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Physicochemical, electrical and optical studies of
methyl-3-(2-furylmethylidene) carbazate single crystal
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Abstract. The current study provides an insight intothe physicochemical properties of an organic single
crystal methyl-3-(2-furylmethylidene) carbazate, which was grown by employing the slow evapation solu-
tion growth technique and its results were correlatedfor application point of view. The grown crystal was
confirmed by performing single-crystal X-ray diffraction studies and Fourier transform infrared analysis.
The optical, thermal, dielectric and mechanical properies of the grown single crystal were primarily investi-
gated. Etching study was performed to analyse the &ects and growth mechanism. Kurtz—Perry powder tech-
nique was used to study the second harmonic generati@fficiency of the crystal and the crystal was found to
exhibit Type-I phase matching.
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1. Introduction attempted to study the physico-chemical, electrical and
optical properties of the compound methyl-3-(2-
Nonlinear optical (NLO) organic crystals have proved téurylmethylidene) carbazate (MFMC), which is an organic
be the most interesting candidates for many technologicadmpound with the molecular formula;igN,Os. The
applications, such as second harmonic generation (SH@symmetric unit of the molecule contains two polar
frequency mixing, electro-optic modulation, opticalmolecules and the molecules are linked into chains by the
parametric oscillation, optical bistability and hybridway of alternating N-HO and N-H-:N (or) N-H--O
photonic integrated circuitd? Furthermore, organic hydrogen bond linkagesLi® has already reported the
NLO materials are well suited for high-speed and highstructural studies of the title compound.
capacity optical communication networks such as signal
regeneration, time division demultiplexing, logic gating
S 4 . AT . 2.
switching, etc* Exceptionally large intrinsic optical
nonlinearities have itiated the research interest towards . . .
N . As organic crystals have low melting temperatures with
organic single crystals. It is well demonstrated that thﬁz

2 . o L . ) .Nigh vapour pressures and are soluble in numerous or-
intrinsic nonlinearities are exhibited with higher magni-_ = . .

i A . o ganic solvents, both solution and gas phase methods can
tude in organic single crystals than inorganic dielectri

and semiconductor crystalsNLO effects of organic e used for crystal growthMFMC was synthesized by

molecular crystals depend mainly on the polarizability ofpllowmg the procedure given by Ei.The chemical

: . 4 S reaction scheme is shown in scheme 1.
the electrons in the-bonding orbitals, which is in con- : ;
. . . . . . Methyl carbazate (Sigma Aldrich) and furfuraldehyde
trast to inorganic materials where lattice vibrations play a

. . -2 were taken in 0.1 mol and refluxed with 20 ml of ethanol
dominant role. The fast growing development of optlca*l

fibre communication system hatso stimulated the search or 4 h to get the title compound. The obtained compound

; . was recrystallized using ethanol as solvent at room
for new NLO materials that are capable of performin .
S . . X mperature and the supersaturated solution was kept for
fast and efficient processing of optical sighal.

In order to deepen our understanding of the fundamenﬁ’!l?w evaporation. A small single crystal was chosen as

. . ) . . - Sseed crystal and it was allowed to grow in a supersatu-
material properties and dee physics of organic materi- : .
N ; : rated solution of MFMC. A light brown coloured trans-
als, more attention is to be given to the studies of the

physical properties of organic single crystaldence we p{:\rent MFMC single crystal of size 1s&.5x 0'.4 et
(figure 1a) was harvested from the mother solution after a

period of 15 days. The morphology of MFMC single

*Author for correspondence (krgkrishnan@annauniv.edu, crystal was predicted using WinXMorph software version
krgkrishnan@yahoo.com) 1.24!8which is shown in figure 1b.
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Scheme 1. Synthesis of methyl-3-(2-furylathylidene) carbazate compound.
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Figure 1. (a) As-grown MFMC single crystal from seed anl) (predicted morphology of MFMC
single crystal.

