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Visible sPGctra for solutions of i :bi y , i :bi-

~y :.rea , Ni :bipy : , , i : hun : , Ni ;phen :urea , Ni :phen : 

1111. , Cu :bipy , C.u :b i py :urea anc. CU :b i py : J, were recorded . 

For the Ni c?mplexes the I ) max d i d not hift with in­

crease in pH but the intersity de creased . For the 

c0 1)per complexes l' ncrease l' n H SIll' fted the ' to 
.l:' 1'\ max 

shorter 'i'lave l ength in the basic medium . 

The synth s is was c arried out in aci i c medium. 

'I'he complex formed between Ni and b i py '. in t he 

molar r ntio 1 :1 COl1_ d not be isolHted , but when the 

c oncentration cf bi y increased t wo times ink c ol ored 

crystals of th~ fu r Qula Ni(biPY)3C12 . 6H20 were isola­

ted . Jm at temp'c to synthesise a nickel mixed ligand 

complex r.rith bipY :"Q. reG. and b i py :ma l onamide was done , 

but in both c ases Ni(bipY)3C12 . 6H20 was isol ated . 

The b inary cc,mplex Ni(phen) C12 06H20 was synthe­

s lsed by the r eact i on of hen Rnd NiC12 . 6H20 . The 

synthesis of the mixed ligHncl complex with hen :ur ea 

G.nd phen :malonamide was then tried but in both cases 

Ni(phen) C12. 6H20 was the product . 

\·Jhen CuC12 · 2H2O and bipy re cted in the mo l a r 

r tio 1 :1 at pH 4. 5 Cu(bipy)C12 vJas is olc~ te but 

Hhen the H was ad justed t o 7 · 0 a co lex -ith a probale 
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fo r ul a Cu(bip~ (OH)C l . 3H20 v us isolate " . 

lin attempt vJaS maue to ynthesise tl e mixed I i and 

complex of " co per \ ith bi ) :urea an b i py :malonamicle . 

In bo th cases Cu (bipY)C12 was formed. 

The b i nary compl exes of ur ea and malonami e v;'" i th 

co p er we r e syn"ches i se<l t (;i ve Cu( ur 8a)C12 . H20 an 

Cu ( MA )2C12 e2H20 . 

Phenanthroline r en cted with CuC12 . 2H20 in aqueous 

Qedium at pH 3. 8 t o fo r m Cu( ph en )C12 • 

Cadmium chlori de gave \Vhite c r ystal s with bot h 

bipyridine end phenthrol i ne . ~he compl exes were obt a­

ined as prec i i tDtes wh en the C Ll mi um was ad ed t o the 

li~and s ol ut i on \/ithout heatine; . ~hese c ompl exes were 

i nsol ub l e in water and other commo n so lvents . Si mi -

l ar r esults wer e cb t a i ned I so i n the re sence of ure a 

and mal onami de . 

In methanol : etha nol so lvent system the binary 

com l exe s Ni(MA ) 2C12 an Cu( ~ )C12 . H20 were synt hesi­

s ed by r ef l uxing the s t ioch i ometric uantities fo r 

ei~ht h ours . Cd ( MA )Cl2 . H20 was a l so synthe s is ed i n 

the s ame manner . The react ion of copper chlori e wi t h 

urea Eave a complex of the f or mul a Cu(urea ) 4C12 From 

cadmi um chlori de and ur ea the co pl ex Cd(ure a )C12 . H20 

was i so l ate<l . 

In an attom t to s nthesi se c om l exes of Ni :b i py : " 
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an d Hi :ph en : . , Ni ( . )C1
2 

pas reac ted. with both bases 

sepa r a t ly and it was found thpt bo t h bases s ubst i t u t e 

the mal onami de . 

p ri d. ine a c ompl f.; x of the fo r mul a Cu ( b i pY)2C1 2 . H20 was 

i s o l a t e d. . 
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1 . I ThODUCCL'IG 

Coordination chemistry is the chemiutry of adducts 

formed by metals in their hiBher oxidation state bonded 

t o inorganic or organic ions, or molecules . The ligands 

bonded to ~he metal ion are predominantly sigma donor s 

\with moderate to weak acceptor or donor tendencie s . 

A coordin C'.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 mo l ecule which can furnish a pair 

of electrons . ~he donor may be a netural mo l e cule like 

H20 , NlI
3

, bipy , or an ion like 0°3-, or H2 'TCH2COO- • 

Ordinarily an acceptor requires several donor s Rhich 

may be alike or different . ~he resul tin8 complex may 

be p ositive ion , a negative ion or a neutra l mo l ecule . 

':2herefore , complGx formation is not restricted to 

association bet\iC~en t wo ions of opposit e charges . A 

complex can therefore be defined as a species formed by 

the association of t wo or more simpler species each 

Cal)Rb l e of indepundent existence . 

I n gener al , t :te small highly charged cations form 

the most stable co ordina te bonds , and it is ofte r. 

mist akenl y supposed that the ability to f orm complexe s 

is limited to the tr nsition metals . Transition metal 

ions are , however , associ ated with such interesting 

propert ies as small cation size , comparatively large 

nuclear charge <1J1J. the avail ability of a sufficient 
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number of 10\1 energy or itals for bon i g )urpose ~ 

Near ly all of the complexeQ of tlw light metals 

such as metals of 11 , Ill , lIIE and IVB contain ox-ygen 

as the donor atom (H20 , OH- , R- OH, 1 - O- R , 

These l ight met als se l dom coordinate ",it molecules 

c ont a ining N, 3 , C or halogens . Elements a cross the 

right (Cr , tim , Fe , Co , Hi , Cu and ro n) easily coordi-

t t · t 2 1" 1 na e 0 nl rogen . lor examp e chromi um fo r ms a l arge 

nUl£lbe r of amines , most of Vihi ch are slowly estroyed 

in wat er . Cob alt , ni ckel , copper and zinc f orm stable 

amines . These meta l s retain "the ability to co or dinate 

with oxygen in even greater degree than do the i Onia o f 

the light er metals , but the tendency to fo r m links vii th 

2 nitrogen is still pronoun ced . 

All met a l ic i ons appar ently form hydr ates in aqu&-

ous solutions frequently surrounding themselves with 

wate r mo l ecul es . CL'his is accounted. for by (i) the 

excess \ ater is not chemically combined but i s he l d in 

pl ace by the delllCJ.nd. of the lattice structure , (ii) the 

coordinat ion numbe r of the metal is abnormal , (iii) 

second and third ooord ination sl)heres are formed and 

( iv) part of the vater ol ecules are combin d with 

anions . 

Hetero cyclic amines coordinftte rea ily '.:ri h r s ­

t ion metal ions? One s ch examj,-le is pyridine \hose 

complexes are ~ , idely reported in the Ii terflture . 
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Chelution greatly enhances coor ination an metals 

uhich do not ordinaril coord"nate wit nitrogen form 

stable compounds ith 2 , 2 '-bipyridine and 1,lO- phenan­

throline . 

2 , 2 ' - bipyri(1ine (1) nnd 1,10- phenanthnoline (II) 

function as typica l bidentute chelate molecules t hrough 

the nitrogen atom "dth format ion of five membered 

rings : 

(I) (II) 

When crystalized from Hater , phenanthroline forms 

well defined monohydr ate n • The mo l ecule of wate r is 

4 hydrogen bonded to the nitrogen at oms . li hydr ate of 

bipyridine has not been described , becuase the rings 

are copl anar but i n the t r ans pO'ition . Howev;r , it 

i s certain that in the metal complex the pyridine rings 

in the cis position~ are 

Bipyridi ne and phenantllroline are both re12tively 

weak bases . Yet they chel 1-. te \~i th such c variety of 

mete; l i ons and "cho resul tine; co plex s are generally 

of such a high 0 'der of stability . ~lL co lexus of 

pl enanthroline are more stable than those of bipyri ine? 



to.' . .; .. ... 

Even Be and Jig , .lhich seldom coor innte with ni troBen 

CO L1pounds f e- complex ions containing three olecules 

of phenanthrolino . Tle com lexes of 1 , 10- henanthroline 

are Ghi efly of inte r est because of tl ir st ereochemi-

stry , their us efulness in analytical che istry , and the 

ability of phen~mthro line to stabilize unU B al valenc 

state s of s ome of the metals~ 

Urea (III) f orms r ather \leak complexes in aqueous 

so lution? 1 urea mole cule usually coordinates through 

t he oxygen atom of t he c Cl. rbonyl group; hO\vever , in some 

instences t he ure a mole cule do coordinate through t he 

nitrogen atom~ 

o 
II 

(III) 

o 0 
'\ It 

C- CII - C 
\ 2 

H2H HI 2 

(IV) 

Malonami de (IV) has t \!O a ide groups each having 

t wo pairs of un~hared ele ctrons and coordinate r ea ily 

. h t ' '1 9 Wlt CGr Bln m8~O s . 

Mixed ligcm cL complexes ar e tho 'e in which more 

than one kind of ligand , other than tIe solvent mole-

cules , a r e pres8nt in the inner- most coordination 

sphe r e of ·l., he c omplex end can be repres nted by thG 
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gener al formul E. [Ivu. · Y JZk •• 10 . 

The study of mixed ligc-llld co plexes has rece ived 

considerable attention in recent ye ar s . nhe so lution 

s-cabili tics of mixed lig, n systeL1s h i've een determi-

ned by potentiometric , polarographic cmd spectrophoto-

metric t e chniqu~s . 

Mixed ligc'J.nd complexes have vi tal role in physio­

logical systems . Formation of a mixed ligand comple-

xe bet\oVeen an enzyme , metal ion and a substrate is 

consider ed to be the reason for the activation of 

certain enzyme s iith met'l ions . 'I'o illustrl1 te this , 

one can consider the, fUllction of carboxy peptidase 

which is em enzyme that helps to cleave the carboxyl 

t e r minal of amino acid from a peptide cha in by hylro­

lysing the amide linkage~l 

••• Pro- Leu- Gl u-Phen 
H20 

--------------------> ... ro- Leu- Glu 
carboxypept iclas + 

Phenyla l 

~he active site in the enzy e conta ins a zincerr) ion . 

'I'he metal is coordinated t e trahedrally to t wo nitrogen 

atOLlS and an oXYGen ato fro m three amino acids in the 

pr~tein cha in . The fourth coor ination site is fro e and 

so it can a c e pt a pair of electrons from a onor a tom 

ill the su str ate to be cleave • 

An enzyme syste of particular i m )OrtclllCt;; i " tha t 

\~lich promotes ~~L fix,tion of . tuo spheric i trogen , 

ne 

" . 
i -.... . 
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very important Gte in -i.,he nitrogen cycl 

avai1 1ble nitro G~n for plant nutrition . 

providing 

li trogen ase 

is n molybdoenzY1.tle I;J ich catalyse s the red c ion of 

mole cular ni trogon to mDmonia using photosynthes i s p ro­

ducts as r educing agents . Molybdenum is hought to 

provide the a ctivE s ite or sites which bind di~ itrogen 

,mel \;There it i s l"'educed to ammonia~2 

Int e r es t in mixed chelutes a lso nrise from the 

study of mechnnis m of orr:;<mic re H. ctions where the 1i-

gand bond is activated for selective reaction . ixc d 

cOhlpl exe s are 2.1 80 important as intermedia tes in ligen 

displncement r C2ctions . Formation of stable complexes 

hi-tve a lso been lidely exploited by ( nnlyticA.l chemists 

in the devolopment of IO.fmy selecti va ;.md highly sensi-

tive analytical me thods . 
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rn r e cent yoars it have be co me incl uas ir gly appa­

rent that severe l trcAnsi tion ille t Cl l ions f avour coordi -

nation with mi xed ligand systems to a great 0r extent 

thRn 70uld be e::::pe cted on s tatisticol b Cl sis . The equi­

lib rium di stribut ion of cuCrr) ions umong a mixtur e of 

seventeen ami no a cids have been co puted fro st ability 

constant s a.nd bJ.ood l usma composit ion dat a . t pH 

7 . 4 , 98~ of the copper in the s i u1ated plasma. is co-

ordinated to h is·;:; i dine and cystine pr edomi nantly as 

the mi xed ligand [Cu. His . Cyst Rnd [Cu . H. HiS . Cyst J1 3 

2 .1 Compl exes of 2 , 2 ' Blpyridine Rnd 1 , 10- henanthroline 

Bipyridi ne <·.nd phenanthroline for binary and 

ternary mi ::;wd li:3c:md cornp l ex(~ s \ii i th a vnriety of tran-

sit i on me t Rl ions . hith t he exception of the r are 

oe t a l s , numerous exam les are known for each periodic 

group , including the a l kali and alkaline earth element s . 

'l'hese complexes Here known for a long ti 
14 e . The r a -

ct ion bet ween ironCrr) and bipyri i ne \ith formAtion of 

an int ens l y re el colored. fmb'tance \ . s first observe by 

15- 17 Bl au in 1888 . s:'he analogous he anthroli e comp-

lex \ a s first synthesised by al I , an was shown to 

fo r m similarly colored s'lts of the same ty e . 

Nicke l coorJ inates \/i th e ither of the bas i . e . 



- 8 -

bipyridine and )nen ' nthroline 1 ~hE::: t i e' complexes of 

nicke l are bri ght ink . l al to of the [h(bi y)++ 

\ii th a wi de var iety of anions [ire kno\m~4 

Copper(rr) compl ex sal ts containing onE::: , two or 

three mo l ecules f e ither cheLltE: have a l so been 

des cribed~2 Most re ydrut ed a d of a lue or viole t 

color . The complexes of cadmium n zinc are colorless . 

They a r e four or s ix coval ent cont aining one , t~/O or 

three molecules of ~he base . 

The binary compl exes of nickel , copper and cadmium 

\J i th bipyridine ,I.11d phenanthroline wi th a varie ty of 

anions Irvere synthesised in the thirties i.Jlld t here after . 

Mos t of t hese c omplexes are hydroted , as com~lexes of 

bil;yri d.ine nnd 1,hcnanthroline \.J i th bivalent met a ls di-

ffer from similar amines in co bining vith l arge 

quantity of water . 

The synthes i s of [ri(biJ,Jy)3 C12 • ?H20 , 

[Ui (bipy)(H20 )J C12 and [Cu( i y)3J C12 . 7120 was re~orted 

by J aege r n _d Dijk19 in 1935 . ~he synthesi s W8 S one 

when 1 , 2 or 3 e quivRlent of the ligand was adde to the 

sol uti on of 1;ho s['. l t and. E:NH};Orat d a t rOOIJ teml;cr p,ture . 

N~ (bij,..y) 2C12 and h( hen) 2C12 \lere ulso r eI·orte 

in 1933 . 18 i(b i ] y) 2C12 \VflS obt( ,ine by henting r ose 

it i s stable i n air but cannot be rE:::crystal ized. from 
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Hater . 

