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LCMS Unknown Identifications Using MSMS Libraries 



Help Files for NIST Search 
-”Hover” over Program Icon with mouse and function description displayed 

-Detailed documentation for NIST Search8 

-MS Interpreter included in NIST manual8 

-Windows Program Group 

-NIST Tandem Search Quick Start Guide9 

-”In program” assistance for both programs 

-Help button  at corner of all windows 

Replicates Off/On 

4 



-left click (LMB) to select an item, double LMB on that item to perform operation 

-right click (RMB) in area or item to see operations that can be performed or to change properties of 

window  

-LMB on first item and last item to select group while holding shift key 

-LMB to select/deselect individual items while holding Ctrl button  

-use up and down arrows on keyboard to step between entries 

-some NIST windows such as librarian have no delete button to delete ions, must use delete key on 

keyboard! 

-control a (select all), control x (delete selected), control c (copy); control v (paste) 

-control k copies entries into windows in tab-separated text format, e.g., paste into Excel 

-F1 MS Search help 

-F9 send  spectrum to MS Interpreter 

 

NIST Software in General is “Windows Compliant” 

-LMB on column of interest 

-Can sort in lower value first or higher  
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Tip 1:  When reviewing search 

results, use up and down arrows 

on keyboard to quickly step 

through results! 

Tip 2:  When viewing structures 

in MS Interpreter, use left and 

right arrows on keyboard to 

quickly review results! 

Tip 3:  LMB and drag to 

rearrange order of column 

headers 
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Presentation Topics: 

 

Description and personal experience 

Example of unknown identification with hybrid 

DotProd vs. Score in viewing search results 

DeltaMass table and examples 

Understanding head to tail plots 

Use of additional information in process 

Information on NIST MS/MS (Tandem) “hybrid” search 

Wiley MS/MS (Tandem) Library for Identity MS/MS searches 

 

LCMS Unknown Identifications Using MSMS Libraries 

Part III: More Detailed Discussion of MSMS Hybrid Search 
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Program Description: 

 

Hybrid search generates a “hybrid” score matching fragments and neutral losses 

Extends the scope of the library by including “nearest neighbor” 

Success requires the presence of similar compounds in the library 

Mass difference must be confined to a single region of molecule and no significant 

alteration of fragmentation behavior 

DeltaMass is the mass difference between query and library compound and reflects 

the modification of the molecule 

My Personal Experience: 

 

Personally used for over >20,000 EI searches13-16 

Routinely amazed by the types of similar compounds with high match factors 

Very frequently useful results not noted in “simple” (standard) similarity search 

Utility in finding similar model compounds, support for fragmentation 

mechanisms, and identification of unknowns 

Should be very useful in MS/MS searches for similar reasons 

In process, testing Hybrid MS/MS using many new entries present in NIST 20 

version of library against NIST 17 library 

LCMS Unknown Identifications Using MSMS Libraries 

Part III: More Detailed Discussion of MSMS Hybrid Search9-12 
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Hybrid Generates a Similarity Score on Matching Both Fragment Ions 

and Neutral Losses of Unknown to Library Reference Spectra16-19,22 

Standard MS/MS Spectrum  

Neutral Loss MSMS Spectrum  
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Hybrid MSMS Search Results for Unknown* 

1) Best match factor (DotProduct) is 953 

2) DeltaMass is 33.9610 

3) Chlorine  (mass 34.9689) replacing hydrogen (mass 1.0078) on ring, i.e. 34.9689-1.0078=33.9611 

*Example using a spectrum from NIST 2020 hr_msms database (NIST# 1847874) as “unknown "and a small user created library of ~500 entries 
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Using Dot Product Instead of Score for Viewing Search Results 

Excerpt17 from NIST Tandem Users Quick-Start 

Usually sort by LMB on DotProd instead of Score 

LMB 
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DeltaMass Table15 

I created15 a DeltaMass spreadsheet after looking at >20,000 spectral EI hybrid 

searches 

Also, useful for MSMS (tandem) searches 

E.g. below see entries for DeltaMass = 34 nominal 

Add accurate DeltaMass column in future 

For now, user will need to manually use accurate mass 

33.9843 

Need to add in future 

34.0263 

33.9611 

34.9877 

Only reasonable choice 

in our example 
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Associating Some Very Simple Structures with DeltaMass Values15 

 Some simple small MW compounds to illustrate types of substructural information 

 Of course, these substructures can be a part of much larger molecules 

 Note:  Odd values of DeltaMass contain one nitrogen change in structure, thus “Nitrogen Rule”  

 Isotope ratios and/or accurate mass helpful with redundancies 

N
MW 78 

MW 94 

DeltaMass 1 

OH CH3

MW 92 

MW 79 

DeltaMass 2 

MW 128 MW 78 

DeltaMass 50 

F

F

Cl

MW 114 

MW 112 

DeltaMass 2 

N
MW 129 MW 78 

DeltaMass 51 

BrI

MW 204 MW 156 

DeltaMass 48 

F F

F

F

MW 96 MW 146 

DeltaMass 50 

MW 78 MW 112 

DeltaMass 34 

F F

F

I

MW 146 MW 204 

DeltaMass 58 

F Cl

BrF

IF

MW 112 

DeltaMass 16 
MW 96 

MW 156 

DeltaMass 60 

MW 96 

MW 204 

DeltaMass 108 
MW 96 
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Tip:  See Normal “Peak Matching” Results in MSMS Hybrid Search Hit List 
Add  Column and Sort 

1.  LMB on o-DotProd  column header to resort by “Peak Matching” part of Hybrid scoring 

2.  Top 30 hits contain the substructure with 2 chlorines atoms on benzyl ring 

3.  Consistent with addition of chlorine on ring of best hybrid fit structure  

 

