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ye|skaùu

úYajfha we;s ish¿ oE iqúfYaIS ridhksl wkkH;djlska hqla; h.‌ mod¾:fha l=vdu wxY=j 

mrudKqj nj wms oksuq.‌ ir,j oelajqjfyd;a ridhk úoHdj hkq “mod¾:h iy tys isÿjk 

úm¾hdi ms<sn|j wOHkh” f,i w¾: oelaú h yel' mod¾:h hkq wjldYhla w;am;a 

lr .‌kakd ialkaOhla iys; ´kEu fohla jk w;r th oelsh yels yd we,a,Sug yels 

^mia" c,h wd§& fohla f,i fuka u jd;h jeks wmg fkdfmfkk fohla o  úh yel' 

ixhq;sh yd .‌=K mokï lr f.‌k øjH" ñY%K" uQ,øjH fuka u mrudKq iy wKq wd§ úúO 

wdldr fuys § y`ÿkd .‌; yels h' ish¿u øjH >k" øj iy jdhq f,ig wvqu ;rñka uQ,sl 

wjia:d ;=klska mej;sh yels h' >khl § wxY= ;=<ska ne`oS tlsfklg lsÜgqj lsishï 

ksYaÑ; jHqyhlg ksYaÑ; yevhla iys;j weisÍu ksid tajdg p,kh ùfï yelshdj wvq 

h' øjhl wxY= tlsfklg lsÜgqj we;;a" tlsfklg ia:dkShj b;d ;Èka ne|S ke;s neúka 

ikaikaokd;aulj >khl § g jvd fõ.‌fhka p,kh úh yels h' wxY= w;r ÿr wkqj 

øj yd >kj,g jvd jdhq fndfyda fjkia fõ' jdhqjl§ wxY= tlsfklska fjka ù we;s ÿr" 

wxY=jl m%udKhg ikaikaokd;aulj úYd, ùu fya;=fjka wxY=j,g ksoyfia yeisÍug 

bv we;' tneúka" jdhq wxY= w;r wdl¾Yk n, b;d l=vd fyda fkd.‌sksh yels ;rï ùu 

fya;=fjka wmg jdhq wxY= fjka fjka j ie,lsh yels neúka WIaK;ajh yd mSvkh u; 

mokï jQ iuyr l,ams; myiqfjka mqfrdal:kh l< yels fõ'

1.1   mod¾:fha m%Odk wjia:d ;=fkys wxY= ieleiau iy tajdfha o¾YSh ,CIK

wjldYfha bvla .‌kakd ialkaOhla iys; ´kE u fohla zmod¾:hZ f,i ye`Èkaúh yels h' 

wmg ±lsh yels" w;ska we,a,sh yels .‌yfld< fia u" wm fkdolsk tfy;a yqiau .‌kakd 

jd;h o óg wh;a h' mq`M,a jYfhka .‌;a l, ish¨ mod¾:h >k" øj yd jdhq hkqfjka 

wjia:d ;=klg j¾.‌SlrKh l< yels h' ixhq;sfhys fjkia ùulska f;drj mod¾:h fï 

;%súO wjia:d w;r tllska wfklg mßj¾;kh l< yels h' ksoiqkla f,i( øj wjia:dfõ 

mj;sk c,h r;a lsÍfuka jdhq wjia:djg (yqud,h) mßj¾;kh l< yels w;r" isis,a 

lsÍfuka >k wjia:djg ^whsia& m;a l< yels h'  

>k

^Wod( hlv weKh&

iaÓr yevhla yd

mßudjla we;'

øj

^Wod( c,h&

iaÓr yevhla 

ke;s kuq;a iaÓr mßudjla we;'

jdhq

^Wod( yS,shï neÆk&

iaÓr yevhla fyda

iaÓr mßudjla fyda ke;'

>k

wxY= ^mrudKq" wKq fyda whk&

w;r wdl¾IK n, m%n, h'

wxY= lïmkh jk kuq;a

;eklska ;eklg

p,kh fkd fõ'

øj

wxY= ^mrudKq" wKq fyda whk&

w;r wdl¾IK n, t;rï

m%n, fkd fõ' wxY=j,g hï

m%udKhlg ;eklska ;eklg

p,kh úh yels h'

jdhq

wxY= ^mrudKq" wKq fyda whk&

w;r wdl¾IK n, ÿn, h'

wxY=j,g ;eklska ;eklg

p,kh úh yels h'

                        1'1 rEmh	mod¾:fha ;s%úO wjia:d

wxY=j, ieleiafuka yd p,s;fhka mod¾:fha ;%súO wjia:d tlsfklska fjkia fõ' 

wka;¾¤wxY= w;r ÿr jdhq wjia:dfõ wêl jk w;r" >k wjia:dfõ § th wju fõ' jdhq 

wjia:djg idfmalaIj øj wjia:dfõ § wxY= tlsfklg ióm jk w;r th >k wjia:dfõ 
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§ ;rï tlsfklg ióm o fkd fõ' tneúka l%uj;a j ixúOdkh jQ wxY=uh rgdjla ±lsh 

yelafla >k wjia:dfõ muŒ' øj yd jdhq wjia:d foflys § u wxY= ieliS we;af;a wyUq 

f,i h' fuys m%;sM,hla f,i øj wjia:dfõ we;s wxY=j,g idfmaalaIj jdhq wjia:dfõ 

we;s wxY=j,g jvd fõ.‌fhka yd ksoyia f,i p,kh úh yels h' flfia jqj o >kj, 

we;s wxY=j, p,s;h" lïmkj,g muKla iSud fõ' my; 1'1 j.‌=fjka ±lafjk mßÈ 

mod¾:fha wxY=j, ieleiau yd tys p,s;h" mßudj" yevh" iïmSvH;dj yd >k;ajh jeks 

ufyaalaI .‌=Kj, fjkialïj,g ;=vq fohs'

1.‌1 j.‌=j >k" øj yd jdhq j, .‌=Kj, .‌=Kd;aul ixikaokh

.‌=Kh >k øj jdhq

yevh ksYaÑ; h' wvx.‌= n`ÿfkys

yevh .‌kakd uq;a

n`ÿfkys uq`M mßudj

mqrd fkd me;sfrhs'

n`ÿfkys yevh 

.‌kakd w;r 

n`ÿfkys iuia;

mßudj w;a lr .‌kS'

mßudj ksYaÑ; h' ksYaÑ; h' wvx.‌= n`ÿfkys

mßudj w;a lr .‌kS'

>k;ajh (ρ)/‌ 
g cm-3 (293 K §)

by< w.‌hka .‌kS'

Wod( hlv                 

(7.‌874 g cm-3)

;rula by< w.‌hka 

.‌kS'

Wod( c,h                 

(0.‌997 g cm-3)

w.‌hka my< h'

Wod( yhsv%cka        

(0.‌071g cm-3)

iïmSvH;dj iïmSvkh lsÍu 

b;d ÿIalr h'

iïmSvkh lsÍu b;d 

ÿIalr h'

fnfyúka iïmSvkh 

l< yels h'

igyk ( øj" wvx.‌= n`ÿfkys yevh .‌kakd nj wm i`oyka lr we;s w;r" tfia jkafka 

ukaoehs is;sh hq;= h' idudkHfhka ´kE u jia;=jla wka;¾-wKql n, jeks úúO j¾.‌fha 

n, u`.‌ska tlg ne| ;nd .‌kakd neúka thg ksYaÑ; yevhla we;' îlrhl we;s fok ,o 

c, m%udKhla ^mßudjla& hï yevhla .‌kafka mDIaÀl wd;;sh ksid h' øjh ;=< mj;sk 

wka;¾-wKql n, ksid mDIaGh fl<jf¾ l=vd øj udjlhla we;s fõ' îlrfha ì;a;s u`.‌ska 

øjh u; by<g ;,a¨jla we;s flfrk w;r" mDIaÀl wd;;shg jvd jeä .‌=re;ajc n,h 

u`.‌ska my<g weoSula we;s fõ' tuksid øjh by<ska iu;, mDIaGhla iys;j îlrfha 

yevh .‌kS' fufia jkafka fuu úúO j¾.‌fha ish¨ n,j, n,mEu ksid h' flfia jqj 

o mDIaÀl wd;;sh .‌=re;ajc n,hg jvd m%n, jQjd kï" c,fha mDIaGh iu;, fkdjk 

w;r n`ÿfka yevh fkd.‌kq we;' .‌=re;ajc n,hla ke;ehs is;=j fyd;a" mDIaÀl wd;;sh 

fndfyda fihska by< hhs' mDIaGfha tla tla fldgilg u wfkla mDIaGh iu`.‌ yels ;rï 

<x ù mej;Sug wjYH ksid tajd w;r we;s wdl¾IK wju lr .‌ekSug fm,fò' tneúka 

fok ,o mßudjl wju mDIaÀl lafIa;%M,hla we;s fyd`o u yevh jk f.‌da,dldr yevh 

.‌kS'

r;alsrSfuka fyda isis,kfhka" tla wjia:djl mj;sk mod¾:h ;j;a wjia:djlg mßj¾;kh 

l< yels h' WIaK;ajh jeä lsÍfï § wxY=j, p,k fõ.‌h by< hEu;a wxY= w;r ÿr jeä 

ùu;a lrK fldg mod¾:j, wjia:dj fjkia fõ' ta wkqj WIaK;ajh jeä lsÍfï § >k 

wjia:dfõ we;s øjH øj wjia:djg;a" øj wjia:dfõ we;s øjH jdhq wjia:djg;a m;a fõ' 

WIaK;ajfha wvq ùu;a iu.‌ isÿ jkafka fuys úf,dauhhs' my; 1'2 rEmfhka mod¾:h" tys 

wjia:d w;r wka;¾-mßj¾;khg Ndck l< yels wdldrh fmkakqï flf¾'
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               1'2 rEmh	 mod¾:fha wjia:d w;r wka;¾-mßj¾;kh

1'1 ksoiqk

wxY= jvd;a u ióm f,i iam¾Y jkafka ù kuq;a tajd wyUq f,i weysÍ we;af;a mod¾:fha 

ljr kï wjia:dfõ o@

úi`ÿu :
øj wjia:dj

1'1 j.‌=jg wkqj wm mod¾:fha m%Odk wjia:d ;=fkys .‌=K úia;r lrk úg wxY=j, ieliqu 

yd p,kh uQ,slj i,ld n,d we;' úfYaIfhka u hï øjHhl we;s wKq fyda mrudKqj, 

p,kh ksid yg .‌kakd Yla;sh ;dmc Yla;sh jk w;r" th øjHfha WIaK;ajhg wkqf,dauj 

iudkqmd;sl fõ' tu`.‌ska mod¾:fha we;s wxY=j, uOHkHh pd,l Yla;sh uefkk neúka 

th wxY=j, p,kh fyda ;dmc p,s;h i`oyd fya;= fõ' 

wka;¾-wKql n, u`.‌ska wKq tlsfklg <x ù mej;Sug fm,fUk nj wm oekgu;a 

okakd kuq;a wKqj, ;dmc Yla;sh u`.‌ska wKq tlsfklska wE;a ùug fm,fò' ta wkqj 

mod¾:fha m%Odk wjia:d ;=fkys mej;Su" wKqj, wka;¾-wKql n, iy ;dmc Yla;sh  

w;r iu;=,s;fhys m%;sM,hla f,i ie,lsh yels h' 

wka;¾-wKql wdl¾IK b;d ÿn, jk úg" WIaK;ajh wvq lsÍfuka ;dmc Yla;sh ̂WIaK;ajh& 

wvq fkdl< fyd;a wKq" øj fyda >k fyda f,i mej;Sug fkd fm,fò' wKq tlsfklg 

b;d <`.‌ska we;s úg iy wka;¾ - wKql n, Wmßuj we;s úg mjd iïmSvkh u`.‌ska muKla 

jdhq øj wjia:djg m;a fkd fõ' flfia jqj o WIaK;ajh wvq lsÍu u`.‌ska wKqj, ;dmc 

Yla;sh wvq jk úg jdhq b;d myiqfjka øj l< yels h' fï yeisÍï my; 1.‌3 rEmfhka 

meyeÈ,s l< yels h' mod¾:fha m%Odk wjia:d ;=k flfrys wka;¾-wKql n,j, yd ;dmc 

Yla;sfha m%;súreoaO n,mEfï iajNdjh wmg tu`.‌ska wjfndaO lr .‌; yels h'
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1'3 rEmh	 wka;¾-wKql n, yd ;dm Yla;sh wkqj mod¾:fha m%Odk wjia:d 

;=fkys yeisÍu

mod¾:fha m%Odk wjia:d ;=kla mej;Sug fya;=j wm oekgu;a yodrd we;' oeka wm 

mod¾:fha jdhquh yeisÍug fya;= jk jdhq kshu iy jdhquh wjiA:dj ms<sn`o ;j ÿrg;a 

i,ld n,uq' 

1.2   jdhquh wjia:dj

oeka wm idudkH WIaK;aj mSvk ;;a;aj hgf;a we;s jdhquh wjia:dfõ mj;sk øjHj, 

yeisÍu flfrys wjOdkh fhduq lruq' 

1'1 j.‌=fõ úia;r lr we;s mßÈ jdhquh wjia:dj my; i`oyka fN!;sl .‌=K wkqj úia;r 

flf¾' 

•	 jdhq b;d iïmSvH fõ' 

•	 jdhq ieu ÈYdjlg u iudk whqßka mSvkh we;s lrhs' 

•	 jdhqj,g >k iy øjj,g jvd wvq >k;ajhla we;' 

•	 jdhqj, yevh iy mßudj ks;H fkd fõ' tajd wvx.‌= Ndckfha yevh iy mßudj 

.‌kS' 

•	 jdhq lsis u hdka;s%l n,mEulska f;drj iïmQ¾Kfhka u iy iudkj tlsfkl 

iuÕ ñY% fõ' 

jdhqjl ir,;djhg fya;= jkafka tu wKq w;r mj;sk n, fkd.‌s‚h yels ùuhs.‌ tajdfha 

yeisÍu" mÍlaIKd;aul wOHhkhkaf.‌ka ,nd .‌;a m%;sM, u`.‌ska fidhd .‌kakd ,o fmdÿ 
jdhq kshuj,g (miqj idlÉPd flf¾¡) wkqj isÿ fõ' fï jdhq kshu hkq jdhqjl ueksh 

yels .‌=K w;r mj;sk iïnkaO;d fõ' ueksh yels .‌=K iuyrla jk mSvkh" mßudj" 

WIaK;ajh iy m%udKh ^ujq, fyda ialkaOh& jeks tajd b;d jeo.‌;a jkafka fï úp,H 

w;r mj;sk iïnkaO;d" jdhqjl m%Odk wjia:d (5 jk tallfha § w¾: olajkq ,efí¡) 
úia;r lrk ksid h' tlsfkl yd ne`ÿKq fï úp,Hhka jdhq kshu iQ;%.‌; lsÍug uQ,sl 

ù we;'  

1.2.1   jdhq kshu

wm idlÉPd lsÍug hk jdhq kshu úoHd{hka lsysm fokl= úiska jdhqj, fN!;sl .‌=K 

mokïj isÿ lrk ,o mÍlaIKj,ska ,nd .‌;a m%;sM, fõ' mSvkh" WIaK;ajh" mßudj iy 

jdhq m%udKh hk úp,H w;r mj;sk iïnkaO;d fuys § i,ld n,k w;r" tajd u`.‌ska 
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mod¾:fha jdhquh wjia:dj ms<sn`o udkj j¾.‌hdg m%fhdackj;a jk f;dr;=re rdYshla 

m%ldY fõ' 

 
mßmQ¾K jdhq iy mßmQ¾K jdhq iólrKh 

jdhq wKq w;r wka;¾-wKql n, fkdue;s nj Wml,amkh flf¾ o" tn÷ jdhqjla mßmQ¾K 

jdhqjla f,i ye`Èkafõ' tkï mßmQ¾K jdhqjl wKq w;r wdl¾IK fyda úl¾IK fyda 

n, fkd mj;S' tfuka u jdhqj oud we;s Ndckfha mßudj iu`.‌ iei£fï § jdhq wxY=jl 

mßudj fkdi,ld yeßh yels h' 

jdhqjl ksrfmalaI WIaK;ajh (T)" mSvkh (P)" mßudj (V) iy øjH m%udKh ^n" ujq,& 

jdhquh yeisÍu flfrys n,mdk idOl fõ' P, T, V iy n w;r iïnkaO;dj my; 

m%ldYkfhka ksrEmKh flf¾.‌

fuh mßmQ¾K jdhq iólrKh fyda mßmQ¾K jdhq kshuh f,i oelafjk w;r" R hkq ieu 

jdhqjlg u fmdÿ w.‌hla we;s jdhq ksh;h fõ.‌ fok ,o ´kE u WIaK;ajhl § yd 

mSvkhl § by; iïnkaO;djg wkql+,j yeisfrk ´kE u jdhqjla mßmQ¾K jdhqjla f,i 

y`ÿkajkq ,efí' 

fuu ;;a;aj hgf;a oS mßmQ¾K jdhq ujq, 1 la i|yd 0 °C § yd 1 atm § R ksh;fha w.‌h 

my; wdldrhg .‌Kkh l, yel.‌ (0 °C § yd 1 atm ys§  mßmq¾K jdhqjl 1 mol l mßudj 

22.‌414 dm3 fõ')

mßmQ¾K jdhq iólrKh by; úp,H y;r w;r we;s iïnkaO;dj jk nj wmg fmfkk 

w;r ´kE u jdhqjl wjia:dj tuÕska úia;r flfrk ksid th wjia:d iólrKh f,i 

o ye|skafõ.‌  

mßmQ¾K jdhq iólrKh mokï jQ .‌Kkh lsÍï  

mßmQ¾K jdhq iólrKh u`.‌ska wmg mßudj" WIaK;ajh" mSvkh fyda ujq, m%udKh hk 

tajdhska ;=kla § we;s úg wfkla rdYsh ks¾Kh l< yels h' jdhqjl ujq, m%udKh okakd 

úg tys ujq,sl ialkaOh Ndú;fhka tys ialkaOh o .‌Kkh l< yels h' tfuka u 

tu`.‌ska jdhqjl >k;ajh o ks¾Kh l< yels h' mßmQ¾K jdhq ksh;fha w.‌hg .‌e<fmk 

mßÈ wfkl=;a rdYsj, tall Ndú; lsÍu b;d jeo.‌;a jk nj u;l ;nd .‌; hq;= h' 

idudkHfhka mSvkh atm, Pa, bar, torr jeks tall j,ska m%ldY l< yels h' tneúka fï 

.‌eg¨ úi`oSfï § my; 1.‌2 j.‌=fõ § we;s mSvk tallj, mßj¾;k Tng Woõ jkq we;' 

1'2 j.‌=j  mSvkh i`oyd jk tall

mSvk tallh Pa bar atm torr/‌mmHg

1 Pa 1 N m-2 10-5 9.‌87 × 10-6 7.‌5  × 10-3

1 bar 100,000 1bar 0.‌987 750.‌06
1 atm 101,325 1.‌01325 1 atm 760
1 torr/‌mmHg 133.‌32 1.‌3332 × 10-3 1.‌3158 × 10-3 1 torr/‌ 1 mmHg
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1'2 ksoiqk

jdhq is,skavrhl mßudj 0'950 dm3 fõ' hï mSvkhla hgf;a § fï is,skavrh øj 

fm%dfmakaj,ska (C3H8) msÍ we;' is,skavrh ysia jQ úg jdhqf.‌da,Sh mSvkh yd WIaK;ajh 

hgf;a § tys fm%dfmaka jdhqj hï m%udKhla b;sß fõ' 

(i)	 wjg mßirfha ;;a;aj 25°C iy 750 torr (1 torr = 133.‌52 Pa) kï is,skavrh 

ysiaj we;s úg tys b;sß ù we;s fm%dfmaka jdhq ujq, m%udKh fldmuK o@ 

(wNHka;r mSvkh ndysr mSvkhg iudk úg oS)

(ii)	 is,skavrfha b;sß ù we;s fm%dfmaka jdhq ialkaOh .‌Kkh lrkak' 

(iii)	 is,skavrfha b;sß ù we;s fm%dfmaka jdhqfõ >k;ajh .‌Kkh lrkak'

úi`ÿu :
(i)	 m<uqj § we;s f;dr;=re iudf,dapkh lrkak' 

	 WIaK;ajh" T  =   (25 + 273) K   =   298 K
	 mSvkh" P  =   750 torr × 133'32 Pa/‌ 1 torr  =   99990 Pa
	 mßudj" V =    0.‌950 dm3  =  0.‌950 × 10-3 m3

n fkdokakd moh fõ' 

PV  =  nRT	 Ndú;fhka,

	
(ii)	 fm%dfmakays (C3H8) ujq,sl ialkaOh =  44 g mol-1

	 fm%dfmakays ialkaOh =  0.‌038 mol × 44 g mol-1 =  1.‌672 g

(iii)	 fm%dfmakays >k;ajh =  ialkaOh/‌ mßudj =    = 1.‌76 g dm-3 

by; ksoiqk ie,l+ úg" mßmQ¾K jdhq kshuh úúO wdldrj,ska bÈßm;a l< yels nj 

fmkS hk w;r" my; oelafjk mßÈ ir, fjkia lsÍulska fok ,o jdhqjl ialkaOh 

iy >k;ajh fiúh yels h'

		  PV   =    nRT		

		  P      =    RT

.‌·.‌   P = CRT

fuys zC Zhkq idkaøKhhs' 

;j o PV   =    nRT iïnkaO;dj my; mßÈ o m%ldY l< yels h'

                                                                   PV  =      RT

fuys m hkq ialkaOh jk w;r M hkq jdhqfõ ujq,sl ialkaOhhs' 

P   =    RT f,i o ,súh yels h' 
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>k;ajh (d)   =    

