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The thesis deals with the svynthesis and study of
the physical praoperties, reactivity and structural aspects
of the complexes of niekel(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 some ruthemium(II)
complexes containing both strong and weak donor ligands.
These complexes are of the type [—Ru(MPh3)(C6H5CHO)2012_7
(M = P or As). On the basis of the above studies, it is
proposed that the complexes have a distorted square pyra-
~midal structure, To study.the ease of substitution of
benzaldehyde in Z_RU(MPhB)(C6H5CHO)2012_73 reactions with
some weak donor ligands, viz. pyridine, DMF, DMSO, aceto-
nitrile and carbondisulphide are also described. Some new
complexes obtained, are of the type, z'Ru(MPhB)L3012_7
(when M = As, L = py or DMF; when M = P, L = DMF) and
['Ru(??—CSZ)(PPhB)Cla_7L Some ruthenium(II) carbonyl comp-

lexes of the type / Ru(CO)(MPh 12_7 (M = P or As) are

3) 20
also synthesized and structural assignments for the comp-
lexes have becn made with the help of physical and chemical

studies,

Chapter II, describes the synthesis and studies

on nickel(II) conplexes of the type, Z'Ni(PPhE)XCl_72,



('Ni(OPPhB)XCl_72 (X = C1, Br, SCN or NOB)' On the basis
of physical measurements and chemical reactions, it is
proposed thet the complexes have a dimeric structure with
a distorted tetrahedral enviromnment around the nickel atom
with Chloro-bridges. Low value of magnetic moments of
these complexes is probably due to antiferropiagnetic inter-
action between two nickel atoms of the dimer through chloro-
bridges., Evidence of chloro-bridges is obtained from far
infrar.d spectra too., Reactions of the above mentioned
dimcric complexes with triphenylphosphine resulted in the
formation of the complexes of the type, Z'Ni(PPh5)2X01_7

(X = Br, NO3 or NCS), A distorted tetrahedral structures
for ['Ni(PPh3)2X01_7 (X = Br or NOB) and a square planar
structure for Z'Ni(PPhB)Z(NCS)Cl_7 is proposed,

Chapter III of the thesis deals with the synthe-
sis of a novel nickel(III) complex, Vvig, [’Ni(OPPh3)0121_7
by the oxidation of Z"Ni(PPh%)212_7 with nitrosyl chloride
or chlorine, With the help éf 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



triphenylphosphine oxide and as an oxidant for thc oxida-

tion of cyclohexanol to cyclohexanone,

In Chapter IV, synthesces of sonc cationic
nickel(TI) canplexes, viz. Z-Ni(OPPhB)ZX—7EZ-Y3-72 (when

X = C1, Y5 = BPB; when X = Br, Y5 = Br, or IBra) and their

3
physicel and chemical behaviours studied., The presence of
trihalide anions is confirmed with the help of uv spectral
data, whcre a very strong Tband (g »~ 5 x 104) in the u.v.
rcgion is observed due to O —> 53 transition . Magne-
tic nmoments of these conplcxes correspond to that of

nickel(II) tetrahedral complexes. On the basis of various
physical studies, these conplex cations arc proposed to

have dinmeric structures having distorted tetrahedral

environnent around nickel(II) with chlorobridges.

Chapter V describes the prcparation of nickel(II)
thiocyanatec by a canvenient one~step rethod and its various
physical propcrties in solid and in solution. Nickel(II)
thiocyanate has been uscd as a prccursor for the synthesis
of sorie new and some reported compounds, containing nickel
thiocysnate and other donor atous such as oxygen, nitrogen
or phosphorus., Ncw conpounds synthesized are, NiLB(SCN)E
(L = OPPhs, 0AsPhz or NyH)), ["Ni(bipy) 4 7(SCN) 5,
["NiLq(NCS)~72(NCS)2 (where I = dimethylaminc or triethyls



amine), The physical propertics of the above nentioned
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 ligands,
viz. Z"Ni(PPhB)L2X2_7 and Z'Co(PPhB)LX2~7 (L = DMF or
DMSO 3 X = Cl or Br) have been synthesizend and chara€te~
rized with thc help of various physical data, including
infrared and electronic spectra, magnetic and conductivity
measurements. On the bhasis of physical studiem nentioned
above, it is proposed that the nickel(II) complexes have
distorted trigonal bipyramidal geonetry in the solid state
and a tetrahedral geometry in solution (when 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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PREFALALCE

The work presented in the thesis describes the
synthesis and study of the physical propgerties, reacti-
vity and structural aspects of the complexes of nickel(II),
nickel(III), cobalt(II) and ruthenium(II) with some mono-

dentate ligands.

Chapter I describes the syntheses and struc-
tural studies on some camplexes of ruthenium(II) of mixed
donor ligands of the type ['Ru(MPhB)(C6H5CHO)2612_7 (M =
P or As)e To study the ease of substitution of benzalf
dehyde in.Z'Ru(MPhB)(G6H50H0)2012b7, reactions with some
weak donor ligands, viz, pyridime, DMF, DMSO, aceto-
nitrile and carbondisulphide is also discussed,
[‘Ru(CO)(MPh3)2012_7 (M = P or As) have also been synthe-
sized. Structural assignments for the complexes have

been madc with the help of physical and chemical studles.

Chapter II deals with the syntheses and studies
. on the complexes of the type [Ni(PPhB)x01_72 ;
['Ni(OPPhB)XCl_72 (X = C1, Br, SCN or NOB) and
[’Ni(PPhB)ZXCl_7 (X = Br, NO3 or NCS). These complexes
seem to havce distortecd tetrahedral enviromment except

Z’Ni(PPhB)éNCS)C1_7 , which is square planar.



i

Chapter III describes the synthesis of a novel
nickel(IIT) complex, viz. ['Ni(OPPhB)CIZI_7. Chemical
and physical methods are used to determine the oxidation
state of the complex. Catalytic oxidation reactious

using thc camplex have also beemn discussed.

In Chapter IV, symtheses of some catiomic
nickel{(II) complexes, viz. ['Ni(OPPh3)2X_7é[’Y3_72
(when X = CI1, YB =.Br5;
and their physical studies are reported.

when X = Br, Y5 = Br3 or IBrZ)

Chapter V, describes the preparation of
nickel(II) thiocyamate by a convenient method. Some of
its physical propertics have been studied im solid state
and in solutions, Nickel(II) thiocyanate has becn used
as a precursor for the synthesis of some new and saome
reported compounds. New compounds described are,
['NiLa(SCN)2_7 (L = OPPhE,
£ Ni(bipy) 5 7(SCN) 5, /TNiL, (NCS) 7 (NCS), (where L =

dimethylamine or triethylamine).

OAsPh3 or N2H4>’

Chapter VI, deals with thc syntheses, physical
properties and structural investigation of new nickol(II)
and cobalt(II) c@mplexes, namecly /'Nl(PPhB)LZX Z and /
e Co(PPhg) LX,_ P (where X = = C1 or Br; L = DMF or DMSO).
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STUDIES ON SOME RUTHENIUM(II) COMPLEXES WITH
TRIPHENYLPHOSPAINE OR TRIPHENYLARSINE AND

OTHER MONODENTATE LIGANDS

INTRODUCTION

The cheomistry of rutheniun(II) and rutheniuwn(III)
coaplexes containing mono~ tertiory phosphince, arsine or
stibine has been evoking intcrust in inorpgnric chcuists duc
to their intcrcesting molcculsr structures and their physical,
chcuaical nna catalytic behaviours., Synthcsis and studics of
rutheniuvm(II) tcrtiary phosphinc and arsinc comnlcexes have
goincd consider~ble interest after the synthesis of RuClZ(PPhB)3
reportea from Wilkinson's group] This compound hos becen found
to hnve a distorted square~pyramidnl structuru2 and is a good

35

c2talyst for various howmogoencous rcactionss



Some other ruthenium(II) complexes containing tertiary-
phosphine or arsine have also been used as catalysts for a
variety of homogemeous reactions, viz. hydrogenation, oxidation,
hydroformylation, hydration, polymerization, carbonylation,

36

dccarbonyltation, dehydrogenation, isomerisatiom and alkylations

For homogeneous catalysis, the ease withAwhich an organic
substrate can enter the coordination sphere of a metal iom is
thought to be a key factor im determining the ability of such
an don to catalyse the reactions of the substrate. Hence
coordinatively unsaturatced metal complexes or complexes which
could produce coardinatively unsatufated species in solution
either thermally or photochemically could act as geood cata-~
1ysts? Thus, ruthemium(II) or ruthenium(III) complexes having
four or five coordination could act as good homogeneous cata=-
lysts. Conplexes of weak donor ligands having five or six
coordination, may also dissociate easily in solution thereby
giving four or five coordinated species which could be active
species in homogeﬁeous catalysis. 4 review on the complcxes
of platinum group of metals with such donor ligands have been

§ wherein they describe the

rcportcd by Davis and Hartley
potential of such complexes far hamogeneous catalytic reac-
tions. Transition metal complexes containing both stromg and
weak domor ligomds camld also act as good catalyst by the

dissociation in solution of weakly coordinated ligands in the



complexces., Hence, ruthocniuwn(II) or rutheniwni(TTI) couplexes
cont-ining tortinryphosphine or ~rsince and we-k donor 1igands
~nd hnvin, five or six coordin-tion eround thce petal could

1lso et ~s good honogencous cot-lyst Ly the dassociation of

venlkly coordinnted ligand riolecules in solution,

Knowm rutheniun(III) complexes containing triphcenylphos—
phine or triphenylarsince and some weak donor ligands arce of

the type /7 Ruh_ Ph,) ., L 71’9—14 (vhere ¥ = CL or Br; M= P

302

C 3 3 = T 5 I_ ]T l.‘
or 4s; L = CH;OH, C,HgOH, (CFy),C0, CH5CHO, CgHgCHO, CH,NO,,
OASPh39 CSZ’ DLE, DUsO, THF, RCYN (R = CHB’ CZH5, n- C3P7s

CH2:61, C6H5). Scue other complexes containiog triphenyl-
phosphinc or triphenylarsine and wenk doner 1iands arc of

the type /[ RuX MPhB)L2_7H’12 (X =Clcr Br: ¥+ = P or As and

3(
L = py, ({~picoling, (CHB)ZS or L2

i

bipy, o--phcn) also.

Soc of rutheniwa(TI) cconploexes cont-ining triphonyl-
phosphine or triphoenylarsine and otlhcr wenale or strong donor
liz~nds giving a distortcd octnahedrnl poeonictry around ruthe-
niwi(II) re nlso knewn, Such comploxcs have the cooposition
of the type /TRuX Z(uPn ) SLo 71 11,12,15-17 ( here X = C1 or

Br, M= P or As; L = 00, CS, vy, Niy, CHgNE,, (Bt),VH, (Lt),N,

3 775
Nqu’ 5TJEH2 f RCN (R = CH3 n«C3L7, CH2=CH), nd
['RuClE(nPhB)L3_7 6,17 (M = P or As, L = py, C6H5UH2,

C6H

aRC6H4NF2 (R = C1, CH In all the c-ses reperted above,

z)

the geoutictry around rutheniunm(II) is distortcd octahcdr-l,



If such coaplexes in solutions can locse prefor-bly two wenkly
coordinated lig-nds, then thesc could be geod cntalysts for
honoseneous reactions,  If rutheniun(II) conplees could be
synth.osized cont~ining tripheaylphosphine or triphenylarsine
ond o~k donor lig-nds h-ving four or five cocrdination around
rutheniwi(II), there is a greater potential of such conplexes

to act ns hono, cncous c~talyst,

In this chnpter sonc ruthcnium(II) couplexes containing
triphoenylphosphine or triphonylarsine ané benzaldehyde arc
reported having five coordin-tion around ruthcniwi(II). Thesc
arc of the typc Z'Ru(MPhB)C6H50HO)ClZ_7 (1" = P or As) Thc
substitution c¢f benzaldehyde in thesce comploxes by other wenk
dcnsr lignnds likce pyridinc, DMF, DISO, CSZ’ CHBCN have been
tried out to find out thc casc with which ruthcniuwa(II) conp-
lexes containing triphenylphcsphine or triphenylarsince and
the abeve nentionced ligonds could be chtaincd, Various
nhysicol studius have been nade to cstablish th. gueonctry of
the conplexes so obtaincd., Coaplexces thus cbtainced have n.t
been tricd for their homogencous cntnlytic bihaviours.

Studics along this Jince is buing t-ken up.

Sove crbonyl complexcs of ruthoeniun(II) of thc typc
Ru(CO)(MPh3)2012 (M = P or As) have been obt-ained by the
cecorbonyl-tion of benznldchyde -nd s ne of their physicnl and

ciuiticnl studics roeported,



EXPERINENTAL

All the chelicals used were ol reagent Lrede. Ruthenium
trichl ride hydrate ins supplied by Aurrcra-~iialthey Linited,

Calcutta. Z‘RuCla(PPh 7n18’ ['RuClZ(PPh5)3_71 and

3)2-
[RuClZ(AsPhB)Zja17 were prepared according to reported

nethods.
PREPARATIONS
1 [90L,(1hPhy) (CHACHO), (M = P ox he)
T, a seluticn of ruthenium trichloride hydrate (RuClB.XHZO)'

(0.1 ) in-n-butanol (10 nl5, benzaldehyde (2 .11) was added.
A sclution of triphenylphosphine (0.5 g) or triphenylarsine
(0.6 g) in n-butancl (5 nl) wvas added tc the et solution
0f rutheniu.y trichloride nentioned above. The resulting
soluti n was then refluxed for about 30 nidin cr 2 hrs, in
case of triphenylprosphine or triphenylarsine respectively.
The reacted sclution was ccoled overnight when brounish-
velloy crystalline conpound in case of triphenylarsine and
light Lreen comprund in case of triphenylph,sphine was
ontained, The conpeund was separated by centrifugati.n and
washed first with nethancl and then vith diethylcther and
dried under vacuwl. The cciip.unds vverc analysed for

/"RuCL, (1fPh) (CoHECHO) 5 7.



2 Z"RuCIZ(CO)(AsPh3)2_7

e

(i) To a clear solution of ruthenium trichloride hydrate

(0.1 g) in n-butanol (10 ml) and benzaldehyde (2 ml) wmixture,
a solution of triphenylarsine (1 g) in n-butanol (5 ml) was
added and the mixture was refluxed for about 20 hrs.
Tnitially, benzaldehyde complex was formed which went 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 yellow compound, which was centrifuged
washed first with acetone and then with ether and dried

under vacuum, It was analysed for ['Ru(CO)(ASPh3)2012_7.

(i1) /"RuCl,(C0)(AsPh;), 7 could be obtained also by boiling
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under reflux [fRuCla(AsPh 72 (0«2 g) in benzaldehyde (2ml)

5)2-
and n~butanol (10 ml) mixture for about 8 hrs or by boiling
under reflux ["RuClZ(G6H5CHO)2(ASPh5)_7 (0.2 g) and tri-
phenylarsine (0,2 g) in n-butanol (10 ml) for about 10 hours

and cooling the orange~red solution obtained.

[ RuCl,(CO)(PPhg), 7

(i) To a solution of ruthenium trichloride hydrated (0.2 g)
in n-butanol (20 ml) and benzaldehyde (4 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,



when a roddish brown crystalline compound (m.p. 195-200 OC)
separated out which was separated by centrifugation anc
washced first with methanol and then with diethylether and

dricd under vacuum. It was analysed for ZPuCla(CO)(PPh3)2_7.

3, (ii) The reaction was carricd out in a way similar to that
in (3i), The refluxing of the reaction mixture was conti-
nued for 15-20 hrs, when the rcd crystallinc compound
obtaincd as an intermediate, went into solution and finally
a rcddish-yellow solution was obtained, which on cooling
resulted in the separation of a yecllow compound, The
compound was separated and washed first with acetonc and
then with ether. Concentration of the mother liquor rcsulted
in the separation of more yellow compound. The compound

was analysed for ['RuCla(CO)(PPh3)2_7.

3. (iii) The compound obtained by the method of reaction 3(ii)
could be obtained also by boiling under reflux,

["RuCl,(PPhg), 7, or /"RuCL,(PPhz); 7 (0.2 g) in benzalde-
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hyde (2 ml) and n-butanocl (10 ml) mixture for about 8 hrs
or by boiling under reflux / RuCl,(CgHsCHO),(PPhy) 7 (0.2 @)
and triphenylphosphine (0.2 g) in n-butanol (10 ml) for
about 10 hrs and cooling thc reddish-yellow solution

obtainced,

/"Ru(CO) (PPh;),C1, 7 obtaincd according to mcthod 3(3) is

reddish brown whercas according to 3(ii) and 3(iii) is ycllow.



Rcactions of / Ru(MPhB?(C6HSCHO)ZCIa_7 M="P or.ﬁé) With

B i N STV

(1) L = Pyridinc, N,N~-Dimcthylformamide (DMF) and

4 meccem m- ™

Dimcthylsulphoxide (DMSQ)

["Ru(MPhB)(C6H5CHO) 5C1, 7 (0.2 g) was taken with L

(0.5 ml) and heated om a water-bath for abcut 1 hr.,

when a clcar solution was obtaincd. To thc cold solution
mcthanol was added in thc casc of DMF or DMSO and
diethylcther in casc of pyridinc rcacticn and the mixture
was kept overnight when crystallinc compound scparated
out, It was centrifugcd, washed with c¢ther ant dricd
under vacuum. Thc compounds obtaincd had the composition,
Z-RuClE(MPhB)L3_7 (where M = P or As and L = pyridinc or
DHF) and /"RuCl,(DMSO), 7.

