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In this work, the complete structural, vibrational, electronic, and
spectroscopic properties (1H, 13C NMR, UV-vis) and, natural bond orbital
(NBO), Frontier molecular orbital (FMO) analysis of ethyl,1-methyl-4-
phenylpiperidine-4-carboxylate (pethidine) and 2-(2-((2,6-
dichlorophenyl)amino)phenyl)acetic acid (diclofenac) drugs were
investigated in the gas and liquid phases by using the density functional
theory (DFT/B3PW91) method and DGDZVP level of theory. Moreover,
CIS-DGDZVP was used to calculate the energy and wavelength
absorption (Amax) of electronic transitions and its nature within the
pethidine and diclofenac drugs. Therefore, for further analysis of these
drugs, the effects of solvents on UV-vis and NMR spectra were
investigated. The results revealed that the polarity of the solvents plays
a crucial role in the structure and properties of the pethidine and
diclofenac drugs. The 1H and 13C NMR spectra, NBO, the amount of global
hardness, softness, ionization energy, electron affinity energy, the
highest occupied molecular orbital (HOMO), lowest unoccupied
molecular orbital (LUMO), Frontier molecular orbitals analysis,
hybridization, zero-point energy (ZPE), total energy (Et), Dipole Moment
(m), polarizability (a), MEP, bond lengths, bond angles, and electro
negativity were calculated in the gas and liquid phases. 3D-plots of the
molecular electrostatic potential (MESP) for the studied compounds
were investigated and analyzed to assess the distribution of electronic
density of orbitals and nucleophilic sites of the selected molecules. The
results of the spectra showed that the solvents had greater effects on
pethidine. Nevertheless, as for CH30H solvent, the zero-point energy
equals to 0.344085, the total energy equal to 226.673 kcal/mol and
dipole moment equal to 2.520 a.u were produced.

* Corresponding author's E-mail address: mkhajehzadeh93 @iau-arak.ac.ir


mailto:mkhajehzadeh93@iau-arak.ac.ir
http://www.ajchem-a.com/
http://www.ajchem-a.com/
https://www.orcid.org/orcid.org/0000-0002-3841-9021
https://crossmark.crossref.org/dialog/?doi=10.33945/SAMI/AJCA.2020.4.2

Spectroscopic Behavior, FMO, NBO Analysis of pethidine...

392

GRAPHICAL ABSTRACT

\

Introduction

Pethidine (ethyl,1-methyl-4-phenylpiperi-
dine-4-carboxylate), known as meperidine or
Demerol, is a synthetic opioid analgesic
frequently prescribed in the emergency
department. It was synthesized in 1939 as a
potential anticholinergic agent. Meperidine is
often a preferred analgesic drug used to
relieve migraine headaches. Meperidine is
indicated for the treatment of moderate to
severe pain, and is delivered as syrup,
intramuscular, and injection
[1,2]. Meperidine is a phenylpiperidine
derivative, which is firstly synthetic analgesic

intravenous

drug to achieve the wide therapeutic usage
[3,4]. Meperidine has the
pharmacological effect
However, meperidine was found to be safer

similar
with  morphine.

than morphine, carrying a lower risk of
addiction, treating the pain associated
with biliary spasm and renal colic due to its
putative anticholinergic effects [5]. A series of
pethidine analogs were synthesized and their
affinities for the [3H]N-methyl-scopolamine
(NMS)
acetylcholine receptors were determined [6].
Pethidine has been also used to relieve labor
pain [7]. Also, a method for the quantitative
determination of pethidine (meperidine) and

binding site on  muscarinic

its metabolic norpethidine (normeperidine)
in human hair by LC-MS-MS has been
proposed [8].

Diclofenac is a lipophilic, nonsteroidal anti-
inflammatory drug that has been frequently
used in human and animal health care to treat
pain in musculoskeletal
rheumatoid with an estimated
consumption of several hundred tons [9].
Diclofenac is reported to covalently bind to
macromolecules in  situations = where
intracellular levels of NADH, NADPH, GSH, and
other reducing agents are low. Also, diclofenac
is often used to treat chronic pain associated
with cancer, in particular if inflammation is
also present [10,11]. Most recently, many
studies have been conducted on the drugs by
using computational Quantum
mechanics is a useful and popular method in
chemistry and many studies in various fields
[12-18].
persistent pharmaceutical compound, and

injuries and
annual

methods.

Diclofenac is known to be a

their effective removal from water sources
has been a rising concern [19]. Diclofenac
capsules have been released in many PEO-
based polymeric micelles as a shell and
different polyesters as hydrophobic nuclei
[20].

The objective of the present study aims at
calculating the density functional theory
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(DFT/B3PW91) method and DGDZVP level of
theory to obtain geometries,
structures, natural bonding orbital's (NBO),
FTIR, NMR and UV-vis spectra, ionization
energy, electron affinity, electro negativity
and molecular electrostatic potential contours
of pethidine and diclofenac drugs, these
parameters characterize the forces that
govern the structure of studied compounds.
The hybridization of each atom, natural
charges, bonding and antibonding orbital's
second order perturbation energy (E?), exact
configurations and Lewis and non-Lewis
electrons results from natural bonding orbital
analysis (Scheme 1).

electronic

Experimental
Computational details

The entire calculations were performed
using the DFT/B3PW91 method and DGDZVP
level of theory by the Gaussian 09 W suite
software [21]. Following the geometry
optimizations of pethidine and diclofenac
drugs with the B3PW91 method, the
optimized structural parameters were used in
the vibrational wavenumber calculation to
characterize all the stationary points while
minima [22]. Energy gap and hybridization
bonds, type of electron transfers between
levels, natural atomic charge, and the amount

Scheme 1. Pethidine
and diclofenac drugs

of global hardness and global softness were
calculated using the natural bond orbital
(NBO) analysis at the presence of the solvents
(such as H20, DMSO, CH3CN, C3HeO, C;Hs0H
and CH30H) on the optimized structure [23].
The electronic transition properties including
the maximum excitation wavelength (Amax),
relative intensities (oscillator strengths, f),
Mulliken charges, and natural population
analysis were calculated using the B3PW91
and (CIS-DFT) with DGDZVP level of theory at
the presence of six solvents. Proton and
carbon NMR signal peaks have been assigned
using GIAO-B3LYP/DGDZVP method [24].

