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Reactions of thiocyanatoruthenium(III)-ammine complexes with sodium nitrite in presence of acid have been

studied. The complexes,

(SCN)Br,|Br, [Ru(NH,)o(H,0)(NCO)(NO)IBr,;

[Ruy(NH,) 11 (SCN)(NO),CLICl;
[Ru(NH;);(NO)(NCO)H,O]Br(NO,);

[Ruy(NH,);(NO),(SCN)CIICl,;  [Ruy(NH,),,(NO),
[Ru(NH,),(NO)(NCS)]

(NO,), and [Ru(NH,),(H,0)(NO)CIICL,, thus obtained have been characterised on the basis of elemental analyses,

IR, electronic spectral and conductivity measurements.
form in these complexes.

It has been observed that the nitrosy! group is present in NO+
When the reactions of the bromo complexes are carried out under refluxing conditions in the

presence of HBr, the bonded NCS group in some cases transforms into NCO~ group. When the reaction with tri-
nuclear species [Ru;(NH,) 1;(NCS)X,]*+(X=Cl~, Br™) is performed at room temperature, the product obtained is found
to be a trinuclear species [Ru;(INH;),:(NO),(NCS)X,]*+ (X=Cl~, Br) with ruthenium in -2 oxidation state, two

NH; molecules being replaced by NO+ group.

HERE have been several rteviews® on the
T nitrosyl complexes of ruthenium. During
our study of the reactions of [Ru(NH,),;X]X,
(X = CI, Br, I) with NH,SCN, tri-, di- and
mono-nuclear cationic and anionic species of Ru(IIT)
having bridging thiocyanate and halide ions have
been synthesized’. In view of the interesting results
reported!-® on the reactions of nitrosyl moiety wirh
monomeric ruthenium(III) ammine, it was of interest
to study the reactions of these polynuclear thiocyana-
toruthenium(LIl)-ammine complexes? with the nitro-
sylating agent (NaNO, -+ acid). In this paper we
report the results of these reactions.

Materials and Methods

All the chemicals used were of AR grade.
[Ruy(NHg)iz (NCS)Xo]X; (X = CI7, Br), [Ru,
(NH.)s (SCN),] [RuBrg], [Ru(NHg), (NCS),] [RuX,
(NCS) (NH),),] (x = CI~, Br™) were prepared accor-
ding to the methods described elsewhere”.

Dowex 50 WX-8 (20-50 mesh) in Nat or H* form
and Dowex-1-X8 (50-100 mesh) in CI” or NOj
form were used as the cation and anion exchange
resins respectively.

[Ruy(NHS)1,(SCNWNO),CLICI; (1)—Sodium nitrite
(0.4 g) was added to an aqueous solution (20 ml)
of [Ruz(INH3)13(SCN)CLIClg (0.1 g) followed by the
addition of conc. HCI dropwise until the evolution
of brown NO, gas ceased. The reaction mixture was
stirred for 5 min. at room temperature whereby a
rose-red coloured complex precipitated out. It was
filtered, washed twice with 509 ethyl alcohol and
finally with 95 %, ethyl alcohol and ether. It was dried
in vacuo (yield, 63%). The compound was recrys-
tallized by dissolving it in minimum volume of water
and adding conc. HCI dropwise.
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[Ruy(NH;)(NO)(SCN)CIICI, (2) — The com-
pound was prepared by the method similar to that
given above, except that the reaction mixture obtained
after adding conc. HCl was refluxed for 30 min.,
whereby, the colour of the solution changed from
red to yellow. On cooling to 0°C, a yellow powder
separated out which was filtered and washed several
times with cold water, 509 EtOH and finally with
959, ethyl alcohol and ether. It was dried in vacuum
desiccator (yield, 409%).

[Ruy(NHy)11(NO)(SCN)Bry)Brs (3) — [Rug(NHy) s
(NCS)Br,]Brg (0.2 g) was dissolved in water (25 ml)
and sodium nitrite (0.7 g) added to it followed by
conc. HBr (489,) dropwise until the evolution
of NO, gas ceased. The reaction mixture was stirred
at room temperature for 15 min, whereby a dark
red coloured compound separated out. It was
filtered, washed with 509/ ethyl alcohol several
times, and finally with 959 ethyl alcohol and ether.
It was dried in vacuo and recrystallised by dissolving
the product in minimum quantity of water and
adding HBr to the solution. This procedure was
repeated 2-3 times (yield, 309%).

