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Mass spectrometry for every chromatographer – A new single quadrupole 
mass spectrometer to overcome common detection challenges 

RESULTS 
 
Chemical Synthesis Control 
Chemical synthesis control requires fast, quantitative analysis of the reactants and 
products while they are present in different ratios. As an example the synthesis of 
acetaminophen, also known as paracetamol, was chosen. Acetaminophen is 
produced in a one-step synthesis by acetylation of 4-aminophenol (Figure 1A). 

ABSTRACT 
The Thermo Scientific™ ISQ™ EC single quadrupole mass spectrometer (ISQ EC 
MS) provides robust performance and intuitive operation. As a result, chromate-
graphers can now exploit the benefits of mass spectrometry to overcome their 
detection challenges. 
Three applications are presented to highlight these benefits: 

- Chemical synthesis control of acetaminophen (paracetamol) 
- Impurity analysis of adenine and tenofovir in tenofovir disoproxil 
- Method scouting on an 18 pesticide mix 
 

 

INTRODUCTION 
Requirements in chromatographic analysis are constantly evolving: lower limits of 
detection need to be achieved, faster and more confident confirmation of analytes are 
required, and method development time needs to be reduced. Mass spectrometric 
detection can meet these requirements but is often considered too complex for 
chromatography labs. The ISQ EC MS delivers robust performance and is fully 
integrated into the Thermo Scientific™ Chromeleon™ 7.2 chromatography data 
system (CDS) making operation and data analysis straightforward and intuitive. 
 

Three applications are presented to show the value of mass spectrometric detection 
to chromatographers: 
Chemical synthesis control of acetaminophen. In medicinal chemistry the 
success of organic synthesis of new molecules needs to be established. LC-MS 
analysis results in identification and quantification at the same time. Additionally, it is 
suitable for high throughput. 
Impurity analysis of adenine and tenofovir in tenofovir disoproxil. Impurity 
analysis of produced chemicals is essential for small molecule pharmaceutical 
development or quality control. According to ICH guidelines all side products above a 
certain threshold (usually around 0.1%) need to be first characterized and later 
monitored.1 In quality control UV based detection is still the standard but MS 
detection is gaining acceptance because of its clear advantages: lower detection 
limits and immediate analyte identification by mass confirmation.  
Method scouting on an 18 pesticide mix. Method scouting is the first step to 
develop a new separation method. It can become a time consuming exercise if 
multiple conditions have to be tested. With UV detection, method development time 
increases significantly if several compounds need to be analyzed since each 
compound needs to be tested separately. MS based method scouting inherently 
identifies the compounds based on their unique mass and isotopic pattern. As a 
consequence, standards for MS based method scouting can contain all relevant 
analytes and optimization can be done in a multiplexed fashion resulting in drastically 
shorter development times. 
  
MATERIALS AND METHODS 
Acetonitrile, methanol, formic acid and acetic acid were purchased from Fisher 
Chemical in Fisher Scientific™ Optima™ LC/MS grade. Ultra-pure water from a  
Thermo Scientific™ Barnstead™ GenPure™ xCAD Plus Ultrapure Water Purification 
System was used. 4-Aminophenol and Acetaminophen were purchased from Sigma-
Aldrich. Adenine was purchased from Fisher Chemical. Tenofovir disoproxil fumarate, 
emtricitabine and tenofovir were purchased as USP reference standards. The QC 
pesticide standard mix was purchased from Thermo Fisher Scientific. 

CONCLUSIONS 
 
The software and hardware features of the ISQ EC single quadrupole mass 
spectrometer provide operational simplicity and robust performance and thus extends 
mass spectrometric detection capabilities to every chromatographer. 
 
