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Popcorn is a popular snack food that has been applied
instructionally with remarkable creativity (1). Much of this
creativity has been inspired by a 1984 ChemMatters article
that included a detailed popping mechanism and description
of the popcorn flakes that form (2). A 1972 article in this
Journal (3), “A ‘Relevant’ First Experiment for Freshman
Chemistry”, described the advantages of popping individual
popcorn kernels as an introduction to laboratory methods
and numerical analysis. Our experiment retains characteris-
tics of this ‘relevant’ experiment but asks students to relate
the popping behavior of their kernels to the popping mecha-
nism as it is currently understood. Kernel behavior is char-
acterized in graphs of mass and volume data, a digital picture
of the popcorn flakes formed (Figure 1), and the density of
these flakes. The density of materials is a common labora-
tory topic early in an introductory chemistry sequence (4).
Other popcorn-related articles in this Journal have described
the use of popcorn for teaching error analysis (5), offered
strategies for using popcorn as the context for a discussion
of the scientific method (6), and explored the physical chem-
istry of foam formation (7). In addition, the popping pro-
cess has been used for introducing thermodynamic principles
(8).

The structure of a popcorn kernel (Figure 2) is impor-
tant to its behavior. The pericarp forms the tough outer sur-
face of the kernel and serves as a moisture barrier. A region
of starch granules, the hard endosperm, is the largest feature
inside the pericarp. The soft endosperm contains starch and
most of the water in the kernel, which popcorn processors
carefully control to 13–14%. The heated kernel forms a solid
foam that is produced when the pericarp bursts in response
to the vapor pressure of superheated water. This information
and other aspects of the popping mechanism (2, 9) are con-
veyed to students with the help of a computer animation (10).

As the kernel is heated, water vapor infiltrates the hard
endosperm, which softens and becomes gelatinous above 150
�C. The pericarp bursts explosively when the gelatinous starch
reaches a temperature of 180–190 �C. Vapor pressure expands
a tiny hole in each starch granule, creating a cell of the foam.

Evaporation of the superheated water cools the foam to pro-
duce the familiar solid flake. Very little water was in the va-
por phase immediately before the kernel burst.

Students test two hypotheses and a corollary developed
from the description of the seed and its transformation:

(i) Flake and kernel masses are directly proportional.

(ii) Flake volume and kernel mass are directly propor-
tional.

(iii)  The corollary, the density of the flakes is a constant.

Individual kernels are weighed before and after popping. A
digital photograph of the flakes (Figure 1) is obtained. The
volume of each flake is determined by sand displacement (11)
measured in a graduated cylinder and flake densities are cal-
culated. Manually prepared graphs are examined for linear
relationships to test the two hypotheses. Flake densities are
examined to test the corollary. The digital photograph of pop-
corn flakes is the context for students reporting their under-
standing of the popping process as it is represented in the
behavior of individual kernels. If spreadsheet functions are
performed in addition to manual graphing, more time be-
yond a three-hour laboratory period is required.

Experimental Procedures

Quantitative Popping
Our popping procedures are adapted from Macomber’s

original article (3). A sample holder is used to keep track of
individual samples. Kernels are popped in an Erlenmeyer flask
over a Bunsen burner. Five kernels and the flakes they form
are weighed individually on an analytical balance and a digi-
tal photograph of the set of five flakes is obtained.

Determining Flake Volume and Density
Flake volume is determined by sand displacement. Sea

sand (20–25 mL) is added to a 50- or 100-mL graduated
cylinder and the volume of sand is measured to the nearest
0.1 mL. Some of the sand is poured quantitatively into a bea-
ker and a flake is placed in the graduated cylinder. The sand
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Figure 2. Diagram of the kernel structure inside the hull (pericarp):
(a) hard (vitreous) endosperm, (b) germ, and (c) soft (floury) en-
dosperm.
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Figure 1. Set of flakes with the calculated density displayed below
each flake.
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is returned to the graduated cylinder and the graduated cyl-
inder is tapped gently to achieve a level surface and com-
plete packing of the sand around the flake. The volume of
sand plus flake is recorded to the nearest 0.1 mL. This pro-
cedure is repeated for all five flakes.

