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Abstract - The qecmetry of thianthretw and its cotion radicals (the ground 
state and first excited state) has been studled. M in~cro calculations on 
thianthrene indicate a folded structure. Ab I~ICIO and energy weighted max- 
imun overlap on the thianthrene catlon radical and it8 first excited state 
reveal a structure very similar to the closed shell system. The results ob- 
toined are discussed in relation to the chsrlcnl properties of thionthren. 

lhlanthrene :la) has bren the SubJert of a number of structural and dynmlc studies. If1 the crystal, 

each of the phenylcne groups and the two sulfur atoms are coplanar, ond the two planes intersect a- 

long the S-S 11~. The mleculr thus assmeb o folded Clr conformatIon with a dihedral anqle at 0 = 

131” (fiqurr I). 

Ihe structure of the thianthrene cation radlcol 

[la*‘) has been dlscusscd 1” relotlon to the results 

obtained by rwasurcmnt of the q-tensor.’ The ccmpo- 

ncntG of the q-tensor were fowd to be Z.OoCtB, 2.0086 

and 2.0112, *hrch 1s not compatible rlth a cmplcte- 
@EJ /G\ 

ly planar structure, and it has therefore been as- 
10 

suned that the radrcal catlon IS non-planor.’ 

The struclurr of the excited thianthrenc cotlon f ifs. 1. Ihianthrene 

radical (lam**) hos to our knowlcdqr never been dis- 

curioed, but it has recently been found that electron-transfer fluoresconcc quewhlnqs of la*** by 

added donors qivc very high reorganl?otron encrqics. ’ The quenchlnq dato which were treated ~nterms 

of the Marcus theory gave a high XlO’ (15.3 kcal.mole-I;,’ rhich Indicates bond and/or solvent re- 

organl?atlon due to the eddltion of the electron to TO+**. 

In attempts to throw some light over the structures of la. TR** and Is-” and some of their 

chemical properties 1111s paper presents a study uslnq Nl calculot~onn for these purposes. 

RtSlkIS AMI DISCUSSlOk 

lhr present lnvestlystlon 1s based on ab rnrtro (huss1an 80)’ and energy weighted maxlmm 

overlap (EVW):’ calculations. fhc bond lengths for lo were taken from the literature.’ 

The total energy, E for la as R function of the dihedral angle, (3, has been cnlculsted usrng 

an STO-3C baala set (Gaussian 80) end the result 1s shorn in Fig. 2. 

It appears from flq. 2 that the total energy for la has a min~nm for e - lJOO, 1” accordance 

with the results from X-ray crystalloqraphlc ~nvest~get~cms’ and enrller colculat~cms:’ In these 

calculations, the total energy. t was given as: E = Eo l En + Es, where rt was assued that the o- 
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bond enerqy 1s qiren by a ronstnnt quantity and CeI 

and in are the strain and --electron blndlnq energy, 

reapectlvely. from the results rn Ilq. 2 the enerqy 

of the borrlcr for turninq the molecule rnalde nut 

con becalculated tobe about 15 kcal*molc-‘. lhis value 

Ia lnrcnaonoble oqrcwntnlth thcerpcrlmental result 

mhcreanelyalaof the ~nvrraionharr~crua~nqd~fferent 

harmonic vibrations gave an invcrsionbarrierof 1-l 

kcol*mole-‘. Uslnq ab lr.Clo calculat lona w1 th an extcnd- 

ed basis set (Cc-JlC.1’ gives a result C-10 kcal*molc?) 

which 1s in better accordance nlth the expcrlnental re- 

sult.: The dihedral angle found for la is also in 

qood agreement with dlpolcmoment onulysis of Te in 

benzerw solution whirh indicates a dlhcdrel anqlc 

of 1440 ! 80.’ 

The structure of la** has to our knonledqc 

only been dlacussed in relation to CSR spectro- 

scopy from which 11 was assumed that It woo non- 

planor.’ 

