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Abstract: The purpose of this work has been to produce quartz nanopipettes with a diameter
at the tip of about 200− 300 nm using a Laser-Based Micropipette Puller. The nanopipettes have
been characterized using optical and electronic imaging, and by measuring their conductance in
a salt solution. We have come up with a formula relating the conductance and geometry of the
nanopipettes. This formula can be used to estimate the size of the nanopipette aperture at the tip
from its conductance. This is helpful for aproximating the aperture without having to use a scanning
electron microscope (SEM). Finally we have tested the nanopipettes by performing translocations
of mesoporous silica nanoparticles (NPs) using the resistive pulse sensing technique.

I. INTRODUCTION

Nanoparticles (NPs) have lately received much scientific
attention due to their wide range of application. To de-
tect NPs and study their properties, one can use the
resistive-pulse sensing method based on the Coulter prin-
ciple [1]. In this technique, two reservoirs filled with a
salt solution are connected with a nanopipette. When
the solution with the NPs is added to one of the reser-
voirs, the applied electrical field drives particles through
the nanopipette, producing a change in the ion cur-
rent that can be detected. Therefore, to detect NPs
and study their different properties, nanopipettes of very
small diameters must be produced. The development of
nanopipettes began more than a century ago, but even
though work has been ongoing to improve the techniques,
there is still a long way to go, as seen in [2].

Nowadays, the applications of nanopipettes are di-
verse, ranging from detection, measurements, and manip-
ulation of biomolecules to imaging of cell surfaces, among
others. Due to the applicability of nanopipettes in the
field of biomedicine, many research groups keep working
to improve the reproducibility in glass nanopipettes fab-
rication. Glass nanopipettes [3] are not the only type of
nanopores used for the detection of NPs, small molecules
or cells. The use of biological nanopores [4] and solid-
state nanopores [5] has also been reported. The for-
mer is currently used to sequence biomolecules such as
single-stranded DNA. The latter has similar applicabil-
ity but the main advantage is that solid-state nanopores
are more stable and robust than biological nanopores.
Despite most of the literature focuses on solid state
nanopores, working with glass nanopipettes has some
benefits over other types of nanopores. The fabrication
process for nanopipettes is easier and cheaper, they are
more easy to manipulate and they are better for using
them in combination with an optical tweezer, where the
optical trap is formed perpendicular to the nanopipette.

Therefore, in this work we have focused on the fab-
rication and characterisation of glass nanopipettes for
the detection of mesoporous silica NPs, which are com-
monly used as a drug carrier in treatments. The size of

these NPs was expected to be around 100 nm. Thus, we
aimed to find one or several fabrication protocols for the
nanopipettes with a diameter at the tip (d), in princi-
ple of about 200 − 300 nm. For this, we used a Laser-
Based Micropipette Puller (Sutter Instrument P-2000).
Once the nanopipettes were produced, they were filled
with a salt solution and we measured their conductance
(G = 1/R). One of our objectives has been to come up
with a formula from which we could be able to extract
the diameter of the tip (d) from the conductance (G) and
avoid going to the scanning electron miscroscope (SEM),
where the value of d can be measured with exactitude.
Finally, to test the functionality of our nanopipettes our
last objective has been to perform resistive-pulse sensing
experiments with silica NPs using a Coulter counter.

II. EXPERIMENTAL

A. Fabrication of the nanopipettes

The first step in our study has been to fabricate the
nanopipettes. To do so, we have used a Laser-Based Mi-
cropipette Puller (Sutter Instrument P-2000) (FIG. 1-a)
and quartz glass capillaries with inner and outer diam-
eters of 0.2 mm and 0.5 mm, respectively. To produce
nanopipettes with different tip sizes and geometries, the
P-2000 has five different parameters that we can change:
HEAT (H), FILAMENT (F), VELOCITY (V), DELAY
(D) and PULL (P).
Each of the parameters has a different effect on the ge-

ometry of the resulting nanopipette, especially on d and
the taper length (t). The taper length is the length from
where the capillary starts to narrow to its tip, as seen in
FIGs. 2-f and 2-g. Here below, as can be consulted in
the manual of the puller [6], we briefly describe each of
them:

1. H (range: 0 − 999) specifies the output power of
the laser, and consequently, the amount of energy
supplied to the glass.

