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Abstract: The organic compounds, 2-aminopyrimidine (AP) and 4-aminobenzoic acid (PABA), are
selected for the synthesis of a compound by establishing the phase diagram adopting the solid-state
synthesis method. Phase diagram study infers the formation of a novel intermolecular compound
(IMC) at 1:1 stoichiometric ratio of AP and PABA along with two eutectics at 0.25 and 0.90 mole
fractions of AP. The FTIR and NMR spectroscopy are studied for structure elucidation of
intermolecular compound. Powder X-ray diffraction study reveals the novel nature of IMC
(APPABA) and the mechanical mixture nature of eutectics. Sharp and single peak of the DSC curve
suggests the melting and pure nature of the synthesised IMC. Various thermodynamic parameters of
IMC and eutectics have been studied. The single crystal of IMC has grown from solution and its single
crystal X-ray diffraction analysis reveals that IMC has crystallised in a monoclinic having P21/n space
group. Hirshfeld surface analysis further validated the weak non-covalent interactions summarized
through single crystal X-ray study. Studies on IMC thoroughly have been done for its antibacterial
activity and it has shown significant positive responses against various pathogenic microbial isolates
(Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Klebsiella aeruginosa, Shigella boydii) and
non-pathogenic microbial isolates (Enterobacter cloacae, Pseudomonas azotoformans). It was also found
effective against methicillin-resistant bacterial strains viz. Staphylococcus aureus MRSA. The
biodegradable IMC is an effective functional material with its future applicability as an antibacterial
agent extending up to drug-resistant bacterial strains.

Keywords: Phase diagram; Solid-state synthesis; Intermolecular compound; Single crystal;
Antibacterial activity

1. Introduction

Over the years, the world has witnessed several important applications of organic compounds,
which have immense importance particularly in the field of biomedical and pharmaceutical sciences
as biomaterials [1,2]. International health organizations and research scientists across the globe are
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serious about the infectious diseases which are posing a mortal threat to human health. The rise in
health hazards and excessive use of antibiotics influence the pathogens to become resistant to them.
The development of newer and more advanced drugs is demanded to work effectively against both,
the drug-sensitive and drug-resistant bacteria[3]. The organic ligands, containing heteroatoms such
as nitrogen, sulphur, and oxygen in the aromatic ring system, often possess important medicinal
properties such as anti-bacterial [4], anti-fungal [5], anti-tubercular [6] and anti-inflammatory [7].
Nonetheless, the solubility and bioavailability of the synthesized drug molecules are the major
challenges in the pharmaceutical sector. To improve and overcome these issues, binary organic
materials such as eutectics [8], deep eutectics [9], co-crystals [10] and salt formation [11] have been
recognised in the past few years. The systematic studies on binary organic materials for their
physicochemical, thermodynamic, solidification behaviour, thermal stability, reaction kinetics,
hygroscopicity and solubility [12-16] are the worth parameters of the newer materials which improve
the organic materials to that of the starting parent compounds.

The adopted solid-state green synthesis approach is significant, because it is environment
friendly, solvent free, not tedious, less time consuming and cost effective, over many other synthetic
procedures. The study of the phase diagram infers the nature of each binary composition,
solidification behaviour, and phases which are in equilibrium at temperatures and composition. It
also infers the stoichiometric ratio of parents which could yield the novel material with utmost 100%
yield. The solid-state synthesis helps in avoiding the use of solvents. Because of the importance of
binary organic materials, two starting parent compounds, 2-aminopyrimidine (AP) and 4-
aminobenzoic acid (PABA) are selected to search the materials having medicinal properties. The
nitrogen containing heterocyclic ring, such as pyrimidine, is the key structural unit in many natural
and synthetic biomolecules which are known for their significant applications in medicinal chemistry
[17,18]. 2-aminopyrimidine and its derivatives have special significance among the biologically active
classes of compounds [19] which are known for a wide spectrum such as antimicrobial [20,21], anti-
oxidant [17], lysine-specific demethylase-1 (LSD1) inhibitor [22], anti-inflammatory [21],
antitubercular [23], adenosine receptor antagonist [24], antitumour [25], and antimalarial agent [26].
The organic compound 4-aminobenzoic acid is a member of the Vitamin B complex and has been
known as an antibacterial agent [27].

