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ABSTRACT

In this paper, a variant of solvatochromic frequency shift equation that
accommodates intensity parameters such as solvent molecular polariz-
ability (o), themolar refraction (R), stark term (u/7®) and Einstein Coeffi-
cient (K) and oscillator intensity (f) had been developed. Thiswas applied
to the study of photo-physical properties of three thiophene derivatives:
3, 4-diphenylthiophene; 3, 4-dicarboxylic-2, 5-diphenylthiophene and
benzo[b] thiophene in order to determine their transition polarizability
(4a), transition dipole moment (4.) and other molecular properties us-
ing UV-visible spectrophotometer. The magnitudes of both the experi-
mental oscillator strength in solution and vapour phase were calculated
using Lorentz- reaction field model while the frequencies of the transi-
tionsin polar and non-polar solvents were used to characterize the ob-
served bands. The spectra behaviours of these moleculesin the different
solventsin terms of dipole momentsin the ground and excited states and
calculated values 4a have been interpreted and related to the transition
energies, intensities and the molecular structures of the compounds.
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INTRODUCTION

Heterocyclic and hetero aromatic substances are
known to play important rolesinthemetabolism of al
living cells, and their ever increasing large scale pro-
duction arefindingimportant new usesin finechemica
industriesasstarting materid sor intermediatesto many
productsfor pharmaceuticas, agrochemicas, dyestuffs,
and el ectronic applications; and in researchesas UV-
stabilizersand biologicd probes?9. Thiopheneandits

derivative, benzothiophene exhibit abroad spectrum of
biological and pharmacol ogical activitiesasselective
oestrogen receptors and modul ators for treatment or
prophlaxisfor prostatic cancer, benign hyperplasisand
nervousdisorder but, purethiophene administered to
micethroughinhal ationwerefound to bedistinctly more
toxic than benzene>*®l, For proper understanding of
theactivity and for further application of thesebiologi-
cally activecompounds, it isnecessary to investigate
their photo-physical properties.
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Thestudiesof the spectrabehaviour of five mem-
bered hetero-aromatic syssemsand their derivativesin
various sol ution show that the choi ce of adequate solu-
tioninfluencesthestructuresof thesecompounds, which
impliesthechangein ther spectroscopi ¢ properties®?,
Thiseffect could beasaresult of either direct interac-
tion between the solvent and thecompound or through
theinfluenceof solvent interaction with thesubstituents
onthemoleculeor thesubstituentsinteractingwith each
other. Thisphenomenon has been observedin organic
soluteand in polar solutions, especially inthe case of
thiophenemoieties”.

Theam of thiswork wastoinvestigate theinflu-
enceof solvent polarity and substituent types, position
and numberson the photo-physical propertiesof three
thiophenederivatives: 3, 4-diphenylthiophene (DPT);
3, 4-dicarboxylic-2, 5-diphenylthiophene (DCDPT)
and benzo[ b]thiophene (BT). Thevarying degrees of
perturbation of the potentia energy surfacesof ground
and excited state by thesefactors manifestsitself by the

observed differencesinthedectronic polarizability (cx)

and dipole moment () of theexcited staterelativeto
ground state of any compound?®. Thisisasaresult of
the changesin charge distribution of the excited mol-
eculedueto absorption or emission of radiation.

