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Abstract. We measure charge in atmospheric aerosols produced in two gas-particle-
reactions producing common atmospheric aerosols. The reactions between HCl
(hydrochloric acid) and NH3 (ammonia) and between HNO3 (nitric acid) and NH3

involve a proton transfer step that produces positive and negative charged ions. We
have determined the charge type of both reactions as well as a quantitative measurement
of the degree of charge on a “microstalagmite” that forms only in the reaction between
HNO3 and NH3 reaction.
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1 Introduction

Atmospheric aerosols form in gas-to-particle reactions. There is ongoing research that suggests
that aerosols play a significant role in the regulation of global temperature, human health and in
the production of engineered nanomaterials (ENMs) which are important for microelectronics [1].
Combustion of fuels directly produces millions of tons of nanoparticulate soot and fly ash[2] and
forms atmospheric aerosols such as ammonium sulfate, nitrate and chloride.

Reactions producing atmospheric aerosols can be investigated in small scale experiments using
drops of aqueous solutions of the reactants in containers such as petri dishes and glass or polystyrene
dishes [3]. When a drop of either nitric acid HNO3 or hydrochloric acid HCl is placed on the lid
of a polystyrene box and a drop of ammonia NH3 on the bottom of the box, aerosol (NH4NO3)
falls from the reaction zone near the drop of HNO3 and is observed to spin at times; we call these
microtornadoes [3]. Figure 1 shows the microtornado that occurs when HNO3 and NH3 react as
well as “microstalamite” crystal structure that forms in the wake of the microtornado.

Figure 1: Microtornados forming microstalagmites in the HNO3 and NH3 reaction
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These reactions

HCl(g) +NH3(g) → NH4Cl(s)

HNO3(g) +NH3(g) → NH4NO3(s)

are gas-to-particle reactions as they change phase from aqueous to gas, so accordingly there is a
nucleation process occurring. In the case of the nitric acid and ammonia (Figure 1) a crystal forms
from the base up; we call these structures microstalagmites. No microstalagmite forms from the
reaction of ammonia and hydrochloric acid. These microtornadoes and microstalagmites carry a
charge as they deflect in an electric field; for example a rubbed glass rod. Much is unknown about
the nucleation process occurring here. It has been hypothesized that there is a charged ion at
the center of the aerosols creating a net charge in the HCl-NH3 reaction but not necessarily in the
HNO3-NH3 reaction [4]. Both reactions involve charging of the aerosols and the amount of charging
on the aerosols can be quantified. The goal of this paper is to define the type of charge and the
degree of charge.

2 Experimental Setup and Analysis

2.1 Determining Sign of Charge

In order to determine the type of charge on the microtornadoes we made use of the triboelectric
series.“Tribo-” means to rub and the triboelectric series is a list of materials that when rubbed
acquire a positive, neutral, or negative charge such as rubbed glass, iron, and polystyrene
respectively [5]. In a 5cm × 5cm × 1cm polystyrene container we placed a drop of either HCL
or HNO3 on the lid of while a drop of NH3 was placed on the bottom for both reactions using a
micropipette, as shown in Figure 2.

Figure 2: Small drops could be placed on the lid and bottom of the polystyrene container with
this pipette.

We observed that when we would rub either glass or polystyrene material just outside of the
polystyrene container that contained a running reaction the microtornado that was formed would
interact with the electric field of the rubbed object. For the HCl-NH3 reaction we saw that rubbed
glass caused the microtornado to bend towards the glass and would in turn bend away from rubbed
polystyrene. Figure 3 (a) shows the HNO3-NH3 reaction without any rubbed material nearby while
Fig. 3 (b) depicts a deflection of the microtornado near rubbed glass in the same reaction. We
witnessed also an attraction of the same microtornado to rubbed polystyrene.
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(a) HNO3-NH3 reaction; no glass rod present. (b) HNO3-NH3 reaction; glass rod present.

