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(i)

ABSTRACLT

»The Sfmthesm af obalt (111D Cli\ﬂixi;IEI{E!SﬁMil;!.ng CoCly 6H20, Cof,
LoS304.7Hz0 and 4.4°-bipyridine, in the presence of chlorine gas as an
oxidizing agent have been studied. o |

The slemetital analvsis, IR spectra and other spactrophotometric
analysiz revealed the products as [Colbipy)Clg] abtained from CoClz.6H,0 as
well ag Lol and [Co{bipv)z010E043 ) synthesized from CoSy TH:O.

The reaction tehaviowr of {Colbipy)Cl] with different amines have
bean studied, and no condluzive result: have been attained on the bagis of
Jara availabis at hand.

[CofPylgllz 01 wae treatad with $.4-"bipyridine in an aitzmpt to

svtithesize mined Hgand complex of Co 7110 containing 4 47 -bigyeidine and

pyridine. In a similar way, {Jo{bipvilly] was traated with pyridine. In both

gz, the product was [ColhiewiCis] which indizated that the formation af

vJ'.

O35
mixed ligand complex was nol realized under the experimenial ;ondiuans

- T
Ll

[

T T U : 713 ihe
The dieleciric conziani of fed Dipv iyl Was deiermaned and the

substance was found to be superconductor, based on €4, (permeability of the
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1. INTRODUCTION

The chemiztry of polymeric transition meta! comelexes iz in itz
infancy. The <oordination <hemistry of 2.2°-bipyridine has beaen
exiensively studied, vet the ligand propsciizs of the isomaric 4.4°-
bipyridine molecule have not teen well studied. The first trangition metal-
44 -tipyridine ¢omplexe: appeared in papers by Feard and Fliaum I, who

e foroala AgilynHaNo(HD 3)

[
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and kv Lawiz and Mabtbs &, who raported 3 compound of eopper {113 benzoate

half & 4.4 -bipytidine moleouls per foraula unit of cogper

cofptasrin:

n

potential  ligand, 4.4 -tievridine zsemed particwlarly

sacailge 118 strusture should

conrdinatizn of the mdirogen atom2 o two differsat metal fons; 1=, it
shouid coordinats g0 &g to form polvmerts coffisxss

Coordinstion compounds of the polvyhucieatr amines are more stable

than ¢ompountds of the mononuclear Lizands.? The bidentate polyauciear

amines c¢oordinate very strongly with metal in solvents. The increasé in

prtabilsty results fro

tigand moleculzs, With metal {on insulated from the solvent, the interaction

i _

iz no langetr an ion dipale interastion btatwsan salvant and the metal {on,

but rather an interaction between the solvent and the ¢coordinated amine

'
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1.1. Infrared and FYar Iafrared Studies of Monomeric and
Polymeric ,_7_13&_3;6;":'Ad<1}1cts of _I{piﬁ’&locyan‘iﬁéﬁf
Metal{ll) Complexes.

Complexes of monedentats base molecules (e.g. pyridine, substituted
pyridine: and aliphatic amines) with transition metal phthslocvanines

have been 3tudied by zeveral groups. The corresponding dara for bidentate

paze molsculss have not beets extensively repor t2d %

JInwestigations on condueting materials containing hdwt*?atP molecules

wers found 1o act a2 monodentate (1 and 23 and bidentate {3 and 42 ligand:.

1

IR and far IR specivoscopy lurnesd oul 10 be usziui tools fop distinguishing

FoML (13and PoMLs (22 fram Po-L-BPo {37 and [PoML L, (41

& /M/ L— M!

Fig. t. Monomeric, dimeric and polymeric phibalocyaninato iransition

1
metal derivatives: (M = Co, Fe: L = gyrazine, ¢ 47 -tipveridine) 47

In the ¢aze ol 4.4°-bipvridine, monaodentate terminal or bidentate
bridging base molecules were distinguished by the sensitivity of in-plane

4 1529 R | t otk
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pyridine and pyridine-ds ¢omplegas, The intenzity of the bands at 158%cm” :

ables @ chaif:ilohgth

determination by comparizon with the sgectra of the correzponding

monomeric ¢compounds. Infrared absorptions in the ratge of 1065 - 1130

cm~l are  assignmed  to transition-sctiveted  abzorption: of  the

rhithaloevaninato moiety, which are caused by complex formation, 4

The monomeric derivatives Fobl{bipyv] t B0,

Five rize to pew bands

2

‘J
o

1170, 1215, 1402, 1483 and 1589 em-1. These abs oret{nng are cauged by the

‘o

ligand and agree with the bands exhibited by the free bipyridifia ™

The fmost predominsnt speciral $ifference ob2eryed for the

[yl
o

monomaric compouryds cuntaining unidantate terminal 44-bipveidine
componnd comparad with oompounds oontuining the bidantat: beidgin

ligand is the dim;;cai afpce of the shacrption af aboul 1215, 1432 and 15589

st in Pelolpioyi; and Fefeivipyin ©
The bands around 1215 and 1585 em~! are also present in the pyridine
derivative: Polof(pylz. Polofpy: and s by

comparizon with the spectra of the corresponding Js-pyridine complexes

to the in-gplane O-H bending vibeation, and the ring viby

L

tion refpaatively.

