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The thesis deals v/ith the synthesis and study of 

the- physical properties, reactivity and structural aspects 

of the complexes of nickel(II), nickel(III), cobalt(II) and 

ruthenium(II) with some monodentate ligands, 

Chapter I, describes the synthesis and some of 

the physical and chemical studies on s.ome ruthenium( II-) 

complexes containing both strong and weak donor ligands, 

These complexes are of the type /"RuCMPh^)(CgHcCH0)2Cl2_7 

(M = P or As), On the basis of the above studies, it is 

proposed that the complexes have a distorted square pyra-

m.idal structure. To study.the ease of substitution of 

benzaldehyde in /"Ru(MPh,)(CgHcCH0)pCl2_7j reactions with 

Bom.e weak donor ligands, viz.. pyridine,. DMF, DMSO, aceto-

nitrile and carbondisulphide are also described. Some new 

complexes obtained, are of the type, /~Ru(M.Ph^)LvCl2_7 

(when M = As, L = py or DMF; when M = P, L = DfiF) and 

/~Ru(77'-CS2)(PPh;,)Cl2 7- Some ruthenium(II) carbonyl comp­

lexes of the type /"Ru(CO)(MPh^)2Cl2_7 (M = P or As) are 

also synthesized and structural assignjaenits for the comp­

lexes have been made with the help of physical and chemical 

studies, 

Chapter II, describes the synthesis and studies 

on nickel(II) coriplexes of the type^ /'•Ni(PPh^)XCl_72> 



/"Nl(OPPh )XC1_72 (X = Cl^ Br, ,SCN or NO,). On the basis 

of physical measurements and chemical reactions, it is 

proposed that the comploxfis have a dimeric structure with 

a distorted tetrahedral environment around the nickel atom 

with Chloro-loridges. Low value of magnetic moments of 

these complexes is probably due to antiferro-njagnetic inter­

action between two nickel atoms of the dimer through chloro-

bridges. Evidence of chloro-bridges is obtained from far 

infrared spectra too. Reactions of the above mentioned 

dimeric complexes with triphenylphosphine resulted in the 

formation of the complexes of the type, /~Ni(PPh^)^XCi 7 

(X = Br, NO^ or NCS) .• A distorted tetrahedral structures 

for Z~Ni(PPh^)2XCl_7 (X = Br or NO,) and a square planar 

structure for /"Ni(PPh^)2(NCS)Cl_7 is proposed, 

Chapter III of the thesis deals with the synthe­

sis of a novel nickel(III) complex, via. /*'Ni(0PPh:,)Cl2l_7 

by the oxidation of /"'Ni(PPĥ )pl2__7 with nitrosyl chloride 

or chlorine, Vifith the help of magnetic and e, s. r. studies 

and some chemical reactions the oxidation state of the 

metal is confirmed to be +3. With the help of other physi­

cal measurements a distorted tetrahedral geometry around 

nickel(II) is proposed. This complex is found to act as a 

catalyst in the oxidation . of triphenylphosphine to 



triphonylphosphino oxide and as an oxidant for the oxida­

tion of cycleiiexanol to cyclohexanono, 

In Chapter IVy syntheses of sone cationic 

nickel(TI) coiiplexes, viz. /'miOWh.-.)^iJ7^f'Y-2^_J^ (when 

X = CI, Y, = Br,; when X = Br, Y^ = Br, or IBr^) and their 

physical and chemical behaviours studied. The presence of 

trihalide anions is confirmed with the help of uv spectral 

data, where a very strong "band (£ i;̂  5 x 10^) in the u.v. 

region is observed due to <r > tf- transition . Magne­

tic rioiionts of these conplcxes correspond to that of ' 

nickelClI) tetrahedral conplexes. On the basis of various 

physical studies, these cosiplex cations are proposed to 

have dineric structures having distorted tetrahedral 

environnent around nickcl(II) with chlorobridges, 

Chapter V describes the preparation of nickel(II) 

thiocyanatc by a convenient one-step nethod and its various 

physical properties in solid and in solution, Nickel(II) 

thiocyanato has been used as a precursor for the synthesis 

of sone new and some reported compounds, containing nickel 

thiocyanate and oth>̂ r donor atoas such as oxygen, nitrogen 

or phosphorus. New compounds synthesized are, NiL2(SCN)p 

(L = OPPh^, OAsPh^ or N2H^) , /^"RiCbipy) ̂ _7( SCN)2, 

/"NxL, ('NCS)_72(NCS)2 (where L = dimothylariinc or triethyl/. 



amine). The physical properties of the above nontioncd 

conpounds have been studied to know their structures and 

mode of bonding of thiocyanate to the netal* 

In Chapter VI, complexes of nickel(II) and 

cobalt(II) containing both strong and weak donor llgands, 

viz. /"Ni(PPh^)L2X2_7 and /•'Co(PPĥ )LX2__7 (L = DMF or 

DMSO'; X = CI or Br) have been synthesized and characte­

rized vjith the help of various physical data, including 

infrared and electronic spectra, magnetic and conductivity 

neasurements. On the basis of physical studies mentioned 

above, it is proposed that the nickel(II) complexes have 

distorted trigonal bipyraraidal geometry in the solid state 

and a tetrahedral geometry in solution (vdien one molecule 

of DMF or DMSO is lost in the solution) and,the cobalt 

complexes have a distorted tetrahedral geometry around the 

metal ion, 
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P S E F A CE, 

The work presented in the thesis descrihes the 

synthesis and study of the physical prop-ertiess reacti­

vity and structural aspects of the complexes of nickelClI), 

nickel(lll)^ cobalt(.ir) and rutbenium(ll) with some mono-

dentate llgands. 

Chapter I describes the syntheses aad struc­

tural studies on some complexes of ruthenium.(II) of mixed 

donor ligands of the type /''Ru(m'hJ) (C^E^CIiO)^Cl^J' (M = 

P or AS:)* To study the ease ôf substitution ot beazal-

dehyde in /"Ru^niPh^)(CrEt-CEO)2^1^^', reactions with some 

weak donor ligands,, viz, pyridine, DMF, DMSO, aceto-

nitrile aiid carbondisulphide Is also discussed. 

/•"Ru(C0)(MPĥ )pClp__7 (M =• P or Aa) have also been synthe­

sized, Structural assignirt'ents for the complexes have 

been made with the help of physical and chemical stU(Sies. 

Chapter II deals with the syntheses and studies 

on the complexes of the type /"Ni(PPh^)XCl__Z , 

/'•Ki(0PPh,)XCl__72 (X = CI, Br, SCN or NO^) and 

/"NICPPh,)2XC1_7 (X = Br, NO, or NCS). These complexes 

seem to have distorted tetrahedral environment except 

/'Ni(PPĥ )p(|̂ CS)Cl_7 s which is. square planar. 



QKJ 

Chapter III deacribea the synthesis af a novel 

iiickel(III) complex^ viz. /~Ni(0PPh-,)Cl2l_7» Choffiical 

and physical methods are used to dGtermdne the oxidation 

state of the coraplex. Catalytic oxidation reactions 

usiag the cQ'iaplex have also been discussed, 

In Chapter IV, syistheses 0;f souae cationic 

nickel(II) coEiplexeSj viz. /'Ni(0PPĥ )pX_72/*""̂ x_-'̂ 2 

(when X =: CI, T, =• Br,; when X =- Br, Y, = Br^ or IBrg) 

and their physical studies are reported. 

Chapter V, describes the. preparation of 

nickel(II) thiocyanate by a convenient method. Some of 

its physical properties have been studied in solid state 

and in solutions, Nickel(II) thiocyanate has been used 

as a precursor for the synthesis of some new and some 

reported C0'ra.pQunds, New compounds described arc, 

/'"NiL^CSCN)^^/ (L = OPPh,, OAsPh^ or N^H^), 

A'Ni(bipy), 7<SCN)2» /"WiL^(NCS)_72(NCS)^ (where L = 

dimethylamine or triethylamine), 

Chapter VI, deals with the syntheses, physical 

properties and structural investigation of new nickol(II) 

and coba,lt(lI) complexes^ namely /PNi(PPh-2)L2X2,_7 and' 

/~Ca(PPh^)LX2_7 (where 3f = CI or Br; L = IMF or DHSO), 
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Particular care- has been taken to give due 

credit to the- work reported by other authors In the 

literature. The author is fully responsible for 

purely unintentional oversights and errors which 

could be traced herein. 



CHAPTER I 

STUDIES OK SOME RUTHENIUM(II) COMPLEXES WITH 

TRIPHEFYLP&OSPrilNE OR TRIPHENYLARSINE AFD 

OTHER MONODENTATE LIGANDS 

.INTRODUCTION 

The chciaistry of ru thcn iu i j i d l ) and rutl iGniiun(lII) 

co.'iploxos containing' mono- t e r t i a r y phospliincs a r s i n c or 

s t i b i n o lias bGcn evoking i n t e r e s t i n i n o r g a n i c Glicuists duo 

to t h e i r in te res t ing^ molccu t ; r s t r u c t u r e s and t h e i r phys ica l^ 

choi.iical and c a t a l y t i c bGhaviours. Syn thes i s and s t u d i e s of 

ruthenium(Tl) t c r t i r i r y phosphine and a r s i n c coaplexos have 

£;aincd considcralole i n t e r e s t a f t e r the s y n t h e s i s of RuClp(PPh-,)^ 

r e p o r t e d from VJilkinson's group] This compound has been found 

to have a d i s t o r t e d square-pyrainidal s t r u c t u r e and i s a good 

c a t a l y s t for va r ious hoinogencous r e a c t i o n s , -̂  



Same other rutheniiiiii(II) complexes comtaiBing tertiary-

phosphine or arsine have also been used as catalysts for a 

variety of hornogeiaeous reactions, viz, hydrogenati©!!, oxidatioB, 

hydroformylation, hydratioH, polymerization, carbonylation, 

dccarbonylation, dehydrogenation, isamerisation and alkylation^" 

For homogeneous catalysis, the ease with which an organic 

substrate can enter the coordination sphere of a metal ion is-

thought to be a key factor in determining the ability of such 

an ion to catalyse the reactions of the substrate, He.nce; 

coordinatively unsaturated metal complexes or co.mplexe& which 

could produce coordinatively unsaturated s-pecies- in solutio-n 

either thermally or phatochemically could act as good cata­

lysts;,' Thus, rutheniumdl) or ruthenium(III) complexes having 

four or five coordination could act as good homogeneous cata­

lysts, Corâ plexes of weak donor ligands having five ar six 

coordination, m:ay also dissociate easily in SQ)lution thereby 

giving four or five coordinated species which could be active 

species in homogeneous catalysis. A review on the complexea 

of platinum group af raetala with such donor ligands have been 

reported by Davis and Hartley,, wherein they describe the 

potential of such coraiplexes far hamogeneous catalytic reac­

tions, Transition metal complexes containing both strong and 

weak donor ligands coMld also act as goad catalyst by the 

dissociation in solution of weakly coordinated ligands in the 



coiaplLxos. HL^ncuj ruthci i iurn(II) or ru t l iLniuu(ITI) coiaplcxi^s 

cont-l ining tL-r t i i ryphosphinu or '^rsin^. and Wo-k r^onor li^^nnds 

-̂ nd having, f ivo or s i z coordin- ' t ion around tlio n>.t^J could 

i l i o ICC - s t^ood hoxiogv^noous cr't-^lyst by thu d i s s o c i a t i o n of 

vc^Jrliy coord ina ted l i ^ a n d no lucu los i n s o l u t i o n , 

Knovn r u t h u n i u n d l l ) complcxos containin^^^ triplionylphoG-

pliinc or t r i p h o n y l a r s i n c and aoni. weak donor l i g a n d s a rc of 

thu typo /~RuZ^(iiPli^)2L_7l'^"' '^ (vlicrc X = CI or Br; M = P 

or Ac; L = CllJ3li, C2HnOH5 (CH^)2C0, Clî CKO, CgH^CHO, CH^N02, 

OAsPh 5 CS^, Df.F, DtiSO, THF, P.CM (R = CH^, ^2^'^^ n-C^H^, 

CHp-Cls C/-Hc-). Souo o the r conplcx^s c o n t a i n i a j t r i p l i ony l -

phosphinc or t r i p h o n y l a r s i n c and .-livcak donor li,_,and& arc of 

th., typo /"•RuX^(MPh^)L2__7^^'''^ (X = Cl or Br; i: = p or As and 

L = py5 (<3C-picolino, (CH^)^^ or L^ = "bipy, o--phon) a l s o . 

Soac of ruthGniui'i(TI) conpl^xcs cont-^iniur; t r i p h c n y l -

phosphin^ or t r i p h o n y l a r s i n c and o the r \/oak or str^n^^ donor 

lig-^nds g iv ing a d i s t o r t e d octa.hcdral (j,i_onctry around r u t h c -

n i u n ( I I ) aro nlso knc^;n. Such complexes have the composit ion 

of tho type /•"RuX2CMPh3)2L2_7^*^^'"'^'^^"^'^ ( 'hcr^ X = Cl or 

Br, K ^ P or As; L = CO, CS, py, N" CEJ^B^, (Et)2NH5 (Et)^F5 

F2H, 5 C^H 'i"HIH2 and PCF (R = CH,, n-C^Er?, CK2=CH), and 

/"RuCl2(/ iPh^)L,^7' '° '^ '^ {h = P or As, L = py, C^E^VB^, 

o.-"RC^HxPF2 (R = Cl , CH^). In a l l the caSL-s r e p c r t e d abovo, 

tho r^Kji-iotrj ar'-und ruthoniuj iClI) i s d i s t o r t e d oc tah t -dr^ l . 



If such co.iplcxus in solut ions can locsv. prof^^r-^bly two v/opjcly 

coordinated lig'-ndSj thu-n thusc could bv. ^cod c t n l y s t s for 

hojio^entjous r eac t ions . If ruthv.niuji(Il) coriple,̂ :v.,s could "bo 

syntJi-^sizcd containing triphonylpii'~'sphinc or triphc^nylarsinc 

rnd K^-'li donor l io^nds li-^vinG four or five coordination around 

ruthuniuiiClI) 5 thorc i s a greater po t en t i a l of such conplcxcs 

to act as honO( cneous ca t a ly s t , 

In t h i s chapt>;.r sonc rutheniuia(II) coiflplexos containing 

triphonylphosphino or t r iph^nylarsino and bonzaldohyde are 

reported having five coordination around ruthcniui i ( I I ) . These 

are of the type /~Ru(MPh^)CgH^CH0)Cl2_7 (i' = P or As) The 

subs t i tu t ion of benzaldohyde in these coinploxos by other xYCak 

dcnor l igands l i ke pyr idine . Dill?, DIISO, CSp, CĤ CN have been 

t r i e d out to find out the caso with v/hich rutheniUii(II) conp-

luxes containing triphonylphc sphine ..r triphu-nylarsine and 

the above nentioncd lig::nds could b*̂  obtained. Varijus 

physical s tudies have boon nadc to e s tab l i sh th>. geonetry of 

the conplcxes so obtained. Coiiploxes thus obtained have n ,t 

been t r i e d for t h e i r hor.iogoneous ca t a ly t i c behaviours, 

Studies along t h i s l ine i s being taken up. 

Soae carbonyl complexes of ruth eniuii(Tl) of the type 

Ru(CO)(lIPh )2Cl2 (M = P or As) have be^n obtained by the 

decarbf)nyl'^ti''>n of benzaldohyde --nd s' no of the i r physical and 

chenical s tudies reported. 



EXPERIMENTAL 

A l l t h e c l i a i i c a l s u s e d v/ere o i r e a g e n t ^ r a d e . Rutheniuw 

t r i c l i l ' r i d e h y d r a t e \rns s u p p l i e d by Aur r r a - I ' I a l t hey L i i i i t e d , 

C a l c u t t a . /~-uCl2(PPh^)2_7^^ '^^ , /"RuCl^CPPh^) ^_7^ and 
1 n 

/"linCl^iAs'Ph-y)^J/p v/ere p r e p a r e d a c c o r d i n g t o r e p o r t e d 

n e t h o d s . 

PREPARATIOIiS 

1. /~'2\iCl^{hPh )iC^E^EO)^ (M = P o r As) 

TJ a s o l u t i o n ox r u t h e n i u m t r i c h l o r i d e h y d r a t e (RuCl-,.xHoO) 

(O.V g) i n - n - b u t a n o l (10 n l ) , b e n z a l d e h y d e (2 i l l ) was added . 

A s r l u t i o n . o f t r i p h e n y l p h o s p h i n e ( 0 . 5 S) or t r i p h e n y l a r s i n e 

( 0 . 6 g) i n n - b u t a n o l ( 5 r i l ) was added to t h e h i t s o l u t i o n 

of r u t h e n i u . i t r i c h l o r i d e n e n t i o n e d a b o v e . The r e s u l t i n ^ 

s o l u t i in was t h e n r e f l u x e d f o r a b o u t 30 I ' i n or 2 h r s , i n 

Case of t r i p h e n y l p n o s p M n e o r t r i p h e n y l a r s i n e r e s p e c t i v e l y , 

The r e a c t e d s o l u t i o n was c o o l e d overni j^i i t v/hen b r o \ / n i s h -

ye l lo^ i c r y s t a l l i n e coi:pound i n c a s e of t r i p h e n y l a r s i n e and 

lij_,ht ^ r e e n cor 'p^und i n c a s e of t r i p h e n y l p h j s p h i n e was 

o b t a i n e d . The ccuipcund was s e p a r a t e d by c e n t r i f u [ | a t i . . n and 

v/ashed f i r s t w i t h n e t h a n o l and t h e n r a t h d i e t h y l c t h e r and 

d r i e d u n d e r vacuui i . The coup .unds i /erc a n a l y s e d fo r 

/ " R u C l ^ d f f h )(CgH^CH0)2_7. 
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2. /"RuCl2(C0)(AsPh,)2_7 

(i) To a clear solution of ruthenium trichloride hydrate 

(0.1 g) in n-butanol (10 ml) and benzaldehyde (2 ml) mixture, 

a solution of triphenylarsine (1 g) in n-butanol (5 ml) was 

added and the mixture was refluxed for about 20 hrs. 

Initially, benzaldehyde complex was formed which v/ent into 

solution and finally an orange solution was obtained which 

on cooling yielded a yellow compound. The mother liquor 

upon concentration under reduced pressure and cooling 

yielded more of the yellov/ compound, which was centrifuged 

washed first with acetone and then with ether and dried 

under vacuum. It was analysed for /""Ru(C0)(AsPh,)2Cl2_7» 

(ii) /'•RuCl2(C0)(AsPh,)2 7 could be obtained also by boiling 

under reflux ̂ '*RuClp(AsPh,)- 7p (0..2 g) in benzaldehyde (2ml) 

and n-butanol (10 ml) mixture for about 8 hrs or by boiling 

under reflux /"RuCl2(CgHcCH0)2(AsPh,)__7 (0.2 g) and tri­

phenylarsine (0,2 g) in n-butanol (10 ml) for about tO hours 

and cooling the orange-red solution obtained. 