(ii) Carbondisulphide

['Ru(MPhB)(C6HSCHO)2012_7 (0.2 g) woas taken in carbon
disulphicdc (15 ml) along with triphenylphosphine or tri-
phenylarsine (0.5 g), depending on the complex taken and
the mixturce was boilced undcr reflux for about 5 hrs.,
when crystallince cempound scparated cut, It was centri-
fugerl, washced with cther and dried under vacuum. In casc
of triphcenylphosphine, a rcddish-brown crystallinc
compound of the composition Z-RuCla(PPhs)(CSZ)_7 was

nbtained, whereas the triphenylarsinc complex reaction



product did not contain cither €S, vr CS group. It had

2
the composition RuClZ(AsPhB)E. In case the rcactions
with carbondisulphide werce carricd out without taking
cxtra triphenylphosphine or triphoenylarsine, gencrally

the starting compound was obtained,

(iii) Acctonitrilc

Z-Ru(MPhB)(C6H5CHO)2012_7 (0.2 g) was token with aceto-
nitrilce (15 ml) and boiled under reflux for about 4 hrs,,
whon the soluticn turncd yellow., Conccntration of this
solution under rcaducced pressurce resulted in the sepa-
ration of o yellow compound which was ccntrifuged,

washcd with cther and dricd under vacuum., The compounds
obtaincd did not have stoichicmetric composition. These
were analysed for Z'RuCla(MPhB)X(CHBCN)y_7 (where

1€ x¢2 and 2{ y{ 3.

Reactions of /“Ru(MPh,),(C0)Cl, 7 with Pyridinc

—

/“Ru(MPhB)Z(CO)C12_7 (M = P or as) (0.2 g) was token with
pyridinc (1 ml) and hcated on a watcr bath when a clear
ycllow soluticn was obtained, Aftcr ccoling the solution,
cther was addced when yellow compcund precipitated out,
which was centrifuged, washed with ether and dried under
vacuurn, Thce compounds had the composition

£ RuC1,(C0) (MPh) (py) 7+
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Carbon, hydrogcen and nitrogcn analyses were obtainced from
the Microanalytical Laboratory, I.I.T., Kampur. Sulphur and

chloridc c¢stimations werce carricd out acceording to standard

mothods19 gravimetrically after decomposing the complexces-using
KNOB, KOH nixturc. Infrarcd spcetra werce rccorded in KBr as

pellcts in the region 4000-600 cm™

on a Perkin-Elmer 297
infrarcd spectrophotoncter, and on Perkin-Elmer 580 speciro-
photometer in the regicn 600 to 250 cm"1 for scomc complexes.
Visible clcetronic spectra were recordced in chloroferm in the
region 800 to 350 am on a Beckuanun-26 spectrophotomcter,
Proton nagnetic resonancce spectra werc recorded on a Varian

EM-390 90 MHz spcctremeter in CDCL with TMS as rcfcrence,

3’
Magnetic susceptibility nmeasurcenents were carricd out using a
Gouy balance at room tcmperature. Mcercury tetrathiccyanate
cobaltate(II) was uscd as calibrant. All thce mclting points

arc uncorrccted, The concductivity mcasurcments werc made

using an Elico type CM 82 conductivity bridgce in nitrobenzenc,

RESULTS AND DISCUSSION

(2) [ Ru(MPh,) (CLHECHO),CL, 7 (M = P or As)

Rutheniun compeunds containing triphenylphosphine or tri-
phenylarsine and benzaldchyde have the composition
Z‘Ru(MPhB)(C6H5CHO)2012_7 (M = P or As). Benzaldehyde is

casily coxidiscd to bonzoic acid. As the rcactions werc carricd
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out in the presence of air, the possibility of benzaldehyde
getting oxidised to benzoic acid and get coordimated to ruthe-
nium can not be eliminated. However, a similar reaction under
nitrogen atmosphere also gave the same products., The p.nm.r.
of [“Ru(AsPhB)(C6H50HO)2012_7 in deutcrated chloroform showed
signals at 10, 7.31 and 7.238. The signals at 10 and at 7.3
and 7.23 & were in the ratio 2:25. The aryl aldehyde proton

is mormally ohserved in 10.1 to 9.5v6'range?0

In the benzal-
dehydc complex containing triphenylarsine, proton signal at

10 6 cam wnambiguously be assigned due to the proton of the
aldehyde functional group of benzaldehyde. Thce signals at

7.31 and 7.23,5 are due to the phenyl groups of triphenylarsine
and benzaldehyde respectively. The ratio of the proton signals
for aldehydic proton amd the phenyl protons is same as
expected (2:25)., Similarly, the triphenylphosphine analogue,
viz. ["Ru(PPhB)(C6H5CHO)2012_7 gave proton signals at 10, 7.5
and 7.234 (figure mo. I. 1.). The ratio of 10§ to 7.5 and
7.23§ signals is again 2:25 as expected for two aldehyde
protons and 25 phemyl protons. The signals at 7.5 and 7,23 &
arc due to the phenyl groups of triphenylphosphine and benzal-
dehyde rcspectively. Thus, the p.m.r. spectra of
['Ru(MPhB)(C6H5CHO)2012_7 (M = P or As) confirmed the presence
of threc phenyl groups due to triphenylphosphinc or arsine, two
phenyl groups and two aldehydic protons due to two benzaldehyde

molecules,
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The infrared spectra of the two complexes discussed above
showed all the bands duc to triphenylphosphinc or triphenyl-
arsine and benzaldchyde. The infrared spectrum of
Z'Ru(AsPhB)(C6H5CHO)2C12_7 is given in figure mo. I, 2. Among
the important infrared bands due to benzaldehyde are three
bands of medium intensity at 1615, 15395 and 1575 cm'1; bands

at 1450, 1220 and 670 cu™ !

- A g for free benzaldchyde oceurs
at 1698 cmfl. Due to coordinatiown of benzaldchyde to the
metal, the stretching frequenecy of ‘JEO goes down and ome of
the bands around 1600 cm™ ! could be due %o ‘)CO of benzalde-
hyde coordinated to ruthenium., OQther infrared bands are
prescnt in frce benzaldehyde toa but with a slight shift in

1

thc position. A strong band at 330 ecm ' was abserved for

[‘Ru(ASPhB)(06H50H0)2012_7. Triphenylarsine also shows absorp-
tion aroumd 330 cme. Hence this band can not be assigned
unambiguously, however, it may be duc to the coupled vibra-
tions of \)Ru-Cl and the characteristic vibrations of tri-
phenylarsinc!7 The complexes discussed above are diamagmetic,
thereby confirming the oxidation state of ruthenium to be +2.
These complexes are penta-~coordinated and an evidence of which
is obtaincd fram clcetronic absorption spectra in chloroform.
The elcetronic speectra (figure mo. I. 3.) show one absorption

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

410 mm, The band around 800 mm is observed in ruthenium(II)
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Fig., 1.3. Electronic Spectra of {a) [Rngiz(PPh3)(CSHSGHGIB
(5 [RuCh{ASPhy)(Cg HgCHOY,] in Chiorotorm.
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Tablc I. 2, Electronic Absorption ansd Iuportant
Infrarcc Spcetral Data of

Rutheniun(II) Conplcxes

Elcctronic Spectrol Important Infra-

Coupound ) Pands rcd Absorptions
)\ oy LD Mt (3 ,:Lax) in cm” !
Z”Ru(ASPhB)(bcnz)ECl2 7 810 (220) 1615 m
a 520 sh 1595 m
410 (1460) 1575 m
1450 m-”
1218 11
670 1n
%30 =
[“Ru(PPhB)(benz)2012_7 765 (225) 1615 n
420 (1500) 1597 it
1580 n
1452
1220
575
Z"Ru(CO)(AsPh5)2012_7 - 1940 s
Z“Ru(CO)(PPhB)2012_7 - 1940 s
/™30 (4sPh,) (py) 501, 7 450 (1105) 1445 n
- 390 (2300)
Z"Ru(AsPhB)(DLF)3012~7 510 (250) 1640 s
LO5 (1050) 1360
Z“Ru(PPh“)(DhF)3012m7 550 (240) 1642 s
2 415 (1250) 1358 n

L D T T T e T T T T T T S —

(Ta.bl(/' In 20.-.:.00 CO:ﬂtd..-o/")
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Tablc I. 2. Elcctronic Absorption and Taportant
(contd,) Infrarcdé Spectral Data of
Ruthenium(TII) Complcxes

B T T T T T T e e T e I N LR el R I N i e b ik I

Electronic Spcctral Inportant Infra-

Conpount Bands rcd Absorptions
)xinax in o (€ ) in cm” !
/ Ru(PPh. ) (7 ~CS,)C1, 7 - 1192 ﬁ
- 5 2t e 1112 o
1075 n-w
98G5 -8
l"Ru(CO)(py)Z(PPhB)ClZ_7 - : 1962 n-s
1945 m-s
T4hi2 w
Z”Ru(CO)(py}z(AsPh3)012~7 -~ 1952 m
1940 s
1923 n
1445 n
benz, = benzaldchyde;  py = pyridinc
Dor = Jincthylfornanidce,
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pentacoordinated square-pyramidal complexes, viz.

- - 17 . )
/ RuClZ(PPhB%y7 and / RuCla(AsPh5)2_72. Electronic absorption
band in this region is generally mot observed for octahedrally
coordinated complexes of ruthenium(II), Hence, the benzaldehyde
complexes seem to have distorted square-pyramidal structure.

The diamagnetic behaviour thus suggests that the six electrons
2

Xy L]

—_— dZE and

in ruthenium(II) are probably distributed as (dxz,'dyz)u, d

The band around 800 nm could be assigned to dx‘,)r

around 400 nm to (4 dyz) — dz2 transitions. The comp-

Xz’
lexes are non-conducting in mitrobenzene, thereby confirming

non-ionic type of structure for the complexes,

(b)[PMMH%%C@C%%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(PPh3)2(605012_7. It dis diamagnetic in nature and shows a

! assignable

strong and sharp infrared absorption at 1980 cm™
to EICO (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 ?utheﬁium(II)

is proposed?‘1

Prolonged reaction (~20 hrs) of ruthenium trichloride

benzaldehyde and triphenylphosphine or triphenylarsine resulted
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in thc formation of yellow compound of thc composition

/"Ru(C0) (MPh,),CL, 7 (M = P or As). These compounds could as

3)
well be obtaincd by the reaction of ["RuClZ(PPh3)3_7,
['RuClZ(PPh3)2_7n_or [—RuClZ(AsPh3)2_72 with benzaldehyde in
n-butanol or by thc reaction of [-RuCla(MPhB)(06H50H0)2_7 with
corresponding triphenylphosphine or arsine in n-butanol,
Formation of thesc carbonyl containing complexes is duc to the
cxtraction of a carbonyl group from a benzaldchydce molecule,
eithcr coordinatcd to the mctal or free (prescnt in the reaction
medium), The infrarcd speetra of these yellow carbonyl comp-

1

lexcs show 2 strong and sharp band at 1940 cm” ' assignable to

\)CO (terminal), and all other bands duc to triphcnylphosphince

or triphenylarsinc, [_Ru(CO)(PPh3)2C12m7 has becn. reported

by Jamcs ct al.?2 wherce \)CO is rc¢ported at 1931 and 1921 cm."1

1

in nujol and at 1940 cm ' in dichloromcthanc, Ycllow

/—Ru(CO)(PPh3)2012_7 obtaincd by us may bc same as reported by

James ct al,

Efactions of‘énRu(MPhg)(C6HSCHO)2012P7 (M =P ogmﬁs)

o

with Donor Solvcnts

Reactions of /"Ru(MPhg) (CoHCHO) ,CL, 7 (M = P or As) with
donor solvents were carricd out to find out thc casc of substi-
tution of coordinatcd benzaldchyde., Donor solvents uscd were
pyridine, N,N-dimcthylformamide (DMF), dimcthylsulphoxide(DMSO),

acectonitrilce and carbondisulphide,
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Reactions with pyridine or DMF resulted in the formation of
six coordinate, Z_Ru(MPhB)L3012_7 (L = py or DMF), Although
benzaldehyde containing complexes are penta~coordinated, but
their reactions with pyridine ar 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
or arsine

benzaldehyde molecules and the triphenylphosphinejpmolecule.

The infrarcd spectra of the caomplexes containing DMF showed a

1

very strong band at 1640 cm™ ' which is due to \)CO of DMF

coordinated through the oxygen‘atomlz In the case of pyridine

complexcs, all bands duc to coordinated pyridine were observed

besides bands due to triphenylphosphine or triphenylarsinc in

1

the infrared regiomn, A medium-sharp band at 1445 cm” ' chara-

cteristic of pyridine was also observed,

Pyridine or DMF containing complexes are diamagnetic
thereby confirming that ruthenium is present in +2 oxidation
statc in low-sﬁin configuration., The ceclcctronic absorption
spectra of thesc complexcs showed two bands one in the region

450 to 550 nm and other one in the region 415 to 390 unm, the

molar extinction' coefficient of which is of thc order of 102

1

to 103. These bands may be assigned to A1g——a1T and

1

18

1g——)1T2gtransitions rcspoctively. The valucs of the

molar extinction coefficient ( hv103 Y is rclatively

A

high than c¢xpected for d —»d transitions. However, this
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may bc duc to the mixing of the sncrgy lcvels with the charge-
transfcr bard(s) in that region]5 These complexes arc none-
clectrolyte in nitrobenzenc thercby confirming non-ionic type

of structurc.

Rcaction of DMSO with é’Ru(MPhB)(C6H CHOE912_7 resulted

. 5
in the substitution of all benzaldehydc and triphcenylphosphine
or triphenylarsine molecules hy DMSO and resulting in the

formation of Z-RuCla(DMSO)4_7. The DMSO complex showed strong

1

infrared absorptions at 1120 and 1090 cm = duc to \)S=O of the

23

S~bonded DMSO and was same as reported by Bvans ot als

Even an prolonged refluxing (~s10 hrs) of the complox
Z'RuClZ(ASPhB)(C6H50HO)2_7 with carbondisulphide evither in the
prescnce of cxcess triphenylarsine or cven otherwisc, no
compound containing cither thiocarbeayl group or carbondisul-
phidce coordinated to ruthenium(II) was obtained., Only the
starting compound was rcecovercd after the reaction. Similarly,
rcaction of Z'RuGlE(PPh

(C6H CHO)2_7 with carbondisulphide

3){Cefl5
without cxcess triphenylphosphine gave back the starting
conpound. However, in presence of exccss triphenylphosphine,

a rcddish-brown crystallince compound was obtained which did not
contain benzaldchyde molecules but 082 was coordinated to it,
the conpesition of which was c¢losc to the formulaticn
Z—RuClz(PPhB)(CSZ)_7. The infrarcd spectrum of which shows a

1

band of medium intensity at 1112 en” ' and a band of medium to
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strong intensity at 995»cm’1, besides all the bands duc to
Triphenylphosphine, These two bands arc charactceristic of

ﬂ-»CS2 group coordinatcd to tho metal?4

Reaction of /"Ru(MPh,)(CoHSCHO),Cl, 7 (M = P or As) with
acctonitrilce for about 4 hrs, yielded ycllow or 6rangc ycllow
compounds which did not show exact stoichiometric composition.
However, infrarcd spccetra showed proscnce of both acctonitrile
and the triphenylphbosphine or arsinc,. Bands at 2920 and 2270
e ] were Observed for gcotonitrilcs coordinatced to the mctal,
The former absorption could he assigncd to i)CH of thc¢ ali-

phatic typce ahd the later to ‘JCN of thc coordinatcd accetonit-

rilc (TQCN for free acctonitrilc is observed at 2247 cm"1)]6

Reactions of Z_Ru(CO)(MPh3)2p12_7 (M = P or As) with Pyridinc

Reddish-brown or ycllow compounds of the composition,
/ Ru(CO)(MPh,),Ci, 7 (M = P or As), on treatment with pyridine
A 3/ 2¥4on
resulted in the formation of Z'Ru(CO)(MPh3)(py)2Clz_7, which

showed oll infrarcd absorptions duc to triphcenylphosphinc or

i

triphcnylarsine and pyridinc. A band at 1444 em”™ ' characteri-

stic of pyridinc was obscrved. Besides, two or thrcc bands in

1

the region 1965 to 1920 em™ ' duc to \)CO were also obscrved,
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(1) nitrosylation, (ii) nitrosyl halide addition, (iii) oxi-
dation of metal ion and (iv) oxidation of the coordinated
ligand, A brief review of the recactions undcr the above four

categorics is given below.