With a view of the significant importance of the parent compounds, AP and PABA, these
compounds have been selected for the detailed study of the phase diagram, formation of IMC,
eutectics and their systematic studies for thermal behaviour, thermal properties, and structural
changes. The synthesized intermolecular compound (APPABA) has been characterised using
differential scanning calorimetry (DSC), FTIR, NMR, X-ray diffraction, UV-vis absorption and
fluorescence emission properties. The single crystal of novel intermolecular compound has been
grown and the crystal of IMC has been studied for the crystal structure and atomic packing. The IMC
has also been thoroughly investigated for the biological activity against non-pathogenic as well as
pathogenic bacteria.

2. Results and Discussion
2.1. Phase Diagram Study

The phase diagram between 2-aminopyrimidine (AP) and 4-aminobenzoic acid (PABA), are
represented in Figure 1 in terms of the composition-temperature curve where the mole fraction of the
parent component (AP) is plotted on X-axis and their respective melting temperature on Y-axis. The
phase diagram infers that on the addition of AP in PABA, i.e as the mole fraction of PABA decreases,
the melting temperature of PABA in the mixture decreases and continues to decrease till the first
lowest melting temperature, 167 °C, at point E: which is the first eutectic point at 0.25 mole fraction of
AP. From this point, the further increase in the mole fraction of AP causes the increase in melting
temperature of the mixture and reaches the maximum melting temperature (156 °C) at point A, which
indicates the formation of a new and stable intermolecular compound. Point A is a congruent melting
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point where the compositions of solid and melt are the same. The further increase in the mole fraction
of AP again causes a decrease in the melting temperature of the mixture, which reaches the second
minimum point (120 °C) at E2, which is the second eutectic of the system at 0.90 mole fraction of AP.
It is clearly obvious that the resulting intermolecular compound plays the role of one of the parent
components of both eutectics.
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Figure 1. Phase diagram of AP—PABA system.

At E1 and E:the respective eutectic reaction may be represented as:

E1, L = + Spasa + Sivic ..()
E2, L 2 + Smvc + Sar ...(2)

The above equations represent the reaction occurring at the eutectic points (E: and E2), where
the homogeneous liquid phase is in equilibrium with two solid phases, and the points E:1and E: are
invariant points having zero degrees of freedom. The experimental solid-liquid equilibrium data and
liquid mole fractions Xar for the AP—PABA system have been provided in supplementary (Table
S1).

2.2. Spectral Studies
2.2.1. FTIR Absorption Studies

The FTIR studies infer the formation of the intermolecular compound and give information
regarding the functional groups that are involved in the interaction between the parent components.
In the case of 2-aminopyrimidine (AP), the peaks observed at 3353 cm™ and 3171 cm™" are due to the
asymmetric and symmetric stretching vibration of the primary amine group (—NH?:) attached to the
aromatic ring. The peak observed at 1041 cm'is due to aliphatic C—N stretching vibrations while the
peaks observed at 1132 cm™ and 1179 cm™ are due to aromatic C—N stretching vibrations and NH-
out of plane bending vibrations at 999 cm™. In the case of 4-aminobenzoic acid (PABA), the peaks
observed at 3382 cm™ and 3364 cm™ are due to the asymmetric and symmetric stretch of N—H. The
peak due to the free —OH group is observed at 3461 cm™. The characteristic carbonyl (C=O) peak is
observed at 1660 cm™. The peak observed at 1292 cm™ is due to C—N stretch while the peaks
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observed at 1422 cm™ and 964 cm™ are due to O—H bending vibrations. The CH:z bending vibration
observed at 843cm™ corresponds to the 1-4 substitution.

