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a  b  s  t  r  a  c  t

Single  crystals  of  �-glycine,  an  organic  nonlinear  optical  material  have  been  synthesized  in the  presence
of  potassium  fluoride  (KF)  by  slow  evaporation  technique  at  ambient  temperature.  The size of  the  grown
crystal  is up  to the dimension  of 12 mm  × 10 mm  × 8 mm.  The  �-phase  was  confirmed  by single  crystal
eywords:
onlinear optical materials
rystal growth from solution
-ray diffraction
hermal properties

X-ray  diffraction,  powder  XRD  and  the  FTIR  analysis.  Optical  absorption  spectrum  reveals  that  the  grown
crystal has  good  optical  transparency  in  the entire  visible  region  with  an  energy  band  gap of  5.09  eV, which
is an  essential  requirement  for  a nonlinear  optical  crystal.  Thermal  stability  of  the grown  �-glycine  crystal
was determined  using  the  thermo  gravimetric  and  differential  thermal  analyses.  The  NLO  activity  of  �-
glycine was  confirmed  by the  Kurtz  powder  technique  using  Nd:YAG  laser  and  the grown  crystal  exhibits
high  relative  conversion  efficiency  when  compared  to  potassium  dihydrogen  phosphate  (KDP).
. Introduction

Nonlinear optics (NLO) is at the vanguard of current research,
ecause of its importance in providing the key functions of fre-
uency shifting, optical modulation, optical switching, optical logic,
nd optical memory for the emerging techniques in areas such
s telecommunications, signal processing and optical interconnec-
ions [1,2]. Organic crystals have been shown to have potential
pplications in nonlinear optics. The second order nonlinear optical
aterials, a lot of organic compounds with polarized � conjugation

ystems have been found to have potential to exceed inorganic
ompounds. The organic nonlinear optical materials have good
onlinear optical susceptibilities but low laser damage threshold
alue in comparison with inorganic counterparts. Therefore, in
rder to satisfy the day to day technological requirements, new
onlinear optical materials are mandatory [3,4].

A variety of amino acids like glycine, alanine, arginine, and
istidine have been employed to grow crystals with fairly large

HG coefficient [5–8]. Glycine is the basic of all amino acids and
t is found to exist in three polymeric crystalline forms namely
-, �- and �-forms at ambient environment. Recently, three addi-

∗ Corresponding author. Tel.: +91 94402 81769.
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tional polymorphic forms of �-, �- and �1-forms, have been
reported under high pressure conditions [9–11].  The �-form of
glycine crystallizes in the monoclinic system with centrosymmet-
ric space group P21/m,  hence it does not exhibit second harmonic
generation, whereas �-form crystallizes in noncentrosymmetric
crystal structure but it is unstable and the �-form crystallizes in
the trigonal–hexagonal system with non-centrosymmetric space
group of P31 structure. This makes �-glycine a suitable candidate
for piezoelectric, electro optic and non-linear optical applications
[12–14]. The zwitterionic form of glycine molecule is capable of
forming compounds with anionic, cationic and neutral chemical
compounds. Thus, the investigation in the suitable environment
in which glycine crystallizes into �-form gains importance. In this
paper, a report is presented for the effect of potassium fluoride
on the growth of �-glycine for the first time, since some of the
physical properties of the reported �-glycine crystals are enhanced
by this solvent. The characterization studies such as single crystal
XRD, powder X-ray diffraction, Fourier transform infrared (FTIR),
UV–vis–NIR spectroscopic analysis, thermogravimetric and differ-
ential thermal analysis (TG/DTA) have been carried out.
2. Crystal growth

Single crystals of �-glycine were grown from a saturated aque-
ous solution containing AR grade �-glycine (Merck) and potassium

dx.doi.org/10.1016/j.saa.2011.04.031
http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa
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Table 1
Crystal data and structure refinement for the �-glycine crystal grown from KF.

