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Introduction
The class of fatty alcohol alkoxylates describes surfactants that are synthesised by reaction of fatty alcohols with alkoxides like ethylene oxide, propylene oxide and others. Fatty 
alcohol alkoxylates are used as nonionic surfactants in home and industrial cleaning and washing agents. They have important properties like foam supression, foam control and 
wetting effects in these products. Furthermore alkoxylates are also relevant in a broad range of chemical industry applications (e.g. in coating and polymerisation additives or 
agrochemicals), where these serve as dispersal agents and emulsifiers.

Structures of different fatty alcohol alkoxylate copolymers analysed

Here we present a comparative analysis of fatty alcohol alkoxylate copolymers using MALDI-MS/MS with low energy trap and high energy collision cell technique.

Discussion and Conclusion
MALDI-MS/MS was successfully used for the endgroup identifi-
cation of alkoxylated fatty alcohols. In connection with these results 
alkali adduct ions of such copolymers show differences in 
fragmentation patterns related to high energy and low energy CID. 
Low energy CID MALDI MS/MS experiments and the use of lithium 
salts as cationisation reagents can be meaningful for a simplyfied 
characterisation of these copolymer products.
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ethoxylated fatty alcohol, not endcapped

Figure 3: MALDI-Trap-TOF spectrum [M+Li]+ and MALDI low energy CID MS/MS spectrum
of precursor ion [M+Li]+ m/z 545
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Figure 1: MALDI-Trap-TOF spectrum [M+Li]+ and MALDI low energy CID MS/MS spectrum
of precursor ion [M+Li]+ m/z 489
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Figure 2: MALDI high energy CID MS/MS spectra of precursor ions [M+Li]+ m/z 489, [M+Na]+ m/z 505
and [M+K]+ m/z 521

0

20

40

60

80

100

%Int.

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560
m/z

3[c].J6

69.0

170.1

214.1

226.1

127.0 258.1184.1 227.1
315.1186.1 243.1 287.1142.157.1 359.1111.0 196.1 463.1403.1 519.2171.0 314.1255.1139.271.1 375.443.0 431.2 547.284.0

0

20

40

60

80

100

%Int.

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540
m/z

2[c].L6

53.0

154.1

198.1

168.1 210.2
124.1 503.2271.1 299.1 447.2227.1180.2 387.295.1 343.2126.1 415.2 531.3487.2254.2200.1156.0 459.2283.257.1 112.096.0 533.2516.7331.1 489.4

0

20

40

60

80

100

%Int.

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520
m/z

1[c].N6

37.1

67.1
152.2

94.1 433.3
489.4

211.2110.1 164.2 431.4389.2255.3 501.3345.2301.295.179.1 123.1 387.3140.1 327.0 443.4283.2239.265.1 415.3213.1182.1 529.3471.380.1
251.256.9 490.7435.1225.0 299.943.1 271.2 344.2 400.5

H-  O
-  (E

O)  -C4 

H-  O
-  (E

O)2 -C
4 

H-  O-  (E
O) 3 -C

4 

H-  O
-  (E

O) 4 -C
4 

H-  O
-  (E

O)5 -C
4 

H-  O-  (E
O) 6 -C

4 

H-  O-  (E
O) 7 -C

4 

H-  O
-  (E

O)8 -C
4 

[C8-O-(EO)x-H+Li]+

Figure 4: MALDI high energy CID MS/MS spectra of precursor ions [M+Li]+ m/z 545, [M+Na]+ m/z 561
and [M+K]+ m/z 577

0

20

40

60

80

100

% Int.

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
m /z

8[c ].F12

601.5

659.6

543.5

717.6

603.5
661.6 719.6

573.5
749.6457.4

529.5 807.6 865.7589.5 735.6
421.3 953.7893.7289.2

1055.8
1143.9311.3 1245.9 1320.0

0

20

40

60

80

100

% Int.

50 100 150 200 250 300 350 400 450 500 550 600
m /z

1[c ].F12

229.2

287.2

171.1 345.2

403.3

461.3251.2
583.5309.2 425.3199.1 367.3229.4 525.4257.2

156.1 285.2 463.3402.3 587.5345.5 543.6517.4103.0

Figure 5: MALDI-Trap-TOF spectrum [M+Li]+ and MALDI low energy CID MS/MS spectrum
of precursor ion [M+Li]+ m/z 631.5
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Figure 6: MALDI high energy CID MS/MS spectra of precursor ions [M+Li]+ m/z 631.5, [M+Na]+ m/z 647.5
and [M+K]+ m/z 663.5

High energy CID MS/MS experiments were 
performed using a MALDI-reflectron-TOF 
mass spectrometer (AXIMA Performance, 
Shimadzu Biotech, Manchester, UK). The 
accelerating voltage used was 20 kV. Helium 
was used as collision gas.
Low energy CID MS/MS experiments were 
performed using a MALDI-Trap-TOF hybrid 
mass spectrometer (AXIMA Resonance, 
Shimadzu Biotech, Manchester, UK). Argon 
was used as collision gas.

High energy CID MALDI MS/MS spectra of 
fatty alcohol alkoxylate copolymers show 
different fragmentation patterns for alkali 
adduct ions. The spectra show additional 
fragmentation information for the Li adduct 
ion compared to the fragment spectra of the 
sodium and potassium adduct ions 
(Fig. 2, 4, 6). While the fragmentation of 
sodium and potassium adducts results in 
vinyl- or carbonyl- endgroups lithium adducts 
additionaly show ethoxy- or propoxy- group 
reduced hydroxyl group fragments (red CID 
spectra in Fig. 2, 4).

Low energy CID MALDI MS/MS spectra 
show less fragmentation patterns (hydroxyl 
group fragments) for the Li adduct 
(Fig. 1, 3, 5) in comparision to the high 
energy CID MALDI MS/MS spectra shown. 
The additional fragmentation information can 
only be obtained from high energy CID 
experiments exclusively. The low energy CID 
MALDI MS/MS spectrum of the n-butyl 
endcapped polymer shows fragmentation by 
starting with an octyl- and also with a butyl-
group cleavage (Fig. 3).

As a general rule, the energy transferred in a 
low energy CID event of a lithium adduct 
should be sufficient enough to break one 
bond by cleavage of one monomer unit 
without subsequent rearragement to a vinyl-
or carbonyl-endgroup. High energy CID 
MALDI MS/MS events result in less selective 
fragmentations (Fig. 2, 4).

Results

Samples were diluted in THF to a concentration of 4 mg/ml. Cationizing salts were used at concentrations of 0.1 mol/l in MeOH/water (volume ratio 1:1). MALDI measurements were performed with 
Dithranol, 10 mg/ml in THF. The target spot was precoated with 1.3 µl of the salt solution. Sample and matrix solutions were premixed in a volume ratio of 1:1 and applied onto the MALDI target.


