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ABSTRACT: Average molecular weights (Mn, Mw and Mp) are important characteristics of oligomers and polymers, and therefore there

is a need to have a precise and reliable determination method. A gel permeation chromatography (GPC) coupled with a single refrac-

tive index detector was used to determine the molecular weight distributions of commercial polyether polyols calibrated against a

series of polyether polyols with known molecular weights and low polydispersity. Results of these GPC analyses were compared to the

ones calibrated against the commercially available polystyrene (PS) standards. The number-average molecular weights (Mn) obtained

with GPC using polyether polyols calibration were closer to the theoretical values than the Mn obtained using PS as calibration stand-

ards. Hence, these GPC analyses using polyether polyols as calibration standards can provide reliable determination of molecular

weight distribution of polyether polyols and can be potentially applied to natural oil-based polyols, including palm oil-based polyols.
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INTRODUCTION

Oligo-polyols, such as polyether polyols and polyester polyols,

are one of most important raw materials in production of poly-

urethane polymers, and thus need to be well-characterized in

terms of the concentration of reactive terminal hydroxyl groups

as well as their molecular weights (MWs) and molecular weight

distributions (MWDs).1–5 Today, the MWD and the MW aver-

ages of synthetic polymers are commonly determined with gel

permeation chromatography (GPC), where synthetic macromo-

lecules are separated according to their size as solution flows

through a packed bed of porous gels.6

Separation through GPC is ideally achieved by differential

pore permeation. The volume of the pore, which is effectively

accessible, is greater for small molecules than for large ones.

Therefore, larger molecules have shorter retention times in the

pores of the packing than smaller ones.6,7 The need for repro-

ducible and accurate determination of MWD and the MW

averages of polymers have led to the development of different

configurations of GPC systems used in different laboratories in

terms of column packing, detection types and MW calibration

methods.6,7

Various types of detectors have been used to continuously mon-

itor the column effluent and to produce a signal which depends

on the amount and/or MW of the polymer in the detector cell.

GPC system, coupled with a MW-sensitive multi-angle laser

light scattering (MALLS) detector, has been used to determine

weight-average molecular weight (Mw) and polydispersity (PD)

of heparins.8,9 There was also a breakthrough approach where

GPC was combined with light scattering and viscosity detector

to give direct universal calibration. Even though the universal

calibration gives the molecular weight distributions without a

mathematical correction, it still requires a column calibration

and a series of narrow standards but the latter no longer need

to be the same chemical composition as the sample polymer.10

Different sets of column packing were also applied to obtain a

good separation. For example, bio-based polyols were eluted

into a set of four Phenogel columns installed in series.11–21

Above all, a GPC system needs to have accurate calibration

method in order to eliminate systematic errors in MW determi-

nation due to inaccurate inter-detector delay values.

Calibration using polystyrene (PS) standards is widely used

since these standards are commercially available.11,21–30 Ionescu

et al. (2011) reported that the MWs of polyester polyols
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calculated against PS standards were indicative but they were

not correct.16 Polymethyl methacrylate (PMMA) standards were

also used as calibration standards.31 On the other hand, polyols

standards are not commercially available and this issue was

highlighted by Ionescu et al. (2011).16 There are reported uses

of polyether polyols with known MW as standards for GPC cali-

bration.32,33 However, a calibration method was not reported

and the results obtained with the polyether polyols calibration

were not compared with the conventional PS calibration.

This paper discusses the GPC results of polyether polyols using

polyether polyols as standards for calibration curves as an alter-

native to the commercially available PS standards. The MWs of

polyols obtained via GPC analysis using polyether polyols cali-

bration are expected to be closer to the theoretical MWs com-

pared to the results obtained using PS standards.

EXPERIMENTAL

Materials

Commercial polyether polyols with their reported properties are

tabulated in Table I. The hydroxyl value, acid value, water con-

tent and pH for each polyether polyol was obtained from their

certificates of analysis. The reported functionalities are defined

stoichiometrically.

Six PS standards (Varian Inc.) with reported MW ranging from

580 to 70,950 Da are listed in Table II. The MWs, including

molecular weight at the peak (Mp), number-average molecular

weight (Mn) and weight-average molecular weight (Mw) were

obtained from the certificates of analysis.

