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Dipole moments of methylphosphine borane, dimethylphosphine borane, and trimethylphosphine
borane were determined in benzene solution. After correction for solvent effects the values obtained were:
CH,PH:BH,, 4.58 D; (CH;).PHBH,, 4.78 D; (CH,);sPBH;, 4.97 D. The variation in these moments is

interpreted in terms of a polarization model.

An earlier paper in this series described the determi-
nation of the dipole moments of the methylamine
boranes.! A polarization model was designed to interpret
trends in dipole moments for alkylamines, the alkyl-
phosphines, and the amine boranes (see asterisk foot-
note). This model quite clearly dictated the trend to be
expected in a series of alkylphosphine boranes. Accord-
ing to the model, substitution of methyl groups for the
protons of phosphine should lead to an increase in the
polarizability of the lone pair of electrons on phosphorus.
It is expected that the donation of electrons to the boron
atom in the phosphine boranes (bond length of ~1.9 A)
should lead to a dipole moment large enough to dominate
the observed molecular moment. The more easily the
electron pair is distorted, the larger this moment
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should be. Thus one should observe a stepwise increase
in the dipole moments of the methylphosphine boranes
at each substitution of methyl for proton. It was the
intent of this study to determine the reliability of this
prediction.

Since the low vapor pressures of the phosphine
boranes precludes determination of their dipole moments
in the vapor phase by the heterodyne beat method, the
determinations were made in benzene solution. Data on
phosphine borane, PH;BHj, are not yet available,

EXPERIMENTAL
Materials Used

The methylphosphine boranes were prepared as
described in the literature? from diborane and the
appropriate methyl substituted phosphine.

Solvent benzene was reagent grade and thiophene
free (Allied Chem. C.). It was dried over NaH then
distilled in the vacuum line.

Preparation of Solutions

Solutions were prepared under vacuum then brought
to atmospheric pressure by the addition of dry N, gas.
Solutions were maintained under a dry nitrogen atmos-
phere throughout the measurements. Details of the
procedure are given elsewhere (see dagger footnote).

Measurements on Solutions

(a) Dielectric constants were determined using
apparatus previously described.® Solutions were added
and removed from the cell by hypodermic syringe. Pure,
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dry benzene was used as a standard with its dielectric
constant taken as 2.2725.42

(b) Density measurements were made using a
thermostated pycnometer (25.0°4:0.02) of about 15 m}
capacity. The exact volume was determined by measur-
ing the height of the liquid above or below a fixed
reference mark on the capillary neck with a cathetometer
and comparing this to a previously prepared calibration
chart. The density of pure benzene was taken as
0.87378 g/cc.®

(c¢) Refractive index measurements were made with a
high precision Abbe refractometer at the sodium D line.

RESULTS

Experimental data are summarized in Table I. The
dipole moments of the methylphosphine boranes were
were calculated from the data by two different methods.
A “conventional” value was obtained using the Hede-
strand procedure* (ueony). 8 and v, the coefficients of
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Tabirg I. Data for calculation of dipole moments of methylphosphine boranes.

a B8 Y P R Hoonv Bell
CH;PH,BH; 25.67+0.13 —0.0716-£0.0055 —0.05563-0.0042 400.6 22.07 4.2940.01 4.58
(CHj;),PHBH; 29.7240.18 —0.10940.008 —0.0798+-0.0038 465.0 26.22 4.6240.01 4.78
(CH,)3PBH; 33.53+0.10 —0.1476-£0.0071  —0.17454-0.0048 527.8 31.97 4.9140.01 4,97

change in density and refractive index with mole
fraction of solute, x, were obtained by the method of
least squares. The corresponding coefficient of change
in dielectric constant, a was calculated by

a= (Ze—”el)/zx) (1)

where # is the number of measurements and the sub-
script, one, indicates pure solvent. This method was
used for a because the ¢ values were calculated relative
to € so that e=¢ at x=0 is a fixed point on the line.
Within the limits of random error there was no devia-
tion from linearity in any of these plots. All con-
centrations were in the range 0.001-0.025 mole fraction
with most values below 0.015. Error limits given are
standard error. Hedestrand’s equation for molar

polarization may be written for benzene solutions at
25°C as

P=0.34086 M+ 14.6920:— 30.4728. (2)
Molar refraction, R, was obtained using
R=0.33557M — 30.0003+ 14.8867, (3)

where M is the molecular weight of solute. Atomic
polarization was approximated as 0.10R. The dipole
moments were then obtained as

joony=0.2212(P—1.10R) 112, (4)

The peonv values were corrected for solvent effects
according to the method described in Ref. 5. The
equations used are given elsewhere. (See Refs. 5 and 6
and dagger footnote.) The cavity shapes were estimated
using mean value of bond lengths in similar compounds
and assuming tetrahedral geometry. The elliptical
parameters used in the calculations were biased toward
spherical when there was question concerning cavity
shape. The resulting values are given as pey;. This value
is assumed to be most nearly correct for subsequent
discussion [Note added in proof: This conclusion is
supported by a microwave study® of two of these com-
pounds reported after completion of this manuscript. ],
but it can be seen in Table I that the same trend in
moments would result if the other values were used.
There was no evidence for association in benzene
solution as was observed with the amineboranes.

