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Stilbazolium chromophores have also been incorporated into
various macroscopic structures such as Langmuir-Blodgett
(LB) films™ intercalated layered materials”l self-assembled
superlattices, "] inclusion complexes'!! and guest-host!'¥ and
side-chain polymer films."" Very recently, chiral stilbazolium
salts of nickel bis(dithiolene) complex anions have been studied
in attempts to combine quadratic NLO activity with semicon-
ducting behavior," and stilbazolium cations have been incorpo-
rated into SHG-active, ferromagnetic layered bimetallic
networks.””) Stilbazolium and related chromophores are also
promising as two-photon absorption (a cubic NLO process) las-
ing dyes for converting infrared light into visible fluorescence.!'®!

With the sole exception of a theoretical study on the neutral
chromophore  trans-4'-(dimethylamino)-N-(2-benzimidazolate)-
4-stilbazolium,*”! only N-alkyl stilbazolium salts have been
previously studied for their NLO properties. We have recently
discovered that the fy values of dipolar ruthenium(i) ammine
complexes of N-aryl pyridinium ligands are larger than those of
their N-methyl analogues."® In these compounds the Ru™ centers
act as electron donors and 5 increases due to the greater elec-
tron-withdrawing abilities of N-aryl- with respect to N-methyl
pyridinium groups. An analogous molecular engineering strategy
should also enhance the quadratic NLO activities of purely
organic pyridinium dyes such as stilbazolium salts.

2. Results and Discussion
2.1. Synthesis and Characterization

The known salt [1]I was prepared by the base-catalyzed con-
densation of N-methyl-4-picolinium iodide with 4-(dimethyl-
amino)benzaldehyde,'*) and then metathesized to [1]PF¢ by pre-
cipitation from water/aqueous NH,PF,. The new cations trans-4'-
(dimethylamino)-N-R-4-stilbazolium (R = phenyl 2, 2,4-dinitro-
phenyl 3, 2-pyrimidyl 4) were prepared similarly by using the cor-
responding N-R-4-picolinium ions, and isolated as their PF4 salts.

The electronic absorption spectra of [1-4]PF4 show intense,
broad bands in the visible region (Table 1, Fig. 1), correspond-
ing to intramolecular charge-transfer (ICT) excitations from
the -NMe, electron donors to the pyridinium acceptors. The
ICT band maximum energy E,,,x decreases in the order [1]PF,
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Scheme 1.

Table 1. Visible absorption, electrochemical, and '"H NMR data for [1-4]PF; in
acetonitrile.

Salt  1u[ICT] (&) [a]  EwafICT]
[nm] (M em™)  [eV]

Ep [b) Ep fe]
[V vs. Ag/AgCl [e]

gH g
[d] [ppm]

[$1PFs 470 (42 800) 2.64 0.94 -111 8.29 7.84
[2]PFs 504 (51 400) 246 0.93 -0.88 8.57 7.98
[3]PF, 537 (47 500) 231 0.96 -0.52 9.11 3.79
[4]PFs 553 (57 200) 2.24 0.95 -0.66 9.53 9.01

[a] Solution concentrations ca. 107 M. [b] Peak potential for first irreversible oxi-
dation (of highest occupied molecular orbital, HOMO, localized on ~NMe,
group); return wave also observed in some cases. [c] Peak potential for first irre-
versible reduction (of lowest unoccupied molecular orbital, LUMO, localized on
pyridinium group); return wave also observed in some cases. [d] Signals for pyri-
dinium ring protons; chemical shifts at 200 MHz with respect to TMS in CD3CN.
[e] Measured in solutions ca. 10~ M in analyte and 0.1 M in N"Bu,PF; at a plati-
num-disc working electrode with a scan rate of 200 mVs™. Ferrocene internal
reference Eyp =045 V.
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Fig. 1. Ultraviolet-visible (UV-vis) absorption spectra of the salts [1-4]PFg at RT
in acetonitrile.