3. /''RuCl2(C0)(PPh^_7 

(i) To a solution of ruthenium trichloride hydrated (0.2 g) 

in n-butanol (20 ml) and benzaldehyde (if ml) mixture, a 

solution of triphenylphosphine (1.5 g) in n-butanol (10 ml) 

was added and the mixture was boiled under reflux for 6-8hrs, 



i,i:/hcn a reddish brown crystalline compound (rn.p, 195-200 C) 

separated out vifhich Viras separated by ccntrifugation and 

washed fjrst with methanol and then with diethylether and 

dried u.nder vacuum. It was analysed for /RuClpC CO) (PPh^)P_7» 

3. (ii) The reaction was carried out in a way similar to that 

in (3i)» The refluxing of the reaction mixture was conti­

nued for 15-20 hrsj v/hen the red crystalline compound 

obtained as an intermediate, went into solution and finally 

a reddish-yellow solution was obtained, which on cooling 

resulted in the separation of a yellow compound. The 

compound was separated and washed first with acetone and 

then with ether. Concentration of the mother liquor resulted 

in the separation of more yellow compound. The compound 

was analysed for /"RuCloCCO)(PPh^)p_7. 

3. (iii) The compound obtained by the method of reaction 3(ii) 

could be obtained also by boiling under reflux, 

/"RuCl2(PPh^)2_7n 0-̂  /"RuCl2(PPh^) , 7 (0.2 g) in bonzaido-

hyde (2 ml) and n-butanol (10 ml) mixture for about 8 hrs 

or by boiling under reflux /"RuCl2(CgH^CH0)2(PPii:z)_7 (0,2 g) 

and triphenylphosphinc (0,2 g) in n~butanol (10 ml) for 

about 10 hrs and cooling the reddish-yellow solution 

obtained, 

/'"RU(CO) (PPh^)pClp 7 obtained according to method 3(i) is 

reddish brown vt̂ hereas according to 3(ii) snd 3(iii) is yello?/, 
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Reactions of /"RuCMPh..) (C^H^Cgp)^Clp_7 (M = P or As) With 

(i) h = Pyri dine, N, N- Diinc thy If ormami do .,(..D̂ Z)., ^Ql^A 

P JJl&A^y_^.s \JL̂ .PJlQ,xi d g_ _(,DMSQ_)_ 

/"HviinPh^) {G^naGEO)^Cl^J (0,2 g) was taken with L 

(0.5 ml) and heated on a wator-bath for about 1 hr,, 

when a clear solution was obtained. To the cold solution, 

methanol was adĉ ed in the case of DMF or DMSO and 

diothylcther in case of pyridine reaction and the mixture 

was kept overnight when crystalline compound separated 

out. It was ccntrifugcd, v/ashod with ether an'l dried 

under vacuum. The compounds obtained had thu composition, 

/"RuCl„(MPh^)L^__7 (where M = P or As and L = pyridine or 

DMF) and /"RuCl2(DMS0), /• 

(ii) Carbondisttlphido 

/~Ru(MPh^)(CgH^CH0)2Cl2_7 (0,2 g) ¥/as taken in carbon 

disulphide (15 ml) along with triphenylphosphino or tri-

phonylarsine (0,5 g)> depending on the complex taken and 

the mixture ¥/as boiled under reflux for about 5 hrs,, 

v/hen crystalline compound separated out. It was contri-

fuged, washed with ether and dried under vacuum. In case 

of triphenylphosphino, a reddish-brown crystalline 

compound of the composition /'"RuClp(PPh^) (CSp) 7 was 

obtained, v/hereas the triphcnylarsinc complex reaction 
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product did not contain cither GSp or OS group* It had 

the composition RuClpCAsPli,)^. In case the reactions 

with carbondisulphide were carried out without taking 

extra triphenylphosphinc or triphonylarsinc, g-cncrally 

the starting compound was obtained, 

(iii) Aŝ cĴ ni/bril̂  

/"Ru(MPh^)(CgHcCH0)2Cl2_7 (0.2 g) was taken with acoto-

nitrilc (15 ml) and boiled under reflux for about L\. hrs,, 

v;hcn the solution turned yellow. Concentration of this 

solution under reduced pressure resulted in the sepa­

ration of a yellow compound which was ccntrifuged, 

washed with ether and dried under vacuum. The compounds 

obtained did not have stoichiometric composition. Those 

wore analysed for /'•RuClp(I1Pĥ )̂ (CĤ CN)-_ 7 (where 

1< x<a and 2<, ̂ (3. 

Reactions of /"RuCMPh^)p(CQ)Clp__7 with Pyridine 

/~Ru(MPh^)2(C0)Cl2_7 (M = P or As) (0,2 g) was taken with 

pyridine (1 ml) and heated on a water bath when a clear 

yellow solution was obtained. After cooling the solution, 

cthor was added when yellow compound precipitated outj 

which was centrifugod, washed with ether and dried under 

Vacuum., The compounds had the composition 

/•"RuCl2(C0)(MPh2)(py)2„7, 
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CarboHj hydrogen and nitrô ^̂ cn analyses were.' obtained from 

the Microanalytical Laboratory, I.I.T,, Kanpur. Sulphur and 

chloride estimations wore carried out according to standard 

19 methods ^ gravimetrically after decomposing thu complexes-using 

KNOvj KOH mixture. Infrared spectra were recorded in KBr as 

pellets in the region IfOOO-600 cm" on a Porkin-Elmcr 297 

infrared spectrophotometer, and on Pcrl̂ iin-Elmer 580 spectro­

photometer in the region 600 to 250 cm" for some complexes. 

Visible electronic spectra were recorded in chloroform in the 

region 800 to 350 mn on a BGckmann-26 spectrophotometer. 

Proton magnetic resonance spectra wore recorded on a Varian 

EM-390 90 MHz spectrometer in CDCl,, ?/ith TMS as reference. 

Magnetic susceptibility measurements were carried out using a 

Gouy balance at room temperature. Mercury tetrathiocyanato 

cobaltatc(II) was used as calibraht. All the melting points 

arc uncorrected. The conductivity measurements were made 

using an Elico type CM 82 conductivity bridge in nitrobenzene, 

RESULTS, .AND. .DISCUSSION 

( a) /Tjuĵ lPh K C^Hc^CH0)pClp_7 (M ̂  £ ^ As) 

Ruthenium compounds containing triphcnylphosphine or tri-

phenylarsine and bonzaldchydc have tte composition 

/"Su(MPh,)(CgH^CIi0)2Cl2_7 (M = P or As). Benzaldohyde is 

easily oxidised to benzoic acid. As the reactions were carried 
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out ia the presence of air^ the possibility of beazaldehyde 

getting oxidised to. benzoic acid and get coordinated to ruthe­

nium can not be eliminated. However, a similar reaction under 

nitrogen atmosphere also gave the same products. The p.m.r. 

of /~'Ru{AsPh:r){G^E;zCEO) oClpJ/ ^^ deutoratcd chloroform showed 

signals at 10> ?.31 and ?»235 . The signals at 10 and at 7.31 

and 7,23 ^ were in the ratio 2:25. The aryl aldehyde proto.n 

r 20 

is normally observed in 10.1 to 9*5 O range. In the benzal-

dehydc complex con.taining triphonylarsine,, proton signal at 

10 S C£m unambiguously be assigned duo to the proton O'f the 

aldehyde functional group of benzaldehyde. The signals at 

7.31 and 7.23(5 are due to the phenyl groups of triphenylarsinc 

and benz.aldehydc respectively. The ratio of the proton signals 

for aldehydic proton and the phenyl ,protons is same as 

expected (2:25). Similarly, the triphenylphosphine analogue, 

viz. /"Ru(PPh.^)(CgH5CH0)2012^7 gave proton signals at 10, 7.5 

and 7.23^ (figure no. I. 1.). The ratio of 10<^to 7.5 and 

7.236 signals is again 2:25 as expected for two aldehyde 

protons and 25 phenyl protons. The signals at 7.5 and 7.23^^ 

arc due to the phenyl groups of triphenylphosphine and benzai-

dehyde respectively. Thus, the p.m.r. spectra of 

/"Ru(MPh,)(CgH^CH0)2Cl2_7 (M = P or As) confirmed the presence 

of three phenyl groups due to triphenylphosphine or arsinCj two 

phenyl groups and two aldehydic protons due to two. bcnzaldehyde 

molecules, 
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Tile ioifrared spectra oX the two complexes discussed above 

showed all the bauds due to tripheoylphosphinc or triphenyl-

araino and bonz-aldchyde. The infrared spectrum of 

j/~Ru(AsPh^)(CrHcCH0)2Cl2_7 is given in figure no. I, 2, Among 

the im.portant infrared bands due to bonzaldehyde are three 

bands of mediiiim intensity at 1615* t595 amd 1575 CBH" i bands 

at 1A-50, 1H20 and 670 cm"* , "0 CO ^^^ fî ee benzaldchyde occura 

at 1698 cm." . Due to coordination of benzaldchyde to the 

metal, the stretclTdng frequency of V^^ goes down and ô ne of 

the bands around I6OO cm" could be due to V « Q o-f bcnzalde-

hyde coordinated to ruthonima. Other infrared bands arc 

present in free benzualdehydc toa but with a slight shift in 

the position, A strong band at 33O cm"' was observed for 

/~'Rv.(,Ks'Ph.^)iGrEc^CEO)pGlpJ/, Triphenylarsine also shows atosorp~ 

tion around 530 cm" , Hence this band can not be assigned 

unambiguously, however> it may be due to the coupled vibra­

tions of ^•OY^_nT, '̂̂"i the characteristic vibrations of tri-

17 

phenyla rs inc , ' The complexes discussed above are diam.agnetic, 

thereby confirming the oxidation s t a t e of ruthenium to be +2, 

These complexes are pcnta-coardinated and an evidence of which 

i s obtained from e lec t ron ic absorption spectra i n chloroform, 

The e lec t ronic spectra (f igure no. I , 3») show one absorption 

band in the region 760 to 810 nm and another absorption around 

iflO nra. The band around 800 nm i s observed in ruthonium(ir) 
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Wave Number Icm ) xlO 

l^ 

' o 2Ur~ ^ 

900-. SOO 700 

Wave Length in nm 

Fig. 1.3. Electronic Spectra of (a) [RuCl2(PPh3)(CgH^GHO) 

(b) |;HuCl2(AsPh3)(CgH5CHQ)2l «f̂  Chloroform. 
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T a b i c I . 2 . E l e c t r o n i c A b s o r p t i o n an.-' I m p o r t a n t 

i n f r a r e d S p e c t r a l Da ta of 

b?u thcniur i ( I I ) Conplcxos 

Coiipounc! 

/ " R u ( A s P h ^ ) ( b c n z ) 2 C l 2 „ 7 

/"Ru( ^-ph^) CbQnz)^Gl^J 

/~Su( CO) (Pr̂ ĥ ) 2Cl2_7 

/~lu(AsPh^)(py)^Cl2_7 

/ ' "Pu(AsPl i^)(Dl .F)^Cl^ 7 

/"TluC PPh-,) (Ulil^) , C l 2 „ 7 

E l e c t r o n i c S p o c t r a l o 

A max 

810 
520 
i-10 

765 
if20 

-

-

ii-50 
390 

510 
r̂05 

550 
415 

Panrls 1 

i ^ ^̂ '̂  ^^/.lax^ 

(220) 
sh 
(1460) 

(225) 
(1500) 

(1105) 
(2300) 

(250) 
(1050) 

(240) 
(1250) 

Inpor t r ̂ nt I n f r a -
reel Absorpt ions 

i n cin" 

1615 
1595 
1575 
1450 
1218 
670 
330 

1615 
159? 
1580 
1452 
1220 

• 675 

1940 

1940 

1445 

1640 
1360 

1642 
1358 

m 
m 
m ' 

a 

111 

i'r 

i"l 

1,1 

Ki 

a 

s 

s 

ni 

s 

s 
n 

(Tablo I . 2 contd / - ) 
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Tabic I . 2 , E l e c t r o n i c Absorption am\ Lapor tan t 

(contcl.) I n f r a r e d SpectroJ. Data of 

Ruthenimii( I I ) Complexes 

Conpounrl 

Electronic Spectral 

Bands 

Important Infra­

red Absorptions 

in CEi" 

/"RniFPh ){n -'CS^)C1^J7 1192 m 
1112 ffl 
1075 n-w 
995 H-s 

r?M{CO){^Y)^(VPh^)Cl^J 1962 n-B 
19^-5 n - s 
14Zf2 in 

/ Ru(C0)(py)2(AsPh^)Cl2_7 1952 m 
19^0 s 
1923 n 
Ui-̂ -5 n 

bonz. = bL,nzaldehydc py 
D'lF = dir-K^thylfornamidc. 

py r id ine 
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pentacoordinated square—pyramidal complexes, viz, 

/••RuCl^CPPh^)^/ and /~RuCl2(AsPh^)2_72. Electronic absorption 

band in this region is generally not observed for octabedrally 

coordinated complexes of rutheniiim(II), Hence, the benzaldehyde 

complexes seem to have distorted square-pyramidal structure, 

The diamagnetic behaviour thus suggests that the six electrons 

in ruthenium(II) are probably distributed as (d^„, d„_)^, d„. . 
xzi y h xy 

The band around 800 nm could be assigned to d *• d 2 and 
xy 2 

around ZfOO nm to (d^^, d„^) ^ &Z t r a n s i t i o n s . The comp-
X2i J' •̂  -Z) 

lexes are non-conducting in nitrobenzene, thereby cô nfirming 

non-ionic type of structure for the complexes. 

(b) /".Ru(MPh )2(C0)Cl2_7 

The reaction of ruthenium- trichloride, benzaldehyde and 

triphenylphosphine in n-butanol for a period of about 6-8 hrs 

yielded a reddish-brown crystalline compound of the composition 

/~Ru(PPh.,)p(CO)Clp 7* It is diamagnetic in nature and shows a 

strong and sharp infrared absorption at 1980 cm assignable 

to VQQ (terminal). The compound is same as reported by 

Poddar, where it has been obtained by a different method and a 

dimeric chloro-bridged octahedral structure around ruthenium(II) 
PI 

is proposed. 

Prolonged reaction (-̂ EO hrs) of ruthenium trichloride 

benzaldehyde and triphenylphosphine or triphenylarsine resulted 



in the formation of yellow compound of the composition 

/"•Ru(CO)(MPh^)pClp 7 (M = P or As). These compounds could as 

well bo obtained by the reaction of /"RuCl^CPPh^)^ 7» 

/"PxuCl^CPPh^)^^/^^ or /~RuCl2(AsPh,)2_72 with bonzaldehyde in 

n-butanol or by the reaction of /"RuClpCMPh,)(C^HcCH0)2_7 with 

corresponding triphcnylphosphine or arsinc in n-butanol, 

Formation of those carbony1 containing complexes is due to the 

extraction of a carbony1 group from a bonzaldehyde molecule, 

either coordinated to the metal or free (present in the reaction 

medium). The infrared spectra of these yellow carbonyl comp­

lexes show a strong and sharp band at 19^0 cm" assignable to 

V Q Q (terminal), and all other bands due to triphcnylphosphine 

or triphonylarsine. /"Ru(C0)(PPh,)2Cl2_,7 has been, reported 

by James ct al., whore \) rn ^^ reported at 1931 and 1921 cm" 

in nujol and at I94O cm" in dichloromethano* Yellow 

/~Ru(CO)(PPh^)2Clp^7 obtained by us may be same as reported by 

James et al, 

Reactions of /"Ru(MPh^) (C^Hc-CH0)pClp^7 (M = P or As) 

v;ith Do no r So Iv ent s 

Reactions of /"Ru(MPh^)(CgH^CH0)2Cl2_7 (M = P or As) with 

donor solvents were carried out to find out the ease of substi­

tution of coordinated bonzaldehyde. Donor solvents used wore 

pyridine, N^N-dimcthylforraamide (DMF), dimcthylsulphoxido(DMSO), 

acetonitrilo and carbondisulphide, 
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Reactions with pyridine or DMF resulted in the fo.rmatioia of 

six coordinate, /~Ru(MPh-,)L^Cl2_7 (L = py or DMF). Although 

benzaldehyde containing complexes are penta-coordinated, but 

their reactions with pyridine or DMF yield hexa-coordinated 

complexes, when two molecules of benzaldehyde in the complexes 

are replaced by three molecules of pyridine or DMF. Inability 

to form hexacoordinate complexes may be due to partial blocking 

of the sixth coordination site by the phenyl groups of the two-

benzaldehyde molecules and the triphenylphosphiney\molecule. 

The infrared spectra of the complexes containing DMF showed a 

very strong band at l6ifO cm" which is due to \̂ r.Q of DMF 

12 

coordinated through the oxygen atom. In the case of pyridine 

complexes, all bands duo to. coordinated pyridine were O'bserved 

besides bands due to triphenylphosphine or triphenylarsinc in 
-1 

the infrared regio.B, A medium-sharp band at lifif5 cm chara­
cteristic of pyridine was also observed, 

Pyridine or DMF containing com̂ plexes are diamagnetic 

thereby confirning that ruthenium; is present in +2 oxidation 

state in low-spin configuration. The electronic absorption 

spectra of these, complexes showed tv/a bands one in the region 

450 to 550 nm. and other one in the region if 15 to 390 nm, the 
2 molar extinction coefficient of which is of the order of 10 

X 1 1 

to 10-̂ . Those bands may be assigned to A. —d^ T. and 
1 1 Â  — > Tp transitions rospoctively. The values of the 

molar extinction coefficient ( «-̂ 10-̂  ) is relatively 

high than expected for d —^d transitions. However, this 
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may be due to the laixing of the energy levels with the charge-

transfer band(s) in that region;-' These complexes are non-

electrolyte in nitrobenzene thereby confirming non-ionic type 

of structure. 

Reaction of DMSO with /"Ru(MPh^) (C^H^CH0)2Cl2,7 resulted 

in the substitution of all bcnzaldehyde and triphenylphosphinc 

or triphcnylarsine molecules by DMSO and resulting in the 

formation of /"RuClp(DMSO) , 7. The DHSO complex shov/ed strong 

infrared absorptions at 1.120 and 1090 cm" due to "v̂ ê Q of the 

S-bonded DMSO and was same as reported by Evans ot al.-̂  

Even on prolonged rofluxing (rvIO hrs) of the complex 

/"RuCloCAsPh^) (CgH(-CH0)2 7 with carbondisulphide cither in the 

presence of excess triphcnylarsine or oven otherv/isc, no 

compound containing either thiocarbonyl group or carbondisul­

phide coordinated to ruthonium(II) was obtained. Only the 

starting compound was recovered after the reaction. Similarly, 

reaction of /"RuClp(PPh,) (CgHcCHO)p__7 Vifith carbondisulphide 

without excess triphenylphosphinc gave back the starting 

compound. However, in presence of excess triphcnylphosphine, 

a reddish-brown crystalline compound was obtained which did not 

contain benzaldchyde molecules but CSg was coordinated to it, 

the composition of which Vifas close to the formulation 

/"RuClnCPPh^)(CSp)_7. The infrared spectrum of which shows a 

band of medium intensity at 1112 cm" and a band of medium to 
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strong intensity at 995' cm" , besides all the bands'due to 

triphenylphasphine. These two bands are characteristic of 

J^-CS^ group coordinated to the metal, 

Reaction of /'UMiViPh ) (CrRc^CEO) <01^_7 (M = P or As) v/ith 

acctonitrile for about if hrs, yielded yellow or orange yellow 

compounds \¥hich did not show exact stoichiometric composition. 

However, infrared spectra showed presence of both acctonitrile 

and the triphenylpiiosphine or arsine. Bands at 2920 and 22?0 

cm" wore observed for acetonitriles coordinated to the metal. 

