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id38THitCT 

Visible spectra for solutions of Ni:bipy, Ni:bi-

py area, Ni: bipy :lVU, , Ni: phen:, Ni; phen: urea, Ni :phen: 

Mil, Cu:bipy, Cu:bipy:urea Rnd Cu:bipy:MA ~Iere recorded. 

For the Ni complexes the ii max clid not shift with in­

creRse in pH but the intensity decreased. For the 

copper complexes increase in pH shifted the t. to "max 

shorter wave length in the basic medium. 

The synthesis WRS carried out in acidic medium. 

The complex formed between Ni and bipy '. in the 

molar ratio 1: 1 c0\11d not be isohlted, but when the 

cOllcentratiCln of bipy increased two times pink colored 

crystals of the formula Ni(bipy) 3C12' 6H20 were isola­

ted. Jm attempt to synthesise a nickel mixed ligand 

complex \'lith bipY:\l,rea and billY: malonamide was done, 

lJut in both cases Ni(bipY)3012.6H20 waS isolRted. 

The binary complex Ni(phen)C12 .6H20 was synthe­

sised by the reaction of phen'and Ni012 .6H20. The 

synthesis of the mixed ligand complex with phen :urea 

and phen:malonamide was then tried but in both cases 

Ni(phen)C1
2

.6H20 Vias the product. 

When CuC1
2

,2H
2

0 and bipy reacted in the molar 

ratio 1: 1 at pH 11·,5 Cu(lJipy)Cl" I'/as isolated but 
c. 

when the pH was adjusted to 7.0 a complex ?lith a probale 
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formula Cu(bipy) (OH)Ul. 3H20 I/LlS isolate(\. 

Jm attempt Ims mmie to synthesise the mixed ligand 

complex of copp~r' \'lith bipy: urea Hnd bipy: malonamicle. 

In both casos Cu(biI)y)Ol; was formed. 

The binary complexes of urea Hnd malonamide with 

copper were syn'chesiseCi to gi vo Cu( urea)C1 2 ,H20 anCi 

CU(MA)2C12·2H20. 

Phenanthroline re8cted with CuC12 ,2H20 in aqueous 

medium at pH 3.8 to form Cu(phen)C12 , 

Cadmium chloride gave white crystals with both 

bipyridine and phenthroline, The complexes were obta­

ined as precipito.tes vlhen the cadmium was added to the 

ligand solution \,ithout heating. These complexes were 

insoluble in water and other common solvents. Simi-' 

lar results Iwre cbt8ined also in the presence of urea 

and malonamide. 

In methanol:othanol solvent system the binary 

complexes Ni(M.A)2C12 and CU(MA)C12 .H20 were synthesi­

sed by refluxins the stiochiometric quantities for 

eight hours, Cd(MA)C12 ,H20 \Vas also synthesised in 

the same manner. The reaction of copper chloride with 

urea gave a complex of the formula Cu(urea)4C12 . From 

cadmium chloride and urea the complex ecl( urea)C12 .H20 

was isolated, 

In an attempt to synthesise complexes of Ni:bipy:MA 
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and Hi:phen:lVlJ.., Ni(MA)C1 2 was reacted with both bases 

separatly and it; was found thst both bases substitute 

the malonamide.. I,hen OU(M,l)012,H20 reacted with bi­

pyridine a compl()x of the formula Ou(bipY)20l2,H20 was 

isolated. 
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1. INTHODUCTIOll 

Coordination chemistry is the chemistry of adducts 

formed by metals in their higher oxidation sta"ce bonded 

to inorganic or organic ions, or molecules. The ligands 

bonded to ";;he metal ion are predominantly uigma donors 

with moderate to weak acceptor or donor tendencies. 

A coordini'.te bond can be formed between any atom 

or ion which can accept a share in a pair of electrons, 

and any atom, ion or molecule which can furnish a pair 

of electrons. 'J'l10 donor may be a netural molecule like 

H20, NH
3

, bipy, or an ion like CO;-, or H2NCH2COO-. 

Ordinarily an acceptor requires several donors which 

may be alike or different. The resulting complex may 

be positive ion, a negative ion or a neutral molecule. 

Therefore, complox formation is not reutricted to 

ausociation bet,Ieen t\'10 iOllS of opposite charges. A 

complex can therefore be defined as a species formed by 

the association of two or more uimpler species each 

capable of indell(mdent exiutence. 

In general, tbesmall highly charged cations form 

the most stable coordinate bonds, and it is ofter:. 

mistakenly supposed that the ability to form comlllexes 

is limited to the transition metals. Transition metal 

iOllfl are, however, auuociated with uuch intereuting 

properties as small cation size, comparatively large 

nuclear charge cUlQ the availability of a sufficient 
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number of 10V! energy orbitals for bonding purpose~· 

Nearly all of the complexes of the light metals 

-such as metals of lA, IIA, IIIB and IVB contain oxygen 

as the donor atom (H20, 'Ole, R-OH, R-O-I{l, nCOHI)2. 

These light metElls seldom coordinate \'lith molecules 

containing N, 3, C or halogens. Elements across the 

right (Cr, Nm, Fe, Co, Hi, Cu and ~n) easily coordi-
2 nate to nitrogen. For example chromium forms a large 

number of amines, most of which are slowly destroyed 

in water. Cobalt, nickel, copper and zinc form stable 

amines. These metols retain the ability to coordinate 

with oxygen in Gven greater degree than do the iorm of 

the lighter metals, but the tendency to form links \7i th 

ni trogen is still l)rOnotmCed~ 

All metalic ions apparently form hydrates in aque-

ous solutions frequently sv~'rounding themselves "lith 

water molecules. ~his is accounted for by (i) the 

excess water is not chemically combined but is held in 

place by the delJlimd of the lattice structure, (ii) the 

coordination number of the metol is abnormal, (iii) 

second and third ooordination spheres are formed and 

(iv) part of the water molecules are combined with 

anions. 

Hetero cyclic mnines coordinate readily wi'th trans-
7-

tion metal ions~ One such example is pyridine whose 

complexes are I-,j.dely reported in the literilture. 
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Chelution greatly enhance8 coordination and metuls 

which do not ordinarily coordinute with nitrogen form 

st(lble compounds with 2,2'-bipyridine und 1,lO-:-phenan-

throline. 

2,2'-bipyridine (1) and 1,10-phenuntlmoline (II) 

function as typical bidentate chelate molecules through 

the nitrogen atoms l'iith formation of five membered 

l--ings: 

(I) (II) 

When crystnlized from \later, phenanthroline forms 

woll defined monohydrates. The molecule of water is 

hydrogen bonded to the nitrogen (ltoms~ A hydrate of 

bipyridine has not been described, becuuse the rings 

(lre coplannr but in the trans position. However, it 

is certain that in the metul complex the pyridine rings 

are in the cis position: ! 

Bipyridine nnd phenanthroli'ne are both relntively 

weak bases. Ye'(; they chelate Iii th such a variety of 

metal ions and ',;he resulting complexes are generally 

of such a high o:cder of 8tabili ty. flhe conplexes of 
c 

phenanthroline are more stable than those of bipyridine? 
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Even Be and fllg, './hich seldom coordinate I'li th nitrogen 

cOlilpounds f~rm complex ions containing three molecules 

of phenanthroline. The complexes of 1,lO-phenanthroline 

are chiefly of interest beccl.Use of their stereochemi-

stry, their usefulness in analytical chemistry, and the 

ability of phen8.nthroline to stabilize unusual valency 

states of some of the metals? 

Urea (III) forms rather \leak cOlilplexes in aqueous 

solution? A urea wolecule usually coordinates through 

the oxygen atom of tho carbonyl group; however, in some 

instances the urea molecule do coordinate through the 

nitrogen atom~ 

o 
" 

(III) (IV) 

Malonamide (IV) has tlW amide groups each having 

two pairs of unshared electrons and coordinate readily 

with certain metBls~ 

Mixed ligmld complexes are those in which more 

than one kind of lignnd, other than the solvnnt mole-

cules, are present in the inner-most coordination 

sIJlwre of the complex and can be represented by the 
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generul formu11~ [JiLX i Y jZk' .] 10. 

The study 01' mixed ligllnd complexes has received 

considerable attention in recent years. J.1he solution 

s-l.;abili ties of mixed lignnd aystems have been determi-

ned by potentiometric, polarographic and spoctrophoto-

metric techniques. 

Mixed ligand complexes have vital role in physio­

logical systems, ]i'ormation of a mixed ligand comple-

xe between an enzYlue, metal ion and a substrate is 

considered to be the reHson for the activation of 

certain enzymes \Ii th metHl ions. To illustrate this, 

one can consider the function of carboxy peptidase A, 

\,hich is an enzyme that helpa to cleuve the carboxyl 

terminal of amino acid from a peptide chain by hydro­

lysing tho amide linlmge~l 

••• Pro-Leu-Glu.,Phen 
H20 

----~----------------> ... Pro-Leu-Glu 
carboxypeptidase + 

PhenylalCllline 

The active site in the enzyme contains a zinc(rr) ion. 

The metal is coordinatod tetrahedrally to two nitrogen 

atoJila and an ox-ygon atom from three amino acids in the 

p:vbtein chain. The fourth coordination site is free and 

so it can aC$ept a pair of olectrons from a donor atom 

ill the substra-be to be cleaved. 

An enzyme system of particular importance is that 

which promotes -eh,; fixation of atmospheric nitrogen, a 
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very important f3tep in the lli trogen cycle, providing 

available nitrogon for plant nutrition. Nitrogenllse 

is a molybdoonzYl11o which catalyses the reduction of 

molecular nitrogen to ammonia using photosynthesis pro-

ducts as reducing agentB. I~olybdenura is thought to 

provide the active site or Bites I'Ihich bind dir.itrogen 

and I{here it is l'educed to ammonia!2 

Interest in mixed chelates also arise from the 

study of mechani.sm of or[~allic reactions Ivhere the li-

gand bond is activated for selective l'eaction. Mixed 

complexes are 8.110:0 important as intermediates in lig8nd 

displacement re"ctions. Formation of stable complexes 

have also been Ilidely exploited by fmalyticr\l chemists 

in the developmont of many selective and highly sensi-

tive analytical methods. , 
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In recent yuars it have become increasingly appa-

rent that several tramd tioD motl'lions favour coordi-

nntion \'lith mixod ligand systems to a greater extent 

thfm lIould be e:cpected on s'i.;atistical basis.. The equi­

librium distribution of Cu(II) ions awong a mixture of 

seventeen amino acids lwve been computed from stability 

constants 8.nd blood plasma composition data. At pH 

7.4, 98% of the copper in tho simulated plasmn is co-

ordinated to histidine and cystine predominantly as 

the mixed ligand [Cu.His.Oyst] imd [Ou.H.His.OystJ 13 

2.1 Complexes of 2,2'Bipyridine and 1,lO-Phemmthroline 
. .""'- -

Bipyridino nnd phenanthroline form binary and 

ternary mixed lignnd complexus with 11 variety of. tran-

sition metnl ions. liith the excuption of the rare 

metals, numerous eXfl.mples are known for each periodic 
, 

group, including the alkali and alkaline earth eJ'ements. 

1 k f 1 t · 14 These comp exe s uere no\,n . or a one; lme. The rea-

ction between iron(II) Hnd bipyridine with formntion of 

an intensly reel colored fJubstance was first observed by 

Blau15- 17 in 1888. The analogous phenanthroline comp­

lex was first synthesised by Balu!7, and was shown to 

form similarly colored salts of the same type. 

Nickel coordinates \lith either of the base Le. 
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bipyridine and ghenanthroline. S'l;w tri8 complexes of 

nickel are bright pink. Salts of the [Ni(bipY)++J 

14 lIith a wide va~iety of anions are knO\m. 

Copper(11) complex salts contFtining one, two or 

three molecules of either chelnte have also been 

described~2 Most; are hydrated and of a blue or violet 

color. The complexes of cadmium and zinc are colorless. 

They are four or six covalent containing one, tl,O or 

three molecules of the buse. 

The binary complexes of nickel, copper and cadmium 

\lith bipyridine [md phenant11roline with a variety of 

unions Viere synthesised in the thirties und thereafter. 

lliost of these complexes are hydrated, as COPJ1,lexes of 

bil'yridine [lnd 11llenanthroline Hith bivalent metals di-

ffer from similar amines in combining with a lurge 

quantity of water. 

The syntherJis of [llfi(bipY)3JC12' 7H20, 

[Hi(bipY)(H20)JC12 und [CU(bijW)3JC12,71I20 Vias reported 

b J d D' ,k19, 193'- '"h th' d yaeger an :LJ 1n ;;>..i. e syn eS:LS vms one 

when 1,2 or 3 equivalent of the ligand was added to the 

solution of the salt and eval;orated at room temperature. 

