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The diphosphoxane (.CF3)2POP(CF3)2 (m.p, —53°; b.p. est. 78°), made from (CF;),PI with Ag:CO; and stable up to 250°,
behaves as a weak Lewis acid rather than a base; yet HCl easily converts it to (CF;).PCl and the H-bond associated protic

acid (CF;),POH (m.p. —21°; b.p. est, 61°),

This does not rearrange to (CF;),HPO; indeed this phosphine oxide, made

from (CF;).PH and HgO, changes to (CF3),POH, (CF;),PH and (CF;),POOH. However, the phosphinous esters (CFj),-
POR, made by ROH-cleavage of P:(CF;), can be rearranged to R(CF;);PO by CH;l catalysis—very easily when R is

t-butyl but with difficulty when R is methyl.

A similar Arbuzov-type rearrangement would explain why (CH;);POP(CFs),

could not be made from (CH;),PH and (CF;3).POP(CF;),, which gave instead (CF;),PH, Py(CFs),, (CH;);PP(CF;), and

yvhat seemed to be (CHj),P.0s (m.p. 132°; vacuum-sublimable); some stages of this reaction were demonstrated.
infrared spectra of all of these (CF3),PO compounds were compared for confirmation of assignments.

The
In this relation

(CF3):POCI (b.p. est. 52°) and (CF3),POBr (m.p. —85°; b.p. est. 78°) were mnade by different methods and used for a
spectroscopic recheck of the electronegativity of the CF; group.

Compounds of the hydrocarbon-phosphorus—
oxygen types R,POH and R,POPR, have been
lacking, evidently because they would rearrange in
the Arbuzov manner to R:Pg and R,Pg,, either
of which would disproportionate very soon. But
when R is a fluorocarbon group, R.POH and R,-
POPR,; are permanently stable?; indeed, (CFj).-
HPO actually converts to (CF3);,POH.® Here it
seems that the (CF3),P group is so weakly basic that
oxygen holds the proton more firmly. Similarly,
one reason that (CF;);POP(CF;); does not change
to the RoP-Pg, form is that the virtually non-basic
P atom in a (CF:);P-X type molecule cannot bond
a *P(CFs), group so strongly as oxygen does. A
secondary reason is the electron-acceptor character
of the (CFj)2P group, such as to support a fairly
strong two-way dative = bonding by the oxygen
lone-pair electrons to two pairs of Pyq orbitals;
whereas in the R,P-Pg, form such 7 bonding would
involve only one P atom instead of two. Neither of
these stabilizing effects would apply well to
(CH;);POP(CHj;),, wherein P would be far more
basic and less receptive to a dative = bond.

A phosphinous ester such as (CF3);POCH; should
be less stable than the corresponding phosphine
oxide for two reasons: an alkyl group tends to
attach permanently to phosphorus; and the O-P
w-dative bonding should be stronger in (CF;),RPO
than in the ester. Thus it is not surprising that
such esters can rearrange to phosphine oxides,
when aided by heat and catalysts.

Attempts to make (CHj),POP(CF3), from (CFy3),-
POP(CF3); and (CH;),PH led to an interesting
series of reactions. The desired diphosphoxane
may well have been formed, but since the (CHj),P
group is strongly basic, the *P(CF;); group soon
would move from O to the basic phosphorus atom,

0
forming (CH;);P~P(CF3).. This could be ex-
pected to disproportionate by P-P bond exchange

00
to form the new (CHj),P-P(CH3); and the known
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(CF;):P-P(CF3);; however, the latter has been
found to react rapidly with (CH,;);PH to make
(CF3):PH and (CH;).P-P(CF3;),. Our quantita-
tive experinients agreed (within 79, at most) with
this pattern of events, summarized by the equa-
tion 3(CH;);PH + 2(CF;);POP(CF3); — 3(CFy).-
PH + (CH:;)QP_P<CF3)2 + [(CH3)2PO]2 Certain
steps of this over-all process were individually
demonstrated.

There remains the interesting question of what
permanently stable diphosphoxanes, phosphinous
acids and esters could exist with substituent groups
making phosphorus somewhat more basic and less
electronegative, Our recent colleague Dr. K. K.
Joshi made a series of phosphines based upon the
CH;CF;P group, but their conversion to oxyphos-
phines has not been attempted.

The experimental work here described was done
by means of high-vacuum manifolds with U-traps
interconnected by Stock-type mercury float-valves
or chlorofluorocarbon-greased stopcocks (for oxi-
dizing materials)—permitting quantitative account
of all volatile substances. For accurate pressure
measurements, wide-arm mercury manometers
were silhouetted by horizontal-beam light and
sighted by cathetometers with 0.01 mm. reproduci-
bility. Mercury-reactive vapors were measured
by means of a null-indicating spoon-gauge. Tem-
peratures above —30° were measured by mercury-
in-glass thermometers calibrated to 0.05° or better;
and for lower temperatures the appropriate Stock-
vapor-tension thermometers were employed.

The Diphosphoxane (CF;);,POP(CF;),

Synthesis and Characterization.—The reaction
2(CF3)2PI + Ag2C03 —_ 2Aﬁg1 + C02 + (CF;;)Q-
POP(CF3;), occurred easily at room temperature,
giving a high yield of the diphosphoxane.

A 15.9 mmole sample of (CF3),PI (44.0 mm. at 0°, in
accord with the known vapor tension)* was shaken with dry
silver carbonate in a tube closed by a stop-cock, until the
evolution of carbon dioxide had virtually ceased. The vola-
tile mixture was similarly exposed to three fresh samples of
silver carbonate to minimize the residual (CF3),PI. The
last of this finally was converted (by reaction with AgCl)s to

(4) A. B. Burg, Walter Mahler, A, J. Bilbo, C. P, Haber and D. L.
Herring, J. Am. Chem. Soc., 19, 247 (1957).

(5) F. W. Bennett, H. J. Emeléus and R, N. Haszeldine, J. Chem.
Soc., 1565 (1853).
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(CF3).PCl (0.14 mmole), the relatively high volatility of
which permitted its easy removal from the diphosphoxane
by high-vacuum fractional condensation. The diphosphox-
ane passed a trap at —45° and condensed completely at
—78°, The yield was 6.27 mmoles, representing 79% of the
initial (CFa)zPI.

The pure diphosphoxane melted in the range —53.1 to
—52.6°, Its vapor tensions are shown in Table I. The
equation (more accurate than the earlier one)? gives the
normal b.p. as 78.4° and the Trouton constant as 22.3 cal./
deg. mole,

TABLE I
Vapor TeENsIONS oF (CF:):POP(CF;);
(log Pmm. =6.249841.75 log T'—0.00529 T* —2097/7T)

t(°C) —10.6 0.00 10.8 24,2 37,7 47.7 6l.1
Prm. (obsd.) 12,78 24.4 45.4 89.5 166.7 252.8 421.8
Pmm. (caled.) 12.82 24.6 45.3 89.7 166.6 252.9 421.9

Proof of Formula.—The formula (CF;),POP(CF;), was
confirmed by the vapor-phase (mol. wt., 354.2 vs. caled.
354.0) and the hydrolysis of a 42.0 mg. sample with 109,
sodium hydroxide (1.7 ml., 100°, 14 hr.) to give 32.7 mg. of
HCPF; (caled. 33.2 mg. for 4CF;3). The presence of (CF;).P
groups was confirmed by three strong infrared bands for C-
F stretching (Table XII); also the expected two modes of
P-0O-P stretching were found, and there was no band assign-
able to P=0 stretching.

