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INTRODUCTION

In push-pull molecule is like m-nitroaniline, intramole-
cular charge transfer (ICT) from the electron-donor (-NH2)
group to electron-acceptor (-NO2) group through the phenyl
ring. The optical non-linearity property determined by the
method of experiment and computation on m-nitroaniline and
p-nitroaniline [1-3]. 3-Nitroaniline and its derivatives are
biologically important compounds involves in producing the
significant hypoglycemic and antihyperglycemic effects in
normal and alloxan-induced diabetic rabbits [4]. Also, 3-nitro-
aniline has a considerable chemical and pharmacological
importance, because it plays a vital role in some biological
processes. The organic protonation molecule relations between
acceptors and donors holding N, O and S atoms were used in
various medicines. A limited physicist have studied the donor
molecules with electron delocalization potential with charge
transfer molecules. The overlap of π-orbitals in the donor mole-
cules leads to electron delocalization of the protonated from
the amine families [5-8].
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The aim of the work is to discover organic-inorganic crystal
with the biological importance along with good physical,
chemical and thermal properties is proposed. Based on the above
precise details, 3-nitroaniline was treated with orthophosphoric
acid and the crystals of 3-nitroanilinium dihydrogen phosphate
(3NADP) were grown. The synthesis, structural, spectroscopic,
thermal and antimicrobial analyses of 3NADP are reported in
this article.

EXPERIMENTAL

3-Nitroanilinium dihydrogen phosphate (3NADP) was
synthesized from 3-nitroaniline (AR grade, HiMedia Fine
Chemicals, India) and orthophosphoric acid (AR grade). The
acetone was used to dissolve the chemicals and the solution
was stirred for 1 h using a magnetic stirrer. The reaction was
permitted at room temperature to happen and the compound
3-nitroanilinium dihydrogen phosphate was obtained
(Scheme-I). However, the desired quality of single crystal of
3NADP growth was not obtained even after several attempts.
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Scheme-I: Synthetic route of 3-nitroanilinium dihydrogen phosphate
(3NADP)

So powder X-ray diffraction confirms the new phase of 3-nitro-
anilinium dihydrogen phosphate.

Characterization: The powder XRD study of grown
crystal of 3NADP carried out by Bruker X-ray diffractometer
(D8 advanced ECO XRD system) with SSD160 1D detector
in the range of 0º to 80º (2θ). The DASH 3.3.2 program [9]
used to collect preliminary data of 3NADP was calculated and
the strong intensity peaks indexed. The Nexus 670 FTIR spectro-
meter is used to make infrared spectral measurements of grown
crystal which is in the range of 4000-400 cm-1 using KBr pellet.
The FT-Raman spectra of the grown crystal was recorded in
the BRUKER RFS 27 using Nd:YAG laser source and operated
at 1064 nm in the range of 4000-400 cm-1 with the resolution
~1-2 cm-1.The thermal analyses (TG/DTA) of 3NADP was
conducted using SII (SEIKO), TG/DTA-6200, Japan using air
atmosphere at the range of 20 ºC/min.

Computational quantum chemical analysis: The efficient
quantum mechanical calculations were carried out by Hartree-
Fock (HF) method and Density Functional Theory (DFT) and
the molecular structure was optimized with 6-311++G(d,p) basis
set. Intel Core i5/3.20 GHz computer with Gaussian 09W [10]
program package used for computational analysis. The
accepted approach is HF and DFT method for the computation
of molecular structure and vibrational frequencies with the
three-parameter hybrid function (B3) for the exchange part
and the Lee–Yang–Parr (LYP) correlation function [11-13].
The principle of statistical mechanics used for thermodynamic
property calculation and vibrational frequencies (normal
mode), which gives the details about title compound in gas
phase. The vibrational frequency assignments were calculated
using GAUSSVIEW program [14] with symmetry consider-
ations. The electronic properties, such as HOMO-LUMO energies
were calculated and computed by the HF and DFT methods.

RESULTS AND DISCUSSION

Structural analysis: The unit cell parameters of grown
crystal of 3-nitroanilinium dihydrogen phosphate (3NADP)
were analyzed and the values are given in Table-1. The powder
XRD patterns and predicted unit cell values confirmed the salt
formation. The XRD pattern of the grown crystal 3NADP was
compared with 3-nitroaniline (Fig. 1). It is clearly observed
that few new intensity peaks appeared in 3NADP crystals and
appeared as monoclinic system.

