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been proposed on the basis of analytical,
bility data.

with carbon, sulphur and halogen bridges
are known. However, comparatively less
work | has been done on the complexes containing
phosphorus and arsenic as bridging atoms'5. Hayter!
whilelinvestigating the reactions of metal carbonyls
and their cyclopentadienyl derivatives with tetra-
substftuted biphosphines and biarsines (R,M,; M=
P or |As; R=CH; or C;H;), observed that the M-M
bond| of the ligand cleaved to give R,M radical
which could act as bridging group in linking two
metal atoms. Chatt and Thornton? have also
reporfed the reactions of a number of diphosphines
[R,P.PR,; R=CHj, C,H; or C;H;] and some analo-
gous fiarsines with the carbonyls of iron, chromium,
molybdenum and tungsten. They have assigned
phosphorus and arsenic bridged structures to these
complexes. No work hasbeen doneon the reaction of
ruthephium(IIT) compounds with tetraphenyldiarsine.
In this paper we report the preparation, properties
and |characterization of dichloro(diphenylarsino)-
ruthepium(III), [RuClAs(C;Hy),] and its reactions
with Jigands containing nitrogen donor atoms.

Materials and Methods

The¢ chemicals used were of AR or CP grade.
Tetraphenyldiarsine was prepared as described in
literatures$.

(i) iDichioro(diphenylarsino)ruthenium(III), [RuCl,-
As(CdH;).] — To a solution of 0-1 g (~0-25 mimgle)
of RuClyin 15 ml of #butyl alcohol, 0-5 g (~1-09
mmoles) of ligand was added. The mixture was
reflued for 1 hr. A brown compound separated
out which was centrifuged, washed repeatedly with
ethancl and ether and dried i» vacuo (Found: C,
35-32} H, 2-86; Cl, 18-4; Ru, 26-3. RuClLAs(C¢H,),]
requites: C, 35-91; H, 2-49; Cl, 17-6; Ru, 257%)-

(it) Chloro(diphenylarsino)bis(pyridine)ruthenium(1I),
[RuC{AS(C4Hy)4(Py)y] — A solution of 0-1 g (~0-25
mmolg) of TRuCl,As(C¢H;),] was prepared in 10 ml
of pygidine. It was refluxed for 10 min, when a green
sclution was obtained. The solution was concen-
trated to 3 ml and ether was added when green
complex precipitated out. It was centrifuged,
wash¢d with ether and dried i vacuo [Found: C,
50-38; H, 3-7; N, 5-34; Cl, 692. RuClAs(C,Hy),
(Py), requires: C 49-88; H 437 N, 5-02; Cl, 7-97%,].
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(iii) Dichlorotetrakis(quinoline)ruthenium (1) RuCly-
(C;Hy4N),] — Following a similar procedure as
(ii) [RuCl, As (CgHj),l (0-1 g) in 10 mlof quinoline,
gave a reddish brown compcund [Found: C, 55-04;
H,5-02; N, 872; Cl, 12-78. RuCl,(C,H,N), requires:
C, 55-98; H, 6-01; N, 9-33; Cl, 11-839,1.

(iv) Tmchloro(dzphenylarsmo)(2 2" -bipyridyl)diruthe-
mium(II), [RusCls As(CeHy)o(CioHsN3)] — To a solution
of 025 g (~1-6 mmole) of 2,2"-bipyridyl in 10 ml
of benzene, 0-1 g (~0-25 mmole) of [RuCLAs{CH;),]
was added. The mixture was refluxed for 4 hr when
a dark brown compound separated out. It was
centrifuged, washed successively with benzene and
ether and dried #n vacuo [Found: C, 38-5; H, 3-0;
N, 3-9; Cl, 14-8. Ru,Cl3As(CeH;)o(C1oHgN,) requires:
C, 381; H, 2:6; N, 40; Cl, 15- 3/]

(v) Dichlorobis(dzphenylarsmo) (0-phenanthroline)di-
ruthenium(II), [RuyClyl As(CoHy)slo(CraHgNs)] — To a
solution of 025 g (~1-38 mmoles) of o-phenanthroline
in 10 ml of benzene was added, 0-1 g (~0-25 mmole)
ol [RuClLAs(C¢H,),]. The mixture was refluxed
for 4 hr when a dark-brown compound separated
out. It was washed repeatedly with benzene and
ether and dried 7w vacuo [Found: C, 46-8; H, 3-1;
N, 3:0; Cl, 8:2. Ru,Cly{As(CeH )2]2((:12 sNa) requires:
C, 475 H, 3:0; N, 3-0; Cl 7-8%].