> [2]PF; > [3]PFs > [4]PF;, with a difference of ca. 0.40 eV
between the extremes. This trend is attributed to the steadily
increasing electron deficiency of the pyridinium ring as the
N-substituent changes from methyl to 2-pyrimidyl. This hy-
pothesis is confirmed by cyclic voltammetric data (Table 1),
which, although irreversible, show that the potential for oxida-
tion of the -NMe, group remains constant, whilst that for
reduction of the pyridinium unit becomes steadily less negative
(and therefore reduction becomes easier) in the order [1]PF,
< [2]PF; < [4]JPF, < [3]PFs. Also, the nuclear magnetic
resonance (NMR) chemical shifts of the doublet signals for the
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protons of the pyridinium ring increase in the order [1]PFg
< [2]PF; < [3]PF¢ < [4]PFs, indicating decreasing shielding.

2.2, Hyper-Rayleigh Scattering Studies

The 8 values of [1-4]PF; were measured by using the HRS
technique.?” Because HRS usually overestimates f for mole-
cules such as stilbazolium dyes, which show multi-photon fluo-
rescence,?!! it is necessary to modify the experiment to obtain
accurate data. Various approaches have been adopted in this
context, such as simple subtraction of the fluorescence back-
ground,ml the use of a 1907 nm laser,[23] and using a femtosec-
ond laser to allow temporal discrimination between the HRS
and fluorescence signals.? For [1-4]PF, we have used femto-
second HRS with a 1300 nm laser,*” incorporating high-fre-
quency demodulation of the fluorescence contributions.”" This
approach has previously been employed with N-alkyl stilbazo-
lium salts, %27 and has given good agreement with S, values
for neutral chromophores from electric-field-induced SHG
(EFISHG) studies.”®!

HRS f and f§, values, obtained by application of the two-
state model,® are presented in Table 2, together with litera-
ture data for several N-alkyl stilbazolium salts. Qur HRS
results indicate that the N-aryl chromophores in [2-4]PFg have
considerably larger ffy values than their N-methyl counterpart

Table 2. Visible absorption and femtosecond HRS data for stilbazolium salts.

Salt Solvent Anu[ICT]  A[a] A [a]
[nm] [x10% esu]
[1]PFq CH;CN 470 60 25
[2]PFq CHyCN 504 355 120
[3]PFs CH,CN 537 370 100
[41PFs CH;CN 553 1015 230
[5]Br[b)  CHClL 508 140 46
[6]Br[c]  CHCh 496 100 36
[71Br{d] (CH3):SO 477 360 100

[a] B is the dynamic first hyperpolarizability measured using a 1300 nm laser fun-
damental for [1-4]PF; and [5-6]Br and a 800 nm laser fundamental for [7]Br; S,
is the static first hyperpolarizability estimated by using the two-state model [29].
The quoted cgs units (esu) can be converted into SI units (C*m®J?) by dividing
by a factor of 2.693 x 10* (alternatively, conversion into units of m* V! can be
achieved by multiplying by a factor of 4.192 x 107, [b] [25]. [¢] [27]. [d] [11b].

in [1]PFs. Indeed, a ca. 10-fold increase in 3, is observed in
moving from [1]PF; to [4]PF,. Although the S, for [1]PFg is
much smaller than the value of 364 x 10™° esu derived for
DAST with a 1064 nm nanosecond laser,"*¥ the latter result
was heavily overestimated due to multiphoton fluorescence
and the use of an inaccurate reference § value for the sol-
vent.!®l Nevertheless, the Bo for [1]PF is still relatively small
when compared with those of [5-7]Br.}:27]

The two-state model predicts that f, for a simple dipolar
chromophore increases as the energy of the ICT band de-

creases, according to Equation 1;12930]
2
3w, (u,) .
/;’0 = —-IL—L22— 48]
2 (EITH)X )

where Auy; is the dipole moment change between the ground
and excited states and py, is the transition dipole moment,

Evef; $0, an Ey,.x decrease of ca. 0.40 eV is clearly insufficient
to explain the apparent 10-fold increase in 8y in moving from

2.3. Stark Spectroscopic Studies

In order to further investigate the molecular electronic prop-
erties of [1-4]PFs, we have carried out Stark (electroabsorp-
tion) spectroscopic studies®! to determine values of Apy;. This
technique has recently been applied to various compounds
having quadratic NI.O properties such as donor-acceptor poly-
enes,™! porphyrins,*! metallocenyl derivatives,™ and Ru!
complexes.®! The |Au;,| values obtained for [1-4]PF; are
given in Table 3, together with oscillator strengths £, ]ﬂlzl
values and f, values calculated from Equation 1.

