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I TRODUCTIOB 

The olution che istry of transition etal ions is quite 

complex. Free etal ions do not exist in aqu~us solution but are 
M 

al ays present as aqua co pl exes of the type (H20)i. where 

n = 2-6 2nd n d not 8 the oxidation state of the metal ion. Thee 

quo complexes c n easily be crystallized out from their solutions. 

Most of the e cOllplexes are color d and absorb t pecific ave 

lengths in the visible region o~the electro magnetic radiations. 

The absDrption of light by transition met 1 complexes have been 

the subject of n rous investigations extented over a p riod of 

nearly ighty y ars. The first trustworthy quantitative data is 

that furnished in 1892 on th olutions of chlorides, sulphatea 

and nitrates of copp r. Sine then the UV andvvisible spectra of 

inorg ~ic i DB ~e kn n n t ; 

r cently that uch progr a he been ada in an underst nding of 

the b sia of the absorption bands which re being observed. The 

spectra is essentially due to interaetion between a set of attached 

groups (ligands) and the ato.io orbitals of th 0 ntr 1 etal ion. 

The fre ion of' any transition metal ba partially filled degene­

rate d-orbitals which co e und r the direct attack of electronic 

fielda of the lig nds, brought upto it fro various pr fered dir c­

tiona. The result is a crystal field splitting of the five deg ne­

rate d-orbitala in a aanner which dep nda on the strength of the 

ligand field and the 5y try of the co plex. The absorption 

speetr of a complex ion in the visible r gion u ually rises fro 

th electronic j pa between these aeper te d-orbitals. As is 

oft n been the ese, the theory which was pri arily being developed 
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o ob p ctro cb ic 1 il roth t pr vi u 

r port It. 

f color ro pi to blu by the ddition of HCl to 

lution 0 Co( 03)2 i leoholie e ixtur u i 

y 0 tel nd pie 1 r(22) in I 49. t S ob rv d t blu 

color in ixture dOd not app ar if th conc ntr tion of Bel 

el0 5. n Ie 01 us d 01 nt th blu color 

appear d v n t v ry 10 concentration of Hel. he extinctio 

co :fici n 0 rv d t th b n t 690 nd 60 owed 

t r t o 0 co It ion to h lid ion 1: 1 dic ti 

t or d 
. _ • 0 n • 

) 1n i c 1 c ron1C 

co i th Iti c It (II) r c lor 

d to blue L CoCl2 by dition 0 xc lori s 

io • nor 1 pink olution 0 quou 00012 wit bsorption 

co to u to hydr c It (II) 

ions. e 0 i ion r nt n th y te the 

blue col r to t co ple i n L 0012 ( o) J • 
-

tc 13 ( )] 0 C1 ) • h conc ntr ti of ch 

ci to d __ p nd th 
. ibriu t n I on qu 

ion, nio or b (el ct n 

yst • he c c eri tic p ctr 0 c p ci 

in thi P P r.E idenc lso provi t t blu co 1 h 

t tra 1° n ro n th 1 ion. 

ct o o utio cont c 



(III) io 1(2 ) in 

1957. h orptio quo 

d ) i 

p r hI rOc , th ition 

0 th -£r hif't d t of 

t.l p r itt t f 

co pl x chlorid ion • In h pr nc 12 orp-

t 'on p ct obt in " e r et ri tie a c pI x p ei 

(Or{ 20)~ 01 ) o una in th 01, tion. eo pI x 0 not or 

to flY appr ci ble xt nt if' th cone nt t Oon f HCI i 1 12 

01 /litr • inc hie e pI x no i 

of 5 cone ntr t'on of Ca01? , 't ion in 12 He1" 

d r d t.o to th eone n ro Y) 0 t i 

to • ch ni 0 th f r etion 0 [ r( 2°>3 J 
1 u by e 

In 59 Li t r(25) 0 rv h o pti n 

p et t t e v ou t of co pI xin 0 nie (II) ion 

. i nd h th p ctr wa du to 

[ , ( n)( 2°) 
2+ 
) [ i( ( 0)21 • b orp ion b n c 

00 ( 11 th r ) d 10 r 

e1 nd 
. 

t nsit Th ( i( n)( 20) ] n ncr • co 

1 r p r ol'd t t nd this Iu c 10 

co pl. x ion how t b 0 pti n p etr e r ct ri 'tic 

ix coo i d nie 1 ( ) eo pI x~ 1 ,. 
x-r y t di by t rk • p etr o'f 

c ( ) h ri in t 

of ie d th r 
) 
• 

2+ 
U i ion ur oun e s i 



t trah dr 1 arr nt. 

bb rand u eli ( 7) studi d, b p etrophoto ric 

thod, cob It ( II) ions in pr s ne 0 p rehl ric cid d th 

inere S concentr ion 0 HSO • o er sho ed th t 

t b t on ulphat is pre nt in th coordination ph roth 

cobalt ( II) iona. he compo ·tion of th co p1ex as chan e to 

hen studi d at 30°C. Th. cta in spectra c used by 

ounts o~ sodiu bisu1phate were also recer ed. It 8S 

seen that the princip 1 ch n e in spectru in the UV 

region hich SUR eat d th fer ation of ion pairs. 

