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Since nitrosamines (NAs) were first detected in pharmaceutical products in July 2018, new quality assurance and quality 
control (QA/QC) strategies have emerged. However, few studies have explored the use of 
conventional FTMIR or ATR-FTMIR spectroscopy for quantifying these impurities. This study evaluated and compared 
the analytical performance of both ATR-FTMIR and FTMIR KBr-pellet methods for the quantification of four 
nitrosamines: NDMA, NDEA, NDIPA, and NDBA. Limits of detection (LOD) and quantification (LOQ) were 
determined for each compound using both techniques. Initially, NDEA was analyzed in methanol solution; subsequently, 
all four nitrosamines were assessed in potassium bromide (KBr) matrices using both methodologies simultaneously. For 
NDEA in methanol, the ATR-FTMIR method yielded an LOD of 2.77 × 10⁻³% (v/v) and an LOQ of 9.22 × 10⁻³% (v/v). 
For NDMA analyzed by ATR-FTMIR with KBr, the LOD and LOQ were approximately 4.94 × 10⁻⁴% and 1.65 × 10⁻³%, 
respectively. The best sensitivity was achieved for NDBA using the FTMIR KBr-pellet method, which gave the lowest 
overall values: an LOD of 5.52 × 10⁻⁶% and an LOQ of 1.83 × 10⁻⁵%. The four nitrosamines exhibited distinct 
physicochemical properties that influenced their spectral responses and, consequently, their analytical performance under 
the tested conditions. When comparing the two techniques, only the FTMIR KBr-pellet method yielded LODs within 
regulatory limits for the qualitative detection of NDBA and NDIPA, indicating its superior sensitivity for these 
compounds. 
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Introduction  
 
Before June 2018, nitrosamines (NAs) were not listed 
among the organic impurities in pharmacopeial methods 
or guidelines by Regulatory Authorities. Consequently, 
they were not routinely evaluated in active pharmaceutical 
ingredients (APIs) or finished pharmaceutical products 
(1).  
However, in July 2018, the European Medicines Agency 
(EMA) became the first to announce a recall of 
Angiotensin II receptor blockers (ARBs)-based products, 
also known “sartans” across all European countries, 
specifically valsartan due to the detection of concerning 
amounts of NDMA (2). Since the 1950s, NAs have been 
recognized as strong genotoxic compounds known for 
their mutagenic and carcinogenic effects in many animal 
species (3,4).  
The NAs N-nitrosodimethylamine (NDMA) and 
N-nitrosodiethylamine (NDEA) have been classified as 
probable human carcinogens (Group 2A), and 
N-nitroso-di-n-propylamine (NDPA), 
N-nitrosomethylethylamine (NMEA), 
N-nitrosomorpholine (NMOR), N-nitrosopyrrolidine 
(NPYR), N-nitrosopiperidine (NPIP), and 

N-nitroso-di-nbutylamine (NDBA) as possible human 
carcinogens (Group 2B). Other nitrosamines such as 
N-nitrosodiisopropylamine (NDIPA), 
N-nitrosoethylisopropylamine (NEIPA), and 
N-nitroso-N-methyl-4-aminobutyric acid (NMBA) have 
been subsequently found in various medications and 
sartan-based products (Figure 1) (5) Spectroscopic 
technologies and spectrophotometry procedures are the 
most popular and attractive analytical approaches due to 
their simplicity and lower cost compared to other 
analytical techniques (6). In this context, the infrared 
spectroscopy is a powerful analytical tool, widely 
employed in fundamental sciences (7). 
Vibrational spectroscopy encompasses several analytical 
techniques, including mid-infrared (MIR), near-infrared 
(NIR), and Regional Atmospheric Measurement and 
Analysis Network (Raman) spectroscopy. The application 
of these techniques has grown considerably due to their 
low operational cost, rapid analysis, non-destructive 
nature, minimal sample consumption, and reduced or 
even eliminated need for chemical reagents. Furthermore, 
when attenuated total reflectance (ATR) is employed, 
sample preparation is often unnecessary, simplifying the 
analytical workflow and enabling operation by 
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non-specialized personnel. These advantages, combined 
with their high accuracy, reliability, and robustness, make 
vibrational spectroscopic methods attractive alternatives 
to conventional analytical techniques (8,9). 
 

