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Abstract In this study, geometrical parameters, vibrational frequencies, electronic absorption maximum wavelengths in
gas phase and chloroform solvent, and frontier orbitals (HOMO-LUMO) of 1,4-diphenyl-3-(phenylammonio)-
1H-1,2,4-triazolium(inner salt) were calculated by using DFT/B3LYP method with 6-311G(d,p) basis set. The Fourier
Transform-Infrared (FT-IR) solid phase spectrum of the title compound was recorded in the spectral range 4000-400 cm™.
The difference between the scaled wavenumbers and the observed values of most of the vibrational modes is nearly small.
The UV-Vis spectrum was measured in the spectral range 200-800 nm in chloroform solution. The theoretical electronic
(UV-Vis) spectrum calculated using the TD-DFT(C-PCM) method with chloroform solvent is more suitable than the gas
phase to the experimental spectrum. The calculated HOMO and LUMO energies show that charge transfer occurs within the
molecule. Finally, a comparison between the experimental data and the calculated results appeared a good agreement.
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1. Introduction

1,4-diphenyl-3-(phenylammonio)-1H-1,2,4  triazolium
(inner salt), commonly well-known as Nitron, is an organic
heterocyclic compound consisting a cationic triazolium unit
with an ionic PhN substituent [1]. Nitron compound has a
chemical formula of C,0H;¢N4 and the chemical structure is
shown in Fig.1. In fact, Nitron takes its name from its ability
to precipitate Nitrate Anion [2]. Nitron is insoluble in water
but is quite soluble in chloroform, ethanol, benzene, alcohol,
acetone, acetic acid, acetic ether, ethyl acetate, and slightly
soluble in ether [3-5]. Nitron is used for the detection and
gravimetric determination of nitrate ions. Nitron forms a
covalent compound with poly(4-chloromethylstyrene) which
removes nitrate from drinking water [6].

Nitron is a famous reagent for analysis of perchlorate
[7, 8], borate [9], tungstate and iodide anions [10], as well as
silicon, germanium, arsenic, and phosphorus [11, 12], gold
(I1I), pallahdium or platinuin(IV) [13], rhenium content as
Nitron perrhenate [14], Difluorophosphate[15], Nitron also
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quantitatively precipitates BF~*, Re0~*, and W02 as well
as a few other anions [2]. Practically, NO3 can always be
expected to be present in ground water that contains
perchlorate [16]. Furthermore, Nitron is used as desensitizers
(A material that reduces the sensitivity of an emulsion to
light exposures) [17] in photography [18]. Nitron
compounds can be employed usefully as high energy
desensitizers. It can be effective in desensitizing silver halide
radiographic layer to light. Nitron compound is characterized
by marked desensitizing action toward silver halide
radiographic layers as well as its sensitivity to visible
radiation (particularly in the blue region of the spectrum)
[19]. Nitron also was used for preparing lithium iodide
power sources utilized in  manufacture of
electrocardiostimulators [20].
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Figure 1. Chemical Structure of Nitron molecule
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The present work aims to investigate the vibrational and 4. Results and Discussion
UV-Vis spectral properties of Nitron using experimental and
computational techniques. 4.1. Molecular Geometry

Table 1. Selected Optimized geometrical parameters of Nitron compound
in the ground state

