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ABSTRACT

Structural and spectroscopic characteristics ofogy@nine dyes are important because of their
potential applications in optoelectronics and sesdderein we report synthesis, X-ray
diffraction characterization of crystal structurspectroscopic and NMR studies of four
merocyanine dyes which, according to their strongod-acceptor structure, exhibit a second
order polarizability §). Crystallographic studies demonstrated an almistar structure of all
molecules and indicated the occurrence of confaomat changes int-conjugated bridge
between donor and acceptor. For three homologumeitasipacking modes, defined mostly by
week C-H...N interactions, were found in crystalsnBdength alternation (BLA) values have
been evaluated using crystallographic and NMR @eich have shown a correlation to their
nonlinear optical activity. Second order polarififies for all compounds were measured using
hyper Rayleigh scattering (HRS) in solution. It asnd that the merocyanines studied exhibit
very large second order polarizabilities (up to #0F’ esu), making them potentially useful for
materials for second harmonic generation (SHG).oduohately, they do not demonstrate
acentric packing of chromophores, which is requii@dSHG in the crystalline state, but may
show promise for other applications such as polelynper blends or for SHG sensing in
biological environments.

Keywords: Nonlinear optical materials, Bond lengiternation, Second harmonic generation,
Crystal structure



1 INTRODUCTION

Interest in organic merocyanine dyes, or “pushzppdlymethines, has arisen largely a
result of their applications in optoelectronics;, fiastance, in organic light emitting diodgd,
luminescent sensor2,3], solid-state laser$4] and in bioimaging[5], where two-photon
excitation offers additional advantagfs. Optimizing the electrooptic activity of push-pull
chromophores requires rational molecular desigalagous to that of other nonlinear optical
(NLO) molecules. The photophysical properties of thlass of chromophores are largely
dependent on three main structural aspects: strasfgerminal donor and acceptor groups and
length of conjugated chain between them. Recentlyanic chromophores with (3-cyano-5,5-
dimethyl-2(5H)-furanylidene)malononitrile (so calléricyanofuran, TCF) as an acceptor group
have been investigated for their high electrooptitivity and structural characteristics in solid
state[6-10]. Different applications in technics, biology anceditine were identified for this
group of materials, such as their use for dateagl1], for sensors for gaseous and aqueous
alkaline analyte§l2,13], antibacterial activityl4] and many others.

Computational estimates of the first hyperpolarnilitgiof a large series of TCF-terminated
push-pull chromophores have been carried out U3 calculationg15]. Authors considered
different conformations of polyene chains and dédfe orientations of TCF groups relative to
these chains. Absorbance and fluorescence speicttasogroup of materials have also been
studied beforg16,17] and we enriched published data by investigatibrihese spectra in
different solvents. However, to the best of ouowledge, no structural studies of TCF
merocyanines with N,N-dimethylaminophenyl (DMAP)ndo groups, such as those of this
series (se&cheme 1for a generic DMAP-TCF structure) in crystal, haveen published. We
are presenting here four DMAP-TCF structures whih polyene bridges containing 1, 2, 3or 4 -
C=C- bonds (TCF[1], TCF[2], TCF[3], and TCF[4], pestively) along with discussion of their
conformational peculiarities and interrelationstlbé molecular and packing characteristics to

their properties.

\']' CN

Chemical structure of TCF[n], where n = 1-4
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2 MATERIALS AND METHODS

2.1 Synthesis

Synthetic scheme of described materials is preddrgow.

X 1) 1, 18-Crown-6 NP 1) 1, 18-Crown-6 R
Y SN N

2) HCI, THF 2) HCI, THF

| Alf1] I Al[2] | Al[3]
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Figure 1. Stepwise extension of dimethylaminophenyl-termedgtolyenals.
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Figure 2. Synthesis of TCF[n] by Knoevenagel condensation.

All materials and reagents were commercially abééapurchased from Sigma Aldrich and used
as received except where noted. Tetrahydrofurandnad using a sodium-benzophenone ketyl
pot and freshly distilled for each use. ((1,3-Dimwn2-yl)methyl)triphenyl phosphonium

bromide, while commercially available, was synthedias described below because it resulted

in higher yields. Synthesis details are presemteslipporting Information.

