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Structure investigation of mesalazine drug using thermal analyses,
mass spectrometry, DFT calculations, and NBO analysis
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Abstract Mesalazine (MZ) drug has been used for sev-
eral decades as a primary treatment for inflammatory bowel
diseases. The drug was investigated using thermal analysis
(TA) measurements and electron impact mass spectral
fragmentation at 70 and 15 eV of electron energy. The
optimum molecular geometry and the total energy of the
neutral and the positively charged MZ molecules were
calculated by density functional theory method with
6-311+4-G(d,p) basis sets. Stability of the molecules
arising from hyperconjugative interactions, charge delo-
calization, and the natural atomic charges has been ana-
lyzed using natural bond orbital analysis. In electron
ionization mass spectrometry, the primary rupture is due to
successive loss of H,O (OH from carboxyl and H from
phenolic OH of the ring) and CO of the acetyl group.
Thermogravimetric results have revealed two stages of
mass loss at 75.3 and 25.3 % in ranges 225-350 and
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350-650 °C, respectively. The first one may be due to
successive losses of different groups or molecules with fast
rate of decomposition. A comparison between MS and TA
helped in selection the proper pathway representing the
fragmentation mechanism of this drug.

Keywords Mesalazine - Mass spectroscopy - Thermal
analysis - DFT calculations - NBO analysis - Structure
reactivity relationship

Introduction

Mesalazine (MZ, C;H;NO3;, MW = 153) drug known as
mesalamine or 5-aminosalicylic acid (5-ASA) is one of the
most commonly used drugs for the treatment of active
inflammatory bowel diseases (IBD) and for maintenance of
remission [1-3]. Mass spectrometry (MS) has become a
power tool for drug metabolism studies [4]. The technique
is important because it provides a large amount of struc-
tural information with little expenditure of sample [5-8].
Despite the importance of this drug in medicine, to the best
of our knowledge, the fragmentation mechanisms of the
title compound along with thermal studies have not been
reported. Thermal analytical techniques can provide
important information regarding storage and stability of
pharmaceuticals. Thermal analytical methods have thus
become important tools for the development of modern
medicines [9-13]. Thermogravimetric TG/DTG analysis
was used to provide quantitative information on mass
losses due to decomposition and/or evaporation of low
molecular materials as a function of time and temperature
[14-16]. In conjunction with mass spectrometric analysis
[17-19], the nature of the released volatilize may be
deduced, thus greatly facilitating the interpretation of
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thermal degradation processes. In literatures, to the best of
our knowledge, the thermal stability of the drug with
temperature change, either in vitro or in vivo systems, has
not been studied except the coordinated drug with some
metal ions [8].

On the other hand, computational quantum chemistry
can provide additional information about the atoms and
bonds, which can be used successfully in an interpretation
of experimental results such as thermal analysis (TA) and
MS experimental results [20]. These theoretical data can
particularly be valuable for MS scientists. In such, a
number of articles [21-24] dealt with a combined experi-
mental work (TA and MS) and a semi-empirical calcula-
tion. Although this kind of combination gives good
information about both atoms and bonds, however, the used
semi-empirical calculations in the reported studies are not
accurate enough compared with the density functional
theory (DFT) calculations which have been applied in this
work.

The aim of the present work is to carry out experimental
and theoretical investigation on MZ using electron impact
mass spectral (EI-MS) fragmentation at 70 and 15 eV of
electron energy, and TA measurements. DFT calculation
and natural bonding orbital (NBO) analysis were per-
formed on the neutral MZ molecule and its positively
charged molecular ion to investigate different geometrical
parameters (such as bond order, natural atomic charge, and
bond length) and donor—acceptor interactions which in turn
were used to rationalize the correct pathway of fragmen-
tation for each technique.

Experimental
Materials

Mesalazine (MZ, M.wt. = 153 g molfl), as an authentic
sample, was kindly supplied by Egyptian Drug Control
Authority (EDCA), Cairo (Egypt).

Mass spectrometry

Electron ionization mass spectra of MZ were obtained
using Thermo Finnigan TRACE DSQ quadruple mass
spectrometer with electron multiplier detector equipped
with GC-MS data system. The direct probe (DP) for solid
material was used in this study. The sample was put into a
glass sample micro vial, by a needle (=1 pg max), the vial
installed on the tip of the DP containing heating cable and
inserted into the evacuated ion source. The sample was
ionized by electron beam emitted from the filament, the
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generated ions being effectively introduced into the ana-
lyzer by the focusing and extractor lenses system. The MS
was continuously scanned and the obtained spectra were
stored. Electron ionization mass spectra were obtained at
ionizing energy value of 70 and 15 eV, ionization current
of 60 pA and vacuum is better that 10~° torr.

