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  On the infrared spectra of alkali metal salts of 
nitrosylruthenium(III) complex anions, studies 
have been made on the effects of outer sphere 
cations and coordinated halide ions. The wave 
number of the N-O stretching vibration decreases 
in the order of K+, NH4+, Rb+ and Cs+ for M2-
[RuCl5(NO)] (M=K, NH4, Rb and Cs)1) and in 
the order of NH3, Cl-, Br- and OH- for [RuX-
(NH3)4(NO)]n+ ion (X=NH3, Cl, Br and OH 
Jrans to NO group).2) Sinitsyn and Petrov have 
reported that, for M2[RuX5(NO)] (M=Na, K, 
Rb and Cs; X=Cl, Br and I), the wave number of 
the Ru-N stretching as well as the N-O stretching 
vibration increases in the order of I, Br and Cl 
for a given alkali metal salt.3) However, a distinc-
tion between the two skeletal vibrations of the RuNO 
group does not seem to have been fully made. 
Recently, we have made a clear assignment on the

skeletal vibrations of the RuNO group of K2- 
[RuX5(NO)] (X=Cl and Br).4,5) 

  We studied the infrared spectra of M2[RuX5- 
(NO)] (M=K, Rb and Cs; X=Cl, Br and I) 
and measured the wave numbers of the N-O 
stretching, Ru-N stretching, RuNO bending and 
Ru-X stretching vibrations. This report presents 
interesting observations on the shifts of the wave 
numbers of the vibrations by the replacement of 
the outer sphere cations and the halide ions. 
  In Table 1 are shown the wave numbers of the 
vibrations measured for M2[RuX5(NO)]. 
  For these compounds, the effects caused by the 
replacement of the outer sphere cations were 
observed on the Ru-N stretching and especially 
on the Ru-X (X cis to NO) stretching vibrations as 
well as on the N-O stretching vibration, but hardly 
any on the RuNO bending vibration. The wave

TABLE 1. INFRARED SPECTRA OF M2[RuX5(NO)] (M=K, Rb and Cs; X=Cl, Br and I)

Abbreviations: str=stretching; bend=bending; vs=very strong; s=strong; m=medium; w=weak; sh= 

shoulder.
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numbers of the N-O, the Ru-N and the Ru-X 
(X cis to NO) stretching vibrations decreased 
regularly in the order of M=K, Rb and Cs. 

  On the other hand, the shifts caused by the 
replacement of the halide ions were observed on 
the N-O stretching and especially on the RuNO 
bending vibrations, but hardly any on the Ru-N 
stretching vibration; replacing Cl- with Br-
and I-, the wave numbers of the N-O stretching and 
the RuNO bending vibrations decreased regularly 
in the order of X=Cl, Br and I. Although the 
N-O stretching and the RuNO bending vibrations 
shifted, the wave numbers of the Ru-N stretching 
vibration hardly changed at all by the replacement 
of the halide ions. This seems to be due to the

fact that the RuNO bending vibration (E) is 
nearer the Ru-X (X cis to NO) stretching vibration 

(E) than the Ru-N stretching vibration (A1) is 
to the Ru-X (X trans to NO) stretching vibration 
(A1). 
 The effect on the vibrations caused by the re-

placement of the outer sphere cations and the 
halide ions can be qualitatively explained by the 
difference in electronegativities of the outer sphere 
cations and halide ions as suggested by Sinitsyn 
et al.1-3) Although the positions of the cations in 
the crystals have not been determined yet, it should 
be noted that the outer sphere cations have an 
appreciable effect on the N-O, the Ru-N and the 
Ru-X (cis to NO) stretching vibrations.


