
fVIif.k;k¡

 251

jklk;fud Å"ekxfrdh

jlk;u foKku

ekWM~;wy - 4

jlk;fud ÅtkZ foKku

9

jklk;fud Å"ekxfrdh

tc ,d jklk;fud vfHkfØ;k gksrh gS rks mlesa ÅtkZ ifjorZu Hkh gksrk gS tksfd fofHkUu :iksa
esa gks ldrk gSA mnkgj.k osQ fy,] bZa/uksa] tSls feV~Vh osQ rsy] dks;yk] ydM+h rFkk izko`Qfrd
xSl osQ tyus esa ;g ÅtkZ ifjorZu Å"ek rFkk izdk'k dk :i ys ysrk gSA cSVfj;ksa esa gksus okyh
jklk;fud vfHkfØ;k ls fo|qr ÅtkZ izkIr gksrh gSA izdk'kla'ys"k.k izØe }kjk Xywdksl
(C6H12O6) osQ fuekZ.k esa Hkh lw;Z dh izdk'k ÅtkZ dk vo'kks"k.k gksrk gSA bl izdkj ge
ns[krs gSa fd ,d jklk;fud vfHkfØ;k osQ lkFk gksus okyk ÅtkZ ifjorZu fofHkUu :i ys ldrk
gSA bl ikB esa vki mu vfHkfØ;kvksa dk vè;;u djsaxs ftuesa Å"ek mRiUu gksrh gS vFkok
vo'kksf"kr gksrh gSA

      mís';

bl ikB dks i<+us osQ ckn vki_

Å"ekxfrdh esa vkerkSj ij iz;qDr 'kCnksa dh ifjHkk"kk ns losaQxs_

Å"ek{ksih rFkk Å"ek'kks"kh vfHkfØ;kvksa esa Hksn dj losaQxs_

Å"ekxfrdh osQ igys fu;e dh O;k[;k dj losQaxs_

vkarfjd ÅtkZ dh O;k[;k dj losQaxs_

,UFkSYih rFkk ,UFkSYih ifjorZu dks ifjHkkf"kr dj losQaxs_

laHkou ,UFkSYih] ngu ,UFkSYih mnklhuhdj.k ,UFkSYih vf.odj.k ,UFkSYih] laØe.k
,UFkSYih] foy;u ,UFkSYih ,oa vk;ru ,UFkSYih dh ifjHkk"kk ns losaQxs_

vfHkfØ;k ,UFkSYih vkSj vfHkoQeZdksa rFkk mRiknksa dh laHkou ,UFkSfYi;ksa esa ijLij lacaèk
crk losaQxs_

,UFkSYih ifjorZu ij vkèkkfjr la[;kRed iz'u gy dj losaQxs_
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jlk;fud ÅtkZ foKku gsl fu;e crk losaQxs_

gsl fu;e dh lgk;rk ls vfHkfØ;k ,UFkSYih dks ifjdfyr dj losaQxs_

vkcaèk ,UFkSYih vkSj vkcaèk&fo;kstu ,UFkSYih dh ifjHkk"kk ns losaQxs_ rFkk

vkcaèk ,UFkSYih vk¡dM+ksa dh lgk;rk ls vfHkfØ;k&,UFkSYih dks ifjdfyr dj losaQxsA

 9-1 vkerkSj ij iz;qDr 'kCn

bl ikB esa oqQN 'kCnksa dk cgqèkk mi;ksx fd;k x;k gSA vkb,] igys mudk vFkZ le>rs gSaA

9-1-1 fudk; vkSj ifjos'k

;fn ge fdlh chdj esa j[ks nks inkFkksZa A rFkk B dh vfHkfØ;k dk vè;;u dj jgs gSa rks
blesa vfHkfØ;k feJ.k A vkSj B, fudk; gSa rFkk chdj vkSj dejk] tgk¡ mls j[kk x;k gS]
ifjos'k gSa tSlk fd fp=k 9-1 esa fn[kk;k x;k gSA

ifjos'k fudk;
v$c

fp=k 9-1% fudk; vkSj ifjos'k

fudk; ml HkkSfrd lef"V] ftldk vè;;u fd;k tk jgk gS] dk ,d Hkkx gksrk gS
tcfd lef"V dk 'ks"k Hkkx ifjos'k dgykrk gSA

vki tkurs gSa fd ,d MkVnkj FkeZl ÝykLd esa j[kh xje pk;@nwèk (ftls fudk; dgsaxs) oqQN
gh ?kaVksa rd xje jgrh gSA ;fn ÝykLd iw.kZr;k Å"ekjksèkh inkFkZ dk cuk gks rks fudk; vkSj
ifjos'k osQ chp fdlh Hkh izdkj dk nzO; vFkok ÅtkZ&fofue; ugha gksrk gSA ,sls fudk; dks
fo;qDr fudk; (isolated system) dgrs gSaA

fo;qDr fudk; ml fudk; dks dgrs gSa tks ifjos'k osQ lkFk u rks nzO; dk rFkk u gh
ÅtkZ dk fofue; dj ldrk gSA

;fn ge xje pk;@nwèk dks MkVnkj LVsuysl LVhy osQ ÝykLd esa j[ksa rks ;g oqQN le; osQ
ckn xeZ ugha jgrhA ;gk¡ ÅtkZ] LVhy dh nhokjksa ls] ifjos'k esa yqIr gks tkrh gS tcfd
MkV osQ dkj.k nzO; dh gkfu ugha gksrhA ,sls fudk; dks lao`r fudk; (closed system)
dgrs gSaA
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jlk;fud ÅtkZ foKkulao`r fudk; ml fudk; dks dgrs gSa tks ifjos'k osQ lkFk ÅtkZ dk fofue; rks dj
ldrk gS ijUrq nzO; dk fofue; ugha djrkA

;fn ge LVsuysl LVhy osQ ÝykLd dks vFkok FkeZl ÝykLd dks [kqyk j[k nsa rks ÅtkZ gkfu
osQ lkFk&lkFk ok"iu }kjk oqQN nzO; dh Hkh gkfu gksxhA ,sls fudk; dks foo`r fudk; (open
system) dgrs gSaA ikni] tUrq] euq"; vkfn foo`r fudk; osQ mnkgj.k gSa D;ksafd os yxkrkj
ifjos'k osQ lkFk nzO; (Hkkstu vkfn) rFkk ÅtkZ dk fujarj fofue; djrs jgrs gSaA

foo`r fudk; ml fudk; dks dgrs gSa tks ifjos'k osQ lkFk ÅtkZ rFkk nzO;] nksuksa dk
fofue; dj ldrk gSA

9-1-2 fudk; dh voLFkk

ge fdlh fudk; dh voLFkk dks mlosQ ekius ;ksX; xq.kèkeksZa osQ }kjk O;Dr djrs gSaA mnkgj.k
osQ fy,] fdlh xSl dh voLFkk dks O;Dr djus osQ fy, mlosQ nkc] vk;ru rFkk rki vkfn
dks fofufnZ"V fd;k tkrk gSA bu pj xq.kèkeks± dks voLFkk pj vFkok voLFkk&iQyu dgrs gSaA
muosQ eku fudk; }kjk r; fd, iFk ij ugha cfYd osQoy fudk; dh vkjafHkd rFkk vafre
voLFkk ij fuHkZj djrs gSaA vFkkZr~ tc fudk; dh voLFkk esa ifjorZu gksrk gS rks ifjorZu] fudk;
dh osQoy vkjafHkd vkSj vafre voLFkkvksa ij fuHkZj djrk gS (fp=k 9-2)A

R

A (p , T )1 1

vkjafHkd voLFkk

B (p , T )2 2

vafre voLFkk

I

II

III

T

fp=k  9-2% I, II rFkk III iFkksa }kjk vkjafHkd voLFkk ls vafre voLFkk esa voLFkk ifjorZuA  p1 → p2

rFkk T1 → T2 iFk ija fuHkZj ugha djrs D;ksafd nkc ,oa rkieku voLFkk&iQyu gSaA

voLFkk&iQyu mu iQyuksa dks dgrs gSa tks osQoy fudk; dh vkjafHkd voLFkk vkSj vafre voLFkk
ij fuHkZj djrs gSaA

fudk; dh voLFkk esa ifjorZu dks] fudk; dh vkjafHkd rFkk vafre voLFkk }kjk ifjHkkf"kr
fd;k tkrk gSA ,d vU; mnkgj.k }kjk bls le>k tk ldrk gSA ge ,d LFkku ls nwljs LFkku
rd tkrs gSaA r; dh xbZ nwjh ml iFk ij fuHkZj djrh gS ftldk ge vuqlj.k djrs gSa tcfd
bu nksuksa LFkkuksa osQ chp dh nwjh fuf'pr gksrh gSA bl izdkj] nwjh ,d ^voLFkk&iQyu* gS
fdUrq r; dh xbZ nwjh voLFkk&iQyu ugha gSA
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jlk;fud ÅtkZ foKku 9-1-3 fudk; osQ xq.kèkeZ

igys crk;k tk pqdk gS fd fudk; osQ xq.kèkeZ gh voLFkk&pj dgykrs gSaA mUgsa eq[;r% nks
oxksZa esa ck¡Vk tk ldrk gSμek=kkfJr xq.k/eZ vkSj ek=kk Lora=k xq.k/eZA

(i) ek=kkfJr xq.kèkeZ (pj) og gS ftldk eku fudk; dh ek=kk ij fuHkZj ugha djrk gSA mnkgj.k
osQ fy, vk;ru] nzO;eku] Hkkj] Å"ek vkfnA

