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Abstract

Push-pull polyenes, which have an electron-donating group (D) and an electron-withdrawing group (A) grafted on opposite ends of a
conjugated polyenic chain, are of particular interest as model compounds for long-distance intramolecular charge transfer (ICT), as well as
potent non-linear optical chromophores. Several series of push—pull polyenes of increasing length, combining aromatic donor moieties and
various acceptor groups, have been prepared and studied. Their linear and non-linear optical properties have been investigated by performing
electro-optical absorption measurements (EOAM) and electric-field-induced second-harmonic generation (EFISH) experiments in solution.

Each molecule shows a broad and intense ICT absorption band in the visible associated with an increase in the dipole moment (Ag).
Lengthening the polyenic chain linking the D and A groups results in a bathochromic shift of the ICT absorption band and induces a linear
increase in the excited state dipole. In contrast, the ground state dipole remains roughly constant. As a result, the longest molecules exhibit
huge A p values (up to 42 D) as well as markedly enhanced quadratic hyperpolarizabilities ( 8). In addition, the nature of the end groups has
been found to influence strongly both tie ICT and optical non-linearities: larger B and A . values, as well as steeper length dependences, are
obtained with push—pull phenylpolyenes bearing strong acceptors. © 1997 Elsevier Science S.A.
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1. Introduction been reported for several D-m—A molecules, such as push-
pull benzenes [1], stilbenes [1], biaryls [1,2], dxphenyl-
polyynes [3] and oligothiophenes [4].

Examination of the data reported in Ref. [ 1] suggests that
increasing the donor or acceptor strength leads to an increase
in the A u values for push—pull benzenes, styrenes, biphenyls

In ‘‘push—pull”’ compounds, where an electron-donating
group (D) and an electron-withdrawing group (A) interact
via a 7-conjugated system (with p-nitroaniline as the proto-
typical molecule), a partial intramolecular charge transfer

(ICT) occurs from the donor moiety to the acceptor moiety and stilbenes. Such a trend is also noted for push—pull bithio-
through the conjugated path. This induces an asymmetric phenes [4]. However, this is not the case for push—pull tola-
polarization of the ground state, which can lead to a signifi- ~ nes (i-e. donor-acceptor diphenylacetylenes) as observed
cant ground state dipole. Such molecules are also character- from the data reported in Ref. [3].

ized in solution by an intense absorption band in the UV- Comparison of the Ap values reported in Ref. [1] for

visible region. This ground to first excited state transitionis ~ homologous push-pull benzenes, biphenyls, styrenes and
usually assigned to ICT absorption which can either induce stilbenes demonstrates that lengthening the 7r-conjugated sys-

an enhancement or a decrease in the dipole moment. Signif- tem connecting the D and A groups can result in significant
icant photoinduced changes in the dipole moment (A u) have increases in the photoinduced change in the dipole. Likewise,
a pronounced enhancement of the A u values was noted for

* Corresponding author. a series of push-pull carotenoids of increasing length [5].
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This is also the case for push—pull oligothiophenes which
show an almost linear dependence of A u on the number of
thiophene units, as indicated by examination of the A 1 values
reported in Ref. [4]. In contrast, both experimental work and
calculations have indicated a decrease in A u. with increasing
length for aseries of push—pull diphenylpolyynes [3,6]. Both
the length dependence and the magnitude of the A u values
appear to depend on the nature of the 7-conjugated system
linking the D and A groups. For instance, examination of the
semi-empirical calculations carried out on a series of push—
pull polyenes reported in Ref. [7] reveals an increase in A
with increasing length, with a saturation for twelve conju-
gated double bonds. In contrast, homologous push-pull oli-
gophenyls show a maximum for three phenyl units.

We have chosen to focus on a series of push-pull polyenes
of increasing length since arecent experimental study empha-
sized the particular efficiency of the polyenic chain for
achieving long-distance photoinduced ICT [S]. Further
“‘molecularengineering’’ of the push-pull structure is needed
in order to maximize the A u values for a given chain iength.
In particular, the nature of the D and A groups is expected to
control the extent of the photoinduced change in the dipole
(i.e. the magnitude of Aun) and may influence the length
behaviour. Within this framework, we have investigated
several series of push-pull polyenes of increasing length
(Scheme 1). They have aromatic electron-donating end
groups (i.e. the julolidine or dibutylaniline moiety) and bear
various electron-withdrawing end groups. We have studied
phenylpolyenes with acyclic (series 1a and 1b) or hetero-
cyclic (series 1c and 2) acceptors. In addition, we have inves-
tigated a series of diphenylpolyenes with donor/acceptor
terminal substituents (series 3).