The asymmetric part of both unit cells contains 3-nitro-
aniline cation and the charge neutrality is attained with dihy-
drogen phosphate anion in 3NADP. The optimized structure
of 3-nitroanilinium dihydrogen phosphate with atom num-

TABLE-1 
STRUCTURAL PARAMETERS FOR 3NADP 

Unit cell parameters Values 
a (Å) 8.966 (8) 
b (Å) 4.500 (2) 
c (Å) 8.707 (6) 
α (°) 90 
β (°) 90.5 
γ (°) 90 

Volume 351.2 
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Fig. 1. XRD pattern for 3-nitroanilinium dihydrogen phosphate (3NADP)

bering is shown in Fig. 2, while the bond length and bond angle
values are listed in Table-2. In H-F level, the C–C bond length of
the phenyl ring was in the range of 1.377-1.3926 Å [15,16],
while in B3LYP level, the C–C bond length was 1.389-1.401 Å.
In phosphate anion, the optimized P=O bond length was found
to be 1.455 Å at H-F method and 1.487 Å at B3LYP method.
Similarly, the optimized P–O bond lengths were around 1.566-
1.569 Å [17] at HF method and 1.589-1.609 Å at B3LYP method.

Mulliken charge analysis: The histogram of atomic charges
of 3NADP is shown in Fig. 3 and computed charge values are
given in Table-3. In general, Mulliken population analysis has
an important role in the molecular system because atomic
charges affect dipole moment, polarizability and electronic
structure in the quantum chemical calculations [18].  The phos-
phorus atom is surrounded by four electronegative oxygen
atoms, which makes it more electropositive (0.806e in HF and
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Fig. 3. Histogram of atomic charges on 3NADP by HF and B3LYP methods

TABLE-3 
COMPUTED ATOMIC CHARGES OF 3NADP 

Atoms 
connected 

HF/6-
311++ 
G(d,p) 

B3LYP/6-
311++ 
G(d,p) 

Atoms 
connected 

HF/6-
311++ 
G(d,p) 

B3LYP/6-
311++ 
G(d,p) 

N1 -0.512 -0.482 H13 0.304 0.279 
C2 -0.072 -0.325 H14 0.343 0.290 
C3 0.509 0.353 H15 0.260 0.234 
C4 -0.391 -0.153 H16 0.233 0.194 
C5 -0.168 -0.010 H17 0.186 0.140 
C6 -0.107 -0.151 P18 0.806 0.474 
C7 -0.732 -0.575 O19 -0.404 -0.310 
N8 -0.076 -0.176 O20 -0.463 -0.422 
O9 -0.116 -0.008 O21 -0.499 -0.311 
O10 -0.020 -0.001 O22 -0.545 -0.435 
H11 0.398 0.463 H23 0.398 0.299 
H12 0.349 0.333 H24 0.320 0.300 

 

Fig. 2. Optimized geometry of 3NADP by (a) HF and (b) B3LYP method

TABLE-2 
OPTIMIZED MOLECULAR GEOMETRICAL PARAMETERS 

Bond length (Å) Bond angle (°) 

Geometrical parameters HF/6-311++(d,p) B3LYP/6-311++(d,p) Geometrical parameters HF/6-311++(d,p) B3LYP/6-311++(d,p) 
N1–C2 1.398 1.413 N1–C2–C3 119.5 119.9 
C4–N8 1.466 1.483 N1–C2–C7 121.6 120.8 
C2–C3 1.388 1.398 C3–C4–N8 117.4 118.2 
C2–C7 1.393 1.401 C5–C4–N8 119.1 118.8 
C3–C4 1.377 1.389 C3–C2–C7 118.7 119.3 
C4–C5 1.378 1.390 C2–C3–C4 119.0 118.7 
C5–C6 1.385 1.392 C3–C4–C5 123.5 123.0 
C6–C7 1.383 1.392 C4–C5–C6 116.9 117.6 
N8–O9 1.196 1.225 C5–C6–C7 121.1 120.8 