2.2 Instrumentation

X-Ray: The single-crystal X-ray diffraction data for TCIHLCF[4] were collected on a Bruker
SMART APEX Il CCD diffractometer A(MoK)-radiation, graphite monochromates, and ¢
scan mode) and corrected for absorption usin@#i®ABS program[18]. For details, se&able

1. The structures were solved by the intrinsic phgsnodification of direct method49] and
refined by a full-matrix least square technique Fnin anisotropic approximation for non-

hydrogen atoms. The hydrogen atoms were placedlaulated positions and refined within the
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riding model with fixed isotropic displacement paeters [Uy(H) = 1.5W(C) for the methyl
groups and 1.24C) for the other groups]. All calculations wererrgad out using the
SHELXTL program suit¢19].

NMR: H, *®C, and *P NMR spectra were acquired on one of the followiNyIR
spectrometers: Bruker Avance IlIIHD-500 MHz (withoBigy cryoprobe), a Bruker Avance
[IIHD-700 MHz spectrometer, or a Bruker Avance IDFB00 MHz spectrometer. Each NMR
will list the field strength used. All chemical #iki are indirectly referenced TMS through the
residual solvent peaks as reported in the liteed20].

Spectroscopic characterization:Linear absorption measurements were performed wethgr

a UV-Vis-NIR scanning spectrophotometer (UV-3101BGimadzu). Steady state fluorescence
measurements were conducted using a scanning cihemtometer (Flurolog-2, SPEX). All

spectra were measured in 1 cm special optical glagsttes (SOG, Starna cells).

Hyper-Rayleigh scattering (HRS): measurements were conducted on a home-built Hyper
Rayleigh scattering / two-photon induced fluoreseesetup. The light source for the HRS
measurements consisted of a Ti:Sapphire regeneratnplifier (Solstice, Spectra-Physics, 800
nm, 3.7 W average power, 100-fs pulse width, 1 képetition rate). The amplified laser is used
to pump a computer controlled optical parametric pldmar (OPA, TOPAS-C, Light
Conversion). The OPA can be continuously tuned fidf0 — 2600 nm (FWHM 10 — 30 nm)
and the second harmonic of the OPA can be usebeirrange of 550 — 1100 nm (~30 mW
average power). The range of excitation energthesample, varies between 2 — 12.5 uJ and is
limited below the onset of higher order nonlineptical effects such as white-light generation.
Before entering the sample enclosure, the beanitésefl using appropriate long pass filters
(typically 850nm long pass) to remove stray 800 light. The beam then passes through two
orthogonally oriented cylindrical lenses and ink@ tsample cell (1 cm path length, Special
Optical Glass, Starna Cells). The cell holder tachted to a movable stage allowing the cuvette
to be positioned such that the focus of the beajusisnext to the wall of the cell, in order to
minimize reabsorption. The generated light is add at a right angle by means of a collection
lens (focal length = 8.0 mm, KPAO016-C, Newport QGogiion) and is passed through
appropriate short pass filters needed to removetesed light from excitation beam as well as
two-photon fluorescence from the sample. The 8liefight is collected by fiber collimators
(FB10SMA-543, Thorlabs) and sent through a twofilegy bundle (13 fibers per bundle oriented

in a line, Leoni) to an imaging fiber adapter (F@&430, Princeton Instruments) that is coupled
5



to a monochrometer (SpectrPro-150, Acton). The KHRfBal is detected on a liquid nitrogen
cooled CCD camera (LN/CCD-1100PB, Roper Scientdomtroller: ST-133, Roper Scientific).