N;\(bi~Y)2C12 and Ni(p11en)2C12 l'Iere also reported 

in 1933. 18 Ni(birY)2C12 was obtained by heating rose 

red [Ni(bil'Y)3JCl.6H20. Ni(birY)2C12 is grass green and 

it is stable in air but cmmot be recrystalized from 
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water. 

Controlled thermal decoInl'osi ton of Hi (bil"y ) 3C12' 7H20 

Ims studied by Loe, Grisl"lOld and Klienbergy~O 'rhe pro-

duct of this were Ni(birY)2c12; Ni3(bif:Y)4C16' and 

Hi(bipy)C12 , 

The diamagnotic vrhite crystals of the tetrahedral 

complex CdLC1 2 (L = billyridine, phenanthroline), 11(3re 

synthesised by refluxing the stoicl;.iometric quantities 

of CdC1
2 

and tho ligand in methanol for half an hours~l 

'rho synthesis ,of Gd(bipy) 2" H20 Has also reported 

by Taeger Gnd Dijk22 in 1935, ~he complex Cd(bipy)C12 

ancl the annlogouf3 comj>lexes \lith the anions acetates, 

sulfates and nit:cates WElre also rel)Ortocl in 19362{ 

Tho mono COlllllox of 2,2'-bipyricline and 1,10-p11en­

anthrolino with 'che halide of Ni(II) were prc3pared in 

good yield by roaction of tho base \'lith an excess of 

tho anhydrous motal halicle in boiling clime'0hylforma­

micle. 24 The mi:Jwd ligand complexes of bil_yridine and 

phenanthroline \ii th many transition metal atoms are 

re1'ortecl in the literature, Nost of the secondary li-

d l ' cl 14 f;<lllds are ni trogan or oxygen anal' 19an s, 

Some of thu secoll<lary ligmlds that can be mentioned 

are the 8Jllinoncids. Iilixecl ligand complexes of tho type 

Cu(bipy) (glyciw1te)+, (Ju(bipy)glycine)++, CU(bipy) 

(alanine)++, NL\L (ll = bipyricline, L = glycine, flnaline 
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The elemental an:l.lysis results \'Iere, foundj( (calculated;'), 

Cu: 17.90 (19!l-7), Cl: 10.6 (10.8), \Jater loss :12.85 

(16.55), Visible spectrum: Amax ~ 625 nm. IR spectrum 

is given as Fig. 13 (a). 3'tOO-3300 cm~l (O-H str.), 

-1 -1 ( . -1 1600 cm ,1580 cm C~C str. and C~N str., 1450 cm 

(C-H bend). It is insoluble in GH2C12 , CH012 , C014 and 

CH3COCH3 , slightly soluble in CH30H but soluble in H20 

and DMSO. 

LI-. 2. 4 Preparati,(:.il of DichIara monourea cOPPGr( II) 

monohydrate 

CuC12 .2H20 (0.01 moles) and 6.006 g (0.01 moles) urea 

l'Iere dissolved in 100 ml distilled water and the pH 

of the solution was adjusted. to 3.5. On heating the 

color of the solution changed from blue to green. The 

solution vms slowly concentrated by evaporation and 

cooled. On cooling green crystals lIere isolated. The 

isolated compound "as dried. at 80°0 for one hour. '1'he 

yield was 0.87 g (LI-l. 421,). It does not melt but at 

about 175-1800 0 its color changes to black. The eleme­

ntal analysis W8.s: found% (calculated;') : Cu: 29.79 

(29.88), N: 11,7 (13.17). It is slightly soluble in 

IIater but insoluble in organic solvents. Its IR 

spectrum is given as Fig. 13 (b). 
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4.2.5 £tttompt .Y-<? prepm:e coppor: bip;Z: malonarJido 

complex: 0.4261 g Cu01202R20 (0.0025 moles) 

was dis sol v,ed in 30 ml distilled water. ' 'ro this 0.39 

g of bipyridine (0.0025 moles) dissolved in 5 ml 

ethanol and 25 jill Vlater vms added. The pH of the solu-

tion was adjusted to 2.0, and 0.25 g malonamide 

(0.0025 moles) cUssolved in 30 ml watur was added drop 

I'lise while heating and stirring. The solution was 

intense blue in color. The Bolution was concentrated 

gi vine; e;reen crYf!tnls. Yield was 0.24 g 03.157.), 

Melting point: at about 2900 0 the compound changes 

colour to dark green. Elemental cll1alysis: found;' 

(calculated/.): Ou: 19.87 (21.85), 01: 18.92 (24.42). 

Visible spectrum; "max ~ 670 nm. Its IR spectrum 

is given as Fig. 12 (c). 

It is similar to spectrum of 4.2.1. Solubility: 

it is soluble in H20 and DMBO. But insoluble in 

CH
2

C1
2

, OH01
3

, 0014 , and CH
3

0H., 'i'he compound isolated 

Has established 'co be,Ou(bipy)012' 

4.2.6 PreparatLcp of Dichloro dimnlonamide copper( II) 

2-water: Cu(!.vL) 2°12 , 2H20. A solution of 3.41 

g Cu01
2

2H20 (0.02 moles) VlaS added dropwise while 

heating to a solution of 2.041 [5 malonamide dissolved 

in 30 ml water. 'I'he color of solutionB was green. 

After concontration and cooling, brown crystals rrere isolated. 



l'ield viBS 0.80 p> (21. 35i.'). The melting point is at 

;)400 C tIle ) I 1 t bl J _ comp.ox clanges co or'o nce. Elemental 

analysis \lere, found.%' (cnlculatedi), Cu: 16.79 (16.90); 

01: 17.10 (18.9); N: 12.57 (14.9). Dolubility: inso­

luble in CH2C13 , CC14 and CH
3

0H. Slightly soluble in 

water and DMSO. IH spectrum is given as l!'ig. 13 (c). 

3400-3200 cm- l (01I~N-H str.); 1620 cm-l (C-O str.), 

1450 cm-l (C-N s-cr.). 

4.2.7 Preparation of Dichloro mono (l,lO-phenthro!ine) 

copper(r:Q ~Cu(phen)C12]' 0.39 g phen d.isso­

lved in 5 ml ethanol and. 10 ml distilled water was added 

to 0034 g CuC12 ,2H20 dissolved in 30 ml wnter. The pH 

was ad.justed -Co 3.8. Jehe solution was bright blue. 

,lfter concentrc:l;ion Hnd cooling it gave green crystals. 

Yield: 0.54 g (87.21,); Melting point: at about 300°C 

changes to dark green. Blemental analysis: found % 

(calculated): Cu: 20.13 (20.06); 01: 12.92 (22.57); 

H: 7.93 (8.90). Visillle spectrum A : 710 nm. IH max 

spectrum is giv':ll1 as Fig, 14 (oJ. =1 ( ) 1600 crn G~N str. , 

1510 cm- l (C~C Btr.), 1425 cm-l (G-II bend). Solubi-

lity: insoluble in CH2C12 , CHC1
3 

and CC14 , but soluble 

in H20 and DMSO. 

4.2.8 ;,ttempt to prepare copper: phcn: urea coraple:l!: 

0.34· g. CuC12 ,2H20 (0.002 moles) dissolved in 30 ral 
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water was mixed \lith 0.24 g urea (0.004 moles) in 20 

ml water. To this 0.39 g phen (0.002 moles) in 10 ml 

ethanol and 20 ml water Has added drop wise while 

heating and stirring. Green crystals, were obtained. 

The yield obtained \las 0.39 g. Melting point: at 3000 0 

chan[~es to black. Visible spectrum A ~ 710 nm. 
max 

IR spectrum is given as l!'ig. 14 (b). "s this complex 

WRS found to be slightly soluble in Vlater the elemen-

tul analysis was not carried. 

In another experiment the reacting substances 

Cu012 ,2H20, phen and urea \fere taken in the molar 

ratio 1:1 :L.o. While heating fine blue crystals were 

isolated. The yield was 0.19 g. Melting point: at 

190 - 200
0

0 ch8.nges to dark blue·. Visible spectrum 

A max 710 run. IR. spectrum: appears on aPllendix: 

Pig. 15. 2250 cm- l 2200 cm-l (doublot) .• 1450 cm-l , 

1150 cm-l 850 cm,·-l. Elemental analysis: because it is 

insoluble in water it was not possible to Rnalyse con-

tent of Ou and 01. Digestion with concentrated HOI 

was tried but the complex precipitatea on dilution. 

Lj..2.9 Attempt to )2repare copper: llhen malonamide 

com121ex Equal quantities of OuC12 ·2H2O and 

phen as in the 3.bove case (4.2.8) was reacted with 

0.408 g malonamide (0.004 moles) as described. Green 

crystals lIere obtcined. The Yield was 0.18 g (28.1iO, 
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liielting point: D.t about 2,)00C changes 'bo blnck~ Elemental 

analysis: found;' (calculated;'), Cu: 19.80 (20.06), 

Cl: 11.25 (22.57). Visible spectrum.: A c=. 710 nm. max 
IE spectrum is given as Fig. ll~ (c). It is similar to 

the spectrum of 4.2.7. Solubility: insoluble in 

CH2012 , CH3C13 , CCll~' CH
3

0H slightly soluble in H
2

0 

and DMSO.. The isolated complex waB found to be. 

4 .• 3 Complexes _0J CDdmimm 

4.3.1 Ca<!mium: bipyridine cowplexes 0.45 g 

CdC12 ,2H20 (0.002 moles) dissolved in 30 ml di­

stilled water \m" i1dded to 0.;)1 g bipyridine (0.002 

wole,,) dissolved in 10 ml ethanol and 20 ml distilled 

water. When adding the cadmiuw salt "olution to the 

bipyridine solution, a \vhite precipitate was formed. 

The solution was well stirred and then left to stand. 

The IJrecipitate vms filtered off, washed Fli th cold 

water and air dried. Yield: 0.67 g. Melting point: 

> 300°C. 

3100 cm- l 
IE spectrum: given as appendix. Fig. 16 (a). 

(C-H str.) 16000cm- l (C~C str. and C~N str.). 

1450 cm-l (C-H bend.) 780 cm- l (C-H out of plane bend). 

Elewental analy:~is: because the complex was i::oluble in 

\later and concentrated Hal it \Vas not possible to do 

the analysis fo:[' Cd and 01. The content of nitrogen was 

10.2.%'. The complex is insoluble in all common organic 
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solvents, watl,r and mltSo. 

In a similur experiment cadmium chloride, urea 

Bnd bipyridine rJere reacted. A \lhite precipitate was 

obtained, which has the senae IH spectrum (Fig. 16 (b) 

as the spectrum of the Cd: bipyridine binary complex, 

Fig. 16 (a). '.rhe complex also does not melt up to 

3000 C. 

Malonamide, cadmium chloride and bipyridine also 

tave a \lhite precipitate, \Thich has the same IH spec­

trum, Fig. 17 (u) to that of the binary complex of Cd 

and bipyridine, Fig. 16 (a). It does not melt or deco­

lipose up to 3000 C. 

In similar two other reactions the concentrations 

of the urea and malonamide \vere increased four times 

and reacted with cadmium chloride and bipyridine. In 

both experiments, a white precipitate Has obtained. 

Their IR spectre' \>;ere taken (Fig. 18 (a) and (b)) and 

found to be identical with the Cd: bipyridine complex, 

Fig 16 B. 

4.3.2 Cadmium: rhenantlIToline complexl 0.45 g of 

cadmium chloride (0.002 moles) dissolved in 20 ml 

distilled wElter vws added to 0.39 g phenElnthroline 

(0.002 moles) dissolved in 10 inl ethanol and 20 ml 

water. On adding the cadmium salt to the Ilhenanthro­

line solution, a vihi te precipi tElte was formed immedia-



tely. Th" precipitate ,IClS filtered off and \vashed with 

cold water. '1.'ho yield was 0.64 g. Melting point: 

> 280°0. The complex is insoluble in H20, DMBO and 

common solvents. 

nitrogen: 8.17,. 

3050 cm- l : (C-H 

(C~H str.); 1440 

of plane bend). 

Elemental analysis was done only for 

IR spectrum is e;iven as Fig. 19 (a), 

.) -1 ( ) -1 s~r. ; 1620 cm COC str. , 1520 cm 

cm-l (C-H bend). 850 cm- l ; (C-H out 

In another reaction cadmium chloride was first re-

acted with urea and then phenanthroline solution was 

added drop \';ise. A white precipitate \'lUS formed, 'fhich 

has the same IR spectrum (Fig. 19 (b»as the cadmium: 

phenanthroline binary complex. It also has similar 

solubility behaviour. Its melting point is higher 

than 280°C. 

The amount of urea was then increased ten times. 

A white precipitate lifRS formed·. Its IH spectrum (Fig. 

( » "* -1 th . . t 19 c shows a sharp peHk at 2180 em ,0- erWlse l 

is similar to the above spectrum. \Ihen phenanthroline 

Has reacted with a solution mixture of cadmium chloride 

and tlalonamide, a white precipitate ViaS formed.,· It has 

11 similar IH spectrum to the cadmium: pllOnanthroline 

complex. 

