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ABSTRACT 
This research investigates Raman spectroscopy as a 
quick and reliable method to quantify the alpha (
and gamma (γ) polymorphic forms of indomethacin 
compared to differential scanning calorimetry (DSC). 
Binary mixtures with different ratios of 
indomethacin were prepared and analyzed by Raman 
and DSC. The Raman method was found to be more 
reliable and superior compared to DSC. The partial 
conversion of the alpha to gamma polymorphic form 
during the DSC measurement was the major 
limitation for the use of full DSC as a quantitative 
method and resulted in difference between the 
calculated and measured enthalpy of both 
polymorphic forms. 
 
Keywords: alpha, gamma, raman spectroscopy, 
differential scanning calorimetry (DSC).
 
I.  INTRODUCTION 
Polymorphism is a commonly encountered 
phenomenon in pharmaceutical formulations and final 
products. Scientists’ interest in understanding 
pharmaceutically relevant aspects of polymorphism 
have increased over the years, in particular the drugs’ 
different metastable polymorphic forms, the 
polymorphic forms dissolution rate, and their 
thermodynamic properties, as well as the in vivo drug 
kinetics. 
  
The appearance or disappearance of a defined drug 
polymorphic form during manufacturing or storage is 
a major concern in drug process development. Thus 
rapid and reliable quantification of polymorphic forms 
of active drug ingredients (API) is essential during 
drug manufacturing. 
  

International Journal of Trend in Scientific Research and Development (IJTSRD)

International Open Access Journal  |  www.ijtsrd.com

ISSN No: 2456 - 6470  |  Volume - 2 | Issue – 6  |  Sep 

www.ijtsrd.com |  Volume – 2  |  Issue – 6  | Sep-Oct 2018

 

State Mixture Identification of Crystal Indomethacin 
Spectroscopy Comparison with Thermal Analysis

 

T. B. Sundaresan 
Senior Grade), P. A. C Ramasamy Raja Polytechnic College

Rajapalayam, Tamil Nadu, India 
 

 

This research investigates Raman spectroscopy as a 
quick and reliable method to quantify the alpha (α) 

) polymorphic forms of indomethacin 
compared to differential scanning calorimetry (DSC). 
Binary mixtures with different ratios of α and γ 

omethacin were prepared and analyzed by Raman 
and DSC. The Raman method was found to be more 
reliable and superior compared to DSC. The partial 
conversion of the alpha to gamma polymorphic form 
during the DSC measurement was the major 

e of full DSC as a quantitative 
method and resulted in difference between the 
calculated and measured enthalpy of both 

alpha, gamma, raman spectroscopy, 
differential scanning calorimetry (DSC). 

orphism is a commonly encountered 
phenomenon in pharmaceutical formulations and final 
products. Scientists’ interest in understanding 
pharmaceutically relevant aspects of polymorphism 
have increased over the years, in particular the drugs’ 

able polymorphic forms, the 
polymorphic forms dissolution rate, and their 
thermodynamic properties, as well as the in vivo drug 

The appearance or disappearance of a defined drug 
polymorphic form during manufacturing or storage is 

in drug process development. Thus 
rapid and reliable quantification of polymorphic forms 
of active drug ingredients (API) is essential during 

 
DSC monitors the heat changes associated with 
physical transformations; this includes transfor
from (i) amorphous to crystalline form, (ii) crystalline 
drug to a different polymorph form, and (iii) 
crystalline drug to an amorphous solid
Thus, DSC is routinely used to characterize 
amorphous systems, polymorphic changes studies, 
and in the quantification of the amorphous and 
crystalline contents in solid mixture. The quantity of 
one polymorphic form can be estimated by either heat 
of crystallization or heat of fusion. 
 
A major limitation in using DSC as a quantitative tool 
is the relative thermodynamic stability of the 
polymorphic forms. The inter conversion of the 
polymorphic forms during the thermo grams 
collection is the chief obstacle in the extensive use of 
DSC as a quantitative tool. Experimental 
modifications and validation
overcome this potential problem.
  