(ii) ek=kk Lora=k xq.kèkeZ (pj) og gS ftldk eku fudk; dh ek=kk ij fuHkZj ugha djrk gSA
mnkgj.k osQ fy, rki] nkc] viorZukad] ';kurk] ?kuRo] i`"B&ruko vkfnA

vki ns[ksaxs fd lacafèkr inkFkZ dh bdkbZ ek=kk dks fufnZ"V djus ls ek=kkfJr xq.kèkeZ] ek=kk Lora=k
xq.kèkeZ cu ldrs gSaA mnkgj.k osQ fy,] nzO;eku rFkk vk;ru ek=kkfJr xq.kèkeZ gSa ijUrq (vk;ru
izfr bdkbZ nzO;eku) ek=kk Lora=k xq.kèkeZ gSA

9-1-4 izØeksa osQ izdkj

vkb,] ge igys ;g le>sa fd izØe dk D;k vFkZ gksrk gSA eku yhft, fd ge fdlh fudk;
dk rkieku c<+kuk pkgrs gSaA ;g dk;Z ge mls xeZ djosQ dj ldrs gSaA ;gk¡ xeZ djuk gh
izØe gSA

fdlh voLFkk esa ifjorZu djus dh fofèk gh izØe dgykrh gSA

izØe fofHkUu izdkj osQ gks ldrs gSa] ftudh O;k[;k uhps dh xbZ gSa%

i) lerkih izØe  (Isothermal process)% ciZQ 273º K rFkk 1atm nkc ij fi?kyrh
gSA tc rd fi?kyus dh fØ;k iwjh ugha gks tkrh rc rd fudk; osQ rki esa dksbZ ifjorZu
ugha gksrkA ,sls izØe] lerkih izØe osQ mnkgj.k gSaA lerkih izØe dh ifjHkk"kk
fuEufyf[kr izdkj ls nh tk ldrh gS%

tc fofHkUu izfØ;kvksa osQ nkSjku fudk; dk rki fLFkj jgrk gS rks ;g izØe lerkih
izØe dgykrk gSA bl izØe esa fudk; ls ;k rks Å"ek fu"dkflr gksrh gS vFkok
vo'kksf"kr gksrh gSA

ii) #¼ks"e izØe (Adiabetic process)% ;fn ,d can FkeZl ÝykLd esa ,d vEy dks
,d {kkj osQ lkFk feyk;k tk, rks mRiUu Å"ek fudk; esa gh jgrh gSA ,sls izØeksa dks
#¼ks"e izØe dgrs gSa D;ksafd FkeZl ÝykLd osQ dkj.k fudk; rFkk ifjos'k osQ chp
Å"ek&fofue; ugha gksrk gSA #¼ks"e izØe dh ifjHkk"kk bl izdkj nh tk ldrh gS%

#¼ks"e izØe esa fudk; vkSj ifjos'k osQ chp Å"ek&fofue; ugha gksrk gSA bl izdkj]
#¼ks"e izØe osQ nkSjku lnSo rki esa ifjorZu gksrk gSA

iii) mRØe.kh; izØe (Reversible process)% mRØe.kh; izØe esa vkjafHkd vkSj vafre
voLFkk,¡ ,d nwljs osQ lkFk Øfed lkE;&voLFkkvksa ls tqM+h jgrh gSaA izØe osQ fdlh
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jlk;fud ÅtkZ foKkuHkkx esa gksus okys ifjorZu] foijhr fn'kk esa gksus ij] Bhd myV tkrs gSaA bl izdkj] izfØ;k
dks iwjk djus osQ ckn vkSj fiQj mRØe.kh; fn'kk esa djus ij fudk; vkSj ifjos'k nksuksa
gh viuh vkjafHkd voLFkk esa izkIr gks tkrs gSaA

vkb,] bls ,d mnkgj.k ls le>saA eku yhft,] ,d nzo vius ok"i osQ lkFk ,d ?k"kZ.kjfgr
fiLVu okys flfyaMj esa lkE;koLFkk esa can gS vkSj mls fLFkj&rkih ckFk esa j[kk x;k gS] tSlk
fd fp=k 9.3 esa fn[kk;k x;k gSA ;fn fiLVu ij ckgjh nkc  vR;Yi ek=kk esa c<+k;k tk,
rks ok"i la?kfur gks tk,¡xs fdUrq la?kuu bruk èkhjs&èkhjs gksxk fd mRiUu Å"ek] fLFkj rki ckFk
}kjk vo'kksf"kr gks tk,xhA fudk; dk rki ugha c<+sxk vkSj bl nzo osQ Åij dk nkc fLFkj
jgsxkA ;|fi ok"i dk la?kuu gks jgk gS fdUrq izR;sd {k.k fudk; lkE;koLFkk esa jgrk gSA ;fn
ckgjh nkc dks ok"i nkc ls rfud de dj fn;k tk, rks nzo cgqr èkhjs&èkhjs okf"ir gksxk
vkSj blosQ iQyLo:i rki vkSj nkc fLFkj jgsaxsA

fiLVu lfgr flfyaMj

ck"i

nzo

fLFkj rki ckFk

fp=k 9-3% mRØe.kh; izØe

mRØe.kh; izØe mu izØeksa dks dgrs gSa ftuesa ifjorZu brus èkhjs&èkhjs gksrs gSa fd fudk;
vkSj ifjos'k lnSo lkE;koLFkk esa jgrs gSaA

iv) vuqRØe.kh; izØe (Irreversible process): mi;ZqDr mnkgj.k esa ckgjh nkc dh ,dk,d
deh vFkok o`f¼ ls rhoz mn~ok"iu vFkok la?kuu gksrk gS ftlls fudk; esa rki vkSj nkc vleku
jgsaxs vkSj lkE; ugha jgsxkA ,sls izØeksa dks vuqRØe.kh; izØe dgrs gSaA

9-1-5 ekud voLFkk,¡

vkius ns[kk fd fdlh fudk; dks voLFkk&pjksa }kjk O;Dr fd;k tkrk gSA fofHkUu ;kSfxdksa
dh ÅtkZvksa dh rqyuk osQ fy, ekud voLFkk lsV dk p;u fd;k tkrk gSA bldk vFkZ gS
LFkkbZ :i ls fdlh inkFkZ dk fof'k"V rki ij 1 ckj nkc ij lcls LFkkbZ :iA
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jlk;fud ÅtkZ foKku  9-2 Å"ek{ksih vkSj Å"ek'kks"kh vfHkfØ;k,¡

(i) ,d ij[kuyh esa nkusnkj ftad osQ oqQN VqdM+s ysa vkSj mlesa ruq gkbMªksDyksfjd vEy
dh oqQN ek=kk feyk,¡ rFkk mlls mRiUu gksus okyh xSl dks ns[ksaA ij[kuyh dks Nq,¡A
og xje yxsxhA

(ii) vkius ns[kk gksxk fd lisQnh djus osQ fy, tc fcuk cq>s pwus esa ikuh feyk;k tkrk gS
rks cgqr Å"ek mRiUu gksrh gSA

(iii) tc [kkuk idkus okyh xSl ;k dks;ys dks tyk;k tkrk gS rks izdk'k osQ lkFk&lkFk Å"ek
Hkh mRiUu gksrh gSA cgqr lh jklk;fud vfHkfØ;kvksa  osQ iQyLo:i ifjos'k esa ÅtkZ
(Å"ek) eqDr gksrh gSA

bl izdkj dh vfHkfØ;kvksa dks ge Å"ek{ksih vfHkfØ;k,¡ (exothermic reactions) dgrs
gSaA

Å"ek{ksih vfHkfØ;k,¡ os vfHkfØ;k,¡ gksrh gSa ftuesa Å"ek mRiUu gksrh gSA

vc ge fuEufyf[kr vfHkfØ;kvksa ij fopkj djrs gSa %

(i) ,d ij[kuyh esa] tks fd ikuh ls vkèkh Hkjh gks] Bksl veksfu;e DyksjkbM dh oqQN ek=kk
feyk,¡A ij[kuyh dks fgyk,¡ vkSj Nq,¡A og BaMh yxsxhA

(ii) blh iz;ksx dks iksVsf'k;e ukbVªsV osQ lkFk nksgjk,¡ rFkk ij[kuyh dks Nq,¡A og BaMh yxsxhA

(iii) ,d ij[kuyh esa ikuh ysdj mlesa FkksM+h ek=kk esa csfj;e gkbMªkWDlkbM vkSj veksfu;e
DyksjkbM feyk,¡A ij[kuyh dks Nq,¡A og BaMh yxsxhA

mi;ZqDr lHkh izØeksa esa ge ns[krs gSa fd fudk; vius ifjos'k ls Å"ek dk vo'kks"k.k djrk
gSA ,slh vfHkfØ;kvksa dks Å"ek'kks"kh vfHkfØ;k,¡ (endothermic reactions) dgrs gSaA

Å"ek'kks"kh vfHkfØ;k,¡ os vfHkfØ;k,¡ gksrh gSa ftuosQ gksus esa ifjos'k ls Å"ek dk
vo'kks"k.k gksrk gSA

 9-3 Å"ekjklk;fud lehdj.k

vki jklk;fud vfHkfØ;kvksa osQ lehdj.kksa ls ifjfpr gSaA vc ge mu jklk;fud vfHkfØ;kvksa
dks fy[ksaxs ftuesa Å"ek ifjorZuksa rFkk vfHkdkjdksa ,oa mRiknksa dh voLFkkvksa dks fufnZ"V fd;k
tk,xkA bUgsa Å"ekjklk;fud lehdj.k (thermochemical equations) dgrs gSaA bu
lehdj.kksa dks fy[kus osQ fy, fuEufyf[kr ifjikVh dk vuqlj.k fd;k tkrk gS %

