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High-quality 4-N,N’-dimethylamino-N-methyl-4-stilbazolium tosylate crystals has been
grown onto a seed from supersaturated methanol solution by controlled temperature lowering
method. XRD studies confirm structural perfection of the grown crystals. The functional
groups of DAST were identified by FTIR studies. The average values of microhardness
obtained on the surface and on the cleaved facet of the grown crystals are different and amount
28.1 and 32.6 kgf/mm2, respectively. There is established a correlation between the values of
microhardness and the character of distribution of dislocations in the DAST crystals.
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BupomyBanHs 3 PO3YMHY Ta XaparTepu3alis BHCOKOAKICHMX OpPraHiyHMX KpPHCTAJIIB
Tosuaary 4-N,N’-gumerunamino-N-mernin-4-crin6asony. I'.M.Ba6enko, O.I1.Boponos,
0.9 Jonxucenrosa, B.C.3adoposcuiii, I.M.IIpumyna, P.'arn6adpax, JI.Enxmop

BucokosakicHl kpucrann tosmaary 4-N,N’-mumernnamino-N-meTnn-4-cTuasbas3ory BUPO-
MeHO Ha 3aTPaBIli 3 TePEeHACUYEHOTO POSUNHY METAHOJNY MeTOJOM KOHTPOJLOBAHOTO 3HUIKEH-
HA TeMOepaTrypu. BHCOKY CTPYKTYPHY MOCKOHAJIICTH BUPOIIEHMX KPUCTAJIB TiATBEPAKEHO
MeTonOM peHTreHodaszoBoro ananizy. HaaBHicTs (pyHKIioHaABHUX TPy, 110 BiANOBiZalOTH
kpucrany DAST, izentTudikoBano 3a gomomorow iudpauepBoHoi cmekTpockomii. ITokasano,
110 cepenHi 3HAUEHHS MiKPOTBEDPOCTi HA MOBEPXHI Ta Ha CKOJIaX BUPOIIeHUX Kpuctanis DAST
pospisugoThea Ta cKaaxaiTh 28,1 Ta 32,6 KI‘C/MM2 BigmoBigHO. BeTaHOBIEHO KOPENAIiI0 MisK
3HAUEHHAMU MiKPOTBEPAOCTI i XapakTepoM posmofiny amciaokrariii y xpucramax DAST.

BricokoKauecTBeHHLIe KPUCTAMILI Todujara 4-N,N’-gumeruiaaMmuno-N-MeTHI-4-CTAILOA-
30JIa BBIpAllleHbl Ha 3aTPaBKe M3 IIEPEHACLIIEHHOT'O PACTBOPA METaHOJa METOJOM KOHTPOJIU-
PyeMOro CHUIKEHUSA TeMIepaTypbl. BEICOKOe CTPYKTYPHOE COBEPIIEHCTBO BBIPAIIEHHBIX KPUC-
TAJJIOB IIOATBEPIKIEHO MeTOXOM peHTreHohasoBoro anasusa. Haamuyume (PYHKIUMOHAJIBHBIX
rpyIi, cooTBeTcTByMOIIuX KpuctamaaMm DAST maenTuuIiinpoBaHO ¢ IIOMOINbI0 MH(ppaKpac-
HOM cmeKTpockonuu. [lokasaHo, 4TO cpefHUE 3HAUEHUA MUKDPOTBEPIOCTU HA IIOBEPXHOCTU U
Ha CKOJIe BbIpaljeHHbIX Kpucramios DAST pasiauuarorcs u cocrasasor 28,1 u 32,6 kre/mm?2
COOTBETCTBEHHO. Y CTAHOBJIEHA KOPPEJANUA MEKAY BHAYCHUAMN MHKPOTBEPIOCTH U XapaKTe-
poM pacipegeseHus gucJoKanui B Kpucranaax DAST.
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1. Introduction

Organic nonlinear optical materials at
present attract a lot of attention due to
their potential applications in high-fre-
quency electro-optical modulation, fre-
quency conversion, generation and detection
of broadband terahertz (THz) radiation [1,
2]. The structure of these materials consists
of molecules with a developed system conju-
gated m-bonds, which are characterized by
high polarizability. One of the most com-
mercially successful organic nonlinear opti-
cal crystal is 4 N,N-dimetilamino-4’-N’-
metilstilbazolium-tosylate (DAST) [3]. The
coefficient of nonlinearity and the elec-
trooptic coefficients DAST higher than those
values in an inorganic crystal LiNbOj, ten
times and two times, respectively [4]. The
high thermal stability of the organic erystal
DAST (800°C) allows to use them in devices
with high power switching signals [5].

