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AIlSTRACT: The electronic energy leve1s o( (he molecule 58 calculated by

the molecular orbital me(hod, assuming simple bounds be(ween

neighbour sulfur a(oms and (WO 10ne pairs per aromo Teuahedral

h)'brids are used for all (he a(oms and (he numerical \Ialues of

(he in(egrals are esdma(ed b)' semi~empirical methods. Two
differen( approxima(ions are used and i( is (ound (ha( (he energy

Ie\'els are practicall)' iodependen( oí (he approximadon used,
especially (or (he occupied le\'els io (he ~round s(ate o( (he
molccule.
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Palma and eohan

A lthough [he Ss molecule has been known (oc man)' ycars and in parll.

culaT, its geometry is well csrablishcd,l.2 thefe are no calcuhuions of ltS

el('ctron¡e cnergy 1('\'e15. The onI)' thcoretical papers3•4•5 on S [{'("c [O
8

rhe calculation of [oesional {'nergy and prediction uf (he dihcdral an,gle. as
well as of rhe \'ibradonal spcctra6• Apan (roro rhe intrinsic intercst in this

molecule, it offcrs particubr ¡merest because (he molecular crystal of onl1o.

rhombic sulfur is made up uf Ss mol,'cules. Thcrefo[<.', it is (O be cxp«eted
rhar an)' informarion about (he S8 molccule wiII be useful as a startin,g poiot

fOf theoretical studies of (he crystal.

~IETlIO[)

The 58 rnok'cule is c)'clic. with rhe shape of a regular crown, bond

angle S-S-S al 107 .So , d ¡hedra] anglc S-S-S-S al 99.3 ° and hond leng,h al
2.037 A 2 ( F ig. 1 ) •

The ground sr(lre configurarion for rhe S arom is: (1s)2 (2s)2 (2p)6

(3s)2 (3p)4. Considering rhar rhe (,k'crrons 00 rhe closed shells (1s)2 (2s)2

(2p)6 are nor modified by llwlecuLu bunding. wc are Ich wirh a problcOl of

48clecrrons (6 per ato01). These ekcrrons can be arranged in (l variuy of
way .••• and sorne suggesrions ha ve be(On gh'eo by Schmidr7• In particul'-1r.onc

couId rhink ofdoubk' bonds bcrw('('n all pairs oC ncighbour ar0015. or in
alternare simple and rriple honds. wirh one lone pa ir per arom in borh cases.
BU{ for any of rhes(' conCigurations. one v;ould expccr rhe possibility of ad-

Jition rC<lcrions. similar ro rhose oC non-saturared. and aromatic hytir(cHbons.

and these reaetioos have nor been found for rhe S molecule. f'urthcrmore.
8

rhe S O1oleeule is l10t pbnar so thar rhe TI-a separ<lrion íuil-cu.are for aro-
8

m,lrie hydroearboos, should not apply hcre. Thcrefore, the double and triple

bonds would be rarher differ('nt rhan rhose for hydrocarboos.
Followin~ ,\ suggcstion by Pauling3• \\'e ha\T considered a simpler

eonfigurarion: naOlely, rhar wirh ,••ingk bonds bct\\'cen aH pairs of nci~hbour
•.Homs. and two 1011(' pairs per aromo ,-\s the bond anglc in Ss (I 07.So) is
almosr rhe rctrahedral angl(' (l 09("128') W(' 11<1\'('considered rh(. formation oC

four tcrrahedral hybrids, oC rhe sr3 rype, in each sulfur a,tom. Of t1H'se
f ou r hybr ids, rhe two t'1<1t Me d ircc red ro",ards rhe ne i,ghbpu r a [oms con"
tribute to the bonds. while rhe orher r\\'o are rhe rwo lone pairs. In rhis way

tht.., problcm reduc('s nov; to 16 orbitals (2 hybrids per atom) and 16 elecrrln'"

