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Overview

» Surfactant identification by electrospray reversed-phase LC-
MS

» Five-function single analysis in positive and negative modes
with diode-array UV-VIS detector

» Low voltage sampling cone for MW, higher voltage for
substructural information via in-source CID spectra

» Excel databases of residual MW's and accurate mass MW's
used for identification

»NIST Version 2.0, MS Interpreter, and Chemsketch used for
Identification, for archival, and for fragmentation information



Introduction

Surfactants are found in a wide variety of commercial products
and environmental samples. Their identification is complicated
due to the large number of commercially available surfactants,
which are often complex mixtures. Liquid chromatography-
mass spectrometry (LC-MS) is ideal for characterization of the
surfactants since they are easily ionized by electrospray and
yield significant substructural information from in-source CID
(collision-induced dissociation) spectra.

We have developed methods employing electrospray LC-MS,
computer searchable libraries, and Excel spreadsheets to
routinely identify surfactants.



3 Brief Experimental

»Waters/Micromass LCT-TOF and Agilent 1100 HPLC with diode
array UV-VIS detector

»Varian Polaris C-18 (3 u, 50 x 4.6 mm column); 1.5 ml/min
A=97:3 H,0:CH,CN containing 2.5 mMolar NH,OAc and
B=CH,CN; post-column addition of 0.1 ml/min 25 mMolar
NH,OAc in methanol

»5-Function single electrospray MS, positive (25 and 75 V sample
cone) and negative (25 and 75 V), diode array 190-900 nm

» Excel databases searched using MW (molecular weight) and
RMW (residual molecular weight)

» Ethers cleaved and analyzed by GC-MS if necessary



MW Versus Residual Molecular Weight (RMW)

»Molecular weight very simple "index value" for searching
monomeric surfactants in Excel databases

»"Residual molecular weight" (RMW) used as index for
searching polyethylene glycol-containing "polymeric" surfactants
In Excel databases

»RMW is just an index which is calculated, integer between 0-44

»In most cases, not the actual MW of end-group since majority
have end-groups with MW's >44



MW and Residual Molecular Weight (RMW)

RMW = ((x/44.026)-y)44

x= the monoisotopic MW of any one of the PEG repeat units
y= integer value for x/44.026

» See Poster 7 for example calculation
»RMW for nonionic listed in neutral form, 1on adducts subtracted
»RMW for anionic surfactants listed in acid form

»RMW for cationic surfactants, m/z of the cation [e.g. N(R),*]




Information in Excel Databases

» Several worksheets found in Excel database

»"Literature-Real" worksheet contains MW, RMW, structures,
type of surfactant, comments, fragmentation data, etc.; tabulated
"by hand" from literature (383 entries)

»"TSCA-PEG" contains computer-parsed Toxic Substances
Control Act Listing of PEG-Surfactants with RMW, Name,
CAS No., MF of End-Group, etc. (726 entries)

»"TSCA Monomers" contains the MF, MW (nominal and
monoisotopic), name, CAS. No., name; also useful for
Identification of other commercial components, monomeric
surfactants subset of this list (39,507 entries)



Example 1: RMW of Unknown PEG Anionic Surfactant
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No. 253 and 37, Only Two Candidate Structures in
"Literature-Real" Worksheet with Correct RMW which are UV-Absorbing
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+/- lon 75 V In-Source CID Spectra Show Phosphate, Not Sulfate
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10 Example 2:

"TSCA Monomers" Excel Worksheet

Unknown Cationic Surfactant by Accurate Mass and
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by

From Database and In-Source CID, Either Cas. No. 139-07-1 or 7281-04-1

RM:
R
RM:
RM:
R
RM:
R
RM:
RM-
R
RM:
R
RM:
RM-
RM:
RM:
R
RM:
RM-
RM:
RM:
R
RM:
RM-
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t v Literature-Real Samples / TSCA PEG % TSCA Monomers,{ TSCA PEG Questionable / | 4]

CAS No.

18403-59-3
T1673-26-2
131812-49-2
501-24-6
3081-14-9
123-03-5
139-07-1
140-72-7
7281-04-1
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2H-1-Benzopyran-6-ol, 3,4-dihydro-2,2 4-trimethyl-7-(1,1,3, 3tetramethylbutyl)-

3,13-Octadecadiyn-1-ol, acetate

Maphthalene, T-{diethoxymethyl}-1.2.3 4-+tetrahydro-1.1.2 4 4-pentamethyl-

- Phenol, 3-pentadecyl-
M-
M:
I1:
IM:
I1:

1.4-Benzenediamine, N,MN-bis(1,4-dimethylpentyl)}-
Pyridinium, 1-hexadecyl-, chloride
Benzenemethanaminium, MN-dodecyl-M MN-dimethyl-, chloride
Pyridinium, 1-hexadecyl-, bromide
Benzenemethanaminium, MN-dodecyl-M N-dimethyl-, bromide

Wanadium iodide (VI2)

