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I t  is assumed that  JF?H C 0, since no further splittings of the 
proton and PF2 group fluorine nuclear resonances are observed. 
There was little change in the field position of the proton when 
measured a t  -40" indicating it is not acidic and is bonded to  a 
carbon rather than to the oxygen atom. 

Mass Spectra.-The mass spectrum of (CF3jzC(0PF2)I 
was obtained with the cycloid tube at room temperature and the 
following are the absorptions observed, given as mass number 
(species) and relative abundance: 12 (e+), 1.2; 25 (CFz2+, 
P F 9 ,  0.7; 28 (eo+), 0.3; 31 (CF+, P+), 9.0; 47 (COF', PO+), 

F. 

1.6; 50 (CFZ', PF'), 12.6; 63.5(12'), 1.6; 66 (COFz', POFA), 0.8; 
69 (CFa+, PF2+), 100.0; 78 (C2F202+, COPF-), 2.5; 85 (POFz)', 
5.3; 88 (PF3+), 4.3; 97 (CzFgO+, CFzOP'), 23.4; 100 (CzF4+), 
1.1; 119 (CZFj'), 1.1; 127 (I+),  5.5; 128 (CaF40+, C2F3- 
OPf) ,  1.1; 147 (C3FjO', CzF,OP+), 10.4; 166 (CBFGO', CzFs- 
OP+), 1.0; 177 (CFZI'. PFI'), 1.6; 196 (CFaI', PFZI'), 14.4; 
235 (CaF80P+), 2.3 The spectral pattern for (CFa)2C(OPF2)Br 
is: 12 (e+), 0.9; 28 (eo+), 1.2; 31 (CF+, P+), 8.8; 47 (COF+, 

(CFg+, PF2+), 100.0; 78 ( C Z F ~ W ,  COPF'), 2.1; 79 (79Brf), 
1.6; 81 (E'Br'), 1.6; 85 (POFZ'), 2.6; 88 (PFa+), 1.6; 97 (C2- 

(CF2T9Br+), 2.0; 131 (CFPBr+),  2.1; 147 (CaFbO+, CzF40Pf), 

PO+), 1.1; 50 (CFn+, PF'), 12.2; 66 (COFz', POF'), 0.4; 69 

FCO', CFzOP'), 21.2; 100 (C2F4+), 0.5; 119 (CzFj'), 0.9; 129 

13.8; 148 (CFa79Br+, P F Z ' ~ B ~ + ) ,  6.4; 150 (CFaEIBr+, PFp- 
Br+), 6.0; 166 (C3F@+, CzFjOP+), 0.4; 179 ( C Z F ~ ' ~ B ~ + ) ,  0.5; 
181 (C2F481BrC), 0.5; 207 (CaF479Br0+), 0.5; 209 (C3F4*1BrOf), 
0.5; 235 (C~FEOP'), 1.6. The pattern for (CFa)ZC(OPF2)H 
has many similar features to those listed above and shows a 
large number of hydrogen-containing species: 12 (C+), 0.4; 28 
(eo+), 1.0; 29 (HCO+), 32.9; 31 (CF+, P+), 7.4; 47 (COF+, 
PO'), 2.4; 50 (CF2+, PF'), 6.2; 51 (HCFB, HPF'), 40.7; 63 
(HCzF,"), 1.5; 66 (COFz, POF'), 0.4; 69 (CF3', PFz'), 100.0; 
78 (C2F20+, COPF'), 1.5; 79 (HCzF20+, HCOPF+), 33.6; 82 
(HGFa)', 2.0; 85 (POFz'), 1.6; 89 (HPFs+), 1.7; 93 (C3Fa+), 
0.6; 97 (CzFaO+, CFzOP'), 0.9; 101 (HC1FaC), 10.7; 113 
(HCnFd'), 4.8; 128 (CaFdO', CzFBOP+), 1.6; 129 (HC3F40+, 
HC20P+), 9.3; 132 (HCaFs+), 10.6; 147 (CaFjO+, C2F40Pf), 
0.8; 167 (HCaFsO', HCzFjOP'), 6.4; 217 (HCaFyOP-), 1.2; 236 
(HCaFgOP'), 2.8. 
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The mass spectra of some trifluoromethylarsenic compounds have been examined. 
fragmentation, rearranged fluorocarbon ions and species containing As-F bonds were observed in all the spectra. 

