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SUMMARY ’

The authors  carried out temperature-programmed, gas chromatographic,
molecular-weight fractionation of various derivatives of polyethylene glycol, with
the general formulae RO(CH,CH,0),R (R = Me, Ph, TMS) and R(CH,CH,0),-
CH.,CH,;R (R = Cl, PhS), in order to determine which derivative has the highest
volatility and thermal stability and the lowest energy of adsorption on the support,
thus making it the most suitable for the routine analysis of polyethylene glycol
products with a molecular weight of less than 1000. Although the dimethyl derivatives
are the most volatile, the bis-trimethylsilyl derivatives are the most suitable for the
analysis of polyethylene glycol by GLC under the conditions used.

INTRODUCTION

Polyethylene glycols are important surfactants, and yet little work has been done
to determine the distribution of the degree of polymerization. These compounds have
the general formula RO(CH,CH,O),R’, where R and R’ denote e.g. hydrogen atoms,
alkyl groups, or alkylaryl groups. Amongst the chromatographic techniques proposed
for the analysis of surfactants (see ref. 1 for a bibliography), GLC is the most promising
for the rapid determination of the distribution of the degree of polymerization since
it entails the molecular weight fractionation of the products and the quantitative
estimation of the resulting molecular-weight fractions by a suitable detector. With
polyethylene glycol?? and its monononylphenyl?t and monoalkyl® ethers, however,
low volatility restricts this analysis to the lower members. New possibilities were
opened up by the discovery that the relative retention volume decreases as the two
primary OH groups are successively substituted by methoxy groups®. The acetylation
of the OH group has recently been suggested for the analysis of monoalkyl ethers?,
and has also been utilized in the analysis of polyglycerols?, since the acetylated deri-
vatives have a higher volatility and thermal stability.
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Fig. 1 (continued).
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Fig. 1. Gas chromatograms of the various derivatives of polyethy]ené glyéol products with a
mean molecular weight of 300, 400, and 6oo (PEG 300, PEG 400, and PEG 6oo). The number of

peaks gives the value of #.
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This paper deals with the gas chromatographic determination of the volatility
and the thermal stability of polyethylene glycol and its dimethyl, diphenyl, and bis-
trimethylsilyl ethers as well as CI(CH,CH;0),CH,CH,Cl (the replacement of the
OH group by chlorine raises the volatility) and PhS(CH,CH,0),CH,CH,S Ph (to find
out what effect the introduction of sulphur has on the chromatographic behaviour).

EXPERIMENTAL

The work was done with a Wilkens Aerograph 1521-1 fitted with a flame-
ionization detector and a linear temperature programmer. We used a stainless steel
column (22 cmin length and } in. internal diameter), packed with 60—-8o mesh silanized
Chromosorb W impregnated with 59, of silicone-gum rubber SE-30. The injection
point temperature varied with the compounds between 375 and 400°, the detector
temperature being 375°. The temperature was raised from 100 to 350° at a rate of 7 or
8°/min. The flow rate of the carrier nitrogen was 54 ml/min.

To minimize the retention time of the higher molecular-weight products, we
chose the shortest column that still separated the fractions. Under the analytical
conditions used, the column selected could resolve alkanes differing by one methylene
group. Furthermore, we chose a low-activity support and a low-volatility stationary
phase. The amount of the latter should not be less than 5 %, since otherwise the support
adsorbs, particularly in the case of higher molecular-weight samples. It was found
essential to stabilize the column at 300° for atleast 24 h before use, possibly by using
the temperature programmer several times. The chosen flow rate of nitrogengave the
best results. With this column, the effective peak number?? for the #-C,,/#-Cy3 pa-
raffins was 0.3.

The three polyethylene glycol samples were industrial products (ex Chemische
Werke Hiils) with stated mean molecular weights of 300, 400, and 600. Hexaethylene
glycol, prepared by the method of FORDYCE, et al.?, was converted into the appropriate
derivatives which were used as internal standards Thionyl chloride was used to
prepare the dichloro derivatives?, and these were then converted into the dimethyl,
the diphenyl, and the bis-thiophenoxy derivatives by condensation with sodium
methoxide, phenoxide, and thiophenoxide by the general method of CRETCHER AND
PI1TTENGER!?, The TMS derivatives were prepared with the aid of hexamethyl-
disilazane and trimethylchlorosilane?. The reagent was always in excess to maximize
the conversion of the polyethylene glycol. Moisture was removed from the reagents
and the equipment, the polyethylene glycol being dried for 6 h at 80° at a reduced
pressure of 1 mm Hg. The preparations are briefly described below.

To prepare the dichloro derivatives, a solution of 0.01 mole of polyethylene
-glycol in 5 ml of pyridine was treated in a 50 ml flask with 0.03 mole (509, excess) of
thionyl chloride, added dropwise and with vigorous agitation. The reaction mixture
was kept for } h at 80°, and then cooled. The residue was extracted with three 10-ml
portions of d1ethy1 ether and the ether extracts were combined, treated with 0.5 g
of sodium carbonate, and filtered. The filter was washed with 10 ml of diethyl ether,
and the filtrate was freed from the solvent and impurities by heating at 80° and 10 -
mm Hg.

To prepare the bis-trimethylsilyl derivatives, 0.1 ml of hexamethyldisilazane
and 0.05 ml of trimethylchlorosilane were introduced into a small test-tube containing -
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5 mg of polyethylene glycolin o.2ml of pyndme The reactants were mixed and allowed
to stand for 5 min.