Table 3. Visible absorption and Stark spectroscopic data for [1-4]PF, at 77 K in
butyronitrile.

Sall  4uulICT]  EenlICT]  fosla] |l [b]  |Asa2) A lel
{nm)] [eV] D] D] (10 esy]
[1]PFs 483 257 0.90 9.6 109 90
[2]PF, 515 241 102 106 12.0 135
[3]PFs 528 235 0.82 96 133 130
[4]PFs 565 2.19 0.88 10.1 14.8 185

[a] Oscillator strength obtained from (4.32 x 10 Mem®) A, where A is the inte-
grated extinction coelfiecient. [b] Transition dipole moment calculated by using
Equation 3. [¢] Static first hyperpolarizability calculated by using Equation 1.

With the exception of [1]PF, the 8, values derived from the
Stark measurements are in reasonable agreement with those
from femtosecond HRS. However, the increase in S, in moving
from [1]PF; to [4]PFs is only 2-fold for the Stark data, as
opposed to 10-fold with the HRS values. This large difference
can be traced primarily to the small HRS 8, value for [1]PFg. In
any case, the Stark data do confirm that 8 increases in the order
[1JPF, < [3]PF; < [2]PF < [4]PF. Furthermore, this trend arises
from a combination of decreasing En.x and increasing Ay,
with only a slight increase in sy, between [1]PFg and [4]PF,. It is
likely that the fy values for [3]PF; are lower than expected due
to the steric effect of the ortho-NO, group, which causes twist-
ing of the 2 4-dinitrophenyl ring out of the plane of the stilbazo-
lium unit. By contrast, in [2]PF;; and [4]PF¢ the N-aryl rings are
more likely to exist coplanar with the stilbazolium units, leading
to larger B, values. A similar effect has previously been
observed in the complex [Ru'(NH;)s(24-DNPhQ")* [2,4-
DNPhQ" = N-(2 4-dinitrophenyl)-4,4’-bipyridinium], which has
a lower metal-to-ligand charge-transfer energy, but a similar S,
compared with its N-phenyl! analogue.!#!

At present it is not possible to state categorically which S,
values determined for [1-4]PF¢ are the more reliable. How-
ever, the close agreement between the Stark and HRS values
for [2-4]PF suggests that it is one of the B, values for [1]PF
that is most likely to be less reliable. Additional comparative
experiments must be carried out before this point can be com-
mented on further. It is noteworthy that very few previous
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studies have attempted to compare f3, values obtained via both
HRS and Stark measurements, and none have done so for stil-
bazolium chromophores. In any case, the agreement between
the Stark and HRS Bo values for [2-4]PF; provides empirical
confirmation that the two-state model is reasonably appropri-
ate for stilbazolium chromophores.

2.4. X-ray Crystallographic Study

In order for a compound to exhibit macroscopic quadratic
NLO effects, the active molecules must be arranged non-cen-
trosymmetrically.!"! The marked NLO properties of DAST
crystals arise from a favorable orientation of the dipolar cations
in the Cc space group. We have obtained a single crystal X-ray
structure of [2]PFg; a representation of the molecular structure
is shown in Figure 2 and a packing diagram in Figure 3. The

Fig. 2. Structural representation of the salt [2]PFs (50 % probability ellipsoids).
Selected interatomic distances [A] and angles [°}: N1-C7 1.363(3), N1-Ci1
1.370(3), N1-C6 1.436(3), N2-C17 1.360(3), C7-C8 1.360(4), C8-C9 1.407(4),
C9-C10 1.405(3), C9-C12 1.435(4), C10-C11 1.353(4), C12-C13 1.363(4), C13-
C14 1.433(4), C14-C19 1.400(4), C14-C15 1.406(4), C15-C16 1.370(4), C16~C17
1.427(4), C17-C18 1.402(4). C18-C19 1.384(4); C7-N1-C6 121.6(2), C11-N1-C6
119.2(2), C10-C9-Cl12 123.4(2), C8-C9-Cl12 1204(2), CI3-C12~C9 124.52),
C12-C13-Cl4 126.9(3), C19-Cl4-C13 119.8(3), C15-Cl4-C13 123.7(3), N2-
C17-C18 122.7(2), N2-C17-C16 120.4(3).