Decomposition.—The thermal decomposition of the di-
phosphoxane (CF;),POP(CFj;), was as previously described,?
giving major proportions of CO, PF;, (CF;),PF and (CF;3),P.
A less volatile mixture (129, of the initial sample-weiglht)
showed infrared bands corresponding to C-F, P-F and P-O-
P stretching. The non-volatile black solid residue (7%) ap-
parently included white phosphorus or polyphosphines (or
both), for it was noticeably reactive toward air.

Acid-Base Behavior.—The previously mentioned
adduct (CF3),POP(CF;),-(CH;3);N? was demon-
strated by a pressure-composition isotherm at
—78.5°, after relatively rapid formation at —350°.
Beyond the 1:1 ratio the amine was only slightly
absorbed.

The equation for the solid—vapor equilibrium pres-
sures (Table IT) does not perfectly describe the dis-
sociation of the solid into free amine and diphos-
phoxane vapors, for the average mol. wt. of a
vaporized sample at 24° was 229.6, corresponding
to 199, formation of the adduct. The solid-vapor
equilibrium measurements could not usefully be
extended above —23° because this was close to the
point at which the diphosphoxane would begin to
form a liquid.

TaBLE 11

SoLip-VaPorR EQUILIBRIA OF (CF;3),POP(CF;).+(CH;)sN
(log Pum. = 8.777 — 1985/T)

t(°C.) —~78.5 —63.5 —45.3 =-30.6 —23.2
Prom. (obsd.)  0.04 0.22 1.13 3.92 6.85
Pum. (caled.) 0.04 0.20 1.16 3.92 6.85

As indicated before,? these dissociation data show
that the phosphorus atom here actually has stronger
Lewis-acid character than in PF;; for the solid-
vapor equilibrium pressures of PF;-(CHj)sN were
measured as 1.9 mm. at —95.8°, 8.3 mm. at —80.3°
and 9.1 mm. at —78.5 (log Prm. = 8.08 — 1384/T;
point of appearance of liquid, near —76°). The
difference may be due at least partly to Fyp—Psa
w-bonding by three fluorine atoms (whereby the 3d
orbitals of P in PF; are mostly filled), in contrast
to m-bonding only by one oxygen (toward both P
atoms) in the diphosphoxane.

The reactions of the diphosphoxane with hydro-
gen chloride and with dimethylphosphine are
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described in the following main sections. Its fail-
ure to react with such Lewis acids as boron tri-
fluoride and sulfur dioxide was mentioned before.?

The Phosphinous Acid (CF;),POH

Synthesis and Characterization.—The com-
pound (CF;);POH was made first by heating 1.562
mmoles of (CF;);:POP(CF3); with 1.722 mmoles of
dry HCI in a sealed glass tube for 8 days at 80°.
The tube was fitted with a thin glass magnetic
break-off tip to permit all-glass connection to the
high-vacuum system. This was necessary because
the stop-cock grease in the more usual tube-opener
would have seriously absorbed the product.
However, this absorption was not too serious when
the material was passed at a very low pressure
through a ground joint which was made tight by a
shellac-base vacuum cement.

The reaction products were separated by high-vacuum
fractional condensation, with isolation of 0.137 mmole of
HCIl and measurement of the products. The empirical equa-
tion was 1.562(CF3):POP(CF;). + 1.584 HCl — 1.568-
(CFy),PCl + 1.337 (CF;),POH. The 869% yield of (CF)-
POH represents a lower linit, for the determination was by
vapor voluine, which is affected by a contraction effect
possibly due to hydrogen bonding. For example, a sample
which seemed to represent 0.166 mmole of (CF;).POH vapor
was analyzed by basic hydrolysis to give 0.391 mmole of
HCF;, corresponding to 0.195 mmole of actual (CF;),POH.
By reference to this result, the true yield of (CF;);POH
would be estimated as 1.57 mmole, or essentially quantita-
tive.

The vapor-phase mol. wt. of (CF;),POH was
determined at a relatively high temperature and
low pressure (with all possible avoidance of the
effects of greases and waxes), so that the result
(184.8 ws. caled. 186.0) probably is dependable.
The infrared spectrum included bands correspond-
ing to O-H bending and stretching, and for P-OH
stretching (but none attributable to P~H or termi-
nal P=0), confirming the structural pattern indi-
cated by the formula as written.

The vapor tensions of liquid (CF;).POH are given in Table
111, with an equation giving the normal b.p. as 61.4° and the
Trouton constant as 21.2 cal./deg. mole. Taking this equa-
tion with that for the solid (Table IV), we compute the m.p.
as —20.8° (obsd., —21.3 to —21.1°) and the enthalpy of
fusion as 1913 cal./mole. The high value of the term
0.010907T in the equation for the liquid (normal average
value near 0.005 T') describes a strong downward concavity
in the log P vs. 1/T curve. This effect is not unusual for
strongly hydrogen-bonded substances.

TABLE III
Vapror TENnsIONS oF Liguip (CF;).POH
(log Pum. = 9.6392 4 1,75 log T — 0.01090 T" — 2519/7)

¢ (°C.) —-16.3 -—12.3 —4.5 0.0 10.6 14.7
Pum. (obsd.) 17.75 23.3¢ 38.5 50.6 91.6 113.4
Pim. (caled.) 17.76  23.34 38.5 50.6 901.6 113.3
TABLE IV
Varor TENsIoNs or SorLip (CF,),POH
(log Pum. = 10.7590 — 2435/7T)
¢ (°C.) —39.4 —34.8 —28.1 —27.0 —23.4 -21.3
Pmm. (obsd.) 2.19 3.55 6.63 7.3¢ 10.30 12.33
Pmm. (caled.)) 2.20 3.50 6.65 7.36 10.22 12.33

The Deuterio-phosphinous Acid.—The deuterio-
acid (CF;3);POD was made as an aid in the inter-
pretation of the infrared spectrum of (CF;);POH.
The diphosphoxane was cleaved by DCI containing
about 109, HCI, during 72 hr. in a sealed tube at
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100°. The resulting mixture was brought into the
vacuum system through a magnetic breaker and
resolved by fractional condensation as before,
leading to the empirical equation (quantities in
mmoles): 0.552(CF;),POP(CF;), + 0.558DCl —
0.468(CF;),POD 4 0.562(CF;),PCl. Since the
resulting phosphinous acid again was measured as a
gas, the 17.59, correction may be applied to esti-
mate the actual yield as 0.55 mmole, or essentially
quantitative.

