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To obtain the single crystals of DL-Norleucine Maleate (DLNM), slow evaporation 

solution growth technique was used. The good crystalline quality of the crystal was 

validated by the diffraction peaks of the Powder X-Ray diffraction techniques. The 

functional groups which are present in the crystal were validated by FTIR and FT Raman 

method. Density functional theory (DFT) computation gives optimized structure 

parameters of DLNM molecule. The compound is changeless thermally up to 160°C and it 

is illustrated by TG-DTA thermal studies. The composition of the DLNM crystal was 

studied by EDAX spectroscopy. NMR spectral and chemical shifts of the grown crystal of 

DLNM were analyzed. The study of Vickers micro hardness study leads to the hardness 

number (HV) evaluation and work hardening coefficient. Various dielectric parameters like 

AC conductivity, dielectric constant and loss energy of the sample were determined from 

the dielectric studies.  
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1. Introduction 
 

Organic compounds with large ᴨ- electron delocalization, in recent years, have attracted 

the interests of material scientists. The reason is their potentiality of applications in optical signal 

processing; optical communication. They frequently own exciting ferroelectric, ferromagnetic and 

superconducting properties, etc. [1]. Obtain the craved optical properties; the structures of organic 

materials can be modified easily. The hydroxyl groups of heterocyclic nitrogen atoms and 

carboxylic acids have be confirmed to a beneficial and effective organizing force contribution of 

supra molecules owing to its strongly hydrogen bonding [2-3]. Maleic acid is a dicarboxylic acid 

with chemical formula HO2CCHCHCO2H. The intermolecular hydrogen bond is strongly enough 

in maleic acid. Through hydrogen bonding and ᴨ-ᴨ interactions, crystalline maleates of various 

organic molecules are formed by it. As an acceptors to various various ᴨ-stacking complexes with 

other aromatic molecules, the maleic acid acts. Also, it acts as an acidic ligand for the formation of 

salts through determined electrostatic interaction [4]. DL- Norleucine is a synthetic amino acid 

which is of distinct interest because of its steric and structural similarities to the natural amino acid 

methionine [5]. It is hydrophobic, aliphatic and non-polar in nature. It has been used in various 

computational studies such as molecular dynamics simulations for elucidating the solid-state 

transition mechanism in molecular crystals [6-8]. In this work, DL-Norleucine maleate crystals are 

formed by slow evaporation method by mixing DL-Norleucine and maleic acid and its properties 

have been analyzed by various techniques. 
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2. Experimentals 
 

2.1. Synthesis DLNM crystal  

DL-Norleucine Maleate (DLNM) was synthesized by taking DL-Norleucine (Hi-media) 

and Maleic acid (GR grade) in 1:1 stoichio-metric ratio. The reactants in total amounts were 

calculated and they are dissolved in stirred well and double distilled water thoroughly for 6 hours 

approximately. It is done with the help of a magnetic stirrer to make sure that thoroughly 

temperature and concentration are over the total volume of the solutions. Using a Whatsman filter 

paper of pore size 11 µm, the solution was filtered. It was transformed to crystal growth then, and 

under room temperature, crystallizations were permitted to happen by slow evaporation. The 

transparent colourless DLNM crystals, which were harvested in a period of 45-50 days, are 

illustrated in Fig.1.  

 

 
 

Fig. 1. Photograph of grown DLNM crystals. 

 
 

2.2. Characterization techniques 

Powder X-ray diffraction studies of DLNM were accomplished thoroughly. The samples, 

from 10⁰ to 80⁰ at a rate of 2⁰per minute, were scanned for 2θ values. Density Functional 

Theoretical (DFT) computation studies were analyzed. The lattice dimensions of the grown 

specimen, using SHELX program, were derived from the single crystal XRD analysis. FTIR 

spectra of the grown crystals, in the range of 400 cm
-1

 to 4000 cm
-1

 using KBr pellet method on 

BRUKKER IFS FTIR spectrometer, were recorded. The Gaussian 09 suite with the DFT (density 

functional theory) was employed for the rate of impressing the ground state geometry of the 

sample and to get its theoretical FTIR and FT-Raman spectra. Differential Thermal Analysis 

(DTA) and Thermo-Gravimetric analysis (TG), using SDTQ 600 V8.2 (Universal V4.2 ETA) 

thermal analyzer in the temperature range 35- 600
o 

C for the grown crystal of DLNM to study the 

thermal stability, were accomplished simultaneously. Good quality and well-polished DLNM 

crystal was placed on the platform of the Vickers micro hardness tester. Loads of different 

magnitudes, with a view to examine the hardness crystal, were employed for a fixed interval of 10 

seconds. EDAX or EDS spectroscopy is used to find the composition of the grown crystal of 

DLNM. The single crystal of DLNM, applying HIOKI 3532 LCR HITESSTER in the frequency 

range between 100 Hz and 5.5 MHz, was utilized for the dielectric measurement. The density of 

the grown crystal of DL-Norleucine Maleate crystals was measured by floatation method. 