;{f Gould not be assigned to any kno\vn renlc of urea. 
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5. SYNTHESIS OJ;' !J()!{;]i; (;OMl'LEXl~B III J\.L(;OllU)~I() MEDIUM 

The complex Ni(MA)2CI2 was synthesised according to the 

procedure described by llggrawal50 by dissolving the 

stoichiometric quantities of hexa hydrate nickel chlo-

ride and malinomide in a metlwnol: ethanol mixture. 

50:50 (v/v), and refluxing the solution for eight 

hours. 'rhe yellowish green complex separated during 

refluxing. Its IR spectrum is given as Fig. 20 (a). 

0-39 g bipyridine (0.0025 molex) in 50 ml metha-

nol: ethanol mixture was reacted with 0.835 g of 

Hi(MA)2C12' (0.0025 moles). At first the color of the 

solution was pink but on heating it clwnged to blue. 

The solution 'Ims refluxed for four hours. It WRS then 

concentrated by distilling off most of the solvent end 

on standing OV8r niGht Ilhite crystala with some blue 

crystals co-crystalized. The white crystals were sepa-

rated by washing off the blue crystels \lith a small 

quanti ty of eth01101 and ehllractrized, by melting point 

determination "md NMR, to be malonamide'.. However, the 

blue crystals 'dere not eharacterized because it could 

not be isolated from the 801vent in appreciable quan-

tHy. 
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5. 2 ~~he Renction Bet17een Ni(r:iA) 2012 [lnd l,lO-Phel1E:n 
,~~"_~,_~,,," __ ~~-~<_ .o_~_~_~ ~ __ , ___ ~'-~_~~'"_~_~~~'~~"~~J~~~.~_ ~~."~_~~~~ ~ __ , ____ ~".,~~_~"_=~,,~""~<c~" ._~~~~_~ _____ ~_~ ___ , __ 

throline 0.49 g 1,10-Phenanthroline \Vas reacted 

\dth 0.83 g Ni(IM)2012' (0.0025 moles), follol'ling [\ 

procedure similRr to 5.1. "'he color of the solution 

was pale pink at the beginillg of the renction. On re-

fluxing, after e.bout one hour, the color of the solu-

tion changed to liGht blue. llhi te and blue crystals 

were isolated after long standing. 'rhe blue crystals 

were separated by dissolving them in a mimimum quanti-

ty of water and then recrysc;alized from ethanol. 1'he 

white crystals Vlere characterized to be malonmnide on 

the basis of meltinr; point determination and mm. '1.'he 

blue crys·cals \'lore chorllcterized to hnve the formula 

Ni(phen)012.6H20, on the basis of elemental analysis. 

Yield: 0.4 g 08.5/.). Melting Point: at 140°0 it 

changes to green. Elemental analysis: found/. (calcu-

luted;'). Ni: 13.68 (13.8); Cl: 15.4 (16.9), N: 5.9 

Visible SIJectrUI'l"}.. - 700 nm. T\ max - IR Sl)eC-

trum: is given :.'.8 Fig. 20 (b). 

5.3 Attempt to.Prepare Nickel: Urea Complex 2·77 g 

urea (0.02 molos) W[lS dissolved in 100 ml meth[lnol 

and the resul tin:5 green solution liaS refluxed for six 

hours. 1'he solv(mt was then distilled off and the 

volume reduced to 20 ml and cooled.. No crystals were 

isolated. 'rhe solution Ims then left standing and 

!:lost of the methanol \'las evaporated. at room temperature, 
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however, cryEtcclB Ilere not isolHted aml the complex 

reraaine<l in solution. 

5.4 PreparatiOl}~ of Dichlorobis(bipyridine )copper( II) 

Monohydrate Cu(bipY)2C12· H20 ; CU(Ml\)C1
2

.H
2

0 was 

. 50 synthesisod as described by ",ggr11wal. Its IR spec-

trura is given as Fig. 21 (.). 

0..78 g of bipyridine (0.005 moles) 11nd 1.27 g 

CU(MA)C12 .If20 (0.007 moles), was added to 100 ral etha­

nol. On the adcli ton of the bipyridine the solution 

immediately turned to brOlm and this solution was re-

fluxed for o.ight hours. During refluxing green crysta-

Is were isolated, The solution was filtered and the 

crystals washed with small portions of ether. The 

fil trate Vl2.S concentrated by evaporation and some more 

crystals (0.27 g) Vlere obtained. Total yield: 1. 25 g 

(54. II!.) • Melting point: 'at 1500 C changes to dflrk 

green. Blemental ilnalysis: Found!. (clllculated;O, 

eu: 13.92 (13.66), 01: 12.92 (17.27), N: 11.4 (12.04). 

Visible spectrum: ,\ max = 650 nm. IR spectrum given 

us APIJendix Fig. 21 (b). 3400 

-1 ( ') 4" -1 1610 cm C=C sur. • 1 /0 cm 

cm- l (O-If str.), 

(C-If bend), 780 -1 cm 

(C-lI out of plane deformation). Solubility: slightly 

soluble in alcohol. Boluble in Ilfl.ter and dimethyl-

Hulfoxide. Insoluble in chloroform and carbon tetra-

chloride. 
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5.5 PrepC1r:(ltiC?}~ of DichlorotetraureaCOlll)er( II) 

Ou( urea) LjC12 . 2.4024 g urea (0 .• 04 moles) and 

3.4094 g CU012 .H2 0 (0.02 moles) were dissolved in 100 

01 .o.1cohol mixture (50: 50). '::he color of the solution 

lJaB intense gruon. It IlflS refllL'wd for eight hours.~ 

During refluxing the color of the solution turned more 

dark. ';.lhe solution Ims concentrated by distilling off , 

about 80 ml of ·l;h6 sol vent. Green crystals were obta-

ined on cooling. 'C'he crystills were washeu with small 

portions of ether and then Hir dried. Yield: 3.55 g 

(94.9,0. Element81 analysis: Found/. (calcule. ted:'O. 

Uu: 16.08 (16.95), N: 29.2 (29.88), 01: 18.15 (18.94) 

Melting point: at 1600 0 changes to dark green. IR 

spectrum is given HS }rig. 22 (b). 3500-3300 cm(N-H 

-1 ) str.), 1580 cm (0-0 str.) 1 1,80 cm (U-N str •• SOlubi-

Ii ty: Soluble in water., alcohol anu dimethylGulfoxide. 

Insoluble in ncatone, dichlorol'wthane, chloroform and 

cHrbontetrachlo:eide. 

5 .• 6 Preparatio.ll of Dichloromonoml;lonamidecaclmium( 11)­

Iflonohyclrnte Cd~MA)012.II20: 1.0209 g malonamide 

(0;01 moles) and 2.2835 g (0.01 moles) were dissolved in 

100 ml methanol: ethanol mixture (50:50).. '.t'he solution 

\Jas colorless. It Vias refluxed for eight hours. The 

clear solution vas then concentrntecl by distilling off 

about 70 ml of the sol vont.. '::he concentrated solution 
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Ims thon cooled over night in n refrigirator. \Ihito 

crystllls ,wre isolnted. The crystals wore dried at 

70°0. Yield 1.8 g (94-,77), Elemental analysis: found/' 

(cGllculatod;'). Od: 36.12 (3'1.02), 01: 21.;'5 (23.38), 

H: 8.9 (9.22). Meltin(5 Point: at 194-°0 - 205°0 melts 

Glne! changes to yollol7. Bolubili ty: highly soluble in 

wa~or and alchol. 

5.7. Prepnration of Dichloromonourencadmium(II)mono-

1..2 e; urea. wero added to 100 ml ethllnol. ~he mixture 

was gently heatod vii th continuous stirring for four 

hours. During hevting \/hite crystals were isolated. 

The crystals we:c'e filtered off, washed vii th small po­

rtions of ether ,mel then dried in the oven at 70°0. 

Yield: 2.1 g (L~O.3i:>. Melting foint: it does not melt 

up to 250°0. Elemental analysis: found/' (calculated%). 

Cd: 4-5.17 (1.3.05), N: 9.81 (10.72), 01: 26.99 (27.19). 

IR spectrum: apllenrs as APpendix Fig. 22 (a). 3500-

34-00 (O-H and N-H str .• )., 164-0 cm~\C-O str.), 14-8 cm-l 

(0-1:> str.). Solubility: soluble in Hater and dimethyl 

sulfoxide. Slightly soluble in alcohol. Insolluble in 

chloroform and cHrbon tetrachloride. 
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6. H:E.LULTI3 ,inD DIDClJGI3IOH 

The syntheE;is of all complexes in the a'lueous 

medium was carried in the pH range 2-:>, because if the 

pH is greater than 7, the metal ions precipitated air, 

the hydroxide. 

To synthesis the binary complexes of nickel and 

bipyridine, the metal ien and the ligand were taken in 

the molar ratio of 1: 1. The solution was blue in 

color and absorbs at Amax 560 nm. After concentra­

tion and cooling the complex was not isolated. 'rhe 

effect of prolonged heating was investigated in 

another experiment by refluxing the solution for three 

hours and then concentrated and cooled, but crystals 

were not isolatQd. 

In an attempt to synthesis the nickel,:Lipyricli-

ne : urea COml)lex and nickel: bipyridine : malonamide 

complex, the metal halide and the ligands were taken 

in the molar ratio of 1:1:1. The complexes could not 

be isolated having the same blue color and the same 

visible spectra, A max 560 nm, as the nickel,:bipyri­

dine complex in the rJolar rat io of 1:: 1. Hence, it was 

necessary to investigate the effect of prolonged re-

fl ~ing and inc:ceased concentration. 

The concentration of urea amI malonamide were 

then increased four times, and the solutions refluxecl 
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for six hours each. HO\level', thic ,'\faried condition 

did not have any effect on the product formed. The 

solutions have the same visible spectra, A 560 nm, max. 

and was blue in color as ShOl"ll1 when the t101<lr ratio of 

metal ion and ligand3 was 1: 1: 1. It is therefore possi­

ble to conclude thDt in aqueous medium at pH 2-5, the 

formation of a mixed ligand complex \'Ins not attainable 

when the molar ratio of Ni:bipY:lllalonamide \'lere 1:1:1 

or 1:1:4. 

Hence, it vms necessary to \lOrle with an excess of 

tho second ligands nawely urea and malonamidEj. There-

fore, the concentration of the second ligand was in-

creased ten folds, and the same l,rocedure vms followed 

but the results obtained were similar to the above case. 

When the synthesis of Ni :billyridine complex was 

done at a higher concentration of the liGand, by 

adjusting the concentration in the molar ratio of 1:2 

re8pectively, pink crystals Vlere isolate<).. From the 

IR spectrum (FiC. 10 a) of the complex it shows that 

it is hydrated, as there is a stronG O-H stretching 

peak at 311-00 cm -1. The sharp peak at 1600 cm -1 is for 

the aromatic C=N stretching vibratio~l. At 1480 cm-l 

the C-~ bending peak is ob8erved. The elemental ana-

lY8is data obta.ined suggest that the complex has the 

formula Ni(biPY)3C12.6H20. J'he nickel content was 

9.971. (oal. 8.31), nitrogen content was 10.8~/. (cal. 
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11. 89) and chlorine content was 10.60;' (cal. 10.051). 

,"118 water loss vias 16.011. (cal. 15.29/). It absorbs 

in the visible spoctrum v/ith a A max of ~10 nm. It 

is soluble in H20, CH30H and DMDO, but insoluble in 

CH2C12 , CHC1
3 

and COllt • It decomposes at 175°0 to 

give a green colored complex, ~robably due to tho 

18 formation of tho i''ilhydrous bis complex. Original 
I 

literature on tho tris complex was not available, and 

hence it vras not possible to make any comparison. 

The synthesis of Ni(bipY)2(urea)C12 ~laS attempted 

by reacting bipyrid~ne, urea and nickel chloride in 

the molar ratio of 2:1:1 following the procedure for 

the synthesis of the nickel:bipyridine tris complex. 

In this case also pink colored crystals were isolated. 

The IR spectrum of t his complex (J!'ig. 10 b) was simi­

lar to that of Ni(bipY)3C12.6H20, (»::ig.lO'a). The 

elemental analYfJis were carried out and was found to 

!lave nickel 9.35/' (cal. 8.31,%), chlorine 12, 72/. (cal. 

10,05) and nitrogen 9,64i. (cal, 11.89), It deco­

mposefJ at about 172°C and changes to green. In the 

visible spectrum it absorbes at 520 nrn', It is soluble 

in H20, CH30H and DMDO, but insoluble in CH2C12 , CHC13 
and CC14 ,. These data suggest that the complex isola­

ted was N:L(bipY)3C12.6H20 and therefore, it can be 

concluded that the urea molecule does not coordinate, 

and instead of a mixed li€';lmd complex, the binary 
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cOIclplex of nich:;l and bipyridine WUG obtained. 

