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Electrically insulating objects gain a net electrical
charge when brought in and out of contact. This
phenomenon, known as triboelectrification, is very

common and familiar to many of us from a car static zap, to
the danger of ignition for hydrocarbons flowing through
poorly grounded pipes, to the transfer of inks in a
xerographic device. Despite our familiarity with tribo-
electrification, we still do not have a complete chemical
picture of its origin,1−4 and the exact mechanism by which
objects that do not conduct electricity gain an electric
charge remains a long-standing scientific puzzle.4−6 In this
issue of ACS Central Science, Soh and co-workers explore
another aspect of this phenomenon: the relationship
between static charge and the shape of the objects.7

The first written account on the static charging of
insulators is attributed to Thales of Miletus (ca. 600 B.C.).
The topic became popular after Benjamin Franklin’s iconic
“Philadelphia kite” experiment in the 18th century. The
systematic study of this phenomenon began with the famous
1844 ice pail experiment by another scientific icon, Michael
Faraday. Various versions of this experiment demonstrate
the effects of electrostatic induction are still performed
today and not only for demonstration purposes. With
virtually no exception, engineers, physicists, and chemists
attracted by the centuries-old scientific puzzle of tribo-
electricity turn at first toward Faraday’s device (with the
only difference of a modern electrometer replacing an
electroscope). The precision of the commercial Faraday pail
unit is often as good as 0.001 nC, the equivalent of only
6 million elementary charges. A Faraday pail connected to a
high-precision electrometer enables simple and reliable

measurements of the net electrostatic charge of powders,
liquids, and solid samples.
The Faraday pail is a straightforward voltage measure-

ment, or at least so we thought. Now a team led by Siowling
Soh alerts us of a trap in the reproducibility of this
measurement.7 In their work, Soh and co-workers showed
that changing the shape of a statically charged object
changes the coulombs reading by the pail/electrometer
setup. Bending a charged plastic sample while holding them
inside the pail results in drops of about 0.05−0.2 nC. This
change is reversible: charge magnitude picks up again when
the plastic sheet is returned to its extended state (Figure 1).
The authors propose a mechanism involving migration of
ionized air molecules, which immediately calls for more
strict environmental control when aiming at measuring such
small charge levels. In most laboratories, there is normally a
shield placed over the pail to ensure that measurements are
not affected by nearby static charges, but air is seldom
excluded from the pail.8

This phenomenon (i.e., the relationship between the
charge and the three-dimensional shape) seems to be general:
it is independent of the type of atmosphere and materials used
in experiments, as well as the sample’s net charge sign

Faraday pail measurements of charged
dielectrics are not as straightforward as
previously thought.
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(net positive or net negative). The lack of a relationship
with the gas that is in contact with the sample possibly
points to water-related effects, which could be addressed in
the future by exploring the magnitude of these reversible
changes in materials with different macroscopic wetting.
Numerical calculations performed by Soh and co-workers

showed an increase in the electric field outside the bent
samples, which in turn drives the ionization of the sur-
rounding air molecules, thus generating positive and
negative ions inside the pail. The positive ions are attracted
to and deposited on the negatively charged surface. It is
unclear why adsorbed cations would be rapidly desorbed
from a solid surface bearing a net negative charge when the
material is relaxed to its equilibrium shape. Although the
authors do not discuss the possibility of an exoelectron
emission when the sample is folded on itself, this factor
could account for at least a fraction of the drop in charge.
Electrons are known to emit from insulators upon friction,
fracture, and plastic mechanical deformation.9

This new research carries a cautionary message on what
to consider when preparing a sample for Faraday pail
measurements. While triboelectricity remains a largely
engineering- and energy-dominated field, chemical aspects
of static electricity are now emerging.10 The findings by Soh
and co-workers will guide the design of new triboelectric
generators, as well as inspire chemists to discover the nature
of the adsorbed ions contributing to the charge drop.
Recent work on the electrostatic effects of adsorbed
bicarbonate anions (from atmospheric CO2 dissolved in
water) points toward a sensible starting point for future
work on the subject.11

Author Information

Corresponding Author
Simone Ciampi − School of Molecular and Life Sciences, Curtin
Institute of Functional Molecules and Interfaces, Curtin
University, Bentley, Western Australia 6102, Australia;
orcid.org/0000-0002-8272-8454; Email: simone.ciampi@

curtin.edu.au

Author
Jinyang Zhang − School of Molecular and Life Sciences, Curtin
Institute of Functional Molecules and Interfaces, Curtin
University, Bentley, Western Australia 6102, Australia;
orcid.org/0000-0003-0984-3218

Complete contact information is available at:
https://pubs.acs.org/10.1021/acscentsci.0c00298

■ REFERENCES
(1) Lowell, J.; Rose-Innes, A. Contact electrification. Adv. Phys.
1980, 29, 947.
(2) Diaz, A. F.; Guay, J. Contact Charging of Organic Materials: Ion
vs. Electron Transfer. IBM J. Res. Dev. 1993, 37, 249.
(3) Davies, D. Charge generation on dielectric surfaces. J. Phys. D:
Appl. Phys. 1969, 2, 1533.
(4) Liu, C.-Y.; Bard, A. J. Electrostatic Electrochemistry at Insulators.
Nat. Mater. 2008, 7, 505.
(5) Zhang, J.; Rogers, F. J. M.; Darwish, N.; Gonca̧les, V. R.; Vogel,
Y. B.; Wang, F.; Gooding, J. J.; Peiris, M. C. R.; Jia, G.; Veder, J.-P.;
Coote, M. L.; Ciampi, S. Electrochemistry on Tribocharged Polymers
Is Governed by the Stability of Surface Charges Rather than Charging
Magnitude. J. Am. Chem. Soc. 2019, 141, 5863.
(6) Baytekin, H. T.; Patashinski, A. Z.; Branicki, M.; Baytekin, B.;
Soh, S.; Grzybowski, B. A. The Mosaic of Surface Charge in Contact
Electrification. Science 2011, 333, 308.
(7) Pandey, R. K.; Ao, C. K.; Lim, W.; Sun, Y.; Di, X.; Nakanishi, H.;
Soh, S. The Relationship between Static Charge and Shape. ACS
Central Sci. 2020, ASAP. DOI: 10.1021/acscentsci.9b01108.
(8) Zhang, J.; Ciampi, S. The position of solid carbon dioxide in the
triboelectric series. Aust. J. Chem. 2019, 72, 633.
(9) Nakayama, K.; Fujimoto, T. The Energy of Electrons Emitted
from Wearing Solid Surfaces. Tribol. Lett. 2004, 17, 75.
(10) Aragones̀, A. C.; Haworth, N. L.; Darwish, N.; Ciampi, S.;
Bloomfield, N. J.; Wallace, G. G.; Diez-Perez, I.; Coote, M. L.
Electrostatic catalysis of a Diels−Alder reaction. Nature 2016, 531, 88.
(11) Kowacz, M.; Pollack, G. H. Moving Water Droplets: The Role
of Atmospheric CO2 and Incident Radiant Energy in Charge
Separation at the Air-Water Interface. J. Phys. Chem. B 2019, 123,
11003.

Figure 1. Schematics of the mechanism of the variable and reversible charge change when its shape is changed from an extended state to a bent
state repeatedly.
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