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Abstract In this investigation, the study of inclusion
complexes formation between p-cymene and f-cyclodextrin
using the methods of physical mixture, paste (PC) and slurry
(SC), was evaluated. The results of DSC and TG/DTG
showed that the products prepared by PC and SC methods
were able to incorporate greater amounts of p-cymene, as
evidenced by the weight loss of 7.15 and 3.97%, respectively,
which occurred between 120 and 270 °C. SEM images
showed decreased size of the household, especially in the SC
product. The absorption bands in the IR spectrum, charac-
teristic of p-cymene, were also identified in the preparations,
indicating the presence of the compound in the complex.
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Introduction

The importance of p-cymene is due to its utilization as an
intermediate in the industrial fine chemicals syntheses for
fragrances, flavorings, herbicides, pharmaceuticals, p-cresol
production, syntheses of not nitrated musk’s (i.e., tonalide),
etc [1]. Furthermore, p-cymene is present in volatile oils
from over 100 plants and occurs naturally in more than 200
foods (orange juice, grapefruit, tangerine, carrots, raspber-
ries, butter, nutmeg, oregano, and almost every spice).
p-cymene is not a terpene but is frequently encountered in
terpene hydrocarbon chemistry, as a result of the oxidation or
re-arrangement of mono-terpene hydrocarbons (C;oH;e).
Terpenes and p-cymene are released into the atmosphere by
plants [2].

The host—guest complexes of pharmaceutical compounds
with cyclodextrins (CDs) have, therefore, been extensively
studied and utilized to improve their solubility, dissolution
rate, and bioavailability of poorly water-soluble drugs [3, 4].
CDs are donut-shaped cyclic oligosaccharides composed of
six (), seven (f3), and eight (y) glucopyranose units linked
by a-(1,4) linkages. The exterior of the CDs is highly
hydrophilic due to the presence of numerous hydroxyl
groups while the cavity in the interior of the CDs is hydro-
phobic and, thus, interacts with a variety of hydrophobic
compounds to form inclusion complexes [5—7]. The size and
shape of the torus-shaped hydrophobic cavity in combina-
tion with the size, polarity, and polarizability of the guest
are major determinants for the formation of inclusion
complexes [8-10].

CD can increase the aqueous solubility, chemical reac-
tivity, and spectral properties of numerous lipophilic drugs
which are used as guest molecules, without changing their
intrinsic ability to permeate lipophilic membranes. Of these
host molecules, f-CD is widely employed to enhance the
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solubility, stability, and bioavailability of drugs and is the
preferred agent for encapsulation of drugs in the pharma-
ceutical industry, because of its low price and high rate of
production [3, 4, 9, 11]. Other applications of CD com-
plexes with pharmaceuticals include elimination of unde-
sirable drug properties, such as irritation and unpleasant
odor or taste and improved stability of light and oxygen
sensitive drugs [8, 10].

In the present study, it seemed of interest to investigate
the complexation of p-cymene with $-CD. To this aim,
p-cymene/f-CD combinations were prepared using differ-
ent methods under controlled experimental conditions.
Slurry (SC) and paste (PC) methods [12] were employed
to prepare solid p-cymene/-CD complexes, and their
properties were compared with pure p-cymene, f-CD, and
p-cymene/f-CD physical mixtures. The complexes were
characterized by differential scanning calorimetry (DSC),
thermogravimetry/derivative thermogravimetry (TG/DTG),
and infrared spectroscopy (FITR). The water content was
determined by Karl Fischer titration. The complexes were
also characterized regarding microstructure using scanning
electron microscopy (SEM).

Experimental
Samples and preparation of inclusion complexes

1-methyl-4-(1-methylethyl)benzene or p-cymene was pur-
chased from Sigma, USA (99.7%). -CD (batch number
127K0753) was obtained from Sigma-Aldrich.

Inclusion complexes were prepared by three different
procedures. A physical mixture (PM) was prepared by the
addition of p-cymene to an agate mortar containing pow-
dered -CD under manual agitation. The p-cymene/$-CD
I:1 molar ratio was maintained as described for the
inclusion complex preparation, and the mechanical mixture
was stored in airtight glass containers.

