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ye|skaùu 

fï fldgfiys m<uq Nd.fha s yd p f.dkqj, uQ,øjHj, fN!;sl yd ridhksl .=K 

úia;r flf¾' fï idlÉPdj" wdj¾;s;d j.=fõ uQ,øjHj, keUqre;d iy rgd y÷kd 

.ekSug Wmldß fõ' m<uqj wms s f.dkqfõ uQ,øjHj, .=K idlÉPd lruq' 

s f.dkqfõ uQ,øjH 

4.1 1 jk ldKavfha  uQ,øjH 

wf,dayhla jk yhsv%cka yereKq fldg m<uqjk ldKavfha uQ,øjH ish,a, f,day fõ' 

wfkl=;a f,day fuka fkdj" tajd wvq >k;ajj,ska hqla; fõ' m<uq jk ldKAvfha ish¨ 

uQ,øjHj, wjika ljpfha bf,lafg%dak úkHdih ns1 
jk neúka tajd fndfyda 

m%;sl%shdYS,s fõ' 

fidaähï iajNdjfha NaCl ^mdIdK ¨Kq& yd Na2B4O7·10H2O ^fnd/laia& wdÈ ,jK 

wdldrfhka iajdNdúlj mj;S' iajdNdúlj mj;akd fmdgEishï ,jK i|yd KCl 
^is,ajhsÜ& yd KCl·MgCl2·6H2O ^ldk,hsÜ& ksoiqka fõ' 

4.1.1  1 jk ldKAvfha keUqre;d 
CIdr f,day ish,a, È,sfik iq¿ h' tajd by< úoHq;a yd ;dm ikakdhl fõ' fï f,day 

uDÿ jk w;r ldKAvfha my<g h;a u jvd;a uDÿ fõ' m<uq jk ldKAvfha f,dayj, 

øjdxl ldKAvfha my<g h;a u wvq fõ' fï uQ,øjHj, mj;akd keUqre;d y÷kd .ekSug 

4'1 j.=fõ j.=fõ i|yka f;dr;=re fhdod .; yels h' ixfhda. idok ieu" wjia:djl § 

u m<uq jk ldKAvfha f,day +1 TlaislrK wjia:dj fmkakqï lrhs' fndfyda ixfhda. 

ia:dhs >k whksl ixfhda. fõ' 
 
4.11 j.=j 1 jk ldKavfha uQ,øjH .=K 

 Li Na K Rb Cs 
N+ñ wjia:dfõ bf,lafg%dksl 
úkHdih 

[He]2s1 [Ne]3s1 [Ar]4s1 [Kr]5s1 [Xe]6s1 

f,dayl wrh/ pm 152 186 231 244 262 

øjdxlh/ °C 180 98 64 39 29 

M+
 whkfha wrh/ pm 60 95 133 148 169 

1 jk whkSlrK Yla;sh/ kJ mol-1
 520 495 418 403 375 

2 jk whkSlrK Yla;sh/ kJ mol-1
 7298 4562 3052 2633 2234 

 
Li isg Cs olajd fï uQ,øjHj, mrudKql wrh jeä ùu ldKavh Tiafia my<g tajdfha 

whkSlrK Yla;sh wvq ùug fya;= jk w;r" m<uq jk ldKAvfha uQ,øjHj, ridhksl 

.=K úia;r lsÍug by; lS ,CIKh fhdod .; yels h' m<uq jk ldKAvfha uQ,øjHj, 

m%;sl%shdYS,s;ajh ldKavh Tiafia my<g jeä fõ' 

** wldnksl ridhkfha § m%;sl%shd ,shd olajk úg § m%;sl%shl yd M,j, fN!;sl 

wjia:d ±laùu ieu úg u w;HjYH fkd fõ' flfia fj;;a wx. iïmq¾K ms<s;=rla 

f,i ie,lSu i|yd ;=,s; ridhksl iólrK ,shd ±laúh hq;= fõ' 
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4.1.2  1 jk ldKAvfha uQ,øjH m%;sl%shd 

Tlaiscka iu`. (O2) 4M + O2                       2M2O 

jeämqr Tlaiscka (O2) iu`. Na 
fmfrdlaihsv idohs 

2Na + O2                      Na2O2 

jeämqr Tlaiscka (O2) iu`. K, Rb iy Cs 
iqm¾ Tlaihsv idohs 

M  + O2                                    MO2 

khsg%cka (N2) iu`. Li muKla ia:dhs 

khsg%hsv idohs 

6Li + N2                        2Li3N   

yhsv%cka iu`. (H2) 2M + H2                        2MH   

c,h iu`. (H2O) 2M + 2H2O                   2MOH + H2 

wï, iu`. (H+) 2M + 2H+                                2M+ + H2 

 
c,h iu`. m%;sl%shdj 

1 jk ldKAvfha uQ,øjH c,h iu`. olajk m%;sl%shdYS,s;ajh ldKAvfha my<g h;a u 

jeä fõ' c,h iu`. m%;sl%shd keUqrej my; mßÈ fõ' 

Li  Na  K  Rb  Cs  

fifuka m%n, f,i .sks .ekSula 
iys;j 
m%n, f,i 

msmsreï iys;j msmsreï iys;j 

 
c,h iu`. fyda jdhqf.da,Sh c, jdIam iu`. ,s;shï m%n, fkdjk m%;sl%shdjla isÿ 

lrñka ,s;shï yhsfv%dlaihsâ yd yhsv%cka jdhqj idohs' flfia fj;;a" fidaähï yd 

fmdgEishï c,h iu`. m%n, f,i m%;sls%hd lrñka f,day yhsfv%dlaihsvh yd yhsv%cka 

jdhqj ksmojhs' ,s;shï iu`. m%;sl%shdj yereKq fldg wfkla tajd by< ;dmodhs m%;sl%shd 

fõ' 

Tlaiscka$ jd;h iu`. m%;sl%shd 

,s;shïj,g Tlaiscka yd khsg%cka jdhq fol iu`. u m%;sl%shd l< yels h' r;a l< úg 

iqÿ meye;s l=vla jk ,s;shï Tlaihsâ (Li2O) idoñka ,s;shï oykh fõ' khsg%cka jdhqj 

iu`. ,s;shï m%;sl%shd lsÍfuka r;= meye;s l=vla jk ,s;shï khsg%hsâ (Li3N) idohs' 

flfia fj;;a fidaähï yd fmdgEishï hk foj¾.h u khsg%cka yd m%;sls%hd fkd lrhs' 

fidaähï jd;fha oykh l< úg iq¿ m%udKhla fidaähï Tlaihsâ iu`. jeämqr 

fidaähï fmfrdlaihsâ ksmofõ' fmdgEishï jd;fha oykh l< úg fmdgEishï 

iqm¾Tlaihsâ m%Odk M,h f,i;a fmdgEishï Tlaihsâ yd fmdgEishï fmfrdlaihsâ 

wfkl=;a M, f,i;a ksmofõ' fidaähï fyda fmdgEishï fmfrdlaihsvj, § Tlaisckaj, 

TlaislrK wxlh -1 jk w;r" fmdgEishï iqm¾Tlaihsvj, § TlaislrK wxl -1 yd 0 

fõ' 
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1 jk ldKAvfha f,day Tlaihsv c,h iu`. m%;sls%hd lrñka my; ±lafjk mßÈ f,day 

yhsfv%dlaihsv idohs' 

Na2O(s) + H2O(l)  2NaOH(aq) 

r;a lsÍfï §" Tlaiscka iu`. ,s;shï m%;sls%hd fldg ,s;shï khsg%hsâ idohs' ,s;shï 

muKla ia:dhs CIdr-f,day khsg%hsv idohs' ,s;shï khsg%hsâ c,h iu`. m%;sls%hd lr 

wefudakshd yd ,s;shï yhsfv%dlaihsâ ksmojhs'  

Li3N(s) + 3H2O(l)  3LiOH(aq) + NH3(g) 

1 jk ldKAvfha yhsfv%dlaihsv ldnka vfhdlaihsâ iu`. m%;sl%shd lr wkqrEm ldnfkag 

idohs' fï ldnfkag ;j ÿrg;a ldnka vfhdlaihsâ iu`. m%;sl%shd lr f,day yhsv%cka 

ldnfkag idohs' 

2NaOH(aq) + CO2(g)                 Na2CO3(aq) + H2O(l) 

Na2CO3(aq) + CO2(g) +H2O(l)                2NaHCO3(s) 
 

fidaähï ldnfkagj,g idfmaCIj fidaähï yhsv%cka ldnfkaÜ wvq c, ødjH;djla 

fmkakqï lrhs' 

yhsv%cka jdhqj iu`. m%;sl%shd 

>k" whksl f,day yhsv%hsv idoñka 1 jk ldKAvfha f,day yhsv%cka iu`. m%;sl%shd 

lrhs' fï yhsv%hsvj,§" yhsv%ckaj, TlaislrK wxlh -1 fõ' fï f,day yhsv%hsv c,h 

iu`. m%n, f,i m%;sl%shd lrñka yhsv%cka jdhqj ksmojhs' 

2Na(s) + H2(g)                2NaH(s) 

NaH(s) + H2O(l)               NaOH(aq) + H2(g) 
 
wï, iuÕ m%;sl%shdj 

,s;shï" fidaähï iy fmdgEishï ;kql wï, iuÕ fõ.fhka m%;sl%shd lr yhsv%cka 

jdhqj iy wod< f,day ,jK idohs' fï m%;sl%shd úYd, jYfhka ;dmodhl jk w;r 

msmsfrk iq¨ fõ' tajdhska f;dard .;a m%;sl%shd lsysmhla my; oelafõ' 

2Li(s) + dil.2HNO3(aq)        2LiNO3(aq) + H2(g) 

2Na(s) + dil.H2SO4(aq)           Na2SO4(aq) + H2(g) 
 
4.1.3  ,jKj, ;dm ia:dhs;dj 

 
khsfÜ%g úfhdackh 

1 jk ldKAvfha khsfÜ%g fmdfydr yd msmqreï øjH jYfhka Ndú; flf¾' fï khsfÜ%g 

;dmh yuqfõ úfhdackh fõ' ,s;shï Tlaihsâ" khsg%cka vfhdlaihsâ yd Tlaiscka ,nd 

foñka ,s;shï khsfÜ%g úfhdackh fõ' flfia fj;;a 1 jk ldKAvfha wfkla khsfÜ%g 

r;a lsÍfï § wod< f,day khsg%hsvh yd Tlaiscka ksmojhs' 
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4LiNO3(s)                2Li2O(s) + 4NO2(g) + O2(g) 
 
2KNO3(s)                2KNO2(s) + O2(g) 

 
ldnfkag úfhdackh 

1 jk ldKAvfha ldnfkag ia:dhs jk w;r" úfhdackh ùug fmr ú,Sk ;;a;ajhg m;a 

fõ' flfia fj;;a" Li2CO3 ia:dhs núka wvq neúka myiqfjka úfhdackh fõ' 

Li2CO3(s)                Li2O(s) + CO2(g) 
 
nhsldnfkag úfhdackh 

1 jk ldKAvfha nhsldnfkag ;dm úfhdackh my; ±lafõ' 

2NaHCO3(s)                Na2CO3(s) + H2O(g) + CO2(g) 
 
;dm ia:dhs;dj ldKAvh Tiafia my<g h;a u jeä fõ' 

4.1.4  1 jk ldKAvfha ,jKj, ødjH;dj 
LiF, Li2CO3 yd Li3PO4 jeks ,s;shï ,jK yer 1 jk ldKAvfha ish¨ ,jK c,fha ødjH 

fõ' ,jKfha wekdhkh i;= j¾Khla ke;s kï fï ,jK ish,a,la u wj¾K fõ' 

4'2 j.=fõ ±lafjk mßÈ 1 jk ldKavfha ,jKj, ødjH;dj ldKAvh Tiafia my<g h;a 

u jeä fõ' 

4.2 j.=j fidaähï fmda,hsvj, ødjH;dj 

,jKh  ødjH;dj/ mol L-1 

NaF 0.99 

NaCl 6.2 

NaBr 9.2 

NaI 12.3 

whksl >kj, iødjK tka;e,amsh i|yd jk Yla;s pl% weiqfrka ødjH;dfõ úp,kh 

wjfndaO lr .; yels h' .síia fhdacH Yla;sh fhdod .ksñka ødjH;dj meyeÈ,s l< 

yels h' 1 jk ldKavfha whksl >k ish,a,g u wdY%s; RK .síia fhdacH Yla;sh ksid  

c,fha ødjH fõ' 
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iødjK l%shdj,sh yd iïnkaO tka;e,ams pl% yd tkafg%dms pl% my; ±lafõ' 

 
 
 
 
 
 
 
 
 

 
4.1 rEmh iødjK l%shdj,sh i|yd tka;e,ams yd tkafg%dms pl % 

by; Yla;s igyka fhdod f.k" iødjKh yd iïnkaO tka;e,ams yd tkafg%dms fjki 

.Kkh l< yels w;r" fï .Kkh lrk ,o w.hhka 4'3 j.=fõ ±lafõ' fhdacH Yla;sh 

.Kkh lrkq ,nkafka my; iólrKh fhdod .ksñks' 

ΔGϴ =  ΔHϴ - T ΔSϴ 

4.3 j.=j iødjK l%shdj,sh ;=< § ,jK fhdacH Yla;s fjki 

,jKh tka;e,ams fjki/ 
kJ mol-1 

tkafg%dms fjki × T 
(K × kJ mol-1K-1) 

fhdacH Yla;s fjki 

/ kJ mol-1 
NaF + 1 -2 +3 

NaCl + 4 +13 -9 

NaBr -1 +18 -19 

NaI -9 +23 -32 

 

fidaähï fya,hsâ ødjH;dj ms<sn| keUqre;dj .Kkh lrk ,o .síia fhdacH Yla;s 

iu`. fkd .e<fma' fidaähï *ä fjdrhsâ isg fidaähï whvhsâ olajd fhdacH Yla;s 

jvd;a RK ù we;' 

4.1.5 myka is¿ mÍCIdj 
laIdr f,day yd tajdfha ixfhda. y÷kd .ekSu i|yd myka is¿ mÍCIdj fhdod .; yels 

h' 1 jk ldKavfha f,day yd ixfhda. myka is̀Mfõ we;s lrk j¾K my; ±lafõ'  

,s;shï - l%Sïmia r;=   fidaähï - ly   

le,aishï - r;=oï   iSishï - ks,a oï 

fmdgEishï - ,s,ela 

 
 
 
 

±,si Yla;sh whk 
ic,SlrK 
tka;e,amsh 

iødjK 

tka;e,amsh 
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4.2   2 jk ldKavfha uQ,øjH 

fojk ldKAvfha uQ,øjH CIdÍh mdxY= f,day f,i ye¢kafõ' ixhqc;d ljpfha  ns2
 

bf,lafg%dak úkHdih fya;=fjka 2 jk ldKavfha uQ,øjH 1 jk ldKAvfha uQ,øjHj,g 

jvd m%;sl%shdYS,s núka wvq h' 

fvd,uhsÜj, (CaCO3·MgCO3) ue.akSishï yd le,aishï uQ,øjH fol u iajdNdúlj 

yuq fõ' ue.akSishï wka;¾.; Lksc i|yd ue.akihsÜ (MgCO3), lSirhsÜ           
(MgSO4

.H2O) yd ldk,hsÜ (KMgCl3
.6H2O) ksoiqka fõ' *a¨fjdfrd wemghsÜ 

[3(Ca3(PO4)2)CaF2] yd ðmaiï (CaSO4.2H2O) jdKsc jákdlñka hq;a le,aishï wvx.= 

Lksc fõ' 
 
4.2.1  2 jk ldKAvfha keUqre;d 

fnß,shï yd ue.akSishï w¿ meye;s f,day jk w;r" 2 jk ldKAvfha wfkla f,day 

uDÿ yd ß§ meyefhka hqla; fõ' WNh.=Ks ,CIK fmkakqï lrk BeO yereKq úg 2 

jk ldKAvfha  wfkl=;a f,day Ndiañl Tlaihsv ksmojhs' fnß,shsï we¨ñkshïj,g 

iudk ,CIK fmkakqï lrk w;r fï ,CIKh wdj¾;s;d j.=fõ Al yd Be w;r 

mj;akd úl¾K iïnkaO;dj weiqfrka wjfndaO lr .; yels h' 

1 jk ldKavfha uQ,øjH yd ii|k l, 2 jk ldKAvfha uQ,øjH i;=j by<>k;aj yd 

m%n, f,dayl nkaOk mj;S' f,dayl nkaOk iE§ug tajd i;=j úYd, bf,lafg%dak 

ixLHdjla mej;Su;a mrudKql wrh l=vd ùu;a fya;= fõ' 

2 jk ldKavfha uQ,øjHj, ns2 
bf,lafg%dak úkHdih tajdfha fya;=fjka m%:u 

whkSlrK Yla;sh 1 jk ldKavfha uQ,øjHj,g jvd jeä h' ldKAvh Tiafia my<g 

h;a u uQ,øjH jvd m%;sl%shdldß jk w;r" myiqfjka +2 TlaislrK wjia:dj fmkakqï 

lrhs' j.=j 4'4 ys 2 jk ldKAvfha uQ,øjHj, .=K ±lafõ' 

4.4 j.=j 2 jk ldKavfha uQ,øjHj, .=K 

 Be Mg Ca Sr Ba 

N+ñ wjia:dfõ 
bf,lafg%dksl úkHdih 

[He]2s2 [Ne]3s2 [Ar]4s2 [Kr]5s2 [Xe]6s2 

f,dayl wrh/ pm 112 160 197 215 224 

øjdxlh/ °C 1560 923 1115 1040 973 

M2+
 whkfha wrh/ pm 30 65 99 113 135 

1 jk whkSlrK Yla;sh/ 
kJ mol-1

 

899 337 589 594 502 

2 jk whkSlrK Yla;sh/ 
kJ mol-1 

1757 1451 1145 1064 965 

3 jk whkSlrK Yla;sh/ 
kJ mol-1 

14850 7733 4912 4138 3619 
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4.2.2  2 jk ldKavfha (CIdÍh mdxY= f,day) uQ,øjH m%;sl%shd 

Tlaiscka iu`. (O2) 2M + O2                           2MO 

jeämqr Tlaiscka iu`. (O2) Ba tys 

fmfrdlaihsvh idohs 
Ba + O2                            BaO2 

by< WIAK;ajj,§ khsg%cka (N2), 
iu`. 

