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ABSTRACT: Ground-state dipolar moments of oligomeric compounds, containing electron-donor (D) and electron-
acceptor (A) groups as two terminal units of the polyenic bridge (D-wire-A), can well be described by means of a one-
dimensional molecular wire model, which considers a scattering process of electrons through the charge-transfer
conduction channel. The dipole moment of the oligomers (mn) follows a non-linear dependence of the polyenic bridge
length (L) according tomn � m0 � m1�1ÿ eÿ
L� wherem0 is the dipole moment of the first compound of the series,
without a polyenic unit (n = 0),m1 is a limit value forL →? andg is the one-dimensional conduction constant of the
p-molecular orbital channel of the molecular wire. This model can be extended to all those conjugated oligomers of
the D-wire-A type where the electronic charge of the donor group can induce a soliton wave as far as through the
polyenic bridge towards the acceptor group. 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

In the molecular architecture of new supra-structural
electronic devices, the intramolecular electronic charge-
transfer process between electron-donor (D) and elec-
tron-acceptor (A) groups, bound through a conjugated
polyenic molecular wire (D-wire-A), is determined by the
electronic properties of thep-molecular orbital channel
present in the oligomeric compound.1,2 Considerable
implications concerning the nature of the conductor
bridge can be deduced in the ground and excited states in
order to determine optical linear properties of materials1,
and also new electrical properties, such as the resistivities
or the conductances to a molecular scale.2

Recently, molecular structures involving D and A
groups linked to olefinic molecular wires have been used
by experimentalists and theorists as useful molecular
probes in order to describe a unified view of linear and
non-linear polarization.3 So far, however, there is no
general agreement on a theoretical model capable of
explaining the main aspect governing the electronic
interaction between donor and acceptor sites linked by a
conductor molecular bridge.1,4

In the present work we have developed a new approach
to the study of linear and non-linear electrical properties
of these D-wire-A oligomeric systems, derived from a

novel comprehension of the role of the polyenic bridge.2

Thep-conduction channel of the molecular wires can be
seen as a one-dimensional channel of charge migration
between the donor and the acceptor groups.2,5 In addition
to the above, we considered the dipole moment as a
physical parameter involved in the history of the charge-
transfer migrations through the molecular wire. Thus, the
inner conductance or resistance of this molecular wire to
the charge flow between the D and A groups determines
the final charge distribution in the compound, i.e. the
dipole moment. In the following we describe a simple
one-dimensional conductor model based on the scattering
process of electrons through thep-conduction channel for
oligomeric molecular systems that preserve the orienta-
tion of the dipole moment with respect to the simplest
compound of the series while increasing the length of the
molecular wire in the remaining members of the
oligomeric series.

In this work we applied our model to the analysis of
two well known oligomeric series: olefinic and aromatic
polyenic series involving an aldehyde group as an
electron-acceptor group.

THE MODEL

According to the nature of the polyenic molecular wire
(see Fig. 1), and from a thermodynamic point of view, it
is expected to find the all-trans-configurations as the
main stable conformer of these oligomeric systems.2
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Therefore,themolecularwire lengthbetweentheD and
A terminal units, and the ground-statecharge-transfer
(Dq) processfrom D to A involved in theseoligomeric
compoundsmustcharacterizetheexpectedgrounddipole
moment (mn) of theseseries,where n representsthe
numberof polyenicunits.Thus,themolecularconductor
wire length (L) of the oligomers under study can be
determinedasL = nd, whered is thepolyenicunit mean
length(2.81Å for theseriesunderstudy;2 seeTable1).

On theotherhand,if thechargeflow behaviorthrough
the polyenic conduction bridge, constituted by a p-
molecularorbital channel,2 follows a typical scattering
processof electronsaswe seein one-dimensional metal
wire models,6,7 we areableto proposea newdescription
of thedipolemomentsin theseoligomericcompounds.In
this case,we have two main factors determining the
scatteringprocessof the electronic flow through the
polyenic wire:7 the transmissionprobability factor (T)
andthe reflectionprobability factor (R), where

T � R� 1 �1�
In the following, the ground-statecharge transfer

involved in thesemolecular systems(seeFig. 1) will
define mn through the transmissionfactor T, if the
orientation of the first molecule of the series (m0),
accordingto theD–A vector,is maintainedconstantin all
the compounds.Basedon this one-dimensional conduc-
tion model,if weintroduceapolyenicbridgebetweenthe
D andA groups,thedipolarmomentswill beconstrained
to amaximumvalue(mmax) whenn →? andaminimum

value (m0) when n = 0. The value of mn will be
determinedby the productof the molecularwire length
(L) andthechargetransferredfrom D to A. In thisprocess
we can expectthat the flow of the chargetransferwill
decreaseasthe molecularwire length increase,because
themolecularresistanceof thepolyenicwire dependson
themolecularwire length.2 Hence,

limit n!1�mmax ÿ m0� � m1 �2�
Thus,andaccordingto thechargetransfersassociated

with thedipolarmoments,we havedefinedthereflection
probability factor as

R� �mnÿ m0�=m1 �3�
wherem? determinesthenormalizationfactor.

