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Dipole Moments and Molecular Association of Some
Picrates of Primary, Secondary, and Tertiary Amines

in Benzene and Dioxane

By Arthur &. Maryott

The dielectric constanta of dilute benzene and diozene solutions of primary, secondary,

and tertiary sming salts of pierie acld wers meaguned.

Dipole montents are reported for the

picrates of the followiog atrines; in benzene: tri-ise-amyl- (11.9), tri-n-butyl- {11.9], triethyl-
(11.7), diethylbensyl- {113}, di-a-butyl- (11.6), dl-n-propyl- (11,5); in diexane: tri-s-bukyl-

(12.2), di-n-butyl- {12.1}, n-octyl- (12.1}, and n-octadecyl- (12.3).

The plerates of primary

and gacondary amines show a pronouncesd tendency to associnte in benzene, ag evidenced by
the nonlinesr variation in dielectrio constant with eoncentration, but not in dioxane. The
effact of the size and shapa of the alkylammonium ion snd of bydrogen bondiog on the associa-

tion are discussed.

I. Introduction

Electrolytes dissolved in nonpolar solvents
exhibit behavior that is often complicatod by inter-
molecular mesociations and intcractions not en-
countered in the more familiar aqueous eyetems.
The properties of certain types of organic salts
have been investigated rather extensively in such
solvents by Krasus [1] and scoworkers. In brief,
ionic dssociation occurs only to & very minuie
extent. The salt exiafs almost entirely as pairs
of oppositely charged ions held together by cou-
[ombic {orees. By comparigon with ordinary
molesules, these ion paira have unususlly large
dipole moimcents, which frequently promote asso-
ciation into dimers or other hicher agpregates.
The exteni of dipole aseocistion depends on a va-
riety of phyzical factors such as the magnitude of
the dipole moment, tha riza and shape of the mole-

cules, and the diclectric constant of the mediom.

Another important intersetion is the formation
of hydrogen bonds. Thus both physical and
chemical properties of the solute and solvent
determine the extent and nature of the asseciation.
These factors have a particular bearing on acid-
base equilibria and indieator reactions [2} in
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medis of low dielectric constant. Consequently,
it s not surprising that these aguilibria frequently
do not follow 2 simple mass-law relationship.

The meagurement of dielectric constant affords
8 convenient wethed of studying these inter-
actions, and the dipole moments derived from
these meaaurements are useful in interpreting and
correlating the results. Although a wide variety
of ealts of organic acids and bases are soluble in
media of low dielectric constant, previous studiea
have been confined largely to a few quaternary
and tertiary ammonium salte. In this investi-
gation, the dielectric constants were delermined
for dilute solutions of some primery, secondary,
and tertiery amine salts of picric acid in benzene
and in dioxane. The amines were all of suffi-
cient strength to prevent measurable dissociation
of the picrates intoe free acid and base.

II. Equipment and Materials

The equipment for measuring the dielectric
constanta, the procedure of making up the solu-
ttons directly in the ccll, and the purification of
the solvents were the same as described previously
[3] except for the following chapges. An oil
kath replaced the wir bath, A glass cell having
cylindrical platinum electrodes and  described
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eleewhera [¢] was used In place of the silver film-
glass cell for a part of the measurements. All
measureinents were made at 30°£+0.01° C.

The picrates were prepared by dissolving a
given amount of recrystallized picric acid in hot
ethanol or benzenc and adding slightly more
than the required amount.of amine, They were
purified by one or more recrystallizations from
alcohol or benzene and then dried to constant
weight in a vacwrum oven. The meliing points
were a3 follows: trilscamylammonium picrate,
126% ; tri-n-butylammenium picrate, 106° (;
triethylammonium picrate, 173° C: diethylbenzyl-
ammonium picrate, 1217 C; di-s-butylammenium

picrate, 63° O; di-n-propylammonivm  pierate,

a97° C; n-octylammonium picrate, 112* C; and
n-octadecylammoniuin picrate, 108° C.

II. Experimental Resulis

The experimental data are ineluded in table 1.
The second, third, a&nd last columns give, respec-
tively, the concentration of soluta, N3 in mole
fraction, the difference in dielectric constant be-
tween the solution and the aolvent, Ae, and the
quotient, A«
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Considering first the data in dioxane, it is
evident that the picratea of primary, secondary,
and tertisry amines behave similarly, The dielec-
trie ponstant is substentially a linear function of the
concentration a3 indicated by the comstancy of
the ratio, A¢N: Buch & linear relationship
appears to be general and characteristic of dilute
solutions in casez where the molacular state of the
solute is unaffected by changes in coneentration.
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At is taken here as the eriterion indicating lacic of
aersocistion of the solute.?

