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Conductance of Some Long Chain Salts

in Water at 25°!

By Epwarp J. BAIR? AND CHARLES A. KRAUS

The conductance of dodecyl-, tetradecyl-, hexadecyl- and octadecyl-trimethylammonium salts has been measured to low

cancentrations.
sager equation within the limit of experimental error.
greater than the theoretical, approximating that of 2-1 salts.

For the dodecyl and the tetradecyl salts, the slopes of the A—\/ C plots are normal, conforming to the On-
For the hexadecyl and the octadecyl salts, the slopes are much
The equivalent ion resistance of the long chain ions is markedly
less than that of symmetrical quaternary ammonium ions having the same numkber of carbon atoms,

The curve of equiva-

lent resistance against the number of carbon atoms in the cations exhibits a break between the tetradecyl- and the hexadecyl-
trimethylammonium ions; the ions of shorter chains have a relatively higher resistance.

I. Introduction

Kuhn and Kraus® have measured the conductance
of dodecylammonium chloride and octadecyltri-
methylammonium chloride and nitrate in aqueous
solution at low concentrations. The dodecyl salt

is normal in its behavior; the slope of the A/C
plot follows the Onsager equation within the limit
of experimental error. While the conductance of

the other two salts varies as a linear function of v/C,
the lines exhibit slopes much greater than those of
1-1 salts. Indeed, the observed slopes are only
slightly below that of a 2-1 electrolyte.

1t seemed worthwhile to examine this unexpected
phenomenon in somewhat greater detail. Accord-
ingly, measurements were carried out with octa-
decyltrimethylammonium chloride, bromate and
nitrate and hexadecyl, tetradecyl- and dodecyl-
trimethylammonium nitrate. The octadecyl and
hexadecyl salts all exhibit slopes much greater than
that of 1-1 electrolytes, while the tetradecyl and
dodecyl salts conform to the theoretical relation for
1-1 salts.

For the octadecyl and hexadecyl salts, the critical
concentration is very low so that it was found nec-
essary to carry the measurements to concentrations
well below 1 X 10—* N. Since these salts do not
follow the theoretical relation of Onsager, it was
necessary to evaluate Ay by graphical extrapola-
tion. The improved techmique of Daggett, Bair
and Kraus* made it possible to carry out precise
measurements to the lowest concentration (0.16 X
10—4) with comparative ease.

II. Apparatus, Procedure and Materials

The apparatus and procedure employed were much the
same as those of Daggett* and need not be described here.
The cell, similar to that of Daggett, was provided with a
magnetic stirrer. In measurmg solutions of long chain
salts, this stirrer is essential, since the properties of these
solutions are such that any bubbles formed in mixing the
solutions are very stable and tend to adhere tenaciously to
the electrode surfaces.

Possible sources of error in the procedure were studied.
On allowing the equilibrated cell to stand open in the con-
ditioned box overnight, the conductance change was of the
order of 0.5%; on allowing the capped cell to stand over-
night, the maximum change observed was 0.05%. This
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change may well have been due to the solution of impurities.
In practice, the cell, after filling with water, was allowed to
stand for an hour or more in the thermostat after tempera-
ture equilibrium was established; if the conductance
changed appreciably, the cell was recleaned.

On introducing the cups containing the salts, the cell was
open to the box atmosphere for not more than ten seconds.
The maximum change observed in the specific conductance
of water on introducing an empty cup amounted to 0.07%.
The maximum error introduced at concentrations as low as
0.16 X 10—t N, due to uncertainty of solvent correction,
amounted to about 0.02%,.

Salts were prepared by conventional methods and puri-
fied by recrystallization from suitable solvents.

N-Octadecyltrimethylammonium nitrate was recrystal-
lized four times from acetone (Series I) and then from hex-
ane with 3% alcohol added (Series II); m.p. 200-210°.

N-Octadecyltrimethylammonium bromate was recrys-
tallized from acetone four times for Series I and six times for
Series 1I; m.p. 210° dec.

N-Octadecyltrimethylammonium chloride was recrystal-
lized from acetone with a few drops of ethanol added to in-
crease its solubility; m.p. 220° dec.

N-Hexadecyltrimethylammonium nitrate was recrys-
tallized from acetone with a few drops of ethanol added,
three times for Series I and six times for Series II; m,p.
190-200°.

N-Dodecyltrimethylammonium nitrate was recrystallized
twice from absolute ethanol and once from acetone with a
few drops of ethanol added (Series I), then twice from ace-
tone~ethanol (Series II); m.p. 200-210°.

Melting points are not sharp and do not serve as satisfac-
tory indicators of purity in the case of salts of the type here
employed. Check conductance measurements with re-
crystallization between series is a more reliable criterion.

