
189lkE;koLFkk

,dd 7

bl ,dd osQ vè;;u osQ ckn vki –
• HkkSfrd ,oa jklk;fud izfØ;kvksa esa lkE;

dh xfrd izÑfr dks igpku losaQxs_
• HkkSfrd ,oa jklk;fud izfØ;kvksa osQ lkE;

osQ fu;e dks O;Dr dj losaQxs_
• rFkk lkE; osQ vfHky{k.kksa dks vfHkO;Dr

dj losaQxs_
• fdlh nh xbZ vfHkfØ;k osQ fy, lkE;

fLFkjkad O;atd fy[k losaQxs_
• K

p
 ,oa K

c
 osQ eè; laca/ LFkkfir dj

losaQxs_
• vfHkfØ;k dh lkE;koLFkk dks izHkkfor

djusokys fofHkÂ dkjdksa dh O;k[;k dj
losaQxs_

• vkjsfu;l] czkULVsM&yksjh ,oa ywbl /kj.kkvksa
osQ vk/kj ij inkFkk±s dks vEy vFkok {kkjksa
esa oxhZÑr dj losaQxs_

• vEy rFkk {kkjksa osQ lkeF;Z dh O;k[;k
muosQ vk;uu fLFkjkadksa osQ :i esa dj
losaQxs_

• oS|qr~ vi?kV~; rFkk levk;u dh lkanzrk
ij vk;uu dh ek=kk dh fuHkZjrk dh O;k[;k
dj losaQxs_

• gkbMªkstu vk;u dh eksyj lkanzrk dk pH
LosQy osQ :i esa o.kZu dj losaQxs_

• ty osQ vk;uu ,oa bldh vEy rFkk {kkj
osQ :i esa nksgjh Hkwfedk dk o.kZu dj
losaQxs_

• ty osQ vk;fud xq.kuiQy (K
W
) rFkk

pK
W
 esa foHksn dj losaQxs_

• ciQj foy;uksa osQ mi;ksx dks le> losaQxs
,oa

• foys;rk xq.kuiQy fLFkjkad dh x.kuk dj
losaQxsA

lkE;koLFkk
EQUILIBRIUM

vusd tSfod ,oa i;kZoj.kh; izfØ;kvksa esa jklk;fud lkE; egÙoiw.kZ gSA
mnkgj.kkFkZµ gekjs isQiQM+ksa ls ekalisf'k;ksa rd O

2
 osQ ifjogu ,oa forj.k esa

O
2
 v.kqvksa rFkk gheksXyksfcu osQ eè; lkE; dh ,d fu.kkZ;d Hkwfedk gSA blh

izdkj CO v.kqvksa rFkk gheksXyksfcu osQ eè; lkE; CO dh fo"kkDrrk dk
dkj.k crkrk gSA

tc fdlh can ik=k esa ,d nzo okf"ir gksrk gS] rks mPp xfrt ÅtkZ
okys v.kq nzo dh lrg ls ok"i izkoLFkk esa pys tkrs gSa rFkk vusd ty osQ
v.kq nzo dh lrg ls Vdjkdj ok"i izkoLFkk ls nzo izkoLFkk esa lekfgr gks
tkrs gSaA bl izdkj nzo ,oa ok"i osQ eè; ,d xfrt lkE; LFkkfir gks tkrk
gS] ftlosQ ifj.kkeLo:i nzo dh lrg ij ,d fuf'pr ok"i&nkc mRiÂ gksrk
gSA tc ty dk ok"iu izkjaHk gks tkrk gS] rc ty dk ok"i&nkc c<+us yxrk
gS vkSj var esa fLFkj gks tkrk gSA ,slh fLFkfr esa ge dgrs gSa fd fudk;
(System) esa lkE;koLFkk LFkkfir gks xbZ gSA ;|fi ;g lkE; LFkSfrd ugha
gS rFkk nzo dh lrg ij nzo ,oa ok"i osQ chp vusd fØ;kdyki gksrs jgrs
gSaA bl izdkj lkE;koLFkk ij ok"iu dh nj la?kuu&nj osQ cjkcj gks tkrh gSA
bls bl izdkj n'kkZ;k tkrk gS

H
2
O (nzo) �  H

2
O (ok"i)

;gk¡ nks v/Z rhj bl ckr dks n'kkZrs gSa fd nksuksa fn'kkvksa esa izfØ;k,¡
lkFk&lkFk gksrh gSa rFkk vfHkfØ;dksa ,oa mRiknksa osQ lkE;koLFkk ij feJ.k dks
^lkE; feJ.k* dgrs gSaA HkkSfrd izØeksa rFkk jklk;fud vfHkfØ;kvksa nksuksa
esa lkE;koLFkk LFkkfir gks ldrh gSA vfHkfØ;k dk rhoz vFkok ean gksuk
mldh izÑfr ,oa izk;ksfxd ifjfLFkfr;ksa ij fuHkZj djrk gSA tc fLFkj rki
ij ,d can ik=k esa vfHkfØ;d fØ;k dj osQ mRikn cukrs gSa] rks mudh
lkanzrk èkhjs&èkhjs de gksrh tkrh gS rFkk mRiknksa dh lkanzrk c<+rh jgrh gSA
¯drq oqQN le; i'pkr~ u rks vfHkfØ;dksa osQ lkanz.k esa vkSj u gh mRiknksa
osQ lkanz.k esa dksbZ ifjorZu gksrk gSA ,slh fLFkfr esa fudk; esa xfrd lkE;
(Dynamic Equilibrium) LFkkfir gks tkrk gS rFkk vxz ,oa i'pxkeh
vfHkfØ;kvksa dh njsa leku gks tkrh gSaA blh dkj.k bl voLFkk esa
vfHkfØ;k&feJ.k esa mifLFkr fofHkÂ ?kVdksa osQ lkanz.k esa dksbZ ifjorZu ugha

mís';
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190 jlk;u foKku

gksrk gSA bl vkèkkj ij fd lkE;koLFkk igq¡pus rd fdruh
vfHkfØ;k iw.kZ gks pqdh gS] leLr jklk;fud vfHkfØ;kvksa
dks fuEufyf[kr rhu lewgksa esa oxhZÑr fd;k tkrk gSµ
(i) izFke lewg esa os vfHkfØ;k,¡ vkrh gSa] tks yxHkx iw.kZ

gks tkrh gSa rFkk vfHkfØ;dksa dh lkanzrk ux.; jg tkrh
gSA oqQN vfHkfØ;kvksa esa rks vfHkfØ;dksaa dh lkanzrk
bruh de gks tkrh gS fd mudk ijh{k.k iz;ksx }kjk
laHko ugha gks ikrk gSA

(ii) f}rh; lewg esa os vfHkfØ;k,¡ vkrh gSa] ftuesa cgqr
de ek=kk esa mRikn curs gSa rFkk lkE;koLFkk ij
vfHkfØ;dksa dk vf/drj Hkkx vifjofrZr jg tkrk gSA

(iii) r̀rh; lewg esa mu vfHkfØ;kvksa dks j[kk x;k gS] ftuesa
vfHkfØ;dksa ,oa mRiknksa dh lkanzrk lkE;koLFkk esa
rqyuk ;ksX; gksA

lkE;koLFkk ij vfHkfØ;k fdl lhek rd iw.kZ gksrh gS
;g mldh izk;ksfxd ifjfLFkfr;ksa tSlsµvfHkfØ;dksa dh
lkanzrk] rki vkfn) ij fuHkZj djrh gSA m|ksx rFkk iz;ksx'kkyk
esa ifjpkyu ifjfLFkfr;ksa (Operational Conditions) dk
b"Vrehdj.k (Optimize) djuk cgqr egÙoiw.kZ gksrk gS]
rkfd lkE;koLFkk dk >qdko bfPNr mRikn dh fn'kk esa gksA
bl ,dd esa ge HkkSfrd rFkk jklk;fud izØeksa esa lkE; osQ
oqQN egÙoiw.kZ igyqvksa osQ lkFk&lkFk tyh; foy;u esa
vk;uksa osQ lkE;] ftls vk;fud lkE; dgrs gSa] dks Hkh
lfEefyr djsaxsA

7-1 HkkSfrd izØeksa esa lkE;koLFkk
HkkSfrd izØeksa osQ vè;;u }kjk lkE;koLFkk esa fdlh fudk;
osQ vfHky{k.kksa dks vPNh rjg le>k tk ldrk gSA izkoLFkk
:ikarj.k izØe (Phase Transformation Processes)

blosQ lqfofnr mnkgj.k gSaA mnkgj.kkFkZµ
Bksl � ⇀��↽ ��� nzo
nzo � ⇀��↽ ��� xSl
Bksl � ⇀��↽ ��� xSl

7-1-1 Bksl&nzo lkE;koLFkk

iw.kZ:is.k jks/h (Insulated) FkeZl ÝykLd esa j[kh cI+kZQ ,oa
ty (;g ekurs gq, fd ÝykLd esa j[ks inkFkZ ,oa ifjos'k esa
Å"ek dk fofue; ugha gksrk gS) 273 K rFkk ok;qeaMyh;
nkc ij lkE;koLFkk esa gksrs gSaA ;g fudk; jkspd vfHky{k.kksa
dks n'kkZrk gSA ge ;gk¡ ns[krs gSa fd le; osQ lkFk&lkFk ciZQ

rFkk ty osQ nzO;ekuksa dk dksbZ ifjorZu ugha gksrk gS rFkk rki
fLFkj jgrk gS] ijarq lkE;koLFkk LFkSfrd ugha gSA cI+kZQ ,oa ty
osQ eè; vHkh Hkh rhoz izfrfØ;k,¡ gksrh gSaA nzo ty osQ v.kq
ciZQ ls Vdjkdj mlesa lekfgr gks tkrs gSa rFkk cI+kZQ osQ oqQN
v.kq nzo izkoLFkk esa pys tkrs gSaA ciZQ ,oa ty osQ nzO;ekuksa
esa dksbZ ifjorZu ugha gksrk gS] D;ksafd ty&v.kqvksa dh ciZQ
ls ty esa LFkkukarj.k dh nj rFkk ty ls ciZQ esa LFkkukarj.k
dh nj 273 K vkSj ,d ok;qeaMyh; nkc ij cjkcj gksrh gSA

;g Li"V gS fd ciZQ ,oa ty osQoy fdlh fo'ks"k rki
,oa nkc ij gh lkE;koLFkk esa gksrs gSaA ok;qeaMyh; nkc ij
fdlh 'kq¼ inkFkZ osQ fy, og rki] ftlij Bksl ,oa nzo
izkoLFkk,¡ lkE;koLFkk esa gksrh gSa] inkFkZ dk ^ekud
xyukad* ;k ̂ ekud fgekad* dgykrk gSA ;g fudk; nkc
osQ lkFk osQoy FkksM+k&lk gh ifjofrZr gksrk gSA bl izdkj ;g
fudk; xfrd lkE;koLFkk esa gksrk gSA blls fuEufyf[kr
fu"d"kZ izkIr gksrs gSa –

(i) nksuksa fojks/h izfØ;k,¡ lkFk&lkFk gksrh gSaA

(ii) nksuksa izfØ;k,¡ leku nj ls gksrh gSaA blls cI+kZQ ,oa ty
dk nzO;eku fLFkj jgrk gSA

7-1-2 nzo&ok"i lkE;koLFkk

bl rF; dks fuEufyf[kr iz;ksx osQ ekè;e ls le>k tk
ldrk gSA ,d U vkdkj dh ufydk] ftlesa ikjk Hkjk gks
(eSuksehVj)] dks ,d dk¡p (;k IykfLVd) osQ ikjn'khZ ckWDl
ls tksM+ nsrs gSaA ckWDl esa ,d okp Xykl ;k iSVªh fM'k esa
futZyh; oSQfYl;e DyksjkbM (;k iQkWLiQksjl isaVkvkWDlkbM)
tSlk ty'kks"kd j[kdj ckWDl dh ok;q dks oqQN ?kaVksa rd
lq[kk;k tkrk gSA blosQ i'pkr~ ty'kks"kd dks ckgj fudky
fy;k tkrk gSA ckWDl dks ,d rjiQ Vs<+kdj mlesa tylfgr
,d okp Xykl (;k isVªh Mh'k) dks 'kh?kz j[k fn;k tkrk gSA
eSuksehVj dks ns[kus ij irk pyrk gS fd oqQN le; i'pkr~
bldh nkb± Hkqtk esa ikjk /hjs&/hjs c<+rk gS vkSj varr% fLFkj
gks tkrk gS] vFkkZr~~ ckWDl esa nkc igys c<+rk gS vkSj fiQj
fLFkj gks tkrk gSA okp Xykl esa fy;s x, ty dk vk;ru Hkh
de gks tkrk gS (fp=k 7-1)A izkjaHk esa ckWDl esa tyok"i ugha
gksrh gS ;k FkksM+h lh gks ldrh gS] ̄ drq tc ty dk ok"iu
gksus ls xSlh; izkoLFkk esa ty&v.kqvksa osQ cnyus osQ dkj.k
ok"i&nkc c<+ tkrk gS] rc ok"iu gksus dh nj fLFkj jgrh gSA
le; osQ lkFk&lkFk nkc dh o`f¼&nj esa deh gksus yxrh gSA
tc lkE; LFkkfir gks tkrk gS rks izHkkoh&ok"iu ugha gksrk gSA
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191lkE;koLFkk

bldk rkRi;Z ;g gS] fd tSls&tSls ty osQ v.kqvksa dh la[;k
xSlh; voLFkk esa c<+us yxrh gS] oSls&oSls xSlh; voLFkk ls
ty osQ v.kqvksa dh nzo&voLFkk esa la?kuu dh nj lkE;koLFkk
LFkkfir gksus rd c<+rh jgrh gSA vFkkZr~~µ
lke;koLFkk ij % ok"iu dh nj � ⇀��↽ ��� la?kuu dh nj

H
2
O (ty) � ⇀��↽ ��� H

2
O (ok"i)

lkE;koLFkk esa ty&v.kqvksa }kjk mRiÂ nkc fdlh fn,
rki ij fLFkj jgrk gS] bls ty dk lkE; ok"i nkc] (;k ty
dk ok"i&nkc) dgrs gSaA nzo dk ok"i&nkc rki osQ lkFk
c<+rk gSA ;fn ;g iz;ksx esfFky ,sYdksgkWy] ,slhVksu rFkk bZFkj
osQ lkFk nksgjk;k tk,] rks ;g izsf{kr gksrk gS fd buosQ lkE;
ok"i&nkc fofHkUu gksrs gSaA vis{kkÑr mPp ok"i nkc okyk
nzo vf/d ok"i'khy gksrk gS ,oa mldk DoFkkukad de
gksrk gSA

;fn rhu okp&Xyklksa esa ,slhVksu] ,fFky ,sYdksgkWy ,oa
ty esa izR;sd dk 1 mL ok;qeaMy esa [kqyk j[kk tk, rFkk
bl iz;ksx dks ,d xje dejs esa bu nzoksa osQ fHkÂ&fHkÂ
vk;ruksa osQ lkFk nksgjk;k tk, rks ge ;g ik,¡xs fd bu lHkh
iz;ksxksa esa nzo dk iw.kZ ok"ihdj.k gks tkrk gSA iw.kZ ok"iu dk
le; (i) nzo dh izÑfr] (ii) nzo dh ek=kk rFkk (iii) rki ij
fuHkZj djrk gSA tc okp Xykl dks ok;qeaMy esa [kqyk j[kk
tkrk gSA rks ok"iu dh nj rks fLFkj jgrh gS] ijarq ok"i osQ
v.kq dejs osQ iwjs vk;ru esa iSQy tkrs gSaA vr% ok"i ls
nzo&voLFkk esa la?kuu dh nj ok"iu dh nj ls de gksrh gSA
blosQ ifj.kkeLo:i laiw.kZ nzo okf"ir gks tkrk gSA ;g ,d
[kqys fudk; dk mnkgj.k gSA [kqys fudk; esa lkE;koLFkk dh
LFkkiuk gksuk laHko ugha gSA

can ik=k esa ty ,oa ty&ok"i ,d ok;qeaMyh; nkc
(1.013 bar) rFkk 100°C rki ij lkE; fLFkfr esa gSaA
1.013 bar nkc ij ty dk lkekU; DoFkukad 100°C gSA

fdlh 'kq¼ nzo osQ fy, ,d ok;qeaMyh; nkc (1.013

bar) ij og rki] ftlij nzo ,oa ok"i lkE;koLFkk esa gksa]
^nzo dk lkekU; DoFkukad* dgykrk gSA nzo dk DoFkukad
ok;qeaMyh; nkc ij fuHkZj djrk gSA ;g LFkku osQ mUurka'k
(mQ¡pkbZ) ij Hkh fuHkZj djrk gSA vf/d mUurka'k ij nzo dk
DoFkukad ?kVrk gSA

7-1-3 Bksl&ok"i lkE;koLFkk

vc ge ,sls fudk;ksa ij fopkj djsaxs] tgk¡ Bksl ok"i voLFkk
esa ÅèoZikfrr gksrs gSaA ;fn ge vk;ksMhu dks ,d can ik=k esa
j[ksa] rks oqQN le; i'pkr~ ik=k cSxuh ok"i ls Hkj tkrk gS
rFkk le; osQ lkFk&lkFk jax dh rhozrk esa o`f¼ gksrh gSA ijarq
oqQN le; i'pkr~ jax dh rhozrk fLFkj gks tkrh gSA bl fLFkfr
esa lkE;koLFkk LFkkfir gks tkrh gSA vr% Bksl vk;ksMhu
ÅèoZikfrr gksdj vk;ksMhu ok"i nsrh gS rFkk lkE;koLFkk dks
bl :i esa n'kkZ;k tk ldrk gS –

I
2
 (Bksl) � ⇀��↽ ���  I

2
 (ok"i)

bl izdkj osQ lkE; osQ vU; mnkgj.k gSa%
diwj (Bksl) � ⇀��↽ ���  diwj (ok"i)

NH
4
Cl (Bksl) � ⇀��↽ ���  NH

4
Cl (ok"i)

7-1-4 nzo esa Bksl vFkok xSl dh ?kqyu'khyrk&
laca/h lkE;

nzoksa esa Bksl

ge vius vuqHko ls ;g tkurs gSa fd fn, x, ty dh ,d
fuf'pr ek=kk esa lkekU; rki ij yo.k ;k phuh dh ,d lhfer
ek=kk gh ?kqyrh gSA ;fn ge mPp rki ij phuh dh pk'kuh cuk,a
vkSj mls BaMk djsa] rks phuh osQ fØLVy i`Fkd~ gks tk,axsA fdlh
rki ij fn, x, foy;u esa ;fn vkSj vf/d foys; u ?kqy
losQ] rks ,sls foy;u dks ^lar`Ir foy;u] (Saturated)

fp=k 7-1% fLFkj rki ij ty dh lkE;koLFkk dk ok"i&nkc ekiu
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dgrs gSaA foys; dh foys;rk rki ij fuHkZj djrh gSA lar`Ir
foy;u esa v.kqvksa dh Bksl voLFkk ,oa foys; osQ foy;u esa
v.kqvksa osQ chp xfrd lkE;koLFkk jgrh gSA
phuh (foy;u) ���⇀↽���  phuh (Bksl)
rFkk lkE;koLFkk esa]
phuh osQ ?kqyus dh nj = phuh osQ fØLVyu dh nj

jsfM;ks,sfDVork;qDr phuh dh lgk;rk ls mijksDr njksa
,oa lkE;koLFkk dh xfrd izÑfr dks fl¼ fd;k x;k gSA ;fn
ge jsfM;ks,fDVorkghu (Non-radioactive) phuh osQ lar̀Ir
foy;u esa jsfM;ks,sfDVork ;qDr phuh dh oqQN ek=kk Mky nsa]
rks oqQN le; ckn gesa nksuksa foy;u ,oa Bksl phuh] ftlesa
izkjaHk esa jsfM;ks,sfDVork ;qDr phuh osQ v.kq ugha Fks] ¯drq
lkE;koLFkk dh xfrd izÑfr osQ dkj.k jsfM;ks,sfDVork;qDr
,oa jsfM;ks,sfDVorkghu phuh osQ v.kqvksa dk fofu;e nksuksa
izkoLFkkvksa esa gksrk gSA blfy, jsfM;ks,sfDVo ,oa jsfM;ks,sfDVork;qDr
phuh v.kqvksa dk vuqikr rc rd c<+rk jgrk gS] tc rd ;g
,d fLFkj eku rd ugha igq¡p tkrkA

æoksa esa xSlsa

tc lksMk&okVj dh cksry [kksyh tkrh gS] rc mlesa ?kqyh gqbZ
dkcZu MkbvkWDlkbM xSl dh oqQN ek=kk rsth ls ckgj
fudyus yxrh gSA fHkUu nkc ij ty esa dkcZu MkbvkWDlkbM
dh fHkUu foys;rk osQ dkj.k ,slk gksrk gSA fLFkj rki ,oa nkc
ij xSl osQ vfoys; v.kqvksa ,oa nzo esa ?kqys v.kqvksa osQ chp
lkE;koLFkk LFkkfir jgrh gSA mnkgj.kkFkZµ

CO
2
 (xSl) ���⇀↽���  CO

2
 (foy;u esa)

;g lkE;koLFkk gsujh osQ fu;ekuqlkj gSA ftlosQ vuqlkj]
¶fdlh rki ij nh ,d xbZ ek=kk osQ foyk;d esa ?kqyh
gqbZ xSl dh ek=kk foyk;d osQ Åij xSl osQ nkc osQ
lekuqikrh gksrh gSA¸ rki c<+us osQ lkFk&lkFk ;g ek=kk
?kVrh tkrh gSA CO

2
 xSl dks lksMk&okVj dh cksry esa vfèkd

nkc ij lhycan fd;k gSA bl nkc ij xSl osQ cgqr vfèkd
v.kq nzo esa foys; gks tkrs gSaA tSls gh cksry [kksyh tkrh gSA
oSls gh cksry osQ nzo dh lrg ij nkc vpkud de gks tkrk
gS] ftlls ty esa ?kqyh gqbZ dkcZu MkbvkWDlkbM fudydj
fuEu ok;qeaMyh; nkc ij ubZ lkE;koLFkk dh vksj vxzlj
gksrh gSA ;fn lksMk&okVj dh bl cksry dks oqQN le; rd
gok esa [kqyk NksM+ fn;k tk,] rks blesa ls yxHkx lkjh xSl
fudy tk,xhA

;g lkekU; :i ls dgk tk ldrk gS fdµ

(i) Bksl Ü nzo] lkE;koLFkk osQ fy, ok;qeaMyh; nkc ij
(1.013 bar) ,d gh rki (xyukad) ,slk gksrk gS]
ftlij nksuksa izkoLFkk,¡ ikbZ tkrh gSaA ;fn ifjos'k ls
Å"ek dk fofue; u gks] rks nksuksa izkoLFkkvksa osQ
nzO;eku fLFkj gksrs gSaA

(i) ok"i � nzo] lkE;koLFkk osQ fy, fdlh fuf'pr rki
ij ok"i&nkc fLFkj gksrk gSA

(iii) nzo esa Bksl dh ?kqyu'khyrk osQ fy, fdlh fuf'pr
rki ij nzo esa Bksl dh foys;rk fuf'pr gksrh gSA

(iv) nzo esa xSl dh foys;rk nzo osQ Åij xSl osQ nkc
(lkanzrk) osQ lekuqikrh gksrh gSA

bu fu"d"kks± dks lkj.kh 7-1 esa fn;k x;k gS –

lkj.kh 7-1  HkkSfrd lkE;koLFkk dh oqQN fo'ks"krk,¡

izØe fu"d"kZ
 nzo � ok"i fuf'pr rki ij 

2H Op  fLFkj
 H

2
O (l) � H

2
O (g) gksrk gSA

 Bksl � nzo fLFkj nkc ij xyukad fuf'pr
 H

2
O (s) � H

2
O (l) gksrk gSA

 foys; (Bksl) � foys; foy;u esa foys; dh lkanzrk
       (foy;u) fuf'pr rki ij fLFkj gksrh gSA

 phuh (Bksl) � phuh
       (foy;u)

 xSl (g) � xSl (aq) ¹xSl (aq)º/¹xSl (g)º
fuf'pr rki ij fLFkj gksrk gSA

 CO
2
 (g) � CO

2
 (aq) [CO

2
 (aq)]/[CO

2 
(g)]

fuf'pr rki ij fLFkj gksrk gSA

7-1-5 HkkSfrd izØeksa esa lkE;koLFkk osQ lkekU;
vfHky{k.k

mijksDr HkkSfrd izØeksa esa lHkh fudk;&lkE;koLFkk osQ lkekU;
vfHky{k.k fuEufyf[kr gSa%
(i) fuf'pr rki ij osQoy can fudk; (Closed System)

esa gh lkE;koLFkk laHko gSA

(ii) lkE;koLFkk ij nksuksa fojks/h vfHkfØ;k,¡ cjkcj osx ls
gksrh gSaA buesa xfrd] ¯drq LFkk;h voLFkk gksrh gSA

(iii) fudk; osQ lHkh ekius ;ksX; xq.k&/eZ fLFkj gksrs gSaA

(iv) tc fdlh HkkSfrd izØe esa lkE;koLFkk LFkkfir gks
tkrh gS] rks lkj.kh 7-1 esa o£.kr ekinaMksa esa ls fdlh

2021-22



193lkE;koLFkk

,d dk eku fuf'pr rki ij fLFkj gksuk of.kZr
lkE;koLFkk dh igpku gSA

(v) fdlh Hkh le; bu jkf'k;ksa dk eku ;g n'kkZrk gS fd
lkE;koLFkk rd igq¡pus osQ iwoZ HkkSfrd izØe fdl
lhek rd vkxs c<+ pqdk gSA

7-2 jklk;fud izØeksa esa lkE;koLFkk&xfrd
lkE;

;g igys gh crk;k tk pqdk gS fd can fudk; esa dh tkus
okyh jklk;fud vfHkfØ;k,¡ varr% lkE;koLFkk dh fLFkfr esa
igq¡p tkrh gSaA ;s vfHkfØ;k,¡ Hkh vfxze rFkk izrhi fn'kkvksa
esa laiÂ gks ldrh gSaA tc vfxze ,oa izrhi vfHkfØ;kvksa dh
njsa leku gks tkrh gSa] rks vfHkdkjdksa rFkk mRiknksa dh lkanzrk,¡
fLFkj jgrh gSaA ;g jklk;fud lkE; dh voLFkk gSA ;g
xfrd lkE;koLFkk vxz vfHkfØ;k (ftlesa vfHkdkjd mRikn
esa cny tkrs gSa) rFkk izrhi vfHkfØ;k (ftlesa mRikn ewy
vfHkdkjd esa cny tkrs gSa) ls feydj mRiÂ gksrh gSA bls
le>us osQ fy, ge fuEufyf[kr mRØe.kh; vfHkfØ;k ij
fopkj djsa (fp=k 7-2)–

A + B � C + D

le; chrus osQ lkFk vfHkdkjdksa (A rFkk B) dh
lkanzrk ?kVrh gS rFkk mRiknksa (C rFkk D) dk lap;u gksrk gSA
vxz vfHkfØ;k dh nj ?kVrh tkrh gS vkSj izrhi vfHkfØ;k
dh nj c<+rh tkrh gSA iQyLo:i ,d ,slh fLFkfr vkrh gS]
tc nksuksa vfHkfØ;kvksa dh nj leku gks tkrh gSA ,slh fLFkfr
esa fudk; esa lkE;koLFkk LFkkfir gks tkrh gSA ;gh lkE;koLFkk
C rFkk D osQ chp vfHkfØ;k djkdj Hkh izkIr dh tk ldrh
gSA nksuksa esa ls fdlh Hkh fn'kk ls bl lkE;koLFkk dh izkI;rk
laHko gSA A + B � C + D ;k C + D � A + B

fp=k 7-2 % jklk;fud lkE;koLFkk dh izkfIr

gkcj&fof/ }kjk veksfu;k osQ la'ys"k.k esa jklk;fud
lkE;koLFkk dh xfrd izÑfr dks n'kkZ;k tk ldrk gSA gkcj
us mPp rki rFkk nkc ij MkbukbVªkstu rFkk MkbgkbMªkstu dh
fofHkÂ Kkr ek=kkvksa osQ lkFk vfHkfØ;k djkdj fu;fer
varjky ij veksfu;k dh ek=kk Kkr dhA blosQ vk/kj ij
mUgksaus vfHkfØ;k esa 'ks"k MkbukbVªkstu rFkk MkbgkbMªkstu dh
lkanzrk Kkr dhA fp=k 7-4] (ist 195) n'kkZrk gS fd ,d
fuf'pr le; osQ ckn oqQN vfHkdkjdksa osQ 'ks"k jgus ij Hkh
veksfu;k dk lkanz.k ,oa feJ.k dk la?kVu ogh cuk jgrk gSA
feJ.k osQ la?kVu dh fLFkjrk bl ckr dk laosQr nsrh gS fd
lkE;koLFkk LFkkfir gks xbZ gSA vfHkfØ;k dh xfrd izÑfr
dks le>us osQ fy, veksfu;k dk la'ys"k.k mUgsa djhc&djhc
izkjafHkd ifjfLFkfr;ksa (mlh vkaf'kd nkc ,oa rki ij)] ̄drq
H

2
 dh txg D

2
 (Deuterium) ysdj fd;k x;kA H

2
 ;k

D
2
 osQ lkFk vfHkfØ;k djkus ij lkE;koLFkk ij leku

la?kVuokyk vfHkfØ;k&feJ.k izkIr gksrk gS] ¯drq
vfHkfØ;k&feJ.k esa H

2
 ,oa NH

3
 osQ LFkku ij Øe'k% D

2

,oa ND
3
 ekS”kwn jgrs gSaA lkE;koLFkk LFkkfir gksus osQ ckn

nksuksa feJ.k (ftlesa H
2
, N

2
, NH

3
 rFkk D

2
, N

2
, ND

3
 gksrs

gSa) dks vkil esa feykdj oqQN le; osQ fy, NksM+ nsrs gSaA
ckn esa bl feJ.k dk fo'ys"k.k djus ij irk pyrk gS fd
veksfu;k dh lkanzrk vifjofrZr jgrh gSA

gkyk¡fd tc bl feJ.k dk fo'ys"k.k nzO;eku LisDVªksehVj
(Mass Spectrometer) }kjk fd;k tkrk gS] rks blesa
M~;wVhfj;e;qDr fofHkÂ veksfu;k v.kq (NH

