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Abstract

In this work we present the synthesis, spectroscapd nonlinear optical propertiesmish-
pull type organic dyes based on 1-phenyl-2-pyrazolirre 4e(dimethylamino)phenyl
chromophores as a donor part, and bridged by aleldadundortho- or meta- substituted
nitrophenyl group as an acceptor. For the optichsarements we have used the poly(methyl
methacrylate) based thin films doped with the dyiésrtd harmonic generation measurements
were performed under the picosecond laser regintie @xcitation wavelength at 1064 nm.
The experimental results confirmed that investigadgstems can be used as the efficient
nonlinear optical systems for harmonic of light @exion (tripled but also doubled
frequency). It has also been proved the strong ridbpece between chemical structure
(position of electron-acceptor moiety as well astiype of electron-donor unit) and nonlinear

optical (NLO) response coming from series of is@raerd derivatives.

Keywords: organic dyes, push-pull molecules, nonlinear optipgrazoline, Horner—

Wadsworth—-Emmons (HWE) reaction

1. Introduction

Nowadays a number of research groups put a gfieat mto their work to achieve
new organic materials with desired properties asitieb parameters, as well as develop new
solutions to be implemented in certain applicatiossich as sensors, photovoltaics,
electroluminescent diodes, lasers, switchers aneref{1-4]. One of the very promising, and
still not enough investigated, group of organicslj@ photonic purposes is pyrazolines. The
synthesis and properties of 3-(2,2-dicyanoetheiyprenyl-4,5-dihydrdtH-pyrazole
(DCNP), was patented by Gordon and Bothwell [5] andhe same year published for the
first time by group of Allen [6]. The compound beta a very attractive organic photonic

material due to its great nonlinear optical (NL@yalectro-optic response. A lot of further
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studies concerning NLO [7, 8] as well as light aifig@tion properties of DCNP were done
by Miniewicz group, emphasizing the unique featuséthe compound [9-11]. It has also
become reasonable to search for new analogueg alyth that may be interesting from both,
a scientific, as well as an application point adwi Therefore, we have designed, synthesized
and characterized some derivatives of DCNP, barsettghenyl-2-pyrazoline electron-donor
part and various electron-withdrawing moieties ogated by a double bond. Basing on
chosen compounds from the dyes family we have shbwin high potential in NLO purposes
(second harmonic generation (SHG), third harmoeigegation (THG)) [12, 16, 17], in light
amplification (amplified spontaneous emission (ASfandom lasing (RL)) [13] or in optical
switching (measurements of completely reversiblet@hduced birefringence) [14, 15].

In this paper we show the synthetic route for twew derivatives of 1-phenyl-2-
pyrazoline,z-conjugated withortho- or meta- substituted nitrophenyl group as an electron
acceptor, and characterize theft &der NLO response (THG), as well as basic spsctigic
properties. In order to emphasize the role of thtetocyclic fragment in observed NLO
behavior, we compare the dyes with similar in tleeteon acceptor part stilbene derivatives,
where 1-phenyl-2-pyrazoline was substituted gaya-(dimethylamino)phenyl donor group.
Obtained results show significant influence of étectron donor part on measureti &der
nonlinear susceptibilities. Moreover, taking intmsideration also the earlier described third
pyrazoline isomer para-nitrophenyl derivative [16]), we can find a coagbn between
chemical structure (position of the electron-acoephoiety as well as the type of electron-
donor unit) and NLO response coming from seriessofmers and derivatives, what can be
useful in molecular design of chromophores withir@elsproperties. The chemical structures

of the synthesized compounds are shown in Fig. 1.
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Figure 1. Synthetic route for the newush-pull type pyrazoline dyes and their stilbene

counterparts.

2. Experimental section
General information and technical details concegnihe synthetic route characterization
(Chapter S1) as well as samples preparation melingyl¢S2), computational details (S3) and

description of the SHG experimental set-up (S4)pesented in Supplementary Information

(SI).

