Experimental measurements and a group additivity approach for estimating the
standard molar enthalpies of formation of dioxins
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The enthalpies of formation of dibenzo-p-dioxin and its polychlorinated derivatives have been measured, and a complete set of the
enthalpies of formation has been constructed.

underSta,nding thg reasons of the l,musua', Stabi".ty of polychlorype 1 Temperature and enthalpy of fusion and purity of the compo
rinated dibenzg-dioxins (PCDDs) is of primary importance.

These reasons can be of kinetic or thermodynamic origin. l@ompound T,,JK D HY/kI mott  Purity, mole fraction
any case, reliable thermodynamic data are needed for the 392.45:0.10 21.9:06 0.9990
thermodynamic modelling of their formation. Meanwhile, the 373.9540.14 20.0+1.1 0.9976
most important thermodynamic data, the standard molar enthalpigs 360.75+0.10 22.1+0.4 0.9975
of formation Hg), have never been measured experimentallyz 431.60+0.20 27.1+0.6 0.9996

there are only some estimates of these values. In particular, the
AHY values of all 75 PCDDs were estimated by SHaRbcent  3,4-dichlorophenols (—55.2 kJ mbland —53.9 kJ mot respec-
re-estimations3 of these values differ considerably from the tively?). For 2, the effect of chlorination on the enthalpy of
Shaub’s result. There is no doubt that all estimates will be morrmation is equal to —29.0 kJ mél This value is also very
accurate, if reliable experimental values {H9 for several close to that in monochlorobenzene (—30.6 kJ-HiaDbviously,
model compounds will be available. the energetic effect of oxygen—chlorine interactions in PCDDs
The aim of this work is to obtain experimentally the reliableis not large, contrary to Shaub’s estimatlofihe AHY, (g)
values ofAHQ for some PCDDs and based on these data tealue of3 represents the only exception to the general rule. To
construct a complete set of enthalpies of formation of PCDDs. all appearances, a redeterminaton of this value is needed. This
Unsubstituted dibenzp-dioxin 1, 1-chlorodibenzgs-dioxin attempt was made recently with a sample3¢D.8 g, 0.9985
2, 2-chlorodibenzgs-dioxin 3 and 2,3-dichlorodibenzp-dioxin purity). Unfortunately, because the amount of the substance
4 have been prepared by a standard procedilihe. substances was small, we failed to determine accurately the combustion
were purified by recrystallization from ethanol®kylene and  energy. However, theAZUQ, (cr) value for3 obtained in the
subsequently by vacuum distillation. The purity of the samplegreliminary experiments was about 12-15 kJ-+htbwer than
was determined using a Mettler differential scanning calorimetethe value given in Table 2 in brackets, and thus fhelg ()
(DSC-30). The melting temperatur@g,,, and molar enthalpies value was about 12-15 kJ mbhigher. In this situation, only
of fusion, & ;HY,, were also measured (Table 1). the AHQ, (g) values forl, 2 and4 can be considered as a basis
A rotating-bomb calorimetérwas used in the combustion for estimating théH9 (g) values of PCDDs.
experiments. The platinum-lined bomb of volume 0.128 dm To estimate the enthalpies of formation of all PCDDs, we
was fitted with a tantalum lid. The temperature rise wasused the difference meth&d,which is completely consistent
measured with a copper resistance thermometer and a bridgdth group additivity. Because the available experimental data
circuit. The sensitivity of the temperature measurements wasn PCDDs are insufficient to develop an additive scheme for
=~ 5x10-5K. The products of combustion were analysed afteithe prediction of enthalpies of formation of PCDDs, chlorinated
each run according to a procedure described in ref. 6. benzenes were considered in this work as model compounds.
The enthalpies of sublimation were measured on a Calvekhis is in agreement with the above experimental results on
microcalorimeter using a standard procedure. the effect of chlorination. The enthalpies of formation were
The results and the derived thermochemical quantities (astimated on the assumption that the difference between these
T =298.15 K) are presented in Table 2. values for anyone of PCDDs and dibemedioxin (DD) is
The derived values of\:H¢, (g) differ considerably from equal to the difference between appropriate chlorinated benzene(s)
those estimated by Shadutut they are close to recent estimdtes. and benzene. The chlorination of each ring in PCDDs is
The AHY (g) values given in Table 2 indicate that the considered to have no influence on the other benzene ring. The
displacement of two hydrogen atoms in the 2- and 3-positionenthalpies of formation for model compounds were obtained in
by chlorine atoms causes a difference AfHY, (g) values  this work for DD and taken from refs. 10 and 11 for benzene
equal to -52.7 kJ mdl. The analogous difference between theand chlorinated benzenes. An example is shown in Figure 1.
AHQ (g) values ofo-dichlorobenzene and benzene is equal to The same result can be obtained using group contribution
-52.4 kJ motl. Almost the same heat effects of chlorinationvalues from Table 3. According to designation by BeriSon,
can be deduced from the enthalpies of formation of 2,3- androups A and B can be written as;-¢H) and G—(CI),