3
, NH

2
D, NHD

2

rFkk ND
3
) ,oa MkbgkbMªkstu v.kq (H

2
, HD rFkk D

2
) ik,

tkrs gSaA blls ;g fu"d"kZ fudyrk gS fd lkE;koLFkk osQ ckn
Hkh feJ.k esa vfxze ,oa izrhi vfHkfØ;k,¡ gksrs jgus osQ dkj.k
v.kqvksa esa H rFkk D ijek.kqvksa dk O;kfeJ.k (Scram-

bling) gksrk jgrk gSA lkE;koLFkk LFkkfir gksus osQ ckn ;fn
vfHkfØ;k lekIr gks tkrh gS] rks bl izdkj dk feJ.k izkIr
gksuk laHko ugha gksrkA

veksfu;k osQ la'ys"k.k esa leLFkkfud (Deuterium)

osQ iz;ksx ls ;g Li"V gksrk gS fd jklk;fud vfHkfØ;kvksa esa
xfrd lkE;koLFkk LFkkfir gksus ij vfxze ,oa izrhi vfHkfØ;kvksa
dh nj leku gksrh gS rFkk blosQ feJ.k osQ la?kVu esa dksbZ
izHkkoh ifjorZu ugha gksrk gSA

lkE;koLFkk nksuksa fn'kkvksa }kjk LFkkfir dh tk ldrh
gS] pkgs H

2
(g) rFkk N

2
(g) dh vfHkfØ;k djkdj NH

3
(g)

izkIr dh tk, ;k NH
3
(g) dk fo?kVu djkdj N

2
(g) ,oa

H
2
(g) izkIr dh tk,A
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194 jlk;u foKku

xfrd lkE;koLFkkµNk=kksa osQ fy, ,d iz;ksx

HkkSfrd ;k jklk;fud vfHkfØ;kvksa esa lkE;koLFkk dh izÑfr ges'kk xfrd gksrh gSA jsfM;ks,sfDVo leLFkkfudksa osQ iz;ksx }kjk
bl rF; dks izn£'kr fd;k tk ldrk gSA ̄drq fdlh fo|ky; dh iz;ksx'kkyk esa bls izn£'kr djuk laHko ugha gSA fuEufyf[kr
iz;ksx djosQ bl rF; dks 5&6 fo|k£Fk;ksa osQ lewg dks vklkuh ls fn[kk;k tk ldrk gS –

100 mL osQ nks ekiu fl¯yMj (ftuij 1 rFkk 2 fy[kk gks) ,oa 30 cm yach dk¡p dh nks ufy;k¡ yhft,A ufy;ksa dk
O;kl ;k rks leku gks ldrk gS ;k muesa 3 ls 5 mm rd fHkÂrk gks ldrh gSA ekiu fl¯yMj&1 osQ vk/s Hkkx esa jaxhu
ty (ty esa iksVSf'k;e ijeSaxusV dk ,d fØLVy Mkydj jaxhu ty cuk,¡) Hkjrs gSa rFkk fl¯yMj&2 dks [kkyh j[krs gSaA
fl¯yMj&1 esa ,d uyh rFkk fl¯yMj&2 esa nwljh uyh j[krs gSaA fl¯yMj&1 okyh uyh osQ Åijh fNnz dks vaxqyh ls can djsa
,oa blosQ fupys fgLls esa Hkjs x, ty dks fl¯yMj&2 esa MkysaA fl¯yMj&2 esa j[kh uyh dk iz;ksx djrs gq, mlh izdkj
fl¯yMj&2 ls fl¯yMj&1 esa ty LFkkukarfjr djsaA bl izdkj nksuksa ufy;ksa dh lgk;rk ls fl¯yMj&1 ls fl¯yMj&2 esa ,oa
fl¯yMj&2 ls fl¯yMj&1 esa jaxhu ty ckj&ckj rc rd LFkkukarfjr djrs gSaA tc rd nksuksa fl¯yMjksa esa jaxhu ty dk Lrj
leku gks tk,A

;fn bu nks fl¯yMjksa esa jaxhu foy;u dk LFkkukarj.k ,d ls nwljs esa djrs] rks bu fl¯yMjksa esa jaxhu ty osQ Lrj esa vc
dksbZ ifjorZu ugha gksxkA ;fn bu nks fl¯yMjksa esa jaxhu ty osQ Lrj dks ge Øe'k% vfHkdkjdksa ,oa mRiknksa osQ lkanz.k osQ :i
esa ns[ksa rks ge dg ldrs gSa fd ;g izfØ;k bl izfØ;k dh xfrd izÑfr dks bafxr djrh gS] tks jaxhu ty dk Lrj LFkk;h
gksus ij Hkh tkjh jgrh gSA ;fn ge bl iz;ksx dks fofHkÂ O;klokyh nks ufy;ksa dh lgk;rk ls nksgjk,¡] rks ge ns[ksaxs fd bu
nks fl¯yMjksa esa jaxhu ty osQ Lrj fHkÂ gksaxsA bu nks fl¯yMjksa esa jaxhu ty osQ Lrj esa varj fHkÂ O;kl dh ufy;ksa osQ dkj.k
gksrk gSA

fp=k 7-3 xfrd lkE;koLFkk dk izn'kZu (d) izkjafHkd voLFkk ([k) vafre voLFkk
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195lkE;koLFkk

fp=k 7-4% vfHkfØ;k N g H g NH g2 2 33 2( ) + ( ) ( )� dh

lkE;koLFkk dk fu:i.k

N
2
(g) + 3H

2
(g) �  2NH

3
(g)

2NH
3
(g) �  N

2
(g) + 3H

2
(g)

blh izdkj ge vfHkfØ;k H
2
(g) + I

2
(g) � 2HI(g)

ij fopkj djsaA ;fn ge H
2
 ,oa I

2
 osQ cjkcj&cjkcj izkjafHkd

lkanz.k ls vfHkfØ;k 'kq: djsa] rks vfHkfØ;k vfxze fn'kk esa
vxzlj gksxhA H

2
 ,oa I

2
 dh lkanzrk de gksus yxsxh gS ,oa HI

dk lkanzrk c<+us yxsxh] tc rd lkE;koLFkk LFkkfir u gks
tk, (fp=k 7-5)A vxj ge HI ls 'kq: dj vfHkfØ;k dks
foijhr fn'kk esa gksus nsa] rks HI dh lkanzrk de gksus yxsxhA
rFkk H

2
 ,oa I

2
 dh lkanzrk rc rd c<+rh jgsxh tc rd

lkE;koLFkk LFkkfir u gks tk, (fp=k 7-5)A

;fn fuf'pr vk;ru esa H ,oa I osQ ijek.kqvksa dh
oqQy la[;k ogh gks] rks pkgs ge 'kq¼ vfHkdeZdksa ls
vfHkfØ;k 'kq: djsa] ;k 'kq¼ mRiknksa ls ogh lkE;koLFkk
feJ.k izkIr gksrk gSA

7-3 jklk;fud lkE;koLFkk dk fu;e rFkk
lkE;koLFkk fLFkjkad

lkE;koLFkk esa vfHkdkjdksa ,oa mRiknksa osQ feJ.k dks ^lkE;
feJ.k* dgrs gSaA ,dd osQ bl Hkkx esa lkE; feJ.k osQ
la?kVu osQ laca/ esa vusd iz'uksa ij ge fopkj djsaxsA ,d
lkE; feJ.k esa vfHkdkjdksa rFkk mRiknksa dh lkanzrkvksa esa D;k
laca/ gS\ izkjafHkd lkanzrkvksa ls lkE; lkanzrkvksa dks oSQls Kkr
fd;k tk ldrk gS\ lkE; feJ.k osQ la?kVu dks dkSu ls
dkjd ifjofrZr dj ldrs gSa\ vkS|ksfxd n`f"V ls mi;ksxh
jlk;u tSls – (H

2
, NH

3
 rFkk CaO) osQ la'ys"k.k osQ fy,

vko';d 'krks± dk fu/kZj.k oSQls fd;k tkrk gS\
bu iz'uksa osQ mÙkj osQ fy, ge fuEufyf[kr lkekU;

mRØe.kh; vfHkfØ;k ij fopkj djsaxs –
A + B � C + D

;gk¡ bl larqfyr lehdj.k esa A rFkk B vfHkdkjd
,oa C rFkk D mRikn gSaA vusd mRØe.kh vfHkfØ;kvksa osQ
izk;ksfxd vè;;u osQ vk/kj ij ukWosZ osQ jlk;uKksa oSQVks
eSfDlfefy;u xqycxZ (Cato Maximillian Guldberg)

,oa ihVj okts (Peter Waage) us lu~ 1864 esa izfrikfnr
fd;k fd fdlh feJ.k esa lkanzrkvksa dks fuEufyf[kr
lkE;&lehdj.k }kjk n'kkZ;k tk ldrk gSµ

[ ][ ]
[ ][ ]
C D

A B
cK = (7.1)

;gk¡ K
c
 lkE; fLFkjkad gS rFkk nkb± vksj dk O;atd

^lkE; fLFkjkad O;atd* dgykrk gSA bl lkE;&lehdj.k
dks ^nzO; vuqikrh fØ;k dk fu;e* (Law of Mass

Action) Hkh dgrs gSaA
xqycxZ rFkk okts }kjk izfrikfnr lq>koksa dks vPNh rjg

le>us osQ fy, ,d eq¡gcan ik=k (Sealed Vessel) esa 731

K ij xSlh; H
2
 ,oa xSlh; I

2
 osQ chp vfHkfØ;k ij fopkj

djsaA bl vfHkfØ;k dk vè;;u fofHkÂ izk;ksfxd ifjfLFkfr;ksa
esa N% iz;ksxksa }kjk fd;k x;kµ

H
2
(g) + I

2
(g) � 2HI(g)

1 eksy 1 eksy 2 eksy
igys pkj (1] 2] 3 rFkk 4) iz;ksxksa esa izkjaHk esa can

ik=kksa esa osQoy xSlh; H
2
 ,oa xSlh; I

2
 FksA izR;sd iz;ksx

fp=k 7-5% H2(g) + I2(g) �  2HI(g) vfHkfØ;k esa jklk;fud
lkE;koLFkk fdlh Hkh fn'kk ls LFkkfir gks ldrh gSA
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gkbMªkstu ,oa vk;ksMhu osQ fHkÂ&fHkÂ lkanz.k osQ lkFk fd;k
x;kA oqQN le; ckn can ik=k esa feJ.k osQ jax dh rhozrk
fLFkj gks xbZ] vFkkZr~~µlkE;koLFkk LFkkfir gks xbZA vU; nks
iz;ksx (la- 5 ,oa 6) osQoy xSlh; HI ysdj izkjaHk fd, x,A
bl izdkj foijhr vfHkfØ;k ls lkE;koLFkk LFkkfir gqbZA
lkj.kh 7-2 esa bu lHkh N% iz;ksxksa osQ vk¡dM+s fn, x, gSaA

iz;ksx&la[;k 1] 2] 3 ,oa 4 ls ;g ns[kk tk ldrk gS
fdµ vfHkÑr H

2
 osQ eksy dh la[;k = vfHkÑr I

2
 osQ eksy

dh la[;k = ½ (mRikn HI osQ eksy dh la[;k)
iz;ksx&la[;k 5 rFkk 6 esa ge ns[krs gSa fdµ

[H
2
(g)]

eq
 = [I

2
(g)]

eq

lkE;koLFkk ij vfHkdkjoQksa ,oa mRiknksa dh lkanzrk osQ
chp laca/ LFkkfir djus osQ fy, ge dbZ laHkkoukvksa osQ fo"k;
esa lksp ldrs gSaA uhps fn, x, lkekU; O;atd ij ge
fopkj djsaµ

[ ]
[ ]

eq

2 eq 2 eq

HI(g)

H (g) I (g)  

lkj.kh 7-3  vfHkdeZdksa osQ lkE; lkanzrk&laca/h O;atd
H

2
(g) + I

2
(g) �  2HI(g)

lkj.kh 7-3 esa fn, x, vk¡dM+ksa dh lgk;rk ls ;fn ge
vfHkdkjdksa ,oa mRiknksa dh lkE;koLFkk&lkanzrk dks mijksDr
O;atd esa j[ksa] rks ml O;atd dk eku fLFkj ugha] cfYd
fHkÂ&fHkÂ gksxk (lkj.kh 7-3)A ;fn ge fuEufyf[kr O;atd
ysaµ

[ ]
[ ]

2

eq

2 eq 2 eq

HI(g)

H (g) I (g)  
(7.1)

rks ge ik,¡xs fd lHkh N%] iz;ksxksa esa ;g O;atd fLFkj
eku nsrk gSS (tSlk lkj.kh 7-3 esa fn[kk;k x;k gS)A ;g ns[kk
tk ldrk gS fd bl O;atd esa vfHkdkjdksa ,oa mRikn osQ
lkanz.kksa esa ?kkr (Power) dk eku ogh gS] tks jklk;fud
vfHkfØ;k osQ lehdj.k esa fy[ks muosQ jllehdj.kferh;
xq.kkad (Stoichiometric Coefficients) gSaA lkE;koLFkk esa
bl O;atd osQ eku dks ^lkE;koLFkk fLFkjkad* dgk tkrk gS
rFkk bls 'K

c
' izrhd }kjk n'kkZ;k tkrk gSA bl izdkj vfHkfØ;k

H
2
(g) + I

2
(g) � 2HI(g) osQ fy, K

c
, vFkkZr~~ lkE;koLFkk

fLFkjkad dks bl :i esa fy[kk tkrk gSµ

[ ]
[ ] [ ]

2

eq

2 2eq eq

HI(g)

H (g) I (g)
=cK (7.2)

Åij fn, x, O;atd] lkanzrk osQ iknkad osQ :i esa tks
'eq' fy[kk x;k gS] og lkekU;r% ugha fy[kk tkrk gS] D;ksafd
;g ekuk tkrk gS fd K

c
 osQ O;atd esa lkanzrk dk eku

lkE;koLFkk ij gh gSA vr% ge fy[krs gSaµ

[ ]
[ ][ ]

2

2 2

HI(g)

H (g) I (g)
=cK (7.3)

lkj.kh 7-2  izkjafHkd ,oa lkE;koLFkk ij H
2
, I

2
, ,oa HI dh lkanzrk,¡
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inkad 'c' bafxr djrk gS fd K
c
 dk eku lkanz.k osQ

ek=kd mol L–1 esa O;Dr fd;k tkrk gSA
fn, x, fdlh rki ij vfHkfØ;k&mRiknksa dh lkanzrk ,oa

vfHkdkjdksa dh lkanzrk osQ xq.kuiQy dk vuqikr fLFkj jgrk
gSA ,slk djrs le; lkanzrk O;Dr djus osQ fy, larqfyr
jklk;fud lehdj.k esa vfHkdkjdksa ,oa mRiknksa osQ jl
lehdj.kferh; xq.kkad dks mudh lkanzrk osQ ?kkrkad osQ :i
esa O;Dr fd;k tkrk gSA

bl izdkj ,d lkEkkU; vfHkfØ;k aA + bB � cC +

cD osQ fy, lkE;koLFkk fLFkjkad dks fuEufyf[kr O;atd ls
O;Dr fd;k tkrk gSµ

c d

a b

[C] [D]

[A] [B]
cK = (7.4)

vfHkfØ;k mRikn (C ;k D) va'k esa rFkk vfHkdkjd
(A rFkk B) gj esa gksrs gSaA izR;sd lkanzrk (mnkgj.kkFkZµ [C],

[D] vkfn) dks larqfyr vfHkfØ;k esa jllehdj.kferh;
vuqikr xq.kkad osQ ?kkrkad osQ :i esa O;Dr fd;k tkrk gSA
tSlsµ 4NH

3
 + 5O

2
 (g) � 4NO(g) + 6H

2
O(g) vfHkfØ;k

osQ fy, lkE;koLFkk fLFkjkad dks ge bl :i esa O;Dr
djrs gSaµ

4 6
2

4 5
3 2

[NO] [H O]

[NH ] [O ]
cK =

fofHkÂ vo;oksa (Species) dh eksyj&lkanzrk dks mUgsa
oxkZdkj dks"Bd esa j[kdj n'kkZ;k tkrk gS rFkk ;g ekuk tkrk
gS fd ;s lkE;koLFkk lkanzrk,¡ gSaA tc rd cgqr vko';d u
gks] rc rd lkE;koLFkk fLFkjkad osQ O;atd esa izkoLFkk,¡
(Bksl] nzo ;k xSl) ugha fy[kh tkrh gSaA

ge jllehdj.kferh; vuqikr xq.kkad cny nsrs gSa]
tSlsµ ;fn iwjs vfHkfØ;k lehdj.k dks fdlh ?kVd (Fac-

tor) ls xq.kk djsa] rks lkE;koLFkk fLFkjkad osQ fy, O;atd
fy[krs le; ;g lqfuf'pr djuk pkfg, fd og O;atd ml
ifjorZru dks Hkh O;Dr djsA

vfHkfØ;k H
2
(g) + I

2
(g) � 2HI(g) (7.5)

osQ lkE;koLFkk O;atd dks bl izdkj fy[krs gSaµ
2

2 2

[HI]
x

[H ][I ]
cK = = (7.6)

rks izrhi vfHkfØ;k 2HI(g) � H
2
(g) + I

2
(g) osQ fy,

lkE;koLFkk&fLFkjkad mlh rki ij bl izdkj gksxkµ

2 2

2

[H ][I ] 1 1

[HI] x
c

c

K'
K

= = = (7.7)

bl izdkj]

1
c

c

K'
K

= (7.8)

mRØe vfHkfØ;k dk lkE;koLFkk fLFkjkad vfxze
vfHkfØ;k osQ lkE;koLFkk fLFkjkad osQ O;qRØe gksrk gSA

mijksDr vfHkfØ;k dks bl :i esa fy[kus ij

½ H
2
(g) + ½ I

2
(g) �  HI(g) (7.9)

lkE;koLFkk fLFkjkad dk eku gksxkµ

K″c  
=  [HI] / [H

2
]1/2[I

2
]1/2  = x1/2 = K

c
1/2        (7.10)

bl izdkj ;fn ge lehdj.k 7-5 dks n ls xq.kk djsa]
rks vfHkfØ;k nH

2
(g) +  nI

2
(g) �  2nHI(g) izkIr gksxh

rFkk blosQ lkE;koLFkk&fLFkjkad dk eku K
c
n gksxkA bu

ifj.kkeksa dks lkj.kh 7-4 esa lkjkaf'kr fd;k x;k gSA

lkj.kh 7-4  ,d lkekU; mRØe.kh; vfHkfØ;k osQ lkE;koLFkk
fLFkjkadksa ,oa muosQ xq.kdkas esa laca/

jklk;fud lehdj.k lkE;koLFkk
fLFkjkad

a A + b B �  c C + dD K
c

c C + d D �  a A + b B K′
c
 =(1/K

c 
)

na A + nb B �  ncC + ndD K′″
c
  = (K

c

n
)

;gk¡ ;g è;ku j[kuk pkfg, fd K
c
 o K'

c
 osQ vkafdd

eku fHkÂ gksrs gSaA blfy, ;g vko';d gS fd lkE;&voLFkk
fLFkjkad dk eku fy[krs le; larqfyr jklk;fud lehdj.k
dk mYys[k djsaA

mnkgj.k 7-1

500 K ij N2 rFkk H2 ls NH3 cuus osQ nkSjku

lkE;koLFkk esa fuEufyf[kr lkanzrk,¡ izkIr gqb±%

[N2] = 1.5 × 10
–2 

M, [H2] = 3.0 ×10
–2 

M rFkk

[NH3] = 1.2 ×10
–2 

M. lkE;koLFkk fLFkjkad dh x.kuk

dhft,A

gy

vfHkfØ;k N2(g) + 3H2(g) �  2NH3(g) osQ fy,
lkE; fLFkjkad bl :i esa fy[kk tk ldrk gSµ
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( )

( ) ( )

2

3

3

2 2

NH g
 = 

N g H g
cK

  

      

( )
( ) ( )

2
2

3
2 2

1.2 10
= 

1.5 10 3.0 10

−

− −

×

× ×

= 0.106 × 104  = 1.06 × 103

mnkgj.k 7-2

800 K ij vfHkfØ;k N2(g) + O2(g) �  2NO(g)

osQ fy,  lkE;koLFkk lkanzrk,¡ fuEufyf[kr gSaµ
N2=3.0 × 10

–3
M, O2 = 4.2 × 10

–3
M

rFkk NO = 2.8 × 10
–3

M

vfHkfØ;k osQ fy, K
c
 dk eku D;k gksxk\

gy

vfHkfØ;k osQ fy, lkE; fLFkjkad bl izdkj fy[kk tk
ldrk gSµ

[ ]
[ ][ ]

2

2 2

NO
 = 

N O
cK

( )
( ) ( )

2-3

3 3

2.8 10 M 
= 

3.0 10 M 4.2 10 M− −

×

× ×
= 0.622

7-4 lekax lkE;koLFkk
fdlh lekax fudk; esa lHkh vfHkdkjd ,oa mRikn ,d
leku izkoLFkk esa gksrs gSaA mnkgj.k osQ fy,µxSlh; vfHkfØ;k
N

2
(g) + 3H

2
(g) � 2NH

3
(g) esa vfHkdkjd rFkk mRikn

lHkh lekax xSl&izkoLFkk esa gSaA
blh izdkj
CH

3
COOC

2
H

5
 (aq) + H

2
O (l) �  CH

3
COOH (aq)

+ C
2
H

5
OH (aq)

rFkk Fe3+ (aq) + SCN–(aq) �  Fe(SCN)2+ (aq)

vfHkfØ;kvksa esa lHkh vfHkdkjd rFkk mRikn laekx
foy;u&izkoLFkk esa gSaA vc ge oqQN lekax vfHkfØ;kvksa osQ
lkE;koLFkk&fLFkjkad osQ ckjs esa i<+saxsA

7-4-1 xSlh; fudk; esa lkE;koLFkk fLFkjkad ( K
p
 )

geus vHkh rd vfHkdkjdksa ,oa mRiknksa osQ eksyj lkanz.k osQ
:i esa lkE;koLFkk fLFkjkad dks O;Dr fd;k gS rFkk bls
izrhd K

c
 }kjk n'kkZ;k gSA xSlh; vfHkfØ;kvksa osQ fy,

lkE;koLFkk fLFkjkad dks vkaf'kd nkc osQ :i esa izn£'kr djuk
vf/d lqfoèkktud gSA

vkn'kZ xSl&lehdj.k (,dd&2) dks ge bl :i esa
O;Dr djrs gSaµ

pV = nRT

;k

= R
n

p T
V

;gk¡ nkc (p) dks bar esa] xSl dh ek=kk dks eksyksa dh
la[;k 'n' }kjk vk;ru] 'V' dks fyVj (L) esa rFkk rki dks

osQfYou (K) esa O;Dr djus ij R
ν
 

= = 
 

n
p c T c  fLFkjkad

'R' dk eku 0.0831 bar L mol–1K–1 gksrk gSA
tc n/V dks ge mol/L esa O;Dr djrs gSa] rks ;g

lkanz.k 'c' n'kkZrk gSA vr%
p = cRT

fLFkj rki ij xSl dk nkc mlosQ lkanz.k osQ lekuqikrh
gksrk gS] vFkkZr~ ~ p α ¹xSlº vr% mDr laca/ dks
p = ¹xSlº RT osQ :i esa Hkh fy[kk tk ldrk gSA

lkE;koLFkk esa vfHkfØ;k H
2
(g) +  I

2
(g)  �   2HI(g)

osQ fy,
( )

( ) ( )

2

c

2 2

HI g
 = 

H g I g
K

  

      

vFkok
( )

( ) ( )
2 2

2

HI

c

H I

p
K  = 

p p (7.12)

pw¡fd ( )HI HI g Rp T=    ( )
2H 2H g Rp T=   

rFkk ( )
2I 2I g Rp T=   

blfy,

( )
( ) ( )

( ) [ ]
( ) ( )

2 2

2 22

HI

2 2H I

HI g R
 = 

H g R . I g R
p

Tp
K

T Tp p

  =
      

( )
( ) ( )

2

2 2

HI g
= 

H g I g
cK

   =
      

(7.13)

mijksDr mnkgj.k esa K
p
 = K

c
, gSa vFkkZr~~ nksuksa lkE;koLFkk

fLFkjkadksa osQ eku cjkcj gSa] ̄ drq ;g ges'kk lR; ugha gksrk gSA
mnkgj.k osQ fy, µ vfHkfØ;k N

2
(g)  +  3H

2
(g)  �

2NH
3
(g) esa
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( )
( ) ( )

3

2 2

2

NH

3

N H

p

p p
pK =  

( ) [ ]

( ) ( ) ( )

2 2

3

3 3

2 2

NH g RT

N g RT. H g RT

  =
      

( ) [ ]
( ) ( )

( )
2 2

23

c3

2 2

NH g RT
K RT

N g H g

−

−  = =
      

vFkkZr~~ ( ) 2

p cK K RT
−

= gksxkA (7.14)

bl izdkj ,d lekaxh xSlh; vfHkfØ;k

a A  +  b B  �   c C  +  d D

( ) ( )
( ) ( )

[ ] [ ] ( )( )

[ ] [ ] ( )( )

dc c d c d

DC
p a b a b a b

BA

p p C D RT
K

p p A B RT

+

+
= =

[ ] [ ]
[ ] [ ]

( )( ) ( )
c d

c d a b

a b

C D
RT

A B

+ − +
=

[ ] [ ]
[ ] [ ]

( ) ( )
c d

p ca b

n nC D
K RT K RT

A B

∆ ∆
= = (7.15)

;gk¡ larqfyr jklk;fud lehdj.k esa ∆n = [(xSlh;
mRiknksa osQ eksyksa dh la[;k)µ(xSlh; vfHkfØ;dksa osQ eksyksa
dh la[;k)] gSA ;g vko';d gS fd K

p
 dh x.kuk djrs

le; nkc dk eku bar esa j[kuk pkfg,] D;ksafd nkc dh
izkekf.kd voLFkk 1 bar gSA ,dd 1 ls gesa Kkr gS fd 1
pascal, Pa = 1 Nm–2 rFkk 1 bar = 105PaA

lkj.kh 7-5 esa oqQN p;fur vfHkfØ;kvksa osQ fy, K
p

osQ eku fn, x, gSaA

mnkgj.k 7-3

500 K ij PCl5, PCl3 vkSj Cl2 lkE;koLFkk esa gSa rFkk
lkanzrk,¡ Øe'k% 1.41 M, 1.59 M ,oa 1.59 M gSaA

vfHkfØ;k PCl5 �  PCl3 + Cl2 osQ fy, Kc  dh
x.kuk dhft,A

gy

mijksDr vfHkfØ;k osQ fy, lkE;koLFkk fLFkjkad bl
:i esa izdV fd;k tk ldrk gSµ

[ ][ ]
[ ]

( )
( )

2

3 2

c

5

PCl Cl 1.59
1.79

PCl 1.41
K = = =

mnkgj.k 7-4

bl vfHkfØ;k osQ fy,  800 K ij K
c
 = 4.24 gSµ

CO (g) + H2O (g)  �  CO2 (g) + H2 (g)

800 K ij CO2 ,oa H2, CO rFkk H2O osQ lkE;
ij lkanzrkvksa dh x.kuk dhft,] ;fn izkjaHk esa osQoy
CO rFkk H2O gh mifLFkr gksa rFkk izR;sd dh lkanzrk
0.1 M gksA

gy

fuEufyf[kr vfHkfØ;k osQ fy,%

CO (g) + H2O (g) �  CO2 (g) + H2(g)

izkjaHk esa %
0.1M 0.1M 0 0

lkE; ij
(0.1–x)M (0.1–x)M xM xM

tgk¡ lkE; ij CO2 rFkk H2 dh ek=kk x mol L
–1 gSA

vr% lkE; fLFkjkad dks bl izdkj fy[kk tk ldrk gSµ
K

c
 = x

2
/(0.1– x)

2
 = 4.24

x
2
 = 4.24(0.01 + x

2 
– 0.2x)

x
2
 = 0.0424 + 4.24x

2 
– 0.848x

3.24x
2 
– 0.848x + 0.0424 = 0

a = 3.24, b = – 0.848, c = 0.0424

,d f}?kkr lehdj.k osQ fy, ax
2 
+ bx + c = 0,

( )2b b 4ac
x

2a

− ± −
=

x =  0.848

lkj.kh 7-5  esa oqQN p;fur vfHkfØ;kvksa osQ lkE;koLFkk
fLFkjkad K

p
 osQ eku
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± 2(0.848) 4(3.24)(0.0424)/(3.24 2)− ×

x = (0.848 ± 0.4118)/ 6.48

x1 = (0.848 – 0.4118)/6.48 = 0.067

x2 = (0.848 + 0.4118)/6.48  = 0.194

eku 0.194 dh mis{kk dh tk ldrh gS] D;ksafd
;g vfHkdkjdksa dh lkanzrk cryk,xk] tks izkjafHkd
lkanzrk ls vfèkd gSA

vr% lkE;koLFkk ij lkanzrk,¡ ;s gSa]

[CO2] = [H2-] = x = 0.067 M

[CO] = [H2O] = 0.1 – 0.067 = 0.033 M

mnkgj.k 7-5

bl lkE; 2NOCl(g) � 2NO(g)  +  Cl2(g) gsrq

1069 K rki ij lkE; fLFkkjkad Kc dk eku 3.75 ×

10
–6 gSA bl rki ij mDr vfHkfØ;k osQ fy, K

p
 dh

x.kuk dhft,A

gy

ge tkurs gSa fd
Kp = Kc(RT)

∆n

mijksDr vfHkfØ;k osQ fy,]
∆n = (2+1) – 2 = 1

K
p
 = 3.75 ×10

–6
 (0.0831 × 1069)

Kp = 0.033

7-5 fo"kekax lkE;koLFkk
,d ls vf/d izkoLFkk okys fudk; esa LFkkfir lkE;koLFkk
dks ̂ fo"kekax lkE;koLFkk* dgk tkrk gSA mnkgj.k osQ fy,µ,d
can ik=k esa ty&ok"i ,oa ty&nzo osQ chp LFkkfir
lkE;koLFkk ^fo"kekax lkE;koLFkk* gSA

H
2
O(l) �H

2
O(g)

bl mnkgj.k esa ,d xSl izkoLFkk rFkk nwljh nzo
izkoLFkk gSA blh rjg Bksl ,oa blosQ lar`Ir foy;u osQ chp
LFkkfir lkE;koLFkk Hkh fo"kekax lkE;koLFkk gSA tSlsµ

Ca(OH)
2
 (s) + (aq) � Ca2+ (aq) + 2OH–(aq)

fo"kekax lkE;koLFkkvksa esa vf/drj 'kq¼ Bksl ;k 'kq¼
nzo Hkkx ysrs gSaA fo"kekax lkE;koLFkk (ftlesa 'kq¼ Bksl ;k
'kq¼ nzo gks) osQ lkE;koLFkk&O;atd dks ljy cuk;k tk
ldrk gS] D;ksafd 'kq¼ Bksl ,oa 'kq¼ nzo dk eksyj lkanz.k
mudh ek=kk ij fuHkZj ugha gksrk] cfYd fLFkj gksrk gSA nwljs
'kCnksa esaµlkE;koLFkk ij ,d inkFkZ 'X' dh ek=kk oqQN Hkh gks]
[X(s)] ,oa [X(l)] osQ eku fLFkj gksrs gSaA blosQ foijhr ;fn
'X' dh ek=kk fdlh fuf'pr vk;ru esa cnyrh gS] rks [X(g)]

rFkk [X(aq)] osQ eku Hkh cnyrs gSaA ;gk¡ ge ,d jkspd ,oa
egÙoiw.kZ fo"kekax jklk;fud lkE;koLFkk osQfYl;e dkcksZusV
osQ rkih; fo;kstu ij fopkj djsaxsµ
CaCO

3 
(s)  �  CaO (s) + CO

2 
(g) (7.16)

mijksDr lehdj.k osQ vk/kj ij ge fy[k ldrs gSa fd

( ) ( )
( )

2

3

CaO s CO g

CaCO s
cK

      =
  

pw¡fd [CaCO
3
(s)] ,oa [CaO(s)] nksuksa fLFkj gSaA blfy,

mijksDr vfHkfØ;k osQ fy, ljyhÑr lkE;koLFkk fLFkjkad
K'

c
 = [CO

2
(g)] (7-17)