[Ru(NH3);(H,0)(NCOY(NO)] Br; (4) — [Rug(NHg) 19
(NCS)Br,]Brg (0.15 g) was dissolved in water (15 ml),
NaNO, (0.5 g) added to it followed by conc. HBr
dropwise until the NO, gas evolution ceased. The
reaction mixture was refluxed on a water-bath for
30 min., whereby the colour of the solution changed
from red to yellow. On cooling it at 0°C, yellow
powder precipitated out which was filtered, washed
and dried as described for 3 above (yield, 33 %).

[Ru(NH,),(NO)YNCO)H,01Br(NOg) (5) — The
method of preparation of this compound was similar
to that described for 4, except that [Ru,(NH;),
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(SCN);][RuBrg](0.2 g) was used instead of [Ruy(NH;);5
(NCS)Br,|Brg. The amount of sodium nitrite used
was 2g.

[Ru(NH;) ( NOYNCSY(NOy), (6) Ru(NH;),
(NCS),][Ru(NH;),X,(NCS)] (X = CI~, Br7) (0.1 g)
was dissolved in the minimum quantity of water
and NaNO, (lg) added to it followed by glaciak-
acidic acid in large excess. The mixture was refluxed
on a water-bath until the colour of the solution
changed from deep red to light yellow. The solution
was concentrated to half its volume and cooled,
whereby light brown coloured crystals separated out.
These were filtered, washed with 50 9, EtOH several
times and finally with 959 EtOH and ether. The
same compound was also obtained when the reaction
was carried out using the cation [Ru(NHj;) (NCS),]+
as the starting material (The cation in its NO, form
was separated by using NOj form of anion ex-
change resin).

[Ru(NH,),(H,0)(NO)CI]ICI, (T) — Au ag. solution
of [Ru(NH;),(NCS),][RuXz(NCS)(NH,),] (X=CI,
Br) (0.1g) in water (20-30 ml) was passed through
the NOj, CI” form of anion exchange resin. It
was eluted with water and to the cation [Ru(NHj),
(NCS),]* in the eluent, excess of NaNO, was added
followed by conc. HCI dropwise, until the NO,
gas evolution ceased. Conc. HCl (Iml) was then
added and the mixture refluxed for 30-40 min, where-
by the colour of the solution changed from red to
yellow. It was cooled at 0°C for 30 min., and the
yellow powder obtained was filtered, washed with
509 EtOH and finally with ether. The compound
was recrystallized by dissolving in it the minimum
quantity of water and adding conc. HCI to it.

Physicochemical measurements . Analyses — Total
sulphur in the sample was analysed by oxidizing the

—y

NCS group with ether aquaregia or by a mixture of
Na,O, and KNO; in a Parr bomb and estimating
sulphur as BaSO,. Total halide was analysed by
decomposing the compound with NaOH in Parr
bomb and analysing the halogen gravimmetrically as
silver halide. Sulphur and halide in the complexes
were analysed in the cation and anion exchangers,
eluting the column by water, until the eluent did not
show any trace of the cation or anion, followed by
the gravimetric determination of halide, sulphur by
the standard methods in the eluent. The gravimetric
determination was carried out by concentrating the
eluent and decomposing the anion or cation (as the
case may be) by the method as described in the
foregoing paragraph.

Conductivity measurements — These were carried
out in conductivity water using an Elico conductivity
bridge type CM82T. Extensive conductance measure-
ments at various concentrations have been carried
out in the range 1072—1072 eq/litre, and the plots of

(Ao—Ae) versus 4/ C were obtained to confirm the
charge type on the different cationic species.

Results and Discussion

The analytical results of the complexes are given
in Table 1. All the compounds formed are highly
soluble in water indicating them to be ionic in nature.
They are practically insoluble in common organic
solvents. They have been crystallized from the
acidic solution by dissolving them in minimum
quantity of the dilute (2N) acid and concentrating on
water-bath and then cooling at low temperature.

