 kJ mollattice H∆ =0 (lanHkZ&iqLrd ls)

–1 –1

–1

788kJmol –784kJmol

4kJmol

∴ ∆ =

= +

0

sol
H

bl çdkj NaCl(s) dh foy;&çfØ;k esa cgqr de
ÅtkZ&ifjorZu gksrk gSA

(p) foy;u&,UFkSYih     ∆∆∆∆∆
So1

 H00000

fdlh inkFkZ dh foy;u&,UFkSYih og ,UFkSYih&ifjorZu
gS] tks blosQ ,d eksy dks foyk;d dh fu£n"V ek=kk esa
?kksyus ij gksrk gSA vuar ruqrk ij foy;u&,UFkSYih og
,UFkSYih&ifjorZu gS] tc inkFkZ dks foyk;d dh vuar ek=kk
esa ?kksyk tkrk gS] tcfd vk;uksa osQ (;k foys; osQ v.kqvksa
osQ) eè; vU;ksU; fØ;k ux.; gksA

tc ,d vk;fud ;kSfxd dks foyk;d esa ?kksyk tkrk
gS] rc blosQ vk;u fØLVy tkyd esa viuh fu;fer fLFkfr
dks NksM+ nsrs gSaA rc ;s foy;u esa vfèkd Lora=k gksrs gSa] ijarq
mlh le; bu vk;uksa dk foyk;dhdj.k (foyk;d ty esa
tyh;dj.k) Hkh gksrk gSA bls ,d vk;fud ;kSfxd AB (s)

osQ fy, vkjs[kh; :i esa n'kkZ;k x;k gSA

vr% ty esa AB(s) dh foy;u ,UFkSYih ∆
so1

H  ,oa
tyh;dj.k ,UFkSYih] hyd H∆  osQ ekuksa }kjk bl çdkj Kkr
dh tk ldrh gSµ

=sol lattice hydH H H∆ ∆ + ∆

vfèkdka'k vk;fud ;kSfxdksa osQ fy, ∆
so1

H  èkukRed
gksrk gSA blhfy, vfèkdka'k ;kSfxdksa dh ty esa foys;rk rki
c<+kus ij c<+rh gSA ;fn tkyd ,UFkSYih cgqr T;knk gS] rks
;kSfxd dk foy;u ugha curk gSA cgqr ls ÝyqvksjkbM
DyksjkbMksa dh vis{kk de foys; D;ksa gksrs gSa\ ,UFkSYih
ifjorZuksa osQ vuqeku vkcaèk ÅtkZvksa (,UFkSfYi;ksa) ,oa tkyd
ÅtkZvksa (,UFkSfYi;ksa) dh lkjf.k;ksa osQ mi;ksx }kjk fd, tk
ldrs gSaA

(N) ruqdj.k dh ,UFkSYih
;g Kkr gS fd foy;u&,UFkSYih] fLFkj rki o nkc ij
foys; dh fdlh fof'k"V ek=kk dks foyk;d dh fdlh
fof'k"V ek=kk esa  ?kksyus ls gksus okyk ,UFkSYih ifjorZu
gksrk gSA ;g dFku FkksM+s ls la'kks/u osQ ckn fdlh Hkh
foyk;d osQ fy, ykxw fd;k tk ldrk gSA xSlh;
gkbMªkstu osQ 10 mol dks 10 mol ty esa ?kksyus ls
gksus okyk ,UFkSYih ifjroZu fuEufyf[kr lehdj.k }kjk
fy[kk tk ldrk gSA lqfo/k osQ fy, ge ty dks aq.

ls iznf'kZr djsaxsA

HCl(g) + 10 aq. → HCl.10 aq.

      VH = – 69.01 kJ / mol

vkb, ge fuEufyf[kr ,UFkSYih ifjorZuksa osQ lewg
dh vksj è;ku nsaA

(S-1) HCl(g) + 25 aq. → HCl.25 aq.
∆H = –72.03 kJ / mol

(S-2) HCl(g) + 40 aq. → HCl.40 aq.
∆H = –72.79 kJ / mol

(S-3) HCl(g) + ∞ aq. → HCl. ∞ aq.

∆H = –74.85 kJ / mol

 ∆H osQ eku ;g iznf'kZr djrs gSa fd foy;u&,UFkSYih
dh lkekU; fuHkZjrk foy;u dh ek=kk gksrh gSA tSls&tSls
foy;u dh vf/d ek=kk bLrseky dh tkrh gS]
foy;u&,UFkSYih lhekUr eku rd igq¡prh tkrh gS ;kfu
vuUr ek=kk rd ruqdj.k okyk ekuA gkbMªksDyksfjd
vEy osQ fy, ;g mijksDr lehdj.k (S-3) esa fn;k
x;k ∆H dk eku gSA
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179Å"ekxfrdh

;fn ge nwljs lehdj.k (S-2) esa ls igyk
lehdj.k (S-1) ?kVk nsa rks gesa izkIr gksrk gSµ

HCl.25 aq. + 15 aq. → HCl.40 aq.
VH = [ –72.79 – (–72.03)] kJ / mol

= – 0.76 kJ / mol

∆H dk ;g eku (– 0.76 kJ/mol) ruqdj.k dh ,UFkSYih
gSA ;g og Å"ek gS tks foy;u esa vkSj vf/d
foyk;d feyus ij okrkoj.k ls yh tkrh gSA foy;u
osQ ruqdj.k dh ,UFkSYih foy;u dh ewy lkanzrk vkSj
feykbZ xbZ foyk;d dh ek=kk ij fuHkZj djrh gSA

6-6 Lor%ço£rrk
Å"ekxfrdh dk çFke fu;e gesa fdlh fudk; }kjk vo'kksf"kr
Å"ek ,oa ml ij vFkok mlosQ }kjk fd, x, dk;Z esa lacaèk
crkrk gSA ;g Å"ek osQ çokg dh fn'kk ij dksbZ çfrcaèk ugha
yxkrk gS] cfYd Å"ek dk çokg mPp rki ls fuEu rki dh
vksj ,dfn'kh; gksrk gSA okLro esa çkÑfrd :i ls gksusokys
lHkh jklk;fud ;k HkkSfrd çØe ,d gh fn'kk dh vksj ftlesa
lkE; LFkkfir gks] Lor%ço£rr gksaxsA mnkgj.k osQ fy,µ ,d
xSl dk miyCèk LFkku dks Hkjus osQ fy, çlj.k] dkcZu dk
vkWDlhtu esa tydj dkcZu MkbvkWDlkbM cuuk vkfnA

