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(Temperature of maximum density (TMDs) in water at low concentrations for the seven amines:
methyl-, ethyl-, n-propyl-, n-butyl-, +butyl-, dimethyl-, and trimethyl amines have been measured and
analyzed by applying hydrolysis correction to evaluate the structural part of the change in TMD (A8 ,)
for the unhydrolysed amine molecules. A correction procedure is described for which additional exper-
imental data on TMDs of corresponding amine hydrochlorides have been obtained. The results of
amines studied in this work do not fit in the conventional straight line relation (A6 /x,)=a+bx,,
which is obeyed by other non-electrolytes, like alcohols, which show positive intercepts (a) and negative
slopes (b). The slopes of such plots for amines are positive at low concentrations and negative at higher
concentrations showing a broad maxima in between. The intercepts a which indicate the structure
strengthening property of the solute are large negative for MeNH, and EtNH,, slightly negative for »-
PrNH,, and positive for the rest of the amines. Comparison of a values of alcohols and amines indicate
the difference in the amine-water and alcohol-water interactions.

In a previous paper' we described the results of
measurements of temperature of maximum density
(TMD) in dilute aqueous solutions of methyl,
ethyl, n-butyl, and #butyl-amines. From the ob-
served change in TMD of the solutions of from
that of water (A8, Eq. 1), it was possible? to cal-
culate the structural contribution, A6, (see Eq.
la) arising out of the non-vanishing temperature
coefficient of excess volume [d/dT (AW)#0], to
TMD due to the dissolved solute molscules.
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In Eq. (1) 6 and 6, are the TMDs for solution and
pure water, respectively; x,, a, and V9§ are re-
spectively the mol fraction, coefficient of cubical
expansion and molar volume at 0°C for pure so-
lute; o, and V{* are the expansion coefficient and
molar volume of pure water at 8, (=3.98°C), re-
spectively; and AVM is the volume of mixing. The
first term in Eq. (1) (A8 ) represents behaviour of
an ideal system (AVM=0) and shows decrease of
TMD caused due to accomodation of the solute in
a cavity of suitable size.

Wada and Umeda® found a semiempirical equa-
tion between AB  and x, (see Eq. 2).

AB ., = ax, + bx} .. (2)
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or

ABy _

—a+be ....(23)

X3

In Eq. (2) a and b are the constants representing
respectively the solute-solvent and solute-solute
interactions for a given solute and can be evaluat-
ed as intercept and slope of the linear plot of
AB . /x, of Eq.(2a) against x,. Positive aindicates the
degree of structure stabilization caused by the dis-
solved solute, and negative a structure disrupting
ability of the dissolved solute. The b parameter
depends on the solute-solute interactions’.

Plots of (A8 ,/x,) versus mol fraction (x,) of the
dissolved amines (MeNH, and n-BuNH,) in our
work! at lower concentrations showed a systemat-
ic deviation from linearity envisaged from Eq. (2a)
of Wada and Umeda®. This was ascribed' to the
neglect of hydrolysis of amines, which at low con-
centrations (x, =103 to 10~¢) are as high as 15-
20%.

Extrapolations of the uncorrected curves of
(A6 /x,) versus X, to zero concentration are likely
to give incorrect values of the constant a (Eq. 2a),
which determines the nature of solute-solvent in-
teraction.

One way to avoid this problem, is to measure
the TMD of the amines in dilute solution of a
strong alkali (like KOH) to suppress the hydroly-
sis, as was done by Conway ez al> for determining
the partial compressibility of amines. This proce-
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dure is not favoured by the authors for TMD on
the ground that presence of the strong alkali might
modify the native nature of the solvent itself, mak-
ing it difficult to correctly judge amine-water inter-
actions from the a values so obtained. Rather, it is
preferred to numerically correct for the effects
due to hydrolytic products (RNH; and OH-
ions). Such a procedure was first proposed and
applied by Cabani er al®, for partial volumes of
amines, which was later adopted™®, in this labora-
tory for determining the apparent molal volume
and compressibility of amines.

The present paper describes the hydrolysis cor-
rection procedure for TMD of amines. This has
been applied to the TMDs of four amines
(MeNH,, EtNH,, n-BuNH, and ~BuNH,) studied
earlier!. In addition, measurements of TMD of n-
propyl, dimethyl- and trimethyl-amines are also
reported, which are also subjected to the correc-
tion procedure developed here.

