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Improvement in accuracy in the gas-liquid chromatographic determination
of the molecular-weight distribution of polyoxyethylene non-ionic surfactants

L. FAVRETTO and B, STANCHER
Istitteto i Merceologia, University of Trieste, Trieste (ltaly;
(Reccived January 3rd, 1975)

Gas-liquid chromatography (GLC) is a valuable method for the determination
of the molecular-weight distribution of polyoxyethylene non-ionic surfactants'~’, but
it is usually restricted to the fractionation of the lower, more volatile oligomers. Sys-
tematic errors arise from the truncation of the distribution at higher degrees of poly-
merization, as is demonstrated by the comparison of the number-average molecular
weights obtained by osmometry and GLCH

With particular reference to the compounds of general formula
RO(CH,CH,0),H (where R is the hydrophobic group of the surfactant molecule
and » is the degrec of polymerization), the limits of GLC have not yet been fully
defined. as they depend on improvements to the instrumentation. The efliciency of
silylation procedures®, generally claimed to increase the volatility of these compounds,
is also not clear,

This paper is a contribution to the study of the actual limits of GLC. A simple
data processing method is suggested for correcting the analysis by reconstructing the
tail of the distribution. Polyoxycthylene p-terrz.-nonylphenyl ethers (R = p-tert.-
nonylphenyl) are considered as test compounds,

EXPERIMENTAL

A Pye-Unicam 104 double-colunmin chromatograph [itted with flame ionization
detectors and a linear temperature programmer was used. Stainless-steel columns (30
em length, 1/8 in. 1.D.,) were packed with 80-100 mesh Gas-Chrom Z (Applicd Science
Labs.. State College, Pa., U.S.A.) coated with 5 wt. %] siliconec rubber UCW 98
(Hewlett-Packard, Avondale, Pa., U.S.A.). Fractionation of polyoxyethylene oli-
gomers was carried out with a temperature programme from 125-350° (10°/min):
the injector temperature was 400° and the detector temperature 375°, The flow-rates
of gases were: nitrogen, 45; hydrogen, 40; and air, 300 ml/min. The cffective peak
number was 0.4 for n-C,,/n-C,; paraffins'®,

Number-average molecular weights (M) were determined by vapour pressure
osmometry (VPO) in 1,2-dichloroethane at 37° (Hewlectt-Packard Mechrolab
osmometer). The number-average degree of polymerization (/7)) was calculated from
M [ii = (M — 219.3)/44.05]. '

Commercial polyoxyethylene p-zert.-nonylphenyl ethers with 4 = 3.3, 5.4, 6.5,
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and 7.5 were considered. The monodisperse compound with n = 4 was separated
from a mixture (/7 == 3.3) by preparative column chromatography'!. This oligomer
had a GLC purity of 95.89; (as a peak area) and was used as an internal standard.

Trimethylsilyl (TMS) derivatives were prepared by standard procedures®. The
reaction mixture was filtered through a Mitex 5 (Millipore) filter and injected directly.

RESULTS AND DISCUSSION

The chromatograms in Fig. 1 show an example of fractionation of the
surfactant with /7 = 5.4. All sumples contain a few per cent (expressed as a peuak arei)
of oligomers of another type. which have been not considered in this investigation.

Fig. 1. Gas chromatograms of polyoxyethylenc p-rert.-nonylphenyl ethers with /#vpo == 5.4, 1, Un-
treated surfactant; 2, TMS derivative. Numbers over the peaks indicate the degree of polymerization

(upper value) and the clution temperature (lower value). Peaks marked with spots are not considered
in this study.

The elution temperature of the TMS derivalives is slightly higher than that of
the untreated oligomers, but the difference tends to disappear with increase in n. so
that elution temperatures are the same for # = 13 (see Table I). The TMS derivatives
have the advantage of interacting more weakly than untreated compounds with the
stationary phase, and the separation between peaks is thus improved.

Table I gives the results of the GLC analysis of the surfactants. The
concordance of the molar fractions is observed only for the mixture with 7 = 3.3,
whereas the distribution appears truncated at higher 7.

In order to define the value of n at which cutting off occurs, a detailed analysis
of the GLC data was performed. The cumulative percentage distribution largely fits

“a Tog-normal plot (see Fig. 2), so that the deviation from linearity indicates the value
of 4. at which truncation of the distribution begins (see Table I). The s value is 10
for TMS derivatives and 9 for untreated compounds. This plot is the basis for the
further calculation of the degree of truncation (/1) by the method of Fisher, reported
by Hald'2, Table I shows that the degree of truncation is negligible for /i = 5.4 but
is important for /7 = 6.5.
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Fig. 2. Cumulative percentage distribution of the degree of polymerization (as logye #) of poly-
oxycthylene p-tert.-nonylphenyl cther non-ionic surfactants. A, Untreated compounds: B, TMS

derivatives. 1, fvpo = 3.3: 2, fiveo == 5.4: 3, iivio = 6.5. Broken lines, observed points; solid lines,
calculated points,

The corrected distribution can be approximated by graphical extrapolation of
the linear interval of the observed distribution, although it can be also obtained by
statistical procedures. The limits of application of this extrapolation procedure are
imposed mainly by the linearity of the plot. With increase in n, the truncation also
increases and linearity is no longer observed (as in the case of /i = 7.5).

In conclusion, GLC analysis may give an accurate picture of the distribution
of polyoxyethylene p-rert.-nonylphenyl ethers up to /7 = 6.5, Values of jigLe = X1,
calculated from the corrected molar fraction (.v,), are in fact slightly higher than those

determined by osmometry, which is influenced by the presence of unidentified low-
molecular-wecight oligomers,
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