In addition t o  the products of normal 

Introduction 
The migration, under electron impact, of groups or 

atoms other than hydrogen has received wide attention 
recently, although the only relevant discussion of in- 
organic systems is a report of the mass spectra of per- 
halogeno aromatic phosphines, where the formation of 
rearranged fluorocarbon ions with elimination of PFs 
and PF3 as neutral species was observed.la A study of 
some trifluoromethyl derivatives of arsenic is described 
in this paper. Previous work in this field has been 
carried out by Cullen and Frostj2 who measured the 
ionization potentials of some perfluoroarsines, and by 
Cowley, Burg, and C ~ l l e n , ~  who have reported a partial 
mass spectrum of the novel cyclic compound, ( C F ~ A S ) ~ .  

Results and Discussion 
The mass spectra of compounds I-V have been ex- 

amined ; in each case, rearrangement ions containing 
CFaAsXz (CF3)gAsX 

I , X = H  m, x = H 
11, x = c 1  1 1 7 ,  X = As(CF3)z 

V,  X CF3 

(1) (a) J. M. Miller, J .  C h e m .  Soc., Sect. A ,  in press; (h) J. H. Bowie, 
S. 0. Larvesson, J. 0. Madson, G. Schroll, and D. H. Williams, J .  C h e m .  Soc., 
Sect. B ,  951 (1966), and references therein. 

(2) W, R.  Cullen and D. C. Frost, Can.  J .  C h e m . ,  40, 390 (1962). 

As-F bonds have been found. The spectra are shown 
in Table I, while some metastable ions observed in the 
spectra, together with their assignments, are listed in 
Table 11. 

The initial breakdown of the dihydro compound I 
can be represented by the scheme shown in Figure 1, 
where an asterisk indicates that  the appropriate meta- 
stable ion was observed. Normal fragmentation oc- 
curs by loss of H, F, or CF,H from the molecular ion, 
followed by stepwise degradation of the ions so formed. 
However, the parent and some of the fragment ions 
can also lose fluorocarbon fragments containing C F  or 
CF2 groups, resulting in the formation of rearranged 
ions containing As-F bonds. For example, loss of 
CFHz and CFzHs from CF3AsH2+ gives AsFz+ ( m / e  
113, 1.9%)4 and AsF+ ( m / e  94, 7.0%), respectively. 
While the corresponding metastable peak was not ob- 
served, AsFH+ (m/e 95, 3.7y0) probably arises from 
the molecular ion by loss of CFZH as a neutral frag- 
ment. The formation of rearranged fluorocarbon ions 

(3) A. H. Cow71ey, A. B. Burg, and W. R. Cullen, J .  Am. C h e m .  Soc., 88, 
3178 (1966). 

(4) Intensities are expressed relative to  the  total ionization, defined as 
ZIn where n refers t o  all ions with mass greater than 30 whose intensity is 
greater than 2% of the base peak. 
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149 
147 

TABLE I 
MASS SPECTRA OF TRIFLUOROMETHYLARSENIC COMPOUNDS 1-11 

' 

m l e  

146 
145 
144 
127 
126 
125 
113 
107 
106 
95 
94 
77 
76 
75 
69 
51 
50 
33 
31 

214 
195 
194 
175 
163 
145 
144 
126 
125 
113 
95 
94 
76 
75 
69 
51 
50 
31 

282 
263 
194 
175 
163 
144 
131 
125 
113 
106 
94 
75 
69 
50 
31 

Ion 

I 
CF~ASHZ 
CFsAsH 
CF~AS 
CFzAsH2 
CFZASH 
CFzAs 
AsFz 
CFAsH 
CFAs 
AsFH 
AsF 

ASH 
As 
CF3 

CFz 

C F  

AsHz 

CFzH 

CFHz 

I11 
CzFdsH 
CzFa ASH 
CzF~hs  
C ~ F ~ A S  
CRAS 
CFaAsH 
CF~AS 
CFZASH 
CFZAS 
AsFz 
AsFH 
AsF 
ASH 
As 
CF3 
CFzH 
CFz 
C F  