ijarq Å"ek BaMh oLrq ls xje oLrq dh vksj Lor% ugha
cgsxhA ,d ik=k esa j[kh xSl fdlh dksus esa Lor% laoqQfpr
ugha gksxh ;k dkcZu MkbvkWDlkbM Lor% dkcZu vkSj vkWDlhtu
esa ifjo£rr ugha gksxhA blh çdkj osQ vU; Lor%çØe
,dfn'kh; ifjorZu n'kkZrs gSaA vc ç'u mBrk gS fd Lor%
gksusokys ifjorZuksa osQ fy, çsjd cy (Driving Force) D;k
gS\ ,d Lor% çØe dh fn'kk oSQls fuèkkZfjr gksrh gS\ bl
[kaM esa ge bu çØeksa osQ fy, ekinaM fuèkkZfjr djsaxs fd ;s
laHko  gks ldrs gSa ;k ughaA

igys gesa le>uk pkfg, fd Lor%izo£rr çØe D;k
gS\ vki lkekU; :i ls lksp ldrs gSa fd Lor%izo£rr
jklk;fud vfHkfØ;k og gS] tks vfHkdkjdksa osQ laioZQ ls
rqjar gh gksus yxrh gSA ge vkWDlhtu ,oa gkbMªkstu osQ la;ksx
dh fLFkfr dks ysrs gSaA bu xSlksa dks dejs osQ rki ij fefJr
djosQ vusd o"kks± rd fcuk fdlh mYys[kuh; ifjorZu osQ
j[kk tk ldrk gSA ;|fi buosQ eè; vfHkfØ;k gks jgh gS]
ijarq cgqr gh èkheh xfr lsA bls rc Hkh ^Lor%izo£rr
vfHkfØ;k* gh dgrs gSaA vr% Lor%izofrZr çØe dk vFkZ gS

fdlh cká lkèku (Agency) dh fcuk lgk;rk osQ fdlh
çØe osQ gksus dh ço`fÙk gksukA ;|fi blls vfHkfØ;k ;k
çØe osQ gksus dh nj dk irk ugha pyrk gSA Lor%izofrZr
çØeksa osQ nwljs igyw esa ge ns[krs gSa fd ;s Lor% viuh fn'kk
ls mRØfer ugha gks ldrs gSaA Lor%izofrZr çØeksa osQ fy, ge
la{ksi esa dg ldrs gSa fd µ

Lor%izofrZr çØe ,d vuqRØe.kh; çØe gksrk gSA
;g fdlh cká lkèku (Agency) (Agency) (Agency) (Agency) (Agency) osQ }kjk gh
mRØfer fd;k tk ldrk gSA

(d) D;k ,UFkSYih dk de gksuk Lor%ço£rrk dh
dlkSVh gS\

;fn ge ,slh ?kVukvksa tSls µ igkM+h ls ty fxjus ;k tehu
ij iRFkj fxjus dh çfØ;kvksa ij fopkj djsa] rc ns[ksaxs fd
çØe dh fn'kk esa fudk; dh fLFkfrt ÅtkZ esa deh gksrh gSA
bl çdkj ge dg ldrs gSa fd ,d jklk;fud vfHkfØ;k
ml fn'kk esa Lor%izofrZr gksxh] ftl fn'kk esa ÅtkZ esa deh
gks] tSlk Å"ek{ksih vfHkfØ;kvksa esa gksrk gSA
mnkgj.k osQ fy,µ
1

2
N

2
(g) + 

1

2
H

2
(g)  → NH

3
(g) ;

                                       ∆
r 
H0 = – 46.1 kJ mol–1

1

2
 H

2
(g) + 

1

2
Cl

2
(g)  → HCl (g) ;

                                    ∆
r 
H0 = – 92.32 kJ mol–1

H
2
(g) + 

1

2
 O

2
(g) → H

2
O(l) ;

                                   ∆
r 
H0 = –285.8 kJ mol–1

fdlh Hkh Å"ek{ksih vfHkfØ;k osQ fy, vfHkdkjdksa ls
mRiknksa osQ cuus ij ,UFkSYih esa vkbZ deh dks ,d ,UFkSYih
vkjs[k (fp=k 6-10 (oQ)) ls n'kkZ;k tk ldrk gSA

fp=k 6-10 (d) Å"ek{ksih vfHkfØ;k osQ fy, ,UFkSYih&vkjs[k
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vc rd çkIr çek.kksa osQ vkèkkj ij ge ;g voèkkj.kk
cuk ldrs gSa fd fdlh jklk;fud vfHkfØ;k osQ fy,
,UFkSYih esa vkbZ deh mldk çsjd cy (Driving force) gSA

vc ge fuEufyf[kr vfHkfØ;kvksa ij fopkj djrs gSaµ
1

2
 N

2
(g) + O

2
(g) → NO

2
(g);

∆
r 
H = +33.2 kJ mol–1

C (xzSI +kQkbV, s) + 2 S(l) → CS
2
 (l);

∆
r 
H0 +128.5 kJ mol–1

;s vfHkfØ;k,a Lor%izo£rr çØe ,oa Å"ek'kks"kh gSaA
,UFkSYih esa o`f¼ dks ,d ,UFkSYih&vkjs[k }kjk n'kkZ;k x;k gS
(fp=k 6.10 ([k))

vc ge bl çØe dk vè;;u djrs gSaA folj.k ls iwoZ
;fn ge ckb± vksj osQ fgLls ls xSl osQ v.kqvksa dks fudkyrs]
rks fuf'pr :i ls ;s xSl A osQ gksaxsA blh çdkj ;fn ge nkb±
vksj osQ fgLls ls v.kq fudkyrs] rks ;s xSl B osQ v.kq gksaxsA
ijarq ;fn foHkktd gVkus osQ ckn v.kq fudkys tk,a] rks ge
fuf'pr rkSj ij ugha dg ldrs gSa fd fudkyk x;k v.kq xSl
A dk gS ;k xSl B dkA ge dg ldrs gSa fd fudk; de
çkxqDr ;k vfèkd vO;ofLFkr gks x;k gSA

vc ge nwljh voèkkj.kk cukrs gSa% ,d foyfxr
fudk; esa fudk; dh ÅtkZ esa ges'kk vfèkd vO;ofLFkr gksus
dh ço`fÙk gksrh gSA ;g Lor%ço£rrk dh ,d dlkSVh gks
ldrh gSA

;gk¡ ge ,d vU; Å"ekxfrdh iQyu dh ckr djrs gSa]
ftls ^,UVªkWih S* dgrs gSaA mijksDr vO;oLFkk ,UVªkWih dh
vfHkO;fDr gSA ,d ekufld ǹ'; cukus osQ fy, ,d O;fDr
lksp ldrk gS fd ,UVªkWih fdlh fudk; esa vO;oLFkk dk ekiu
gSA ,d foyfxr fudk; esa ftruh vfèkd vO;oLFkk gksxh] mruh
gh vfèkd mldh ,UVªkWih gksxhA tgk¡ rd ,d jklk;fud
vfHkfØ;k dk ç'u gS] ,UVªkWih ifjorZu ijek.kqvksa vFkok vk;uksa
osQ ,d iSVuZ (vfHkfØ;d) esa ls nwljs (mRikn) esa iqu%

fp=k 6-10 ([k) Å"ek'kks"kh vfHkfØ;k osQ fy, ,UFkSYih&vkjs[k

(d)

