
NOTES 3757 

TABLE 1 
I Product yields from the triboelectrical discharge decomposition of hydrocarbons and acetone* 

Relative gas chromatogram peak areas of products 
Pressure 

Substrate (Torr) MezHg C2H2 C2H4 C2Hs Hz C3Hs C3Hs CH4 C4.t MeHgEt CO 

'Conversions ranged from 5 t o  30%. 
tCi-hydrocarbons. 

the table, of which the synthesis of ammonia 
and hydrazine from a 3:l mixture of N, and 
H, is noteworthy. 

Similar reactions could be brought about by 
bubbling the appropriate gases through a pool 
of mercury. 

The mechanisms of these reactions are ob- 
viously complex. The processes include electrical 
breakdown and direct and sensitized photolysis. 

These phenomena have implications for gas 
phase kinetic studies. It is possible to produce 
spurious reactions in the Toepler pump and in 
other equipment where moving mercury surfaces 
are in contact with glass or gas materials. This 
possibility was checked and from hydrocarbons 
and acetone, we would indeed produce non- 
condensable gases on extensive pumping. 

The authors wish to thank the National Research 
Council of Canada for financial support. 
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Kinetics of the exchange reaction of dimethylarsenic deuteride with diethylarsine 
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The exchange reaction (CH3),AsD + (C,H5)2AsHS (CH3),AsH + (C2H5),AsD can be monitored 
by conventional nuclear magnetic resonance spectroscopy. The equilibrium constant in diethyl ether-dl,, 
solution is 1.2 5 0.1 and the rate constant for the forward reaction is 4.95 .t 0.25 x 1 mole-' s-' 
at 35". Dimethylarsine exchanges rapidly with methanol-d4 and bis(trifluoromethyl)arsinic deuteride. 
Canadian Journal o f  Chemistry, 48. 3757 (1970) 

Knowledge of the rate ofexchange ofsecondary the products ofthe competitive reaction described 
arsine protons, as in reaction 1, was important in by reaction 2, would give mechanisticinformation 
determining the mechanism of the addition of 
secondary arsines to  hexafluorobutyne-2, (CH3)2AsD 

[2 I 
k 1 (CzH5)zAsH 

[l ] ( C H ~ ) ~ A S D  + (C2H5)2A~H F=+ (CH3),AsH 
I 

(CH~)ZA~C(CF~)=C(CF~)  H 
k -  1 + (CZH5)2AsD + CF3CeCCF3 + 

(") 
(CZH~)ZASC(CF~)=C(CF~) 

because the distribution of the deuterium label in 
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only if no significant exchange occurred between 
the reactants and/or products (1). 

Proton transfer reactions have been studied 
using a wide variety of methods (2), including 
specialized fast reaction techniques (3). However, 
reaction 1 was slow enough to be followed by 
simple integration of the nuclear magnetic 
resonance (n.m.r.) spectrum of the reaction 
mixture. 

Experimental and Results 
Starting Materials and Techniques 

A vacuum system was used for the manipula- 
tion of volatile substances. Nuclear magnetic 
resonance spectra were run on Varian A 60 ('H 
spectra in p.p.m. downfield from external TMS), 
and HA 100 (19F spectra in p.p.m. upfield from 
internal CFC1,) spectrometers: Methanol-d, 
(99.9 %), diethyl ether-dl,, deuterium chloride, 
and D,O were purchased from Merck, Sharp and 
Dohme of Canada Ltd. Bis(trifluoromethy1)- 
arsine was prepared from tetrakis(trifluor0- 
methy1)diarsine by reacting this with hydrogen 
chloride in the presence of mercury (4). The 
'H n.m.r. spectrum showed a septet centered at 
5.08 p.p.m. (JCF, - ,  = 9.2 Hz) and the lgF n.m.r. 
spectrum a doublet centered at 42.3 p.p.m. 
Bis(trifluoromethy1)arsenic deuteride was similar- 
ly prepared using deuterium chloride. The 'H 
n.m.r. spectrum of the product indicated that 
some hydride was present. The material was 
shaken with D,O for two weeks to yield pure 
bis(trifluoromethy1)arsenic deuteride. The gas 
phase infrared spectrum of the deuteride run on a 
Perkin-Elmer 457 instrument showed main 
bandsat 1548 m, 1190s, 1168s, 1120s,734cm-'. 
Dimethylarsenic deuteride and diethylarsine 
were prepared as previously described (1). 

Proton Exchange Reactions and Kinetics 
Weighed portions of materials whose exchange 

was to be followed, plus a measured amount of 
solvent when used, were sealed in n.m.r. tubes 
and kept frozen until they were to be studied. The 
tubes were quickly warmed to room temperature 
and placed immediately in the n.m.r. spectrom- 
eter. Care was taken to isolate the starting 
materials with a layer of solvent, to try to prevent 
any unnecessary exchange before the mixing was 
complete. 