Congidering non-bridzing 4.4°-bipyridine 3z a coordinated pyridine

Y

deriwvative, thiz 2ugsesis g 2imilar aszignment {or the monomeric 4.47-

N

bipyridine complexes. The absorption at 1402 cm” -1 g obviously related to
the biz-pyridvl-stracrures of the ligand, becauss thers {2 no dirsct analogy

in the spectra of the pyridine -cl:n:npn:mn<]s.3

#ter of



aymmetry vanizhes, when the pvridyl planes are tilted or 4.47-bipvyridine

acts as a monaode Higand, In consequence th
vibrations of the monaomeric complexss loags

dimeric or polymeric compounds, if one assumes a ¢coplanar arrangement of

the pyridyl groupa.
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nigher energv in the polyvioeric derivative -

The difference it the far [R specira of Polo adducts with monodentats

hengeiding aprs
weager baied than pyridine and i1z subsiimted derivatives. 7-tack bonding

Irom tns metal (s more likely 7

2. Evmmetty conziderations bidentate 4 4'-bipyridine
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1.2 Objectives of the Present Work

t. To synthesize and characterize cobalt (1107 complizxes by using 4.4°-

2. Tostudy the

shaptar, chapier 2 deals with a review ofn cobalt amine complexes, while

I - Al A ~
it 0% 6L iy o On
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2. LITERATURE SURVEY

(¥
[\

The complex compounds o cabalt {111} are numersus and stable and
hawve plaved an important role in the development of ¢oordination

chemiziry.
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23, Thus, alarge amount of Kinetic data has

been ivern in the literature i 2imgle substitetion resctions under variouz
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ofral daiz for many compiexes are availabls,

[0

1. Preparation of Trivaieail Lobsly Complexes with 2.27-

bipyridine {(bipv).

mainn gtep aofiziziz of the

oxidation of divalent cobalt comolexss with hovdrogen peroxide or oyxvesn.
Howaver, 1his method iz nar saitabls for preparationn of other oompiaXes
(eg, for X~ = 17}, and the readtion with oxvgen or hvdrogen peroxide &g

1t inrward ooeraiion P11

fet

omydicing avents 2 nol A siral

A study of complexes of the gensral type {Colbipy)zX, has shown -that

’ 1 " - - - e - . 1 o s - o Yo 0§ PR S
thaez o niiaver an dpeo av et otk goaa n ovrosewr gy o aviAgtion and that oy
Dmls LW Deesial A IEDE PO 2oz DU IR OIanN O atnag iRt TS

2t be uzed a8 starting matesiael for the o ooar~ i iresponding
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series of trivalent cobalt complexes. Where an oxidizing agent iz used, the

.

""B"i:s—Haiogeno Co’iﬁpfex&s - The studies on {Co{bipy),CizIC1 have

shiawn that this complex undergoes extremely rapid hydrolysis in agqueous
solution, However, the solutions in alenheol are much more stable than the

aquecus solutions 11

The zs ogeno complexes of

C"

enieral method an tlu: I"I’Ep‘ii“‘itiﬁﬂ of bﬁ- 18,

the type [Coltipy)s¥o]t makes use of the fact that the solubility of the
cortesponding divalent complexss in aleohol i rather high and that the
divalent complex undergoez an ifmmediate and <lean oxidation with the

cgarresponding halo

f[n

et The resulting triwvalent comeley, bteing much less

soluble than the starting material, separstes from solwion. In this way the

3

"m
e
foa—

(23

praviously known (ColbipyvizClz 0L a: well a8 new comoleyss

[Caf{bipv¥)als]1and [Ca(bipy)pBry] Br, have been prepared.»—- - -

E<4

Bis-Nilro Complez -The criginal pregaration of {Co{bipyla(N0z32101

was based .on the substitution of ¢hioride ions in the [Colbipy)zCiz]l* by

,.‘
|

nitrite fons.:
Tha diwvatent, cobalt complex [Calbipyiz(M0p)s ] undergors a very easy
oxidation. The oxidaticn by air leads 10 rather complicated pz‘n:rx:jx.x-:::ts.l‘:'

The complex cation [Colbipy)z(N0zizI*, unlike the corru;pundmg tm—

1o

1.
Iid

o]

refn cations, i@ rather stable in agueius srlununx ﬂnd nnriﬁ reoes Dni‘;

"::

a very slnw'hsfdxtolysis_




2.2.Complexes of 4.4 -Bipyridine

Pyridine Complszes.

¥hile numerous halogen complexes of simple hetrocyelic amines
have been studied in the past, very little attention hag been paid 1o the
complexes of polynuclear hetrocyeles. & study of the 2.2°-bipyridine-iodine

halide complexes gave some duatiun\ that the pmitwe mdme may be

conrdinated to two nitrogen ﬂtnzm-.y of the bipyridine w;!}; ih# m:.:lec L
being arranged in the ¢l configuration. 13 3ince such an arranpgefent iz
obviously fmposible in the case of 4.47-bipyridine. it was of intersst (o
study the properties of the corresponding haiogen complexes. 1%

E

l‘|:|
e

{ere

|‘[|

1o to eomplexes of 4.4 -bipyridine are not pletitifyl in the
literature. The twe most pertinent repoets desoribe the formation of

complexes wilh arsenic iritromide and silver nitrate2¥ In poth cazes

evidenien iz cited indizating that the twn addition compounds are polymeric,

with a possivle structure being

« BfHNC5H4-CoH4NHBr mAsBr 3 “BrHNCsH4 ~C5H4N
arnd, MG % - MO K - N 3 -

+ + +

Ay -NCgHy4-CeH4N-Ag -NCcH4-CoHgN-Ag

Halogen complexes of 4.4'-bipyridine were found to be insoluble in

.00 polar and acn - polar, They

wainr and in all comman orgatic aalvents

e
WO s




4osinge 1o

sompounids in the ultraviolet - wisible spectral regions could not te

was

impossible torecrystallize the powder obtained in“their ipreparations;:

suitable ¢rvstals could not be obtained for the single crystal X- ray work on
the structures of the solids 13

