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1111  
eellaahh³³GGaall;;kkaaLLaaMMgg  

((TThhee   AAllkkaa ll ii   MMeettaa llss)) 
CaFmμtaeKKitfa elah³mandg;sIuetFM nigKμanRbtikmμPaBeT. b:uEnþcMeBaHelah³Gal; 

kaLaMgmanlkçN³xuseK eRBaHvamandg;sIuettUcehIymanRbtikmμPaBxøaMgeTot. 
smasFatuénelah³Gal;kaLaMgRtUv)aneKdwgtaMgBIsm½yburaNmkemø:H. b:uEnþ kacug 

elah³Gal;kaLaMgBi)akrgerdukmμNas;rhUtdl;manfamBlGKÁisnI EdleFVI[elah³enHGac 
RtUv)anEjkecj. GñμkviTüasaRsþcRkPBGg;eKøsmñak;eQ μaH Humphry Davy, )aneFVIGKÁisnI 
viPaKb:UtasüÚmGIuRduksIutrlay enAqñaM1807 edayEjk)anelah³Gal;kaLaMgmuneKbg¥s;.  

CatiniymRtUv)ant,ajbBa©ÚlCamYyKImI. enAeBl Napoleon )anlWBIkarrkeXIj 
rbs;elak Davy Kat;)anxwgsM)aya:gxøaMg eRBaHGñkKImIviTUCnCati)araMgminEmnCaGñkrkeXIj 
muneK. b:uEnþenAeBlenaHEdr GñkKImIviTUCnCati)araMgmYyrUbeQμaH Marguerite Perey CaGñkrk 
eXIjelah³Gal;kaLaMgmYyEdlCaGIusutUbénFatuviTüúskmμk μ úgqñaM1939. nagk¾)andak;eQ μaH 
vafaCaRbg;süÚm (Fr) RsedognigeQ μaHRbeTskMenItrbs;nag (France). enAeBlenaHeFVI[ 
Napoleon sb,ayya:gxøaMg.  

11>1 lkçN³rUb 

RKb;elah³Gal;kaLaMgTaMgGs;manepøkelah³ ehIymanBN’dUcR)ak;. dUcCaelah³ 
déTeTotEdr elah³Gal;kaLaMgmankRmitcmøgGKÁisnI nigkMedAx<s;. b:uEnþlkçN³xøHrbs;BYk 
vaminFmμtaeT. ]TahrN_³ dUcCaelah³Gal;kaLaMgCaelah³Tn;ehIyBYkvakan;EtTn;BIelIcuH 
eRkamkñúgRkum. dUcenH lIcUmGackat;nwgkaMbit)an b:uEnþb:UtasüÚmGacRc)ac;EdlTn;dUcCab‘r½. 

elah³CaeRcInmancMNucrlayx<s; b:uEnþelah³Gal;kaLaMgmancMNucrlayTab ehIy 
kan;EtTabBIelIcuHeRkamkñúgRkumTImYyEtkan;EtF¶n; EdlessüÚmrlayenAsItuNðPaBelI sItuNð 
PaBbnÞb;bnþicEtb:ueNÑaH. Cak;EsþgkarbBa©úÚlKñaénkMritcmøgkMedAx<s; nigcMNucrlayTab 
eFVI[sUdüÚmmanRbeyaCn_Ca]bkrN_cmøgkemþAkñúgerGak;T½rnuyekøEGxøH. PaBTn; nigcMNuc 
rlayTabénelah³Gal;kaLaMg GacRtUv)ankMNt;famansm<½næelah³exSayNas;kñúgFatuTaMg 
enH. ]TahrN_³ elah³tMNagmYy Gg;tal;BIénGatUmkm μKWkñúgcenøaH 400 eTA 600 kJ.mol-1 



elah³Gal;kaLaMg 

11-2 

b:uEnþkñúgtarag 11.1 xageRkam elah³Gal;kaLaMgTaMgenaH TabxøaMgNas;. Cak;Esþgvaman 
TMnak;TMngKñarvagPaBTn;nigcMNucrlay nigGg;tal;BIénGatUmkmμTab. 

 
 
 
 
 
 
lkçN³minR)akdenaHCadg;sIueténelah³Gal;kaLaMg. elah³PaKeRcInmandg;sIuet 

cenøaHBI 5 eTA 15 g.cm-3 b:uEnþelah³Gal;kaLaMgTaMgenHmandg;suIetTabCagenH. 
 
 
 
  

 
 
 

Cak;EsþglIcUmmandg;sIuet 
2
11 énTwk. CamYydg;sIuetTabenH lIcUmnwgminGacliceT 

elIkElgEtlkçN³mYyeToténelah³Gal;kaLaMg KWRbtikmμPaBKImIx<s;². elah³TaMgenHCa 
FmμtaRtUveKrkSaTukkñúgeRbg eRBaHeBlBYkvaenAkμ ñúgxül;RsTab;d¾Rkas;énplitplGuksIutkmμ 
nwgmanépÞrelagénelah³nImYy². ]TahrN_³ lIcUmrgGuksIutkmμ CalIcUmGuksuIt 
EdlRbtikmμbnþCamYy CO2 nwg)anlIcUmkabUNat. 

 
 
elah³Gal;kaLaMgRbtikmμPaKeRcInCamYyGelah³. ]TahrN_³ RKb;elah³Gal;ka 

LaMgrlay eqHkñúg]s μ½nkørY pþl;nUvEpSgBN’sénelah³kørY. Rbtikm μénsUdüÚmCamYyDIkør 
tag[RbtikmμKImId¾Gs©arüEdlCaRbtikm μd¾xøaMgkøa elah³eRKaHfñak;RbtikmμCamYy]s μ ½nBul 
eKTTYl)ansmasFatumYyEdlsMxan;bMputsRmab;CIvit. 

tarag 11.1 cMNucrlay nigGg;tal;BIénGatUmkmμrbs;elah³Gal;kaLaMg 

Fatu   cMNucrlay (oC)   ΔΗ (kJ.mol-1) 
Li   180    162 
Na   98    108 
K   64    90 
Rb   39    82  
Cs    29    78 

tarag 11.2 dg;sIueténelah³Gal;kaLaMg
Fatu   dg;sIuet (g.cm-3) 
Li   0.53 
Na   0.97 
K   0.86 
Rb   1.53 
Cs   1.87 

)()()(
)(2)()(4

3222

22

sCOLigCOsOLi
sOLigOsLi

→+
→+
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Rbtikmμénelah³Gal;kaLaMgCamYyTwkekIteLIgedayÉkÉg EdlRbtikmμPaBekIn 
eLIgBIelIcuHeRkamkñúgRkum. xageRkamCasmIkarrvag b:UtasüÚm nig Twk³ 

 

eRBaHEtvamanRbtikmμPaBxøaMgkøaCagelah³déTeTotdUcenH elah³Gal;kaLaMgCYYn 
kaleKfavaCa su‘bEBelah³. 

11>2 lkçN³BiessénsmasFatuelah³Gal;kaLaMg 
RKb;FatuTaMgGs;kñúgRkumTImYyCaelah³ EdlmanlkçN³Biessrbs;va elIkElg 

GIuRdUEsn. GIuy:ugelah³Gal;kaLaMgmancMnYnGuksuItkmμ +1 ehIysmasFatuvaPaKeRcInman 
esßrPaB CaGgÁFaturwgGIuy:Unic. smasFaturbs;vaK μanBN’eT ebIKμanGaj:úgmanBN’dUcCaGIuy:ug 
RkUma:t b¤GIuy:ugEBm:g;kaNatkñúgenaH. eTaHbICacMeBaHFatuEdlmaneGLicRtUviC¢manx<s;k¾eday 
sm<½næenAkñúgsmasFatuvaCamYyGelah³mansmasPaKkUva:Lg;tUc. 

k> esßrPaBénGaj:úgxøaMg 
eRBaHkacugénelah³Gal;kaLaMg ¬elIkElglIcUm¦ manTMhMFMbMputehIydg;suIetEdl 

manbnÞúkTabbMput BYkvaGacmanesßrPaBxøaMgCaGaj:úgmanbnÞúkexSay. ]TahrN_³ BIGIuy:ug 
sUdüÚmdl;GIuy:ugessüÚmKWCakacugEdlGacbegáItGMbilGgÁFaturwgGIuRdUEsnkabUNat. 

x> GIuRdatkm μGIuy:ug 
RKb;GIuy:ugrgGIuRdatkmμenAeBlvarlaykñúgTwk. b:uEnþ vaminBitTaMgGs;eTkñúgpas 

GgÁFaturwg. GIuRdatkm μkñúgGgÁFaturwgCaRkamGaRs½yelIlMnwgénfamBlbNþajnigfamBl 
GIuRdatkmμGIuy:ug. famBlbNþaj)anBITMnajeGLicRtUsþaTicrvagkacugnigGaj:úg. Rkam 
Edlmandg;sIuetbnÞúkkan;Etx<s; enaHvamanfamBlbNþajkan;EtFM. dUcenH RbsinebIfamBl 
bNþajFM vaeFVI[)at;bg;EtGIuRdatkmμelIkMNkRkamedIm,IplGIuy:ugGanIRDÜtUc² ¬mandg;sIuet 
x<s;¦. b:uEnþ famBlGuIRdatkmμGaRs½yelITMnajrvagGIuy:ugnigm:UelKulTwkEdlb:UElenACMuvij. 
ktþacm,gmYyEdlpþl;enATMnajGIuy:ug-DIb:UlxøaMg KWdg;sIuetbnÞúkénGIuy:ug. kñúgkardeNþImGIuy:ug 
KñaenHeyIgeXIjfaRbsinebIdg;sIuetbnÞúkGIuy:ugx<s; CaFm μtamanTMenarrkSaTuknUvm:UelKulTwk 
CMuvijvaTaMgGs; b¤mYyEpñkénpasGgÁFaturwg. b:uEnþ GMbilénGuIy:ugmanbnÞúkTabmanTMenarK μan 
mU:elKulTwkénGIuRdatkmμ. 

)(2)()(2 2 sNaClgCllNa →+

)()(2)(2)(2 22 gHaqKOHlOHsK +→+
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dUcEdleyIg)anniyayBIxagedImehIyfa elah³Gal;kaLaMgmantémødg;suIetbnÞúk 
Tab ebIeRbobeFobnwgelah³déTeTot. dUcenHeyIgGacdwgfa GMbilrwgénelah³Gal;kaLaMg 
PaKeRcInK μanTwkénGIuRdatkmμ. témødg;suIetbnÞúkénGIuy:uglIcUm nigsUdüÚm KWFMl μmRKb;RKan; 
edIm,IbegáItGMbilGIuRdatxøH. ]TahrN_³ lIcUmGIuRduksIut EdlmanTMrg;GuktaGIuRdat 
(LiOH.8H2O). edaysarGMbilénelah³b::UtasüÚm ruyb‘ÍÍdüÚm nigessüÚmmandg;sIuetbnÞúk 
TabCageKkñúgBYkelah³ mancMnYnGMbiltictYcEdlmanTwkénGIuRdatkm μ. 

 
 
 
 
 
 
 
elah³Edlmandg;sIuetTabmankarERbRbYlnUvGg;tal;BIGIuRdatkm μ kñúgcMeNamelah³ 

Gal;kaLaMg ¬tarag 11.3 ¦. témøTaMgenHTabNas; ebIeRbobeFobnwgGIuy:ug Mg2+ KW 1920 

kJ.mol-1 ehIytémøTaMgenHfycuHBIelIcuHeRkamenAeBlEdlkaMekInBIelIcuHeRkamkñúgRkum. 
K> BN’GNþatePøIg 
elah³Gal;kaLaMgnImYy²manBN’GNþatePøIgepSg²KñaenAeBleKykGMbilénelah³ 

TaMgenaHeTAdut ¬tarag 11.4 ¦. 
 