2. Experimental Details .
Nitron
) ) parameters Experimental®
The Nitron sample in the powder form was purchased B3LYP/6-311G(d,p)
from Sigma-Aldrich Chemical Company (Japan) with a Bond Lengths (A )
stated purity of 99% and it was used as such in the following (CI-N5) 13616 13014
spe.ctrosgopic investigations at about 300 K without further (C1-N6) 1.4582 1.3884
purification. (C1-N40) 1.2862 13394
2.1. FT-IR Spectrum (C2-N3) 1.3221 1.3134
. . (C2-N6) 1.3415 1.3654
Fourier transform-infrared (FT-IR) measurements were IS 3608 3834
carried out by the KBr method using a Shimadzu corporation (N3N) ' :
8400S FTIR spectrometer. FT-IR spectra are generated by (N3-C30) 14245 14182
the absorption of electromagnetic radiation in the frequency (N6-C18) 1.4239 1.4334
range 4000-400 cm. (C7-C8) 1.3961 1.3625
. (C8-C9) 1.3924 1.3745
2.2. UV-Vis Spectrum (C11-C12) 1.4103 13745
UV/Vis spectrum of the compound has been recorded in (C11-N40) 1.3924 1.4244
the reg.ion of 200-800 nm using a Perkin Elmer Lambda 35 (C18-C19) 13966 13783
UV-Vis spectrometer. (CI8.C23) 13979 13773
(C29-C30) 1.3942 1.3833
3. Computational Methods (€30-C31) 1.3957 1.3893
o . Bond Angles (°)
The mol.ecular .stru(.:ture optlmlzat.lon of the Nltron and (N5.C1.N6) 106.5801 1131917
corresponding vibrational harmonic frequencies were
. , (N5,C1,N40) 133.977 127.83
computed by using Becke's three parameter
gradient-corrected ~ exchange  potential and  the (N3,C2,N6) 107.9693 103.93
Lee-Yang-Parr  gradient-corrected correlation potential (C2,N3,N5) 112.5476 114.63
(B3LYP) [21-23]. Density Functional Theory (DFT) method (C2,N3,C30) 126.9764 129.1316
with standard split-valence 6-311G(d,p) basis set using (N5,N3,C30) 120.3775 116.3015
Gaussian 09 [24] program package without any constraint on (C1,N5,N3) 105.8979 103.03
the .geometr}./. All the C(?mputations have been done by (CLN6,C2) 106.9948 107.63
adding polarization functl.op d on heavy gtoms and p on (CLN6.CIS) 1282168 1224715
hydrogen atoms. The stability of the optimized geometries
. . (C2,N6,C18) 124.7634 125.6615
was confirmed by wavenumber calculations, which gave
positive values for all the obtained wavenumbers. A (C7.C8.C9) 118.8631 119.03
frequency scaled factors of 0.952 and 0.985 were employed (N6,C18,C19) 120.2542 119.1317
for the vibrational analysis, because the DFT-calculated (N6,C18,C23) 119.3522 119.9717
harmonic vibrational frequencies are usually larger than (C19,C18,C23) 120.3894 120.8718
those Observed experimentally [25] (C18,C19,C20) 119.1549 119.14
The electronic properties (UV-Vis calculat%ons) of the t}'tle (C30.C29.C34) 119.083 119.62
compound, such as HOMO-LUMO energies, absorption
. (C30,C29,H35) 118.9549 120.2
wavelengths and oscillator strengths were performed by
using TD-DFT/B3LYP method with 6-311(d,p) basis set, (N3,630,C29) 118.7404 191118
basing on the optimized structure in gas phase. In addition, (N3,C30,C31) 1203311 1212118
the HOMO, LUMO energy values and energy gap of the title (€29,€30,C31) 120.9275 119.6719
compound were calculated at the DFT-B3LYP/6-311G(d,p) (C32,C33,H38) 120.0594 120.3

level. All computational calculations were compared with

*Values taken from Refs. [26, 27].
the observed ones.
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The most optimized structural parameters (bond lengths,
bond angles and dihedral angles) of Nitron were calculated
by DFT/B3LYP level with 6-311G(d,p) basis set and are
given in Table 1. The calculated molecular structure of the
title compound is found to be non-planar and is as shown in
Fig. 2 along with the atom numbering scheme. In the
literature, we have not found experimental data on molecular
structure of Nitron, therefore the molecular structure of
Nitron is compared with the available experimental data of
3-Phenylamino-4-Phenyl-1,2,4-Triazole-5-Thione and
5-[(E)-Methoxy(phenyl)methylidene]-1,3,4-triphenyl-4,5-di
hydro-1H-1,2,4-triazole [26, 27] as crystal data of Nitron.