It seems that this insolubility can b2 an indication of the polvmeric

structure of these complexes. By analogy with the arsenic tribromidecq 4"
bipyridine cofmplex one may write the following structure for the iodine

monoczhloride compiex,

L—d
I
z

?

p

l'*-l

©

o

4,4 -bipyridine)

It should be rememberad that compounds where pogitive iodine has a

coordination number of two are well known in the literature. Some of the

examplas are (CsHaNlp N0y, (CeHgWI2I0004 | 2t

If the 4,4 -bipyridine 2101 coraplex is polymeric, one would gxpect it
to ba zomewhat legs prone 0 decomposition than the mopomer. In this
respect, we have seen t_h_at_,__:_t_lj_le‘g_brgj{n:e“(_;)ugxlyglgg qu_e__l,ts with dgg_pgs_;pggi;io‘_n
30 2C while the melting point of ?L,E‘—'ssipﬁf.?.l.i:l m_a;Tr- 1 1"'3 “F

which - is>sharp:-and:.reyegrsidle:.The..py

cofmelexes are also deocompossd in the
¥ &

a
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Infrared Spectia

4,47-bipy.2I01 gave excellent pellets, indicating & higher gtability for the

atter compoundl3’

The infrared studies were undertaken in the hope that thevy might
vield some information about the siructure of the complexes, particularly
that of the 4,4°-bipyridine-1Cl complex. Infrared spectra of p'y'ricjine, 2.2~
tipyridine mdéf&—txpvudma were obtained in the region from 300 to 4000
sl These were compared with the spectra of the complexes with iodine
monochloride and with stlver ion in the same speciral rangs. The

comparisans showed the usual remarkable changes in the appearanos of

1the spscira of pyridines which would be axpecied from the earlisr studies

in pyridine compleyes 16-18

Bipyridine Complexes.

Since the Mpeyridines are more ¢omplicated molscules than pyridine,

the specira are much more complicated and the changes on complexing are

gven hardsr to interpret. There are, however, some rather surprising
changes in the spectra of the bipyridine which deserve some discussion.
The stretehing at 404 ¢m~! in free pyridine, which i3 out-of-plane

skeletal bending vibration shows a characteristic shift to higher

frequandciss in pyridine and in 2,2°-bipyridine complexes, However, in free

-1 presents

4,4’ -tipyridine the.logical sssignment of the band at 374 cm

zq in the complexes. This behaviour iz quite difficult to

=1
[

veotevis 0 e me intensityrof the pande. 374 el do o aat




very dependent on complex formation in the other ¢ogpounds. 13

formation appears to be similar in gyridine and 4.4°-bipyridine but

anomalous in the 2.2°-bipyridine complexes. The possibility. of - chelate .
formation in complaxes with latter amine result? in sowme differences in its
behaviour, The other band which sgems to indicate such a difference ig the
skeletal stretehing made at 1420 el | in 22 -bipvridine. The analogous
frequencies in the other ﬁmme*:«:eem 10 -re.m&in relatively <onstant as
somplexation ascurs: in the 2.2-bipyridine, this band sppare ntiv moves
unpward by some 50 el

The bipyridines show also quite large changes in the region around
1000 cm-! as complexation sceurs. This is 1o b= gxpected in view of the
complexity of this regian. There does not appear 10 be any simple
intergretation of theasze changss, @icept ihat thev wery likely are dus 1o

intensity chariges resulting from the charge redistribution.on complex. ...

formation 13

r_l\t_woulc[q_gggem‘ that the changas in spectra, while profoundly

affecting the appearance of the sgectrum, result mostly from changes in
the relative intensities of vibrations. The c¢hanges in {frequency sppear 1o
be of the ordet of 5% for larger obgerved changes. Changez of thiz zmall

wmagnitude are to be e:{pected anlv if the f'ormation of Ihu ﬁmplex doez not

radically change the chemical bonding in the dunur mnlm ulP TI = spe-::tra
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“§pactral measurements up to 200 cm~l. have :been  re¢orded:fo

formatiosn.

2.2.2. Freparation and Characterization of Divalent Cobalt, Hickel, Zing,

Moleoyiar conductance, magnetic suscaptibility, electronic and IR

the ...

complexes isolated in the solid state in order to elucidate the mode of metal-
fiitrate bonding and the tentative stereochemistry of the compiexes.w

4,4-bipyridine formed 2:1 complexas with cobalr and nicke! nitrates

tut 1:1 with zi’néi cadminm and silver nitrates. Al these eomplexes (except -
that of =zilver) are fairly soluble in dimethvl f{ormamide, Molar
sonductivities of 1077 M solutions demonstrats that these complexes behave
az strong electrolytas in this solvent. an

IR zpecira of the metal nitrate complexes atudisd here indicate that
both the nitrogens of 4.4 -bipyridine are bonded to metal ionz and that the
tipvriding iz brideed belwesn two metal ir:rn-f‘._ The teric position of
nitrogen atoms -in 4.4'-bipyridine precludes <chelation; .but favors .

