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Microhardness studies on nonlinear optical L-alanine single crystals
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Abstract. Vickers and Knoop microhardness tests were carried out on grown L-alanine single crystals by slow
evaporation technique over a load range of 10–50 g on selected broad (2 0 3) plane. Vickers (Hv) and Knoop (Hk)

microhardness for the above loads were found to be in the range of 60–71 kg/mm2 and 35–47 kg/mm2, respec-
tively. Vickers microhardness number (Hv) and Knoop microhardness number (Hk) were found to increase with
increasing load. Meyer’s index number (n) calculated from Hv shows that the material belongs to the soft material
category. Using Wooster’s empirical relation, the elastic stiffness constant (c11) was calculated from Vickers hard-
ness values. Young’s modulus was calculated using Knoop hardness values. Hardness anisotropy has been observed
in accordance with the orientation of the crystal.
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1. Introduction

Nonlinear optical applications find a variety of applica-
tions such as frequency conversion, light modulation, opti-
cal switching, optical memory storage and optical second
harmonic generation (SHG) (Wang et al 1999; Chenthama-
rai et al 2000). The nonlinear optical crystal of L-alanine
is the simplest naturally occurring chiral amino acid with
a non-reactive hydrophobic methyl group (–CH3) as a side
chain. L-alanine has the zwitterionic form (+NH3–C2H4–
COO−), which is the simplest acentric member of the amino
acid family crystallized in orthorhombic crystal system with
space group P212121 and cell parameters a = 6·032 Å,
b = 12·343 Å, c = 5·784 Å; α = β = γ = 90◦. From
thermal analysis, melting point of L-alanine compound
was reported as 297 ◦C and by optical transmittance spec-
trum, the lower cut-off wavelength was reported as 245 nm
(Lydia et al 2009). SHG of L-alanine compound is found
to be 0·20 times higher than standard potassium dihydro-
gen phosphate (KDP) crystal (Jaikumar et al 2009). How-
ever, there is no discussion reported on the microhardness
studies for this crystal to the best of our knowledge. The
importance of hardness for crystals has been discussed by
various researchers (Nimisha et al 1997; Pandya et al 1999;
Subhadra et al 2000; Rao et al 2002; Sangita et al 2005)
for various applications, since mechanical strength is one
of the important properties of any device materials repre-
sented by its hardness. As crystal L-alanine is available as
a small-sized sample, it is convenient to take measurements
at low loads. This low load hardness is called microhardness.
Measurement of hardness provides useful information about
the mechanical properties such as elastic constants (Wooster
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1953) and yield strength (Westbrook 1958), etc. The hard-
ness is estimated from the ratio of the load applied on inden-
ter to the area of the impression left on the specimen. Both
Vickers and Knoop hardness tests were carried out on the
cleavage face (2 0 3) of the grown crystal. Meyer’s index
(n) was found to be >1·6 showing soft material characteris-
tics. Using Wooster’s empirical relation, the elastic stiffness
constant (c11) was calculated from Vickers hardness values.
For calculating Young’s modulus, Knoop indentations were
made on similar (2 0 3) face by Knoop’s diamond pyramidal
indenter. There is a systematic approach followed to extract
the accurate hardness data for L-alanine single crystals.

2. Experimental

2.1 Crystal growth

High purity L-alanine (99·9% purity) salt purchased from
Sigma Aldrich was used for the crystal growth process.
Initially, the salt of L-alanine was dissolved in excess
triple-distilled water. The solution was filtered twice using
Whatman filter paper to remove the impurities collected in
the solution. The process of recrystallization takes place
thrice and saturated solution of L-alanine was prepared
from the recrystallized salt, then mixed in aqueous solution
according to the solubility data (Lydia et al 2009). The satu-
rated solution was taken in a beaker with perforated cover
making few small holes to facilitate slow evaporation and
placed in a constant temperature bath controlled to an accu-
racy of ±0·01 ◦C. Good quality single crystals with well
defined morphology were extracted after a growth period
of 16 days. The extracted single crystals of L-alanine are
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presented in figure 1. Morphological studies of L-alanine sin-
gle crystal have already been reported by Lydia et al (2009).
Good quality crystals were selected for static indentation
tests.

2.2 Microhardness

Mechanical characterization of L-alanine crystals was done
by Vickers and Knoop microhardness studies at room tem-
perature. Crystal with flat and smooth (2 0 3) plane chosen
for static indentation tests was mounted on the clamping
devices to the base of the microscope controlled by XY
travel stage of dimensions 50 × 50 mm (2′ × 2′). Now, the
selected face was indented gently by loads varying from 10
to 50 g for a dwell period of 10 s using both Vickers diamond
pyramid indenter and Knoop indenter attached to an inci-
dent ray research microscope (Mututoyo MH 112, Japan).
Vickers indented impressions were approximately square in
shape. Length of the two diagonals was measured by a cali-
brated micrometer attached to the eyepiece of the microscope
after unloading and the average was found out. For a parti-
cular load, at least five well defined indentations were consi-
dered and the average of all the diagonals (d) was consi-
dered. Hv was calculated using the standard formula (Pal and
Kar 2005):

Hv = 1·8544 P/d2, (1)

where P is the applied load in kg, d is in mm and Hv is in
kg mm−2.

