
ORIGINAL PAPER

Separation and Quantification of Vegetable Oil Based Polyols
by High Performance Liquid Chromatography with Evaporative
Light Scattering Detection

Jin Yue Æ Suresh S. Narine

Received: 2 May 2007 / Revised: 10 July 2007 / Accepted: 12 July 2007 / Published online: 15 August 2007

� AOCS 2007

Abstract Polyols with terminal primary alcohol func-

tionalities were obtained from canola oil via an ozonolysis

and hydrogenation process. A high performance liquid

chromatography (HPLC) method with evaporative light

scattering detection (ELSD) was developed for separating

and quantifying the polyol products. Linear calibration

curves were obtained for the mono-ol, diol and triol com-

ponents with correlations (r2) above 0.98. According to the

standard curve, the content of mono-ol, diol and triol can

be obtained from their HPLC-ELSD chromatograms.
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Introduction

Vegetable oil is an abundant renewable source that can be

used for the manufacture of polyurethanes (PUs) so long as

it comprises double bonds in its structure, which can be

converted to alcohol functionalities to make polyols, the

monomers for polyurethane production. There are many

ways to synthesize polyols from various vegetable oils.

Some research groups have sought to introduce alcohol

functionality by hydroformylation of double bonds [1]

followed by hydrogenation or epoxidation then ring

opening [1, 2]. The above mentioned methodologies have

produced TAG polyols with hydroxyl functionality situated

in the middle of the fatty acid chains. For the synthesis of

polyols with terminal hydroxyl groups from vegetable oils,

the process of ozonolysis is generally adopted [3, 4]. In our

research group, a process of ozonolysis followed by

hydrogenation (also demonstrated to be feasible at an

industrial scale) has been successfully utilized with canola

oil to make polyols with terminal hydroxyl groups [5].

These polyols are capable of producing high-quality PU

foams and elastomers [6, 7].

Gel permeation chromatography (GPC) and FTIR

methods were used in Petrovic’s work to characterize

terminal hydroxyl polyols [3]; FTIR and 13C-NMR were

adopted in Tran’s research for characterization of similar

structures [4]. Neither of these analytical methods allowed

for quantification of the components of the polyols. Cur-

rently, there is no literature published on the separation and

quantification of different components in polyol products

from vegetable oils. In this paper, we report a methodology

for the separation and quantification of different compo-

nents in polyols, including saturated triacylglycerols

(TAGs), mono-ols, diols and a triol, utilizing high perfor-

mance liquid chromatography (HPLC) and an evaporative

light scattering detector (ELSD).

Evaporative light scattering detection for HPLC has been

widely used for the separation and quantification of lipid

classes [8–16] using stationary phases of silica [17], diol

[18], cyanopropyl [19], or bonded polyvinyl alcohol [20].

The use of ELSD has some advantages in the area of lipid

analysis: (1) it is not sensitive to the solvent flow rate and

ambient temperature [21]; (2) it eliminates the need for lipid

derivatization; and (3) it allows for the use of solvents that are

usually not suitable for UV detection such as chloroform,

which has a similar absorbance region to the lipids [22].
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Experimental

Materials

One hundred percent pure canola oil was supplied by

Canbra Foods Limited, Lethbridge, AB, Canada. Raney

nickel 2800 (slurry in water) catalyst was purchased from

Sigma-Aldrich Co., USA. The ozone generator (Azcozon

Model RMV16-16) was purchased from Azco Industries

Ltd., Canada. The hydrogenation vessel (2 L) was pur-

chased from Parr Instrument Co., USA. The Wiped-Blade

Molecular Distillation apparatus (Model VKL 70/ICL–04)

was purchased from Incon Processing, IL, USA.

Methods

Synthesis and Characterization of Polyols from Canola Oil

Canola oil (100 g) was dissolved in ethyl acetate (400 mL)

and ozonized at room temperature for 1 h (or 30, 40, 50

and 60 min in different batches). An oxygen flow rate of

5 L/min was passed through the ozone generator allowing

for an ozone concentration of 62 g/cm3. The ozonolysis

crude product was then hydrogenated for 3 h at 135 �C and

100 psi using Raney Ni (10% weight of ozonolysis crude

product) as a catalyst. Ethyl acetate was removed by rotary

evaporation and wiped blade molecular distillation was

used to remove low molecular weight by-products to obtain

polyols products.

HPLC System

The HPLC system consisted of a dual Milton Roy pump

with a 20 lL auto-injector. A 250 · 4 mm Betasil Diol-

100 (5 lm particle size) column was used (purchased from

Thermo Hypersil-Keytone) and maintained at 50 �C with a

Biorad column heater. The detector was an Alltech ELSD

2000 evaporative light scattering system maintained at

100 �C with a gain setting of 16 (on the 16 unit scale) and

a nitrogen flow rate of 3 L min�1. The mobile phase

comprised of two solvents, A and B. A was 100% heptane

and B was 50% heptane with 50% isopropyl alcohol (IPA).

A run consisted of a linear gradient of 100% A to 70% A

and 30% B over 30 min with a flow rate of 2 mL min�1.

HPLC Standard Curves

Pure mono-ol, diol and triol standards were obtained by

isolating polyol products by flash silica chromatography.

The purification process, chromatographic data and

compound characterization are reported in detail in a pre-

vious publication [5]. Dichloromethane (DCM) solutions

of known concentrations of each standard were injected

separately. Each concentration of the standard solution was

injected three times and the average peak area was plotted

against the concentration to obtain the standard curve.

