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Course Resources at http://littledomain.com/pittcon.htm
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Hydrophilic ends are 
phosphates, sulfates, sulfonates, 
carboxylates, PEG etc.

Hydrophobic ends are 
alkylphenols, alkylcarboxylates, 
alkyl ethers, sorbitans, 
perfluoroalkyl ethers, etc.

Structure of Surfactants in Aqueous Solution
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Types of Surfactants:  Anionic

About 50% of surfactants used in Europe and 60% used 
in United States

High foaming, but sensitive to hard water, require 
addition of substances to complex calcium and magnesium

Example:

CH3

CH3 CH3 CH3 CH3

S

O

O

O- Na+

Sodium tetrapropylenebenzensulfonate (ABS)
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Types of Surfactants:  Nonionic

About 40% of worldwide surfactants use
More tolerant of water hardness
Good for removal of oily soil from synthetic fibers
Good cold water solubility, low critical micelle concentration

Example:

Dodecanol 9-mole ethoxylate

CH3 O
O

OH

8
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Types of Surfactants:  Cationic

Used in fabric softeners, corrosion inhibitors, and antimicrobial 
agents

Not effective cleaners at neutral pH

Example:

N-hexadecyltrimethylammonium chloride

N+CH3

CH3

CH3
CH3

Cl-
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Types of Surfactants:  Amphoteric

Function as anionic or cationic depending on pH
3% of surfactant use in Europe, <1% in United States
Less irritating than other surfactants, mainly used in 

personal care products

Examples:

CH3 NH

O

O- Na+

CH3 N+

O

O-

CH3

CH3
Na+

cationic at low pH

cationic even at low and high pH
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Resources:  Books on Surfactants
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Resources:  Books on Surfactants (cont.)

Some examples (50 hits on search):

Analysis of Surfactants, 2nd Edition
Nonionic Surfactants:  Organic Chemistry
Surfactants in Solution, 2nd Edition
Nonionic Surfactants:  Polyoxyalkylene Block Copolymers
Anionic Surfactants:  Organic Chemistry
Amphoteric Surfactants, 2nd Edition
Nonionic Surfactants:  Alkyl Polyglucosides
Mixed Surfactant Systems
Polymeric Surfactants
Structure-Performance Relationships in Surfactants, 2nd

Edition
Nonionic Surfactants
etc.
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Resources:  Book/CD-ROM
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-high voltage used to nebulize the solvent, collisions with heated N2 helps
vaporize solvent
-additives added to enhance ionization e.g. ammonium acetate:

Compounds Ionized by Electrospray

M + NH4
+ [M + NH4]

+  or  [M + H]+

M + OAc- [M + OAc ]-  or  M- + HOAc
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LC UV
Diode Array

Ionization
(Spray)

Mass Analysis
TOF

Z-spray
Source

760 torr

1st stage 
pumping

Rf Quad
2nd stage 
pumping

Rf Quad
3rd stage 
pumping

Skimmer
cone

TOF Analyzer
(<10-6 torr) ..

..
.

-off axis “z” spray minimizes contamination
-ions focused by voltages, neutrals pumped 
away
-m/z analysis by time-of-flight, t α m1/2

Waters LCT TOF System
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Heated  
N2 gas

Sampling
Cone Vent

Vacuum
7.5-1 torr

Vacuum
7.5-5 torr

760 torr

Sampling of  Ions Into Mass Spec (Z-Spray)

Ions focused by 
voltage, neutrals 
pumped away or vented
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25 V Voltage + Ion:  Molecular Weight Information

CH3 N+

CH3

CH3

MW 304 for cation
Chloride exchanged for acetate in HPLC separation
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∆ V
Water, ACN, 

MeOH, N2, etc.

-Low voltage, molecular weight information
-High Voltage, substructural information
-voltages are relative, instrument specific, no standard 70 eV like EI MS!!

In-Source Collisionally Induced Dissociation (CID)
for Substructural Information

MH+
"collision gases"

fragment ions
∆ V
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Waters (Micromass) LCT Z-Spray

Probe tip Sampling Cone

Residual 
spray

LC flow into
probe
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50 V Cone Voltage + Ion:  Substructural Information

CH3 N+

CH3

CH3

MW 304

M+

H25C12 N+

CH2

CH3

N+

CH2

CH3

CH3

CH+ CH2
+

[m/z 91 + CH3CN]+
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Picking "Standard" Cone Voltage for Spectra

Not as simple as 70 eV standard for electron impact (EI) spectra
Characterized our instruments with a model compound
See our results and others in MSMS_libraries.pdf on class website
Note optimization of [M+Na]+ at high voltage