In similar manner the synthesis of Ni(biPY)2(MA)CJ,2 

was attempted. In this case olso pink crystals were 

isolated. The IR spectrum (Fig. 10 c) is similar to 

that of Ni(biPY)3C12.6H20. The elemental analysis, 

nickel content, L!-.3;< (cal. 8.31;!.), nitrogen content 

10.35;' (cal. 11.89/.) and chlorine content 10.141 

(cal. 10.05,7.), suggests that it has the formula 

Ni(bipY)3C12.6H20. It is then concluded that follo­

wing this procouure it was not posGible to synthesise 

the mixed ligand complex. 

In the attoul1>t to synthesise and isolate the 

binary complex of nickel with urea, it was found that 

the complex could not be isoloted and remains in 

solution in the :form of a suspension. In the case of 

nickel: malonamicle binary complex, the malonamide re-

crystolized on cooling. This WilS confirHed by melting 

point determination anu NlflR. 

When nickol chloride and phenthroline \lere rea-

cted in the molar ratio 1:1 at pH 2-5, the color of 

the solution was blue. j,fter concentration anu cooling, 

however, crystals of the formed complex were not iso­

lated. The Bol1.J:tion absorb at A max 525 nfP) 

To synthesise the mixed ligand complex of nickel 

lIith phenanthroline and urea, the urea solution was 



added dropwise -Co a sulution of nickel chloride and 

ph,manthrolinu in the molar ratio 1: 1: 1, \'/hile heating 

and stirring, On long standing, light blue crystals 

in low yield (25.4-/.') were isolated, This complex was 

analysed to be Ni(phen)2012,GH20 from the elemental 

analysis from which it vms found the nickel content to 

bo 8,027. (cal. 9.81/.) and tho chlorine content to be 

11.57. (cal. 11.8.%). Tho IR spoctrum of the complex 

(Fig. 11 a), sho\\' that it is hydrated, showing an 

O-H stretching peak at 3350 cm- l , The aromatic C~N 

Btretching peak appears ut 1620 cm -1, ~lhe peaks in 

the finger print; region of the IH spectrum are all 

similar to that found in the free llhenanthroline IR 

spectrum (Fig. 23 b). It is soluble in H20, CH30H and 

DMSO, but insoluble in CH2C12 , OH01
3 

and C014 , The 

conclusion arrived at is, therefore, the mixed ligand 

complex of nickel Iii th phenanthroline and urea was not 

isolated. 

In another experiment in place of urea malonarnic1e 

WIlS used and tho smue procedure was follol'lOd, In this 

case also blue crystals vere iBolated, which have the 

same IH spectrum (:B'ig. II b) to that of Hi (phen) 2012' 6H20 

(:B'ig. 11 a). Elemental analysis results show that these 

tlVO complexes ,'J,l'e the sarlle, The nickel content was 8,71. 

cal. 9,81) and the chlorine content V!aS 11.2j. (cal. 

ll. 8/.). o It dElconrposeB at 140 O. It is soluble in 
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H20, CH30H and DMSO, but ia insoluble in CH2C12 , CHC1
3 

ami CC14 • 

Dichloro monobipyridine copper(n), Cu(bipy)C12 , 

,ws synthesised from copper chloride and bipyridine in 

the molar ratio of 1:1 at pH 4.5. The crystals obtained 

,/ere green, and decompose at 2800 0. The elemental 

analysis results were, copper content 21.1/' (cal. 

21.15iO, nitrogen content 10.1;' (cal. 9.631-) and chlo­

rine content 24.%;.). The IR spectrum of this complex 

(Fig. 12 a) indicates that it is not hydrated, as the 

O-H stretching peak at about 3600-3200 cm-l was not 

observed. 
-1 , 

C-H stretching peak at 3050 cm , C=C stre-

1 
-1 tching pea c aml O=N stretching peak at 1500 cm were 

also observed. 'Llhe absobtion peaks in the finger print 

region were simih;r to that of bipyridine (Fig. 23 a). 

The complex absorb in the visible region with a 'A max 

of 660 nm. 

To synthesise the mixed ligand. complex of copper 

Hi th urea and bij)yridine. the reacting substances were 

taken in the molar ratio 1:1:1 and the pH adjusted to 

2.2. The IR spectrum of this cOl!lplex (Jl'ig. 12 b) did 

not show any ab~,orbtion at 3500-3200 cm- l indicating 

that it is not hydrated. Moreover, the K-H stre­

tching peak at 31>00 cm- l and the 0=0 stretching peak 

at about 1600 cm-l were not also observed, which is 

a conclusive eviLlence for the absence of urea as a 
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ligand in the c(;lil~lex isolated. ';lhe elemental analysis 

results suggest -that the complex is Cu(bipY)C1
2

• The 

content of copper wus 21.521. (cal. 21. 851.), that of 

nitrogen vms 8.09/. (cal. 9.63;') Rnd that of chlorine 

was 16.26/, (cal, 24.42;'). ~he results of the chlorine 

analysis show a ,1eviation from the theori tical value 

which may be duo to experimental error. The decompo­

siton tempernture is about 300°C. The absorbtion in 

the visible region was found with a .J" max of 660 nm. 

IR and elemental analysis results show that the 

urea is not cool'clinnted and therefore, the synthesis 

of the mixed li[;nnd complex was not renlized. 

In the nttempt to synthesise the mixed ligand 

complex of copper Nith urea [lnd bipyridine in neutral 

Taedium the renc'cing subBtnnces l'Iere tilleen in the molar 

ratio 1: 1:1 and 'ehe pH adjusted to 7.0. From the deep 

blue colored s(,lution, blue crystals were iBolnted. 

The IR spectrum (Fig. 13 a) of thiB complex Bhowed a 

peak at 3460-3300 cm- l , Hhich is attributed to 

O-H stretching. The typical carbonyl pellk at about 
-1 -1 1650 cm was not obServed, but at 1600 cm there WRS 

a sharp peak \-Thich is Ilssigned to C~O stretching vi-

bration. -1 At 1450 cm " the C-H bending peak vms sharp.-

The formula "assigned is Cu(biry)(OH)C1.3H20, as the 

elemental nnalY8is show the copper content to be 17.9'/' 

(cal. 19.4/') DIll;, the chlorine content to be 10.6,1. 
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(<:'81. 10.8/.), ','he w~"ter 10S£O \ms 12.85;' (cuI. 16.55;'), 

Its decomposition temperature is 165°0 and it is 

soluble in water and DMSO, slightly soluble 

but insoluble in CH2C12 , CHC1
3 

and CC14 , 11 

cOI'lplex of this ·Gype is not mentioned in the 

and hence, this is assumed to be a newly i£Oolated 

complex. 

An attempt nns made to synthesise the mixed li-

gami complex of copper with bipyrid.ine and. malonamid.e. 

~he reacting sut tances were taken in the molar rntio 

1:1:1 and. the pH ad.justed to 2.0. Green crystals Vlere 

isolated. 'rhe IR spectrum of this complex (Fig. 12 C) 

was similar to thnt of Cu(bipy)C12 • The elemental 

analysis obtained were, copper content was 19.871. 

(cal. 21. 85/.) [uld chlorine content W11S 18.92;' (cal. 

2Lf. 42;.). It is cloluble in H20 nnd. DM.80 but insoluble 

in CH2C12 CHC1
3 

o.nd. CC14 • It can therefore be conclu­

ded thnt the mixod lir;c'lld complex wns not isolated' 

Dichlaro monourea copper(II) rnonohy.rate was 

synthesised. in ['.cidic medium at pH 3.5. The green 

crystals isolated were analysed and found to contain 

copper 29.79;' (Cil1. 29.88;:), and nitrogen 11.77. (cal. 

13.17/'). j,S this complex \ms not comIlletely soluble 

in \'later the amU.y£Ois for the chlorine content using 

the chloride sensetice electrode was not ~ossible 

with the proced.ure follo\18d. Its IR spectrum 
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(Fig. 13 b) f3ho'.J(jd an uhBorhtion peak, a doublet for 

the O-H and N-H stretching vibrlltions. 'i'he absorbtion 
- -] peak of the 0=0 at 1600 cm . \ms not strong and sli-

ghtly shift;ed indicating that; the urea molec 

rdinates through the carhonyl oxy[,en. }l'rom 

terature survey done the isolation of the a monohydro 

monourea of copper is not metnioned. 'i'herefore, this 

complex is a nevrly isolated complex. 

Dichloro dimalonamide copper(n) dihydrate, 

OU(MA)2012.2H20, was synthesised, by the reaction of 

copper chloride and monamide, in 21.3'% yield. The 

complex has a brovill color. Its IH spectrum (Fig. 13 c) 

showed two prominant peaks, one at 3400-3200 cm-l, 

which is an·O-H and N-H stretching vibrations, and 

another at 1620 cm- l for the carbonyl group. In the 

free malonamide the carbonyl vibration peak is broad 
-1 and apyaars at about 1650 cm • Hence, the shift of 

this peak in the coordinated molecule to 10Her freque-

ncy is an indication of the envo1vement of the carbonyl 

o~Jgen in bonding. Therefore, it is concluded that 

the malonamide molecule coordinates through the oxygen 

atom. 

The copper content of this complex was 16.79;;' 

(cal. 16.9;') and that of chlorine was 17.10;' (cal. 

18.9/) and the nitrogen content was 12.571. (cal. 14.9J) • 
• Its decomposition temperature is 240 c. It is slightly 

.; 
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soluble in H20 "mel DMDO and insuluble in other uJ:gDnic 

solvents. The unhydrated CU(MA)2G12 and the mono­

hydrate OU(Nlll) 012 .H20 are reported in the literature 50 , 

but the dihydJ:c'.to is not reported. Therefore, this is 

11 newly iBo18te(1 complex. 

The reaction betvl8en copper chloride and phenan-

throline at pH :,.8 gave Ou(phen)G1
2 

in 82.2;1. yield. 

The IR BIlectrum of this complex, (Fig. 14 a) showed 

that it is not lwdratecl becauae 

intense O-H peak near 3500-3200 

of the 

-1 cm • 

nbsence of the 

The other peaks 

that appear in the free llhenanthroline molecule (Fig. 

23 b) \Jere also observed here. Its elemental analysis 

showed copper content of 20.13/. (cal. 20.06;1.), chlorine 

content of 12.927- (col. 22.57;'), and the nitrogen con­

tent of 7.937- (cal. 8.9.%). The chlorine content is 

close to half the calculated value which suggest that 

the t\i'O chlorine atoms are in different sphere of co-

ordination, with only one of them to be ionizable. 

Its visible spectrum showed a }\max at 710 nm. Its 

decomposition tenrperature is 300°0. It is soluble in 

H20 and DMSO but insoluble in OH2fl2 , OH01
3 

and 0014 , 

Original literature on this complex was not ~\Vailable 

and therefore, it was not possible to make any comparison. 

The synthe,;i.s of a mixed ligand complex of copper 

Hith phenanthroline and urea was attempted by takinc; the re­

actants in the molar ratio 1:1:2, respectively. Green 
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crystals having a similar :m sl)octrum, (leig. ])1. b) to 

that of Cu(phen)01 2 (Fi[~. It~ a) l18rO obtained. Its 

visible spectrum 81so shows a A at 710 n1jl. Hence max 

a mixed ligand complex lias not isolated. 

In a similmc experiment the renctants copper, 

phenanthroline cmd urea were taking in the molar ratio 

1:1:40, respectively, and fine bluo crystals in vory 

low yield wero isolated. This isolated compound was 

insoluble in water. To do the elementAl Analysis it 

lias digestod wi"ch concentratlild HCl, but it precipi-

tates on dilution. Therefore, tile elemental Rnalysis 

l'Iere not done. The IH spectrum of this complex (Fig. 

) -1-1 15 showed. a sharp doublet at 2250 cm and 2200 cm • 

This peak was o.lso Observed in COmlJlexes where a large 

concentration of urea fms used. A similar case was 

when urea reacted with CdC12 and phenanthroline in the 

molar ratio of 10:1:1 (Page63)·. 

In another oxperiment urea viaS replaced with malo-

nawide and the product obtained was green in color. 

Its IR spectrum (Fig. lL~ c) was similar to that of 

Cu(phon)C12 ,(Fig. Ill- a). The elemental analysis re­

sults were also reasonably close to each other. con-

tent of coppor was 19.87. (cal. 20.06j.) and chlorine 

content \'las 11.25X (caL 22".57;'), but Oi"18 of the 

chlorino atoms i8 assumed to be unionizable. In the 

visible region it absorbed at 710 nm. Its clecompo-
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sition temperature was 290°0. It is therefore possible 

to conclude tllCJ.t the rnalonamicle mc:lecule <lid. not co'-

ordinate 8.n(l 8. mixed lit;and complex Vla.s not isole.ted. 

