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ABSTRACT 

. ~-':-: . 

The synthesis of '~otalt (II!) complexes using CoCI26HZO, CoS, 

CoS04.7H2Ci and 4,4·-bipyriJilH" in the p'esence of chlorine gas as an 

oxidizing a.gent have been studied. 

The t>lemental an'3.1ysis .. IP. spectl"~ and otlier Sf>8ctl'ophotometl'i<: 

analysis revealed the products as [Co(tipy)Cl:;l ottained from CoC12.6H20 as 

well as CoS, '3.nd [(:o{bipy)ZCI (5°4) I synthesized from (:0504.7HZO. 

The reaction behaviour of [Co(l>ipy)Cl"j I with different '~mjnes have 

teen studied, 8.n.1 no condusive results li'~ve been att'3.ined on the tasis of 

{Co(pY)qC1Z)Cl 'W';3.S tre.b.I:.?j 1\{i1[1 4 .. 4-·"bipYTi(jine in :3.n attempt to 

2ynthe~i2e. mixe,.j lig;~.n,j (:effi;:'!~X Gf Co ":III) (~ont;3.ining 4 .. 4··-t,iPY!'i<line :3.n,:j 

The deterffilIle j ,~.nd the: 

substance ~fas found to be superconductor, based on Edc (permeability of the 

·l't: 
I ~ , , 



1, INTRODUCTION 
,";-.-

The <;hemistI'Y ot polym8t'i08 lr;~n;;it.ion men! <:omplexes is in its 

infancy, The ,;oordin8.tion chemistry of 2,2'-tipyridine has teen 

extensiv'el;l studie.:j~ yet the ligand f:.1'Opel'tie;:~ of the isomeric 4 .. 4'-

bipyridine molecule have not teen well studied. The first transition metal-

reported ;3. (:omple!{ h,j .... ling: the st!jt(:hiomet.!'l(: f:ji'ffiUl;j. Ag(CIOHaH2}(HO-)) 

benzoate. A~: B. potential lig:;j..nd~ 4~4'-bi~:'Yl'idin8 seemed p;3J'ti(:ularl"'l 

(:cll)r,j~n;3.tl:)n of the rdtrogen .:i.toms to t'{\{(I different metal ions.: i.e ... it 

Coordination compounds of the f,olynuc1e8.1' a.mines are more statle 

.', 
than (:offipounds of the ffiononu.;::lea.r 11la.n,js.) The b1·je.ntate polynuc::lear 

amilles coordinate very strongly with metal in solvents, The increase in 

Iigawj molecules, V,lith metal ion insulate,j from the solvent .. the intel'8.dion 

is no longer an ion dipc1le inte1';3..:::tion t.e:tv.;een Sc:l'18nt and the met3.1 ion .. 

1>ut rather an interaction 1>etween the solvent 8.nd the coordinated amine 

\,', '-:; ;-.. ,. 
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1.1. Infrared and far Iilfrared Studies of Monomeric and 

Polymeric .,Base' Adducu ot }l,hthaloeyaninaMt0)%.!~~~,~mO~"i;>' 

Metal (I I) Complexes. 

Complexes of monodentate base molecules (e.g. pyridine, substituted 

PYl'idines and alipli8.ti<:: ,~mi!ies) with tl"~!isitio!i metal phth8.!ocyanines 

h'''.ve been studied by seYer,,,.! gl'oups. The (,orresponding data fo!' Udell tate 

IE ;3.nd far IE sf;.;j(:tros(:opy turned out to be u:.::eful tools for dist1Ilguishing 

L L 

r±J L-h G-L-[3 I L 
1 2 3 0 2 -

= p c 

-EJ-Lf]~f]-L-

fig. I. Monomeri<:, dimel'k '''.nd pol;rmel'k phth8.!oci8.ninato tr8.nsition 

. . ~ ~ 

metal deri",l8.ti"'les (Il,l!::: C(i~ Fe.: L::: }:'YT;j.zine .. 4 .. 'i O"-tipYTidine).)-l 

In the (:;j.se of 4 .. 4·--bipyridine .. mO'!".todetlt.;j.te terminal or bident,j.te 

bridging base molecules were distinguished by the sensitiyity of in-plane 
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pyridine and Vil'i,jine-d5 (:omplexes, The intensity of the D;3.ndi; at 1:l89(:m- 1 

for .~fllX1I\et!~\:'.4' -l>ii>'Yddirie.~o~t>,~t:lxei~ftn~l>les .~,,·~hmti,i;J~hgth 

monomel'ic compounds, Infral'ed absol'ptions in the t'ange of 1065 - 1130 

are assigned to 

f,lith;;loq'8.ninato moiety, whkh are (;aused by comr1ex form8.tion,4 

The monomeri<: .jeri~l;3.ti·les P(:],I(bipy)Z give ri:.e to neT-l b;:tnds ;~.t i:iOO .. 

1070,. 1215._ 1402~ 148J and 1~,89 (~m-l. These abso1':t::<tions :3.1'e (>3.used by t.he 

ligand anD ;:t.gree Wit~{l the bands exhibited t:.;l the fl:'ee bip;lt'idine.8 

The most f,redomin8.n t spe·:::tt'B.1 d1ftere1l(:e o'[:,ser'>led for the 

monomeri( (om pounds (:ont;3.ining unidentate termin;:d 4,4'-bip"yTidine 

The bands around 1215 and 1585 cm- I are 8.1S0 present in the pyridine 

comf>al'ison with the spectra of' the corresponding d)-pyridine complexes 

to the iH-f,18.ne C-H bendin~? "':libl':3.tiotl .. ;j.nd rhe !'in.~~': v·ibt';3.tion l'e2""'.pe(:tlveiy .. 

Con si,jering no n- b l'idging 4.4' - bip ;tl'idine 8.S ;3. coordi nated pyridine 

bipyridine (:omplexes. The absorption at 1402 cm- I is obviously related to 

the hi-s-p"yridyl-stru(:ture of the li;~a.nd. be-::a.u5'f: thert' is' no ·.jirec::t ;j.!1:3.11)g:l" 

ill the spectra of the pyridine compounds.S 

pyl'idyl-units are c. l'angfd in one pla~ (,,~ Y, tel' of 
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symmetry v;~nishes, ,ihen the j>Yl'idyl planes .3.l'e tilted 01' 4.4' -t,iVl'ridine 

acts as a m onoderi'~rt"\;rgand; In conseq'uen¢e:rl·h~;~\11t\"Jji~~:~J~i~i~l~etlr?'i'i" 

dimeric 01' polymeric compounds, if one assumes a cop1anat' ar!'angement of 

the p';'l'idyl groups. 

A dl8.racteristic spe,;tre.l (:lie.age in the 700 - 800 (.m- I region 

p;=t1';3.11els the polyme.riz8.tion. The 1ig;S".nd out - of - pia.tie. C-H Do.je in the 

Sr·8ctra. of the monomeric (:0D11>ou:nd;; de(:re;j:.ge~ in intensity ;j.11d shifts to 

3.!l·j bi·jentate b:j.se mole<:ules fu;j,"'l t,e expl;3.ine<~ t,:! the ,:jifTe~'en~ bon·jing: 

'lj/e;9.kel' b;~ses than PYTidine ;~nd its substituted deriv8.ti"',re;:~ .. -If-t.;~(:k bonding 

F!:~·. 2. SY'ffiffietr'l (;on~id~r:3tions blde.nt:jte 4 4"-bip;i'1'i,jine 
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1.2 Objectives of the Present Work 

bipy-ridine. 

2. To study the ph";lSl{:aJ 8.nd (:hemi(:;j.1 beh;3.vl0lJ1' of the .:::omplex. 

(:ha.pt81' .. ch;:q>ter 2 dea.1s lIlith ;j re';lie>:<l on (:obalt amine (:offi'plexes~ 'V'/hile 

respecti vel ~l. 
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2. LITERATURE SURVEY 

The (:omplex <=offi:p(lUnds ':;.f (,)b:3.11 (III) ;31'e numerous ;3.n·:j st;3.ble :3.nd 

have played an important role in the development of coordination 

Vil'tU8.11:l ;,,1101' these 1'1;3.\1'8 the O(:t'3.he{jl';3.1 strl.Kture. 9 They undergo 

therefore teen extensive.ly ~~1.vEe(:!. Thus .. ;3. large ;3.ffiount of tinet1<: dB.t;3. h;3.$ 

been gi "len in the 1i ter;:tture en :imple. ;substi tt.:tion rea<:tiotls under various 

2.1. Preparation of Iriv3.1ent Cobal; CO:llil'leIeS vith 2.2'·· 

bipyri<line (bipy). 

