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ABSTRACT

The vapor pressure curves of ten chlorinated dibenzo-p-dioxines and of ten
chlorinated benzenes were measured by a gas flow method with integrated gas
chromatographic analysis., At least 60 vapor pressure points distributed over 10
to 20 temperatures between 30 and 200~C were recorded for each compound. Corre-
lations between the measured vapor pressure curves and the degree of chlorine
substitution showed linear de ecies of the log ( p ) values on the substitu-
tion number for fixed t ratures. Corresponding correlations for the enthal-
pies and entropies of sublimation allowed the estimation of the vapor pressure
curve of 2,3, ,S_é:etrachloro—d1benzo-—p~dlox1n (TCDD). At 25°C a vapor pressure
of (4.5 7 2) x 1077 pascal is found for TCDD. An enthalpy of sublimation of 115
to 125 kJ/mol and an entropy of sublimation of 280 to 320 J/mol K is estimated
for the linear vapor pressure curve between room temperature and 150~C.

INTRODUCTION

Vapor pressure measurements are an important source of basic thermodynamic
data. The fate of pollutants in the environment to a large extent can be con-
trolled by their vapor pressures. Inspite of this, little vapor pressure data
has been reported for low boiling polychlorinated compounds. Same data exist on
polychlorinated benzenes (ref.1,2) and on polychlorinated biphenyls (ref.3,4).
The present data are to our knowledge the first vapor pressure reportings on
polychlorinated dioxins. :

METHODS AND RESULTS

All vapor pressure measurements have been done with the gas saturation meth-
od (ref.5). Partial vapor pressure measurements are possible with a fully auto-
matic instrument which includes online gas chramatographic analysis (Fig. 1).
Careful design of the gas saturation experiment is essential for reliable data.
Complete inert gas saturation, minimal adsorbtion effects, normal pressure over
the sample and a good control of temperature profiles must be assured. Tempera-
ture profiles in which temperatures are controlled to -* .1 K over the sample
region are crucial for correct temperature measurements. The omission of a
capillary between sample and adsorbent is a frequent source of errors.

Figure 2 shows transport eguations for the saturation experiment (ref.5,6).
Mass transport occurs by viscous flow and by diffusion (1). The pressure drop
accross the capillary is negligible (2) for the used flow conditions (ref.6).
The partial pressure P,; over the sample is obtained from the mass flow rates of
the sample r'12 and the inert gas r'11 (3). The mole fraction of sample vapor

upstream of the capillary is given by X»;. Aq is a coefficient for mass trans-

port by diffusion (4) and a capillary is used to suppress this contribution (5).
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Fig. 2 Transport equations and their solution for the gas saturation experi-

ment, The relative contribution (q) of diffusion to mass transport is suggressed
by the proper choice (1 = 70mm, r = .4mm) of a capillary. Contributions below 1%
are pri ioge for flow rates, ve .01 ml/min. A binary diffusion coeffjcient D
of .075 cm“/sec was assumed in this calculation (D for anthracene at 25-C).

RESULTS AND DISCUSSION

Vapor pressure reference compounds were used to test the instrument des-
cribed in Figure 1. It was found from a careful review of the literature that
there are only a few reference compourds available for low pressures. A critical
selection of literature reportings for a given compound is often necessary
(ref.6). Vapor pressures measurements on anthracene (ref.7) and on 1,4 dichloro-
benzene (Table 1) with the present instrument are in good agreement with data
reported in reliable literature sources (ref.1).

TABLE 1
Vapor pressures of 1,4 dichlorobenzene: (a) present data, (b) reference 1.
Temp. (C) (a) (b) (a) (b)

25 158.1 Pa 137.2 Pa Enthalpy-subl. 65.40 *) 65.70 #)
50 1217.6 Pa 1066.2 Pa (kJ/mol)
75 6992.7 Pa 6172.3 Pa Entropy-subl. 261.46*) 260.96#)
100 31774 Pa 28239 Pa (J/mol K)
125 119380 Pa 106741 Pa  *) linear regression, 30 to 50°C
150 383592 Pa 344804 Pa #) values for 11°C
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Fig. 3. Measured vapor pressures (x) of liguid {a) and solid (b) chlorinated
benzenes and of ten dibenzo-p-dioxing (c, Q). vapor pressures were measur
and plotted (x) five times for each temperature setting. Entropies {e) and
enthalpies of sublimation of ll%'LIld (A) solid (e) benzenes and of dibenzo-p-
dioxins (g,h) are plotted as a function of the degree of chlorine substitution.
The chlorine substitution positions are indicated numbers in the figures.
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TABLE 2 .
Predicted vapor pressures of 2,3,7,8 Temperature (C) Vapor Pressure (Pa)
tetrachlorodibenzo-p~dioxin. The vapor 25 3.5 to 6.3 x 10-6
pressures were calculated using the -4
estimated enthalpies (115 to 125 >0 1-3 ko 3.1 x 10
kJ/mol) and entropies (280 to 320 75 2.8 to 8.9 x 1073
J/mol K) of sublimations for tetra- 100 3.9 to 15.9 x 102
chloro isomers indicated by vertical 125 4.4 to 21.9 x 10-!

bars in figure 3 (g,h).

Figure 3 shows the measured vapor pressure curves of chlorinated benzenes
(a,b) and of chlorinated dioxins (c,d). The vapor pressures are strongly depen-
dent on the degree of chlorine substitution. This data illustrates both a large
dynamic range (over 108) and a high repeatability of the present methcd.

Standard molar enthalpies ( h®) and entropies { s®) of evaporation were
obtained by linear fits of this data (Fig.3 e-h). Vapor pressures can be calcu-
lated for given temperatures from R ln P(pascal)= s% hP/T(K) with R = 8.3143
Joule/mol K.

Correlations between the measured vapor pressures and the extent of chlorine
substitution showed linear dependencies of log P values on the substitution
number for fixed temperatures (ref.7). Similar correlations hold between the
enthalpies or the entropies of evaporation and the substitution number (Fig.3 e~
n). Different correlations hold for the liquid and solid benzenes due to the
enthalpies and entropies of fusion. The correlations for the dibenzo-p-dioxins
allowed an estimation of enthalpies and entropies of sublimation for tetrachlo-
rodibenzo-p-dioxins (vertical bars in Fig.3 g,h). The calculated vapor pressure
curve of 2,3,7,8 tetrachlorodibenzo-p-dioxin, which is toxic to small animals,
is given in table 2.

For 25°C the estimated vapor pressure of 3.5 to 6.3 x10~ Pa translates into
a total evaporated mass of 450 to 820 nanograms/m3 of TCDD if equilibrium is
astablished., The present estimations will help to reduce the safety risks of a
vapor pressure experiment on 2,3,7,8 tetrachlorodibenzo-p-dioxin.
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