As seen in Table 1, all of the bond lengths and bond angles
in the phenyl rings are in the normal range, excepting some
of the bond lengths (N-C) between (1.30 and 1.37 A) are
much shorter than expected for a single bond. This result and
DFT calculations indicate strong interaction of the filled
nitrogen 2p orbitals with the unoccupied carbon 2p orbital..
Also can be seen from the Table 1, in view of the bond length,
most of the calculated parameters are longer than
experimental ones and the biggest difference occurs at
C(1)-N(6), with the different values being 0.0698 A when
compared with the experimental values [26, 27]. As for the
bond angles by comparing the calculated values with

:{i.

experimental ones, the biggest difference is seen in the bond
angle of N(5)-C(1)-N(6), with the difference being 6.6°
degree. The (phenylammonio) fragment and triazolium ring
are nearly planar. The benzene rings attached to N6 and N3
subtend dihedral angles of 39.7432° and 154.6837°,
respectively, in relation to the plane of the triazolium ring.
The above discrepancies may be due to that the theoretical
calculations correspond to the isolated molecules in gaseous
phase and the experimental results belong to molecules in
solid state. The geometry of the solid-state structures is
subject to intermolecular forces, such as van der Waals
interactions and crystal packing forces, which make most of
the experimental bond lengths be shorter than the theoretical
ones. Although the differences, calculated geometrical
parameters represent a good approximation and they are the
bases for other calculations, such as IR and UV/Vis spectra.

4.2. Vibrational Frequencies

1,4-diphenyl-3-(phenylammonio)-1H-1,2,4-triazolium
molecule have 40 atoms and the number of vibrational
modes is 114. All fundamental modes of the title compound
under C, symmetry are active in IR spectrum.

Figure 2. Molecular structure and numbering scheme of Nitron
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For visual comparison, the simulated and observed FTIR
spectra of the title compound at DFT/B3LYP level using
6-311G(d,p) basis set are given in Figure 3. The observed
vibrational frequencies of fundamental modes of Nitron
along with the simulated IR frequencies, the calculated IR
intensities and assignments of vibrational frequencies are
reported in Table 2. Due to neglect of unharmonicity in real
system, the vibrational frequencies simulated for Nitron with
the unscaled B3LYP/6-311G(d,p) force field are slightly
greater than the observed values. These differences can be
rectified by scaling the simulated wavenumbers with
appropriate factor. It is necessary to scale down the
calculated harmonic frequencies to improve the calculated
values in agreement with experimental values. The different
scale factors can be used for different regions of vibrations to
obtain a better agreement between the experimental and
computed frequencies. The vibrational frequencies
calculated at B3LYP/6-311G(d,p) level were scaled by 0.985
for wave numbers less than 1700 cm™ and 0.952 for higher
wave numbers.

4.2.1. C-H Vibrations

The aromatic compounds shows the appearance of C-H
stretching vibrations in the spectral range 3000-3100 cm™
[28]. The observed bands at 2976 and 3051 cm™ attributed to
C-H stretching vibrations of the title compound. DFT
computations predict these modes from 2996 to 3045 cm™
for B3LYP/6-311G(d,p) level of theory. The other CH
stretching modes (C29-H35, C10-H16, C19-H14, C2-H4)
are computed from 3068 to 3133 cm™. The C-H in-plane
bending bands of aromatic compounds are observed in the
spectral range 1300-1000 cm™ [29]. The observed bands at
1074, 1172, 1204, 1333 cm™' of title compound can attributed
to the C-H in-plane bending vibrations combined with other
vibration bands. The respective calculated bands are 1085,
1166, 1184, 1335 cm™ at B3LYP/6-311G(d.p) level for C-H
in-plane bending vibrations. The absorption bands arising
from C-H out-of-plane bending vibrations are usually
observed in the spectral range 1000-750 cm™ [30]. The
computed vibrations at 693, 767, 828, 834, 898, 917, 956,
987 cm™ are assigned C-H out-of-plane bending vibrations
using B3LYP/6-311G(d,p) which are comparable to
experimental data at 685, 750, 816, 831, 883, 909, 934, 993
cm™. The results showed that the theoretical data nearly
coincide with experimental ones and these assignments are
in good agreement with literature data [29, 30].