(2 p<-'r arom).
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\X/ecall h the hybrid ccntered on atoro i and dirccted tC1.vards atoro j, al'Kf
" 1we number the sulfur atoms s('quemial1y from 1 to 8. \l:'e shall consider t'\\:o

diffcrent approximations:
(i) In the first approximation we consider differem from zero onl}' thefoll(MT.

ing ime gra 15:

'Y~<¡' .. +,IIII¡, .. >
J , I J, J • 1

and

So ~ < h .. + 1 h 1 . >
r, I 1 J + "

and we call this, the appruximatlon of llnearest first neighbours"'.
(ii) In the sccond approximation we considcr diffe-rent from Zcro. apartfrom

(he above integrals, also the following:

<bi+l.illllbi.i.t> /3,

and we call this, the approximation of llcomplete (irst neighhours".
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Slater orbitals and screening constants were uscd in all (he calcu.
Iatioos and the overIap integrals So' SI and 52 werc obrained from imerpolation
in ~tulliken's tables8• For (he othcr integrals semi"empirical procedures
we~e used. F oc [he ¡me gea ls /3 o ' /31 and /32 we uscd ~1ulliken's a ppr(]l( imltion 9.
whlch amounes to make [he resonance integrals proportional to the averIap
imegrals, namel)'

j3;Aso o j3 ; \.S
1 1

j3 ; \.S2 2 •

The parameter A. was obtaincd from rhe experimental data oí [he energy oí
lhe S-S bond. This energy, 61!, varies from SI Kcal/mole for [he S mole-

2
cule [O 63 Kcal/mole for [he S molecule. For S .6f! is approximalelv1o•82'

6f! ; 2 a - 2
a+j3 o
I+S o

from which we ob[ain \.; -0.581 (we expL,in below lhe procedure for [he
calcularían oí a nceded, oí course, ro obtain f3 and A.. from (he aboye c.o
qua[ion) •

A similar interpretadon oí (he energy per S-S bond in (he S mol~ ..
8

eule is, obviously, impo."isible. Onl)' if we neglect aH imerac[ions exeep[
f3 ' we ge[ an expression similar [O [he aboye, but chis is equivalem ro re.o
place S by 4S , which does not seem very convineing. (Anyhow if
6f! ; 63 Kcallmole is used, we ob[ain \.; -0.608 which is no< (00 differ.
('m from the previous value). Obviously, [he atomie orbitals (hybrids) in
S and S need nO[ be the same, so that the value for f3 (and for A

2 8 O
rherefore) in S need nO[ be the samc as thar in S • Anyhow, as [he S-S

2 8
bond encrgies in S and in S differ in onlv 20% we expect that the "alues2 8 .
of j3 in S and in S w ill no< J iHer greatly.o 2 . 8

The integral a, after cxpanding the hybrids, becomes

a

lhe

the

1 [<Si IlIlsi > + 3 < Pi,i+lll1lpi. i+1 > +2/3 <Si IlIlpi•i+, >]
4

If we neDlect [he (erm <s.lulp. '+ >, wc ha\"(: insitie dlC:bracket~ t ,,, 1 ,
energy oí a 35 ekctron plus [hree times the encrgy of a 3p electron 10

effective field 11, of [he S molecule.
8
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The ¡me gra 1y hec ome s

'1= ~[<siIJllsi>+3cos(Pi,iol,Pi.i+l) <Pi,ioliJllpi,i+' >

where (Pi ¡_I' Pi ;+1) is rhe tctrahedralangle. In thc calcularíon of chis, ,
integral we shall also ncglect rhe Jase termo We assume chat rhe quantides
<s,. 11115. > and <p. '+llulp. '+, > are not toodifferem froro che corre.

t J. I ','

sponding \'alucs in rhe free atom and so we have used fOf them [he experi ..
memal values foc rhe free aromo In order to check chis method we have pro"
eeeded in a similar way in diamond, foc which thefe are rachee precise calcu.
Iatioos of rhe a integral, using also tctcahedral hybrids 12, and rhe error is of
28%. which we consider acceptable compared wirh [he probable errors ¡meo"
duced in rhe other approximations used by uso It 15 impossible [O know rhar
part of rhis error is due to the neglect of the imegral < 5.1111 p ...•. 1 > ., ,, ,

Finally, the values oC [he imegrals used are:

a=-0.47

y = - 0.09002

13 = - 0.3342o

So = 0.5748

13, = -0,03781

S, = 0.06504

0.00574

S2 = 0.00988

As usual in chis [ype oC calculations, group theor)" was used [O

factorize the secuL"u de[errninam, taking imo accoum [he Cact [ha[ the S
8molecule be longs lO [he D,d group.

