
Introduction

The tetra-alkyl-ammonium salts have played an im-

portant role when the interactions between hydrocar-

bon chains and water are studied. In a way they serve

as model compounds of more complicated molecules

such as peptides and proteins. They provide a way of

getting significant concentrations of hydrocarbons in

aqueous solutions since they are quite soluble. Also,

the length and geometry of one or several chains can

be easily changed, allowing for the isolation of the

effect of their contribution.

In this laboratory salts of the symmetric R4NX

and asymmetric R2 �R
2
NX and R �R

3
NX have been

studied by different experimental techniques [1–3].

Several times the contributions to the thermody-

namic properties have been assigned as functions of

the number of carbon atoms in the cations. Also, the

length of the chains has been associated with the

structural effects of the salts in water. Even though

there is a not complete agreement on this point the

tetra-methyl-ammonium cation is considered to be a

‘structure breaker’, the tetra-ethyl-ammonium cation

to have very little structural effect, the tetra-propyl-

ammonium cation is slightly ‘structure maker’ and the

tetra-butyl-ammonium cation is clearly a ‘structure

maker’ [4–8]. In this work the heat of solution of

tetra-n-butylammonium bromide (n-Bu4NBr), tetra-

sec-butylammonium bromide (sec-Bu4NBr), tetra-

iso-butylammonium bromide (iso-Bu4NBr) and di-n-

butyl-di-sec-butylammonium (n-Bu2sec-Bu2NBr)

bromide were determinated in water at 298.15 K, us-

ing the isoperibol calorimetry technique [9]. The mo-

lecular structures are shown in Fig. 1. The enthalpy

behavior of some tetra-alkyl-ammonium salts has

been reported in literature [1, 10, 11] most of the data

in this paper is new.

Experimental

Materials and methods

The tetra-n-butyl-ammonium bromide was purchased

from the SIGMA Co. and used after recrystallization

from methanol-acetone mixtures and kept in a desic-

cator. The other salts were synthesized and purified in

this laboratory using methods already reported

[12–14]. The purity was determined by bromide titra-

tion and found to be near 100�1% in all cases.

1388–6150/$20.00 Akadémiai Kiadó, Budapest, Hungary

© 2008 Akadémiai Kiadó, Budapest Springer, Dordrecht, The Netherlands

Journal of Thermal Analysis and Calorimetry, Vol. 92 (2008) 3, 683–686

HEATS OF SOLUTION IN WATER OF SALTS OF THE TYPE R4NBr AND

R2 �R
2
NBr

L. H. Blanco
1*
, Yina P. Salamanca

1
and E. F. Vargas

2

1
Departamento de Química Universidad Nacional de Colombia, Bogota, D.C., Colombia

2
Departamento de Química, Universidad de Los Andes, Bogota, D.C., Colombia

The tetra-alkyl-ammonium halides are electrolytes that have special characteristics due to the presence of hydrocarbon chains. They have

been used as model compounds to study hydrophobic interactions due to their fairly large solubility in water and because of the possibility

of change in the length and geometry of the alkyl chains. In this work the solution enthalpies of tetra-n-butyl-ammonium bromide, tetra-

sec-butyl ammonium bromide, tetra-iso-butyl-ammonium bromide and di-n-butyl-di-sec-butyl ammonium bromide were determined

at 298.15 K at concentrations between 0.001 and 0.01 mol kg
–1

. The experimental method used was isoperibol calorimetry. The results

were extrapolated fitting the experimental data by least squares to obtain the solution enthalpies at infinite dilution. The hydrocarbon

chains studied were so chosen because the tetra-n-butyl-ammonium ion is considered to be a structure maker for water. The results show

that the geometry of the ion and of the hydrocarbon chains play an important role in the behavior properties of the solutions.

