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Quality control in the chemical-pharmaceutical industry to identify and quantify the active ingredient has fundamental 

importance to guarantee the quality of the final product. Its lack can generate irreparable consequences, and therefore its 

existence is extremely important. However, currently, in this process there is an ecologically correct need beyond the 

choice of the ideal method and the ideal conditions. This mini-review contemplates the current technological vision of 

pharmaceutical analysis through Green Analytical Chemistry (GAC). Green and sustainable methods have a main focus 

providing economic, environmental and social benefits. An example is spectrophotometry in the infrared region for 

quantitative purposes. The purpose of this mini-review is to show a practical guide for the quantitative analysis of raw 

materials and pharmaceutical products by spectrophotometry in the infrared region in order to contribute to a 

sustainability cycle, where the guarantee of product quality and the analytical awareness about health, time, waste 

generation, environment and cost coexist. A practical review for quantitative analysis by spectrophotometry in the 

infrared region was shown. It is useful for routine analysis of pharmaceutical products in general, and it can be used by 

chemical-pharmaceutical laboratories around the world. 
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Introduction 
 

Quality control is the sector responsible for monitoring 

the quality of the raw material on receipt, during storage, 

processing and final product. It is the sector responsible 

for approving batches of pharmaceutical products for the 

consumer market. Quality control is the first step to the 

correct use of medicines. It ensures the quality of a 

product using analytical techniques. Currently, the choice 

of method is not enough; the conditions involved in the 

analysis are also very important and should include the 

principles of Green Analytical Chemistry. 

The Green Chemistry concept emerged in the 1990s and 

aimed to reduce pollution using so-called green solvents. 

In the late 1990s, the idea of Green Chemistry began to 

expand slowly in Europe and the United States, and its 

first concerns were chemical synthesis and chemical 

engineering (1). It evolved in each area and 

pharmaceutical analyses, which are included in analytical 

chemistry, gained 12 principles for collaborating with this 

fact (2-3). 

Companies are investing heavily in the development and 

improvement of their processes, analyses and products, 

based on green analytical chemistry. The current 

sustainability scenario has been a growing worldwide 

concern, since national and international agencies, 

mediated by the United Nations, reached a consensus that 

Earth's resources are finite and pollution can have harmful 

effects on people and the planet. Another factor that 

encourages companies to invest in sustainable products 

and processes is the increase in costs for eliminating toxic 

wastes for pollution (3-4). For this reason, an ecologically 

correct, green and sustainable analytical method that 

reduces or eliminates the use of solvents or the generation 

of toxic waste for both the environment and the operator 

is essential (2-3, 5-9). 

In this context, a prominent example is a method by 

spectrophotometry in the infrared region. It is a technique 

of excellence in the pharmaceutical sciences and is 

currently used for quantitative purposes (10-31). It is 

widely used by industries, research centers and areas of 

organic and inorganic chemistry as it is a simple, reliable 

technique and allows both to identify and quantify 

compounds (32-34). 

Universities have played a fundamental role in serving as 

research centers, contributing to health control activities 

and scientific enrichment in the area. Thus, this mini-

review shows an innovative practical guide for the 

quantitative analysis of raw materials and solid 

pharmaceutical products by spectrophotometry in the 

infrared region in order to contribute to a sustainability 

cycle, where product quality assurance and analytical 

awareness about health, time, waste generation, 

environment and cost coexist. 
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Practical review 
 

The practical review was based on scientific articles (10-

31), which used spectrophotometry in the infrared region 

for routine quantitative analysis of solid pharmaceutical 

materials (powder). 

Among the examples, it is possible to mention the 

quantitative analysis to verify the content of darunavir 

(13), paracetamol (16), rifaximin (24), secnidazole (25) 

and enrofloxacin (27) in tablets; content of cefadroxil 

monohydrate (18) in capsules; content of ceftazidime 

(10), sodium ampicillin (11), sodium cefuroxime (12), 

sodium cefotaxime (20), daptomycin (21), sodium 

ceftriaxone (22), sodium ertapenem (26), sodium 

cephalothin (28), sodium cefazolin (29), cefepime 

hydrochloride (30) and vancomycin (31) in lyophilized 

powder; content of doxycycline (17) and norfloxacin (19) 

in raw material. 

The technique by spectrophotometry in the infrared 

region presents different analysis methods. The method 

covered in this mini-review is the potassium bromide 

(KBr) pellet/tablet method. The use of KBr allows the 

control and homogeneity of the drug variable and 

consequently concentration. In addition to allowing the 

homogenization of samples, a fundamental step for a 

quantitative analysis. 