 
 
Figure 1. Chemical structures of NAs classified as Group 2A 
and Group 2B. 
 
The combination of MIR spectroscopy (4000-400 cm-1) 
with Fourier transform (FTMIR) constitutes one of the 
most advanced forms of vibrational spectroscopy. Current 
FTMIR equipment employs an approach that allows for 
the rapid acquisition of multiple spectra from the same 
sample. This process reduces the signal-to-noise (S/N) 
ratio through spectral addition and the application of 
corresponding transform algorithms, enhancing the 
accuracy and reliability of the analysis (10). FTMIR using 
KBr pellet or disk support is a classical infrared 
spectroscopy technique used to evaluate organic 
chemicals. The sample is finely ground and intimately 
mixed with the ground alkali halide at a concentration of 
0.5–1 wt% (0.5–1 mg per 100 mg), typically using a 
mortar and pestle made of agate. The powder mixture is 
then pressed (10 ton approximately by 5 minutes) into a 
transparent disk or pellet using an appropriate press (11). 
Attenuated Total Reflectance Fourier Transform 
Mid-Infrared Spectroscopy (ATR-FTMIR) has emerged as 
a powerful, versatile tool for infrared sampling (12). 
ATR methodology is based on direct interaction between 
a sample and a high-refractive index crystal, usually 
ZnSe, Ge, Si, or diamond, without the use of KBr. The 
system creates evanescent waves that enter the sample 
and detect variations in an internally reflected infrared 
beam to produce a spectrum (13). ATR-FTMIR 
spectroscopy particularly, offers several advantages over 
other methods, including being faster, non-destructive, 
cost-effective, environmentally friendly, user-friendly 
using small amounts of samples and simple or no 
preparation procedures (14). These advantages make it a 
promising alternative to traditional methods for 
determining drug concentrations across a wide range 
(15,16).  
FTMIR spectroscopy, particularly in the ATR mode, is 
widely applied in quality control across industries such as 
pharmaceuticals, serving to identify and quantify active 
ingredients, excipients, and impurities (17).  
In pharmaceutical sciences, this technique—whether 
using KBr pellets or ATR—is highly effective for both 
qualitative and quantitative analyses. Its simplicity, 
reliability, and lower cost compared to mass spectrometry 

(18–22) make it a preferred choice in industrial and 
research settings (23–25). However, no studies have yet 
employed FTMIR methods to determine low levels of 
organic impurities like NAs. This work thus aimed to 
qualitatively characterize and quantitatively establish the 
limit of quantification (LOQ) and detection (LOD) for 
NDBA, NDEA, NDMA, and NDIPA, using KBr-pellet 
and ATR-FTMIR approaches, followed by a comparative 
evaluation of the results from both methods. 
 
Materials and methods 
 
Chemicals  
 
The NAs reference standard substances (99.0%) 
N-nitrosodimethylamine (NDMA), 
N-nitrosodiisopropylamine (NDIPA), and 
N-nitrosodibutylamine (NDBA) were purchased from 
Sigma-Aldrich (St. Louis, Missouri, USA) at 1 g mL⁻¹. 
N-nitrosodiethylamine (NDEA) was purchased from 
Toronto Research Chemicals (TRC) at 1 g mL⁻¹ (Toronto, 
Ontario, Canada). Methanol HPLC (High Performance 
Liquid Chromatography) grade was obtained from J.T. 
BAKER®, 99.9%. KBr infrared grade, used in both 
tablets and dilutions for preliminary analysis by ATR, was 
purchased from Perkin-Elmer™ supplier (Waltham, 
Massachusetts, USA 
 