Cadmium chloride reacts: readily in aqueous medium 

\lith bipyridine nnd e. white c~mplex is separated. 

imraediatly as a ::;>reci1,i tate. The complex isolated was 

hi£jhly stable to heBt and its decompositon temperature 

o is above 300 C. It is also highly insoluble in water. 

To do the elemental Bnalysis it was digested 17i th con-

centrated HOI but; it precipitates on dilution. Cl'his 

wns. also observed with all other complexes of cadmium which 

ccntain bipyri<line. The IF< spectrum of this complex, 

(Fig. 16 8.) showed that it is not hydrated.. It is re­

port;ed in the liter2.ture14- 21 , that cadmium coordinates 

to one, two or three molecules of the bose. However, 

it was not possible to know how many molecules do co-

ordinated and iIl18ther this WDS the mono or bis or the 

tris complex. 

In tvlO other similar experiments urea and me,lo-

namide were introduced as the second li£jund. In both 

cases a white comrlex waa precipitated with similar IR 

spectra (Fig. 16 bLand Fig. 17). 'l'his complexes also 

did not melt up to 3000 0. In both isolated complexes, 

the N-H stretching penk at 3400 cm -1 was not observed. 

Neither the stronc, 0=0 peak at about 1650 
-1 

vias cm • 

This is, therefore, uconclusive evidence to rule out 

the formation of " mixed ligLUld complex. 
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In yt.:t; othGJ: two experimentB the concentration of 

urea and lllulonam:i.<le were increased four folds, but the 

complexes isol():ced in these two cases have Bimilar IR 

spectra (Fig. 18 a and Fig. 18 b) to the a!,;ove two 

complexes when the molar ratio was 1:1:1. The con­

clusion that can be <lorived here is that an increase 

of four folds in the concentration of urea and malonD-­

wide did not alter the course of the reaction and the 

urea and the mE',lonamide did not coordinate even when 

present in relatively hiGher concentrations. 

Cadmium chloride reacts ,,1so with phenanthroline 

similarly and a white precilJi tate is separatetl. This 

complex W8.8 also stable to heat as it cloes not melt 

up to 3000 C. The IR spectrum of this complex (Fig. 19 

a) showed that it is not hydrated. Elemental analysis 

for this complex was not carried out because of the 

solubility reason mentioned above. 

In another eXl;oriment urea was aelded as a second 

ligand to cadmium chloride and pherwnthroline. 'rhe 

reacting substo.nces were added in the molar ratio of 

1: 1 :1. A Vlhi te complex IWS isolated. Its IR spectrum 

(l!'ig. 19 b) sho'i'od that it is not hydrated. The tY1Ji­

cal U-H and C~O peuks alue were not observed. There­

fore, the urea did not coordinate. ~he concentration 

of urea WSB then increased ten times and the reaction 

carried. A white precipitate was formed. The IR spe-
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ctrum of the complex (Fi(jo 1<) c) showed a very diffused 

peak 

2180 

at :5500-3'+00 cm -I, It nlso showed 11 shnrp l'eak at 

-1 
cm ,11 PC21.; thRt Ims observed with hi(jh urea con-

centration as in the carole of copper COTal,lex (pClge 60). 

The fJynthefJis of sorae of the corur,lexes were then 

carried out in metlwnol: ethnnol mixture.50: 50 (v Iv) • 

This solvent system was found out to be 11 bettor 

system as far as yield and isolation were concerned. 

As the alcohols have a 101'1 dielectric constant than 

water the solute-solvent interaction is less and so 

the complexes :3G)Jerated were easily isolated from the 

solvent, In some cases the complexes were isolated 

during rcfluxing ['nd in other cnses concentration was 

needed, 

The t'iW binary complexes of nickel· and copper, 

Ni(rMl)2012 and Ou(JM) 012,H2 0 were synthesised acco­

rding to the procedure described by Aggrawal and co-

170rkers50 and then the reactions of bilyridine and 

phennnthroline Yii th these tvfO cOl~plexes I,ere investi-

gated. 

Ni(Ivill) 2012 \'iD.S refluxed Hith bipyridine in methanol: 

ethanol systel1l for four hours, lIfter concentrstion and 

cooling white crystlJls cocrystalized with some blue 

crystals, '[,he blue crystals \lere nashed off with a 

minimum quantit3T of ethanol and the white crystals were 

characterized b;y melting point determination and NMR to 
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be f'lalonamide. rl'he blue crYBtals could not be iBolsted. 

This may suge;est thilt the mlllonmnide in the origini',l 

complex Has Buln:ti tuted by the bipyridine. 

Ilhen Ni(Ivul.) 2C12 was refl uxed Vii th Fhenanthroline 

in alcohol mixture, white and blue crystals precipitated. 

These were sepaJ~dted and the Ilhi te crystals were chara-

cterized to be Dl8.10namide. The blue crystals were 

assigned the formula Ni(Phen)C1 2 ,6H
2

0 as the nickel co­

ntent was 13.68;' (cal. '13.81.), chlorine content vms 

15. l l-;' (cal, 16.91-) anu the nitrogen content 5.9% (cal. 

6.9,1.). However, its II( spectrum, (l!'ig. 20 b) showeu a 

peak at about 1650 cm-l • This [:my be due to impuri--

ties of malonamhle. 

The synthesis of the binary complex of nickel with 

urea was also t:cied in alcohol. Jlfter refl uxing for 

six hours, concontration and cooling, the complex ''vas 

not isolated. 

The reaction between Gu(M.lUC1 2 .H20 and bipyridine 

uas investigated.. The tHO reacting compounds were 

taking in ethanol and refluxed for eight hours. Green 

crystals separated during refllL'Cing. The formula assi­

gned to this complex is CU(biPY)2012.H20 on the basis 

of the copper content' 13.92J. (cal. 13.66.%), nitro-

gen content 11.4;' (cal. 12.04;') lmd chlorine content 

12.92;' (cal. 15.27,1.). The IR spectrum (Fig. 21 b) 

showed that it is hydrated as there vms a Btrong peak 
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at 3!fOO --1 em e The strong carbonyl peak at about 1650 
col 

cw C was not se0m, which inuicates that the malonamide 

was substituted.. ~lhe complex i8 soluble in water anu 

DMSO, but insoluble in CH01
3 

and OOllj.' 

Ou( urea) 4012 was 8yntlwsised in ItlethRnol :ethanol 

mixture by taking copper chloriue and urea in the molar ratio 

1:2. It i8 green in color and decompose at 1600 0. IJlhe 

IH spectrum (Fig. 22 b) showed a shift8d O~O peak at 
C -1 

1580 cm • This shift of the O~O peak to lower freCjue-

ney sugeests that the urea coordinates through the 

oX'Jgen atom. The peaks for the H-H was seen as 8trong 

one between 3500 cm- l and 3300 cm- l • The elemental 

mwlysis vms found to be Cu, 16.08!. (caL 16.95iO, N, 

29.21. (cal. 29.88;') and 01, 18.15;' (cal. 18.94;'), re-

spectively. It is soluble in H20, CH30H and DMSO, and 

insoluble in OH2012 , CH013 and OOlL~' Jt complex of 

copper where four urea molecules are coordinated to 

the copper ion is not mentioned in the literature. 

Therefore, this i8 a nellly isolate complex. 

0c1(Mil.)012.H20 \7aS synthesised folowing a similar 

procedure. The reflcting substHnces were taking in a 

methanol: ethanol mixture and refluxed for eight hcurs. 

'Che crystals were isolated after concentration and 

cooling. It decomposes at about 2000 0. the results 

of the analysis showed the cadmium content to be 

36.121. (cal. 37.02.%), chlorine content to be 21. 551-

(cal. 23.38,%) and ni tror;en content to be 8.9% (cal. 
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<).221.). ThL3 COllillox is hi(~hly Goluble in water and 

alcohol. 1'he yield vIHS quito high for this complex 

(,:)4.71.). 

Gd(urea)C12.H20 was synthesised in methanol from 

urea and cadmium chloride. The solution was not re-

fluxed but it Vias heated gently for about three hours. 

The complex was isolated durinG heating. J'he elemental 

analysis ,/as f)und to be Cd-, 45.171 (cal. 43.05), N, 

9.811 (cal. 10.72J) and Cl, 26.99i. (cal. 27.191.), re-

spectively. The IR spectrum (Fig. 22 a) showed a 

strong peak at 3500-3400 cm- l which is due to O-H and 

II-H stretching vibrations. The C~O peak appeaned at 
-1 1 1640 cm ,and the C-N stretching peak at 1450 cm- • 

It is soluble in water ami DMSO ,sliGhtly soluble in 

ethnnol anel,insoluble in CH2C12 , ClIC13 and CC14 • In 

the system CdC12-urea-methanol and CdC12-urea-ethanol 

the existance of complexes in the ratio 1:1 and 1:4 

is reported45 but; the isolntion of either complexes is 

not mentioned. 

There are several conclutions that can be drawn 

from the foregoing discussions. IJ'he binary complexes 

of bipyridine and jJhenanthroline I'iith Hi(ll), Cu(ll) 

and Cd(ll) are easily formed. Urea and malonamide do 

not coordinate 9B a second ligand in the presence of 

either bipyridino or phenanthroline, as in none of ' 

the experiments attempted a nixed liGand was formed. 
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GOlJlparing "G11e stability of the complexes formed 

by 2,2-Bipyridine and 1,lO-Phel1lmthroline, in the case 

of bipyric1ine there is a free rotation of the central 

C-C bond in the bipyridine molecule~ while the phenan-

throline molecule has a rigid structure, I'Ihich is a 

planar system5, hence the entropy conditions make the 

formation of the bil)yricline com:"lex slir;htly less 

favoured than the riGid prearranGed phenanth1'oline 

I.1olecule. 

Comparing this two bases to malonamide and urea, 

they have an a:vometic ring system, making them st1'o-

nger pi acceptors vii th delocalization over an extended 

carbon frame-wor1;;:, which is absent in malonamide and 

urea. 

Chelate formation is a factor that contributes to 

the stability of a complex. Bipyridine and l)henan-

throline form five membered rin[5s with metal ions 

while malon8JaiJ.e mfly form six membered rings. However, 

bipyridine and :9henanthroline form fused rings around 

the metal ion vlhich seems to confer an even greater 

stability than the formation of a sin[5le ring as in 

case of malonamicle. Moreover, back donation from the 

Lletal ion enhances the base-metal bond streneth, in-

creasing the stability of the complex. 

Urea ,H
2

NCONH
2

, is a bicl(mtate ligaml coordinating 

through the oxygcm atom or the ni tro(;en atom., because 
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if it \'illS to act as [l bidintate ligand it I-Iould foni! a 

four meL1bered ring lihich \{oulel be Etrained ",nel so un-­

stable. Therei"ore,the chances for a urea molecule to 

coordinate in tho presence of a strong chelating liga­

ndE like bifyricline aml phenanthroline is minimum as 

waE obEerved in this \'lork. 

steric f,lC-G"rs also play a role in complex forma­

tion. Phenanthroline and bipyridine compared to malo­

namide and urea are bulky groups, and therefore, it is 

assumed that they hinder the IURlonamide and urea mole­

cules from having Rcces to the metal ion. 
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Table I. Physical Characteristics of Newly Synthesised Compounds 

! \ 

- Elemental analysis 
m.pt. 

I I Compound (dec.te ) Solu Found % I Calculated % 
, I • in H2 

I I 

I 

*M N Cl I ~M I N I l-i---·-_· __ ·· I 
I 

,. \ CU(bipy) (OH)Cl.SH20 165 solu. 17.9 - 10.6 19·47 7.% I 
~ i 

I 
I 

I I -. 
I 

2 I I 
Cu(urea)C1 2·H2O 175-180 slightl 29.79 II.7 29.47\ 13.17 

• 
-

sol. I 
3 Cu(MA)2C1 2·2H2O 240 slightly 16.79 12.57 . 17.10 16.90 14.9 

solu. I 
"* M .. metal 

Cd 
::0.8 

-~ 
I 

33.41 I 
18.9 

<0 ... 



· Table I. cont. 

I 
Elemental 

Compound 

analysis 

t I solu. I 
(:~~. ~emn in H20 Found % ealculated % + 

" I ' M N Cl N I Cl i , , 

I t~ I I 'i I I 

Cu(urea)l12 160 aolu. 16.
08

1 29.2 18.15 16.951_~~~:~ __ L __ ~:~::_: 
I 

I , 

5.1 Cd('L~)C12·H20 1194-205 sol. 36.12 1 8.9 21.55 I 37.02 9.22 I -23.38 I 

----l----+-----i------1. 
26.99 I 43.05 I 10.72 I 27.19 I 

I 1 __ 1 

4. 

Cd(urea)C1 2·H20 45.I7 I 9.81 6. 250 solu. 

It M '" metal 

'" "" 
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Table 2. Spectral Characteristics of Newly Synthesised Compounds 

Compound 

r·· 

I. 1 CU(bipy)( OH)Cl.Sli·O 
2 

2. Cu(urea)C1 2.H20 

! 