2.1. Synthesis
Synthesis of the 1-phenyl-2-pyrazoline-3-carboxghigle:

This compound was prepared with 37-52 % vyield, ediog to the literature procedure
[8, 14].*H NMR (300 MHz, CDCY): 5 3.12 (t, 2H, CH, J=11.6 Hz), 4.08 (t, 2H, GHJ=11.6

Hz), 7.05 (tt, 1H, p-ArH, J=7.3 Hz, J=1.1 Hz), 7.@, 2H, o-ArH), 7.36 (m, 2H, m-ArH);
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13C NMR (75 MHz, CDCY): 27.41 (CH), 49.53 (NCH), 114.34, 122.49, 129.44, 142.45,

149.38, 185.80 (CHO).

Synthesis of diethyl 2-nitrobenzylphosphonate arthgll 3-nitrobenzylphosphonate:

A mixture of 2- or 3-nitrobenzyl bromide (5.3 g0@5 mol) and triethyl phosphite
(16.6 g, 0.10 mol) was stirred and heated at ath60t160°C (oil bath temperature) for 1
hour with continuous distillation of the ethyl brata produced. The reaction mixture was
cooled to room temperature and evaporated to dsyi28 mmHg, boiling water bath).
Obtained residue was dissolved in ethyl acetat® (@) and washed with saturated solution
of NaHCGQ; (6x30 ml). The organic phase was dried over ardigdNaSO, and concentrated
in vacuum. Obtained thick oily residue was washéith wetroleum ether (5x20 ml) and the
finally dried in vacuum (=5 mmHg) yielding dieth@tnitrobenzylphosphonate (5.4 g, 79 %)
and diethyl 3-nitrobenzylphosphonate (5.6 g, 82&%)ellow oils. After confirmation of its
structure by'H and P NMR spectroscopy, both compounds were used iméx step
without further purification. NMR spectra of crudethyl 2-nitrobenzylphosphonate [19, 20]

and diethyl 3-nitrobenzylphosphonate [21, 22] wiaraccordance with literature data.

Synthesis of AM-oN@ AM-mNO:; stilbenes and PY-oNQPY-mNGQ; pyrazolines:

To a cooled (water-ice bath) solution of crude let2-nitrobenzylphosphonate or
diethyl 3-nitrobenzylphosphonate (2.7 g, 10 mmoll appropriate aldehyde (10 mmol) in a
mixture of anh. DMF (20 ml) and anh. EtOH (20 mls@lution of EtONa (15 mmol) in
ethanol was added dropwise over 30 minutes. Oltaiaaction mixture was stirred upon
cooling for 1 hour and next left standing overnightoom temperature. Afterward, a reaction

mixture was poured into a cold water (200 ml) atidesd for 30 minutes.
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In the case of stilbeneAM-oNO , andAM-mNO ,, the aqueous phases were extracted
with dichloromethane (1x50, 3x20 ml) and dried oweh. NaSO, The solvent was
evaporated and obtained crude products were pdirdie indicated. CrudAM-oNO, was
purified using short-column chromatography (siligal, AcOEt) and further recrystallized
from diethyl ether, whileAM-mNO , was purified using column chromatography (silicagel
petroleum ether/AcOEt, 2:1, V/V) and further re¢ayized from dichloromethane/petroleum
ether mixture.

In the case of pyrazoline®Y-oNO, and PY-mNO,, the precipitated solids were
filtered off, washed with water (5x20 ml) and dried air to give the crude products which
were further purified using column chromatograph¥iqa gel, petroleum ether/AcOEt, 2:3,
V/V) and then recrystallized from diethyl ether.