(i) fdlh vfHkfØ;k esa mRiUu vFkok vo'kksf"kr Å"ek vfHkdkjd inkFkks± dh HkkSfrd voLFkk
}kjk izHkkfor gksrh gSA blfy,] xSlh;] nzo vkSj Bksl voLFkkvksa dks fu:fir djus osQ
fy, jklk;fud lw=kksa osQ lkFk Øe'k% (g), (l), vkSj (s) izrhd fy[ks tkrs gSaA
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jlk;fud ÅtkZ foKkumnkgj.k osQ fy,] vkWDlhtu esa esFkSu osQ ngu dks ge bl izdkj fu:fir djsaxs %

CH
4
(g) + 2O

2
 (g) →  CO

2
 (g) + 2H

2
O (l) + Å"ek

Å"ekjklk;fud vfHkfØ;kvksa dks fy[kus esa mRiUu vFkok vo'kksf"kr Å"ek dks ΔH izrhd }kjk
O;Dr fd;k tkrk gSA mRiUu vFkok vo'kksf"kr Å"ek dks lehdj.k osQ ckn fy[kk tkrk gSA
ΔH vkSj lehdj.k osQ chp esa vèkZfojke dk fpUg fy[kk tkrk gSA ΔH, Å"ek{ksih vfHkfØ;kvksa
osQ fy, Í.kkRed rFkk Å"ek'kks"kh vfHkfØ;kvksa osQ fy, èkukRed gksrk gSA

mnkgj.k osQ fy,]

,d Å"ek{ksih vfHkfØ;k bl izdkj fy[kh tkrh gS %

CH
4
 (g) + 2O

2
 (g) →  CO

2
 (g) + 2H

2
O (l) ; ΔH = – 891 kJ

tcfd ,d Å"ek'kks"kh vfHkfØ;k bl izdkj fy[kh tk,xh %

H
2
 (g) + I

2
 (g) →  2HI (g) ; ΔH = 52.2 kJ

(ii) vi:irk iznf'kZr djus okys rRoksa osQ lkFk vij:i dk uke fy[kk tkrk gSA mnkgj.k
osQ fy,]

C (xzsiQkbV), C (ghjk), vkfnA

(iii) tyh; foy;u okys inkFkks± dks (aq) izrhd }kjk O;Dr fd;k tkrk gSA mnkgj.k osQ fy,]
lksfM;e DyksjkbM osQ tyh; foy;u osQ fy, NaCl (aq) fy[kk tkrk gSA

(iv) ;fn vko';d gks rks Å"ek jklk;fud lehdj.kksa dks fHkUukRed xq.kkadksa }kjk Hkh larqfyr
fd;k tk ldrk gSA jklk;fud lehdj.kksa esa inkFkks± osQ xq.kkad muosQ eksyksa dh la[;k
dks O;Dr djrs gSa vkSj ΔH dk eku mu inkFkks± dh ek=kk osQ rnuq:i gksrk gSA

(v) ;fn xq.kkadksa dks fdlh xq.kd }kjk xq.kk ;k Hkkx fd;k tkrk gS rks ΔH  osQ eku dks Hkh
mlh xq.kd }kjk xq.kk ;k Hkkx djuk pkfg,A ,sls ekeyksa esa ΔH  eku xq.kkadksa ij fuHkZj
djsxkA mnkgj.k osQ fy,] fuEufyf[kr lehdj.k esa %

H
2
 (g) + 1

2 O
2
 (g) →  H

2
O (g) ; ΔH = – 242 kJ

;fn xq.kkadksa dks 2 ls xq.kk fd;k tk, rks lehdj.k bl izdkj fy[kk tk,xk %

2H
2
 (g) + O

2
 (g) →  2H

2
O (g) ; ΔH = 2 (– 242) = – 484 kJ

 9-4 Å"ekxfrdh dk igyk fu;e

vki tkurs gSa fd jklk;fud vfHkfØ;kvksa esa ÅtkZ&ifjorZu gksrk gSA bu ÅtkZ&ifjorZuksa dks
ge oSQls fuèkkZfjr djrs gSa\ vkidks Kkr gS fd ÅtkZ dks u rks mRiUu fd;k tk ldrk gS vkSj
u gh u"V fd;k tk ldrk gSA ÅtkZ dks osQoy ,d :i ls nwljs :i esa ifjofrZr fd;k tk
ldrk gSA vusd oSKkfudksa us bldk izs{k.k dbZ o"kksZa rd fd;k gSA ;gh izs{k.k Å"ekxfrdh
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jlk;fud ÅtkZ foKku dk igyk fu;e dgykrk gSA ;g fu;e fofHkUu ifjfLFkfr;ksa esa ekU; ik;k x;k gSA bl fu;e
dks bl izdkj fy[kk tk ldrk gS %

ÅtkZ dks u rks mRiUu fd;k tk ldrk gS] u gh u"V fd;k tk ldrk gSA lef"V vFkok
fdlh fo;qDr fudk; dh oqQy ÅtkZ fLFkj jgrh gSA

xf.kr dh Hkk"kk esa] Å"ekxfrdh osQ igys fu;e dks bl izdkj fy[k ldrs gSa %

ΔU = q + w .......(9.1)

tgk¡ ΔU = vkarfjd ÅtkZ ifjorZu, q = fudk; }kjk vo'kksf"kr Å"ek] rFkk w = fudk; ij
fd;k x;k dk;Z gSA

bu inksa dh O;k[;k bl izdkj nh tkrh gS %

9-4-1 vkarfjd ÅtkZ (U)

izR;sd fudk; esa ÅtkZ dh fuf'pr ek=kk gksrh gSA ;g ek=kk fHkUu inkFkks± osQ fy, fHkUu gksrh
gSA blosQ varxZr v.kqvksa dh LFkkukarj.k] daiu rFkk ?kw.kZu ÅtkZ vkSj bysDVªkWuksa rFkk ukfHkdksa
dh ÅtkZ vkrh gSA

vkarfjd ÅtkZ fudk; esa fo|eku lHkh ijek.kqvksa] v.kqvksa vFkok vk;uksa dh ÅtkZvksa
dk ;ksx gksrk gSA

;g voLFkk&pj gksrh gSA vkarfjd ÅtkZ osQ fujis{k ekuksa dks ekiuk laHko ugha gSA fdUrq] ge
vkarfjd ÅtkZ esa gksus okys ifjorZu dks ifjdfyr dj ldrs gSaA ;fn fudk; dh vkarfjd
ÅtkZ vkjafHkd voLFkk esa U

1
 ,oa vafre voLFkk esa U

2
 gks rks vkarfjd ÅtkZ esa ifjorZu]

ΔU  ml iFk ij fuHkZj ugha djrk ftldk fudk; vkjafHkd voLFkk ls vfUre voLFkk rd
igq¡pus esa vuqlj.k djrk gSA ge bl ifjorZu dks bl izdkj fy[k ldrs gSa %

Δ U = U
2
 – U

1

fudk; dh vkarfjd ÅtkZ esa nks izdkj ls ifjorZu fd;k tk ldrk gS %

(i)   fudk; esa Å"ek izokfgr djus vFkok fu"dkflr djus lsA

(ii)  fudk; ij dk;Z djus vFkok fudk; }kjk dk;Z djus lsA

9-4-2 Å"ek (q) vkSj dk;Z (w)

Å"ek vkSj dk;Z voLFkk&iQyu ugha gSaA ,slk blfy, gS D;ksafd q rFkk w osQ eku] ifjorZu dh
fofèk ij fuHkZj djrs gSaA

pw¡fd fu;e Å"ek vkSj dk;Z osQ LFkkukUrj.k ls lEcafèkr gS] vr% ge bu ek=kkvksa osQ fy,
oqQN fpUg fuèkkZfjr djrs gSaA fudk; dh vkarfjd ÅtkZ esa o`f¼ djus okyh fdlh Hkh oLrq
dks èkukRed fpUg fn;k tkrk gSA



fVIif.k;k¡

 259

jklk;fud Å"ekxfrdh

jlk;u foKku

ekWM~;wy - 4

jlk;fud ÅtkZ foKkufudk; dks nh xbZ m"ek (q) vkSj ml ij fd, x, dk;Z (w) dks èkukRed fpUg fn, tkrs gSaA
vkb,] mnkgj.k }kjk bls Li"V :i ls le>sa %

ekuk fdlh ifjorZu esa  50 kJ ÅtkZ dk vo'kks"k.k vkSj  30 kJ dk;Z dk O;; gksrk gS] rks

q = + 50 kJ

w = – 30 kJ

vkarfjd mtkZ esa ifjorZu ΔU = (+ 50 kJ) + (– 30 kJ) = = + 20 kJ

bl izdkj fudk; dh vkarfjd ÅtkZ esa + 20 kJ dh o`f¼ gksrh gSA vr% ifjos'k dh vkarfjd
ÅtkZ esa –20KJ, ÅtkZ dk ifjorZu gksxkA

9-4-3 izlkj dk dk;Z

eku yhft, fd nkc p fLFkj gS rFkk fudk; dk vk;ru V
1
 ls cnydj V

2
 gks x;k gSA rc

fudk; }kjk fd;k x;k dk;Z bl izdkj fn;k tk,xk%

w = – p (V
2
 – V

1
) = – p Δ V (9.2)

(;gk¡ Í.kkRed fpUg blfy, fy[kk x;k gS D;ksafd fudk; }kjk dk;Z fd;k x;k gSA) lehdj.k
9-1 ls w osQ eku dks izfrLFkkfir djus ij ge ikrs gSa %

Δ U = q – p Δ V (9.3)