2.1.1. [C . .)(biPY)2X21f' '. 

Con trolled Oxidative Processes 

... '" -
1. ',_ .::.. 

• '.._. ';7- :: 
,; ~ ;..- ~~ 

,,~ - -,-

oxid8.tion of di:"l;3.1ent (:Ob;3.1t (:cmplexes ~/ith h:rdrogen r·eroxide or oxygen. 

(e.g., fot' X- = 1- ), and the 1'8.:cction ,lith oxygen or hydrogen peroxide as 

A study of complexes of the general t'fpe [Co(bipy)ZXZ has shown ~th8.t 

,n be used as stal'tin\; mateda! for the 1: oat'· , i responding 
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'Vlhere an used~ the 

complex is formed in one step '!iithout ;3.!lY' formation of interme<li8.tes12 

. Bis-Halogeno COtrtRlexes - The studies on ICo(bi~Y)2C12)Cl have 

shown that this complex undergoes extremely raf'id hydrolysis in aqueous 

solution. However, the solutions in alcohol are much more statle than the 

8.queous solutions 11 

-",\'.J::-~_>;,.r __ ,_. 

The general metho<l for the prep8.ralion of tis-halcJgeno complexes of 

the type (Co(bipy)ZXZ]+ makes use of the fact that the solubility of the 

(:ot'l'esponding dh:'8.1ent (:omplexes in ;jJeohol is 1';j:.ther high and that the 

divalent complex undergoes em lmmedi8.te 8n-:1 dean oxid8.tion with Ihe 

(:ot't'espon<Jing h;;.1ogetl. The resulting: trivalent (:om~)lex .. being mu(:h less 

soluble than the n;3.l'ting material. Sep;3.l'B.tes from solution. In this way the 

Bi';-Nitro C<)rnpl~x -The origin;3! p'ep8.1';3.tion of (Co(bipy)Z(NOZ)Z]Cl 

was~,asedoll the substitution of chlod<le ions in the (Co(biPY)2CI2] + by 
:-,-- ; - ,,',' - - , 'i -'~~::.>l:'- :.),-:_~, ,,-_+';'-/c :-" _'e>.>·'·-f~- -~', _.,,::,,(: ,.;~---~'-'-)i?t})i< _ 

nitrite ions)7 

The <livaletl(, cob8.1\ complex [Co(bipy)ZUI02}z] undergoes a yeryeasy 

oxid8.tion. The oxidation by B.ir le;3.ds to 1';:.thel' (Om.,1i<::8.ted Pl'o·:ju(:(slO 

The. complex cation [Co (bip y )z(N 0z )Z]+, unlike the cOl'l'espon<ling bis-
'-.-"- .. 

h;3.1o~:eno (:8.tions .. is r8.ther si.B.ble in :3_queous solutions 3.nd undergoes only 
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2.2. Complexes of 4,4' -Bip¥ridine. 

Pyridine Complexes. 

While 1l~~~';'6UShalOgell complexes of ;i~~le h;~~~'oCYC1iC amilles 

have teen studied in the past very little attention has teen paid to the 

complexes of pol yn udear hett'ocyc1es. A study of the 2.2'- tipYl'idine-iodine 

h;:>.1iJe ,;omplexes gave some indications that the positive iodine may te 

(:oordinated to two nitrogen atoflls of the bipyridine with the fllole<cule 

being 3rranged in tl'le (:ls (:onfigur8.tion .13 Since su(:h 8..n arrangemen t is 

obviously impossible in the ,~ase of 4.4··-bipyridine .. it was of interest to 

study the properties of the corresponJing halogen cOfllplexes l4 

Ii tel';3.\U1'8. The 1'V/C< fllost pertin8n t 1'epoI't: descl'ibe the fOl'fllation of 

(:offirlexes vli til arsenic tri t'l'omide and si1 vel' tii tt'ate. 20 In bOtll cases 

with 8. possi ble structure being 

;3.nd .. NO, -
.J 

+ + + 
Ag -NCSH4-C,:)H4N-Ag -NCSH4-C,;,H4N-;I,g 

Halogen complexes of 4.4' -tipyridine were found to 1>e insoluble in 
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",ompoun·js in the ultraviolet - visible spedral regions could not be 

in 'order to elucidate their structures. In vie'lt of the fact th8.t it was 

suitable o'ystals (,ould not be obtained fol' the single (:rystal X- ray work on 

the stl'uctures of the solids 1'3 

It seems th8.1 this insolubility can be 6.n indication of the polymeric 

bipyridine ,,0mf>lex one may '!"trite the following structure for the iodine 

mono"hlol'ide complex. 

IC12 

L·= (4,4' -bi pyrid ine ) 

It should be remembered tlE,t (,ompounds ,/here f'ositive iodine has a 

If the 4,4'-tipyridine.2ICl complex is polymel'ic, one would exped it 

to be somewhat less prone to decomposition than the monomer. In this 

respect, we hq.ve seen that .the above complex l!lelts with decomposition 
, . . - -.'.".: ,,-,".,;, -"-"-.-.:«-' ~>f_", ---j,--_~, 

, 

~'.i:' (', 1 j'tful(:, sinCe 1:' 
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4,4'-bipy.2ICl gave excellent pellets .. in<1i.;:ating a higher stability for the 

f0~;~;;~i~r~hei;(;()1ii~tUW4a.~: 

The infrared studies we!'e undertaken in the hope that they might 

yield some information about the structure of the complexes, particularly 

th;3.t of the 4,4"-bipyridine-ICI Gomr-,lex. Infr8.red spe,~tra of pyri<:line, 2,2'-

bipYl'i<1ine and 4 .. 4'-bipyridine were o1>t8..ined i'n the region ft'om 300 to <1000 

cm- I These were (compared with the spedra of the complexes with iodine 

monoGhloride and with silver ion in the S3.me spectral l';'l.nge. The 

comp;'l.1'1s0ns showed the usu;3.1 rem;~rl;;3.ble ch;~nges in the 8.1'pe8.!';~n':;e of 

the Spe<:l!':3. of pyridines ,rhi(:h ,"lould be expeded from the earlier studies 

in pyridine (:omf;lexes. 16- 18 

the spectra 801'6 m ucll more complicated and the changes on complexing at'e 
,."0- , .~:.~ - >/"> --;,~:< .~:'\: :,.-. - _:_ ". . -':,':~:{,<.:"-:: f~'!tYX{j'":<X";·/~~-~1!.~ :::'4A~~':"': ~';-~;~~:';~~'-__ -:i:~"--::#.-!2'> __ (. f/§.-'_~ _ 

E:';len harder to interpret. The1'e aTe .. h01A'e"',rer .. some i~athet' sut'~;ri~ini 

changes in the S1'e<:l1'8. of the bipyl'idine '1thicll dese1'Ye some disGussion. 

The stret<;liing 8.t 404 em -1 in free pyri'line, T1liic:h is out-of-plane 

skeletal bending vi bt'ation shows a characteristic shift to higher 

frequendes in VfrHine ;3nd in 2,2'-bipyl'idine (;omplexes. Ho,"'ever, in free 

1)1: 
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vel'y def,enden Ion complex formation in lhe other compounds.13 

formation appear;; to be similar in pyridine 8.nd 't1'-bipyl'idine but 

anomalous In the 2X-t>ipyri<lIne complexes. The possiMHty of chelate 

formation in complexes vith latter amine results in some differences in its 

behaviour. The other band which seems to indicate such a diffel'ence is the 

skeletal stretching made ;;.t 1420 cm -I , in 2 .. 2' -bipyridine. The analogous 

frequencies in the other >;.mines seem to rem8.in relatively constant as 

'complexation o(;(;urs; iii the 2,2'-bif'yTidine, this band apparently moves 

upward by some 50 em -1. 