The FTIR spectrum of the intermolecular compound (APPABA) infers some certain differences
from that of the FTIR spectra of the parent components (Figure 2). There have been significant
changes in the stretching frequency of NHz of AP and OH of PABA in the intermolecular compound.
Interestingly, the NH- stretching vibrations of PABA could not be observed in the intermolecular
compound as well as the downshifting in the wave number of the carbonyl group of PABA from 1660
cm'to 1634 cm™! could also be observed. All these changes, in the vibration frequencies of functional
groups, suggest their involvement in hydrogen bonding among the parent compounds to yield the
new intermolecular compound.

1ap
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—: ' — — T I ' — —
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Figure 2. FTIR spectra of AP, PABA and APPABA compound.

2.2.2. NMR Studies
NMR Spectra of 2-Aminopyrimidine (AP)

The proton NMR spectrum of 2-aminopyrimidine shows three major signals. The signal of
amino protons (—NH2) appears as a singlet at 6.53 ppm. The signal for Ha proton appears as a triplet
at 6.48 ppm while the signal for Hbv proton appears as a doublet at 8.20 ppm. The carbon NMR
spectrum of 2-aminopyrimidine shows three signals, the signal at 164.05 ppm is due to Ci carbon, the
Czand Cs are equivalent carbons, and their signal appears at 158.06 ppm while the signal for Cs carbon
appears at 110.29 ppm. The '"H and *C NMR spectra are shown in Figure S2 (supporting information).

NMR Spectra of 4-Aminobenzoic Acid (PABA)

The proton NMR spectrum of PABA shows four signals. The signal due to carboxylic proton
appears at 11.95 ppm while the amino protons appear at 5.87 ppm. The signals appear at 7.62 ppm
and 6.54 ppm are due to aromatic ring protons. The carbon NMR spectrum of PABA shows five
signals. The signal due to carbonyl carbon (Ci1) appears at 168.04 ppm whereas the signals for other
carbon atoms appear at 117.37 ppm for Cz, 131.57 ppm for Cs, 112.73 ppm for Cs+ and 153.42 ppm for
Cs carbon, respectively. The 'H and *C NMR spectra are shown in Figure S3.
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NMR Spectra of Intermolecular Compound (APPABA)

The proton NMR of the synthesized intermolecular compound (APPABA) shows five signals
which are present in either of the parent compounds (AP and PABA) at 8.22 ppm, 7.62 ppm, 6.60
ppm, 6.55 ppm, and 5.84 ppm. However, the signal due to the carboxylic proton present in PABA
(11.95 ppm) as well as signal due to amino proton present in AP (6.53 ppm) were found completely
missing in the synthesized intermolecular compound, which infers that there might be some
intermolecular hydrogen bonding interactions involved via these functional groups among parent
compounds. The 'H and *C NMR spectra of APPABA are given in Figure 54.

2.3. X-Ray Diffraction Studies
2.3.1. Powder X-Ray Diffraction

The powder X-ray diffraction (PXRD) pattern of parents, AP and PABA, eutectics and IMC have
been depicted in Figure 3. The Braggs peaks of AP, PABA and intermolecular compound (APPABA)
have been respectively assigned by using the #, $ and @ symbols. In the PXRD pattern of
intermolecular compound (APPABA), some distinct new peaks have been observed which could not
be assigned for any of the parent compounds and thereby suggest the IMC is a new entity. However,
in the case of eutectics (E1 and E2), the PXRD pattern of eutectic (E1) is a blend of the peaks of PABA
and APPABA while the PXRD pattern of eutectic (E2) is the blend of AP and APPABA. These
observations obtained from the PXRD pattern of eutectics (E1 and E2) suggest that eutectics are not a
new entity rather they are a simple mechanical mixture of either of the parent compound and
intermolecular compound.