The ct of' ::addition o'f bromid , ehlori~e d thioc- y id 

to solut·on of cobalt (II) ions in ee tic cid over the t 

tldi d in d t ·1 by ~roll tclif 

ratur 

(1) in 
+ 

1 ~. s poatul t d the pr nc 0 ~ J, t ] , - --l ] 1 c ( h r = C , B , ns) 

s ctropho 0 trie investig tiona. 

ord ann(28) studi d th -r ct of' inereasin concentra'l.ion 

of variou anion (such C104 , C1, 03) urni h d Y th ir a Ii 

t 1 upon orption p ctr o chro·u (TI) 

CrC1s in C104 , CrCla in N 01 and Cr( 03)3 in N 03 ere tudi • 

e olutio t t r thr d Y nd v th s 

bsorption pectr 'for ev 1 oLth. '1 en r 1 t 0 bsorlJ.J. 1 

ob rv d i th r ion or t t • Th 

b nd 0 itio nd reI ti edt is reprod e d b 1 . . 
CrCla CI04 
rCla - aOl " 

Or( 3)3 -- 'Oa " 

15 

415 

10 

, 
, 

575 

585 

575 
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h e ark r 1 0 rv d th ~or tion of 11 oun o-r 

Cr(OH)a in ehra i (III) - n .... l'~ lt olution. 

t 1 n Drol(2 ) i 1 63 ob rved 11 p ctr 1 chang 

n r th • xi ua of b orption band t o • h n chlorid nd 

bro . d (cone nt tio '" 0.12) er pr sent i quo olu ~o 

i(CIO )~. h t i it con t nt caleul t for 'th for-
+ 

m on o~ l '(H20) 01] t ionic tr ngt o 5. o"f" chlo it! in, 

th t pre ne of a 1:1 slide co plex s re pon ible 

"'or 1 h' t 'n ab rption • 

Co1ea n'S) stu ied .pectr 0"£ eo t (II) io entrapped in 

cation and anion exehongers containin~ chloride ions 0 provide 

infor tion about tl.lrc of compl x ion in thee ed ' • The 

lorid i co eT! tut'o d cob 1 (II) io 

Cl -- 20 ix ur • tr tion b~ qui ibra ion ith 

I both c io a d nion e oh n e 

o 

t e co 1 (. I) coo i ~on 

ch fro oct to t tr hedr 1 t1e chlorid io eonc n-

r8 on • h p ctra o~ t reh ral speci 

in n'o consid red 0 be due to lOoOl } ion. 

I ~ 07 r dill t(30) tudied t ab orption sp ctra 

o CuC12 in hydrous tIc t te iD the p~ nee of 1. 

Th s or' a concluded the n squ re pl n r 8 ci , [cuel ] 

·or d u to 

Co .1(31) 0 

c lOT"'id n ni 

absorption nd 

one ntration of chloride ions in hylac tat • 

h nionic co 1 for t'on by copper (II) 

t in pot slum chlorid solution through th or 

aD ctra. 

I t e nt y r h ch ng i b orption sp ctr 0 t 1 

i n pr no h tudi d by ch in t per ture 
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pr ur. In 1969 Gr' ~ith n 

r tion of t • rIo pI xe 

l 13 ( 

broaid 

ai i 

an ~ ' 1 
o lith' d 

by co rion b t 

(32), stu i d h - ~-
(solv n ») , j , 

1n t pr ne 0 

he trih 10 

xtent o~ ~or tion 

o tr lex i de nd nt upon h iz of th coun rio • 

l o(OAc) J r et d it ch10ri ion in cetic acid to 1 ro uce 

ci it a i te orptio band t 460 

hi by 0 hI, t 1(33). h sa speci s pro-

due d :3 ( co(C03)31 . 3H20 Wf} d<1ed to cone ntrated 

Gluti n 

ties re con i 

'n ~lacial se tie aeia. Th .n ctru 
2-

nt ith the :formul ~GoCl 1 • 
nd proper-

ar nikov n co or r ( ) h tudi th ff' c of t pe­
2-

r \11" th h rn 0 ct 0 l(; C ] Iu i 

in th of ctru t s. In 

I 71 !.ud i d to (3 ) co ir ,th i ne ric 
- -

co pIe ions uch ~CuC131 und Crt r ] . p etr 

co pound w re int rpr d by n 1 cuI r Orbit 1 heo • 

1 t r tic ibl co 1 s ith t ix chloro-

br Y t h v b n obt in d. l~ t r coordin tion 

eo plex of' co p (II) r d 0 b 1 tabl t 

h x co rdin ted copper (II) compl x • en r o fir t 

1 ctro ic tr 4sition ch n~,~ the aver ~e 0 t ' e 1 

ctr n ati 'ty by cc e ch P- 0 t ind'-

Vl. uel h lid Ii • 

I n ( 6) investi d th 

b ten C (CI0)2 n Liel o. Li 10 - 0 c y 

pot ti t'c nd p cit op oto tric t. de. 

