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Overview
Structural elucidation for pharmaceutical impurities 
involves multitude of analytical techniques, such as NMR, 
mass spectrometry, infrared spectroscopy etc. A sound 
decision can be made by compiling the shortlisted 
candidates from different tools and mapping them 
appropriately. Nevertheless, highly probable structure(s) 
can be predicted using HR-MS technique, along with prior 
background information.

This study has been carried out for structural 

elucidation of paracetamol and its related impurities 
followed by quantitation of representative impurities using 
LCMS-9030 (Shimadzu Corporation, Japan), a Quadrupole 
Time of �ight liquid chromatograph mass spectrometer. 
The LCMS-9030 is built using a remarkably stable TOF tube 
iRefTOFTM, to deliver both high resolution and accurate 
mass with stability; attributes essential for compound 
identi�cation, con�dent formula assignment and 
quantitation.

Introduction
Various guidelines require the impurities of drug substance 
and drug product be structurally identi�ed and quantitated 
based on dosage. Source of these impurities could be 
innumerable based on raw material, process, product, 
packaging etc. 

In this study, a work�ow is demonstrated (Figure 1) for 
deducing probable structure of Paracetamol related 
impurities using Shimadzu LCMS-9030 and Insight Explore 
software.

Figure 1. Experimental work�ow for determination of impurities using LCMS-9030

Sample preparation

Methods

Paracetamol standard and sample were prepared by 
dissolving 50 mg in 5 mL of diluent (water : methanol 85:15 
v/v). Impurity standards were prepared by dissolving 5 mg of 
impurity 2/ 4/ J/ K/ L individually in 50 mL diluent. 10 mL of 
impurity standards were further diluted to 100 mL with 

diluent. All the standards and sample were then used for 
qualitative analysis. To demonstrate the quantitative capability 
of LCMS-9030, paracetamol standard ranging from 50 ppb to 
500 ppb while impurity 4 and impurity J standards ranging 
from 100 ppb to 1000 ppb were analyzed.
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Figure 2. LCMS-9030 Quadrupole Time of �ight liquid chromatograph mass spectrometer

LC-MS/MS analysis
The LCMS-9030 quadrupole time-of-�ight (Q-TOF) mass 
spectrometer integrates the world's fastest and most 
sensitive quadrupole technology with TOF architecture. A 
product of Shimadzu's engineering DNA, speed and 
effortless performance enable the LCMS-9030 to address 

qualitative and quantitative challenges with genuine 
con�dence and ease.

Detailed experimental conditions for LC and MS are 
described in Table 1.

• High resolution data >30,000
• Measurement range m/z10 to 40,000
• High mass accuracy data better than 1 ppm
• High sensitivity data
• High speed data acquisition 100Hz
• Polarity switching speed 1 sec

Table 1: Analytical conditions

Column

Column Temperature

Mobile Phase A

Mobile Phase B

Gradient program (B %) 

Flow Rate

Total Run Time

Injection Volume

Wavelength

: Shim-pack XR-ODSII (1.5 mm i.d. x 100 mm L)

: 30 °C

: 20 mM ammonium acetate in distilled water

: Acetonitrile

: 0.0-1.0 min → 5.0; 1.0-5.0 min → 5.0-20.0; 5.0-10.0 min → 20.0; 

  10.0- 20.0 min → 20.0-34.0; 20.0-25.0 min → 34.0; 

  25.0-26.0 min → 34.0-5.0; 26.0-30.0 min → 5.0; 

: 0.3 mL/min

: 30.0 min

: 1 µL

: 361 nm

UHPLC condition : Nexera X2

MS main interface

Nitrogen gas �ow

MS temperature

MS sub-Interface

Nebulizing gas

: Heated ESI and CDS probe

: Nebulizing gas 3 L/min; Drying gas 10 L/min; 

  Heating gas 10 L/min

: Interface: 300 °C;Desolvation line 250 °C

: Heater block : 400 °C

: CDS probe

: 1 L/min

MS parameters : LCMS-9030
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Table 2. Observed mass to charge ratio for paracetamol and it’s known impurities