Contro l l eel t herma l deco l.J O<' itOll 0 i( ilY)3C12 . 7d20 

\JaS s tudied by Le e , Gris\JOl d un Kl ienbergy~O The pro­

duct of this were Ni(bi r y) 2012 ; Ni 3 ( i l-Y) 4C16 ' and 

Hi(b i py)012 • 

The di amagnet i c Hhi te crys ta l s of the t etr ahed.ra l 

complex CdLC1 2 (L = bilJyridi ne , J:,henunthroline ) , ,Jere 

synthesised by re f luxing the stoic~iometric qu ntit i es 

of CelC12 anel the li~jand i n me t hanol for half 1m hours~l 

The synthesis of Cel(bilJY) 2 . H20 ,,~as also r eported 

by Tueger anel Dijk22 i n 1935 . ~he complex Cd(b i Py)C1 A c. 

anel the analogous com~l exes with the anions acetates , 

sulfates and nitrates we r e al so rer ort eel in 19362~ 

The mo no comI l ex of 2 , 2 '-bipyrieline and 1 , lO-phen­

anthroline with t he halide of Ni ( II) were pr epared in 

good y i e l d by r eaction of the base with an exce ss of 

the anhydrous met nl haliele in boiling el imethylforma­

mi de . 24 The miz8d ligand compl exes of bil_yridine and 

yhenanthrolintJ \ii th many transition metal ato s ar e 

r 81.J ort eel in the li t e rcJt ure . Mos t of the second.ary l i -
14 

gunds a r e nitrogen or oxygen donor liganels . 

Some of the s econelary liganels that can be me t ioned 

ar e the amino Clcids . Mixed. ligand complexes of the t e 

Ou(b i py) (glycin9te)+ , Cu(bipy) glycin ) ++ , Cu(bil-'Y) 

( a l anine ) ++ , Ni iiL ( A = b i l!yrilli ne , L = glycine , CA a line 
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25 
v uline) a r e I""-.J i ort ed . ~ernary c0I.21_l exes of Cu( II) 

and Hi ( II) \i] ith b il,yriuine nd s ubstitued s alicylic 

a ci d we r e studi ecL by potentiometric te c hni que . 26 

Uncha r ged comple xes of the tyyb f. ( h en)2 ( NC ' ) 2 ' 

( M=Ni (II) Dnd Cu(II) ) h Cive been p r e 'ored both from 

aqu e ous a nd non- aqueous sy,otem . 27 

The mixed c omvlexes of [ Hi ( }jh en)(N- R- 1J licyla­

lel l I1i ne)2J , IH ( ph cn ) 2(SCilicy l ic a c i d)2 . 3H20 and r i( rhen) 

( .GHlicyl ald1mi nE; ) ( .Gal) . 3H20 we re synt h8sised in ben­

z.ene . 28 

The mi xed l igand c omp lexes rJIAL (M = Ni (II) ; Cu(II) ; 

Z,ll( II) or CdC II) ; A = b i l)yri el i ne or phenHnthroline nnd 

L = ethyl ene di 2.mine or p ropo l yne d i [lmi ne) we r e s t udi ed 

i n solut ion by P8rikh [mel Bhatt a char yu . 29 

The I2ixed ligc-~nds [Hi ( yhen) 2J [Hi (CN) 4J • . 4H20 :'nd 

Ui( Ph e n)3 ( CN ) 2 4 H20 are r ep ort ed by Schilt . 30 

The ma jor f a ctor f or e l e ctron pairing and str ong 

cova l ent boncli n c v, i th many of the bipyricline 3nci h (;n -

- 31- 32 
allthr oline cOlli- lex v\Tas syggeotecl b y I yhol to be 

the forma tion of doub l e b ond , em sug estecl thc: t 

s tructure s (III) nd (IV) contribut s ' to the reSOD'nce 

hybride . 
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C, r. OO) 
c'" \" , r-' '\... '" -

tvl / -

(III) ( IV) 

Simila r structures c on be Hritt en for the phen~ -

throline compoun.ds . Thus , the doub l e bonds are indi-

c a-ced. to a ccoUIrc for the stability of some b i pyridine 

and. phenanthroline complexes . 

Bipyrid.ine ree cts s l owe r th,n d.oes phenanthr oline , 

but thi s IJifference onl y in small d.egree accounts for 

the lower s t ab i lity of biryrid.ine complexes . 33 

Since b i pyridine and 1,lO-~henanthro line are 

b iclent a t e ligands it mi ght be r easonc.bl e to assume the 

c omplex f o:rm8tion Hi th a metell ion t o proceed in a 

step wise fashi on , one nitrogen- metal bon forming in 

each step , vith the replacement of one coordinated 

\Jate r mo l e cule . Usually thi s ste:p\vise repl acement of 

wate r mo l ecul es by a chelate foroation woul d. be e~ected 

to follo v: in r <:'cloicl sequence Hi th no way of distingui­

shing the indivi dua l steps . However , i t is possible 

to l)Ostulate an a ci d catalysis where the intermediate 

formed by t he re~1 2 cement of one water molecule goes 

to product fastor by elemination of hy roniu ion .
34 
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2 .. 2 ' Compl exes 0:[ UreB and IJr.loncH.1 id.e 

Ure a is the ami de of t he c rbonic aci hn there­

fore i t i s some'cimes c Rl l ed cDrba ide . Urea , CO(NH
2

) 2 ' 

is bot h a we ak a c i d. and a HeRk b<tse , t he bHsic dissoci ­

ntion constant 

is about 10- 14 , s i mi l ar to t hat of wnter . 35 Ur ea 

f or ms r athe r 1il8 c:.u;:: complexe s in vvHte r e Ur ea has t v70 

poss i b l e s i t es of coor d. i nat i on , name l y the amine ni t r o-

gen and t h 0 c ar bonyl oxygen . 

Vaughan oncL D~nohue 36 conside r ed the s t ructur of 

ur ea to i nvo lve resonanc e be t ween the thr ee follo wing 

st r uc t ures , the obs er ved va l ues of the interatomi c 

d i s t ance i ndic 2..t ing 30fo doubl e bond 

+ 
/ NH2 / lH-i2 ~ NH2 , - C '~ 0 =C 0 O- C 

'" "- 1 II + 
NH2 2 NH2 

characte r f or tho c ~rbon- t o - nitrogen bon leaving 0% 
for the c arbo n- to- oxygen bond . The donor atom with 

Cu( II) uncl Zn( II) i s t he o}"rygen ato r, . 37 However , in 

some i ns t cillces urea c oor dinate s through th ni trogen 

(~ tOL1 with ?t(I I ) and Pd ( I I) . Henc e , by observing the 
- 1 

presence or abs ence of R c arbonyl II band ne'r 1700 c 
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and by th ~re dnCL or n. se c c of slifted lli2 dak s , 

the u r ea. Coml)l excs h cve been ivided into tho groups , 

one Jith nitrogen d thb othur \-li tl oxygen (1 the onor 

ato " 

Stable cOLlI, lexes fo r IJeu from et 1 s alts ~'ith 2 , 4 , 

or 6 mol e s of ure ar e k l1O\ Co lJlexes of ure a ·.i th 

nick e l , c OlJper , z i n c anu cadmium a r e rt:: orteu in t 8 

I i teratur e . 38- LJ-3 In the sys t eo urea- CuC1 2 an urea-

HiC1 2 , t h e comp lexe s ue t e c ted we r e CuC12 " 2CCJ (HH2 )2 ; 

NiC1 2 • 2CO( NH2 ) 2 and Ni C12 " l OCOOlli2)2 . 'l'he C)ec trum 

of CuC1 2 " 2CO( NH2 ) 2 showeu _.t hat the urea c oor i n a tes 

44 thr ough the oxygen a t o " RS i t vm s observe that 

the C- CJ stretching v i b r ati(Jl1 ecr Gses - 1 Y 5 - 60 c • 

In t h e s y stem CdC1 2- u r ea in aqueous edium , the 

co.umi um c oor d i n [fi:; es t o s i x u r eH L10 1e culcls . 44 But i n 

the s y s t e CdCl c - urea- ethanol a n C C12- urea- e thanol 

the existenc e of c o ~lexati on in t h e r atios 1 :1 and 

1 : 4 Has establis h eu . 45 

D lo~amiue or ];ro],)o.11 u i a i 1 e , CH2 (CONH2 )2 ' i s the 

de r ivative of L1:tloni c a c iu . Coopl e' of malona. iue 

are n ot \II'id l y rel,orted in the I i tere till e . COll 8 r 

c oor d i nate s wi th only oIft:.! or t~J mo l e cules of :110n" 1:1i e 

hckel chlorid.e 

forms NiC1
2

L
2 

r~d. the st(bility of 1hu coor in<te bond 

. . '" < C <N' < ( 47- 48 ~h de c rease III the serle ' J!e 0 l vU e L e 

ligunu cooruinai.. -:! s througl th oxygen ato " S:he 
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compl ex CdX2L2 ( X = Br , W" j = alo a i b ) is al so 

r eported49 emu it i s kJ. vm t l at th..; mal ona i e coor\.C i ­

nates through el10 oxygen ato . .M.ggar ilal and. co\/or k rs50 

a l 0 reporte th" syn hes i s pnJ char C1 cte ri zntion of the 

compl exes Ni LC12 ~.ncl CuLC12. H20 in alcoholic ecl i 

( L = mA loL i de ) . 

2. 3 Re a ction Mochanism of Co )l ux cwnpounds 51- 52 

~here are several mechanisims fo r co ,l ex co oun s . 

'::hey ar e generally class i f i e as ( i ) electron t r ans fe r 

r eactions ( li ) substitution re H. ctions (iii ) mo l scul ar 

r earrangment and (iv) reaction of coordinate ligand . 

(i ) El e ctron transfer re actio s are tho s e rea-

ctions termed as oxidation reduction r eac t ions in 

whi ch there is a change in t he formnl oxi u ion state 

of t he reacti ng subs t ances °nvolved . HO\lever there 

are t wo t ype s of re c.1 ction s that f all \' i t l in the cope 

of the redox r oce s s ; r eactions involvine i mlle e l e -

c t r on t r ansfer , .. nd r eR.ctions t hat c o. be cons i ere a s 

atom tr nsfe r re actions b oth wit h or wi t hout e l ectro 

transfe r . The t~o r eact i ons can be illustra b 

the follO\' i m· t rio r action' . 53 
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~ ;. 2.. + - 3+-

( ,I ~ 1\1" /" N J 

'/ ~I 1/ ) I 1/1\1 N I/N~ 1\/ 

( -- OS + S -t-
/ --N / 7 N / / II I N / 1 I 
'--N ",I ............ ---- N ~ N 

N ... 

rJhe re r'(l f is 2 , 2 ' - b i pyridine . The two chiral re-

actBnts do not themse l ves r acemize , but when the are 

mixed , e l ectr on t r ansfer l eads to a r a )id lo ss of 0 ti-

cal activity . 

NO; + OC1- --- ----> NO; + Cl 

The oxidation state of nitrogen changes f rom + 3 

to +5 v"hile cll10rine chances f ro 1 to - 1 . El ectron 

transfer reactions may oc cur by either or bo t h of the 

t wo me chanismes 1mown as outer s here and inner s here . 

Lut e r sphere mechonism involves electron transfer from 

reductant to oxidant , with the coordinBtion spheres of 

each st<ying inta ct . Inner s here mechanism on the other 

hand , is one in ,,~hich the reduct, nt Hll oxi ant share a 

li and in t heir inner or ri ar"' coordination shere , 

the e l ectron ing tral1"fere e r o a ri i in rou ). 

(ii) bubstitution re, 'ction co are reactions where 
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the Ii and- me t ,J _ ond i " roken d a new on " -s f orme 

inste ad . 'I'le m\.!chCl ism of substi tution re 'ction s ar e 

thVr ou hJy studi ed for s <l (ir e Jl an8. r com )It:;x S like those 

formed b Pt( II) and other d8 sy s tems . Though fi(II) 

belongs with pt(II) to the S8. e group , more often it 

forms t et rahedral com )lex8s Rnd it i s found that it can 

unde r go subst i t ution reaction 106 times ore rapidly 

than pt (II) complexes . 

In such r CGctions usually the f actors influencin 

the reactivity of the c om lex ar e the na t ur e of the 

ent ering groups , the os ition (cis or trans) of other 

groups , the natur e of the incoming group and , of course , 

the nature of tho centr a l met al ion . 

~he major ity of complexes formed by t r ansition 

me t a l s are , hOlt'!e ver , oct ahedr 1 , s o their substituti on 

re B.ctions ar e ext reme l y i m)OrtClnt . Reaction at square 

planar centres occur b-' a'sociation addition but in 

octahe r a l complex thi is not ossible because Cl d i -

tionH.l co or di na-cion )osi tions are not available an so 

sub 'ti tution occur b:' di s socia tive 8.ct -vation . 

s t udies on octahedra l co plexe ' hnve been l argely 

liIJited to t wo t ypes of r eHction : 

i . -.:.. epl acement of COOl' inl-lt t:;d 01 vent e . . 

[Ni ( H
2
0)6 J 2+ + bipy -~ [ h(H20)5 (bipy) J2 + H20 

ii . HydrolYGis : e . g . 
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There is significant co~~ributio to the activation 

energy in sub stitution reactions b thl. chGnge in t he 

energ of t he d orbitals 011 oin~ from the round state to 

the transition state . ny los in ener gy is presumed to 

be )roportionCl l to the activation ellerg . The kinetic 

I Boility or i nnertness of 1:1 complex depends on the str u-

ture pref erence energ , SPE, of the octahedron and a 

transition s t at e ; if the s tructure )reference energy is 

less than some nrb itrnr value , the com)lex i s predicted 

to be l abil , 

l ess t han 

( i i i ) 

but if the structure reference energy is 

that v .lue , the complex will be inert . 51 

401ecular rearrangement re actions a re r ea-

ctions in which t h e li '(l ntis of :ehe first coordinat ion 

sphere r emain att8ched to the centr~l met 1 ion but re ­

arrangement of these lit:llDcls occurs . 5l Thi s may l e "cl 

either to cis-tr~s isomerization or to a change in 

chiral it , or both . The possibility of r arr fmgement 

oovious ly has e. be()ring on the s nt hes is of coor ination 

compounds . 

(iV) Reactions of coor inated ligands are reaction 

tha t occur at tho coordinote liE,mds themselves . 51 

L1eta l ion s houlcl b ab l e to influence strongly the r -

action at the coor dinnte lirands , ClS co are t o t he 

uncoordinat l i S2nd . This is c ~used y change in 
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distri ution , by both s i gma 

onation or i th<lra\vc 1 . 

Coordination of ligands to metal ions a l so pl ' ce 

them in the correct geometr for thei r l a ter union , 

thereby , the cours of t heir reaction i (' chc nc;e • 

2 . 4 So l vent Effect 

The nature of the met a l is t he fore most factor that 

affect the stability of compl ex ions , b ut the na ture of 

the donor group and the solvent a r e a l so influential . 

Gince most r e actions ar e c arried out in the liqui d phase 

the eff ect of th~ solvent has a dete r mining eff ect in the 

the path way of a r ea ction . ':l'he viHY in vvhich the r a te 

cons t ant var y may depend in the nature of the s olvent . 

In many r eactions , the so lvent pl ays an import ant r ole 

by par ti c ipating intimatly in the r ate contr olling 

step of t he r eaction . 