For HRS measurements, samples were dissolved iotrepeopy grade solvents at
concentrations ranging from 1 uM to 10 mM. HRS s@ewere acquired over long exposure
times (50 — 500 s) due to the weak nature of th& Kignal. All samples were stirred with a
micro stirbar that was carefully placed below theain. All hyperpolarizability values were
referenced internally to and corrected for the H&§nal and hyperpolarizability of the
corresponding solvent as reported by Campo'efak raw data was processed in MATLAB by
first smoothing the data using the built-in smoothiprotocol and the robust loess function
which is a local regression using a weighted linksast square fit with second degree
polynomial model and assigns a lower weight toiergl The smoothing function was adjusted
to exclude cosmic rays, typically spanning 0.5 % @f the data. To remove the contribution
from multiphoton fluorescence the baseline of timeosthed data was fit by a fifth-order

polynomial using manually selected regions of haeednd subtracted from the raw data.



3. RESULTS AND DISCUSSION
3.1 X-Ray structure determination

Crystal data and structure refinement results dF[LETCF[4] are summarized ifable 1

Table 1. Crystallographic data and summary of data coldectind structure refinement for

TCF[1]-TCF[4].

Identification cod TCF[1] TCF[2] TCF[3] TCF[4]
Empirical formule CoH1eN,O C,,HoN,O CoyH2oN,O CoeH24N,O
Formula weigh, g/mo | 330.3¢ 356.4. 382.4¢ 408.4¢
Temperatur, K 15C 10C 15C 10C
Crystal syster Orthorhombi Orthorhombii Monoclinic Triclinic
Space grou Pnma Pnma P2,/c P-1
a, A 18.618(3 17.553(3 7.0919(10 7.6501(17
b, A 6.9885(13 6.8670(13 17.289(2 17.261(4
c, A 13.737(3 15.561(3 17.417(3 18.469(4
a, ° 9C 9C 9C 66.112(3
B,° 9C 9C 98.082(2 87.328(3
Y, ° 9C 9C 9C 85.196(3
v, A3 1787.3(6 1875.7(6 2114.3(5 2221.9(8
Z 4 4 4 4
Oeatce, 9lCM° 1.22¢ 1.262 1.201 1.221]
W, mnit 0.07¢ 0.08( 0.07¢ 0.07¢
F(000 69€ 752 80¢ 864
Theta range for dai 1.842to0 31.75 | 4.097 to 30.6C | 1.668 to 31.8€ | 4.261 to 30.65
collection, °
Index range -27<h<26, -25<h< 25 -9<h<10. -10<h<10.
-10<k<9, 9<k<9, -24<k < 25, -24<k< 24,
-20<1<19 -22<1<22 -24<1<25 -26<1<26
Reflections collecte 2031¢ 1537! 2446 2672¢
Independent reflectio | 3125 3089 6785 13529
[Rnt = 0.0446] | [Ry=0.0363] | [Rn=0.0574] | [Rn =0.0308]
Data / restraints 3125/0/15 1999/0/17 6785/0/26 13529/0/56
parameters
Goodnes-of-fit on F* | 1.12¢ 1.04¢ 1.01] 1.007
FinalR indices [>20(1)] | 0.0680, 0.181 | 0.0441, 0.121 | 0.0542, 0.14€ | 0.0511, 0.121
Ry, wRy
Rindices (all data)R;, | 0.0899, 0.197 | 0.0526, 0.12¢ | 0.0809, 0.165 | 0.0839, 0.137
WR,

3.2 Structural properties

All molecules studied Scheme 1, Figures 3, )Ahave nearly planar structures. A
consideration of the three planar fragments inghmslecules — donor (D), acceptor (A) atxd
conjugated bridgen] demonstrated that TCF[1] and TCF[2] are perfepthnar (in the crystal,
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molecules occupy a special position on the mirtan@m). In molecule TCF[3], deviations of
atoms from the mean plane passed through these filaggments are relatively small — 0.048

In two symmetrically independent TCF[4] molecules &nd B), deviations from the total
planarity are slightly larger (foA — 0.18711 andB — 0.242 7). The dihedral angles between
acceptor and bridge groups f/and donor and bridge groups flpare presented ifable 2

All the above-mentioned data demonstrate that arease of length of conjugated bridge makes
a molecule slightly less planar, however, thesengls are insignificant. Thus, in all molecules
TCF[1]-TCF[4], the X-ray studies revealed the prese of extensive conjugated system. It
should be noted that, in all molecules, thdéridge adopts the all-trans (&Hsomeric)
configuration of the double bonds.

