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ABSTRACT 

1NrR0DuCr1oN 
Vapor pressure measurements are an important source of basic thermcdynamic 

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 ccmpounds. Sane data exist on 
polychlorinated benzenes (ref.l,2) and on polychlorinated biphenyls (ref.3,4). 
The present data are to our knowledge the first vapor pressure reportings on 
polychlorinated dioxins. 

METHODSANDRESULTS 
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 chrcmatographic analysis (Fig. 1). 
Careful design of the gas saturation experiment is essential for reliable data. 
Ccmplete inert gas saturation, minimal adsorbtion effects, normal pressure over 
the sample and a good control of temperature profiles must be assured. Tempera- 
tureprofiles inwhichtemperatures are controlled to -+.I Koverthe 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 shaws transport equations for the saturation experiment (ref.5,6). 
Mass transport occurs by viscous flow andbydiffusion (1). Thepressuredrop 
accrossthe capillary is negligible (2) for the used'flow conditions (ref.6). 
The partial pressure P2i over the sample is obtained fran the mass flm rates of 
the sample A2 and the inert gas hl (3). The mole fraction of sample vapor 
upstream of the capillary is given by x 2i* + is a coefficient for mass trans- 
prt by diffusion (4) and a capillary is used to suppress this contribution (5). 
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Fig. 1. Dynamic head 
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COEFFICIENT FOR MASS TRANSPORT BY DIPPVSION: 

TRANSPORT EQUATION FOR BINARY GAS FLOW AT = r2fl P DT I 1 R 

RESULTS AND DISCUSSIGh' 
Vapor pressure reference compounds were used to test the instrumentdes- 

cribed inFigure 1. It was found from a careful review of the literature that 
there are only a few reference ccmpaunds available for lc~ 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 I,4 dichlore 
benzene (Table 1) with the present instrument are in good agreement with data 
reported in reliable literature sources (ref.11. 

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

(a) (b) 
158.1 Pa 137.2 Pa Enthalwv-subl. 65.40 *) 65.70 #1 
1217.6 Pa 1066.2 Pa (kJ/mbl) 

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 5ooc 
150 383592 Pa 344804 Pa #) values for ll°C 

J 
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TABLE2 
Predicted vapor pressures of 2,3,7,8 Temperature (C) Vapor Pressure (Pal 

tetrachlorodibenzo-p-dioxin. The vapor 
25 3.5 to 6.3 x 10-C 

pressures were calculated using the 
estimated enthalpies (115 to 125 

50 1.3 to 3.1 x 10-4 

kJ/mol) and entropies (280 to 320 75 2.8 to 8.9 x 10-3 

J/mol K) of sublimations for tetra- 100 3.9 to 15.9 x 10-2 

chloro isomers indicated by vertical 
125 4.4 to 21.9 x lo-' 

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 IO*) and a high repeatability of the present method. 

Standard molar enthalpies ( ho) and entropies ( so) of evaporation were 
obtained by linear fits of this data (Fig.3 e-h). Vapor pressures can be calcu- 
lated for given temperatures frcm R In P(pascal)= so+ ho/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- 
h); Different correlations hold for the liquid and solid benzenes duetothe 
enthalpies and entropies of fusion. The correlations for the dibenzo-p-dioxins 
allowed an estimation of enthalpies and entropies of sublimation for tetrachlo- 
rcdibenzo-p-dioxins (vertical bars in Fig.3 g,h). The calculated vapor pressure 
curve of 2,3,7,8 tetrachlorcdibenzo-p-dioxin, which is toxic to small animals, 
is given in table 2. 

For 25OC the estimated vapor pressure of 3.5 to 6.3 ~10~~ Pa translates into 

atotalevaporated mass of 450 to 820 nanograms/m3 of TCDD if equilibrium is 
established. 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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