4.2.2. C-C Vibrations

The C=C stretching modes in Benzene rings are in general
appear in the spectral range 1650-1400 cm™ [31]. For the title
compound the observed C=C stretching vibrations are found
at 1493, 1530, 1606 cm™ and the respective calculated bands
are assigned at 1500, 1511, 1608 cm’. The CCC in-plane
bending modes of aromatic rings is observed band at 655

cm” which is comparable to theoretical data at 677 cm™ and
CCC out-of-plane bending mode is not observed in the
spectrum of the title compound. These assignments are in
good agreement with B3LYP/6-311G(d,p) method and as
well as with the literature data[32].

4.2.3. C-N,C=N, N-N Vibrations

The recognition of C-N, C=N, and N-N vibrations is a
very difficult task, since the mixing of several bands are
possible in this region. The observed bands in IR at 1234
cm” belong to C(aromatic ring) - N stretching vibration,
while the calculated value of this band was appeared at 1233
cm’ for the title compound. The observed band at 1576 cm™
can be assigned to the C-N stretching vibration of 1,2.4
triazole ring and the calculated value of the mention mode
was found at 1557 cm™. The C=N stretching mode of triazole
ring is observed band at 1441 cm™, while the calculated value
was appeared at 1438 cm™.
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Figure 3. Theoretical (a) and experimental (b) FT-IR spectra of Nitron

The observed band at 1049 cm™ of title compound can be
assigned to the N-N stretching mode and the calculated value
of the mentioned mode was appeared at 1050 cm™ and these
assignments are in good agreement with theoretical and the
literature data [33-35]. Most of vibrational bands are
combined with the other vibrational ones.
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Table 2. Experimental and calculated IR spectral data of Nitron together with their assignment

B3LYP/6311-G(d,p)

Experimental
No.  Wavenumber(cm™) IR Wavenumber Vibrational assignment
Unscaled  Scaled Intensity (em™)

1 29 29 0.04 - ' NC-CCry+ I' NC-CCra

2 35 34 0.36 - I NC-CCrs+ Lattice Vibration

3 40 39 0.7 - Lattice Vibration

4 43 42 0.84 - I' NC-CCg,t Lattice Vibration

5 58 57 0.18 - I' NC-CCR2+ Lattice Vibration

6 68 67 0.94 - Lattice Vibration

7 94 93 3.6 - Lattice Vibration

8 120 118 1.84 - Lattice Vibration

9 164 162 2.25 - Lattice Vibration

10 212 209 1.96 - ' NN-CCrjs + I' NC-CCk;

11 224 221 0.12 - Lattice Vibration

12 252 248 2.49 - Ring Deformation

13 260 256 0.61 - Lattice Vibration

14 288 284 1.02 - ¥y CCCry + I CNNCry4

15 299 295 1.15 - Lattice Vibration

16 382 376 1.49 - ¥ CCCrirars+ I CNNCry

17 417 411 0.66 - y CCCrz

18 418 412 0.35 - vy CCChrs

19 426 420 1.84 - vy CCCry

20 427 421 3.7 - vy CCCCrirars

21 436 429 8.03 - B CCCrarst B N-CCry

22 505 497 3.23 - v CCCrirors

23 516 508 24.22 - vy CCCrar3 + 7y CHrors

24 535 527 6.66 - vy CCCr; +I' CCri-NC +y CHgy
25 552 544 10.34 - vy CCCrogs + Y CHrors + B CHgs + p CCCry+ p NC-Cry
26 615 606 2.66 - ¥ NNCrs +y CHgs + p CCChrs

27 630 621 1.06 - B CCCr

28 631 622 0.73 - B CCCr,

29 634 624 0.6 - B CCCr3ro + I' NNCNg4 + vy CHpa
30 662 652 13.66 - B CCCg; +7y CHga + B CHg; + B NC-Cgy
31 687 677 20.38 655w B CCCrori + P NCNgy

32 692 682 8.89 - 8 CCCr3 + I' NCNCry4 + y CHg, + B CCCro
33 702 691 35.74 - ¥ CHrorarit I' NCNCry4 + f CCCrs
34 704 693 7.99 685vs Y CHgs 2

35 708 697 1.45 - vy CCCr; +y CHrirors + I CNNCry
36 709 698 62.04 - v CHgiro + T CNNCry