2. F (r: 0 − 15) specifies the scanning pattern of the
laser beam.
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FIG. 1: (a) Fabrication of the nanopipettes using the Laser-Based Micropipette Puller. (b) Steps of the measurement of
the electrical conductance of the nanopipette. The electrodes are directly attached to the Axopatch’s preamplifier (2). The
Axopatch filters the current-time signals before digitalizing them with the Digitalizer (3 and 4). Finally, we monitored and
recorded the intensity traces using a LabView application (5).

3. V (r: 0 − 255) specifies the velocity at which the
puller bar must be moving before the hard pull
is executed. It determines the point at which the
HEAT is turned off.

4. D (r: 0−255) controls the timing of the start of the
hard pull relative to the deactivation of the laser.

5. P (r: 0− 255) controls the force of the hard pull.

According to [6], a higher value of H,V and P con-
tributes to obtain a higher t and a lower d. In order to
obtain pipettes with a given tip size, different protocols
were used. A protocol is the set of puller’s parameters
that we give to obtain a nanopipette in a given range of
d.
We start the fabrication of a nanopipette by fixing the

quartz capillary in the capillary holder of the pipette
puller. A laser with a certain power H is then focused on
the capillary and moved parallel to the glass, according
to the value of F, heating a larger or smaller area of the
capillary. During this process, the capillary is under ten-
sion and it ends begin to separate as the glass melts. The
more the capillary melts, the faster the ends separated.
Finally, when a certain V is reached by the separating
ends, the laser is turned off and after the delay time D,
a hard pull is exerted on the capillary. The force of the
pull is controlled by P.

B. Characterisation of the nanopipettes

1. Optical characterisation

We used an optical microscope to capture the first images
of the nanopipettes. As can be seen in FIG. 2-f, these
photos were subsequently evaluated with ImageJ which
allowed us to measure t for each of them. Nonetheless,
the optical microscope lacks the resolution for determin-
ing d and the exact geometry near the tip. To accomplish

this, a SEM is necessary.

2. Measurement of the electrical conductance

After the fabrication of the nanopipettes, they were filled
with a 10 mM or 100 mM KCl Tris buffer at pH 7.5. Pre-
vious to filling them, the pipettes were plasma treated.
This process makes their inner surface hydrophilic, which
facilitates the filling. To measureG (G=1/R) of the filled
nanopipette, we used a Axopatch 200B. This is a low
noise amplifier which allows us to measure very small
currents in the nA range. It basically works as a volt-
meter, we apply a voltage difference across the pipette
and we measure the resulting current. From the current
measurement we can calculate G using Ohm’s law. To
measure a pipette’s G, it is placed between two pools
containing a buffer, as shown in FIG. 1-b. Ag/AgCl
electrodes are placed inside the pools [7]. This elec-
trodes convert the K+ and Cl− ions flowing through
the pipette into electrons which are then measured by
the Axopatch 200B. To reduce noise during the measure-
ments, the pipette and the preamplifier are placed inside
a Faraday cage. We took measurements of the current
at various positive and negative voltages to calculate the
conductance of the nanopipettes.

3. Scanning electron microscope (SEM)

We had to use the SEM to measure an exact value of
d (FIGs. 2-a-e). Before being used in the SEM, the
nanopipettes needed to be chopped to a specific size and
then sputtered with carbon, coating them with an ad-
ditional layer (∼ 10 nm) of a conductive material and
rendering them unusable.
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FIG. 2: (a) Zoom out of the tip of a nanopipette with protocol A (SEM image). (b) Protocol A with a tip of 171 nm (SEM
image). (c) Protocol A” with a tip of 105 nm (SEM image). (d) Protocol B with a tip of 175 nm (SEM image). (e) Angle α
of the tip (SEM image). (f) Optical image with t. (g) Geometric schema of the tip of the nanopipette.

