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have values of ilHovap and ASO,,,agreeing reasonably 
well with the Barclay-Butler equation. Cer- 
tainly ammonia and water both interact strongly 
with water and the present comparison suggests 
that HgC12 also does. In this connection, i t  is to be 
noted that Allen and Warhurst,lg in their correlation 
with dielectric constant of the frequency of the 
Raman line associated with the symmetrical vibra- 
tion of HgCl2 in various solvents, did not feel com- 
pelled to suggest specific bonding between HgCls 
and water; of the solvents they studied, only pyri- 
dine and dioxane were suggested to form bonds of 
appreciable strength with HgC12. Their results 
were, however, taken to indicate a stronger inter- 
action of the polar Hg-Cl bonds with water than 
exists with many solvents of lower dielectric con- 
stants (e.g., benzene, certain esters, certain alcohols, 
acetone and acetonitriles) . 

The Latimer and Jolly approach'O to the predic- 
tion of ASo values for complex ion formation reac- 
tions has not been tested adequately for reactions 
involving charged ligands, for in such cases the 
manner in which the "charge effect" should be 
handled has not been solved. Latimer and Jolly 
consider the "charge effect" to be small, but the 
evidence they cite for this is marred by their con- 
sideration of reactions with An # 0. By combin- 
ing the values of AS" for certain reactions studied 
in the present work and in the mercury (11)-bro- 
mide studies of Scaife and Tyrre119,*0 one can check, 

(18) Professor H. S. Frank pointed this out  t o  us. 
(19) G. Allen and E .  Warhurst, Tva?is. Favada,,  SOL ,  54, 1786 

(20) The values of I S 0  for reactions 3 and 4 in the  bromide series at 
(1958). 

I = 0.5 M are -0.5 and - 0 e.u., respectively. 

using reactions with An = 0, the Latimer and 
Jolly prediction regarding reactions involving com- 
plexes with charged ligands but in which the value 
of AZ' is zero. These reactions are 

with a = 2 , 3  and 4, and 
I -  + '/4HgCla- = CI- f '/aHgI1' 

The Latimer and Jolly approach predicts ASo  
values of -3.3 e.u. for the bromide reactions and 
-7.4 e.u. for the iodide reaction.*' The experi- 
mental values are -5.2, -4.2 and -4.2 e.u. for the 
bromide reactions with a = 2, 3 and 4, respectively, 
and -8.3 e.u. for the iodide reaction. The agree- 
ment is probably within the total uncertainty, that  
of the experimental values of AS" and of the experi- 
mentally determined quantities which went into the 
predicted values. (Since the value of AZ2 for each 
reaction is zero, it is expected that the value of A s 0  
will be approximately independent of I between I 
= 0.5 and I = 0.) The correlation is good enough 
in any case to suggest that  the mercury(I1)-bro- 
mide and mercury( 11)-iodide species involved have 
the same coordination number as the corresponding 
rnercury(I1)-chloride species.22 

(21) I n  making t h e  predictions, t he  entropy values used were: 
pel- = 13.2, SOBr- = 19.3, 3'1- = 26.1, SC1-(bound)  = 8.1, 
S ~ ~ - ( h ~ ~ ~ d )  = 10.9 and Si - (hound)  = 13.6 e.u. (These values 
were taken from X', M .  Latimer, "Oxidation Potentials," 2nd Ed., 
P ren t i ceHa l l ,  Inc. ,  New York, h'. \-., 1952). 

( 2 2 )  ADDED I N  mooP.-Scaife and  l 'yrrelll have suggested, how- 
ever, t ha t  tribromomercury(I1) ion is the tetrahedral species Hg(OH2)- 
Brs- 
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The removal of CFa groups from phospllorus(II1) by the action of bromine is understood in terms of formation of t h e  
Ai numbcr of  intermediate 

The transfer of Bra from (CFa)3PBr2 t? (CFahPBr, from (CF3)2PBr3 to CF3PBr2 and 
phosphoranes (CFs),tPBrj_ n, which lose CF3Br in reverting to phosphorus(II1) compounds. 
and parallel processes are recognizable. 
from CF3PBr4 to PBr3 correlates with greater stability for phosphoranes havlng more Br and fewer CFa groups. 