Results and discussion
Optimized structure

The bond lengths and bond angles
corresponding to the optimized geometry of
pethidine and diclofenac drugs were obtained
using the (DFT/B3PW91) method and
DGDZVP level of theory in the gas phase. The
optimized geometry of the title compounds is
illustrated in Figure 1. The calculated values of
some significant structural parameters are
summarized in Table 1.

As seenin Table 1, the C—C bond lengths in
the benzene ring in the optimized geometry of
pethidine calculated at B3PW91/DGDZVP fall
in the range: 1.399-1.408 A.
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Figure 1. Molecular structure of

pethidine and diclofenac drugs
with atom numbering scheme

Table 1. Optimized geometrical

B3PW91/DGDZVP in the gas phase

Parameter
Bond lengths (A)
C1—C;
Cs—Cs
Cs—Cy
C—Cs
Cs—Co
Cg—O10
C14—Css
Bond angles (°)
Cs—Cs—Cs
Cs—C7;—Cs
C7—Cs—09
C7—Cs—010
Cg—09—C11
C10C11—Cy2
C14—N15—Cis
C14—Nis5—Cis

Pethidine

1.399
1.408
1.542
1.533
1.367
1.239
1.470

118.380
105.600
112.849
125.327
117.587
128.208
111.739
112.637

Diclofenac

Parameter

Bond lengths (A)

Ci—C;

Ce—N7

N7_C8
C9_C114
C13—Clss
C1701s
C17019

Bond angles (°)

Cs—Cs—Cs
Ce—N7—Csg
CS_C9_C114
Cg—C13—Clss
016C17019
Cs—C16—C17
Ce—N7—Hz4
N;—Cg—Co

parameters of pethidine and diclofenac drugs by

Diclofenac

1.397
1.419
1.398
1.809
1.801
1.389
1.229

119.132
124.859
118.635
119.840
121.174
112.799
114.382
121.201
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However, C—C bond lengths in the
benzene ring of diclofenac was calculated in
the area: 1.397 A. Also, C=0 bond lengths in
the optimized geometry of pethidine was
calculated in the area: 1.239 A. But, C=0
bond lengths of diclofenac was calculated in
the area: 1.229 A. Also, C—0 bond lengths of
pethidine was calculated in the area: 1.367
A. But, C—0 bond lengths of diclofenac was
calculated in the area: 1.389 A. Based on
these results, C—C and C=0 bond lengths in
the optimized geometry of pethidine are
greater than that of the diclofenac. However,
C—O bond lengths of diclofenac is larger
than pethidine [25].

FT-IR spectrum

Figure 1 depicts the optimized molecular
structure of pethidine and diclofenac drugs.
Pethidine consists of 39 atoms, so ithas 111
normal vibrational modes with the
molecular formula of C1sH21NO; that belongs
to the point group Cp in its lowest energy
case calculated at DGDZVP level of theory in
the gas and liquid phases. On the other hand,
diclofenac consists of 30 atoms, so it has 84
normal vibrational modes with the
molecular formula of  Cy14H1:1Cl2NOo,
belonging to the point group Ci1 in its lowest
energy case calculated at DGDZVP level of
theory in the gas and liquid phases. The
molecular thermal enthalpies generated by
Gaussian 09 are particularly dependent on
the accuracy of the vibrational frequencies.
The thermal term of the internal energy (Er),
is composed of vibrational, rotational and
translational energies. This study assesses
the performance of quantum chemical
models with regard to the calculation of
zero-point energy, total energy, Dipole
Moment and polarizability of pethidine and
diclofenac drugs in various solvents (Table
2). It was found that, the total energy
calculated at the presence of solvent for
pethidine was found to be greater than the

diclofenac. @ However, the calculated

polarization for the diclofenac was higher
compared with that of the pethidine.

To obtain the spectroscopic signature of
pethidine and diclofenac drugs, a frequency
calculation analysis was performed.
Harmonic vibrational frequencies of the
compounds were obtained using the
B3PW91/DGDZVP (as seen in Figure 2). The
wave-numbers of the IR-active are scaled by
0.961, and which are shown with (v-
stretching, m-in plane bending, a-out of
plane bending) [26,27].

FT-IR spectrum data for pethidine drug
calculated by B3PW91/DGDZVP

Gas phase

IR (cm™1): v = 3139, 3125, 3119, 3069,
3004, 2963 (C—H), 1637, 1626 (C=0), m =
1604 (C=C), 1486, 1479, 1459, 1445 (CHa),
1206 (C—0), 1160 (C—C), 1152 (C—N), 1098,
1070 (C—H), a = 992, 942, 907, 838 (C—H),
739 (C—0), 640, 620 (C—C).

Liquid phase

IR (cm™!,H,0): v = 3140, 3126, 3094,
3056, 2848 (C—H), 1632, 1624 (C=0), m =
1604, 1603 (C=C), 1490, 1481, 1478, 1439
(CHs), 1197 (C—0), 1159 (C—C), 1149 (C—N),
1098, 1082 (C—H), a = 959, 941, 907, 873
(C—H), 792 (C—0), 619, 535 (C—C).

IR (cm™%, CH30H): v = 3140, 3126, 3094,
3051, 2857 (C—H), 1632, 1624 (C=0), 7 =
1603 (C=C), 1481, 1473, 1437 (CHs), 1196
(C—0), 1158 (C—C), 1148 (C—N), 1061, 1033
(C—H), @ = 958, 928, 906, 840 (C—H), 791
(C—0), 639, 536 (C—C).

IR (cm™1, C,HsOH): v = 3140, 3126, 3112,
3053, 2848 (C—H), 1631, 1623 (C=0), & =
1602 (C=C), 1480, 1478, 1464 (CHs), 1198
(C—0), 1159 (C—C), 1149 (C—N), 1071, 1032
(C—H), @ = 998, 941, 928, 820 (C—H), 790
(C—0), 637, 508 (C—C).

