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Abstract: Single crystal of linear optical DL-Malic acid ninhydrin (DLMN) has been grown in the laboratory by slow 

evaporation method for the first time. The grown crystal was subjected to single crystal X-ray diffraction analysis to 

confirm   the crystal structure and it was found to be monoclinic. Structural characterizations of the grown crystals were 

carried out by powder crystal X-ray diffraction method. The presence of the functional groups and modes of vibrations 

were identified by FTIR spectroscopy recorded in the range 4000-400cm
-1

. The optical absorption studies show that the 

crystal is transparent in the entire visible region with a cut off wavelength of 272 nm. The optical band gap was 

calculated to be 4.565 eV. With the help of optical data, the optical constants were calculated.  The mechanical strength of 

the grown crystal was estimated by the Vickers hardness test. The second harmonic generation efficiency was measured 

by powder Kurtz method, which is 2.4 times that of KDP. The encouraging results show that the DLMN crystals have 

great potential applications in optical devices 
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--------------------------------------------------------------------------------------------------------

I INTRODUCTION 

In recent years the search for new organic materials with 

high optical nonlinearity is an important area due to their 

practical applications such as optical communication, optical 

computing, laser remote sensing and so forth [1] [2] [3]. 

Ninhydrin is an organic material, with high melting point. It 

is an important analytical tool in various fields including soil 

biology, chemistry, agriculture, medicine and so on. R.C. 

Medrud reported the crystal structure of ninhydrin [4] [5].  T. 

Prasanyaa et al., reported the antimicrobial activity and 

second harmonic studies on organic non - Centro symmetric 

pure and doped (cu2+, cd2+ ions) ninhydrin single crystals 

[6].  A.Ponchitra et al., reported the effect of Zn2+, Ni2+ 

Substitution on Structural, Optical and Mechanical Properties 

of Ninhydrin Crystals [7]. Some doped transition metal ions 

influence the habit modification and growth kinetics. No 

literature was found with the effect of organic acid on 

ninhydrin single crystal. Hence we concentrate our work on 

the effect of DL- malic acid on growth and characterization   

of ninhydrin.  

II EXPERIMENTAL METHOD 

X-ray diffraction (SCXRD) studies carried out by 

Enraf Nonius CAD4 single crystal X-ray diffractometer with 

CuKα (λ=1.5406 Å) radiation. The grown DLMN crystal has 

been crushed into fine powder and subjected to powder XRD 

study using a XPert Pro Powder X-ray diffractometer with 

CuKα  radiation (λ=1.5406Å). The sample was scanned in the 

2θ values ranging from 10o to 80o.  The optical transmission 

spectrum of DLMN crystal was recorded using a UV-Vis-

NIR spectrophotometer (Lambda 35 model)  from 190 to 

1100 nm. A Perkin Elmer FTIR spectrometer was used for IR 

spectral measurements. The sample was prepared by the KBr 

pellet tecnique and the spectrum was rcorded in the range of 

4000-400 cm-1. The DLMN crystal was tested for the 

microhardness property using a Vickers microhardness tester. 

The SHG test for the grown DLMN crystals was performed 

by the powder technique of Kurtz and Perry. 
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III RESULTS AND DISCUSSION 

3.1 Synthesis and solubility 

The starting materials were of analytical reagent, 

and the synthesis and growth process were carried out in 

aqueous solution. DLMN compound was synthesized by 

taking DL-Malic acid and Ninhydrin in a 1:1 stoichiometric 

ratio. The calculated amounts of DL-Malic acid and 

Ninhydrin were dissolved in the deionized water. Purity of 

the synthesized salt was improved by successive 

recrystallization. Optically transparent and defect free 

crystals of DLMN obtained by slow evaporation technique. 

Solubility is defined as the amount of solute in grams present 

in 100 ml of saturated solution at a particular temperature and 

provides a driving force for both nucleation and crystal 

growth. The solubility study was carried out for the DLMN 

salt in double distilled water by gravimetrical method [8]. 