37 767 755 65.02 - ¥ CHrarsro

38 775 763 50.55 - I' CCCCr,

39 777 765 9.19 - v CHgs rar2

40 779 767 29.78 750vs Y CHr4ror3

41 818 806 11.49 - B N-CNg4 + v CCgy + B CCCri r3r2
42 841 828 3.49 816w Y CHrori

43 845 832 0.00 - Y CHgire

44 847 834 0.64 831w v CHgs

45 893 880 727 - B CNCgq4 + B CCCg) +vs CCCg; +y CHpa
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46 912 898 7.92 883m v CHg,
47 919 905 2721 ; B CNNgs + v CNis + v CHio
48 928 914 28.07 - B CNNgs + v CNis + 7 CHio
49 931 917 14.14 909w ¥ CHys + B CNNi + v CNis + y CHgo
50 971 956 0.12 934m v CH,
51 976 961 118 ] v CHio
52 984 969 0.6 ] v CHis
53 985 970 0.35 - v CHg,
54 1002 987 0.36 993m v CHgo
55 1009 994 372 - v CHgs + B CCCry
56 1010 995 7.99 ] v CHys + B CCChi s
57 1016 1001 0.54 ] B CCCroz + B CHgs + P NCNs +v CNgg
58 1017 1002 0.34 ; B CCCriro
59 1020 1005 4.48 ; B CCCrarort + B NCNgs + B CHye
60 1046 1030 14.3 ; vs (C32-C33-C34)s + v NNa
61 1049 1033 2.54 1030w Vs (C7-C8-C-9)x, + B CHy
62 1055 1039 2222 - Vs (C20-C21-C22)s + B CHya + v NN + B CHya
63 1066 1050 73.38 1049w v (N-N)rs + B CHys + B CHze
64 1102 1085 11.71 1074m B CHrirors
Table 2.continued
65 1104 1087 5.37 - B CHu pos
66 1109 1092 9.54 - B CHos + v CCra
67 1166 1149 4421 - v CNie + B CHyaxt + B CCCry
68 1175 1157 1.85 ] B CHz,
69 1184 1166 143 1172m B CHis
70 1185 1167 0.12 ; B CHro
71 1196 1178 6.86 ; B CHrsn
7 1198 1180 9.87 ] B CHpxs
73 1202 1184 0.37 1204vw B CHioxs
74 1241 1222 12589 ] VN-Cs +v CNs + B CHga + v N-Cgs + B CH1pos
75 1252 1233 160.98 12345 v ﬁg‘ég;fﬁc&&fﬁ}g“&ézsm
76 1280 1261 2.94 ] VNN + B CHge + v CCrs
77 1300 1281 11.37 1273w v CCrorit v (C1-N5)gs
78 1316 1296 0.73 1296m v CCrt + B CHyyros +v (C1-NS)gs
79 1336 1316 13.14 - VCCra + v (C1-N6)gs
80 1344 1324 0.72 - VCCR3 + v NN
81 1355 1335 5.68 1333w B CHizo
82 1356 1336 5.16 - B CHyrxo +v NNgs
83 1360 1340 0.77 ] B CHroxs
84 1460 1438 3417 1441sh v (N6=C2)rs + P CHys o
85 1479 1457 2.62 ; v CCry + B CHyy
86 1489 1467 2.61 ; v CCroo+ B CHoxs
87 1501 1478 49.49 - Vv CCrxa + B CHros +v (C2-N6)ge
88 1523 1500 95.01 1493vs v CCroxosmt + B CHrigons + B CHie
89 1524 1501 6481 - v CCroos + B CHyt rors
90 1534 1511 186.74 1530vs v CCros + B CHyars
91 1581 1557 497.50 15765 v (N3-C2)gs + B CHra
92 1604 1580  24.62 ] v CCry
93 1628 1604 11534 - v CCro +vN-Cry

11
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94 1632 1608 470.33 1606m v CCri 23
95 1636 1611 20.88 - v CCr3ra + v NCr4
96 1641 1616 13.26 - v CCrarsri
97 1643 1618 5.48 - v CCr3 + v CNyz
98 1691 1665 122431 - v N-Cgs4 +v (N5-Cl)gs + v CCrori
99 3148 2996 8.06 2976w v CHg,