The Knoop indented impressions were approximately
rhombohedral in shape. Average diagonal length (d) was
considered for the calculation of Knoop microhardness num-
ber (Hk) using the relation (Pal and Kar 2005):

Hk = 14·229P/d2, (2)

where P is the applied load in kg, d is in mm and Hk is in
kg mm−2.

Crack initiation and fragmentation become significant
beyond 50 g of applied load. So hardness test could not

Figure 1. As grown good quality L-alanine single crystals.

be carried out above this load. From Wooster’s empirical
relation (Wooster 1953),

c11 = H 7/4
v . (3)

3. Results and discussion

3.1 Vickers microhardness

Figure 2 shows variation of Hv as a function of applied load
ranging from 10 to 50 g for L-alanine single crystals. It is
very clear from the figure that Hv increases with increase
in load. Meyer’s index number was calculated from Meyer’s
law (as discussed by Jagannathan et al 2007), which relates
the load and indentation diagonal length as

P = kdn,

log P = log k + n log d, (4)

where k is the material constant and ‘n’ the Meyer’s index.
The above relation (4) indicates that Hv should increase

with P , if n > 2 and decrease with P when n < 2. This is
well satisfied as shown by figure 2. In order to find the value
of ‘n’, a graph is plotted for log P against log d (figure 3),
which gives a straight line (after least square fitting). From
the slope line, Meyer’s index number ‘n’ was calculated and
was found to be 2·14. According to Hanneman (1941), the
values of n were 1–1·6 for hard materials and more than
1·6 for soft ones. Thus, L-alanine belongs to soft material
category. The resistance pressure is defined as a minimum
level of indentation load (W ) below which there is no plastic
deformation (Gupta et al 2005). Hayes and Kendall (1973)
proposed a relationship between indentation test load and
indentation size to calculate W using the equation

W = k1dn − k2d2,

Figure 2. Variation of Vickers microhardness number Hv with
load.
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Figure 3. Graph between log P vs log d .

Figure 4. Plot between d2 and dn of L-alanine crystal.

or

dn = W

k1
+

(
k2

k1

)
d2. (5)

The plot of dn vs d2 is a straight line (figure 4) having slope,
k2/k1 and intercept, W/k1. From these values, we have
calculated the value of W as 5·63 g, where ‘W ’ stands for
small resistance pressure which is a function of the material
under investigation, which represents the minimum load that
causes indentation.

From figure 4, using intercept W/k1 and slope k2/k1, the
value of k1 and k2 were calculated as 7·8 × 105 kg m−1 and
1·3 × 104 kg m−1, respectively.

Elastic stiffness constant (c11) was calculated by Wooster’s
(1953) empirical relation. Stiffness constant for different
loads calculated from Vickers hardness values are shown in
table 1.

Table 1. Variation of elastic stiffness constant (c11) and Young’s
modulus (E) with load.

Sl. Load c11 Young’s modulus,
no. (g) (×1014 pa) E (Gpa)

1 10 4·14 3·51
2 25 7·00 4·49
3 50 12·5 9·50

Figure 5. Variation of Knoops microhardness number Hk with
load.

3.2 Knoop microhardness

A graph was plotted for Knoop hardness (Hk) against load
(P). The plot is shown in figure 5. From this measurement,
it was found that as the load increases, the Knoop micro-
hardness number also increases, which is due to the reverse
indentation size effect (Sangwal 2009).

From Knoop microhardness measurements, Young’s
modulus (E) of the crystal was calculated using the relation
(Pal and Kar 2005),

E = 0·45 Hk

/(
0·1406 − b

a

)
, (6)

where Hk is Knoop microhardness value at a particular load,
and b and a are the shorter and longer Knoop indentation
diagonals, respectively. The calculated Young’s modulus for
various loads is shown in table 1.

For studying crystal anisotropy, microhardness was mea-
sured by varying crystal orientations over a range of 0–360◦
in steps of 30◦. From figure 6, it is very clear that varia-
tion was periodic. Variation in hardness number indicates
the anisotropic nature of L-alanine crystal. Crystal structure
and slip system play an important role in the observed vari-
ation of hardness with crystal orientation. Directional varia-
tion in hardness might be due to the change in orientation of
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Figure 6. Anisotropy nature of L-alanine single crystal.

the slip system of the crystal with respect to the indenter (as
discussed by Jagannathan et al 2007).

4. Conclusions

Vickers and Knoops microhardness for L-alanine crystal was
calculated by the application of load in the range 10–50 g.
The value of Meyer’s index was calculated as 2·14, which
suggests that L-alanine belongs to soft material category. The
value of c11 gives the idea of toughness of bonding between
neighbouring atoms. Here, the small value of c11 indicates
that the binding forces between the ions are not quite strong.
The periodic variation in hardness for the (2 0 3) face of
L-alanine crystal exhibits anisotropic property.
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