• 



obtained the three and four coordinated cobalt (II) species 

as LiCoC13 and Li2CoC14 and studied the absorption spectra of 

tb se co pound • 
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OF THE 

It is evident from the proce ding r view of literature 

that the studies done on the for ation of anionic complex s 

in diff rent concentration of anion in solution can be 

broadly divided into thr e categories. 

i. Studies on the for ation of halogen complexes of tr'nsi­

tion etal halides in the pr a,nce of high concentration of 

hydrogen halides in aqJous solutions. In these studies th 

eff ct of hydrogen ions introduced alon ith halides upon 

complex for at ion is not fully explor d. 

ii. Studie c ntered on th formation of ! etal co plexes 

1 1 i. n ",.1' Ii ',a1 a1 s. 0 v io ly \oh e 

eomplexe are for ed at elevated temperature and the quili­

briu b cal' s more and more co tplieuted t s eh high temp ra-

tures. 

iii. A f w studies have be n done cn the formation of co p-

1 x ion in solutions containOng n utral salts hieh do not 

introduce excessive amount of hydrogen ions. These studies 

are also limited to the study of off' ct of' ho.lide salts upon 

transition metal halides. ,urther more th s tudie«:> do not 

p 0 uce any Quantitative and quirnial re ult for the forma­

tion of complexes of a particular ~toiehomctry. The ~o po i­

tion o~ the compl xes is only assu ed. It as, therefore, 

considered appropriat to tuQy th for tion of complexe of 

transition etal salts i1 solution of high cone ntration r -
other anions such as NOS' 02' S03' S203' S04 and similar other 

anions. Obviou ly the number and nature of ions is changed 
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urin co lex or tion. A the conduct nc o~ y t 

P nd upon h nd n tur of io • th ch n in 

1 ctr"c 1 conduct nc co id r o provid infor tion 

bout th toicho try o~ he co 1 "for • ith tb e con-

i<1 r tiona n 1 bor te inv ti tion t rt d 1'or co pI x 

or tion in Iuti n ~ cone ntr tiona of niona whil 

int ini t e hydro n ion cone ntr tion "f th olut·on t 

th I v 1 s n h e uo olution 0 t n ition t I 

s It. • ctric 1 conduct nee 0 t.h olutions hould lao 

provid out th co iti n f th co pI x 

ion for in th solution. 



. • . 
It i t tth io ioh b or in t i ibl or 

U r t e which h v 1 otro 10 t 1 tur t 

lect onie tra iti ~ 0 on r 1 v 1 to th r 0 n b 

bro ht bout b th . b orpti ly 11 

r r pr nte by photon in th i ible or 

r ion. he i clud th io 0 tran i ion 1 nt • It 

i po ibl to tu th co po ition ot pl by- uri 

it ility t Ii t . etr photo trio t chniqu 

p ly in th UV , VI r n hay uch u t1 in 

io d in t"e co ot 

i n 

f r , 

i 1 

th 1i 

• udyi in hieh th b pion ot th ple rie 

with 1 th. 

Li i 1 etro 

i h r it 

r 

tic r i t"on b d crib 

el th or r QU ney. -
(1 ~ = 10 11 - 0. 001 m · ) 

to i ib1 i it i i .il1i-

iero t r ( 

ti n 0 tic 

nt i rbitr rily divi 

100 - 00 ; th 

a d ( b n i 

• 

f'" - 10 a= 0 . 00 jI' = 

ec u e-

e into the UV, hieh xt nd 

, hie x 00 - 7 · • 
), hieh x ro 760 to 
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o prop rti o~ ligh r of int r at. On i i 

lity or in hieh i cr d velen t . th • , 
h r i it q tity or 'hich t 

ity. I i th . 
r t of th ic e ov rn 

t nt to 1 ich a be ot: Ii ht i of int ith 

any r i ul . d o~ ub t . by h int iti r ne , g 

of Ii itt d by th pl thi ith the 

d, cur 

v ur of th x n th inter etion t 

th and th nergy cont in d i t Ii • 

overni tb b orp i n of Ii t ~ 1e8 

.. ere t by Be r and b t. It r 1 t 

t i t 0 h Ii ht nc n p i-

tt ~ lution 0 fixe thie ne to the cone ntr io 0 

t lut·on. h ie 11y th 1 e n b ritten i 

co iv n 10 . • 

= E: et 

i c 11 d p ie n ity or b orb n # o~ 

' " th i • 

e is cone n r tio n 

tithe thickn in e oti t r • 

f "s th mol cul r xtinction co fico • 

h sorption d in th olu ion p ct of 

t r due to 1 ctronie tr sition ~ro 

1 w hi r r d-orbit Is. h 

Ii ti 

to t 

r t d-o n t 0 or oup 0 
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orbitals ith d~erent energiee i8 caused by the interaction 