 
 
 
 
 
 
 

tarag 11.3 Gg;tal;BIGIuRdatkmμénGIuy:ugelah³Gal;kaLaMg 
 GIuy:ug   Gg;tal;BIGIuRdatkmμ (kJ.mol-3) 
 Li+   519 
 Na+   406 
 K+   322 
 Rb+   301 
 Cs+   276 

tarag 11.4 elah³Gal;kaLaMg nigBN’GNþatePøIgrbs;va 
  elah³     BN’ 
  lIcUm     RkhmCaM 
  sUdüÚm     elOg 
  bU:tasüÚm    páaQUkx©I 
  ruyb’ÍdüÚm    RkhmsVay 
  essüÚm     exov 
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kñúgdMeNIrkarenH famBl)anBIRbtikmμcMehHén\næn³RtUv)anRbKl;[GMbilelah³Edl 
RtUv)andak;cUlkñúgGNþatePøIg. karERbRbYlenHekIteLIgedaysareGLicRtugkñúgGatUmelah³ 
Gal;kaLaMgekIneTAPaBePJacrbs;va. famBlRtUv)anbeBa©jCakaMrsμ IGacemIleXIjenAeBl 
eGLicRtugRtLb;eTAPaBRKwHvij. elah³Gal;kaLaMgnImYy²RtUvRbQmnwgkarepÞreGLicRtug 
yfaRbePTNamYyrbs;BYkva. ]TahrN_³ BN’elOgénsUdüÚm)anBIfamBl ¬putug¦ 
EdlbeBa©jenAeBleGLicRtugelatBIGrb‘Ítal; 3p1 eTAGrb‘Ítal; 3s1 rbs;GatUmsUdüÚm 
NWtmYy. GIuy:ugenaHRtUv)anTTYleGLicRtugva:Lg;rbs;va BIRbtikmμcMehHkñúgGNþatePøIg 
¬rUbPaB 11.1¦. 

3p _____   3p __↑__   3p _____ 

  eGLicRtug       famBlbeBa©j 
  BIGNþatePøIg   CaBnøwBN’elOg 
3s _____   3s _____   3s __↑__ 

rUbPaBTI 11.1 kñúgGNþatePøIgGIuy:ugsUdüÚm (a) TTYl)anmYyeGLicRtugkñúgGrb‘Ítal; 3p (b). 
enAeBleGLicRtugelatBIlkçN³lMj½r 3p eTAlkçN³edIm 35(c) famBlbeBa©jCaBnøW 
BN’elOg. 

 
11>3 kRmitrlayénGMbilelah³Gal;kaLaMg 
kRmitrlayénGMbilelah³Gal;kaLaMgeFVI[BYkvamanRbeyaCn_ya:gxøaMg kñúgmnÞIr 

BiesaFKImI. eTaHvaCaGaj:úgnIRtat pUsVat b¤PøúyGrYEdleyIgRtUvkar eyIgGaccat;TukfaGMbil 
énelah³Gal;kaLaMgGac[eyIgeFIVsUluysüúgGaj:úgEdleyIgRtUvkar)anEdr. pÞúyeTAvij 
kRmitrlayrbs;BYkvamantémøxus²KñaxøaMgNas; ]TahrN_³ sUluysüúgEq¥ténlIcUmkørYman 
kMhab; 14 mol.L-1 EdlsUluysüúgEq¥ténlIcUmkabUNatmankMhab;RtwmEt 0.18 mol.L-1. 

 
bwg MONO 

bwgenAkalIhVrja:enHmanEtmYyenAkñúgelak ehIyPaBGs©arüenHedaysarEtlkçN³ 
KImIrbs;va. bwgenHh‘MuB½TæedayPñM nigPñMePøIg EdlKμanRckecj dUcenHkar)at;bg;TwkKWedaysar 
EtkarhYt. bwgenHCabwgcas;CageKbMputenAGaemrikxageCIg EdlmanGayuya:gtick¾ 760.000 

qñaMEdr. kMLúgeBlenaHGMbil EdlrlayRtUv)anRCabecjBIf μCMuvij nigRbPBTwkeRkamdI. 
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ehIyvamanépÞRbEhl 180km2 CamYyCeRmAmFümRbEhl 20m . eK)an KNnaeXIjfa 
vamanGMbilrlaykñúgenaHRbEhl 2.8.108 etan . 

 
rUbelIbegðIjBIssrfμkMBUlRsYc tufa enAbwg Mono enArdæ Utah shrdæGaemrik 

kñúgbwgFMepSgenArdæ Utah manPaKeRcInCaGMbilsUdüÚmkørY b:uEnþenAÉbwg Mono 

manGMbilrlayCaeRcInRbePTdUcCaGMbilsUdüÚm nigb:UtasüÚm rYmTaMgkørY s‘ulpat GIuRdUEsn 
kabUNat bra:t nigbrimaNtictYcénGIuy:ugPøúyGrY GuIy:UdY GaesNat nigGIuy:ugtg;sþat. 
ehIyk¾manGIuy:ugénelah³epSgeTotEdr dUcCakal;süÚm  m:aejsüÚm nigRsþg;cUm. edayva 
sMbUrGIuy:ug HCO3

- nig CO3
2- naM[ pH rbs;bwgenHRbEhl 10. eTaHbICamaDénsmasPaK 

kñúgenaHRtUv)aneKdwg k¾enAEtmankarrkeXIjnUvGnþrkmμénGIuy:ug nigsmasPaKepSg²eTot 
tamCeRmA nigrdUv. 

ssrfμ tufa CalkçN³BiessbMputénbwgenH. BYkvaekIteLIgenAeBlTwkeRkamdIEdl 
mansMbUrGIuy:ugkal;süÚmpSMCamYyGIuy:ugkabUNatrbs;Twkbwg. dUcenH ssrfμbBa¢ak;BITItaMg 
énTwkecjBIeRkamdI. PaBsMbUrénGIuy:ugBIrRbePTenaHkñúgTwkbwg eFVI[kkrkal;süÚmkabUNat 
ekIteLIgenA)atbwg. ssrfμenaHekIteLIgEtenAkñúgTwk dUcenHssrfμEdlGacemIleXIj 
sBVéf¶enHRtUv)anmkBIkarRskcuHénkMritTwktaMgBIqñaM 1941. enAeBlenaH TwkRtUv)aneKeRbI 
edIm,IpÁt;pÁg;elIEpñkksikmμ nigkareRbIR)as;epSg²eTotenAkñúgrdæ.  
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tarag 11.5 kMritrlayénsUdüÚmGaLÚEsnY 
smasFatu  kMritrlay (mol.L-1) 
NaF   0.99 
NaCl   6.2 
NaBr   9.2 
NaI   12.3 

minEmnEtlkçN³KImICayfaRbePTenaHeT sRmab;bwgenH Etk¾CaeGkULÚsIuEdr. eday 
sar pH nigkMhab;GMbilrlayx<s; dUcenHPav³rs;EdlGacrs;)ankñúgTwkenH KWmanEt saray 
bgágTwkéRb nigruyexμA². sarayCacMnIrbs;hVÚgruyex μA²EdlehaHenACMuvijbwgenH EdlcMNay 
eBlBIrvdþkñúgcMeNambIvdþCIvitrbs;BYkvakñúgTwkbwg. ruyTaMgenHsMbUreTAedayxøaj; nigRbUetGuIn 
EdlCaRbPBGahard¾sMxan;sRmab;bkSIEdlmkBIRKb;TisTIbnþdMeNIrrbs;BYkvaeTot. Cak;Esþg 
bwgenHCazanRbB½næd¾sMxan;mYykñμúgelak. 

enAeBlEdlmankarERbRbYlénkRmitTwkEdlmankareLIgcuH eFVI[vasl;brimaNticRb 
Ehl 50% kñúgqñaM1982 eRbobnwgqñaM 1941. ÉkareLIgcuHenHxøaMgeBk eFVI[kMhab;GuIy:ugeLIg 
x<s;EdlsMlab;Pav³rs;enAkñúgbwgenaH nigbkSIpgEdr. b:uEnþbwgenHRtUv)aneKeRCIserIsCaRbPB 
Twkrbs;Catid¾mhasal. enHmann½yfacMNuHTwkRtUvbEnßmvijrhUtdl; 70% énmaDBImun 
¬bc©úb,nñenH tYrelxRtUvbgðajfasl; 60%¦ ehIymaDenHnwgRtUvrkSarhUt.  

 bc©úb,nñbwg Mono Cabwgcab;GarmμN_mYyénGñkviTüasaRsþ NASA sRmab;sikSa  
RbtikmμKImIenAPBGgÁar. enAPBGgÁarman)atbwgcas;²s¶ÜtCaeRcInEdleKeCOfaGacman 
lkçN³Rsedognwgbwg Mono dUecñHRbEhlCamanRbePTPav³rs;RsedogEdr. KImIviTUtara 
saRsþcg;)anrUbftc,as;las;én)atbwgenAPBGgÁaredIm,Idwgfavamanssrfμ Tufa EdlbgðajBI 
dMeNIrkarKImIdUcKña b¤Gt;. 

 
bMErbMrYlenHbgðajBIkMritrlayénsUdüÚmGaLÚEsnY ¬tarag 11.5¦ 

edIm,IBnül;BIbMErbMrYlén 
kRmitrlayeyIgRtUvemIlBIvdþ 
famBlEdlTak;Tgkñúgkar 
begáItsUluysüúgbIGgÁFatu  
rwg. kRmitrlayénsmasFatu  
KWGaRs½yelIbMErbMrYlGg;tal;BI 
¬famBlbNþaj nigGg;tal;BIénGIuRdatkm μkacug nigGaj:úg¦ EdlTak;Tgnwg bMErbMrYlGg;RtUBI 
¬rUbTI 11.2¦. edIm,I[GMbilrlay famBlesrI oGΔ RtUvmansBaØaGviC¢manEdl³  
  

 
ooo sTG Δ−ΔΗ=Δ
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   (a)     (b) 

rUbTI 11.2 vdþGg;tal;BI (a) nigvdþGg;RtUBI (b) cMeBaHsUluysüúgénsmasFatuGIuy:Unic. M+ 

CaGIuy:ugelah³Gal;kaLaMgehIy X- CaGaj:úg.  
RbsineyIgemIlGg;tal;BIkñúgtarag11.6 eyIgeXIjfasUdüÚmGaLÚEsnnImYy² man 

famBlbNþajesI μnwgGg;tal;BIGIuRdatkm μkacugbUknwgGg;tal;BIGIuRdatkm μGaj:úg. Cak;Esþg 
témøxusKñaénBiesaFn¾enHFMCagtémøxusKñatamkarKNnaeTAeTot. dUcenHeyIgGacenHyay 
)anfafamBlbNþaj nigGg;tal;BIGIuRdatkm μ KWesI μKña. 

 
 
 
 
 
 
enAeBleyIgKNnabMErbMrYlGg;RtUBIkñúgtarag 11.7 eyIgeXIjfa GMbilTaMgGs;elIk 

ElgsUdüÚmPøúyGrY Gg;RtUBIEdlekIneLIgedayGIuy:ugenAeBlBYkvaecjBIbNþajRkam KwFMCag 
Gg;RtUBIEdl)at;bg;enAeBlGIuy:ugén]sμ ½nTaMgenHrgGIuRdatkmμkñúgsUluysüúg. edIm,ITTYl)an 
bMErbMrYlfamBlesrI sMxan;dMeNIrkarsUluuysüúg eyIgRtUvbBa©ÚlbMErbMrYlRbB½næd¾tUcTaMgBIrenH 
cUlKña KWGg;tal;BInigGg;RtUBI. 