The bipyl'idines sho\'r ;;.Iso quite large dUlnges in the region around 

(oomplexity of this region. There does not appeal' to be any simple 

intensity changes' I'esulting from the charge·t'edistri~ution;;o.ncompl~)(:o .. 

form8.Han.1 J 

ltV{,O\.l14. appear that the. changes in spectl'a, while profoundly 
. c>:-', .' c:---.; • ':->:--'~- . <;:-~;<'" -~., ,,-. ;.,-,." '-, -;_:--(c-. ~-/,:·[-~~f':Vf:~~:~~"i~~,t\~~~f~1\{:}\;~~:~ty~~~< .. ~4'~~~~~~~;~~~bf;:;' 

;;.ffe(:ti ng: the a.ppe;;.I';;.IHoe of the sl'·ectl'um, result mostl y from changes in . 

the relative intensities of vibrations. The changes in fl'eq1.len"y >;.ppear to 

be of the order of 5'1.,1'01' largel' observed dlanges. Changes of this sm;~!! 

magnitude are to be expected only if the formation of the complex does not 

1';;.<11<>;.11'1 d18.nge the (ohemk8.1 bonding in the donal' mole'~l.Ile. The spectra 
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2.2.2. Preparation and Characterization of Divalent. Cobalt, Nickel, Zinc., 

Molecular cond1.Kto'lnce, magnetic susceptibility, electronic and IR 

'81>6<:11'al measurements up 10 200 cm- 1 have.l>een· re~(>r<led,.:-Jpry'';t4e 

complexes isolated in the solid state in order to elucidate the mode of metal-

nitrate bonding and the tentative stereochemistry of the complexes l9 

'L4'-bipyridine formed 2:1 complexes ,rith ,;obalt ;3.nd nickel nit!'8.tes 

but 1:1 ,lith zinc,gadro.ium and silvel' nitrates. All these complexes (except 

that of silver) are fairly soluble in dimethyl formamide. Molal' 

(:ondu(:tivities of 10-3 M solutions demonstrate that these (:omplexes teha'v"e 

8.S strong electrolytes in this solvent 20 

IR si,edr8. of the metB.! nitr;:..te (.omplexes studied here indicate th8.t 

both the nitrogens of 4A'-hipyl'idine are bonded to metal ions and that the 

hi pyridine is bridged between t'V/o met:3.1 ions. The sterle pOSition of , 

nitrogen atoms in 4/1'-bipyridine precludes chela,tJon", .~I.ft. favors 

(:ool'din;j.tion to different m.etal ions,. thus leading: to l:,olymer (:h;3.in 

formation. 
',: .':'" .:", -"~~;:\\~!J1;~~-;{ff~~;:~~'-'.::VJf~.;:,t.o;.,,< :,,"< .,', 

Elec\t'onk spedrum of the hrovrfl 1:2 cobe.1t-nitrate 4,4'-bipYl'ldine 

'~omplex shovrs absorption be.nlls at 3390, 192;:0, 203;:0 <;m -1 and a shoulder 

respectively. These features are characteristic of divalent cobalt ion in 
. / ·i·;f·~if~~{'·' ' 

wea.k o{.tahedral field and ruled out a tetrahedrB.1 environment vrhich 1i1ould 

show li!'!)'1,IS;1l.~trongel' .6.b~,ol'ptiol).,ill ,the, HOOO - 16000clll- I regioll. The 
'. ·'C,~ '!"<: ::--:'" :" .. ,;.;~!;.,,""., ',': '. 'f ',' '.,.' "':' "";':' ,':}'): (> ., .. ."::.y:" .. ~,;;(;;;",,;:,~_,o .. ,-,.!_~.:~:::,.~,;:/;~/>.",",;.',,,,,",:,,,",,,,_:" ,"':i~":(?5;"1,;.~:;;::'iff~;":);i.f;;'i~};~;.1A¥t"/;'~ :"~'"fl~'S,,\:"" J.:,o;~:.":., " 

~l·"-Jl11,jf'!' 8:t ????f! ('m- 1 ~,~ <"',!'nt~at)l'l;~ (:n!·jo!'p. .... nlf'!·j('P. n!" ~l)l'!'j - rt!'t,!'t (:nll<,ll·!·j:.. .. .. l • -' _., '-' '-'.......... _" J. ~ Y • _. ,_. _ _ v _ "-1 _ - -' - • .. .. _ _ - - 1- .::. 

in ,,4T 1 (P)' ,.., - 'g .. " 
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4. 
------> A. 

sin(:e the 4A"7<1 state is derived from a 
..... =::; . 

I.ransition ShOlll;] O(;(;Ur at a 

'3 4 
t. 2g 8 g configuration while 

4·,tf*~":",,f";;:,;,':jx";4 , .... ;; , 
T'" (F) ----:..-> A transition 

19 2g 

is essentially a two electron pl'o(:ess and hence should be weaker than the 

other transitions, This 'Ii'eakness combined with the proximity of the 

4T (n ______ >4 T (p) transition results in the4T (F) ______ ,4.'\, 
19 ,.",.Jg, .. ,;, ,.,·y,J"lg 2g 

tl'.,'ltHition unobserved, from the Tan6,be - Sugano diagrams 1'01' a d7 case one 

'rfould predict three pe.~ks in 0(:t6,hedI'6.1 divalent <~obalt compounds ,{fhere 

" 4 , '.-;!,li"j'T \'r._, ',I 1'1 1 tl. ... tit ... "'"""6_ < energy- 8 T"e 'S (~ross ea.(:!1 I] .iler g1"l1ng fl;;e i) on y T</O 
zg 1 g . 

peaks, 

The electronk ;;peGtI"9,j '9,nd magnetk sus(:eptibility measurements of 

pseudo-o(;\ahedr.~l en vironmen Is .~round the. metal atoms, 

In addition to the lig.j,nd at·sorp1ion b'~lids (modified slightly on 

account of coordination) IR spectra of both these ·~omplexes show 

a,bSol'ption bandsaFabouU 41 0)131 0, 1010, 790;,735 ah<F;11di;;~fiPI;1;~(Jue' tif" ;'. 

(:001' di 112. te.,j ni t r;:r.to grc.l ur'~. 21." 22 COils1 de.t'&tioH of ffi;3.gn 8t1(: m om en t;:::"" 

electroni(: spectral and the IR bands due to coordinated nih'8.to gt'oUpS 

suggests that the 1:2 coba.lt a,nd nickel nitrate - 4,4' - bipyridine complexes 

al'e polymeric pseudo - octahedral structut'es' with"thli'frlMala.toms 

::;:ut'rounded bV fOUl' nitrogen atom8 (from bl'l;jging 'L4""-bip:lridine 

molecules) and t W6;d£ygeils'(frgri;t;:;;;;te;:;JTr:~11~t'6;:;~ta'~W?:~V~;"i?~ifi~~~'t'iK~'"v\;;; 
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strud.ur" 1: M = Co or Ni 

L = 4,4' -blpyridin" 

IR spe(;t!'um of tlie 1:1 silver nitl'ate - 'L4"-bipyri<line (:omplex ~ho,IS :3. 

stt'ong absorption band at 1365 (,m- I and medium intensity bands at:332 and 

710 (:ffi~l . {:h;~r;3.(:te1'isti(: of ioni.:.:: nitra.te in the complex. furthermore .. IR 

spectrum of this complex exhibits ohly ohe bandof'very weak intensity at' 

presence of ioni<; nitrate with bidentate bridging 4,4'-bipyddineandionic. '. 
-.~-_.~-~_ ,0',_ ·jx .... . ", ,-,._~_-- .;-. '.-. . ".-,/"",--;.i"' ::.--.< .-:' -'-""\("':':-:~;;';"~'f-i-:;-:-:\~:<~-:~'» ·'/'·-·_"~(.(";_,;:_'h·"~!/;"j,:~"f':-<':';i-\·-{4-::-! 

nitrate. The 1:l silver nitl':3.le - 4 .. 4··-bi}>,>'l'idine (;om)}lex 'li"8.S suggested to 

hs.ve a two - cool'<lin8.te linear polymeriG <:!lain stru<;tul'e simi/at' to the 1:1 

silver nil!'::.te - pyn.zine (:ampler. ,/hLh has been show!"! by X - ray 

structural studies to consist of ( -Ag-ligand-Ag- )x <:hains ~/ith nitrate ions 
.',;. . , . 

linking the polymer (;ha.in.20.2"3 

'dB) '.'~, 
I 
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groups. '!.Iith biJentate bridging 4,4'-bipyJ'idine IDole(:ules and bidentate 

complexes are 8.ssigned t() have six-<~oordin8.ted polymeric octahedral 

envit'onmenls of t~il~ltt'ogen atolns (of bt'idglng 1>Ipyt'idhie) an<:l four :, 

oxygen atoms (froID two bidentate chelating nitrato groups) around the 

metal atoIDS. 21,22 (structure II ) 

structure II: M = Zn or Cd " 

ZnL(N(hh . 
• J "'-

, . , - . ,~_ ',", ,-'co 

.3. 4.4' -bipyridyl C()mplexe w'ith CoO 1) acetates 

CoL2(OAc)2 (L = 4.4'-bipyridyl), "ffaS pl'ep8.red in the 

solid state and chal'a(:t8I'ized on the basis of their IDagnetic susceptibilities, 

electronic :3.n,j IP 3f,e(:tral mea.sureIDents 24 

1 i -., . 
. 'l·jwano1. 
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formation. 25 

COb8.ItOI} Complexes - CobaltOI}acet8.te forms 1:1 complex with 

4.4'-bipyridine onl'l. It showed m8.gnelk moment value of 4.70 B.M 

indkative of o(:t8.liedral ,;oordination. H. electronic spectrum shows tTiO 

main bands at 10260 and 210~)O (:m- I with shoulders on either side. These 

. . 4T ·) b".nds 8.re assig:ned to the lr8.n$1\lOns (f 
Ig: 

4T 'y' 4T \ ) ------> 
19 19 

IP) 11'3), respectively, characteristic of a weak 

'K(".he<1r8.1 field around .:;ob".1t(II). EleOronk :'.nd IR spe';;(1"8.1 'hH8. of (he 1:1 

':'01 ymerj(: odahe.<lral structure where foul' oxygen ,atoms from the n/C, 

. , .~;-. -'! ,~,.>. ':'- -,' . " .»'./'-! 

