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ABSTRACT 

Vapor pressures are important parameters for environmental fate modeling 
of chemicals. Vapor pressure curves were obtained for eighty pesticides 
using an automatized gas saturation method with on-line GC analysis. Special 
consideration 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 dibcnzo-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 
dibenv-.ofurans. 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 estimat ion methods. 

INTRODUCTION 

While vapor pressure data has been collected in agrochemxcal 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 aro 
used in correlation methods. 

Vapor pressure measurements on 36 halogenated dibcnzo-p-dioxins and di­
benzofurans have been reported in the past (3). Additional curves have been 
obtained for 1,6-DCDD, 1,2,3-T3CDD, 1,7,8-T3CDD, 2,3,7-T3CDD, 1,2,7.8-T4CDD, 
1,3,7^ 8-T^CDD, 1 , 2, 4, 7, 8-PCDD, OCDD, 2, 0-DCDF, 1, 3, 7-T3CDF, 2,. 4, 7-T3CDF, 
OCDF, 2,7-dlchloro-9-fluorenone, 2, 4,7-trichloro-9-f luorenone 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-EIner 
DSC-2 with a data station 3500. 
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RESULTS AHD DISCUSSION 

A few selected vapor pressure curves are displayed in Figure 1. The 
vrtpor pressure curves of octachlorodibenzo-p-dioxin and of octachlorodiben-
ifiturAn have been remeasured (4). Somewhat different values for the molar 
enthalpies and entropies of sublimation have been obtained from these new 
recordings: hj = 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 
2t.i*C( for OCDF (Table I, top). 

Fig. 1 Vapor pressure curves 
of fluorcnc (11, 9'fluorenone 
*i), 2,4, 7-trichlorofluorone 
(]i), 2, 4,7-tr ich loro-9-f luore­
none (4), 1,2,4,7,a-pentachlo-
rodibenzo-p-dioxin (5), octa-
chlorodibenrofuran (6) and 
octachlorodibcnio-p-dioxln (7) . 
Tfr.e nelting point (mp) of 
fluorenonc is indicated and 
the 1inear regressions are 
traced for the solid and 
liquid phases respectively. 
All of the remaining curves 
are for the solid compounds. 

2.0 2.5 3.0 3.5 

TEMPERATURE, 1/T(K) xlO^ 

tcc) 

10S.6 
I I O . S 
115.S 
120 .6 
125.S 
130 .5 
135 .5 
140 .4 
145 .4 
150 .5 
155 .5 
160 .5 
165 .6 
n o . 5 
1 7 5 . 6 
180 .6 

120.1 
124 .9 
129 .9 

j 134 .9 
1 139 .9 

1 4 4 . a 
1 4 9 . 8 
154 .7 
1 5 9 . 7 

0 . 2 3 0 
0 . 3 7 7 
0 . 6 2 7 

1 .09 
1 .87 
3 . 1 9 
5 . 4 0 
B .98 
1 4 . 7 
2 4 . 0 
3 8 . 5 
6 3 . 4 
9 7 . 7 

152 
236 
366 

0 . 2 7 7 
0 . 4 4 4 
0 . 7 2 5 

1 . 23 
2 . 0 6 
3 .47 
5 . 7 2 
9 . 3 3 
1 5 . 2 

mPa 

0 .224 
0 .367 
0 . 6 2 3 

1.09 
1.88 
3 . 2 2 
5 .43 
8 . 9 9 
14 .7 
24 . 1 
3 8 . 6 
6 4 . 2 
9 9 . 2 

151 
241 
381 

0 . 2 8 3 
0 . 4 4 8 
0 . 7 4 0 

1.25 
2 . 0 9 
3 . 5 2 
5 .82 
9 . 5 1 
15 .3 

Recorded v a p o r p r e s s u r e s 
r c d j b e n i o f o r a n ( t o p ) . 

1*4 

0 . 2 1 8 
0 . 3 6 2 
0 . 6 2 6 

1 . 0 9 
1 . 8 8 
3 . 2 0 
5 . 4 2 
9 . 0 4 
1 4 . 8 
2 4 . 1 
3 8 . 5 
6 4 . 2 

101 
157 
246 
374 

0 . 2 7 9 
0 . 4 4 9 
0 . 7 4 1 

1 . 2 6 
2 . 0 9 
3 . 5 4 
S . 8 5 
9 . 5 4 
1 5 . 3 

TABLE 1 

0 .213 
0 .354 
0 .618 

1 .08 
1.87 
3 .21 
5 .42 
9 . 0 0 
1 4 . 8 
2 4 . 1 
3 8 . 5 
6 3 . 5 

101 
156 
234 
375 

0 . 2 8 0 
0 . 4 4 5 
0 .743 

1.25 
2 .11 
3 .55 
5 .86 
9 . 5 9 
15 .4 

o f o c t a c h l o r o < 

t C C ) 

1 8 5 . 6 
1 9 0 . 7 
1 9 5 . 8 
2 0 0 . 9 
2 0 5 . 9 
2 1 0 . 9 
2 1 5 . 9 
2 2 1 . 0 
2 2 6 . 0 
2 3 1 . 0 
2 3 6 . 0 
241 . 1 
2 4 6 . 1 
2 5 1 . 1 
2 5 6 . 2 
261 .2 