or 11g nd. !he. ap ctra ar adequately explain 6 by eana 

o~ Crystal ~i Id and Ligand field theories. A detailed dis­

eussion on these theories can be found in stander t ~t books. 

Tn e:xt.ent aDd nature of' cry tal f'i Id splitting of' 

d- orbital depends upon 

i. nature of' the ligand. 

ii. geometry end ay etry of' the coordination c.ompund fo ad . 

So ligands such as H2O, halides and oxatate etc . produce 

little splitting between the groups of d-orbitals of the metal 

ion while other ligands Gueh aa CN, N02J en etc . produce a 

large difference of energy between the lower and higher energy 

orbitals. 

The 4-orbitals in an octahedral ti Id are split into two 

seta ot' orbitals 8S t 2g (triply de·ene tel lower in energy 

and g (doubly deg nerate) higher in energy orbitals, while 

in a t trah drsl enviromaent around the tal ion the splitting 

pattern i8 8 e but onlJ' the positions of orbitals are inverted . 

Siailar!y the d-orbitals i a square planar coaplex split 

into four diff rent energy seta and three eeta of d- orbital 

are produced for trigona~ bip)"ra 14 eoordinatiomco pounds a 

abo n. 
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2 2 
dx -y 12.28 Dq , 7.07 Dq 

/ 
/ 

/ 
/ 

gy 2.28 Dq / 

/ --, -::::!::' \ - , 
dz? d -4.28 Dq 

- / 

d 2 2 - ' " , x -y 
" -

d " ... 
-0.82 Dq 

, ,-.. 
'"dyG, dzx -5.14 Dq -

Square planar Trigonal bipyra id 

t e plitti o-t d-orbit. 1 upon the y try 

of th a ordin tion co pound , th 1 ct.ronic tr itions also 

vary i th th change in eo etry or symme ry 0 the co plex 

ion. h it' 1. 0 or thr b orpt.ion bond erved in an 

en 1 t 1 ':"n, h 

by 1 ri th sy try or 1. of th co p1 x 

to SQU8r pI r. 8i il rly 1 xtinetion co fieient i 

also ff at d by th eo try of th co pI x io. The or 

8y etrias1 01 cu1 8 Ii oct hedrsl r ueu lly 680ciat d 

with 11 extinction co fficient in the r nge o~ 6-30 here 

q p1 n co p1 xe are 8soei t d ith coe ~icients 

0 the o d r of 50-100. Si ilarly t tr dr 1 eo p1 ion 

ab orb in 10 er energy r e ( IR) nd aSBoci ted °th 

v ry hi h ertinct'on coe~~ici nt of the ord r o-r 6 vera1 

h rd. 

Thus it i po ible to obtain 0 i or tion about the 

co. I t.ion d ttl ir try fro the tudy of their 

rpt' n p,c • 



25 

b. Instrument Us d: 

Th spectr in the cours of these investi at.io re 

obtained on Hit. chi odel 323 UV-VIS-NIR R cording Spectro-

photo. t r. th instrument. 18 iped ith Deuteri 

for UV ad ungaten Lamp for visibl, hieh are auto tical~ 

itch dover on the 8 1 ct d w v length ran • It has 8'\1'8-

length range of 185 to 2500 nm and is a double beam, r tio 

recording spectrophoto eter. The detectors are photomultip11 r 

tub end PbS cell automatic lly adjustable. .lhe instrument. 

has bilat ral type of elites which are automatically adjust ble 

fro 0 . 005 to 2 • 

set o~ two tched quart cell o~ on c • thickness 

ere ployed ~04 recording t.h spect.ra of salutianD. Alt.hough 

ilic c 11 re viI Ie, the quartz ere preiPered 

~or the entir operating range of wsvele th. fro the f r -

UV thro h IR. Tbe scan spe d wes usually adju ted in t. 

