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izR;sd jklk;fud vfHkfØ;k esa ÅtkZ dk fofue; gksrk gSA jklk;fud inkFkksZa ds e/; ÅtkZ ds fofue; dk

v/;;u gh jklk;fud *ÅtkZ foKku^ dgykrk gSA

bl v/;k; esa Å"ekxfrdh ,oa Å"ek&jlk;u ds fu;e] vfHkfØ;k dh Å"ek ds izdkj] ,.VªkWih dh vo/kkj.kk

rFkk eqDr ÅtkZ ds ckjs esa v/;;u fd;k tkrk gSA

;g iqfLrdk bl v/;k; esa mi;ksx gksus okyh lHkh ladYiukRed (theory) rFkk izk;ksfxd O;k[;kvksa dks

lfEefyr j[krh gSA izR;sd VkWfid dh F;ksjh ds lkFk mnkgj.k fn;s x;s gSaA izR;sd VkWfid ds F;ksjh Hkkx

ds vUr esa lHkh rjg ds fefJr (miscellaneous) lkf/kr (solved) mnkgj.k fn;s gq, gSa] tks bl v/;k; dh

lHkh ladYiukvksa ds vuqiz;ksx dks Li"V djrs gSaA

fo|kfFkZ;ksa dks lykg nh tkrh gS] fd izR;sd fo|kFkhZ bu lHkh gy fd;s mnkgj.kksa dks vo'; i<+sa rFkk le>sa

,slk djus ls buls lEcfU/kr VkWfid dks vPNh rjg le>us esa enn feysxhA

         v/;k; esa dqy iz'uks dh la[;k gSa
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jklk;fud vfHkfØ;k,as] ÅtkZ ifjorZu ls lfUufgr gksrh gSA

dqN vfHkfØ;k,sa tSls vkDlhdj.k] ty;kstu bR;kfn ÅtkZ

fuekZ.k ls lacaf/kr gksrh gS tcfd vU; tSls ty vi?kVu]

vk;uhdj.k bR;kfn ÅtkZ xzg.k ls lEcfU/kr gksrh gSA

;g ÅtkZ ifjorZu cU/k fo[k.Mu rFkk cU/k fuekZ.k ls

lacaf/kr gksrk gSA vFkkZr~ fdlh Hkh jklk;fud vfHkfØ;k esa

fØ;kdkjd v.kqvksa ds cU/k fo[kf.Mr gksdj ¼ÅtkZ xzg.k½]

mRiknd v.kqvksa ds cU/k fuekZ.k ¼ÅtkZ mRltZu½ djrs gSA

foKku dh og 'kk[kk ftlesa jklk;fud vfHkfØ;k ds

nkSjku gksus okys ÅtkZ esa ifjorZu dk v/;;u fd;k

tkrk gS m"eh; jlk;u dgykrh gSA tcfd m"eh;

ÅtkZ rFkk mlds LFkkukUrj.k ds ckjs es v/;;u djuk

m"ekxfrdh dgykrh gSA

lkekU;r% dk;Z djus dh {kerk gh ÅtkZ dgykrh gS ;k

m"ek ds LFkkukUrj.k dh {kerk gh ÅtkZ gSA ;g eq[;r%

nks izdkj dh gksrh gSA

(i) : ;g fdlh Hkh oLrq dh xfr ls

lEcfU/kr ÅtkZ gS rFkk bldk ifjek.k fdlh Hkh oLrq

ds nzO;eku 'm' rFkk osx 'u' ij fuHkZj djrk gSA

vFkkZr % K.E. = 
2

1
mu2

(ii)  fdlh Hkh oLrq dh fLFkfr ls

lEcfU/kr ÅtkZ fLFkfrt ÅtkZ dgykrh gSA

3.1  

(i) ÅtkZ dh SI i}fr esa bdkbZ ^^twy** (J) gS :

1 twy - fdlh Hkh 2 kg ds d.k tks fd ekuk 1m/s

dh xfr ls xfr'khy gS] esa fufgr xfrt ÅtkZ

(K.E.) 1 twy gksxhA

(ii) ÅtkZ dh O;olkf;d bdkbZ = dSyksjh

1 dSyksjh % ÅtkZ dh og ek=k tks fd 1g ty dk

rkieku 1ºC c<+kus esa (14.5ºC ls 15.5ºC rd½

iz;qDr gksrh gS, 1 dSyksjh dgykrh gS

1 dSyksjh  = 4.18 twy

4.1 (System) :

czãk.M dk og fo'ks"k Hkkx ftldh okLrfod ;k dkYifud

lhek;sa gks rFkk ftlesa nkc (P) rFkk rki (T) bR;kfn dk

v/;;u fd;k tk ldsA

4.2 (Surrounding) :

fudk; ds lhekvksa ls tqM+rk gqvk czãk.M dk 'ks"k Hkkx

okrkoj.k dgykrk gS

czãk.M = fudk; + okrkoj.k

4.3

(i) : og fudk; ftldh loZ= ,d

tSlh izd`fr gks] rFkk tks fd ,d gh rjg dh izkoLFkk

dk cuk gqvk gksA

(ii) : og fudk; ftldh loZ= ,d

tSlh izd`fr ugha gks rFkk tks fd ,d ls vf/kd

izkoLFkk dk cuk gqvk gksA

4.4  

(i) : og fudk; ftlesa nzO;eku rFkk

ÅtkZ nksuksa dk fofue; okrkoj.k ds lkFk lEHko gksA

tSls - ikuh dk fdlh [kqys ik= esa mcyukA

(ii)  : og fudk; ftlesa ÅtkZ dk

okrkoj.k ds lkFk fofue; rks lEHko gks ysfdu

nzO;eku dk fofue; lEHko ugha gksA

tSls : fdlh lhYM V~;wc esa nzo dks xeZ djukA

(iii)  (Isolated system) : og fudk;

ftlesa u rks ÅtkZ] u gh nzO;eku dk fofue;

okrkoj.k ds lkFk lEHko gksA

tSls  : cUn Å"eh; ¶ykLd esa nzoA

4.5

(i) Intensive properties  : fdlh fudk; ds os xq.k

tks fd fudk; esa mifLFkr nzO; dh ek=k ij fuHkZj

ugha djrsA

tSls : rki] nkc] ?kuRo bR;kfnA

(ii) Extensive properties : fdlh fudk; ds os xq.k

tks fd fudk; esa mifLFkr nzO; dh ek=kk ij fuHkZj

djrs gSA

tSls % nzO;eku] vk;ru] ÅtkZ bR;kfnA
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4.6  :

ewyHkwr xq.k tSls nkc] vk;ru] rki] ÅtkZ] Å"eh;