Table 2 Dihedral angles-] between planar fragments and selected bond len@kh in
molecules TCF[1]-TCF[4].

TCF[1] TCF[2] TCF[3] TCF[4] (A [B)

Dihedral angle Acceptor/ | 0.0 0.0 3.671(55) 10.698(74)/11.933(57)
T- Bridge

Dihedral angle Donort - 0.0 0.0 3.920(57) 10.022(84)/8.268(83)
Bridge

C6-32 1.377(3) 1.3792(17) 1.3736(15) 1.3774(18)/1.3722(18)
C2-C3 1.432(3) 1.4344(17) 1.4323(15) 1.4301(18)/1.4329(18)
C3-C4 1.383(3) 1.3771(17) 1.3728(15) 1.3732(17)/1.3727(17)
C4-C18 1.416(3) 1.4166(17) 1.4202(15) 1.4140(18)/1.4148(18)
C18-C19 1.364(3) 1.3689(17) 1.3575(17) 1.3641(18)/1.3692(18)
C19-C20 (C19-C13) 1.432(3) 1.4200(18) 1.4219(15) 1.4162(18)/1.4177(18)
C20-C21 - 1.3676(17) 1.3555(17) 1.3588(18)/1.358B(1
C21-C22 (C21-C13) - 1.4354(18) 1.4217(16) 1.4218(18253(18)
C22-C23 - - 1.3507(17) 1.3552(19)/1.3507(18)
C23-C24 (C23-C13) - - 1.4449(15) 1.4249(18)/1.4397(
C24-C2t - - - 1.3502(18)/1.3470(1
C25-C26 (C25-C13) - - - 1.4470(18)/1.4510(19)
C13-C14 1.414(3) 1.4086(17) 1.4040(17) 1.4044(18)/1.3960(19)
C14-C15 1.375(3) 1.3798(18) 1.3775(16) 1.3785(19)/1.3775(19)
C15-C10 1.415(3) 1.4204(18) 1.4105(18) 1.4064(20)/1.4019(19)
C10-N10 1.366(3) 1.3647(17) 1.3707(16) 1.3730(18)/1.3673(17)




(b)

(c)
Figure 3. Molecular structures of TCF[1] (a), TCF[2] (b) ah@F[3] (c) with atomic numbering

scheme.

Figure 4. Molecular structures of two symmetrically independTCF[4] molecules with atomic

numbering schemeé\(— bottom B — top).



It is important to point out that, in all molecul€€F[1]-TCF[4], the TCF acceptor group
contains the internal —-C=C-C=C- conjugated chaihnictvis bound to the conjugated bridge in
different ways. In the molecules TCF[1], TCF[2], HI3] and TCF[4]A, the TCF group is
oriented in such a way as to continue thetrais bridge configuration of the double bonds,
when talking about polyenes, this is knownsdsans configuration, as the double bonds are
opposite to one another across the single bondveesely, TCF[4]B exhibits thes-cis type
configuration. The differences between th@s ands-trans conformers is highlighted iRigure
5. While single bonds generally allow free rotatiom,conjugatedt-systems, delocalization of
electrons across the conjugated chain leads to ndigocation less able to freely rotate.
Consequently, the two independent molecllemndB of TCF[4] represent different conformers
(atropoisomers) relative to the At fragment. It should be mentioned that, accordinguantum
DFT computations of TCF[4] carried out by Chafirddnndsay[21], thes-cis conformer was
found to be 1.3 kcal/mol more favorable thangtieans conformer. However, our previous DFT
calculations of thes-cis and s-trans conformers performed for dye FTZ] give a smaller
difference of only 0.3 kcal/mol. Analysis of litéuae data shows that in solid state the both
binding types have been foulfidt10]. This mixture of the TCF[4A andB states can also be
seen by NMR using a nuclear Overhouser effect spamipy (NOESY), showing the
interactions of protons through space. As is showtme Figure 5 below, the interaction of the
polyene chain protons and the methyl protons oft6& group can be examined due to their
through-space interactions. Integration of the N®E$gnals estimates TCF[#- makes up
about 62% of the sample in GCl.