 

 

2 

Resorted by o-DotProd 

1 

+Cl-H 
Substructure 

indicated by top 30 

hits in o-DotProd 
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“Merge” Information of “Hybrid” and “Peak Matching Searches” Using 

Accurate Mass Data for Fragments, Precursor, and DeltaMass 

Top 30 “Peak Matching Hits’ for 2 Cl’s on benzyl ring “Hybrid” Best Result 

Accurate Mass DeltaMass, +Cl-H  

“Unknown” Spectrum  

Base beak shifted by mass of chlorine  

“Unknown Identity”  

+H 



15 

Closer Look at Middle Display 

Top is Unknown, Bottom is “Hybrid” Spectrum 

“Unknown” 

Hybrid Spectrum Best Fit 

 

 In bottom spectrum, original ions in grey shifted by DeltaMass (Δ) to violet for user visual comparisons 

 Ions not shifted in bottoms stay in “blue” 

 Takes a while to adjust to this view versus standard “Head to Tail” views 

Δ Δ 

Δ 

Δ 

versus observed = 33.9610 

Δ 

=DeltaMass 

=Cl-H 

=33.9689-1.00783 

=33.9611 
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Alternate Comparison of Hybrid Spectrum:  Neutral Loss Display 
Top is Unknown, Bottom is “Hybrid” Spectrum 

1. RMB in spectrum window, LMB select Neutral Loss Display 

2. Shows whole spectrum of reference shifted by DeltaMass of 33.9611 

3. More efficient to look at “Hybrid” display with experienced eye! 

1 
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 Determining molecular formula using isotope ratios 

 Sample history 

 Logical fragments using MS interpreter 

 Other identified/related components found in sample 

 Information from organic chemist/sample submitter 

 Other techniques such as NMR, IR, elemental analysis, deuterium 

exchange for active hydrogens (infusion), derivatization, etc.. 

 Other Things to Consider when Interpreting Hybrid 

Search for Unknown Identification 
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Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 1) 
Critical Step 

Many of settings same as in other types of  MS/MS searches 

Searches are restricted by precursor ion m/z 

Un-Check “in spectrum” if Precursor_m/z field is not listed in spectrum header information of 

unknown 

Some manufacturers import Precursor_m/z with their spectrum, others do not 

If not, user must then enter value in “Precursor Ion m/z” field 
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MS/MS Limits Tab  

Setting Up Default Parameters Similarity MS/MS Hybrid Search (Step 2)  

Excerpt from NIST Tandem Quick Start Guide28 

Additional information available 

within program “Help Topics” on 

MSMS parameters 

Note. For Low Resolution library (LR_*) 

product ions tolerance is fixed at unit mass 

resolution. 

For example: Note My Thoughts:   

1) Value in precursor ion window (Search m/z 

Tolerance) is not critical in Hybrid search 

2) Often get better visual results with 

Precursor+/- unchecked in “Ignoring peaks 

around…”) 



Select the Libraries Used for Spectral Searches in Library Search Options  

 

 

 

 

LMB on the Libraries tab and make sure Spectrum Search is selected 

Select the group of libraries to be searched 

>>Add>>  all libraries to be searched 

Order of libraries normally only important in Other Search Tab which return maximum no. of hits 

in Sequential Search Function 

Add same libraries for structure search, discussed in detail in Part  V of series 

1 

3 

4 

2 

5 
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Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 3)  

6 



Selecting Up Limits and Automation Settings in Library Search Options    

21 

Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 4)  
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Constraints Applied to Hit List After the List Is Determined  

1. I very seldom use these to refine the search results 

2. However, very useful when finding spectra in the libraries using Sequential Method under 

Other Search Tab  

1 2 

Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 5)  



23 

Ways of Simplifying Search Results Display 

These settings used to minimize spectra shown in library search results 

Turn them off initially, but use as needed to refine the results 

They can be used to limit the results without repeating the search 

The 1st setting removes hits from list with same CAS number 

The 2nd group of filter settings uses tags in library spectra to filter results 

-Access Filter settings 

-Initially do not check “Enable Filtering” 

1st 

2nd 

-Off when not depressed 

-On when depressed 

Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 6)  



Setting Default m/z Range Displayed in Spectra 

-I prefer min/max of both spectra 
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Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 7)  
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Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 8) 
Adding or Changing Columns in Results Display 

 
 

1) RMB anywhere in results box, then select properties  

2) Select columns needed to 

reproduce display in bottom 

window, can sort by any 

column desired by clicking 

on heading after search is 

complete, the o-score is part 

of the hybrid score based on 

“direct peak matching” so 

similar to that obtained in 

first search,  “EI Simple 

Similarity” 

Useful to have “Rev-Dot” added as column in Identity MS/MS Search Results 

Can left click on column header and resort results by Rev-Dot 

Rev-Dot score is not penalized for ions found in unknown spectrum not found in reference spectrum 

 



Saving Setup of Standard Search Parameters 

After all the parameters are setup for search, save them for future use 

Example setup below was named Similarity Hybrid MSMS 

In the future, this can be “restored” by selecting it from this menu 

1 

3 

2 
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Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 9)  



Searching Demonstration  

-Example searches demonstrated in live presentation in YouTube video 
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Tip2:  When viewing results of 

search, consider adding No. 

Synonyms and  No. of Other 

Databases to columns displayed.   

 

The number of associated 

synonyms and databases makes a 

candidate more likely to be correct 

structure in many cases! 

Tip1:  When reviewing results, use 

up and down arrows on keyboard 

to quickly review results! 
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