ifjorZu] ,UVªksih bR;kfn tks fd fdlh Hkh fudk; dh

voLFkk dks iznf'kZr djrh gS voLFkk Qyu dgykrh gSA

5.1

(i) lEiw.kZ v/;;u ds nkSjku fudk; ds rkieku esa dksbZ

ifjorZu ugha gksrkA

(ii) vFkkZr~ dT = 0 rFkk dE = 0

5.2

(i) og izØe ftlesa Å"ek dk okrkoj.k rFkk fudk; ds

e/; dksbZ fofue; ugha gksrkA

(ii) vFkkZr q = 0

(iii) bl izØe dks fdlh Hkh fudk; dh lhekvksa dks

Insulation djds izkIr fd;k tk ldrk gSA

5.3

(i) og izØe ftlesa lEiw.kZ dk;ksZ ds i'pkr~ iqu%

izkjfEHkd voLFkk dks izkIr fd;k tk ldsA

(ii) vFkkZr~ E = 0 rFkk H = 0

5.4

(i) og izØe ftlesa fudk; dk vk;ru lEiw.kZ v/;;u

ds nkSjku fuf'pr ¼fu;r½ jgrk gSA

(ii) vFkkZr~ V = 0

5.5 

(i) og izØe ftlesa fudk; dk nkc fu;r jgrk gSA

(ii) vFkkZr P = 0

5.6

og izØe ftles fudk; ds fdlh ,d Hkkx esa gksus okys

lEiw.kZ ifjorZu mRØe.kh; gks tk;s tcfd izØe dks Bhd

foijhr fn'kk esa pyk;k tk;sA ;g izØe esa cgqr /kheh

xfr ds lkFk ifjorZu ls lEcfU/kr gksrk gS

5.7

og izØe ftlesa fudk; ds fdlh ,d Hkkx esa gksus okys

lEiw.kZ ifjorZu mRØe.kh; ugha gksA ;g izØe esa cgqr

rsth ds lkFk ifjorZu ls lEcfU/kr gksrk gSA

5.8

: ;g lkekU;r% nks Qyuksa ds xq.kuQy dks O;Dr

djrk gSA

W = rhozrk xq.kkad × {kerk xq.kkad

tSls ;kfU=kd dk;Z = cy (F) × foLFkkiu (d)

      oS|qr dk;Z = foHkokUrj (E) × vkos'k izokg (Q)

      izlj.k dk;Z = nkc (P) × vk;ru esa ifjorZu (V)

5.9 dk;Z dh bdkbZ;k¡ : C.G.S. esa = vxZ

M.K.S. i}fr esa = twy ;k U;wVu × ehVj

5.10 

(i) fudk; }kjk fd;k x;k dk;Z  (– ve) _.kkRed

(ii) fudk; ij fd;k x;k dk;Z  (+ ve) /kukRed

:

(i) dk;Z ,d voLFkk Qyu ugha gS D;ksafd fd;k x;k

dk;Z iFk ij fuHkZj djrk gSA

(ii) : ;g ÅtkZ ds ,d fudk; ls nwljs fudk; esa

LFkkukUrfjr gksus okyh ek=k dks iznf'kZr djrh gSA

fudk; }kjk xzg.k dh xbZ Å"ekH = + ve

fudk; }kjk mRlftZr Å"ek dh ek=k H = – ve

vkUrfjd ÅtkZ cgqr lkjh ÅtkZvksa ls lEcfU/kr gksrh gS tSls

?kw.kZu ÅtkZ] fLFkfrt ÅtkZ] vUr% vkd"kZ.k ÅtkZ] dEiUu

ÅtkZ] bR;kfn

vkUrfjd ÅtkZ ,d voLFkk Qyu gS rFkk ;g fudk; dh

voLFkk ij fuHkZj djrk gS ysfdu fudk; ;g voLFkk fdl

izØe }kjk izkIr dj jgk gS bl ij fuHkZj ugha djrkA

vFkkZr vkUrfjd ÅtkZ esa ifjorZu E)

E = Efinal – Einitial

E = /kukRed tcfd Efinal  > Einitial ;g fu:fir djrk

gS fd fudk; okrkoj.k ls ÅtkZ izkIr dj jgk gSA

tcfd E = _.kkRed vFkkZr Efinal < Einitial vFkkZr~ fudk;

okrkoj.k dks ÅtkZ ns jgk gSA

,d jklk;fud vfHkfØ;k esa

E = Eproduct - Ereactant

tSls H2 + ½ O2  H2O

vr% E = E
OH2

 – [E
2H  + ½ E

2O ]

 5. THERMODYNAMIC PROCESS

 6. INTERNAL ENERGY (E)
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6.1

(i) ;g ,d Extensive xq.k gS rFkk inkFkZ dh ek=k o inkFkZ

dh HkkSfrd voLFkk ij fuHkZj djrk gSA

(ii) fdlh Hkh pØh; izØe ds nkSjku vkUrfjd ÅtkZ esa

ifjorZu 'kwU; gksrk gSA

6.2

fØ;kdkjd  mRikn

6.2.1 :

og vfHkfØ;k ftlds nkSjku Å"ek dk mRltZu gksrk gS

Å"ek{ksih vfHkfØ;k dgykrh gSA vFkkZr~ Å"ek dk izokg

fudk; ls okrkoj.k dh rjQ gksrk gSA

vFkkZr~ EProduct < EReactant vFkkZr E = – ve

tSls - ngu vfHkfØ;k

6.2.2 

og vfHkfØ;k ftlds nkSjku m"ek dk vo'kks"k.k gksrk gS vFkkZr~

m"ek dk izokg okrkoj.k ls fudk; dh rjQ gksrk gSA

vFkkZr~ EProduct > EReactant vFkkZr~ E = /kukRed

tSls % cQZ dk fi?kyukA

(i) Å"ekxfrdh dk izFke fu;e nzO;eku laj{k.k dk  fu;e

Hkh dgykrk gSA

(ii) bl fu;e dk izfriknu loZizFke es;j rFkk gsYe gksYVt

us fd;k FkkA

(iii) blds vuqlkj fdlh Hkh izdkj dh ÅtkZ dk mRiknu rc

rd vlaEHko gS tc rd fd fdlh Hkh vU; izdkj dh

mtkZ dk leku ek=k esa [kpZ u gksA

;k lEiw.kZ czãk.M dh ÅtkZ ges'kk lajf{kr jgrh gSA

;k ÅtkZ dks u rks mRikfnr fd;k tk ldrk gS] u gh

u"V fd;k tk ldrk gS ysfdu bls ,d izdkj ls nwljs

izdkj esa ifjofrZr fd;k tk ldrk gSA

ekuk fd fdlh Hkh fudk; dks Q Å"ek nh tkrh gS rFkk

mldh vkUrfjd ÅtkZ esa ifjorZu E rFkk blls

lEcfU/kr dk;Z W gS rks Å"ekxfrdh dk izFke fu;e

Q = E – W

7.1 (H)  (H)