In order to characterize the photoinduced ICT phenome-
non, we have studied the absorption properties by examining
the solvatochromic behaviour and performing electro-optical
absorption measurements (EOAM) in solution [ 1,8). Like-
wise, we have investigated the quadratic optical non-
linearities by performing electric-field-induced second-
harmonic generation (EFISH) experiments in solution [9-
11]. Push-pull compounds are of particular interest in terms
of quadratic non-linear optical effects (such as second-har-
monic generation or electro-optical modulation). Such mol-
ecules can display a large molecular quadratic non-linearity
(i.e. quadratic hyperpolarizability 8). The quantum two-
level model relates this behaviour to the ICT phenomenon
and predicts enhanced quadratic optica! responses for push—
pull compounds displaying low-lying and high oscillatory
strength ICT transitions associated with a large photoinduced
change in the dipole [ 12,13]. Inthe two-level approximation,
the magnitude of the static quadratic hyperpolarizability 8(0)
can be related to the ICT transition characteristics according
to

3 2
B(0) =—L—‘;I:_2A“ (1)
44

Scheme 1.

where u,. and E,, are the ICT transition dipole and energy
respectively.

Of the various push-pull systems, the superiority of the
polyenic system in terms of the quadratic hyperpolarizability
B has been demonstrated [14]. A number of recent experi-
mental studies have yielded pronounced increases in 8 with
increasing polyenic length [ 14-23], the chain icngth behav-
iour depending markedly on the nature of the D and A end
groups [14].

2. Experimental details

Push-pull phenylpolyenes of series 1 and 2 were prepared
from phenylpolyenals bearing the donor moiety by Knoev-
enagel condensation which allowed for the grafting of the
acceptor end groups [24,25]. Push-pull diphenylpolyenes of
series 3 were synthesized by Wittig condensation of a phos-
phonium salt having the donor group with polyenals bearing
the acceptor moiety [25]. Thus the synthetic strategy is based
on the preparation of phenylpolyenals of increasing length
functionalized with either donor or acceptor substituents.
These conjugated polyenals were obtained from the generic
aldehydes via sequential Wittig oxyprenylation followed by
acidic hydrolysis [24-26]. All molecules were obtained as
all-trans compounds (as shown by proton nuclear magnetic
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resonance ('"H NMR) studies) after chromatography fol-
lowed by (re)crystallization. They were satisfactorily char-
acterized by elemental analysis and mass spectroscopy.

Electronic absorption spectra were recorded with a Beck-
mann DU 600 or a Perkin-Elmer 340 spectrophotometer. The
solvatochromic behaviour was investigated using spectro-
scopic grade solvents. The molar decadic extinction coeffi-
cients k were obtained according to the Lambert-Beer
equation. The transition dipoles p, were determined by
numerical integration of the absorption band as defined in
Refs. [27,28].

The electro-optical absorption device has been described
in Ref. [29]. EOAM involve studying the effect of an exter-
nal electric field E, on the absorption of linearly polarized
light by a dilute solution of a chromophore [1]. The EOA
spectrum is given by
LK/0_=(KE/0') 2(:(/0') 2)

E;

where o is the wavenumber of the optical field and £ is the
extinction coefficient of the solute in the presence of the
applied field E;. EOAM were performed at 7=298 K in
dioxan carefully purified and dried by column chromatogra-
phy on basic alumina followed by distillation over sodium/
potassium alloy under argon. The experimental error is in the
range 1%—-5%.

EFISH measurements were conducted with a Q-switched
Nd**:YAG laser emitting pulses of about 8 ns duration at
1.064 wm. This emission was shifted to 1.907 pm by ahydro-
gen Raman cell at 40 bar. The experiments were performed
using, for each molecule, solutions of increasing concentra-
tion in chloroform [10,11]. The measurements were cali-
brated relative to a quartz wedge. For the quartz reference,
the experimental value of the quadratic susceptibility
dy;=1.2X107" esu, determined at 1.06 wm, was used. To
account for dispersion, this value was extrapolated to
d;;=1.1X10""° esu at 1.91 pm. The cubic contribution to
the EFISH signal was neglected. The experimental accuracy
is 10%.

