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consistent with the above structure and suggests a 
mechanism for its reaction with hydrogen and diborane. 
Dissociation of B4H8CO to B4H8 retaining a vacant 
orbital 2112 structure19 could be the initial step in the 

Table II. 11B Spectral Data for B4H8CO and B4H8PF3 

B4H8CO 

B4H8PFs 

S, ppm 
J, cps 
5, ppm 
J cps 

BH 

+2.1 
119 
- 0 . 7 
122 

BH 
(BHP) 

+ 58.7 
131 

+ 58.7 
149 

BH2 

+ 1.5 
127 
+3.9 
123 

reaction. Interaction of the vacant orbital with 
hydrogen, followed by minor electronic and molecular 
rearrangement, would result in tetraborane(lO). Sub
stitution of deuterium for hydrogen in this reaction might 

(19) J. A. Dupont and R. Schaeffer, J. Inorg. Nucl. Chem., 15, 310 
(1960). 

The thorough analysis by Garabedian and Benson,2 

of all data on the rates of decomposition of 
BH3CO to CO and B2H6,

3,4 confirmed the mechanism 
proposed by Burg3 and led to a considerably higher 
value for Z)(BH3-BH8) than had been estimated by 
Bauer.6 Others have proposed still higher values.6'7 

(1) It is a pleasure to acknowledge support of this research by the 
Office of Naval Research through Contract No. Nonr-228(l 3). Repro
duction in whole or in part is permitted for any purpose of the United 
States Government. The infrared instrumentation was made available 
with the aid of Grants G-14669 and GP-199 from the National Science 
Foundation. 

(2) M. E. Garabedian and S. W. Benson, / . Am. Chem. Soc, 86, 176 
(1964). 

(3) A. B. Burg, ibid., 74, 3482 (1952). 
(4) Y. C. Fu and G. R. Hill, ibid., 84, 353 (1962). 
(5) S. W. Bauer, ibid., 78, 5775 (1956). 
(6) T. P. Fehlner and W. S. Koski, ibid., 87, 409 (1965). 

be expected to yield the bridge (M), terminal (1) labeled 
molecule, ^,l-dideuteriotetraborane(lO). Similarly, 
in the reaction with diborane, initial bond formation 
between B4H8 and B2He might occur with formation of a 
boron hydrogen bridge bond at Bi. Simultaneous or 
subsequent dissociation of the diborane followed by 
electronic and molecular rearrangement of the inter
mediate species would give rise to the final B5Hn. 
The fact that "B10B4Hn did not have the 11B isotope 
located specifically in either basal position, as might be 
inferred from this mechanism, may indicate that a rapid 
basal boron equilibration process exists for penta-
borane(ll), that an intermediate with four equivalent 
borons is formed, or that the intermediate species 
formed prior to pentaborane(ll) can rearrange to the 
observed "B10B4Hn by two different mechanisms. 
Further study will be necessary to attempt to distinguish 
between these choices. 
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However, all such estimates have been based upon 
assumptions sufficiently uncertain to allow fairly wide 
disagreement. A new approach to the problem was 
needed. 

The compound BH3PF3 was reported as decomposing 
by a rate law at least roughly similar to that of BH3CO.8 

The present work abundantly confirms this mechanism, 
showing that BH3PF3 can be used for an independent 
development of data relating to D(BH3-BH3). The 
great advantage here is the high sensitivity of the in
frared method of observing the process; fortunately, 
the very intense P-F stretching peaks shown by PF3 

(7) E. J. Sinke, G. A. Pressley, Jr., A. B. Bayliss, and F. E. Stafford, 
J. Chem. Phys., 41, 2207 (1964). 

(8) R. W. Parry and T. C. Bissot, J. Am. Chem. Soc, 78, 1524 (1956). 