Paste complexation (PC) was carried out by homoge-
nization of -CD (3.405 g) with water (1.2:4, v/w) directly
in an agate mortar. In a second step, 402.6 mg of p-cymene
(1:1 molar guest:host ratio) were added to -CD paste
under constant manual agitation. Then, the material was
dried at room temperature (in a desiccator) till the forma-
tion of a glass film, which was removed by manual tritur-
ation and stored in airtight glass containers.

Slurry complexation (SC) was carried out by the addi-
tion of water to a beaker containing 3.405 g of -CD (3:4,
v/w). 402.6 milligrams of p-cymene, which is equal to
about a 1:1 molar guest:host ratio, were added to the slurry
and stirred for 40 min by a magnetic stirring device oper-
ating at 400 rpm (Quimis Q 261A21, Brazil). Thereafter,
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the mixture was heated to 70 °C for 2 h in the same device,
transferred to an agate mortar, and dried in a desiccator.

Measurements

DSC curves were obtained in a DSC-50 cell (Shimadzu)
using aluminum crucibles with about 2 mg of samples, under
dynamic N, atmosphere (50 mL min~") (50 mL min~")
and heating rate of 10 °C min~"' in the temperature range
from 25 to 600 °C. The DSC cell was calibrated with indium
(m.p. 156.6 °C; AHg,, = 28.54 J.gfl) and zinc (m.p.
419.6 °C). TG/DTG curves were obtained with a thermo-
balance model TGA 50 (Shimadzu) in the temperature range
25-900 °C, using platinum crucibles with ~3 mg of sam-
ples, under dynamic N, atmosphere (50 mL min~') and
heating rate of 10 °C min~"'.

Karl Fischer titration was carried out at 25 £ 1 °C with
a Karl Fischer titrator Analyzer (Metter® DL 18).

The infrared absorption spectra of pure p-cymene,
p-CD, and p-cymene/;-CD complexes obtained by physi-
cal mixture, paste and slurry methods were obtained at
room temperature in the range 4000—400 cm™' in KBr
pellets using a Perkin—Elmer FTIR spectrophotometer.

The dried products were mounted on aluminum stubs,
coated with a thin layer of gold and visualized with a JEOL
Model JSM-6360-LV scanning electron microscope, at an
accelerated voltage of 20 kV.

Results and discussion

Different analytical techniques, such as DSC, TG/DTG,
FTIR, and SEM, were employed to characterize and
compare the physicochemical properties of the solid com-
plexes prepared between p-cymene and -CD, to investi-
gate and compare the potential and effectiveness of the
different preparation methods.

DSC curves of pure p-cymene, -CD, and p-cymene/
p-CD complexes obtained by physical mixture, paste and
slurry methods are shown in Fig. 1. The p-cymene showed a
sharp melting endotherm at 78.2 °C, this refers to volatili-
zation of the compound. This event was also seen in the
TG/DTG curve (Fig. 2), that represents mass loss of
99.02% in the range of 25-145 °C (T,.xDTG = 124.6 °C).

DSC curve of f-CD showed four events of 25-400 °C.
The first event is related to the water releasing
(TpeaDSC = 80.8 °C e Amy = 11.63%). With the no
significant mass loss in the TG/DTG, the second event
(Tpeax = 216 °C) related the phase transition of -CD. The
others events are endothermic and exothermic assigned to
thermal decomposition. TG/DTG curves showed thermal
decomposition $-CD started above 270 °C and occurs with
elemental carbon formation because of the sample
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Fig. 1 DSC curves of p-cimeno, -CD, physical mixture (PM), paste
complex (PC), and slurry complex (SC) in dynamic nitrogen
atmosphere (100 mL min~') and hate heat 10 °C min~!
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Fig. 2 TG curves of p-cimeno, -CD, physical mixture (PM), paste
complex (PC), and slurry complex (SC) in dynamic nitrogen
atmosphere (100 mL min~") and hate heat 10 °C min~"

carbonization. Between 360 and 900 °C, the elemental car-
bon is released slowly. Results were similar to -CD
obtained by Rodriguez-Tenreiro et al. [13] and Xu et al. [14].