Bulk single crystals of DAST are usually
grown from a saturated solution by the tra-
ditional slow cooling technique, or by slow
evaporation of the solvent [6].

However, difficulties still remain in
crystal growth with sufficient quality for
applications, such as optical and electro-op-
tical sampling devices. The present article
is focused on the high quality crystal
growth of DAST and its characterization.

2. Experimental

4-N,N-dimethylamino-4’-N’-methyl-stilba
zolium tosylate was synthesized at Division
of Functional Materials Chemistry SSI "In-
stitute for Single Crystals”, NAS of
Ukraine. The most common way to obtain
DAST crystals of optical quality is growing
by the temperature lowering method [6-9].
Methanol has been found to be the most
suitable solvent for the growth of high-
quality DAST crystals, because the solubil-
ity of DAST in methanol it is the highest
among the most common organic solvents
[10]. In order to determine the optimal con-
centration of a saturated solution the DAST
solubility diagram was plotted (Fig. 1).
Solubility was analyzed gravimetrically by
evaporating the solvent at a constant tem-
perature. It was also shown that the width
of the metastable zone decreases with in-
creasing temperature, which coincides with
the results of [11]. Based on this data, we
have chosen crystal growth temperature
range from 43 to 30°C.

DAST crystals were grown onto a seed
from supersaturated methanol solution by
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Fig. 1. Temperature dependences of the solu-
bility of DAST in methanol.

controlled slow cooling technique. Constant
supersaturation of the solution was ensured
by continuous temperature decrease at a prede-
termined rate using contact thermometer and
thermostat. The seed crystals measuring ~
2x2 mm?2 were obtained by spontaneous nu-
cleation. Seed with well-defined shape, without
cracks and inclusions, were selected by means
of a binocular microscope MC 50 (Austria).

DAST crystals were grown in a quartz
crystallizer with a volume of 300 ml. The
seeds were fixed attached to the crystal
holder with silicone glue and placed in the
growth volume. The solution was pumped
into auxiliary volume at a temperature of
10°C above the equilibrium and kept at this
temperature for a day. The solution was
continuously stirred during this period.
Then the growth apparatus cooled to a tem-
perature 1°C above the saturation tempera-
ture of the solution, after which the solu-
tion from the auxiliary volume was pumped
into the growth volume and slowly cooled to
equilibrium temperature without mixing.
Within 2 days, the temperature decrease
was 10°C/day, then the temperature was
lowered at a constant rate of 0.1-0.2°C/day
until the temperature of the end of crystal-
lization with stirring solution at a speed of
20 rpm with a reverse of 20 s. The average
period crystal growing process was 30 days.

Powder XRD spectrum of the grown
DAST crystals were recorded by the Diffrac-
tometer "Siemens D500" (with CuKo mono-
chromatic radiation of wavelength A=
1.54184 A, Bragg-Brentano geometry,
graphite monochromator) by step scan mode
in the angle range 4°<20 <60°, scan step
0.02°, accumulation time 5 sec. at every
point.
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Fig. 2. Photo of grown DAST crystals.

The Fourier transform infrared (FTIR)
spectra of the crystals were recorded using
Spectrum One PerkinElmer spectrophotome-
ter for the wavelength range 400-4000 cm™
1 by KBr pellet (~ 0.16 wt % sample for all
specimens) technique to confirm the func-
tional groups. For the measurement of FTIR
spectra of the sample we used crystalline
powder of DAST.