The s ol ubili zHtion of D. solut e \Vill occur whe the 

at tract i on for ce bet ween the solvent mo l ecul es and 

solut e molecul es ar e greater than those bet een the 

solvent molecules themse l ves an bet w en the s olute 

mo l e cules themselves . ~heb e solvent- 'o l ute attra ctio 

mny be non specific ('I an eor r a I s and i polar) or 

specif i c ( with identifiab l e acid-b~ e in ~ r'ction 

bet\leen solut e and solvent) . Th t rm spe cific and 

non s pecific sugg,e t olvation y a . ecific dono r 
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orbital- acce tor orbit al interac ion or p more gbne r al 

way intermolecular attraction res)ectivel . 

The heterolytic cl eava~e of solute onds to form 

ionic s eci es in solution is another ver impor t ant 

aspect of the solvent so l ute interactio . ~his r equires 

efficient ion separatio anu solvation . Therefore , the 

type of species that for in solution are larBely de ­

termined by the prq erties of the solvent . 

One charac"ceristic of a so l vent that is of a gr eat 

i m ortance in caus ing i on formation b a so lute i s the 

uielectric constant of the so l vent . The dielec ri c 

co nstant is def ined in terms of t he me ium abilit to 

weaken the forc es between two ions : 

where ~ is the di e l ectric conHt nt of the medium . The 

conclusion is then that a hi '} solvent die lectric con-

stant t end to support a hi "h deGree of s olute ioni~ ation . 

IIence the so l vent choioe for s'nthetic work is of ara-

mount im ort ance . As an exam le fo r donor li rands , a 

suit ab l e solvent woul d e one that makes the li and 

more basic or loss aci ic . 

2. 5 Donor ccept or properties54 

Few concepts have been so end ring as t he conce t 

of ac i ds and bases . In the mo ern conce )t acids are 
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mole cules wi t h a relativel 10\ ere LU 

high - l y i n HOMO. The HO 0 epends on t h 

most oft8n is ffi1 s n lone air . 

an f airl 

ase , but 

The amines and ammonia are R on r t he most co onl 

r ecognized and ~8neral l the stron t of the nitroee 

donors . As a cl<' s s the ' ri i nc are of i nte r iate 

bas ic i t y . 

VIany example s of oxygen as a donor can be ited , 

e . G. wa t er , ethers , ketones , )hos hine oxides , etc . 

Me t al ca t ions , on t he other hand , ar wi el knov 

to act as acids , be cause they acce)t electrons from the 

donor a toms i nto their d orbital stems or in hi her 

orb i tals . This is , theu, the bas i s for a reat d 1 of 

trans i t ion met al ion chemist ry . 

In the electrochemical seri es , where the li :ands 

of lJill
6 

(M = met e.l i on ., D = ligand) are arrange in 

order of incr eas in A o ( /\ 0 = splitt in ener ) a 

rough sin l e sc ~le of met al - li and interaction is 0 -

ss i ble . Bipyridine and phen nthroline com hi her 

than pyri dine an ammonia in the serrie s . 

• •• Pyri ine r. HI!3 en < bi ) /1.;>' h 

~he higher ositions of bi riaine u d 'h n nthroline 

are believed to e ue to the \/e aker onor chbracter 

and stronger Pi acc tor nature 0 -,he 0 c. localiz d 
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amines . In bipyridin and henantlrol i n8 , the e loca ­

lizat ion over an extended carbon fr ame t en s to 10 ler 

thE- ener ~ of both It - HLO an - LU O. 

The stabilit of a com)lex is also affuct d to a 

great extent b s t eric factors . The clashing of rou s 

on one or two co ordinatinc l i 'andc r esults in disto­

rtion of bond ~;le s and a de crease in stabilit . The 

substi tut ed 2- met yl-l , lO- phenanthroline fo r ms \:,Teaker 

complexes vvi th t he f errous ion ~his is due to steric 

hindrance to coora ination which increases with further 

substitution t o such an extent that the 2 , - imeth 1 

phenanthroline does not fo r m co .I. 1exes Hit iron. bimi-

larly , the same eff ec t i s observed in 6 , 6 1 - di e thyl 

2 , 2 '-bipyridine which has a low coordinatin r ability 

compared to t he uns bstituted 2 , ' '-biPyridine . 76 
ACCO-

rding to t he litarature s urvey done it \8S found that 

binary co mplexes of b ' "ridine and henalthroline ~l'th 

the me t a l ions Ni (II) , Cu(II) and C (II) are reported . 

Similarly t he binar c om le:'es of these me t 1 ions with 

urea and malonanid are also re orte 4 However , mixed 

ligand oomplexss of th se et a l ion wit bi ridine : 

urea , b i yridine : malona lde , henanthroline : urea and 

phenanthroline : malonami e are not re )ort ~ d . Henc~ , 

the obj ective of this investi ntion i s to a tern t the 

synthecis of such mixed lignnds com I e-xes . 

To effect thE. synthe " is of these co Jl exes h 
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vis i ble s ectra of solution of the eth l ion" ~ith 

the lieHnds in di ferent molar ratios at ifferent pH 

\{ill be invistigated . ~he effec of thermal treatment 

\V' ill a l so be invisti at ed spectro hotometricall 0-

r he results of : Llch inv stit;ntions \;ill cive a clue as 

to the o .J timum cunditions to carry ab out the actual 

synthes i s in the aq eous medi 

As so lvents have an effect on t he course of chemi­

c Hl re actions the s nthesi s \{ill al so 1e atte , ted in 

alcoholic medium~ buit Hb le proce ures of synthesis 

will also be adapted from the literature . 

For ~ he charactrization of the i 'ol ated com;l~xe s , 

the metal content , nitroGen content and chlorine con­

t ent will be analysed . IR and rill:{ s ectra will be re­

corded . On the b~sis of thes , olecular formulas 

will be assi(5ned f or the isolated coml,.,l exes . 
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3 . 1 General 

Al l the complexes \,rere stable to oxidation and 

hy<.lro l ysi C' and pore l adled in air 'n synt esise in 

atfueous mi dium 2:i.J pH between 2 . 0 and ,) . 0 . As b i pyri ­

cline and phenan-lihroline are i nsoluble in water , they 

\;,rere fi r st dissolved in a minimum quantity of ethanol 

uncl then wate r was added . In the synthesis in alco­

holic medium tho methanol and ethanol were taken in 

the r atio (v : v) 50 : ,)0 . 

3 . 2 Re agents and Eq ipments 

All solvent ~ used were 'urified before us e . The 

ligands used were l , l O- phenanthroline (bigma , nalaR) , 

2 , 2 '-bipyridi ne (BDH , J.nalaR) , ure a (reagent grad ) 

and ffia l onamide tLat vms synthesis ed from diethylmalo-

nate and concentrat ed aIDLlonia solut " on in the rat"o 

1 : 3 by volume as describe<.l in th literature . 7 

The metal halides use were liCl2 · 6H20 , 

CuC1
2

. 2H
2

0 and C<.lC l 2 . 2H20 whicl 'dere a 1 of r ea ent 

gracle . 

Th IR spect ra of the com~ oun<.ls we r e mea :.::ured 

over the ran e 40 ° cm-l t o 600 cm- l on an Il - opec tro­

Deter Perkin El mer 727 B in KBr . The visible pectra 

we r e r ecor<.le<.l on a Beck an ode l s e ctro hotometer . 
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~he ' H were recorda on 60 Iz arian T- 6 

proton nuc l ear etic r8sonance s ~ctrometer . ~he 

pH of so l utions were ad'uoted b a BECK! . Chem- 1ate 

pH teter . In thc det~r i nati on of chlori a 

~hilips ~ 9418 pH mete r was use • 

3. 3 El ement a l Analysis 

Ni t rog n 'v,{8.S deter mined b~l the Kjeldahl method . 8 

In all cas e s 0 . 2 g of commercia l Kjel ahl catal st con­

t ainintj CuB04 and 5. 0 g of potaosiuID sulfate ',lere ad dd 

and the s am I e (l i E,estud \lith concentrate sulfuric acid .• 

Nick el was de ter ined Bravimctricall t y r e ci i ­

t ~ tion wi t h dimoth lLlyoxime . 9 Copper vas also detc-

r I3 ined gr a.vi \;;t r icall y ' reci )itation as a com lex of 

b 
. . 6 0 enZOln- cx.- OXlm8 . Cadmium was determine ravemitri -

c aly by r e cipitation with ) ri ine an ammoni t hio-

61 cyanate . Complexes that Here not so l ble in \lat r 

were firs t di gested in co centrated HCl , dill ted and 

then the anal sis att m t ed . 

Chlorine pas deterrainl:d \lith 0. chloride sensit i ve 

62 electrode . s(;;ries of KCl solutions in 10- 2L hJ: 0
3 

olutions wer e pre are an U e ) 0 ential reil in for 

each sol ution w ~ s rl: oor ad fro \Jhich a cali ration 

~ra h of pot enti~ l vers s Cl / ' ura\/Il . Y own con-

centrations of 1;ht sam les are re art., an the 

otcntial of e~ch solution reco r de . Fro the cali-
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ration gra h , the concentration of the chlori e ions 

\Je re e ter i ned , and from thi the cllorine ercentace 

in t he s am:Dl es ,"; S c[llcula e . 

3~ 4 Preliminar y Spectros copic Stu ies of Bipyri ine 

Complexes 

3 . 4 . 1 Ni : bipy (1 :2) J i ffe r ent solutions of 

HiC12 • 6H20 and b i pyridine i n the mol ar r atio 1 : 2 rJe r e re ared 

by mixing 2 . 5 ml of 04002 solution of nicke l chlo-

ride so l ution with 5 ml of 0 . 002 Jj s olut i on of b i pyri-

dine , and t he H cJf the soluti ons we r e adjusted to 

2 . 0 , 3 . 0 , 4 . 0 , 5 . 0 , 7 . 0 and 9 . 0 us ing diluted HC l and 

diluted Na OH s olution . The visib l e spectra of these 

solutions were I'vcord d in the runge 700 t o 400 nm. 

All the solution ..... were f ound t o absorb at 515 I1lll . an 

the highes t absorbance 'vms obs erved f or the s olution 

with pH 2 . 0 . For the other so lut ions the abs orbance 

de cre a s ed with increas i nB H; Lhe color of the solu­

tions was ink . The spectr a appears as Fi G. 1 . 

3·. 4. . 2 Hi : b i py : urea ( 1 :2 :1 ) Different solutions 

of nicke l chlo ide , bipyridine an u ea in the molar 

r ation 1 :2 :1 r espectively , Here prepared a in t e above 

case ( ~ •• 1) . The pH w re adjuste to 2 . 0 3 . ~ . 5 , 

6 . 0 , 7 . 0 , 8 . 0 and 9 . 0 . 'I'he iaibl e pectra \/ere r eco ­

rded and al l the solutions \Jere found to a orb a t 
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520 nm . The absorb ance WaS hichect for the solution 

\Ji th H 2 . O. The color of the solutions wa ink . 'he 

spectra i 8 5 ' ve 8 ~ ig . 2 . 

3 . 4 . 3 Ni : bipy : mal ona i e (1 :2 :1) ; ix solutions 

of nicke l chl or i e , b i yri i e r l onor i e i .,.. 
mo l a r ratio 1 : 2 :1 were prep red .- The pH \vere a justed 

to 2 . 0 , 3 . 0 , 4 . 0 , 5 . 0 , 6 . 2 , 7 . 5 and 11 . 0 . The visible 

spe c t r a was recorded . 1 broa peak at about ~10 nm 

\vas observed f or all sol utions , \/i th the soluti on of 

H 4 . 0 having the maximu absorbance . It was a lso 

observed that the absorbance decreased Hith ilcre asin 

H, the s olution ",7i th pH 11. 0 having the 10\iOst abso-

rbance . The spoctra is given as Fig . 3 . 

The solut i on with pH 4 . 0 wus the~ heated for one 

hour at 800 C anu. the spectrum wa s taken again . However , 

no change in the A was ob ervcd .· max 

3 . 4 . 4 eu : b i py (1 :1 ) solutions of CuC122H20 and bi yr i -

dine i n the mo l ar r at ion 1 : 1 'ilJere prep red by a ding 

5 1 of 0 . 01 

0 . 01 bipyridine and the pH a justed to 2 . 0 3 . 0, 4 . 0 

5 . 0 , 6 . 0 , 7 . 0 and 10 . The visible spectra \ere taken . 

So l utions Vii th pH less thon 7 . 0 ab orbed at 660 nm ; 

for solutions with pH 7 . 0 and above the ab 'orbance 

shifted to shorter wave len~th . The sol tion with H 
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7 absorbed at 625 nm and t Ie solut io I' th H 11 abso­

rbeu at 610 nm. For nolutions \. i h pH l es s than 7 . 0 

the highest abs orbance \las for s olution \.ith H 2 . 0 . 

~he color of all the sol tions zanga from li rht blue 

to uark blue . ~ le sp~ ctra are given as Fig . 4 . 

3 . 4 . 5 Cu bipy : urea (1 :1 :1) Four solutions with H 

;2 . 0 , 3 . 0 , 7 . ° anu 11. ° vlere prepared in the manner e -

scribed above . The color of the solutions was blue . 

The visible spectra were t aken . The aduition of uree 

t o the Cu :b ipy s olution broauened t he ban ;. otherwise 

the value of \ are the same . These solutions Ivere 
i'\ mnx 

t hen heated for one hour at 800 C in which case the 

peak f or the s olution with )II 11 broa ened very much . 

But no change l,:as observed in the other peaks . The 

npectrum is shO\m as Fig . 7 . 

3 . 4 . 6 Cu : bipy : malonumide (1 :1 :1) Six s olutions of 

identical concentrations \lere -re )ar ed b mixinb 5 ml 

of 0 •. 01 IJ s oluti on of CuC12 02H20 , bipyriuine an mal o­

nami ue . The pH of the solutions were au 'usted to 2 r O, 

3 . 6 , 5 . 8 , 7 . 0 , 10 . O, and 11 · 3 · he color of s olutions 

was blue . Solutions witl H l e s s than 7 . 0 have similar 

spectrum and ab s orb at 670 nm . For solutions \', i th pH 

gr eater than 7 , t he wavel ul gth shift s to short er wave­

length . Sol utions 7ith H 7 'bsorbs at 625 n . Solu­

tion with pH 10 absorbs · t 610 nm . ...,olution lith pH 
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11 . 3 absorbs at 610 run , ut the band i broa . The 

spectrum is givGn as Fig . 6 . 

3 . 5 Preliminary Spectroscopic st ies of 1 , 1 - henan­

throl ine Com , lexes 

3 . 5 . 1 ~~hen(l : l ) . Five solutions of nickel 

chloride and henanthroline were re ared by mixing 10 

ml of 0 . 01 , NiC12,. 6H20 and 10 ml of 0 . 01 "phenan­

throline . he pH of the solutions were adjusted to 

2 . 0 , 5,. 0 , 8 . 5 and 10 . 0 . The "olutions ,ere light pink 

i n color . The ID3.ximum wavelength at \/hich all the 

solutions abs orb was 515 nm~ For solutions with higher 

pH i . e . 8 . 5 and 10 . 0 , ho~ever , the band broa ens~ The 

pink color of the solution disappeareu leaving a colo­

r l e ss solutions dhen the solutions were left overnig" t . 