IR has widely been used in quantitative and 
qualitative analysis of drugs in solid
and blends. Although near infrared (IR) has been a 
dominating technique for the past decades, there is a
significant increase in using Raman spectroscopy in 
solid- and liquid-state quantitative analysis Raman is 
complementary to IR and is used to identify and 
quantify different polymorphic forms
  
Raman is a nondestructive method and requires 
minimal or no sample preparation. In addition, its low 
moisture interference is a major advantage over the IR 
spectroscopy. On the other hand, the Raman 
instruments are expensive, and small sampling area 
may result in misleading spectra depending on the 
used laser beam size. 
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DSC monitors the heat changes associated with 
physical transformations; this includes transformation 
from (i) amorphous to crystalline form, (ii) crystalline 
drug to a different polymorph form, and (iii) 
crystalline drug to an amorphous solid-state mixture. 
Thus, DSC is routinely used to characterize 
amorphous systems, polymorphic changes studies, 
and in the quantification of the amorphous and 
crystalline contents in solid mixture. The quantity of 
one polymorphic form can be estimated by either heat 
of crystallization or heat of fusion.  

A major limitation in using DSC as a quantitative tool 
relative thermodynamic stability of the 

polymorphic forms. The inter conversion of the 
polymorphic forms during the thermo grams 
collection is the chief obstacle in the extensive use of 
DSC as a quantitative tool. Experimental 
modifications and validation may be required to 
overcome this potential problem. 

IR has widely been used in quantitative and 
qualitative analysis of drugs in solid-state mixtures 
and blends. Although near infrared (IR) has been a 
dominating technique for the past decades, there is a 
significant increase in using Raman spectroscopy in 

state quantitative analysis Raman is 
complementary to IR and is used to identify and 
quantify different polymorphic forms.  

Raman is a nondestructive method and requires 
ample preparation. In addition, its low 

moisture interference is a major advantage over the IR 
spectroscopy. On the other hand, the Raman 
instruments are expensive, and small sampling area 
may result in misleading spectra depending on the 
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Figure 1: Indomethacin structure
 

Indomethacin (Figure 1) is a frequently used model 
drug in numerous studies including many in our 
laboratory. Being a poorly soluble, highly crystalline 
drug with two polymorphic forms, different 
approaches have been attempted to identify the factors 
affecting the drug crystallization kinetics in addition 
to investigating new techniques to improve its 
dissolution and interfere with its crystallization 
tendency. A key point to perform a successful 
crystallization or precipitation kinetics study that 
involves indomethacin different polymorphic forms is 
the development of a fast, reliable quantitative 
analysis method, which is the main goal of our current 
study. In summary, we developed a simple, rapid, and 
reliable method to quantify a binary mixture of 
α indomethacin, which can be used to determine the 
relative amount of each polymorph when performing 
precipitation kinetics studies of indomethacin.
 
II.  MATERIAL AND METHODS
Indomethacin, γ polymorphic form was purc
from Sigma Aldrich. The α indomethacin polymorph 
was prepared by dissolving 4 g of γ indomethacin in 
30 mL ethanol at 60◦C to which 4-5 mL of distilled 
water was added to precipitate indomethacin as 
polymorphic form. After vacuum filtration, the 
indomethacin was dried overnight in a vacuum oven
 
The pure polymorphic forms were confirmed using 
DSC (SSC/5200 DSC 220, Seiko Instrument). The 
melting points of 152–154◦C and 160
corresponding to the α and γ, respectively, were used 
to verify the polymorphic forms. Raman 
spectroscopy. 
 
Nine binary mixtures of α and γ polymorphic forms 
were prepared using the following ratios 1 : 9, 2 : 8, 3 
: 7, 4 : 6, 5 : 5, 6 : 4, 7 : 3, 8 : 2, and 9 : 1 of 
forms. The 2 polymorphs were mixed using geometric 
dilution on a glass slide using a metal spatula.
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precipitation kinetics studies of indomethacin. 
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 polymorphic form was purchased 

 indomethacin polymorph 
γ indomethacin in 
5 mL of distilled 

water was added to precipitate indomethacin as α 
polymorphic form. After vacuum filtration, the α 
indomethacin was dried overnight in a vacuum oven. 