Empirical formula C2H5NO2

Formula weight 75.07
Temperature 293(2) K
Wavelength 0.71073 Å
Crystal system Hexagonal
Space group P31

Unit cell dimensions a = 7.0397(5) Å  ̨ = 90◦

b = 7.0397(5) Å  ̌ = 90◦

c = 5.4922(4) Å � = 120◦

Volume 235.71(3) Å3

Z 3
Density (calculated) 1.587 mg/m3

Absorption coefficient 0.141 mm−1

F(0 0 0) 120
Crystal size 0.42 mm × 0.32 mm × 0.28 mm
Theta range for data collection 3.34–26.31◦

Index ranges −4 ≤ h ≤ 8, −8 ≤ k ≤ 7, −6 ≤ l ≤ 3
Reflections collected 523
Independent reflections 411 [R(int) = 0.0117]
Completeness to theta = 26.31◦ 99.7%
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.9616 and 0.9432
Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 411/1/59
Goodness-of-fit on F2 1.068
Final R indices [I > 2sigma(I)] R1 = 0.0300, wR2 = 0.0766
R indices (all data) R1 = 0.0307, wR2 = 0.0780
Absolute structure parameter −1(2)

3.2. Powder X-ray diffraction analysis

The purified samples of the grown crystals have been crushed
to
Fig. 1. The grown �-glycine crystal.

uoride (Merck) in 5:1 ratio respectively. The calculated amount of
hese materials was dissolved in doubly deionised water of resis-
ivity 18.2 M� cm−1 at room temperature. The super saturated
olution was filtered by Whatman filter paper of pore size 11 �m
nd allowed to evaporate slowly at ambient temperature. Trans-
arent good optical single crystals of �-glycine were harvested in

 growth period of 35 days. The grown single crystals of �-glycine
re shown in Fig. 1.

. Results and discussion

.1. Single crystal X-ray diffraction analysis

Single crystal X-ray diffraction study was carried out to reveal
he crystal structure and for confirming the grown crystal as a
ingle crystal using ENRAF-NONIUS MACH3 diffractometer with
o K� radiation in the wavelength 0.71073 Å. The structure was

olved by direct method and refined by the full matrix least square
echnique using SHELXL-97 program and is given in Table 1. The

tom numbering scheme for the grown crystal is shown in Fig. 2.
he crystal structure data confirms that the glycine molecule
xists in the zwitterions form. Selected bond lengths and angles for
itled compound are listed in Table 2. The various hydrogen bond

Fig. 2. Atom numbering scheme for the �-glycine crystal grown from KF.
Extinction coefficient 1.20(9)
Largest diff. peak and hole 0.150 and −0.164 e Å−3

parameters are summarized in Table 3. It is confirmed from this
study that �-glycine crystallizes in hexagonal structure with
space group P31. The determined unit cell parameters are in good
agreement with the reported values [15,16]. Further, it is evident
that the potassium fluoride is not incorporated into the lattice of
the grown crystal, but its presence in the aqueous solution yielded
the �-glycine [17].
 a uniform fine powder and subjected to SEIFERT 3003 TT pow-

Table 2
Bond lengths [Å] and angles [◦] for the �-glycine crystal grown from KF.

C(1)–N(1) 1.471(3)
C(1)–C(2) 1.526(3)
C(1)–H(1D) 0.9700
C(1)–H(1E) 0.9700
C(2)–O(1) 1.244(3)
C(2)–O(2) 1.258(2)
N(1)–H(1A) 1.00(3)
N(1)–H(1B) 0.90(4)
N(1)–H(1C) 0.92(3)
N(1)–C(1)–C(2) 111.83(19)
N(1)–C(1)–H(1D) 109.2
C(2)–C(1)–H(1D) 109.2
N(1)–C(1)–H(1E) 109.2
C(2)–C(1)–H(1E) 109.2
H(1D)–C(1)–H(1E) 107.9
O(1)–C(2)–O(2) 125.7(2)
O(1)–C(2)–C(1) 116.84(17)
O(2)–C(2)–C(1) 117.46(18)
C(1)–N(1)–H(1A) 106.0(15)
C(1)–N(1)–H(1B) 109.5(15)
H(1A)–N(1)–H(1B) 109(2)
C(1)–N(1)–H(1C) 113.6(19)
H(1A)–N(1)–H(1C) 109(2)
H(1B)–N(1)–H(1C) 110(3)