8.cetate groups (trans to each other) au<l t'liTO nitrogen atoms from the 

bri<lging 4 .. 4·-bipyridine mole';l.Iles arOl!n<l the Co(1I) ions in the solid 

state.26 

2.2.4. Complexes of 4.4/ -bipyridyl with Transition Halides. 

All the complexes 'iI/hkh 'l"lere formed betT1een 4,4'-bipyJ"idine and the 

halides of the.heav~er 15t row t1'an5itio~. elemenl5. V.ere J50Iated.!iLl:l 
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1 i:i 

Table I. .::~~, ,~~;!~" 

o-te~rahedral complexes of Co';: I I;'. 
,"~ 

Reflectance spe'~tra. {kK;''' of the iso~te.j .~omp~~e):es .27 
;;;, '),~"c.:'/ 

Charge transfer 
/. 4 ':t.\ T ' '. "' ....... ___ > I,p' 

2 l' , 

18'.4 s.: 17.6.: 15.2; 38.6 br; 32.8 br 

--:,1" /.jf. 
':tA :,{._,':tT (f) 

2 ':~r)~v 1 ~ . 
",:~t:' 
::!;3.4 s.: 5.7 s 

.' ... ;. 

.'~" 

3 ~· 5 •.•.. <>" .• br 1~ 1 ,. 1· '0' . ..... v ... ~ :.)c" . .-ol ':=i. ::::" J . .:...,. :8.48; 5.8 s 
'i,~': 

36.4 br; 30.2 tr. 25.6 sh 14.a s.: 14.2 8h; '7' ., -. '\ 6-' ":" .V ';:', ,." <;.~ 

edra! complexes of Ni (I n. ,:< 

Ch8.rge transfer '':j 'T {.,....·'I(·V-::::··I ... 6. --.~ \.1:".', '..J,' ....... .,,=-, 1 g 
.:;..:=-

" " . A
2g 

---:. T 1~('V 2) '3 .'. '3 .-,._. --). T { 
.:::.g 2g" 

\ 
.' 

'J., ., 
... I. I 23.2 br 1;:.3 s a.5 

" 

-bipy) 35.8; 32.4 t:>r. 22.58h 13.3s 
;:. 

~ 9s' t:').2 I'. : ~ ¥ 

36.4 t:>r; 28.3 2').2 11.1 m 7.3.m 

ra! complexes Qf CuO n. 

Charge transfer 
'7' 2. -E ---> r 

g 2~~ 

37.5 br; 31.9 sh 12.6 ... ,rs 

-bipy) -;:6.8 br; 2:::.4 bt'; 24;: :co. 13.2 vs. " kK=kilQKayser, 1 1:K=1000 <:r--- l 
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.'. 20 ;:';:', 
.. :',: 

':~ 

Table II. 
:", 

" ,::~, 

Diffuse Reflecta.n,~e Spectra. (in KK ulli ts;' of Some 4 .. 'i' -bip'yri',Hne Complexes .2;:: 

) (H20)4 ](S04] 

cha!'ge tr;3.flsfer 
"- 4. . 
~T --> T (p) 

Ig 19 

4:,.4.> '3~'.;, br 20.5 sh, 1e.7 

,,-0 I '-,0 ,-, br -,c, Q 1-' 0 I~ 5 -I' -.r) .. ' ).).0 ~ i.. .... ',... 0.),> ,'. ~ 1 

';',' 

Wt 

:'C 4 " 
4, ..• f l ,:,·--> ":-'2g 

'.;- -. 
',~,~ 16.3 sh 

;!' 

, 
'0 

4 '" 

4T __ , 
1 p' 

~. 

:3,8 

:3.8 
>, 

.:r :=. 

(;lH,!'ge tra.nsfer E --> T 
g 2g 

py) (H20)4 ](S04](HZO) 4; .. :': br~ :':7.;1~ '3;1,:::,.27.0 8h 
j" 

1'3.9~ 9.8 s11 

(:harge ~ratlsfer " I'" \ __ >'3 T ;)!:.. ~.L.' (,lg J. .I. '~'';,o' " 

"'~ 

':' " '=; 
'. (' 'T ,', ~ . ... ""'.i...... ,F }--> '~E) 

tog ",' 1 g 

~r, '3 
'3 A rH--> T?g 

J. 2g ' . . :;' ~ 

ipy)(H20)4 ](S04] 46.0 br~ '37.4 tor 26.1 1~, .4 9.;2 
;:. 

[Ni(""t'S)".{4-bi"")Z](H·.,O)-o ...... :, . .::. " It ~ .::..;:;. 44.5., -;:7.61>1' 29.2 sh 16.4 10.0 t,r 

'34.6 hr._ 29.2 sh 
." .', 
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L = 4 .. 4' -))ipyridine 

fig. '3. Structure of the Polycationic Com~lex (Au(bi~y) j+ 

This com~ound is colourless '3.nO not condu,;ting. This indicates that 

The 'Stru(:tUl'e of a O.n8 - dimensional org;s.nl,.:: (:(lndu(:tor is $'\atilized 

0';tal1e<1I'8.1ly ,;ool'dinated central atom in its equatorial ~lane)I,32 

2.4 Coordinatiofi Compounds of Lanthanide Nitrates and Chlorideg 

vith 4,4' -Dipl'ridine. 

Mis 1'01' elements from lanthanide series, and X = 2,,},'\ or 5. The ~re~aration 

The room temf>el"3.tUt'e m3.gneti<; moments 3.re found to be ne'3.r the 

theoretical values for the tripositive lanthanide ions, indicating that tliere 

f ---) f' electronic transition.3'3 

\ 
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of v,ater. The spedra of the (:hlorides are similar to those of the jSt . 

. t,t'~!!.t,!ge;~;~l~J¥~,t~i;~~~tlI;f~tlt'.;Jgand~.~rf~~1~;P'~~lf'\W'~'~~~tU¥_J~¥~ 
h;3.S been suggested. On the other hand in tile <;a.se of tile nitrates the 

spectt'a are similar to tllose of the u'ansition elements with 2X-l>ipyridyl. 

Bands for (:oordinated nitrate gl'OUf:'s are present .. t,ut no bands around 13BO 

La{N(1)'j (2 .. 2'-biPY)2 has sho'l)tIl tlla.t the <;oQrdinMion llumber of the met:3.l 

is ten with ea.ch of the t1lt'ee nitr8.te groups t,eing Hdentate. The other foul' 

pOSitions in the "omplex "el'e o(:(:upied hy the two bidentate 2,2'-bipyridyl 

molecules. 4~4~ -bipYl'idyl in its (:DwplexB3 {:8.t1 not 8.<?t 8.S ,j:, bidentate 

chela.ting tig;3.nd for geometri<;ii.1 re;3.Sons. Thus, the two molecules of water 

;:tre required to be (:oot'(jin;3.te.j to the ffiBHd to (:omplete the {:oordin8.tiofl 

til8 (:ompound did rIot stif.i' { to lose Y"leight until i 70 0e. The loss of the 

coordination water in Nd(NO,)--::(4-bipy).(H?Oh 'I)(iiS <Kcomp;:;.!1ied bv :2:enel'a.1 - " .- ...... ... ' -

{je:::offiposi~ion of' the (::Jmplex. In the (:aSB of ~~l'l1orides~ it seems likely th3.t 

the (:ompounds have a polymeric structure, contjl.ining t>ridgingchlot'ide 
• • ,;'c'- • -'-: -. ,'. ", 

2 .S. Miscellaneous Cobalt Complexes vith Bidentate Bridging 

Groups. 

s.110~/n th;j,t in the'S-e '-::offlpoun.;j;; ths .;:!:8t.,~1 ;~{ ')m;-' -:tt'e o{:t;3h~:dr:'i{.11y , . 

