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ABSTRACT

Enthalpies of formation A H;® (298 K) have been determined calorimetrically as PhSeBr(c)
+(341+46) kJ mol~!, and PhSeBry(c)+(77+52) kJ mol~! Enthalpies of sublimation
have been found as PhSeBr+(78 4+1 3) kJ mol ! (304-324 K) and PhSeBr; +(710+13) kJ
mol~! (298-321 K) Values for Se-Br bond dissociation energies are given

INTRODUCTION

Previously, [3] we have measured the enthalpy of formation of diphenyldi-
selenide, PhSeSePh by rotating bomb combustion calorimetry This opens
the way to a determination of the enthalpies of formation of phenylselenium
bromude, PhSeBr, and phenylselenium tribromide by solution calorimetry

Diphenyl diselenide reacts quantitatively at room temperature with one
mole of bromine to yield phenylselenium bromude [1] and with two moles of
bromine to yield phenylselenium tribrommde [2] We have determuined the
enthalpies, AH(1) and AH(2) of reactions (1) and (2) {(below) by measure-
ment of the enthalpies of reactions (3)—(8) Whereas PhSeBr 15 soluble in
CCl,, PhSeBr; 1s almost insoluble in this solvent, so that we have used
1,2,4-trichlorobenzene, C;H,Cl, as solvent for reactions involving PhSeBr,

Ph,Se,(c) + Br,(1) — 2PhSeBr(c) (1)
Ph,Se,(c) + 3Br, (1) — 2PhSeBr;(c) (2)
Br, (1) + [3Ph,Se, + 260CCl1,](1) — [2PhSeBr + 2Ph,Se, + 260CCl,(1) (3)
Ph,Se, (c) + [2Ph,Se, + 260CC1,] (1) — [3Ph,Se, + 260CCl,](1) (4)
2PhSeBr(c) + [2Ph,Se, + 260CCl,] (1)

— [2PhSeBr + 2Ph,Se, + 260CCl,] (1) (5)
Ph,Se, (c) + [6Br, + 450C¢H;Cl,] (1)

— [2PhSeBr, + 3Br, + 450C,H,Cl,] (1) (6)
3Br, (1) + [3Br, + 450C4H,C1,] (1) — [6Br, + 450C,H,C1,] (1) (7)
2PhSeBr, (c) + [3Br, + 450CH,Cl,] (1)

—> [2PhSeBr, + 3Br, + 450C,H,Cl,] (1) (8)
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RESULTS AND DISCUSSION

The following values, which refer to 298 K, were obtained AH(3) =
—(2875+023) kJ mol™!, AH(4)= +(2783+008) kJ mol™!, AH(5)=
+(51 50 + 0 76) kJ for 2 mole PhSeBr, AH(6) = — (1294 + 0 09) kJ mol !,
AH(7)y= +(367 +012) kJ for 3 mole Br,, AH(8) = +(95 90 + 2 00) kJ for
2 mole PhSeBr, Using these values and the relationships AH(1) = AH(3) +
AH(4)—AH(5) and AH(2)=AH(6) + AH(7) — AH(8), we obtain the val-
ues AH(1)= —(5242+107) kJ mol™! and AH(2)= —(1052+22) kJ
mol !

By incorporating the value A H;° (298 K)(Ph,Se,, ¢) = +(1206 + 8 2) kJ
mol ™! [3], we obtain AH® (298 K)(PhSeBr, ¢)= +(341+46) kJ mol ™'
and AH{® (298 K)(PhSeBr,, ¢) = +(77 + 52) kJ mol~' Enthalpies of sub-
limation have been measured as A H,, (PhSeBr) = +(78 4+ 1 3) kJ mol ™/,
over the range 304-324 K, and AH, (PhSeBr;) = +(710+ 1 3) kJ mol !,
over the range 298-321 K Assuming these to be the values at 298 K, within
the limats of experimental uncertainty, we write AH;° (298 K)(PhSeBr,
g) = +(1125+ 59) kJ mol ™! and AH (298 K)(PhSeBr, g) = + (787 £ 6 5)
kJ mol ™!