(E)-2’-nitro-4-dimethylaminostilben (AM-oNO),): yield 20 %; dark red powder; m.p. 86-87
°C (lit. m.p. 87-88C [19]); *H NMR (600 MHz, CDCJ): & 3.03 (s, 6H, 2xCh), 6.74 (d, 2H,
J=7.8 Hz, m-ArH (GHisNMey)), 7.09 (d, 1H, J=16.2 Hz, =CH), 7.33 (t, 1H, B-Hz, 4-
ArH), 7.44 (d, 1H, J=16.2 Hz, =CH), 7.46 (d, 2H7XB-Hz, o-ArH (GHsNMey)), 7.56 (t, 1H,
J=7.2 Hz, 5-ArH), 7.79 (d, 1H, J=7.8 Hz, 6-ArH)9Z.(d, 1H, J=7.8 Hz, 3-ArH)**C{'H}
NMR (150 MHz, CDCY): 640.35, 112.24, 118.32, 124.77, 126.82, 127.50,4128.32.82,
133.77, 134.30, 147.71, 150.76 (signal of the omeaternary carbon missing due to
coalescence and overlaps); HRMS: calcd faHEN,0, (M+H)" 269.1290, found 269.1277.
(E)-3’-nitro-4-dimethylaminostilben (AM-mNO,): yield 25 %; orange powder; m.p. 146-
148°C (lit. m.p. 148°C [20, 21]);"H NMR (600 MHz, CDGJ): & 3.04 (s, 6H, MgN), 6.75 (d,
2H, J=7.7 Hz, m-ArH (¢HsNMey)), 6.94 (d, 1H, J=16.2 Hz, =CH), 7.18 (d, 1H, J21Bz,
=CH), 7.46 (d, 2H, J=7.7 Hz, o-ArH {B.NMey)), 7.49 (t, 1H, J=7.7 Hz, 5-ArH), 7.76 (d,
1H, J=7.7 Hz, 6-ArH), 8.04 (d, 1H, J=8.1 Hz, 4-ArH9.33 (s, 1H, 2-ArH)’d NMR data are

in agreement with those reported in the literaf@a4); *C{*H} NMR (150 MHz, CDC}):
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040.36, 112.30, 120.30, 120.96, 121.48, 124.47,0828129.39, 131.70, 131.88, 140.15,
148.76, 150.64; HRMS: calcd fon17N.0, (M+H)* 269.1290, found 269.1281.
(E)-3-(2-nitrostyryl)-1-phenyl-2-pyrazoline (PY-oNQ,): yield 45 %; dark red powder; m.p.
158-159°C; 'H NMR (600 MHz, CDGJ): 6 3.20 (t, 2H, J=10.8 Hz, G} 3.96 (t, 2H, J=10.8
Hz, CH), 6.92 (tt, 1H, J=0.6 Hz, J=7.2 Hz, p-PhH), 7.8, (2H, J=0.6 Hz, J=8.4 Hz, o-
PhH), 7.15 (d, 1H, J=16.2 Hz, =CH), 7.26 (d, 1H162 Hz, =CH), 7.33 (m, 2H, m-PhH),
7.42 (dt, 1H, J=1.2 Hz, J=7.8 Hz, 4-ArH), 7.62, (i, J=1.2 Hz, J=7.8 Hz, 5-ArH), 7.78
(dd, 1H, J=1.2 Hz, J=8.4 Hz, 6-ArH), 7.98 (dd, 11#1.2 Hz, J=8.4 Hz, 3-ArH):*C{*H}
NMR (150 MHz, CDC{): 630.43, 48.17, 113.04, 119.81, 124.98, 125.96, W6127.70,
128.06, 129.23, 132.34, 133.15, 144.56, 147.72,.8149HRMS: calcd for GHi1gN30;
(M+H)" 294.1242, found 294.1245.