9.0x10’
6.0x10’ .
3.0x10° -
0.0 ] A
] _ . .
4.0x10° 4 . :
_2.0x10° g 4 of . ]
5 0.0
© 2 . | I I
— 4.0x10" - e . e
g 20810 e [Ye @APPABA
== -
g 004
= 4.0x10° ' ll|$ T : : :
2.0x10° s| @ ¥ & T
0.0 e L!L—’Ax-%’?/‘m/ WA A
1.2x10° - ' T : . ——
8.0x10’ oo
4.0x10°
0-0_- s jL_»./“\_/\__f\- By
T T ; .
0 10 20 i . -
2Theeta/degree

Figure 3. PXRD pattern of AP, PABA, eutectics (E1 and Ez2) and APPABA intermolecular compound.

2.3.2. Single Crystal Growth and Single Crystal Diffraction

The single crystals of the newly synthesized compound APPABA have been grown from the
mixed solvent using the slow evaporation technique. The photograph of one of the grown APPABA
crystals having dimensions 3 cm (length) and 1 cm (width) is depicted in Figure 4. A small piece was
cut from the large sized crystal to perform the single crystal X-ray diffraction and crystal analysis.
The solved crystal structure of APPABA and its ORTEP diagram (Figure 5) reveals that the
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synthesized APPABA compound is a co-crystal of its parent compounds, 4-aminobenzoic acid
(molecule-A) and 2-aminopyrimidine (molecule-B). The APPABA has crystallized in monoclinic
P21/n space group with both molecules in the asymmetric unit and two molecules in the unit cell.
The important crystallographic parameters and other information are tabulated in Table 1. Molecule
A and molecule B are joined together via hydrogen bonding between the carboxylic group of
molecule A with the amine group and ring nitrogen atom of molecule B, i.e., O=C—O—H-----N and
OH—C=0-----H—N—H. The packing diagram of co-crystal APPABA is given in Figure 6. While
viewing along the c-axis, the growth pattern of the co-crystal reveals the zig-zag type structure

(Figure 7). -
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Figure 5. Molecular structure of intermolecular compound (APPABA).
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doi:10.20944/,

Figure 6. Packing diagram for intermolecular compound (APPABA).

Figure 7. Zig-zag structure due to hydrogen bonding in the crystal along the c-axis.

Table 1. Crystal data and structure refinement of APPABA intermolecular compound.

APPABA
Empirical formula C22H24NsO4
T/K 296
Crystal System Monoclinic
Space Group P21/n
a/A 5.2428(2)
b/A 17.9260(5)
/A 11.8917(4)
° 90
p/° 92.5750(10)
v/° 90

reprints202503.1520.v1
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8
V/As 2416.5(2)
Z 2
p(Mo-Ka)/mm-? 0.099
Reflections
18736/2754
Collected/unique 8736/275
R (int) 0.0381
. . qe R1 =0.0440
Final R indices [I>20 (I)] WR2 = 0.1143
e e R1 =0.0554
R indices (all data) WR2 = 0.1214
GOF on F2 1.060
CCDC No. 2235290

2.3.3. Hirshfield Surface Analysis

The Hirshfeld surfaces for APPABA are presented in Figure 8. The dnorm surfaces for both clusters
are mapped over a dnom range of -0.5 to 1.5 A. Also, the surfaces are presented as transparent for the
visualization of the aromatic as well as the puckered ring moieties around which they were
computed. The weak non-covalent interactions discussed in the X-ray crystallography section are
summarized effectively as the deep red circular depressions in the dnorm surfaces, indicating strong
non-covalent interactions. The dominant C---H, O---H, N---H and C:--O interactions in APPABA exist
in Hirshfeld surface plots as the red shaded area. Also, the small area and light colour on the surface
represent weaker and longer contacts.