The understanding of photo-physical processes of
electronically excited moleculesin solution present a
challenging problem asthe el ectronic structuresof the
excited stateistransient and complex because of the
high degree of ectron correation. Therefore, thegen-
eration of qualitativeand quantitative acceptable de-
scription of the excited states properties has been a
demanding task and different approaches had been
used®®, Owing to the setbacks encounteredin the op-
eration and applicability of various approachesto the
theoretica and experimental determination of thequali-
tative and quantitative description of the photo-physi-
cal properties of the excited states of molecules??2,
thisinvestigation decided to useaquantum-mechanica
perturbation theory that accommodatesintensity pa-
rameters such as sol vent mol ecul ar polarizability (o),
themolar refraction (R), stark term (u/7°) and Eingtein
Cofficient (k) and oscillator intensity (f), usingthe scope
of lweibo et. al; (1991) and adopting partly, the
Louguett — Higgins and Salem!® modeof intermol ecu-
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lar forces, whichiseffectiveinrevedingthefactorsgov-
erningintengity enhancement. Throughthis, alinear re-
gression model wasdevel oped. Thiswasthen applied
to determining thetransition polarizabilities (Aa) and
transition dipole moment (Ap) of DPT; DCDPT and
BT with the principl e of absorption spectro-photom-
etry. Thisresearch a so correlatesthe properties of the
solvated solutesof interest to that of thevapour andin
part identifiesthekey termsthat contributeto oscill ator
parameter in solution based ontherigorousformulation
developed by. The effect of substituentson thetransi-
tion energiesof thecompoundswasa so investigated.

EXPERIMENTAL SECTION

Material and methods

The selected solvents n-hexane, dichloromethane
and methanol were obtai ned from British drug House
Limited (BDH). Thesewerefurther purified by re-dis-
tillation twice under reduced pressure beforeusewhile
the solute 3, 4-diphenylthiophene; 3, 4-dicarboxylic-
2, 5-diphenyl thiophenewere productsof Britishdrug
houseLimited (BDH) and benzo[ b] thiophenewas ob-
tained fromAldrich Chemica Company limited. All these
were of spectroscopic grade and were used without
further purification. All weighing were carried out on
Mettler H18 chemical baance.

Ultraviolet-visiblemeasur ements

The electronic absorption spectraanalysis of the
dilute solution of the compoundswerecarried out in
each of the solvents choiceinthe concentration range
of 10 to 10 using ahighly computerized Shimadzu
UV-1650 double beam spectrophotometer coupled
with UV-probed 2.31 versions (software) and oper-
ated in the wave length range of 190 nm to 400 nm.
Theoptical excitation wasdonewith deuterium lamp
aslight sourceinthe UV region and tungsten lampin
thevisibleregion. The spectrawere scanned at 25°C,
recorded with theinstrumental band set at 0.2-1.0 nm
and scan speed of 2 nm per second.

Computation of oscillator strength

The experimentd oscillator strengthin solution f @
and themolar extinction coefficient ¢, for each ab-
sorption band in the spectra of the molecules studied
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were calculated as a measure of the intensity of ab-
sorption of the molecul esby meansof equation 1.

oot _ 4n(103 In10mecz)J-e( o o

(1+ n)z(nezNo)

Theintegrd £;) 9 werecaculated usingthe assump-

tionsof symmetrica bandsin conformity with Gaussan
distribution asreported by Iweibo*®. Thevapour phase
oscillator strength f o vaueswerea so computed using
themodified Onsager- Abereactionfield modd of equa-
tion2

feuo(s/ _
faio(v) ¢ @

on3
where = —( 2 1)2 , the correction factor on chang-

2n° +
ing from sol ution phase to vapour phase.

Deter mination of ground statepolarizability and
ground statedipolemoments

Using Lorentz-L orentz expression of equations3
and 4 bel ow, thetheoretical ground state el ectric po-
larizability (ag) for the soluteswere cal culated from the
molar refraction of bond atomsin amol ecule of com-
pound indifferent solvent’*!, whilethetheoretica ground
state el ectric dipole moment (u g) of the selected sol-
vent used were computed where necessary from the
measurement of stark effect in the microwave
spectrtroscopy of gas'”.

M
Rﬂnz_%%z’? ®
o= Yan, R) @

wherenistherefractiveindex of thesolvent of choice,
Risthemolar refraction, N, theAvogadro’s number
(mol%), M being the mol ecular weight of the molecule
under investigation and d, thedensity of solventinwhich
themoleculeisdissolved.