Figure 2 shows the TG and DTG curves for the
p-cimeno, fB-CD, physical mixture (PM), paste complex
(PC) and slurry complex (SC) and Table 1 lists the mass
losses calculated from specific intervals for each material
studied in the present work. The PM exhibits 12.11%, the
paste (PC) 9.51%, and the slurry (SC) 11.46% of mass loss
up to 120 °C (Fig. 2). It can be attributed mainly to the
water loss and to the release of a small amount of guest
from the samples. Between 120 and 270 °C, 0.28-7.15%
further mass change was recorded which may be due to the
release of the p-cymene (guest component) from their
inclusion complexes. The curve of the PM was a super-
position of the guest and host curves, which indicates a
lower evidence of interaction. The curve of the complex
prepared by slurry method (SC) showed a water/oil loss

Table 1 Mass losses for p-cimeno, f-CD, physical mixture, and
p-cimeno/B-CD complexes and moisture contents obtained by Karl
Fisher method

Mass loss/% Karl
Fisher
First Second Third Fourth %

step step step step Water

p-cymene 99.02* - - - 2.73

B-CD 11.63* - 64.58° 23447 1546

Physical mixture 12.11° 0.28¢ 62.42°  23.18" 1537
(PM)

Paste complex 9.51° 7.15¢ 64.38°  17.69" 10.77
(PC)

Slurry complex ~ 11.47°  3.97¢ 55.60° 2577 11.68
(SO

# Percentage of the p-cymene evaporates up to 145 °C
® Percentage of water releasing up to 120 °C

¢ Mass loss related to evaporation of the p-cymene and the water
release up to 120 °C

4 Mass loss probably attributed to p-cymene release in the interval
from 120 to 270 °C

¢ Thermal decomposition in the interval from 270 to 365 °C

! Elemental carbon formation due to sample carbonization in the
interval from 365 to 900 °C

event from r.t up to 120 °C. In the interval from 120 to
270 °C, a gradual mass loss (3.97%) was recorded and can
be attributed to p-cymene. On the other hand, the curve of
the complex prepared by paste method (PC) was similar to
the SC curve, but showed an important difference between
120 and 270 °C. In this interval, the PC curve presents an
acute mass loss event, which gives a strong indication of
guest inclusion, in contrast to that observed by SC. This
data is corroborating with DSC analyze. For this method,
between 120 and 270 °C, 3.18% further mass loss was
detected due to the release of oil from its inclusion com-
plex. The complexation ratio can be attributed to the
selected way of preparation (i.e., a part of the oil remained
in the solution and/or some evaporation loss took place
during the long complexation process) [15].

Table 1 shows the percentages of water calculated by
Karl Fisher method and TG/DTG. It is important to note
that TG cannot distinguish between the oil and water mass
losses from physical mixture or inclusion complexes. Thus,
a volumetric water determination method (Karl Fisher) was
employed to evaluate the increase or decrease in the
amount of water. In this study, it was observed that there
was a reduction of 4.69% of water content when compared
with the (-CD and the PC. This difference can be
explained as a result of the formation of the inclusion
complex of f-CD with p-cymene. p-cymene as a guest
molecule substitutes for the original water molecules in the
cavity of f-CD.
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According to the above reaction, inclusion complex
formation may be confirmed by FTIR spectrum because
bands resulting from the included part of the guest mole-
cule are generally shifted or their intensities altered [16].
For the FTIR spectrum of f-CD, a broad band with a
transmittance peak at 3333 cm™' was assigned to the
symmetric and asymmetric O—H stretching due to the many
intermolecular hydrogen bonds of -CD. Another band in
the range from 2980 to 2840 cm™' represented the sym-
metric and asymmetric stretching of the methylene groups.
The absorption bands in the 1275-1200 cm™" regions were
asymmetric C—O—C stretching, and the ones in the range of
1075-1020 cm ™' were symmetric C—O—C stretching. In
the observed spectra of the inclusion complexes, bands due
to CD were prominent. However, some bands attributed to
the guest molecules could also be observed, since intense
broad bands due to CD often interfere with the observation
of weak bands due to guest molecules.

