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not consistently larger than the calculated values
indicated that, except for R < ca. 0.3, there was less
than 2-59%, of the total Si in rings. For R = 0.192,
there may be anywhere from 0 to 109, of the total Si
in rings.

Reorganization Kinetics in the Chloro System.—The
variation in the n.m.r. resonance peaks with time was
measured on a mixture of dichlorodimethylsilane with
octamethylcyclotetrasiloxane, proportioned so that
equimolar amounts of silicon were derived from each
species.

(CH;),8iCly 4+ /4 [(CH;)28i0]y —>
CISi(CH;). [OSi(CH;),).Cl  (8)

At 200° with 0.5 wt. 9% of AICl; as catalyst, it was
found that the diminution of the neso molecules and of
the total middle groups with time, as well as the in-
crease of total end groups with time, gave a first-order
plot over the period of time corresponding to the first
half-life with a rather rapid switchover to a succeeding
first-order plot for the remainder of the reaction (at
least the next two half-lives). The half-life for the
pseudo-first-order initial rate was found to equal 2.8
hr. and for the remainder of the process 7.8 hr. A
similar experiment was carried out for a period of some-
what less than one half-life on the same mixture with no
catalyst at the same temperature. In this case,
first-order kinetics were again simulated and the meas-
ured half-life was 7560 hr. Even though there was
undoubtedly a trace of HCI catalyst in the ‘“‘uncata-
lyzed” system, it is seen that addition of only 0.5 wt.
9, of anhydrous aluminum chloride caused the reaction
to go forty thousand times faster.

The variation of the change of the various measurable
molecular species with time, as shown in Fig. 3, for
this system at 200° with 0.5 wt. 9% aluminum chloride
was calculated from the various resonance peaks as dis-
cussed in the previous section. Two prominent features
of Fig. 3 are that the amount of tetra-rings decreases
rapidly, the curves corresponding to the four- and five-
membered chains go through broad maxima, and there
is a sharp maximum for the middles in long chains or
large rings as determined from n.m.r. peak M, at
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—0.067 p.p.m. A material balance, as well as subtrac-
tion of (M3 + 2M,) from E; shows that there are es-
sentially no ends available for the middles in the long
chains or large rings corresponding to Mg so that this
curve in Fig. 3 truly corresponds to rings or macro-
molecular chains, including few if any chains shorter
than the 20-membered molecule. By the way, it
should be noted here that the resonance at —0.075
p-p-m. corresponding to tetrameric rings was reason-
ably well resolved from the one at —0.067 correspond-
ing to middle groups not near the ends of chains so
that, with good resolution, n.m.r. can be used to
distinguish these two very similar types of middle
groups.

From the fact that the resonance corresponding to
middle groups in long chains was the first to maximize,
it is apparent that we have the following process oc-
curring at the beginning of the reaction

j(4-ring) —> long chains or large rings (9)
The early and prominent maximum noted for the five-

membered chains shows that the following reaction is
also initially prominent

neso -+ 4-ring —> 5-chain (10)

The rapid diminution in the long chains or large rings
after they have maximized is most probably attributable
to

neso + long chains or large rings —> shorter chains (11)

Somewhat later on, it appears that the observed diminu-
tion of the five-membered chains is caused by the fol-
lowing mechanistically more complex over-all reactions

5-chain + neso —> 2 (3-chains) (12)
or, perhaps
5-chain + 3 neso —> 4 (2-chains) (13)

After about 15 hr. under the experimental conditions
of Fig. 3, it is apparent that all of the different species
of molecules are in the process of exchanging parts
with each other so that any theoretical explanation of
the latter end of the curves of Fig. 3 must involve re-
actions between many different molecules, as must be
the case at the final dynamic equilibrium.

