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ABSTRACT
Background: An antifungal drug, fluconazole, was selected as a model drug in this study 
to comprehend the effect of temperature and moisture on polymorphic transformation. 
Materials and Methods: Three polymorphs of fluconazole namely, Polymorph I, Polymorph II 
and Polymorph III, were prepared by the single solvent crystallization method using acetone, 
methanol, and isopropyl alcohol. The polymorphs were characterized by FTIR, DSC, XRPD, 
and equilibrium solubility studies to illustrate the solid-state transformation. The effects of 
moisture {65 ± 5% Relative Humidity (RH) at 28 ± 2°C}, and the temperature, ranging from 30 
to 100°C, on the polymorphic transformation was investigated. Results and Discussion: The 
three polymorphs showed an endotherm at 140.19°C, 142.53°C, and 142.04°C, respectively. The 
fluconazole polymorph I and polymorph II showed polymorphic transformation at 80°C and on 
the 10th and 29th days, respectively, at 65 ± 5% RH/28 ± 2°C. On the other hand, the polymorph 
III, having a melting point of 120 ± 2°C, underwent polymorphic transformation at 90°C and on 
the 19th day at 65 ± 5% RH/28 ± 2°C. The impact of moisture on polymorphic transformation was 
evidenced by the remarkable shift of FTIR absorption peaks along with changes in their melting 
point. Conclusion: In summary, energetic steps involving heating of the drug and exposure to 
moisture will bring about polymorphic transformation in fluconazole, which result in changes in 
its solubility and, hence, it’s biological performance.

Keywords: Crystal transformation, Fluconazole, Metastable, Polymorph, Solid-state 
transformation.

INTRODUCTION

The vast majority of today's pharmaceuticals are poorly soluble 
in water, which decreases their bioavailability and limits their 
practical application (Savjani et al., 2012; Boyd et al., 2019). 
Furthermore, many drugs are solid organic compounds, which 
further complicates their application. Accordingly, in recent 
decades, many approaches have been proposed to improve 
the solubility, dissolution rate, and bioavailability of solid drug 
entities with poor water solubility, including the preparation of 
solid amorphous dispersion (Vasconcelos et al., 2016), and the 
synthesis of nanocrystals or co-crystals (Sathisaran & Dalvi, 
2018). In addition, when it comes to enhancing bioavailability, 
the polymorphism phenomenon, defined as the potential of the 

original molecule to exist in two or more crystal forms, plays a 
crucial role (Zhou et al., 2018).

The study of polymorphism in drug substances has emerged as 
a major matter of concern for the pharmaceutical industry. The 
physical and chemical properties of polymorphic forms may be 
greatly different and influence the bioavailability, stability, and 
processability of drugs. Polymorphic forms can undergo a variety 
of phase transformations upon exposure to energetic steps of 
bulk material storage, milling, drying, wet granulation, and 
compaction (Guo et al., 2011), Temperature is a potential factor 
that can trigger transformation from one polymorphic form to 
another polymorphic form (Touil et al., 2013). In addition, a 
mounting body of evidence has demonstrated that atmospheric 
moisture or the moisture content of pharmaceutical excipients can 
dramatically affect the crystallinity of an active drug, changing it 
from one crystalline form to another form (Yoshinari et al., 2002; 
Rajamma et al., 2015). With this point of concern, studying the 
stability of drug entities under the influence of moisture and 
temperature is of utmost importance.
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Fluconazole is a synthetic antifungal agent with 
a molecular formula of 2-(2,4-difluorophenyl)-
1,3-di(1H-1,2,4-triazol-1-yl)-2-propanol (Figure 1) and is 
commonly used to prevent and treat a variety of infections 
caused by fungi (Thompson et al., 2009; Baddley et al., 2008). The 
existence of three polymorphic forms of fluconazole has been 
recognized, specified as forms I, II, and III (Alaoui Mansouri 
et al., 2021). In particular, it has been stated that polymorphic 
form II is a metastable form that can be changed to the more 
stable form (polymorph III) upon compression or by altering 
the temperature and humidity conditions (Alkhamis et al., 
2002). Generally, any metastable form will have a higher free 
energy than a thermodynamically more stable form would and 
will exhibit higher solubility, dissolution rate, and bioavailability 
(Nicoud et al., 2018; Park et al., 2010). Consequently, replacing 
stable polymorphs with metastable forms in formulations can cut 
cost significantly. For this reason, evaluation of the metastable 
nature of a drug and the influence of process parameters such 
as temperature and humidity on polymorphic transformation 
would be a very important step in pre-formulation testing.