8-Quinolinol, 5-chloro-7-iodo-

Copper, bis[2-{hydroxy-.kappa.O)benzaldehydato- kappa. O]
Benzoic acid, 2-(4-chloro-3-nitrobenzayl}-

: Benzenesulfonic acid, 5-nitro-2-{2-phenylethenyl}-, sodium salt

: Pynidinium, 1-hexadecyl-, salt with 4-methylbenzenesulfonic acid {1:1)
IM:
I1:
IM:
I1:

Parsed MF
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C20H3202
C20H3202
C21H360
C20H36M2
C21H38N
C21H38N
C21H38N
C21H38N
C21H38N
2V
CYHACIND
C14H10Cu04
C14HBCINO5S
C14H1IMNOES

2-Maphthalenol, 1-{2-henzothiazolylazo)-

Benzenesulfonic acid, 4-[[4-(dimethylamino)phenyl]azo]-
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[M:
IM:
I1:
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Benzenesulfonic acid, 3-[[ethyl{3-methylphenyljamino]methyl]-
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[
: Benzenesulfonic acid, 4-[[ethyl{3-methylphenyl)amino]methyl]-
IM: [
[M:
IM:
I1:

Benzenesulfonic acid, 2-[[ethyl{3-methylphenyl)amino]methyl]-
Benzoic acid, 2-amine-, [(2-hydroxy-1-naphthalenyl)methylens
1H-Benzimidazalium, 1,2-dimethyl-3-(phenylmethyl)-5-{trifluoro
Benzoxazolium, 3-methyl-2-[3-(3-methyl-2(3H}-benzoxazolylids

- 9,10-Anthracenedione, 1-{cyclohexylamino)-

CH,

m/z 304

CATH11M30S
C14H15N3035
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C19H15M0O3
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C18H156N302
C17H16F3M2
net C19H17N202
C20H19M02

1H-Indene-1.3(2H)-dione, 2-[[4-({diethylamino)phenyl]methylene]”

2-Propenoic acid, 3-(4-cyanophenyl)-, 4-butylphenyl ester

C20H19M02
C20H19M02

Nom MW

304
304
304
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304
304
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304
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305
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Acc MW

304.24023
304.24023
304.24023
304 276615
304.287848
304.300424
304.300424
304.300424
304.300424
304.300424

3047529
304.910435
304987511
305.009102
305.035795
305.062283
305.083413
305.083413
305.083413
305.089939
305.094646
305.105194
305.108565
305.108565
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305.116427
305126557
305.129003
305141579
305141579
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Example 3: Unknown in Inkjet Cartridge by NIST
Search of 75 V In-Source CID Spectrum

1
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NIST Search Results of Eastman MS/MS Database

NIST MS Search 2.0 - [Quick, Presearch Default - InLib = 188, 99 spectra]
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NIST MS Interpreter for Correlating Fragment lons with
Fragment Structures (All Peaks in ""Black"" Correlated)
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15 Cleavage of Ether Bonds to Identify End-Groups in Surfactants
Containing Polyethylene and Polypropylene Repeat Units'f

»Sometimes difficult to identify end-groups by in-source CID
spectra alone in PEG- and PPG-containing surfactants

» Cleave with mixed anhydride reagent and analyze sample by

GC-MS )
0
"5-O~¢0 R /U\
O O\b CH3 O CH3
H.C
R OH S 0
” J
0 CH
He” Yo7 NS \"/ 3

Ref: “Gas Chromatographic Analysis of Ester-type Surfactants by Using Mixed Anhydride Reagent,
Kazuro Tsjui et al., Journal of the American Oil Chemists’ Society, Vol 52, pp 106-109.



16
Conclusions

Surfactants are easily analyzed by positive and negative ion electrospray LC-
MS. At low sample cone voltages, primarily MW information and molecular
weight distributions are obtained. At higher sample cone voltages, abundant
fragments are noted which correlate with the substructure of the surfactants.

We have been very successful in identifying nonionic, cationic, and anionic
surfactants employing MW (nominal and accurate), RMW, and fragmentation
data. Candidates are proposed from Excel databases from MW or RMW data.
The final structure is deduced from the candidate list employing in-source CID
fragmentation data and other sample information such as presence or absence
of UV absorption, etc.

In-source CID spectra and structures of standards and identified components
are added to a NIST in-house MS/MS database. NIST search software,
normally used for El searches, does an excellent job of searching the MS/MS
spectra and identifying unknown surfactants.
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Avalilable Information

Presentation and associated experimental detail available at:

"A Little Mass Spectrometry and Sailing,"
http://users.chartertn.net/slittle/

Website also contains information on:

» Silylation and Diazomethane Derivitization Information

» Accurate mass measurements by magnetic and TOF MS
»Versatile ClI manifold for mixing and using gases

»GC-MS CI gas selection

»NIST software for El searches of corporate database
»Polycarbonate and Polyester Analyses by GC-MS

»Matrix lonization Effects from Lipids in LC-MS/MS Analyses
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