;fn bl izØe dks fLFkj vk;ru ij fd;k tk,] vFkkZr  Δ V = 0, rks

Δ U = q
v

(9.4)

q esa iknk{kj v n'kkZrk gS fd ifjorZu fLFkj vk;ru gksrk gSA

lehdj.k 9-4 ls Kkr gksrk gS fd ;fn fudk; osQ Å"ek ifjorZu dks fLFkj vk;ru ij ekik
tk, rks vkarfjd ÅtkZ&ifjorZu dks Kkr fd;k tk ldrk gSA ijUrq] jlk;u foKku esa] lkèkkj.kr;k
jklk;fud vfHkfØ;kvksa dks fLFkj nkc (ok;qeaMyh; nkc) ij lEiUu fd;k tkrk gSA rc ge
D;k djrs gSa\ vkb, ,d vU; voLFkk&iQyu] ,UFkSYih dks ifjHkkf"kr djsaA

9-4-4 ,UFkSYih (H)

fLFkj nkc ij Å"ek&ifjorZuksa dks ekius osQ fy, ge ,d u, voLFkk&iQyu] ftls ,UFkSYih
dgrs gSa] dh O;k[;k djrs gSaA bls H izrhd }kjk O;Dr fd;k tkrk gS ,oa bl izdkj fn;k
tkrk gS %

H = U + p V (9.5)

,UFkSYih ifjorZu Δ H, bl izdkj gksxk %

Δ H = Δ U + Δ(pV) (9.6)

vFkok Δ H = Δ U + p Δ V + V Δ  p

;fn ifjorZu fLFkj nkc ij fd;k tk, rks  Δ p = 0. rc lehdj.k 9-6 bl izdkj gks tk,xkA
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jlk;fud ÅtkZ foKku Δ H = Δ U + p Δ V (fLFkj nkc ij) (9.7)

lehdj.k 9-3 ls Δ U dk eku lehdj.k 9-7 esa j[kus ij %

Δ H = q – p Δ V + p Δ V

      = q (fLFkj nkc ij)

ge fLFkj nkc ij q dks q
p
 ls n'kkZrs gSaA vr%

Δ H = q
p

(9.8)

lehdj.k 9-8 ls Kkr gksrk gS fd fLFkj nkc ij Å"ek ifjorZu dks eki dj fdlh Hkh izØe
osQ ,UFkSYih ifjorZu dks ekik tk ldrk gSA

9-4-5 ΔΔΔΔΔr H rFkk ΔΔΔΔΔr U osQ ijLij lacaèk

nzoksa rFkk Bkslksa osQ fy, Δ
r
H vkSj Δ

r
U osQ chp vUrj cg+qr egRoiw.kZ ugha gksrk ijUrq xSlksa osQ

fy, ;g vUrj egRoiw.kZ gksrk gS tSls fd ge ;gk¡ ij ns[krs gSaA

ekuk fLFkj nkc rFkk rki ij V
A
] xSlh; vfHkdkjdksa dk oqQy vk;ru gS]

V
B
, xSlh; mRiknksa dk oqQy vk;ru gS]

n
A
, xSlh; vfHkdkjdksa osQ eksyksa dh la[;k gS

rFkk n
B
, xSlh; mRiknksa osQ eksyksa dh la[;k gSA rc vkn'kZ xSl fu;e dh lgk;rk ls ge fy[k

ldrs gSa fd %

pV
A
 = n

A
RT (9.9)

pV
B
 = n

B
RT (9.10)

lehdj.k 9.9 dks lehdj.k 9.10 ls ?kVkus ij]

p V
B
 – pV

A
 = n

B
 RT – n

A
 RT = (n

B
 – n

A
) RT

p (V
B
 – V

A
) = p Δ V = Δ n

g
RT

fLFkj nkc ij]

Δ H = Δ U + p Δ V

blfy, Δ H = Δ U + Δ n
g
 RT tgk¡

Δ n
g
 = (xSlh; mRiknksa osQ eksyksa dh la[;k)μ(xSlh; vfHkdkjdksa osQ eksyksa dh la[;k)

bl izdkj] ge Δ H ls Δ U dk eku rFkk Δ U ls Δ H dk eku Kkr dj ldrs gSaA

Bkslksa rFkk nzoksa osQ fy, Δ V  dk eku cgqr de gksrk gS] vr%  p Δ V  in dks NksM+k tk ldrk
gS vkSj blfy, Δ H yxHkx Δ U osQ cjkcj gh gksxkA
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jlk;fud ÅtkZ foKku

ikBxr iz'u 9.1

1. fuEufyf[kr dFkuksa esa dkSu&lk dFku vlR; gS ?

(d)  H
2
(g) + Cl

2
(g) →  2HCl (g) + 185 kJ

    ;g Å"ek'kks"kh vfHkfØ;k gSA

([k) ,UFkSYih ifjorZu voLFkk&iQyu gSA

(x) xSlh; fudk; osQ fy, ekud voLFkk fLFkfr fof'k"V rki ij vkSj 1 ckj nkc ij
fufnZ"V dh tkrh gSA

2. 298 K ij fuEufyf[kr vfHkfØ;k osQ fy,

1

2
 N

2
(g) + 

3

2
 H

2
 (g) →  NH

3
(g) ; Δ H = - 46 kJ

(d) Δn
g
 dk eku fdruk gS?

([k) 298 K ij Δ U dk eku ifjdfyr dhft,A

3. fuEufyf[kr esa ls fdlosQ dkj.k fudk; dh vkarfjd ÅtkZ esa o`f¼ gksxh?

(d) fudk; dks nh xbZ m"ek

([k) fudk; }kjk fd;k x;k dk;Z

 9-5 vfHkfØ;kvksa dh ekud ,UFkSYih

Δ 
r
H = H

mRikn
 – H

vfHkdkjd

tc H
mRikn

] ls H 
vfHkdkjd

 vfèkd gksrk gS rks Δ H èkukRed gksrk gS vkSj vfHkfØ;k esa Å"ek vo'kksf"kr
gksrh gSA vr% vfHkfØ;k Å"ek'kks"kh gksxhA mnkgj.kkFkZ

H
2
(g) + I

2
(g) →  2 HI (g); Δ

r
H = 52.5 kJ

tc H
vfHkdkjd

 ls H
mRikn

 de gksrk gS rks Δ H dk eku Í.kkRed gksrk gS vkSj vfHkfØ;k esa Å"ek
mRiUu gksrh gSA vr% vfHkfØ;k Å"ek{ksih gksxhA mnkgj.kkFkZ

CH
4
(g) + 2 O

2
(g) →  CO2(g) + 2 Η2Ο (l); Δ

r
H = – 890.4 kJ

nkc vkSj rki osQ lkFk vfHkfØ;k dh ,UFkSYih esa ifjorZu gksrk gSA vfHkfØ;kvksa dh ,UFkSYih
dks inkFkksZa dh ekud voLFkk esa O;Dr djuk lqfoèkktud jgrk gSA ekud voLFkk dks igys
Li"V fd;k tk pqdk gSA tc inkFkZ ekud voLFkk esa gksrs gSa rks vfHkfØ;k ,UFkSYih dks vfHkfØ;k
dh ekud ,UFkSYih dgrs gSaA ekud vfHkfØ;k ,UFkSYih fdlh vfHkfØ;k dk og ,UFkSYih
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jlk;fud ÅtkZ foKku ifjorZu gksrk gS tcfd ekud rki vkSj nkc ij vfHkdkjd vkSj mRikn viuh ekud voLFkk
esa gksrs gSaA bls Δ

r
 H 0  }kjk O;Dr fd;k tkrk gSA

9.5.1 laHkou ,UFkSYih (DfH
0)

tc vfHkdkjd rRo vkSj fufeZr mRikn lHkh ekud voLFkk esa gksrs gSa rks jklk;fud vfHkfØ;k
osQ lkFk gksus okyk ,UFkSYih ifjorZu ekud laHkou ,UFkSYih dgykrk gS vkSj mls Δf H

0 }kjk O;Dr
fd;k tkrk gSA ifjikVh osQ vuqlkj] ekud voLFkk esa fdlh rRo dh ekud laHkou ,UFkSYih dks
'kwU; ekuk tkrk gSA

mnkgj.k osQ fy,

C
(xzsiQkbV)

 + O
2
(g) →  CO

2
 (g) ; Δf H

0 = – 393.5 kJ mol–1

bldk vFkZ ;g gqvk fd dkcZu MkbvkWDlkbM vius rRoksa ls mudh lcls LFkkbZ voLFkkvksa
ls fufeZr gksrh gSμdkcZu xzsiQkbV osQ :i esa 1 ckj nkc vkSj lkekU; rki ij gksrk gS vkSj
O

2
 rFkk CO

2
 xSlksa osQ :i esa 1 ckj nkc ij gSaA

9.5.2 ngu ,UFkSYih (ΔΔΔΔΔcomb H0)

mnkgj.k osQ fy,

C
2
H

5
OH(l) + 3O

2
(g) →  2CO

2
(g) + 3H

2
O(l) ; Δ

comb
 H 0 = – 1365.6 kJ mol–1

C
2
H

5
OH(l) dh ngu ,UFkSYih – 1365.6 kJ mol–1 gSA

9.5.3 mnklhuhdj.k ,UFkSYih (ΔΔΔΔΔneut H
0)

mnkgj.k osQ fy,

H+ (aq) + OH– (aq) → H
2
O (l) ; Δ

neut
 H = –57 kJ mol–1

izcy vEy dh izcy {kkj osQ lkFk mnklhuhdj.k ,UFkSYih lnSo fLFkj gksrh gS ftldk eku
–57kJ mol–1 gksrk gSA fdUrq izcy vEy dk nqcZy {kkj vkSj nqcZy vEy dk izcy {kkj osQ
lkFk mnklhuhdj.k&,UFkSYih dk eku fHkUu gksxk D;ksafd nqcZy vEyksa vkSj nqcZy {kkjdksa osQ
vk;uu dh ek=kk fHkUu gksrh gSA

