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-Init concn, M X 103- 
V ( I C  TIIIII) 
2.29 2.95 
2.29 3 . 6 5  
2.72 2.95 
3 . 5 1  2.95 
4.09 2.95 
7.02 2.95 

10.5 2.95 
14.0 2 .95 
14.0 1 . 4 8  
4.09 2.95 
4.09 2 .95  
4.47 2.96 
2.98 2.96 

TABLE I1 
STOICHIOMETRIC RESCLTS ( O o ,  1 M HC104) 

----AA 
Obyd Calcdb RC 

0.358,0.361 0.359 0.997, 1,006 
0.357 0,359 0.994 
0.425,O. 428 0,427 0.995, 1.002 
0.454 0.463 0,981 
0.454,O. 452 0.463 0.981,0.976 
0.456 0.4633 0.985 
0,451 0.463 0.974 
0.448 0,463 0.968 

0.455,O. 456 0.463 0.983,0.985 
0.460 0.463 0.994 
0.226’ 0.464 0.487 
0.236f 0.464 0.509 

0.221,0.224 0,231 0.957,O. 970 

Stoichiometiic ratio 
O b 4  CalcdC 

0.98 
0.98,0.98 
0.99 
0.98 
0.97 
0.96,0.97 
O.R9,0.99 
0.99 
0.56 
0.68 

0 979 
0 978 
0 976 
0 975 
0 975 
0 975 
0 996 
0 998 

a Absorbance change in 10 cm when TI(II1) injected into V(I1) solution, corrected for increase in volume. 6 Calculated assuming 
[V(IV)] formed equals the initial concentration of limiting reactant, based on average of first three lines where V(II)  was limitiiig. 

e Calculated assuming kl /  
( k l  + 2k2) = 0.95 and k4/k3 = lowG. 0 Initial concentration of V(II1) 
is zero, except in expt 10 (2.68 X 

R = AA(obsd)/AA(calcd). Calculated from eq 10 using (EV(II )  - W < I I I ) ) / ( E V ( I V )  - E V ( I I ) )  = 0.088. 
Chloride present, solution was 0.02 MHCl  and 0.98 M HClOa. 

AI), 11 (6.71 X M ) ,  and 13 (4.50 X 10-3 M ) .  

calculation of the concentrations of reactants and prod- 
ucts as a function of time for various initial concentra- 
tions and values of k l ,  k z ,  k3> and kj/k4. The calcula- 
tions were taken to essentially complete reaction and 
the ratio [V(IV) ]formed/ [Tl(III) mas calculated 
for comparison with the experimental stoichiometric 
ratios. The rate constant (kl + 2kz )  was taken as 
70 M-l sec-l in accord with Table I, while k3 was taken 
as 310 1W-l sec-I, obtained by interpolating published 
data.5 Two sets of initial concentrations were chosen 
to correspond to line 8 and line 11 in Table 11. The 
results of these calculations are summarized in Table 
111. 

TABLE I11 
[V(IY)] fo rmrd / [T1(  l I I ) l a d d e d  FOR VARIOKTS TALUES OF k;/k4 

AXD kl/(kl  + 2 k 2 ) ~  

ks /k i  

0 

0.02 

0 . 1  

0 . 5  

2 

8 

103 

0.0 

0 .  52gb 
0.  96OC 
0.531 
1.015 
0.540 
1 ,149  
0.581 
1,405 
0.671 
1,637 
0.794 
1.788 
0.981 
1.883 

kl / (k l  + 2/22) 

0.4 0.8 

0.711 0.901 
0.976 0.992 
0.711 0.901 
1.027 1.041 
0.715 0.902 
1.159 1.168 
0.732 0.904 
1.40’7 1.409 
0.776 0.911 
1.629 1.622 
0.849 0,929 
1.769 1.‘752 
0.984 0.991 
1.851 1 .824  

0.95 

0.975 
0.998 
0.975 
1.047 
0.975 
1,172 
0,975 
1,410 
0.976 
1,619 
0.979 
1.746 
0.997 
1.815 

_--_ 
1.00 

1,000 
1.000 
1.000 
1.049 
1.000 
1,173 
1.000 
1.410 
1,000 
1.618 
1.000 
1.744 
1,000 
1.812 

a For all calculations kl  + 2k2 = 70 M - 1  sec-l and k3 = 310 
b Upper figures apply to [V(11)]0 = 14 x 10-3 M, 

Loxver figures 
M, 

1M-l sec-’. 
[V(III)l0 = 0, and [Tl(III)] = 3 03 X 10-3 M. 
apply to [S7(II)]~ = 4.09 X 
and [Tl(III)] = 3.03 X 

X, [V(III)]o = 6 71 X 
M .  

The results in the first column of the table show that 
a scheme consisting of reactions 2, 3, 4, and 5 is not con- 
sistent with both sets of data. However, if the two- 
electron oxidation, reaction 1, is considered to be im- 
portant, much better agreement is obtained in the 

region of high values of k,/(kl + 2kz )  and low values 
of k , / k r .  The rest of the data are also in agreement with 
the conclusion that the reaction is predominantly a 
tao-electron oxidation of V(I1) by Tl(II1). The last 
column in Table I1 gives stoichiometric ratios calcu- 
lated assuming h l / ( k ~  + 2kz )  = 0.95 and kJk4 = 

