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adjusted by doping the inside of the nanotubes With com 
pounds of the opposite charge of the ion selected. 
Preparation of Nanotubes 
A template method of forming the nanotubes generally 

includes (a) immersing a template membrane into methanol, 
(b) immersing the template membrane into a solution having 
SnCl2 and tri?uoroacetic acid, (c) immersing the template 
membrane in methanol tWice, (d) immersing the template 
membrane in an aqueous ammonical AgNO3 solution or any 
aqueous solution containing the material you Wish to use for 
plating of the membrane, (e) immersing the template mem 
brane in methanol, (f) placing the template membrane in a 
gold-plating bath, the gold-plating bath having commercial 
gold plating solution, (g) adjusting the pH of the gold-plating 
bath to about 10 by drop-Wise addition of HZSO4 While stir 
ring, (h) placing the template membrane in the gold-plating 
bath for different periods of time to obtain holloW tube-like 
structures of different inside diameters. CH2Cl2 is added to 
dissolve the membrane. 

In one embodiment, the template method of forming the 
nanotubes includes (a) immersing a template membrane into 
methanol for about 2-10 minutes, (b) immersing the template 
membrane into a solution having SnCl2 and tri?uoroacetic 
acid for about 30-60 minutes, (c) immersing the template 
membrane in methanol tWice for about 1-5 minutes each time, 
(d) immersing the template membrane in an aqueous 
ammonical AgNO3 solution for about 2-10 minutes, (e) 
immersing the template membrane in methanol for about 
2-10 minutes, (f) placing the template membrane in a gold 
plating bath at a temperature of about 2-100 C., the gold 
plating bath having commercial gold plating solution, Which 
typically includes Na2SO3, formaldehyde, and NaHCO3, (g) 
adjusting the pH of the gold-plating bath to about 10 by 
drop-Wise addition of H2SO4 While stirring, (h) placing the 
template membranes in the gold-plating bath for different 
periods of time to obtain holloW tube-like structures of dif 
ferent inside diameters. CH2Cl2 is added to dissolve the mem 
brane. 

Preferably, in another embodiment, the template method of 
forming the nanotubes includes (a) immersing a template 
membrane into methanol for about 2-10 minutes, preferably 
for about 5 minutes, (b) immersing the template membrane 
into a solution having about 0.025 M SnCl2 and 0.07 M 
tri?uoroacetic acid for about 30-60 minutes, preferably for 
about 45 minutes, (c) immersing the template membrane in 
methanol tWice for about 1-5 minutes each time, preferably 
for about 2.5 minutes each time, (d) immersing the template 
membrane in a 0.029 M aqueous ammonical AgNO3 solution 
for about 2-10 minutes, preferably for about 5 minutes, (e) 
immersing the template membrane in methanol for about 
2-10 minutes, preferably for about 5 minutes, (f) placing the 
template membrane in a gold-plating bath at a temperature of 
about 2-100 C., preferably at a temperature of 50 C., the 
gold-plating bath having commercial gold plating solution, 
Which typically includes 0.127 M Na2SO3, 0.625 M formal 
dehyde, and 0.025 M NaHCO3, (g) adjusting the pH of the 
gold-plating bath to about 10 by drop-Wise addition of 0.5 M 
H2SO4 While stirring, (h) placing the template membranes in 
the gold-plating bath for different periods of time to obtain 
holloW tube-like structures of different inside diameters. 
CH2Cl2 is added to dissolve the membrane. 

In another embodiment, a polycarbonate track etched 
membrane (e.g., from SterlitechTM Corporation) is immersed 
in methanol for 5 minutes. Substantially all of the methanol is 
drained off and the membrane is immersed in a solution 
Which is about 0.025 M SnCl2 and about 0.07 M tri?uoroace 
tic acid. Both the chemicals should be added in equal vol 
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umes. The membrane is kept in the SnCl2 and tri?uoroacetic 
acid solution for about 30-60 minutes. The solution is then 
drained off and the membrane is immersed in methanol. The 
immersion of the membrane in methanol is to remove any 
residual SnCl2 or tri?uoroacetic acid. The membrane is then 
immersed in an aqueous ammonical AgNO3 solution. The 
membrane is placed in a solution containing substantially 
equal volumes of Na2SO3, NaHCO3, HCOOH, and a com 
mercial gold plating solution. The solution should be main 
tained at a temperature of about 5 ° C. The membranes are kept 
in the gold-plating solution for 3, 6, 9 or 24 hours. The inner 
diameter of the tubes changes With the plating time. After the 
respective amount of time, the solution is drained-off and 
CH2Cl2 or other similar solvent is added to dissolve the mem 
brane. The solution is then centrifuged to separate aggregated 
nanotubes. The solution is then removed leaving the aggre 
gated nanotubes behind. PEG is added to the aggregated 
nanotubes such that the PEG coats the nanotubes causing the 
aggregated nanotubes to separate such that substantially indi 
vidual nanotubes coated With PEG are available in Water or 
similar solvent as a solution. The mixture is then vortexed 
(i.e., mixed vigorously using a genie vortexer or other similar 
mixer) to aid the coating of the nanotubes With PEG thereby 
increasing the availability of the nanotubes in solution. The 
mixture is then ?ltered to remove any particulate matter. The 
?ltered nanotubes are then pelleted by centrifugation, the 
supernatant removed and the pellet re-suspended in ethanol to 
remove excess PEG. The nanotubes are thenpelleted again by 
centrifugation, the supernatant removed and the pellets are 
re-suspended in sterile Water and stored at about 40 C. 
The plated membranes obtained from the method 

described above can then be placed in a solution of histidine 
(or any compound one Wishes to us to dope the inside of the 
nanotubes). The plated membranes are left in the histidine 
solution for 24 hours to alloW the histidine to coat the inner 
Walls of the plated membranes having the nanotubes. The 
coated membranes can be removed and placed in CH2Cl2 and 
sonicated, so as to dissolve the membrane. PEG can be added 
to the resultant solution Which Will coat the outside of the 
nanotubes making them soluble. The PEG solution can be 
centrifuged so that the nanotubes settle at the bottom. The 
PEG solution can be removed so that the nanotubes can be 
collected. Ethanol (“EtOH”) can be added alloWing the tubes 
to be suspended in a sterile medium. The solution can be 
drained off after centrifuging and EtOH can be added to 
obtain histidine coated nanotubes. 
PEG is added to the outside of the nanotubes in order to 

alloW them to become soluble in solution, prior to ?ltration. 
Nanotubes that are manufactured in the absence of PEG do 
not make it through the ?ltration process. 

Further, the proton conductance of the nanotubes can be 
adjusted by using compounds of speci?c pKa including spe 
ci?c chemisorbed amino acids. These amino acids can be 
incorporated into the inner Walls of the nanotubes during 
template synthesis. Depending on the chemical properties of 
the amino acids nanotubes that are highly-selective for pro 
tons in addition to being pH sensitive can be created. Gener 
ally, a pH difference of about 0.5 exists across the inner 
mitochondrial membrane. When the interior surface of the 
nanotubes is doped With compounds of speci?c pKa, that the 
nanotubes shut off When a speci?c pH is reached. 
Any Weak acid that has a pKa of4-5 in H2O at about 370 C. 

and has molecules that can penetrate the id. of the nanotubes, 
can be used as proton conductance adjusting compounds. In a 
preferred embodiment, these proton conductance adjusting 
compounds are selected from the group consisting of aspar 
ate, glutamate, and combinations thereof. 
















