
Thermochimica Acta, 112(1987)117-122 
Elsevier Science Publishers B.V., Amsterdam - PrintedinThe Netherlands 

117 

PRBDIC!IIONOF VApoRPRBSSURES,E0ILING POINI'S AND 

ENTBALPIFS OF FUSION FOR TWENTY-NINE -TED DIBBNZO-P-DIOXINS 

Berchtold F. Rordorf 

Central Research, Physics, CIBA-GEIGY Ltd., 4002 Basel, 

Switzerland. 

ABSTRACT 

A va 
for 15 po 1?" 

r pressure correlation method was used to predict vapor pressures 
ychloro-, ,8 pal brcmo-, 

J 
2-iodo-, 2,3-difluoro- and 4 mixed ha1 ena- 

ted dibenzo-p-dioxins. ?' 
nated dibenzo-p-dioxins, 

xperimental vapor pressures, obtained on 10 ch ori 
were used as data base for the redictions. The corre- 

lation meth& uses the 11 

P 
ies of fusion were dedu c% 

ids as reference states. Boi!?ing points and enthal- 

he degree of halcgenation. 
for the measured compounds and were correlated with 

The calculated boiling 
fusion are in good agreement with observed values. Tfp 

ints and enthalpies of 
e two correlations were 

used to 
known ma f 

redict boiling 
ting points, arKY 

ints and enthalpies of fusion for related dioxins of 

pressure predictions. 
these values served as starting point for the vapor 

phases 
Molar heat capacities of the gaseous and the liquid 

enthalpies and entropies of eva 
were a'lso estimated for the investigat ecpo 

ration, of sublimation and of fusion 
halogenated dibenzo-p-dioxins. 

INTRODUCTION 

Modeling of the environmental fate of hazardous compounds andof their 

behaviour in industrial processes (i.e. incineration) is only possible if some 

basic physic0 chemical substance properties are known. Scme properties such as 

binary diffusion rates and heat capacities in the liquid or gaseous phase can 

be estimated with sufficient accuracy for modeling purposes (refs. l-2). Other 

parameters like melting points, enthalpies of fusion and vapor pressures must 

be measured. Using correlation methods, these properties can alternatively be 

deduced from experimental data of related canpounds (refs. 3-5). 

Correlation methods are of particular importance when dealing with halcge- 

nated dibenzo-p-dioxins and dibenzo-furans since there are hundreds of homolo- 

gues and isomers (e.g. 75 dioxins and 135 furans for chlorine substitution 

alone). The synthesis of pure wunds can be very difficult. Acordingly most 

species have only been identified by GC-MS techniques in mixtures and have been 

synthesized at trace levels (refs. 6-S). Many of the compounds are highly 

toxic and their impact on the environment must be considered alongwiththe 

hazards of 2,3,7,8-TODD. The measurement of thermodynamic properties generally 

requires milligram quantities and safe experimentation can be very involved. 

Correlation methods permit estimates of substance properties for hundreds of 

canpounds fran a limited set of measurements on the least toxic species. 

Correlation methods allow testing of the experimental data set for self 

consistency. Calculation of related substance properties should beccme possib- 

le (i.e. boiling points and enthalpies of fusion from vapor pressure data). 

The method used can then be tested by a comparison of predicted and observed 

values. 
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VAwRPRFSSURBaXREIATIONMEXHOD 
The correlation method is based on entropies of evaporation at the boi- 

ling point (Tb) since they are relatively independent of substance and there- 
fore reliably predictable (ref. 3). Fishtine's formula, sv(Tb) = 1.01 (36.61 

+ R 1nTb ) + R In P" (PO = 1.01325 Pa), was used to predict the entropies of 
evaporation for the different ccmpounds at Tb. The enthalpies of evaporation 

at Tb are similarly obtained by h, = 1.01 Tb (36.61 + R In Tb). The boiling 

points Tb can be calculated by iteration for the set of polychlorinated diban- 
zo-p-dioxins whose sublimation pressures have been measured. 

Figure 1 illustrates the procedure. The sublimation pressures are extrapo- 
latedtothemelting points (Tm) weretheyequal the vapor pressures of the 
liquids. The latter can be calculated (refs. 3, 5) for given boiling points: 
In P(T,) = In P" - (h,(Tb) / R Tb) ((l+K)(Tb/T, - 1) - K In &,/Trn)} with 

K = -Tb cpgas-liquid / hv(Tb). This entails extrapolations along the strongly 

bent vapor pressure curves of the liquid compounds (Fig. 1). 
The temperature dependencies of the enthalpies of sublimation and evapora- 

tion are given by h,(T,) = hv(T2) + (T, - T2) 
gas 

"p 
- solid (or liquid)_ 

A fixed value of cpgas - sOlid = - 2 R (R = 8.3143 J/m01 K) was assumed using 
the rule of Dulong and Petit for the solid. The heat capacity changes between 
the liquids and the gases are much smaller and the heat capacities were esti- 
mated by the group contribution methods by Chue and Swanson for the liquids at 
20°C and by Benson and Cruickshank for the gases. 