IR (cm™!,DMSO): v = 3140, 3124, 3101,
3065, 2989 (C—H), 1630, 1621 (C=0), & =
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1601 (C=C), 1481, 1476, 1456 (CHs), 1197
(C—0), 1157 (C—C), 1149 (C—N), 1082, 1061
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Figure
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2. Computed
spectrum  of
pethidine and diclofenac
drugs in the gas phase by
B3PW91/DGDZVP
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IR (cm™%, CH3CN): v = 3140, 3125, 3094,
3053, 2987 (C—H), 1632, 1623 (C=0), & =
1602 (C=C), 1490, 1477, 1464 (CHs), 1197
(C—0), 1159 (C—C), 1148 (C—N), 1098, 1071
(C—H), @ = 998, 941, 928, 820 (C—H), 791
(C—0), 638, 526 (C—C).

IR (cm™1, C3H40): v = 3140, 3124, 3095,
3051, 2986 (C—H), 1631, 1624 (C=0), & =
1603 (C=C), 1491, 1477, 1465 (CHs), 1197
(C—0), 1159 (C—C), 1149 (C—N), 1097, 1071
(C—H), @ = 991, 959, 926, 822 (C—H), 790
(C—0), 637, 529 (C—C).

FT-IR spectrum data for diclofenac drug
calculated by B3PW91/DGDZVP

Gas phase

250

(C—H), a = 991, 959, 926, 835 (C—H), 792
(C—0), 639, 528 (C—C).

IR Spectrum

N Y

\ AR O WY
\ A
| Il

anl [
nnil

i Y o ‘I'WIUIIW‘HI !
HIH‘ l o ‘li‘ulll | 100
e

\ AN
| R

-
I

| |
‘ -
‘ | 3
s
008
c
3
o
3
W

500

600

P Y E—— —s

Frequency (cm™)

Pethidine

IR Spectrum

3,000

0
W 1100

200
3005
1400 &
500 £

.4

0
600 3
[

700
800

900

2,500 2,000 1,500 1,000 500

Freauency (cm™)

Diclofenac

IR (cm™1): v = 3569 (0—H), 3397 (N—H),
3149, 3135, 3133, 3121, 3118, 3102, 3094
(C—H), 3072, 2990 (CHz), 1705 (C=0), =
1632, 1615, 1607 (C=C), 1585, 1523, 1486
(N—H), 1464 (C—N), 1451, 1447, 1329, 1319
(CH,), 1288 (C—0), 1073 (C—C), a = 995, 980
(C—H), 938 (CH,), 846 (C—0), 841, 741, 680
(N—H), 602 (C—C).

Liquid phase

IR (cm~1,H,0): v = 3567 (0—H), 3391
(N—H), 3150, 3137, 3133, 3124, 3119, 3104,
3096 (C—H), 3073, 2990 (CH,), 1694 (C=0),
= 1631, 1614, 1605 (C=C), 1583, 1517, 1484
(N—H), 1460 (C—N), 1449, 1439, 1319, 1314
(CH,), 1286 (C—0), 1070 (C—Cl), a = 984, 931
(C—H), 831 (CHz), 689 (C—0), 658, 616 (N—H),
515 (C—C).
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IR (cm™%, CH;0H): v = 3566 (0—H), 3390
(N—H), 3151, 3138, 3134, 3125, 3118, 3104,
3097 (C—H), 3071, 2990 (CH,), 1692 (C=0),
= 1630, 1615, 1604 (C=C), 1581, 1515, 1482
(N—H), 1462 (C—N), 1447, 1438, 1317, 1312
(CH,), 1288 (C—0), 1065 (C—Cl), a = 980, 927
(C—H), 830 (CHz), 688 (C—0), 654, 610 (N—H),
513 (C—C).

IR (cm™1, C,HgOH): v = 3567 (0—H), 3391
(N—H), 3148, 3136, 3135, 3126, 3119, 3105,
3098 (C—H), 3070, 2990 (CH3), 1692 (C=0),
= 1633, 1616, 1606 (C=C), 1580, 1517, 1481
(N—H), 1461 (C—N), 1449, 1439, 1318, 1311
(CH,), 1289 (C—0), 1066 (C—Cl), a = 983, 927
(C—H), 833 (CH,), 688 (C—0), 655, 614 (N—H),
515 (C—C).

IR (cm™!,DMSO): v = 3566 (0—H), 3390
(N—H), 3150, 3137, 3133, 3125, 3119, 3105,
3096 (C—H), 3072, 2990 (CH,), 1692 (C=0),
= 1631, 1613, 1605 (C=C), 1583, 1518, 1481
(N—H), 1461 (C—N), 1447, 1437, 1316, 1314
(CH,), 1285 (C—0), 1063 (C—Cl), & = 983, 930
(C—H), 833 (CHy), 689 (C—0), 658, 617 (N—H),
515 (C—C).

IR (cm™1, CH5CN): v = 3567 (0—H), 3390
(N—H), 3150, 3136, 3130, 3123, 3119, 3105,
3096 (C—H), 3073, 2990 (CH,), 1694 (C=0), 7
= 1632, 1614, 1606 (C=C), 1582, 1518, 1483
(N—H), 1461 (C—N), 1448, 1438, 1319, 1312
(CH,), 1286 (C—0), 1061 (C—Cl), & = 984, 931
(C—H), 831 (CH,), 688 (C—0), 658,617 (N—H),
514 (C—C).

IR (cm™1,C3Hg0): v = 3567 (0—H), 3392
(N—H), 3151, 3135, 3130, 3122, 3117, 3102,
3098 (C—H), 3071, 2991 (CH,), 1693 (C=0), &
= 1630, 1615, 1608 (C=C), 1580, 1517, 1482
(N—H), 1460 (C—N), 1449, 1439, 1318, 1314
(CH,), 1285 (C—0), 1060 (C—Cl), = 984, 930
(C—H), 830 (CH>), 687 (C—0), 659, 619 (N—H),
516 (C—C).

UV-vis spectrum analysis

UV-vis analysis of pethidine and diclofenac
drugs was evaluated using the theoretical
calculation. The wavelength absorption (Amax)

for the pethidine and diclofenac drugs were
calculated using the CIS-B3PW91 method
with DGDZVP basis set in the gas and liquid
phases (Figure 3), and the results are
presented in Table 3.