Table I. Batch Numbers and Properties of Commercial Polyether Polyols Reported by Suppliers

Reported properties

Commercial
polyether
polyols Supplier

Batch
No.

Hydroxl number
(mg KOH g21) Functionality

Acid number
(mg KOH g21)

Water content
(%) pH

AcclaimVR 8200Na Bayer PD82000229 14.5 2 0.008 0.012 –

AcclaimVR 6300N Bayer PD82000125 27.2 3 0.008 0.013 –

Poly-GVR 85-29 Arch 10DR208763 27.7 3 0.008 0.03 6.3

Poly-GVR 85-34a Arch 10DR145253 35.0 3 0.002 0.00 7.3

AcclaimVR 3300Na Bayer PD82000092 57.7 3 0.002 0.013 6.9

AcclaimVR 2220N Bayer 84004002 48.8 2 0.007 0.026 –

Poly-GVR 76–120a Arch 10DR117018 118.0 3 0.006 0.00 7.1

LumulseVR POE 26 Lambent G175973 129.53 3 0.151 0.04 –

Poly-GVR 30–168a Arch 10DR017121 170 3 0.01 0.01 6.3

Poly-GVR 30–240a Arch 10DR255222 233 3 0.016 0.01 5.4

a Polyols used as calibration standards.

Table II. Batch Numbers and MW Values of PS Standards Reported by the Supplier

Reported MW values

Name of PS standards Batch No. Mp Mn Mw PD

Mp 580 20122-25 580 580 645 1.12

Mp 970 20123-17 970 935 1,005 1.07

Mp 1,530 20124-20 1,530 1,400 1,490 1.07

Mp 5,120 20127-12 5,120 4,960 5,090 1.03

Mp 19,640 20121-10 19,640 19,210 19,620 1.02

Mp 70,950 20134-13 70,950 67,350 69,200 1.03

Table III. Theoretical MWs of the Polyether Polyols Used as Calibration

Standards

Calculateda

Polyether polyols
Equivalent
weight

Theoretical
MW

AcclaimVR 8200N 3869 7738

Poly-GVR 85-34 1603 4809

AcclaimVR 3300N 972 2917

Poly-GVR 76–120 475 1426

Poly-GVR 30–168 330 990

Poly-GVR 30–240 241 722

a For hydroxyl values of polyether polyols and their stoichiometrically-
defined functionalities, refer Table I.
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Table IV. Theoretical MWs of the Polyether Polyols Used as Calibration Standards and MWs (Mp, Mn and Mw) Obtained from GPC Analysis Using PS

Calibration

Calibration against PS

Polyether polyols Theoretical MW Mp Mn Mw PD

AcclaimVR 8200N 7738 15835 14465 15550 1.08

Poly-GVR 85-34 4809 8690 7885 8465 1.07

AcclaimVR 3300N 2917 5185 4725 5000 1.06

Poly-GVR 76–120 1426 2080 1790 2010 1.12

Poly-GVR 30–168 990 1275 1185 1275 1.08

Poly-GVR 30–240 722 850 795 855 1.08

Figure 1. Calibration curve using polyether polyols as standards. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 2. Calibration curve using PS standards. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Table V. Theoretical MWs of the Commercial Polyether Polyols and MWs (Mp, Mn and Mw) Obtained From GPC Analysis Using Polyether Polyols and

PS Calibration

Calibration against polyether polyols Calibration against PS

Commercial polyether
polyols Theoretical MW Mp Mn Mw PD Mp Mn Mw PD

AcclaimVR 8200Na 7738 7480 6995 7335 1.05 15835 14465 15550 1.08

AcclaimVR 6300N 6188 5225 5215 6050 1.16 10200 9985 12555 1.26

Poly-GVR 85-29 6011 6095 5495 5760 1.05 12315 10770 11570 1.07

Poly-GVR 85-34a 4809 4585 4265 4465 1.05 8690 7885 8465 1.07

AcclaimVR 3300Na 2917 3010 2805 2910 1.04 5185 4725 5000 1.06

AcclaimVR 2220N 2299 2290 2225 2390 1.07 3710 3540 3945 1.11

Poly-GVR 76–120a 1426 1430 1280 1380 1.08 2080 1790 2010 1.12

LumulseVR POE 26 1299 1120 1025 1070 1.04 1540 1375 1465 1.06

Poly-GVR 30–168a 990 960 910 955 1.05 1275 1185 1275 1.08

Poly-GVR 30–240a 722 690 655 690 1.05 850 795 855 1.08

a Polyols used as calibration standards.