The former absorption could be assigned to i)r<rT of the ali­

phatic typo and the later to ^}„^ of the coordinated acctonit­

rile ( V̂ T.T for free acetonitrilc is observed at 224? cm" ) ] 
CN 

Heactions of /"Ru( CO) (MPh^) 2_^p_7 (M = P or As) vath Pyridine 

Reddish-brovm or yellow compounds of the composition, 

/"Ru(C0)(MPh,)2Cl2_7 (M = P or As), on treatment vjith pyridine 

resulted in the formation of /"RuCCO)(MPh^)(py)2Cl2 7s which 

shoŵ d̂ all infrared absorptions duo to triphenylphosphinc or 

triphenylarsine and pyridine, A band at 'Ikkk cm" characteri­

stic of pyridine was observed. Besides, two or three bands in 

the riî ion 19^5 to 1920 cm"' due to ^OQ were also observed. 
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(i) nitrosylatioQ-s (ii) nitrosyl halide addition, (iii) oxi­

dation of metal ion and (iv) oxidation of the coordinated 

ligand, A brief review of the reactions und̂ -r the above four 

categories is given below. 

Peter and Malito'̂  found that nitrosyl halides act as a 

nitrosylating agent for transition metal complexes. The 

reactions of nitrosyl chloride with metal carbo?iylate anions, 

viz. /'(Ti^-C^H^)M(C0)^7'' (H = Cr, Mo or W); /'MnCCO^.Z " 

and /"*Fc(CO), __7 " gave neutral nitrosyl compounds, viz, 

/"C«|^-C^H^)M(C0))2(NO)_7, /'Mn(C0)^(W0)_7 and /"'Fe(C0)2(N0)2_7 

respectively. 

Compounds containing nitrosyl group coordinated to the 

metal ions have been reported from Agarwala's ' laboratory, 

Hydrated ruthenium trichloride or rhodium trichloride was 

treated with nitrosyl halides NOX (X = CI or Br) in the 

presence of tertiary phosphinc, arirsine or stibine. The 

compounds obtained were of the type,. /~RuClpX(NO)Lp 7 and 

/~RhClX(N0)L2_7 (X = CI, when NOCl; and X = Br, vifhon NO Br 

were used; L = PPh^, AsPh^ or SbPh^). Nitrosyl group 

coordinated in the above compounds is as NO , In a recent 

12 study, Pandey et al. have reported the formation of a high 

spin d̂ , ruthonium(III) complex, NH,/~RuClc(N0)__̂ 7 and a d' 

complex, /~RuClp,(NO) (PPh;,)p 7. Howeverj Coombe ct al. -^ 

report that attî mpts to obtain compounds reported by Pandey 

12 
et al. were unsuccessful. 
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CHAPTER II 

REACTIONS OF NITROSYL CHLORIDE WITH /"Ni(PPh )2X2_7 

(X = CI, Br, NO, or NCS) 

INTRODUCTION 

Activation of small inorganic molecules, viz. Hp, 

0^, N^, CO, NO, CO2. SO^, CS^, COS, NOCl, NOBr by the 

complexes of transition metal ions have gained co'nsiderahle 

interest during the past two decades," Activation of some 

of the molecules, viz. Hpj Op, Npj CO, NO by the transition 

metal complexes have been studied in greater details, whereas 

studies on molecules like nitrosyl halides, NOX (X = CI or Br) 

vifith transition metal complexes are still in a state of 

infancy. Interest in the study of the reactions of nitrosyl 

halides with transition metal complexes continues to grow 

due to different types of reaction products obtained in these 

reactions. The products of such reactions can be broadly 

classified into the following four categories, viz, 
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Most reactions of nitrosyl halidos studied arc those, 

where nitrosyl halide gives addition products. Such reactions 

arc reported with various inotal ions of molybdenum, tungsten, 

iron, rhodiufflj iridium, and platinum. Details of such reac­

tions are presented in Tabic 11,1, 

Oxidation of the metal ions to the next higher oxidation 

state have boon reported for Ni(II), CodI), Mn(II), Mn(III) 

and Mo(III) in complcxosj by nitrosyl halidos, /""M(PEt̂ )̂ X̂ __7 

(X = CI or Br; M = Ni or Co) wore obtained by the oxidation 

of /"M(PEt^)2X2,7 with nitrosyl halidos, NOX (X = CI or Br)?*̂  

27 
However, an attem.pt by Jensen ct al, to oxidise 

^"Ni(PPh^)2X2^7 (X = CI or Br) by NOX (X = CI or Br) wore 

unsuccessful* Cyano complexes of Mn(II)» Mn(III) and Mo(III) 

wore oxidised to next higher oxidation states of the metals 

by nitrosyl chloride, ?;herc it acted as one electron 
PR oxidant, 

The oxidation of coordinated triphenylphosphinc to tri-

1? 

phonyIphosphin^. oxide has been reported by Davis et al. 

/'••M(N0)Cl,(0PPĥ )2_7 (M = Mo or W) are reported by the reac­

tions of /~M(CO)^(PPh )2„7 (M = Mo or W), Mo( CO) ,(PPh J2<^i2 

or W(CO) •2(PPh^)2Cl, with nitrosyl chloride. 

Most of the studies of reactions of nitrosyl halides, 

discussed above, are with the complexes of heavier transition 

metal ions. Studies with the complexes of first row transi­

tion-metal ions arc very few. A study of the reactions of 

http://attem.pt
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r^liVVh^)^A^J (X = CI, Br, I, NO, or NCS) mth nitrosyl 

chloride Vifns taken up to find out under which categories 

those reactions fill5 and to study the physical behaviours 

of tho GO-'ipounds obtained to establish the goomotry of the 

coinplcxes obtained, 

In this chapter, reactions of nitrosyl chloride with 

r^liVVh^) -^^J (X = CI, Br, NO^ or NCS) are reported under 

two different conditions, whereby compounds of the type 

/~Ni(PPh^)XCl_72 and /~Ni(0PPh^)XCl_72 (X = CI, Br̂ ^ NO^ or 

NCS) are obtained. These compoundB seem to have a distorted 

tetrahedral structure with chlorine bridges. Reactions of 

dimeric chlorobridgod compounds with triphcnylphosphine gave 

/-Ui(pph )^XC1_7 (X = Cl, Br, NO, or NCS), Except for thio-

cyanato coKiplcx, which is square planar, others have 

distorted tetrahedral structure, 

All the materials used were of chemically pure or 

Analar grade. /"NiCPPhJ^X^y (X = Cl, Br, NO, or NCS) were 

prepared according to reported methods.-^ Nitrosyl chloride 

was supplied by Air Products Ltd., London, U.K. and was 

purified before use, 
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EecXCJlip,ns,.,of_r.itxo,sj.l.,CjilorXd̂ ^ / Fi(PPh^)pXp 7 
5'2 2-

,0{ =,.,C1^ ;er,, ..FO , ,or. JIC^) 

(i) Finely powdered /'ri(PPh )2X2_7 (X = Cl, Er, ¥0-, or FCS) 

(0.5 s) was suspended in dry cyclohexane (30 iiil). Fitro-

syl chloride gas was bubbled very slowly v/ith stirrin^j, 

through the suspension for about 20 minutes for all the 

co'iplexes except thiocyanato complex. For - thiocyanato 

coMpleXp g?.s bubbling was carried out for only 5 minutes as 

lon,';er gas bubbling gave impure products. After stopping 

tjie gas, the suspension was stirred for about 6 hrs at room 

temperature, when a change in the colour of the suspended 

inaterial was observed. Initially the reaction was very 

vigorous with the evolution of a gas but at the completion 

of the reaction; no effervescence was observed. The 

compound obtained was centrifuged, v/:-'.shed several times 

with vfarm dry cyclohexane and finally viith dry diothyl-

ethcr and dried under vacuum. The analyses corresponded to 

the formula /~Fi(PPh^)XCl_^72 (̂  = ^Ij Br, FO^ or FCS). 

(ii) In another sot of reactions similar to that in (i), 

/~Fi(PPh^)2X2_7 (X = CI, Br, FO^ or FCS) (0.5 g) -̂vas taken 

in 30 ml of drj/ benzene and cyclohexane mixture (1 : 5) • 

Fitrosyl chloride gas was bubbled for about 5 minutes 

through the suspension very slowly with constant 

stirring. IChe suspension was stirred for about jB hrs 
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at room temperaturOs when a change in the colour of the 

suspended material was observed. The compound obtained 

was washed first with cyclohexano and benzene mixture, 

3 to i+ times and then finally with dry other and then 

dried under vacuiim. The composition was found to be 

/"•Ni(0PPh^)XC1^72 (X =* CI, Br, NO^ or NCS). 

The thiocyanate complex was obtained also by using 

benzene instead of cyclohoxanc and benzene mixture. 

The mother liquor obtained after removing the 

products from' the above sets of reactions (i) and (ii), 

upon concentration, yielded triphenylphosphine oxide, 

which was equimolar to that of the starting material. 

Reactions of /"Ni(PPh^)XCl_72 ^^^^ /"'Ni(0PPh^)XC1^7p 

I.XjL,Cl,_Br̂ ,JiQ̂ _or_NCa) 

2 (i) A suspension of /"'Ni(PPĥ )XCl_̂ 72 or /~Ni(0PPh,)XCl_^7. 

(X = CI5 Br or NO^) (0,5 g) v/as taken in acetic jcid 

(20 ml), A solution of triphenylphosphine (0,6 g) in 

acetic acid (5 ml) was added to the above suspension' 

and the mixture was stirred for about 1+ hrs at. room 

temperature, when new compounds separated out. The 

compounds obtained v/ore separated by centrifugation, 

washed first with acetic acid and then several times 

with dry diethylethoj" and djried under vacuum. Out of 

the compoundsj thus obtained, /'"Ni(PPh-,)pXCl 7CX=Br or 
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NO,) arc new and ̂ ""Ni(PPh,)pClp__7 is sauc as rcpurtccl 

by Venanzi?^ 

(ii) To a suspension of /~Ni(PPh-,) (FCS)Cl_̂ 7p or 

/'¥±iOPPh^)iSC¥)ClJ^ (0.5 S) in cyclohcxanc (10 nl), 

a solution of triphcnylphosphinc (Oj6 g) in cyclohcxano 

(5 ml) was acV.orl and the raixturc was stirred for about 

k hrs at rcom temperature. A red crystalline corapound 

separated out which WrZiB washed with warn cyclohcxanc and 

dried under vacuum. The composition was found to be 

/'"Ni(PPh,)2(NCS)Cl_7. 

(iii) V/hcn /~Ni(0PPh,)(SCN)C1^72 and triphenylphosphino wore 

taken in 1{2 niî lar quantities at room tcnp^ratufc and 

stirred for if hrs, ̂ "Ni(PPh^)(OPPh,) (NCS)C1_7 was 

obtained^ which was washed and dried as in (ii) above, 

(iv) Reactions of /'*Ni(0PPh,)XCXy2 ^^ "^ ̂ ^* ^^ °^ ̂ ^3^ ̂ ^^^ 

triphonylphosphine oxide under conditijn sinilar to 

that of (i), did not yield any new product. However, 

if the reactions were carried out under refluxing condi­

tions, the parent compound got decomposed, 

Carbon, hydrogen and nitrogen analyses wore obtained ttom 

Microanalytical laboratory of Indian Institute of Technology, 

Kanpur, India. Nickels Sulphur, Phosphorus and Halogen esti­

mations were done by standard gravimetric .xthods-̂  after 
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tieccnposing the cowpouncls using dilute nitric acid. Details 

of soao of tho cstiraati :nsj viz, ostimatijn of nickel and of 

phosphorous are given belov/. All thu analytical data arc 

given in Table II.2. 

Esyjflatjtoji^p_f Nl^cke 1 

Compound C'"̂ ntaining -̂v. 30 ng of nickel was deccmposed 

\ising dilute nitric acid and diluted to 200 ml with water. 

The clear solution was made alkaline vfith dilute ammonia, 

warmed to 80 °C and a solution of dinotjpiylglyoximo (-̂v-15 nl of 

^% solution) added to it in slight excess with constant 

stirring, Tho precipitate was digested on a water bath for 

30 minutes anil tested for complete precipitation. After 

cooling5 the precipitate was filtered through a weighed 

crucible Vifashcd with cold water an'' ' ' (feted in an air oven 

at 120 °C and weighed as NiCHDMG)^. 

ŝtia-\atl_"_n 0/,._Pho s]3hc rus 

Estimation of phosphorus was carried out by decomposing 

a weighed amount of the compound in a Parr-bomb crucible. A 

mixture of sugar, potassium nitrate and sodium peroxide in 

tho ratio of 1:3:20 mg by ". weight f:>r one mg of phosphorus 

present in the saiaple V7as uscl as the oxidising agent. The 

mixture was heatcl strongly for 15 luinutes in the Parr-bomb 

and ccole>l. Thu c.^ntents were extracted \fith water and 

acidified with dilute sulphuric acid. Concentratec' sulphuric 

file:///ising
file:///fith
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ac id (•—'7 5:̂ 1) was acklocl to i t follov/ori by i t s evapora t ion to 

evolve sulphur t r i cx i c l c fuiiies. Tiac r e s i d u e was e x t r a c t e d 

virith water and f i l t e r e d i f necessa ry , to rcniovc any i n s o l u b l e 

i r i p u r i t i o s . Phosphorus was es t ima ted i n t h i s s o l u t i o n as 

phosphoamnioniuriiKiolybdato by the s t anda rd muthodt* 

I n f r a r e d Spec t ra 

S p e c t r a of the conplexcs v/erc recorded i n KBr or Nujol 

mull on a Pcrkin-Elmer model 297 i n i+OOO-GOO cm range and 

on a po ly t ec FIR 30 spect rophotometer i n 600-100 cm" r ange , 

I n f r a r e d da ta i n 600-100 cni~^ range are p r e sen t ed i n 

Table I I . 3 . 

Electronic Spectra 

The electronic spectra in 800-300 mn range wore recorded 

in acetonitrile or nitrobenzene solvents using a Beck.mann-26 

spectrophotonctor. The solid state reflectance spectra were 

recorded on a VSU 2-P spectrophotometer. Spectral data are 

given in Table II. i+. 

Ma/j:_n_̂  ti c ..jSusc opti_bili_t_y_ ÎÎôq̂sur cmpnt s 

These measurements v/ere made using a Gouy balance at 

room temperaturcJ using mercury totrathiocyanato cobaltate(II) 

as calibrant. The results are presented in Table II.^. 
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Co_nd,uctiji_t;y 

Conductivity nicasuroncats wore niaclo on an Elico type CM 82 

conductivity brirlgo in nitrobenzene. 

RESULTS AMD _ MSCUSSION 

In the reactions of irdtrosylchloride with /"*Ni(PPh^)„Xp 7 

the following observations were made, (i) No nitrosyl compound 

was obtained (infrared spectra did not show any absorption In 

2000 to l600 cm" region. In the case O'f the thiocyanato 

coniplexesj an absorption around 2100 era" due to >? T̂W v/as 

observed), (ii) No nickel(III) or nickol(IV) conpound was 

obtained, (complexes in solution did̂ ,not act as an oxidising 

agent,, since no product oxidised iodide to iodine)* (iii) No 

addition product of nitrosyl chloride was obtainodj (iv) One 

molecule of triphcnylphosphino was displacc'd from the parent 

conpound and oxidised to triphenylphosphine oxide and one X 

was replaced by a chlorine atom^ when the reactions were 

carried out in cyclohoxane as the sQ-lvent. In this, process 

dinucloar chloro-bridged complexes were obtained. (v) Both 

the molecules of triphenylphosphine- coordinated to the parent 

compound were oxidised to triphcnylphosphino oxide and the 

product obtained contained one molecule of triphenylphosphine 

oxide coordinated to the metal and one X Vi/as re]placo.:d by a 

chlorine atom, when the reaction was carried, out using benzene 

and cyclohexane mixture as the solvent. In this process also, 
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sinilar to that in (iv) rlinuclcar chloro-bridged compounds 

were obtained. (vi) Fron the mother liquor of the reactions 

described in (iv) and (v) above^ triphcnylphosphino oxide 

was obtained. 

Diracric complexes, with halocon bridging react with no no-

dentate ligandSj and are found to give monomeric compjlexes 

with the breakinc; of halogen bridges, '-̂  Wc have observed 

the formati-n of /~Ri(PPh^) XC1_7, when /"NiLXCl^Z^ ̂ ^ = PPh 

or OPPh^; X = CI, Br, NO^ or NCS) Vifore treated with excess 

triphcnylphosphino, Except for /"Ni(PPh^)pClp Js reported 

by Vonanzi,''̂  other compounds are new, A reaction of 

/~Ni(OPPh^) (SCI\t)Cl Z with triphcnylphosphino in 1:2 nolar 

ratio gave /^"Ni(PPh^) (OPPh^) (NCS)C1_7. 

Dimeric nature of /"NiLXCl_72 (̂  = PPh^ or OPPh^; X = CI, 

Br, NCS or NO^) could not be confirmed by their molecular 

weight dotorminatijn, due to low solubility or decomposition 

in non-donor solvents. Hov/eVL;r, infrared spectra in low 

frequency region wore very helpful to support the dimeric 

structure having chlorobridgos. 

The infrared spectra of /"•Ni(PPh^)XCl_72 (X = CI, Br, 

MO^ or NCS) in Z4.000 to 600 en" region showed all the bands 

due to triphenylphosphinc. /~Ki(PPh^)K0vCl_72 showed bands 

at 1500, 1260 and 795 cm"''' /"fig, no. II. 1 7 which are 
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characteristic of a nonoclontato nitrato group,-̂  The infra-

rod spoctrun of /"NiCPPh^)(NCS)C1_72 /"fiu. no. II.2._7 

sliO'-.'-od one stronjj;- and sharp band at 2080 cm" and a'tiicdiun 

band at 865 cm" vriiich nay bo assigned to \}n-^^ and '0 nn 

respectively of an N-bonded thiocyanato croup.-̂  The absence 

of a bridging thiocyanato group v;as confirnod by the absence 

of any other band around 2080 cm"" , 

The infrared spectra of /~Ni(0PPh-,)XCl__72 (X = CI, Br, 

N0^5 NCS) in ZfOOO to 600 ci-i""' region showed all the bands 

due to triphenylphosphinc oxide* A ,b"and at 1180 cm present 

in triphenylphosphinc oxide, due to ••)) p_Q was split into two 

and were observed in 1190-1185 and 1165-1150 en" regions, 

In the case of nitrato complex bands at 1505? 1275 and 800 cm" 

were also observed which are characteristic of a nonodcntato 

nitrato groupr^ The infrared spoctrun of /"Ni(OPPh^)(SCN)C1^72 

showed a strong band at 2100 cm" /"fig, no. 11,3* 7 also, 

which could be assigned to ij'pw of the S-bonded thiocyanato 

group. The lack of a band in the region 870 to 780 cia" shows 

the absence of an N-bonded thiocyanato. It is not possible 

to assign unambiguously ^)nn band of the S-bonded thiocyanato 

group, since triphcnylphosiohine oxide has absorptions in 

750 to 680 cm" .region. There is a very strong band at 

722 cm" 5 v/hich could be a combination of l)QQ (S-bonded 

SON) and bands due to triphenylphosphine oxide, 
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Infrared spectra of /"Fi(PPh )2/C0l_7 (X = Cl^ Er, NO^ or 

'̂CS) showed all the bands due to triphenylphosphine. 