(vi) Tmchloro (dzphenylarsmo)tetmkts (o-chloroaniline)
diruthenium (I1),[ RuaClyAs(CoHg)o{ CeHsN Cl) g ]—[RuCl,-
As(CgHg),] (041 g) in 10 ml of o-chloroaniline gave
by a similar procedure as (ii) a violet compound
[Found: C, 42-53; H, 4-09; N, 5-81. Ru,Cl;As(CeH,),-
(CeH,NC1), requires: C, 41'53; H, 3-27; N, 5-47%,].

(vii) Dichlorotetrakis(2-methoxyaniline)ruthenium(IT),
[RuCly(C,HyON),] — Following a similar procedure
as (ii), [RuCl,As(CsH;),] (0-1 g) in 10ml of 2-methoxy-
aniline gave a blue compound {Found: C, 51-6;
H, 563; N, 9:36; Cl, 12:59. RuCl,(C,H,ON),
requires: C, 50-6; H, 5-41; N, 8:73; Cl, 11-6%].

(viii) Heptachloro(diphenylarsino)dodeca(acetonitrile)-
tetraruthenium(II), [Ru,CliAs(CeHy)o(CHZCN)yy] — A
solution of 01 g (0-25 mmole) of [RuClAs(CqH;),]
was prepared in 10 ml of acetonitrile. It was
refluxed for 2 hr when a yellow solution was obtained.
The solution was concentrated to 3 ml and »-butyl
alcohol added whereupon a yellow compound preci-
pitated out. It was centrifuged, washed with
#n-butyl alcohol and dried ¢ vacuo [Found: C, 32-0;
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H, 439; N, 12:36; Cl, 1853. Ru,CLAs(CH;),-
(CH,CN),, requires: C, 31:2; H, 3-5; N, 12:17; Cl,
18-539,1.

Results and Discussion

[RuAs(CgHy),Cly] — The magnetic moment of the
complex determined by the Gouy method was
found to be 173 BM which corresponds to one
unpaired electron. For octahedral complexes of
Ru(IIl) with 27T,, ground state, the value of the
magnetic moment should be around 2:0 BM. The
lower experimental value may be due to the depar-
ture from the O, symmetry, so that the ground
state is either 4, B or E instead of T thus quenching
the crbital contribution tc the magnetic moment
leading to the spin-only value. However, the value
of the magnetic moment indicates that oxidation
state of ruthenium in the complex is +3, and the
symmetry of the ligand around ruthenium ion is
distorted octahedral.

The ground state of the spin-paired Ru(III)
complex is 2T,, and the first excited doublet levels
are 24,, and 2T,; (ref. 9). The energy gap be-
tween the ground and the first excited state, 24,,,
is 10 Dq—3F, —20F,. In the electronic spectrum
of the complex (mull) a moderately weak band
appears at 20000 cm™ which may be assigned to
the transition 2Tp;>24,, (Table 1). Assuming F,=
10F,=1000 cm™, one gets the value of Dq to be
equal to 2500 cm™ which agrees with those found
for cther octahedral Ru(III) complexes®.

Except for three new bands at 280, 300 and 350
c¢m™ in the IR spectrum (KBr) of the complex rest

TaABLE 1 — ELECTRONIC SPECTRAL BANDS WITH
THEIR ASSIGNMENTS

Compound Band position  Assignments
{cm™)
RuCl,As(CeH;), %gggg jgzg-’i{}zg
RuClAs(C4H,)s(Py) > Te
( 8++5 2(PY 2 20833
23804 Charge-transfer
25640
31250 14141 Tog
RuCl,(C,HgN), 16593 14,4 T g
18867
20833 Charge-transfer
25640
31250 14 g>1T,,
Ru,ClyAs(CoHy)a(CroHgN,) 113;%3 14,4—>%T e
23805 Charge-transfer
25640
31250 1A 14> Ty
Ru,CLIAs(CoH),]5(CisHeNy) 114’8962; t4,¢>*T g
8
24390 Charge-transfer
25640
31250 14> T s
RuClL(C,H,0N), . %gggg} Charge-transfer
Ru,Cl;As{CoHs),(CoH;NCI) %562(5)1 1A,g>"Tye
923 3
26315 Charge-transfer
32258 14,8—1Ty
Ru,CLAs(CH,),(CH,CN 20833
ClrAsCH TN 23805 Charge-transfer
25640
31250 14,—Ty