Figure 3. GPC chromatograms of Acclaim
VR

6300N polyol using (a) polyether polyol calibration and (b) PS calibration. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]
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Analytical reagent-grade tetrahydrofuran (THF), stabilised with

0.025% butylated hydroxyl toluene, was purchased from Fischer

Chemical (China).

Preparation of Standards and Samples

The polyether polyols and PS standards were dissolved in THF

to give an accurate concentration of 2 mg mL21. The solutions

were prepared at least one hour prior to the GPC analysis.

Methods

An integrated GPC system (PL-GPC 50 Plus, Polymer Laborato-

ries Ltd, UK) with a differential refractive index (DRI) detector

was used for the determination of MW and MWD. A set of

four Phenogel columns (5 mm particle size and porosities of 50,

100, 1000, and 10,000 Å) from Phenomenex (Torrance, CA),

covering a MW range of 1022106 Da, was used for a separation.

THF was used as the eluent at a flow rate of 1 mL min21. The

columns and detectors were thermostated at 308C. This set-up

with four Phenogel columns attached in series was similar to

the set-up reported by Kansas Polymer Research Centre,

US.11–21

The column calibration data were generated using Cirrus soft-

ware. The calibration curves were fitted to polynomial of order

1. Linear correlation coefficients (r) and coefficients of determi-

nation (r2) of the constructed calibration curves were calculated.

Figure 4. GPC chromatograms of Poly-G
VR

85-29 polyol using (a) polyether polyol calibration and (b) PS calibration. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]
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GPC calculations were performed using area integration

method. MW average values (Mp, Mn and Mw) and PD of each

sample were obtained through narrow-MWD standard calibra-

tion by application of GPC-Cirrus software (Agilent). They are

defined as follow, where Wi is the weight of molecules having

molecular weight Mi.
33

Mn5

X
i
WiX

i
Wi=Mi

Mw5

X
i
WiMiX

i
Mi

PD5
Mw

Mn

(1)

The GPC calibration curves were constructed with selected pol-

yether polyols as calibration standards and also with six PS

standards (Tables I and II). Subsequently, the MWs of 10 poly-

ether polyols were determined by GPC using the polyether poly-

ols calibration curve and were compared against MWs obtained

by GPC using the PS calibration curve.

RESULTS AND DISCUSSION

Polyether Polyols as Calibration Standards

Six commercial polyether polyols with known MW ranging

from 700 to 8000 Da were used to construct the calibration

curve. The polyether polyols used for the calibration curves

were Acclaim
VR

and Poly-G
VR

polyether polyols with analytically

determined hydroxyl value and stoichiometrically defined func-

tionality (Tables I and III). Equivalent weight and theoretical

MW were calculated using eqs. (2) and (3), respectively.3

Figure 5. GPC chromatograms of Acclaim
VR

2220N polyol using (a) polyether polyol calibration and (b) PS calibration. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]
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Equivalent Weight 5
56100

Hydroxyl Number
(2)

where hydroxyl number is expressed as mg KOH g21 and

56,100 is the equivalent weight of KOH in mg.

Theoretical MW 5 Theoretical functionality 3 Equivalent weight

(3)

The six commercial polyether polyols selected as calibration

standards exhibited low PD (close to 1) when analyzed with

GPC using PS calibration (Table IV). Hence, they can be used

as narrow standards for the construction of calibration curves.

However, the MWs (Mp, Mn and Mw) of these selected poly-

ether polyols obtained with GPC using PS calibration were not

comparable to the theoretical values.