V 
C3FgAS 
C~FSAS 
CZF~AS 
CZF~AS 
CF~AS 
CFsAs 
Cap5 
CFzAs 
AsFz 
CFAs 
AsF 
As 
CF3 
CFz 
C F  

1,4 % 

19.4 
1.8 
6 .1  
2.9 
0.6 
3.3 
1.9 
0.6 
0.4 
3.7 
7.0 
2.9 

11.8 
7.3 

11.2 
11.6 
0.5 
4.6 
1.9 

7.5 
0 .5  
0.8 
0.6 
1.0 
2.5 
5.8 

10.3 
4.7 

17.3 
3.5 
6.0 
1.1 
3.3 

22.0 
10.0 
0.6 
2.1 

0.8 
3 .5  
5.2 
3.8 

10.0 
6.0 
2.4 
3 . 0  

15.6 
0.7 
9.6 
3.8 

30.9 
1.3 
3 .7  

I.' % 

3.0  

1.0 
3.1 

2.0 

2.9 
6.2 
0.8 
1.2 

2.4 
1.7 
0.6 
0.3 
1.3 
4.1 
1.8 
6.4 
0.4 
0.3 

15.6 
1.9 
5.5 
4.1 
5.3 
0.6 
1.3 
4.1 

13.9 
2.3 
5.5 
2.5 

15.0 
0.8 
2.2 

in the spectrum (CF2H+ and CFHzf) is also charac- 
teristic of the trifluoromethylarsenic compounds ex- 
amined. 

The chloro derivative I1 did not show any meta- 
stable peaks in the mass spectrum. The most intense 
ion was AsClzf, indicating that loss of CF, from the 
molecular ion is a favored process. Ions corresponding 
to AsFCI+ were observed a t  m/e 131 and 129, and to 
CFzClf a t  m/e 87 and 85. The species AsFf (m/e 94, 

TABLE 11 
SOME METASTABLE IONS OBSERVED IN THE MASS SPECTRA 

OF TRIFLUOROMETHYLARSENIC COMPOUNDS 
-m/e----- 

Obsd 

93.1 
90.2 
87.4 
60.4 
69.1 
39.5 
38.7 
18.8 
17.8 

74.2 
74.0 
65.4 
38.8 

178.6 
167.5 
88.3 
72.9 
59.9 
45.4 
21.8 

133.2 
101.0 
72.8 
65.9 
65.2 
48.5 
45.6 

Calcd Transition 

CFsAsHz ( I )  
93.0 AsFH+ + A s F + +  H 
90.1 
87.4 
60.5 

C F A S H ~ '  + CFASH' + H F  
CFsAsHz' -+ AsFz' + CFHz 
CFaAsHz' -+ AsF' + CFzHz 

59.2 AsFH+ + A s + +  H F  
39.6 
38.8 CF~ASH' + AS' + CFsH 
18.8 CFzH' + C F ' +  H F  
17.8 

CFaAsHz' -+ ASH' + CFaH 

CFsAsHz+ + CFzH' + AsFH 

(CFa)AsH (111) 
74.2 C~FBASH ' -+ CFzAsH' + CFa 
74.0 ASH+ + A s +  + H 
65.4 
38.8 CFaAsH' + AS' + CFaH 

CzFsAsH' + AsFz' + CzFaH 

(CFs)zAsAs( CFD)Z (IV) 
178.3 CsFsAsz+ -+ CFsAsz+ + CFz 
167.6 CaFsAsz' + CF~ASZ' + CzF4 
88.3 C4FizAsz' + CZFSAS+ + (CF8)zAsF 
73.0 CzFdAs+ + AsFz' + CzFz 
59.9 C2FcAs' + AsFz ' + CzF4 
45.5 CzF,As+ + AsF+ + CzFi 
21.7 CFahsz+ + CF3' + AS$ 

(CFalaAs (V) 
133.5 C3FgAs' -+ C~FSAS' + CFa 
101.0 CsFaAs+ + CF~AS' + CzFi 
73.0 CZF~AS' + AsFz' + CzFz 
65.8 CzF5As' + AsFz' + C2F3 
65.3 CaFsAs+ -+ CsFr,' + AsFs 
48.6 CaFsAs' + AsFz' + CzFe 
45.6 CzFbAs' + AsF' + CzFa 

A~F; 
t 

f CF~ASH; 

A ~ F +  ' 
\4 

A ~ H +  
Figure 1.-Initial breakdown pattern of CF3AsHz. 