Example of Breakdown Curve for In-Source CID

-500

0
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Collision Energy
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te

ns
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m/z 515
m/z 532
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O

S O

O

n-C12H25
O

n-C12H25

MW 514

m/z 329
O+

S

OH

m/z 143

S O+

m/z 89

[M+Na]+

[M+NH4]+

[M+H]+
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Agilent 1100 with Diode Array Interfaced to Waters LCT MS

Agilent 
HPLC

Waters
LCT MS
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Block Diagram of Experiment

HPLC
Separation
1.5 mL/min

Diode 
Array

Post Column
NH4Ac in MeOH

25 mM, 0.1 mL/min 1.47 mL/min
to waste

0.130 mL/min
To

LC-MS

Agilent 1100 HPLC-Diode Array

Waters 510 pump

Waters LCT LC-MS
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Bits and Pieces for Split...

Split depending on diameter column, flows and restrictions of electrospray 
interface

All tubing connected to tee is 1/16" x 0.005" PEEK
Tubing to waste is 1/16" x 0.020" FEP Nat, Upchurch 1549
Set ratio of ratio of length of PEEK tubing to waste to MS to get split
Keep lengths of tubing to minimum and flow to MS >100 µL

From instrumentwaste

Set ratio To MS
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General Reversed Phase Separation Tips

Used a polar embedded C18, doesn't tend to "dewet" or undergo 
"phase collapse" when going from extremes of high aqueous to high 
organic

Used short 50 x 4.6 column, Varian Polaris, could use other similar 
type, flow 1.5 mL/min, often go from 3% organic to 100% organic with 15 
min gradient, or 20% organic to 100% organic, hold for 15-20 min, jump 
to bottom conditions and hold 5 min to equilibrate

temp 30-50 0C, higher temp with viscous organics such as MeOH or 
isopropanol

Use 3% organic mixed in aqueous to slow bacterial growth, add 2.5 
mmolar ammonium acetate to aqueous, prepare fresh weekly

Add 0.1 mL/min 25 mmolar ammonium acetate post column in 
methanol to enhance and control ionization at high organic eluent

Organic solvents either pure ACN, 50/50 mix of MeOH/ACN or 50/50
mix of isopropanol/ACN, sometimes THF/ACN
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Dionex Acclaim Surfactant Column

Bought one, but haven't had time to try it yet
Polar Embedded Type Reversed Phase Column
Information below is from their advertisement
See paper on course website
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Waters Acquity UPLC Interfaced to Quattro Micro Mass Spec

MS

HPLC
Diode Array

"Swing-out" Column 
Heater
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Block Diagram of Quattro Micro

Argon present in collision cell at 3 x 10-3 torr for MS/MS
Increase voltage of ions entering collision cell to increase fragmentation
Also do in-source CID with MS2 in RF only mode and scanning MS1 
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Comparison of Tandem to In-Source CID

-isotopic information not present
-acetonitrile artifact absent at m/z 132

Tandem:

In-source:
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Tandem vs. In-Source Collision Induced Dissociation (CID)

In theory, in-source CID performed on any type of mass spectrometer 
with electrospray source including ion trap, single quadrupole, triple 
quadrupole, time-of-flight, etc.

In-source CID requires separation of compounds by chromatography, 
tandem does not, thus infusion can sometimes be used for tandem

Tandem requires optimization of both source voltage and collision cell 
voltage for optimum results, in-source only source voltage

Tandem has no solvent-ion adducts, often noted with acetonitrile using 
in-source CID

Can use in-source in series with tandem fragmentation on triple 
quadrupole to get pseudo-MS/MS/MS information
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Comparison of Quadrupole to TOF

Quadrupole:
+/- 0.1 amu
Resolution Nominal

TOF:
+/- 5 ppm m/z, elemental composition
Resolution ~5000

C21H38N
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Resolution on Quadrupole vs. TOF

TOF Resolution, M/∆M, constant over mass range, around 5000 on ours

Quadrupole set to resolve C13 isotopes across whole mass range



30

surfactant Toolkit

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
Time-5

100

%

-5

100

%

-5

100

%

-5

100

%

-5

100

%

Pragmatics13 5: Diode Array 
266.072_284.855

3.46e6

Pragmatics13 4: TOF MS ES- 
TIC
369

Pragmatics13 3: TOF MS ES- 
TIC

5.38e3

Pragmatics13 2: TOF MS ES+ 
TIC

4.02e4

Pragmatics13 1: TOF MS ES+ 
TIC

4.75e4

Typical Data File:  Acquire All Five Functions with 
One Injection!

