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Dipole Moment and Surface Potentials

In a previous notel! it was stated that films of w-bromo-
hexadecanoic acid show large negative surface potentials.
These films afford relatively favorable conditions for the
comparison of dipole moment and surface potential data.
A more detailed investigation showed, however,? that the
free acid films are remarkably unstable, a certain degree of
soap formation being a necessary condition for the existence
of stable films. The best results were obtained in the pres-
ence of polyvalent cations. The instability of the free acid
films is undoubtedly connected with the repulsive forces
acting between the similarly orientated C—Br dipoles.
As little is known about the structure of fatty acid films
on neutral or slightly alkaline solutions in the presence of
polyvalent cations, we tried to stabilize the w-bromoacid
films by mixing the w-bromoacid with an excess of the un-
substituted compound. The mixed films obtained in this
way are stable up to a concentration of 50 percent of the
w-bromoacid and possess interesting properties. A series of
surface potential-area curves obtained with mixtures of
palmitic acid with increasing quantities of Br(CHz)1;COOH
on 1072 norm. HCI are given in Fig. 1. The admixture of
the w-compound causes a large decrease of the positive
surface potential observed with palmitic acid; with higher
concentrations the surface potential becomes negative,
but this negative effect disappears if the surface area is
mcreast | and a curious change of the sign of the surface
potential is observed on expansion of the film. Similar
series of curves were obtained with palmitic acid
+Br(CE2)1,CO0H, Br(CH,)sCOOH and I1(CH.),;:COOH
and cetyl alcohol 4+Br(CH,)1sOH. In the latter case the in-
fluence of the w-compound on the surface potential is
especially large, the potential becoming negative on addi-
tion of 25 percent of the w-alcohol. The addition of the
w-compounds causes a gradual transition of the film to the
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Fi1G. 1. a—palmitic acid, —2%, ¢—5%, d—10%, e—25%,, f—50%.
Br(CHz2)1:COOH.

TaBLE 1.

FiLm . 7 X101
Br(CH2)1:COOH +palmitic acid 0.95
Br(CH?2)12COOH +palmitic acid 0.82
1(CH2)1sCOOH —+palmitic acid 0.97
Br(CHz2)1:OH +-cetyl alcohol 1.25

expanded state. The resistance of the films of acids to
pressure is thereby strongly decreased; for instance, the
maximum pressure obtained with 90 percent CH;3(CHj)14
COOH+4-10 percent Br(CH,);;COOH is 12.7 and with 75
percent CHj3(CH3)14.COOH+25 percent I(CHj)sCOOH
7.2 dynes per cm. The mixed alcohol films are much more
stable and pressures up to 30—40 dynes per cm can be
obtained.

The effective dipole moment per C—Br linkage @ was
calculated in the following way. Let us denote by V, the
surface potential of the film of the unsubstituted compound,
by Vi the surface potential of the mixed film, the total
number of molecules per cm? being equal in both cases,
then

p=(Vo— V1) /4nn,

where 7 is the number of the molecules of the w-compound
per cm? The values of fi obtained in this way for different
concentrations of the w-compound in the film were extra-
polated to zero concentration; the results are given in
Table I. The area per molecule was 20.5A2 (maximum com-
pression). The method outlined here is quite similar to the
usual calculation of dipole moments from measurements of
dielectric constants of solutions in a nonpolar solvent,
which leads to values between 1.8 and 1.9 X 10718 for the
C—Br linkage in different normal bromosubstituted
hydrocarbons.

The values obtained in this way especially in the case of
the alcohol films, are much closer to the accepted values of
the dipole moments than those usually obtained from sur-
face potential data. The lower values obtained with acids
are perhaps connected with a partial collapse of the films
at strong compressions, as indicated by the low resistance
to compression of these films. If we assume in the alcohol
film a normal angle of 54° 44’ between the C—Br linkage
and the water surface, the value of i in Table I had to be
increased by a factor of 1 :sin 54° 44’=1.22, which leads
to a value of 1.53X107® for the dipole moment of the
C—Br linkage. -

The samples of the w-compounds used with the exception
of I(Cus)14COOH were kindly supplied to one of us by
Dr. M. Stoll, Geneva.
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