;k 
2

 = p COK p (7-18)

blls Li"V gksrk gS fd ,d fuf'pr rki ij CO
2
(g)

lkE;koLFkk fLFkjkad osQ ek=kd

lkE;koLFkk K
c
 dk eku fudkyrs le; lkanz.k dks mol L–1

esa rFkk K
p
 dk eku fudkyrs le; vkaf'kd nkc dks Pa,

kPa, bar vFkok atm esa O;Dr fd;k tkrk gSA bl izdkj
lkE;koLFkk fLFkjkad dk ek=kd lkanzrk ;k nkc osQ ek=kd ij
vk/kfjr gSA ;fn lkE;koLFkk O;atd osQ va'k esa ?kkrkadksa dk
;ksx gj esa ?kkrkadksa osQ ;ksx osQ cjkcj gksA vfHkfØ;k
H

2
(g) + I

2
(g) �  2HI, Kc rFkk Kp  esa dksbZ ek=kd ugha

gksrkA N
2
O

4
(g)  �  2NO

2
 (g), Kc dk ek=kd mol/L

rFkk Kp dk ek=kd bar gSA
;fn vfHkdkjdksa ,oa mRiknksa dks izekf.kd voLFkk esa

fy;k tk, rks lkE;koLFkk fLFkjkadks a dks foekghu
(Dimensionless) ek=kkvksa esa O;Dr djrs gSaA vfHkdkjdksa

,oa mRiknksa dks izkekf.kd voLFkk esa 'kq¼ xSl dh izkekf.kd
voLFkk ,d bar gksrh gSA bl izdkj 4 bar nkc izkekf.kd
voLFkk osQ lkis{k esa 4 bar/ 1 bar = 4 gksrk gS] tks
foekghu gSA ,d foys; osQ fy, izkekf.kd voLFkk (C

O
) 1

eksyj foy;u gS rFkk vU; lkanzrk,¡ blh osQ lkis{k esa ekih
tkrh gSaA lkE;fLFkjkad dk vkafdr eku pquh gqbZ izkekf.kd
voLFkk ij fuHkZj djrk gSA bl izdkj bl iz.kkyh esa Kp

rFkk Kc nksuksa foekghu jkf'k;k¡ gSa ̄ drq mudk vkafdd eku
fHkÂ izekf.kd voLFkk gksus osQ dkj.k fHkÂ gks ldrk gSA
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201lkE;koLFkk

dh ,d fuf'pr lkanzrk ;k nkc CaO(s) rFkk CaCO
3
(s)

osQ lkFk lkE;koLFkk esa jgrk gSA iz;ksx djus ij ;g irk
pyrk gS fd 1100 K ij CaCO

3
(s) ,oa CaO (s) osQ

lkFk lkE;koLFkk esa mifLFkr CO
2
 dk nkc 2.0 × 105 Pa

gSA blfy, mijksDr vfHkfØ;k osQ fy, lkE;koLFkk fLFkjkad
dk eku bl izdkj gksxkµ

2

5 5
CO 2 10 Pa/10 Pa 2.00pK p= = × =

blh izdkj fuoSQy] dkcZu eksuksvkWDlkbM ,oa fuoSQy
dkckZsfuy osQ chp LFkkfir fo"kekax lkE;koLFkk (fuoSQy osQ
'kqf¼dj.k esa iz;qDr) lehdj.k µ

Ni (s) + 4 CO (g)  �  Ni(CO)
4 
(g)

esa lkE;koLFkk fLFkjkad dk eku bl :i esa fy[kk tkrk gSµ

( )

[ ]
4

4

Ni CO

CO
cK

  =

;g è;ku jgs fd lkE;koLFkk LFkkfir gksus osQ fy, 'kq¼
inkFkks± dh mifLFkfr vko';d gS (Hkys gh mudh ek=kk FkksM+h
gks)] ¯drq muosQ lkanz.k ;k nkc] lkE;koLFkkµfLFkjkad osQ
O;atd esa ugha gksaxsA vr% lkekU; fLFkfr esa 'kq¼ nzo ,oa 'kq¼
Bksl dks lkE;koLFkk&fLFkjkad osQ O;atd esa ugha fy[kk tkrk
gSA vfHkfØ;kµ
Ag

2
O (s) + 2HNO

3
 (aq) �  2AgNO

3
 (aq) + H

2
O (l)

esa lkE;koLFkk fLFkjkad dk eku bl :i esa fy[kk tkrk gSµ

[ ]
[ ]

2

3

2

3

AgNO
 = 

HNO
cK

mnkgj.k 7-6

vfHkfØ;k CO2 (g) + C (s)  �  2CO (g), osQ fy,

1000 K ij Kp dk eku 3.0 gSA ;fn izkjaHk esa

2
= 0.48COp  bar rFkk 

CO
p = 0 bar gks rFkk 'kq¼

xzsiQkbV mifLFkr gks] rks CO rFkk CO2 osQ lkE; ij
vkaf'kd nkcksa dh x.kuk dhft,A

gy

bl vfHkfØ;k osQ fy,µ

;fn CO2 nkc esa deh x gks rksµ

CO2 (g) + C (s) � 2CO (g)

izkjaHk esa % 0.48 bar 0

lkE; ij % (0.48 – x)bar 2x bar

2

2
CO

p

CO

p
K

p
=

Kp = (2x)
2
/(0.48 – x) = 3

4x
2
 = 3(0.48 – x)

4x
2
 = 1.44 – x

4x
2
 + 3x – 1.44 = 0

a = 4, b = 3, c = –1.44

( )2b b 4ac
x

2a

− ± −
=

= [–3 ± 2(3) – 4(4)(–1.44)]"/2 × 4

= (–3 ± 5.66)/ 8

(pw¡fd x dk eku ½.kkRed ugha gksrk] vr% bl eku
dh mis{kk dj nsrs gSaA)

x = 2.66/8 = 0.33

lkE; ij vkaf'kd nkcksa osQ eku bl izdkj gksaxsµ

CO
p = 2 x = 2 x 0.33 = 0.66 bar

2CO
p = 0.48 – x = 0.48 – 0.33 = 0.15 bar

7-6 lkE;koLFkk fLFkjkad osQ vuqiz;ksx
lkE;koLFkk&fLFkjkad osQ vuqiz;ksxksa ij fopkj djus ls igys
ge blosQ fuEufyf[kr egÙoiw.kZ y{k.kksa ij è;ku nsaµ
d- lkE;koLFkk&fLFkjkad dk O;atd rHkh mi;ksxh gksrk gS]

tc vfHkdkjdksa ,oa mRiknksa dh lkanzrk lkE;koLFkk ij
fLFkj gks tk,A

[k- lkE;koLFkk&flFkjkad dk eku vfHkdkjdksa ,oa mRiknksa
dh izkjafHkd lkanzrk ij fuHkZj ugha djrk gSA

x- fLFkjkad dk eku ,d larqfyr lehdj.k }kjk O;Dr
jklk;fud fØ;k osQ fy, fuf'pr rki ij fof'k"V gksrk
gS] tks rki cnyus osQ lkFk cnyrk gSA

?k- mRØe vfHkfØ;k dk lkE;koLFkk&fLFkjkad vxzorhZ
vfHkfØ;k osQ lkE;koLFkk&fLFkjkad osQ eku dk O;qRØe
gksrk gSA

Ä- fdlh vfHkfØ;k dk lkE;koLFkk&fLFkjkad K ml laxr
vfHkfØ;k osQ lkE;koLFkk fLFkjkad ls lacaf/r gksrk gS
ftldk lehdj.k ewy vfHkfØ;k osQ lehdj.k esa fdlh
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NksVs iw.kk±d ls xq.kk ;k Hkkx nsus ij izkIr gksrk gSA
vc ge lkE;koLFkk fLFkjkad osQ vuqiz;ksxksa ij fopkj

djsaxs rFkk bldk iz;ksx fuEufyf[kr ̄ cnqvksa ls lacaf/r iz'uksa
osQ mÙkj nsus esa djsaxsA
• lkE;koLFkk&fLFkjkad osQ ifjek.k dh lgk;rk ls vfHkfØ;k

dh lhek dk vuqeku yxkukA

• vfHkfØ;k dh fn'kk dk irk yxkuk ,oa

• lkE;koLFkk&lkanz.k dh x.kuk djukA

7-6-1 vfHkfØ;k dh lhek dk vuqeku yxkuk

lkE;koLFkk&fLFkjkad dk vkafdd eku vfHkfØ;k dh lhek
dks n'kkZrk gS] ijarq ;g tkuuk egÙoiw.kZ gS fd lkE;koLFkk
fLFkjkad ;g ugha crykrk fd lkE;koLFkk fdl nj ls izkIr
gqbZ gSA K

c
 ;k K

p
 dk ifjek.k mRiknksa dh lkanzrk osQ lekuqikrh

gksrk gS (D;ksafd ;g lkE;koLFkk&fLFkjkad O;atd osQ va'k
(Numerator) esa fy[kk tkrk gS) rFkk fØ;kdkjdksa dh
lkanzrk osQ O;qRØekuqikrh gksrk gS (D;ksafd ;g O;atd osQ gj
(Denominator) esa fy[kh tkrh gS)A lkE;koLFkk fLFkjkad
K dk mPp eku mRiknksa dh mPp lkanzrk dk |ksrd gSA blh
izdkj K dk fuEu eku mRiknksa osQ fuEu eku dks n'kkZrk gSA

lkE; feJ.kksa osQ la?kVu ls lacaf/r fuEufyf[kr lkekU;
fu;e cuk ldrs gSa%

;fn Kc > 10
3 gks] rks mRikn vfHkdkjd dh rqyuk esa

T;knk cusaxsA ;fn K dk eku dkiQh T;knk gS] rks vfHkfØ;k
yxHkx iw.kZrk osQ fudV gksrh gSA mnkgj.kkFkZµ

(d) 500 K ij H2 rFkk O2 dh vfHkfØ;k lkE;koLFkk gsrq
fLFkjkad Kc = 2.4 × 10

47A
([k) 300 K ij H2(g) + Cl2(g) → 2HCl(g);

K c = 4.0 × 10
31

(x) 300 K ij H2(g) + Br2(g) → 2HBr(g);

Kc = 5.4 × 10
18

;fn Kc < 10
–3] vfHkdkjd dh rqyuk esa mRikn de

gksaxsA ;fn Kc dk eku vYi gS] rks vfHkfØ;k nqyZHk voLFkk
esa gh laiÂ gksrh gSA fuEufyf[kr mnkgj.kksa }kjk ;g Li"V gks
tkrk gSµ

(d) 500 K ij H2O dk H2 rFkk O2 esa fo?kVu dk
lkE;&fLFkjkad cgqr de gS Kc = 4.1 × 10

–48

([k) 298 K ij N2(g) + O2(g) �  2NO(g);

K c = 4.8 ×10
–31

;fn Kc 10
–3 ls 10

3 dh ijkl (Range) esa gksrk gS]
rks mRikn rFkk vfHkdkjd nksuksa dh lkanzrk,¡ larks"ktud gksrh
gSaA fuEufyf[kr mnkgj.k ij fopkj djus ijµ

(d) 700 K ij H2 rFkk I2 ls HI cuus ij Kc = 57.0 gSA

([k) blh izdkj ,d vU; vfHkfØ;k N2O4 dk NO2 esa
fo?kVu gS] ftlosQ fy, 25°C ij Kc = 4.64 × 10

–3]
tks u rks de gS vkSj u T;knkA vr% lkE; feJ.k esa
N2O4 rFkk NO2 dh lkanzrk,¡ larks"ktud gksaxhA bl
lkekU;hdj.k dks fp=k 7-7 esa n'kkZ;k x;k gSA

7-6-2 vfHkfØ;k dh fn'kk dk cks/

vfHkdkjd ,oa mRiknksa osQ fdlh vfHkfØ;k&feJ.k esa vfHkfØ;k
dh fn'kk dk irk yxkus esa Hkh lkE;koLFkk fLFkjkad dk
mi;ksx fd;k tkrk gSA blosQ fy, ge vfHkfØ;k HkkxiQy
(Reaction Quotient) 'Q' dh x.kuk djrs gSaA lkE;koLFkk
fLFkjkad dh gh rjg vfHkfØ;k HkkxiQy dks Hkh vfHkfØ;k
dh fdlh Hkh fLFkfr osQ fy, ifjHkkf"kr (eksyj lkanz.k ls Q

c

rFkk vkaf'kd nkc ls Q
p
) fd;k tk ldrk gSA fdlh lkekU;

vfHkfØ;k osQ fy,
a A + b B �  c C + d D (7.19)

Q
c
 = [C]c[D]d / [A]a[B]b (7.20)

;fn Q
c
 > K

c
 gks] rks vfHkfØ;k vfHkdkjdksa dh vksj

vxzlfjr gksxh (foijhr vfHkfØ;k)
;fn Q

c
 < K

c
 gks] rks vfHkfØ;k mRiknksa dh vksj

vxzlfjr gksxh]
;fn Q

c
 = K

c
 gks] rks vfHkfØ;k feJ.k lkE;koLFkk

esa gSA
H

2
 osQ lkFk I

2
 dh xSlh; vfHkfØ;k ij fopkj

djrs gSaµ
H

2
(g) + I

2
(g) �  2HI(g)

700 K ij K
c
 = 57.0

ekuk fd geus [H
2
]
t
=0.10M, [I

2
]
t
 = 0.20 M

fp=k 7-6 Kc ij vfHkfØ;k dh lhek dk fuHkZj djuk
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vkSj [HI]
t
 = 0.40 M. fy;k

(lkanzrk laosQr ij iknkad t dk rkRi;Z ;g gS fd
lkanzrkvksa dk ekiu fdlh le; t ij fd;k x;k gS] u fd
lkE; ijA)

bl izdkj] vfHkfØ;k HkkxiQy Q
c
 vfHkfØ;k dh bl

fLFkfr esa fn;k x;k gSµ
Q

c 
= [HI]

t
2 / [H

2
]
t
 [I

2
]
t
  = (0.40)2/ (0.10)×(0.20) = 8.0

bl le; Q
c
 (8.0), K

c
 (57.0) osQ cjkcj ugha gSA vr%

H
2
(g), I

2
(g) rFkk HI(g) dk feJ.k lkE; esa ugha gSA blhfy,

H
2
(g) o I

2
(g) vfHkfØ;k djosQ vkSj vf/d HI(g) cuk,¡xs

rFkk muosQ lkanz.k rc rd ?kVsaxs] tc rd Q
c
 = K

c
 u gks

tk,A
vfHkfØ;k&HkkxiQy Q

c
, rFkk K

c
 osQ ekuksa dh rqyuk

djosQ vfHkfØ;k&fn'kk dk cks/ djus esa mi;ksxh gSaA
bl izdkj] vfHkfØ;k dh fn'kk osQ laca/ esa ge

fuEufyf[kr lkekU; /kj.kk cuk ldrs gSaµ
• ;fn Q

c
 < K

c
 gks] rks usV vfHkfØ;k ckb± ls nkb± vksj

vxzlfjr gksrh gSA
• ;fn Q

c
 > K

c
 gks] rks usV vfHkfØ;k nkb± ls ckb± vksj

vxzlfjr gksrh gSA
• ;fn Q

c
 = K

c
 gks] rks usV vfHkfØ;k ugha gksrh gSA

fp=k % 7-7 vfHkfØ;k dh fn'kk dk cks/

mnkgj.k 7-7

2A � B + C vfHkfØ;k osQ fy, K
c
 dk eku

2 × 10
–3 gSA

fn, x, le; esa vfHkfØ;k&feJ.k dk la?kVu [A] =

[B] = [C] = 3 × 10
–4

 M gSA vfHkfØ;k dkSu lh fn'kk
esa vxzflr gksxh\

gy

vfHkfØ;k osQ fy, vfHkfØ;k HkkxiQy 2

[B] [C]

[A]
=cQ

[A] = [B] = [C] = 3 × 10
–4

 M

4 –4

4 2

[3 10 ] [3 10 ]
1

[3 10 ]

−

−

× ×
= =

×cQ

bl izdkj Q
c
 > K

c
 blfy, vfHkfØ;k foijhr fn'kk esa

vxzflr gksrh gSA

7-6-3 lkE; lkanzrkvksa dh x.kuk

;fn izkjafHkd lkanzrk Kkr gks] ysfdu lkE; lkanzrk Kkr ugha
gks] rks fuEufyf[kr rhu inksa ls mls izkIr djsaxsµ
in 1 : vfHkfØ;k osQ fy, larqfyr lehdj.k fy[kksA
in 2 : larqfyr lehdj.k osQ fy, ,d lkj.kh cuk,¡] ftlesa
vfHkfØ;k esa lfÂfgr izR;sd inkFkZ dks lwphc¼ fd;k gks%
(d) izkjafHkd lkanzrk
([k) lkE;koLFkk ij tkus osQ fy, lkanzrk esa ifjorZu vkSj
(x) lkE;koLFkk lkanzrk

lkj.kh cukus esa fdlh ,d vfHkdkjd dh lkanzrk dks
x osQ :i esa] tks lkE;koLFkk ij gS dks ifjHkkf"kr djsa vkSj
fiQj vfHkfØ;k dh jllehdj.kferh; ls vU; inkFkks± dh
lkanzrk dks x osQ :i esa O;Dr djsaA
in 3 : x dks gy djus osQ fy, lkE; lehdj.k esa lkE;
lkanzrkvksa dks izfrLFkkfir djrs gSaA ;fn vkidks oxZ lehdj.k
gy djuk gks] rks og xf.krh; gy pqusa] ftldk jklk;fud
vFkZ gksA
in 4 : ifjdfyr eku osQ vk/kj ij lkE; lkanzrkvksa dh
x.kuk djsaA
in 5 : bUgsa lkE; lehdj.k esa izfrLFkkfir dj vius
ifj.kke dh tk¡p djsaA

mnkgj.k 7-8

13.8 xzke N2O4 dks 1 L ik=k esa j[kk tkrk gS rks bl
izdkj lkE; LFkkfir gksrk gSµ

N2O4(g) � 2NO2(g)

;fn lkE;koLFkk ij oqQy nkc 9.15 bar ik;k x;k]
rks Kc, Kp rFkk lkE;koLFkk ij vkaf'kd nkc dh x.kuk
dhft,A

gy

ge tkurs gSa fd pV = nRT

oqQy vk;ru (V) = 1 L
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v.kqHkkj (N2O)4 = 92 g

xSl osQ eksy = 13.8 g/92 g
= 0.15

xSl&fLFkjkad (R) = 0.083 bar L eksy–1
 K

–1

rki = 400 K

pV = nRT

p × 1 fyVj = 0.15 eksy × (0.083 bar L

mol
–1

 K
–1) × 400 K

p = 4.98 bar

N2O4 � 2NO2

izkjaHk esa 4.98 bar 0

lkE; ij (4.98  – x) bar 2x bar

vr% lkE; ij poqQy 2 4 2N O NO= +p p

9.15 = (4.98 – x) + 2x

9.15 = 4.98  +  x

x = 9.15 – 4.98  =  4.17 bar

lkE;koLFkk ij vkaf'kd nkc]

2 4N Op = 4.98 – 4.17 = 0.81bar

2NOp  = 2x = 2 × 4.17 = 8.34 bar

( )
2 2 4

2

 = /p NO N OK p p

= (8.34)
2
/0.81 = 85.87

K
p
   = Kc(RT)

∆n

85.87 = Kc(0.083 × 400)
1

K
c
 = 2.586 = 2.6

mnkgj.k 7-9

380 K ij 3.00 eksy PCl5 dks 1 L can ik=k esa j[kk
tkrk gSA lkE;koLFkk ij feJ.k dk la?kVu Kkr dhft,

;fn Kc = 1.80 gSA

gy

     PCl5 �  PCl3 + Cl2

izkjaHk esa 3.0 0 0

eku yhft, PCl5 osQ çfr eksy esa lss x mol fo;ksftr
gksrs gSaA rc&
lkE; ij (3-x) x x

K
c
 = 

3 2

5

[PCl ][Cl ]

[PCl ]

1.8 = x
2
/ (3 – x)

x
2
 + 1.8x – 5.4 = 0

x = [–1.8 ± √(1.8)
2 
– 4(–5.4)]/2

x = [–1.8 ± √3.24 + 21.6]/2

x = [–1.8 ± 4.98]/2

x = [–1.8 + 4.98]/2 = 1.59

[PCl5] = 3.0 – x = 3 –1.59 = 1.41 M

[PCl3] = [Cl2] = x = 1.59 M

7-7 lkE;koLFkk fLFkjkad K, vfHkfØ;k
HkkxiQy Q rFkk fxCt+ ÅtkZ GGGGG esa laca/

fdlh vfHkfØ;k osQ fy, K
c
 dk eku vfHkfØ;k dh xfrdh

ij fuHkZj ugha djrk gSA tSlk fd vki ,dd & 6 esa i<+ pqosQ
gSa] ;g vfHkfØ;k dh Å"ekxfrdh] fo'ks"kr% fxCt+ ÅtkZ esa
ifjorZu ij fuHkZj djrk gSµ

;fn ∆G ½.kkRed gS] rc vfHkfØ;k Lor% izofrZr
ekuh tkrh gS rFkk vxz fn'kk esa laiÂ gksrh gSA

;fn ∆G /ukRed gS] rc vfHkfØ;k Lor% izofrZr ugha
gksxhA bldh ctk; izrhi vfHkfØ;k gsrq ∆G ½.kkRed gksxkA
vr% vxz vfHkfØ;k osQ mRikn vfHkdkjd esa ifjofrZr gks
tk,¡xsA

;fn ∆G 'kwU; gks rks] vfHkfØ;k lkE;koLFkk dks izkIr
djsxhA

bl Å"ekxfrd rF; dh O;k[;k bl lehdj.k ls dh
tk ldrh gSµ

∆G  = ∆G0 + RT lnQ (7.21)

tcfd ∆G0 ekud fxCt+ ÅtkZ gSA
lkE;koLFkk ij tc ∆G = 0 rFkk Q = K

c
 gks] rks

lehdj.k (7-21) bl izdkj gksxhµ
∆G = ∆G0 + RT ln K = 0 (K

c
 osQ LFkku ij K ekurs

gq,)
∆G0 = – RT lnK (7.22)
lnK = – ∆G0 / RT

nksuksa vksj izfry?kq xq.kd ysus ijµ
– /R=e ∆G TK

V
(7.23)

vr% lehdj.k 7-23 dk mi;ksx dj] ∆G0 osQ inksa osQ

:i esa vfHkfØ;k dh Lor%izofrZrk dks le>k;k tk ldrk gSµ

;fn ∆G
0
 < 0 gks] rks –∆G

0
/RT /ukRed gksxkA vr%

1−∆ >Ge
0  gksus ls K > 1 gksxk] tks vfHkfØ;k dh Lor%izofrZrk
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dks n'kkZrk gS vFkok vxz fn'kk esa ml lhek rd gksrh gS
ftlls fd mRikn vkf/D; esa cusA

;fn ∆G
0
 > 0 gks] rks –∆G

0
/RT ½.kkRed gksxkA

vr% / 1−∆ <G RTe
0 , gksus ls K < 1 gksxkA tks vfHkfØ;k

dh vLor%izofrZrk n'kkZrk gS ;k vfHkfØ;k vxz fn'kk esa
ml lhek rd gksrh gS] ftlls mRikn U;wure cusA

mnkgj.k 7-10

Xykbdksykbfll esa Xywdksl osQ iQkWLiQksjkbys'ku osQ
fy, ∆G

0 dk eku 13.8 kJ mol
–1 gSA 298 K ij

Kc dk eku Kkr djsaA

gy

∆G
0
 = 13.8 kJ mol

–1 = 13.8 × 10
3 J mol

–1

∆G
0
 = –RT lnKc

ln K
c
 = –13.8 × 10

3
J/mol

(8.31 J mol
–1 

K
–1

 × 298 K)

ln Kc = – 5.569

Kc = e
–5.569

Kc = 3.81 × 10
–3

mnkgj.k 7-11

lwØksl osQ ty&vi?kVu ls Xywdksl vkSj ÚDVksl
fuEufyf[kr vfHkfØ;k osQ vuqlkj feyrk gSµ

lwØksl + H2O � Xywdksl + ÚDVksl

300 K ij vfHkfØ;k osQ fy, lkE;koLFkk fLFkjkad
K

c
, 2 × 10

13 gSA 300 K ij ∆G
0 osQ eku dh x.kuk

dhft,A

gy
∆G

0
 = – RT lnKc

∆G
0
 = – 8.314 J mol

–1 
K

–1

× 300K × ln(2×10
13

)

∆G
0 

= – 7.64 ×10
4
 J mol

–1

7-8 lkE; dks izHkkfor djus okys dkjd
jklk;fud la'ys"k.k osQ izeq[k mís';ksa esa ls ,d ;g gS fd
U;wure ÅtkZ osQ O;; osQ lkFk vfHkdkjdksa dk mRiknksa esa
vfèkdre ifjorZu gks] ftldk vFkZ gSµ mRiknksa dh
vf/dre yfC/ rki rFkk nkc dh eè;e ifjfLFkfr;ksa esa gksA
;fn ,slk ugha gksrk gS] rks izk;ksfxd ifjfLFkfr;ksa esa ifjorZu

dh vko';drk gSA mnkgj.kkFkZµ N
2
 rFkk H

2
 ls veksfu;k osQ

la'ys"k.k osQ gkcj izØe esa izk;ksfxd ifjfLFkfr;ksa dk p;u
okLro esa vk£Fkd :i ls egÙoiw.kZ gSA fo'o esa veksfu;k dk
okf"kZd mRiknu 100 fefy;u Vu gSA bldk eq[; mi;ksx
moZjdksa osQ :i esa gksrk gSA

lkE;koLFkk fLFkjkad K
c
 izkjafHkd lkanzrkvksa ij fuHkZj ugha

djrk gSA ijarq ;fn lkE;koLFkkokys fdlh fudk; esa vfHkdkjdksa
;k mRiknksa esa ls fdlh ,d osQ lkanz.k esa ifjorZu fd;k tk,]
rks fudk; esa lkE;koLFkk ugha jg ikrh gS rFkk usV vfHkfØ;k
iqu% rc rd gksrh jgrh gS] tc rd fudk; esa iqu%
lkE;koLFkk LFkkfir u gks tk,A izkoLFkk lkE;koLFkk ij rki
dk izHkko ,oa Bkslksa dh foys;rk osQ ckjs esa ge igys gh i<+
pqosQ gSaA ge ;g Hkh ns[k pqosQ gSa fd rki dk ifjorZu fdl
izdkj gksrk gSA ;g Hkh crk;k tk pqdk gS fd fdlh rki ij
;fn vfHkfØ;k osQ lkE;koLFkk&fLFkjkad dk eku Kkr gks rks
fdlh izkjafHkd lkanz.k ls ml vfHkfØ;k osQ vfHkdkjdksa ,oa
mRiknksa osQ lkE;koLFkk esa lkanz.k dh x.kuk dh tk ldrh gSA
;gk¡ rd fd gesa ;fn lkE;koLFkk fLFkjkad dk rki osQ lkFk
ifjorZu ugha Hkh Kkr gks] rks uhps fn, x, yk&'kkrsfy,
fl¼kar dh enn ls ifjfLFkfr;ksa osQ ifjorZu ls lkE;koLFkk
ij iM+usokys izHkko osQ ckjs esa xq.kkRed fu"d"kZ ge izkIr dj
ldrs gSaA bl fl¼kar osQ vuqlkj fdlh fudk; dh lkE;koLFkk
ifjfLFkfr;ksa dks fu/kZfjr djusokys dkjdksa (lkanz.k]
nkc ,oa rki) esa ls fdlh esa Hkh ifjorZu gksus ij
lkE;koLFkk ml fn'kk esa vxzlj gksrh gSA ftlls fudk;
ij yxk;k gqvk izHkko de vFkok lekIr gks tk,A ;g
Hkh HkkSfrd ,oa jklk;fud lkE;koLFkkvksa esa ykxw gksrk gSA ,d
lkE; feJ.k osQ la?kVu dks ifjofrZr djus osQ fy, vusd
dkjdksa dk mi;ksx fd;k tk ldrk gSµ

fuEufyf[kr mi[kaMksa esa ge lkE;koLFkk ij lkanz.k]
nkc] rki ,oa mRizsjd osQ izHkko ij fopkj djsaxsµ

7-8-1 lkanzrk&ifjorZu dk izHkko
lkekU;r;k tc fdlh vfHkdkjd@mRikn dks vfHkfØ;k esa
feykus ;k fudkyus ls lkE;koLFkk ifjofrZr gksrh gS] rks
bldk vuqeku ^yk&'kkrsfy, fl¼kar* osQ vk/kj ij yxk;k
tk ldrk gSµ
• vfHkdkjd@mRikn dks feykus ls lkanzrk ij iM+s ncko dks

de djus osQ fy, vfHkfØ;k ml fn'kk dh vksj vxzlj
gksrh gS] rkfd feyk, x, inkFkZ dk miHkksx gks losQA
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• vfHkdkjd@mRikn osQ fu"dklu ls lkanzrk ij ncko dks
de djus osQ fy, vfHkfØ;k ml fn'kk dh vksj vxzlj

gksrh gS rkfd vfHkfØ;k ls fudkys x, inkFkZ dh iwfrZ
gks losaQ vU; 'kCnksa esaµ

¶tc fdlh vfHkfØ;k osQ vfHkdkjdksa ;k mRiknksa esa ls
fdlh ,d dk Hkh lkanz.k lkE;koLFkk ij cny fn;k tkrk gS]
rks lkE;koLFkk feJ.k osQ la?kVu esa bl izdkj ifjorZu gksrk
gS fd lkanz.k ifjorZu osQ dkj.k iM+usokyk izHkko de vFkok

'kwU; gks tk,A¸

vkb,] H
2
(g) + I

2
(g) � 2HI(g) vfHkfØ;k ij fopkj

djsaA ;fn lkE;koLFkk ij vfHkfØ;k feJ.k esa ckgj ls H
2

xSl Mkyh tk,] rks lkE;oLFkk osQ iqu% LFkkiu osQ fy,
vfHkfØ;k ml fn'kk esa vxzlj gksxh ftl esa H

2
 miHkksfxr

gks vFkkZr~ vkSj vf/kd H
2
 ,oa I

2
 fØ;k dj HI fojfpr

djxh rFkk varr% lkE;koLFkk nkb± (vfxze) fn'kk esa
foLFkkfir gksxh (fp=k 7-8)A ;g yk&'kkrsfy, osQ fl¼kar
osQ vuq#i gS ftlosQ vuqlkj vf/dkjd@mRikn osQ ;ksx dh
fLFkfr esa ubZ lkE;koLFkk LFkkfir gksxh ftlesa vfHkdkjd@mRikn
dh lkanzrk mlosQ ;ksx djus ds le; ls de rFkk ewy feJ.k

ls vf/d gksuh pkfg,A

fp=k 7-8 2 2H (g) I (g) 2HI(g)+ �  vfHkfØ;k es a

lkE;koLFkk ij H2 osQ Mkyus ij vfHkdkjdksa ,oa mRiknksa osQ
lkanz.k esa ifjorZu

fuEufyf[kr vfHkfØ;k HkkxiQy osQ vk/kj ij Hkh ge
blh fu"d"kZ ij igq¡p ldrs gSaµ

Q
c
 = [HI]2/ [H

2
][I

2
]