3. Results
3.1. Absorption

The absorption spectra of the push—pull polyenes investi-
gated in this work display an :ntense band in the visible. In
each series of homologous compounds, a bathochromic shift,
as well as a broadening of the low-energy absorption band,
is observed with increasing polyenic chain length as shown
in Fig. 1 for push--pull diphenylpolyenes of series 3.

For all molecules investigated in this work, the absorption
maxima are red shifted with increasing solvent polarity. Such
positive solvatochromism is characteristic of ICT transitions
with an increase in the dipole moment on excitation [30].
The photoinduced change in the dipole (i.e. A u value) can
be derived from the solvatochromic behaviour by using the
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Fig. 1. UV-visible absorption spectra for push-pull diphenylpolyenes of
series 3 in chloroform. k is the molar decadic extinction coefficient.

¥ (Mlem™)

quantitative treatment of solvatochromism proposed by a
number of workers [27,28,31-33]. Most treatments are
based on the Onsager model [34] according to which the
**dissolved’’ molecule occupies a spherical cavity of radius
a in the solvent which is viewed, in a simple approximation,
as a continuum with dielectric constant ¢,. Polar solutes ori-
entate and/ or polarize the surrounding solvent molecules. As
a result, the solvent medium generates an electric reaction
field F across the solute molecule which can be expressed by
[35]

by &—1
27eyr® 26,4+ 1

(3

where ¢, is the vacuum permittivity, €, is the solvent dielectric
constant and p, is the solute ground state dipole. The differ-
ential stabilization of the ground state and excited state
dipoles by the reaction field induces a shift in the ICT tran-
sition energy. If both the ground state dipole and the Onsager
cavity radius are known, the photoinduced change in the
dipole (i.e. A i value) can be extracted from absorption sol-
vatochromism data. However, one of the main drawbacks of
the solvatochromism method lies in the uncertainty in the
estimation of the structural parameter . In addition, it should
be noted that the magnitude of the electric reaction field
responsible for the solvatochromism of polar compounds can
decrease dramatically with increasing molecular size (see
Eq. (3)). Asaresult, the solvatochromism methodology may
prove deficient for elongated molecules.

3.2. EOAM

EOAM are based on the application of an external electric
field. The electric-field-induced shift of the absorption spectra
of polar chromophores in solution is related to combined
orientation and electrochromism processes. Thus the Onsager
cavity radius has no direct influence. This explains why
EOAM allow for a more reliable determination of the Ap
values than solvatochromism. Likewise, EOAM are clearly
more appropriate for elongated chromophores since, in this
case, the size effect will be mainly determined by the varia-
tions in the ground state dipole and in the photoinduced



118 M. Blonchard-Desce et al. / Journal of Photochemistry and Photobiology A: Chemistry 105 (1997) 115-121

T LK/G‘(IO’“’ v2Zem® mol!) Ko (c:m3 mol") [

‘l\\

— v e
14000 16000 18000 20000 22000 24000 26000

o (ém") —_
Fig. 2. Optical (x/a) and electro-optical (Lx/c) absorption spectra of
molecule 1b{3] in dioxan at 298 K. The figure shows the experimental data
points for parallel (O) and perpendicular (©) polarization of the incident
light relative to the external applied electric field and the calculated curves
obtained by a general least-squares optimization.

change in the dipole without any buffering effect of increas-
ing cavity radius.

Examples of the optical {k/¢) and electro-optical (Lx/
o) spectra obtained for compound 1b[ 3] are shown inFig. 2.
The excellent agreement between the experimental and
approximated EOA spectra indicates that there is only one
intense electronic transition contributing in the region of the
lowest energy transition.

Table 1

sood acreement was also no d e e Trhon

A very good agreement was also noted 1or pus au-puu pici-
ylpolyenes of series 1la (with n<5), 1b, 1c and 2 (with
n <5), as well as for the shorter push—pull diphenylpolyenes
of series 3 (with n <5). However, discrepancies between the
experimental and approximated EOA spectra were observed
for the longest compound of series 3, especially in the longer
wavelength region of the absorption band. Such behaviour
can presumably be attributed to conformational effects in
solution and/or congestion with higher energy transitions
(see Fig. 1).