[CoNTRIBUTION FROM MoONSANTO CHEMICAL Co., CENTRAL RESEARCH DEPARTMENT, ST. Louls, Mo.]
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Polyarsenous Oxyhalides

Although there appears to be no a prior: reason that
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Dissolution of arsenous oxide in either arsenic trifluoride or trichloride gives homogeneous liquids, the vis-
cosity of which increases greatly with increasing arsenous oxide content. Thus, for a liquid made by combining
5 moles of AsX; with 6 moles of As,0;, the viscosity at 20° is about 105 poises as compared to a value near 102
poise for the pure trihalide. F! nuclear magnetic resonance (n.m.r.) shows that the oxide and fluoride react
to give a nearly statistically random mixture of end, middle, and branch molecular structure building units,
along with the equilibrium amount of the trifluoride molecule. These structure building units are combined
together in various ways to form molecules based on As—O-As linkages, with each arsenic exhibiting an un-
shared pair of electrons. The fine structure in the n.m.r. spectra was interpreted in terins of the various ar-
rangements of ends, middles, and/or branches around either an end or middle group. The coalescence of sepa-
rate n.m.r. peaks as the temperature is raised, distillation at 0° of more AsF; from: a mixture than the arnount
originally present at equilibrium, and n.m.r. experiments based on mixing liquids exhibiting various propor-
tions of AsF3 and As,O; show that structural reorganization in these molecules is very rapid even at 0°. For a
composition made by combining 10 moles of AsF; with 7 moles of As,Oj, the average lifetime of the structure
building units with respect to reorganization is ca. 0.5 sec. at 20° and ca. 102 sec. at 100°, with an activation
energy for the reorganization process of 9.5 kcal.

arsenic should not exhibit as rich and replete a chemistry
as that of phosphorus, few arsenic-based families of

(1) Member of the Computer Center Staff of the University of California,
Berkeley.

compounds have been described. A reasonable ex-
planation for this may well be that the majority of
arsenic compounds undergo structural reorganization
so readily that classical methods of separation and
identification are inapplicable. This paper is one of
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TABLE 1

RELATIVE AREAS OF OBSERVED F!® N.M.R. PEAKS COMPARED TO CALCULATED PROPORTIONS OF ToTAL FLUORINE IN END oR MIDDLE
GRoUPS HAVING VARIOUS NEIGHBORING UNITS

S of total F for the designated building units or n.m.r. chemical shift

Neso — —-End groups
Caled, 200(e? 400(e{[m]
fromK 0 RB—R) 3.1 RG - R 44
R = F/As n p.p.m.? e¢ p.p.m.% em p.p.m.%
3.00 100.00 100 0.00 0 0.00 0
2.74 83.39 81.1 13.26  13.6 2.50 3.8
2.53° T1.04 68.7 1892 197 6.99 8.2
2.49 68.79 65.2 19.38 209 7.98 9.5
2.24 55.33 52.3 21.31 212 14 .44 14.3
2.00° 4410 44.0 19.97 20.3 20.04 20.2
2.00 44,10 43.8 19.97 19.6 20.04 19.2
1.74 33.16 33.9 16.55 18.7 24.19 23 .4
1.49 24.00 24.4 12.39  13.2 25.51 24.9
1.25 16.76  15.5 8.40 8.0 24.07 23.8
0.98 10.13  10°
.89 8.30 11°
.87 7.92 5

¢ Chemical shift of the n.m.r. peak with respect to the neso compound, AsF;.

several in this series that will be devoted to a study of
various families of compounds based on arsenic. In
these investigations, we are using experimental tech-
niques which do not cause shifts in the reorganization
equilibria, and especial attention is being given to the
rates of reorganization.

The study reported here is primarily concerned with
the system AsF;—As,O3—a system which has not pre-
viously been investigated. However, it has been known
for over a century? that arsenous oxide will dissolve in
arsenic trichloride or tribromide. In the few papers??3
dealing with this subject, it is assumed that there is
reaction between the oxide and halide, leading to the
formation of oxyhalides; but none of these authors
envisaged the full complexity of the system.

Experimental Details

The arsenic trifluoride used in these studies was purchased
from Chemical Procurement Laboratories, and the trichloride
from the General Chemical Co. The arsenous oxide was a
National Bureau of Standards standard saumple for oxidimetry.