The cleavage of the P-CF, bond by halogens has 
been known for some time; for example the bi- 
phosphine P2(CF3)4 heated with excess iodine or 
bromine eventually yields all of the CF3 groups as 
CFaI or CFaBr, or (CF3)J? with 1% gives C F J ,  
(CFJ2PI, CF3P12 and PIa.* However, these reac- 
tions have been carried on only a t  relatively high 
temperatures and little has been known of their 
intermediate stages. 

Our initial studies of the P2(CFy)4-Brr reaction 
indicated the formation of the phosphorane (CF3)z- 
PBr3 and suggested that the loss of CF3Br from this 

(1) This  research was supported by the  United States  Air Furce 
under Contract  A F  33(616)-5435 (Subcontract Ko. 1) monitoreil 
by the  Materials Laboratory, Wright Air De\-elopment Center, 
Wright-Patterson Air Force Base, Ohio. 

(2) F. W. Bennett, H. J.  EmelCus and  R.  N. Haszeldine, J .  Cheiii. 
SOC. 1565 (1953). 

and other phosphoranes niight be the chief mech- 
anism for removing the highly electronegative CF, 
group from its bond to phosphorus. This bromine 
reaction seemed best for further study, since iodo- 
phosphoranes cannot be prepared a t  convenient 
temperatures, if a t  all, and chlorophosphoranes 
tend to be either too stable-e.g., CF:jPC143- or ex- 
plosive under certain conditions-e.g., (CF3)3PC12.2 
However, the intermediate bromophosphoranes 
proved to be both recognizable and subject to de- 
composition under mild conditions. 

The first step of the action of bromine upon P,- 
(CFs),$ is the virtually quantitative P-P bond cleav- 
age 

(CF3)pP-P(CF3)a + Brl --+ 2(CF3)2PBr 

This is followed by the almost quantitative conver- 
(1) 

(3) \\'. l lahler  and A. n. Burg, THIS j O U R N A I . ,  80 ,  6161 (19,j.S). 
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sion of the (CF3)2PBr to the phosphorane (CF3)2- 
PBr3 (m.p. 6.0-9.4"), which cannot be character- 
ized quite satisfactorily on account of the slow de- 
composition 

2(CF&PBr3 + 2CF8Br + PBr3 4- (CF3)2PBr (2) 
A reasonable hypothesis concerning this decom- 

position, to account for the various experimental 
observations as well as the over-all stoichiometry, 
would be this set of component processes 

(CF&PBr3 ---+ CF3Br + CF3PBrz 
(CF&PBr3 + CF3PBr2 -+ (CF3)2PBr + CF3PBr4 

CF3PBr4 -+ CF3Br + PBr3 

complicated by 

(3 ) 

( 5 )  
( 4 )  

CF3PBr4 + PBr3 -+ CF3PBrz + PBrS 
PBrj + PBr3 + Br2 

CF3PBr2 + Brz ----f CF3PBr4 

Reactions ( 5 ) ,  (6) and (8) were verified by individ- 
ualexperiments. Thecompletionof reaction (7) above 
65" has been demonstrated el~ewhere.~ Reactions 
(3)  and (4) couldnotbeseparated: when (3 )  wastried, 
it  supplied CFIPBrz for the similarly rapid reaction 
(4) , and when (4) was tried, the stoichiometry could 
be balanced only by assuming some occurrence of 
(3). It seems highly probable that (3) is the first 
step in the over-all process ( 2 )  ; the alternative dis- 
proportionation 

2(CF3)lPBr3 -+ (CF3)3PBr2 4- CF3PBr4 

is not a probable part of the process, for (CF3)3- 
PBra decomposes more easily than (CF3)2PBr3, and 
would have produced (CF3)3P, which could not be 
found among the products. Certainly process ( 2 )  is 
well represented by the sum of reactions ( 3 ) ,  (4) and 
( 5 )  ; and it seems that the complicating effect of (6) 
(which we have found to be complete in 30 min. a t  
35") is overcome by (7), occurring appreciably only 
a t  higher temperatures.4 

The foregoing discussion suggests also a reason- 
able scheme of reactions whereby a halogen acts 
upon (CF3)3P to form (CF3)2PX and CFjPXz com- 
pounds. In  particular, the action of bromine on 
tris- (trifluoromethyl) -phosphine can be represented 
by the sequence 

4(CF3)3P + 4Br2 -+ 4(CF3jaPBrl 
2(CF&PBr2 + 2(CF3I3P + 2Brz 

2(CF3)2PBr + 2Br2 --+ 2(CF3)2PBr3 

(6) 
( 7 )  
( 8 )  