Fig. 3. Crystal packing diagram of [2]PF, (viewed atong the b-axis).

small dihedral angle of 10.8(2)° between the pyridyl and
phenylene rings™ is consistent with m-electronic coupling
through the stilbazolium framework. The phenyl substituent is
twisted with respect to the pyridyl ring,P giving a dihedral
angle of 55.8(1)°. As expected, the cation in [2]PF, shows some
degree of ground-state charge-separation. For example, the
stilbazolium rings are partially quinoidal: the average of the
distances C7-C8 and C10-C11 is ca. 0.05 A less than the aver-
age of C8-C9 and C9-C10, and the average of C15~C16 and
C18-C19 is ca. 0.03 A less than the average of the other C-C
distances within the phenyl ring.

Although the presence of para-toluenesulfonate anions gen-
erally appears to encourage stilbazolium cations to pack non-
centrosymmetrically,” [2]PF, also crystallizes in Cec, and is
essentially isostructural with the related Schiff base [8]PF4."!
The pseudo-planar stilbazolium portions of the cations of
[2]PF; align head-to-tail and stack almost parallel, forming
polar sheets within a polar bulk structure (Fig. 3). The PFq" an-
ions lie in between the cationic sheets, located close to the elec-
tron-deficient pyridinium rings. Similar packing structures are
observed in DAST and related compounds, in which it has been
suggested that the intervening anions act to reduce dipole~di-
pole interactions, which would otherwise cause antiparallel
alignment of the polar cationic sheets, >’

2.5. Kurtz Powder Test Studies

As a preliminary test of their bulk NLO activities, we have
carried out powder SHG studies on [2]PF4 and [8]PF, using a
1907 nm laser fundamental to avoid absorption of the harmon-
ic signals. Unsized microcrystalline samples gave SHG efficien-
cies of 600 and 400 times that of a urea reference, for [2]PFs
and [8]PF,, respectively. The SHG activity of DAST is amongst
the largest of any known material, and comparison with [2]PF
and [8]PF; is of great interest. Using sieved powdered samples

(53-63 pm), we obtained SHG efficiencies of
470, 240, and 550 times that of urea for
[2]PFg, [8]PFs, and DAST, respectively. It can
hence be concluded that our new salts show
very high SHG activities, that of [2]PF, com-
paring favorably with that of DAST. Since
[2]PF and [8]PF; are isostructural,”” it is
likely that the consistently lower SHG effi-
ciency of the latter is largely a result of the 8y
of [8]" being smaller than that of [2]*. Pre-
vious EFISHG studies have established that
azomethine substitutions in stilbenyl bridges
lead to large decreases in ﬂ().m]

In [2]PFg, the angle 6,, between the dipolar
~axis (approximated as the N1-N2 vector) and
the crystallographic b-axis is 74.5(1)°, which
can be compared with the optimal 6,, value
for SHG phase-matching in the m symmetry
point group of 3526°PY The structure of
[2]PF; is hence not optimized for SHG, but is
better suited for EO behavior, which ideally
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requires completely parallel alignment of molecular dipoles.[l]
As in DAST™! the angle between the dipolar axis and the
crystallographic a-axis in [2]PFg is ca. 20°. Given the larger S,
value for [2]" with respect to [1]*, it can hence be anticipated
that crystals of [2]PFs may exhibit larger EO coefficients than
those of DAST. Preliminary crystal growing experiments have
provided encouraging results. Crystals of [2]PF4 having a mini-
mum dimension of ca. 1 mm and a maximum dimension of ca.
5 mm have already been grown simply by slow evaporation of
acetonitrile solutions, and larger crystals should be attainable
without undue problems. Furthermore, given that [4]PF; has a
substantially larger Sy than [1]PFs, the incorporation of [4]
into appropriate macroscopic structures is an attractive strat-
egy for further enhancing bulk NLO properties. The most ob-
vious way to achieve this objective would be to grow crystals of
various counter-anions in the hope of obtaining non-centro-
symmetric packing arrangements. Alternatively, 5-alkyl-2-
chloropyrimidines™ could be used to prepare derivatives of
[4]" suitable for LB film formation.