Poter and Malito® found that nitrosyl halides act as a
nitrosylating agecnt for transition metal complexes, The
rcactions of nitrosyl chloridc with metal carbonylate anions,
viz, [(715-051{5»&(00)3_7" (M = Cr, Mo or W); /TMn(C0)s 7~
and [“FO(CO)4u72' gave nocutral nitrosyl compounds, viz.
["_CIZS—C5H5)M(C<)))2(NO)__7, /Mn(C0) ,(W0) 7 and /"Fe(C0) (N0, 7

respectively.

Compounds containing nitrosyl group coordinatcd to the
mctal ions have bheen rcported from Agarwala's‘o’11 laboratory,
Hydratcd ruthcnium trichloride or rhodium trichloride was
treated with nitrosyl halides NOX (X = CLl or Br) in the
presence of tertiary phosphinc, arysinc or stibinc. The
compounds obtained were of the type, ['RuClEX(NO)L2_7 and
Z'RhClX(NO)L2_7 (X = Cl, when NOCl; and X = Br, when NOBr

were uscd; L o= PPh39 AsPh., or SbPhB). Nitrosyl group

5
coordinatced in the above compounds is as NO+. In a reccent
study, Pandey ct al.12 have rcported the formation of a high
spia d5, ruthenium(III) complex, NHMZ—Ru015(NO)-7 and a d7
complex, Z"RuClZ(NO)(PPh3)2_7. However, Coombe ¢t al.l5
rcport that attumpts to obtain compounds rcportcd by Pandey

ct a1.12 were unsuccessful.



27

CHAPTER 1T

REACTIONS OF NITROSYI CHLORIDE WITH [_Ni(PPh3)2X2_7

(X = €1, Br, NO, or NCS)

3

INTRODUCTION

Activation of small inorganic molecules, viz. HZ’

0 N CO, NO, COZ’ S0 CSE’ COS, NOCl, NOBr by the

2 2° 2°
complexes of transition metal ions have gained considerable
interest during the past two decades]“TO Activation of some
of the molecules, viz. HZ’ 02, NZ’ CO, NO by the transition
metal complexes have been studied in greater détails, whereas
‘studies on molecules like nitrosyl halides, NOX (X = CY or Br)
with 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 thesé

reactions, The products of suech reactions can be broadly

classified into the following four categories, viz,.
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Most rcactions of nitrosyl halides studied are thosc,
where nitrosyl halide gives addition products., Such rcactions
arc reported with various metal ions of molybdenum, tungsten,
iron, rhodium, irid;um, and platimum, Details of such rcac-

tions arc presented in Table IT. 1.

Oxidation of thc metal ions to thce next higher oxidation
statc have becen reported for Ni(II), Co(II), Mn(II), Mn(III)
and Mo(III) in compleoxes, by nitrosyl halides. [*M(PEt3)2X3_7
(X = Cl or Br;y M = Ni or Co) werc obtaincd by thc oxidation
of /"M(PEt5) X, 7 with nitrosyl halides, NOX (X = C1 or Br)3/
However, an attempt by Jcnsen ct al.27 to oxidisc
['Ni(PPh3)2X2_7 (X = C1 or Br) by NOX (X = Cl or Br) wcre
unsuccessful, Cyano complexes of Ma(II), Mn(III) and Mo(III)
were oxidiscd to next higher oxidation statcs of the metals
by nitrosyl chloridc, wherc it acted as onc elcctron

oxidant?8

The oxidation of coordinated triphenylphosphine to tri-
phenylphosphine oxide has been reportcd by Davis et al.17
[?M(No)013(opph3)2_7 (M = Mo or W) arc rcportcd by the rcac-
tions of / M(Co)q(PPh3)2“7 (M = Mo or W), MO(CO)S(Pph3)2012

or W(CO)B(PPhB)ECI3 with nitrosyl chloridc.

Most of the studics of rcactions of nitrosyl halides,
discusscd above, arc with the complexcs of hcavicr transition
metal ions, Studics with the comploxes of first row transi-

tion-metal ions arc very few., A study of the rcactions of
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[“Ni(PPh3)2X2‘7 (X = C1, Br, I, NO, or NCS) with nitrosyl

3
chloridec was taken up to find out under which categories

thesce recactisns fall, and to study the physical bchaviours
of The coapounds oblaincd to establish the gceometry of the

complcxes obtained,

In this chapter, rcactions of nitrosyl chloridc with
["Ni(PPh3)2X2_7 (X = €1, Br, NO3 or NCS) are rcportcd undecr
two diffcerent conditions, whereby compounds of thc type

Z"Ni(PPhB)XClu%Zand ["Ni(OPPhB)X01_72 (X = C1, Br, NO, or

5
NCS) arc obtaincd., These compounds scem to have a distorted
tetrahecdral structure with chlorinc bridges. Rcactions of
dimecric chlorobridged compounds with triphenylphosphine gave
{TWi(PPhz),XCL 7 (X = C1, Br, NO5 or NCS). Exccpt for thio-
cyanato complcx, which is square planar, others have

distortced tetrahcedral struecture,

EXPERIMENTAL

AlT the materials used werce of chemically purce or
Analar gradc. Z_Ni(PPh3)2X2_7 (X = C1, Br, NO3 or NCS) wcre
preparcd aceording to reportcd mothods?9 Nitrosyl chloride
was supplicd by Air Products Ltd., London, U.K. and was

purificd bcferc usc.
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Reactions of Nitrosyl Chloride with /" Ni(PPh,) X, /

T e

2
AN

(1)

(i1)

L, B, XO

z.0F. _NCS3)

Tinely powdered l'?i(PPh3)2X2_7 (Z = Cl, Tr, X0, or WCS)

3
(0.5 g) was suspended in dry cyclohexane (30 ul). Fitro-
syl chloride gas was bubbled very slowly with stirring
tarough the suspension for about 20 minutes for all the
couplexes except thiocyanato complex. For-thiocyanato
coiplex, gos bubbling was carried out for only 5 minutes as
longer gas bubblin, ganve dmpure products, After stopping
the gas, the suspension was stirred for about 6 hrs at room
temperature, when o change in the colour of the suspended
mnterinl was observed., Initinlly the reaction was very
vigorous with the evolution of a gas but at the completion
of the reaction, no effervescence was observed. The
coirpound obtained was centrifuced, wished severnl times
with worm dry cvclohexane and finolly with dry dicthyl-
ether and dricd under vacuum., The analyses corrcsponded to
the forwuvla /T Ni(PPh

{Cl“72 (X = C1, Br, NO, or NCS).

3) 3
Tn ~nother sct of rcactions similar to that in (i),
Z_Ni(PPh5)2X2_7 (£ = C1, Er, NO3 or NCS) (0.5 g) was taken
in 30 ml of dry benzenc and cyclohexane mixture (1 : 5).
Fitrosyl chloridc gns was bubbled for about 5 minutes
hrough the suspension very slowly with constant

stirring. The suspension wns stirrcd for about 8 hrs



at room tmperaturce, when a change in the colour of the
suspended material was observed., The compound obtained
was washcd first with cyclohexanc and benzenc mixture,
2 to 4 times and then finally with dry ethoer and then
dricd under vacuun., The compositicn was found to be

['Ni(OPPhB)XCI_72 (X = C1, Br, NO, or NCS).

3
The thiocyanate complex was obtained also by using

benzence instcad of cyclohoxane and benzone mixture,

The mother liquor obtaincd aftcr removing the
products from the above sets of reacticns (i) and (ii),
upon concentration, yielded tfiphenylphosphine oxide,

which was c¢quimelar to that of the starting material.

Reactions of ["Ni(Pth)XCI_72 and ('Ni(OPth}X01_72

X=20C1, Br.ANQj or NC3)

(1) A suspension of ['Ni(PPhB)XCl_72 or Z"Ni(OPPh5)XCl_7‘2

‘ (X = C1, Br or NOB) (0.5 g) was taken in acctic aid
(20 ml). A scluticn of triphenylphosphince (0.6 g) in
acetic acid (5 ml) was addcd to the above suspension:
and the nixture was stirred for about 4 hrs at room
temperaturce, when new compounds scparated out, The
compounds obtaincd were separated by centrifugation,
washed first with acotic acid and then several times
with dry cdicthyletlier and dried under vacuum., Out of

the compounds, thus obtaincd, ['Ni(PPhB)ZXCl_ﬂR:Br or



(i1)

(1i1)

(iv)
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i
NO3) arce new and [ Ni(PPh3)2012“7 is saue as reportcd
by Venanzig9

To a suspensicn of ["Ni(PPhB)(NCS)Cl_72 or
Z'Ni(OPPhﬁ(SCN)Cl_?2 (05 g) in cyclohoxanc (10 nl),

a solution of triphoenylphosphine (0,6 g) in ceyeclohcexanc
(5 ml) was added and the mixturc was stirrced for about

4 hrs at room teomperaturc, A red crystallince compound
scparatcd out which whs washgd with warn c¢yclohoxanc and
dricd under vacuum. The composition was found to be

[ Vi(PPhg) ,(NCS)CL 7,

When ['Ni(OPPhB)(SCN)Gl_72 and triphenylphosphine were
taken in 112 molar quantities at room taiperatufe and
stirrcd for 4 hrs, Z-Ni(PPhB)(OPPhZ)(NCS)Cl_7 wos

obtalned, whieh was washcd and dricd as in (ii) above,

Reactions of /"Ni(OPPhz)XCl 7, (X = Cl, Br or NO,) with
triphenylphosphine oxidce under c¢unditi.n sinilar to
that of (1), did not yicld any new product. Howcver,
if the rcoactions weve carricd out undeor rcfluxing condi-

tions, the parent compound got deconposcd,

Carbon, hydrogen and nifrogen analyses werce obtained {rom

Microanalytical laboratory of Indlian Institutc of Technology,

Kanpur, India. Nickcl, Sulphur, Phosphorus and Halogcn csti-

mations wcrc done by standard gravimutric;bthodszo after
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deconpusing the coupounds using dilute nitric acid. Detalls
of sonc of the c¢stimati:ns, viz. cstimation of nickel and of
phosphorous are given below, All the analytical data arce

given in Table II.2.

Estimation of Nickel

Compound crntaining ~ 30 ng of nickel was deccmposed
using dilutc nitric acid and diluted to 200 ml with watcer.
The clear solution was nadc alkalince with dilute ammonia,
warncd to 80 °C an” 2 sclutizn of dinethylglyoxinme (-~ 15 nl of
1% solution) addecd te it in slight oxccss with constant
stirring, The prccipitate wns digested on a water bath for
30 minutes and tosted for completce preeipitation., After
cooling? the prceccipitate was filtcred through a weighcd

.

cruciblec washcd with cold watcr an” ‘dpred in an air oven

at 120 °C an1 weighed ns Ni(HDMG) .

Eatiunti-n of Phosphorus

Estination of phespherus was carricad out by deconposing
a welghed anount of the eccmpound in a Parr-bomb crucible. A
nixturce of sugar, potassium nitratc and sodiuwm peroxide in
the ratis of 1:3:20 ng by . wcight fr une ng of phosphorus
present in the s~uaple was usc! as the oxidising agent. The
nixturce was heatedl strongly for 15 minutes in the Parr-bonb
and ccoled. The contents were cxtractcd with watcr and

acidificd with dilutc sulphuric acid., Concentrated sulphuric
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acid (~7 ml) was added to it followcd by its cvaporaticn to
evolve sulphur tricxide fumces. he residuc was oxtracted
with water and filtered if nccessary, to remove any insolﬁble
inpuritics. Phosphorus was cstinated in this sclution as

phosphoammoniuvnmolybcdate by the standard mbthod?o

Infrarcd Spectra

Speetr o of the cemplexcs werc reecorded in XKBr or Nujol

1

null on a Perkin-Elmcr nodel 297 in 4000-600 cn” ' range and

cn a polytce FIR 30 spcctrophotometer in 600-100 cr..l"1 range,
Infrarcad data in 600-~100 e 1 rangc arc prcscnted in

Tﬂble II. 30

Eloctronig Spectra

The elcetronic spcetra in 800~300 nin rangce were recorded
in acctonitrilc or nitrobenzenc solvents using a Beckmann-26
speetrophotoncter, The solid statc reflcectance speetra were
recorded on o VSU 2~P spectrophotometcr, Speetral data are

siven in Table IT.4.

Masnetic Susceptibility Measurcments

Thesc neasurvacnts werce madc using a Gouy balance at
room tenperaturce, using mercury tetrathiceyanato cobaltate(II)

as calibrant. The results arce presented in Table IT.4.
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Conductivity mcasurcncants werce made on an Elico typce CM 82

conductivity bridgce in nitrobenzene.

RESULTS AND DISCUSSION

In the reactions of mitrosylchloride with Z'Ni(PPh3)2X2_7 |
the following obscrvations were made, (i) No nitrosyl compound
was obtaincd (infrared spectra did not show ahy absorption im
2000 to 1600 cm™ region., In the ecasc of the thioéyanato

complexces, am absorption around 2100 e

duc to y) oy was
obscrved), (ii) No nickel(III) or mickcl(IV) conpound was
obtaincd (complexes in soluticn didgnot act as an oxidising
agent, since no produect oxidised iodide to iodine), (iii) No
addition product of nitrosyl chloridc was obtained, (iv) Onc
nolccule of triphenylphosphine was displaccd from tho parcnt
compound and oxidiscd te triphenylphosphine oxide and once X
was rcplaccd by o chlorine atom, when the reactioﬁs,were
carried out in cyclohexanc as the selvent, In this. proeccss
dinuclear chloro-bridged complexes were cbtaincd., (v) Both
the molecules of triphenylphosphino ?oordinated to the parcnt
conpound werce oxidised to triphenylphosphine coxide -and the
product obtained contained one molcculc of triphenylphosphinc
oxide coordinated to thesmotal and onc X was rceplaced by a

chlorine atom, when the reasticn was carricd out using bonzene

and cyclchexanc mixture as the solvent. In this process also,
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sinilar to that in (iv) dinuclcar chloro-bridgzed compounds
were obtaincd, (vl) From the mother liguor of the rcactions
described in (dv) and (v) above, triphcnylphosphinc oxide

was obtaincd,

Dimcric complexces, with haleopen bridging rcact with nono-

cdentate ligandsy, and arc found to give monomeric conmplexés

with the brcaking of halogen bridges?T’BZ We have observed

the formaticn of /T Ni(PPh XCl_7, when Z“NiLXCl_72 (L = PPh

302

or OPPhB; { = Cl, Br, NO3 or NCS) werc treated with cxzecss

triphenylphosphinc, Except for Z—Ni(PPh3)2012_7, reported
29

by Vcnanzi)

3

other compounds arc ncw. A recaetion of
Z“Ni(OPPhB)(SCN)Cl“EZWith triphcenylphosphine in 1:2 molar

ratio gave [-Ni(PPhB)(OPPh (NCS)CL_7.

3)

Dimeric maturc of /"NiLXCl_7, (L = PPh; or OPPh,; X = Cl,

3 3’

Br, NCS or NOB) could not be confirmed by their molecular
waight determinaticn, duc te low sclubility or decomposition
in non-donor sclvents. However, infrarcd spcctra in low

frequency regilon werc very helpful to support the dimceric

structurc having chlorobridges.

Infrarcd Spectra

The infrarcd speetra of ['N:'L(PPhB)XCl_72 (X = C1, Br,

1

N0, or NCS) in 4000 to 600 ecm” ' rcgicn showed all the bands

3
duc to triphenylphesphinc. [’Ni(PPhB)NOBCl_72 showed bands

at 1500, 1260 and 795 e~ ! /" fig. no., II.1_7 which are
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charactecristic of a monodcntate nitrato group?3 The infra-
red spoctrun of [1\11(1313113)(1\705)01_72' /" fig. no. II.2. 7
showed once strong and sharp band at 2080 cme and a-ncdiun
band at 865 cn™ ! which nay be assigned to )i and ‘)CS
respectively of an N-bonded thiccyanato group?5 The absénce
of a bridsing thiocyanato group was cenfirnmed by the abscnce

of any othcr band around 2080 e,

The infrarcd spcetra of Z-Ni(OPPhB)XCl_72 (X = CL, Br,

1

NO,, NCS) in 4000 to 600 cm ' region showed all the bands

39
duce te triphenylphosphince oxide, A Band at 1180 cm"1 prcsent
in triphenylphosphine oxide; duce to 7)P~O was split into two

1

and were obscrved in 1190-1185 and 1165-1150 cn” ' regions,

In the casc of nitrato complex bands at 1505, 1275 an< 800 cm'1
were also observed which arc characteristic of a'monodontate
nitrato group?3 The infrared spcetrunm of 1'Ni(OPPh3)(SCN)Cl_7é
showed a strons band at 2100 e l“fig._no. II.}._7 also,
which could be assigned to 1)CN of thc S-bondced thiocyanato

group. The lack of a band in the regicn 870 to 780 ]

shows
the abscnce of an N-bonded thiocyanatce, It is not possible

to assign unanbiguously 1)05 band of the S-bonded thiocyanato
sroup, since triphcnylphosphine oxidce has absorptions in

750 to 680 cm"l,rogion. There is a very strong band at

722 cm“1, which could bc a combination of w)CS ( S=-bonded

SCN) and bands due to triphcenylphosphine oxide,
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or

Infrared spectra of / Fi(PPh,),401 7 (X = Cl, Er, NO

302

NC3) showed all the bands due to triphenylphosphine.