The 909,-deuterated phosphinous acid melted in
the range —19.3 to —19.2° »s. —21.3 to —21.1°
for pure (CF3);POH. Thus the m.p. of pure (CFy),-
POD is extrapolated as —19.0°. Similarly, the
0° vapor tensions 50.58 mm. for (CF;),POH and
52.96 mm. for 909, (CF;);POD indicate 53.2, mm.
at 0° for pure (CF;).POD.

The Trimethylammonium Salt.—A white solid
was formed when 0.635 mmole of (CH;);N and a
gas-volume-measured 0.199 mmole (0.231 mniole as
corrected) sample of (CF;);POH were warmed
together from —78° to 0° during 3 hr. The excess
amine was distilled off and measured as 0.403
mmole; consumed, 0.232 mmole, representing quan-
titative formation of the salt (CH;);NH +(CF;),PO .
This product absorbed 0.232 mmole of HCI, rapidly
forming a viscous liquid from which 0.161 mmole
(by an uncorrected gas-volume measurement) of
(CF3),POH could be distilled off under high vacuum
with great difficulty during four days, leaving a
solid residue of trimethylammonium chloride.
Also formed were 0.019 mmole of (CF;);PCl and
(0.005 mmole of HCFs.

The adduct (CH;);N-(CF;3),POH was too hygro-
scopic for any very thorough study of its infrared
spectrum by the KBr-pellet method, but its phos-
phinite-salt character was quite clearly indicated
by the disappearance of the P~OH stretching band
at 854 cm.~! and the appearance of a strong band
at 1305 cm. ™!, assigned to terminal P=0 stretch-
ing. Thus the product could not be regarded as an
N-P dative-bonded complex like the far less
stable (CF;;)QPOP(CF;;)Q‘(CH;;);;N

Rearrangement of the Phosphine Oxide.——The
phosphinous acid appeared also as a product of the
HgO-oxidation of (CFs);PH. The results suggest
that the initial product was the phosphine oxide
(CF3);HPO, part of which disproportionated to
(CF;),PH and (CF;),POOH while the rest rearranged
to (CF;);POH. The latter process has been called
an anti-Arbuzov rearrangement?® because it suggests
a reversal of the Arbuzov-type reaction R,POR’ —
R.R’PO.

The HgO-oxidation was doe in an all glass mnercury high-
vacuum system, first by a static method and later by a flow
process which permitted a more detailed study of the in-
inediate volatile product. In the first experiment 0.969
mmole of (CF;);PH was allowed to expand into a tube con-
taining 0.89 minole of mercuric oxide—purposely deficient
in order to minimize oxidation to (CF;3):POOH. The reac-
tion was immediate and exothermic, giving white fumes and
metallic mercury. After 4 min. the volatile components were
fractionally condensed under high vacuum at -—78°, with
only the (CF;),PH passing through to the final trap at
—196°. When the —78° condensate was warmed briefly, it
produced more (CF3)2PH than could be ascribed to solubility
cffects, suggesting the disproportionation 2(CF;),HPO —
(CF;),POOH 4 (CF3:):PH. Now all volatile componciits
were returned to the reaction fube for further oxidation dur-
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ing 10 min. at room {eniperature. The finul mixture in-
cluded 0.421 mmole of (CF3),PH, 0.198 mmnole of (CFs).-
POH, 0.276 mmole of the slightly volatile (CF;).POOH and
0.825 mmole of metallic mercury. These results can be in-
terpreted as follows, with the hvpotlictical aspect enclosed
in brackets.
0.825(CF;).PIL + 0.825Hg0 —>
0.825Hg -+ [0.825(Cl%).H10]

[0.552(CF;).HIPO] —>

0.276(CI),PH 4 0.276(CI;).’O0H
10.196(CF;).HI’O] —> 0.196(CF;),POH
0.077 inmole (CF;)POH deficiency ascribed to thie volume-
contraction cffcct and to adsorption.

The direct formation of (CF;),HPO, followed by its two-
way alteration (without catalytic effect by the HgO) was
indicated again by an experimient in which 0.702 mmole of
(CF;),PH vapor at 6 mm. pressurc was allowed to pass
over a bed of mercuric oxide, kept at 60-65° to minimize
adsorption. The cffluent vapors were fractionally condensed
at —45, —96 and —196° and the HgO-tube was sealed off
to prevent further contact with the condensates. All of the
cffluent (CF;).PH (0.128 mmole) was found in the —196°
trap, while the trap at —96° lield only 0.03 munole of
(CF3),POH. The initial main product, found in the —45°
trap, would not have contained appreciable amounts of
(CF;).PH, but after 14 hr. at roomn temperature it had gen-
erated 0.129 mmole of (CF;);PH and 0.128 mrmole of (CF;)a-
POH. The less volatile product was analyzed by alkaline
hydrolysis, forming an amount of HCF;s corresponding to
0.088 mmole of (CF;3);POOH. Since (CF3),POH could not
have been present in the —45° trap, and inn any casc would
not have disproportionated to give (CF3).’H and (CFj)a-
POOH, it is appareut that the fornmation of all three prod-
ucts must have been duc to (CF3).HPO, as tlie main comn-
ponent of the —435° condensate.

The (CF;);POH could not have been foruied by
the reversed disproportionation (CF3),PH + (CFj)e-
POOH — 2(CF;),POH, for known samples of the
phosphinic acid (inade as next described) aud the
phosphine were mixed and held at 60° for 16 hr.
without reaction. Thus it appears that the rear-
rangement (CF;):HPO ~ (CF;),POH occurred si-
multaneously with the disproportionation, which
was not part of the path to (CF;),POH.

Direct Synthesis of the Phosphinic Acid.—For a
higher yield of the phosphinic acid (CFy),POOH,
a 1.593 mmole sample of (CF3);PH was condensed
in a glass tube coutaining mercuric oxide in great
excess. The tube was alternately warmed to
room temperature and cooled to —78° in order to
ensure adequate contact of the phosphine with the
oxide. A clear but viscous liquid was observed
to form, and the mercuric oxide became consoli-
dated into a cake. Traces of oxygen and fluoro-
form were removed, aud the other volatile com-
ponents were condensed into a trap, which was
allowed to stand at room temperature for 10 min.
Now a small amount of (CF;),PH (0.01 mmole)
was removed by distillation, leaving 122.4 mg.
(0.606 mmniole) of virtually pure (CF;):POOH.
This product was subjected to alkaline hydrolysis
at room temnperature, yielding 0.597 mmole of well
identified HCF;, in accord with the established fact
that (CF;):POOH yields only one HCF; per mole-
cule under these conditions.®

The Phosphinous Esters (CF;);POR

The methyl, ethyl and {-butyl phosphinous esters
werc made for infrared spectroscopy (leading to

(6) H.J. Eweléus, R, N. Haszeldine and R, C. Paul, J. Chem. Soc.,
563 (1953).
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useful correlations for the assignment of some
bands) and also for a study of the tendency of such
compounds to undergo Arbuzov-type rearrange-
ments, (CF;);POR — (CF;);RPO. In relation to
these purposes it was also useful to make and char-
acterize two of the corresponding phosphine oxides
and the phosphinous acid chloride and bromide.
The method chosen for the synthesis of the esters
was the alcoholytic cleavage Py(CF3)s + ROH —
(CF;),POR + (CF;);PH. This process can be
made quantitative, with easy isolation of the
products; and it represents an attractive method
of making (CFj3).PH for other purposes.

