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ABSTRACT 

The single crystal; L-Alanine doped EDTA is systematically grown using slow 

evaporation technique. The grown crystals have been characterized using frontier molecular 

orbital study and molecular spectroscopy and thereby crystal and structural properties have 

been interpreted. The vibrational analysis was made on active bonds and their predominant 

activities for the participation of NLO activity were evaluated. The optical and electronic 

properties were interpreted using the traced UV-Visible transmission graph and also UV-

Visible absorption activity was studied. 

Key words: L-Alanine doped EDTA, frontier molecular orbital, NLO activity, UV-Visible. 

 

1. Introduction 

In order to get greater Second Harmonic Generation (SHG) efficiency, the organic 

compound requires highly Polarizable σ and π bonding molecular systems possessed 

asymmetric charge distribution [1-2]. Since there is a large demand for organic crystals in 

electronic industries in present time, it is required to synthesize new NLO materials and 

improve the properties of the existing materials. Considering all the above mentioned facts, 

ethylene diamine tetra acetate (EDTA) doped L-Alanine single crystals have been 

synthesized and grown moderately at low cost. Alanine is an amino acid which is an 

important source of energy where complex covalent bonding systems obtainable, for 

organizing optical as well as electrical applications. L-alanine is an isomer of alanine with the 

chemical formula CH3CHNH2COOH and has chemical potential which is equivalent to 

generate or amplify the optical signal. Additionally, the L-alanine molecule would possess 
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zwitter-ionic delocalization by which the novel nonlinear optical (NLO) activity can be 

developed randomly. Moreover, it is an ideal candidate for a wide range of applications in 

electron paramagnetic resonance (EPR) dosimetry and due to which the opto-electronic 

properties are enhanced. The associated radiation-induced radicals such as EDTA substance 

with L-Alanine compound, the stability of EPR signal are improved. Many researchers have 

shown interest on L-alanine crystals and these crystals have been examined to analyze NLO 

behavior [3]. The dopant EDTA is an artificial amino acid and it usually binds to covalent 

bonded systems which generate harmonic generation with maximum intensity [4-5]. In this 

work, the growth and characterization of EDTA doped L-Alanine crystals by slow 

evaporation technique are reported, as no reports are available in literature. Hereafter, the 

grown semi organic crystals will be named as LAE (L-Alanine doped EDTA). In this work, 

the results of new L-Alanine EDTA crystals were studied along with the characterization and 

analytical studies for the first time. 

2. Experimental methods 

The FT-IR vibrational pattern was recorded using a Bruker IFS 66V vib-rot module 

spectrometer. The filter process is performed by making several scanning process and in 

order to sequential modulation pattern of finger print and substitutional regions. The FT-

Raman vibrational wavenumber pattern of L-alanine doped EDTA composite was recorded 

using Bruker spectrometer adopted with Raman module equipped with a Nd:YAG laser 

source being operated at 1.069 µm line width with 750 mW power. The UV-Visible spectral 

peaks were recorded in crystal phase in the region of 100 nm to 700 nm, with the scanning 

interval of 0.50 nm, using the UV-1800 series instrument. 

 

3. Theoretical calculations details 

The molecule undertaken to study belongs to CS point group of symmetry which is 

calculated theoretically and the space group is experimentally found to be P212121. The 

molecular cascade configuration formed orthorhombic crystal. Basically, due to the pre-

arrangement of molecular segments assigned non-centrosymmetric space group and the 

whole molecular configurational pattern was sketched in internal coordinates using z-matrix. 

Likewise, all bond length and bond angle parameters are assigned initially and necessary 

calculations have been performed for different parameters and most of which were executed 

suing B3LYP/6-311G++G(2d,2p). At optimized geometry, physical and chemical parameters 
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and also vibrational frequency of present compound are computed using I MAC B series 

computer by Gauss view 06 and Gaussian 09 D 01 Version program. The optimized 

molecular configuration is presented in Figure 1.  

