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Abstract
In this review, we describe another age of sequencing ‘Nanopore Sequencing technology” which
is rapidly growing to fulfill the gap in advancements, which hold the capacity for significantly
larger perused read lengths, less time consuming and lower by expense. Nanopore-based
sequencers, as the fourth-generation DNA sequencing technology, have the potential to quickly
and reliably sequence the entire human genome for less than $1000, and possibly for even less
than $100.The need has never been more prominent for progressive advances that convey time
efficient, reasonable and exact genome data. This quest has led to the advancements in the field of
Next Generation Sequencing (NGS). The economical production of huge volumes of sequencing
information is the essential advantage over traditional techniques. The preliminary methods of
sequencing namely Sanger sequencing and Second Generation Sequencing provide the basis to the
propelling and surprising number of logical advances. However, the evolving genomics and
specifically the sequences sciences provide prolific basis for extra development in this space of
research. We hereby ponder upon the broad range of Nano-pore sequencing techniques along with
their applications in the emerging era of genomics and its advancement, also the word goes towards
the importance of Nano-pore sequencing advancements in the emerging markets of sequencing
like that of Pakistan.
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opted by biologists in order to see the
Introduction
DNA, a molecule that encodes genetic
arrangement of the hidden atom/molecules or
instructions, is the blueprint of life. Accurate
ions in macromolecules [1, 2]. The very first
and rapid DNA sequencing technology
scheme for the DNA sequencing was
would have profound impacts on human
established in 1970 by Ray Wu using the
diseases and personalized medicine. So,
strategy of Location specific Primer
efforts to sequence human genome was
extension [3]. In 1973, wandering-spot
started decades ago. Sequencing word was
analysis method was used to report sequence
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of 24 base pairs while in 1977. DNA
Sequencing with chain-terminating inhibitors
methodology was published [4]. First whole
genome sequencing of a bacteriophage was
done in 1977 while first whole human
genome was sequenced completely in April
2003 after an indefatigable effort [5]. Several
Sequencing techniques have been introduced
and utilized till now including Singlemolecule real-time sequencing with an
accuracy 87% [6] keeping the read length
range from 10,000 bp to 15,000 [7], Ion
Torrent sequencing with accuracy of 98%
keeping the read length up to 600 bp [8],
Pyrosequencing with accuracy 99.9%
keeping the read length up to 700bp [1].
Illumina sequencing with accuracy of 99.9%
keeping the read length range from 75 bp to
500 bp [1, 9], SOLID sequencing with
accuracy of 99.9% keeping the read length
range from 85 bp to 100 bp, Sanger
sequencing with accuracy of 99.9% keeping
the read length range 400 bp to 900 bp [10]
and finally the Nanopore sequencing [11]
with up to 99.96% consensus where the read
length is totally dependent on the library
preparation providing the user the of up to
500 kb [9]. The non-nanopore DNA
sequencing technologies currently on the
market require a great deal of sample
preparation and complicated algorithms for
data processing. The insight of discussion
was to analyze advance sequencing
techniques that come under the umbrella of
Next generation Sequencing.
Nanotechnology in next generation
sequencing
Nanotechnology is a rising technology which
has luminous applications in the basic and
applied sciences. Basically, it is a science of
manipulating materials at nanoscale [12].
Nanotechnology is basically a derivative of
versatile sources of knowledge including
chemistry, engineering, physics and micro
fabrication techniques. It can be extensively
known as the production, design, system,