(9) 

(101 
(11) 

2(CF&PBrL -+ 2CF3Br + 2(CF3)2PBr (12) 
(13) 

(2) 2(CF&PBr3 + 2CF3Br + PBr3 + (CF3)2PBr 

'Thus some of the (CF3)SP would be regained by 
reaction (1 1) which would supply bromine for reac- 
tion (13). The formation of CF3PBr2 can be ascribed 
to reaction ( 3 ) .  The elimination of CF3Br from 
(CF3)3PBr2 (eq. 12) was not proved directly, but it 
seems more probable than the disproportionation of 
(CFS)IPB~L, in the light of arguments already pre- 
sented. 

It is interesting that reactions (4) and (6) and the 
sum of (11) and (13) all imply that the trifluoro- 
methylbromophosphoranes are stabler with more 
Br and less CF3. Evidently the P-Br bond in 
(CF3),1PBr5-. becomes weaker with increasing n. 
In fact, reaction (10) could be recognized only by the 

(4) G. S Harris and D S Payne, J Chenz Soc , 3732 (1958) 

complete fading out of the bromine color, whereas 
the more brominated phosphoranes could be ob- 
tained as more distinctly recognizable compounds. 

A primary reason for the weakening of P-Br 
bonding by CF3 groups probably is steric inter- 
ference; more subtle effects such as different hy- 
bridization for maximum overlap in P-CF3 zts. 
P-Br bonds, or the induction of greater electroneg- 
ativity for P, so that the P-Br bonds become less 
polar, are difficult to evaluate. 

The above discussion is supported by the follow- 
ing experimental details. 

Apparatus, Techniques and Materials 
Various experiments involving mercury-reactive sub- 

stances were performed in a mercury-free high-vacuum 
manifold, with the stopcocks lubricated by a chloro-fluoro- 
carbon grease.5 When mercury manometers could not be 
used directly, pressure measurements were done by means 
of a null-indicating Pyrex-glass sickle gauge,6 placed with the 
pointer vertically upward so that the sample could be com- 
pletely immersed in a constant-temperature bath for vapor 
tensions above room temperature. Above -25', tempera- 
tures were measured by mercury-in-glass thermometers, 
and for lower temperatures the appropriate vapor-tension 
thermometers7 were employed. 

Infrared absorption spectra were recorded by means of a 
Perkin-Elmer Infracord instrument with sodium chloride 
optics, using a gas-cell 71 mm. long and having potassium 
bromide windows fastened by Apiezon W wax. 

Bromine was purified by repeated contact with P~OIO and 
high-vacuum distillation through one trap at -45' to  
another a t  -78". The CF3-P-I phosphines were made by 
known methods,2,* as was also the biphosphine P2(CF3)r:2 
This showed 22.0 mm. pressure a t  O", as found earlier by 1% . 
Mahler in these Laboratories. 

The Compound Bis-( trifluoromethy1)-bromophosphine 
Synthesis.-&% mixtureof 0.306 mmoleof Pz( CF3)dwith 0.227 

mmole of Brz reacted a t  room temperature, with immediate 
fading of the bromine color. For certain completion of the 
reaction, the mixture was heated for 40 hr. in a sealed tube a t  
90" and then resolved by high-vacuum fractional condensa- 
tion. The resulting 0.435 mmole of (CF3)zPBr (mol. wt. 
249.8; calcd., 248.9) represented 967, of the Br2. It con- 
densed out a t  -105', having passed a trap a t  -78", which 
retained the unused P z ( C F ~ ) ~  (21.9 mm. a t  0'; 0.072 mmole 
of calcd. 0.079). The only other component was 0.016 
mmole of CF3Br (mol. wt. 145; calcd., 148.6). 

If a large excess of bromine is used for reaction with 
Pz(CF3)a, all CF3 groups are removed a t  temperatures as low 
as 90". The experiment was not tried directly, but the con- 
clusion can be argued from the above synthesis and reactions 
(2 )  and (13). IYith aBrz:P2(CF3)aratiobetmeen2and 1, the 
products are more various, as described later. 