4. Results and discussion 

4.2. Vibrational analysis 

The Fourier Transform Infrared (FTIR) spectral studies were carried out for the 

crystal sample to identify the functional groups and to find the role of bonds in the 

arrangement of crystal planes. The recorded FT-IR and FT-Raman spectral wavenumbers of 

L-alanine doped EDTA crystals are depicted in Table 1 and its spectral pattern is shown in 

Figures 2 and 3. In this study, the L-Alanine doped EDTA was clearly indicated and the 

effect of doping of L-Alanine on dopant of EDTA lattice crystal structure which leads the 

change in vibrational pattern of IR frequencies. The present case was made up of 47 atoms 

and thereby 155 vibrational modes are possible in which 47 stretching, 44 in plane and 44 out 

of plane bending modes are observed. 

 

4.2.1. O-H vibrations 

For amino acids, the O-H vibrations are commonly found in the region of 3600-3200 

cm
-1

 [6]. Here the amino acid group in EDTA was assembled along with L-Alanine 

compound and rather influence on such a group was expected. Due to the combination of two 

such groups, the wide band due to the O-H stretching vibration could be used to differentiate 

hydrated from anhydrous forms of acetic acids. The O-H stretching vibrations have been 

assigned at 3350, 3330, 3250, 3230 and 3200 cm
-1

 as umbrella band and it’s respective in 

plane and out of plane bending signals were found with very strong intensity at 1650, 1640, 

1630, 1610, 1600 and 1595 cm
-1

 and with medium intensity at 1110, 1095, 1090, 1080, 1060 

and 1055 cm
-1

 respectively. The in-plane O-H deformation vibration can provide a medium to 

strong band in the region of 1440-1260 cm
-1

 [7]. In the same way the out-of-plane vibrations 

are generally observed at 900-700 cm
-1

 [8]. Accordingly, the entire O-H vibrations have 

moved to well above the expected region and it offers active process of such O-H bonds. The 

condition means that, the hydroxyl group was completely interactive and produces active 

influence of hyper-polarization among them and it was harmonized to other substitutional 

groups which made strain to produce non linear opto-electro property. This condition of 

active participation of bonds notified that, the polarization is actively present in the molecule 

and thereby it generates scattering ability to produce NLO effect on crystal.  
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4.2.2. C-H vibrations for CH2 

The present compound was composed of EDTA and L-Alanine chain, here there were 

22 C-H bonds accessible and to demonstrate their corresponding C-H stretching and C-H 

bending modes of vibrations in suitable wavenumbers region. As, in general, the C-H bonds 

are not illustrious one in the ring [9], the C-H stretching bands for chain molecule and its 

derivatives are usually located in the C-H bands. These vibrational bands are observed with 

strong to medium intensity in the region 3080-2880 cm
-1

[10].  Therefore, 22 vibrational 

bands for C-H stretching have been found with medium to weak intensity at 3080, 3060, 

3040, 3030, 3010, 3005, 3000, 2990, 2980, 2970, 2960, 2950, 2940, 2930, 2910, 2890, 2860 

2850, 2840, 2830, 2810 and 2805 cm
-1

. The related in plane and out of plane bending 

vibrations were identified at 1010, 1005, 1000, 995, 980, 970, 960, 955, 950, 940, 930, 920, 

910, 890, 880, 870, 865, and 860 cm
-1

 and 740, 730, 720, 715, 705, 700, 685, 680, 675, 670, 

660, 655, 650, 640, 635, 625, 620, and 615 cm
-1

 respectively. These in plane and out of plane 

bending vibrations are usually observed in the region 1250 - 950 cm
-1

 and 900 – 650 cm
-1

 

respectively [11-12]. All the vibrational bending modes were observed to be elevated well 

above the expected range of spectrum. All such active heteronuclear bonds representing their 

excited level by moved away from the expected region and they active. They definitely 

participated in the scattering process of making hyperactive dipole reactivity and it generate 

space interactive domains for NLO activity.  