3. i Cu(MA) 2C1 2' 2li2O , 

I 

4. Cu(urea)4C1 2 

5.\ CdC urea)C1 2,H2O 

I 

vis. spect. 
r. in nm max 

Infra Red ( em-I) 

.. -.... v( O-R ) ~H) ;--- '1--------
,I-=,(C::N) I"IC-,,\ l I \ ' . I I \7(C=o) 

I , J 

625 

r :--1 
I I· I 
I· 1580 I - I 

I 
--t--~---+I mt_~ 

3400-3300 3400-3300 1650 I 1450 I 

3400-3300 

650 

I 
, 

! 
I I , 

- ! 

I 7IO 3400-3300 3400-3300 1620 - i 1450 
I I I 

! ! 

I i ! 

i 659 
, I 3400-3300 

\ 

1580 I 
I. 

1480 

I 
- - , 

I 
I 

1 3500.,. 3300 3500-3300 1620 - 11',50 -

I _ .... _._ .. _. ___ 1-__ J 
I 

<:0 

'" 
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2'-
valine) :; are reiorted. 'J'ernary cOlfllJlexes of Cu( II) 

Hud Hi(II) 'dith bil,yridine Flnd substitued snlicylic 

acid were studie,l by llotentiometric technique. 26 

Uncharged complexes of the type M(phen)2(NCS)2' 

(M=Ni(II) <lnd Cu(n»)have been prepared both from 

aqueous and non-aqueous system. 27 

The mixed coml'lexes of [Hi(phen)(N-H-Dalicyla­

ldiraine)2J ,Ni(phen)2(salicylic <lcid)2.3H20 and Ni(rhen) 

(Salicylaldimine) (Dal).3H20 were synthesised in ben­

z.ene. 28 

The mixed ligand complexes rllAL (M = Ni(n); cu(n); 

Zn(II) or Cd(II); it = bipyridine or phenanthroline and 

L = ethylene di21uine or propolyne diaraine) were studied 

in solution by Porikh and Bhattacllarya. 29 

The mixed ligc:nds [Hi (jJhen) 2] [Hi( CN) 4J. 4H20 nnd 

Hi(Pllen)3(CN)2' H20 are reported by Schilt. 30 

The major Jilctor for electron pairing ilmi strong 

covalent bondinc v;i th muny of the bipyridine and jJhen­

nnthroline coml:J.ex ,JaS sygge8ted by Nyholra3l- 32 to be 

the formation of double bonds, ami suggested th["t 

structures (III) and (IV) contributlll:to the resonance 

hybricle. 
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(IV) 

Similar structures can be Ilritten for the phenan-

throline compounds. Thus, the double bonds are indi-

cated to accoUJ1-\:; for the stability of some bipyridine 

and phenanthroline complexes. 

I3ipyridine reccts sloller than <loes phenanthroline, 

but this (I.ifference only in small <legree accoUJlts for 

the lower stability of bipyridine complexes. 33 

Bince bipyridine and 1,lO-j:henanthroline are 

bidentate ligands it mi[~ht be rensone-ble to assume the 

complex fQj~m8.tiol1 VIi th 11 metal ion to proceed in a 

step wise fashion, one nitrogen-metal bonci forming in 

each step, with -\:;he replacehlent of one coordinated 

\,ater molecule. Usually this stepwise replacement of 

water molecules by a chelate fornation would be expected 

to follow in rc,r,id sequence with no way of distingui-

shing the indiviclual steps. HOvlever, it is possible 

to postulate an acid cutalysis where the intermediate 

formed by the rel.,lpcement of one water molecule goes 

to product faster by elomination of hy<lronium ion. 34 



-.12 -

2.2 ~mplexos..?:f UrelJ and LinlonHl<lido 

Urea is the 1Jmido of the carbonic acid ,md there-

fore it is somo'[;imus cn llod corbmnide. Urea, CO(NH
2

) 2 ' 

is both a wonk "cid and n \)eak llHse, the basic dissoci-

ntion constant 

is about 10-lL~, similar to that of wDter. 35 Urea 

forms rather weo..k complexes in vlater. Urea has tvlO 

possible sites of coordination, namely the amine nitro-

gen and th0 carbonyl oxygen. 

Vaughan and Donohue 36 considered the structure of 

urea to involve resonance between the three following 

structures, th8 observed values of tho interatomic 

distance indic8.ting 30;' double bond 

character for tho c~rbon-to-nitrogen bond leaving 1+0(.. 

for the carbon-to-oxygen bond. The donor atom \Vi th 

Cue II) and Zn(II) is tho o:A.o-ygen atom. 37 However, in 

some instlllces U1'ea coo1'dinates through the nitrogen 

ntom with Ft(II) and PdeII). Hence, by observing the 

-1 prosence or absonce of R carbonyl IH bancl near 1700 cm 
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and by the }cresence or apsence of Ghifted NH2 peRks, 

the urea complexes have been divided into two groups, 

one with nitrogen Flnd the other with oxygen ns tho donor 

atom. 

stable complexes forwed from metal salts ,lith 2,4, 

or 6 molos of urea are knolm. Complexes of urea \dth 

nickel, copper, zinc and cadmium aro reported in the 

14terature.38-Ll-3 I tl t C 01 " ~ n 10 sys em urea- u 2 Rn~ urea-

HiC12 , th" complexes detected l'Iere CuC12 • 2CO(NH2)2; 

NiC12 , 2CO(NII2 )2 and NiC12 .10CO(lHI2 )2' The Gpectrum 

of CU012 , 200(1'1112 ) 2 showed :_that the urea coordinates 

44 through the oxygen atom. lis it was observed that 

the C-V stretching vibration decrea.ses by 50-60 cm-1 • 

In the system Cd012- urea in Rqueous medium, the 

cadmium coordina'ces to six ureR molecules. 44 But in 

the Gystom OdCI2-urea-metlwnol emd CdC12-urea-ethanol 

the 

1:4 

existence of comlJlexation 
Lj.5 lias established. 

in the ratios 1:1 and 

Malonamide or propanediaLlide, CH2(CONH2)2' is the 

derivative of nmlonic acid. Complexes of malonamide 

are not widely J:erorted in the literature. Copper 

coordinates with only one or tliO moleculoS of malonamide 

forming OuC12L2 (L ~ MDlonawide)46. Nickel chloride 

forws Ni01 2L 2 cUlcl the stnbility of the coordinate bond 

, i h' . 'N' < G' 47-48 mh decrease In ; 0 serles Fe < Go, 1 ·U. ~ e 

ligand coordinates through the oxygen atom. 'J.'he 
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complex CdX2L2 (;{ = Br, NCB; L = malonamide) is also 

reporteu49 emu it is Imo~m that the malonamide coorui­

nates through the oxygen atom. Jigganml and c01.Jorkers50 

also reported the synthesis Rnd charRcterizRtion of the 

complexes NiT)}128nd CuLC12 .H20 in alcoholic medium 

(L = mflloJ~mlide). 

2.3 Heaction Mochanism of Complox Compounds51- 52 

r:'here are several mechanisims for complex compounds. 

They are generally classified as (i) electron transfer 

reactions (ii) substitution reactions (iii) mo16cular 

rearrangment and (iv) reaction of coordinated ligand. 

(i) Electron transfer reactions are those rea-

ctions termed as oxidation l'eduction reactions in 

which there is a change in the formnl oxidntion state 

of the reaoting substances involved. However, there 

are two types of reactions that fall within the scope 

of the redox process; reactions involving simple ele-

ctron transfer end reactions that can be considered as 

atom transfer reactions both with or without electron 

transfer. The two reactions can be illustrated by 

the following two reactions. 53 
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J<- 2.+ 2.<- ,- 3+ 
-"I 1\1 .... " /N I-J 

I' 1<.' N" 1/ ~I---O~/ ) 
1\1." ~I\l 1\1 _ l/T\\ 1\/ 

+ ( /°
1
",- t- Or 

/ -N > /0.,--...... N •• CO> 

/ \"-l\I I N N 1\1 I 
'--N N../ ----N N N N. 

Ylhere 1:fli is 2,2 '-bipyridine. The two chiral re-

actants do not themselves racemize, but when they are 

mixed, electron transfer leads to a rapid loss of opti-

cal activity. 

The oxidation state of nitrogen chan[;es from + 3 

to +5 while chlorine chances from 1 to -1. Electron 

transfer reactions mBy occur by either or both of the 

two me chanismes lmolVn as outer sphere and inner sphere. 

Cuter sphere mechanism involves electron transfer from 

reductant to oxidant, with the coordination spheres of 

each staying intact. Inner sphere meclwnism on the other 

hand,is one in which the reductant and oxidant share a 

ligand in their inner or primary coordination Sl)here, 

the electron being tram;ferecl across a bridiging group. 

(ii) bubstitution reections are reactions where 
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the ligand-met~l bond iA broken a~d a new one is formed 

instead. The DlGchanism of substitution reactions are 

thllroughJ.y studied for square planar complexes like those 

formed by Pt(II) and other d8 systems. Though Ni(II) 

belongs with Ft(II) to the same group, more often it 

forms tetrahedral complexes and it is found that it can 

undergo substitution reactions 106 times more rapidly 

than Ft(II) complexes. 

In such recwtions usually the factors inflU(mcing 

the reactivity of the complex are the nature of the 

entering groups, the position (cis or trans) of other 

groups, the nature of the incoming group and, of course, 

the nature of tho central metal ion. 

The majority of complexes formed by transition 

metals are, hOvIUver, octahedral, so their substitution 

reactions are extremely imllortant. Reaction at square 

plnnar centres occur by association addition but in 

octahedral complex this is not possible because addi-

tional coordina-ej.on positions are not available und so 

substitution occurs by dissociative activution. 

studies on octahedral complexes have been largely 

limited to two types of reactiolls: 

i. ·"eplacement of coordillHted solvent e. g. 

[Ni(H20)6J2+ + bipy --7 Da(H20)5 (bipy)J
2
+ + H20 

ii. Hydrol:ysis: e. g. 
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There is significant co);1;ribution to the activation 

energy in substitution reactions by the chunge in ~he 

energy of the d orbitals 011 going from the ground state to 

the transition state. Any loss in energy is presumed to 

be proportional to the activation energy. The kinetic 

lability or innGrtness of a complex depends on the stru-

ture preference energy, SPE, of the octahedron and a 

transition statej if the structure preference energy is 

less than somG 8.rbitrary value, the complex is predicted 

to be labil~ but if the structure preference energy is 

less than that value, the complex will be inert. 51 

(iii) Molecular rearrangement reactions are rea-

ctions in which the ligunds of :ehe first coordination 

sphere remain G.ttnched to the central metal ion but re-

51'. ,u'rangement of these ligands occurs. This may lead 

either to cis-trans isomerization or to a change in 

chirality~ or both. The possibility of rearrangement 

obviously has a bearing on the synthesis of coordination 

compounds. 

(iV) Reactions of coordinated ligands are reactions 

thnt occur at the coordinated lignnds themselves. 51 A 

metal ion shoulcl be nble to influence strongly the re-

action at the coordinated ligands, as compared to the 

uncoordinated li[~2nd., This is cBused by changes in 
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in intra-ligand charge distribution, by both sigma 

withdrawal and by pi donation or withdrawal. 

Coordination of ligands to metal ions also place 

them in -i.;he correct geometry for their later union, 

thereby, the course of their reaction is changed. 

2.4- Solvent Effect 

The nature of the metal is the foremost factor that 

affect the stability of complex ions, but the nature of 

the donor group and the solvent are also influential. 

Since most reactions are carried out in the liquid phase 

the effect of the solvent has a determining effect in the 

the path way of a revction. The way in IVhich the rate 

constant vary may depend in the nature of the solvent. 

In many reactions, the solvent plays an important role 

by participating intimatly in the rate controlling 

step of the reaction. 

The solubilization of a solute will occur when the 

att,raction force between the solvent molecules and 

solute molecules are greater than those between the 

solvent molecules themselves and between the solute 

molecules themselves. These solvent-solute attraction 

may b~ non specific (van deer Haals and dipolar) or 

specific (with an identifiable acid-bfJse interaction 

between solute and solvent). The terms specific and 

non specific suggest solvation by a specific donor 
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orbital-acceptor orbital interaction or py more general 

way intermolecular attraction respectively. 

The heterolytic cleava[!;e of solute bonds to form 

ionic species in solution is another very important 

aspect of the solvent solute interaction. ~his requires 

efficient ion separation and solvation. Therefore, the 

type of species that form in solution are larGely de-

termined by the properties of the solvent. 

One characteristic of a solvent that is of a great 

importance in causing ion formation by a solute is the 

dielectric constant of the solvent. The dielectric 

constant is defined in terms of the medium ability to 

weaken the forces between two ions: 

where f, is the dielectric constant of the medium. The 

conclusion is then thnt a high solvent dielectric con-

stant tend to support a high deGree of solute ionililation. 

lIence the solvent choice for synthetic work is of para-

mount importance. As an example for donor ligands, a 

suitable solven-;;; would .be one that makes the ligand 

more basic or loss acidic. 