2.07&) may result from breakdown of AsFCl+; AsF2+ 
was present as an ion of low intensity. In contrast, 
bis(trifluoromethy1)arsine (111) gave an intense peak a t  
m/e 113 (AsFz+; 17.2%), which is formed from the 
ion C2F5AsH + by loss of a molecule of trifluoroethylene. 
As in the spectrum of the dihydro compound, rearrange- 
ment ions were observed a t  m/e 95 (AsFH+) and m/e 
94 (AsF+). There was no metastable ion to indicate 
the route of formation of the abundant fluorocarbon 
ion, CFzHf (m/e 51, 10.0%). The phosphine, (CF& 
PH, also gives an intense ion doublet a t  m/e 51 corre- 
sponding to CFzH+ and PFH+ which can be formed 
from CzF5PH+ by loss of CFBP and CzF4, re~pectively.~ 
Although the observed metastable transition in the 

( 5 )  R. C. Dobbie and R.  G. Cavell, to be published. 
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phosphine does not identify the fragmentation, i t  
seems reasonable to assume that formation of CF2H+ 
occurs through a similar process in both the phosphorus 
and arsenic compounds 

CF, 

MH' + CFzH' + CFBM 
\ 

/ 
CFS 

insufficient number of metastable peaks was ob- 
served in the spectrum of the diarsine I V  to allow the 
complete fragmentation pattern to be deduced. It is 
clear from an examination of the spectrum, however, 
that extensive rearrangements occur here also. In addi- 
tion to -4sFz+ (m/e 113, 13.9'%), CF3AsF+ (m/e 163, 
5.5%) and C3F6+ (m/e 131, 1.3%) are observed. The 
elimination of (CF&AsF as a neutral fragment from the 
molecular ion is exactly paralleled in the corresponding 
diphosphine, where the transition 

(CFs)zPP( C F I ) ~  CFaPCFz + + (CFa)aPF 

is found to O C C U ~ . ~  It is interesting- to note that the 
species As2 is observed both as an ion (m/e 150, 4.1y0) 
and as a neutral fragment ejected from CF3As2+. . 

The breakdown pattern of tris(trifluoromethy1)- 
arsine (V) is shown in Figure 2. The novel feature 
observed in this spectrum is the formation of the ion 
C3F;+ from (CF3)zA4sCFz+ by elimination of a molecule 
of =IsF3, which would appear to involve the simultane- 
ous transfer of three fluorine atoms from carbon to 
arsenic. Elimination of PF3 has been noted in the mass 
spectrum of tris(pentafluoropheny1) phosphorus, la where 
a metastable ion corresponding to the transition 

(CsFshP' --+ C&,+ 4- PF3 

has been observed. 
Cowley, Burg, and Cullen3 have recently prepared 

the cyclic tetramer, (CF&)*, by the action of mer- 
cury on diiodotrifluoromethylarsine, followed by sep- 
aration of the crystalline tetramer from a less vola- 
tile liquid which was not identified, although the 
authors considered that i t  might be the cyclic pentamer, 
(CF3A~)j,  by analogy with the corresponding phos- 
phorus system6 We have examined the mass spec- 
trum of the mixed product of the reaction between 
mercury and the diiodo compound. Peaks correspond- 
ing to the parent ions of (CF3A~)6 (m/e 720) and (CF3- 
 AS)^ (m/e 576) confirmed that the former was the 
liquid of low volatility mentioned in the literature. 
Metastable ions (Table 111) were observed corre- 
sponding to successive loss of CF3 and CF2 from each 
parent ion. Although mass measurements were not 
carried out, i t  was evident from the (m + l ) / m  ratio 
(<l% in each case) that  the ions a t  m/e 300, 225, and 
150 do not contain ~ a r b o n . ~  They are therefore as- 
signed to As4+, As3+, and Asz+. Some of the other 
peaks in the spectrum which could be assigned to species 
containing As-F bonds are shown in Table IV. 

