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Abstract

The Knudsen mass-loss effusion technique was used to measure the vapour pressures at different temperatures of the following

halobenzoic acids: 2-chlorobenzoic acid, between T = (320.16 and 339.15) K, 3-chlorobenzoic acid, between T = (320.13 and 340.13)

K, 4-chlorobenzoic acid, between T = (333.15 and 356.14) K, 2-bromobenzoic acid, between T = (327.56 and 347.68) K, 3-bromo-

benzoic acid, between T = (327.67 and 347.60) K and 4-bromobenzoic acid, between T = (348.67 and 366.65) K. From the temper-

ature dependence of the vapour pressure of the crystalline compounds, the standard, p� = 105 Pa, molar enthalpies, entropies and

Gibbs energies of sublimation at T = 298.15 K, were derived. A d.s.c. study of the fusion of the crystals is also presented.
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1. Introduction

The present work is a continuation of a thermody-

namic study of our laboratory on the sublimation of sev-
eral substituted benzoic acids recently published [1–4],

which included the fluorobenzoic and iodobenzoic acids

[1]. In order to study the influence of the halogen substit-

uent on the volatility of the different halobenzoic acids,

it was decided to extend the previous study to the three

chlorobenzoic and to the three bromobenzoic acids for

which vapour pressure–temperature data were not

known. Furthermore, literature calorimetric values of
the standard molar enthalpies of sublimation for some

of those compounds, published by different authors,

showed significant disagreement.

2. Experimental

The 4-bromobenzoic acid [CAS 586-76-5] was ob-

tained from BDH Chemicals Ltd. with high purity grade
(organic analytical standard). All the other compounds

are commercial products from Aldrich Co: 2-chloroben-

zoic acid [CAS 118-91-2], 0.999 mass fraction (g.c.), 3-

chlorobenzoic acid [CAS 535-80-8], mass fraction

>0.99, 4-chlorobenzoic acid, [CAS 74-11-3], 0.999 mass

fraction (g.c.), 2-bromobenzoic acid [CAS 88-65-3],

0.994 mass fraction (g.c.), 3-bromobenzoic acid CAS

[585-76-2], 0.999 mass fraction (g.c.).
All the samples of the studied compounds were fur-

ther purified by sublimation under reduced pressure

prior to the experimental measurements. The tempera-

ture and the enthalpy of fusion of the sublimed samples

(hermetically sealed in steel crucibles) were measured

using a Setaram DSC 141 calorimeter under a heating

rate of 3.3 Æ 10�2 K Æ s�1. The calibration of the power

scale of the calorimeter was performed using high-purity
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indium (mass fraction >0.99999) and its temperature

scale was calibrated by measuring the melting tempera-

ture of the following high purity reference materials [5]:

naphthalene, benzoic acid and indium. For each com-

pound, at least four independent runs were performed.

Mean results and standard deviations of the tempera-
tures (observed at the onset of the calorimetric peaks)

of fusion, Tfus, and of the molar enthalpies of fusion,

Dl
crH

�
mðT fusÞ are presented in table 1 together with the

mass fractions of impurity, x, calculated through a frac-

tional fusion technique [6].

The vapour pressures of the crystalline samples were

measured at several temperatures using the Knudsen

mass-loss effusion technique. The used experimental
apparatus enables the simultaneous operation of three

Knudsen cells, with three different effusion orifices, mak-

ing it possible to check the absence of any dependence of

the measured pressures on the area of the effusion ori-

fice. A full description of the main features of the appa-

ratus, procedure, technique and the results obtained

with ferrocene and benzoic acid have been reported

[7]. The consistency of the measured vapour pressures
was also checked by comparing the results obtained

for benzoic acid and for copper(II) b-diketonates using
this apparatus, with the results obtained for these com-

pounds by using different experimental apparatuses and

different techniques [8]. A few minor changes have been

introduced to the original apparatus design and several

other tests have been performed with other reference

substances such as benzophenone, dibenzothiophene
and naphthalene.

The measurements were extended through a temper-

ature interval of ca. 20 K chosen to correspond to meas-

ured vapour pressures in the range 0.1 to 1 Pa. In a

typical effusion experiment, the crystalline sample is

placed at the base of each cylindrical effusion cell. After

being weighed to within ±0.01 mg, the cells containing

the samples are placed in aluminium blocks inside glass
tubes connected to the vacuum system. These tubes are

immersed in a thermostatically controlled to ±0.001 K

silicone oil bath during the experiment. The vapour ef-

fuses through the orifice coaxially located at the top of

each cell into the outside space evacuated to a pressure

of 10�4 Pa. The temperature of the bath is measured

using Amarell mercury thermometers, calibrated by Ei-

chamt Wertheim (Germany) and graduated to 0.01 K.

