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Experimental Study at Low Molalitles of the Enthalpies of Solution of

RbBr in Water at 298.15 K

Anna Sanahuja* and Juan L. Gomez-Estévez

Departament de Termologla, Facultat de Flsica, Universitat de Barcelona, Diagonal-645, 08028 Barcelona, Spain

Using the calorimeter and procedure described in a
previous work, we measurad the enthalpy of solution of
RbBr In water at 298.15 K In the molality range from
0.008 to 0.072 mol kg~'. Our results and the avallable
data In the iiterature have been analyzed by two methods.
As a result, the proposed value for the enthalpy of solution
at infinite dilution Is AH,~(298.15 K) = (22179 = 28) J
mol'.

Introduction

The available data for the enthalpy of solution of RbBr in
water are practically nonexistent. In 1965, Parker (7) gave the
value of (21882 % 418) J mol™" for the enthalpy of solution at
infinite dilution, AH,~, at 298.15 K. This value was obtained
by using only one experimental value at 0.11 mol kg™ by Lange
and Martin (2) and with the help of estimated L, data. More
recently, Thourey and Perachon (3), gave the vaiue 22410 J
mol~'. The discrepancy between the two values is the 2.4%.
In order to obtain more accurate vaiues of AH,, Weintraub et
al. (4) measured the enthalpy of solution of RbBr in water at
298.15 K in the molality range from 0.038 to 0.073 mol kg~'.
The proposed value for AH,” was (22 184 + 30) J mol™".

In order to avoid the significant scatter among the proposed
values, in this work, measurements for the enthalpy of solution
of RbBr in water at 298.15 K are presented. The molality range
covered was from 0.006 to 0.071 mol kg~'. We have extended
the molality range to lower molalities for a more rellable ex-
trapolation to infinite dilution.

Experimental Section

The enthalpy of solution was measured with the Tlan-Calvet
calorimeter type described in detall in a previous paper (5). The
temperature controller used regulates to better than £0.01 K
over 24 h. An electrical calibration Is carried out before and
after each measurement. The calorimetric energy equivalent
is about 43 mV/W and the values are accurate t0 0.1%. The
initial mechanical effect was also considered. The estimated
uncertainty on the enthalipy of solution determinations is better
than 1%.

The water used was doubly distiled and the solid sample was
Merck Suprapur. It was heated for 5 h in a furnace at (774
+ 5) K. A test for the moisture of the salt in the calorimetric
cell before the dissolution showed no significant change in mass
over 24 h. An evaporation test showed that the solvent lost
about 0.1% of its mass.

Table I. Calorimetric Molar Enthalpies of Solution of
RbBr in Water at 298.15 K

AH,(298.165)/
w,/g we/g  m/(molkg) T/K (J mol™)
0.034693 34.31213 0.006 11 298.32 - 22334
0.035115 34.299 00 0.006 19 298.22 22231
0.082538 34.31213 0.01455 298.32 22416
0.099218 34.29700 0.01749 298.24 22294
0.118010 34.573 38 0.02064 298.29 22414
0.144 658 34.66783 0.02523 298.50 22418
0.163170 34.616 58 0.028 50 298.45 22437
0.179265 34.69996 0.03124 298.52 22368
0.214033 34.29700 0.03774 298.24 22281
0.255435 34.57338 0.044 68 298.52 22491
0.311833 34.61658 0.054 47 298.45 22423
0.412288 34.667 83 0.07191 298.43 22439

Experimental Results

The obtained results for the enthalples of solution of RbBr in
water at 298.15 K are shown in Table I. The molar mass of
RbBr used is 165.3718 g mol' (4). In Table I, w, and w,, are
the soiute and solvent masses, respectively. All solute weigh-
ings were made on a single-pan balance with a sensltivity of
1 ug. Al solvent weighings were made on a single-pan balance
with a sensltivity of 10 ng; m is the molality and the values are
accurate to 0.1% due to the evaporation of the solvent. Tis
the temperature for each solution and the values are accurate
to +£0.03 K. AH,(298.15 K) is the molar enthalpy of solution
adjusted to 298.15 K. The adjustments were found as follows
(5)

AH(298.15 K) = AH(T) + C, (288.15 - T) (1)
where C, , = Cy m — C*pmi Cy m is the apparent molar heat
capacity of the dissolved salt at the given molality and C*,
is the molar capacity of the salt before solution. Llterature
values of C*, . (6) and C, ., (7) were employed. The error
due to condensation of solvent is given approximately by (8)

6Hs = —(2xp* vmg/RT)AqH.m (2)
where x denotes the mole fraction of the solute after dissolution,
p " the vapor pressure of the pure solvent, and AJH*, the

molar enthalpy of evaporation of the pure solvent. The cor-
rection for the solvent-condensation effect is negligible.