100 3155 3004 22.24 - v CHg,

101 3167 3015 3.12 - v CHg,

102 3171 3019 1.86 - v CHgs

103 3175 3023 46.37 - v CHg; g2
104 3176 3024 0.90 3051m v CHpari
105 3180 3027 4.84 - v CHgs

106 3184 3031 23.28 - v CHg;

107 3185 3032 22.35 - v CHg,

108 3189 3036 17.25 - v CHg;

109 3195 3042 18.47 - v CHg,

110 3198 3045 13.32 - v CHgs

111 3223 3068 1.11 - v Cao-Hss
112 3224 3069 1.69 - v Cio-Hje
113 3238 3083 2.68 - v Cio-Ha
114 3291 3133 15.6 - v C-H,y

T'-torsion, v-stretching, vs-symmetric stretching, B-in plane bending, y-out of plane bending, R:(C7-C8-C9-C10-C11-C12),
R»:(C18-C19-C20-C21-C22-C23), R3:(C29-C30-C31-C32-C33-C34), Ry:triazole ring, s-strong, vs-very strong, m-medium, w-weak, vw-very

weak, sh-shoulder.

4.3. HOMO-LUMO Analysis

A Erto=-1.89440044 &V

(First Exited State)

AFE=27T74677028 eV

a® Epono=-4.64127872 &V
s
* Y

Figure 4. The atomic orbital components of the frontier molecular orbital
of Nitron

{Ground State)

Study of molecular orbitals can provide much useful
information about electronic structures and is widely used in
the analysis of chemical reactions [36]. The frontier
molecular orbital energies were obtained using the
B3LYP/6-311G(d,p) level for the optimized molecular

structure. A total of 528 molecular orbitals were founded, 82
of which are occupied. The 3D plots of the frontier orbitals;
the highest occupied molecular orbital (HOMO) and the
lowest unoccupied molecular orbital (LUMO) are shown in
Figure 4 that show it is likely to exhibit an efficient electron
transfer from 3-(phenylammonio) group of the HOMO to the
1,4-(diphenyl) group of the LUMO if electronic transitions
occur. The HOMO for the computed is localized at the
3-(phenylammonio) and triazole ring regions, whereas the
LUMO is localized at 1,4-(diphenyl) and 1,2,4 triazole
regions. LUMO as an electron acceptor represents the ability
to accept an electron and HOMO represents the ability to
donate an electron. Therefore, when electron transfer from
the HOMO to LUMO, the electron density significantly
decreases in the electron-donating 3-(phenylammonio)
moiety, accompanied by an increase in the electron density
of the electron-accepting 1,4-(diphenyl) moiety. This result
indicates that the electron transfer from the
3-(phenylammonio) group to the 1,4-(diphenyl) group
through the triazole group. The intramolecular charge
transfer (ICT) from HOMO-LUMO occurs through
n-conjugated path. The energy gap, the difference between
HOMO and LUMO, is an indication of capability of
electronic transitions from occupied orbitals to unoccupied
ones. The energy gap is a parameter to determine the
molecular electrical transport property because it is a
measure of electron conductivity. The total energy, HOMO,
LUMO energies, and energy gap of Nitron computed at the
DFT/B3LYP method with 6-311G(d,p) level in gas phase is
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shown in Table 3 and it reveals the energy gap reflect the
chemical activity of the molecule. In addition, The energy
value of HOMO is computed as -4.64127872 ¢V and LUMO
as -1.89449944 ¢V, and the energy gap value is 2.74677928
eV and the dipole moment is 7.9577 Debye in gas phase for
the title compound. Lower value in the HOMO and LUMO
energy gap explains the eventual charge transfer interactions
taking place within the molecule.

