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Mefenamic acid [2-(2,3-dimethylphenyl)aminobenzoic acid] has been known to exist in
different polymorphic forms. This study investigates the polymorphism of mefenamic acid
in N,N-dimethyl formamide (DMF) through the combination of molecular dynamic sim-
ulations and experimental study. The molecular dynamic simulations were performed
using the Material Studio 5.5 simulation package with a Condensed-phase Optimized
Molecular Potentials for Atomistic Simulation Studies (COMPASS) force field. The simula-
tion trajectory files were analyzed for radial distribution functions to investigate the
intermolecular interactions. The experimental study was performed by the cooling crys-
tallization method with DMF as the solvent. The saturated solution and crystals produced
were analyzed by Fourier transform infrared spectroscopy, X-ray powder diffractometry,
and scanning electron microscopy. The radial distribution function results showed the
formation of a strong hydrogen bond between the soluteesolute and soluteesolvent in-
terfaces, which were O1MA/H5MA and OF/H15MA, respectively. The Fourier transform
infrared results revealed the existence of OeH, NeH, and C]O bonds, which contributed
to the formation of a hydrogen motif in the mefenamic acid during crystallization with
DMF as the solvent. The X-ray powder diffractometry and scanning electron microscopy
results confirmed the formation of mefenamic acid form II crystals in cubic shape.

© 2019 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
1. Introduction

Mefenamic acid [2-(2,3-dimethylphenyl)aminobenzoic
acid] is a nonsteroidal anti-inflammatory drug widely used
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in clinical applications [1]. It is well known that this drug
exists in three polymorphic forms, namely, form I, form II,
and form III [2]. The polymorphs of mefenamic acid exhibit
different physicochemical characteristics and stabilities,
that is, mefenamic acid form I is more thermodynamically
stable and has a lower solubility than form II and form III
[2e5]. The polymorphs of mefenamic acid are formed
when the mefenamic acid with the same chemical
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composition crystallizes to more than one crystal structure
or form depending on several factors [6]. Previous works
have investigated the factors affecting the polymorphism of
mefenamic acid, including the choice of solvent, tempera-
ture, supersaturation, stirring, and the presence of in-
terfaces or impurities during the crystallization process
[6e8]. The polymorphs of mefenamic acid differ according
to the relative conformation of the carboxylic group in the
molecular structure [2], which is highlighted by a rectan-
gular shape in Fig. 1.

The choice of solvent during the crystallization process
has been demonstrated to play a significant role in the
polymorphic selectivity of the drug [9,10]. For instance, the
cooling crystallization of mefenamic acid using ethyl ace-
tate, ethanol, and N,N-dimethyl acetamide as solvents has
been reported to produce form I crystals [6]. Meanwhile,
form II and form III crystals are obtained through the
cooling crystallization using N,N-dimethyl formamide
(DMF) and cocrystallization experiments with adenine in
DMF/methanol mixture, respectively [2]. It is compulsory
for the drug molecules to be soluble in the solvent before
nucleating into different polymorphs at high supersatura-
tion levels. During the process, the solvent can either
interact with the solute or adsorb onto the crystal faces at
the molecular level through intermolecular
solventesolvent, soluteesolvent, and soluteesolute in-
teractions [11,12]. A solvent molecule that has the ability to
accept or donate hydrogen bond may form a hydrogen-
bonding network with the solute molecule during the
crystallization and can cause selective nucleation [13].

Insights into the hydrogen bonding network in the so-
lution can be obtained through molecular dynamic (MD)
simulations. Bernardes et al. [14] performed MD simula-
tions using the DL_POLY 2.20 package for two polymorphic
phases of 40-hydroxyacetophenone. The work reported by
Hamad et al. [15] revealed the presence of a hydrogen bond
that led to the formation of different polymorphs of 5-
fluorouracil. In our previous research, we investigated the
intermolecular interactions through hydrogen bond for-
mations between ethyl acetate and water using mefenamic
acid MD simulations [16,17]. To the best of our knowledge,
the study on the intermolecular interactions, that is, the
hydrogen bonding that leads to the formation of mefe-
namic acid form II in DMF is yet to be reported.

