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ABSTRACT 

Polymorphs of an Active Pharmaceutical Ingredient (API) can have different 
chemical and physical properties and, thus, a direct impact on the process-
ability of the drug substance and the quality/performance of the drug product, 
such as stability, dissolution, and bioavailability. Therefore, identification of the 
crystal phase of an API is of outmost importance.  

In this work methodologies were developed based on X-ray powder 
diffraction and IR for the identification of the crystal phase of two APIs 
(Atorvastatin Calcium and Donepezil HCl) in commercial tablets.   
 
INTRODUCTION 
Polymorphs of an Active Pharmaceutical Ingredient (API) can have different 
chemical and physical properties and, thus, a direct impact on the process-
ability of the drug substance and the quality/performance of the drug product, 
such as stability, dissolution, and bioavailability. One polymorph may convert 
to another during manufacturing and storage, particularly. Therefore, 
identification of the crystal phase of an API is of outmost importance.  

Numerous physicochemical measurements and techniques are 
commonly used to characterize polymorphs, including: melting point, IR, X-ray 
powder diffraction (XRPD), thermal analysis procedures, Raman 
spectroscopy, optical microscopy, and NMR. Of them it is mostly Raman 
spectroscopy and XRPD that have been used for rapid screening of crystal 
phases.  

Despite the availability of these techniques polymorph identification in 
tablets or granules is often very difficult due to: a) the small strength of API in 
formulation, b) the numerous crystal phases for some APIs and the, as 
expected, similarity of the respective spectral information and c) the 
availability in literature of the XRPD patterns only, while information from the 
other commonly used techniques e.g. IR and Raman spectroscopy are often 
missing. On the other hand, preparation of polymorphs based on the 
information mentioned in patents is rarely possible while their acquisition is 
also difficult and thus the missing spectral information cannot be obtained.  
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In this work methodologies were developed for identifying the crystal 
phase of an API in a tablet. In the examined formulations the APIs were 
Atorvastatin Calcium and Donepezil HCl.  
 
EXPERIMENTAL  
Chemicals and reagents 
Atorvastatin Calcium (AC) as crystal phase VIII and Donepezil HCl (DPZ) as 
form I, their respective commercial formulations (40 mg strength in 600 mg 
tablets for AC and 10 mg strength in 280 mg tablets for DPZ), and their 
excipients were provided by Specifar SA. 
 
Instrumentation 

The Raman spectra were recorded using a FRA-106/S FT-Raman 
(Bruker) with the following characteristics: The laser excitation line used was 
the 1064 nm of a Nd:YAG laser. A secondary filter was used to remove the 
Rayleigh line. The scattered light was collected at an angle of 180 °. The 
system was equipped with a liquid N2 cooled Ge detector (D 418). The power 
of the incident laser beam was about 450 mW on the sample's surface. 
Typical spectral line width was 0.5 cm-1 while the recorded spectra were the 
average of 300 scans.  

FT-IR spectra were recorded from 4000-400 cm-1, using the EQUINOX 
55 (Brucker) FT-IR spectrometer. Each spectrum was the average of 200 
scans using a spectral resolution of 2 cm-1.  

The x-ray powder diffraction analysis (XRPD) was performed (Philips 
1830/40) on finely powdered samples using the CuKα (40 kV and 30 mA) 
radiation and Ni filter with a scanning speed of 0.005o  2θ/s. Time constant 
was set at 2 s. 
 

RESULTS AND DISCUSSION 
a. Atorvastatin Calcium 

Atorvastatin calcium is a selective, competitive inhibitor of HMG CoA 
reductase, the rate-limiting enzyme responsible for the conversion of 3
hydroxy-3 methyl-glutaryl-coenzyme A to mevalonate, a precursor of sterols, 
including cholesterol. There are twelve known Atorvastatin calcium 
polymorphs [1-3]. The crystal phase of API used for manufacturing the tablets 
was established through the application of XRPD. The recorded XRD pattern 
(Fig 1) was compared against the spectra of the crystal forms reported in 
patents [1-3] (not shown). The spectrum found to match the XPRD of 
polymorph crystal phase VIII –Fig.1).  

The XPRD pattern of commercial tablets with Atorvastin calcium phase 
VIII as API as well as the XRD of the excipients were also recorded (Fig. 1). 
The differences between the placebo pattern and tablet pattern (marked with 
arrows in Fig. 1 and dotted lines marked with letters A, B and C) should be 
attributed to the presence of the API.  

