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Abslract

Clarge ad:ier comples of el -Casthoxvearbanyly pyridiniuw wdide s studied using AR
semi-ompirical cileolations of maleealer orbial oodsl and UY-¥isible tocbmigues. '1he opliosiecd
geomelry of ety l-A-{ricthces yea bony} paeidiziom carion showed a tarsional angle, b, 17 tor the
eentral C)-C; bond betwoen the cation and carboay| gronp in the ground state, and the tarsinal barrier (at 4
= K07, 100 2.0 keal mai . The aptimized gesmelry af e complex shiwed a chiurge ransler between
iudide wnd 1ethyl-&- (methoxyewhony ) pyridinimo cation withe difTeceny stability Tor wrosod and excitsd
slime. The valnes of the enthalpy of formution of the comrples shows 2 strong, imeeaction between the donor

and acceptar camparing with the experimental dai.

Tntrodoeting

Whean tefrecyamesthens (whife salidy and
hexamethylbenzene  {oolorkessd are mismed, an
intenzcly perple solution is formed. This 18 dus o
the Tormmation of a eomplox bolacen the b
componeants, ks only one example of 8 larpe
number of so-called clectrousgalr donor'clectron-
pau acceptor conplexes (EPIVEPA complexest
Mulliken termed these absorptions "charge mansier
ICTY sbaoptions" [1]. Aceerding o Mulliken's
theory, the characterisfic  long-waveicneh
ahsarptions the formation of CT complex snvolvey
the delocalization of an electron drom the 11080
ol danir 4o the UMM o the acecplor, The C)
complex of l-ethyl-d-(methox yearhouyl)
myridindum indisle (EMUP)R solulion was the ficst
modal process of eopitical pacameter of solvent
pokrity  drean spoctrosenpiz mcasoooinetil],
Cienerally, the characteristic colotation of diffzrent
CT compleses az well as (EMCTF) in solid phase
seems Jdue 1o he mbcmelion bebween the N-
heteoarematic  eation  and  Jifferem  clectan
dimor|3]. Howewer, the geoneley of cinimm
coergy in solulior: or joogas phase duc o the
abscnee of the specific interactions relaled Lo
packing etfeer preseat i a crystal. The guanlum
chewical caleulations are apolied to study 1
complcacs i order to obitain mlormualion won
stracture and other malecolar properiies of 1
gysteany | 4], Semi-copicdeal calealations won: used
L dennoosteaws the abildy o determine the stahilily
of CT comploxes. In these stedies n pood
corelation was verified benween the caleudated
staneard haar of thrmarion (AT of OT compleses
and expoerimental stability constael 4], 1 peosont
wirk, the interaciion betweon iodide anion and 1-
chiwl-d-Tmethoryearbony} prridinivm  cation i
studied by owofveolue oelitd calealations in pas

ey

semi-empirical wsthod., A
for dener-acesplor pare s
proposed, and the caleulated moleculsr propertics
nre comelated with the phole-physical behavior of
thez svstem insohrtion.

Mliese using AN
malecular  mocel

Computativoal and experimenial methods

The melecular structnre of iodide anion and
l-ctlpl-d-(methowyearbony]l  pyridinium  catron
wand fully oprimized vsing AM1 Hamilonion as
implemented n progeam Chyperchem 6] [5]. For
the complex, the excited stute enernsy  was
viloulated by the hallelectron mcthod [67, witheut
luriher geometry cplitozativa, The determination
ol lowesl cnerpy struewores of  L-ethyl-s-
(methaxyearbon el pyridiniom calico was obtained
from angular parameters of rolatiomal angle (o).
torsianal aoghe () and inclivation of methyl sooup
(P as showing in (Fig 1)
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Fig. L. Angular puramelers used for meometry
wpliticalion of J-¢ihy|-4-[methoxycarhonyl)
pyridinium cotion, where C,~C iy eenfral band.