Deter mination of transition dipole moment (Au)
and trangtion polarizability (Aa)

Theexpressionin5, itsrearranged form of 6 and
equation 7, developed from theintensity perturbation
goproximation re atethesquareroot of oscillator strength

insolution f(sy)2 to that of the vapour 1‘(3)/2 tothestark

= Pyl Paper
terms(X,), integral Einstein co-efficient (K) electric
polarizability of the solvent, transition dipole mo-
ment (A ) and transition polarizability (Aa) aswell
as, theratio of thechangein thetransition energies of

the soluteto that of thesolvent (AESO' “%E ) :
solvent

! a Hg
f(z) f T f@{ri + Adgiok roo 5
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where 3 =%1, 75 =Xz and r,, , theinter-nuclear
ocB af

di stance between the sol ute and the sol vent molecule.
These show that anumber of dataon the solvent and
the solute were required to permit the researchersto
usethese equationsreliably in determining the change
inthetransition dipole moment and polarizability of
molecul es, from where the excited state dipole mo-

ment (y* ) the excited state polarizability (a* ) canbe
determined. TABLE 1 summarizesthedataused inthis
way.

RESULT AND DISCUSSION

Presentedin Figures 1, 2 and 3 arethe representa-
tive spectraof thestudied thiophenederivatives: DPT,
DCDPT and BT inthe representative solvents (metha:
nol, dichloromethane and heptanes), while Figures4,
V and VI show the plots of dataonintensity perturba-
tion of the different bands associated with each com-
pound in polar solvent using equation 6 above. TABLES
1 and 2 arethe summary of the properties of the band
pesks, that is, oscillator strength, energiesinwave num-
bers (full band width), and molar absorptivitiesof the
different transtionsfor the compoundsin the solvents
of choice.

3, 4- diphenylthiophene (DPT)
AsshowninFigureland TABLE 1, thedectronic
—— Phqsical CHEMISTRY
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TABLE 1: Summary of thetranstion energieﬁ\_/max (cm’l) molar absor ptivities, Emax (M ~*cm™) and other transition

propertiesfor theobserved absor ption bandsof DPT, DCDPT and BT in polar and non-polar solvents

c Methanol Dichloromethane Heptane
ompounds — —
an.d_ V max Emax ; V max €max ¢ V max Emax ;
Transitions em™) (M Lem1) ) (@m-y (M ~lem=1) () @y (M ~lem) ()
DPT
S-S - - - - - - 33,784 - 0.021
S-S, - - - - - - 34,722 - 0.027
S-Ss 39,063 12,535 023 38911 15,474 049 39,370 - 0.18
S-Ss 43,103 23,103 054 42,373 34,688 0.70 44,248 8,730 0.70
S-S5 49,020 36,285 0.53 - - - 50,000 5,560 0.61
DCDPT
S-S - - - - - - 33,786 3,589 0.030
S-S, 35,714 11,315 030 35,336 14,093 0.13 39,063 4,693 0.095
S-Ss 43,103 25,975 043 42,077 28,255 0.32 44,248 13,665 0.23
S-S 49,020 42,088 0.65 - - - 50,000 10,836 0.15
BT
S-S 33,784 5,754 0.013 33,298 1,222 0.010 - - -
S-S, 34,722 3,274 0.020 34,602 1,022 0.015 - - -
S-S: 39,063 10,000 0.13 38,960 2,822 0.011 - - -
S-S, 44,248 52,480 0.71 42,553 3,550 0.10 43,943 8,730 0.0092
S-S5 49,505 33,925 0.40 - - - 48,302 5,560 0.042

spectraof DPT congist of two to five bands, depending
onthesolvent of choice. Indichloromethane, two promi-
nent bandswere observed; three bandswere observed
in polar-protic methanol whilefivewereobservedin
heptane. The shapes of these bands are virtually the
sameinthethree solvents of choiceand aredesignated
asS—>S, S-S, 55, §—~S,and S—S;inor-
der of increasing trangition energies. Thehigh vauesof
oscillator strength (except for band I or S!S, transi-
tionin heptane) for the observed bandsshow that these
trangitionsare symmetry or overlap alowed.
Theabsence of S—S, and S,—S; transitionsin
the spectrum of thiscompound in dichloromethaneand
methanol may be ascribed to the non transparency of
these solventsto DPT at thewave ength under consid-
eration. Also, S,—S, peak isnot strongly affected by
solvent whileBands |V and V show ashift to alonger
wave ength asthe sol vent were changed from less po-
lar toamore polar onesand thismay beassigned o -n*
trangtions. Moreover, Abu Ettitah and Hild had eaxlier
reported that steric hindrancewhichissgnificantinthe
spectrum of 3, 4-diphenyl thiophene and the specrum