Thermal analyses (TA)

The thermogravimetric (TG/DTG) analysis was carried out
in dynamic nitrogen atmosphere (20 mL min~") with a
heating rate of 10 °C min~' using Shimadzu TGA-50H
and DTA-50H thermal analyzers. In the present investi-
gation, heating rates were suitably controlled at
10 °C min~" under nitrogen atmosphere and the mass loss
is measured from the ambient temperature up to =700 °C.

Computational method

The optimized molecular structure of the title compound
and corresponding energy were calculated by using
GAUSSIAN 09 program package [25] using DFT with
Becke3-Lee—Yang—Parr (B3LYP) [26, 27] combined with
6-311+4G(d,p) basis set without any constraint on the
geometry. The NBO calculation was performed using NBO
3.1 program [28] and was carried out in the Gaussian 09 W
package at the DFT/B3LYP level. The hyperconjugative
interaction energy was deducted from the second order
perturbation approach [29-31]. Gaussview program [32]
has been considered to get visual the optimized structures.
It is worthy to mention that at the optimized geometry for
the title molecule (the neutral and the positively charged
one) no imaginary frequency modes were obtained.

Results and discussion

It is of great interest to study the chemistry and reactivity
of MZ drug because of its importance in medicine. It is
difficult to establish the exact major fragmentation pathway
in EI using conventional MS. With combining the above
two techniques and the data obtained from both the DFT
calculation and NBO analysis, it is possible to understand
the following topics:

1. Stability of the drug under thermal degradation in solid
state and mass spectral fragmentation in gas phase.

2. Prediction of the primary site of fragmentation and
subsequent bond cleavage.

3. The correct pathway in both techniques.
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(b) [MZ]* molecule

Fig. 1 Optimized geometrical structure of mesalazine along with
numbering of atoms: a Neutral MZ and b positively charged MZ

Molecular geometry and NBO analysis

The DFT calculation and NBO analysis gave valuable
information about the structure and reactivity of the mol-
ecules, which actually could be used to support the
experimental evidence. The much important parameters
calculated using DFT calculation and NBO analysis are
bond length, Mulliken atomic charge distribution, bond
order, natural atomic charge distribution, donor—acceptor
interactions, and the corresponding total energy. In the
present work, the calculations have been carried out on
MZ; neutral molecule (related to TA decomposition) and
charged molecular ion (related to MS fragmentation),
which have been then used for prediction of the weakest
bond rupture to follow the fragmentation pathways in both
techniques.

The molecular structures along with numbering of atoms
of the neutral and positively charged MZ molecule are
shown in Fig. 1. The global minimum energy obtained by
the DFT structure optimization based on B3LYP with
6-31144G(d,p) basis set for neutral and positively charged
MZ molecule is —551.56236266 and —551.29475163 a.u.,

Table 1 Selected optimized geometrical parameters; bond length and
bond order, for neutral and positively charged MZ drug

Bond Bond length/;\ Bond order
Neutral MZ  MZ cation  Neutral MZ  MZ cation

Cl1-C2 1.3987 1.4258 1.3638 1.2305
C1-C6 1.3866 1.3636 1.4619 1.5989
C2-C3 1.4079 1.432 1.3155 1.2050
C2-014 1.3647 1.3193 1.0318 1.1743
C3-C4 1.4033 1.3733 1.3720 1.5394
C3-C10 1.4899 1.5154 1.0250 0.9717
C4-C5 1.3921 1.4249 1.3855 1.2045
C5-C6 1.4022 1.4286 1.3333 1.1959
C5-N16 1.4026 1.3393 1.1045 1.3363
C10-011  1.2131 1.2032 1.7058 1.7546
C10-012  1.3497 1.3328 1.0552 1.0920

respectively. Consequently, the neutral MZ molecule is
more stable than the positively charged one because it has
lower total energy. The most optimized structural param-
eters (bond length) B3LYP with 6-311++4G(d,p) basis set,
and the bond order performed for the optimized structures
using NBO 3.1 program implemented in the Gaussian 09
package are presented in Table 1.