An alternative synthesis was by the reaction of ( CF3)2PI 
with silver bromide, 10 g. of which was kept in a sealed tube 
with 11.28 ninioles of (CFB)?PI (44.0 mm. a t  0", in accord 
with the known values) for 96 hr. The yield of (CF3)ZPBr 
was 11.03 mmoles, or 97.8y0. However, it  was not possible 
to remove a trace of unused (CFs)zPI, which was detectable 
by its action upon mercury. The pure sample of (CF3)*- 
PBr, made by the cleavage of Pz(CF3)4, proved to be inert 
toward mercury a t  25" and showed 140.0 mm. pressure a t  
0". The sample from the AgBr-(CF.3)2PI reaction showed 
132.3 mm. pressure a t  0".  

Confirmation of the Formula.-.Alkaline hydrolysis of 
100.7 mg. of the product gave 0.811 mmole of HCFB (calcd., 
0.810; mol. w t .  70.0, as calcd.; vapor tension 93.5 mm. a t  
-111.6' u s .  calcd. 94.0 mm.) .  The gas-phase mol. mt. was 
determined as 248.9, exactly as calcd. for ( CF8)%PBr. 

Volatility.-The tensiometrically uniform product from 
the bromine-cleavage of P2( CF3)a had the vapor-tension 

( 5 )  Halocarbon Stop-Cock Grease, from Halocarbon Products 

( 6 )  T. E;. Phipps, M L. Spealman and T. G. Cooke, J .  Ciiern. Ed.,  

(7)  A. Stock, Z.  E l c k l r o c h e v . ,  29, 354 (1923). 
(8 )  A. B. Burg, W. Mahler, A. J. Bilbo, C .  P. Haber and D. L. 

_ _ _ ~  

Corporation, Hackensack, New Jersey. 

12, 321 (1935). 

Herring, THIS JOURNAL, 79, 247 (1957). 
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values shown in Table I. These determined the equation 

giving the normal b.p. as 42.2" and the Trouton constant as 
21.0 cal./deg. mole. The m.p. could not be observed be- 
cause the material formed a glass a t  low temperatures. 

log P m m .  = 5.8940 - 0.00566 T f 1.75 log T - 1766.5/T, 

TABLE I 
xTAPOR TENSIONS OF LIQUID (CF3!zPBr 

W.) (obsd.) (calcd.) I p (obsd.) p (calcd.) 
1 pmm. Pmm. 

-45.6 9.86 9.89 0 .0  140.0 140.0 
-31.0 25.23 25.23 7 . 9  200.9 201.6 
-23.2 39 .7  40.6 14.8 270.9 271.7 
-10.3 84 .5  8 3 . 5  23.4 382.2 382.2 

The Compound Trifluoromethyl-dibromophosphine 
Synthesis.-A 4.92 mmole sample of CF3PI2 (slightly con- 

taminated with iodine) was shaken periodically with silver 
bromide (8.0 9.) in a sealed tube a t  room temperature, dur- 
ing one week. The product was subjected to high-vacuum 
fractional condensation, passing a trap a t  -35" and condens- 
ing a t  -78". The yield was 4.55 mmoles (92.570). 

Confirmation of Formula.-The mol. wt. of the product 
was determined in the vapor phase, as 260.0 (calcd., 259.8). 
The alkaline hydrolysis of an 89.1 mg. sample gave 0.347 
mmole of authenticated HCFa (calcd., 0.343 mmole). The 
infrared spectrum (see Table 111) corresponded to expecta- 
tions for CF3PBrz. 

Volatility.-The vapor tensions of a tensiometrically uni- 
form sample of CFaPBrz were obtained by means of the sickle 
gauge. The results, shown in Table 11, determined the 
equation log Pmm. = 3.8579 .- 0.00206 T + 1.75 log T - 
1694.74/T, according to  which the normal b.p. would be 
86.7' and the Trouton constant 21.7 cal./deg. mole. 

TABLE I1 
I-APOR TENSIOSS OF LIQCID CFaPBrz 

Pmm. Pmm. 
I ("C.) (obsd.) (calcd.) I fi (ohsd.) fi (cdlcd.) 

-23.2 5.8 5 . 8  1 4 , 2  47 .2  46.8 
- 9 . 7  12.9 13 .1  2 2 . 8  70.2 70.3 

0 .0  22.6 28.6 3 0 . 1  98.5 98.: 
6.7 32.3 32.2 37.3 131.5 131.9 

This substance also formed a glass a t  low temperatures, so 
that the m.p. could not be observed. 

