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Abstract  Raman spectroscopy (RS) is an inelastic scattering technique that is being recently applied in pharmaceutical 
applications. In this work this technique was applied to analyze the differences in concentrations of a commercial 
pharmaceutical form of an acetylsalicylic acid derivative present in tablets manufactured by five different laboratories (A, B, 
C, D and E). Meyer brand acetylsalicylic acid reagent was used to obtain spectral data as active principle. Five samples of 
different laboratories were also analyzed. We used a Raman microscopy device Horiba-JY HR800 with an excitation source 
of 830 nm and 17 mW. Raw data were analyzed by an arithmetic difference between the active substance from each different 
laboratory sample. Principal component analysis (PCA) was also applied to the spectral set to verify the differences in each 
pharmaceutical form of acetylsalicylic acid. We found a correlation o f 0.7 between laboratory A and the active substance, and 
0.98 between all spectra of the same laboratory A, we conclude that this drug was elaborated with better quality control. 
Results indicate that Raman spectroscopy can be applied in the pharmaceutical industry to determine adulteration or 
alteration in pharmaceutical formulations. We have demonstrate that RS together with PCA can be used as a fast and 
nondestructive method to determine the characteristics of the molecules present in commercially available drugs with very 
short acquisition times of few seconds. 
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1. Introduction 
RS is an analytical technique based on the effect of the 

inelastic scattering of light arising from changes in the 
polarizability of electron cloud in  the molecule[1-4]. This 
technique has become important in recent years due to its 
variety of applications in areas such as mineralogy, forensics, 
biology and medicine[5-9]. It is currently  used for the 
characterizat ion of drugs, bone structures, organic pesticides, 
among others[10-12]. RS has an important role in the 
analysis stage of the design of pharmaceutical products and 
production process. Spectroscopy applications in this field 
are the supervision control of industrial manufacturing 
processes to determine the distribution of active 
pharmaceutical ingred ients and excipients in different stages 
of a development cycle. This technique offers unparalleled 
discrimination of materials because it is capable of analyzing 
liquid  and solid samples. Furthermore, th is tool is 
particularly suitable when used along with other analytical 
techniques because it provides a non-destructive analysis 
which requires little or no sample preparat ion.  
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Most drugs are solid formulat ions, tablets and capsules. It 
is known that the state of a drug can  have a significant impact 
on bioavailability and stability of it[13], therefore the 
identification and characterization of its properties salt 
formation, solvate format ion, polymorphism, and degree of 
crystallinity become important in quality control. 
Pharmaceutical substances are subject to change in chemical 
composition and concentration during processing or storage 
of the formulat ion[14]. For the analysis of drugs apply a 
variety of methods such as colour tests, microcrystal tests, 
High Performance Liquid Chromatography (HPLC), UV 
spectroscopy, coupled gas chromatography mass 
spectrometry, infrared spectroscopy (IR) spectroscopy 
nuclear magnetic resonance (NMR), X-Ray diffraction, 
among others[15-21]. 

One of the best drug is acetylsalicylic acid, it is widely  
used as analgesic and antipyretic. This compound is 
considered unstable, have crystalline appearance and 
hydrolysable in water[22]. 

This compound has a crystalline appearance at room 
temperature. During the manufacture of this drug there may 
be several abnormalities that could not be detected during the 
process, changing the concentration or the substances that 
compose it, resulting in an adulterated product. 

Most of the counterfeit  drugs takes place in Asian 
countries. The variety of these products has been extended 
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due to its dissemination through the Internet, covering a 
bewildering variety of drugs, both branded and generic. 

According to the World Health Organizat ion, more than 
50% of the purchase of drugs is done through web sites 
established[23]. 

The application o f the RS has become important in  various 
fields of study, particularly in the pharmaceutical industry as 
it offers great advantages such as no sample preparation, 
allows the study of liquid and solid substances, the spectra 
can be obtained without the destruction of the sample[24]. 
This tool can be helpful in the identificat ion of raw materials 
and for the quantitative determination of active substances in 
different formulations[25].  

The use of RS greatly strengthens the process analytical 
technologies, which unlike laboratory studies are faster and 
require no manual handling of samples. The implementation 
of the RS in pharmaceutical act ivit ies can bring great 
benefits as the evaluation of product quality, making this a 
fast, accurate result and decreasing costs[26]. 

Another advantage is that the RS can be combined with 
sensitive statistical tools such as PCA, which is a technique 
for deriving a reduced set of orthogonal linear project ions of 
a single collect ion of correlated variab les[27-29]. 

2. Procedure 
A Raman spectrometer LabRAM HR 800 (Horiba Jobin  

Yvon) with a laser excitation source of 830 nm was used, an 
integrated Olympus microscope with a 100X objective and a 
power of 17 mW . The Raman spectrometer calibration was 
performed using a silicon sample until adjusting the Raman 
intensity characteristic to 520 cm-1.  