([k)

fp=k 6-11 nks xSlksa dk folj.k

bu mnkgj.kksa ls ;g Li"V gksrk gS fd ,UFkSYih esa deh
Lor%ço£rrk osQ fy, ,d çfrlgk;d dkjd gS] ijarq ;g
lHkh çØeksa osQ fy, lR; ugha gSA

([k) ,UVªkWih ,oa Lor%ço£rrk

,d Lor%izo£rrk çØe nh xbZ fn'kk esa oSQls  çsfjr gksrh gS\
vkb,] ge ,d ,slh fLFkfr dk vè;;u djsa] ftlesa

H 0∆ = ] vFkkZr~ ,UFkSYih esa dksbZ ifjorZu ugha gS] fiQj Hkh
vfHkfØ;k ;k çØe Lor%çsfjr gSA

ge ,d can ik=k tks ifjos'k ls foyfxr (Isolated)

gS] esa nks xSlksa dks folfjr djrs gSa] tSlk fp=k 6-11 esa n'kkZ;k
x;k gSA

nks xSlsa A ,oa B] ftUgsa Øe'k% dkys ,oa 'osr
fcanqvksa ls n'kkZ;k x;k gS rFkk ,d foHkktd ls i`Fko~Q fd;k
x;k gS (fp=k 6-11 d)A tc foHkktd gVk;k tkrk gS
(fp=k 6-11 [k)] rc xSlsa vkil esa folfjr gksus yxrh gSaA
oqQN le; i'pkr~ folj.k iw.kZ gks tkrk gSA
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O;ofLFkr gksuk gSA ;fn mRiknksa dh lajpuk fØ;kdkjdksa dh
lajpuk ls vfèkd vO;ofLFkr gksxh] rks ,UVªkWih esa ifj.kker% òf¼
gksxhA ,d jklk;fud vfHkfØ;k esa ,UVªkWih esa xq.kkRed ifjorZu
vfHkfØ;k esa ç;qDr inkFkks± dh lajpuk osQ vkèkkj ij vuqekfur
fd;k tkrk gSA lajpuk esa fu;ferrk osQ ?kVus dk vFkZ gS ,UVªkWih
dk c<+ukA ,d inkFkZ osQ fy, Bksl voLFkk U;wure ,UVªkWih
(lokZf/d fu;fer) dh voLFkk gS] tcfd xSl voLFkk
vfèkdre ,UVªkWih dh voLFkk gSA

vc ge ,UVªkWih dks ek=kkRed (Quantify) :i nsrs gSaA
v.kqvksa esa ÅtkZ osQ forj.k ls vO;oLFkk dh x.kuk djus osQ
fy, ,d fofèk lkaf[;dh gS] tks bl iqLrd dh lhek ls ijs
gSaA nwljh fofèk bl vfHkfØ;k esa gksus okys Å"ek&ifjorZuksa ls
tksM+us dh fofèk gS] tks ,UVªkWih dks Å"ekxfrdh iQyu cukrh
gSA vU; Å"ekxfrdh iQyuksa] tSlsµvkarfjd ÅtkZ U ;k
,UFkSYih H dh rjg ,UVªkWih Hkh ,d Å"ekxfrdh voLFkk
iQyu gSA og ∆S çfØ;k osQ iFk ij fuHkZj ugha gksrkA

tc Hkh fdlh fudk; dks Å"ek nh tkrh gS] rc ;g
vk.kfod xfr dks c<+kdj fudk; dh vO;oLFkk c<+k nsrh gSA
bl çdkj Å"ek (q) fudk; esa vO;oLFkk c<+kus dk
çHkko j[krh gSA D;k ge ∆S dks q ls lacafèkr ldrs gSa\
vuqHko n'kkZrk gS fd ÅtkZ dk forj.k ml rki ij fuHkZj
djrk gS] ftlij Å"ek nh tkrh gSA ,d mPp rki osQ fudk;
esa fuEu rki osQ fudk; dh rqyuk esa vfèkd vO;oLFkk gksrh
gSA vr% fdlh fudk; dk rki mlosQ d.kksa dh vfu;fer
xfr dk ekiu gSA fuEu rki ij fdlh fudk; dks nh xbZ
Å"ek mlh fudk; dks mPp rki ij nh xbZ mruh gh Å"ek
dh rqyuk esa vfèkd vO;oLFkk dk dkj.k curh gSA blls irk
pyrk gS fd ,UVªkWih ifjorZu rki osQ O;qRØekuqikrh gksrk gSA

mRØe.kh; çØeksa osQ fy, ge ∆S dks q ,oa rki T
ls bl çdkj lacafèkr dj ldrs gSa%

revq
S

T
∆ = (6.18)

fdlh Lor% ço£rr çØe osQ fy, fudk; ,oa ifjos'k
dk oqQy ,UVªkWih ifjorZu (∆S

total
) fuEufyf[kr lehdj.k

}kjk fn;k tk ldrk gSA

total system surrS S S 0∆ = ∆ + ∆ > (6.19)

tc ,d fudk; lkE;koLFkk esa gks] rks ,UVªkWih vfèkdre
gksrh gS ,oa ,UVªkWih esa ifjorZu ∆S = 0 gSA

ge dg ldrs gSa fd ,d Lor%ço£rr çØe dh
,UVªkWih esa o`f¼ rc rd gksrh jgrh gS] tc rd ;g
vfèkdre u gks tk, lkE;koLFkk ij ,UVªkWih esa ifjorZu 'kwU;
gksrk gSA pw¡fd ,UVªkWih ,d voLFkk xq.k gS] vr% ,d
mRØe.kh; çØe osQ nkSjku ge ,UVªkWih&ifjorZu dh x.kuk
fuEufyf[kr lehdj.k ls ge dj ldrs gSaµ

∆S
sys

 = 
,sys revq

T
ge tkurs gSa fd lerkih; ifjfLFkfr;ksa esa mRØe.kh;

,oa vuqRØe.kh;µnksuksa çØeksa osQ fy, U 0∆ =  gksrk gS] ijarq

totalS∆  vFkkZr~ sys surr( S S )∆ + ∆  vuqRØe.kh; çØe osQ
fy, 'kwU; ugha gSA bl çdkj U∆ ] vuqRØe.kh; ,oa mRØe.kh;
çØe esa foHksn ugha djrh gS] tcfd S∆  foHksn djrh gSA

mnkgj.k 6-10

crkb, fd fuEufyf[kr esa ls fdlesa ,UVªkWih c<+rh @
?kVrh gSµ
(i) ,d æo dk Bksl voLFkk esa ifjorZu gksrk gSA
(ii) ,d fØLVyh; Bksl dk rki 0 K ls 115 K rd

c<+k;k tkrk gSA

( ) ( ) ( )

( ) ( )
3 2 3

2 2

iii 2NaHCO s Na CO s

CO g H O g

→ +

+

gy

 (i) Bksl voLFkk esa ifjorZu gksus osQ ckn v.kq O;ofLFkr
voLFkk çkIr djrs gSa] vr% ,UVªkWih ?kVrh gSA