Correlation (r2) was determined for all curves by linear

regression analysis.

Results and Discussion

Polyols were obtained by ozonolysis of canola oil in ethyl

acetate followed by hydrogenation. Canola vegetable oil

contains more than 90% of unsaturated fatty acids [23],

including oleic acid, linoleic acid, and linolenic acid, all

of which have a double bond at carbon nine that can

be cleaved by reductive ozonolysis to provide terminal

hydroxyl polyols. The polyol products obtained are a

mixture of saturated TAGs along with mono-ols, diols and

triols. The presence of saturated alkyl chains in the TAG

products is due to two main reasons: (1) in addition to

unsaturated fatty acids being present in canola oil, there are

also small amounts of saturated fatty acids present (mainly

palmitic and stearic acid); (2) ozone may not have reacted

with all of the double bonds and hydrogenation of the

unreacted double bonds produces TAGs containing satu-

rated alkyl chains. Using triolein as an example, Scheme 1

illustrates the mechanism of polyol production from

unsaturated TAGs and the structures of these products.

In our study, an HPLC-ELSD method was developed to

separate and quantify the components in the polyol mix-

ture. A diol-based column and gradient elution system

provided good separation of saturated TAGs, mono-ols,

diols and triols within a relatively short run time. Figure 1

shows a typical HPLC chromatogram of polyol products

(after ozonolysis for 1 h) in canola oil. As four main peaks

were observed by HPLC using the diol-based column, it

was logical to assign them according to the polarities of

those components in the polyols. Beginning with the first

peak, which has the shortest retention time, the peaks were

assigned to the saturated TAGs (the least polar compo-

nents), followed by TAGs with a single alcohol group

(mono-ols) then TAGs with two alcohol groups (diols) and

finally TAGs with three alcohol groups (triol), the most

polar component. The peak of mono-ols (seen clearly in the

insert of Fig. 1) was very small due to the relatively small

amount of mono-ol in the polyol product. A small peak was

always observed at 24.5 min. This could be due to a

transesterification product also containing three hydroxyl

groups, which would have similar polarity to the main triol

product. The transesterification mechanism is shown in

Scheme 2. Due to the high temperatures used during
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distillation to remove unwanted byproducts and also high

pressures used in the hydrogenation steps, transesterifica-

tion could have occurred between the triol and the alcohol

by-product.

Purified mono-ol, diol and triol samples were analyzed

individually on the same HPLC system and the results

shown in Fig. 2. The retention times of the mono-ol, diol

and triol components were 7.3, 14.9 and 25.3 min,

respectively, which correlates to the previous HPLC

chromatogram shown in Fig. 1. Expansion of the mono-ol

and diol peaks of the HPLC revealed some peak splitting as

shown in Fig. 2. This is due to different hydroxyl and alkyl

group substitutions in the sn-1(3) or sn-2 positions of the

mono-ols and diols i.e., mono-ol and diol isomers. The

retention times and peak resolution for the mono-ol, diol

and triol components were highly reproducible.

Calibration curves for the mono-ol, diol and triol are

shown in Fig. 3. The peak area increased linearly with

increasing standard concentration within a certain range:

mono-ols, 193–650 lg mL�1 diols, 288–1370 lg mL�1,

and triols 268–671 lg mL�1. When the standard concen-

tration was below this range, the response deteriorated;

above this range, the peaks reached the upper detection

limit. The r2 for a linear curve fitting for the mono-ol and

diol was above 0.99, but the r2 for the triol was 0.98. To

quantify the polyol products from one reaction batch, the

batch was either concentrated or diluted to obtain the

concentration of each component within the range. Peak

area of each component was obtained from the

Scheme 1 Production of

polyols from triolein

Fig. 1 HPLC of polyol products from canola oil Scheme 2 Transesterification between triol and the other alcohol
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chromatogram and according to the calibration curve

equation, the concentration of each component was

calculated. After comparison with the total sample con-

centration, the content of each component was obtained.

Table 1 shows the content of mono-ol, diol and triol in the

polyol products. It can be seen that with increasing

ozonolysis time, the content of mono-ol decreased while

that of triol increased. The reason is that over time more

double bonds can react with ozone and following hydro-

genation, more hydroxyl groups are obtained.

It was also found that the detector response was different

for mono-ols, diols and triols therefore, in order to accu-

rately quantify the components of the polyol mixture,

individual calibration curves for each component was nec-

essary. Unlike UV-detection, ELSD response is independent

of the chain length and degree of unsaturation of the fatty

acid chain [13, 21], therefore the calibration curves reported

Fig. 2 HPLC of pure mono-ol, diol and triol

Fig. 3 Calibration curves for mono-ol, diol and triol products

Table 1 Content of mono-ol, diol and triol in the polyol products from varying ozonolysis time

Ozonolysis time (min) 30 40 50 60

Content (%) Mono-ol 20.29 � 1.05 14.11 � 0.72 8.39 � 0.04 4.72 � 0.03

Diol 45.78 � 0.84 46.77 � 1.30 34.52 � 1.08 26.00 � 0.48

Triol 16.79 � 0.23 30.17 � 0.84 50.54 � 0.32 60.18 � 1.16
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in this paper are also applicable to other polyols with similar

terminal primary alcohol functionalities.
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