Paracetamol API

Paracetamol impurity 2

Paracetamol impurity 4

Paracetamol impurity J

Paracetamol impurity K

Paracetamol impurity L

Precursor ion
(M+H)

152.07074

285.12368

301.11866

170.03691

110.05992

301.11851

Monoisotopic mass
(M)

151.06333

284.11609

300.11101

169.02944

109.05276

300.11101

Mass accuracy
(ppm)

0.888

1.091

1.250

1.129

-1.093

0.752

Molecular
formula

C8H9NO2

C16H16N2O3

C16H16N2O4

C8H8NOCl

C6H7NO

C16H16N2O4

DBE

5

10

10

5

4

10

Insight Explore
score

99.71

98.46

97.80

99.40

99.99

99.19

Difference
(mDa)

0.14

0.31

0.38

0.19

-0.12

0.23

Molecule ID

Known impurity structural con�rmation

Results and Discussion

Paracetamol and its known related impurities were 
analyzed in Electro Spray Ionization (ESI) positive mode of 
LCMS-9030 to assess the structural interpretation of 
known impurities in order to get a direction for 
interpretation of unknown components. The observed 
mass to charge ratio (m/z) and their respective mass 
accuracy are given in Table 2. Mass accuracy for all the 
analyzed components was found to be less than 2 ppm, 
through out the experiment.

Predicted formulae from Formula predictor module of 
Insight Explore software correctly correlated with the 
observed masses with prior knowledge. 

Observed mass spectrum and fragmentation pattern 
are showed in Figure 3. Based on this information .mol �les 
were generated using Chemsketch software for the 
precursor and fragment ions of the standard and known 
impurities.
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Figure 3. MS and MSMS spectra for paracetamol standard and its known impurities
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Figure 4. Sample showing retention time and MS spectra for paracetamol unknown impurities

Figure 5. MSMS spectra for paracetamol unknown impurities

Unknown impurity structural elucidation
Work�ow was similarly extended to sample wherein UV chromatographic pattern re�ected 3 impurities as shown in Figure 
4. Accurate mass identi�cation and MSMS fragmentation pattern of these 3 impurities were used to predict molecular 
formula with mass accuracy of about 1 ppm or less as shown in the Table 3 and Figure 5. 
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Figure 6. Linearity plots for paracetamol unknown impurities

Quantitation of paracetamol and its known impurities
Linearity plots of paracetamol standard ranging from 50 ppb to 500 ppb while known impurity J and impurity 4 ranging 
from 100 ppb to 1000 ppb showed correlation coef�cient value greater than 0.99 as shown in the Figure 6.

Table 3. Observed mass to charge ratio for paracetamol unknown impurities

Paracetamol
unknown impurity 1

Paracetamol
unknown impurity 2

Paracetamol
unknown impurity 3

Precursor ion
(M+H)

201.10221

285.12343

165.07898

Monoisotopic mass
(M)

200.09496

284.11609

166.08636

Mass accuracy
(ppm)

-0.147

0.215

0.632

Molecular
formula

C12H12N2O

C16H16N2O3

C9H11NO2

DBE

8

10

5

Insight Explore
score

100.00

95.32

92.36

Difference
(mDa)

-0.03

0.06

0.10

Molecule ID
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Disclaimer: The products and applications in this presentation are intended for Research Use Only (RUO). Not for use in 
diagnostic procedures. 

Conclusion
• The LCMS-9030 with newly patented technologies viz. UFgrating, iRefTOF and UF-FlightTube resulted in mass accuracy 

values less than 2 ppm through out the analysis. 
• Insight Explore software based on highly accurate LCMS-9030 data simpli�ed the process of formula prediction and 

assignment leading generation of effective work�ow for structural elucidation.
• Linearity plots for paracetamol standard, impurity J and impurity 4 with correlation coef�cient values greater than 0.99 

suggests potential for simultaneous qualitative and quantitative analysis.