∴ P  =    

úfYaIs; ;;a;aj hgf;A fjk;a jdhq kshu jHq;amkak lsÍfï §" mßmQ¾K jdhq kshuh uQ,sl 

moku f,i ls%hd lrhs'

1.2.2   fndhs,a kshuh (mSvk-mßud iïnkaOh)
—ksh; WIaK;ajhla hgf;a we;s iaÓr jdhq m%udKhl (ialkaOhl) mSvkh jdhqfõ mßudjg 

m%;sf,dauj úp,kh fõ (fyda iudkqmd;sl) fõ'˜ fndhs,a kshuh hkqfjka ye`Èkafjk 

fuh tfia kï lrk ,oafoa 17 jeks ishjfia § WIaK;ajh ksh; jQ ;;a;aj hgf;a fjkia 

jk mSvkh;a iu.‌ jdhqjl mßudj úp,kh jk wdldrh whsßIa cd;sl úoHd{hl= jQ 

frdnÜ fndhs,a (1627- 1691) úiska wOHhkh lsÍfuka miqj h' tys .‌Ks;uh wdldrh 

my; oelafõ' 

my; ±lafjk mßÈ fndhs,a kshuh jHq;amkak lsÍu i`oyd mßmQ¾K jdhq kshuh fhdod 

.‌; yelsh.‌
PV= nRT

jdhqfjys m%udKh yd moaO;sfhys WIaK;ajh ksh;j mj;ajd .‌kakd ,oafoa kï nT .‌=Ks;h 

ksh;hla fõ' R o ksh;hla jk neúka nRT .‌=Ks;h o ksh;hla (k) fõ'

PV = k  (ksh;hla)

tkï "ksh; WIaK;ajfha § ksh; jdhq m%udKhl mSvkfha;a mßudfõ;a .‌=Ks;h ksh;hla 

fõ.‌"  fuh fndhs,a kshuh m%ldY lrk fjk;a wdldrhls.‌ 

ksh; T WIaK;ajhl we;s ksh; jdhq m%udKhl mßudj V1 o, mSvkh P1 o kï yd th V2 

mßudjg yd P2 mSvkhg m;a l< úg fndhs,a kshuhg wkqj:

1'4 rEmh u`.‌ska fndhs,a kshufha idïm%odhsl m%ia;dßl ksrEmK folla fmkakqï flf¾' 

1'4 rEmfha (a) u`.‌ska ixikaokh i`oyd úúO WIaK;ajj, § PV = k m%ia;dr.‌; lr we;' 

k w.‌h WIaK;ajh u; muKla r`od mj;sk ksid fok ,o jdhq ialkaOhla i`oyd w`Èk 

,o ieu jl%hla i`oyd u k ys w.‌h tlsfklg fjkia fõ' by< WIaK;ajj, § mßudfõ 

m%idrKh ksid pl%h by<g f.‌dia we;s nj ie,lsh hq;= h' tfuka u WIaK;ajh ksh; 

úg jdhqfõ mSvkh wvla jk úg mßudj fo.‌=K jk nj u;l ;nd .‌; hq;= h'
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1'‌4 rEmh	 úúO ksh; WIaK;ajj, § (a) mßudj (V) iuÕ (b) 1/‌V iuÕ 

mSvkfha fjkia ùu

1'4 (b) rEmh u`.‌ska P g tosrsfhka  ys m%ia;drh ksrEmKh fõ' th uQ, ,laIHh yryd hk 

ir, f¾Ldjls' fndhs,a úiska lrk ,o mÍlaIKj,g wkqj ,nd .‌kakd ,o fuu m%ia;dr 

u`.‌ska jdhqj,g by< iïmSvH;djla we;s nj m%udKd;aulj fmkajd foa' tkï fok ,o 

jdhq ialkaOhla iïmSvkh l< úg" tl u m%udKhlska we;s wKq ixLHdj l=vd mßudjla 

;=< me;sf¾' fï wkqj by< mSvkj, § jdhqj, >k;ajh jeä fõ' 

igyk: fok ,o jdhqjl >k;ajh d, ialkaOh m o, mßudj v o jk úg d =    iólrKfhka 

fok nj wms oksuq.‌ tuksid ksh; WIaK;ajfha§" 

  hkqfjka ,súh yels h.‌

1.‌3 ksoiqk

ksh; WIaK;ajhla hgf;a we;s okakd jdhq ujq, m%udKhl mßudj fo.‌=K l< úg 

mSvkfha isÿ jk fjkia ùu .‌Kkh lrkak'

úi`ÿu :
V1 =V, V2 = 2V, P1 = P, P2 = ?	 
fndhs,a kshuh fh§fuka :  P1V1 = P2V2

P × V = P2 × 2V
P2 = P/‌2             
∴kj mSvkh uq,a mSvkfhka wvla fõ.‌
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1.‌4 ksoiqk

ldur WIaK;ajfha § ne¨khla yhsv%cka jdhqj okakd m%udKhlska mqrjd we;' jdhqf.‌da,Sh 

mSvkfha § (100 kPa), tu jdhq m%udKh 2.‌50 dm3 l mßudjla .‌kS' tu WIaK;ajfha § u 

we;=<; mSvkh 20 kPa ùug ne¨kfha mßudj fldmuK úh l< hq;= o@ 

úi`ÿu :
P1 = 100 kPa , P2 = 20 kPa	 , V1 = 2.‌5 dm3,  V2 = ?  
fndhs,a kshuh fh§fuka" P1V1 = P2V2

100 kPa × 2.‌5 dm3  =  20 kPa × V2        
∴V2 = 12.‌5 dm3  
ne¨kfha mßudj 12.‌5 dm3 olajd jeä l< hq;= h'

1.2.3   pd,aia kshuh (WIaK;aj-mßud iïnkaOh)
cdlaia pd,aia iy fcdaIma f.‌a-¨iela hk úoHd{hkaf.‌a yeoEÍï u.‌ska fmkajd § we;s mßÈ 

ksh; mSvkhl § fok ,o ks;H jdhq m%udKhl ^ialkaOh& mßudj, WIaK;ajh;a iu`.‌ 

jeä jk w;r" isis,a lsÍu;a iu`.‌ wvq fõ' tfuka u WIaK;ajfhA isÿ jk ieu fi,aishia 

wxYlhl fjkila mdid ^jeä ùu fyda wvq ùu& mßudj 0°C § jdhqfõ wdrïNl mßudfjka  
 idOlhlska fjkia jk nj ^jeä ùu fyda wvq ùu& fidhd f.‌k we;' 

0 °C § iy t °C ys § jdhqfõ mßudj ms<sfj<ska V0 iy Vt  hhs Wml,amkh lruq' túg"

fuu ;;a;ajfha §, WIaK;ajh i`oyd kj mßudKhla w¾: olajd we;' túg tu mßudKhg 

wkqj

	 t °C i`oyd Tt  =  273.‌15 + t  uÕska ,nd fok w;r

	 0 °C i`oyd T0  =  273.‌15 uÕska ,nd fohs'

fuu kj WIaK;aj mßudKh fl,aúka WIaK;aj mßudKh (K) fyj;a ksrfmalaI WIaK;aj 

mßudKh f,i ye`Èkafõ' – 273.‌15 °C (0 K) hkak ;dm.‌;sl Y+kHh f,i w¾: oelafjk 

w;r" th ffioaOdka;slj <`.‌d úh yels wju WIaK;ajh fõ' 

fmdÿfõ .‌;a úg ksh; mSvkfha § (V1, T1) isg (V2, T2) olajd isÿ jk fjkila i`oyd
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tuksidzzksh; mSvkhla hgf;a § ksh; jdhq m%udKhl mßudj ksrfmalaI WIaK;ajhg 

wkqf,dauj iudkqmd;sl fõ'ZZ fuh pd,aia kshuh f,i ye`Èkafõ'

;jÿrg;a ksh; jdhq m%udKhl mSvkh ksh;j mj;ajd .‌;a úg tys mßudj flfrys 

WIaK;ajh n,mdk wdldrh wOHhkh lsÍu i`oyd mßmQ¾K jdhq iólrKh Ndú;hg .‌; 

yels h' mßmQ¾K jdhq iólrKh my; ±lafjk mßÈ m%;sixúOdkh l< yels h'

                                          

                                          PV = nRT
V = nRT/‌ P

ksh; jdhq ialkaOhl mSvkh ksh; kï nR/ P ksh;hla fõ'

                                                           
.‌·.‌  V ∝ T  fyda  V = kT

pd,aia kshuhg wkqj ish¿ jdhq i`oyd fok ,o ´kE u mSvkhl §, mßudjg tosßfhka 

WIaK;ajh (°C j,ska) w;r m%ia;drh ir, f¾Ldjla jk w;r" th Y+kH mßudjla olajd 

Èla l< úg" ieu f¾Ldjlg u WIaK;aj wlaIh - 273.‌15 °C § yuq fõ' úúO mSvkj,§ 

f¾Ldj, nEjqu úúO jk kuq;a Y+kH mßudfõ § ieu f¾Ldjla u WIaK;aj wlaIh 

lmkqfha - 273.‌15 °C § fyda 0 K § nj 1'5 rEmfhka fmkakqï flf¾.‌

1'5 rEmh	 úúO ksh; mSvkj, § WIaK;ajh iuÕ jdhqjl mßudfõ 

úp,kh
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1.‌5 ksoiqk 

ksh; mSvkhla hgf;a we;s okakd jdhq ujq, m%udKhl mßudj f;.‌=K l< úg tys isÿ 

jk WIaK;aj fjki .‌Kkh lrkak'

úi`ÿu :

T1 = T ,  V1 = V ,  V2 = 3V ,  T2 = ?

T2 = 3T
mßudj fl,aúka WIaK;ajhg wkqf,dauj iudkqmd;sl jk neúka kj WIaK;ajh 

wdrïNl w.‌h fuka ;=ka .‌=Khla jk nj fl<ska u ksudkh l< yels h.‌

 hk iólrKh i,ld t  =  -273.‌15 wdfoaY l< úg" mßudj Y+kH f,i 

,efí' tys f;areu túg jdhqj fkdmj;sk nj h' ta wkqj ´kE u jdhqjla fï WIaK;ajhg 

<`.‌d ùug fmr øj jk nj wmg wjfndaO lr .‌; yels h' jdhq Y+kH mßudjla w;a lr 

.‌kafka hehs is;sh yels wju Wml,ams; WIaK;ajh ksrfmalaI Y=kHh f,i ye`Èkafõ'

1.‌6 ksoiqk 

23 °C § ne¨khla yhsv%cka jdhqj hï m%udKhlska msrjQ úg tys mßudj 2.‌0 dm3 fõ' 

tu mSvkfha § u WIaK;ajh 27 °C olajd jeä l< úg jdhqfõ mßudfõ isÿ jk fjki 

.‌Kkh lrkak' 

úi`ÿu :

T1  =  23 + 273  =  296 K, T2  =  27 + 273= 300 K, V1  =  2.‌0 dm3, V2  =  ? 

jdhqfõ mSvkh yd m%udKh ksh; neúka pd,aia kshuh fh§fuka

		

		  V2  =  2.‌03 dm3

.‌·.‌  mßudfõ isÿjk fjki =  0.‌03 dm3

1.2.4   wej.‌dâfrda kshuh (m%udK-mßud iïnkaOh)
fndhs,a iy pd,aia kshu jeä ÈhqKq lsÍfuka ,;a ixlaIsma;h 1811 § b;d,s cd;sl úoHd{hl= 

jQ wufoda wej.‌dâfrda úiska jdhqj, ujq, m%udKh iy jdhqj, mßudj iïnkaO lr kj 

l,ams;hla jk wej.‌dâfrda kshuh bÈßm;a lrk ,È' tkï tl u WIaK;ajhla yd mSvkhla 

hgf;a we;s iudk jdhq mßudj, iudk ujqq, ixLHdjla we; hkakh (wej.‌dâfrda kshuh).

fï wkqj V ∝ n fyda  V = k n  wej.‌dâfrda kshuh f,i ,súh yels h.‌
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jdhq ujq,hl we;s wKq .‌Kk 6.‌022 × 1023 f,i ks¾Kh lr we;s w;r" th wej.‌dâfrda 

ksh;h (NA fyda L) f,i ye|skafõ.‌

my; oelafjk mßÈ mßmQ¾K jdhq iólrKh uÕska wej.‌dâfrda kshuh myiqfjka 

wjfndaO lr .‌; yels h.‌

fuys N yd NA hkq ms<sfj<ska jdhqfõ we;s wKq ixLHdj iy wej.‌dâfrda ksh;h fõ' tl 

u WIaK;ajhla yd tlu mSvkhla hgf;a we;s P iy Q kï jQ jdhq foll iudk mßud 

follg by; iïnkaO;dj fh§fuka"

P iy T ksh; úg § (R iy NA  ksh;hka fõ.‌)

ir,j oelajqjfyd;a, ksh; WIaK;ajhla iy mSvkhla hgf;a we;s jdhqj, iudk mßud 

;=< iudk wKq ixLdjla wvx.= fõ' (V α N).‌

by; idlÉPd lrk ,o jdhq kshu fhdod .‌ksñka fok ,o jdhq mßudjla (V) i`oyd 

mßmQ¾K jdhq iólrKh ,nd .‌; yels h'

		

by; (1), (2) iy (3) iólrK ;=ku imqrd,k tlu iólrKh jkafka"

		
		  k  =  R jQ úg

		  P V  =  n R T
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1.2.5   ujq,sl mßudj (Vm)
jdhqjl mßudj ujq, m%udKhg wkqf,dauj iudkqmd;sl jk neúka"

			 

f,i wmg ,súh yels h'

iudk WIaK;aj yd mSvk ;;a;aj hgf;a § ´kE u jdhqjl ujq, tlla w;a lr .‌kakd 

mßudj (Vm) tl u w.‌hla úh hq;= ksid th" 

			 

f,i .‌Kkh l< yels h' 

tu ksid WIaK;ajfha § iy iïu; mSvkfha § ´kE u jdhqjl ujq,sl mßudj Vm tl u  

mßudjla úh hq;= h' iïu; w.‌h i`oyd ;;a;aj l=,l folla Ndú; flf¾'

•	 m<uq ;;a;aj wkqj :
	 WIaK;ajh 0 °C ^273.‌15 K) iy iïu; mSvkh 1 atm (101325 Pa) fõ' fuu iïu; 

;;a;ajh hgf;a mßmQ¾K jdhqjla fydA mßmQ¾K jdhq ixfhdackhl ujq,sl mßudj 

22.‌414 dm3 mol-1 fõ' fuu ;;a;aj hgf;a § jdhqjl ujq,sl mßudj Vθ
m f,i 

ksrEmKh flf¾'

•	 fojk ;;a;aj wkqj :
	 ia:dksl WIaK;ajh 25 °C (298.‌15 K) iy iïu; mSvkh 1atm (101325Pa) fõ.‌ 

fuys § jdhqjl ujq,sl mßudfõ w.‌h 24.‌790  dm3 mol-1 fõ' 

igyk ( wej.‌dâfrda kshuhg wkqj jdhqjl ujq,sl ialkaOh (M),  tys >k;ajhg (d), 
wkqf,dauj iudkqmd;sl fõ' 

		  V = k n = k (m/‌M) 
tneúka		 M = k (m/‌V) = k d

1.‌7 ksoiqk 

298 K WIaK;ajfha § yd 1 atm mSvkfha § He jdhqfõ iy Ne jdhqfõ ujq,sl mßud 

iudk nj fmkajkak'  

úi`ÿu :
PHe = 1 atm = 101325 Pa,  THe = 298 K,  nHe = 1.‌00 mol, VHe = ?	
PHeVHe = nHeRTHe

VHe = nHeRTHe/‌ PHe

VHe = (1 mol × 8.‌314 J K-1mol-1 × 298 K)/‌ 101325 Pa = 24.‌4 dm3
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PNe = 1 atm = 101325 Pa, TNe = 298 K, nNe = 1.‌00 mol, VNe = ?	

PNeVNe = nNeRTNe

VNe = nNeRTNe /‌ PNe

VNe = (1 mol × 8.‌314 J K-1mol-1 × 298 K)/‌ 101325 Pa 

VNe = 24.‌4 dm3

tkï" tl u WIaK;ajfha § iy mSvkfha § jdhq ujq, m%udK iudk kï" úúO jdhq 

w;a lr .‌kakd mßud iudk fõ'

1.2.6   ixhqla; jdhq kshuh

jdhq m%udKh ujq,j,ska uekak úg ish¨ jdhq, mSvkh, mßudj yd WIaK;ajhg wkqnoaOj 

tl u wdldrhlg yeisf¾.‌ ks;H jdhq m%udKhl WIaK;ajh, mSvkh  yd mßudj wdÈ rdYSka 

T1, P1, V1  isg T2, P2,  V2 olajd fjkia lrk úg, mßmQ¾K jdhq  iólrKh u wkqmd;hla 

f,i ,súh yels h.‌ 

fuh ixhqla; jdhq kshuh f,i ye|skafõ.‌

1.‌8 ksoiqk

25 °C § iy 760 mm Hg mSvkhl § fok ,o jdhq m%udKhl mßudj 600 cm3 fõ.‌10 °C 
§ tys mßudj 650 cm3 jk úg tys mSvkh l=ula fõ o?

úi`ÿu :  
(T1, V1, P1) isg (T2, V2,  P2) olajd wmg ,súh yelsh 

P1 = 760 mm Hg = 1 atm = 101325 Pa, V1=  600 cm3 = 0.‌600 dm3, 		  

T1 = 25 + 273 = 298 K

V2 = 650 cm3 = 0.‌650 dm3,  T2 = 10 + 273 = 283 K,  P2 = ?

P2  = 666.‌2 mmHg = 88823 Pa = 88.‌823 kPa
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1.3   fvda,agkaf.‌a wdxYsl mSvk kshuh

fndfyda m%dfhda.‌sl Ndú;j, § wmg yuq jkafka ;ks jdhqjla fkdj jdhq ñY%K h' wm 

yqiau .‌kakd jd;fha m%Odk ixrpl f,i khsg%cka yd Tlaiscka hk jdhq we;=<;a jk 

w;r" w,am jYfhka mj;akd fjk;a jdhq o .‌Kkdjla fõ' uq`M jdhqf.‌da,Sh mSvkhg fï 

ish¨ jdhq odhl fõ' 

jdhq ñY%Kh w;a lr.‌kakd mßudj lsishï ix>á; jdhqjla úiska tu WIaK;ajfha§u ;ksj 

w;am;a lr .‌;a l,ays bka fhfok mSvkh tu jdhqfõ wdxYsl mSvkh hkqfjka ye`Èkafõ' 

ta wkqj ridhksl jYfhka tlsfkl iu`.‌ m%;sl%shd fkdlrk jdhq lsysmhl ñY%Khla 

i,luq' fuys uq`M mSvkh" ix>á; jdhqj, wdxYsl mSvkj, ftlHhg iudk fõ hhs 

fvda,agka f.‌a Wm.‌%yKfhka bÈßm;a lrk ,§' fuh fvda,agkaf.‌a wdxYsl mSvk kshuh 

f,i yeÈkafõ'

A, B iy C hk jdhqj,ska iukaú; jdhq ñY%Khl tu jdhqj, wdxYsl mSvk ms<sfj<ska 

PA, PB  iy PC kï" ksh; WIaK;ajfha§ iy ksh; mßudfõ§ jdhq ñY%Kfha uq`M mSvkh PT  
my; ±lafjk iólrKfhka oelafõ' 

my; ±lafjk mßÈ fvda,agkaf.‌a wdxYsl mSvk kshuh mßmQ¾K jdhq iólrKfhka 

jHq;amkak l< yels h' A iy B hk jdhq foflka hq;a jdhq ñY%Khla i,luq' ñY%Kfha 

we;=<;a A iy B jdhqj, ujq, m%udK ms<sfj<ska nA iy nB hehs o ñY%Kfha uq`M mSvkh 

PT hehs o is;uq'

PV = nRT

A jdhqj i`oyd,  nA = PAV/‌ RT (A  jdhqfjys wdxYsl mSvkh PA fõ.‌)

B jdhqj i`oyd,    nB= PBV/‌ RT	(B jdhqfjys wdxYsl mSvkh PB fõ.‌)

jdhq ñY%Kh i`oyd,  nT = PTV/‌ RT

iy  nT = nA + nB

tu ksid,    PTV/‌ RT = (PAV/‌ RT) + (PBV/‌ RT)

iq`M l< úg,	 PT = PA + PB

fuh fvda,agkaf.‌a wdxYsl mSvk kshuhhs¡

1.3.1   ujq, Nd.‌h wkqidrfhka wdxYsl mSvkh

T hk WIaK;ajfha § mßudj V jk uq¿ mSvkh PT  jk n`ÿkl A jdhq ujq, nA o B jdhq 

ujq, nB o wvx.‌= jk w;r" tajdfha wdxYsl mSvk ms<sfj<ska PA iy PB fõ' 

 

fvda,agkaf.‌a kshuhg wkqj" PT    =    PA   +   PB

PA iy PB m%ldYk fjk fjk u PT  j,ska fn§fuka"
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tu ksid"

f,i ,súh yels h'

hï jdhquh m%fNaohl wdxYsl mSvkh tys ujq, Nd.‌fhA;A uq¿ mSvkfha;a .‌=Ks;hg iudk 

fõ' 

1.‌9 ksoiqk

(i)	 jdhq ñY%Khl khsg%cka (N2) jdhqj 0.‌8 mol o Tlaiscka (O2) jdhqj 0.‌2 mol o 
wvx.‌= h' tla;rd WIaK;ajhl § jdhq ñY%Kfha uq`M mSvkh 1.‌00 atm kï" tla 

tla jdhqfõ wdxYsl mSvkh .‌Kkh lrkak'     

