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flITi.1 Designation: D 3593 - 80 (Reapproved 1986)" An American National Standard 

Standard Test Method for 
Molecular Weight Averages and Molecular Weight Distribution 
of Certain Polymers by Liquid Size-Exclusion 
Chromatography (Gel Permeation Chromatography-GPC) ~ 

Using Universal Calibration1 

This standard is issued under the fixed designation D 3593; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (6 )  indicates an editorial change since the last revision or reapproval. 

(1 NOTE-Editorial changes were made throughout the text in October 1986. 

1. Scope 
1.1 This test method covers the determination of molec- 

ular weight (MW) averages and the distribution of molecular 
weights for linear, tetrahydrofuran-soluble macromolecules 
by liquid size-exclusion chromatography (GPC) using the 
principles of Universal Calibration. The test method uses 
commercially available polystyrene (PS) standards and 
equipment for this purpose and is applicable for samples 
containing molecular weight components whose retention 
volumes approximate the retention volume of PS, molecular 
weight from 5000 to 3 X lo6 g'mol-'. The test method is not 
absolute and requires calibration. 

NOTE l-See also Test Method D 3536. 
1.2 The values stated in SI units are to be regarded as the 

standard. 
1.3 This standard may involve hazardous materials, oper- 

ations, and equipment. This standard does not purport to 
address all ofthe safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. A specific 
hazard statement appears in Note 6. 
2. Referenced Documents 

2. I ASTA4 Standards: 
D2857 Test Method for Dilute Solution Viscosity of 

Polymers2 
D 3016 Practice for Use of Liquid Exclusion Chromatog- 

raphy Terms and Relationships2 
D 3536 Test Method for Molecular Weight Averages and 

Molecular Weight Distribution of Polystyrene by Liquid 
Exclusion Chromatography (Gel Permeation Chroma- 
tograp hy-GPC)' 

E 380 Practice for Use of the International System of 
Units (SI)4 

' This test method is under the jurisdiction of ASTM Committee D-20 on 
Plastics and is the direct responsibility of Subcommittee D20.70 on Analytical 
Methods (Section D20.70.02). 

Current edition approved October 31, 1980. Published December 1980. 
Originally published as D 3593 - 77. Last previous edition D 3593 - 77. 

Annual Book of ASTM Standards, Vol 08.02. ' Annual Book of ASTM Siandards, Vol 08.03. 
'Annual Book ofASTM Standards, Vol 14.02. Excerpts of E 380 appear in the 

gray pages of this volume. 

2.2 Other Docutyent: 
AMD 40 Bibliography on Liquid Exclusion Chromatog- 

r a p h ~ ~  

3. Summary of Test Method 
3.1 In this technique a solution of a polymer sample is 

injected into a chromatographic column (series) packed with 
a solid, porous substrate which separates the molecules 
according to their size in solution, The size-separated mole- 
cules are detected and recorded according to their concentra- 
tion. Through Universal Calibration, molecular weight caii- 
bration curves for various polymers are obtained from PS 
standards. Various molecular weight parameters for the 
sample are calculated from the molecular weight/ 
concentration data. 

4. Significance and Use 
4.1 General Utility-The molecular weight (MW) and 

molecular weight distriöution (MWD) are fundamental char- 
acteristics of a polymer sample. They may be used for a wide 
variety of correlations for fundamental studies or product 
applications. For example, the observed molecular weight 
distribution may be compared to a predicted one from 
assumed kinetics or mechanisms of reaction, or both. 
Differences between the values will allow alteration of theory 
or experimental design. Similarly strength, melt flow, and 
other properties may be dependent on molecular weight and 
molecular weight distribution. 

4.2 Limitations-Because of the specific nature of poly- 
mer/solvent/column-packing interactions, it is possible that 
this method will not be applicable for some polymers. Such 
situations may be difficult to detect and may lead to 
inaccurate, but reproducible molecular weights. If highly 
accurate MW's are needed an absolute method such as 
osmometry (M,) or light scattering (M,) must be employed 
for confirmation. This method is valid only for polymers 
soluble in tetrahydrofuran (THF) for which Mark-Houwink 
viscosity parameters K and a are known (see Appendix X3). 
Although this method has been evaluated at 25"C, other 
temperatures can be used provided that the Mark-Houwink 
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