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PEAK EXPRESS® - UNIQUE MASS SPECTROMETER SOFTWARE 
TO LOOK BEYOND THE NOISE AND DETECT MINOR 
COMPONENTS AND IMPURITIES FOR THE expression CMS

Introducing a new way to analyze and present mass spectral data, the 
Advion Peak Express patented software uses the delta spectrum (∆S) to 
quickly and automatically detect significant peaks within mass spectra 
based on their relative change in intensity over time instead of their 
absolute intensity. 

• Find impurities and minor components that would otherwise be 
missed

• Find unknowns in complex samples such as natural products
• Automatically find adducts, dimers, fragments, side reactions, and 

other unexpected compounds in real time and post processing
• Control mass-directed purification without providing an exact 

mass
• Get extracted ion chromatogram (XIC) quality data while 

scanning the entire mass range



INTRODUCTION

Liquid chromatography/mass spectrometry (LC/MS) has become the preferred analytical technique in 
pharmaceutical, clinical, food safety, environmental, and other industries because of its high selectivity and 
specificity. In addition, it is becoming a routine tool to analyze reaction mixtures in the organic synthetic 
laboratory. However, chemical background noise and interferences from complex reaction mixtures often 
make it challenging for chemists to gain the information they need, or to determine the presence of their target 
analyte. 

PEAK EXPRESS SOFTWARE: FOR THE CHEMIST

Advion is introducing a new type of data analysis for LC/MS in its exclusive Peak Express software package. 
This patented technology1,2 dynamically determines the relative change in signal intensity, compared to a 
baseline period, for each mass-to-charge ratio (m/z) interval across the entire mass spectrum and creates 
an entirely new spectrum based on these relative intensities. This is the ∆S. In the same way that a Total Ion 
Chromatogram (TIC) is created by the sum of the mass spectra for each time period, a Delta Ion Chromatogram 
(∆IC) is created from the sum of the ∆S over time. This ensures that even very low intensity chromatographic 
peaks rise above the background noise and peaks that cannot be detected in the TIC are clearly visible in the 
∆IC.

This ultra-sensitive technique can look beyond chemical noise and interferences and detect even the smallest 
analyte peaks without advance knowledge of their m/z. Here, we will present a series of examples how 
Peak Express can be used to extract useful information from LC/MS data and help chemists find their target 
compounds.

EXAMPLE 1: EXTRACT USEFUL INFORMATION FROM YOUR CHROMATOGRAM

As a first example, Figure 1 shows the LC/CMS 
analysis of a reaction mixture containing oxidized 
methionine with an expected ion signal at m/z 166. 
The TIC shows multiple peaks; however, due to high 
chemical noise and a complex sample matrix, the 
analyte ion is not easily visible in the mass spectrum 
at 3.16 min (Figure 1C).

Advion Peak Express provides the ∆IC (Figure 1B), 
and the ∆S (Figure 1D) derived from the ∆IC shows 
a simplified mass spectrum and clearly indicates an 
analyte mass of m/z 166 (oxidized methionine).

Compared to classic mass spectra, ∆S are easier 
to interpret and show analyte ions without chemical 
background noise. Figure 1: (A) TIC of a sample with molecular weight (MW) of 165. (B) ∆IC 

of sample with MW of 165 generated by Peak Express. (C) The averaged 
mass spectrum from 2.93-3.37 min in the TIC. (D) ∆S extracted from the peak 
at 3.07-3.25 minutes in ∆IC.
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EXAMPLE 2: IMPROVING SENSITIVITY OF THE FULL-SCAN MODE

Typical mass spectrometry data contain chemical background noise that can limit the sensitivity, especially
in the lower mass range. With Peak Express software, it is possible to obtain mass spectra with a significant 
reduction or complete elimination of these spurious peaks. In Figure 2, it is difficult to identify caffeine at 100 
ppb in the TIC (Figure 2A).

However, in the ∆IC (Figure 2B), it is easy to see the peak at 5.48 min with the associated ∆S showing the 
protonated caffeine molecule at m/z 195.0 without the need to perform additional background subtraction 
(Figure 2C).

Another example on improving sensitivity of the full-scan spectrum mode is shown in Figure 3. Analyzing 100 
ppb of Mysoline®, the LC/CMS analysis gave no indication in the TIC of a signal above the background noise. 
The TIC would indicate that no Mysoline was contained in the sample, as no peak was detected.