The effect of low concentrations of chloride is quite 
striking. Daugherty reported that chloride strongly 
inhibits the V(II1)-Tl(II1) reaction5 In  agreement, 
v e  find an initial apparent second-order rate constant 
of 0.1 1 f - I  sec-l in 0.02 36 HC1-0.98 M HC104 solutions. 
In similar solutions V(I1)-Tl(II1) mixtures produce 
only about half as much V(1V) a t  about the same rate 
as in the absence of chloride. The stoichiometric 
ratios shown in lines 11 and 12 of Table I1 are consistent 
with the idea that although reaction 3 is strongly in- 
hibited by chloride, reaction 2 is inore strongly cata- 
lyzed than is reaction 1. 
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The Synthesis of Copper Disulfide 

B Y  I i o s A L n  .4. MUNSON 

Recezved March 4 ,  1966 

Over the years there have been a number of reported 
syntheses of copper polysulfides 1 Gattow and Rosen- 
berg, who investigated these claims roentgeno- 
graphically, conclude that all hitherto reported com 
pounds of composition C U S > ~  were mixtures of CuS 
and sulfur and not distinct compounds of copper 
In  no case nas synthesis attempted a t  both elevated 

(1) “Gmelins Handbuch der Anorgirnixhen Chenue I ’  Vei lag Chemit- 
Weinheim/Bei g-trasse 1958 pp 483 484 

2) G Gdtton and 0 Roscnbexy V o ( u ~ u r s , ~ l ~ ~ c h a ~ / ~  7 51, 217 (1OG1) 
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Figure 1.-Pressure-temperature diagram for the reaction of 
sulfur with covellite to form cubic copper disulfide. Two-minute 
runs produce the pyrite structure only, 0 ;  mostly pyrite struc- 
ture, A; mostly covellite, 0 ; and no reaction, 0.  

TABLE I 
SPACING AND INDEXING OF THE REFLECTIONS OF 

CUBIC COPPER  DISULFIDE^ 
4 A hkl Intens 4 A hkl Intens 

3.32 111 m 1.054 52 1 m 
2.89 200 vs 1.022 440 m 
2.57 210 ms 1,005 522 W 

2.35 211 ms 0,990 530 vw 
2.04 220 S 0.978 53 1 m 
1.92 300 W 0.963 600 m 
1.86 310 vw 0.950 610 vw 
1 .73  311 S 0.939 611 m 
1.66 222 m 0.913 620 m 
1.59 320 m 0.903 621 m 
1.54 321 m 0.895 541 W 

1.40 410 mw 0.883 533 m 
1.36 411 w 0.873 622 m 
1.325 331 m 0 864 63 0 vw 
1.291 420 m 0.854 63 1 m 
1.260 42 1 m 0.828 700 m 
1.231 332 W 0.819 710 m 
1.180 422 mw 0.811 71 1 mw 
1.158 500 W 0.804 640 ms 
1.132 510 w 0.796 720 mw 
1.112 511 ms 0.788 721 mw 
1.073 520 m 
a Copper Kal nickel-filtered radiation employed with a 

Norelco camera of diameter 114.59 mm. 

temperature and pressure. This synthesis was carried 
out in the “belt” superpressure apparatus3 using a cell 
constructed of sodium chloride with a graphite heater. 
The cell was calibrated a t  room temperature with the 
bismuth 25.5- and 27-kbar and the barium 58-kbar 
transformations. Temperatures were determined from 
the readings of a Pt-Pt-lOyo Rh thermocouple present 
during some of the runs. When a sample consisting of 
a mixture of CuS (covellite) and sulfur in a 1 : 1.2 mole 
ratio was subjected to the appropriate temperature and 
pressure conditions (Figure 1) and then washed with 
boiling CS2 to extract the excess sulfur, a dark purplish 
red material was obtained. Chemical analysis indicated 
the formula CuSl.9 and the X-ray reflections (Table I) 

(3) H. T. Hall, Rev. Sei, Inst?., 81, 125 (1960). 

showed that it had the cubic (NiS2) pyrite structure, 
a = 5.796 A. The calculated density is 4.44 g ~ m - ~ .  
The low pycnometric density, 4.24 f 0.10 g cm-a, may 
be ascribed to sulfur vacancies in the lattice. Between 
200 and 300” in an inert atmosphere, CuSz decomposes 
to yield covellite, some digenite, and somewhat more 
than 1 mole of sulfur per mole of CuS2. Further de- 
composition, which occurs between 400 and 475”, 
produces CuzS (chalcocite) and nearly 0.5 mole of 
sulfur. 
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Tertiary phosphine selenides have been prepared 
either by direct fusion of the tertiary phosphine with 
elemental selenium3 or by refluxing the phosphine with 
selenium in an inert ~ o l v e n t . ~  We wish to report a 
novel synthesis of several arylphosphine selenides. 
Compared with the usual preparative routes for tertiary 
phosphine selenides, the reaction of a tertiary phosphine 
with potassium selenocyanate in acetonitrile is ex- 
tremely simple (eq 1). 

CHaCN 
R3P + KSeCN -+ R3PSe i- KCN 

Experimental Section 
Reagent grade triphenylphosphine (Metal and Thermit) and 

potassium selenocyanate (Alfa) were not purified further. 
Acetonitrile was purified according to the procedure of Muney 
and Coetzee.6 

Preparation of Triphenylphosphine Selenide.-The following 
preparation of ( C6H6)sPSe illustrates a specific example of the 
synthetic procedure used to obtain tertiary phosphine selenides. 
To potassium selenocyanate (7.2 g, 0.05 mole) in 60 ml of 
acetonitrile was added rapidly, with stirring, triphenylphosphine 
(13.1 g, 0.05 mole) dissolved in 60 ml of warm acetonitrile. A 
white crystalline material began precipitating immediately. The 
reaction was stirred for 1 hr and then the solvent was evaporated. 
The solid residue was transferred to a sintered glass funnel and 
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