4.4. UV/Vis Spectrum

Quantum chemical computations were carried out to
further investigate the electronic properties of title
compound. The TD-DFT/B3LYP method using 6-311G(d,p)
basis set, has been used to determine the first three low-lying
excited states for investigate the UV-Vis absorption spectra
of the title compound. The calculated results involving the
vertical excitations energies, oscillator strength (f), major
contributions, and wavelength are carried out and compared
with measured experimental wavelength. The experimental
and theoretical UV-Vis absorption spectra of the title
compound are shown in Figure 5. As can be seen from the
figure, electronic absorption spectrum of the title compound
shows two bands at 325 and 410 nm. From
TD-DFT(C-PCM)/B3LYP calculation, the theoretical
absorption bands are predicted at 358 and 561 nm for gas
phase ,332, 468 nm for chloroform solution at 6-311G(d,p)
basis set and as well as can easily be seen that solvent case
data is the closest with compared to the experimental
absorption bands. The error between the calculated and
experimental results ranges from 33 nm to 151 nm for gas
phase, and 7 nm to 58 nm for solvent case. These values
indicate that the solvent case is more suitable than the gas
phase for studying the absorption spectra of the title

compound. The calculated TD-DFT(C-PCM)/B3LYP/
6-311(d,p) has been determined using optimized gas phase
geometries.

Table 3. The total energy, dipole moment, and frontier molecular orbital
energies of Nitron obtained by using B3LYP/6-311G(d.p)

Property Nitron
Total energy (a.u.) -990.96217499
Enomo (eV) -4.64127872
ELumo (V) -1.89449944
Dipole moment (D) 7.9577
AE=Eruymo—Enomo (V) 2.74677928

The maximum absorption peak (Ay.) optimized by
TD-DFT(C-PCM)/6-311G(d,p) reduces the error to 6 nm for
title compound. These results indicate the accuracy
remarkably increases when solvent effects are taken into
account because of the intermolecular hydrogen bonding
interaction in the corresponding electronic exited state.
When the electronic transition energy from the ground state
to the excited state increases, which leads to a blue-shift in
the electronic spectrum because of weakening of the excited
hydrogen bond [37].

The main orbital compositions of the computed
lower-lying singlet excited states and the transition features
of the title compound obtained at TD-DFT/6-311G(d,p) level
in gas phase and at TD-DFT(C-PCM)/6-311G(d,p) level in
solvent (Chloroform) are listed in Table 4. In view of
calculated absorption spectra, the maximum absorption
wavelength corresponds to the electronic transition from
HOMO to LUMO with 99% contribution. This transition
(HOMO=LUMO) is predicted as n-n* transition.
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Figure 5. Experimental and theoretical electronic spectra for the title compound
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Table 4. The experimental and calculated absorption wavelength (L), excitation energies and oscillator strengths (f) of Nitron
The calculated with TD-DFT/B3LYP/6-311G(d,p)
Experimental
Excited in Vacuum/ Solvent (C-PCM)(Chloroform)
States
Wavelength Wavelength Energy Osc. . . .
(nm) (nm) V) Strength Symmetry Major Contrib. Transition
1 410 561 /468 2.21/2.64 0.051/0.096 Singlet-A HOMO —-LUMO (99%) / (99%) o
2 395/339 3.13/3.64 0.0/0.013 Singlet-A | HOMO -»LUMO+1 (99%) / (98%) o
_ HOMO —»LUMO+2 (85%) / (65%) .
3 325 358/332 3.35/3.73 0.012/0.092 Singlet-A o T
HOMO —-LUMO+3 (14%) / (33%)
5. Conclusions as reagent., Microchemical Journal, 20( 4), 409-414.
. e . . d
The optimized geometry, harmonic vibrational [8] Harris, D. C., Quantitative chemical analysis, 3" ed.,

wavenumbers and intensities, the electronic absorption
maximum wavelengths, and HOMO-LUMO energy gap of
1,4-diphenyl-3-(phenylammonio)-1H-1,2,4-triazolium(inner
salt) have been calculated at DFT/B3LYP method with
6-311G(d,p) level of theory for the first time. The
fundamental modes of the title compound have been studied
by FT-IR spectroscopy. The scaled wavenumbers are in a
good agreement with observed vibrational wavenumbers.
The maximum absorption wavelength in the UV-Vis
spectrum has been observed at 468 nm. The TD-DFT
calculations also show a good agreement with the observed
values in solvent case. Furthermore, the calculated
HOMO-LUMO energy gap show that charge transfer
interactions takes place within the molecule. The calculated
results have showed that the title compound possesses
HOMO-LUMO energy gap at 2.74 eV which indicate high
recommendations for photovoltaic fabrication.
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