:" ,. ~tt~-1F~:: 'j ~,::iili the' 
eith~r by bl'idgi'ng

C of ,," \ 
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halogen atoms, leaving the .pyt'azine groups uniden te,te .. structure (I I I ;3.)~ 

L = pyra,zine 

Structure III !i Structure I II b 

On the t;3.cis of ;,. mid-IR spe(:tr:3.1 ·~rite!'ion for the unidentidty of 

pyrazine. structure (Ill :3.), analogous to that found for ():- CoCI2(PY)2 .' wac 

preferre,j. 

In view of the octahedral coordination of the metala.toms, the 

hB.1oge!:c atoms must be in terminal 1)ositions. A number of geom8t:'i(:;3.1 

al'rangemen ts may be suggested, on the basis, of T/hich the regular sheet 
. -.\ 

structure (III b) is the most symmetric;,.!. It is de8.r that the spe(:t!'a of 

these complexes are very different to those know'n to have halogen bddged 

o<;tahedr:3.l stl'1.I(:t1.ll'eo. as in strl.loure (Ill :3.»)8 

The comparison made on electronic spenra of MX2(Pyz)Z compounds, 

"'Ylith the $P8(:1.1';3. of corresponding: X- bridged 1'.'C{2(Py)Z series .. led to the 

) -.'-: 
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CoC12(PYZ)2 has octahedral f,olymerio:: sheet stnKtUl'e based on single 

. ct'#till, l{iriX1,~~,,\£tt\f~tJ9,J}c,S,tl!~i,~*:,J~~~~1~!f~t~lll~Id~ri('J4ii~tfjjJ~l" ?'8~Wi\, 

by bidentate pyt'azine groups. The sheets alternate so that the col>!l.n atoms 

in one sheet lie vertically atoye and below the centers of the squares 

forme,j by the ,;o1>alt atoms of the adjacent sheets. Two d'dorine atoms 

complete the oct8.hedral .;;onfiguration of e8.dl ,;ot,~lt atom. The pyn.zine 

rings are tilted ,~tout the N-N axes at angle of 44.40 to tlle plane of the 

(:obalt atoms .. so that there are two orientations possible for each pyrazine 

identi<:8.1 orientation round 8.11 the (:oba.1t atoms of' one "heet)8;Y~ 

, -c-: 
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3. EXPERIMENTAL 

J .1. Equipments 

UV-VIS spectt'a wel'e recorded on a Beckman DU-65 Spect;'oineter in the 

I'egion 7~lO-238 um .. and a Milton Roy Spec:tl'oni<: 1001 PLUS. IR-s.pectra in 

the region of 400-200 (:m- I were recorded on a Pye Uni<:8.m SP ·3-·300 IR-

Spe<:trometer o.s KBr dis.::: ;3.nd Nujo! mull Eo!' Atomic Absoq)tiol1 Vo.ri8.1) 

Teclitron 1100 Spe.:::trometer was used. Decomposition temper8.ture were 

measured on a Bo(:Knons.:::ope <eM:· tYf,e ele(:tric:;;.11 y heated mi<::roscope. 

Condu(:ti vi ty 'f\':3.S measut'ed by Ter:3,Ohmmeter GUARD instrumen t . 

. Absolute ethanol Yil8S 1Jged ag sUl>plied for s:"-flthesis. Sol'7ents for 

otheI' Yilort 'Vlere used ;:tfter r·urifl-:::ation. 

The o.mines used 'l'rere p-e.nisid!ne (BDH, Ane.t6.r), p-toluidine (BDH, 

Analar), Ci-;'i.nisidine (BDH, re;3.gent gr;'l.deL benzyl ;3.mine (BL>H, re;3.gent 

g!'ade), n-butyl amine (BDH, reagent grade), pyl'idine (Riedel-dehen, 
. -c',, _'.:~' -. '.,' '. J'. ; -., :.. _ • ,,<_ 

reagent ,~:r;j.de) .. dlethyl ;j.ffiin.e(JO'::~;, ;3.i(:olloli::- solution),. and 4 .. 4"-bipyriJine 

(BDH An8.!8.!'). 

Tlie COCI2.6H2\), CoS 8.nd CoS04.7H20 use,j were BDH reagent gI'8.de. for 

for elemental anal ysis AgN03,· HNO)_ HCI.!Uld, J):~CNwel'e use<J.tQ '.' 

r 
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violet 'i/el'e used. for the detedion of sulfur .. Na2S and 8.(:etone -,'el'e use.j69 

. :·:r6f)th~~i~tt~r~iJo~r~~it~J;fW~_.9~;,~,$~;~~~l,I.~II{tt:;~~~4ift~';;~i1i1~~~~\t~:$' . \,. 
Cobalt ,(8 .• determined by Atomk Absorption Spect!'os,~opy using air-

'acetylene flame at 2407 A resonance line. Chlorine was determinea,'by 

Volhal'd', method.'ll Sulphate ion "'/as determined by gl'avimetri(: analysis 

as b8.rium sulphate. 41 N i1rogen was estim'~ted t,y ti (ration with pel'chlorl<:: 

acid in s.<;etic 8.dd using I % ¢ryst81 '.dole! in acetic acid 8$ indies.tol' .42 

3.2. Preparation of Co1>alt(III) Complex Using 4,4'-1>ipyridine and 

CoCl2 .6HZO. 

rnrh f,H·"n + bi<:·" + 1 ih:h --- t·H-I)-----> r-'-,{·>i·)")I~j.:. ---u--.:..,- r.' , ..... -,;j -':i .-_\L1-,'._., (1) 

A solution of 4,4'-bipyidine (!.6 g, 10.2 m mole) in ethanol (20 rull was 

added vlith (:onsta.nt stiffing t,) a, hot s.olution COC1Z.6HZG (1 g .. 4.2 ro mole) 

in ethanol DO mIl.. while gaseous chlorine was slowly inu'oduced in to the 

collected by suction filtration. washed l/ith absolute ethanol followed by 
. --. ,,-?- ".-.-". -;'." 

diethyl ether B.nd fifl;~.11'V dried 3.t at-out 70 0(: .. to gi~le analyti(:ally pure 

violet crysts.1s. 

Yield: 0.36 g (64'1,) m. pt above ')00 oC, 

Vis (Dll,lif) ~'ffi'3.x(1) = 660 rIm 
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Uv (ethanol) ;\max = 238 11m 

·~\W¥~~~f;~j'·. iR"fj'~.if~'t·~2~~II'~Q1:f.~~~1t~~!~ll~tjf~f~~!i~J.~~19~t4'~')'i~:!;:~~II.lw*X~~. 
"- '-". - -' "~, . 

\' (Co-H), 400 cm- I 

3.3. Preparation of Coba1t(III} Complex Using 4,4'-bipyridine and 

CoS. 

CoS + 1.>ipy + 3/2CI2 --------> [Co(bipy)Clj J + S (2) 

CoS (0.4 g, 4.4 m mole) was mixed ,"ith ethanol (50 m!) and refluxed by 

stirring with magnetic stirrer fo1' 12 ht's.~ so that 8.bout BY>?., of the SEt.1t vIas 

dissolved in the alcohol. The <1issolve,1 port.1on of the mixture 'ilaS ta.ken 8.nd 

to the hot golution of tliis ;3. solutio!! r)f 4 .. 4'-t'ipyridine (1.6 g .. 10.2 ill mole) 

in eth8.t101 (20 rol} ~{ag adde-J 1/1th (:on~tant stirring. Me8.ti "!hi1e~ gaseou~ 

(:hlorine was S10Yflly intl'o·:juced in to the solution under (:ooling for l~J 

minutes. The precipitate 1thich pl'eGipitated out was suction filtered washed 

analytically pure vi ... 1,,~.crystals. 

