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Aqueous solutions of sodium alginate and 
poly(ethylene oxide) (PEO) are very viscous 
and viscoelastic, and these polymers form 
intermolecular linkages. 1 - 6 Such junction 
formation in polymer solutions should be 
related to the rheological properties. 

Spinnability, a viscoelastic phenomenon, was 
investigated for aqueous viscoelastic polymer 
solutions. 7 When a rod was pulled up from 
the solution and a liquid was stretched to 
form a thread, the length of the liquid thread 
increased linearly with the velocity of the 
rod for solutions of sodium alginate at low 
concentrations and PEO, while the length was 
nearly independent of the velocity of the rod 
for sodium alginate solutions at high con­
centrations. 

In this work, the cryo transmission electron 
microscopic (cryo-TEM) observation of poly­
mer solutions is conducted, and polymer 
structure in solutions is discussed in relation 
to rheological properties. 

Cryo-TEM, which is a direct visualization 
method of vitrified hydrated specimens, is a 
technique for avoiding some artifacts that 
hinder TEM observation. This technique was 
applied to surfactant solutions, 8 and TEM 
images of molecular assemblies were corre­
lated with the rheological behavior. 9 •10 Since 

polymer solutions have never been investi­
gated by cryo-TEM so far as author knows, 
this investigation should give new insight into 
polymer solutions. 

EXPERIMENT AL 

Sodium alginate and PEO are commercial 
products from Scientific Polymer Products, 
Inc., New York. Aqueous solutions of sodium 
alginate (3 wt¾) and PEO (6wt%) were 
prepared by dissolving polymer in water at ca. 
60°C and cooling down to 25°C. 

Cryo-TEM observation was carried out 
on a Hitachi H-800 electron microscope at 
l00kV, according to a procedure described in 
literature. 8 A filmy drop of polymer solution 
on an electron microscope grid was vitrified 
by jet-freezing in cooled liquid ethane at its 
freezing point to avoid contamination by 
artifacts on the freezing process. The grid 
with the vitrified specimen was mounted on a 
Hitachi 5001-C cold stage and observed in 
TEM under liquid N 2 cooling. 

RESULTS AND DISCUSSION 

Figure 1 shows electron micrographs of 
sodium alginate and PEO solutions. Network 
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Figure 1. Electron micrographs of polymer solutions. (a), sodium alginate (3 wt%); (b), PEO (6wt%). 
A bar is 500 nm. 

images were observed for both polymer solu­
tions. However, it may be noted that the 
networks are not homogeneous; thick network 
domains segregate from thin network do­
mains. The segregation produces the "super­
network" structure. Mesh size of the super­
networks is -500nm and 1-2µm across for 
sodium alginate and PEO, respectively. 

Sodium alginate molecules form intermolec­
ular linkages mediated by cations in water.4 •5 

PEO chains form helical structures in water 
and link with each other through hydrogen 
bonding between polymer and water. 1 - 3 •6 

Such linkages are formed on parts of polymer 
chains and constitute junction zones. Thus, 
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the networks consist of junction zones and 
free residues of polymer chains. It can be 
inferred that junction rich domains construct 
thick networks, and free residue rich do­
mains result in thin networks. The segregated 
network domains form super-networks, as 
illustrated in Figure 2. 

When a three-dimentional network structure 
is formed through intermolecular aggregation 
as discussed above, such linkage structure 
leads to viscous and viscoelastic behavior. 
Then the viscoelasticity displays long lifetime 
processes, and the motions of networks relax 
with long relaxation times. 

Although storage and loss moduli of sodium 
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Figure 2. Schematic illustration of the "super-network" structure of polymer solutions. 

alginate solutions gradually increased with 
angular frequency, the increase of moduli was 
much slower than expected for a Maxwell 
liquid. 11 In a spinnability experiment, sodium 
alginate solutions at low concentrations in­
cluding 3 wt¾ and PEO solutions provided 
linear increase in length of liquid thread 
against the velocity of a rod. 7 Spinnability 
is an elastic deformation superposed on a 
viscous flow and is related to the pseudo­
network formation. Then it may be presumed 
that the characteristics of the viscoelastic and 
spinnable solutions of sodium alginate and 
PEO are due to the "super-network" structure 
discussed in this work. 
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