devices and solicitation of structures via
control of size and morphology of material at
nanometer scale where the phenomena make
the applications possible [13].
A nanometer is a miniscule that is it is too
small to see from a human eye. The scale also
tends to be specious that would be measuring
structures up to 1-100nm, not only this it
would also have wide applications and
implications that would be indispensable to
mankind. In
the
running
era
the
nanotechnology that makes the highly
reactive particles of sizes less than 100nm
their base, seem to be central to developing
and utilizing new electronics and energy
technologies [13, 14].
Nanopore techniques
A pore of nanometer size is called a
Nanopore. Nanopores can be created in two
ways, either by proteins that form pores or by
making holes in artificial molecules. A
nanopore can also be depicted as a single
molecule identifier when it is present in an
electrically insulating membrane mostly
coated with iron. Moreover, it can also act as
a biological protein network in a lipid bilayer
of huge electric confrontation. All types of
nanopore technologies are used for the
detection of biological and chemical
molecules at the molecular level in nanoscale
[15].
A nanopore-based device use principle of
electrophoresis to drive molecules in solution
through nano-scale pore and delivers
detection of molecules and analytical
competences. Characterization is done in
confined spaces within nanopore that allows
single nucleic acid polymers to be analyzed.
Inexpensive and fast DNA sequencing is
made possible with nanopore sequencing
technique as it offers sequencing or
characterization of single-stranded genomic
DNA or RNA or small nucleosides without
using labels and amplification [16]. Even
though initial experiments regarding
nanopore sequencing disappointed the
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adolescent expectation but the high
sensitivity of nanopores for single molecules,
stimulated many types of research in order to
study analysis of nucleic acids through
nanopore [17, 18]. Since the very first
experiment that showed that even kbs of
single stranded DNA can be drive through
nanopores with the help of electric field, this
perspective of an inexpensive and fast
massive
sequencing
capability
has
extensively promoted nanopore research
using either plastic materials, lipid bilayer or
fabricated nanopores [19, 20].
Biological nanopores
Pore-forming proteins can form Nanopores
[21], typically the protein is mushroom
shaped and a hollow core pass through it. Phi
29 connector, MspA porin and α-hemolysin
are some proteins that make pores. αHemolysin (α -HL, also called a-toxin) is the
first and most commonly used biological
nanopore, holding a tremendous value in the
field of DNA sequencing. α-HL is an
exotoxin secreted by the bacterium
Staphylococcus aureus, a human pathogen.
This mushroom-shaped heptamer is a 232.4kDa transmembrane channel, consisting of a
3.6-nm diameter cap and a 2.6-nm diameter
transmembrane β-barrel [22]. During the
laboratory work, in a lipid bilayer film, a
nanopore is inserted to it and subsequently
manipulation is done on single channel
proteins and measurements are taken [23].
Solid-State nanopores
Solid-State Nanopores are basically created
in films of silicon compounds, the frequently
used is silicon nitride. Numerous techniques
are used for the manufacturing of solid state
nanopores involving “Deploying and
sculpting with ion beam” and “fabrication by
electron beam” [24] specifically. The
diameter of the solid state nanopores is
controllable in a precise range of sub
nanometers to hundreds of nanometers, the
range varying according to the experimental
parameters. Generally, while comparing with

lipid membranes, dielectric materials like
SiN illustrates superior chemical and thermal
stability are used in the solid state nanopores.
Though, this stability is dependent on the
settings that lead to the formation of these
pores [25]. For nanopores based on graphene,
even with their undemonstrated chemical and
thermal stability they hold unique chemical
properties that are of great gains over their
biological complements [26]. Solid state
nanopores now have paved the paths to a
wide range of research in especially in DNA
sequencing [27], protein interaction
identifications [18], molecular transport
mechanisms and assembly of Nano-fluidic
devices [2]. An adaptable substitute for
biological nanopores has emerged as solid
state nanopores because of its unique
properties [26]. Several electronic or optical
measurement techniques are compatibly
associated with the solid state nanopore [27].
Production of the oxidative film on to a
metallic surface [21], ionic beam sculpting
[24] and fabricated electronic scheme of
nanopores in the thin synthetic membrane
[28], membrane technology for the ion
tracking [29] are the recent nanopores
fabricated technologies.
Anodic oxidation method on the metal
aluminum
Fabrication of several self-ordering Nano
porous oxides of metals has been resulted by
the observation of electrochemistry and
electrophysiology during anodic oxidation of
metals. These Nano porous oxides of metals
include anodized aluminum oxide, porous
silicon (psi) and Nano tubular titania oxide
(TNT) [30]. A key instance of such highly
ordered processes is of Nano porous anodic
alumina oxide that is produced by
anodization
of
aluminum.
Notable
characteristics such as thermal and chemical
stability, hardness and high surface area
make ordered anodic alumina oxide to stand
out [31, 32]. Ordering behavior during anodic
oxidation is studied for selective metals that
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include aluminum, Zr, Nb, Ti etc. most
commonly stated as valve elements and also
alloys of these metals, under suitable
investigational situations. Several factors that
emphasize and enhance this process are the
type of electrolyte, pH and concentration of
electrolyte, its applied current and voltage,
temperature and finally the surface pretexturing [33, 34].
Ion track-etching technology
Ion track-etching technology is a very well
stabled technology for pore generation in
insulating materials. Filtration films are
normally produced from several polymers.
The basic principle is that on a straight ion
path, permanent material changes are
induced due to the penetration of heavy ions
having high energy, into a solid. By etching
with suitable reagent (the one that quickly
and specially attacks damaged zone), ion
tracks can be enlarged to pores. Between a
few nanometers and several micrometers,
cylindrical pores of huge aspect ratio can be
formed [35, 36].
To obtain more uniform etching and for
improved wetting, surfactants are added
during ion track-etching [37]. Following
facts must be considered to understand the
ion track etching process in the presence of
surfactants:
 Susceptibility to chemical attack is
changed when surfactant molecules
adsorb on the surface.
 Surfactant molecules are very small, a few
nanometers in size, analogous to the radius
of the specially etched track core [38].
Ion-beam sculpting
Deploying and ‘‘sculpting’’ materials [24]
under 10 nm becomes currently a crucial
point for nano-fabrication [28], and for its
several applications in biology, chemistry
and electronics. Ion beam sculpting is
tremendously rising interest among many
other research tools developed for meeting
nanopore challenges. In comparison to other
methods, due to its less shattering rate of ions,