Initially, solubility was determined at 30oC by dissolving the 

solute in 25 ml of double distilled water maintained at a 

constant temperature using magnetic stirrer. DLMN salt was 

added in small amount at successive stages and then the 

solute was added till a small precipitate was formed. This 

gave a confirmation of the super saturated condition. Then 

the 5 ml of the saturated solution was pipetted out and taken 

into a petri dish of known weight and it was heated till the 

solvent was evaporated. The amount of the salt present in 5 

ml of the solution was measured by subtracting the empty 

petri dish’s weight. From the above value, the amount of the 

salt present in 100 ml of the solution was found out. The 

same procedure was followed for the temperatures 30, 35, 40, 

45 and 50oC. The solubility diagram of the DLMN salt is 

displayed in Figureure1. 

3.2. Crystal growth 

Based on the solubility data the title compound was 

synthesized by dissolving high purity DL-Malic acid and 

Ninhydrin in distilled water in the ratio of 1:1. The resulting 

solution was stirred well of about two hours and filtered to 

allow crystallization by slow solvent evaporation method at 

room temperature. Tiny single crystals (Figure2) were 

harvested after a span of 30 days with good quality.  

3.3. X-ray diffraction analysis  

Single crystal X-ray diffraction analysis reveals that 

DL- Malic acid Ninhydrin single crystal belongs to the 

monoclinic system. The calculated unit cell parameters for 

DLMN crystal are a = 11.336(8) Å, b = 6.022(4) Å, c = 

5.745(5) Å, α = γ = 90˚, β = 98.64˚ and V = 387.74 Å3 and the 

unit cell parameters for pure ninhydrin single crystal are a = 

11.2789 Å, b = 6.085 Å, c = 5.778 Å, α = γ = 90˚, β = 99.3˚ 

and V = 396.82 Å3 [9]. Also, the powder XRD pattern of the 

grown DLMN single crystal was recorded and indexed is 

shown in Figure 3. The sharp Bragg peaks of powder XRD 

pattern were indexed using the TREOR software package  

following the procedure of Lipson and Steeple [10]. Specific 

well-defined peaks at 2θ values indicate high crystallinity of 

the grown DLMN crystal.   

3.4. FTIR Analysis:  

The FTIR spectrum was recorded for the grown 

crystal in the range 400–4000 cm−1at room temperature. The 

recorded FTIR spectrum of DLMN is shown in Figure 4. The 

FTIR spectral analysis was carried out to identify the 

functional groups present in the compound. The strong 

absorption peak at 3187 symmetric stretching [5] is due to 

aromatic O–H stretching.  The peak at 3089.08 cm
-1 

belongs 

to the aromatic C-H stretching for the pure and grown DLMN 

single crystal.  The recorded peaks at 1761.42 cm-1 and 

1712.01 cm-1 are due to carbonyl (C= O) stretching [11]. A 

medium intense peak observed at 1585.17 cm−1 is attributed 

to aromatic ring vibration [11].The skeletal vibration of 

aromatic ring is observed at 1585.17 cm
-1 

in DLMN crystal. 

The peaks at 1297.73 cm-1, 1178.31 cm-1, 1079.47 cm-1, are 

all due to in plane bending modes of aromatic C-H bonds. 

The out of plane aromatic C-H bond is observed at741.79 cm-

1 [12]. The peaks observed at 1374.33 cm-1 ,  938.64 cm-1 , 

622.37 cm-1 are due to C-H rock, O–H bend (carboxylic acid), 

C–H bend respectively .This observed shift in vibrational 

frequency is an evidence for the formation of the title 

compound  

3.5. UV-Visible spectral analysis 

 The optical transmittance property gives important 

information on materials, particularly the optical transparency 

window, which is used in linear and nonlinear applications. 

The optical transmission spectrum for the grown crystal was 

recorded in the range of 190–1100 nm, and the obtained 

spectrum is shown in Figure5. The spectrum's characteristics 

can be attributed to the promotion of electrons in the σ-, π- 

and n-orbitals from the ground state to higher states. The 

spectrum reveals that the grown DLMN crystal has a superior 

optical transmittance in the high visible area and shows no 

remarkable absorption in the visible region. This is an 

important property for nonlinear optical applications. The 

lower cutoff wavelength is as low as 270 nm due to the π–π* 

conversion in this crystalline material [13].  