A regression analysis of the EOA spectrum gives infor-
mation on the ground and excited state dipoles and polariz-
abilities of the solute, as well as on the direction of the
transition dipole [ 1]. For push—pull molecules with signifi-
cant ground state dipoles and large photoinduced changes in
the dipole, polarizability contributions as weli as terms orig-
inating from the field dependence of the transition dipole can
be neglected. As a result, both the ground state and excited
state dipole values (u, and u.) can be easily derived [4,36].
Hence EOAM conducted on molecules of series 1-3 allow
for the determination of the ground staie and excited state
dipoles. Furthermore, they provide evidence that both are, to
a good approximation, parallel to the transition dipole. The
results are gathered in Table 1.

3.3. Optical non-linearities

The EFISH experiment [9-11] allows for the determina-
tion of the mean microscopic hyperpolarizability y,

Maximum absorption wavelengths (A,y,,,), molar extinction coefficients ( x.,,) and transition (u,. ). ground state () and excited state () dipole moments
of molecules of series 1-3 derived from absorption and EOAM performed in dioxan at T=298 K

Compound (n] Apnax (M) Kax (Mol " 'cm™") Hye (D) 1, (D) #. (D) Ap=p.—p, (D)
la{1} 396 31700 6.5 6.6 18.1 115
1a[2] 426 26950 6.8 6.7 24 15.7
1a(3]) 450 34000 82 7.2 272 200
1a[4) 471 48600 10.2 74 296 223
1a[5] 480 61000 11.8 78 329 25.1
1bf1)* 444 55100 16 9.7 18.0 8.3
1b[2]* 503 41450 83 98 24.3 145
1b[3] 534 44600 9.5 10.2 30.6 204
1b[4} 560 45900 10.1 105 339 234
1b{S] 569 56600 11.8 11.0 430 320
(1) 484 51000 8.2 6.8 18.6 11.7
1c{2] 514 44000 9.0 78 26.7 189
1¢c[3] 531 36300 8.7 7.0 29.0 220
1c[4] 542 42800 10.0 15 350 276
2{1} 490 88700 93 79 15.5 1.7
2[2] 557 80600 10.7 86 218 132
2[3) 583 60600 13 85 306 22.1
2[4) 600 62400 12.3 8.8 375 28.7
2(5] 610 74700 13.7 9.0 514 424
31 452 26000 74 78 303 225
3[2]) 466 36750 89 8.0 33.0 25.0
3[3] 479 45900 10.2 8.1 354 273
3[4) 484 50600 10.9 8.2 36.6 28.4
3[5] 499 59200 12.8 8.1 393 312

* From Ref. [5].
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Yo=Y(—2w; 0,w,0) + pB( —2w; w,w)/SkT 4)

The firsi term is the scalar part of the cubic hyperpolarizability
tensor, whereas the second arises from the partial orientation
of the ground state dipole , in the static electric field. The
orientational contribution is usually assumed to be the pre-
dominant component for polar push—pull compounds. Hence
the scalar product u,B8(2w), where B(2w) (a short-hand
notation for B( —2w; w,w)), the vector part of the quadratic
hyperpolarizability tensor, is directly inferred. The static
1 B(2w)grisy values derived from EFISH experiments car-
ried out on molecules of series 1-3 are gathered in Table 2,
together with the corresponding static p,B8(0)gpsy values
calculated using the two-level model to account for dispersion
enhancement [12,13]. These values are compared with the
1B(0)goam values calculated from EOAM data using the
two-level expression of the quadratic hyperpolarizability (see
Eq. (1)). The B(0)goam values are also given in Table 2.

4. Discussion
4.1. Effect of polyenic chain length

In each series of homologous compounds, a smooth
enhancement of the transition dipole accompanies the bath-

Table 2

ochromic shift and concomitant broadening of the ICT
absorption band induced by increasing the polyenic chain
length (see Table 1). Such a behaviour, also observed with
push—pull polythiophenes [4], is indicative of effective con-
jugation along the polyenic chain. In contrast, other push—
pull systems, such as donor—-acceptor polyphenyls or poly-
ynes, exhibit distinct trends. For example, push—pull diphen-
ylpolyynes exhibit ICT absorption bands whose energy and
intensity appear to be relatively independent of the length of
the conjugated linker [3,17]. Also, push—pull polyphenyls
show first bathochromic then hypsochromic shifis with
increasing number of pheny! units, the minimum ICT tran-
sition energy being observed for two or three repeating units
[17,37].