coordination (o different metal {onz, thue feading 1o polvmer chain

trum of the brown 1:2 cobalt-nitrate 4 4’-bipyridine

Etectronic spec

.y

compley shows abzorption bande at §590, 19230, 208350 em~! and a shoulder

which are due to 4T (F)  ——— T (B vy 4T, (F)  ——— 4T (P) vy

Lig 3

respe-;,uvel‘; Thuse feaiureg are »hﬂ:‘%tuxmm of divalenit ¢obalt ion in

ahonlder at 22220 c::m‘1 iz probably a consegquenge of 2pin - orbit coupling

in e T, (PYe 2 W o o o iinametils and vae quarte jevels it
LI ig v ‘
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13

iz zaleulated that the ‘iT {(F} ————m— > Azg transition should occur at a

since the 14,

Tlg(F) from t Zg o o figut auon ‘the —% A transmnn
iz essentially o two electron process and hence should be weaker than ths

other transitions. This weakness c¢ombined with the proximity of the

. 4 . .
4’[‘ (Fy} —————- » T, {p)} transition results in the _"iT {(F} ~-——--— s A
trafnaition uwnobzerved. From the Tanabe - Sugano diagrames for a 47 caze one
would predict three peaks in ostahedrsl divalent cobalt compounds where

4 4
A and "T, {P) enersv lavels crozz each other giwing rige to only two
£ a2 -t -

The electronic speatral and magnetic susceptibility measurements of

23 Are cansisiznd with

.'-E.

siskel nitrate-4 4 -bipyriding compley

p—t
I
e
(]
Ll
L]
vy
—
(W]
et
¥
—l
e
;,..A

pieudo-ostahedral environmenis around the metal atoms,

In addition to the ligand sbeorption bands {modified stightly on

aceount of c¢oordination) IR spectra of both these complexes shaw

coordinaisd niiraio groupss

ey
T 22 et deemtioe - E

L‘ )

elgcttronic spectral and the IR bands due to coordinated nitrato groups

sugaests that the |2 cobalt and nickel nitrate - 4,47 - bipyridine complexes

are polymeric pseudo - oc¢tahedral structures’ with “thé “métal ‘atoms

urroundged by four  fitrog
molecuies) and 1o oxvgens

;

the =alid inta {=repcture 17



structure It M = Co or Hi
Coly(NO4lg, NilyiNOs), L = 4,4"-bipyridine
IR spe:::tmm of the 121 aitver nitrate - 4 47-Gipyridine compley zhawz s
strony absorption band at 1365 cw™ ! and medivm intens 1tV bands at 8352 and
10 el charasteriztic of ionic nitrats in the - compler. Turthermors, IR
spectrum of this complex exhibits ohly one bandof'very weak intensity at- -

176% em™! in the combinatinn tone region  indicating the syxclusive

presen(,e cf mm( mtrate with bidentﬂic brzd-fmg 4,4"-bipyridine a

S

nitr&te— Th»« 1 1 \11"F't‘ fiitrate - 4 4" titﬂ.’i’ldinr‘ cntu;lw. wal suggesiad to
have a t%o - coordiniate linear polymeric ¢hain structure similar to the {:l
lver nitrate - pyrazine compley which hed  been showh by X - ray

structural studi O Lot of { Ag 11g~tnd As );{ -;h&m:, vmh mtr te mns

")
linking the polvmer chain.? 9 23

nitys

'.'-U

ta - 4 4°-bipyridine - cnmpleas sthow abroretion bands =t about 1450

2486, 1055::810; Mfand B eml wo or o cordinat8d aitrate 9
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groups. With bidentate pridging 4,4°-bipyridine moleculer and bidefitate

complexes are asgigned td) have gix-¢oordinated polyvmeric notahedrat

environments of 1 ‘“ﬁitrogen atoms (of bridging bipyridifie) and four
oxvgen atoms {from two bidentate chelating nitrsto groups) around the

metal atoms 21.22 {structure 11 )

i 0
7 th
',I .-"/ \"~
,f' ™y [,. Q- Q
f::, _l x\ /
L mm-—P.ef ﬁ,] —
AN
i1 0 C} R
Y ' \r]i
Lo

Structure YI: M =2Zn or Cd = = oo

LIlLi”‘ -, Eji“..'d‘h:la}g,

4 é'

223 —hlrﬂ‘Ihi"I l"mur:lel‘it—" with LMII b acets

CoLp{RAc}y (L =4.4"-bipyridyl), was prepared in the

solid state and characterized oni the basis of thair mugneuc suscepub:imes,
electironic and IR apedt
Ho absorption bands were o

or ethang! in Aty of 1

fv . {rofh ¢dor it _fainanol.
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TR spegirs oF 1he scmpleyes studied indicate that toth the snitregens

o aitrafen atems in 4.4 -pipyridine prectudss clhsistion but favors
courdinatins G5 1wo Sifterent melsl ipns Thos leading o polymar chain
formation 25

Cotalt{Il} Complayes - Cobalt{ID)acetate forms i:1 complex with
4 4'-bipyridine only. It showed magnetic moment value of 470 BM

indicative of octahedral conrdination. It3 electronic spectrum shows two

mainn bands at 10260 and 21050 <w~! with shoulders on either gide. These |

, 4 , F

bands are assigned to the transitions r () -~ > T {F} {vy} and l
ix ey

tr {F} —=~-——= > T {pd {rz). respectively, characteristic of a weak i‘

nctahedral field around cotatt{I1} Electronic and IR speotral data of the {1 ‘
Coflld aoetate - 4,47 -bipyridine comeley 12 conzistent with 3 six-soordinsted, ‘

polvmeric cotahedral structure where four oxvgen ,atotms from the two

<,

Cfrom the

acetate groups (trans to each other) and two nitrosen atofms
bridging 4.4'-bipyridine molecules around the Co(ll} fons in the solid

state.26

2.2.4. Complexes of 4,47-bipyridyl with Transition Halides.
All the complexes which were formed between 4,4°-bipyridine and the
halides of the ,‘h&_&vi'etj,lﬁ row transition elements. were isolated as 1.1,

dducts and they were all inzoluble in common polar and non-polar

!"J:l

Tiad

solvents 27 s

The spectra indicate that the IR of (447 -bipy) iz some what medifiesd
BITIE. 3 = :
i

-

~

-

[

.

i

-
s
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-

-
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Tabie I.