 
 
 
 
 

M+ (g) + X- (g) M+ (g) + X- (g)

M+X- (s)

M+X- (s)
M+ (aq) + X- (aq)

M+ (aq) + X- (aq)

Gg;tal;BIénsUluysüúg
Gg;tal;BIénsUluysüúg

Gg;RtUBIénGIuy:ugGIuRdatkm μ Gg;RtUBIénGIuy:ugGIuRdatkm μ
famBl famBl

tarag 11.6 ktþaGg;tal;BIkñúgsUluysüúgsUdüÚmGaLÚEsnY
  famBlbNþaj  Gg;tal;BIGIuRdatkmμ bERmbRmÜlGg;tal;BI 
smasFatu (kJ.mol-1)  (kJ.mol-1)  (kJ.mol-1) 
NaF  +930   -929   +1 
NaCl  +788   -784   +4 
NaBr  +752   -753   -1 
NaI  +704   -713   -9 
 

tarag 11.7 ktþaGg;RtUBIkñúgsUluysüúgsUdüÚmGaLÚEsnYCatMél sTΔ

  Gg;RtUBIbNþaj  Gg;RtUBIGIuRdatkmμ bMErbMrYlGg;RtUBI 
smasFatu (kJ.mol-1)  (kJ.mol-1)  (kJ.mol-1) 
NaF  +72   -74   -2 
NaCl  +68   -55   +13 
NaBr  +68   -50   +18 
NaI  +68   -45   +23 
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famBlesrI)anBIkarKNnapþl;nUvbMErbMrYlRsbeTAnwgkRmitrlay Edl)anvas;kñúg 

tarag 11.8 . elIsBIenH ebIeyIgdak;Gaj:úgénGMbilmYyCamYykacugelah³Gal;kaLaMgepSg 
eTotCaGnuKmn_nwgkaMGIuy:UnicénGIuy:ugelah³Gal;kaLaMg eyIgTTYl)anExSekagd¾rlUn. ExS 
ekagenHGacmanemKuNR)ab;TisviC¢man b¤GviC¢man. edIm,IbgðajBIbMErbMrYlEbbenH kRmit 
rlayénelah³Gal;kaLaMgPøúyGrY nig GIuy:UdY RtUv)anbgðajkñúgrUb 11.3. 

rUbTI 11.3               eyIgGacyl;BIExSekagTaMgBIrkñúgrUb 11.3 

edayepþatelIfamBlbNþaj. eTaHbICamanfamBl 
bNþajd¾xøaMgmYyelIbnÞúkGIuy:Unick¾eday b:uEnþvamanTM 
nak;TMngepSgeToteTAnwgkaMkacug b¤Gaj:úg Edlkar 
minsIuKñaénTMhMGIuy:UnicrUbTI 11.3 nwgnaM[vamanfamBl 
bNþajTabCagfamBlbNþaj EdlrMBwgTuk. tarag 
11.9 bgðajBIkaMGIuy:UnicénkacuglIcUm nigessüÚm nig 
Gaj:úgPøúyGrY nigGIuy:UdY. dUcenHlIcUlGIuy:UdY Edlkñúg 
enaHmanGIuy:ugmanTMhMxusKñaxøaMg rlayxøaMgCaglIcUm 
PøúyGrY EdlGIuy:ugrbs;vamanTMhMRbEhlKña. pÞúyeTA 

vij essüÚmEdlmanTMhMGIuy:ugRbEhlKñarlayticCagessüÚmPøúyGrY EdlmanTMhMGIuy:ugxus 
KñaxøaMg. 
 
 
 

 

tarag 11.9 kaMGIuyU:nic
  kacug  kaM (pm) Gaj:úg  kaM (pm) 
  Li+  73  F-  119 
  Cs+  181  I-  206 

tarag 11.8 bMErbMrYlfamBlesrIBIkarKNnarbs;sUluysüúgsUdüÚmGaLÚEsnY 
  bMErbMrYlGg;tal;BI bMErbMrYlGg;RtUBI  bMErbMrYlfamBlesrI 
smasFatu (kJ.mol-1)  (kJ.mol-1)  (kJ.mol-1) 
NaF  +1   -2   +3 
NaCl  +4   +13   -9 
NaBr  -1   +18   -19 
NaI  -9   +23   -32 
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11>4 lIcUm  

lIcUmmandg;sIuet(0.53g.cm-3)RbEhlBak;kNþalTwk Etmandg;sIuettUcCagelah³ 
epSgeTot. edaydg;sIuetRsalrbs;vaeFVI[lIcUmGaceRbICasMelah³kñúgyanGvkas. 
]TahrN_³ sMelah³ LA 141 EdlmanlIcUm 14% GaluymIj:Úm 1% nigma:ejsüÚm 85% 

ehIymandg;sIuet 1.35 g.cm-3  RbEhlBak;kNþaléndg;sIuetGaluymIj:Úmb:ueNÑaH Edl 
Caelah³mandg;sIuetRsaleKniymeRbIeRcInCageK. 

elah³enHmanlkçN³epøkdUcR)ak; b:uEnþeBleKdak;vakñúgsMeNImxül;vaERbCaBN’ 
exμA. dUcCaelah³Gal;kaLaMgepSgeTotEdr lIcUmRbtikmμCamYyDIGuksIuEsnkñúgxül;. 

)(2)()(4 22 sOLigOsLi →+  

lIFUmCaelah³Gal;kaLaMgEtmYykñúgtaragxYbKImI EdlmanRbtikmμCamYyDIGasUt. 
karpþac;sm<½næbICan;kñúgm:UelKulDIGasUtRtUvkarfamBl 943 kJ.mol-1 . edIm,I[famBlenHman 
tulüPaB famBlbNþajénplitplRtUvEtx<s;. kñúgcMeNamelah³Gal;kaLaMgmanEtGIuy:ug 
lIcUmmandg;sIuetbnÞúkFMCageKkñúgRkum GacbegáItnIRTY EdlmanfamBlbNþajx<s;³ 

)(2)()(6 32 sNLigNsLi →+  

nIRTYskmμxøaMgNas; ehIyvabegáIt)anGam:Uja:k;eBlEfmTwk 
)()(3)(3)( 323 gNHaqLiOHlOHsNLi +→+  

lIcUmravRtUv)aneKdwgfaCaFatuEdlkat;. ]TahrN_³ ebIPaKsMNaklIcUmrlaykñúg 
dbEkvmYy enaHvanwgmanRbtikmμedayÉkÉgCamYyEkvenaHbNþal[FøúH ehIymanbeBa©j 
nUvBnøWBN’slayébtgRsalya:gxøaMgkøabMput. mü:ageTot GIuy:uglIcUmmanb:UtugEsülerduk 
sþg;daGviC¢manFMCagFatuepSg ³ 

)()( sLieaqLi →+ −+   Vo 05.3−=Ε  

elah³enHbeBa©jfamBlxøaMgCagFatuepSgeTot eBlvargGuksIutkmμ eTACaGIuy:ug 
rbs;va (+3.05V). 

kñúgelah³Gal;kaLaMg lIcUmminsUvmanRbtikm μCamYyTwkeT. b:uEnþeyIgminRtUvRcLMBI 
PaBekIteLIgÉkÉgénETm:UDINamicEdlGaRs½ynwgbMErbMrYlfamBlesrI CamYyel,ÓnénRbti 
kmμEdlGaRs½ynwgkMBs;énfamBlskmμ. kñúgkrNIBiessmYyenHeyIgRtUvKitfa famBl 
skmμsRmab;Rbtikm μCamYyTwkcMeBaHlIcUm KWFMCagelah³Gal;kaLaMgdéTeTot. enaHKYrmin[ 
PJak;ep¥IleT edaysarlIcUmmanfamBlbNþajFMCageKkñúgRkumelah³Gal;kaLaMg ehIyeRBaH 
GuksIutkmμ b¤GIuRdatkmμRtUvkarkareKcBIbNþaj dUecñHfamBlskm μrbs;va KWx<s;CageKEdr. 
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kareRbIR)as;kμ ñúg]sSahkm μFM²énlIcUm KWenAkñ μúgxøaj;ma:sIun. Cak;Esþgkñúgxøaj;enAkñúg 
eRKÓgma:sIunmanxøaj;lIcUmeRcInCag60%. smasFatuEdleRbIenHKWlIcUmesþGara:t 
(C17H35COOLi) RtUv)anrlayCamYyeRbgedIm,I[køayCalkçN³minRCabTwk ehIyminkk 
enAsItuNðPaBRtCak; nigmanesßrPaBenAsItuNðPaBx<s;. 

edaysarGIuy:uglIcUmmandg;sIuetbnÞúkFM enHGacBnül;ehtuGVIlkçN³KImIrbs;vaxusBI 
FatuepSgeTotkñúgRkum. CaBiesslkçN³KImIsrIragÁelah³énlIcUm Edlsm<½nævaCasm<½næ 
kUva:Lg;. sUm,IEtcMeBaHGMbilFmμtadUcCa lIcUmkørY kRmitrlayd¾xøaMgrbs;vakñúgGgÁFaturMlay 
CaeRcInEdlminsUvb:UEl CaBiesseGtaNul nigGaestUn bgðajfavamansm<½nækUva:Lg;kMrit 
x<s;. smasFatusrIragÁelah³mYyeTotKWb‘uyTIllIcUm (LiC4H9) CasarFatusMxan;mYykñúg 
KImIsrIragÁ. vaRtUv)aneKerobcM[Rbtikmμrvagelah³lIcUm nigkør:Ub‘uytan (C4H9Cl) Edl 
manGgÁFaturMlayCaGIuRdUkabYdUcCaGicsan (C6H12)³ 

)()()()(2 1269412694 sLiClHCHLiCHCClHCsLi +→+  

bnÞab;BIkareRcaHykGMbillIcUmkørYecjrYcmk eKGacykGgÁFaturMlayecjeday 
bMNit eK)ansUluysüúgb‘ulTIllIcUm. smasFatuenHRtUvTukdak;[)anRbugRby½tñbMput eRBaH 
vaGaceqHedayÉkÉgenAeBlvaenAkñúgxül;. 

k> GaKuylIcUm 
lIcUmCasarFatumYyeKeRbIeRcInCageKsRmab;eFVIGaNUtkñúgGaKuyTMenIbbc©úb,nñenH. 

edayvamanb:Utg;Esülerdukx<s; nigGacpÞúkfamBlmYyxñatkñúgm:astictYc. eKniymeRbIenA 
kñúgfμBiltictYcEdlpþl;b:Utg;Esülx<s;. edaysarEtlIcUmmandg;sIuet 1/20 énsMNEdleFVI 
[karerobcMGaKuyRsalCagdUcenHenAGnaKtRbEhleKeRbIlIcYmCMnYssMNkñúgGaKuysaksR
mab; yanynþEdleRbIGKÁisnI. 

GaKuylIcUmkMBugRtUvkøayCaGaKuyeBjniymeRbI b:uEnþCak;EsþgvamaneRcInRbePT 
Nas;. GaKuyEdlmanGIuy:uglIcUmGacsakeLIgvij)anRtUv)aneKeRbIsRmab;kMuBüÚT½ryYréd b¤ 
TUrs½BÞéd. enAEpñkGaNUtenaHmanlIcUmkU)al;IIIGuksIut(LiCoO2) ÉEpñkkatUtCaRkaPIt ehIy 
GgÁFaturavsrIragÁRtUv)aneKeRbICaeGLicRtUlIt. enAeBlbBa©ÜlePøIgkñúgGaKuyenH enAkatUt 
GIuy:uglIcUm)ancUlkñúgsUluysüúg ehIyeGLicRtug)ane)aHbg;. tulüPaBbnÞúkRtUv)anrkSa 
edayGIuy:ugkU)al; III mYy EdlRtUvrgGuksIutkm μCakU)al; IV sRmab;GIuy:uglIcUmnImYy²³ 

−+
− ++→ xesolventxLisCoOLisLiCoO x )()()( 2)1(2  
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enAxagGaNUtGIuy:uglIcUmcUleTAcenøaHRsTab;kñúgbNþajRkaPIt ehIyrgerdukm μ 
køayCaelah³lIcUm. karcUlénGatUmCaePJóv)ankøayCaGgÁFaturwgCaGñkbMerIvij Edl 
dMeNIrkarenHEteFVI[pøas;bþÚrtictYcénTRmg;rbs;va EdleKsÁal;faCakarbBa©ÚlcenøaH (Inter 

calation) ehIyplitplRtUv)aneKehAfa smasFatucenøaH ³ 
)()()()( sCLixesolventxLisC x→++ −+  

eBlGaKuydMeNIrkarRbtikmμb®Ba©as;eTAvij. 
manGaKuylIcUmepSg²eTotCaeRcInEdleRbIeGLicRtUtxus²Kña. eGLicRtUt nig 

GkSrrbs;GaKuymandUcCa³ m:g;kaENs(IV)GuksIut (CR) b:UlIkabUnm:UNUPøúyGrY (BR) 

va:NadüÚm(V)GuksIut (VL) nigm:g;kaENsGuksIut EdlmanlIcUmGaluymIj:ÚmenAxagkatUt 
(ML). enAkñúgGaKuyTaMgenHPaKeRcIn eKeRbIelah³qøgkñúgRbB½næerdukEdleyalenAcenøaH 
cMnYnGuksIutkm μTaMgBIr KWm:g;kaENsBI IV      III rIÉv:aNadüÚmBI V       IV . 