Kinetics of the Decomposition of BH3PF3 and Related 
Compounds. A Revised Estimate of the Dissociation 
Energy of Diborane1 
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Abstract: Very sensitive infrared procedures were used to show that the compounds BH3PF3, BH3^CF3PF2, and 
BH3-(CF3)2PF all decompose to B2H6 and free phosphine ligand by the same mechanism as found earlier for 
BH3CO, namely, the dissociation of BH3L to BH3 and free ligand L, followed by action of BH3 to displace L from 
BH3L. The same rate law applies also to the far more complicated case of B4H8PF3. Extrapolation of early-stage 
rate data for BH3PF3 to zero time gave first-order rate constants for the initial dissociation at three temperatures. 
These results, taken with the over-all equilibria, led to Z)(BH3-BH3) = 35.0 kcal, consistent with but more precise 
than earlier estimates. The only systematic error here would arise from the reasonable assumption that &H = 0 for 
activation of the reverse of the initial dissociation. 
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at 834, 853, and 867 cm - 1 are far enough from the 
nearest P-F stretching peak of BH3PF3 (942 cnr 1 ) so 
that all three can be used for double-checked quanti
tative determinations of PF3 as it is being released. 
Hence good rate curves can be drawn from observa
tions at very early stages of the process, in contrast 
to the very uncertain early-stage BH3CO data3 upon 
which Bauer based his estimates.5 Indeed, it proved 
possible to extrapolate our early-stage data at three low 
temperatures to first-order rates at zero time, and so to 
have a highly dependable basis for estimating .D(BH3-
BH3). Similar work with BH3CO would not have been 
possible because the infrared spectrum of CO is far too 
weak. 

The new compound, BHrCF3PF2 , and the previ
ously indicated BH3(CF3)2PF9 also were found to 
decompose to B2H6 and free ligand in just the same 
manner, but a dependable study of the early-stage 
kinetics of either would have been far more difficult 
than for BH3PF?. The same rate law applies also to 
the decomposition of B4H8PF3,

10 but its decomposition 
products are relatively difficult to interpret. 

Experimental Methods 

Preparation of Samples. The compounds BH3PF3 and B4H8PF3 
were made by the action of PF3 in great excess upon B2H6 
or B5H11.

8.10 The similarly formed BH3-CF3PF2 and BH3-
(CF3)2PF could not be purified completely, for small proportions of 
CF3PF2 or (CF3)2PF remained even after distillation in a high-
vacuum reflux column and fractional condensation at —130 and 
— 110°, respectively. Hence for kinetic runs on these, the effective 
zero times could be determined only by extrapolation from early 
points. This procedure was feasible because the presence or 
absence of diborane never affected our virtually irreversible kinetic 
process, the over-all rate of which was governed by the partial 
pressure of the free ligand. The same method was applied also to 
BH3PF3 samples which had suffered some slight decomposition 
during the usual distillation into the cold-tube attached to the 
infrared cell; however, for the very early-stage observations of 
BH3PF3, this cold-tube was a small U-trap at -145°, through 
which the PF3 impurity passed to a more distant trap at — 196D. 

The study of BH3-(CF3)2PF was complicated by the unavoidable 
presence of (CF3)2PH (a by-product of the synthesis), often in 
amounts comparable to BH3-(CF3)2PF itself. However, (CF3)2PH 
was only an inert diluent; and since its peaks at 749, 810, and 853 
cnr 1 were constant throughout any run, it was possible to de
termine the intensity of the 855-cm-1 peak of (CF3)2PF by sub
tracting the intensity of the 853-cirr1 peak as calculated by refer
ence to the 749- and 810-cm-1 peaks. 

Infrared Technique. The infrared instrument for this work was 
the Beckman IR7, with interchangeable NaCl and CsI optics. 
The relative intensities of the pertinent bands were determined as 
k = (.1001 PL) log hi I for pressure P at 25 ° and path L, both in cm. 
For the standardization of any band, it was not necessary to 
determine the absolute base line for 100% transmittance, for h 
and / could be based upon any two consistently measureable 
features of the same band. Then the arbitrary k values could be 
used to determine the partial pressure of any component during a 
kinetic run. 

