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Size exclusion chromatography (SEC) is one 
of the most frequently used and most effective 
techniques for the determination of molecular 
weights and molecular weight distributions of 
polymers. However, it is difficult to derive 
absolute molecular weights by using conven­
tional detectors (ultraviolet (UV) or refractive 
index (RI)), because of not only band and peak 
broadening of the SEC chromatogram, but 
also difference of the structures between a 
polymer sample and a calibration polymer. To 
address these problems, a laser low angle light 
scattering detector was started to use for a SEC 
two decades ago. 1 It can yield an absolute 
molecular weight, molecular weight distribu­
tion without necessity of calibration of a 
standard polymer, and detect a high molecular 
weight component which cannot be detected 
with RI or UV detector. 2 - 4 Recently Wyatt 
introduced a multiangle light scattering de­
tector into a SEC apparatus. It allows measure­
ments of scattered light intensity at various 
angles at once and can give conformational 
data such as a root mean square radius and 
branching ratio of the polymer. 5 - 7 

Recently much attention is being paid for 
the synthesis of ethynylene containing poly-
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mers by the palladium-catalyzed cross-cou­
pling reaction. These polymers are useful for 
conducting polymers, 8 •9 third-order nonlinear 
optical materials,9 and thermo-plastics. 10 Par­
ticularly, they are promising materials for 
thermo-setting high temperature plastics be­
cause they have not only rigid main chain but 
also thermo-curable internal ethynylene unit. 
We have already reported the synthesis of 
ethynylene-containing polyamides by using 
palladium catalyst, which show good thermal 
property and thermal curing reaction. 11 How­
ever, their molecular weight distributions de­
termined by a SEC with a RI detector were 
reported to be extremely large. This may be 
due to the cross-linking reaction via the internal 
ethynylene groups during the polymerization 
though it can not be confirmed by either NMR 
or IR. The purpose of this study is to measure 
molecular weights of these polymers and to 
discuss the polymer structure (branched struc­
ture, microgels, and so on) by employing a SEC 
equipped with a multiangle light scattering (LS) 
photometer. The polymer structures formed 
under various polymerization conditions are 
also discussed. 
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EXPERIMENT AL 

Polymerization 
The polymer was synthesized following the 

previous paper (Scheme 1).8 Typically, a 
mixture of 0.694 g (2.00 mmol) of N-(3'­
ethynylphenyl)-3-iodo benzamide I, 14 mg 
(0.020 mmol) of bis(triphenylphosphine) 
palladium(II) dichloride, 15 mg (0.079 mmol) 
of cuprous iodide, 26 mg (0.099 mmol) of 
triphenylphosphine, 0.55 ml (3.97 mmol) of 
triethylamine, and 10 ml of N,N-dimethylacet­
amide (DMAc) was stirred at 100°C for 4h 
under nitrogen atmosphere. The polymer 
solution was poured into 300 ml of methanol 
and the polymer was washed with refluxing 
methanol. The yellow powdery polymer (0.41 g: 
94%) was obtained. The inherent viscosity of 
the polymer was 0.43dlg- 1 in DMAc, mea­
sured at a concentration of 0.5 g dl- 1 at 30°C. 

SEC Measurement 
SEC measurements were performed by using 

a JASCO HPLC BIP-1 apparatus equipped 
with a mini DAWN light scattering photometer 
(Wyatt Technology Co.) containing a fixed 
array of three angle detectors (45, 90, and 135°), 
a Shimadzu RID-6A refractive index detector, 
and polystyrene-divinylbenzene columns (two 
Shodex KD-806 and KD-802). The specific 
refractive index increment (dn/dc) of the 
polymer in N,N-dimethylformamide (DMF) 
was determined by a Wyatt/Optilab 903 (Wyatt 
Technology Co.) and was 0.319ml g- 1 . The 
polymer for the SEC measurement was dis­
solved in DMF containing 0.01 moll- 1 of 
lithium bromide at a concentration of 0.2-
0.4 mg ml - 1 , and then the solution was 
sonicated for 30 min and was filtered with a 
Millipore filter. The mobile phase was DMF 
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Figure 1. Size exclusion chromatograms of polyamide 
(Run No. I) obtained by (A) light scattering at 90° and 
(B) refractive index detectors. 

containing 0.01 mol I- 1 of lithium bromide 
with a flow rate of 1.0 ml min - 1 and about 2 ml 
of the polymer solution was injected into 
columns. 