/''Ni(PPh^)^(m-y)C1^7 has bands at ^322, l^W, 1270 and 803 
-1 ^^ 

cm also, due to mono dentate nitrato group.-^ The infrared 

spectrum of /~I\<i(PPh^)2(NCS)Cl_7 showed a strong band at 2080 
— 1 ^1 

cm and a medium band at 86? cm" which could be assigned to 

\?̂ ĵ and \) „ respectively of the N-bonded thiocyanato group, 

as in /"Ni(PPh^)2(FCS)2_7.^^ 

The far infrared spectral data of /"'Ni(PPh-,)XCl_̂ 72 (X = 

Cls Br, FCS) and their assignments are presented in Table II.3» 

Far infrared spectruiii of /"'Fi(PPh,)Cl2_7p is given in figure 

no. II.A-. The two bands between 280-265 and 2/L(.0-235 cm""'' are 

assigned to V'̂ Ĵ̂ ^̂ Q-I (bridging) which are absent in the tetra-

hedral /"•Ni(PPh,)2Cl2_7. However, in the case of 

/~Ni(PPh^)BrCl Jp? these bands could bo a combination of 

Ni-Br '̂''̂ '̂ winal) and '^•M^^ni (bridging). In the case of 

tctrahcdrol /~Ni(PPh^)2ErCl_7, having no bridging halogen, 

Fi-Cl '̂̂ ^ ̂  Ni Br ^^^ assigned to bands at 3ii.5 and 305 cm" 

and at 272 and 2/!f7 cm rospectivelyr-^ In the case of thio­

cyanato coAfiploxcs, viz, /"lli(PPh^) (lvCS)Cl_72 •'̂nd 

/"•Ni(PPh^)2(MCS)Cl_7, bands at 265 and 235 cm~^ and at 355 and 

310 cm" can bo assigned to 'ĵ ,̂ y.__̂ p-,(bridging) and Vĵ f. ̂ -.(termi­

nal), respectively. Besides, ̂..-̂ r̂- for the P-bonded thiocyanato 

and N̂-j,_Tj ̂ x*o observed at Zf60 anc' ̂ lAf Cni" ruspoctively for both 



47 

o 

o 
o 
T 
o 
o 

Cl 
c 

• H 
bD 
CD 

d 
• H 

n 

'^ 
u 
-p 
o 
CD 
P4 
TO 

' d 
CD 
^ 

U 

d 

H 
H 

I 
d 

ro 
CD 

! 

|C3SS3S 

1 I 
o 
CO 

o 

d 
CD 

CD 

! ' -^ 
fc3S3ES£JSSS£>) 

! 1 
; H 
! O 

i 9̂  
is; 
I 

fc3S3SSSSE>| 

CQ ra 

CM 

I 
H 
O 

CQ 
O 

• H 

VD 
CM 
IXN 

O 
O 
i n 

CQ 

fe3S3SiiSSSS>| 

LTN 
•vl-

m 

tr-
CM 

u> 

O 

o ITS 

Si 
CO FM 
O 1 

I 
•H 

H 
H n' 
o d 

I -H 

l ;^ P^ i ^ t2i 

H ar^ 
O ?: 

1 ' - * 
•H 3? 

CD 

oo /?> / ^ ^ 43 (^ J> 

u 
FQ 

1 
•H 
'a 

r?̂  

^ 
d 
•H 
c:' 

'S CD 

a 
o 

a m 
• ^ 

a 
o i n 

• ^ LĈ  - ^ 
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the thiocyanato complexes. 'V•.^^ T> has been observed as two 

bands in 210 to 170 cm" region for these complexes. 

,Ma£n_e_tic Moiaent 

The magnetic moments for the complexes /~NiLXCl_7p 

(L = PPh^ or OPPh,; X = CI, Br, NO^ or NCS) are in the range 

2.5 to 2.8 B.M. (Table II.4.) per nickel atofflĵ at room tempe­

rature, which is slightly lower than that of the nickel(II) 

tetrahedral complexes (^ 3 B.M.)^ This could be due to 

antiferromagnetic interaction between two metal atoms of the 

dimers. The interaction could occur either directly between 

the tv/o metal atoms or via chloride bridges in a tetra-coordi-

nated dinuclear structure;? 

The magnetic moments of /"Ni(PPh-,)^XCl 7 (X ~ Br, NO,) 
j> 2 - j5 

are in the range of 3.0 to 3»15 B.M. per nickel atom at room 

temperatures Ŷ rhich is the expected and observed value for the 

nickol(II) tetrahedral complexes.'̂  The compound, 

/"Ni(PPh^)2(NCS)Cl 7 was found to be diamagnctic similar to 

/"Ni(PPh^)p(NCS)2_7a which is duo to the square-planar struc­

ture of the complex, 

/~Ni(PPh^)XCl__72 (X = CI, Br, NO^ or NCS) and 

/"Ni(PPh^)2XCl_7 (X = Br^ NCS or NO^) are found to be non­

conducting in acotonitrilo, whereas conductance measurements. 

for /~Ni(OPPh,)XCl 7-5 could not bo carried out duo to their 
^ - d. 

decomposition in acotonitrilo or nitrobenzene, Non-conduc-tance 
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Tabic II,if. Electronic Absorption Spectral and 

Magnetic Moaunt Data of the Conploxcs 

Complexes 

/"Ni(PPh^)Cl2_7^^'' 

/"Ni(PPh )BrCl_72^^'' 

/"Ni(PPh^)(NCS)Cl_72 (a) 

/-Ni(PPli^) (N0^)C1_7^^^ 

/"Ni(OPPh )(SCN)C1^72 
(a) 

/~W±(PPh^)2BrCl__7 (b) 

/'"Ni(PPh^)2(NCS)Cl_7 

/"Ni(OPPh^)BrGl_72 

/"Ni(OPPh^) (N0̂ )C1__72 

(b) 

A i n rm 
Ri'ax 

^ *- max' 

6ifO (103) 

595 (105) 

655 sli 

625 (105) 

690 sh 
615 (212) 

575 sh 

660 (107) 
590 sh 

655 sh 
590 (130) 
550 sh 

575 (200) 
1|20 (i+200) 

/ ^ e f f 

(B,M.) 

2.59 

2.71 

2.^5 

2 .53 

2 ,83 

2.99 

/ Ni(PPh,),(N0^)Cl 7^^ 660 (170) 
3 2 3 -

395 (255) 
^18 (3300) 

3.1 if 

Dianiag, 

2.58 

2.51 

(a) = in acctonitrilG; (b) = in benzene, 
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of the compounds show that no ionic species arc present in 

the solution, 

F̂î sĵ blĉ . Spectra 

The visible spectra of the complexess /"'Ni(PPh-,)XCl Jpf 

(X = CI, Br, NO^ or NCS) in acetô nitrilc show two- bands, 

around 650 and 600 nm (Table Il.ij-.), These bands may be 

assigned to one of the d-d transitions for Ni(II) tetrahedral 

system, viz. \^(F) >^T.(P), as in the case of 

/~Ni(0AsPh.7)2Clo_7» In these complexes, the symmetry of the 

ligand field around the metal ion is lowered from̂  Td,, which 

splits the -^T.CP) term into' one component of two fold degene­

racy and another non-degcncratgjcomponcnt at different energy 

levels, thereby giving rise to two bands (or one assymetrical 

band with shoulder). The spectra of these compounds in nitro­

benzene are similar to that in acotonitrile. The reflectance 

spectrum of /"Ni(PPh^)Cl2_72 (fig. ao. II.5), shows a band 

at 920 ma and two bands at 570 and 620 nm of equal intensity. 

The band at 920 -ni?. could be due to the ^T,(F) ^ ' ̂ A^CF) 

transition and the other two bands could be same as discussed 

above. 

The visible spectra of /'"Ni(0PPh^)XCl_72 (X = CI, Br, 

NO-z or NCS) in solution show absorptions similar to those of 

/~Ni(PPh^)XCl 2. However, the intensity of the bands decreases 

slowly with time due to slow decomposition of the compounds in 

solution, 
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The visible spectral data of /"•Ni(PPlî )2BrCl_7 and 

/"Ni(PPh^)o(NO^)Cl 7 in 800-350 mi region are given in 
t> d. t> -

Table II.if. Those complexes, -shov/cd. two absorption bands 

around 600 and ^00 nni, which is in conformity with the spectra 

o.f /•'Ni(PPh,)^X2_7 (X = CI, Br, I)? The band around 600 ma 

could be assigned to -̂ T.CF) ^ -̂ T.CP) transition for 

n.ickcl(II) tctrahodral systens. The band around 400 niii is 

more lilsBly due to charge-transfer. The spectrura of €ho 

square planar complex, /~Ni(PPh^)p(FCS)Cl 7 is similar to the 

reported square planar, /''Ni(PPh^)p(NCS)2 7"? v/here only one 

band at 418 nni is observed, which is likely to be charge-

transfer band only. The visible spectra of the couplexes in 

nitrobenzene solvent showed a pattern sinilar to that in 

benzene with slight shift of the band position towards higher 

energy, 

The thomogravinetric studios of /~Ni(PPh-,)XCl 72^ (X = CI 

or Br) also confirm the composition of the complexes. The 

conploxes start decomposing at 80°C and total loss of tri-

phonylphosphine is observed at 460°C and 475°C fo.r X = CI 

and X = Br respectively, 

The proton n,ia.r. spectra for /"Ni(PPh^)XCl-Z (X = CI or 
y -d. 

Br) in acctonitrilo at room temperature gave a structureless 

singlet at 7,57S v/hich is characteristic of the protons of the 

phenyl groups in triphenylphosphino. The n,m.r. line of the 

phenyl-proton as v̂ ellias that of TMS reference arc broadened 
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conparod to the n.ia.r. of the free ligand which support tha t 

parari-ignctic /''Ni(PPh^)XCl /p i s prosemt in solut ion. 

On tho basis of above studies the structure of 

/~Ni(PPh )xei_72 ^^'^^ /~Fi(0PPh,)XCl_72 (X = CI, Br, NO, or 

NCS) oru proposed to bo dincr ic bridging through the chlorine 

atomss with a d i s to r t ed t e t r ahedra l arrangraent around the 

nickel atoms as shown below. 

""^:)x 

where (L = PPh^ or OPPh^); (X = CI, Br, FCS or NO^). 

The structures of /•'Wi(PPh,)2XCl_̂ 7 (X = Br or NO^) are 

distorted tetrahedral and /"'Ni(PPh^)2(NCS)Cl_7, a square 

planar, 
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27. K. A. Jensen, B, Fŷ _aard and C. Th. Pedersen, 

Acta Cliem. Scand. , JĴ , 1126 (1963). 
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CHAPTER III 

SYNTHESIS AND STUDIES ON DICHLOROIODO TRIPHENYLPHOSPHINE 

OXIDE NICKEL(III) 

INTRODUCTION 

The study of transition metal coî plexes in uncommon 

oxidation states has been of increasing interest to inorganic 

cheraists. Such oxidation states are often implicated as 

transient intermediates in chemical and biochemical redox 

reactions. To obtain stable compounds containing such oxi­

dation states is of obvious interest. The chemistry of nickel 

is knoim in the oxidation state ran^e of -1 to +ij-s ii'̂  which 

the most common, stable and the Vifell studied state is of 

nickel(IT). The higher oxidation states of nickel, viz, +3 

and +L^. are scarce and have aroused interest in Chemists, 

Complexes of nickel(III) have been considered as a recent 

discovery] however, the first complex of nlckeKlII), viz. 
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/~Fi(PEt,)pBr^7 was reported "by Jensen in 1936. Though, the 

chemistry of nickel(III) has not been fully explored, but there 

has been growing interest in this field during the last 

5 U fifteen years.'^ 

A major -set-back to the earlier investigations of 

nickel(lll) complexes was the lack of a suitable method of 

characterization of the 5+ rnetal centre. Magnetic suscepti­

bilities could only indicate the presence of one unpaired 

electron on the complex system but not its exact location. 

Application of electron spin resonance spectroscopy has helped 

in distinguishing between a d' nickel(III) and an electron 

delocalised over the coordinated ligand(s) in a nickol(II) 

stabilised radical. Chemistry of tervalent nickel received 

a great stimulus largely due to the development of methods of 

its generation, which enablud chemists in sj^nthosising a large 

number of complexes either in solution or in solid state. 

TyP.e.s. PX.,LiiS.ands 

Dopcnding on the modes of coordination the ligands which 

form stable complexes with tervalent nickel can be broadly 

divided into four categories, viz. (i) monodentate, (ii) open 

chain chels,ting (polydentate) , (iii) macrocyclic and 

(iv) ligands forming cage type complexes. 

Monodentate ligands with which stable complexes of 

nickel(III) aru ruportcd contain F, 0, N or P as donor atoms, 
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although such complexes are very few. Known compounds are 

K /"NiFg__7? /~NOjV"Ni(NO^)^y",^ /J^U^'J^)£A-^J (X = CI or 

Br, R = He, Et, n^Pr, n-J3u)̂ ''̂ '̂  and /"FiX^CPMe^Ph)^,? (X'=: CI 

or Br)?'"'*̂  /"FiCFIÎ ) 7^^ has betn generated by pulse radio-

11 lytic technique. • 

Open ciiain chelating ligands stabilizing nickel(III) are 

mostly bidentate, viz. ethylene diamine, ' -̂  propylene diamine, 

bipyridyl, • phenonthrolines, various diphosphines, 

diarsinesf^' '' deprotonated amidesj''" peptides, -̂  oximeŝ -̂̂ '̂  

and dithiocar'bamates. ^'^' Some examples of hexadentate ligands 

containing amino and oximo groups stabilizing nickel(III) are 

also reported. There has been a considerable progress in the 

study of the chemistry of nickel(III) compounds with macro-

cyclic ligands. All the macrocycles studied are of tetraaza 

type. Reviews on such work has been reported?' *" The tetraaza 

macrocycles of nickel(III) are studied mostly in solution 

either by electrochemical or by pulse radiolytic technique. 

Most of tetraaza complexes of nickel(II) exert an unusually 

high ligand field on the metal ion thus raising tlie antibonding 

orbital energies sufficiently, so that the reiuoval of an elec­

tron to give a nickel(III) complex is a lov; energy process. 

•3andi,¥ich complexes of cyclopentadieno and cage typo comp­

lexes of carboranos also stabilize torvalent nickel. Exaiaples 

of such complexes aro/^"'^ /"lvi(cp)2_7'̂ 5 Ni(cp) (BgCpH.,)' 

/"He^N_7/"Ni(E9C2H^ ^)^J, 

. n+ 
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Mctliads. p,f G.en.GrAt±p.n pX.JiiciS.c\CrĴ Jl 

Throe diffGr^nt nothods have loocn used to ecncratu 

nickcl(III) co.aplexcsj via oxidation of the nickol(II) analor 

o,ues. Theŝ > ai-c (i) chcoiical oxidation, (ii) olcctrochomical 

oxidatio_i and (iii) pulse radiolj-tic and flash photolytic 

techniques. 

Thv. pulse radiolytic technique is a pov/orful tool for the 

generrtion of nickel(III) in aqueous so3-ution. This is 

usually not a method for bulk synthesis. The radiolysod solu­

tions are directly investigated by various physicochemical 

techniques. This technique enables chomists to study the 

properties of highly unstable intermediates v/ithin a short 

period of tiiae. The najor disadvanta:-ics of this technique is 

that duw to thv. vury high reactivity of the jprinary free radi­

cals thî y also often r̂ -act with the products. Therefore, 

experiuents with very snail conversion to tervalcnt nickel 

inti^ruediatcs can bu studied. This technique has been used to-

studj' the kinetics of for-mation and deca^ of the short-lived 

nick^l(IJI) coraplexes of arauonia, ethylenodiojiiinej-^ ethylcne-

diai'iinc tetra acetic acid, glycine -̂  and diuethyl glyoximc, 

El^ctrochciical oxidation of nickel(II) complexes in aqueous 

or in non-aqueous solvents has been extensively used to gene­

rate nickel(III) coinplcxus. This aethod of synthesis is 

usually very n^at^ since the potential can be precisely set at 
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the desired valuo, thus avoidiiî i complicating side reactions. 

•'/hile this method is suitable for Ijulk synth'̂ sis also, it is 

laostly used to generato nickel(III) in solution îliich is 

directly used for further studies such as, osr, rrithout going 

through isolation and purification. This Method has been 

mostly'' used to study the nickol(III) conplexes of tctraaza 

raacrocyclos. Some of the tcrvalont nickol(III) complexes of 

bidentato ligands, viz. ethylenediamine, cthylenodiamine 

tetr^ acetic acid7 K,N'~bipyridyl -̂  and phononthrolincs LIlX-U-LJ-iiefc' 

have boon generated by this method and studied. 

The choj.iical methods of synthesis of tervalcnt nickel 

complexes are useful, since complexes can be isolated in solid 

statu too. Thusj various physical studies of the complexes 

can bo made in solid state and in solution too. ]"ickel(III) 

complexes have buen obtained by the oxidation of their 

nickel(II) analogues using oxidising agents, such as persulphatOj 

halogens, nitric acid, oxygen, nitrosyl halides, hydrogen 

peroxide, dinitrogen pentoxide, ferric chloride, thiuramdisul-

phid.. 5 and hv̂ xachloro iri'dium(IV). I'any of the complî xcs thus 

synthesized and studied include nickcl(III) tetraaza complexes. 

A brief reviev of the nickel(III) complexes containing mono-

dentate and bid^ntate ligands obtained by different chemical 

oxidations has b^en presented in Table III.l. iiacrocyclic 

totraaza complexes of nickel(III) obtained by chemical oxi­

dations have not been included in Table III.l, as they have 



63 

01 
c 
•sj 
D 

W 
o 
X 
(U 

i H 

a E 
o 
u 

^ - v 

H 
H 
H 

V, - * 

H 
Q) 
Ai 
O 

•H 
S 

"8 
to 
c 
o 

4J 
fO 
1-1 
0} 
ft 
CD 
U 
fc 

03 
-P 
C 

'O 
•H 
X 
o 
i H 
m 
o 

•H 
e OJ 

j : : : 
U 

H 
H 
H 

I-+ 

X! 