(ii) rki 0 K ij lHkh v.kq fLFkj gksrs gSaA vr% ,UVªkWih
U;wure gksrh gSA ;fn rki 115 K rd c<+k;k
tk,] rc v.kq xfr djuk vkjaHk dj nsrs gSa ,oa
viuh lkE;koLFkk ls nksyu djrs gSa vkSj fudk;
vfèkd vO;ofLFkr gks tkrk gSA vr% ,UVªkWih c<+
tkrh gSA

(iii) vfHkdkjd NaHCO3 Bksl gS ,oa bldh ,UVªkWih
de gSA mRiknksa esa ,d Bksl vkSj nks xSlsa gSaA vr%
mRikn mPp ,UVªkWih dh fLFkfr dk çfrfufèkRo
djrs gSaA

(iv) ;gk¡ ,d v.kq nks ijek.kq nsrk gS] vFkkZr~ d.kksa dh
la[;k c<+rh gS] tks vfèkd vO;oLFkk dh vksj
ys tkrh gSA H ijek.kqvksa osQ nks eksy gkbMªkstu
v.kq osQ ,d eksy dh rqyuk esa vfèkd ,UVªkWih
j[krs gSaA
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mnkgj.k 6-11

yksgs osQ vkWDlhdj.k

( ) ( ) ( )2 2 34Fe s 3O g 2Fe O s+ →

,UVªkWih ifjorZu –549.4 JK
–1

 mol
–1 gS (298 K rki

ij)

bl vfHkfØ;k esa ,UVªkWih ifjorZu Í.kkRed gksus osQ
mijkar Hkh vfHkfØ;k Lor% çofrZr D;ksa gS\

(bl vfHkfØ;k osQ fy,
3 1

rH 1648 10 J mol−∆ = − ×0 )

gy

,d vfHkfØ;k dh Lor%ço£rrk

total sys surrS S S∆ = ∆ + ∆ osQ vkèkkj ij gksrh gSA

surrS∆ dh x.kuk djus osQ fy, gesa ifjos'k }kjk

vo'kksf"kr Å"ek ij fopkj djuk gksxk] tks 
rH−∆ 0

osQ rqY; gSA T rki ij ifjos'k dh ,UVªkWih esa ifjorZu

gS r
surr

H
S

T

−∆
∆ =

0

 (fLFkj nkc ij)

( )3 11648 10 Jmol

298K

−− ×
= −

1 15530 JK mol− −=

vr% vfHkfØ;k osQ fy, oqQy ,UVªkWih&ifjorZu

( )1 1 1 15530 JK mol 549.4 JK molr totalS − − − −∆ = + −

1 14980.6 JK mol− −=

blls çdV gksrk gS fd vfHkfØ;k Lor%ço£rr gSA

(x) fxC”k ÅtkZ ,oa Lor%ço£rrk

ge ns[k pqosQ gSa fd fdlh fudk; osQ fy, ,UVªkWih esa oqQy

ifjorZu totalS∆  fdlh çØe dh Lor%ço£rrk dk fu.kZ;

djrk gSA ijarq vfèkdka'k jklk;fud vfHkfØ;k,¡ can fudk;

;k [kqys fudk; dh Js.kh esa vkrh gSaA vr% vfèkdka'k

vfHkfØ;kvksa esa ,UVªkWih ,oa ,UFkSYih µ nksuksa esa ifjorZu vkrs

gSaA iwoZ [kaM esa dh xbZ foospuk ls ;g Li"V gS fd u rks

osQoy ,UFkSYih esa deh vkSj u gh ,UVªkWih esa o`f¼ Lor%

çofrZr çØeksa dh fn'kk fuèkkZfjr dj ldrh gSA

bl ç;kstu gsrq ge ,d u, Å"ekxfrdh iQyu fxC”k
ÅtkZ ;k fxC”k iQyu G dks bl çdkj ifjHkkf"kr djrs gSaµ

G = H - TS (6.20)

fxC”k ÅtkZ] G ,d foLrh.kZ ,oa voLFkk xq.k gSA

fudk; dh fxC”k ÅtkZ esa ifjorZu G∆ sys  dks bl
çdkj fy[kk tk ldrk gSµ

=sys sys sys sysG H T S S T∆ ∆ − ∆ − ∆

fLFkj rki ij T 0∆ =

=sys sys sysG H T S∴ ∆ ∆ − ∆

lkekU;r;k iknkad (subscript) fudk; dks NksM+rs gq,
lehdj.k dks bl çdkj fy[krs gSaµ

G H T S∆ = ∆ − ∆                                   (6.21)

bl izdkj fxC”k ÅtkZ esa ifjorZu = ,UFkSYih esa ifjorZu
& rkieku × ,UVªkWih esa ifjorZu ;g lehdj.k ^fxC”k
lehdj.k* osQ :i esa tkuk tkrk gS] tks jlk;u 'kkL=k osQ vfr
egÙoiw.kZ lehdj.kksa esa ls ,d gSA ;gk¡ geus Lor%ço£rrk osQ
fy, nksuksa inksa dks lkFk&lkFk fy;k gS % ÅtkZ (∆H osQ inksa
esa) ,oa ,UVªkWih ∆S (vO;oLFkk dk ekiu)A tSlk iwoZ esa
crk;k x;k gSA foeh; vkèkkj ij fo'ys"k.k djus ij ge ikrs
gSa fd ∆G dh bdkbZ ÅtkZ dh bdkbZ gksrh gS] D;ksafd ∆H

,oa T∆S  nksuksa ÅtkZ in gSa [pw¡fd T∆S = (K) (J/K) = J]

vc ge fopkj djrs gSa fd G∆ fdl çdkj vfHkfØ;k
dh Lor%ço£rrk ls laacafèkr gSA

ge tkurs gSa fd ∆S
total

 = ∆S
sys

 +  ∆S
surr

;fn fudk;] ifjos'k osQ lkFk rkih; lkE; esa gS] rks
ifjos'k dk rki] fudk; osQ rki osQ leku gh gksxkA vr%
ifjos'k dh ,UFkSYih esa o`f¼ fudk; dh ,UFkSYih esa deh osQ
rqY; gksxhA

vr % ifjos'k dh ,UVªkWih esa ifjorZu

=
∆∆

∆ = −
syssurr

surr

HH
S

T T

sys

total sys

H
S S

T

∆ 
∆ = ∆ + − 

 

mijksDr lehdj.k dks iqu% O;ofLFkr djus ij
T∆S

total
  = T∆S

sys
 – ∆H

sys

Lor% çØe osQ fy, 0∆ >totalS  vr%
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183Å"ekxfrdh

( )− ∆ ∆ >– 0sys sysH T S

lehdj.k 6-21 dk mi;ksx djus ij mijksDr lehdj.k bl
çdkj fy[kh tk ldrh gSµ

G 0−∆ >

∴ 0∆ = ∆ − ∆ <G H T S                                   (6.22)