In the t wo soluJLJ ions \Vi th pH greater than 7. 0 a bluish 

suspens ion was formed~ The spectrum is given as Fig~ 

7 .. 

3 . , . 2 Ni :Phen : urea (1 :1 :1) Four solut'ons of 

nickel chloride , phenanthroline and urea in the molar 

ration 1 :1 : 1 wer0 re a red by mixing j ml of 0 . 01 M of 

each . The pH was adjusted to 2 . 2 , 6 . 0 8 . 5 nd 11 . 0 

and the visible s ectra Here recorde . 111 four solu­

t ions a sorb at 515 nm and \,;i th incre' Bing pH the 

band becomes bro :.d . Tl e solutions \Jere pink in color . 

~he spe ctrum is give as Fig . 8 . 
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3. 5. 3 Hi : Fhen : malollami e (1 :1 :1) Three solutions 

were prepa:ced e.s described above . ":;0 \vere the pH 

adjusted to 2 . 2 , ) ·. 3 and 10 . 7 and the visible s ect r a 

were t ake n . lal the three solutions absorb at Amax 

515 nm \li ith a broad b nel . ~he three olutions have a 

pink color . The s pectrum is given as Fig . ~. 
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L~ . l om'Jlexes 
-----~ 

4 . 1 . 1 i : b i py ( 1 :1) 

was re act ed in '·ate r wit h 0 . 01 mole bipyri ine disso­

lved in 10 ml e-c j1 anol and 2u ml \vClter . The sol ut i on 

\iTas first pink . Then changed to b l ue on heut i ng . 

Jift e r concentration and coo l ing no crystals were i s o­

l Clt ed . The visibl e spectrum v,ras recorded and 'iles f ound 

to ab s orb at 560 nm •. 

In ano ther exper iment the sume s t oichiometric 

cl.uantities \ er e r efl uxed fo r t hree hour s i however , the 

product was the same , and the complex re a i ned in so l u­

tion . 

In another experiment 0 . 01 mo l e Hi C12 . 6H20 , 0 . 01 

mole bipyr i di ne and 0 . 04 moles urea were then mi xed 

and the solution was refl uxed fo r thr ee hours . The 

result obtained was t he same as the 011e above . 

i milarly the r eaction between ~iC12 . 6H20 , bi­

pyridine and mc.l -namid \laS also investigat ed , and the 

r esult we r e t he 3ame . · 

4 . 1 . 2 rcparut i on of Di chl orotris (bipyridire) 

nickc l (II) hexa- hydrCl t e : Ti (biPY)3C12 06H20 

0 . 2377 g of NiC12 e6 20 ( 0 . 001 moles) \laS isso l v in 



- 31 -

30 ml d i st i l l ed ~~t er . lli i :xe \-l i th 0 . 312 g of i -

])yr i d ine (0 . 002 ilio l es) di s s olve in 10 ml ethano l ~n 

20 ml vat ur . ''':ho color of the so lution \/AS pink . The 

pH of the s olut ion was a jus ted to 2 . 0 with diluted 

HCl . Th s ol ution ~ a s s l owly concentr ated b eva ora -

tion and then coo l ed . ./lfte r cooling overnight pink 

crys t a l s Her e fo r med . 'rhe y i c l wa s O . l~ g (32;') . 

Melt i ng point : at 175° C changes to green and oes not 

melt up t o 300°C. El emental anal ysis : found % cal cu-

1at edt) Ni : 9 . 97 ( 8 . 31 ) ; N: 10 . 82 (11. 89) , Cl : 10 . 60 

( 10~ 05 ) ; Visiblu sp c t rum A : ~15 nm. j I R spec t r um : max 
give n as Fig~ 10 ( a) . 

3400 cm- l (O- H s t r . ) , 3100 cm- 1 (G- H str . ) 

1600 cm- 1 (C=N str . ; ) , 1480 cm- l ; (C- H b end i ng) 

1020 cm- l (ring vi or) , 760 cm- l (C- H out of plane 

def . ) 

So lubility : I t i s insolub l e i n CH2C12 , CHC1
3

, and CC14 , 

but so l ubl e i n CIl30H, H20 , .0 [bO • . a t ( r loss : 16 . 01% 

( ca l. 15 . 29'%) . 

4 . 1 . 3 l~t tempt to prepCl I e Dichlor ob i s (b i pyr i ine ) mono 

1 . 188 g 

I iC12 . 6H20 (0 . 005 mo l e s) ancl 0 . 3003 g ur a (O . OO~ mol e 

di s solve i n ~O 1 di s ti l l ed wat e r \/<3.S mi xe \-lith 1 . ~62 

g b i Y (0 . 01 moles ) di s 'ol ve in 10 ml etha 01 an 2 

ml \;ate r , and he ixture r fluxe d for hree hours , 

) 
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aft e r adjusting it H to 2 . 0 . The sol tion W'~ con-

centrated by ev~ora ion 81 cooled over itht . It ~Dve 

pink crystp ls . Yiel d : 0 . 7 g (,0 . 4%) mel ing point : a t 
o ab out, 172 C changes to green . LlementB.l analysis : 

found %(c alculc:cedj. ) ; Hi : 9. ,5 (8 . 31) · Cl : 12 . 72 (10 . 05) · 

IJ : 9 . 64(11 . 89 ) . Visible s ectrum : A : 520 run . I max 
spe ctrum : given as Fig . 10 (b) . The spect r um is s i mi-

l ar to t hat of 4 . 1 . 2 Fig . 10 ( a) . So l ubility : inso­

l ub le in CH2C12 , CHC1
3 

and C0 14 • Dolub l e in CH,OH, H20 

and DMSO . The i s ol ated complex was establ ished to b e 

Hi(b i py)C12 · 6H,,0 . , c. 

4 . 1 . 4 .H.t t empt ·co pr epClr e Dichloro bis (bipyridine) mono­

malonamida nickel( II) [ -i(b i PY)21 ~J0 12 . NiC12 . 6H20 

b i pyridi ne and mal onamide in the mo l ar ratio 1 :2 :1 were 

reClcted a s 'es c:;:ibecl above . fink crystnls Here isolated . 

Yie l d : 0 . 52 g ( 22 06;4' ) . !ilelting roint : at 170°0 chane; l-s 

to gr een . Elemental analysis : foundX (c u lculated~); 

I i : 4 . , ( 8 . , 1 ) ; N: 10- / 5 ( 11 . b9) , 0 1 : 10 1 1 (10~ 0~~); 

Visib l e spectrwn: ~ max = /10 nm . ; IR spectrum : giVen s 

(.ppendi x Fig . 10(c) . ':i:'ht; pectrum i'" simila r to that of 

4 . 1 . 2 . Fig . 10 ( D) . Solubility : insol uble in CH2C12 , 

ClIG1, and CC14 , but soluh le in CH30H , H20 ,md DI <'0 .• 

':'he complex i 'ola ted We S c.,tabl i slwd to be 

4 . 1 . 5 ~ttempt ~o p ep ~ re Hickel : urea complex . Dolution 
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of 2 · 377 ~ i C12 . 6H20 (0 . 01 moles) Gna 0 . 6006 g urLa 

(0 . 01 moles) \{6rC mixed and the pH ndjustc.;a to 2 . o. 

':211e s oluti on wr:f:, then refluxea for t hree hours . ~fter 

concentration e.nc.~ cool i ng no crystf:lls vere isole ted . 

The color of solut i on remained througho t green . 

In another experiment the amount of urea -as in-

creased four times an the sol tion refluxed for four 

hours , but r esult 0 t Rined we r e the SDme s Rbove . 

4 . 1 06 ~ ,tt empt -C '-) 

2 . 37 g NiC12 06H20 (0 . 01 mo l es) and 1 . 0209 g malonami de 

(0 . 01 moles ) V18r.:; d i ssolvea in 60 ml distilled Hater , 

ana the bri ght gr8en so l ution was refluxed f or three 

hours . On conc0nt r ation nnd cooling \Jhite crystals 

we r e isol i ted . The crystals were filtered off . The 

\Jhi te c r y tal s '" e r e establishea to be m<-llinamide on 

the basi s of melting point ana 1 H .Nl'fill spectrum. 'I'he 

concentr G.tion of the malonami U W1S then increEsed 

fOUT t imes ana ';;118 e eriment ro eatea , but this i d 

not shm" a.ny effl..~ ct on the )l'o ··uct . 

The re CJ. ct ion etween liC12 . 6H20 , malonami e and 

urea were a l so investigated in th(, sa e manner de cri-

e above . o r ix d COml)lex \vas , hm"ever isolated . 
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4 . 1 . 7 Att empt to prepare Dichloro is(l , lO- . hen' ~ ­

tlloline) nickel hO Ia!ydrate ~ li (Phen)2c12 . 6H2~ 0 . 47 

i ssolve i 30 ml istill d 

water vas added 'co 0 . 39 g plwnanthr line (0 . 002 mo l e s) 

dissolved in 10 ml ethano l and 20 ml \atur . The pH of 

the solution WQG adjusted to 2 . ) . ~he color of the 

solution v,[8s url,l e r/hich chan~ed to briGht blue on 

heating . On cooling hov .. ever , no crystnl s \/e r e i olated. . 

4 . 1 . 8 ~~t t;Gmpt to prepare Dichloro bis(l , lO- phenan­

throline) mono urea nickel l I t _ [Ni (phen)2 -

(urea ) JC12. Ni C1206H20 and phenanthroline in the molar 

rat io 1 : 1 we r e mixe as describe d ab ove. . To this 

solution Has ac1c~e d drop \Ji se 0 . 1201 g urea dis so l ved 

in 30 ml di s tillsd wat e r while he ating anJ stirring . 

S::he vol ume of th-:) solution was then reduce to 1) ml , 

aml after lone:; s 'cc:mdi nc for several a"' s 0 . 15 g of 

blue crystals Bore obtained . Yield. : 0 . 15 g (2) . 4X) , 

:!le I ting point : -;:c about 140 0 C changes t o gr een . 

Elemental analYf3 is : found;' (calcul?te j. ) . 1 i : 8 . 02;' 

(9 . 811.). ; Cl : II . ) /. (11. 871.) • Visible s ectrum : / max 

:: 585 nm . I spectrum : given as Fig . II (a) . 3350 c.qJ- l 

(O- H str . ) . 1620 cm - 1 (C=C , C=l str . ) . 1440 - 1 cm 

(C- H ben<l) , 870 (C- H out of plnne de f. ) • 'l:he complex 

isolate vl8S eS 'cab lished to be i (phen)2C12 ,· 6H2O. 

Solubility : it is insolu Ie in CH2C12 , CHC1
3

, CCI 4 

but soluble i s CH
3

OH, H2O and D /130 . 

,,-,at frO-.,.. b" ..... .;I!' 
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The concen"Grat ion of urea was increase our 

tiI!les , so that the olar io of "ckel chlori a , 

h nanthroline 11 r a as 1 :1 : , re e ctively . Blue 

crystals VI're obtained , \/hich have si ilar decom 0 -

sition temperattu G and IR spect rum to the one ab ove . 

4 . 1 . 9 At t empt prepar ed Di chloro b i s 1 , lO- phenanthro-

l ine monomnl onamide nickel(II) 0 . 47 g 

Ni C12 . 6H20 (0 . 002 mole) was dissolved in 30 ml disti­

l l ed water and mixed with 0 . 39 g phenanthroline (0 . 002 

mo l es)disso l ved in 5 ml ethanol an 20 ml water . 0 . 2 

g malonamide (0 002 males) dissolved in 30 ml water vas 

addod dr op wise to the ab(Jvn solution whil e heatin and 

s t i rr i ne; . ' Aft e adding al l the amide so l ution and r e -

fluxi ng f or three mor e hours , the blue solution was con­

centrated b eva~cration o 0 . 16 g (27 . 1j.) blue crystals 

uer e obt ained . Melting point : at 140 0 C changes to 

gr een ; El emental analysis : foun 1. (cnlculatGd~ . i : 

8. 70fo ( 9 . 81;') ; Cl : 11 . 20j. (11 . 871-) . Visible spectrum : 

l : 585 nm . The forI!lul n was establ ished to be /'\ max 

~i(phen)2C12 . 6H20 . IH pectrum : is given a~ Fig . 11 

(b ) . ' 

I t is similar to that of 4 . 1 . 8 Fig . 11 (a) ~ 

Solubility : it is insoluble in CH2C12 , CHC13 nd CC14 , 

ut "olublo in CH30H H20 and D iIBO . 
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4 . 2 Pr eparat ion of Copper 

4 . 2 . 1 PreporHtion of Dichloro mono (bi)yricline) 

copper( r r) Cu(bi~y ) C12 : 1 . 56 g bi yricline (0 . 01 moles) 

clisso l ved i n 10 ml et ha.no l and. 20 ml \later was mi xvd 

Rith 1 . 70 g CuC12. 2H20 (0 . 01 moles) d i ssol ve ir 30 ml 

di s til l ed ~at er , 8nd t he p I of the so l ut i on was adju-

s t ed t o 4 . 5 . Th0 gr een solut i on \iClS heated and then 

concent r ated by evaporHtion . On cool in(3 gr een crystal s 

wer e s eparated . Yie l d : 0 . 41 g (14 . 13X) , me l t i ng point : 

at 280°C changes color t o b l ack , e l emental analys i s : 

founel;' ( cnl cul e:ced:/.) . eu : 21 . 13!- ( 21. 85i') , N: 10 . 1;' 

( 9 . 6 3/) . Cl : 2L1- .. 17 (24 . 46/) . Vi s i bl e spectru A max= 

660 nm . IR spectr um : given as lPpendi x Fi g . 12 ( a) . 

- 1 ( ) - 1 ( ) - 1 3050 cm C- H str . ; 1600 cm C=C str . , 1500 cm 

( ) - 1 ( ) C=N s t r . , 780 em C- H out of pl ane def . . . Solubi -

l i ty : it i s ins('lub l e i n CH2C12 , CHC12 , CHC1
3 

and CC14 
but so l ublo in H20 and J~SO . 

4 . 2 . 2 .at t empt t o pr epare Dichlo r o mono(bipyri ine ) 

mono urea co per( rr) : [ Cu(tipy)(urea) JC1 2 
0 . 0025 moles of v lch of the reacting sub ~tances were 

elissol ved i n 30 ml \,ratcr an~ the thr ee solutions t/ere 

ixe . The pH of the re" 1 ting solution r as adjusteel 

t o 2 . 2 . The soluti on \vas then heateel \Vl ile conti-

lluou' l y s t i rrin[) and them concentrate~ b eva )oration . 
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On cooling gr een cryst al s Here isol ated . Yie l : 0 . 60 g 

( 20 . 6 /) . Mcltin~ l oint : nt about 3000 C changee 0 

lark gre en . El clTIE:mtal analysis : f ound/. ( cnlcul a ed/.) . 

Cu : 21 . 52 ( 21 . 85) , : 8 . 07 ( 9 . 63) , Cl : 16 . 26 ( 24 . 42 ) . 