(ii)	 n`ÿk r;a lr ksh; WIaK;ajhl ;nd .‌;a úg" N2 jdhqj, O2 jdhqj iu`.‌ m%;sls%hd 

lr NO2 jdhqj idohs' iu;=,s;;dfõ § n`ÿfkys N2 jdhq ujq, 0'7la o, O2 jdhq 

ujq, 0'15la o, NO2 jdhq ujq, 0'1la o we;' túg N2 jdhqfjys wdxYsl mSvkh 0.‌88 
atm kï" O2 yd NO2 jdhqj, wdxYsl mSvkh .‌Kkh lrkak'

 

úi`ÿu :
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fvda,agkaf.‌a kshuh ms<sn`o oekqug wkqj jdhq ñY%Khlg o ixY=oaO jdhqj, ,laIK 

u we;s nj;a, fok ,o ish¨ jdhq mßmQ¾K jdhq nj;a ridhkslj tlsfkl yd m%;sls%hd 

fkdlrk nj;a ie,ls,a,g .‌; hq;= h.‌ flfia jqj o jdhq wvx.‌= m%;sls%hdj, §" m%dfhda.‌slj 

tajd tla /‌ia lr.‌kakd wdldrfha § o fjk;a jdhqjla w¨;ska tl;= úh yel' ksoiqkla 

f,i ridhksl m%;sls%hdjl § idudkHfhka jdhqjla /‌ia lr .‌kq ,nkafka c,fha hál=re 

úia:dmkfhks' fï l%ufha §" c, fødaKsldjla ;=< hál=rej ;enQ c,fhka mqrjk ,o jdhq 

irdjla ;=,g k,hla yryd jdhqjla nqnq,kh lsÍfuka n÷k ;=< jdhqj tla /‌ia lr .‌kq 

,efí' tneúka jdhq nqnq¿ k<h yryd c,h wvx.‌= fnda;,h ;=<g .‌uka lrkqfha jdhqj 

u`.‌ska c,h ;,a¨ lrñka c,h bj;a jk wdldrhg h' fuys § jdhqj c,fha Èh fkdjk 

nj iy c,h iu`.‌ m%;sls%hd fkdlrk nj Wml,amkh lrkq ,efí' flfia fj;;a 

ixY=oaO wjia:dfjys mj;sk jdhqjla wmg ,nd .‌; fkdyel.‌ fuys § /‌ia lr .‌kakd jdhqj 

m%;sls%hdfõ § iefok jdhqfõ iy jdIamsNjkh u`.‌ska iEfok c, jdIam iaj,amhla o wvx.= 

jdhq ñY%Khla fõ' jdhqfõ wvx.‌= jk c, jdIam m%udKh u`.‌ska tu WIaK;ajfha § we;s 

lrk mSvkh" c,fhaa ika;Dma; jdIam mSvkh f,i ye`Èkafõ' tneúka hï WIaK;ajhl § 

tla /‌ia lr .‌kakd jdhqfjys mSvkh ks¾Kh lsÍfï § uq¿ mSvkfhka c,fha jdIam mSvkh 

wvq l< hq;= h' túg, ,efnk jdhqfõ wdxYsl mSvkh" tys mßudj iy WIaK;ajh, mßmQ¾K 

jdhq iólrKhg fh§fuka tla /‌ia lr .‌;a jdhq ujq, m%udKh .‌Kkh l< yels h' 1.‌10 
ksoiqk u`.‌ska fuh oelafõ¡ 

1.‌10 ksoiqk 

my; m%;sls%hdjg wkqj KClO3(s) r;a lsÍfuka Tlaiscka jdhqj ms<sfh, lrkafka hehs 

is;kak' 

2KClO3(s) → 2KCl(s) + 3O2(g)

27 °C iy 760 torr ys § O2 jdhqj 1.‌50 dm3la c,h yryd tl;= lr .‌kq ,efí'

27 °C oS c,fha ika;Dma; jdIam mSvkh 26.‌7 torr fõ' ieÿK O2 jdhq ujq, m%udKh 

.‌Kkh lrkak'

úi`ÿu :

fvda,agkaf.‌a kshuhg wkqj"

Piuia;    =     PTlaiscka   +     Pc,h       
         

 

PTlaiscka =   Piuia;      -     Pc,h   = (760 – 26.‌7) torr = 733.‌3 torr  = 97764 Pa  

mßmQ¾K jdhq iólrKh fh§fuka"

1.4   jdhq ms<sn`o pd,l wKqljdoh

by; fldgiaj, § wms mÍlaIKd;aul o;a; u; mokï jQ jdhq iïnkaO kshu ^ksoiqka( 

fndhs,a kshuh" pd,aia kshuh jeks kshu& wOHhkh lr wjfndaOh ,nd .‌;af;uq.‌ tjeks 

mÍlaIK u`.‌ska úúO ;;a;aj hgf;a § jdhq moaO;s yeisfrk wdldrh ms<sn`o wjfndaOhla 

,nd .‌; yels h' mÍlaIK u`.‌ska tu ksÍlaIK ,nd .‌;a; o jdhq moaO;s tf,i yeisfrkafka 

uka o hkak wm oek .‌; hq;= h' ksoiqkla f,i jdhqjla iïmSvkh l< úg mSvkh jeä 

jk nj jdhq kshu wdOdrfhka wmg mqfrdal:kh l< yels kuq;a jdhqjla iïmSvkh 

l< úg wKql uÜgñka thg l=ula isÿ fõ o hkak wm oek.‌; hq;= h' fujeks wjia:d 

fyda mj;sk .‌eg¨ meyeÈ,s lsÍu i`oyd ffioaOdka;sl wdlD;shla wjYH neúka wmg jvd 

fyd`o wjfndaOhla ,nd .‌ekSug Wojq jk isoaOdka;hla wjYH fõ' wKql uÜgñka jdhqj, 

yeisÍu meyeÈ,s lsÍug fhdod .‌kakd tu isoaOdka;h zpd,l wKqljdohZ f,i ye`Èkafõ'
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1.4.1   mßmQ¾K jdhqjla i|yd pd,l wKql jdofha Wml,amk 
•	 mq¿,aj me;=reKq b;d l=vd wxY= rdYshlska ^wKq fyda mrudKq& jdhqjla iukaú; fõ'

	 wxY= mq¿,a mrdihl me;sÍ we;s neúka" wxY=jl i;H mßudj jdhqj w;a lr .‌kakd 

uq¿ mßudjg idfmalaIj b;d l=vd h' ke; fyd;a wxY=j, i;H mßudj tajd w;r 

we;s ysia wjldYhg idfmalaIj fkdi,ld yeßh yels h' b;d <`.‌ska wxY= ieliS 

we;s >khlg fyda øjhlg jvd jdhqjl mßudj b;d úYd, jk nj" fï Wml,amkh 

u`.‌ska ksjerÈj mqfrdal:kh l< yels h' jdhq wxY= b;d mq¿,aj me;sÍ we;s neúka 

>kj,g iy øjj,g idfmalaIj jdhqj,g wvq >k;aj we;' fï Wml,amkh u`.‌ska 

jdhqj, by< iïmSvH;dj meyeÈ,s fõ'

•	 jdhq wKq tlsfkl iu`.‌ fyda Ndckfha ì;a;s iu`.‌ ix>Ügkh jk ;=re ieu 

jdhq wKqjla u wyUq f,i ^yels ieu ÈYdjlg u& ir, f¾Çhj p,kh fõ' úúO 

wKqj,g úúO fõ.‌ mj;S' 

	 fï ix>Ügk mQ¾K m%;Hia: fõ' tkï tla jdhq wKqjl Yla;sh fjk;a wKqjlg 

ixl%uKh ùu iy tla tla wKqfõ Yla;sh fjkia ùu isÿ úh yels jqj o uq¿ Yla;sh 

jeä ùula fyda wvq ùula isÿ fkd fõ' jdhq wKq Ndckfha ì;a;s iu`.‌ isÿ lrk 

ix>Ügk fya;=fjka Ndckh ;=< mSvkhla we;s fõ' 

•	 jdhq wKqj, uOHkH pd,l Yla;sh ksrfmalaI WIaK;ajh u; muKla r`od mj;S'

	 fok ,o jdhqjl pd,l Yla;sh (KE) my; iólrKfhka m%ldY jk neúka jdhq 

wxY=jlg ^mrudKq fyda wKq& thg wkkH jQ ialkaOhla yd fõ.‌hla we;s nj 

fuu.‌ska m%ldY flf¾' 

fuys m hkq jdhq wxY=fõ ialkaOh jk w;r" v hkq m%fõ.‌h ^fyda fõ.‌h& fõ' ksh; 

mßudfõ § jdhqjla r;a l< úg mSvkh jeä jk nj wm oksuq' thg fya;=j jdhqj r;a l< 

úg wxY=j, pd,l Yla;sh jeä ù" tajd n`ÿfka ì;a;s iu`.‌ isÿ lrk ix>Ügk jeä ùfuka 

jeä mSvkhla we;s lsÍuhs' ta wkqj wxY= ujq, tll pd,l Yla;sh iy WIaK;ajh w;r 

iïnkaO;djh my; iólrKfhka ,nd foa.‌ 

;jÿrg;a my; oelafjk lreKq ±laúh yels h'

•	 jdhq wxY= tlsfklska iajdh;a;j yeisf¾'

	 jdhq wxY= mq¿,aj me;sÍ we;s neúka tajd ix>Ügkh fkdfõ kï tlsfklska 

iajdh;a;j p,kh fõ' tkï jdhq wxY= w;r wdl¾IK n, fyda úl¾IK n, fyda 

fkdmj;S' fï Wml,amkfhka fvda,agkaf.‌a wdxYsl mSvk kshuh o meyeÈ,s jk nj 

wmg fmfka' tfukau jdhqjla iïmQ¾Kfhka u n`ÿkl msÍ mj;skafka wehs oehs fï 

Wml,amkfhka meyeÈ,s fõ'

•	 jdhq wKq n`ÿfka ì;a;sh iu`.‌ isÿ lrk ish¨ ix>Ügkj, tl;=j ksid jdhqjla 

u`.‌ska mSvkhla we;s fõ'

	 fï Wml,amkh u`.‌ska fndhs,a kshuh meyeÈ,s fõ' tkï fok ,o WIaK;ajhl § 

ks;H jdhq m%udKhla i`oyd" n`ÿfka mßudj b;d l=vd jk úg tall lafIa;% M,hl 

isÿ jk ix>Ügk ixLHdj jeä fõ' l=vd mßudjl § jdhq wKqjla ix>Ügkh ùug 
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fmr .‌uka l< hq;= uOHkH ÿr m%udKh wvq h' tu ksid hï lsis lafIa;% M,hl isÿ 

jk jeä ix>Ügk m%udKh jeä mSvkhla we;s lrhs' fï Wml,amkh u`.‌ska jdhq 

ujq, m%udKh mSvkhg iudkqmd;sl jk nj o mqfrdal:kh fõ' jdhq wKq ixLHdj 

jeä jk úg ì;a;s iu`.‌ isÿ jk ix>Ügk jdr .‌Kk o jeä jk ksid mSvkh jeä 

fõ' 

1.4.2   pd,l wKqljdofha iólrKh

my; § we;s iólrKh pd,l wKql jdofha iólrKh f,i ie,fla'

 

fï m%ldYkfhka wKql p,s;h weiqfrka ufyalaI .‌=Khla jk mSvkh m%ldY flf¾' 

by; iïnkaOfha úfYaI;ajh jkafka mSvkh" fok ,o WIaK;ajhl §, § we;s n`ÿkl we;s 

wKqj, j¾.‌ uOHkH fõ.‌hg iudkqmd;sl jk njhs' fï iólrKhg wkqj fmkS hkafka 

wKql fõ.‌h jeä l< úg n`ÿklg we;s jk mSvkh o jeä jk njhs'  hkq wKqj, j¾.‌ 

uOHkH fõ.‌h f,i w¾: olajkq ,efí'

1.4.3   j¾.‌ uOHkH uQ, fõ.‌h iy uOHkH fõ.‌h 

my; olajd we;s mßÈ wKql fõ.‌h i`oyd w¾: oelaùu úúO wdldrfhka oek .‌ekSu 

jeo.‌;a fõ' ksh; WIaK;ajfha § ks;H mßudjla we;s n`ÿkla ;=< wvx.‌=j we;s wKq N 
ixLHdjla tlsfklg fjkia c1, c2…….‌.‌ cN hk fõ.‌j,ska p,kh jk úg" 

j¾.‌ uOHkH uQ, fõ.‌h  fõ' 

j¾.‌ uOHkH fõ.‌h, , WIaK;ajh u; r`od mj;sk nj fmkaùu i`oyd iólrKhla 

jHq;amkak lsÍug pd,l wKql iólrKh fhdod .‌; yels h' V mßudjl we;s N wxY= 

.‌Kkla i`oyd iólrKh i,ld n,uq' 

N   =   n  NA ksid (NA hkq wej.‌dâfrda ksh;h jk w;r n hkq ujq, m%udKhhs) 

PV   =   nRT hk mßmQ¾K jdhq iólrKh" by; iólrKfha wdfoaYfhka 
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tu ksid j¾.‌ uOHkH uQ, fõ.‌h"

f,i ,súh yels h.‌

1.‌11 ksoiqk

25 °C oS H2 iy N2 jdhqj, j¾.‌ uOHkH uQ, fõ.‌h .‌Kkh lrkak' 

úi`ÿu :
T   	 = 25 0C   = 298 K 
M(H2)  = 2.‌0 g mol-1 	 = 0.‌002 kg mol-1     
M(N2) 	 = 28.‌0 g mol-1	  = 0.‌028 kg mol-1    
R	 = 8.‌314 J K-1 mol-1 

by; ksoiqkg wkqj" fok ,o WIaK;ajhl § nßka jeä wKq fifuka p,kh jk nj 

fmfka' thska ks.‌ukh jkafka jeä ialkaOhla iys; wKq tl u pd,l Yla;shla w;am;a 

lr .‌kq msKsi ieye,a¨ wKq f,iska jeä fõ.‌hla iys;j p,kh fkdjk nj h' fï 

pd,l Yla;sh WIaK;ajhg Rcqj u iïnkaO jk w;r" pd,l wKqljdofha iólrKh 

u`.‌ska th my; oelafjk mßÈ idOkh l< yels h'

	  

fï iólrKh 2ka .‌=K lr 2ka fn§fuka" miqj kej; tu iólrKh m%;sixúOdkh l< 

yel.‌

	

kB hkq fnda,aÜiaudka ksh;h fõ' 
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wKqjla i`oyd,

				  

				  

ujq,hla i`oyd,

fuu.‌ska jdhqjl pd,l Yla;sh fl,aúka WIaK;ajh u; muKla r`od mj;sk nj Tmamq 

fõ'

1.4.4   ueialafj,a-fnda,aÜiaudka jHdma;sh     
by; ksoiqkg wkqj N2 wKqfõ fõ.‌h 515 m s-1 f,i .‌Kkh lr we;s kuq;a tu`.‌ska ish¨ 

N2 wKq tu fõ.‌fhka p,kh fõ hehs woyia fkdflf¾' (wKq ir, f¾Çh ÈYdjkag 

p,kh jk neúka" p,s;hg ffoYssl .‌=K we;s w;r" ta wkqj wKq j, fõ.‌h m%ldY lrkq 

,efí).‌ wKqj, fõ.‌ Y+kHfha isg idfmalaIj 515 m s-1g jvd jeä w.‌hla olajd jHdma; ù 

mj;S' thg fya;=j tla tla wKq ix>Ügkh ù Yla;sh yqjudre lr .‌ksñka úúO fõ.‌ we;s 

lsÍuhs' 1'6 rEmfha olajd we;s mßÈ hï lsis fõ.‌hla iys; wKq Nd.‌hla f,i fï fõ.‌ 

jHdma;sh fmkakqï l< yels h' tjeks jHdma;shla uelaiafj,a-fnda,aÜiaudka fõ.‌ jHdma;sh 

f,i ye|skafõ.‌

     
1'6 rEmh	 (a) úúO WIaK;ajj, § khsg%cka jdhqj i`oyd uelaiafj,a--

fnda,aÜiaudka fõ.‌ jHdma;sh (b) 300 K § jdhq ;=kla i`oyd 

fõ.‌ jHdma;sh
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1.5   ;d;a;aúl jdhqj,g .‌e<fmk mßÈ mßmQ¾K jdhq iólrKh ixfYdaOkh

fok ,o WIaK;ajhl § mßmQ¾K jdhq wKq ujq,hla i`oyd PV  =  RT f,i fyda fjk;a 

wdldrhlska  f,i wmg ,súh yels h' ;d;a;aúl jdhqjla ie,l+ úg th we;a; 

jYfhka u mßmQ¾K yeisrefuka ;rula ÿrg fyda wm.‌ukh fõ'  hkak iïmSvH;d 

idOlh (ix.‌=Klh) f,i y`ÿkajk w;r" fï wm.‌ukh uekSug th fhdod .‌kq ,efí' 

ksoiqkla f,i mßmQ¾K jdhqfõ ujq,hla ie,l+ úg ksh; WIaK;ajhl § mSvkh iu`.‌ Z 
ys úp,kh x wlaIhg (mSvk - wlaIh) iudka;r ir, f¾Ldjla fõ' PV ksh;hla jk w;r 

^fndhs,a kshuh& P g tÈßfhka Z ys m%ia;drh ish¨ mSvk i`oyd ir, f¾Ldjla fõ' 1'7 

rEmfhka 273 K oS úúO jdhq i`oyd (a) m%ia;drh uÕska o úúO WIaK;ajj, § tla jdhqjla 

i`oyd (b) m%ia;drh uÕska o fmkakqï flf¾'

     

1'7 rEmh	 mßmQ¾K jdhqjla iu`.‌ ixikaokh lrk úg úúO jdhqj, 

iïmSvH;d idOlh úp,kh jk whqre (a) ksh; WIaK;ajfha 

§ mSvkh iu`.‌ Z úp,kh jk whqre (a) ;=< jQ l=vd rEmfhka 

;d;a;aúl yd mßmQ¾K jdhqjla i`oyd fndhs,a kshufha jl% (b) 
úúO WIaK;ajj, § CH4 jdhqfõ mSvkh iu`.‌ Z ys úp,kh

1'7 (a) rEmfha olajd we;s m%ia;drhg wkqj" ksh; WIaK;ajhl § ;d;a;aúl jdhqjla i`oyd 

Pg tÈßfhka  (P g tosßfhka Z) w;r m%ia;drh x wlaIhg ^mSvkh& iudka;r ir, 

f¾Ldjla fkdjk nj wmg fmfka' tkï mßmQ¾K yeisÍfuka ie,lsh hq;= wm.‌ukhla 

mj;S' úúO j¾.‌fha ;d;a;aúl jdhq i`oyd m%ia;dr j¾.‌ folla ,eî we;' yhsârcka iy 

yS,shï i`oyd mSvkh jeä jk úg Z w.‌h jeä ù we;' fojk j¾.‌fha m%ia;dr oelsh 

yelafla ldnka fudfkdlaihsâ (CO) iy fuf;aka (CH4) jdhq i`oyd fõ' fï m%ia;dr 

j,§ m<uqj" mßmQ¾K ;;a;ajfhka RK wm.‌ukhla fmkajk w;r" Z w.‌h mSvkh jeä 

ùu;a iu`.‌ wvq ù jdhqjlg wdfõKsl wju wm.‌ukhlg <`.‌d ù we;' Bg miq th kej; 

jeä ùug mgka f.‌k mßmQ¾K jdhq f¾Ldj lmñka tl È.‌g u jeä ù Ok wm.‌ukhla 

fmkajhs' ish¨ ;;a;aj hgf;a § ;d;a;aúl jdhq iïmQ¾Kfhka u mßmQ¾K jdhq iólrKh 

fkdms<smÈk nj fï ksÍlaIK u`.‌ska wkdjrKh fjhs'

1'7 (a) rEmfha ;=, weo we;s l=vd rEmfha oelafjk mSvkh iy mßudj w;r jl%h u`.‌ska 

o fï mßmQ¾K ;;a;ajfhka wm.‌ukh ùu wjfndaO lr .‌; yels h' tu jl%h u`.‌ska 

;d;a;aúl jdhqjla i`oyd mSvkh iy mßud o;a; ffioaOdka;slj .‌Kkh lrk ,o w.‌hka 

iuÕ ixikaokh lr we;' th fndhs,a kshuhg wod< jl%h ^mßmQ¾K jdhqjla i`oyd& jk 

w;r ;d;a;aúl jdhq mßmQ¾K yeisÍu olajhs kï tu jl% fol tlsfkl yd iumd; úh 

hq;= nj wm oksuq' b;d by< mSvkj, § uksk ,o mßudj, .‌Kkh lrk ,o mßudjg jvd 

mßudj (V)

m
Sv
k

h
 (

P)
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jeä nj o, wvq mSvkj, § uksk ,o iy .‌Kkh lrk ,o mßud tlsfklg ióm jk nj 

o ñka meyeos,sj fmfka.‌ wvq mSvk ;;a;aj mßmQ¾K yeisÍug wdOdr jk nj ñka ;jÿrg;a 

meyeÈ,s h' jdhq wka;¾.‌; ù we;s mßudj b;d úYd, kï n`ÿfka mßudj iu`.‌ ii`ok úg 

jdhq wKqj, mßudj fkdi,ld yeßh yels h.‌ túg jdhq mßmQ¾K yeisÍu fmkajhs' ke; 

fyd;a mSvkh b;d wvq jk úg ;d;aúl jdhqjl yeisÍu mßmQ¾K ;;a;ajhg fnfyúka 

<`.‌d jk w;r WIaK;ajh iy jdhqfõ iajNdjh u; th r`od mj;S' 

jeä mSvkhl § jdhq wKq wjldYhla ;=< f;rfmñka tla /‌ia jQ úg tajdfha mßñ; ;ru 

ksid we;s jk wka;¾-wKql wdl¾IK iy úl¾IK n, u`.‌ska o ;d;a;aúl jdhqjl fï 

yeisÍu tkï Z w.‌h 1g jvd l=vd ùu (Z < 1) ;jÿrg;a meyeÈ,s l< yels h' wvq mSvkj, 

§ kuq;a ;ju;a mßmQ¾K yeisÍu fmkaùug jvd by, mSvk j, § wka;¾-wKql wdl¾IK 

n, fya;=fjka ujq,sl mßudj wvq jk w;r iïmSvH;d idOlh 1 g jvd wvq (Z < 1) fõ' 

m%udKj;a ;rï jeä mSvkj, § wKq tlsfklg <x jk ksid jdhq wKqj, mßudj" tajd 

,laIHhSh ialkaO f,i yeisfrk ;;a;ajhg idfmalaIj by< fõ' by< WIaK;ajj, § 

(1.‌7 (b) rEmh) wka;¾-wKql wdl¾IK n, wvq ù PV .‌=Ks;h jeä ùfuka Z ys w.‌h 1g 

jvd jeä fõ (Z > 1).‌ flfia jqj o by< WIaK;ajj, § mßmQ¾K ;;a;ajhg ;rula fyda 

<x jk neúka mßmQ¾K f¾Ldfjka wm.‌ukh jk m%udKh wvq fõ' tu ksid ;d;a;aúl 

jdhqjla mßmQ¾K yeisÍu fmkaùu i`oyd jvd iqÿiq ;;a;aj jkafka b;d wvq mSvk iy by< 

WIaK;aj fõ' 

