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Abstract

The Single crystals of sodium hydrogen L-tartarate (SHT) were grown by slow evaporation
solution technique (SEST) from an aqueous solution of sodium hydroxide and L-tartaric acid at 313
333 and 353 K. It was not possible to obtain a good quality of SHT crystal by SR method in this study.
Good optical qualities single crystals were grown by SEST method at 353K. Single crystal and Powder
XRD have confirmed the formation of the SHT single crystal. FT-IR has confirmed the functional
groups of the grown crystal. Thermal gravimetric was employed to study the thermal properties of the
grown crystal. Dielectric study showed higher dielectric permittivity and lower dielectric loss in
conventional method grown SHT crystal. UV-vis reveals that the UV cut off wavelength is 250 nm.
The ferroelectric P-E hysteresis loop characteristics of the SEST grown SHT crystal was studied and

discussed in detail.
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Materials References Transition Diefectric constant C(x 10°K) P.(uCcm; E(KVem™)
temperature (K) temperature
T. 7’ Kar K

Single-component (polar) organic molecules
Thiourea 14 169 185 30 10 37 32,120K 02
TEMPO 16 287 288 10 16 - 05 -
CDA 2 397 25 - - -
TCAA 76,77 355 45 6.5 0.0076 0.2;RT 4
Benzil 78 84 88 27 36 x 103 70K -
DNP 18,19 46 40 2 0.026 0.24;10K* -
TCHM 24 104 96 100 27 6x10%96K" -
VDF oligomer 10 - 6 13;AT 1,200
CT complexes
TIF-CA 39,44 81 84 40 500 5.7 - -
TIF-BA 38 50 20 - - -
H-bonded supramolecules
Phz-H,ca 55,61 253 304t 110 3x10? 5.0 1.8;160K" 08
Phz-H,ba 55,61 138 2041 30 17x10° 40 0.8;105K* 05
[H-55dmbp][Hia] 57 269 338t 250 900 14 42*:110K* 2
Clathrate
B-Quino--methanol 79 63.7 220 - 6 x 10%25K" -
VDR, TrFEq 5 5 363 20 50 - 8;RT 500
Nylon-11 8 - 4 - 5,RT 600
Inorganic compounds
NaNo, 8 437 4 x10? 47 10; 140K 5
BaTi0, 8 381 5x10° 10¢ 150 26;RT 10
PBTIO, 8 763 210 9x10° 410 75;RT i
Sbsl 8 203 6x10 233 20:270K -

| KH,PO, (KDP) 8 123 213 30 2x10 29 5.0 01 |

ﬂw 36 374 6 22 - 16:AT* >30
TGS 48 323 333 45 2x10° 32 3.8;220K 09 |

g 127 5 B0 - 027, 80K 3

Rochelle salt 8 297 308 4 x10° 224 0.25; 276 K 02

d' a ' Aa A 4 ad a8
AN 1 A1TFUANNG Tlll’dilﬂm‘l/\l’ﬂiiiﬂmﬂ%iﬂ

"* Sachio Horiuchi and Yoshinori Tokura, Nuture materials, 7 (2008) 357-366.
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Identification code SHT 80

Empirical formula Na C JH,O,

* 0. V. Dolomanov et al. J. Appl. Cryst. (2009). 42, 339-341.

* SHELX, G.M. Sheldrick, Acta Cryst. (2008). A64, 112-122

o Bourhis, O.V. Dolomanov, R.J. Gildea, J.A.K. Howard, H. Puschmann, in preparation
(2013)

*LJ. Farrugia, ORTEP-3 for windows, University of Glasgow, Scotland, UK, 1999.
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Formula weight 172.07

Temperature/K 296.15

Crystal system monoclinic

Space group P2,

a/A 5.255(9)

b/A 7.764(14)

c/A 7.588(14)

ole 90

Br 101.34(4)

e 90

Volume/A’ 303.5(16)