As noted from Table 1, lengthening the polyenic chain
linking the donor and acceptor end groups results in a marked
increase in the excited state dipole. In comparison, the ground
state dipole remains roughly constant. Consequently, the pho-
toinduced change in the dipole increases significantly with
increasing polyenic chain length. In each series of homolo-
gous compounds of increasing length, a linear dependence of
the Ap values on the number n of double bonds in the
polyenic chain is obtained as illustrated in Fig. 3 for mole-
cules of series 2. The series of push—pull diphenylpolyenes 3

Quadratic molecular optical non-linearities of molecules of series 1-3 derived from EFISH experiments (carried out in chloroform at 7=298 K) or calculated

from EOAM data (obtained in dioxan at T7=298 K)

Compound [n] Ay, ® (nm) 1eB(2w)grsu (107 esu) B(Oermsu (107 ¥ esu) g B(0)eoam (107*%esu)  B(0)eoam (10™* esu)
1a[1] 401° 210° 165° 189 29
1a(2] 446 337 50
1a[3] 469 745 103
1a[4) 486 1443 195
1a[5] 490 2387 306
1b[1] 458 420 305 342 35
1b[2] 531 1500 955 943 96
1b{3] 572 3700 2155 2049 200
1b[4] 594 7700 4255 3034 288
1b{5]} 606 10700 5735 5566 506
1b[6] 613 16000 8420 7964 724
Ic[1] 494 ¢ 740 ¢ 505¢ 475 70
1c[2] 542 1375 880 1195 153
1c[3] 556 2200 1330 1260 180
icf4] 566 3800 2240 2318 309
2[1}] 505 ¢ 680¢ 455¢ 477 61
2[2] 5874 2150¢ 12104 1541 178
2{3] 6414 5300¢ 25809 3111 366
2[4]) 650 ¢ 9300¢ 4400¢ 5187 590
2{5] 659 19500 8970 9945 1105
3[1] 469 1250 890 746 96
3[2] 479 1800 1260 1294 162
3[3] 486 2440 1690 1987 246
3[4} 494 3580 2440 2440 299
3[5] 497 4300 2920 3863 477
2 In chloroform.

®From Ref. [14] in acetone.

€ In acetone.

9 From Ref. {24].
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Fig. 3. Effect of increasing number of double bonds » in the polyenic chain
on the transition dipole ( g, + ), ground state dipole (u,, A), excited state
dipole (u,, O) and photoinduced change in the dipole (4 u, ©) for com-
pounds of series 2.

shows the smoothest variation (with a vinylic increment of
about 2 D). In contrast, the steepest rise is observed with
push—pull phenylpolyenes of series 2 (with a vinylic incre-
ment of about 8.5 D) which have the strongest electron-
withdrawing group. As a result, molecule 2[5] exhibits a
very high Ap value (42 D) that corresponds to more than
half of an electronic charge shifted on excitation from the
donor substituent to the opposite acceptor over 16 A.

As seen in Table 2, lengthening the polyenic chain results
in a pronounced increase in quadratic optical non-linearities.
In addition, both the length dependence and the magnitude
of the optical non-linearities depend strongly on the nature
of the end group. This is clearly shown in Fig. 4 where the
variations of the p B(0)gmsn values as a function of the
number n of conjugated double bonds in the polyenic chain
are shown. The series of push—pull diphenylpolyenes 3 shows
the slowest variation, whereas the series of push—pull phen-
ylpolyenes with the strong acceptor end group 2 shows the
steepest rise in quadratic non-linearities. This phenomenon
leads to a giant 1, 8(0) value for molecule 2[5], amounting
to 20 times that of 4-dimethylamino-4'-nitrostilbene
(DANS), the benchmark for quadratic non-linear optics. It
should be noted that this is particularly interesting since the
#B(0) value is the relevant figure of merit for using such
molecules as active elements in poled-polymer-based devices
for electro-optical modulation.

4.2. Validity of the two-level approximation

Comparison of the p,8(0)grsn and pgB(0)goam values
listed in Table 2 indicates that the u, values derived from
EFISH experiments or calculated from EOAM data (using
the two-level approximation) display acceptable correlation,
except for a few molecules (i.e. 1b[4], 1¢[2] and 3[5]).
This demonstrates that the two-level model is fairly relevant
for push-pull polyenes. The slight discrepancies observed
can be accounted for by several origins. For instance, it should
be stressed that EFISH experiments and EOAM were con-

ducted in solvents of different polarity. Likewise, the simpli-
fications commonly used in the treatment of EFISH data to
derive static pB(0) values (e.g. the neglect of the cubic
contribution, the local field corrections and the approximate
dispersion correction) are potential sources of inconsistency.
Another possibility is the involvement of higher excited states
contributing significantly to the optical non-linearities. This
may be the case for the series of diphenylpolyene derivatives
3, as suggested by the emergence of ahigher energy transition
which moves closer to the high-energy edge of the ICT
absorption band (see Fig. 1).