;fn lkE;koLFkk ij H
2
 feyk;k tkrk gS] rks [H

2
] c<+rk

gS vkSj Q
c
 dk eku K

c
 ls de gks tkrk gSA blfy, vfHkfØ;k

nkb± (vxz) fn'kk dh vksj ls vxzlj gksrh gSA vFkkZr~~ [H
2
] rFkk

[I
2
] ?kVrk gS vkSj [HI] rc rd c<+rk gS] tc rd Q

c
 = K

c

u gks tk,A vFkkZr~ ubZ lkE;koLFkk LFkkfir u gks tk,A
vkS|ksfxd izØeksa esa mRikn dks vyx djuk vf/drj cgqr
egÙoiw.kZ gksrk gSA tc lkE;koLFkk ij fdlh mRikn dks vyx
dj fn;k tkrk gS] rks vfHkfØ;k] tks iw.kZ gq, fcuk lkE;koLFkk
ij igq¡p xbZ gS] iqu% vfxze fn'kk esa pyus yxrh gSA tc
mRiknksa esa ls dksbZ xSl gks ;k ok"iho`Qr gksus okyk inkFkZ gks]
rks mRikn dk vyx djuk vklku gksrk gSA veksfu;k osQ
vkS|ksfxd fuekZ.k esa veksfu;k dk nzohdj.k dj osQ] mls
vyx dj fy;k tkrk gS ftlls vfHkfØ;k vfxze fn'kk esa
gksrh jgrh gSA blh izdkj CaCO

3
 ls CaO tks Hkou m|ksx

dh ,d egÙoiw.kZ lkexzh gS] osQ vkS|ksfxd fuekZ.k esa HkV ðh ls
CO

2
 dks yxkrkj gVkdj vfHkfØ;k iw.kZ djkbZ tkrh gSA ;g

;kn j[kuk pkfg, fd mRikn yxkrkj gVkrs jgus ls Q
c
 dk eku

K
c
 ls ges'kk de cuk jgrk gS] ftlls vfHkfØ;k vfxze fn'kk

esa gksrh jgrh gSA
lkanzrk dk izHkko&,d iz;ksx
bls fuEufyf[kr vfHkfØ;k }kjk izn£'kr fd;k tk

ldrk gSµ
3 – 2Fe (aq) SCN (aq) [Fe(SCN)] (aq)+ ++ �

ihyk jaxghu xk<+k yky

[ ]2
c 3 –

Fe(SCN) (aq)
K

Fe (aq) SCN (aq

+

+
=
    

(7.25)

,d ij[kuyh esa vk;ju (III) ukbVªsV foy;u dk 1mL

ysdj mlesa nks cw¡n iksVSf'k;e Fkk;kslkbusV foy;u Mkydj
ij[kuyh dks fgykus ij foy;u dk jax yky gks tkrk gS] tks
[Fe(SCN)]2+ cuus osQ dkj.k gksrk gSA lkE;koLFkk LFkkfir
gksus ij jax dh rhozrk fLFkj gks tkrh gSA vfHkdkjd ;k mRikn
dks vfHkfØ;k dh lkE;koLFkk ij feykus ls lkE;koLFkk dks
vfxze ;k izrhi fn'kkvksa esa viuh bPNkuqlkj foLFkkfir dj
ldrs gSaA [Fe3+]/[SCN–] vk;uksa dh deh djus okys
vfHkdkjdksa dks feykus ij lkE; foijhr fn'kk esa foLFkkfir
dj ldrs gSaA tSlsµvkWDtsfyd vEy (H

2
 C

2
 O

4
), Fe3+
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vk;u ls fØ;k djosQ LFkk;h laoqQy vk;u [Fe(C
2
O

4
)
3
]3–

cukrs gSaA vr% eqDr Fe3+ vk;u dh lkanzrk de gks tkrh gSA
yk&'kkrsfy, fl¼kar osQ vuqlkj Fe3+ vk;u dks gVkus ls
mRiUu lkanzrk ncko dks [Fe(SCN)]2+ osQ fo;kstu }kjk Fe3+

vk;uksa dh iw£r dj eqDr fd;k tkrk gSA pw¡fd [Fe (SCN)]2+

dh lkanzrk ?kVrh gS] vr% yky jax dh rhozrk de gks tkrh
gSA tyh; HgCl

2
 feykus ij Hkh yky jax dh rhozrk de

gksrh gSA

D;ksafd Hg2+ vk;u] SCN– vk;uksa osQ lkFk vfHkfØ;k
dj LFkk;h laoqQy vk;u [Hg (SCN)

4
]–2 cukrs gSaA eqDr

SCN– vk;uksa dh deh lehdj.k [7.24] esa lkE; dks ckb±
ls nkb± vksj SCN– vk;uksa dh iw£r gsrq foLFkkfir djrh gSA
iksVSf'k;e Fkk;kslkbusV feykus ij SCN– dk lkanz.k c<+ tkrk
gSA vr% blfy, lkE;koLFkk vxz fn'kk esa (nkb± rjiQ) c<+
tkrh gS rFkk foy;u osQ jax dh rhozrk c<+ tkrh gSA

7-8-2 nkc&ifjorZu dk izHkko
fdlh xSlh; vfHkfØ;k esa vk;ru ifjorZu }kjk nkc cnyus
ls mRikn dh ek=kk izHkkfor gksrh gSA ;g rHkh gksrk gS] tc
vfHkfØ;k dks n'kkZus okys jklk;fud lehdj.k esa xSlh;
vfHkdkjdksa osQ eksyksa dh la[;k rFkk xSlh; mRiknksa osQ eksyksa
dh la[;k esa fHkUurk gksrh gSA fo"kekaxh lkE; ij yk&'kkrsfy,
fl¼kar] osQ iz;qDr djus ij Bkslksa ,oa nzoksa ij nkc osQ
ifjorZu dh mis{kk dh tk ldrh gSA D;ksafd Bksl@nzo dk
vk;ru (,oa lkanzrk) nkc ij fuHkZj ugha djrk gSA fuEufyf[kr
vfHkfØ;k esaµ

2 4 2CO(g) 3H (g) CH (g) H O(g)+ +�

xSlh; vfHkdeZdksaa (CO + 3H
2
) osQ pkj eksy ls mRiknksa

(CH
4
 + H

2
O) osQ nks eksy curs gSaA mijksDr vfHkfØ;k esa

lkE;koLFkk feJ.k dks ,d fuf'pr rki ij fiLVu yxs ,d
fl¯yMj esa j[kdj nkc nksxquk dj mlosQ ewy vk;ru dks
vkèkk dj fn;k x;kA bl izdkj vfHkdkjdksa ,oa mRiknksa dk
vkaf'kd nkc ,oa blosQ iQyLo:i mudk lkanz.k cny x;k
gSA vc feJ.k lkE;koLFkk esa ugha jg x;k gSA yk&'kkrsfy,
fl¼kar] ykxw djosQ vfHkfØ;k ftl fn'kk esa tkdj iqu%
lkE;koLFkk LFkkfir djrh gS] mldk irk yxk;k tk ldrk
gSA pw¡fd nkc nqxquk gks x;k gS] vr% lkE;koLFkk vxz fn'kk
(ftlesa eksyksa dh la[;k ,oa nkc de gksrk gS) esa vxzlj
gksrk gSA (ge tkurs gSa fd nkc xSl osQ eksyksa dh la[;k osQ
lekuqikrh gksrk gS)A bls vfHkfØ;k HkkxiQy Q

c
 }kjk le>k

tk ldrk gSA Åij nh xbZ esFksu cukus dh vfHkfØ;k esa

[CO], [H
2
], [CH

4
] ,oa [H

2
O] fØ;kfHkdkjdksa dh lkE;koLFkk

osQ lkanz.k dks izn£'kr djrs gSaA tc vfHkfØ;k feJ.k dk
vk;ru vk/k dj fn;k tkrk gS] rks muosQ vkaf'kd nkc ,oa
lkanz.k nqxqus gks tkrs gSaA vc ge vfHkfØ;k HkkxiQy dk eku
lkE;koLFkk dk nqxquk eku j[kdj izkIr dj ldrs gSaA

[ ] [ ]
[ ] [ ]

[ ][ ]
[ ][ ]

4 2 4 2 c
c 3

2 2

(2 CH (2 H O ) CH H O4
Q

(2 CO )(2 H ) 16 CO H 4
= = =

K

pw¡fd Q
c
 < K

c
 gS] vr% vfHkfØ;k vxz fn'kk esa vxzlj gksrh

gSA 2C(s) CO (g) 2CO(g)+ �  vfHkfØ;k esa tc nkc
c<+k;k tkrk gS rks vfHkfØ;k foijhr (;k mRØe) fn'kk esa
gksrh gS] D;kasfd vxz fn'kk esa eksyksa dh la[;k c<+ tkrh gSA

7-8-3 vfØ; xSl osQ ;ksx dk izHkko

;fn vk;ru fLFkj j[krs gSa vkSj ,d vfØ; xSl (tSlsµ
vkWxZu) tks vfHkfØ;k esa Hkkx ugha ysrh gS] dks feykrs gSa rks
lkE; vifjofrZr jgrk gSA D;ksafd fLFkj vk;ru ij vfØ;
xSl feykus ij vfHkfØ;k esa Hkkx ysus okys inkFkZ dh eksyj
lkanzrkvksa vFkok nkcksa esa dksbZ ifjorZu ugha gksrk gSA vfHkfØ;k
HkkxiQy esa ifjorZu osQoy rHkh gksrk gS tc feykbZ xbZ xSl
vfHkfØ;k esa Hkkx ysus okyk vfHkdkjd ;k mRikn gksA

7-8-4 rki&ifjorZu dk izHkko

tc dHkh nkc ;k vk;ru esa ifjorZu osQ dkj.k lkE; lkanzrk
fo{kqC/ gksrh gS] rc lkE; feJ.k dk la?kVu ifjofrZr gksrk
gS] D;ksafd vfHkfØ;k HkkxiQy (Q) lkE;koLFkk fLFkjkad (K

c
)

osQ cjkcj ugha jg ikrk] ysfdu tc rkiØe esa ifjorZu gksrk
gS] lkE;koLFkk fLFkjkad (K

c
) dk eku ifjofrZr gks tkrk gSA

lkekU;r% rkiØe ij fLFkjkad dh fuHkZjrk vfHkfØ;k osQ <H

osQ fpÉ ij fuHkZj djrh gSA
• Å"ek{ksih vfHkfØ;k (<H ½.kkRed) dk lkE;koLFkk

fLFkjkad rkiØe osQ c<+us ij ?kVrk gSA

• Å"ek'ks"kh vfHkfØ;k (<H /ukRed) dk lkE;koLFkk
fLFkjkad rkiØe osQ c<+us ij c<+rk gSA

rkiØe esa ifjorZu lkE;koLFkk fLFkjkad ,oa vfHkfØ;k
osQ osx esa ifjorZu ykrk gSA

fuEufyf[kr vfHkfØ;k osQ vuqlkj veksfu;k dk mRiknu

2 2 3N (g) 3H (g) 2NH (g);+ �

–1H – 92.38kJmol∆ =

,d m"ek{ksih izØe gSA ^yk&'kkrkfy, fl¼kar* osQ
vuqlkj] rkiØe c<+us ij lkE;koLFkk ckbZ fn'kk esa LFkkukUrfjr
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gks tkrh gS ,oa veksfu;k dh lkE;koLFkk lkanzrk de gks tkrh
gSA vU; 'kCnksa esa] de rkiØe veksfu;k dh mPp yfC/ osQ
fy, mi;qDr gS] ysfdu izk;ksfxd :i ls vR;f/d de rki
ij vfHkfØ;k dh xfr /heh gks tkrh gS] vr% mRizsjd iz;ksx
esa fy;k tkrk gSA
rki dk izHkko & ,d iz;ksx
NO

2
 xSl (Hkwjh) dk N

2
O

4
 xSl esa f}r;u (Dimerization)

dh vfHkfØ;k osQ }kjk lkE;koLFkk ij rki dk izHkko izn£'kr
fd;k tk ldrk gSA

2NO
2
(g)�N

2
O

4
(g); ∆H=–57.2kJ mol–1

(Hkwjk) (jaxghu)

lkanz HNO
3
 esa rk¡cs dh Nhyu Mkydj ge NO

2
 xSl

rS;kj djrs gSa rFkk bls ,d fudkluyh dh lgk;rk ls 5mL

okyh nks ij[kufy;ksa esa bdV~Bk djrs gSaA nksuksa ij[kufy;ksa esa
jax dh rhozrk leku gksuh pkfg,A vc ,jYMkbV (araldit)

dh lgk;rk ls ij[kuyh osQ LVkWij (stopper) dks cUn dj
nsrs gSaA 250mL osQ rhu chdj buij Øe'k% 1, 2 ,oa 3
vafdr djrs gSaA chdj ua- 1 dks fgedkjh feJ.k (Freezing

mixture) ls chdj ua- 2 dks dejs osQ rkiokys ty ls ,oa
chdj ua- 3 dks xje (363K) ty ls Hkj nhft,A tc nksuksa
ij[kufy;ksa dks chdj ua- 2 esa j[kk tkrk gS] rc xSl osQ Hkwjs
jax dh rhozrk ,d leku fn[kkbZ nsrh gSA dejs osQ rki okys
ikuh esa 8 - 10 feuV rd ij[kufy;ksa dks j[kus osQ ckn mls
fudkydj ,d ij[kuyh dks chdj ua- 1 osQ ty esa rFkk
nwljh ij[kuyh dks chdj ua- 3 osQ ty esa jf[k,A vfHkfØ;k
dh fn'kk ij rki dk izHkko bl iz;ksx ls fpf=kr fd;k tk
ldrk gSA de rki ij chdj ua- 1 esa Å"ek'kks"kh vxz
vfHkfØ;k }kjk N

2
O

4
 cuus dks rjthg feyrh gS rFkk NO

2

dh deh gksus osQ dkj.k Hkwjs jax dh rhozrk ?kVrh gS] tcfd
chdj ua- 3 esa mPp rki ij mRØe vfHkfØ;k dks rjthg
feyrh gS] ftlls NO

2
 curk gSA ifj.kker% Hkwjs jax dh

rhozrk c<+ tkrh gSA

fp=k 7-9 % vfHkfØ;k 2 2 2 4NO g N O g( ) ( )� dh lkE;koLFkk ij

rki dk izHkko

lkE;koLFkk ij rki dk izHkko ,d nwljh Å"ek'kks"kh
vfHkfØ;k ls Hkh le>k tk ldrk gSA
Co H O aq Cl aq CoCl aq H O( ) ( ) ( ) ( ) ( )2 6

2 1
4
2

24 6 1+ − −+ +�

xqykch jaxghu uhyk

dejs osQ rki ij 2–
4[CoCl ] osQ dkj.k lkE;koLFkk

feJ.k dk jax uhyk gks tkrk gSA tc bls fgedkjh feJ.k esa
BaMk fd;k tkrk tkrk gS] rks feJ.k dk jax [Co(H

2
O)

6
]3+ osQ

dkj.k xqykch gks tkrk gSA

7-8-5 mRizsjd dk izHkko

mRizsjd fØ;kdkjdksa osQ mRiknksa esa ifjorZu gsrq de ÅtkZ
okyk u;k ekxZ miyC/ djokdj vfHkfØ;k osQ osx dks c<+k
nsrk gSA ;g ,d gh laØe.k&voLFkk esa xqtjus okyh vxz ,oa
izrhi vfHkfØ;kvksa osQ osx dks c<+k nsrk gS] tcfd lkE;koLFkk
dks ifjofrZr ugha djrkA mRizsjd vxz ,oa izrhi vfHkfØ;k osQ
fy, lafØ;.k ÅtkZ dks leku ek=kk esa de dj nsrk gSA
mRizsjd vxz ,oa izrhi vfHkfØ;k feJ.k ij lkE;koLFkk
la?kVu dks ifjofrZr ugha djrk gSA ;g larqfyr lehdj.k esa
;k lkE;koLFkk fLFkjkad lehdj.k esa izdV ugha gksrk gSA

NH
3
 osQ ukbVªkstu ,oa gkbMªkstu ls fuekZ.k ij fopkj

djsa] tks ,d vR;ar Å"ek{ksih vfHkfØ;k gS blesa mRikn osQ
oqQy eksyksa dh la[;k vfHkdkjdksa osQ eksyksa ls de gksrh gSA
lkE;koLFkk fLFkjkad rkiØe dks c<+kus ls ?kVrk gSA de rki
ij vfHkfØ;k osx ?kVrk gS ,oa lkE;koLFkk ij igq¡pus esa vf/
d le; yxrk gS] tcfd mPp rki ij fØ;k dh nj
larks"ktud gksrh gS] ijarq yfC/ de gksrh gSA

teZu jlk;uK Úhl gkcj us n'kkZ;k gS fd ykSg mRizsjd
dh mifLFkfr esa vfHkfØ;k larks"ktud nj ls gksrh gS] tcfd
NH

3
 dh lkE;koLFkk lkaærk larks"ktud gksrh gSA pw¡fd mRikn

osQ eksyks dh la[;k vfHkdkjdksa osQ eksyksa dh la[;k ls de
gSA vr% NH

3
 dk mRiknu nkc c<+kdj vf/d fd;k tk

ldrk gSA

NH
3
 osQ la'ys"k.k gsrq rki ,oa nkc dh vuqowQyre

ifjfLFkfr;k¡ 500°C ,oa 200 ok;qeaMyh; nkc gksrh gSA

blh izdkj] laioZQ fof/ }kjk lYÝ;wfjd vEy osQ
fuekZ.k esa

2 2 1 7 102 2 3

26SO g O g SO g Kc( ) ( ) ( ); .+ = ×�

lkE;koLFkk fLFkjkad osQ ifj.kke osQ vuqlkj vfHkfØ;k
dks yxHkx iw.kZ gks tkuk pkfg,] ¯drq SO

2
 dk SO

3
 esa
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vkWDlhdj.k cgqr /heh nj ls gksrk gSA IysfVue vFkok
MkboSusfM;e isUVkWDlkbZM (V

2
O

5
) mRizsjd dh mifLFkfr esa

vfHkfØ;k osx dkiQh c<+ tkrk gSA

uksV% ;fn fdlh vfHkfØ;k osQ lkE;koLFkk fLFkjkad
dk eku dkiQh de gksrk gks] rks mlesa mRizsjd cgqr de
lgk;rk dj ikrk gSA

7-9 foy;u esa vk;fud lkE;koLFkk
lkE; dh fn'kk ij lkanzrk ifjorZu osQ izHkko okys izlax esa
vki fuEufyf[kr vk;fud lkE; osQ laioZQ esa vk, gSaµ

3+ – 2Fe (aq) SCN (aq) [Fe(SCN)] (aq)++ �

,sls vusd lkE; gSa] ftuesa osQoy vk;u lfEefyr gksrs
gSa ;gk¡ ge mu lkE;ksa dk vè;;u djsaxsA ;g loZfofnr gS fd
phuh osQ tyh; foy;u esa fo|qr~~ /kjk izokfgr ugha gksrh gS]
tcfd ty esa lk/kj.k ued (lksfM;e DyksjkbM) feykus
ij blesa fo|qr~~ /kjk dk izokg gksrk gS rFkk yo.k dh lkanzrk
c<+us osQ lkFk foy;u dh pkydrk c<+rh gSA ekbdy iSQjkMs
us inkFkks± dks mudh fo|qr~~ pkydrk {kerk osQ vk/kj ij nks
oxk±s esa oxhZÑr fd;kµ ,d oxZ osQ inkFkZ tyh; foy;u eas
fo|qr~~ /kjk izokfgr djrs gSa] ;s ̂ fo|qr~~ vi?kV~;* dgykrs gSa]
tcfd nwljs tks ,slk ugha djrs] oS|qr vu vi?kV~; dgykrs
gSaA iSQjkMs us fo|qr~ vi?kV~;ksa dks iqu% izcy ,oa nqcZy oS|qr
vi?kV~;ksa esa oxhZÑr fd;kA izcy oS|qr vi?kV~; ty esa
foys; gksdj yxHkx iw.kZ :i ls vk;fur gksrs gSa] tcfd
nqcZy vi?kV~; vkaf'kd :i ls vk;fur gksrs gS aA
mnkgj.kkFkZ&lksfM;e DyksjkbM osQ tyh; foy;u esa eq[;

:i ls lksfM;e vk;u ,oa DyksjkbM vk;u ik, tkrs gSa]
tcfd ,slhfVd vEy esa ,lhVsV vk;u ,oa gkbMªksfu;e
vk;u gksrs gSaA bldk dkj.k ;g gS fd lksfM;e DyksjkbM dk
yxHkx 100% vk;uu gksrk gS] tcfd ,slhfVd vEy] tks
nqcZy] fo|qr~&vi?kV~; gS] 5% gh vk;fur gksrk gSSA ;g è;ku
jgs fd nqcZy fo|qr~ vi?kV~;ksa esa vk;uksa rFkk vuk;fur
v.kqvksa osQ eè; lkE; LFkkfir gksrk gSA bl izdkj dk lkE;]
ftlesa tyh; foy;u esa vk;u ik, tkrs gSa] vk;fud lkE;
dgykrk gSA vEy] {kkjd rFkk yo.k oS|qr~ vi?kV~;ksa osQ oxZ
esa vkrs gSaA ;s izcy vFkok nqcZy oS|qr vi?kV~;ksa dh rjg
O;ogkj djrs gaSA

7-10 vEy] {kkjd ,oa yo.k

vEy] {kkjd ,oa yo.k izÑfr esa O;kid :i ls ik, tkrs gSaA
tBj jl] ftlesa gkbMªksDyksfjd vEy ik;k tkrk gS] gekjs
vkek'k; }kjk izpqj ek=kk (1-2&1-5 L@fnu) esa Ïkfor gksrk
gSA ;g ikpu izfØ;k osQ fy, vfr vko';d gSA fljosQ dk
eq[; vo;o ,lhfVd vEy gSA uhcw ,oa larjs osQ jl esa
flfVªd vEy ,oa ,LdkWfcZd vEy rFkk beyh esa VkVZfjd
vEy ik;k tkrk gSA vf/dka'k vEy Lokn esa [kV~Vs gksrs gSa]
ySfVu 'kCn Acidus ls cuk ̂ ,flM* 'kCn buosQ fy, iz;qDr
gksrk gS] ftldk vFkZ gS [kV~VkA vEy uhys fyVel dks yky
dj nsrs gSa rFkk oqQN /krqvksa ls vfHkfØ;k djosQ MkbgkbMªkstu
mRiÂ djrs gSaA blh izdkj {kkjd yky fyVel dks uhyk
djrs gSa rFkk Lokn esa dM+os vkSj Li'kZ esa lkcquh gksrs gSaA
{kkjd dk ,d lkekU; mnkgj.k diM+s /ksus dk lksMk gS] tks

iSQjkMs dk tUe yanu osQ ikl ,d lhfer lk/u okys ifjokj esa gqvk FkkA 14 o"kZ dh mez eas og ,d n;kyq
ftYnlkt (Book binder) osQ ;gk¡ dke lh[kus yxsA mlus mUgsa mu fdrkcksa dks i<+us dh NwV ns nh FkhA
ftudh ftYn og ck¡/rk FkkA HkkX;o'k Msoh og (Davy) dk iz;ksx'kkyk lgk;d cu x, rFkk lu~
1813&1814 esa iSQjkMs muosQ lkFk egk}hi dh ;k=kk ij pys x,A ml ;k=kk osQ nkSjku os ml le; osQ dbZ
vxz.kh oSKkfudksa osQ laioZQ esa vk, vkSj muosQ vuqHkoksa ls cgqr lh[kkA lu~ 1825 esa Msoh osQ ckn os jkW;y
laLFkku iz;ksx'kkykvksa (Royal Institute Laboratories) osQ funs'kd cusa rFkk lu~ 1833 esa os jlk;u
'kkL=k osQ izFke iqQysfj;u vkpk;Z (First Fullerian Professor) cusA iSQjkMs dk igyk egÙoiw.kZ
dk;Z&fo'ys"k.k jlk;u esa FkkA lu~ 1821 osQ ckn mudk vf/drj dk;Z fo|qr~~ ,oa pqacdRo rFkk vU; oS|qr
pqEcdRo fl¼karksa ls lacaf/r FksA mUgha osQ fopkjksa osQ vk/kj ij ̂ vk/qfud {ks=k fl¼kar* dk izfriknu gqvkA lu~ 1834 esa mUgksaus
fo|qr~ vi?kVu ls lacaf/r nks fu;eksa dh [kkst dhA iSQjkMs ,d cgqr gh vPNs ,oa n;kyq izÑfr osQ O;fDr Fks mUgksaus lHkh lEekuksa
dks ysus ls badkj dj fn;kA os lHkh oSKkfud fooknksa ls nwj jgsA os ges'kk vosQys dke djuk ilan djrs FksA mUgksaus dHkh Hkh lgk;d
ugha j[kkA mUgksaus foKku dks fHkÂ&fHkÂ rjhdksa ls izlkfjr (Disseminated) fd;k] ftlesa muosQ }kjk jkW;y laLFkku esa izkjaHk
dh xbZ izR;sd 'kqØokj osQ 'kke dh Hkk"k.kekyk lfEefyr gSSA ̂ eksecÙkh osQ jklk;fud bfrgkl* fo"k; ij vius fØlel O;k[;ku
osQ fy, os iz[;kr FksA mUgksaus yxHkx 450 oSKkfud 'kks/i=k izdkf'kr fd,A

ekbZdy iSQjkMs
(1791–1867)
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/qykbZ osQ fy, iz;qDr gksrk gSA tc vEy ,oa {kkjd dks lgh
vuqikr esa feykrs gSa] rks os vkil esa vfHkfØ;k dj osQ yo.k
nsrs gSaA yo.kksa osQ oqQN lkekU; mnkgj.k lksfM;e DyksjkbM]
csfj;e lYisQV] lksfM;e ukbVªsV vkfn gSA lksfM;e DyksjkbM
(lk/kj.k ued) gekjs Hkkstu dk ,d eq[; ?kVd gS] tks
gkbMªksDyksfjd vEy ,oa lksfM;e gkbMªkWDlkbM dh fØ;k ls
izkIr gksrk gSA ;g Bksl voLFkk esa ik;k tkrk gS] ftlesa
èkukosf'kr lksfM;e rFkk ½.kkosf'kr DyksjkbM vk;u vkil esa
foijhr vkosf'kr Lih'kh”k osQ eè; fLFkj oS|qr vkd"kZ.k osQ
dkj.k xqPNs cuk ysrs gSaA nks vkos'kksa osQ eè; fLFkj oS|qr cy
ekè;e osQ ijkoS|qrkad osQ O;qRØekuqikrh gksrk gSA ty
lkoZf=kd foyk;d gS] ftldk ijkoS|qrkad 80 gSSA bl izdkj
tc lksfM;e DyksjkbM dks ty esa ?kksyk tkrk gS] rc vk;uksa
osQ eè; fLFkr oS|qr vkd"kZ.k cy 80 osQ xq.kd esa nqcZy gks
tkrs gS] ftlls vk;u foy;u esa eqDr :i ls xeu djrs gSaA
;s ty&v.kqvksa osQ lkFk ty;ksftr gksdj i`Fkd~ gks tkrs gSaA

fp=k 7-10 ty esa lksfM;e DyksjkbM dk fo;kstuA Na
+ rFkk Cl

–

vk;u /zqoh; ty&v.kq osQ lkFk ty;ksftr gksdj LFkk;h
gks tkrs gSaA

ty esa gkbMªksDyksfjd vEy osQ vk;uu dh rqyuk
,slhfVd vEy osQ vk;uu ls djus ij gesa Kkr gksrk gS fd
;|fi nksuksa gh /zqoh v.kq gSa] fiQj Hkh gkbMªksDyksfjd vEy
vius vo;oh vk;uksa esa iw.kZ :i ls vk;fur gksrk gS] ijarq
,slhfVd vEy vkaf'kd :i ls (<5%) gh vk;fur gksrk gSA
vk;uu dh ek=kk buosQ eè; mifLFkr ca/ksa dh lkeF;Z rFkk
vk;uksa osQ ty;kstu dh ek=kk ij fuHkZj djrh gSA iwoZ esa
fo;kstu rFkk vk;uu in fHkÂ&fHkÂ vFkks± esa iz;qDr fd, tkrs
jgs gSaA foys; osQ vk;u] tks mldh Bksl voLFkk esa Hkh
fo|eku jgrs gSa] osQ ty esa i`FkDdj.k dh izfØ;k dks
^fo;kstu* dgrs gSa (mnkgj.kkFkZ&lksfM;e DyksjkbM)] tcfd

vk;uu og izfØ;k gS] ftlesa mnklhu v.kq foy;u esa VwVdj
vkosf'kr vk;u nsrs gSaA ;gk¡ ge bu nksuksa  inksa dks varcZny
dj iz;qDr djsaxsA

7-10-1 vEy rFkk {kkjd dh vkjsfu;l /kj.kk&

vkjsfu;l osQ fl¼karkuqlkj vEy os inkFkZ gSa] tks ty esa

vi?kfVr gksdj gkbMªkstu vk;u (aq )H+  nsrs gSa rFkk {kkjd os

inkFkZ gSa] tks gkbMªkWfDly vk;u –
(aq)OH  nsrs gSaA bl izdkj

ty esa ,d vEy HX dk vk;uu fuEufyf[kr lehdj.kksa esa
ls fdlh ,d osQ }kjk izn£'kr fd;k tk ldrk gS&

+ –HX (aq) H (aq) X (aq)→ +

;k –
2 3HX (aq) H O(L) H O (aq) X (aq)++ → +

,d eqDr izksVªkWu] H+ vR;f/d fØ;k'khy gksrk gSA
Lora=k :i ls tyh; foy;u esa bldk vfLrRo ugha gSA
;g foyk;d ty v.kq osQ vkWDlhtu ls caf/r gksdj
f=kdks.kh; fijkfeMh gkbMªksfu;e vk;u] H

3
O+ nsrk gS

(ckWDl ns[ksa)A ge H+(aq) rFkk H
3
O+(aq) nksuksa dks gh

ty;ksftr gkbMªkstu vk;u] tks ty v.kqvksa ls f?kjk gqvk
,d çkssVkWu gS] osQ :i eas iz;ksx esa ykrs gSaA bl vè;k; esa
bls lk/kj.kr% H+(aq) ;k H

3
O+(aq) dks varcZny dj

iz;ksx djsaxsA bldk vFkZ ty;ksftr izksVkWu gSA

blh izdkj MOH ln`'; fdlh {kkjd dk v.kq tyh;

gkbMªksfu;e ,oa gkbMªkWfDly vk;u
gkbMªkstu vk;u] tks Lo;a ,d izksVkWu gS] cgqr NksVk
(O;kl =10–13cm) gksus ,oa ty v.kq ij xgu fo|qr~ {ks=k
gksus osQ dkj.k Lo;a dks ty&v.kq ij mifLFkr nks ,dkdh
;qXeksa esa fdlh ,d osQ lkFk tqM+dj H

3
O+ nsrk gSA bl

Lih'kh”k dks dbZ ;kSfxdksa (mnkgj.kkFkZµH
3
O+Cl–) esa Bksl

voLFkk esa igpkuk x;k gSA tyh; foy;u esa gkbMªksfu;e
vk;u fiQj ls ty;ksftr gksdj H

5
O

2
+, H

7
O

3
+ ,oa H

9
O

4
+

ln`'k Lih'kh”k cukrh gSA blh izdkj gkbMªkWfDly vk;u
ty;ksftr gksdj dbZ ½.kkRed Lih'kh”k H

3
O

2
–, H

5
O

3
–

rFkk H
7
O

4
– vkfn cukrk gSA

 H
9
O

4

+
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foy;u esa fuEufyf[kr lehdj.k osQ vuqlkj vk;fur
gksrk gSµ