TCF4]-A TCF[4]-B
| s-trans | s-Cis

Figure 5. Schematic representation of the through spaceaittiens yielding NOESY
correlations by NMR.

Molecular packing in crystals of TCF[1]-TCF[4] isfluenced by two dominant factors:

strong dipole moments and electrostatic interastidfirst, due to high dipole moments and

10



elongated conformations, which are common for NL@®romophores, molecules have
antiparallel packing. Second factor is intramolacwand intermolecular interactions between the
negatively charged N-atoms of the cyano groups rseatby protons of the polyene chains,
phenyl ring and methyl groups. These interactioalp ho form planar layers={gure 6) and
superposition of the layers brings to formatiorstafcks with antiparallel molecular arrangement.
Homologues TCF[1] and TCF[2] are packed in the samp&ce groups with close unit cell
parameters and have very similar packing modeBidguare 6, only packing of TCF[2] is shown.
Molecular packing mode of TCF[3], which has a mdmic space group, is also similar to
molecular packing in TCF[1] and TCF[2]. In cryssafucture of TCF[1]-TCF[4] short C-H...N
contacts within the layers are in range 2.48-2F@ures 6-8 Table 3) . These data are in good
agreement with the average values for C-H...R(spntacts presented by Gavezzotti and Presti
[22] based on approximately 12,000 of such contactdeddtar layers are packed in TCF[1]
alongb axis with distance between them equal to 3.49d i CF[2] with distance 3.434.

1 7Y 3

(@)

(b)

Figure 6. Molecular packing in crystal TCF[2]: (a) moleculayer alongb direction; (b) parquet
packing of stacks.
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In crystal TCF[3] Figure 7) molecular layers are packed parallel to (-101jhvihe
alternating distances between these layers equ8l1tb2 and 3.5241. Stacks in structures
TCF[1]-TCF[3] present parquet motFigures 6b, 7.

(@)

(b)

Figure 7. Molecular packing in crystal TCF[3]: (a) moleculayer parallel to (-101); (b) parquet
packing of stacks.

In the crystal TCF[4] molecular packing is more g@hicated since this crystal is built of
two symmetrically independent molecul@sand B. MoleculesA and B form ribbons with
alternating positions of these molecul&gy(re 8). As in molecular layers of TCF[1]-TCF[3],
molecules in TCF[4] ribbons are connected by thakvé-H...N hydrogen bondsT&ble 3).
Superposition of this ribbons brings to formatidmmolecular stacks with antiparallel positions
of molecules in such way that stacks are forme@sifA or justB molecules Eigure 8). These

stacks are packed in almost parallel wiig(re 8b).
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Figure 8. Molecular packing in crystal TCF[4]: (a) molecutdybons connected with C-H...

(b)

bonds and (b) parquet packing of molecular stacks.

Table 3.Hydrogen bonds parameters in TCF[1]-TCF[4].

C-H, A H...N, A C..A A Angle C-H...N,°
TCF[1]: #1 x,-y+3/2,z #2 x-1/2)y,-z+3/2 #31R2,y,-z+1/2
C(51)-H(51B)...N(8)#2 | 0.98 2.67 3.526(3) 145.5
C(16)-H(16B"a)...N(9)#3| 0.98 2.63 3.489(4) 145.7
TCF[2]: #1 x,-y+1/2,z #2 X,y,z-1 #3 x-1/2z41/2
C(15)-H(15)...N(7)#2 0.95 2.55 3.491(2) 169.2
C(16)-H(16A)...N(9)#3 | 0.98 2.51 3.489(2) 176.8
TCF[3]: #1 -x,y+1/2,-z+1/2 #2 -x+1,-y+1,-z+1
C(16)-H(16B)...N(9)#1 0.98 2.60 3.572(2) 172.0
C(17)-H(A7A)..N(7)#2 | 0.98 2.67 3.629(2) 165.0
TCF[4]: #1 -x+1,-y+1,-z  #2 -x+2,-y-1,-z+1
C52B-H52E-N8A 0.98 2.61 3.274(2) 169.4
C16A-H16A-N7B 0.98 2.48 3.381(2) 153.1

13



It should be mentioned that none of crystals stidiemonstrate acentric packing that excludes

their direct use for NLO devices.