The effusion time period of each experiment was usually

longer than 104 s in order to allow sublimed masses of

the samples from each effusion cell greater than 10 mg.

After the effusion process is complete, the cells are

weighed again and the sublimed masses, Dm, are calcu-

lated. At the temperature T of each effusion experiment,
the vapour pressure p is calculated by the Knudsen

equation:

p ¼ ðDm=AowotÞ � ð2pRT=MÞ1=2; ð1Þ
where M is the molar mass of the effusing vapour (as-

sumed to be monomeric for all the studied compounds),

t is the effusion time period, R is the gas constant, Ao is

the area of the effusion orifice and wo is the respective

Clausing factor, calculated by equation (2), with l being

the thickness of the orifice and r its radius:

wo ¼ f1þ ð3l=8rÞg�1
: ð2Þ

In this work, circular effusion orifices made in plati-

num foil of 0.0125 mm thickness were used. Their areas

and Clausing factors are as follows: orifice 1, Ao/
mm2 = 0.663, wo = 0.990; orifice 2, Ao/mm2 = 0.785,

wo = 0.991; orifice 3, Ao/mm2 = 0.996, wo = 0.992.

3. Results and discussion

The Clausius–Clapeyron equation (3), where p� = 1

Pa, was used to determine the molar sublimation enth-
alpy at the mean temperature ÆTæ of the experiments,

Dg
crH

�
m(ÆTæ), for each compound studied:

dflnðp=p�Þg=dð1=T Þ ¼ �Dg
crH

�
mðhT iÞ=R: ð3Þ

The plots of ln(p/p�) against 1/T for the global results

obtained for the studied compounds are presented in fig-

ure 1. Table 2 presents, for each compound and for each

effusion orifice used, the results of the vapour pressure
obtained from each effusion experiment during the effu-

sion time period t, at the temperature T, together with

the residuals of the values calculated through equation

(4), where a is a constant and b ¼ Dg
crH

�
mðhT iÞ=R,

lnðp=PaÞ ¼ a� b � ðT =KÞ�1
: ð4Þ

Table 3 presents, for each effusion orifice used and for

the global treatment of all the (p,T) results obtained for

each studied compound, the parameters of equation (4)

together with the calculated standard deviations and the

standard molar enthalpies of sublimation at the mean
temperature of the experiments ÆTæ. For the global treat-
ment, the equilibrium pressure at the mean temperature

p(ÆTæ) and the entropies of sublimation at equilibrium

conditions, Dg
crSmfhT i; pðhT iÞg ¼ Dg

crH
�
mðhT iÞ=hT i are

also presented. For each compound, the calculated

enthalpies of sublimation obtained from each individual

orifice are in agreement, within experimental error, with

the values obtained using the global treatment.

TABLE 1

Temperatures of fusion, Tfus/K, enthalpies of fusion, Dl
crH

�
mðT fusÞ, and

mass fraction of impurities, x, of the studied compounds

Compound 103 Æ x Tfusion/K Dl
crHm=kJ �mol�1

2-Chlorobenzoic acid 0.3 413.95 ± 0.06 25.25 ± 0.06

3-Chlorobenzoic acid 0.7 427.87 ± 0.21 23.67 ± 0.13

4-Chlorobenzoic acid 0.8 512.50 ± 0.23 30.91 ± 0.34

2-Bromobenzoic acid 2.1 421.60 ± 0.22 24.83 ± 0.34

3-Bromobenzoic acid 0.7 430.08 ± 0.14 24.91 ± 0.10

4-Bromobenzoic acid 2.3 526.34 ± 0.38 30.87 ± 0.08

272 M.A.V. Ribeiro da Silva et al. / J. Chem. Thermodynamics 37 (2005) 271–279



Download	English	Version:

https://daneshyari.com/en/article/9633611

Download	Persian	Version:

https://daneshyari.com/article/9633611

Daneshyari.com

https://daneshyari.com/en/article/9633611
https://daneshyari.com/article/9633611
https://daneshyari.com/