Low molecular weight propylene oxide-based polyether polyols

have almost ideal PD index of 1, which is a result of the reac-

tion mechanism of propoxylation.3 At low MWs, polyether pol-

yols typically have low unsaturation and formation of monols,

and therefore their actual functionalities are close to their theo-

retical stoichiometrically defined functionalities.3,35–38

Acclaim
VR

polyether polyols, i.e., Acclaim
VR

8200N and Acclaim
VR

3300N, are produced with a patented organo-metallic propoxyla-

tion catalyst which enables commercial production of high MW

polyether polyols with low unsaturation. Actual functionalities of

Figure 6. GPC chromatograms of Lumulse
VR

POE 26 polyol using (a) polyether polyol calibration and (b) PS calibration. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]
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these polyols are close to their theoretical stoichiometrically

defined functionalities.3,35–38

Good linearity with a correlation coefficient (r) of 20.9996 was

observed for the calibration curve constructed using a series of

six commercial polyether polyols (Table I and Figure 1). Cali-

bration curve constructed using a series of six standard PS also

showed good linearity with a correlation coefficient (r) of

20.9964 (Table II and Figure 2).

MW Determination of Commercial Polyols

Commercial polyether polyols were analyzed by GPC using pol-

yether polyol and PS calibration curves and the MWs obtained

are listed in Table V. The GPC chromatograms obtained using

the two different calibration curves for Acclaim
VR

6300N, Poly-

G
VR

85-29, Acclaim
VR

2220N, and Lumulse
VR

POE 26 polyether

polyols are shown in Figures 3–6, respectively.

The GPC analysis results show that the MWs (Mp, Mn, and Mw)

of the polyether polyols obtained using polyether polyols cali-

bration curves are closer to the theoretical values than the ones

obtained using PS calibration standards. This was especially evi-

dent for polyether polyols with higher MWs. For Acclaim
VR

6300, the MWs determined via GPC with polyether polyols cali-

bration were lower but very close to the theoretical MW of

6188, whereas the MWs determined via GPC with PS calibra-

tion were 1.6–2.0 times higher than the theoretical MW value

(Table V and Figure 3). For Poly-G
VR

85-29, the MWs deter-

mined via GPC with polyether polyols calibration were also

very close to the theoretical MW of 6011, whereas the MWs

determined via GPC with PS calibration were 1.8–2.0 times

higher than the theoretical MW value (Table V and Figure 4).

As MWs of polyether polyols decreased, the MWs determined

via GPC with PS calibration were found to be approaching the

expected theoretical MWs. For Acclaim
VR

2200N, the MWs

determined via GPC with PS calibration were 1.5–1.7 times

higher than the theoretical MW value of 2299 (Table V and Fig-

ure 5) and for Lumulse
VR

POE 26, the MWs determined via

GPC with PS calibration were 1.1–1.2 times higher than the

theoretical MW value of 1299 (Table V and Figure 6).

However, across all MWs, the MWs of polyether polyols deter-

mined via GPC with polyether polyols calibration were closer to

the theoretical values than the MWs determined via GPC with

PS calibration. Moreover, the PDs obtained using polyether pol-

yols calibration were closer to 1 than the PDs obtained using PS

calibration (Table V). These outcomes were expected since the

polyether polyol samples were analyzed against calibration

standards having similar chemical composition and solubility in

THF, which leads to comparable separation in GPC.

CONCLUSIONS

Polyether polyols with theoretical molecular weights (MWs)

calculated from well-defined hydroxyl values and stoichiometri-

cally defined functionalities were used as calibration standards

to determine the MWs of commercial polyether polyols. Poly-

ether polyols selected as calibration standards exhibited low PD

values in GPC analysis with PS standards, which makes them

suitable as calibration standards. Calibration curve with good

linearity (r 5 20.9996) was obtained with polyether polyols as

calibration standards. The MWs of commercial polyether poly-

ols obtained with GPC calibrated against polyether polyols

were closer to the theoretical values than the MWs obtained

via GPC calibrated against PS standards. Therefore, the results

indicate that GPC with polyether polyols calibration offers a

more reliable determination of MWs of polyether polyols com-

pared to the conventional PS standards. The use of polyether

polyols as calibration standards in GPC analysis could be

extended to the MWs determination of natural oil-based poly-

ols, e.g., palm oil-based polyols, which is the subject of our

ongoing study.
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2009, 17, 123.
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