EH 

O 
C 
CD 
U 
(V 

m 
CD 

CO 
0 

•rH H 

O 
• H 

c 
•H 
ra 

•H 4J 

O < 

to 
•p 
c 
m 
•w 
o 
fO 
CD 

o a 

to 

CD 

CD 
r H 

ft 

o 

to 

N 

o (U 

H 

% 
« 

Cn 
ffj 
S 

• S 
• 

P 

o 
1-1 

CĴ  
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been discussed in de t a i l fclcewh^^roT* ' 

Fron the pr^cc-dino, roviuv on the coiiple3Jos of tcrvrJ^^nt 

n i c ' u l j i t ±a cvidv^nt t h - t thu s tud ies on n icke l ( I J I ) coxip-

lesos i s in a s t - t e of development nnd th^ iiuthods of synthe­

s i s usipg cheiiicil oxidants require nor^ •',/ork for th^ systejan.-

tiz<'^tion .̂ nd gcnora l iza t ions . " i t h a vie\.' to synthesize» 

n i cko l ( I I I ) cosaploxos containing mono- or iDi-dentate l igands 

usin^ ch^^aical oxidants and to study tbo i r physical and chemi" 

C--1 uv^h-viours, •^.tter-ipt was nrde to oxidise n ickol ( I I ) t e r t i -

arjnphosphjne coaplexes, v iz . /"'Nli'pVh^)^K^^^J (X = CI3 Lr, I , 

I'CS or ivOv) usintj n i t r o sy l chloride ns oxid-nt . Except for 

X = I5 in a l l other cases, /"UiLXCl 7^ (L = FMi-, or OPPh.,) 

typ^ of coMpounds were obtained and are d^^scriL^d in Chapter 

II» In thv. case of FiCPPh^)^!^* oxidation r/ith n i t rosy l 

cliloride or chlorine r^sul tod in tht fornation o r n. n i cke l ( I I I ) 

coaplox, /' 'Ni(0PPh^)Cl2l_7. In t h i s chapter synthesis , chara­

c te r i za t ion and study of so îie physical and ch^nic-^.l proper t ies 

01 th^ n ic l r^ l ( l l l ) cowplcx are reported. 
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EXPERIMENTAL 

Diiodo bis--triphonylphosp..in^ nickolCCI) was prepared 

o.ccordin̂ , to tĥ . iactliod of VoncnziJ' 

A suspension of powdered /""Fi(pph )_Î _̂ 7 (1 s).v/as taken 

in dry cyclohoxanc (50 ul) and nitrosyl cliloridc vras bubbled 

slo\-;ly through the suspension for about 20 minutes v/hilo 

stirring- the aixtiire. Slowly the suspended natv^rial îront into 

solution. After discontinuing the bubbling of the gas, the 

nixturv, was stirred at room t^Mperature for about 8 hoursj when 

a yellow cryst^.llino compound separated out. During the reac­

tion, colour of the solution chan(;ed frou dark reddish bromi 

to light red through green. The conpound was filtv^r^d out and 

v/ashed several times with dry diethylethcr and dried und-̂ r 

vacuun. luP., 100-105 "̂ C (decomposes). Analyses : 

Calculated for /~Fi(0''-'Ph^)Cl2l_7 : Ni, 10.97; C, ij.0.37; 

H, a.80; P; 5.79; CI, 13.27; 1, 23.7^^. Found ; Fi, 10.95; 

C, 40.60; R, 3.12; P, 5.80; CI, 13-57; I, 2î . 12. Saiao 

conpound \:c\c obtained also when chlorine ?;is used instead of 

nitrosyl chloride. 

The nothor liqu^orj aft^r the separation of the conpoundj 

on concentr-^.tion yielded triphonj^'lphosphine oxide, characte­

rized by n.p. (157 °C) and infrared op^ctrua ( Vp_Q at 1185cn'' ). 
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2) P r e p a r a t i o n of /"NiCP^li )^IC1_7 

•"̂ 0 a &v;spcflsion of /""Fi(OPPh )Cl2l_7 ( 0 . 5 o) i n a c e t i c 

acid (20 nl) , a s o l u t i o n oX trDphv-nylphosphino (O.G î) i n 

aci^tic acic' (5 n l ) L - S added and tliu f i x t u r e vas s t i r r e d for 

aDout /• liouro a t roo.;. t . n p c r a t u r e , \"hen a d^op brovm c r y s t a l l i n e 

compound sopar- ' tud ou t . I t was Cuntr i fugcd, v;ashGd f i r s t wi th 

a x e t i c acid ?j'id then s e v e r a l t i i i ^ s \vitli dry d i ^ t l i y l e the r and 

driv^d undv^r vacuui-;. H.P . j 180-18^| C (dwCCiiposos) * Analyses : 

Calculatc^d for /"r i(PPh^)2lCl__7 : Mi, 7.87; C, 57.99; H, k,03] 

CI, A,-. 76; I , 17.02; i^ound : F i , 8 .0 ; C, 57 .7 ; H, ^ . 3 ; 

CI, 5 . 1 ; I , 1 7 . 1 . 

C a t a l y t i c Oxida t ion of TriphcnylLpliospliiiic Usins 

/"'Ni( OPPh^) Clpl_7 

A s o l u t i o n of / "F i (0PPh^)Cl2 l^7 (0 .02 g) and t r i p h c n y l -

pliosphino ( 0 , 5 S) i n cyclohexan^ (/+0 n l ) \/as bo i l ed under 

r e f l u x for about /i h r s vmil^ oxygen \/as bubbled slowly tiiroue,h 

tli^ s o l u t i o n . The s o l u t i o n ^'as cooled and concen t ra ted und^r 

roducud proSsur>^ when a conpound s c p i r a t ^ d ou t . I t i./as f i l t e r e d , 

wasl-iod f i r s t with cyclohcxinv^ and th^n with eth^^r s e v e r a l t i n e s 

and driod under vacuuiu. i l . P . , 157 °C. Analyses : Ca lcu la t ed 

for G^gH^^PO : C, 77 .71 ; H, 5.A-0. Found : C, 77.^-0; H, 5 . 6 . 

file:///vitli
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EstJjnatipn._oX,XQ.4idA in.-iLVSî cpS .̂̂  of. Chlprido. 

Tlic totpj. hal idc content of the conipound vhis obtninccl by 

d^coLiposing i t v;ith KNO ,̂ KOH mixture, acidifying r/ith d i lu te 

n i t r i c acid to iiakc the solut ion jmst acidic and then p rec ip i ­

tating, as s i l ve r hal idc using s i l ve r n i t r a t e so lu t ion . 

Chloride estimation was done by deconposing the- conpound v/ith 

d i lu te n i t r i c acid and heating for about half an hour to oxi­

dize iodide to iodine and get l i b e r - t ^ d and then p rec ip i t a t i ng 

s i lve r chloride by si3.vor n i t r a t e so lu t ion . Iodide content was 

obtained by subtract ing chloride content fron the t o t a l hal idc 

content. 

Carbon, hydro^^en, ni t rogen, phosphorous and nickel o s t i -

uat ion, infrared spect ra , v i s ib l e spectra , nagnetic suscept i ­

b i l i t y and conductivity mcasuroments wore nadc according to 

iiothods reported in Chapter I I . Ane.s . r . spcctrua v;as recordod 

at l iqu id nitrogen to.iperaturc using Varian E lOif Spcctrophoto-

nc te r . The oxidation s t a t e of nickel i n the +5 coniplox was 

dcterained iodonotr ica l ly by the reduction of a kiiov/n aMOunt 

of thu con.pound with aqueous potassium iodide so lu t ion , 

folloA'>/ed by t i t r a t i o n of the l ibe ra ted iodine v/ith standard 

sodiun thiosulphate so lu t ion . 
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RESULTS AND,^I.SCUSSXQN 

Tlic o x i d a t i o n p r o d u c t of / " N i ( P P h ^ ) I p _ 7 iTitli n i t r o s y l 

clilorif ' iu o r c h l o r i n e h- .̂s th^, L r roo r i ca l f o r n u l a NiCOPPliv)^! ' . ! . 

TJI^ nac^notic xioiaent of irfhich \;"is foun;"" 1.68 F-).t'. o t rooia 

t v ^ n p c r a t u r c j c h a r a c t e r i s t i c of n i c k o l ( I I I ) h'.ivin/j, one u n p a i r e d 

o l o c t r o n . The o x i d a t i o n s t a t e of t h e M c t a l i n t h e c o n p l c x v/as 

furthv^r c o n f i r a e c l i o d o i i o t r i c a l l y a c c o r d i n g t o t h e ne thor t 

rtv^scribeJ i n t h e cxpe r i i j i en t a l s c c t i e n . N i c k e l i n o x i d a t i o n 

s t a t e +3 ^'^'S r o d u c c d t o +2 by p o t a s s i u n i o d i d e s o l u t i o n . The 

C t - n d u c t i v i t y i i e a s u r ^ u e n t s of t h e complex i n a c c t o n i t r i l e and 

n i t r o b e n z e n e d i d n o t sho\7 any a p p r e c i a b l e c o n d u c t a n c e , t h e r e b y 

c o n f i r n i n g t h a t a l l t h e a n i e n s a r e c o o r d i n a t e ; ' ' t o t h e n o t a l i o n , 

The p r e s e n c e of t r i p h o n y l p h o s p h i n o o x i d e i n t h ^ c o n p l c x 

was c o n f i r n e d by t h e i n f r a r e d s t u d ^ . The s p e c t r u i i s g i v e n i n 

f i g u r e n o . I I I . 1. A s t r o n g band a t 1180 en" ' ' i s a s s i g n e d t o 

V'p_Q of t h e t r i p h e n y l p h o s p h i n e o x i d e n ••lecule c o o r d i n a t e d t o 

th.L. m e t a l . A f t e r d e c r n p o s i n g t h t coLiplex w i t h vi/atcr, t h e 

l i b e r a t e ! ' ' l i g a n d was i s o l a t e d , and c h a r a c t e r i s e d a s t r i p h e n y l ­

p h o s p h i n e o x i d e ( v i d o j n . p . and i n f r a r e d s p e c t r u n ) . The i n f r a -

TK,\ s p e c t r u : i of the co; ip lex i n 600-100 en" r e g i o n ( f i g u r e 

nvj. I l l , 2 . ) sho\/s s i x bands of which bands a t 548 and 520 cin" 

-• 1 
a r e dUv t o t r i o h v ^ n y l p h o s p h i n e o x i d e . Thv̂  band a t ii52 en uay 

1 •> 

be assigned to »4TJ_„O» ""'̂  ̂ ^^ an-: 3O8 en" to v ĵ .̂ __̂ -j_(terminal) 

an I at 225 en to v TT-; T (tv^rninal). These assignjicnts arc 
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200 300 ^00 $00 600 700 
Wave length in nm 

Flg»m.2. Far infrared Spectrum of [Ni(OPPh3)Ci2f] 
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nn.'"'c in acc'T'"'Mice with t l i i t of isotcpic- i l ly libollv.'"' nicki.1 

couploXL-B, v iz . /•"Ni(PPh^)2X2_7 (/. = Clj Br ^r I)i'^ 

T'ho .^loctr n spin roscnanc^. spcctrihi cL a pov/c'orcd sa:iplc 

cT thv. co.ipl^z at liquiv" n j t r . ^^n tu ipt-ratui''^ (figuru no. I l l , 3) 

sh^\:s tirr absfrptiv-n l i n e s frca which tho ^ values calculated 

car̂ 5 gi. = 2.085 and gu = 2.i+30. If ive cho-^sc tho z coordanato 

such that i t b i sec t s thv. GlFiCl an^lc and x and y coopdiinatcs 

pcrpen^licular tc thv. above, then a possible cc n t igura t ion i s 

(d.,2 ,,2)^(e^2)^(d. ^)^(d^^^)"\ Pollowins th^ detai led t roa tncnt 
7 50 51 

îf dd systeji \ ; i th the abov^. configuration, '-'̂  wo can predic t 
g^J>s g„„5 v/hich i s observed cxpcrii lent a l ly too. Due to the ^-zy yy 

I'^ck of av.ai labi l i ty of a l l the d-d t r a n s i t i o n s , i t i s not 

possibli- to interpri^t , the e . s . r , data quan t i t a t ive ly . On the 

b - s i s of obsi.rvu''' g values, we can nake a t en ta t ive assignrient 

of 25,000 cir^ ( t = 70) b-.n̂ ^ to d 2 Z > d ^ and 16,000 en"'' 
X -y yz 

(€ = 13) band bo d 2. ^ d transition. Thus the couplox 
z y z 

has a tctrahor'jr-l geo'ietry with te t ragonal d i s t j r t ions , 

A reacti->n of thu conplux with triphenylphosphine in ace t ic 

aci"'' r^^sultv. ' in th-^ foriiation of a dark bro\/n c ry s t a l l i ne 

ĉ  poun " of tho co.iposition /'•Ni(PPh^)pClI 7, a n i cke l ( I I ) 

cc. iplex. "̂ ho a-ignetic n: lent of t h i s coiiplcx i s 3.31 B.M. at 

roc 1 t\. ipt-raturv., Si . l i lar .lagnotic iionent values are observed 

for n i ckc l ( I I ) tv. tr-^h^dral conplex^s. This conplox does not 

cont i in trn ph^nylphosphinc oxidi^ ccor ' i aa to ' l tĉ  n i cko l ( I I ) as 

Gvi ^encoL by thu infrar«-ri spectruri, Tho strong band at -
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2550 2750 2950 
Fl̂ td Strength (in Gdussj 

3150 3350 

FJ8.nL3.>SR Sf>«ctrum of [NKOPPhj)Ct2l] 

at liquid nitrogen temperature 
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1180 CLi" duL. to V p_n. ul the plnspliino cxtC^ i s ibsont in the 

siDCctruii, Th^ CGii'luctivity iionsurv..iunt ^f t h i s c .iplox in 

a c c t o n i t r i l o does n:)t show any c ^nductnnoG thereby ccnfirning 

tha t a l l the ani^^ns %T^ courclinate ! to the ne ta l i')n. The 

conplox sho\/s absorptions in the visiblv. region at 10,200 sh, 

22,000 and 23,000 en"'' which i s .si i i i lar to those, of 

/"FiCPPh,)2X2^7 (X = CI, Br, I ) ?^ The ban'^ at 18,200 ci.r'' 

could be assigned to ^T.(F) ^ ^ T . ( P ) t r a n s i t i o n of 

n ickol ( I I ) t e t r ahedra l couplext^s, v/hereas the other bands nay 

be due to charge- t ransfer . Thus /"l\Ti(PPh^)2lCl_7 b-is a d i s t c r -

tec* to t rahedra l environ.'ent around n i c k e l ( I I ) . 

The nickGl(II I ) conplex, /~Fi(OPPh )Cl2l_7 i s foun 1 to 

act as a ca ta lys t in the oxidation of triphenylphc siohine to 

triphcnylx^hosphine oxide. The c a t a l y t i c oxidatioii react ions 

using the c ^ iplex an.' triphcnylphosphin^. in varying proportions 

(upto 1:25) in cyclohexane ^r nitrob^^nzone gave quant i ta t ive 

yiL,l 1 cI th>̂  corresponding oxide, which \/as character ised by 

i iel t ing point (15O °C) an'l infrare;! spectrui; (abs rp t ion at 
— 1 1185 cn~ c>u.e to V p_r, of th.. phosphinc oxide). Tho complex 

i s foun' to "^xidize cyclohexanol tc cjclohexapone in pyridine, 
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CHAPTER IV 

STUDIES ON /"Ni(0PP3a )2X_72/ ' 'Y^72 

(X = Clj Y^ = Br^; X = Br, Y^ = Br^ or I B r , ) 

INTRODUCTION 

Our interest in the syntheses and studies of 

nickoldll) complexes has led to the study of a nickel complex 

viz. /•Fi(0PPh,)Cl2l_7 doGcrihcd in Chapter III. Oxidation of 

the nickcl(II) couiplox, /"FKPPh^) ̂ lo 7 by chlorine or nitro-

syl chloride resulted in the formation of the aloove mentioned 

compound. Chlorine or nitrosyl chloride acted as oxiddsing 

Qt̂ -̂ nts for the oxidation of nickel(II) to nickcl(III) with 

simultaneous oxidation of triphcnylphosphino to the corres­

ponding oxide. Sii'iilr'r to chlorine, bro;'ine is also an 

oxidising af.',i.nt Ai/hich is oxpL-cted to oxidisu the m^tal and 

th»̂  coorclin-̂ ted lit,anas. Jith a viev̂  to obtain nickel(III) 

complex, reaction of bromine v/ith nickel(II) complexes, viz. 

/"ivi(PPh)2X2^7 (X = CI, Br, I, NCS) were carried out. 
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Hov/cvcr, tho results of bromine oxidation wore different and. 

oxidation of only tii>. coordinated ligand, triplicnylphosphine 

to the corresponding oxide was achieved and the compounds 

obtain._d were of the type /~'i^±{OPPh-z) o^^ "^?C^-i,J? (when- X = 

CI5 Y, = Br^; whun X = Br, Y^ = Br^ or IBrp). Compounds 

obtained had a nickol(tl) complex cation sca^. a trihalido 

anion. 

Althouijhs the first polyhalide anion was reported in 

1819 J however, a careful thorough rcoxaM-ination of the 

methods of prL̂ paration̂  physical properti'.s and reactions in 

solution and in solid state of the polyhalides were carried 
2 

out by Cruner and Duncan in early tv;entieth century, A poly­

halide anion aay be defined as an addition product of a halide 

ion actinj, as a Lev/is base va.th one or raore halogen or inter-

halogen molecules acting as Lewis acids. Such an ion can be 

assigned tĥ.. generalised fornula X Y Z ", where X, Y and Z 

represent either identical or different halogen atoins. For . 

all the v/ell defined species of this type, m + n + p is an 

odd nunb..r that can bo 53 5? 7 or 9. 

Fot all netals are capable of foriaing polyhalide salts, 

In order to forn a polyhalide salt, tht̂  cation must have a 

large radius and a small charge^ Thi. best known and the most 

stable of the iietal poly-halogen salts are those of Cesium 

and Rubidiuiii. The condition of largo catlonic size and low 
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charge arc acij;iirably fulfilled-, in totra-nlkyl -.ai'iiioniun saltsj 

NR, "*" or AsPh, and th^ polyhaliclos of these cati.)ns arc well 

known. Poly-valcnt cations apparuntly clo not yield salts 

with thu trihalidcs. Howovcrs salts of magncsiun, zinc, 

cobalt, nickel and burylliun with tho tetrachloroiodatc(III) 

ion arw known, Fo¥/ other transition uetal polyh.alide salts 

are also known, viz. Ki(ClF2)2^» Ki(Cl]r, )2̂ 5 

r^o{W.-^^J['lr^J^ and the pclyhalidc salts of 

/~Co(on)2Clp_7 (en = ethylene diauiine)? In this chapter, 

trihalidcs of the nickcl(II) complex cations of the type 

/""FiCOPPhO2X^72/*"Y, 72 (v/hon X = CI, Y^ = Br,; X = Br, 

Y-, = Br^ or IBr2) and their physical and chcaical studies 

are reportedi. 

EXPERIMENTAL 

/""NiCPPh^)2X2^7 (X = CI5 Br, I, NCS) v/crc prepared 

according to the nothod of Vonanzi. 

Reaction of Rronjno v/ith /~Ni(PPh,)pXp 7 

/~Fi(pph)2X2^7 (X = CI, Br, I, FCS) (O.S s) was t,akon 

with dry benzene and cyclohcxane nixutre (1:6 ratio '•̂ 30 nl) 

in a tv/o necked round botton flask and stirred for about 30 

ninutes. Bromine (0,2 ml) v/as taken with cyclohexane {ZQ ml) 

in a dropping funnel; and was added dropwise to th^ suspension 
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of the compound in benzene cyclohexanc mixture, with constant 

stirring. Bromine addition was completed in about 2 hrs and 

the mixture was stirred for 10-15 hrs more. First, a pasty 

mass was obtained which ultimately turned to orange yellow solid 

compound with the supernanatant liquid also turning yellow. 

The compound obtained was centrifugedjWashed with dry cyclo-

hexane several times and dried under vacuum. The compounds 

obtained have the comiposition Ni(0PPh^)2XBr^ (where X = CI, Br 

or I). In case of the reaction ot /M(PPh-^)^(IICS)p J with 

bromine, com.pound Q,btained did not seem to have a stoichio­

metric composition. 

Reaction of Triphenylphosphine with /"•Ni(0PPh^)2X 7p/~Y^ 7-p 

(i) To a suspension of ri&%{QiVV^^^^J^C^-zJ2. (0*'' s) ̂ ^ 

acetic acid (5-7 ni-1), triphenylphosph? le (0,4 g) was 

added and the mixture was stirred at room: temperature 

for about l\ hrs. The compound thus obtained was centri-

fugedy washed with acetic acid and finally with dry 

diethyl ether and dried under vacuum-. /~Wi(PPh7)~IBr 7 

was obtained when /~Ri(OPPh,)Br_72/~IBr2_7p was usedj 

whereas /~Ni(0PPh^)2X_72/"BrWg (X = CI or Br) resulted 

in the formation of Ni(PPh^)2Brp. 