When comparing among the bond length, bond order,
and total energy values present in Table 1 for the neutral
and positively charged drug, one can conclude the
following:

i.  Small differences in bond length in MZ system upon
ionization, indicating that no appreciable change in
the geometries upon ionization.

ii. The lowest bond order (important for prediction of
primary site of cleavage) observed at bond C3-C10
for both neutral (1.0250) and positive species
(0.9717).

iii. Upon ionization the stability of the molecule
decreased by 167.928 kcal mol .

Mulliken atomic charge calculation has an important
role in the application of quantum chemical calculation to
molecular system. The total atomic charges of neutral
and charged MZ species obtained by Mulliken using
B3LYP/6-3114++4G(d,p) and NBO methods are listed in
Table 2. The two methods predict the same tendencies
especially in the case of oxygen and carbon atoms. Sig-
nificant changes in the electron distribution with given
system often take place during the ionization process [33].
Actually, both methods especially the NBO method predict
that the greatest change occurred in charge distribution as a
result of electron rupture upon ionization occurs at N16
[from —0.59783 to (—0.79436) ~ 0.20)].
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Table 2 The charge distribution calculated by the Mulliken (B3LYP/
6-311++G(d,p)) and natural bond orbital (NBO) methods

Table 3 Significant donor—acceptor interactions of neutral MZ
molecule and their second order perturbation energies

Atoms  Atomic charges/Mulliken Natural charges/NBO
Neutral MZ  MZ cation Neutral MZ ~ MZ cation
Cl1 —0.027263 0.013209  —0.26171 —0.21793
C2 —1.050374 —1.095095 0.32716 0.43402
C3 0.678340 0.805435  —0.19836 —0.15109
C4 0.015032 —0.138899  —0.18172 —0.12652
C5 —0.724146 —0.551188 0.13541 0.21730
Co6 0.290912 0.346955 —0.20027 —0.16188
H7 0.129298 0.202816 0.20022 0.23673
HS8 0.187311 0.236458 0.22889 0.26019
H9 0.158532 0.218092 0.20325 0.23763
C10 0.288005 0.371696 0.79193 0.78726
011 —0.306565 —0.238587  —0.62023 —0.55945
012 —0.183781 —0.168186  —0.66297 —0.64678
H13 0.305505 0.341050 0.47954 0.50459
014 —0.202852 —0.080066  —0.65252 —0.54973
H15 0.267486 0.311316 0.46383 0.49623
N16 —0.306396 —0.227165  —0.79436 —0.59783
H17 0.241154 0.321513 0.37290 0.42017
H18 0.239801 0.330649 0.36901 0.41710

Natural bond orbital (NBO) analysis

The natural bond orbital (NBO) calculation was performed
using NBO 3.1 program implemented in the Gaussian 09
package at the DFT/B3LYP/6-311++G(d,p) level in order
to understand intra- and inter-molecular bonding and
interaction among bonds, which is a measure of the delo-
calization or hyperconjugation. The hyperconjugative
interaction energy was deduced from the second-order
perturbation approach [34]. Delocalization of electron
density between occupied Lewis-type (bond or lone pair)
NBO orbitals and formally unoccupied (antibond or Ryd-
berg) non-Lewis NBO orbitals corresponds to a stabilizing
donor—acceptor interaction. In NBO analysis, the larger the
E®@, the more intensive is the interaction between electron
donors and electron acceptors, i.e., the more donating
tendency from electron donors to electron acceptors and
the greater the extent of conjugation of the whole system.
The possible intensive interactions are given in Tables 3
and 4 for the neutral and positively charged MZ molecules,
respectively. Delocalization of electrons of the neutral MZ
is higher than that of the positively charger MZ and this
results in increase in the stability of the neutral MZ in com-
paring to the [MZ]". For example, as shown in Table 3,
n(C1-C6) — n*(C2-C3), =w(C2-C3) - m*(C4-C5),
n(C4-C5) —» m*(C1-C6) interactions are seen for MZ
to give strong stabilization of 20.22, 20.88, and
21.48 kcal mol™', respectively. Also, as presented in
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Donor NBO; Acceptor NBO;  E'/ AE/ FI
keal mol™! a.u. a.u.
BD(2) C1-C6  BD*(2) C2-C3 20.22 0.28 0.071
BD (2) C1-C6 BD*(2) C4-C5 16.76 0.30 0.064
BD (2) C2-C3 BD*(2) C1-C6 18.39 0.28 0.064
BD (2) C2-C3 BD*(2) C4-C5 20.88 0.29 0.070
BD (2) C2-C3 BD*(2) C10-  20.97 027  0.069
Ol1
BD (2) C4-C5 BD*(2) C1-C6 21.48 0.28 0.069
BD (2) C4-C5 BD*(2) C2-C3 19.11 0.27 0.066
LP (1) O11 RY*(1) C10 15.63 1.86 0.152
LP (2) O11 BD*(1) C3-C10 17.50 0.69 0.100
LP(2)Ol1  BD*1)CI0-  31.70 062  0.126
012
LP (2) O12 BD*(2) C10- 45.14 0.34 0.113
Ol11
LP (2) Ol14 BD*(2) C2-C3 28.57 0.34 0.096
LP (1) N 16 BD*(2) C4-C5 23.79 0.33 0.084
BD*(2) C1-C6 BD*(2) C4-C5 263.44 0.01 0.082
BD*(2) C2-C3 BD*(2) C4-C5 243.80 0.01 0.078
BD (1) C3-C4 BD*(1) C2-014  4.16 104 0.059
BD (1) C3-C4 BD*(1) C5-N16  3.89 1.12 0.059