3. Results and discussion

Fig. 2 present the photographs of the
DAST crystal grown onto a seed from a
supersaturated methanol solution using the
slow cooling method. The crystals have the
form of plates with the larger surface plane
parallel to (001).

The surface of the investigated crystals
has rounded steps with monoclinic symme-
try corresponding to the symmetry of the
face (001) (Fig. 8). The observed rounding
of the microsteps seems to be due to the
fact that the process of crystal growth onto
a seed is realized under conditions of suffi-
ciently large solution supersaturation and,
accordingly, small interfacial tensions.

In Fig. 4 shows the diffractogram of the
DAST sample refined by the Rietveld
method. Appearance of sharp and strong
peaks confirms the good crystallinity of the
grown crystals. All samples were monopha-
sic, their composition corresponded to the
anhydrous salt C16H19N2 + C7H703S_.

The lattice parameter values were calcu-
lated using the reflection angles of high in-
tensity peaks corresponding to the hkl
planes using the monoclinic crystallographic
equation. The calculated lattice parameter
are, space group C, (point group m), a =
10.3553 A, b=11.3147 A, ¢=17.866 A,
B =92.224°, V=2093.85 A3, Z=4. The
lattice constant values are very much com-
parable with the literature data [12].

Functional groups of grown DAST crys-
tals has been identified by FTIR spectros-
copy. Fig. 5 shows the middle infrared (IR)
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Fig. 3. The surface morphology of the grown
DAST crystals.
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Fig. 4. Powder diffraction pattern of

DAST. The experimentally obtained diffrac-
togram is shown by the red curve, theoreti-
cally calculated by the Rietveld method —
the black curve. The rows of vertical lines
indicate the positions of the diffraction peaks.
The difference between the experimental and
calculated diffraction patterns is shown in the
bottom curve.

spectrum of DAST samples. The peak at
1646 ecm ! is assigned to the stretching vibra-
tion C=C [18-15], a peak at 1580 em™! — to
the aromatic rings vibration [11]. The band
with a maximum at 1470 cm™! corresponds
to the asymmetric deformation vibration
CH; (1475 cm™! [14]). The band at
1438 em! (in [14] shown the value
1436 ecm™ 1) is attributed to the ring stretch-
ing C=C. The peak at 1872 cm™! is deter-
mined by CH, bending and C-N stretching
[12], while peaks at 1872-1320 cm™!
(1870-1318 cm™! in [14]) cause CHj3 defor-
mation and C—N stretching.

Symmetric deformation of the CH; mole-
cule appears at 1843 em ™! [16]. The peaks
at 1160 cm! and 1180 em ™! (1168.59 cm™!
and 1180.47 em ! in [16]) are caused by the
vibration of the S=0 sulfonate groups. The
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Fig. 5. FTIR spectrum of a DAST single crys-
tal. Samples were prepared by KBr pellet tech-
nique.

peaks at 1028 cm™! in the IR spectrum are
attributed to the stretching vibration of the
C-H ring [14]. The peak at 889 cm™! is ex-
plained by the stretching vibration of the
C-N group [14]; out of plane C—H deforma-
tion vibrations are manifested in peaks at
833 cm™! [14]. The aromatic hydrocarbon
bend (C-H) is manifested in peaks at 834-—
818 ecm1 (834-818 em ™! in [15]). Bending
vibration of the C—C-C molecule was ob-
served at 674 cm™! (671 ecm™1 in [14]).

The molecular packing of DAST is de-
fined by stilbazolium, the cation, one of most
efficient chromophores, and tosylate, the
anion, which form the non-centrosymmetric
crystal structure. DAST are multilayer mo-
lecular crystals. Their stilbazolium and tosy-
late molecules are arranged alternately paral-
lel to the plane (001) in the form of ion pairs,
thus providing balance of the electric charge
of the crystal lattice (Fig. 6) [17].