JlL pt 8.l>o'{e 300 DC, 

El"menta.l analysis for jCo(t>ip'!}Cljl: fO\lnd (c:akulate,J) Coo 18.00";1,(18.34%) 

N = 8.41 '1. (8.71%), Cl = 32.7610 <:::-3.1210) 

Vie' i:·IilZ) 

..;r disc) 
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Vis (DMf) hmax(1;' = 660 nm 

Amax(2) : 600 urn .' :: -. ',- ~.-, 

Uv (ethanol) }'max = 2"38 nm 

IR (KBr disc) 

400cm- l . 

covalent sulphate 1150 cm- I 

3.5 R.eaction of Amine vith the Complex. 

The re8.dion between [Co(bipy)CI'3] 8.nd the different <Imine::: were 

(:arried out follo'Sting the same pl'o{:edU1'8 as des(:rib-ed telo~", 

The (:om{>lex [Co(hipy)C13] (0.05 g .. 0.15 m mole) was dissolved in 

absolute eth;:t.nol (30 rol) and cooied in ice (sinCe the o:::omplex dissoi'>les: to ;j. 

sm8.!1 extent in ethano1- it was the dissolved portion that was ta.ken for the 

rea(:tion). To the dissol'led l~ol'tion ne;3J'1 y ;~. 1: 1 ;j:Dloun t of amine in absollHe 

for ;:: hI'S. (for a.1iph;j.tl,::: 8.mines it "la.S 8.110>:'/80 to react over night) 8.nd then 

a110'lfed to st8.nd at room temper8.ture for I hr. The solid obts.ined wa,' then 

filtered off ;~nd '1faslied with 8.t;.solute ethanol several times 8.nd dded in 8. 

disccatol' over potassium hydroxide. 

>'1 ' 
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3.6. R~action of Excess Amine (p-To1uidine. p-Anisidine. Benzyl 

"~;~'c;i1~tf'!' ···'I~ft"la~.fI;i:~f~r'if,;'~th:·E~fgt'_'".fJ.M!.IJ;t:ti~~1,1~:yt41 
The l'ea<:tion "lith p-toluidine , p-anisidine, o-;3.nisidine 8.nd benz01l 

! .,' . 
amine wel'e repeated following the same procedure as <lescribe<l in section 

3.5 .. using two fold amount of the amine. 

In another expe1'imen t the l'ea<;tion "'8.S repeated by steadil y 

in(reasing: the ':I.mount of p-tolutdine. ;:I.nd o-8.nisidine. Ho'Vte'il'el',. in 8.11 (~8.ses 

the s;"me <;ryst8.1s "fere ott8.ined ty using approximately 1:1 molal' ratio of 

the amine 3.nJ the (:oIDI>lex. This (o!l(:iusion vlas based on the basis. of their 

UV and IR spe·,;tra, ,;ond1.Ktivity me8.SUl'ement and de,;omposition 

temperature. 

3.7. Qualitatiye Tes. for Amine in the Reaction Product. 

An aqueous solution of the prod1.Kt ob\;3.ined from reaction of p-

toluidine ;3.nd [Co(tip01)CI'3 J "'as treB.ted stKcessiYel,' ~;rith concentrated 

sol ul>le in water). The characteristic colour change ft'oro..yeH~W'.lo blue 

not obseryed. This otserY8.tion prot8.bly indi<:ates the 8.tsenee of the p-

toluidine iii the complex.4'3 

Similal'1y an aqueous solution of a <lark Yiolet PI'O<luct from the 

-.--.'.-- _ ..... _.j. __ .,-j ["-{'-'-'-\I-'j 'J -'-, f---'-' ~';t-l- H-'I --I '- - _.-. :>::~:t.' ... tlUtl '-'1 1>-,;I.111~1.;1!1e. ,:1.>-1< t.U\L:'iYi/-·"3 '.,';:.1.;; .. t"!j;j.!.Ij':j '1,'1-.1 t. ~,u UtlUll ul 
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figS The equivalent circuit of fig. 4., R is the resistance of the sample. 

When "S" "I'f;~s connecte,j to "0" the ';urrent 8.ffiplitude "I'f;'J.S found out to 

de(:re;3.se than '!lhen "S" "l'fas (:onnec:ted to "a." , oe(:ause of the C8.p8.citOl' of 

the pellet. The current value.decreases in the ratio of lollt = K2 , where 10 

is the CUI't'ent measured "§'hen "S" is connected to point "0", It = 0.0025 

i.e. 

The dielectric (;onstan t was determined' [!llhe; a1>ovfJ case by 

dispel'sion methoJ.47 The dielectri(~ (~onstant (K) is used to 

permeability of the sa.mple (E.j(). 

i.e. Edc = KE o ' Eo is the permeability of free space = 8.85 x 10- 12 (C2 /Nm2) 

... E.j(: = 5.1"3 x 10- 11 (C2 /Nm2), this value is in the I'egion of super 

'~onducting m8.teriat .henceC~(tiPY)C!"3 is in super (;IJn.:hl,~t:ng region. 

1?hen (:ompared 1rith Ed.::: of other m;3.t.eri3.1.47 
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4. RESULTS AND DISCUSSION 

All the complexes formed from CoC126H20~ CoS .. 8.nd COS04.7H20 using 

'l,'l'-1>ipY1'idine are Colou1'ed, and theil' analytical data a1'e given in TaMe$", 

The complexes are found to be insoluble in most common organic: solvents~ 

both pol'~r and non-f'ol'3.!' .. whkh probat:.ly reflects the polymerk n8.ture of 

the complexes. They di-:j dissolye to a slight extent in dimethyl formamide 

(DME) and partially in eth8.tlol forming turbid solution. Mostly, this 

dissolution is ac(:ompanied by decompOSition. This has hindered the 

possibility to study the spe'~tros,;opi(: and ele(:(roni<: properties of the 

,;omplexes. Tlie melting point of 8.11 these compounds are gre8.te1'. th8.!1 300 

° e.. 'Vllii(:h in(H(~ate the (:or;.trit:,l.ltion of the tipyridine nitrogen to 

(:ool'dinati on. 

Tr~e {:omplexes formed b7 using: CoC1Z.6HZO ;3.ud "CDS" ';flith 4.1··-

1>ipyridine are found to 1>e same, this is true from the eleme.ntal analysis, 

uv -V IS .. IE -spe<:tra a.nd other .j;3.ta .. 

'Ilhen "CoS" was made to react "I1tith 4,4' -bipyddine by passing 

chlorine gas to the mixture, the sulfide ~18.S oxidized to element8.1 sulfur by 

chlorine g8.S. The amount of sulfur produced and isolated was also e«u8.1 to 

the amount of sulfur in CoS that W8.S used. As 3. result "CoS" forms idenH(:3.1 

complex as tliat one formed ty C(tC12.6HZO with 4,4'-bipYl'idine. Note that 

By taking in to account. thi:l 1'esults of the chemical analysis, the 
, - . " -,' •. -, - -; ."-•• : _\ c- - ,. - __ •. _ .• __ - - '.' _' : -. -- _'_'_'_ .,.'_:,.' _'~; - ,." 

ele::: t.!'oni:- sf:·e(:1.l'B ... the g:eometr .... / of the (:en1.1';3.1 ion based on it.s o Xi-:j;3. t iot"l. 

~. . 
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Table III 

An 8.1 :,Tt i (: 8.1 D;:: I t. ~:1. 

found (cal<::.ulated > ~~::.~ ** 

C olo2dr. ~:,ub8.1 t N Cl- SC~4 

";tiolet 1 ;:; .00 8.25 ;;2.74 

<1:3.34) (8.71::1 (3:::,12) 

"'liole~ 1;3.00 8.41 .-, .... ..., ... 
;1'::;' ... t. 

(1',::."34) (8.71.:r (.j.:; 12) 
",}'" . 

brigh 1 Yiole1 12.03 11.02 6.:32 1;343 

U 1.?!} (11.14) (7.06 ) (1909) 

~'.~ The ",'. '8ompo2i1ions 8.1'e 1:>8.sed on fo1'[o.ul;:< rCo{bipy)C131 fot' ,cofJJ.plex 1 ;~.n<l 2 .. "rhet'e;3.s 

.:;omp;~ex 3 i1 is t·8.sed on [Co <bip;.')C1(::'::04:;' 1 
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structures are proposed:-

the formula of the complex is (Co(bipy)CI'3 J and its stl'u<;ture is:-

i.e. an octahedral plymel'ic structure .. lith trans configuration in whkh 

there is 8. h'~logen and 'L4-'hipyridine bridging mole<::ules. This stl'1.I(:ture is 

similar to the ones reported before for related compounds.J3,37 

(ii) for the complex formed between CoS04.7HZO and 4,4'-bipyridine the 

... ",. 
" i "".< .~ . 
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This is also a polymel'i<: stl'll(:ture .. in 'l'fhich 4,4'-bipyl'idine only a(:ts 

The proposed fot'm ula an<j stt'\I<;tUl'e are in line with the experimental 

results. .-, .' 