The Methyl Ester.—The initial experiment on
the methanol cleavage of Py(CF;)s was done in
these Laboratories by Walter Mahler, who found
that the reaction became inconveniently rapid (lead-
ing to undesired decompositions) if started at room
temperature. In the present study, 1.767 mmoles
of P:(CF3)s and 1.812 mmoles of CH;0H reacted
slowly during 13 hr. at 0° and then proceeded
smoothly to completion at room temperature.
The products were separated easily by high-vacuuni
fractional condensation, followed by removal of
methanol from the ester by contact with P,O.
The empirical equation (with mol. wt. of the prod-
ucts) was

1.767P(CFy)s + 1.79CH,0H —>
1.67(CFy).POCH, + 1.85(CI,),PH

200.1 170.7
200.0 170.7

An attempt to make thc ester by the reaction of (CF;),P1
with NaOCHj; led to detonation in a static systemn and to un-
resolvable mixtures when a vapor-flow method was tried.

The purified ester (CF;3),POCH; melted sharply at —78.5°
and exhibited the consistent set of vapor teusions given with
an equation in Table V; normal b.p., 55.4°; Trouton con-
stant, 21.1 cal./deg. mole. Such evidences of purity, taken
with the nearly quantitative synthesis and the mol. wt.,
would be enough to prove the formula, but for further con-
firmation a 21.9 mg. sample was hydrolyzed in 109, NaOH
(36 hr. at 100°), to give 15.3 ing. of HCF3, just as calculated
for 2HCF; per mole.

miol, wt. obsd.
caled.

TABLE V

Vapror TexsIoNS oF Liguip (CF;),POCH;
(log Puw. = 7.5975 + 1.75 log T — 0.00800T — 2133/7T)

£ (°C) —63.8 —45.3 -27.0 0.00 7.0 12.1 15.8
Pym. (obsd.) 0.63 3.42 14.06 73.68 106.1 136.6 162.2
Pmum. (caled)) 0.625 3.435 14.05 73.68 106.1 136.4 162.5

The ester (CF3);POCHj; proved to be inert toward
boron trifluoride and equally indifferent to tri-
methylamine. The lack of base action is attrib-
uted to delocalization of the oxygen lone-pair elec-
trons toward phosphorus; and this is more effec-
tive for weakening the electron-acceptor character
of phosphorus than is the three-atom delocaliza-
tion of the oxygen lone-pair electrons in (CFj).-
POP(CFs3),.

The Ethyl Ester.—Tlie compound (CF;),POC;H;, pre-
viously made by the alcoholysis of (CF;).PCl,” was obtained
in 98.5%; vield by the biphosphine cleavage method; em-
pirical equation
0.718P,(CF3)y + 0.739C,H,OH —>
0.719(C¥4).PH + 0.707(CF3).POC;H,

169.3 214.0
170.0 214.0

(7) H. }J. Emeléus and J. D. Satitly, J. Cheoi. Soc., 380 (1959).

ol wt. obsd.
caled,
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The reaction began during 12 hr. at 0°, continued through
27 hr. at 25°, and was brought surely to completion during 4
hr. at 60°. Again, the products were isolated by fractional
condensation, with removal of the last of the alcohol by con-
tact with P4Oyy. Since this ester was made only for spectro-
scopic purposes, it was not more fully characterized.

The i-Butyl Ester.—An exploratory experiment,
performed in these Laboratories by Walter Mabhler,
showed that the cleavage of Py(CF3)s by t-butanol
was far slower than the methanolysis, presumably
on account of steric hindrance. In the present
work, the reaction was only moderately advanced
after 80 hr. at 25°, but 98.89, complete after 11
days. Allowing for the recovery of unused P»-
(CF3)4, but not correcting for probable losses of the
ester during the P,Oy, treatment and final purifica-
tion, the empirical equation is given as

2.937(CF,).PH + 2.826(CF;).POCH,

mol. wt. obsd. 170.7 242.0
caled. 170.0 242.0

A well purified sample of (CF;),POCHy melted very
sharply at —26.1° and cxhibited the vapor tcnsions given
with the cquation in Table VI; normnal b.p., 110.3°%;
Trouton constant, 20.3 cal./deg. mole.

TABLE VI
Vapror Tensions or Liguip (CF;),POCH,

(log Ppm. = 7.8142 + 1.751og T — 0.006887 — 2422/T)

t(°C) 0.00 11.5 25.0 30.0 41.7 56.7 67.0
Pmm. (ohsd.) 6.79 13.82 29.53 38,21 67.18 128.7 192.4
P (caled.) 6.79 13.88 29.51 38.21 67.20 128.6 192.4

Isomerization Reactions.—Both the methyl and
t-butyl phosphinites in pure form seemed to be per-
manently stable against the Arbuzov rearrangement

0
R,POR’ — R,PR’; but with methyl iodide as a
catalyst the £-butyl ester isomerized easily to form

0 0
(CF3),PC,H,, instead of converting to (CF;),PCHj;
and C,H,I in typical Arbuzov manner. It was
noted also that (CF;);POCH; in the presence of
methyl iodide could be forced to isomerize only at
elevated temperatures and pressures. It is sup-
posed that the relative ease of moving a f-butyl
group from oxygen to phosphorus is in some way
related to the relatively low energy required to
detach a ¢-C,Hy™ group in the stabilized (CH;),C+
planar form,® but the catalytic function of the
methyl iodide is not obvious.

In one experiment 0.515 mmole of (CF;).POCH; and
0.516 mmole of CHs;l were heated together in a small
sealed tube for 2 hr. at 70-80°. The mixture now was re-
solved into three fractions: 0.513 mmole of CH;I (99.49;
recovery, by passage through a high-vacuum trap at —78°;
mol. wt. 141.6 vs. caled. 141.9), 0.0777 mmole of (CF3).-
POCH, (15.19, recovery, by passage through a trap at
—30°; wvapor tension 6.8 mm. at 0°, as caled.), and 0.400
mmole of the less volatile isomeric phosphine oxide (77.7%
vield; trapped at —80°), having mol. wt. 242.0, as calcd.

