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ABSTRACT: In this work, a new quantitative look at the
well-known “Elephant’s Toothpaste” demonstration is pro-
posed. The catalyzed decomposition of H2O2 by iodide ion
(I−) is employed to produce foam in a controlled fashion. The
time at which the foam reached a known volume in a
conventional 500 mL measuring cylinder was registered. A
straightforward correlation was observed between foam
production and v/V% in a given range. A correlation plot
was obtained, and the concentration of unknown solutions “A”
and “B” was then estimated from it. This simple and effective
laboratory activity is proposed as a learning activity for comparing and analyzing results from both this quantitative approach and
titration method reported by scientific literature.
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■ INTRODUCTION

Hydrogen peroxide (H2O2) is a colorless liquid which looks
exactly like water although it is slightly more viscous. It is
miscible in water in all proportions and has a well-known
oxidizing property, which allows it to work both as a bleaching
agent and a disinfectant active on bacteria, viruses, spores, and
yeasts. In addition, at high concentrations, H2O2 can be used in
rocket engines.1,2

The decomposition of H2O2 catalyzed by iodide ion (I−) is
well-known and documented, and it has been reported that
many reaction steps are involved in the process which, in turn,
depend on different factors such as pH or temperature.3−7

Nevertheless, since the required reagents are easy to handle, the
reaction offers many alternatives to follow it. For this reason, it
is often employed in many undergraduate activities.8−11

Moreover, a very popular demonstration, called “Elephant’s
Toothpaste”, involves the use of this reaction for producing a
foamy substance caused by the rapid decomposition of
concentrated H2O2(aq) solutions in the presence of liquid
soap or detergent.12,13 The production of this foamy substance
is so quick and spectacular14 that many outreach activities in
Chemistry employ it for educational purposes.15,16

In this paper, we propose a fresh look at the “Elephant’s
Toothpaste” test, which goes further than the qualitative
demonstration. With this additional examination, the concen-
tration of diluted H2O2(aq) solutions was determined by
measuring the volume of the foam produced as a function of
time. In order to check the precision, we compared the values
measured by this method to those obtained by conventional

titration. As far as we know, this is the first report in which the
popular demonstration is employed for quantitative analysis,
with the purpose of collecting experimental data and comparing
results with other quantitative techniques (titration). Although
the correlation between H2O2(aq) concentration and volume of
foam produced was already published in this Journal,17 the
novelty of this work lies in systematization of this fact as a
programmed learning activity.

■ EXPERIMENTAL SECTION

Reagents

Potassium iodide (KI, Anedra, +99.7% purity) and hydrogen
peroxide solution (H2O2, Anedra, 100 volumes according to the
label) were employed as received. KI solutions were prepared
by dissolving the desired amount of salt in distilled water. The
same procedure was employed for the dilution of the required
volumes of commercial H2O2 solution in distilled water
[warning: H2O2(aq) solutions are strong oxidants and may
cause injuries or burn skin. Use fume hood, protective gloves,
and laboratory goggles for its manipulation]. Analytical
balances, pipettes, and volumetric flasks were employed for
such purposes. Solutions were freshly prepared and stored in
the dark in order to prevent their decomposition.
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Sulfuric acid (H2SO4, Biopack, 95−98 wt %), ammonium
iron(II) sulfate hexahydrate [Fe(NH4)2SO4·6H2O, Mohr’s salt,
Sigma-Aldrich, 99% purity), and potassium permanganate
(KMnO4, Biopack, 99% purity] were used for conventional
titration methods. Commercial liquid soap (or detergent) was
employed as received. A stopwatch (Tressa Crono 10B
electronic stopwatch), with centesimal precision, was employed
for registering foam evolution. Special care (fume hood) was
taken when concentrated H2SO4 and solid KMnO4 were
employed by wearing laboratory goggles and nitrile gloves and
using safety laboratory procedures for the manipulation of
strong oxidant agents (please refer to Supporting Information,
Chemical Hazards section).

Student Activities

Student activities are planned during four experimental classes
(4 h per class) according to the experimental advice given
below and in the Supporting Information. Briefly, during the
first class, students should be familiar with preparing dilutions
from commercial H2O2 and KMnO4. Additionally, they should
measure the first experimental data with dilutions from H2O2
by reproducing the “Elephant’s Toothpaste” test in the
measuring cylinder.
During the second class, they should be able to complete all

the measurements planned and to check the correlation
obtained. In the third class, titrations of standard KMnO4(aq)
solution and commercial H2O2 are carried out together with
unknown “A” and “B” samples (see below). Finally, in the
fourth class, all data obtained should be analyzed, and suitable
corrections should be performed if needed (for further
information, please refer to Supporting Information, Instruc-
tor’s Activities Program section).