4.1. Spectral Analysis 

4.1.1. UV-VIS 

T he complexes s yn tll eSi;~'d~~~;' wed::a~t~~'*t~ftit(jh~¥()~\:t'8t~"'irfJ;n\~ 
amines are not solut>1e in most common solvents .. it was <liflin)lt to get 

spe(:tl'<". in visible region. However. the com!-'Iexes give a t1'\1'1:>i<l solution in 

<limetllyl fot'mami<le (DMf) and ethanol. When the turbid solution with DMf 
• 

was he8.ted to about 70 °e fot' 15 mill1.ltes a de;~l' blue solut.iotl W8S obt8.ine<l. 

')"[hich has two <".bsot'I>tion ban<ls aroun<l 600 nm. an<l 660 nm in the visible 

region p'obably correspon<ling to the spin all01'ied transitions from 1 AI' 

~;:~;;i~~';tat~:;~C:;r~i;2iT;;" an<l IT~tstKt~s:~··(Le·!/l~r·;:''''4'2;1('¢.",}J T {~':(;;~li:l'i5U(l,:':"!!:;i:'" 
600 nm. an<l 1 A ------} IT around 660 nm). These tr<".nsitions 8.1'e 

19 2g 

tisWe:tt:Y""Ql>ierV~,4;~Am:,\!Mlc;~J!s~tpf;i;};Il*?1,~~J~:,~~jl-l~~:~it~t~~t~~~~~~4~)\~f4W;' 
highly strong field ligand in sr·ectro(:hemica! series. whidi forms 10;':' spin 

complexes and in' these (:<".ses it st8.bilizes Co+) complexes. Vet'Y dilute 

solution of the complex as \'fell as the reaction product of the amines iii 

ethanol vare taken .for UV. which gave ri5,e 1oJl.ban<jar()ul).9 Z3B. tim. that 
I' ',-_ -:.,' ---:c-.','·,--' :",,-, __ ,_: ',:.-'·'-',:.':l:-.:,,'(---,-_, 

(;an be assigned to charge tr;3.:nsfer. 

'; :; 



."---' 

a rea(:tion might have taken pla(:e between the amines and the complex. The 

matel'iil.t ex<;ept for diethyl il.mine. 

of the j'eaction of diethyl amine have more 01' less similar band around 250 

lim with shoulders on both sides. Diethyl amine is highly vola.tile, hence 

the UV of the fiitel'ate can not l:>e ol:>tained. 

The niterate of tli:~?-e8.ctf15ip;product ofiHoluidlne, p-anisidiri:e,'a.rid·· 

O-anisidine have similal' bands around 236 nm and 290 lim. The spectra of 

the complex that was prepared without using chlorine gas as an oxidizing 

agent h;,.s two bands 8round 236 nm and 280 nill, whiGh is more 01' less 

simil8.t' 'litith the spe<;\t'a of the filtet'ate of the j'eaction product of the 

above amines. The l:>ands can l:>e assigned to transitions 4T U)-----> 
19 

4 . 4 
T (0 "l.!ld iT (0 ------} T (P), 'i/hLh i" ;3. ,liaI'''l.del'sitic of a \it e;"I!; 

2g 19 19 

.. o c'tihWdr a.l field" sro1.1fi<l '¢ol$alt"'!(tt)iiTherefore. inthfs'¢8.leJts$.~~~.~4A.~~iP~ ..•. 

toluidine, p-e.nisi<:line and o-ardsidine m"l.y h8.ve re<luced (:ob8.1\ from +3 to 

4.1.2.IR-Spectra. 

Al1 the three complexes have simi18.r s{>ectra, except th8.t the complex 

of CoS04 I l:>ipy has a 1:>1'08.d l:>and aj'ound 1150 cm -I , which is chB.l'acteristic 
. . -.'.' 

1'01' (;Ov8.1ent su!f;~te.45 The strong ban<ls 8.round 1600 cm- is due to 

., .pY%'A~~tl!!· .• titl~.iX~~r~~A!?'tI;~,,,,~t"£'f~~';~:~~i~*~ilM~~~j~,l~t!~~~~.~~;~~i~4~'r:;'l>&cf;;!' ,. 
(:(lmpounds (;(lnt;3.ining unident;3.te tel'min.,.1 4.4··-bipyddine h8.ve no b8.n<ls 
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... Tal>le IV .ll.·~ 
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Some Properties of the Pro<fuct Ott.8.in~ 
''''" '\~: 

h~f: 

~ 
Yiel<f? m. pt (OC) C:olo'l.lr 

.... oj c ..... > 300 

54 > 300 vio.fet 

e ,?r; 90 :> 300 violet 
-?'" 
~~t 

.~~: 

:~ 
,,:" 
,~, 

:39 - 40 reddish tto .... n 
Pi" 
.~~~. 

',::~~\ 
;¥jT 

41 > 300 
'.':,~'~; 

<farl,: tro"W"n 

67 > 300 <fad: trCl~t1 

[Co (t>i'P-,-)Cl 

3.0'~10-) ohm- 1 

1.8x!f10- 6 ohm- 1 

2.0~1O-4 ohm- 1 

3.6\~Sc 10-5 ohm- 1 

7 1O-5 0 hm- 1 

i~~~ 
~:;:: 

,,' 
'f;M: "e"rtS, 

29dl36 

,-:'Jr.';' 
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4.1.3. Conductivity Measurem~nt 

The measurment of conductivity was not precise, because of difficulty 

Tile pure Co(bipy)C13 complex has a conductivity value of 2 x 10-5 ohm-I, 

and th~t"'5f~i~tiiTed ~atet fi'\1"~5X"t(:P-5'Hhth.if:'~< 

The conductivity of [Co(bipy)CI3 J was also determined in the solid 

form using a pellet of the complex, at normal temper8.tur8. 

i.e. R = pi I A, but r = l/o',fl'om which 0 = I IRA 
'-" :.,-/:;~,7_--.i~\-"-:f};1< 

Where R = resistance; r = density; I = thickness. A = cross sectional area 

(A=-nr2), 0= conductivity, 

f' = 2.181 k ohm I = 0.25 em, I' = 0.625 em, 

:. O' = liRA = I/R(1fr2 ) = 025/[(2.131 x 103)1.23J = 9.32 x 10-5 em-I 

Thus. ti"Je conductivity of the complex in solid formls 9.32 x 10-5 cm- I 

and in aqueous solution 2 x 1O-~) ohm-I The differene.e ('·~.n be ·jue to partial 

undetected experimental 8nors . 

. · .. ··.·~·A0i~~Jll~;it\~r,;~~~~~;~#.~H~f~!~}~i~~jg;;~~~~il~iE;'~~~~~{Jl:,~~~,:~tt".:i .... 
frequen(.y and 8.mplitude have been n-ritched and the'~ur~ent ~f~s'10iind'to . 

be amplified than th,e axial direction. Although the measurment ~{as made 

for high ft'equency signa.! effect. 10"'" frequency. has also been observed 

and the sample is highty tran3pa1'en t in the frequenc,y range of the order 
- ,- - -. . .,' ><~-,,-,-. -,"?". 

of 0.1 - I Hz. The s8.mple ha.s been observed to generate pulses and signa.ls 

of di ffefentsh8.pe'arid;'freq~p.~Y»,~~S{l,»~e,,};~,[,{,\A~~R,~Ml.l~f1"~M14~R~~\,~J~/""" .'. 
- -- - " ~ " - ,'." -"-' ,,- -.,. 
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Fig.';. DY-sp$otrwno1' the 1'Ilootion produot of n-butrlqine. 



I .. 1--" 

:'~--'f-----+ ' .. --

'. 

1 --T--

i 
o 

- ---'I' ---.. ;-- .. -.; --!- ---

o 

I I, 
~~--. ~----I ! -_. r- - ! 

: I 1 -- I I 
- -_. - ; -- ,---!---' i 

I I I I 
1 I , I ! - I i I -. - ; - ; 

I : I i 
1---1-· L_ -' _-\_ .. _1 

- ~ I \ I I 

'R .. ! ---._--

I . 
-' . 

