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The electric dipole moments of o-CIC,H,PCl, 1, CH,PF, 2, o-CIC,H,PF, 3, CHP(O)F, 4, CH,P(O)HF
5. C.H,P(O)H(OH) 6, and o-CIC,H,P(O)Cl, 7, were determined in dilute benzene solution at 25°C.
The phosphoryl bond moment P=0O in compounds 4, 5, and 7 was estimated using simple bond-
additivity calculations. The results obtained were 4.55D, 3.64D, and 5.52D for compounds 4, §, and
7. respectively. Dipole moments for compounds 2 and 3 were also calculated theoretically using INDO
MO techniques. The calculated values differed from the experimental values by about 12%.

Key words: Molecular electric dipole moments; phenylphosphorus halogen compounds.

INTRODUCTION

The molecular electric dipole moment is an important molecular property which,
in favourable circumstances, can provide information on molecular structure and
conformation and on the electric charge distribution within the molecule. As part
of an ongoing study of organophosphorus halogen compounds we determined the
electric dipole moments of o-CICH,PCl, 1, CHPF, 2, o-CIC,H,PF, 3, C.H,P(O)F,
4, C,H,P(O)HF 5, CH;P(O)H(OH) 6, and o-CIC,H,P(O)Cl, 7 molecules the
dipole moments of which had not been reported in the literature heretofore.

RESULTS AND DISCUSSION

The experimental results are summarized in Table 1.

The measured dipole moment values for compounds 4, §, and 7 can be used to
estimate the bond moment of the phosphoryl bond, P=0, in these molecules. The
estimates can be accomplished by adopting the values of the P-phenyl, P-Cl, and
P—F bond moments of Emsley and Hall” and the dipole moment of 1.58D for the
chlorobenzene molecule® and by further assuming a vector-bond model for the
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TABLE 1
Dipole moments in benzene solution at 25°C

"
Compound Wamax a-v 1073 Cm D

1 o-CICH,PCl, 0.016 4.4736 9.87 2.96
2 CH,PF, 0.012 9.8125 13.58 4.07
3 o-CICH,PF, 0.011  8.3520 13.64 4.09
4 C(H,P(OF, 0.014 8.6904 1201  3.60
5§ CsHP(O)HF 0.010 7.4898 10.51 3.15
6 CH.P(O)H(OH)  0.018 3.1235 674 202
7  o-CICH,P(O)ClL, 0.012 8.1712 13.84 4.15

Wamay IS the maximum mass fraction of solute in solution,
dn?,,

. d€2| .
a = lim — and v = lim
w2—0 AW w2—0 dwz

where ¢,, and n,, is the dielectric constant and refractive index
of the solution, and p the derived dipole moment in Coulomb
meter and Debye units, respectively.

total molecular dipole moment and a tetrahedral structure for all three molecules.
A straightforward calculation then yields for the P—O bond moment the values
of 4.55D, 3.64D, and 5.52D for compounds 4, 5, and 7, respectively. These values
may be compared with the value derived by Cumper® for this bond moment of
2.88D and 2.95D in R;P=0 and (C¢H;);P—0 molecules, respectively. At first
sight the large difference between our values and those of Cumper could be at-
tributed to the presence of the halogen atoms in our molecules. However, due to
the numerous simplifying assumptions that one is forced to make in such calculations
the bond moment values obtained have only qualitative significance at best and
do not warrant any further analysis.

We have also calculated theoretical values for the dipole moments of the penta-
coordinated molecules C;H;PF, and o-CIC{H,PF,, respectively, using the INDO
MO method. It is our experience that the results of such calculations are usually
in fair agreement with the experimentally determined values. Table 2 gives a com-
parison of the experimental and calculated values. It is seen that experimental
values differ from the calculated values by some 12%. In view of the fact that the
experimental values include the so-called solvent effect the agreement between the
two sets of values is quite acceptable.

TABLE II
Comparison of experimental and INDO MO calculated dipole
moments
w (exp.) w (caled.)
Compounds 1073 Cm D 1072 Cm D
2 C/H,PF, 13.58 4.07 11.77 3.53

3 o-CICH,PF, 13.64 4.09 15.14 4.54




16:18 29 January 2011

Downl oaded At:

DIPOLE MOMENT OF P-COMPOUNDS 125

EXPERIMENTAL

Materials. Fisher certified reagent **Spectroanalyzed’ and ““Chromatoquality” benzene was used as
solvent. It was dried by repeated shaking with Linde molecular sieve 4A in a specially constructed glass
column equipped with a fritted disk and a ground-glass joint which fitted into the corresponding joint
on the dielectric constant cell. o-CIC,H PCl, was obtained from Strem Chemicals Co. and was used
without further purification. C;H.PF, was prepared after the method of Schmutzler' and the distilled
fraction having a boiling point range 131.5-133.0°C was used. It was stored at 0°C prior to use.
C,H:P(O)F, was prepared after the method of Schmutzler® and subsequently purified by distillation at
77°C/13 mm Hg. The C.H,P(O)HF was prepared by slowly and carefully adding C,H PCl,, to 49%
aqueous hydrogen fluoride solution in a Teflon bottle, followed by 10 minutes of stirring and distillation
at 76-77°C/8 mm Hg. The C,H.P(O)H(OH) was prepared according to the procedure of Buckler and
Epstein® by dissolving phenylphosphine in ethanol at 0°C and the slow addition of 30% H,O,. The
mixture was stirred for two hours at 0°C. Subsequent removal of solvent under reduced pressure gave
a white solid which, after drying under vacuum for 24 hours, had a melting point of 73-74°C.
0-CICH,PF, and o-CIC,H,P(O)CI, were prepared by mixing 0-CIC,H,PCl, with SbF, in a flask equipped
with a reflux condenser. The mixture while stirred was slowly heated to 50°C. There ensued a vigorous
exothermic reaction and the temperature of the reacting mixture was kept at or below 130°C for one
hour. Subsequent distillation under reduced pressure yielded two products, viz., o-CIC,H,PF, collected
at 23.0°C/0.1 mm Hg, and o-CIC,H,P(O)Cl, collected at 60-62°C/0.1 mm Hg.

Determination of Dipole Moments. The dielectric constants of a series of dilute (maximum concen-
tration 2 X 10~ mass fraction) benzene solutions of the different compounds were determined using
a dipolemeter type DMO1, manufactured by the Wissenschaftliche-Technische Werkstitten GMBH
(Germany). The instrument was calibrated as described by Bock and Dojack.* The refractive indices
of the solutions were determined using an Abbe refractometer and a sodium-vapour light source. All
measurements were carried out at 25°C. The molecular dipole moments were extracted from the raw
data, i.e. the dielectric constants and refractive indices of the dilute solutions, after the method of
Guggenheim as modified by Smith.* Procedures for calculating dipole moments p from dilute sofutions
in nonpolar solvents have been discussed previously.©
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