Ihc totol energy, E [UK, SIO-XI of la+* as 

(1111-e 
160 160 140 120 100 

f1q. 2. The total energy, E as a function 
of the dlhedrel onqle, 8, for thienthrcn 
(beala act.: STO-IG, full line) and the 
thlanthrerr cation radlcql :UK, baala 
set: STO-IC, dotted line!. 

o funrtlon of the dihedral angle, 8, is nhorn aa the dotted line in Fig. 2. lhia curve reaches also 

a minimum at C ? 1X0. Compared nlth la, it appeara that the total energy increaaaa very rapidly 

for smaller dihedral angles, whereas a slower Increase la observed for lerqer enqlea. Uslnq the rc- 

suit!; for Ia+* from Flq. 2 the lnverslon barrier 1s found to be about 6 kcal*mle-‘, a result rhlch 

remains to be verified apactrosroplcally or calmetricelly. 

further support for a dihedral angle at about 130° for la*’ comra from CWO calculations of 

the princlpol wmponents of the q-tensor”* ’ iqll, qzl, and q,, 1. flqure 3 cxhiblta the results of 

the varietlon of the CWO q-tensor prlnclpal voI1 

uea es o funrtlon of the dihedral angle 0. 

A good ayreemewt with expcrlnental results 

Ia obtained for the two first corponants of the 

q-tensor (ql, and q,,) for 0 = 110°, where03 for 

9,J 
no aqrcement is found. These results indicate, 

together with the UK sb ID~CIO celculationa of 

To** In fig. 2 that thla catlm radlcel probobly 

has a structure which ia very similar to that of 

the closed shell system. 

Before re proceed to the structure of la*** 

a amall pert of theory is neceaaary: In the dia- 

cuaalon of features of radlcols with one unpaired 

electron spin, a fundamental notation IS the aep- 

aration of the clectrw~c enerqy: 

E(J, ‘. ? 1) = E:O,N! ? e:J) !l: 

where E(O,N) rcpreaents the closed shell energy 

of the reference state and C(J) la the energy 

dlffercnce between the radical and the ground 

state. This difference can be obtained by the c- 

lectron propagator;’ the ErtO model was oriqinal- 

ly prevented aa on approxlmatlvc roy of cstlnat- 

lnq the propagator. It 1s assuned that conforma- 

Lional changes and other perturbetlons of the e- 

Components of the 

120 130 140 150 

Flq. >. Verlotlon in the EU*) q-tcnaor 
principal values a3 a function of the 
dihedral angle, e (full 111~). The exPe- 
rlmentol values ere given as the dotted 
line.’ 
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1ectr0n1c system induce chanqcs 1,) T(0.N; as well 

ns the s~rqly occup1cd end excited states.’ Ihe 
EWMO energy (a.~.) 

relative position of the states IFI determined by 

the latter only and lt 1s expected to obtain use- 

ful information frm the possible deqenrrecies 

end MOT deq-eneraciea in the molecular orbitols 

of the effcctlve ham&ltoclian in the ray one usu- 

ally uses molecular orbital theory. 

The chsrlqes 1” EYO orbIta erwrqy for the 

hlqhest doubly occuplcd MO(HDM:. the hlghcst 

singly occupied Ml(HSOMl) and the lowest moccu- 

pied M*):Luy)) 8s a fuwtlon of the dihedral 

angle, (3, are show in fig. 0. 

from fiq. 4 it appears that the HWUI energy, 

lhlch represents the la(la**) oystcm, exhibits a 

minimum of energy at a dihedral angle at about 

1250. lhesc results are in good accordance with 

the results obtelnd by the ab lnrtlo calculatlona 

above for la arid lo**. Ylth regard to the LUHO 

1 I I 
be 

loo 120 140 164 l80 

fig. Ir. Vnriotion 1” EWO orbIta ener- 
glee (Hw): highest doubly occupied 
alecular orbital; WJMO: hlqhest srngly 
occupied molecular orbrtal; IWO: lowest 

state which represents the excited structure of 

lo**(la***), it 1s seen that It has a maxilnm in 

merqy at a dihedral anqle at about 120’ and that 

unocrupied molecular orbital: OS a fur- 
tlon of the dihedral angle, 0. 