In this work, the crystallization of mefenamic acid using
DMF as a solvent was investigated using MD simulations
and Fourier transform infrared (FTIR) spectroscopy. The
aim of this work was to investigate the hydrogen bonding
between the soluteesolute, soluteesolvent, and
solventesolvent interfaces, which control the self-
Fig. 1. Chemical structure of mefenamic acid.
assembly of the mefenamic acid molecules in DMF and
cause the formation of mefenamic acid form II crystals. The
FTIR spectra of the mefenamic acid/DMF saturated solution
were recorded and compared with that of the mefenamic
acid form II crystal to comprehend the simulation work.
The crystals produced were further characterized by X-ray
powder diffractometry (XRPD) and scanning electron mi-
croscopy (SEM) to determine the fingerprint and
morphology, respectively.

2. Materials and methods

2.1. Materials

Mefenamic acid powder (98 wt % pure) and analytical
grade DMF (99.9 wt % pure) were obtained from Baoji
Tianxin Pharmaceutical Co. Ltd., China and Fisher Scientific,
respectively. The materials were used as received.
2.2. Preparation of the saturated solution and mefenamic acid
crystals

Mefenamic acid was added in excess into a glass vial
containing 2 mL of DMF at 25 �C. The amount of mefenamic
acid added was estimated based on the solubility data re-
ported in the previous work [4]. The solution was
Fig. 2. Partial labeling of (a) DMF and (b) mefenamic acid molecule.



Table 1
Number of molecules and density used in the simulation trajectory.

Simulation trajectory Number of
molecules

Density r

(g cm�3)
Cubic cell size
A� B� C (Å3)

N,N-dimethyl
formamide

250 0.945 [30] 31.75 � 31.75 �
31.75

Mefenamic acid/N,N-
dimethyl formamide

25:250 1.009a 34.16 � 34.16 �
34.16

a The value was calculated using Eq. 1 with a mefenamic acid density of
1.268 g cm�3 [31].
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continuously shaken at 300 rpm and 25 �C for 24 h in a
temperature-controlled block (Eppendorf Thermomixer
Shaker). This step is required to ensure the complete
dissolution of mefenamic acid and to allow the solution to
attain equilibrium [18]. After that, the solution was filtered
under isothermal condition using a 0.45 mm polytera-
fluoroethylene (PTFE) syringe filter and stored in a glass vial
for FTIR analysis.

The mefenamic acid crystal formed in DMF was pre-
pared by the cooling crystallization method [19]. In this
method, a saturated solution, at 50 �C, was prepared by
heating a conical flask containing 8.60 g of mefenamic acid
in 50 mL of DMF on a hot plate until a clear solution was
Fig. 3. The g(r) plots of pure DMF: (a) intermolecular interactions in OF/HF, (b) OF/

[25]. The solid line represents the RDF obtained in this work, and the dashed blue
obtained. The solution was allowed to reach room tem-
perature by cooling naturally. The crystals produced were
filtered, periodically dried in an oven at 60 �C, and weighed
until a constant weight was achieved. The dried crystals
were stored in screw cap glass vials for analysis.

2.3. FTIR spectroscopy

The FTIR spectra of the mefenamic acid and the satu-
rated solution in the range of 500e4000 cm�1 were
recorded and analyzed using a PerkinElmer ATR-FTIR
Spectrometer (Frontier) and OMNIC software with an
average of 16 scans, respectively.

2.4. X-ray powder diffractometry

The XRPD patterns of the mefenamic acid in a scan
range of 5e50� (2q) were determined using a Shimadzu
XRD 6000 instrument equipped with a vertical X-ray
goniometer and using Cu Ka radiation. The angle repro-
ducibility was ±0.001� (2q). The samples were gently
ground in a mortar, pressed, and flattened softly onto an
aluminum holder using a spatula and glass plate. The
measurement conditions were set as follows: voltage of
CF, (c) OF/HM, and (d) OF/CM in comparison with those from the literature
line represents the RDF reported in the literature.



Fig. 4. A g(r) plot of the solventesolvent interaction present in the binary
system of the mefenamic acid/DMF mixture.

Fig. 6. RDFs between the solute molecules in DMF.
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40 kV, current of 30mA, step size of 0.05�, and a scan rate of
3�/min in a continuous mode [6].

2.5. Scanning electron microscopy

The shape of the mefenamic acid was analyzed by SEM
(TM3030 plus, Hitachi High-Technologies Corporation,
Japan). The samples were placed on double-sided adhesive
carbon tapes fixed to an aluminum mount and sputter-
coated with gold using a Sputter Coater (Quorum Tech-
nologies Q300TD, Ltd., UK). The analysis was performed at a
1e3 kV voltage with a magnification ranging from 20 to
5000�.