3

["Ni(PPhB)Z(NOB)Cl~7 has bands at 1522, 1510, 1270 and 805
1 33

cn” ' also, due to monodentate nitrato groups The infrared

spectrua of /"Ni(PPh,),(NCS)C1l_7 showed a strong band at 2080

1

32

cm™ ! and a medium band at 867 cm ' which could be assigned to

'JCN and ‘)CS respectively of the N<bonded thiocyanato group,

as in /"Ni(PPh,),(NCS), 7.2

32
The far infrared spectral data of Z‘Ni(PPhB)XCl_72 (X =
Cl, Br, VCS) and their assignments arc presented in Table II.3.

Far infrared spectrum of ('Ni(PPh3)012_72 is given in figure

no. II.4. The two bands between 280-265 and 240-235 cm™ | are

assigned to :DNi«Cl (bridging) which arc abscnt in the tetra-
hedral Z'Ni(PPh3)2012_7.34 However, in thc case of
['Ni(PPhB)BrCI_72, these bands could be a combination of
DNi-Br (teruinal) and })Ni—Cl (bridging). In the casc of

tetrahedrol Z"Ni(PPhB)ZBrCl_7, having no bridging hologen,

jDNi—Cl and I}Ni-Br are assigncd to bands at 345 and 305 e !

1

and at 272 and 247 ca” rospectively?5 In the case of thio-

cyanato complexcs, viz, [”Ni(PPhB)(NCS)Cl_72 and

["Ni(PPhy) 5(NCS)C1_7, bands at 265 and 235 cn”! and at 355 and

1

310 cm” ' can be assigncd tO‘ﬁNiﬂcl(bridging) and‘QNi_Cl(tcrmi-

nal), rcspectively. Besidos,ié for the N-bouded thiocyanato

¥CSs
and iki—N arc obscrved at 460 and L14 cm'1 respectively for both
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the thiocyanato complexes?3 19Ni—P has been observed as two

1

bands in 210 to 170 cm” ' region for these complexes,

Magnetic Moment

The magnetic moments for the complexes Z_NiLXCl_72

(L = PPh, or OPPh,; X = Cl, Br, NO

5 3’ 3
2,5 to 2,8 B.M, (Table II.4,) per nickel atom,,at room tempe-

or NCS) are in the range

rature, which is slightly lower than that of the nickel(ITI)
tetrahedral complexes (~ 3 B.M.)?6 This could be due to
antiferromaegnetic interaction between two metal atoms of the
dimers. The interaction could occur either directly between
the two metal atoms or via chloride bridges in a tetra-coordi-

nated dinuclear structure?6

The magnetic moments of Z—Ni(PPh3)2X01_7 (X = Br, NO3)
are in the range of 3,0 to 3.15 B.M. per nickel atom at room
temperaturc, which is the cxpected and obscrved value for the

29

nickcl(II) tetrahedral complexess The compound,
Z"Ni(PPhB)Z(NCS)CI_7 was found to be diamagnetic similar to
["Ni(PPhB)E(NCS)2_7, which is duc to the squarc-planar struc-

turc of the complox.

[—Ni(PPhB)XCl_72 (X = C1, Br, NO, or NCS) and

3
Z"Ni(PPhB)ZXCl_7 (X = Br, NCS or NOB) are found to be non-
conducting in acctonitrile, whereas conductance measurcuents
for ['Ni(OPPhB)XC]._72 could not be carricd out duc to their

decomposition in accotonitrilce or nitrobenzene. Non-conductance
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Tablce IT.4. Elcctronic Absorption Specctral and

Magnctic Meomunt Data of the Conplexces

r4

Frmr e e m e T e e s

o

Conplexes }hax AR ’/QOff
(€ ox) (B.M,)
[ NE(PPh)CL, 75 640 (103) 2.59
595 (105)
/71 (PPhg) Bro 7,02 655 sh 2,71
625 (105)
Z"Ni(PPhB)(NCS)Cl_72(a) 690 sh 2,45
: 615 (212)
575 sh
-/ RL(PPhy) (N05)C1 758 660 (107) 2.53
500 sh
/"Ni(0PPhy) (s0M €1 7,4 655 sh 2.83
590 (130)
550 sh
/Wi (PPhg) ,Brc1 7P 575 (200) 2.99
1420 (4200)
[Ni(PPhg) H(N0)c1 74P 660 (170) 3,14
- 395 (255)
£ ma(PPhg) H(Nosyer 7 ) 418 (3300) Dianag,
/" Ni(OPPh;)BrCl 7, - 2,58
/" Ni(OPPh) (W05)C1_7, - 2,51
(a) = in acctonitrile; (b) = in benzenec,
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of the compounds show that no ionic species arec present in

the solution.,

Misihlc Spectra

The visible spcetra of the complexes, [—Ni(PPhB)XCl_72,

(X = C1, Br, NO3 or NCS) in acetonitrilc show two bands,
around 650 and 600 nm (Table IT.4.). These bands may be
assigned to onc of the d-d tranmsitions for Ni(II) tetrahedral
systoem, viz. 3T1(F) —_— BTT(P), as in the case of _
Z'Ni(OAsPh3)2012_7?7 In these complexes, the symmetry of the
ligand filcld around the mctal ion is lowcrcd from Td, which
splits the 5T1(P) term into one component of two fold degene-
racy and anothcr non-degencratecomponent at different cnergy
levels, thercby giving rise to two bands (or onc assymetrical
band with shoulder). The spcetra of thesc compounds in nitro-
benzene are similar to that in acctonitrile., The rcflecﬁanbe
spectrum of ["Ni(PPh3)012_72 (fig. no. II.5),; shows a band

at 920 ma1 and two bands at 570 and 620 nm of cqual intcnsity.
- 5AZ(F)

transition and the other two bands could be same as discussed

The band at 920 ‘mm could be due to tho 3TTCF)

above,

The visible spectra of ['Ni(OPPhB)XCI_72 (X = C1, Br,
NO3 or NCS) in solution show absorptions similar to those of
[“Ni(PPhB)XCI_Z. Howevecr, the intensity of the bands decrcascs
slowly with timc duc to slow decomposition of the compounds in

solution.
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The visible spectral data of Z_Ni(PPhﬁ)ZBrC1_7 and

/"Ni(PPh 5(N0)CL 7 in 800-350 mn region arv given in

3)
Table II.4. Thesc complcexes, ‘showed two absorption bands
around 600 and 40O nm, which is in conformity with thc spcctra
of Z’Ni(PPh3)2X2~7 (X = C1, Br, I).B8 The band around 600 am
could be assigned to 3T1(F} —_— BTl(P) transition for
pickecl(IT) totrahedrai systems?7 The band around 400 nm is

morc likely due to chargc;transfor. The spectrum of fhe

square planar complex, Z'Ni(PPhB)Z(FCS)Cl_7 is similar to the
— - 38
rcported squarce planar, / Ni(Pthﬁz(NCS)2_7, where only one
band at 418 nm is obscrved, which is likcly to be charge-
transfer band only. The visible spcectra of the couplexces in
nitrobenzene solvent showed a pattcrn sinilar to that in

benzcene with slight shift of the band position towards higher

CNergy.

The thernogravinctric studics of Z”Ni(PPhB)XCl_7é (X = ¢1
or Br) also confirm thc composition of thc complexes. The
conplexes start deccomposing at 80°C and total loss of tri-
phenylphosphine is observed at 460°C and £75°C for X = Cl

and X = Br recspecctively.

The proton n.,m.r, spectra for Z_Ni(PPh3)X01;%v(X = Cl or
Br) in acetonitrilc at room toemperature gave a structurelcss
singlct at 7.578 which is charactcristic of the protons of the
phenyl groups in triphcenylphosphince.,. The n.n.r, linc of the

phenyl-proton as wellias that of TMS referencce arc broadened
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conparcd to the n.u.r. of the froce ligand which support that

paranagnctic [’I\Ti(PPhB)XCl_]2 is presemt in solution.

On thce basis of above studics the structurc of
[—Ni(PPhB)XGE_72 and ["Ni(OPPhB)X01_72 (X = C1, Br, NO3 or
NCS) are proposcd te he dimcric bridging through the chlorinc
atons, with a distorted tetrahcdral arrangment around the

nickcl atoms as shown below.

where (L = PPh3 or OPPhB); (X = C1, Br, NCS or NO3)°
The structures of ["Ni(PPh3)2X01_7 (X = Br or N03> are
distorted tetrahcdral and Z'Ni(PPhB)z(NCS)Cl_7, a squarc

planar.
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CHAPTER I1I

SYNTHESIS AND STUDIES ON DICHLCROIODO TRIPHENYLPHOSPHINE
OXIDE NICKEL(III)

ANTRODUCTION

The study of transition metal complexes in uncommon
oxidation states has been of increasing interest to inorganic
chenists. Such oxidation states are often implicated as
transient intermediates in chemical and biochewical redox
reactions., To obtain stable compounds containing such oxi-
dation states is of obvious interest. The cheaistry of nickel
is known in the oxidation state rance of -1 to +4, in which
the most common, stable and the well studied state is of
nickel(IT), The higher oxidation states of nickel, viz, +3

and +4 are scarce and have aroused interest in Chemists.

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

discovery! however, the first couplex of nickel(IXII), viz.
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Z-Ni(PEt3)23r3.7 was reported by J_ensen‘2 in 1936, Though, the
chemistry of nickel(III) has not been fully exnlored, but there
has been growing interest in this field during the last

S5k

fifteen yearssy

A major set-back to the earlier investigations of
nickel(ITI) complexes was the lack of a suitable method of
characterization of the 3+ metal centre. Magnetic suscepti-
bilities céuld 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 a’ nickel(III) and an elcctron
delocalised over the coordinated ligandf{s) in a nickel(II)
stabiliscd radical, Chemistry of tervalent nickel received
a great stimulus largely due to the development of mcthods of
its generation, which enabled chemists in synthesising a large

number of complexes either in solution or in solid statec.

Types of Ligands

Depending on the modes of coordination the ligands which
form stablc complexcs with torvalent nickcel can be broadly
dividcd into four catcgorics, viz, (i) monodentate, (ii) open
chain chelating (polydentate), (iii) macrocyclic and

(iv) ligands forming cage typc complcxes.

Monodcntatc iigands with which stablc complexes of

nickcl(III) arc reportcd contain F, O, N or P as donor atoms,
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although such complexes are very few, Known compounds are
<./ NiT > s NN ~ 6 TN (PR Y= Clo
KBZ J1T6_7, /" NO 77/ Nl(h05)4ﬁ7 s/ 11~PLL3 2X5_7 (X = T

3 T
Pr., R = M

s e, Et, n-Pr, nﬁBu)2’7’8 and Z'NiXB(PMeZPh)2_7 (X' = C1
, 10

&~

*\O

or Br) "Ni(NH7)n 73+ has been generated by pulse radio-
d) =

lytic technique]1'

Open chain chelating ligands stabilizing nickel(III) are

14

mostly bidentate, viz. ethylenediamine}a’13 propylenediamine,

bipyridyl}5' phenonthrolinesz6 various d:'Lphosph:'urles1?'22

diarsines?s’abr deprotonated amides§5'27 peptides?S—BZ ox:i.mes:g"35
and dithiocafbamates?6’37 Some examples of hexadentate ligands
containing amino and oximo groups stabilizing nickel(III) are
also reported.}8 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?’q The tetraaza
macrocycles of nickel(III) are studied mostly in solution
either by electrochemical or by pulse radiolytic technique.
Most of tetraaza couplexes of nickel(II) exert an unusually
nigh ligand ficld on the metal ion thus raising the antibonding
orbital encrgics sufficicntly, so that thc resoval of an clec-

tron to give a nickel(ITII) complex is a low encrgy process.

Sandwich cowplexes of cyclopentedienc and cagce typc comp-

lexcs of carborancs also stcobilize tervalent nickel, Exaaples

)Il-’r

of such complcxes are§9"42 [‘I\Ti(cp)z__7+5 Ni(cp)(B9CZH11 .

[T¥ie) N _J/THi(BgCoH, ), 7.
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Mcthods of Generation of Nickel(IIT).

Throe differont methods have beon uscd to generate
nickcl(III) coaploxces, via oxidation of thc nickel(IX) analo-
sucs, These arce (1) cheamical oxidation, (ii) clcctrochemical
oxidotion and (4ii) pulsc radiolytic and flash photolytic

tcechniques.,

Th. pulsc radiolytic tcchnique ig o powerful tool for the
generetion of nickel(III) in aqucous solution, This is
usually not a mcthod for bulk synthesis, The radiolysea solu~-
tions arc dirccetly investigatced by various physicochcmicai
tcecanigues., This technigue enables chewists to study the
propertics of bighly unstable intcrmedintes within a short
period of time., The major disadvantazcs of this tcchnique is
that due to the very high roactivity of the prinary frece radi-
cals thcy olso often react with the products. Thercfore,
cxporiments with very smnll conv.rsion to torvelent nickel
inturucdintes can be studicd, This technigue has been uscd to
study the kinctics of formation and decay of the short~lived

nick 1(ITI) complcxes of amnonial1 pthylcnodiaminu33 cthylcne-

. . . . L . . . .
diawine tetre ccctic ac1d,‘3 g,lyc:lnc15 and diucthyl glyommc{*4
Bloctrocincnical oxidation of nickel(II) coaplexces in agueous
or in non-agueous solvents hos been cxtinsively uscd to gence

rate nickoel(III) complexes. ©“his acthod of synthesis is

usunlly very n.at, sincc the potential cnn be preciscly scot at
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t

jny

¢ desircd valuc, thus avoicding couwplicatin, sidc rcactions.
Whilce this mcthod is suitable for bulk svnthesis also, it is
nostly uscd to gencernte nickel(IIT) in solution wihdich is
dircctly uscd for further studics such oz, ¢sr, without going
through isolation and purification. This iicthod hns becn
mostly uscd to study the nickel(IIT) couplexes of tetraaz
macrqcyclos. Some of tho tervalent nickel(III) complexcs of

45

bidentate ligands, viz. cthylcencdioaine,” cthyloncdiaminc

tetra acctic c1d46 , N blpyrldyl15 and pnbnohthrollnfs16

nave been gencratoed by this moethod and studicd.

The chenmical mcethods of synthesis of torvalont nickel
complixes arc uscful, sincc complexes can be disolatced in solid
state too. Thus, various physical studics of thc conplexes
can bc made in solid state and in solution too, Nickcl(IIT)
complcxcs have becn obtoincd by the oxidation of their
nickcl(IT) analogucs using oxidising agcents, such as persulphate,
halogens, nitric acid, oxygcn, nitrosyl halides, hydrogcen
pcroxide, dinitrogen pentoxide; ferric chloride, thiuramndisul-
phide, and hexachloro iridium(IV). iany of the complexcs thus
synthcsizod ond studicd include nickel(III) tetraazn complexces.
A bricf revicw of the nickcl(III) complexcs containing nono-
duntate ond bidentate lizgands obtained by diffcrent chemical
oxidntions h~s boen prescntced in Table TITII.1. tliacrocyclic
tetranza conplexcs of nickcl(IIT) obtaincd by chimical oxi-

dations have not been included in Table IIT.1, as thcey have
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Ssh

been discusscd in deteil clsewheros

Fron thoe proce-ding revicw on the coaplexoes of tervalont
nicicl, it is cvident thot the studics on nickcl(ITI) coup-
lexes is in o st-te of develonment oad the ncthods of synthe-
gigs using cincnicnl oxidants roguirce nore work for the systean-
tization ond gecnornlizations., “ith a vicu to synthesizce,
nick 1(ITT) coupluxes containing mono- or bi-dentate ligands
usin, chenical oxidnts and to study thiir physical and chomi-
c~l bLeanviours, ~ttompt wns m-de to oxidisc nickcl(IT) terti-
aryphosohine coaplexces, viz, Z“Ni(PPh5)2X2m7 (X =C1, Ir, I,
1es ox NOB) using nitrosyl chloride os oxid-nt., Ezc.opt for

X =1, in all other enses; [TTALICL 7, (T = Tthy or OPPhg)

5
typ. of compounds worce obtaincd and arce described in Chapter
II., In th. casc of Ni(PPh5)2IZ’ oxidation with nitrosyl
chloridce or chlorine resulted in the fornmation of A nickcl(IITI)
conplex, Z”Ni(OPPhB)ClZI~7. In this chantor svnthesis, chara-

cterization and study of somc physical and chunical propertics

0i the nick l(III) couplex arc reportod.
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EXPERIMENTAL

¢

Diiodo bis-triphcnylphosp.ine nickcel(IT) was preparcd

L

1 - . . AL
according to the wmcthod of Venonzld,

Proparation of Dichloroiodo Triphenylphospiine Oxide Nickcl(TITT),

e R e e e R Rt SRR

A suspension of powdcrcd lmﬁi(PPh5)212ﬁ7 (1 g) was token
in dry cyclohcxenc (50 ul) and nitrosyl chloridc was bubbloed
slowly through thce suspension for about 20 minutes whilc
stirring the mixturc. Slowly the suspended naterinl went into
solution, Aftcr discoutinuing the bubbling of the gas, the
nixture was stirred at room toupcraturce for about § hours, when
n ycllow cryéttllinc compound scparatcd out, During thce rcace-
tion, colour of the solution chanscd frow dark roddish browm
to ligut rcd through green., The conpound was filtered out and
vasned scveral times with dry dicthylethcr and dricd under
vacuun, 1.P., 100-105 ¢ (dccouposcs), Annlysces
Calculntud for ["Ni(O“PhB)ClZI_7 : Ni, 10.97; C, 40.37;