(E)-3-(3-nitrostyryl)-1-phenyl-2-pyrazoline (PY-mNQO,): yield 56 %; light brown powder;
m.p. 181-183C; 'H NMR (600 MHz, CDCY): &3.17 (t, 2H, J=10.2 Hz, G} 3.94 (t, 2H,
J=10.2 Hz, CH), 6.62 (d, 1H, J=16.2 Hz, =CH), 6.91 (t, 1H, p-BhA.10 (d, 2H, o-PhH)
7.28-7.35 (m, 3H, m-PhH+ =CH), 7.53 (t, 1H, J=7.8 B-ArH), 7.78 (d, 1H, J=7.8 Hz, 6-
ArH), 8.10 (d, 1H, J=7.8 Hz, 4-ArH), 8.31 (s, 1HAPH); “*C{*H} NMR (150 MHz, CDC}):
030.38, 48.12, 113.00, 119.05, 119.80, 122.17, ®4128.98, 129.24, 129.68, 131.76,
138.72, 144.58, 148.79, 149.27; HRMS: calcd farHzN30, (M+H)" 294.1242, found

294.1243.

2.2. Spectroscopic and optical measurements

Basic linear optical properties of the fabricatedterials, i.e. absorption and emission
spectra, were measured using the Jasco V-670 sphotometer and Hitachi FL-4500
spectrofluorometer. Emission spectra from the kyeere gathered by the excitation of

samples at their absorption maxima.
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For the NLO characterization we have used as thdamental wavelength 1064 nm coming
from Nd:YVO, pulsed picosecond laser (30 ps with the 10 Hztitgge rate). The used
experimental set-up is shown schematically in Sepeintary Information (Fig. S1).

For the screening and interpretation of resultsboth, SHG (more details in SI
materials - S4 chapter) and THG measurements, reliffetheoretical and experimental
approaches were utilized. Third harmonic generatipilenomenon serves for the
characterization of'3order nonlinear optical parameter - susceptibi#¥/. In the process of
THG, frequencyw of initial beam is converted tou8in the output. The main difference
between material restrictions for SHG and THG it thor the latter one the symmetry of
studied nonlinear optical medium does not havedamgands. Th&ubodera and Kobayashi

modelwas used for the analysis of THG in the mate(ih)§26-29]:

3 =2,6)ys___a/? f's_w
X _nXS Lcl—exp(—al/z) 15, (1)

where the L} represents coherence length of silica (referencatemal for THG
investigations)/ is sample thicknesg; - linear absorption coefficient arg,, I, are the

THG intensity for the reference and investigatedemals, respectively. In our case the thin

silica glass plate has been used as the refereategiat > = 2.0 x 1072 m? - V-2).

3. Results and discussion
3.1. Synthesis

Synthetic route for all final dyes was shown in.Flg Examined compounds were
prepared via the Horner-Wadsworth-Emmons (HWE) reaction of  4-
dimethylaminobenzaldehyde (in the case of AM-gN&hd AM-mNQ) or 1-phenyl-2-
pyrazoline-3-carboxyaldehyde (in the case of PY-eNbd PY-mNQ) with 2- or 3-
nitrobenzylphosphonates in a mixture of anhydraharel and anhydrous DMF (1:1, V/V) in

the presence of 1.5 equivalent of sodium ethoxide aa base. Starting 2- and 3-
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nitrobenzylphosphonates were synthesized by thesiclalArbuzovreaction of commercial 2-
and 3-nitrobenzyl bromides and excess of the wiptiosphite at 150-160C. After
confirmation of the structures bYP and'H NMR, the crude phosphonates were used in
HWE reaction without further purification. The 1leyl-2-pyrazoline-3-carboxyaldehyde
used as substrate for the synthesis of PY-pBi@ PY-mNQ was prepared in reaction of 1-
phenyl-2-pyrazoline [12, 18] and thélsmeier-Haackeagent [30] using literature procedure
[12, 31].

Using sodium ethoxide as a base and DMF-EtOH nexas a solvent allowed us to
obtain all final products selectively g&)-isomers. Such result is in the agreement with
literature data [32]. Structures of all final dyesre confirmed byH and**C NMR, and high
resolution mass spectrometry (HRMS). Stereocheynadtthe compounds double bond was
determined on the basis of the value of the cogptonstant of the vinylic protondJj in *H
NMR spectra.

