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Using sCLIPS and SA for unknown 

elemental composition at 120K RP, 23 

out of the 26 compounds are found as 

the top SA hits, an impressive feat from 

a median # of 86 hits.

The most remarkable results are 

obtained by using both 120K and 15K 

RP scans, where all 26 compounds are 

determined as the top SA hit with high 

confidence due to the better SA and/or 

larger SA breakout, achieving unique 

unknown elemental composition on a 

commercially available MS as is.
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Introduction

Unknown compound identification benefits greatly from the ever-increasing mass 

accuracy capabilities on high resolution (HiRes) MS systems.  Unfortunately, due to 

various hardware/firmware/software factors, the holy grail of uniquely determining the 

elemental composition of a real unknown remains elusive except in limited cases.  

While high resolution MS is known to readily achieve measurements within 1-5ppm or 

even better mass accuracy, these instruments have been found to lack spectral 

accuracy (SA) which could help further eliminate incorrect elemental compositions 

(Ref 1-2).  Paradoxically, low or lower resolution (LowRes) MS lends itself to higher 

spectral accuracy but is typically associated with lower achievable mass accuracy.  In 

this paper, we demonstrate the feasibility of combining high- and low- resolution 

measurements into one analysis to achieve unique but also high confident elemental 

composition determination, all within the same single injection by taking advantage of 

both HiRes and LowRes scanning capability available on an Orbitrap LC/MS system! 

This study with 26 small molecule compounds demonstrated that it is feasible to achieve 

unique elemental composition determination of true unknowns by using both HiRes and 

LowRes scans in the same data acquisition and taking advantage of the high mass accuracy 

from HiRes scan and high spectral accuracy from the LowRes scan on an Orbitrap MS 

system.

Method

ThP 091

Thermo Orbitrap LC/MS system

Sample and sample preparation

LC column and mobile phase

MS Data Acquisition: ESI+ mode

- Full MS scan, HiRes 120K resolving power (RP), AGC target 1e6, 50-500 Da

- DDA Full MS2 scan: 10 ions, 15K RP, 0.50Da window, AGC target 1e5

- Full MS scan, LowRes 15K RP, AGC target 1e6, 50-500 Da

Thermo Xcalibur Software for Post Processing

Cerno MassWorks software for sCLIPS (self Calibrating Line-shape Isotope Profile 

Search) Spectral Accuracy analysis

Results and Discussion
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Using the Xcalibur software and the accurate mass XIC confirmed 26 of 28 expected 

compounds in the run data acquired, with their expected RT location identified as 

shown in the summary table below along with other analysis results.
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Within each RT window identified, up to 3 most abundant full MS scans at 120K and 15K RP were used 

to report up to 3 accurate monoisotopic mass values at each RP, from which an average accurate mass 

was calculated and compared to the exact mass to compute a mass error (bias) along with the 

corresponding standard deviation at each RP, as shown in the below graphs.

At 120K RP, all mass errors are positive and 

<0.6 mDa (except for the mistaken compound 

#13) whereas the standard deviation is 2-3x 

smaller or <0.2mDa, indicating that the 

systematic mass error dominates at 120K RP 

and further improvement is likely limited if not 

impossible.  Nonetheless, this makes it 

feasible to search for unknown elemental 

composition within a tight 1mDa mass window, 

which in and by itself would not be enough to 

get even close to unique identification 

(medium # total hits = 86 from the summary 

table on the left).

At 15K RP, both the mass error and the 

standard deviation increase and there are now 

negative mass errors due likely to the larger 

standard deviation.  It would not be feasible to 

use the tight 1mDa mass window for confident 

unknown elemental composition search at 15K 

RP, unless a more accurate 120K RP mass 

measurement is available and utilized.

In order to treat these test 

chemicals as true unknown 

general organic 

compounds, a generous 

elemental composition 

search conditions were 

devised to cover m/z up to 

500Da, including all 

reasonably expected 

elements and using the 

broadest empirical rules on 

the possible number of 

atoms for each element and 

their ratios (Ref 3), as 

shown in the table below.
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For each compound detected, the most abundant scans from 120K and 15K RP were selected for 

sCLIPS elemental composition determination.  For the 120K scan, its own accurate mass was used 

whereas for the 15K scan, the accurate mass from the 120K scan was adopted instead to search for 

all possible elemental compositions, with the list of hits sorted by SA from high to low.  The SA for the 

correct compound, its rank among the total number of hits, and the SA breakout from the 2nd best hit 

when the correct compound is the top hit are all listed in the summary table on the left.  When the 

correct compound is not the top hit, the SA breakout is calculated as the SA difference between the 

correct compound and that of the top hit (a negative value). For all compounds, there is a significant 

increase from 120K to 15K RP scan in SA itself (median 97.4% vs 98.9%) and/or SA breakout 

(median 0.4% vs 1.6%), resulting in better ranking while increasing identification confidence.  It 

should be noted that 1.0% in SA often means the difference between unique and ambiguous 

identification.

SA=98.8% for correct compound #22 

(Penconazole) as top hit

Raw MS
Calibrated MS

SA=93.0% for correct compound #14 

(Flusilazole) as the 17th hit

120K RP Scan

15K RP Scan

SA=98.9% for correct compound #14 

(Flusilazole) as the 1st hit

Conclusion 
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