Instrumentation 
 
The NAs reference standard substances (99.0%) FTMIR 
spectra were obtained using a Perkin Elmer™ Frontier 
(Waltham, Massachusetts, EUA) with a KBr pellet or disk 
support system (traditional FTMIR technique). The beam 
entered the sample compartment, was transmitted through 
the sample, hit the detector, and formed spectra. The 
background spectrum was obtained by measuring the 
blank pellet containing KBr. 
ATR-FTIR spectra were collected using a Perkin Elmer™ 
Frontier (Waltham, Massachusetts, EUA), FT-MIR 
Spectrometer equipped with an ATR sampling accessory. 
The background spectrum was obtained by measuring the 
clean ATR Zinc Selenide (ZnSe) crystal containing KBr 
only before each sample measurement. The ATR crystal 
plate surface was carefully cleaned with acetone after 
scanning each sample to remove any traces of the 
preceding sample. 
FTMIR and ATR-FTMIR analysis involved 16 scans per 
replicate in the range of 4000–400 cm⁻¹ and 4000–650 
cm⁻¹ with a resolution of 4 cm⁻¹, respectively. The bands 
values were analysed with the software Perkin Elmer™ 
Spectrum 10 version 4.2 and OriginPro® version 2018b. 
The same spectrometer was used for both FTMIR and 
ATR accessories. 
 
Sample preparation 
 
In this study, there were two stages. The first step was the 
experiment meant to find LOQ and LOD in methanol 
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using the ATR-FTMIR technique while the second step 
aimed to measure the LOD and LOQ in KBr using both 
FTMIR KBr-pellet and ATR-FTMIR methodologies. 
Initially, the KBr was dried at 105°C for 2 hours as a 
pre-treatment step. Each NA reference standard substance 
was individually mixed with KBr in different ratios in 
accordance to the literature (26).  
 
LOQ and LOD in methanol by ATR-FTMIR 
 
A preliminary evaluation was conducted using successive 
dilutions of the NDEA standard in methanol at ratios of 
1:10, 1:20, 1:50, and 1:100, corresponding to 10%, 5%, 
2.5%, and 1.0% (v/v), respectively.  
 
LOQ and LOD by FTMIR KBr-pellet and ATR-FTMIR  
 
The samples were evaluated individually using both KBr 
pellet and ATR methodologies simultaneously. 
Specifically, 200 mg of KBr was weighed, and sufficient 
amounts of NDMA, NDEA, NDIPA and NDBA standards 
were added at ratios of 1:200000, 1:100000, 1:50000, 
1:33300, and 1:20000, respectively corresponding to 
0.0005%, 0.001%, 0.002%, 0.003%, and 0.005% (m/v). 
The sample was mixed thoroughly with ground KBr using 
a mortar and pestle. The mixtures were divided into two 
100 mg aliquots: one set was prepared in successive 
dilution concentrations, then pressed into samples for 30 
seconds at 10 MPa pressure using a tableting mold for 
measurement using the KBr pellet technique, while the 
other set was directly evaluated on the ATR device. The 
assessment of the samples was conducted individually, 
simultaneously, and in real-time. The purpose of this 
approach, using KBr was to mimic a drug substance (DS) 
contaminated with NAs and to measure the ability of the 
techniques (FTMIR and ATR-FTMIR) to qualitatively 
and quantitatively evaluate the presence of NAs in the 
sample.  
 
Determination of LOD and LOQ 
 
The LOD is the lowest concentration of an analyte that 
can be reliably distinguished or the lowest amount of 
analyte in a sample that can be detected from the 
background noise, but not necessarily quantified as an 
exact value. According to the S/N approach, LOD is 
defined as the analyte concentration at which the S/N ratio 
is at least 3:1 (S/N = 3). A S/N ratio of at least 3:1 is 
generally considered acceptable for estimating the LOD.  
LOQ is the lowest concentration of an analyte that can be 
quantified with acceptable precision and accuracy. Using 
the S/N approach, LOQ is defined as the analyte 
concentration at which the S/N ratio is at least 10:1 (S/N 
= 10). The LOD and LOQ signal-to-noise ratio (S/N) 
were determined by measuring the equipment impedance 
without a sample or blank. Determining the 
signal-to-noise (S/N) ratio involves comparing the 
measured signals from samples with known low 
concentrations of analyte to those obtained from noise 
(equipment impedance only), which account for 

background environmental radiation and by establishing 
the minimum concentration at which the analyte can be 
reliably quantified (27,28). 
 