;g nkc o vk;ru ds xq.kuQy rFkk vkUrfjd ÅtkZ ds ;ksx

dks fu:fir djrh gS vFkkZr~

H = E + PV

ysfdu vU; 'kCnksa esa fdlh Hkh jklk;fud vfHkfØ;k esa fu;r

nkc rFkk fu;r rki ij Å"ek esa gksus okys ifjorZu dks

,UFksYih dgrs gSA

tgka H – ,UFksYih    E   –  vkUrfjd ÅtkZ

P  & nkc   V   –  vk;ru gS

Å"ekxfrdh ds izFke fu;ekuqlkj

q = E + W ;k q = E + PV

;k q = (E2 – E1) + P (V2 – V1)

;k q = (E2 + PV2) – (E1 + PV1)

;k q = H2 – H1 = H

jklk;fud vfHkfØ;k esa

H = HmRikn  – HfØ;kdkjd

H = E + PV

vFkkZr~ fdlh Hkh jklk;fud vfHkfØ;k esa  ,UFksYih  ifjorZu

ml vfHkfØ;k ds fu;r nkc o fu;r vk;ru ij m"ek esaa

ifjorZu dks iznf'kZr djrk gSA

7.2  H E 

H = E + PV    ;kH = E + (PV)

H = E + PV     H = E + (n) RT

tgka n = xSlh; eksyksa esa ifjorZu gSA

7.3

fdlh Hkh jklk;fud vfHkfØ;k esa ,UFksYih ifjorZu

H = Hproducts - Hreactant

fLFkfr I : tc HP > HR    H = + ve

rFkk fudk; }kjk Å"ek vo'kksf"kr dh tk;sxh vFkkZr~ vfHkfØ;k

Å"ek'kks"kh gksxhA

fLFkfr  II : tc HP < HR vFkkZr~  H = – ve

rFkk fudk; }kjk Å"ek mRlftZr dh tk;sxh vFkkZr~ vfHkfØ;k

Å"ek{ksih gksxh

Å"ek{ksih vfHkfØ;kE ;k  H  = – ve

Å"ek'kks"kh vfHkfØ;k E ;k H = + ve

 7. FIRST LAW OF THERMODYNAMICS
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7.4

(i) ,UFksYih ,d Extensive xq.k gSA

(ii) fdlh Hkh vfHkfØ;k ds nkSjku Å"ek ifjorZu dk eku bl
vfHkfØ;k ds mRØe.kh; vfHkfØ;k esa Å"ek ifjorZu ds
eku ds cjkcj gksrk gS ysfdu fpUg foijhr gksrk gSA

tSls C+ O2  CO2  ; H = – 94.3 Kcal

CO2  C+ O2  ; H = + 94.3 Kcal

.1 xSl ds ,d sample dks bl izdkj ls lEihfM+r

fd;k tkrk gS fd tc ml ij dk;Zjr nkc 0.50

ok;qe.My gS rks mldk vk;ru 400cm3 ls ?kVdj
200cm3 jg tkrk gSA izØe ds nkSjku 8.00 J

Å"ek fudk; ls okrkoj.k dh rjQ izokfgr gksrh
gSA rks fudk; dh vkUrfjd mtkZ esa ifjorZu dks
Kkr dhft,A

.;gka V = 200 – 400 = – 200 cm3

ge tkurs gS fd 1 yhVj = 1000 cm3

 V = – 0.2 Litre

rFkk cká nkc  (P) = 0.50

vr% fd;k x;k dk;Z    W  = – PV

= + 0.50 (0.2)   = + 0.1 L – atm

rFkk 1 litre – atmosphere = 101.3 Joule

 W = + 10.13 Joule

Å"ekxfrdh ds izFke fu;ekuqlkj

q = E – W

rc E = q + W    fn;k gS q = – 8.00 J

 E = – 8 + 10.13 = 2.13 Joule

.2 fu;r vk;ru ij us¶Fksyhu (C10H8(s)) ds ngu
dh Å"ek -5133kJ mol-1 gS tcfd rki 298K

gksA rks bl rki ij  ,UFksYih esa ifjorZu dh x.kuk
dhft, tcfd R = 8.314 JK-1 mol-1.

us¶Fksyhu ds ngu dh vfHkfØ;k

C10H8(s) + 12O2  10CO2 + 4H2O; E = –
5133kJ

n = 10 – 12 = – 2 mol.

ge tkurs gS fd

H = E + (n) RT

= – 5133 × 103 + (–2) (8. 314) (298)

= – 5133000J – 4955.14J

= – 5137955. 14 Joule

Ex.3 xSlh; vkblks C;wVsu ds lEiw.kZ ngu ds fy, D;k
lR; gS -

(A) H = E (B) H > E

(C) H = E = O (D) H < E

.(D)

C4H10(g) + 6.5O2 (g)  4CO2(g) + 5H2O(l)

n = [4 – 7.5] = –3.5

H = E + ngRT

 H < E

;g og lehdj.k gS tks fd fdlh vfHkfØ;k ds nkSjku
jklk;fud rFkk rkih; nksuksa ifjorZuksa dks O;Dr djrk gS
tSls :
,d jklk;fud vfHkfØ;k      C  + O2   CO2

,d rkih; jlk;u vfHkfØ;k C + O2 CO2 

 fØ;kdkjd        mRikn
H = – 943 Kcal

ÅtkZ ifjorZu

8.1

blds vuqlkj ;g ,d lUrqfyr Å"ek vfHkfØ;k gS tks fd
lEiw.kZ vfHkfØ;k ds nkSjku Å"ek esa ifjorZu ;k vkUrfjd
ÅtkZ esa ifjorZu ;k Å"ek ds mRltZu ;k vo'kks"k.k dh
ek=kk dks iznf'kZr djrh gSA

: C + O2  CO2 ; H = – 94.3 Kcal

;g crkrk gS fd tc dkcZu ds 12g vkDlhtu ds 32g ls
vfHkfØ;k djrs gS rks 44g CO2 mRikn ds :i es izkIr gksrh
gS rFkk 94.3 Kcal Å"ek mRlftZr gksrh gSA

8.2

1.  :

vfHkfØ;k dh Å"ek dh ek=k fØ;kdkjdksa ;k mRiknksa dh
HkkSfrd voLFkk esa ifjorZu ds lkFk&lkFk ifjofrZr gksrh
tkrh gSA tSls :
Cdiamond + O2    CO2 ; H = – 94.3 Kcal
CGraphite + O2  CO2 ; H = – 97.7 KCcal

2. 

fu;r vk;ru ij qv = E ¼vkUrfjd ÅtkZ esa ifjorZu½
rFkk fu;r nkc ij qp = H   ¼Å"ek esa ifjorZu½

3. vfHkfØ;k dh Å"ek dk eku rki ij Hkh fuHkZj
djrk gSA

,UFksYih ds inksa esa
H2 – H1 = Cp (T2 – T1)

rFkk vkUrfjd ÅtkZ ds inksa esa
E2 – E1 = Cv (T2 – T1)

tgka CP = CP ¼mRikn½ – CP ¼fØ;kdkjd½
CV = CV ¼mRikn½ – CV ¼fØ;kdkjd½

Examples
based on

First Law of Thermodynamics
 8. THERMOCHEMICAL EQUATIONS
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8.3