of itscompositemoleculewill beadditive spectraof its
subsystem.

2, 5-dicarboxylic-3, 4-diphenylthiophene (DCDPT)

Three prominent Bandswere observed inthe spec-
trum of thiscompound in methanol whiletwo and four
bandswere observedin dichloromethane and heptane
respectively. Thefilter effect of methanol onthecom-
pound caused greater distortion of Band IV and in
methanol, thereisprobability of theexistence of hydro-
gen bonding between this solvent and the compound as
the compound has greater dipole moment. It interac-
tionwith thisprotic solvent (methanol) isaspecific di-
pole-dipoleinteraction. Moreover, these peakslack
vibrationa finestructurein al the solventsof choice,
attesting to greater i nteraction between the solventsand
thecompound. Thedisappearanceof Band | inthe spec-
traof thecompound in dl solventsexcept in heptaneis
duetotheoverlap of thisBand with Band |1 asaresult
of themixing of their excited state. Thelittleinfluence
on the position of Band 111 and IV (Red shift), with
increasing diel ectric constant of solvent in additionto

Physical CHEMISTRY — commmm
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their high molar absorptivities suggest their = -* na-
ture.

" ‘{E)
: \n
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52 50 48 46 a4 42 40 38 36 34 32 30
Ux102 (cm-1)

Figure 1 : Electronic absorption spectra of 3,4-
diphenylthiophenein dichloromethane( _ ),heptane(------ )
and methanol (-.-.-.-)

Benzo[b]thiophene(BT)

Asshownintherepresentative spectraof BT and
thesummary of thespectrd propertiesof thiscompound
invarioussolventsof choicein Figures3and TABLE
1, therearefivedistinct observable bandsin methanol
and heptane as solvents, while four bands were ob-
served indichloromethane. Thesebandsaredesignated
asS—S, SO—>SZ, SO—>S S,—S,and S—~S inor-
der of increasing energies. The [ ntensm esfol I ow the
order S—S,> S—»S>S—»S,>S—>S,>S S,
From theevidence of sngleand double excitation con-
figurational interaction (S-Cl and D-Cl) using Platt’s
notation, S —S, can be assigned'L , S —S, can be
desi gnated as 1L S—S, corresponds to 1B while
S—~>SandS, —>S areassgned the'C, and'B respec—
tively. The band festuresof thiophene (v = 42 000cm
') and benzene (v =39,370 and 49 019 cm?) are

—= Pyl Peper

retained in BT with dight shift intheabsorption band
maximum dueto theincreas ng conjugation asaresults
of the condensation of the benzenering systemto posi-
tion b of thethiophenering™. Theappearance of extra
bandsin the benzo[ b]thiophenerelativeto thiophene
and benzene moietiesisopened to the interpretation
expected fromthe prediction of freedectron molecular
orbital theory (FEMO). Theenlargement of thepi elec-
tron system of benzenering causesthee ectronic bands
to beremarkably shiftedtothered, asaresult of which
aband occurringin thefar ultraviol et region now ap-
pearsasextrabandsinthenear ultraviolet.