Results and Discussion 
 
The ATR-FTMIR was employed as the tool for the 
quantitative assessment of NAs in methanol. Successive 
dilutions of N-nitrosodiethanolamine (NDEA) in 
methanol were prepared to experimentally determine the 
LOD and LOQ. For the qualitative evaluation of NAs in 
KBr, ATR-FTIR and traditional FTMIR KBr-pellet 
methods were employed. The NA standards (NDMA, 
NDEA, NDIPA, NDBA) were mixed with KBr and 
analysed using both techniques. In the quantitative 
assessment, ATR-FTIR and FTMIR KBr pellets 
methodologies were applied, with KBr as a medium, for 
the LOD and LOQ of the NA standards mixed with KBr 
at different concentration ratios. Using ATR-FTIR and 
FTMIR KBr-pellets as a tool in direct quantitative 
measurement to determine the LOD and LOQ of NA 
standards mixed with KBr at different concentration 
ratios. The NA-KBr mixtures were analysed by FTMIR 
KBr-pellets as well as by direct use of ATR method. 
 
Quantitative approach between ATR-FTMIR in 
methanol  
 
The initial experiments utilized the ATR-FTMIR 
technique to determine the LOD and LOQ for NDEA. A 
standard calibration curve for NDEA was established by 
preparing various concentrations ranging from 0.5% to 
10% (v/v), with the NDEA diluted in methanol. Figure 2 
illustrates the intensity of absorption peaks for NDEA at 
concentrations of 1%, 2%, 3%, 5%, and 10% (v/v), as 
assessed by ATR-FTMIR in the wavenumber range of 
4000–650 cm⁻¹. In preliminary tests, the analytical signal 
obtained through ATR-FTMIR for NDEA dissolved in 
methanol visually disappeared at concentrations below 
2.5%, making it indistinguishable from the S/N ratio. 
However, the limits of detection (LOD) and quantification 
(LOQ) calculated approximately— 2.77x10-3  and  
9.22x10-3% respectively—are significantly higher than the 
levels recommended by current regulations, 1.25x10-5% 
for losartan concerning NDEA, NDIPA, NDBA and 
9.6x10-5% to NDMA respectively, for losartan (100 mg) 
maximum daily dose (MDD). These results show that the 
LOD and LOQ determined for NDEA are substantially 
greater than the values currently recommended, 
suggesting limited sensitivity of the technique for this 
specific analyte under the conditions tested. 
Despite these changes, it was confirmed that the linear 
stretching and angular deformation of the nitrosamine 
(NA) functional groups were unaffected, and the 
important vibrational features of NA were still clearly 
observed. It has been demonstrated that the absorbance of 
FTMIR KBr-pellets and ATR-FTIR has a nonlinear 
correlation with concentration, not being in accordance to 
Lambert-Beer’s law. 
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Quantitative approach between ATR-FTMIR and 
FTMIR measurements  
 
The absorption peak intensities varied significantly when 
the samples were mixed with KBr at different proportions, 
indicating that the accuracy of the experimental results 
was strongly influenced by the sample preparation 
procedure (29). To ensure high selectivity, the spectral 
region between 1346 and 1265 cm⁻¹, corresponding to 
broad and intense bands typically attributed to N=O 
stretching vibrations, was selected for quantitative 
analysis. Figure 3 presents the spectra of NDBA, NDEA, 
NDMA, and NDIPA dissolved in KBr at concentrations of 
0.005%, 0.003%, 0.002%, 0.001%, and 0.0005% (w/v), 
represented by black, red, blue, green, and purple lines, 
respectively, as obtained using the FTMIR KBr pellet and 
ATR-FTMIR techniques. 
The dilution of samples in the range 0.0005-0.005% (m/v) 
in KBr ensured that absorbance bands were in the 
nonlinear range of Lambert–Beer’s law. The preparation 
of KBr-pellets relied on a standardized procedure, for 
example, constant sample/KBr weight ratio, grinding 
time, pressure, and pellet weight to enhance 
reproducibility. 
The sensitivity of FTMIR in KBr-pellets was significantly 
enhanced by the expanded range of optical throughput, 
while the sensitivity of ATR-FTMIR varied based on the 
wavenumber. In ATR-FTMIR the absorption peaks 
become stronger at long wavelengths but weaker at short 
wavelengths, resulting in the decreased sensitivity and 
weaker intensity of the functional group peaks owing to 
the greater penetration depth. This was the most important 
experimental difference between ATR-FTMIR and 
FTMIR, and it also explains because ATR spectroscopy 
has decreased sensitivity in the short wavelength region. 
Therefore, suitable infrared procedures should be used for 
samples with different requirements. The ATR-FTIR 
methodology using KBr as a diluent displayed greater 
sensitivity for all Nas compared to the FTMIR KBr-pellet 
method, primarily due to its superior S/N ratio. The 
results of the four Nas, and LOQ and LOD obtained 
approximately which were compared individually using 
both the FTMIR KBr-pellet and ATR-FTIR methods, are 
presented in Table 1.  
 