Uf, VIS NIR r gians as 26 . 7, 53 . 2, 266 naI on. rcspective17 

durin 11 of 'th inves tigat' Dna . 

e . Ions ang Conductanc : 

he el ctrical conductivity or a solution is dependent 

upon both t.he n ture and the concentration ot every ionic 

ap eies present in the solution. ben a voltage is appli d 

scerOS8 two electrodes i ersed in a solution ot an electrol7te , 
-

the dis olved ions will 'grate tow rde the opposite electrode 

i • . the positive ion to ards cathod and negativ ions tow rd 

node. This i ration of ionthrou h the solution cons itute 

th low of electric current through th solution and thi 



curr nt i e er i th ore co centr .. t d olution b c u 

0 1.' r nu b r 0 i n 0 i t th lutio • 

r, th c ieh 10 throu olution p nC! 

not 0 ly 1. numb . hieh c 8 t 
. 
n t otion, on r 0 :to 

ut Iso on t rat t hieh ion ov • 

- - ~ (0 \ \ .......... + ,Az) 

0 i 8 con t n1. of proportio i y, 0, 
l. 

i the con-

c n tio in qui nt per Ii of 1. it.h . in olu-re on 

tion nd f.. . . 
i 1 e t cl r ct ri ti of t'on. 

l. 

Th f col 0 01 t'on 0 unifor ero 

ot.io 1 (c 2) b en 1. 0 1 etro 1 c rt . 
• p 

iven bv 

= f ( ) 

he pr por OD ity c t f . h'ch is 1 d 'sp c 
. ic cs 

r 1. i 1 1. the DC i c 1 or 

hieh 1 nd A q' 1 . For o utio 1 ctro t c-

reases ith . ncr in t ratur .e. s d p n on 

conc tion nd natur. of 01l ion. 

h \l nti 1/ c 11 d t 'cel const nt.' Siree 

he co uc c o~ olution i the r cipr cal o~ its r 6i -

1 = 1 • = I ) 
P 

i c lIed the • p ci ic co \c n 1: con-• 

duct i xpro,s d n r cl.proc .0 8 or ho nd 

th p cit"c co uct nc i press in ho Ie • 
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h uiv lent c nduct nc i h P c io conduct nc 

ot poth tic 1 lutio hich contai 1 • quival t ~ 

t P r c • r si g th cone r ion qui 1 nt 

p r 1000 c • ( hieh .1' r ro i v 1u in 1 nt 

p r lit i:f only 0.00 7 r c nt, n ntir ly n Ii ibl 

t) t t pr 8 on or qui 1 nt con uc nc • 

1\ :: 100 -:: 1000.1 1 ..b 
c c 

he mol r conduct nc is d tin d by n e u tion id nti-

cal ith the ove c pt th t h ooncentr tion is ta n 1 

r 01 /1 00 c • 

Conduct ne of" 01 tion cont nJ. tr 

and alk li io re r d on G 

bri 1 57 820 y Uri 

It h dip t P c 1 ith pI tini d 1 

h c 11 00 t i 1.0 0 th 1 c rod 

y u in rd solution of 

t c i r ir ctly. 'he null 'po·nt i 

d fl ction to th 1 t ndr ding z ro 

. Ie d 1 c ion to t e :ft. 

a 80 v 0 th ure eta. 

con uct 0 t 0 

i. 

11. 

i"i. 

t 

d. 

tr ition It ot .kno n 

lk Ii 'of' dit 

01 tio co t inin bot 

1 1 r ured nd 

. 
--~------------~--~--. 

r nt 

tr 

co p r 

cone 

cone 

ition 

• 

n i tiorl tal io 

i in co ducta c 

nd e Li itt 

• 

• It erif'i 

Cl. he conduc-

by tar 

ro i.e. 

i ti11.d ster 

G n r l1y th 

ntr J.o • 

n 

ta n a 1i 

1 0 c u io 1 r t d n 

d. 
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re us d it} out fur~her purification. toe olutions 

l.kali It re p p d by i 1y 

t n t r d 8 

que dilution to in la • Th 

01 i of' h r p red 8 lutio r th n ~ er i ed by 

conventio thods. T s toe 1ution r then di u-

ted to d con lJtr tion nd e leulat d a ount r 
tr ition t 1 t r di 01 $' olution • 

U lly 25-50 • 0_ olu ion pr p r d. lka1i 

II tal It. olutio d blank i th i truaent 

for reeordin ab orption pectr • 

toe 01 on 0 o. s pr p re in 

138 • of th slt in 250 1. 0 t r in 01 trio • 

I of 25 1. 1'1 

solution 8 add d and then vol e~ o~ 02 stock olution 

a dded to get 0.5, 1, 1.5, 1.7, 1.8, 1. , 2.0, 3.0, 3.5, 

5.0 an 7.5 olution 0 02 i 25 i11ilitr • in lly 

th lutiona ere d'lut d to 2 • in t1 olum 1.ric :tl k • 

The oiu ~ons . ere through 

2 ' our • 

peate t 

h n th 

th 

48 hou 

b 0 ption 

n 

i cd and 1 ft in he d 

ch 

ion. he p ctr • 

art r 96 hour. No 

eh n e in sp ob er d. The spectr re repro uc d 

in Fi • 1 d the itt. th 01 r tinction co-

ficO nt, c lculat 0 on th of coneentr tion of the 

tr nsi ·0 t 1 It, r r ro uc 1. Th con uc-



t nee9 o~ the solutions were also essured atter 24 hours. 

