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O i I t d tiOverview IntroductionOverview Introduction
Three different types of special surfactants in Surface-active agents play an important r
technical products for detergents were analysed. characteristic features and functions are op g y
The technique is based on a derivatisation in cleaning and washing agents, fabric soq
procedure with ensuing chromatographic 

g g g ,
wetting and foaming agents [1, 2].procedure with ensuing chromatographic 

separation by comprehensive two-dimensional gas 
wetting and foaming agents [1, 2].

separation by comprehensive two dimensional gas 
chromatography (GCxGC) coupled with a time-of- For application in the so called I&I-sector (chromatography (GCxGC) coupled with a time-of-
flight mass spectrometer produced and sold which contain substanflight mass spectrometer. p

surface-refining or disinfectant substancesg
detergent [3, 4].detergent [3, 4].

As a result of the multitude of useable surfa
compositions, modern technical detergenp g
extremely high requirements on the corresy g q
products.products.

Here we present an analysis of three differ
technical products for detergents which isp g
dimensional gas chromatography (GCxGCg g p y (
spectrometer [5, 6].spectrometer [5, 6].
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Fi 1 Fi 2Figure 1
Extracted GCxGC chromatogram of a propoxylated fatty alcohol (FA-2PO standard)

Figure 2
EI-(TOF) mass spectra of the peaks 1-3 from the chromatogram in figure 1
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Figure 3
Typical EI-fragmentation of a propoxylated fatty alkohol (FAPO)

Most of the surfactants analysed are not strictly defined chemical compounds, but mixtures of Most of the surfactants analysed are not strictly defined chemical compounds, but mixtures of 
substances of the same typesubstances of the same type.

ik  h  h l  f  l h l h l  ( O)  l d f  l h l   l  d  Like the homologous fatty alcohol ethoxylates (FAEO), propoxylated fatty alcohols are also used as non-
ionic surfactants in which the hydrocarbon chains have 8-18 carbon atoms and there is a distribution in 
the number of propylene oxide units.
Ethoxylated fatty alcohols (FAEO) can be identified by their characteristic fragments in the mass spectra 
after silylation and separation by means of GC [8 - 10]. In addition to these FAEO, fatty alcohol 
propoxylates (FAPO) are also identifiable by the EI-fragmentation masses. Figure 1 shows a GCxGC 
chromatogram (mass traces 131 and 133) of an FA-2PO standard. The EI mass spectra of peaks 1-3 and 
the characteristic fragmentation of the propoxylated fatty alcohols are shown in figures 2 and 3.

Cationic surfactants are applied in many commercial hair conditioners  antistatics and bactericides [4]  Cationic surfactants are applied in many commercial hair conditioners, antistatics and bactericides [4]. 
Figure 4 shows part of a GCxGC chromatogram of a cleaning formulation containing benzalkonium Figure 4 shows part of a GCxGC chromatogram of a cleaning formulation containing benzalkonium 
chlorides (figure 5) as disinfectants  By means of the different products of thermal decomposition (figure chlorides (figure 5) as disinfectants. By means of the different products of thermal decomposition (figure 
6) during the GC injection  the cationic surfactants used in this technical formulation are determined6) during the GC injection, the cationic surfactants used in this technical formulation are determined.

Owing to the faster biodegradability and their surface-refining effect, triethanolamine-based esterquat g g y g q
surfactants (figure 7) are preferred as fabric softeners and antistatics [3]. These compounds can be ( g ) p [ ] p
detected by their decomposition products formed by alkaline hydrolysis with the silylation reagent. Figure y p p y y y y g g
8 shows a GCxGC chromatogram of such a silylated esterquat. The resulting silylated fatty acids and the g y q g y y
hydroxyamines are detectable.y y