45
40
35

30

0

£, x10% [M1 cm?
® [l
o

15 |

10

52 47 42 37 32
Vx10%(cm™?)
Figure2: Electronic absor ption spectraof 3,4- dicarboxylic-
2,5-diphenylthiophenein dichloromethane(__ ),heptane(---
----)and methanal (-.-.-)

Bandsl (S,—»S) andll (S —S) arenot strongly
affected by changein solvent polarity, while positive
solvatochromic shift (bathochromic shift) isobserved
for Bandslll (S—S) andV (S —S) with solvent of
increasing dielectric constant, attesting to their « -m*
trangtionsnature. Negative solvatochromic shiftisob-
servedinband IV (S,—S,) asthe solvent polarity in-
creasesshowingthat itisof n-m* origin. These transi-
tions suggest aspecific solute-solvent interaction viz,
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dipole-dipole or hydrogen bondinginteractioninthe
molecule. The appearance of four bandsin some sol-
vent isasresults of overlap or mixing of the excited
state of theforbidden transitions of the compound with
itsmoreallowed transitions and the non transparency
of thesolvent to the ultra-viol et light at which they oc-
curred.

60 S

50

: [

30

20

10 - \
V4
]
- /
- \\- - \\ - i
YA i
0
52 50 48 48 44 42 40 38 36 34 32 30

¥x10% (cm1)
Figure3: Electronicabsor ption spectr aof benzo[b]thiophene
in dichloromethane(__),heptane(--------- ) and methanol (-.-

)
Oscillator intensity

(a) Solvent effect on theoscillator strength

Presented in TABLE 1isthe summary of thetran-
stionintensitieswhich arerecorded intheform of os-
cillator strengthin different solventsfor thevarioustran-
stionsof thecompounds studied. Generally, the oscil-
lator strength of an electronic transition of any given
compoundinaseriesof solventsincreaseswithincrease
insolvent polarity. Thisisparticularly truefor most eec-

tronictrangtionsfor the given compoundsstudied. This
trendisin harmony with expectation, asin polar sol-
vent, al the Van- der Waal sinteraction forces between
the solute and the solvent (the dispersioninteraction
included) arein operativein the perturbation of theos-
cillator strength. These areal so positiveand additive
contributionsto the oscillator strength in the vapour
phase but in non polar solvent, only thedispersionin-
teractionexist.

6

| | .
L y=0.361x:+1.978
s R2=0.975
L ]
5
& 45
35 ; ‘
5 6 7 8 9 10 11

K (X/X)) 10 (A3)1
Figure4: Plotsof dataonintensity perturbation of thebands
3,4-diphenylthiophenein methanol
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v =0.483x + 0.684
R#=0.959

A

45

(109)

2 . N2
S v
X4

IS

f1.‘

5.5 [ 6.5 7 75 8 85 9 95
. KIXIX)10™ (At
Figure5: Plotsof dataonintengty perturbation of thebands
of 3,4-dicar boxylic-2,5-diphenyl thiophenein methanol
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TABLE 2: Summary of theground state polarizability, transtion dipole moment and tr ansition polarizability for the
observed absor ption bandsof DPT, DCDPT and BT in polar and non-polar solvents

M ethanol Dichloromethane
Compounds 3 Ap AE g ute Ap AE e
a (A Aa (A® . — a (A3 Aa (A® —
( ) ( ) (D) AEsolution ( ) ( ) (D) AEsolution
DPT 0.16 0.30 1.86 11.75 - - - -
DCDPT 0.34 0.50 2.20 0.005 - - - -
BT 0.14 0.40 2.35 0.10 0.11 0.40 0.87 0.018

Theoscillator strength va uesfor al thecompounds
studiedin vapour phaseinal thechoicesolvents, when
compared with the corresponding onesin solution, re-
vealsthat for any giventrangtion, thevapour phase os-
cillator strength valuesarelesser than thosein solution
exceptinfew caseswherethey areequd. Thisisinagree-
ment with the expectation from the prediction of equa-
tions 2 and 3, showing that these equations have ad-
equately correl ated the spectral propertiesof themol-
eculesin solutionwith those of thevapour. It wasalso
observed from TABLEs 1 and therepresentative spec-
traof thesecompoundsin different solventsthat in gen-
erd, for thevariousdectronictrangtionsinagiven com-
pound, themagnitude of the oscillator strength (which
ranged from 9.20x 10 for theforbidden €l ectronic tran-
gtiontogpproximately 0.71 for dlowed trangtion) does
not follow thetrends described by thetheoreticd pre-
dictionsandthemolecular orbital caculationsof theos-
cillator strength. Theexperimentdly determined oscilla-
tor strength for the compoundsin solutionand thosecd-
culated invapour phasegenerdly follow thetrend