In benzene only the picrates of tertiary amines
show a linear varation of diclectric constant with
concentration and, eonsequently, the absence of
essociation. A representative companson of the
data in benzene with that in dioxane it shown in
figure 1 where A ¢/N; is plotted as a function of
for tributyl-, dibutyl-, and octylammonium pic-
rate. The data for cetylarmmeonium pierate in

1The usl etlterlpn invidving constancy of the maolar rolarizaricn cal-
etllated from the Claalus-Morobti squablon 18 dess socepiable exparimental-
1y, If tha dieleciric constznt warks lipearly with the concaniralirm, the
maolar polarization cannot be striktly indopeudent of the cobocntration, al-
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Ficrme 1, Repressnfoiive dala for the picrales of primary,

secondary, and Lertinyy gminea tn bonzene and in diozane.
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" opposite zere concentration in table 1.2

banzene are not included in table 1, because the
solubility was not sufficient to permit accurate
measurements by the procedure used in the remain-
ing ceses. These measurements were obtained by
adiding successive amounts of a scolution of picric
seld o the cell containing solvent to which suffi-
cient octylamine had been added. The observed
changes in dielectric constant then require a small
cortection to compensate for choanges in concentra-
tion of the amine. By this method concentrations
up to the solubility limit of the picrate could be
measured. Altheugh this indirect procedure was
checked for tributylammonium pierate and gave
sgreement with the direct measurements, the
results for octylammonium picrate depended on
the amount of bage initially prescnt, The curve
for measuretnent 2, in which the jnitizl concentra-
tion of base was greater than for measurement 1,
falls sbove the latter curve, In thiz case it wonld
appear that the presence of free amine interferes
with the sssocistion of the pierate nnd that the
limiting eurve for the salt alone would fall below
either of the experimental curves.

The molar polamzation st infinite diluten,
Pi., the electromic polarvization, Pz, and the
dipole mowment, u, for each picrate are given in
table 2. Py, was caleulated from the Hedestrand

Tasrs 2. Moler polarization ol infinite dilution, Pi,,
elecironic polarization, Pr, and dipole momend, p, for the
verious picrales
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equetion [5], using the wvalues of Ae/N; shown
These
valuea for zerc concentration represent averages

# In thess pelonlatisne the demaliies of all the bentene solullrme were a5
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mental dela sl part]y on ewicubdbons mrolviog tho deosivies of tha ok
salts fal and the amumpticn of addilvity of molar volumes. Thay are sde-
quals for the present purpose, [mesmuch as complete neglact of any changes
in densily wiilld ook affest the mwments eslealated by mare than 3 parcant
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for those cases where there was no eignifieant
drift in values with concentration and extra-
polated values in the remaining cases, Pe was
taken 83 the sum of the atomic refractivities
listed in Landolt-Barnstein Tabellen, fifth edition.
The dipola moment waz calenlzied from the
aquation,

p=ﬂ.1231[{P2,—Px:l T]]"’X 107 pan, {1}

where T is the temperature in deprees Kelvin.

The dipole moments of two of these zalts in
benzene have been measured previously. The
moment reported here for tributylammonium
picrate is in agreement with that of Deitz and
Fuoes [7], but the values reported by Geddes and
Eraus [8] and by Mortier (9 for tributyl- and
triamylammoniura picrates are about 10 percent
higher. The higher waluea probably can he
attributed to small experimental errors in measur-
ing the dielectric constant of the solvent or of the
more dilute =zolutions. Such errors have o dis-
propertionately large effect on the polarization at
infinite dilution when obtained by the conventional
exteapolation [10].

An the secondary ammonium picrates are asso-
cinted in benzene and show a pronounced decrease
in the value of A &/, with increasing concentration,
the method of obtaining the polarization and dipole
moment of the monomeric form needs explaining.
A graphical extrapolation to get the limiting value
AefN: is obviously subject to coneiderable un-
certainty. The procedure adopted was cssentially
the same as employed by Pohl, Hobbs, and Gross
in a siudy of the association of carboxylic acids
[11). It is reasonable to sseume that, at the low
concentrations involved, the formation of com-
plexen higher than double molecules is not signif-
icant. The equilibrium constant for this dimer-
moenomer equilibrium, A4;=24, may then be
obtained in the following manner, The change in
dielectric constant on addition of the eoluts of
stoichiometric concentration, N, can be con-
sidered the sum of two independent coutributions,
one proportionsl to the concentration of monomer
arud ehe other proportional to the concentration of
dimer.