9.5.4 ijek.kq d.ku dh ,FkSYih (ΔΔΔΔΔa H0)

mnkgj.kr%

(i) C(xzsiQkbV) ⎯→  C(g) 0
aΔ H  = 716.68 kJ mol–1

rRoksa dh Bksl voLFkk ;g mèoZikru dh ,FkSYih ds cjkcj gksrk gS

(ii) CH4(g) ⎯→  C(g) + 4H(g) 0
aΔ H  = 1660 kJ mol–1
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jlk;fud ÅtkZ foKku(iii) Hg(l) ⎯→  Hg(g)  0
aΔ H  = 61.32 kJ mol–1

rRoksa dh nzoh; voLFkk esa ;g ok"ihdj.k dh ,FkSYih ds cjkcj gksrk gSaA

9.5.5 laØe.k dh ,FkSYih (pj.k ifjorZu) (ΔΔΔΔΔtrs H
0)

pj.k ifjorZu@laØe.k ,d lkekU; in fuEufyf[kr :i esa 'kkfey fd;k tkrk gSA

i zØe dk uke izØ; fof'k"V ladsr

(i) mèoZikru Bksl ⎯→  xSl 0
subΔ H

(ii) ok"i.k nzo ⎯→  xSl 0
vapΔ H

(iii)xyu Bksl ⎯→  nzo 0
fusΔ H

(iv)laØe.k Bksl (,d fØLVyh; 0
trsΔ H

voLFkk) ⎯→  Bksl
(nwljh fØLVykbu :i)

mnkgj.k:

(i) Hg(l) ⎯→ Hg(g) 0 0
trs vapΔ /ΔH H  = 61.32 kJ mol–1

(ii) H2O(l) ⎯→ H2O(g) 0 0
trs vapΔ /ΔH H  = 4079 kJ mol–1

(iii) H2O(s) ⎯→ H2O(g) 0 0
trs subΔ /ΔH H = 6.01 kJ mol–1

(iv) C(xzsiQkbV) ⎯→ C(ghjk) 0
trsΔ H = 1.90 kJ mol–1

9.5.6 foy;u dh ,FkSYih (ΔΔΔΔΔsol H
0)

foyk;d dh ek=kk dks blds eksy esa gh n'kkZ;k tkrk gS tc fd ,d eksy foys;d
dks foys; fd;k tkrk gS mnkgj.k

(i) HCl(g) + 10H2O(l) ⎯→ HCl .10 H2O 0
solΔ H  = –69.5 kJ mol–1

(ii) HCl(g) + 25H2O(l) ⎯→ HCl .25 H2O 0
solΔ H  = –72.2 kJ mol–1
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jlk;fud ÅtkZ foKku 9.5.7 vk;uu dh ,FkSYih (ΔΔΔΔΔion H0)

mnkgj.k:

HCN(aq) ⎯→ H+(aq) + CN–(aq) 0
ionΔ H  = 43.7 kJ mol–1

9.6 Å"ekjlk;u osQ fu;e

Å"ekjlk;u osQ nks fu;e gSaA ;s ysoksft;j ykIykl fu;e vkSj gsl dk fLFkj Å"ek ladyu
dk fu;e gSA

ysoksft;j ykIykl fu;e : tc fdlh jklk;fud lehdj.k dks foijhr :i ls fy[kk tkrk
gS] rks Δ

r
H dk fpÉ cny tkrk gSA mnkgj.kkFkZ]

N
2
 (g) + O

2
 (g) → 2NO (g); Δ

r
H = 180.5 kJ

2NO (g) → N
2
 (g) + O

2
 (g); Δ

r
H = –180.5 kJ

gsl dk fLFkj Å"ek ladyu fu;e : gsl fu;e osQ vuqlkj fdlh vfHkfØ;k dh ,UFkSYih
eè;orhZ inksa dh la[;k vkSj izÑfr ij fuHkZj ugha djrh gSA

vkius i<+k gS fd vfHkfØ;k %

C (xzsiQkbV) + O
2
(g) →  CO

2
(g)

dk ekud ,UFkSYih ifjorZu – 393.5 kJ mol–1 gSA ;g eku ,d oSQyksjhehVj dh lgk;rk ls
tkuk tk ldrk gSA ;|fi oqQN vfHkfØ;k,¡ ,slh gSa ftudk iz;ksx'kkyk esa izR;{k ,UFkSYih&ekiu
laHko ugha gSA mnkgj.kkFkZ] vfHkfØ;k

C (vfHkfØ;k) + 
1

2
 O

2
 (g) →  CO (g)

osQ ekud ,UFkSYih ifjorZu dks oSQyksjhehVj dh lgk;rk ls ekiuk laHko ugha gS D;ksafd vkWDlhtu
dh vfèkdrk osQ fcuk dkcZu dk iw.kZ ngu ugha gksrkA ijUrq ;fn vkWDlhtu dh vfèkdrk dk
iz;ksx fd;k tk, rks oqQN CO dk CO

2
 esa vkWDlhdj.k gks tkrk gSA vr% bl izdkj dh

vfHkfØ;kvksa ftuosQ fy, izR;{k ekiu laHko ugha gS] dk ,UFkSYih ifjorZu oSQls Kkr fd;k
tk,\

pw¡fd Δ H ,d voLFkk&iQyu gS vr% mldk eku bl ij fuHkZj ugha djrk fd vfHkfØ;k
fdl izdkj dh tk,A vkb,] vfHkfØ;k dks bl izdkj djsa %

(1) igys fuEufyf[kr vfHkfØ;k djsa vkSj ekuk fd bl vfHkfØ;k dk ,UFkSYih ifjorZu Δ
r
H

1
0

gSA

C (xzsiQkbV) + O
2
 (g) →  CO

2
 (g); Δ

r
H

1
0 = –393.5 kJ izfr eksyA
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jlk;fud ÅtkZ foKku(2) vc ml vfHkfØ;k dks fy[ksa ftlosQ fy, vfHkfØ;k ,UFkSYih ifjorZu Kkr djuk gSA
ekuk ;g Δ

r
H

2
0 gSA

C (xsziQkbV) + 
1

2
 O

2
 (g) →  CO(g); Δ

r
H

2
0 = ?

(3) vc fuEufyf[kr vfHkfØ;k djsa ftldk vfHkfØ;k ,UFkSYih ifjorZu] ekuk] Δ
r
H

3
0 gSA

CO(g) + 
1

2
 O

2
(g) →  CO

2
(g); Δ

r
H

3
0 = – 283.0 kJ

geus dkcZu vkSj vkWDlhtu ls CO
2
(g) mRikn nks ekxksZa ls izkIr fd;k gS] igyk pj.k (1)

ls vkSj nwljk pj.k (2) + (3) lsA

gsl fu;e osQ vuqlkj

Δ
r
 H

1
0 = Δ

r
 H

2
0 + Δ

r
 H

3
0

vFkok

Δ
r
 H

2
0 = Δ

r
 H

1
0 – Δ

r
 H

3
0

fp=k 9.4 esa dkcZu vkSj vkWDlhtu osQ CO
2
 esa ifjorZu osQ oSdfYid iFk fn[kk, x, gSaA

vfHkdkjd xzsiQkbV= C ( ) + O (g)2

C ( ) + O (g)xzsiQkbV 2

�,H°2
C + O (g) CO(g)( ) �xzsiQkbV 2

1
2

CO(g) + O (g)2

1
2

iFk II
�,H°3iFk I

mRikn 2= CO (g)

�,H°1

fp=k 9-4% dkcZu vkSj vkWDlhtu osQ dkcZu MkbvkWDlkbM esa ifjorZu osQ oSdfYid iFk

gsl fu;e ls ;g ifj.kke fudyrk gS fd chtxf.krh; lehdj.kksa dh Hkk¡fr Å"ekjklk;fud
lehdj.kksa dks Hkh tksM+k vFkok ?kVk;k tk ldrk gS ftlls okafNr vfHkfØ;k izkIr gksrh gSA
bl fu;e dk ,d O;kogkfjd vuqiz;ksx ;g gS fd blls mu vfHkfØ;kvksa osQ ,UFkSYih&ifjorZu
ifjdfyr fd, tk ldrs gSa ftudk lhèkk vè;;u ugha fd;k tk ldrk gS tSlk fd geus
vHkh mijksDr fLFkfr esa ns[kk FkkA

bl vfHkfØ;k osQ ,UFkSYih&ifjorZu dks Kkr djus osQ fy, ge Δ
r
 H0 osQ Kkr ekuksa dks

chtxf.krh; fofèk ls tksM+rs gSa ftl izdkj Lo;a vfHkfØ;kvksa dks tksM+rs gSaA
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jlk;fud ÅtkZ foKku vr% C(xzsiQkbV) + O
2
 (g) →  CO