The results revealed that, the max values
obtained with CIS-B3PW91/DGDZVP for
pethidine are 202.45 nm in the gas phase, and
200.86 nm in the liquid phase, and the lowest
wavelength was calculated at the presence of
H;0 solvent. Also, the max values obtained
with CIS-B3PW91/DGDZVP for diclofenac are
220.24 nm in the liquid phase (DMSO solvent),
and the lowest wavelength was calculated for
the diclofenac in the gas phase [28].

NMR spectrum analysis

Molecular structure of the pethidine and
diclofenac drugs were investigated using the
B3PW91 method with DGDZVP basis set. The
theoretical spectra were computed by Gauge-
invariant atomic orbital (GIAO) functional in
combination with B3PW91 method and
DGDZVP basis set in the gas and liquid phases.

The results depicted that 13C-NMR
chemical shifts of pethidine were calculated
by using B3PW91/DGDZVP, TMS B3LYP/6-
311+G(2d,p) GIAO reference and gas phase in
the range of 183-1 ppm, and at the presence of
Hzo, CH3OH, CszOH, DMSO, CH3CN and C3H60
the solvents were calculated in the range of
185-1 ppm. Also, 'H-NMR chemical shifts
were calculated using the B3PW91/DGDZVP
and gas phase ranging from 8 ppm to 0.4 ppm
at the presence of H,0, CH30H, C;HsOH, DMSO,
CH3:CN, and C3HgO the
calculated in the range of 8-0.30 ppm. Also,
15N-NMR chemical shifts were calculated by
using B3PW91/DGDZVP, NH3 B3LYP/6-
311+G(2d,p) GIAO reference and gas phase in
the area 45.03 ppm at the presence of H-0,
CH30H, C2HsOH, DMSO, CH3CN, and C3HeO the
solvents were calculated at the range of 45-43
ppm.

solvents were
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Table 2. Zero-point energy (ZPE), total energy (Et, kcal/mol), Dipole Moment (m) and polarizability (, a. u) of pethidine and diclofenac drugs in various
solvents

Pethidine Diclofenac
Media  CHs3;CN C3HeO DMSO C,HsOH CHs0H H-0 CHsCN CsHeO DMSO C,HsOH CHs0H H20
ZPE 0.344080 0.344097 0.344078 0.344092 0.344085 0.344072 0.225809 0.225836 0.225800 0.225825 0.225813 0.225788
Er 226.672 226.680 226.669 226.677 226.673 226.665 152.105 152.117 152.101 152.112 152.107 152.096
a 202.395 200.465 203.035 201.248 202.144 203.877 223.609 221.487 224.310 222.349 223.334 225.231
m 2.523 2.504 2.529 2.512 2.520 2.536 3.735 3.703 3.745 3.716 3.731 3.759

Table 3. HOMO and LUMO energy value, ionization energy (I), electron affinity (A), chemical potential (P), global hardness (), global softness (S),
electrophilicity index (w), wavelength absorption (A max) and electro negativity (x) of pethidine and diclofenac drugs in the gas phase and various solvents

Pethidine
Media E(HOMO) E(LUMO) AE I A n S X P w Amayx
Gas -0.33289 0.11770  0.45059 0.33289 -0.11770 0.225 2.219 0.215 -0.215 0.102 202.45
H.0 -0.34086 0.10938 0.45024 0.34086 -0.10938 0.225 2.221 0.231 -0.231 0.118 200.72
DMSO -0.34071 0.10953 0.45024 0.34071 -0.10953 0.225 2.221 0.231 -0.231 0.118 200.86
CH3;0H -0.34055 0.10969 0.45024 0.34055 -0.10969 0.225 2.221 0.230 -0.230 0.117 200.75
C.HsOH -0.34039 0.10986 0.45025 0.34039 -0.10986 0.225 2.220 0.230 -0.230 0.117 200.82
CHs;CN -0.34059 0.10965 0.45024 0.34059 -0.10965 0.225 2.221 0.230 -0.230 0.117 200.77
CsHeO -0.34024 0.11000 0.45024 0.34024 -0.11000 0.225 2.221 0.230 -0.230 0.117 200.84
Diclofenac
Gas -0.30207 0.09217 0.39424 0.30207 -0.09217 0.197 2.536 0.209 -0.209 0.110 217.05
H»0 -0.30443 0.09401 0.39844 0.30443 -0.09401 0.199 2.509 0.210 -0.210 0.110 219.47
DMSO -0.30435 0.09402 0.39837 0.30435 -0.09402 0.199 2.510 0.210 -0.210 0.110 220.24
CH3;0H -0.30427 0.09403 0.39830 0.30427 -0.09403 0.199 2.510 0.210 -0.210 0.110 219.47
C2HsOH -0.30418 0.09404 0.39822 0.30418 -0.09404 0.199 2.511 0.210 -0.210 0.110 219.80
CHsCN -0.30429 0.09403 0.39832 0.30429 -0.09403 0.199 2.510 0.210 -0.210 0.110 219.61
CsHeO -0.30411 0.09405 0.39816 0.30411 -0.09405 0.199 2.511 0.210 -0.210 0.110 219.80