Infrared Spectra 
The infrared spectra of (CFJzPBr and CF3PBr2 in 

the sodium-chloride region are summarized in Table 
111. They are similar to those of other CF3-P-hal- 
ides of P(III), conforming to the general observa- 
tion that the €requencieso€ C-F stretching vi'ixations 
in CF8-P compounds are split into n + 1 bands, 
where rt is the number of CF3 groups on each phos- 
phorus a t ~ m . ~ ~ ~  

TABLE I11 
\.IBRATIOS YREQUESCIES OF ( CF3j2PHr A N D  CF3PBrp 
7- (CF8)gPBr- -CFsPBr- 

lcrn. -9 Assignment (cm. -1) Assignment 
Freq. Freq. 

2275 73'. 2 x 1145 2263 vw. 2 X 1135 

110 Overtones or 
cornbindtioils t 1300 111. 

1270 w. 

overtones or 
combinations i 1425 vw. 

1313 s. 
1283 s. 

C-F stretching 1135 vs. 
1220 vs. 

1146vs. ) ---  ,aa s. C-F bending 745 s. C-F bending 
728 vw. 

The Trifluoromethyl-Bromo-Phosphoranes 
The Tribromophosphorane; Reaction ( 2 )  .-An equimolar 

mixture (1.03 mmoles each) of ( CF3)2PBr and Brz was warmed 
to room temperature, with immediate fading of the bromine 

color. The product was subjected to high-vacuum frac- 
tional condensation a t  -55" (removing 0.08 mmole of 
CF3Br) and then appeared as a white solid melting to  a pale 
yellow liquid in the range 6.C-9.4". It was not appreciably 
volatile a t  0". A 0.414 mmole sample of this product, pre- 
sumed to be ( CF&PBr3, decomposed slowly a t  room tem- 
perature and completely a t  go", with transient appearance 
of two solids. The first of these had the m.p. (28') and 
bright orange color of CFaPBr,. The second, having the 
lemon-yellow color of PBr6 (per reaction 6)  disappeared with 
rising temperature, to  form a bromine-like vapor. 

After the decomposition was complete (as judged by the 
absence of color) high-vacuum fractional condensation was 
used to isolate and purify the products, which could be idcn- 
tified by their molecular weights. The yields and molecular 
weights are shown in relation to equation (2) as 

2(CF&PBrs + 2CF3Br f PBrJ + (CF3)2PBr 

Amount (mmole) 0.414 0.412 0.185 0.210 
Mol. wt. (obsd.) , . . 148.7 271.7 252.5 

(calcd.) . . .  148.9 270.7 248.9 

The 9% deficiency in the yield of PBra is attributed to its 
tendency to dissolve in the halocarbon stopcock grease- 
an effect which could not be entirely overcome. For further 
identification its vapor tension was measured as 4.0 mm. a t  
29" (calcd. from literature equations, 3.9 mm.). 

The Tetrabromophosphorane; Reaction ( 5 )  .--A bright- 
orange-colored solid, melting almost completely in the range 
28.3-28.5", was formed from 0.537 mmole of CFaPBrz and 
0.406 mmole of Br2, slowly warmed together from -196". 
No free Brz could be recovered by distillation a t  -64" but it 
was possible to isolate 0.075 mmole of CF3Br and 0.128 
mmok of CF3PBr2 (mol. wt. 258.8; cdlcd., 259.8), leaving a 
product having the composition of 0.40 rnmole of CF3PBrd. 
On heating for 30 min. a t  90", the sample became colorless; 
and after 16 hr. a t  that temperature, the products were 
separated and measured. The over-all process (corrected 
for the initial excess of CFsPBr2) is expressed by the follow- 
ing equation, with quantities and evidences of identity. 

CFBPBr:! f Brz + CF3PBra + CFaBr f P n r s  

(mmole) 0,402 0,405 (orange) 0.404 0.403 
Amount 

hlol. wt. 
(obsd.) 260.7 159.3 
(calcd.) 259.8 159.8 

147.0 . . . . . .  
148.6 . . . . . .  