(ii) A reaction similar to that of (i) was carried out 

using dry cyclohexane (6-10 mi). The com.pound was 

washed with cyclohexane and dried under vacuum. 
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/">ii(0PPh,)2lBr_7 was obtained when ri}±{Q?V\i^)^vj^/_~lBr^ 

\-jc.s used and /~¥±{0I''Ph^)£ji_7^/~Br 7^ (X = CI or Br) 

rusul tud in tho fornati^'n of I\Ti(OPPli^)pBrp, 

Carbon, Hydrcfcn and Nickel analyscSj infrar^^d spectra , 

e lec t ronic si 'uctra, uagnetic s u s c e p t i b i l i t y and conductivity 

data v/cr^ obtained according to nethods reported in Chapter I I . 

Thî  analyses oi h a l i i e contents ¥/ore obtained froia National 

Chenical Labor-^.tcryj Punc. These data are given in Tables IV. 1, 

an 1 Table IV. 2, Total reducible halogen ccntent i n the poly-

hal idcs was esti j iate ' ' by iodoiiotric t i t r a t i o n . The compound 

was t-^ken in water, ac id i f ied with ace t ic acid, potassiun 

iodi^'e -idied and s t i r r e d in dark at ro.Mi temperature ( -N/ 20 C) 

f'jr about 15 lain to l i b e r a t e iodine CQiipletcly, The l ibe ra ted 

iodine v/as t i t r a t e d against standard sodiuii t l i iosulphate 

solut ion. 

RESULT'S. „..AND „ DISCUSSION 

The reac t ion of brcninc vdth /"Ni(PPh )pX2_7 (X = CI, Br 

or I) gave c Tipounds of the s to i ch ione t r i c coiipositiLn, 

Fi(OPPh^l;XEr-,s wJierc X = CI, Br ur I . Looking at the conpo-

s i t i j i i j one woulr' l i ke to c a l l these C'^nplexes to have d i s to r ­

ted octahedral envir nnent around nickel(IV) ions . Fickel(IV) 

octahedral d i ip lexes are reporto'l t-̂  have diai.:agnetic beha-

viour , however, in the presence cf a weak c rys ta l f i e ld , 

file:///-jc.s
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Tabl^ IV, 2, ii-igiiv^cic liOmcnt inc Jil^ctronic 

Spectral n-'.t- of th^ Coiapounds 

X A i n iTiii 5 /\. i n nm 
innx 5 max 

Couipounc" ( € ) i n 5 (6 ) K m 0 - off 

ncc toni t r i lc 11 in nitrobcnzcrn wB.!!.) 

r¥±{Qvn'i^)^vj^/l'2,T^j^ 630 

/•"Fi(OPPh^) 2^S£j^rBr 7^ 

/"Fi(OPPh ) ^\J^rYjT-J^ 

/"Fi(PPh^)2lBr_^7 

if50 sh 

370 (3ifO) 

256 (33jOOO) 

700 sh 

6/f2 (85) 

605 sh 

^60 (z+5) 

370 (640) 

268 (345 700) 

700 sh 

6^1-3 (52) 

605 sh 

if60 sh 

370 (350) 

268 (47,000) 

620 

510 sh 

370 

270 sh 

2if7 

3.40 

465 (60) 

^65 (54) 

2 .94 

465 (21) 
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magnetic moment corresponding to four unpaired electrons may be 

expected. Compounds obtained, have magnetic moment in the range 

3 to 3./+ P..>. (Table IV.2.)> corresponding to .two unpaired elec­

trons, expected for tetrahedral or octahedral nickel(II) comp­

lexes. Hence the complexes obtained should contain nickel(II) 

ions in it. 

Considering that the complexes contain nickel(II) ions, the 

only possibility of explaining the composition of the compounds 

is by assuming it to contain a monohalide and a trihalide anion, 

The presence of trihalide anion is confirmed by the ultra-violet 

spectral studies of these compounds (to be discussed later). As 

we knô j that the polyhalide anions are stabilized by low charge 

and big size cation, it is expected here also tnat the compounds 

should have an ionic nature with a cation and a counter poly­

halide anion. Assuming a tetrahedral geonictry arount the rackel(ir) 

ion, a composition of the type /Ri(0?Ph^)pX Zp/̂ Y-z Z, is the 

likely possibility. In such cases, the conductivity measurements 

would help in knowing the nature of the compounds. The molar 

conductance of 1 : 1 electrolytes (viz. R^F /"X^, 7") in 10~-̂  M 

acotonitrilo solution at 25 °C is rcportcd^'^lGO i*̂  cm mol"" . 

The molar conductance obtained for those compounds arc about 

260 ST" ci'i mol" at 20 C, vjhich is very close to the expected 

value for 1:2 electrolytes in acetonitrile. The molar conduc-

-1 2 -1 tancc value for /Fi(OPPh JpBr7p( Br^) is highor(ifi|.0 iTl cm mol ). 

The molar conductance in nitrobenzene for those compounds is of 

— 1 2 — 1 thu ordor of 35-HT cm mol"", a value lower than expected for 1:2 

oloctrolytu. It could bu duu to incomplete ionization in 

nitrobenzene. 
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The coordinated triplienylphospliine raolecules of 

/'"Fi(PPh,)pX2 7 (X = CI5 Br or I) have been oxidised by bromine 

to give /''l'''i(OPPh-,)pX Z p / " ^ ^ / ^ . Presence of tr iphenylphos-

phine oxide i s confirmed by the infrared spoctraj Vifhere a band 

of iaediuia i n t ens i ty in the region 1155 to II65 cm" i s observed, 

^ 9 
assionaol^ to *3)p_Q • Infrared spectrum of 

/'•Fi(0PPh^)2Br_72/lBr„_72 ^^ given in figure no. IV. 1. 

Besides, a band around IO9O cm" due to tri]phenylphosphine was 

replaced by a band at 1120 cm" characteristic of triphenyl-

phosphine oxide and its complexes, 

The absorption bands in the visible rugion for these 

compounds could be assigned assuming a distortud tetrahedral 

environment around the metal ion» The absorption around 

600 nm could bo due to -̂ T-CF) > ^T.(P) transition of the 

tetrahedral d systems. Visible spectrum of 

/"Ni(0PPh;,)pBr_7p/'"Br, 7p is given in figure no. IV.2. 

Splitting of -^T-CP) state could be explained due to large 

distortion in the symmetry around tht. mutal ion from T ,. 

In the light of above discussions, the follovang formu­

lations for Ni(OPPh^)pBr, are possible, viz., 

/"•Fi(0PPh^)23r_72/~Br, 72 or /"Ni(0PPh,)2(Br^)_72Br2. However, 

as no examples of covalcntly bonded Br7" or any other poly-

halidc ions are known, the former formulation is preferred 

0Vv.r thv. later. Besides th^ ultraviolet spectrum of the 

compound in acetonitrile (figure no. IV, 3t).) shows an absorp-
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Wave NumNH<:fTr^).x1§^ 
M_ V 15 13 

f? 25-

2?0 290 310 330 

Wav€ length in nm 

Fig.IV3.UV Spectra of (a) [Nf{OPPh3)2Br]l8r2 

ih\ [NI(OPPh3)2Br]Br3_ in Acetonitrtle 

3S0 

http://Fig.IV3.UV
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tion band at 268 nm (̂  „̂  ̂  = 41,200)'. A siuiilar banc! at 269 nna 

(6: = 5"?,000) is ruportcd for the Br ~ ion in acctonitrilc. m a x - y ^ i i ^ ^ 

Sinilarly, for Ni(0PPh^)2ClBr^ and i^'i(0PPh,)2lBr,, the prt,for-

rud fornulations aro /"Ni(0PPh,)2Cl_72/"'Br^72 ^̂ ^̂l 

/""l\ii(0PPh^)2Br 7^f"^^'^o^J ^-spv^ctivcly. An absorption band 

in the u.v. ri-gion for thu foriior coiipound is obs^rvoci at 

268 nn ( € ,,̂ ^ = 47, 000) and for the later (figure IV, 3a.) 

at 256 n.i (C = 36,000), The band at 256 lui (̂  ,,̂^̂  = 5^,000) 

is reported for /"iBrp 7" ions in acetonitrilo. All these 

absorptions in the u.v. region way bu assigned to 6" ^G" 
12 

transition of the trihalidc anion, 

Total ri^duciblu halogen content of 

/"Ni(0PPh,)2Br_72/''lBr2^72 ^̂ nd /"Fi(OPPh )2Br_72/"Br,_72 arc 

found to b*̂  approxLlately two-ioles of halogens p^r nolo of 

tho cowplexj which is in good agrecncnt vjith th^ polyhalido 

ion fornulations. Each polyhalido anion liberates one nolc of 

r^.ducibl^ halogenj occorc'lng to the follô s/ing : 

X^ ^ ^2 + X 

Hov/cvcrs in th^ case of /"'Fi(0PPh^)2Cl J^/'TLV^ 7pj r£?duciblo 

halogen content per nole of the conplox is about one nolo of 

tho halogun. 

ThL. cationic conplexus of nickol(II), reported above have 

bocn reacted with triphenylphosphinc in acutic acid and cyclo-

hoXane solvents separati^ly and the products obtainec' are diffe­

rent in both the c.-̂ sos. Acetic acid nediun reaction results in 
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the fori.iation of /~Mi(PPh^)2l-r_7 when /T±{Q9V\i^)^vJ^f'l'hr^J^ 

is treated, and the formation of /"NiCDph^) Er^ 7 when 

/"Ni(0PPh^)2X_72/"Er3_72 (̂̂  = CI or Br) is treated vd.th tri-

phonylphosphine. T'he absence of triphenylphosphine oxide and 

tho presence of triphenylphosphine in the resulting conplexes 

has been confirmed with the help of infrn.red spectra of these 

compounds J which do not show bands at 1160 cm" due to ^ p ^ 

-1 -1 

and at 1120 cm \ but a new band at 1090 cm is observed, 

/"Fi(PPh^)2Pr2_7 is sanio as reported by Venanzi; 

/~Ni(PPh^)pIBr_7 seeui to be a new compound. The visible 

sp(-ctrurii of this compound shows absorptions around 600 nm 

which could be duu to -̂ T.(F) ^ •̂ T.(P) transition as 

discussed earlier. 

Reactions of /~Ni(0PPh,)2X 1 oC^-^ "^? '^'^'^^ triphenylphos­

phine in cyclohexanc solvent did not replace the triphenyl­

phosphine oxide by triphenylphosphine. Only the polyhalido 

anion species was converted to the monohalide anion and thus 

resulting in the formation of /~Ni(OPPh^)pIBr 7 when 

/'"lMi(0P?ĥ )2Br_7 IBr2 v/as used and formation of /KTi(0PPh^)2Br2^7 

vhen /~Fi(o^Ph^)2X_7 Br^ (X = CI or Br) was uscd» 

/~Ni(0PPh^)2Brp 7 is sane as reported by Cotton and GoodgajicJ-̂  

'fith th^ help of various physical studies discussed above, 

thv- possible geoi-ietry around nickcl(II) ion in 

/~Fi(0PPh^)pX 7p i& proposed to bv a distortL,d tetrahedral 

one, dimerising through halogen bridging as shown below, 
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Complexes of nickel(II) having similar bridging structures 

are reported with triphenylphosphine or tripheny^-phO'sphine 

oxide send "bridging chlorides, 

iPhjPO.,, 
'^'n. ^^ X 

h', 

'•^ N-; 

i PH3P01/'' 
' / X 

j^ 

. v\\ 
\\ 0PPh5 

N 
• ^ - ^ 

\j09Ph. 

file:///j09Ph
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CHAPTER V 

A CONVEN-iENT METHOD OF PREPARING NICKEL(II) 

THIOCYANATE AND ITS USE IN SYNTHESIS 

INTRODUCTION 

Conipounds containing nickel(II) thiocyanate are 

prepared mostly by the metathesis between nickel(II) 

chloride or nitrate with alkali metal thiocyanates. However, 

in such syntheses if proper precautions are not taken, the 

final product may be contaminated with impurities originating 

from starting raaterialSi Use of nickel(II) thiocyanate for 

such purposes should overcome -these difficulties. Methods 

known for preparing this compound are : (i) treatment of a 

dilute thiocyanic acid solution with nickel hydroxide or 

carbonate followed by evaporating the mixture at 150 °C; *-̂  

(ii) boiling of aqueous solution, of ammonium thiocyanate with 

a solution of barium hydroxide, followed by addition of an 
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aqueous solution of nickel sulphate and finally concentrating^*^ 

and (iii) mctathctic preparation of nickel thiocyanatc in 

cthanol followed by addition of benzene and slow concentration 

of the solution at atmospheric pressure with final heating to 

o 5 
110 C m vc'cuum, 

The methods for the preparation of nickel(II) thiocyanates 

known arc generally involving more than one step. Hence to 

find out a simple, one step preparation of pure nickel(II) 

thiocyanatc ¥>fas desirable." In this chapter, we report a very 

simple one step method of preparing nickel(II) thiocyanate by 

treating a solution of nickel(II) chloride or nitrate in 

acetic acid with a solution of ammonium thiocyanate in the 

same solvent at room temperature. The compound, thus obtained 

has been studied for its various physical properties in solid 

and in solution in different solvents. Besides, this 

nickol(II) thiocyanatc has been used to prepare many compounds 

containing nickel thiocyanate and other ligands. Some of the 

conpounds reported earlier have been prepared using it as the 

starting natcrinl and some new compounds have also been repor­

ted her^ and their physical properties studied to know their 

structurî  and mode of bonding of thiocyanatc to the metal. 
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EXPERIMENTAL 

All the materials used wore chemically pure or of Analar grade, 

Carbon, Hydrogen and Mitrogon analyses v/oro carried out at the 

Micro analytical La'boratory, I.I.T, , Kanpur, Mckcl estiiaation 

was done according to the method described below, 

•^sjJLigaL^tip n jô -f __Kickjsl 

A known quantity of complex containing '^ 25 lag nickel was 

doconposod using dilute nitric acid, diluted to 100 ml with 

water and neutralised with ammonia solution. Solid indicator 

mixture of murcxide and KNO^ in the ratio 1:100 by weight 

('v50 mg), and 1 M NH.Cl solution (10 ml) wore added to. the 

solution, pH of the solution was o.btainod at 7 by dropwiso 

addition of cone, ammonia solution. The solution was titrated 

with standard EDTA solution (0.01 M) until the end point 

approached. The solution was made strongly alkaline by the 

addition of ammonia solution (10 ml) and the titration was 

continued until the colour chan̂ .od from yellow to violet, 

Infrared spectra, electronic spectra, magnetic suscepti­

bility and conductivity moasurements were obtained according 

to the methods described in Chapter II* 
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PREPARATIONS 

NiGkcl(II) Thlocyanato, Nx(SCN)p 

To a solution of 9*5 g (O.O/4. nolo) of nickel chloride 

hcxahydrato in water (10 ml), diluted with glacial acetic acid 

(100 nl), a solution of 7,6 g (0,1 mole) aranonium thiocyanate 

in acetic acid (20 ml) was added with a constant stirring at 

rooa tocpcraturc. An instantaneous reaction took place and 

a yellow compound separated and the mother liquor turned 

almost colourless. Stirring was continued for another 2 h» 

The compound was separated by filtration and washed with 

water-acetic acid mixture (1:10) for 3 to if times and finally 

dried under vacuum over cone. HpSO,. Yield 6,3 g (90?^), 

Alternatively J the compound was prepared using nickel 

nitrate instead of nickel chloride in a similar manner as 

above. However, the product obtained was not as pure, 

Ni(0PPh-^)^(SCN)g 

A melt of triphenylphosphine oxide (1g, 0,036 mole) was 

made by heating in an oil bath to l65 C to which nickel 

thiocyanate (0.175 g? 0.01 mole) vras added with constant 

stirring. The stirring was continued for 15 minutes while 

keeping the mixture at about 165 °C, The contents wore 

co.̂ lcd, powdered in an agate mortar and then washed several 



times with benzene to remove unreactocl triphenylphosphine oxide 

and finally dried under vacuum. Yield, 0,?1 g (97^). 

/'Ni (0 AsPh^)y SCN) 2_7 

A solution of nickel thiocyanate (0,175 Ss 0,01 mole) in 

methanol (3 inl) \ivas diluted with acetone (30 ml) and a solu­

tion of triphenylarsino oxide (0,7 g, 0,022 mole) in acetone 

(5 ml) was added and the niixture was boiled under reflux for 

2 h. The yellowish green product was separated by centrifu-

gation, washed with aaetone and benzene and dried under vacuum:, 

Yield, 0,72 g (,QQ%), 

/""HKbipy) 7(SCN)2, /'NIL. (SCN)2^7 (L = MegNH, Et N or 

quinolinc) 

The method was similar to that of /'Ni(OAsPh )2(SGN)2_7, 

except that a smaller' quantity of acetone (15 ml) was used 

and nickel thiocyanate and the ligands v/ere taken in 1:3 or 

1: if molar ratio depending on the coEiposition of-the complex 

obtained. The Yield was 80-90%, 

NKN^H )2(SCN)2 and /"Ni( cn)2(SCN) 2_7 

To a solution of nickel thiocyanate (0,175 Ss 0,01 nolo) 

in. methanol (3 ml), hydrazine hydrate or ethylene diamine 

(~- 0,02 mole) was added, when immediately compound separates 

/CP.2/J?. 

file:///ivas
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out. It was ccntrifuged, washed with ucthanol and dried under 

vicuun. The yield was about 90%, 

/"Ni(PPh.)2(NCS)2_7 

To a suspension of nickel thiocyanatc (0.175 g» 0,01 

mole) in n-butanol (5 ml) a solution of triphenylphosphine 

(0.53 gj 0.02 luole) in n-butanol (5 ml) was added and was 

stirred at room tonpcrature for 1 h, A ddrX red crystalline 

ccnpound separated, which was washed with ether and dried 

under vacuum. Yield, 0.66 g {9k%) * 

/"Ni(py) (NCS)2^7, r^±{im) A^OS)^J and /"'Ni(DMSO). (SCN)^^/ 

Nickel thiocyanatc (0,5 S) was taken with pyr id ine , 

dinothyl sulphoxido or N,N-dincthyl fornanidc (5 ml) and 

heated on a v/ater bath for about 30 rain, when a clear 

coloured solutie^n was obtained. The product separated from 

the solut ion on cooling and was centrifuged and washed with 

acetone and dried under vacuum. The y ie ld was 60-705^. 

P,SU_LT1̂  AND DISCUSSION 

Nickel(II) thiocyanatc prepare 1 accordin(s to the method 

described in thu Experimental ScctioUj was reported earlier 

by different methods." The analytical data of the compound, 

confirm the composition to be Ni(SCN)p (Table V . U ) . The 
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infrared spectrum in nujol mull or potassiui'n bromide disc 

shows a strong and sharp band at 2165 cm" similar to the band 

observed by Flint and Goodgame, for Ni(SCN)p which is 

assigned unambiguously to O ^-^ of the bridging -SON group, 

A weak band at 765 cm" is assigned to Ana oi" "the bridging 

5 7 

thiocyanato groupî  Mitchell and Williams' reported a band 

at 2151 cm"'' for -^^^ of the bridging -SCN group of NiCSCN)-. 