The ISQ EC single quadrupole mass spectrometer delivers: 
• High throughput, quantitative synthesis control 
• Quantitative impurity detection and impurity screening  
• Faster method scouting through multiplexing capabilities  

 
The ISQ EC single quadrupole mass spectrometer offers different detection methods: 
• SIM mode greatly increases sensitivity (over UV detection) and can be used for 

targeted quantitative analyses 
• Full Scan mode results in general detection of present analytes and provides their 

mass information. This facilitates detection of unknown impurities or additional 
products, allows determination of peak purity, and can be used for generic 
methods. 
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Module Synthesis Control Impurity Analysis Method Scouting 
Vanquish Binary Pump F 
(35 µL mixer)  

Vanquish Quaternary pump F 
(200 µL mixer)   

Vanquish Split Sampler FT    
Vanquish Column Compartment H    
Pre-column Heater active active passive 
Vanquish Variable Wavelength 
Detector F (2.5 µL SST flow cell)    

Table 1.  Used Thermo Scientific™ Vanquish™ Flex UHPLC System 

Parameter Synthesis Control Impurity Analysis Method Scouting 

Column Hypersil GOLD™, 
1.9 µm, 2.1x50 mm 

Accucore™ aQ, 2.6 µm,  
2.1x100 mm 

Accucore™ aQ, 2.6 µm;  
Hypersil GOLD™, 1.9 µm; 
Accucore™ RP-MS, 2.6 µm;  
Accucore™ Phenyl Hexyl, 
2.6 µm 
dimension: 2.1x100 mm 

Mobile Phase A: Water, 0.1% FA 
B: ACN, 0.1% FA 

A: Water, 0.1% AA 
B: MeOH, 0.1% AA 
C: ACN, 0.1% AA 

A: Water, 0.1% FA 
B: ACN, 0.1% FA 
C: MeOH, 0.1% FA 

Gradient 
0-2 min: 5-50%B  
2-3 min: 50%B 
3-5 min: 5%B 

0-4 min: 0-70%B, 0-15%C 
4-4.5 min: 70%B, 15%C 
4.5-5 min: 70-25%B, 15-70%C 
5-6 min: 25%B, 70%C 
6-6.1 min: 25-0%B, 70-0%C 
6.1-15 min: 0%B, 0%C  

0-0.5 min: 2%B or C 
0.5-10 min: 2%-98%B or C 
10-15 min: 2%B or C 

Flow Rate 0.6 mL/min 0.6 mL/min 0.4 mL/min 
Column 
Temperature 40 °C, forced air 40 °C, still air 40 °C, forced air 

Injection 
Volume 1 µL 1 µL or 10 µL 0.1 µL 

UV detection 280 nm, 50 Hz 260 nm, 100 Hz 220 nm, 100Hz 

Table 2.  HPLC Method Settings 
(FA: formic acid, AA: acetic acid, ACN: acetonitrile, MeOH: methanol, Thermo Scientific™ columns)  

Table 3.  MS Method Settings 
(* in brackets: time window, mass, mass window, (dwell time, polarity), source CID voltage;  
# in brackets: time window,  mass range, (dwell time, polarity), source CID voltage;  
dwell time = 0.2 s & polarity = positive unless stated) 

Parameter Synthesis Control Impurity Analysis Method Scouting 
Vaporizer 
temperature 

550 °C 450 °C Default (227 °C) 
 

Transfer tube 
temperature 

350 °C 350 °C Default (300 °C) 
 

Source Voltage +1000 V +750 V Default (+3000 V,-2000 V) 

SIM scans* 

4-Aminophenol (0-0.5 min, 
110.1 m/z, 0.4 amu, 20 V) 
Acetaminophen (0.5-1.18 
min, 152.1 m/z, 0.4 amu, 
20 V) 

Adenine (0-1.5 min, 136.1 
m/z, 0.6 amu, 20 V) 
Tenofovir (0-1.5 min, 
288.1 m/z, 0.6 amu, 25 V) 
Emtricitabine (1.5-3.0 min, 
248.1 m/z, 0.6 amu, 10 V) 
Tenofovir disoproxil (3.0-
4.0 min, 520.2 m/z, 0.6 
amu, 10 V) 