b1.p. 
(obsd.) . . . . . . . . . .  . . .  
(known). . . .  . . . . . . . . .  
Evidence of Reactions (3) and (4) .-The reaction 

between (CF3)1PBr3 and CF3PBr2 was most reason- 
ably explained in terms of equations (3) and (41, 

exclusion of the other. ,4 sample of (CF3)2PBr:, 
was made from 0.312 mmole each of (CF3)?PBr and 
Br:: a t  room temperature and treated with 0.31 1 
mmole of CF3PBr2. After 88 hr. a t  27" the yield of 
CF3Br (0.05 mmole) indicated only 16% completion 
of the reaction, but a 12-hr. heating in a sealed tube 
a t  95" brought the process to completion, as shown 
by the following tabulation of products and evi- 
dences of identity. 
Compound CF:,Br (CF3)?PBr CF3PRr2 PBr: 
Mmoles (ohsd.) 0.307 0.206 0.208 I). 140 

(calcd.) 0.312 0.206 0,211 0.206 
Mol. wt. (ohsd.) . . .  248.9 261.4 . . .  

(calcd.) . . .  248.9 259.8 . . .  

mm.); volatility of PBr3 judged qualitatively. 

.neither af which could he .s&ywrately srer5ed to the 

Volatility of CFIBr: 231.8 mm. a t  -78.5 (calcd. 232.0 

The calculated quantities here are based upon 
the assumption that 0.106 mmole of (CF3)zPBr3 
went to form CF3Br and CF3PBr2 (eq. 3) ,  so that 
the use of the remaining 0.206 mniole of (CFa)2PBra 
for the transfer of Br2 to CF3PBr2 (eq. 4) required 
only 0.100 mmole of the 0.311 mmole initial sample 
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of CF3PBr2. The low yield of PBr3 again is to be 
ascribed to the condition of the stopcocks: with 
time there is an increase in the amount of grease 
squeezed out into the space available to the vapors, 
and a trace of bromine in the grease makes i t  es- 
pecially effective for absorbing PBr3. 

The Bromine-transfer Reaction (6).-A 0.242 mmole 
sample of CFaPBrr was made by mixing equimolar portions 
of CFaPBr2 and Br2, which reacted completely within a few 
minutes a t  0'. Then 0.311 mmole of PBr3 (m.p. -39.2'; 
reported value, -40.0') was added and the mixture was 
heated for 30 min. a t  35". Now it was possible to isolate 
0.03 mmole of CF3Br and 0.212 mmole of CF3PBr2 (vola- 
tility 22.8 mm. a t  0"; known, 22.6 mm.). The remaining 
mixture weighed 118.2 mg.; calcd. as PBr3 4- PBro, 118.7 
mg. The PBr6 appeared as a lemon-yellow solid even a t  
45" and could be sublimed in vacuo a t  room temperature, 
along with the distilling PBrl. 

Tris-( trifluoromethy1)-phosphine with Bromine .-Equi- 
molar samples of (CFs)rP and Br2 were brought together by 
condensation a t  -196' and warmed to room temperature. 
The initially immiscible liquids reacted slowly to form a sin- 
gle colorless liquid, having the composition of the formula 
(CFa)3PBr2. In  the initial experiment this product was 
heated for 18 hr. a t  80°, with results roughly summarized by 
the over-all empirical equation 
8(CF3)JPBr* + 8CFsBr + CF3PBr2 + 

3( CF3)pPBr + 3( CF3)3P + PBr3 
This experiment was regarded as tentative because the frac- 
tion representing the (CFO)2PBr and (CF8)aP was not fully 
resolved; however, the weight of this fraction, taken with 
the accurately observed yields of CF3Br and CFaPBr2, 
required this equation for a correct material balance. 

A considerably more accurate experiment began with 
1.008 mmole of (CF8)3P and 1.005 mmole of Brz. A 9 hr. 
heating a t  90" yielded a mixture which was resolved, by 
high-vacuum fractional condensation, into the four fractions: 

(a) CFaBr, 150.0 mg. (1.007 mmoles); mol. wt. 148.8 
(calcd., 148.9); 252.3 mm. a t  -78.5" (calcd., 252.0 mrn.). 

(b) CFaPBr2 f PBrs, 43.7 mg. (0.165 mmole by rough 
volume msmt.). This was hydrolyzed in 1570 NaOH (30 
hr. a t  100") to give 11.1 mg. of HCFs (0.159 mmole; mol. 
wt. 69.8 us. calcd., 70.0); then a Volhard determination of 
bromide in acid solution showed 0.338 meq. Hence the 
fraction seemed to consist of 0.159 mmole of CFIPBr2 with 
0.007 mmole of PBr3. 

(c) 
volume). 