+25 V

+75 V

-25 V

-75 V

Diode Array, 190-900 nm
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Diode Array Spectrum of Surfactant

Aromatic..
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+25 V Spectrum, MW Information

∆ 44 indicates polyethylene glycol
repeat unit 

Important to List m/z to tenth amu!
H = 1.0078 and above m/z ~700, 
Data systems will round up
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(M+H)+

(M+NH4)+

MW 426.3

R

O

O

H

R = ??

Data Consistent with Nonionic PEG Nonionic Surfactant
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Identification of R Group using
Residual Molecular Weight (RMW):  Index between 0-43

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

x=the observed accurate molecular weight of the surfactant species
y=integer value for x/44.026, i.e. the whole number to the left of the decimal 

x = 444.3 - NH4 = 426.3

y = (426.3/44.026) = 9.6886 = 9

RMW = (9.6886-9)44 = 30

44.026 426.300
-396.234

9

30.066 = 30
~

~

Note: Can use any of the ions noted in the PEG series!
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"Literature-Real" Samples Worksheet by RMW's

RMW is just a useful index number for the end group with values 
between 0-43!

Spreadsheet composed from my reading of the literature and 
identification of unknowns

Many different fields:

-RMW
-Structure
-MW of end group
-common names
-type of surfactant
-comments
-repeat unit for non-PEG
-fragmentation comments
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"Literature Real" Samples Worksheet
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Toxic Substances Control Act (TSCA)

obtained twice a year on CD ROM

program written in-house to calculate RMW, accurate mass, etc.

not as convenient as the Excel spreadsheet of "literature-real" samples, but 
more complete listing

MW's  of anionic calculated as free acid form since chromatographs in that form 
due to exchange with ammonium ion

MW's of cationic surfactants calculated without associated anion since 
chromatographs in that form due to exchange with acetate

Very useful for identifying other components in unknowns such as antioxidants, 
UV-stabilizers, dyes, etc.;  http://users.chartertn.net/slittle/tsca.html, contains 
39,507 monomeric, 726 PEG-polymeric
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TSCA PEG RMW Worksheet Sorted by  RMW and End Group
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TSCA Monomers Worksheet, Good for Monomeric Surfactants 
and

Other Additives (e.g. dyes, UV absorbents, antioxidants, etc)
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+75 V Spectrum, Substructural Information 
and Sodium Adducts

(M + Na)+

MW 44426.3

Fragment ions
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+75 V Fragment Ions from Nonionic Surfactant

O+

O
H

n

m/z 89, 133, 177, etc.

H17C8

O
O+

n = 0, 1, 2  m/z 233, 277, 321
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-25 V Spectrum, MW Information

[M + Acetate]-
MW 426.4

RMW = 30
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H17C8

O-

-75 V Spectrum, Substructural Information, Stable Anion

m/z 205



44

Average MW Estimated from Positive Ion!

Triton X-45, Average MW 426 
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Search Library of MS/MS Spectra
Using NIST Software

NIST software used to search MS/MS and in-source CID spectra with 
structures; ~5000 commercial spectra, ~3000 in ours

Same NIST software used to search EI spectra and structures; ~1 million 
commercial spectra, ~47,000 ours

MS Interpreter to automatically fragment spectra and correlate with 
spectrum

See http://users.chartertn.net/slittle/hplib.html for details



46

Example of NIST Search Results for Unknown
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Example of Correlating Fragments with Structure in NIST MS 
Interpreter Software
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NIST Interaction with Drawing Programs:  Example with ACD 
Chemsketch

ACD drawing software free on ACD site, 
www.acdlabs.com!
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Another Nonionic Surfactant
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Another Nonionic Surfactant

∆ 44, 22, or 14.6 indicates 
polyethylene glycol
repeat unit 
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1438 1440 1442 1444 1446 1448 1450 1452 1454 1456 1458 1460 1462 1464 1466 1468 1470

m/z0

100

%

Pragmatics15 217 (12.158) Cm (214:227-234:246) 1: TOF MS ES+ 
45.51456.9

1451.4

1448.9

1440.5

1438.6

1445.1

1441.5 1443.9

1446.5

1452.9

1454.5
1455.4

1457.9

1458.9

1459.9

1462.9

1462.0

1461.0

1463.9
1467.31466.4

1469.6

-RMW = 30
-m/z 1457.9 is C13 isotope
-1 amu unit between isotopes
-% calculate by ~1.1 x no. carbons
present in molecule, ~70 carbons