The geomalry o lowest (AHY) of e
srriclure of 1=zibiyl-4 mathiosyearbony )
peridinimm  caticn was  eonsidered  as the
equilibrivn conforomation, The optimization of the
(EMOP) complex was carmied owl [rome the
aplimized peametry of the components, and
comgidering  the  intermplecudur  dislance  and
torsional angle for over all strueture of e
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complex. The stirting aroniery of the conplex
was buill keeping the iodide near 10 pyridinium
cation, The polential encrey enrves of comples in
the grouad and exzited states with respect 10 the
mermalecolar  distance  betweon  dooor and
aeeoptor were nbrained by scanning ot this
paramglens while the oplmad geametry of cach
molzeule remuin canatant for siauliNeation. This,
the eneigy difference boetwoen the protnd and
exeited staes would cormespond tooa wertical
Franlk-Condon transition | 7).

Flectronw,  absorprion measuremnents wers
prelormed on a Hitashi TR2500 speclrephoomzter,
lethyl-A{incthoxycarhond)  pidiaiuen
purehased from Aldrich Chemizal Co.

ioalide

Kesulis and discassion

The aceeptor struclere ol mimimumn ©oergy
wus delermingd froeo tarsional and rotational of the
chemical groups of struciure, This proeedure was
corried cut due 1o Lhe presence of soveral degree of
[feedum of 1-caduw - (methooyeartonyl}
pyradinium cation, which caald resylt in ditfferent
local minimum energy configerations. The beteer
cambienation among the anples fo. 4. 0 producing
g slable peometey, 15 showmg in {Fig. 2.

[ =135
@i
pell"

Fig. I, Optimized geometey ol 1-ethyl-4-
{mcthoxycacbonyl) pyridiniem cofion nsing AMI
Hamifionion as implemested in program
hyperchem &) nnd it has £ symmetey,

The o T-athyf--
{meothoxyearbanyl) pyridingem calion has [f -
FEZ. 7% and vhis valve in aeccoment with the resolt
wpored  from crystallographic date of  1-
alicvlperidiniumy ring [8]. The rofation  anale
{0 %8.7°) is relative to pyridieium group, aud the
dihcdeal angle {4 = L8 resubing in a shucture
with C. symmeiry [see in Fip. 2). The froader
urbilaly al l-ethyl-d{methaxycarbonyl)
puridinmn  caliom e a—dype  and  exhibdr
depenvegseenge of the HOMO s-orbital The
LUMO is & non-degeneraled velalal wlals iodde
has a degenersscence of e IOMO non-bonding
arhital. The enerpy vabires of frontier orbirnlz of tha
species ure zhavwn in Table &

cptimized  geonelry

_ﬁ
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Table |- Froncier wrbital encraics (in £V) ol 1-
cthyl-4-{methoxycurbony () pyridiniva cotion and
bedide were calculared from AMI Familtonian.

 OFbital 2] wnesy
HOME) 147
LMY 50
HOMQ 12
LUM¢ ]

b Jegr
Puridinmn
carion

lowdide

The {;.iH"'[_] lvr the more stakle germelny
ahtained dor I-ethy A methesyesrbonyl)
puridinitm cation and indiele n ground state wese
01T and -22 keul mol | respectively. The
tarsinal behavior of cation in gag phase was also
stodied by calcalation of (AH%Y a5 function of
dihedral angle (). b2 tosioral potenlial cnergy
curve obtained form the daiy ol (Lable 27 ig shown
i Fig 3.
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Table 2. The culewlared hear of formation (AH") For 1eethylg={mieiloxycarbony ) peredingnm ewiion nnd dibede

