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ABSTRACT

A method employing high pressure liquid chroma-
tography has been developed for the quantitative
determination of polyethylene glycols in ethoxylated
fatty alcohols and alkylphenols. This technique over-
comes many of the limitations encountered in pre-
viously-reported methods. The polyethylene glycols
are separated from the ethoxylated product and other
sample components using a 65/35 acetonitrile/water
mobile phase and a Bondapak C,g/Corasil reverse-
phase column system, The response factor of the dif-
ferential refractometer detector is determined using
Carbowax standards of appropriate molecular
weights. The molecular weight of the polyethylene
glycols in each sample is approximated using thin
layer chromatography prior to the high pressure
liquid chromatography calibration and analysis. The
precision of this method for the determination of
polyethylene glycols is T 4% relative or better, and
the recovery of added polyethylene glycols is quanti-
tative. Application of this method to a wide variety
of commercial ethoxylated fatty alcohols and atkyl-
phenols is presented.

INTRODUCTION

The presence of glycols and polyglycols in nonionic sur-
factants is widely recognized. The level and nature of these
components exert a significant influence upon the physico-
chemical and performance characteristics of the product
mixture. Therefore, the quantitative determination of poly-
glycols in these products is of utmost importance. Methods
reported for the quantitative determination of polyethylene
glycols in nonionic surfactants include paper chromatog-
raphy (1), adsorption chromatography (2), partition chro-
matography (3), gas chromatograpny (4,5), thin layer
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chromatography (6,7), solvent extraction (8), sedimenta-
tion (9,10), and organic analysis (11). The primary prob-
lems often encountered with these methods are long analy-
sis time, lack of specificity, difficulty of quantitation,
limited application, and poor precision and accuracy.

A method employing high pressure liquid chromatog-
raphy (HPLC) has been developed for the quantitative
determination of polyethylene glycols in ethoxylated fatty
alcohols and alkylphenols. This technique overcomes many
of the limitations encountered in previously-reported
methods. The primary factors considered in the develop-
ment of this method were adequate separation of the poly-
ethylene glycols from other known product components,
sensitivity, ease of calibration, consistency of detector
response for polyethylene glycols having a wide molecular
weight range, and ease of quantitation.

EXPERIMENTAL PROCEDURES

Ethoxylated Products

The ethoxylated fatty alcohols and alkylphenols used in
this study were commercial products made by Alcolac Inc.
(Baltimore, MD) or obtained from other sources. Those
products made at Alcolac Inc. were made from commer-
cially-available fatty alcohols or alkylphenols, which were
ethoxylated without further purification. The approximate
mole ratio of ethylene oxide to fatty alcohol or alkylphenol
was determined by hydroxyl number and/or hydrogen
iodide (HI) cleavage (12).

Thin Layer Chromatography {(TLC)

‘TLC was used to estimate the molecular weight range of
polyglycols present in each sample type analyzed. Develop-
ing-solvent mixtures employed were prepared from indi-
vidual solvents which were reagent (ACS) grade or better.
The chromatograms were obtained using silica gel plates
(250-micron thickness) purchased from Brinkmann Instru-
ments (Cantiague, NY), Analtech (Newark, DE) or Quan-
tum Industries (Fairfield, NJ). The samples were spotted

TABLE1

Thin Layer Chromatography?
Determination of Polyethylene Glycol Molecular Weight

Plates (250-micron

Product Developing solvent thickness)

Lauryl Alcohol + 12 EO Acetone/Chloroform/Methanol Silica Gel
30/ 47/ 23

Lauryl Alcohol + 50 EO Chloroform/Methanol/Water Silica Gel
3/ 25/ 12

Butanol/Ethanol/Ammonia (aq.) Silica Gel

14/ 3/ 5

Dodecyl Phenol + 40 EOQ Acetone/Water/Ethyl Acetate Gilica Gel
Cetyl-Stearyl Alcohol + 40 EO 45/ 25/ 10

Tridecyl Alcohol + 6 EO Acetone/Chloroform/Methanol Silica Gel
30/ 47/ 23

Octylphenol + 25-35 EO Acetone/Water/Ethyl Acetate Silica Gel
45/ 25/ 10

Octyliphenol + 60 EQ Chloroform/Methanol/Water Silica Gel

3/

25/ 12

aAll chromatograms visualized with iodine vapor.
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FIG. 1. Typical high pressure liquid chromatography chromato-
grams of lauryl alcohol ethoxylates. 4 ft x 2 mm Bondapak Cig/
Corasil, 65/35 v/v acetonitrilefwater, 1.0 ml/min.

from ca, 10% (w/v) methanol solutions, and the Carbowax
standards (Union Carbide, New York, NY) were spotted
from ca. 1% (w/v) methanol solutions on the same chro-
matographic plate, Conventional spotting techniques were
employed.