3.3 Bond length alternation

Furthermore, the structures of TFC[1]-TFCJ[4] suggidocalization of electron density
inside a polyene chain with the bond length altéona(BLA) presented imable 2 andFigure
9. The BLA distribution in the dimethylaminophenybribr fragments found in all molecules
demonstrates their pronounced quinoid charadteblé 2). This phenomenon can be presented
by combination of two different resonance forms tive molecules TFC[1]-TFC[4] with

distribution of single and double bonds in crystals

0.075 1 !
—e— TCF[n]
—_ 0.07 A
< \
c
o
©
C 0065
Q
<
£
2 006
@
B
o
c
S
M  0.055
0.05

1 2 3 4
Chain Length (double bonds)

Figure 9. Bond length alternation, in A, for the TCF[n] sayias measured by X-ray

crystallography.
3.4 Absorption spectrum

As it is typical with merocyanines, the studied T€Hfies exhibit an electronic spectrum,

which is dominated by a large broad charge trartsded Figure 10). This series also shows a
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hypsochromic shift in absorbance with increasingvesd polarity, also called negative

solvatochromismTable 4). This is due to differential solvation of the gnal and excited states.

It is likely that there is better stabilization wilecule in the ground state relative to that ef th

first excited state as solvent polarity increaseterestingly, the negative solvatochromic shift

becomes larger with increasing chain length.

TCF[1] in ACN
1 TCF[2] in ACN
TCF[3] in ACN
) — TCF[4]in ACN
2
S 08
2
@]
3 06
2 .
o]
8
; ) /A\\—\/
e
Z 02 <;:><:
O N
300 400

_—
/

/
/| N

N\

500 600 700 800 900
Wavelength (nm)

Figure 10.Normalized absorbance of TCF[n] series in acetibaitr

Table 4. Wavelengths of the absorbance peaks (nm) of TCEBfmies in chloroform and

acetonitrile.
Polyene Chain Length (number of double bonds)
Chromophore  Solvent
1 2 3 4
CHClz 577 612 645 657
TCF[n]
ACN 569 595 605 611
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3.5 Bond length alternation by NMR

The measurement of bond lengths by crystallograghwidely accepted as a direct
measurement of bond length alternati@3,24] A lesser utilized measurement of BLA for
molecules in solution comes from the proton couplaonstants of adjacent methylene units
[25]. This practice makes the assumption that, in Emuthe chromophores maintain a planar
structure, thereby eliminating the dependence apliog constants on dihedral angle of vicinal
protons as described, famously, by Karp[@§]. Without having to consider an angular
dependence of coupling constants, the major remgimfluence is the C-C bond distance
between the two methylene unf&2]. The measurements of BLA by NMR are shown below
(Table 5).

H H H H
®
D@A S D@A@
J=165Hz " J=10 Hz J=10Hz H J=16.5 Hz

Figure 11. Schematic representation of BLA measurement by NMR

Table 5. Vicinal coupling constants and\d> of TCF[n] series as measured in dichloromethane-
d>

Dye J2 N X N W) N7E N X J5-7 Jr8 ko <AJ>
Hz) (Hz) (MHz) (Hz) (Hz) (Hz) (Hz) (Hz) (H2)

TCF[1] 15.91 -

TCF[2] 15.16 11.21 14.93 3.84
TCF[3] 15.20 11.36 14.24 11.04 15.12 3.65
TCF[4] n.d. nd. 1342 1144 1412 1150 15.21 82.7

1: BLA estimate based on incomplete assignmenbopling constants
n.d.: not determined because of overlapping/higheer spectrum

The estimation of BLA by NMR is more ambiguous thancrystallography, largely owing to
the need to correctly assign each resonance anwotbiadze its relationship to the others.
Complicating this measurement is that second oeffects which occur when the separation

between two resonancés (in Hz) is similar in magnitude to the couplingnstant between