The transmittance of the DLMN crystals is 

approximately 75%. The transmission extends from 270 to 

1100 nm, which suggests that these materials may be used in 

optical window applications. The band gap energy was 

calculated from the graph between hν and (αhν)2 by 

extrapolating the linear portion of the curve to zero 

absorption as shown in Figure 6. Here α is the absorption 

coefficient and hν is the photon energy. The band gap energy 

estimated is about 4.565 eV for the DLMN single crystal. The 

band gap is found to be greater than the reported value 2.5 eV 

[5] which attribute the effect of DL malic acid. The wide 

https://www.hindawi.com/journals/jspec/2013/386024/#B12
https://www.hindawi.com/journals/jspec/2013/386024/#B17
http://www.sciencedirect.com/science/article/pii/S1658365516300036#fig0020
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optical band gap of the grown DLMN crystal is suggesting its 

suitability for optoelectronics applications. 

3.5.1. Determination of optical constants 

The optical acrimony of materials is essential to 

determine its performance in opto-electronic devices. 

Measurement of the refractive index is vital for frequency 

doubling experiments and in appraisement of optical 

parameters when employing NLO crystals. The optical 

properties may be too closely relevant to the material’s 

atomic structure, electronic band structure and electrical 

properties. The diverse optical constants were also calculated 

using the following theoretical formulae [14]. Extinction 

coefficient (K) can be determined from the equation as 

follows, 

K =λα /4π                                                          (1) 

 

Where, λ is the wavelength of the ultraviolet radiation. The 

reflectance (R) in terms of absorption coefficient and 

refractive index (n) can be written as [15], 

R = 1                       (2) 

      

n= -                              (3) 

 

K as a function of photon energy and reflectance and 

refractive index as function of wavelength are plotted in the 

Figures. 7, 8 and 9. From these plots, it is known that the 

refractive index decreases with the increase of wavelength. 

The calculated refractive index (n) is 1.845 for the DLMN 

crystal at 270 nm. High optical transparency, low absorbance, 

low reflectance and low refractive index of DLMN in the 

UV-visible region concludes that the material as a vital one 

for antireflection coating in solar thermal devices and NLO 

applications.  

The photonic response of optical conductivity (σop) 

of the material when irradiated with light is relevant to the 

refractive index (n) and the speed of light (c) as follows 

σop =                                   (4) 

and also the electrical conductivity is correlated to the optical 

conductivity of the DLMN crystal as follows, 

                   σe =                                 (5)           

Figure10 depict that the optical conductivity increases with 

photon energy, having high magnitude (1010 (Ω m)-1) and 

electrical conductivity (108 (Ω m)-1) supports semiconducting 

nature of the material . The low extinction value (10
-5

) 

suggests that this material make more germane for device 

applications in computing ultrafast optical data . The electric 

susceptibility (χc) is closely connected to optical constants 

given by [16], 

εr = ε0  +  4πχc = n2 – K2        (6) 

χc =                  (7) 

where ε0 is the dielectric constant in absence of any 

contribution from free carriers. The real part (εr) and 

imaginary part (εi) of the dielectric constants can be evaluated 

using the relations, 

εr = n
2 – K2 and εi = 2nK     (8) 

The real and imaginary parts of the dielectric 

constant of the grown crystal were determined and shown in 

Figureure 11. From the graph, both real and imaginary part of 

dielectric constant increases with increase of photon energy. 

Both dielectric constants are maximum at 6.53 eV photon 

energy. The lower value of dielectric constant with wide band 

gap of DLMN crystal suggests the suitability of 

optoelectronic devices. 

3.6. Vickers microhardness test 

The mechanical characterization of DLMN crystal 

was made by Vickers microhardness tests at room 

temperature. Hardness of the material carries information 

about the strength, molecular bindings, yield strength and 

elastic stiffness constant [17]. The mechanical strength of the 

materials plays a significant key role in device fabrication. 