III. Results

In Table I are recorded conductance values for
the salts as measured for two independent series in
each case. Concentrations are expressed in equiva-
lents per liter of solution, assuming the density of
the solution to be equal to that of water at 25°,
namely, 0.99707 g./ml. In computing concentra-
tions, the density of the long chain salts has been
assumed to be equal to that of water. The error so
introduced would be of the order of a few hun-
dredths of one per cent. and within the limit of abso-
lute error of these measurements. The purity of
these salts is the limiting factor. Conductances are
given to three places of decimals; relative values
are reliable to the order of 0.019,. The specific
conductance of the water used is given at the head
of each series of measurements, All measurements
were carried out at 25 == 0.002°,

IV. Discussion

In Fig. 1, conductances are shown graphically as
a function of the square root of concentration for
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TaBLE I
CoNDUCTANCE OF LoNG CHAIN SALTS IN WATER AT 25°
C X 104 A C X 10¢ A

A, Octadecyltrimethylammonium nitrate
ko = 5.218 X 1077 ko = 4.305 X 10~7

0.15904 90.790 0.19361 90.754
.32501 90.512 .38647 90.485
.60332 90.174 .70859 90.112

1.0882 89.784 1.2446 89.696

1.9244 88.867 2.0912 86.407
ko = 4.429 X 1077

0.20742 90. 660

B. Octadecyltrimethylammonium bromate
ko = 4.219 X 1077 ke = 5.065 X 107

0.16246 74.978 0.19843 75.180
.28745 74,754 .43143 74.568
.55918 74.470 .80570 74.273

1.0331 74.088 1.4976 73.825

2.0712 73.552 2.7004 73.326

C. Octadecyltrimethylammonium chloride
xp = 4.971 X 107 ko = 5.467 X 1077

0.22323 95.583 0.18396 95.711
.43248 95.348 . 44409 95.375
. 82853 94,984 . 80096 94,944
1.5977 94 .461 1.5471 94 .540
2.6956 93.930

D. Hexadecyltrimethylammonium nitrate
kg = 4.432 X 1077 k= 5.146 X 1077

0.17047 91.658 0.19195 91.591
0.51785 91.182 0.54116 91.117
1.2292 90.650 1.1064 90.690
2.6150 89.934

E. Dodecyltrimethylammonium nitrate
ko = 5.242 X 10~* ko = 6,475 X 1077

0.46015 93.261 0.33960 93.360
0.89999 93.073 3.4961 92.357
1.8492 92.765
3.6364 92.333
g = 3.780 X 10~7
0.23607 93.465
.45184 93.234
.87100 93.099
1.6810 92.800

several salts. The diameter of the circles on the
plots corresponds to 0.19; of the conductance
value,

All the salts measured yield linear plots. The de-
viation of the measured values from the lines as
drawn average 0.03%, for all salts and the maxi-
mum is 0.037%, for one salt.

1. Slope.—In Table II are given values of the
slope for the five salts measured as well as that for
tetradecyltrimethylammonium nitrate which was
measured by Dr. M. J. McDowell® The experi-
mental slopes (col. 2) are compared with theoretical
values® in columns 3, 4 and 5.

For the dodecyl- and the tetradecyl-trimethyl-

(5) M. J. MeDowell, Thesis, Brown University, 1950.

(8) In computing constants of the Ousager equation, the dielectric

constant of water at 25° was taken to be 79.54 and the viscosity 8.949 X
10 =3 poise,
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TaBLE II
LiMITING SLOPES oF LoNG CHAIN SALTS

Exp. Oasager Ratio exp. Onsager
Salt slope slope theor. 2-1 slope
Octd Me;NNO; 152 81.1 1.88 151.6
Octd Me;NBrO, 137 77.5 1.76 143.3
Octd Me;NC1 144 84.0 1.72 153.6
Hexd MesNNO; 142 81.3 1.75 152.1
Tetd Me;NNO; 81.4 81.4 1.00
Dod Me;NNO; 81.7 81.7 1.00

ammonium salts, the limiting slopes are equal to the
theoretical of Onsager within the limit of experi-
mental error. It is of interest to note that for the
dodecyl salt, Ay values computed by means of the
Onsager equation for 10 points in 3 series yield an
average value of 93.86 with an average deviation of
0.024 A unit. The concentration range is from
0.236 X 10~*t0 3.636 X 10—* V.

For the hexadecyl and octadecyl salts, the slopes
are approximately 75%, greater than that predicted
for a 1-1 salt. The slope of octadecyltrimethylam-
monium nitrate is that of a 2-1 salt; the slopes of
the other octadecyl and hexadecyl salts are approxi-
mately 5% less than that of a 2-1 salt. The
broken lines of Fig. 1 indicate the slopes for 1-1
salts.