In a typical experiment, 0.1 18 g of diethylarsine, 
then diethyl ether-dl,, and finally 0.036 g of 
dimethylarsenic deuteride were sealed in an 
n.m.r. tube. Upon quickly warming the tube to 

35", the exchange was followed by integrating 
over the methyl peaks of dimethylarsine and 
dimethylarsenic deuteride. Figure 1 shows typical 
spectra in this region run at a sweep width of 
50 0.p.s. The following results were found. 

Concentration of 
t(s)* (CH3),AsD (moles/l) 

8 100 0.341 
8 220 0.331 

10080 0.303 
10260 0.301 
10425 0.306 
11 940 0.271 
12 030 0.280 
12 120 0.278 

' 1  = 0 is arbitrary. 
tP!evious to  this time the methyl peaks of  the 

hydrlde and deuteride were not separated well 
enough for reliable integration. 

FIG. 1. 'H n.m.r. spectra of the CH, region in 
mixtures of (CH,),AsH and (CH,),AsD. (a) Mainly 
(CH3),AsD, (b) a higher proportion of (CH,),AsH. 

The following reaction scheme yields a kinetic 
rate law which corresponds with the experimental 
results 

If the following abbreviations for concentra- 
tions are made: at t = 0, [AD] = a and [BH] = 
b ;  at t = t, [AH] = x = [BD] and [AD] = 
a - x ;  the rate law from reactions 3 and 4 is 
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TABLE 1 

The rate and equilibrium constants for the proton exchange reactions* 

Concentration of A Concentration of B 
Reactant A (mole/l) Reactant B (mole/l) Solvent K k ,  
--- - - - 

(CH3)zAsD 4.32 (CzHs)zAsH 5.95 Neat 1.315 - 

(CH3)zAsD 3.74 (CZHS)ZASH 6.24 Neat 1.335 5.9 x 
(CHdzAsD 1.12 (CzHd2AsH 2.43 (CzDs)zO 1.1  4 .7  x l o 4  
(CH312AsD 0.852 ( C Z H ~ Z A S H  2.19 (C2D5)20 1.365 5.2 x 
(CHdzAsD 0.275 (CZHS)ZASH 2.71 ( C Z D S ) ~ O  t 

2.46 1.76 (CzD5)zO 0.28 
t 

(CH3)zAsH (CF3)zAsD 
0.187 0.450 

1 
(CH3)zAsH (CF3)2AsD (C2D5)z0 0.36 1 
- 

'The reaction temperature is - 35". 
t D u e  to the small amount  of dimethylarsenic deuteride used, the diethylarsine peaks overlapped seriously in the n.m.r. spectrum. 
$Too rast to measure. 

Solving eq. 5 and using the equilibrium constant, mechanism outlined in reactions 3 and 4 whose 
K = kl/k- ,, gives the result solution is eq. 6. The rate constants (k,) for the 

exchanges done neat and in diethyl ether-dl, 

[6] k-'t =- A l n  (E E i y s) solvent, are 5.9 x and 4.95 k 0.25 x 
1 mole-' s-' at 35'. The equilibrium constants 
are 1.335 f 0.020 and 1.2 f 0.1, respectively. 

where q = 4Kab(K - 1) - K2(a + b)2, c = The range of concentrations that could be 
(K - 11, and d = -K(a + b). Plotting t against satisfactorily used for these rate studies was very 
In (2cx + d - -)/(2cx + d + gives small, as will now be explained. Since the equilib- 
a straight line as seen in Fig- 2. From the slope, rium in reaction 1 was to the right, it was desirable 
k-1, and thus k1, can be determined from a to study the exchange from the left side to in- 
knowledge of the value of K. crease the relative difference in concentrations 

A number of exchange reactions of dimethyl- between the dimethylarsenic deuteride and 
arsine or dimethylarsenic deuteride were moni- hydride monitored during the reaction. At high 
tored by n.m.r., as described above, and the dimethylarsenic deuteride concentrations, rela- 
results are summarized in Table 1. tive to diethylarsine, there were too few protons 

exchanged at  equilibrium to make integration 
Discussion practical. Consequently, the diethylarsine con- 

of the different proton of hydrides centration had to be the greater of the two to give 
with dimethylarsine investigated (Table I), only satisfactory results. Due to the overlap of small 

the reaction described by eq. 1 could be studied diethylarsine peaks in the n.m.r. spectra, with the 
kinetically. The proton exchange of the arsines methyl peaks for dimethylarsine, dimethylarsenic 
correspon~s with a rate law [51 based on the deuteride could not be less than 113 of the con- 

centration of diethylarsine. If it were less than this, 
analysis was impossible as is seen in the last 
diethylarsine example in Table 1. The optimal 

2.1 - 
K = 1.365 = k,/k., relative concentrations were used for the rate 

2.0- 
k., = 3 . 8 ~  10-'1 ol~e s-' studies in the three successfully analyzed experi- 
k, = 5 . 2 ~  10-g mole-' S-' 

ments. It was found when theconcentrations were 
- 1.9- changed absolutely and not relatively, these 
X - 
+ exchanges obeyed the same rate law and had 
8 1.8- 
- similar rate constants. The exchange of these 

hydrides was slightly faster when done neat than 
1.7- 

when done in diethyl ether-dl,. 