it proposes very good firmness. and offers
direct substrate patterning which becomes
crucial to meet the nanopore challenges [15,
24]. The high resolution focused ion beam
offers nanometer based sculpting of matter.
Using focused ion beam sculpting to carve
membranes unlocks new emergent directions
for nanoscience tooling [39].
Ion current rectification
A specific transportation effect has been
experienced in unevenly shaped Nanocapillaries and nanopores, which is because
of their small Nano sized openings. It has
been observed that ion current is rectified in
these nanopores, however, electrolyte pH and
concentration is the same that make contact
with both openings of pores. Current–voltage
curves are used for observation of
rectification, with the currents observed for
one voltage polarity higher than the currents
observed of opposite polarity but for the same
absolute voltage [40, 41, 42]. Many Nano
porous systems show ion current rectification
behavior. Biological pores encompass the
first section of such systems and they are
present in lipid cell membranes [43, 44].
Another Nano porous system that shows
rectifying behavior consists of lipid bilayer in
which artificial nanopores are inserted [45].
It has been shown that totally artificial
systems can also rectify ion current.
Nanopores have been prepared in polymer
films and in gold nanotubes [33, 46].
Electron-beam fabrication
Fabrication of small diameter solid-state
nanopore is difficult. For example, by the use
of FIB systems, it is nearly impossible, the
fabrication of a nanopore that is below 30nm
dependably in relation to shape and size.
Nanopores can be etched by the use of FIB
with high energy, but there is a limitation on
film thickness due to a low etch rate [47]. By
the use of an ion beam that is unfocused [24,
48] or an electron beam with high energy
[49], the diameter of nanopore can be
condensed
very
significantly,
from
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approximately 50 to 100 nm down to 10
nanometers or less [50]. In this way
significant advantages are achieved because
the effectiveness of a solid state nanopore
increase as a detection technique for single
molecules when pore diameter is nearly the
same as the molecule diameter that is needed
to be detected. Usually this diameter is 2–10
nanometer [47, 51].
Conclusion
Sequencing term basically refers to the
determination of primary structures of
Biological molecules from their unbranched
biopolymers.
Advance
sequencing
techniques being used in bioinformatics helps
biologists in various aspects including DNA
Sequencing, RNA Sequencing and Protein
sequencing for the determination of
mutations, variants calling, expressional
analysis and the structural behaviors of
biomolecules. Sequencing of biomolecules
was first introduced in 1977 by Sanger who
proposed the chain termination method for
DNA sequencing. This technique is called
first generation sequencing followed by
second generation sequencing and third
generation sequencing respectively. In the
middle of late 1990s, second generation
sequencing (NGS) emerged and was
commercially implemented for DNA
Sequencing especially. NGS techniques
helped biologist widely due to its highthroughput sequencing methodology where
large genomes were cut down into small
pieces (“reads”) by fragmentation processes
and named as massive parallel sequencing.
After NGS, third generation sequencing has
been introduced and currently is under
development. This advanced sequencing
technique read the nucleotide sequences at a
single molecule level by breaking down long
fragments into smaller ones and them by
amplification and synthesis process,
determines the nucleotide sequence.
Nanopore sequencing is another advance and
emerging technology which can be broadly