Visible spectrum : J\ = 660 nm . I R spec r um : given max 
as Fi g . 12 (b) . I t i s s i mila r to t he ::>l.J ectrum of 

4 . 2 . 1 Fig . 12 (Q) . The i s olat ed co mpl ex was e s t abli -

shed t u be [Cu(b i py)C12J . 

In another experiment the c oncentration of t he 

ure a vms incre :J.8 8d ten times but the crystal s i sol a t eu 

were the s ame as thos e above on t he basis of the simi -

I nri ty of their IR spectra emd. de composition t empc-

r a ture . 

L . 2 . 3 Pr epar ation of konochloro rnonohydr oxo mono(bi­

pyridine )copper(II) trihydr a t e : Cu(b i py)(OH)Cl. H20_ 

0 . 0025 mol es of G3 ch of copper chlor i de , b i yrid i ne and. 

ure a were ea ch ('. i ssol ved i n 30 ml of 1 istilltd lat e r and 

the three solutions we r e iyed. . ~he pH of t he r es l uting 

s olution WCl S alljusted to 7 \lith dilute HaOH so l ution . 

~he color of t he so lution \vc s deep b l ue . ~he so l t i on 

\la.S then hea t ed \lhile C Oll inuon aJ. s tirring f or one hour . 

I t Wa S then concentrated by s l Ol ': eV<1 oration until t he 

volume was ' bout 30 mI . On c uoling blue crystals we r e 

i s olated . The yie l d \ms 0 . 67 g (74 . 4/-) . ':lIh c umplex 

d oe s not melt cmd at 165° C its col ur chanGe t o b l ack . 
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':2he element ul an3.1ysi s result s were , foun 7. (c alcul ' "tie iO 

Cu : 17 . 90 (19!l-7) , Cl : 10 6 (10 . 8 ) , \J ter 10ss : 1 2 . 8~ 

( 16 . 55) , Vi s i ble SP(:c rum : A ax = 62;' run . IR spectr um 

is given as FiG_ 13 ( a) . 3400- 3300 cm- l (O- H str . ) , 

1600 cm- l , 1580 cm- l (C=C str . and C= str ., 14~0 cm- l 

(C- H bend ) . I t is insoluble in CH2C12 , CHC12 , CC14 and 

CH3COCH
3

, s lightly solu I e in CH
3

0H but soluble in H20 

und m SO . 

4 . 2 . 4 PrE:par at i on of Dichloro mono.urea co per(II) 

monohydr ate 

CuCI 2 . 2H20 (0 . 01 moles) and 6 . 006 g (0 . 01 moles) urea 

we r e di ssolved in 100 ml d i stilled wate r and the pH 

of the solution vm s au justeu to 3. 5. On heating t he 

color of the solut ion changud from b l ue to reen . The 

so lution YJaS slO\oJly concentruted by evapor ation and 

cooled . On cooling gr een cryst a l s IJere isolated . The 

isolated compound ~ii s ur i eu at 80°C for one hour . The 

yie l d was 0 . 87 g (41 . 421 ) . It doe s not melt but at 

about 175- 1800C its color changes to b l uck . The el eme ­

nt a l anal ysis 1.;;.r8.S : f oun % (calculate ,%) : Cu : 29 . 79 

( 29 . 88 ) , N: 11 , 7 (1 3 . 17) . It i slightly so l ub le in 

Hater but insolubl in organic solvents . Its IR 

spectrum is given as Fig . 13 (b) . 
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4 . 2 . 5 

complex : 0 . 4261 ~ CuC12 , 2fi20 (0 . 0025 mo l es) 

was dissolved in 3C ml distille ate r . To this 0 . 39 

~ of bi yridino (0 . 0025 olos) issolvod in 5 ml 

othnn ol o.nd 25 wI \J .... ter \7< '" added . ~l e pH of the so lu­

tion was ad j us ted to 2 . 0 , and 0 . 25 g malono. ide 

(0 . 0025 mo l es ) di s olved in 30 ml ~at~r was ad e dro 

wise while he at ine and stirrin . The sol tio was 

int ense b l ue in color . The solution wa s concent r atud 

givinc; e;r een cryctal s . Yield was 0 . 24 g ( 33 . 157.) , 

~elting point : at ab out 2900 C th co poun changes 

c olour t o dar k green . Elem nt Ll analysis : foun f. 

calcul at ed; .) : eu : 19 . 87 (21. 8~) , Cl : 18 . 92 (24 . 42) . 

Visib l e s -,")ectrum : " ;:: 670 nm . Its IR s ectrum 
J:" m x 

is given as Fig . 12 (c) . 

I t is s lmilar to spectr um of 4 . 2 . 1 . ' olu ility : 

it is solub l e in H20 and 1 '0 . But insoluble in 

CH
2

C1
2

, CHC1
3

, CC14 , an CH
3

0H . 'rhe compoun isolated 

Je S established "ljO be Cu(bipy)C12 • 

4 02 . 6 reparo.ti ~n~o~f~D~- =i~c=h~l~o~r~o~~~~==~~~~~~~~ 

2-w~ter : C )2C12 · 2H20 . sol ion 0 3 . 41 

g CuC1
2

2H20 ( . 02 moles) WeS U e ro '\ 'ise whi le 

heat in t o solution of 2 . 041 g nalonaoi -e dissolve 

in jO ml wptcr . ~he color of sol tion 7o.s gr en . 

ft er conc(..;ntration an cooli g , r own cr 0.1 '" gerb isolate • 
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t i e l was 0 . 80 g. ( 21 . j~I ) . ~he elting point is at 

2400 C the compl ex changes color to b l ack . Llement l l 

analy s is IJe r e , f ound/. (c nl cul'ltedi-) C : 16 . 79 ( 16 . 90 ) ; 

Cl : 17 . 10 (18 . 9 ) ; N: 12 . ~7 (14 . 9) . Bo l ubi l ity : i nco­

lubl e in CH2C1
3

, eCl and CH
3

0H . Dlightl y Bolu I e in 

wH t er and -)MBO . 

3400- 3200 - 1 em 

IR spectrum i s g i ven as Fi g . 13 (c) . 

(OH N- H s tr . ) ; 1620 cm- l (C- O st r . ) , 
~ 

1450 cm- l (C- N s~r . ) . 

4 . 2 . 7 Pr epar at i on of Dichloro mono ( l , lO- phenthroline ) 

coppe r( II) [Cu(phen)C12 ~ ' 0 039 g phen is s o-

1 ved in 5 ml et hano l and 10 ml i s t i lled wat er \vns !3.d e 

to 0 . 34 g CuC12 . 2H20 i ssol vud i n 30 ml \J[1 t e r . The H 

was ad j us ted t o 3. 8 . ~he s olution was bright blue . 

Jlfter concent r cti on Rnd co oling it gave gr een crys t als . 

Yi e l d : 0 . 54 g ( 87 . 2/); re l ting poi nt : at about 300°C 

changes t o dflr k gr een . l:; l ement a l anal ys is : f ound ! 

( calcula t ed ) : Cu : 20 . 13 ( 20 . 06) - Cl : 12 · 92 (22 . 57 ) ; 

I : 7 . 93 ( 8 . 90) . Vi s i I e spect rum A max : 710 nm . I R 

spec r um i s giv~n as Fi g . 14 (n) . 1600 cm: l ( C=1 s tr . ) , 

1510 cm- l ( O=C pt r . ) , 1425 cm- l ( C- H en) . olubi ­

lity : i nsolubl e in CH2C12 , CHC13 and CC14 , but so lub l e 

in H20 and D ' 0 . 

4 . 2 . 8 .t tempt to pr epar e copper : pha : ur ea co plex 

0 . 34 g . CuC12 . 2H20 (0 . 002 m les) di solved in 30 
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\Vater was mixed \Jith 0 . 24 g rea (0 . 004 [Joles) in 20 

1 wat e r . To this 0 . 39 g phen (0 . 002 moles) in 10 ml 

ethanol and 20 ml water WkS U ded dro ) wise ~ile 

leHt in and stirrin . Green crystHls , \ere ° tained . 

~le y i eld obtained was 0 . 39 g . ' elting point : at 300°0 

changes to b l ack . Vi'i Ie spectrum A = 710 nm. 
max 

IR spectrum is given a' Fi g . 14 (b) . 11.S this complex 

WRS found to be slightl soluble in water the elemen-

tul analysis was not carried . 

In another ex eriment the reHctine substances 

CuC1 2 02H20 , phen and urea were taken in the mo l ar 

r atio 1:1 : 40 . V~i l e heutine fine blue cr stals were 

i so l a ted . ~he yield was 0 . 19 g . ~e lting po int : at 

1 90 - 200°0 chEmges to dark blue . Visible spectr um 

A = 710 nm . IR s ec trum : appears on a ))endix : max 

l~ig . 1 5 . - 1 -1 ' - 1 2250 cm 2200 cm \ oub lo t ) . 1450 cm , 

1150 cm- l 850 cm 1 . ~ l tIl ' b ' t ' ~ e[Jen a ana YS1S : eCRuse 1 1S 

insoluble in wat e r it .was not )ossible to anal se con-

tent of Ou and 01 . Digest10n \Jith concentrated HOI 

\vas tried but the com )lex Jrecil)i tHt6 9 on dilution . 

4 . 2 . 9 Attempt to prepare copper : phen malonamide 

complex Equal quantities of OuC12 . 2H20 an 

phen as in the above c ab (4 . 2 . 8) was reacted \vi th 

0 . 408 g ma lonami de (0 . 004 molcls) as describe . Green 

cry't a ls \Je r ob'G c ine . The Yiel \las 0 . 18 g (2 . 1/.) , 
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1 el ting point : <At a out 2':300 C ChH ges tJ b l ck . Ele lne tal 

unalysis : f ound/. (calculated1-) , C 19 . 80 (20 . 06) 

Cl : 11 . 25 ( 22 . 57) . Tisible sPec tru • r - 710 run , ' max - • 

IH spe ctrum i s Given as ll' i g . 14 ( c ) . I t is si ilar to 

the s ectrum of 4 . 2 . 7 . ·'olu ili ty : insolub l e in 

CH2C1 2 , C113C13 , CC14 , CH30H slightly so lub l e in H20 

ancl :JlvrsO. The i s ol ated com )lex \:;8S found to be , 

4 . 3 Complexes of Oadmi~ 

4 . 3 . 1 Cadmium : b i pyricline complexes 0 . 45 g 

CdU12. 2H20 (0 . 002 oles) di ssolved in 30 1 i ­

stilled rmter ,JaB ddecl to 0 . 31 g bipyridine (0 . 002 

mol es ) dis s olved in 10 ml ethanol an 20 ml dist illed 

~ater . When aelding the cadmi um s alt so lution to the 

bi yridine s olution , a \iliite r ec i itate was forme • 

~he solution was ~ ell stirred and tlen left to stand . 

The pr e cipitate ~a s f i ltered off , wRshe with cold 

wat e r and a ir dri8d . Yiel : 0 . 67 g . le l ting point : 

> 3000 C. n spectru : given as ap endix . Fig .. 16 (a). 

31(;0 - 1 (C- H str . ) 16000 cm - 1 (C ::: C st r . and O=> s tr . ) . cm 

1450 cm - 1 (C- H bend . ) 780 cm - 1 (O- H o t of pl an ben ) . 
Eleillental analy' ;i s : beca e the com ) ex WaS i =~olubl e in 

wnt e r and concentrat ed HOI it was not ossible to 0 

the an 1 sis fOI C an 01 . The content of nitrogen gas 

10 . 21. . The co ·,)l ex i'" i sol ble in al l common or anic 
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sol v nt s , wat~r and D O. 

I n a simil.\r ex )eriment Cel mi m chloride 1 ure a 

Bnd b i r idine i.'e r e reacted . 1, \Jhi e I1ecil'itHte \,as 

obt a ine , \/hich ha he s~ e IR spectr (Fig . 16 (b) 

a' t he s e ct r m of t h Cd : b i pyri inc inar com lex , 

Fig . 16 ( a ) . fhe compl ex a l s o does not melt t o 

3000 C. 

VIalonami de , c admi um chl or i e and bi) ridi al s o 

Lave a \-Jh i te re ci i tat e , uhich has the same IR spec­

trum, Fi g . 17 ( u ) to that of t he binar~ com l ex of Cd 

and b i pyridine , Fi g . 16 ( a) . I t oes not me l t or de c o­

~ ose u to 3000C. 

In s i mil ar t wo other r eact ions t h e concentrations 

of the urea and ina lonami de \ve re i ncreas four time s 

amI r eacted \vith c Cl dmi uLl chlori e bi ) Tr idine . I n 

bot h ex eri ments , a \'1hi te )reci i t a"'ve H(-t obt ained . 

The i r IR spectre \,' r e taken (Fig . 18 ( a) an ( » d 

f ound t o be i dent ical \,Ti t h t he Cd : bipyri i ne c o l"x , 

Fig 16 a . 

4. . 3 .. 2 ..::.C...::.:a= =_....;...... _______ ---'''--_ of 

cadmium chloride ( 0 . 002 mo l e) disso l ved i 20 1 

distill ed ~~ ter wa a 'd to 0 . 3 pI enflllthr line 

(0 . 002 mole s ) dJ.8 s01ved in 10 ml \.;thunol • nd 20 ml 

\vat e r . Cn ad ing the C fl ium . 1 to the henanthro­

line solution , a ,hite re c i 'itat wa lorm d imme i -
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tel . Th recipitate 1,,,, s f'l red. off u \voshed lith 

coltl \"ater . Tho yield wn 0 . 64 g . elting point : 

> 280 0 C. The com lex is insolu Ie in H2O DiSO and 

common ol v -nt s . LlementHl si' \ 'j S done onl fo r 

nitroeen : 8 . 11.. I R s e ct r u 

3050 cm- l : CC- H str . ) ; 1620 

(C =N str . ) ; 1440 cm- l (C- H 

is iven as Fig . 19 (- ) , 
- 1 cm (COC str . ) , 1520 cm - 1 

850 - 1 (C- H out c end) • 

of )l ane bend ) . 

In anot he r reD cti on c atlmium chlor i de was fir s t r e -

acted with urea and t hen heno.nthrol ine sol t ion 1t7CJ.S 

ndd.ed. drop \-; i se . l'7hi t e :pI ecipi t o.te \JaS formed , ,rhich 

h o.s t hE:: some IR spectrum (F i g . 1 (b) as thG cadmium : 

phenanthroline binar c om l ex. I t als o has similar 

so l ubility behaviour . I t s me l ing :point i s hi '-he r 

t han 2800 C. 

The amo unt of urea \JaS then incre ' se ten ti es . 

\-"h i t e prec i i-c ate \ '! s formed . l iB I s ectrum ( Fi • 

1'9 ( c)) sho';'s a 8h r peuk at 2180 c - 1 , othunvis0 i t 

is simil 'Ar to cht; n ov s uctrum . 'hen :ph0nnnthr ollne 

\WS reacted wi t h i.J. solution ixt re of ca i m chlori 

nn D. l onnmid.e , n whit )reci )i tnte \J8S for e . It has 

n SiLliL r n~ spt.:ctrum to the c ud.mi : lJlwnanthroline 

co )lex . 