Peflestance spectra (kK)7¥ of the

W

f 2y 'S

Charge tran

8.6 tr; 32.8 tr

36.5 br: 32.5 br

S6.4 br: 30.2 br 5.6 h 143 2. 14.2 2
‘b 0 ‘ahedré.l complexes of Nilll).
Charge transier E;..'f'a__}.:_ ~-—:>T1 (pilvzy
k=2
277 232 br
35.8; 32.4 br, 22.% zh
364 br; 283 2hE
-l?hedrpi complexes af {;uf.fII'j'.
'S Charze trfansf's:r EEH -————wET_:’
ii—bip?} 37.5 br: 31.9 zh 12.6 vz

1 kE=1000 -1

—
o
A
it

)
Lo}

*

kkK=kiloEKawser,



ko

L}

Table II.

Diffuse Reflectance Spestrs {in kK units) of Some 4.4°-bipyridine Complexe

sl

i
)
Sn_a

&5 4 355 br
bipvizlHz004 4%.1, 35.% br, 289 LF

EXEE;

seudo-octahedral Culll) Compl

charze tranafer




L = 4,4" btpyndme

Fig. 3. Structm uf the Polvestionic Complex {Aulbipyiit.

This ¢ompound is ¢olourlzss and not conducting. This indicates thai

i
i

o0

tesides strong bands in the chain, alzo the square planar, egquatorial Hizand

Fvatem seefmn? 10 be estential for the conduativity.
The structure of & oiie - dimensional organis sondustior iz slabilized

Ll
(W]
4
—
>

by the igiradental planar phihslocovanine molesuis compliexing

actahedraily coordinated central atom in its equatorial plane, ?1.32

T

2.4 Conrdinaiion fompounds of Lanthanide Hiiratez and Chloride
¥ith 4.4 -bipyridine.
The complexes are of the general form M{NQ:3(4-bipy) XH20, where
M is for elements {from laﬁthanide zeriez, and ¥ = 2,34 or 5. The preparation
of M{NO3)3{4-bipy)z.(Hz0)z and MCiz{4-bipy) ¥H,0 vere veported. 37
of 4o -Ripyridvi are wegoizfed #ith sach foetal avom in

",u

Tore saaiosnisg

the caze of pityaies, and one in the caze of the chiorides 77

The room temperaturs magnetic mofesnts are found o be near th

b

theoretical values for the tripositive lanthanide ions, indicating that thers

iz o anui-Terramagnaetis interaction. The refiscianss specira are iviical of
f ---> f electronic transition 33
The complexss ars ptable in air and ihie 1R specipa shaw the orasence
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similaf_mta those of the

spectra are simifar to those of the transition elements with 2.2°-bipyridyl.

EBands for coordinated nitrate groups are prasent, but ne bands around 1380
and 830 ¢! for ionie nitrat. 3433 An ¥ - pay ansiysis 39 of the complex
La{N04}3(2.2°-bipv}s; has shawn that the coordination number of the metal
iz ten with each of the three nitrsle groups being tidentate. The ather four

.

positions in the complex were occupied by the two bidentate 2.2°-bipyridyl
malecules. 4.4 -bipyridyl in 115 <complexs: can fol act as & bidentats
chelating ligand for geometrical reasens. Thuz, the two molecules of water
arg required (o be coordinated to the metal o cofaglste the cotrdination
sphere. The vacuum thermogram of N3INO3kg{d-tipy) (Ho0)s zhowed that
the compound did anot starr to 1ose weight umtil 170 Y. The loss of the
coordination water in Nd{N03)q{4-bipv} (Ha0)s was a_':cnmpanie«'j.b; ;::'_’EI'AEI‘E!.I

desompnsition of the cmp

p._.

2X. Ity the ¢age of chlorides, it feenes likely that
the ¢ompounds have a polymeric structure, containing. bridging .chleride -+ -

and 4.4 -bipvridyl 37

2.5. Miscellaneous Cobalt Complexes with Bidentate Bridging
Groups.

The electronis seactra and rocm femperalure magnelic momernts of

complexes MX2(Pyz)p. (M «Co-or-Ni: X'= C1, Br,'or I:' Pyz <'fyrazine) have

hown thiat in these compoundz the metal  atame zre oftahedeslly o
oo ‘ . : B TRREI S E R ,&‘»rih it
4. wpf0ordi fatedefk.s coordina 4 . _ Y either by bridgine af



halogen atoms, leaviniy the pyracine groups unidentats, steucture (111 &

Siructure Il a Structure 111 b

O the baziz of & mid-IR spestral criterion for the unidenticity af

pyrazine, structure {111 a), analogous to that found for o- CoCla{Pyiz . was
In view of the octahsdral c¢oordination of the metal‘atoms. the
haloren atoms mudt be i fsrminal go2itionz. A