E' means energy of hyperconjugative interactions [E®]

AE = Ej — Ejis the energy difference between donor (i) and acceptor
(j) NBO orbitals; F = F(i, j) is the Fock matrix element between i and
Jj NBO orbitals

Table 4, n(C1-C2) — n*(C3—C4), n(C3—C4) — n*(C5-C6),
n(C5-C6) — m*(C1-C2) interactions are seen for [MZ]"
to give a lower stabilization of 9.72, 9.94, and
12.34 kcal mol ™', respectively. However, the strong sta-
bilization denotes the larger delocalization in the neutral
MZ compared to that of [MZ]" molecule. However, the
most important interactions of MZ molecule having lone
pair LP(2) O11 with that of antibonding BD*(1) C3-C10
and BD*(1) C10-O12 result in the stabilization energy of
17.50 and 31.70 kcal mol ', respectively. Consequently, it
can be concluded that the antibonding BD*(1) C10-0O12
has higher electron density than that of BD*(1) C3-C10,
and hence the rupture of the C10-O12 bond may be easier
compared to C3—C10. The same trend and conclusion can
be obtained for the same two bonds in [MZ]" molecule,
since the interaction of LP(2) O11 in this molecule with
BD*(1) C3-C10 and BD*(1) C10-012 has stabilization
energy of 10.55 and 15.59 kcal mol ™', respectively.

Mass spectral (MS) fragmentation of MZ drug

Electron ionization mass spectra of MZ drug were mea-
sured and investigated at 70 and 15 eV of electron energy.
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Table 4 Significant donor—acceptor interactions of positively
charged MZ molecule and their second order perturbation energies

Donor NBO; Acceptor NBO;  E'/ AE/ FI
kcal mol ™! a.u. a.u.
BD (2) C1-C2 BD*(2) C3-C4 9.72 0.30 0.069
BD (2) C1-C2 BD*(2) C5-C6 10.17 0.27 0.068
BD (2) C3-C4 BD*(2) CI-C2 843 027  0.062
BD (2) C3-C4 BD*(2) C5-C6 9.94 0.26 0.067
BD (2) C3-C4 BD*(2) C10- 6.70 032 0.059
Ol1
BD (2) C5-C6 BD*(2) C1-C2 12.34 0.27 0.074
BD (2) C5-C6 BD*(2) C3-C4 8.68 0.30 0.065
LP (1) O11 RY*(1) C10 7.73 1.88 0.152
LP (2) O11 BD*(1) C3-C10  10.55 0.63 0.105
LP (2) Ol11 BD*(1) C10— 15.59 0.64 0.128
012
LP (2) O12 BD*(2) C10- 24.83 0.34 0.117
Ol11
LP (2) O14 BD*(2) C1-C2 14.48 0.34 0.096
LP (1) N16 BD*(2) C5-C6 18.06 0.30 0.101
BD*(2) C1-C2 BD*(2) C3-C4 55.17 0.03 0.078
BD*(2) C3-C4 BD*(2) C10-  42.00 002 0071
Ol11
BD*(2) C5-C6 BD*(2) C3-C4 54.44 0.03 0.079

E' means energy of hyperconjugative interactions [E‘*]

AE = E;j — E; is the energy difference between donor (i) and acceptor
(j) NBO orbitals; F = F(i, j) is the Fock matrix element between i and
j NBO orbitals

A typical mass spectrum of MZ is shown in Figs. 2 and 3 at
70 and 15 eV, respectively.