N8–O10 1.181 1.224 C2–C7–C6 120.7 120.6 
P18–O19 1.567 1.608 C4–N8–O9 117.4 117.8 
P18–O20 1.566 1.589 C4–N8–O10 118.1 117.6 
P18–O21 1.569 1.602 O9–O8–O10 124.5 124.6 
P18–O22 1.455 1.487 O19–P18–O20 101.7 105.0 

   O19–P18–O21 102.3 101.4 
   O19–P18–O22 117.0 115.1 
   O20–P18–O21 106.8 102.9 
   O20–P18–O22 113.4 114.6 
   O21–P18–O22 114.2 116.2 
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0.474e in B3LYP) and the carbon atom (C7) has more electro-
negativity (-0.732e in HF and -0.575e in B3LYP), as it is surro-
unded by one hydrogen atom (H17) and two electronegative
carbon atoms (C2 and C6).

Vibrational analysis: 3-Nitroanilinium dihydrogen
phosphate molecule consists of 24 atoms, hence undergoes
66 normal modes of vibrations. In 3NADP, the experimental

spectra (FT-IR and FT-Raman) are compared with their theor-
etical counterparts as shown in Fig. 4. The observed and comp-
uted frequencies of 3NADP with their vibrational assignments
are given in Table-4.

Vibrations of –NH2 group: The NH2 antisymmetric stret-
ching vibration is scaled at 4027 cm-1 in HF and 3592 cm-1 in
B3LYP levels as mode 64 [19,20]. Similarly, NH2 symmetric
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Fig. 4. Experimental and computed FT-IR and Raman spectra of 3-nitroanilinium dihydrogen phosphate (3NADP)

TABLE-4 
EXPERIMENTAL (FT-IR AND FT-RAMAN) AND COMPUTED FREQUENCIES OF 3-NITROANILINIUM  

DIHYDROGEN PHOSPHATE (3NADP) WITH THEIR VIBRATIONAL ASSIGNMENTS 

Calculated frequency (cm–1) Observed 
frequency (cm-1) HF B3LYP Mode 

No. 
IR Raman νcal 

aIIR bIRaman νcal 
aI IR bI Raman 

Vibrational assignments 

1   36 2.436 1.213 10 0.911 0.3881 Lattice vibration 
2   43 0.365 2.482 30 0.240 3.9404 Lattice vibration 
3   57 4.609 0.386 37 0.219 2.0123 γ(P–OH) + t NH2 
4   73 0.918 0.690 48 1.133 0.5952 γ(P–OH) + t NH2 
5   86 0.849 0.281 59 1.406 0.6042 γ(P–OH) 
6   98 11.200 2.682 109 14.338 0.4282 β(P–OH) 
7   102 6.751 0.263 145 2.762 2.523 β(P–OH) 
8   187 3.691 2.042 151 73.777 2.9411 γ(P–OH) 
9   197 98.999 1.871 170 4.036 1.776 Lattice vibration 