RESULTS

The syrnmctry oí [he molecular orbitals, [he ir degeneracies and [he
corres pond ing energies in the firs[ and second approxima[ions ilre given in
TabIe 1, in order oC increasing energies, in e.v. le is interesting to note
[har rhere appear molecular orbirals belonging to all of the irreducible repre.
sent<lrions of rhe group. The ground sra[e molecular orbiral bclongs ro rhe
romUy syrnmcrcic representation al' as expecred. In the ground stare of
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the.molecule [he 16electrons rhar wc have considcred as contributing to rhe
cheroical bonds occupy rhe lowes[ five mokcular orbirals, giving a singlet
S[3tC foc rhe molecule.

TABLE 1

Re presentadon

•I

"
"

"
"
•I
"

Degree oí
degeneracy

2

2

2

2

2

2

Energy, in e.v., Energy, in e.v.,

in (he first in (he sec ond

appre«imadon. approx imation.

-15.5 -15.5

-15.4 -15.4

-15.3 -15.3

-14.9 -14.8

-14.5 -13.9

-12.3 -12 .0

-10.7 - 9.7

- 7.3 - 8.1

- 4.2 - 6.3

- 2.9 - 6.1

The (irsr and second approximations give very similar results. dlUS

¡nJ ¡ca t ing rhar (he £les t a ppr o.x¡mation, of ••neaee sr fies t oc ighbou es'" 1S ae.
ccptable. This result indicates (har (he interactions thar domir.ate [he
spectra of molecubr orbitals are /3

0
and y. Ob\'iously, chis conclusion i5

conditiorwd [O rhe goodness of rhe approximarions l1sed in rhe calculation
oí {he ime gra ls, w h ic h were obra ifl(:d by f<lther crude s("mi -e mpir ica l me thois.

It should be noriccd that the occupied leve ls in the ground statc of

(he molccule extend onI)" from -15.5 e.\". tO -13.9 e.\". (or 14.6e.\",). lf

\\'e ITk"l.key =/3
1
=/3

2
= O. thcre appcars great accidcntal degcneracy of the

cncrg)' revers, and onl)' t\\'odifferellt kvcls appl'ar, llame 1)' rhe occupied

level (a +f3 )/(1 +5) = -13.ge.\'.and ,he emp'j' one (a-f3 )/(1-50) =
O o O

-8.7 c.v. Wc see, [hcrcforl', [har <llthough [he integral y(and also f3 and1 .
13

2
) renlOves complet<-.I)' [he degcnl'f;1cy. il prodw .."('s a rarher small splining



21

of (he energy levels. Agaio, we canDor decide if chis effect is a real one, oc
is due to [he approximations used in che caIculations of the integrals.

In short, in chis papee a firse attempt is made to classify aoo order rhe
e lec tronic energy levels of (he S molecule foc che molecular orbitals associ.

8
ated with single covalem bonds between neighbouc-sulfur atoros.
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RESUMEN

Se calculan los niveles de energía electrónicos de la molécula S
8

por el método de los orbitales moleculares, suponiendo que existen unio-
nes simples entre los átomos de azufre vecinos ydos pares aislados (tone
pol irs) por átomo. Se usaron híbridos tetraédricos en cada átomo y los va-
lores numéricos de las integrales se estimaron por méta:los semi"empíricos.
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Se usaron dos aproximaciones diferentes y se encontró que los niveles de
energía obtenidos son prácticamente independientes de la aproximación usa.
da, sobre tooo para los niveles que resultan ocupados en el estado base de

la moléc ula.