—MOH(aq) M (aq) OH (aq)+→ +

gkbMªksfDly vk;u Hkh tyh; foy;u esa ty;ksftr
:i ls jgrk gS (ckWDl ns[ksa)A ijarq vkjsfu;l dh vEy&{kkjd
/kj.kk dh vusd lhek,¡ gSaA ;g osQoy inkFkks± osQ tyh;
foy;u ij gh ykxw gksrh gSA ;g veksfu;k tSls inkFkks± osQ
{kkjh; xq.kksa dh Li"V ugha dj ikrh gS] ftuesa gkbMªkWfDly
lewg ugha gSA

7-10-2 czULVsn yksjh vEy ,oa {kkjd
Msfu'k jlk;uK tksgkUl czULVsn (1874&1936) rFkk vaxzst
jlk;uK FkkWel ,e- yksjh (1874&1936) us vEyksa ,oa
{kkjdkas dh ,d vf/d O;kid ifjHkk"kk nhA czkULVsn&yksjh
fl¼kar osQ vuqlkj os inkFkZ] tks foy;u esa izksVkWu H+ nsus esa
l{ke gSa] vEy gSa rFkk os inkFkZ] tks foy;u ls çkssVkWu H+

xzg.k djus esa l{ke gSa] {kkjd gSaA
la{ksi esa vEy izksVkWunkrk rFkk {kkjd izksVkWu xzkgh

gSaA
;gk¡ ge NH

3
 osQ H

2
O esa foy;u osQ mnkgj.k ij

fopkj djsa] ftls fuEufyf[kr lehdj.k esa n'kkZ;k x;k gS]

gkbMªkWfDly vk;uksa dh mifLFkfr osQ dkj.k {kkjh;
foy;u curk gSA mijksDr vfHkfØ;k esa ty izksVkWu  nkrk gS
rFkk veksfu;k izksVkWuxzkgh gSA blfy, bUgsa Øe'k% czULVsn
vEy rFkk {kkjd dgrs gSaA mRØe vfHkfØ;k esa izksVkWu 

4NH+

ls OH
– dks LFkkukarfjr gksrk gSA ;gk¡ 

4NH+  czULVsn vEy ,oa
OH

– czULVsn {kkjd dk dk;Z djrs gSaA H
2
O ,oa OH

– vFkok

4NH+  ,oa NH
3
 ln`'k vEy vkSj {kkj osQ ;qXe] tks Øe'k%

,d izksVkWu dh mifLFkfr ;k vuqifLFkfr osQ dkj.k nwljs fHkÂ
gSa] la;qXeh vEy&{kkjd ;qXe dgykrs gSaA bl izdkj H

2
O

dk la;qXeh {kkjd OH
–
 gS rFkk {kkjd NH

3
 dk la;qXeh vEy

4NH+  gSA ;fn czULVsn vEy izcy gS rks bldk la;qXeh {kkjd
nqcZy gksxk rFkk ;fn czULVsn vEy nqcZy gS] rks bldk la;qXeh
{kkjd izcy gksxkA ;gk¡ è;ku nsus ;ksX; ckr ;g gS fd la;qXeh
vEy esa ,d vfrfjDr izksVkWu gskrk gS rFkk izR;sd la;qXeh {kkj
esa ,d izksVªkWu de gksrk gSA

ty esa gkbMªksDyksfjd vEy osQ vU; mnkgj.k ij
fopkj djsaA HCl (aq), H

2
O v.kq dks izksVkWu nsdj vEy dh

Hkk¡fr ,oa H
2
O {kkjd dh Hkk¡fr O;ogkj djrk gSA

vkjsfu;l dk tUe LohMu esa milkyk osQ fudV gqvk FkkA lu~ 1884 esa mUgksaus milkyk
fo'ofo|ky; esa fo|qr~~ vi?kV~; foy;u dh pkydrkvksa ij 'kks/ xzaFk (Thesis) izLrqr fd;kA
vxys 5 o"kks± rd mUgksaus cgqr ;k=kk,¡ dha rFkk ;wjksi osQ 'kks/ osaQnzksa ij x,A lu~ 1895 esa os uo
LFkkfir LVkWdgkse fo'ofo|ky; esa HkkSfrdh osQ vkpk;Z in ij fu;qDr fd, x, lu~ 1897 ls 1902
rd os blosQ jsDVj Hkh jgsA lu~ 1905 ls viuh e`R;q rd os LVkWdgkse osQ ukscsy laLFkku esa HkkSfrdh
jlk;u osQ funs'kd in ij dke djrs jgsA os dbZ o"kks± rd fo|qr~&vi?kV~; foy;uksa ij dke djrs
jgsA 1899 esa mUgksaus ,d lehdj.k] tks vkt lkekU;r% vkjsfu;l lehdj.k] dgykrk gS] osQ
vk/kj ij vfHkfØ;k&nj dh rki ij fuHkZjrk dk o.kZu fd;kA

mUgksaus dbZ {ks=kksa esa dke fd;kA izfrj{kk jlk;u (Immuno Chemistry), czãkaM foKku
(Cosmology), thou dk Ïksr (Origin In Life) rFkk fge&;qx osQ dkj.k (Cause Of Ice Age) laca/h {ks=kksa esa mudk
egÙoiw.kZ ;ksxnku jgkA os ,sls izFke O;fDr Fks] ftUgksaus ̂ xzhu gkml izHkko* dks ;g uke nsdj bldh foospuk dhA lu~
1903 esa fo|qr~&vi?kV~;ksa osQ fo?kVu osQ fl¼kar ,oa jlk;u foKku osQ fodkl esa bldh mi;ksfxrk ij mUgsa jlk;u foKku
dk ukscsy iqjLdkj feykA

LokaVs vkjsfu;l
(1859-1927)
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212 jlk;u foKku

mijksDr lehdj.k ls ns[kk tk ldrk gS fd ty Hkh
,d {kkjd dh Hkk¡fr O;ogkj djrk gS] D;ksafd ;g izksVkWu
xzg.k djrk gSA tc ty HCl ls izksVkWu xzg.k djrk gS] rks
H

3
O+ Lih'kh”k dk fuekZ.k gksrk gSA vr% Cl– vk;u HCl

vEy dk la;qXeh {kkjd gS ,oa HCl, Cl– {kkjd dk la;qXeh
vEy gSA blh izdkj] H

2
O Hkh H

3
O+ vEy dk la;qXeh {kkjd

,oa H
3
O+, H

2
O {kkjd dk la;qXeh vEy gSA

;g jkspd rF; gS fd ty ,d vEy rFkk ,d {kkjd
dh rjg nksgjh Hkwfedk n'kkZrk gSA HCl osQ lkFk vfHkfØ;k
esa ty {kkj dh rjg O;ogkj djrk gS] tcfd veksfu;k osQ
lkFk izksVkWu R;kxdj ,d vEy dh Hkk¡fr O;ogkj djrk gSA

mnkgj.k 7-12

fuEufyf[kr czULVsn vEyksa osQ fy, la;qXeh {kkjd D;k
gS\

HF, H2SO4 rFkk HCO
–

3

gy

izR;sd osQ la;qXeh {kkjdksa esa ,d izksVkWu de gksuk
pkfg,A vr% laxr la;qXeh {kkjd Øe'k% F–

, HSO
–

4

rFkk HCO
–

3 gSaA

mnkgj.k 7-13

czULVsn {kkjdksa NH2

–
, NH3 rFkk HCOO

– osQ fy,
laxr czULVsn vEy fyf[k,A

gy

la;qXeh vEy osQ ikl {kkjd dh vis{kk ,d izksVkWu
vf/d gksuk pkfg,A vr% laxr la;qXeh vEy Øe'k%
NH3, NH

+

4 rFkk HCOOH gSaA

mnkgj.k 14

H2O, HCO3

–
, HSO4

–
  rFkk NH3  czULVsnvEy rFkk

czULVsn {kkjd&nksuksa izdkj ls dke dj ldrs gSaA izR;sd
osQ fy, laxr la;qXeh vEy rFkk {kkjd fyf[k,A
gy

mÙkj fuEufyf[kr lkj.kh esa fn;k x;k gSµ
Lih'kh”k la;qXeh vEy la;qXeh {kkjd
H2O H3O

+
OH

–

HCO3

–
H2CO3 CO3

2–

HSO4

–
H2SO4 SO4

2–

NH3 NH4

+
NH2

–

7-10-3 ywbl vEy ,oa {kkjd

th-,u- ywbl us lu~ 1923 esa vEy dks ̂ bysDVªkWu;qXexzkgh*
rFkk {kkjd dks ̂ bysDVªkWu ;qXenkrk* osQ :i esa ikfjHkkf"kr
fd;kA tgk¡ rd {kkjdksa dk iz'u gS] czULVsn&yksjh {kkjd rFkk
ywbl {kkjd esa dksbZ fo'ks"k varj ugha gS] D;ksafd nksuksa gh
fl¼karksa esa {kkjd ,dkdh bysDVªkWu ;qXe nsrk gS] ijarq ywbl
vEy fl¼kar osQ vuqlkj] cgqr ls ,sls inkFkZ Hkh vEy gSa]
ftuesa izksVkWu ugha gSA de bysDVªkWu okys BF

3
 dh NH

3
 ls

vfHkfØ;k bldk ,d fof'k"V mnkgj.k gSA bl izdkj izksVkWujfgr
,oa bysDVªkWu dh deh okyk BF

3
 ;kSfxd NH

3
 osQ lkFk

fØ;k dj mldk ,dkdh bysDVªkWu ;qXe ysdj vEy dk dk;Z
djrk gSA bl vfHkfØ;k dks fuEufyf[kr lehdj.k }kjk
izn£'kr fd;k tk ldrk gSµ

BF
3
 + :NH

3
 → BF

3
:NH

3

bysDVªkWu {kqnz Lih'kh”k] tSls µ AlCl
3
, Co3+, Mg2+

vkfn ywbl vEy dh Hkk¡fr O;ogkj djrh gSa] tcfd H
2
O,

NH
3
, OH

– Lih'kh”k tks ,d bysDVªkWu ;qXe nku dj ldrh
gS] ywbl {kkjd dh rjg O;ogkj djrh gSA

mnkgj.k 7-15

fuEufyf[kr dks ywbl vEyksa rFkk {kkjdksa esa oxhZÑr
dhft, vkSj crkb, fd ;s ,slk O;ogkj D;ksa n'kkZrs gSa\

(d) HO
–  ([k) F

– (x) H
+  (?k) BCl3

gy

(d) pw¡fd gkbMªkWfDly vk;u ,d ywbl {kkjd gS]
vr% ;g bysDVªkWu ;qXe nku dj ldrk gSA

([k) pw¡fd ÝyqvksjkbM vk;u ywbl {kkjd gS] vr%
;g pkjksa bysDVªkWu ;qXe esa ls fdlh ,d dk nku
dj ldrk gSA

(x) pw¡fd izksVkWu ywbl vEy gS] vr% gkbMªkWfDly
vk;u rFkk ÝyqvksjkbM vk;uksa] tSlsµ {kkjdksa ls
bysDVªkWu ;qXe ys ldrk gSA

(?k) pw¡fd cksjksu VªkbDyksjkbM BCl3 ywbl vEy gS]
vr% veksfu;k vFkok vehu v.kqvksa vkfn {kkjdksa
ls bysDVªkWu ;qXe ys ldrk gSA

7-11 vEyksa ,oa {kkjdksa dk vk;uu
vf/drj jklk;fud ,oa tSfod vfHkfØ;k,a tyh; ekè;e
esa gksrh gSaA bUgsa le>us osQ fy, vkjZsfu;l dh ifjHkk"kk osQ
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213lkE;koLFkk

vuqlkj vEyksa ,oa {kkjosQka osQ vk;uu dh foospuk mi;ksxh
gksxhA ijDyksfjd vEy (HClO

4
) gkbMªksDyksfjd vEy (HCl),

gkbMªksczksfed vEy (HBr) gkbMªksvk;ksfMd vEy (HI), ukbfVªd
vEy (HNO

3
) ,oa lYÝ;wfjd vEy (H

2
SO

4
) vkfn vEy

^izcy* dgykrs gSa] D;ksafd ;g tyh; ekè;e esa laxr vk;uksa
esa yxHkx iw.kZr% fo;ksftr gksdj çkssVkWunkrk osQ leku dk;Z
djrs gSaA blh izdkj yhfFk;e gkbMªkWDlkbM (LiOH), lksfM;e
gkbMªkWDlkbM (NaOH), iksVSf'k;e gkbMªkWDlkbM (KOH),

lhf”k;e gkbMªkWDlkbM (CsOH) ,oa csfj;e gkbMªkWDlkbM
Ba (OH)

2
, tyh; ekè;e esa laxr vk;uksa esa yxHkx iw.kZr%

fo;ksftr gksdj H
3
O rFkk OH– vk;u nsrs gSaA vkjsfu;l

fl¼kar osQ vuqlkj] ;s izcy {kkjd gSa] D;ksafd ;s ekè;e esa
iw.kZr% fo;ksftr gksdj Øe'k% OH– vk;u iznku djrs gSaA
fodYir% vEy ;k {kkj dk lkeF;Z vEyksa ,oa {kkjdksa osQ
czULVsnykSjh fl¼kar osQ vuqlkj ekik tk ldrk gSA blosQ
vuqlkj] ^izcy vEy* ls rkRi;Z ^,d mÙke izksVkWunkrk* ,oa
izcy {kkjd ls rkRi;Z ^mÙke izksVkWuxzkgh* gSA

nqcZy vEy HA osQ vEy&{kkj fo;kstu lkE; ij
fopkj djsaµ

2 3HA(aq) H O(l) H O (aq) A (eq)+ −+ +�

      vEy       {kkjd     la;qXeh vEy  la;qXeh {kkjd

[kaM 7-10-2 esa geus ns[kk fd vEy (;k {kkjd)
fo;kstu lkE; ,d çkssVkWu osQ vxz ,oa izrhi fn'kk esa
LFkkukarj.k ls ;qDr ,d xfrd voLFkk gSA vc ;g iz'u mBrk
gS fd ;fn lkE; xfrd gS] rks og le; osQ lkFk fdl fn'kk
esa vxzlj gksxk\ bls izHkkfor djusokyk izsjd cy dkSu lk
gS\ bu iz'uksa osQ mÙkj nsus osQ fy, ge fo;kstu lkE; esa
lfEefyr nks vEyksa (;k {kkjdksa) osQ lkeF;Z dh rqyuk osQ
lanHkZ esa fopkj djsaxsA mijksDr of.kZr vEy&fo;kstu lkE; esa
mifLFkr nks vEyksa HA ,oa H

3
O+ ij fopkj djsaA gesa ;g

ns[kuk gkssxk fd buesa ls dkSu&lk izcy izksVkWunkrk gSA izksVkWu
nsus dh ftldh Hkh izo`fÙk vU; ls vf/d gksxh] og ^izcy
vEy* dgyk,xk ,oa lkE; nqcZy vEy dh fn'kk esa vxzlj
gksxkA tSls] ;fn HA, H

3
O+ ls izcy vEy gS] rks HA çkssVkWu

nku djsxk] H
3
O+ ughaA foy;u esa eq[; :i ls A– ,oa

H
3
O+ vk;u gksaxsA lkE; nqcZy vEy ,oa {kkj dh fn'kk esa

vxzlj gksrk gS] D;ksafd izcy vEy izcy {kkj dks izksVkWu
nsrs gSaA

blosQ vuqlkj] izcy vEy ty esa iw.kZr% vk;fur gksrk
gSA ifj.kkeh {kkjd vR;ar nqcZy gksxk] vFkkZr~~ izcy vEyksa osQ

la;qXeh {kkjd vR;ar nqcZy gksrs gSaA izcy vEy tSls ijDyksfjd
vEy HClO

4
, gkbMªksDyksfjd vEy HCl, gkbMªksczkfed

vEy HBr, gkbMªksvk;ksfMd vEy HI, ukbfVªd vEy HNO
3
,

lYÝ;wfjd vEy H
2
SO

4
 vkfn izcy vEyksa osQ la;qXeh

{kkjd ClO
4
–, Cl–, Br–, I–, NO

3
–  vk;u gksaxs] tks H

2
O ls

vf/d nqcZy {kkjd gSA blh izdkj vR;ar izcy {kkj] vR;ar
nqcZy vEy nsxk] tcfd ,d nqcZy vEy] tSlsµ HA v.kq
mifLFkr jgsaxsA ukbVªl vEy (HNO

2
), gkbMªksÝyqvksfjd vEy

(HF) ,oa ,flfVd vEy (CH
3
COOH) izrhdkRed nqcZy

vEy gSaA ;g ckr è;ku j[kus ;ksX; gS fd nqcZy vEyksa osQ
la;qXeh {kkjd vR;ar izcy gksrs gSaA mnkgj.k osQ fy,] NH–

2
, O2– ,oa H– mÙke izksVkWuxzkgh gSA vr% H

2
O ls vR;ar izcy

{kkjd gSA fiQukÝFkkyhu] czkseksFkkbeksy Cyw vkfn ty esa
foys; dkcZfud ;kSfxd nqcZy vEyksa dh Hkk¡fr O;ogkj djrs
gSaA buosQ vEy (HIn) rFkk la;qDr {kkj (In–) fHkUu jax
n'kkZrs gSaA

2 3HIn (aq) H O(l) H O (aq) In (aq)+ −+ +�

vEy lwpd la;qXeh vEy la;qXeh {kkj
jax&d jax&[k

,sls ;kSfxdkas dk mi;ksx vEy {kkj vuqekiu esa lwpdksa
osQ :i esa H+ vk;uksa dh lkanzrk fudkyus osQ fy, fd;k
tkrk gSA

7-11-1 ty dk vk;uu fLFkjkad ,oa bldk
vk;fud xq.kuiQy

geus [kaM 7-10-2 esa ;g ns[kk fd oqQN inkFkZ (tSls  ty)
vius fof'k"V xq.kksa osQ dkj.k vEy ,oa {kkjdµ nksuksa dh rjg
O;ogkj dj ldrs gSaA vEy HA dh mifLFkfr esa ;g izksVkWu
xzg.k djrk gS ,oa {kkjd dh rjg O;ogkj djrk gS] tcfd
{kkjd B– dh mifLFkfr esa ;g izksVkWu nsdj vEy dh rjg
O;ogkj djrk gSA 'kq¼ ty H

2
O dk ,d v.kq izksVkWu nsrk gS

,oa vEy dh rjg O;ogkj djrk gS rFkk ty dk nwljk v.kq
,d izksVkWu xzg.k djrk gS ,oa mlh le; {kkjd dh rjg
O;ogkj djrk gSA fuEufyf[kr lkE;koLFkk LFkkfir gksrh gSµ

H
2
O(l)  +  H

2
O(l)   �   H

3
O+(aq)  +   OH–(aq)

vEy {kkjd la;qXeh vEyla;qXeh {kkjd
fo;kstu fLFkjkad dks ge bl rjg izn£'kr djrs gSaµ

K = [H
3
O+] [OH

–
] / [H

2
O] (7.26)

ty dh lkanzrk dks gj ls gVk nsrs gSa] D;ksafd bldh
lkanzrk fLFkj jgrh gSA [H

2
O] dks lkE; fLFkjkad lfEefyr
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djus ij u;k fLFkjkad K
w
 izkIr gksrk gS] ftls ty dk

vk;fud xq.kuiQy dgrs gSaA
Kw = [H+][OH–] (7.27)

298 K ij izk;ksfxd :i H+ vk;u dh lkanzrk
1.0 × 10–7 M ikbZ xbZ gS vkSj ty osQ fo;kstu ls mRiUu H+

vkSj OH– vk;uksa dh la[;k cjkcj gksrh gS]
gkbMªkWfDly vk;uksa dh lkanzrk] [OH–] = [H+] =

1.0 × 10–7 M

bl izdkj] 298 K ij K
w
  dk eku

K
w
 = [H

3
O+][OH

–
] = (1 × 10–7)2 = 1 × 10–14 M2

(7.28)

K
w
 dk eku rki ij fuHkZj djrk gS] D;ksafd ;g

lkE;koLFkk fLFkjkad gSA
'kq¼ ty dk ?kuRo 1000 g/L gS vkSj bldk eksyj

nzO;eku 18.0 g /mol gSA blls 'kq¼ ty dh eksyjrk ge
bl rjg fudky ldrs gSaµ

[H
2
O] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.

bl izdkj] fo;ksftr ,oa vfo;ksftr ;ksftr ty dk
vuqikrµ

10–7 / (55.55) = 1.8 × 10–9 or  ~ 2 in 10–9

(bl izdkj lkE; eq[;r% vfo;ksftr ty osQ v.kqvksa
dh vksj jgrk gSA)

vEyh;] {kkjh; vkSj mnklhu tyh; foy;uksa dks
H

3
O+ ,oa OH– dh lkanzrkvksa osQ lkisf{kd ekuksa }kjk

foHksfnr fd;k tk ldrk gSµ
vEyh; % [H

3
O+] > [OH– ]

mnklhu % [H
3
O+] = [OH– ]

{kkjh; % [H
3
O+] < [OH–]

7-11-2 pH LosQy

gkbMªksfu;e vk;u dh eksyjrk esa lkanzrk dks ,d y?kqxq.kdh;
ekiØe (Logarithmic Scale) esa ljyrk ls izn£'kr fd;k
tkrk gS] ftls pH LosQy dgk tkrk gSA

gkbMªkstu vk;u dh lfØ;rk 
H

(a )+  osQ ½.kkRed
10 vk/kjh; y?kqxq.kdh; eku dks pH dgrs gSaA de lkanzrk
(<0.01M) ij gkbMªkstu vk;u dh lfØ;rk] la[;kRed
:i ls bldh eksyjrk] tks (H+) }kjk izn£'kr dh tkrh gS] osQ
rqY; gksrh gSA gkbMªkstu vk;u dh lfØ;rk dh dksbZ bdkbZ
ugha gksrh gS] bls bl lehdj.k }kjk ifjHkkf"kr fd;k tk
ldrk gSµ

H
a + = [H+] / mol L–1

fuEufyf[kr lehdj.k pH ,oa gkbMªkstu vk;u lkanzrk
esa laca/ n'kkZrk gSµ

pH = – log a
H+

 = – log {[H+] / mol L–1}

bl izdkj HCl osQ vEyh; foy;u (10–2 M) osQ pH

dk eku = 2 gksrk gSA blh rjg NaOH osQ ,d {kkjh;
foy;u] ftlesa [OH–] = 10–4 rFkk [H

3
O+] = 10–10 M dh

pH = 10 gksxhA 'kq¼ rFkk mnklhu ty esa 298 K ij
gkbMªkstu vk;u dh lkanzrk 10–7M gksrh gS] blfy, bldk
pH = –log (10–7) = 7 gksxkA

;fn dksbZ tyh; foy;u vEyh; gS] rks mldk pH 7

ls de ,oa ;fn og {kkjh; gS] rks mldk pH 7 ls vf/d
gksxkA

bl izdkj]
vEyh; foy;u dh pH < 7

{kkjh; foy;u dh pH < 7

mnklhu foy;u dh pH = 7

vc 298K ij iqufoZpkj lehdj.k 7-28 ij djsaµ
K

w 
= [H

3
O+] [OH

–
] = 10–14

lehdj.k osQ nksuksa vksj dk ½.kkRed y?kqxq.kd ysus ij%
–log K

w
= – log {[H

3
O+] [OH–]}

= – log [H
3
O+] – log [OH–]

= – log 10–14

pK
w

=   pH + pOH = 14 (7.29)

è;ku nsus ;ksX; ckr ;g gS fd ;|fi K
w
 dk eku

rkiØe osQ lkFk ifjofrZr gksrk gSA rFkkfi rkiØe osQ lkFk
pH osQ eku esa ifjorZu brus de gksrs gSa fd ge vdlj
mldh mis{kk dj nsrs gSaA

pK
w
 tyh; foy;uksa osQ fy, egÙoiw.kZ jkf'k gksrh gSA

;g gkbMªkstu rFkk gkbMªksfDly vk;uksa dh lkanzrk dks fu;af=kr
djrh gS] pw¡fd budk xq.kuiQy fLFkjkad gksrk gSA vr% ;g
è;kuor jgs fd pH ekiØe y?kqxq.kd gksrk gSA pH osQ eku
esa ,d bdkbZ ifjorZu dk vFkZ gS [H+] dh lkanzrk esa xq.kd
10 dk ifjorZuA blh izdkj ;fn gkbMªkstu vk;u lkanzrk
[H+] esa 100 xq.kd dk ifjorZu gks] rks pH osQ eku esa 2
bdkbZ dk ifjorZu gksxkA vc vki le> x, gksaxs fd D;ksa rki
}kjk pH esa ifjorZu dh mis{kk ge dj nsrs gSaA

tSfod ,oa izlk/u&laca/h vuqiz;ksxksa esa foy;u osQ
pH dk ekiu vR;f/d vko';d gSA pH isij] tks fofHkÂ
pH okys foy;u esa fHkÂ&fHkÂ jax nsrk gS] dh lgk;rk ls
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pH osQ yxHkx eku dk irk yxk;k tk ldrk gSA vktdy
pkj iV~Vhokyk pH isij feyrk gSA ,d gh ij fHkÂ&fHkÂ
ifV~V;k¡ fHkÂ&fHkÂ jax nsrh gSa (fp=k 7-11) pH isij }kjk 1-

14 rd osQ pH eku yxHkx 0.5 dh ;FkkFkZrk rd Kkr
fd;k tk ldrk gSA

fp=k 7-11% leku pH ij fHkÂ jax nsusokyh pH isij dh pkj
ifV~V;k¡

mPp ;FkkFkZrk osQ fy, pH ehVj dk mi;ksx fd;k
tkrk gSA pH ehVj ,d ,slk ;a=k gS] tks ijh{k.k&foy;u osQ
fo|qr~~&foHko ij vk/kfjr pH dk ekiu 0.001 ;FkkFkZrk
rd djrk gSA vktdy cktkj esa dye osQ cjkcj vkdkjokys
pH ehVj miyC/ gks x, gSaA oqQN lkekU; inkFkks± dh pH

lkj.kh 7.5 esa nh xbZ gSµ

mnkgj.k 7-16

is; inkFkZ osQ uewus esa gkbMªkstu vk;u dh lkanzrk
3.8 × 10

–3
M gSA bldk pH D;k gksxk\

gy

pH = – log[3.8 × 10
–3

]= – {log[3.8] +

log[10
–3

]}

= – {(0.58) + (– 3.0)} = – { – 2.42} = 2.42

vr% is; inkFkZ dk pH 2.42 gS ;g vEyh; gSA

mnkgj.k 7-17

1.0 × 10
–8

M
 
HCl foy;u osQ pH dh x.kuk djsaA

gy

2H2O (l) �   H3O
+
 (aq)  +  OH

–
(aq)

Kw = [OH
–
][]  = 10

–14

ekuk x=[OH
–
]= ty ls izkIr H3O

+
 A

H3O
+  lkanzrk (i) tks ?kqfyr HCl ls izkIr gksrh gS tSlsµ

HCl (aq) + H2O (l)�  H3O
+
 (aq)+Cl

–
 (aq) rFkk

(ii) tyosQ vk;uhdk.k ls izkIr gksrh gSA ;gk¡ nksuksa
H3O

+ mn~xeksa ij fopkj djuk gksxkµ
[H3O

+
] = 10

–8
 + x

Kw = (10
–8

 + x)(x) = 10
–14

vFkok x2
 + 10

–8 
x – 10

–14
 = 0

[OH
– 
] = x = 9.5 × 10

–8

vr%  pOH = 7.02 rFkk pH = 6.98

7-11-3 nqcZy vEyksa osQ vk;uu fLFkjkad

vkb,] tyh; foy;u esa vkaf'kd :i ls vk;fur ,d nqcZy
vEy HX ij fopkj djsaA fuEufyf[kr lehdj.kksa esa ls fdlh
Hkh lehdj.k }kjk vfo;ksftr HX ,oa vk;uksa H+(aq) rFkk
X–(aq) osQ eè; LFkkfir lkE;koLFkk dks izn£'kr fd;k tk
ldrk gSA

HX(aq) + H
2
O(l) �  H

3
O+(aq) + X–(aq)

izkjafHkd lkanzrk (M)

c                                0               0

ekuk α vk;uhdj.k dh ek=kk gSA
lkanzrk esa ifjorZu (M)

-cα            +cα          +cα

lkj.kh 7-5  oqQN lkekU; inkFkks± dh pH osQ eku

nzo osQ uke pH nzo osQ uke pH

NaOH dk lar`Ir foy;u ~15 dkyh dkWiQh 5.0

0.1 M NaOH foy;u 13 VekVj dk jl ~4.2

pwus dk ikuh 10.5 e`nq is; inkFkZ rFkk fljdk ~3.0

feYd vkWiQ eSXuhf'k;k 10 uhcw&ikuh ~2.2

vaMs dk lisQn Hkkx] leqnzh ty 7.8 tBj&jl ~1.2

ekuo&#f/j 7.4 lM HCl foy;u ~0

nw/ 6.8 lkanz HCl ~–1.0

ekuo&'ys"ek 6.4
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lkE; lkanzrk (M)

c-cα          cα               cα

tgk¡ c = vfo;ksftr vEy HX dh izkjafHkd lkanzrk
rFkk α = HX osQ vk;uu dh ek=kk gSA

bu laosQrdksa dk mi;ksx dj osQ ge mi;qZDr vEy
fo;kstu lkE; osQ fy, lkE;koLFkk fLFkjkad O;qRiÂ dj
ldrs gSaA

K
a
 = c2α2 / c(1-α) = cα2 / (1-α)

K
a
 dks vEy HX dk fo;kstu ;k vk;uu fLFkjkad

dgrs gSaA bls oSdfYid :i ls ge bl izdkj eksyjrk osQ :i
esa izn£'kr dj ldrs gSaµ

K
a
 = [H+][X–] / [HX] (7.30)

fdlh fuf'pr rki ij KKKKK
aaaaa
 dk eku vEy HX dh

izcyrk dk eki gS] vFkkZr~~ KKKKK
aaaaa
 dk eku ftruk vf/d

gksxk] vEy mruk gh vf/d izcy gksxkA KKKKK
aaaaa
 foekjfgr

jkf'k gS] ftlesa lHkh Lih'kh”k dh lkaærk dh ekud&voLFkk
1M gSA

oqQN pqus gq, vEyksa osQ vk;uu&fLFkjkad lkj.kh 7-6 esa
fn, x, gSaA

gkbMªkstu vk;u lkanzrk osQ fy, pH ekiØe bruk mi;ksxh
gS fd bls pK

w
 osQ vfrfjDr vU; Lih'kh”k ,oa jkf'k;ksa osQ

fy, Hkh iz;qDr fd;k x;k gSA
bl izdkj]

pK
a
 = – log (K

a
) (7.31)

vEy osQ vk;uu fLFkjkad K
a
 rFkk izkjafHkd lkanzrk c

Kkr gksus ij leLr Lih'kh”k dh lkE; lkanzrk rFkk vEy osQ
vk;uu dh ek=kk ls foy;u dh pH dh x.kuk laHko gSA

lkj.kh 7-6 298K ij oqQN pqus gq, nqcZy vEyksa osQ vk;uu
fLFkjkad osQ eku

vEy vk;uu fLFkjkad (Ka)

gkbMªksÝyqfjd vEy (HF) 3.5 × 10–4

ukbVªl vEy (HNO2) 4.5 × 10–4

iQk£ed vEy (HCOOH) 1.8 × 10–4

fu;klhu (C5H4NCOOH) 1.5 × 10–5

,slhfVd vEy (CH3COOH) 1.74 × 10–5

csUtksbd vEy (C6H5COOH) 6.5 × 10–5

gkbiksDyksjl vEy (HCIO) 3.0 × 10–8

gkbMªkslk;fud vEy (HCN) 4.9 × 10–10

iQhukWy (C6H5OH) 1.3 × 10–10

nqcZy oS|qr~vi?kV~; dh pH bu inksa ls fudkyh tk ldrh
gSµ
in&1 fo;kstu ls iwoZ mifLFkr Lih'kh”k dks czWULVsn yksjh
vEy@{kkjd osQ :i esa Kkr fd;k tkrk gSA
in&2 lHkh laHkkfor vfHkfØ;kvksa osQ fy, larqfyr lehdj.k
fy[ks tkrs gSa] tSlsµLih'kh”k] tks vEy ,oa {kkjd nksuksa osQ
:i esa dk;Z djrh gSA
in&3 mPp K

a
 okyh vfHkfØ;k dks izkFkfed vfHkfØ;k

osQ :i esa fpfÉr fd;k tkrk gS] tcfd vU; vfHkfØ;k,a
iwjd vfHkfØ;k,a gksrh gSaA
in&4 izkFkfed vfHkfØ;k dh lHkh Lih'kh”k osQ fuEu
ekuksa dks lkj.kh osQ :i esa lwphc¼ fd;k tkrk gSµ
(d) izkjafHkd lkanzrk] c
([k) lkE; dh vksj vxzlj gksus ij vk;uu dh ek=kk α osQ