Five samples of acetylsalicylic acid from d ifferent 
laboratories were purchased in different pharmaceutical 
shops. They were analyzed along with a sample of Meyer 
acetylsalicylic acid technical grade that was used as active 
substance. For each sample, five spectra were obtained by 
pointing the laser at  different  regions of the drug, collecting  a 
total of 35 Raman spectra. The acquisition was carried out in 
the range from 200 to 2000 cm-1 with a 0.6 cm-1 resolution 
with an exposure time of 10 sec and an integration time of 5 
s. 

A baseline correction was carried out to the entire spectral 
data by the least squares method to eliminate background 
noise, following the Peng method[30], as shown in Figure 1. 

All Raman spectra were normalized to the greatest intensity 
peak. 

 
Figure 1.  Baseline correction and comparing average Raman spectra 
(Abbreviations: Lab: Laboratory) 

All Raman spectra processed were analyzed in the range 
of 200 to 2000 cm-1. All the processed Raman spectra were 
evaluated by principal components analysis and also a 
correlation matrix was obtained to verify the similarities 
between different laboratories and the active substance.  

On the other hand, a  first procedure performed was that for 
every five spectra obtained for each sample they were 
analyzed, averaged and compared between  each laboratory 
including the active substance, as shown in Figure 1. Data 
processing was performed using the commercial software 
MatLab 2011, Min itab 16 and Origin version 8.5.  

3. Results and Discussions 
Figure 2. shows comparatively each spectral average of 

each laboratory sample evaluated with respect to the active 
substance. 

It is spectrally observed that the drugs that correspond to 
the laboratories A and C are very similar to the active 
substance. Moreover, the drug of laboratory E shows very 
significant differences with respect to the active substance. 
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Figure 2.  Spectral comparison of the arithmetic mean of each data block obtained by each laboratory (Abbreviations: A.S.: Active Substance, Lab: 
Laboratory) 

 
Figure 3.  PCA applied to the 35 processed spectra and plotting PC1 
versus PC2 (Abbreviations: A.S.: Active Substance, Lab: Laboratory) 

The data set with baseline correct ion was assessed by 
principal component analysis (PCA) allowing plot a new 
coordinate space to observe spectral differences in all tested 
drugs. In Figure 3 (PC1 vs. PC2) and Figure 4 (PC1 vs. PC3) 
shows that laboratories A and C are the best features 
conserved with respect to the active substance. Moreover, 
drugs which correspond to laboratories B and D differ 
significantly from the active substance but there is 
homogeneity among them. Laboratory E differs significantly 
with respect to the active substance, but also resulted in 

inhomogeneous regions analyzed  in  this drug, this means 
that, in the drug compaction the concentrations were not 
homogeneous. 

 
Figure 4.  PCA applied to the 35 processed spectra and plotting PC1 versus 
PC3 (Abbreviations: A.S.: Active Substance, Lab: Laboratory) 

The Raman bands associated with each intensity that 
showed differences are shown in Table 1. When comparing 
the Raman spectra of samples taken  from different 
laboratories, similar features were found between each drug 
sample. Th is denotes significant variations and indicates that 
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these differences are due to changes in the chemical 
composition of the sample. 

Table 1.  Raman peak positions and vibrational mode assignment 
(Abbreviations: ν, stretching vibration; δ, bending vibration) 

Raman shift  (cm-1) Assignments 

281 to 290 δ(CC), Aliphatic chains 

420 to 430 ν (S=S) 

550 ν (C-Cl) 

747 ν (C-Br) 

785 ν (C(aliphatic)-S) 

1040 to1050 ν ((C)SO(-C)) 

1080 to1090 ν (C(aromatic)-S) 
1290-1295 ν (CC), Aliphatic chains, alicyclic 

1605 ν (C=N) 

It was identified a difference in the range of 281-290 cm-1, 
where there are C-C bonds of aliphatic chains. In the range of 
420-430 cm-1 the differences associated with S-S bonds were 
also found. In this case the molecule of active substance to be 
studied (acetylsalicylic acid) does not have S-S bonds, we 
think it is the excipient or vehicle that contains the sample. 
So also in the Raman shift  550 cm-1, there is a  shift and  this is 
a C-Cl bond, which indicates a different composition of the 
acetylsalicylic acid.  

In the band 747 and 785 cm-1 there are differences and 
which do not correspond to the original molecu le 
(acetylsalicylic acid), presenting links C-Br, and C-S in an 
aliphatic bond, respectively. In the reg ion 1040-1050 cm-1  
are rings which correspond to the drug molecule.  

Also we can  find rings joined  to oxygen, methyl 
carboxylic acids and even to the same carbon, as found in the 
range of 1080-1090 cm-1, from 1290 to 1295 cm-1, and 1605 
cm-1 respectively. To corroborate the comparisons between 
different laboratories and homogeneity in the group of the 

five Raman spectra in each of them, an analysis of best 
subsets in linear regression was applied, in which the 
response variable was one of the spectra of the active 
substance and it was selected the best five subsets of a 
variable. The results obtained are shown in Table 2. From 
Table 2, we corroborate that laboratories A an E are ones 
showing an important correlation with the active substance, 
the difference is that for each spectrum of the active 
substance the three spectrums of lab A  appear consistently 
on the same amount of correlation, while the spectrums of 
lab E appear on the highest and lower five more significant 
correlations, wich  show again the lack of homogeneity 
quality on lab E.  