Conclusions And OutlookConclusions And Outlook
The analysis of propoxylated fatty alcohols  benzalkonium chlorides and esterquat surfactants in tecThe analysis of propoxylated fatty alcohols, benzalkonium chlorides and esterquat surfactants in tec
comprehensive two dimensional gas chromatographic (GCxGC) analysis coupled with EI (TOF)MS icomprehensive two-dimensional gas-chromatographic (GCxGC) analysis coupled with EI-(TOF)MS i
alcohols (FAPO) can be differentiated from the ethoxylated homologous series (FAEO) by the charaalcohols (FAPO) can be differentiated from the ethoxylated homologous series (FAEO) by the chara
th  EI (TOF)  t  Q t  i  d  lik  b lk i  hl id   bthe EI-(TOF) mass spectrum. Quarternary ammonium compounds like benzalkonium chlorides can b
i j i f i i i i i finjector and analysis of the resulting decomposition products. Triethanolamine-based esterquat surf
hydrolysis of the ester function and silylation resulting in the silylated triethanolamine derivatives and

The hyphenated separation technique used allows the detection of the surfactants described in coThe hyphenated separation technique used allows the detection of the surfactants described in co
d d t t  th t  d  hi h  t t i l f  GC l i   b  d t i d and demonstrates that even compounds which are not typical for GC analysis can be determined 

i i i i fHowever, because decomposition leads to an increase in the number of analyte components, the 
necessary.

lcohols  benzalkonium chlorides lcohols  benzalkonium chlorides lcohols, benzalkonium chlorides 
d t t f t t  sed esterquat surfactants sed esterquat surfactants q
t  f  d t t  ucts for detergents ucts for detergents ucts for detergents 
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M th dMethodsMethods
role in many areas of daily life. Their Sample preparation:
of great significance. Surfactants are used 50 mg of the technical product was silylated with g g
fteners, dispersal agents, emulsifiers and in 

g p y
2 mL of a BSTFA / MSTFA mixture (5:1; v/v). The , p g , / ( ; / )
derivatisation was carried out for 1 h at 80 °C. Some derivatisation was carried out for 1 h at 80 C. Some 
of the samples were diluted with tetrahydrofuran or (industrial & institutional) detergents are of the samples were diluted with tetrahydrofuran or 
isooctanences for “special effects”. These may be isooctane.p y

s which can be mixed into the basic GCxGC-EI-(TOF)MS system:( ) y
LECO Pegasus III; GC Agilent 6890 N; LECO Thermal LECO Pegasus III; GC Agilent 6890 N; LECO Thermal 
Modulation System; LECO ChromaTOF™ v  3 22actant components of various chemical Modulation System; LECO ChromaTOF v. 3.22

nts are very complex mixtures. This puts 1st GC capillary - Varian FactorFour VF-5msy p p
sponding analyses of the technical 

p y
(30 m x 0.25 mm x 0.25 µm)p g y ( µ )

2nd GC capillary - SGE BPX502nd GC capillary SGE BPX50
(1 m x 0 1 mm x 0 1 µm)rent types of special surfactants in (1 m x 0.1 mm x 0.1 µm)

s based on comprehensive two-p
C) coupled with a time-of-flight mass BSTFA (N,O-bis-trimethylsilyltrifluoroacetamide)) p g BSTFA (N,O bis trimethylsilyltrifluoroacetamide)

MSTFA (N-methyl-N-trimethylsilyltrifluoroacetamide)

m/z 58, 91m/z 58, 91
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Fi 4 Fi 6Figure 4
Extracted GCxGC chromatogram of a cleaner-formulation containing N-benzyl-N,N-

Figure 6
Thermal fragmentation pathways of benzalkonium chlorides [7]

dimethyl-dodecylammonium chloride and N-benzyl-N,N-dimethyl-tetradecylammonium 
chloride

Cl-

NN

Figure 5
Structure of N-benzyl-N,N-dimethyl-dodecylammonium chloride
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Figure 7 Figure 8Figure 7
Structure of a triethanolamine-based esterquat

Figure 8
Extracted GCxGC chromatogram of the triethanolamine-based esterquat compound shown 
i fi 7in figure 7