10   240 2.673 0.407 223 2.210 0.778 ρ(NO2+ NH2) 
11   258 2.284 0.892 250 28.425 0.6703 γ(P–OH + C–H) 
12   337 13.891 0.755 270 63.372 1.4262 γ(P–OH) 
13   392 17.779 0.197 362 77.371 0.3489 γ(P–OH) 
14   400 8.031 2.972 369 29.027 1.0574 γ(P–OH) 
15   430 10.149 2.072 375 6.060 3.8039 ρ(NO2+ NH2) + β(C–N) 
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16   451 10.205 1.384 405 0.834 2.4349 ρ(NO2+ NH2) + β(C–N+ C–C) 
17   480 4.205 0.337 435 5.253 0.5778 γ(C–H + C–C) 
18   489 10.996 1.200 445 47.875 0.7857 ωPO2 
19   505 117.219 2.307 449 49.071 1.5937 γ(P–OH) + δ(COO(H)) 
20 518 m  524 132.250 1.129 467 44.287 3.2923 ρPO2+ δ(COO(H)) 
21   525 49.402 1.891 498 15.855 2.6716 t (NH2) 
22   547 162.326 1.087 530 4.788 3.9217 t (NH2) + γ(C–H) 
23   558 17.319 2.026 547 26.801 0.3385 t (NH2) + γ(C–H) 
24   583 7.094 3.354 563 1.563 0.6097 β(C–H + C–C) 
25 668 m  645 33.498 0.261 678 40.403 0.2237 γ(C–H) 
26   739 12.508 5.356 688 5.121 4.7194 β(C–H + C–C) 
27 736 m  748 36.145 0.739 724 19.573 1.6683 β(C–H + C–C + C–N) 
28 817 m 806 w 810 237.752 5.366 759 140.107 1.1258 ω(NO2+ NH2) + γ(P–OH) 
29   852 156.293 3.086 806 53.516 0.5175 γ(C–H) 
30   902 12.851 2.097 823 30.993 18.5374 ν(P–O) 
31   917 33.240 15.352 832 44.500 14.7678 δ(NO2) + ν(C–N) 
32   933 14.155 14.302 890 65.757 15.4673 ω(NH2) 
33  1002 w 1005 356.176 0.491 912 348.247 6.3244 γ(C–H) + ω(NH2) 
34   1015 8.070 0.358 918 369.138 9.3586 γ(C–H) + ω(NH2) 
35   1025 373.655 0.514 933 88.311 0.9458 γ(C–H) + ν(P–O) 
36   1033 7.593 2.617 937 56.059 6.1962 νs(P=O) 
37   1055 61.677 0.139 948 85.716 11.3612 γ(C–H) + ω(NH2) 
38 978 m 1093 w 1081 3.640 38.659 993 0.175 0.2379 γ(C–H) 
39   1105 8.646 0.095 1014 1.677 34.6925 β(C– C) 
40   1108 210.007 1.685 1020 59.025 1.7633 νas(P=O) 
41   1133 80.869 1.896 1035 113.939 1.8275 ν(P=O) 
42 1105 m  1156 7.942 1.244 1094 19.621 0.7223 t (NH2) + β(C–H) 
43   1181 37.348 3.405 1107 20.524 18.8381 β(C–H + C–C) + ν(C–N) 
44 1232 w  1206 23.275 2.584 1151 26.962 3.2372 t (NH2) 
45   1219 10.604 8.910 1190 0.301 2.0725 β(C–H) 
46  1278 w 1265 3.789 2.333 1216 78.350 9.3159 νas(PO2) 
47 1359 s 1335 s 1351 70.980 3.868 1273 80.624 42.8263 β(C–H + C–C) + ν(C–N) 
48   1376 360.247 1.750 1286 261.987 1.7845 β(P–OH) 
49   1382 77.689 24.843 1334 25.728 7.6585 β(C–H) 
50   1454 6.341 1.449 1369 55.046 6.8614 ν(C–C) + t (NH2) 
51 1542 s  1614 122.483 36.936 1371 244.320 148.6699 ν(C–N) + νs (NO2) 
52   1615 185.699 40.449 1491 1.254 1.6316 ν(C–C) 
53 1647 m 1566 w 1652 39.665 8.172 1516 28.938 0.7044 ν(C–C) 
54   1768 147.995 36.840 1588 381.639 20.2657 νas(NO2) + ν(C–C) 
55   1783 368.051 29.196 1627 16.765 58.9829 ν(C–C) + β(N–H) 
56   1811 238.466 12.535 1660 4.844 8.4825 δ(NH2) + ν(C–C) 
57   1831 149.877 8.120 1670 66.924 13.5486 δ(NH2) 
58  3085 w 3326 7.911 66.609 3166 8.532 76.0192 ν(C–H) 
59   3350 9.756 128.273 3190 9.102 148.5519 ν(C–H) 
60   3394 1.907 78.409 3211 5.554 56.8921 ν(C–H) 
61   3402 17.171 44.517 3231 6.271 86.4456 ν(C–H) 
62   3744 62.956 116.620 3270 1425.156 303.9283 ν(O–H) 
63   3857 43.739 53.212 3457 179.097 139.4773 νs (NH2) 
64   4027 281.231 37.110 3592 36.361 76.1176 νas (NH2) 
65   4055 571.877 89.273 3833 136.838 51.3028 ν(O–H) 
66   4164 200.715 65.037 3838 115.830 99.0362 ν(O–H) 

vs = very strong; m = medium; w =weak; νas = asym. stretching; νs = sym. stretching; γ = out-of-plane bending; β = in-plane bending; ρ = rocking; 
δ = scissoring; t = twisting; ω = wagging. 