:i esa lkanzrk esa ifjorZu
(x) lkE; lkanzrk
in&5 eq[; vfHkfØ;k osQ fy, lkE;koLFkk fLFkjkad
lehdj.k esa lkE; lkanzrkvksa dks j[kdj α osQ fy, gy
djrs gSaA
in&6 eq[; vfHkfØ;k dh Lih'kh”k dh lkanzrk dh x.kuk
djrs gSaA
in&7 pH dh x.kuk

 pH = – log [H
3
O+]

mi;qZDr fof/ dks bl mnkgj.k ls le>k;k x;k gSµ

mnkgj.k 7-18

HF dk vk;uu fLFkjkad –43.2 10×  gSA 0.22M

foy;u esa HF dh vk;uu dh ek=kk dh vkSj foy;u
esa mifLFkr leLr Lih'kh”k (H3O

+
, F

– rFkk HF)
dh lkanzrk rFkk pH dh x.kuk dhft,A

gy

fuEufyf[kr izksVkWu LFkkukarj.k vfHkfØ;k,a laHko gSaµ

(1) HF + H2O �  H3O
+
 + F

–
  Ka = 3.2 × 10

–4

(2) H2O + H2O �  H3O
+
 + OH

–

           Kw = 1.0 × 10
–14

D;kasfd Ka >> Kw, eq[; vfHkfØ;k

HF   +   H2O  �   H3O
+
   +     F

–

izkjafHkd lkanzrk (M)

             0.02                         0             0     (0)

lkanzrk ifjorZu (M)
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             –0.02α                +0.02α    +0.02α

lkE; lkanzrk  (M)

            0.02 – 0.02 α       0.02 α    0.02α
lkE; vfHkfØ;k osQ fy, lkE; lkanzrkvksa dks izfrLFkkfir
djus ij
Ka = (0.02α)

2
 / (0.02 – 0.02α) = 0.02 α

2
 / (1

–α) = 3.2 × 10
–4

gesa fuEufyf[kr f}?kkr lehdj.k izkIr gksrk gSµ
α

2
 + 1.6 × 10

–2
α – 1.6 × 10

–2
 = 0

f}?kkr&lehdj.k dks gy djus ij α osQ nks eku izkIr
gksrs gaSµ
α = + 0.12  vkSj –0.12

α dk ½.kkRed eku laHko ugha gSA vr% α = 0.12

Li"V gS fd vk;uu ek=kk] α = 0.12 gks rks vU;
Lih'kh”k (tSlsµHF, F

– rFkk H3O
+) dh lkE; lkanzrk,¡

bl izdkj gSaµ
[H3O

+
] = [F 

–
] = cα = 0.02 × 0.12 =

2.4 × 10
–3

 M

[HF] = c(1 – α) = 0.02 (1 – 0.12) =

17.6 × 10
-3

 M

pH = – log[H
+
] = –log(2.4 × 10

–3
) = 2.62

mnkgj.k 7-19
0.1M ,dy {kkjh; vEy dk pH 4.50 gSA lkE;koLFkk
ij H

+
,A

– rFkk HA dh lkanzrk dh x.kuk dhft,A
lkFk gh ,dy {kkjh; vEy osQ Ka rFkk pKa osQ eku
dh Hkh x.kuk dhft,A

gy

pH = – log [H
+
]

[H
+
] = 10 

–pH
 = 10

–4.50
= 3.16 × 10

–5

[H
+
] = [A

–
] = 3.16 × 10

–5

Ka = [H
+
][A

-
] / [HA]

[HA]lkE; = 0.1 – (3.16 × 10
-5

) ∫  0.1

Ka = (3.16 × 10
–5

)
2
 / 0.1 = 1.0 × 10

–8

pKa = – log(10
–8

) = 8

oSdfYid :i ls ^fo;kstu izfr'krrk* fdlh nqcZy
vEy dh lkeF;Z dh x.kuk dk mi;ksxh ekiØe gSA
bls bl izdkj fn;k x;k gSµ

= [HA]fo;ksftr/[HA]vkjafHkd × 100% (7.32)

mnkgj.k 7-20

0.08 M gkbiksDyksjl vEy (HOCl) osQ foy;u osQ
pH dh x.kuk dhft,A vEy dk vk;uu fLFkjkad
2.5 × 10

–5 gSA HOCl dh fo;kstu&izfr'krrk Kkr
dhft,A

gy

HOCl(aq) + H2O (l) � H3O
+
(aq) + ClO

–
(aq)

izkjafHkd lkanzrk (M)

  0.08                0               0

lkE;koLFkk osQ fy, ifjorZu (M)

    – x  + x        +x

lkE; lkanzrk (M)

 0.08 – x                             x         x

Ka = {[H3O
+
][ClO

–
] / [HOCl]}

=  x
2
 / (0.08 –x)

x
2
 / 0.08 = 2.5 × 10

–5

x
2
 = 2.0 × 10

–6
, bl izdkj] x = 1.41 × 10

–3

[H
+
] = 1.41 × 10

–3
 M.

vr%

fo;kstu izfr'krrk = {[HOCl]fo;ksftr / [HOCl]vkjafHkd}

× 100 = 1.41 × 10
–3

 × 10
2
 / 0.08 = 1.76 %.

pH = –log(1.41 × 10
–3

) = 2.85.

7-11-4 nqcZy {kkjdksa dk vk;uu

{kkjd MOH dk vk;uu fuEufyf[kr lehdj.k }kjk izn£'kr
fd;k tk ldrk gSµ

MOH(aq) �M+(aq) + OH–(aq)

vEy vk;uu lkE;koLFkk dh rjg nqcZy {kkjd (MOH)

vkaf'kd :i ls /uk;u M+ ,oa ½.kk;u OH– esa vk;fur
gksrk gSA {kkjd vk;uu osQ lkE;koLFkk&fLFkjkad dks {kkjd
vk;uu&fLFkjkad dgk tkrk gSA bls ge K

b
 ls izn£'kr djrs

gSaA lHkh Lih'kh”k dh lkE;koLFkk lkanzrk eksyjrk esa fuEufyf[kr
lehdj.k }kjk izn£'kr dh tkrh gSµ

K
b
 = [M+][OH–] / [MOH] (7.33)

fodYir% ;fn c =  {kkjd dh izkjafHkd lkanzrk vkSj
α = {kkjd osQ vk;uu dh ek=kk
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tc lkE;koLFkk izkIr gksrh gS] rc lkE; fLFkjkad
fuEufyf[kr :i ls fy[kk tk ldrk gSµ

oqQN pqus gq, {kkjdksa osQ vk;uu&fLFkjkad K
b
 osQ eku

lkj.kh 7-7 esa fn, x, gSaA

lkj.kh 7-7 298 K ij oqQN nqcZy {kkjdksa osQ vk;uu&fLFkjkad
osQ eku

{kkjd     K    K    K    K    K
b

MkbesfFky,sfeu (CH
3
)
2
NH 5.4 × 10–4

Vªkb,fFky,sfeu (C
2
H

5
)
3
N 6.45 × 10–5

veksfu;k NH
3
 or NH

4
OH 1.77 × 10–5

fDouhu (,d okuLifrd mRikn) 1.10 × 10–6

fijhMhu C
5
H

5
N 1.77 × 10–9

,sfuyhu C
6
H

5
NH

2
4.27 × 10–10

;wfj;k CO (NH
2
)
2

1.3 × 10–14

dbZ dkcZfud ;kSfxd ,sehUl dh rjg nqcZy {kkjd gSaA
,sehUl veksfu;k osQ O;qRiÂ gSa] ftuesa ,d ;k vf/d
gkbMªkstu ijek.kq vU; lewgksa }kjk izfrLFkkfir gksrs gSaA tSlsµ
esfFky,sehu] dksMhu] fDouhu rFkk fudksfVu] lHkh cgqr
nqcZy {kkjd gSaA blfy, buosQ K

b
 osQ eku cgqr NksVs gksrs gSaA

veksfu;k ty esa fuEufyf[kr vfHkfØ;k osQ iQyLo:i OH–

vk;u mRiÂ djrh gSµ
NH

3
(aq) + H

2
O(l) �  NH

4
+(aq) + OH–(aq)

gkbMªkstu vk;u lkanzrk gsrq pH LosQy bruk mi;ksxh gS
fd bls vU; Lih'kh”k ,oa jkf'k;ksa osQ fy, Hkh iz;qDr fd;k
x;k gSA bl izdkj

pK
b
 = –log (K

b
) (7.34)

mnkgj.k 7-21

0.004 M gkbMªsthu foy;u dk pH 9.7 gSA blosQ

K
b
 rFkk pK

b
 dh x.kuk dhft,A

gy

NH2NH2 + H2O �  NH2NH3

+
 + OH

–

ge pH ls gkbMªkstu vk;u lkanzrk dh x.kuk dj

ldrs gSaA gkbMªkstu vk;u lkanzrk Kkr djosQ vkSj ty

osQ vk;fud xq.kuiQy ls ge gkbMªkWfDly vk;u dh

lkanzrk dh x.kuk djrs gSaA bl izdkj]

[H
+
] = antilog (–pH) =  antilog (–9.7)

= 1.67 ×10
–10

[OH
–
] = Kw / [H

+
] = 1 × 10

–14
 / 1.67 × 10

–10

= 5.98 × 10
–5

laxr gkbMªsthfu;e vk;u dh lkanzrk dk eku Hkh
gkbMªkWfDly vk;u dh lkanzrk osQ leku gksxkA bu nksuksa
vk;uksa dh lkanzrk cgqr de gSA vr% vfo;ksftr {kkjd
dh lkanzrk 0.004 M yh tk ldrh gSA bl izdkj]
Kb= [NH2NH3

+
][OH

–
] / [NH2NH2]

= (5.98 × 10
–5

)
2
 / 0.004 = 8.96 × 10

–7

pKb= –logKb = –log(8.96 × 10
–7

) = 6.04.

mnkgj.k 7-22

0.2M NH4Cl rFkk 0.1 M NH3 osQ feJ.k ls cus
foy;u osQ pH dh x.kuk dhft,A NH3 foy;u dh
pKb = 4.75 gSA

gy
NH3   +   H2O    �     NH4

+
     +      OH

–

NH3 dk vk;uu fLFkjkad

Kb = antilog (–pKb) vFkkZr~~]
Kb = 10

–4.75
 = 1.77 × 10

–5
 M

NH3   +   H2O   �     NH4

+
     +      OH

–

izkjafHkd lkanzrk (M)

0.10 0.20 0

lkE;koLFkk ij ifjorZu (M)

–x +x +x

lkE;koLFkk ij (M)

0.10 – x 0.20 + x x

Kb= [NH4

+
][OH

–
] / [NH3]

= (0.20 + x)(x) / (0.1 – x) = 1.77 × 10
–5

Kb dk eku de gSA 0.1M ,oa 0.2 M dh rqyuk esa
x dks ge misf{kr dj ldrs gSaA
[OH

–
]= x = 0.88 × 10

–5

blfy, [H+
]= 1.12 × 10

–9

pH = – log[H
+
] = 8.95

7-11-5 KKKKK
aaaaa
 rFkk KKKKK

bbbbb
 esa laca/

bl vH;kl esa ge i<+ pqosQ gSa fd K
a
 rFkk K

b
 Øe'k% vEy

vkSj {kkjd dh lkeF;Z dks n'kkZrs gSaA la;qXeh vEy&{kkj ;qXe
esa ;s ,d&nwljs ls ljyre :i ls lacaf/r gksrs gSaA ;fn ,d
dk eku Kkr gS] rks nwljs dks Kkr fd;k tk ldrk gSA NH

4
+
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219lkE;koLFkk

rFkk NH
3
 osQ mnkgj.k dh foospuk djrs gSaµ

NH
4
+(aq) + H

2
O(l) �  H

3
O+(aq) + NH

3
(aq)

K
a
 = [H

3
O+][ NH

3
] / [NH

4
+] = 5.6 × 10–10

NH
3
(aq) + H

2
O(l) �  NH

4
+(aq) + OH–(aq)

K
b
 =[ NH

4
+][ OH–] / NH

3
 = 1.8 × 10-5

usV% 2 H
2
O(l) �  H

3
O+(aq) + OH–(aq)

K
w
 = [H

3
O+][ OH– ] = 1.0 × 10–14 M

K
a
 NH+

4
 dk vEy osQ :i esa rFkk K

b
, NH

3
 dh {kkj

osQ :i esa lkeF;Z n'kkZrk gSA usV vfHkfØ;k esa è;ku nsus ;ksX;
ckr ;g gS fd tksM+h xbZ vfHkfØ;k esa lkE; fLFkjkad dk eku
K

a
 rFkk K

b
 osQ xq.kuiQy osQ cjkcj gksrk gSµ

K
a
 × K

b
= {[H

3
O+][ NH

3
] / [NH

4
+ ]} × {[NH

4
+ ]

[ OH-] / [NH
3
]}

= [H
3
O+][ OH–] = K

w

= (5.6 ×10–10) × (1.8 × 10–5) = 1.0 × 10–14 M

bls bl lkekU;hdj.k }kjk crk;k tk ldrk gSµ nks ;k
T;knk vfHkfØ;kvksa dks tksM+us ij mudh usV ;k vfHkfØ;k
dk lkE;koLFkk&fLFkjk ad izR;sd vfHkfØ;k osQ
lkE;koLFkk&fLFkjkad osQ xq.kuiQy osQ cjkcj gksrk gSA

K
usV
 = K

1
 × K

2
 × …… (3.35)

blh izdkj la;qXeh {kkj ;qXe osQ fy,
K

a
 × K

b
 = K

w
(7.36)

;fn ,d dk eku Kkr gks] rks vU; dks Kkr fd;k tk
ldrk gSA ;g è;ku nsuk pkfg, fd izcy vEy dk la;qXeh
{kkj nqcZy rFkk nqcZy vEy dk la;qXeh {kkj izcy gksrk gSA

oSdfYid :i ls mi;qZDr lehdj.k K
w
 = K

a
 × K

b

dks {kkjd&fo;kstu lkE;koLFkk vfHkfØ;k ls Hkh ge izkIr
dj ldrs gSaµ

B(aq) + H
2
O(l) �  BH+(aq) + OH–(aq)

K
b
 = [BH+][OH–] / [B]

pw¡fd ty dh lkanzrk fLFkj jgrh gS] vr% bls gj
ls gVk fn;k x;k gS vkSj fo;kstu fLFkjkad esa lfEefyr
dj fn;k x;k gSA mi;qDr lehdj.k dks [H+] ls xq.k
djus rFkk Hkkx nsus ijµ

K
b

= [BH+][OH–][H+] / [B][H+]

={[ OH–][H+]}{[BH+] / [B][H+]}

= K
w
 / K

a

K
a
 × K

b
 = K

w

;g è;ku nsus ;kX; ckr gS fd ;fn nksuksa vksj y?kqxq.kd
fy;k tk,] rks la;qXeh vEy rFkk {kkj osQ ekuksa dks lacaf/r
fd;k tk ldrk gSµ

pK
a
 + pK

b
 = pK

w
 = 14 (298K ij)

mnkgj.k 7-23

0.05 M veksfu;k foy;u dh vk;uu ek=kk rFkk pH

Kkr dhft,A veksfu;k osQ vk;uu&fLFkjkad dk eku
rkfydk 7-7 esa fn;k x;k gSA veksfu;k osQ la;qXeh
vEy dk vk;uu fLFkjkad Hkh Kkr dhft,A

gy

ty esa NH3 dk vk;uu bl izdkj n'kkZ;k tk
ldrk gSµ

NH3  +  H2O   �   NH4

+
    +    OH

–

(7-33) lehdj.k dk mi;ksx dj osQ ge gkbMªksfDly
vk;u dh lkanzrk dh x.kuk dj ldrs gSaµ

[OH
–
] = c α = 0.05 α

Kb = 0.05 α
2
 / (1 – α)

α dk eku de gS] vr% lehdj.k esa nkb± vksj osQ gj
1 dh rqyuk esa α dks ux.; eku ldrs gSaA

vr%

Kb = c α
2
  or   α = √ (1.77 × 10

–5
 / 0.05)

= 0.018.

[OH
–
] = c a = 0.05 × 0.018 = 9.4 × 10

–4
M.

[H
+
] = Kw / [OH

–
] = 10

–14
 / (9.4 × 10

–4
)

= 1.06 × 10
–11

pH = –log(1.06 × 10
–11

) = 10.97.

la;qXeh vEy {kkj ;qXe osQ fy, laca/ iz;qDr djus ij

Ka × Kb = Kw

rkfydk 7-7 ls izkIr NH3 osQ Kb
 dk eku j[kus ij ge

NH4

+ osQ la;qXeh vEy dh lkanzrk fudky ldrs gSaA
Ka = Kw / Kb = 10

–14
 / 1.77 × 10

–5

= 5.64 × 10
–10

7-11-6 f} ,oa cgq {kkjdh vEy rFkk f} ,oa cgq
vEyh; {kkjd

vkWDlsfyd vEy] lYÝ;wfjd vEy ,oa iQkLiQksfjd vEy

vkfn oqQN vEyksa esa izfr v.kq ,d ls vf/d vk;fur gksus
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okys izksVkWu gksrs gSaA ,sls vEyksa dks cgq&{kkjdh ;k ikWfyizksfVd
vEy osQ uke ls tkuk tkrk gSA mnkgj.kkFkZµf}{kkjdh; vEy
H

2
X osQ fy, vk;uu vfHkfØ;k fuEufyf[kr lehdj.kksa }kjk

n'kkZbZ tkrh gSµ

H
2
X(aq) �  H+(aq) + HX–(aq)

HX–(aq) �  H+(aq) + X2–(aq)

rFkk laxr lkE;koLFkk lehdj.k fuEufyf[kr gSµ

1aK = {[H+][HX–]} / [H
2
X] (8.16)

rFkk
2aK = {[H+][X2-]} / [HX-] (8.17)

1aK  ,oa 
2aK dks vEy H

2
X dk izFke ,oa f}rh;

vk;uu&fLFkjkad dgrs gSaA blh izdkj H
3
PO

4
 tSls f=k{kkjdh;

vEy osQ fy, rhu vk;uu&fLFkjkad gSaA oqQN ikWyhizksfVd
vEyksa osQ vk;uu&fLFkjkadksa osQ eku lkj.kh 7-8 esa vafdr gSaA

lkj.kh 7-8  298 K ij oqQN lkekU; ikWyhizksfVd vEyksa osQ
vk;uu&fLFkjkad

bl izdkj ns[kk tk ldrk gS fd cgq izksfVd vEy osQ
mPp dksfV osQ vk;uu ( )

2 3a a,K K  fLFkjkadksa dk eku fuEu
dksfV osQ vk;uu&fLFkjkad (K

a
) ls de gksrs gSaA bldk dkj.k

;g gS fd fLFkj fo|qr~&cyksa osQ dkj.k ½.kkRed vk;u ls
/ukRed çkssVkWu fu"dkflr djuk eqf'dy gSA bls vukosf'kr
H

2
CO

3
 rFkk vkosf'kr HCO–

3
 ls çkssVkWu fu"dklu ls ns[kk tk

ldrk gSA blh izdkj f}vkosf'kr HPO
4
2– ½.kk;u ls H

2
PO–

4

dh rqyuk esa çkssVkWu dk fu"dklu dfBu gksrk gSA
cgq izksfVd vEy foy;u esa vEyksa dk feJ.k gksrk gS

H
2
A tSls f}izksfVd vEy osQ fy,] H

2
A, HA– vkSj A2– dk

feJ.k gksrk gSA izkFkfed vfHkfØ;k esa  H
2
A dk fo;kstu

rFkk H
3
O+ lfEefyr gksrk gS] tks fo;kstu osQ izFke pj.k ls

izkIr gksrk gSA

7-11-7 vEy&lkeF;Z dks izHkkfor djusokys dkjd

vEy rFkk {kkjdksa dh ek=kkRed lkeF;Z dh foospuk osQ
i'pkr~ ge fdlh fn, gq, vEy dks pH eku dh x.kuk dj
ldrs gSaA ijarq ;g ftKklk mRiÂ gksrh gS fd oqQN vEy vU;
dh rqyuk esa izcy D;ksa gksrs gSa\ bUgsa vf/d izcy cukusokys
dkjd D;k gSa\ bldk mÙkj ,d tfVy rF; gSA ysfdu eq[;
:i ls ge ;g dg ldrs gSa fd ,d vEy dh fo;kstu dh
lhek H – A ca/ dh lkeF;Z ,oa /zqo.krk ij fuHkZj
djrh gSA

lkekU;r% tc H – A ca/ dh lkeF;Z ?kVrh gS] vFkkZr~~
ca/ osQ fo;kstu esa vko';d ÅtkZ ?kVrh gS] rks HA dk
vEy&lkeF;Z c<+rk gSA blh izdkj tc HA vkca/ vf/d
èkzqoh; gksrk gS] vFkkZr~~ H rFkk A ijek.kqvksa osQ eè;
fo|qr~&½.krk dk varj c<+rk gS vkSj vkos'k i`FkDdj.k
n`f"Vxr gksrk gS] rks vkca/ dk fo;kstu ljy gks tkrk gS] tks
vEyh;rk esa o`f¼ djrk gSA

ijarq ;g è;ku nsus ;ksX; ckr ;g gS fd tc rÙo A
vkorZ lkj.kh osQ mlh lewg osQ rÙo gksa] rks ca/ dh /zqoh;
izÑfr dh rqyuk esa H – A vkca/ lkeF;Z vEyh;rk osQ
fuèkkZj.k esa izeq[k dkjd gksrk gSA oxZ esa uhps dh vksj tkus
ij T;ksa&T;ksa A dk vkdkj c<+rk gS] R;ksa&R;ksa H – A vkca/
lkeF;Z ?kVrh gS rFkk vEy lkeF;Z c<+rh gSA mnkgj.kkFkZµ

vkdkj esa o`f¼

HF << HCl << HBr << HI

vEy lkeF;Z esa o`f¼
blh izdkj H

2
S, H

2
O ls izcyrj vEy gSA

ijarq tc ge vkorZ lkj.kh osQ ,d gh vkorZ osQ rÙoksa
dh foospuk djrs gSa rks H – A vkca/ dh /zqo.krk vEy&lkeF;Z
dks fu/kZfjr djus esa egÙoiw.kZ dkjd gks tkrh gSA T;ksa&T;ksa
A dh fo|qr~~½.krk c<+rh gS] R;ksa&R;ksa vEy dh lkeF;Z Hkh
c<+rh gSA mnkgj.kkFkZµ

A dh fo|qr~~½.krk esa o`f¼

CH
4
 < NH

3
 < H

2
O < HF

vEy lkeF;Z esa o`f¼

7-11-8 vEyksa ,oa {kkjdksa osQ vk;uu esa le
vk;u izHkko

vkb,] ,slhfVd vEy dk mnkgj.k ysa] ftldk fo;kstu bl
lkE;koLFkk }kjk izn£'kr fd;k tk ldrk gSµ
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221lkE;koLFkk

CH
3
COOH(aq) � H+(aq) +  CH

3
COO– (aq)

vFkok HAc(aq)  �  H+ (aq) + Ac– (aq)

K
a
 = [H+][Ac– ] / [HAc]

,slhfVd vEy osQ foy;u esa ,slhVsV vk;u dks
feykus ij gkbMªkstu vk;uksa dh lkanzrk ?kVrh gSA blh izdkj
;fn cká Ïksr ls H+ vk;u feyk, tk,¡] rks lkE;koLFkk
vfo;ksftr ,slhfVd vEy dh rjiQ foLFkkfir gks tkrh gS]
vFkkZr~~ ml fn'kk esa vxzlj gksrh gS] ftlls gkbMªkstu vk;u
lkanzrk [H+] ?kVrh gSA ;g ?kVuk le vk;u izHkko dk
mnkgj.k gSA fdlh ,sls inkFkZ osQ feyus ls tks fo?kVu lkE;
esa iwoZ ls mifLFkr vk;fud Lih'kh”k dks vkSj miyC/
djokdj lkE;koLFkk dks foLFkkfir djrk gS] og ^le
vk;u izHkko* dgykrk gSA

vr% ge dg ldrs gSa fd le vk;u izHkko yk&'kkrsfy;s
fl¼kar ij vk/kfjr gS] ftls ge [kaM 7-8 esa i<+ pqosQ gSaA

0.05 M ,slhVsV vk;u dks 0.05 M ,slhfVd vEy
esa feykus ij pH dh x.kuk ge bl izdkj dj ldrs gSaµ

HAc(aq) �  H+(aq)   +  Ac–(aq)

izkjafHkd lkanzrk (M)

    0.05      0          0.05

;fn x ,slhfVd vEy esa vk;uu dh ek=kk gksa] rks
lkanzrk esa ifjorZu (M)

–x      +x           +x

lkE; lkanzrk (M)

0.05-x       x       0.05+x

bl izdkj
K

a
= [H+][Ac– ]/[H Ac] = {(0.05+x)(x)}/(0.05-x)

nqcZy vEy osQ fy, K
a 
de gksrk gS x << 0.05

vr% (0.05 + x) ≈ (0.05 – x) ≈  0.05

1.8 × 10–5 = (x) (0.05 + x) / (0.05 – x)

= x(0.05) / (0.05) = x = [H+] = 1.8 × 10–5M

pH = – log(1.8 × 10–5) = 4.74

mnkgj.k 7-24

0.10 M veksfu;k foy;u dh pH dh x.kuk dhft,A
bl foy;u osQ 50 mL dks 0.10 M osQ HCl osQ
25.0 mL ls vfHkfØ;k djokus ij pH dh x.kuk

dhft,A veksfu;k dk fo;kstu fLFkjkad Kb = 1.77 ×

10
–5  gSA

gy

NH3 + H2O → NH4

+
 + OH

–

Kb = [NH4

+
][OH

–
] / [NH3] = 1.77 × 10

–5

mnklhuhdj.k ls iwoZ
[NH4

+
] = [OH

–
] = x

[NH3] = 0.10 – x  ; 0.10

x
2
 / 0.10 = 1.77 × 10

–5

x = 1.33 × 10
–3

 = [OH
–
]

blfy, [H+
] = Kw / [OH

–
] = 10

–14
 /

10
–14

/(1.33 × 10
–3

) = 7.51 × 10
–12

pH = –log(7.5 × 10
–12

) = 11.12

25 mL 0.1M HCl foy;u (vFkkZr~~ 2.5 feyh eksy
HCl) dks 50 mL 0.1 M veksfu;k foy;u (vFkkZr~~
5 mL eksy NH3) esa feykus ij 2.5 feyh eksy
veksfu;k v.kq mnklhuhÑr gks tkrs gSaA 'ks"k 75 mL

foy;u esa vuqnklhuhÑr 2.5 feyheksy NH3 v.kq
rFkk 2.5 feyheksy NH4

+ jg tkrs gSaA
NH

3
    +    HCl    →    NH

4

+
 +  Cl

–

2.5           2.5              0          0

lkE;koLFkk ij
0              0             2.5         2.5

ifj.kkeh 75 mL foy;u esa 2.5 feyheksy NH4

+

vk;u (0.033 M) rFkk 2.5 feyheksy vuqnklhuhÑr
NH3 v.kq (0.033 M) jg tkrs gSaA lkE;koLFkk esa ;g
NH3 bl izdkj jgrk gSµ
NH

4
OH       �     NH

4

+
   +     OH

–

0.033M – y               y              y

tgk¡ y  =  [OH
–
]  =  [NH4

+
]

ifj.kkeh 75 mL foy;u] mnklhuhdj.k osQ i'pkr~
2.5 feyheksy NH4

+ vk;u (0.033 M) ls ;qDr gksrk
gSA vr% NH4

+ dh oqQy lkanzrk bl izdkj nh tkrh gSµ
[NH4

+
] = 0.033 + y

pw¡fd y de gS]  [NH4OH] ∫ 0.033 M rFkk [NH4

+
]

∫ 0.033M.

ge tkurs gSa fd
Kb = [NH4

+
][OH

–
] / [NH4OH]

= y(0.033)/(0.033) = 1.77 × 10
–5

 M

vr%  y = 1.77 × 10
–5

 = [OH
–
]

[H
+
] = 10

–14
 / 1.77 × 10

–5
 = 0.56 × 10

–9

pH = 9.24
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7-11-9 yo.kksa dk ty&vi?kVu ,oa buosQ foy;u
dk pH

vEyksa rFkk {kkjdksa osQ fuf'pr vuqikr esa vfHkfØ;k }kjk cuk,
x, yo.kksa dk ty esa vk;uu gksrk gSA vk;uu }kjk cus èkuk;u]
½.kk;u tyh; foy;u esa ty;ksftr gksrs gSa ;k ty ls
vfHkfØ;k djosQ viuh izÑfr osQ vuqlkj vEy ;k {kkj dk
iquZ:Riknu djrs gSaA ty rFkk /uk;u vFkok ½.kk;u ;k nksuksa
ls gksus okyh vU;ksU; izfØ;k dks ̂ ty&vi?kVu* dgrs gSaA bl
vU;ksU; fØ;k  ls pH izHkkfor gksrh gSA izcy {kkjdksa }kjk fn,
x, /uk;u (mnkgj.kkFkZµ Na+, K+, Ca2+, Ba2+ vkfn) rFkk
izcy vEyksa }kjk fn, x, ½.kk;u (mnkgj.kkFkZµ Cl–, Br–,

NO
3
–, ClO

4
– vkfn) osQoy ty&;ksftr gksrs gSa] ty&vi?kfVr

ugha gksrs gSaA blfy, izcy vEyksa rFkk izcy {kkjksa ls cus yo.kksa
osQ ?kksy mnklhu gksrs gSaA ;kuh mudk pH 7 gksrh gSA ;|fi
vU; izdkj osQ yo.kksa dk ty vi?kVu gksrk gSA

vc ge fuEufyf[kr yo.kksa osQ ty&vi?kVu ij
fopkj djrs gSa%
(i) nqcZy vEyksa ,oa izcy {kkjdksa osQ yo.k] mnkgj.kkFkZµ