 

 

3. Results and discussion 
 

3.1. Single crystal and powder XRD studies 

The fine powder sample was subjected to powder XRD analysis. The presence of sharp 

peak in the XRD pattern denotes that good crystalline nature is shown in Fig. 2. The peaks at 

16.95° and 22.48° confirms the presence of amino acid leucine group [9,10].  It is noticed from the 

single crystal XRD studies that the grown crystal of DLNM crystallizes in monoclinic structure 

with space group of P21 with cell parameters a = 28.731 Å, b= 6.734 Å, c = 11.732 Å, =90
o
, 
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β=99.42
o
,  = 90

o
. The volume of the unit cell is 2239.23 Å

3
. The molecular structure of DLMN 

crystal is shown in Fig. 3. 
 

 
 

Fig. 2. Powder XRD pattern of DLNM crystal. 

 

 

 
 

Fig. 3. Molecular structure of DLNM crystal. 

 
 

3.2 FTIR and FT-Raman spectral studies 

The theoretical FTIR spectra of the sample are shown in the Fig. 4. And experimental 

FTIR spectra are shown in the Fig. 5.  
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Fig. 4. Theoretical FTIR spectra of DLNM crystal. 

 

 

 
 

Fig. 5. Experimental FTIR spectra of DLNM crystal. 

 
 

Some shortcomings can be observed when comparing the experimental and calculated 

spectral bands. From performed calculations and different conditions take place in the 

experimental measurements, those spectral bands can results. The theoretical wave numbers 

calculated agreed well with the experimental bands. The theoretical FT-Raman spectra are given in 

Fig. 6. And experimental FT-Raman spectrums are given in Fig. 7. 
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Fig. 6. Theoretical FT-Raman spectra of DLNM. 

 

 
 

Fig. 7. Experimental FT-Raman spectra of DLNM crystal 

 

 

The NH3
+ 

asymmetric and symmetric stretching band appears at 3999 cm
-1 

and 3085 cm
-1

, 

respectively. The C-N stretching vibrations are appeared at 1279 cm
-1

 – 1367 cm
-1

. The strong and 

weak bands at 3403 cm
-1

, and 3153 cm
-1 

are due to asymmetric and symmetric NH2 vibrations 

respectively. The asymmetric and symmetric C-H vibration for methyl group indicates at 2975 cm
-

1
 – 3149 cm

-1
. The OH vibration lies in the region 547 cm

-1
 – 694 cm

-1
. The bands between 1405 

cm
-1

 – 1533 cm
-1

 are because of C-C stretching vibrations. The carbonyl absorption owing to C=O 

stretching vibration is noticed in the range of 1650 cm
-1

 - 172 cm
-1 

[11]. 

 

 

3.3. Thermal studies 

The recorded TG/DTA thermal curves of DLNM crystal are shown in the Fig. 8. and it is 

seen from the figure that the sample has a slight weight loss up to 110 
o
C and this is the first stage 

and this may be due to liberation of water molecules or moisture in the sample. In the second stage 

from 120-200
o
C, there is about 25% of weight loss of the sample [12-14]. In the third stage from 

200-350
o
C, there is about 15% of weight loss of the sample. In the fourth stage from 350-600

o
C, 

there is about 25% of weight loss is noticed.  
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Fig. 8. TG-DTA curve of for DLNM crystal. 

 

 
The endothermic peaks at 320

o
C and 400 

o
C in the figure show the further decomposition 

of the sample. The broad exothermic curve from 400
o
C to 600

o
C appears due to liberation of 

gaseous particles from DLNM crystal. Thus, the compound is stable up to 160˚C thermally. 

 

 

3.4. Mechanical studies 

Good quality and well-polished DLNM was laid on the platform of the Vickers micro 

hardness tester. For considerable amount of various magnitudes were employed for a interval 

(fixed) of 10 seconds [15-19]. The average diagonal indentation length was measured at different 

loads for DLNM. Fig. 9 shows the different of hardness along with associated load for DLNM 

crystal. It is found that the Vickers hardness number of the grown crystal of DLNM, owing to the 

reverse indentation size effect, increases little by little with increase in load. If the load of above 

100 g is applied, cracks form on the smooth surface of the crystal due to release of the internal 

stresses generated locally by indentation. Using the Meyer’s law, P = ad
n
, the value of work 

hardening coefficient of DLNM crystal was obtained to be 3.0455 (from the Fig.10) which 

indicates that the material belongs to soft material category [20].  