of the IR bands appear at the similar positions as
in the free ligand. The new bands have been assign-
ed tc bridging vRu-Cl and vRu-As modes of vibra-
tions. These may not be due to pure stretching
vibration of any one particular bond but may arise
from the normal coordinates having contributions
from vRu-Cl and vRu-As modes of vibrations.

Thus, from the above studies it appears that the
symmetry of the ligand around metal ion is distort-
ed octahedral and Ru(II) is linked with Cl and As
in agreement with the general tendency of Ru(ILI)
to form low-spin octahedral complexes with -
donor acids and o-donor ligands!®. The octahedral
symmetry of the ligond around Ru(III) requires
both chioride ion and As(C¢Hj), to act as bridging
ligands fcrming three-dimensional polymer. The
complete insclubility of the complex in water and
most of the non-coordinating organic solvents
further suggests its polymeric nature.

Other complexes — In order to get more evidence
regarding the polymeric nature of [RuAs(CeHy);Cl],
its reactions with a number of coordinating organic
solvents and with other ¢-donor ligands in non-
coordinating solvents have been carried out under
refluxing conditions, so that the bridges may be
completely or partially cleaved to form either a
six-coordinated monomer or a partial polymer. As
a result of these reactions, Ru(III) gsts reduced to
Ru(II) but complete depolymerization of the com-
plex does not take place in any of the reactions
except in the case of reactions with o-methoxyaniline
and quinoline. It is also to be noted that both the
halide and the arsenic ligands are removed simul-
taneously and, therefore, in all the new complexes
except that formed with o-methoxyaniline and
quinoline, both halide ion and arsenic ligand are
present.

The reduction of Ru(ITI) to Ru(II) is not unusual
because the Ru(II) complexes may be easily prepar-
ed from the reactions of unsaturated amines and
Ru(III) without recourse to reducing agents, due
to the stabilization of Ru(II) by unsaturated amines'!.

All the complexes are found to be diamagnetic
which corroborates oxidation state -2 for ruthenium
and further suggests that the arrangement of the
ligand molecules around ruthenium is octahedral.

The ground state of Ru(II) in octahedral geo-
metry is '4,,. The other four excited states in
order of their increasing energies are 3Ty, 3Ts¢, T1e,
and 1T,,. Accordingly four bands (two spin-allowed
and two spin-forbidden) can be expected correspond-
ing to the trnasitions *A;,—>*Ty,, —>%Tog, =Ty and
—>1T,,. Bands corresponding to charge-_transfer'fl_rom
ligand to metal (L->M) do not appear in the visible
region in the case low spin 46 systems''-%, However,
complexes of ruthenium(II) with unsaturated amines
exhibit intense charge-transfer (metal to ligand)
bands in the visible region'l. These intense charge-
transfer bands might mask the usual weak d-a
bands.

In the electronic spectra of these complexes a
few weak to moderately intense bands appear In
the visible region (Table 1). In the absence of the
extinction coefficient values it is very difficult to
assign these bands as due to d-d transition. These
may arise due to metal->ligand charge-transfer.
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The latter assignments are also suggested by the
chifts| of the position of 20000 cm™ band towards
highet wavenumber side with the increase in the
conjugation of the ligand. However, the relative
valuet of the absorption of the different bands in
the complex indicate that these bands arise pos-
sibly,| both due to charge-transfer band as well as
due to d-d transition. The positions of the bands
due tb d-d transition shown in Table 1 indicate the
octahpdral geometry of the complexes'®.

Thé IR spectra (KBr) of all the complexes show
bandd due to tetraphenyldiarsine, amines and other
ligands with slight shifts in the band positions in
the gdpectra of complexes as compared to their
positipns in free ligands or the solvents. This
indicdtes the interaction of the metal ion with tetra-
phenyldiarsine, ligands and/or amines in the com-

plexe

Thys, it can be concluded from the above studies
that the structure of the complex [RuAs(CeH;),Cly]
is distorted octahedral and it is polymeric in nature.
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