The aim of this study, therefore, was to understand the effect of 
temperature and moisture on the polymorphic transformation of 
the antifungal model drug fluconazole. Fluconazole polymorphs 
were prepared by the single solvent crystallization method, 
and the impacts of time-triggered and temperature-triggered 
polymorphic transformation were investigated. The fluconazole 
polymorphs were characterized by FTIR, DSC, and XRPD 
methods and equilibrium solubility studies to illustrate the crystal 
transformation.

MATERIALS AND METHODS

Materials

Fluconazole was a gift sample provided by on top Pharmaceuticals 
(Bengaluru, India). Methanol was procured from Thermo 
Fischer Scientific (Mumbai, India). Acetone was procured from 
Karnataka Fine Chemicals (Bangalore, India). Isopropyl alcohol 
was procured from SD Fine Chem Limited (Bangalore, India). All 
other reagents and chemicals used in the study were of analytical 
grade.

Preparation of polymorphs

The single solvent crystallization method with the rotary 
evaporation technique was adopted to prepare the fluconazole 
polymorphs. Methanol, acetone, and isopropyl alcohol were used 
as recrystallizing solvents (Park et al., 2018). These solvents were 
redistilled prior to their use in order to ensure their purity. An 
excess amount of the compound was added to 50 mL solvent and 
agitated for 24 hr. The undissolved drug was filtered off, and the 
saturated solution was transferred to a rotary evaporator (Buchi, 
Sigma-Aldrich Pvt.  Ltd.,) to remove the solvent. The vacuum 
and operating bath temperature during rotary evaporation were 

adjusted (Table 1) based on the solvent used in the crystallization 
process. The revolution speed of the RB flask was set to 120 
rpm. The rotary evaporation process yielded dried crystals of 
fluconazole, which were collected and stored in a well-closed 
container away from light and moisture until analysis.

CHARACTERIZATION OF POLYMORPHS

Melting point determination

The melting points of a commercial sample of fluconazole and 
the crystals of fluconazole were determined by the Thiele tube 
method. The melting point of the crystals was detected as soon as 
they were obtained from the crystallization process.

Equilibrium solubility analysis

An excess amount of each polymorph was added to 10 mL 
distilled water in sealed containers. These samples were subjected 
to agitation at a speed of 50 rpm on a gyratory shaker under 
subdued light conditions at 28°C for 72 hr (Yadav et al., 2022). 
The solutions were then filtered through a dialysis membrane 
(Millipore filter, 0.45 µm), diluted as required, and applied to a 
UV spectrophotometer for quantitative analysis. The solubility 
of the polymorphs was determined using a calibration curve 
developed using a UV-visible spectrophotometer at 261 nm. 
The calibration curve was a function of the concentration and 
the absorbance, having a slope value of Y=0.048x+0.012 and a 
regression coefficient of r2 = 0.997.

Microscopic visual analysis

A Leica DM 1000 binocular microscope (Bloomington, IN, USA) 
was employed for microscopic visual analysis of the prepared 
polymorphs. Three magnifications of 40X, 100X, and 400X were 
used to study the peripheral structure of the polymorphs.

FTIR analysis

The infrared spectra of different samples were obtained using 
a BRUKER FTIR spectrometer (TENSOR; Markham, ON, 
Canada). Plots of wave number versus percentage transmittance 
spectra were created and analyzed in the range of 400-4000 cm-1 
(Moin et al., 2021).