2.5 Donor Accep)or properties54 

Few concepts have been so enduring as the concept 

of acids and bases. In the modern concept acids are 
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molecules with 8. relatively low enere;y LUMO and fairly 

high - lying HOMO. The HOMO dependG on the base, but 

most often is an spn lone pHir. 

The amines and ammonia are among the most commonly 

recognized and generally the strongest of the nitrogen 

dOllars. As a clClss the pyridines are of intermediate 

basicity, 

Many examples of oxygen as a donor can be sited, 

e·, g.. water, ethers, ketoneG, phoGphine oxides, etc. 

Metal cations, on the other hand, are widely known 

to act as acids$ because they accept electrons from the 

. donor atoms into their d orbital systems or in higher 

orbitals·, This is, them, the basis for a e;reat deal of 

transition metal ion chemistry. 

In the electrochemical series, where the ligands 

of MD6 (M = meta.l ion, D = ligand) are arranged in 

order of increasing 1\0 (/\0 = ~splitting energy) a 

rough single sCdle of metal-ligand interaction is po-

ssible. Bipyricline and phenanthroline corne hic;her 

than pyridine and ammonia in the serries • 

• • , Pyridine ,... NIl" < en < bipy''';Y phe.n 
:J 

The higher positions of bipyridine and })henanthroline 

are believed to be due to the I'l8aker Pi donor character 

and stronger Pi acceptor nature of the more delocalized 
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amines. In bipy:cidine Hnd phenanthroline, the deloca­

lizailion over an extended carbon frame tends to lower 

tllf) enere;y of bo-t;h It - HMO and n - LUMO. 

The stability of a complex is also affected to a 

great extent by steric factors. The clashing of groups 

on one or two coordinatinc ligands results in disto­

rtion of bond angles and a decrease in stability. The 

substi tuted 2-methyl-l,lO-phenanthroline forms v/eaker 

complexes ,vi th the ferrous ion55• This is due to steric 

hindrance to coordination \;hich increases with further 

substitution to such an extent that the 2,';l-dimethyl 

phenanthroline does not form cOIUi:lexes with iron. 13imi-

larly, the same effect is observed in 6,6 t --dimethyl 

2,2 t -bipyridine which has a 101'/ coordinating ability 

compared to the unsubstituted 2,2 t -bipyridine. 56 Acco-

rding ~o the literature survey done it was found that 

binary complexes of bipyridine and phenanthroline with 

the metal ions Ni(n), cu(n) and Cd(n) are reported. 

Similarly the bin&ry complexes of these metal ions with 

urea and malonarnide are also reported. IIovlever, mixed 

ligand oomplexes of these metal ions with bipyridine: 

urea, bipyridiue: malonalilide, phenanthroline: urea and 

phenanthroline: malonamide are not reported. Hence, 

the objective of this investiGation is to attempt the 

synthesis of such mixed liguncls complexes. 

To effect the synthesis of these complexes, the 
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visible spectra of solutions of the metal ions with 

'che lie;ands in different molar ratios at different pH 

\dll be invistigatecl. 'J'he effect of thermal treatment 

\,ill also be invisticated spectrophotometrically .• 

The results of ['uch investigations will give a clue as 

to the optimum conditions to carry about the .actual 

synthesis in the aqueous medium. 

As solvents have an effect on the course of chemi­

cal reactions the synthesis will also be attempted in 

alcoholic mediwa. Qui table procedures of synthesis 

will also be adapted from the literature. 

For t; he charactrization of the isolated complexes I 

the metal content, nitrogen content and chlorine con­

tent will be analysed. IR and Nl'flH spectra will be re­

corded. On the b&sis of these, molecular formulas 

will be assiGned for the isolated complexes. 

'. 
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3.1 General 

All the complexes lifere stable to oxidation and 

hydrolysis and Here handled in air and synthesised in 

aqueous midium s.t pH between 2.0 and 5.0. As bipyri-

dine and vhenan"i.;hroline are insoluble in water, they 

were first dissolved in a minimum quantity of ethanol 

and then water was added. In the synthesis in alco-

holic medium tho methanol and ethanol were taken in 

the ratio (v:v) 50:50. 

3.2 Reagents a~d Equipments 

All solvents used were l'urified before use. The 

ligands used were 1,10-phenanthroline (Sigma, AnalaR), 

2,2 I -bipyridine (BDH, "nalaR), urea (reagent grade) 

and IUa.lonamide that was synthesised from diethylmalo-

nate and concontrated ammonia solution in the ratl.o 

1:3 by volume DB described in the literature. 57 

Th8 metal halides usod were HiC12 .6II20, 

OuC12 .2H20 and CllC12 • 2H20 which vJere all of reagent 

grade. 

The IR spectra of the compounds were mew]ured 

-1 -1 t over the rDnge LfOGO cm to 600 cm on an IH-spec ro-

meter Perkin Elmer 727 B in KBr. The visible spectra 

were recorded on a Buckman Model spectrophotometer. 
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The I H NIvIR vlero r6cordod on a 60 liJ!z Varian T-60 A 

proton nuclear magnetic resonance spectrometer. The 

pH of solutions were adjust!ld by a BEGKIAi,N Chem-Mate 

pH Meter. In the determination of chlorine 

fhilips PV! 9418 pH meter Vias used. 
' .. ~.-.-

3.3 Elemeptal Analysis 

Nitrogen Vias determined by the Kjeldahl method. 58 

In all cases 0.2 g of commercial Kjeldahl catalyst con­

taining OuB04 and 5.0 g of potassium sulfate were added 

and the sample (I igested Hi th concentrated sulfuric acid. 

Nickel ViaS determined gravimetrically 1~y precipi­

tlltion v7i th dimothylt;lyoxime. 59 Copper was also dete-

rmined gravimetrically by precipitation as a complex of 

b . . 60 
enZOln-o:.-OXlID8 .. ORdmium was determined gravemitri-

caly by precipitation vlith pyridine and ammonium thio-

61 cyanate. Complexes that were not soluble in water 

were first digestod in concentrated HOI, diluted and 

then the analysis attempted •. 

Ohlorine VIEW determined with a chloride sensi ti ve 

electrode.62 i, series of KOI solutions in 10-2M KN0
3 

solutions were prepared and the potential reBding for 

each solution W2B reoordod from vlhich a calibration 

graph of potential versus pOl was drawn. Known con­

centrations of th6 samples Here prepared and the 

potential of edcll solution recorded. From the cali-
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bration grnph, '~;he concentration of the chloride ions 

Here determined. and from this the chlorine I)ercentage 

in the samples v:as calculate. 

3.4 Preliminar;L &pectroscopic Studies of Bipyridine 

Complexes 

3.4.1 Ni: bipy (1:2) Different solutions of 

HiC12 .6H20 and bipyridine in the molar ratio 1.:2 were prepared 

by mixing 2.5 ml of 0.00211I solution of nickel chlo-

ride solution with 5 ml of 0.002M solution of bipyri-

dine, and the pH cf the solutions were adjusted to 

2.0, 3.0, L".O, 5.0, 7.0 and 9.0 using diluted HOI and 

diluted NaOH solution. The visible spectra of these 

solutions were r;;corded in the range 700 to 400 nm. 

All the solutionu were found to absorb at 515 nm. and 

the highest absorbance ViaS observed for the solution 

with pH 2.0. ]'or the other solutions the absorbance 

decreased with increasing pH; the color of the solu-

tions was pink. The spectra apl)earS as FiG. 1. 

3.4.2 Ni: ~ipy: urea (1:2:1) Different solutions 

of nickel chloride, bipyridine and urea in the molar 

ration 1:2:1 respectively, \18re prepared as in the above 

case (3.4.1). The pH were adjusted to 2.0, 3.5, If.5. 

6.0, 7.0, 8.0 and 9.0. The visible spectra were reco­

rded and all the solutions "ere found to absorb at 
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520 nm. The absorbE1l1c(J IIW, hi[jhest for the solution 

"ith pH 2.0. Thd color of the solutions was pink. The 

spectra is 5i yen as }l'ig. 2 .. 

3.4.3 Ni: bipy.:. malonamide (1:2:1):; Six solutions 

of nickel chloride., bipyridine and ml110nar.ide in . ,~, 
, . 

molar ratio 1:2:1 were prepared. The pH were adjusted 

to 2.0, 3.0, 4.0, 5.0, 6.2, 7 .• 5 and 11 .• 0.. The visible 

spectra was recorded. "broad peak at about 510 nm 

was observed for all solutions, with the solution of 

pH 4.0 having the maximum absorbHnce. It was also 

observed that the absorbance decreased with increasing 
\ 

pH, the solution vlith pH 11.0 having the 10l'/est abso-

rbflllce. The spectrH is given as Fig. 3. 

The solution Iii th }lH 4.0 VfIlS ther. heated for one 

hour at 80°0 ami the spectrum was taken aGain. However, 

no change in the A VlHS observed. max 

3.4.4 Ou~ bipy(l:l) solutions of CuC122H20 and hipyri-

dine in the molsT ration 1:1 were prepared by adding 

5 ml of 0.01 M solution of Ou012 .2H20 to 5.0 ml of 

0.01 M bipyridine and the pH adjusted to 2.0, 3.0,4.0, 

5.0, 6.0, 7.0 and 10. The visible spectra were taken. 

Solutions with pH less than 7.0 absorbed at 660 nm; 

for solutions wi·th pH 7.0 and above the abGorbance 

shifted to shorter wave length. The solution -with pH 
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7 aosorbecl at 625 nrn and the bolut1011 1I1th pH 11 abso­

rbed at 610 nm. For {lolutions with pH loss than 7.0, 

the highest absorbance was for solution Ilith pH 2.0. 

~he color of all the solutions range from light blue 

to dark blue. :L'he spectra are given as Fig, 4. 

3.4.5 Cu bipy: yrea (1:1:1) Four solutions with pH 

2.0, 3. 0, 7. ° aml 11. ° were prepared in the manner de-

scribed above. The color of the solutions was blue. 

The visible spectra Vlore taken. The addition of urea 

to the CU:bipy solution broadened trw band; otherwise 

the value of \ are the same. These solutions were 
• /\ n1[\JC 

then heated for one hOU1' at 800 C in which case the 

peak for the solution with pI! 11 broadened very much. 

But no change ';;'as observed in the other pea.ks. The 

npectrum is S1101'711 as :b'ig. 5. 

3.4.6 Cu: bipy: malonumide (1:1:1) Six solutions of 

identical concentrations ,lere prepared by mixing 5 ml 

of 0.01 Ii! solution of CuC12 ,2H20, bipyridine and malo­

naraide. The pH of the solutions were adjusted to 2.0, 

3.6, 5.8, 7.0, 10.0, and 11.3. The color of solutions 

was blue. Solutions with pH less than 7.0 have similar 

spectrum and absorb at 670 nm. For solutions \'lith pH 

greater than 7, the wavelength shifts to shorter wave-

length. Solutions with pH 7 absorbs at 625 nm. Solu-

tionwith pH 10 absorbs at 610 nm. Solution with pH 
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11,3 absorbs at 610 nm, b.ut the 1Jancl in brand. 'rho 

spectrum is given as Fig. 6. 

3.5 Preliminary Spectroscopic Studies of 1,10-Phenen­

throline Q~llplexes 

3.5.1 NiLJZhen(l:l). Five solution8 of nickel 

chloride snd phenanthroline were prepared by mixing 10 

ml of 0.01 M, Ni012 .6H20 and 10 ml of 0.01 M phenan­

throline. The pH of the solutions were adjusted to 

2.0, 5.0, 8.5 1Uld 10.0. The 801utions (IGre light pink 

in color. The maximum wavelength at which all the 

solutions absorb Vias 515 nm. For solutions with higher 

pH i.e. 8.5 and 10.0, however, the band broadens. The 

pink color of the solution disappeared leaving a colo­

rless solutions Hhen the solutions were left overnig.':>t. 

In the two solutions with pH greater than 7.0 a bluish 

suspension was formed. The spectrum is given as Fig. 

3.5.2 Ni:Phen: urea (1:1:1) Four solutions of 

nickel chloride, phenanthroline and urea in the molar 

ration 1:1:1 were prepared by mixing 5 ml of 0.01 M of 

each. The pH 'dSS adjusted to 2.·2, 6.0, 8.5 Rnd 11.0 

and the visible spectra were recorded. All four solu­

tions absorb e.t 515 nm and Iii th increasing pH the 

band becomes broad. The solutions were pink in color. 

