
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

Nanoscale

www.rsc.org/nanoscale

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Page 1 of 7 Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



Page 2 of 7Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



Page 3 of 7 Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



Page 4 of 7Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



Page 5 of 7 Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



are parallel to the field. The methyl group of methanol is far
away from the right graphene sheet but close to the left graphene
sheet. Thus, the van der Waals interactions between the right
sheet and the methanol molecules are weaker. As a result, the
density of methanol molecules near the right sheet is lower than
that near the left sheet. This can affect the mole fraction in the
CNTs. With the higher electric field of 1 V/nm, the condition com-
pletely changes, where the densities of water molecules near the
entrances at both sides are much higher than that in the reservoir
region (Figure 7C). Consequently, only water molecules occupy
the CNT.

4 Conclusions

MD simulations have been performed to a system consisting of
a CNT, graphene sheets, and water–methanol reservoirs to in-
vestigate the effect of electric fields on the separation of water
and methanol molecules. Without an electric field, methanol
molecules fill the CNTs in preference to water molecules, result-
ing in a separation effect for methanol. However, the separation
for methanol significantly decreases with increasing CNT diame-
ter. In contrast, under an electric field, water molecules occupy
the CNTs in preference to methanol molecules. The preference
for water molecules to flow through the CNTs over methanol
molecules produces a separation effect for water. Interestingly,
the separation effect for water is strong and does not significantly
depend on the CNT diameter. The electric field induces the for-
mation of ordered structures of water molecules in the CNTs. This
makes the number of hydrogen bonds per molecule for the water
molecule structures higher than that for the methanol molecule
structures. Consequently, the water molecule structures are stable
and methanol molecules are removed from the CNTs. Moreover,
methanol molecules from the reservoirs cannot disrupt the water
molecule structures and permeate into the CNTs.
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