The results are given in Table 1. 

This general achem for p epar tioD of solution anrl 

th spectrophotometric studies were repeated with ever,y sys­

te. The results are ~eproduced on the ~ollowing pages. 
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t a: i( 03 )2 • 6 20 - 0 

c i( 0 )2 • 2° 0.0 

of 2 o t i 7. 

Co • r -
t'on 

3)2 • 
2 

A~ E. 0 2 

( 01 I ( ) 1itr ) (0 -1) (0 -1) (0 -1) 

1. O. 0 700 118 11 117 

2. o. 0 80 3.00 118 0.0 
1 • • 

1.0 3.5 8.0 ",2.8 • .5 

2.00 .0 IJ.8 .0 47.1 • 10 0 .0 

5. 3.00 6 2 .3 118 5.3 8.9 10 .3 

4.0 .7 1 e 30. 33.5 • 1 7 .7 

7. 5.00 5.2 118 23.8 2 • 102 .2 
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also produced. Thus conductenc 8aure ents could only be 

us as supporting e idene for the complex formation in 

th e yet • 

t'h 87 t 

groupe. 

i.v stig ted by us c n b divided into three 

1. $yete 8 hieh ho the form tion of anionic co plex 8. 

2. ~8tems hicn show no evidence o~ the complex fo etian. 

3. ~ste here c tain interaction take pI ce bet een the 

nionio solution and the aetal ions. 

hese yete are di. CUB d in th folIo ing par graphs: 

1. §yete nee of eOffiRlex for stion: 

In the e yete 8 the additi n of aniona to etal co plex 

how a ked shift in the ab orption b d n t' e 

r action in complete. The co plex fo mation is evident by 

th t ct that no more change in 8b8o~ption maxi um occurs. 

S· .i~arly it is observed that the conduct.ance o-r the resulting 

alution is les6 than the conductllnce of the anions add , 
hich indicates the pre nee of' leas than the expected n ber 

of' ion in the oollltion. 

~h following eyste show a change in the ab orption 

apectr of tra ition etai ions in the pr sence of 1 rge 

a ounts of anions . 

1. 3}2 • 6B2O -
2. Co804 • ~O 

3 . Co " . ?H2O 
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4. lii(NOa)2 • 6~O lfaN02 
5. Ri 04 • 6H2O 582S203 

6. Crt 3)3 • 9~O N02 

I~ i eyid nt that nitrite ion int recta with cob It (II) 

nickel (II) and chromium. (III) ions here thio8ulphat 

f r. complex 8 with cobalt (II) and nick ~ (II) ions. Su1-

phite ions interact with only cobalt (IT) ions and indio te 

the forUlJ tlon of complex in solution. rbese syste 8 ar 

discus ed bel • 

i. Interaction of nitrite ions with metal salts: 

The cone ntration of a 8 tur ted solu ion of nitrit ione 

W8 found to b lightly Ie 8 than 8 .61 /litre. Ther fore, 

th eo plex formation t.OOied i the r gul.erly varying 

CODcentr tiona of nitrite ions upto imu 0 7. o . thi 

ion. The change in pectra of transition tal ions occurr 

van at v ry low concentration of nitrite ion. In tho lo-er 

concentrations or nitrite ion. ther is a 1 rge hi~\ in 

absorption b nd of cob 11. (II) (i.e. 510 to 389 ) which 

then ahi.l.ta to higher wav lengthre~ion ith iner 6sing con­

centrations of anions nd attain equilibri po ition at 

408 • tely hen the solution is hoiled and its spec-

trum is t en again, th bend position is ag in hifted to 

3S7 nm. Both the absorption band observed in aquolls NiCNOa)g 

6~O are hitted to lower ~nvelength regions in tbe presence 

of nitrite iOnQ. ~he bands regularly shift to the lower wave­

length regions and rewain constant at 608 end 990 nm. at a 

2.0 cone ntration of a~ions. Further a Ii ht change in tbe 

b nd position of this system ~ere ob rved after boiling the 
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any oth r ion or wat r 01 cuI • So it ia t abl 
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tt v r hi h cone ntr tion (55.5 ) of sol nt pr sent in 
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r bro h ul h r . ere nt udi n th e ap-

1 xi f thi i n th t ul bite i n i u 1 

t o thro h it to. In th nt 

c e ally bond ion thro ulp r 

t • ~ th co rdin t d 
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p ci p olution e 
2-

[ Co(SOa>2 (H20) 1 i n , hieh c uld ive ri to thi petra. 
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11 the above syst lIS do not show any evidence of comp­

lex ror tion aa their pectra re ins the ame even after 

ddition or. aximu concentration ot anion possible unO r 

experimental condition. The extinction eo fficient of the 

b orption bands Iso remained unchanged. It is further 

upported by the t ct tht the conductance of th re ulting 

801utioDB at'ter the addition of anions is always gre ter than 

the concluctsnee of' the solutions containin only anions, 

ho ins no decrease in the number of ions. In these syete 

the compl x :formation of cob It (II), nick 1 (II), eht"omium. (III), 

and copper (II) with sulphate, nitrate nnd sulphite iona were 

studied. 