 

stretching vibration is computed at 3857 and 3457 cm-1 in HF
and DFT/B3LYP levels (mode 63), respectively. The NH2 sciss-
oring is calculated at 1831 cm-1 in HF and 1670 cm-1 in B3LYP
methods (mode 57). The NH2 twisting vibration is computed
at 1454 cm1 in HF and 1369 cm-1 in B3LYP methods (mode

50). The NH2 wagging vibrations is calculated at 1055 and 948
cm-1 in HF and B3LYP levels (mode 37), respectively. The NH2

and NO2 rocking vibrations are computed at 451 and 405 cm-1

in HF and B3LYP levels (mode 16), respectively. Also, these
peaks are not observed in the experimental spectra.
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Vibrations of –NO2 group: The NO2 group asymmetric
and symmetric stretching vibrations representing the bands
around 1570-1500 cm-1 and 1370-1300 cm-1 for nitrobenzene
and its substituted compounds, respectively. The NO2 asym-
metric stretching vibrations at 1770 and 1589 cm-1 was computed
by HF and B3LYP methods,  respectively. The NO2 symmetric
stretching vibrations are theoretically found by HF at 1574
and B3LYP at 1371 cm-1 (mode 49), respectively.

C–C and C–N vibrations: The region around 1600-1300
cm-1 represents the C–C and C–N stretching vibrations. A
medium intensity peak at 1647 cm-1 in FT-IR spectrum, while
the weak peak at 1566 cm-1 in FT-Raman spectrum was assigned
to C–N stretching vibrations and both are computed at 1652
and 1516 cm-1 in HF and DFT/B3LYP levels (mode 53), respec-
tively. Apart from this, some more mode 56, mode 55 and
mode 52 also represented the C–C stretching vibrations [21-23].
A strong peak observed at 1542 cm-1 in FT-IR spectrum and
calculated at 1614 and 1371 cm-1 in HF and DFT/B3LYP levels
(mode 51), respectively.

Vibration of C-H group: The C–H stretching vibrations
occurred in the characteristic region around 3100 cm-1 and also
represented the aromatic structure of the 3NADP and observed
as a weak peak at 3085 cm-1 in FT-Raman spectrum [24]. The
stretching vibrations were calculated by HF and B3LYP levels
at 3402-3166 cm-1 (mode 58 to mode 62). The in-plane bending
and out-plane bending vibrations of aromatic C–H represent
the band around of 1300-1100 and 1100-900 cm-1, respectively.
The C–H in-plane bending vibration of 3NADP was observed
as a strong peak at 1359 and 1335 cm-1 in FT-IR and FT-Raman
spectrum, respectively. The observed wavenumbers are well
matched with the calculated wavenumbers by HF and DFT/
B3LYP levels (mode 47). The out-plane bending C–H vibration
theoretically  computed at 1055 cm-1 in HF and 948 cm-1 in
B3LYP levels (mode 37).

Vibrations of dihydrogen phosphate anion: In 3NADP,
the O–H stretching vibrations are calculated in the range of

4164-3270 cm-1 (mode 66, mode 65 and mode 62) by HF and
DFT/B3LYP calculations. The P=O stretching mode theore-
tically calculated and predict the vibration at 1133 cm-1 in HF
and 1035 cm-1 in DFT/B3LYP calculations (mode 41). The
PO2 asymmetric stretching modes are observed at 1278 cm-1

as a weak peak in Raman spectrum. These values are good in
match with the theoretical calculations predict the mode 46.
The P=O asymmetric stretching is theoretically calculated
at 1108 and 1020 cm-1 (mode 40) in HF and DFT/B3LYP levels,
respectively. The calculated values of P=O symmetric stret-
chings by HF and  DFT/B3LYP calculations was found to be
at 1033 and 937 cm-1 (mode 36). The medium intensity band at
518 cm-1 in FT-IR spectrum assigned to PO2 rocking mode.
These experimental results were good in agreement with the
theoretical calculations. Also, the mode 20 and mode 13 repre-
sents the PO2 wagging mode.