HOMO — LUMO for pethidine (67 = 68) and HOMO — LUMO for diclofenac (66 — 67)
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Figure 3. The UV-vis
absorption spectrum of
pethidine and diclofenac
drugs in the gas phase
calculated by  CIS-
DGDZVP
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The 13C-NMR chemical shifts of diclofenac
were calculated using the B3PW91/DGDZVP,
TMS B3LYP/6-311+G(2d,p) GIAO reference
and gas phase in the range of 171-31 ppm,
and at the presence of H,O, CH30H, C,Hs0H,
DMSO, CH3:CN and C3HeO solvents were
calculated in the range of 174-31 ppm. Also,
!H-NMR chemical shifts were calculated by
using B3PW91/DGDZVP and gas phase in the
range of 8-3 ppm, and in the presence of H0,
CH3OH, CszOH, DMSO, CH3CN and C3H6O
solvents were calculated at the range of 8-2
ppm. Also, 1SN-NMR chemical shifts were
calculated using B3PW91/DGDZVP, NH3
B3LYP/6-311+G(2d,p) GIAO reference and
gas phase in the area 89.86 ppm, and in the
presence of H,0, CHzOH, C;HsOH, DMSO,
CH3CN and C3HeO solvents were calculated in
the range of 89-90 ppm [29].
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Pethidine: 1H NMR (gas phase, § ppm):
7.20 (d, 1H), 7.01 (s, 1H), 6.97 (s, 1H), 6.96 (s,
1H), 6.93 (s, 1H), 3.46 (q, 2H), 1.79 (t, 2H), 1.61
(t, 2H), 1.55 (t, 2H), 1.72 (s, 1H), 0.93 (t, 1H),
0.44 (t, 3H), 0.36 (t, 1H), 0.04 (t, 1H); 13C NMR
(6 ppm): 183.70, 135.56, 120.83, 120.15,
119.85, 117.71, 116.34, 55.39, 42.43, 42.31,
42.00, 34.48, 27.93, 23.85, 1.39; 15N NMR:
45.03; Diclofenac: 'H NMR (gas phase, 6
ppm): 7.15 (s, 1H), 6.96 (d, 1H), 6.82 (t, 1H),
6.67 (d, 1H), 5.95 (d, 1H), 5.68 (s, 1H), 3.07 (s,
1H); 13C NMR (6 ppm): 171.70, 132.18, 131.33,
131.11, 128.60, 12296, 122.70, 120.92,
120.56,114.12,113.75,113.62,110.29, 31.32;
15N NMR: 90.49.
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Pethidine: *H NMR (H:0, § ppm): 7.29 (d,
1H),7.24 (s, 1H), 7.19 (s, 1H), 7.18 (s, 1H), 7.14
(s, 1H), 3.60 (g, 2H), 1.82 (t, 2H), 1.68 (t, 2H),
1.50 (t, 2H), 1.43 (s, 1H), 1.36 (s, 1H), 1.24 (t,
2H), 0.87 (t, 1H), 0.48 (t, 1H), 0.31 (t, 1H), 0.30
(t, 1H); 13C NMR (6 ppm): 185.40, 135.50,
120.54,120.41,120.37,118.38,116.51, 56.69,
42.52,41.83, 41.63, 33.82, 27.97, 24.03, 1.00;
15N NMR: 43.97; Diclofenac: tH NMR (H:0,
ppm): 7.22 (s, 1H), 7.19 (d, 1H), 7.05 (t, 1H),
7.04 (d, 1H), 7.00 (d, 1H), 6.92 (d, 1H), 6.75 (d,
1H), 6.47 (s, 1H), 6.14 (d, 1H), 3.20 (s, 1H),
2.63 (s, 1H); 13C NMR (6 ppm): 174.78,132.47,
130.93, 129.78, 127.84, 123.55, 123.40,
122.33, 120.51, 115.43, 114.32, 114.02,
110.01, 31.46; 15N NMR: 89.86.

Pethidine: 1H NMR (CH30H, § ppm): 7.28
(d, 1H), 7.23 (s, 1H), 7.19 (s, 1H), 7.18 (s, 1H),
7.13 (s, 1H), 3.60 (q, 1H), 3.24 (q, 1H), 1.82 (t,
1H), 1.76 (d, 1H), 1.68 (d, 1H), 1.50 (t, 2H),
1.42 (s, 1H), 1.35 (s, 1H), 1.24 (t, 2H), 0.87 (¢,
1H), 0.48 (t, 1H), 0.30 (t, 2H); 13C NMR (¢
ppm): 185.35,135.51,120.51, 120.39, 120.38,
118.35, 116.51, 56.65, 42.52, 41.86, 41.65,
33.84, 27.96, 24.01, 1.01; 15N NMR: 44.01;
Diclofenac: tH NMR (CH30H, § ppm): 7.22 (s,
1H), 7.18 (d, 1H), 7.04 (t, 1H), 7.03 (d, 1H),
7.00 (d, 1H), 6.91 (d, 1H), 6.74 (d, 1H), 6.45 (s,
1H), 6.13 (d, 1H), 3.20 (s, 1H), 2.62 (s, 1H); 13C
NMR (6 ppm): 174.71, 132.46,130.94, 129.82,
127.87, 123.52, 123.39, 122.29, 120.51,
115.37, 114.30, 114.02, 110.02, 31.46; >N
NMR: 89.89.

Pethidine: 1H NMR (C;HsOH, § ppm): 7.28
(d, 1H), 7.22 (s, 1H), 7.18 (s, 2H), 7.13 (s, 1H),
3.59 (q, 1H), 3.24 (q, 1H), 1.82 (t, 1H), 1.75 (d,
1H), 1.68 (d, 1H), 1.50 (t, 2H), 1.41 (s, 1H),
1.35 (s, 1H), 1.25 (t, 2H), 0.88 (t, 1H), 0.48 (t,
1H), 0.30 (t, 2H); 13C NMR (6 ppm): 185.33,
135.51,120.50,120.39,118.33,116.51, 56.63,
42.51, 41.88, 41.66, 33.86, 27.96, 24.01, 1.02;
15N NMR: 44.03; Diclofenac: 'H NMR
(C2Hs0H, 6 ppm): 7.21 (s, 1H), 7.18 (d, 1H),
7.04 (t, 1H), 7.03 (d, 1H), 6.99 (d, 1H), 6.91 (d,
1H), 6.73 (d, 1H), 6.44 (s, 1H), 6.13 (d, 1H),
3.19 (s, 1H), 2.62 (s, 1H); 13C NMR (6 ppm):

174.67, 132.46, 130.94, 129.84, 127.88,
123.51, 123.38, 122.26, 120.51, 115.33,
114.29, 114.02, 110.02, 31.45; 15N NMR:
89.90.

