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ABSTRACT

Vapor pressures are important parameters for environmental fate modeling
of chemicals. Vapor pressure curves were obtained for ecighty pesticides
using an automatized gas saturation method with on-line GC analysis. Special
consideratjon was given to a variety of phenomena of importance to the out-
come of the vapor pressure results: sample contamination by impurities or
amorphous phase, solid to plastic phase transitions, crystal modifications,
measurements on free acids and on labile pesticides. A vapor pressure corre-
lation method has in the past been developed for halogenated dibenzo-p-di-
oxins and dibenzofurans and has been used to predict vapor pressures for
twenty-nine halogenated dibenzo-p-dioxins and for fifty-five chlorinated
dibenzofurans. The present pesticides were chosen to contain a number of
common structure elements with these compounds measured in the past and this
data should be valuable for developing vapor pressure estimation methods.

INTRODUCTION

While vapor pressure data has been collected in agrochemical handbooks
and manuals over the years, such data is mostly not traceable to scientific
publications. Full vapor pressure curves are required to deduce enthalpies
and entropies of sublimation (evaporation). However they are rarely available
for pesticides. Assessment and comparison of such data is complicated by the
variety of vapor pressure methods used. Direct comparability of the experi-
mental data is of importance when the determined thermodynamic parameters are
used in correlation methods.

Vapor pressure measurements on 36 halogenated dibenzo-p-dioxins and di-
benzofurans have been reported in the past (3). Additional curves have been
obtained for 1,6-pCDD, 1,2,3-T3COD, 1,7,8-T3CDD, 2,3,7-T3COD, 1,2,7,8-T4CDD,
1,3,7,8-T4cOD, 1,2,4,7,8-PCDD, OCDD, 2,8-DCDF, 1,3,7-T3CDF,  2,4,7-T3CDF,
OCDF, 2,7-dichloro-9-fluorenone, 2,4,7-trichloro-9-fluorenone and 2,4,7-tri-
chlorofluorene. Some of these new compounds are related by constant chlorine
substitution patterns.

EXPERIMENTAL

Vapor pressure curves were obtained by an automatized gas saturation
method with on-line GC analysis (4). Enthalpies of fusion and melting points
were measured by differential scanning calorimetry (DSC) using a Perkin-Elmer
DSC-2 with a data station 3500.

Organchalogen Compounds 3 143

1990



RESULTS AND DISCUSSION

A few selected vapor pressure curves are displayed in Figure 1. The
vapor pressure curves of octachlorodibenzo-p-dioxin and of octachlorodiben-

rofuran have been remeasured (4).

Somewhat different values for the molar

enthalpies and entropies of sublimation have been obtained from these new
recordings: hg = 149822 J/mol and sg = 311.8 J/mol K (120 to 200°C) for OCDD
{Table 1, bottom) and hg = 143702 J/mol and sg = 308.3 J/mol K (105 to

261°C) for OCDF (Table 1, top).

Fig. 1 Vapor pressure curves
ot fluorene {1}, 9-fluorenone
12y, 2,4,7-trachlorofluorene
(¥), 2,4,7-trichloro-9-fluore-
none (4}, 1,2,4,7,8-pentachlo-
roxdibenzo-p-dioxin (%), octa-
chlorodibenzofuran (6) and

octachlorodibenzo-p-dioxin (7).

Tte melting point (mp} of
tluorenone 13 ndicated and
thke linear regressions are
traced for the solid and
liquid phases respectively.
All of the remaining curves
are for the solid compounds.

t(°C) mPa

108 0.230 0.224 0.218
110 0.377 ©0.367 0.362
115 0.627 0.623 0.626
120 1.09 1.09 1.09
125 1.87 1.88 1.88
130 3.19 3.22 3.20
135 5.40 5.43 5.42

8 8.

