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1. Introduction

Development of novel molecular and crystal design technique for assembling the material is a

nifty concern. In particular, organic material provides many structure and bonding schemes for

the molecular engineering of new materials. In recent years organic crystals are rated high as

compared to inorganic in view of their large electro-optic, coefficients with low frequency

dispersion, low cost, fast and large nonlinear response over a broad frequency range, inherent

synthetic flexibility and intrinsic tailorability [1-2].  M4CDP is an intriguing one, since among its

simple salts one finds the existence of noncentrosymmetric structures. In the present investigation

we have synthesized, grown and characterized M4CDP single crystals for the first time by

slow evaporation technique. In the present investigation, we report the growth of M4CDP

single crystal by XRD, FTIR, 1H and 13C NMR, mass study, melting point measurements and

microhardness studies.

2. Synthesis, Growth and Single Crystal XRD

Cold absolute methanol was added to 2,3 di hydroxyl 1,4- butdioic acid. The acid was dissolved

by heating the mixture on a hot plate with stirring maintained at a temperature of 85°C. The

solution was cooled to 25°C and morpholine was added drop wise. The product M4CDP

was precipitated out of the solution immediately as a white tiny seed crystals by spontaneous

nucleation. Optical defect free single crystal of dimensions 8x8x3x mm3 was harvested in a

period of a week. The photograph of as grown crystals of M4CDP was shown in Figure 1.
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Figure 2. FTIR Spectrum of M4CDP Single Crystal

4. NMR Studies

NMR spectroscopy is widely used not only in the structural determination of synthesized

compound but also its analytical purity. The 1H and 13C NMR spectra of M4CDP sample was

recorded using a JEOL: GSX 500 instrument in H
2
O solvent with tetramethylsilane (TMS) as

an internal standard. Figures 3a and 3b represent 1H and 13C NMR spectra respectively. 1H

NMR spectrum show a triplet at 3.08 ppm which corresponds to the protons present in the
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ortho to the ammonium salt. Similarly the appearance of triplet at 3.75 ppm confirms the

presence of protons in the meta position to the ammonium group and ortho to the oxygen ring.

Similar pattern was observed in the synthesized compound containing morpholine salt tartaric

acid moiety. Appearance of triplet and doublet at 6.32 and 6.74 ppm are attributed to

the –CH and C–OH protons respectively in the tartaric acid moiety. 13C NMR spectrum of

the synthesized compound shows peaks at 42.1, 63.2, 107, 109, 138, 158, 177 ppm. The

peaks at 42.1 and 63.2 ppm correspond to the presence of two different carbons in the

morpholine moiety. Similarly the other peaks obtained in the range 107 – 177 ppm are due to

the carbons of tartaric acid moiety.

Figure 3a. 1H NMR Spectrum of M4CDP Single Crystal

Figure 3b. 13C NMR Spectrum of M4CDP Single Crystal
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5. Mass Spectrum Analysis

The mass spectrum of M4CDP was recorded using JEOL GCmate spectrometer. The value

of M/z at which the molecular ion (M+) appears on the mass spectrum, assuming that the ion

has only one electron missing, gives the molecular weight of the original molecule. The EI mass

spectrum of the compound shows M/z at 235 corresponding to M+- Z ion which confirms the

molecular weight of M4CDP. Additionally the spectrum also shows a peak at M/z 203 which

corresponds to the M+- Z [3] which is attributed to molecular ion minus two hydroxyl groups.

The mass spectrum of M4CDP is shown in Figure 4.

Figure 4. Mass Spectrum of M4CDP Single Crystal

6. SHG Study

The study of non linear optical conversion efficiency was carried out using the modified

experimental setup of Kurtz and Perry [4]. A Q-switched Nd:YAG laser beam of wavelength

1064 nm, with an input power of 2.8 mJ and a pulse of width 8 ns with a repetition rate of 10

Hz was used. The grown single crystal of M4CDP was powdered with a uniform particle size

and then packed in a micro capillary tube of uniform bore and exposed to laser radiation. The

output from the sample was monochromated to collect the intensity of 532 nm component

and to eliminate the fundamental frequency. Second harmonic radiation generated randomly

oriented micro crystals were focused by a lens and detected by a photo amplifier tube. The

generation of second harmonics was confirmed by the emission of green light. A KDP sample

was used as the reference material, and the output power intensity of M4CDP was observed.

A second harmonic signal of 165 mV was obtained from M4CDP with reference to 78 mV of

KDP. Thus, the SHG efficiency of M4CDP is roughly 2 times that of KDP.
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7. Melting Point Measurement

The melting point of the grown M4CDP crystal was determined using a melting point apparatus

(Model: TEMPO PT S100-230V). The microcapillary tube containing the powder sample

was inserted into the melting point apparatus with a thermometer nearby. The temperature

was gradually increased and the powder of the M4CDP started to melt into a transparent

solution. The corresponding temperature was measured indicating the melting point 104.5°C

of M4CDP. The error in the measurement was ±2°C.

8. Microhardness Studies

Vicker’s microhardness measurements were carried out on M4CDP crystal. The indentations

were made using a Vickers pyramidal indentor for various loads from 10 g to 60 g. The

diagonals of the impressions were measured using Vickers Microhardness Tester fitted with a

diamond pyramid indenter. Vickers microhardness number was evaluated from the relation,

H  =                          kg/mm21.854 P

d2
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Figure 5a. Variation of Vickers Hardness Number with Applied Load for

M4CDP Single Crystal

Figure 5b. Plot of log P against log d for M4CDP Single Crystal

Conclusions

The organic material M4CDP was synthesized and good optical quality single crystals were

grown by slow evaporation solution growth method at room temperature. Single crystal

XRD study establishes the noncentrosymmetric which is the root cause for the NLO activity in
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this organic material. The presence of various functional groups stands confirmed from FTIR,
1H and 13C NMR spectra. From the mass spectral study the molecular weight of the sample

was determined. The second harmonic generation property of the grown crystal was tested

and found to be efficient compound to KDP crystal. The microhardness studies established

that the M4CDP crystal is a hard material.
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