2
 (g) ; Δ

r
H

1
0 = –393.5 kJ mol–1

– [C(xzsiQkbV) + 
1

2
 O

2
(g) →  CO

2
 (g)]; Δ

r
 H

3
0 = – 283.0 kJ mol–1

C(xsziQkbV) + 
1

2
 O

2
 (g) →  CO(g) ; Δ

r
 H

2
0 = [ ]( 393.5) ( 283.0)− − −

= –110.5 kJ mol–1

mnkgj.k 9.1:  Xywdkst osQ ngu ls mRiUu ÅtkZ fuEufyf[kr lehdj.k esa nh xbZ gS %

C
6
H

12
O

6
 (s) + 6O

2
(g) → 6CO

2
 (g) + 6H

2
O(l); Δ

ngu
H = – 2840 kJ mol–1

1.08 g Xywdkst osQ mRiknu osQ fy, fdruh ÅtkZ dh vko';drk gksxh\

gy : Xywdkst dks mRØe vfHkfØ;k }kjk cuk;k tk,xk vFkkZr~

6 CO
2
(g) + 6H

2
O (l) →  C

6
H

12
O

6
 (s) + 6 O

2
 (g) ; Δ H = 2840 kJ mol–1

;g lehdj.k 1 eksy Xywdkst (180 g Xywdkst) osQ fy, gSA

180 g Xywdkst cukus osQ fy, ÅtkZ = 2840 kJ

∴ 1.08 g Xywdkst cukus osQ fy, ÅtkZ dh vko';drk

= 
2840 kJ

180 g
 × 1.08 g  = 17.04 kJ

mnkgj.k 9.2 : ,Fksu dh ekud laHkou ,UFkSYih ifjdfyr dhft,A fn;k gS %

C(xzsiQkbV) + O
2
(g) →  CO

2
 (g) ; Δ

f
 H0 = – 394 kJ mol-1

H
2
(g) + 

1

2
 O

2
 (g) →  H

2
O(l); Δ 

f
H0 = – 286 kJ mol-1

C
2
H

6
(g) + 

7

2
 O

2
 (g) →  2CO

2
(g) + 3H

2
O (l); Δ

r
 H0 = – 1560 kJ mol-1

mnkgj.k : fn;k gS&

C(xzsiQkbV) + O
2
(g) → CO

2
(g) ; Δ

r
H0

1
 = –394 kJ mol–1 (1)

H
2
(g) + 

1

2
 O

2
(g) → H

2
O(l) ; Δ

r
H0

2
 = – 286 kJ mol–1 (2)

C
2
H

6
(g) + 

7

2
 O

2
(g) → 2CO

2
(g) + 3H

2
O(l) ; Δ

r
H0

3
 = –1560 kJ mol–1 (3)
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jlk;fud ÅtkZ foKkuokafNr lehdj.k

2C(xzsiQkbV) + 3H
2
(g) →  C

2
H

6
(g) ; Δ

f 
H0 = ? (4)

bl lehdj.k dks izkIr djus osQ fy, lehdj.k (1) dks 2 rFkk lehdj.k (2) dks 3 ls xq.kk
djosQ nksuksa lehdj.kksa dks tksfM+,A ge izkIr djrs gSa fd

2C(xzsiQkbV) + 3H
2
(g) + 

7

2
O

2
(g) →  2CO

2
(g) + 3H

2
O(l) ; Δ

r
H0

5
 = –1656 kJ mol–1  (5)

(tgk¡ Δ
r
H0

5
 = 2Δ

r
H0

1
 + 3Δ

r
H0

2
 = 2 × (–394) + 3 × (–286) = –1656 kJ/mol)

lehdj.k (4) dks izkIr djus osQ fy, lehdj.k (5) esa ls lehdj.k (3) dks ?kVkb,A bl
izdkj]

2C(xzsiQkbV) + 3H
2
(g) → C

2
H

6
(g) ;

tgk¡ Δ
f  
H0 = –1656 – (–1560) = –96 kJ mol–1

vr% ,Fksu dh ekud laHkou ,UFkSYih –96 kJ mol–1 gSA

       ikBxr iz'u 9.2

1. fuEufyf[kr esa dkSu&lk lR; gS\

(d) tc fdlh inkFkZ dk ,d xzke mlosQ rRoksa ls tksfd vius lcls LFkkbZ :i esa gksrs
gSa] curk gS rks mRiUu vFkok vo'kksf"kr Å"ek dks laHkou ,UFkSYih dgrs gSaA

([k) tc H+ (aq) dk ,d eksy rFkk OH— (aq) dk ,d eksy ijLij fØ;k djrs gSa rks
57.1kJ ÅtkZ vo'kksf"kr gksrh gSA

(x) fuEufyf[kr Å"ekjklk;fud lehdj.k esa]

C(xzsiQkbV) + O
2
 (g) →  CO

2
(g) ; Δ

f 
H0 = –394 kJ mol–1

Δ 
f
H0 dks CO

2
(g) dh laHkou ,UFkSYih dgrs gSaA

2. 29.0 xzke C;wVsu osQ iw.kZ ngu esa gksus okys ,UFkSYih ifjorZu dks ifjdfyr dhft,] ;fn

C
4
H

10
(g) + 

3

2
O

2
 (g) →  4CO

2
 (g) + 5H

2
O (l) ; Δ

ngu
 H0 = – 2658 kJ

3. fuEufyf[kr vfHkfØ;k dh ekud ,UFkSYih ifjdfyr dhft, %

2H
2
S(g) + SO

2
(g) →  3S (s) + 2H

2
O (l)

fn;k gS %



jklk;fud Å"ekxfrdh

fVIif.k;k¡

jlk;u foKku 268

ekWM~;wy - 4

jlk;fud ÅtkZ foKku Δ
f 
H0 (H

2
S) = – 20.6 kJ mol–1

Δ
f  
H0 (SO

2
) = – 296.9 kJ mol–1

Δ
f  
H0 (H

2
O) = – 289.9 kJ mol–1

9.7 vkcaèk ,UFkSYih

vkius ns[kk fd ,d jklk;fud vfHkfØ;k esa ÅtkZ ;k rks vo'kksf"kr gksrh gS vFkok mRiUu
gksrh gSA D;k vkidks bl ÅtkZ lzksr osQ mn~xe dh tkudkjh gS\ vki tkurs gSa fd jklk;fud
vfHkfØ;kvksa esa vkcaèk VwVrs gSa rFkk u, vkcaèk curs gSaA vfHkdkjdksa osQ vkcaèkksa osQ VwVus ls
vkSj mRiknksa osQ u, vkcaèkksa osQ cuus esa ÅtkZ&ifjorZu gksrs gSaA bl izdkj] fdlh jklk;fud
vfHkfØ;k esa gksus okys ÅtkZ&ifjorZu vkcaèkksa osQ VwVus vkSj cuus osQ iQyLo:i gksrs gSaA vkb,
xSlh;] vfHkfØ;kvksa ij fopkj djsa] D;ksafd muesa osQoy vkcaèkksa osQ VwVus vkSj cuus osQ dkj.k
gh ÅtkZ&ifjorZu gksrs gSaA

mPp rki ij gkbMªkstu v.kq fo;ksftr gksdj ijek.kq cukrs gSa tSls %

H
2
(g) →  H (g) + H(g) ; Δ

r
H = 435 kJ mol–1

bl vfHkfØ;k esa vo'kksf"kr Å"ek gkbMªkstu ijek.kqvksa dks ijLij vkcaf/r djus okys jklk;fud
vkcaèkksa dks rksM+us esa iz;qDr gksrh gSA H

2
(g) osQ tSls f}ijek.kqd v.kqvksa osQ fy, ge ^vkcaèk

fo;kstu ÅtkZ* dks bl izdkj ifjHkkf"kr djrs gSa%

vkcaèk fo;kstu ÅtkZ (bond dissociation enthalpy)] vfHkfØ;k dk og ,UFkSYih
ifjorZu gksrk gS ftlesa xSlh; v.kq] xSlh; ijek.kqvksa ls i`Fkd gks tkrs gSaA

vkb,] vc H
2
O(g) tSls cgqijek.kqd v.kq ij fopkj djsaA blosQ ,d v.kq osQ fo;kstu ls

,d ijek.kq vkSj ,d ijek.k&lewg] ftls ewyd dgrs gSa] izkIr gksrs gSaA tSls fd %

H
2
O (g) →  H (g) + OH (g) ; Δ

r
H0 = 502 kJ mol–1

OH(g) →  O(g) + H (g) ; Δ
r
H0 = 427 kJ/mol–1

igyh vfHkfØ;k esa] H
2
O (g) osQ nks OH vkcaèkksa esa ls ,d fo;ksftr gksrk gS ftldk ,UFkSYih

ifjorZu 502 kJ mol–1 gS vkSj nwljh vfHkfØ;k esa] nwljs OH vkcaèk dk fo;kstu gksrk gS ftlesa 427

kJ mol–1 ,UFkSYih ifjorZu gksrk gSA ;g Li"V gS fd O–H vkcaèk dh vkcaèk fo;kstu ÅtkZ
vius i;kZoj.k osQ vuqlkj fHkUu gksrh gS ijUrq varj cgqr vfèkd ugha gksrkA ge] cgqijek.kqd
v.kqvksa osQ ekeys esa vkSlr eku (bl ekeys esa 464.5 kJmol–1) ysrs gSa vkSj mls vkcaèk ,UFkSYih
(bond enthalpy) dgrs gSaA

fofHkUu xSlh; ;kSfxdksa esa fo|eku vkcaèkksa osQ ,d eksy dks fo;ksftr djus esa ,UFkSYih
ifjorZu dh vkSlr ek=kk dks vkcaèk ,UFkSYih dgrs gSaA

vc vkidks vkcaèk fo;kstu ,UFkSYih vkSj vkcaèk ,UFkSYih osQ chp fHkUurk dh tkudkjh gks
xbZ gSA vkcaèk fo;kstu ,UFkSYih dk vFkZ fdlh fof'k"V v.kq esa fof'k"V vkcaèk dk Hkatu djuk
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jlk;fud ÅtkZ foKkugS tcfd vkcaèk ,UFkSYih fdlh fo'ks"k izdkj osQ vkcaèk osQ fy, vkcaèk fo;kstu ÅtkZvksa dk
vkSlr eku gksrk gSA oqQN vkcaèkksa dh vkcaèk ,UFkSfYi;ksa dh lwph rkfydk 9-1 esa nh xbZ gSA

vkcaèk ,UFkfSYi;ksa (B.E.) osQ mi;ksx }kjk] xSlh; ijek.kqvksa }kjk fdlh xSlh; v.kq osQ cuus esa eqDr
ÅtkZ dk vkdyu fd;k tk ldrk gSA mnkgj.kkFkZ] fLFkj nkc ij fuEufyf[kr vfHkfØ;k esa eqDr
ÅtkZ (Δ

r
H):