defined as the use of nanometer scaled
devices for the identification of larger as well
as small biomolecules. These devices can be
of artificially produced nanopore chips or the
biological membranes. The advance
nanopore-based devices use the principle of
electrophoresis to detect the molecules by
driving them in solution through Nano-scaled
pores. Many pore-forming proteins like
MspA porin and hemolysin are being used as
biological nanopores while artificially
produced nanopores which are known as
Solid-State Nanopores are made by a thin
film of silicon nitride like as in “Deploying
and sculpting with ion beam” and
“fabrication by electron beam”. As compared
to biological membranes commercially
produced dielectric material nanopores chips
like SiN shows more chemical and thermal
stability due to its adjustable range of
nanopore sizes. Soli-State Nanopores carries
a range of sub nanometers to hundreds of
nanometers according to the molecule to be
detected. Different techniques in Sloid-State
Nanopore sequencing have been introduced
like Anodic Oxidation method on the metal
aluminum, Ion track-etching technology,
Ion-beam sculpting, Ion current rectification
and Electron-Beam Fabrication. Anodic.
Among all these five techniques, Ion-beam
sculpting techniques offer great deals to the
biologists, chemists and in electronics too.
This technique offers direct patterning
techniques due to its less shattering rate of
ions and good firmness.
In Pakistan High throughput sequencing and
Nano-pore sequencing has not yet been
introduced properly. This is due to the fact
that biologists in Pakistan prefer to send their
wet lab products to foreign for massively
parallel sequencing & analysis and focus on
the results interpretation only which is
reducing the scope of Next Generation
Sequencing in Pakistan. At most our
universities have is Sanger sequencing
machines which are not so supportive now a
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days due to not producing sequenced data
with high coverage rate. Some institutes in
Pakistan i.e. COMSATS University
Islamabad, Quid e Azam University, Virtual
University of Pakistan, Lahore University of
Management Sciences and the University of
Karachi Pakistan have established their
bioinformatics department and working on
NGS data analysis but lacking the advance
sequencing techniques. Higher Education
Commission should focus on the deployment
of advance sequencers to promote Next
Generation Sequencing and Nanopore
Sequencing in Pakistan so that we could
compete with the world.
Authors’ contributions
Conceived and designed the idea: MT
Pervez, T Hussain; Corrections: MT Pervez;
Proof Reading: T Hussain; Wrote the paper:
MJ Hasnain, B Afzal, T Anwar.
References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

Metzker
ML
(2010).
Sequencing
technologies - the next generation. Nat Rev
Genet 11(1): 31-46.
Min Jou W, Haegeman G, Ysebaert M &
Fiers W (1972). Nucleotide sequence of the
gene coding for the bacteriophage MS2 coat
protein. Nature 237(5350): 82-88.
Chen YN, Wu CC, Bryan T, Hooper T,
Schrader D, & Lin TL (2010). Specific realtime reverse transcription-polymerase chain
reaction for detection and quantitation of
turkey coronavirus RNA in tissues and feces
from turkeys infected with turkey
coronavirus. J Virol Methods 163(2): 452458.
Sanger F, Nicklen S & Coulson AR (1977).
DNA sequencing with chain-terminating
inhibitors. Proc Natl Acad Sci USA 74(12):
5463-5467.
Adams MD, Kelley JM, Gocayne JD,
Dubnick M, Polymeropoulos MH, Xiao H et
al
(1991).
Complementary
DNA
sequencing: expressed sequence tags and
human genome project. Sci 252(5013):
1651-1656.
Eid J, Fehr A, Gray J, Luong K, Lyle J, Otto
G, Turner S et al (2009). Real-time DNA

12.

13.

14.
15.

16.

17.

18.