The free ligands PF3, CF3PF2, and (CF3)2PF all offered P-F 
stretching frequencies far enough from those of the BH3 complexes 
for dependable observations of ligand appearance, undisturbed by 
the diminishing P-F stretching intensities of the complexes. For 
B4H8PF3, however, P-F stretching was too close to that for PF3; 
and even the PF3 deformation at 487 cm-1 was not quite free of 
interference by the 444- and 556-cnr1 bands of B4H8PF3. How
ever, the PF3 deformation at 347 cm -1 was quite adequately sepa
rated from the B4H8PF3 band at 403 cm -1 to afford good measure
ments. For this low-frequency region, the cell was fitted with KBr 

(9) A. B. Burg and G. Brendel,/. Am. Chem. Soc, 80, 3198 (1958). 
(10) J. R. Spielman and A. B. Burg, Inorg. Chem., 2, 1139 (1963). 

disks only 2 mm thick, and their small absorption was balanced 
by an equal thickness of KBr in the reference beam. 

The infrared cells were so designed that the main beam-region 
could be equilibrated with the cell-chamber temperature while the 
sample resided in a cold-tube outside of the instrument. The 
decomposition process could be started by suddenly warming the 
sample from -196°, expanding it into the path of the beam; 
then by closing a stopcock just above the cell chamber, the ob
served process could be confined to the constant-temperature 
region. Cell path lengths of 11 and 81 mm permitted a wide 
choice of initial pressures and ranges of decomposition. The 
short-path cell was provided with a ballast volume within the con
stant-temperature region, to ensure uniform behavior of the 
sample. 

For work over a range of temperatures, the cell body resided in a 
transite box within the instrument cell chamber, and was either 
heated by a fan blowing across electrically heated wires, or cooled 
by air which had been dehumidified at 7 atm pressure and 2 ° and 
passed through a copper coil at temperatures as low as —78°. 
By either arrangement, temperature constancy within 0.3° could be 
maintained. 

Initial Sample Pressures. For each experiment, the effective 
initial pressure of the sample could be determined as the sum of the 
partial pressures of the BH3 complex and the ligand, a sum which 
was constant throughout the course of a decomposition. In some 
cases the initial pressure was too high for infrared determination of 
both partial pressures. For these runs, the total BH3 was de
termined as (CH3)3NBH3 afterwards; and then the initial pressure 
could be calculated from the calibrated volume of the cell. 

Equilibrium Measurements. The equilibrium constants at vari
ous temperatures for the over-all process 

2BH3PF3 I Z ± B2H6 + 2PF3 

were determined by a procedure like that described earlier for 
BH3CO.3 In the present case, the fraction passing a high-vacuum 
trap at —145° (B2H6 and PF3) was measured as a gas and analyzed 
by conversion of the B2H6 part to (CHs)3NBH3 for weighing. 

Results 

Main Kinetic Data for BH3PF3. Our rate studies on 
BH3PF3 in the range 3-74% decomposition, at initial 
pressures from 9.1 to 308 mm and at temperatures 
ranging from 0 to 54.6°, were correlated by the equa
tion 

IkJc3I x 
f(*) = — j — = Y^rx - in (i - x) (i) 

as written by Garabedian and Benson.2 This is 
equivalent to the equation given by Burg,3 with x 
redefined as the fraction of BH3PF3 decomposed at 
time t. It represents the integrated form of the rate 
equation based upon the process 

BH3PF3 ^Zf: BH3 + PF3 (2) 

BH3 + BH3PF3 —>- B2H6 + PF3 (3) 

with the assumption that k3 is far smaller than k2. 
The very good linearity of the typical graphs shown in 
Figure 1 clearly demonstrates the validity of this 
mechanism. Only for the slow run at 0°, for which the 
scale is greatly magnified, do we see some of the ex
pected deviation near the origin, as required by theory 
for a range in which Zc3 is not solely rate determining. 