Stilbenes AM-oN@ and AM-mNQ are known in the literature. In case of stilbene
AM-0NO,, its photochemical behavior was investigated [Z3¢rivative AM-mNQ was
described by Gusten and Salzwedel, who investigdid® spectra of a series of substituted

stilbenes [24], while Syz and Zollinger analyzedghotoisomerization behavior [25].

3.2. Theoretical studies

All four compounds exist as a mixture of 3 conforméwo —transand one is. The
optimized geometries of all investigated isomers presented in Fig. 2. For pyrazoline
derivativestrans lisomers are the lowest in energy. The sedomasisomers are 3.98 and
3.28 kcal/mol higher in energy and their contribatito population according t®oltzmann
distribution in the room temperature equals to hd 80 % for PY-oN@ and PY-mNG,

respectively Cis isomers are less stable - 5.79 and 6.60 kcal/mgbleh in energy, and their
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abundance is 4 % and 6 % for PY-oN&hd PY-mNQ, respectively. For stilbene derivatives
both optimizedransisomers are almost equal in energy (differenc@. @t and 0.15 kcal/mol
betweentrans landtrans 2conformers for AM-oN@ and AM-mNQ, respectively). Their
abundances are comparable and they are 46 % afd fév AM-oNO, trans 1andtrans 2
and 41 % and 54 % for AM-mNQrans landtrans 2 Thecis isomers are higher in energy
(4.46 and 5.22 kcal/mol for AM-oNCand AM-mNQ) and their contribution to population is

equal to 7 % and 5 %, respectively.
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trans 1 trans 2 cis
0.00 (81 %) 3.98 (14 %) 5.79 (6 %)

PY-mNO,

trans 1 trans 2 cis
0.00 (76 %) 3.28 (20 %) 6.60 (4 %)
AM-oNO,
Ty
trans 1 trans 2 cis
0.00 (47 %) 0.01 (46 %) 4.47 (7 %)
AM-mNO,

trans 1 trans 2 cis

0.00 (54 %) 0.15 (41 %) 4.47 (5 %)

Figure 2. Optimized molecular structures of PY-oBJ®Y-mNQ, AM-oNO, and AM-mNQ
conformers. DFT/B3LYP/6-311++G(d,p). Atom colorddding: C — dark gray, H — light

gray, S- yellow, N — blue, O - red.



226  3.3. Spectroscopic and nonlinear optical properties
227 Normalized linear UV-Vis absorption and emissiorcpa from studied layers were
228 shown in Fig. 3. It is visible that the absorpt&pectra of each sample exhibits a multiband

229  structure, what is more pronounced dotho isomers.
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231 Figure 3. Absorption and emission experimental and separatedilated spectra for all
232 opitimized isomers of the investigated systems.

233

234  In order to interpret the obtained spectra vertedalitations at CAM-B3LYP/6-311++G(d,p)
235 level of theory were calculated. As one can segtstion of transitions in experimental and
236 simulated spectra fit satisfactory, although th&wations underestimate the intensity of
237  shorter wavelength transitions artho substituted compounds. The multiband structure of
238 these spectra is connected with two transitiong fliist one (363 nm in PY-oNQand 350

239  nm in AM-0oNQ,) can be assigned to HOM® LUMO +1 and the second one (425 and 419
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nm, respectively) to HOMO> LUMO transitions. Selected orbitals for the motibte
isomers obtained at B3LYP/6-311+G(d,p) level ofottyeare presented in Fig. 4. These two
transitions forortho isomers are predicted to be separated by ca. 90Farmetaisomers H

- L+1 is significantly blue-shifted and both peake axpected to be separated by only ca.
30-40 nm. According to theEWHM (full width at half maximum), which is aboved 5hm,
they are overlappedoreover, the additional splitting of the lines daa connected with the

abundance of all conformers in the experimentalpam
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PY-oNO,

H L L+1

H L L+1

H L L+1

Figure 4. The contour plots (isodensity = 0.02 au) of HOM®), (LUMO (L) and LUMO + 1
(L+1) of the most stable PY-oNOPY-mNGQ, AM-oNO, and AM-mNQ isomers (B3LYP/6-

311++G(d,p) level of theory).