 

4.2.3. C=O and C-O vibrations 

The present case was contain five COOH groups symmetrically and thereby five C=O 

stretching vibrations with respect to stretching was expected. The C=O is highly 

electronegative bonds (dipole) which is influenced the other observed wavenumbers as 

carboxylic acid [213-14] and the C=O stretching vibrations have been identified as strong 

band in the range 1750–1680 cm
-1

 [15-16]. As per expected region, such a vibrational bands 

with very strong to medium intensity were found at 1720, 1710, 1700, 1690, and 1680 cm
-1

 in 

IR spectrum which represents the exclusivity and constantly showed the aggressive dipole 

character of the bond. Consequently, [17] the C–O stretching vibrations are normally 

observed at the range of wavenumber 1350-1110 cm
-1

 as adjoin vibrations. At this time, the 

same frequencies were found at 1140, 1130, 1120, and 1105 cm
-1

 and those vibrational peaks 

dislocated below the expected region. The respective C=O in-plane and out of plane bending 

vibrations have been observed at 830, 790, 865, 860, 830, 775 and 770 cm
-1

 and 410, 360, 
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350, 340, and 330 cm
-1

. The C-O in-plane and out-of-plane bending modes were conclusively 

observed at 555, 550, 540, 520, 515 and 510 cm
-1

 and 250, 240, 230 and 220 cm
-1

 in that 

order. The C=O and C-O bondings vibrations were observed in the high energy region of 

expected limit and this is mainly due to that, all the bonds are in excited level. At that 

condition, all the bonds get polarized and it was proved by the increment of dielectric 

constant.  Thus, all the static polarized bonds helped to raise the dielectric behavior and 

simultaneously, optical transparency was increased. 

 

4.2.4. N-H and C-N vibrations 

The NH bonds always increase the electronegativity and if it occurs in the compound, 

it will be reflected in the observation of NH vibrations at high frequency level. The N-H 

stretching vibrations are always recognized in unique wavenumber region even it present 

whether in chain or ring and are usually placed at 3450-3300 cm
-1

[18] and the respective in 

plane and out of plane bending modes are usually taking place in the region 1580-1510 cm
-1

 

and 800-700 cm
-1

 respectively. Here, the N-H stretching, in-plane and out-of-plane bending 

vibrational peaks were found at 3170, 3150 and 3110 cm
-1

, 1480, 1410, and 1400 cm
-1

 and 

760, 740 and 730 cm
-1

 respectively. As expected, except stretching, all the NH vibrational 

modes are observed within the limit and showed uniqueness of such bond [19]. The hold back 

of N-H stretching was due to the COOH influence on the chain and also the high energy was 

utilized to generate the static polarization among dispersed bonds. Therefore, the amino 

groups have partially participated to generate bounded dipoles within the molecular 

configuration. 

 

The recognition of C-N vibrational modes is in general considered to be complicated 

due to happenings at various places of the molecular structure. It also associated with out of 

plane bending modes of CH, CC, CN and CO bonds. As per previous report [20], the C-N 

stretching has been assigned in the region 1380-1200 cm
-1

. In the present case, the bands are 

observed at 1275, 1260, 1255, 1250, 1245, 1225, 1210 cm
-1

 for C-N stretching vibration. The 

C-N in-plane and out-of-plane bending bands would have been found at 625, 620, 615, 595, 

570 and 560 cm
-1

 and 300, 295, 285 and 280 cm
-1

 when N-H bending at lower frequency 

region. Though, these observed fundamentals with respect to C-N bond were observed within 

the allotted region, they concretely demonstrate the presence of CN on nodal point of 

molecule and they notify the charge dislocation for producing bounded electron domains. 
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4.3. UV-Visible spectral analysis 

The transmission spectrum plays a vital role in identifying the optical-potential of a 