2.1 Characterization studies fundamental beam and measured with a suitable detection
system (usually consisting of a PMT, lock in amplifier).
The single-crystal X-ray diffraction (XRD) analysis ofUrea or KDP is used for calibrating the SHG intensity.
the title compound was carried out using Bruker NoniuShe precision of SHG intensity is typicaltyl0-15%°
X-ray diffractometer, which employs monochromated
MoKa (4~ 0.71 A) radiation. The Fourier transform3 Results and discussion
infrared (FTIR) analysis was carried out using Bruker’
Alpha FTIR spectrometer in the wavenumber range 400~ : .
4000 cm'. The UV-visible—diffused reflectance spec%'1 Single-crystal XRD analysis
trum of the_tltle compound was rgcorded using ShlmadzI'“he obtained single-crystal XRD data were compared
2450 UV-vis spectrophotometer in the wavelength range LI
. . ith those existing in literatufeand the data are pre-

200-800 nm. The TG—-DSC analysis of the title compound . . .

. . ; . sented in table 1. It is found that the MFMC crystallizes
with the initial sample weight of 6.7380 mg was carrlet?n monoclinic svstem with space aroup C2
out between 25 and 500 in nitrogen atmosphere using y P group %<.
SDT-Q600 Simultaneous TGA/DSC instrument. The con-
ventional melting point apparatus VEEGO MODEL 3.2 FTIR spectral analysis
VMP-PM was also used to check the melting point of the

material. The dielectric measurement of the title COMrpe FTIR studies were performed to investigate the pres-
pound was done using HIOKI 3532-50 LCR Hitester with,nce of functional groups and their vibrational modes and
the electrode diameter 0.014515 m. The microhardnegg, recorded spectrum as shown in figure 2. The spectrum

study of the M.FMC cr)_/stal was carried out ”_SinQ:onfirms the formation of gN,O; and its group
MATSUZAWA Vickers Microhardness Tester. Opt'calfrequencies and the corresponding assignments are

microscope in the reflection mode of magnification of)resented in table ¥:11

about 40&@ was used to carry out etching studies. In the

Kurtz—Perry technique, the frequency-doubled, Q-switched

Nd: YAG (Spectra-Physics, INDI 40) laser beam, deliv3.3 Ultra violet—visible—diffused reflectance

ering 6 ns laser pulses at 1064 nm at a repetition rate sgfectroscopy (UV—-vis—DRS) analysis

10 Hz (typically Nd YAG beam at 1064 nm) is directed

onto powdered samples. The emitted light is collectethe UV-vis—DRS spectrum is shown in figure 3 along
using a parabolic mirror, filtered to remove thewith the absorbance plot in the inset graph. The maximum
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Table 1. Comparison of single-crystal XRD data.

Crystal parameters Present work Reported values [5]
Crystal system, space group Monoclinic, C2 Monoclinic, C2
a(A) 14.74 (9) 14.668 (5)
b (A) 7.73 (4) 7.7356 (15)
c(A) 14.93 (9) 14.720 (3)
a (deg) 90 90
5 (deg) 105.30 (4) 104.11 (4)
v (deg) 90 90
Volume (A% 1640(15) 1619.87)
100+
98 -
—~ 96+
2 . =
g 9 g g
@ | £ g
£ 2 2
§ 9% = $
= ]
88-
86-
84 T

4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Temperature (°C)

Figure 4. TG-DSC curves of MFMC crystal.

Figure 2. FTIR spectrum of ¢HgNOs. Table 2. Assignments of group frequencies.