 

 
 

Fig. 9. Plot of hardness number versus d for applied load for DLNM crystal. 
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Fig. 10. Plot of log P versus log DLNM crystal. 

 

 

3.5. Dielectric studies 

The dielectric analysis was accomplished at varied temperatures such as 30
o
C, 50

o
C and 

80
o
C. The crystals which are silver coating on the opposite laid between the two the two electrodes 

to set a parallel plate capacitor. The dielectric constant of the material of the crystal, using the 

relation, was worked out.  

 

r = Ct/Ao 

 

where C is the capacitance, A is the area of cross section, o is the permittivity of free space and‘t’ 

is the thickness of the crystal. The capacitance values of the condenser with or without the 

dielectric are measured and the dielectric constant was determined. The dielectric loss (tan δ) was 

found directly using the LCR meter. As a function of varied temperatures, the variation of 

dielectric constant is shown in the Fig. 11. It, from the graph, is relevant that the dielectric constant 

decreases progressively for high frequencies.  

 

 
 

Fig. 11. Variation of dielectric constant frequency for DLNM crystal at different temperature. 

 

 

The dependency of dielectric constant by means of frequency reveals an identical action 

for all temperatures. A point is arrived at when the frequency of the engaged field raises. And the 

space charge can’t sustain there.  
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Fig. 12. Variation of dielectric loss with with frequency for DLNM crystal at different temperatures. 

 

 

Therefore, there is a decrease in the dielectric constant. Hence, decrease of dielectric 

constant little by little at higher frequencies is attributed to the decline of significance of all the 

four polarizations. Fig. 12 shows the variation of dielectric loss with frequency. The decrease of 

both dielectric loss and dielectric constant with the increase of frequency for DLNM crystal is 

shown by the results [21]. When the temperature of the samples increases, the dielectric 

parameters are found to be increasing and this is due to the increase of dipole moment and hence 

polarization in the sample when the temperature is increased. The quality of the grown DLNM 

crystals is good and it is indicated by low values of dielectric loss. Using the data of dielectric 

constant and loss factor, the values of AC conductivity (ac )  for the sample were determined using 

the equation ac = ω Ԑr Ԑo tan δ, where ω is the angular frequency, Ԑr is  the dielectric constant,  Ԑo is 

the permittivity of free space or vacuum and tan δ is the dielectric loss factor. The variations of AC 

conductivity with frequency at temperatures such as 30
o 

C, 50
o 

C and 80
o 

C are shown in the Fig. 

13. 
 

 
 

Fig. 13. Plots of AC conductivity versus frequency for DLNM crystal at different temperatures. 

 

 

3.6. EDAX or EDS spectroscopy 

The elemental composition of the crystal is determined from the spectrum of X-ray energy 

[23-26]. The recorded EDAX spectrum of DLNM crystal is shown in the Fig. 14. The spectra 

indicates that the element such as C, N, O the grown crystal of DLNM. Since atomic mass of 

hydrogen is very low, hydrogen cannot be identified by EDAX method.  
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Fig. 14. EDAX spectra of DLNM crystal. 

3.7. NMR spectral analysis 

The NMR magnetic shielding pattern of the grown DLNM crystal is presented in the Fig. 

15. The isotropic chemical shifts δ of 
13

C and 
1
H were calculated.  

 

 
 

Fig. 15. NMR magnetic shielding pattern of the grown DLNM crystal. 

 
 
4. Conclusion 
 

Single crystals of DL-Norleucine Maleate (DLNM) were grown by slow evaporation 

solution growth method. Grown crystals were characterized by Single and Powder X-ray 

diffraction. The presence of functional groups and the modes of vibration of the molecules, using 

FTIR and FT-Raman techniques, were identified. Density functional theory (DFT) computation 

gives optimized structure parameters of DLNM molecule. It is relevant that hydrogen bonds are 

prevalent in this material. The compound is stably up to 160˚C thermally and it is proved and 

shown by a TG-DTA thermal study. The Vickers microhardness study leads to the conclusion that 

the material belongs to soft material category. The dielectric behavior of the sample was studied at 

different frequencies and temperatures. Various dielectric parameters like AC conductivity, 

dielectric constant and loss of the sample were determined. EDAX studies identity the different 

elements that are present in DLNM crystal. NMR spectral and chemical shifts of the grown crystal 

of DLNM were analyzed.  
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