
262 Notes 

J. lnorg. Nucl. Chem.. 1965. VoL :'7, pp. 262 to 263. Pergamon Preu Ltd. Printed in Northern Ireland 

The in terae t lon  o f  ruthenium te t roxide and ammonia  

(Received 30 July 1964) 

Re^soy and NIKOL'$KII (1) recently identified Ru and RuO, qualitatively as products of the reaction 
between RuO4 and NHs in a bomb at 24 or 26 °. They proposed reactions to account for these 
products and measured the corresponding heats of reaction. Since we do not contemplate further 
study of this reaction in the near future, we are prompted to record the results of some earlier and 
related experiments that were carried out under somewhat different conditions and led to results 
quite different from those referred to above. 

Preliminary experiments showed that when gaseous NHs was added rapidly to RuO, at --70 ° 
and 10-atom under strictly anhydrous conditions, the reaction mixture ignited. Very cautious 
initial addition of 5 ml in~ements of NHs gas to 1 g samples of RuO, under the above conditions 
permitted satisfactory control over the rate of reaction in two out of five attempts; the results of 
these two experiments howev~ were in excellent agreement. These incremental additions were con- 
tinued until I ml of liquid ammonia was condensed; thereafter an additional 9 ml was condensed 
rapidly. 

During the initial additiom of NHs gas the RuO, assumed a crimson colour; ~*~ subsequently 
this solid dissolved to form a dark red solution. As the temperature of this solution was raised 
from - 7 0  ° at the rate of 0.5°/rain, evolution of Ns began at ca. --50 ° and the solution became 
red-brown. In the two smeee~tful experiments, 5.76 and 5.50 mmole of Ru as RuO, liberated 1.29 
and 1.26 mmole of nitrogen, respectively; hence, N/Ru = 0.22 and 0.23. The solvent was removed 
completely at -33.5 ° and the rmidual brown solid was dried in vacuo'for 12 hr at 25 °. Anal. Found:" 
Ru, 51.4; N, 19.7. Calf. for Ru~NllOlsHss: Ru, 51.6; N, 19.7~o. 

This product failed to give an X-ray diffraction pattern; it decomposes explosively at 206 °, is 
diamagnetic, soluble in watex, but insoluble in a wid~ variety of organic solvents. The H x NMR 
spectrum consisted of a single rather broad peak at 4.6 ppm. The infrared spectrum showed strong 
broad bands at 3500 and 3200 cm -1, medium bands at 1800, 1650, and 1050 cm -1, strong bands 
at 1350 and 1320~n - t  and a broad weak band at 960¢m -1. Thennogravimetric analysis of an 
80.5 mg sample in helium flowing at 50 ml/min and a heating rate of 3"/min resulted in a smooth 
weight loss of 18 mg between 45 and 202 ° and a more rapid lou  of 7 mg between 202 and 206 °. After 
the sample exploded at 206 ° , the black residual solid gave an X-ray diffraction pattern identical with 
that of an authentic specimen of elemental ruthenium. 

Although the volume of nitrogen liberated in the reaction beginning at -50"  is somewhat low, 
the N/Ru ratio together with the diamagnetism of the solid reaction product indicates reduction 
to Ru e+. The weight loss in the TGA experiment is entirely compatible with conversion of 
Ru4NlzOI,H.. to RuO(NH0, i.e., found: --25 rag; oak: --26 rag, 

Ru4NIIOI.H.. --*- 4RuO(NHs) -k 2N, -k 3NHa -k 8HsO 

and the explosive decomposition could result from, 

RuO(NHs) --* RuN + H r .  

2RuN --* 2Ru + Ht 

in a manner analogous to the known behavior of BiO(NHt) and BiN, cs~ 
With regard to the nature of the initial solid reaction product, all of its properties except water- 

solubility suggest that it may be a bridged polynuclear species similar to that resulting from the 
interaction of osmium tetroxide and ammonia, c4.6~ i.e., Os.NTO,FI.~. The infrared spectrum of 
Ru,NltOtiHsa is remarkably similar to that of OsaN~O,Htl; assignments for the observed bands 
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t m  of c~u(n) miLd~ 

(Rt, oe/ved 13 ?u/y 1964; /n revh~,d form 17 A~q~t 1~4) 

IT .As tern m z ~  ~ by Corm,  , t  ~.,,, that ~ ' t t 1 ~ )  , ~ t n  ream with thioum (tu) 
in n m t m ~  to give the t~ue ~ c o m l ~  Co(tu).SO,. Tt~y tt~o de~t,ed me c m a i e ~  
formatio~ of a ~ solid which ~ ~ upon l~atlag of ~ ~ ~ tl~ 
~ m ~  of ,a  ~ of tl~ thiour~ c ~ p ~  of ~ I K I D  we hav~ i,olated tl~ ipmn ~ 
and we com:ludo that it has the fm-mula Co(tu),$O,.~I,O, in~flvimg the ~ . !  e~tiem 

of the solid has a m-cmg-lx~d Ixmd at about ]100 cm -~ e~d va t  wmlc I xu~  ~t ~. ,  101~ m ~ l ~  

~ tho a,,,pd~ t~lcL~.~ Co) ~ dm'o~ m ~ e  ~,mrm~ h. tho vidt,~ rogion m vm'y ~ to tb~ 
of c_~(tu),(CIOJ~(~ which t~ bd tmd  to m m l a  tl~ m m  ~ cation. Tld. p~'d~ o v t d . ~  
~ ,  is mtl~r ~ ~ it lu~ tma ~ by Cornm ¢t ~i.") that the f m m ~  

m s ~  ~mm~at, ~ ~ ~m~zo~g~ ~ m  d tho ~ is ~ d a ~ o~bslt(ID. 
eomlp~ ( ~ T h o ~  ~ n ~ m m l g  (4.45]LM. at lff'L~ is ~mm~ly ~ of tettw- 
lmind ~ of the ~ i ~  

~ ,  we have found that tim chanp in col0ur from grmn to blue is aNoc/ated with ~ 
reaction 

Co(tu),SO,.2H.O -~ Co(tu).$O, + tu + 2r,I.o 

wlflds amun ~ ta tbo oolid m w  ovm m room ~ 

o~tlm ~ h i  ~ d  ~mdpaxlua~ It ghow~ four bade m about 1160, 1090, 10~ ~ l ~ O c m - ~ , ~ t d ~  
a m b e ~ t o ~ m l p l m o f f o u p s o t C . . n y m m m  7. A l m , ~ t a b a ~ , ~ , ~ m ~ l ~ m  -~ 

tO ~ that the ~ of  Cxl(ttl)6aOi.2~leO to C O ( ~ ) ~ i  ~ rib 
of an ombedral intmne~te (1) 

z 
A m m p ~  isoinim of this immmdtate resulted in the ~ fmmatim of Co0u),SO, 

with e m m m ~  m ~ r a t ~  of t i~mm. 
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