"

structurs kIII b} iz thr miaat symmeirical If iz

these complexes are very different to thoge Known to have haloget: bridged
petahiedral structurss ag in structure (111 ) 78

The ¢omparison wade on electronic spectra of M}Eg{P}rz)g cofmpovnds,
with the spactra of corresponding - brideed W Ez{P‘;ﬁé_ eenPs 1ed to the

¢onclusion that the ¢rystal figld splifting energy of pyrazing was greater

than that of gyridine and was sxelained in terme of grestsar 0 - bonding of

SETTEONNRE T I 4 2 B R igand. 38 .

ekl JLT T - 3 E Ly LT
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CoClz{Pvzly hias octahedral polyvmeric sheet structure based on single

each consizting af an iafinity sgquare array of cobalt atoms bridzed

by bidentate pyrazine groups. The sheéets alternate so that the cobalt atoms
in ane zheet lie v-ertﬂicaii‘; above anid telow the centers of the squares
ormed by the cotalt atome of the adjacent sheets. Two ¢hlorine atoms
enmpliete the actahedral configuration of each cobalt atom, The pyrazine
rings are tilted about the MN-N axes at angle of 4442 to the plane of ths

cobalt atoins, s that there are two arientations possible for each pyrazine

)

ring depending on the direction of tili. Pyrazine’s sre arranged with

identiosl nrientation round sl the cobslt atoms af one sheat 35,57
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3. EXPERIMENTAL

3.1. Equipments

UV-VIS spectra were recorded on & Beckman DPU-65 Spéctﬁifneter ifn the

--J

region 750-238 nm. and a Milton Roy Specironic 1001 FLUS, IR-spectra in
the tegion of 400-200 cm~! were recorded on a Pye Uniesm 5P 3-300 IR-
Spectrometer az KEr disc and Nujo! mull Far Atomic Absarption Varian
Techtron 11090 Specirometer was usad, Dec«:r‘mpi.sitir:un temperatiirs Were
measured on & Bocknonscope<M: type electrically heated microzcope

Cofductivity was measured by Teralhmmeter GUARD instrument,

CAbsolute ethanol was uged a2 supplisd for svnthesis. Solvents for

gihier work were used alter puriiication,

The amines nsed were p-anisidine (RDH, Analar), p-toluidine {BDH,

Analar), O-anizidine (EDH. reagent grade) bensy!l smine (BDH, reagend

grade), n-butyl amine {EDH, reagent igrade}_, _pyridine (R}@el—dehen,

ent gyade), diethvl amine(30% alcoholic solutinn ), and 4 4'-bipvridine

w

reag b

(EDH. Analar).
The COClz 6HZ0, Cat and CoSlg . TH20 waed were BDH reagent grade, For

qualitative tests Hz504 , HHO3, HCL, FeCly, KpCrgUg, KI and Hgl; have been

N T TGt B
R} ¥ o b _-I; 1_.-'1!..11

T B L -
o - ST e om o ma 2y
Miiiu s Cfiiili e SEtgromionat o ol g 31 h:".

-:;_.

i, Cﬁi@f‘f ﬁbed . '*Ed'éﬁti}’fg" ‘E< A [N e el H[ﬁﬁ:ql CHSCUUH?&;}:d \;i‘YS't'—gf'}\iﬁaXl. ..
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viclet were used. Far the detection af sulfur. NazS and acetone were used B9

Cobalt was determined by Atomic Absorptlion Spectrosqopy using air-

acetylene flamé at 2407 i resonance line. Chlorine was determinéd by
Yolhards method. 4! Sulphate {on was determined by gravimetric ansiveis
a2 barivum suiphate. i1 Nitre grfl wad estimated by tiiration with perchloric

acid in acetic acid uzing 1 % ervstal vialet in "cetic acid as indicator 12

3.2. Preparation of Cobalt{III}) Complex Using 4.4 -dbipyridine and

CoClp 6HZ0.

Cofiz 6Hz0 + bipy + 172CKs R 3+ £-1) » Colbip V}EI-E; {1}

A solution of 4.4°-bipvidine {1 .6 g, 10.2 m mole} in ethanol {20 ml) was

addad with constant stirring to 3 hot solution Tofis 6Hz0 (1 2. 4.2 m mole)
in ethana! (30 m1). while gasgous chlorine was siowly introduced in to the

qofution under conling Tor 15 minutes. The eracipitats that was formed wasz

collected by suction filtratian waahed mth absoiute ethan 1 fcliowed by

diethvl sther and finally dried at ﬁtuut Bl "‘l to give analv’rh ﬂllv purs

violet eryatals.

Vield: 0.36 g {64%) 1. pt abowve 300 OC,

Elemental analysiz for [DofbipyiCls)h found {caloulsied) Co= 1300%{16.34%)

Yiz (DT Apax(ly = B0 Am

= . T = B ~ - 4 i:‘*?’i
‘ sunmond otle [das) I

o




v {Co-C1), 565 em~) {for pridzing chiorides)

v (Co-N), 400 cm-1,

3.3. Preparation of Cobalt{I1]) Complex Using 4,4 -bipyridine and
Cos.
CoS + bipy + 37201y -=-mo-e- > (Cofbipy)Ciz] + S (2)
Cod {04z 4.4 m mole) was mived with ethanol {50 wl) and refluxed by
gtirring with mwagnetic stirrer for 12 hre., 20 that abowt 85% of the gait was

dissolved it the aleohot, The dissolved porfion of the mixture was taken and

to the bt sobution of this o sobation of 4 4-Bipvyridine (16 2. 102 m mole}

in ethanol {20 @ml} war added with constant stirriny. Mean while, gaseous
chilorine wag slowly iniroduced in 10 the 2olwtion under cooling for 15
minutes. The precipitate ®hich precipitated out was suction filtered washed