From the slopes of all such lines, the values of 
kikzlki (designated as kK in the BH3CO study)3 were 
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calculated and used to determine the energy equation 

log kJdki = 15.84 - 29,300/4.57ST (4) 

The validity of this equation is demonstrated in Table I. 

Table I. Summary of BH3PF3 Decomposition Rates 

Temp, 
0C 

0.0 
0.0 
0.0 
5.0 

21.2 
28.5 
35.0 
37.0 
37.0 
37.2 
43.5 
48.3 
54.6 

Po, 
mm 

170 
210 
308 
60 
13.2 
9.1 

31.5 
10.6 
23.2 
28.5 
19.0 
10.7 
24.9 

Total 
time, 
mm 

180 
172 
168 
143 
234 
190 
161 
187 
70 

185 
118 
152 
62 

% 
decompn 

3.41 
3.5} 
3.3J 
4.4 

22.5 
33.0 
44.5 
50.51 
35.2J-
50.2] 
59.8 
76.2 
73.9 

.—Wkik,lk2, sec-1—. 
Obsd Calcd 

2.9 2.6 

5.9 6.7 
125 125 
396 417 

1,120 1,170 

1,410 1,590 

4,260 4,220 
9,100 8,520 

20,700 20,400 

The Early Low-Temperature Data. In the tempera
ture range —10.3 to 0° it was possible to make good 
observations of the progress of the decomposition be
tween 0 and 1 %, demonstrating very considerable 
deviations from the simple rate law based upon k3 
« Zc2. However, on the basis of the complete rate 
equation given by Garabedian and Benson,2 namely 

d(BH3PF3) 
d? 

2/C1Zc3(BH3PF3)
2 

^2(PF3) + ^3(BH3PF3) 
(5) 

it is apparent that zero time would require a first-order 
rate law, since (PF3) = 0 so that Ar3(BH3PF3) would 
cancel out. As expected, the simplified first-order rate 
equation 2Zc1 = xjt showed "fci" variable with time, but 
Ai/act could be estimated as 23.5 kcal from pseudo-fci 
values obtained by extrapolations to zero time. Al
ternatively, graphs of (x/2 + 2x2/3) vs. t/x (according 
to eq 3 of Garabedian and Benson)2 gave Ikikz/k^ 
as slopes and —ki/ki as intercepts at t/x = 0, leading 
to the Zc1 values (in sec"1 X 10~5) 0.29 at -10.3°, 
0.63 at -5.6°, and 1.56 at 0.0°. The equation 

log h = 13.94 - 23,450/4.5787 (6) 

gives these as 0.288,0.632, and 1.56. 

Over-all Equilibria. The values of K in atm for the 
equilibrium 

2BH3PF3 . B2H6 -f" 2PF3 

are shown with an equation, the experimental data, 
and the calculated values in Table II. 

Decomposition Rates for BH3 CF3PF2. The new 
compound BH3-CF3PF2 showed important infrared 
absorption at 2445, 1220, 1180, 928, 921, and 773 
cm-1. As it decomposed, bands characteristic of 
B2H6 and CF3PF2 appeared, indicating the equation 

f(x) 

I 

1.00-

0.81 

0.64 

0.49 

0.36 

0.25 

0.16 

0.09 

0.04 

O.Ol 

-

-

-

J 1 1 

<' 
•> 

— 1 1 1 1 

54.6! / 

1?« 24.9 mm. 

48.3>* 

/%' 10.7mm: 

43.5>+ 

jf\* 19.0mm. 
-

37^0^. 

^*"IJ" 23.2 mm. 