bc©úb,nμeKeBjniymGMBIRbB½næGaKuylIcUm EdleRbI tüÚnIlkørY (SOCl2). GaKuyenH 
manlkçN³pþl;nUvcrnþGKÁisnIx<s; GacTukcitþ)an GaceRbI)anyUr TMgn;Rsal nigbeBa©jenA 
famBlefr. b:uEnþ vaminGacbBa©ÚleLIgvij)aneT. GaKuyRbePTenHRtUv)aneKeRbIkñúg 
yanGvkas navamuCTwkse®gÁaH nigmIsIulrbs;navamuCTwk. GaKuylIcUmtüÚnIlkørYman 
smasPaKsMxan;bIya:g KWelah³lIcUm b¤GaNUtsMelah³lIcUm katUtkabUn nigeGLicRtUlIt 
Li+[GaCl4]- b¤ Li+[AlCl4]- rlaykñúgtüÚnIlkørY. RbtikmμxagGaNUt KWGuksIutkmμénlIcUm 
eTACaGIuy:uglIcUm ³ 

−+ +→ eSOClLisLi )()( 2  

ehIytüÚnIlkørYrgerdukm μxagkatUt 
)()()(44)(2 22222 SOClSSOClSOSOClClelSOCl ++→+ −−  

GIuy:uglIcUm nigGIuy:ugkørYmanRbtiikmμCamYyKñaelIépÞkabUnxagkatUt)anlIcUmkørYEdl 
minrlaykñúgGgÁFaturMlayenH³ 

)()()( 22 sLiClSOClClSOClLi →+ −+  

edayenAxagkatUt kEnøglIcUmkørYekIteLIgehIyK μanskmμPaB. dUcenHGaKuy 
RtUvQb;dMeNIrkar eRBaHelIeGLicRtUtkabUnRtUvRKbdNþb;. GaKuyepSgmYyeTot KWeRbI 
s‘ulpYrIlkørY (SO2Cl2). GgÁFaturMlayenHmanRbeyaCn_enAeBlerdukm μ eRBaHmanplitpl 
EtBIrekIteLIg KWGIuy:ugkørY nigs<an;F½rDIGuksIut ³ 

)()(22)( 2222222 ClSOSOClSOClelClSO +→+ −−  
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GaKuymYyRbePTeTotCalIcUm-s<an;F½rDIGuksIut. vaRtUv)aneKeRbIkñúgma:suIn 
sV½yRbvtþ (defibrillator) EdleFVI[cgVak;ebHdUgCnrgeRKaHKaMgebHdUg [edIreLIgvij. 
GaKuyenHGaceRbIenAsItuNðPaBcuHdl; -40ºC dUcenHvak¾RtUv)aneKeRbIkñúg]bkrN¾ePøIgsBaØa 
RBmancracrN_rbs;ynþehaHenAtMbn;RtCak;;. s<an;F½rDIGuksIutrlaykñúgGgÁFaturlaysrIragÁ 
enAsm<aF 200-300 kPa. dUcRKb;;GaKuylIcUm mandMeNIrkarGuksIutkm μlIcUmenAxagGaNUt 
b:uuEnþkñúgkrNIenH RbtikmμxagkatUtCaerdukmμéns<an;F½rDIGuksIuteTACaGIuy:ug; S2O4

2- ³ 
)(2)(2 2

422 solventOSesolventSO −− →+  

11>5 sUdüÚm 
elah³sUdüÚmCaelah³Gal;kaLaMg EdlmantRmUvkarx<s;CageKsRmab;vis½y]sSa-

hkmμ. dUcCaelah³Gal;kaLaMgdéTeTotEdr vaminEmnCaelah³suTækñúgFmμCatieT eRBaHEt 
RbtikmμPaBvax<s;. edaysarEtkMritcmøgkemþAvax<s; elah³sUdüÚmravRtUv)aneKeRbICaGgÁFatu 
ravcmøgkemþAkñúgerGak;T½rnuyekøEG‘ dUcCakñúgnavamuCTwk. 

eKeRbIelah³sUdüÚmkñúgkarsMeyaKcMnYnd¾eRcInénsmasFatusUdüÚm b:uEnþvamanbMerI 
bMras;sMxan;²BIry:ag. TImYy KWeRbIsRmab;rMedaHelah³epSgeTot. viFId¾gaybMputedIm,ITTYl 
)anelah³kRmdUcCa tUrüÚm(Th) esokUj:Úm(Zr) tg;tal;(Ta) nigTItan(Ti) KWedaykareFVI 
erdukmμénsmasFaturbs;BYkvaCamYysUdüÚm. ]TahrN_³ eKTTYl)anTItanedayeFVIerdukmμ 
TItan IVkørYCamYyelah³sUdüÚm³ 

)(4)()(4)(4 sNaClsTisNalTiCl +→+  

dUcenHeKGaclagsUdüÚmkørYecjBIelah³TItansuTæ. 
bMerIbMras;sMxan;TIBIrénelah³sUdüÚm KWenAkñúgplitplénsaMgEdlmanbEnßmetRta 

eGTIlsMN(TEL). eTaHbICa TEL RtUv)aneKhamXat;min[eRbIedaydak;kñúgsaMgenAGaemrik 
xageCIgk¾eday ¬eRBaHvaBulehIyelah³sMNeFVI[bMBulbrisßan¦k¾vaenAEtmaneKeFVIGaCIvkmμ 
d¾sMebImenAelIBiPBelak edIm,IbegáInkmøaMgéncMehHGuktanEdlCasaMgmantémøefak. kñúgkar 
sMeyaK TEL eKeRbIRbtikm μrvagsMelah³sMNnigsUdüÚm nigeGTIlkørY³ 

)(4)(3)()()(4)(4 45252 sNaClsPblPbHCgClHCsNaPb ++→+  

]sSahkmμTegVIsUdüÚm 
sUdüÚmKwelah³EdlPøWdUcR)ak;RtUv)aneKbegáIteLIgedaydMeNIrkar Downs Edlkñúg 

enaH NaCl ¬cMNucrlay801ºC¦ RtUv)anykeTAeFVIGKÁisnIviPaKkemþAGMbilrlay. 
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GKÁisnIviPaKenHRtUv)aneKeFIVenAkñúgRbGb;ragsuILaMgEdlmanGaNUtRkaPItenAcMkNþal ehIy 
manEdkEfbCakatUtenACuMvij (rUbTI 11.4). eK)anlay NaCl nig CaCl2 edIm,Ikat;bnßycMNuc 
rlay nigmansItuNðPaBTabEdlvaRtUvkaredIm,IdMeNIrkar. eTaHbICa CaCl2 mancMNucrlay 
dl; 772 oC k¾eday EtebIeKlayNaCl 33% nig CaCl2 67% eKnwg)ancMNucrlayvaRbEhl 
580oC. vaCacMNucrlayénl,ayEdlTabCagmun eFVI[dMeNIrkarRbRBwtþeTAya:gefak. 

eGLicRtUtBIrRtUv)anEjkBIKñaedaysMNaj;EdkEfbragsuILaMg dUcenHsUdüÚmEdl 
rlay EdlGENþteTAEpñkxagelIénkatUtnwgRtUv)anrkSaTuk[putBI]sμ ½nkørEdlekItenAxag 
GaNUt. 

 
 

 
 elah³sUdüÚmEdlplit)anmanlayCamYyelah³kal;süÚmRbEhl0.2%. enAeBl 

bBa©úHsItuNðPaBénl,aydl; 110oC eFIV[kal;süÚmkk ehIyliccuHeTAeRkam. sUdüÚmsuT§ 
(cMNucrlay98oC)nwgenAsl;CaGgÁFaturav ehIyeKnwgbUmcUleTAkñúgBum<RtCak; EdlCakEnøg 
EdlvakøayCaGgÁFaturwg. 

11>6 bU:tasüÚm 
bU:tasüÚmCaFatuviTüúskmμexSayEdlmanenAkñúgFm μCati eRBaHvamanGIusUtUbviTüúskmμ 

bU:tasüÚm-40 RbEhl 0.012%. Cak;EsþgkarbeBa©juviTüúskm μkñúgxøÜnmnusSeyIgmYyEpñkFM 

−−

−+

+→

→+

egClNaClCl
lNaeNaClNa
2)()(2
)()(

2
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)anmkBIGIusUtUbenH EdlvamanBak;kNþalCIvit1.3x109qñaM. GatUmb:UtasüÚmRbEhl 89% 

bMEbkéNVy:Uedaykare)aHbg;eGLicRtugmYy ehIy 11% eTotbMEbkéNVy:Uedaykarcab;yk 
eGLicRtug. 

 
 

 karbMEbkBIbU:tasüÚm-40eTACaGakug-40CaviFImYyénkarkMNt;GayukalénsilaenA 
eBlEdlma:k;ma: ¬f μrav¦kk edaysarGakugRtUvrkSaTukenAkñúgsila. 

eyIg)andwgehIyfa kMritrlayénGMbilelah³Gal;kaLaMgsuT§EtCaGMbilEdlrlay 
CaBiess cMeBaHGMbilEdlrlayticCageKk¾edaysarEtvamanTMhMGIuyu:gRbhak;RbEhlKña. 
dUcenHGajú:gEdlFM nigkacugénelah³Gal;kaLaMgEdlFM eKTTYl)anGMbilEdlrlaytic. 
]TahrN_dUcCaGIuyu:gFMénGicsanIRTItUkU)al;tat III ( [ ] −3

62 )(NOCo ). GMbilrbs;vaCamYylI 
cUmnigsUdüÚmrlay bu:EnþebICamYybU:tasüÚmminrlayeT dUcenH eKGaceFIVetsþvaedaybEnßmGIu 
y:ugsUdüÚm b¤bU:tasüÚm nigGIuy:ugGicsanIRTItUkU)al;tatIII. kkrBN’elOgRsalnwgbgðajBI 
vtþmanGIuy:ugbU:tasüÚm³ 

 
 Gajú:gEdlFMmYyeTot ehIyGacbegáItkkrCamYykacugelah³Gal;kaLaMgEdlFMKW 

GIuy:ugetRtaepnIlbra:t  
 
 
 ]sSahkmμTegVIbU:tasüÚm 
 eKplitelah³bU:tasüÚmCaCMnYjtamviFIKImI. TegVIelah³enHtamGKÁisnIviPaKBul 
xøaMgNas; eRBaHEtskmμPaBKImIrbs;vaxøaMgkøa. dUcenHeKeFVIvatamviFIKImImYyedayRbtikm μ 
rvagelah³sUdüÚm nigGMbilbU:tasüÚmrlayenA 850 oC ³ 

 
 eTaHbICalMnwgrMkileTAxageqVg bu:EnþenAsItuNðPaBenHbU:tasüÚmCa]sμ ½n (cMNucrMBuH 766 
oC nigcMNucrMBuHsUdüÚm 890 oC). dUcenHtamc,ab; Le Chatelier RbtikmμGacrMkileTAxagsþaM 
edaybUm]s μ ½nBN’ébtgénbU:tasüÚmecjBIl,ay. 

AreK

eCaK
40
18

0
1

40
20

0
1

40
20

40
19

→+

+→

−

−

[ ] [ ] )()()()()(3 623
3

62 sNOCoKaqNOCoaqK →+ −+

[ ]−456 )( HCB

[ ] [ ] )()()()()( 456456 sHCBKaqHCBaqK →+ −+

Na(l)+ KCl(l) K(g) + NaCl(l)
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 11>7 GuksIut 
 elah³PaKeRcInenAkñúgtaragxYbmanRbtikm μCamYyGuksIuEsn eKTTYl)anGuksIutEdl 
manGIuy:ugGuksIut (O2-). eTaHbICaya:genHkþI cMeBaHelah³Gal;kaLaMgmanEtlIcUmeTEdlman 
RbtikmμCamYyGuksIuEsn[CaGuksIutFmμta³ 
  
 sUdüÚmmanRbtikmμCamYyGuksIuEsn eKTTYl)ansUdüÚmDIGuksIut (2-) (Na2O2EdleK 
ehAfa sUdüÚmEBGuksIut)manGIuy:ugDIGuksIut(O2

2- ehAfaGIuy:ugEBGuksIut)³ 
 

 eyIgRtUvcMNaMfa :2- :bgðajBIbnÞúkenAelIGIuy:ug. bc©úb,nñeyIgeRbIelxGara:b;dak;kñúg 
vg;RkckedIm,Idak;eQ μaH[Rkum enAeBlEdlGaj:úgmaneRcInCagmYy. enHCavIFImYyEdlpþl; 
edayshKmn_Gaemric. 
 sUdüÚmDIGuksIut (2-) Cadüama:ejTic ehIymanRbEvgsm<½n§rvagGatUm O-O RbEhl 
149pm EvgCagRbEvgsm<½n§rvag O-O kñúgmU:elKulGuksIuEsnEdlmanRbEvgsm<½n§RtwmEt 
121pm. eyIgGacBnül;BIlkçN³düama:ejTic nigkmøaMgsm<½n§exSayedayKUrEpñkmYyén 
düaRkamGrb‘Ítal;mU:elKul Edl)anbgðajBIGrb‘Ítal 2p (rUbPaBTI 11.5).  
 Grb‘ÍtalkñúgGatUm         Grb‘Ítal;mU:elKul  Grb‘ÍtalkñúgGatUm 

 
rUb 11.5 bgðajkarbMeBjGrb‘Ítal;mU:elKulEdlmkBIGrb‘Ítal 2p rbs;GIuy:ugDIGuksIut (2-) 

EdlFmμtaeKehAfaGIuy:ugEBGuksIut. 