3M + N2                          M3N2 

ldur WIaK;ajfha § c,h (H2O(l)), 
iu`. (ksoiqka( Ca, Sr yd Ba) 

M + 2H2O               M(OH)2 + H2 

WKQ c,h (H2O(l)) iu`. 

(ksoiqka( Mg fifuka m%;sl%shd lrhs) 
Mg + 2H2O             Mg(OH)2 + H2 

yqud,h iu`. (H2O(g)) Mg + H2O               MgO + H2 

wï, iu`. (H+) M + 2H+                          M2+ + H2 

yhsv%cka (H2) iu`."Ca, Sr, Ba by< 

WIaKj,§ Mg iu`. 

M + H2                             MH2 

idkaø wï, iu`. Mg+2H2SO4                       MgSO4+SO2+2H2O 
Mg+4HNO3                     Mg(NO3)2+2NO2+2H2O 

c,h iu`. m%;sl%shd 

fnß,shï c,h iu`. m%;sl%shd fkdlrk uq;a yqud,h iu`. m%;sl%shd lrhs' c,h iu`. 

ue.akSishï ldur WIaK;ajfha § isÿ lrk m%;sl%shdj fkdi,ld yeßh yelsh' flfia 

fj;;a ue.akSishï WKq c,h iu`. fifuka m%;sl%shd lrhs' le,aishï" iafg%dkaáhï yd 

fíßhï isis,a c,h iu`. myiqfjka m%;sl%shd lrhs' c,h iu`. m%;slshdfõ § f,day 

yhsfv%dlaihsvh yd yhsv%cka jdhqj ksmojkq ,efí' 

Ca(s) + 2H2O(l)               Ca(OH)2(aq) + H2(g) 
 
yhsv%cka iu`. m%;sl%shd 

fnß,shï yer 2 jk ldKAvfha ish¨ uQ,øjH >k whksl ixfhda. jk f,day 

yhsfv%dlaihsv idoñka yhsv%cka iu`. m%;sls%hd lrhs' fï yhsv%hsvj, § yhsv%cka 

olajkqfõ -1 TlaislrK wjia:djhs' fï f,day yhsv%hsv c,h iu`. m%n, f,i ^1 jk 

ldKAvfha fuka oreKq f,i fkdfõ& m%;sls%hd fldg yhsv%cka jdhqj ksmojhs' 

Ca(s) + H2(g)                CaH2(s) 
 
CaH2(s) + 2H2O(l)                Ca(OH)2(aq) + 2H2(g) 

 
khsg%cka iu`. m%;sl%shd 

khsg%cka ;=< oykh fjñka 2 jk ldKAvfha ish¨ uQ,øjH khsg%hsv (M3N2) idohs' fï 

khsg%hsv ,s;shï isÿ l< wdldrhg u c,h iu`. m%;sl%shd lr wefudakshd ksmojhs' 

3Mg(s)+ N2(g)                 Mg3N2(s) 
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Mg3N2(s) + 6H2O(l)                  3Mg(OH)2(aq) + 2NH3(g) 

4.2.3  ,jKj, ;dm ia:dhs;dj 

khsfÜ%gj, ;dm úfhdackh 

r;a lsÍfï §" 2 jk ldKavfha khsfÜ%g ,s;shï khsfÜ%gj,g fndfyda iudk wkaoñka 

yeisf¾' fojk ldKAvfha khsfÜ%g f,day Tlaihsv" khsg%cka vfhdlaaihsâ yd Tlaiscka 

ksmojñka úfhdackh fõ' 

2Mg(NO3)2(s)              2MgO(s) + 4NO2(g) + O2(g) 

ldnfkaÜ úfhdackh 

fï ldnfkagj, ;dm ia:dhs;dj ldKavfha my<g h;a u jeä fõ' legdhkfha 

úYd,;ajh jeä ùu;a iu`. o fï ldnfkagj, ;dm ia:dhs;dj jeä fõ' legdhkfha 

wdfrdamK >k;ajh wvq jk neúka ldKAvh Tiafia my<g h;a u legdhkfha O%eúlrK 

n,h wvq fõ' Ba2+
 whkhg iïnkaO ldnfkaÜ whkhg jvd Mg2+ whkhg iïnkaO 

ldnfkaÜ whkh jeämqr O%eùlrKh fõ' jeä jYfhka O%eùlrKh jQ ldnfkaÜ 

wekdhkh ;dm úfhdackhg myiqfjka ,la jk w;r" tu.ska BaCO3 j,g jvd wvq 

w.hl MgCO3 ys ;dm úfhdack WIAK;ajh mej;Su meyeÈ,s flf¾' f,day ldnfkagj, 

idudkH ;dm úfhdackh my; ±lafõ' 

MCO3                      MO + CO2  

;dm úfhdack WIaK;ajh 540 °C jk MgCO3 tu w.h 1360 °C jk BaCO3 olajd hEfï 

§ wod< rdYsfha w.h jeä ù we;' 

nhsldnfkagj, úfhdackh 

fojk ldKAvfha yhsv%cka ldnfkag (nhsldnfkag) c,Sh ødjKj,§ muKla ia:dhs jk 

w;r fojk ldKavfha >k yhsv%cka ldnfkag ldur WIaK;ajfha § ia:dhs fkdfõ' 

Ca(HCO3)2(aq)              CaCO3(s) + CO2(g) + H2O(l) 

4.2.4  2 jk ldKavfha ,jKj, ødjH;dj 
fojk ldKavfha ,jKj, ødjH;dj ixfhda.h u; r|d mj;S' khsfÜ%g" khsg%hsv" 

yhsfv%dlaihsv" i,a*hsv yd nhsldnfkag jeks ixfhda. c,fha ødjH fõ' j.=j 4'5 ys § 

we;s rgd wkqj yhsfv%dlaihsv" i,af*ag" i,a*hsg" ldnfkag" fmdiaf*ag yd Tlaif,ag 

jeks iuyr ixfhda.j, ødjH;dj ldKavfha my<g h;a u úp,kh fõ' laf,darhsv yd 

khsfÜ%g jeks tal RK whk iu`. mj;sk 2 ldKavfha f,day idok ,jK 

idudkHfhka c,ødjK fõ' flfia fj;;a" tllg jvd jeä wdfrdamK ork ldnfkag 

yd fmdiaf*aÜ jeks whk yd iïnkaOj idok ,jK wødjH fõ' BeCO3 yer ish¨ 

ldnfkag wødjH fõ' ldnfkagj,g jvd yhsv%ckaldnfkag ødjH fõ' MgSO4 isg 
BaSO4 olajd ødjH;dj ii|k úg 2 jk ldKAvfha  i,af*ag ødjH ;;a;ajfha isg wødjH 

;;a;ajh olajd fjkia fõ' wfkla w;g yhsfv%dlaihsvj, ødjH;dj ldKavfha my<g 

h;a u wødjH ;;a;ajfha isg ødjH ;;a;ajh lrd fjkia fõ' ksoiqkla f,i( Mg(OH)2 

w,am jYfhka ødjH jk w;r Ba(OH)2 ødjH fukau m%n, Ndiañl ødjKhla o idohs' 
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4.5 j.=j m<uqjk yd fojk ldKavfha ixfhda.j, ødjH;dj 

 

 Na+ K+ Mg2+ Ca2+ Sr2+ Ba2+ 

Cl- aq aq aq aq aq aq 

Br- aq aq aq aq aq aq 

I- aq aq aq aq aq aq 

OH- aq aq IS SS SS aq 

CO3
2- aq aq IS IS IS IS 

HCO3
- aq aq aq aq aq aq 

NO2
- aq aq aq aq aq aq 

NO3
- aq aq aq aq aq aq 

S2- aq aq aq aq aq aq 

SO3
2- aq aq SS IS IS IS 

SO4
2- aq aq aq SS IS IS 

PO4
3- aq aq IS IS IS IS 

CrO4
2- aq aq aq aq IS IS 

C2O4
2- aq aq SS IS IS SS 

aq – ødjH, IS – wødjH, SS – w,am jYfhka ødjH 

 

4.2.5  myka is̀M mÍCIdj 
CIdÍh mdxY= f,day yd ixfhda. myka is`Mfõ § ,dCIKsl j¾K olajk w;r" myka 

is̀Mfõ § olajk j¾K weiqfrka ta uQ,øjH fufia y÷kd.; yels h' 

le,aishï - ;eô,s-r;= 

iafg%dkaáhï - l%sïika r;= 

fíßhï - lymeye;s fld< 
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p f.dkqqfõ uQ,øjH 

4.3   13 jk ldKavfha uQ,øjH 

4.3.1  13 jk ldKavfha keUqre;d 
fndafrdaka f,daydf,dayhla jk w;r fndafrdaka ixfhda. fndfyduhla iyixhqc fõ' 

flfia fj;;a" we¨ñkshï hkq WNh.=Ks ,CIK iys; f,dayhls' .e,shï" bkaähï yd 

;e,shï f,day fõ' 13 jk ldKAvfha m<uq idudðlhd jk B tys l=vd mrudKql wrh 

fya;=fjka wfkla idudðlhkaf.ka fjkia fõ' fndafrdaka 14 jk ldKavfha Si iu`. 

m%n, úl¾K iïnkaO;djla fmkajhs' 13 jk ldKavfha ish¨ uQ,øjH +3 TlaislrK 

wjia:dj fmkakqï lrhs' 13 jk ldKavfha uQ,øjH .=K j.=j 4'6 ys oelafõ' 

4.6 j.=j 13 jk ldKavfha uQ,øjHj, .=K 

 **B Al **Ga **In **Tl 

N+ñ wjia:dfõ 
bf,lafg%daksl 
úkHdih 

[He]2s22p1 [Ne]3s23p1 [Ar]3d104s24p1 [Kr]4d105s25p1 [Xe]4f145d106s26p1 

f,dayl wrh/ pm - 143 153 167 171 
iyixhqc wrh/pm 88 130 122 150 155 

øjdxlh/ °C 2300 660 30 157 304 

M3+
 whkfha wrh/ 

pm 
27 53 62 80 89 

1 jk whkslrK 

Yla;sh/ kJ mol-1
 

799 577 577 556 590 

2 jk whkslrK 

Yla;sh/ kJ mol-1 
2427 1817 1979 1821 1971 

3 jk whkslrK 

Yla;sh/ kJ mol-1 
3660 2745 2963 2704 2878 

**w'fmd'i ^W'fm<& ridhk úoHd úIh ks¾foaYhg wh;a fkdfõ' 

 
4.3.2  we¨ñkshï 
mDÓú lfndf,ys ;=kajekshg iq,n u uQ,øjHh we¨ñkshï fõ' we¨ñkshïj, 

ksrdjrKh ù mj;sk mDIaGh u; Al2O3 ia;rhla ksmofõ' fï ia;rh u`.ska we¨ñkshï 

;jÿrg;a Tlaiscka iu`. m%;sl%shd ùu flfrys m%;sfrdaOhla we;s lrkq ,nhs' jd;h 

iu`. m%;sl%shd fkdlrk uQ,øjHhla f,i we¨ñkshï ye|skaúh yels h' 

we¨ñkshïj, m%;sl%shd 

Tlaiscka yd ye,cka iu`. we¨ñkshï m%;sls%hd lrhs' N2 iu`. o th m%;sl%shd lrhs' 

Tlaiscka iu`. (O2) : 4Al + O2  2Al2O3 

ye,cka iu`. (X2) : 2Al + 3X2                2AlX3 

khsg%cka iu`. (N2) : 2Al + N2  2AlN   

m<uq yd fojk ldKAvj, uQ,øjHj,g idfmaCIj we¨ñkshï m%;sl%shdYS,s núka wvq h' 

fnß,shï f,iska u we¨ñkshï o wï, yd Niau hk foj¾.h iu`. u m%;sl%shd lrhs' 
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we¨ñkshï wï, yd Niau iu`. isÿ lrk m%;sl%shd i|yd my; ±lafõ' 

2Al(s) + 6HCl(aq)                2AlCl3(aq) + 3H2(g) 
 
2Al(s) + 2OH ̅ (aq)+ 6H2O(l)    2[Al(OH)4] ̅(aq) + 3H2(g) 

we¨ñkshï whk c,Sh ødjKj, § fylaid we¨ñkshï whk f,i mj;S hehs wfmaCId 

flf¾' flfia fj;;a my; mßÈ Al3+ 
whk c,úÉfþokh ù [Al(OH2)5(OH)]2+ 

^fmkagdwelajdyhsfv%dlaihsfvd we¨ñkshï whk& ksmojd wk;=rej [Al(OH2)4(OH)2]
+  

^fgfrdwelajdvhsyhsâfrdlaihsfvd we¨ñkshï whk& ksmojhs' 

[Al(OH2)6]
3+(aq) + H2O(l)  [Al(OH2)5(OH)]2+(aq) + H3O

+(aq) 

[Al(OH2)5(OH)]2+(aq) + H2O(l) [Al(OH2)4(OH)2]
+(aq) + H3O

+(aq) 

we¨ñkshï whkj,g OH- 
whk wdl,kh ùfuka m<uqj iqÿ meye;s fc,ákSh 

wjlafIamhla jk we¨ñkshï yhsfv%dlaihsâ ksmojhs' w;sßla; OH- 
whk iu`. 

wjlafIams; we¨ñkshï yhsfv%dlaihsâ" fgÜrdyhsfv%dlaihsfvd we¨ñfkaÜ ixlS¾K whk 

njg m;a fõ' 
 

Al3+(aq) + 3OH ̅(aq)  Al(OH)3(s) ^iqÿ meye;s fc,ákSh wjlafIamh& 

Al(OH)3(s) + OH ̅(aq)     [Al(OH)4]  ̅(aq) fyda AlO2  ̅(aq) + 2H2O(l) 

13 jk ldKavfha uQ,øjH i;= ns2np1
bf,lafg%dksl úkHdih fya;=fjka tajdg iyixhqc 

nkaOk ;=kla idoñka bf,lafg%dak yhla ish ixhqc;d ljpfha mj;ajd .; yels h' tys 

m%;sM,hla f,i 13 jk ldKAvfha fndfyda iyixhqc ixfhda. i;=j we;af;a wiïmQ¾K 

bf,lafg%dak wIAglhls' ta wkqj tajdg bf,lafg%dak odhlhl=f.ka bf,lafg%dak 

hq.,hla ,nd .kakd ¨úia wï,hla f,i l%shd lsÍug yels h' wiïmq¾K bf,lafg%dak 

wIagl iys; fï ixfhda. bf,lafg%dak W!k ixfhda. f,i y÷kajkq ,nhs' B yd Al hk 

foj¾.h u idok wiïmQ¾K wIAgl iys; ixfhda. jdhq wjia:dfõ § wIagl kshuh 

imqrd,kq msKsi oaúwjhúl idok ,efí' ^rEmh 4'2& 

Al

Cl

Cl

Cl

Al

Cl

Cl Cl  

4.2 rEmh jdhquh Al2Cl6ys jHQyh 

4.4   14 jk ldKavfha uQ,øjH 

4.4.1  14 jk ldKavfha keUqre;d 
iyixhqc nkaOk cd, jHQyhla ;ekSu fya;=fjka 14 jk ldKavfha m<uq uQ,øjH ;=k 

i;=j by< øjdxl mj;S' ldnka wf,dayhla jk w;r" is,slka yd c¾fïkshï 

f,daydf,day fõ' ldKAvfha wjika uQ,øjH fol jk áka yd f,â f,day fõ' 
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.,a w`.=re" fndrf;,a" le,aihsÜ (CaCO3), jdhqf.da,Sh CO2, ue.akihsÜ (MgCO3) yd 

fvd,uhsÜ (CaCO3·MgCO3) hk iajdNdúlj ldnka yuq jk m%Nj fõ' ñksrka" Èhuka;s 

yd mq,Íka hkq ldnkaj, nyqrEmS wdldrhka h' mq,Íka uE; § fidhd .;a w;r jvd;a 

iqm;< mq,Íka wdldrh C60, fyj;a nlañksiag¾ *qq,Íka ^fyda nlS fnda,a& fõ' ldnka 

Ôjfha moku jk w;r ldnksl ridhkfha § jeo.;a u uQ,øjHhhs' is,slka yd 

c¾fïkshï w¾O ikakdhl l¾udka;fha § m%Odk jYfhka Ndú; flf¾' Bg wu;rj" 

wldnksl nyq wjhúl l¾udka;fha § is,slka úYd, jYfhka Ndú; fõ' 

14 jk ldKavfha uQ,øjHj, .=K j.=j 4'7 ys ±lafõ' 

4.7 j.=j 14 jk ldKAvfha uQ,øjHj, .=K  

 C **Si **Ge **Sn **Pb 
N+ñ wjia:dfõ 
bf,lafg%dksl 
úkHdih 

[He]2s22p2 [Ne]3s23p2 [Ar]3d104s24p2 [Kr]3d105s25p2 [Xe]4f145d106s26p2 

f,dayl wrh/ pm - - - 158 175 

iyixhqc wrh/pm 77 118 122 140 154 

øjdxlh/ °C 3730 1410 937 232 327 

M4+
whkfha    

wrh/ pm 

- - 53 69 78 

**w'fmd'i ^W'fm<& ridhk úoHdúIh ks¾foaYhg wh;a fkdfõ' 

 
4.4.2  Èhuka;s yd ñksrka 

Èhuka;s yd ñksrka iumrudKql ^tl u j¾.fha mrudKq& ±,sia jHQyj,ska iukaú; fõ' 

Èhuka;s ^sp3 
uqyqï ldnka" p;=ia;,Sh& i;= jkafka >kdldr iaMál jHQyhls' ñksrka ^sp2 

uqyqï ldnka" ;,Sh ;%sfldaKdldr& iukaú; jkafka wÜá .eiqKqq oaúudk ldnka 

ia;rj,sks' uqyqïlrKfha fjki fya;=fjka ñksrkaj, ldnka ldnka nkaOk È. 