159

sequencing from single polymerase
molecules. Sci 323(5910): 133-138.
Fakhrai-Rad H, Pourmand N & Ronaghi, M
(2002). Pyrosequencing: an accurate
detection platform for single nucleotide
polymorphisms. Hum Mutat 19(5): 479-485.
Quail MA, Kozarewa I, Smith F, Scally A,
Stephens PJ, Durbin R., Turner DJ et al.
(2008). A large genome center’s
improvements to the Illumina sequencing
system. Nat Methods 5(12): 1005-1010.
Mardis ER (2008). The impact of nextgeneration sequencing technology on
genetics. Trends Genet 24(3): 133-141.
Rhee M & Burns MA (2007). Nanopore
sequencing
technology:
nanopore
preparations. Trends Biotechnol 25(4): 174181.
Elingaramil S, Li X & He N (2013).
Applications of nanotechnology, next
generation sequencing and microarrays in
biomedical research. J Nanosci Nanotechnol
13(7): 4539-4551.
Ye A, Flanagan J & Singh H (2006).
Formation of stable nanoparticles via
electrostatic complexation between sodium
caseinate and gum arabic. Biopolymers
82(2): 121-133.
Branton D, Deamer DW, Marziali A, Bayley
H, Benner SA, Butler T, Schloss JA et al
(2008). The potential and challenges of
nanopore sequencing. Nat Biotechnol
26(10): 1146-1153.
Dekker C (2007). Solid-state nanopores. Nat
Nanotechnol 2(4): 209-215.
Deamer DW & Branton D (2002).
Characterization of nucleic acids by
nanopore analysis. Acc Chem Res 35(10):
817-825.
Rhee M & Burns MA (2006). Nanopore
sequencing technology: research trends and
applications. Trends Biotechnol 24(12):
580-586.
Healy K, Schiedt B & Morrison AP (2007).
Solid-state nanopore technologies for
nanopore-based
DNA
analysis.
Nanomedicine (Lond) 2(6): 875-897.
Tobkes N, Wallace BA & Bayley H (1985).
Secondary
structure
and
assembly
mechanism of an oligomeric channel
protein. Biochemistry 24(8): 1915-1920.

Pure Appl. Biol., 9(1): 154-161, March, 2020
http://dx.doi.org/10.19045/bspab.2020.90019

19. Harrell CC, Choi Y, Horne LP, Baker LA.,
Siwy ZS & Martin CR. (2006). Resistivepulse DNA detection with a conical
nanopore sensor. Langmuir 22(25): 1083710843.
20. Ma L & Cockroft SL (2010). Biological
nanopores for single-molecule biophysics.
Chembiochem 11(1): 25-34.
21. Storm AJ, Chen JH, Ling XS, Zandbergen
HW & Dekker C (2003). Fabrication of
solid-state nanopores with single-nanometre
precision. Nat Mater 2(8): 537-540.
22. Song LZ, Hobaugh MR, Shustak C, Cheley
S, Bayley H, Gouaux JE (1996). Structure of
staphylococcal
alpha-hemolysin,
a
heptameric
transmembrane
pore. Science 274: 1859–1866.
23. Briggs K, Madejski G, Magill M, Kastritis
K, de Haan HW, McGrath JL & TabardCossa V (2018). DNA Translocations
through Nanopores under Nanoscale
Preconfinement. Nano Lett 18(2): 660-668.
24. Bayley H (2009). Membrane-protein
structure: Piercing insights. Nature
459(7247): 651-652.
25. Thompson JF & Milos PM (2011). The
properties and applications of singlemolecule DNA sequencing. Genome Biol
12(2): 217.
26. Meyers S, Downing JR & Hiebert SW
(1993). Identification of AML-1 and the
(8;21) translocation protein (AML-1/ETO)
as sequence-specific DNA-binding proteins:
the runt homology domain is required for
DNA
binding
and
protein-protein
interactions. Mol Cell Biol 13(10): 63366345.
27. Abgrall P & Nguyen NT (2008).
Nanofluidic devices and their applications.
Anal Chem 80(7): 2326-2341.
28. Anglin EJ, Cheng L, Freeman WR & Sailor
MJ (2008). Porous silicon in drug delivery
devices and materials. Adv Drug Deliv Rev
60(11): 1266-1277.
29. Ghicov A & Schmuki P (2009). Selfordering electrochemistry: a review on
growth and functionality of TiO2 nanotubes
and other self-aligned MO(x) structures.
Chem Commun (Camb) (20): 2791-2808.
30. Chu YY, Wang WJ & Wang M (2010).
Anodic oxidation process for the