Pethidine: 1H NMR (DMSO, 6 ppm): 7.29
(d, 1H), 7.23 (s, 1H), 7.19 (s, 2H), 7.18 (s, 1H),
3.60 (q, 1H), 3.24 (g, 1H), 1.82 (t, 1H), 1.76 (d,
1H), 1.68 (d, 1H), 1.50 (t, 2H), 1.42 (s, 1H),
1.35 (s, 1H), 1.24 (t, 2H), 0.87 (t, 1H), 0.48 (t,
1H), 0.31 (t, 2H); 13C NMR (8 ppm): 185.38,
135.50, 120.53, 120.40, 120.38, 118.36,
116.51, 56.67, 42.52, 41.85, 41.64, 33.83,
27.97, 24.02, 1.01; 15N NMR: 43.99;
Diclofenac: tH NMR (DMSO, 6 ppm): 7.22 (s,
1H), 7.18 (d, 1H), 7.05 (t, 1H), 7.04 (d, 1H),
7.00 (d, 1H), 6.91 (d, 1H), 6.74 (d, 1H), 6.46 (s,
1H), 6.13 (d, 1H), 3.20 (s, 1H), 2.63 (s, 1H); 13C
NMR (6 ppm): 174.75,132.47,130.93, 129.80,
127.85, 123.54, 123.40, 122.31, 120.51,
115.40, 114.31, 114.02, 110.01, 31.46; 15N
NMR: 89.88.

Pethidine: tH NMR (CH3CN, 6 ppm): 7.28
(d, 1H), 7.23 (s, 1H), 7.19 (s, 2H), 7.13 (s, 1H),
3.60 (q, 1H), 3.24 (q, 1H), 1.82 (t, 1H), 1.76 (d,
1H), 1.64 (d, 1H), 1.51 (t, 2H), 1.42 (s, 1H),
1.35 (s, 1H), 1.24 (t, 2H), 0.87 (t, 1H), 0.48 (¢,
1H), 0.30 (t, 2H); 13C NMR (8 ppm): 185.36,
135.50, 120.52, 120.39, 120.38, 118.35,
116.51, 56.66, 42.52, 41.86, 41.65, 33.84,
2796, 24.02, 1.01; 13N NMR: 44.00;
Diclofenac: 1H NMR (CH3CN, 6 ppm): 7.22 (s,
1H), 7.18 (d, 1H), 7.04 (t, 1H), 7.03 (d, 1H),
7.00 (d, 1H), 6.91 (d, 1H), 6.74 (d, 1H), 6.45 (s,
1H), 6.13 (d, 1H), 3.20 (s, 1H), 2.62 (s, 1H); 13C
NMR (6 ppm): 174.72,132.46,130.94, 129.81,
127.86, 123.53, 123.39, 122.29, 120.51,
115.37, 114.30, 114.02, 110.01, 31.46; 5N
NMR: 89.89.

Pethidine: 1H NMR (C3H¢O, 6 ppm): 7.27
(d, 1H), 7.22 (s, 1H), 7.18 (s, 2H), 7.13 (s, 1H),
3.59 (q, 1H), 3.24 (q, 1H), 1.82 (t, 1H), 1.75 (d,
1H), 1.68 (d, 1H), 1.50 (t, 2H), 1.41 (s, 1H),
1.34 (s, 1H), 1.25 (t, 2H), 0.88 (t, 1H), 0.48 (¢,
1H), 0.31 (t, 2H); 13C NMR (6 ppm): 185.35,
135.51, 120.49, 120.40, 120.38, 118.32,
116.51, 56.61, 42.51, 41.89, 41.67, 33.87,
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27.96, 24.00, 1.02; SN NMR: 44.04; 1=(-Enomo) (6)
Diclofenac: 'H NMR (C3He¢O, 6 ppm): 7.21 (s,

(CaHs ppm) ( A= (-Erymo) (7)

1H), 7.17 (d, 1H), 7.03 (t, 1H), 7.02 (d, 1H),
6.99 (d, 1H), 6.90 (d, 1H), 6.72 (d, 1H), 6.43 (s,
1H), 6.12 (d, 1H), 3.19 (s, 1H), 2.62 (s, 1H); 13C
NMR (8 ppm): 174.64, 132.45, 130.94, 129.86,
127.90, 123.50, 123.38, 122.24, 120.51,
115.31, 114.28, 114.02, 110.02, 31.45; 15N
NMR: 89.91.

Frontier molecular orbital (FMO) analysis

Frontier molecular orbitals, both the
highest occupied molecular orbital (HOMO)
and lowest unoccupied molecular orbital
(LUMO) and their energy gap, are very useful
parameters for quantum chemistry. These
energy gaps showed that, the titled molecules
are stable. A molecule having a small frontier
orbital gap is more polarizable and is
generally associated with a high chemical
reactivity and low Kkinetic stability. In this
study, ionization energy, electron affinity,
chemical potential, global hardness, global
softness, electrophilicity index, electro
negativity and AExomo - Lumo for pethidine and
diclofenac drugs were calculated using the
B3PW91/DGDZVP in the gas phase and
various solvents including, H,0, CH3OH,
C2HsOH, DMSO, CH3CN, and C3H¢O (Figure 4).

The following equations were used to
calculate the ionization energy (I), electron
affinity (A), dipole moment (u), chemical
potential (P), global hardness (1), global
softness (S), electrophilicity index (w) and
electro negativity (x). The
summarized in Table 3.

results are

n=s(1-A) €Y)
S=3, (2)
=5 0+4) 3)
0=t 4
X=2(1+A) (5)

The highest energy gap was calculated for
pethidine equal to 0.45059 eV in the gas
phase, and it was calculated for diclofenac
equal to 0.39844 eV at the presence of H,0
solvent. This suggests that the diclofenac has
the highest stability at the presence of solvent.
However, pethidine revealed the highest
stability in the gas phase. Also, for pethidine,
HOMO — LUMO was electron transfer from
electron levels of 67 — 68 and for diclofenac,
transfer was from electron levels of 66 — 67.
The highest electro negativity was calculated
for the pethidine by using B3PW91/DGDZVP
equal to 0.231 eV in the presence of H,0 and
DMSO solvents, and it was calculated for
diclofenac equal to 0.210 eV at the presence of
solvents such as H20, CH30H, C:HsOH, DMSO,
CH3CN, and C3HeO. Also, pethidine revealed
the highest electrophilicity index (0.118 eV) at
the presence of H,0 and DMSO solvents, and it
was calculated for diclofenac drug equal to
0.110 eV in the gas phase and various solvents
[30].