LiteratureLiterature
chnical products for detergents by 1. Bernabé-Zafón, V.; Simó-Alfonso, E. F. and Ramis-Ramos, G.; On the determination of underivatised chnical products for detergents by 
is demonstrated  Propoxylated fatty 

fatty alcohol ethoxylates by electrospray ionisation-mass spectrometry; Journal of Chromatography 
A 2006, 1118, 188 - 198is demonstrated. Propoxylated fatty 

acteristic masses of their fragment ions in 
2. Jandera, P.; Holcapek, M. and Theodoridis, G.; Investigation of chromatographic behaviour of 

th l t d l h l f t t  i  l h  d d h  t  i  hi hacteristic masses of their fragment ions in 
b  d t i d b  l i  i  th  GC 

ethoxylated alcohol surfactants in normal-phase and reversed-phase systems using high-
performance liquid chromatography-mass spectrometry; Journal of Chromatography A 1998, 813, 

be determined by pyrolysis in the GC 
i

299 - 311

3 Overkempe  C ; Annerling  A ; van Ginkel  C  G ; Thomas  P  C ; Boltersdorf  D  and Speelman  J ; actants can be analyzed e.g. by alkaline 3. Overkempe, C.; Annerling, A.; van Ginkel, C. G.; Thomas, P. C.; Boltersdorf, D. and Speelman, J.; 
Novel Surfactants: Preparation, Applications and Biodegradability, in: Surfactant Science Series, 

d the corresponding silylated fatty acids. volume 114, chapter 11: Esterquats, 347 - 384. Marcel Dekker, Inc., New York, 2., revised and 
extended edition, 2003

omplex samples among other components 
4. Tsai, P. C. and Ding, W. H.; Determination of alkyltrimethylammonium surfactants in hair conditioners 

d f b i  ft  b   h t h  t t  ith l t i t d omplex samples among other components 
 b  th i  d iti  d t

and fabric softeners by gas chromatography-mass spectrometry with electron-impact and 
chemical ionization; Journal of Chromatography A 2004, 1027, 103 - 108

 by their decomposition products.
f i i

5. Liu, Z. and Phillips, J. B.; Comprehensive Two-Dimensional Gas Chromatography using an On-
Column Thermal Modulator Interface; Journal of Chromatographic Science 1991  29  227 231 use of hyphenated techniques is Column Thermal Modulator Interface; Journal of Chromatographic Science 1991, 29, 227 - 231

6 Dallüge  J ; Beens  J  and Brinkman  U  A  T ; Comprehensive two-dimensional gas chromatography: 6. Dallüge, J.; Beens, J. and Brinkman, U. A. T.; Comprehensive two dimensional gas chromatography: 
a powerful and versatile analytical tool; Journal of Chromatography A 2003, 1000, 69 - 108

7. Ng, L. K.; Hupé, M. and Harris, A. G.; Direct gas-chromatographic method for determining the 
homolog composition of benzalkonium chlorides; Journal of Chromatography 1986, 351, 554 - 559homolog composition of benzalkonium chlorides; Journal of Chromatography 1986, 351, 554 559

8. Asmussen, C.; Chemische Charakterisierung von Alkylethoxylaten; dissertation, Technische 
Universität Berlin 2000

9 Taheri  R ; Analyse polycyclischer aromatischer Kohlenwasserstoffe und Tenside in komplexer Matrix 9. Taheri, R.; Analyse polycyclischer aromatischer Kohlenwasserstoffe und Tenside in komplexer Matrix 
mittels comprehensiver zweidimensionaler Gaschromatographie; dissertation, Bergische Universität 
Wuppertal 2006

10 Hübner  J ; Taheri  R ; Melchior  D ; Kling  H W ; Gäb  S  and Schmitz  O  J ; Analysis of tensides in 10. Hübner, J.; Taheri, R.; Melchior, D.; Kling, H.-W.; Gäb, S. and Schmitz, O. J.; Analysis of tensides in 
complex samples with comprehensive two-dimensional gas chromatography coupled with time-of-
fli ht  t t A l ti l d Bi l ti l Ch i t  2007  388  1755 1762flight mass spectrometry; Analytical and Bioanalytical Chemistry 2007, 388, 1755 - 1762