Symmetry transformations used to generate equivalent atoms.
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Table  3
Hydrogen coordinates (×104) and isotropic displacement parameters (Å2 × 103) for
the �-glycine crystal grown from KF.

x y z U(eq)

H(1D) 9264 4731 3262 32
H(1E) 11 726 5334 3451 32
H(1A) 8150(50) 1080(40) 3050(50) 32(7)
H(1B) 9770(50) 2380(40) 960(70) 29(7)
H(1C) 10 590(50) 1610(50) 3030(60) 41(9)
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Table 4
Frequencies of the fundamental vibrations of the �-glycine crystal.

Frequency in wavenumber (cm−1)

�-Glycine �-Glycine Assignment of vibrations

504 504 –COO− rock
607 608 –COO− wag
694 686 –COO− bend
893 890 CCN symmetric stretch
910  929 CH2 rock

1033 1043 CCN asymmetric stretch
1133 1127 NH3

+ rock
1333 1335 CH2 twist
1413 1391 COO− symmetric stretch
1445 1436 CH2 bend
1507 1497 NH3

+

1605 1596 Strong asymmetric CO2 stretching
2122 2170 Combinational bond
2614 2602 NH3

+ stretching
3175 3107 NH3

+ stretching
Fig. 3. Powder XRD pattern.

er X-ray diffractometer with Cu K� (� = 1.540598 Å) radiation for
tructural analysis of the crystal. The sample was scanned over the
ange 10–60◦ at the rate of 2◦/min. The indexed diffraction pattern
s shown in Fig. 3. The observed peaks were found to be in good
greement with the data available in JCPDS file no: 06-0230.

.3. FTIR analysis

The grown crystals were subjected to FTIR analysis to analyze
he presence of functional groups quantitatively. The spectrum was
ecorded in the range 450–4000 cm−1 employing Perking–Elmer

pectrometer by KBr Pellet method, resulting spectrum is shown
n Fig. 4. The observed frequencies and their assignment of the �-
lycine crystals are given in Table 4. The peaks observed at 504,
08 and 686 cm−1 are attributed to carboxylic groups while the

Fig. 4. FTIR spectrum.
Fig. 5. Optical absorption spectrum.

peak observed at 1497 cm−1 correspond to NH3
+ group. Frequen-

cies observed at 1043 and 890 cm−1 are attributed as C–N stretching
and C–C stretching. The absorption peaks observed at 1596 and
1391 cm−1 respond to asymmetric and symmetric stretch modes
respectively for the COO− group. The NH3

+ stretching vibration
reveals at 2602 and 2170 cm−1. The other peaks around 1335 and
1043 cm−1 have been attributed to CH2 wagging and CN+ stretch-
ing. The band appears at 3105 cm−1 attributed to N–H stretching for

�-glycine, while the N–H stretching for �-glycine is at 3164 cm−1

and for �-glycine is at 3191 cm−1 has been reported in literature
[18,19]. In the present investigation, the N–H stretching is observed

Table 5
Comparison of SHG efficiency of the �-glycine crystal.

Solvent SHG efficiency with
relative to KDP

Phosphoric acida 1.3
Water and NH4NO3

b 1.5
Water and NaCl/KClc 1.5
Water and NaFd 1.3
Water and KFe 3.0

a Ref. [17].
b Ref. [23].
c Ref. [24].
d Ref. [25].
e Present work.
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Fig. 6. TG/DTA profi

t 3107 cm−1 which confirms the �-phase of glycine. It shows that,
he glycine molecule in crystalline state exists as a dipolar ion in
hich the carboxylic group is present as a carboxylate ion and

mino group is present as an ammonium group.