CH3COONa

(ii) izcy vEyksa ,oa nqcZy {kkjdksa osQ yo.k] mnkgj.kkFkZµ
NH4Cl, rFkk

(iii) nqcZy vEyksa ,oa nqcZy {kkjdksa osQ yo.k] mnkgj.kkFkZµ
CH3COONH4

izFke mnkgj.k esa CH
3
COONa, nqcZy vEy

CH
3
COOH rFkk izcy {kkj NaOH dk yo.k gS] tks

tyh; foy;u esa iw.kZr;k vk;fur gks tkrk gSA
CH

3
COONa(aq)   →  CH

3
COO– (aq)+  Na+(aq)

bl izdkj cus ,slhVsV vk;u ty osQ lkFk ty
vi?kfVr gksdj ,slhfVd vEy rFkk OH– vk;uksa dk fuekZ.k
djrs gSaµ
CH

3
COO–(aq)+H

2
O(l)�CH

3
COOH(aq)+OH–(aq)

,slhfVd vEy ,d nqcZy vEy gS (Ka = 1.8 × 10–5)]
tks foy;u esa vuk;fur gh jgrk gSA blosQ dkj.k foy;u esa
OH– vk;uksa dh laknzrk esa o`f¼ gks tkrh gS] tks foy;u dks
{kkjh; cukrh gSA bl izdkj cus foy;u dh pH 7 ls T;knk
gksrh gSA

blh izdkj nqcZy {kkjd NH
4
OH rFkk izcy vEy

HCl ls cuk NH
4
Cl ty esa iw.kZr;k vk;fur gks tkrk gSA

NH
4
Cl(aq) → 

4NH+ (aq)  +Cl– (aq)

veksfu;e vk;uksa dk ty vi?kVu gksus ls NH
4
OH

vkSj H+ vk;u curs gSaA

NH aq H O l NH OH aq H aq4 2 4
+ +( ) + ( ) ( ) + ( )�

veksfu;e gkbMªkWDlkbM (K
b
 = 1.77 × 10–5) ,d

nqcZy {kkjd gSA ;g foy;u esa vuk;fur jgrk gSA blosQ
ifj.kkeLo:i foy;u esa H+ vk;u lkanzrk c<+ tkrh gS vkSj
foy;u dks vEyh; cuk nsrh gSA vr% NH

4
Cl osQ ty esa

foy;u dk pH 7 ls de gksxkA
nqcZy vEy rFkk nqcZy {kkjd }kjk cuk, x, yo.k

CH
3
COONH

4
 osQ ty&vi?kVu dks ns[ksaA blosQ }kjk fn,

x, vk;uksa dk vi?kVu bl izdkj gksrk gSµ
CH

3
COO– + NH

4
+ +  H

2
O  CH

3
COOH +

NH
4
OH

CH
3
COOH rFkk NH

4
OH vkaf'kd :i ls bl

izdkj vk;uhÑr jgrs gSaµ
CH

3
COOH   �    CH

3
COO–  +  H+

NH
4
OH   �    NH

4
+    +   OH–

H
2
O   �    H+  +  OH–

foLrkj ls x.kuk fd, fcuk dgk tk ldrk gS fd
ty&vi?kVu dh ek=kk foy;u dh lkanzrk ls Lora=k gksrh gSA
vr% foy;u dk pH gSµ

pH = 7 + ½ (pK
a
 – pK

b
) (7.38)

foy;u dk pH 7 ls T;knk gksxk] ;fn varj/ukRed
gks rFkk pH 7 ls de gksxk] ;fn varj ½.kkRed gksµ

mnkgj.k 7-25

,slhfVd vEy dk pKa rFkk veksfu;e gkbMªkWDlkbM
dk pKb Øe'k% 4-76 vkSj 4-75 gSA veksfu;e
,slhVsV foy;u dh pH dh x.kuk dhft,A

gy
pH = 7 + ½ [pKa – pKb]

= 7 + ½ [4.76 – 4.75]

= 7 + ½ [0.01]  = 7 + 0.005  = 7.005

7-12 ci+ Qj&foy;u

'kjhj esa mifLFkr dbZ rjy (mnkgj.kkFkZµjDr ;k ew=k) osQ

fuf'pr pH gksrs gSaA buosQ pH esa gqvk ifjorZu 'kjhj osQ

Bhd ls dke u djus (Malfunctioning) dk lwpd gSA

dbZ jklk;fud ,oa tSfod vfHkfØ;kvksa esa Hkh pH dk
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223lkE;koLFkk

fu;a=k.k cgqr egÙoiw.kZ gksrk gSA dbZ vkS"k/h; ,oa izlk/uh;
la:i.kksa (Consmetic Formulation) dks fdlh fo'ks"k
pH ij j[kk tkrk gS ,oa 'kjhj esa izfo"V djk;k tkrk gSA ,sls
foy;u] ftudk pH ruq djus vFkok vEy ;k {kkjd
dh FkksM+h lh ek=kk feykus osQ ckn Hkh vifjofrZr jgrk
gS] ^ciQj&foy;u* dgykrs gSaA Kkr pH osQ foy;u osQ
vEy dks pKa rFkk {kkjd osQ pK

b
 osQ fofnr ekuksa rFkk

vEyksa vkSj yo.kksa osQ vuqikr ;k vEyksa rFkk {kkjdksa osQ
vuqikr osQ fu;a=k.k }kjk cukrs gSaA ,sflfVd vEy rFkk
lksfM;e ,flVsV dk feJ.k yxHkx pH, 4.75 dk ci+ Qj
foy;u nsrk gS rFkk veksfu;e DyksjkbM ,oa veksfu;e
gkbMªkWDlkbM dk feJ.k pH, 9.25 nsrk gSA ci+ Qj foy;uksa
osQ ckjs esa mPp d{kkvksa esa ge vkSj vf/d i<+saxsA

7-12-1- cIk+Qj foy;u cukuk
pK

a
, pK

b
vkSj lkE;fLFkjkad dk Kku gesa Kkr pH dk

cI+kQj foy;u cukus esa lgk;rk djrk gSA vkb, ns[ksa
fd ge ;g oSQls dj ldrs gSaA

vEyh;&c-iQj cukuk
vEyh; pH dk cI+kQj cukus osQ fy, ge nqcZy vEy
vkSj blosQ }kjk izcy {kkj osQ lkFk cuk, tkus okys
yo.k dk mi;ksx djrs gSaA ge pH, nqcZy vEy osQ
lkE; fLFkjkad K

b
 vkSj nqcZy vEy vkSj blosQ la;qfXer

{kkjd dh lkanzrkvksa osQ vuqikr esa lEca/ LFkkfir djus
okyk lehdj.k LFkkfir djrs gSaA ,d lkekU; fLFkfr esa
tgk¡ nqcZy vEy HA ty esa vk;uhÑr gksrk gS]

HA + H
2
O �  H

3
O

+
 + A

–

blosQ fy, ge fuEufyf[kr O;atd fy[k ldrs gSa&

K
a
  =  

–+
3[H O ] [A ]
[HA]

mijksDr O;atd dks iquZO;ofLFkr djus ij

+

3
[H O ]   =  K

a –

[HA]

[A ]

nksuksa vksj dk y?kqqx.kd ysus osQ ckn inksa dks iquO;ZofLFkr
djus ij gesa izkIr gksrk gS&

–
[A ]

p pH log
[HA]

a
K = −

vFkok
–

[A ]
pH = p log

[HA]
Ka + (7.39)

–
A[ ]

pH = pK + log
[ HA]

a 

l;a qfXer  {kkjd] 

vEy] 
    (7.40)

O;atd (7.40) gsUMlZu&gklsycY[k lehdj.k dgykrk

gSA 
–

[A ]

[HA]
 , la;qfXer {kkjd (Í.kk;u) vkSj feJ.k esa

mifLFkr vEy dh lkanzrkvksa dk vuqikr gSA vEy nqcZy
gksus osQ dkj.k cgqr de vk;uhÑr gksrk gS vkSj lkanzrk
[HA], cI+kQj cukus dks fy, x, vEy dh lkanzrk ls
ys'kek=k gh fHkUu gksrh gSA lkFk gh] vf/drj la;qfXer
{kkjd] [A–], vEy osQ yo.k osQ vk;uhÑr gksus ls izkIr
gksrk gSA blfy, la;qfXer {kkjd dh lkanzrk yo.k dh
lkanzrk ls osQoy ys'kek=k fHkUu gksxhA blfy, lehdj.k
(7.40) fuEufyf[kr izdkj ls :ikarfjr gks tkrk gS&

      

 

[ ]
pH = pK + log

[ ]
a

yo.k

vEy

;fn lehdj.k (7.39) esa] [A–] dh lkanzrk [HA] dh
lkanzrk osQ cjkcj gks rks pH = pK

a
 gksxk] D;ksafd log1 dk

eku 'kwU; gksrk gSA blfy, ;fn ge vEy vkSj yo.k
(la;qfXer {kkjd) dh eksyj lkanzrk cjkcj ysa rks cI+kQj
dk pH vEy osQ pK

a
 osQ cjkcj gksxkA vr% visf{kr pH

dk cI+kQj cukus osQ fy, ge ,sls vEy dk p;u djrs
gSa ftldk pK

a 
visf{kr pH osQ cjkcj gksrk gSA ,slhfVd

vEy dk pK
a 
eku 4.76 gksrk gS] blfy, ,slhfVd

vEy vkSj lksfM;e ,slhVsV dks cjkcj ek=kk esa ysdj
cuk, x, cI+kQj dk pH yxHkx 4.76 gksxkA

nqcZy {kkjd vkSj blosQ la;qfXer vEy ls cus
cI+kQj dk ,slk gh fo'ys"k.k fuEufyf[kr ifj.kke nsxk]

p  = p + log
[ ]

[ ]
OH

BH
+

B
K

b 

la;qfXer vEy] 

{kkjd] 
       (7.41)
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cI+kQj foy;u osQ pH dk ifjdyu] lehdj.k pH

+ pOH =14 dk mi;ksx djosQ fd;k tk ldrk gSA
ges a Kkr gS fd pH + pOH = pK

w 
vkSj

pK
a
 + pK

b
 = pK

w
A
  
bu ekuksa dks lehdj.k (7.41)  esa

j[kus ij bldk fuEufyf[kr :ikarj.k izkIr gksrk gS&

                         
w w a

+[ BH ]
p  – pH= p – p + log

[ B]
K K K

l;a qfXer vEy] 

{kkjd] 

vFkok

a

+[ BH ]
pH = p  + log

[ B]
K

l;a qfXer vEy] 

{kkjd] 
      (7.42)

;fn {kkjd vkSj blosQ la;qfXer vEy (/uk;u) dh
lkanzrk cjkcj gks rks cI+kQj foy;u dk pH {kkjd osQ
pK

a 
 osQ cjkcj gksxkA veksfu;k dk  pK

a 
eku 9.25 gksrk

gS] vr% 9.25 pH dk cI+kQj ,d leku lkanzrk okys
veksfu;k foy;u vkSj veksfu;e DyksjkbM foy;u ls
cuk;k tk ldrk gSA veksfu;e DyksjkbM vkSj veksfu;e
gkbMªkWDlkbM ls cus cI+kQj foy;u osQ fy, lehdj.k
(7.42)  dk Lo:i gksxk&

+
[ BH ]

pH = 9.25 + log
[ B]

l;a qfXer vEy] 

{kkjd] 

cI+kQj foy;u osQ pH ij ruqdj.k dk vlj ugha
iM+rk D;ksafd y?kqx.kd osQ varxZr vkus okyk in
vifjo£rr jgrk gSA

7-13 vYifoys; yo.kksa dh foys;rk
lkE;koLFkk

gesa Kkr gS fd ty esa vk;fud Bkslksa dh foys;rk esa
cgqr varj jgrk gSA buesa ls oqQN rks brus vf/d foys;
(tSls oSQfYl;e DyksjkbM) gSa fd os izÑfr esa vknzZrkxzkgh
gksrs gSa rFkk ok;qeaMy ls ty&ok"i 'kksf"kr dj ysrs gSaA
oqQN vU; (tSls yhfFk;e ÝyqvksjkbM) dh foys;rk
bruh de gS fd bUgsa lkekU; Hkk"kk esa ̂ vfoys;* dgrs gSaA
foys;rk dbZ ckrksa ij fuHkZj djrh gS] ftuesa ls eq[; gS]
yo.k dh tkyd Å"ek (Lattice Enthalpy) rFkk foy;u

esa vk;uksa dh foyk;d ,aFkSYih gSA ,d yo.k dks
foyk;d esa ?kksyus osQ fy, vk;uksa osQ eè; izcy
vkd"kZ.k cy (tkyd ,aFkSYih) ls vk;u&foyk;d vU;ksU;
fØ;k vf/d gksuh pkfg,A vk;uksa dh foyk;d ,aFkSYih
dks foyk;dh;u osQ :i esa fu:fir djrs gSa] tks lnSo
½.kkRed gksrh gSA vr% foyk;dh; izfØ;k esa ÅtkZ eqDr
gksrh gSA foyk;dh;u ÅtkZ dh ek=kk foyk;d dh izÑfr
ij fuHkZj gksrh gSA v/zqoh; (lgla;kstd) foyk;d esa
foyk;dh;u ,aFkSYih dh ek=kk de gksrh gS] tks yo.k dh
tkyd ÅtkZ dks ijkFko (Overcome) djus esa l{ke ugha
gSA ifj.kkeLo:i yo.k v/qzoh foyk;d esa ugha ?kqyrk gSA
;fn dksbZ yo.k ,d lkekU; fu;e ls ty esa ?kqy ldrk
gS] rks bldh foyk;dh;u ,aFkSYih yo.k dh tkyd
,aFkSYih ls vf/d gksuh pkfg,A izR;sd yo.k dh ,d
vfHkyk{k.kh; foys;rk gksrh gS] tks rki ij fuHkZj djrh
gSA izR;sd yo.k dh viuh fof'k"V foys;rk gksrh gSA ;g
rki ij fuHkZj djrh gSA ge bu yo.kksa dks budh foys;rk
osQ vk/kj ij rhu oxks± esa foHkkftr djrs gSaµ

oxZ I foys; foys;rk > 0.1 M

oxZ II oqQN de foys; 0.01 < foys;rk < 0.1 M

oxZ III vYi foys; foys;rk < 0.01 M

vc ge vU; foys; vk;fud yo.k rFkk blosQ
lar`Ir tyh; foy;u osQ chp lkE;koLFkk ij fopkj djsaxsA

7-13-1 foys;rk xq.kuiQy fLFkjkad

vkb,] csfj;e lYisQV ln`'k Bksl yo.k] tks blosQ lar`Ir
tyh; foy;u osQ laioZQ esa gS] ij fopkj djsaA v?kqfyr Bksl
rFkk blosQ lar`Ir foy;u osQ vk;u osQ eè; lkE;koLFkk dks
fuEufyf[kr lehdj.k }kjk izn£'kr fd;k tkrk gSµ

BaSO
4
(s)  ty� ⇀����↽ �����   Ba2+(aq) + SO

4
2–(aq),

lkE;koLFkk fLFkjkad fuEufyf[kr lehdj.k }kjk izn£'kr
fd;k tkrk gSµ

K = {[Ba2+][SO
4
2–]} / [BaSO

4
]

'kq¼ Bksl inkFkZ dh lkanzrk fLFkj gksrh gSA
vr% K

sp
 = K[BaSO

4
] = [Ba2+][SO

4
2–] (7.43)

K
sp
 dks ^foys;rk xq.kuiQy&fLFkjkad* ;k ^foys;rk

xq.kuiQy* dgrs gSaA mijksDr lehsdj.k esa K
sp
 dk izk;ksfxd

eku 298 K ij 1.1 × 10–10 gSA bldk vFkZ ;g gS fd
Bksl csfj;e lYisQV] tks vius lar`Ir foy;u osQ lkFk
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225lkE;koLFkk

lkE;koLFkk esa gS] osQ fy, csfj;e rFkk lYisQV vk;uksa dh
lkanzrkvksa dk xq.kuiQy blosQ foys;rk&xq.kuiQy fLFkjkad
osQ rqY; gksrk gSA bu nksuksa vk;uksa dh lkanzrk csfj;e lYisQV
dh eksyj&foys;rk osQ cjkcj gksxhA ;fn eksyj foys;rk
'S' gks] rks

1.1 × 10–10 = (S)(S) = S2  ;k S = 1.05 × 10–5

bl izdkj csfj;e lYisQV dh eksyj&foys;rk
1.05 × 10–5 mol L–1 gksxhA

dksbZ yo.k fo;kstu osQ iQyLo:i fHkÂ&fHkÂ vkos'kksa
okys nks ;k nks ls vf/d ½.kk;u ;k /uk;u ns ldrk gSA
mnkgj.k osQ fy,µ vkb,] ge ftdkZsfu;e iQkWLisQV (Zr4+)

3

(PO
4

3–)
4
 ln`'k yo.k ij fopkj djsa] tks pkj /ukos'kokys

rhu ftdkZsfu;e vk;uksa ,oa rhu ½.k vkos'kokys 4 iQkLisQV
½.kk;uksa esa fo;ksftr gksrk gSA ;fn ftdkZsfu;e iQkLisQV dh
eksyj&foys;rk 'S' gks] rks bl ;kSfxd osQ jllehdj.kferh;
vuqikr osQ vuqlkj

[Zr4+] = 3S rFkk [PO
4
3–] = 4S gksaxsA

vr% K
sp

 = (3S)3 (4S)4 = 6912 (S)7

;k S = {K
sp

 / (33 × 44)}1/7 = (K
sp

 / 6912)1/7

;fn fdlh Bksl yo.k] ftldk lkekU; lw=k p q
x yM X

+ −

gks] tks vius lar`Ir foy;u osQ lkFk lkE;koLFkk esa gks rFkk
ftldh eksyj&foys;rk 'S' gh] dks fuEufyf[kr lehdj.k
}kjk O;Dr fd;k tk ldrk gSµ

M
x
X

y
(s) �  xMp+(aq) + yXq– (aq)

(;gk¡ x × p+ = y × q–)

rFkk bldk foys;rk&xq.kuiQy fLFkjkad fuEufyf[kr
lehdj.k }kjk O;Dr fd;k tkrk gSµ

K
sp

= [Mp+]x[Xq– ]y = (xS)x(yS)y (7.44)

= xx . yy . S(x + y)

S(x + y) = K
sp

 / xx . yy

blfy, S = (K
sp

 / xx . yy)1 / x + y (7.45)

lehdj.k esa tc ,d ;k vf/d Lih'kh”k dh lkanzrk
mudh lkE;koLFkk lkanzrk ugha gksrh gS] rc K

sp
 dks Q

sp
 ls

O;Dr fd;k tkrk gS (ns[ksa bdkbZ 7-6-2)A Li"V gS fd
lkE;koLFkk ij K

sp
= Q

sp
 gksrk gS] ̄drq vU; ifjfLFkfr;ksa esa

;g vo{ksi.k ;k foy;u (Dissolution) izfØ;kvksa dk
laosQr nsrk gSA lkj.kh 7-9 esa 298 K ij oqQN lkekU; yo.kksa
osQ foys;rk&xq.kuiQy fLFkjkadksa osQ eku fn, x, gSaA

lkj.kh 7-9  298K ij oqQN lkekU; vk;fud yo.kksa osQ
foys;rk&xq.kuiQy fLFkjkad K

sp
 osQ eku
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7-13-2 vk;fud yo.kksa dh foys;rk ij le vk;u
izHkko

yk&'kkrfy, fl¼kar osQ vuqlkj] ;g vk'kk dh tkrh gS fd ;fn
fdlh yo.k foy;u esa fdlh ,d vk;u dh lkanzrk c<+kus ij
vk;u vius foijhr vkos'k osQ vk;u osQ lkFk la;ksx djsxk rFkk
foy;u ls oqQN yo.k rc rd vo{ksfir gksxk] tc rd ,d ckj
iqu% K

sp
 = Q

sp
 u gks tk,A ;fn fdlh vk;u dh lkanzrk ?kVk nh

tk,] rks oqQN vkSj yo.k ?kqydj nksuksa vk;uksa dh lkanzrk c<+k nsaxs]
rkfd fiQj K

sp 
= Q

sp
 gks tk,A ;g foys; yo.kksa osQ fy, Hkh ykxw

gSa] flok; blosQ fd vk;uksa dh mPp lkanzrk osQ dkj.k Q
sp
 O;atd

esa eksyjrk osQ LFkku ij ge lfØ;rk (activities) dk iz;ksx
djrs gSaA bl izdkj lksfM;e DyksjkbM osQ lar`Ir foy;u esa HCI

osQ fo;kstu ls izkIr DyksjkbM vk;u dh lkanzrk (lfØ;rk) c<+
tkus osQ dkj.k lksfM;e DyksjkbM dk vo{ksi.k gks tkrk gSA bl
fof/ ls izkIr lksfM;e DyksjkbM cgqr gh 'kq¼ gksrk gSA bl izdkj
ge lksfM;e vFkok eSXuhf'k;e lYisQV tSlh v'kqf¼;k¡ nwj dj
ysrs gSaA HkkjkRed fo'ys"k.k esa fdlh vk;u dks cgqr de foys;rk
okys mlosQ vYi foys; yo.k osQ :i esa iw.kZ:is.k vo{ksfir
djus esa Hkh le vk;u izHkko dk iz;ksx fd;k tkrk gSA bl izdkj
ge HkkjkRed fo'ys"k.k esa flYoj vk;u dk vo{ksi.k flYoj
DyksjkbM osQ #i esa] isQfjd vEy dk vo{ksi.k isQfjd gkbMªkWDlkbM
osQ #i esa rFkk vo{ksi.k csfj;e vk;u dk csfj;e lYisQV osQ :i
esa dj ldrs gSaA

nqcZy vEy osQ yo.kksa dh foys;rk de pH ij c<+rh
gS] D;ksafd de pH ij ½.kk;u dh lkanzrk blosQ
çkssVkWuhdj.k osQ dkj.k ?kVrh gS] tks yo.k dh foys;rk
dks c<+k nsrk gSA blls K

sp
 = Q

sp 
gesa nks lkE;ksa dks ,d

lkFk larq"V djuk gksrk gS] vFkkZr~~ K
sp

 = [M+] [X–],

HX aq H aq X aq( ) ( ) + ( )+ −� ;

( ) ( )
( )a

H aq X aq

HX aq

+ −      =
  

K

[X –] / [HX] = K
a
 / [H+]

nksuksa rjiQ dk O;qRØe ysdj 1 tksM+us ij gesa izkIr
gksxk

[ ] a

a

HX X H

X

K

K

− +

−

   + +   =
  

iqu% O;qRØe ysus ij gesa izkIr gksxk [X–] / {[X–] +

[HX]} = f = K
a
 / (K

a
 + [H+])A ;g ns[kk tk ldrk gS

fd pH osQ ?kVus ij 'f' Hkh ?kVrk gSA ;fn nh xbZ pH

ij yo.k dh foys;rk S gks] rks

K
sp

 = [S] [f S] = S2 {K
a
 / (K

a
 + [H+])} ,oa

S = {K
sp 

([H+] + K
a
 ) / K

a
 }1/2  (7.46)

vr% S, [H+] osQ c<+us ;k pH osQ ?kVus ij foys;rk
c<+rh gSA

mnkgj.k 7-26

;g ekurs gq, fd fdlh Hkh izdkj osQ vk;u ty ls
vfHkfØ;k ugha djrs] 'kq¼ ty esa A2X3 dh foys;rk
dh x.kuk dhft,A A2X3 dk foys;rk xq.kuiQy Ksp

= 1.1 × 10
–23 gSA

gy
A2X3 → 2A

3+
 + 3X

2–

Ksp = [A
3+

]
2
 [X

2–
]
3
 = 1.1 × 10

–23

;fn S = A2X3, dh foys;rk] rks
[A

3+
] = 2S;  [X

2–
] = 3S

bl izdkj Ksp = (2S)
2
(3S)

3
 = 108S

5

= 1.1 × 10
–23

vr% S
5
 = 1 × 10

–25

S = 1.0 × 10
–5

 mol/L.

mnkgj.k 7-27

nks vYi foys; yo.kksa Ni (OH)2 ,oa AgCN osQ
foys;rk&xq.kuiQy osQ eku Øe'k% 2.0 × 10

–15 ,oa 6
× 10

–17 gSaA dkSu lk yo.k vf/d foys; gS\

gy
AgCN �  Ag

+
 + CN

–

Ksp =  [Ag
+
][CN

–
] = 6 × 10

–17

Ni(OH)2 �  Ni
2+

 + 2OH
–

Ksp = [Ni
2+

][OH
–
]
2
 = 2 × 10

–15

;fn [Ag
+
] = S1, rks [CN

-
] = S1

;fn [Ni
2+

] = S2, rks [OH
–
] = 2S2

S1

2
 = 6 × 10

–17
 , S1 = 7.8 × 10

–9

(S2)(2S2)
2
 = 2 × 10

–15
, S2 = 0.58 × 10

–4

AgCN ls Ni(OH)2 dh foys;rk vf/d gSA
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mnkgj.k 7-28

0.10 M NaOH esa Ni (OH)2 dh eksyj foys;rk dh
x.kuk fdft,A Ni (OH)2 dk vk;fud xq.kuiQy
2.0 ×10

–15 gSA
gy
ekuk fd Ni (OH)2 dh foys;rk S mol L

–1 osQ foys;
gksus ls Ni

2+ osQ (S) eksy ,oa OH
– osQ 2S mol L

–1

eksy fyVj curs gSa] ysfdu OH
– dh oqQy lkanzrk OH

–

(0.10 + 2S) mol L
–1 gksxh] D;ksafd foy;u esa igys ls

gh NaOH ls izkIr 0.10 mol L
–1 mifLFkr gSA

Ksp = 2.0 × 10
–15

 = [Ni
2+

] [OH
–
]
2
 = (S) (0.10 +2S)

2

pw¡fd Ksp dk eku de gSA 2S << 0.10 vr% (0.10 +

2S) ≈ 0.10

vFkkZr~~  2.0 × 10
–15

 = S (0.10)
2

  
S = 2.0 × 10

–13
 M = [Ni

2+
]

lkjka'k

;fn nzo ls fudyusokys v.kqvksa dh la[;k ok"i ls nzo esa ykSVusokys v.kqvksa dh la[;k osQ cjkcj gks] rks lkE; LFkkfir
gks tkrk gSA ;g xfr'khy izo`Qfr dk gksrk gSA lkE;koLFkk HkkSfrd ,oa jklk;fud] nksuksa izØeksa }kjk LFkkfir gks ldrh gSA
bl voLFkk esa vxz ,oa i'p vfHkfØ;k dh nj leku gksrh gSA mRiknksa dh lkanzrk dks vfHkdkjdksa dh lkanzrk ls Hkkx nsus
ij ge izR;sd in dks jllehdj.kferh; fLFkjkad osQ ?kkr osQ :i esa lkE; fLFkjkad K

c
 dks O;Dr djrs gSaA

vfHkfØ;k a A + b B �  c C +d D osQ fy, K
c
 = [C]

c
[D]

d
/[A]

a
[B]

b

fu;r rki ij lkE;koLFkk fLFkjkad dk eku fu;r jgrk gSA bl voLFkk esa lHkh LFkwy xq.k tSls lkanzrk] nkc vkfn
fLFkj jgrs gSaA xSlh; vfHkfØ;k osQ fy, lkE;koLFkk fLFkjkad dks K

p
 ls O;Dr djrs gSaA blesa lkE;koLFkk fLFkjkad in esa

lkanzrk osQ LFkku ij ge vkaf'kd nkc fy[krs gSaA vfHkfØ;k dh fn'kk dk vuqeku vfHkfØ;k HkkxiQy Q
c
 ls yxk;k tkrk

gS] tks lkE;koLFkk ij K
c
 osQ cjkcj gksrk gSA ̂ yk&'kkrsyh, fl¼kar*] osQ vuqlkj rki] nkc] lkanzrk vkfn dkjdksa esa ls fdlh

,d esa ifjorZu osQ dkj.k lkE;koLFkk mlh fn'kk esa foLFkkfir gksrh gS] tks ifjorZu osQ izHkko dks de ;k u"V dj losaQ
mldk mi;ksx fofHkUu dkjdksa tSls rki] lkanzrk] nkc] mRizsjd vkSj vfØ; xSlksa osQ lkE; dh fn'kk ij izHkko osQ vè;;u
esa fd;k tkrk gS rFkk mRikn dh ek=kk dk fu;a=k.k bu dkjdksa dks fu;af=kr djosQ fd;k tk ldrk gSA vfHkfØ;k feJ.k
osQ lkE;koLFkk laxBu dks mRizsjd izHkkfor ugha djrk] ¯drq vfHkfØ;k dh xfr dks u, fuEu ÅtkZ&iFk esa vfHkdkjd
ls mRikn rFkk foykser% mRikn ls vfHkdkjd esa cnydj c<+krk gSA

os lHkh inkFkZ] tks tyh; foy;u esa fo|qr~ dk pkyu djrs gSa] ^fo|qr~ vi?kV~;* dgykrs gSaA vEy] {kkjd rFkk
yo.k ̂ fo|qr~ vi?kV~;* gSaA ;s tyh; foy;u esa fo;kstu ;k vk;uu }kjk /uk;u ,oa ½.kk;u osQ mRiknu osQ dkj.k fo|qr~
dk pkyu djrs gSaA izcy fo|qr~ vi?kV~; iw.kZr% fo;ksftr gks tkrs gSaA nqcZy fo|qr~ vi?kV~; esa vk;fur ,oa vuk;fur
v.kqvksa osQ eè; lkE; gksrk gSA vkjsfu;l osQ vuqlkj] tyh; foy;u esa vEy] gkbMªkstu vk;u rFkk {kkjd] gkbMªkWfDly
vk;u nsrs gSaA laxr la;qXeh vEy nsrk gSA nwljh vksj czkUlVsM&yksjh us vEy dks izksVkWunkrk osQ di esa ,oa {kkjd izksVkWuxzkgh
osQ di esa ifjHkkf"kr fd;kA tc ,d czkULVsM&yksjh vEy ,d {kkjd ls vfHkfØ;k djrk gS] rc ;g bldk laxr la;qXeh
{kkjd ,oa fØ;k djus okys {kkjd osQ laxr la;qXeh vEy dks cukrk gSA bl izdkj la;qXeh vEy&{kkj esa osQoy ,d izksVkWu
dk varj gksrk gSA vkxs] ywbl us vEy dks lkekU; :i esa bysDVªkWu ;qXexzkgh ,oa {kkjd dks bysDVªkWu ;qXenkrk osQ :i
esa ifjHkkf"kr fd;kA vkjsfu;l dh ifjHkk"kk osQ vuqlkj] nqcZy vEy osQ fo;kstu osQ fy, fLFkjkad (K

a
) rFkk nqcZy {kkj osQ

fo;kstu osQ fy, fLFkjkad (K
b
) osQ O;atd dks fodflr fd;k x;kA vk;uu dh ek=kk ,oa mldh lkanzrk ij fuHkZjrk rFkk

le vk;u dk foospu fd;k x;k gSA gkbMªkstu vk;u dh lkanzrk (lfØ;rk) osQ fy, pH ekiØe (pH = -log[H+])

izLrqr fd;k x;k gSA rFkk mls vU; jkf'k;ksa osQ fy, foLrkfjr fd;k (pOH = – log[OH–]) ; pK
a 
= –log[K

a
] ; pK

b
 =

–log[K
b 
rFkk pK

w
 = –log[K

w
] vkfn) x;k gSA ty osQ vk;uu dk vè;;u djus ij ge ns[krs gSa fd lehdj.k pH +

pOH = pK
w 
ges'kk larq"V gksrh gSA izcy vEy ,oa nqcZy {kkj] nqcZy vEy ,oa izcy {kkj vkSj nqcZy vEy ,oa nqcZy