Qualitative approach between ATR-FTMIR and FTMIR 
measurements 
 
The MIR spectra of standard NDBA, NDEA, NDMA and 
NDIPA were obtained using the FTMIR KBr-pellets 
technique in the wavenumber range of 4000–400 cm−1 
and ATR-MIR spectra were obtained in the wavenumber 
range of 4000–650 cm−1. The theoretical four predicted 
stretching vibrations of relevance can be assigned as 
group frequencies: N=O, N-N, and C-N (symmetrical and 
asymmetrical). However, the spectra of NAs studied 

exhibits only three strong peaks in the region 1600-1000 
cm⁻¹ (30).  
This range can be regarded as the fingerprint region for 
NAs (region 1), owing to the specific stretching vibrations 
of these compounds within this range (4000-400 cm-1). 
Nonetheless, other generic stretching vibrations or 
bending can also be associated with the frequencies of 
aliphatic or alkyl groups: CH₃ and -CH₂ linked to the 
nitroso group (region 2). 
The qualitative spectra were shown in Figure. 4, FTMIR 
KBr-pellet spectra (a) and ATR-FTMIR (b) 
methodologies, respectively in KBr of the NAs NDBA 
(red), NDEA (orange), NDMA (cyan) and NDIPA (blue) 
concentred at 5% (m/v).  
The FTMIR and ATR-FTMIR shown highest intensity 
bands (region 1) at 1435 cm-1 bands of N=O stretching 
vibration of N-NO group, and the absorption of N-N 
vibration at 1022 cm-1, respectively, while vibration of 
C-N gave two bands at 1304 and 1178cm-1 The strong 
band at 1460cm-1 assigned to dimeric linear stretching 
(νN=O) and the strong bands at 1313 and 1292cm-l as 
dimeric linear stretching (vC-N) frequencies (31). along 
with 1460cm-1 related to bending vibrations of CH2 and 
CH3 aliphatic groups and 989cm−1 were assigned to −CH2 
rock and −CH2 wagging and rocking. Low intensity bands 
at 2977cm−1 and 2911cm-1 correspond to −CH3 stretching, 
while the band at 1470 cm-l assigned to the monomeric 
linear stretching (νN=O), overlapped for the dimer bands. 
Finally, peaks at 1298cm−1, 1105cm−1, were designated to 
angular deformation (δCH2) −CH2 scissors, −CH2 
symmetric stretching vibrations, respectively (Table 2) 
(32).  
The FTMIR KBr-pellet spectra absorption allows for 
selecting the fingerprint region, which shows clear 
variations in the detection of the added NDBA (red), 
NDEA (orange), NDMA (cyan) and NDIPA (blue) 
respectively. 
Comparing the spectra, the intensities of peaks in the 
FTMIR KBr-pellet spectra were stronger than those in the 
ATR-FTMIR spectra. As short-wavelength light cannot 
penetrate the sample, the strength of the absorption peak 
in the ATR-FTMIR spectra decreases with decreasing 
wavelength, resulting in a significant reduction in 
absorption peak intensity in both functional group region 
1 and region 2 (33). More detailed studies showed 
absorption peaks in the 3000–2900 cm⁻¹ range (32)  and 
bands at lower wavelengths (754 and 688 cm⁻¹) 
corresponded to C—H out-of-plane bonds for generic 
aliphatic bands both (region 1)(34), as well as linear 
stretching of N=O. According to Williams and Yoshimura 
et al. (31,34) the band at 1460 cm⁻¹ could be assigned to 
this vibration mode. 
Two sharp peaks at 1265 and 1227 cm⁻¹ were typical of 
the N=O stretching mode, whereas a stronger signal at 
907 cm⁻¹ was assigned to the skeletal vibrations of the 
ONNO group (dimer). Linear stretching of N—N (νN-N) 
was observed between 1160 and 1050 cm⁻¹, and C—N 
was noted at 1550 and 1100 cm⁻¹. More specifically, two 
medium bands at 1335 and 1315 cm⁻¹ were attributed to 
N—N and C—N stretching vibrations, respectively (35). 
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Additionally, the features between 1160 and 1050 cm⁻¹ 
were the C—N in-plane bending modes (34), typical of 