Table 2 Experimental results and calculated values (kJ-#nol

-AHE (@)
Compound AU (cr) —AHG (cr) -AHG (cr) A HS
this work Ref. 1 Ref. 2
1 5714.2+4.1 5716.7+4.1 148.7+4.4 89.55+0.72 59.2+4.4 62.8 55.0
2 5561.5+4.4 5562.7+4.4 183.4+4.7 95.20+1.10 88.2+4.8 95.0 84.5
3 (5573.6+2.8)  (5574.8+2.8)  (171.3+3.23 97.24+0.55 (74.1%3.3) 137.7 84.5
4 5406.4+6.6 5406.4+6.6 220.5+6.8 108.60+1.00 111.946.9 204.0 106.5

aPreliminary results. A new determination of this value is needed.

Mendeleev CommunicationElectronic Versionlssue 4, 1999 (pp. 129-170)



Table 3 Group additivity values for estimating the enthalpies of formation value for hexachlorobenzene, which was recommended by

of PCDDs.
Group Value/kJ mott
A 13.765
B -16.835
D -169.32
A, 8.8
AV 4.3
AV 1.1
VP 13.0
124 1.1
JAYPe 14.4

respectively. The group D consists of two Og)Cand four

Pedley0 although this value seems to be overestimated. Here,
we prefered to base on the waikwhich was made using
carefully purified materials and properly tested methods. Dif-
ferent attitudes to the experimental datare the main reason

for discrepancies (up to 40 kJ mlin the enthalpies of forma-
tion estimated for PCDDs with high degrees of chlorination in
this work and by ThompschWe believe that, to remove the
contradictions between these two models, reliable experimental
data should be obtained for chlorinated benzenes and chlo-
rinated dibenzg-dioxins with three or more chlorine atoms.

This work was supported by the Russian Foundation for
Basic Research (grant no. 96-02-016223).

Cg—(G3),(O) groups and describes the dioxin frame as a whole.
Six A corrections are used for 1,2-, 1,3-, 1,4-, 1,2,3-, 1,2,4- angeferences

1,2,3,4-interactions of chlorine atoms. For example,
AHY, (2,3,7,8-TCDD) =D + 4A + 4B + A, = —164.0 kJ mott
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Figure 1 The derivation of the enthalpy of formation (kJ niplof
2,3,7,8-tetrachlorodibenzo-dioxin (2,3,7,8-TCDD).

§ T. S. Papina, V. P. Kolesov, V. P. Vorobieva and V. F. GolovBoGhem.
Thermodyn.1996,28, 307.

7 M. A. V. Ribeiro da Silva, M. L. C. C. H. Ferrao and F. Jiye,Chem.
Thermodyn.1994,26, 839.

8 D. R. Stull, E. F. Westrum, Jr. and G. C. Sinkée Chemical Thermo-
dynamics of Organic Compound#iley, New York, 1969.

9 N. Cohen and S. W. Bensddhem. Rey1993,93, 2419.

10 J.B. Pedley, Thermochemical Data and Structures of Organic
Compounds Thermodynamics Research Center, College Station,
Texas, Vol. 1, 1994.

11 @) V. A. Platonov and Y. N. SimulinZh. Fiz. Khim, 1983,57, 1387
(Russ. J. Phys. Chem1983, 57, 840); ) V.A.Platonov and
Y. N. Simulin, Zh. Fiz. Khim, 1984,58, 2682 Russ. J. Phys. Chem.
1984,58, 1630); €) V. A. Platonov and Y. N. Simulinzh. Fiz. Khim,
1985,59, 300 Russ. J. Phys. Chemi985,59, 179); ¢l) V. A. Platonov
and Y. N. Simulin,Zh. Fiz. Khim, 1985,59, 1378 Russ. J. Phys.
Chem, 1985,59, 814).

12 S. W. BensonThermochemical Kinetic®Viley, New York, 1976.

Received: 19th November 1998; Com. 98/1401 (8/09456J)

Mendeleev CommunicationElectronic Version|ssue 4, 1999 (pp. 129-170)