2.6. Simulation method

The MD simulations were performed at 298 K and 1 atm
by the method reported by Abdul Mudalip et al. with slight
Fig. 5. The g(r) plots of the atoms in mefenamic acid and the atoms in DM
modification [16,17]. The Material Studio 5.5 (Accelrys, Inc.,
San Diego, USA) application, installed in an HP Z400 device,
was used. The molecules of mefenamic acid and DMF,
shown in Fig. 2, were sketched, optimized, and completed
for energy minimization using the Smart minimizer tool.
Subsequently, cubical simulation boxes with a periodic
boundary containing pure DMF and a mixture of mefe-
namic acid and DMF molecules at random configuration
were constructed using the Amorphous Cell [20]. The
number of molecules and density shown in Table 1 were
used during the configuration of the simulation box. The
number of molecules was chosen within the range rec-
ommended by van Gunsteran and Berendsen [21]. The
density of the mefenamic acid/DMF mixture was deter-
mined as follows:

rs ¼
ðml þmsÞ

ðml=rl þms=rsÞ
(1)
F molecules: (a) soluteesolvent and (b) solventesolute interactions.
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where rs is the density of the solution;ml is the mass of the
solvent;ms is the mass of the solute; rl is the density of the
solvent, and rs is the density of the solute [18].

Each simulation was conducted at a time step of 1 fs
for a period of 250 ps in a thermodynamic ensemble of
constant number of atoms, volume, and energy and
continued for a period of 2000 ps in a constant number of
atoms, pressure, and temperature ensemble. The COM-
PASS force field and the Ewald summation technique
were used to address the long-range electrostatic in-
teractions [20,22]. The temperature and pressure in the
ensembles were maintained using a Nose thermostat
with a Q-ratio of 1.0 and the Berendsen barostat with a
decay constant of 0.1 ps, respectively [23,24]. Each pair of
atoms in the final trajectory files, as shown in Fig. 2, was
analyzed for various radial distribution functions (RDFs).
The RDFs represent the distances between each pair of
atoms, which averaged and normalized to the RDF of an
ideal gas of the same density. The equation used to
describe the RDF is given as

gxyðrÞ¼ 〈Nyðr; r þ drÞ〉
ry4pr2dr

; (2)

where r is a spherical radius; ry is a density of the y atom;
Nyðr; rþdrÞ is the number of y atoms in the shell of width D
r at distance r; and x is the reference atom [15].
3. Results and discussion

3.1. Validation of the MD simulation method

The MD simulation method used in this work was
validated by comparing the calculated density and RDF or
g(r) plot of the pure DMFwith those from the literature. The
simulated density of the DMF obtained was 0.938 g cm�3,
which is comparable to that from the literature
(0.943 g cm�3) [24]. The calculated deviationwas 0.53%. Lei
et al. [25] reported about 6% deviation in the density values
for the MD simulations of 150 organic structures. Because
the deviation in the density value obtained in this work is
quite small, it can be suggested that the MD simulation
methods used in this work produced good results.
Fig. 7. FTIR spectra of (a) pure DMF and the (b) saturated mefenamic acid/
DMF solution at 25 �C.
Fig. 3 illustrates the RDF plot of the pure DMF in com-
parison with that from the literature [26]. In general, the
RDF patterns shown in Fig. 3 show a slight deviation from
those in the literature, which is less than 10% deviation for
the radius of the first peak. Beredsen [24] has reported the
MD simulation for 216 molecules of DMF using the TINKER
3.9 molecular modeling package in the constant number of
atoms, pressure, and temperature ensemble at 298 K and
1 atm with modified optimized potentials for liquid
simulations-all atom. The first peaks observed for OF/HF,
OF/CF, OF/HM, and OF / CM are at 2.75, 3.7, 2.9, and
3.75 Å, respectively. The peaks that are relatively short and
broad indicate weak hydrogen bonding interactions be-
tween formyl oxygen and formyl hydrogen or methyl
hydrogen. In addition, the broad peaks are associated with
the presence of dispersion. The strength of the hydrogen
bonding present in the structure of the pure DMF is indi-
cated by OF/HF, as it shows the nearest-neighbor
interaction.