;d;a;aúl jdhqj, fï yeisÍu mßmQ¾K jdhq iu`.‌ ixikaokh l< úg, fok ,o 

WIaK;ajhl § yd mSvkhl § fï ujq,sl mßudfjys úp,k iy iïmSvH;d idOlh (Z) 
w;r iïnkaO;dj wjfndaO lr .‌; yels h' ;d;a;aúl jdhqjl ujq, tll mßudj V;d;a;aúl 

f,i o mßmQ¾K jdhqjl ujq, tll mßudj VmßmQ¾K f,i o Wml,amkh l< úg"

	

jdhqj tu ;;a;aj hgf;A § u mßmQ¾Kj yeisf¾ kï 

	

fuh m<uq iólrKfha wdfoaYfhka" 

	

fï wkqj iïmSvH;d idOlh hkq fok ,o WIaK;ajhl § iy mSvkhl § jdhqjl i;H 

ujq,sl mßudj;a, th mßmQ¾K f,i yeisf¾ kï tys ujq,sl mßudj;a w;r wkqmd;h jk 

nj wmg fmfka' 

fï j¾.‌fhA mÍlaIKj,g wkqj ish¨ ;;a;aj hgf;a § ;d;aúl jdhq fndhs,a kshuh" 

pd,aia kshuh iy wej.‌dâfrda kshuh iïmQ¾Kfhka fkdms<smÈk nj fidhd f.‌k we;' 

tu ksid" jdhQka mßmQ¾K yeisÍfuka wm.‌ukh jkafka wehs o hkak;a l=uk ;;a;aj 

hgf;a § jdhq mßmQ¾K ;;a;ajfhka wm.‌ukh fõ o hkak;a wm wjfndaO lr .‌; hq;= h' 

m<uq m%Yakh i`oyd wmg pd,l wKqljdofha Wml,amk fhdod .‌; yels h' tkï jdhq wKq 

w;r wdl¾IK n, fkdmj;sk nj;a jdhqj wka;¾.‌; n`ÿfka mßudj iu`.‌ ii|k l< 

jdhq wKqj, mßudj fkd.‌sksh yels ;rï l=vd nj;a Wml,amkh lrk ,§'

jdhq wKq w;r wdl¾IK n, fkdmj;S kï jdhqjla lsisod øj l< fkdyels h' flfia 

PV mßmQ¾K

;d;a;aúl
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jqj;a" isis,a l< úg iy iïmSvkh l< úg jdhq øj l< yels nj wm okakd lreKls.‌ 
jdhq isis,a l< úg yd iïmSvkh l< úg jdhq wKq tlsfklg <x ù øj njg m;a fõ' jdhq 

wKqjl mßudj fkd.‌s‚h yels kï túg ;d;a;aúl jdhqjla i`oyd jk mSvkhg tÈßfhka 

yd mßudj w;r m%ia;drh mßmQ¾K jdhqjla i`oyd jk m%ia;drh iu`.‌ iumd; úh hq;= 

h' (1'7 (a) rEmfhys we;=,; jQ l=vd rEmh uÕska ;d;aúl jdhq mßmQ¾K ;;a;ajfhka 

wm.‌ukh jk wdldrh wjfndaO lr .‌; yelsh)' kuq;a tfia isÿ fkdjk ksid ;d;a;aúl 

jdhq mßmQ¾K ;;a;ajfhka wm.‌ukh fõ' 

1.5.1   jeka v’ jd,aia iólrKh 

fï fldgi wdrïNfha §" P, V, T iy n hk ueksh yels úp,H úúO ;;a;aj hgf;a 

§ jdhqj, yeisÍu wjfndaO lr .‌ekSug wjia:d iólrKh f,i ye|skafjk mßmQ¾K 

jdhq iólrKh" PV = nRT Ndú; lrk ,È' tu meyeÈ,s lsÍïj, § wKq w;r mj;sk 

wka;¾ls%hd ksid;a jdhq wKqjl ie,lsh hq;= ;rï jk mßudj ksid;a ;d;a;aúl jdhq 

mßmQ¾K jdhq kshufhka wm.‌ukh jk nj wjfndaO lr .‌; yels úh' tneúka ;d;a;aúl 

jdhqj, ukskq ,nk mSvk yd mßud mßmQ¾K jdhqjl tu w.‌hkag iudk fkdjk ksid 

;d;a;aúl jdhqj, yeisÍu úia;r lsÍug fjk;a wdldrhl wjia:d iólrKhla wjYH 

fõ' ´,kao cd;sl fN!;sl úoHd{hl= jQ fÊ' ã' jeka v’ jd,aia úiska i;H jdhqjl mßudj 

iy mSvkh" mßmQ¾K jdhqjl mßudj yd mSvkhg iïnkaO lrk my; fhdackd isÿ lrk 

,È' 

by< mSvkj, § jdhq wKq tlsfklg b;d <x jk w;r wKql wka;¾ ls%hd we;s ùug mgka 

.‌kS' tneúka by< mSvkhl §" fï wka;¾--wKql wdl¾IK n, fya;=fjka ^1'8 rEmfhka 

mßmQ¾K jdhqjla iu`.‌ ixikaokh lr tu yeisÍu lgqigyka lr we;& jdhq wKq n`ÿfka 

ì;a;sh iu`.‌ .‌eàfï § wfkla jdhq wKq úiska wdmiq wÈkq ,nk neúka n÷fka ì;a;sh 

iu`.‌ b;d ;Èka ix>Ügkh fkd fõ' n÷fka ì;a;sh u; wKq uÕska we;s lrk mSvkhg 

fuh n,mdhs.‌ tneúka tl u ;;a;aj hgf;A § ;d;a;aúl jdhqjla u`.‌ska we;s lrk mSvkh 

mßmQ¾K jdhqjlska we;s lrk mSvkhg jvd wvq fõ' 

          

1.‌8 rEmh  (a) mßmQ¾K jdhq wKqj,  (b) ;d;a;aúl jdhq wKqj,

                 ix>Ügk ksid ì;a;sh u; we;s jk n,mEu ixikaokh.‌

by; rEmfha fmkajd § we;s mßÈ ;d;a;aúl jdhqjl mSvkh wvqùu wka;¾-wKql wdl¾IK 

fya;=fjka isÿ fõ' hï lsis ld,hl § ì;a;sh iu`.‌ we;s jk ix>Ügk ixLHdj jdhqfõ 

>k;ajhg iudkqmd;sl fõ' tu ksid mSvkh i`oyd fhdokq ,nk fYdaOkh" jdhq 

m%udKfhys j¾.‌hg iudkqmd;sl jk w;r mßudfõ j¾.‌hg m%;sf,dauj iudkqmd;sl fõ.‌ 

fï ksid fYdaOkh"  f,i ,súh yels h' fuys a hk ksh;h wdl¾IK n,j, w.‌hg 

iïnkaO;djla olajk w;r" WIaK;ajfhka yd mSvkfhka iajdh;a; fõ' n yd V hkq 

ms<ssfj<ska jdhq ujq, m%udKh iy Ndckfha mßudj fõ' tu ksid fï ;;a;aj hgf;a § 

moaO;sfha mSvkh my; m%ldYkfhka ,nd fohs' 
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by< mSvkfha §" jdhq wKq tlsfklg <x ù mj;sk ksid wka;¾-wKql úl¾IK jvd m%uqL 

fõ' fï úl¾IK n, n,mEu wju lr .‌ekSug wKq l=vd f.‌da, f,i yeisfrk w;r" 

tu`.‌ska jdhq wKq ie,lsh hq;= mßudjla w;a lr .‌kS' túg mßmQ¾K mßudj, ukskq ,nk 

mßudjg jvd wvq fõ' tfia jkafka V mßudjl p,kh ùug oeka ndOd we;s jk neúka 

wKql p,s;h isÿ jk iM, mßudj,
					     (V – nb) jk neúks.‌
 

fuys nb hkq wdikak jYfhka jdhq wKq w;a lr .‌kakd uq¿ mßudj jk w;r" b hkq 

ksh;hla fõ ^ wKqjl mßudj&.‌ mSvkh iy mßudj i`oyd fYdaOk fh¥ úg PV   =  nRT 
iólrKh 

f,i kej; ,súh yels h' 

fuh jeka v’ jd,aia iólrKh f,i ye|skafjk w;r" a iy b hkq jeka v’ jd,aia ksh; 

fõ' wm tu iólrKh ;d;aúl jdhq ujq,hla i`oyd ,shQ úg my; oelafjk wdldr fõ.‌
	  

1.5.2   wjê WIaK;ajh iy jdhq øj lsÍu                                                                          

fï mßÉfþoh wdrïNfha § hï fN!;sl wjia:djla mj;ajd .‌ekSu i`oyd wka;¾-wKql 

n,j, úYd,;ajfhys jeo.‌;alu idlÉPd lf<uq' wka;¾-wKql ÿr wjYH mßÈ fjkia 

flfrk fia ;dmh iemhSfuka fyda isis,a lsÍfuka fyda fN!;sl wjia:d w;r mod¾:fha 

wka;¾--mßj¾;kh l, yels fõ' 

ksoiqkla f,i( isis,a lsÍfuka iy iïmSvkh lsÍfuka muKla jdhqjla øj l< yels hehs 

wmg is;sh yel' th hï;dla ÿrlg i;H jqj o" tajdfha l,dm fjkig wkqj i;H jdhqj, 

yeisÍu ms<sn`o ;j;a lreKq wmg wjYH fõ' 

igyk: fï ms<ssn`o jeä úia;r iys;j 12 jk tallfha § idlÉPd lrkq ,nk w;r" fuys 

§ jdhq øj lsÍug wjYH ;;a;aj ms<sn`o uQ,sl lreKq muKla idlÉPd lsÍu jeo.‌;a fõ' 

ksoiqkla f,i( mSvkh" WIaK;ajh iy mßudj w;r iïnkaO;d ms<sn`o fujeks wdldrfha 

lreKq meyeÈ,s lsßug ldnka vfhdlaihsâ (CO2) Ndú; l< yels h' thg fya;=j mSvkh 

iy WIaK;ajh fjkia lsÍfuka ldnka vfhdlaihsâj,g jdhqjla" øjhla fuka u >khla 

f,i o yeisßh yels ùu h.‌ 

by< WIaK;aj mßmQ¾K ;;a;ajhg ys;lr jk w;r" b;d by< mSvkj, § mjd jdhqjla 

øj l< fkdyels h' ldnkavfhdlaihsâ ie,l= úg" by< WIaK;ajj, § CO2 jdhqjlA f,i 

mj;sk w;r" mSvkh 73 atmg jvd wvq l< úg 30.‌98 °C (304.‌2 K) § øj ùug mgka .‌kS' 

30.‌98 °C WIaK;ajh CO2 ys wjê WIaK;ajh (Tc) f,i ye`Èkafõ' fuh ldnka vfhdlaihsâ 

øj f,i mj;sk Wmßu WIaK;ajh jk w;r" Bg by< WIaK;ajj, § th jdhqjla f,i 

muKla mj;S' fld;rï mSvkh jeä l< o, hï øjHhl jdIAmh øj l< fkdyels Wmßu 

WIaK;ajh tu øjHfha wjê WIaK;ajh f,i w¾: oelafõ' wjê WIaK;ajfha § jdIamhla 

øj lsÍug wjYH mSvkh tu øjHfha wjê mSvkh f,i ye`Èkafõ' 

( )2

aP V b RT
V

 + − =  
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                       1'9 rEmh	 CO2 j, l,dm igyk

1.‌3 j.‌=j - iólrK idrdxYh

jdhq kshuh iñlrKh
ksh; j mj;sk 

idOl

mßmQ¾K jdhq kshuh PV = nRT ke;

fndhs,a kshuh n iy T

pd,aia kshuh V = kT n iy P

wej.‌dâfrda kshuh VA = VB úg NA = NB P iy T

wKql pd,l iólrKh

idudkH fõ.‌h

j¾.‌ uOHkH fõ.‌h

j¾.‌ uOHkH fõ.‌h

fvda,agkaf.‌a wdxYsl mSvk 

kshuh

PA = xA PT

PT = PA + PB + PC

iïmSvH;d idOlh jdhq ujq, 1la i|yd

jeka vZjd,aia iólrKh
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wka;¾.‌;h

2.1	 ;dm-ridhksl úoHdfõ yd 

	 ;dm.;s úoHdfõ uQ,sl mo

2.1.1	moaO;sh" jgmsgdj yd iSudj

2.1.2	moaO;s j¾.

•	 újD; moaO;s

•	 ixjD; moaO;s

•	 tal,s; moaO;s

•	 iucd;sh yd úIucd;Sh moaO;s

2.1.3	moaO;shl .=K

    •  wkaùlaISh .‌=K
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2.1.6	;dmh

•	 úYsIag ;dm Odß;dj iy ;dm 
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2.2	 úúO ;dm-ridhksl ls%hdj,s$ 

	 m%;sls%hd wdYs%; tka;e,ams úm¾hdi yd 

	 iïu; tka;e,ams úm¾hdi

2.2.1	;dmodhl yd ;dmdjfYdaIl ls%hdj,s

•	 iïu; tka;e,ams úm¾hdi

2.2.2	;dm-ridhksl iólrK

2.2.3	tka;e,ams rEmigyka

2.2.4	tka;e,ams úm¾hdi yd 

     iïu; tka;e,ams úm¾hdi

•	 iïu; W;amdok tka;e,amsh" ΔHθ
f

•	 iïu; oyk tka;e,amsh"  ΔHθ
C

•	 iïu; nkaOk ú>gk tka;e,amsh"  ΔHθ
D

•	 iïu; WodiSkslrK tka;e,amsh" ΔHθ
neu

•	 iïu; iødjK tka;e,amsh"  ΔHθ
sol

•	 iïu; ic,k tka;e,amsh" ΔHθ
hyd

•	 iïu; ødjK tka;e,amsh" ΔHθ
dissolution

•	 iïu; W!¾Ojmd;k tka;e,amsh" ΔHθ
sub

•	 iïu; jdIamSlrK tka;e,amsh" ΔHθ
evap

•	 iïu; ú,hk tka;e,amsh" ΔHθ
fus

•	 iïu; mrudKqlrK tka;e,amsh" ΔHθ
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•	 iïu; m<uq whkSlrK Yla;s tka;e,amsh" 
ΔHθ

IE1

•	 iïu; bf,lafg%daklrK tka;e,amsh" 
ΔHθ

EG

whksl ixfhda.hl iïu; oe,sia  

(ú>gk) tka;e,amsh" ΔHθ
L

2.2.5	jl%dldrfhka ΔH (ΔH°) 
	 ks¾Kh lsÍu ( fyia kshuh 
        iïu; m%;sl%shd tka;e,ams

2.3  oe,sia tka;e,amsh fyj;a whksl 

	 ixfhda.hl W;amdok tka;e,amsh ( 

	 fndaka-ydn¾ pl%h

2.4  ridhksl m%;sl%shdj, iajhxisoaO;dj

•	 ridhksl m%;sl%shdjl iïu; 

tkafg%dms fjki  
•	 .síia fhdacH Yla;sh (G) yd    

iajhxisoaO;dj

 2.‌ Yla;s úoHdj
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ye|skaùu

fuu tallfha § ;dmh wdldrfhka m%ldYhg m;a jk Yla;s úm¾hdi ms<sn`o yodrkq ,efí.‌ 
iEu ridhksl m%;sl%shdjl § u mdfya ;dmh iajrEmfhka Yla;sh wjfYdaIKh ùula fyda 

úfudapkh ùula isÿ fõ.‌ fuys§ ;dm Yla;sh iy ;dmh w;r fjki wjfndaO lr .‌ekSu 

jeo.‌;a h' ;dmh hkq fjkia WIaK;ajj,ska hq;a jia;= folla w;r ;dm Yla;sh yqjudre 

ùuhs' tneúka wms ksrka;rfhka WKqiqï jia;=jl isg isis,a jia;=jla fj; z;dmh .‌,d 

hEulaZ .‌ek l;d lruq' z;dmhZ hk moh ta jQ wdldrfhka .‌;a l, bka Yla;s yqjudrejla 

woyia jk kuqÿ" lsishï l%shdj,shla wdYs%; Yla;s úm¾hdi úia;r lsÍfï § wms isß;la 

f,i zwjfYdaIKh jk ;dmhZ iy zúfudapkh jk ;dmhZ .‌ek l;d lruq' ;dm-ridhk 

úoHdj hkq iïu; wjia:djg wkqrEmj ridhksl m%;sls%hdj, § isÿ jk ;dm úm¾hdi 

ms<sn`o wOHhkhhs'

fï mßÉfþofha § wms wKql uÜgfï Yla;s úm¾hdi yd Bg wkqrEmj moaO;sj, isÿ jk 

fjkialï ms<sn`o wOHhkh lruq' fuys § m<uqj ;dm--ridhkfha § yuq jk uQ,sl moj, 

w¾: oelaùï o; hq;= jk w;r" ;dmodhl yd ;dmdjfYdaIl m%;sl%shdj, § ksmofjk iy 

iemhsh hq;= Yla;s m%udK wdYs%; ,l=Kq ms<sn`oj o iú{dkl úh hq;= h' ;j o fuys § úúO 

ridhksl m%;sls%hd$ isoaê wdYs%; tka;e,ams úm¾hdi w¾: olajkq ,nk w;r" th iïu; 

wjia:d lrd o jHdma; flfrkq we;' WÑ; mßÈ ridhksl isoaê wdYs%; .‌Kkh lsÍï 

i`oyd ;dm ridhkfha uQ,sl kshuh ^fyia kshuh& Wmfhda.‌s lr .‌ksuq' wjidk jYfhka 

tkafg%dmsh" tka;e,amsh iy .‌síia ksoyia Yla;sh w;r iïnkaO;dj (ΔG = ΔH - TΔS) 
weiqfrka m%;sl%shdjla iajhxisoaO f,i isÿ ùug we;s keUqrej .‌ek yodruq'

2.‌1  ;dm-ridhk úoHdfõ yd ;dm.‌;s úoHdfõ uQ,sl mo

2.‌1.‌1  moaO;sh" jgmsgdj yd iSudj

;dm--ridhk úoHdfõ uQ,sl ixl,am yd kshu w¾: oelaùu;a yd meyeÈ,s lsÍug;a Ndú; 

flfrk jeo.‌;a mo ks¾jpkh lsÍu yd wjfndaO lr .‌ekSu m%fhdackj;a h'

•	 moaO;sh

fiiq úYajfhka fjka fldg .‌ksñka ie,ls,a,g Ndck flfrk" mod¾:fha fyda 

úYajfha ´kE u fldgila ;dm--ridhksl moaO;shla f,i w¾: oelafõ ^ir,j lsj 

fyd;a wOHhkhg Ndck jk jia;=j moaO;sh f,i w¾: oelafõ&'

•	 jgmsgdj

moaO;sfha fldgila fkdjkakd jQ" tfy;a ta yd wka;¾l%shd l< yels úYajfha fiiq 

ish,a, jgmsgdj fõ ^ir,j lsj fyd;a moaO;sfhka mßndysr ish,a, jgmsgdjhs&'

•	 iSudj

moaO;sh" jgmsgdfjka fjka flfrk udhsuhs' (WodyrK jYfhka ma,dial=jl ì;a;s 

iSudj f,i ie,lsh yel')

2.‌1 rEmh	 moaO;sh" jgmsgdj yd iSudj mámdál f,i fmkakqï lsÍu
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2.1.2  moaO;s j¾.‌

moaO;sh yd jgmsgdj w;r isÿ jk úúOdldr wka;¾ls%hd$ ls%hdj,s wkqj wdldr lsysmhl 

moaO;s w¾: oelaúh yels h'

•	 újD; moaO;s

	 Yla;sh yd mod¾:h$ ialkaOh hk fol u jgmsgdj yd yqjudre lr .‌; yels 

moaO;shla újD; moaO;shla fia ye`Èkafõ' ksoiqkla f,i c,Sh ¨Kq ødjKhla 

wvx.‌= újD; fnda;,hla újD; moaO;shls' fuys tl u wjia:dfõ § fyda fjk 

fjk u fyda mod¾:h yd ;dmh jgmsgdfjka moaO;shg tl;= lsÍug;a" moaO;sfhka 

jgmsgdjg neyer lsÍug;a yels h'