Z 2

pcalcmg/mm3 1.3252

m/mm’’ 0.881

F(000) 803.0

Crystal size/mm’ 0.4 x0.2x0.2
Radiation CuKO ()\, =1.54178)
20 range for data collection 7.72 t0 130.3°

Index ranges 8<h<6,-17<k<15-21<1<21
Reflections collected 9429

Independent reflections 3101[R(int) = 0.0566]
Data/restraints/parameters 3101/0/254
Goodness-of-fit on F’ 1.189

Final R indexes [I>=20 (I)] R, =0.0570, wR, = N/A
Final R indexes [all data] R, =0.0603, wR, = 0.1462
Largest diff. peak/hole / ¢ A” 0.39/-0.61

Flack parameter 0(17000)
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4 4 2 2

Radiation CuKOl (A =1.54178) CuKOL (A =1.54178) CuKOl (A =1.54178)

{ 1 a a J { a
M15199 4 udaanEaniansmesvosnan Iy@on laTasou ueanunsa Ngumugi
v a o o 1 1 a a I'4 [ 1
313 AU 333 1AL 353 1AAIUAINAIAT WUNAIANNANIIININDSVDINANAINETD L TNT
d‘ A = d‘ a da! d' 1 [ a =1 =S
wasunias vseumsaswanavu N521219 313 AU 333 1AAIU FEUUNANILNNS
§ <
1laeunla191nszuY orthorhombic 11iH 1 monoclinic
o X v A o = A ~ v A
anlnasumsimenuuvesssdonduownaniaen Tudeylalasiou toanunsa gniah
a 4 ] o A w a3
guiniivodlaelH1a509 Bruker powder X-ray diffractometer Tagunasfuiaiadmiu CuKe
~q Y ¥ = Yy o o LA A = < = A
yunlglunmsaunuaana 10° 89 80° A289AT1GI 2°/min 1NONILANYIANWIUNANVDITTN
gnld  wanesezgnueegivazi@deaneui lifnmdiumsodionindary sl 32 uaag

9 v
ﬁlﬂﬂ@]illﬂ1il,aﬂllﬂuﬂqﬁ%WﬂﬂWiﬂﬂaﬂﬂ



41

3000
=
o
S
2500
2000 -
=
3
S 1500 -
&
2
2 1000 ~
£ 2§
= g g
— '~ —
500 1 - Gged g
s dgge &
e T]== <
0 4 ——.—M..J-JJ Ak,
T T T T T T T T T

0 10 20 30 40 50 60 70 80 90
20 (degree)

d‘ @ ’:91 v A J =2 =
NINN 32 ﬁlflJﬂ@lillﬂ’lilaﬂjlﬂui\iﬁl@ﬂﬁﬂlﬂﬂwaﬂicﬁlﬂﬂﬂqajﬂimu LAaNUNIA

(% dy [T} g =3 =S =
NNNNAUNATUN TR AU UVDISITONFHIUNAN Mmau"laiﬂmu UBANUNTA B3
I v o J ' 9 o A o X ' o ' =2 A
WUANUTUNUTTEHINANWUNVOITIH NUYNNITLQYUUY (260) NUN AIBDYNHNANIAY)
P ~ o 2 A A =
Tmmau"laimgﬂu UBANUNTA UIZTUNUHNANUDNINMTRAYAUUY A9 (101) (UDINNNANIAYD
= I a A J a v A =R o Y a
Tmmau"laimgﬂu oanunsea  \Wueasounsd f’ﬂiﬂi%!,‘Nsll’eNﬁﬂfﬂﬁlﬂ“]ﬁfﬂﬂ'ﬂﬂ‘mﬂﬂﬁﬁiﬂﬁzui‘ﬂ
2 o [ dy A a t%l Y v =2 Aa 9 Y] 9 =
‘ﬂ)’\‘lﬁﬂ'ﬂﬂ!gﬁ!ﬁﬂﬂﬁillﬂTiLﬁﬂﬁlﬂuﬂlﬂﬂﬂJuﬁ@ﬂﬂﬁ@Qﬂﬂﬁﬂ‘l&lmgmﬂﬁWﬁﬂﬂﬂiﬂi\‘lﬁiﬁ%’ﬂ“ﬁ@uﬂ