In a preliminary study, the dissolution of the arsenous oxide in
the trihalide was carried out at room temperature in 15 mm. o.d.
polyethvlene test tubes. Under these conditions, complete
dissolution could not be effected within 2 weeks for the over-all
composition described by R = F/As < 2. For most of the data
reported here, complete dissolution was achieved by heating the
mixture overnight at 125° in 15 mm. thick-walled Pyrex tubes.
For R = F/As < 1.25, there was still some undissolved As,O;
after this treatment, but it all disappeared after an additional
overnight heating at 200°. In all cases, the tubes were slowly
rotated to give good agitation of their contents. Exploratory
n.m.r. studies indicated that equilibrium between structure
building units was achieved immediately upon dissolution of the
oxide.

The F!* n.m.r. measurements were carried out with a Varian
HR-60 spectrometer at a frequency of 56.444 Mc. Except that
spinning was not used for n.m.r. determinations at elevated
temperatures, all samples were spun in 3-mm. thin-walled pre-
cision-bore glass tubes; and chemical shifts are reported re-
spective to arsenic trifluoride, with positive shifts being upfield.
In order to confirm the assignments, some additional referencing
was carried out by adding small capillaries containing trifluoro-
acetic acid to the sample tubes. By this procedure, the shift of
arsenic trifluoride with respect to trifluoroacetic acid was found
tobe —36.5p.p.m. The relative amounts of fluorine correspond-
ing to the various n.m.r. peaks were measured by cutting out the
peaks from a Xerox copy and weighing them.

Viscosity tneasurements on the more fluid samples were made
with Ostwald-Fenske capillary viscometers and, on the more
viscous ones, with a Haake rotational viscometer equipped with a
plate-cone attachment. The viscometers were calibrated with
standardized Newtonian oils obtained from the National Bureau
of Standards. Some of the viscosity measurements at elevated

(2) W. Wallace, Phil. Mag., |4] 54, 358 (1858); 88, 261 (1859).
(3) E. Thilo and P. Flogel, Angew. Chem., 69, 754 (1957).

600[e](b] 100(e]%[m] Caled.
R(3—R) 5.1 R(3 — R)? 59  from K 6.1
eb p.p.m.? eme p.p.m.® Ze p.p.m.
0.00 0 0.00 0
11 0 0.52 1.2
.60 0 1.25 2.1
.79 <0.5 1.38 2.7
2.28 3.7 2.02 3.2
4.68 <0.5 2.24 5.2
4.68 5.1 2.24 2.9
8.22 8.7 2.04 3.2
12.21 12.1 1.58 2.5
16.03 17.2 1.04 2.0
43.54 40°
41.16 43°
40.58 44°
® Equilibrated at room temperatures. ¢ Broad

temperatures were subject to large error because of volatilization
of AsF; from the sample being studied and concomitant forma-
tion of crusts of As,O;. There was a similar problem at all tem-
peratures because of partial hydrolysis of the samples to give HF
plus As;0;. In spite of these difficulties with some of the samples,
all of the compositions studied appeared to exhibit Newtonian
flow with no time-dependent anomalies except for occasional ir-
reproducible artifacts introduced by formation of an As,O; skin
around the edge of the gap in the plate-cone viscometer.

After sitting for several weeks at room temperature, white
crystals precipitated from the samples for which R < 1. X-Ray
diﬁ"ract'ion showed these crystals to be cubic arsenic trioxide, and
careful inspection showed that there was none of this in the freshly
prepared samples for which data are given below.

Results and Interpretation

Viscosity Data.—The viscosities measured in the
system AsF;-As;0; are shown in Fig. 1, where the
experimental points are compared with lines calculated
from the equations

log q = o(1/T ~ 8)
log @ = 4.152 — 0.828R + 0.1140R? (2)
log 8 = —3.082 + 0.425R — 0.0358R? (3)

where R is the F/As mole ratio giving the over-all
composition in the system AsF;-As;0;. Equations 2
and 3 were obtained from a curve-fitting routine in-
volving the IBM-704 computer. These equations
seem to represent the data adequately within ex-
perimental error, which for some compositions at
certain temperatures was quite large.