The electronic reflectance spectrum in the region 900 to 

300 nm show bands at 650 nm and at l^J)0 nm. The former band 

is identical to that reported earlier, whilst the band at 

^30 nm could be due to charge-transfer band. The magnetic 

moment of the compound is 3*26 B.M*, which is close to the 

value reported by Flint and Goodgame, The structure proposed 

for nickel thiocyanate in the solid state consists of a tetra­

gonal coordination sphere with four bridging sulphur atoms in 
5 

the plane vri.th nitrogen atoms in the axial positions, 

The infrared and visible spectra of nickel thiocyanate 

have been recorded in organic solvents to ascertain the mode 

of coordination of the thiocyanato group in solution and the 

nature of coordination around the nickel atom. Infrared 

spectra of nickel thiocyanate in acetonitrilc, acetone and 

methanol show a band around 2100 cm" (Tablo V.2.) which may 

be assigned to terminal •On-^ of the N-bondod thiocyanate, 

A band around 800 cm" in the acetonitrilc or acetone solution 

is characteristic of the \jnc of the N-bondcd thiocyanato 
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Table V-» 2 . S j i s c t r a l Data for NiCSCN)^ 

i n Di f f e ren t Media 

Solvent 
Electronic Absorption 

max ^^ "^^ ^^max^ 

Solid 

Ethaaol 

Methanol 

NsN-Dinetliyl Formaiiide 

Dimethyl Sulphoxidc 

Acetone 

!p<^-Picoline 

Acetonitrilc 

Pyridine 

(a) 650 
430 

727 (3.7) 
662 (3.o) 
398 (9.6) 

725 (4) 
660 (4.2) 
390 (10) 
362 (11) 

735 (5.7) 
675 (6.4) 
404 (16.5) 

750 br (3) 
410 (8) 

665 sh (9) 
615 sh (10.3) 

685 (4.4) 
360 

710 sh 
610 (16) 
370 sh 

775 sh 
58? (7.9) 
360 (18.3) 

Important infra­
red bands in cm" 

2165 s^^^ 
2120 sii 
765 w 

2110 s 
2055 sh 

2150 sli 
2105 s 
2070 sh 
790 m 

2100 s 
800 m 

s = strong; ra = aodium; w = weak; br = broad; sh = shoulder 

(a) 5: Reflectance Spectrum; (b) = in KBr or Nujol. 
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Q 

group. HowGVGrj an analogous band was not observed in metha­

nol solution. Infrared studios of nickel thlocyanato in donor 

solvents have not b^en reported earlierj hov/cvcrj infrared 

spectra of /"NiLpCSCN)p 7 (I = methanol or othanol) in nujol 

provide evidence for a bridging thiocyanato groups 

The Glectrond-C spectra of nickel thiocyanate have been 

studied in different organic solvents (fig. no. V.l.) in order 

to determine the nature of coordination around the metal ion, 

The spectra in the visible region show tv/o bands arount 700 nin 

and one band around _400 nm (Table V.2.). The molar extinction 

coefficient for these bands lie in the range 5 to 20, which 

indicate an octahedral environment around nickel atom. The 

tvfobands around 700 nm can be assigned to ^M.p{F) ^ ^T^(F) 

and a band around î-00 nm to ^ApC^) *• T-(P) transitions, 

Normally in a pure octahedral environment, only one band 

around 700 niii should be observed, howeverj due to the 

lowering of symmetry to Dry.* probably duo to the formation 

of /"Ni(L,)(NCS)2_7 (L = methanol; othanol, N,N-dimethy1-

forraamide, dimethyl sulphoxide, acetone, i><̂ -picoline3 accto-

nitrile or pyridine), the •̂ T.(F) state is split into two 

states, one of two fold degeneracy and the other one a singly 

degenerate state and hence ^o absorption bands around 700 nm, 

The visible and uv spectra of nickel thiocyanate in methanol, 

cthanol and pyridine reported by Kiss and Csokan'̂  describes 

the formation of /~Ni(SCN)pLp 7 when no free thiocyanate ions 
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wore added and that of /"Ni(SCN), 7^" and /"Ni(SCN),L^^^" 

when an excess of free thiocyanate ions were present* We 

report, here the octahedral coordination around the nickel ion, 

due to the formation of the species NiL,(SON)^ (L = solvent 

molecule). The spectra arc similar to the spectra of 

NiL, (SCN)p to "be discussed later, 

Fickcl thiocyanate has been used to prepare coraplexcs 

containing oxygon, nitrogen and phosphorus donor ligands, i.e. 

triphonylphosphine oxide, triphenylarsine oxido, N,N-bipyridyl, 

hydrazine, ethylene diamines, dimcthylamino, triethylamino, 

N,N-dimothylformamide, quinoline, pyridine, dimethyl sulpho-

xide or triphonylphosphine, 

The infrared spectra (Tabic V,3«) of the complexes 

containing triphonylphosphine oxide or triphenylarsine oxido 

show a strong band around 2)00 cm which can be assigned to 
Q 

\)n-^^ of the terminal thiocyanato group? Infrared spectrum 

of /""NiCOAsPh-,) „(SON) P^7 is given in figure no. V,2. 

Terminal thiocyanate can be either an S-bonded or an N-bondedL, 

We prspose, hero only S-bonded thiocyanato group, as there is 

no absorptijn in the region 780 to 860 cm" due to 'OQp, of 

the N-bonded thiocyanato, -Jno of the S-bonded thiocyanato 
1 R 

group should be observed in 690 to 7kO era"" region. There 

are several bands in this region due to the presence of 

phenyl groups in the ligands, hence no absorption can unambi­

guously bo assigned to ^„„ ot the S-bonded thiucyanato, 
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Tabic V. 3* Sono Spcctrr.l Data of Conplcxos 

C o n t a i n i n g N i c k e l T h i o c y a n a t o C4roup» 

Conpouncl 

l\Ii(0PPh^)2(SCN)2 

Ni(0AsPh^)2(SCN)2 

N i ( b i p y ) ^ ( S C N ) 2 

NiCN2H^)2(NCS)2 

NiCMG^NH),(NCS)^ 

N i ( E t ^ N ) , ( N C S ) ^ 

E l e c t r o n i c A b s o r p t i o n 

A i a x i " ^^ ^^ nax^ 

I m p o r t a n t i n f r a -

660^ 

850^ 
650 
390 
780 
513 

a) 

a) 

(12) 
(23) 

(b) 

610 ( 5 . 1 ) ^ ^ ^ 
400 (8 .6 ) 

660 sh^'^^ 
620 (9 .2 ) 
425 (20) 

880 (4.4) 
545 (4.4) 
735 (2.7) 

(b) 

( b ) 

662 (3 .1 ) 
392 (9 .3 ) 

725 (4.8)^"^^ 
660 (5 .4 ) 
397 (13) 
740 sh^^^ 
630 (5) 
380 (11) 

735 (3 .4 ) 
660 (4 .3 ) 
400 (10) 

(b) 

r o d bands i n cm 

2100 s 
1188 n 
1182 m 

2097 s 
866 m-a 

2045 s 
780 s 
740 m 

3320 ni 
3300 ra 
3210 m 
2080 s 

972 m 
790 m 

2104 IK 
2030 s 
2110 n 
2030 s 

2072 s 

2108 s 
1645 s 
790 ra 

2100 s 

r1 

Ni(Gn)2(NCS)2 

Wi(DMF), (NCS)2 

Ni (Quin)^ (NCS)2 

Ni (py)^(NCS)2 

Ni(DMSO),(SCN)2 

Ni (PPh , )2 (NCS)2 

( a ) = R e f l o c t a n c G spoct r i im; (b) = i n MGOH; ( c ) = inn i t roba iz . enc 

2085 s 
800 n 

2090 s 
1020 in 
995 s 
950 s 

2080 s 
865 m 
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Exanplo of ,S-bonc!cd thiocyanato cuuplox of nickGl(II), viz, 

/•"Ni(OPPh^) (SCN)C1_72 having sinilar infrarcc"'. absorptions is 

rcportcflj The infrared bands at 1185 cra~ and 866 cm" in 

the phvjsphino oxide and arsinc oxide complexes are assigned 

^ 8 
^" '^P^O ^'^''^ "̂ A'\s=0 ruspcctivcly. 

Fi(0PPh^)2(SCN)2 and Ni(0AsPh^)2(SCN)2 have four coordi­

nation around the nickGl(II) ion. If the coMploxes arc 

assuLicd to be nonomeric, either a square planar or a distorted 

tetrahodral :̂ eonietry is possible. For pcnta- or hcxa- coordi­

nation the complexes have to be either dineric or polymeric 

respectively, bridging through thiocyanato groups. Ko evi­

dence of bridging thiocyanato groups is available from infra-

rod (absence of absorption in 2100-2200 cm*" region), HencG 

penta- or hexa- coordination is not possible in these cases, 

Square planar coiaploxcs of nickol(II) are generally diaraag-

11 
notic. These complexes have uagnctic noncnts -^3 B,M., 
which is slightly iDwer than the moments of tetrahodral 

1 2 

nickcl(II) complexes. , Thus, the possible geouetry of these 

complexes is distorted tctrahcdralj which is further supported 

by their electronic reflectance spectra discussed below. The 

electronic reflectance spectra show bands around 650 and ZfOO 

mi in both the cases, A band at 850 nn is also observed in 

the arsine oxide complex (fig. no, V,3.)# A band similar to 

this in the phosphine oxide conplexj if present beyond 900 nn, 

cC'Uld not be observed due to the range of measurement of the 
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instr i iniont . The banc .̂s a t 850 and 650 nra may bo assignofi to 

^TAF) >• ^ 2 ^ ^ ) ^ '̂'̂  ^T.(F) > ^TAP) t r a n s i t i o n s 
1 -2. 

rospoctivcly of a nickcl(II) totrahcdral syston,-^ The band 

around ifOO m-i could bo due to charge-transfer. The visible 

spectra in a noH.~coordinatin{" solvent, like chloroforn show 

only one band around ZfOO nni. It seems the coraplexes are 

decr-mposinĵ i: in chloroform; However, spectra of the coinplcxeis 

in a coordinating solvent like N,N-din.cthyl formaiaido is 

supcr-ir.iposable with the spectrum of nickel thiccyana.te in 

NjR-dimothyl fcrmaraidOi It seons in presence of N,K-dir.iothyl-

fornamide, the phosphinc oxide or the arslne oxide is liberated 

and an octahedral species like /"NiCDMF),(NCS)p 7 is obtained-

in the solution. 

The conplox containin^i; N,N-bipyridyl v/ith a composition 

Ki(bipy)-,(SCN)2 lias m.ular conductance 218 XL cm nol , 

which is in the range expected for a 1:2 electrolyte in 

acetonitrile, hence the molecular formula /~Ni(bipy)^ 7(SCN) , 

The infrared spectrum (fig, no. V.^.) shows a strong band at 

20Zf5 cm""" besides bands at 780 and 740 cm'"^ All the bands 

duo to bipyridyl are also present* The band at 20^5 era" is 

assigned to -^ n-^ of the ionic typo of thiocyanato group, 

which is observed at a .frequency lower than that of S-bondcd 

or the N-bonded x̂ r-N*'̂ ^ '̂ ^̂ ' ̂ ^̂ '̂  ^^ "̂ ^̂  °^ '^^^ ^^'"^ ^̂ "" ^ ° ^ 

1:'C assigiiî d unambiguously to Vrc '^^^ ^'^ many absorptions of 

bipyridyl in 800 to 650 cm" region. The electronic spectrum 
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shows two bands at 780 and 513 nm v/hich may be assigned to 

3^ (F) > ^T (F) transition in an octahedral system. The 

splitting of ^T,(F) state may be due to the lowering in 
1 

symmetry to D^. 

A complex of the composition, Ni(NpH,)p(NCS)p reported 

by Ray and Sarkar -̂  has molar conductance 210 iV' cm mol" 

in water at 2if,5 C. A compound of the same composition 

obtained by us is » insoluble in many organic solvents and 

water* Hence a conductance measurement and some of the physi­

cal studies in solution were not possible. The infrared 

spectrum shows bands at 3320, 3300 and 3210 cm~ which can be 

assigned to 'V̂JTTJ of the hydrazine. Further, a strong band at 

2080 cm and a band of mediiim intensity at 790 civT may be 

assigned to VPM- ^^^ "Jcs respectively of the N-bonded thio-

cyanato group? For ionic thiocyanato group y) Q^^ and ->) QQ 

should have been Qbserved at lower frequencies, A band at 

972 cm""̂  can be assigned to Vj^_|^ of the hydrazine. This 

compound may have a polymeric structure having octahedral 

coordination around nickel atom. Polymerisation may be 

achieved by the hydrazine ligands bridging between nickel 

atoms and having N-bonded terminal thiocyanato group, Exa-

17 
mplos of such polym̂ eric compounds v̂rith hydrazine are known; ' 

The complexes of dimcthylawine and triethylamino are 

gGnorally insoluble in most of the organic solvents. The 

infrared spectra show a band of medium intensity around 
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2105 CH~^ and a strong band at 2030 cm" 

,-1 ,. 

The band at 2105 

cm"' nay be assigned to. \j QJ]- of the bridging thiocyanate group 

and at 2030 cm"'' duo to -^ ^^ of the ionic thiocyanato group. 

Examples of "v̂r-jr of bridging thiocyanato occuring at 2110 cm̂  
1 Q -1 Q 

arc known. ^•^ The raoiar conductance of the compounds 

-1 

assuning the molecular formula /"L.Ni(NCS)oNiL, 7(SCN)p in 

nitrobenzene is found to be of the order of 150 S)-"' cm mol" , 

which is normally observed for 1:2 electrolyte systems. The 

visible spectra of these compounds in nitrobenzene show two 

bands around 65O nm and one band around L^OO nm, which may be 

assigned to the d-d transitions of distorted octahedral system 

as discussed earlier. On the basis of the above mentioned 

physical studios, the following dimoric structure is proposed. 

K e s V, 

S C H-" 

.̂-L 

•L 

ascK 

L = Dinothylamine or Triethylamine, 

The complexes containing K5N-dimethyl fornanidoj quinoline» 

pyridine J dimethyl sulphoxide or ethylene diamine arc similar 
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to the reported compounds/*^^ All these compounds except 

dimethyl sulphoxide complex have N-bonded thiocyanato group 

Tide infrared (Table V. 3.). N,M-dimethyl forraamide is coordi­

nated to nickel through the oxygen atom, as y p_Q is shifted 

to l6Zf5 cm" in the complex. The coordination of di-methyl. 

sulphoxide with nickel in its complex is through oxygen atom, 

^s ]/q_Q is shifted towards lower frequency. All these comp­

lexes have a distorted octahedral geometry and the electronic 

spectra in methanol solvent are very much similar, with two 

bands around 700 nm and one arount ZfOO nm, the assignments of 

which could be made as above. The complex containing tri-

phenylphosphine is a square planar N-bonded thiocyanato 

complex and is same as reported /~]\Ti(PPĥ )p(NCS)p ̂ Ôjî d 
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CHAPTER VI 

MIXED LIGAND COMPLEXES OF NIGKEL(II) AND COBALT(II) 

INTRODUCTION 

DiinethylsulphoxidG (DMSO) and N,N -diniGthyl forma-

niide (DMF) arc frequently used as solvents for both, organic 

and inorganic coupounds and have considerable anount of 

interaction with solutes, specially the transition notal salts, 

DMSO and DMF nay be considered as wov^ donor ligands compared 

to tertiary phosphincs or arsines. 

Dimethyl sulphoxido reacts with most of the metal ions 

to forn solvated species and their coordination chonistry is 

2-5 well studied, -̂  It has long been established that dimethyl 

sulphoxide exhibits two sites for coordination with raetal 

ions, (i) through soft sulphur atom, and, (ii) through hard 

oxygen ̂oni. Cotton and Francis have shown that a shift of 

^SO '''Ô '̂̂ ĉ̂s lower energy is an ovid.ence of the coordination 

through the oxygen atom to the metal ioft. The follov?ing 
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transition aetal ions have been reported to coordinate through 

oxygen atow of diinethyl sulphoxidcsj'^7'" Ti(IV), Zr(IV), 

Hf(IV), V(IV), Kb(V), Ta(V), Cr(II), Cr(III), HodI), Mo(V), 

I«o(VI), Imdl), Rc(V), Fe(II), Fe(ITI), Rudll), CodI), 

Ni(II)s PdClI), Pt(II) and CuClI). A shift of ^QQ towards 

higher energy is observed when coordination takes place 

through sulphur atom. Dimethyl sulphoxidos bonded to the 

rnctal through sulphur atorns arc known for the transitioiu metal 

ionsf»^'5 Cr(0), Tin(I), Ro(V), Fe(0), Ir(II), Pd(II) and 

Pt(II). There ari- some metal-dimethyl sulphoxid.e coraplfcxes 

viz., /~RuCl^{mSO) ,7 and /"Pd( DIvSO) , /(CIO, )25 whtre 

dii'ficthyl sulphoxide molecules arc coordinated to the netal 

through both oxygon and sulphur atoms] "̂^ The presence of 

both 0-bonded and S-bondcd DKSO is characterized by infrared 

studies where a absorptions due to ^„^ are observed both at 

loŵ r̂ and higher energies compared to that of free BflSO, 

Thu coordination chemistry of F,F-dimethyl formamidc is 

not mucii studied in comparison to that of dimethyl sulpho­

xide. DInF has also two potential coordination sitî s, viz. 

nitrogen and oxygî n atoms. However, bonding through nitrogen 

atom is net known for transition metal-DMF complexes and 

bonding only through oxygen atom is reported. The prefe­

rence of bonding through oxygen atom is du^ to stcric hin­

drance at the substituted nitrogen atom.' The complexes 
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of N,N-dimethyl formamide reported with transition metal ions 

are witli""'"" ̂  Cr(0), Cr(III), Mo(0), Mo(III), Mn(II), Fe(III), 

Ru(II), Co(II), Fi(II), Pd(II), and Cu(II). 

The complexes of N,N-dimethyl formamide with Cobalt(II) 

and Nickcl(II) are of the composition''̂  /'"Co(DMF)^_7(C10, )2 

(n = if or 6); r^ACI^^WiF)^J (M = Co or Ni); rm'S>T^{'D}M)yj', 

/"Ni(DMF)g_7 (C;iO, )2. The complexes of dimethyl sulpho3dde 

known with Cobalt(II) and Nickel(II) arc of the type,'-̂  

/"M(DMS0)g_7X2 (for M - Co, X = I or CIO.; for M = Ni, 

X = Br, I or CIO,); /fM(DMS0)g_7^"'MX. 7 (for M = Co» X = CI, 

Br, I, NCS or NO^; for M = Ni, X = CI or Br); /"M(DMSO),X2_7 

(for M = C05 X = NCS or NO^; for M = Ni„ X = Br, I, NCS or NO,) 

The bonding of DMSO with nickel(II) or cobalt(II) in all 

these complexes is through the oxygen atom only, 

The comploxos of nickoKlI) and cobalt(II) with strong 

donor ligand, such as triphenylphosphine are also well known, 

These are generally of the type /"M(PPh:,)2X2_7 (where M = Ni 

or Co, X = CI, Br, I, NO, or NCsf?"''̂  

Some of the mixed ligand complexes of platinum group of 

motalSj viz. Pd(II) andRu(II) containing strong donor ligands 

as tertiary phosphinc, diphosphine or carbonyl and weak donor 

ligand as DMSO or DMF are found to act as good catalysts in 

the hydrogonation and other reactions/*^' -'" 

/'•Ru(PPh,) 2(CO) (DMF)Cl2_7, /'•MC2NH2_7/"HUC1,( DMSO)^7 and 
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,+ /''Pd(P]apPCH2CH2PPti2)(DMF)Cl_7 arc found to be good cata­

lysts for various hydrogenation reactions,•^~ The lability 

of ,DMF or DHSO moloculGs coordinated to the rnctal ions may 

well be one reason for the catalytic activity of these 

complexes. Complexes of nickel(II) and cobalt(II) containing 

both stroing and weaJc donor neutral ligand molecules are not 

reported. However, some complexes of cobalt(III) containing 

ethylene diamine and DMSO or DMF reported are of the type 

rCoioix)^imSQ)^J^^; /"Co(en)^(DMS0)X_7^"^ and 

/~Co(en)2(DMF)Cl_7?^ ̂ '"'̂  Synthesis and study of the 

properties of complexes of nickel(II)' and cobalt(II) 

containing weak and strong donor neutral ligand molecules 

will be interesting as such compounds may find use as 

catalysts for various reactions. 