The hardness measurement on a crystal provides information 

about the elastic, plastic, viscous and fracture properties. The 

Vickers microhardness measurement convicts the mechanical 

property of grown DLMN crystal. The microhardness test 

was carried out at room temperature and loads of various 

magnitudes such as 25, 50 and 100 g were applied. The 

Vickers microhardness number is calculated using the 

expression using the standard formula, 

Hv = 1.8544 x P/d2                       (9) 

where P is the applied load in kg, d is the diagonal length of 

the indented impression in mm and Hv is Vickers 

microhardness number in kg/mm2 [18]. Figure12. shows the 

variation of hardness number (Hv) as an event of applied load 

ranging from 25 – 100g for DLMN crystal. According to the 

normal Indentation Size Effect (ISE), the micro hardness 

number of a crystal decreases with increasing load  and 

according to the Reverse Indentation Size Effect (RISE),  the 

hardness number of a crystal increases with increasing load 

[19][20]. From the plot, it is found that the hardness number 

increases with increase in load up to 100 g, further increase in 

load create the cracks on the surface of the crystal due to the 

release of internal stresses produced by indentation. 

. The n value was calculated using Meyer’s law is given by 

following relation [21] 

P = k dn                                                                                 (10) 
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Log P = log k + n log d                           (11) 

where k is the material constant and ‘n’ is the Meyer's index. 

In order to find the value of ‘n’, a graph is plotted for log P 

against log d (Figure 13) which gives a straight line. From the 

slope of the line the Meyer's index number ‘n’ was calculated 

to be 2.486. For the regular ISE behavior we have n< 2. 

When n >2, there is a reverse ISE behavior. This is in good 

consent with the experimental data and thus confirms the 

reverse ISE behavior.  According to Onitsch, ‘n’ should lie 

between 1 and 1.6 for harder materials and above 1.6 for 

softer material. Thus DLMN belongs to the soft material 

category. 

3.6.1. Elastic stiffness constant 

The elastic stiffness constant (C11) was calculated 

using Wooster's empirical formula which gives an idea about 

the tightness of bonding between neighboring atoms 

C11 = Hv 7/4                                                   (12) 

The calculated stiffness constant for loads 25, 50 and 100 g 

are 14.983 x 1012, 26.480 x 1012 and 86.916 x 1012 Pa 

respectively. The elastic stiffness constant (C11) gives an 

opinion of tightness of bonding between neighboring atoms. 

A graph is plotted between load P vs. stiffness constant C11 

and is represented in Figure 14. From the graph it clears that 

the stiffness constant increases with increase of load. The 

high value of stiffness constant C11 reveal that the binding 

forces between the ions are quite strong. 

3.6.2. Fracture Mechanics  

The resistance to fracture indicates the toughness of 

any material. Fracture toughness (Kc) determines how much 

fracture stress is applied under uniform loading and is an 

important parameter for the selection of materials for device 

applications where the load exceeds the limit or yield point. 

Fracture toughness provides the most reasonable estimation 

of the fracture resistance of brittle materials. The crack 

lengths (c) were measured from centers of the indentation to 

the tip of the crack.  

Kc = P/ β0 c
3/2                                           (13) 

where β0 is a constant that depends upon the indentation 

geometry. For Vickers indenter β0 is equal to 7. For the 

DLMN crystal the calculated Kc was 19.683 Kgm−3/2. 

 3.6.3. Brittleness Index 

   Brittleness is an important property that affects the 

mechanical behavior of a material and gives an idea about the 

fracture induced in a material without any appreciable 

deformation. The value of brittleness index B is calculated 

using relation  

B = H v/ Kc                         (14)                                                      

The calculated values of fracture toughness and hardness 

value for various loads are plotted in Figure15. The graph 

shows the linear relationship of the two parameters and the 

slope of this straight line gives the brittleness index of the 

sample. The brittleness index of DLMN crystal is estimated 

as 0.9716 × 103 m-1/2.  The low value of the brittleness index 

reveals the good dimensional stability of the grown crystal.   

