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Origin of Term “Known Unknown”

“There are known knowns. These are things we know that we know.
There are known unknowns. That is to say, there are things that we now
know we don’t know. But there are also unknown unknowns. These are
things we do not know we don’t know.”

United States Secretary of Defense Donald Rumsfeld concerning Afghanistan Conflict
See http://en.wikipedia.org/wiki/Unknown unknown

Our definitions of terms in mass spectrometry:

“Known Knowns:” Compounds that are known to be in a mixture and are
being whose identity is being confirmed

“Known Unknowns:” Compounds that are unknown to us in a mixture, but
known by others in the chemical literature

“Unknown Unknowns:” Compounds that are unknown to us and in the
chemical literature



Overview

»Unknown to investigator often known in literature

»El, Cl, or electrospray accurate mass data obtained

» Determine molecular formulae or average molecular weights
»Search databases: CAS Registry

» Refine searches by various parameters

»Unknowns routinely identified with minimal sample history

Introduction

An unknown to an investigator, in many cases, is often known in the chemical
literature. The Chemical Abstracts Services (CAS) Registry is a very valuable
source of known substances. It contains over 50 million substances that can be
qgueried by either molecular formulae or average molecular weights.

The initial results are then refined by minimal sample history to identify the
unknown. We have employed this approach very successfully to identify
components in complex mixtures. Sources of samples include synthetic polymer
additives, oxidation by-products, natural product extracts, process samples,
metabolites, environmental samples, etc.



» Accurate mass obtained on Waters LCT LC-UV (Diode Array)-MS, Waters GCT GC-MS, Shimadzu
UHPLC-UV-IT-TOF
»Molecular formulae from accurate mass data using either Waters MassLynx Elemental
Composition Program or Shimadzu Formula Predictor Software
»Molecular formulae searched using SciFinder
» Average molecular weights (Avg. MW) calculated manually in spreadsheet
»Avg. MW searched using STN Express
LCMS-IT-TOF

GCT GC-MS




Example 1

» |dentification of unknown UV stabilizer in ultraviolet “cap” layer of polymer
» Total sample dissolved in solvent and analyzed by LC-UV-MS

»Species of interest located with characteristic UV spectrum

» Molecular formula determined, C,,H,,N,0,

» 1522 candidates with 904 references from formula search with SciFinder

» References “Refined” with “Research Topic” of “polymer additive”

»5 references yielded Tinuvin 1577 structure highlighted in “Bibliographic
Information”

»|dentity confirmed by purchased reference

“Tinuvin 1577"

/\/\/\O OH



Example 2

» Identification of unknown in extract from cotton linters

» Extract analyzed by positive and negative ion LC-MS

» Molecular formula determined, C,,H,,0;, strong [M-H] signal

» 2 exchangeable protons by infusion in acetonitrile/D,0

» 283 candidates with 689 references from formula search with SciFinder

» References “Refined” with “Research Topic” of “cotton”

» 2 references with “cotton” highlighted for omega-hydroxy C22 fatty acid

» Confirmed by match of El GC-MS spectrum of bis-(trimethylsilyl) derivative to literature
spectrum

- Long fiber

., “cotton”
=

HO-(CH,),,-COOH

“omega-hydroxy C22 fatty acid” d\

Short fiber around
seeds, “linter”



Example 3

» |dentification of yellow species in adhesive for baby diapers

» LC-UV-MS and GC-MS fragmentation indicated yellow dimer (450 nm) of BHT stabilizer
» Molecular formula determined, C;,H,,0,

» 254 candidates with 470 references from molecular formula search with SciFinder

» References “Refined” with “Research Topic” of “yellow”

» 8 references with “yellow” highlighted, problems with BHT aging

OH

CHs;

BHT Yellow Dimer



Average MW

» Difficult to uniquely determine molecular formulae of higher MW
components even with sub-ppm mass accuracy, isotope ratios, and accurate
mass fragments

»Thus, CAS Registry searched with STN Express by average MW (Avg. MW),
SciFinder not capable

»STN Express not intuitive interface, more difficult to use than SciFinder
»Avg. MW (see Figure 1 below) calculated manually

» Error significantly higher (40-100 ppm) than monoisotopic accurate mass
(10-15 ppm)

» Theoretically, no. of possible species increases exponentially with MW, but
not in practice in CAS Registry (see Figure 2 below)



Monoisotopic accurate mass
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Figure 2
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Example 4

» |dentify antioxidant in competitive rosin ester

» Total sample dissolved in solvent and analyzed by LC-UV-MS

»Avg. MW with window +/-100 ppm searched with STN Express in file reg
with /mw command, found 130 compounds

» 130 hits searched with STN Express in hcaplus, linked to “antioxidant,” 4383
references found

»Sorted, first 5 all showed Irganox 1010

OH Irganox 1010
//\o Avg. MW 1177.63




Conclusions

We have found the approach very useful for identifying unknowns in a
variety of samples including polymer additives, reaction by-products,
natural product extracts, drug metabolites and environmental samples.

Searching the CAS Registry with SciFinder employing a molecular formula is
the simplest approach. However for compounds with larger molecular
weights in which the molecular formulae cannot be uniquely obtained, STN
Express employing the Avg. MW can be employed for searching. The latter
approach is more difficult and requires a reasonably high-level knowledge
of the STN Express software. Possibly in the future, SciFinder will be
modified to search by monoisotopic MW data.
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