)(2)()(4 22 sOLigOsLi →+

)()()(2 222 sONagOsNa →+
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düaRkamenHbgðajfamanGrb‘Ítal;sm<½n§bInigGrb‘Ítal;bdism<½n§BIr EdleBjehIy. eGLicRtug 
TaMgGs;RtUv)andak;CaKU².  lMdab;sm<½n§ 1 KwCa1 minEmn2 EdlCalMdab;sm<½n§kñúgmU:elKul 
DIGuksIuEsn. 
 elah³Gal;kaLaMgbIepSgeTotmanRbtikmμCamYyGuksIuEsnbegáItCaDIGuksIut(1-) (eK 
ehAfas‘ubEBGuksIut)EdlmanGIuy:ug)a:ra:ma:ejTicDIGuksIut O2

- 
   

 RbEvgsm<½n§rvagGatUm O-O kñúgGIuy:ugTaMgenH(133 pm) xøICagkñúgDIGuksIut(2-) bu:Enþ 
EvgCagRbEvgsm<½n§kñúgmU:elKulrbs;vabnþic. eyIgGacBnül;RbEvgsm<½n§xusKñaenHedaykarbM 
eBjGrb‘Ítal;mU:elKul (rUbTI 11.6). 
 Grb‘ÍtalkñúgGatUm         Grb‘Ítal;mU:elKul  Grb‘ÍtalkñúgGatUm 

 
rUb 11.6 bgðajkarbMeBjGrb‘Ítal;mU:elKulEdlmkBIGrb‘Ítal 2p rbs;GIuy:ugDIGuksIut (1-) 

EdlFmμtaeKehAfaGIuy:ugs‘ubEBGuksIut. 
 GIuy:ugDIGuksIut(1-)manKUsm<½n§bIKU nigbdism<½n§mYyKUknøH. lMdab;sm<½n§)anmk 
kñúgGIuy:ugDIGuksIuEsnKW 1½ enArvaglMdab;sm<½n§kñúgGIuy:ugDIGuksIut(2-) niglMdab;sm<½n§ 
kñúgmU:elKulGuksIuEsn. eyIgGacBnül;BIkarbegáIténGIuy:ugDIGuksIut(1-) nigDIGuksIut(2-) 

edaysnμtfakacugEdlbU:Eltic (mandg;sIuetbnÞúkTab)eFIV[Gaj:úgbU:ElxøaMgmanesßrPaB. 

                                                 
1 lMdab;sm<½n§  = 

2
1

 cMnYneGLicRtugkñúg Grb‘Ítal;ssm<½n§  – cMnYneGLicRtugkñúg Grb‘Ítal;sminbdism<½n§ 

lMdab;sm<½n§bBa¢ak;BIkMlaMgsm<½n§. ]TahrN_ ebIsinCamaneGLicRtugBIrkñúgGrb‘Ítal; m:UelKulsm<½n§ 
nigK μanenAkñúgGrb‘Ítal;m:UelKulbdism<½n§  enaHlMdab;sm<½n§esμ Inwg 1 Edl mann½yfa mansm<½n§kUva:Lg;mYy 
ehIym:UelKulenaHmansßirPaB.  cUrcMNaMfa lMdab;sm<½n§Gac CaRbPaK b:uEnþlMdab;es μ IsUnü ¬b¤mantMélGviC¢man¦ 
mann½yfa sm<½n§K μansßirPaBehIym:UelKul k¾minGacmanEdr. 

)()()( 22 sKOgOsK →+
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 GuksIuténelah³RkumTImYymanRbtikmμxøaMgkøaCamYyTwk[CasUluysüúgGIuRduksIutén 
elah³TaMgenaH. elIsBIenH sUdüÚmDIGuksIut(2-)begáIt)anGIuRdUEsnEBGuksIut ehIyDIGuksIut 
(1-)begáIt)anGIuRdUEsnEBGuksIut nig]s μ½nGuksIuEsn³ 

 
 
 eKeRbIbU:tasüÚmDIGuksIut(1-)kñúgyanGvkas navamuCTwk nig]bkrN_eRbIR)as;mYycMnYn 
dUcCa]bkrN_sRmab;dkdegðIm eRBaHvaRsUb]sμ ½nkabUnic ehIybeBa©jnUv]s μ ½nGuksIuEsn³ 

 
 

11>8 GIuRduksIut 
GgÁFaturwgGIuRduksuIténelah³Gal;kaLaMgmanBN’sføa EdlRsUbsMeNImBIkñúgxül; 

rhUtBYkvarlaykñúgTwk dMeNIrkarenaHeKehAfa karRsUbTwk (deliquescence). krNIelIkElg 
mYycMeBaHlIcUmGIuRduksIutEdlbegáItCaGuktaGIuRdat (LiOH.8H2O) EdlmansßirPaB. 
GIuRduksIuténelah³TaMgGs;enHBulxøaMgNas; eRBaHGIuy:ugGIuRduksIutmanRbtikmμCamYyRbUetGIun 
elIEs,kedaybMpøajépÞEs,k. sUdüÚmGIuRduksIut nigb:UtasüÚmGIuRduksIutRtUv)aneKeFVICaRKab;² 
KWedayeRbIGgÁFaturavcak;Bum<. eBl NaOH nig KOH enaHCaGgÁFaturwg b¤kñúgsUluysüúg 
k¾eday BYkvaRsUb]sμ ½nkabUnicBIbriyakas. 

)()()()(2 2322 lOHaqCONagCOaqNaOH +→+  

GIuRduksIuténelah³Gal;kaLaMgCaRbPBd¾gayRsYlénGIuy:ugGIuRduksIut eRBaHBYkva 
gayrlaykñúgTwk. enAeBleKRtÚvkarGIuy:ugGIuRduksIutCasarFatubnÞal; RbPBrbs;vaRtUv)an 
eRCIserIsedayGaRs½yelItémø nigkMritrlay. kñúgKImIGsrIragÁsUdüÚmGIuRduksIut ¬s‘Utrlak 
[caustic soda]¦CaRbPBGIuy:ugGIuRduksIutd¾samBaØmYy eRBaHvaCaGIuRduksIuténelah³ Edlefak 
CageK. b:UtasüÚmGIuRduksIut ¬b:Utasrlak[caustic potash]¦ eKcUlcitþeRbIkñúgKImIsrIragÁCag 
sUdüÚm GIuRduksIut eRBaHvamankMritrlayx<s;CagkñúgGgÁFaturMlaysrIragÁ. 

k> ]sSahkmμsMeyaKsUdüÚmGIuRduksIut 
sUdüÚmGIuRduksIutCasarFatuKImIlMdab;TI6 edaysarEtbrimaNplitrbs;va. vaRtUv 

)aneKerobcMeLIgedayGKiÁsnIviPaKTWkéRb¬sUluysüúgsUdüÚmkørY¦. BilbnÞHx½NÐRtUv)aneK 
eRbIedIm,IplitsUdüÚmGIuRduksIut. kñúgBilenHTwkrgerdukmμeTACa]sμ ½nGIuRdUEsn ehIyGIuy:ug 

)()()(2)(2)(2
)()(2)(2)(

)(2)()(

22222

22222

22

gOaqOHaqKOHlOHsKO
aqOHaqNaOHlOHsONa

aqLiOHlOHsOLi

++→+
+→+

→+

)(2)()()(
)(3)(2)(2)(4

32232

23222

aqKHCOlOHgCOsCOK
gOsCOKgCOsKO

→++
+→+
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GIuRduksIutxagkatUt rIÉGIuy:ugkørYrgGuksIutkmμCa]s μ½nkørenAxagGaNUt ¬eTaHCaTwkxøHRtUv)anrg 
GuksIutkmμCamYy GuksuIEsnk¾eday¦³ 

−−

−−

+→

+→+

egClaqCl

aqOHgHelOH

2)()(2
)(2)(2)(2

2

22  

rUb 11.7 BilbnÞHx½NÐ 

 
lkçN³Biess¬rUbTI11.7¦énBilenHKwbnÞHx½NÐ  EdlkarBarGIuy:ugGIuRduksIutxagkatUtBI 

karmkb:Hén]sμ ½nkørEdlenAxagGaNUt. bnÞHx½NÐenHmanrnætUc²l μmsRmab;[TwkGMbilqøg 
kat;. mundMbUgeKRtUv)aneRbI asbestos b:uEnþvaGacbgáCm¶wmharIk dUecñH\LÚvenHeKeRbICasMNaj; 
Teflon. BilenHeRbIcrnþGKÁisnIx<s;Nas;KWenAcenøaHBI 30 000 eTA 150 000A . 

kMLúgeBlGKÁisnIviPaK sUluysüúgxagkatUtEdlmanl,aysUdüÚmGIuRduksIut 11% nig 
sUdüÚmkørY 16% RtUv)anykecjCabnþbnÞab;. sUluysüúgTTYl)anRtUvykeTArMhYt EdlGac 
eFVI[sUdüÚmkørYkMNkCaRkameRBaHvarlayticCagsUdüÚmGIuRduksIut. plitplcugeRkay KW 
sUluysüúgsUdüÚmGIuRduksIut50% ehIysUdüÚmkørYRbEhl1%. smasPaKenH eKGacTTYl 
yk)ansRmab;]sSahkmμ. 

x> bMerIbMras;sUdüÚmGIuRduksIut 
plitplsUdüÚmGIuRduksIutRbEhl 30% RtUv)aneKeRbICaFatubnÞal;kñúgeragcRk 

smasFatuKImIsrIragÁ ehIyRbEhl 20% eRbIsRmab;sMeyaKsmasFatuEr:epSgeTot. rIÉ 
20% eToteRbIkñúg]sSahkmμplitRkdas nigsl; 30% eTotsRmab;eRbIR)as;epSg²eTot.  

bnÞHx½NÐmanrnæ
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sUdüÚmGIuRduksIutCa)asd¾sMxan;mYykñúgmnÞIrBiesaFKImI. vak¾RtUveKeRbIeRcInpgEdrenA 
tampÞHCaTwkk,úg. kareRbIR)as;pÞal;PaKeRcInKW Rbtikm μrbs;vaCamYyxøaj;eKa CaBiesskñúgL 
dut ¬dUcCa Oven Cleaner¦ b¤cak;cUlkñúgbMBg;TwksÞH[bgðÚrTwk. kñúgplitplxøHsRmab; 
bgðÚrbMBg;TwksÞH eKeRbIelah³GaluymIj:ÚmlayCamYysUdüÚmGIuRduksIut.  enAeBlcak;Twk 
RbtikmμKImInwgekIteLIgedaybegáItGIuy:ugGaluymINat nig]s μ ½nGIuRdUEsn. BBuHén]s μ ½n 
GIuRdUEsneFVI[TwkmansPaBxøaMgkøa EdlbegáInTMnak;TMngénxøaj;eKaCamYysUluysüúgsUdüÚm 
GIuRduksIut eFVI[rlay rbs;rbrsÞHkan;EtelOn³ 

[ ] )(3)()(2)(6)(2)(2 242 gHaqOHAllOHaqOHsAl +→++ −−  

sUdüÚmGIuRduksIutk¾eRbIkñúg]sSahkmμGaharpgEdr CaBiesspþl;GIuy:ugGIuRduksIut 
sRmab;pþac;RbUetGuIn. ]TahrN_³ eK)aj;sUluysüúgsUdüÚmGIuRduksIutelIdMLÚg)araMg edIm,I[ 
vaTn; ehIyrbksMbkvaecj. EpøGUlIv¬RsedogEpøemþj¦ RtUv)aneKdak;RtaMkñúgsUluysüúg 
sUdüÚmGIuRduksIut edIm,I[sac;vaTn;GacbriePaK)an. eKeRbIva minRbRktImYykñúgplitplnMb½ug 

pretzel ¬nMb½ugrUbragsBaØaGnnþ¦. munduteK)anBassUluysüúgsUdüÚmGIuRduksIutelIdMuemSA 
ehIyeKdak;GMbilcUl. sUdüÚmGIuRduksIuthak;dUcCa sIum:g;[RkamGMbilCab;épÞeRkA. 
enAeBldutnMb½ug pretzel ]s μ ½nkabUnicPayeLIg)aneTAbMEbøgsUdüÚmGIuRduksIuteTACasUdüÚm 
kabUNatm:UNUGIuRdatEdlminBuH³ 

)(.)()(2 2322 sOHCONagCOsNaOH →+  
 
 

GMbilCMnYs 
eyIgRtUvkarsUdüÚmkørY 3g kñúgmYyéf¶ b:uEnþenAbs©wmRbeTs Gaharrbs;BYkeKmanGMbil 

BI 8 eTA 10g. RbsinebIBYkeKbriePaKTwk)anRKb;RKan; brimaNeRbIR)as;enHKμanbBaðaeT. b:uEnþ 
sRmab;GñkEdlmansm<aFQamx<s; karkat;bnßykarbriePaKGIuy:ugsUdüÚm)anbgðaj[eXIjfa 
nwgeFVI[mankarkat;bnßysm<aFQam. edIm,I[manGIuy:ugsUdüÚmtickñúgxøÜn eKmanGMbil 
CMnYsCaeRcIn Edldak;lk;enATIpSarEdlmanrsCatiéRbEtminmanGIuy:ugsUdüÚmeT. GMbilTaMg 
enaHPaKeRcInmanb:UtasüÚmkørY nigsmasFatudéTeTotEdlmin[manrsCatilVIg EdlrsCati 
rbs;GIuyu:gb:utasüÚm. 