In the ∆IC, there is a signal at the correct retention time, indicating that there is a peak of sufficient intensity to 
provide a mass spectrum which can be easily seen in the ∆S and is indeed the target compound, Mysoline, 
at m/z 219, protonated Mysoline. Also, note that there is minimal noise in the spectrum arising from chemical 
background.

Figure 3: (A) TIC of a 100 ppb solution of Mysoline, (B) ∆IC with the resulting 
peak at 1.69 min, (C) ∆S of Mysoline, the peak observed at m/z 218.9 from 
the peak at 1.69 min in the ∆IC.

Figure 2: (A) TIC of a 100 ppb solution of caffeine, (B) ∆IC of the same 100 
ppb solution of caffeine, (C) mass spectrum of caffeine eluting at 5.40 min.
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EXAMPLE 3: DETECT ANALYTES THAT DO NOT FORM SIMPLE PROTONATED 
OR DEPROTONATED IONS

Typically, when one is considering compound ionization in mass spectrometry without prior knowledge, one
expects to either see a protonated or deprotonated species formed in atmospheric pressure ionization. 
However, not all compounds will follow this simple rule.

One example of this is the analysis of 25-hydroxyvitamin D3 (Figure 4). Both the TIC (Figure 4A) and the XIC 
(Figure 4B) of the expected (M+H)+ at m/z 401.3 show no significant signal. 

However, the ∆IC generated by Peak Express shows a peak at 5.44 min with good intensity (Figure 4C). The
dominant mass from the ∆IC peak at 5.44 min has a m/z 383.1, which corresponds to the [M-H20+H]+. The
m/z of 365 corresponds to the loss of a second water molecule, [M-2H20+H]+.

A further example of this is the analysis of RDX (Figure 5), one of the most energetic explosives known. The 
expected signal for a (M–H)– ion under negative ESI would be m/z 221. Using the XIC of this mass to charge 
ratio gave no significant signal (Figure 5B); however, the ∆IC shows a peak at the retention time of 1.65 min 
(Figure 5C). The ∆S spectrum shows that the compound was in fact forming a formate ion adduct with RDX at 
m/z 287 (Figure 5D).

Figure 5: (A) TIC of a 100 ppb solution of RDX, (B) XIC of m/z 221, (C) ∆IC 
of the same 100 ppb solution of RDX, (D) ∆S of RDX eluting at 1.65 min.

Figure 4: (A) TIC of a 100 ppb solution of 25-hydroxyvitamin D3, (B) XIC of 
m/z 401.3, (C) ∆IC of the same 100 ppb solution of 25-hydroxyvitamin D3, (d) 
∆S of 25-hydroxyvitamin D3 eluting at 5.44 min.
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EXAMPLE 4: SUPPORT FINDING MINOR COMPONENTS AND IMPURITIES IN 
ORGANIC SYNTHESIS

The example shown in Figure 6 
is the LC/CMS analysis of a two-
step microfluidic radiosynthesis 
of the 5-HT1AR high affinity partial 
agonist [18F]FEMPT3.

For purity analysis, low levels of 
the FEMPT are measured at ca. 
100 ppb and the TIC shows the 
signal of the tetrabutylammonium 
salt at 4 min. The salt has 
remained through the radio 
synthesis, semi-prep purification, 
and reformulation. The target 
product FEMPT is not seen in the 
TIC; however, it can be detected 
in the ∆IC (Figure 6B), and the 
XIC (Figure 6D) at a retention 
time of 6.5 min.

The surprising finding here was another impurity at retention time of 6.6 min that neither the XIC nor the TIC 
could detect. This peak is currently under further investigation and would have to be removed before the
formulation could be used.

CONCLUSION

Advion Peak Express software with its ∆IC and ∆S can:

• Provide mass spectra with fewer spurious signals arising from chemical background interferences

• Improve the sensitivity of full spectrum scan mode by removing ions associated with background noise 
and chemical interferences

• Help find targets that do not form simple protonated or deprotonated ions

• Support finding minor components and impurities in organic synthesis
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Figure 6: (A) TIC of the final formulated product [18F]FEMPT at about a 100 ppb concentration,(B) ∆IC 
showing a number of additional peaks that were not visible in the TIC, (C) the mass spectra and structure of 
the peak observed at a retention time of about 4.2 min (tetrabutyl ammonium salt) and 6.4 min ([18F]FEMPT, 
(D) XIC of the intended product [19F]FEMPT. The ∆IC shows an unexpected impurity peak at 6.6 min, which 
is under further investigation.
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