NLO material. Since the present NLO crystal can have wide transparency window effect 

without any absorption at the fundamental and second harmonic wavelengths of optical 

energy. The UV-Vis spectrum of the grown crystal was recorded in the wave length range of 

0 and 800 nm with scanning speed of 960 nm min
-1

 as shown in Figure 4. In order to 

determine the transmission range and hence the suitability of the crystals for electro-optical 

applications, the transmission curve was traced. As the present case was organic composite, 

the σ and π bondings would have σ and π orbital electrons and they oriented in bondings as 

well as non bonding sites which enable to dislocate the electron domain with some applied 

potential. When the molecular surface irradiate with light, all the electronic domains are 

reconfigurated and they making space polarization. Such condition on molecular sites 

generates electronic excitations among their degenerate energy levels. The transitions among 

such energy states giving rise to electronic energy exchange. This induced UV-Visible 

spectra [21] and thereby transmission curve can be traced by which the optical response of 

the crystal can be studied. From the observation of transmitted curve, it was found that, the 

UV threshold was started from 300 nm and it become active at 400 nm and after that, the 

transmission was observed to be flat and saturated. So, the present material is able to have 

NLO effect as well as able to produce laser light from violet to red wavelength along with 

UV region [22].  

 

4.8. HOMO-LUMO profile  

The electron affinity orbitals (HOMO) and ionization potential (LUMO) are directly 

interacted with one another with respect to the energy assignment in the molecular orbitals. 

The first order and second order degenerate orbital segments are presented in Figure 5. The 

first and second order HOMO and first and second order LUMO zones and their interactive 

energy profile were clearly showed the organic complex produced from the doping of L-

Alanine on EDTA solution. Here five COOH groups are symmetrically placed on four 

corners of the molecular structure and L-Alanine molecular segment was substituted 

perpendicular to the plane of EDTA.  The chemical equivalent forces are compensated by the 

dislocation of electronic and protonic contents of the molecular structure and by this means; 

the degenerate orbitals are overlapped with one another.  
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As the present case was organic complex, in phase and out of phase orbital 

interactions taking place in the different portions of the molecular site. In the case of HOMO, 

the π-orbital interactions were found over EDTA segment whereas L-Alanine portion was left 

empty. So that, the electron affinity was observed on EDTA in terms of π-orbital system and 

here from, the electron domains with rather different energy were appeared o be ready to 

exchange the chemical potential to the available empty orbitals. Therefore, the L-Alanine was 

not participated to exchange the chemical potential. Whereas In HOMO-1, the second order 

energy profile was seem to on each and every part of the molecular frame and the distributed 

electron cloud was ready to transfer the assigned potential by interacting orbital systems.In 

LUMO, one COOH segment along with σ-augmented interactive composite was engaged to 

ready for availing the electron cloud to expose the molecular physical as well as chemical 

property. Other segments of the molecular left free and this means that, the molecular was 

found to be already filled even though it was LUMO where all other parts of the molecular 

structure was not participated in the property preparation. Thus, high degree of asymmetric 

charge cloud occupation was seemed to there in the same molecular entity. This half filled 

charge gradient induced the intensive polarization index in the crystal frame work. On 

LUMO-1, the right moiety of the molecule was appeared to be empty zone and rest of others 

was recognized to be partially filled orbitals, though it was LUMO.    

 

From the above orbital interaction assignment of the present molecule, it was 

concluded that, though the interactive zones were occupied by σ-degeneracy, the HOMO 

segments were engaged by π-overlapping orbital complex and all the excited (HOMO) and  

ground levels (LUMO) have been arranged in reverse order to generate dielectric behavior to 

make optically active crystal. This was mainly evidenced by the crystal appearance of white 

and transparent. The direct band of the material was estimated to be 4.359 eV and it may be 

vary with respect to order of the orbitals. This direct band gap showed the crystal material 

electrically inactive and optically active. If these orbitals are disturbed by the electric field, 

the hyperactive stress will be produced and thus different static polarization is induced in 

different molecular as well as crystal coordinates. In such condition at molecular site, the 

effective birefringence effect was created and it can be controlled by the electric field. So, it 

was concluded that, the NLO activity can be initiated randomly and it could be controlled by 

applied potential.  