Also, in the fingerprint plots of the intermolecular compound, APABA, the complementary
regions can be visualized where one molecule acts as a donor (de> di) and the other as an acceptor
(de< di). In IMC, the C--H interaction appears in the region 1.6 A < (de + di) < 2.4 A with 22.7%
contribution as butterfly-shaped pattern, O---H intermolecular interaction appears between 1.1 < (de
+di) <2.3 A with 13.7% contribution as sharp pair of spikes, N--H intermolecular interaction appears
between 1.0 A < (de + di) < 2.4 A with 19.2% contribution as pair of spikes connected at ends and C--O
intermolecular interaction appears at mid portion of fingerprint plot in between 1.8 A < (de + di) < 2.0
A with 0.3% contribution in full fingerprint 2D plots.
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Figure 8. Hirshfield field surfaces (dnorm, shape index and curvedness, respectively) of APPABA intermolecular

compound.

2.4. Thermochemistry and Thermodynamic Studies
2.4.1. Differential Scanning Calorimetry and Thermal Studies:

The thermal behaviour and properties of the synthesized intermolecular compound and
eutectics have been studied to get an idea about the thermal stability, phase transitions as well as the
nature of interaction existing between the parent compounds. The Differential Scanning Calorimetry
(DSC) curves depicted in Figure 9 show the melting peaks for both the eutectics and sharp melting
for intermolecular compound likewise the parent compounds (AP and PABA). The sharp and single
melting peak of APPAB suggests its pure nature. The experimental heat of fusion values obtained
from the DSC curves along with the theoretically calculated heat of fusion values, using mixture law
[28], are reported in Table 2. The heat of mixing values has been estimated which helps in
understanding the association behaviour of molecules in the eutectic melt. Based on the heat of
mixing values, three types of structures are possible [29]. However, the studies of interfacial energy,
Jackson’s roughness parameter and grain boundary are important as these parameters significantly
influence crystal growth and crystal morphology. The interfacial energies were calculated by using
the formula [30]:

o= sl .. (3)
(Na)3(Vin)3
where, Na is the Avogadro number, Vu is the molar volume, and parameter C is constant, and it lies
between 0.30 and 0.35. The value of C used for calculation was 0.35. The Jackson’s roughness
parameter were studies using the following relation:
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a= = . (4)
RT
where £ is a crystallographic factor which is generally equal or less than one, for present calculation
it is taken as 1. The interfacial energy and roughness parameter are tabulated in Table 3.

04
230 - PABA
) L e e e e ——
0
] 3 T
< -30 S
% 0_ I ! | ! | ! | ! | ! | ! I
3
[ APPABA
L i
b T T T T T T T T T T T T T T
$ "
-30 4 E, v\
P L — T
30 AP T/’\
60

T 1T 7T 17T 7T 177 I T
20 40 60 80 100 120 140 160 180 200 220 240
Temperature (°C)
Figure 9. DSC thermogram of AP, PABA, eutectics (E1 and Ez2) and APPABA compound.

Table 2. Melting temperature, heat of fusion, heat of mixing and entropy of fusion of AP—PABA

system.
Melting Heat of fusion = Heat of Mixing ]?ntropy of B
Component Temperature (kJ mol-) (kJ mol-) fusion (kJ mol—*
(K) K7)
AP—PABA system
AP 398.41 18.32 0.0460
PABA 462.58 20.73 0.0448
Eutectic-1 429.00
(exp.) 26.95 -0.43 0.0628
(cal.) 27.38
Eutectic-2 393.62
(exp.) 22.06 -4.11 0.0560
(cal.) 26.17
APPABA (1:1) 439.88 34.03 0.0774

Table 3. Roughness parameter (a), interfacial energy (o) and grain boundary energy (y) of AP, PABA,
eutectics and (1:1) APPABA intermolecular compound.

Component a o (erg cm™?) Y (erg cm—?)
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AP—PABA system

AP 5.53 38.91 77.83
PABA 8.38 39.92 79.85
Eutectic-1 7.55 39.67 79.34
Eutectic-2 6.73 39.82 79.65
APPABA (1:1) 9.35 39.42 78.84

2.4.2. Excess Thermodynamic Function

The excess thermodynamic functions signify the deviation from the ideal behaviour, in terms of
excess free energy (gf), excess enthalpy (h*) and excess entropy (sf). These excess thermodynamic
parameters were studied using the methods reported earlier [30] and the calculated values thus
obtained are tabulated in Table 4.