252  Table 1. A, calculated at CAM-B3LYP/6-311++G(d,p) level of dmg (THF solution) with
253  assignment of low electronic singlet excitationsRY-oNG, PY-mNG,, AM-oNO, and AM-

254  mNG; investigated isomers

Investigated AE™E | pcae
f Assignment
molecules [eV] [nm]
trans 427.8 | 0.818| H>L(84%) + H-1>L(6%) + H-1>L+1(8%)
4.76
1 345.5 | 0.486 H->L+1(82%) + H>L(6%)
trans 432.7 | 0.486 H->L(80%) + H>L+1(12%)
4.79
PY- 2 356.5 | 0.593 H->L+1(79%) + H>L(12%)
oNO, H->L(86%) + H>L+1(6%)
409.9 | 0.475

H->L+1(63%) + H-7>L(12%)
cis | 4.86 | 323.7 | 0.461
H-7->L(35%) + H-4>L(9%) + H-

311.0 | 0.107
3-5L(13%) + H>L+1(19%)
H->L(63%) + H>L+1(28%) + H-1>L(6%)
399.2 | 0.721
H->L+1(65%) + H>L(23%) + H-1>L(6%)
trans 361.4 | 0.714
4.71 H->L+6(72%)
1 272.0 | 0.111
H-3-5L(63%) + H-4>L(10%) + H-
262.0 | 0.173
PY- 1-5L(10%)
mNO, 415.0 | 0.725 H->L(49%) + H>L+1(44%)
trans
4.69 | 369.6 | 0.223| H->L+1(49%) + H>L(39%) + H-1>L(5%)
2
273.0 | 0.101 H->L+5(69%)
369.1 | 0.262 H->L(75%) + H>L+1(15%)
cis 4.86

350.1 | 0.838 H>L+1(77%) + HSL(15%)




trans 415.6 | 0.727 H->L(86%) + H-1>L(9%)
491
1 328.8 | 0.483 H->L+1(86%)
trans 416.1 | 0.725 H->L(86%) + H-1>L(9%)
4.91
2 329.4 | 0.489 H->L+1(86%)
AM-
H->L(86%) + H-1>L(8%)
ONOz
402.2 | 0.280 H->L+1(77%)
cis 4.98 300.7 | 0269 H->L+3(20%) + H-7>L(15%) +
277.2 | 0.149 H->L+12(12%) + H-1L(9%) + H-
3->L(7%)
H->L+1(92%)
351.9 | 1.278
trans H->L+2(42%) + H-3>L(30%)
4.81 260.5 [ 0.120
1 H->L+2(41%) + H-3>L(37%) + H-
259.8 [ 0.144
2->L(6%)
AM- H->L(82%) + H-1>L(11%)
395.2 | 0.224
mNO; H->L+2(88%)
trans 339.0 | 1.136
4.78 H->L+6(42%) + H>L+4(39%) + H-
2 281.8 | 0.104
15L+1(7%)
262.4 | 0.208
H-3->L(63%) + H-2>L(17%)
cis 4.90 321.3| 0.719 H->L+2(86%)
@Labels: H- HOMO, L - LUMO. The contribution otransition: > 5 % are includet

255
256 Calculated parameters presented in Tab. 1 allonedouassign experimentally
257  observed absorption lines. Maxima observed at 383380 nm for PY-oN@and AM-oNQ,

258  respectively, can be assigned asSHL+1. Lines appeared at 425 and 419 nm for these
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compounds are due to$ L. In case ofnetaisomers PY-mN@and AM-mNQ both H-> L
and H- L+1 transitions have contribution to observed apson maxima. In examined
group of compounds it is shown that change of xN@up position fronmetato ortho
exhibits shift of H- L absorption into visible light.

Simulated orbitals presented in Fig. 4 confirnoaisat both H-> L and H-> L+1
transitions have th@ush-pull character. The electron density transfer occuwsnfdonor
stilbene group via -CH=CH- connector ontgHgNO, acceptor. The character of transition
does not depend on —N@osition.