N/A 

Full scans# 0-5 min, 105-250 m/z, 
0.05 s, 20 V  

0-15 min, 120-600 m/z, 
0.05 s, 10 V 

0-15 min, 170-500 m/z, 
positive, 20 V 
0-15 min 190-500 m/z, 
negative, 20 V  

Figure 1. Synthesis control of acetaminophen synthesis. A. Reaction equation of 
acetaminophen synthesis. B. Total ion chromatogram of Full Scan acquisition and SIM scans of  
4-aminophenol and acetaminophen (50 pg). The gradient part (5-50% B) of the high throughput 
method is depicted. The acquisition windows for the SIM scans (orange and blue) and Full Scan 
(gray) are depicted below. C. Graph showing the observed 4-aminophenol : acetaminophen ratios. 
The pre-mixed ratios are stated on the x-axis. Zoom-in show 1:20 to 1:1000 ratios for  
4-aminophenol in logarithmic scale.  
To assure best quantitation results, a high throughput method was developed which 
provided baseline separation of 4-aminophenol and acetaminophen (Figure 1B). The 
analytes were detected with SIM mode to improve detection limits. The SIM scans for 
4-aminophenol (110.1 m/z) and acetaminophen (152.1 m/z) were timed using 
retention time windows fully encompassing the retention time of the expected 
chromatographic peaks (Figure 1B). For synthesis control 4-aminophenol / 
acetaminophen mixtures at different ratios were analyzed in quintuplicate starting with 
100:1 and finishing with 1:1000 (Figure 1C). The change in the composition of the 
samples could be accurately quantified. Moreover, relative abundances of  
4-aminophenol below 1 percent could be accurately determined (zoom-in, Figure 1C).  
In conclusion, the ISQ EC MS is a suitable tool for quantitative, high-throughput 
monitoring of chemical syntheses. 
 
Impurity Analysis 
In pharmaceutical drug formulations all side products above a certain threshold need 
to be first characterized and later monitored. According to ICH guidelines 
identification and qualification thresholds depend on the daily dose, and range 
between 0.1% and 1.0%.1 The advantages of ISQ EC MS based impurity profiling are 
exemplified using tenofovir disoproxil fumarate, an anti-retroviral drug. Several 
impurities are described by the USP.2 Two of them, adenine and tenofovir, were 
selected. The upper impurity limit for each of them is 0.15% in relation to the amount 
of tenofovir disoproxil.  

First it was verified that adenine and tenofovir can be fully separated and resolution 
was determined to be 4.0 (Figure 2A). The used method is adapted from previous 
work.3 Then it was tested whether the ISQ EC MS can deliver accurate quantification 
of low abundant impurities. Timed SIM mode was used for the targeted analysis of 
adenine, tenofovir, emtricitabine and tenofovir disoproxil; alternating Full Scan was 
used for impurity screening (Figure 2B). Impurities levels between 0.01 % and 0.2% 
were analyzed (in quintuplicate). Adenine and tenofovir were confidently quantified 
down to an impurity level of 0.01% (Figure 2C and D).  

Impurity 
Level 

Adenine 
Recovery ± SD  

Tenofovir 
Recovery ± SD  

0.2% 105.1% ± 0.8%  100.5% ± 2.0% 
0.1% 111.3% ± 2.2% 93.7% ± 2.4% 

0.02% 111.7% ± 3.7% 92.9% ± 4.4% 
0.01% 103.7% ± 6.2% 100.0% ± 9.4% 

 
Method Scouting 
Mass spectrometry based method scouting can overcome the challenges faced by 
chromatographers using UV based workflows. It allows multiplexed sample analysis 
because all analytes can be identified by their unique mass and isotopic pattern. In 
the current work a pesticide standard mix containing 18 pesticides was used to 
exemplify how MS based detection can accelerate method scouting. 
Analysis (10 pg on column per pesticide) using identical gradients was performed 
using 4 different columns and two organic solvents (Table 2). UV detection was 
carried out at 220 nm, MS detection at 170 – 500 m/z in positive mode and 190 – 500 
m/z in negative mode (Table 2 and 3). UV detection resulted in 10 – 12 peaks, some 
of which were partially overlapping. MS detection resulted in the detection of all 18 
pesticides. 12 pesticides were detected in positive mode, 6 in negative mode (Figure 
4). All pesticides could be fully separated using their specific mass as a second 
separation dimension in addition to the retention time (extracted ion chromatograms, 
EIC). The detected UV peaks could be correlated to the MS peaks. This revealed that 
6 pesticides were not detectable at 220 nm wavelength and that a couple of others 
were co-eluting preventing distinct UV detection. 