G Wavenumber (ci) Assignment
1 3213 N—Hstretching
0.4 3056 C—Hstretching
(o 1 1707 C=0 normal stretching
o 0.3 1628 C=Nstretching
3 1 1476, 1435 Heterocyclic ring stretching region
E 0.2 - 1390 CH symmetrical deformation
s | 1253 N=C-Hscissoring
2 014 1137 C—Hin-planebending
| 1048 C—N stretching, C—O-C stretching
0.0 797, 749 C—H out of plane bending
' 724 N-Hwagging

200 300 400 500 600 700 800

Wavelength () only one weight loss. The DSC trace of MFMC shows an
Figure 3. Optical absorption spectrum of MFMC crystal. endothermic peak at 136;31, Whi(?h .Ca.n be attributed to

the melting of the material and it is in good agreement

absorption peak at 288 nm (near-UV region) arising fror_With thfe melting point determined by conven_tional melt-
n to n* transition of C=N chromophore present in thdNd POint apparatus. The exothermic peak indicates the
compound? and the UV cutoff wavelength is found to bgmaterial decomposition at 24741 There is no phase
315 nm. The bandgap value was found to be 3.9 eV usiﬁPange till the melting, which is suggestive of the purity
the relationE =hd/A. The crystal is transparent in the® the title compound and the absence of lattice water
visible and infrared regions. molecules.

i 3.5 Dielectric studies
3.4 Thermal analysis

A sample of size 8.08 4.02x 4.08 mniwas used for the
The recorded TG-DSC curve of MFMC is shown indielectric studies. The dielectric constant and the dielec-
figure 4. From the TG curve, it is observed that there isic loss of MFMC crystal were studied in the frequency
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range from 50 Hz to 5 MHz at two different temperaturesoss at higher frequency reveals the good homogeneity of
The variation of dielectric constant with frequency at 5éhe grown crystat® The low dielectric constant and
and 100C is shown in figure 5a. The dielectric constantlielectric loss at higher frequency enable the compound
of the material is high at lower frequency, which may basage as electrical insulator and its applicability in sen-
due to the presence of all types of polarization mechaers like strain gaug€.The conductivity of the material
nism that depends on frequency and is also decreasiaglotted against the frequency at two different tempera-
while increasing the frequency and reaches constant valuges and is shown in figure 5¢. The conductivity of the
and becomes independent of the applied frequehtiesnaterial starts at higher fjaency and increases at higher
This can be associated with the inability of dipoles to rotatemperature, which are attributed to the increase in drift
rapidly leading to a lag between frequency of oscillatingnobility of thermally activated electric charge carriers
dipole and that of applied fiefd.The low dielectric con- according to small polaron hopping mechantm.
stant values at MHz regions are inferred from the inset
graph of figure 5a. The low dielectric constant allows a . ]
large operating bandwidth modulation1® GHz) by giv- 3-6 Microhardness studies
ing low RC time and further eliminating the need for pol-
ing while maintaining its refractive indéx!® As the Mechanical strength of the MFMC crystal was evaluated
dielectric constant at low fggiency region is nearly equal using the indentation technique. Loads ranging from 1 to
to the optical frequencies, it can be utilized in the mini25 g were applied on the (100) face of the crystal with 5 s
mization of the phase mismatch between electrical amd indentation time. The hiness value of MFMC was
optical pulses in high-speed travelling wave devi€es.  found to be 13.6, 18.9 and 19.8 kg Mmespectively, for
The variation of dielectric loss with log frequency isl, 3 and 5 g of applied loads. Cracks started to appear on
shown in figure 5b and the inset graph represents thee crystal at the load of about 10 g and cracked com-
dielectric loss plot at MHz region. The higher dielectripletely at 25 g of applied load. The variation of hardness
loss of the material at lower frequency indicates the pregalue {,) with the applied indentation loaf)(was plotted
ence of space-charge polaripati and the lower dielectric as shown in figure 6a.
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Figure 5. (a) Plot of dielectric constanis. frequency (inset shows the dielectric constant value at
MHz frequency), I¢) plot of dielectric losws. frequency (inset shows the dielectric loss value at MHz
frequency) andd) plot of conductivityvs. frequency.
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Figure 6. (a) Plot of hardness values. applied load, if) plot between log@ and logd and(c) micro-
graph of indentation imprint.

