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The determination of enthalpies of formation of organic free radicals
from bond dissociation energies
5.* Organosulfur radicals
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The formation enthalpies (AHf®) of 12 organosulfur radicals (R ") were determined for the
first time from the published values of dissociation energies of R—X bonds.
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Many transformation of organosulfur compounds pro-
ceed via stages involving free radicals. That is why it is
urgent to study the properties of sulfur-containing radi-
cals, including energy parameters, the most important
of which is the enthalpy of formation AH{.

The AHP(R') values are most often found from
dissociation energies (D) of R—X chemical bonds in RX
molecules (where X is the atom or radical)

D(R—X) = AHP(R*) + AHP(X) — AHP(RX). (1)

Similar calculations require data on AHP(RX) of the
starting molecules, and lacking of these data retards the
replenishment of the database of AHP°(R™) values. In
recent years we are extending the database of AHy® of
organic radicals R*, and the results of this work are
presented in Refs. 1—5.

Data on AHy of sulfur-containing organic radicals
are very scarce. Only 8 such radicals have been charac-
terized by the published® AHg values. Seventeen corre-
sponding values are known from Ref. 7. The AH;® values
found by us for 11 organosulfur radicals, which have not
been described previously, are presented in Table 1.

Of 11 auxiliary AH;® values of sulfur-containing mol-
ecules, 6 values were published (see Table 1) and the
other values were calculated by the method of macro-
increment thermochemical simulation (MTS).17 Accord-
ing to the latter, the structure of the desired compound
is composed of large fragments of model compounds by
their "addition and subtraction," which is shown by the

* For Part 4, see Ref. 1.

schematic "equation." The value of the desired property
is calculated from the values of model compounds using
the corresponding numerical equation similar to the
simulation scheme. The value of the property of the
model compound is usually written under its symbol
(Egs. (2)—(8)). The AHy values found (in kJ mol~!) are
given in parentheses in the left parts of the equations. In
our calculations, the AHg values (in kJ mol™!) of model
compounds (right parts of the equations) were taken
from the handbook® except specially indicated cases.

Ph,CHSPh = Ph,CHMe + PhSMe -
(308.6) « 127.5  97.3%08

CoHe (2)
—83.8+0.4

Table 1. AHy of organosulfur radicals (all values in kJ mol™1)

R" D(R—H) AHP(RH) AHP(R®)
Me,CHS* (369.9+£8)8  (—=76.2+£0.7)0  75.7
MesCS* (370.74£8)8  (—109.6£0.9)%  43.1
PhCH,S" 367.410 (92.8%1.1)% 2422
PhC* SPh 3448 11 308.6* 435.4
9-(PhS)FI* -9 312111 339.0% 433.1(2)**
MeC(S)N'H 381 12 (9.8+0.5)14 173
PhC(S)N"H 377 12 (147.81£2.7)15 307
H,NC(S)N'H 389 12 (22.9£1.6)16 194
PhSO,C HPh  (377.4%2.5)13 —152.4* 7.0
PhSO,C* Ph, 365.3 11 —45.4* 101.9
9-(PhSO,)F1°-9 342711 —11.7* 113.0

Note. All values are given in kJ mol~L.
* Determined in this work (see text).
** Doubtful values (see text).
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The AHP(Ph,CHMe) value was calculated by the
MTS method.!

9-(PhS)FI = 9-MeFl + PhSMe -
(339.0) « 157.9

CoHg (3)
97.3+0.8(—83.8+£0.4

Symbol Fl designates fluorenyl in Eq. (3) and below.
The AHy value of 9-methylfluorene was determined
from the equation

9-MeFl = FI
(157.9) « 187.4

+ MesCH - MeCHMe 4)
—134.2£0.7 —104.7£0.5.

In turn, we recalculated AH°(Fl)4,, from the enthalpy of
formation in the solid phase AHP(F1),,, (88.2 kJ mol~1)18
and enthalpy of sublimation AH,°(F1) (99.2 kJ mol~1)19,

Ph802CH2Ph =
(152.4)  «
= PhSO,Me + PhCH,SO,Me — MeSO,Me )
—253.413.1 —272.1£3.3 —373.1£3.0
Ph802CHPh2 =
(—45.4) <
= Me,CHSO,Ph + 2 PhMe - 2 CoHg (6)
—313.8%3.1 50.4+0.6  —83.8+0.4

The AHP(Me,CHSO,Ph) value was determined from
Eq. (7), and AH;°(9-MeFl) was found using Eq. (4).

Me,CHSO,Ph =
(—313.8) «
= M920H802Me + MeSOzPh - MeSOzMe (7)
—433.5£2.9 —253.4£3.1 —373.1£3.0
9-(PhSO,)FI = 9-MeFl + PhSO,Me— CoHg (8)
(—11.7)  « 1579 —253.4+3.2 —83.8+0.4

All new AHy® values presented in Table 1, according
to the classification,” should be considered as prelimi-
nary by the property of uniqueness of the reference
value. In the previous reportsl—4 of this series, we
examined new AHP(R ") values on the basis of studying
the quantitative correlations "structure—property.” We
cannot do this in this work because the structure of
these radicals has many modifications and the number
of radicals is relatively small. A comparative analysis of
the AHP(R™) values in Table 1 makes it possible to
introduce some remarks. The comparison of AH of
diphenylmethyl and fluoren-9-yl and their substituted
derivatives (with substituents PhS and PhSO,) allows
the qualification of the AH*(9-(PhS)F1"-9) as doubtful.
This can be related to an error in determination of the
reference value D. As can be seen in Table 1, it is much

lower than other AHP(R") values in the series consid-
ered. The first two AHP(R) values in Table 1 were
confirmed by the calculation based on the additive-
group approach,” which gives for them 74.3 and
45.0 kJ mol™!, respectively.
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