4.3. Effects of end groups

As mentioned previously, the nature of the end groups has
been found to influence strongly the 8 and A u length depend-
ences. The series of push—pull diphenylpolyenes 3 clearly
shows the smoothest length behaviour (cf. Fig. 4 and Fig. 5).
This effect may possibly be related to the presence of phenyl
rings in between the donor and acceptor substituents and the
polyenic chain. The aromatic stabilization of the benzene ring
is responsible for electron localization, therefore dampening
the donor—acceptor interaction.

10
o]
I
8t K
g 9 . 4
a
=N 4t g,
gr.‘—:“;::'
2 . "E” ——_’o;——cf;’f
- '::'Ef:’::::-—%——"
0 P S
1 2 3 4 5 6

Fig. 4. u(0) values determined by EFISH experiments vs. the number n
of double bonds in the polyenic chain for series 1b (A, ~--), 1¢ (O,
——),2(0,---) and 3 (O, — - —); all uB(0) values areexpressed
in 10~*% esu.

50 o
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Fig. 5. Photoinduced change in the dipole (A u values) as a function of the
length (Ip,) between donor and acceptor for series 1a ( +, ), 1b
(A,-=--),2(0,---) and 3 (O, — - —).
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The series of push-pull phenylpolyenes displays a steeper
length behaviour, the rise in both the A x and u8(0) values
being steeper for stronger acceptor end groups. For instance,
the vinylic increment of the photoinduced change in the
dipole amounts to 3.5 D per additional double bond for series
1a, 5.5 D for series 1b and 8.5 D for series 2, in agreement
with increasing acceptor strength. In comparison, a vinylic
increment of only 2 D is observed for the series of push-pull
diphenylpolyenes 3. Likewise, comparison of the series of
push-pull phenylpolyenes 1 and 2 shows that a stronger
donor-acceptor interaction leads to a bathochromic shift of
the ICT absorption band as well as to enhanced quadratic
optical non-linearities (see Table 2).

In order to study the influence of the donor/acceptor
strength on the magnitude of the photoinduced change in the
dipole, A u values were plotted for series 1-3 as a function
of the separation length between the closest heteroatoms from
donor and acceptor moieties (calculated for an extended con-
formation of the polyenic chain). As indicated in Fig. 5 for
the series of push—pull phenylpolyenes 1 and 2, increasing
donor/acceptor strength leads to larger Ay values. On the
other hand, a direct comparison with the series of push—pull
diphenylpolyenes 3 is not straightforward. Altogether, given
the markedly different length dependences, the largest Au
values are expected for elongated push—pull phenylpolyenes
compared with push—pull diphenylpolyenes. This is illus-
trated by examination of molecule 2[ 5], which showsalarger
photoinduced change in the dipole (i.e. 42.4 D) than mole-
cule 3{5] (i.e. 31.2 D), although corresponding to a 6 A
smaller distance between donor and acceptor hetercatoms.

5. Conclusions

This work demonstrates that push—pull polyenes allow for
long-distance and low-energy photoinduced ICT. In each
series of homologous compounds, lengthening the polyenic
chain linking the donor and acceptor end groups induces a
bathochromic shift of the ICT absorption band as well as a
smooth increase in the transition dipole. Moreover, a pro-
nounced increase in the excited state dipole is observed,
whereas the ground state dipole remains roughly unchanged.
Accordingly, the longest molecules exhibit very large pho-
toinduced changes in the dipole moment ( with A i values up
to 42 D) as well as enhanced quadratic optical non-linear
hyperpolarizabilities (with u.8(0) values up to 20 times that
of DANS).

The nature of the end groups has been found to influence
strongly both ICT and optical non-linearities. Steeper length
dependences were obtained for push—pull phenylpolyenes
with strong acceptors, which also led to the largest optical
non-linearities. Finally, lengthening the polyenic chain, as
well as increasing the strength of the donor and accepter end
groups, is a highly effective strategy for enhancing photo-
induced charge transfer.
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