In  the report of the preparation of the tetramer, 

( 6 )  W. hfahler and A. B. Burg, J. A m .  Chem. Soc , 80,  6161 (1958) 
t i )  Xatural carbon contains 1.1% of the 'aC isotope. 

C F ~ A ~ F +  i 
CF3A; 

etc. 

Figure 2.-Breakdou.n pattern of (CFs)8:Is. 

SOME LIECASTABLE IONS 
CYCLIC 

Ohsd Calcd 

588 588 
554 554 
446 446 
412 412 

SOME REARRAXGEXEST 

TABLE I11 
OBSERVED IN THE FRAGMESTATIOS OK 
ARSENIC COMPOUNDS 

Transition 

( CFQAS)~ - + ( CFB)ASJ + + CFs 
(CFI )~ASS++ (CF:j)&:F+ + CF:: 
(CF8.4~)4+ + (CFB)+AS~+ T CFB 
(CFs)sAsa+ + ( CFB)?~ZS~F + f CF:: 

TABLE IV 
IONS O F  THE CYCLIC h R S I S E S  \ v H I C l i  

CONTAIN O m v  ARSENIC AXD FLUORIXE 
na/e Jon m / e  Ion 

357 A s ~ F ~  + 160 - Is~FI 
319 A S ~ F  + 113 .IsF~+ 
263 AS~FB' 94 .IsF - 
244 Xs3F + 

(CF3As)4, the mass spectrum was given, althougli the 
ions below m/e 400 were not a~s igned .~  I t  is not pos- 
sible to find an ion containing As, C, and F only- com- 
patible with the molecular formula of the tetramer which 
will fit the observed m/e ratios a t  318 and 299. I t  
appears that the mass spectrum has been miscounted 
from m/e 243 through m/e 362, as our peaks a t  1 amu 
higher could all be assigned satisfactorily. 

While suggestions as to the mechanism of these re- 
arrangements must remain tentative, sonie further 
observations make it appear almost certain that they 
are intramolecular. The possibility that species con- 
taining As-F bonds were produced by pyrolytic reac- 
tions in the heated inlet system of the mass spec- 
trometer was dismissed by an examination of the 19F 
nmr spectrum of compounds I, 111, and V after heating 
a t  185" for 2 hr. The only signals observed iyere those 
anticipated from the accepted structures of the coni- 
pounds. Further, since no peaks above the molecular- 
ion were observed in the mass spectra, the possibility 
of the formation of rearranged ions by bimolecular or 
ion-molecule reactions must be remote. It seems 
reasonable to suggest that the rearranged specie: .. are 
formed by intramolecular transfer of fluorine. 

The results of the present study provide sonie insight 
into the thermal decomposition a t  400" of tris(trifluor0- 
methy1)arsine in which formation of the saturated 
fluorocarbons C3F8 and C4F10 in addition to hexafluoro- 
ethane was reported? In silica apparatus, silicon tetra-- 

(8 )  P. B. Ayscough and H. J. Emeleus, J .  Chern. SOL., 3381 (1954). 
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fluoride and carbon dioxide were formed, whereas in a 
platinum vessel arsenic trifluoride and a polymer (poly- 
tetrafluoroethylene) were Observed‘ We that this 

and infrared spectroscopy. 
A.E.1. 
vapor through a heated inlet a t  185”. 
was added in some cases to assist in the counting of the spectrum. 

Mass spectra were recorded on an 
operating a t  70 ev, samples being introduced as 

Perfluorotributylamine 

Acknowledgments.--We thank Mr. A. I. Budd for 
recording the mass spectra, Dr. A. M. Hogg for helpful 
discussions, and Dr. J. M. Miller for informing us of his 
results prior to publication. The work was financed 
by the N a t h a l  Research Council of Canada. 

is good evidence for primary formation of CF2 as well 
as CF3 radicals in the decomposition of tris(trifluor0- 
methy1)arsine. Further pyrolysis studies in the ab- 
sence of glass, which probably reacts with arsenic tri- 
fluoride to give silicon tetrafluoride, would be of inter- 
est in view of the similar breakdown pattern observed 
in the mass spectrometer. 