∆ 44 series ions

[M + NH4]+
MW 1438.9
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706 708 710 712 714 716 718 720 722 724 726 728 730 732 734 736 738 740 742

m/z0

100

%

Pragmatics15 217 (12.158) Cm (215:226-202:209) 1: TOF MS ES+ 
2.14e3715.5

715.4

708.5

708.4 713.6712.8
709.5

737.5
716.0

716.5

717.0

718.5
732.8

718.9
722.4 723.5

737.4735.6

738.0

738.5

739.0

739.4

∆ 22 series ions (∆44/2)

difference between isotopes now 0.5
doubly charged ions
spectrum units are m/z, not mass
(2 x m/z) – 2NH4 = MW
RMW = 30.15 = 30

[M + 2NH4]+
MW = 1439~

~
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479 480 481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503

m/z0

100

%

Pragmatics15 217 (12.158) Cm (208:228-233:240) 1: TOF MS ES+ 
1.32e3497.68

483.01

482.92

481.05

483.34

483.66

488.39

484.00 488.08

487.82484.36

495.35

492.02489.35 492.61
497.60

498.34

498.84

499.32

502.38

∆ 14.6 series ions (∆44/3)

triply charged ions
0.33 m/z units between isotopes
(3 x m/z) - 3NH4 = MW
RMW = 30.15 = 30

[M + 3NH4]+
MW = 1439~

~
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Computer Generated ∆ 22 series ions (∆44/2), Resolution ~5000, TOF
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Computer Generated ∆ 22 series ions (∆44/2), Nominal 
Resolution on Quadrupole

RMW calculated with 44.05
instead of 44.026
show MW calculator
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Summary of Nonionic Surfactants

calculate RMW from any of the ion adducts in the series in either the 
positive or negative ion low voltage (+/-25 volt) spectrum

determine if aromatic or aliphatic from the UV spectrum

nonionic surfactants usually give M + NH4 or M + H adducts in the 
positive ion mode at 25 volts, 75 volts M + Na

nonionic surfactants usually give M + acetate (M + 59) adducts in the 
negative ion mode, lower intensity than positive ion mode

25 volts will be instrument dependent, different for different source 
configurations

negative fragment ions variable, positive ions often 
R-(CH2CH2)n-OCH2CH2

+, n = 0, 1, 2, etc.

average MW of polymer best determined by positive ion



57

Anionic Surfactant Example

+25 V

+75 V

-25 V

-75 V

Diode Array
#1 #2

#3
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#1, -25 V (top) and +25 V spectra

(M-H)-

MW = 740.4

(M + M –H)-

gas phase dimer!

(M+H)+

(M+NH4)+

MW = 740.4

(M+NH4+H)+2 RMW=36

Average MW estimated from 
Negative ion! Not positive
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#1, -75 V (top) and +75 V spectra

PO3
- m/z 79

not SO3
- at m/z 80

(M-H)-

P

O

OH

OH

O
O+

n = 0, 1, 2, ...

H19C9 O O+

n = 0, 1
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#2, -25 V (top) and +25 V spectra

H19C9

O
O

OH

n

[M+OAc]-
MW = 704.5

[M+NH4]+
MW = 704.5

Almost always some nonionic in anionic
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#3, -25 V (top) and +25 V spectra

(M-H)-

MW = 1382.8

(M+NH4)+

MW = 1382.8

(M+NH4+H)+2

MW = 1383 RMW = 18 ~
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#3, -75 V (top) and +75 V spectra

H19C9 O O+

n = 0, 1

PO3-

H2PO4-
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#3, Structure from Spreadsheet
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Summary of PEG-Containing Anionic Surfactants

Mixture of monophosphate and diphosphate

Almost always see corresponding nonionic surfactant, R-(OCH2CH2)n-OH

Often see very early eluting peaks for HO(CH2CH2)n-OH for PEG formed 
from presence of water in synthesis of surfactant; also mono- and 
diphosphate esters of PEG

Often see phosphoric acid at m/z 97 in -25V as very early eluting peak

In positive ion, (M+H)+ and/or (M+NH4)+ plus some doubly charged ions for 
(M+NH4+H)+2, (M+2NH4)+2

In negative ion, (M-H)- plus some gas phase dimer ions for (M+M-H)-

Fragments in positive ion often similar to nonionic, in negative ion can see 
PO3, SO3, HSO3, H2PO4, HSO4, and other stable anions
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Cationic Surfactant Example

+25 V

+75 V

-25 V

-75 V

#1
#3

#2
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#1

#3

#2

Compounds #1-#3, +25 volt

∆ 26, 28, or 2 in series of component
Indicates from "fatty acid or triglyceride 
feedstock"

[M]+ [M + M + Acetate]+
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Candidates from "Literature-Real" Samples Worksheet 

