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Experimental teaching reform of polymer molar mass
determination using gel permeation chromatography
coupled with light scattering
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Abstract: Gel permeation chromatography coupled with light scattering ( GPC-LS) is among
the most common methods for determining the molar masses of polymers. GPC-LS is widely
used in polymer science research and has been adopted for many industrial applications owing
to its high sensitivity, accuracy, and precision. The determination of polymer molar masses
using GPC-LS is an important experimental component of the “Polymer Physics Experiments”
course. However, the present GPC-LS experimental teaching content tends to be overly simplis-
tic and lacking in depth. Herein, the original experimental content is expanded and multiple sets
of experiments are redesigned: (1) Using commercial polystyrene as an experimental sample,
the molar mass, molar mass distribution, radius of gyration, and other molecular structure pa-
rameters are determined using GPC-LS; (2) Using two polyacrylonitriles with similar molecular
structure parameters, subtle differences in the molar mass distributions of the samples are ex-
plored using differential mass distribution curves; (3) By comparing the chromatograms of a
series of polyethylene glycols with different molar masses, the effect of molar mass on chroma-
tographic peaks is investigated; and (4) For three different polymers ( polyacrylonitrile, poly

(methyl methacrylate ), and poly ( B8-cyclodextrin) ), the polymer chain conformations are
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analyzed using conformation plots (i.e., radius of gyration vs. molar mass). In addition, the

experimental teaching method is modified to convert passive learning into active learning,

thereby improving the students’ self-directed learning ability. This experimental teaching reform

will help students obtain a more comprehensive understanding of GPC-LS principles and appli-

cations, stimulate their enthusiasm for learning, and improve the teaching quality of the experi-

mental course.

Key words: gel permeation chromatography coupled with light scattering ( GPC-LS) ; confirma-

tory experiment; designing experiment; teaching reform
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Fig. 1 (a) Chromatograms of polystyrene sample, and
(b) Zimm plot for one data slice from the LS
peak

LS. light scatting detection; dRI; refractive index detection.

Conditions; solvent, 0. 05 mol/L LiBr in DMF'; flow rate, 1.0
mL/min; column temperature, 60 C.

Results: slice index, 354; model, Zimm; fit degree, 1; ab-
scissa position, 11.725 min; mass concentration, 0.1565
mg/mL; molar mass, (4.691+0.007)x10° g/mol; radius of gy-
ration, (22.5 = 0.2) nm; dn/dc, 0. 159 mL/g; R*>= 0.9957.
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Fig. 2 Curves of (a) molar mass versus elution time and
(b) radius of gyration versus elution time for pol-
ystyrene sample

Conditions; solvent, 0. 05 mol/L LiBr in DMF; flow rate, 1.0

mL/min; column temperature, 60 C.
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Table 1 GPC-LS test items and results of
polystyrene sample

Molecular structural parameter Content Result  Uncertainty
Molar mass moments/ (g/mol) M, 1.686x10° 0.2%
M, 3.045x10° 0.1%
M, 2.959x10° 0.1%
M, 4.381x10° 0.3%
Polydispersity M,/M, 1.755 0.2%
M,/M,  2.599 0.4%
Radius of gyration/nm R, 13.7 4%
Ry, 17.9 2%
R, 22.2 1%
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Fig. 3 (a) Chromatograms and (b) differential weight
fraction curves of two polyacrylonitrile ( PAN)
samples
Conditions; solvent, 0. 05 mol/L LiBr in DMF'; flow rate, 1.0
mL/min; column temperature, 60 C.
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Fig. 4 Chromatograms of polyethylene glycol
with different molar masses
Conditions: solvent, 0.1 mol/L NaNO; and 0.2 g/L NaN; in

water; flow rate, 0. 5 mL/min; column temperature, 35 C.

%2 AEEREE PEG MNXER
Table 2 Determination results of polyethylene
glycol with different molar masses

Label M,,/(g/mol) Determined M, /(g/mol)  Uncertainty
1000 1260 13%
2000 2210 12%
4000 4450 12%
6000 7760 9%
10000 8130 10%
20000 17430 6%
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Fig. 5 Scaling relationship between radius of gyration
and molar masses for different polymer samples
PMMA: polymethyl methacrylate; poly (B-CD ). poly ( B-
cyclodextrin) .
Conditions; solvent, 0. 05 mol/L LiBr in DMF'; flow rate, 1.0
mL/min; column temperature, 60 C.
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Abbreviations that may be used without definition in Chinese Journal of Chromatography

Abbreviation Definition

A,C,G, T adenine, cytidine, guanine, thymine

Ac, OAc acetyl, acetate

ACN acetonitrile

ADP, AMP, ATP adenosine 5’-di-, -mono-, -triphosphate, etc. and similar nucleoside phosphates

AR analytical grade

bp base pair

Standard 3- and 1-letter codes amino acids

AU absorbance units

BET Brunauer-Emmett-Teller

CE, CEC capillary electrophoresis, capillary electrochromatography

d, m,p,r, t in nucleosides/deoxy, messenger, phosphate, recombinant/ribosomal, transfer
nucleotides/nucleic acids

DAD diode-array detector

DEAE diethylaminoethyl

DNA, DNase deoxyribonucleic acid, deoxyribonuclease

EDTA ethylene diamine tetraacetic acid

EI electron impact (ionization)

ESI electrospray ionization

FID flame ionization detector

FLD fluorescence detector

FT Fourier transform

GC gas chromatography

GCB graphitized carbon black

HLB hydrophilic-lipophilic balance

HP--- high performance ---

HR high resolution

IC ion chromatography

i.d. internal diameter

IgG immunoglobulin G

IR infrared

IS internal standard

LC liquid chromatography

LOD limit of detection

LOQ limit of quantification

MALDI-TOF matrix-assisted laser desorption ionization-time of flight

ME matrix effect

MeOH methanol

M, relative molecular mass

MRM multiple reaction monitoring

MS, MS/MS mass spectrometry, tandem mass spectrometry

NAD, NADH (NADP, NADPH) nicotinamide-adenine dinucleotide (phosphate)

NMR nuclear magnetic resonance

PCR polymerase chain reaction

PDA photodiode array

PSA primary secondary amine

QuEChERS quick, easy, cheap, effective, rugged and safe

r correlation coefficient

RNA, RNase ribonucleic acid, ribonuclease

RP--- reversed-phase ---

RSD relative standard deviation (preferred over coefficient of variation)

SD standard deviation

SEM scanning electron microscopy

SIM selected ion monitoring

S/N signal/noise

SPE, SPME solid phase extraction, solid phase microextraction

SRM selected reaction monitoring

TEM transmission electron microscopy

TIC total ion (current) chromatogram

TLC thin-layer chromatography

ty retention time

Tris tris ( hydroxymethyl ) aminomethane

UPLC ultra performance liquid chromatography

Uv ultraviolet

Vis visible