The performed calculations showed that in-4O, compounds the lowest transition
is predominantly from HOMO to LUMO, where the elect is mainly localized in the
nitrophenyl moiety in LUMO. By contrast, imNO, compounds the lowest transition has
larger involvement of LUMO+1, in which the electras delocalized cross the entire
molecule. This is consistent with the observattwat theortho- substituted nitrophenyl group
possesses stronger electron withdrawing abilityr tneeta- substituted ones. Therefore, the
intramolecular charge transfer character -oNO, compounds is more significant and
consequently it red shifts the absorption band

Afterwards, the fluorescence spectra of the THRitsms doped by the luminescent
dyes have been acquired with the use of spectroitneter Hitachi F-4500. Two investigated
in this paper pyrazoline derivatives emit the lighthe range of 450 - 650 nm, but absorption
maxima of PY-mNQ and PY-oNQ are localized at 395 and 363 nm, respectively. [atter
system possesses also the second but much wea@ptidn band localized at 425 nm,
which is partially inscribed in the main range afission for this compound. Molecule PY-
pNO, (which is a constitutional isomer of the abovermmmdd ones, investigated by us
recently [15]) characterizes the highest Stokeft slmong presented compounds, which is

167 nm. This system possesses also the emissiansbéted strongly toward the red range.
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In the group of investigatepush-pulltype of low molecular weight systems doped to
the PMMA the THG phenomenon has been characteriZattle 2. contains all NLO
determined parameters of studied materials. Tablg(Ghapter S5 in SI materials) contains
also x(z) parameters defined for both laser polarization igométions ¢ andp) for the

investigated polymeric systems.

Table 2. Nonlinear optical parameters{®rder NLO susceptibilities) for the investigated

polymeric systems.

Compound ¥® [m?/v? »r
PY-pNO, 8.1 x 1(%¢
PY-mNO, 1.1 x 107
PY-0NG, 4.0 x 10*
AM-mNO, 5.6 x 1(*°
AM-0NO, 3.7 x 1%
silica 2.00 x 107

& _— Maker fringes set-up employing the fundamentil @064 nm) of a 30 ps Nd:YV{aser
with a repetition rate of 10 Hz at 532 nm; the gggrer pulse was 40 mJ

b _ calculated according to theibodera and Kobayasknodel (taking into account the linear
absorption coefficient)

¢ — literature data [16]

The third harmonic generation phenomenon has blearacterized by the comparable
method, where the Maker fringe patterns were measas a function of incidence angle
using a rotational stage and picosecond pulsed &sé¢he incident beam. The THG results

are associated with properties of the each oneaul@eAs the reference material a thin silica
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glass plate was used. The characteristic incidengieadependences coming from this
measurements are shown in Fig. 5. What is cleasiple, both of the investigated stilbenes
present similar NLO answer as the used referenoaeMer, two of the studied pyrazoline
derivatives exhibit several times larger THG sigtian silica. It seems that electron donor
part in the shape of aromatic ring linked to theaggline one is more effective thafl 8rder
amine group used in stilbenes. Furthermore, inaase - not included experimentally in this
paper (PY-pN®) [17], x® parameter is even one order of magnitude largen fior the
reference material (Tab. 2). Anyway, among the groti pyrazoline derivatives, thertho
isomer can induce four times higher signal thanntle¢gaone. It can be strictly involved with
the activation ¢rtho and para) and deactivationnfetg process (understood as the internal
electron transfer) into the aromatic ring (locaitedhe electron acceptor part in the molecule)
by proper substituent position. Moreover, preserethis paper two isomers of pyrazoline
derivatives in the meaning of th¢® NLO parameter correspond with other representtive
from this family of compounds described in literal16]. Namely, another nonlinear dyes
containing pyrazoline ring and as the electron-ptmre moiety double nitrile groups (in
various structural configuration) characterize #aene order of magnitude value of tHé 3
order nonlinear optical susceptibility. It meanattimitial hypothesis presenting pyrazoline
derivatives group of compounds as the efficient Ntt@omophores (SHG/THG converters)