{kkj osQ yo.kksa dk tyh; foy;u esa ty&vi?kVu gksrk gSA ciQj foy;u dh ifjHkk"kk rFkk mlosQ egÙo dk laf{kIr o.kZu
fd;k x;k gSA vYi foys; yo.kksa osQ foys;rk lacaèkh lkE;ksa dk o.kZu ,oa foys;rk xq.kkad fLFkjkad (K

sp
) dh O;qRifÙk djrs

gSaA bldk laca/ yo.kksa dh foys;rk ls LFkkfir fd;k x;kA foy;u ls yo.k osQ vo{ksi.k ;k mlosQ ty esa foys;rk dh 'krks±
dk fu/kZj.k fd;k x;k gSA le vk;u ,oa vYi foys; yo.kksa dh foy;srk osQ egÙo dh Hkh foospuk dh xbZ gSA
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vH;kl

7-1 ,d nzo dks lhycan ik=k esa fuf'pr rki ij blosQ ok"i osQ lkFk lkE; esa j[kk tkrk gSA ik=k dk

vk;ru vpkud c<+k fn;k tkrk gSA

(d) ok"i&nkc ifjorZu dk izkjafHkd ifj.kke D;k gksxk\

([k) izkjaHk esa ok"iu ,oa la?kuu dh nj osQls cnyrh gS\

(x) D;k gksxk] tc fd lkE; iqu% vafre :i ls LFkkfir gks tk,xk rc vafre ok"i nkc D;k gksxk\

7-2 fuEu lkE; osQ fy, K
c
 D;k gksxk] ;fn lkE; ij izR;sd inkFkZ dh lkanzrk,¡ gSa [SO

2
]= 0.60M,

[O
2
] = 0.82M ,oa [SO

3
] = 1.90M

2SO
2
(g) + O

2
(g) � 2SO

3
(g)

7-3 ,d fuf'pr rki ,oa oqQy nkc 105 Pa ij vk;ksMhu ok"i esa vk;rukuqlkj 40% vk;ksMhu
ijek.kq gksrs gSaA

I
2
 (g) �  2I (g)

lkE; osQ fy, Kp dh x.kuk dhft,A

7-4 fuEufyf[kr esa ls izR;sd vfHkfØ;k osQ fy, lkE; fLFkjkad Kc dk O;atd fyf[k,µ

(i) 2NOCl (g) �  2NO (g) + Cl
2
 (g)

(ii) 2Cu(NO
3
)
2
 (s) �  2CuO (s) + 4NO

2
 (g) + O

2 
(g)

(iii) CH
3
COOC

2
H

5
(aq) + H

2
O(l) � CH

3
COOH (aq) + C

2
H

5
OH (aq)

(iv) Fe3+ (aq) + 3OH– (aq) �  Fe(OH)
3 
(s)

(v) I
2
 (s) + 5F

2
 �  2IF

5

7-5 K
p 
osQ eku ls fuEufyf[kr esa ls izR;sd lkE; osQ fy, K

c 
dk eku Kkr dhft,µ

(i) 2NOCl (g) �  2NO (g) + Cl
2
 (g);  K

p
= 1.8 × 10–2 at 500 K

(ii) CaCO
3
 (s) �  CaO(s) + CO

2
(g);  K

p
= 167 at 1073 K

fo|k£Fk;ksa osQ fy, bl ,dd ls lacaf/r funsZf'kr fØ;k,¡

(d) fo|kFkhZ fofHk=k rktk iQyksa ,oa lfCt;ksa osQ jlksa] e`nq is;] 'kjhj inkFkks± nzoksa ,oa miyC/ ty osQ uewuksa
dk pH Kkr djus osQ fy, pH isij dk mi;ksx dj ldrs gSaA

([k) pH isij dk mi;ksx fofHkUu yo.kksa dk foy;u dh pH Kkr djus esa Hkh fd;k tk ldrk gSA og ;g
irk dj ldrk@ldrh gS fd ;s izcy@nqcZy vEyksa ;k {kkjksa ls cuk, x, gSaA

(x) os lksfM;e ,lhVsV ,oa ,lhfVd vEy dks fefJr dj oqQN ciQj foy;u cuk ldrs gSa ,oa pH isij
dk mi;ksx dj mudk pH Kkr dj ldrs gSaA

(?k) mUgsa fofHk=k pH osQ foy;uksa esa fofHk=k jax izsf{kr djus osQ fy, lwpd fn, tk ldrs gSaA
(Ä) lwpdksa dk mi;ksx dj oqQN vEy {kkj vuqekiu dj ldrs gSaA
(p) os vYi foys; yo.kksa dh foys;rk ij le vk;u izHkko dks ns[k ldrs gSaA
(N) ;fn fo|ky; esa pH ehVj miyC/ gks] rks os blls pH eki dj mldh pH isij ls izkIr ifj.kkeksa ls

rqyuk dj ldrs gSaA
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7-6 lkE; NO (g) + O
3
 (g) � NO

2
 (g) + O

2
 (g) osQ fy, 1000K ij K

c
 = 6.3 × 1014 gSA

lkE; esa vxz ,oa izrhi nksuksa vfHkfØ;k,¡ izkFkfed :i ls f}v.kqd gSaA izrhi vfHkfØ;k osQ fy,
K

c
 D;k gS\

7-7 lkE; fLFkjkad dk O;atd fy[krs le; le>kb, fd 'kq¼ nzoksa ,oa Bkslksa dks misf{kr D;ksa fd;k tk
ldrk gS\

7-8 N
2 
,oa O

2–
 osQ eè; fuEufyf[kr vfHkfØ;k gksrh gSµ

2N
2
 (g) + O

2
 (g)  �   2N

2
O (g)

;fn ,d 10L osQ ik=k esa 0.482 eksy N
2 
,oa 0.933 eksy  O

2 
j[ksa tk,¡ rFkk ,d rki] ftlij

N
2
O

 
cuus fn;k tk, rks lkE; feJ.k dk la?kVu Kkr dhft, K

c
= 2.0 × 10–37A

7-9 fuEufyf[kr vfHkfØ;k osQ vuqlkj ukbfVªd vkWDlkbM Br
2 
ls vfHkfØ;k dj ukbVªksfly czksekbM

cukrh gSµ

2NO (g) + Br
2
 (g) �  2NOBr (g)

tc fLFkj rki ij ,d can ik=k esa 0.087 eksy NO ,oa 0.0437 eksy Br
2
 fefJr fd, tkrs

gSa] rc 0.0518 eksy NOBr izkIr gksrh gSA NO ,oa Br
2
 dh lkE; ek=kk Kkr dhft,A

7-10 lkE; 2SO
2
(g) + O

2
(g) � 2SO

3
 (g) osQ fy, 450K ij K

p
= 2.0 × 1010 bar gSA bl rki

ij K
c 
dk eku Kkr dhft,A

7-11 HI(g) dk ,d uewuk 0.2 atm nkc ij ,d ÝykLd esa j[kk tkrk gSA lkE; ij HI(g) dk vkaf'kd
nkc 0.04 atm gSA ;gk¡ fn, x, lkE; osQ fy, Kp dk eku D;k gksxk\

2HI (g) �  H
2
 (g) + I

2
 (g)

7-12 500K rki ij ,d 20L ik=k esa N
2
 osQ 1.57 eksy] H

2
 osQ 1.92 eksy ,oa NH

3
 osQ 8.13 eksy

dk feJ.k fy;k tkrk gSA vfHkfØ;k N
2
 (g) + 3H

2
 (g)� 2NH

3 
(g) osQ fy, K

c
 dk eku

1.7 × 102 gSA D;k vfHkfØ;k&feJ.k lkE; esa gS\ ;fn ugha] rks usV vfHkfØ;k dh fn'kk D;k gksxh\

7-13 ,d xSl vfHkfØ;k osQ fy,

[ ] [ ]
[ ] [ ]

4 5

3 2

4 6

2

NH O

NO H O
=cK  gS] rks

bl O;atd osQ fy, larqfyr jklk;fud lehdj.k fyf[k,A

7-14 H
2
O dk ,d eksy ,oa CO dk ,d eksy 725 K rki ij 10L osQ ik=k esa fy, tkrs gSaA lkE;

ij 40% ty (HkkjkRed) CO osQ lkFk fuEufyf[kr lehdj.k osQ vuqlkj vfHkfØ;k djrk gSµ

H
2
O (g) + CO (g) �  H

2
 (g) + CO

2
 (g)

vfHkfØ;k osQ fy, lkE; fLFkjkad dh x.kuk dhft,A

7-15 700K rki ij vfHkfØ;k H
2
 (g) + I

2
 (g) �  2HI (g) osQ fy, lkE; fLFkjkad 54.8 gSA ;fn

geus 'kq: esa HI(g) fy;k gks] 700K rki lkE; LFkkfir gks] rFkk lkE; ij 0.5 mol L–1 HI(g)

mifLFkr gks] rks lkE; ij H
2
(g) ,oa I

2
(g) dh lkanzrk,¡ D;k gkasxh\

7-16 ICI, ftldh lkanzrk izkjaEHk esa 0.78 M gS] dks ;fn lkE; ij vkus fn;k tk,] rks izR;sd dh lkE;
ij lkanzrk,¡ D;k gkasxh\

2ICl (g)  �  I
2
 (g) + Cl

2
 (g);   K

c 
= 0.14

7-17 uhps n'kkZ, x, lkE; esa 899 K ij K
P
 dk eku 0.04 atm gSA C

2
H

6 
dh lkE; ij lkanzrk D;k
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gksxh ;fn 4.0 atm nkc ij C
2
H

6 
dks ,d ÝykLd esa j[kk x;k gS ,oa lkE;koLFkk ij vkus fn;k

tkrk gS\

C
2
H

6
 (g) �  C

2
H

4
 (g) + H

2
 (g)

7-18 ,FksukWy ,oa ,slhfVd vEy dh vfHkfØ;k ls ,fFky ,slhVsV cuk;k tkrk gS ,oa lkE; dks bl izdkj
n'kkZ;k tk ldrk gSµ

CH
3
COOH (l) + C

2
H

5
OH (l) � CH

3
COOC

2
H

5
 (l) + H

2
O (l)

(i) bl vfHkfØ;k osQ fy, lkanzrk vuqikr (vfHkfØ;k&HkkxiQy) Qc fyf[k, (fVIi.kh % ;gk¡
ij ty vkf/D; esa ugha gSa ,oa foyk;d Hkh ugha gS)

(ii) ;fn 293K ij 1.00 eksy ,slhfVd vEy ,oa 0.18 eksy ,FksukWy izkjaHk esa fy;s tk,a rks
vafre lkE; feJ.k esa 0.171 eksy ,fFky ,slhVsV gSA lkE; fLFkjkad dh x.kuk dhft,A

(iii) 0.5 eksy ,FksukWy ,oa 1.0 eksy ,slhfVd vEy ls izkjaHk djrs gq, 293K rki ij oqQN
le; i'pkr~ ,fFky ,slhVsV osQ 0.214 eksy ik, x, rks D;k lkE; LFkkfir gks x;k\

7-19 437K rki ij fuokZr esa PCl
5 
dk ,d uewuk ,d ÝykLd esa fy;k x;kA lkE; LFkkfir gksus ij

PCl
5 
dh lkanzrk 0.5 × 10–1 mol L–1 ikbZ xbZ] ;fn K

c
 dk eku 8.3 × 10–3 gS] rks lkE; ij

PCl
3 
,oa Cl

2 
dh lkanzrk,a D;k gksaxh\

PCl
5
 (g) �  PCl

3 
(g) + Cl

2
(g)

7-20 yksg v;Ld ls LVhy cukrs le; tks vfHkfØ;k gksrh gS] og vk;ju (II) vkWDlkbM dk dkcZu
eksuksDlkbM osQ }kjk vip;u gS ,oa blls /kfRod yksg ,oa CO

2
 feyrs gSaA

FeO (s) + CO (g) �  Fe (s) + CO
2
 (g);  Kp = 0.265 atm at 1050K

1050K ij CO ,oa CO
2
 osQ lkE; ij vkaf'kd nkc D;k gksaxs] ;fn muosQ izkjafHkd vkaf'kd

nkc gSaµ

p
CO

= 1.4 atm ,oa 
2COp  = 0.80 atm

7-21 vfHkfØ;k N
2
 (g) + 3H

2
 (g) �  2NH

3
 (g) osQ fy, (500 K ij) lkE; fLFkjkad Kc =

0.061 gSA ,d fo'ks"k le; ij feJ.k dk la?kVu bl izdkj gSµ

3.0 mol L–1 N
2
, 2.0 mol L–1 H

2 
,oa 0.5 mol L–1 NH

3
 D;k vfHkfØ;k lkE; esa gS\ ;fn

ugha] rks lkE; LFkkfir djus osQ fy, vfHkfØ;k fdl fn'kk esa vxzlj gksxh\

7-22 czksehu eksuksDyksjkbM BrCl fo?kfVr gksdj czksehu ,oa Dyksjhu nsrk gS rFkk lkE; LFkkfir gksrk gS%

2BrCl (g) �  Br
2
 (g) + Cl

2
 (g)

blosQ fy, 500K ij K
c
= 32 gSA ;fn izkjaHk esa BrCl dh lkanzrk 3.3 × 10–3 mol L–1 gks] rks

lkE; ij feJ.k esa bldh lkanzrk D;k gksxh\

7-23 1127K ,oa 1 atm nkc ij CO rFkk CO
2
 osQ xSlh; feJ.k esa lkE;koLFkk ij Bksl dkcZu esa

90.55% (HkkjkRed) CO gSA

C (s) + CO
2
 (g) �  2CO (g)

mijksDr rki ij vfHkfØ;k osQ fy, K
c
 osQ eku dh x.kuk dhft,A

7-24 298K ij NO ,oa O
2
 ls NO

2
 curh gSµ

NO (g) + ½ O
2
 (g) �  NO

2 
(g)

vfHkfØ;k osQ fy, (d) ∆G0 ,oa ([k) lkE; fLFkjkad dh x.kuk dhft,µ
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∆
f
G0 (NO

2
) = 52.0 kJ/mol

∆
f
G0 (NO) = 87.0 kJ/mol

∆
f
G0 (O

2
) = 0 kJ/mol

7-25 fuEufyf[kr esa ls izR;sd lkE; esa tc vk;ru c<+kdj nkc de fd;k tkrk gS] rc crykb, fd
vfHkfØ;k osQ mRiknksa osQ eksyksa dh la[;k c<+rh gS ;k ?kVrh gS ;k leku jgrh gS\

(d) PCl
5
 (g) �  PCl

3
 (g) + Cl

2
 (g)

([k) CaO (s) + CO
2
 (g) �  CaCO

3
 (s)

(x) 3Fe (s) + 4H
2
O (g) �  Fe

3
O

4
 (s) + 4H

2
 (g)

7-26 fuEufyf[kr esa ls nkc c<+kus ij dkSu&dkSu lh vfHkfØ;k,¡ izHkkfor gksxh\ ;g Hkh crk,¡ fd nkc
ifjorZu djus ij vfHkfØ;k vxz ;k izrhi fn'kk esa xfreku gksxh\

(i) COCl
2
 (g) � CO (g) + Cl

2
 (g)

(ii) CH
4
 (g) + 2S

2
 (g) � CS

2
 (g) + 2H

2
S (g)

(iii) CO
2
 (g) + C (s) �  2CO (g)

(iv) 2H
2
 (g) + CO (g) �  CH

3
OH (g)

(v) CaCO
3
 (s) � CaO (s) + CO

2
 (g)

(vi) 4 NH
3
 (g) + 5O

2
 (g) �  4NO (g)  +  6H

2
O(g)

7-27 fuEufyf[kr vfHkfØ;k osQ fy, 1024K ij lkE; fLFkjkad 1.6 × 105 gSA

H
2
(g) + Br

2
(g) �  2HBr(g)

;fn HBr osQ 10.0 bar lhy;qDr ik=k esa Mkys tk,¡] rks lHkh xSlksa osQ 1024K ij lkE; nkc
Kkr dhft,A

7-28 fuEufyf[kr Å"ek'kks"kh vfHkfØ;k osQ vuqlkj vkWDlhdj.k }kjk MkbgkbMªkstu xSl izko`Qfrd xSl ls
izkIr dh tkrh gSµ

CH
4
 (g) + H

2
O (g) �  CO (g) + 3H

2
 (g)

(d) mijksDr vfHkfØ;k osQ fy, K
p
 dk O;atd fyf[k,A

([k) K
p
 ,oa vfHkfØ;k feJ.k dk lkE; ij la?kVu fdl izdkj izHkkfor gksxk] ;fnA

(i) nkc c<+k fn;k tk,

(ii) rki c<+k fn;k tk,

(iii) mRizsjd iz;qDr fd;k tk,

7-29 lkE; 2H
2
(g) + CO (g) � CH

3
OH (g) ij izHkko crkb,µ

(d) H
2
 feykus ij

([k) CH
3
OH feykus ij

(x) CO gVkus ij

(?k) CH
3
OH gVkus ij

7-30 473K ij iQkWLiQksjl isaVkDyksjkbM PCl
5 
osQ fo?kVu osQ fy, Kc dk eku 8.3 ×10-3 gSA ;fn fo?kVu

bl izdkj n'kkZ;k tk,] rks PCl
5
 (g) �  PCl

3
 (g) + Cl

2
 (g)   ∆

r
H0 = 124.0 kJ mol–1
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(d) vfHkfØ;k osQ fy, K
c 
dk O;atd fyf[k,A

([k) izrhi vfHkfØ;k osQ fy, leku rki ij K
c 
dk eku D;k gksxk\

(x) ;fn (i) vkSj vf/d PCl
5
 feyk;k tk,]  (ii) nkc c<+k;k tk, rFkk (iii) rki c<+k;k

tk,] rks K
c 
ij D;k izHkko gksxk\

7-31 gkcj fof/ esa iz;qDr gkbMªkstu dks izko`Qfrd xSl ls izkIr esFkSu dks mPp rki dh Hkki ls fØ;k
dj cuk;k tkrk gSA nks inksaokyh vfHkfØ;k esa izFke in esa CO ,oa H

2
 curh gSaA nwljs in esa izFke

in esa cuus okyh CO vkSj vf/d Hkki ls vfHkfØ;k djrh gSA

CO (g) + H
2
O (g) �  CO

2
 (g) + H

2
 (g)

;fn 400°C ij vfHkfØ;k ik=k esa CO ,oa Hkki dk leeksyj feJ.k bl izdkj fy;k tk, fd

2CO H O 4.0 bar= =p p , H
2
 dk lkE;koLFkk ij vkaf'kd nkc D;k gksxk\ 400°C ij K

p
= 10.1

7-32 crkb, fd fuEufyf[kr esa ls fdl vfHkfØ;k esa vfHkdkjdksa ,oa mRiknksa dh lkanzrk lqizs{; gksxhµ

(d) Cl
2
 (g) �  2Cl (g) K

c
 = 5 ×10–39

([k) Cl
2
 (g) + 2NO (g) �  2NOCl (g) Kc = 3.7 × 108

(x) Cl
2
 (g) + 2NO

2
 (g) �  2NO

2
Cl (g) Kc = 1.8

7-33 25°C ij vfHkfØ;k 3O
2
 (g) �  2O

3
 (g) osQ fy, K

c 
dk eku 2.0 ×10–50 gSA ;fn ok;q esa

25°C rki ij O
2 
dh  lkE;koLFkk lkanzrk 1.6 ×10–2 gS] rks O

3 
dh lkanzrk D;k gksxh\

7-34 CO(g) + 3H
2
(g) �  CH

4
(g) + H

2
O(g) vfHkfØ;k ,d fyVj ÝykLd esa 1300K ij

lkE;koLFkk esa gSA blesa CO osQ 0.3 eksy] H
2
 osQ 0.01 eksy] H

2
O osQ 0.02 eksy ,oa CH

4
 dh

vKkr ek=kk gSA fn, x, rki ij vfHkfØ;k osQ fy, K
c
 dk eku 3.90 gSA feJ.k esa CH

4
 dh ek=kk

Kkr dhft,A

7-35 la;qXeh vEy&{kkj ;qXe dk D;k vFkZ gS\ fuEufyf[kr Lih'kh”k osQ fy, la;qXeh vEy@{kkj crkb,µ

HNO
2
, CN–, HClO

4, 
F –, OH–, 2–

3CO  ,oa S2–

7-36 fuEufyf[kr esa ls dkSu ls ywbl vEy gS\

H
2
O, BF

3
, H+ ,oa NH

4
+

7-37 fuEufyf[kr czULVsnvEyksa osQ fy, la;qXeh {kkjdksa osQ lw=k fyf[k,µ

HF, H
2
SO

4 
,oa HCO

—

3

7-38 czULVsn{kkjdksa NH–
2
, NH

3 
rFkk HCOO– osQ la;qXeh vEy fyf[k,µ

7-39 Lih'kh”k H
2
O, HCO

3
–, HSO

4
– rFkk NH

3
 czULVsnvEy rFkk {kkjdµnksuksa dh Hkk¡fr O;ogkj djrs

gSaA izR;sd osQ la;qXeh vEy rFkk {kkjd crkb,A

7-40 fuEufyf[kr Lih'kh”k dks ywbl vEy rFkk {kkjd esa oxhZo`Qr dhft, rFkk crkb, fd ;s fdl izdkj
yqbZ vEy&{kkjd osQ leku dk;Z djrs gSµ (d) OH– ([k) F– (x) H+ (?k) BCl

3

7-41 ,d e`nq is; osQ uewus esa gkbMªkstu vk;u dh lkanzrk 3.8 × 10–3 M gSA mldh pH ifjdfyr
dhft,A

7-42 fljosQ osQ ,d uewus dh pH, 3.76 gS] blesa gkbMªkstu vk;u dh lkanzrk Kkr dhft,A

7-43 HF, HCOOH rFkk HCN dk 298K ij vk;uu fLFkjkad Øe'k% 6.8 × 10–4, 1.8 × 10–4 rFkk
4.8 × 10–9 gSA buosQ laxr la;qXeh {kkjdksa osQ vk;uu fLFkjkad Kkr dhft,A
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7-44 iQhukWy dk vk;uu fLFkjkad 1.0 × 10–10 gSA 0.05M iQhukWy osQ foy;u esa iQhukWysV vk;u dh
lkanzrk rFkk 0.01M lksfM;e iQhusV foy;u esa mlosQ vk;uu dh ek=kk Kkr dhft,A

7-45 H
2
S dk izFke vk;uu fLFkjkad 9.1 × 10–8 gSA blosQ 0.1M foy;u esa HS– vk;uksa dh lkanzrk

dh x.kuk dhft, rFkk crkb, fd ;fn blesa 0.1 M HCl Hkh mifLFkr gks] rks lkanzrk fdl izdkj
izHkkfor gksxh] ;fn H

2
S dk f}rh; fo;kstu fLFkjkad 1.2 × 10–13 gks] rks lYiQkbM S2– vk;uksa

dh nksuksa fLFfr;ksa esa lkanzrk dh x.kuk dhft,A

7-46 ,flfVd vEy dk vk;uu fLFkjkad 1.74 × 10–5 gSA blosQ 0.05 M foy;u esa fo;kstu dh ek=kk]
,slhVsV vk;u lkanzrk rFkk pH dk ifjdyu dhft,A

7-47 0.01M dkcZfud vEy (HA) osQ foy;u dh pH, 4.15 gSA blosQ ½.kk;u dh lkanzrk] vEy
dk vk;uu fLFkjkad rFkk pK

a
 eku ifjdfyr dhft,A

7-48 iw.kZ fo;kstu ekurs gq, fuEufyf[kr fofy;uksa osQ pH Kkr dhft,A

(d) 0.003 M HCl ([k) 0.005 M NaOH

(x) 0.002 M HBr (?k) 0.002 M KOH

7-49 fuEufyf[kr foy;uksa osQ pH Kkr dhft,µ

(d) 2 xzke TlOH dks ty esa ?kksydj 2 fyVj foy;u cuk;k tk,A

([k) 0.3 xzke Ca(OH)
2
 dks ty esa ?kksydj 500 mL  foy;u cuk;k tk,A

(x) 0.3 xzke NaOH dks ty esa ?kksydj 200 mL foy;u cuk;k tk,A

(?k) 13.6 M HCl osQ 1mL dks ty ls ruqdj.k djosQ oqQy vk;ru 1 fyVj fd;k tk,A

7-50 czkseks,lhfVd vEy dh vk;uu dh ek=kk 0.132 gSA 0.1M vEy dh pH rFkk pK
a
 dk eku Kkr

dhft,A

7-51 0.005M dksMhu (C
18

H
21

NO
3
) foy;u dh pH 9.95 gSA bldk vk;uu fLFkjkad Kkr dhft,A

7-52 0.001M ,uhyhu foy;u dk pH D;k gS\ ,uhyhu dk vk;uu fLFkjkad lkj.kh 7.7 ls ys ldrs
gSaA blosQ la;qXeh vEy dk vk;uu fLFkjkad Kkr dhft,A

7-53 ;fn 0.05M ,slhfVd vEy osQ pK
a
 dk eku 4.74 gS] rks vk;uu dh ek=kk Kkr dhft,A ;fn

bls (v) 0.01M (c) 0.1M HCl foy;u esa Mkyk tk,] rks fo;kstu dh ek=kk fdl izdkj
izHkkfor gksrh gS\

7-54 MkbesfFky ,ehu dk vk;uu fLFkjkad 5.4 × 10–4 gSA blosQ 0.02M foy;u dh vk;uu dh ek=kk
dh x.kuk dhft,A ;fn ;g foy;u NaOH izfr 0.1M gks rks MkbZeksfFky ,ehu dk izfr'kr
vk;uu D;k gksxk\

7-55 fuEufyf[kr tSfod nzoksa] ftuesa pH fn xbZ gS] dh gkbMªkstu vk;u lkanzrk ifjdfyr dhft,µ

(d) ekuo is'kh; nzo] 6.83 ([k) ekuo mnj nzo] 1.2

(x) ekuo #f/j] 7.38 (?k) ekuo ykj] 6.4

7-56 nw/] dkWiQh] VekVj jl] uhcw jl rFkk vaMs dh lisQnh osQ pH dk eku Øe'k% 6.8, 5.0, 4.2,

2.2 rFkk 7.8 gSA izR;sd osQ laxr H+ vk;u dh lkanzrk Kkr dhft,A

7-57 298K ij 0.561 g, KOH ty esa ?kksyus ij izkIr 200 mL foy;u dh gS pH, iksVSf'k;e]
gkbMªkstu rFkk gkbMªkWfDly vk;uksa dh lkanzrk,¡ Kkr dhft,A

7-58 298K ij Sr(OH)
2
 foy;u dh foys;rk 19.23 g/L gSA LVªkaf'k;e rFkk gkbMªkWfDly vk;u dh

lkanzrk rFkk foy;u dh pH Kkr dhft,A
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7-59 izksisuksbd vEy dk vk;u fLFkjkad 1.32 × 10–5 gSA 0.05M vEy foy;u osQ vk;uu dh ek=kk
rFkk pH Kkr dhft,A ;fn foy;u esa 0.01 M HCl feyk;k tk, rks mlosQ vk;uu dh ek=kk
Kkr dhft,A

7-60 ;fn lkbfud vEy (HCNO) osQ 0.1M foy;u dh pH, 2.34 gks] rks vEy osQ vk;uu fLFkjkad
rFkk vk;uu dh ek=kk Kkr dhft,A

7-61 ;fn ukbVªl vEy dk vk;uu fLFkjkad 4.5 × 10–4 gS] rks 0.04M lksfM;e ukbVªkbV foy;u dh
pH rFkk ty;kstu dh ek=kk Kkr dhft,A

7-62 ;fn ihjhfMuh;e gkbMªkstu DyksjkbM osQ 0.02M foy;u dk pH 3.44 gS] rks ihjhMhu dk
vk;uu fLFkjkad Kkr dhft,A

7-63 fuEufyf[kr yo.kksa osQ tyh; foy;uks osQ mnklhu] vEyh; rFkk {kkjh; gksus dh izkxqfDr dhft,µ

NaCl, KBr, NaCN, NH
4
NO

3
, NaNO

2 
rFkk KF

7-64 Dyksjks,lhfVd vEy dk vk;uu fLFkjkad 1.35 × 10–3 gSA 0.1M vEy rFkk blosQ 0.1M

lksfM;e yo.k dh pH Kkr dhft,A

7-65 310K ij ty dk vk;fud xq.kuiQy 2.7 × 10–14 gSA blh rkiØe ij mnklhu ty dh pH

Kkr dhft,A

7-66 fuEufyf[kr feJ.kksa dh pH ifjdfyr dhft,µ

(d) 0.2M Ca(OH)
2
 dk 10 mL + dk 0.1M HCl dk 25 mL

([k) 0.01M H
2
SO

4
 dk 10 mL + 0.01M Ca(OH)

2 
dk

 
10 mL

(x) 0.1M H
2
SO

4
 dk

 
10 mL + 0.1M KOH dk

 
10 mL

7-67 flYoj ØksesV] csfj;e ØksesV] isQfjd gkbMªkWDlkbM] ysM DyksjkbM rFkk eD;qZjl vk;ksMkbM foy;u
dh lkj.kh 7.9 esa fn, x, foys;rk xq.kuiQy fLFkjkad dh lgk;rk ls foys;rk Kkr dhft, rFkk
izR;sd vk;u dh eksyjrk Hkh Kkr dhft,A

7-68 Ag
2
CrO

4 
rFkk AgBr dk foys;rk xq.kuiQy fLFkjkad Øe'k% 1.1 × 10–12 rFkk 5.0 × 10–13

gSA muosQ lar`Ir foy;u dh eksyjrk dk vuqikr Kkr dhft,A

7-69 ;fn 0.002M lkanzrkokys lksfM;e vk;ksMsV rFkk D;wfizd DyksjsV foy;u osQ leku vk;ru dks feyk;k
tk,] rks D;k dkWij vk;ksMsV dk vo{ksi.k gksxk\ (dkWij vk;ksMsV osQ fy, K

sp
 = 7.4 × 10–8 )

7-70 csUtksbZd vEy dk vk;uu fLFkjkad 6.46 × 10–5 rFkk flYoj csUtks,V dk K
sp 

2.5 × 10–13

gSA 3.19 pH okys ciQj foy;u esa flYoj csUtks,V ty dh rqyuk esa fdruk xquk foys; gksxk\

7-71 iSQjl lYisQV rFkk lksfM;e lYiQkbM osQ leeksyj foy;uksa dh vf/dre lkanzrk crkb, tc muosQ
leku vk;ru feykus ij vk;ju lYiQkbM vo{ksfir u gksA (vk;ju lYiQkbM osQ fy,
K

sp
 = 6.3 × 10–18)

7-72 1 xzke oSQfYl;e lYisQV dks ?kksyus osQ fy, de ls de fdrus vk;ru ty dh vko';drk gksxh\
(osQfYl;e lYisQV osQ fy, K

sp
 = 9.1 × 10–6)

7-73 0.1M HCl esa gkbMªkstu lYiQkbM ls lar`Ir foy;u dh lkanzrk 1.0 × 10–19 M gSA ;fn bl
foy;u dk 10 mL fuEufyf[kr 0.04M foy;u osQ 5 mL Mkyk tk,] rks fdu foy;uksa ls
vo{ksi izkIr gksxk\ FeSO

4
, MnCl

2
, ZnCl

2
, ,oa CdCl

2
.

2021-22