All the complexes are diamagnetic at room tem-
perature indicating the presence of Ru in -2 oxi-
dation state having as pin paired d® configuration in
the octahedral environment.

TABLE 1 — ANALYTICAL AND CONDUCTIVITY DATA OF THE VARIOUS COMPLEXES

Found (%) (Calc.) Conductivity data

Complex
C H N S Xiotal Xiotat %o Ohm~!  Slopes*
(CI~ or Br) cm?eq?
[Ruy(NH,) ;:(SCN)(NO),CLICl, (1) 1.6 3.2 24.8 2.5 29.0 19.1 510 2050
1.4 (3.8) (22.9) 3.7 (29.0) (20.8)
[Ru,(NH,),(NO),(NCS)CIICI, (2) 2.0 3.5 24.1 5.0 30.0 2.5 337.5 1725
1.9 (3.4) (22.6) (5.2 (28.8) (23.1)
[Ru,(NH,),,(NO),(NCS)Br,]Br; (3) 0.8 3.2 17.0 2.5 47.0 35.0 550 1975
(1.0) 2.8) (16.3) (2.6) (46.7) (33.4)
[Ru(NH,),(H,0)(NCO)NOIBr, (4) 3.0 2.5 17.5 - 42.0 420 194 1000
(3.0) @.7) 17.5) - (40.0) (40.0)
[Ru(NH,),(NO)(NCO)(H,0)]Br(NO,) (5) 3.1 2.7 23.0 - 2.9 22.1 210 950
3.1 (2.9) (21.9) s (20.9) (20.9)
[Ru(NH;),(NO)(NCS)I(NO;), (6) 3.6 3.5 32.3 15 — —_ e =
(3.2) (3.2) (29.4) (8.4) — s
[Ru(NH,),(H,0)(NO)CIIC], (7) e 3.0 17.8 — 33.8 24.5 206 1250
— (3.6) (18.3) e (34.8) (23.2)
[Ru(bipy)sJ(PEQ),** , - - — - = = 193 667
[(bipy).(py)Ru),(4,4’-bipy)](PF)** = — — — — — 364 2967
[(NHa),Ru-O-Ru)NH,), [(PF,) * e — as — = — 344 3309
*Values of the linear plots of (Ao—he) versus \_/- C; **Values taken from ref. 17.
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Electronic spectra — The electronic spectra of
the complexest are typical of the RuINO*, d° system,
in an octahedral environment®?. The lower energy
band in these complexes in the range 470-495 nm
is assigned to d-d transition, the medium energy band
(300-400 nm), to dm(Ru) -=*(NO) charge transfer
and the higher energy bands (250-300 nm), to intra-
ligand or ligand (Cl~, Br~, NCS~, NCO~ etc.) to
metal charge transfer ones®’?. However, Schreiner
and coworkers'®1! assigned the low energy band to
dn (Ru) >x*(NO), and the medium intensity band
to d-d transitions.

In the monomeric compounds [Ru(NH;); (H,O)-
(NCO)(NO)] XY (X=Y=Br and X=Br, Y=NO;),
the presence of two distinct low intensity bands around
470 and 350 nm, suggests that the NCO group is
cis to the linear NO group'ab. On similar grounds
Cl™ is assumed to be cis to the NO in [Ru(INH;)
(H,O)NOCI]Cl,.[Ru(NH,),(NOYNCS)IX, (X=NOj3)
shows the corresponding bands around 490 (e=35)
and 305 nm (e = 130), typical of the cis-configuration
of the NCS~ ligand to the nitrosyl group'®® The
trinuclear compounds [Ruy(NHy),;(NO),(CSN)X,]X;
show a more complex pattern of the bands in the
340-500 nm region. [Ruy(NH,),(NO),(SCN)CIJ*+
shows, however, only one band at 330 nm (e = 1100).

The presence of NCO™ group in the cation [Ru
(NH,),(H,0)(NCO)NOJ*+ is substantiated by the
presence of a band around 340-350 (e = 80-100)
region although the intensity of the band is weak!Z2.
It is further corroborated by the IR spectral studies.