Differential Scanning Calorimetry (DSC) analysis

DSC thermal curves of fluconazole samples were obtained 
using a METTLER TOLEDO differential scanning calorimeter 
(Columbus, OH, USA). Accurately weighed samples (4-6mg) 
were placed in hermetically sealed aluminum crucibles (40 μL). 
The samples were heated and scanned in the range of 20 to 200°C 
at a heating rate of 5°C.min-1 under a dry nitrogen atmosphere 
(flow rate: 80 mL/min). Heat flow versus temperature plots were 
created to obtain the spectra (Gopalakrishna et al., 2023).
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XRPD analysis

The X-ray diffraction patterns of different samples were recorded 
using a wide-range X-ray diffractometer (SCINTAG XRD 
3000, Houghton, MI, USA). The wavelength used was 1.5418Å 
(Cu radiation). The crystallographic information (d-spacing, 
% intensity) of commercially available fluconazole and the 
polymorphic crystals was calculated from the diffraction pattern 
using the following formula (Vishwa et al., 2021).

nλ = 2d sin Ө=where, n is the order of reflection; d is the 
inter-planar spacing between planes, which makes an angle of θ 
with incident beam; and λ is the wavelength.

Metastability Assessment

Impact of moisture on polymorphic transformation

The impact of moisture on polymorphic transformation was 
assessed by exposing the crystals to ambient conditions of 65 
± 5% RH and 28 ± 2°C for 40 days. The study was conducted 
and evaluated from the first day to the day on which initiation 
of transformation was noticed (Desai & Dharwadkar, 2009). The 
FTIR spectra and melting points of the samples were recorded on 
a daily basis. The results were monitored daily and compared to 
understand the occurrence of polymorphic transformation.

Impact of temperature on polymorphic 
transformation

To verify the impact of temperature on polymorphic 
transformation, the polymorphs were exposed to various 
temperatures (30°C, 40°C, 50°C, 60°C, 70°C, 80°C, 90°C, and 
100°C) for 5 min each. The temperature was maintained using 
a thermostat-controlled water bath. Samples were analyzed with 
FTIR studies and melting point measurements. The temperature 
at which the transformation was initiated was recorded.

RESULTS

Microscopic analysis

The results of the microscopic analysis are shown in Figure 
2. The commercial sample of fluconazole was found to be 
amorphous under microscopic observation. On the other hand, 
the Polymorph-I, obtained from methanol were translucent, 
with an irregular cuboid-like appearance; the Polymorph-II, 
prepared in acetone were translucent and long, with thin, blunt 
edges and clear striations on the surface, and occurred in clusters; 

and the Polymorph-III, prepared from isopropyl alcohol were 
transparent, long, thin-needle-like with blunt ends, and very fine 
in appearance.

Melting point and equilibrium solubility analysis

The commercial fluconazole sample was found to melt at 140 ± 
2°C, and its solubility in distilled water was 7.8653 mg/mL. On the 
other hand, the Polymorph-I, II, and III obtained from methanol, 
acetone, and isopropyl alcohol respectively, were found to melt at 
130 ± 5°C and had a solubility of 7.2211, 4.4211, and 4.9095 mg/
mL in distilled water, respectively.

DSC analysis

The DSC thermal curves of the commercial sample and all 
polymorphs are depicted in Figure 3, and endothermic details 
are summarized in Table 2. The DSC thermal curves of the 
commercial sample show a prominent endotherm at 139.02°C 
with no additional peak (Figure 3). The polymorphic crystals 
showed additional peaks along with their distinctive endothermic 
peaks. Prominent spectral peaks for the Polymorph-I, II, and 
III were seen at 140.19°C, 139.91°C, and 139.03°C, respectively. 
Additional peaks for the Polymorphs-I and II were noticed at 
102.61°C and 101.73°C, respectively, and a merging peak was 
noticed for the polymorph-III (Figure 3).