Table 4. Excess thermodynamic functions for the eutectics of AP—PABA system.

Component gt (kJ mol™) hE (kJ mol™) sE (J mol—1K—7)

AP—PABA system
Eutectic-1 0.36 6.73 0.0149

Eutectic-2 1.22 4.02 0.0071

2.5. Optical Studies
2.5.1. UV-Vis Absorption Studies

To study the optical property, the UV-vis absorption spectra of intermolecular compound
(APPABA) and parent compounds (AP and PABA) are recorded at room temperature in methanol
solution in the wavelength range 190-1200 nm and the spectra has been shown in Figurel0 (a). The
absorption spectra of AP, show two bands one band at 225 nm and other band at 295 nm due to —m*
and n—7t* transitions, respectively. The other parent compound, PABA, also shows two absorption
bands (208 nm and 277 nm). The band at 208 nm is ascribed to m—m* while the band at 277 nm is
ascribed to n—m* (primary amino group) transitions. The UV-vis spectra of intermolecular
compound (APPABA) show three absorption bands (209 nm, 223 nm and 282 nm). It is evident from
Figure 10 (a) that the absorption band in intermolecular compound occurs at 209 nm and 223 nm is
of higher intensity as compared to both the parent compounds. The band observed at maximum
wavelength in intermolecular compound is found to be red shifted and hypsochromic as compared
to PABA while it is blue shifted and hyperchromic as compared to AP. These changes in the
absorption spectra infer the formation of an intermolecular compound (APPABA).

(a) 022] (b) 400
0.20 —AP 350 A —AP
—— APPABA —— APPABA
01487 —— PABA 300-] —— PABA
0.16 / B\
_044d// ~ 250
5 =
f 012+ & 200
0.104 >
> .
% - z 150
< 0.06 < 1004
0.04 - 50
0.02+
0.00 04
0.02 - . T T T T 50 : . T T T T
200 250 300 350 400 450 500 275 300 325 350 375 400 425 450

Wavelength (nm) Wavelength (nm)
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Figure 10. (a) UV-vis absorption and (b) emission spectra of AP, PABA and intermolecular compound
APPABA.

2.5.2. Emission Studies

To study the fluorescence emission property and comparative fluorescence of the synthesized
APPABA to that of parent compounds (AP and PABA), the same solution of each sample under
identical conditions are used however each sample was excited with their respective maximum
absorption wavelength. The experimental observation (FigurelO (b)) reveals that one of the parent
compounds, AP, does not show any notable fluorescence emission whereas the other parent
compound, PABA, shows highly intense fluorescence emission. However, the intermolecular
compound, APPABA when excited with its maximum wavelength (Amax, 282 nm) exhibits strong
fluorescence emission than one of its parent compounds (AP) but less fluorescence emission than
another parent compound (PABA) at 340 nm with a Stoke shift of 58 nm.

2.6. Antibacterial Studies

The inhibitory activity of synthesized intermolecular compound, APPABA, (0.005mg/ml in
DMSO) against different bacterial isolates cultured on yeast extract mannitol agar (YEMA) media
was observed in terms of the diameter of the inhibition zone formed around the disc by diffusion of
APPABA. The zone of clearance formed by APPABA around the disc indicated positive antibacterial
activity. Among the various pathogenic bacterial isolates tested, the inhibition zone formed by
APPABA was maximum against E.coli (9 mm) followed by methicillin resistant bacterial strain viz.
Staphylococcus aureus MRSA (8 mm), Pseudomonas aeruginosa (8 mm), S. aureus, (7 mm), Klebsiella
aeruginosa, (6.5 mm) and S. boydii, (6.5 mm). These results are shown in (Figure 11a and 13).