.4. Optical absorption spectrum

For studying optical transparency of the grown �-glycine
ingle crystals in the UV–vis–NIR, an optical absorption spec-
rum was recorded in the wavelength range 200–1000 nm using
erkin–Elmer Lamda 935 UV–vis–NIR spectrometer. The obtained
bsorption spectrum is shown in Fig. 5. The UV spectra show the
resence of a wide transparency window lying between 244 nm
nd 1000 nm with �max = 244 nm.  The forbidden energy gap was
stimated from the relation Eg = 1.243 × 103/�max and is found to
e 5.09 eV, which is typical of dielectric materials [20]. Hence, from
he analysis of absorption spectrum the crystal is transparent in
he entire visible region without any absorption peak, which is the
ey requirement for the materials having NLO properties. There-
ore, the title compound can be used as a good nonlinear optical

aterial.

.5. Thermal analysis

The grown �-glycine crystals were subjected to TG and DTA
nalysis in the temperature range 20–800 ◦C at a heating rate of
0 ◦C/min in the nitrogen atmosphere using SDT Q600 thermal ana-

yzer. Crystal weighing about 3.15 mg  was used for this study. The
btained trace is shown in Fig. 6. Thermogravimetric analysis shows
hat �-glycine is stable up to 213.95 ◦C and the weight loss starts
bove this temperature. It is observed from the DTA thermogram
hat an endothermic event begins at 155.93 ◦C and then a sharp
eak appears at 259.65 ◦C corresponding to decomposition point
f the sample.
The weight percentage of about 98.99% observed at 213.95 ◦C
ay  attribute to the loss of lattice water. The resulting residue gives

 weight loss for a wide range of temperature between 213.95 ◦C
nd 763.65 ◦C. The weight loss corresponds to 3.422% and 0.088 mg
e �-glycine crystal.

of residue remains. Hence, it can be useful for making the NLO
devices below its decomposition temperature [21].

3.6. Nonlinear optical studies

The second harmonic generation behaviour of the grown crys-
tal was determined by Kurtz powder technique [22]. The sample
was grounded into the fine powder and tightly packed in a micro
capillary tube. It was mounted in the path of Nd:YAG (� = 1064 nm)
laser beam of energy 7 mJ/pulse with a pulse width of 10 ns. The
emission of green radiation confirmed the second harmonic effi-
ciency of the grown crystal. It was  observed that, the output
voltage was 75 mV  of the �-glycine crystal, but in the case of
standard inorganic potassium dihydrogen phosphate crystal was
25 mV.  Hence, the SHG efficiency of �-glycine crystal grown in the
medium of potassium fluoride is 3 times higher than that of the
KDP crystal. The SHG conversion efficiency of the crystals grown
from different solvents is given in Table 5 for comparison. The
good second harmonic generation efficiency indicates that the �-
glycine crystals can be used for applications in nonlinear optical
devices.

4. Conclusions

Optically transparent �-glycine single crystals have been grown
by slow solvent evaporation method. The growth experiments sug-
gest that, the presence of potassium fluoride in the solution during
the growth does not affect cell parameters of the grown crystal.
The lattice parameters are found by single crystal and powder XRD
analysis, they agree well with reported values. The presence of
functional groups of the �-glycine has been confirmed by vibra-
tional analysis. The UV–vis–NIR absorption spectrum shows that
the cut-off wavelength lying at 244 nm with energy gap of 5.09 eV
and a wide transparency window between 244 and 1000 nm, mak-

ing it a suitable candidate for NLO applications. The thermal studies
reveal that �-glycine is stable up to 213 ◦C without decomposi-
tion. The SHG efficiency of the grown �-glycine crystals is about
3 times than that of standard inorganic KDP sample. Owing to its



ca Act

w
S
p
o

A

l
a
b
I
e
C
K

R

[

[
[
[
[
[

[

[

[
[
[
[

G.R. Dillip et al. / Spectrochimi

ide transparency range, high thermal stability with relatively high
HG efficiency, �-glycine grown in the presence of KF, becomes a
otential material for laser application and fabrication of electro
ptic devices.

