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Application Note

Enabling Accurate Formula ldentification on Standard LC/MS
Systems with MassWorks Software

Introduction

Single quadrupole LC/MS systems serve as valuable
laboratory workhorses yet have traditionally been limited in
unknown compound identification capabilities. While unit
mass resolution specifications cite mass accuracy of 0.1-0.5
Da—suitable for nominal m/z confirmation but insufficient
for confident elemental composition determination—modern
calibration approaches offer improvements.

Cerno’s MassWorks™ software extends single quadrupole
system performance through calibration techniques that
enhance mass accuracy by up to 100 times. The software
also delivers precise isotope profile modeling with better
than 99% spectral accuracy,’ introducing an additional
dimension to compound identification.

This application note explores how an Agilent LC/MS system
combined with MassWorks software provides a cost-
effective analytical solution delivering high mass accuracy
and spectral accuracy. This synergy enables real-world
formula identification previously exclusive to specialized
high-resolution instruments, opening new possibilities for
laboratories working within unit mass resolution constraints.

Experimental

The Agilent standard tune solution (G2421-60001) served as
the calibration sample for performance testing. This solution
contains multiple calibration ions with mass values ranging
from 117 Da to 2722 Da. An Agilent 6120 LC/MS system was
configured to acquire data in raw (profile) mode with zero ion
threshold. The scan range was set from 100 to 1000 Da under
Scan mode with Full Scan Data Storage.?

Reserpine was selected as the test sample—a common LC/
MS benchmark standard with a molecular weight of 608.68
g/mol and elemental formula of C;;H,,N,O,. Both the tune
solution and Reserpine (10 ul each) were loop injected into
the LC/MS system. The Reserpine concentration was 100
ppm, delivering a total injection amount of 1 pg, equivalent
to typical on-column amounts in LC analysis. For statistical
validity, Reserpine was injected ten consecutive times.

The Agilent MS data from the tune solution was imported
directly into MassWorks software under Calibration mode.
Calibration ions were automatically located by loading a
predefined ion list for the Agilent tune mixture, as shown

in Figure 1. After review, the calibration file was saved and
applied to all sample runs, producing fully calibrated mass
spectra.

Results

Utilizing Analysis mode, search results for one of the

repeat measurements are displayed in Figure 2. The search
identified all formulas containing C, H, N, and O withina 10
mDa mass tolerance window, yielding 38 possible elemental
compositions. Since the entire MS profile—including all
major and minor isotopes—had been calibrated to a known
lineshape, MassWorks software proceeded to calculate the
theoretical mass spectrum for each potential elemental
composition based upon first principles.

Spectral accuracy was computed by comparing each
theoretical mass spectrum to the calibrated mass spectrum
of the sample. This mathematical metric quantifies how
well the theoretical and calibrated mass spectra match. The
formula search candidates were then sorted by descending
spectral accuracy as shown in Figure 2.

Discussion

In the example shown, spectral accuracy exceeded 99.1% for
the correct Reserpine ion formula, with the next best match
falling below 98.7%. This formula identification algorithm
(CLIPS—Calibrated Lineshape Isotope Profile Search)
combines both mass accuracy and spectral accuracy to
enable formula identification on these conventional LC/MS
instruments.

Table 1 presents a statistical summary of the ten repeat
Reserpine measurements. The results demonstrate

that achievable mass error falls within £0.005 Da (5
mDa)—approximately 100 times better than uncalibrated
instrument specifications. Additionally, the calibrated mass
spectral lineshape proves useful for the enhanced formula
identification approach, with the spectral accuracy metric
consistently around 99%.

The established stability of the Agilent single quadrupole
instrument family allows calibration to be maintained for
many days,® eliminating the need for frequent recalibrations
and enhancing the ease of use of MassWorks software for
formula identification.



#1 Match

c33H40N209
Mass Error=0.7 mDa
Spectral Accuracy=99.17
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Highest-ranking match: Ca3sH41N209
Mass error = 0.7 mDa

Spectral accuracy = 99.17%

Figure 1: MassWorks calibration
interface showing automated
calibration ion selection (top panel)
above a comparative visualization of
calibrated versus uncalibrated mass
spectral profiles (bottom panel).

Figure 2: Formula identification results
for Reserpine analysis highlighting

the highest-ranking match (blue
highlight) with sub-millidalton mass
accuracy (<1 mDa) and high spectral
accuracy (>99%). The spectral overlay
demonstrates accurate alignment
between theoretical (black) and
calibrated (red) mass profiles of

the Reserpine ion, confirming the
calibration effectiveness.



Table 1: Statistical Summary of 10 Consecutive Injections of Reserpine

Injection Monoisotopic

Mass (Da)
609.2781

—

609.2822
609.2824
609.2840
609.2811
609.2814
609.2802
609.2800
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609.2792

10 609.2805

Average 609.2810

Std Dev 0.0017

Conclusion

The combination of MassWorks with an Agilent LC/MS
demonstrates mass accuracy better than 5 mDa and
Spectral Accuracy of approximately 99% in repeat Reserpine
measurements. This MS calibration and analysis software
allows common single quadrupole LC/MS systems to

be used as effective tools for formula identification. The
enhanced performance can deliver time and cost savings by
bringing capabilities often associated with more expensive,
specialized high-resolution instruments into routine
analytical laboratories.
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Mass Error (mDa)

Mass Error (ppm) Spectral Accuracy (%)

-2.6 -4.2 99.06
1.5 2.5 99.05
1.7 2.9 99.01
3.3 5.8 98.71
0.4 0.7 98.98
0.7 1.2 99.17
-0.5 -0.8 98.82
-0.7 -1.1 99.11
-1.5 -2.4 98.82
-0.2 -0.3 99.00
0.3 0.4 98.97
1.7 2.8 0.15
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