3. Conclusions

Femtosecond HRS measurements have been used to obtain
fluorescence-free B, values for a known N-alkyl and three new
N-aryl stilbazolium cations. Stark spectroscopy has also been
applied for the first time to such compounds, providing contfir-
mation and rationalization of the observation that the N-aryl
chromophores have considerably larger 8, values than their
N-methyl analogue. This study represents the first instance in
which a molecular engineering approach has been used to
enhance the NLO responses of stilbazolium cations, and a simi-
lar strategy should be applicable to other pyridinium-based
chromophores. The synthetic simplicity of N-arylation renders
this approach particularly attractive and versatile. In addition,
[2]PF¢ crystallizes non-centrosymmetrically and shows pro-
nounced SHG activity, which is similar to that of DAST. The
novel chromophores [2-4]" will be readily incorporated into
various crystalline salts or derivatized to allow the fabrication
of macroscopic structures such as LB films, which can be
expected to show pronounced bulk NLO effects.

4. Experimental

General: "H NMR spectra were recorded on a Varian Gemini 200 spectrometer
and all shifts are referenced to tetramethylsilane (TMS). The fine splitting of pyri-
dyl or phenyl ring AA’BB’ patterns is ignored and the signals are reported as sim-
ple doublets, with J values referring to the two most intense peaks. Electronic
absorption spectra were recorded by using a Varian Cary LE spectrophotometer
and elemental analyses were performed by the Microanalytical Laboratory, Uni-
versity of Manchester. Cyclic voltammetric measurements were carried out by
using an EG&G PAR model 173 potentiostat/galvanostat with a model 175
universal programmer. An EG&G PAR K0264 single-compartment microcell was
used with a Ag/AgCl reference electrode (3 M NaCl, saturated AgCl), a platinum-
disc working electrode, and platinum-wire auxiliary electrode. Acetonitrile (high-
pressure liquid chromatography, HPLC, grade) was used as received and tetra-n-
butyl ammonium hexafluorophosphate, twice recrystallized from ethanol and
dried in vacuo, as supporting electrolyte. Solutions containing ca. 10~ motdm™
analyte (0.1 mol dm™ electrolyte) were deaerated by purging with N,. All Ey, val-
ues were calculated from (E,,, + E,,.)/2 at a scan rate of 200 mV s

Materials: All reagents were purchased from Lancaster Synthesis, Acros, and
Aldrich and used without further puritication. The products were dried overnight
at room temperature (RT) in a vacuum desiccator (CaSQy) prior to characteriza-
tion.

N-(2,4-Dinitrophenyl)-4-picolinium  Hexafluorophosphate, [dnppic']PFy: A
solution of 4-picoline (2.4 mL, 25 mmol) and 2,4-dinitrochlorobenzene (5.00 g,
25 mmol) in ethanol (25 mL) was heated under reflux for 2 h. After cooling to
RT, diethyl ether was added and the black precipitate was filtered off, washed
with diethyl ether and dried. The crude product was purified by precipitation
from boiling ethanol/diethyl ether. The resulting gray solid was filtered off,
washed with diethyl ether and dried to afford crude [dnppic*]Cl [5.18 g. 'H NMR
(200 MHz, D,0): & = 931 (d, 1H, J = 2.5 Hz, H%), 8.89-8.83 (m, 3H, H® +
CsH,N), 8.19-8.06 (m, 3H, H® + CsHyN), 2.79 (s, 3H, Me)]. This material is un-
stable in air and was hence not further purified, but was dissolved in a minimum
volume of water and aqueous NH,PF,; was added. The precipitate was filtered
off, washed with water, and dried. Further purilication was effected by precipita-
tion from acetone/diethyl ether; yield: 538 g (53%). 'H NMR (200 MHz,
CD;COCD;): 8 = 9.27-9.24 (m, 3H, CsHyN + H), 9.01 (dd, 1H, J = 2.5, 8.7 Hz,
H), 8.54 (d, 1H, J = 8.8 Hz, H%, 8.39 (d, 2H, J = 6.5 Hz, CsH4N), 2.94 (s, 3H,
Me). CH,N analysis caled. for CiH ;FgN3O4P: C 35.57, H 2.49, N 10.37; found:
C35.68, H 2.56, N 10.46.