(b) Non-Pathogenic Bacterial Isolates

Figure 11. Screening of APPABA for its antibacterial activity through zone of inhibition formed against different

bacterial isolates (a) Pathogenic bacteria (b) non-pathogenic bacteria.
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Figure 12. Screening antibacterial activity of parent and synthesized compounds against P. aeruginosa at different

time intervals.
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Zone of Inhibition (mm)

Bacterial Isolates

Figure 13. Bar graph showing zone of inhibition against different pathogenic and non-pathogenic bacterial

isolates.

The compound APPABA also exhibited good antibacterial activity against the non-pathogenic
bacterial isolates showing maximum zone of inhibition around Enterobacter cloacae (9 mm) followed
by Pseudomonas azotoformans (8 mm). The compound was however ineffective against Burkholderia
paludism (Figure 11b and 13). The parent compound AP and PABA screened for antibacterial activity
showed negative results as no inhibition zone was observed against the tested bacteria Pseudomonas
aeruginosa. Even on increasing the incubation period from 24 to 48 hrs no zone of inhibition was
observed against the bacterial lawn for the parent compounds. At the same time, the zone of
inhibition formed by the synthesised compound APPABA increased from 14 mm to 25 mm on
extending the incubation period from 24 hrs to 48 hrs as depicted in (Figure 12).

3. Materials and Methods

3.1. Materials and Purification

The parent compounds, 2-aminopyrimidine (AP) and 4-aminobenzoic acid (PABA), used in the
present study were procured from Sigma-Aldrich, Germany and Alfa Aesar by Thermo Fisher
Scientific, India, respectively. The purity of both the parent compounds was checked by their melting
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points and NMR studies and these were found in agreement with the values reported in the literature
[31].

3.2. Phase Diagram Study

The phase diagrams represent the melting temperature-composition curve [32]. To establish the
phase diagram of AP—PABA binary system, the mixtures of the AP and PABA compounds from 0
to 1 mole fractions were prepared by weighing their appropriate amount using the physical balance
(Denver SI-234) of accuracy + 0.0001 g. These mixtures were taken in different dried test tubes and
the mouth of each test tube was sealed. Then each sealed test tube was taken individually in a pre-
heated silicon oil bath and the mixtures were melted and homogenized by repeating the process of
melting/mixing followed by chilling in ice cold water for 4 times. The test tube, containing the
homogenized mixture, was broken and the solid mixture was ground using mortar and pestle, and
the melting point of each compositional mixture was recorded using the Toshniwal melting point
apparatus attached with a thermometer which can read measurements with an accuracy of 0.5
degrees Celsius. The melting points of IMC and eutectics were further confirmed by differential
scanning calorimeter. The phase diagram of PA—PABA was plotted by taking the mole fractions of
PA on the X-axis and their corresponding melting temperatures on the Y-axes.

3.3. Thermal Study

To determine the experimental values of the heat of fusion values and to study the various
thermal properties of AP—PABA system, the pre-calibrated differential scanning calorimeter (DSC)
(Mettler DSC-4000 system) using indium and zinc samples was used. Melting temperature and
thermal behaviour of parent compounds, eutectics and IMC (APPABA) were studied by taking 4-6
mg of samples and keeping a heating rate of 10°C/min under the constant flow (20 mL/min) of
nitrogen gas. The values of heat of fusion were found to be reproducible within +0.01 kJ/mol.

3.4. Spectral Study

To elucidate the structure of the synthesized IMC, the FTIR and NMR spectral techniques have
been employed. The FTIR of the parent compounds and IMC were recorded using a Perkin Elmer
spectrophotometer by dispersing and pelletizing the powder samples in KBr. However, the proton
and carbon spectra of the synthesized intermolecular compound along with parent compounds were
recorded using JNM-ECZ500R/S1 500 MHz Spectrometer in DMSO-d6 solvent.

3.5. Powder X-Ray Diffraction Study

The X-ray diffraction analysis of the parent compounds, their eutectics and intermolecular
compound were recorded using Rigaku Powder Diffractometer having 18-kW rotating copper anode
and graphite monochromator. The samples were recorded at a scanning rate of 3°/min.