GñkplitGMbilsuTæqøatmYy)anbBa¢ak;fa plitplrbs;Kat;mansUdüÚmticCag 33% 

eRBaHKat;cg;lk;eRcIneTAGñkP½yxøacCm¶welIsQam. karbBa¢ak;enHBitCaRtwmRtUvtambec©k 
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eTs edayeK)anplitvaCaRkamGMbilmanRbehag. GMbilTaMgenHmandg;sIuettUcCagGMbil 
EdlmanRkamragCaKUb33%. dUcenH mYysøabRBanwgmanGIuy:ugsUdüÚm nigkørYticCag 33%. 
enAeBlGñklaybrimaNGMbildEdldUcFmμtaelImðÚbrbs;Gñk vanwgkat;bnßyGIuy:ugsUdüÚm 
b:uEnþebIsinCaGñkcg;)anPaBéRbdUcFm μta GñknwgRtUvkarGMbilCMnYsenaH 50% eRcInCagGMbil 
Fmμta. 

 
  11>9 sUdüÚmkørY 
TwksmuRTmansUdüÚmkørY 3% nigsmasFatuxniCeRcInepSgeTot. eKKNnaeXIjfaTwk 

smuRTmanGMbil 19lanEm:RtKUb EdlFMCagmaDTVIbGaemrik. 
GMbilRtUv)aneKplitedayeRbIfamBlRBHGaTitüedIm,IrMhYtTwksmuRT EdlCaRbPBrk 

cMNUlrbs;RbeTsRkkMBugGPivDÄn¾dUcCaRbeTsTYkKI ekaH Caicos nigRbeTskm<úCaCaedIm. 
bu:EnþeRkaymkeKk¾Qb;eRbIviFIenH edaysarEtvaeFIV[xatbg;R)ak;cMNUl nigkargar. 

sUm,IEtmkdl;bc©úb,nñenH GMbilenAEtCaplitplsMxan;. sUdüÚmkørYRtUv)aneKeRbICa 
FatuKImIsRmab;plitGMbilEdll¥CagsmasFatuEr:déTeTot ehIyBiPBelakRtUvkarRbEhl 
150 lanetankñúgmYyqñaM. sBVéf¶eKCIksUdüÚmkørYBIRsTab;Er:eRkamdI EdlmankRmas;rab;ry 
Em:Rt. RsTab;TaMgenHekIteLIgenAeBlbwgFM²)anhYtrhUtdl;s¶ÜtEdlmanGayukalrab;lan 
qñaMmkehIy. pÞaMgGMbilRbEhl 40% eKCIkdUcEr:FüÚgfμBIRsTab;eRkamdI ehIybrimaNenA 
sl;eKdkecjedaybUmTWkdak;cUleRkamdI ehIybUmsUluysüúgTwkéRbEdlEq¥tecjvij. 

11>10 bU:tasüÚmkørY 
b:UtasüÚmkørYk¾dUcCasUdüÚmkørYEdr manenAkñúg)atbwgrIgsl;BIsm½yburaNEdlsBVéf¶kb; 

kñúgCMerAd¾eRCA. RbEhlCaBak;kNþalénb:UtasüÜmkørYelIBiPBelak KWenAeRkamdIkñúgextþmYycM 
nYnkñúgRbeTskaNada dUcCa³ Saskatchewan, Manitoba, nig New Brunswick. enAeBl 
EdlTwkbwgkalBIsm½yburaNrIgs¶ÜtenaHGMbilrlayTaMgGs;)ankkCaRkam. dUcenHkMNk; 
TaMgenaHminEmnCab:UtasüÚmkørYTaMgGs;enaHeT b:EnþvamanGMbilepSgeTotdUcCa sUdüÚmkørY 
b:UtasüÚmm:aejsüÚmGicsaGIuRdat(KMgCl3.6H2O) m:aejsüÚms‘ulpatm:UNUGIuRdat 
(HgSO4.H2O) nigGMbilepSg²eTot. 
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eK)aneRbIviFIxusEbøkKñaCaeRcInedIm,IEjksmasFatuGMbilTaMgenH. viFITImYyeKKitBIkM 
ritrlayxusKña eBalKWeKrMlayl,ayGMbilkñúgTwkehIyeRbIviFIrMhYt b:uEnþviFIenHeKRtUvcMNay 
Gs;famBleRcInkñúgkarrMhYtTwkecj. viFImü:ageTot KWkarbEnßml,ayCaRkamCak;cUlkñúgsU 
luysüúgsUdüÚmkørYEq¥t. enAeBlEdlxül;bk;qøgkat;l,ayenH Rkamb:UtasüÚmkørYs¥itCab;eTA 
tamBBuH bnÞab;mkBBuHb:UtasüÚmkørY k¾RtUv)aneKdYsecjBIépÞelITwk. rIÉsUdüÚmkørYliccuHeTA)at 
xageRkam ehIyeKk¾)arvaecj. 

viFITIbI hak;dUcCaEbøkbnþic eRBaHvaCadMeNIrkareGLicRtUsþaTic. GgÁFaturwgRtUv)ankin 
[køayCaemSAm:t; ehIyeKP¢ab;crnþGKÁisnIeTAnwgemSAenaHedaydMeNIrkarkkit. b::UtasüÚmkørY 
TTYl)anbnÞúkmYyEdlpÞúyBIsmasFatuEr:déTeTot. bnÞab;mkeKcak;emSAGMbilenaHeTAvtßúEdl 
manbnÞúkxøaMgBIr. b:UtasüÚmkørYs¥itCab;eTAnwgvtßúmYyEdleKGacykvaecjCabnþbnÞab;)an 
ÉGMbilepSgeTotCab;nwgvtßúmYYyeTotEdlmanbnÞúkpÞúyBIb:UtasüÚmkørY. b:uEnþ GMbilepSgCa 
sMNl; EdlRtUv)aneKeRbItictUc ehIyvamanplvi)akénkare)aHecal. 

b:UtasüÚmkørY eKeRbIvaEtkñúgkarplitCaCI. GIuy:ugb:UtasüÚmCaFatud¾sMxan;mYykñúgkarlUt 
las;rbs;rukçCati ehIyral;qñaMeKeRbIb:UtasüÚmkørYRbEhl 4.5.107 etanelIBiPBelakEdlCa 
ehtueFVI[vakøayCapliplKImId¾sMxan;mYy. 

11>11 sUdüÚmkabUNat 
manEtelah³Gal;kaLaMg ¬nigGIuy:ugGam:Uj:Úm¦bu:eNÑaH GacbegáItkabUNatEdl 

rlaykñúgTWk. sUdüÚmkabUNatCakabUNaténelah³Gal;kaLaMgEdlsMxan;CageK ehIysßit 
kñúgTMrg;Cam:UNUGuIRdat(Na2CO3.H2O) nigedkaGIuRdat (Na2CO3.10H2O) EdlCasUdasRmab; 
lagCMrH. ebIsinCaeKTukRkamføaénedkaGIuRdatkñúgxül;s¶Ütva)at;bg;m:UelKulTwkénGIuRdatkmμ 
(efflorescence) begáIt)anCaemSAsm:UNUGIuRdat³ 

)(9)(.)(10. 2232232 lOHsOHCONasOHCONa +→  

k> ]sSahkmμsMeyaKsUdüÚmkabUNat 
RbsinKitCabrimaN sUdüÚmkabUNatCasmasFatuGsrIragÁEdleKniymeRbI;TI 9 enA 

GaemrikxageCIg. eKTTYl)anvaBIsarFatuxnic trona Edlmanl,aykabUNat-GIuRdUEsn 
kabUNat (Na2CO3.NaHCO3.2H2O) eKniymehAfasUdüÚmessKVIkabUNat (Sesqui). 
essKVI mann½yfa {mYyknøH} ehIyvaCacMnYnGIuy:ugsUdüÚménkabUNatkñúgsarFatuxniCenaH. 
sUdüÚmessKVIkabUNatminEmnCal,ayénsmasFatuBIreT b:uEnþCasmasFatuEtmYyEdlman 
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GIuy:ugkabUNat nigGIuy:ugGIuRdUEsnkabUNatpøas;Kña CamYynwgGIuy:ugsUdüÚm nigm:UelKulTwktam 
smasmaRt 1:1:3:2 KW Na3(HCO3).(CO3).2H2O. brimaNsarFatuxniC tronad¾eRcInbMputelI 
BiPBelakEdleKrkeXIjenA Wyoming 4.5x1010 etan. 

kñúgdMeNIrkarTegVIm:UNUGIuRdat trona CasarFatuEr:eKCIkdUcCaFüÚgf μ EdlenAeRkamdI 
RbEhl 400m RtUv)aneKkinkMeTcrYc ehIydutkñúgLEdlbgVil)an. TegVIenaH)anbMEbøg 
essKVIkabUNateTACa kabUNat³ 

)()(3)(3)(2).)((2 22322333 gCOgOHsCONasOHCOHCONa ++⎯→⎯Δ  

CalT§pl sUdüÚmkabUNatRtUveKrMlaykñúgTwk ehIyeKeRcaHykFatuminsuT§ Edlmin 
rlayecj. bnÞab;mkeKyksUluysüúgsUdüÚmkabUNateTArMhYtrhUtdl;s¶ÜtEdleKTTYl)an 
kabUNatm:UNUGIuRdat. edaydutplitplenHbnþeTot eKTTYl)ansUdüÚmkabUNat ³ 

)()()(. 232232 gOHsCONasOHCONa +⎯→⎯Δ  

enARbeTsepSgeToteKplitsUdüÚmGuIRdUEsnkabUNatedaydMeNIrkar Solvay rW sUda 
Gam:Uj:ak;. dMeNIrkarenHmanRbtikm μrvagsUdüÚmkørY nigkal;süÚmkabUNat ³ 

)()()()(2 2323 aqCaClaqCONasCaCOaqNaCl +↔+  

b:uEnþlMnwgénRbtikmμenHmanTMenareTAxageqVgeRcIn. edayeRbITwkGam:Uj:ak;elIRbtikmμ 
xagelIRbtikmμGacRtUv)aneKsMerc)an. bBaðaEdlekIteLIgCamYydMeNIrkarenaHKWbrimaNén 
kal;süÚmkørY Edlplit)an eRBaHkñúgTIpSareKcg;eRbIbrimaNticCagkarplitkñúgdMeNIrkarenH. 
elIsBIenH dMeNIrkarenHRtUvkarfamBleRcIn EdleFVI[vaRtUvcMnayeRcInCagviFItrona. 

x> bMerIbMras;sUdüÚmkabUNat 
enA U.S karplitplsUdüÚmkabUNatRbEhl 50% RtUv)aneKeRbIenAkñúgkarplit 