The exact reflections, according to above mentioned patents, of all phases 
in the 2 theta deg regions marked with letters A, B and C as well as the 
corresponding reflections of the commercial tabs with 40 mg strength API can 
be found in Table 1.  
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Table 1. Characteristic reflections in the 2 theta deg region of Α, B and C of Fig. 1 
Form Α/ 2θ B/ 2θ C/ 2θ 

Ι 8.6 9.2 & 9.5 21.6 

ΙΙ 8.5 9.0 20.5 

ΙΙΙ 8.45 - 19.98 & 20.29 

IV 7.99 9.7 19.57 

V 8.0 - 18.4 

VI 8.7 10.0 19.5 

VII 7.8 (broad) 9.3 (broad) 18.5-21.8 (broad) 

VIII 8.0 9.3 & 9.6 20.0 

IX 7.9 9.4 19.9 

X 8.0 9.6 & 10.3 19.4 

XI 7.8 8.6 & 9.8 19.9 (broad) 

XII 8.0 9.4 (small-

broad) 

19.8 (small 

broad-

amorphous) 

API reflections in 

40 mg strength 

tabs  

8.1 9.4 & 9.7 20.0 

From Table 1 it is apparent that only the reflections of phase VIII match 
satisfactorily the API reflections in the examined tablets.  
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Fig 1: XRD patterns of placebo, commercial tablet (40 mg strength), API powder and 

digitized atorvastastin calcium from patent. 
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b. Donepezil HCl 
Donepezil HCl (DPZ) is an oral medication used to treat Alzheimer's 

disease. It belongs to a class of drugs called cholinesterase inhibitors. 
Donepezil inhibits acetylcholinesterase, an enzyme responsible for the 
destruction of one neurotransmitter, acetylcholine. DPZ is available for oral 
administration in tablets containing 5 or 10 mg of the active pharmaceutical 
ingredient (API).There are five known DPZ polymorphs [4]. 

The Donepezil Hydrochloride tablets were analyzed by both X-Ray powder 
diffraction and FT-IR spectroscopy. The XRD pattern can be found in Fig.2 
along with the patterns of the API and the placebo. In Fig. 3 the digitized XRD 
patterns of the known API polymorphs can be seen. The reflections that are 
unique to phase I and do not coincide/and or overlap to those of placebo are 
marked with dotted lines (A and B). 
Based on this information the following conclusions can be drawn: 
a) The pattern of the API powder matches the pattern of Phase I. 
b) The characteristic Phase I reflections were identified in the commercial 
tablets (dotted lines and arrows in Fig. 2) indicating the presence of DPZ 
phase I. 

The above-mentioned conclusions were verified through the 
application of FT-IR spectroscopy. The digitized FT-IR spectra of API 
polymorphs can be seen in Fig.4. The characteristic phase I vibration is 
marked with an asterisk. In Fig. 5 are the FT-IR spectra of placebo, the 10 mg 
strength tablets and the API powder.  
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Fig. 2. XRD patterns of Donepezil tablets placebo, digitized phase I pattern, 10 mg 
strength tablets, API powder. 
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Fig. 3: Digitised XRD patterns of Donepezil HCl polymorphs [4]. 
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Fig. 4: Digitised FT-IR spectra of Donepezil HCl polymorphs [4]. 
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Fig. 5. FT-IR spectra Donepezil tablets placebo, 10 mg strength tablets API powder. 
 

The characteristic phase I vibration is marked with a dotted line. This 
vibration can be observed in both the API spectrum as well as in the 10 mg 
strength DPZ tablet (arrow). Therefore, the FT-IR spectra corroborate the 
XRD findings i.e. the presence of phase I DPZ in commercial tablets.  
 
CONCLUSIONS 
Identification of API’s crystal phase in a commercial tablet in several cases is 
neither easy nor straightforward. Knowledge of the XRD patterns of all 
polymorphs is a prerequisite but sometimes not sufficient. In the cases of 
Atorvastatin calcium and Donepezil HCl the XRD patterns were used for the 
identification of their crystal phases, VIII and I, respectively. In the case of 
DPZ application of IR spectroscopy proved equally useful for the identification 
of the crystal phase. 
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