 

4.9. MEP study 
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The polar and non polar bonds in the molecule and dipole gradient is making a crystal 

highly anti-symmetry. The charge dislocations happened in wide region of molecular sites 

and they offered electrophilic and nucleophilic depletion region. The distance between two 

regions called moderate charge region (Neutral zones) which was designated by electric 

potential, it was found to be ±8.59 eV as in Figure 6. This was comparatively high it is very 

rare in organic composite crystals. Because of this reason, it is novel NLO candidate and it 

can be used to fabricate summing frequency device for electro-optic communication. In 

addition to that, multiple electronic as well as protonic zones offered to produce high 

interactive molecular coupler to make ultimate molecular matrix system causing 

birefringence effect. 

 

5. Conclusion 

L-Alanine was doped with EDTA and the corresponding crystal was grown using 

slow evaporation method. The crystal was found to be very clear in surface by which 

physical-evaluation was made. The molecular order within unit cell was mapped by the 

theoretical calculation made on structure and the molecular entity coupler was identified from 

the polar acceptor bonds and donor species. The theoretical calculations were made on 

structure and the related band gap of crystal was found to be 4.359 eV. The HOMO-LUMO 

interactive profile was examined and the overlapping orbital sequence was studied and 

thereby optical energy diffusion mechanism was discussed.  

 

 

 

 

 

 

 

REFERENCES 

[1]  D. F. Xue, L. J. Zou, L. Wang and X. X. Yan, Modern Physics Let-ters B, Vol. 23, 

No. 31-32, 2009, pp. 3761-3768.  

[2]  P. Groth, “Chemische Krystallographie,” Verlag Wilhelm Engelmann, Leipzig, Vol. 

2, 1908, 362.  

Journal of Shanghai Jiaotong University

Volume 16, Issue 9, September - 2020

ISSN:1007-1172

https://shjtdxxb-e.cn/   Page No: 123



[3]  P. Shanmugam and S. Pari, Journal of Chemical and Pharmaceutical Research, Vol. 7, 

No.5, 2015, PP.44-53. 

[4]  G. H. Jeffery, J. Bassett, J. Mendham and R. C. Denney, “Vogul’s Text Book of 

Quantitative Chemical Analysis,” ELIBS, Addison Wesley Longman Limited, UK, 

1989.  

[5]  N. K. Asapoglu, A. Baykal, M. S. Toprak, Y. Koseoglu and H. Bayrakdar, Turkish 

Journal of Chemistry, Vol. 31, No. 6, 2000, pp. 659-666.  

[6]  A. Mikhail et al., spectrochemicaActa Part A 77 (2010) 965-972 

[7] S. Selvakumar, Maria Susai Boobalan, S. Anthuvan Babu, S. Ramalingam, A. 

LeoRajesh, Journal of Molecular Structure 1125 (2016) 1-11. 

[8] Manohar et al., spectrochemica Act Part A 71 (2008) 110-118. 

[9] J.H. Lister, Cehm. Heterocyclic Compounds, (1971), 7, 496-502.  

[10] George Socrates, Infrared and Raman Characteristic Group Frequencies (Tables and 

Charts), John Wiley & Sons, Ltd, (2001). 

[11] Y. Xue, D. Xu, D. Xie, G. Yan, Spectrochim. Acta Part A 56 (2000) 1929. 

[12] Y. Xue, D. Xie, G. Yan, Int. J. Quantum Chem. 76 (2000) 686. 

[13] E. L. Saier et ai., Anal. Chern., 1962, 34, 824. 