A 0.797 mmole sample of (CF;),POCH; with 0.803 mmole
of CH;I in a 5 ml. sealed tube (ensuring the presence of a
liquid phase) was heated for 22 hr. at 130° without appreci-
able change. During a further 196 hr. period at 130°, the
extent of the isomerization was 3.89,. Continued heating
for 144 hr. at 148° brought the vield of the isomeric phos-
phine oxide to 19.5 ing. (0.0975 mnole), representing 12.29,

(8) V. Mark, Tetrahedron Letters, 208 (1961), has shown that sucl
relatively easy detachment of (CH3)sC* vccurs also in tlie alkylation of
hexaclilorocyelupentadiene by P(OR)s.
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conversion. The phosphine oxide was identified by compari-
son with a sample made by an independent synthesis, as
next described.

Characterization of the Phosphine Oxides.—The inde-
pendent synthesis of methyl-bis-(trifluoromethyl)-phosphine
oxide was done by the reaction (16 hr. at 80°) between
1.246 mmoles of dry HgO and 1.557 mmoles of CH;P(CFj)e,
the latter having been made in these Laboratories by Dr.
K. K. Joshi, using (CFs);PI with Zn(CHj),. The yield of
the desired phosphine oxide was 1.10 mmoles, representing
97.5% of the consumed CH;P(CF3)2. A trace of a sublim-
able solid probably was Hg(CF3)., the low yield of which
contrasts with its major formation from (CF;),P with HgO.?
Further heating of the phosphine oxide with the residues led
to no change, indicating no tendency for the reverse-Arbuzov

H
isomerism which was observed for (CF;3),PO. Indeed, one
would expect to remove a fluorocarbon group from phos-
phorus far more easily than to detach a hydrocarbon group.

0

The phosphine oxide (CF3),PCH, was easily purified by
high-vacuum fractional condensation and melted in the
range —27.0 to —26.8°. Its formula was confirmed by the
molecular weight (201.2 ws. caled. 200.0) and by an in-
frared spectrum which showed a sharp P=O0 stretching
band at 1320 cm.™!. Its vapor tensions, shown with the
equation in Table VII, indicated the normal b.p. as 129.7°
and the Trouton constant as 20.6 cal./deg. mole,

TABLE VII

0
Varor TENSIONS oF Liguip (CF;),PCH;
(log Prm, = 8.7837 + 1.75 log T — 0.0083671 — 2858/7T)

{1 (°C) 0.00 15.8 29.5 40.1 44.6 50.2 59.5
Pmym. (obsd.) 2.01 6.08 14.24 25.8 32.8 43.25 66.5
Prm. (caled.) 2.00 6.08 14.36 25.7 32.5 43.05 66.8

o]
The vapor tensions of the purified sample of (CF;);PC,H,
(from the isomerization reaction) are presented in Table
VIII, with an equation which gives the normal b.p. as 177°
and the Trouton constant as 23.4 cal./deg.mole. With a
normal Trouton constant (21.0) the b.p. estimate would be
nearer to 185°.

TaBLE VIII

0
Varor TeNsIoNs oF Liguip (CF;),PCH;,
(log Prm. = 7.9940 — 2302/7")

t(°C) 0.00 13.8 25.0 35.5 43.3 49.9 78.1
Pmm. (obsd.) 0.37 0.94 1.88 3.43 5.24 7.39 27.6
Prm. (caled.) 0.37 0.94 1.8 3.43 5.25 7.39 27.6

The alkaline hydrolysis of this phosphine oxide during 65
hir. at 100° gave only 1.38HCF; per mole. Such slow HCF;
formation from CFj-phosphines having a P-hydrocarbon
linkage has been noticed before,'® and the terminal P=0
bond also may have some inhibiting effect. This oxygen
atom seems to have little base action, for the compound
failed to form any adduct with boron trifluoride. Presum-
ably the lone-pair electrons are far more effectively deloca-
lized toward phosphorus than in the analogous phosphine
oxide (CH;); PO, which holds BF; fairly well. 11

The Phosphinic Acid Halides.—The phosphinyl

0
chloride (CF3),PCl was formed by a direct chlori-
nation of the diphosphoxane in a sealed tube
(80 hr. at —78° and 16 hr. at 80°). The products
were isolated by high-vacuum fractional condensa-
tion; empirical equation: 0.540(CF;);POP(CF;).

0
+ 0.540Cl, — 0.513 (CF;),PCl 4 0.527(CF3).PCL

0
The formula (CF3),PCl was demonstrated by this

(9) J. E. Griffiths and A. B. Burg, J. Am. Chem. Soc., 82, 5759
(1960).

(10) L. R. Grant, Ph.D. Dissertation, University of Southern
California Libraries, 1960, pp. 36, 60 and 67; ¢f. also R. N. Haszeldine
and B, O. West, J. Chem. Soc., 3880 (1957).

(11) A. B. Burg and W. M. McKee, J. Am. Chem. Soc., 73, 4590
(1951).
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virtually quantitative process, taken with the mol.
wt. (220.4 vs. caled. 220.5) and an infrared spec-
trum (Table XIII) indicating purity. This spec-
trum also shows P=0 and P-Cl bonds, and the
right multiplicity of C-F stretching to show a
(CF3)2P group. The hydrolysis of a 0.265 mmole
sample (2 ml. of 19, NaOH, 36 hr. at 100°) gave
0.258 mmole of HCF;, in accord with removal of
half of the CF; groups as HCF; from (CF;),POOH.¢

The m.p. of this phosphinyl chloride could not be ob-
served because of its strong tendency to supercool. Its vapor
tensions are shown with an equation in Table IX. The ex-
trapolated b.p. is 52.6° and the Trouton constant 20.9
cal./deg. mole.

TABLE IX

0]
Vapor TensioNs at Liguip (CF;),PCl
(log Pmm. = 6.8443 + 1.75 log T — 0.00700T — 1980/7)

t(°C.) —45.0 —-30.9 -—24.1 0.0 12.5 20.4
Pmm. (obsd.) 5.1 14,1 22.1 90.5 162.8 230.3
P (caled.) 5.0 14.1 22.1 88.8 162.6 230.5

0
The phosphinyl bromide (CF;);PBr was obtained
as the most intelligible result of an investigation
of the action of bromine on the f-butyl phosphine

0
oxide (CF;);PCiH,. There was no cleavage of
CF; groups from phosphorus (such as occurs when
CF;-phosphines are attacked by bromine),!? pre-
sumably because the formally pentavalent phos-
phorus could not receive bromine in order to initiate
such a reaction. Instead, there was some bromi-
nation of C-H bonds when a mixture of 0.1632
mmole of the phosphine oxide and 0.949 mmole of
bromine was heated in a sealed tube for 20 hr. at
100° (forming 0.340 mmole of HBr), and then for
a further six days at 130°. The yield of HBr now
was 0.611 mmole (total) and a non-volatile black

(0]
tar had formed. The yield of (CF3);PBr amounted
to 0.0844 mmole, or 51.7%,. It was purified by
shaking with mercury, followed by a slow high-
vacuum fractional condensation through a trap at
—78°.

