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Many laboratories have sought to understand the molecular
properties which enhance second-order nonlinear optical phe-
nomena such as second harmonic generation and electro-optic >

switching. The second-order nonlinear respoyideof a bulk
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Table 1. Values of|Au| and Aa as determined by Stark
Spectroscopy for Compounds-4'

Compound ¢ Auld Aoc

b .
(PK A (acceptor)) Solvent nm] [D] [A3] reglonf
");(j T 676 14 1900 (A)B
MO M 692 10 1000 B
N 1 (7.1) E 707 2.5 -50 C
o ,—
(o
©f€=/=/j° N_ M 671.5 6.0 385  B/C)
N 2 (46%)
Ph
{:N
e M 689 5.4 300 BAC)
N 3 (40
O{:N;:s T 6925 8 600 B
Mo N_ M 700.5 2 -300 c
4 (258 E 6945 0 325 (D)E'

apKa value of the free acceptor end grolpl, toluene; M,

material depends both on the intrinsic second-order nonlinear2-MeTHF; E, EtOH.c Absorption maximum in the given solvent.

coefficient (or first hyperpolarizabilityp of the chromophore
and some source of alignment which does not possess inversio

symmetry. Donor/acceptor polyenes are a versatile class of
compounds that have proven to be especially useful to probeg towardC. 9 pKa

the structure-function relationships that control the value/f

d Experimental errof=10%. ¢ Experimental errof=20%. f Assignments

rfre based on comparison of the results obtained from the Stark spectra

and the model predictiorcf, Figure 2)—see text. The brackets stand
for “shifted toward”, i.e.2 and3 in 2-MeTHF are displaced from limit
value of the dimethyl form? Agreement between
model and data is not good enough to exactly locate the positidn of

and other nonlinear optical properties such as the secondin EtOH* ' Experiments were carried out in frozen glasses at 77 K.

hyperpolarizability y.r In a simple two-level modelg is
proportional to the change in dipole momeX¢ between the
ground and first electronic excited stdteAu| can be directly
determined by measuring the effect of an applied electric field
on the absorption spectrum, the Stark effect spectrum. We

present results of Stark and EFISH measurements for a series

of donor/acceptor polyenes which demonstrate the correlation
between optical nonlinearities arjdu| along with a large
solvent dependence of their electronic structure.

The Stark spectra of compounds-4 (Table 1) were
measured as described in detail elsewHeiéor an isotropic,
immobilized sample, an applied electric field will broaden and
shift an isolated transition due to the change in dipole moment
Au and change in polarizabilitko., respectively. Stark spectra
for compoundd and4 taken in frozen 2-methyltetrahydrofuran
(2-MeTHF), toluene, and ethanol (EtOH) solutions at 77 K are
shown in Figure 1, and the results of the analysis of the spectra
are summarized in Table 1. In 2-MeTHEshows large values
of both |Au| and Aa, and 2 and 3 show somewhat smaller
values® For4the Stark spectrum has a very different line shape
due to a dominant negativaéa and a smallAu|. Both the
absorption and Stark spectra of compouhdsid4 show a large

15000

PR TR (N IOV YN UUR TS FRT T S T | P

14000 15000 14000
Energy [em’']
Figure 1. Absorption spectra (top panels) add\ (Stark) spectra
(bottom panels) for compounds(left) and4 (right) taken at 77 K in
frozen glasses of toluene (crosses), 2-MeTHF (squares), and EtOH
(diamonds). All spectra were scaled to a peak absorbance of unity and

solvent dependence. In both cases, a decrease in solvent polarity field strength of 1x 10° V/icm to ease comparison between different

(toluene) leads to an increase in bdtki| and Aa. On the
other hand, in a polar solvent (EtOH)shows a smallAu|
and negativé\a, while 4 exhibits negligibld Au| and a positive
value of Aa.
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(5) The change in absorptiohA, upon application of an electric field
can be decomposed into contributions proportional to the first and second
derivative of the molecule’s absorption spectrum, which are relatédxto
and|Au|, respectively. See ref 4.

(6) The AA spectra for2 and 3 in 2-MeTHF are similar in line shape
but of smaller magnitude than the spectrum for
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spectra. The solid line superimposed on each spectrum gives the result
of the simultaneous best fits of theand AA data from which|Au|
andAa are obtained.