3.2. Intermolecular interaction in relation to polymorphism

Fig. 4 illustrates the RDFs of the solventesolvent inter-
action in the mefenamic acid/DMF mixture. It can be seen
that the RDFs are structured and show no clear difference
with those of the pure solvent except for a slight change in
the probability of g(r). For example, the probability of the
OF/HF interactions in pure DMF is only 1.12, whereas in the
binary system, it increases to 1.18. This indicates that the
presence of the mefenamic acid solute in the binary system
does not modify the long-range pure solvent structure.
However, an increase in the intensity in relation to the
solventesolvent interaction in the binary mixtures is ex-
pected because of the differences in the self-assembly of
the solvent molecules that are present in the binary solu-
tion but not in the pure solvent. These changes also reflect
the initiation of the phase separation between the solvent
molecules and solute molecules during the dissolution and
before the formation of the solute cluster or nucleation
[27].

Fig. 5 shows the RDFs of the mefenamic acid molecules
with several targeted atoms in DMF representing the
soluteesolvent interactions. It is clear that the oxygen
atom of the mefenamic acid molecule (O1MA) interacts
strongly with the hydrogen atom of the DMF molecule
(HF) (refer to Fig. 5a). The RDF of O1MA/HF shows a sharp
peak at 2.75 Å, whereas that of O1MA/HF shows a broad
peak at 2.75 Å. The interactions between O2MA and N1MA
with the HF and HM of DMF are less structured. More
structured RDFs are observed in OF/H15MA with a
probability of 3.5 at 1.75 Å (refer to Fig. 5b). The peak falls
and passes through a minimum value around 4.25 Å with
an intensity of 1.30, which indicates fewer chances of
finding atom OF and H15MA at this radial distance. The
RDF pattern of OF/H15MA agrees with the structure of
the liquid system modeled by Ingebrigtsen et al. [28],
where the structure of the liquid system shows two
intense peaks at different radial distances before the peaks
drop and reach a plateau of 1.00.

The intermolecular interactions between the solute
molecules in DMF are shown in Fig. 6. As can be observed in



Fig. 8. FTIR spectrum of the mefenamic acid solid crystals obtained from (a) DMF and (b) raw material.
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Fig. 6, the interaction between O1MA and H5MA is the
strongest with a probability of 3.35 at a radial distance of
1.75 Å. According to Ref. [27], the g(r) peaks with sharp and
nearest radial distances will contribute to significant
intermolecular interactions during the prenucleation
event. Therefore, it can be suggested that the intermolec-
ular interaction between O1MA and H5MA plays an
important role during the prenucleation of mefenamic acid
form II in DMF. This behavior is different as compared with
the nucleation of mefenamic acid form I, where the exis-
tence of a soluteesolute interaction between O1MA and
H15MA was reported [16].
Fig. 9. Comparison of the X-ray powder diffraction patterns of the mefenamic acid
major peaks of the mefenamic acid form I crystals obtained by Kato et al. [30].
3.3. FTIR spectroscopy analysis

The FTIR spectra of pure DMF, the saturated solution of
the mefenamic acid/DMFmixture, and the solid mefenamic
acid crystals are shown in Fig. 7a, b, and Fig. 8, respectively.
The spectrum illustrated in Fig. 7a indicates the presence of
C]O and NeH chemical structures at wavenumbers of
1656 and 3500 cm�1, respectively, in the pure DMF solvent,
which may contribute to the hydrogen bonding formation.
The FTIR spectrum of the mefenamic acid/DMF solution in
Fig. 7b shows a similar structure to that of the pure DMF.
The slight change in the C]O and NeH bonds in the
crystals (a) crystallized using DMF and (b) raw material in this work with the



Fig. 10. Scanning electron microscopic images of the mefenamic acid crystals (a) crystallized using DMF and (b) raw material.
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spectrum implies the availability of mefenamic acid in the
solution. In addition, the peaks are relatively more intense
than those in the pure DMF spectrum. This indicates that
the bonds exist with higher strength in the saturated so-
lution of the mefenamic acid/DMF as compared with the
case in pure DMF. This finding complements the behavior of
the solventesolvent interaction in the binary mixture of
mefenamic acid/DMF.