DISCUSSION

The results are plotted in Fig. 1 as a function of
methyl substitution. Dipole moment data for the

methylamines,”#° their borane adducts,! and the
methylphosphines®-1® are also included. The striking
contrast between the trends in the amines and phos-
phines as been attributed, though not very satisfactorily
in our judgment, to variations in hybridization.!? The
polarization model of this laboratory (see asterisk
footnote) attributes the dominant role in the variation
of amine moments to the contribution of the lone pair
of electrons. This is thought to decrease with increasing
alkyl substitution due to loosening of the lone pair and
its resulting relaxation toward the relatively positive
carbon atoms. In the phosphines, with a negligible lone
pair contribution to the net moment, the trend is more
nearly what conventional inductive effect ideas would
suggest.

The methylamine boranes provided an excellent
illustration of these ideas. In Ref. 1 a plot of the methyl-
amine borane dipole moments was made after data were
corrected to eliminate the lone pair contribution. This
curve should represent .very nearly the shape of the
curve for the methylphosphine boranes if the lone pair
moment is not, in fact, a major contributor to the dipole
moments of the methylphosphines. The values for the
amine-boranes corrected in this fashion are shown with
the phosphine borane results in Fig. 2. The trend
observed for the methylphosphine boranes is, indeed,
very similar to that for the “corrected” amine boranes.
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The dipole moments of mono-#-propylphosphine and mono-i-propylphosphine, as measured in the gas
phase with a heterodyne beat apparatus, are 1.093-0.06 and 1.224-0.03 D, respectively. The moments of
mono-n-propylphosphine, di-#-propylphosphine, and tri-n-propylphosphine as measured in benzene solu-
tion and corrected for solvent effect are 1.1740.05, 1.224-0.05, and 1.164-0.08 D, respectively. The moments
for mono-i-propylphosphine, di-i-propylphosphine, and tri-i-propylphosphine as measured in benzene
solution and corrected for solvent effects are 1.13+0.03, 1.32+£0.12, and 1.32+0.04 D, respectively. Dis-
crepancies between gas phase and solution values are considered, and values for each series are discussed

in terms of a bond polarization model.

Earlier papers in this series' reported values for the
dipole moments of the ethylphosphines and the methyl-
amine boranes. A polarization~-bond moment-lone-pair
moment model was used to interpret the data and to
explain striking contrasts in the trends for the dipole
moments of the alkylamines and alkylphosphines.* The
present paper provides dipole moment data on the
n-propyl- and the i-propylphosphines thus permitting
an extension of the model.

The literature® contains the value 1.48 D as the mo-
ment for tri-n-propylphosphine, but no values for other
members of the series. Because of problems in measur-
ing precise moments for all members of this series by
any available technique, the entire series has been re-
examined by a single procedure using methods which
have been effectively applied to the lighter members
of the phosphine series. As the data clearly show, some
uncertainty remains in the measurements of the propyl-
phosphines but trends are clearly apparent.

The experimental moments of the mono-z-propyl-
phosphine and the mono-i-propylphosphine have been
measured in the vapor state, Comparable measurements
on the monopropylphosphines in solution provide an
evaluation of available solution correction procedures.!
Measurements on both of the di- and on both of the
tripropylphosphines had to be made in benzene solu-
tion because of low sample volatility. No vapor phase
comparison was possible on these four molecules. Be-
cause of the complexity of the propylphosphines, pre-
cise microwave dipole values are not yet available for
any member of the series. The microwave problem is
definitely not trivial and has not yet been solved.

RESULTS

Gas Phase Measurements on Primary
Propylphosphines

Gas phase data were reduced by plotting molar
polarization of the gas against the inverse of the tem-
perature (Debye method). Details are given in the
experimental section. The rather large standard error
limits given for the gas phase measurements, particu-
larly for n-C;H;PH,, are a result of the low volatility
of the phosphine and of some adsorption of the vapor
in the vacuum system.

Solution Measurements on Propylphosphines

Molecular dipole moments were calculated using the
standard expression p=0.2212(P,)'?, where P; is the
orientation polarization; this was obtained as described
in the experimental section. The resulting values, which
include no correction for solvent effect, are referred to
as conventional moments and are listed in Table I as
Beony- Standard error limits represent precision, not
accuracy. These conventional values were corrected
for solvent effects using two procedures: (1) the spher-
ical cavity model of Onsager® and (2) the elliptical
cavity model of Ref. 1. Known values for the dielectric
constant of the solvent and measured values for the
distortion polarization of both solvent and solute were
used. The shape of the elliptical cavity used in Method
2 is important since it compensates in part for moments
induced in the solvent by the polar solute. Parameters
for the cavity were taken from bond angles, bond