cknowledgement

The authors are highly grateful to Prof. P. Ramasamy, SSN Col-
ege of Engineering, Chennai for fruitful discussions. The authors
re sincerely thankful to the SHG measurement facility extended
y Prof. P.K. Das, Department of Inorganic and Physical Chemistry,

ndian Institute of Science, Bangalore. The authors also acknowl-
dge Sophisticated Analytical Instrumentation Facility (SAIF), IIT,
hennai and Central Electrochemical Research Institute (CECRI),
araikudi for extending instrumental facilities.

eferences
[1] R.W. Boyd, Nonlinear Optics, Academic Press, Inc., San Diego, 1992.
[2] B.E.A. Saleh, M.C. Teich, Fundamentals of Photonics, John Wiley & Sons, New

York, 1991.
[3] A.S. Gill, S. Kalainathan, G. Bhagavannarayana, Mater. Lett. 64 (2010)

1989–1991.

[
[

[
[

a Part A 79 (2011) 1123– 1127 1127

[4] S. Singh, B. Lal, J. Cryst. Growth 312 (2010) 301–304.
[5] M.E. Peter, P. Ramasamy, Spectrochim. Acta A 75 (2010) 1417–1421.
[6]  D.R. Babu, D. Jayaraman, R.M. Kumar, R. Jayavel, J. Cryst. Growth 245 (2002)

121–125.
[7] D. Kalaiselvi, R.M. Kumar, R. Jayavel, Cryst. Res. Technol. 43 (2008) 851–856.
[8] J. Ramajothi, S. Dhanuskodi, J. Cryst. Growth 289 (2006) 217–223.
[9]  Y. Litaka, Acta Cryst. 14 (1961) 1–10.
10] A. Dawson, D.R. Allan, S.A. Belmonte, S.J. Clark, W.I.F. David, P.A. McGregor, S.

Parsons, C.R. Pulham, L. Sawyer, Cryst. Growth Des. 5 (2005) 1415–1427.
11] E. Bodyreva, Cryst. Growth Des. 7 (2007) 1662–1668.
12] P.G. Jonsson, A. Kvick, Acta Crystallogr. B 28 (1972) 1827–1833.
13] L.F. Ower, K.E. Turner, Moore, Acta Crystallogr. B 32 (1976) 11–16.
14] Y. Litaka, Acta Crystallogr. 11 (1958) 225–226.
15] T.P. Srinivasan, R. Indirajith, R. Gopalakrishnan, J. Cryst. Growth 318 (2011)

762–767.
16] S. Sankar, M.R. Manikandan, S.D.G. Ram, T. Mahalingam, G. Ravi, J. Cryst. Growth

312 (2010) 2729–2733.
17] T. Balakrishnan, R.R. Babu, K. Ramamurthi, Spectrochim. Acta A 69 (2008)

1114–1118.
18] R.E. Taylor, Concept. Magn. Reson. Part A 22A (2004) 79–89.
19] R. Parimaladevi, C. Sekar, Spectrochim. Acta A 76 (2010) 490–495.
20] M.M.  Khandpekar, S.P. Pati, Opt. Commun. 283 (2010) 2700–2704.
21] P.V. Dhanaraj, N.P. Rajesh, Mater. Chem. Phys. 115 (2009) 413–417.

22] S.K. Kurtz, T.T. Perry, J. Appl. Phys. 39 (1968) 3798–3813.
23] M.  Anbuchezhiyan, S. Ponnusamy, S.P. Singh, P.K. Pal, P.K. Datta, C.

Muthamizhchelvan, Cryst. Res. Technol. 45 (2010) 497–502.
24] J.T.J. Prakash, S. Kumararaman, Physica B 403 (2008) 3883–3886.
25] M.N. Bhat, S.M. Dharmaprakash, J. Cryst. Growth 242 (2002) 245–252.


	Crystal growth and characterization of γ-glycine grown from potassium fluoride for photonic applications
	1 Introduction
	2 Crystal growth
	3 Results and discussion
	3.1 Single crystal X-ray diffraction analysis
	3.2 Powder X-ray diffraction analysis
	3.3 FTIR analysis
	3.4 Optical absorption spectrum
	3.5 Thermal analysis
	3.6 Nonlinear optical studies

	4 Conclusions
	Acknowledgement
	References