T 7y
R

with ethanol, followed by dry ether and finatly dried at about 72 90, 1o gt

snalytically pure virlet ¢rystals.

g

Yield: Ri6 g {{{.%%2 © m. ptabove 30090
Elestental analysiz for [KodbipviCls | found {caloulated) Ca= 181

2

B=841%{8.71%), T1=3276% (33.12%)

L}
Ln )
=3
—
—
]
L)
wE

=
et

T‘:F 1 o :j : I’xii .'? ,t :" may ;: 1 :| = Ef 5 f:l i,

max(zy =602 nm -

St dise) 0 (Lo-Cl), ___",s;%;m_"l._‘ {fe e
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1

Vis (BME}  hgag(i) = 660 nm

¥

:\max{z} : 600 nin ' : SEAAT
Uv {ethanol} kg ey = 238 nm
IR (KBr dizc) v (Co-C1), 390 ¢m- 1.
p (Co-N), 400 em-l

covalent sulphate 1150 em-!

3.5 Reaction of Amine with the Complex.

The reaction between (ColbipyICis] and the differsnt amines were

carriad out followinng the same progsedure az deseribed telow,

The complex [CoibipylCis] (005 g, 015 m mole) was dissolved in
abaolute ethanol {30 mi; and conlad in ige {since the complex dizaoives 1o 8
small extent in ethanol, it was the dissoived portion that was taken for the
reaction ). To the dizsolved portien nearly a 1 smount of amine in absoiuie

ethanol {10-15 mi) was added drop ms_ wnh mx rmg and

inued ¢0n:|1incr

for & hire. {for aliphatic amines {1 wag allowed 1o reast ovar rmfht} -tnd tth
allowed to stand at room temperature for | hr. The solid obtained was then
riltersd off and washed with abaolwe sthanol several times and dried in &

discéator over potassium hydroxide.

=

o
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3.6, Reaction of Excess Amine {(p-Toluidine, p-Anisidine. Benzyl

The reaction with p-toluidine |, p-anisidine, o-anizidine and benzvl

amine were repeated following the same procedure as descrited in section

3.5, uzing two fold amount of the amine,

In another expetriment the reaction was repeated by steadily

irioreazing the amount of p-toluidineg and o-anizidine. Howawer, in all cazez

the same crystals were obtained by using approximately {1 molar ratin of

the amine and the complex. Thiz concluzion was based on the bazis of their
UY and IE spectra,  condustivily  mesgurement and  decomposition

temperature

3.7. Qualitative Test for Amine in the Reaction Product.
A agqueous solWion of the product obtaited from reastion of g-
toluidine and {Cu{bip‘y}ﬂlg} was treated pueceszively with concentrated

sulphuric scid, KzCrzOe solwtion and HHOs. {The product waz partiatly

soluble in water). The characteristic colour. ¢hange from yellow:to blue .

W
|"c|

in ih :nce of p-icluidine was

i
e

then 10 brown which couid be obierve: pres
not observed This obzervatinn probably indicates the abzetcee af the p-
toluidine in the complex )

Similarly an aqueous solution of a dark violet product from the

zaction of p-anizidine and [Col{tipvilis] waz treated with HO solution of

soiniding wan oot 2een in thiz cage indioaling wonbally (12 absaenas o the

5’1;5!‘;" %% if e ’E?ét’tan 43 " , s SEES



Fiz 5. The eguivalent circuit of Fig. 4., B iz the resistance of the sample.
= s }

When "S" wag conpectad ta "b" the curtrent amplitude waz found out to

o,

decreaze than when "5" was ¢onnectad 1o "a" | because of the capacitor of

the peliet. The current value.decreases in the ratio of 1,41y = k%, where I

iz ihe surrent measured when "5° 12 connected 1o "a”, Iy = 0333 ampers, i,

is the current measured when "S" is connected to point "b", I = 0.0025
distegtric Tonstant
ie. k2= 1g/ly = 0.085/0.0025 = k% === r=38

The dietectric constant was determined in the above case by

+ - AT . - -
dizpersion method 37 The dielectric constant (k) iz used to get d-g

£
H

permeability of the sample {£4,.}.

€4 = KE,. £, 13 the permeability of free space = .85 x 10712 (C2/Hm?)

-
K

coEa. = 513 x 10711 (P2/Ww2), this value is in the region of super

g

sondusting material, hence t‘{u{i‘b‘iu_;_:y}i;lg i in super conducting region,
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4. RESULTS AND DISCUSSICN

All the complexes formed from CoCl: 6H20, Cof, and oS04 7Ho0 using

4,4"-bipyridine are ¢coloured, and their analytical data are given in Table 3,
The complexes are found to be insoluble in most common organic solvents,
both polar and non-polar, which probably reflecis the polvmeris nature of
the complexes. Thev did dissolve to a slight extent in Jdimethvl formamide
(DME} and partially in ethano! forming turbid solution. Mostly, thiz
Jissclution iz cofmpanied by decomposition. This has hindered the
possibility to study the spedtroscopic and elecironic properties of the
complaxes. The melting point of all these compounds are geeater than 300
8L, which indicate the coniribution of the bipyridine nitrogen 1o
conrdination.