Method of Hydrolysis Correction

In the procedure for hydrolysis correction pro-
posed here, A8, is first calculated by ignoring hy-
drolysis using Eq. (1a). Values of A6 thus ob-
tained are conceived as being made up, additively,
of contributions by molecules and ions present in
the hydrolytic equilibrium (Eq. 3) of the amine B
(B=RNH,, R,NH, R;N etc.).

B+H,0=B-H,0=BH* +OH" )

in which the hydrolytic products are presumed to
be formed by the dissociation of the hypothetical
intermediate B-H,O. We can then write:

Ae ohsermol o Aeion . (4)
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The assumption of additivity is justified in di-
lute solution used in the work on TMD. A@™" is
calculated by applying Despretz’ rule for ionic so-
lutions,

Aeion=KiIc)m.Xion o o (5)

where x" is the mol fraction of the ionic species
in the given solution and K" is the Despretz con-
stant (generally negative) characteristic of the elec-
trolyte (BH™, OH ) formed as a result of hydroly-
sis.

Thus the desired structural effects due to unhy-
drolysed amine molecules can be obtained by Eq.
(6).

Ae::;’l =Ae::l;s —Kpeu-on-) “Xpu-.on) .- (6)
The constant Kpgy: on-) 1S @ measure of the ex-

tent to which the hydrolytic species affect the
TMD of water.

Table 1 —Measured K, ,, of various amines

Amine KNyw on  PKyat Amine Komion PRyat
1C SHE C SHE
MeNH, -641.4 3209 rBuNH. -9444 3205
E«NH, -762.0 3439 (Me),NH -6404 3.339
n-PrNH, —773.4 3438 (Me);N -829.4 4489
3.364

n-BuNH, —856.4

Analysis of literature data on K, values for var-
ious strong clectrolytes show that it is an additive
property and both cations and anions show the
same effects irrespective of the nature of counteri-
on. This fact is used to determine Kpgy-oy-) T€-
quired in the calculations of A6™' using Eq. (6).
Equation (7):

Kopeu-on-)= Kpen-. a1+ Kpk:. on-) ~ Kok-.a)

. (7)
has been used in determining Kppy+ on-) from the
terms on the right hand side of Eq. (7), which can
all be measured experimentally. Values of K gyy:ci)
were measured by us separately by preparing the hy-
drochlorides of the amines. On inserting in Eqn (7) li-
terature values of K+ onyand Ky« o) we ob-
tained the corresponding values of Ky py- - (Table
1). The concentration of ibns X ;- o -1 is calculated by
regardingthe solutionunder considerationasaternary
system of solvent water, unhydrolysed amine mole-
cules (B)and the hydrolytic products(BH*OH ~ ). If a,,
is the true degree of hydrolysis of amine molecules
having a molality 7 in water it follows:

ah.m .
I —a,)m & ay - m=t55.51

waH‘()H’\=(

Ay m

=1 . (8)
m+ 55.51

The true degrees of hydrolysis were calculated by
theiterative method employed by Cabani ez al* in their
volumetric work onamines. In this, approximate a, va-
lues were first calculated from Ostwald’s dilution law
using thermodynamic basic dissociation constant of
amines (see Table 1). Approximate mean activity coef-
ficients were then calculated using Debye-Hiickel
limiting law (at 5°C)in the form:logy, = — 0.494 /1=
—0.494 J a,*c, where c is the molarity. Fresh values of
oy, werenext calculated by insertinginto Ostwald’s law,
activities in place of concentrations. This procedure
was repeated till constant values of o, were obtained.
Generally, a, remained constant after third iteration.

Materials and Methods
The three amines used in this work were n-PrNH,
(AR, Merck, Schuchardt, Germany), 25-30% solution
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of (Me),NH (BDH, UK) and 30% solution of Me;N
(Spectrochem Co). n-PrNH, was first dried over KOH
pellets and then distilled just before use. Concentr-
ations of the solution were determined by titrating
against standard (0.02N) acid using bromocresol pur-
ple indicator.

The TMDs of different solutions of the above three
amines were measured according to the procedure de-
scribed in the previous work'. The TMDs of the corre-
sponding hydrochlorides were determined in the same
way. The changes in TMD (A6) were a linear function
of concentration for all the hydrochlorides, whereas
the corresponding amines show non-linear concentra-
tion dependence.