N-Phenyl-4-picolinium Chloride, [ppic*]Cl: A sample of [dnppic’]Cl, prepared
as described above, was dissolved in boiling ethanol (30 mL), aniline (5.6 mL,
61 mmol) was added and the resulting solution was heated under reflux for 3 h.
The solution was cooled to RTand reduced to half volume in vacuo. The addition
of water caused formation of a green precipitate, which was filtered off, washed
with water, and discarded. The filtrate was reduced to dryness and dissolved in
ethanol. The addition of diethyl ether afforded a golden-brown precipitate which
was filtered off, washed with diethyl ether, and dried; yield: 2.24 g (39 %). ‘H
NMR (200 MHz, D,0): d = 8.85 (d, 2H, J = 6.6 Hz, CsHyN), 7.99 (d, 2H, J =
6.9 Hz, CsHyN), 7.67 (s, SH, Ph), 2.71 (s, 3H, Me). CHN analysis caled. for
Ci2H;,CIN'1.25H,0: C 63.16, H 6.40, N 6.14; found: C 63.30, H 6.06, N 6.23.

N-(2-Pyrimidyl)-4-picolinium Hexafluorophosphate, [pympic*]PFy: A mixture
of 2-chloropyrimidine (2.86 g, 25 mmol) and 4-picoline (1.2 mL, 12.5 mmol) was
heated to produce a dark green solution. Ethanol (5 mL) was added and the
resulting solution was heated under reflux for 8 h. After cooling to RT, the addi-
tion of diethyl ether afforded a gray/green precipitate, which was filtered off,
washed with diethyl ether, and dried; yield: 1.16 g. '"H NMR (200 MHz, D,0): 8
=9.76 (d, 2H, J = 6.6 Hz, CsHyN), 9.04 (d, 2H, J = 4.9 Hz, C,N,H3), 8.07 (d, 2H,
J = 6.6 Hz, CsHyN), 7.79 (1, 1H, J = 4.9 Hz, C{N,H3), 2.75 (s, 3H, Me). This mate-
rial was dissolved in a minimum volume of water and aqueous NH4PF, was
added. A black precipitate was filtered off and discarded. Further addition of
aqueous NH4PFg yielded a yellow precipitate, which was filtered off, washed with
water, and dried. Purification was effected by precipitation from acetone/diethyl
ether; yield: 1.64 g (41 %). '"H NMR (200 MHz, CD;COCD3): 8 =10.08 (d, 2H, J
= 7.0 Hz, CsHuN), 9.23 (d, 2H, J = 4.8 Hz, C4N,H,), 835 (d, 2H, J = 6.9 Hz,
CsHYN), 7.98 (t, 1H, J = 4.9 Hz, C4N;H3), 2.92 (s, 3H, Me). C,H,N analysis calcd.
for CyoH,FeN3P-0.06C,H;¢O: C 38.24, H 3.32, N 13.07; found: C 38.33, H 3.24,
N13.07.

Trans-4"-(Dimethylamino )-N-methyl-4-stilbazolium  Hexafluorophosphate,
[1]PFs: "H NMR (200 MHz, CD3CN): 6 = 829 (d, 2H, J = 6.9 Hz, CsHuN),
7.84 (d, 2H, J = 6.8 Hz, CsHyN), 7.86 (d, 1H, J = 15.9 Hz, CH), 7.59 (d, 2H, J
= 8.9 Hz, CHy), 7.06 (d, 1H, J = 15.8 Hz, CH), 6.80 (d, 2H, J = 8.9 Hz, CsHy),
4.12 (s, 3H, N*-Me), 308 (s, 6 H, NMe;). CH\N analysis caled. for
C6HioFNoP: C 50.01, H 4.98, N 7.29; found: C 50.10, H 4.92, N 7.29.