The steeper slope might be accounted for on the
basis of ion-pair formation, However, in view of
the fact that the tetradecyl and dodecyl salts be-
have normally, it seems unlikely that ion-pairs are
formed in the case of salts with longer chains. Itis
more probable that association occurs between the
long chain ions. If two long chain ions were to as-
sociate, the behavior of the resultant ion would sim-
ulate that of a 2-1 electrolyte. Whatever view we
may take, it is a fact that interaction of some sort
occurs in the case of ions having chains of 16 or
more carbon atoms; such interaction does not oc-
cur in the case of ions having shorter chains.

2. Ion Conductances.—In Table III are pre-
sented A¢ values based on the results of Table I.
Ton conductances for the positive ions are given in
the last column of the table. These values are
based on Daggett’s value, 149.98, for the limiting
conductance of potassium chloride and 73.58 for the
potassium ion. We have used Daggett’s value* for
the bromate ion and Shedlovsky’s value for the ni-
trate ion.

TaBLE II1
ToN CONDUCTANCES
Salt Ag Ao~ Aot
Octd Me;NNO; 91.40 .71.38 20.02
Octd Me;NBrO; 75.50 55.66 19.94
Octd Me,NC1 96.29 76.40 19.89
Hexd Me;NNO; 92.20 20.82
Tedt Me;NNO; 92.50 21.12
Dod Me;NNO; 93.86 22.48

The three values obtained for the conductance of
the octadecyltrimethylammonium ion are in rea-
sonably good agreement, considering the difficulty
with which these salts are purified. An average
value of 19.95 = 0.05 is most probable.

The manner in which jon conductances or, better,
ion resistances, vary with chain length is of inter-
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Fig. 1.—A~- \/E‘ plots for salts in water (broken lines, Onsager

: slope).

est. In Fig. 2 are plotted values of the reciprocal
of the ion resistance—viscosity product, 1/As%y,
as a function of the number of carbon atoms in the
ions. On the same plot are shown resistance values
for the symmetrical quaternary. ammonium ions as
determined by Daggett.* For the same number of
carbon atoms, the resistance of the long chain ions
is markedly lower than that of corresponding sym-
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Fig. 2,—Resistance plots for quaternary ammonium jons in
water,

metrical quaternary ammonium ions. It will be
noted, too, that there is a break in the resistance
curve between the tetradecyl- and the hexadecyl-
trimethylammonium ions. Such a break is not un-
expected in view of the differences in the slopes which

appear in the A—A/C plots for the same salts.
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Effect of Ultraviolet Light on the Specific Activity of Chymotrypsin and Trypsin'

By HArrY GOLDENBERG?? AND A. D. MCLAREN

Introduction

It has been shown that the quantum yield for
inactivation of pepsin at 2537 A. is the same with
either casein or hemoglobin as a substrate for assay
of enzymatic activity.* Verbrugge® reported, how-
ever, that trypsin gave a higher quantum yield
with Anson’s colorimetric hemoglobin method®
for estimating tryptic activity than was obtained
with titrimetric methods for following the diges-

(1) Photochemistry of Proteins. XIII,

(2) From the Ph.D. Thesis of H. Goldenberg, Polytechnic Institute
of Brooklyn, 1950. Predoctoral Fellow of the National Institutes of
Health, 1947-1049.

(3) The Department of Biochemistry, Jewish Hospital of Brooklyn,
N. Y.

(4) A. D. McLaren and S. Pearson, J. Polymer Sci., 4, 45 (1949).

(5) F. Verbrugge, J. Biol. Chem., 149, 405 (1943).

(6) M. L. Anson, J. Gen. Physiol., 22, 79 (1938),

tion of hemoglobin, casein and benzoyl-L-arginin-
amide (BAA). This finding has been questioned
for reasons cited elsewhere.” Consequently we
have repeated the work of Verbrugge to redeter-
mine the effect of ultraviolet light (2537 A.) on the
specific activity of trypsin. In addition we have
determined the quantum yield for the inactivation
of chymotrypsin as calculated from its loss in
ability to hydrolyze casein, L-phenylalaninamide
(PA), glycyl-L-phenylalaninamide (GPA), L-phenyl
alanine ethyl ester (PEE) and chloroacetyl-pL-
phenylalanine ethyl ester (CAPEE),

Experimental

Enzymes..—Tl.lree samples of crystalline chymotrypsin
were used: six-times crystallized enzyme, salt free, supplied

(7) A. D. McLaren, Advances in Enzymology, 9, 75 (1949).