XRPD analysis

The X-ray powder diffraction patterns obtained for different 
crystals are shown in Figure 4. The diffractograms of the 
commercial sample and all the polymorphic crystals were 
different in their spectral patterns. The position and intensity of 
the maximum intensity peaks were distinctively diverse for each 

Solvent used Pressure (mbar) Temperature of water 
bath (°C)

Revolution speed of RB 
flask

Fluconazole
Polymorph

Methanol 200 ±5 30 ± 2 120 I
IPA 150 ±5 40 ± 2 120 II
Acetone 370 ±5 30 ± 2 120 III

Table 1: Conditions used during rotary evaporation of fluconazole polymorphs.

Figure 1:  Molecular structure of fluconazole.
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Figure 2: Microscopic pictures at 40X, 100X, and 400X magnification for fluconazole: (A) commercial sample, (B) crystal prepared in methanol, (C) crystal 
prepared in acetone, and (D) crystal prepared in isopropyl alcohol.
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sample (Table 3), confirming the formation of three different 
polymorphs upon recrystallization from different solvents.

FTIR analysis

The results of FTIR analysis are shown in Figure 5. Amorphous 
fluconazole showed the presence of aliphatic and aromatic 
C-H stretching at 2970 cm–h and 3090 cm–a, respectively. The 
C-O stretching band was observed at 1130 cm– . Similarly, 
recrystallized fluconazole showed the presence of aliphatic and 
aromatic C-H stretching at 2970 cm– and 3090 cm–a, respectively. 
The 1, 2, 4 trisubstituted aromatic ring, C-F stretching, and C=N 
stretching were observed at 890 cm-a, 1230 cm-1, and 1660 cm-, 

respectively, for the both amorphous fluconazole and the crystals 
as well.

Metastability Assessment

Impact of moisture on polymorphic transformation

Analysis of the Polymorph-I showed a shift of the C-H stretch 
peak from 3090 to 3050 cm–I and the C=N stretching peak 
from 1660 to 1600 cm-a (Table 4 and Figure 6A), and a melting 
point shift to 138 ± 2°C on 29th day. Similarly, the analysis of 
polymorph-II showed a shift of O-H stretching from 3250 to 
3100 cm-d and a shift of C=N stretching peak from 1660 to 1600 
cm-anon 10th day (Table 4 and Figure 6A). A shift in the melting 
point to 138 ± 2°C was also observed. For the polymorph-III, a 

Figure 3: DSC thermograms of fluconazole: (A)Amorphous fluconazole, (B) Polymorph I, (C) 
Polymorph II, and (D) Polymorph III.

Details Temperature (°C)

Amorphous
fluconazole

Polymorph I Polymorph II Polymorph III

Enthalpy (J/g) 70.29 5.42, 121.90 117.75 10.05, 117.97
Tonset (°C) 137.69 100.74, 137.34 138.34 99.95, 137.72
Tpeak (°C) 139.02 102.61, 140.19 139.91 101.73, 139.03
Tendset (°C) 141.85 104.72, 143.09 142.53 104.21, 142.04

Table 2: DSC endothermic details of fluconazole polymorphs prepared in different solvents.
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shift of the O-H stretching peak from 3250 to 3100 cm-n and of 
the C=N stretching peak from 1660 to 1600 cm-a (Table 4 and 
Figure 7A), as well as a shift in the melting point from 110°C to 
120 ± 2°C was observed on 19th day.

Temperature-triggered polymorphic transformation

The Polymorph-I showed changes in its FTIR pattern when 
maintained at 80°C in an undisturbed condition. The -OH 
stretching band shifted from 3250 to 3100 cm-h, the aromatic 
C-H stretching band shifted from 3090 to 3050 cm-, and the C=N 
stretching band shifted from 1660 to 1580 cm- (Figure 8B, Table 
4). Similarly, for the Polymorph-II, changes in the crystal pattern 
were initiated at 80˚C, as manifested by the shift of the -OH broad 
peak from 3250 to 3100 cm-S and of the C=N stretching peak 
from 1660 to 1600 cm-an (Figure 7B, Table 4). The Polymorph-III 
showed transformation at 90°C, where, the broad –OH peak 

shifted from 3250 to 3100 cm-r and the C=N stretching peak 
shifted from 1660 to 1600 cm-1 (Figure 7B, Table 4).