∆H
sys 

vfHkfØ;k dh ,UFkSYih esa ifjorZu gS T S∆  og
ÅtkZ gS] tks mi;ksxh dk;Z osQ fy, miyCèk ugha gSA bl çdkj
∆G mi;ksxh dk;Z osQ fy, usV ÅtkZ gS ,oa bl çdkj ̂ eqDr
ÅtkZ* dk ekiu gSA bl dkj.k bls vfHkfØ;k dh eqDr ÅtkZ
Hkh dgk tkrk gSA

G∆  fLFkj nkc ,oa rki ij Lor%ço£rrk dh
dlkSVh gSA
 (i) ;fn G∆  Í.kkRed (< 0) gS] rc çØe Lor% ço£rr

gksrk gSA

(ii) ;fn G∆  èkukRed (> 0) rc çØe vLor% ço£rr
gksxkA

fVIi.khµ ;fn vfHkfØ;k osQ fy, ,UFkSYih ifjorZu èkukRed
gks ,oa ,UVªkWih ifjorZu Hkh èkukRed gks] rks vfHkfØ;k rHkh
Lor% gksxh] tc T∆S dk eku ∆H osQ eku ls vfèkd gks
tk,A ;g nks çdkj ls gks ldrk gSµ
(d) èkukRed ,UVªkWih ifjorZu de gks] rks bl fLFkfr esa T
vfèkd gksuk pkfg,A ([k) èkukRed ,UVªkWih ifjorZu vfèkd
gks] rks bl fLFkfr esa T de gksuk pkfg,A igys okyk dkj.k
;g crkrk gS fd vfèkdka'k vfHkfØ;k,a mPp rki ij D;ksa
laikfnr dh tkrh gSaA lkj.kh 6-4 esa vfHkfØ;kvksa dh Lor%
ço£rrk ij rki osQ çHkko dks la{ksfir (Summarise) fd;k
x;k gSA

(?k) ,UVªkWih vkSj Å"ekxfrdh dk nwljk fu;e
ge tkurs gSa fd fdlh foyfxr fudk; osQ fy, ÅtkZ
ifjorZu fuf'pr jgrk gSA blfy,] bl izdkj osQ fudk; esa
,UVªkWih dk c<+uk Lor% ifjorZu dh LokHkkfod fn'kk cryrk
gSA okLro esa ;g Å"ekxfrdh dk nwljk fu;e gSA izFke fu;e
osQ leku nwljs fu;e dks Hkh fofHkUu izdkj ls fy[kk tk
ldrk gSA Å"ekxfrdh dk nwljk fu;e Li"V djrk gS fd
Lor% izorhZ Å"ek{ksih vfHkfØ;k,¡ bruh vke D;ksa gksrh gSaA
Å"ek{ksih vfHkfØ;kvksa ls fudyh ÅtkZ okroj.k esa vO;oLFkk

c<+k nsrh gS vkSj oqQy feykdj ,UVªkWih ifjorZu /ukRed gksrk
gS tks vfHkfØ;k dks Lor% izo£rr cuk nsrk gSA

(p) fujis{k ,UVªkWih vkSj Å"ekxfrdh dk rhljk fu;e

fdlh inkFkZ osQ v.kq lh/h js[kk esa fdlh Hkh vksj xfr dj

ldrs gSa] og yV~Vw dh rjg ?kw.kZu dj ldrs gSa vkSj v.kqvksa

osQ vkca/ f[kap vkSj floqQM+ ldrs gSaA v.kqvksa dh ;g xfr;k¡

Øe'k% LFkkukUrj.k xfr] ?kw.kZuh xfr ,oa oaQieku xfr dgykrh

gSaA tc fudk; dk rkieku c<+rk gS rks ;g xfr;k¡ vf/d mxz

gks tkrh gSa vkSj ,UVªkWih c<+ tkrh gSA nwljh vksj tc rki

?kVk;k tkrk gS rks ,UVªkWih de gks tkrh gSA fdlh 'kq¼

fozQLVfyr inkFkZ dk rki tSls&tSls ije 'kwU; dh vksj

c<+rk gS oSls&oSls ,UVªkWih Hkh 'kwU; dh vksj c<+rh gSA bls

mQ"ekxfrdh dk rhljk fu;e dgrs gSaA ,slk blfy, gksrk

gS D;ksafd ije 'kwU; ij fØLVy esa laiw.kZ Øe gksrk gSA ;g

dFku osQoy 'kq¼ fØLVfyr Bkslksa rd lhfer gS D;ksafd

lS¼kafrd roZQ vkSj izk;ksfxd izek.k n'kkZrs gSa fd foy;uksa vkSj

vfr'khrfyr nzoksa dh ,UVªkWih 0 K ij 'kwU; ugha gksrhA rhljs
fu;e dk egRo blfy, gS fd ;g osQoy Å"eh; vkadM+ksa osQ

vk/kj ij 'kq¼ inkFkks± osQ fujis{k ,UVªkWih eku ifjdfyr djus

esa lgk;d gksrk gSA 'kq¼ inkFkZ osQ fy, ;g 0 K ls 298

K rd revq

T
  o`f¼;ksa dks tksM+ dj izkIr fd;k tk ldrk

gSA ekud ,UVªkWfi;k¡ gsl&fu;e izdkj osQ ifjdyu }kjk ekud

,UVªkWih ifjorZu ifjdfyr djus osQ fy, bLrseky dh tk

ldrh gSaA

6-7 fxCt+ ÅtkZ&ifjorZu ,oa
lkE;koLFkk

ge ns[k pqosQ gSa fd bl çdkj eqDr ÅtkZ dk fpß ,oa

ifjek.k&vfHkfØ;k osQ ckjs esa fuEufyf[kr tkudkjh nsrk gS&

(i) jklk;fud vfHkfØ;k dh Lor%ço£rrk dk iwokZuqekuA

(ii) jklk;fud vfHkfØ;k ls çkIr gks ldus okys mi;ksxh

dk;Z dk iwokZuqekuA

vc rd ge vuqRØe.kh; vfHkfØ;kvksa esa eqDr ÅtkZ

ifjorZuksa ij fopkj dj pqosQ gSaA vc ge mRØe.kh; vfHkfØ;kvksa

esa eqDr ÅtkZ&ifjorZu dh tk¡p djrs gSaA
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184 jlk;u foKku