Now, it is well known8 thatphysicalquantitiessuchas
resistanceor conductancevary exponentially with L.
Therefore,in orderto determinein our one-dimensional
conductionchannelthe functional dependencebetween
the transmissionprobability factor and the molecular
wire length, we have assumedan electronicscattering
transmissionof the type

T � T0 eÿ
L �4�
whereT0 is the transmissionprobability factor at L = 0,
i.e. T0 = 1, and g is the one-dimensional conduction
constantof themolecularwire.Thus,if wesubstituteEqn
(3) in Eqn (1), we will have

T � �mn ÿ m0�=m1 � 1 �5�
andafter resubstitutionof Eqn (4) in Eqn (5):

eÿ
L � �mn ÿ m0�=m1 � 1 �6�
From Eqn (6), we canobtaina simple,final relation-

shipbetweenmn andL

mn � m0 � m1�1ÿ eÿ
L� �7�

RESULTS AND DISCUSSION

In the presentwork, we analyzedour model with two
polyenicoligomericseriesof theD—[CH=CH]n—CHO
type,whereD correspondto N(CH3)2 andC6H5 groups.
Theseoligomersfollow well the previousmodel back-
grounds.Unfortunately,othermolecularsystemsarenot
available,sincesystematicexperimentalstudiesof dipole
momentsin oligomeric seriesarescarceand the values
are difficult to determine,mainly owing to solubility
problems.

In Fig. 2 we presentthe dipole momentsof thesetwo
seriesversustheir molecularwire lengths.In Table2 we
give thepublishedexperimentaldipolemomentsusedin
thiswork.By usingthefunctionaldependencedefinedby
Eqn(7), we fitted thebestcurveto theexperimentaldata
for both the N(CH3)2 and C6H5 oligomeric series.It is
amazingto observethe goodnessof the fitted curve in

Figure 1. Polyenic oligomeric series of the D-wire-A type

Table 1. Standard and optimized polyenic lengths (AÊ ) in two
oligomeric series of the DÐ(HC=CH)nÐCHO type

n Standard INDO calc. ZINDO1 calc. AM1 calc.

1 2.80 2.77� 0.02 2.78� 0.02 2.80� 0.02
2 5.60 5.55� 0.03 5.58� 0.03 5.59� 0.03
3 8.40 8.33� 0.05 8.37� 0.05 8.38� 0.05
4 11.20 11.10� 0.06 11.16� 0.06 11.18� 0.06
5 14.00 13.88� 0.07 13.95� 0.07 13.97� 0.07
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both cases,wherewe found a similar one-dimensional
conduction constant (g) of 0.24� 0.02Åÿ1 and
0.22� 0.05Åÿ1, respectively. In spite of the short
distanceeffect expectedbetweenthe substituentgroup
andtheterminalunit of thepolyenicmolecularwire, the
experimentalmeanvalueof g comesout asa representa-
tive parameter of the p-conduction channel of the
molecular wire, regardlessof the nature of the sub-
stituent,in agreementwith thepresentmodel.

In orderto extendthis studyto otheroligomericseries
and considering the scarce experimentaldata in the

literature, we determinedg values from ground-state
dipolemomentscalculatedfrom molecularorbital theory.
We developeda set of semi-empiricalcomputational
approaches12,13 for both molecular seriesunder study.
We chosethe AM1, INDO, ZINDO-1 andZINDO/S-CI
semi-empiricalcalculationsof theHyperChemSoftware
Package,13 wherethe INDO calculationis similar to the
INDO/2 method, ZINDO/1 is similar to the INDO/1
method and ZINDO/S-CI is modified INDO method
parametrizedto reproduce UV–visible spectroscopic
transitionswhenusedwith theconfigurationinteractions
(CI) singlesmethods.Thesecalculationsweredeveloped
at theDepartmentodeInformática y Computacio´n of the
Universityof Chile.

In Fig. 3 we presentthe calculateddipole moments
versusthe molecularwire length for the four different
molecularorbital approaches.As in Fig. 2 we foundthat
the bestfitting curve follows the exponentialfunctional
dependencegiven by Eqn (7); the g valuesdetermined
with this methodologyaregiven in Table3.

Although the mn values arising from these four
approachesare different, all of them follow the same
exponentialdependencewith L. This meansthat the
differentcomputationalcalculationsgiveagooddescrip-
tion of thevariability of themoleculardipolemomentsof
the series,in spite of the fact that they give different

Figure 2. Experimental dipole moments versus molecular
wire length of the polyenic oligomeric series depicted in
Fig. 1

Table 2. Experimental dipole moments of the two polyenic
oligomeric series DÐ(HC=CH)nÐCHO

L mn (D)

n (Å) D=C6H5 D=ÿN(CH3)2

0 0 2.96b 3.86d

1 2.81a 3.59b 6.24d

2 5.62 4.08c 7.67d

3 8.43 4.35c 8.24d

4 11.24 — 8.50d

5 14.05 4.40b —

a Polyenicunit length= 2.81Å.
b Ref. 99.
c Ref. 10.
d Ref. 11.

Figure 3. Theoretical dipole moments versus molecular wire
length of the polyenic oligomeric series depicted in Fig. 1,
calculated by means of the AM1, INDO, ZINDO1 and ZINDO/
S-CI approaches
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absolutemagnitudes.In general,the three INDO and
ZINDO methods yield a mean g value of 0.147�
0.005Åÿ1 whereasthe AM1 method gives a mean g
value of 0.205� 0.085Åÿ1 for both oligomeric series.
However, it is the last method which gives the best
agreementwith the experimental mean g value of
0.23� 0.04Åÿ1.

Finally, we emphasizethat this model of charge-
transfertransmissionthrougha polyenicmolecularwire
will permitoneto initiatenewresearchwork by meansof
experimentalandtheoreticaltoolsin orderto characterize
the p-conductionchannelin future electronicmolecular
devices.
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