* - (,oultl not e assi ' ned to em k10\ e'lk of ea . 
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5. GYNTHE&IS Ul LG1.~ (; .TI?LLXLu In );. COHULIC I ~ 

5 . 1 The Reuct ion 

The pomplex i( M..A ) 2C12 nas synthecised accor in to the 

)rocedure described y Aggrmval )O y is sol ving the 

stoichiometric quentities (jf hex h r ate nic 'e l chlo -

r i de and me.linoI11id in a metl ,:.no : ethanol mixtur e , 

50 : ~0 (v/v) , and refluxing the solution f or ei ht 

hours . Irhe ye l lowish rreen com )l ex se )ar ated during 

r efluxin . I t s IR spectru is iven as Fig . 20 ( a) . 

0. 39 g b i yridine (0 . 0025 olex) in 50 ml me tha-

no l : ethano l mi xture letS r ecwted with 0 . 835 g of 

It fir s t the color of the 

so l ution was - i nk but on heat inr; it chen ed to b lue . 

~he s olution wns r efl uxed for four hours . It \RS then 

concentrate b . distilli lb off most of the solvent 2nd 

on stRndine ovur nicht \rliite cr s a l s with some blue 

crystals co- cr ystal ized . The rJhi te cr stal Jer e se )a-

r uted by washinc off the blue cr st als \/i th a small 

uanti ty of et hMol nd C en actri ze , by ~c l t . n oint 

determinatio dId ',ill to e mnlonu iue . HO\ ever the 

bl e cr ste l s ~ore not churacterized bec e i coul 

not i so l E t d f ro the '01 ve i ec L ble uan-

ti t~ . 



throline 0 . 49 g 1 lO-lhena~hroline ,as re , cted 

\dth 0 . 83 g 1 i(IftA)2C1 2 ' (0 . 00.25 moles) follo \:ine n 

)roCedure similor to ~ . l . ~h~ color of th~ solution 

\7<3S )<:11e pink at the be(:;inin(; of thE.; reClc ion . 0 re -

fluxing , after ,""bout one hour th color of the solu-

tion chane. d to li ~ht blue . ',hi e and. blue crys ls 

\;;re r e isolated 2.lter lontS stanclin . ~he blue crystals 

were se )arated. by dissol vin(5 them in a rnmi urn uanti -

t of wat er and then recrys~alize from ethanol . ~he 

whi t e crystals wore ch racterized to be malonami e on 

the basis of meltin' oint deten ination and he 

b l ue crys t a l s \7Cre cha r acterized to hove the formula 

fi(phen)C1
2

. 6H20 , on the basi of ele ental ' ul sis . 

Yie l d : 0 . 4 ( 38 . 5iO . elting loint : at 10°C it 

changes to g r on . Elemental ,mal cis : found/ l,. c alcu-

lt3te i.') " Ni : 1 3 . 68 (13 . 8) ; Cl : 15 . 4 (16 . 9) N : 5. 9 

Vi s ible spt:c truI!l :" = 700 n • max IR spec-

trum.: i given , s Fig . 20 (b) . 

ttL:mpt to -par e Nickel : Urea Complex 2 · 77 g 

urea (0 . 02 mole s ) w s i solv~ in 100 ml methanol 

and the r osul tin;~ , r ee solution \1( s efluxe or s x 

hours . ~hG sol v .... nt \WS then istillc] off a t ~ 

volume reduced 'co "'0 ml Hnd cooled . o cry t ... ls I re 

i 'olate . Th . <.. 1 ution \w the left -tan ine; an 

DO t of the meth anol \la~ eV, 'ora te at room te erat e , 



7 -

hO\Jever , cryst<-ls \;ere not isol- t od an -he co )lex 

rema ineu in solu~ion . 

• 4 Prep " rnti ol~ of Dicllorobis(bil yridinc) copper( II) 

l1onohydrate Cu(biPY)2C12 · 20 _ Cu( )C1
2

. H
2

0 \(as 

synthesisl)d as <.iescribed b ~l.ggrnwal. 50 It IR spec­

trum i s given ~s Fig . 21 ( ) . 

0 . 78 g of bipyr idi ne (0 . 005 moles) nnd 1 . 27 g 

aU(E · )C1 2 . H20 ( 0 . 005 DoldS) , VAS ad ed to 100 ml e tha­

no l •. On thu Additon of the bi ) ridine the solution 

i mmedi ately t urned to brm·m nnd this solution was re -

fluxed for eight hours . . During refluxing gr een cryst A-

Is were i sol c t acl . The solut ion wus filt er ed on t e 

crystal s washed '.l i th slllall ' ortions of ether . Th8 

filtrAte wa s c oncentrat~d b~ eVA )oration an 80mb more 

cr~Tstal s (0 . 25 g ) It, -r e obta ined . . ':l'ot o. l yield : 1 . 25 g 

(54 . 11/) . elting po int : ut 1500 C changes to dprk 

gr eeno Blementc 1 analysis : ll'oun I. (c alc luted/.) , 

Cu : 1 3 . 92 (13 . 66) , Gl : 1 2 . 92 (17 . 27 ) 11 . 4 ( 2 . 0 ) . 

Visib le spectrum : ,\ ax = 650 nm .· I spec r um given 

us i )endix lig . 21 (b) . 3400 cm- l (O- H sr . ) 

1610 cm- l (C=C str . ) . 1470 cm- l (C- H b n) 780 cm-
l 

(C- H out of plane eformntion) . uolubil' ty : C'l i htly 

solub l e in a lcohol . 01 l~ i \/Rter qnd ( i e th 1-

Bulfoxide . Ineoluble in chloroform a n c r on tetra -

chloride . 



. 5 ion of Dic lorot~trl 

, . 4024 e ur~~ (0 . 0 moles) on 

3. 4094- g CUC12 ol-I20 (0 . 02 moles) \/t;re di olve in 1 0 

1 .c...l cohol mi.xt.;ure (~O : ~O) . ~ht. color of the solution 

\ e. G intense gr~()n . It \/HS refltL'Cl; ci for e i t hour • 

During refluxin~ the color of the solution tur e mort 

<lurk . ~ho solution \Jas ccncentrated b" istillin - off 

aoout BO ml of ·chE.. sol vent . Gr een cryco tnls \f rl::! obta-

ined on co ol ing . 'J:lhe crystc1ls \.Jere washe \>,i th m.qll 

ortions of e t hor and then air dried . Yitld : 3 . ~5 g 

(94- . 9~) . ~lemonta l Lnal s i : Found! (calc le t cdj) . 

Uu : 16 . 0 B (16 . 95) , : 29 . 2 (;~9 . BB) , Cl : I B. 15 (18 . 94-) 

Me l ting point : .'It 160°C changes t o <larL rreen . R 

spec trum i s given as Fi g . 22 (0) . 3~00- 3300 cme - H 
- 1 s tr . ) , 15BO cm ( C- O str . ) 14-80 cm (U- { str . ) . Dol bi-

li ty : So l uble in wat er , Hlcohol and di et 1 co Ifo:;ci e . 

Insol uble in Rc ctonc , diclioronethane , chloroform 011 

c , rboniJ etrachlo:cid • 

5 · 6 Pre,12 C1.rntion of (11) -

~onohydrate Cd 1~)C12 · H20 : 1 . 020 g mu onnmi v 

(0 . 01 mo l es ) anc~ 2 . 2B3~ g (0 . 01 moll, s ) ~ t... b i solve.. in 

100 ml ethanol : ethenol uix (~O : 50) . e s ol t i on 

\.JUs colorless . It wns refluxe for ~i -ht hours . The 

clear so l ut ion r<'S th n concen r. te isti i off 

aoout 70 ml of t hE.. solvLnt . ~he co cuntr. t s s ol tio 
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mlS then cooled OVbr ight in refr " irator . hit~ 

crystals ,Jere i =::o lr ted . ':2he cry' t a l s \ler ' Jricd at 

Llement c. l 'ln 1 sis : f ound/.' 

(calculated;') . Cd : 36 . 12 (37 . 02) , Cl : 21 . ~5 (23 . 38) , 

N: 8 . 9 (9 . 22) . l eI ing Point : at 194°0 - 20~00 melts 

an changes to y ello\l . uolubili ty : hig ly soluble in 

wate r nd lchol . 

5 . 7 . Prepar ation of ium(II)mono-

hyd.ra te Ou(urea) C12 . H20 

l.. 2 ~ urea. Vlere udded to 100 ml ethano l . ':l'he mixture 

was gently heatod \ ith continuous stirrin ' for four 

hours . Dur i ng ho[>t ing \Jhi te crvst als we r e " so l a ted . 

The crystals Wt:":C1;) filtered. off , r a""hed Hi th small po­

rtions of ether ~nd then ried. in th > oven at 70°C . 

Yie l d : 2 . 1 g (L~o " 31.) . gel ting ; int : it oes not melt 

u to 250°0 . Element a l anal ysis : foun /. ( calculate I) · 
Cd : 45 . 17 ( 43 . 05) , ~ : 9 . 81 (10 · 72) , 01 : 26 · 99 (27 . 19). 

IR spectrum : appear' as AP)ell ix Fig . 22 (a) . 3~v -

3400 ( O- H and. r - h str . ) ., 1640 c -~ C-O str . ) , 148 cm- l 

(C- - str . ) . ' clubili t : sol ble in ater and imeth 1 

sulfoxide . .Glight l y solu Ie in "lcohol . Insollu 1 1.3 in 

chloroform an cerbon tetrachloride . 
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6 . illiLULT3 i.l' DIuCULL 01 

The synth<o.sis of all co exes in t e a<ueo s 

IJedium 'JaC carried in thl; range - ,J , ecause if tht.: 

II is gre atL r than 7 , t e metal ion recipitate a,: 

the hydroxide . 

To synthesis the binary complexes of nickel anu 
bipyridi ne , the me t al ion nd th~ liGand \ere t aken in 

the mol a r ratio of 1 :1 . The soluti on was blue in 

color and absorbs a t A 560 nm . max fter concentra-

t i on and cooling the com;l ex was not isolate , The 

effect of prolonged heating was invectigat d in 

another eA~erim~nt b r efluxi " the solution fo r three 

hours and t hen conc entrat ed an c oole , but cr stals 

we r e not isolatod . 

In an att eJjjpt to synthes is the nickel :1ipyri i -

ne ; urea complex and nickel :bi yridine :mal on' i de 

complex , the metal hali e an th li ran s were t ake n 

in the molar r ~t io of 1 :1 :1 . The co lexes coul not 

be isol t ed having the same blue c ol or an the s m~ 

visibl e spectr a , ~ max 560 n , a' the nick l :b i pyri­

i ne complex i n t he mo l ar ratio of 1 : 1 . Henc it laS 

necessary to i nves i gate the effect of rolon-e re-

fluxing ana increD ed co ccntr't ion . 

The c0ncentration of rerl. and malon Jerl: 

then incruase f( r times nnd the olu ion reflux 
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for six hour 8UC . HOlever hie ied co ition 

did. not hav an eff ect 01 thl; ro ct formed . The 

so l tions have t he sa. e visible spectre. 

and was blue in color a' shmm when the 

A max 560 nm , 

1 r tio of 

metal ion and. lig was 1 :1 : 1 . It is therefore ossi-

ble to conclu e th t in a ueous me iu at H 2- 5 , the 

formation of a mixed lig, nd com lex \Vc. s not attainabl e 

when the mo l ar rat i o of Ni : i py : r:talonamid.a were 1 :1 :1 

or 1 :1: 4- . 

Hence , it was necessary to \lOrk with an xcess of 

the s ec ond. liganus na~el, urea an malonamide . ~here -

fore , the concentrat ion of the secon lig nd was in-

creased t en f ol ds , an the some >roced.ure Vias follov-J d 

but the r esult s obt ained. we r e similar to the above case . 

vi'he n the ynthesis of Hi :bipyri ine complex rlns 

done at a higher c ncentration of the liGand , b 

ad j us ting the: concentration in the l ar r atio of 1 : 2 

respecti v81y , pink crystals v/ere isola ted . - From the 

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

it is hydra te , as there i trone O- H stretching 

peak at 34-00 cm- l Th shar p peak at 1600 cm- l is for 

the ar mntic C=N stretching vibration . t 1480 cm- l 

the C-~ bendin peak is observed. . The ele ental ana­

ly"is data obt 2lne s ggest thnt he co plex h s the 

formul a Ni(biPY)3C12 . 6H20 . ~be nick&l c ntunt was 

9.97J. ( oal . 8 • .31) , nitroBen content vas 10. 82,1. (c 1 . 
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11 . 89) anJ chlorin co tent 'I; S lU . 60j (c l. 10 . 05 ' ) . 

r:'1 e \v'ater 1 0 s V;8. S 16 . 01/' ( Ccll. 15 . ~ I) . It a s r s 

il t h e visibl e s ec truro ~/i th A A max of .)10 nm . It 

i s soluble in H2O, CH
3

01 an DW'O , but in 01 ble in 

CH2C12 , CHC1
3 and Cc.:1L~ ' t econposes at 17')°c.: to 

giv a gr een colore cCLlp18J J;lr obn ly u t o t he 

f ormut i on of the enhy r ous b i s coo)lex . 18 Origi al 

literat ur e on the: tris complex was not aVAilabl e , and. 

hence i t was not )ossibl e t o ake An co aris n . 

The synthes i s of l i (bipY) 2(ur eA)C12 WRS att empt e 

by reacting i pyri ine , r eA an n ickel chlori u in 

the mol r r atio of 2 : 1 : 1 f ollO\.; i ng the procedure f or 

the synthes i s of t he nickel :bipyri i ne tri s compl ex. 

In this case a l so pink col ored. crystals we r e isol ate • 

The IR spectrum of t his complex (Fig . 10 b) \vas simi ­

l a r t o t h at of Ni (bi Y) 3C12 . 6H20 , elig . 10 a) . The 

element 1 nalys is we r e carr ied out an was fo nd t o 

have nicke l 9. 351 (cal. 8 . 31j. ) chlorine 12 . 72;' (cal . 

lO . 05,() and nitrogen 9 . 64!. (c al. 11 . 89) . It eco­

mposes at about 1720C an changes to green . In the 

visible spectrum it a Horbe s at 520 nro . It's solubl~ 

in H
2

0 , CH30H and. D ILO but in"oluble i CH2C12 , CHC13 

and CC14 • These ata s m;e t the t the co plex isola­

t e V/a S Nl (biPY)3C12 . 6H20 and therefore i can be 

conclu e th t th ureaolecule doe' not coor in e , 

. nel inst ead. of R mixed li and co )lex , h ina 
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co ' )l ex of nicl-..:l and bil'~ ri . e \JaS obtai l..( . 

I n simi ar m nn~r thb syn osis of i (bi)y)2(J )C'
2 

\las att emptc . In t his cae'e aloo ink crys als VE:: r e 

i 01 t ed. . The IR spectr ULl (Fig . 10 c ) is si i l a r to 

t hat of Ni (bipY)3C12 . 6H20 . The e l eClent al analy i s , 

nicke l content , 4 . 3 j. ( ce l . 8 . 31/ ) , nitrogen c ont ent 

10 . 35/ (ca l . 11 . 89j.) and. chlorin content lO . 14j. 