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

160

degradation of 2, 4-dichlorophenol in
aqueous solution and the enhancement of
biodegradability. J Hazard Mater 180(1-3):
247-252.
Ren Y, Ma Z & Bruce PG (2012). Ordered
mesoporous metal oxides: synthesis and
applications. Chem Soc Rev 41(14): 49094927.
Yilmaz S, Uslu B & Ozkan SA (2001).
Anodic oxidation of etodolac and its square
wave and differential pulse voltammetric
determination in pharmaceuticals and
human serum. Talanta 54(2): 351-360.
Kumeria T, Santos A & Losic D (2014).
Nanoporous anodic alumina platforms:
engineered surface chemistry and structure
for optical sensing applications. Sensors
(Basel) 14(7): 11878-11918.
Li F, Guijt RM & Breadmore MC (2016).
Nanoporous Membranes for Microfluidic
Concentration Prior to Electrophoretic
Separation of Proteins in Urine. Anal Chem
88(16): 8257-8263.
Fleischer RL, Price RB & Walker RM
(1969). Nuclear tracks in solids. Sci Am
220(6): 30-39.
Yuan Z, Wang C, Yi X, Ni Z, Chen Y & Li
T (2018). Solid-State Nanopore. Nanoscale
Res Lett 13(1): 56.
Giselbrecht S, Gottwald E, Truckenmueller
R, Trautmann C, Welle A, Guber A,
Weibezahn
KF
et
al
(2008).
Microfabrication of chip-sized scaffolds for
three-dimensional cell cultivation. J Vis Exp
(15): e699.
Ali M, Ramirez P, Duznovic I, Nasir S, Mafe
S & Ensinger W (2017). Label-free
histamine detection with nanofluidic diodes
through metal ion displacement mechanism.
Colloids Surf B Biointerfaces 150: 201-208.
Oda K, Csige I, Henke RP & Benton EV
(1992). A new method for internal
calibration of nuclear track detectors. Int J
Rad Appl Instrum D 20(3): 505-510.
Gamble T, Decker K, Plett TS, Pevarnik M,
Pietschmann JF, Vlassiouk I, Siwy ZS
(2014). Rectification of Ion Current in
Nanopores Depends on the Type of
Monovalent Cations: Experiments and
Modeling. J Phys Chem C Nanomater
Interfaces 118(18): 9809-9819.

Hasnain et al.
41. Ali M, Ramirez P, Nasir S, Nguyen QH,
Ensinger W & Mafe S (2014). Current
rectification by nanoparticle blocking in
single cylindrical nanopores. Nanoscale
6(18): 10740-10745.
42. Tong X, Aoyama H, Tsukihara T & Bai D
(2014). Charge at the 46th residue of
connexin 50 is crucial for the gap-junctional
unitary conductance and transjunctional
voltage-dependent gating. J Physiol
592(23): 5187-5202.
43. Dondapati SK, Kreir M, Quast RB,
Wustenhagen DA, Bruggemann A, Fertig N
& Kubick S (2014). Membrane assembly of
the functional KcsA potassium channel in a
vesicle-based
eukaryotic
cell-free
translation system. Biosens Bioelectron 59:
174-183.
44. Yamamoto T & Doi M (2014).
Electrochemical mechanism of ion current
rectification of polyelectrolyte gel diodes.
Nat Commun 5: 4162.
45. Deng XL, Takami T, Son JW, Kang EJ,
Kawai T & Park BH (2014). Effect of
concentration gradient on ionic current
rectification in polyethyleneimine modified
glass nano-pipettes. Sci Rep 4: 4005.
46. Gomez R, Caballero R, Barana A, Amoros I,
De Palm SH, Matamoros M, Delpon E et al.

47.

48.

49.

50.

51.

161

(2014). Structural basis of drugs that
increase cardiac inward rectifier Kir2.1
currents. Cardiovasc Res 104(2): 337-346.
Walz MM, Schirmer M, Vollnhals F,
Lukasczyk T, Steinruck HP, Marbach, H
(2010). Electrons as "invisible ink":
fabrication of nanostructures by local
electron beam induced activation of SiOx.
Angew Chem Int Ed Engl 49(27): 46694673.
Zhu C, Du D, Eychmuller A & Lin Y (2015).
Engineering Ordered and Nonordered
Porous Noble Metal Nanostructures:
Synthesis,
Assembly,
and
Their
Applications in Electrochemistry. Chem Rev
115(16): 8896-8943.
Fleischer R.L, Turner LG, Paretzke HG &
Schraube H (1984). Personnel neutron
dosimetry using particle tracks in solids: a
comparison. Health Phys 47(4): 525-531.
Noh JH, Nikiforov M, Kalinin SV, Vertegel
AA & Rack PD (2010). Nanofabrication of
insulated
scanning
probes
for
electromechanical imaging in liquid
solutions. Nanotechnol 21(36): 365302.
Sumikama T (2016). Origin of the Shape of
Current-Voltage Curve through Nanopores:
A Molecular Dynamics Study. Sci Rep 6:
25750.