After visualization of the developed chromatogram with
iodine vapor, the molecular weight range of the polyglycols
in the sample was estimated by comparison of the spot
position of the polyglycols in the sample with those of
known standards. This estimated polyglycol molecular
weight was then used to calibrate the HPLC system for the
guantitative determination of the polyglycol content in the
sample as described later in this presentation. The TLC
conditions employed are shown in Table 1.

High Pressure Liquid Chromatography

A Waters model ALC 202 liquid chromatograph
equipped with a M6000 pumping system and a Waters
model 401 differential refractometer was employed. Also
employed was a comparable instrument consisting of a
Milton Roy model 709 pumping system (with pulse damp-
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FIG. 2. Typical high pressure liquid chromatography chromato-
grams of octylpheno! ethoxylates. Conditions same as in Figure 1,
except 60/40 v/v acetonitrile/water mobile phase was used for octyl-
phenol—60 EO.
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TABLE 11

High Pressure Liquid Chromatography Response Factors
(Carbowax Standards)

Carbowax molecular weight Response factor (arbitrary units)a

600 1.96
1450 1.97
1500 2.13
4000 2.13
6000 1.97

Average Response Factor: 2.03 £ 0.09

apifferential Refractometer, 65/35 v/v Acetonitrile/Water Mobile
Phase.

ener) and a Waters model 401 differential refractometer.
The column system used with each instrument was two
2 ft x 2 mm inside diameter stainless steel columns each
packed with Bondapak C;g/Corasil (Waters Associates,
Milford, MA). A mixture of 65/35 v/v acetonitrile/water
was used as the mobile phase. Acetonitrile was Mallinckrodt
(St. Louis, MO) Nanograde (distilled in glass) and the water
was deionized and distilled in glass. The mobile phase flow
rate was 1.0 ml/min. This flow rate was verified by measur-
ing the time required for the system to deliver a precise
volume of mobile phase. Sample volumes of 10 microliters
were injected, using either a 25-microliter Pressure Lok
Syringe (Precision Sampling, Baton Rouge, LA) or a Valco
six-port sampling valve equipped with a 10-microliter
sampling loop. The chromatograms were recorded on a
10-millivolt recorder and the polyglycol peak areas were
either hand calculated by triangulation or automatically
computed with an Autolab System IV Integrator (Spectra-
physics, Autolab Division, Santa Clara, CA).

Calibration and Analysis

The response factor (RF) of the HPLC system for the
polyglycols present in the sample was first determined. A
solution of the appropriate Carbowax standard (as deter-
mined by TLC) was accurately prepared using the mobile
phase as the solvent. In cases where the estimated molecular
weight of the polyglycols in the sample was found to be
between those of two Carbowax standards, two such solu-
tions were prepared for calibration, with an average inter-
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polated response factor (RF) determined. Ten microliters
of the standard solution (or solutions) were injected in
duplicate and chromatographed. The RF or RF was calcu-
lated as follows:

_ Weight %* of Carbowax in Injected Solution
RF =
Peak Area

R = RE #1+RF #
2

*or grams/milliliter

A solution of the sample was accurately prepared using
the mobile phase as the solvent, Ten microliters of this
solution was chromatographed in duplicate and the poly-
glycol content of the sample was calculated as follows:

(Peak Area) (RF or RF) (100)
Weight %* of Sample in Injected Solution

% Polyglycols (w/w) =
*or grams/milliliter

Both the standards and samples were melted (if neces-
sary) and thoroughly mixed before preparation of the solu-
tions to be injected. If the sample to be analyzed contains
water, the sample must be dried prior to analysis. For best
results the weight percents of standard(s) and sample in the
injected solutions were adjusted so that the absolute
amounts of injected polyglycols were nearly identical
between standard(s) and sample. This procedure minimizes
nonlinearity of system response and is possible only if the
anticipated polyglycol level in the sample can be accurately
approximated. Injection of the standard and sample solu-
tions in duplicate confirms the validity of the run and
serves to monitor the general condition of the chromato-
graphic system.