(C e 1 . 10 . 05,7. ) , suggest s t hat it has the fo r muL 

~i ( b iPY) 3C12 . 6H20 . It is thb cuncluded t hat f ul lo­

wing thi s proccclur e i t \ms not oss i b l e to synt hes i e 

the Qixed ligand co ll ex . 

In the att eD},It t o nynthesi se and. i sol R. t e the 

bina ry com l ex OI nicke l li t h urea , i t was found. that 

t he com l ex could not be iso l Clted emd r emains in 

s ol ution in the fe r m of H su en ion . In the case of 

ni ckel : m 10nF...mile bin r y cOl1lplex , the mnlonami de r e -

crystalized on coolin . 'i'his \",<1S conf i rned b... mel ing 

point de t e r mi naciun and. h~iR . 

~Ihen nickel c lori e an he thr oline \ere re -

ct ed in t he mol r r rat io 1 :1 at pH 2- 5 , he color of 

the sol ut ion \om b l e . fte r concentra i n an c001i ng , 

ho\Jev er , crystals of the formbd com lex \/(.re not iso­

l a t e . Th f:iolut i on absorb '1.t A m x 525 nm . 

To synthesise th~ i 'ed d corn lex of nick~ l 

lith )henanthr)line an rea tle rea sulution was 



fld ed r u wise 'co (~ s<.;lution of nic .lil chlor i c 

hen nthrvline in he ol'r retio 1 :1 :1 , \I ile hbat· g 

and stirring . On long stan ing light bl t:; cryst Is 

in low yield ( 2~ . 4/) \Jere i oln t e . ~his coop ex was 

analysed to be Ni( hen) 2C12 . GH20 from the el e ent a l 

analy s i s from ~li cl it was fund the lickbl con ent to 

be 8 . 021. (cal. 9. Sl j.) .nd the: chlorine content to be 

11 . 5/' (ca l . 11 . S1.) . he I~ spectrum of the compl~x 

(J)'ig . 11 a ) , sho\v that i t i hydr te , s mving an 

O- H s tretchi ng peak at 3350 -1 The ar omatic C= ~ CD 

s tretching eak ap ecrs at 1620 cn -1 . l1'he peaks in 

the f i nger print region of the IN spectrum are a l l 

simil ar t o tlat fuund in the free phenanthroline IR 

spect rum (Fig . 23 b) . It is 01 ble in H20 , CH30H and 

DASO , but insolub l e in CH2C12 , CHC1
3 

and OC14 . 'l'h 

c onclus i on arrivod at is , there f ore , the mi xed 1 ig~nd 

compl ex of n i c] c l \l i th phenc nthroline (nd urea \JC1 S no 

i so l at ed . 

In another exp rilJ1ent in pl a ce of rea m lona i d 

wa u s ed and thu snme r oced re \7i:i followed . In this 

cas ) a l so blue Gl'ystal s lU r e isolate \J] ich ave the 

s(~e IR pectrum ( ig . 11 b) to tlct of i(phen)2C12 · 6H20 

(Fig . 11 a ) . El cment nl analy is results shm{ t 1 t these 

t \{O complexes nre the sa e . ~he nick ~ l conten was S . 71 

CH1 •• Sl ) an lJhc chlorile content va~ 11. 2;' (cal. 

. ) t 1 00 CIt i s u 1 1 e in 11 . S j. . It •. c OIDloS 0 a • 
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H20 , CH30H an D SO , but i e• in '01 b l e i CH Cl CHC 
2 2 ' 3 

and. CC14 • 

Dichloro monobipyrid.ine cop e r(II) , Cu( i y)C12 , 

\V8S synthes ised f r om cOPl)er chlorid and. bi ~yridi e i 

the mo l ar r tio of l :l at pH . 5 . The crystals btaine 

uere green , and de compose at 280°C. COhe le ent a l 

analysis result s ie r e , copper content 21 . 1/ (ca l . 

21 . 15;') , n i t r ogen content 10 . 1i. (c ~l . 9 . 63;') an chlo­

rine content 24. 46/.) . The IR spectrum of this complex 

(Fig . 12 a ) indicates that it is not lydrated , as t he 
- 1 O- H stretching peak at about 3600- 3200 cm was not 

oboerved . -1 , C- H s tretching peak at 30>0 c , C=C str e-

tching peak and C=N stretching oak at 1500 c - 1 Here 

a l so obs erved . The absobtion eaks in the finger print 

r egion were simile r to that of bi yrid.ine (Fig . 23 a) . 

The c omplex absorb in the visible region with a / max 

of 660 nm. 

To synth~sise the i xe ligand. complex of c o· per 

Hi th urea an bip ri i ne .. the r ec cting s bstances Her 

taken in the ol ::tr rati 1 :1 :1 [In the pH adj sted to 

2 . 2 . The IR spect r um of thi s co lex (Fig . 12 b) di 

not show any ab::30rbtion a t 3~OO-3200 cm- l i n' ica ing 

thFl. t it i s not hydr ated . .Jl.oreover the 1'" - H st r e­

tching pe k 3~00 cm- l an the C=O stretching p 

- 1 1 1 . at about 1600 CLl vere not a '0 ouse rv which is 

a cuncl sive eviuGnc for tIe ab ence a rea as a 
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ligen in the c'..;In1-1 X isol' te ,., e elerwntal a alysis . .L 

re'ults suggest that he compltJx is 0 (bi Y)012 . The 

content of copper wos 21 . 52/. (cal . 21. 8;,1) , that of 

nitrogen was 8. 091 (cc 1 . 9.63/ ) Knd that of chlorin 

was 16 . 26 ,% (c al . 24 . 42,%) . s:'he results of the chlorine 

analysis sh w G. deviation from the theoritical value 

\>'hich may be due to experimental e rror . The de compo­

siton temper nture is about 300°0 . The absorbtion in 

the vi s i b l e r egion was found wi th a A max of 660 nm . 

IR and e l cment,l analys is results show that the 

urea i s not coordinr t ed and therefore , the synthesis 

of the mixed lic;cmd c om lex Wfl S not rU~ l li zed . 

In the , t tempt to synthesise the mixed ligand 

compl ex of copp ur v,i th urea cmd bipyridine in neutrnl 

L1edi urn the reC'.c -cing substances were t ilke in the mo18r 

r atio 1:1 :1 EmJ the pH a justed to 7 •• From the eep 

blue colored s() lution , blue crys1., e ls Here isol: ted . 

':J:he IR spectrum (Fig . 13 it ) of thi!:l complex shoVJ d a 

- 1 peak a t 346 - 3300 c , \Jhich i nttribute to 

O- H stretching. The typical c , rbonyl e~lk at about 

- 1 1650 cm W2.S not; ob e rv 
- 1 ut at 1600 c there WAS 

H 8h rp P C(1.k Hhich i' ;Issigned to 0=0 stretchl.ng vi -

- 1 k h brat ion . , t 1450 c , the O- H bending pet \/" s s a r 

The formul n Assigned i Cu( il'Y) (OH)C1. 3H20 , ns tho 

e l emental ~naly~is show the co per content to be 17 · X 

(c e l . 19 . 4 / ) J..rl _ thb cllorine cont~nt b 1 . 6,1. 
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( Cell . 10 . 8;' ) . S::he W' -er 10 S \!11' 12 . 8),/. (c; 1 . 16 . 55,%') . 

Its co pos i tiCll teD erc t re i 1650 C ,1 i t i ~ 

e'olu le in WiJ.t E:I and D-IlBO, slightly sol ble in 

uut insoluble i CH2C12 CHC1
3 

an eCl • 

co plex of this -GY e is not ment i one in the 

en hence , this i slllied t o be < ne\lly isoL te 

com lex . 

An at tempt rl' S made t o synthesise the mixe li-

gantl co plex of copper \ i th bipyri ine L-m me lonami de . 

~he r encting sue t c nces \V'ere taken in tl e mo l nr r nt i o 

1 :1 :1 end t he pH au justed to 2 . 0 . Green cryst, l s w r e 

i so l at ed . The IR spectr um of thi c co plex (Pig . 12 C) 

\Vas s i milar to thr>t of CU(Ui Y)C12 • ~he el ement al 

en al ysis obt ained we r , co per content was 19 . 871 

ca l . 21 . 85 j ) 2.nll chlorine c( 'ntent WDS 18 . 92 j. (cal. 

24 . 421.) • It i s solu l e in H20 rmu 'liO U t insol ble 

i n CH2C12 CHC1
3 

d CC14 . It can theref ore be concl -

eu the t the mi:;:;d ligRn co plex wns Xl. t 1 01 e · 

Dichloro ruonnurea copper(II) mono ~rate las 

synthesised in 2ci ic Bec i at pH j . 5. The green 

cr~st al s i s l uted ~er a lynud n d fo nd to c ont in 

copper 29 . 79X ( Cal . 2~ . 88X ) , a ~ ni-rogen 11 . 7X (c 

1 3 . 1 7~ ) . .s thi n co plex \OS not c ocpl etcl y s 1 b l e 

in wat er ~h 3nc sis for the chl rine c ont ~ t sin 

the chlor-d sen~~tice ~lectro e iUS not ) ssibl e 

Hith t he roce ~ur f ullo/u . It IR' uc r ULl 
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(It'ig . 13 b) ...,ho led a Ho"'or tion e' k a oublet for 

the O- H and - H stretc in v'br ions . ~ e ' bHorb~ion 

eak of the C=O ~t 1600 c - 1 \J(:lS 110 'tron 'n sli-

ghtly shifted inuicating th<t the rea 

rUinates thr ough the car onyl o~rgen . Fro 

terature survey done the isolation of the a Donohy ro 

monourea of copper is not me nione . ~herefore , this 

complex's a nev ly isol' ted co I·lex . 

Dichloro dilalonami copper(II) ihydrate , 

Cu(M ) 2C12 e2H20 , was synthe ised , by the re ac tion of 

co er chloride and monamide , in 21 . 3!. yiel . nhe 

co mplex has a bro\m color . Its:ill syectrum (Fig . 13 c) 

showed t HO pr ominant peaks , one a - 1 3 00- 3200 cm 

\Jhich is an O- H 'md r - H stretching vibrations , and 
-1 another at 1620 cm for the carbonyl grou . In he 

free mal onami the carbonyl vibration eak is broad 
- 1 and a p ars at about 1650 c . lIence , the shlf of 

this eak in t he co or i!ated molecule to lo\/er fre que-

nc i s in ic -Cion of the envolvement of the carbon 1 

o~Jcen in bondino . ~helefore i is conclu ed that 

the malonami e p'o lecule coor i etes through the oxygen 

atom. 

The copper content of this co plex was 16 . 79~ 

(cal . 16 . 91 ) n~ thn of chlorine \RS 17 . 10/ (cal . 

18 . 9/ ) and t he nitrogen content 
.. 

Its ecomposition tern e atur i- 2 0 c . It i slig tly 



soluble in H20 all' D L and i '01 le in ot t:::r org 1 .. ' c 

co l vents . The 1 UlY ra e Cu( ,1.l )2012 an the ono-

hyd.rate CU( M ) C12 · H2O art reporte n the liter'it re50 

but the tlihy rp.-cc i not I elJorted . 'J.herefore , t i i 

A. ne .J'ly i e,ol to<i. C0 l~x . 

The reacticn bet we en copper chloride and. ph~nan-

thr oline at pH :' . 8 gave Cu(phen)C12 in 82 . 2 j. yiel • 

The IR spoctrum of this com lex (Fig . 14 a) sho ~etl 

tl at it i s not hyurated. because of t h absence of the 

intense O- H pew{ n6ar 3~Ou-3200 cm- l The other p8 C~S 

that appeQr in the fre e phen[mthroline mol ecule (Fig . 

23 b) \Je re a l s o obf'e rve here . Its ol e ental analys is 

sho\vcd copper content of 20 . 13/. (cal . 20 . 06/. ) , chlorine 

content of 12. 927- (c , l . 22 . 57;') , and the itro n con­

t ent of 7 . ~3~ ( cnl . 8 . 9%) . The c lorine content i s 

close to half the calc l ated va lue ' .... hi ch sug~est that 

the t 1.VO chlorino atoms art: in diffe rent . here of co-

ordin tion , wi t h onl one of the· 0 be ioni able . 

It· vi s i ble spoctr wn sho\led a ~ max at 710 run . Its 

decompositi on temj,:ul c1 tur e i 3000 C. It is solu le i 

Dh 0 t i 0 

Ori~inal li ter2ture on thi <. co lex ~I.s not ilable 

and t re re , it was ot ossi Ie to n -e an com arison . 

~h synthc ~is of 

\itl h nanthroline an 

mixe ligan co )lex of co e r 

r ea IcS et ta ted. c; t c r -

act nts in e II l ar r atio 1 : 1 : 2 re::. )ecti ely . Green 



- 60 -

cryst Is having. imili r "'pec r m ( iC · 14 b) 0 

that of Cu( hen)C12 (Fi r . 1 ( ) \wre 0 t 'line . It 

visible spec rum 1 0 sl 0 vs a at 710 1 Hence 
I!lP..x 

a mixed ligen com lex \,(1' not isoln.teJ 

In a similnr exyeriment the renctants copper , 

p lenanthroline and urea \Jer taking in tho molar ratio 

1 :1 :40 , respectivaly , and fine blue cryst[11s in vor 

low yiel d ';ve re i Go l Rted. . ':L'his isolate compo nd \laS 

insolubl e in W'a.'ce r . 'I'o do the elbm ntf11 analysis it 

\las digestod '/i'ch concentrat lid H01 , but it precipi-

t ates on dilution. ~herefore , tle ele@ental analysis 

Here not (lone . The IR spectrum of this complex (Fig . 

15) showed a shpr 225 - 1 n 2200 cm- l oublet at 0 c • 

This peak viaS (llso obs erved in co rlexes ,..,here a large 

concent ratio of urea Has used . similar case was 

~hen ur ea reactcu with C C12 and phenantlroline in t le 

mol a r r atio of 10 : 1 : 1 (Png 63) . 

In anotl er experiment rea w s replace ' 'vi h malo-

nawi e and the product obtained was ~re n in color . 

Its IR spectrum (Fi • 14 c) We tS similar to th:1t of 

Cu(phen)C1
2

,(Fig . 14 a) . T e elemental analy is re ­

sults were also reu onubly close -0 each ot.er . con-

tent of copper W<~S 19 · 8J. (cal . 20 . ;0 n' chlorlne 

content 'las 11 . 25J. (cal . 22 . ,7/.) u CoL e of the 

chlorine ~ toms is ussumed to be nioniz ble . In he 

visible r egion it a sor > t 710 m. It . ecoc 0 -



- 61 -

s it ion tem erature va' 2~00C . It is therefo u pO'sible 

to conclu e thpt the malon J. i e T.1( l~cule i<1 not co-

ordinate 11.ncl a I:lixed li[5<111d cor ylex HiS not isol "ted . 