3H(g) + C(g) + Cl(g) →  CH
3
Cl(g)

rhu C – H vkcaèkksa vkSj ,d C – Cl vkcaèk dh ÅtkZvksa dk ;ksx gksrk gSA blesa ÅtkZ eqDr
gksrh gS] vr% lcosQ fpUg Í.kkRed gksaxsA rkfydk 9.1 ls vkcaèk ,UFkSfYi;ksa (B.E.) osQ eku
j[kus ij] gesa izkIr gksrk gS]

Δ
r
H = – 3 × B.E. (C – H) – B.E. (C – Cl)

       = (–3 × 415 – 335) kJ mol–1

       = (–1245 – 335) kJ mol–1

       = – 1580 kJ mol–1

vc ge ns[ksaxs fd tc oSQyksjhehVj ls lhèks vk¡dM+s miyCèk u gksa rks vfHkfØ;k dh ,UFkSYih
vkdyu osQ fy, vkcaèk ,UFkSYih vk¡dM+ksa dk mi;ksx oSQls fd;k tkrk gSA è;ku nhft, fd
Hkkx 9-7 esa geus vfHkfØ;k ,UFkSYih osQ vkdyu osQ fy, laHkou ,UFkSYih osQ vk¡dM+ksa dk
mi;ksx fd;k FkkA lS¼kafrd :i esa fdlh xSlh; voLFkk esa gksus okyh jklk;fud vfHkfØ;k
osQ Δ

r
H dk ifjdyu djus osQ fy, vkcaèk ,UFkSYih vk¡dM+ksa dk mi;ksx fd;k tkrk gS] blosQ

fy, vfHkdkjd vkcaèkksa osQ VwVus eas vkSj mRikn osQ vkca/ksa osQ cuus esa eqDr ÅtkZ osQ varj
dk mi;ksx fd;k tkrk gSA

Δ
r
H = Σ B.E. (vfHkdkjd) – Σ B.E. (mRikn) (9.10)

rkfydk 9.1 : vkSlr vkcaèk ,UFkSfYi;k¡

vkcaèk vkcaèk ,UFkSYih (kJ mol-1)

H – H 435

C – H 415

C – Br 284

C – C 356

C = C 598

Br – Br 193

Cl – Cl 242

C – Cl 339

F – F 155

H – Cl 431

H – O 462

H – N 390
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jlk;fud ÅtkZ foKku H – F 563

H – Br 366

H – I 296

C – O 355

C = O 723

C – N 391

C = N 619

C ≡  N 878

C ≡  C 832

mnkgj.k 9.3 : fuEufyf[kr vfHkfØ;k dh ,UFkSYih ifjdfyr djus osQ fy, rkfydk 9.1 esa
fn, x, vkcaèk ,UFkSYih vk¡dM+ksa dk mi;ksx dhft,A

CH
3
 (g) + Cl

2
 (g) →  CH

3
Cl (g) + HCl (g)

gy : 1. lajpukRed lw=kksa esa lehdj.k fyf[k, %

H – C – H + Cl – Cl

H

H

H – C – Cl + H – Cl

H

H

2. lehdj.k esa foHkDr vkcaèkksa vkSj fufeZr vkcaèkksa dh lwph cukb, %

H – C – H + Cl – Cl

H

H

H – C – Cl + H – Cl

H

H

foHkDr vkcaèkksa dh la[;kfufeZr vkcaèkksa dh la[;k
C – H = 4 C – Cl = 1
Cl – Cl = 1 H – Cl = 1

C – H = 3

3.  vfHkdkjdksa ,oa mRiknksa osQ vkcaèkksa dh vkcaèk ,UFkSfYi;ksa dk eku nhf[k, rFkk mUgsa lwphc¼
 dhft,A

vfHkdkjd mRikn

B.E. (C – H) = 435 kJ mol–1 B.E. (Cl – C) = 339 kJ mol–1

B.E. (Cl – Cl) = 242 kJ mol–1 B.E. (H – Cl) = 431 kJ mol–1

B.E. (C – H) = 435 kJ/mol–1
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jlk;fud ÅtkZ foKku4. lehdj.k 11.10 dk mi;ksx djsa %

vfHkfØ;k ,UFkSYih]  Δ
r 
H = Σ vkca/ ,UFkSYih (vk- ,-) (vfHkdkjd)

- Σ vkca/ ,UFkSYih [vk-,- (mRikn)]

= 4[vk-,- (C – H) + vk-,- (C – Cl)] – [vk-,- (C – Cl) + vk-,- (H – Cl) + 3 vk-,- (C – H)]

= [4 × 435 + 242] – [339 + 431 + 3 × 435] = – 93 kJ

vkb, vc ,slk mnkgj.k ysa ftlesa ge

(i) laHkou ,UFkSYih vk¡dM+ksa                 (ii) vkcaèk ,UFkSYih vk¡dM+ksa

dk iz;ksx djosQ vfHkfØ;k ,UFkSYih dks ifjdfyr djrs gSaA

mnkgj.k 9.4: fuEufyf[kr vfHkfØ;k osQ fy, Δ
r 
HO ifjdfyr dhft,

Cl
2
 (g) + 2HF (g) →  2HCl (g) +F

2
 (g)

(d) laHkou ,UFkSYih vk¡dM+ksa dk mi;ksx djus ij

Δ
f 
Hº (HCl) = – 92.5 kJ

Δ
f 
Hº (HF) = – 269 kJ

([k) vkcaèku ,UFkSYih vk¡dM+ksa dk mi;ksx djus ij

vk- ,- (H – Cl) = 431 kJ mol–1

vk- ,- (F – F) = 155 kJ mol–1

vk- ,- (H – F) = 563 kJ mol–10

vk- ,- (Cl – Cl) = 242 kJ mol–1

gy : (d) ;kSfxdksa dh laHkou ,UFkSYih dk mi;ksx djus ij

    Δ
r
H = [2Δ

f
Hº (HCl) + Δ

f
H

 
(F

2
)] – [2Δ

f
Hº (HF) + ∆

f
Hº(Cl

2
)]

= [2x (– 92.5) + 0] – [2x – (269) + 0] kJ

= – 185 kJ + 538 kJ = + 353 kJ

([k) vkcaèk ,UFkSfYi;ksa dk mi;ksx djus ij

Δ
r
Hº = ∑ vk-,- (vfHkdkjd vkcaèk) – ∑ vk-,- (mRikn vkcaèk)

= [vk-,- (Cl – Cl) + 2vk-,- (H – F)] – [2 vk-,- (H – Cl) + vk-,-

   (F – F)]

= [242 + 2 (563)] kJ – [2 × 431 + 155] kJ = 1368 kJ – 1017 kJ

   Δ
r 
Hº = 351 kJ

bu nks fHkUu fofèk;ksa }kjk ifjdfyr Δ
r 
HO dk eku yxHkx leku gSA
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jlk;fud ÅtkZ foKku

ikBxr iz'u 9.3

1. lR; vFkok vlR; crkb,%

(d) mRiknksa dh laHkou ,UFkSfYi;ksa osQ ;ksx esa ls vfHkdkjdksa dh laHkou ,UFkSfYi;ksa osQ ;ksx
dks ?kVkus ls vfHkfØ;k ,UFkSYih izkIr gksrh gSA

([k) fdlh rRo dh laHkou ,UFkSYih 'kwU; gksrh gSA

(x) tc dksbZ vfHkfØ;k vusd pj.kksa esa gksrh gS rks lEiw.kZ vfHkfØ;k dk ,UFkSYih ifjorZu
vfUre pj.k osQ ,UFkSYih ifjorZu osQ cjkcj gksrk gSA

(?k) cgqijek.kqd v.kqvksa dh vkcaèk ,UFkSYih vkSj vkcaèk fo;kstu ,UFkSYih leku gksrs gSaA

2. NH
3
 esa N – H dh vkcaèk ,UFkSYih ifjdfyr dhft,A fn;k gS %

1
2

 N
2
 (g) + 

3
2

 H
2
 (g) →  NH

3
(g) ; Δ

f 
Hº = – 46 kJ mol-1

1
2

 H
2
 (g) →  H (g); Δ

r 
Hº = 218 kJ mol–1

1
2

 N
2
 (g) →  N(g); Δ

r 
Hº = 973 kJ mol–1

3. fuEufyf[kr vfHkfØ;k dhs ,UFkSYih dks ifjdfyr dhft,%

H
2
 (g) + Cl

2
 (g) →  2HCl (g)

fn;k gS

vkcaèk ,UFkSYih (H - H) = 435 kJ mol-1

vkcaèk ,UFkSYih (Cl - Cl) = 242 kJ mol-1

vkcaèk ,UFkSYih (H - Cl) = 431 kJ mol-1

       vkius D;k lh[kk

HkkSfrd lef"V osQ ftl Hkkx dk vè;;u fd;k tkrk gS og fudk; dgykrk gS tcfd
lef"V dk 'ks"k Hkkx ifjos'k dgykrk gSA

fo;qDr fudk; ml fudk; dks dgrs gSa tks ifjos'k osQ lkFk u rks nzO; vkSj u gh ÅtkZ
dk fofue; dj ldrk gSA

lao`r fudk; ml fudk; dks dgrs gSa tks ifjos'k osQ lkFk ÅtkZ dk fofue; rks dj ldrk
gS fdUrq nzO; dk fofue; ugha dj ldrkA
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jlk;fud ÅtkZ foKkufoo`r fudk; ml fudk; dks dgrs gSa tks ifjos'k osQ lkFk ÅtkZ vkSj nzo] nksuksa dk fofue;
dj ldrk gSA

voLFkk iQyu os iQyu gksrs gSa tks osQoy fudk; dh vkjafHkd vkSj vafre voLFkk ij
fuHkZj djrs gSaA

ek=kkfJr xq.kèkeZ fudk; esa mifLFkr nzO;eku dh ek=kk ij fuHkZj djrs gSa tcfd ek=kk
Lora=k xq.kèkeZ fudk; osQ nzO;eku dh ek=kk ij fuHkZj ugha djrs gSaA

tc fdlh izØe osQ nkSjku fudk; dk rki fLFkj j[kk tkrk gS rc ,sls izØe dks lerki
izØe dgrs gSaA