[14] E. P. Blanchard and G. Buechi, J. Am. Chem. Soc., 1963, 85, 955. 

[15] L.J. Bellamy, The Infrared Spectra of Complex Molecules, Chapman and Hall, 

London, 1975. 

[16] J. Weinman et al., Chirn. Phys.-Chirn. Bioi., 1976,73,331. 

[17] D.N. Singh, I.D. Singh, R.A. Yadav, Ind. J. Phys. 76B (1) (2002) 35-42. 

[18] J. Fabian, Bull. Soc. Chim. Fr., 1956, 1499. 

[19] S. Ramalingam, S. Periandy, S. Mohan, Spectrochimica Acta Part A 77 (2010) 73–81. 

[20]  M. Silverstein, F.X. Webster, Spectrometric Identification of Organic Compounds, 

6th ed, John willey, Asia, 2003. 

[21]  R. Manimekalai, A. Puhal Raj, C. Ramachandra Raja,  Optics and Photonics Journal, 

Vol.2, 2012, pp.216-221 

[22]  T.Thilak,M.Basheer Ahamed ,G.Marudhu,G.Vinitha, Arabian Journal of Chemistry, 

Journal of Shanghai Jiaotong University

Volume 16, Issue 9, September - 2020

ISSN:1007-1172

https://shjtdxxb-e.cn/   Page No: 124



Vol.9, 2016, PP.676-680 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Observed and HF and DFT calculated vibrational frequencies of L-Alanine 

doped EDTA 

Symmetry observed frequency(cm-
1
) Methods Vibrational   
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HF B3LYP 

FT-IR     FT-Raman 
6-311G 

(d,p) 

6-311G 

(d,p) 