Keywords: dilute solutions, enthalpy of solution, geometric isomers, tetra-butyl-ammonium salts

Fig. 1 Molecular structures of 1– n-Bu4NBr, 2 – sec-Bu4NBr,

3 – iso-Bu4NBr and 4– n-Bu2sec-Bu2NBr
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Also, NMR of
1
H and

13
C was used to be sure that

no impurities were present in significant quantities and

that the structures of the ions were the needed.

The calibration compounds KCl and THAM

(tris(hydroxymethyl)aminomethane) were Merck

proanalysis products. They were powdered and then

dried at 423 K for 24 h [15] their purity was

around 99.8%.

Lastly, water was doubly distilled according to

literature recommendations [16] and had a conducti-

vity of 2 �S cm
–1

.

The calorimetric work was performed using an

isoperibolic apparatus that has been previously de-

scribed in [9]. It consists basically of a Dewar flask,

an electrical stirrer, a sample cell, an electric heater

and systems for control and measurement of tempera-

ture. The measurable signal was read each second us-

ing a Hewlett Packard Agilent 34401-A multimeter

with 61/2 digit resolution. The data were recorded us-

ing an interphase with a regular PC. The data adquisi-

tion software was Agilent Intuilink for Multimeters,

version 1.0. The calorimetric determinations are re-

producible to �0.3%.

All solutions were prepared by mass using an

Ohaus Analytical Plus balance that has an uncertainty

of �1�10
–5

g in the range of interest. The schematic di-

agrams of the isoperibol solution calorimeter and of

the sample cell are shown in Figs 2 and 3.

Results and discussion

The results of the calibration runs of KCl in H2O

at 298.15 K and the molar enthalpies of protonation

THAM–0.1 M HCl are given in the Table 1. They are

compared with literature values. As it is seen they

agree within experimental uncertainty. Table 2,

shows the results for the �Hs at different concentra-

tions and at 298.15 K for the salts studied. Figure 4 is

the plot for the solution enthalpy of the symmetrical

salts as a function of concentration. Figure 5 corre-

sponds to the results for the n-Bu2sec-Bu2NBr. The

extrapolated values of enthalpy at zero concentration

are given in Table 3.

In literature were found three comparable values

–8.45 [20], –8.58�0.06 [19] and –8.58�0.04 for

n-Bu4NBr [11]. Previous work is summarized in

Table 4.

The effect of the anion has been studied by sev-

eral workers and some of them separate the effect of

anion and cation. As a sample of such data, a few re-

sults are shown in Table 5.
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Fig. 2 The complete experimental setup. 1 – External tank

(cooling system); 2 – internal tank; 3 – external tank

temperature sensor; 4 – internal tank temperature sensor;

5 – external tankheater; 6 – internal tank heater;

7 – internal tank temperature control; 8 – external tank

temperature control; 9 – solution isoperibol calorimeter

(Fig. 2 for details)

Fig. 3 The solution isoperibol calorimeter. 1 – Sample cell;

2 – teflon caps; 3 – servomotor; 4 – Dewar vessel;

5 – thermistor probe; 6 – electrical heater; 7 – stirrer;

8 – electric motor; 9 – cap openers

Fig. 4 Solution enthalpies of × – n-Bu4NBr, � – sec-Bu4NBr,

� – iso-Bu4NBr in water, �Hs (kJ mol
–1

), as a function

of molality and at 298.15 K

Table 1 Standard molar enthalpies for KCl in H2O and

THAM–0.1 M HCl at 298.15 K

Substance
�Hs/kJ mol

–1

[reference]

�Hs/kJ mol
–1

this work

KCl in water 17.584�0.050 [17] 17.57�0.05

THAM–0.1 M HCl –29.75�0.02 [18] –29.74�0.06



As it can be seen the kind of halide has a strong

influence in the enthalpy of solution extrapolated at

zero concentration.