DISCUSSION

Microscopic analysis was initially employed to qualitatively 
assess polymorphic behavior (Ho et al., 2012). As shown in 
Figure 2, the commercial fluconazole sample was amorphous, 
whereas different solvents yielded distinct polymorphic forms. 
Crystallization from methanol produced a translucent, irregular 
cuboid-like structure designated as Polymorph-I. Acetone 
crystallization resulted in a long, translucent crystal with 
thin, blunt edges and striations on the surface, identified as 
Polymorph-II. Meanwhile, crystallization from isopropyl alcohol 
generated transparent, long, thin needle-like crystals with blunt 
ends, classified as Polymorph-III. These observations align with 
the literature where the impact of solvent on ibuprofen crystal 
formation was studied (Rasenack & Müller, 2002).

Figure 4: XRPD patterns of fluconazole: (A) Polymorph I, (B) Polymorph II, (C) Polymorph III, and (D) Amorphous 
form.
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Fluconazole polymorphs exhibited distinct crystal forms with 
variations in molecular lattice arrangements, influencing their 
melting points, solubilities, and optical characteristics (Pudipeddi 
& Serajuddin, 2005). Crystalline materials with high melting 
points and large enthalpies of fusion are typically less soluble than 
those with lower melting points (Martin & Carstensen, 1981). 
Strong crystal lattices favor crystallization in solvents, reducing 
solubility (Nyman & Day, 2016). Conversely, weak lattices 

resist crystallization, resulting in higher solute concentrations. 
Microscopic analysis confirmed that recrystallized fluconazole 
formed needle-like structures (Figure 2), exhibiting a highly 
crystalline state with greater heat of fusion, as evident in DSC 
results. Consequently, these forms demonstrated higher stability 
and lower solubility. In contrast, the commercial sample displayed 
lower crystallinity and heat of fusion, rendering it more soluble 
and closer to an amorphous state.

Vibrations Wavenumber (cm-a)

Polymorph I

Day 1 Time-triggered
(Day 29)

Temperature-triggered
(80°C)

O–H (stretching) 3250 No changes Peak shift towards 3100
Aromatic C–H (stretching) 3090 Peak shift towards 3050 Peak shift towards 3050
Aliphatic C–H (stretching) 2970 No changes No changes
C=N (stretching) 1660 Peak shift towards 1600 Peak shift towards 1580
–ea2 (stretching) 1456 No changes No changes
C–F (stretching) 1230 No changes No changes
1,2,4 trisubstituted aromatic 
ring

890 No changes No changes

C–O (stretching) 1130 No changes No changes
Polymorph II
Day 1 Time-triggered

(Day 19)
Temperature-triggered
(90°C)

O–H (stretching) 3250 Peak shift towards 3100 Peak shift towards 3100
Aromatic C–H (stretching) 3090 No changes No changes
Aliphatic C–H (stretching) 2970 No changes No changes
C=N (stretching) 1660 Peak shift towards 1600 Peak shift towards 1600
–ea2 (stretching) 1456 No changes No changes
C–F (stretching) 1230 No changes No changes
1,2,4 trisubstituted aromatic 
ring

890 No changes No changes

C–O (stretching) 1130 No changes No changes
Polymorph III
Day 1 Time-triggered

(Day 10)
Temperature-triggered (80°C)

O–H (stretching) 3250 Peak shift towards 3100 Peak shift towards 3100
Aromatic C–H (stretching) 3090 No changes No changes
Aliphatic C–H (stretching) 2970 No changes No changes
C=N (stretching) 1660 Peak shift towards 1600 Peak shift towards 1600
–ea2 (stretching) 1456 No changes No changes
C–F (stretching) 1230 No changes No changes
1,2,4 trisubstituted aromatic 
ring