Èhuka;sj, ldnka ldnka nkaOk È.g jvd wvq h ^Èhuka;s 154 pm iy ñksrka       

141 pm&' fï iaMálrEmS ±,sia jHQy ±ä jk w;r Èhuka;sj, ±,sia jHQyh jvd;a u 

Yla;su;a jHQyh fõ' úia:dk.; π bf,lafg%dak fya;=fjka ñksrka úoHq;a ikakdhlhla 

fuka u ;dm ikakdhlhla o fõ' ^rEmh 4'3& ñksrkays ia;r w;r wka;¾ l%shd ÿ¾j, 

jk w;r" fï ksid ñksrka fyd| ,sysiais øjHhla njg m;aj we;' 

 
 

4.3 rEmh ñksrkays π úia:dk.; ùu 

uqyqïlrKh úia:dk.; π ldlaIsl 
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mq,Íka hkq ldnkaj, fjk;a nyqrEms wdldrhls' mq,Íkaj, ldnka mrudKq f.da,dldrj 

tlsfklg iïnkaO ù mj;S' ñksrka" Èhuka;s yd mq,Íka (C60) jHQy rEmh 4'4ys ±lafõ' 

 

        

4.4 rEmh (a) ñksrka, (b) Èhuka;s yd (c) mq,Íka (C60)ys jdhqj 

4.4.3  ldnka fudfkdlaihsâ yd ldnka vfhdlaihsâ 
ldnka fudfkdlaihsâ hkq wj¾K" .kaOhlska f;dr" b;d úI jdhqjls' ldnka 

fudfkdlaihsâys CO nkaOk È." o¾YSh C=O nkaOk È.g jvd wvq h' ñka woyia 

jkafka ldnka fudfkdlaihsâys C yd O w;r nkaOkh o¾YSh C=O nkaOkhla fkdjk 

njhs' tys C yd O mrudKq fol w;r ;s%;aj nkaOk iajrEmhla we;' rEmh 4'5ys COys 

¨úia jHQyh ±lafõ' 
 

 
 

4.5 rEmh COys ¨úia jHQyh 
 
hlv ksIamdokfha § ldnka fudfkdlaihsâ Tlaisydrlhla f,i iq,Nj Ndú; flf¾'    
C mrudKqj u; mj;sk tlir bf,lafg%dak hq., fya;=fjka fndfyda W;afm%arl m%;sl%shd 

i|yd ,sykhla f,iska lghq;= lrñka CO jeo.;a fufyhla bgq lrhs' 

 
,kavka n, fya;=fjka my< WIaK;ajj, § fyda wêl mSvkj, § ldnka vfhdlaihsâ 

^rEmh 4'6& >kSNjkh fõ' idudkH jdhqf.da,Sh mSvkfha § iy CO2 ^úh<s whsia& 

W!¾Omd;kh fjñka ldnka vfhdlaihsâ jdhqj idohs' wdydr l¾udka;fha § ysudhk 

ldrlhla f,i;a lD;s%u jeis we;s lsÍug;a th iq,nj fhdod .efka' 

 

 
4.6 rEmh CO2 ys ¨úia jHQyh 

 

                    (a)                                                (b)                                           (c) 
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4.4.4  ldnkaj, Tlafid wï, 
ldnka idok Tlafid wï,h jkafka ldfndksla wï,h (H2CO3) f,iska ye|skafjk 

ÿn, wï,hhs' ldfndksla wï,fha nkaOk jHQyh rEmh 4'7 ys ±lafõ' mSvkhla hgf;a  

CO2jdhqj c,fha Èh lr ldfndksla wï,h ksmoúh yels h' 

CO2(aq) + H2O(l) H2CO3(aq) 

H2CO3(aq) + H2O(l)  HCO3
-(aq) + H3O

+(aq) 

HCO3
-(aq) + H2O(l)  CO3

2-(aq) + H3O
+(aq) 

 
 

 

 

4.7 rEmh H2CO3ys nkaOk jHQyh 

Tlaiscka mrudKqj,g Rcqj u ne÷Kq H mrudKq fm%dafgdak f,i uqod yßñka ldfndksla 

wï,hg wdï,sl ,CIK fmkakqï l< yels h' 
 

Niau iu`. m%;sl%shd lr ldnfkaÜ whk ksmojñka ldnka vfhdlaihsâ ish wdï,sl 

,CIK fmkakqï lrhs' tf,i ksmojQ 1 yd 2 ldKavj, ldnfkag jeämqr CO2 yuqfõ 

yhsv%cka ldnfkag idohs' 

CO2(g) + 2NaOH(aq)  Na2CO3(aq) + H2O(l) 

Na2CO3(aq) + jeämqr CO2(g) + H2O(l)      2NaHCO3(aq) 

4.5   15 jk ldKAvfha uQ,øjH 

4.5.1  15 jk ldKAvfha keUqre;d 
15 jk ldKavfha m<uqjk uQ,øjHh jk khsg%cka fï ldKAvfha wfkl=;a uQ,øjHj,ska 

fjkia jQ ,CIK olajhs' 15 jk ldKavfha uQ,øjHj, f,dayl .=K ldKAvh Tiafia 

my<g h;a u jeä fõ' khsg%cka yd fmdia*ria wf,day jk w;r -3 isg +5 olajd 

TlaislrK wjia:d fmkajhs' khsg%ckaj,g Tlaiscka yd *af,daßka iu`. +5 TlaislrK 

wjia:dj <`.d lr .; yels h' m%n, ;%s;aj nkaOkh (942 kJ mol-1) fya;=fjka           

vhskhsg%cka  N2, iudkH ;;a;aj hgf;a úYd, jYfhka ia:dhs ^ksIal%sh& fõ' khsg%cka 

yer fiiq uQ,øjH ish,a, >k wjia:dfõ mj;S' by< úoHq;a RK;dj" l=vd mrudKql 

wrh iy d ldCIsl ke;s ùu fya;=fjka khsg%cka wfkla uq,øjHj,ska fjkia fõ' 
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4.8 j.=j  15 jk ldKavfha uQ,øjHj, .=K 

 N **P **As **Sb **Bi 

N+ñ wjia:dfõ 
bf,lafg%daksl 
úkHdih 

[He]2s22p3 [Ne]3s23p3 [Ar]3d104s24p3 [Kr]3d105s25p3 [Xe]4f145d106s26p3 

f,dayl wrh/ pm - - - - 182 

iyixhqc wrh/ pm 75 110 122 143 152 
øjdxlh/ °C -210 44 (white) 

590 (red) 
613 630 271 

fmda,sx úoHq;a 
RK;dj 

3.0 2.2 2.2 2.0 2.0 

**w'fmd'i ^W'fm<& ridhk úoHd úIh ks¾foaYhg wh;a fkdfõ' 

 
4.5.2   khsg%ckaj, ridhkh 

jdhqf.da,Sh mSvkh hgf;a khsg%cka ^;dmdxlh -195.8 °C) w,am jYfhka c,fha ødjH 

jk uq;a mSvkh iu`. ødjH;dj úYd, jYfhka jeä fõ' khsg%ckays nyqrEms wdldr 

fkdmj;S' vhskhsg%cka m%;sl%shd lsysmhla muKla isÿ lrk w;r" tajdfhka tlla my; § 

we;' 

3Mg(s) + N2(g)                 Mg3N2(s) 

khsg%cka ksIalS%h jdhqjla jk ksid tys m%;sl%shd isÿ jkafka m%n, ;;a;aj hgf;a § h' 

ksoiqkla f,i úoHq;a pdmhla u`.ska iemfhk ndysr Yla;sh hgf;a khsg%cka jdhqj 

Tlaiscka iu`. m%;sl%shd lrhs' wl=Kq .eisfï § fï m%;sl%shdj iajdNdúlj isÿ fõ' 

N2(g) + 2O2(g)                 2NO2(g) 
 
khsg%cka -3 isg +5 olajd TlaislrK wjia:d fmkakqï lrhs' fï TlaislrK wjia:d 

olajk ixfhda. j.=j 4'9ys ±lafõ' 
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4.9 j.=j khsg%ckaj, TlaislrK wjia:d 

TlaislrK 

wjia:d 
ixfhda.h iQ;%h nkaOk jHQyh 

-3 wefudakshd NH3 

 
-2 yhsv%cka N2H4 

 
-1 yhsfv%dlais,a weóka NH2OH 

 
0 vhskhsg%cka N2  
+1 vhskhsg%cka 

fudfkdlaihsâ 
N2O  

+2 khsg%cka 

fudfkdlaihsâ 
NO 

 

+3 vhskhsg%cka 

g%hsTlaihsâ 
N2O3 

 
+4 khsg%cka 

vfhdlaihsâ 
NO2 

 
+4 vhskhsg%cka 

fÜfg%dlaihsâ 
N2O4 

 
+5 khsá%la weisâ HNO3 

 
+5 vhskhsg%cka 

fmkafgdlaihsâ 
N2O5 

 
 
4.5.3  khsg%ckaj, Tlafid wï, 
idudkH jdhqf.da, ;;a;ajh hgf;a wia:dhs khsg%ia wï,h ÿ¾j, wï,hls' rEmh 4'8 ys 

khsg%ia wï,fha nkaOk jHQyh ±lafõ' 
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4.8 rEmh khsg%ia wï,fha nkaOk jHQyh 

 
khsá%la wï,h yd wj¾K jdhqjla jk khsg%cka fudfkdlaihsâ ksmojñka khsg%ia 

wï,hg oaúOdlrKhg ,la úh yels h' 

3HNO2(aq)                 HNO3(aq) + 2NO(g) + H2O(l) 

 
Tlaiscka iu`. khsg%cka fudfkdlaihsâ jdhqj jeäÿrg;a m%;sl%shd lr" r;=-ÿUqre meye;s 

jdhqjla jk khsg%cka vfhdlaihsâ ksmojhs' 

2NO(g) + O2(g)                 2NO2(g) 
 

khsá%la wï,h ^rEmh 4'9& hkq Wmøjldß ff;,uh øjhls' fï wï,h m%n, 

Tlaisldrlhla jk w;r" m%n, ridhksl m%;sl%shdj,g n÷ka fõ' 

 

4.9 rEmh khsá%la wï,fha nkaOk jHQyh 

 
wdf,dal - fm%aßl úfhdackh fya;=fjka khsá%la wï,h Tlaiscka yd khsg%cka 

vfhdlaihsâ ksmojhs' 

4HNO3(aq)                 4NO2(g) + O2(g) + 2H2O(l) 
 
fï m%;sl%shdj fya;=fjka ridhkd.drh ;=<idkaø kshsá%laa wï,h .nvd lrkq ,nkafka 

ÿUqre meye;s fnda;,a ;=<hs' 

 
khsá%laa wï,fha Tlaisldrl m%;sl%shd  

;kql khsá%la wï,h f,day iu`. m%;sl%shd lr f,day khsfÜ%g yd yhsv%cka jdhqj 

ksmojhs' fï m%;sl%shdj, § yhsv%ckaj,g idfmaCIj khsá%la wï,h Tlaisldrlhla f,i 

lghq;= lrhs' ue.akSishï yd fldm¾ iu`. idkaø khsá%la wï,h m%;sls%hd l< úg th 

khsg%ckaj,g idfmaCIj Tlaisldrlhla f,i l%shd lrhs' 

Mg(s) + ;kql 2HNO3(aq)                  Mg(NO3)2(aq) + H2(g) 

Mg(s) + idkaø 4HNO3(l)                  Mg(NO3)2(aq) + 2NO2(g) + 2H2O(l) 

hν 
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3Cu(s) + ;kql 8HNO3(aq)                 3Cu(NO3)2(aq) + 2NO(g) + 4H2O(l) 

Cu(s) + idkaø 4HNO3(l)                  Cu(NO3)2(aq) + 2NO2(g) + 2H2O(l) 

ldnka yd i,a*¾ jeks wf,day iu`. khsá%la wï,h Tlaisldrlhla f,i l%shd lrk  

m%;sl%shd my; ±lafõ' 

C(s) + idkaø 4HNO3(l)                 CO2(g) + 4NO2(g) + 2H2O(l) 
 
S(s) + idkaø 6HNO3(l)                 H2SO4(l) + 6NO2(g) + 2H2O(l) 

 
4.5.4  wefudakshd yd wefudakSh ,jK 
wefudakshd ,CIKsl m%n, .kaOhlska hq;a wj¾K jdhqjls' myiqfjka c,fha ødjH 

jdhqjla jk wefudakshd Ndiañl fõ' 

NH3(g) + H2O(l) NH4OH(aq) 

wefudakshï yhsfv%dlaihsâ ÿn, Niauhla jk w;r" wefudakshï whk iy yhsfv%dlahsâ 

ksmojñka Nd.sl jYfhka ú>gkh fõ' 

NH4OH(aq) NH4
+(aq) + OH ̅ (aq) 

fjk;a ´kE u Niauhla fuka u wefudakshï yhsfv%dlaihsâ o ;kql wï, iu`. 

m%;sl%shd lr c,Sh ,jK idohs' 

2NH4OH(aq) + dil. H2SO4(aq)                  (NH4)2SO4(aq) + 2H2O(l) 
 

wefudakshï whk c,Sh ødjKj, § c,úÉfÊokhg n÷ka fjñka ixhq.aul Niauh jk 

wefudakshd ksmojhs' 

NH4
+(aq) + H2O(l) NH3(aq) + H3O

+(l) 

ish¨ wefudakshï ,jK CIdr iu`. m%;sl%shd lr wefudakshd ksoyia lrhs' 

NH4Cl(aq) + NaOH(aq)                  NaCl(aq) + NH3 (g) + H2O(l) 
 
wefudakshdj, m%;sls%hd 

laf,daßka iu`. wefudakshd Tlaisydrlhla f,i l%shd lrk w;r" tl;= lrkq ,nk 

wefudakshd yd laf,daÍka m%udK u; ksmofjk m, fjkia fõ' flfia fj;;a" jeämqr 

laf,daÍka iu`. c,fha úIîc kdYlhla f,i Ndú;hg .kq ,nk khsg%cka 

g%hslaf,darhsâ tla M,hla f,i ksmofõ' 

jeämqr 8NH3(g) + 3Cl2(g)                    N2(g) + 6NH4Cl(aq) 

ksmojkq HCl m%;sl%shdjg ,la fkdjQ wefudakshd iu`. NH4Cl ,nd foa   

jeämqr  3Cl2(g) + NH3(g)                   3HCl(g) + NCl3(l) 
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khsg%cka g%hslaf,darhsâ hkq iyixhqc laf,darhsvhls' th c,h iu`. m%;sl%shd lr 

wefudakshd yd yhsfmdlaf,daria wï,h idohs' (yhsfmdlaf,daria wï,h ksmoùfï 

yelshdj fya;=fjka" khsg%cka g%hslaf,darhsâ c,fha úIîc kdYlhla jYfhka Ndú; 

flf¾)' 

NCl3(l) + 4H2O(l)                 NH4OH(g)  + 3HOCl(aq) 

jdhquh wefudakshd" yhsv%cka laf,darhsâ iu`. m%;sl%shd lsÍfuka iqÿ meye;s ÿudrhla jk 

wefudakshï laf,darhsâ ksmofõ' fuh wefudakshd ;yjqre lsÍfï mÍCIdjla f,i fhdod 

.; yels h' 

NH3(g) + HCl(g)                 NH4Cl(s) 
 

CuO yd Cl2 iu`. wefudakshd ÿn, Tlaisydrlhla jYfhka l%shd lrhs' 

3CuO(s) + 2NH3(g)                 N2(g) + 3Cu(s) + 3H2O(g) 

2NH3(g) + 3Cl2(g)                N2(g) + 6HCl(g) 
 

úh<s ;;a;ajh hgf;a f,day iu`. m%;sl%shd lsÍfï § wefudakshd Tlaisydrlhla f,i 

fuka u wï,hla f,i o l%shd lrhs' 

2Na(s) + 2NH3(l)                 2NaNH2(l) + H2(g) 

3Mg(s) + 2NH3(l)                 Mg3N2(l) + 3H2(g) 
 
wefudakshï ,jKj, ;dm úfhdackh 

;dmh yuqfõ  iuyr wefudakshï ,jK úfhdackh fjñka wefudakshd jhqj yd wdï,sl 

jdhq idohs' 

(NH4)2CO3(s)                 2NH3(g) + CO2(g) + H2O(g) 

NH4Cl(s)                 NH3(g) + HCl(g)  

(NH4)2SO4(s)                 NH3(g) + H2SO4(g)* 
*fï m%;sl%shdfõ M, m%;sl%shd ;;a;ajh u; fjkia úh yels h' 

flfia fj;;a" wefudakshï ,jKj, ;sfnk iuyr wekdhkj,g r;a lsÍfï § úúO M, 

idoñka wefudakshï whkh TlaislrKh l< yels h' 

NH4NO2(s)                  N2(g) + 2H2O(g) 

NH4NO3(s)                  N2O(g) + 2H2O(g) 

(NH4)2Cr2O7(s)                 N2(g) + Cr2O3(s) + 4H2O(g) 
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wefudakshï ,jK y÷kd .ekSu 

NaOH yuqfõ WKqiqï lsÍfï § ish¨ wefudakshï ,jK wefudakshd jdhqj ksmojhs' 
fï jdhqjg idkaø yhsv%frdlaf,daßla wï,fhka f;;a l< l+rla fhduq l< úg iqÿ 
meye;s wefudakshï laf,darhsâ ÿudrh ksmofõ' 
 
NH4

+(aq) + OH¯(aq)                  NH3(g) + H2O(l) 

NH3(g) + HCl(g)                 NH4Cl(s) iqÿ meye;s ÿudrh 
 

khsfÜ%gj, m%;sl%shd 

khsfÜ%g whk y÷kd .ekSu i|yd whk(II)/ idkaø H2SO4 yuqfõ khsfÜ%g iu`. isÿ 

lrk m%;sl%shdj fhdod .; yels h' fï mÍCIdj ÿUqre j,fha mÍCIdj kï fõ' mßCIdfõ 

§ k<h ;=< we;s jk ÿUqre meye;s [Fe(NO)]2+ 
j,h u`.ska khsfÜ%gj, meje;au ;yjqre 

fõ' 

2NO3ˉ (aq) + 4H2SO4(l) + 6Fe2+(aq)          6Fe3+(aq) + 2NO(g) + 4SO4
2ˉ (aq) + 4H2O(l) 

Fe2+(aq)+ NO(g)              [Fe(NO)]2+(aq) ÿUqre meyeh 
 
khsfÜ%g Al fyda foajodr ñY% f,dayh (Cu, Zn, Al)/ NaOH iu`. wefudakshd ksmojhs' 
 
3NO3ˉ(aq) + 8Al(s) + 5OHˉ(aq) + 18H2O(l)              3NH3(g) + 8[Al(OH)4]ˉ(aq) 
 