Fig. 8 shows the FTIR spectra of mefenamic acid before
and after crystallization in DMF. The spectra show the
presence of C]O and OeH in the same region, although a
slight change in the NeH stretching wavenumber is
observed. As highlighted with a rectangular box in Fig. 8,
the mefenamic acid obtained from the supplier shows a
NeH stretching band at approximately 3313 cm�1. This
value corresponds to mefenamic acid form I crystals [29].
The crystals obtained using DMF as the solvent showa NeH
stretching band at 3347 cm�1, which corresponds to form II
crystals [29]. This finding shows that mefenamic acid form I
was changed to form II after crystallization in DMF.
3.4. XRPD and crystal shape

Fig. 9 illustrates the fingerprint analysis of the mefe-
namic acid crystals and raw material in comparison with
the results of Kato et al. [30]. They reported that the major
XRPD peaks of form I were observed at 6.3�, 21.3�, and 26.3�

(2q), whereas those of form II were observed at 11.8�, 17.9�,
23.8�, and 25.6� (2q) [30]. As shown in Fig. 9, the XRPD
pattern of the mefenamic acid crystals concurs with form II
because notable peaks at 11.8�, 17.9�, 23.8�, and 25.6�, as
well as 9e12� (2q), were observed. Conversely, the XRPD
pattern of the mefenamic acid raw material concurs with
themajor XRPD peaks of form I at 6.3�, 21.3�, and 26.3� (2q).
This confirms that the mefenamic acid form I has been
successfully crystallized to form II in DMF.

The shapes of the mefenamic acid before and after
crystallization in DMF are shown in Fig. 10. It can be seen
that the mefenamic acid raw material is needle-like in
shape and changes to cubic or tubular shape when crys-
tallized in DMF. Past works have reported that the crys-
tallization of mefenamic acid in other solvents, that is,
ethanol and ethyl acetate, produced needle-like crystals
[6,19]. The difference in the crystal shape after crystalliza-
tion in DMF is probably because of the different strengths
of the soluteesolvent interactions at the facets of the
crystals. Lee et al. [31] reported the presence of eOH, eC]
O, and eC6H5 groups on the crystal facet (0 0 1) of the
mefenamic acid. The eOH and eC]O groups have signifi-
cant hydrogen bonding abilities, and thus, may permit
strong hydrogen bonding interactions between the facet (0
0 1) and DMF, which promote the growth on the crystal
facet.

4. Conclusion

This work was successfully performed to obtain insights
into the molecular characteristics of mefenamic acid poly-
morphs crystallized in DMF. The simulation results sug-
gested that the hydrogen bond plays an important role in
determining the polymorphism of mefenamic acid crystals.
O1MA/H5MA was identified as being responsible for the
formation of the hydrogen motif in the mefenamic acid
form II crystal when crystallized in DMF. The FTIR results
revealed the existence of a hydrogen bond in the mefe-
namic acid/DMF solution, which contributed to the nucle-
ation of the mefenamic acid form II crystals. Cubic-shape
crystals were obtained and were confirmed as form II
through SEM and XRPD analyses.
Acknowledgments

The authors acknowledge the financial support from the
Ministry of Education Malaysia (Exploratory Research
Grant Scheme RDU120607) and Universiti Malaysia Pahang
(Internal Grant Research Scheme RDU150359).
References

[1] V.R.R. Cunha, C.M.S. Izumi, P.A.D. Petersen, A. Magalh~aes,
M.L.A. Temperini, H.M. Petrilli, V.R.L. Constantino, J. Phys. Chem. B
118 (2014) 4333.

[2] S. SeethaLekshmi, T.N. Guru Row, Cryst. Growth Des. 12 (2012)
4283.

[3] E.H. Lee, S.R. Byrn, M.T. Carvajal, Pharm. Res. 23 (2006) 2375.

http://refhub.elsevier.com/S1631-0748(19)30161-4/sref1
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref1
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref1
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref1
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref2
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref2
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref3


S.K. Abdul Mudalip et al. / C. R. Chimie 22 (2019) 771e778778
[4] S.K. Abdul Mudalip, M.R. Abu Bakar, P. Jamal, F. Adam, J. Chem. Eng.
Data 58 (2013) 3447.

[5] M. Antonio, R.M. Maggio, J. Pharm. Biomed. Anal. 149 (2018) 603.
[6] R. Panchagnula, P. Sundaramurthy, O. Pillai, S. Agrawal, Y.A. Raj, J.

Pharm. Sci. 93 (2004) 1019.
[7] S.R. Iyer, P.R. Gogate, Ultrason. Sonochem. 34 (2017) 896.
[8] U.V. Shah, C. Amberg, Y. Diao, Z. Yang, J.Y.Y. Heng, Curr. Opin. Chem.

