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Structural elucidation of co-polymer-like surfactants 
using MALDI High-Energy Collision Induced Dissociation

Introduction
• Despite the extensive use of surfactants in household and 

industry, there is a lack of accessible data in the literature 
describing their analysis. 

• Most of this information is generally proprietary and not 
available in public domain. The rising interest in 
surfactant analysis relies in the heavy pollutant power of 
untreated wastewaters that diffuse in environments and 

represent a high risk of contamination for ecosystems 
and population. 

• In this regards, MALDI analysis appears particularly suited 
for polymer-like structures such as surfactants, offering 
an easy and versatile technique to investigate with high 
accuracy structural details such as chain derivatisations 
and terminal groups.

Aim
• Describe the complete fragmentation pathway of 

co-polymer-like neutral surfactants using High-Energy 
Collision Induced Dissociation (HE-CID), followed by a 
software-guided peak assignment. Polyethylene oxide 
(PEO) structures, linked with saturated fatty alcohol 
chains of different length, i.e. C12-C18, were subjected 

to HE-CID, revealing chain linkages, length of fatty acid 
chains and end-capping group. 

• Software guided peak identi�cation was applied in both 
MS and MSMS, allowing quick and accurate assignments 
for most of the detected signals, including those not 
directly assignable and otherwise likely to be discarded.

Work�ow in the software guided structure elucidation
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MS

Results

Figure 1: Re�ectron positive MS analysis of poly-ethoxylated fatty alcohol surfactant. 
 Different distribution refer to combinations of saturated alkyl chains (C12-C18) with variable EO units.

Figure 2: Polymer Analysis software. The monomer units composing the molecule are combinatorially generated over 
 the experimental mass list and a table of potential candidates is generated with an error and score per each detected signal.

• Distributions from MS analysis, were subjected to 
combinatorial search matching theoretical values over 
experimental m/z signals. A software guided procedure 
using Polymer Analysis (a Shimadzu proprietary tool), 
allowed to match over 60% of the total chains within a 
tolerance of 500 mDa. 

• The remaining portion was associated to unsaturated 

structure and deliberately not investigated in this 
instance.

• Figure 2 shows the list of theoretical candidates per each 
peak. Additional information such as error and raw 
formula are accessible along with a score that shows the 
likelihood of that species over its isotopic distribution 
match, i.e. exact match, score=1.
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• The MS analysis in re�ectron positive mode, showed multiple gaussian distributions belonging to different fatty acid 
chain lengths and PEO units. The most intense signals were later con�rmed to be part of the lauryl fraction (C12:0).
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Figure 4: Sequence calculator software. Using custom moieties such as methyl (m) and ethylene oxides (e), it is possible to calculate 
 expected fragments from a candidate structure. The nomenclature scheme is reported in the bottom part of the �gure.

Figure 3:  Following to software based assignments, peak are labelled according to the highest probability
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• The combinatorial approach is used for a �rst approach towards the peak identi�cation, although MSMS was required to 
con�rm the structure of each species. 

• Figure 3 shows the peak assignments as per MS analysis in the range of 749 m/z and 793 m/z.

• Being one of the most intense in the gaussian 
distribution, the peak at 749 m/z, was taken as a 
precursor model for MSMS investigations. 

• Spectra were typically dominated by fragments from the 
PEO backbone, likely due to the higher stability of oxide 
ions in the sodiated form.

• The aim was to con�rm: 1) the relative length for both 
PEO and alkyl chains and 2), the species was end-capped 

with a t-Bu (tert-Butyl) moiety in the PEO portion.
• By using the Shimadzu proprietary software, Sequence 

Calculator, MSMS fragments were generated in-silico 
from the candidate structure (C12EO11OtBut+Na) 
previously obtained in MS (Figure 4).

• The resulting ions, x,y,z from ethylene oxide side, and 
a,b,c, from alkyl chain side, were subsequently matched 
over the experimental data with a tolerance of 400 mDa.
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Figure 5: Table of MSMS ions generated with Sequence Calculator for the precursor at 749 m/z. Matches of 
 theoretical values are compared towards experimental peak signals using an error tolerance of 400 mDa.

MSMS Fragments 749 m/z  [L:23]
mmmmmmmmmmmmeeeeeeeeeee
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10                  20                   30

N-terminus : Hydrogen (H)      C-terminus : OBut (OC4H9)
Sequence composition : e11 m12
Elemental composition (M+Na )+ : C38H78O12Na
Average mass (M+Na )+ : 750.02

Most abundant mass (M+Na )+ : 749.54
Monoisotopic mass (M+Na )+ : 749.54
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• The HE-CID at 20keV, led to complete fragmentation of 
the chain backbone, providing the full sequence of the 
molecule including the portion end cap, lost as 
C2H4Ot-Bu (ion 23b).

• Typical losses of 2 Da were also observed as a result of 

PEO rearrangements as reported in other literature data. 
• The full list of matched ions, was reported in the 

software-generate table that includes mass and error per 
each corresponding peak Figure 5.
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• The linkage between the PEO chain and the alkyl chain 
was characterised by an intense peak at 579 m/z (ion 
11y-2), con�rming the 11EO units estimated in MS 
analysis by the software.

• Con�rmation of the C12 chain, was given by the 

presence of the ion [C12H24O+Na]+ at 207 m/z, 
representing the carbonyl from of 13a.

• The peak list was �nally exported in the spectrum and 
assigned to each signal. Some of the assignments are 
listed in Figure 6.
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Figure 6:  Resulting MSMS ions obtained in the HE-CID of the precursor at 749 m/z.

Materials & Methods
• Saturated fatty alcohol ethoxylated with variable EO 

units, were kindly provided by Clariant (Germany). 
• All solvents and chemicals were purchased from 

Sigma-Aldrich (UK). Surfactants were dissolved in 1:1 
CH3CN/H2O acidi�ed with 0.1% v/v tri�uoroacetic acid 
(TFA). 1%v/v of 0.1 M NaCl was added as the doping 
agent, whereas 10 mg/mL DHB in 1:1 CH3CN/H2O 0.1% 
v/v TFA, was used as the matrix.

• An Axima Performance, MALDI TOF-TOF mass 
spectrometer (Shimadzu, UK) was used in MS and MSMS 
analyses in re�ectron positive mode. MALDI ions were 
generated under high vacuum conditions and 
fragmented by collisional induced dissociation using 
helium (20keV (lab frame of reference). All acquisition 
parameters used for fragmentation experiments were set 
by software control.
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Conclusions
• We used proprietary software developed for the interpretation of polymers and co-polymers in order to con�rm our 

�nding. 
• Peak assignment was successfully achieved for fragments belonging to different ion series resulting from both, PEO and 

Alkyl portions of the surfactant.
• The complementary use of software guided approach crucially helped in the accuracy of the assignment speeding up 

data interpretation.
• Additional structures are currently under investigation.
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