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Copper nitrate readily dissolves in water. Then it gives transparent, light blue solution. 
When sodium hydroxide is added into the solution, blue precipitates of copper hydroxide 
form. If a small amount of ammonia is added into the aqueous solution of copper nitrate, 
the solution remains transparent. Even after aging for a few days, any precipitates are 
not observed. However, we discovered that very fine nanofibers of copper hydroxide 
abundantly exist in such transparent solution.1 The width of nanofibers was about 2.5 nm 
and the length reached a few tens of micrometers. These sizes are almost equal to the 
sizes of double-stranded DNA of about 50 kbp. We coined the nanofibers as “copper 
hydroxide nanostrands”. Similar nanostrands were obtainable from cadmium nitrate and 
zinc nitrate.2,3 

Surfaces of metal hydroxide nanostrand are highly positively charged. Therefore, the 
nanostrands are possible to exist in water without giving precipitates. In case of copper 
hydroxide nanostrands, half of copper atoms at the surfaces is assumed to be positively 
charged in water. Similarly, one-third of cadmium atoms and one-fourth of zinc atoms are 
positively charged at the surfaces of cadmium or zinc hydroxide nanostrands.3 Long and 
thin cadmium or zinc hydroxide nanostrands also exist in apparently colorless 
transparent solutions of their nitrate salts at neutral pH. These nanostrands are 
composed of hexagonal planar clusters of [Cd37(OH)68(H2O)n]6+ or [Zn61(OH)116(H2O)n]6+, 
which stack one-dimensionally along with the c-axis of the corresponding metal hydroxide. 
In this sense, metal hydroxide nanostrands are supramolecular polymers made of metal 
hydroxide clusters. 

Because of the highly charged surfaces, nanostrands strongly adsorb negatively charged 
dyes and give bundle-like nanofibers.4 They also adsorb negatively-charged DNA, proteins, 
nanoparticles, etc.5,6 The resultant nanofibrous composites are readily filtered on a porous 
substrate such as polycarbonate membrane filters and porous alumina membranes.6 
Recently, it was found that mechanically-stable, ultrathin, nanofibrous, free-standing 
films were readily obtainable by the filtration of nanostrand/polymer composites.7 The 
preparation procedures are very simple. First copper hydroxide nanostrands were 
prepared by mixing aqueous solutions copper nitrate and organic amine, and then 
monomer solution (pyrrole, aniline, etc.) and initiator were blended, and filtered on a 
porous substrate after a certain aging time. The nanofibrous films of 40 nm in thickness 



 

were obtainable in sizes of a few tens of centimeters square. They were stable to acids and 
bases and general organic solvents, for heating up to 300 oC, and to the pressure of 100 
kPa required for ultrafiltration. Surprising was the films could separate water-soluble 
proteins at speed close to 10,000 L/m2·h·bar. This indicates that ultra-fast permeation of 
water can be realized with the pores of a few nanometers in diameter that exist in 
40-nm-thick free-standing films. 

 
 

 
 
 
 
 
 
 
Figure 1. Cadmium hydroxide nanostrands (left) and nanofibrous free-standing film (right) 
 
The recent progress of nanotechnology may open a new research area of membrane and 

material transfer. For instance, Striemer et al. fabricated 10-nm-thick, free-standing, 
porous silicon membranes and used them for macromolecular separation.8 In their report, 
diffusion speed of proteins though the membranes was more than ten times faster than 
that through conventional polymer membranes with similar selectivity properties. The 
diffusion resistance of thin porous membranes for proteins seems to be small. Organic and 
inorganic membranes containing carbon nanotubes show extremely fast permeation of 
water. For example, Holt and co-workers reported that polymer membranes containing 
the nanotubes of 1.3 to 2.0 nm diameter gave the flow rate three to four orders of 
magnitude faster than the value predicted from hydrodynamics.9 We have also found that 
extraordinary fast flux of water in nanometer-thick membranes. 

At the symposium, I would like to demonstrate the self-assembly of hydrated atoms to 
nanofibers and to nanometer-thick films, and then discuss the flux of water through the 
films in the context of biomembranes. 
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