Results and Discussion

Figure 1 shows the A values for the three amines
studied in this work. Values of A8 for the remaining
four amines were taken from our earlier work'. Results
of AB™', the true structural contribution of unhydro-
lysed amine molecules to A6 were calculated using Eq.
(6)for all the seven amines. Inview of Eq.(3), these may
appear to be due to the B-H,O species. However, since
water added to water would not cause any change in
TMD, the values given by Eq. (6) may be ascribed to
the amine molecules. These have been plottedin Figs 2
and 3 as plots of (A8,,,/x,) versus x, (Eq. 2a). Vertical
bars show the probable uncertainties in the ordinate
arising due to a possible error of £0.015° in A6 ...

A careful examination of the plots in Figs 2 and 3 for
the seven amines studied in this work reveals the fol-
lowing features.

(i) Plots of (A6™!/x,) versus X, tend to show nega-
tive slopes at higher concentration which become pos-
itive atlower concentration and show broad maximain
between. This is in sharp contrast with the behaviour
of almost all nonelectrolytes studied so far?, which all
show a negative slope (i.e. negative b values).

(i1) In the case of MeNH, and EtNH,, owing to the
asymptotic nature of the curves, it was not possible to
extrapolate these to zero concentration for obtaining a
values. It is quite clear, that the a parameter for these
two amines should be large and negative. Wada and
Umeda’ obtained positive a values for methylamine
by linear extrapolation from points at higher concen-
tration (dotted line in Fig. 2), without considering hy-
drolysis. However, avalues for other amines studied in
this work do show positive a values, albeit only
through anon-linear extrapolation of curves with posi-
tive slopes. The difference in nature of the curves aris-
ing due to neglect of hydrolysis can be seen in Fig. 3,
from a comparison of our results for n-BuNH., and
(Me),NH with those of Wada and Umeda (dotted
lines). Table 2 gives a values obtained in present work
(column 2). Also given are values obtained by other
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Fig. I — Change in temperature of maximum density (A8 , ) for the
amines (this work) [A. n-propylamine: B. dimethylamine and C.
trimethylamine]|
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Fig. 2 — Plots of ABT'/x, versus x, for the amines. A.methylamine

(ref. 1); B. ethylamine (ref. 1); and C, n-propylamine (this work)

Dotted lines show the results of methylamine of Wada & Umeda
(ref.2)]
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Fig.3 — Plots of A@™/x, versus x for the amines, [A, n-butylamine

‘ref. 1): B. -butylamine (this work). and D. trimethylamine (this

work i Dotted lines represent results of Wada & Umeda (ref. 2) for
dimethylamine (C):and n-butylamine.]

workers? (column 3). The difference between these
sets of values are subtle and must be ascribed to the
neglect of hydrolysis by earlier workers and also to the
fact that they carried out measurements at higher con-
centrations. In Table 2 are also listed a values for the
corresponding alcohols (last column) to bring out the
difference in the nature of alcohol-water and amine-
water interactions; all alcohols show positive a values
in contrast to the amines, the lower members of which
show negative a values.
One can also evaluate the aparameter directly using
the relation (9).
d < e
i
21 -x)a, VY 2(1-

- OE
a,

. (9)

a=

Table 2— Values of constant (a) for amines

Amine a(°C) a(°C)
for alcohols
from TMD W and U From (ref.2)
this work (ref. 2) (ref. 8)
Methyl Large —ve 180 =591 173
Ethyl Large —ve = —324 273
n-Propyl =555 = —43 263
n-Butyl 210 173 231 237
-Butyl 102 — 114 605
Dimethyl 310 5 314 -
Trimethyl 200 = 242 =

derived elsewhere® and using values of a JF taken from
our earlier work? on the density of amines at low tem-
peratures. These values are also given in Table 2 (co-
lumn 4). As can be seen, the agreement between a va-
lues obtained from TMD measurements in this work
and those calculated using Eq. (9), both in regard to
sign and magnitude is quite satisfactory. This fact un-
derlines the correctness of the method of hydrolysis
correction adopted in this work. In the case of alcohols
too®, a good agreement is seen between a values from
TMD results and those calculated using Eq. (9).

The a values for amines in Table 2 clearly indicate
that the first few members of the series of aliphatic
amines are not structure-stabilizers(negative a) but the
higher members are (positive a). Also, chain branching
brings about enhancement of structure of water more
effectively than chain-lengthening. Similar conclu-
sions were arrived at” on the basis of volumetric work
on amines.

[tis concluded that while evaluating the aparameter
from TMD resultsin the case of solutes like amines, itis
necessary to correct for hydrolysis; the neglect of
which can give erroneous avalues leading to improper
interpretation of solute-solvent interactions. Alcohols
and amines show a different trend in the avalues, indi-
cating the role of the hydrophilic group in deciding the
nature of solute-solvent interactions.
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