4.6  16 jk ldKavfha uQ,øjH 

4.6.1  16 jk ldKavfha keUqre;d 

16 jk ldKavfha m%:u uQ,øjHh jk Tlaiscka ldKAvfha wfkl=;a uQ,øjHj,ska fjkia 

jQ ,CIK olajhs' ldKavfha my<g h;a u f,dayuh iajNdjh jeä fõ' flfia fj;;a" 16 

jk ldKAvfha tlÿ uQ,øjHhla j;a ienE f,day f,i l%shd fkdlrhs' Tlaiscka yd 

i,a*¾ hk foj¾.h u wf,day jk w;r" ldKavfha wfkla uQ,øjH f,dayuh yd 

wf,dayuh ,CIK fmkakqï lrhs' Tlaiscka muKla jdhqjla f,i mj;sk w;r 

ldKavfha wfkla uQ,øjH >k wjia:dfõ mj;S' Tlaiscka yer ldKAvfha wfkl=;a 

uQ,øjHj,g -2 isg +6 olajd jQ brÜfÜ ixLHd TlaislrK wjia:d f,i ±laúh yels h' 

TlaislrK wjia:dj +6 yd -2 ys ia:dhs;dj ldKavfha my<g h;a u wvq jk w;r +4 
TlaislrK wjia:dfõ ia:dhs;dj jeä fõ' 
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4.10 j.=j 16 jk ldKavfha uQ,øjHj, .=K 

 O S **Se **Te **Po 
N+ñ wjia:dfõ 
bf,lafg%dksla 
úkHdih 

[He]2s
22p4 

[Ne]3s2

3p4 
[Ar]3d10 

4s24p4 
[Kr]4d10 

5s25p4 
[Xe]4f145d106s2

6p4 

X2- 
whkfha wrh/ pm 140 184 198 221 - 

iyixhqc wrh/pm 73 103 117 137 140 

øjdxlh/ °C -218 113(α) 217 450 254 
fmda,sx úoHq;a RK;dj 3.4 2.6 2.6 2.1 2.0 
1 jk bf,lafg%dak 
,nd .ekSfï 

tka;e,amsh/ kJ mol-1 
X(g) + e             X-(g)  

-141 -200 -195 -190 -183 

2 jk bf,lafg%dak 
,nd .ekSfï 

tka;e,amh/ kJ mol-1
 

X-(g) + e           X2-(g) 

844 532 - - - 

** w'fmd'i ^W'fm<& ridhk úoHd úIh ks¾foaYhg wh;a fkdfõ' 

 
4.6.2  16 jk ldKavfha yhsv%hsv 
16 jk ldKavfha uQ,øjH yhsv%cka iuÕ ir, yhsv%hsv idohs' fïjd ish,a, iyixhqc 

yhsv%hsv fõ' ldKavh Èf.a my<g hk úg yhsv%hsvj, f;dard .;a .=Kj, úp,kh 

j.=j 4'11 uÕska oelafõ' 

 
4.11 j.=j 16 jk ldKavfha yhsv%hsv 

 H2O H2S H2Se H2Te 

øjdxlh/ °C 0.0 -85.6 -65.7 -51 

;dmdxlh/ °C 100.0 -60.3 -41.3 -4 

nkaOk È./ pm  96 134 146 169 

nkaOk fldaKh/ ° 104.5 92.1 91 90 

 
ldKavfha wfkla yhsv%hsvj,g jvd Yla;su;a yhsv%cka nkaOk fya;=fjka, H2O 
widudkH f,i by< øjdxl yd ;dmdxl fmkajhs' ldKAvfha ish¨ yhsv%hsv w;=ßka 

úIodhS fkdjkafka c,h muKs' 
 
uOH mrudKqfõ m%udKh úYd, ùu fya;=fjka iyixhqc yhsv%hsvj, nkaOk Èf.ys 

ksÍCIsl úp,kh we;s fõ' ta ksid ldKAvfha my<g nkaOk È. jeä fõ' 

ldKavh Tiafia my<g uOH mrudKqfõ úoHq;a RK;dj wvq ùfï m%;sM,hla f,i 

nkaOk bf,lafg%dakj, mj;akd wvq úl¾IK fya;=fjka ldKAvfha my<g nkaOk 

fldaKh wvq fõ'  H2S, H2Se yd H2Te ys nkaOk fldaKh 90° g wdikak fõ' 
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úfYaIfhka yhsv%cka yd ne|Sfï § fndfyda fihska fi,Skshï yd fg,shqßhïj, p 
ldCIsl mej;Su fï`.ska fy<s fõ' 
 
4.6.3  Tlaiscka 
vhsTlaiscka (O2) yd g%hsTlaiscka (´fidaka O3) hkqfjka Tlaiscka i;= nyqrEms wdldr 

folla we;' vhsTlaiscka hkq wj¾K yd .kaOhlska f;dr c,fha w,am jYfhka ødjH 

jdhqjls' ´fidaka i;=j lgql .kaOhla we;' ´fidakays nkaOk fldaKh 111.5°ls' fï 

nyqrEms wdldr foflys jHQy my; § we;' 

 

 

 

4.10 rEmh Tlaiscka yd ´fidakays jhQy 

fmdgEishï laf,daf¾Üys W;afm%aßl úfhdackh yd yhsv%cka fmfrdlaihsâ Tlaiscka 

ksmoùu i|yd fhdod .; yels h' 

2KClO3(s)              2KCl(s) + 3O2(g), MnO2 fyda Pt yuqfõ r;a lsÍu 

2H2O2(aq)              2H2O(l) + O2(g), MnO2 fyda yuqfõ r;a lsÍu 

f,day Tlaihsv ksmojñka f,day vhsTlaiscka iu`. m%;sl%shd lrhs' ´fidaka hkq 

vhsTlaisckaj,g jvd m%n, Tlaisldrlhls' ixj¾ê; rgj,a /il c,fha CIqø Ôùka 

kik úIîc kdYlhla f,i ´fidaka Ndú; flf¾' laf,daÍka fuka fkdj" úIîc 

kdYl l%shdj,sfha § ´fidaka lsisÿ ydksodhl w;=reM,hla ksmojkafka ke;'  

4.6.4  i,a*¾ 
my; úia;r lr we;s wdldrhg i,a*¾ j¾.SlrKh l< yels h' 

    i,a*¾ 

 

                  iaMálrEms                                     wiaMálrEmS 

 

 

 

4.11 rEmh i,a*¾ j¾.SlrKh 

Tlaiscka fuka fkdj" i,a*¾ ish mrudKq iu`. oaú;aj nkaOk idokjdg jvd tal 

nkaOk idohs' jvd;a u iq,n nyqrEms wdldrh jkafka α-i,a*¾ (α-S8) hkqfjka 

ye|skafjk frdïniSh i,a*¾h' my; fmkajd § we;s mßÈ th i,a*¾ mrudKq wglska 

iukaú; pl%Sh wlajla ^zigzag) ieliqulska hq;a" Tgqkakl yevfhka hqla; fõ' 93 °C g 

jvd by< WIaK;ajhg r;a lsÍfï oS iq,nj yuq jk wfkla nyqrEms wdldrh jk 

                           (a)                                                     (b) 

iqúld¾h taldk;s 
(β–i,a*¾) 

frdïniSh 
(α-i,a*¾) 

l,s, lsß 

i,a*¾ 
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taldk;s i,a*¾ β-i,a*¾ (β-S8) njg ish weiqreï wdldrh fjkia lr .kshs' fï wdldr 

fol tlsfkflys nyqrEms wdldr fõ' 

 
 

 

 

 

 

 

4.12 rEmh (a) Tgqkq wdldrh S8  (b) frdïniSh i,a*¾ (c) taldk;s i,a*¾ 

frdïniSh yd taldk;s hk iaMálrEms wdldr Tgqkq yevfha S8 pl%j,ska iukaú; fõ. 
fï pl% 95 °Cg my< WIaK;aj, § i,a*¾j, jvd;a u ia:dhs wiaMálrEms i,a*¾ hkq 

ú,Sk i,a*¾j, iqúld¾h wdldrhhs. 

ixjD; odu iys; ú,Sk i,a*¾ laIKslj isis,a lsÍfï § øj i,a*¾ újD; odu iys; ;dm 

iqúld¾h i,a*¾ njg mßj¾;kh fõ. ld,h .;fj;a u iqúld¾h i,a*¾ iaMálrEms 

i,a*¾ njg yef¾. i,a*¾j, wiaMálrEms wdldrh wd;kH jk kuq;a wia:dhs fõ' 

4.6.5  Tlaiscka wvx.= ixfhda. 

c,h iy yhsv%cka fmfrdlaihsâ 

my; rEmfha H2O yd jdhquh H2O2 jHQyh ±lafõ. 
 
 
 
 
 
 

 
 

 
 

4.13 rEmh (a) H2O jHQyh yd (b) H2O2 jHQyh 

 
c,h hkq jeämqr u Ndú; jk ødjlhhs. c,h my; mßÈ whkSlrKh fõ. fuh c,fha 

iajhx whkSlrKh f,i ye`Èkafõ' 

2H2O(l) H3O
+(aq) + OH-(aq) 

                   (a)                                                (b)                                         (c) 

(a)                               (b)                                 
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WNh fm%daál wKqjlg fm%dafgdakhla odhl lsÍu fyda m%;s.%yKh lsÍu isÿ l< yels h. 
ta ksid thg wï,hla f,i yd Niauhla f,i yeisßh yels h. fm%dafgdakhla m%;s.%yKh 

lsÍfï yd uqod yeÍfï yelshdj we;s neúka c,h WNh fm%daál ixfhda.hla fõ.  

H2O(l) + HCl(aq)               H3O
+(aq) + Cl-(aq) 

H2O(l) + NH3(aq)    NH4
+(aq) + OH-(aq) 

4.6.6  yhsv%cka fmfrdlaihsâ 
yhsv%cka fmfrdlaihsâ hkq tal;,Sh fkdjk wKqjls' (H2O2) tl u ;,fha fkdmj;sk 

OH ldKav follska H2O2 wKQj iukaú; w;r" jdhquh wjia:dfõ §  H-O-O nkaOk 

fldaKh  94.8° jk fldaKsl yevfhka hqla; fõ' Tlaiscka mrudKQ u; mj;sk tlir 

hq., w;r úl¾IK wju jk mßÈ ieliqqKq jHQyh rEmh 4.13 ys ±lafõ' ‘O’ H-O 
ldKav fol tlsfkl w;r oaú;, fldaKh 111.5° jk fia msysghs'  
 
m%n, yhsv%cka nkaOk fya;=fjka, H2O2 ÿiai%dú øjhla fõ' Tlaisldrlhla fuka u 

Tlaisydrlhla f,i;a H2O2 j,g yeisßh yels h. th Tlaiscka njg TlaislrKh jk 

w;r" c,h njg TlaisyrKh fõ' 

TlaisyrK w¾O m%;sls%hdj( 

H2O2(aq) + 2H+(aq) + 2e                  2H2O(l) 
 

TlaislrK w¾O m%;sls%hdj( 

H2O2(aq)                2H+(aq) + O2(g) + 2e  

oaúOdlrKh 

2H2O2(aq)                O2(g) + 2H2O(l) 
 
H2O2j, m%;sls%hd 
H2O2 Tlaisldrlhla f,i( 

H2O2(aq) + 2H+(aq) + (2I-(aq)                 I2(aq) + 2H2O(l) 

H2O2(aq) + 2H+(aq) + 2Fe2+(aq)                 2Fe3+(aq) + 2H2O(l) 
 

H2O2 Tlaisydrlhla f,i: 

2MnO4
-(aq) + 5H2O2(aq) + 6H+(aq)                2Mn2+(aq) + 5O2(g) + 8H2O(l) 

Cr2O7
2-(aq) + 3H2O2(aq) + 8H+(aq)               2Cr3+(aq) + 7H2O(l) + 3O2(g) 
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4.6.7  i,a*¾ wvx.= ixfhda. 

yhsv%cka i,a*hsâ 

yhsv%cka fmfrdlaihsâ hkq krla jQ ì;a;r .kaOfhka hqla;" wj¾K úIodhs yd wdï,sl 

jdhqjla fõ. f,daN i,a*¾ m%n, wï, yd m%;sls%hd lrùfuka H2S ksmoúh yels h.  ÿn, 

wdï,sl ødjKhla idoñka th c,fha Èh fõ' 
 
yhsv%cka i,a*hsâj, m%;sls%hd  

H2S m%n, Niau yuqfõ wï,hla f,i( 

NaOH(aq) + jeämqr H2S(g)                   NaHS(s) + H2O(l) 

2NaOH(aq) + iSñ; H2S(g)                    Na2S(s) + 2H2O(l) 

H2S f,day iu`. wï,hla f,i fuka u Tlaisldrlhla f,i o m%;sl%shd lrhs( 

2Na(s) + jeämqr 2H2S(g)                   2NaHS(s) + H2(g) 

2Na(s) + iSñ; H2S(g)                   Na2S(s) + H2(g)              

Mg(s) + H2S(g)                    MgS(s) + H2(g) 

H2S Tlaisydrlhla f,i( 

2KMnO4(aq)+3H2SO4(aq)+5H2S(g)               K2SO4(aq)+5S(s)+2MnSO4(aq)+8H2O(l) 

K2Cr2O7(aq)+4H2SO4(aq)+3H2S(g)              K2SO4(aq)+Cr2(SO4)3(aq)+3S(s)+7H2O(l) 

2H2S(aq) + SO2(g)                3S(s) + 2H2O(l) 
 

i,a*¾ vfhdlaihsâ 

i,a*¾ vfhdlaihsâ wj¾K jdhqjla jk w;r" c,fha ødjH fõ' Tlaisldrlhla yd 

Tlaisydrlhla f,i i,a*¾ vfhdlaihsâj,g ls%hd l< yels h' 

i,a*¾ vfhdlaihsâ m%;sls%hd 

Tlaisldrlhla f,i( 

2Mg(s) + SO2(g)                 2MgO(s) + S(s) 

3Mg(s) + SO2(g)                 2MgO(s) + MgS(s) 

Tlaisydrlhla f,i( 

5SO2(g) + 2KMnO4(aq) + 2H2O(l)                 K2SO4(aq) + 2MnSO4(aq) + 2H2SO4(aq) 
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idkaø H2SO4 

idkaø H2SO4 

3SO2(g) + K2Cr2O7(aq) + H2SO4(aq)                 K2SO4(aq) + Cr2(SO4)3 (aq)+ H2O(l) 

SO2(g) + 2FeCl3(aq) + 2H2O(l)                  H2SO4(aq) + 2FeCl2 (aq) + 2HCl(aq) 

4.6.8  i,a*¾j, Tlafid wï, 
i,a*¾j, iq,n TlaislrK wxl -2, 0, +2, +4 yd +6 fõ.  
 
i,a*shqßla wï,h 

i,a*shqßla wï,h hkq m%n, oaúfm%daál wï,hls. 

SO3(g) + H2O(l)              H2SO4(aq) 

H2SO4(aq) + H2O(l)               HSO4
-(aq) + H3O

+(aq) 

HSO4
-(aq) + H2O(l)             SO4

2-(aq) + H3O
+(aq) 

idkaø i,a*shqßla wï,hg úc,ldrlhla f,i yeisßh yels h. 

C6H12O6(s)                 6C(s) + 6H2O(g) 
 
C2H5OH(l)                  C2H4(g) + H2O(l) 

WKq idkaø i,a*shqßla wï,hg Tlaisldrhla f,i ls%hd l< yels h. 

f,day iu`., 

2H2SO4(l) + Mg(s)                 SO2(g) + MgSO4(aq) + 2H2O(l) 

2H2SO4(l) + Cu(s)                 SO2(g) + CuSO4(aq) + 2H2O(l) 

wf,day iu`.,  

S(s) + 2H2SO4(l)                 3SO2(g) + 2H2O(l) 

C(s) + 2H2SO4(l)                CO2(g) + 2SO2(g) + 2H2O(l) 

;kql H2SO4 wï,hla f,i ls%hd lrhs. 

H2SO4(aq) + 2NaOH(aq)                 Na2SO4(aq) + 2H2O(l) 

H2SO4(aq) + Mg(s)                  MgSO4(aq) + H2(g) 

m%n, wï,hla jk ;kql i,a*shqßla wï,hg my; ±lafjk mßÈ c,h H+
whk folla 

,nd Èh yels h.   
H2SO4(aq) + 2H2O(l)                  SO4

2-(aq) + 2H3O
+(aq) 
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4.14 rEmh i,a*shqßla wï,fha jHQyh 

i,a*shqria wï,h 

jd;h yuqfõ i,a*shqria wï,h TlaislrK ùu fya;=fjka tys ieu úg u iq`M m%udKhla 

i,a*shqßla wï,h wvx.= fõ' jdhquh i,a*¾ vfhdlaihsâ c,h iu`. m%;sls%hd lr 

i,a*shqria wï,h ksmojhs' c,fha ødú; Tlaiscka iu`. i,a*shqria wï,h m%;sls%hd lr 

i,a*shqßla wï,h ksmojhs' i,a*shqria wï,fha jHQyh my; ±lafõ' fï wï,h i,a*shqßla 

wï,hg jvd ÿn, wï,hla fõ' 

. 

 

4.15 rEmh i,a*shqria wï,fha jHQyh 

;fhdai,a*shqßla wï,h 

;fhdai,a*shqßla wï,fha ,jKh muKla TlaislrKh fuka u TlaisyrKh fjñka M, 

f,i i,a*¾ yd i,a*¾ vfhdlaihsâ ,nd foa' ;fhdai,a*shqßla hkq ÿn, wï,hls' c,Sh 

ødjKj, § i,a*¾ wvx.= ixfhda. ñY%Khla njg ;fhdai,a*shqßla wï,h úfhdackh úh 

yels h' 

H2S2O3(aq)                S(s) + SO2(g) + H2O(l) 

;fhdai,af*aÜ whkhg Tlaisydrlhla f,i ls%hd l< yels h. 