RESULTS AND DISCUSSION 

Figure 1 shows the profiles of SEC curves 
monitored by both light scattering at 90° and 
refractive index detectors. The light scattering 
photometer was sensitive to high molecular 
weight fraction compared with refractive index 
detector, because the intensity of light scat­
tering signal is proportional to both the mo­
lecular weight and the concentration of the 
polymer. Table I summarizes weight average 
molecular weights (Mw) and molecular weight 
distributions (Mw/ Mn) of the polymers ob­
tained under various conditions such as 
catalysts, bases, and solvents, determined by 
a SEC measurement with a light scattering 
photometer and an RI detector based on 
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Table I. Molecular weights of polymers 

Run No. Catalyst Base Solvent '1inh/dJ g- 1 a Mwb Mw/M/ Mw• Mw/M: 

I PdCl,(PPh3 ) 2 Triethylamine DMAc 0.43 125000 4.42 167000 5.31 
2 Pd(OAc)2 Triethylamine DMAc 0.19 72600 1.97 126000 5.88 
3 Pd(PPh3 ) 4 Triethylamine DMAc 0.18 45500 1.32 
4 Pd(PPh3 ) 4 Tri-n-propylamine DMAc 0.19 437000 6.93 244000 ll.45 
5 PdCl,(PPh3)z BDMANd DMAc 0.08 11700 2.26 
6 PdCl,(PPh 3)z Triethylamine DMF 0.29 355000 3.94 151000 5.47 
7 PdCl,(PPh3 ) 2 Triethylamine NMP 0.24 47300 1.98 

•inherent viscosity measured at a concentration of0.5gdl- 1 in DMAc at 30°C. hMeasured with SEC-LS eluted 
by DMF. • Measured with SEC eluted by DMF based on polystyrene standard. d 1,8-Bis(dimethylamino)naphthalene. 

polystyrene standards eluted with DMF. The 
molecular weight distributions of the polymers 
based on polystyrene standard were wider than 
those estimated by using the light scattering 
photometer, and especially the deviations in 
Runs No. 2 and 4 are large. A few reasons may 
cause such a large deviation. First, SEC-LS 
can derive the molecular weight distribution 
without the band broadening factor for chro­
matograms. 1 •2 And if the column resolution is 
not perfect, the molecular weight distribution 
determined by a SEC-LS will be smaller than 
the true one. 1•2 The other reason is a structural 
difference between polymer II and polystyrene 
standard. Because polymer II has a very rigid 
main chain, its implication between molecular 
weight and elution volume must be different 
from that for polystyrene standards. 

We also measured inherent viscosity of the 
polymers, which did not correlate with the 
weight average molecular weights determined 
with a SEC-LS (Runs No. 4 and 6). Since this 
type of polymer ready crosslinked by the 
thermal treatment at 270°C for 7 h, 8 some 
crosslinking reaction might occur during the 
polycondensation. Plots of log root mean 
square radius ( <r/) 112) as a function of log 
molecular weight (M) are shown in Figure 2. 
For a sufficiently high-molecular-weight linear 
polymer, a plot of log<r /) 112 against log M 
should make a straight line and the slope of 
the line should indicate the polymer conforma­
tion. The small slope implies that crosslinking 
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Figure 2. Root mean square radius versus molecular 
weight of polymers (A, Run No. l; B, Run No. 4; C, Run 
No. 6). 

reactions occur during the polymerization, be­
cause the molecular weight increases without 
so much change of the molecular size. The 
polymer obtained in DMAc (Run No. 1) and 
the polymer in DMF (Run No. 6) showed 
almost straight lines; however their slopes were 
very different. The slop of Run No. 6 was much 
smaller than that of Run No. 1. This implies 
that the polymer obtained in DMF contains 
some branched structures. The curve of the 
polymer using tri-n-propylamine (Run No. 4) 
was apart from a straight line. The result shows 
this polymer should include branched frac­
tions, microgels, or networks. 6 The poly-
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condensation using tri-n-propylamine or DMF 
(Run No. 4 or 6) yielded the polymer having 
low inherent viscosity value compared with the 
molecular weight, which could account for the 
formation of some branched fractions or 
coagulation forms in solution as estimated by 
the SEC-LS method. Such a structural in­
formation could not be obtained by NMR 
or IR, but by SEC-LS. 

In conclusion, a SEC-LS can yield a true 
molecular weight and molecular weight dis­
tribution of a polymer, which is very important 
for unknown polymers especially, if the struc­
ture and the solubility of the polymer are 
different from those of the standard polymer. 
In this case, there are large deviations between 
the molecular weight distributions determined 
by polystyrene standards and those by the light 
scattering detector. A SEC-LS is also a power­
ful method to estimate some side reactions 
during the polymerization which may espe­
cially contain any crosslinking reactions. 
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