890 No changes No changes

C–O (stretching) 1130 No changes No changes

Table 3: Time- and temperature-triggered changes in FTIR peaks of fluconazole Polymorph I, II, and III.
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DSC study distinguishes polymorphic forms due to the 
correlation between crystal modification and melting point, 
corroborating literature values (Corrêa & Salgado, 2011). The 
emergence of additional peaks and merging transitions in 
Polymorph-I, II, and III suggests polymorphic transformations. 
Extra peaks in Polymorph-I and III indicate the presence of 
metastable crystals, implying an ongoing transformation process. 
In contrast, the merging peak in Polymorph-II's thermal curve 
suggests an impending transition from crystalline to amorphous 
form. These findings highlight temperature's significant role in 
crystal transformation during DSC analysis.

Reaction enthalpy measurements further validated these 
differences. The commercial fluconazole had a reaction enthalpy of 
70.29 J/g, whereas Polymorph-I, II, and III exhibited significantly 
higher values of 121.9, 117.75, and 117.97 J/g, respectively. The 
increased energy requirement for crystalline forms is attributed 
to the stronger bonds within the crystal lattice. Conversely, the 
amorphous form's irregular molecular arrangement results in a 
lower reaction enthalpy.

When analyzed with XRPD, the recrystallized fluconazole 
exhibited high-intensity, sharp peaks, confirming its crystallinity 
due to the periodic atomic arrangement in three-dimensional 

space. In contrast, the commercial fluconazole sample produced 
broad, diffuse peaks, indicating a lack of long-range atomic order 
and confirming its amorphous nature (Figure 4).

Fourier Transform Infrared Spectroscopy (FTIR) further 
characterized the polymorphs. The FTIR spectra of amorphous 
fluconazole and recrystallized polymorphs (I, II, and III) 
displayed distinct spectral differences (Figure 5), consistent with 
prior studies (Alaoui Mansouri et al., 2021). The recrystallized 
fluconazole exhibited characteristic peaks corresponding to 
aliphatic and aromatic groups, similar to the amorphous form, 
suggesting isomerism (Bolaji et al.,2019).

The stability of fluconazole polymorphs evaluated over 40 days 
at 65 ± 5% RH and 28 ± 2°C through melting point and FTIR 
analyses indicated significant shifts in crystal transformation. For 
Polymorph-I, transformation began on the 29th day, marked by a 
shift in the C-H stretch peak from 3090 to 3050 cm-¹ and the C=N 
stretching peak from 1660 to 1600 cm-¹, alongside a melting point 
increase to 138 ± 2°C. Polymorph-II exhibited transformation as 
early as day 10, evidenced by an O-H stretching peak shift from 
3250 to 3100 cm-¹ and a C=N peak shift from 1660 to 1600 cm-

¹, with a melting point increase to 138 ± 2°C. Polymorph-III 
transformation was detected by day 19, indicated by an O-H 

Figure 5: FTIR spectra of fluconazole: (A) Amorphous Fluconazole, (B) Polymorph I, (C) Polymorph II, 
and (D) Polymorph III.



Moin, et al.: Thermal Analysis of Fluconazole Polymorphs

Journal of Young Pharmacists, Vol 17, Issue 3, Jul-Sep, 2025600

2θ values Polymorph I Polymorph II Polymorph III Amorphous form
d (Å) % I d (Å) % I d (Å) % I d (Å) % I

