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Introduction

In mass spectrometry (MS), chemical 

structure data is critical for distinguishing 

“known unknowns”, components that 

have been previously identified, from true 

unknowns. This process, termed 

deformulation, is typically lengthy 

because of the need to identify all known 

unknowns before isolating any true 

unknowns for further characterization.

We present a two-step approach using 

ACD/MS Workbook Suite and ACD/MS 

Structure ID to expedite deformulation: 

1) Mass spectral searching of available 

libraries using LC/MS/MS data, and 

2) Follow-up screening of any poorly 

characterized components against 

structural databases using accurate 

mass and predicted chemical formula

Thus, limiting elucidation to true unknowns.

Method

The feature-finding algorithm IntelliXtract (IX) was used to generate component ion 

threads, accurate mass data, and mass spectra that could be searched against 

spectral and structural databases.

Figure 1: Settings for component detection in IX and database search window.

An LC/MS sample containing several known structure-retention time pairs was 

analyzed to determine how well spectral searching identified components from

LC analysis. This LC/MS sample was searched against an internal user-created 

database (*.cfd) containing ESI MS2 spectra, based on the variability in MS1 

spectra from LC samples, while MS1 data is recommended for GC/MS analyses. 

Subsequently, the accurate mass and predicted molecular formula of a peak 

that was not well-characterized by spectral searching were used to screen 

local versions of the ChemSpider and PubChem structural databases.

Figure 2: Model of the spectral searching deformulation workflow.  

Data from a GC/MS or LC/MS is opened in the software, and IX is run 

to determine components present in the sample.  Spectra (MS for 

GC/MS data or MS2 for LC/MS data) are automatically searched in 

specified database(s) to populate a table with top hits and provide 

a mirror plot of the experimental vs database spectrum.

Results & Discussion

Conclusion

The newly updated spectral searching workflow in MS Workbook Suite can 

be efficiently used to deformulate multiple components simultaneously. 

The addition of MS Structure ID enables streamlined characterization of 

individual known unknowns not found in spectral databases, ensuring 

elucidation activities for complex MS samples are limited to true unknowns.

1. Input Data

2. Component Detection and Identification

3. Deformulation Step 1 – MS Spectral Searching

Batch spectral searching for all LC/MS components in a local user-created database was performed, and the table 

of components populated with the top hit for each peak found in the database (including both its structure and 

molecular formula, if available). Database searching can also be run automatically after IX, filling the table of 

components with structure and molecular formula information for the top hit following processing.

Following data import the automated feature-finding algorithm IX was 

run.  The process of identifying components in the sample involved 

extraction of ion threads, peak integration, and grouping of spectral 

features to generate a component mass spectrum.  Found components 

were populated in the Table of Components shown below, and the 

software annotated spectra and filled the table with potential 

confirmatory and fragment ion information where possible.

Figure 4: Table populated with components from the feature-finding 

algorithm prior to database searching, and a spectrum labelled with 

confirmatory and fragment Ions resulting from the sample analysis in IX.  

No structural information is available from the analysis at this point.

LC/MS and GC/MS data 

collected from a variety of 

different vendor instruments 

and in various data formats 

can be opened in 

ACD/Spectrus Processor for 

data processing.

Figure 3: Vendor wheel of 

data formats which can be 

opened in ACD/Spectrus

Processor.

Figure 6: The process of 

reducing the structure 

candidate list for the 

candidate at RT = 4.155 min 

from 35800+ to 154. A) The 

chromatographic and MS 

traces of the component, B) 

The applied structure include 

(green) and exclude (red) lists, 

C) A subset of the resulting 

structure candidates

Pure component 
spectrum

Table of components with 
top search candidates

TIC & XIC

Mirrored MS2MS1

A visual depiction of hit quality is produced via mirrored plots of experimental and database MS spectra, plus 

quantitative hit quality index percentage (HQI%), mass difference, and “MS Match” values are also provided in the 

table of components. Importantly, all returned database hits can also be viewed for any component, allowing 

expert users to interrogate the full complement of candidate results and replace structure assignments if necessary.

Figure 5: Screenshot of the 

processed LC/MS dataset.  The 

Table of Components shows 

the top hit for any given 

component following spectral 

searching.  Selecting a specific 

component displays a mirrored 

plot for direct comparison with 

the database hit spectrum.  

4. Deformulation Step 2 – Accurate Mass and Predicted Molecular Formula Screening

A

B C

Deformulation via spectral searching relies on comprehensive databases of MS1 and MS2 spectra, and therefore 

components not stored previously will remain uncharacterized. One such peak exists in the current dataset, 

exhibiting a retention time (RT) of 4.155 min. The MS Workbook Suite add-on MS Structure ID was used to generate 

a predicted molecular formula for this component (C17H26N2O2) based on its accurate mass (291.207 m/z). Local 

ChemSpider and PubChem databases were then screened using this data, resulting in a list of over 35800 hits.

Thus, significant filtering was required to obtain a manageable candidate list. Based on the metabolic starting 

material the correct structure was suspected to contain dimethoxybenzene, but not any bicyclic fragments, 

providing a structural include/exclude lists. This filtering step reduced the list to 154 candidates, which were then 

analyzed via the MS Workbook Suite AutoAssignment tool. Limiting manual examination to only those hits with an 

Autoassignment score above 0.900 enabled efficient determination of the structure that best matched the data.