Hy, 2.30; P, 5,79; C1, 13.27; I, 23.74. Found : i, 10.95;
C, 40.68; H, 3.12; P, 5.80; C1, 13.57; I, 24.12. Sauc
conwound vas obt~inced also when chlorinc wns uscd instcead of
nitrosrl chloridc,

Tne mother liguor, aftor the sepnration of the conmpound,
on concentration yiclded tripinenylphosphine oxide, charactoe-

rizced by inp. (157 9C) and infrared sncctrun ( QP:O at 1185cm"1l
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2) Sreparation of 4“Ni(PDh5) 101_7

To A susvinsion of Z“Ni(OPPh3)0121_7 (0.5 &) in acctic
acid (20 11l), a sclution ol traphoaylphosphine (0.6 3) in
acetic occid (5 011) wrs added and the wixture vas stirrccecd for
about 4 hours at roows t.uperaturce, vhen a deep brown crystallinc
compound scpar-tcd out., It was cuntrifuged, woshed first with
acctic acid and then soveral tines with dry dicthylcether and

dri.d under vecuw:., M.P., 180-181 0

¢ (éeccaposes). Analyscs:
Calculated for 4“ri(PPh3)2101_7 ;o b, 7.87; Cy 57.99;5 H, 4.03;
Cl, 4.76; I, 17.02; Wound : Vi, 8.0; C, 57.7; H, 4.3;

Cl) 5.1; Ig 17-1-

LS vy ~ -

Catalytic Oxidntion of Iriphenylphosphiic Using

£ Wi(0PPh;)CL, T 7

recer w s v e e A P e >~

4 solution of Z'Ni(OPPhB)ClZI”7 (0,02 g) and triphenyl-
phosphine (0,5 g) in ecyeclohex-ne (40 nl) was beiled under
rcflux for about [ hrs wailc oxyzen uas bubbled slowly through
the sclution, The solution vas cooled and concentrated under
rcecduced pressure when a conpound scparated cut., It was filtoered,
wnsped first with cyclohcx-on. and then with cther scvernl tinics
and Criod under vacuuww. M.P., 157 °c. analyses :  Calculnted

{for 018H15PO : C, 77.71; H, 5.40. TJFound : C, 77.40; H, 5.6.
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on_of Iodide in prcscnce of Chloride

Estinat;

e e e

The totnl halide content of the coapound was obtaincd by
decoiposing it with KNOB, KOH mixturc, acidifying with dilutc
nitric acid to sickc the solution just ccidic and then preeipi-
tating as silver halide using silver nitratc sclution.

Chloride cstimation wns donce by decenposing the compound with
dilutce nitric acic and heating for about half an heur to oxi-
dizc iodicde to iocdinc and get liberted and then prccipitnﬁing
gilver chloride by silver nitratc solution, Todide content was
obtnincd by subtracting chloridc content fron the total halide

content.

Carbon, hydro.cn, nitrogen, phosphorous and nickel csti-

uation, infrarcd spcctra, visiblc spcctra; nagnetic suscopti-
'bility and conductivity mcasurcments werc nadc according to
aethods reported in Chapter IT. Ane.s.r. spectrua was recorded
atl liquid nitrogen  teoperaturc using Varian E 104 Spoectrophoto-
ncter, The oxidation state of nickel in the +3 complecx was
deterained iodonetrically by the rcduction of a known aount

of the conpound with aquceous potassium iodidce sclution,
followcea by titration of the liberatcd iodinc with standard

sodium thiosulphato solution.
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SULTS AND DISCUSSION

= Ea L Ve e .

R

The oxidation procuct of Z-Ni(PPh3)212_7 vith nitrosyl
chloride or chlorince has the wimerical fornula Ni(OPPhB)Clal.
he niagnetic nowent of which wnas found 1.68 B.i, ot roou
tonperature, charncteristic of nickel(III) hoaving once unpaircd
clectron,  The oxidation state of the ictal in the ceiplex was
furthor confirncd iodunetrically according to the ncthod
desceribed in the experipontal scetirn, Nickol in oxidaticn
statc +3 was reduccd to 42 by postassiuag iodide solution. The
conductivity ncasurcients of the couplex in acctonitrile and

nitrobcnzene did not show any appreciablc ceonductonce, thercby

confirming that all the nnlons arce coordinated to the nctal ion,

The prescnce of triphenylphosphine oxidc in the conplex
was confirnced by the infrarcd study. Thaco spectrui is given in
figurc no. IIT, 1. 4 streng band at 1180 en” ! is assigned to

QP:O ol the triphcnylphosphinc oxic: nnlccule coordinated to
the mutﬂl?g Aftcer deccniposing the couaplex with water, the
liberated lig-na was isolatced and characteriscd as triphconyl-
phosphine cxidc (vide, n.p. and infrarcd spectrun). The infra-

ro ! spuctrun of the conplex in 600100 cm"1 region (figurc

- . . n , . ) -1
nee LTI, 2.) shous six ban's of which bands at 548 an® 520 cn

arce ue to triphoenylphosphine oxide, The band at 452 cm'~1 nay

D cmm - T ¢ - - ) S
be assigne to Y Y ~t 365 an” 308 cn 1 to mzNi“Cl(tormlnal)

an' at 225 cin~ ]! to I (terninal), Thesce assignicnts arc

WV Ni-
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Fig. III.2. Far infrared Spectrum of [Ni(OPPh3)CIZI-j
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na'e in accerdance with that of isctepicnlly labelle? nickel

- L
conplexes, viz., / Ni(PPh3)2X2_7 (4 = Cl, Tr oz I).‘9

The Jleetr n spin rescnance spectrua oLl a powdercd swiplc
¢ 0 the coiplez at liguil nitr sen toiperoture (figure no, ITI, 3)
shovs tir abscrptica lincs froo which the 5 valucs cnlculated
are, 8L = 2.085 and gu = 2.430. II we chonsce the 2z coerdinate
such that it bisccts the CLlViCl anglc and x and y cocrdinates
pcrpendicular to the above, then A possible configuration is
Fa 21 2 2 + LR, 3, " L4 3
("2  2) (e 2)=(d__H)=(a__). TFollowing the c¢ctailce? treatnent

-y z XZ vz

nt of systal uith thoe above Chnfiguraticn?o’51 yo can precict
g which is cbscrvced coxperincentally toco. Duc te the

o
77 A

l-ck of avallabality of 2ll the d-d transitions, it is not
possible to intcrpret,; the eds.r. data quontitatively., On the

brsis of obscrve” g values, we can ninke a tentative assignnent

0f 25,000 en”! (€ = 70) bun® to €2 2 —> d and 16,000 en”!
(€ = 13) han to ¢ 2 ———> dg, transition. Thus the couplex
has A tetrahedral geonctry with tectragonal dist.rtions,

A renctisn of the conplex with triphenylphosphine in acetic

1

aci” resulte ' in the foration of o dark brown crystallinc

c noun’” of the cooposition 4"Ni(PPh3)EClI_7, a nickcl(II)
coplex,  The angnetic 1o went of this conplex is 3.31 B.M. at

roct teperature,  Sindilar oagnetic awicnt valucs arce observed
for nickcl(IT) t.tr-Lodral 0unplcxvs?7 This conplex Jdocs not

contin triphenylphosphine oxide ccor 'inatel to nickel(II) as

cvi 'enced by the infrare” spectrun, The stromg band at
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N " N . Y . |
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|
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27850 . 2850~ 3150
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at kq;uid, nitrogen temperature

Fig. m.a ESR' Spectrum ot [NitOPPh, eyt

3350
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1180 cu"1 duc to‘ﬂ of the phosphine eoxide is abscnt in the

P=0 *

spectruil,  The conductivity ncasurcaent -7 this ¢ .iplex in
acctonitrile dous nst show any ¢ nuctance thcreby confiriing
that all the mions are covrdinate t to the actal ion.  The
conplex shous absorptions in the visible rcgion ot 18,200 sh,
-1

22,000 and 23,0600 cn which is sinil~r to thusce of

[“Ni(PPh5)2X2h7 (¥ = €1, ®r, )52 The ban' at 18,200 cu -1

-

could be assigned to 3T1(F0 ———a—STT(P) transition of
nickel(IT) tietrohedral couplexes, wherias the other bands nay
bc Aduc tn charge-transfer. Thus Z"Ni(PPh3)2101_7 has o distcr-

ted totrancdral cenvironocnt around nickcl{(II).

The nickel(ITI) conplex, / Ni(OPPh,)Cl 51 7 is feunl to

.5>
act as 1 catadyst in the oxidation of t triphconylphcsnhine to
triphenylphosphine nxide. The catalytic oxidaticn reactions
using the c:1nlex an’ triphenylphosphine in voryiuns proporticns
(upto 1:25) in cyclohexanc “r nitrobeszenc gave quantitative
yicll ol the corresmonding oxide, which was characturiscd by
nelting point (158 OC) and infrarcd spectrw: (abs rption at

1185 en™! guc to v of the phosphine oxide). The complex

P=0
is foun: to ~xidize cyclehexanol te cyclohexanone in pyridine,
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CHAPTER IV

STUDIES ON /"Ni(QPPhy) X 7,/ Yz 7,

(X = C1, Y3 = BrB; X = Br, Y5 = Br3 or IBra)

e e o o e s

OQur intcrest in the synthescs and studics of
nickel(III) conplixes has lcd to the study of a nickel complex
viz. Z‘Ni(OPPhB)CIZI_7 described in Chapter IITI, Oxidation of
the nickcel(II) cowplex, Z'Ki(PPh3)212_7 by chlorinc or nitro-
syl chloridc resultced in the formation of the above mentioned
compounc, Chlorinc or nitrosyl chloridc sctccd as oxidising
agents for the oxidation of nickcl(II) to nickcl(III) with
sinultancous oxidntion of triphcnylphosphine to the corres—
poncing oxicdce. Similer to chlorinec, bronine is also an
oxidising agoent wvhich is expected to oxidisce the moetal and
the coordin-~ted liganus. Jdith a vicw to obtain nickcl(III)
conplex, roaction of broninc with nickd1(II) conplexes, viz.

Z“Ni(PPh5)2X2~7 (X = €1, Br, I, NCS) wcre carricd out.
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However, the results of bromince oxidation wore differcnt and.
oxidation of only the coordinated ligand, triphonylﬁhosphinc
to thc corrcsponding oxide was achicved and the compounds
obtain.d werce of the type [—Ni(OPPhB)ZX_72['Y3~72 (when ¥ =
Cl

; Y3 = BrB; vhen ¥ = Br, Y Br, or IBrZ). Conpounds

3= 73

obtained had a nickcl(IT) complex ecation and a trihalide

anicn.

Althoush, the first polyhalide anion was rceportced in
18191, however, a carcful thorough rcexamination of the
mcthods of preparation, physical properti.g and rcactions in
solution ans in solid statc of the polyhalides werc carricd
out by Crunir and Duncan2 in carly twenticth century. A poly-
halidc anion way be defined as an addition product of a halide
ion ncting as a Lewis base with one or morce halogen or intoer-
halozoen molecules acting ns Lowls acids.  Such an ion can be

assizncd the generalisced fornula X .Y 7

- vhore ¥ : 3
ninp yhere X, Y anc Z

represont cither identigal or diffecrceat hrlegen atoms. For .
all the well definced specics of this type, m + n + p is an

odet nunber that can be 3, 5, 7 or 9,

Mot nll nctals arce capable of formaing polyhnlicde salts.
In order te furn a pelyhalide salt, the caticon wmust have a
large radius and n small charge? The bhest known an® the most
stnble of thoe notal poly-~halogen salts are thosc of Cesiunm

and Rubidium. The condition of large cationic sizc and low
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charge arce admirably fulfilled in totra-alkyl =mioniun salts,

T
I.R4

known? Poly-valcent cations apparently do not yicld salts

+ \ . .
or ASPh4 ané the polyhalides of thuse cations arc well

with the trihalides, However, salts of mngncsiun, zinc,
cobalt, nickul an: beryllium with the tetrachloroiodate(III)

3

lon are knowny ¥Fow other transition ucetal polyhalide salts
arc also known, viz, Ni(ClFZ)Zq, Ni(Cqu)Zq,
[N T/ 17,7 [TCo(lE) ¢ 7T 750 ane
["CO(NH3)6n71"I7_735 and thc polyhalide salts of
_{'Co(cn)EClZ_]+ (en = ethylcne diamine)? In this chapter,
trihalides of the.nickol(II) conplcex cations of the type

[TTi(0PPhy) ;X 75/ V5 7, (whon X = Cl, Ty = Br,; X = Br,

37773
Y3 = BrB or IBrZ) and their physical and cheoical studics
are reportod,

EXPERIMENTAL

['Ni(PPhB) AZ J (X = Cl, Br, I, NCS) werc priparcd

according to the mcthod of Vunanz1§

7

Renetion of Rrondne with / Il(PP

5) X5
e e —— — 'v—‘W

[TFL(PPhL) X, 7 (X = Cl, Br, I, ¥CS) (0.6 g) was taken

32
with dry benzenc and cyclohoxane mixutre (1:6 ratio ~ 30 nl)
in a two nceckod round bottom flask and stirrcd for about 30

ninutes. Fromine (0,2 ml) was taken with eyclohexance (20 ml)

in a drowving funncl, and was added dronwise to the suspcnsion



83

of the compound in henzene cyclohexanc wixture, with constant
stirring., Bromine addition was completed im 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 centrifuged,washed with dry cyclo-
hexane several times and dried under vacuum. The compounds
obtained have the composition Ni(OPPhB)?_XBr3 (where X = Cl, Br
or I)s In case of the reaetion of ZNi(PPhB)Z(NCS)2_7 with
bromine, compound obtained did mot seem to have a stoichio-~

metric compositiomn,

Reaction of Triphenyliphosphine with Z"Ni(OPPhg)ZX_72['Y5~72

(1) To a suspeunsian aof é"Ni(OPPh5)2X~72[—Y5_72 (0.1 g) in
acetic agid (5-7 ml), triphenylphosphiie (0,4 g) was
added and the mixture was stirred at room temperature
for about 4 hrs. The compound thus obtained was centri-
fuged, washed with acetic acid and fimally with dry
diethyl ether and dried under vacuulr. K_Ni(PPhB)ZIBr_7
was obtained when Z-Ni(OPPhB)Br_72['IBr2_72 was used,
whereas ['Ni(OPPhB)ZX_72["Br3_72 (X = C1 or Br) resulted
in the formation of Ni(PPh3>2Br2’

(ii) A reaction similar to that of (i) was carried out
using dry cyclohexane (6-10 ml). The compound was

washed with cyclohexane and dried wunder vacuum.
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[—Ni(OPPhB)ZIBr_7 was obtaincd when Z"Ni(OPPhB)aB£72["IB§g£
was uscd and Z—Ni(OPPhB)EX_72[_Br5_72 (X = Cl or Br)
resulted in the forniatinn of Ni(OPPhB)ZBra.
Carbon, Hycdrcgzen and Mickel analyscs, infrarcd spectra,
vlectronic sicctra; nagnetic susceptibility and conduetivity
data were obtaincd nccording to mcthods reportesd in Chapter IT.
The analyscs of halic contonts werce obtaincd from National
Chenicnl Laboratcry, Punc, These dnta arce given in Tablcs IV.1t.
ant Table IV. 2, Total roduciblce halogen coentent in the poly-
halides was cstinate” by iodonctric titration. The compound
was tokoen in water, acidificd with acetic acid, potassiun
icdicc e and stirre” in dark at ro.n tenperature (o 20 OC)
for about 15 min te liberate iodine coaplcetely, The liberated

icJing wns titrated against standard sodiun thiosulphate

solution,

ANt e

The renction of bronince with Z'Ni(PPh3)2X2_7 (X = C1l, Br
or I) gave ¢ npouns of the stoichiomctric conpesiticn,
Ni(OPPhB%gBrB, where X = Cl, Br or I. Looking at thce compo-
sition, one would like to call Thesce ernplexes to have distor-
te? setahearal envir nnent around nickcl(IV) dcns.  Fickcl(IV)
cctrheral coiplexes arce reportedl to have Jlamasnetic boha-

7

viour; however, in the prescncce ¢f 2 we~k cryst-l ficld,
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Table IV.2. tingnecic Loment anc £loctronic

Spectral Dat~ of the Cowmpounds

)\ in na )& in nm
mnx Max

Coupounc (& maX) in § (€ qu) in cff

acctonitrile § in nitrobenzerc §(B.M.)