was correct [16, 17].
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Figure 5. The typical Maker fringe patterns obtained in THt&asurements acquired for:
silica glass plate (top) and polymeric systems dopéh isomers of pyrazoline derivatives
(middle) and two isomers of the stilbene dye (buolto The experimental results for

investigated samples and reference material wdlected for thes polarization of incident

beam.
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328 Therefore, the concentration influence on the TH@ha only for the two most effective
329 representatives on THG phenomenon among invedtigatderials - pyrazoline derivatives,
330 has been investigated (Fig. 6.). In these cases th& precise value of the dye concentration
331  above which the increase of NLO answer is obserivethe range of 1.50 % (PY-mNDto

332 2.25 % (PY-oNQ) of the dry dye content (w/w) it is observed theeshold which indicates
333 the quantity of the nonlinear medium is going torbere efficient according to the linear

334  growth function. For each compound this dependendéferent.

1.00E-022
rd
7.50E-023 - 3" order
NLO effect
< 5.00E-023 -
£
= 2.50E-023
3,
0.00E+000 -
4.00E-022-
rd .
3" order
3.00E-022 -
_ NLO effect
<
£ 2.008:022
2
I
1.00E-022 4
0.00E+000 -
05 10 15 2.0 25 3.0

Dye concentration, ¢ [%]
335

336 Figure 6. The measured dye concentration dependence ontherder nonlinear optical
337  susceptibility for PY-mN@ (up) and PY-oN@(down) fors polarization of incident light.
338

339
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By presenting this results we would like to poinit dhat defined values gf®® were

determined for the films with 3 % dye content aincain be improved by process optimization
due to the used polymer, dye concentration anduiesl solvent as well. Moreover, the
crystallization or aggregation process can be msipte for this particular behavior. By
creating more condense matter in the volume optitgmeric film it is possible to gain some

optical effects, in this case - NLO response.

4. Conclusions

The represents ofpush-pull type of organic molecules based on the 4-
dimethylaminophenyl group and 1-phenyl-2-pyrazolmeiety have been introduced, both
the synthesis method and basic spectroscopic dkawation. The THG results obtained
from picosecond pulsed laser system have beenradgaind analyzed in comparison with the
theoretical models. Among the investigated compeuhé pairs of derivatives and isomers
can be distinguished. They characterize differdatteon-donor units and spectroscopic
features (especially NLO ones) likewise. The experital results confirmed that investigated
systems can be used as the efficient nonlineacalgystems for harmonic of light generation
(tripled but also doubled frequency). It has bekso aroved the strong dependence between
chemical structure (position of electron-acceptoiaty as well as the type of electron-donor
unit) and NLO response coming from series of is@remd derivatives. This correlation
directly indicates the field where the chemists ghgsicists can co-operate efficiently. By
simple combination of the chemists knowledge angkedrnce in the field of synthesis with
the physicists expectations involved with the nemgre useful and hybrid or composite
materials and their valuable properties can givehagesult new device or design unfamiliar

solution for various processes. Also in this papershowed that there is a particular amount
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of nonlinear dye concentration in polymeric filmhrggshold value), which causes sudden
increase of NLO response due to the THG, evereifaittive medium absorbs the light in the
range of generated harmonics of light. Accordinghis part of the results can improve
material’s engineering as the very useful and nmegdunl tool in design new, more effective
materials for various applications. It also confirnthat individual approach for the
optimization of already existing systems is needad should be always done. Presented
experimental results indicate that the group ofpgline and stilbene derivatives have a great

potential in future photonic applications.
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Highlights:

Pairs of pyrazoline and stilbene derivatives hasenbanalyzed

Horner—Wadsworth—Emmons (HWE) reaction was impleegen

Second and third order of nonlinear optical prapsnivere investigated

Dependence between chemical structure and NLO mespoas shown