(a)

;g ,UFksYih esa og ifjorZu gS tc fdlh inkFkZ ds ,d
eksy blds ewyHkwr rRoksa ls lh/ks curs gSaA
tSlss : C + O2  CO2   ; H = – 94.3 Kcal

C + 2S  CS2   ;H = 22.0 Kcal

 : (Hf
0)

25ºC rFkk ,d ok;qe.Myh; nkc ij fdlh ;kSfxd dh
Å"eh; ,UFksYih ml ;kSfxd dh ekud Å"ek ,UFksYih
dgykrh gSA

: 25ºC rFkk 1 atm ij fdlh 'kq) rRo dh ,UFksYih bl
rRo dh lokZf/kd LFkk;h voLFkk esa 'kwU; gksrh gSA

(b)

;g Å"eh; ,UFksYih esa og ifjorZu gS tc fdlh inkFkZ
ds ,d eksy vkWDlhtu dh mifLFkfr esa iw.kZr;k ty
(Burnt) tkrs gSA
tSls : C + O2  CO2 ; H = – 94.3 Kcal

(c)

;g Å"eh; ,UFksYih esa og ifjorZu gS tc fdlh inkFkZ
ds ,d eksy ty ds vkf/kD; esa ?kqy tkrs gSa vr% vkSj
vf/kd ruqdj.k ij dksbZ Å"ek ifjorZu ugha gksrk gSA
tSls : KCl(s) + tyh;  KCl(aq) H = 4.4 KCal

(d)

;g Å"eh; ,UFksYih  esa og ifjorZu tc fdlh futZyh;
inkFkZ ds ,d eksy ty ds fof'k"V eksyksa ls la;qDr
gksdj iw.kZr;k ty;ksftr gks tkrk gSA

tSls :

CuSO4(s) + 5H2O   CuSO4 . 5H2O(s)

H = – 15.8 Kcal

(e)

;g Å"eh; ,UFksYih esa og ifjorZu gS tc ,d vEy ds
,d xzke rqY;kad ruq foy;u esa 1 xzke rqY;kad {kkj ls
iw.kZr;k mnklhu gks tkrs gSaA

HCl(aq) + NaOH (aq)   NaCl(aq) + H2O  ;

    H = 13.7 Kcal.

HNO3(aq)  +NaOH(aq)   NaNO3 + H2O ;

H = –13.7 Kcal.

bl izdkj ;g Li"V gS fd fuekZ.k dh Å"ek – 13.7 K

cal gksrh gSA

ysfdu tc nqcZy vEy rFkk izcy {kkj ;k izcy vEy

rFkk nqcZy {kkj ;k nqcZy vEy rFkk nqcZy {kkj izR;sd ds

,d xzke rqY;kad dks fØ;k djus fn;k tk;s rks]

mnklhuhdj.k dh Å"ek dk eku 13.7 K Cal ls de

gksrk gSA

mnkgj.k&

HCl(aq.) + NH4OH(aq.) 
  NH4Cl(aq.) + H2O ;

H = – 12.3 Kcal

.4 4.50g xzke esFksu ds iw.kZ :i ls ngu ls fdruh

m"ek mRiUu gksxh tcfd nkc dks fu;r j[kk

tk;sA fn;k gqvk gS

CH4 + 2O2  CO2 + 2H2O ; H = – 802 KJ

 16g CH4 ds ngu ls Å"ek izkIr gksrh gS

= – 802KJ

 4.5 g CH4ds ngu ls m"ek izkIr gksxh

= 
16

5.4802 
= 225.6 KJ

.5 Al2O3 ds fy, Hf
0 dk eku –1670 KJ gSA rks

fuEu vfHkfØ;k d fy, H dh x.kuk dhft,A

4Al + 3O2  2Al2O3

fn;k gS  2Al + 
3

2
O2  Al2O3 H = -1670KJ

mijksDr lehdj.k dks 2 ls xq.kk djus ij

4Al + 3O2  2Al2O3

H = 2 × (– 1670)    = – 3340KJ

.6 vk;ksMhu ok"i rFkk Bksl dh fof'k"V Å"ekvksa ds

eku Øe'k% 0.031 rFkk 0.055 Cal/g gSA ;fn 200º

rki ij vk;ksMhu dh m/oZikru m"ek dk eku

24Cal/g gks rks bldk eku 250ºC rki ij fdruk

gksxkA

I2 (solid)   I2 (vapour) ;

H = 24 Cal/g  200ºC rki ij

Cp = Cp¼mRikn½ – Cp ¼fØ;kdkjd½

Cp = 0.031 – 0.055  = – 0.024 Cal/g

 H2 – H1 = Cp(T2 – T1)

H2 – 24 = – 0.024 (523 – 473)

 H2 = 22.8  Cal/g

.7 200ml o 0.1M H2SO4 ds tc 200 ml o 0.2 M

KOH ds lkFk la;qfXer djus ij 2.3 KJ Å"ek
mRiUu gksrh gS rks foy;u ds fy, mnklhuhdj.k
dh Å"ek dh x.kuk dhft,A

Examples
based on

Thermochemical Equation
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H2SO4 dk M rqY;kad = 200 × 0.1 × 2 = 40

KOH   dk M rqY;kad = 200 × 0.2  = 40

 H2SO4 dss 40 M rqY;kad rFkk KOH  ds 40 M

rqY;kad dks feykus ij mRiUu Å"ek = 2.3 KJ

 H2SO4 ds 1000 M rqY;kad rFkk KOH ds 1000

rqY;kad dks feykus ij mRiUu Å"ek = 
2 3 1000

40

. x

KJ = 57.5 KJ

9.1

;g Å"eh; ,UFksYih esa og ifjorZu gS ¼lnSo c<+rk gS tSls
H = + ve) tc fdlh inkFkZ ds ,d eksy blds teko fcUnq
ij iw.kZ :i ls Bksl voLFkk ls nzo voLFkk esa ifjofrZr gks
tkrs gSaA

H2O (s)  H2O (l)   ; H = + 6.0 KJ

lay;u dk mRØe.k tSls nzo dk Bksl esa :ikUrj.k teko
dgykrk gS rFkk izØe ds nkSjku ,UFksYih ifjorZu rqY;kad
ek=kk dh deh n'kkZrk gSA

9.2  

;g Å"eh; ,UFksYih esa og ifjroZu gS ¼lnSo ?kVrk gS tSls
H = – ve) tc fdlh inkFkZ ds ,d eksy blds DoFkukad
ij iw.kZ :i ls nzo voLFkk ls ok"i voLFkk esa ifjofrZr gks
tkrs gSaA

H2O (l)  H2O (g) H = + 40.6 KJ

ok"iu dk foijhr la?kuu dgykrk gSA

9.3  

;g Å"eh; ,UFksYih esa og ifjorZu gS (lnSo c<+rk gS tSls
H = + ve) tc ,d eksy fdlh Bksl ds blds xyukad ls
de rki ij lh/ks gh xSlh; voLFkk esa ifjofrZr gks tkrs gSaA

I2 (s)     I2 (g)  ;     H = +  62.4 KJ

9.4.