the NAs "fingerprint". The presence of nitrogen 
functional groups was the key to NAs analysis, which is 
more evident in FTMIR spectra KBr technique.  

 
 
 

 

Figure 2 - Spectrum of NDEA standard dissolved in methanol at different concentrations 10%, 5%, 3%, 2%, and 1% 
(v/v) black, red, blue, green and purple respectively obtained by ATR-FTMIR intensity of absorption peaks between 
4000–650 cm−1 

 

 

Table 1. Comparison of the LOD and LOQ achieved using both the FTMIR KBr-pellet and ATR-FTIR methods for NDBA, NDEA, 
NDIPA, and NDMA. 
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Methods NAs LOD (%) LOQ (%) Limits to 100 mg of 
losartan (%) 

 
ATR-FTMIR (KBr) 

NDBA 1.44x10-3 4.81x10-3 1.2x10-5 
NDEA 8.78x10-4 2.93 x10-3 1.2 x10-5 
NDIPA 1.11x10-3 3.70 x10-3 1.2 x10-5 
NDMA 4.94 x10-4 1.65 x10-3 9.6 x10-5 

 
FTMIR-KBr pellets 

    
NDBA 5.52x10-6 1,83x10-5 1.2 x10-5 
NDEA 2.01x10-5 6.69x10 -5 1.2 x10-5 
NDIPA 1.07x10-5 3.58 x10-5 1.2 x10-5 
NDMA 3.05x10-5 1.02x10-4 9.6 x10-5 
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Figure 3 – Quantitative spectra of NDBA by FTMIR KBr pellet (a) and ATR-FTMIR (b); of NDEA by FTMIR KBr pellet (c) and ATR-FTMIR (d); of NDMA by FTMIR KBr pellet (e) and 
ATR-FTMIR (f); of NDIPA by FTMIR KBr pellet (g) and ATR-FTMIR (h) dissolved in KBr at different concentrations 0.005%, 0.003%, 0.002%, 0.001% and 0.0005% (m/v), black, red, blue, 
green and purple respectively.  
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Table 2. The FTMIR spectral region demonstrates the range, functional groups, and vibrations of NAs common bands observed in KBr 
pellets and ATR methods. 
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Bending/ 

Vibration 

Region (cm-1) Observation  References 

 

 

N=O(νN=O) 

Region 1 – NAs fingerprint 

 

  

1486-1408; 1488 Linear stretching attached to monomer N=O unbound  (36,37) 

1346-1265; 1321-1292 Wide and strong bands typically related to NAs (36) 

1317; 1460 Bands assigned to dimer linear stretching N = O  (31,37)  

 

N—N (νN-N): 

1106-1052 Linear stretching N—N (36) 

1093-1047 Linear stretching N—N (37) 

1160-1040 Linear stretching N—N (38) 

 

 

C—N (νC-N) 

1525; 1110 Bands moderate and strong intensities linear stretching 

C—N = O (1506 cm-1) and C—N. linear stretching (1108 

cm-1) respectively 

(39) 

1513 Linear stretching C—N = O (37) 

1550-1430 Linear stretching C—N (38) 

1313; 1292 Bands assigned to dimer C—N (31) 

1100 Linear stretching C—N. (36) 

 Region 2 – Alkyl goup 

substituents  

 

  

—CH3(νC-H) 2977; 2911 Primary CH3 stretching (32) 