Then

ﬁ-!:ﬂ‘m_]_ﬁf‘:kﬂuhrz—l_kd{l _ﬂjNg {2}
or
a={A¢/ Ny— g} (km—k),

where « ig the fraction of solute that is in the
monometic form and %, and &, are the proportion-
ality constants for the monomer and dimer,
respectively. The equilibriuin constant iz then

_G’Na — (ﬂf.'rNs—-ﬁ'd}zﬂhr:z R
L Py ey w7, AT/ e % B
=

The values of &= and &, adjusted by trial and ercor
until they best fittod the experimental data in
accordance with eq 3, are Hsted in table 2, together
with the value of Ky at each concentration. The
numerical values of the equilibrium constents
should be regarded as rather spproximate hecause
¢f the limited range of concentration studied, the
gssumption that no higher complexes are formed,
and the sensitiveness of the constants to the exact
values of &y, and &, From k,, which represents
the value of A /A for the monomeric form and can
be determined quite critically, the polarization and
dipole moment are ohtained.
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IV. Discussion of Resulta

The dipole moments of the various picrates are
all in the neighborhood of 12107% esu. The
slightly higher values in dioxsne than in benzene
are in the direction oxpected from general solvent
effecta, since dioxane has a slightly lower dielectric
constant then benzene. Other small differences,
if significant, probably are attributable to varying
inductive effocts nssociated with the size and
numker of alkyl groups attached to the nitrogen
atom. There is no evidence of any steric effect
from thesa alkyl groups that would influence the
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distance of approach of the two ions that make
up the ion pair. The negatively charped phenc-
late oxygen evidently comes into contact with the
alkylammonium ion on the side oecupied by a
hydrogen satom. The distance of separation of
the charges on the two fons 1= about 2.5 A in
all cases.

It was noted in the preceding section that
picrates of the primary ahd secondary amines
show substantinl asscciation in henzene, whereas
those of the tertlary amines do not. As the
dipole momenta are practically the same, the
explanation is evidently related to differences in
the size and shape of the alkylammonium ion,
In the caas of the tertiary ammonium picrates,
" the presence of three relatively [arge alky] groups
preventa pufficiently close approach of neighbworing
ion puairs to lead to ssscciation. Replacement of
ote or two of these alkyl groups by the much
smaller hydrogen atoms, a& in the secondary and
primary ammonmum picrates, enables the ion
pairs to come cloge enough together to form stable
dirners. As these picrates may bhe regarded as
roughly ellipscidal in shape with the dipole near
the center and directed along the long axis, the
most stable arrangement of the dimer would be
with the two dipoles side by side and antiparallel.
Other configurations in which the dipoles are
inclined at an angle somewhat loss than 180° are
aleo probable, o that the effective moment would
oot necessarily be zero. According to the value
of k; listed in table 3 for dibutyl- and diprepyl-
ammonium picrata, the effective moment of the
dimer iz in the neightwrhood of 53107 esu.

By employing the dipole association theory of
Fuoss [12] ¢, sn estimate of the distance of clossst
approach of ion pairs can be made from the
initial slope of the polarization-concentration
curve, This slopo can be obtained for the two
seconidary ammonium picrates by combining eq 3
with the Hedestrand equation and differentiating,
The distance of closest approach is ealeulated to
- he 4.5 A for dibutyl-ammonium picrate and 4.6 A
for diprepylammonium picrate. An  estimate
only of the lower limit of this distance is possikla
for the tertisry ammonium picrates where no

! Th theiory pegunst ho ¢lllpeoddal molemlar model wikh & paing Gipwls

b U pénter direcbid slong the major sxks.  The prosent aaleuled lons sssimn
thst the ratio of ths miner 1o major sazes B 12
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significant association is indicated. A value of
5.7 A is calculated on the basia that not more than
1 percent is associated at 5% 10™* mole fraction.
These dimensions are of reasonable magnitudes
and indicate that dipole interaclbne alone are
sufficient to account for differences in behavior of
the picrates in benzene.

In Jioxane none of the pierates shows any pro-
nounced tendency to associate, although the amall
decrense in the values of AefN; with increaring
concentration for tha two primary ammoniwm
picrates sugrests a very slight sasociation. There
is evidently some interaction betwesn the dioxane
and the primary and secondary smmoniuzm picrates
that prevents as close an approach of ion pairs in
this solvent as in benzene. In the secondary
ammonium picrates, one of the two ammonium
hydrogens can form a hydrogen bond with =
dioxane molecule.  The sacond of thesa hydrogans
is evidently held up between the electrostatic
hond and does not interact with the solvent;
otherwise the dipole moment would bLe [arger
than obzerved. In the picrates of primary amines,
the alkylammonium ion ean interact with twe
molecules of dioxane so that again the effective
size of the ion is suffeient to minimize the arsocis-
tion of ion paira. The effect of octylamine in
diminishing the association of octylammonium
picrate in benzene can be interpreted in the same
manner, In this case, the smine actz sz the
acceptor molecule in the formation of hydrogen
bonds.

These results arc in acecrd with the conclusions
of Davis and Schubmann [2] of this leboratory
based on spectrophotometric sfudies with indi-
cators and show that the formation of hydrogen
bonds and dipole association are important factors
to be considered in interpreting acid-base behavior
in media of low dielectric constent. By the proper
choice of aystems, it should he possible to realize
gimple mass-law relationships. In genersl, one
would expect reactions of tertinry amines with
organic acids to behave more nearly normal than
those of primary and secondary amines in an ineré
golvent like benzene, whereas use of a proton-
acceptor solvent such as dioxane should tend to
normalize the resctiona of primary and zecondary
amines.
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