The pure polymorphic forms were confirmed using 
DSC (SSC/5200 DSC 220, Seiko Instrument). The 

C and 160–162◦C 
, respectively, were used 

lymorphic forms. Raman 

 polymorphic forms 
were prepared using the following ratios 1 : 9, 2 : 8, 3 
: 7, 4 : 6, 5 : 5, 6 : 4, 7 : 3, 8 : 2, and 9 : 1 of γ to α 
forms. The 2 polymorphs were mixed using geometric 
ilution on a glass slide using a metal spatula. 

The powder mixture samples were gently compressed 
using a glass slide to minimize the specular and 
diffuse reflectance and other sources of light 
scattering that decrease the detected Raman signals. 
Raman spectra were obtained using a microscope and 
Kaiser’s HoloMap software. Data processing was 
performed using Grams AI version 8.0 software 
(Thermo, Inc.). The target surface area irradiated by 
the laser using a 5x objective was 
optical bench was an RXN1-
with an excitation laser operating at 785 nm. The 
excitation cable was 64.5 µ
acquisition used an accumulation time of 20 seconds, 
3 accumulations, and a laser power setting of 400 
mW. The Raman data were exported into Grams AI 
8.0 data processing software. The peak intensity of 
indomethacin at ν 1632 cm−1 and 
1700 cm−1 was obtained after baseline correction 
from 1732 cm−1 to 1665 cm−1 and from 1665 cm−1 
to 1632 cm−1, respectively. Pe
less than 0.3cm−1. Three spectra were collected for 
each sample, and the peak intensities were averaged 
and used for data analysis. Each concentration was 
run as triplicate. 
 
III.  DSC EXPERIMENTAL DETAILS
Calorimetric analysis was carried out using SSC/5200 
DSC 220, Seiko Instruments. Samples between (5
mg) were placed in a closed DSC aluminum pan and 
heated at a constant rate of 10
These experiments were performed in a dry nitrogen 
environment. High-purity tin and indium were used 
for calibration before the experiments. Experiments 
were performed in triplicate and the mean values were 
calculated. The data was analyzed and processed 
using EXSTAR software. The 
measured for both pure α
indomethacin. 
  
The measured enthalpy was obtained directly from the 
melting endotherms of physical mixtures of 
polymorphs. The theoretical enthalpy of physical 
mixtures was calculated based on the contribution of 
each polymorphic form assuming they are in a 
mixture of inert substance. The enthalpy of each 
individual polymorph was calculated based on its 
percentage in the tested powder blend. The individual 
theoretical enthalpy of each polymorph was calculated 
based on the percentage of each polymorphic form in 
the tested mixtures and the enthalpy of the pure 
polymorph. 

International Journal of Trend in Scientific Research and Development (IJTSRD) ISSN: 2456-6470 

Oct 2018    Page: 627 

The powder mixture samples were gently compressed 
using a glass slide to minimize the specular and 
diffuse reflectance and other sources of light 
scattering that decrease the detected Raman signals. 

ectra were obtained using a microscope and 
Kaiser’s HoloMap software. Data processing was 
performed using Grams AI version 8.0 software 
(Thermo, Inc.). The target surface area irradiated by 
the laser using a 5x objective was ∼80–100 µm. The 

-785 Analyzer equipped 
with an excitation laser operating at 785 nm. The 
excitation cable was 64.5 µm in diameter. Data 
acquisition used an accumulation time of 20 seconds, 
3 accumulations, and a laser power setting of 400 

exported into Grams AI 
8.0 data processing software. The peak intensity of α 

−1 and γ indomethacin at ν 
−1 was obtained after baseline correction 

−1 to 1665 cm−1 and from 1665 cm−1 
−1, respectively. Peak positions varied by 

−1. Three spectra were collected for 
each sample, and the peak intensities were averaged 
and used for data analysis. Each concentration was 