3.6. Single Crystal Growth and X-Ray Diffraction Study

The single crystals of the novel APPABA intermolecular compound were grown in a mixed
solvent, ethanol/water (3:2 ratios), adopting the slow solvent evaporation method; however, the
temperature of the solution was maintained in the temperature-controlled water bath. The appeared
tiny crystals were allowed to grow for 13 days. The single crystal X-ray data of crystal was collected
using Bruker single crystal X-ray diffractometer and the refinement was done by using Olex 2_1.2
program suite[33]. The structure was solved by using SHELXT [34] and refined by SHELXL [35]. The
crystal packing diagrams were generated by using the Mercury 4.0 program[36]. The CIF structure
file has been deposited in the CCDC database and the allotted CCDC is 2235290.

3.7. Optical Study
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The UV-visible absorption spectra of IMC along with parent compounds were recorded by
preparing the dilute solutions of uniform concentration (1 x 10-* M) at room temperature (300 K) by
employing UV/Vis/NIR (JASCO model V-670) spectrometer. To record the fluorescence properties of
the respective solution of samples, at the same temperature, the Varian Cary Eclipse Fluorescence
spectrometer was used. The influence of solvents’ polarity was also studied using the solvent of
variable polarity and the same spectrometer and identical conditions.

3.8. Antibacterial Studies

The antibacterial potency of the synthesized IMC was examined based on screening for
inhibitory activity against the pathogenic bacterial isolates: Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, Klebsiella aeruginosa, Shigella boydii ; non-pathogenic bacterial isolates:
Enterobacter cloacae, Pseudomonas azotoformans, Burkholderia paludism and methicillin resistant
Staphylococcus aureus MRSA following the Kirby-Bauer disc diffusion method, at a concentration of
0.005 mg/ml in DMSO. The different bacterial strains were inoculated separately on yeast extracts
mannitol agar (YEMA) media containing per litre of distilled water: yeast extract, 1.00 g; KH2POs,
0.50 g; mannitol, 10.00 g; MgSO4+.7H:0, 0.20 g; NaCl, 0.10 g; and agar, 15.00 g, adjusting pH 6.8-7.0.
Plates were kept in an incubator at 28°C for 24 h followed by measuring the inhibition zone. The
parent compounds (AP, PABA) were also screened for their inhibitory effects against Pseudomonas
aeruginosa at different time intervals.

4. Conclusions

The novel organic intermolecular compound, APPABA, has been synthesized by adopting the
solvent free solid-state green synthesis method. The compositional behaviour as a function of melting
temperature has been studied by establishing the solid-liquid phase equilibrium diagram which has
inferred the formation of 1:1 intermolecular compound (IMC) and two eutectics. The changes in the
molecular structure in the synthesized IMC as compared to parent compounds have been studied
using FTIR and NMR while powder X-ray diffraction studies infers the novelty and crystalline nature
of the synthesized IMC compound. The single crystal X-ray diffraction study of grown crystal of IMC
confirms its crystal structure of to be monoclinic having P21/n space group. The DSC studies confirms
the purity and single-phase transition during its melting. Using the heat of fusion values obtained
from DSC, various thermodynamic parameters and excess thermodynamic functions have been
studied and reported for the first time. The optical studies infer that the new intermolecular
compound (APPABA) is significantly fluorescent. In addition to these studies, the APPABA was
tested for its biological applications which have exhibited strong antibacterial activities, while the
parent compounds were unable to stop bacterial growth. The APPABA has exhibited strong
antibacterial activity against pathogenic and non-pathogenic microbes, and it was a potent inhibitor
of methicillin resistant Staphylococcus aureus MRSA strain indicating its applicability in the treatment
of the emerging drug resistant bacterial strains. These studies and observations suggest that this
newly synthesized biodegradable APPABA is one of the more effective functional materials for its
future applicability as antibacterial agent addressing the challenges of drug resistance.
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