It should be noted from Fig. 1 that the viscosity
measurements cover a range of 10% poises, with the com-
positions corresponding to lower values of R exhibiting
the higher viscosities and the greater temperature co-
efficients of viscosity. Since all samples were clear
water-white, single-phase liquids, it seems reasonable
to conclude that the high viscosities at low R-values
(R = F/As) are attributable to high molecular weights
of the species making up these liquids. From a plot
of the viscosity data at a given temperature vs. the R-
value, it is seen that the viscosity rises very rapidly
in the range from R = 1.5 to 0.7, and this is true for
any temperature from 0 to 100°. This indicates that
the average size of the molecules must increase rapidly
with decreasing R in this range which probably en-
compasses the ‘“‘gel point’’* of the system. On con-
sideration of the common equation for viscosity,
n = Be#vis/RT, we find from eq. 2 that the activation
energy for viscous flow is given by the relationship

log Evi; = 1.814 — 0.828R + 0.1140R?

(1)

(4)

(4) W. H. Stockmayer, J. Chem. Phys., 18, 125 (1944); see eq. 6.
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400le][m ]2 800(e](m][b] 400 [m 3
R(3 — R)? 6.9 R(3 — R)? 8.0 R(B —R)?® 88
emm p.p.m.% emb p.p.m.% mmm p.p.m.*
0.00 0 0.00 0 0.00 0
.20 <0.5 .01 0 0.02 0
.92 1.3 .08 0 17 0
1.13 1.7 11 <0.5 .23 0
2.74 3.4 .43 1.9 .93 <0.5
4.49 2.7 1.05 4.7 2.25 <0.5
5.98 5.1 2.03 3.2 4.37 1.1
5.98 5.3 2.03 5.1 4.37 1.7
6.49 6.0 3.11 5.0 6.68 8.0
5.97 8.7 3.98 4.5 8.55 6.9
flat peaks.
Viscosity measurements on the system AsCls—

As,0; led to results similar to those found for the
AsF;—As,0; system. These findings are not reported in
detail here, since they were based only on a few de-
terminations plus visual inspection.

Interpretation of F!* Resonances.—In the system
AsF3—As,0;, thirteen F'® n.m.r. peaks were found to
appear at two or more R-values. A small one of these,
at +10.0 p.p.m. from the AsF; reference, was at-
tributable to an impurity present in the arsenic tri-
fluoride since it was seen in the starting material (R =
3.00) and made up ca. 1% of the total fluorine in all
compositions, The areas of the remaining resonance
peaks as normalized on the basis of the total F are pre-
sented in the alternate columns of Table I. In in-
terpreting the data of this table, we assume, on the
basis of our previous experience,®® that the system
consists of molecules made up solely from the structure
building units

AsFy  AsFy(O1/p-) AsF(O1/-)s As(Ov/-)s (3)
neso molecule, » end group, e middle group, m branch group, b

where Oy~ stands for half of a bridging oxygen.
In the system at equilibrium, the exchange of bridging
oxygens for fluorine atoms is described by the equi-
librium constants given aseq. 6 and 7

Ky = [m]n]/le]? (6)
Ky = [b][e]/[m]? (7)

Excluding the neso compound which corresponds to
the resonance at 0 p.p.m., there is a problem of assign-
ing the eleven remaining peaks in Table I. These
peaks must be attributable only to end and middle
groups having various placements in the molecules,®
since the branch group contains no fluorine. Further-
more, it does not appear that any of the important
resonance pedks shown in Table I are components
of spin—spin multiplets. This conclusion is in accord
with the small amount of coupling” generally observed
between fluorine atoms separated by several inter-
mediate atoms and the relatively large quadrupole
moment of the arsenic (As™, 1009, natural abundance).

Two of the eleven remaining peaks are broad ones
seen only at R < 1 when the other peaks have dis-

(5) L. C. D. Groenweghe, J. H. Payne, and J. R. Van Wazer, J. Am.
Chem. Soc., 88, 5305 (1900); and E. Schwarzmann and J. R. Van Wazer,

ibid., 82, 6009 (1960).
(0) K. Moedritzer and J. R. Van Wazer, ibid., 86, 802 (1964).
(7) N. Muller, P. C. Lauterbur, and G. F. Svatos, bid., 79,