1 1 1 
9 16 25 

time (min.) 
36 49 64 

Figure 1. Representative rate curves for the decomposition of 
BHsPF3. For graphical convenience the linear plot is VfTx) vs. Vi, 
magnifying the early regions. Thus the lines drawn through the 
X points seem to miss the origin, but the deviations actually are 
within the small error of estimating I0. For the 0.0° curve (circled 
points) the linear plot is 20VfTJc) vs. 0.5 Vi so that the ordinate 
numbers should be divided by 400 and the abscissa numbers multi
plied by 4, for true comparison with the other curves. This 0.0° 
curve illustrates the genuine deviation of the very early points from 
linearity, an effect not noticed for the faster runs at higher tempera
tures. 

The kinetic runs used samples containing 3-5% of 
CF3PF2 impurity. Since the initial rates would be 
governed by this rather than by the presence or ab
sence of diborane, it was reasonable to run the f(x) 
vs. t curves through the origin, thus determining the 
zero time t0 by extrapolation. On this basis the curves 

Table II. Decomposition Constants for BH3PF3 
(Log #atm = 8.670 - 2592/r = 8.670 - 11,870/4.5783T) 

Temp, 
0K 

297.76 
305.96 
314.16 
323.96 
334.16 

Time, 
hr 

674 
408 
330 
163 
163 

Tube 
vol, 
ml 

45.7 
46.5 
55.9 
47.3 
47.4 

Std gas volumes, cc 
BH3PF3 

43.4 
41.6 
35.6 
29.3 
34.5 

B2H6 

6.03 
10.05 
11.30 
11.10 
14.60 

PF3 

114.0 
102.5 
116.2 
120.6 
160.2 

—K, 
Obsd 

0.99 
1.47 
2.48 
4.72 
8.13 

atm—. 
Calcd 

0.91 
1.55 
2.58 
4.61 
8.09 

2BH3-CF3PF2- B2H6 + 2CF3PF2 

were indeed linear (conforming to the same mechanism 
as for BH3CO or BH3PF3), with precision essentially 
the same as in Figure 1. The composite rate constants 
from eight experiments at four temperatures are 
shown with the resulting energy equation in Table 
III. 

Decomposition Rates for BH3(CF3)2PF. The main 
infrared absorption peaks for BH3-(CF3)2PF appeared 
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at 2432, 907, and 697 cm -1, with the usual very intense 
C-F stretching bands in the range 1120-1200 cm - 1 

not easily distinguished in the presence of the (CF3)2PH 
and (CF3)2PF impurities. However, it was possible to 
demonstrate the same kind of dissociation as for 
BH3PF3 and BH3-CF3PF2, and to deal with rate data in 

Table III. Summary of BH3 • CF3PF2 Decomposition Rates 
(Log fafe/fe = H.02 - 24,474/4.5787) 

The rate studies on B4H8PF3 also gave quite linear 
graphs when plotted in the same manner as the other 
runs. Since the basis was the observation of liberated 
PF3, it would appear that the ultimate incorporation of 
a little PF3 in the nonvolatile solid (and its use to make 
BH3PF3) did not have much effect upon the results. 
The rates over a range of temperatures are shown 
with an energy equation in Table V. 

Temp, 
0C 

24.9 
25.0 
37 4 
37.5 
45.2 
45.2 
53.5 
53.3 

Po, 
mm 

8.7 
20.9 
10 6 
17.6 
10.9 
25.6 

9.5 
28.3 

Total 
time, 
mm 

164 
228 

97 
92 
69 
96 
58 
72 

% 
decompn 

6.91 
7.6/ 

10 61 
10.5/ 
15.61 
18.01 
20 .3 \ 
23.3J 

- 1 O 8 M 3 ^ i , 
Obsd 

12.9 

56.5 

173 

440 

s e c - 1 ^ 
Calcd 

12.4 

64.2 

169 

446 

Table V. Summary of B4H8PF3 Decomposition Rates 
(Log kiks/k-2 = 

Temp., 
0C 

- 2 . 2 
0.0 
0.0 

10.4 
25.0 

= 11.36-

Po, 
mm 

12.0 
21.9 
44.2 
13.6 
12.3 

- 20,556/4.5787) 