RESULTS AND DISCUSSION
General Considerations

The chromatographic system employed was designed to
separate the polyglycols and the ethoxylated products of a
wide variety of fatty alcohols and alkylphenols. Polyglycols

TABLE 111

High Pressure Liquid Chromatography Determination of Polyethylene
Glycols in Nonionic Surfactants

Relative standard

Product Range, % Standard deviation, % deviation, %
Lauryl Alcohol + 12 EQ 8-11 0.31 3.2
Lauryl Alcohol + 50 EQ 6-15 0.36 3.9
Tridecyl Alcohol + 6 EO 0.3-0.4 0.01 2.8
Cetyl-Stearyl Alcohol + 40 EQO 6-20 0.39 2.6
Octylphenol + 25 EO 7-20 0.40 3.0
Octylphenol + 35 EOQ 4-22 0.49 3.3
QOctylphenol + 60 EO 11-19 0.25 1.6
Dodecylphenol + 40 EO 5-11 0.26 3.2
TABLE IV

Recovery
High Pressure Liquid Chromatography Determination of Polyethylene Glycols
in Nonionic Surfactants

% Polyethylene % Polyethylene
Product glycol added glycol found % Recovery
Lauryl Alcohol + 50 EO 7.878 8.14 103
Octylphenol + 35 EO 16.83° 157 94

aMol wt ca. 4000,
bMol wt ca. 1000.
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are entirely hydrophilic, while the hydrophilicity of the
ethoxylated products varies with the extent of ethoxyla-
tion. As the extent of ethoxylation increases, the ethoxyl-
ated product becomes more hydrophilic, due to the de-
creasing influence of the hydrophobic (fatty) portion of the
molecule on its physical and chemical properties. Further-
more, the ethoxylated product consists of a mixture of
molecules, each with a different degree of ethoxylation and
a different chromatographic retention time.

The acetonitrile/water mobile phase and the Bondapak
C, g/Corasil column were chosen to achieve this separation.
The use of water enables the polyglycols to migrate readily
through the column. The addition of acetoniirile to the
mobile phase improves the sensitivity of the differential
refractometer for the detection of polyglycols. The Bonda-
pak Cyg/Corasil is a pellicular packing (particle size 37-50
microns) prepared by the chemical bonding of octadecyl-
trichlorosilane to a rigid, spherical core of silica gel. The
octadecyl group retards the migration of the ethoxylated
product relative to the polyglycols. Figures 1 and 2 ilius-
trate typical separations obtained for commercial lauryl
alcohol and octylphenol ethoxylates, respectively. The
retention time of the polyglycols is constant, while the
retention times of the ethoxylated products relative to that
of the polyglycols decrease as the extent of ethoxylation
increases in each series. In each chromatogram the ethoxyl-
ated product is the major component eluting after the poly-
glycols. The lauryl alcchol used to produce the lauryl
ethoxylates is a commercial blend of Cy,, Cy4, and Cy¢
alcohols. This alkyl distribution contributes to the broad-
ness of the ethoxylate peaks in this series. The octylphenol
—60 BEO ethoxylate does not readily separate from the
polyglycols using the 65/35 acetonitrile/water mobile
phase. Adjusting the mobile phase to 60/40 acetonitrile/
water athieves the separation shown in Figure 2.

The invariant polyglycol retention time obtained for all
the products studied is due to the use of water in the
mobile phase. The rapid elution of the polyglycols in the
molecular weight range of ca. 600-6000 results in a single
chromatographic peak, which facilitates the quantitative
determination of polyglycols in these products.

Response Factors vs. Molecular Weight

Table II shows the system response factors obtained for
the Carbowax standards employed. Even though the
response factor varies somewhat in the Carbowax molecular
weight range of 600-6000, the standard deviation of the
response factor in this range is less than 5% relative. This
indicates that the same response factor may be used to
determine polyglycols in the molecular weight range of
600-6000 with a maximum of 5% relative error. However,
maximum accuracy is achieved through determination of
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the polyglycol molecular weight (TLC), followed by the
determination of the system response factor using the
Carbowax standard appropriate for the sample analyzed. If
the source of starting materials and reaction conditions are
invariant for a particular type of ethoxylated product, the
polyglycol molecular weight, and thus the response factor,
will be invariant for each sample of that product analyzed.
Without the TLC analysis, the total analysis time is less
than 1 hr,

Precision and Accuracy

Table III shows some typical products analyzed and the
range of polyglycol content and precision obtained for each
product. The products listed represent materials produced
both in laboratory and in large-scale production facilities.
In some cases, products were obtained from other com-
mercial sources. The exact polyglycol content for a given
product was found to depend upon initial moisture content
of the starting material, the extent of ethoxylation, the
ethoxylation conditions, the source of the product, and the
anticipated product use(s). The relative standard deviation
of this method is 4% or less for each product studied.

The accuracy of the method was determined by the
analysis of a selected product, followed by the addition of a
known amount of a Carbowax standard and re-analysis.
Table IV shows typical results for the recovery of poly-
glycols in two different commercial products. The data
represent recovery experiments showing the effect of
sample type, percent polyglycol added, and the molecular
weight of polyglycol added. The average recovery shown is
98.5%, which is quantitative within the precision of the
method.
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