Trans-4-( Dimethylamino)-N-phenyl-4-stilbazolium  Hexafluorophosphate,
[2]PF4: A solution of [ppic']CI-1.25H,0 (250 mg, 1.10 mmol), 4-(dimethylami-
no)benzaldehyde (363 mg, 2.4 mmol), and piperidine (4 drops) in methanol
(20 mL) was heated under reflux for 4 h. The addition of diethy! ether to the
deep red solution afforded a dark precipitate, which was filtered off, washed
with diethyl ether, and dried (390 mg). This crude chloride salt was metathe-
sized to [2]PFs by precipitation [rom water/aqueous NH4PF¢; yield: 468 mg
(96 %). 'H NMR (200 MHz, CD4CN): & = 857 (d, 2H, J = 7.0 Hz, CsH4N),
7.98 (d, 2H, J = 7.0 Hz, CsHyN), 7.91 (d, 1H, J = 15.9 Hz, CH), 7.70 (s, SH,
Ph), 7.65 (d, 2H, J = 9.1 Hz, CiHy4), 7.15 (d, 1H, J = 15.8 Hz, CH), 6.82 (d, 2H,
J = 8.9 Hz, CHy), 3.08 (s, 6H, NMe,). C,H,N analysis calcd. for Cy Hp FoN,P:
C 56.51, H 4.74, N 6.28: found: C 56.35, H 5.04, N 6.11. Diffraction quality
crystals were grown by slow evaporation of an acetonitrile solution at RT.

Trans-4'-(Dimethylamino)-N-(2,4-dinitrophenyl)-4-stilbazolium  Hexafluoro-
phosphate, [3]PFg: A solution of [dnppic']PF, (196 mg, 0.48 mmol), 4-(dimethyl-
amino)benzaldehyde (149 mg, 1.0 mmol), and piperidine (2 drops) in methanol
(20 mL) was heated under reflux for 4 h. The addition of diethyl ether to the
deep purple solution afforded a dark precipitate, which was filtered off, washed
with diethyl ether, and dried; yield: 127 mg (50%). '"H NMR (200 MHz,
CD;CN): 6 = 911 (d, |H.J = 2.5 Hz, BY), 8.79 (dd, 1H, J = 87, 2.5 Hz, HY), 839
(d, 2H,J = 7.1 Hz, CsH,N), 8.08 (d, 1H,J = 8.7 Hz, H*), 7.99 (d, 1H,J = 15.8 Hz,
CH),7.98 (d, 2H,J = 7.2 Hz, CsHyN), 7.68 (d, 2H, J = 9.1 Hz, C4Hy). 7.17 (d, 1H,
J =158 Hz, CH), 6.83 (d, 2H, J = 9.0 Hz, CsHy), 3.11 (s, 6H, NMe;). C.HN anal-
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ysis caled. for Cy H oFgN4O4P: C 47.03, H 3.57, N 10.45; found: C 47.02, H 3.71,
N 10.40.

Trans-4'-(Dimethylamino)-N-(2-pyrimidyl)-d-stilbazolium  Hexafluorophos-
phate, [4]PFg: This was prepared and purified in identical fashion to [2]PF, by
using [pympic"]PF-0.06CsH 0O (161 mg, 0.50 mmol) and 4-(dimethylamino)-
benzaldehyde (149 mg, 1.0 mmol). A purple solid was obtained; yield: 72 mg
(32 %). '"H NMR (200 MHz, CD;CN): & = 9.53 (d, 2H, J = 7.4 Hz, CsHyN),
9.01 (d, 2H, J = 4.8 Hz, C4N;H3), 8.00 (d, 1H, J = 16.0 Hz, CH), 7.97 (d, 2H, J
= 7.5 Hz, CsHgN), 7.71 (t, 1H, J = 4.8 Hz, CyN,H3), 7.68 (d, 2H, J = 9.0 Hz,
CeHa), 7.19 (d, 1H, J = 15.8 Hz, CH), 6.82 (d, 2H, J = 9.1 Hz, C¢Hy), 3.10 (s,
6H, NMe,). CH\N analysis caled. for CiyH oF(N4P: C 50.90, H 4.27, N 12.50;
found: C 51.15, H 4.29, N 12.78.