angle (.
T T . . T et T - o~ i o =
I! o dihedral aogle, ATT AAHY ! M | diij.cd_:.‘artf‘ :_gtllt!,' AR ﬂj‘f—ﬂ]&‘.};
T o {degreed | {healimoly | {kealmol} pafdeireey | (kealimal) . (lewl’mik
: i'f 0 101790 0.4 n s L0362 |az
i 3 1 1 1017 2 109 L2770 200
"3 I TRE 0.03 22 105 103,52 182
4 15 10].80 ol N 1if} {13,018 Al
L 5 1 Inl.&7 £i17 | 1% 1,12 1.97
6| 15 102413 .33 25 120 10247 127
7 30 0213 .43 o 135 0281 Y
5 - 10233 063 a7 110 102 43 003
73 40 102 53 033 Y 102.4% M7k
10 45 LH2. 0 [BCEY] Y B40 Q2,30 [0} |
1L 30 102 &9 1.14 0 143 1022 osa |
1z 5 1103.08 1.34 31 130 102,106 034
13 45 10320 1.50 32 154 10157 .21
t 14 ] 105.44 |.72 13 160 101.80 0.4
15 i 103,51 L.4] a4 165 01,78 008
[ 16 75 10366 | 86 15 170 101.73 (YIE;
17 i 143.70 2.00 36 ! 175 101.52 [1.0}2
1%: 53 141 61 1.01 17 180 101.70 (k4300
19 ) 13,58 !
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Fig. 3. Tovsional poteagial enc gy cnrye of -cthybd-{methovycerbony [y pyridinivm cation in groocod state
whizined from caleulotinn of (AH") wsiog AMI Lamillonian.

The curve hde @ micror Tinaes i the repion
of dikedral angle Setween 90 znd 1807 duz tn the
C, swmmetry of catjion siruzture, Tharetore, there
Is amly one minimEm enency condotmalion where
(7 has e value of 0" The teist powential curve
shows two burrisn, Ve value of 2.0 heal mole !
ehruned for the torsional cncrpy barricr ol the
cation § al = B0 100" i within the sarme valoe
fourd fo biphenvl fram an ah inito STC30
taloent [9] where the barrice roported i the

i

runge ol 200 2.6 koal wol'. The smalk barier at 907
seons o be owderestioaned by the method used.
Hiswerver, the large clectron affininy ol the nitregen:
atomn reduces the clectronic densiny on the -4
cevtral bond which gonorates a leas effective -
beod lursional potannial contribalion Cusreasing
1l barrcier higfl al 111 =0{1".

The results chrained chow thal e barener ane
considecably Tow and thevefre thennal rotaoorn




wil male piase i e gis plase 2 well as o a
i phase i bow viscosine,

Craimized weomiowy ol SEMOPT complex i
slewn in (Fip 43 The sesilion of Ue odide oo
relativie 1o pridinior sation indisates i lrongor
amemetizn with svridioiume ring. The msin fietors
the 1
and i
Sislmaee edween rhe cobion ang the s of e
1 connplos ard thal mate the avridiniues cation
var aocepl one o slectrgn Bom odids, Similar
behavior was obacrvisd a0 O cesnolexes with
svridinivm dorivatives [10). The stocure of
yridinivm cation changes  slightly  upon the
(EMCPT comples. The rotaticn angles fo- 11397

responzible fon ilis soalfonmanom:  ane
taeragion, thase thsfors witvin ol ses

= THZM and Ge lorsional arple (o= 4.87).

Fig, 4 Optimized geometry af (FMUTP} cample,
usine AMI Tlumiltonian as implemented in preogram
Chyvpersbem df, the intevimoiccular distanes (rua.} at
gyuiiibrivm (between Moarmn and 1 oamm) i 393
and the refaton angles (o= 1159 B - 114.2") and
the torsional angle (o S8"

The intermoldecnlar distares fry.)  at
el ghrium (hetween M oatom and 1 atom) iz 304
Thiz waluc iz within th= rangs observed in copanic
1 oconmpleses 110 Tre {ATS ahizined (or the
aanlen i 19 kel mol™, whick wlhien subiracied
Itoun the sum ot AHTY) of the (solated componznts
viglds 1 stabilizaticn cnergy of -9.6 keal mal
The experimiental values of reaction enthalpy for
formation semig C1 conplenes [ belween -4 10
=23 thoal mal p THET Bath pesulis indieate the
Frnazian o a steong camplex and the difference
mzy be described r2 the namse of the T complex
ani the solvenrd 2fiect,