Total 
time, 
min 

74 
64 
61 
62 
37 

% 
decompn 

26.6 
27.81 
27.7/ 
47.4 
66.0 

Wk1Zc3IiC1, 
Obsd 

6.15 

8.1 

34.9 
197 

sec - 1 

Calcd 

6.19 

8.4 

33.7 
199 

the same manner. Again the f(x) vs. t graphs were 
linear with the usual precision. The rates, shown with 
the energy equation in Table IV, were about 20 times 
as fast as for BH3PF3, or 400 times as fast as for 
BH3-CF3PF2, at the same temperatures. 

Table IV. Summary of BH3(CF3)2PF Decomposition Rates 
(Log/fciJfcs/fe = 11.70 - 21,536/4.5787) 

Temp, 
0C 

16.2 
26.7 
35.6 

Po, 
mm 

6.1 
6.8 
6.6 

(CFs)2PH, 
mm 

6.6 
7.2 
6.5 

Total 
time, 
min 

84 
72 
44 

% 
decompn 

49 
66 
75 

Wk1Jk3Ik 
Obsd 

2.74 
10.5 
28.2 

2, sec-" 
Calcd 

2.80 
10.4 
29.3 

The Decomposition of B4H8PF3. The dissociation of 
B4H8PF3 is not very directly observable, for many 
secondary products are formed very rapidly. For 
example, a 0.268-mmole sample of B4H8PF3 was 63 % 
decomposed in a closed glass tube during 25 min at 
25°. Then the volatile products were separated from 
the remaining B4H8PF3, and the components were 
identified by their infrared spectra and determined, in 
parts per 100B4H8PF3 consumed, as follows: 16H2, 
8OPF3, 14BH3PF3, 22B2H6, 16B4Hi0, and 14B5H11. 
No B5H9 could be found. All components except 
hydrogen were returned to the same tube and the 
process was continued for 63 hr, eliminating the 
B4H8PF3. Now the total H2 was 36 per 100B4H8PF3, 
and the other products were 69PF3, 20BH3PF3, 18B2H6, 
HB4H10, and 4B5H9. The reason for the disappear
ance of B5Hn, while B4H10 remained, is not clear. 
Apparently both were formed in amounts far above the 
equilibrium values and then slowly decomposed. 
Also, there was far more BH3PF3 than would have been 
in equilibrium with the observed B2H6 and PF3; 
it must have been formed directly from BH3 fragments 
derived from the B4H8 unit. As far as PF3 formation 
was concerned, the reaction was fairly clean: no 
more than 11 % of this ligand was incorporated in the 
nonvolatile solid products. 

Discussion 

The Reaction Mechanism. The rate equation (5) on 
integration becomes 

2kikst 

1 
+ (1 - * , / & ) In(I - * ) (7) 

Thus again it is apparent that Zc3 < < k2 reduces the rate 
law to eq 1. However, at zero time the process 
governed by k3, namely reaction 3, cannot begin for 
lack of free BH3. Hence at that point, eq 5 reduces to 
a first-order rate law, describing the dissociation re
action (2) as the rate-determining step, namely 

d(BH3PF3) 
dt 

2^1(BH3PF3) (8) 

The observed very rapid deviation from this first-
order law shows that Zc3 is indeed far smaller than kit 

so that our low-temperature observations describe a 
transition from the first-order law to eq 1, almost en
tirely within the first 1 % of decomposition. For this 
reason, most of our runs (with the first observations 
beyond 1 %) failed to show any significant deviation 
of the f(x) vs. t curves from linearity through the 
origin. 