Crystal Data for [2]PFs CyHa FeNoP, M, = 446.37, monoclinic, space group
Ce, a = 19384(4), b = 10.636(2), ¢ = 11.784(2) A, § = 12593(3)°, V =
1967.3(7) A%, peied = 1.507 Mgm™, T (K) = 150(2), Z = 4, u = 0.206 mm™*
(Mo Ka); red plate 0.55 x 0.17 x 0.04 mm®; 8007 reflections collected, 3783 inde-
pendent reflections (Riy = 0.0573), 20,4« = 54.96°. Data were collected on a Non-
ius Kappa charge coupled device (CCD) area-detector diffractometer controlled
by the Collect software package [41]. Images were processed by Denzo [42] and
the data were corrected for absorption by using the empirical method employed
in Sortav {43]. The structure was solved by direct methods and refined by full-ma-
trix least-squares against all Fy> data using SHELX-97 [44], which gave wR, =
0.1009 and Ry = 0.0420 for I > 20(1) [§ = 1.027; 275 parameters; peak and hole =
0.263, ~-0.268 ¢ A all non-hydrogen atoms anisotropic]. Crystallographic data
(excluding structure factors) for the structure reported in this paper have been
deposited with the Cambridge Crystaliographic Data Center as supplementary
publication no. CCDC-163560. Copies of the data can be obtained, free of
charge, on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax:
(+44) 1223-336-033; e-mail: deposit@ccde.cam.ac.uk).

Hyper-Rayleigh Scattering: The apparatus and experimental procedure were
exactly as described previousty [25-27]. 8 values were determined by using 300
for disperse red 1 (86 x 10" esu in acetonitrile: obtained from the value of 54 x
107 esu in CHC; and taking into account local field correction factors at optical
frequencies) as an external reference.

Stark Spectroscopy: The apparatus used for performing the Stark measure-
ments has been described previously [45], and butyronitrile was used as the glass-
ing medium. The electroabsorption (AA4) signals were fit using Equation 2 [46],
where A(v) is the unperturbed (“field off””) absorption spectrum, F, is the inter-
nal electric field, & is Planck’s constant, and ¢ is the speed of light.

_g@vMMMM}J

B,v dlAM)/Y]
b4
30m2¢2 dw2? Fin @

15he  dv .

AA) = {AXA(V) -+

Fine is approximated by 1.3 x Fyppueq to correct for local field effects due to the di-
electric constant of the solvent glass. Neglecting cross terms, A, is proportional
to the transition moment polarizability and hyperpolarizability, B, describes
changes in polarizability, and C, gives the absolute value of the dipole moment
change. The C, (second derivative) component is typically dominant for ICT
transitions and is often readily evident in the lineshape of the Stark spectrum.
The C, contribution was dominant for [1-4]PF, and in all cases excellent fits to
Equation 2 were found. Values of f,ulzf were derived from Equation 3, where f,
is the oscillator strength of the ICT absorption:

|/412i = [fns/(lvos X 10-5(Emnx))]m (3)

SHG Measurements: These were carried out at RT using the Kurtz-Perry pow-
der technique [47]. The 1.064 um fundamental from a ps Nd:YAG pulsed
(10 Hz) laser was passed through a 1 m long hydrogen cell under a pressure of
50 bar (o generate the 1.907 pm beam. The samples consisted of microcrystalline
powders unsized or sieved to a particle size distribution of 53-63 um and
squeezed between (wo glass plates with a sheet of spacer between to give an
approximaltely constant sample thickness. After passing through appropriate fil-
ters, the transmitted signals were detected by a photomultiplier and visualized on
an ultrafast Tektronix 7834 oscilloscope. The SHG signals were calibrated with
respect to unsized or 53-63 pm powdered urea samples.
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