The calculated stiffness constant C11, yield strength σy and 

Vickers hardness values for different load range 25-100 g are 

compiled in Table 2. 

3.7. Second Harmonic Efficiency 

The second harmonic nonlinear optical property of 

the as grown DLMN crystal was examined through the 

Kurtz-Perry powder technique. The standard KDP crystal has 

been used as the reference material for the grown crystal. In 

this method powdered sample of randomly oriented 

crystalline particles were placed in between two glass slides. 

The sample was then subjected to the output of Q-switched 

Nd:YAG laser emitting a wavelength of 1064 nm with power 

of 1.2 mJ/pulse. The output SHG signal of 96 mV was 

obtained for the DLMN crystal. The KDP crystal gave an 

output of 40 mV for the same input signal. Thus it is evident 

that the SHG efficiency of the grown DLMN crystal is 2.4 

times than that of the KDP crystal and is found to be greater 

than the reported value [7] and thus the crystal is suitable for 

nonlinear optical device fabrication.  
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Figure 1 Solubility curve of DLMN crystal 

 

Figure 2 Photograph of the grown DLMN crystal 
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 Figure 3 Powder X-ray diffraction pattern of 

DLMN crystal 
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Figure 4 FTIR spectrum of DLMN single crystal 
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Figure 5 Transmittance spectrum of DLMN 

crystal 
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Figure 6 Band gap spectra of DLMN crystal 
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Figure 7 Plot of K vs. photon energy of DLMN 

crystal 
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Figure 8 Plot of reflectance (R) and transmittance 

vs. wavelength of DLMN crystal 
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Figure 9 Variation of refractive index with 

wavelength of DLMN crystal 
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Figure 10 Variation of optical conductivity and 

electrical conductivity vs. photon energy of 

DLMN crystal 
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Figure 11 Variation of real and imaginary 

dielectric constant with photon energy of DLMN 

crystal 
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Figure 12 Variation of hardness number with 

load for DLMN crystal 
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Figure 13 Plot of log (P) vs log (d) for DLMN 

crystal 
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Figure 14 Plot of load P vs. Stiffness constant C11 

for DLMN crystal 

30 40 50 60 70 80 90 100

10

20

30

40

50

60

70

80

H
ar

dn
es

s 
H

v 
(k

gm
m

2 )

Fracture toughness Kc(kg/m
-3/2

)  

Figure 15 Plot of Kc vs. Hv of DLMN crystal 

IV CONCLUSION 

Single crystal of DL Malic acid Ninhydrin was 

successfully grown by slow evaporation technique. Single X-

ray diffraction study confirms that lattice parameter values of 

the grown crystal are in good agreement with the reported 

values. From the single crystal X-ray diffraction study the 

lattice parameter values of the crystal were found to be a = 

11.336(8) Å, b = 6.022(4) Å, c = 5.745(5) Å, α = γ = 90˚, β = 

98.64˚ and V = 387.74 Å^3 and it is crystallized in 

monoclinic crystal system with the space group P21. FT-IR 

studies confirm the presence of functional groups present in 

the crystal. Optical studies were carried out for the grown 

crystal and the crystal has wide transparency window 

between 190 nm – 1100 nm. Various optical constants were 

calculated and the optical band gap energy of the crystal is 

found to be 4.565 eV. The extinction coefficient (K) and 

reflectance depend on the photon energy and absorption 

coefficient. The refractive index of the material is found to be 

1.845 at a wavelength of 270 nm. Optical conductivity is 

calculated from the UV - Vis absorbance value and the grown 

crystal possesses high electrical and optical conductivity. 
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Vickers hardness number is calculated as 2.486, so the 

material belongs to soft material category. The fracture 

toughness of the material is found to be 19.683 Kgm−3/2. The 

B value is computed as 0.9716 x 103 m-1/2. The value of C11 

gives an idea of tightness of bonding between neighboring 

ions. The SHG efficiency of the grown DLMN crystal is 2.4 

times than that of the KDP crystal and the DLMN crystal is 

suitable for nonlinear optical device fabrication. 
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