Thermochemical Results. Making the reasonable 
assumption of zero AH of activation for the reverse of 
the dissociation of BH3PF3 into BH3 and PF3 (eq 2), 
and accepting the literature estimate of the entropy of 
dissociation of diborane,11 we can use the results from 
Table II with eq 6 to write the mutually consistent 
equations 

BH3PF3 

2BH3PF3 

; BH3 + PF3; AF = 23.45 - 0.036947 kcal 

logfe/fe = 8.06 - 5122/7 (9) 
> B2H6 + 2PF3; AF = 11.87 - 0.039677 kcal 

log kijkzlkski = 8.67 - 2593/7 (10) 

B2H6 2BH3; AF = 35.0 - 0.034227 kcal (H) 

(11) A. Shepp and S. H. Bauer, J. Am. Chem. Soc, 76, 265 (1954). 
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where ^4 concerns the reversal of eq 3 and each over-
lined value is derived by combining the other two equa
tions. 

Various other results now can be derived. For ex
ample, from eq 4 and 6 

log /c3//c2 = 15.84 - 6400/r - 13.94 + 5122/r 

= 1 .90- 1289/r 

From this, £3//c2 at 3000K is calculated as roughly 
4 X 10-3, reconfirming the assumption k3 « k%. 
Similarly, eq 4 and 9 combine to give 

log k, = 7.78 - 1278/r 

while eq 4 and 10 give 

log Ar4 = 7.17 — 3807/7 

Hence the equilibrium constant for reaction 3 is given 
by 

log h/ki = 0.61 + 2529/77 

AF = -11.53 - 0.00279Jkcal 

This result is consistent with our evidence that reversal 
did not appreciably affect our results even at late stages 
of the over-all reaction. 

Other derivations from these thermochemical equa
tions are obvious. 

It is interesting that our first-order activation-energy 
equation for BH3PF3 is nearly the same as that of 
Fehlner and Koski6 for BH3CO, namely 

log /ci = 13.94 - 23,450/4.5787 for BH3PF3 

vs. 

log h = 13.90 - 23,100/4.578FfOrBH3CO 

Our new 35.0-kcal value for .D(BH3-BH3) (eq 11) 
probably has a random error less than 0.5 kcal. It is 
quite consistent with the estimates by Garabedian and 
Benson (35 ± 3 kcal)2 and Fehlner and Koski (37 ± 
4 kcal).c If, contrary to expectations, k2 were related 
to a positive AH of activation, our estimate would be 
lower. However, arguments omitting eq 6, and ap
plying somewhat less rigorous assumptions to our 
main rate data, would lead to values about 1 kcal 
higher. 

The Other Decompositions. The rate studies on 
BHrCF3PF2 and BH3(CF3)2PF conformed well to the 
BH3PF3 mechanism but could not be used in the same 
way for an independent estimate of D(BH3-BH3) 
because the unavoidable presence of the free ligands 
made it impossible to extrapolate into the region of zero 
time. 

The conformity of B4H8PF3 to the BH3PF3 mechanism 
would suggest further attempts to obtain useful thermo
chemical results concerning polyboranes, but the 
process here is so much more complicated as to dis
courage such efforts. The decomposition is some 300 
times as fast as for BH3PF3, making it more difficult to 
study the very early stages of the reaction; and in any 
case, if we write 

B4H8PF3 ^ B4H8 -H PF3 

B4H8 + B4H8PF3 —•>• "BsHie*' + PF3 

there remains great doubt about the character of the 
second step. For example, the rate law for the appear
ance of PF3 would seem the same if B4H8 were de
composing rapidly to produce a fragment which dis
places PF3 more slowly from B4H8PF3, or if an intact 
B4H8 were to remove a fragment from B4H8PF3, 
leaving a BzHj,PF3 which loses PF3 much more rapidly. 

Acknowledgment. We are grateful to Dr. Sidney W. 
Benson (of Stanford Research Institute) for his critical 
reading of the manuscript and suggestions leading to 
more elegant interpretation of some of the data. 

Burg, Fu I Decomposition OfBHiPF3 and Related Compounds 