Natural population analysis

The natural bond orbitals calculations
were performed using the Gaussian 09 W
package using the (DFT/B3PW91) method
and DGDZVP level of theory. The second order
Fock matrix, natural population analysis,
hybridization, and electronic
configuration were carried out to evaluate the
donor-acceptor interactions in the NBO
analysis [31].

In this study, Mulliken and natural atomic
charges between the atoms of pethidine and
diclofenac drugs were calculated using the
B3PW91 method with DGDZVP basis set
(Figure 5). Natural charges revealed that the
six carbon atoms in the benzene ring, Og, 01,
and N5 had partially negative charges in the
optimized geometry of pethidine. Also, the
largest positive charge is located on Cg atom,

natural
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and the largest negative charge was located on
010 atom. Natural charges revealed that the
five carbon atoms (Cy, Cz, C3, C4 and Cs) in the

Eireo= 011770 eV

33

Enoso =-0.33289 eV

Pethidine

benzene ring, 09, O1g, Cli4, Clis, and N7 had
partially negative charges in the optimized
geometry of diclofenac.

Eirvo = 0.09217 eV

AE =0.39424 eV

Enonvo =—0.30207 eV

Diclofenac

Figure 4. Frontier molecular orbitals of pethidine and diclofenac drugs in the gas phase

calculated by B3PW91/DGDZVP

The largest positive charge was found on Ci7
atom, and the largest negative charge was
located on the 01g atom. The computed 3D plot
of molecular electrostatic potential (MEP) and
total density in the gas phase for pethidine and
diclofenac drugs is depicted in Figure 6, which is
based on the electron density at different points
on the molecule. As seen in Figure 6, the regions
surrounding the oxygen atoms are strongly
negative, while the H atoms in the ring and
methyl group are positive; among them the H
atoms in the ring are more positive compared
with that of the methyl groups.

Natural bond orbital (NBO) analysis

Natural bond orbital analysis is a useful
method for determining the electric charge
of atoms and natural electron configuration
includes orbitals s, p, d, and f [32]. Pethidine
has 39 atoms including C, H, N, and O.
According to the NBO results, O9 and O1o
atoms with Cg make the bond, which the
electron  configuration of 010 is:
[core]2s1732p>003p001 Thus, 1.99986 core
electrons, 6.728 valence electrons (on 2s
and 2p atomic orbitals (AO)), and 0.008
Rydberg electrons (mainly on 3p) give a
total of 8.736 electrons. Natural electron
configuration of Cs is:
core]250'792p2'15350'013p0'03.
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Figure 5. (A) Mulliken 2
charge and natural atomic L5
charge distribution of _ 2
pethidine and drug and (B) % o5
Mulliken  charge  and é’n 0
natural atomic charge -0.5
distribution of diclofenac -1
drug by B3PW91/DGDZVP 15

B Mulliken charges B Natural charges

Atoms

Mulliken charges  ® Natural charges

Charges (eV)

i?Fi53553ii'§§§

H]
1%

Atoms

Pethidine

Diclofenac

Figure 6. Molecular electrostatic potential (MESP) and total density in the gas phase of

pethidine and diclofenac drugs

Thus, 1.99920 core electrons, 2.943 valence
electrons (on 2s and 2p atomic orbitals (AO)),

and 0.046 Rydberg electrons (mainly on 3s and
3p) give a total of 4.988 electrons (Table 4).
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diclofenac has 30 atoms including C, H, N, O and
Cl each of these atoms are different natural
electron configuration. According to the NBO
results, Cg and C¢ atoms with N7 makes the bond,
that the electron configuration of N7 is:
[core]251252p*503p%02 Thus, 1.99940 core
electrons, 5.750 valence electrons (on 2s and 2p
atomic orbitals (AO)), and 0.022 Rydberg
electrons (mainly on 3p) give a total of 7.772
electrons. Co and Cy3 atoms with Cli4 and Clss
makes the bond, that the electron configuration
of Cla is: [core]3s1833p>25, Thus, 10.00 core
electrons, 7.087 valence electrons (on 2s and 2p
atomic orbitals (AO)), and 0.002 Rydberg
electrons give a total of 17.090 electrons.

Also, natural bond orbital analysis can show
occupancy and hybridization between atoms. In
this study, the type of hybridization between
C—0, C—N, C=0, C=C, C—C and C—Cl bonds and
the contribution of each of the orbitals were
calculated in bonds (Table 5). In the molecular
structure of pethidine, the m (Cs—010) bond is
formed from an sp?%* hybrid on C (which is a
mixture of 32.93% s and 67.07% p AO) and
sp'>3 hybrid on O (which is a mixture of
39.52% s and 60.48% p AO), including square of

polarization co-efficient (32.72% C and 67.28%
0). In the molecular structure of diclofenac, the
6(Co—Cl14) bond is formed from an sp3#* hybrid
on C (which is a mixture of 20.65% s and
79.35% p AO) and sp*2® hybrid on Cl (which is
a mixture of 19.02% s and 80.98% p AO),
including square of polarization co-efficient
(42.18% C and 57.82% Cl).

The analysis of the various donors and
acceptors indicate that there are only three
types of donors o, m & LP, and two types of
acceptors o*and m* [33]. The observation of
excitation energy E( for different transitions
among these donors and acceptors shows that
the chances for the pethidine drug following
transitions are highly probable; from Ci—C; —
C3_C4 (43.180 kj/mol, T - T[*), C13_C14 d
N15_C18 (5.070 kj/mol, o— T[*), 09 g C8—010
(63.110 kj/mol, LP (2) = m*) and 010 — Cs—09
(37.510 kj/mol, LP (2) = o™). For diclofenac
drug following transitions are highly probable;
from C3—C4 —» Ci—C; (48.650 kj/mol, m — m*),
CB_C9—> Clo—Cn (49.370 kj/mol, T — T[*), 018 d
C17019 (50.74 kj/mol, LP (2) - m*) and O3~
C17018 (42.99 kj/mol, LP (2) - ") (Table 6).