•	 ixjD; moaO;s

	 iSudj yryd Yla;shg muKla yqjudre ùug bv fok" tfy;a ialkaOhg ta yryd 

yqjudre ùug bv fkdfok moaO;shlg ixjD; moaO;shla hehs lshkq ,efí' uqød 

;nk ,o fnda;,hl we;=<;a jk jdIamh iuÕ iu;=,s;;dfõ we;s øjhla fï 

i`oyd ksoiqka fõ' fnda;,h r;a lsÍfuka fyda isis,a lsÍfuka fyda Bg Yla;sh tla 

lsÍug;a bka Yla;sh bj;a lsÍug;a yels h' tfy;a mod¾:h ^øjh fyda jdIamh& 

thg tla lsÍug fyda bka neyer lsÍug fyda fkdyels h'

•	 tal,s; moaO;s

	 Yla;sh yd mod¾:h hk folska tlla j;a iSudj yryd yqjudre l< fkdyels moaO;s 

tal,s; moaO;s fõ' ksoiqkla f,i( uqød ;nd jik ,o" mßjdrl øjHj,ska ;ekqKq 

ì;a;sj,ska hq;a ;’fudia ma,dial=jla tal,s; moaO;shla ksfhdackh lrhs'

2.‌2 rEmh	 (a) újD; (b) ixjD; (c) tal,s; moaO;sj, mámdál ksrEmKh

•	 iucd;Sh yd úIucd;Sh moaO;s

	 moaO;shl wvx.‌= ish¨ mod¾:j, fN!;sl wjia:dj taldldr kï" tjekaklg 

iucd;Sh moaO;shla hehs lshkq ,efí' jdhq ñY%Khla yd mQ¾K f,i ñY%jk øjj,ska 

hq;a ñY%Khla óg ksoiqka fõ'

	 moaO;shl wvx.‌= ish¨ mod¾:/‌ ix>glj, fN!;sl wjia:dj taldldr fkdfõ 

kï,  tjekaklg úIucd;Sh moaO;shla hehs lshkq ,efí' wñY% øj" >khla iuÕ 

iam¾Yj we;s wñY% øjhla, >khla iuÕ iam¾Yj we;s jdhqjla wvx.‌= moaO;s fï 

i|yd ksoiqka fõ'

2.‌1.‌3  moaO;shl .‌=K

•	 wkaùlaISh .‌=K

	 moaO;shla mrudKql fyda wKql mßudKhl we;a kï th wkaúlaISh moaO;shls' 

tkï ixjD; n÷kla jeks lsishï moaO;shl we;=<;a mrudKqj,/ wKqj, pd,l 

Yla;sh, fõ.‌h jeks, mrudKql fyda wKql mßudK weiqfrka jl% l%u Ndú;hg 

.‌ksñka ks¾Kh l< hq;= .‌=K wkaùlaISh .‌=K fõ'
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•	 ufyalaI .‌=K

	 moaO;shl iuia; fyda ufyalaI .‌=K wjia:dj yd wkqnoaO .‌=K ufyalaI .‌=K kï 

fõ' mSvkh" mßudj" WIaK;ajh" idkaøKh" >k;ajh" ÿiai%dú;dj" mDIaÀl wd;;sh" 

j¾;kdxlh" j¾Kh wdÈh ufyalaI .‌=Kj,g ksoiqka fõ'

moaO;shl we;s ufyalaI .‌=K j¾.‌ follg fnÈh yels h'

•	 ú;a;s .‌=K

		 moaO;shl ialkaOh fkdfyd;a ;ru u; /‌̀oS mj;sk .‌=K ú;a;s .‌=K kï fõ' 

mßudj" ujq, m%udKh" ialkaOh" Yla;sh" wNHka;r Yla;sh wdÈh fuhg ksoiqka 

fõ' moaO;sfha iuia; ú;a;s .‌=Kh" moaO;sh fnod fjka lsÍfï § we;s jQ ta ta 

fldgiaj, ú;a;s .‌=Kj, ftlHhg iudk fõ' ialkaOhka m1, m2 yd m3 (.‌a?ï) 
ñY% lr moaO;shla idod we;a kï" moaO;sfha uq¿ ialkaOh (m1+m2+m3) gg iudk 

fõ' tkï ialkaOh ú;a;s .‌=Khls'

•	 >gkd .‌=K

	 moaO;sfha ialkaOfhka fyda m%udKfhka iajdh;a; jQ .‌=K >gkd .‌=K kï fõ' 

moaO;shl j¾;kdxlh" mDIaÀl wd;;sh" >k;ajh" WIaK;ajh" ;dmdxlh" ysudxlh 

wdÈh >gkd .‌=Kj,g WodyrK fõ' fï .‌=K moaO;sfha we;s øjHj, ujq, m%udKh 

u; /‌̀oS fkd mj;S'

	 lsishï ú;a;s .‌=Khla ujq,hg (mol-1)" .‌a?uhg (g-1), >k fikaáógrhg (cm-3) 
fyda j¾.‌ fikaáógrhg (cm-2) f,i olajd we;s úg th >gkd .‌=Khla njg m;a 

fõ' ksoiqka f,i ialkaOh" mßudj" ;dm Odß;dj ú;a;s .‌=K jk w;r >k;ajh" 

ujq,sl mßudj yd úYsIag ;dm Odß;dj >gkd .‌=K fõ'

2.‌1.‌4  moaO;shl wjia:dj

moaO;shl ú;a;s .‌=Kj, iqúfYaI w.‌hka okakd úg ta moaO;sh úfYaIs; jQ fN!;sl 

wjia:djl mj;skafka hehs lshkq ,efí' ksoiqkla f,i mod¾:fha jdhq wjia:dj mSvkh 

(P)" mßudj (V)" WIaK;ajh (T)" jeks mrdñ;s u`.‌ska úia;r l< yels h' mod¾:h øj 

wjia:dfõ mj;akd l, fï mrdñ;sj, w.‌hka fjkia fõ' fï wkqj" moaO;shl wjia:dj" 

moaO;sfha iqúfYaIj ueksh yels ufyalaI .‌=K u`.‌ska w¾: oelafõ'

moaO;shl wdrïNl wjia:dj hkq moaO;sh" jgmsgdj iu`.‌ fldhs hï fyda wdldrfha 

wka;¾l%shdjla isÿ lsÍug fmr moaO;sh wkqnoaO uq,a wjia:djhs' 

moaO;shl wjika wjia:dj hkqfjka woyia lrkafka moaO;sh jgmsgdj yd isÿ lrk 

wka;¾l%shdj,ska miq t<fUk wjia:djhs' moaO;shlg jgmsgdj iu`.‌ mod¾:, Yla;sh, 
;dmh fyda ta ish,a,u fyda yqjudre lr .‌ekSfuka ta iu`.‌ wka;¾l%shd l< yels h' 

moaO;shl wjia:dj úia;r lsÍug fhdod .‌kakd P, V, T yd ixhq;sh ̂ fyda ujq, m%udKh fyda 

n& jeks úp,Hj,g wjia:d úp,H fyj;a wjia:d Y%s; hehs lshkq ,efí' moaO;shl wjia:dj 

fjkia jk úg" moaO;sh wdY%s; wjia:d úp,Hj, w.‌hka o fjkia fõ' fï ksid wjia:d 

Y%s; /‌£ mj;skafka moaO;shl wdrïNl yd wjika wjia:dj u; ñi fjki isÿ jQ wdldrh 

u; fkdfõ' ;j o moaO;shl wjia:d Y%s;j, w.‌hka okafka kï moaO;sfha ialkaOh" 

ÿiai%dú;dj" >k;ajh wdÈ wfkl=;a ish¨ .‌=K okafka kï moaO;sh iqúfYaIs moaO;shla 

njg m;a fõ' wjia:d úp,H wfkHdkHdh;a; neúka moaO;shl wjia:dj iqúfYaIj oelaùu 

i`oyd ish¨ wjia:d úp,H oek .‌ekSu wjYH fkdjk w;r" bka lsysmhla muKla oek 

isàu m%udKj;a h' 
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iïu; wjia:dj

	 moaO;shl ;dm úm¾hdihka i,lk úg ksYaÑ; WIaK;ajhl § Pθ f,i ixfla;j;a 

lrkq ,nk iïu; mSvkhla ks¾ÈIag mSvkhla fia Ndú; lsÍu wjYH fõ' fok 

,o ljr fyda Ndú; ;;a;ajhla i`oyd iïu; mSvkhg we;af;a ksh; w.‌hls' 

IUPAC ks¾foaYj,g wkqj Pθ iïu; mSvkfha w.‌h 1 atm (101325 Pa) fõ ^w¾: 

olajk ,o iïu; WIaK;ajhla fkdue;s jqj;a we;eï úg 298 K iqúfYaIs; ksYaÑ; 

WIaK;ajhla fia ie,fla&' ixY=oaO øjHhl iïu; wjia:dj" l,dm i|yd iqúfYaIs;, 
>gkd úp,H u.‌ska úia;r l, yels ks¾ÈIag wjia:djls' ksoiqkla f,i 500 Kys 

we;s >k hlvj, iïu; ;;a;ajh jkafka 500 K yd 105 Pa hgf;a we;s ixY=oaO 

hlv fõ' iïu; ;;a;aj ixfla;j;a flfrkqfha wod< rdYsfha ixfla;hg ol=Kq 

miska yd by<ska θ hkak fhoSfuks' ^Wod( ΔHθ, ΔGθ, ΔSθwdÈ& ødjK fhdod .‌kakd 

wjia:d j,§ idkaøKh 1 mol dm-3 ødjKh iïu; wjia:dj f,i ie,fla'

•	 iajhxisoaO ls%hdj,sh

	 iajhxisoaO ls%hdj,shla hkq iajhxls%hj isÿ jk ls%hdj,shls' f,day oKavl WKqiqï 

fl<jfrys isg isis,a fl<jr olajd ;dmh .‌,d hEu óg ksoiqkls' fujeks 

ls%hdj,sj, moaO;sh wdrïNl wjia:dfjka wjika wjia:djg mßj¾;kh ùu tla 

iqúfYaI ÈYdjla t,af,a muKla isÿ fõ' iajhxisoaO ls%hdj,sj,ska fndfyduhla 

iajdNdúl ls%hdj,s jk w;r wm%;sj¾;H o fõ' 

•	 iajhxisoaO fkdjk ls%hdj,s

	 iajhxisoaO fkdjk ls%hdj,s hkq iajhxls%hj isÿ ùfï m%jK;djla ffki¾.‌slj 

moaO;sh ;=< fkdue;s ls%hdj,s h' ldnka oykh ùu fuhg WodyrKhls' ldnka" 

jd;fha oykh ù ;dmh msg lrñka ldnka vfhdlaihsâ idohs' tfy;a msg;ska 

;dmh iemfhk f;la jd;fha ;nd we;s ldnka .‌sks fkd .‌kS'

•	 m%;sj¾;H ls%hdj,sh

	 m%;sj¾;H ls%hdj,shla hkq wdrïNl wjia:dfjka wjika wjia:djg mßj¾;kh 

lsÍfï § moaO;shla u; isÿ flfrk úm¾hdi ika;;sh, fndfyda úg ta jQ wdldrfhka 

u wdmiq isÿ l< yels úm¾hdihls' fuh isÿ l< yels jkafka moaO;sh wdrïNl 

wjia:dfõ isg wjika wjia:dj olajd f.‌k tafï § isÿ flfrk fjkialï b;d 

fifuka yd mshjr fndfyda .‌Kklska isÿ flfrk úg h' tfia lsÍfï § ,efnk 

tla tla w;rueÈ wjia:dj jgmsgdj yd iu;=,s;j mj;skq we;' tjka ;;a;aj hgf;a 

moaO;sfha wdrïNl yd wjika wjia:d iïmQ¾Kfhka m%;sj¾;H fõ' ksoiqkla f,i" 

whsia øj ùfï § hï ;dm m%udKhla wjfYdaIKh fõ' iEfok c,fhka tu ;dm 

m%udKh u bj;a l< fyd;a c,h h<s whsia njg mßj¾;kh l< yels h'

•	 wm%;sj¾;H ls%hdj,sh

	 wm%;sj¾;H ls%hdj,shla hkq jgmsgdfjys iaÒr fjkila isÿ lsÍfuka f;drj moaO;sh 

h<s wdrïNl wjia:djg f.‌k wd fkdyels ls%hdj,s h' fndfyda iajhxisoaO ls%hdj,s" 

iajNdjfhka wm%;sj¾;H fõ' ksoiqkla f,i( ffcùh jhia.‌; ùu wm%;sj¾;H 

ls%hdj,shls' lkaolska my<g iajhxisoaOj c,h .‌,d tau wm%;sj¾;H ls%hdj,shls' 

2.‌1.‌5  tka;e,amsh (H)
fndfyda fN!;sl yd ridhksl ls%hdj,s isÿ jkafka fyda isÿ lrkq ,nkafka ksh; mSvk 

;;a;aj hgf;a § h' ksoiqka f,i( úoHd.‌drfha oS idudkHfhka m%;sl%shd isÿ lrkq ,nkafka 

jgmsgdjg újD; jQ mÍlaId k<" îlr yd ma,dial= ;=< jk w;r tajd isÿ jkafka  wdikak 

f,i jdhqf.‌da, tll (1 atm ∼ 105 Pa) mSvkhla hgf;a h' ksh; mSvk ;;a;aj hgf;a 

isÿ jk ls%hdj,shl § moaO;shla ;=<g fyda bka bj;g ;dmh .‌e,Su m%udKd;aulj olajkq 

msKsi ridhk{fhda tka;e,amsh kï jQ .‌=Kh Ndú;hg .‌ks;s' tka;e,amsh H hkafkka 

ixfla;j;a flf¾' tka;e,amsh ú;a;s .‌=Khls' tkï tys úYd,;ajh wod< øjHfha m%udKh 
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u; r|d mj;S' øjHhl tka;e,amsh ks¾Kh l< fkdyels w;r" wm ieneúka u ukskafka 

tka;e,ams fjki" ΔH h'

m%;sl%shdjl tka;e,ams fjki, ΔH hkq M,j, tka;e,amsh yd m%;sl%shlj, tka;e,amsh w;r 

fjkihs'

2.‌1.‌6  ;dmh

ksh; mSSvkfha § ;dmh (q) tka;e,amshg iudk jk ksid" wm ;dm úm¾hdij, ñkqï 

.‌ek i,ld n,uq' úoHd.‌drfha § fN!;sl yd ridhksl ls%hdj,sj, ;dm úm¾hdih ukskq 

,nkafka ta i`oyd u úfYaIs;j imhk ,o ixjD; Ndckhla jk le,ßógrhla fhdod 

.‌ksñks' ;dm úm¾hdi ksudkh lsÍfï § m<uqj ;dm Odß;dj iy úYsIag ;dm Odrs;dj 

ms<sn`o wjfndaOhla ,nd .‌; hq;= h'

úYsIag ;dm Odß;dj iy ;dm Odß;dj

hï øjHhl úYsIag ;dm Odß;dj (c) hkq tu øjHfha .‌a?ï 1l ialkaOhl WIaK;ajh 

fi,aishia wxYl 1lska by< kexùug wjYH ;dm m%udKhhs' hï øjHhl ;dm Odß;dj 

(C) hkq tu øjHfha fok ,o m%udKhl WIaK;ajh fi,aishia wxYl 1lska by< kexùug 

wjYH ;dm m%udKhhs' úYsIag ;dm Odß;dj >gkd .‌=Khla jk w;r ;dm Odß;dj ú;a;s 

.‌=Khls' hï øjHhl ;dm Odß;dj iy úYsIag ;dm Odß;dj w;r iïnkaOh fufia h( 

fuys m - øjHfha ialkaOh ^.‌a?ïj,ska& 

igyk: iuyr wjia:dj, § úYsIag ;dm Odß;dj i`oyd "s" Ndú; fõ' 

ksoiqkla f,i( c,fha úYsIag ;dmh 4.‌184 J g-1 ‌ °C-1 fõ kï" 

c,h 100.‌0 g l ;dm Odß;dj	= (100.‌0) g × (4.‌184 J g-1  °C-1)
				    = 418.‌4 J ‌ °C-1

igyk: úYsIag ;dm Odß;dfõ tallh J g-1 ‌°C-1 ̂ fyda J g-1 K-1) jk w;r" ;dm Odß;dj i`oyd 

tallh J .‌°C-1 ^fyda J K-1) fõ'

hï øjHhl ialkaOh, úYsIag ;dm Odß;dj yd tu idïm,fha isÿ jk WIaK;aj fjki 

Δt ^WIAK;ajh °C j,ska& fyda ΔT ^WIAK;ajh K j,ska&" okakd úg" wjfYdaIKh jk ;dm 

m%udKh fyda ksoyia jk ;dm m%udKh (Q), my; iólrKh u.‌ska .‌Kkh l< yels h'

fuys 	 m   = idïm,fha ialkaOh

	 Δt  = WIaK;aj fjki,¡ tkï Δt  =  twjidk - twdrïNl

q i`oyd i,l=K tka;e,ams fjkfiys i,l=Kg iudk fõ' ;dmdjfYdaIl ls%hdj,s i`oyd 

q Ok jk w;r" ;dmodhl ls%hdj,s i`oyd q RK fõ'
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2.‌2  úúO ;dm - ridhksl ls%hdj,s$ m%;sls%hd wdYs%; tka;e,ams úm¾hdi yd

     iïu; tka;e,ams úm¾hdi

ΔH hkafkka m%;sl%shdjl § úfudapkh jQ fyda wjfYdaIKh jQ fyda ;dm m%udKh ksrEmKh 

fõ' ls%hdj,sh wkqj m%;sls%hd tka;e,amsh Ok fyda RK fyda úh yels h' tka;e,ams fjki" 

moAO;shl we;s øjH m%udKhg wkqf,dauj iudkqmd;sl h' 

2.‌2.‌1  ;dmodhl yd ;dmdjfYdaIl ls%hdj,s

;dm.‌;sl l%shdj,sh ridhksl m%;sl%shdjla fyda fN!;sl mßj¾;khla jk l,ays" iuia; 

ls%hdj,sh wdYs%; ;dm úm¾hdifha iajNdjh wkqj ls%hdj,s ;dmodhl yd ;dmdjfYdaIl 

f,i j¾.‌SlrKh flf¾' fï ls%hdj,s foj¾.‌h w;r fjkialï my; oelafjk wdldrhg 

fjka l< yels h' 

2.‌1 j.‌=j ;dmodhl yd ;dmdjfYdaIl ls%hdj,s ixikaokh lsÍu

;dmdjfYdaIl m%;sls%hd ;dmodhl m%;sls%hd

wdrïNl wjia:dfjka wjika wjia:djg 

mßj¾;kh ùfï § ;dmh wjfYdaIKh 

jk ls%hdj,s ;dmdjfYdaIl ls%hdj,s fõ'

wdrïNl wjia:dfjka wjika wjia:djg 

mßj¾;kh ùfï § ;dmh úfudapkh 

jk ls%hdj,s ;dmodhl ls%hdj,s fõ'

moaO;sfha wjika wjia:dfõ § Yla;sh 

tys wdrïNl wjia:dfõ § Yla;shg 

jvd jeä h' wjYH wu;r Yla;sh 

moaO;sh úiska ;dmh f,i jgmsgdfjka 

wjfYdaIKh lr .‌kq ,efí' 

Wod( wefudakshï laf,darhsâ c,fha 

ÈhlsÍu'

moaO;sfha wjika wjia:dfõ § Yla;sh 

tys wdrïNl wjia:dfõ § Yla;shg 

jvd wvq h' wu;r Yla;sh ;dmh f,i 

jgmsgdjg ksoyia fõ' 

Wod( ish¨ oyk ls%hdj,s ;dmodhl h'

idudkHfhka ;dmdjfYdaIl fN!;sl 

mßj¾;khl § wdrïNl wjia:dj" 

wjika wjia:dj fj; f.‌k tau i`oyd 

;dmh iemhsh hq;=h'

Wod( ;dmh iemhSfuka >khla øj njg 

m;a lsÍu ;dmdjfYdaIl ls%hdj,shls'

fN!;sl mßj¾;kh ;dmodhl kï 

wdrïNl wjia:dj wjika wjia:dj fj; 

f.‌k tau i`oyd ;dmh bj;a l< hq;= h'

Wod( ysudxlfha § øjhla ysudhkh lsÍu 

;dmodhl ls%hdj,shls'

m%;sls%hl + Yla;sh ^;dmh& → M, m%;sls%hl → M, + Yla;sh ^;dmh&

moaO;sh úiska jgmsgdfjka ;dmh 

wjfYdaIKh lr.‌kakd ;dmdjfYdaIl 

ls%hdj,shl ΔH Ok fõ'

^tkï ΔH > O fõ&'  

moaO;sh úiska jgmsgdjg ;dmh ksoyia 

lrk ;dmodhl ls%hdj,shl ΔH RK 

fõ'