The p-cymene spectrum showed a =C-H stretches of
aromatics (3099, 3068, 3032 cmfl) and the —C—H stretches
of the alkyl (methyl) group (2925 cm™'). The character-
istic overtones are seen from about 2000-1665 cm ™. Also
it is noted that the carbon—carbon stretches in the aromatic
ring (1614, 1506, 1465 cm_l), and the in-plane C-H
bending (1086, 1035 cm™'). IR spectrum of p-cymene
exhibits also two bands at 1363 and 1338 cm™" assigned to
isopropyl group. In the spectra of p-cymene/f-CD com-
plexes obtained by PC and SC, similar bands as those of the
p-cymene are observed, indicating that the complex for-
mation did not affect the stability of the drug. The bands of
p-cymene at 1363 and 1678 cm ™' were shifted to 1377 and
1644 cm ™' (for p-cymene/f-CD complexes obtained by
SC) and 1378 and 1631 cm™' (PC). These changes may be
related to the formation of intra-molecular hydrogen bonds
between p-cymene and f-CD.

The scanning electron microscopy of f-CD and
p-cymene/f;-CD complexes obtained by physical mixing,
paste and slurry methods are shown in Fig. 3. First, we
observed powdered form of -CD by SEM, and then we
also observed powered form of inclusion complex (Fig. 3).

Fig. 3 SEM micrographs of
cross-sections (1 and 10 pm) of
a (-CD, b physical mixture
(PM), ¢ paste complex (PC) and
d slurry complex (SC)
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p-CD shows plated/sheeted structure and the solid inclu-
sion complex structure is different from S-CD. f-CD
consisted of irregularly shaped crystals (Fig. 3a). SEM
pictures showed that the shape and size of the inclusion
complexes were completely different from the ones of free
f-CD or inclusion complexes. At the two methods (PC and
SC) of the p-cymene/f-CD inclusion complexes studied, a
compact and homogeneous powder-like structure was
observed, Fig. 3c, d, the dimensions of which were smaller
than those of the crystals of f-CD alone. The physical
mixtures of p-cymene and -CD powders revealed simi-
larities with the [-CD free molecule (Fig. 3b), where
residual f-CD crystals were easily identified (arrows).
Pictures clearly elucidated the difference of powder of each
other. Modification of crystal and powder can be assumed
as a proof of the formation of new solid-inclusion complex
(Fig. 3).

The formation of an inclusion complex can only be
confirmed after the consideration of the results of several
analytical approaches, such as phase solubility analysis,
spectral methods, thermal analysis, and X-ray diffraction
[17-19]. Marreto et al. [12], reported that the differences
observed between inclusion ratios of the terpenes from
both complexes can be attributed to differences between
the formulation (water amount) and operational variables
(temperature, type, and agitation time) used. Martin del
Valle [20] reported that the water amount in complexation
media needs to be enough to ensure an appropriate com-
plexation rate that increases host and guest solubility,
without excessively diluting these entities in the medium,
which could prevent their contact at a sufficiently fast rate.
Similarly, improvements in guest and host solubility can be
achieved by increasing the temperature level, but heating,
at the same time, can also destabilize the complex and
contribute to losses of volatile guests by evaporation.
Another relevant factor is oil dispersion in the medium.
Oils in aqueous media have a tendency to associate with
themselves rather than to interact with cyclodextrin. In
these cases, good mixing allows better dispersion and a
faster rate of complexation [20].
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Conclusions

The results of this study clearly demonstrated that p-cym-
ene could be efficiently complexed with f-CD to form an
inclusion complex by the paste and slurry methods in a
molar ratio of 1:1. The results of DSC, TG/DTG, SEM, and
FTIR demonstrated that p-cymene/f-CD complex has dif-
ferent physicochemical characteristics from free p-cymene.
In this study, paste method showed a better inclusion
profile of the p-cymene when compared to slurry com-
plexation. New studies by gas chromatography coupled to
mass spectrometry (GC/MS) analysis are needed to eval-
uate the quantitative and qualitative assessment and com-
parison of the existing methods, and determined moisture,
total oil, surface oil, and volatile profiles in the inclusion
complex of f-CD and p-cymene.
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