;g Å"eh; ,UFksYih esa og ifjorZu gS tc fdlh inkFkZ ds
,d eksy blds laØe.k rki ij ,d vij :i (allotropic)

ls nwljs esa iw.kZr;k ifjofrZr gks tkrs gSaA
mnkgj.k%

Cdiamond  CGraphite H = – 1.9KJ

10.1 

fdlh Hkh ;kSfxd ds fo?kVu ls la;qfXer ,UFksYih dk x.kukRed

eku] ml ;kSfxd ds fuekZ.k ls la;qfXer ,UFksYih ds cjkcj

gksrk gS ysfdu fpUg foijhr gksrk gS

C(s) +  O2 (g)  CO2 (g) H = – 94.3 Kcal

CO2 (g)  C (s) + O2 (g) ;

   H = + 94.3 Kcal

10.2  (Hess's Law)

blds vuqlkj fdlh vfHkfØ;k esa dqy Å"ek ifjorZu ml

vfHkfØ;k ds fofHkUu inksa esa fughr Å"ek ifjorZu ds ;ksx ds

cjkcj gksrk gS

tSls

H = q1 + q2 + q3 = Q2

vr% gsl ds fu;ekuqlkj Q1 = Q2

10.2.1

1. vfHkfØ;kvksa dh ,UFksYih dh x.kuk:

tSls

      

CO (g)2

C+O (g)2
CO(g)+½O (g)2

H = ?

H  =–393.5 KJ2
H  = – 283 KJ1

rc H2 = H + H1

 H = H2 – H1

= –393.5  – (–283)

= –110.5 KJ

2.

fdlh Hkh xSlh; v.kq esa cU/k fo[k.Mu esa iz;qDr ÅtkZ

cU/k ÅtkZ ;k cU/k fo;kstu ÅtkZ dgykrh gSA

[vfHkfØ;k dh ,UFksYih esa ifjorZu] =

[fØ;kdkjdksa dh cU/k ÅtkZvksa dk ;ksx]

  – [mRiknksa dh cU/k ÅtkZvksa dk ;ksx]

.8 fuEu vfHkfØ;k ds fy, ,UFksYih ifjorZu dh x.kuk
dhft,

CH4(g) + Cl2(g)  CH3Cl(g)  + HCl (g)

C – H, C – Cl, Cl – Cl, H – Cl dh cU/k ÅtkZ
Øe'k%  412, 338, 242, 431 kJ/mol gS

 9. ENERGETICS OF PHASE TRANSITION

 10. LAWS OF THERMOCHEMISTRY
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H = [fØ;kdkjdksa dh cU/k ÅtkZvksa dk ;ksx]

  – [mRiknksa dh cU/k ÅtkZvksa dk ;ksx]

= [4(C – H) + 1(Cl – Cl) – {3(C – H)

   + 1 (C – Cl) + 1 (H – Cl)}]

= 412  + 242 – 338 – 431

= –115 kJ/ mol

.9 fuEu vfHkfØ;k ds fy, ,UFksYih ifjorZu (H) dh
x.kuk dhft,
2C2H2 (g) + 5 O2(g) 4CO2 (g) + 2H2O(g)

tcfd C-H, C C , O = O, C = O rFkk
O – H cU/kksa ds fy, vkSlr cU/k ÅtkZvksa ds eku
Øe'k% 414, 810, 499, 724 rFkk 460 KJ/mole gSA

2 [H – C  C – H]+ 5 (O = O)  4 ( O = C
= O) + 2(H – O – H)

mijksDr vfHkfØ;k esa 4 C – H cU/k, 2 C  C

cU/k, 5 O = O cU/kksa dk fo[k.Mu gks jgk gS] rFkk
8 C = O o 4 O –H cU/kksa dk fuekZ.k gks jgk gSA
vr%

H = [cU/k fo[k.Mu esa vko';d dqy ÅtkZ]
 – [cU/k fuekZ.k esa nh xbZ dqy ÅtkZ]

= [ 4HC – H + 2 H C  C + 5 HO = O]
   – [8 HC = O  + 4 HO – H]

= (4 × 414 + 2 × 810 + 5 × 499) – (8 × 724
   + 4 × 460)

= 5771 – 7632   = – 1861 KJ

(1) thok'e bZ/ku : dks;yk] rsy o izkd`frd xSl tks
orZeku esa ÅtkZ ds izeq[k L=ksr gSA thok'e bZèku
dgykrs gSA

(2) ty fo|qrh; 'kfDr

(3) Hkwrkih; 'kfDr

(4) ukfHkdh; ÅtkZ

(5) lkSj ÅtkZ

izd̀fr esa okLrfod :i ls gksus okys izØe gh izkd`frd
izØe dgykrs gSA ;s izØe loZnk lkE; dh vksj tkus dk
iz;Ru djrs gSA izd`frd izØeks esa gksus okyk ifjorZu
Lor% ifjorZu dgykrk gSA rU= esa gksus okys os lHkh
ifjorZu tks fcuk fdlh ckg; dkjd dh lgk;rk ls gksrs
gS Lor% ifjorZu dgykrs gSA

dksbZ Hkh Lor% gksus okyk okLrfod ifjorZu vuqmRØe.kh;
gksrk gS :

(i) ftUgs izkjEHk djus dh vko';drk ugha gksrh
(1) ty dk ok"iu H2O (l)  H2O (g)

(2) 'kDdj dk ty esa iw.kZ :i ls ?kqydj foy;u
cukuk bR;kfnA

(ii) ftUgs izkjEHk djus dh vko';drk gksrh gSA
(1) tSls gkbMªkstu dk vkWDlhtu xSl ls fØ;k djds

ty dk cukuk ijUrq blesa izkjEHk esa fØ;k izkjEHk
djus ds fy, oS|qr /kkjk izokfgr djuh iMs+xhA

2H2(g) + O2(g) 
Electric

disch e
 

arg
2H2O(l)

12.1 

(I) H :

og izØe ftlesa fudk; dh Å"ek ?kVrh gS (vFkkZr
Å"ek{ksih izØe) Lor% izØe gksrk gS D;ksafd izR;sd
fudk; dh mPp ÅtkZ Lrj ls fuEu ÅtkZ Lrj dh rjQ
tkus dh izo`fr gksrh gSA

: C + O2  CO2    H = -ve

H2 + 1/2O2 H2O    ; H = -ve

N2 + 3H2  2NH3 ; H = -ve.

ijUrq dksbZ Hkh izØe Lor% izØe gS ;k ugha ;g dsoy
fudk; dh Å"ek ds vk/kkj ij ugha fudky ldrs gS
D;ksafd dqN izØe ,sls Hkh gS ftuesa ;g fu;e vlQy
gks tkrk gS.