^tkï ΔH < O fõ'&

2 2
1 1N (g) O (g) 90 kJ NO(g)
2 2

+ + → 2 2 2
1H (g) O (g) H O(g) + 242 kJ
2

+ →
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t
k

a;
e,

am
sh

M,

ΔH > 0

m%;sl%shl

t
k

a;
e,

am
sh

M,

ΔH < 0

m%;sl%shl

ksh; mSvkhla hgf;a ukskq ,nk ;dm úm¾hdi u`.‌ska moaO;shl tka;e,ams fjki 

oelafõ' ksh; mSvkhla hgf;a fhdod .‌kakd le,ßógr u`.‌ska l%shdj,shl tka;e,ams 

fjki fl<ska u uek .‌; yels h' 

iïu; tka;e,ams úm¾hdi

m%;sl%shdjla i`oyd ukskq ,nk tka;e,ams fjkig ksYaÑ; w.‌hla mejfrkafka wdrïNl 

wjia:dj ^m%;sls%hl& yd wjika wjia:dj ^M,& iqúfYaI f,i úia;r lr wef;d;a muKs' 

m%;sls%hl yd M, i`oyd wm úiska iïu; ;;a;aj (105 Pa mSvkh yd wNsu; WIaK;ajh) w¾: 

olajd wef;d;a, wmg wod< m%;sls%hdfõ tka;e,ams úm¾hdih" iïu; m%;sls%hd tka;e,amsh 

f,i ye`Èkaúh yels h' fï iïu; m%;sl%shd tka;e,amsh θ ixfla;h iys; ΔH u`.‌ska 

ixfla;j;a flf¾' iïu; ;;a;ajh ks¾jpkh lsÍfï § WIAK;ajh tys fldgila fkdjk 

kuqÿ, ΔH j, j.‌=.‌; lr we;s w.‌hhka m%ldY lsrSfï § WIaK;ajh oelaúh hq;= jkafka th 

tka;e,amsh WIaK;ajh wkqj fjkia jk fyhsks' úfYaIfhka i`oyka lr ke;s kï fuys 

i`oyka ish¨ w.‌hka WIaK;ajh 25°Cg fyj;a 298.‌15 Kg wod< fõ' 

ir,j lsjfyd;a"

m%;sl%shdjl iïu; tka;e,ams úm¾hdih hkq iïu; ;;a;aj hgf;a § 

m%;sl%shdfõ oelafjk m%udK u.‌ska iïu; wjia:dfõ we;s M, iE§fï § isÿ 

jk tka;e,ams úm¾hdihhs¡

2.‌2.‌2  ;dm--ridhksl iólrK

Ndú; iïuq;s ;;a;aj yd m%;ssls%hdjg wod< ΔH (fyda ΔHθ ) w.‌h we;=<;a jk ;=,s; ridhksl 

iólrKhla ;dm--ridhksl iólrKhla f,i ye`Èkafõ' ;dm--ridhksl iólrKhla 

,sùfï § my; oelafjk iïuq;s wjYHfhka u Ndú;hg .‌efka'

(i)	 ;=,s; ;dm--ridhksl iólrKhl ix.‌=Klj,ska m%;sls%hdfjys m%;sls%hlj, yd 

M,j, m%;sls%hdjg iyNd.‌s jk ujq, m%udK ksrEmKh fõ'

(ii)	 m%;sls%hdjl tka;e,ams úm¾hdifhys tallh kJ mol-1 jk w;r" m%;sls%hlj, yd 

M,j, ujq, tllg jeä .‌Kkla m%;sls%hdjg iyNd.‌s jqj o th tfia u mj;S' 

tfy;a w.‌fhys úYd,;ajh muKla fjkia úh yels h' 

(iii)	 m%;sls%hdjla m%;sj¾;kh l< úg ΔH ys i,l=K udre jk w;r úYd,;ajh 

fkdfjkiaj mj;S'

(iv)	 ΔH (fyda ΔHθ) ys w.‌h m%;sls%hlj, yd M,j, fN!;sl wjia:dj ^l,dm& wkqj 

fjkia fõ' tneúka ;dm-ridhksl iólrKj, ish¨ úfYaIj, fN!;sl wjia:dj 

oelaùu w;HjYH fõ'

(v)	 iuia; ;dm--ridhksl iólrKh lsishï ixLHdjlska .‌=K lrk ,oafoa kï' 

tka;e,ams fjki o tu ixLHdfjka u .‌=K l< hq;= h'

(vi)	 ΔHθ ys i,l=K RK fõ kï" bka ye`.‌fjkafka m%;sl%shdj ;dmodhl nj h' ΔHθ ys 

i,l=K Ok kï bka m%ldY jkafka m%;sl%shdj ;dmdjfYdaIl nj h'
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ksoiqk:
my; oelafjk m%;sls%hd i,lkak'

2H2(g) + O2(g) → 2H2O(g)                  ΔHθ  = - 483.‌7 kJ mol-1

2H2(g) + O2(g) → 2H2O(l)                   ΔHθ  = - 571.‌6 kJmol-1

by; ;dm--ridhksl iólrK lsysm wdldrhlg w¾:l:kh l< yels h'

•	 m%;sls%hd ujq,hlg 483.‌7 kJla ksoyia fõ'*
•	 jeh jk H2(g)" ujq, 2 lg 483.‌7 kJla ksoyia fõ'

•	 jeh jk O2(g)" ujq,hlg 483.‌7 kJla ksoyia fõ'

•	 iEfok c, jdIam ujq, 2 lg 483.‌7 kJla ksoyia fõ'

iafgdhslsfhdñ;sl ix.‌=Klj,g wkqj ujq, m%udK m%;sls%hd lrhs kï, ΔHθ u`.‌ska tka;e,ams 

fjki fldmuK o hkak bÈßm;a flf¾'

*igyk: fuys oS 483.‌7 kJ mol-1 hkafkka woyia jkafka yhsv%cka jdhq ujq, 2la Tlaiscka 

jdhq ujq, 1la iu`.‌ m%;sls%hd lr jdhquh c,h ujq, 2la iE§fï oS 483.‌7 kJl ;dm Yla;shla 

ksoyia jk njhs'

iuyr wjia:dj, by; m%;sl%shdj fuf,i ,shQ úg;  
	 2H2(g) + O2 (g) → 2H2O(g)                  ΔHθ  = - 483.‌7 kJ 

*igyk: fuys§ y÷kajd we;s m%;sl%shd-m%udKhla (extent) ,shd we;s wdldrhg isÿ jk úg 

483.‌7 kJ l ;dmhla msg jk nj ksrEmKh fõ' m%;sl%shd-m%udKfhys tallh ujq, (mol) fõ' 

by; m%;sl%shdj i|yd ∆H = Hθ × mol = - 483.‌7 kJ mol-1 × mol = - 483.‌7 kJ 

ksoiqkla f,i( my; m%;sl%shdj i,luq

4H2(g) + 2O2 (g) → 4H2O(g)

fuu m%;sl%shdfjys ∆H =Hθ × 2= - 967.‌4 kJ f,i ,shd olajkq ,efí' 

tkï uq,a ∆H w.‌h 2ka .‌=K l< hq;= w;r" fjk;a wdldrhg lsjfyd;a ∆H ys w.‌h 

m%;sl%shd lrk øjHhkays m%udKfhka (mol) .‌=K lrhs' tneúka m%;sl%shd m%udKh fjkqjg" 

tu wjia:dfõ we;s m%;sl%shd lrk øjHfhys úoHd udk jk m%udKh .‌; yelsh' tkï 

tys ir,u ;=,s; ridhksl iólrKfhys iafgdhslsfhdñ;sl ix.‌=Klfhka fnosh hq;=h' 

tneúka by; m%;sl%shdj (Tlaiscka) i|yd ∆H =- 483.‌7 kJ mol-1 ×   = - 967.‌4 kJ 

wm i|yka lrkafka ∆Hθ muKla u kï" th – 967.‌4 kJ mol-1 fõ' 

wm my; wdldrhg iólrK ,shQ úg" 

	

	

tka;e,ams w.‌hhka by; w.‌hhkaf.‌a w¾Oh jk nj wmg fmfka' 

idudkHfhka jegfyk mßÈ yhsv%cka jdhqj oykfhka c,h ksmfok nj by; 

iólrKfhka úia;r fõ' m<uq m%;sls%hdj c, jdIam iE§ula f,i ie,lsh yels w;r 

fojeks m%;sl%shdj øj c,h iEoSula f,i ie,lsh yels h' m%;sl%shd folg u ksh; WIaK;ajh 
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yd ksh; mSvkh wod< fõ' ΔH ys RK i,l=Kska oelafjkafka m%;sl%shdj ;dmodhl njhs' 

bÈß ÈYdjg ;dmodhl jk m%;sls%hdjla wdmiq ÈYdjg ;dmdjfYdaIl fõ' fuys úf,dau 

;;a;ajh o tfia u j,x.‌= h' tfia u fï kS;sh fN!;sl yd ridhksl ls%hdj,s i`oyd o 

j,x.‌= h'

		  2H2O(l)  → 2H2(g) + O2(g)  	      ∆Hθ = + 571.‌6 kJ mol-1

	             2H2O(g) → 2H2(g) + O2(g)         ∆Hθ = + 483.‌7 kJ mol-1

2.‌2.‌3  tka;e,ams rEmigyka

my; oelafjk m%;sls%hdj i,lkak'

C12H22O11(s) + 12 O2(g) →12 CO2(g) + 11 H2O(l)        ΔH = -5650 kJmol-1

by; iólrKfhys ΔH ys i,l=K RK ùfuka .‌uH jkafka M,j, tka;e,amsh" 

m%;sls%hlj, tka;e,amshg jvd wvq njhs' tka;e,amsfhys isÿ jk fï wvq ùu jgmsgdjg 

ksoyia jk ;dmh iajrEmfhka m%ldYhg m;a fõ' iqfl%daia oykh ;dmodhl fõ'

            N2(g) + O2(g) → 2NO(g)        ΔH = 180.‌50 kJ mol-1

by; § we;s m%;sl%shdfjys m%;sl%shlj, tka;e,amshg jvd jeä tka;e,amshla M,j,g we;' 

fufia tka;e,amsh by< kxjkq msKsi jgmsgdfjka ;dmh wjfYdaIKh flf¾' tneúka 

m%;sls%hdj ;dmdjfYdaIl fõ' tka;e,ams rEmigykla hkq hï ls%hdj,shl § isÿ jk 

tka;e,ams úm¾hdij, rEmSh m%ldYkhls' 2.‌1 j.‌=fjka o fmkakqï lrk mßÈ" rEmigyka 

u`.‌ska ;dmodhl yd ;dmdjfYdaIl m%;sl%shd ksrEmKh lrkafka flfia o my; 2.‌3 rEmfhys 

oelafõ'

2.‌3 rEmh	 ^a& ;dmdjfYdaIl ^b& ;dmodhl ls%hdj,s i|yd tka;e,ams 

rEmigyka

2.‌2.‌4	 tka;e,ams úm¾hdi yd iïu; tka;e,ams úm¾hdi

iïu; W;amdok tka;e,ams úm¾hdih, ΔHθ
f
 

øjHhl iïu; W;amdok tka;e,amsh" ΔHθ
f
   hkq iïu; wjia:dfõ we;s tu øjHhl ujq,hla" 

iïu; wjia:dfõ iuqoafoaY iajrEmfhka we;s tys ix>á; uQ,øjHj,ska W;amdokh ùfï 
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§ isÿ jk tka;e,ams úm¾hdihhs' iq¿ ixLHdjl yereKq úg" uQ,øjHj, iuqoafoaY iajrEm 

hkq atm tll mSvkhla (101325 Pa) yd fok ,o WIaK;ajhla hgf;a tajdfha jvd;a u 

ia:dhs wdldrh h' θ ixfla;fhka wod< tka;e,ams fjki iïu; tka;e,ams fjkila nj 

o ‘ f ’ hgl=frka m%;sl%shdfõ § uQ,øjHj,ska wod< øjHh W;amdokh jk nj o fmkakqï 

flf¾' uQ,øjHhl jvd;a u ia:dhs wjia:dj thska u W;amdokh ùu úm¾hdihla fkdjk 

neúka iuqoafoaY iajrEmfha we;s ixY=oaO uQ,øjHhl iïu; W;amdok tka;e,amsh 0 fõ'   

ksoiqka f,i my; § we;af;a" idudkHfhka ;dm--ridhksl o;a; j.‌=.‌; lsÍfï § fhdod 

.‌kakd WIaK;ajh jk 298.‌15 K § uQ,øjH lsysmhl jvd;a u ia:dhs wdldr h' 

Na(s), H2(g), N2(g), O2(g), C(s" graphite), Br2(l)

ksoiqk:
ldnka i`oyd úfYaIhla uka oehs flkl=g is;sh yels h' ñksrka ^.‌a/‌*hsÜ& wdldrhg 

wu;rj Èhuka;s ^vhukaâ& iajrEmfhka o iajdNdúlj ldnkaj,g mej;sh yels h' ta 

fol w;r o ueksh yels ;rfï tka;e,ams fjkila mj;sk neúka ta foflys u ΔHf  i`oyd 

Y+kH w.‌h mejßh fkdyels h'

		  C(s, graphite)  C(s, diamond)  ΔHθ
f = 1.‌9 kJ mol-1

iuqoafoaY wdldrh f,i wm i,lkafka jvd ia:dhs wdldrh fyj;a wvq tka;e,ams w.‌fhka 

hq;a wdldrhhs' tneúka ΔHθ
f
 [C(s, graphite)]  = 0 fia i,lkq ,efí' 

25 °C § yd 1 atm mSvkfha § mj;akd jvd;a u ia:dhs iajrEmh fkdjk l,ays" W;amdok 

m%;sl%shdfõ M,j, fN!;sl ;;a;aj meyeÈ,s j oelaúh hq;= h' 

	

	

by; ΔHθ
f  w.‌h fol w;r fjki c,fha jdIamSlrK ;dmh (44 kJ mol-1) nj jgyd .‌kak'

fndfyda .‌Kkh lsÍïj, § wms ksrka;rfhka iïu; W;amdok tka;e,ams Ndú;hg .‌ksuq' 

my; § we;s ksoiqkaj,ska úoyd oelafjk mßÈ" wm úiska isÿ l< hq;= m<uq lghq;a; 

jkafka ΔHf  fhfok ridhksl iólrKh ,sùuhs' 

298 K § f*daue,aäyhsâj, (HCHO) iïu; W;amdok tka;e,amsh -108 kJ mol-1 fõ' fï 

lreK my; oelafjk iólrKfhka m%ldY fõ' 

ksoiqka iuyrla idlÉPd lsÍug fmr we;eï ridhksl m%;sl%shd$ ixisoaê wdYs%; iïu; 

tka;e,ams lsysmhla w¾: olajd ;sîu jà'

iïu; oyk tka;e,ams úm¾hdih, ΔHθ
C

iïu; wjia:dfõ we;s uQ,øjHhl fydA ixfhda.‌hl fyda ujq,hla iïu; wjia:dfõ 

we;s w;sßla; Tlaiscka m%udKhl ^ke; fyd;a jd;fha& iïmQ¾Kfhka oykh ù iïu; 

wjia:dfõ we;s M, ,nd §fï § isÿ jk tka;e,ams úm¾hdih tys iïu; oyk tka;e,amsh 

fõ'

	 C3H8(g) + 5O2(g) → 3CO2(g) + 4H2O(l)	   =  - 2219.‌9 kJ mol-1

	 C(s) + O2(g) → CO2(g)			     =  - 393.‌5 kJ mol-1
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iïu; nkaOk ú>gk tka;e,ams úm¾hdih, ΔHθ
D

tkï" nkaOk ujq,hla ú>gkh lrñka iïu; wjia:dfõ we;s jdhquh úfYaIhla iïu; 

wjia:dfõ we;s jdhquh uQ,øjH fyda ixrpl njg ú>gkh ùfï § isÿ jk tka;e,ams 

úm¾hdihhs'

	 H2(g) → 2H(g)				    ΔHθ
D  =  432 kJ mol-1

	 CH4(g) → CH3(g) + H(g)			   ΔHθ
D  =  428 kJ mol-1

	 CH3(g) → CH2(g) + H(g)			   ΔHθ
D  =  441 kJ mol-1

	 CH2(g) → CH(g) + H(g)			   ΔHθ
D  =  454 kJ mol-1

	 CH (g) → C(g) + H(g)			   ΔHθ
D  =  344 kJ mol-1

tu ksid fuf;aka j, nkaOk ú>gk Yla;s fjki hkq by; w.hka y;frys uOHkHh  

w.h fõ' 

CH4(g) ys uOHkH iïu; nkaOk ú>gk	 = (428 + 441 + 454 + 344)/‌4
tka;e,ams úm¾hdih

								        =  416.‌75 kJ mol-1

iïu; WodisklrK tka;e,ams úm¾hdih" ΔHθ
neu

tkï" iïu; wjia:dfõ we;s c,Sh H+ whk ujq,hla yd c,Sh OH- whk fu!,hla 

m%;sl%shd ù c,h fu!,hla iE§u wdYs%; tka;e,ams úm¾hdihhs' 

	 H+(aq) + OH-(aq) → H2O(l)			   ΔHθ
neu  =  -57 kJ mol-1	

iïu; iødjK tka;e,ams úm¾hdih" ΔHθ
sol  

tkï" iïu; wjia:dfõ we;s jdhquh whk ujq,hla w;sßla; ødjl m%udKhla yuqfõ   

1.‌0 mol dm-3 mßmQ¾K ødjKhla iE§fï § isÿ jk tka;e,ams úm¾hdihhs' 

	 Mn+(g) + solvent→ Mn+(solvent)	

iïu; ic,k tka;e,ams úm¾hdih" ΔHθ
hyd

tkï" iïu; wjia:dfõ we;s jdhquh whk ujq,hla w;sßla; c, m%udKhl øjKh ù   

1.‌0 mol dm-3 ødjK ;;a;ajhg m;a ùu wdYs%; tka;e,ams úm¾hdihhs' 

	 Na+(g) + water → Na+(aq)			   ΔHθ
hyd  =  - 406 kJ mol-1

iïu; ødjK tka;e,ams úm¾hdih" ΔHθ
dissolution

tkï" iïu; wjia:dfõ we;s øjHhl ujq,hla ødjl m%udKhl øjKh ù 1.‌0 mol dm-3 

ødjKhla iE§fï § isÿ jk tka;e,ams úm¾hdihhs' 

	 NaCl(s) + water → NaCl(aq)			   ΔHθ
dissolution  =  1 kJ mol-1

iïu; W!¾Ojmd;k tka;e,ams úm¾hdih" ΔHθ
sub

tkï" iïu; wjia:dfõ we;s >k ;;a;ajfha we;s uQ,øjHhl fyda ixfhda.‌hl fyda 

ujq,hla iïmQ¾Kfhkau iïu; wjia:dfõ we;s jdhquh ;;ajhg mßj¾;kh ùfï § isÿ 

jk tka;e,ams úm¾hdihhs'

	 Ca(s) → Ca(g)				                ΔHθ
sub  =  193 kJ mol-1

iïu; jdIamSlrK tka;e,ams úm¾hdih" ΔHθ
evap

tkï" iïu; wjia:dfõ we;s øj uQ,øjHhl fyda ixfhda.‌hl ujq,hla iïu; wjia:dfõ 

we;s jdhq wjia:djg mßj¾;kh ùfï § isÿ jk tka;e,ams úm¾hdihhs'

	 Br2(l) → Br2(g)			               ΔHθ
evap  =  30.‌91 kJ mol-1
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iïu; ú,hk tka;e,ams úm¾hdih" ΔHθ
fus

tkï" iïu; wjia:dfõ we;s >k uQ,øjHhl fyda ixfhda.‌hl ujq,hla øj wjia:djg 

mßj¾;kh ùfï § isÿ jk tka;e,ams úm¾hdihhs'

	 Al(s) → Al(l)					     ΔHθ
fus  =  10.‌7 kJ mol-1

iïu; mrudKqlrK tka;e,ams úm¾hdih" ΔHθ
at

tkï" iïu; wjia:dfõ we;s uQ,øjHhla iïu; wjia:dfõ we;s tys jdhquh mrudKq 

ujq,hla njg mßj¾;kh ùfï § isÿ jk tka;e,ams úm¾hdihhs'

	 ½ Cl2(g) → Cl(g)				    ΔHθ
at  =  121 kJ mol-1

iïu; m<uq whkSlrK Yla;s tka;e,ams úm¾hdih" ΔHθ
IE1

tkï" iïu; wjia:dfõ we;s uQ,øjHhl jdhquh mrudKq ujq,hlska ta tltll kHIaáhg 

jvd u ,sys,a f,i ne|S we;s bf,lafg%dakhla ne.‌ska bj;a ù iïu; wjia:dfõ we;s jdhquh 

tal Ok whk ujq,hla iE§fï § isÿ jk tka;e,ams úm¾hdihhs'  

	 Na(g) → Na+(g) + e				    ΔHθ
IE1  =  496 kJ mol-1

iïu; bf,lafg%daklrK tka;e,ams úm¾hdih" ΔHθ
EG

tkï" iïu; wjia:dfõ we;s jdhquh mrudKq ujq,hlaa bf,lafg%dakhla ne.‌ska m%;s.‌%yKh 

lr .‌ksñka iïu; wjia:dfõ we;s jdhquh tal-RK whk ujq,hla iE§fï § isÿ jk tka;e,ams úm¾hdihhs'‌
	 Cl(g) + e → Cl- (g)				    ΔHθ

EG  =  -349 kJ mol-1

tneúka Cl(g) ys bf,lafg%dak nkaOq;djh" 349  kJ mol-1 fõ'

whksl ixfhda.‌hl iïu; oe,sia ú>gk tka;e,ams úm¾hdih" ΔHθ
L

tkï" iïu; wjia:dfõ we;s >k ;;a;ajfha we;s whksl ixfhda.‌hl ujq,hla tys jdhquh 

Ok yd RK whk njg m;a ùfï § isÿ jk tka;e,ams úm¾hdihhs' 

	 NaCl(s)     →	 Na+(g)  + Cl-(g)	 	 ΔHθ
L  =  +788 kJ mol-1

2.‌2.‌5  jl% f,i ΔH (ΔHθ) ks¾Kh lsÍu( fyia kshuh

tka;e,ams ixl,amh fu;rï m%fhdackj;a ùug tla fya;=jla jkafka tu.‌ska l=vd ñkqï 

ixLHdjla Wmfhda.‌s lr .‌ksñka m%;sl%shd tka;e,ams úm¾hdi úYd, ixLHdjla .‌Kkh l< 

yels ùu h' tka;e,ams úm¾hdij, we;s my; oelafjk ,laIK lrK fldg f.‌k fï 

yelshdj ,eî we;'

ΔH ú;a;s .‌=Khla jk w;r wjia:d Ys%;hla o fõ' 25°C § ix>ál uQ,øjHj,ska NO(g) 

W;amdokh ùug wod< tka;e,ams úm¾hdih i,ld n,uq'