C. Nanoparticles

The NPs were dispersed in a 10 mM KCl solution at pH
11. To make sure that the NPs were dispersed, they were
sonicated for about 3 − 4 h. After sonication, we mea-
sured their size distribution using a DLS (Dynamic Light
Scattering). Finally, to eliminate big aggregates of NPs
that were still present in the solution after sonicating,
they were filtered with a filter that eliminates particles
bigger than 200 nm.

The detection of these NPs by nanopipettes was done
with resistive-pulse techniques that are based on the idea
of the Coulter counter ([8],[9]). During translocation,
NPs partially block the nanopore, resulting in a variation
of the current measured by the Axopatch [5].

III. ANALYSIS AND RESULTS

A. Size of the nanopipettes

We were initially interested in creating nanopipettes with
a certain d in order to undertake subsequent detection
of mesoporous silica NPs. As we have mentioned before,
the pulling parameters of the laser puller were found to
directly affect the morphology of the glass nanopipettes.

We present the protocols we obtain for producing
nanopipettes with 200-300 nm at the tip in TABLE I
and II. The protocols contain two lines because each has
different functions. In the first line, part of the glass
melts and is pulled apart without a hard pull. Then in
the second line we start from a thinner capillary, and the
hard pull divides it into two nanopipettes.

Furthermore, we made slight variations of each of these
protocols to see if the variation of the parameter had a

influence on the final nanopipette. The variations of the
protocols were made maintaining all the parameters ex-
cept one. Protocol A’ and A” were variations of protocol
A changing P of the 2nd line to 47 and V of the 2nd line
to 43, respectively. Similarly, protocol B’ is a variation of
B changing P of the 2nd line to 85. We have computed
the mean and deviation of the tip size of each of the pro-
tocols from the measures taken with the SEM (dSEM )
(FIGs 2 b-d). The results are presented in TABLE III
where N is the number of nanopipettes measures from
each protocol.

There are several observations we can made from these
results. We followed the manual [6] to adjust d, increas-
ing or decreasing its diameter making variations in P and
V.

We wanted to see how much different parameters af-
fected the final pipette but we had no feeling how much
changing them affected the final pipette because it is not
stated in the P-2000 manual. We tried changing them
by a few small values but there was almost no difference
between the original protocol and the variation.

Finally, there are other factors which are difficult to
control and can also affect the geometry and tip size of
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the nanopipette.

B. Conductance and tip size of the nanopipette

The measurements we have made using the Axopatch,
for 10 mM, gives us values of G and R in the order of
5 − 7 nS and 150 − 200 MΩ respectively. In order to
be able to estimate d, we needed to find a formula that
would relate G to d. In this sense, we can think of the
nanopipette as a wire, the resistance of which depends
on its geometry (R = ρ·L

A , G = g·A
L ). Thus, the conduc-

tance of the nanopipette has been calculated taking into
account that its geometry can be aproximated to a cone.
Therefore we obtain (1), where g is the conductivity of
the solution (g = 1.28 S/m for 100 mM and g = 0.21
S/m for 10 mM) and d, t, D can be seen in FIG. 2-g:

Gcone = g

(
πdD

4t

)
(1)

Additionally, as other articles such as [5] mention, a
term of access conductance can be added to the total
conductance of the nanopipette. Kowalczyk et al. states
that the electrical resistance between two spherical elec-
trodes in a medium does not depend on the distance be-
tween the two electrodes but on their sizes [5]. In our
case, we need to add this contribution (Raccess = g/2d)
in series to the total resistance. Thus, the final resis-
tance is R = Rcone + Raccess. Taking the aproximation
tan(θ) = D−d

2t ≈ D
2t (because d ≪ D), where θ is the in-

ner half angle of the aperture as can be seen in FIG.2-g,
the conductance can be expressed as:

G =
1

Rcone +Raccess
= g

(
2πdD

8t+ πD

)
= g

(
2πd tan(θ)

4 + π tan(θ)

)
(2)

We have divided G by g in (3) because the conduc-
tivity has a dependence on the salt concentration and
thus the ratio G/g is independent of the concentration.
This is significant because we initially used a buffer with
100 mM KCl, but after observing in the SEM that this
concentration formed salt crystallization at the tip, we
decided to change it to 10 mM KCl.