The melting point of the phosphinyl bromide was ob-
served as —35.5 &= 0.3°. Its vapor tensions (given with the
equation in Table X) indicated the normal b.p. to be 78.3°
and the Trouton constant 21.4 cal./deg. mole. Thc molec-
ular formula was confirmed by the molecular weight (264.3
5. caled. 264.9) and by an alkaline hydrolysis of the 0.0844
mmole sample to give 0.086 meq. of Br~ and 0.0834 mmole
of HCF;. The infrared spectrum showed the P=0 stretch-
ing mode at 1312 em. "L

TABLE X

0
VaPor TENSIONS OF LI1QUID (CF;),PBr
(10g Pum. = 5.0476 + 1.75log T — 0.003833T" — 1854/T)

t(°C) —23.8 —5.3 0.0 6.1 10.2 16.5
Prm. (obsd.) 7.1 22.2 29.9 41.6 51.2 70.0
Prum. (caled.) 7.1 22.25 29.9 41.5 51.2 69.9

The Reaction of the Diphosphoxane with
Dimethylphosphine
The diphosphoxane (CF3):POP(CF3), seems to be
the only known member of its class, which doubt-
less will include many other stable R,POPR,
compounds in which R represents various higher
fluorocarbon groups. However, there remains the

(12) A. B. Burg and J. E. Griffiths, bid., 82, 3514 (1960).
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large question whether there can be stable diphos-
phoxanes in which some of the R groups are con-
siderably less electronegative. As an initial step
toward answering this question, we have tried the
action of dimethylphosphine on the diphosphoxane,
seeking to obtain (CHj;):POP(CF3); either by the
following series of reactions (all analogous to effects
already here described), or by any other sequence
leading to the same result.

(CF3),POP(CF3), + (CH3),PH
—> (CF;),POP(CF;).-(CH;3).PH (1)
—> (CF;).POH 4 (CH;),PP(CF;). (2)
_— (CFa)zPH =+ (CHa)zPOP(CFa)z (3)

However, the desired unsymmetrical diphosphoxane
would conform to the type (CH;):POR, where R =
P(CF3)s, and so might be very unstable in the sense
of the Arbuzov isomerization:

0
(CH;).POP(CF3), —> (CH;),P-P(CF3); (4)

Then the biphosphine monoxide could well dispro-
portionate:

0]
2(CH3)2P—P(CF3)2 ——

00
Py(CFa)s + (CH;)P-P(CHs); (5)

Finally, the whole process would be complicated
by the phosphinolytic redistribution

(CF;3)»PP(CFy), + (CH;);PH —>
(CF3),PH + (CHj;):PP(CF3): (6)

The sequence of equations (1-5) serves as an argu-
ment for the expectation of the products actually
observed, although it does not necessarily describe
the true or exclusive mechanism of a course of
events which might occur more easily otherwise,
or through intermediate stages not here indicated.
Equation (1) is like the formation of the trimethyl-
amine adduct, while (2) would be a normal con-
tinuation of an Sn2 cleavage. Equation (3) is pre-
dictable from the known cleavage of (CHj),P-
P(CF3); by HCl and by water,'® whereby a proton
always attaches to the (CF;).P moiety. The isom-
erization (4) would be aided by the high base
strength of the (CHj;),P group, and the dispropor-
tionation (5) should lead to stronger P-P bonding.
Reaction (6) is closely analogous to the alcoholytic
cleavages of P(CFj)s, whereby the phosphinous
esters were made.

The Actual Experiments.—The reaction of (CH;),PH
with (CF;);POP(CF;)2 was tried in sealed tubes, first directly
at 25° during 14 hr., whereas in the second experiment the
mixture was warmed slowly from —78° before standing 4
days at 25°. The results are summarized in Table XI.

TaBLE XI
THE (CH;),PH-(CF;),POP(CF;): REACTION
Reactants
~——(mmole)—— Recov-
(CFs)s- ered — Products (mmole) ——
Mes- POP- Me:PH (CFs)sz- MesP-
PH (CFy):  (mmole) PH Pi(CFi)4+  P(CFi)1 MeiP:O:
1.19 0.722 0.15 1.005 0.011° 0.337* 0.386°
0.508 0.512 nil 0.534 0.183* 0.064* 0.29°

o Estimated from mol. wt. of mixture; components proved
by distinctive infrared and ultraviolet spectra; ¢f. ref. 13.
b Caled. as total weight of the sublimable residue.

(13) L.R. Grant and A. B. Burg, J. Am. Chem. Soc.. 84, 1834 (1962).
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Both of these experiments deviate from quantitative re-
covery of each group present in the original mixture; for
example in the first experiment the listed products are short
by 0.08 mmole of (CF3).P groups and 0.035 mg. atom of H
but show excesses of 0.07 mmole of (CHj3),P groups and 0.05
mg. atom of oxygen. One reason might be minor side reac-
tions; another could be the difficulty of estimating the pro-
portions of the diphosphines solely by the mol. wt. of the
mixtures. However, the spectroscopic identification of
these diphosphines was not doubtful, and the (CHjs).P-
P(CF;), was further recognized by the approach toward its
known m.p. and vapor tensions!® as the more volatile
Py(CF3): was gradually removed by repeated high-vacuum
fractional condensation.

The stoichiometry of these two experiments
taken together would seem adequate to establish
the empirical formula of the least volatile product
as [(CHj);PO]; if some small allowance is made
for the missing (CF;),P material as part of the resi-
due. Nearly all of this residue could be sublimed
under high vacuum at 100°, and the purity of the
sublimate was indicated by its sharp melting range:
for both samples, 132.5-132.7°. It was strictly
inert toward pure oxygen even above the m.p.,
showing that its phosphorus all must be penta-
valent. Thus the most reasonable molecular for-
mula would be that of the diphosphine dioxide

00
(CHy),P-P(CHj):. A higher polymer (such as a
cage-type tetramer) is eliminated by the infrared
spectrum, showing an intense P==0 stretching band
at 1220 cm.~! but no band assignable to a P-O-P
linkage. The usual CH; bands were present, and
C-F stretching was absent.

Intermediate Processes.—A. separate experiment
showed that the same over-all results are obtained
if one begins with reaction (3) instead of (1). A mix-
ture containing (.108 mmole of (CHj),PP(CF3),
and about 0.13 mmole of (CF;),POH showed a
gradual formation (16 hr., 25°) of a white solid
appearing to be the saine diphosphine dioxide:
m.p. 132.5-132.7°; same manner of sublimation
and same crystalline appearance. Also found were
0.14 mmole of (CF3);PH and 0.09 mmole of vapor
which was spectroscopically identified as Py(CF3)q
with a trace of (CHg)gPP(CFg)g

Reaction (6) also was tried directly, in a sealed tube
during 3 days at 25° and proved to be virtually
quantitative: 0.323(CHj).PH + 0.324P,(CF3)s —
0.326(CF3),PH + 0.315(CHs;):PP(CFs),.  Both
products were easily isolated as pure samples agree-
ing well with the known vapor tensions.