Ekv. KñúgdMeNIrkarenH sUdüÚmkabUNatcUlrYmRbtikm μCamYysIulIsüÚmDIGuksIut ¬xSac;¦ ehIy 
nigsmasFatuepSgeTotenAsIutuNðPaB1500ºC. rUbmnþCak;lak;énplitplGaRs½yelIpl 
eFobénRbtikr. Rbtikm μenHbegáIt)ansUdüÚmsIulIkat nig kabUnDIGuksuIt ³ 

)()(.)()( 222232 gCOlxSiOONasxSiOlCONa +⎯→⎯+ Δ  

sUdüÚmkabUNatk¾RtUv)aneRbIkñúgTwkedIm,IeRbIR)as;edIm,ICMrHGIuy:ugelah³Gal;kalINUET 
rWBIkñúgdIedaybMEbøgva[eTACakabUNatminrlay EdleKehAfa {TwkTn;}. GIuy:ugEdleKRtUv 
ykecj KWGIuy:ugkalsüÚmEdlvamankMhab;x<s;enAkñúgTwkeRbIR)as;EdlmanRbPBBIfμkMe)ar nig 
dIs ³ 

)()()( 3
22

3 sCaCOaqCaaqCO →+ +−  
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11>12 sUdüÚmGIuRdUEsnkabUNat 
RKb;elah³Gal;kaLaMgTaMgGs; ¬elIkElglIcUm¦ GacbegáItCaGgÁFaturwgCamYy 

GIuRdUEsnkabUNat EdleKEtgEtehAfaCab‘ÍkabUNat. eyIgRtUvyl;fakacugEdlmandg;sIuet 
bnÞúkTabGaceFVI[esßrPaBkñúgGaj:úgEdlmandg;sIuetbnÞúkx<s; GacBnül;vtþmanénGIuRdUEsn 
kabUNatTaMgenH. 

sUdüÚmGIuRdUEsnkabUNatrlaykñúgTwkticCagsUdüÚmkabUNat. dUcenH eKGacerobcMva 
eday[BBuH CO2 qøgkat;sUluysüúgkabUNatEq¥t ³ 

)(2)()()( 32232 sNaHCOlOHgCOaqCONa →++  

karkemþAsUdüÚmGIuRdUEsnkabUNatva)anbMEbkRtLb;eTAsUdüÚmkabUNatvij ³ 
)()()()(2 22323 gOHgCOsCONasNaHCO ++⎯→⎯Δ  

RbtikmμenHpþl;nUvlkçN³BiessmYyénsUdüÚmGIuRdUEsnkabUNat EdlCasmasFatusM 
xan;kñúgRbdab;Bnøt;;GKÁiP½yedayeRbIemSAs¶Üt. emSAsUdüÚmGIuRdUEsnkabUNatGacBnøt;ePøIg)an 
bEnþmeTot GgÁFaturwgbMEbkCa CO2 nigcMhayTwkEdlCa]sμ ½nsRmab;Bnøt;ePøIg. 

kareRbIR)as;sUdüÚmGIuRdUEsnkabUNatPaKeRcInkñúg]sSahkmμGahar EdleFVI[nM 
eLIgem. eKk¾eRbIvaCal,ay¬emnM¦énsUdüÚmGIuRdUEsnkabUNat nigkal;süÚmDIGIuRdUEsnpUsVat 
CamYyGamIdugEdlCaFatubEnßmbMeBjmaD. kal;süÚmDIGIuRdUEsnpUsVatCaGasuIt enAeBlman 
sMeNIm vamanRbtikmμCamYysUdüÚmGIuRdUEsnkabUNat[Ca CO2³ 

 

 
11>13 Rbtikm μCamYyGam:Uj:ak; 
elah³Gal;kaLaMgmanlkçN³BiessmYy KWvarlaykñúgGam:Uj:ak;rav[CasUluysüúg 

EdlmanBN’exov. sUluysüúgTaMgenaHcmøgcrnþGKÁisnI ehIykarcmøgcrnþsMxan;kñúgsUluy 
süúgKWedaysareGLicRtugsulva:tedayGam:Uj:ak; e- (am) EdlCaplitplénGIuy:ugkmμGatUm 
sUdüÚm³ 

 

enAeBlvarMhYt sUluysüúgERbCaBN’dUcsMriT§ ehIymanlkçN³dUcCaelah³rlay. 
enAeBlTukyUr b¤manvtþmankatalIkrénelah³qøg sUluysüúgbMEbkCaGMbilGamIt (NaNH2) 

nig]s μ ½nGIuRdUEsn³ 
 )()(22)(2)(2 223 gHamNaNHelNHamNa +→++ −+

)(2)(2)()()()()(2 224422423 gOHgCOsCaHPOsHPONasPOHCasNaHCO +++→+

Na(s) Na+ (am) e- (am)+
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11>14 TidæPaBCIv³ 
eyIghak;dUcCaePøcfaGIuy:ugsUdüÚmnigb:UtasüÚmsMxan;Nas;sRmab;CIvit. ]TahrN_³ 

eyIgRtUvkarGIuy:ugsUdüÚmy:agtic 1g kñúgmYyéf¶kñúgGahar b:uEnþedaysarEtkareRbIR)as;kñúg 
Gahar eTIbeFVI[mnusSmYycMnYnmanbrimaNelIs5dg. karTTYlbrimaNelIsénGIuy:ug 
b:UtasüÚkRmminmanbBaðaeT. Cak;EsþgkgVHb:UtasüÚmCabBaðavijeT dUcenHedIm,I[Gahar eyIg 
manbrimaNvaRKb;RKan;eyIgKYrEtbriePaKeck nig kaehV. 

GIuy:ugelah³Gal;kaLaMgeFVI[mantulüPaBCamYyRbUetGIun EdlmanbnÞúkGviC¢manenA 
kñúgxøÜn. BYkvak¾CYyrkSasm<aFGUs μÚskúñgekasika KWkarBarkarRsutmindMeNIrkar. kñúgKImIGsrI 
ragÁeyIgKitBIPaBRsedogKñaénsUdüÚm nigb:UtasüÚm EtCIv³eKKitEtPaBxusKñavijEdlmansarH 
sMxan;. ekasikaRsUbGIuy:ugsUdüÚmecjBIsIutU)øasehIyRsUbGIuy:ugb:UtasüÚmcUlvij¬tarag 
11.10¦. vaCaPaBxusKñaénkMhab;GIuy:ugelah³Gal;kaLaMgxagkñúg nigxageRkAekasika Edl 
begáItb:Utg;EsülGKÁisnIenAPñasekasika. 

PaBxusKñaénb:Utg;EsülenaH KWCamUldæanRKwHéndMeNIrkarCaeRcIn dUcCaCIBcrebHdUg 
karEjkGgÁFaturlayBulénQamkñúgtMrg;enam nigkarRtYtBinitüénsnÞsSn¾cMNaMgEbrkñúgEkv 
EPñk. xYrk,almnusSGacbegáItfamBl)aneRcInCag 10W BI Na+/K+ mkBIkarRsUbGIuy:ug 
b:UtasüÚmcUl ehIyGIuy:UgsUdüÚmecj BIekasikaxYrk,al edayGg;suImGaedNUsIunRTIpUsVat. 
enAeBleyIgCYbeRKaHfñak;b¤P½yxøac eyIgmannimitþehtudUcCaEbkejIs nigEs,kRtCak; 
KWedaysarkarRCabecjGIuy:ugelah³Gal;kaLaMgCaeRcIntamPñasekasika. 

Gg;suImGaceRCIsGIuy:ugnImYy²edaysarvamancenøaHEdlRtUvKñanWgTMhMGIuy:ug. famBl 
edGIuRdatkmμ rbs;GIuy:ugnimYy²manPaBxusKñad¾sMxan;Edr. 

 
 
 
 
 

tarag 11.10 kMhab;énGIuy:ug (mmol.L-1) 

  GIuy:ug   [Na+]  [K+] 

  ekasikaQamRkhm 11  92 

  )aøsμa   160  10 
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edIm,I[GIuy:ugRtUvnwgTIkEnøgsm<½n§ BYkvaRtUv)at;bg;m:UelKulTWkCab;CMuvijedayGIuRdat-
kmμ. cMeBaHGIuy:ugsUdüÚmmandg;sIuetbnÞúkx<s;Cag vaRtUvkarfamBl 80kJ.mol-1 eRcInCag  
edIm,IrMedaHmU:elKulTwkEdlenACamYyva ehIypþl;GIuy:ugbU:tasüÚmbegáItsm<½n§mYyRsYlCag. 

Gg;TIbüÚTicmYycMnYnmanRbsiT§PaB eRBaHvamansmtßPaBepÞrGIuy:ugsMxan;²[qøgkat; 
Pñasekasika. mU:elKulsrIragÁTaMgenHmanRbehagenAEpñkkNþalEdlpþl;TItaMg[GIuy:ugcUl 
)an. ]TahrN_ val;lINUmIsIun manlMhtUc²RtWmRtUvsRmab;GIuy:ugbU:tasüÚm EtminGacdak; 
GIuy:ugsUdüÚmEdlmanTMhMFM)aneT. dUcenHtYnaTIrbs;fñaMenH KWerIsyknigdwknaMGIuy:ugbU:tasüÚm 
[qøgkat;Pñasekasika. 

11>15 KMnUsbMRbÜjRbtikmμénFatu 
elah³Gal;kaLaMgmanelah³sMxan;²bI KWlIcUm sUdüÚm nigbU:tasüÚm EdltagRbtikmμ 

kñúgKMnUsbMRbÜjdUcxageRkam³ 
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bBaØtþisMxan; 
- elah³kúñgRkumTI1mandg;sIuet cMNucrlay nigcMNucrMBuHTab 
- elah³Gal;kaLaMgmanRbtikmμPaBx<s; 
- kacugEdlFMrbs;elah³Gal;kaLaMg¬elIkElglItUm¦eFIV[manesßrPaBCamYyGajú:g 

FMEdlmanbnÞúkTab 
- GMbilénelah³kúñgRkumTI1Gacrlay)an elIkElgelah³Gal;kaLaMgFMdUcCa 

bU:tasüÚm ruyb‘ÍÍdüÚm nigessüÚm CamYyGajú:gFM 
- Rbtikmμelah³TaMgenHCamYyGIuRdUEsn)anCaplitplxus²KñaKWGaRs½yelITMhMkacug. 

BaküKnøwH 
lIcUm lithium 11-10

sUdüÚm sodium 11-13

dMeNIrkar Downs Downs process 11-13

bU:tasüÚm potassium 11-14

BilbnÞHx½NÐ diaphragm cell 11-18

sUdüÚmkørY sodium chloride 11-21

b:UtasüÚmkørY potassium chloride 11-21

sUdüÚmkabUNat sodium carbonate 11-22

sUdüÚmGIuRdUEsnkabUNat sodium hydrogen carbonate 11-24

lMhat; 
1> sresrsmIkartagRbtikmμ³ 

k> sUdüÚm nigTwk 
x> ruyb‘ÍdüÚm nigGuksIuEsn 
K> RkambU:tasüÚmGIuRduksIut nigkabUnDIGuksIut 
X>dutkemþAsUdüÚmnIRtat 

2> sresrsmIkartagRbtikmμ³ 
k> lIcUm nigGasUt 
x> RkamessüÚDIGuksIut (-1) CamYyTwk 
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K> dutkemþAsUdüÚmGIuRdUEsnkabUNat 
X> dutkemþAsUdüÚmGamU:j:ÚmnIRtat 