- - - P SR e T e ~ . O T T S - e

["Vi(0PPhy) Br 7,/1Br, 7, 630 3. 40
450 sh 465 (60)
370 (340)
256 (33,000)

[ "FL(OPPhy) JBr 7,/ Br, 7, 700 sh -
642 (85)
605 sh
460 (45) 4565 (54)
370 (640)
268 (34,700)

Z‘Ni(OPPh5)201_Zg’Br3_72 700 sh 2.94
645 (52)
605 sh
460 sh B65 (21)
270 (350)
268 (47,000)

Z"Ni(PPhB)EIBr“7 620
510 sh
370
270 sh
247
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magnetic moment corresponding to four unpaired electrons may be
expected. Cowmpounds obtained, have magnetic mowment in the range
% to 3.4 B.P.(Table IV.2.), corresponding to two unpaired elec-
trons, expected for tetrahedral or octahedral nickel(II) conp-
lexes. Hence the couplexes obtained should contain nickel(TII)
ions in it.

Considering that the complexes contain nickel(II) ions, the
dnly possibility of explaining the composition of the compounds
is by assuwing 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 know that the polyhalide anions are stabilizccd by low charge
and blg size cation, it is expected herec also tanat the coupounds
should have an ionic nature with a cation and a counter poly-
halidc anion., Assuming a tetrahedral geowmectry arount the nickel(IT)
ion, a composition of the type [Ni(OPPh3)2X_721"Y3_%/iS the
likely possibility. Tn such cascs, thc conductivity mcasurcmcents
would help in knowinge the naturc of thce compounds. The molar
conductance of 1:1 electrolytes (viz. R4U+Z"X3_7—) in 10"3 M
acotonitrilc8 solution at 25 °¢ is reportchVT6O.ﬁ:] cm2 mol—1.
The wolar conductancce obtaincd for thisce compounds arc about
26O.Sf1cm2mol°] at 20°C, whieh is very closc to the cxpected
valuc for 1:2 clectrolytes in acctonitrilc., The molar conduc-

1

tancce valuce for ZFi(OPPth;§72(Br is higher(44s0 £27 cm2 mol"1).

32
The molar conductancce in nitrobenzene for thesc compounds is of
the order of BSJlflcmanol_z a valuc lower than cxpectcd for 1:2
cleetrolyte., It could Lo duc to incomplcte ionization in

nitrobcnzcno,.
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The coordinated triphenylphospnine molecules of
Z"Ni(PPh5)2X2~7 (X = Cl, Br or I) have becn oxidised by bromine
to give Z—Fi(OPPhB)EX_721-Y5_72. Prescence of triphenylphos-
phine oxicdc is confirmed by the infrarcd spectra, where a band
of mediuwn intcnsity in the region 1155 to 1165 en™ ' is observed,
assisnablc to 'szog. Infrared spectrum of
[”Ni(OPPhB)2Br_72ZiBr2_72 is given in figurc no. IV, 1.

Besides, a band around 1090 cm"1

due to triphenylphosphine was
rcplaced by a band at 1120 cm"1 characteristic of triphenyl-

phosphine oxide and its complcxes,

The absorption bands in the visible region for these
cowpounds could bc assigned assuming a distorted tctrahedral
enviromicnt around the mctal ion. The absorption around
600 nm could be due to ~T,(F) ———3 T, (P) transition of the
tetrahedral d8 systcmsjo Visible spectrua of
['Ni(O?PhB)ZBr_72[-Br3~72 is given in figurc no. IV.2.
Splitting of 5T1(P) state could be cxplained duce to large

distortion in the symactry around the metal ion from Td'

In the light of above discussions, the following‘formu-
lations for Ni(OPPhB)aqu arc possible, viz.,
Z"Ni(OPPhB)23r_72["Br3_72 or Z_Ni(OPPhB)E(BTB)_72Br2. Howcver,
as no cxamplcs of covalcntly bondced Br5— or any othcr poly-
halidce ions arc known, thc former formulation is prcferrcd
ov.r the later, Besides the ultraviolet spectrum of the

compound in acctonitrilce (figurce no. IV. 3b.) shows an absorp-
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Fig.IV3. UV Spectra of (a) [NIOPPhy), Br]Ier,

(b) [Ni(OPPh3); Br |Bry, in Acetonitrile -
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tion band at 268 mm (¢ nax = 41,200Ye A siuailar bend at 269 nm

(é’mqv = 55,000) is ruportcd for the BrB' ion in acatonitrilcz]
Similarly, for Ni(OPPhB)aClBr

3 anc Ni(OPPhB)ZIBrB, the prefer~

rod forulations are [_Ni(OPPhB)ZCl_721"Br and

372
["Ni(OPPhB)23r_72['IBr2-7 respectively.  An absorption band
in the u.ve region for the forner couapound is obscrved at

268 m (€ = 47, 000) and for the later (figurc IV, 3a.)

nax
at 256 na (€ — 36,000). Th¢ band ot 256 na € nax = 54,000)
is reported for ["IBr2_7' ions in ncctonitrilu}1 All these

< > ~ 3 . *
absorptions in the u.ve region may be assigned to §—>4

transition of the trihalide anion}2

Total rcduecible halogen content of
["Ni(OPPhB)aBr~72£’IBr2_7 and [”Fi(OPPhB)2Br_7ZZ"Br3_72 are
found to be approxicatcly two .rolcs of halogens per nole of
the complex, which is in good agrceiicnt with the polyhalide
ion foriulations. EBach polyhalide anion liberntces onc nolc of
recucible halogen, occorcing to the following

- -~

XB -‘--——-—% Aa + X
However, in the casc of Z’Ni(OPPhB)201_724‘Dr5“72, reducible
halogon content per nole of the conplux is about onc mole of

tne halogun.

The cationic conplexes of nickel(II), roported above have
been reactod with triphenylphosphince in acctic acid and cyclo-
hexance solvents scparately and the products obtained arce diffe-

rent in both the crses.  Acctic acid nediuwn reaction roesults in
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the formation of é'Ni(PPhB)ZIEr_7 when ZTi(OPPhB)ZBr_EZ“IBr2_72

is trecated and thc formation of Z_N1<DPh3)2Er2m7 when

/ Nl(OPPnB)ZX_72[ Er3_72 X = Cl or Br) is treated with tri-
phonylphosphine., The abscence of triphenylphosphine oxide and
the prescnce of trivhenylphosphine in the resulting conplexes

has bcen confirued witih the help aof infrared spectra of these

1

coupounds, which do not show bands at 1160 cm™ ' duc to

1 i

P=0

and at 1120 ca™ ', but a ncw band at 1090 cm” ' is obscrved.

[-Ni(PPhB)aPr2_7 is same as reported by Venanzi§
["Ni(PPhB)ler_7 sect to be a new compound, The visible
spectrum of this compound shows absorptions around 600 nm

which could be du. to 3’I‘1(F) —— 3T1(P) transition as

discussed earlicr.

Reactions of Z'Ni(OPPhS)ZX_721”Y5_72 with triphcnylphos-
phine in cyclohexanc solvent did not replace the triphonyl-
phosphinc oxidce by triphenylphosphinc, Only the polyhalidc
anloa spccics was converted to the monohalidc anion and thus
resulting in the formation of Z"Ni(OPPhB)ZIBr~7 when
4'Ni(OPPh3)2Brn7 IBr, was uscd and forumation of ZNi(OPPhB)ZBr2_7
ithen Z-Ni(ODPhB)EX_7 Br3 (X = C1 or Br) was uscd.

[_Ni(OPPhB)aEr2_7 is sanc as rocportcd by Cotton and Goodgancz3

"lith the help of various physical studics discusscd above,
the possible geoumctry around nickel(II) ion in
[*Ni(OPPhB)ZX_7§+ is proposcd to by a distortcd tctrahcdral

onc, dimcrising through halo,cn bridging as shown bclow.
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Complexes of nickel(II) having similar bridging structures
are reported with triphenylphosphine or triphenylphosphine

oxide and bridging chlorides]4

2E¥
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CHAPTER W)

4 CONVENZENT METHOD OF PREPARING NICKEL(II)

THIOCYANATE AND ITS USE IN SYNTHESIS

INTRODUCTION

Compounds contaiming 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
fimal product may be contamimated with impurities originating
from starting materials: Use of nickel(II) thiocyanate for
such purposes should overcome these difficulties. Methods
known for preparing this compound are : (1) treatment of a
dilute thiocyanic acid solution with nickel hydroxide or
carbonate followed by evaporating the mixture at 150 00;2’3
(11) 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 mickel sulphatc and finally concentratingBJ*
and (iii) mctathetic preparation of nickcl thiocyanate in
cthanol followed by addition of benzenc and slow concentration
of the solution at atmospheric pressure with final hecating to

2

110 ¢ in vocuums

The mcthods for the preparation of nickel(II) thioccyanatcs
known arc generally involving more than onc step. Hence to
find out a simple, one step preparation of purc nickel(II)
thiocyanntc was desirablc.” In this chapter, we report a very
simple onc step mcthod of preparing nickel(II) thiocyanate by
trcating a solution of nickel(II) ehloride or nitrate in
acctic acid with a solution of ammonium thiocyamate in the
same solvent at room temperaturc. The compound, thus obtained
has been studied for its various physical propertics in solid
and in soluticon in differcent solvents, Besides, this
nickel(II) thiocyanatc has bcen uscd to prcparce many compounds
containing nickcl thiccyanate and other ligands., Souc of the
conpounds rcportcd carlicr havce been preparcd using it as the
starting nnterial and some new compounds have also been repor-
ted heee and their physienl properties studicd to know their

structurc and wodc of bonding of thiocyanatc to thc metal.
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EXPERIMENTAL

Al the matcerials used were chemically purc or of Analar grade.
Carbon, Hydrogen and Nitrogen analyses werce carricd out at the
Microanalytical Lavoratorys 1.1.T., Ranpur. Nickel estimation

&

was don¢ according to the method™ deseribed below,

Estimation of Nickel

A known gquantity of complex containing ~ 25 mg nickcl was
decomposcd using dilute nitric acid, dilutcd to 100 ml with
water and ncutraliscd with ammonia scolution. Solid indicator
nixturce of murcxide and KI\TO3 in the ratio 1:100 by wecight

(~50 ng), and 1 M NH,Cl solution (10 ml) woere addcd to the

I
solution. ©PpH of the solution was obtaincd at 7 by dropwisc
addition of conc. anmonia solution. The solution was titrated
with standard EDTA solution (0.01 M) until thce eond point
approached, The solution was made strongly alkaline by the

addition of amrionia solution (10 nl) and the titration was

continued uvntil the colour chanzed from ycllow to violot,

Infrarcd speetra, cleetronic spectra, magnetic suscepti-
bility and conductivity mcasurcments werc obtained according

to the methods described in Chapter II.
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PREPARATIONS

Nickcl(II) Thiocyanate, Ni(SCN).,

To a solution of 9.5 g (0.04 molc) of nickel chloridc
hexahydrate in water (10 ml), diluted with glacial acetic acid
(100 nl), a sclution of 7.6 g (0.1 mole) ammonium thiocyamate
in acectic acid (20 ml) was addcd with a constant stirring at
roon tompcraturc, An instantanecus rcaction took placc and
a yellow compound separated and the mother liquor turncd
almost colourlcss. Stirring was ccontinued for another 2 h,
The compound was separated by filtration and washcd with
watcer-acctic acid nixturce (1:10) for 3 to L tines and finally

dricd under vacuum over conc. HZSO Yield 6,3 g (90%).

L’..
Altcrnatively, the compound was preparcd using nickel
nitratc instcad of nickel chloride in o sinilar manncr as

abovc, However, thc product obtaincd was not as purc,

Ni(OPPhE)Z(SCN)2

A nmelt of triphenylphosphince oxide (1g, 0.03%6 mole) was
nade by heating in an oil bath to 165 °C¢ to which nickel
thioeyanate (0.175 g, 0.01 mole) was addcd with constant
stirring. The stirring was continucd for 15 minutes while
kceeping thce nixturc at about 165 °C. The contents were

co>led, powdered in an agatc mortar and then washcd several



times with benzenc to remove unreactod triphenylphosphine oxide

and finally dricd under vacuum., Yicld, 0.71 g (97%).

é'Ni(OAsPh%)ZESCN)2_7

A solution of hickol thiocyanate (0,175 g, 0,01 molg) in
nmethancl (3 ml) was diluted with acetonce (30 ml) and a solu~
tion of triphenylarsine oxide (0.7 g, 0.022 mole) in acetone
(5 ml) was addced and the mixturce was boilcd under reflux for
2 h, The yellowish green product was scparated by centrifu- '
gation, washed with acetone and benzence and dried under vacuun,
Yicld, 0.72 & (88%).

N or

3

/" Wi(bipy) 5 7(SCN) 5, [ ML (SCN), 7 (L = Me,NH, Et

quinolinc)

The mothod was similar to that of /TNi(OAsPhy) ,(SC), 7,
cxcept that a smaller’ quantity of acctonc (15 ml) was used
and nickel thiceyanatc and thoe ligands were taken in 153 or
1:4 molar ratic depending on the composition of -the complex

obtaincd, The Yield was 80-90%.

Ni(ﬁ234)2(50§)2 and  /"Ni(en),(SCN), 7

To a solution of nickel thiocyanate (0,175 g, 0.01 molce)
in methanol (3 ml), hydrazine hydrate or ethyienédiamine

(~ 0,02 ncle) was added, when immediatcely compound scparated

Jeol(3 7.
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out. It was ccntrifuged, washcd with uethanol and dricd under

vacuun, The yicld was about 90%.

[TW(PPh) 5 (ACS) 5 7

P - v e m e v oo

To a suspcinsion of nickel thiocyanatc (0.175 g, 0.01
mole) in n-butanol (5 ml) a solution of triphenylphosphine
(0.53%3 g, 0,02 molc) in n-butancl (5 ml) was addcd and was
stirrcd at room tempcrature for 1 he A ddrk rod crystallinc
ccnpound scparated; which was washed with ether and driced

uncer vacuum. Yicld, 0.66 g (94%).

/"N (py)  (NCS), 7, [ NL(DMF) (NCS), 7 anc /"Ni(DMSO), (SCN), 7

Niekel thiocyanate (0,5 g) was takcn with pyridine,
dimcthyl sulphoxide or N,N-dimcthyl fornanide (5 ml) and
heatcd on a watcr bath for about 30 wmin, when a clear
colourcd soluticn was cbtained. The product scparated from
the s~lution on cocling and was contrifugecd and washcd with

acctone and driced under vacuun, The yield was 60-70%.

RESULTS AND DISCUSSION

Nickel(II) thiocyanatce prceparc! according to the method
described in the Experimental Section, was rcportcd carlicr
by Jiffcrcent 1:1othods.2"5 The analytieal data of the compound,

confirm thc composition to be Ni(SCN)2 (Tablc Vela)e The
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infrared spectrum in nujol mull or potassium bromide disc

1

shows a strong and sharp band at 2165 cm” ' similar to the band

observed by Flint and Goodgame; for Ni(SCN), which is
assigned unambiguously to Voeon of the bridging -SCN group.

4 weak band at 765 en™ ! is assigned to }}CS of the bridging
thiocyanato group? Mitchell and Williams7 reported a band

at 2151 en™! for ), of the bridging -SCN group of Ni(SCN)..
The electronic reflectance spectrum in the region 900 to

300 nm show bands at 650 ma and at 430 nm. The former band
is identical to that reported earlier? whilst the band at

430 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 with nitrogen atoms in the axial positionss

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 mickel atom. Infrared
spectra of nickel thiocyanmate in acetonitrile, acetonc and
mothanol show a band around 2100 cm™' (Table V.2.) which may
be assigned to terminal QEN of the N-bondcd thiocyanate.

1

A band around 800 em” ' in the acetonitrile or acctonc solution

is characteristic of the \)CS of thc N-bondecd thiocyanato
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Table V. 2.  Spectral Data for Ni(SCN),
in Diffcercnt Media
Eloctrénic Absorption. Impoertant infra-
Solvent ?\max in ma (é‘max) red bands in cm”
Solid 6502 2165 s'P)
430 2120 sh
65 w -
Ethanol 727 (3.7)
662 (3.0)
398 (9.6)
Mzthanol 725 (4) 2110 s
660 (4.2) 2055 sh
2390 (10)
262 (11)
N,N-Dinethyl Formanide 735 (5.7)
675 (6.4)
404 (16.5)
Dimethyl Sulphoxidc 750 br (3)
410 (8)
Acctone 665 sh (9) 2150 sh
615 sh (10.3) 2105 s
2070 sh
790 m
#{~Picolinc 685 (Lol)
360
Acetonitrilc 710 sh 2100 s
610 (16) 800 m
370 sh
Pyridinc 775 sh
587 (7.9)
360

(18.3)

o =4

s = strong; m = nmodiwmg

w = weak; br

(a) = Reflectance Spectrum;

e

—
P~

(o)

[

~aere

————n

broad; sh = shoulder

in XBr or Nujol.

1
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8

group. However, an analogous band was not observed in metha-
nol solution, Infrared studics of nickcel thiocyanatc in donor
solvents have not been rcported carlier, however, infrarcd
spectra of [—NiLZ(SCN)2_7 (I = mcthanol or cthanol) in nujol

providce cvidence for a bridging thiocyanato group?