^mRØe.kh;rk* esa Å"ekxfrdh ,d fo'ks"k ifjfLFkfr gS]
ftlesa ,d çØe dks bl çdkj fd;k tkrk gS fd fudk;
ges'kk vius ifjos'k ls iw.kZr% lkE; esa jgsA jklk;fud
vfHkfØ;kvksa osQ lanHkZ esa ̂ mRØe.kh;rk* dk vFkZ gS fd ,d
jklk;fud vfHkfØ;k nksuksa fn'kkvksa esa lkFk&lkFk py ldrh
gS] ftlls fd lkE; LFkkfir gks losQA blls çrhr gksrk gS fd
vfHkfØ;k nksuksa fn'kkvksa esa eqDr ÅtkZ esa deh osQ lkFk py
losQ] tks vlaHko çrhr gksrk gSA ;g rHkh laHko gS] tc
lkE;koLFkk esa fudk; dh eqDr ÅtkZ U;wure gksA ;fn ,slk
ugha gks] rks fudk; Lor% gh de eqDr ÅtkZ dh fLFkfr esa
ifjo£rr gks tk,xkA

vr% lkE; osQ fy, dlkSVh gSµ
A B C D+ +�

∆
r
G = 0

fdlh vfHkfØ;k] ftlesa lHkh vfHkdkjd ,oa mRikn
ekud voLFkk esa gksa] rks fxCt+ ÅtkZ ∆

r
G0, lkE;koLFkk

fLFkjkad ls fuEufyf[kr lehdj.k }kjk lacafèkr gksrh gSµ
0 = ∆

r
G0 + RT ln K

vFkok∆
r
G0 = – RT ln K

vFkok∆
r
G0 = – 2.303 RT log K                      (6.23)

ge ;g Hkh tkurs gSa fd

 = R lnr r rG H T S T K∆ ∆ − ∆ = −V V V          (6.24)

çcy Å"ek'kks"kh vfHkfØ;kvksa osQ fy, ∆
r
H0 dk eku

vfèkd ,oa èkukRed gksrk gSA bu ifjfLFkfr;ksa esa K dk eku
1 ls cgqr de gksxk ,oa vfHkfØ;k esa vfèkd mRikn cukus
dh ço`fÙk ugha gksxhA Å"ek{ksih vfHkfØ;kvksa easa rH∆ 0  dk
eku vfèkd T;knk ,oa Í.kkRed gksxk rFkk ∆

r
G0 dk eku

vfèkd ,oa ½.kkRed laHkkfor gSA bu ifjfLFkfr;ksa esa K dk

rkfydk 6-4  vfHkfØ;k dh Lor%ço£rrk ij rki dk çHkko

∆∆∆∆∆
r
H00000 ∆∆∆∆∆

r
S00000 ∆∆∆∆∆

r
G00000 o.kZu*

– + – lHkh rki ij vfHkfØ;k Lor%ço£rr
– – – (fuEu rki ij) fuEu rki ij vfHkfØ;k Lor%ço£rr
– – + (mPp rki ij) mPp rki ij vfHkfØ;k vLor%ço£rr
+ + + (fuEu rki ij) fuEu rki ij vfHkfØ;k vLor%ço£rr
+ + – (mPp rki ij) mPp rki ij vfHkfØ;k Lor%ço£rr
+ – + (lHkh rki ij) lHkh rki ij vfHkfØ;k vLor%ço£rr

* in fuEu rki ,oa mPp rki rqyukRed gSaA fdlh fo'ks"k vfHkfØ;k osQ fy, mPp rki vkSlr dejs dk rki Hkh gks ldrk gSA

eku 1 ls cgqr vfèkd gksxkA ge çcy Å"ek{ksih vfHkfØ;kvksa
osQ fy, mPp K dh vk'kk dj ldrs gSa ,oa vfHkfØ;k
yxHkx iw.kZ gks ldrh gSA ∆

r
G0 dk eku ∆

r
S0 osQ eku ij

Hkh fuHkZj djrk gSA ;fn vfHkfØ;k esa ,UVªkWih ifjorZu dks Hkh
è;ku esa j[kk tk,] rc K dk eku ;k vfHkfØ;k dh lhek
bl ckr ls çHkkfor gksxh fd ∆

r
S0 dk eku èkukRed ;k

Í.kkRed gSA
lehdj.k (6-24) dk ç;ksx djus ij

(i) ∆H
0 ,oa ∆S

0 osQ ekiu ls ∆G
0 dk eku vuqekfur

djosQ] fdlh Hkh rki ij fdiQk;rh :i ls mRiknksa dh
çkfIr osQ fy, K osQ eku dh x.kuk dh tk ldrh gSA

(ii) ;fn ç;ksx'kkyk esa K lhèkk gh eki fy;k tk,] rks
fdlh Hkh vU; rki ij ∆G

0 osQ eku dh x.kuk dh
tk ldrh gSA

mnkgj.k 6-12

298 K ij vkWDlhtu osQ vks”kksu esa :ikarj.k

2 3

3
O (g) O (g)

2
→ osQ fy, ∆rG

0 osQ eku dh

x.kuk dhft,A bl vfHkfØ;k osQ fy, Kp dk eku
2.47×10

–29 gSA

gy

ge tkurs gSa fd ∆rG
0 

= –2.303 RT log Kp ,oa R
= 8.314 JK

–1
 mol

–1

vr%
∆

r
G

0
 =

– 2.303 (8.314 J K–1 mol–1)
                      × (298 K) (log 2.47 × 10–29)

= 163000 J mol–1

= 163 kJ mol–1
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185Å"ekxfrdh

lkjka'k

Å"ekxfrdh jklk;fud ,oa HkkSfrd çØeksa esa ÅtkZ&ifjorZu ls lacaèk j[krh gSA ;g bu ifjorZuksa dk ek=kkRed vè;;u

djus rFkk mi;ksxh vuqeku yxkus esa gesa lgk;rk djrh gSA bu dk;ks± osQ fy, ge czãkaM dks fudk; ,oa ifjos'k esa foHkkftr

djrs gSaA jklk;fud ,oa HkkSfrd çØe Å"ek (q) mRltZu ;k vo'kks"k.k osQ lkFk gksrs gSa] ftldk oqQN Hkkx dk;Z (w) esa

cnyk tk ldrk gSA ;s jkf'k;k¡ Å"ekxfrd osQ çFke fu;e ∆U = q + w }kjk lacafèkr gksrh gSaA ∆U çkjafHkd ,oa vafre

voLFkk ij fuHkZj djrk gS rFkk U voLFkk iQyu gS] tcfd q ,oa w iFk ij fuHkZj djrs gSa rFkk voLFkk iQyu ugha gSA

ge q ,oa w osQ fy, fpÉ ifjikVh dk ikyu djrs gSa] ;fn bUgsa fudk; dks fn;k tk, rks bUgsa èkukRed fpÉ nsrs gSa]ge