The work hardening co-efficient) of the material is the hardness value are presented in table 3. Stiffness
found to be 2.8 from the plot of I&yvs.logd (figure 6b) constant and the yield strength values increase with the
using Meyer's relatior® =a - d", whereP is the applied increase of hardness value. Low values of yield strength
load,a the resistance of the material to initial penetratiorgrove the low mechanical strength of the title compound.

n Meyer's index and the diameter of the indent&r?°
As the value ofn > 2, the material comes under soft
material category.

The micrograph of the indentation on the crystal su

3.7 Etching studies

face (figure 6¢) was analysesing optical microscope at The (100) face of the MFMC crystal is etched using etha-
9 y gop b nol as etchant. Figure 7a shows the surface of the crystal

a magnification about 460in the reflection mode. Radial before etching. It can be seen that the rectangular etch

cracks starting from the corners of the indentation im-. . o
prints reveal the brittle nate of the crystal. Radial pits appeared after etching for 5 s, as shown in figure 7b.

cracks formed as a result of residual tensile stresses gigure 7c reveals the rectangular terraced etch pits when

. . hed for 15 s and the terraced etch pit grows further,
developed during unloading and the cracks were arresteﬁ. . : . .
. . . ; ile the etching time was increased for 30 s (figure 7d).
when the stress intensity near the indenter tip equals the. -
. o t7is clear that the grown crystal exhibits rectangular
material toughness. Rosette-type deformation is observe .
’ S . erraced etch pit%.
near the indentation imprint regiéh.
The first-order stiffness constant can be calculated
using Wooster's empirical relation, which is given a8.8 SHG efficiency
Cu: =Hy"*?and the yield strength of the compound can
be calculated using the relatios, = [Hv/3](0.1"~?2* The SHG efficiency of the title compound is screened
wheregy is the yield strengthly the hardness of the com-using the Kurtz—Perry powder techniqu&he powdered
pound andn the work hardening coefficient. The valuesMFMC, the reference KDP and urea samples were sieved
of stiffness constant and yield strength corresponding tath particle size ranging between 45 and 120 The
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Figure 7.
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(a) Before etching,kf) etched surface after 5 §) @fter 15 s andd) after 30 s.

Table 3. Calculated stiffness cot@t and yield strength for efficiency of the title compound is found to be 0.8 and
the hardness value.

Hardness value,

Stiffness constant,

Yield strength,

Hy (kg mn?) Ci1x 10" Pa oy (MPa)
13.6 0.96 0.72
18.9 1.71 0.99
19.8 1.85 1.04
60
—s— MFMC
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Figure 8. Plot of SHG intensity variation on different particle

sizes.

Particle size (um)

0.5 times as that of the powdered KDP and urea, respec-
tively. From figure 8, it is obvious that the SHG effi-
ciency of the compound increases with the increasing
particle sizes, which coinfns Type-I Phase matchirfg.

4. Conclusions

An organicMFMC single crystal was grown by using the
slow evaporation solution growth technique. Single-
crystal XRD analysis deduced the lattice parameter and
confirmed that MFMC crystallizes in monoclinic system.
The presence of the functional groups was identified
using FTIR spectroscopy analysis. From the UV-DRS
studies, the optical absorption of the material was found
to be in UV region and was transparent throughout the
visible region, and hence makes the crystal suitable for
NLO applications in the visible region. The optical band-
gap energy value was calculated. The suitability of the
grown crystal for optical applications well below its melt-
ing point (136C) was observed from the TG-DSC trace.
The homogeneity and conductivity of the crystal were
inferred from the dielectric stlies. From the mechanical
hardness of the crystal, it was found that the crystal
comes under soft material category and brittle in nature

SHG intensity of the main sample along with the referwith low mechanical stabilityEtching studies revealed
ence KDP and urea samples are plotted against partigdetangular terraced etch pits of the grown crystal. The
sizes. At the particle size of about 12®, the SHG SHG intensity of the compound was measured and
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compared with the standard KDP and urea. It was al$6.
confirmed that the compound comes under Type-I phase

matching.
g 11.
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