A
′
 3350w - 3447 3349 (O-H) υ 

A
′
 3330w - 3340 3348 (O-H) υ 

A
′
 3250w 3250w 3228 3344 (O-H) υ 

A
′
 3230w - 3201 3357 (O-H) υ 

A
′
 3200w - 3216 3264 (O-H) υ  

A
′
 3170s - 3175 3145 (N-H) υ 

A
′
 3150s - 3140 3142 (N-H) υ 

A
′
 3110s - 3116 3117 (N-H) υ 

A
′
 3080s - 3124 3056 (C-H) υ 

A
′
 3060w 3060w 3072 3071 (C-H) υ 

A
′
 3040w 3040w 3046 3042 (C-H) υ  

A
′
 3030w 3030w 3037 3036 (C-H) υ 

A
′
 3010w - 3019 3020 (C-H) υ 

A
′
 3005m 3005w 2824 3019 (C-H) υ 

A
′
 3000m 3000w 3036 2928 (C-H) υ  

A
′
 2990w - 3014 3056 (C-H) υ 

A
′
 2980w - 3007 2904 (C-H) υ 

A
′
 2970w - 2975 2904 (C-H) υ 

A
′
 2960m - 2967 2883 (C-H) υ  

A
′
 - 2950 2962 2880 (C-H) υ 

A
′
 - 2940 2958 2877 (C-H) υ 

A
′
 2930m - 2696 2875 (C-H) υ 

A
′
 2910m - 2677 2851 (C-H) υ  

A
′
 2890m - 2887 2845 (C-H) υ 

A
′
 2860m 2860w 2865 2965 (C-H) υ 

A
′
 2850m 2850w 2864 2850 (C-H) υ  

A
′
 2840w - 2846 2863 (C-H) υ 

A
′
 2830w - 2839 2836 (C-H) υ 

A
′
 2810w - 2817 2819 (C-H) υ 

A
′
 2805w - 2809 2809 (C-H) υ  

A
′
 1720vs - 2050 2026 (C=O) υ 

A
′
 1710vs 1710m 1686 1733 (C=O) υ 

A
′
 1700s 1700w 1674 1721 (C=O) υ 

A
′
 1690s - 1682 1683 (C=O) υ 

A
′
 1680s 1680m 1681 1682 (C=O) υ 

A
′
 1650s 1650m 1653 1658 (O-H) δ 

A
′
 1640s - 1644 1648 (O-H) δ 

A
′
 1630s 1630m 1662 1714 (O-H) δ 

A
′
 1610s 1610m 1657 1323 (O-H) δ 

A
′
 1600s 1600m 1637 1674 (O-H) δ 

A
′
 1595s - 1586 1621 (O-H) δ 

A
′
 1480s - 1534 1227 (N-H) δ 

A
′
 1410m 1410s 1378 1423 (N-H) δ 

A
′
 1400vs 1400m 1376 1419 (N-H) δ 

A
′
 1380m 1380w 1373 1413 (CH3) α 

A
″
 - 1360s 1356 1399 (CH3)α 

A
″
 - 1350s 1354 1383 (CH2) α 
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A
″
 1310vs - 1334 1068 (CH2) α 

A
″
 1280s - 1332 1065 (CH2) α 

A
′
 1275vs - 1321 1043 (C-N) υ 

A
′
 1260m - 1310 1036 (C-N) υ 

A
′
 1255m - 1254 1255 (C-N) υ 

A
′
 1250m 1250w 1248 1249 (C-N) υ 

A
′
 1245m 1245w 1244 1245 (C-N) υ 

A
′
 1225s - 1235 1236 (C-N) υ 

A
′
 1210s 1210s 1228 1229 (C-N) υ 

A
′
 1205s - 1210 1211 (C-C) υ 

A
′
 1200s 1200w 1209 1207 (C-C) υ 

A
′
 1195w  1163 1032 (C-C) υ 

A
′
 1190w  1160 1023 (C-C) υ 

A
′
 1160m - 1158 1017 (C-C) υ 

A
′
 1150m - 1142 1012 (C-C) υ 

A
′
 1140s 1120w 1139 1012 (C-O) υ 

A
′
 1130m - 1133 1002 (C-O) υ 

A
′
 1120m - 1122 998 (C-O) υ 

A
′
 1115  1119 1118 (C-O) υ 

A
″
 1110 1110w 1116 1115 (O-H) γ   

A
″
 1095  1099 1098 (O-H) γ   

A
″
 1090 1090w 1092 1091 (O-H) γ   

A
″
 1080vs 1080m 1113 1024 (O-H) γ   

A
″
 1060w  1069 1068 (O-H) γ   

A
″
 1055w  1059 1059 (O-H) γ   

A
″
 1050w 1050 1059 1054 (C-NH) γ   

A
″
 1040s - 1109 1016 (C-NH) γ   

A
″
 1025s - 1093 1012 (C-NH) γ   

A
″
 1020s - 954 1011 (C-H) δ 

A
″
 1015m - 952 1004 (C-O) δ 

A
′
 1010m - 1424 1305 (C-H) δ 

A
′
 1005m - 1055 981 (C-H) δ 

A
′
 1000vs - 1043 964 (C-H) δ 

A
′
 995vs - 1024 904 (C-H) δ 

A
′
 980s 980m 1005 926 (C-H) δ 

A
′
 970s 970m 1002             875 (C-H) δ 

A
′
 960w - 1424 1305 (C-H) δ 

A
′
 955w - 1055 981 (C-H) δ 

A
′
 950w - 1043 964 (C-H) δ 

A
′
 940w - 1024 904 (C-H) δ 

A
′
 930w - 1005 926 (C-H) δ 

A
′
 920s - 909             915 (C-H) δ 

A
′
 910s - 908 902 (C-H) δ 

A
′
 890s - 870 897 (C-H) δ 

A
′
 880w - 859 895 (C-H) δ 

A
′
 870w - 875 874 (C-H) δ 

A
′
  865w 874 874 (C-H) δ 

A
′
 860s 860m 885 880 (C-H) δ 

A
′
 830m - 847 876 (C=O) δ 

A
′
 790s 790m 835 779 (C=O) δ 
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A
′
 - 780w 828 776 (C=O) δ 