Å"ek osQ ,d fudk; ls nwljs fudk; esa LFkkukarj.k dk ekiu dj ldrs gSa] ftlls rki esa ifjorZu gksrk gSA rkieku esa

o`f¼ dk eku inkFkZ dh Å"ekèkkfjrk (C) ij fuHkZj djrk gSA vr% vo'kksf"kr ;k mRl£tr Å"ek q = C∆T gksrk gSA ;fn

xSl dk çlj.k gksrk gks] rks dk;Z dk ekiu W = –p
ex

∆V ls djrs gSaA mRØe.kh; çØe esa vk;ru osQ vR;.kq ifjorZu

osQ fy, p
ex
 = p dk eku j[k ldrs gSaA vr% W 

rev 
= –pdV bl voLFkk esa ge xSl lehdj.k pV = nRT dk ç;ksx

dj ldrs gSaA

fLFkj vk;ru ij w = 0 rc ∆U = q
v
 vFkkZr~ ;g fLFkj vk;ru ij LFkkukarfjr Å"ek gSA ijarq jklk;fud vfHkfØ;kvksa

osQ vè;;u osQ fy, ge lkekU;r;k fLFkj nkc ysrs gSaA ge ,d vksj voLFkk&iQyu ,UFkSYih dks ifjHkkf"kr djrs gSaA

mnkgj.k 6-13

fuEufyf[kr vfHkfØ;k osQ fy, 298 K ij lkE;
fLFkjkad dk eku Kkr dhft,µ

( ) ( ) ( )

( )
3 2 2 2

2

2NH g CO g NH CONH aq

H O

+

+

�

l

fn, x, rki ij ekud fxCt+ ÅtkZ 
rG∆ 0  dk eku

–13.6 kJ mol
-1  gSA

gy

ge tkurs gSa fd rGlog K
2.303RT

−∆
=

0

=  
( )
( ) ( )

3 –1

–1 –1

–13.6 10 J mol

2.303 8.314 JK mol 298K

×

=   2.38

K = antilog  2.38 = 2.4 × 10
2

mnkgj.k 6-14
060 C  rki ij MkbukbVªkstu VsVªkDlkbM 50% fo;ksftr

gksrk gSA ,d ok;qeaMyh; nkc ,oa bl rki ij ekud
eqDr ÅtkZ&ifjorZu dh x.kuk dhft,A

gy

2 4 2N O (g) 2NO (g)�

;fn 2 4,N O 50%  fo;ksftr gksrk gS] rks nksuksa inkFkks±

dk eksy va'k gksxkµ

22 4
NON O

1 0.5 2 0.5
;

1 0.5 1 0.5

− ×
= =

+ +
x x

= × = ×
22 4

NON O

0.5 1
1 atm, 1 atm

1.5 1.5
p p

lkE; fLFkjkad

2

2 4

2
NO

2
N O

( ) 1.5

(1.5) (0.5)
=p

p
K

p

=  1.33 atm.

pw¡fd

∆rG
0
 = –RT ln Kp

∆
r
G

0
 = (–8.314 JK

–1 
mol

–1
) ×  (333 K) ×

(2.303) × (0.1239) = – 763.8 kJ mol
–1
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,UFkSYih&ifjorZu gH U n RT∆ = ∆ + ∆  dk ekiu lhèks fLFkj nkc ij Å"ek&ifjorZu ls fd;k tk ldrk gS] ;gk¡

pH q∆ = gSA

,UFkSYih&ifjorZuksa osQ dbZ çdkj gSaA çkoLFkk ifjorZu (tSlsµxyu] ok"ihdj.k ,oa ÅèoZikru) lkekU;r;k fLFkj
rki ij gksrs gSa] ftUgsa èkukRed ,UFkSYih&ifjorZu ls vfHkyf{kr fd;k tkrk gSA fojpu ,UFkSYih] ngu ,UFkSYih ,oa vU;
,UFkSfYi;ksa esa ifjorZu gsl osQ fu;e dk mi;ksx djosQ Kkr fd, tk ldrs gSaA jklk;fud vfHkfØ;kvksa esa ,UFkSYih&ifjorZu

( ) ( )products reactions∆ = ∆ − ∆∑ ∑r i f i f

f i

H a H b H

xSlh; voLFkk esa rH∆ = ∑0 (vfHkdkjdksa dh vkcaèk ÅtkZ) −∑  (mRiknksa dh vkcaèk ÅtkZ)

Å"ekxfrdh dk çFke fu;e jklk;fud vfHkfØ;k dh fn'kk osQ ckjs esa gesa funsZf'kr ugha djrk] vFkkZr~ ;g ugha
crkrk fd jklk;fud vfHkfØ;k dk çsjd cy D;k gSA foyfxr fudk; osQ fy, U 0∆ =  gSA vr% ge bl dk;Z osQ fy,
nwljk voLFkk&iQyu] S, ,UVªkWih ifjHkkf"kr djrs gSaA ,UVªkWih vO;oLFkk dk ekiu gSA ,d Lor% ço£rr çØe osQ fy,

oqQy ,UVªkWih ifjorZu èkukRed gksrk gSA ,d foyfxr fudk; osQ fy, U 0, S 0∆ = ∆ >  gSA vr% ,UVªkWih ifjorZu Lor%

ço£rr çØe dks foHksfnr djrk gS] tcfd ÅtkZ ifjorZu ugha djrkA mRØe.kh; çØe osQ fy, ,UVªkWih ifjorZu&lehdj.k

revq
S

T
∆ =  ls Kkr fd;k tk ldrk gSA revq

T
 iFk ij fuHkZj ugha djrk gSA

pw¡fd vfèkdka'k jklk;fud vfHkfØ;k,a fLFkj nkc ij gksrh gaS] vr% ge nwljk voLFkk&iQyu fxC”k ÅtkZ  G

ifjHkkf"kr djrs gSa] tks fudk; osQ ,UVªkWih ,oa ,UFkSYih ifjorZuksa ls lehdj.k r r rG H T S∆ = ∆ − ∆  }kjk lacafèkr gSA

Lor%ço£rr çØe osQ fy, sysG 0∆ <  ,oa lkE;koLFkk ij sysG 0∆ =

ekud fxC”k ÅtkZ&ifjorZu lkE; fLFkjkad ls 
rG RT In K∆ = −0  lehdj.k ls lacafèkr gSA

bldh lgk;rk ls 
rG∆ 0  Kkr gksus ij K dk eku Kkr fd;k tk ldrk gSA 

rG∆ 0  dk eku lehdj.k

r r rG H T S∆ = ∆ − ∆0 0 0  ls Kkr fd;k tk ldrk gSA lehdj.k esa rki ,d egÙoiw.kZ dkjd gSA èkukRed ,UVªkWih

ifjorZuokyh dbZ vfHkfØ;k,a] tks de rki ij vLor% ço£rr gksa] mUgsa mPp rki ij Lor%ço£rr cuk;k tk ldrk gSA

vH;kl

6-1 lgh mÙkj pqfu,µ

Å"ekxfrdh voLFkk iQyu ,d jkf'k gS]

(i) tks Å"ek&ifjorZuksa osQ fy, ç;qDr gksrh gSA

(ii) ftldk eku iFk ij fuHkZj ugha djrk gSA

(iii) tks nkc&vk;ru dk;Z dh x.kuk djus esa ç;qDr gksrh gSA

(iv) ftldk eku osQoy rki ij fuHkZj djrk gSA

6-2 ,d çØe osQ :}ks"e ifjfLFkfr;ksa esa gksus osQ fy,µ
(i) ∆T = 0 (ii) ∆p = 0

(iii) q = 0 (iv) w = 0

2022-23



187Å"ekxfrdh

6-3 lHkh rÙoksa dh ,UFkSYih mudh lanHkZ&voLFkk esa gksrh gSµ

(i) bdkbZ (ii) 'kwU;