The enthalpies and entropies of evaporation can now be calculated for Tm ; 

&Urn) = \(Tb) 11 + K (I - T,/T$) and sv(Tm) = R ln Pliguid(Pm) + hv(Tm)/Tm- 
Similarly the enthalpies and entropies of fusion can be obtained for the mel- 

ting points by hm(Tm) = hs(Tm) - hv(Tm) and sm(Tm) = hm(Tm) / Tm. Finally 
the entropy of sublimation ss(Tm) can be determined by sm(Tm) = ss(Tm) -sv(Tm). 

Vapor pressures were measured for a number of solid polychloro dibenzo-p- 
dioxins, dibenzofurans and related ccmpounds (refs. 3, g-11). Table 1 and the 
upper part of Table 2 shows thedifferentparametersthatwere obtained from 
this set of experimental enthalpies and entropies of sublimation (note: Table 1 
rectifies faulty c values (ref.3) for xanthene, 
and 9,lOdihydroantPhraoene). 

1,2,4,5,7,8-hexachloroxanthene 

The calculated boiling points and enthalpies of 
fusion compare nicely with the few available experimental values (Fig. 2). 

h I molar enthalpy 
s I molar entropy 

g = molar gibbs free 
energy 

=P = molar heat capa- 
city 

Tb - boiling point IKI 

T, - melting point IK) 
R = 8.314 J/m01 K 
P(T) = vapor pressure at 

T(K) 
Subscript,: sublimation 
Subscript+ vaporisation 
Subscript,:fusion 

Fig. 1. Diagram shming the temperature dependence of vapor pressures. 
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TABLE1 Observed (obs.), extrapolated (extr.), estimated test-).md Predict& 

A! 
r-) values of parameters used in the vapor pressure correlation mkhcd for 
lbenzofman (DF), three polychlorodibenzofurans and related -pounds. 

hs 
(J/ml) (J/:1 K) 

msas.range 
( C) 

tbs. ohs. dxe. 
_________________________------------ 
w 65630 278.49 31 - 70 
36-m 110670 300.9 32 - 101 
248-mm 112300 299.31 45 - 150 
CnF 149430 323.07 100 - 201 
Kanthene 92450 264.79 32- 60 
124576~Hx 147000 331.32 60 - 176 
~,,U,m.xne 96745 274.30 45 -100 
CH-AnthI?. 93221 264.96 31 - 96 
___________________________--------..- 

bn lnF?Tm) cplg-1) K 
( Cl (Pal (J/ml K) 
de. extr. est. 

swm svlm) 
(J/ml IO 

66.5 4.05 -07.6 0.97 185.7 224 
166 7.03 -76.7 0.66 186.9 226 
154 4.35 -74.3 0.81 187.4 223 
259 5.03 -52.1 0.56 189.0 215 

100.5 4.46 -96.0 1.06 186.1 229 
261.5 6.70 -69.4 0.75 166.3 216 
215.6 8.50 -79.0 0.67 186.7 216 
11, 5.07 -78.7 0.87 186.2 221 

hvllln) 
W/ 
ild) 

_______ 
65.4 
70.7 
76.7 
90.0 
71.0 
63.2 
65.5 
67.0 

_______ 

snn(m1 hlWlW 
(JI OSlml) 
mlK)prd.dx. 
_____-______-______ 

54 19.6 
75 34.5 32.4 
76 32.6 

106 57.5 
55 20.7 

115 61.5 
59 28.6 29.4 
64 24.6 

prea. c&w. 
.____________ 

273 267 
357 

392.5 1375) 
537 

300.5 311 
470 
340 340 

306.5 305 

P~ICl?IoNOFVAFORPRBSURES~ -TED DIBENZO-P-DIOXINS 

The connection bstween the measured polychloro dibenzo-p-dioxins and the 

relatedhalogenated compounds of unknown vapor pressures is established by 
correlations of the calculated enthalpies of fusion and b3iling points with the 

degree of chlorine substitution (X) (ref. 3): hm(Tm) = 13.61 + 5.75 X + 2 

kJ/mol and Tb = 283 + 42.0 X - 1.73 X2 + 15 K. To my knowledge vapor 

pressures have so far only been measured for chlorinated dioxins and. the vali- 

dity of the two correlation equations for other halcgenated species presently 

cannot be verified. The investigated polychlorodibenzofurans and xanthens 

follmed the same dependencies however and this suggests that the equations can 

be extended to other halogen substitution (ref. 3). 