Experimental Section (9) G. R. A. Brandt, H. J. Emelkus, and R. N. Haszeldine, J .  Chem. 

(10) E. G. Walaschewski, Chem. Be?., 86, 273 (1953). 
(11) R. G. Cavell and R. C. Dobbie, J .  Chem. Sac., in press. 

Soc., 2662 (1953). 
The compounds were prepared by the literature methodss-ll 

and their purity established by molecular weight determinations 
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The vibrational spectrum of borazine, (-BH-NH-)z, has been reexamined using isotopically labeled derivatives. 
basis of this study a revised assignment for a number of frequencies of the borazine spectrum is suggested. 
the two BN ring vibrations of species E‘ have been identified at 1465 and 1400 cm-I (gas phase spectrum), respectively. 

On the 
In particular, 

Introduction 
Borazine, (-BH-NH-)g, the “inorganic benzene,” 

has been known for more than 30 years, and its Raman 
and infrared spectrum was studied as early as 1939.2 
The basic assignments of the fundamental vibrations 
as suggested by Crawford and EdsallZh were refined by 
some later workS and have since been commonly ac- 
cepted. Certain discrepancies between the observed 
and calculated values for out-of-plane hydrogen vibra- 
tions of the molecule were reinvestigated by Spurr and 
C h a ~ ~ g , ~  and the assignments of BH and NH deforma- 
tional modes of borazine are still somewhat controver- 
sia1.j On the basis of their data Kubo and his co- 
workers6 suggested that BH bending modes should 
occur a t  higher frequencies than the corresponding NH 
vibrations in each species. Nevertheless, the original 
assignments of the vibrational modes of borazine have 
generally been used in analyzing the spectra of sub- 
stituted borazines. Only Becher6 questioned the as- 

(1) (a) Supported in part  by the U. s. Army Research Office, Durham, 
N. C.; (c) Visiting Lecturer a t  Duke University 
from the Laboratorium fur  anorganische Chemie, Technische Hochschule 
Stuttgart, Germany; (d) Shionogi Research Laboratory. 

(2) (a) A. Stock and E. Pohland, Ber., SSB, 2216 (1926); (b) B. L. Craw- 
ford and J. T. Edsall, J. Chem. Phys., 7, 223 (1939). 

(3) W. C. Price, R. D. B. Fraser, T. S. Robinson, and H. C. Longuet- 
Hippins, Discussions Faraday Soc., 9, 131 (1950). 

(4) R. A. Spurr and S. Chang, J .  Chem. Phys., 19, 528 (1961). 
(5) H. Watanabe, T. Totani, T. Nakagawa, and M. Kubo, Spectvockim. 

( 6 )  H. J. Becher and S. Frick, Z. Anorg. Ailgem. Chem., 295, 83 (1958). 

(b) Duke University; 

A d a ,  16, 1076 (1960). 

signments of the B-N ring modes of species E’ of bor- 
azine, but no attempt was made to clarify that situa- 
tion. 

Recent studies of the vibrational spectra of other 
boron-nitrogen heterocycles containing the N-B-N 
entity raised some doubt about the validity of the 
original assignments for certain vibrational modes of 
borazine and have prompted a reexamination of the 
molecule. The findings of this study are substanti- 
ated through observations of isotopically labeled deriva- 
tives. The data resulting from isotope studies clarify 
several features of the vibrational spectrum of borazine 
which previously could not be resolved. 

Due to multiple possibilities for labeling the borazine 
molecule, this compound is particularly suitable for a 
detailed study of isotope effects and a subsequent 
mathematical treatment. The results of such work 
based on the present experimental data will be re- 
ported elsewhere. 

The authors gratefully acknowledge access to an un- 
published manuscript on the vibrational spectra of B- 
trihaloborazines due to the courtesy of Professor J. 
Goubeau, Technische Hochschule Stuttgart, Germany.’ 
This work arrives a t  conclusions similar to those aris- 
ing from the present study with respect to the reas- 
signment of the vibrational spectrum of borazine. 

(7) M. Gayoso, Dissertation, Stuttgart ,  1963. 