The details for the applicability of the method in the 

context of quantitative pharmaceutical analyses are as 

follows: 

a) As material: standard drug, sample and 

adjuvants. As diluent: potassium bromide (KBr). 

b) An analytical balance to weight the powder, an 

agate mortar and pistil to homogenize the products, a 

compression system to prepare the tablets and an infrared 

spectrophotometer with suitable software will be needed. 

c) First of all, the KBr must be crushed using agate 

mortar and pistil and then placed in the oven to dry for at 

least 24 hours. It will be used as a diluent in the 

preparation of tablets and each tablet will contain a total 

of 150 mg (drug + KBr). 

A pool containing reference or sample or adjuvants 

should be prepared in ratio of 1:10 to minimize 

deviations. Then, tablets will obtain by weighting the 

different amount from this pool plus the diluent (KBr). 

This mixture (pool + KBr) should be transferred to the 

compression system and let under compression for 

approximately 10 minutes at 90 kN; these conditions 

(time and compressive strength) must be optimized for 

each case. After this period, tablets should be set in the 

spectrophotometer compartment for absorbance readings. 

The processes described above are illustrated in Figure 1. 

d) In a first step, the spectra will be analyzed in 

transmittance to evaluate the product profile, 

characteristic bands and compatibility of the bands 

present as described in the literature. This study must be 

carried out for each individual product and later it must be 

done by comparing equivalent and particular bands. The 

objective is to find a band or point that is specific to the 

standard + present in the sample + absent in the 

adjuvants. 

In this stage of defining the band or point that will serve 

to quantify the drug content, it is interesting to subject the 

sample to stressful conditions and to compare its 

spectrum with the spectrum of a full sample (no 

degradation). This must be taken into consideration when 

choosing the band or point and will make the method 

indicative of stability. The stressful condition will depend 

on the characteristics of each drug or product and can be 

UV light or heat. 

In a second step, the spectra will be analyzed through the 

absorbance values provided in the range or band point 

chosen. With these absorbance values it is possible to 

quantify the sample using a standard. 

The steps described above are illustrated in Figure 2. 

 

Discussion 
 

Following the steps recommended in the previous item, it 

is possible to quantify drugs and pharmaceutical products 

in an advantageous, reliable and effective way. However, 

the choice of method conditions must be carefully made. 

The technique involves characteristics of green analytical 

chemistry, which makes it current and sustainable. It has 

the advantages: 

a) a single low cost reagent (KBr) is required in 

small quantities, which makes the process economical and 

fast 

b) KBr presents low health risk, does not burn, is 

stable and is a non-flammable reagent, according to the 

Hommel Diagram 

c) no need for disposable materials, which makes 

the process economical and sustainable 

d) no need for equipment conditioning time, which 

makes the process fast 

e) the equipment does not require frequent 

maintenance, which makes the process economical 

f) training to handle it is simple and easy, which 

expands the use for several collaborators 

g) results are obtained in seconds, which makes the 

process fast and economical, since more samples can be 

analyzed 

h) the speed of the process also contributes to the 

use of less energy and makes the employee's time 

available for other activities 

i) automated system 

j) indicative of stability 

k) possibility of working with small concentrations 

around µg 

l) possibility to analyze poorly soluble and 

insoluble samples 
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Figure 1. Process of preparing the tablets for quantitative analysis by spectrophotometry in the infrared region. 

 

 

 
 

Figure 2. Flowchart of the analysis of the infrared spectrum for quantitative purposes. 
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Spectrophotometry in the infrared region for qualitative 

purposes is consecrated in pharmaceutical analysis. On 

the other hand, for quantitative purposes it is still not a 

priority in the chemical-pharmaceutical industries. Its 

high specificity can be an important tool for quantitative 

analysis as well. Liquid chromatography is the technique 

of choice today and the idea of this mini-review is not to 

change that. After all, each technique has its own 

characteristics and the choice to use one or the other must 

be based on the intended analysis and what you want to 

verify or study. 

The intention of this mini-review is to present a fast, 

economical, reliable and eco-friendly way to perform 

routine quantitative analysis of drugs and pharmaceutical 

products by mid-infrared. It gathers the best actions and 

the most effective choices from other works in the 

literature (10-31) for the quantitative analysis of a 

pharmaceutical product using spectrophotometry in the 

infrared region, also considering the indication of stability 

of this product, as it takes into account the sample 

degradation analysis (Figure 2). 