Figure 3: Experiment set up

An interesting observation was made on the type of surface that will produce charged reactions
for both reactions. We noticed we always get charging of the microtornado and microstalagtite
when the drop on the lid, either HCl or HNO3, and the drop on the bottom, HN3, were both placed
on polystyrene surfaces. However, when the reactions were run in glass (both top and bottom
drops on glass surface of either reaction) there was no response to the rubbed glass rod or rubbed
styrofoam. We think this is due to the fact that glass has a hydorphilic layer that leaks the charge in
the reaction. The hydrophilic layer will interact with any water that is in the ambient atmosphere
and the water in the atmosphere will carry away charge from the reaction. It is unknown as to why
water leaks charge away, but we think that this is the case for this situation.

2.2 Determining Degree of Charge

To determine the degree of charge in a microstalagmite formed in the reaction of HNO3 and NH3 we
placed an inverted microstalagmite in a parallel plate capacitor (Figure 4). Increasing the voltage
potential between them we observes an increase in the deflection of the microstalagmite as shown
in Figure 5.

Figure 4: Experimental apparatus
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Figure 5: Crystal structure deflected in electric field in polystyrene container

Figure 6 shows a schematic of our setup and a free-body diagram of the associated forces that
act on the microstalagmite in this situation. We treat it as a static situation and derive an equation
for the charge on the microstalagmite.

Figure 6: Schematic of setup
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We have that

tanθ =
x√

L2 − x2
(1)

as seen in Fig. 5. If we also assume that the tension T is due to the gravitational pull on the center
of mass of the microstalagmite then there are two components of tension in the x and y direction
that are equal to the electric force qE and mg respectively. It follows that

tanθ =
qE

mg
. (2)

Then by (1) and the fact that E = V/d, where V is the voltage and d is the capacitor plate
separation, we find that

q = (mgd)
x√

L2 − x2
1

V
. (3)

Our two variables are x and V and what is left in the parentheses is constant where g is known,
d was measured to be 5 cm, and m the mass of the microstalagmite was determined knowing the
bulk density of NH4NO3 [6] and treating the microstalagmite as a cylinder.

The volume of the microstalagmite was estimated observationally by measuring the height, 6.6
cm, and diameter, .026 mm, of the structure under a powerful microscope (Figure 7). The volume
was then determined to be 3.4 × 10−6 m3 assuming the microstalagmite is a cylinder as previously
stated. Multiplying this by the bulk density, the mass was found to be 5.2 × 10−6 g.

Figure 7: Microstalagmite under microscope

Our goal was to quantify how much charge was on the aerosols. Although the microtornado
streams interact with an electric field there are still a lot of variables to pin down in order to
determine any amount of charge on a single particle. It was therefore more favorable to create a
microstalagmite that we could analyze. We were able to form a microstalagmite in a polystyrene
box, carefully invert the box as to not disturb the microstalagmite and measure its deflection as a
function of increased voltage as seen in Figure 8. This was done inside the parallel plate capacitors
as seen in Fig. 4.
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Figure 8: Increased deflection occurs with increasing voltage

The blurred blue markings at the bottom of each picture are millimeter ticks that were
marked on the side of the polystyrene box. We were able to estimate the distance the tip of
the microstalagmite moved by cropping the photos seen in Fig. 7 at exactly the tip of the
microstalagmite. Once we had these measurements we plotted the deflection versus the voltage
as shown in Figure 9. There appears to be a linear relationship between the two.

Figure 9

Dynamics at the Horsetooth 6 Vol. 4B, 2013



Solid Lightening Nicholas Kaufhold and Nickolas Erickson

Using (3) we plotted q versus x√
L2−x2

1
V in order to find out whether or not we have a linear

relationship between the variation in x and V as we’d expect. Figure 10 suggests that this is
definitely the case.

Figure 10: Charge measurement as a function of position and voltage

3 Conclusions

From the experiments we were able to conclude there is definite charging of these aerosols.
Observing that rubbed glass will attract the NH3HCl microtornado and deflect the NH4NO3

microtornado the charges are negative and positive respectively. We also have concluded that
the slope of the line in Fig. 10 is

2.5× 10−11C (4)

which is the charge on the microstalagtite we analyzed since in (3) we have a constant (mgd)
multiplied by two parameters that vary linearly. This seems reasonable as this is much larger than
the fundamental charge e = 1.602 ×10−19 C. There still remains work to be done in understanding
these reactions such as why the microtornadoes become charged in polystyrene and not glass.
However, this is a small step in progressing the understanding of these specific reactions.
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