1 .6- 
The exchange rate of bis(trifluoromethy1)- 

, arsenic deuteride with dimethylarsine was studied 
4000 6000 8000 10000 12000 

t ( s )  
in the hope of finding another slow exchange 
system that could be used in the competitive 

FIG. 2. Plot of log f ( x )  against time (eq. 6) for the 
reaction of (CH,),AsD with (C2Hs),AsH in (C2Ds)20 additi0n hexaflu0r0but~ne-2. ( ~ . f .  2, 
solution. The rate of exchange in reaction 7 was found to be 
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too fast to measure by n.m.r. integration tech- The mechanism involved in these exchanges is 
niques. Calculation of the equilibrium constant, open to speculation. An ionic or four-centered 
0.32 f 0.06 in diethyl ether-dl, at 35" was pos- mechanism can meet the kinetic requirements. 
sible, however. Consequently these hydrides are Meiboom and co-workers (6, 7) have indicated . .  , 

that the water-methanol proton transfer is non- 
[7] (CF3),AsD + MezAsH+ (CF3),AsH + MezAsD ionic in a neutral solution. but ionic when traces 
unsuitable for a competitive addition reaction, 
as they would exchange protons to a significant 
extent before addition to the acetylene occurred. 

Dimethylarsine adds to hexafluorobutyne-2 in 
methanol solvent much faster than in ether and 
the product is 100 % trans isomer (I), when the 
reaction is carried out in methanol-d4 the 1 :1 
adduct is 85 % deuterated (5). However, we have 
now found a fast exchange takes place between 
dimethylarsine and methanol-d4 so that an 
interpretation of the deuterium content of the 
adduct in terms of the mechanism of the addition 
reaction is not possible. 

of bases or acids are present. At 25" the rate of the 
non-ionic process (k, - 10' 1 mole-' s-') is 
much slower than the trace acid or base induced 
ionic process (k, - lo6 1 mole-' s-I). It is 
possible that the arsines are strong enough bases 
to promote an ionic exchange between themselves 
and methanol. However, the slow rate for the di- 
methylarsenic deuteride - diethylarsine exchange 

1 mole- ' s- ') seems to be against an 
ionic mechanism. Thus a four-centered mechan- 
ism could very well be the main path for the 
arsine exchange mechanism as depicted in 
reaction 8. This 4-center mechanism is favored by 

Gold and Satchel1 (2) for amine proton transfers, 2. V. GOLD and D. P. N. SATCHELL. Quart. Rev. 9, 51 
(1955). as as by other authors for various 3. E. F. CALDIN. Fast reactions in solution. Blackwell 

proton exchanges such as the tin hydride - tin Scientific Publications, Oxford. 1964. 
deuteride exchange (8). 4. W. R. CULLEN. Can. J. Chern. 39, 1855 (1961). 

5. W. R. LEEDER. Ph.D. thesis. University of British 
Columbia, Vancouver 8, B.C. 1970. 

The authors wish to thank the National Research 6. Z. Luz, D. GILL, and S. MEIBOOM. J. Chem. Phys. 
Council of Canada for financial support. 30, 1540 (1959). 

7. E. GRUNWALD, C. F. JUMPER, and S. MEIBOOM. 
J. Amer. Chem. Soc. 81, 4664 (1962). 

1. W. R. CULLEN and W. R. LEEDER. Can. J. Chem. 8. W. P. NEUMANN and R. SOMMER. Angew. Chem. 
47, 2137 (1969). Internat. Ed. 2, 517 (1963). 

Concerning rhenium nitrogen fluoride and technetium nitrogen fluoride 
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We have shown that the reported (1) X-ray powder pattern of "ReNF" is that of NH,ReO, and we 
suggest that the X-ray powder pattern of "TcNF" is that of (NH,),TcF,. In light of these results we 
suggest that the existence of the discrete phases ReNF and TcNF has not been proven. 

Canadian Journal of Chemktry, 48, 3760 (1970) 

Introduction ThNF (2). Apart from analytical data and X-ray 

La Valle et al. (1) have reported the existence of powder results, no physical properties were re- 

the compounds ReNF and TcNF which might be ported. It became apparent as a of Our 

expected to have similarities to ZrNF, and experiments that some of the data by 
La Valle et al.  have been misinterpreted. We were 

'To whom correspondence should be addressed. able to prepare a black solid by the method 
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