#¼ks"e izØe esa fudk; vkSj ifjos'k osQ chp dksbZ Å"ek fofue; ugha gksrk gSA

mRØe.kh; izØe mu izØeksa dks dgrs gSa ftuesa ifjorZu brus èkhjs&èkhjs gksrs gSa fd fudk;
vkSj ifjos'k lnSo lkE;koLFkk esa jgrs gSaA

Å"ek{ksih vfHkfØ;k,¡ os vfHkfØ;k,¡ gSa ftuesa Å"ek mRiUu gksrh gSA

Å"ek'kks"kh vfHkfØ;k,¡ os vfHkfØ;k,¡ gSa tks ifjos'k ls Å"ek dk 'kks"k.k djrh gSaA

Å"ekxfrdh osQ igys fu;e osQ vuqlkj u rks ÅtkZ mRiUu dh tk ldrh gS vkSj u mls
u"V fd;k tk ldrk gSA

vkarfjd ÅtkZ fudk; esa mifLFkr lHkh ijek.kqvksa] v.kqvksa vFkok vk;uksa dh ÅtkZvksa dk
;ksx gksrk gSA

voLFkk iQyu ,UFkSYih (H) laca/ H = U + PV }kjk izkIr gksrh gSA

tc jklk;fud lehdj.k foijhr fn'kk esa fy[kk tkrk gS] rks Δ H dk fpÉ cny tkrk
gSA

vfHkfØ;k dh ,UFkSYih eè;orhZ pj.kksa dh la[;k vkSj izÑfr ij fuHkZj ugha djrh gSA

fofHkUu xSlh; ;kSfxdksa esa fo|eku fdlh fof'k"V vkcaèk osQ fy, vkcaèk fo;kstu ,UFkSfYi;ksa
dh vkSlr ek=kk dks vkcaèk ,UFkSYih dgrs gSa tcfd xSlh; voLFkk esa vkcaèkksa osQ ,d
eksy dk Hkatu fd;k tkrk gSA

ge vfHkdkjdksa dh oqQy ,UFkSYih dks H
vfHkdkjd

 rFkk mRiknksa dh oqQy ,UFkSYih dks H
mRikn

ekurs gSaA bu nks ,UFkSYih ekuksa dk varj] Δ H
h
, vfHkfØ;k dh ,UFkSYih gksrh gSA

tc fdlh 'kq¼ ;kSfxd dk ,d eksy vius rRoksa }kjk fufeZr gksrk gS rks mlesa gksus okys
,UFkSYih ifjorZu dks laHkou ,UFkSYih (enthalpy of formation) dgrs gSa vkSj bls  Δ

f

H0  }kjk O;Dr fd;k tkrk gSA

fn, x, rki vkSj 1 ckj nkc ij ,d eksy ;kSfxd osQ vkWDlhtu esa iw.kZ ngu ls gksus
okys ,UFkSYih ifjorZu (mRiUu Å"ek) dks ngu ,UFkSYih (enthalpy of combustion) dgrs
gSaA

tc ruq tyh; ekè;e esa ,d eksy gkbMªkstu vk;uksa (H+) dk ,d eksy gkbMªkWfDly
vk;uksa (OH–) }kjk mnklhuhdj.k gksdj ty cukrk gS rks ,UFkSYih&ifjorZu (mRiUu Å"ek)
dks mnklhuhdj.k ,UFkSYih (enthalpy of neutralization) dgrs gSaA

;g ,FkSYih esa ifjorZu gS tc inkFkZ ds ,d eksy ijek.kqvksa dk fn;s x;s rkieku
rFkk 1 ckj nkc ij muds v.kqvksa esa ifjorZu gksrk gSA
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jlk;fud ÅtkZ foKku ;g ,FkSyih esa ifjorZu gS tc inkFkZ ds ,d eksy dk ,d voLFkk ls nwljs
voLFkk esa fLFkj rkieku rFkk 1 ckj nkc ij ifjorZu gksrk gSA

;g ,FkSYih esa ifjorZu gS tc foys;d ds ,d eksy dks foyk;d ds ,d fof'k"V
ek=kk esa fLFkj rkieku rFkk 1 ckj nkc ij foys; fd;k tkrk gSA

;g ,FkSYih esa ifjorZu gksrk gS tc fLFkj rkieku rFkk ckj 1 nkc ij tc foy;u
,d eksy nqcZy fo|qr vi?kfVr fdlh foy;u esa iw.kZr;k vk;fur gks tkrk gSA

       ikBkUr iz'u

1. ,fFky ,sYdksgy] C
2
H

5
OH, dh ngu ,UFkSYih – 950 kJ mol–1 gSA ,d xzke ,fFky

,sYdksgy osQ ngu ij fdruh Å"ek mRiUu gksxh\

2. fn;k gS]

C
2
H

2
(g) + 

5

2
 O

2
 (g) →  2CO

2
 (g) + H

2
O(l) ; Δ

comb
H = – 1299 kJ mol–1

C(xzsiQkbV) + O
2
 (g) →  CO

2
(g) ; Δ

f
H = – 393 kJ mol–1

H
2
(g) + 

1

2
 O

2
(g) →  H

2
O (l) ; Δ

f
H = – 285.5 kJ mol–1

C
2
H

2
(g) dh laHkou ,UFkSYih ifjdfyr dhft,A

3. izksisu osQ ngu dh ,UFkSYih ifjdfyr dhft,A

C
3
H

8
 (g) + 5O

2
(g) →  3CO

2
(g) + 4H

2
O (l)

fn;k gS

H
2
(g) + 

1

2
 O

2
(g) →  H

2
O (l) ; Δ

f
H = – 285.5 kJ mol–1

C(s) + O
2
(g) →  CO

2
(g) ; Δ

f
H = – 393 kJ mol–1

3C (s) + 4H
2
(g) →  C

3
H

8
(g) ; Δ

f
H = – 104 kJ mol–1

4. tc 373K rki vkSj 1 ckj nkc ij H
2
 osQ nks eksy vkSj O

2
 dk ,d eksy dh ijLij

vfHkfØ;k ls xSlh; ty osQ nks eksy izkIr gksrs gSa rks oqQy 484 kJ ÅtkZ mRiUu gksrh
gSA ,d eksy xSlh; ty mRiUu djus osQ fy, (d) ΔH vkSj ([k) ΔU dk eku fdruk
gS\

5. vfHkfØ;k dh ,UFkSYih ifjdfyr dhft,A
2Na

2
O

2
 (s) + 2H

2
O (l) →  4NaOH (s) + O

2
 (g)
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jlk;fud ÅtkZ foKkuNaOH (s), Na
2
O

2
 (s) vkSj H

2
O(l) dh laHkou ,UFkSfYi;k¡ Øe'k% - 426.4 kJ

mol–1, 504 kJ mol–1 vkSj - 285 kJ mol-1 gSaA

6. xSlh; ,fFky ,sYdksgy dh laHkou Å"ek ifjdfyr dhft,A

2C (xzsiQkbV) + 3H
2
(g) + 

1

2
O

2
(g) → C

2
H

5
OH (g)

fn;k gS fd] xsziQkbV dh ÅèoZikru ,UFkSYih 714 kJ mol–1 gS vkSj  H – H, O = O, C

– C, C – H, C – O vkSj O – H dh vkcaèk ,UFkSfYi;k¡ Øe'k% 435 kJ mol–1, 498 kJ

mol–1,  347 kJ mol–1, 415 kJ mol–1, 355 kJ mol–1 vkSj 462 kJ mol–1 gSaA

ikBxr iz'uksa ds mÙkj

9-1

1. (d)

2. (d) Δ n = 1 – 
1
2

 – 
3
2

 = – 1

([k) Δ U = Δ H – Δ n RT

= 46000 (J mol–1) – (– 1) (8.314 Jk–1 mol–1) × (298 K)

= – 46000 (J mol–1) + 2247.6 (J mol–1) = – 43.5 kJ mol–1

3. (d)

9-2

1. (x)

2. – 1329 kJ

3. Δ
r 
Hº = 2 Δ

f 
Hº (H

2
O) – 2Δ

f
Hº (H

2
S) – Δ

f
Hº (SO

2
)     = – 241.7 kJ

9-3

1.  (d) lR; ([k) lR; (x) vlR; (?k) vlR;

2. Δ
r
Hº = ∑ vk-,- (vfHkdkjd vkcaèk) – ∑ vk-,- (mRikn vkcaèk)

;k – 46 (kJ mol–1) = 3 × 218 (kJ mol–1) + 973 (kJ mol–1) – vk-,- (NH
3
(g) vkcaèk

vk-,- (NH
3
(g) vkcaèk) = 1673 kJ mol–1

vk-,- (N – H) = 557.7 kJ mol–1

3. Δ
r 
Hº = – 185 kJ mol–1