The clectronic spectra of nickel thiocyanate havc been
studicd in difforcnt organiec solvents (fig. no. V.1.) in order
to determine the naturc of coordination around the metal ion,
The speetra in the visible rcgion show two bands arount 700 nm
and onc band around,&OO onm (Table V.2.). The molar cxtinction
cocffiecient for thesc bands lic in the range 3 to 20, which
indicatc an octahedral environment around nickel atom. The
twe bands around 700 nm can be assigned to 3AZ(F) —p 3T1(F)
and a band around 400 nm to 3AZ(F) e 3T1(P) transitions.,
Normally in a purc octahcdral cnvironment, only onc band
around 700 nm should be obscrved, howcver, duc to the
lowering of symmetry to th, probably duc to the formation
of Z"Ni(Lq)(NCS)2_7 (I = methanol, cthanol, N,N-dimcthyl-
formamide, dimcthyl sulphoxide, acctonc, o(-picolinc, accto-
nitrilc or pyridine), the 2T,(F) statc is split into two
statcs, onc of two fold degcneracy and the other onc a singly
degenerate statc and hence wo absorption bands around 700 nm,
The visible and uv spectra of nickel thiocyanate in mcthanol,

9

cthanol and pyridinc rcportcd by Kiss and Csokan” describes

the formation of Z'Ni(SCN)2L2_7 when no frec thiocyanatc ions
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were addcd and that of /TNL(SCN), 7°7 and /TNL(SCN) L, 7°7
when an cxcess of frec thiocyanate ions werc prescent. We
report, herc the octahedral coordination around the nickel ion,
duc to the formation of the specics NiLbr(SCN)2 (L = solvent
molecule). The spectra are similar to the spectra of

NiLq(SGN)2 to be discusscd latcer.

Nickel thiocyanatce has becen uscd to preparc complexcs
contoining oxygen, nitrogen and phosphorus donor ligands, i.c.
triphcnylphosphine oxdde, triphenylarsince oxide, N,N-bipyridyl,
hydrazinc,; cthylene diamine, dimcthylaminc, tricthylaminc,
N,N-dimcthylformamide, quinolinc, pyridinc, dimcthyl sulpho-

xide or triphcnylphosphinc,

The infrared spectra (Table V.3.) of the complexos

containing triphenylphosphine oxide or triphcenylarsinc oxide

1 which can be assigncd to

QCN of thc terminal thiceyanato group@ Infrarcd spcctrum

show a strong band around 2100 cm™

of Z"Ni(OAsPhB)a(SCN)2_7 is given in figure no, V,2.
Terminal thiocyanate can be cither an S-bonded or an N-bonded.
We preposc, hcere only S-bonded thiocyanato group, as there is

1

nc absorpti.n in the regiom 780 to 860 cm™ ' duc to 'JCS of

the Nebondcea thiocyanato§ \)CS of the S~bocndcd thioeyanato

1 8

sroup should be obscrved in 690 to 740 ecm” ' regiong There
arc swveral bands in this rcgicn duc to the prescnce of
phenyl groups in the ligands, hencce no absorpticn can unambi-

gucusly be assignecd to ‘)CS of thc S-bonded thiccyanatc.
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Table V. 3. Sorie Spectrr~l Data cf Conplcxes
Contaiming Nickel Thiocyanato Group.

e ad

. e s e Ve

Electronic Absorption § Inportant infra-

X

Compound : Ay inmm (€ ) red bands in ol
Ni(OPPhB)Z(SCN)Z : i?g<a) §1gg s
jut
1182 n
Ni(OAsPhB)a(SCN)a ggg(a) aggg E-s
390
Ni(bipy) ( SCN) 780 (12)(P) 2045 s
5 e 513 (23) 780 s
7450 m
Ni ('NZHAL) 2( NCS) > - %gg 2
3210 m
2080 s
972 n
790 n
Ni(Me NH) , (NCS) 610 (5.1)(¢) 2104 m
2 2 400 (8.6) 2030 s
Ni(Et,N), (NCS) 660 shl®) 2110 n
54 2 620 (9.2) 2030 s
25 (20)
Ni(en),(NCS), gig éﬁ'ﬁ§(b> 2072 s
Ni(DMF)q(NCS)Z ggg gg.?;(b) $%2% s
. IS]
392 (9. 3) 790 m
Ni(Quin), (NCS), 72 Eg,ig(b) 2100 s
397 (13)
Ni(py)q(NCS)Z Z%S ??;b) 2388 s
n
280 (11)
Ni(DMSO)q(SCN)Z ggg Ei,%g(b) ?823 S
. i
400 (10) 995 s
950 s
Ni(PPhz) ,(NCS), - zg%% i

(a) = Reflcctance spectrum; (b) = in McOH; (c) = inmtrobmzenc
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Exanplce of S-honded thiccyanato conplex of niekel(II), viz.
[’Ni(OPPhB)(SCN)Cl_72 having similnr infrarcd absorptions is
roportcd]o The infrarcd bands at 1185 cm’=1 and 866 cm“l in

the phusphince oxide and arsince oxide complexes arc assigmed

: 8
to W)on aﬂ”-'gﬁszo respectivelys

Ni(OPPhE)z(SCN)2 and Ni(OAsPhB)E(SCN)2 have four coordi-
nation arcund the nickel(II) ion., If thc complexes arc
assuwiacd te be monomeric, cither a squarc planar or a distortced
tetrahedral secmctry is possible., For penta- or hexa- coordi-
naticn the crmplexes have to be either dimcric or polymeric
respectively, bridging through thiocyanato groups. RNo covi-
dence of bridging thioccyanato groups is available from infra-

rced (abscnce of absorption in 2100-2200 en™!

rcgion). Hence
poenta- or hexa- coordination is nct possible in thesc cascs,
Squarc planar complexes of nickel(II) arc scncrally diamag-
nutiCJ1 These ccmplexes have nasgnctic noncents ~3% B.M.,
which is slizhtly lawer than the noments of fetrahedral

12

nickcl(II) complexes. Thus, thc possible geouctry of thesc

complexes is distortcd tetrahedral; which is further supportced
by their clectronic reflcctance spectra diécussed below. The
clcctronic refleectance spcctra show bands arcund 650 and 400
nn in both the eascs. A bBand at 850 nn is alsc obscrved in
the arsince oxidce complex (fig. no. Veo3.)e A band similar to
this in thce phusphine oxide conplex, 1f prescnt beyond 900 nn,

could not be obscrved duc to the range of measurcicent of the
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inSffﬁmonf. The bands at 850 and 650 nm may be assigned to
BTT(F) — 3AE(F) and 3T1(F) — BTY(P) transitions
13

rospoctively of a nickel(II) tetrahcdral systoen. The band
around LHOO nm could be duc to charge~transfer. The visible
spcetra in a non~coordinating solvent, like chlorcforn show
only onc band arcund 400 nm. It scems the cenplexces ar§
decrompesing in chleorofornm, Howeﬁor, spectrﬁ of the complcexés
in a cocrdinating solvent like N,N-dimcthyl formanide is
supcr-inpcesable with the spectrum of nickel thiccyanate in
N,N-dincthyl frrmamides It seoms in prescnce of N,N-dirmcthyl-
formanicde, the phosphince oxide or the arsinc oxide is liberated
and an octahedral spceies like Z'Ni(DMF)q(NCS)2_7 is obtaincd:
in the sclution,

The conplex containing N,Nlbipyridyl with a conpesition

2 mol"1;

Ni(bipy)B(SCN)2 has mular conductanco 218 £E ! en
which is in the range expected for a 1312 cleectrolytc in
acotoni#rilo, hence the nolceular formula Z'Ni(bipy)5”7(SCN)2.
The infrarcd spectrum (fig. no. Vel4.) shows a strong band at

2045 cm'1 besides bands at 780 and 740 cm"1. A1l the bands

duc to bipyridyl are alsc present. The band at 2045 cm."1 is
assisned to \)CN of the ionic typc of thiocyanato group,
which is observed at a frequency lower than that of S-bonded

or the N-bonded \)CN§’14 Thce band at 740 or 780 cm']

can not
¢ assignced unanbizucusly to \JCS duc to many absorptions of

bipyricdyl in 800 tc 650 e ! rcgicen, The celectronic spectrunm
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shows two bands at 780 and 513 nm which may be assigned to
3AB(F) —_— BTl(F> transition in an octahedral system. The
splitting of 3T1(F) state may be due to the lowering in
symmetry to DB'

A complex of the composition, Ni(N2H4)2(NCS)2 reported

2 mol"1

by Ray and Sarkar \? has molar conductance 210 527) cm
in water at 24,5 °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 ‘)NH of the hydrazine, Further, a strong band at
1 -1

2080 cm ' and a band of medium intensity at 790 cm may be
assigned to ‘)CN and \)CS respectively of the N-bonded thio-
cyaunato group§ For ionic thiocyanato group ‘)CN and \)CS

should have been abserved at lower frequencies§ A band at
972 en™) can be assigned to \}N-N of the hydrazine16 This

compound may have a polymeric structure having octahedral
coordination around nickel atom, Polymerisation may be
achieved by the hydrazine ligands bridging betwcen nickel
atoms and having N-bonded terminal thiocyanato group. Exa-

17

mples of such polymeric compounds with hydrazinc arc known,

The complexes of dimcthylamnine and triethylamine are
generally insaluble in most of the organic solvents. The

infrared spccectra show a band of medium intensity around
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2105 cm™! and a strosmg band at 2030 cu”'. The band at 2105
cm"1 nay be assigned to W)CN of the bridging thiocyanate group
and at 2030 cm"1 duc to \)CN of the ionic thiocyanato group.

Exoamples of 3)CN of bridging thiocyanato occuring at 2110 cm'1

arc know-]8’19 Thce molar conductance of the cbmpounds
assuming the molecular formula ["LANi(NCS)2N1L4~7(SCN)2 in
nitrobenzenc is found to be of the order of 150 -1 en? mol—1,
which is normally observed for 1:2 elcctrblyte systems., The
visiblc spectra of these compounds in nitrobenzoﬁe show two
bands around 650 nm and onc band around 400 mm, which may be
assigned to the d-d transitions of distortcd octahcedral systoem

as discusscd earlier. On the basis of the above mcntioncd

physical studies; the following dimcriec structurc is proposed.

— | . —&t

NE ANT 25CN
/ ~_ // \
L ~SeN ~L
!
L L A L
L = Dincthylamine or Tricthylaminc.

The complexes containing N,N-dimcthyl formamidc, quinoline,

pyridine, dimethyl sulphoxidc or cthylcne diamince arc similar
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to the reported compounds?’zo'aj A1l these compounds except
dimethyl sulphoxide complex have N-bonded thiocyanato group
vide infrared (Table V. 3.), N,N-dimethyl formamide is coordi-
nated to nickel through the oxygen atom, as 90:0 is shifted
to 1645 cn™! in the complex. The coordination of di-methyl.
sulphoxide with nickel in its complex is through oxygen aton,
as )>S=O 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 400 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 [-Ni(PPhB)Z(NCs)an1O,TZ
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CHAPTER VI

MIXED LIGAND COMPLEXES OF NICKEL(II) AND COBALT(II)

INTRODUCTION

Dimethylsulphoxide (DMSO) and N,N -dimethyl forma-
nide (DMF) arc frequently uscd as solvents for both organic
and inorganic coupounds and have considerablce anount of
intcraction with solutes, specially the transition metal salts,
DMSO and DMF nay be considcred as weok donor ligands compoarcd

to tertiary phosphincs or arsincs}

Dimcthyl sulphoxide reacts with nmost of the netal ions
to forn solvated svaecics and their coordination chemistry is
well studiod§'5 It has long boen cstablished that dimethyl
sulphoxide cxhibits two sites for coordination with nmetal
ions, (i) through soft sulphur atom, and, (ii) through hard
oxyzscnatorn, Cotton and Francis6 have shown that a shift of
QSO towards lower cnergy is an cvidencc of thc coordination

through the oxygen atom to the metal iom, The following
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"transition metal ions have been rcported to coordinatce through
oxyscn atow of dimethyl sulphoxidess?¥:S Ti(IV), Zr(IV),
HE(IV), V(IV), Wb(V), Ta(V), Cr(II), Cr(III), Mo(II), Mo(V),
Fo(VI), 'n(II), Re(V), ¥Fe(II), Fe(III), Ru(III), Co(ID),
Ni(IT), PA(II), PE(II) and Cu(II). A shift of i%o towards
higher cnergy is obscrved when coordination takes placce
'through sulphur atom. Dimethyl sulphoxidcs bondcd to the
metal through sulphur atoms arc known for the transitiom metal
ions? 39 cr(o), Mn(I), Re(V), Fe(0), Ir(II), PA(IT) and
PE(II). Therce are somc metal-dimethyl sulphoxide complexcs
viz., [“RuClZ(DMSO)4_7 and ["Pd(DMSO)4_7(Cloq)2, where
dimcthyl sulphoxide molcculcs arc coordinatcd to the moetal
through both oxysen and sulphur atoms]oa’TOb The prescnce of
both O-bonded and S-bondcd DMSO is characterized by infrarcd
studics where e absorptions duc to 5%0 arc obscrved both at

lower anc higher cnergics compared to that of frce DMSO.

The coordinntion chemistry of N,N-dimcthyl formamidc is
not much studicd in comparison to that of dimcthyl sulpho-
xidu? Did™ hns also two potential coordination sites, viz,
nitrogen and oxygen atoms. Howcver, bonding through nitrogen
atoil is nct known for transition metnl-DMF complexces and
vonding only through oxygen atom is roportcd} The prefc-
renee of bonding through oxygen atom is due to steric hin-

dronce at the substituted nitrozgen atora.”H The couplexes
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of N,N-dimethyl formamide reported with transition metal ions
are with'?'! ¢r(0), Cr(ITI), Mo(O), Mo(III), Mn(II), Fe(III),
Ru(IT), Co(TI), Ni(II), PA(II), aund Cu(II).

The complexes of N,N-dimethyl formamide with Cobalt(II)
and Nickcl(II) ere of the composition' | ['Co(DMF)n_7(ClOL})2
(n =4 or 6); [”MCla(DMF)2_7 (M = Co or Ni); Z’NiBrZ(DMF)3_7;
{_Ni(DMF)6_7 (0104)2. The complexes of dimethyl sulphoxide
known with Cobalt(II) and Nickel(II) arc of the ‘cype?’:5

[/ M(DMS0) ¢ _7X, (for M = Co, X = I or C10,; far M = Ni,

%
X = Br, I or C10,); ['M(DMSO)6_7["MX4_7 (for M = Co, X = Cl,
Br, I, NCS or NO5; for M = Ni, X = Cl or Br); /[ M(DNSO),X, 7
(for M = Co, X = NCS or NO5; for M = Ni, X = Br, I, NCS or N03)
The bonding of DMSO with niekel(II) or cobalt(II) in all

these complexcs is through the oxygen atom only,

The complcxes of nickel(II) and cobalt(II) with strong
donor ligand, such as triphenylphosphine are also well known,

Thesc are generally of the type /" M(PPh 7 (where M = Ni

2) %o

or Co, X = Cl, Br, I, NO; or NCS??"”

5

Some of the mixed ligand complexcs of platinum group of
mctals, viz., PA(II) and Ru(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 hydrogenation and other reactions?"q’15'18

/ Ru(PPh

/ 3) 2(CO) (DMF)CL, 7, /Mo NE, 7/ RuCl,(DMSO0) 5 7 and
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2CHaPPha)(DMF)Cl_7+ arc found to be good cata-

lysts for various hydrogcnation roactions15_18 The lability

/" Pd(Ph,PCH

of DMF or DMSO molccules coordinated to thc metal lons may
wcll be onc rcason for the catalytic activity of these
complcxces. Complexes of nickel(II) and cobalt(II) containing
both stromg and weak donor ncutral ligand molecules are not
reported. However, some complexes of cobalt(III) containing
ethylenc diamine and DMSO or DMF reportcd are of the typc

/" Colen) 5(DHS0) , 7°%; /" Colon) ,(DMSO)X_7°" and
Z_Co(on)Z(DMF)Cl_7?+ 2219 Synthesis and study of the
propcrties of complexes of nickel(II) and cobalt(II)
containing wcak and strong donor ncutral ligand molccules
will be intcrcsting as'such compounds may find usec as

catalysts for various rcactions,

A survey of litcraturc shows that complexcs of nickel(ITI)
and cobdlt(II) containing weak donor ligands as DMF or DMSQO
and strong donor ligands as triphenylphosphine are not
studicd. In this chapter, we report thc synthcsis, charactc-
risation and structural studics of somc of such compounds.