	 N2(g) + O2(g) →2 NO(g)			   ΔHθ  = 180.‌50 kJ mol-1

NO(g) tla ujq,hla wdY%s; tka;e,ams fjki m%ldY lsÍu i`oyd wms ish¨ ix.‌=Kl yd ΔHθ 

w.‌h foflka fnouq'

	

wjia:d Ys%;hl ÈYdj fjkia ùfï § tka;e,ams fjkfiys i,l=K o fjkia jk neúka 

by; ls%hdj,sh m%;sj¾;kh lsÍfï § ΔH θ
ys ,l=K udre fõ'

	

fyia ;dm iudl,k kshuh i`oyd ksoiqkla(

N2(g) yd O2 (g) uQ,øjHj,ska NO2(g) W;amdokhg wod< iïu; W;amdok tka;e,amsh 

ks¾Kh lsÍu ms<sn`o i,ld n,uq' 
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Wla; m%;sl%shdj mshjr folla Tiafia isÿ fj;ehs wmg is;sh yels h' m<uqj wms N2(g) yd 

O2 (g)j,ska NO (g) idouq' wk;=rej NO(g) yd O2(g) j,ska NO2(g) idouq' fï mshjr folg 

wod< ;dm ridhksl iólrK tajdg iqúfYaI ΔHθ w.‌hka o iu`.‌ tl;= l< fyd;a wmg 

wm fidhk ΔHθ w.‌h o iu`.‌ iuia; iólrKh ,efí'

		

		
		  ________________________________________________________   

    	
by; ksoiqkg wod< uQ,O¾uh fyia kshufhka fufia m%ldY fõ' 

lsishï ls%hdj,shla wÈhr fyda mshjr jYfhka ^l,ams;j jqj o& isÿ fõ kï 

iuia; ls%hdj,sh i`oyd jQ tka;e,ams úm¾hdih" ta ta mshjrj, tka;e,ams 

úm¾hdij, tl;=jg iudk fõ'

wka whqßka lsj fyd;a fyia kshuh tka;e,amsfhys wjia:d Ys%; .‌=Kfhys 

m%;sM,hls' wdrïNl wjia:dfõ isg wjika wjia:dj fj; t<ôfha l=uk 

ud¾.‌hlska jqj o ΔH fyda ΔHθ  ^ls%hdj,sh iïu; wjia:dfõ oS isÿ lrk 

,o kï& i`oyd we;af;a tl u w.‌hla jk w;r th ud¾.‌fhka iajdh;a; h'

my; úia;r flfrk mßÈ fï ixl,amh tka;e,ams rEmigyklska fia u ;dm-ridhksl 

pl%hlska o bÈßm;a l< yels h' fuh ms<sfj,ska 2.‌4 yd 2.‌5 rEmigyka j, ksrEmkh fõ'

2.‌4 rEmh	 ;dmodhl m%;sl%shdjl A m%;sl%shlj, isg B M, olajd hd yels 

ud¾.‌ folla ^a& Rcq mßj¾;kh ^b& w;rueÈ iys;j mshjr 

follska flfrk mßj¾;kh 

2.‌4 rEmfhka fyia kshuh ;jÿrg;a meyeÈ,s flf¾' A m%;sl%shl B M, njg m;a lsÍu 

tla mshjrlska l<;a" mshjr follska l<;a" mshjr .‌Kkdjlska l<;a iuia: tka;e,ams 

úm¾hdih tlla u fõ' ulaksid o h;a( th ;SrKh jkafka tka;e,ams rEmigyfkys 

m%;sl%shl yd M,j, idfmalaI mssysàï u; muKla fyhsks'
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.‌Kkh lsÍï by; olajd we;s wdldrfha tka;e,ams rEmigyka u`.‌ska muKla fkdj" Bg 

jvd ir, wdldrhlg o l< yels h' ta i`oyd m%;sl%shl M, njg mßj¾;kh ùu ksrEmKh 

flfrk my; oelafjk wdldrfha pl%hla wjYH h' thska o A m%;sl%shl B M, njg m;a 

flfrk ud¾.‌ fol m%ldYs; h'

                                    2.‌5 rEmh ;dm--ridhksl pl%h

;dm--ridhksl pl%hla ,sùfï § my; Wmfoia wkq.‌ukh l< hq;= fõ¡ 

m<uqj tka;e,ams fjki fiùug we;s ridhksl m%;sl%shdj ,shd" tys B;,h Wäka ΔH 

ixfla;h ,shkak.‌ bka miq ;dm ridhksl pl%hla (fyia kshu pl%hla) f.‌dvkef.‌k mßÈ 

;dm.‌;sl f;dr;=re iys; wfkl=;a m%;sl%shd we;=<;a lr, ta tla tla m%;sls%hdfõ B;,h 

Wäka okakd tka;e,ams úm¾hdi ,shkak.‌ yeu úg u, B;,j, ÈYdj wkq.‌ukh lrñka 

rEmigyk ;=< ud¾.‌ folla fidhd .‌kak.‌ tajdfhys tlsfklg m%;súreoaO ÈYdj,g fhduq 

jk B;, fkdúh hq;= h.‌   

óg wu;rj, okakd tka;e,ams w.‌hka wkqrEm m%;sl%shdj,g iïnkaO ujq, ixLHdfjka 

.‌=K l< hq;= h.‌ ksoiqkla f,i( iïu; oyk tka;e,amsh, oykhg Ndck jk øjHfha 

(Wod.‌ ldnka) ujq,hlska werfò kï, wod< tka;e,ams w.‌h m%;sl%shdjg iyNd.‌s jk ldnka 

mrudKq ixLHdfjka .‌=K l< hq;= h.‌ .‌eg¨j iólrK Ndú; lr úi÷j;a" fuh isÿ l< 

hq;= nj u;l ;nd .‌kak (my; ksoiqk n,kak).‌

ksoiqk: 
wmg my; oelafjk m%;sls%hdfjys iïu; tka;e,ams úm¾hdih fiùug wjYHj we;ehs 

is;uq'

3C(s) + 4H2(g) → C3H8(g)           ΔHθ  =  ?

oeka wm yuqfõ we;af;a wm flfia bÈßhg hd hq;= o hk m%Yakhhs' wm úiska ñksrka 

yd yhsv%cka m%;sl%shd lsÍug i,ik ,oafoa kï isÿ jkq we;af;a w,am jQ m%;sl%shdjla jk 

w;r" th iïmQ¾K;ajh lrd fkd hhs' yer;a fuys § M,h fm%dfmakaj,g iSud fkdjk 

w;r" fjk;a yhsfv%dldnk o ta iu`.‌ iEfokq we;' tkï( wmg by; m%;sls%hdfõ ΔHθ 
w.‌h fl<ska u ueksh fkdyels h' ta fjkqjg wmg l< yelafla mÍlaIKd;aulj ks¾Kh 

l< yels ΔHθ w.‌hka Wmfhda.‌s lr .‌ksñka jl% f,i wod< m%;sl%shdfõ ΔHθ w.‌h .‌Kkh 

lsÍuhs' fyia kshufhys uqLH jákdlu /‌̀oS we;af;a fuys h' th wmg Rcqj ueksh 

fkdyels ΔHθ w.‌hka .‌Kkh lsÍug u.‌ újr lrhs' 

fyia kshuh Ndú;fhka tka;e,ams fjkila ks¾Kh lsÍfï § wms wod< ridhksl 

iólrK ixfhdackh l< hq;= fjuq' fï i`oyd iqqÿiq wdrïNl ,laIHhla jkafka fok ,o 

m%;sl%shlfhys ujq,hla mokï lr .‌ksñka" § we;s oyk m%;sl%shd i`oyd ridhksl iólrK 
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,sùuhs' ldnka" yhsv%cka" Tlaiscka wka;¾.‌; ixfhda.‌j, oyk M, CO2(g) yd H2O(l) nj 

ie,ls,a,g .‌ksñka my; oelafjk mßÈ wmg .‌eg¨fõ úi`ÿï ud¾.‌h fidhd .‌; yels h'

C3H8(g) + 5O2(g) → 3CO2(g) + 4H2O(l)	 ∆Hθ = -2219.‌9 kJ mol-1	 (a)
C(s) + O2(g) → CO2(g)			   ∆Hθ = - 393.‌5 kJ mol-1   	 (b)

(a) ys wdmiq m%;sl%shdj C3H8(g) ys W;amdokh fõ' tneúka wmg fufia ,súh yels h'

3CO2(g) + 4H2O(l) → C3H8(g) + 5O2(g)	 ∆Hθ  =  2219.‌9  kJ mol-1		  (a)′

b,lal.‌; m%;sls%hdfjys m%;sls%hl C(s) yd H2(g) fõ' ta tltflka wod< ujq, m%udK 

we;=<;a ùu i`oyd (b) iólrKh ;=fkka o" (c) iólrKh y;frka o .‌=K l< hq;= fõ' 

3C(s) + 3O2(g) → 3CO2(g) 	 ∆Hθ = 3(- 393.‌5  kJ mol-1) = -1180.‌5 kJ mol-1		 (b)′
2O2(g) + 4H2(g) → 4H2O(l)	 ∆Hθ = 4(-285.‌8  kJ mol-1) = -1143.‌2 kJ mol-1		  (c)′

fuys § C(s) ujq, ;=kla yd H2(g) ujq, y;rla jeh ù we;s w;r" C3H8(g) ujq,hla iE§ 

we;' fï wmg wjYH jQ m%;sl%shdjhs' oeka wmg m%;sixúOdkh lrk ,o iólrK ;=k tl;= 

lsÍfuka  (a)′ + (b)′ + (c)′    wjYH ixfhdackh ,nd .‌; yels h'

3CO2(g) + 4H2O(l) → C3H8(g) + 5O2(g)		  ∆Hθ =  2219.‌9  kJ mol-1	 (a)′
3C(s) + 3O2(g) → 3CO2(g)	 ∆H° = 3(- 393.‌5  kJ mol-1) = -1180.‌5 kJ mol-1  	 (b)′
2O2(g)  + 4H2(g) → 4H2O(l)   ∆H° = 4(-285.‌8  kJ mol-1)  = -1143.‌2 kJ mol-1	 (c)′

3C(s) + 4H2(g) → C3H8(g)  ΔHθ  =  -103.‌8 kJ mol-1

;dm--ridhksl pl%hla Ndú;fhka by; .‌eg¨j fufia úi`Èh yels h'

∆H =  3(- 393.‌5  kJ mol-1) + 4(-285.‌8  kJ mol-1) + 2219.‌9  kJ  =  -103.‌8 kJ mol-1

tka;e,ams rEmigykla Ndú;fhka o tys úi`ÿu fufia ,nd .‌; yels h'

wm úiska w`Èk ,o tka;e,ams rEmigyfkys wm tka;e,ams wlaIfhys lsisÿ ixLHd;aul 

w.‌hla olajd ke;' ta H tka;e,amsfhys ksrfmalaI w.‌hka wmg ks¾Kh l< fkdyels 

fyhsks' tfy;a tka;e,amsh wjia:d Ys%;hla neúka ΔH tka;e,ams fjkig wkkH jQ w.‌hka 

we;' fï fjki iu`.‌ wmg lghq;= l< yels h' tfy;a fjk;a fndfyda .‌=Kj,g fia u 

Bg o wdrïNl ,laIHhla fyj;a Y+kH ,laIHhla wjYH h'
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2.‌6 rEmh	 3C(s) + 4H2(g) → C3H8(g) m%;sl%shdfõ tka;e,ams rEmigyk 

(a) rEmfhka m%;sl%shdfõ ÈYdjg wkqj tla tla l%shdj,sh tajdg 

wod< tka;e,ams w.‌h o iuÕ oelafõ'  (b) rEmfhka tka;e,ams 

mr;rh fmkakqï flfrk w;r" wjYH m%;sl%shdfõ ÈYdjg 

wkqj wmg i,l=K ;SrKh l< yels h'‌

iïu; m%;sl%shd tka;e,ams

m%;sl%shdjl m%;sls%hl yd M, iïu; wjia:dfõ mj;sk úg tys tka;e,ams fjki iïu; 

tka;e,ams úm¾hdih jk nj wms W.‌;suq' th ΔHθ fyda ΔHθ
rxn u`.‌ska ixfla;j;a flf¾' 

iïu; W;amdok tka;e,amsj, tla m%Odk m%fhdackhla kï iïu; m%;sl%shd tka;e,ams 

.‌Kkh lsÍuhs' 

ksoiqk 2.1
fílsx fidavd Ndú; lr msá wdydr ms,siaiSfï § w,am f,i isÿ jk my; oelafjk 

m%;sl%shdj wdYs%; iïu; tka;e,ams úm¾hdih fyia kshuh Ndú; fldg .Kkh lrk 

wdldrh úuid n,uq'

2NaHCO3(s)  →   Na2CO3(s) + H2O(l) + CO2(g)      ΔHθ
rxn = ?



45

ms<s;=r:
fyia kshuhg wkqj my; iólrK y;r tlg tl;= l< úg by; iólrKh ,nd 

.; yel'

________________________________________________________________
2NaHCO3(s) → Na2CO3(s) + H2O(l) + CO2(g)     ΔHθ

rxn = ?

(a) iólrKh" uQ,øjHj,ska NaHCO3(s) ujq, folla W;Amdokh ùfuys úf,dau 

iólrKhhs' tkï" (a) m%;sls%hdfõ ΔHθ" ΔHθ
f (NaHCO3(s)) ys RK w.fha fo.=Khhs' 

(b), (c) yd (d) iólrKj,ska Na2CO3(s) H2O(l) yd CO2(g) hk tajdfhys tla ujq,hla 

W;amdokh ùu ksfhdackh fõ' oeka wmg wfma wjYH m%;sls%hdfjys ΔHθ fufia m%ldY 

l< yels h'

tf,i u tka;e,ams rEmigyk" fyia kshu l%uh oDYHudk wdldrfhka fmkakqï lsÍug;a 

tka;e,amsfhys wjia:d Y%s; .‌=Kh by; iólrKh idOkh lr .‌ekSug wmg Wmldr jk 

wdldr fmkakqï lsÍug;a Ndú; l< yels h' 

fidaähï nhsldnfkaÜys úfhdackh mshjr follska isÿ jkafka hehs Wml,amkh lruq' 

m<uq mshjf¾ § n`ÿkl we;s NaHCO3(s) ujq, 2la" Na(s) ujq, 2lg" C(s, graphite) ujq, 

2lg" H2(g) ujq, 1lg yd O2(g) ujq, 3lg úfhdackh fõ hehs is;uq' fojeks mshjf¾ 

§ by; (b), (c), (d) iólrKj,ska m%ldYs; mßÈ M, idokq msKsi Na(s) ujq, 2la" C(s, 
graphite) ujq, 2la" H2(g) ujq, 1la yd O2(g) ujq, 3la m%;sixfhdackh lruq'  

mshjr 1:	 2 × [NaHCO3(s) → Na(s) + 1/2H2(g) + C(graphite) + 3/2O2(g)]
       	 ∆Hθ = 2× (–ΔHθ

f [NaHCO3(s)]) = (2 mol)[–(–950.81 kJ mol-1)]

mshjr 2:	 2Na(s) + C(graphite) + 3/2O2(g) → Na2CO3(s)
	 ∆Hθ = ΔHθ

f [Na2CO3(s)] = (1 mol Na2CO3)(–1130.68 kJ mol-1)]
	 C(graphite) + O2(g) → CO2(g)
	 ∆Hθ = ΔHθ

f [CO2(g)] = (1 mol CO2)(–393.51 kJ mol-1)]
	 H2(g) + 1/2 O2(g) → H2O(l)
	 ∆Hθ = ΔHθ

f [H2O(l)] = (1 mol H2O)(–187.78 kJ mol-1)]
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tka;e,amsh wjia:d Y%s;hla neúka o ´kE u wjia:d Y%s;hl fjkiaùu ud¾.‌fhka 

iajdh;a; neúka o fyia kshuhg wkqj by; iólrKj,ska fmkakqï flfrk mßÈ 

iuia; m%;sl%shdfõ tka;e,ams úm¾hdih Bg ;=vq fok fjka fjka m%;sl%shdj, iïu; 

tka;e,ams úm¾hdij, ftlHh fõ' tneúka mQ¾fjdala; iólrKh" m%;sls%hdjl iïu; 

tka;e,ams úm¾hdih i`oyd jk my; oelafjk jvd idOdrK iólrKfhys tla iqúfYaI 

Ndú;hls'

fuys vp yd vr hkq ms<sfj<ska M,j, yd m%;sls%shlj, iafgdhslsfhdñ;sl ix.‌=Kl fõ' 

M,j,g wod< moj, tl;=fjka m%;sl%shlj,g wod< moj, tl;=j wvq l< úg m%;sl%shdfõ 

tka;e,ams fjki ΔHθ
rxn (iuyr wjia:dj, fuh ΔHθ

r f,i o ye`Èkafõ) ,efí' 

ir, ksoiqkla f,i my; oelafjk l,ams; m%;sl%shdj i,lkak'

a A + b B → c C + d D       ΔHθ
rxn = ?

fuys a, b, c, d hkq iafgdhslsfhdñ;sl ix.‌=Kl fõ' fï m%;sl%shdfõ ΔHθ
rxn my; oelafjk 

iólrKfhka fokq ,efí'

ΔHθ
rxn = [c ΔHθ

f [C] + d ΔHθ
f [D] ] – [ a ΔHθ

f [A] + b ΔHθ
f [B] ]

Wla; iólrKh Ndú;fhka ΔHθ
rxn .‌Kkh lsÍug kï wm m%;sls%hdjg iyNd.‌s jk 

øjHj, ΔHθ
f  w.‌hka o; hq;= h' fï w.‌hka ks¾Kh lrkq msKsi wmg Rcq l%uh fyda jl% 

l%uh Ndú;hg .‌; yels h'

Rcq l%uh: 
fï l%uh" uQ,øjHj,ska myiqfjka ixYaf,aIKh l< yels ixfhda.‌j, ΔHθ

f  ks¾Kh lsÍu 

i`oyd Ndú; l< yels h' wmg C2H6(g) ys oykh i`oyd ΔHθ
rxn fidhd .‌; hq;=j we;ehs 

is;uq' ta i`oyd wm iïu; wjia:dfõ we;s C2H6(g), O2(g), CO2(g) yd H2O(l) hk øjHj, 

ΔHθ
f  w.‌hka o; hq;= h¦ ke; fyd;a uek.‌; hq;= h'

 
ksoiqk 2.2
Rcq l%uh Ndú;fhka C2H6(g)ys oykh i`oyd ΔHθ

rxn .Kkh lrkak.

ms<s;=r:
wjYH m%;sls%hdj jkafka"

jl% l%uh:
fndfyda wjia:dj, wod< ixfhda.‌h uQ,øjHj,ska fl<ska u ixYaf,aIKh l< fkdyels 

h' we;eï m%;sls%hd b;d fifuka isÿ jk w;r" ;j;a iuyr úfgl w;=re m%;sl%shd isÿ 

ùu ksid wjYH ixfhda.‌hg wu;rj wkjYH ixfhda.‌ o ksmfoa' fujeks wjia:dj, by; 

úia;r lrk ,o mßÈ fyia kshuh Ndú;fhka jl% m%fõYhla Ndú; lr ΔHθ
f  ks¾Kh 

l< yels h'

^M,& ^m%;sls%hl&         rxn p f r fH v H v Hθ θ θ∆ = ∑ ∑
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ksoiqk 2.3
jl% l%uh Ndú;fhka C2H6(g) ys oykh i`oyd ΔHθ

rxn .Kkh lrkak.

ms<s;=r:
fuh Tng yuq jk fyia pl%j, m%fhdackhls'

my; oelafjk pl%fhys wod< m%;sl%shdj ;sriaj ,shd we;s w;r" pl%h iïmQ¾K lsÍu 

i`oyd W;amdok tka;e,ams w.h Bg tl;= lr ;sfí' 

C2H6(g) yd O2(g) w;r m%;sl%shdj i|yd fyia kshu pl%h

C2H6 yd O2 w;r m%;sls%hdj i|yd fyia pl%h .Kkh lsÍu i`oyd ud¾. fol imqrk 

ish¨ tka;e,ams úm¾hdi ,shd tajd iudk flf¾'

2.‌3  oe,si tka;e,amsh fyj;a whksl ixfhda.‌hl W;amdok tka;e,amsh( fndaka-ydn¾ pl%h

whkSlrK Yla;sh yd bf,lafg%daklrK tka;e,ams mokï lr .‌ksñka ia:dhs whksl 

ixfhda.‌ idokafka ljr uQ,øjH oehs wmg mqfrdal:kh l< yels h' whkSlrK Yla;sh 

yd bf,lafg%daklrK tka;e,amsh w¾:olajkqfha jdhq l,dmfha isÿ jk ls%hdj,s i`oyd 

h' tfy;a 100 kPa (1 atm) yd 25° C ;;a;aj hgf;a § ish¨ whksl ixfhda.‌ >k fõ' 

tla tla legdhkh iqúfYaI wekdhk ixLHdjlska o tfia u tla tla wekdhkh iqúfYaI 

legdhk ixLHdjlska o jg ù we;s neúka >k wjia:dfõ we;af;a fjkia u mßirhls' 

tneúka >k whksl ixfhda.‌hl iuia; ia:dhs;dj /‌̀oS mj;skafkA fï ish¨ whk w;r 

wka;¾ls%hd u; ñi" tla legdhkhla yd tla wekdhkhla w;r mj;sk wka;¾ls%shdj u; 

fkd fõ' whksl >khl ia:dhs;dj ms<sn`o m%udKd;aul ñkqula jkafka oe,si (ú>gk) 
Yla;shhs' th w¾:olajkq ,nkafka >k whksl ixfhda.‌hl ujq,hla jdhquh whk njg 

iïmQ¾Kfhka fjka lsÍug wjYH Yla;sh f,i h. 