Table 2 gives values qf-4(0) for 1—4 measured in eight
different solvents as well as the position of the peak of the room
temperature absorption spectrum in these solverdl. four
compounds show clear changes in their nonlinear optical
response, spanning a positive peakuit8(0) as the solvent
polarity (as measured by thé}‘ Ecalé —cf. Table 2) increases.
While for 1 the value ofu-5(0) only decreases slightly for high
solvent polarities, fod it already starts to decrease at low solvent
polarity and crosses through zero at a solvent polarity corre-
sponding to DMF. 2 and 3 show an intermediate dependence
of u+$(0) on the solvent polarity.

In order to compare the results of the two experimental
methods we need a theoretical framework that can account for
both the substituent and solvent dependence of the electronic
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Table 2. Solvent Dependent-((0) Value$ (Units of 108 esu)
for 1—-4 and the Corresponding Wavelength of the Lowest Energy
Absorption Maximurfi

Solvent [EY]

dioxane THF® CHCl; CH,Cl, acetone DMF® DMSO? EtOH
[0.164] [0.207] [0.259] [0.309] [0.355] [0.404] [0.444] [0.654]
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calculated variation of the experimentally accessible parameters
w+B(0) (EFISH),Au (Stark), andAa (Stark) between the limits
A—E.

1-4 differ only in their electron acceptor end group, the
strength of which (i.e., its capability to stabilize a negative
charge) can be approximated by th€apvalue of the corre-
sponding free acidcf. Table 1). Comparing the obtainéNu|

1055 1365 1530 1630 1660 1410 1290 N . ; o .

T (621) (644) (662) (660) (660) (684) (696) (687) values and the variations ifso. with the model predictions in

, 1235 1430 1555 1610 1180 925 75 Figure 2, these molecules can be assigned with respect to the
(618)  (634) (650) (650) (647) (662)  (668) (661) limits A—E. 1 having both moderately strong donor and

3 (1 662‘1)5) (1685515) (1 69678(; (2(?7025) (1696%3 (680) (%gg) . acceptor _end groups can be expected to be _in reBiarhich
1550 1620 1595 1465 920 .20 675 agrees with the measured valuegaf| andAa. in 2-MeTHF.

4 661) (679) (688) (690) (684) (691) (695) (688) The decreased values pfu| and Ao for 2 and 3 agree with

2 u-f(0) values were determined using 1.90% fundamental radia-
tion and were corrected for dispersion using the two level mbdak
cubic contribution to the signal was neglected. The estimated precision
in u+B(0) is +15%. ® THF, tetrahydrofuran; DMF, dimethylformamide;
DMSO, dimethyl sulfoxide® In brackets, units of nm. The polarity
of the solvents increases from left to right as indicated by th{;ir E
value$ [in brackets].
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bond order alternation (BOA)
Figure 2. Calculated trends in the values Afi, Ao, andu+(0) with

0.6

the expected results for compounds with increased acceptor
strength and a structure somewhat closer to InitThe results

for 4 in 2-MeTHF place it close to the cyanine lim@. For
both1 and4 changing the solvent to the less polar toluene moves
the structure toward limi#&, while in the highly polar EtOH it
shifts toward limitE.

EFISH measurements were done in fluid solution because
motion of the molecules is needed to achieve orientation. The
Stark spectra were taken in frozen solution precisely to avoid
this complication. In order to compare the results of the two
types of measurements the quantitative differences in the solvent
matrix between the two experiments have to be taken into
account. Itis well-known that the polarity of a solvent increases
with decreasing temperatuté® mainly due to an increase of
the dipole-dipole interactions between solvent and sol&féhe
exact degree of this increase in polarity will depend on the nature
of both the solvent and the solvated molecule. The best
comparison for the studied molecules thus should be the position
of their own absorption maximacf; Tables 1 and 2). Using
this reasoning the data suggest that the results obtained in frozen
2-MeTHF glasses should be compared with those obtained in
DMF or DMSO at room temperatufé and the observed trends
in u-f(0) and Au are then in very good agreement. This
provides direct experimental evidence for the correlation of the
decreasing optical nonlinearities in regioBsand C with a
decrease imAu|, as predicted by the two level approximatin.
Finally, the negativé\a observed for compoundlis in accord
with theoretical predictions and the observation of negagive

changing ground-state structure of donor/acceptor polyenes derived fromfor cyanine-like moleculég®14although the observed values

the results of ref 13. The top part of the figure shows limiting structures
of donor/acceptor polyenes for different values of BOA (see text).

of Aa are much less negative than predicted.
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