nagIcUIY

4.2.2 mydmnzrvyianiudiamatin FT-IR

a S J o 2 A a Y A
msaaszirylenduveswan@er  Tmdsulalasnu weanunia  Tasldiaseq
Y [ [ 4
BRUKER IFS 66V Tunisnaasewandiodeazgnuaiaznaunues Twmdideu Tuwes (KBr)

o v i X I 1 4 ] J o 4
udnilusamovugi It uuruiefnynmsganauuawwesnylandulae lduasniinau

9 H v
ALA 400 — 4000 cm’ HamsNaavaadld AN 33 Fawaasdnlnasumsganaused

a =X
aumlsusavoInNan



42

1.8 :

3321

1.6 H

1308

1.4

1420

682
491
324

1.2 4

1073

1.0 4

1565

0.8

Absorbance (%)

805

0.6

0.4

0.2 4

T T T T T T T T
4000 3000 2000 1000 0

Wavenumber (cm™)

d' [ A a = =)
NNN 33 szﬂ@]imngmauumauﬂnmmmwaﬂimmau”lahmu UBANUNIA

A A g

d' 1 [ = = IS
AINNINN 33 WUN ﬁlﬂﬂ@]ill”l]@\?Nﬁﬂicﬁlﬂﬂuqaiﬂﬁﬁ]u HRANUNTA UNANNINULUASH
= A P~ A 14 < ' o . < '
Nﬂ1§@ﬂﬂaullﬁﬂﬂlaﬂlﬂau 3321 cm L’]JUﬂTJﬁueU@QWll”ﬁﬂﬂGb'u O-H stretching !‘]J‘L!ﬂ'qm"ll'f]\i
119ANBEDs 1UNTANITNIIN fingaMiauAay 1565 1ag 1420 cm ' APARABINUMIANAULAY

] Jd v . ' 4 J A A A =2
YoIMYMaATY C-H bending Tungquaiiveuueansaminman luvuziiia 1308 1aaInany
7o { & ¢ a ' 1y
WanHu C-O stretching AIMITUlUNTAMINGD HazaznuN anlnasunisganauvouedaiii
1A A -1 < o ] J v . 1 Jd o 1
ARgN  1avAauw 1073 cm WUMIAUVOINYWINTY C-O stretching TunyTanduveengy
J J a A~ -1 1 A < = I
LOANDIDAVDINTAMITNIIN NWA 805 LA 491 cm TUFIWEINMNOUNY HI9190] U3

@ 1 [ [] 4 a I'4 a
AANAUVOINUTIZHIN TmRunungasueiialuluanavednsaminisn

= wAa b4
4.2.3 MIANANUANINANNIOU

a 4 V=) 9 = =) Y A
NITAATIEUTUUALBIANUIDUYDINGN Tcﬁmau"laiﬂmu woanunsa  lagldases

. =2 o FY a 4
Simultancous TG/DTA analyzer lagwanilsua 1.95 mg gmiwnlalumsiaszn lu



43

A = & A o ] A A
UssMAnLMg ladeuvewna luTasau NU8as 13 1¥a 20 aU.NY. AN DATIAT Y
ANMVU3U 10 DIATATEAADUIN 1B 30-500 DIFsATod AUNATUVDI TG LAAIAININD

v W 1 <3 1 = A Y 9 YR Aa =
34 MNAYNATUAINAIVLLAUIN wafm"1@?{11J1m14uﬂ3mﬁaul1ﬂmqmwgu 268 DNFLBALH YT