The interpretation of the experimental data has

classified [4, 5] the anions as structure breakers (posi-

tive contributions to the enthalpy of solution at zero

concentration). Their influence decreases in the

order I
–
>Br

–
>Cl

–
. In the same way, the cations can be

classified as makers or breakers according to the sign

of their contributions to the values. From the net ef-

fect of the salts it can be shown that a positive value

means a structure breaker salt while a negative one

implies a structure maker salt.

It is somehow surprising the change in sign when

going from n-Bu4NBr and iso-Bu4NBr to sec-Bu4NBr.

This means that the geometry of the alkyl chains is of

great importance in the interactions with water. The

behavior of the asymmetric n-Bu2sec-Bu2NBr should

arise because of two factors: the opposite tendency of

the two chains n-butyl and sec-butyl and the asymme-

try of the cation R2 �R
2
N

+
.

From this work it can be seen that the linear de-

pendence of enthalpies of solution with number of at-

oms in the cation [1] do not hold for the isomer chains

studied.
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Table 5 Enthalpy of solution at zero concentration, �H
s

0
, at

298.15 K for different halides of some tetra-alkyl-

ammonium cations

Salt �H
s

0
/kJ mol

–1

Me4NI 41.80 [23]; 41.4�1.3 [1]

Et4NI 28.20 [22]; 28.6 [23]

Me4NBr 24.71 [21]

Et4NBr 5.77 [23]; 5.88 [21]; 6.12�0.08 [11]

n-Bu4NBr –8.45 [20]; –8.58�0.06 [19]; –8.58�0.04 [11]

Me4NCl 4.43 [20]

Et4NCl –12.97 [20]; –12.64 [23]

Bu4NCl –29.87 [20]

Table 4 Solution enthalpies at zero concentration, �H
s

0
, for

some tetra-alkyl-ammonium bromides literature

values at 298.15 K

Salt �H
s

0
/kJ mol

–1

Me4NBr 24.71 [19]

Et4NBr 5.77 [20]; 5.88 [21]; 6.12�0.08 [10]

Pr4NBr –4.40 [21]; –4.3 [1]

n-Bu4NBr –8.45 [20]; –8.58�0.06 [19]; –8.58�0.04 [11]

Table 3 Solution enthalpies at zero concentration, �H
s

0
, of

tetraalkylammonium bromides in water at 298.15 K

Salt �H
s

0
/kJ mol

–1

n-Bu4NBr –8.75�0.11

iso-Bu4NBr –6.35�0.20

sec-Bu4NBr 10.15�0.23

n-Bu2sec-Bu2NBr 20.08�0.38

Table 2 Solution enthalpies of tetraalkylammonium bromides in water, �H
s

0
, as a function of molality and at 298.15 K

n-Bu4/NBr iso-Bu4NBr sec-Bu4NBr n-Bu2sec-Bu2NBr

m/kg mol
–1

�H
s

0
/kJ mol

–1
m/kg mol

–1
�H

s

0
/kJ mol

–1
m/kg mol

–1
�H

s

0
/kJ mol

–1
m/kg mol

–1
�H

s

0
/kJ mol

–1

0.0011 –8.76 0.0020 –4.31 0.0010 9.84 0.0030 17.25

0.0020 –8.57 0.0021 –4.15 0.0030 10.15 0.0050 15.30

0.0030 –9.07 0.0030 –5.14 0.0041 11.10 0.0060 13.56

0.0050 –8.15 0.0041 –4.97 0.0050 9.82 0.0074 13.30

0.0068 –8.72 0.0041 –4.82 0.0073 9.69

0.0088 –8.42 0.0051 –4.16 0.0090 10.11

0.0101 –8.32 0.0072 –2.75 0.0101 10.20

0.0080 –2.82

0.0091 –2.32

0.0100 –2.01

0.0102 –1.82

0.0104 –2.30

Fig. 5 Solution enthalpies of n-Bu2sec-Bu2NBr in water, �Hs

(kJ mol
–1

), as a function of molality at 298.15 K
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