Quantitative “Elephant’s Toothpaste” Tests

Six experiments were planned by using different concentrations
of H2O2(aq) solutions at a fixed concentration of KI(aq) (0.06
M). For each concentration of H2O2(aq) solution, the
following procedure was employed.
In a 500 mL measuring cylinder, 20 mL of H2O2(aq)

solution was added, followed by 10 mL of liquid soap and a
small magnetic bar. The cylinder was placed on a magnetic
stirrer. Speed selection was chosen in order to ensure a
homogeneous mixture. After 2 min, 20 mL of 0.06 M KI(aq)
solution was added. Immediately, the foam production was
observed. When the foam produced reached 100 mL inside the
measuring cylinder, the stopwatch was started. The stopwatch
recorded the time at which the foam reached a known volume
inside the cylinder (namely, each 50 mL).
By employing this procedure, a set of experimental data (6

points, 3 repetitions of each) were obtained for correlation
purposes. From the data obtained, a master curve was
constructed, and two additional experiments (“A” and “B”)
were performed in order to verify its precision. The v/V%
values of the “A” and “B” solutions were calculated from the
obtained master curve, and their concentrations were verified
by the conventional titration method by using KMnO4(aq).

Standard Titration Method for H2O2(aq) Solutions

The KMnO4(aq) solution was prepared according to the
recommendations given elsewhere (see Supporting Informa-
tion). The concentrations of the H2O2(aq) solutions were
determined using the titration method reported in the chemical
literature.1,18 The same procedure was employed to determine
the exact concentration of the commercial solution. The faint

pink color of the permanganate ion, MnO4
−(aq), was employed

as an indicator. The concentration of the KMnO4(aq) prepared
for this purpose was obtained by using Mohr’s salt as standard
reagent and titration in acidic medium19 (for further details,
please see Supporting Information).

■ RESULTS AND DISCUSSION
Figure 1 shows the foam rate evolution of diluted H2O2(aq)
solutions by keeping the concentration of KI(aq) solution
constant.

As it can be appreciated, a straightforward correlation is
evident and follows the same tendency reported previously by
Conklin and Kessinger.17 The slope of the linear correlations
observed in Figure 1 was related to v/V% concentration from
H2O2(aq) solutions,

20 and it can be appreciated that only in the
case of high v/V% concentrations does the linear tendency
show a slight deviation.
Figure 2 shows the results obtained by taking advantage of

the straightforward correlation already discussed between 40
and 90 v/V%. As can be observed, foam rate versus H2O2(aq)
v/V% shows a linear tendency, and experimental points fits
(blue ◆) nicely. Nevertheless, at this point, it is worth
mentioning that solutions of the commercial reagent with

Figure 1. Evolution of the foam volume vs time for different H2O2
solutions [KI(aq) 0.06 M in all tests]. Key: 45 v/V% (blue ◆), R2 =
0.9977; 50 v/V% (red ■), R2 = 0.9968; 60 v/V% (green ▲), R2 =
0.9950; 90 v/V% (orange ●), R2 = 0.9897. Error bars account for
uncertainty in measuring time.

Figure 2. Foam rate as a function of H2O2(aq) concentration (R2 =
0.9939). Key: blue ◆, experimental points (known concentration,
foam rate measured); red ■, “A” and “B” solutions (unknown
concentration, foam rate measured).
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dilutions lower than 40 v/V% were also analyzed. The results
obtained for these tests did not follow the straightforward
tendency observed above, and it might be due to the low O2(g)
evolution that avoids a measurable foam rate. As can be
deduced from Figure 2, it seems reasonable to infer that there
exist limiting concentrations, and the intercept of the linear
regression might denote the minimum foam rate evolution to
be employed.
Finally, in order to test the precision of this last correlation,

two unknown solutions of H2O2(aq) (“A” and “B”) were
prepared, whose concentrations had to fill the “empty” zone
between experimental points. To check this purpose, their
concentrations were determined by two different ways: the
classical titration method and the straightforward correlation
from the master curve already obtained. The results are shown
in Figure 2 and reported in Table 1.
As it is appreciated, if the titration values are considered to be

exact, the “foam approach” gives quite good results, with a
better approximation for v/V%. Despite unavoidable exper-
imental errors (among them, the spontaneous although slow
H2O2 decomposition is not taken into account throughout the
experience), the simplicity of this “foam approach” is out of
discussion (at least for those ranges of concentrations in which
it might be applicable). Although results were not absolutely
exact, at least they give a good approximation by employing an
easy setup.
In conclusion, the “foam approach” proposed in this paper is

easy to set up, and there is no need for sophisticated equipment
or reagents.21 The method offers the opportunity to describe
different chemical topics, such as stoichiometry, gas behavior,
chemical decomposition, and volumetric analysis, among
others.16 In addition, it gives the chance to expand this
laboratory test with other experimental activities, such as
determination of kinetic constants.22 Last but not least, a
quantitative fresh look for the well-known “Elephant’s Tooth-
paste” demonstration is proposed. As a new approach, the now-
called “Another Twist of the Foam” offers a simple and effective
method to determine H2O2(aq) concentrations with the
advantage of easy adjustment for teaching purposes.

■ CONCLUSIONS

Decomposition of H2O2(aq) catalyzed by I−(aq) was
performed in the presence of liquid soap. From this well-
known “Elephant’s Toothpaste” demonstration, a straightfor-
ward correlation was observed between foam rate production
and concentration of commercial H2O2 dilutions (at least for
the 40−90 v/V% range). From an obtained master curve, the
concentrations of unknown solutions “A” and “B” were
obtained. In this sense, this “Another Twist of the Foam” is
proposed as a new teaching activity for high school students, for
which basic chemistry is enough to understand the demon-
stration and collect data that are useful for quantitative and
statistical analysis, depending on the corresponding teaching
objectives.
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