o smnll decrease in MO cnrqy takes place for both smaller and lnrger angles. A fen words about the 

other occupied MOs should be mentlorwd here: ry)s located at lower energies (not show in Flq. 4) 

exhibits a norly similnr curvature as the KMIM and HSOM - o mlnlmna rn enrqy at a dihedral 

angle ot about 125°-1100 or remains more or less flat. from the LUKl state it should thus be expect 

ed that the structure of la-** 19 very similar to that of la* and la. The experrmentslly four-xl ex- 

citotlorl energy (2.13 cv” ) correspulds to some extent to the calculated excitation energy at a dl- 

hedral angle at obout lXlO-140°. further support for geometry of lo l ** very slmllor to that of la** 

cmes olso from the rclatlve small Stokes shrft (1029 cm-‘).” 

Ict us now return to soot of the chemical properties of la arwl la***, and ttw attention will 

here be focused or, the haloqenotlon of 1s” and the qucnchlnq of lo*** by electron donors.“*” 

Brthnlnotlon of 1% leods to 2-bromo-lo cxrlusively: 

I 

Scheme 1 

It haa been reported that abdltlon of bromine to the la solution gives an initial red color which 

“as rcfluxed until the colour nns yellow. ‘* The lnltlal red aolutrm nlqht rndicate that the first 

step 1s on clectrophilic ntteck of a brononim ion on sulfur 1” Ta 91v1n9 a bromo-sulfonim ion, 

I, JIlch by reactlm with bralde leads to 2-brcano-la (Schere I). 
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Fig. 5 shows the HDMD and LUHO coefficients 

for la (only left side shown). 

It appears that sulfur has the largest HOMO 

coefficient, or in other words: Sulfur is most 

preferred for an electrophilic attack by the 

bromonium ion leading to a bromo-sulfonium ion 

(I, Scheme l), whereas the LUMO is mainly locat- 

ed as shown in Fig. 5, which supports the next 

HOMO LUMO 

Fig. 5. HOMO and LUMO of thianthrene 
(STO-3G basis set). 

step being a nucleophilic bromide attack on car- 

bon no. 2 in la (Scheme 1). 

The HDMO and LUMO states (as wall as other unoccupied states located imediately above the’LUMO 

state) lead to a discussion of the large reorganization energy, A&’ (15.3 kcal.mole-‘) for la+*+ 

as an electron acceptor.’ In the ground state of Ta+* the unoccupied electron is mainly located on 

the two sulfur atoms (0.63) relative to 0.185 on each of the two phenyl rings, whereas in the LUHO 

state, which corresponds to la+**, the charge density on sulfur equals to 0 and 0.50 on each of 

the two phenyl rings. Unoccupied states.immediatdly above the LUMO state gives nearly similarnharge 

density picture as the LUMO state. The reorganization of the electron density from the central 

ring in la+* to the side rings in la+ ** might then cause a solvent reorganization which can explain 

the large Age,‘. 

It might be concluded that ab initio calculations of the total energy for thianthrene give a 

minimum in energy at a dihedral angle which is in agreement with the structure found by experiment- 

al investigations. Ab initio, as well as energy weighted maximum overlap calculations predict the 

structure of the cation radical and the excited cation radical of th’ianthrene obtained to have a 

similar structure to the closed shell system. The calculations predict the sulfur in thianthrene 

to be most reactive towards an electrophilic attack, and position 2 to be most reactive towards 

nucleophilic attack, which is in accordance with the experimental results. The relatively large re- 

organization energy for thianthrene obtained in fluorescence quenching experiments might be ex- 

plained from a sudden polarization In the excited state of its cation radical. 
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