oe,si (ú>gk) Yla;sh fl<ska u ueksh fkdyels h' tfia jqj o wm whksl ixfhda.‌hl 

jHQyh yd ixhq;sh oks;a kï l+f,daï kshuh Ndú;hg .‌ksñka wmg ixfhda.‌fha oe,si 

Yla;sh .‌Kkh l< yels h' whk folla w;r úNj Yla;sh (E) tajdfha wdfrdamK w;r 

.‌=Ks;hg wkqf,dauj iudkqmd;sl jk w;r tajd tlsfklska fjka flfrk ÿrg m%;sf,dauj 

iudkqmd;sl jk nj l+f,daï kshufhka m%ldY fõ' (fuys § idlÉPd fkdflf¾)'
whksl ixfhda.‌hl W;amdokh mshjr .‌Kkdjla Tiafia isÿ fj;ehs Wml,amkh lsÍfuka 

wmg oe,si tka;e,amsh jl%j ks¾Kh l< yels h' fndaka-ydn¾ pl%h hkqfjka ye`Èkafjk 
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fï ls%hdj,sh" whksl ixfhda.‌j, oe,si Yla;s" whkSlrK Yla;s" bf,lafg%daklrK Yla;s 
yd fjk;a mrudKql yd wKql .‌=Kj,g iïnkaO lrhs' uQ,sl jYfhka thg mokï ù 

we;af;a fyia kshuhhs' fndaka-ydn¾ pl%h" whksl >khla W;amdokh ùug fmrd;=j isÿ 

jk úúO mshjr w¾: olajkafka h' ,s;shï *a¨fjdrhsâys oe,si (ú>gk) Yla;sh ks¾Kh 

i`oyd th fhdod .‌kakd wdldrh fuys ,d úia;r flf¾' ,s;shï yd *a¨fjdÍka w;r 

m%;sl%shdj i,lkak' 

         ΔHθ
rxn    = ?

fï m%;sl%shdfjys iïu; tka;e,ams úm¾hdih -594.‌1 kJ mol-1 fõ' fuh LiF(s) ys iïu; 

W;amdok tka;e,amsh fõ' ix>á; uQ,øjHj,ska ,s;shï *a¨fjdrhsâ W;amdokh ùu my; 

úia;r flfrk mßÈ mshjr myla Tiafia isÿ jk fia ie,lsh yels h' fyia kshuh 

Ndú;fhka whksl ixfhda.‌hl W;amdokhg wod< Yla;s (tka;e,ams) úm¾hdi ks¾Kh 

lsÍug fuu l%uh fhdod .‌; yel'

1.‌	 >k ,s;shï" ,s;shï jdIamh njg W!¾Ojmd;kh ùu

	

2.‌	 F2(g), F(g) njg mrudKqlrKh lsÍu

	

3.‌	 jdhquh ,s;shï mrudKq whkSlrKh ùu

	

4.‌	 bf,lafg%dak m%;s.‌%yKh lr F- iE§u

	

5.‌	 Li+(g) yd F-(g) ixfhdackh ùu

	

LiFys oe,sia (ú>gk) Yla;sh w¾: oelafjkqfha my; oelafjk mßoafoks'

ΔHθ
5 ys w.‌h my; oelafjk mßÈ .‌Kkh l< yels h' 

iuia; m%;sl%shdfjys iïu; tka;e,ams úm¾hdih ^ΔHθ
rxn ),– 594.‌1 kJ mol-1 neúka wmg 

fufia ,súh yels h'

ΔHθ
rxn  =  ΔHθ

1 + ΔHθ
2 + ΔHθ

3 + ΔHθ
4  + ΔHθ

5

by; mshjr 5 tl;= lsÍfuka my; oelafjk iuia; m%;sl%shdj ,efí'

tneúka, 
 -594.‌1 kJ  mol-1 = 155.‌2 kJ mol-1 + 75.‌3 kJ mol-1 + 520 kJ mol-1 + (-328 kJ mol-1) + ΔHθ

5

ΔHθ
5  =  -1016.‌6 kJ mol-1 fõ' 

tfyhska LiF(s) ys oe,sia ú>gk tka;e,amsh 1016.‌6 kJ mol-1 fõ' 

-175.3 kJ mol
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my; 2.‌7 rEmigyfkka ,s;shï *a¨fjdrhsâys fndaka-ydn¾ pl%h idrdxY fldg oelafõ' 

1" 2" 3 mshjr i`oyd Yla;sh fhoùu wjYH fõ' wfkla w;g 4 yd 5 mshjrj, § Yla;sh 

úfudapkh fõ' ΔHθ
5 úYd, RK rdYshla jk neúka LiF ys oe,sia ú>gk tka;e,amsh úYd, 

Ok w.‌hls' LiF ys ia:dhs;dj i`oyd fuh fya;= fõ' oe,sia ú>gk tka;e,amsh úYd, j;a 

u whksl ixfhda.‌fha ia:dhs;dj o jeä h' >khl whk" jdhq l,dmfha whk njg fjka 

lsÍu ;dmdjfYdaIl ls%hdj,shla neúka oe,si tka;e,amsh yeu úg u Ok w.‌hla .‌kakd 

nj u;l ;nd .‌kak'   

2.‌7 rEmh	 by; moaO;sh i|yd fndaka--ydn¾ pl%h (ΔHθ
5 ys w.‌h 

-1016.‌6  kJ  mol-1 neúka LiF(s) ys oe,sia ú>gk tka;e,amsh 

1016.‌6 kJ mol-1 fõ') (a) j,ska ta ta l%shdj,s tlaj fmkakqï 

flfrk w;r" (b) rEmh tajd fjka fjkaj olajhs'

2.‌4  ridhksl m%;sl%shdj, iajhxisoaO;dj

iajhxisoaO ls%hdj,s 

mÍlaIKd;aul ridhk úoHdfjka jeo.‌;a fldgila iajhxisoaO ls%hdj,s" tkï moaO;sh 

msg;ska flfrk wLKav Yla;s iemhqulska f;drj isÿ jk ls%hdj,s yd iïnkaO h' fkdtfia 

kï wdrïN ùfuka miq m%;sl%shl wjika jk ;=re fyda M, bj;a fkdlrk ,oafoa kï 

iu;=,s; wjia:djlg t<fUk ;=re fyda iïmQ¾K;ajh lrd hk m%;sl%shd f,i iajhxisoaO 

m%;sl%shd y`ÿkajd Èh yels h' iajhxisoaO hkAfkka wjYHfhka u by< m%;sl%shd fõ.‌hla 

woyia fkdjk nj o jgyd .‌ekSu jeo.‌;a h' ld,h" iajhxisoaO ls%hdj,shl ;dm.‌;sl w¾: 

oelaùfuys fldgila fkd fõ' iajhxisoaO ls%hdj,shla blaukska isÿ ùug fyda isÿ fkdùug 

fyda yels h' ;j o" th fldfy;a u isÿ fkdùug o yels h' 

ksoiqkla f,i( 25 °C WIaK;ajhla yd 100 kPa mSvkhla hgf;a § Èhuka;s" ñksrka njg 

mßj¾;kh ùu iajhxisoaO l%shdj,shla jk w;r" th fld;rï fifuka isÿ fõ o h;a th 

isÿ jkq flkl=f.‌a Ôú; ld,h ;=< jqj o oel .‌; fkdyels h'

;dm.‌;sl úoHdfõ tla wruqKla jkafka fok ,o m%;sls%hl iuQyhla talrdYs l< úg 

m%;sls%hdjla isÿ fõ o fkdfõ o hkak mqfrdal:kh lsÍuhs' ;dm.‌;slh, m%;sl%shdjla isÿ 

fõ o fkdfõ o hkak m%ldY lrk uq;a m%;sls%hdj fld;rï fõ.‌fhka isÿ jkafka o hkak 

.‌ek lsisjla m%ldY fkd lrhs' iajhxisoaO m%;sl%shdj,ska iuyrla ;dmodhl (ΔH RK) 
jk w;r" ;dmdjfYdaIl (ΔH Ok) m%;sl%shd fndfyda .‌Kkla o iajhxisoaOj isÿ jk nj 
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ksÍlaIKh lr we;' tneúkA ΔH fyda ΔHθ  iajhxisoaO;dj i`oyd m%udKj;a fhduqjla fkd 

fõ' 

fï i`oyd" iajhxisoaO ls%hdj,shl § úfudapkh jk" ke; fyd;a wjfYdaIKh jk ;dm 

m%udKhg wu;r j tkafg%dmsh hkqfjka ye`Èkafjk ;j;a idOlhla o ie,ls,a,g .‌; hq;= 

h' tkafg%dmsh (s) hkq moaO;shl wl%uj;a nj fyj;a wyUq;dj ms<sn`o ñkquls' tkafg%damsh 

(s), moaO;shl wms<sfj< fyj;a wyUq;dj jeä ùu;a iu`.‌ w.‌fhka jeä jk wjia:d 

Ys%;hls' tys tallh J K-1 mol-1 fõ.‌

fN!;sl wjia:dj" WIaK;ajh" wKqj, ;ru" wka;¾wKql n, yd ñY% ùu wdÈ idOl 

.‌Kkdjla øjHhl tkafg%dmshg odhl fõ' tfy;a fï uÜgfï § fN!;sl wjia:dj yd 

WIaK;ajh .‌ek muKla i,ld nef,a'

jdhq wxY=j, p,kfha wyUq;dj wêl neúka jdhq by< tkafg%dmshla w;a lr .‌ekSug 

keUqre fõ' wxY=j, p,s;h fnfyúka iSud ù we;s >kj,g jvd jeä tkafg%dmshla 

øj i;= fõ' ldur WIaK;ajfha § c,h ujq,hla i;= tkafg%dmshg jvd jdhqul ldnka 

vfhdlaihsâ ujq,hl tkafg%dmsh jeä h' tfia u c,h ujq,hl tkafg%dmsh, >k ;U 

f,dayfha tkafg%dmshg jvd by< h' jeä jk WIaK;ajh iu`.‌ wKqj, W;a;drK yd N%uK 

p,s; fõ.‌j;a jk ksid WIaK;ajfha by< hEu;a iu`.‌ øjHhl tkafg%dmsh jeä fõ' 25 
°C we;s c,fhys tkafg%dmshg jvd 50° C we;s c,fhys tkafg%dmsh jeä h' 

ridhksl m%;sl%shdjl iïu; tkafg%dms fjki  

m%;sls%hdjl iïu; tka;e,ams úm¾hdih ΔHθ
rxn .‌Kkh l< wdldrhg u" iïu; ujq,sl 

tkafg%dms w.‌hka Ndú; lrñka m%;sls%hdfõ iïu; tkafg%dms fjki" ΔSθ
rxn .‌Kkh 

lr .‌; yels h' fuys § tla tla fu!,sl tkafg%dms w.‌h" ;=,s; ridhksl iólrKfha 

iafgdhslsfhdñ;sl ix.‌=Klj,ska .‌=K flf¾'  

ΔSθ
rxn hkq iïu; wjia:dfõ we;s wñY%H ixY=oaO m%;sls%hl" iïu; wjia:dfõ we;s wñY%H" 

ixY=oaO M, njg mßj¾;kh ùfï § isÿ jk tkafg%dms fjkihs' ΔSo
rxn ys i,l=K" m%;sls%hdfõ 

iafgdhslsfhdñ;sh yd m%;sls%hlj, yd M,j, fN!;sl wjia:d ie,ls,a,g .‌ekSfuka 

;lafiare l< yels h' m%;sls%hl M, njg m;a ùfï § uq¿ jdhq ujq, m%udKfha jeä ùula 

fõ kï ΔSθ
rxn ys w.‌h Ok jk nj wmg fm/‌hsh yels h' fuys M," m%;sls%hlj,g jvd 

by< tkafg%dmshl mj;S' óg úf,dau f,i jdhquh M,j, ujq, m%udKh" jdhquh m%;sl%shl 

ujq, m%udKhg jvd wvq kï ΔSθ
rxn ys i,l=K RK fõ' 

ksoiqk 2.4
yhsv%cka yd Tlaiscka iajhxisoaO f,i m%;sl%shd lrñka c, jdIam idohs'

	 2H2(g) + O2(g)   →  2H2O(g)
fï m%;sl%shdfõ tkafg%dms fjkfiys i,l=K mqfrdal:kh lr 25 °C § m%;sls%hdfõ ΔSθ

rxn 

.Kkh lrkak'

       - rxnS S S∆ = ∑ ∑^M,& ^m%;sls%hl&
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ms<s;=r:
yhsv%cka jdhqj yd Tlaiscka jdhqj m%;sls%hd lr c, jdIam iE§fï § ieu m%;sls%hd 

ujq,hlg u" jdhq ujq, ;=kla jdhq ujq, folla njg mßj¾;kh fõ' m%;sls%hdfõ § jdhq 

ujq, m%udKh wvq jk neúka ΔSθ
rxn RK úh hq;= h' 

iïu; tkafg%damsh .Kkh lsÍu i`oyd iïu; ujq,sl tkafg%dams w.hka Ndú; l< úg" 

ΔSθ
rxn = ΔSθ(M,) − ΔSθ(m%;sls%hl) 	

= (2 mol)(ΔSθ
  .[H2O(g)]) − {(2 mol)(ΔSθ

  .[H2(g)]) + (1 mol)(ΔSθ
  .[O2(g)])}

= (2 mol)(188.8 J K-1  mol-1) − {(2 mol)(130.7 J K-1  mol-1) + (1 mol)(205.1 J K-1  mol-1)}
= −88.9 J K-1 mol-1

fï m%;sl%shdfõ tkafg%dms fjki RK fõ' fuh m%;sl%shdfõ iafgdhslsfhdañ;sh mokï 

lr f.k isÿ l, fmrhSu iuÕ .e,fma'

m%;sl%shdjl iajhxisoaO;dj .‌ek m%ldY lsÍug kï tys tka;e,ams úm¾hdih (ΔHθ
rxn) yd 

tkafg%dms úm¾hdih (ΔSθ
rxn) hk fol u ie,ls,a,g .‌; hq;= h' wm okakd mßÈ ir, f,i 

wmg mejish yelafla tka;e,amsfhys wvq ùu yd tkafg%damsfhys jeä ùu m%;sls%hdjlg 

ys;lr neúka m%;sl%shdj iajhxisoaO j isÿ úh yels nj h' Bg w;sf¾lj we;eï WIaK;aj 

;;a;aj hgf;a fï fm/‌hSu lsÍu i`oyd my; oelafjk ixhqla; ;;a;ajhka o ie,ls,a,g 

.‌ekSu wjYH h' 

ΔHθ
rxn (-), ΔSθ

rxn (+) 		  ish¨ WIaK;ajj, § iajhxisoaO h'

ΔHθ
rxn (+), ΔSθ

rxn (+) 		  by< WIaK;ajj, § iajhxisoaO h'

ΔHθ
rxn (-), ΔSθ

rxn (-) 		  my< WIaK;ajj, § iajhxisoaO h'

ΔHθ
rxn (+), ΔSθ

rxn (-) 		  ish¨ WIaK;ajj, § iajhxisoaO fkd fõ'

				    ^wdmiq m%;sl%shdj iajhxisoaO h&

.‌síia fhdacH Yla;sh (G) yd iajhxisoaO;dj

wm úiska by; olajk ,o mßÈ m%;sls%hdjl iajhxisoaO;dj ks¾Kh jkqfha tys tka;e,ams 

fjki yd tkafg%dms fjki hk fol u u`.‌sks' .‌síia fhdacH Yla;sh fyj;a ir,j mejfik 

mßÈ fhdacH Yla;sh (G) tka;e,amsh yd tkafg%dmsh ixl,kh lsrSfuka ,nd.‌kakd wjia:d 

Ys%;hls' T ksrfmalaI WIaK;ajfha § G my; oelafjk mßÈ w¾: oelafõ'

ksh; WIaK;ajhla hgf;a § isÿ jk m%;sls%hdjla i|yd fhdacH Yla;s fjki ΔG fufia 

w¾: oelafõ'

ksh; WIaK;ajhla hgf;a § yd iïu; ;;a;aj hgf;a § isÿ jk m%;sls%hdjl fhdacH Yla;s 

fjki my; iólrKfhka m%ldYs; h'
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igyk: iuyr wjia:dj, oS ΔGθ
rxn fjkqjg ΔGθ

r hkako Ndú;d fõ'

•	 iu;=,s;;dfõ we;s m%;sl%shdjl ΔGθ
rxn = 0 fõ' tjekakl bÈß fyda wdmiq 

ÈYdjg Y=oaO fjkila isÿ fkd fõ' bÈß ÈYdjg iajhxisoaOj isÿ jk m%;sls%hdjl 

ΔGθ
rxn < 0 fõ' bÈß ÈYdjg iajhxisoaO fkdjk m%;sls%hdjl ΔGo

rxn > 0 fõ' 

ksoiqk 2.5

ldnka fudfkdlaihsâ yd Tlaiscka m%;sls%hd ù ldnka vfhdlaihsâ iEfoa'		                              
CO(g) + ½ O2(g)  →  CO2(g)

ΔHθ
rxn yd ΔSθ

rxn Wmfhda.S lr .ksñka 25°C § by; m%;sls%hdfõ iïu; fhdacH Yla;s 

fjki .Kkh lrkak'

(ΔHθ
f [CO2(g)]= −393.5 kJ mol-1, ΔHθ

f [CO(g)]= −110.5 kJ mol-1,
Sθ  [CO2(g)]= 213.7 J mol-1 K-1, Sθ  [CO(g)] =  197.7 J mol-1 K-1,
Sθ  [O2(g)] = 205.1 J mol-1 K-1)

ms<s;=r:
m<uqj iïu; W;amdok tka;e,ams Ndú; lr iïu; ;;a;aj hgf;a wod< m%;sl%shdfõ 

tka;e,ams fjki .Kkh lrkak'

	 ΔHθ
rxn	 = ΔHθ

f (M,) − ΔHθ
f (m%;ssl%shl)

		  = ΔHθ
f [CO2(g)] − ΔHθ

f [CO(g)] − ½ ΔHθ
f [O2(g)]

		  = −393.5 kJ mol-1 − (−110.5 kJ mol-1) – 0 kJ mol-1

		  = −283.0 kJ mol-1

iïu; tkafg%dms w.hka Wmfhda.s lr .ksñka" iïu; ;;a;aj hgf;a § Wla; m%;sls%hdfõ 

tkafg%dms fjki .Kkh lrkak'

	 ΔSθ
rxn 	 =  Sθ  (M,) − Sθ  (m%;ssl%shl)

		  =  Sθ  [CO2(g)] − Sθ  [CO(g)] − ½ Sθ  [O2(g)]
		  =  213.7 J mol-1 K-1 − (197.7 J mol-1 K-1) − (½)(205.1 J mol-1 K-1)
		  =  −86.6 J mol-1 K-1

igyk:iafgdhslsfhdñ;sh wkqj mqfrdal:kh l< yels mßÈ ΔSθ
rxn w.h RK nj igyka 

lrkak' jdhq ujq, 1'5lska jdhq ujq, 1la iEfok neúks'

my; § we;s iólrKfhka ΔGθ
rxn .Kkh lrkak'

	 ΔGθ
rxn 	 =  ΔHθ

rxn – T ΔSθ
rxn 

		  =  −283.0 kJ mol-1 − (298 K)(−86.6 J mol-1 K-1)(1 kJ/1000 J)
		  =  −257 kJ mol-1

ΔGθ
rxn  RK fõ' tneúka m%;sls%hdj iajhxisoaO fõ'
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2.‌2 j.‌=j( iólrKj, idrdxYh

iólrK tall

m%;sls%hdjl 

tka;e,ams fjki

∆H = Σvp H(M,) – Σvr H (m%;sls%hl) kJ mol-1

m%;sls%hdjl iïu; 

tka;e,ams fjki

(vp yd vr hkq M,j, yd m%;sl%shlj, 
iafgdhslsfhdñ;sl ix.‌=Kl fõ¡)

kJ mol-1

fyia kshuh lsishï ls%hdj,shla wÈhr fyda mshjr jYfhka 

^l,ams;j jqj o& isÿ fõ kï iuia; ls%hdj,sh 

i`oyd jQ tka;e,ams úm¾hdih" ta ta mshjrj, 

tka;e,ams úm¾hdij, tl;=jg iudk fõ' 

wka whqßka lsj fyd;a fyia kshuh tka;e,amsfhys 

wjia:d Ys%; .‌=Kfhys m%;sM,hls' wdrïNl 

wjia:dfõ isg wjika wjia:dj fj; t<ôfha 

l=uk ud¾.‌hlska jqj ΔH fyda ΔH° ^ls%hdj,sh 

iïu; ;;a;aj hgf;a isÿ lrk ,o kï& i`oyd 

we;af;a tl u w.‌hla jk w;r th ud¾.‌fhka 

iajdh;a; h'

m%;sls%hdjl iïu; 

tkafg%dms fjki 

ΔSθ
rxn = Σ Sθ (M,) – Σ Sθ (m%;sl%shl) JK-1mol-1

m%;sls%hdjl iïu; 

.‌síia fhdacH Yla;s 

fjki 

ΔGθ
rxn = ΔHθ

rxn – T ΔSθ
rxn kJ mol-1

m%;sls%hdjl 

iajhxisoaO;dj

ieu WIaK;ajhl § u 

iajhxisoaO  
ΔHθ

rxn  (+)       
ΔSθ

rxn  (+)

by< WIaK;ajj, § 

iajhxisoaO  
ΔHθ

rxn  (+)       
ΔSθ

rxn  (+)

my< WIaK;ajj, § 

iajhxisoaO  
ΔHθ

rxn  (–)       
ΔSθ

rxn  (–)

ieu WIaK;ajhl§u 

iajhxisoaO  fkdjk

 (m%;sj¾;H m%;sl%shdj 

iajhxisoaO fõ¡)

ΔHθ
rxn  (+)       

ΔSθ
rxn  (–)

iajhxisoaO ΔGθ
rxn  <  0

iajhxisoaO fkdjk ΔGθ
rxn  >  0

iu;=,s; ΔGθ
rxn  =  0
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