The dimethyl der1vatlves were prepared by the dropw1se addition of 0.005 mole
of the dichloro derivative to 0.015 mole (509, excess) of sodium methoxide (prepared
by mixing 0.35 g of metallic sodium with 15 ml of methanol). The solution was agitated
for 1o min, the solvent distilled off, and the residue heated for 2z h at 70°. Cooling was
followed by extraction with two 10-ml portions of diethyl ether, filtration, and the
removal of the solvent by heating for z h at 40° and o.5 mm Hg.

The diphenyl derivatives were prepared by mixing 0.02 mole of phenol with
0.015 mole of a methanolic solution of sodium methoxide (prepared as described above).
The methanol was taken off under vacuum, and 0.005 moles of the dichloro derivative
were added dropwise. The mixture was heated for 2 h at 120°, cooled, and extracted
with five 5-ml portions of diethylether. The extracts were combined and freed from
the solvent and phenol at 60° and o.x mm Hg.

To prepare the bis-thiophenoxy derivatives, 0.02 moles of thiophenol were
introduced into 0.015 mole of a methanolic solution of sodium methoxide (prepared
as described above). The methanol was distilled off, 0.005 moles of the dichloro deri-
vative were added, and the reaction mixture was heated at 80° for 4 h. The excess
thiophenol was then distilled off at 100-120° and 0.5 mm Hg.

RESULTS

The chromatograms in Fig. r show the molecular-weight fractionation of the
various derivatives of polyethylene glycol (PEG) samples with a mean molecular
weight of 300, 400, and 600. Table I contains the values for the elution temperature
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Fig. 2. Variation of the elution temperature ET with the degree of polymeriza.tion n for the bis-
tluophcnoxy (1), diphenyl (2), dichloro (3), bis-trimethylsilyl (4), and the dimethyl (5) derivatives
of polyethylene glycol.. ' ' :
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(ET), the relative peak area (A), and the molar fraction (x,) of the constltuents
Hexaethylene glycol derivatives were used as internal standards.

Maximum volatility and thermal stability and minimum energy of adsorption
on the support are the characteristics of the most suitable type of derivative for the
determination of # by GLC. The volatility of derivatives with the same value of »
decreases as follows: dimethyl > bis-trimethylsilyl > dichloro > diphenyl > bis-
thiophenoxy derivatives. The elution temperature within a series varies linearly with
»n over a wide range (see Fig. 2). The deviations from linearity at high »# values are
probably due to difficulties in keeping the temperature-programming linear and the
flow rate of the carrier gas constant at high temperatures. In the linear domain between
about 150 and 300°, the graphs for all the derivatives have the same slope of about
15°/n. In addition, using the more volatile derivatives (dimethyl and bis-trimethyl-
silyl derivatives), one can separate compounds with an » of up to 18, Z.¢c. up to a mole-
cular weight of about goo.
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Fig. 3. Distribution of the degree of polymcruatlon #n for the dichloro (@), bis-trimethylsilyl (A),
dxmethyl (<), diphenyl (Q), and the bis-thiophenoxy (A\) derivatives of polyethylene glycol 300,
400, and 6oo (in the case of the dichloro and the bls thxophenoxy der1vat1ves, 1 refers to the .

starting polyethylene glycol product).
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The replacement of oxygen by sulphur in the molecule lowers the volatility,
even if the fact thatit alsoreduces the value of # by oneis taken into account. However,
even conversion into'the- bis-thiophenoxy derivatives facilitates the resolution: of
compounds with a molecular weight exceeding 750.

The derivatives generally have a fairly good thermal stablhty, perrmttmg an
evaporator temperature of 375° in all cases. With the bis-trimethylsilyl, the dimethyl,
and the dlphenyl derivatives, this temperature can be raised to 400° without any
pyrolysis occurring. : :

Adsorption on the support, which is particularly a hazard Wl‘th compounds
having a higher » value and less volatile substituents, was found the smallest in the
case of the bis-trimethylsilyl and the dimethyl derivatives. -

The most suitable type of derivative can be chosen on the basis of the distribution
curves in Fig. 3, though it must be ascertained in each particular case that polyethylene
glycol is quantitatively converted into the derivative. The curves for the derivatives
of PEG 300 are superimposable, and so are those for the derivatives of PEG 400. In
the case of the derivatives of PEG 600, on the other hand, the distribution curve for
the bis-trimethylsilyl derivatives is displaced towards higher # values, probably
because of the higher volatility and because of the fact that these derivatives were
prepared in a single step. Although the dimethyl derivatives are more volatile, they
were prepared via the dichloro derivatives, and the possibility of a systematic shift
in the distribution during this reaction cannot be excluded. The good agreement
between the curves for the dimethyl derivatives and those for the dichloro derivatives
indicates that the conversion into the dimethyl compounds is almost quantitative,
which agrees with the hlgh y1elds the chlorination of polyethylene glycol must there-
fore be less complete. :

‘ These results show that, under the present experimental conditions, the bis-
trimethylsilyl derivatives are the most suitable for the gas chromatographic analysis
of polyethylene glycol products, since they have a high volatility, high thermal
stability, low energy of adsorption on the support, and a simpler synthesis' which
probably ensures a more complete conversion.
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