Cadmium chlori e re ncts rca ily in queous me ium 

with bipyri · ine nn tl ~ . hi to CDI!1 lex is separate: 

immediatly as a j reci litat e . The complex ioolate as 

highl y stab le to heat an its decompositon tern erature 

is above 300°C . It 1S also highly insoluble in viat e r . 

To do the elemen-cal analysis it was uiceste \lith con-

centratecl HGl but it precipitates on dilution . ~his 

was also observed with Rll other co m' lexes of cadmium wh 'ch 

c cntain bip ri iine . The IH spec trum of this com~lex , 

(F,i g . 16 a) showed that it is not h drated . It is r e­

ported in the liter ... ,ture l 4-21 , that c admium coor inatoo 

t o one , two or three molecules of the b',se . Ho\'/ever , 

it was not )os8 i b l to know how man~ mole cul es 0 co-

ordinateu ,iliet er this wos the Dono or bis or the 

tris com lex . 

In two other imilar e~ e i e t n e ,10-

n2hli e we re introu.uc as t > e co In both 

cases a white com lex 1} 8 reci)i t ted with imil IR 

s ectra (Fig . l E b l nd Fig . 17) . Thi s co )lexes Rl so 

did not melt u to OOoC . In both i 'ola e com )lexes , 

the I - H stretchin r )enk t 3400 - 1 em was not obst;rve 

out -1 e ither vias t he s t on C=O eak nt a 16 0 cm • 

"'his is , therefore , a COl clusi e vi ence 0 ru e 

t r -to of ". e • 
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In Lt othe' t vo ex eri cnts th cunC0n ro ion of 

u r en and. LIon ~li C I, bre increasud. f fol 8 , t t e 

com l exes i ol ~ted. in th se 

spectra ( Fi • 18 ~nd. i . 

".0 C"l 'es ve "imil' r IR 

18 b) to th~ a~ v t ,0 

com l exes when th mo l ar r atio WAS 1 : 1 : • r~ho con-

cl us i on t h 2t can be ufJ ri v hu r e is t nt n ncr qse 

of f our f ol d s i n t he c nce trat io of urea and. ulo n u­

u i d.e d.i d no t a l ter t he cours~ of the reaction an the 

ure a anu t e mGlunami e did. no t c oor dinate even ~hen 

r e s ent in r e l ative l h i Ch' r concentrat ions . 

Cad.mium chlor i de r eacts ni 0 with phenanthr oline 

si ilar l and a white r ec i i ate is se )ar:l te . This 

compl ex w~ s al so st abl e t o he at as i t o's not me l t 

u t o OOoC. Tho I R s e ct r u of this co lex (Fig . 19 

a) showe thRt i t is no h' r at0d . blemen ul analy' is 

for t his com lex was not c Ar r ied. 0 t bec use of the 

solub i l it ro son ill lt ioned. above . 

In ano ther e~eriment ur ea was a e a secon 

lir;c nd t o cad.mi llil chlor i e and. )he nntl1roline . ThfJ 

r eacting subst 'll1c sere adde in the molar r tio of 

1 : 1 : 1 . whi t e co plex \.J;J isol, te . Its IR s ectrum 

( Fi g . 19 b) sho\~d thH i is not h' ra cd. . ~he tYl i ­

c al - H and C=O )e(~ks .: l!Jo were not 0 Serve . :rhere-

fo r e , the urea di ot coordi e . f1he concentrn ion 

of urea w s then i crea ed en i s an the reacti n 

carried . ,,;hi te eci it lte wee or e . The IR 81 -
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ctr um of th com lE:::x (Fig . 19 c) showe a vc iff s -
ealc at - 00- 3(00 - 1 ( lso shoWE::: cm sh.r e3k at 

2180 - 1 c.. ['1 that c , a 'oms obverved. 'Ii h hi -h ure,- con-

cent ration as in the case of co r co~ 1 ( 60) e Ul. ' ex l ,ug • 

The cynthesis of sor c of th~ co ~lexes W8re then 

carried out in mc th no l : ethanol ixture ,.)0 :50 (v/ v) . 

This so l vent system WH foun out to be a bet te r 

sy s t em as far as yie l d. Rnd isolatio were concerned . 

is the alcoho l s have a low i el ectr i c constun than 

' later the solute- solvent i ntercction is less 8 J so 

t h e compl exes 88::Je r at e ,,,rere ea il isolat ed from the 

so lvent . In some cuses he c o ' lcxe were isollted 

during r ef l uxi ng En ' in other c nse s concentr ation was 

neede • 

The t wo binar ' co pl exes of nickel and co ' t;r , 

Ni ( )2C12 and Cu( ) C12 ·H2u we e synthesise acco-

rd.in~ to the r ocedur e describe b ./\g r awal an co-

\10rker s 5O and. then the reactions of i l ... ri ine an 

)henanthr oline ~tl these two co lexes w re i t' -

cate • 

i (lv )2C12 ,'r s refluxed \.i h bi ) ritlin in metha 1 : 

ethcmol syst fo r f (Jur ho r . .fter concentr ion 

c(Jolin white crystflls cocr '- t ali <Jed with orne 1 e 

cr s tals . The blue c yst als \/ r rl'she off lith 

Dinimum uo. tit of ethanol t 11 ' -h \ hi - cr st'11s were 

C a r cterize by , ltinL oint et~ r in' i ( n an t o 
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be a lonami e . '.l'hL. lu(; cry,..tc.ls co ot e i<'"ola e . 

~hi may s ~- ~st t hct tl t ~ oriC;' n .1 

co )l ex \.J"1.S sub ' tit te tl e rl. ine . 

b ' nt r oline 

in a l cohol mixturG , white end bl e cr s nls )r eci itn d . 

':L'hese we r e separ dted amI the \lhi te cr s vals H.:re ch~ ra-

ct e r ized to be m~l ona i e . The blue cryst&l were 

ass i gnecl the formul a i ( hen)C12 . 6H
2

0 as he nicke l co­

ntent was 13 . 68;' (c al . 13 . 81.) , chlorin content was 

15 . 4% (ca l . 16 . 91) arn the nitrogen co ten 5 . 9% ( col . 

6 . 9~ ) . However , i t s Ih spectr n , Fig . 2 ) shov,rE; a 

peak - 1 t about 1650 cm ~his cay be due to impuri-

ties of mal on mi l e . 

The synthes' s of the binary complex of nick 1 "vi th 

urea was a l so t r iE:d i n alcohol. jlfter refluxing for 

six h our s , concvnt r a ion ond coolin the complex '.'1 ... 

not i solated . 

\JaS investi ated . The t JO r eactin co· pou L.S Her\:: 

taki ng in ethanol . d refluxe or e hour Gr een 

crystal sep8rc .. tud durin· refIll:: in . mhe formul' as si­

gned to this complex is Cu(bip ) 2C12 · H20 on the asis 

of the copper con e t · 13. 921 (c 1 . 13 · 661) , nitro-

gen con ent 11 . 4~ (c nl . 12 . 0 I) " c _or i > conten 

12 . 92j. (cal . 15 . 277) . The IR spec r Fi • 21 ) 

howe that it is h r'te HS ther' h S ' "troI c k 
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stro g c,r ryl Jb'k 

ihich iI ic~tes th~t 

a 0 t 1 o 
h 

\ms substitute ".. . 'i.h co lllex is oluble in "at r an' 

D SO , but i~e olubl~ i OHC13 an CC14 • 

Cu(urea)4C12 wac synth8sised in wethRnol :et ano l 

mi xture b t akin,j co e r chloriu. ('lnt ea in ~he molar r at ·o 

1 :2 . It is gr een in color an 

IH spectr um (Fig . 22 b) shmved n shiftbu C=O peo.k a.t 

1 ~80 cm- l • Thi s shift of the C=O peak 0 l ower fre que­

ncy s ugBests th~t the uren coor inates thro -h the 

oJqe;en atom . ThE) peaks for the - H \Vfl seen as str ong 

one between 3500 cm- l an 3300 cm- l . ~he cl emen a l 

(~na lysis vms f ound to be 0 , 16 . 08! (c 1. 16 . 957 ) , 

2Y . 21. (c al . 29 . 88;') and 01 , 18 . 151- (cal . 18 . 94;') r e-

spective ly . It is soluble in H20 , OH30H an D 0 , und 

insol uble in CH2C12 , CHC13 nnd CC14 • 1, coml'lex of 

coppe r where f our ure mole cules a r e coordinated t o 

the co per ion is not mentioned in the litera ure . 

~heref ore , this is a netly i al ate co )l ex . 

CdC )C1
2

o II
2

0 '.Ie S synthesis 1 folO\v'in a similar 

)roceJure . The ret cting s b",tc'nces \iere t akin in Co 

me thanol : ethanol mixture and reflux d fur ei"h he rs . 

':i:'he crystals wt.:re isol ated nf t er concentr"tion an 

cool inc; . It ecom oses at a 0 t 200
0

C. the rev 1 s 

of the nnal s i s sh e the ca miuo cont t 0 b 

36 . 12/' (c ql . 37 . 02,%) , chlorine content 0 be 21 . 51, 

(cu l . 23 . 38i and nitr oc;en con en to ~ 8 . % (c,l . 
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9. 22l ) . This com lex i' hi'hl ~ol Ie i1 

alcohol . 'lhe Jield ~JtlS (!ui t~ hi 1 vr t is co >1 x 

(') . 71.) . 

Cd(urGa) C12· H20 was synthesise in ethl 01 froo 

urea and c~dmium chlor ide . The solutio v s no re -

fluxed but it was he l ted cu tlJ for about tree hours . 

':'he complex was iso l ateu uurine he tin~ . 'i e elemental 

nnalysis Vias !. ,mnd to i, 5 . 171 

. 81! (c 1 . 10 . 72/) an Cl , 26 . 91. (cal . 27 . 19/) , r e­

spectively. The IR spectrum Oli g . 2 a) s owe a 

str ong eak at ) 500- 3400 cm- l which is e to O- H d 

ll- H stretching vibr tions . The C=O peak app~aD at 
- 1 - 1 1640 cm , and t_ e C- stretchin pei~ t t 14~0 cm • 

It is so l ubl e in wat er an DMBO , sli(5h l y sol Ie in 

ethfmol anJ ins01uble in GH2C12 , CBe1
3 

nJ CC14 . In 

the sy t em CdC12- urea- methano l an CdC12- urea- e an 1 

the existance of co Jl xes in th r atio 1 :1 an 1 :4 

i 45 r eported but the is lRt'o of eit br co 1 xes i 

no t entioned . 

There are s"ve r al c ncl tion h ' can e rawn 

from the fore~cill iscus"ion . The bi &.ry Cu lexe 

of bi yri,line anL. hE.-n nthr line ith Ni(II) C (II) 

an C ( II) ar e sily formet . Urec n c 10 0 

not coorJ.inClte :1 '"' 
, sec n in the resenc of 

OJ 

e ' ther bi l ' ri ina or JhenUl~tl olil G , 'R i no e of 

tl e e' )erim nts at e . i -e Ii v . forme • 
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Co paring the s ab i li of he cOl:!l )lexes r e .. 

b 2 , 2- Bi yri ine an" 1 ,10- 'h nH throlin(; in t_ cas 

of bi riQi ne ther e ire r ot ati u of he cen r ­

C- C bond in t he b i ri i ne mol c le~ \hile t u h n 

throlin mo l ecule has a ri~il truct r8 , hich s 

lanar sy s t em , hence t e entro con ' tion make t he 

f or mation of the bil.J rio i e com lex sl i ~ht l less 

favoured t han the ri i d )r e8 r anGe }henantlrroline 

ol e cule . 

Conparing t his t wo base s to malonami e an ur ea , 

they h av e n nometic ring system , mGkin - the stro-

nger p i acce t or s \I I i th de l oc l ization over an ex en e 

car b on fr amb- wor k , which is ab s ent i n alonami e anG 

ur ea ., 

Chel ate f ormation is A. f octur that cont r i t es t o 

the stab i l it of D com l ex . Bi pyri in anJ ,henan-

t hr oline fo r five embered ri l ~s \/ l t meta l ion 

\Vhile mal onami 2e mD f or , 'ix embere ring . However , 

bi pyri dine an ghenanthroli ne for fu('e rines aro d 

t he met al ion which seem3 t o confer e en G l. U1; 

stabilit t han the f or nat i on of a 3' 

, oreover back olation from the 

Llet a l i on enhanc s the base - Ui t, 1 onl s ren th , in-

creasinL the stabilit of 1,11 com Jlex . 

i ent t e li and coor i-tin 

tlrrou h th oxyg~n atum 0 t he ni ro ~e n ut om . , be c ' S e 
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' f 't wus t o ac~ a' u a 

o r o.e be r dr ' b .. l ' (; u. e 

sta e . Therefore , the ch,nces f or a olccule to 

coordinate in tho r esence of a s tron " chcl at i lie a-

nds like bilyridine and henanthr oline i s mini Uffi a 

was obs erved in thi s work . 

s t eric fact ors al so )l ay a role i coe. l ex fo r a-

tion . Phen nthroline and ~i , ridine cOID )ar ed to alo-

naBi de anQ urea are bul ky gr ou )s , and ~her8fore , it is 
I 

assuDed that they hinder the IDAlonamide and urea mol e-

cules from h avi ng acces to the met ol ion . 
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Table I . Physical Character istics of Newly Synthesised Compounds 

-
Elemental analysi 

m. pt. Solu Compound (dec.te . ) Found ~ Calculated '1> 
in H2 D 

-M N Cl 'II N Cl 

- - - - ,.- - - -

) u(b i Py)(OH) Cl.3H2O 165 Bolu. 17.9 - 10.6 19. 47 7 . 15 I .8 

.. 

2 Cu urea )C1 2·H2O 175-180 slightl 29 . 79 1. 7 - 29.47 13 . 17 31. 1 

sol. 

u( A) 2C12' 2H 2O 240 lightly 16 . 79 12. 57 17 . 10 I . 90 14 . 9 8 . 9 

Bolu . 

-

-It ' "" rn tal 



. Tabl e 1. cont. 

Elemental analysis 

solu . Com ound m.pt. in H2O Found ~ Galcula ad 1-
( dec.tem ) 

-14 Cl • CI 

. u ( re ) C1 2 160 eolu • 16. 8 29 . 2 . 15 16 . 95 29.88 18 . 4 

-- - ,-

5. c ~ '. : CI 2·H2O I 4-2 5 01. 36 . 2 8 . 2!. 55 37 . 02 . n '2 . 3 

- -- - . f- ," f- -

. Cd r a ) C ;> ' '2 250 olu . 45.17 . 81 26 . 9 4 . 0, 0. 7;> 27 . 

• t 1 



Table 2 . Spectral Characteristics of ewly Synt hesi sed Compounds 

.---.--------------------- ---~--------.--~.------ ----------.---------------------r 

2 . 

ompoun 

u (b P.I)( H) 1. H 0 
2 

• I C ( rea) C 2 

625 

65 

7 

I n ra Red (cm-) 

---.--------- -

v ( O-H ) v ( N-H) \7 (C =O) 

---4------
34 0-.33 0 80 

4 0- 33,:)0 3400-3) 0 16 50 

---4----
3 00-330 3 0-3 0 62 

500- 3 0 3500-3300 I ?O 50 
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