In 0 t of these tudie s solutions containins high con---c ntrations of anions such as NOn, 504 , or SOa could not be 

ohiev d m iDly due to limited solubilities of th ir alkali 

tal Balts. For the nit~ate ion solution, calcium nitrate 

was used which could provide 12. nitrat.e ion solution but 110 

co plex formation WQ,J observed in t.hese systems. The effect 

of low solubilitioo b ely arrected a ver,y promising ayate 

turated 

solution wa. .found to be only 1 mole/litre. which was not 

sU£:ficient to shi:f't tlle equilibriwa o~ complex ion species to 

the desir d direction. 

!h nitrate ana sulphate ions are very poor coordinating 

gents . hes two io ar pr s nt w 11 belo water in the 

8 etroehe cal series. hi ea that aquo caapI x 

these tal ions are more st ble than nitr to or sulpha to 

re ult. Ul anionic complue of' these 1i ends 
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by displ.aeing water in the coordination sphere of metals such 

ae cobalt. (II), nickel (II). chromium (III) and COP? r (II) 

are not for d. This is evident ~ om th absorption pectra 

and conductance measurem nts G~ thea 8yate • 

etion between the addod anions lld 

Transition eta]. iona: 

In th ~ollowing system the ddition at tr nsition tal 

ion solutions on dif! rent concentrations o~ anions leao to 

some art of re etion. These re ,ctiona occured at roo te.pe­

rature. Due to the inter etian b tween the anions and metal 

ions. measure nt of bsorption ep ctra and conductance could 

not be done ont1l8 tollo ing sy tems: 

1. e \ 3H
2 8£°2 3/2 • 

2 . Fe (iiOa)3 • 9I~O 8NO~ 
L 

3 . CuS04 • 5H2O !teaSOs 

4 . CuSO 4 • 5H2O 1;:~S203 

5 . Cr4<SO .. ·JS (Oa)2 - N8.
2

S2Oa 

In mo t o'f th se systems oxidation r duction reactione 

have oc-cured and thus changed the whole ayete , In t.wo c ases 

where thioaulphate iona wero used for comp1 xation t probably 

daco po ition of thioBulphate occured. 'e shall discus 

ttese sy-ete individually. 

~he solution containin blue nydr ed copper (II) ions 

re decolorized upon the addition of either nitrite or sulphite 
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10 in lar r co c ntration. A r n pr c'pitate 0 fir t 

or i C 0 olutior upon th addition o-r ulphitc iona 

hieh as decoloriz d and diB60lv .(. up on llrth.r incresa . i 

cone ntr tion of' aniona i th Y ttl • 

It i " 11 t nitrit nd ulphit io 

r r duoin nt. 3i il rly copp r (II) c e sily b 

due d to cop r (I) whiCh i colorl 8S du to co pI te~ 

illed 3d orbit 1 • hU8 the d e lor'z ion of the blue 

color of copper (I ) io in h pr sene of nitrit or ul-

phi t is mainly • Th e n prec i itate fir t 

a pe r d at low r eone ntr tion of ulphite io in copper (II) 

ol ution in prob bly due to th ~o tieD a a very in t hI 
2-

co pl :x peei Cu(SOS>2 bieh diat ly iaseeiate to 

( t Q T r c 0 1> 

co p r (II) to co p r (I) bli eans o-f H2SOa or HSOa ion n 

then pr c'p't tioD s C~(SC )2 is 1 tablishcd hod 

for th e t'aation 0 copper in solution. 

en lor e concentration of nitrite 'on wer dd d t 

y 110 rric nitrat , a i orous -e ct"on oceur d ith h 

vo1ution of br n fum • 

ably du to nitrou f 

he viol nt r etio 

F (III) to e (II) and t 

nitr t ion is olution. 