a

Ao o A 1 & A = = A = =~ = [
HASNTINUDNDYWNHUIAD Naﬂvl,ﬂJﬂJﬂﬁL‘lJaEJuLWﬁi]uﬂQQﬂ!‘ViﬂﬂJ 268 DIAULALKYT BIAUNUITHUY

u

@ @ J 9y

o I ) o a 1A F
malilszgnalddmsy  Saaruirumaasuuuludadu  mimeldveniluluana
) A = Y3 o o A ~ Yy o
Taseadwvesmananan uaasldmuasailnasuniszmnm 100 osuasaFod LoNINUUGY
1 = Aa YR = =R A~ = 9
wun lilimsuenadasauguugilnddsganaoumal  FwAnATANUEARTNIANNTOUIY
9 @ o /9 9 s Ay =2 A ' 9
mimnzdmsumaih hlsegndldmaames  Adosmsuanianunumuaenanuiougs 90
o 5 9y = = = Y < g
anJnasuves DSC agnulimsgannuioun 268 esmuwaidod  dwdasliruiniiuga
@ ' @ a < @
VAOUIMAIVOIHANAINGTY A INgUUN 268 osruwaiea 1HumsuenaaloaIvedls
( v 1A = 1 = 2 A %)
A0619  dznuNTIMsgdontalusi 268-500 esruraBed  FeldIuliznouvesnd
4 4 (9 = 1 <3 = A 9 [}
msvoulaoonlya wazunauenTuile  egnlsamumsanyguautianauioulusig

[

a ' o 1A o & Yy A = A a 9 o =R 9
BUNJUAINGAT @'mfNthLWfNW@ L!az%']Lﬂu@]f]\nlﬂ'ﬁﬁﬂy'llwuLﬂuﬁﬁlﬂ@ﬂﬂﬂ'ﬁuﬁlﬂﬁﬂqﬂicﬁiu

[

NHUSIRWICITU

110 T T T T T T T T T

100 II|IIIIIIIIIIIIIIIIIII|IIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|I|||I|II|IIIIIIlllllllﬂllllﬁ-i
{1
O

—0-9
T
N

|

1 O
90 \DW
] \ Y

(

80

70

Mass (%)

60

50

40

30

r T r T r r
0 100 200 300 400 500

Temperature

d‘ o a 9 = =)
MAUN 34 FUNATUITINNNTOUVDINAN Tcﬁmsmvlaimmu UBaANUNITA



44

4.2.4 MIANMIANTAMINES
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*P.N. Rrasad et al. Indian Journal Pure Applied Physics, 4 (1996) 639.
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Crystal growth, structural, thermal, optical, dielectric and
ferroelectric characterization of sodium hydrogen L-tartrate
single crystals
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Single crystals of sodium hydrogen L-tartarate (SHT) were grown by the slow
evaporation solution technique (SEST) from an aqueous solution of sodium
hydroxide and L-tartaric acid at 353 K. It could successfully grow a large high-
quality SHT single crystal. The 20 x 20 x 10 mm® crystal was grown under
controlled ambience for 40 days. The single crystal and powder XRD spectra
confirmed the formation of the SHT single crystal, while the FT-IR spectrum has
shown the presence of the sodium hydrogen L-tartrate within the grown crystal.
There is evident that SHT crystals have high thermal stability without any
decomposition and phase transition. Additionally, the SHT may be composed of
large electric dipoles, and hence, possess distinct physical properties, such as
dielectricity, for optical applications.