DSC EXPERIMENTAL DETAILS  
Calorimetric analysis was carried out using SSC/5200 
DSC 220, Seiko Instruments. Samples between (5–10 
mg) were placed in a closed DSC aluminum pan and 
heated at a constant rate of 10◦C/min until 200◦C. 
These experiments were performed in a dry nitrogen 

purity tin and indium were used 
for calibration before the experiments. Experiments 
were performed in triplicate and the mean values were 
calculated. The data was analyzed and processed 
using EXSTAR software. The ∆H of fusion were 

for both pure α and γ forms of 

The measured enthalpy was obtained directly from the 
melting endotherms of physical mixtures of α and γ 
polymorphs. The theoretical enthalpy of physical 
mixtures was calculated based on the contribution of 

polymorphic form assuming they are in a 
mixture of inert substance. The enthalpy of each 
individual polymorph was calculated based on its 
percentage in the tested powder blend. The individual 
theoretical enthalpy of each polymorph was calculated 

the percentage of each polymorphic form in 
the tested mixtures and the enthalpy of the pure 



International Journal of Trend in Scientific Research and Development (IJTSRD) ISSN: 2456

@ IJTSRD  |  Available Online @ www.ijtsrd.com

Figure 2 Raman spectra of mixtures of different 
and γ indomethacin ratios between 1600

cm−1 s 

 
Figure 3: mixtures of different α and 

 
IV.  RESULTS 
The polymorphic forms of pure α and γ indomethacin 
samples were confirmed using both Raman and DSC. 
The Raman peaks at 1699 cm−1 and 1648 cm−1 were 
used as reference peaks for the γ and 
respectively. Two endothermic peaks were observ
in the DSC thermograms. The first corresponded to 
indomethacin at 151–154◦C with enthalpy of 106 
mJ/mg and the second corresponded to the pure 
form at 159–162◦C with enthalpy of 97 mJ/mg. The 
DSC melting point and enthalpy of fusion were of 
agreement of the previously published values for both 
the γ and α indomethacin. 
 
In order to quantify the α and γ indomethacin 
mixtures, we utilized the carbonyl group region 
(Figure 2). The studied peaks are described in Table 
1. The ratio of the peak intensity of Iν
Iν1648 cm−1 was plotted against the α

fraction in the generated mixtures. The data showed a 
good fit on the logarithmic scale (Figure 3), (R
0.94). 
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α and γ ratios. 

 and γ indomethacin 
samples were confirmed using both Raman and DSC. 

−1 and 1648 cm−1 were 
γ and α forms, 

respectively. Two endothermic peaks were observed 
in the DSC thermograms. The first corresponded to α 

C with enthalpy of 106 
mJ/mg and the second corresponded to the pure γ 

C with enthalpy of 97 mJ/mg. The 
DSC melting point and enthalpy of fusion were of 

t of the previously published values for both 

γ indomethacin 
mixtures, we utilized the carbonyl group region 
(Figure 2). The studied peaks are described in Table 

f Iν1699 cm−1/ 
α form weight 

fraction in the generated mixtures. The data showed a 
good fit on the logarithmic scale (Figure 3), (R2 = 

Figure 4: DSC thermo grams of different 
 
The melting endotherms of different ratio mixtures of 
the α and γ indomethacin forms are shown in Figure 
4. The endotherms were used to calculate the melting 
enthalpy of α and γ polymorphic forms. Figure 4 also 
highlights the recrystallization of the 
during the thermograms collection. The measured and 
theoretical enthalpy of the α and 
plotted against the corresponding polymorphic form 
concentration in the prepared mixtures in Figures 5 
and 6, respectively. 

Figure5. The measured and theoretica
the α indomethacin polymorph in different 

mixture ratios.