Infrared Spectra

The frequency assignments for the vibrational
modes of the trifluoromethyl halides!*:!® recently
have been successfully extended to include a variety
of compounds containing the CF;S-group.*® Simi-
lar spectra are found for (CFj),P- compounds, so
that the synthesis of a number of closely related
compounds containing the (CF3),PO group affords
an opportunity to extend further the existing
correlations of group frequencies in CF;-P com-
pounds. Moreover, there has been such a lack
of infrared spectral data for oxyphosphines having

(14) E. X. Piyler and W. S. Benedict, J. Research Natl. Bur. Stand-
ards, 47, 202 (1951).

(15) W. F. Edgell and C. E. May, J. Chem. Phys., 32, 1808 (1954).

(16) S. N. Nabi and N, Sheppard, J. Chem. Soc., 3439 (1959).
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Fig. 1.—Infrared spectra of (CF3);P-O-R compounds,
corresponding to Table XII. The numbers within the
charts refer to pressures (mm.) of the vapors in the 71 mm.
cell,

a reasonably isolated P-O single bond, that such a
correlation seems quite valuable.

The spectra of such compounds were obtained
either with a Perkin-Elmer Infracord instrument
with sodium chloride optics, or with a Perkin-
Elmer Model 13 spectrophotometer, permitting
extension into the potassium bromide region. All
samples were in the vapor phase, in a cell with KBr
windows 71 mm. apart. The pressures in mm, are
shown by the numbers accompanying the curves
in Figs. 1 and 2. These tracings from the Infra-
cord charts show some trends of frequency due to
varying substituents, while some group frequencies
remain almost constant. The full data for the oxy-
phosphine derivatives are given with the probable
assignnients in Table XII, while the phosphinyl
halides and phosphine oxides (having the P=0O
bond in common) are covered by Table XIII. This

O

Fig. 2.—Comparison spectra of (CF;).P- and (CF;).P-

compounds in the P==0 stretching region. The numbers

at the top represent frequencies (cm.~!) while those within

the chart indicate pressures (mm.) of the vapors in the 71-
mm. cell.

table omits frequencies above 1300 cm.”!, as
these represent only the usual C~H stretching
modes and the persistent C-F stretching overtones
or combinations.

Vibrations of the (CF;),P Group.—The C-F
vibrational modes seem not to be much affected by
the P-O or P==0 bond, for there is good correlation
with compounds containing no oxygen. In the
C-F stretching region (1100-1225 cm.™') one
usually finds four very intense bands, one of which
may be difficult to observe when it occurs as a
shoulder (e.g. at 1135 cm.~! in the methyl phos-
phinite) on the central C-F band, as shown in
Fig. 1. In the P==0O compounds the C-F bands
on the lower-frequency side are less intense. The
CFs-deformation modes are easily assigned by
analogy with similar situations.’! For the oxy-
phosphines the symmetric deformation mode occurs
uniformly near 745 cm.—!, but it is mostly a
little higher for the P=O0O compounds. Also the
asymmetric deformation mode appears uniformly
near 570 cm.~! for the oxyphosphines but varies
more among the P=0 compounds.

In alkyl phosphines the P-C stretching vibra-
tion occurs in the 650-750 cm.—! range,'” but the
analogous modes for (CF;),P- and CF;S- compounds
appear below 500 cm.—.% Hence the C-P-C
asymmetric stretching vibration evidently is repre-
sented by the strong band near 460 cm.~* for three
(CF;)2PO- compounds, but at 495 and 498 cm.™!
for two (CF;):P=0 compounds. The -corre-
sponding C-P-C symmetric stretching modes,
which are expected to be weaker and at lower fre-
quencies, would explain the weak bands near 410
and at 430 cm.~?, respectively. The P-C bending
modes must occur at still lower frequencies, beyond
the range of our instruments.

Vibrations of the P-O-R Linkages.—The good
agreement of the six (CFj3):P-O-R compounds in
regard to (CF3):P group modes implied that the
assignments were trustworthy, so that the task
of interpreting the remaining bands became rela-

(17) M. Halman, Spectrochim. Acta, 16,.407 (1960), and other
references there cited.
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TABLE XII
INFRARED SPECTRA oF (CF;),P-O-R CoMpoUNDS?
Assignment H D CHs CoHs t-C4Hs P(CF3)s
O-H, v 3620s 3620vw v Ve
.. 3000m 3008s
C-H.» 2935m 2915m
ce ce 2850w 2860vw
[ 2680vw
0-D,» 2640m
c 2365vw . 2365vw 2350vw 2385vw -
c 2270vw 2270vw 2280vw 2240vw
c 1820vw ven e
c L. 1710vw 1655vw 1630vw
o 1475w 1490w 1475w
CHy, &2 i .. 1458w 1455w ..
1380w 1400m 1395w
CHs, &-e . . .. 1375w
1305w 1295w c 1305m . cee
1282w e 1280w 1275w 1255w 1280w
'1203vs 1210vs 1222vs 1225vs 1218vs 1222vs
C-F, » 1170vs 1170vs 1172vs 1175vs 1172vs 1181vs
1137vs 1140vs 1135vs 1145vs 1135vs 1140vs
J1103vs 1120vs 1105vs 1115vs 1103vs
1054s 1055w
O-H, 11033s,sh 1040w,sh .. . .
C-0,» e . 1044vs 1040vs 952s
C-C, v; CH;—p 939m 917m ..
950w
P-O-P, v-a 925s
ce - e 885w
c-Cv? cee 860vw 850vw
819vw
] A
#-Cely effect ? \ T67Tvw
P-0, » 854vs 858vs 780s 770m 705w
c 805ms
o-D, s { 780m,sh
CFs, 8-¢ 743w 742w 745m 745m,sh 744w 745w
P-0O-P, v-e .. v Cee 715w
572m ni 574m ni 568ms ni
CFs, 82 { 546w 549w 350w
c-C, 8 . .. ni 489w ni
C-P-C, v-a 465 ni 459s ni 458s ni
C-P-C, v-e ? 407vw ni 407vw ni 415vw ni

4 s = strong, m = medium, w = weak, v = very, sh = shoulder, ¢ =
symmetric, ni =

formation, p = rocking, a = asymmetric, e =
groups designating the respective compounds.

tively easy. For (CFs),POH the decrease of fre-
quency from 3620 to 2640 cm.~! on deuteriation
left no doubt of the O-H stretching mode, which
could scarcely be misinterpreted anyway. Simi-
larly, 1054 vs. 805 cm.—! would be normal for the
O-H vs. O-D bending vibrations. Thus the only
remaining frequency, 854 cm.~! for (CF3);POH or
858 cm.—* for (CF;),POD, must represent the P-O
stretching vibration. For the diphosphoxane, a
similar argument by elimination makes the identi-
fication of the P--O-P symmetric and asymmetric
stretching modes quite certain. Since the asym-
metric mode in this case is expected to have both
a higher frequency and a higher intensity than the
symmetric mode, the present result supports the
argument for the 970-930 rather than the 710 cm. —}
region for asymmetric stretching in the pyrophos-
phates. 18—%

(18) E. D. Bergmann, U. Z. Littauer and S. Pinchas, J. Chem. Soc.,
847 (1952).

combination or overtone, v = stretching, § = de-
not investigated. Frequencies (cm.™!) are listed under R

For the esters, the frequencies of the P-OR
stretching vibrations show the expected decrease
as O is weighted with heavier groups. Similarly,
there is a sharp decrease in the C-O stretching
frequency when R becomes #-butyl. In these
esters the recognition of the C-H stretching
and bending modes is routine; however, it is very
difficult to distinguish the C-C stretching modes
from C-CHj; rocking, or possibly more complex
modes in the case of the ¢-butyl group.