Keywords Single crystal; X-ray diffraction; Dielectric properties; Ferroelectric
properties
*Corresponding author: pmanyum@sut.ac.th

Introduction

Ferroelectric, which enables the electric switching of electric polarization, has
long been an interesting topic in materials science. With its anomaly in its electrical
properties, the Rochelle (potassium sodium tartrate tetrahydrate) salt has become
attractive to many researchers, and led to the discovery of ferroelectricity [1]. From the
first observation of the ferroelectric phenomena in the early twentieth century,
ferroelectric materials have been studied and developed for various applications, such
as capacitors and tunable capacitors. Some materials with this exceptional property
exhibit a great potential for state-of-the-art applications, including ferroelectric random-
access memories (FERAM), ferroelectric field-effect transistors and infrared detectors
[2, 3]. The ferroelectric layer is of importance to improve the effectiveness and
efficiency of such devices. However, the lack of variety in ferroelectric materials has
confined these materials to specific applications. Nonetheless, some materials with
ferroelectricity possess some distinct properties and show promising prospects for the
development of new optoelectronics devices. In the 1950s, the glycine molecule was
discover to exhibit room-temperature ferroelectricity in its salts with inorganic
counterions, such as tri-glycine sulphate [4]. Single-component organic compounds,
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for example, thiourea, have a rather low dielectric constant and show spontaneous
polarization [5]. In the KDP family, the simultaneous displacive deformation of
phosphate irons contributes mainly to spontaneous polarization alongside protonic
order-disorder phenomena [6]. The family of tartrate salts, such as ammonium lithium
tartrate monohydrate [7], N,N’-Diphenylguanidinium hydrogen (+)-L-tartrate
monohydrate [8] and in the present work sodium hydrogen L-tartrate (SHT) [9], have a
non-centrosymmetrical lattice structure. With this architecture, these salts can exhibit
not only the ferroelectric property, but also non-linear optical behavior. However, the
conditions to grow SHT single crystals, as well as its characteristics, have not been well
studied. In essence, there is no report on the ferroelectricity of the SHT single crystal.
The aims of this work are therefore to study the conditions to grow SHT single crystals,
and to investigate their physical properties, especially the ferroelectricity.

Experimental procedure

The mother solution was prepared by dissolving equimolar portions (1:1) of
sodium hydroxide and L-tartaric acid in DI water. After being completely dissolved,
the solution was then kept in a water bath to control the ambient temperature to
suppress any fluctuations during the growth process. With an accuracy of
approximately +0.1 K, a uniformly constant temperature was maintained. The solution
was left to evaporate some water to increase its concentration. The temperature was
then decreased gradually to make the solution super-saturated, and hence, stabilized at
about 353 K, within the ferroelectric phase. The slow evaporation made the SHT solute
precipitate from the mother solution in the single-crystalline form. With appropriate
conditions as well as the precise temperature control, the grown single crystal is large,
colorless and clear, as shown in Fig. 1.

Characterizations

SHT samples were prepared with similar prominent facets and identical
thicknesses. Since surface damage generally influences the physical properties of
crystalline samples, the defects from the cutting process were removed and minimized
by polishing the surface with very fine grits and a lubricant. All the results were
confirmed by repeating the characterization. The microstructure of the crystals was
identified using single crystal and powder X-ray diffraction spectroscopy. The
functional groups of the crystals were investigated by Fourier-transform infrared
spectroscope (FT-IR). The optical properties were investigated by UV-vis. The thermal
properties were studied by thermal gravimetric analysis. Dielectric measurement was
performed to investigate the dielectric constant and dielectric loss of the SHT crystal.
The Sawyer-Tower circuit was operated at 273 K to measure the ferroelectric hysteresis
of the crystals.

Single crystal and powder X-ray diffraction analysis

Unit cell parameters of the SHT single crystal were obtained using a BRUKER
X-ray diffractometer with CuK« radiation of wavelength 1.54184 A. A suitable crystal
was selected and placed on the diffractometer. The crystal was kept at 296.15 K during
data collection. Using Olex2 [10], the structure was solved with the ShelXS [11]
structure solution program using Direct Methods and refined with the Olex2.refine [12]
refinement package using Gauss-Newton minimization. It was observed that the SHT
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crystal belongs to the monoclinic system with space group P2;2;2;. The determined
lattice parameters a = 5.255(9) A, b=7.764(14) A, c=7.588(14) A, p = 101.34(4)° and
volume = 303.5(16) A®are in close agreement with the reported value [9]. The structure
of the SHT single crystal is shown in Fig. 2. The powder X-ray diffraction (PXRD)
patterns of the grown SHT single crystal were recorded over the range 10°— 70° by
employing a BRUKER Diffractometer with CuK« radiation at room temperature. As
shown in Fig. 3, the PXRD result reveals that the dominant plane in this SHT crystal is
a (1 01) plane, and some small peaks can also be observed in the spectrum. These very
sharp peaks may show that the SHT sample is a perfect single crystal; however, some
split peaks may reflect a few defects at the surface of the sample or inside the crystal.