It is known that an increase of the thick-
ness of DAST crystals may diminish the ef-
ficiency of non-linear optical frequency con-
version [18]. For large-size crystals such an
effect is due to possible disorientation of
the molecular layers. With an increase of
the thickness of the crystal with sequential
stratification, disorientation of the molecu-
lar layers rises. Under loading applied in
the direction [001] DAST crystals were bro-
ken down parallel to the plane (001). Such
loads exceeded the ones applied to the stud-
ied samples at mechanical treatment. The
photograph present the pattern of the crys-
tals surface split under the influence of ex-
ternal factors (Fig. 7). Step like patterns
with monoclinic geometry are observed on the
cleavage surface. This confirms the fact that
the molecular layers in the bulk of the grown
crystals are oriented along the plane (001).
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Fig. 6. Molecular arrangement of the DAST
crystal.

Fig. 7. Morphology of cleaved surface (001)
of DAST crystal.

The mechanical properties of the grown
crystals were studied both on the surface
and in the bulk of the sample. Shown in
Fig. 8 are loading curves obtained on the
surface of optically homogeneous crystals
with a thickness of 3 mm (Fig. 8, curve 1)
and on the cleavaged surface of these crys-
tals (Fig. 8, curve 2). The measured micro-
hardness increases rapidly at low indenta-
tion test loads, or for small indentation im-
pression sizes. The curves show a load-
dependent microhardness region at a low in-
denter load and a load-independent micro-
hardness region at a high indenter load. The
average values of microhardness obtained on
the cleaved surface of the plate exceeded the
ones for its surface and were equal to 32.6
and 28.1 kgf/mm2, respectively. The com-
parison was made for the values of micro-
hardness in the load-independent hardness
region.
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Fig. 8. Loading curves of the (001) plane of
the DAST crystal: on the surface of the plate
(1); on the surface of the cleaved plate (2).

Numerous dark etch pits with sharp
peaks revealed on the surface of the grown
crystals subjected to etching with metanol
(Fig. 9,a). On the cleaved surface of this
crystal, were observed only few etch pits
(Fig. 9,b). Their morphology corresponds to
the crystallographic symmetry of the exam-
ined plane and has the form of irregular
parallelograms. Therefore, it may be as-
sumed that the dark etch pits with peaks
correspond to emergence of dislocations on
the face in consideration. The dislocation
density on the surface of the grown crystals
essentially differed from the one in their
bulk, and was equal to 5.7-10% cm 2 and

2.8:102 em~2, respectively. The dislocation
density on the surface of a thick crystal
exceeded the amount of linear defects in its
bulk by more than two orders. This seems to
be explained by relaxation of the interfacial

stresses in the crystal induced by the bond-
ing to the crystal holder.

The values of microhardness of the
grown crystals correlates with the character
of distribution of dislocations in them. The
hardness of the surface layers of crystals,
in which the dislocation density is relatively
high, is 9-11 % lower than in the bulk per-
fect layers.

The mechanical strength is directly re-
lated to mobility of dislocations in the stud-
ied material. The increased dislocation den-
sity facilitates plasticity in the crystal. The
increased dislocation density facilitates
plasticity in the crystal. It may be assumed
that the higher plasticity of the crystal
grown onto a seed is due to the fact that
the main deformation mechanism in it is
not slipping which is limited in the disloca-
tion forest, but climbing.

4. Conclusions

The solubility of DAST in methanol has
been determined and bulk crystals of dimen-
sions 8x6x3 mm3 have been grown onto a
seed from a supersaturated solution using
the controlled slow cooling technique.
Structural perfection was studied using the
X-ray diffraction method. The functional
groups of DAST were identified by FTIR
studies. The average values of microhard-
ness obtained on the surface and on the
cleaved facet of the grown crystals are dif-
ferent and amount 28.1 and 82.6 kgf/mm?2,
respectively. There is established a correla-
tion between the values of microhardness
and the character of distribution of disloca-
tions in the crystals. The dislocation density

Fig. 9. Dislocation structure revealed by etching in methanol on the (001) face of the grown

crystals: on the surface (a), in the volume (b).
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on the surface of the crystal is essentially
higher than in the bulk and equals
5.7-104 em 2 and 2.8:102 cm 2, respectively.
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