(1957).
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Caled. 1200(m]2(b] 800([m][b]?
from K 9.1 R(3 — R)? 9.2 R(3 — R)? 12.0
>m p.p.m.* mmb p.p.m bmyp p.p.m.%
0.00 0 0.00 0
.00 0 .00 0
.03 0 .00 0
.04 0 .00 0
.29 <0.5 .02 0
1.05 2.9 (12 0
2.97 <0.5 12 <0.5
2.97 <0.5 .50 <0.5
6.40 3.2 1.53 0.7
11.40 11.5 3.80 1.9
46.33 50°
50.54 46°
51.60 51°

appeared. These two broad peaks are obviously the
summation of a number of the peaks appearing at R
values > 1. The remaining nine peaks are probably
due to a first-order environment of end and middle
groups, since this requires three kinds of end groups

Viscosity in poises
{on a log scale)

108 |

0 10 20 30 10 50 60 70 80 90
Temperature in °C. (on reciprocal abs. temp. scale).
Fig. 1.—Viscosity of various compositions in the system AsF;—
As;0; as a function of temperature.

(ee, em, and eb) and six kinds of middle groups
(eme,. emm, emb, mmm, mmb, and bmbd). From in-
spection of the data of Table I, it seems logical to
assign the resonance at 3.1 p.p.m. to the two ends in
the di-chain and the resonance at 5.9 p.p.m. to the
middle group in the tri-chain. The two peaks at 4.4
and 5.1 p.p.m. lying between these two tentatively
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Fig. 2.—Variation of the life of the structure building units
with respect to exchange of parts as a function of reciprocal ab-
solute temperature. The slope of the line for R = 1.25 corre-
sponds to an activation energy of 9.5 kcal,, and the slope for R
= 2.00 to 4.3 kcal. The circles represent data from n.m.r. peak
broadening, assuming wo is 11 c.p.s. (eq. 8) and the crosses are
from peak coalescence (eq. 9).

assigned are then reasonably attributed to the end
group attached to a middle group and the end attached
to a branch, respectively.

From the assignment of the resonances at 3.1, 4.4,
and 5.1 to end groups, we obtain the amount of xeso,
ends, middles, and branches. We further assume that,
for values of R < 1, the viscosity-broadened n.m.r. peak
at 6.1 p.p.m. corresponds to all kinds of ends and that
at 9.1 to all of the middles. Statistical treatment of
these data leads to the following values of the equilibrium
constants of eq. 6 and 7: K; = (.33 with a standard
deviation of .06, and K; = (.31 with a standard devia-
tion of ().02.

The six resonances corresponding to middle groups for
R > 1 were readily assigned in Table I where the per-
centage of the total number of monofunctional sub-
stituents (fluorine atoms) present as ends or middles
having the stated first-order environment were calcu-
lated from the random probability of the sorting of
parts into molecules® A number of other distribu-
tions of the eleven peaks into the end and middle
categories was tested on arn empirical basis, ignoring
the concept of order of environment introduced in
paper I. However, none of these alterriative assign-
ments gave as little statistical error in the calculation
of the equilibrium constants of eq. 6 and 7 as did the
assignment used in Table I. Furthermore, the indi-
vidual resonances could not be reasonably attributed
to sensible arrangements of the atoms in the molecules
using the alternative assignnients. We therefore con-
clude that the assignments of Table I are correct.

(8) 'I'he particular equations shown in Table [ were derived from the same
statistical theory used by W. H. Stockmayer, J. Chem. Phys., 11, 45 (1943),
and ref. 4, and by P. J. Flory, J. Am. Chem. Soc., T4, 2718 (1952).
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The generally good agreement in Table I between the
experimental data and the theoretical values calculated
on the basis of random sorting of structure building
units with rings disallowed indicates that there are not
large amounts of ring compounds in this system. In-
deed, the arsenous oxyfluorides are seen to approach
ideal randomness not only with respect to the sorting
of building units into molecules but also with respect
to the sorting of substituents between building units
so as to change their functionality (since for ideal
randomness K, = K, = ().333 in such systems).

Rates of Reorganization.—The composition for
which R = 2.00 was vacuum distilled at 2 mm. pressure
and 0° to remove the arsenic trifluoride. In 27 hr.,
559 of the AsF; originally used in making up this com-
position was distilled (as the pure form, by n.m.r.)
from the sample which had only 449 of the original
AsF; present as such in the equilibrium mixture ac-
cording to the n.m.r. data (see Table I) prior to distil-
lation. This means that, even at (°, the rate of reor-
ganization was rapid with respect to the rate of distil-
lation. The rate of distillation was found to diminish
greatly when the viscosity approached a value in the
neighborhood of 10) poises.