Finally the spectral d ifferences were observed by plotting 
the first three principal components, as shown in Figure 5. 
The dashed circle encloses the active substance and the two 
drugs that showed better similarities with respect to the 
active substance. 

 
Figure 5.  Spectral distribution by plotting the principal tree first  principal 
components. PC1 versus PC2 versus PC3. (Abbreviations A.S.: Active 
Substance, Lab: Laboratory) 

Table 2.  Comparisons between laboratories A and E with respect to the active substance and the homogeneity in each group (Abbreviations: Lab., 
Laboratory; S, Spectrum) 

Active Substance 

S1 S2 S3 S4 S5 

R2 Variable R2 Variable R2 Variable R2 Variable R2 Variable 

70.9 Lab.E S5 63.8 Lab.E S5 74.6 Lab.E S5 74.0 Lab.E S5 85.1 Lab.E S5 

54.8 Lab.A S2 53.2 Lab.A S2 65.1 Lab.A S2 63.8 Lab.A S2 72.7 Lab.A S2 

54.8 Lab.A S4 53.2 Lab.A S4 64.3 Lab.A S4 63.1 Lab.A S4 72.7 Lab.A S4 

53.5 Lab.A S5 51.9 Lab.A S5 62.9 Lab.A S5 61.7 Lab.A S5 71.6 Lab.A S5 

52.4 Lab.E S4 51.0 Lab.E S4 62.0 Lab.A S3 60.7 Lab.A S3 70.3 Lab.A S3 
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Table 3.  Comparisons between Raman spectra correlations of laboratories A and E with respect to the active substance (Abbreviations: S, Spectrum) 

  Active Substance Laboratory A 
  S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 

A
ct

iv
e 

Su
bs

tan
ce

 S2 0.999          
S3 0.981 0.979         
S4 0.983 0.981 0.999        
S5 0.973 0.970 0.980 0.979       

La
bo

ra
to

ry
 A

 S1 0.714 0.703 0.780 0.773 0.826      
S2 0.741 0.730 0.807 0.799 0.853 0.981     
S3 0.724 0.712 0.787 0.779 0.838 0.982 0.995    
S4 0.740 0.729 0.802 0.794 0.853 0.981 0.996 0.996   
S5 0.732 0.721 0.793 0.786 0.846 0.982 0.993 0.995 0.995  

La
bo

ra
to

ry
 E

 S1 0.211 0.199 0.245 0.235 0.288 0.493 0.523 0.525 0.516 0.501 
S2 0.397 0.384 0.439 0.428 0.481 0.661 0.696 0.692 0.684 0.667 
S3 0.569 0.557 0.609 0.600 0.657 0.782 0.813 0.813 0.808 0.798 
S4 0.724 0.714 0.765 0.759 0.808 0.864 0.894 0.886 0.887 0.881 
S5 0.842 0.835 0.863 0.861 0.923 0.887 0.915 0.905 0.915 0.916 

 

We also observed that the correlation between Raman 
spectra of the laboratory A  has a significant correlat ion about 
0.7 with respect to the spectra of the active substance and 
show a correlation of at least 0.98 between themselves, as 
shown in Table 3, which means a good quality control in the 
development of this drug. For the laboratory E, the spectrum 
five shows a correlation between 0.82 and 0.93 with respect 
to the spectra of the active substance.  

An statistical analysis was carry  out, in  which we found 
that the correlations between laboratory E are very variable, 
ranging from 0.51 to 0.9, which means that there is litt le 
homogeneity among them, as shown in Table 4. In this table 
is described the Raman spectra relations between them.  

Table 4.  Comparison between Raman spectra correlation of laboratory E 
(Abbreviations: S, Spectrum) 

  Laboratory E 
  S1 S2 S3 S4 

La
bo

ra
to

ry
 E

 

S2 0.919    
S3 0.814 0.886   
S4 0.676 0.833 0.922  

S5 0.515 0.652 0.810 0.907 

These market differences and these spectra indicate that 
the compaction process was not good enough. 

4. Conclusions  
We have demonstrate that Raman spectroscopy together 

with  principal component analysis can be used as a fast and 
nondestructive method to determine the concentration and 
characteristics of the molecules present in commercially 
available drugs with very short acquisition times of few 
seconds. Here we demonstrated too that the power of this 
technique by discriminating between well manufactured 
(laboratory A sample) and poorly manufactured (laboratory 
E) drugs. The validity of this result is backed up by the use of 
a technical grade reagent employed as a reference.  This non 
destructive analysis could also be used as a quality control 

tool in the manufacturing processes of commercial d rugs in 
shor time analysis. It  could also be possible to use this 
technique to help in the control and eventual reduction of the 
trade of counterfeit drugs. 
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