2S2O3
2-(aq) + I2(aq)                 S4O6

2-(aq) + 2I-(aq) 

;fhdai,a*shqßla wï,fha iy ;fhdai,af*aÜ whkfha jHQyh my; ±lafõ' jHqy foflys 

u uOH i,a*¾ mrudKqfõ TlaislrK wjia:dj +4 jk w;r" w.%ia: i,a*¾ mrudKqfõ 

TlaislrK wjia:d ìkaÿj fõ' 

 

 

 

4.16 rEmh ;fhdai,a*shqßla wï,h iy ;fhdai,af*aÜ whkh 



w¡fmd¡i¡ ^Wiia fm<& ridhk úoHdj - 6 tallh       

 

153 
 

4.7   17 jk ldKavfha  uQ,øjH 

4.7.1  17 jk ldKavfha keUqre;d 
ye,ck m%;sls%hdYS,s jk w;r iajNdjfha ixfhda. f,i muKla yuq fõ' jvd;a u úoHq;a 

RK uQ,øjHh *af,daÍka jk w;r" -1 yd 0 TlaislrK wjia:d fmkakqï lrhs' *af,daÍka 

yer wfkla ye,ck -1 isg +7. olajd mej;sh yels ieu TlaislrK wjia:djg u mdfya 

wkqrEm jk ia:dhs ixfhda. idohs' flfia fj;;a fn%dañkaj, +7 TlaislrK wjia:dfõ 

mj;sk ixfhda. wia:dhs fõ' l=vd mrudKql wrh fya;=fjka" wfkla uQ,øjHj, by< 

TlaislrK wjia:d ia:dhs lsÍu *af,daÍkaj,g yels h" 

 
ye,ckj, TlaislrK yelshdj ldKavfha my<gh;a u wvq fõ. *af,daÍka m%n, 

Tlaisldrhla fõ" ye,ckj, m%;sls%hdYS,s;ajh ldKavh Tiafia my<g h;a u wvq fõ" 

fuh ye,ckj, m%;sia:dmk m%;sls%hd weiqfrka meyeÈ,s l< yels h" 

Cl2(aq) + 2Br-(aq)              2Cl-(aq) + Br2(aq) 

Br2(aq) + 2I-(aq)              2Br-(aq) + I2(aq) 

*af,daßka mrudKqj, nkaOk fkdie¥ bf,lafg%dak hq.,j, úl¾IK fya;=fjka F2j, 

nkaOk Yla;sh (155 kJ mol-1) laf,daßkaj, ta w.hg (240 kJ mol-1) jvd wvq h" 

*af,daßka jdhqfõ wêl m%;sl%shdYS,s;ajhg fya;=j fuhhs' 17 jk ldKavh Tiafia my<g 

nkaOk Yla;s l%udkql+, wvq ùula fmkakqï lrhs' (Cl2 = 240 kJ mol-1, Br2 = 190 kJ 
mol-1 yd I2 = 149 kJ mol-1).  

4.12 j.=j 17jk ldKavfha uQ,øjHj, .=K  

 F Cl Br I **At 
N+ñ wjia:dfõ 

bf,lafg%dksl 

úkHdih 
[He]2s22p5 [Ne]3s23p5 [Ar]3d104s24p5 [Kr]4d105s25p5 [Xe]4f145d106s26p5 

jekav¾ jd,aia wrh/ 
pm 

135 180 195 215 - 

whksl wrh/ pm 133 181 196 220 - 

iyixhqc wrh/pm 71 99 114 133 - 

øjdxlh/ °C -220 -101 -7.2 114 - 

;dmdxlh/ °C -188 -34.7 55.8 184 - 
fmda,sx úoHq;a 

RK;dj 
4.0 3.2 3.0 2.7 - 

bf,lafg%dak ,nd 

.ekSfï tka;e,amsh/ 
kJ mol-1 
X(g) + e           X-(g)  

-328 -349 -325 -295 - 

** w'fmd'i ^W'fm<& ridhk úoHd úIh ks¾foaYhg wh;a fkdfõ' 
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4.7.2  17jk ldKavfha ir, ixfhda. 

yhsv%cka fya,hsâ 

c,fha § yhsv%cka fya,hsâ wdï,sl fõ' m%n, yhsv%cka nkaOk ie§fï yelshdj HF  i;= 

jk kuq;a jdhqf.da,sh mSvkfha § yd WIaK;ajfha § HF jdhqjla (;dmdxlh 20 °C& fõ' 

 

c,Sh ødjKj, § yhsv%cka fya,hsvj, wdï,sl iajNdjh 

i`oyd HF; HF(g) + H2O(l)   H3O
+(aq) + F-(aq) 

wfkla yhsv%cka fya,hsv i`oyd (HCl, HBr yd HI); 

HX(g) + H2O(l)                H3O
+(aq) + X-(aq) 

c,Sh udOHfha § HF ÿn, wï,hla jk w;r" wfkl=;a yhsv%cka fya,hsv m%n, wï, fõ. 
HF j,g by< nkaOk Yla;shla we;s w;r (m%N, iyixhqc nkaOk), thg c,fha § 

ú>gkh ù  H+ 
whk ,nd §ug wmyiq fõ. ldKav 17 Èf.a my<g hk úg yhsv%cka 

fya,hsvj, wdï,sl m%N,;dj jeä fõ' by; i`oyka l< lreKq wdY%fhka th meyeÈ,s 

l< yels h. ldKav 17g wh;a yhsv%cka fya,hsvj, f;dard .;a .=K lsysmhla 4.13 
j.=fõ ±lafõ' 

4.13 j.=j 17 ldKavhg wh;a yhsv%cka fya,hsvj, f;dard .;a .=K 

 HF HCl HBr HI 

øjdxlh/ °C -84 -114 -89 -51 

;dmdxlh/ °C 20 -85 -67 -35 

nkaOk È./ pm  92 127 141 161 

nkaOk ú>gk Yla;sh/ kJ mol-1 570 432 366 298 
 
is,aj¾ fya,hsv 

fya,hsv (laf,darhsv, fn%dauhsv iy whsvhsv) y`ÿkd .ekSu i`oyd is,aj¾ fya,hsv Ndú; 

l< yels h' tys § iEfok wjlafIamfha j¾Kh ie,ls,a,g .kq ,efí' 
 
4.14 j.=j 17 ldKavhg wh;a is,aj¾ fya,hsv 

is,aj¾ fya,hsv j¾Kh wefudakshdj, ødjH;dj 

AgCl iqÿ ;kql c,Sh wfudakshdj, Èh fõ' 

AgBr <d ly idkaø c,Sh wfudakshdj, Èh fõ' 

AgI ly ;kql c,Sh wefudakshd iy idkaø c,Sh 
wefudakshdj, Èh fkdfõ' 
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laf,daßkaj, Tlaihsv iy Tlafid wï, 

laf,daßka úiska úúO TlaislrK wxl we;s Tlaihsv iy Tlafid wekdhk lsysmhla 

idokq ,nhs. Tlafid wekdhk lsysmhla m%n, Tlaisydrl fõ. f;dard .;a laf,daßkaj, 

Tlaihsv j.=j 4.15 u`.ska ±lafõ' 

4.15 j.=j laf,daßkaj, f;dard .;a Tlaihsv iy Tlafida wekdhk  

TlaislrK 

wjia:d 

Tlaihsvj, iQ;%h  Tlafida wekdhk 

iQ;%h 

Tlafida wekdhk  

jHQyh 

+1 Cl2O  ClO- 
 

+3   ClO2
- 

 

+5   ClO3
-  

 

+6 ClO3 iy Cl2O6    

+7 Cl2O7  ClO4
-  

 

laf,daßka Tlafid wï, j¾. y;rla idohs' laf,daßka mrudKqfõ TlaislrK wxlh jeä 

ùu;a iu`. wdï,sl m%n,;dj jeä fõ' Tlafid wï,j, jHQyh iy TlaislrK wxlh 
4.16 j.=j u`.ska fokq ,efí' 

4.16 j.=j laf,daßka Tlafid wï,j, jHQyh 

 HOCl HClO2 HClO3 HClO4 

TlaislrK    

;;a;ajh 

+1 +3 +5 +7 

jHQyh 

  

 
 

Tlafid wï,j, laf,daßkays Tlaisldrl n,h my; wdldrhg fjkia fõ.  
HOCl > HClO2 > HClO3 > HClO4  

HOCl, HClO2, HClO3, HClO4j, we;s laf,daßkaj, TlaislrK wxlh ms<sfj<ska +1, +3, 
+5 iy +7fõ. TlaislrK wxlh jeä wï,h m%n, wï,h fõ. ta ksid wdï,sl m%n,;dj 

HOCl < HClO2 < HClO3 < HClO4 f,i úp,kh fõ. 
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fya,hsv 
fndfyda iyixhqc fya,hsv c,h iu`. fõ.fhka m%;sls%hd lrhs' CCl4 c, 

úÉfþokhg Ndckh fkd fõ' fndfyda *af,darhsv iy iuyr fya,hsv ksIals%h fõ' 

ldKav 14 iy 15g wh;a uQ,øjH c,h wvq m%udKhla iu`. my; wdldrfhka m%;sl%shd 

lrhs. 

SiCl4(l) + 2H2O(l)               4HCl(aq) + SiO2(s) 

PCl5(s) + H2O(l)              POCl3(aq) + 2HCl(aq) 

ldKav 14 iy ldKav 15g wh;a uQ,øjHj, laf,darhsv jeämqr c,h iu`. my; 

wdldrfhka m%;sls%hd lrhs. 

SiCl4 (l) + 3H2O(l)              4HCl(aq) + H2SiO3(aq)   

NCl3(l) + 4H2O(l)               NH4OH(aq) + 3HOCl(aq) 

PCl3(l) + 3H2O(l)                H3PO3(aq) + 3HCl(aq) 

PCl5(s) + 4H2O(l)              H3PO4(aq) + 5HCl(aq) 

AsCl3(s) + 3H2O(l)  H3AsO3(aq) + 3HCl(aq) 

SbCl3(aq) + H2O(l)    SbOCl(s) + 2HCl(aq) 

BiCl3(aq) + H2O(l)    BiOCl(s) + 2HCl(aq) 
 
4.7.3  laf,daßkaj, m%;sls%hd 
laf,daßka" *af,daßkaj,g jvd wvq m%;sls%hdYS,s fõ' tfy;a laf,daßka jdhqj m%n, 

Tlaisldrlhla f,i yeisfrhs. laf,daßka jdhqj m%n, Tlaisldrlhla f,i yeisfrk 

m%;sls%hd lsysmhla my; ±lafõ' 

2Cu(s) + Cl2(g)               2CuCl(s) 

2CuCl(s) + Cl2(g)               2CuCl2(s) 
 

Fe(s) + Cl2(g)              FeCl2(s) 

2FeCl2(s) + Cl2(g)              2FeCl3(s) 
 

jeämqr wefudakshd, 8NH3(g) + 3Cl2(g)                 N2(g) + 6NH4Cl(g) 

jeämqr laf,daßka,  3Cl2(g) + NH3(g)                 3HCl(g) + NCl3(l) 
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laf,daßkaj, oaúOdlrK m%;sls%hd 

laf,daßka c,h iy Niau iu`. m%;sls%hd lr TlaisyrKh iy TlaislrKh 

tlsfklg iu.dój isÿ lrhs. 
laf,daßka iu`. c,h m%;sls%hdj: 

Cl2(g) + H2O(l)               HOCl(aq) + HCl(aq) 
 
fï m%;sls%hdfõ § laf,daßka (Cl2) TlaislrKh ;;a;ajh Y+kHfha isg +1 (HOCl) 
TlaislrKh jk w;r"  -1 (Cl¯) olajd TlaisyrKh fõ.  
 
fidaähï yhsfv%dlaihsâ iu`. m%;sl%shdj; 

isis,a ;kql fidaähï yhsfv%dlaihsâ iu`. 

Cl2(g) + isis,a ;kql 2NaOH(aq)              NaCl(aq) + NaOCl(aq) + H2O(l) 
 

WKq idkaø/ WKq ;kql fidaähï yhsfv%dlaihsv 

3Cl2(g) + idkaø 6NaOH(aq)              5NaCl(aq) + NaClO3(aq) + 3H2O(l)  
 
Tlafid wekdhkj, m%;sls%hd 

wvq WIaK;ajfha § ClO ̅ ia:dhs jk w;r" by< WIaK;ajfha § oaúOdlrKh ù Cl  ̅iy 
ClO3  ̅whk idohs' flfia fj;;a BrO ̅ iy IO  ̅hk fol u wvq WIaK;ajfha § mjd 

ia:dhs fkdjk w;r oaúOdlrKhg Ndckh fõ' 

yhsfmdlaf,darhsâj, oaúOdlrK m%;sls%hd 

yhsfmdlaf,darhÜ oaúOdlrKh ù laf,daf¾Ü hk laf,darhsÜ ie§u my; wdldrhg ,súh 

yels h' 

3ClO ̅ ClO3  ̅  + 2Cl ̅ 

wdï,sl ;;a;aj hgf;a, HOCl g jvd ClO  ̅ia:dhs fõ' ta ksid Ndiañl ;;a;aj hgf;a 

oaúOdlrK m%;sls%hd uQ,sl fõ' 

4.8  18 jk ldKavhg wh;a uQ,øjH 

4.8.1 18 jk ldKavfha m%jK;d 
18 ldKavhg wh;a uQ,øjH ish,a, m%;sls%hdYS,s ke;s tal mrudKql jdhq fõ. Xe muKla 

ie,lsh hq;= ixfhda. m%udKhla idohs. ldKav 18 wh;a ish¨ uQ,øjHj,g Ok 

bf,lafg%dk ,nd .ekSfï tka;e,amshla we;' thg fya;=j ,nd .kakd bf,lafg%dakh 

w¨;a Yla;s uÜgug wh;a ùu hs' 

 

 

 

80 °C by< 
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4.17 j.=j ldKav 18 wh;a uQ,øjHj, .=K 

 He Ne Ar Kr Xe 
N=ñ wjia:dfõ 

bf,lafg%dk 

úkHdih 
1s2 [He]2s22p6 [Ne]3s23p6 [Ar]3d104s24p6 [Xe]4d105s25p6 

mrudKql wrh/ pm 99 160 192 197 240 
1 jk whkSlrK 

Yla;sh/ kJ mol-1 
2373 2080 1520 1350 1170 

bf,lafg%dak ,nd 

.ekSfï tka;e,amsh/ 
kJ mol-1 

48.2 115.8 96.5 96.5 77.2 

 
4.8.2  18 jk ldKavhg wh;a uQ,øjHj, ir, ixfhda. 
fifkdakaj, ixfhda.j,g +2, +4, +6 iy +8. TlaislrK wxl we;' fifkdaka fl<ska u 

maf,daÍka iu`. m%;sls%hd lrhs' iuyr Xe ixfhda. j.=j 4.18 u.ska fmkajkq ,efí' 

4.18 j.=j Xej, f;dard .;a ixfhda. lsysmhla 

TlaislrK wxlh ixfhda.h     jHQyh  

+2 XeF2 

 

+4 XeF4  
 

 
 
 
 
 

+6 XeF6 
 
 
 
 
 
 
 
 

+6 XeO3 
 



w¡fmd¡i¡ ^Wiia fm<& ridhk úoHdj - 6 tallh       

 

159 
 

+8 XeO4 
 

 

4.9   s iy p f.dkqfõ uQ,øjH u`.ska fmkakqï lrk wdj¾;s; keUqre;d 

 

4.9.1  ixhqc;d bf,lafg%dak úkHdih 
ixhqc;d bf,lafg%dak úkHdih u`.ska ta uQ,øjH wdj¾;s;d j.=fõ we;s ia:dkh 

wkdjrKh l< yels h.  

ldKav 

wxlh 
1 2 13 14 15 16 17 18 

ixhqc;d 

ljp 

bf,lafg%dak 

úkHdih 

ns1 ns2 ns2np1 ns2np2 ns2np3 ns2np4 ns2np5 ns2np6 

 
4.9.2  f,dayl .=Kh 
f,dayj, whkSlrK Yla;s wfkl=;a f,day iu`. ixikaokh lrk úg wvq w.hla .kS. 
ta ksid, f,day myiqfjka bf,lafg%dak uqodyer legdhk idohs. ldKavhla Èf.a my<g 

hk úg mrudKql wrh jeä jk w;r" whkSlrK Yla;sh wvq fõ. ta ksid, f,dayl 

.=Kh jeä fõ.  
 
;=kajk wdj¾;h ie,lSfï § uQ,øjHj, øjdxlh l%ufhka jeä ù kej; wvq ùula isÿ 

fõ. ;=kajk wdj¾;fha uQ,øjH nyq,j mj;sk mrudKq wdldrh" iudk mrudKq w;r 

mj;sk nkaOk iy øjdxl my; oelafõ.    

4.19 j.=j   ;=kajk wdj¾;fha uQ,øjH nyq,j mj;sk mrudKq wdldr" iudk mrudKq 

w;r mj;sk nkaOk iy øjdxl 

 Na Mg Al Si P4 S8 Cl2 Ar 
øjdxlh/ °C 98 649 660 1420 44 119 -101 -189 
nkaOk iajNdjh M M M NC C C C - 

f,day – M, cd, iyixhqc– NC, iyixhqc - C 
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Tlaihsvj, wï,, Niau iy WNh.=‚ iajNdjh 
;=kajk wdj¾;h yryd tla tla uQ,øjHj, Wmßu TlaislrK wjia:djg wod< 

Tlaihsvj, nkaOk wdldr my; ±lafõ' 

4.20 j.=j  ;=kajk wdj¾;fha Tlaihsv ixikaokh 

 Na2O(s) MgO(s) Al2O3(s) SiO2(s) P4O10(s) SO3(g) Cl2O7(l) 
TlaislrK 
wxlh 

+1 +2 +3 +4 +5 +6 +7 

nkaOk 
wdldrh 

I I I NC C C C 

iajNdjh m%n, 

B 
B Am fndfyda 

ÿn, A 

ÿn, 

 A 
A m%n, 

A 
whksl – I,c, iyixhqc– NC, iyixhqc - C 

                                             Ndiañl – B, WNh.=‚ – Am, wdï,sl - A 

by< TlaislrK wxl we;s Tlaihsvj, ridhksl iajNdjh ixikaokh l< yels h. jï 

mi isg ol=Kq mi olajd hEfï § m%n, Ndiañl iajNdjh" m%n, wdï,sl iajNdjh olajd 

fjkia jk nj ±lsh yels h' fYa%Ksfha ueo WNh .=K iajNdjh ±lsh yels h' 

4.9.3  ;=kajk wdj¾;fha Tlaihsv c,h, wï, yd Niau iu`. m%;sls%hd 
fidaähï iy ue.akSishïj, Tlaihsv c,h iu`. m%;sls%hd ù yhsfv%dlaihsv ksmojhs.    

Na2O(s) + H2O(l)                  NaOH(aq) 

MgO(s) + 2H2O(l)                 Mg(OH)2 

fï Tlaihsv folu Ndiañl ksid, tajd wï, iu`. m%;sls%hd ù ,jK iy c,h idohs.  