16



them. The only major advantage of estimating BLANMWR over that of crystallography is that

the BLA can be estimated in a particular solvegitfi

[CF2rxtal _acetone_700Mz 1 1 "/Users/jtillotson3/ Documents/NVR/D-A pol yenes"

|
I VR
P I
e |
FEETEEE

18 16 14 12 10 6.8 6.6 6.4 [ppm]

Tre

0.14

1

0.1

0.b8

Figure 12.1H NMR spectra of TCF[2] in acetong-{@lue trace), DMSO+(red trace),
acetonitrile-d (green trace), Chloroform-d (purple trace), archltiromethane-d(black trace)
as an example of measuring. All spectra were recorded using a Bruker AVID-H00 MHz

NMR spectrometer and are referenced to their rasshlvent signals.

3.6 Hyperpolarizability

This series of DMAP-TCF merocyanines exhibit veayge first hyperpolarizabilities,
making them potentially useful for second harmageaeration (SHG), electrooptic modulation,
and for voltage sensitivityT@ble 6). Unfortunately, a requirement for SHG in solidsai non-

centrosymmetric spatial arrangement of chromoph@#As which none of the TCF[n] materials
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exhibit in their crystalline forms. That said, ipppications leading to alignment of these
chromophores and a loss of center of symmetry, siclpoled polymer blends and in lipid
membranes, their utility for SHG should be quitesy.

Table 6. Measured first hyperpolarizabilitieg)(of TCF[1-4] in acetonitrile (ACN) and N,N-
dimethylformamide (DMF)3 values referenced to ACN and DMF respectively etiog to

Campo et al[28] Error in HRS measurements estimated at +8%.

B x 10%
Dye Solvent

[esu]

CHClg 1.33

TCF[1] ACN 1.63
DMF 1.21

CHCl, 2.54

TCF[2] ACN 2.11
DMF 3.11

CHCl, 2.31

TCF[3] ACN 3.06
DMF 1.97

CHCl; n.d.

TCF[4] ACN 4.10
DMF n.d.

n.d.: not determined due to degradation
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Figure 13. First hyperpolarizability of TCF[1]-TCF[4] in chloform, acetonitrile and

N,N-dimethylformamide as measured by HRS.

The HRS measurements in acetonitrile showed theeate&@d trend inf, as the
hyperpolarizability increases with chain length.chdoroform and in DMF, the measurdor
TCF[2] was a pretty sizable increase over thatath @ CF[1] and TCF[3]Kigure 13).
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4 CONCLUSIONS

The X-ray diffraction study of foutricyanofuran terminated merocyanine dyes, TCHjijich
crystal structures were never studied before, deimaie that in the crystalline state these
chromophores have almost planar molecular struetwigh very similar molecular packing
modes for members with n=1-3. In TCF[4] coexistentdéwo conformers in one crystal was
found. The observed bond length alternation ingh@mslecules suggests that they should have
notable second-order NLO properties. Experimentaleasarements of their first
hyperpolarizabilities [§ values) in different solvents revealed that, ietanitrile, thef3 values
increase with an increase in length of conjugatedirc In chloroform and DMF solutions,
however, such trend was not observed. This unusehlavior may either be due to
conformational changes in different solvents ogéasolvent-dependence in the nonlinearities.
The suggested solvent-based conformational changpported by presence of two conformers
in crystal TCF[4].
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ASSOCIATED CONTENT

Crystallographic data for TCF[1]-TCF[4] have beerepdsited with the Cambridge
Crystallographic Data Center, CCDC 1884797-188480fle supplementary crystallographic
data can be obtained free of charge from the CalgbriCrystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.
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Synopsis
Structural and spectroscopic studies of nonlingéical merocyanine dyes are presented
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Highlights:

* Series of merocyanine dyes with different length of conjugated chain was synthesized and
characterized with X-ray diffraction, ‘*H NMR, and several spectroscopic methods.

* NLO characteristics of compounds in different solvents have been evaluated using structural,
spectroscopic and "H NMR data.

* NLO characteristics in solutions demonstrated growth with the increase of the length of
conjugated chain between donor and acceptor.