Figure6. different α-γ mixture ratios showing initial 
straight line correlation followed by a plateau after 1 : 

1 α-γ mixture.
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Although the enthalpy of the α polymorphic form
showed linear correlation with its concentration (R2 = 
0.994), all measured values were lower than the 
calculated value, suggesting recrystallization of the 
to the γ form during the DSC thermograms collection. 
Consequently the gamma measured enthalpy va
were higher than their corresponding calculated 
values as anticipated. The enthalpy of the gamma 
indomethacin showed linear correlation with its 
corresponding concentration up to the 50% gamma 
total concentration level, above which complete 
conversion of the α form was observed and confirmed 
by the plateau of the enthalpy-concentration curve.
  
The use of spectroscopic techniques, especially the 
Raman spectroscopy, in quantitative analysis had 
significantly increased over the past few years. Raman 
has an increasing potential use in solid dosage form 
analysis and process analytical technology (PAT) 
applications. 
 
As indicated earlier, the indomethacin
can be identified by the Raman peak position of the 
reference spectra of the drug product. Raman 
vibrational spectroscopy is sensitive to any small 
bond environmental changes, and thus can be useful 
in distinguishing most crystal polymorphic 
major Raman spectroscopy advantage over IR is that 
due to the minor contribution of overtone vibrations in 
Raman spectra, the Raman peaks are sharp, 
wellresolved bands, compared to IR spectra [24]. 
Raman is also a quantitative spectroscopy method 
has many applications as solid dosage forms 
quantitative analysis techniques. For example, 
quantifying the active ingredient in a final 
formulation, the tablet hardness determination [25] 
and tablet surface adsorbed moisture analysis
 
The developed method is fast, simple, and accurate. 
The method is based on the relative intensity of 
γ specific peaks. Both are sharp and nonoverlapping 
peaks. Such a reliable method is needed in the 
precipitation kinetics studies, where identifying the 
precipitates, their forms, and ratios is crucial in 
understanding the factors influencing the precipitation 
of a poorly soluble drug like indomethacin
 
Using the DSC thermal analysis method in the 
quantification of the less stable α
indomethacin was feasible using the change in 
enthalpy with the percentage weight of the 
the tested mixture. On the other hand the 
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 polymorphic form 
showed linear correlation with its concentration (R2 = 
0.994), all measured values were lower than the 
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 form during the DSC thermograms collection. 
Consequently the gamma measured enthalpy values 
were higher than their corresponding calculated 
values as anticipated. The enthalpy of the gamma 
indomethacin showed linear correlation with its 
corresponding concentration up to the 50% gamma 
total concentration level, above which complete 

 form was observed and confirmed 
concentration curve. 

The use of spectroscopic techniques, especially the 
Raman spectroscopy, in quantitative analysis had 
significantly increased over the past few years. Raman 

n increasing potential use in solid dosage form 
analysis and process analytical technology (PAT) 

As indicated earlier, the indomethacin crystal form 
can be identified by the Raman peak position of the 
reference spectra of the drug product. Raman 
vibrational spectroscopy is sensitive to any small 
bond environmental changes, and thus can be useful 
in distinguishing most crystal polymorphic forms. A 
major Raman spectroscopy advantage over IR is that 
due to the minor contribution of overtone vibrations in 
Raman spectra, the Raman peaks are sharp, 
wellresolved bands, compared to IR spectra [24]. 
Raman is also a quantitative spectroscopy method and 
has many applications as solid dosage forms 
quantitative analysis techniques. For example, 
quantifying the active ingredient in a final 
formulation, the tablet hardness determination [25] 
and tablet surface adsorbed moisture analysis. 

hod is fast, simple, and accurate. 
The method is based on the relative intensity of α and 
 specific peaks. Both are sharp and nonoverlapping 

peaks. Such a reliable method is needed in the 
precipitation kinetics studies, where identifying the 

their forms, and ratios is crucial in 
understanding the factors influencing the precipitation 
of a poorly soluble drug like indomethacin. 

Using the DSC thermal analysis method in the 
quantification of the less stable α form of 

ing the change in 
enthalpy with the percentage weight of the α form in 
the tested mixture. On the other hand the 

quantification of gamma indomethacin was 
unachievable due to the recrystallization of the 
to the more stable γ form, which explains the 
line single slope correlation between the enthalpy of 
fusion of the α form versus its percentage weight, 
compared to the changing slope observed with the 
corresponding γ curve. 
 