120.%v 0.277 0.283 0.279
124.9 0.444 0.448 0.449
129.9 0.725 0.740 0.741
134.9 1.23 1.25 1.26
139.9 2.06 2.09 2.09
144.8 3.47 3.52 3.54
149.8 5.72 5.82 5.85
154.7 9.33 9.51 9.54
159.7 15.2 15.3 15.3

VAPOR PRESSURE, {.0og P(Pa)

2.0 2.5 3.0 3.5

TEMPERATURE, 1/T(K) x103

mPa
560 574 573 573
846 840 852 851
1094 1100 1102 1102
1633 1640 1643 1643
2401 2414 2416 2420
3513 3528 3526 3539
5105 5130 5135 5133
7353 7397 7417 7403

71468 73785 76375 75799
98377 101697 105899 105964
129504 137929 139425 139924

24.7 25.3 25.4 25.6
40.1 41 .1 40.7 41.2
64.2 64.8 66.8 66.1
99.3 102 105 103
155 159 160 160
239 261 246 260
366 386 400 379
556 586 587 607

Recorded vapor pressures of octachlorodibenzo-p-dioxin {bottom) and octachlo-

rodibenzofuran (top).
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Extrapolated 25°C vapor pressure values for halogenated dibenzo-p-di-
oxins, dibenzofurans and pesticides are compared in Figure 2. Extrapolations
involved in some of the cases a recalculation from the liquid to the solid
phase curves using the experimental enthalpies of fusion from the DSC measu-
rements. The dioxin and furan values show a clear-cut corrclation with the
molecular weight. In contrast to these compounds related by homology, no
such correlation is observed for the pesticides.

Added confidence in the vapor pressure measurements was gained by a com-
parison of the enthalpies of fusion obtained from DSC and the values from the
difference of slopes of the vapor pressure curves. This comparison was pos-
sible where vapor pressure measurements were accessible in both solid and
liquid phases. The measurement of enthalpies of fusion (hp) and the melting
points (Tpy) by DSC permitted us Lo test Walden's and Fishtine's rules. The
calculated entropies of fusion (Sp = hy / Ty ) were plotted against Ty for
all of the compounds (Fig 3, bottom). A correlation close to Walden's rule
(64 J/mol K compared to the usually assumed value of 56.5 J/mol K) is appa-
rent for the rigid halogenated dibenzo-p-dioxins and dibenzofurans. The

entropies of fusion for the pesticides on the other hand show a great amount
of scatter.

Liquid phase vapor pressure curves were directly measured for many of
the pesticides. Often the liquids where not experimentally accessible. The
vapor pressure curves over the liquids were then calculated from the solid
phase vapor pressure curves using the enthalpies of fusion from the DSC.
These curves for the liguid compounds were extrapolated up to the boiling
point. The curvatures for these extrapolations were ecstimated by group
contribution methods for the dioxins and furans (1). Fixed values of delta
c (gas minus liquid) of - 70 J/mol K werc assumed for the peaticides. Tha
extrapolations were done in an iterative procedure using the integrated Clau-
sius-Clapeyron equation by a similar method as described in (1).

These extrapolations permitted us to test Trouton's rule and in its
enhanced version Fishtine's rule. The latter rule estimates entropies o
evaporation at the boiling point as s, (Tb) = Kp (36.61 + R 1n Tb) + R ln p
with the Fishtine constant Kp ='1.01, the gas constant R = 8.314 J/mol K and
p~ = 101325 Pa. Figure 3 shows the differences of the extrapolated entropies
minus the estimations by the Fishtine' rule as a function of molecular weight
of the compounds. A great amount of scatter is apparent for both the dio-
xins/furans and the pesticides. A similar picture results when plotting the
entropy differences against ln Tb. Some of the scatter is probably due to
uncertainties of the measured cnthalpies of sublimation, of evaporation and
of fusion, as well as to the estimated delta Sp values used.
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Fi1g.3 Bottom: entropies of

fusion at the melting point
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In conclusion we developed a large thermodynamic data set on environmen-
tal contaminants. This data permits us for the first time to test some of the
widely used thermodynamic rules as applied to high molecular weight / low
wolatility compounds. These rules were mostly developed for much more vola-
rile compounds. They have rarely been directly tested for organic substances

of low volatility in the past. More high quality thermodynamic data
clearly needed on this class of compounds of high environmental impact.

is

REFERENCES

%" B.F. Rordorf, Chemosphere, 18, 783-788 (1989).

2 B.F. Rordorf, 33rd Conference of the International Association for

) Great Lakes Research, May 13 to 17, 1890.

3 B. F. Rordorf, L.P. Sarna, G.R.B. Webster, S.H. Safe, L.M. Safe, D.
Lenoir, K. H. Schwind and 0. Hutzinger, Ninth International Symp. on
Chlorinated Dioxins and Related Compounds, Toronto 1989.

4 B.F. Rordorf, Chemosphere, 15, 1325-1332 (1986).

146 Organchalogen Compounds 3

1990

.~ -