Eng. 8 (2015) 69.
[9] D.M. Croker, D.M. Kelly, D.E. Horgan, B.K. Hodnett, S.E. Lawrence,

H.A. Moynihan, A.C. Rasmuson, Org. Process Res. Dev. 19 (2015)
1826.

[10] J.V. Parambil, S.K. Poornachary, R.B.H. Tan, J.Y.Y. Heng, J. Cryst.
Growth 469 (2017) 84.

[11] I. Weissbuch, M. Lahav, L. Leiserowitz, Cryst. Growth Des. 3 (2002)
125.

[12] S. Rohani, S. Horne, K. Murthy, Org. Process Res. Dev. 9 (2005) 858.
[13] R. Davey, J. Garside, From Molecules to Crystallizers: An Introduc-

tion to Crystallization, Oxford University Press Inc., United States,
2002.

[14] C.E.S. Bernardes, M.E. Minas da Piedade, J.N. Canongia Lopes, J. Phys.
Chem. B 116 (2012) 5179.

[15] S. Hamad, C. Moon, C.R. Catlow, A.T. Hulme, S.L. Price, J. Phys. Chem.
B 110 (2006) 3323.

[16] S.K. Abdul Mudalip, M.R. Abu Bakar, F. Adam, P. Jamal, Z.M. Alam, J.
Teknol. (Sci. Eng.) 79 (2017) 21.
[17] S.K. Abdul Mudalip, M.R. Abu Bakar, P. Jamal, F. Adam, Z.M. Alam,
Asian J. Chem. 28 (2016) 853.

[18] J.W. Mullin, Crystallization, 4th ed., Butterworth-Heinemann, Ox-
ford, 2001.

[19] S. Cesur, S. Gokbel, Cryst. Res. Technol. 43 (2008) 720.
[20] M.P. Allen, D.J. Tildesey, Computer Simulation of Liquids, Oxford

University Press, New York, 1991.
[21] W. van Gunsteren, H.A. Berendsen, Angew Chem. Int. Ed. Engl. 29

(1990) 992.
[22] D. Rigby, Fluid Phase Equilib. 217 (2004) 77.
[23] A.S. Nose, J. Chem. Phys. 81 (1984) 511.
[24] H.J.C. Beredsen, J. Chem. Phys. 81 (1984) 3684.
[25] Y. Lei, H. Li, H. Pan, S. Han, J. Phys. Chem. A 107 (2003) 1574.
[26] H. Sun, J. Phys. Chem. B 102 (1998) 7338.
[27] F. Adam, An Examination into the Influence and Change of Solution

Structure on the Polymorphic Behaviour of 2,6-Dihydroxybenzoic
Acid, University of Leeds, Leeds, 2012.

[28] T.S. Ingebrigtsen, T.B. Schroder, J.C. Dyre, Phys. Rev. X 2 (2012),
011011.

[29] S. Romero, B. Escalera, P. Bustamante, Int. J. Pharm. 178 (1999) 193.
[30] F. Kato, M. Otsuka, Y. Matsuda, Int. J. Pharm. 321 (2006) 18.
[31] E.H. Lee, S.X.M. Boerrigter, S.R. Byrn, Cryst. Growth Des. 10 (2010)

518.

http://refhub.elsevier.com/S1631-0748(19)30161-4/sref4
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref4
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref5
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref6
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref6
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref7
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref8
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref8
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref9
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref9
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref9
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref10
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref10
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref11
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref11
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref12
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref13
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref13
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref13
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref14
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref14
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref15
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref15
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref16
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref16
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref17
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref17
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref18
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref18
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref19
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref20
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref20
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref21
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref21
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref22
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref23
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref24
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref25
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref26
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref27
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref27
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref27
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref28
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref28
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref29
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref30
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref31
http://refhub.elsevier.com/S1631-0748(19)30161-4/sref31

	Evaluation of the intermolecular interactions and polymorphism of mefenamic acid crystals in N,N-dimethyl formamide solutio ...
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Preparation of the saturated solution and mefenamic acid crystals
	2.3. FTIR spectroscopy
	2.4. X-ray powder diffractometry
	2.5. Scanning electron microscopy
	2.6. Simulation method

	3. Results and discussion
	3.1. Validation of the MD simulation method
	3.2. Intermolecular interaction in relation to polymorphism
	3.3. FTIR spectroscopy analysis
	3.4. XRPD and crystal shape

	4. Conclusion
	Acknowledgments
	References