:

(i) ejD;wfjd vkWDlkbM dk fo?kVu
2HgO (s) 2Hg (l) + O2 (g) ;  H = +ve

(ii) ty xSl dk fuekZ.k
C(s)  +  H2O(steam)   CO(g) + H2 (g) ;

H = +ve

(II) (entropy) 

Lor% izØe okys fudk; vf/kdre fopyu ;k
;kǹfPNdrk n'kkZrs gSA vFkkZr~ og izØe ftuesa d.kksa dh
;kn`fPNd xfr c<+rh gS] Lor% izØe dgykrs gSA dqN
m"ek'kks"kh izØe Hkh ;kn`fPNdrk ds dkj.k Lor% izØe
gksrs gSA

:   (i) NH4NO3 :-

?kqyu'khyrk ds vUrxZr vk;u fØLVy tkyd
lajpuk esa n`<+rk ls ca/ks gksrs gS rFkk foy;u
lajpuk esa vk;u fdlh Hkh fn'kk esa tkus ds fy,
eqDr gksrs gS ftlls fudk; dh ;kn`fPNdrk c<+rh
gSA

 11. FUEL AND SOURCES OF ENERGY

 12. SPONTANEOUS PROCESS
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(ii)

ok"iu ds nkSjku] ty ds v.kqvksa dh xfr ty Lrj
ds vUnj izfrjks/kkRed gksrh gS tcfd fjDr LFkku
ij eqDr gksrh gS ftlds dkj.k fudk; dh
;kǹfPNdrk c<+rh gSA

Lor% izØe fudk; dh ;kn`fPNdrk ij fuHkZj djrk gS
vFkkZr~ ;kǹfPNdrk c<+us ij izØe Lor% izØe gksrk gSA
blh ;kn`fPNdrk dks m"eh; Qyu ds :i esa ,UVªksih
dgrs gSA

13.1

(1) ,UVªksih esa ifjorZu S = Sfinal - Sinitial

,UVªksih ifjorZu dsoy fudk; dh izkjfEHkd rFkk vfUre
voLFkk ij fuHkZj djrk gS u fd iwjs iFk ds xq.kksa ijA

(2) tc S = +ve (/kukRed) - ;kn`fPNdrk c<sxh
S = -ve (_.kkRed) - ;kǹfPNdrk ?kVsxh

(3) fdlh Hkh inkFkZ ds fy,
Ssolid < Sliquid < Sgas

(4) ije 'kwU; rki ij vFkkZr~ 0ºK rki ij fdlh Hkh 'kq}
fØLVy dh ,UVªksih 'kwU; gksrh gS

(5) xf.krh; :i ls

,UVªksih ifjorZu S = 
q

T
rev

tgka qrev = fudk; dks T rki ij iznku dh xbZ m"ek
gS

(6) ,UVªksih ifjorZu dh bZdkbZ J/K mol gS
(7) fudk; esa v.kqvksa dh xfr ds fy, ftruk vf/kd fjDr

LFkku gksxk] ,UVªksih dk eku mruk gh vf/kd gksxk
mnkgj.k - xSl dk izlkj.k] ?kqyu'khyrk bR;kfn

(8) v.kqvksa dh la[;k c<+us ds lkFk&lkFk ,UVªksih dk eku Hkh
c<+rk tkrk gSA
tSls - NH4Cl dk NH3 rFkk HCl esa fo?kVu

(9) fudk; dk rki c<+us ds lkFk&lkFk v.kq dh xfr Hkh
c<+rh tkrh gS vFkkZr~ fudk; dh ;kn`fPNdrk c<+rh gS
vr% ,UVªksih Hkh c<+sxhA

13.2 :

fdlh Hkh fudk; ds v.kqvksa dh izd`fr Lor% izØe dh gsS ;k
ugha ;g nks fu;e ij fuHkZj djrh gS
(1) fudk; dh Å"ek ?kVuh pkfg,  (H = -ve )

(2) ;kn`fPNdrk c<+uh pkfg,A .
fxCl (Gibbs) usa ,d u;k voLFkk Qyu (G) fn;k
ftlesa mlus H rFkk S nksuksa ds eku dks ,d lEcU/k
}kjk feyk fn;kA

og gS  G = H - TS

tgka G = fxCl dh eqDr ÅtkZ gS
vr% eqDr ÅtkZ esa ifjorZu ¼rki fu;r½

G = H - T S

:

(1) ;fn G _.kkRed gS] rks vfHkfØ;k Lor% vxz fn'kk esa
gksxh

(2) ;fn G 'kwU; gS rks vfHkfØ;k lkE; ij gS
(3) ;fn G /kukRed gS rks vfHkfØ;k Lor% ugha gS ysfdu

vxz fn'kk esa gksxh &



13.3 

Gº = Hº - TSº

blds vuqlkj lHkh Lor% ifjorZuksa ¼izkd`frd½ ds nkSjku
czãk.M dh ,UVªksih ges'kk c<+rh gSA
;k  czká.M dh ÅtkZ lajf{kr jgrh gS tcfd fdlh Hkh
izkd`frd ;k Lor% izØe esa czká.M dh ,UVªkWih lnSo c<+rh
gSA

:

lHkh 'kq) fØLVyh; Bkslksa dh ,UVªkWih dk eku ije 'kwU; rki
ij 'kwU; gksrk gSA blds vuqlkj
(1) fdlh Hkh izØe }kjk fdlh Hkh rU= ds rki dks ije 'kwU;

rd ?kVkuk vlEHko gksrk gSA

(2) fdlh Hkh nkc ij rFkk ije 'kwU; rki ij izR;sd
fØLVyh; Bksl dh ,UVªkWih m"ekxfrdh; lkE; ij 'kwU;
gksrh gSA

S°= Sº(product)  – Sº(reactant)

 13. ENTROPY (S)
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.10 xSlh; Å"ek'kks"kh vfHkfØ;k :

P + Q  3R

327ºC rki ij Lor% (spontaneously) lEiUu
gksrh gS] D;ksafd-

(A) H < 0; S < 0 (B) H > 0; S > 0
(C) H < 0; S > 0 (D) JH> 0; S < 0

. (B)