Thie comgplexs: formad oy waing Collz 6Hz0 and "Col” with 4.4°-
bipyridine are found to be same, this is true from the elemental analysis,
T¥-VI15 Ik-zpeciraand other Jata.

When “Cos" was made !0 react mth ~i~1 bipvridme t:',-.f passmg
t*hlur H oy ; 1o Th':mi mi‘P !hP suifidP wa n‘{zdizpd kelempmﬁl vuifur bv;ﬁ
chiorine gas, Thg amounit of sulfur produced and isolated was also equal to
the amount of aulfur in Cof that was used, As a result "CoS” forms identical
¢omplex as that one formed by Colly eHz0 with 4.47-bipyridine. Motz that
chilorine zas oxidizes aiso the eobalt from +2 to +3.10

By taking in to accoun

.the results of the chemical analysis, tie
elestranis spadtra the geometry of the ceniral fon Daged on i1e oxidation

Cnumbi andth pondingshs. eof o ¢ Jallowing form 44: and
it o CouE EeTIR ' -
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LoS / bipy
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i
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i
il

Table IIT

attalwvtical Data

Coloyr

o
=4
P
=
—
[£1]
~—+

tright wiclet

2

03

111.71

Found (caloulated) %4

o €%

N L1~

11.02

1114y (706D

bazed on formula [CoibipyiCly] for complex 1 and

L I

3 it iz tased on [ColbipyiC1{s047]

2

Gt



i.e. an octahedral plymeric structurs with trans <anfiguration in which
thare is a halogen and 4.4-"bipyridine bridging molacnies. This structure is

similar to the ones reported before for retated compounds.33.37

{ii;




[

This is also a polymeric structure. in which 4,4 -bipyridine only acte

results.

4.1. Spectreal Analysis :
4. 1.1. UV-VIS

Tﬁe cbmplexes svnthe;ized as :%;éil as t
amines are not soluble in @most comiboon solvents, it was difficult 1o get
spectra in vigible region. However, the complexes give a turbid selution in
dimethvl formamide (DME} and ethannl. ¥hen the turdid solution with DMFE
waz heated {0 about 70 20 for 15 minvtes a ¢leay biue mh.niu.:r.n was -:1'1:stained,

which hag twa abgarption bands arcund 600 nin, and 660 nm in the visible

region protably corresponding to the spin aliowed tranzitions from " A

g

ground state to the

600 nm. and ‘A
lg

usualiy. obsety
highlv strong field ligand in specirachemical zeries, which forms low 2pin
complexes and in these cases it stabilizes Cot3 complexes. Very dilute

solution of the complex as well as the reaction produst of the amines in

ethanol were taken for UV, which gave risg to.a band areund 238 nm that

[yl
—

diffarent from thaot obtaingd from Co(bipy iy, This probably indicates thi




material, except for diethyl amine.

The filterate of the reaction product of benzyl amine and.the residue

of the reaction of diethy! amine have more ot less similar tand around 250
nm with shoulders on both sides. Piethyl amine is highly volatile, hence

the UV of the filterate ¢an not be obtained.

" The filterate of the reacti

product of p-toluidine, p-anisidingand:

O-anizidineg have similar bands around 236 nm atid 290 nm. The spectra of
the complex that was prepared withouwt using chlorine gas as an oxidizing

agent has two bands around 236 nm and 280 nm. which is more or less

similar with the spectra of the filterate of the reaction product of the

above amines. The bands can be assigned to transitions éTig{E} ————— b

4 . don o . L

T {Frand 'T (F} ~———~- » T (P}, which {2 a c¢haracterzitic of a weak
2g ig lg

“ oeranadral tield around COBEITHIIE

ta

4.1.2. IR-Spectra.

All the threes complexes have similar spectra, except that the complex

of Co304 / bipy has a broad band around 1150 cm~! | which is chatacteristic

iz due 10

for covalent sulfate 43 The rong bandz around 1600 cgn~1
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Some Prop rties of the Froduct Obrained bv Rea

[nx3
a0
e
L
o
o}

=]

> 300 dark brown

54 > 300

=1y > 300

59 ~ 40 reddizh brown 2.0;
41 » 3

300 dark brown 3.6




4.1.3. Conductivily Measurement

The measurment of conductivity was not precise, because of difficulty

2 x 10-2 ghm-!,

The ¢onductivity of [Co(bipy)Clz) was also determined in the solid

form using a peliet of the ¢omplex, at normal temperasture.

ie. R=pl74, tut IM from which ¢ =1/RA

Vhere B = resistance; p = densny ! thickneﬁs 4 = cross sectional area
{A=7rd), O= conductivity,
F=2181 kaohm ., |=02%c¢m, r=062%cnm,

G =I/RA  =UREEr2Y = 025/062.131 x 109 .23)=932 x 1073 ¢!

Thus, the conduetivity of the complex in solid formis 9.32 x 1079 ¢m-!

and in agqueous solution 2 x 187- Dohm!l The difference can be due to partial

olubility of the complek” (4ue 1o the ErrEstror-solution) andwduesto .
undetected experimental srraors.

ment re signal of different
frequency and amplitude hé.vé been s’mtched and the current was found to
be amplified than the axial direction. Afthough the measurment was made
for high frequency signal effect, low frequencv,has also been observed
and the sample is highly transparem m the Irequency range of the order

of 0.1 - 1 Hz. The sample hias been obearved {o gatisrate puls:?x and tignsls

of gifféreéntshaperand;frequency;:becaus
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