Na2O(s) + 2HCl(aq)                   2NaCl(aq) + H2O(l) 

MgO(s) + 2HCl(aq)                   MgCl2(aq) + H2O(l) 
we¨ñkshï Tlaihsv WNh.=‚ jk w;r" tajd wï, iu`. fuka u Niau iu`. m%;sls%hd ù 

,jK idohs. 

Al2O3(s) + 6HCl(aq)                   2AlCl3(aq) + 3H2O(l) 

Al2O3(s) + 2NaOH(aq) + 3H2O(l)                  2Na[Al(OH)4](aq)  

SiO2 ÿn, wdï,sl jk w;r" m%n, Niau iu`. m%;sls%hd lrhs' tfia u, SiO2 c,h iu`. 

m%;sls%hdjla fkdolajhs.  

SiO2(s) + 2NaOH(aq)                  Na2SiO3(aq) 

P4O10, SO3, iy Cl2O7 wdï,sl jk w;r" c,fha Èh ùfuka wï, idohs' fï m%;sls%hd 

my; oelafõ' 

P4O10(s) + 6H2O(l)                   4H3PO4(aq) 



w¡fmd¡i¡ ^Wiia fm<& ridhk úoHdj - 6 tallh       

 

161 
 

SO3(g)+ H2O(l)                   H2SO4(aq) 

Cl2O7 (l) + H2O(l)                  2HClO4(aq) 

fï Tlaihsv Niau iu`. m%;sl%shd ù ,jK iy c,h idohs.  

P4O10(s) + 12NaOH(aq)                   4Na3PO4(aq) + 6H2O(l) 

SO3(g)+ 2NaOH(aq)                  Na2SO4(aq) + H2O(l) 

Cl2O7 (l) + 2NaOH(aq)                  2NaClO4(aq) + H2O(l) 
 
4.9.4  yhsfv%dlaihsv iy yhsv%hsvj, wï,, Niau iy WNh.=‚ iajNdjh 

;=kajk wdj¾;fha yhsfv%dlaihsv ta wdj¾;fha u Tlaihsvj,g iudk m%jK;djla 

fmkakqï lrhs. my; § we;s j.=j u`.ska ;=kajk wdj¾;fha yhsfv%dlaihsv ixikaokh 

lrhs' 

4.21 j.=j ;=kajk wdj¾;fha yhsfv%dlaihsv ixikaokh  
 NaOH Mg(OH)2 Al(OH)3 Si(OH)4 P(OH)5 S(OH)6 Cl(OH)7 

ia:dhs 
wdldrh 

   H2SiO3 H3PO4 H2SO4 HClO4 

TlaislrK 
wxlh 

+1 +2 +3 +4 +5 +6 +7 

nkaOk 
wdldrh 

I I C C C C C 

iajNdjh m%n, 
B 

B Am fndfyda 
ÿn, A 

ÿn, 
A 

m%n, 
 A 

b;d 
m%n, 
A 

whksl – I,  cd, iyixhqc – NC, iyixhqc - C 

Ndiañl – B, WNh.=‚ – Am, wdï,sl - A 

;=kajk wdj¾;h yryd yhsv%hsvj, iajNdjh m%n, Ndiañl isg m%n, wdï,sl olajd 

fjkia fõ' WNh.=‚ iajNdjh wdj¾;fha ueo ±lsh yels h. 

4.22 j.=j ;=kajk wdj¾;fha yhsv%hsv ixikaokh  
 NaH(s) MgH2(s) (AlH3)x(s) SiH4(g) PH3(g) H2S(g) HCl(g) 

TlaislrK 
wxlh 

+1 +2 +3 -4 -3 -2 -1 

c,Sh 
ødjKfha 
iajNdjh 

m%n, 
B 

ÿn, 
B 

Am b;d 
ÿn, A 

N ÿn, A b;d 
m%n, A 

nkaOk 
wdldrh 

I I NC C C C C 

whksl – I, cd, iyixhqc– NC, iyixhqc - C 
Ndiañl – B, WNh.=‚ – Am, wdï,sl – A, WodiSk - N 

 
fidaähï iy ue.akSishïj, yhsv%hsv c,h iu`. m%;sls%hd lr Ndiañl ixfhda. idohs.  
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NaH(s) + H2O(l)                  NaOH(aq) + H2(g) 

MgH2(s) + 2H2O(l)                  Mg(OH)2(s) + 2H2(g) 

AlH3(s) + 3H2O(l)                  Al(OH)3(s) + 3H2(g) 
 
PH3 c,fhys ÿn, f,i ødjKhjk w;r WodiSk ødjKhla idohs' H2S iy HCl wdï,sl 

jk w;r c,Sh ødjK wdï,sl fõ' 

H2S(g) + H2O(l)                  HS ̶  (aq) + H3O
+ (aq) 

HCl(g) + H2O(l)                  Cl ̶  (aq) + H3O
+(aq) 

 
4.9.5  ;=kajk wdj¾;h yryd fya,hsvj, iajNdjh 
wdj¾;hla yryd jfï isg ol=Kg hEfï § uQ,øjHj, úoHq;a RK;dj jeä jk ksid 

laf,darhsv c,úÉfþokh úfï yelshdj jeä fõ' wod< m%;sls%hd my; ±lafõ. ;=kajk 

wdj¾;fha we;' s f.dkqfõ uQ,øjHj, laf,darhsv whksl jk w;r p f.dkqfõ 

uQ,øjHj, laf,darhsv iyixhqc fõ' 

 

4.23 j.=j ;=kajk wdj¾;fha laf,darhsv ixikaokh 

 NaCl(s) MgCl2(s) AlCl3(s) SiCl4(l) PCl5(s) SCl2(g) 
TlaislrK wxlh +1 +2 +3 +4 +5 +2 
nkaOk j¾.h I I C C C C 
c,Sh ødjKfha 
iajNdjh 

N b;d ÿn, 

A 
A A A A 

whksl – I, iyixhqc - C 

Ndiaañl – B, WNh.=‚ – Am, wdï,sl – A, WodiSk - N 

;=kajk wdj¾;fha iyixhqc laf,darhsv c,h iu`. m%;sls%hd, 
AlCl3(s) +H2O(l)                    [Al(H2O)5OH]2+(aq) + H3O

+(aq) 

SiCl4(l) + 2H2O(l)                   SiO2(s) + 4HCl(aq) 

PCl5(s) + 4H2O(l)                    H3PO4(aq) + 5HCl(aq) 

2SCl2(g) + 3H2O(l)                   H2SO3(aq) + S(s) + 4HCl(aq) 
 
15 ldKavfha my<g hk úg uQ,øjHj, .;s.=K úp,kh y`ÿkd .ekSug 15 ldKavh 

fhdod .; yels h' ldKavh Èf.a my<g hk úg whkSlrK Yla;sh wvq jk w;r" 

f,dayl .=Kh jeä fõ. ldKav 15 i`oyd § we;s f;dr;=re Ndú; lr ldKavhla Èf.a 

my<g hk úg whkSlrK Yla;sh úp,kh f,dayl .=Kj, jeä ùu iu`. iyiïnkaO 

nj i`oyka l< yels h. N iy P hk fol u wf,day jk w;r wdï,sl Tlaihsv idohs' 

flfia fj;;a, As iy  Sb j, Tlaihsv WNh.=Ks jk w;r ìiau;a Tlaihsv Ndiañl fõ. 
 
ldKav 15 fya,hsv c,h iu`. m%;sls%hd ldKav 17 fya,hsv hgf;a i`oyka lr we;.  
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d f.dkqfõ uQ,øjH 

ldKav 3 isg 12 olajd uQ,øjH iuQyhla f,i d f.dkqfõ uQ,øjH j¾.SlrKh l< yels 

h. d f.dkqfõ uQ,øjHj, wjidk bf,lafg%dakh d ldCIslfha msfrkq ,efí. fï uQ,øjH 

wd;a;ßl iy wdka;ßl fkdjk uQ,øjH f,i j¾. follg j¾.SlrKh l< yels h'  

4.10   wdka;ßl uQ,øjH 
d f.dkqfõ uQ,øjHj, uQ,øjH wjia:dfõ d WmYla;s uÜgu wiïmQ¾Kfhka msÍ we;s 

fyda wju jYfhka wiïmQ¾Kfhka msÍ we;s d WmYla;s uÜgu we;stla ia:dhs whkhla 

ieÈh yels uQ,øjH wdka;ßl uQ,øjH fõ' ta ksid d f.dkqfõ uQ,øjHj,ska d10 

bf,lafg%dak úkHdih muKla we;s whk idok uQ,øjH wdka;ßl fkdjk uQ,øjH 

f,i ie,fla.  
 
Wod. : Znj, bf,lafg%dak úkHdih  : [Ar]3d104s2 

Zn2+
j, bf,lafg%dak úkHdih : [Ar]3d104s0 

Sc j, bf,lafg%dak úkHdih  : [Ar]3d14s2 

Sc3+
j, bf,lafg%dak úkHdih : [Ar]3d04s0 

Zn iy Sc uQ,øjH fol u d f.dkqfõ uQ,øjH fõ¡ flfia kuq;a uQ,øjH wjia:dfõ iy 

Zn2+
whk wjia:dfõ d WmYla;s uÜgfï w¾O jYfhka msreKq bf,lafg%dak ke;s ksid 

Zn wdka;ßl uQ,øjHhla f,i i,lkq fkd ,efí' Sc uQ,øjH wjia:dfõ w¾O jYfhka 

msreKq  d WmYla;s uÜgï we;s ksid th wdka;ßl uQ,øjH f,i ie,fla' 

4.24 j.=j y;rjk wdj¾;fha d f.dkqfõ uQ,øjHj, .=K iei§u 

ldKavh 3 4 5 6 7 8 9 10 11 12 
uQ,øjHh Sc Ti V Cr Mn Fe Co Ni Cu Zn 
fmda,sx úoHq;a 

RK;dj 
1.3 1.5 1.6 1.6 1.5 1.9 1.9 1.9 1.9 1.6 

mrudKql wrh/ 
pm 

162 147 134 128 127 126 125 125 128 137 

iyixhqc wrh/ 
pm 

144 132 122 118 117 117 116 115 117 125 

whksl wrh 

(M2+)/ pm 
- 100 93 87 81 75 79 83 87 88 

 

m%Odk ldKav uQ,øjH iu`. ixikaokh lrk úg wdj¾;hla Èf.a wdka;ßl f,day 

whkj, mrudKql wrh fjkia ùu wvq fõ¡ j.=j 4.24 wkqj mrudKql wrh iq¿ 

jYfhka wvq jk w;r" miqj jeä fõ¡ wdj¾;hla Èf.a tla tla d bf,lafg%dakhla tl;= 

ùu;a iu`. kHIaál wdfrdamKh o tllska jeä fõ¡ wdj¾;fha ueo olajd (Sc isg Ni 
olajd) mrudKql wrfha wvq ùug fya;=j kHIaál wdfrdamKfha wdl¾IK n,h 

bf,lafg%dak w;r úl¾IK n,hg jvd jeä ùuhs. flfia fj;;a wdj¾;h wjidkfha 
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(Cu iy Zn), d ldCIslj, hq.,a jQ bf,lafg%dak w;r úl¾IKh jeä ùu fya;=fjka 

mrudKql wrh jeä fõ.  
 
4.10.1  meje;au 
3d fYa%Ksfha jïmi we;s uQ,øjH (d f.dkqfõ uQ,øjH wh;a 4 jk wdj¾;h) iajNdjfha 

f,day Tlaihsv f,i fmdÿfõ mj;sk w;r legdhk wekdhk iu`. iïnkaOj mj;S.  
 
WodyrK lsysmhla my; ±lafõ.  
 
4.25 j.=j y;rjk wdj¾;fha d f.dkqfõ uQ,øjHj, meje;au 

uQ,øjHh WodyrK 

Ti  FeTiO3(b,aukhsÜ) iy TiO2(rEghs,a) 

Fe Fe2O3(ysughsÜ), Fe3O4(ue.akghsÜ) iy FeCO3(isorhsÜ) 

Cu CuFeS2(fldm¾ mhsrhsÜ) 

 
4.10.2  y;rjk wdj¾;hg wh;a d f.dkqfõ uQ,øjHj, .=K 

TlaislrK wjia:d iy whkslrK Yla;s 

y;rjk wdj¾;fha d f.dkqfõ uQ,øjHj,ska Sc iy Zn yer wfkl=;a uQ,øjHj,g 

úp,H TlaislrK wjia:d we;s ia:dhs legdhk ieÈh yels h¡ TlaislrK wjia:dfõ 

úp,H;djg fya;=j nkaOk ie§u i`oyd úp,H d bf,lafg%dak ixLHdjla iyNd.s ùuhs¡ 

Zn (+2) iy Sc (+3) hk fol u ;ks TlaislrK wjia:dfõ we;s whk idok w;r" fï 

whkj,g w¾O jYfhka msreKq d ldlaIsl ke;. d f.dkqfõ uQ,øjHj, bf,lafg%dak 

úkHdih iy TlaislrK wjia:d j.=j 4.26. u`.ska ±lafõ¡ Sc" Sc3+ 
whkh muKla idohs.  

Sc yer wfkl=;a ish¨ uQ,øjHj, +2 TlaislrK wxlh we;' thg fya;=j 3d ldCIslfha 

bf,lafg%dakj,g fmr 4s ldlaIslfha bf,lafg%dak whkSlrKh u`.ska msg l< yels 

ùuhs' ndysr;u ljpfha we;s 4s ldlaIslfha mj;sk bf,lafg%dak fol u`.ska we;s lrk 

iM, kHIaál wfrdamKh 3d ldlaIsl u.ska we;s lrk iM, kHIaál wfrdamKhg jvd 

wvq ùuhs.   

3d104s1 
úkHdifha m%;sM,hla f,i fmdÿfõ, Cuj,g +1 TlaislrK wxlh ,nd .; yels 

h' flfia fj;;a, Cr+ w;sYhska ÿ,n jk w;r wia:dhs fõ.  

d f.dkqfõ uQ,øjH fmkakqï l< yels by< u TlaislrK wxlh 4s iy 3d 
bf,lafg%dakj, tl;=jg iudk fõ. wdka;ßl uQ,øjHj,g úp,H TlaislrK wjia:d 

iemhSfï yelshdj we;s w;r" th p f.dkqfõ uQ,øjHj,g iudk fõ¡ tfia u tajdfha 

TlaislrK wjia:d fjkia lsÍfï yelshdj we;. ta ksid tajdg Tlaisldrl iy 

Tlaisydrl f,i ls%hd l< yels h' 

ish¨ 4s iy 3d bf,lafg%dak bj;a ùfuka m<uq jk uQ,øjH iy ;sìh yels Wmßu 

TlaisrK wjia:d ,nd .kS. wdj¾;fha ol=Kq mi by<g 3d bf,lafg%dak jeäfhka 

msÍu;a iu`. mrudKqfõ kHIaál wdfrdamK jeä ù 3d ldlaIslj, Yla;sh jeä fõ¡ 
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fuu`.ska d bf,lafg%dak msg lsÍu wmyiq fõ. fï uQ,øjH 4s bf,lafg%dak msg lsÍu 

fya;=fjka nyq, TlaislrK wxlh +2 ,nd .kS. 

m%;sls%hdYS,s;dj 

d f.dkqfõ uQ,øjH c,h iu`. m%;sls%hd fkdlrk w;r" s f.dkqfõ uQ,øjH c,h iu`. 

fõ.fhka m%;sls%hd lrhs. by< kHIaál wfrdamKh ksid s f.dkqfõ uQ,øjHj,g jvd d 
f.dkqfõ uQ,øjHj, 4s bf,lafg%dak kHIaáhg ;Èka ne`§ mj;s' d f.dkqfõ uQ,øjHj, 

m<uqjk whkSlrK Yla;sh s yd p f.dkqfõ uQ,øjHj, by; whkSlrK Yla;sh 

w;rueo w.hla .kS.   

4.26 j.=j d f.dkqfõ uQ,øjHj, TlaislrK wjia:d iy bf,lafg%dak úkHdih 

uQ,øjHh N=ñ wjia:dfõ úkHdih TlaislrK wjia:d 
                        3d4s  

Sc [Ar]3d14s2 

 

+3 
Ti [Ar]3d24s2 (+2), +3, +4 
V [Ar]3d34s2 (+2), (+3), +4, +5 
Cr [Ar]3d54s1 +2, +3, (+4), (+5), +6 
Mn [Ar]3d54s2 +2, +3, +4, (+5), (+6), +7 
Fe [Ar]3d64s2 +2, +3, (+4), (+5), (+6) 
Co [Ar]3d74s2 +2, +3, (+4) 
Ni [Ar]3d84s2 +2, (+3), (+4) 
Cu [Ar]3d104s1 +1,+2, (+3), (+4) 
Zn [Ar]3d104s2 +2 

*jryka ;=< ÿ,n TlaislrK wjia:d olajd we;¡ 

 
d f.dkqfõ y;rjk wdj¾;hg wh;a whkSlrK Yla;Ska s f.dkqfõ ta wdj¾;hg u 

wh;a whkslrK Yla;Skag jvd úYd, fõ¡ 

wdj¾;hla Èf.a jfï isg ol=Kg hEfï § d f.dkqfõ uQ,øjHj, m<uq whkSlrK 

Yla;sh iq`M jYfhka jeä fõ' d f.dkqfõ uQ,øjHj, m<uq whkSlrK Yla;sfha úp,kh 

s iy p f.dkqfõ uQ,øjHj, fjkia ùug jvd wvq fõ. y;rjk wdj¾;fha d f.dkqfõ 

uQ,øjHj, kHIaál wfrdamKh jeä ùu;a iu`. 4s bf,lafg%dak ÈYdjg we;s lrk 

wdl¾IKh jeä fõ. flfia fj;;a, d f.dkqfõ uQ,øjHj, w;sf¾l bf,lafg%dak 3d 
ldlaIshg u we;=¿ ùu;a iu`., d bf,lafg%dak u`.ska 4s bf,lafg%dak kHIaáh flfrys 

olajk wdl¾IKh ksjdrKh lrhs. by; n,meï fol ksid d f.dkqfõ uQ,øjHj, 

whkSlrK Yla;sh wdj¾;hla Èf.a hEfï § iq̀M jYfhka jeä fõ' 4 jk wdj¾;fha d 
f.dkqfõ uQ,øjHj, wkqhd; whkslrK Yla;sh my; j.=j wkqj fjkia fõ. 
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4.27 j.=j  y;rjk wdj¾;fha d f.dkqfõ uQ,øjHj, yd K iy Caj, wkqhd; 

whkSlrK Yla;sh.**  

uq,øjHh m<uq jk whkslrK 

Yla;sh/ kJ mol-1 
fojk whkslrK 

Yla;sh/ kJ mol-1 
f;jk whkslrK 

Yla;sh/ kJ mol-1 
K 418 3052  
Ca 589 1145 4912 
Sc 631 1235 2389 
Ti 658 1310 2652 
V 650 1414 2828 
Cr 653 1496 2987 
Mn 717 1509 3248 
Fe 759 1561 2957 
Co 758 1646 3232 
Ni 737 1753 3393 
Cu 746 1958 3554 
Zn 906 1733 3833 

 

** K i`oyd, wNHka;r ljpfha we;s bf,lafg%dakh msg lsÍug wod< m<uqjk iy fojk 

whkSlrK Yla;sh § we;. 

d f.dkqfõ uQ,øjHj, m<uq whkSlrK Yla;s w.h;a ta wdj¾;fha we;s s f.dkqfõ 

uQ,øjHj,g jeä fõ.  

fuu`.ska d f.dkqfõ uQ,øjH s f.dkqfõ uQ,øjHj,g jvd m%;sl%shdYS,s;ajfhka hqla; nj 

meye`os,s fõ¡ 

ish¨ d f.dkqfõ uQ,øjH f,day fõ' thg fya;=j d f.dkqfõ uQ,øjHj, 4s bf,lafg%dak 

myiqfjka bj;a ù legdhk ie§uhs' d f.dkqfõ uQ,øjHj, f,day .=K ldKavfha my<g 

h;a u jeä fõ.  

y;rjk wdj¾;fha we;s ish¨ d f.dkqfõ uQ,øjHj, øjdxl iy ;dmdxl s yd p 
f.dkqfõ uQ,øjHj,g idfmalaIj w;sYhska jeä fõ' d f.dkqfõ uQ,øjH ;rula 

m%;sls%hdYS,s fõ' 3d0 
iy 3d10 

bf,lafg%dak úkHdih we;s f,day whk yer, d f.dkqfõ 

f,day ixfhda.j,g wdfõKsl j¾Khla ,nd foa. fuys woyi wdka;ßl f,day whk 

ixlS¾K j¾Kj;a ixfhda. ie§uhs. fndfyda d f.dkqfõ f,day whk ixlS¾K ixfhda. 

idohs.  