Another preliminary study to determine the rate of
reorganization was carried out by adding 8.41 moles of
arsenic trifluoride to 9.08 moles of the composition for
which R = 2.00. Although the n.m.r. trace was com-
pleted within 4.5 min. after mixing, it was found,
within experimental error, to be the same as that
measured for an R-value of 2.49 at equilibrium. The
amount of added arsenic trifluoride changed the over-
all R-value of the composition from 2.00 to 2.49. This
means that reorganization equilibrium is achieved
within 4.5 min. at 25°.

Rates from F'®* N.m.r. at Elevated Temperatures,—
For R = F/As values from 1.25 to 3, it was found that
high-temperature n.m.r. measurements showed peak
broadening and, at the higher temperatures, coalescence
of the peaks. Finally the eleven peaks distinguishable
at room temperature are reduced to three broad reso-
nances at 194°. For R-values below 1, the three broad
peaks present at room temperature were found to
sharpen as the temperature was raised and then to
broaden at the higher temperatures. This is a case of
the two counteracting effects of reducing the viscosity
broadening (see Fig, 1) and introducing exchange
broadening as the temperature increases.

Two cases of exchange broadening were carefully
studied. These corresponded to R = 1.253 and R =
2.00. By use of eq. 8, for R = 1.25, we were able to
obtain the average lifetime of the neso and the two
prominent end species (corresponding to resonarnces
at 3.1 and 4.4 p.p.m.) from the broadening of the
peaks® (in the temperature range from 50 to 100° for
the end-group resonances, and from 50 to 150° for the
neso resonances).

1/7 = 27‘r(w - ‘LUo) (8)

where w is the width of the resonance peak in c¢.p.s.
at half height and w, is a similar measure on the peak
at the same sweep rate when the exchange is sufficiently
slow as to not cause line broadening; r is the average
life in sec.

When eq. 8, corresponding to slow exchange, was no
longer applicable because of coalescence of the peaks,
we were able to use eq. 9, which, though only theo-
retically valid® for a single pair of peaks, gave results

(9) J. A. Pople, W. G. Schneider, and H. J. Bernstein, " High-Resolution
Nuclear Magnetic Resonance,” McGraw-Hill Book Co., Inc, New York,
N. Y., 1959, pp. 220-225. See Fig. 10-1 on p. 223 for the values of 4 in eq.
9 of this paper.
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equivalent to those obtained fromeq. 8
r = A/2x(» — ) (9)

where 4 is a constant® ranging from 0.5 to 10, and »
and », are the frequencies in c.p.s. of the neighboring
lines. It was assumed that 4 = /2 when the saddle
between a neighboring pair of peaks barely disappeared.
The data obtained by use of eq. 8 and 9 are reported
in Fig. 2. We found that treatment of any of the single
resonances by eq. 8 or pairs of neighboring resonances
by eq. 9 gave data which fitted on a single line for a
given composition in the AsF;—As:O; system. Thus,
within better than an order of magnitude, the rates of
exchange between the various structural units are the
same. This exchange may involve fluorine for fluorine
and/or fluorine for bridging oxygen. However, ex-
change of oxygen solely for oxygen cannot lead to the
observed n.m.r. spectra since the neso peak would not
broaden with this kind of exchange but instead there
would simply be coalescence of the end peaks with each
other and the middle peaks with each other.