FT-IR spectrum analysis

The FT-IR spectrum recorded for SHT confirms the presence of functional
groups in the grown crystal. A BRUKER IFS 66V FT-IR spectrometer was used to
detect the FT-IR transmission spectrum of the SHT crystal. In this work, the KBr pellet
technique was used from the visible light to the mid IR region (wavenumber 400 to
4000 cm™) with a resolution of 5 cm™. As show in Fig. 4, the strong peak at 3321 cm’
! reflects the O-H stretching mode of the alcohol groups in tartaric acid [13]. The strong
peaks at 1420 and 1308 cm™ correspond to the absorption peak of C-H bending in the
alkyl backbone carbon of the tartaric acid, while the peak at 1308 cm™ shows the C-O
stretching vibration in the acid functional group. The C-O stretching mode in the
alcohol functional group in tartaric acid is shown at 1073 cm™. The peaks at 805 and
491 cm™, in the range of visible light, may be the absorption peak of the bonding
between Na" ion and the carbonyl group in the tartaric acid molecule.

Thermal analysis

Thermal studies were carried out using a TA4000 differential thermal analyzer.
A powder sample weighting 1.95 mg was used for the analyses. The analyses were
carried out simultaneously in nitrogen at a heating rate of 10°C /min for a temperature
range of 30-500°C. The TGA spectrum is represented in Fig. 5. It is important to

mention the very good thermal stability of the materials up to 268°C. Another
important observation is that there is no phase transition until the material melts and
this enhances the temperature range for the utility of the crystal for any applications.
The absence of water of crystallization in the molecular structure is indicated by the

absence of a weight loss around 100°C . Further, there is no decomposition up to the
melting point [14]. This ensures the suitability of the materials for possible application
in lasers, where the crystals are required to withstand high temperatures. The

endothermic peak in the DSC curve at 268°C represents the melting point of the
sample. After 268°C, there is decomposition, illustrated by the loss of mass in the

temperature range 268-350°C where gaseous fragments like carbon dioxide and
ammonia might be liberated. The study of the material beyond this range is not of great
significance for practical applications.
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Dielectric constant and loss studies

To characterize the dielectricity of the SHT, the grown crystal was cut and
polished with very fine grits and a lubricant. The specimen was prepared in a square
shape with 1 mm thickness. A Hewlett Packard 4194 A Impedance/Gain phase
analyzer was used to measure the dielectric constant in the ambient temperature over
the frequency range of 100 Hz-1.5 MHz. The SHT specimen was then coated with
silver paste on both sides. The dielectric constant was calculated by using the relation

ar=C—d. Where ¢, is the permittivity of the free space, C is the capacitance, d is the

€A

thickness of the sample and A is the area of the cross section. The dielectric constant of
the SHT single crystals is a function of frequency as shown in Fig. 6. The maximum
dielectric constant of the grown SHT crystal is about 51 at 100 Hz. When the frequency
is increased, the dielectric permittivity decreases significantly. Fig. 7 shows that the
behavior of dielectric loss in the low frequency region depends on many causes that can
be controlled, such as defects, temperature rate and size of the crystal. At a lower
frequency, the dielectric loss has a high value of 100 at 100 Hz and it decreases to 0.4
at 1.5 MHz in the case of a higher frequency. The characteristic low dielectric loss for a
grown SHT crystal suggests that the crystal possesses enhanced optical quality with
fewer defects [15] and these parameters are significant for the fabrication of IR
detectors.