14.5 - - 6.11 21.19 6.11 22.53 4.15 36.25
15 - - 5.9 18.16 - - 3.95 40.35
15.9 - - 5.57 28 - - 3.78 71.13
19 - - 4.67 24.98 4.67 30.04 3.64 100
21.9 - - 4.05 45.42 - - 3.59 97.81
22.5 - - - - 5.8 18.14 3.45 72.5
23.5 - - - - 3.1 37.55 3.29 46.51
24.51 - - - - - - 2.97 68.4
24.8 - - - - - - 6.11 21.19
25.8 - - - - 5.57 28 5.5 17.16
27.1 2.39 22.48 1.76 45.73 2.39 17.27 2.81 66.34
28.8 - - - - - - - -
30 6.21 22.15 3.59 100 - - - -
31.82 - - - - 3.95 100 2.21 23.25
37.58 2.81 74.41 - - 1.76 45.73 - -
40.8 - - - - - - 1.85 21.88
45.5 1.76 45.73 - - 1.74 13.51
49.86 - - - - - - 5.5 16.13
51.89 1.54 29.45 1.99 51.44 - - - -
52.6 1.82 100 - - - - - -
60 - - - - 4.63 24.87 - -
63.98 1.32 25.57 - - - - - -
71.12 - - - - - - - -
77.61 1.23 21.7 - - - - - -

Table 4: XRPD values of fluconazole, Polymorph I, Polymorph II, and Polymorph III and Amorphous form.

Figure 7: FTIR spectra of fluconazole Polymorph III, (A) Time-triggered and (B) 
temperature-triggered assessment.
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stretching peak shift from 3250 to 3100 cm-¹ and a C=N peak 
shift from 1660 to 1600 cm-¹, accompanied by a melting point 
rise from 110°C to 120 ± 2°C. These transformations underscore 
moisture's role in inducing crystal changes.

The temperature-dependent polymorphic transformation of 
fluconazole was further analyzed. FTIR spectra revealed that 
transformation onset varied among polymorphs, influenced 
by the crystallization solvent. Significant FTIR spectral shifts 
confirmed Polymorph-I transformation at 80°C, with the O-H 
stretching peak shifting from 3250 to 3100 cm-¹, the aromatic 

C-H stretch from 3090 to 3050 cm-¹, and the C=N stretch from 
1660 to 1580 cm-¹ (Figure 8B, Table 4). Similarly, Polymorph-II 
exhibited transformation at 80°C, with the O-H peak shifting 
from 3250 to 3100 cm-¹ and the C=N peak from 1660 to 1600  
cm-¹ (Figure 7B, Table 4). Polymorph-III transformation occurred 
at 90°C, marked by similar peak shifts (Figure 7B, Table 4). These 
findings confirm that polymorphic transformations were initiated 
during DSC analysis, explaining additional peaks in Polymorph-I 
and III (Desai et al., 2003). Collectively, metastability assessments 
demonstrate that both moisture and temperature significantly 

Figure 6: FTIR spectra of fluconazole Polymorph II, (A) Time-triggered and (B) 
temperature-triggered assessment

Figure 8: FTIR spectra of fluconazole Polymorph I, (A) Time-triggered and (B) temperature-triggered 
assessment.
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influence the polymorphic transformation of fluconazole 
recrystallized from different solvents.

CONCLUSION

In this study, we clearly underscored the impact of both 
temperature and humidity on polymorphic transformations 
of fluconazole. Crystal transformation was clearly evidenced 
via XRPD, DSC, and FTIR studies. Fluconazole Polymorph-I 
(crystals prepared in methanol) and Polymorph-II (crystal 
prepared in acetone) showed crystal transformation at 80°C, 
while Polymorph-III (crystal prepared in isopropyl alcohol) 
exhibited crystal transformation at 90°C. In addition, an impact 
of moisture on crystal transformation was observed on the 10th, 
29th, and 19th days for Polymorph-I, II and III, respectively, upon 
storage at 65 ± 5% RH/28 ± 2°C, as evidenced by remarkable 
changes in the melting points and FTIR spectra of the various 
crystals. Collectively, energetic steps involving heating of the 
drug and exposure to moisture will bring about polymorph 
transformation in fluconazole, which can dramatically affect the 
drug solubility and, hence, its biological performance.
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