G

g
=

2πd tan(θ)

4 + π tan(θ)
= md (m =

2π tan(θ)

4 + π tan(θ)
) (3)

Initially, using equation (2), we wanted to estimate
d from G taking t as a mean of the taper length we
measured in the images of the optical microscope. Using
the optical microscope is faster and less costly than using
the SEM and t was the only data we could extract from
the optical images. From the cone with tmean = 1.8
mm and D = 0.2 mm (FIG 2-g), the associated angle is
θ ≈ 3.2◦. If we were to use this angle θ to calculate d
fromG, we would get the values given in the line θ = 3.2◦

in FIG. 3-a. However, in this figure, the line θ = 3.2◦ did
not agree with the data taken with 100 mM KCl and 10
mM KCl.

Therefore, we did a linear fit of the data in FIG. 3-a
from which we could calculate, using (3) and the slope

of the fit (m), an angle θ = 4.8◦. This value makes sense
and agrees with the SEM images (FIG 2-g) where we
measured an average angle of α = 6.9◦ (outer angle of
the cone). Indeed, it makes sense that this angle α is
somewhat larger than θ = 4.8◦, obtained with the ad-
justment, because α is the exterior angle while θ is the
interior angle.
To conclude, the macroscopic measurement corre-

sponding to t is not useful to make good estimates of
d from G because t = 1.8 mm approximates a certain
cone that does not resemble the geometrical shape of the
pipette. Therefore, as the part of the pipette that con-
tributes most to the calculation of the resistance is the
narrowest part, it is in our interest to measure this area
well. This is done by extracting from the fit an angle
θ = 4.8◦ which agrees with the SEM images in FIG. 2-e.

C. Translocation of NPs

In FIG. 3-b we can see the size distributions we have
measured with the DLS. We observed that using a filter
of 200 nm, we could get rid off the aggregates that are
visible in the blue tail in FIG. 3-b. This is important
as big aggregates could block the nanopipette during the
experiments. We see that for the filtered NPs we have a
mean size of about 100 nm. So they should translocate
through a 200− 300 nm nanopipette.

For the experiments, the NPs are placed in the pool
where we have the nanopipette tip. Applying a nega-
tive voltage, we have observed translocation of NPs as
we can see in FIG. 3-c and FIG. 3-d. We see peaks of
different magnitudes. According to [10], this ratio is pro-
portional to the particle size. This is consistent with the
fact that we have a large dispersion of particle sizes as
can be seen in FIG. 3-b. On the other hand, the shape
of the translocation, as shown in FIG. 3-d, is consistent
with the passage of a sphere through a cone. Thus, the
point where the particle passes through the narrowest
place of the pipette is related to the maximum current
drop.

IV. CONCLUSIONS

We have been able to produce, using two different proto-
cols and their variations, nanopipettes with d of 200−300
nm. Additionally, we have measured their G using a
Coulter counter method and found a formula, according
to their geometry (angle α or θ), to estimate d. We have
determined that θ = 4.8◦ is the parameter value that al-
lows us to make a better estimation of d from G and it
is the one we will use from now one. Moreover, we have
dispersed mesoporous silica NPs using DLS in a pH 11 us-
ing a filter of 200 nm to eliminate aggregates and we have
determined the size of the NPs around 100 nm. Finally,
we have tested the functionality of our nanopipettes by
making tests in translocation experiments, which have
given satisfactory results.

The most significant outcome of our work is that the
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FIG. 3: (a) Experimental data of conductance/conductivity where IB is the baseline current. (b) Measures of the size distri-
bution of mesoporous silica NPs using DLS. (c) Translocations of NPs for −1000 mV. (d) Zoom of a current blockage in (c).

pipettes we have produced, in the range of 200 − 300
nm, can be used in future work to study mesoporous sil-
ica NPs because the experiments carried out with them
have been satisfactory. It would also be interesting to
study the useful lifetime of nanopipettes after being used
to understand when a nanopore becomes unusable. To
do so, we could take several measurements of the con-
ductance in order to observe changes or not in it. This
could be explained by the obstruction of the channel due
to the accumulation of deposits inside the nanopipette
undetectable by SEM. Eventually, it would be practical

to work with a greater sample (N) in order to obtain less
deviation in our calculations and validate our results.
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