(CF3)2PBr + (CF&P, 180.5 mg. (0.749 mmole by 
An analvsis as in (b )  gave 1.752 mmoles of HCFi 

and 0.320 meq. of Br-; ho&ver, these results would imply 
only 0.371 mniole of (CFd)rP and 0.320 mmole of (CFa)?PBr, 
falling short of the observed 0.749 mmole for the two to- 
gether. 

(d) PBrl, 26.8 mg. (0.099 mmole by volume); mol. wt .  
271 (calcd., 270.7); 2.7 mm. a t  23.5' (calcd., 2.7). 

This analysis is summarized by an empirical 
equation, with calculated and observed results (in 
mmoles) attached to the formulas, as follows: 

32( CF8)aPBrp + 32CF3Br + 5CFaPBre + 3PBrl 
calcd. I .  005 1.005 0.157 0.094 
obsd. 1.005 1.007 0.159 0.106 + 12(CF&PBr + 12(CF&P 
calcd. 0.377 0.377 

obsd. 0.749 

Although much of this process may have gone 
according to equation (12), processes (1 1) , (13) and 
(2) also would account for the equimolar yield of 
CF3Br and seem necessary to explain the formation 
of (CF3)3P, CF3PBr2 and PBr3. The alternative 
idea that these formed by disproportionation of 
(CF3)zPBr seems to require that CF3Br be reabsorbed 
by (CF3)*PBr to form (CF3)3PBrz. Such a step 
would contradict the whole trend of individually 
observed reactions favoring the more highly bromi- 
nated phosphoranes. 

Reactions Involving Mercury 
Bis-( trifluoromethy1)-bromophosphine and Mercury.- 

Although ( CFs)*PBr seems to be quite inert toward mercury 
a t  room temperature, a 0.321 mmole sample, heated ni th  
mercury for 16 hr. a t  100" (without shaking) was 80Tc con- 
verted to Pz(CF3)r (0.128 mmole), with recovery of 0.067 
mmole of the original (CF3)pPBr. 

The Tribromophosphorane with Mercury.-The existence 
of ( CF&PBrs made possible an experiment to determine 
whether the room-temperature inertness of (CF3)*PBr 
toward mercury would persist even when this bromophos- 
phine is being formed by a chemical reaction. A 144.3 mg. 
sample of (CF&PBr3 (only slightly contaminated by the de- 
composition products CFaPBr, and PBrs) reacted rapidly 
with mercury in a sealed tube a t  room temperature. After 
some shaking, the mixture yielded 0.321 mmole of (CF3)p 
PBr (calcd., 0.354 mmole; mol. wt. 248.6 us. calcd., 248.9) 
as the only volatile product. Thus 91% of the expected 
(CF&PBr withstood the action of mercury during formation. 

Trifluoromethyl-dibromophosphine with Mercury.-Un- 
lik? (CFa)zPBr, the dibromophosphine CFaPBr2 reacts 
easily with mercury, to form CF3P-polymers a t  room tem- 
perature. A 66.2 mg. sample of CF3PBr2 (0.255 mmole) 
was shaken briefly with excess mercury and the products 
separated. The main component was the equilibrium mix- 
ture of ( C F X P ) ~  and ( C F S P ) ~ , ~  altogether amounting to 15.7 
mg. and representing 7OY0 of the CF3PBr2. The recovery of 
this dibromophosphine was 11.0 mg. (17%). The remain- 
ing CFDP units (1370) presumably were aggregated as invola- 
tile higher polymers. 
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Rate constants for the hydrolysis of CHSCl, CHlFCl and CHFtCl in neutral aqueous solution are reported as a function 
The activation energies decrease slightly with increasing temperature and range between 21 and 23 kcal./ of temperature. 

mole for all three substances. The rate constants decrease regularly with increasing fluorination. 

There is much qualitative evidence available to relatively few quantitative investigations from 
which the extent of the reduction might be judged. 

The problem is of special interest in connection 
with the relationships between bond length, bond 
dissociation energy and force constants in the car- 
bon-halogen bonds involved. For carbon-carbon 
bonds, a shortened bond length is associated with 

indicate that the reactivity of a halogen atom in an 
aliphatic compound is markedly reduced by the 
presence of one or more fluorine atoms attached to 
the same carbon atom. There have been, however, 

(1) The authors wish to express their appreciation to the Re- 
sesrcb Corporation for financial support of the work described. 