The compounds prescnted in this chapter are of the type |
[“Ni(PPhE)L2X2~7'and [’Co(PPhB)LX2_7 (whgre L= DMF or DMSO;
X = Cl or Br). Thc compounds arc preparcd by two different
mcthods and have becn characterizcd by their clemental
anzlyscs and their various physical data, viz. infrared and

uv-visible spcctral data, magnetic measurcucnt data,
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conductivity mcasurcments and thermogravimetric analyses

results. Possiblce structurcs have also been suggested,

EXPERIMENTAT,

AlY thc solvents, viz, DMF and DMSO werce purified and
dricd accofding to standard mothods?’H Carbon, Hydrogen
and Nitrogecn analyses were obtaincd from the Australian
Mineral Development Laboratories, Australia, and from thc
Mieroanalytical Scction, Indian Institute of Tecchnology,
Kanpur, Sulphur and Halogen cstimations woere carricd out by
standard mcthodsZQ by dcocomposing the complexces with dilute
nitric acid. Nickecl estimations were done according to the

method described in the Chapter II., Cobalt was cstimated

according to the method given bclow,

Estimation of Cobalt

A known woight of compound containing ~ 40 mg of cobalt
was dccomposed by using dilutce nitric acid and the solution
was ncutraliscd by diluted ammonia. To the solution, 5 ml
of mcreuriec chleoride (5%) and 5 ml of ammonium thiocyanate
(6%) solutions werc added with constant stirring. A deep
blue precipitate formed after stirring for about 5 minutcs
“which was allowcd to stand for 2 h at room teomperature and
filtered through weighced sintcerced crucible, dried at 100 °c

and weighed as Cng(SCN)g.
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Infrarcd spectra, elcctronic spectra, magnctic susccpti-

bility and conductivity ncasurcments werc obtained according

to methods given in Chapter II. All thesc data arc given in

Tables VI, 1, and VI.Z2.

Preparation

e

The coupounds were prepared according to the following

mcthods: -

Te

Co

MXz.xHZO (M = Ni or Co, X = CL or Br) (0.002 nole) was
taken in 20 ml of the solvent (DMF or DMSO). The mixture
was heated to ~ 100 °C for about an hour, when a clcar
solution was obtaineds Triphenylphosphine (0,004 mole)
was dissclved in 10 ml of thc solvent and was added to
the soluticn of the mcetal salt and refluxéd for about an
hour. . Thc solution was concentratcd under vacuum at
50-60 °C to about 8 ml and cooled, To the ecold solution,
dry'ethor (-~ 100 nl) was addcd when the complex (bluc or .
grcen in colour) precipitated out, It was filtercd and
washcqd several timos with dry ether and dried under

vacuuin,

Mclt Mcthed:

MX,L, (wherc M = Ni or Co; X = Cl or Br; n= 3 or 4)

were preparcd according teo the methods reported in the
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literaturo]’21 A melt of MXZLn (0.002 moule) was preparcd Wy

heating thc coupound to 80 OC, in a snall round bottom
flosk fittcd with a guard-tubc on a water bath and tri-
phenylphosphine (0,004 mole) was added to it, Heating
was continued for about 15 minutes when colourcd crysta-
1lline conpound separated out, It was cooled and washed
several times with dry c¢ther to romove the unreacted
triphenylphesphine and DMSO or DMF, The ccmpound was

aried undcr vacuuli,

The conpounds obtained by the above methods are
["Ni(PPhB)L2X2_7 (where X = C1 or Bry, L = DMUF or DIMSO) and
Z“CO(Pph3)Lx2_7 (where L = DMF or DMSO, X = Cl or Br).
Kowever, /“Ni(PPhy) (DHSO),Br, 7 and /”Co(PPhy)(DHS0)CL, 7
could not be isclatcd by the solution method. The compounds,
cxcept Z“Co(PPhB)LBr2~7 (L = DMF or DMSO), were recrysta~

1liscd fron dry acetonitrilc, The cobalt brome complexcs

were recrystallised from dry acctenc,

Attonpts to prepare the triphenylarsinc compounds
annlegous to the above mentionced triphenylphosphine compounds
werc unsuccessful by cithcr of the mcethods and only the
compounds containing the sclvent (DMF or DMSO) as the ligands

werce obtainced,
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RESULTS AND DISCUSSION

[—NiXZ(PPhS)L2_7 (where X = Cl or Br; L = DMF or DMSO)

e e o - ——nr

On the basis of the analytical data the empirical for-
mula for the nickel complexes is found to be Z'NiXZ(PPhB)L2_7
(where X = C1 or Br, L = DMF or DMS0O)., The physical data of
these complexes, as reported in Tables VI.1, and VI.Z2,,
sugsest that the mctal is in +2 oxidation state, The mag-

netic moment data (JK = 3,4 to 3.6 B.M,) are characte~

eff
ristic of mnickel(II) in high spin state, These¢ penta-coordi-
nated cowplexes may have a distorted trigonal bipyramidal
geometry in thc solid state, In solution, most probably, a
tetrahedral geoomctry is obtainced by the liberation of one of
the coordinated DMF or DMSO molecule as evidenced by visiblce
specetra (discusscd later). Bxamplcs of nickel(II) complexcs
with distortcd trigonal bipyramidal structurc in thc solid
state and tetrahcdral structurc in solution arc rcported?2

The conductivity mcasurcments in acctonitrile show that all

the complexcs arc non-clcctrolytes,

The infrarcd spectra (Table VI.2,) of the DMF complexes
shiw a very strong band around 1645 em™! besides othor bands
duc to DMF and triphcenylphosphinc. (Infrarcd speetrum of
é"NiBrZ(PPhB)(DMF)2_7 is given in fig, no., VI.1.). Thc band
nt 1645 cm™! can be assigned to \)CO of thc amidec, bonded to

the mctal through the oxysgcen atom. *J co of amidces on
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coordination with the mctals through oxygen is shiftcd towards
lower cnergy (\)CO in free DMF is observcd at 1670 cm"1)?5

1

A band of mcdium inteonsity around 385 cm” ' obscrved in both

the comploxcs could be assigned to 1)N1-P?4 The infrarcd

! of

spcctra of the DMSO complexcs show a band around 995 cm”
mcdium intensity besides other bands duc to DMSO and triphonyl-
phosphine, Infrarcd spcectrum of é“NiBr2(PPh3)(DMSO)2_7 is
given in fig. no. VI.2. The band at 995 em™! could bo

assignod to ), of the oxygon bonded DMSO. A shift of Vg

to a lower frcquency upon coordination of DMSO through oxygen
atom is rcportcd for many compounds ())SO for frc. DMSO mole~

-1y25,26

culc is observed at 1040 em The abscnec of bands at

1670 cn™! and 1040 cn™ !

in thce DMF and DMSO complexes reospec-
tively suggest the abscnce of uncoordinatced DIL.F or DMSO,
thercby confirming that all the DMF or DMSO molcculcs are

coordinatcd to thc mctal.

The peflcctance data (Table VI.2.) of the Ni(II) comp-
lexces seem to support a distortcd trigonal bipyramidal struc-
turc in thc solid statc. The reflectance speetra of the
nickcl(II) compounds show absorptions around 10,600; 13,0003
14,500; 23%,000 and 25,500 cu” 1. Encrgy level diagram for
high-spin trijonal bipyramicdal Ni(II) conplexes with a D}h

27

symmctry have bcen rcported by Ciampolinil According to

which thc abovc absorptions could be agsigned as follows:-
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10,600 em™!  ::: SEV(F) 3AZ”(F)
13,000 cm™! 11 SE1(F) ——> EM(D)
14,500 en™! ;i BN (E) —> Ta," (F)
23,000 e~ ! 11 SE1(F) ——3p OEN(DP)
25,500 cu~'  ::: B (F) —> 2,'(P)

Similar observations have been reported for
[”Ni(Moétron)Br_7Br, a pcntacoordinated trigonal bipyramidal

compound?8

The visiblce spcetral studics of the ecomplexcs in solution
(acctonitrile) rcflect the tetrahedral naturc in the solution,
An assymctrical broad band in the region 14,000-17,000 en™ ! is
obscrved in all the complexcs of nickel(II) rcportcd herc,
which on rcsolution gives two bands, scparatcd by about
1000 cmf1 (Table VI.2.). The clectronic spectra of
["NiXZ(PPhB)(DMSO)2_7 (X = CL or Br) in acctonitrilc arc given
in fig. no, VI.3. The molar extinetion cocfficicnt (betwcen
70 to 100) is in thc range for the nickcl(II) tctrahedral

complexes. The broad band around 15,500 o™ !

could be

assigned to 3T1(F) — 3T1(P) transition of thce tetrahedral
systcms., The splitting of this band into two could be duc to
the lowerin, of symmctry of the ligand ficld around the central
nickel atomn, 3T1(P) torn may be split into onc componcnt of
two~fold orbital degencracy at onc cncergy and anothor non-

29

degencerate component at a differoent encrgys
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Fron the thermogravimctric analysis of
[’NiBra(PPhB(DMF)2ﬂ7 in static air, the complex is found to
start dissociating at about 120 °Cc and conplctc loss of tri-
phenylphosphine wolccule is obscrved at 300 °c. A horizontal
nass level, corrcsponding to I\IiBrZ(DMF)2 is obscrvced bectween
320-3%60 °C, Thc loss of onc DMF molecculc gives an inflcction
ot 420 °C and another inflection at 560 °¢ corrcsponds to the
loss of the seccond DMF nolcculc. The results of thermal

dissociation products analysis can bc, ropresented as:i-

[NiBr,(PPh) (DMF) , 7 By WiBr,(DMF), () + PPhy (g)

lA
NiBr2 (g8) + DMF (g) Q—ééﬁ‘ NiBrZ(DMF) (s) + DMFE (g)

Z—COXE(PPh3)L_7 (wherc ¥ = CL or Br; L = DUF or DMSO)

B -

On thc basis of analytical data, thce empirical fornula

for the cobalt conplexes is found to be [”COXZ(PPhB)L_7

(where X = C1 or Bry L = DMF or DMSO). The physical dnta of

he ccuplexes as reported in Tables VIlt, and VI,2. suggest
that the net~1l is in +2 oxidation state. The umagnetic noment
anta (M pe 4.9 B.1), is characteristic of cobalt(II) tetra-
hedral complexes in high spin stetc, The conductivity studics
in acctonitrile conform to the non-ionic structurc of these

conplcXes,
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The infrarcd studics give informations similar to that

obtaincd in the nickcl complexes. A strong band around 1640

1

cm"1 and a ncediun band at 377 cm” ' could be assignoed to \)CO

of the amide and 3)6 of the DUF conmplexces, The infrarcd

o-P
speetrun of Z"CoClZ(PPhB)(DMF)_7 is given in fige ne VIll.
The cobalt complexcs containing DMSO show a strong band
around 995 e assigned to \)éo of the O-boncded DMSO., The

1 1 44 the DMF and

abscnce of bands at 1670 cm” ' and 1040 cm”
DMSO conplexes respectively, cqnfirm that the DMF or DHSO
molccule is ccordinated to the metal. The cleetronic spectra
of thesce complexes conforms to the distorted tetrahcdral
structurc of the complexes. The clectronie spectra of

[~ CoX,(PPhz) (DIF) 7 (X = C1 or Br) in acctonitrilc arc given

in fis. no, VI.5. The bands in the region 14,700-17,500 cm"1

arce due to the transition 4A2(F)‘ > 4T1(P) in tetrahedral

cobalt(II) systems, Herce spin orbit coupling is a snallcer

perturbation than the low syrmetry ficld and the tetrahedral
e W : ] CRDING ' g}

lcvel T1(P) splits into componcnts B2<: A2<: B1. Hencce

three absorption bands for transiticn fron 4AZ(F) level to the

three singly dcizenoratce BZ’ A2 and B, states arc cxpectced to

1
be obsorvcd?o Howcver, spin orbit coupling which mixes the
4T1 an'l cmponents of 2G statc could be an answer to the type
of ben? obscrved in the regicn 14, 700-17,500 cn™ ',  The eloe-
tronic abscrptinn spcctrun - Pattcrn of thc cobalt comploexces

in the region 14,700-17,500 is very sindilar to any onc of



138

aex u [(ana (BuadifioesT) so wnnosds pzansjur t9IA Big

{0} HIBWANSAYM

goat

o9 008 oozt
-

kA 3

aovi
1

||
\

P oo

N AJBIYGIB) BOURIIIWSUR]

{3

{
{



Coefficien’

Molar Extinciion

139

Wave Number lem ') x?ﬁ?:
ng 18 1

T

L ¥
§ta

e T
3 1

-4 oy

RO, DR BT

[
s %

wl
i e s o < s oras o e

i
-

RS
-

i
# . f‘a i
{n) 2 Saw, F 1
¥ ; T H
f 1 {
230 = , :
{
H
H
)
; f
fg jt

115 |- . /

4
?f
-

- o
] o <
SIS | $ § 5 , i
500 554 500 650 7040 750

Wave Length In nm

.
gy,
=

Vis Elecironic Spacta of (a)[CoCly(FPhy HDMF ]

(5)[CoBiry (PPho I IOMFH] in Acetonitrile .

«f



140

the tetrahedral cobalt(II) comploxes?1 An absorption in

the uv rezisn at 39,000 e~ !

with very high molar cxtinction
coefficicnt could be assigned to netal ———3 ligand charge

transfcr bhand.
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SUMMARY. AND SCOPE FOR FURTFER WORK

Pransition Metal complexes of monodentate ligands
of strony donor, weak donor cf of both strong and weak donor
ligands are of considerable interest to the chemists, for
their interesting structural, synthetic anc¢ catalytic beha-
vicurs. 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
[—Ru(NPhB)(C6HBCHO)2012_7 (1 = P or As), containing both
strong and weak donor ligands are synthesized., These
complexes have penta ccordination arcund 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. "Jork along this line is being taken up to
explore the potential of these complexes as eatalysts.
Some ruthenium(IY) carbonyl complexes of the type
Z'Ru(CO)(NPh3)2012_7 (1 = P or As) are also synthesized

and physical and chemical studies made.
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he reaction of nitrosyl chloride wath

z"Wi(PPh3)2X2_7 (L = Cl, Br, NO, or NCS) have been carricd

5
out under two different conditions whereby complecxes of the
type Z'Vi(PPh3)£Cl_72 and Z"Fi(OPPhB)XCl_72 are obtained.

On the basis of physical measurcments and chcmical reac-
tions, it is proposed that the complcexes have a diuweric
structurc. vith a distorted tetrahcdrel cnvironument around
the nickel atom with chloro-bridges. Reactions of the above
nwecntioned dimeric complexes with triphenylphosphine resul-
ted in the forwation of the complexes of the type,

[’Ni(PPh5)2X01_7 (X = Br, NO,, FCS). A distortcd tctra-

39
hedral structure for /"Ti(PPhg) XCl 7 (X = Zr or NOg) and

a square planar structure for / Vi(PPh,),(MCS)Cl 7 is

32
proposcd,

A new nickel(ITI) coumplex, viz. Z—Ni(OPPhB)C121_7
hes been synthesized by the oxidation of K*Ni(aph3)212_7
wvith nitrosyl ciiloride or chlorince. With thce hilp of
wagnctic aad e.s.r. studics and sowme chewical reactions,
tone oxidataon stat. of the mcetal is confirned to be +3.

'itn the helo of other physicel ncesurcacnts a distortced
totrancdr-1l geonictry around nickcl(IIT) is proposcd. This
complex is found to ~ct s a catelyst in the oxadation of
triphenylpliosphine to trinhonylphosphine oxide and of

cyclohexnnol to cyclohexanone as an oxidant for the oxidotion.
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Further work in this line, to synthesize nickel(III) coup-
lexes using chemical oxidants will help in systematising

the syntheses of nicekl(III) complexes. Investigation of
the catalytic activity of such nickel(III) couplexes will

also be interesting,

Nickel(II) complex cations of the type

["Ni(OPPhB)ZX_ 2('YB_]2 (¥ = C1 or Br) with trihalides

(Y5 = BrB' or IBra) &5 the counter anions are synthesized
and their physical and chemical behaviours studied. These
are some of the very few metal cationic complexes studied
which stabilized polyhalides anions. More work along this
linc can be carriced out and the complex cations may be
synthesized which will stabilize othcr bigger polyhalide

anions also.

The preparation of nickel(II) thiocyanate by a
convenient one step method and its various physical preper-
ties in solid and in solution havc been studicd, It has
bcen uscd as starting material for proparing many conpounds
containing nickcel thiocyanate and other ligands containing
donor atoms such as oxygen, nitrogen or phosphorus. The
physical provcrtics of such compounds havce been studicd to
know thcir structurcs and mode of bonding of thiocyanate to
the metal, #ickcel(II) thiocyanate preparcd according to

this method can bc uscd for the synthescs of other complexcs
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containing nickel(II) thiocyanatc avoiding any impuritits.

duc to matatn.ticel substitution in solution.

Complexes of nickcl(II) and cobalt(II) containing
both stron:; and wcck donor ligends, via. ZNi(PPhB)L2X2_7
anc ["CO(RPhB)LX2_7 (L = DF or iSO ;3 X = Cl or Br) have
been synthcsized and characteriscd with the help of various
physical data, including infrarcd and clecctronic spectra,
marzactic and conductivity mcasurcients and thoermogravi-
metric analysces. With the help of physical studics, it is
proposcd that thce nickel(TII) cowplcexes have distroted tri-
gonal bipyramidal gcoumctry in the solid state and a tetra-
hcdral geometry in solution (when one molcculce of DIF or
DvSO is lost in the solution) anc the cobalt compluxcs
have a distorted tctrahcdral geomctry around the mctal ion.
Transition mctal couplexes containing both strong and wcak
donor ligands arc found to act as good catolyst by the loss
of onc or two weakly coordinatcd ligand molcculce in the
solution., WHence furthir work on thesc compluxes in this
dircction will yicld morce information about their catalytic

bchoviour too.
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