Infrared spectra — In all the complexesf the
band due to yNO appears in the region 1850-1920
cm™, suggesting the presence of linear Ru-N-O
linkage'>1%, In addition, all the compounds
show characteristic bands due to NH,, H,O etc.
in 3200, 1600, 1400, 800 and 477 cm™ regions. The
IR spectra of [Ruy(NO),(NH,);,(SCN)X,1X —
ClI", Br), [Ruy(NH;),(NO)(SCN(CI|Cl; and
100 cm™) and sharp medium intensity bands
having maximum around 2065 com™, which is assigned,
to vCN of the bridging (in trinuclear and dinuclear
species) and terminal N bonded (in mononuclear)
thiocyanate group respectively. The presence of
bands around 317s, 302sh, 287sh and 270s cm™* in
the trinuclear and dinuclear species suggests that
one of the iwo halide ions is bonded as terminal
(GM-CL317 cm™), 1In the monomeric complex
[Ru(NH,) ,(NCS)NO](NO,),, the presence of another
band due to vCS around 800 cm™ as shoulder indi-
cates that thiocyanate group is —N bonded?s. The
yM-NO in all the complexes appears in the region
595-610 cmL.

The interesting feature of the work is the formation
of the NCO group in the reaction of [Rug(NH,),,
(SCN)Br,|Brg and [Ruy(NH;)s(SCN)sJ[RuBrg] with
NaNOQ, in the presence of only HBr under refluxing
conditions. The presence of NCO in these cation

FThe detailed electronic spectral data of the compléxes
can be had from the authors on request.

iDetailed IR data of the complexes can be had from the
authors on request. y
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is suggested by the appearance of the bands due to
vCN at 2245 cm™ (sharp and intense) and that due
to yCO at 1277 cm™, suggesting the presence of
N-bonded cyanate group. The products obtained
by reacting the polymeric species with NO in the
presence of other acids except HBr do not show bands

at 2245 and 1277 ecm™. It is not possible to reason

out at this stage the formation of NCO from NCS.

Conductivity measurements — The values of the
molar conductance for the compounds (Table 1)
[Ruy(NHj)1,(NO)(NCS)X,]X; (X = CI7, Br) are
higher than those for other ruthenium ammine com-
plexes. Felthan and Hayter!® have recently employ-
ed the conductance measurements over a concen-
tration range to distinguish between mononuclear
and polynuclear species. The conductivity measure-
ments of the compounds have therefore, been carried
out in the concentration range 1072—10"* eq/litre
and A, determined by extrapolating the linear plots
to zero concentration (equivalent weights of the
compounds have been determined by the method
reported by Feltham!®).

The values of (Ao—>Ae) as a function of 4/ C [cf.
Onsagar equation (A\g—2Ae) =@ Ao + b NC=44 C]
have been plotted and slopes of the linear plots cal-
culated from these plots (Table 1). It is clear that
the slope value increases with the charge type on the
electrolyte, in conformity with the literature data?.
The values of A, and slopes from the literature for
the sake of comparison are given in Table 1. It
has been further observed that at lower concentra-
tions (<107 eq/litre) the plots between (Ag—Ae)
and 4 C are non-linear. This could be either due to
solvolysis process or the change of species at very
low concentration. The compounds [Ru(NH,),
(NCO)(H,0)NOJXY (X, Y=Br; X = Br, Y = NOj3)
and [Ru(NH;),(NO)(NCS)](NO,); and [Ru(NH,),
(H,0)(NO)CICl, have A, values in the range 200
ohm™ e¢m? eq~* which is typical of 1:2 electrolytel?
and other dimer and trimeric compounds have higher
value in the range 350 and 500 ohm™ cm? eq ™ res-
pectively suggesting them to be of higher charge type.

Ion exchange studies — The high value of charge
on the trimer, dimer and the various monomeric
species was established by passing an aqueous solution
of the compound through ion exchanger and estima-
ting the halide and/or sulphur in cation and anion
separately. These studies provide further support
to the data obtained by conductivity measurements.
Hence on the basis of the above results the following
tentative structures (I) and (IT) may be proposed for
the trinuclear and dinuclear complexes :

/ N\ 7 N\ FA
CO A A

m

HiN_  NH; HN Hy HN_ NO |5+
l:ou—~\ Ré——ncs—\au/ix —\Ru/——-)(}
3

(N0 (NH3) 4 Ru—SCN—Ru(NH3(NOIX]**

(m
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