The sum of the bond dissociation energies D,(PhSe-Br) + D, (PhSe-Br),
which corresponds to the sum of the enthalpies of reactions (9) and (10),
may be calculated from the enthalpy, A H(11), of reaction (11)

PhSeBr,(g) — PhSeBr,(g) + Br(g) (%)
PhSeBr, (g) — PhSeBr(g) + Br(g) (10)
PhSeBr, (g) — PhSeBr(g) + 2Br(g) (11)
PhSe—SePh(g) + 2Br(g) — 2PhSeBr(g) (12)

by use of the relationship A H(11) = AH° (PhSeBr, g) + 2AH° (Br, g) —
AHF® (PhSeBr;, g) = D,(PhSe-Br) + D,(PhSe-Br) Taking the value
AH®(Br, g)= +(11186 + 012) kJ mol™', (4) we obtan the sum
D,(PhSe-Br) + D,(PhSe-Br) = +(257 5 + 44) kJ mol~! The bond dissoci-
ation energy, D,(PhSe-Br), in phenylselenium bromide may be calculated
from the enthalpy, A H(12), of reaction (12) and the relationship A H(12) =
D(PhSe-SePh) — 2 D,(PhSe—Br) = 2AH (PhSeBr, g) — AH;® (Ph,Se,, g) —
2AH? (Br, g) Using the value AH.® (Ph,Se,, g) = +(237 3 + 10 7) kJ mol '
we obtain the value AH(12) = —(2360+49) kJ mol~! Usmg the value
D(PhSe-SePh) = +(2800 + 190) kJ mol™! [3] leads to the wvalue
D;(PhSe—Br) = +(258 0 + 12 0) kJ mol™" Thus, successive bond dissocia-
tion energies of the Se—-Br bonds in PhSeBr; are

D, (PhSe—Br) + D,(PhSe~Br) = + (257 5 + 4 4) kJ mol ™!
D,(PhSe-Br) +(258 0 + 12 0) kJ mol !
({ DY(PhSe-Br) +(171 8 + 6 1) kJ mol !
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where ( D )(PhSe-Br) 1s the mean bond dissociation energy corresponding to
one third of the enthalpy of removal of all three gaseous bromine atoms
from gaseous phenylselenium tribromide

EXPERIMENTAL

Diphenylselenide (Alddrich Chemucal Co) was recrystallized from
methanol, fused for 5 mn and stored over phosphorus pentoxide, m p 336
K (literature value [2] 336 K) The purity, determined by use of a differential
scanning calornimeter technique [5], was found to be at least 99 90 + 004
mol% Microanalysis gave C 46 16, H 3 19, calc for C,,H,,Se,, C 4618, H
323 mol% Phenylselenium bromude was prepared by mixing chloroform
solutions of stoichiometric quantities of diphenyldiselemde and bromine
The red crystals, recrystallised from diethyl ether, had m p 333 K (literature
value [2] 335 K) Microanalysis gave C 3043, H 2 06, calc for C;HSeBr, C
3055, H 212 mol% Phenylselenium tribromude was prepared by mixing
carbon tetrachlonde solutions of diphenyldiselenide and excess bromine
The scarlet crystals, recrystallised from chloroform, had mp 373 K (litera-
ture value [2] 378 K) Microanalysis gave C 1799, H 117, calc for
C¢HsSeBr; C 1821, H 126 mol% Carbon tetrachloride (B D H. spectro-
scopic grade) was distilled b p 348 1 K, 783 S torr (literature values [6] 349 7
K, 7600 torr) 1,2,4-Trichlorobenzene (B D H AnalaR) was distilled b p
485 8 K, 741 4 torr (literature values [6] 486 7 K, 760 0 torr) Bromune was
supplied by Hopkin and Williams

Enthalpy measurements were made at 298 15 K using the LKB 8700
Precision Calonmetry System equipped with a 25 ¢cm® vessel and a poly-
tetrafluoroethylene ampoule holder/stirrer The charged calorimeter was
calibrated electrically The quoted values of AH are those derived from the
mean of five determinations and the uncertainties are twice the standard
deviations of mean values Enthalpies of sublimation were determined by
measurement of the rate of effusion of a sample [3]
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