G = H – TS

fdlh Å"ek'kks"kh vfHkfØ;k ds fy, H = /kukRed

[de v.kq  vf/kd v.kq], S = /kukRed

 TS > H, rFkk G = _.kkRed

vr% vfHkfØ;k Lor% gksrh gSA

.11 fuEu vfHkfØ;k ds fy, ekud eqDr ÅtkZ dh

x.kuk dhft,-

N2 (g) + 3H2  (g)  2NH3,  298K ij

fn;k gS

Hº = –92.4 KJ rFkk Sº = –1983 JK–1

. Gº= Hº – TSº

= – 92. 4 – 298 × (–198.3) × 10-3

= – 33.306 KJ

Examples
based on

 On Entropy (E)
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.1 ,d fudk; 150 twy Å"ek xzg.k djds okrkoj.k

ij 100 twy dk;Z djrk gSA rks fudk; dh

vkUrfjd ÅtkZ esa ifjorZu Kkr dhft, -

(A) 100 J (B) 50 J

(C) 25 J (D) 150 J

(Ans. B)

. W = –100J , q = 150J

 q = E – W

150 = E – (–100)

= 150 – 100

E = 50 J

.2 ,d xSl 200J Å"ek vo'kks"k.k ds i'pkr] cká

nkc 1.5 atm ij 0.5 yhVj vk;ru ls 1.0 yhVj

vk;ru rd izlkfjr gksrh gSA rks vkUrfjd ÅtkZ

esa ifjorZu Kkr dhft, -

(A) 124 J (B) 224 J

(C) 114 J (D) 154 J

(Ans. B)

.W = –PV

= –1.5 (1– 0.5)

= –0.75 atm-litre

q = 200 J

 q = E–W

200 = E–(–0.75 × 101)

E = 124.25 Joule

.3 fu;r nkc rFkk 17ºC rki ij vfHkfØ;k

C6H12O6 (s) + 6O2   (g)  6CO2 (g)

 + 6H2O (v)

dh Å"ek –651 Kcal gS rks fu;r vk;ru ij rFkk

17ºC rki ij vfHkfØ;k dh Å"ek fdruh gksxh -

(A) – 554.5 Kcal (B) – 654.5 Kcal

(C) – 354.5 Kcal (D) – 154.5 Kcal

(Ans. B)

. H = E + n RT

fn;k gS

H = – 651 x 103 cal. , R = 2 cal,

T = 290 K  and   n = 6 + 6 – 6  = 6

 E = – 651 × 103 – 6 × 2 × 290

= – 654480 cal

= – 654.5 Kcal

.4 ekuk fd ,d  [kkuk idkus okyh xSl ds flys.Mj

esa 112kg vkblksC;wVsu Hkjh gS rFkk vkblks C;wVsu

dk ngu fuEu vfHkfØ;k vuqlkj gksrk gS -

C4H10 (g) + 
13

2





  O2 (g)  4CO2 (g) +

5H2O() ;    H  = – 2658 KJ

;fn dksbZ ifjokj 15000 KJ mtkZ izfr fnu [kpZ

djrk gS rks xSl flys.Mj fdrus fnu pysxk ?

(A) 22 fnu (B) 28 fnu

(C) 32 fnu (D) 34 fnu
(Ans. D)

.  58 g vkblks C;wVsu ÅtkZ nsrk gS = 2658 KJ

 11.2 × 103 g vkblks C;wVsu nsxk

      = 
58

102.112658 3
 KJ = 513268.9 KJ

   izfr fnu ÅtkZ dh vko';drk = 15000KJ

  xSl flys.Mj pysxk = 
513268 9

15000

.
 = 34 fnu

.5 273K rki ij 1 eksy cQZ ds fi?kyus ij ,UVªksih

ifjorZu Kkr dhft, tcfd  Hf
o = 6.025 KJ/

mole gSa -

(A) 11.2 JK–1 mol–1

(B) 22.1 JK–1 mol–1

(C) 15.1 JK–1 mol–1

(D) 5.1 JK–1 mol–1

(Ans. B)

Sf = 
H

T
f  = 

6025

273

    = 22.1 JK–1 mol–1
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.6 fuEu vfHkfØ;k ds fy, ekud eqDr ÅtkZ esa ifjorZu

Kkr dhft, tcfd rkieku 298 K gks

N2 (g) + 3H2(g)  2NH3(g)

fn;k gS Gºf dk eku N2 (g) , H2 (g) o NH3(g)

ds fy, Øe'k% 0, 0 rFkk –16.66 KJ mol–1 gSA

(A) – 11.22 KJ (B) – 22.22 KJ

(C) – 33.32 KJ (D) – 44.44 KJ

(Ans. C)

. Gº = 2 ×  Gº
3NH

 – Gº
2N  – (Gº

2H × 3)

 = 2 × (–16.66) – 0 – 0

 = – 33.32 KJ

.7 27ºC rki rFkk fu;r nkc ij fdlh xSlh; vfHkfØ;k

2A2(g) + 5B2(g)  2A2B5(g)

ds fy;s Å"ek ifjorZu dk eku – 50160J gS] rks

vfHkfØ;k ds fy, vkUrfjd ÅtkZ esa ifjorZu (E)

Kkr dhft, tcfd  R = 8.314 J/K mol gS

(A) –34689 J (B) –37689 J

(C) –27689 J (D) –38689 J

(Ans. B)

2A2(g) + 5B2(g)  2A2B5 (g); H

= –50160 J

n = 2– (5 + 2)  = – 5 mol.

H = E + (n) RT

– 50160 = E + (n) RT

E = – 50160 – (–5) (8.314) (300)

= – 50160 + 12471 = –37689 J

.8 fuEu vfHkfØ;k ds fy, ekud ,UFkSYih esa ifjorZu

Kkr dhft, tcfd

CO2(g) + H2(g)  CO(g) + H2O (g)

fn;k gS

Hf
0 dk eku CO2(g), CO(g) rFkk H2O(g)  ds fy,

Øe'k% –393.5, –110.5 rFkk  –241.8 KJ/mol gSA

(A) –31.2 KJ (B) –21.2 KJ

(C) –11.2 KJ (D) –41.2KJ

(Ans. D)

Hº = Hfº(products) –  Hfº(Reactants)

= [ ] [ ]( ) ( ) ( ) ( )   H H H Hf H O f CO f CO f H
0

2

0 0

2

0

2
  

Hº = [–241.8 – 110.5] – [–393.5 + 0]

= – 352.3 + 393.5 = + 41.2 KJ

.9 tc gkbMªkstu xSl ds 2 eksy 25ºC rki ij lerkih;

:i ls 15 ls 50 yhVj rd izlfjr gksrh gS rks fd;s x;s

dk;Z dh x.kuk djksa&

. ge tkurs gS,

W = – 2.303 nRT log 
1

2

V

V

   = 2.303 × 2 × 2 × 298 × log 
15

50

   = –1436 calories.

.10 25ºC rki ij 1 eksy nzo csUthu ds ngu ds fy;s fLFkj

nkc ij vfHkfØ;k dh Å"ek fuEu izdkj nh tkrh gS

C6H6 () + 7 + ½ O2 (g)  6CO2 (g) + 3 H2O (l)

; H = – 780980 cal.

fLFkj vk;ru ij vfHkfØ;k dh Å"ek D;k gksxh

. ge tkurs gS,

H = E + ngRT

      ;gak, ng = 6 – 7.5 = – 1.5

bl izdkj,E  = H – ngRT

= – 780980 – (–1.5) × 2 × 298

= – 78090 calories.

