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Ammonium cyanide is an extremely useful reagent 
for preparing metal cyanides in liquid ammonia. 
Unlike the alkali metal cyanides, any excess of this 
reagent in an ammonia-soluble product can be 
removed simply by room temperature sublimation. 

The reaction of titanium(II1) bromide with 
potassium cyanide in liquid ammonia yields the 
insoluble complex cyanide of formula K,Ti(CN)s 
[l] ; this is believed to be best formulated as 
containing seven coordinated titanium(III), the latter 
being in a monocapped trigonal prismatic environ- 
ment [2]. No simple cyanide of titanium has been 
reported; reactions of titanium(II1) salts with cyanide 
ion in aqueous solution lead only to the precipitation 
of titanium(II1) hydroxide. We now report the reac- 
tions of titanium(II1) halides with ammonium 
cyanide in liquid ammonia and a tensimetric study of 
the relevant ammonium cyanide-ammonia system. 
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Mole ratio NH3/NH,CN 

The vapour pressure of ammonium cyanide 
requires that tensimetric studies in the NbCN-NH3 
system be carried out at -63 “C or lower (at which 
temperatures the vapour pressure of N&CN is less 
than 1 mm Hg). The vapour pressure-composition 
isotherm for this system at -63 “C is shown in Fig. 1. 
This shows (in addition to the saturated solution 
vapour pressure of 90 mm Hg) the formation of two 
ammoniates, NH&N*4NHa and NbCN*3NHa, the 
univariant portions at pressures 80 and 13 mm Hg 
corresponding to the equilibria: 

Fig. 1. Vapour pressure-composition isotherm for the sys- 
tem NH&N-NH3 at -63 “C. 

form of the Van? Hoff isochore. Vapour pressures 
were corrected for the partial pressure of NH4CN(s) 
at the higher temperatures. The heats of formation 
of the two ammoniates can be calculated (using the 
literature values [7] for A@Nl&C!N and NHa) to be: 

Nl&CN*4NH3, AHf = -293 f 5 kJ mol-’ 

Nl&CN*3NH3, AHr = -225 + 5 kJ mol-’ 

NH&N*4NH3(s) + Nl-L$N*3NH3(s) + NHs(g) 

NH&N*3NHs(s) * NH&N(s) t 3NHa(g) 

Thermodynamic data for these equilibria were ob- 
tained (Table I) by measuring the variation of 
dissociation pressure of ammonia with temperature in 
the range -63 to -36 “C and applying the integrated 

The heats of dissociation of these ammoniates per 
mol of ammonia are similar to those of the am- 
monium halide ammoniates 18, 91. The ammonia 
molecules are almost certainly bonded to the am- 
monium ion by ion dipole forces; a crystal structure 
determination has shown [lo] this to be the arrange- 
ment in NH4Cl*3NH3. 

*To whom correspondence should be addressed. 

Because of the insolubility of potassium chloride 
in liquid ammonia, transition metal bromides are 
usually chosen as reactants with potassium cyanide 
in the preparation of the metal cyanides (potassium 

TABLE I. Thermodynamic Data for the NH&N-NH3 Reactions at -63 “C. 

Reaction 

NH4CN*4NH3 + NH4CN* 3NH3 + NH3 
NH4CN* 3NH3 * NH4CN + 3NH3 

AC &.I mol-‘1 

3.98 
21.3 

AH (kJ mol-r) 

21.5 
87.3 

AS (J K-’ mol-‘) 

83.5 
314.2 