3> etIelah³Gal;kaLaMgCatMNagelah³TUeTAdUcemþc? etIvaxusKñadUcemþc? 
4> etIelah³NaEdlmanRbtikmμPaBticCageKénelah³Gal;kaLaMg? 
5> cUrerobrab;lkçN³KImIBiessbIya:grbs;elah³Gal;kaLaMg? 
6> eKtagelah³Gal;kaLaMgmYyedayGkSr M ehIybegáItTMrg;vaCamYysu‘lpatGIuRdat 
M2SO4.10H2O. etIelah³enHCasUdüÚm b¤CabU:tasüÚm? cUrBnül;. 
7> cUrBnül;faehtuGIV)anCasUdüÚmGIuRduksIutrlayCamYysUdüÚmkørY. 
8> kñúgdMeNIrkar Downs edIm,IerobcMelah³sUdüÚm³ 
k> ehtuGIVeKRtUveRbIGKÁisnIviPaKkñúgsUluysüúgTwk? 
x> ehtuGIVeKRtUvEfmkal;süÚmkørY? 
9> ehtuGIVeKRtUveRbIsItuNðPaBenA 850 oC kñúgkarTegVIelah³bU:tasüÚm? 
10> cUrerobrab;BIKuNsm,tiþ nigKuNvibtiþén BilbnÞHx½NÐkñúgkarplitsUdüÚmGIuRduksIut. 
11> cUr[eQ μaHtamRbB½n§én³ 

k> sUdarlak x> sUdalagCMrH  K> sUdaepH 
12> cUr[eQ μaHtamRbB½n§én³ 

k> bU:tasrlak x> Trona  K> Twkk,úg 
13> cUrBnül;Bakü 

k> Efflorescence ¬emIl 11/11¦ x> Intercalation ¬emIl 11/4 k/¦ 
14> cUrBnül;Bakü 

k> elah³su‘bEB ¬emIl 11/1¦  x> Deliquescent ¬emIl 11/8¦ 
15> cUrsresrsmIkartagRbtikmμtamkarsMeyaK Solvay énsUdüÚmkabUNat. etIdMeNIr 

karenHmanbBaðasMxan;BIrya:gGIVxøH? 
16> cUrBnül;faehtuGIV)anCamanEtelah³Gal;kaLaMgEdlGacbegáItCaGgÁFaturwgman 

esßrPaBCaGMbilCamYyGIuRdUEsnkabUNat)an. 
17> cUrBnül;ya:gxøIfaehtuGIV)anCaeKEtgEtcat;TukfaGIuyu:gGamU:j:ÚmdUcCaelah³ 
Gal;kaLaMg. 
18> cUrKUsdüaRkamGrb‘Ítal;mU:elKuledIm,IBBN’naBIsm<½n§GIuRdUEsnenAkñúgmU:elKullI 
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cUmGIuRdY. 
19> cUrrkehtuplBIrya:gEdleKminykessüÚmDIGuksIut(1-) EteKykbU:tasüÚm  
DIGuksIut (1-)eTAeRbIenAkñúgRbB½n§sMGatxül;eLIgvijkñúgyanGvkas. 
20> etIGIuy:ugsUdüÚm nigbU:tasüÚmenARtg;TItaMgNaEdlGackarBarekasika[  
rs;enA)an? 
21> cUrsresrsmIkartagRbtikmμTaMgGs;EdlmankñúgKMnUsbMRbÜj? 
 
lMhat;bEnßm 
22> CMBYkenHminmanBiBN_naGMBIRbg;süÚmEdlCaFatuviTüúskmμ. edayEp¥kelITMenarkñúgRkum 

cUrrklkçN³sMxan;² nigsmasFatuénFatuenH. 
23> etIeKRtUvkarcrnþGb,brmabu:nμanenA 7.0 V edIm,Iplitelah³sUdüÚm 1 etan kñúgmYy 

éf¶tamry³Bil Down? eKsn μtfavamanRbsiT§PaB 100% ehIyeKdwgfaeGLicRtug 1 mol 

RtUvkar 9.65 . 104 A.s-1 para:edénGKÁisnI. 
24> )aøTInGicsaPøúyGrY (PtF6) mancMNUleGLicRtugx<s; (772 kJ.mol-1). enAeBlvaman 

RbtikmμCamYyelah³lIcUmeKTTYl)anlIcUmPøúyGrY Li+F-  minEmn Li+PtF6
- cUrBnül;. 

25> cUrBnül;faehtuGIV)anCaenAkñúgesrI LiF, NaF, KF, RbF nigCaFmantémø 
0
fΔΗ GviC¢mankan;EttUc rIÉenAkñúgesrI LiI, NaI, KI, RbI nigCsI 

mantémøGviC¢mankan;EtFM. 
26> ma:sGatUmlIcUmkñúgtaragxYbKW 6.941 g.mol-1 bu:EnþeKmineRbIsmasFatulIcUmCasþg;da 

viPaKdMbUgeT eRBaHma:sGatUmrbs;vaRbEhl 6.97 g.mol-1. cUrBnül;? 
27> etIsUdüÚmPøúyGrY b¤sUdüÚmetRtaPøúyGra:t (Na[BF4]) EdlrlayenAkñúgTwkxøaMgCag? 

ehtuGIV? 
28> cUrkMNt;faetIessüÚm II PøúyGrYbMEbkedayÉkÉgCaessüÚmPøúyGrYb¤? 

 
eK[famBlbNþajén CsF2 KW 2250kJ.mol-1 nigfamBlGIuy:ugkmμelIkTIBIrénessüÚmKW 
2.430 MJ.mol-1. Tinñn½ybEnßmGacdkRsg;ecjBIesovePA SI ehIykarKNnaenHnwgpþl; 

)(2/1)()( 22 gFsCsFsCsF +→
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nUvbMErbMrYlGg;tal;BI. RbtikmμÉkÉgenHeyIgRtUvrkbMErbMrYlfamBlesrIecjBITinñn½y 
Gg;RtUBI nigGg;tal;BI. etIbMErbMrYlGg;RtUBIeFIV[mankarbMEbkenHEdrb¤eT? Bnül;? 

29> kaMGIuy:ugGIuRdYvas;kñúgbNþajRkamrbs;lIcUmGIuRdY man 130 pm b:uEnþ kñúgbNþajRkam 
essüÚmGIuRdYmankaM  154 pm. cUrBnül;témøxusKñaBIr. 

30> GgÁFaturwgénessüÚmkørYmanRbtikmμCamYy]sμ ½nGIuRdUEsnkørY[CasmasFatumYy Edl 
manpÞúkGaj:úgbU:lIGatUm cUrsresrrUbmnþGaj:úgenaH. b:uEnþlIcUmkørYminmanRbtikm μCamYy 
GIuRdUEsnkørYeT cUrBnül;. 

31> sUluysüúgEdlmankMhab;GIuy:ug Li+, K+, F-nig I- RtUv)aneKrMhYtrhUtdl;s¶Üt. etI 
GMbilNamankMNkCaRkam LiF nig KI b¤Ca LiI nig KF? RtYtBinitücMelIyrbs;Gñk 
edayKNnafamBlbNþajEdl . (eRbIsmIkar Kapustinskii enACMBUkTI 6 Epñk 6.1). 

32> enAsItuNðPaBnigsm<aFx<s; RbtikmμCMnYsénsm<½n§kabUnnigkøredaysm<½n§kabUnnig 
PøúyGr edayeRbIGal;kaLaMgPøúyGrY MF ³ 

MClFCRMFClCR +−→+− 33  

ehtuGIVenAkñúgRbtikmμenHeKcUlcitþeRbIbU:tasüÚmPøúyGrYCagsUdüÚmPøúyGrY? 
33> ehtuGIV)anCakarbMEbkrbs;bU:tasüÚm-40 begáIt)anCakal;süÚm-40? 
 
cemøIylMhat; 
11.1 (a) 2 Na(s) + 2 H2O(l) → 2 NaOH(aq) + H2(g) 

(b) Rb(s) + O2(g) → RbO2(s) 
(c) 2 KOH(s) + CO2(g) → K2CO3(s) + H2O(l) 
(d) 2 NaNO3(s) → 2 NaNO2(s) + O2(g) 

 

11.5 eKmankrNIbIkñúgcMeNamkrNIdUcteTAenH ³ 
- smasFatuKImITaMgGs;KWrlayenAkñúgTwk 
- BYkvaEtgEtbegáItGIuyu:gEdlmancMnYnGuksIutkmμ +1 
- smasFaturbs;BYkvaPaKeRcInCaGIuy:Unic 
- dg;sIuetbnÞúkTabénGIuyu:gelah³Gal;kaLaMgeFVI[esßrPaBCamYyGaj:úgFMbnÞúkTabdUcCa  
GIuRdUEsnkabUNat. 
- smasFaturbs;BYkvakMrrgGIuRdatm μNas;. 
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11.9 BIeRBaHEtlMnwgénRbtikm μsMeyaKmanTMenareTAxageqVg. 
Na(l) + KCl(l) → K(l) + NaCl(l) 

edIUm,IeFIV[RbtikmμrMkileTAxagsþaM bU:tasüÚmEdlBuHenAsItuNðPaBTabCagsUdüÚm RtUvEtyk  
ecjCabnþbnÞab;Ca]s μ½n. 
 

11.13 k> kar)at;bg;TwkedayGMbilGIuRdatkmμkñúgbrisßanesImTab. 
x> lkçN³KImIRsedogKñaénFatumYy nigFatuenAeRkamxagsþaMrbs;vakñúgtaragxYbKImI. 
 

11.17 GIuyu:gGamU:jÚ:mCaGIuyu:gmU:NUviC¢man dUcCaelah³Gal;kaLaMgEdr ¬mindUcCaelah³  
epSgeTotEdlmanbnÞúk 2+ b¤x<s;Cag¦ GMbilrbs;vaKWrlayTaMgGs; dUcCaGMbilelah³  
Gal;kaLaMgEdr TMhMrbs;vaKWRbEhlBak;kNþalénGIuyu:gelah³Gal;kaLaMg ehIyGMbil  
FmμtaTaMgGs;rbs;vaK μanBN’ dUcGMbilelah³Gal;kaLaMg.  
 

11.21 lIcUm: 

6 Li(s) + N2(g) → 2 Li3N(s) 
2 Li(s) + Cl2(g) → 2 LiCl(s) 
Li(s) + C4H9Cl(solv) → LiC4H9(solv) + LiCl(s) 
4 Li(s) + O2(g) → 2 Li2O(s) 
2 Li(s) + H2O(l) → 2 LiOH(aq) + H2(g) 
Li2O(s) + H2O(l) → 2 LiOH(aq) 
2 LiOH(aq) + CO2(g) → Li2CO3(aq) + H2O(l) 
Li2O(s) + CO2(g) → Li2CO3(s) 
 

sUdüÚm: 

2 Na(s) + Cl2(g) → 2 NaCl(s) 
2 Na(s) + H2O(l) → 2 NaOH(aq) + H2(g) 
2 Na(s) + O2(g) → Na2O2(s) 
Na2O2(g) + H2O(l) → 2 NaOH(aq) + H2O2(aq) 
2 NaOH(aq) + CO2(g) → Na2CO3(aq) + H2O(l) 
Na2CO3(aq) + CO2(g) + H2O(l) → 2 NaHCO3(aq) 
2 Na(s) + 2 NH3(l) → 2 NaNH2(NH3) + H2(g) 
Na2O2(s) + CO2(g) → Na2CO3(s) + O2(g) 
 

bU:tasüÚm 
Na(l) + KCl(l) → K(g) + NaCl(l) 
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2 K(s) + Cl2(g) → 2 KCl(s) 
K(s) + O2(g) → KO2(s) 
2 KO2(s) + 2 H2O(l) → 2 KOH(aq) + H2O2(aq) + O2(g) 
2 K(s) + 2 H2O(l) → 2 KOH(aq) + H2(g) 
2 KOH(aq) + CO2(g) → K2CO3(aq) + H2O(l) 
K2CO3(aq) + CO2(g) + H2O(l) → 2 KHCO3(aq) 
2 KO2(s) + CO2(g) → K2CO3(s) + 2 O2(g) 
3 K+(aq) + [Co(NO2)6]3−(aq) → K3[Co(NO2)6](s) 

 
cemøIylMhat;bEnßm 
 

11.25 enAkñúges‘rI LiF eTA CsF mankarekIneLIgedaymintamlMdab;énTMhMGIuyu:g dUcenH  
famBlbNþajnwgfycuHeRcInCagkarrMBwgTuk. CalT§plGg;talBIkMNnwgfycuHEdr.  
cMeBaHes‘rI LiI eTA CsI mankarfycuHmintamlMdab;TMhMGIuyu:gEdr dUcenHfamBlbNþaj  
nwgfycuHticCagkarrMBwgTuk. CalT§pl Gg;tal;BIkMNnwgekIneLIg. 
 

11.29 mancMelIyBIrya:g ³ mankarcgsm<½n§kUva:Lg;xøHkñúglIcUmGIRdY dUcenHkat;bnßycm¶ay 
rvag Li-H b¤faGIuyu:glIcUmtUcEdl[bNþajamanGIuyu:gGIuRdYEdlb:HCamYyKña  ehIyGIuyu:g 
lIcUmj½rkñúgcenøaHbNþaj enHCakarBiténlIcUmGIuyU:dY. 
 

11.33 kal;süÚm-40 CaéNVy:UmanesßrPaBxøaMgedaylkçN³BIr KWmanRsTab;énRbUtug 
nigNWRtugEdleBj.  
 