A
′
 - 775w 825 776 (C=O) δ 

A
′
 770w - 802 740 (C=O) δ 

A
′
 760w - 770 732 (N-H) γ 

A
″
 740w - 766 725 (N-H) γ 

A
″
 730vw - 760 715 (N-H) γ 

A
″
 720w - 728 768 (C-H) γ 

A
″
 - 715m 719 751 (C-H) γ 

A
″
 710m 710m 717 747 (C-H) γ 

A
″
 705m 705w 712 741 (C-H) γ 

A
″
 700m - 706 732 (C-H) γ 

A
″
 685w - 677 704 (C-H) γ 

A
″
 680w - 656 692 (C-H) γ 

A
″
 675w - 639 677 (C-H) γ 

A
″
 670m - 633 660 (C-H) γ 

A
″
 660m - 627 651 (C-H) γ 

A
″
 655s - 617 649 (C-H) γ 

A
″
 650s - 611 631 (C-H) γ 

A
″
 640vw - 675 630 (C-H) γ 

A
″
 635vw - 652 617 (C-H) γ 

A
″
 625s - 638 593 (C-N) δ 

A
″
 620s - 631 565 (C-N) δ 

A
″
 615s - 599 561 (C-N) δ 

A
′
 - 595vs 590 533 (C-N) δ 

A
′
 570m 570w 525 475 (C-N) δ 

A
′
 - 560m 510 524 (C-N) δ 

A
′
 - 555m 567 451 (C-O) δ 

A
′
 - 550m 542 565 (C-O) δ 

A
′
 - 540w 538 553 (C-O) δ 

A
′
 520vs - 536 427 (C-O) δ 

A
′
 515vs - 522 421 (C-O) δ 

A
′
 510vs - 519 418 (C-C) δ 

A
′
 470m 470w 469 390 (C-C) δ 

A
′
 465m - 465 389 (C-C) δ 

A
′
 440m - 412 373 (C-C) δ 

A
′
 430m - 443 354 (C-C) δ 

A
′
 420w 420w 425 434 (CCC) δ 

A
″
 410w - 477 439 (C=O) γ 

A
″
 - 360m 364 386 (C=O) γ 

A
″
 350w 350m 355 378 (C=O) γ 

A
″
 340w - 332 340 (C=O) γ 

A
″
 330m 330w 342 299 (C=O) γ 

A
″
 300m 300w 312 264 (C-N) γ 

A
″
 295w 295w 305 340 (C-N) γ 

A
″
 285w 285w 318 307 (C-N) γ 

A
″
 - 280w 315 285 (C-N) γ 

A
″
 250w - 228 224 (C-O) γ 

A
″
 240w - 274 253 (C-O) γ 

A
″
 - 230m 249 230 (C-O) γ 

A
″
 - 220w 217 226 (C-O) γ 

Journal of Shanghai Jiaotong University

Volume 16, Issue 9, September - 2020

ISSN:1007-1172

https://shjtdxxb-e.cn/   Page No: 128



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Molecular configuration in LAE crystal 

 

A
″
 200w - 213 211 (C-O) γ 

A
″
 200w - 202 177 (C-N) γ 

A
″
 - 170m 179 168 (C-N) γ 

A
″
 165w - 157 176 (NH) τ 

A
″
 - 160w 195 151 (NH) τ 

A
″
 - 150w 127 177 (NH) τ 

A
″
 - 140w 150 142 (OH) τ 

A
″
 - 110w   (OH) τ 
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Figure 2: FT-IR spectra LAE crystal 
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Figure 3: FT-Raman spectra of LAE crystal 
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Figure 4: UV-Visible spectra of LAE crystal 
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Figure 5: HOMO-LUMO display of LAE crystal 
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Figure 6: MEP diagram of LAE molecule 
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