CH2—CH3 1460  Bending vibrations of CH2 and CH3 aliphatic groups 

CH2 (δC-H) 1298, 1105 Angular deformation (δCH2) −CH2 scissors, −CH2 

symmetric stretching vibrations 

CH2 and CH3 989 Assigned to −CH2 rock and −CH2 wagging and rocking 
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Figure 4. Displays the quantitative spectra obtained via the FTMIR KBr pellet (a) and ATR-FTMIR (b) methods for NDBA (red), NDEA (orange), NDMA (cyan), and NDIPA (blue), all 
concentrated at 5%, along with related observations. 
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Comparison of FTMIR KBr-pellet and ATR-FT-IR 
techniques   
 
Similarly, to preliminary tests, the study was extended to 
prepare different concentrations ranging from 0.0005% to 
0.005% (m/v), where NDBA, NDEA, NDIPA and NDMA 
was diluted with dried KBr and ground in agate mortar for 
10 seconds to obtain a homogeneous sample. This was 
done to assess the LOD and LOQ of the ATR-FTMIR 
technique alongside the FTMIR KBr-pellets technique 
simultaneously. The sensitivity is notably influenced by 
the diluents, methanol, and KBr, possibly due to methanol 
interference in the previous ATR-FTIR analysis. 
However, it was possible to determine LOQ and LOD. 
According to Table 2, the FTMIR KBr-pellets method 
demonstrated lower LOD and LOQ than the ATR-FTMIR 
method, indicating greater sensitivity. The sensitivity is 
notably affected by the diluents, methanol, and KBr, 
possibly due to methanol interference and KBr is inactive 
in IR spectroscopy in the previous FTMIR KBr-pellets 
and ATR-FTMIR methodologies. In this study, FTMIR 
and ATR-FTMIR were employed to assess the effect of 
solvents with different physical and chemical properties, 
specifically methanol and KBr. Hypochromic and 
bathochromic shifts were observed, affecting the 
absorption intensity, frequency (wavenumber), and band 
position, as identified by Bellamy (40).  
More detailed studies showed absorption peaks in the 
3000–2900 cm⁻¹ range (32) and bands at lower 
wavelengths (754 and 688 cm⁻¹) corresponded to C—H 
out-of-plane bonds for generic aliphatic bands both (34) 
(region 1), as well as linear stretching of N=O (νN=O). 
According to Williams and Yoshimura et al. (31,34), the 
band at 1460 cm⁻¹ could be assigned to this vibration 
mode. Two sharp peaks at 1265 and 1227 cm⁻¹ were 
typical of the N=O stretching mode, whereas a stronger 
signal at 907 cm⁻¹ was assigned to the skeletal vibrations 
of the ONNO group (dimer). Linear stretching of N—N 
(νN-N) was observed between 1160 and 1050 cm⁻¹, and 
C—N was noted at 1550 and 1100 cm⁻¹. More 
specifically, two medium bands at 1335 and 1315 cm⁻¹ 
were attributed to N—N and C—N stretching vibrations, 
respectively (35). Additionally, the features between 1160 
and 1050 cm⁻¹ were the C—N in-plane bending modes 
(34) typical of the NAs "fingerprint" region (region 2). 
The presence of nitrogen functional groups was the key to 
NAs analysis, which is more evident in FTMIR 
KBr-pellet spectra.  
Based on the comparative analysis of FTMIR KBr-pellet 
and ATR-FTMIR for NAs, the differences in the crucial 
absorption intensity of the peaks for NDBA, NDEA, 
NDMA and NDIPA, in both region 1, and region 2 
between the two infrared methods they had higher peak 
intensities in the FTMIR KBr-pellet were summarized in 
detail in Table 1. However, there were no significant 
frequency shifts, and the positions of functional group 
peaks obtained from ATR-FTMIR were consistent with 
those obtained from FTMIR.  