Cations in both TSCA monomer and "Literature-Real"
Worksheets saved with cation m/z as "molecular weight"
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Comparison of +/- "Ion Pair" Molecular Weight Information 
at Low Voltage

[M+acetate+acetate]-

[M]+

[M + M + acetate]+

[M + acetate + acetate]-
-25 V

+25 V
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Compounds #1, +75 volt Fragmentation Data

CH3 N+

CH3

CH3

M+

H25C12 N+

CH2

CH3

CH+ CH2
+

[m/z 91 + CH3CN]+

Comp. #1, m/z 304
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Comparison In-Source CID on TOF and Quadupole  
for Lower Mass Ions

TOF, mass cut-off < 60!~

Quadrupole, no problem to scan to very low 
mass at high in-source CID voltages!

CH3 N+

CH3

CH3

N+

CH2

CH3

CH3
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Summary of Cationic Surfactants

In low voltage positive ion spectra, noted as cation, M+ and some 
gas phase dimer form [M+M+acetate]+

Components are listed by m/z of cation as "molecular weight" in 
Excel Worksheets

In low voltage negative ion spectra, noted as [M+acetate+acetate]-

Very useful positive ion fragmentation at high cone voltage
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Accurate Mass Data for Compound #1

Data usually +/- 10-15 ppm on 
our LCT 

Data in worksheets parsed with 
cation, NOT paired with associated 
anion!!
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Use of Accurate Mass on TOF

Data obtained has an error of between 5-15 ppm depending on instrument 
and care taken by operator

Software used to generate candidate molecular formula employs user input 
on limits of elements, must use isotope patterns and sample history to set 
reasonable limits and minimize candidate formula

Knowledge of isotopes important, good basic reference is Fred McLafferty in 
Interpretation of Mass Spectra, based on EI spectra, not soft ionization (i.e. 
Electrospray), also see http://littledomain/pittcon.htm

Often many possible candidates with MW's>500, also useful to obtain 
accurate mass data for fragments

Many time of flight instruments have dead-time limitations since detector is a 
single ion counting device, see http://users.chartertn.net/slittle/acc.html
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TSCA Monomers Worksheet Sorted by Accurate Molecular Weight 

x
x

x

-7 ppm error in m/z observed

Very few candidates in TSCA

Candidates ruled out by 
fragmentation

Counter ion not known

Cations listed by cation m/z!

H25C12

N+
CH3

H3C



75

Amphoteric (Betaine) Surfactant Example +25 V

CH3

O

NH

N+
CH3

CH3

O

O-

MW 342
(M+H)+

(M+Na)+

m/z 240

(2M+H)+

fragment
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Amphoteric (Betaine) Surfactant Example -25 V

CH3

O

NH

N+
CH3

CH3

O

O-MW 342

[M + OAc]-

[M + OAc-HOAc]-

[M + OAc-CO2]-
NCH3

CH3

O

O-
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Amphoteric (Betaine) Surfactant Example +75 V

(M+H)+ (M+Na)+

(2M+H)+

(M+K)+

(2M+Na)+
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TSCA Monomer Worksheet for "True" Amphoterics
Listed as inner salt, so betaine example listed as M, acid not protonated!
Search TSCA monomer list by "inner salt"
Amphoterics not containing formal positive charge listed as protonated acid



79

Summary of Amphoteric Surfactants

Least work done on this class, so data limited

Betaine example fragmented significantly at low voltage as 
opposed to other surfactants

Positive ion showed [M+H]+, [M+Na]+, [M+K]+ and gas phase ions 
for [2M+H]+, [2M+Na]+

Negative ion showed [M + OAc]- and neutral losses of HOAc and 
CO2 from [M + OAc]-

"True" amphoterics listed as inner salt, acid NOT protonated in 
Excel worksheets

Other amphoterics listed with MW of amine neutral and acid 
protonated
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Cleavage of Ether Bonds to Identify End-Groups in Surfactants 
Containing Polyethylene and Polypropylene Repeat Unitsref

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

R
O

OH

S

H3C

O

O

O O
CH3

n

O CH3

O

R

O
O

O

H3C

O

CH3

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. 
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Additional Information

See General Website at:

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

Silylation and Diazomethane Derivatization for GC/MS
Identification of Unknowns in Competitive Products Using 

LC/MS Data and TSCA
Accurate mass measurements by magnetic and TOF MS
Versatile CI manifold for mixing and using gases in GC/MS
GC/MS CI gas selection
NIST software for EI searches of corporate database
Polycarbonate and Polyester Analyses by hydrolysis-GC/MS
Matrix Ionization Effects from Lipids in LC-MS/MS Analyses 

of plasma
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