The option of having a quantitative method by mid-

infrared that is ecologically correct, low-cost, fast, 

reliable, effective and indicative of stability in the 

laboratory routine of pharmaceutical product analysis is 

extremely advantageous for the company as a whole. For 

example: 

a) Treating less waste and/or less toxic waste is 

cheaper. 

b) Using less reagents and/or no need for disposable 

materials makes the method cheaper as well. 

c) Faster methods impact the release of results 

faster, which streamlines the entry of products on the 

market. 

d) Infrared equipment is robust and easy to handle, 

which affects the cost of analysis. 

e) Methods indicative of stability can be developed 

and validated, as stated in this practical review, which 

enhances the analysis. 

To sum up, all these consequences are the advantages of 

the proposed guide. 

 

Conclusions 
 

This practical review is useful to guide quantitative 

analysis of drugs and solid pharmaceutical products by 

spectrophotometry in the mid-infrared region. It also 

positions the technique in the current context of green and 

sustainable analytical chemistry. This mini-review can be 

used by laboratories and chemical-pharmaceutical 

industries around the world. 

 

Conflict of interest 
 

The authors declare no conflicts of interest. 

 

References 
 

1. Wieczerzak M, Namieśnik J, Kudłak B. 

Bioassays as one of the Green Chemistry tools for 

assessing environmental quality: A review. Environ. Int. 

2016; 94:341-361. 

2. Anastas PT. Green chemistry and the role of 

analytical methodology development. Crit. Rev. Anal. 

Chem. 1999; 29:167-175. 

3. de Marco BA, Rechelo BS, Tótoli EG, et al. 

Evolution of green chemistry and its multidimensional 

impacts: A review. Saudi Pharm. J. 2019; 27(1):1-8. 

4. Clark JH. Green chemistry: Today (and 

tomorrow). Green Chem. 2006; 8:17-21. 

5. Kogawa AC, Salgado HRN. Analytical methods 

need optimization to get innovative and continuous 

processes for future pharmaceuticals. Sch. Acad. J. 

Pharm. 2016; 5:240-244. 

6. Kogawa AC, Salgado HRN. Golden age of green 

chemistry. ECMI 2017; 12:52-54. 

7. Kogawa AC, Salgado HRN. Analytical methods: 

Where do we stand in the current environmental scenario? 

ECMI 2017; 13:102-104. 

8. Kogawa AC, Salgado HRN. Ethanol on HPLC: 

Epiphany or nonsense? Acta Sci. Pharm. Sci. 2018; 2:14-

15. 

9. Kogawa AC, Salgado HRN. The 8 wastes. World 

J. Pharm. Pharm. Sci. 2019; 8:1178-1183. 

10. Moreno AH, Salgado HRN. Development and 

validation of the quantitative analysis of ceftazidime in 

powder for injection by infrared spectroscopy. Phys. 

Chem. 2012; 2:6-11. 

11. Tótoli EG, Salgado HRN. Development and 

validation of the quantitative analysis of ampicillin 

sodium in powder for injection by fourier-transform 

infrared spectroscopy (FT-IR). Phys. Chem. 2012; 2:103-

108. 

12. Vieira DCM, Ricarte PC, Salgado HRN. 

Development and validation of the quantitative analysis 

of cefuroxime sodium in powder for injection by infrared 

spectroscopy. Advances in Analytical Chemistry 2012; 

2:80-87. 

13. Kogawa AC, Salgado HRN. Development and 

validation of infrared spectroscopy method for the 

determination of darunavir in tablets. Phys. Chem. 2013; 

3:1-6. 

14. Kogawa AC, Aguiar FA, Gaitani CM, et al. 

Validation of a stability indicating capillary 

electrophoresis method for the determination of darunavir 

in tablets and comparison with the of infrared absorption 

spectroscopic method. World J. Pharm. Pharm. Sci. 2014; 

3:283-297. 

15. Piantavini MS, Pontes FLD, Uber CP, et al. 

Chemometric quality inspection control of pyrantel 

pamoate, febantel and praziquantel in veterinary tablets 

by mid infrared spectroscopy. Spectrochim. Acta A Mol. 

Biomol. Spectrosc. 2014; 125:396-403. 

16. Mallah MA, Sherazi STH, Bhanger MI, et al. A 

rapid Fourier-transform infrared (FTIR) spectroscopic 

method for direct quantification of paracetamol content in 

solid pharmaceutical formulations. Spectrochim. Acta A 

Mol. Biomol. Spectrosc. 2015; 141:64-70. 