Discussion

In order to analyze the experimental results and to calculate
the enthalpy of solution at infinite dilution, AH,”, a knowledge
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Table II. Analysis of the Available AH, Data for the RbBr
Using the Two Methods Explained in the Text

AH,"/ B/ s/
method ref (J mol™?) (J kg mol'®)  (J mol™)
L, data 4 22185 = 34

this work 22207 % 61
eq 3 4 22182 £ 72 -3384 *+ 1197 39
this work 22166 &+ 35 -2394 + 994 65

of L,(m), the relative apparent molar enthalpy, is necessary.
The only available experimental values of L,(m) for RbBr
aqueous solutions at 298.15 K are from Fortier et al. (9). On
the other hand, the experimental values of AH, could be ana-
lyzed in terms of an equation in m and the value at infinite
dilution found as the intercept at zero molality. In a previous
work (70) it was shown that the following expression can be
used satisfactorily (for 1—1 electrolytes) in the molality range
covered in this work

AH, =
AH.” + Aym"2{(1/(1 + m"3) - [a(m)/3]} + Bm (3)

where
o(m) =
@/m{1+m2-[1/(1+ m"}]-2In (1 + m"?}

A, Is the Debye-Hiickel limiting slope (17), AH,” and B are
adjustable parameters.

In the first possibility the enthalpy of solution at infinite dilu-
tion, AH,”, Is obtained as the mean of the extrapolated values.
The uncertalinty Is the standard deviation of the mean. By use
of eq 3 the values of AH,” and B are obtained by the least-
squares method. The uncertainty in the estimation of the ad-
justable parameters P (B and AH,”) has been calculated as

(12)
oP
= 2 —_—
o(P) = s°L (an) )

where y, represent the experimental values of AH, and s the
standard deviation of the fit

z,: (BH g e = AH'(-:M)z

s= Py (5)

1/2

In eq 5, n is the number of experimental data and q is the
number of parameters.

The experimental data presented in Table I and those re-
ported by Weintraub et al. (4) have been analyzed by using the
two methods explained above. The results are summarised in

22594+

T
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E ° . ®
- ° ° °

2

(%]

T
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217574
oot ) 003 00s 007
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Figure 1. Plot of AH, against molality. Reference 4 (@); present work
(O); fit of the experimental values presented in this work by means
of eq 3 (—).

Table II. One can see that no appraisable differences exist,
within the error, between the two data sets and the two ex-
trapolation methods empioyed. The agreement is not only re-
stricted to AH,” values. The molallty dependence of AH,,
reflected on the parameter B, is the same in the common
molality range. This behavior can be seen clearly in Figure 1.
For this reason, we think that a rellable value of AH,” could
be obtained using our AH, data combined with those of
Welntraub et al. (4). The proposed value of AH,” for RbBr in
water at 298.15 K is

AH,(298.15 K) = (22179 % 28) J mol™’

The value has been obtained after extrapolating the combined
data by means of eq 3.

Registry No. RbBr, 7789-39-1.
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Densities of Aqueous Strontium Chloride Solutions up to 200 °C and

at 20 bar

Anll Kumar

Institute of Physical Chemistry and Electrochemistry, University of Karlsruhe, D 7500 Karisruhe, West Germany

Densitles of aqueous SrCl, are reported from 50 to 200
°C at 20.27 bar pressure up to a concentration of 2.7 mol
kg™'. Apparent molal volumes calculated from densities
can be fitted with Pitzer's equations with a standard
deviation of 0.08 cm® mol.

Introduction

Aqueous solutions of alkall and akaline earth metal chiorides
are important components of natural brines and are used in
industrial processes. A literature survey reveals that density
data on these solutions especially at high temperatures and
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