Figure 3. Identification of unknown impurities by mass spectrometric confirmation. Bottom: 
Base peak chromatogram of 1% adenine and tenofovir in tenofovir disoproxil/emtricitabine. Three 
additional peaks eluting between emtricitabine and tenofovir disoproxil were detected. Top: Mass 
spectra of these peaks identifying them as tenofovir isoproxyl monoester, tenofovir methyl isoproxil 
and tenofovir isopropyl isoproxil. 

Figure 2. Impurity Analysis of Tenofovir disoproxil. A. Chromatograms of 1% adenine and 
tenofovir (1 ppm each) in tenofovir disoproxil fumarate/emtricitabine (100 ppm / 67 ppm) analysis. 
Top: Base peak chromatogram. Bottom: SIM scans. B. Acquisition windows for SIM scans and Full 
Scan. C. Extracted ion chromatograms of adenine and tenofovir SIM scans for quantified impurity 
levels. D. Recovery rates and standard deviations (SD) for adenine and tenofovir at different 
impurity levels. Adenine was quantified using 1 µL injections, tenofovir using 10 µL injections to 
allow sufficient signal response for accurate quantification. 

Figure 4. Analysis of QC pesticide standard mix with UV and MS detection. A. UV 
chromatogram (top), extracted ion chromatograms (EIC) in MS positive mode (middle) and EICs in 
MS negative mode (bottom) of sample analysis with Accucore aQ column and acetonitrile (ACN) as 
organic solvent. B. Table indicating the number of pesticides detected as individual peaks with UV 
and MS using four different columns and two different organic solvents (MeOH: methanol). 

Figure 5. UV chromatograms and EICs of Hexaflumuron (green) and Trifloxystrobin (blue) for 
four different columns and two organic solvents. The resolution (according to EP, based on MS 
data) between the two analytes is stated below. 

Column Organic 
Solvent 

Detected 
with UV 
(220 nm) 

Detected  
with MS  

(pos / neg mode) 

Accucore aQ 
ACN 10 18 (12/6) 

MeOH 12 18 (12/6) 

Hypersil GOLD 
ACN 11 18 (12/6) 

MeOH 12 18 (12/6) 

Accucore 
RP-MS 

ACN 11 18 (12/6) 
MeOH 12 18 (12/6) 

Accucore 
Phenyl Hexyl 

ACN 11 18 (12/6) 
MeOH 12 18 (12/6) 

To exemplify how the challenge of overlapping peaks encountered with UV detection 
can be overcome easily by MS detection a pair of pesticides, hexaflumuron and 
trifloxystrobin, was chosen (Figure 5). Using acetonitrile they can be well separated 
on all tested columns with hexaflumuron eluting first. Using methanol resolution <1 
and peak inversion was observed which would make UV based detection difficult. MS 
based detection allowed full separation and unambiguous identification of the two 
analytes. Thus, MS detection results in unambiguous analyte identification even if 
analytes are co-eluting. Hence, method scouting can be performed on standards 
containing all analytes which need to be separated by the developed method. This 
multiplexing capability greatly reduces the development time required for method 
scouting. 

Another important aspect of impurity analysis is checking whether additional 
impurities are present in the sample. This is done by reviewing the Full Scan data. 
Additional impurities eluting between emtricitabine and tenofovir disoproxil were 
detected (Figure 3). Combining the mass spectrometric information with impurity 
information provided by the USP, allowed mass confirmation of two impurities: 
tenofovir isoproxyl monoester and tenofovir isopropyl isoproxil. A third one could be 
identified as tenofovir methyl isoproxil which is a degradation product formed by the 
replacement of one of the isoproxils with methanol. The observed masses for all 
three compound deviated 0.1 amu from the theoretical ones. 
In conclusion, targeted quantitative impurity analysis and untargeted identification of 
additional impurities was successfully performed with the ISQ EC MS.   
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