1 6 5 . 0 
1 7 0 . 0 
1 7 5 . 0 
1 8 0 . 0 
1 8 5 . 0 
1 8 9 . 8 
1 9 4 . 7 
1 9 9 . 7 

l i b e n z o -

560 
846 

1094 
1633 
2401 
3513 
5105 
7353 

10627 
15136 
22294 
31556 
48268 
71468 
98377 

129504 

2 4 . 7 
4 0 . 1 
6 4 . 2 
9 9 . 3 

155 
239 
366 
556 

mPa 

574 
840 

1100 
1640 
2414 
3528 
5130 
7397 

10752 
15202 
22572 
31887 
48287 
73785 

101697 
137929 

2 5 . 3 
41 .1 
6 4 . 8 

102 
159 
261 
386 
586 

573 
852 

1102 
1643 
2416 
3526 
5135 
7417 

10784 
15329 
22455 
32149 
48265 
76375 

105899 
139425 

2 5 . 4 
4 0 . 7 
6 6 . 8 

105 
160 
246 
400 
587 

p - d i o x i n ( b o b t o m ) and 

573 
851 

1102 
1643 
2420 
3539 
5133 
7403 

10776 
15269 
22685 
32006 
48125 
75799 

105964 
139924 

2 5 . 6 
41 .2 
6 6 . 1 

103 
160 
260 
379 
607 

o c t a c h l o -

Organohalogen Compounds 3 

 
1990



Fig. 2 Extrapolated va­
por pressures for 25**C of 
the following compounds: DD, 
1-MCDD, 2-MCDD, 137-T3CDD, 
2378-T4CDD, 12347-PCDD, 
123478-H6CDD, 1 234670-II7CDD, 
OCDD, 36-DCDF, 1234678-H7CDF 
and OCDF where C stands for 
chlorine (further chlorina­
ted DD's and DF's of ref. 3 
are included in this Figure 
but not in Fig. 3). The 
pressures for the dibenzo-p-
dioxins (DD) and dibenzofu­
rans (DF) (filled symbols) 
are compared to the values 
for various pesticides (open 
symbols; see Figure 3 for a 
list of compounds). 

0. 

IttOLECULAR WEIGHT 

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 tho cases a recalculation from the liquid to the solid 
phase curves using the experimental enthalpies of fusion fron the DSC Beasu-
rements. The dioxin and furan values show a clear-cut correlation 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 coa­
parison of the enthalpies of fusion obtained from DSC and the values fron 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. Tho measurement of enthalpies of fusion (h^) and the nelting 
points (Tm) by DSC permitted us to test Walden's and Fishtine's rules. The 
calculated entropies of fusion (s^ = h^ / T^ ) were plotted against T„ for 
all of the compounds (Fig 3, bottom). A correlation close to Walden's rule 
(64 j/mol K compared to tho 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 anount 
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 fron the solid 
phase vapor pressure curves using the enthalpies of fusion from the DSC. 
These curves for the liquid compounds were extrapolated up to the boiling 
point. The curvatures for these extrapolations were estimated by group 
contribution methods for the dioxins and furans (1). Fixed values of delta 
Cp (gas minus liquid) of - 70 j/mol K were assumed for the pesticides. The 
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 of 
evaporation at the boiling point as Sv (Tb) » Kp (36.61 • R In Tb) • B In p 
w^th the Fishtine constant Kf = 1.01, the gas constant B - 8.314 j/nol 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 In Tb. Some of the scatter is probably due to 
uncertainties of the mea.surcd enthalpies of sublimation, of evaporation and 
of fusion, as well as to the estimated delta Cp values used. 
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Fig.3 Bottom: entropies of 
fu.«;ion at the melting point 
(TB, Haldens rule). Top: cal­
culated minus predicted entro­
pies of evaporation at the 
boiling point (Tb, Fishtine 
rule). Filled syabols stand 
for dibenzo-p-dioxins and di-
bentofurans (Fig. 2) and open 
symbols for these pesticides: 
aldrin, anetyne, atrazine.aza-
•ethiphos, azinphosmethyl,ban-
vel, barban, bifenox, bromo-
phos-methyl, captafol, chlor-
anil, chlorbenside, chlorbu-
fa», chlordane, chlordimeform, 
chlorfenethol, chlorfenvinphos 
chlorfenson, chloroneb, chlo-
ropham, chiorthiamid, cyroma-
line, chlorthal-methyl, 2,4-D, 
2,4-DB, diaiinon, dichlobenil, 
dichlofenthion, dichlorophen, 
dichlone, dichlorphos,dichlor-
prop, dicloran, dicofol, diel-
drin, dihydroheptachlor, diu-
ron, endosulfan, endrin, fen-
chlorphos, fenoprop, fenthion, 
fluoneturon, fthalid, genite, 
heptachlor, imazalil, isazo-
tos, lindane, linuron, metala-
xyl, aethidathion, metolachlor 
naled, nebucon, nitrofen, pen-
conazole, parathion,pentachlo-
rophen, phosalone, phosphaml-
don, profenofos, prometon,pro-
netryn, propanil, propazine, 
propiconazole, quintozene, si-
natine, sulfallate, 2,4,5-T, 
swep, tenephos,terbutryne, te-
trachlorvinphos, tctradifon, 
tetrasul, trichloronat,triclo-
pyc, trifluralin, triallate. 
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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 therxodynamic rules as applied to high molecular weight / low 
volatility conpounds. These rules were mostly developed for much more vola­
tile compounds. They have rarely been directly tested for organic substances 
of low volatility in the past. More high quality thermodynamic data is 
clearly needed on this class of compounds of high environmental impact. 
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