P=0 Stretching and CF;:;-Group Electronega-
tivity.—The P=0 stretching frequencies for the
compounds indicated in Table XIII were relatively
easy to identify on account of their high relative
intensity and the availability of most of the related
phosphines for comparison. Figure 2 shows three

(19) L. J. Bellamy, "’The Infrared Spectra of Complex Molecules,”
2nd Ed., Methuen and Co., Ltd., London, 1958, p. 318.

(20) B. Holmstedt and L. Larsson, Acte Chem. Scand.,
(1951).

5, 1179
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TaBLE XIII
O
INFRARED SpECTRA OF (CF;),P-R CompouUNDs®
Assignment Ci Br CH: t-CyHs
CHs, 5-a 1411lvw j1470w
1400vw
t-CeHo - L127OS
P==0, » 1330s 1312s 1316s 1282s
c 1285m 1250w ca ces
cor CHj, 6-e . . 1295w L
1204vs 1202vs 1205vs 1197vs
C-F. » 1143s 1162s 1180vs 1172vs
! 1122m,sh .. 1135vs 1150s
1098w e 1098vw 1128s
e 1047 w(?) 1028vw(?)
CH; . 887s .
{-CeHo L. Lo . 812w
CFsy, s-e 759m 753m 775m 745w
CHs, p or P~CHjy, » . 732m e
P-Cl, » 613s
581sh 581sh
CF3, 5-a {5635 ni 543 m ni
536sh .
C-P-C, »a 498s ni 495s ni
C=P-C, p-e (?) e ni 430m ni

@ All symbols are as in Table XII, and again the R groups
(including Cl and Br) head the columns for the respective
compounds.

comparisons in the pertinent range (1250-1350
cm.~Y); for the ¢-butyl phosphine oxide, however,
the comparison could not be made for lack of the
spectrum of the corresponding phosphine, #-CHy-
P(CFs)..

The shift in the frequency of the P==0 stretching
band with substitution of groups or atoms on phos-
phorus has been used to calculate the effective
electronegativity of the CF; group.?® The result,
3.3 on the Pauling scale, seemed to be in the right

(21) J.J. Lagowski, Quart. Revs. (London), 13, 233 (1959).
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range and its agreement with other spectral and
thermochemical data also lent confidence. Thus
we use the available data for POF;, POCl;, POBr;
and (CF3);PO to derive the empirical equation
v = 918 4 41.3Zx (where Zx is the sum of the elec-
tronegativity values for the groups attached to
P=0 and » is the P==0 stretching frequency) to
determine the electronegativity of any group on
phosphorus from the known values for the other
groups. However, this equation was based upon
compounds having C;y symmetry and required
testing for less symmetrical situations such as our
new (CF3);P=0 compounds, of symmetry no
higher than Cs.

The calculated values shown in Table XIV are
based upon the equation and our P==0 stretching
frequencies, using the accepted Pauling electro-
negativities for Cl and Br, and an x value for CH;
calculated from the P==0 stretching frequency in
(CH;);P0O. 22

TABLE XIV
CALCULATED ELECTRONEGATIVITIES OF THE CF; GrRoUP
Campound (CFn)ch’)Cl (CFl)ngr (CFl)ngHl
yp=0 (cm.™1) 1330 1312 1316
x caled. for CF; 3.5 3.4 3.6

Although these new electronegativity values for
the CFs group, averaging 3.5, deviate appreciably
from the value 3.3 given by Lagowski, the dif-
ference seems to be within the uncertainty of the
electronegativity concept itself.2?

(22) G. Goubeau and W. Berger, Z. anorg. u. aligem, Chem., 304,
147 (1960).

(23) H. O. Pritchard and H. A. Skinner, Chem. Revs., 85, 743
(1955).
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An Electron Impact Study of 1,1,1-Trifluoroethane, 1,1,1-Trifluoropropane and
3,3,3-Trifluoropropene’

By W. C. STeeLE? AND F. G. A. STONE
RECEIVED FEBRUARY 10, 1962

The appearance potentials of tlie major positive ions in the mass spectra of 1,1,1-trifluorocthane, 1,1, 1-trifluoropropane and
3,3,3-trifluoropropene have been measured. The R-CF; bond dissociation energy and the lieat of formation are reported for
each compound. The various processes for dissociation under electron impact are discussed.

In recent years the chemistry of organic fluorine
compounds has been studied extensively. How-
ever, our knowledge of the thermochemistry® of
these compounds has been somewhat limited by
the experimental difficulties associated with calori-
metric work. Another means of obtaining thermo-
dynamic data is the electron impact method,
which can lead directly to such important proper-
ties as bond dissociation energies and heats of
formation.* An electron impact study of 1,1,1-

(1) This research was supported by the Directorate of Chemical
Sciences, Air Force Office of Scientific Research,

(2) Postdoctoral Fellow, Harvard University.

(3) For a recent review see C. R. Patrick, "’Advances in Fluorine
Chemistry” (Eds. M, Stacey, J. C. Tatlow and A. G. Sharpe), 2, 1
(1961), Butterworths, London.

(4) Mass spectrometry of fluotine compounds has recently been re-
viewed by J. R. Majer, sbid., p. 55.

trifluoroethane, 1,1,1-trifluoropropane and 3,3,3-
trifluoropropene, undertaken in order to determine
the effect of the CF; group on the thermodynamic
properties of hydrocarbons, is described in this
paper. The only previous electron impact investi-
gation of small partially fluorinated hydrocarbons,
containing more than one carbon atom, involved
1,1,1-trifluoroethane and hexafluoroethane.®

Experimental
The appearance potentials were measured using a Con-
solidated Electrodynamics Corporation Model 21-103 C
mass spectrometer, modified to allow magnetic scanning.
The data were evaluated from semilog plots of the ionization
efficiency curvest when parallelism with the standard curve

(5) V. H. Dibeler, R. M. Reese and F. L, Mohler, J. Chem. Phys.,
20, 761 (1952).

(6) See F. H. Field and J. L. Franklin, "Electron Impact Phe-
nomena,” Academic Press, Inc.,, New York, N. Y., 1957.