At 15 eV only molecular ion and fragment ion at
mlz = 135 which can be assigned to [C;HsNO,] *due to H,O
loss from the molecular ion, i.e., [M—=H,O]". On the other
hand, spectrum of MZ at 70 eV is characterized by com-
petitive and consecutive pathways (Scheme 1). Prominent
fragment ions at 70 eV lies between fragment ion at
milz = 52 up to molecular ion [C;H;NOs]" at m/z = 153.
However, the fragment ion, [C;HsNO,]", represents the
most prominent fragment ion at 70 eV (base peak
RI = 100 %) and 12-6 % at 15 eV (Figs. 2, 3). The highest
relative intensity of this fragment ion ([C;HsNO, 1T,
m/z = 135) may be due to the presence of electrons lone pair
of oxygen and nitrogen atom, which stabilizes the fragment
by delocalization. The second prominent ion is the one
observed at m/z = 79, this fragment ion is mildly due to
successive loss of H,O to CO (acetyl) to CO from ring.
Molecular ion, [C;H;NO5]™, observed at m/z = 153 repre-
sents the third prominent ion in the mass spectrum and it has a
relatively high stability (RI = 58.1 %). Based on the data
obtained from MS at 70 and 15 eV, one can rationalize the
proposal principle pathway of MS molecule at 70 eV as
shown in Scheme 1.
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Fig. 2 Mass spectrum of mesalazine at 70 eV

Thermal analysis

Thermal analyses of the drugs are an important tool to get
information about the thermal stability. The thermogravi-
metric analysis (TG and DTG) curves of MZ (Fig. 4) were
displayed within temperature range 25-700 °C.

The TG curve of MZ drug (Fig. 4) refers to two
stages of mass loss at temperature range from 225 to
650 °C. The first estimated mass loss of 75.3 % (calcd.
75.0 %) within the temperature range 225-350 °C, and a
second stage, within the temperature range 350-650 °C,
assigned for decomposition of the remaining part,
[C3H,], with an estimated mass loss of 25.3 % (calcd.
24.8 %). From the first mass loss (75.3 %) observed in
TG curve, one can propose that the mass loss may be
due to successive decomposition steps, with fast rate,
which consequently are merged together and appeared as
one step on the TG curve, as shown in Scheme 2. Then
the produced C;3H, species is slowly decomposed in
temperature range 350-650 °C in a two overlapped steps
with an estimated mass loss of 25.3 %. Moreover, these
results are confirmed by deep inspection of the DTG
curve (Fig. 4), since it showed an asymmetric peak at
about 300 °C. This asymmetric peak indicates that this
peak is due to two or more merged decomposition steps.
Additionally, the second step (mass loss of 25.3 % in the
temperature range 350-650 °C) in the TG curve could be
solved into two broad and small peaks on the DTG
curve which consequently might give an indication that
the last proposed intermediate in the thermal decompo-
sition steps (Scheme 2) might decompose in two or more
steps.
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Fig. 3 Mass spectrum of 100 153.0
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& 50.00 fragmentation of MZ molecule. Empirical observation
= indicates that the course of subsequent fragmentation is
—1.00f determined to large extent by the initial bond rupture of
molecular ion in MS [35]. Mass spectral fragmentation of
0.00 MZ revealed two important competitive pathways
1801 (Scheme 1, processes 1 and 2). MZ fragmented by loss of
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Fig. 4 Thermal analyses TG and DTG of mesalazine drug
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cessive loss of H,O (ortho effect) followed by CO (process 2)
forming a fragment ion at m/z = 135 [C;HsNO,]*
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Scheme 2 Proposed thermal NH,
decomposition of mesalazine NH
% mass loss = 11.8 % mass loss = 18.3
O > RR— % mass loss = 18.3
-H,0 o —CO PR
= -CO
HO o)
N 0 o)
H
NH
\ % mass loss = 26.8
/ § B —

(RI = 100 %) and at m/z = 107. DFT calculations and
NBO analysis revealed that the C3-C10 bond has the
lowest bond order (0.9717) of charged system and large
bond length (1.515 A) (Table 1). Consequently, one can
expect the loss of HCOOH is the first rupture. On the other
hand, C10-012 bond is the second weakest bond (bond
order = 1.092 and bond length = 1.3328 A) (Table 1),
resulting a rupture of H,O (OH acetyl and H from OH ring
due to proximity effect). Interestingly, it can be concluded
that C10—O12 bond is the first bond rupture for charged
system for the following reasons:

i.  Small difference in bond order between processes 1
and 2 (~0.120).