I 1 : 

\. ' -j 
1 : 

.6:-·-j--f--+-·-·_.'----;-I··-I- -i--· -,-"-" 

o 
0'--

/;J?--Vfl~t1t/ t1,n 

, 
I 
I -_ .. _\ -

i 
I 
I 

003 Of 

. ftc.4. UV ... speotf\.lIn of tho Haotioa produot 

-j 



I" 

I 
I 

I 

/I1Jet v~fv,tt11. / 11m 

'1 . - .-.~ .' .. -

I 
I 

I 

I 

i 

'.) C) 

003 OL6S S61 ,! 

·~~~.t't~~iet10t1.cificia" ·omr..}ir'·" 



I 

--.•.. ---!-_.-,--(l"- .- . 

1 
1 
i . , 

-\---t--. -I-·-.-Il._--~~g :~"J--r--1 
,. 

I 
-- ,._. '--.- ---- I' '_.: --

--- ,----'1--' --
····-1·--- -- [--_. .. 
. . ---- "-'[--'1--'--' 

. . 1--' 
"--j"-

.--. 1'-'-' -'-
. ~::.:: :::.::::~.:: I'::~~ 

---~----f---l-.-N~ g-1---I---+--r--i-_-'~I_--_·.·j-_--
---1-'--

'- . 1'-'--
-!----I---~·-_il-- ··--1---\1----\---1---1--1·--1-· 

. -: 1:::::::-.:- ---

-- J _L 0;;::. __ : ___ _ 

I'V~ o-_~_ 

-- . ----- --- - :----- '--1,-,-

. -. 1-"--1"--
-. .- I·· 

.. . '--- 1-' .. 
::~:::I==--=II·----·II----~·---­

--1--1-'--' --

--_. 1--- ---' - _ ,,_, 
~'~ .~ .~(J ·t.V]v ,) 

: r' 

, . 

' .. -

-' .. 



-'-' . - ','-~-

, ;, ~+'~'~~1~~}~~~I"~¥~~~~~'(:':*f~~'i}~Y~r~~~%~-' 
I . , 

_ -L~ __ .~ . __ .. ' ____ .!._ ... , , '---"1- .. 
I 

I 
" 

, , 

--. _.~.-- .. _-! 
, 

i. 
.------.~-~, . i 

\ 



i ---- -I - - -- -1'~--,- . .. j - • ! .. I I 'i I "'l;i~~~-;~: 
I' ,I I 
!K---~ __ LII - .... .J--+_. I. --~--- -I---i---;--.! __ '.W J ___ : __ _, i 
,'v'

l 
1-' I . . ,'1',' ,--, /---

I I;' " I 
i----- . ---Ii -----i----, -.. -. ..-- ,-- I!' : , - i -- - .... , -- ! . 

I iii i . i -=-1---: ---j--'--- -_L-_l ~_ !_~ _! __ .:_ 010; i ;; I _~I -- r- I: I 1 Ii; -", -()--Y-- 1-"-- '---i --1-



--', 
'0 

-=.--;- ..::--,--- -
·--=:·!-F-=·-=·--=-~ 

50 
jl'~O , 

_ +- ___ Lu; 



'-'---(' ---r 
- ----:'r,:,,"~~~-,-.:;_,:;_;__ ~·.P~~-

2 j 4 j 

~~-~'----:-x,-;- 1:):;-- '<:::,'.;_.:'=:-,S----- .----~---- ffc.,-
,~"-;'<Sf_F~?_££ ._~_, ___ ~ _____ ~ __________ ~. __ ,, _________ ~_ 

; -. 
i 

REFEREh'CE 

I SllT'''lleD~'H~~~ 

- ----, _,C'-,,= ocr-_,--------, ,,-cc~=-~CC=C-"'--
.• -- ~-:-c---;::-- • --:-. 

_ :.L.::::....L----:..'-.:.:. ___ . ____ ..... _ 

1~'~-o 1<iCO 1200 1000 t;C,J ---- f'ATHLENG1H .------~,~- OPERATOR 
DATE 

CONCfNTRATlON REF No 
--1...---0,,------1._---, --~ ---

1-- --1 

~~~---:,-i~~-_-_-_ _=______ __ ;·. _ 

~'600 400 2G{l 
7,c, -_-/-;,--'ic,;;,",CU,",!f.CAI.ILTO 

CAMBRIDGE ENGlAND 

PAAT tb 64t7"9~ 



1\ 

,I 

il 

-~--.--'I' , I ".~:::I , , 

!~---. 

~ 

c 

" U> 
" 0 
C 
rl 

'i 
a 
~ 

,'0 
,~ 
0-, 
< 

co 
n 

'" 0 
~ 

, 
, 
.5. 
o 

II 

i ' 
1-' 

:~ 

" '1' v. 
... \: 



-i --- ---G--[--[ .[ 

'""~'Ne;'--.lI-,~,--_-;1~'_,*_-_C_"·~''';_-_-_-'0C';-11~~":~:"~'~--~:"~rn':'.. _________ 111:~K ~ -, REiW«6 ,~') \ 

,,~--t~c~i~lfc~~I!~rj~~'i~~'[~!~f~c~j~l"f~Jfif}"m"· 
----=-_ :t-_ 

f-c,,,,,'"~ , -== __ l .! __ -_~ c_"'--E_ c'?f01(2~:, _ 0--_1 _ 
, - • r- ~-~~-.- --,/---- ----- ' -

- , 

- - -

:--



~-i -- ----O--~I}--{/---n--i ---f,-- -- -- ___ ' __ 1 

o 
~ ~ ~---~~,c-cccccr=~-~~-~'T=CO'-~;_c._.~. _. ~~ __ ~.~_~-, 

. t~--··"- . -- - I _. 

_.-. --- -

1 "i;;Co ,",., 

CONCE'.lPATIQN 
--u------..-~~~ 

--~---. , -

10 
'0 
~~-CC'" ~-~ -~ ~-. -



--- -("-; -----fl-t-C-u-----f--{------' - --- -- - - -------I-r----{'---

, 
--'~--- -----------<---

.+,', o~? ' ---~0----------::-~'--::~s----------------------'F"1 \~---

'-.:. i S~;i"\"',orH _c~_~',~-,,-,.~~-,' ______ ~ __ 

·1-· ~ '=-;'"~==--. " -:-r:;: 

10 

__ J___ _____ ___ _ ____ . _____ r ____ _ 

-~.----~ ----;-,---------

'-~)-~~-¥=,t~~:::-~k:~-~~·· ~~~~~~~~I~-~f~~~ =-:~_ ~-;~~-: :_' -~: ':~~~:: -~=- ~ 1 ~~-~-: 1~~~~:~ ~~~~-~j 
• _ j -'-.'-" - - - -

.• ~// .•• ~/~ .... j •• ~:.".. fr0~rr"V;rrry~(/~ 
~+Mtl'*~~,jj,C-o-,,'tfffifJtffl~Jtffltlh~"~~~~u.;-itqlglti~c'cj~-:=,-=ti"~;;tG¥~"c.':ct~"f~~'t'-L . 



----<,~--: __ I _._._~?_. __ II-:-. r~r=j(~l ~" ~'~E~'~~~ ==~-=~I Rf~";"R;KSS==~------_-~-_-,-~-~--------,~~-----

._._. -4,----.~:;:.~ .. "'.;'~'.\.~' ....... ;-,c'~~:-1~~0:~S~j~!(:;-J.t~TI'~J5i'~f\h~. 

·~-c- ~ 

L. 

---"-~- .. - Ii', -' iA~,,;;;iiH' I ~~i,A:" 
, -'--l::::: ~ ===+l COI~"~~RA~_~~~:~·'~t--===:::·:==,=C=_~'C:'-=--':o..=._=.--:"=.~=~~=s-~~=:=.E:~:;, 

~'- . 

~j 
-:t:-

! ;.}>.',t.'lr;,:.~ £~:7~,-- .;.(J 

! P)RT tkl641749 

" 



- '. 

,! 

= 

'.' :s 

;:; 
0 

.-;;> I _. 
. 0 
---< 

" 
.~, 

" -. 

~ 

0 
0 

c;; 
'" " 

I 

~ 

-0 
~ 

" ~ 
~-:-

'" 0 
? 
q 
~ 

~ 
;; 

" 0 
~ 
c 
c, 
n 

5-
0 

0-
:< 

., 

----~----

o 

i" 'c i • '''I '~iS 1,,0: j '" c I ,'c 

. I 

H 

__ ---J..:---~~-.-.. ---- ._0 '--.-~ J 



I 
I -, . 



:i 
I 

I I 

, g--­
v I 1 

, . 

n 

["1 I I : , 

, ' 

. - _. ------- .~---------~ . ~====:::~----: _. . . --. . _. ! .j 



f~"i~. 20 UV-VIS Spectrum of (Co (bipy) Cl 3 ) in Ethanol 
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