DSC is generally used as a qualitative tool for drug 
polymorphism studies. There are some challenges that 
hinder the extensive use of DSC in quantitative 
analysis such as (i) exhibition of multiple thermal 
events, (ii) recrystallization to metastable 
polymorphic forms, and (iii) broadening of solid 
melting peaks associated with this technique. 
Nevertheless, since it has been successfully used for 
the quantification of some amorphous/crystalline 
forms of some molecules, we wanted to explore its 
usefulness in the quantification of different 
indomethacin polymorphic forms us
We found DSC use in quantifying the indomethacin 
polymorphic forms to be limited and requires 
expensive experimental conditions adjustment and 
complicated calculations, mainly due to the 
conversion of the metastable form. On the other h
at low concentration of one form (between 10
differentiating and quantifying the 2 polymorph was 
visible using DSC but not Raman
 
A key factor, to keep in mind while considering the 
DSC for quantitative analysis is the stability of the 
polymorphic form throughout the experiment. One 
technique of minimizing the recrystallization of the 
low melting point polymorph is to run a high
differential scanning calorimetry (Hyper
modified DSC method using accelerated heating rate 
(200◦C/min to 400◦C/min) to inhibit recrystallization
 
The advantage of Raman spectroscopy over DSC in 
polymorphic form quantification is the ability to avoid 
samples heating, which accelerates the polymorphic 
form conversion. The used laser with low power and 
for very limited time minimizes the heat exposure. It 
is important to clarify that the conclusions driven in 
this research, although they may apply to similar 
molecules, are specific to indomethacin.
 
V.  CONCLUSION 
We are reporting a method to quantify alpha (
gamma (γ) indomethacin using Raman, and we are 
also reporting the difficulty involved in using DSC as 
a qualitative tool. The difference in the Raman 
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quantification of gamma indomethacin was 
unachievable due to the recrystallization of the α form 

 form, which explains the straight 
line single slope correlation between the enthalpy of 

 form versus its percentage weight, 
compared to the changing slope observed with the 

DSC is generally used as a qualitative tool for drug 
studies. There are some challenges that 

hinder the extensive use of DSC in quantitative 
analysis such as (i) exhibition of multiple thermal 
events, (ii) recrystallization to metastable 
polymorphic forms, and (iii) broadening of solid 

ed with this technique. 
Nevertheless, since it has been successfully used for 
the quantification of some amorphous/crystalline 
forms of some molecules, we wanted to explore its 
usefulness in the quantification of different 
indomethacin polymorphic forms using heat of fusion. 
We found DSC use in quantifying the indomethacin 
polymorphic forms to be limited and requires 
expensive experimental conditions adjustment and 
complicated calculations, mainly due to the 
conversion of the metastable form. On the other hand, 
at low concentration of one form (between 10–5%), 
differentiating and quantifying the 2 polymorph was 
visible using DSC but not Raman. 

A key factor, to keep in mind while considering the 
DSC for quantitative analysis is the stability of the 

form throughout the experiment. One 
technique of minimizing the recrystallization of the 
low melting point polymorph is to run a high-speed 
differential scanning calorimetry (Hyper-DSC), a 
modified DSC method using accelerated heating rate 

C/min) to inhibit recrystallization. 

The advantage of Raman spectroscopy over DSC in 
polymorphic form quantification is the ability to avoid 
samples heating, which accelerates the polymorphic 
form conversion. The used laser with low power and 

imited time minimizes the heat exposure. It 
is important to clarify that the conclusions driven in 
this research, although they may apply to similar 
molecules, are specific to indomethacin. 

We are reporting a method to quantify alpha (α) and 
) indomethacin using Raman, and we are 

also reporting the difficulty involved in using DSC as 
a qualitative tool. The difference in the Raman 
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spectral vibrations was successfully utilized to 
quantify the two indomethacin polymorphic forms in 
binary mixtures. 
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