úoHq;a RK;dj  

my; j.=j u`.ska d f.dkqfõ uQ,øjHj, úoHq;a RK;d w.hka bÈßm;a lrk w;r 

tu`.ska y;rjk wdj¾;fha we;s d f.dkqfõ uQ,øjHj, úoHq;a RK;d Ñp,kh wjfndaO 

lr .; yels h. úoHq;a RK;dj mrudKql l%udxlh wkqj jeä fõ' flfia kuq;a  Mn 
iy Znj, ia:dhs bf,lafg%dak úkHdihg wkqj fï m%jK;dj fjkia fõ. kHIaál 
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wdfrdamKh jeä ùu;a iu`., d f.dkqfõ uQ,øjHj,g s f.dkqfõ uQ,øjHj,g jvd jeä   

úoHq;a RK;djla we;.  

uQ,øjHh Sc Ti V Cr Mn Fe Co Ni Cu Zn 
úoHq;a 
RK;dj 

1.3 1.5 1.6 1.6 1.5 1.8 1.8 1.8 1.9 1.6 

lsishï mrudKqjla úp,H TlaislrK wxlh fmkajhs kï, tys by< u TlaislrK 

wxlhg by< úoHq;a RK;djla we;. 

W;afm%arl .=K 
w¾O jYfhka fyda ysia d ldlaIsl mej;Su fya;=fjka fndfydA wdka;ßl f,day iy 

ixfhda. W;afm%arl f,i yeisf¾¡ fuu`.ska d ldlaIslj,g bf,lafg%dak ,nd .ekSu fyda 

odhl lsÍu isÿ l< yels h¡ fï ,laIKh W;afm%arl .=K M,odhs nj fmkajhs¡ 

yhsv%ckSlrKh i|yd Pd, wefudakshd khsg%cka Tlaihsv njg TlaislrKh lsÍu Pt/Rh 
iy SO2, SO3 njg TlaislrKh V2O5 o t;Ska nyqwjhùlrKh i|yd TiCl3/Al(C2H5)6 

o d f.dkqfõ uQ,øjH yd tajdfha ixfhda. W;afm%arl f,i ls%hd lsÍug WodyrK 

lsysmhls¡ 

 
wdka;ßl f,day whkj, j¾K  
c,Sh ødjKj, we;s fndfyda wdka;ßl uQ,øjH whk úoHq;a pqïnl j¾Kdj,sfha oDYH 

m%foaYfha we;s úlsrK wjfYdaIKh lr úúO j¾K ksmojhs. fï yelshdj we;s jkafka 

w¾O f,i msreKq d Wm ldCIsl mej;Su ksid h. ;j o s f.dkqfõ we;s f,daN whk 

wj¾K jk w;r" tajdfha iïmQ¾K f,i msreKq d Wm ldCIsl we;. my; j.=j u`.ska 

c,Sh ødjKj, we;s wdka;ßl f,day whkj, j¾K iy Tlafida wekdhkj, j¾K 

fmkakqï lrhs. WodyrK f,i, [Co(H2O)6]
2+ 

ys meyeh frdai jk w;r, [Mn(H2O)6]
2+ 

<d 

frdai meyeh fõ. w¾O jYfhka msreKq d ldCIl fkdmej;Su fya;=fjka c,Sh Sc3+ 
iy 

Zn2+ 
whk wj¾K fõ.;j o,c,Sh ødjKj, § d0 

fyda d10 
úkHdih we;s whk wj¾K fõ. 

MnO4
- 
yd CrO4

2-
j, j¾K we;s ùu isÿ jkafka d ldCIsl w;r bf,lafg%dak ixl%uK 

ksid fkdfõ¡  

f;dard .;a iuyr Tlafida wekdhkj, j¾K j.=j 4.28. u`.ska ±lafõ' 
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4.28 j.=j  c,Sh ødjKj, § d f.dkqfõ uQ,øjHj, iy Tlafida wekdhkj, j¾K.  
f,day whkhg msg;ska jryka ;=< 3d iy 4s bf,lafg%dak fmkajd we;. 

whkh j¾Kh whkh j¾Kh 
Sc3+ (d0s0) wj¾K Fe3+(d5s0) ÿUqre ly 

Ti4+(d0s0) wj¾K Fe2+(d6s0) <d fld< 

Cr3+(d3s0) oï Co2+(d7s0) frdai 

Mn2+(d5s0) <d frdai Ni2+(d8s0) fld< 

  Cu2+(d9s0) ÿUqre 

  Cu+(d10s0) wj¾K 

  Zn2+(d10s0) wj¾K 

    
Tlafid wekdhkh j¾Kh Tlafid wekdhkh j¾Kh 
MnO4

- oï CrO4
2- ly 

MnO4
2- fld< Cr2O7

2- ;eô,s 

4.10.3   d f.dkqfõ uQ,øjHj, Tlaihsv 
ish¨ ixhqc;d bf,lafg%dak bj;a ùfuka m<uqjk uQ,øjH y;r Tlaihsv ksmojhs. 
m%Odk ldKav uQ,øjH fuka fkdj, wdka;ßl uQ,øjHj,g úúO TlaislrK wxlh we;. 
iuyr d f.dkqfõ uQ,øjHj,f,day mrudKqj,g TlaislrK wxl folla iys; Tlaihsv 

ieÈh yels h. Mn3O4 iy Fe3O4 hk fol oaú Tlaihsv i`oyd WodyrK fõ¡ (fïjd 

TlaislrK wxl follska idohs). Mn3O4 hkq Mn(II) iy Mn(III) ys ñY%Khls.  ;j o 
Fe3O4 hkq Fe(II)  iy Fe(III) ys ñY%Khls. 
 
4.10.4   iuyr f;dard .;a d f.dkqfõ uQ,øjHj, Tlaihsvj, ridhkh 
         fl%dañhï iy ueka.kSia Tlaihsv 
Tlaihsvj, .=K TlaislrK wxlh u; r`od mj;S. nkaOk iajNdjh TlaislrK wxlh 

u; r`od mj;S. nkaOk iajNdjfha fjkia ùu u`.ska f,day Tlaihsvj, wï,-Niau 

iajNdjh ;SrKh lrhs.by< TlaislrK wxl iys; ixfhda.j, iy-ixhqc nkaOk we;s 

w;r tajd wdï,sl fõ.wvq TlaislrK wxl iys; ixfhda. whksl ,laIK we;s w;r tajd 

Ndiañl fõ'  

4.29 j.=j fl%dañhï Tlaihsvj, wdï,sl-Ndiañl iajNdjh 

Tlaihsvh wï,-Niau iajNdjh TlaislrK 

wxlh 
 

CrO ÿn, Ndiañl +2 wvq TlaislrK wxlh 

Cr2O3 WNh.=Ks +3 
uOHu TlaislrK wxl 

CrO2 ÿn, wdï,sl +4 
CrO3 wdï,sl +6 by< TlaislrK wxlh 
 

idudkHfhka f,dayfha TlaislrK wxlh wvq kï ta Tlaihsv Ndiañl fõ¡ ;j o uOHu 

TlaislrK wxl we;s f,day Tlaihsv WNh.=Ks jk w;r" by< TlaislrK wxl we;s 

f,day Tlaihsv wdï,sl fõ. 
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fuu`.ska 4.29 yd 4.30 j.=j, wvx.= wvq TlaislrK wxl iys; ixfhda. jvd;a f,dayuh 

.=Kdx. oelaùu yd wvq TlaislrK wxl iys; ixfhda. jvd;a wf,dayuh .=Kdx. oelaùu 

úia;r lrhs¡  

4.30 j.=j ueka.kSia Tlaihsvj, wdï,sl-Ndiañl .=K 

Tlaihsvh wdï,sl-Ndiañl .=K TlaislrK wxl  
MnO Ndiañl +2 wvq TlaislrK wxl 

Mn2O3 ÿn, Ndiañl +3  
MnO2 WNh.=Ks +4 ;rula TlaislrK wxl 

MnO3 ÿ¾j, wdï,sl +6  
Mn2O7 wdï,sl +7 by< TlaislrK wxl 

 
iuyr f;dard .;a fl%dañhïj, Tlafid wekdhkj, m%;sls%hd 
ly meye;s fl%dafïÜ whk WodiSk fyda Ndiañl ;;a;ajj, mj;S¡ wdï,sl ;;a;aj j,oS 

th ;eô,s meye;s vhsfl%dafïÜ whkh njg m;a lrkq ,nhs¡  

2 [CrO4]
2-(aq) + 2H+(aq) [Cr2O7]

2-(aq) + H2O(l) 
 

w¾O jYfhka msreKq d ldlaIsl ke;;a (Cr +6 TlaislrK wjia:dfõ §), Cr yd Oj, 

nkaO ldKav w;r bf,lafg%dak wdfrdamKj, yqjudrej fya;=fjka fl%dafïÜ yd  

vhsfl%dafïÜ hk fol u j¾K fmkakqï lrhs¡ flfia kuq;a fï l%shdj,sh úia;r lsrSu 

j;auka úIh ks¾foaYfha wvx.= fkd fõ¡  

Cr6+, Cr3+ 
njg TlaisyrKh isÿ jkafka wdï,sl udOHfha § muKs¡ wdï,sl udOHfha § 

CrO4
2- 

whk Cr2O7
2- 

whk njg oaúOdlrKh fõ¡ tneúka wdï,sl udOHfha oS Cr6+ 

mj;skafka Cr2O7
2- 
f,i muKs¡ 

fl%dañhïj, Tlafid wekdhkj, jeo.;a ßfvdlaia m%;sls%hdlsysmhla my; oelafõ¡  

Cr2O7
2-(aq) + 3H2S(g) + 8H+(aq)               2Cr3+(aq) + 3S(s) + 7H2O(l) 

Cr2O7
2- (aq) + 3SO2(g) + 2H+(aq)                2Cr3+(aq) + 3SO4

2-(aq) + H2O(l) 

Cr2O7
2- (aq) + 6Fe2+(g) + 14H+(aq)                Cr3+(aq) + 6Fe3+(aq) + 7H2O(l) 

Cr2O7
2-(aq) + idkaø 14HCl(aq)                 2Cr3+(aq) + 3Cl2(g) + 8Cl-(aq) + 7H2O(l) 

CrO4
2-
j, TlaislrK wxlh +6 fõ. tneúka thg Tlaisldrlhla f,i l%shd l< yels h¡ 

wdï,sl udOHfha § Cr(IV), Cr(III) njg TlaisyrKh fõ¡ 

8H+(aq) + CrO4
2-(aq) + 3e               Cr3+(aq) + 4H2O(l) 
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uex.kSia Tlaihsvj, yd Tlafid wekdhkj, m%;sls%hd 
KMnO4 oï meye;s >khls¡ MnO4

- 
j, j¾Khg fya;= jkafka uOH Mn mrudKqj yd O 

nkaO ldKav w;r bf,lafg%dak ixl%uKhhs¡ wdï,sl udOHfha m¾uex.fkaÜ whkhg  

m%n, Tlaisldrlhla f,i l%shd l< yels h¡ MnO2 yd KMnO4j, j¾Kmy; oelafõ¡ 

4.31 j.=j MnO2 yd KMnO4j, j¾K 

ixfhda.h j¾K 
MnO2 ;o ÿUqre$ l`M 

KMnO4 oï 

MnO4
-
j, iuyr jeo.;a ßfvdlaia m%;sls%hd my; ±lafõ. 

wdï,sl ;;a;aj hgf;a: 

2MnO4
-(aq) + 5H2O2(l) + 6H+(aq)                 2Mn2+(aq) + 5O2(g) + 8H2O(l) 

2MnO4
-(aq) + 5H2S(g) + 6H+(aq)                  2Mn2+(aq) + 5S(g) + 8H2O(l) 

2MnO4
-(aq) + 5SO2(g) + 2H2O(l)                  2Mn2+(aq) + 5SO4

2-(aq) + 4H+(aq) 

MnO4
-(aq) + 5Fe2+(aq) + 8H+(aq)                  Mn2+(aq) + 5Fe3+(aq)+ 4H2O(l) 

2MnO4
-(aq) + 10I-(aq) + 16H+(aq)                2Mn2+(aq) + 5I2(aq) + 8H2O(l) 

2MnO4
-(aq) + 5NO2

-(aq) + 6H+(aq)                2Mn2+(aq) + 5NO3
-(aq) + 3H2O(l) 

2MnO4
-(aq) + conc. 16HCl (aq)                 2Mn2+(aq) + 5Cl2(g) + 6Cl-(aq) + 8H2O(l) 

2MnO4
-(aq) + 5C2O4

2-(aq) + 16H+(aq)                  2Mn2+(aq) + 10CO2(g) + 8H2O(l) 
 
fï ish¨ m%;sls%hdj, wï,sl ;;a;aj hgf;a MnO4

-, Mn2+ 
njg TlaisyrKh fõ' 

 
;kql laIdÍh ;;a;aj hgf;a: 

2MnO4
-(aq) + I-(aq) + H2O(l)                 2MnO2(s) + IO3

-(aq) + 2OH-(aq) 

2MnO4
-(aq) + 3SO3

2-(aq) + H2O(l)                 2MnO2(s) + 3SO4
2-(aq) + 2OH-(aq) 

 
4.10.5  wdka;ßl f,day whkj, ix.; ixfhda. 
wdka;ßl f,day whk wdfõKsl ix.; ixfhda. idohs. fï ix.; ixfhda. ixlS¾K 

whkj,ska iukaú; fõ. fï ixlS¾K ixfhda. uOH f,day whkhlska iy tal oka;=r 

,s.k follska fyda lsysmhlska jg ù ie§ ;sfí (fï ,s.k u`.ska uOH f,day whk jgd 

nkaOk tlla fyda lsysmhla idohs). WodyrKhla f,i, [Ni(NH3)6]Cl2 [Ni(NH3)6]
2+ 

ixlS¾K whkhla iy Cl- ndysr whkhlska (rEmh 4.17)  iukaú; fõ. 
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,s.k (¨úia Niau& u`.ska uOH f,day whkhg bf,lafg%dak odhl lr (¨úia wï,& th 

iu`. odhl nkaOk idohs. 
 
 

[Ni(NH3)6]Cl2 = 

  

2Cl ̶ 

  
ixlS¾K whkh 

  
msg; whkh 

  
 4.17 rEmh ix.; ixfhda. 

fï WodyrKfha wefudakshd wKq weñk f,i uOH mrudKqj jQ Ni2+. nkaOkh ù we;. 
fï ixlS¾K whkfha wdfrdamKh my; iólrK Ndú; lr myiqfjka .Kkh l< 

yels h' 

ixlS¾Kfha wdfrdamKh = 
uOH f,day mrudKq 
fyda whkfha 
TlaislrK wxlh 

+ 
ish¨ ,s.kj, 

uq`M 
wdfrdamKh 

 
uOH f,day whkhl TlaislrK wxlh .Kkh lsÍu  

ix.; ixlS¾Khl uOH f,day whkhl TlaislrK wxlh my; l%uh u`.ska ks¾Kh 

l< yels h.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ksoiqk 4.1 
 [Ni(H2O)3Cl3]  ̅ ixlS¾K whkfha uOHf,day mrudKqfõ TlaislrK wxlh .Kkh 

lrkak.   

ms<s;=r: 

ixlS¾Kfha wdfrdamKh = 
uOH f,day mrudKqfõ 

fyda whkfha 
TlaislrK wxlh 

+ 
ish¨ ,s.kj, 

uq`M 
wdfrdamKh 

Total charge 
of all ligands 

ixlS¾K whkfha wdfrdamKh = - 1 

,s.kj, wdfrdamKh = H2O wKq ;=kl: 3×0 = 0,  

Cl whk ;=kl : 3( -1) = -3 
 
iólrKh Ndú;fhka; 
-1 = Nij, TlaislrK wxl + 0 + (-3)  
  Nij, TlaislrK wxl= +2 
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4.10.6  ir, ixlS¾K whk iy ixfhda. kï lsÍu 
f,day ixlS¾Khl ku u`.ska uOH f,day whkfha TlaislrK wxlh" ,s.k j¾.h iy 

ixLHdj ms<sn`o f;dr;=re imhkq ,nhs. ixlS¾K whkhl kduh ,sùfï § IUPAC kS;s 

Ndú; lrkq ,efí. 
 