Cromtier arbital energies of {EMCP complex
al TIORCE aned LUBAE wrbilals ars <223, 8060 &V,
respastively which wore calewlaled from AM|
[zmihomian. Fie. & shivaes e conee’ation diazram
e 1l Inlemaclion hetwesr the HIOMO of the
danze and tha LMD of accoptor reselting in the
stabilivationn @l lommocon o e 2T comples, n
dpresmens wil e Mulifkent. theory, 150 addivion
il conpenienls (duta drom Table B
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This slubilizniizn alse e be recornized
tron: presency of i CT abzarp:ion band of camples
i methanal, as saewsi o Fie £ This elecuonis
TARHION apptas woa lowar enerpy reainn
comparad wil e shswpior sneceen of the
ozl alone. Tle O absarprion band has o
broad Gaussiem slape. The 01 compics Gom
anton beoeation i e rofloeling the electron
trarsler Proos denar reaccepter 0w exeited soale
whoers TTOMO orhital for dsdide while 11N
cobsital by o large conteibutica Sromi pyridiniuag
catian.
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Fiz. 5 Correlation forthe formeation of €1 cowplex
(FMICF) with its coiltpolcites
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Fir. & Absorplion spectra of prridinio o cation (2T
* X)) Amax=286 no, iodide {110 * ) Amav—=256 nm,
and (EMCT) comlex (L1} Amux=242 nm, in
CHOH. Caussinm eavspandnr af €71 land (—--).

The valealded polenual energy cuves of
ground and cseiied staes i gas pless as oA
flmetivn uf medevular distance betseoon pyeidiniim
cation atd dodide wore obtaiaed faom rhe das of
¢ lable 3} are piven w (Fug. 70 Do the grousd statc,
the ennilibrinn: inrermaleczlar disiance 3~ 3.9 A ln
the cusited state, the equilibrinm intermolecular
distance 6.0 A is wbserved. and the stabilizaricn
anery in T2 Leal mel™, which 1= more less Lan
Lt ool rround skale,
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Table 3 Poteutial enerpies (AAH:, kealfmol) of
gruund and excited slales in difivreng
wlerneoleciln e disfmnee (P, (Between W atimn qad 1
atom] lor the (ENH P enmples.

e — e e —————
__{‘.‘rri'iﬂd stale |¢  Excited st |
AALT
did) | * A AAlT
1 -Gk 34 HERS .11_.- !
ER T 14 STAG
i H1g i 6 25, ﬁu
1y -5 2 1.3
140 2.6 4.1 EbU
4.0 i1l foay 4 fn
1.1 a2 4 4G
e il - 4.8 2 S:r
4.4 -#1.1 54 2.30
44 17 | 52 R |
1.8 .| e 2.20
5.0 7 & £ TIr |
5.2 g 5.5 218
5.5 571 74 2.23
£l) e T -
i ] eI
i 9.0 FIETR |
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e Beat of formalions (AH°Y of the (EVICP)
compler swere subtracted from ehe s ol (ALY of
e isolated componenis for hath cases of ground and
caciled vl les,
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Fig. 7. Prtendinl enerzy corves of graound (&) amd excited

(#} clectronic states of (EMCPY complex, stabilization

energy of the conyrlea in Lbhe exeited state at .04, lnserl;

Energy-opthnicel prometry of the CT complex fram
AN | semmi-empirical ealerlaiions,

The weosk stakiliy of 1he comples in e
caetled grate can be Joccoibed ooam elactrostalic
reprabsion ellect of the newral species due o
electoon rmansfer fimn the doner t0 accopros
Tormees twa conters ol radical, 25 representes by
scheine |
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The tmeraction between fodide ard 1-er:yl-
1 imetosyearlony ) pyridiniim catico funning 2
CT complex was vestigaled by coinputzticnal
and  photo-plissical  technigues. e vaine of
eilialpy of formation obluined far the comples
gis phase is within the renge of farmation of (e
sirang CT eomplex, The beal of fommation was
used g3 @ parameler W evalizte the stabilioe of
comples. UV Visible data and the oplimization
gramelry showed o ostable CT comples belwaen
iodidz and the tng of pyridinium eation i rromnd
sule angd less stabifiy ol OT comples wis
edsatved o exeiled e due ta electon lansler
from the donor rothe aeceplor which lead o
formation of newdral speciss,
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