.11 fuEu vfHkfØ;k ls H ds ekuksa ls,

C (s) + ½ O2 (g)  CO (g) ; H = –110 kJ

rFkk C (s) + H2O (g)  CO (g) + H2 (g) ;

H = 132 kJ.

1273K ij yky rIr dksd ij vkWDlhtu rFkk Hkki ds

feJ.k dks izokfgr djus ij feJ.k dk eksy laxBu Kkr

dhft,, vfHkfØ;k dk rki fLFkj j[kk tkrk gSA

. iz'u esa ge ns[krs gSa fd izFke vfHkfØ;k Å"ek{ksih gS

rFkk f}rh; Å"ek'kks"khA bl izdkj] ;fn vkWDlhtu rFkk

Hkki (H2O) dk feJ.k dkWd ij ls izokghr fd;k tk;s

rFkk ml le; rki esa dksbZ ifjorZu u gks rks nksuksa

vfHkfØ;kvksa dk H laxBu vkafdd :i ls cjkcj gksuk

pkfg,A izFke vfHkfØ;k esa ½ eksy O2 [kir gksdj 110

kJ  ÅtkZ eqDr djrs gSa tcfd f}rh; vfHkfØ;k esa 1

eksy Hkki (H2O) ds fy, 132 kJ ÅtkZ vo'kksf"kr dh

tkrh gSA

 132 kJ eqDr djus ds fy;s vko';d O2 ds eksy

= 
110

5.0
 × 132 = 0.6

 O2 rFkk Hkki (H2O) dk eksy vuqikr = 0.6 : 1
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.12 leku eksyjrk ds 200 ml KOH rFkk 200 ml HNO3

dks lkFk fefJr fd;k tkrk gS rks 3.426 kJ Å"ek eqDr

gksrh gSA izR;sd foy;u dh eksyjrk dh x.kuk djks -

. ekuk KOH rFkk HNO3 foy;uksa dh eksyjrk = x gSA

 x eksy KOH foy;u ds 200 ml

= 
1000

200
 × x eksy OH¯ vk;u

= 0.2 x eksy OH¯ vk;u

blh izdkj,

x eksy HNO3 foy;u ds 200 ml

= 
1000

200
 × x eksy H+ vk;u

= 0.2 x eksy H+ vk;u

H+ (aq)  + OH¯ (aq)  H2O ()

   0.2        0.2 x  0.2 x

1 eksy H2O ds fuekZ.k ds nkSjku eqDr Å"ek

= 57.1 kJ

 0.2 x eksy ds fuekZ.k ds nkSjku eqDr Å"ek

= 57.1 x 0.2 X x kJ

eqDr Å"ek gS = 3.426 kJ

 57.1 × 0.2 × x = 3.426 kJ

;k x = 
2.01.57

426.3


 = 0.3 eksy

.13 298 K ij fuEu vfHkfØ;k ds fy, Å"ek ifjorZu dh

x.kuk djks

4NH3 (g) + 3O2 (g)  2N2(g) + 6H2O ()

298 K ij NH3(g) rFkk H2O () dh fuekZ.k dh Å"ek,¡

Øe'k% – 46.0 rFkk – 286.0 KJ mol–1 gSA

. fuEu vfHkfØ;k ds fy,

4NH3(g) + 3O2(g)  6H2O (l) + 2N2(g)

Hº = Hºf (mRikn) – Hºf (fØ;kdkjd)

= {6Hºf [H2O (l)] + Hºf [N2(g)}

– {4H [NH3(g)] + 3Hf [O2(g)]}

Hºf [H2O (l)] = – 286.0 kJ mol–1

Hºf [NH2 (g)] = 0 rFkk Hºf [N2 (g)]

= 0 (by convention)

Hº  = {6(-286) + 2 (0)} – {4(–46.0) + 3 (0)]

  = – 1716 + 184 = – 1532 kJ

.14 futZyh; CuSO4 rFkk ty;ksftr CuSO4 5H2O dh

?kqyu Å"ek Øe'k% – 66.5 rFkk 11.7 kJ mol–1 gSA

CuSO4 ls CuSO45H2O dh ty;kstu dh Å"ek dh

x.kuk djks-

. vko';d lehdj.k gS :

CuSO4(s) + 5H2O (l) CuSO4.5H2O(s)

H = ?

fn;k gS

CuSO4(s) + (aq.) )  CuSO4. (aq)

H1 = – 66.5 kJ

CuSO4 . 5H2O(s) + aq.  CuSO4.(aq)

H2 = + 11.7 kJ

ty;kstu dk izØe fuEu izdkj O;Dr fd;k tk ldrk

gS

CuSO4 (s)   1H CuSO4(aq)

H H2

CuSO4. 5H2O

gsl ds fu;e ds vuqlkj

H1 = H + H2

H = H1 – H2

 = – 66.5 – 11.7 = – 78.2 KJ

.15 fuEu vfHkfØ;kvksa ds izfreksy ,UVªkWih ifjorZu (S) dh

x.kuk djks -

(a) 298 K ij bZa/ku lsy esa gkbMªkstu dk ngu

H2(g) + ½ O2(g)   H2O (g)

H = – 241.6 kJ, G = – 228.4 kJ

(b) esFksukWy dk blds lkekU; DoFkukad ij ok"iu

CH3OH (l)   CH3OH (g)

Hvap = 23.9 kJ , DoFkukad = 338 K

(c) cQZ dk blds lkekU; xyukad ij laxyu

cQZ  ty

Hlaxyu = 6.025 kJ, xyukad = 0ºC
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. (a) vfHkfØ;k ds vuqlkj

G = H – TS of S = 
T

GH 

fn;k gS G = – 228.4 kJ, H = – 241.6 kJ

rFkk T = 298 K

ekuksa dks ?kVkus ls] gesa izkIr gksrk gS

S =  K298

)kJ4.228()kJ6.241( 

= – 0.0443 kJ K–1 ;k    = – 44.3 JK–1

(b) ok"iu inkFkZ dh nzo rFkk ok"i voLFkk ds chp dh

lkE;koLFkk iznf'kZr djrh gSA

bl voLFkk esa G = 0 vr%

H  TS ;k S = 
T

H

;gk¡ H = 23.9 kJ . T = 338 K

 S = 
K338

kJ9.23
 = 0.070 kJ K–1 = 70 JK–1

(c) laxyu (Fusion) cQZ rFkk ty ds e/; dh lkE;

voLFkk iznf'kZr djrk gS bl voLFkk ij] G = 0 vr%

H = TS ;k S = 
T

H

;gk¡ H = 6.025 kJ rFkk T = 273 K

S = 
K273

kJ025.6
 = 0.0220 kJ K–1 = 22 JK–1