After estimating the boiling points for the unknawn dioxins, one can calcu- 

late the entropies and the enthalpies of evaporation at Tb by the Fishtine for- 

mula. The heat capacities of the gases and the liquids are then estimated. The 

estimates permit one to obtain the temperature dependencies of the vapor pres- 

sures, the enthalpies and entropies of evaporation and allow evaluation of the 

parameters for the melting point. The enthalpies and entropies of sublimation 

at Tm are then calculated and the enthalpies of fusion are derived from the 

correlation.These values are recalculated for Tmid(K) = Tmin Tmax / (Tmin+ 

T max) for the rangebetween 25 and 100°C (Table 2, predicted values of h, and 

ss) by using the temperature dependencies of the enthalpies and entropies of 

sublimation, 

gas 

h,(T.,) = hs(T2) + cpgas - 'Olid (T, - T2) and s,(T,) = ss(T2) + 

"P 
- sOlid ln(Tl/T2). The vapor pressures shown in Table 2 were calculated 

using these values in the linear relation, RTlnP(Pa) = T Ss(Tmid) - hs(mid)- 

Boiling points Entholpies of Fusion at Tm 
600 

1 2 3 
10 

1 2 3 n- -- 

chlorine substitution + chlorine substitution + 

Fi .2 Canparison of calculated aad observed m values for dibenzo-p-dioxins 
(I?, dibenzofurans (2), xanthens (3), anthracene (4) and dihydroanthracene (5). 
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TABLE 2 
Vapor pressure correlation (top) and vapor pressure predictions (bottom) for 
polyhalogemted dibenzo-p-dioxins. Shown is the CYRUS l-2-3 spreadsheet which 
includes from left to right: enthalpies and entropies of sublimation, melting 
point range - literature values, heat capacity change from liquid to gas, con- 
stant K (see text), entropies of evaporation at Tb and T,, enthalpies of 
evaporation at Tm, entropies and enthalpies of fusion at Tm and boiling points. 
The vapor pressures of the solids have been calculated for various temperatures 
using the enthalpies and entropies of sublimation shown for tmid = 62.3oC. 
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DISCUSSION 

The present method is limited to ccmpounds with known melting points. Tab- 

le 2 lists all of the halcgenated dibenzo-p-dioxins for which this is the case. 

The close agreement between melting points for wn iscmers with different 

halogen substitution (see Fig. 3b) is further indication that the chlorine 

correlations may be applied to other halcgenated dioxins. 

1,6-, 2,7- and 2,3,7,8- isomers have high melting points. This is a ma- 

nifestation of high lattice energies in the solid phases. The relatively high 

stabilities of the solids are in turn reflected by predictions of low subli- 

mation pressures (Table 2). Such extra stabilization for given iscmers enters 

the model only by way of the melting points. The present model could be 

refined by including this effect in the predictions of enthalpies of fusion and 

boiling points (see Fig. 3; hm and Tb are predicted in this correlation method 

only as a function of the degree of halcgenation). 

This fact could explain the observed differences between the present vapor 

pressure predictions and experimental values for 2,3,7,8-TCDD (ref.lO, 11; 

the predicted pressures lie higher by a factor of 2 to 4). An overestimation is 

also expected for the the brominated analog, 2,3,7,8-TBDD. A much closer agree- 

ment with observations is expected for the remaining compounds. Predictions are 

in very good agreement indeed where comparisons with measurements are possible 

(ref. 13; data at 30 and 40°C extrapolated to 25OC, values in brackets): 10m6 

Pa (10e6 Pa) for 1 ,2,3,4-T4CDD, 9x10e8 Pa (6~10~~ Pa) for 1,2,3,4,7-P5CDD, 

5x10-' Pa (3~10~~ Pa) for 1,2,3,4,7,8-H6CDD and 7.5~10-'~ Pa (5x10-' Pa) for 

1,2,3,4,6,7,8-H7CCD. The observed values for the last two canpounds are probeb- 

ly somawhat high (ref. 13, tailing of the observed vapor pressure curves). 

It has been shown that chlorinated dibenzofurans and xanthens follow the 

same correlations (ref. 3) and vapor pressure predictions will be possible for 

these ccmpounds. 
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