,s.k kï lsÍu 
ixlS¾K whkhl ,s.khla f,i kï lsÍfï § wekdhkfha kfuys w. we;s wl=r bj;a 

lr w.g ‘o’ wl=r tl;= lrkq ,efí¡ WodiSk wKq ,s.k f,i ls%hd lsÍfï § 

idudkHfhka wKqjg fokq ,nk ku fhdokq ,efí¡ flfia fj;;a fïjdg mßndysrj o 

kï we;s kuq;a tajd ±kg mj;sk w.fmd.i. (W.fm<) ridhk úoHd úIh ks¾foaYfha § 

idlÉPd lrkq fkd,efí. 
 

wekdhksl ,s.k  WodiSk ,s.k 

Cl  ̅ chlorido  NH3 ammine 
Br  ̅ bromido  H2O aqua 
CN  ̅ cyanido  CO carbonyl 
OH ̅ hydroxido    

mj;sk ,s.k ixLHdj Wmi¾.hla u`.ska olajkq ,efí¡ Ndú; lrkq ,nk Wmi¾. 

jkafka di – 2, tri – 3, tetra – 4, penta – 5, hexa – 6 wd§ jYfhks. 

ixlS¾K legdhk kï lsÍu 
ixlS¾K whkhla kï lsÍfï § ysveila fkd;nd ;ks jpkhla f,i ,súh hq;= w;r" 

lower case bx.S%is wl=re Ndú; lrkq ,efí' f,day whkfha TlaislrK wxlh f,dayfha 

ku w. frdau b,lalï u`.ska fmkakqï lrkq ,efí¡  

Wod: [Ni(NH3)6]
2+ - hexaamminenickel(II) ion 

 [Cu(NH3)4]
2+ - tetraamminecopper(II) ion 

 [Cr(H2O)6]
3+ - hexaaquachromium(III) ion 

ixlS¾K wekdhk kï lsÍu 
RK wdfrdams; ixlS¾K whk i`oyd (ixlS¾K wekdhk) f,dayfha kug msgqmiska 

‘ate’hk m%;Hh fhdokq ,efí' 
 
Wod: [CuC14]

2- - tetrachloridocuprate(II) ion 

[CoCl4]
2- - tetrachloridocobaltate(II) ion 
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4.32 j.=j wekdhksl ixlS¾Kj, we;s f,day kï lsÍu 
f,dayh whksl ixlS¾K 

i`oyd Ndú; jk 

kduh 

f,dayh whksl ixlS¾K 

i`oyd Ndú; jk 

kduh 
Cr chromate Co cobaltate 
Cu cuprate Fe ferrate 
Mn manganate Ni nickelate 
Ag argentate Hg mercurate 
Au aurate   

ixlS¾K ixfhda.hl kduh ,sùfï § legdhk kduh m<uqj;a" wekdhk kduh 

fojkqj;a ,shkq ,efí. fï kï fol w;r ys±ila ;nkq ,efí.  

Wod: [Ni(NH3)6]Cl2 - hexaamminenickel(II) chloride 

       Na2[CoCl4]  - sodium tetrachlorocoboltate(II) 

ix.; wxlh 
uOH f,day whkh iy ,s.k w;r iefok ix.; nkaOk ixLHdj ix.; wxlh f,i 

w¾: olajkq ,efí¡ iuyr ,s.k u`.ska uOH f,day whk iu`. ix.; nkaOk tllg 

jvd idok neúka uOH f,day whkh iu`. idok ix.; nkaOk ixLHdj f,i w¾: 

oelaùu ksjerÈ fkdfõ¡ uOH f,day whkhl m%udKh" wdfrdamKh" ,s.kj, iajNdjh 

iy bf,lafg%dak úkHdih ix.; wxlh flfrys n,mdhs¡ 
 
4.33 j.=j d f.dkqfõ whkj, fmdÿ ix.; wxl 

M+ ix.; wxl M2+ ix.; wxl M3+ ix.; wxl 

Cu+ 2, 4 Mn2+ 4, 6 Sc3+ 6 

  Fe2+ 6 Cr3+ 4,6 

  Co2+ 4, 6 Co3+ 4,6 

  Ni2+ 4, 6   

  Cu2+ 4, 6   

  Zn2+ 4, 6   
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4.10.7  ixlS¾K ixfhda.j, j¾K flfrys n,mdk idOl 
wdka;ßl f,day mrudKq iy whk u`.ska j¾Kj;a ixlS¾K idohs. fï ixlS¾Kj, 

j¾Kh my; idOl u; r`od mj;S. j.=j 4.33 u`.ska fï idOlj, n,mEu ksrEmKh 

lrhs 
1. uOH f,day whkh 
2. uOH f,day whkfha TlaislrK wxlh 
3. ,s.kj, iajNdjh 

4.34 j.=j wdka;ßl f,day whk ixlS¾Kj, j¾K my; idOl u; r`od mj;S' 
 

1. uOH f,day whkh 
            Mn(II)      Ni(II)        Cu(II) 

 [Mn(H2O)6]
2+ 

frdai 
[Ni(H2O)6]

2+ 
fld< 

[Cu(H2O)6]
2+ 

<d ks,a 
     
2. uOH f,day whkfha TlaislrK wxlh 

  Mn(II) Fe(II) Fe(III) 

  [Mn(H2O)6]
2+ 

<d frdai 
[Fe(H2O)6]

2+ 
<d fld< 

[Fe(H2O)6]
3+ 

ly 
 
3. ,s.kj, iajNdjh 

  H2O NH3 Cl- 

  [Co(H2O)6]
2+ 

frdai 
[Co(NH3)]

2+ 

ly meye;s ÿUqre 
[CoCl4]

- 
ks,a 

 

wdka;ßl f,day uQ,øjHj,ska j¾Kj;a ixfhda. ie§u tys tlSh ,laIKhls¡ iuyr 

fmdÿ f,day ixlS¾K u`.ska fokq ,nk j¾K j.=j 4.35 u`.ska ±lafõ¡ 
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4.35 j.=j f,day ixlS¾K j¾K 

f,dayh ,s.kfha iajNdjh 
H2O(l) OH-(aq) NH3(aq) Cl-(aq) 

Cr [Cr(H2O)6]
3+ 

oï 
Cr(OH)3 
ks,a-fld< 

wjlafIamh 

Cr(OH)3 
ks,a-fld< 

wjlafIamh 

 

 

Mn [Mn(H2O)6]
2+ 

 <d oï 
Mn(OH)2 
iqÿ$l%Sï meye 

wjlafIamh 

Mn(OH)2 
iqÿ$l%Sï meye 

wjlafIamh 

[MnCl4]
2- 

fld< meye ly 

Fe [Fe(H2O)6]
2+ 

<d fld< 
Fe(OH)2 
le; fld< 

wjlafIamh 
 

Fe(OH)2 
le; fld< 

wjlafIamh 

 

[Fe(H2O)6]
3+ 

ly-¥Uqre 
Fe(OH)3 
r;=-ÿUqre 
wjlafIamh 

Fe(OH)3 
r;=-ÿUqre 
wjlafIamh 

[FeCl4]
- 

ly 

Co [Co(H2O)6]
2+ 

frdai 
Co(OH)2 

frdai 

wjlafIamh 
 

[Co(NH3)6]
2+ 

ly meye ÿUqre 
[Co(NH3)6]

3+ 
ÿUqre meye r;= 

[CoCl4]
2- 

ks,a 

    
Ni [Ni(H2O)6]

2+ 
fld< 

Ni(OH)2 
fld< 

wjlafIamh 

[Ni(NH3)6]
2+ 

ks,a 
[NiCl4]

2- 
ly 

Cu [Cu(H2O)6]
2+ 

<d ks,a 
Cu(OH)2 
ks,a wjlafIamh 

[Cu(NH3)4]
2+ 

;o ly 
[CuCl4]

2- 
ly 

Zn [Zn(H2O)6]
2+ 

wj¾K 
Zn(OH)2 
iqÿ wjlafIamh 
jeämqr OH- 
[Zn(OH)4]

2- 

wj¾K 

[Zn(NH3)4]
2+ 

wj¾K 
[ZnCl4]

2- 
wj¾K 

 
[Cr(H2O)6]

3+ 
m%;sls%hd 

c,Sh NH3, iu`. oï meye;s c,Sh [Cr(H2O)6]
3+ 

ødjKh ks,a-fld< fc,áksh 

wjlafIamhla njg m;a fõ.  

[Cr(H2O)6]
3+ + 3NH3 (aq)                 Cr(OH)3(s) + 3NH4

+(aq) + 3H2O(l) 
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 [Co(H2O)6]
2+ 

m%;sls%hd 
m%n, Niau (NaOH);  frdai  meye;s [Co(H2O)6]

2+ 
c,Sh ødjKh iu`. ;o meye;s 

ødjKhla idohs.  

[Co(H2O)6]
2+(aq) + 2OH- (aq)                 Co(OH)2(s) +  6H2O(l) 

Co(OH)2 frdai meye;s wjlafIamhla fõ¡  

NH3 iu`. 

[Co(H2O)6]
2+(aq) + 6NH3 (aq)               [Co(NH3)6]

2+(aq) +  6H2O(l) 
 

wdrïNfha § frdai meye;s  [Co(H2O)6]
2+ 

iSñ; idkaø NH3 m%udKhla iu`. frdai meye;s 

Co(OH)2 wjlafIamhla idok w;r" idkaø NH3 ;jÿrg;a tl;= lsÍu iu`. ly meye;s 

[Co(NH3)6]
2+ 

ixlS¾K whkhla idohs¡ flfia fj;;a iajhx TlaislrKh ksid 

[Co(NH3)6]
2+  

ixlS¾Kh ÿUqre meye;s [Co(NH3)6]
3+ 

njg mßj¾;kh fõ¡ fï fya;=j 

ksid ødjKh ly-ÿUqre meyefhka fmfka¡ 

idkaø HCl, iu`.  oï meye ødjKh ks,a meye;s ødjKhla njg m;a fõ. 

Co(H2O)6]
2+(aq) + 4Cl-(aq)               [CoCl4]

2-(aq) + 6H2O(l) 
 

[Ni(H2O)6]
2+ 

iu`. m%;sls%hd 
m%n, Niauhla iu`. fld< meye;s [Ni(H2O)6]

2+ 
c,Sh ødjKh fld< wjlafIamhla njg 

m;a fõ' 
 

[Ni(H2O)6]
2+(aq) + 2OH- (aq)                Ni(OH)2(s) + 6H2O(l) 

 
jeämqr NH3(aq), iu`. fld< meye;s [Ni(H2O)6]

2+ 
ødjKh ;o ks,a meye ødjKhla njg 

m;a fõ. 
 
[Ni(H2O)6]

2+(aq) + 6NH3 (aq)                 [Ni(NH3)6]
2+(aq) +  6H2O(l) 

 
idkaø HCl, iu`. fld< meye ødjKh ly meye ødjKhla njg m;a fõ. 

 
[Ni(H2O)6]

2+(aq) + 4Cl-(aq)               [NiCl4]
2-(aq) +  6H2O(l) 

 
 [Mn(H2O)6]

2+ 
iu`. m%;sls%hd 

m%n, Niauhla iu`. <d frdai meye;s [Mn(H2O)6]
2+ 

c,Sh ødjKh wjlafIamhla njg 

m;a fõ. 

[Mn(H2O)6]
2+(aq) + 2OH- (aq)                Mn(OH)2(s) +  6H2O(l) 

 
c,h NH3, iu`. <d frdai meye ødjKhla iqÿ$lS%ï meye;s wjlafIamla njg m;a fõ. 

[Mn(H2O)6]
2+(aq) + 2NH3(aq)                Mn(OH)2(s) + 2NH4

+(aq) + 4H2O(l) 
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[Fe(H2O)6]
3+
j, m%;sls%hd 

m%n, Niauhla iu`. ly meye;s [Fe(H2O)6]
3+
ødjKh r;=-ÿUqre wjlafIamhla njg m;a 

fõ¡ 

 

[Fe(H2O)6]
3+(aq) + 3OH- (aq)               Fe(OH)3(s) +  6H2O(l) 

c,h NH3, iu`. ly meye;s [Fe(H2O)6]
3+ 

c,Sh ødjKh r;= ÿUqre wjlafIamhla njg 

m;a fõ. 

[Fe(H2O)6]
3+(aq) + 3NH3(aq)               Fe(OH)3(s) +  3NH4

+(aq) + 3H2O(l) 
 

 [Cu(H2O)6]
2+
j, m%;sls%hd 

m%n, Niauhla iu`. ks,a meye;s c,Sh [Cu(H2O)6]
2+ 

ødjKh ks,a meye wjlafIamhla 

njg m;afõ¡ 

 

[Cu(H2O)6]
2+(aq) + 2OH-(aq)               Cu(OH)2(s) +  6H2O(l) 

 
iSñ; c,h NH3, iu`. ks,a meye;s ødjKh ks,a wjlafIamhla njg m;a fõ¡ 

[Cu(H2O)6]
2+(aq) + 2NH3(aq)              Cu(OH)2(s) + 2NH4

+(aq) + 4H2O(l) 
 

jeämqr c,Sh idkaøKh NH3, iu`.  ks,a meye;s ødjKh ;o ks,a meye ixlS¾Khla njg 

m;a fõ¡ 

[Cu(H2O)6]
2+(aq) + 4NH3(aq)              [Cu(NH3)4]

2+(aq) + 6H2O(l) 
 

idkaø HCl iu`. ks,a meye;s ødjKh ly meye;s ødjKhg yefrhs. 

[Cu(H2O)6]
2+(aq) + 4Cl-(aq)               [CuCl4]

2-(aq) +  6H2O(l) 
 
[Zn(H2O)6]

2+
j, m%;sls%hd 

m%n, Niauhl iSñ; m%udKhla iu`. wj¾K [Zn(H2O)6]
2+ 

c,Sh ødjKh iqÿ 

wjlafIamhla njg m;a fõ. 

[Zn(H2O)6]
2+(aq) +2OH-(aq)                 Zn(OH)2(s) +  6H2O(l) 

 
jeämqr m%n, Niauhla iu`. iqÿ wjlafIamh wj¾K meyeÈ,s ødjKhla njg m;a fõ. 

Zn(OH)2(s) + 2OH-(aq)                 [Zn(OH)4]
2-(aq) 

 
wj¾K ødjKh iqÿ wjlafIamhlanjg m;a ù" miqj jeämqr Niauh ±uQ úg ta wjlafIamh 

Èh ù wj¾K ødjKhla idohs.  

 



w¡fmd¡i¡ ^Wiia fm<& ridhk úoHdj - 6 tallh       

 

178 
 

4.10.8   d f.dkqfõ uQ,øjHj, jeo.;alu 
1. wdka;ßl uQ,øjH (Au, Ag yd Cu),  fyd`o ;dm ikakdhl jk w;r wdka;ßl 

uQ,øjHj, mrudKq fõ¡  ;ru iudk ksid tajd ñY% lr ñY% f,day ieÈh yels 

h' fï ñY% f,day w;S;fha isg u Ndú; lr we;' ñY% f,day u`.ska f,dayj, 

.=K fjkia l< yels h¡ 
2. úlsrK fldfnda,aÜ iuia:dksl 

60Co úlsrK m%Njhla f,i Ndú; flf¾.  
3. W;afm%arl .=K we;s ixfhda. ixj¾Okh lsÍu i`oyd wdka;ßl f,day mrudKq 

iy whkh Ndú; lrkq ,nk w;r" fïjd W;afm%arl f,i úúO l¾udka;j, 

§ o Ndú; lrkq ,nhs. 
4. wdka;ßl f,day úúO jQ j¾Kj;a ixfhda. idok ksid fïjd ;Ska; 

ksIamdokfha § j¾Kl f,i Ndú; lrkq ,nhs. ;j o fïjd j¾Kj;a ùÿre iy 

ùÿre fnda;,a ksmoùug o fhdod .kq ,efí.  
5. Ni iy Cd jeks d f.dkqfõ uQ,øjH kej; wdfrdamKh l< yels fldaI ksmoùu 

i`oyd Ndú; lrkq ,efí' 
6. wdka;ßl uQ,øjH m%ldY fjda,aàh fldaIj, we;s le,aishï fg¨rhsâ (CdTe)  

iy fldm¾ bkaähï vhsfi,skhsâ jeks ixfhda. ksIamdokhg Ndú; lrkq 

,efí' iQ¾h fldaI hkq m%ldY fjda,aàh fldaIj,g WodyrKhls'.  

4.10.9    d f.dkqfõ  f;d¾d.;a  legdhk  y`ÿkd .ekSfï mÍlaIK 

    1. Fe2+     
 Fe2+ 

y÷kd .ekSug K3[Fe(CN)6] iu`. KFe[Fe(CN)6] ;o ks,a wjlafIamh 
ie§u fhdod .; yels h' 

          
 Fe2+(aq) + K3[Fe(CN)6](aq)     KFe[Fe(CN)6](s) + 2K+(aq) 
          
    2. Fe3+     
 Fe3+ 

y÷kd .ekSug K4[Fe(CN)6] iu`. Fe4[Fe(CN)6]3 m%Yshka ks,a wjlafIamh 

ie§u fhdod .; yels h. 
  

          
 4Fe3+(aq) + K4[Fe(CN)6](aq)        Fe4[Fe(CN)6]3(s) + 4K+(aq) 
          
  

Fe3+ 
y÷kd .ekSug ;rula ÿrg wdï,sl NH4SCN ødjKh u`.ska 

[Fe(SCN)(H2O)5]
2+ 

r;= meye ixlS¾Kh ie§u fhdod .; yels h. 
  

          
 [Fe(H2O)6]

3+ + NH4SCN(aq)          [Fe(SCN)(H2O)5]
2+ + NH4

+(aq) 
 

  3. Cr3+      
 Cr3+ 

TlaislrKh ù ly meye;s ødjKhla jQ CrO4
2- 
idohs¡ Cr3+

ødjKhg jeämqr 

fidaähï yhsfv%dlaihsâ tl;= lr" Bg miq 6% yhsv%cka fmfrdlaihsâ 

iaj,amhla tl;= l< úg ly meye;s CrO4
2- iEfoa¡ 
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 Cr3+(aq) + 3NaOH                Cr(OH)3(s) + 3Na+(aq) 
 

 4OHˉ(aq) + 2Cr(OH)3(s) + 3H2O2(aq)               2CrO4
2¯(aq) + 8H2O(l) 
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