Discussion

The gel point has been calculated to occur at R =
1.485 assuming that the macromolecules do not con-
tain small rings. This R-value is probably near the
true gel point since an appreciable tendency for the for-
mation of small rings would give unduly high values in
Table I for the n.m.r. resonance peak at 8.6 p.p.m.
(especially for R-values > ca. 1.5, there should be some
simple molecules based on small rings). Since flow is
found for R-values considerably smaller than 1.485,
it would appear that the flow process—at least in the
more viscous systems—involves the making and break-
ing of As—O—As linkages,

DraLkvLaMINO GrOUPS AND HALOGENS ON TRIPLY CONNECTED PHOSPHORUS 811

It is interesting to note that for R = 2.0, the activa-
tion energy for viscous flow calculated from eq. 4 is
4.11 kcal. as compared to the approximate value of
4.3 kcal. for the activation energy for the fluorine ex-
change measured by n.m.r. (see Fig. 2). Likewise, for
the composition corresponding to R = 1.25, the acti-
vation energy for flow is 9.06 kcal. as compared to 9.5
keal. for the fluorine exchange. These results probably
mean that the energy barrier for flow is the same as
that for the observed exchange involving fluorine atoms.
~ The AsFs—As;0; system studied here represents an
interesting intermediate case where the rate of reor-
ganization is so fast that one could not hope to separate
individual species at room temperature. However,
these species have a reasonably long lifetime and there
is no question as to their existence. This system is
roughly halfway between the very stable molecules
based on C-C linkages and the extremely rapidly
reorganizing association polymers linked together by
hydrogen bonds; e.g., water and glycerol.

Since the equilibrium constants for reorganization in
the AsF3;—As,0; system are close to random, this means
that a number of the smaller branched molecules will
be present in relatively large amounts in equilibrium
with the other species for R-values in the neighborhood
of 1.5-2.0. Thus, the “isotetra’” molecule based on
three ends and one branch is calculated* to be present
to the amount of 1.19, and the ‘‘isopenta’ molecule
based on three ends, a middle, and a branch to corre-
spond to 1.49, of the total arsenic in the mixture of
polyarsenous oxyfluoride molecules with an R-value of
1.74.
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Dialkylamino Groups and Halogens on Triply Connected Phosphorus
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Ligand-interchange reactions were carried out between PCly and P{N(CyHs)]s, PCly and PCI{N(CHjs),)s,
CH;3PCl; and CH3P[N(CHj)e)s or CHiP[N(CeHjs)]s, CH:PBr; and CH3P{N(CHs)s)s, CH;P[N(C;Hj;).]. and

PCIa, and between CH;PCIQ and P[N( CgHs)g]a.

In all cases, the equilibrium constant for disproportionation of

the intermediate compounds obtained by exchanging halogens and dialkylamino groups was found to be so
small that it could not be detected within experimental error (KX < 5 X 107%) from the stoichiometry of the re-

action products.

However, from calorimetric measurements of the enthalpy of the disproportionation reaction,

the equilibrium constants were calculated on the assumption that the entropy consists only of the entropy of

mixing.
diethylaminodichlorophosphine —77 kcal./mole.

The heat of formation of bis-(diethylamino)-chlorophosphine was found to be —76 kcal./mole and of
The exchange of chlorine and dialkylamino groups between

triply connected phosphorus atoms represents the unusual case corresponding to a large enthalpy for a redis-

tribution reaction.

Introduction

Although this series is primarily concerned with the
elucidation of families of compounds, a few papers
will be devoted to the scrambling reactions of #neso
molecules when such studies give important informa-
tion concerning exchange of parts between molecules.
In this paper such work is reported.

In single-phase equilibrium reactions in which two
or more different types of substituents undergo ex-
change between a given kind of central atom or moiety,
there is no bond-energy contribution to the free energy
of the exchange reactions since the total number of

(1) On leave of absence during 1960 from Monsanto Research 8. A,
Zurich.

bonds between the various pairs of bonded atoms re-
mains constant. Thus, to the same approximation
that constant bond energies,? electronegativities, and,
where appropriate, a priori assignments of w-bond
contributions to the enthalpy® may be used to calculate
the heat of a reaction, it is expected that the enthalpy
of a scrambling reaction will be zero. This paper
presents information concerning a system in which
there is a large enthalpy contribution to the free energy
which causes the scrambling equilibria to be extremely
nonrandom. Although a considerable amount of in-
formation is available on reorganization of substit-

(2) E.g., M. L. Huggins, J. Am. Chem. Soc., 75, 4123 (1953).
(3) J. R. Van Wazer, ""Phosphorus and Tts Compounds,”” Vol, I, Inter-
science Publishers, Inc., New York, N. Y., 1958, pp. 28-34; also Chapter 12,