f( < f( <f < or
(So=>$1) (So=S2) (So=>$4) (So=S3)

f( < f( <f
(So=S1) (Sp=»S3) (So=S2)

instead of f(
(So=»s1)

(So»S4)

< f( <f <f
(So=»S2) (Sp=»S3) (So—>S4)

Thesolvent correctionfactors ¢ to oscillator inten-
sty whichisattributed to the optica set—up in the spec-
trophotometer and described by the equation 3 has
varied contributionsto theoscillator strength (f) of dif-
ferent dectronictransitiong”. Thefractiona contribu-
tion of solvent correction factor totheintensity, g, as

Af
expressed by Abe and Iweibo®¥ intheform g="7",

generaly followsthetrendq(S,— S) >q(S,— S,>
q(§—3S)>q(§— S) showingthat the correction
factor becomeslessimportant, themoredlowed atran-

gtionis. For example, for benzo[ b] thiophene, thefrac-
tiond contribution of the solvent factor totheintensities
of the bands observed inmethanol areasfollows: q(S,
— §)=5.0%,q(§— S,=3.0%,q(§,— S) =2.8%
and q(§,— S,) = 2.5%. The percentage contributions
of thiscorrection factor in different compoundsvary
with solventsbut the sametrendswere observed.

14

12 i
y = 3.136x + 3.131
| R2=0.969 A

(10%)
o

112 112
s) ~ f v
X,

f
o)

2

K (X,/X,) 102 (A%
Figure6: Plotsof dataon intensty perturbation of thebands
benza[b] thiophenein methanaol
Thesmall vauesof the oscillator strength are gen-
erdly in conformity with the degree of forbi ddance of
thetransitionsand the proximity of the Bandsto the
trangtionfromwhichit canborrow intensity. The S-S,
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or 'L, transitions areforhidden both quantum mechani-
cally and by parity whilethe S-S, or 'L transitionis
quantum mechanically forbidden but parity or overlap
alowed. The observation of these bandsin thesecom-
pounds especialy in benzo[b] thiophene and 3,4-
diphenylthiopheneisnorma for most benzenederiva
tives, but thedeviation of the magnitudesof theoscilla-
tor strength for the different transitionsfrom thetheo-
retica descriptionsare associated with thevibrationa
borrowing of intensity from morea lowed transitions,
theremovd of the overlap forbiddance by substitution
which mixesthe higher adjacent statesand sometimes
changesthe symmetry and intensity borrowing from
solvent trangitiong ™.

Theintensity of any giventrangtionisgivenbythe
quareof trangition moment asseenin equation Owhere
y,and v, arethe perturbed wavefunction for theground
and excited Saterespectively. Themorealowed atran-
gtion, thegreater the probability that thetransition mo-
ment will begreater than zero. Thus, thetransition mo-
ment integral usualy show agradation of vaues; being
smallest for weak and forbidden transitions but ap-
proachesatheoretical vauesof unity for fully allowed
trangtions.

7

y = 0.719x # 0.302
R® = 0.464

& f‘E.‘?v (10_3)

12
LT

1 2 3 4 5 6 7
K(X,/X,)1020 (A3)t
Figure7: Plotsof data on intensity perturbation on the
bandsof benzo[b]thiophenein dichloromethane
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(b) Substituentseffect on the oscillator strength