. 
• 

3 .... 
+ Os 7 02 

0 .... °2 

i 

T 1 tion cldish prob-

ainly due to tit due ' on 01': 

~l d co poal. t' on of ni tri te nd 

T,le re etion may be repreclent d 

2 
e + + o 

o l' 
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It ia also well kno n th t erric can 88i be reduced to 

~ rrou ions by r due·n > gent uoh 

c baIt (III) c ate, annotls chlorid • 

n thioeulph t a dd d to 801 ti n of copper (II) 

io ,fir t bl ck pr cipit t a or d in out h 1 an 

hour. he the ixture Wo.3 1 rt or 12 "our3, th b1 c' pre-

c·pit t W 8 0 ne d to whit pr cipit t • Thi is pro ably 

u to tl,y the tor ation f' an un ta 1 CuS20a co pound 

whach comp ith ti e to produc bl ok CuS (cupric u1-

phid ) and 03 ions in olution. The Bulphi ions produced 

it pr cipi t of copp r t tr hion t • 

of r etion i ho n belo": 

h a um d equ nc 

2+ 
eu T ~203 C 2 3 (un t ble) 

Cu c,.0J 
-). C + ~O3 

+ -t-

C~ + SO :3 + ~O -..:r Cu + 0 + II 

+ 
eu ... 2 2°3 + 20 -)0 eu °6 ( it ) ... OH 

+ 
H + on -->- H

2
O 

collo'd 1 dirty hit pr cipit 

ddition 0 thio ulphate ion to a solutio 0 

for d upon th 

ic ohl ic 

ulph t. 4h col~o·dal particles round to b th~t of 

sulph r. In thi y t thio8ulph t n compo d to pro uce 

colloid ulpher and ulpl i te ion. 'h se sulphite iO:l 

produc table chro ( I) ion by reduction of chro iu, (III). 

Th ble ehro i (II) i sin converted to chromil (Ill) 

ith t' • ain co bin d d cumpo ition an 0 i 
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tion reduction. reaction in nature. 

It i r vealed :from t.h 138 studie that anionic complex 8 

ar ~o d at roo temperature by in~reasing th concentration 

of particular \ype of anions in quou solution. The condi­

tion necessary for tho forma ion of coordir~tioll compounds can 

be eummerived os: 

1 . The entering anionic ligand should produce stronger 

crystal field effects as compared to the aquo comp1(!xea i.e. 

the entering ligal~ should be higher in order than water in 

t.he spec trQch<lllical series. 

2. The anionic ligand hould b stable and sho-ld not de­

compos in solution. 

3. The nter~ng ligand shou~d neither oxidize nor reduce 

the metal ion. 

4 . The ligand should not interact with the tran ition mtel 

ions thUG producing any other inter eoiate compounds. 

Ex plea of a11 these conditions have been. furnishod in 

the pr ceding discu sian. 

The ab orption spectra of' these systems have suco ssf"ul1y 

provided infOr etion about the v,eomctry of the complexes ~ord . 

The conductance ea ure nts, althou h not of very nch 

help, ha e leo provided so e evidence ~or the £ormation of 

complexes. 
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. he ~or tion or anionic co pl xes by tt~ inter ction 

of tr nsition metal ions with high concentrations of anionic 

ligands at room temperature ere studied. The tran~ition 

metal iona studied for campl x formation include chromium (III), 

cobalt (II), nickel (II), iron (III) and copper (II) ions 

here aa nitrit , nit~8te, sulphite, ulphate and thio8ulph te 

are the oniona used :for this purpo e. 

he for tioD of complexes 

absorption spectra and conduct 

ion form t bIG complex nion 

as studi d by means of their 

es uremen te. Th ni trite 

ith cobalt (II), nickel (II) 

nd chromium (1 r) nitrat 8. bi i1 rly thioBU phute :on 

for s comple 0 ith cobalt (I" ) and nie 1 (II) h ress 

sulphite ions to coordi t.ion co po nd~ on.y ith nie e1 (II) 

ions. Nitrates and 8ulphates do not ~or, complexes with any 

o~ these tal ions. 

Nit ite ior inter ct and reduc a number o~ et 1 ions 

such as copper (II), and iron (III) to their lower ox'dation 

state species. Simil rly aopp r (II) is also reduced by ul­

phi te ions under these cond i tiona. Thiosulph te ion is da­

co posed to give sulpher nd sulphite ions and then r OUC 

the metul ions ouch as cooper (II) nd chro ium (III) present 

in the solution. 

In rlost of the'e studi a, the absorption bands of aq ou 

transition III tal ion3 are shift n t rd high r or IOler 
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• len re io • Int nsity of th ab orption band is 

0 th sy • 0 t th 

tudie , th 1 ions r_ o,;>;JUlll d to in oct edr 1 

nt ar 8 roun th '- 1 h i 

for t lik (I ) nd nie 1 (II) n L is or 
-

anio I' e 2 n °3 · 0 rtain cs ea ix.d eo pI xe 
2-

or th typ tTi{ 3)2 (~O)2 1 r a1.so re pon ibl for 

8 ob bsorption pectr • 

The co ductanc eu urements have in icated the form -

tion 0 c plex ions thuG decreasing the num cr o~ iona in 

elution. Th conducto etric evidenc i just a aupporti 

vidence to the pectrophoto tric udie • 
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