ii. Presence of only prominent of [M-H,O]" at low
energy (15 eV), Fig. 3, with RI = 12.6 % indicating
that [M-H,O]" is the first appearance in fragmenta-
tion of MZ.

iii. According to the NBO analysis, the electrostatic
attraction between Cz (—0.15109) and C,( (0.78726)
process 1 is larger than that between C;, (0.78726)
and O;, (—0.64678) process 2, as presented in
Table 2.

iv. Electron density of the anti-bonding orbital BD*(1)
C10-012 is larger than that of BD*(1) C3-C10, as
concluded from NBO analysis, Table 4.

Subsequent loss of CO and HCN from [C¢HsNO] ™ gives
fragments [CsHsNO]" and [C4H4]t ions, respectively;
(Scheme 1, process 1). It is known that the organic mole-
cule is more stable in neutral state than in ionic one [23].

Correlation of the TA behavior, DFT calculations,
and NBO analysis of the neutral MZ molecule

As indicated previously, using of quantum calculations to
determine the initial bond cleavage, in a predicative man-
ner, would be an importantly first step. On the basis of the
computational data for the neutral MZ molecule, although

~C,H N
CSHZ

C3—C10 bond has lower bond order (1.0250) and larger
bond length (1.4899 A) compared to C10-O12 bond,
which has bond order of 1.0552 and bond length of
1.3497 A it is expected that C10-O12 bond is the first site
of cleavage followed by C3—C10 bond rupture. This con-
clusion is reached for the following reasons: Small differ-
ence in bond order is present between C3-C10 and
C10-012 bonds (& 0.030); according to the NBO analysis,
the electrostatic attraction forces between C3 (—0.19836)
and C10 (0.79193) are larger than that between C10
(0.79193) and O12 (—0.66297); and according to the NBO
analysis, interaction of the lone pair LP(2) O11 with the
antibonding orbital of C10-O12 bond is higher than that its
interaction with the antibonding orbital of C3—C10 bond
which means in turn that BD*(1) C10-O12 has higher
electron density compared with that of BD*(1) C3-Cl10.
Consequently, as mentioned previously, it is expected that
the neutral MZ molecule undergoes cleavage of C10-0O12
bond first to loss H,O (OH from rupture of C10-O12 bond
and H from the phenolic OH group) followed by rupture of
C3-C10 bond giving off CO. After that, according to the
quantum data presented in Tables 1, 2, and 3, it can be
concluded that the C2-0O14 bond will then be decomposed
followed by C5-N16 bond cleavage because the former has
smaller bond order and electrostatic interaction than the
latter. The explanations obtained by DFT calculations and
NBO analysis agreed well with the TA degradation
because the neautral MZ molecule decomposed to give off
H,O, CO, CO, and then C,H;N in temperature range
200-350 °C leaving the more stable part C;H, which
decomposed in the temperature range 350-650 °C.

Correlation between TA and MS
It is important to make a comparison between the results of
TA and MS of MZ drug, to see the behavior of the drug in

both techniques. This comparison shows the agreement and
disagreement on the fragmentation pathways. In MS the
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main fragmentation pathway (Scheme 1, process 1) is
successive loss of H,O to CO to CO forming a fragment
ion [CsHsN]" which decomposes by loss of HCN forming
a fragment ion [C4,H4]" (m/z = 52, RI = 22.4 %). In TA
the decomposition mechanism is compatible with that
obtained from MS except that the formed neutral CsHsN
can be decomposed in TA to give C;H3N and C3H, mol-
ecules. Additionally, C,H3N is thermally decomposed in
the first temperature range 225-350 °C, and the remainder
C5H; is decomposed in the temperature range 350-650 °C.

Conclusions

This study provides an application of experimental MS and
TA techniques and theoretical investigation using DFT
calculations and NBO analysis on MZ drug. From the
application of both practical and theoretical, it is concluded
that: The primary fragmentation of MZ, is the loss of H,O
molecule. Subsequent fragmentation in MS is by loss of
successive loss of CO (ring) forming finally C4H, fragment
at m/z = 52. In TA, MZ is dissociated completely in the
temperature range 225-650 °C, while the molecular ion
can be fragmented after few electron volts above the ion-
ization energy (8.64 eV). Theoretical DFT calculations and
NBO analysis could help to choose the most probable
fragmentation pathway in both MS and TA techniques.
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