(iii) < 0 (iv) lHkh rÙoksa osQ fy, fHkUu gksrh gSA

6-4 esFksu osQ ngu osQ fy, ∆U0 dk eku –X kJ mol–1 gSA blosQ fy, ∆H0 dk eku gksxkµ

(i) = ∆U 0 (ii) > ∆U 0

(iii) < ∆U 0 (iv) = 0

6-5 esFksu] xzSiQkbV ,oa MkbgkbMªkstu osQ fy, 298 K ij ngu ,UFkSYih osQ eku Øe'k% –890.3 kJ

mol–1] –393.5kJ mol–1 ,oa –285.8 kJ mol–1 gSaA CH
4
(g) dh fojpu ,UFkSYih D;k gksxh\

(i) –74.8 kJ mol–1 (ii) –52.27 kJ mol–1

(iii) +74.8 kJ mol–1 (iv) +52.26 kJ mol–1.

6-6 ,d vfHkfØ;k A B C D q+ → + +  osQ fy, ,UVªkWih ifjorZu èkukRed ik;k x;kA ;g
vfHkfØ;k laHko gksxhµ

(i) mPp rki ij (ii) osQoy fuEu rki ij

(iii) fdlh Hkh rki ij ugha (iv) fdlh Hkh rki ij

6-7 ,d çØe esa fudk; }kjk 701 J Å"ek vo'kksf"kr gksrh gS ,oa 394 J dk;Z fd;k tkrk gSA bl
çØe esa vkarfjd ÅtkZ esa fdruk ifjorZu gksxk\

6-8 ,d ce oSQyksjhehVj esa NH
2
CN(s) dh vfHkfØ;k MkbvkWDlhtu osQ lkFk dh xbZ ,oa ∆U dk

eku  –742.7 KJ mol–1 ik;k x;k (298 K ij)A bl vfHkfØ;k osQ fy, 298 K ij ,UFkSYih
ifjorZu Kkr dhft,µ

NH
2
CN(g) +  

3

2
O

2
(g) → N

2
(g) + CO

2
(g) + H

2
O(l)

6-9 60.0 g ,syqfefu;e dk rki 35°C ls 55° C djus osQ fy, fdrus fdyks twy Å"ek dh
vko';drk gksxh\ Al dh eksyj Å"ekèkkfjrk 24 J mol–1 K–1 gSA

6-10 10.0°C ij 1 eksy ty dh ciQZ –10°C ij tekus ij ,UFkSYih&ifjorZu dh x.kuk dhft,A

∆
fus

H = 6.03 kJ mol–1 0°C ij]

C
p
 [H

2
O(l)] = 75.3 J mol–1 K–1

C
p
 [H

2
O(s)] = 36.8 J mol–1 K–1

6-11 CO
2
 dh ngu ,UFkSYih –393.5 kJ mol–1 gSA dkcZu ,oa vkWDlhtu ls 35.2 g CO

2 
cuus ij

mRl£tr Å"ek dh x.kuk dhft,A
6-12 CO(g), CO

2
 (g), N

2
O(g) ,oa N

2
O

4
(g) dh fojpu ,UFkSYih Øe'k% -110,-393, 81 ,oa

9.7 kJ mol–1gSaA vfHkfØ;k N
2
O

4
(g) + 3CO(g) → N

2
O(g) + 3CO

2
(g) osQ fy, rH∆  dk

eku Kkr dhft,A

6-13 N
2
(g) + 3H

2
(g) → 2NH

3
(g); 1

rH 92.4 kJ mol−∆ = −0  NH
3 
xSl dh ekud fojpu

,UFkSYih D;k gS\
6-14 fuEufyf[kr vk¡dM+ksa ls CH

3
OH(l) dh ekud&fojpu ,UFkSYih Kkr dhft,µ

CH
3
OH (l) + 

3

2
 O

2
(g) → CO

2
(g) + 2H

2
O(l) ; ∆

r
H0 = –726 kJ mol–1

C(xzSiQkbV) + O
2
(g) → CO

2
(g) ; ∆

c
H0 = –393 kJ mol–1

H
2
(g) + 

1

2
 O

2
(g) → H

2
O(l) ; ∆

f 
H0 =  –286 kJ mol–1.
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188 jlk;u foKku

6-15 4CCl (g) C(g) 4Cl(g)→ +  vfHkfØ;k osQ fy, ,UFkSYih&ifjorZu Kkr dhft, ,oa 4CCl  esa

C – Cl dh vkcaèk ,UFkSYih dh x.kuk dhft,µ

∆
vap

H0(CCl
4
) = 30.5 kJ mol–1.

∆
f
H0 (CCl

4
) = –135.5 kJ mol–1.

∆
a
H0 (C) = 715.0 kJ mol–1 ,  ;gk¡ ∆

a
H0 d.ku ,UFkSYih gSA

∆
a
H0 (Cl

2
) = 242 kJ mol–1

6-16 ,d foyfxr fudk; osQ fy, ∆U = 0, blosQ fy, ∆S D;k gksxk\
6-17 298 K ij vfHkfØ;k 2A B C+ →  osQ fy,

1H 400 kJmol−∆ =  ,oa 1 1S 0.2 kJ K mol− −∆ =

H∆  ,oa S∆  dks rki&foLrkj esa fLFkj ekurs gq, crkb, fd fdl rki ij vfHkfØ;k Lor% gksxh\

6-18 vfHkfØ;k 22Cl(g) Cl (g)→  osQ fy, ∆H ,oa ΟSQ osQ fpÉ D;k gksaxs\

6-19 vfHkfØ;k 2A(g) B(g) 2D (g)+ →  osQ fy, U 10.5 kJ∆ = −0  ,oa 1S 44.1JK−∆ = −0

vfHkfØ;k osQ fy, G∆ 0  dh x.kuk dhft, vkSj crkb, fd D;k vfHkfØ;k Lor% izofrZr gks

ldrh gS\
6-20 300 ij ,d vfHkfØ;k osQ fy, lkE; fLFkjkad 10 gSA ∆G0 dk eku D;k gksxk\

R = 8.314 JK–1 mol–1

6-21 fuEufyf[kr vfHkfØ;kvksa osQ vkèkkj ij NO(g) osQ Å"ekxfrdh LFkkf;Ro ij fVIi.kh dhft,µ

1

2
 N

2
(g) + 

1

2
O

2
(g) → NO(g); ∆

r
H0 = 90 kJ mol–1

NO(g) + 
1

2
O

2
(g) → NO

2
(g): ∆

r
H0= –74 kJ mol–1

6-22 tc 1-00 eksy H
2
O(l) dks ekud ifjfLFkfr;ksa esa fojfpr tkrk gS] rc ifjos'k osQ ,UVªkWih&ifjorZu

dh x.kuk dhft,µ 1
f H 286 kJ mol−∆ = −0
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