A survey of literature shows that complexes of nickeldl) 

and cobalt(II) containing weak donor ligands as DMF or DMSO 

and strong donor ligands as triphenylphosphino are not 

studied. In this chapter, v;c report the synthesis, characte­

risation and structural studies of some of such compounds, 

The compounds presented in this chapter are of the typo 

/"Ni(PPh^)L2X2^^7' and /~Co(PPh^)LX2_7 (whore L= DMF or DMSO; 

X =- CI or Br). The compounds arc prepared by two different 

luethods and have been characterized by their elemental 

analyses and their various physical data, viz. infrared and 

uv-vlsible spectral data, magnetic measurement data^ 
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conductivity niGasurements and thcrmograviraetric analyses 

results. Possible structures have also been suggostGd, 

EXPERIMENTilL 

All. the solvonts, viz, DMF and DMSO wore purified and 

2 11 

dried according to standard methods.' Carbon, Hydrogen 

and Nitrogen analyses were obtained from the Australian 

Mineral Development Laboratories, Australiaj and from the 

Microanalytical Section^ Indian Institute of Technology, 

Kanpur, Sulphur and Halogen estimations ¥/oro carried out by 
20 

standard methods by decomposing the complexes with dilute 

nitric acid. Nickel estimations were done according to the 

method described in the Chapter II, Cobalt was estimated 

according to the method given below, 
Ê s tjim_aj:i_ô ^̂  _o_f __Co.b.alt 

A known weight of compound containing -r̂ " ZfO mg of cobalt 

was decomposed by using dilute nitric acid and the solution 

v/as neutralised by diluted ai:monia. To the solution,. 5 ml 

of mercuric chloride (5%) and 5 ^1 of amm.onium thiocyanatc 

(6%) solutions were added v;ith constant stirring. A deep 

blue precipitate formed after stirring for about 5 minutes 

which was allovifcd to stand for 2 h at room tompcraiure and 

filtered through weighed sintered crucible, dried at 100 C 

and weighed as CoHg(SCN),. 

4 
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Infrarc-cl spectra, electronic spectraj magnetic suscepti­

bility and conductivity ncasureracnts were obtained according 

to methods given in Chapter II. All these data are given in 

Tables VI. 1. and VI.2. 

Prcj_aratip_̂ n. 

The compounds were prepared according to the following 

methods:-

1. S,o3jitî 5.n̂ jic_th£d: 

MX^.xH^O (M = Ni or Co, X = CI or Br) (0.002 nole) was 

t<3ken in 20 ml of the solvent (DMF or DMSO). The mixture 

was heated t0'~«'100 C for about an hour» when a clear 

solution.was obtained* Triphenylphosphine (0,004 nolo) 

was dissolved in 10 ral of the solvent and was added to 

the solution of the metal salt and. refluxdd for about an 

hour. . The solution was concentrated under vacuum at 

50-60 °C to about 8 BII and cooled. To the cold solution, 

dry ether (--̂ lOO m,l) was added when the complex (blue or . 

green in colour) precipitated out. It Viras filtered and 

washed several times with dry ether and dried under 

vacuum, 

2. Mc_lt_Method: 

MXpL (where M = Wi or Co; X = CI or Br; n = 3 or 4) 

were prepared according to- the methods reported in the 
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literaturo]*̂ ''- A melt of MX2L^ (0.002 mole) was preparedly 

heating the coupouncl to 80 °C, in a snail round bottom 

flask fitted with a guard-tube on a water bath and tri-

phenylphosphine (0*00̂ 4. raole) was added to it. Heating 

v;as continued for about 15 minutes when coloured crysta­

lline conpound separated out. It was cooled and washed 

several times ivith dry other to remove the unreactcd 

triphenylphosphino and DMSO or DMF, The compound was 

dried under vacuum, 

The compounds obtained by the above methods are 

/"Ki(PPh )L2X2_7 (where X = CI or Br, L = DMF or DMSO) and 

/"Co(PPh^)LX2_7 (where L = DMF or DMSO» X = CI or Br). 

However J /""NKPPh^) (DMS0)2Br2_7 and /~Co(PPh^) (DMS0)Cl2_7 

could not be isolated by the solution method. The compounds, 

except /"Co(PPh^)LBr2_7 (L = DMF or DMSO), wore recrysta-

llised from dry acetonitrile. The cobalt bromo complexes 

were recrystallised from dry acetone, 

Attempts to prepare the triphenylarsine compounds 

analogous to the above mentioned triphenylphosphino compounds 

were unsuccessful by either of the methods and only the 

compounds containing the solvent (DMF or DMSO) as the ligands 

were obtained, 
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RESULTS, AND. .DIS_CUSSION 

/~NiX2(PPh^)L2_7 (v/here X = CI or Br; L = DMF or DMSO) 

On the basis of the analytical data the empirical for­

mula for the nickel complexes is found to be /'"NiXp(PPh^)Lp_7 

(where X = CI or Br, L = DMF or DMSO). The physical data of 

these complexes, as reported in Tables VI.1, and VI,2,, 

suĝ êst that the metal is in +2 oxidation state. The mag­

netic moment data (/it̂ ff = 5.4 to 3.6 B.Il.) are characte­

ristic of nickel(Il) in high spin state. These pcnta-coordi-

nated complexes may have a distorted trigonal bipyraraldal 

geometry in the solid state. In solution, most probably, a 

tetrahcdral geometry is obtained by the liberation of one of 

the coordinated DMF or DMSO molecule as evidenced by visible 

spectra (discussed later), Exaraples of nickel(II) complexes 

with distorted trigonal bipyramidal structure in the solid 

22 

state and tetrahcdral structure in solution are reported. 

The conductivity measurements in acetonitrile show that all 

the complexes are non-clcctrolytes, 

The infrared spectra (Table VI.2,) of the DMF complexes 

shiv-; a very strong band around 1645 cm"" besides other bands 

duu to DMF and triphenylphosphine. (Infrared spectrum of 

/~WiBro(PPh^)(DMF), 7 is given in fig. no. VI,U). The band 

at 1645 cm" can be assigned to ^nr. of the amide5 bonded to 

the metal through the oxygen atom, -^ „^ of amides on 
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coordination with the metals through oxygen is shifted towards 

lower energy (Vpo i^ free Df'iF is observed at l670 cm" ),-^ 

A band of medium intensity around 385 cm" obserYod in both 

the complexes could be assigned to y^.^,^ The infrared 

spectra of the DMSO com.ploxcs show a band around 995 cm" of 

medium intensity besides other bands duo to DMSO and triphcnyl-

phosphine. Infrared spectrum of /"NiBrp(PPh^)(DHSO)p 7 is 

given in fig. no, VI.2. The band at 995 cm" could bo 

assigned to ^nn. of the oxygen bonded DMSO, A shift of V Q Q 

to a lov\rcr frequency upon coordination of DMSO through oxygen 

atom is reported for many compounds ( ̂ ^o ^°^ fre^ DMSO mole­

cule is observed at lOij-O Cm"').^» The absence of bands at 

1670 cm" and IO4O cm" in the DMF and DMSO complexes respec­

tively suggest the absence of uncoordinated DhF or DMSO, 

thereby confirming that all the DMF or DMSO molecules are 

coordinated to the metal, 

The roflcctance data (Table VI.2.) of the Ni(II) comp­

lexes soem to support a distorted trigonal bipyramidal struc­

ture in the solid state. The reflectance spectra of the 

nickeldl) compounds show absorptions around 10^600; 13>000; 

1 if,500; 23,000 and 25,500 cm"''. Energy level diagrc-an for 

high-spin trigonal bipyranidal Ni(II) complexes with a D̂ v 

27 
symmetry have been reported by Cianpolini.' According to 
which the above absorptions could bo assigned as follows:-
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10,600 cm" 

13^000 cm' 

14,500 cm" 

23,000 era" 

25,500 cm" 

^ ^A^'KF) 

3E.(F) > -̂ Â 'CF) 

3E»(F) > 3E"(P) 

3, 

^E'(F) -> h^'CP) 

Similar observations have been roportod for 

/""Ni(MGgtron)Br /Br3 a pcntacoordinatccl trigonal bipyramidal 
PR 

compound, 

Tho visible spectral studios of the comploxos in solution 

(acotonitrllo) reflect the tctrahcdral nature in the solution, 

An assymetrical broad band in tho region 14»000-17,000 cm" is 

observed in all tho complexes of nickcl(II) reported hero3 

which on resolution gives two bands, separated by about 

1000 cm"'' (Table VI,2.). Tho electronic spectra of 

/~NiX2(PPh^)(DMS0)2_7 (X = CI or Br) in acotonitrilo are given 

in fig, no. VI.3. The molar extinction coefficient (between 

70 to 100) is in the range for tho nickel(II) tctrahedral 

complexes. The broad band around 15?5O0 cm" could be 

assigned to •̂ T.(E) '̂ T.(P) transition of tho tetrahodral 

systems. The splitting of this band into two could be due to 

the loworin̂ j of symmetry of the ligand field around the central 

nickel atom. '̂ T.(P) term may be split into one component of 

two-fold orbital dogencracy at one energy and another non-

dogenorate component at a different energy, 29 
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vvave Nuffibsr (cm ) K 10"̂  
t6 

,̂00 550 SOO 

Wave length in nm 

Fsg. \n,2. Electronic Spectra of (a) (}liCl2{PPh3)(OMSO)^ 

ibh^lBr^iPPn^) (DNSG)^ in AcetonilTite • 

750 
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"Pron the thormogravinictric analysis of 

/'lllBr^iFFh^i'DhF)^J/ in static air, the complt̂ x is found to 

start dissociating at about 120 °C and complete loss of tri-

phcnylphosphinc uolcculv. is observed at 3OO C, A horizontal 

nass level J corresponding to NiBrp(I>MF)p is observed between 

320-360 °C, The loss of one DMF molecule gives an inflection 

pt If20 '̂C and another inflection at 56O °C corresponds to the 

loss of the second DMF nolcculc. The results of thermal 

dissociation products analysis can bo, represented as:-

/"NiBr^CPPh )(DMF)2_7 ~ A - & NiBrgCDMF)^ (s) + PPh^ (g) 

NiBr^ (s) + DMF (g) ^ tr, NiBr2(DMF) (s) + DMF (g) 

/'"GoX2(PPli,)L_7 (where X = CI or Br; L = DMF or DMSO) 

On the basis of analytical data, the enpirical fornula 

for the cobalt conploxes is found to be /"CoXoCPPh,)! 7 
d 3 -

(where X = CI or Br; L = DMF or DMSO). The physical data of 

the ccnplexcs as reported in Tables VI.1» and VI.2, suggest 

that thv_ n̂ t-̂ l is in +2 oxidation state. The Magnetic nomont 

data (J^Qff ^«9 S.Ii.), is characteristic of cobalt(II) tctra-

he'-'ral conplexos in high spin state. The conductivity studies 

in acetonitrilu conform to the non-ionic structure of these© 

coLiplcxes. 



13? 

The infrared studies give informations similar to that 

obtained in the nickel complexes. A strong band around iGifO 

CTiT and a ricdiun band at 377 cm" could bo assiĵ ncd to VQQ 

of the amido and "î  r<o P °"̂  '̂ ^̂  ̂ '̂̂"̂  conplcxos. The infrared 

spcctrun of /""CoClpCPPh^) (DMF)_7 is given in fig. n. VI.if. 

The cobalt conploxes containing DMSO show a strong band. 

around 995 era' assigned to Vcn of the 0-bonded DMSO. The 

absence of bands at 1670 ciu"̂  and 101+0 ca"'' in the DMF and 

DMSO complexes respectively, confirm that the DMF or DHSO 

HolcGule is coordinated to the metal. The electronic spectra 

of these complexes conforms to the distorted totrahcdral 

structure of the complexes. The electronic spectra of 

/"CoX2("PPh3)(DMF)_7 (X = CI or Br) in acotonitrile are given 

in fig. no. VI.5. The bands in the region lij.,700-17j500 cm"'' 

are du^ to the transition ^ApiF)- -y ^T-(P) in tctrahodral 

cobalt(II) systems. Here spin orbit coupling is a smaller 

perturbation than the low symmetry field and tĥ - tetrahcdral 

level ^T.(P) splits into components Bp X Ap-(f B^. Hence 

three absorption bands for transition from '̂ Ap(F) level to the 

three singly degenerate Bp, Ap and B. states are expected to 

^0 be observed. However, spin orbit coupling which mixes the 

^T^ an 1 c-'mponents of G s t a t e could bo an ansviTor to the type 

of ban 1 observed in the region 1 ifj 700-173 500 cm" , The e lec­

t ronic absorption spectrum - p a t t e r n of the cobalt complexes 

in the regi.jn 14,700-17,500 i s very s imilar to any ono of 
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Wave Number (crn"*} X10-̂  

0 

500 

•?a. 5n".5. electronic Sp^cta of (aljCaClj-CPPIs^ KDMF)] 

(5/[CoSfj iPPh 3) {OMF)] in Acfetonftrlie. 
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the tutrahcdral cobalt(IT) comploxesr An absorption in 

the uv PGsion at 39,000 ca~ with very high nolar extinction 

coefficient could bo assignod to motal >• ligand charge 

transfer band. 
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SUMMARY AND SCOPE FOR FURTHER WOPĴ  

'̂ '''ransition Metal complexes of mono dentate ligands 

of stron̂ ::; donor, vi/eak donor of of both strong and weak donor 

ligands are of considerable interest to the chemists, for 

their interesting structural, synthetic and catalytic beha­

viours. Present work describes the synthesis and some of 

physical and chemical studies on the complexes of nickel(II), 

nickel(III), cobalt(II) and ruthenium(II) having some mono-

dentate •ligands, 

Ruthenium(II) complexes of the type 

/~Rn{}'\-phJ){C^E^GE0)^Cl^_7 (M = P or As), containing both 

strong and weak donor ligands are synthesized. These 

complexes have penta coordination around ruthenium(II) with 

a distorted pyramidal structure. Reactions have been 

carried out to study the ease of substitution of benzalde-

hyde in the ruthenium(II) complexes by other weak donor 

ligands. The penta-coordinated ruthenium(II) complexes 

have a great potential to act as catalyst in homogeneous 

reactions, '.-ork along this line is being tciken up to 

explore the potential of these complexes as catalysts. 

Some ruthenium(II) carbonyl complexes of the type 

/"Ru(C0)(MPh-,)2Cl2_7 (M = P or As) are also synthesized 

and physical and chemical studies made, 
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The reaction of nitrosyl chloride \/ith 

/~ri(PPh )2X2_7 (/̂  = Cls 3r, NO^ or NCS) have been cazried 

out under two different conditions whtreby coi.iplcxes of the 

type /"Mi(PPh )/iCl_72 ^nd /~Fi(0PPh-,)XCl_72 are obtained. 

On th<. basxs of physical measurciaents and chemical reac­

tions, it is proposed that the complexes have a dimeric 

structure vdth a distorted tetrahedrel cnvironuient around 

the nicl̂ el atom m.th chloro-bridges. ilcactions of the above 

mentioned dimeric complexes with triphonylphosphine resul­

ted jn the foraiation of the complexes of the type, 

/~Fi(PPh^)2XCl_7 (X = Br, Wy FCS). A distorted tetra-

hodral structure for /~Fi(PPh^) _XG1 7 ("'v = Zr or FO,) and 

a squar. planar etructur. for rmPm^)^acs)ClJ Is 

proposed. 

A nev; nickcl(ITI) complex, viz. /~Fi(OPPh^) Cl2l_7 

hrs bt̂ en synthesized by thu oxidation of /"NiC •̂ Pĥ )plp / 

vdth nitrosyl chloride or chlorine. With the holp of 

magnetic and e.s.r. studies and some chemical reactions, 

th^ oyidatDon stat^ of the metal is confirmed to be +3. 

'itn the ĥ l"o oC othv̂ r physical iiessurements a distorted 

t^trancdr-^l êojiutr:y -iround nickel(IIT) is proposed. This 

complex is found to •̂ ct --.s a catalyst in the oxidation of 

triphunylphosphint, to triphv^nylphosphino oxide and of 

cyclohexnnol to cyclohexanone as an oxidant for thu oxidation. 
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Further work in this line, to synthesize nickel(III) cô ip-

lexes usin̂ , chemical oxidants will help in systeniatising 

the syntheses of nicekl(III) complexes. Investigation of 

the catalytic activity of such nickel(III) complexes v/ill 

also be interestin;̂ ,. 

Kickel(II) complex cations of the type 

r^liOWh )£Aj^r^^J2_ (X = CI or Br) with trihalides 

(Y^ = Br ~ or IBr^) &s the counter anions are synthesized 

and their physical and chemical behaviours studied. These 

are some of the very fevi/ metal cationic complexes studied 

which stabilized polyhalides anions. More work along this 

lino can be carried out and the complex cations may be 

synthesized which will stabilize other bigger polyhalide 

anions also. 

The preparation of nickel(II) tliiocyanate by a 

convenient one step method and its various physical preper-

tits in solid and in solution have been studied. It has 

been used as starting material for preparing many compounds 

containing nicliel thiocyanate and other ligands containing 

donor atoms such as oxygen, nitrogen or phosphorus. The 

physical proiJortics of such compounds have been studied to 

know their structures and mode of bonding of thiocyanate to 

the iiictal. j'ickclC II) thiocyanate prepared according to 

this i.iethod can be used for the syntheses of other complexes 
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containing nickcl(II) tliiocyanatt avoiding any iinpuritibt. 

due to matatn^^tical substitution in solution. 

Coi;iplcxcs of nickcl(II) and cobalt(II) containing 

both stronj, and week donor ligands, viz. /1^i(PPh,)L2X2_7 

ona /~Co(JPh^)LX2_7 (L = W'T or D?;SO ; X = CI or Br) have 

been synthesized aad characterised with the help of various 

physical data, including infrared and electronic spectra, 

inâ iiietic and conductivity mcasurciaents and thumiogravi­

metric analyses. With thv. help of physical studies, it is 

proposed that the nickcl(II) coijiplexes have distrotcd tri­

gonal bipyrai'iidal geometry in thu solid state and a tetra-

hedral georautry in solution (vfhcn on>̂  molecule of DIIF or 

D̂ 'SO is lost in the solution) and the cobalt conpluxcs 

have a distorted tetrahedral geometry around the metal ion, 

Transition metal complexes containing both strong and weak 

donor ligands arî  found to act as good catalyst by the loss 

of one or two >'eakly coordinated ligand molecule in the 

solution. Hence further v/ork on those compluxos in this 

direction will yidd more information about thoir catalytic 

bchoviour too. 
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