Table 4. Summary of natural population analysis, natural electronic configuration of pethidine

and diclofenac drugs by B3PW91/DGDZVP

Atoms Natural population Natural electron
configuration
Core Valence Rydberg Total
Pethidine C; 1.99914  4.090 0.030 6.120 [core]259-932p3:163p0-03
Cs 1.99920  2.943 0.046  4.988 [core]2s°792p?15350013p0.03
0 1.99981  6.687 0.011  8.699 [core]2s1:652p5033p0-01
0w 199986 6.728 0.008  8.736 [core]2s1732p5003p001
Cis 199934  4.140 0019  6.160 [core] 2510023143002
Nis  1.99960 5.584 0017  7.601 [core]2s1312p*273p002
Diclofenac
Ci 199946 2958 0.032  4.990 [core]2s0802p216350013;0.02
0is 199986  6.838 0.008  8.846 [core]2s1712p5133p001
01s 199988  6.683 0.009  8.692 [core]2s1732p*953p 001
N7 1.99940  5.750 0.022 7.772 [core]2s1252p*503p002
Clis  10.0000 7.087 0.002  17.090 [core]3s1833p525
Clis  10.0000  7.063 0.003  17.066 [core]3s1833p523
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Table 5. The NBO results for occupancies and hybridization of C—0, C—N, C=0, C=C, C—C and C—Cl bonds
CAM-B3LYP/LanL2DZ

NBO

(A—B) bond

T (C3_C4)

o

(Cg—09)

m (C8_010)
0 (C14—N1s)
o (C13_C14)

m (C1_C2)
o (C17_O18)
7 (C17019)

o

(Ce—N7)

o (Cg_C114)

Occupancy

1.663
1.986
1.990
1.980
1.978

1.676
1.991
1.993
1.978
1.981

A

0.00
27.07
32.93
24.09
27.02

0.01
25.93
34.21
27.59
20.65

s%
B

0.00
32.84
39.52
28.97
28.62

0.00
32.53
37.54
35.05
19.02

[AO0]%
A

100
72.93
67.07
7591
72.98

99.99
74.07
65.79
72.41
79.35

p% S.P.CaB) %
B A B
Pethidine
100 49.99 50.01
67.16 29.66 70.34
60.48 32.72 67.28
71.03 38.35 61.65
71.38 50.28 49.72
Diclofenac
100 52.62 47.38
67.47 29.23 70.77
62.46 33.45 66.55
64.95 37.52 62.48
80.98 42.18 57.82

0.7070 (sp') C+0.7072 (sp*) C
0.5446 (sp?©°) C +0.8387 (sp%>°*) 0
0.5720 (sp>°*) C+0.8203 (sp*°3) O
0.6193 (sp31>) C+0.7851 (sp>*>) N
0.7091 (sp%7%) C + 0.7051 (sp?>*9) C

0.7254 (sp°>°) C +0.6883 (sp!) C
0.5407 (sp?%°) C + 0.8412 (sp%°7) O
0.5783 (sp°?) C+ 0.8158 (sp'®©) 0
0.6125 (sp?©2) C+0.7904 (sp'®5) N
0.6495 (sp384) C + 0.7604 (sp*2°) Cl

hybridization

S.P.C: Square of polarization co-efficient

Table 6. Second order perturbation theory of Fock matrix in NBO basis of pethidine and diclofenac drugs by B3PW91/DGDZVP

Donor (i)
Ci—C;
Ce—09

C13Ci4

LP(2)09

LP(2)010

LP(2)010

LP(1)Nss

LP(1)Nys

Types
/4
/4
o

Acceptor (j)
Cs5—C4
C—C13
Nis—Cis
Cs—010
C7_Cg
Cg—09
C1—Hs2
C16—Has

Pethidine
Types
71_ *

E (2)¢
43.180
2.660
5.070
63.110
19.620
37.510
11.190
11.820

EM-E()°
0.500
1.760
1.380
0.660
1.040
1.020
1.130
1.110

F(i,j)¢ Donor (i) Types
0.500 C3_C4 Vs
0.061 Cs—Ce T
0.075 Cg_C9 Vs
0.182 LP(1)N-

0.128 LP(1)N-

0.175 LP(1)Clis

0.102 LP(2)O1s

0.104 LP(2)Os

Acceptor (j)
C—C;
Cs—Cs

Ci0—Cn
Cs—Cs
Ce—Co
Cs—Co

C17019

C17 018

Diclofenac
Types
7_[ *

E (2)
48.650
48.870
49.370
27.960
31.820
11.50
50.74
42.99

E()-E())"
0.490
0.500
0.520
0.580
0.530
0.590
0.690
0.960

F(@.))°
0.138
0.140
0.143
0.120
0.123
0.082
0.169
0.182

af2 = means energy of hyper conjugative interaction (stabilization energy), ® energy difference between donor and acceptor i and j NBO orbitals. <F(j, ) is the
Fock matrix element between i and j NBO orbitals
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Conclusion

In this research study, molecular structure
and spectroscopy of pethidine and diclofenac
drugs were investigated. Then, the FT-IR
spectra were taken and the functional groups
were determined and its normal vibrations
investigated. Energy gap and
hybridization bonds, type of
transfers between levels, natural atomic
charge, and the amount of global hardness and
global softness were calculated using the
natural bond orbital (NBO) analysis at the
presence of the solvents including H,0, DMSO,
CH3CN, C3He¢O, C2HsOH, and CH30H on the
optimized structure. The electronic transition

were
electron

properties which include the maximum
excitation wavelength (Amax) and relative
intensities (oscillator strengths, f), Mulliken
charges and natural population analysis were
calculated using the B3LYP and (CIS-DFT)
with GDZVP level of theory at the presence of
six solvents. The 1H and 13C nuclear magnetic
resonance (NMR), chemical shifts of
pethidine, and diclofenac drugs were
calculated using the Gauge-invariant atomic
orbital (GIAO) method in the gas and liquid
phases. Then, hybridization, Zero-point
energy (ZPE), total energy (Er), Dipole
Moment (m), polarizability (a), MEP, bond
lengths, bond angles, electro negativity and
ionization energy were calculated in the gas
and liquid phases. The results indicated that,
the computational method is a valuable
method, providing invaluable information
about the properties of the drugs. The results
of the spectra depicted that the solvents had
greater effect on the pethidine, and the
medicinal effects of the pethidine is greater
than that of the diclofenac.
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