 

Kogawa et al. Quantitative analysis of pharmaceutical products by spectrophotometry in infrared region 

Drug Anal. Res., Porto Alegre, v. 6, n. 2, p. 03-07, July/Dec. 2022 

7 

17. Kogawa AC, Mello NP, Salgado HRN. 

Quantification of doxycycline in raw material by an eco-

friendly method of infrared spectroscopy. Pharm. Anal. 

Acta 2016; 7:463-466. 

18. Marco BA, Salgado HRN. Development and 

validation of an innovative method for the determination 

of cefadroxil monohydrate in capsules. Phys. Chem. 

2016; 6:67-74. 

19. Natori JSH, Tótoli EG, Salgado HRN. 

Development and validation of a green analytical method 

for determination of norfloxacin in raw material by 

Fourier-Transform Infrared Spectrophotometry (FT-IR). 

J. AOAC Int. 2016; 99:1533-1536. 

20. Consortti LP, Salgado HRN. Green method for 

quantification of sodium cefotaxime in lyophilized 

powder by infrared spectroscopy. JPSED 2017; 5:1-6. 

21. Tótoli EG, Salgado HRN. Fourier-Transform 

infrared (FTIR) spectrophotometry: An ecofriendly 

method for the analysis of injectable daptomycin. J. 

AOAC Int. 2017; 100(5):1569-1576. 

22. Trindade MT, Salgado HRN. Development and 

validation of a modern and stability-indicating method for 

the quantification of ceftriaxone sodium in powder for 

injection by infrared spectroscopy. Phys. Chem. 2017; 

7:55-62. 

23. Fanelli S, Zimmermann A, Tótoli EG, et al. 

FTIR spectrophotometry as a green tool for quantitative 

analysis of drugs – practical application to amoxicillin. J. 

Chem. 2018; 392081:1-8. 

24. Kogawa AC, Salgado HRN. Spectrophotometry 

in infrared region: A new, low cost and green way to 

analyze tablets of rifaximin. Curr. Pharm. Anal. 2018; 

14:108-115. 

25. Lima JGS, Marco BA, Salgado HRN. Green 

analytical method for quantification of secnidazole in 

tablets by Fourier-Transform Infrared Spectroscopy 

(FTIR). Drug Anal. Res. 2018; 2:14-19. 

26. Pedroso TM, Salgado HRN. Green alternative 

using infrared spectroscopy as an efficient and stable 

analytical method for quantifying ertapenem sodium. 

Adv. Anal. Pharm. Chem. 2018; 2018:1-5. 

27. Rebouças CT, Kogawa AC, Salgado HRN. A 

new green method for the quantitative analysis of 

enrofloxacin by Fourier-Transform infrared spectroscopy. 

J. AOAC Int. 2018; 101(6):2001-2005. 

28. Nascimento PA, Kogawa AC, Salgado HRN. A 

green and sustainable method by infrared for quantitative 

determination of sodium cephalothin. Austin J. Anal. 

Pharm. Chem. 2019; 6:1-5. 

29. Rechelo BS, Kogawa AC, Salgado HRN. 

Quantitative analysis of cefazolin sodium in lyophilized 

powder by infrared spectrophotometry: Green, low cost, 

fast and effective. Spectrochim. Acta A Mol. Biomol. 

Spectrosc. 2019; 208:157-161. 

30. Rodrigues DF, Salgado HRN. Development and 

validation of an eco-friendly and low-cost method for the 

quantification of cefepime hydrochloride in powder for 

injectable solution using infrared (IR) spectroscopy. Curr. 

Anal. Chem. 2020; 16:456-464. 

31. Nascimento PA, Kogawa AC, Salgado HRN. A 

new and ecological method to quantify vancomycin in 

pharmaceutical product by infrared spectrometry. Acta 

Chim. Slov. 2021; 68:313-319. 

32. Silverstein RM, Webster FK, Kiemle DJ. 

Spectrometric Identification of Organic Compounds, 7th 

ed; LTC: Rio de Janeiro, 2007. 

33. Pavia DL, Lampman GM, Kriz GS, Vyvyan JR. 

Introdução à Espectroscopia; Cengage Learning, 2010. 

34. Corrêa JCR, Salgado HRN. A platform for 

designing quantitative infrared spectrophotometric 

method for drugs and pharmaceuticals analysis: a 

rediscover for an ecological and safer technique in the 

routine quality control laboratories. World J. Pharm. 

Pharm. Sci. 2014; 3:2056-2059. 

 

 