The FTMIR KBr-pellet analysis needs sample preparation 
with many interfering factors and stringent KBr drying 
requirements, whereas ATR-FTMIR did not require a 
specific sample shape or water content and was 
non-destructive. Compared to FTMIR KBr-pellet, 
moisture absorption had a greater impact on the analysis 
of samples with OH groups in ATR-FTMIR. Moisture 
absorption interfered with the analysis of samples with 
OH groups more in the ATR-FTMIR than FTMIR 
KBr-pellet (41).  
The peak at 3442 cm⁻¹, which is associated with O–H 
stretching, was observed in the FTMIR KBr-pellet spectra 
for all NAs. In the ATR-FTMIR spectra, this peak 
appeared as "blank absorption" for NDEA, NDMA, and 
NDIPA, and as positive absorption for NDBA. This shift 
in the spectral band has been suggested to be due to 
moisture absorption when the sample was ground with 
KBr (42) or standard containing methanol as diluent.  
The peak intensities of functional groups in ATR-FTMIR 
spectra were significantly lower than in FTMIR 
KBr-pellet spectra. This was due to the short wavelength 
of reflection not penetrating deeply into the sample (42). 
Therefore, both FTMIR KBr-pellet and ATR-FTMIR 
were suitable for monitoring the functional groups of NAs 
and quantifying them in amounts LOD and LOD higher 
than those recommended by regulatory bodies. Even 
though the analysis of the high-quality standard 
substances was complicated by infrared techniques both, 
the monitoring results of functional groups obtained by 
the two infrared methodologies were significantly 
different. However, the peak sharpness in the spectra 
obtained by the two methodologies were essentially 
similar.  
The effect of different solvents on the positioning of 
infrared spectrum bands have been have extensively 
investigated. The findings reveal that the frequency of 
X=O bonds shifts to lower values when transitioning from 
non-polar to polar solvents. While the frequency of X=O 
linkages changes consistently with a reference standard, 
X-H groups exhibit a different response to solvent 
variations. Tracking vibration frequencies across various 
solvents aids in the accurate assignment of these 
vibrations. Specifically, the X=O bond experiences a 
frequency reduction in polar solvents due to enhanced 
polar resonance. This insight improves the understanding 
of molecular structures as influenced by solvent types 
(40,43,44).  
In this study, FTMIR and ATR-FTMIR were employed to 
assess the effect of solvents with different physical and 
chemical properties, specifically methanol and KBr (45). 
Hypochromic and bathochromic shifts were observed, 
affecting the absorption intensity, frequency 
(wavenumber), and band position, as identified by 
Bellamy. Despite these changes, it was confirmed that the 
linear stretching and angular deformation of the NA 
functional groups were unaffected, and the important 
vibrational features of NA were still clearly observed. 
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Conclusions  
 
The qualitative comparison between the FTMIR 
KBr-pellet and ATR-FTMIR methodologies enabled the 
identification of characteristic spectral features of four 
nitrosamines (NDMA, NDEA, NDIPA, and NDBA) 
relevant to Quality Assurance/Quality Control (QA/QC) 
of nitrosamine impurities. Both techniques exhibited 
similar absorption bands, particularly within the 
fingerprint region, although slight differences in spectral 
profiles were observed. The evaluation of analytical 
sensitivity revealed that only the FTMIR KBr-pellet 
method achieved limits of detection (LOD) within the 
regulatory requirements for the qualitative detection of 
NDBA and NDIPA.  In contrast, the LOD obtained for 
NDEA and NDMA, as well as all LOD values generated 
by the ATR-FTMIR methodology, exceeded the 
recommended regulatory limits. Furthermore, none of the 
limits of quantification (LOQ) obtained by either 
technique met the regulatory requirements for any of the 
evaluated nitrosamines. In addition, both techniques 
showed limitations related to reproducibility and 
repeatability, likely associated with the volatility and 
physicochemical properties of the nitrosamines. A 
nonlinear relationship between concentration and spectral 
response was also observed, indicating deviations from 
the Beer–Lambert law within the concentration ranges 
investigated. Based on these findings, the results do not 
support the use of FTMIR KBr-pellet or ATR-FTMIR as 
standalone methods for the reliable qualitative and 
quantitative determination of all evaluated nitrosamines at 
the concentration levels required by current regulatory 
guidelines. Consequently, more sensitive analytical 
techniques, particularly mass spectrometry-based 
methods, remain necessary for the accurate detection and 
quantification of these impurities in pharmaceutical 
products. 
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