The 8pectrum is given as Fig. 8. 
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3.503 Ni: l:hen.:..malonamide (1:1:1) Three solutions 

were prepared l'B described above. Do were the pH 

adjusted to 2.2, 5.3 and 10.7 and the visible spectra 

were taken. iil1 the three solutions absorb at \ Amax 

515 nm lvith a bl'oad band. 'l'he three solutions have a 

pink color. The spectrum is given as Fig. 9. 
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4·. 8Y1Ei:PJ.,GID IN A(~UEUUD MEiHUM 

Le.l Nickel Comp}exes 

was reacted in water with 0.01 mole bipyridine disso­

lved in 10 ml ethanol and 2U ml water. The solution 

Has first pink. Then chanGed to blue on heating. 

"fter concentr8.tiol1 and cooling no crystals were iso­

Inted. The vhd.ble s})ectrum V/aS recorded and vws found 

to absorb at 560 nm. 

In another experiment the same stoichiometric 

(lUantities were )~efluxed for three hours; however, the 

product was the S8me, and the complex remained in solu­

tion. 

In another Gxperiment 0.01 raole HiC1 2 .6H20, 0.01 

mole bipyridine and 0.04 moles urea were then mixed 

and the solution was refluxed for three hours. The 

result obta.ined was the same as the Olle above. 

Similarly the reaction between NiC12 ,6H20, bi­

pyridine and ma.l(,namide was also investigated, and the 

result were the same. 

4.1.2 Preparation of Dichlorotris (bipyridine) 

nickel(rr) hexa-hydrate: Ni(biPY)3C12.6H20 

0.2377 g of NiC12 .6H20 (0.001 moleD) was dissolved in 

i 
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30 m1 cliGtill()() uflter and mixed Ilith 00312LI g of bi"-

pyridine (0.002 moles) dissolved in 10 101 ethanol and 

20 m1 \Vatur. '1'11.e color of the solution lias pink. The 

pH of the solut:Lon was adjusted to 2.0 with diluted 

HCl. The solution was slowly concentrated by evapora-

tion and then cooled. After coolin[~ overnight pink 

crystals were fO:I.'med. The yield was 0.15> g (32;"). 

Melting point: at 175°C changes to green and does not 

mel t up to 300°C. Elemental analysis: found % (calcu-

latedf.)Ni: 9.97 (8.31): N: 10.82 (11.89), Cl: 10.60 
!-

Visible spectrum 1\ . 515 nm . IR spectrum: max" • , 

given as ]'ig. 10 (a). 

3400 em -1 (O-H str.), 3100 em -1 (O-H str. ) 

1600 -1 (C=N str.;), 1480 -1 (O-H bending) em cm ; 

1020 em -1 (ring vibr) , 760 cm- l (O-H out of plane 

def.) 

Solubility: It is insoluble in OH2C1
2

,- CHC1
3

, and CC1
4

, 

but soluble in CII30H, H20, DMSO. Ilatcr loss: 16.01% 

(cal. 15.29,%). 

4.1. 3 l;ttempt to prepare Dichlorobis(bipyridine) mono 

1.188 g 

HiC12 .6H20 (0.005 moles) and 0.3003 g urea (0.-005 moles) 

dissolved in 50 ml distilled vlater Has mixed Ilith 1.562 

g bipy (0.01 moles) dissolved in 10 101 ethanol and 20 

ml water, and :~ho mixture refluxed for three hours, 
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after adjusting its pH to ?O. The solution 'liaS con-

centrated by evaporation and cooled overnitht. It gave 

pink crystals. Yield: 0.7 g (30. II-h) melting point: at 

about; 172°0 changes to green. Elemental analysis: 

found /.(calcu1c~Ged/.); Hi: 9.35 (8.:)1); 01: 12.72 (10.05); 

Visible spectrum: A : 520 nm. IR max 
spectrum: given as Fig. 10 (b). The spectrum is simi­

lar to that of Li-.1.2 Fig. 10 (a). Solubility: inso­

luble in OH2C12 , CH013 and COli.' l30luble in OH30H, H20 

and DMSO. The isolated complex was established to be 

Hi(bipy)C12·6H~0. 
3 <'-

4.1.4 Attempt to }lrelwre Dichloro bis(bipyridine) mono­

malonamicle niclwl(rr) [Ni(bipY)2Mi<j012.Ni012.6H20 

bipyridine G.nd malonamicle in the molar ratio 1:2:1 were 

reacted as cLescl'ibed above. Fink crystals were isolated. 

Yield: 0.52 g (22.6X). l~elting point: at 170°0 changes 

to green. Elemental analysis: foundY. (calculated1.); 

Hi: 4.3 (8.31); N: 10.35 (11.89), 01: 10,14 (10.0;;'~); 

Visible spectrum: ;\max = 510 nm.; In spectrum: given as 

appendix Fig. 10(c). The spectrum iB similar to that of 

4.1.2. Fig. 10 (8). Solubility: inBoluble in OH2C12 , 

OH01
3 

and C01
4

, but Bolullle in OH30H, H20 and DlvmO. 

The complex isolated vms eBtabliBhed to be 

4.1.;;' "ttempt ~':.? prepnre Hickel: urea complex Solutions 
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of 2.377 g NiC12 ,6H20 (0.01 moles) and 0.6006 g urua 

(0.01 moles) I,erc mixed and the pH adjusted to 2.0. 

s:'he solution v12 .. e; then refluxed for three hours. lifter 

concentration c,ncl oooling no crystals were isolated. 

The color of solution remained throughout green. 

In another experiment the amount of urea was in-

creased four times and the solution refluxed for four 

hours, but result obtained were the snme as above. 

4,1.6 "ttempt -~.~ prepare nickel; malonamide complex 

2.37 g NiC1
2

.6H
2

0 (0,01 moles) and 1,0209 g malonamide 

(0.01 moles) Vlero dissolved in 60 ml distilled \later, 

and the bright green solution waB refluxed for three 

hours. On concentration and cooling \ihite crystals 

Ilere isol&ted. The crystals were filtered off. The 

Ilhi te crystals ,Jere established. to be malinmilide on 

tlw basis of melting point and 'II NNlR [lpectrum, The 

concentrntion oJ the malonamide vms then increc\sed. 

four times and. -::;l1e experiment repeatod, but this d.id 

not show Dny effect on the product, 

The reaction between UiC12 ,6H20, malonamide and 

urea were also investigated in thee same manner descri-

bed above. No mixed complex was, however, isolated. 



4.1.7 .J>ttempt .. c.()_ prepal:(LiJichlo~2~_biLlC~.t10-:-ph~!1t;':'­

throline) nick~! .. .hexahydrate_: Hi(Phen)2C12'~2~ 0.47 

g NiCI 2 ·6H2 0 (0.002 moles) dissolved in 30 ml distill)ld 

water was added to 0.3';) g plwnanthroline (0.002 moles) 

dissolved in 10 ml ethanol and 20 ml water. The pH of 

the solution \\fDB adjusted to 2.5. 'L'he color of the 

solution was purple vlhich changed to bright blue on 

heating. On cooling however, no crystals were isolated. 

4.1.8 Attempt to prepare Dichloro bis(l,lO-phenan­

throline) mono urea nickel(itILi [Ni(phen)2-

(urea)]012.Ni012~6H20 and phenanthrolin(J in the molar 

ratio 1:1 were mixed as described above. To this 

solution VIsS ac1c.ed drop I,ise 0.1201 g urea dissolved 

in 30 ml distillod water while heRting anu stirring. 

~he volume of the) solution was then reduced to 15 ml, 

aml Rfter long s'canding for several days 0.15 g of 

blue crystals Viore obtained. Yield: 0.15 g (25.LJ.Y.), 

Mel ting point: ErG about 14000 changes to green. 

Elemental analysis: found:!. (calculated;'). Hi: 8.02;' 

~ 585 nm. IR 

(O-H str.). 

spoctrum: 

1620 cm- l 

Visible spectrum: /\ 
max 

given as llig. II (a). 3350 cijl-l 

(O~C, C~N str.). 1440 -1 cm 

(C-H bend), 870 (O-H out of plane def.). The complex 

isolated vlOS established to be [Ni(phen) 2C12] .6H
2
0. 

Bolubility: it is insoluble in CH2C1
2

, CHG1
3

, CCIL> 

but soluble is CH30H, H20, and DM130. 
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The concentration of ureA was incrcasod four 

times, GO that the raolar ratio of niclwl chloride, 

IJhenanthroline i~',lld uree vnw 1:1:4-, respectively. Blue 

crystals vl0rc obtained, \'Ihich have similar decompo-

si tion temperatlu'e and IH spectrum to the one above. 

4-.1.9 Attompt prepared Dichloro bis(l, 10-1)henanthro-

lino monomelonamide nickel(II) 0.4-7 g .. . ~ .. -

HiC1
2

,6H
2

0 (0.002 mole) was dissolved in 30 ml disti­

lled water and mixed with 0.39 g phenanthroline (0.002 

moles)dissolved in 5 ml ethanol and 20 ml water. 0.2 

g malonamide (0.002 moles) dissolved in 30 ral water was 

added drop wise to the above solution \Vhile heating and 

stirring~ J,fter adding all the amide solution and re-

fluxing for three more hours, the blue solution was con­

centratedby evaporation. 0,.16 g (27.1;') blue crystals 

were obtained. Melting point: at 140
0

0 changes to 

green; Elemental analysis: found/. (c1l1culated7-). Ni: 

8.70;;' (9. 8li.); 01: 11. 20;1. (ll.87;'\. Visible spectrum: 

A max: 585 nm. The formula was established to be 

Ni(phen)2012,6H
2
0. IH flpectrum: is given as Fig,. 11 

(b ). 

It is similar to that of 4-.1.8 Fig. 11 (a). 

Solubility: it is insoluble in OH2012 , CH01 3 and 0014-' 

but solublo in OH30H, H;~O and DMSO. 
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4.2 Prepuration of Copper Complexes 

If.2.1 Pre:l2-aration of j)ichloro mono (bipyrielin~) 

copper(II) Cu(birlY) C1 2 : 1.56 g bipyri<line (0.01 moles) 

elissolveel in 10 JIll ethanol and 20 ml Hater was mixed 

with 1.70 g CuC12.2H20 (0.01 moles) dissolved in 30 ml 

distilled wRter, 8nd the pH of the solution was adju-

steel to 4.5. Th,} green solution was heateel and then 

concentrated by evaporation. On cooling green crystals 

\Jere separated. Yield: o.ln g (14.13'%), melting point: 
, 

at 280°C changes color to black, elemental analysis: 

founel;' (calculated:!.). CUI 21.13.% (21.85'%), H: 10.1;' 

(';).63/). 01: 24-.17 (24.46/). Visible spectrum A max= 

660 run. IH spectrum : given as jlPpendix Fig. 12 (a). 

3050 cm-l (C-H n-cr.); 1600 cm-l (C=C str.), 1500 cm-
l 

(O=N str.), 780 cm-l (O-If out of plane def.). Solubi­

lity: it is insoluble in OIf2012 , CHC12 \ OHC13 and 0014_ 

but soluble in H20 and DMBO. 

4.2.2 "ttempt to prepare Dicllloro mono(bipyrieline ). 

mono urea copper(n): [Ou(1:-ipy)(urea)J012 

0.0025 moles of 8acll of. the reacting subl'tances were 

dissolveel in 30 ml Hater and the three solutions Here 

mixed. The pH of the resulting solution was adjusted 

to 2.2. The solution WHS then heated while conti-

Huausly stirrinr!; and then concentrated by evaporation. 
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On cooling greon crystals Ilero isolated. Yield: 0.60 g 

(20.6/). Melting loint: at about 300°0 changeed to 

dark green. Elemental analysis: found;' (calculated;'). 

Cu: 21.52 (21.85), N: 8.07 (9.63), Cl: 16.26 (24.42). 

Visible s])ectrum: A ~ 660 mao IR spectrum: O'i ven 
. LQ(~}C t) 

as Fig. 12 (b). It is similar to the spectrum of 

4.2.1 Fig. 12 (n). The isolated complex was establi-

shed to be [Ou(bipy )012J. 

In another experiment the concentration of the 

urea Vias increa.8od ten times but the crystals isolated 

were the same 3.6 those above on the basis of the sirai-

larity of their IR spectru and decomposition tempe-

rature. 

11-.2.3 Prepnra-cion of Monochloro monohydroxo raono(bi-

pyridine)copper( II) trihydrate: Ou(bipy) (OH)Cl~ J.I20_ 

0.0025 moles oJ oach of copper chloride, bipyridine and 

urea were each (_is sol ved in 30 ral of distillEd \later and 

the three solutions were mixed. The pH of the resluting 

solution was adjusted to 7 '-lith dilute HaOH solution. 

The color of tho solution was deep blue. The solution 

1mB then heated I'lhile continuo"fli3;ly stirring for one hour. 

It was then concentrated by slol'l evnporation until the 

volume was about 30 mI. On cooling blue crystalS were 

isolated. The yield was 0.67 g (74. LI-'/'). The complex 

does not melt and at 1650 0 its color changes to black. 

\ 