Frontier molecular orbital analysis: Frontier molecular
orbital analysis was used to calculate electric and optical
properties of organic molecules. The calculated HOMO, LUMO
energies and the related parameters of 3NADP were calculated
by HF and B3LYP methods are given in Table-5 and the energy
level diagrams are shown in Fig. 5. The small frontier orbital
energy gap is associated with a high chemical reactivity because
a huge amount of charge transfer occurred within the molecules.
The large charge transfer and small energy gap and influences
the bioactivity of 3NADP. Around 400 energy levels were
observed for 3NADP in the energy ranges of -80.115 au to
166.50 au and -77.217 au to 163.356 au in HF and B3LYP
methods, respectively. The calculated HOMO and LUMO
energy values of 3NADP molecule in HF and B3LYP level
are −0.338/0.029 a.u. and −0.258/−0.106 a.u. The energy gap
value between the frontier orbital was 0.367 a.u. in HF and 0.152
a.u. in B3LYP level.

Thermal studies: The thermal behaviour of 3NADP was
studied in the temperature range of 40-650 ºC in air atmosphere
using simultaneous TG/DTA analysis. The TG/DTA curve (Fig. 6)
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Fig. 5. Molecular orbital energy level diagram by (a) HF and (b) B3LYP levels
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TABLE-5 
CALCULATED ENERGY VALUES OF 3NADP 

Parameters (a.u.) HF/6-
311++G(d,p) 

B3LYP/6-
311++G(d,p) 

ELUMO 0.029 -0.106 
EHOMO -0.338 -0.258 
∆(ELUMO – EHOMO) 0.367 0.152 
Electron affinity (A) -0.029 0.106 
Ionization potential (I) 0.338 0.258 
Chemical hardness (η) 0.184 0.076 
Chemical potential (µ) -0.155 -0.182 
Electronegativity (χ) 0.155 0.182 
Electrophilicity index 0.065 0.218 
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Fig. 6. TG/DTA curve of 3-nitroanilinium dihydrogen phosphate (3NADP)

represents that the decomposition in the range of 246.2-650
ºC. The decomposition of 3NADP occurs in three main steps
within temperature range as shown Fig. 7. The first step of
decomposition in the temperature range of 150-190 ºC as
observed in weight loss 12% due to the removal of water group
from the present compound. The second step in the temperature
range of 190-210 ºC major weight loss 41% owing to removal
of NO and PH3 from the earlier intermediate compound. The
third step is observed in the temperature range of 210-220 ºC
with the weight loss of 26% owing to the removal of CO. The
two weak endothermic peaks observed at 126.8 and 167.5 ºC
were due to the loss of lattice water molecules. The melting
point of the compound (endothermic peak) was observed at
246.2 ºC.

Antimicrobial activity: The antibacterial activity of the
3NADP crystal was studied against Klebsiella pneumoniae
(Gram-negative), Staphylococcus aureus (Gram-positive) and
Candida albicans (antifungal) using disc diffusion method
[25]. The bacterial species were prepared at 50 mg mL–1 and

Step-I

C6H9N2O6P
(236)

150–190 °C C6H7N2O5P
(218)

H2O
(18)+

Step-II

C6H7N2O5P
(218)

190–210 °C C6H4O3

(124)
2NO
(60)+

Step-III

C6H4O3

(124)
210–220 °C C4H4O

(68)
2CO
(56)+

PH3

(34)+

Note: The values given in parenthesis stand for the molecular 
          weights of the respectipve species.

Fig. 7. Decomposition steps of 3-nitroanilinium dihydrogen phosphate (3NADP)

100 mg mL–1 concentrations and the zone of inhibition measured
(diameter) of these microorganisms are shown in Table-6. From
the results, it was clear that the synthesized 3-nitroanilinium
dihydrogen phosphate was moderately active against all the
microorganisms.

Conclusions

A bioactive material, 3-nitroanilinium dihydrogen phos-
phate was synthesized from 3-nitroaniline and orthophosphoric
acid. The single crystal of 3NADP was grown by the solvent
evaporation solution growth technique. The density and the
unit cell constants were determined by X-ray diffraction tech-
nique. The FT-IR and FT-Raman spectral data established the
molecular structure of 3NADP successfully. Thermal analysis
confirmed the absence of phase transition before the material
reached the melting point. The low energy gap value from
HOMO-LUMO study facilitates the charge delocalization in
the title compound, which makes the material to be bioactive.
Mulliken charge analysis confirmed the charge distribution
occurs between the molecules. From the antimicrobial activities,
3NADP acted as moderately active against the studied micro-
organisms.
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