UV-Vis absorbance

Optical absorption spectra were recorded using a Shimadzu (Model 1601)
spectrophotometer. In this work, the optical absorbance was examined from the UV
throughout the visible light region (200 - 800 nm). The UV-Vis spectrum of the SHT is
depicted in Fig. 8. With the limitation of the spectrophotometer, the sample crystal was
dissolved in DI water and then characterized as a solution. The result shows that the
UV cut off of the grown SHT is approximately 250 nm. Therefore, the SHT crystal is
transparent for visible and shallow UV wavelengths. This may be because the presence
of sodium ions in the crystal leads to the strong absorption in the ultraviolet.
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Ferroelectric P-E hysteresis loop measurements

The ferroelectricity of the grown SHT crystal was investigated from the P-E
plot using a standard computer controlled Sawyer-Tower P-E hysteresis analyzer. A
sample of size 10x10x1 mm?® was prepared from the single crystal SHT. Conducting
silver layers were coated onto both sides of the sample. The result in Fig. 9 shows the
hysteresis loops of the polarization in the SHT crystal. Saturation polarization can be
observed at about 2.5 kV/cm. The remnant polarization at E = 0 V/cm was

approximately 1.9 («C cm™), and it can confirm the ferroelectricity of the grown SHT.

The hysteresis loops shifted to be higher when the electric field was varied periodically.
This may reveal that the net charge was accumulated in each cycle of the electric field
[8]. This is probably because the sodium ions in the lattice, in practice, can exhibit
migration under a high electric field. After some sodium ions had moved along the
electric field in the first half cycle, they could move back to the same place in the
second half cycle. When the electric field varied for one cycle, the sodium ions had a
net moving distance, and thus led to the shift of the hysteresis loop. Nevertheless,
some further studies are required to confirm the accumulation of sodium ions in the
SHT crystal. With the sodium accumulation, sodium hydrogen tartrate may be a
potential material for non-volatile memory.

Conclusions

Sodium hydrogen tartrate single crystals have been grown in aqueous solution
successfully. With the slow evaporation growth technique, a large grown crystal with
the dimensions 20 x 20 x 10 mm?® was obtained in 40 days at the controlled ambient
temperature of about 253 K. The characterization results confirm that the sample was a
single crystal with one dominant (1 0 1) plane. Additionally, the results also reveal that
the grown SHT has ferroelectricity with a migration effect under the high electric field.
However, further studies are needed to confirm this distinctive property. Organic
ferroelectric substances and their dielectric properties are listed in Table 1 and
compared with some inorganic ferroelectric compounds. In addition, these grown
crystals are transparent in visible and shallow UV light with a UV cut off of about 250
nm.
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Table 1 Comparison of properties of some ferroelectric materials.

Material Transition Dielectric Ps E. Reference
temperature (K) | constant at room | (,C cm?); | (kV cm™)
temperature temperature
Rochelle salt 297 - 0.25; 276K 0.2 1
TGS 323 45 3.8; 220K 0.9 4
Thiourea 169 30 3.2; 120K 0.2 5
(KDP) 123 30 5.0 0.1 6
ALT 106 140 - - 7
DPT - 5.3 6.5; 273 0.5 8
SHT - 52 1.9; 273 25 Present
work

Ps, spontaneous polarization; E., coercive field; TGS, Triglycine sulphate; KDP, Potassium
dihydrogen phosphate; ALT, Ammonium lithium tartrate monohydrate; DPT,
Diphenylguanidinium hydrogen (+)-L-tartrate monohydrate; SHT, Sodium hydrogen L-

tartrate
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Figure captions

Fig. 1 Sodium hydrogen L-tartrate crystal.

H7a

3 Hb

Fig. 2 Molecular structure of SHT crystals.
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