Inthelight of the present study, thiophene deriva-
tivesstudied formthebasisof comparisonindiscussng
the effect of substituents on the el ectronic absorption
spectraproperties of themolecules. The perturbation
of electronic absorption spectraof agiven compound
by theintroduction of substituent (s) intoitsstructural
skeleton produceseffectsthat manifestitsalf interm of
changesintheband intensity, frequency shift and band
profileand width. Theseeffectsareasaresult of cou-
lombicinteraction of thenuclel and theelectronsof the
subgtituentswith those of the parent molecules. Theout-
come of whichisan extension of inductive effect and
the electromeric or mesomeric effect. Thesecond in-
teraction is by changing the symmetry of the parent
mol eculeswhich causes aforbidden band to appear as
an dlowed component of thetransition moment inthe
modified symmetry as seenin group theory, whilethe
third issubstituent steric hindranceswhichresultsin
nuclear configurational changeswithitsconsequences
being onthe previouseffects. Inthesecompounds, these
three effects manifest themsel vesand oneor moreof it
isdominantsin each compound.

The spectradisplaysdepict theeffectsof different
subgtituents on the absorption frequencies of thiophene
derivativesstudied. And, from thesummary of thetrang -
tionenergies(v cm*) and oscillator strength of thesecom-
poundsin TABLES 1 and 2, it could be seen that the
electronic perturbati on introduced by the el ectronwith-
drawing substituents (-COOH) at thepositions3 and 4
of thiophenemoiety, in addition to thedectron donating
substituents (-Phring) at positions2 and 5 of thiophene
has profound effect on the absorption maximum of
DCDPT rdativeto DPT and fused ring BT molecules.
The presence of threeto-five band systemsin the spec-
traof BT in different solvents of choiceisdueto the
enlargement of thepi eectron system of thiophenesys-
tem by thebenzenering. Theseresultsin bathochromic
shiftsof & andadecreaseintheoscillator strength of
thevarioustrangtionsobserved for thecompoundinmost
solvent relativeto other two substituted thiophene com-
pounds. Thistrend is aso observed in the spectra of
DCDPT rdativetothaseof DPT. Thebathochromic shifts
inthe peakswave ength of the compound aredueto the
extended - electron manifolds of thetwo—COOH in
conjugationwith thesubstituted thiophenemoiety.

A udéan Journal



PCAIJ, 8(1) 2013

M.D.Adeoye et al. 25

Moreover, thestrongest transitionsin thispush —
pull moleculeshave more chargetransfer character than
their parent thiophene molecule as observed from the
literature®. It can therefore beinferred from this ob-
servation that the greater the number of substituents,
thegreater the oscillator strength, showingtheinterplay
of dl thethree effectsearlier mentioned.

Furthermore, with Platt’s Free Electron Molecular
Orhital theory!?, the expansion of thesize of n-elec-
tron systemwith agreater number of substituentswill
not only causegreater easeof shift of andectroniccharge
(e) onan-electron atom but increases the distance (r)
through which such chargeistransferred toanother atom.
Thisindicatesthat asthe magnitude of transition mo-
ment increases, the oscillator strength whichispropor-
tiona to thesquare of thetrangtion dipole moment al'so

increasesi.e | o / g, /? =2 §r; . In protic solvents

(methanal), thereistendency of hydrogen bondingwith
the DCDPT. And, sincethe compound hasgreater di-
pole moment, it interaction with thissol vent caused the
observed transitionsof Band |11 and IV for the com-
pound to be of the same wavelength asthose of DPT.

Trangtion polarizabilty

Asobserved from the TABLES 1 and 2, for the
solventswherethe spectraof the compoundishaving
morethanthree bands, thetransition polarizabilities(a
measure of sensitivity of different transitionto applied
eectricfied) follow theorder oscillator strengthsof each
transition. Thistrend conformsto the expectationsas
submitted by lweibo et. al.I"! and supported by the ap-
proximatetheory whichrelatesthe polarizability of any
stateij tothetransition frequency betweenthe statei
and j, and the oscillator strength by:

62 fij

% = m, - 0)_” )

where e and denote the electronic charge and mass
respectively, and _ Zm)ij denotingthecircular frequency.
Thesetrendsarereflectiveof theoscillator strengthva-
uesfor thesetrangitions, and a so confirmsthe positive
correlation between thetrangition pol arizabilities (Ao
and theintegra Eingtein coefficient B. Besides, inline
withthe FEM O theory, the pol arizability isproportiond
to the molecular volume (i.e. Ao a @3, where ‘a’ de-
notes molecular radii). Consequently, compoundswith
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larger molecular radii show greater transition polariz-
ability. For instance, the molecular radii increasefrom
3,4-di phenylthiophene and benzo[ b] thiopheneto 3,4-
diphenyl-2,5-di carboxylicthiophene so do thetransi-
tion polarizability. The present observation agrees
favourably with that of Abeand Iweibd? but disagrees
withthat of Morale. Thismarked difference probably
arises because Morale considered only the dispersion
forcesin deriving hisexpressonwhilethe present sudy
takesinto consideration al possibleinteraction modes.
Asexpected, theexcited state valuesa so fol low the
order of changein polarizabilitiesof thevarioustrans-
tionsinthe given compounds.

Thetrangtion polarizabilities(Aa) are positive and
very smal (lessthan one) for thethiophene derivatives
studied. Thesmall valuesof thetrangition polarizabilty
of thesecompoundswhich represent littleor no change
inthe potential energy surface of the ground and the
excited stateisin agreement with the conclusion that
theequilibrium nuclear position (fromthe congideration
of shape of Franck- Condon envelop) of the excited
gsatesisonly alittleshifted rdativeto that of theground
gate, showing that thereisonly adlight reorientation of
the solvent molecul eto produce areaction field which
inturnresultsinashift between theenergiesof ground
and theexcited states. Theseresultsare cons stent with
thereactionfield formulation of Liptay (1969, 1976).
Moreover, the observed positivevauesfor thetrang -
tion polarizabilities(Aa) show that the excited states of
the compounds studied are more polar than their cor-
responding ground states.

Electronictransgtion dipolemoments

TABLE 2 showsthetransition moment (measure
of amount of chargetransfer associated with trangtions)
of thecompoundsinthisstudy. It followssimilar trend
likethat observed for the oscillator strength and transi-
tion polarizabilties. Thisorder conformsto the expec-
tation asit agreesperfectly with theexpressonthat re-
latestheintensity |, of atransition to the square of inte-
grd of trangtionmoment, Mi.e

2 2
| a‘Mij‘ =<ui|eiri|uj> ©)
Thisimpliesthat themorealowed atransitionis, the
higher the probability that transition dipole moments

(Aw) will be greater than zero.
Hence, thetrangition moment integral showsagra-
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dation of values, being smallest for theweak and for-
bidden trangitionsbut increasescons derably for thefully
allowed trangtions. The small values of Auobserved
for al thetransitionsin these compounds point to the
conclusion that theequilibrium nuclear position of the
excited gateisalittleshifted rd aiveto that of theground
dtate. Thisresult confirmsthe sdlectionrulewhich sates
that for electronic trangtion to occur, transition moment
integral must not be zero.

CONCLUSION

This work has successfully used a variant of
solvatochromic frequency shift equation that accom-
modatesintensity parametersto determinethetrans-
tion dipolemoment and trangition pol arizability smulte:
neoudly for the compounds studied in polar solvents.
Thisprovidesinsight intothenature of eectrostaticin-
teractions between these sol vents and the compounds
studied. Thevaluesof oscillator strengthin vapour and
solution phase have also verified thefactsonintensity
borrowing from sol ventsand substituents phenamena.
Themethod gaveresultsthat showed minimal disper-
soninthevauesof trandtion polarizabilitiesand trang -
tion moments. It is expected that the results obtained
will form adatabasefor comparison with theresults of
future determination by el ectro-optical and molecular
orbital calculation methodsfor these parameters.

Moreover, the solventsperturbation alowstheas-
sgnment of thetrangtionsto ben—n* and n—n* tran-
sitionsand confirmthat thesethiophenederivatvesare
active, with their excites state been more polar than
their ground States.
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