Hazards

Heated glass can shatter or cause burns. The popcorn
flakes in the lab must not be consumed.

Results and Discussion

Popping Kernels and Graphing the Data
Sample data and spreadsheet analyses from one student

are shown in Table 1. Uncertainty in flake volume measure-
ment is estimated as ± 0.1 mL, based on triplicate measure-
ments of individual flakes. Nearly all student results exhibit
pronounced variation in density, for example, samples 2 and
4 in Figure 1 and Table 1. We have detected no correlation
between flake density and mass lost. Graphs generated from
the data in Table 1 are shown in Figure 3. A strong linear
correlation of flake mass versus kernel mass is consistently
observed. However, because of variation in flake density, stu-
dents frequently observe weak or no correlation of flake vol-
ume versus kernel mass.

In generating the data and creating the graphs students
encounter principles and techniques that they have applied
before but perhaps not mastered. Confidence in lighting a
Bunsen burner is just one example of a technique in this ex-
periment where the range of student abilities is easily identi-
fied. Since graphing is performed during the lab, more able
students often offer assistance to those who are less confi-
dent. The contrasting correlations that most students obtain
help to emphasize that not every data set describes a linear
relationship.

Relating Behavior to the Popping Mechanism,
Hypothesis Testing

The popping mechanism is straightforward. By using the
mechanism to give meaning to their results, students apply a
central strategy of chemists: explaining observable phenom-
ena in terms of processes that are hidden. The strong linear
correlation in graphs of flake mass versus kernel mass con-
firms the first hypothesis. Popping is an example of physical
change in which mass loss is accounted for by water loss.
Heavier kernels have more water to lose.

A weaker linear correlation, or no correlation, in graphs
of flake volume versus kernel mass appears to disconfirm the
second hypothesis and the corollary. Heavier kernels do not
necessarily yield larger flakes. Flake density is not a constant.
Comparing samples 2 and 3 and samples 4 and 5, kernel mass
differences of 3% are associated with flake volume differences
of ca. 30%. Low volume, high density flakes, such as 2 and
4, result from reduced expansion. Uneven heating, a dam-
aged hull or low water content are among the possible expla-
nations for reduced expansion. Average flake volumes
obtained by hot air popping of individual kernels (11) are
higher than students obtain with our method, although stu-
dents must sometimes explain how a “giant” flake formed.
Lower expansion and mass loss significantly less than the 13–
14% initial water content suggest that heating a kernel in an
Erlenmeyer flask over an open flame is not optimal for pop-
ping kernels. Although a recent study confirms the depen-
dence of expansion volume on both moisture content and
popping method (12) a test of the second hypothesis and cor-
ollary as described here has not been reported.

Spreadsheet Activities
 Spreadsheet applications are illustrated in Table 1 and

Figure 3. We have also used popping kernels as the context
for a spreadsheet exercise designed to find the linear form of
the relationship between temperature and the vapor pressure
of water (13).

Figure 3. Linear correlation of popcorn data, including the linear
equation and the square of the regression coefficient: (top) kernel
mass vs flake mass and (bottom) kernel mass vs flake volume.
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Conclusion

Data from popping individual popcorn kernels are use-
ful for developing students’ graphing skills and understand-
ing of hypothesis testing. In addition, access to individual
flake volumes and their variation directs student attention
to the popping mechanism. Students use quantitative mea-
surement and mechanism to develop an understanding of
change and its relationship to the identity and structure of
the materials involved. Popcorn experiments will continue
to evolve in response to changes in instructional priorities
and resources. New discoveries reported in the popcorn lit-
erature, for example, a kinetic model for kernel popping (14)
or structural changes in the pericarp during popping (15),
will create new instructional opportunities. We are confident
that many ways will be found to expand the relevance of pop-
corn to the teaching and learning of chemistry.

WSupplemental Material

Instructions for students, notes for instructors, and the
animation of popcorn popping are available in this issue of
JCE Online.
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This article has a related JCE Classroom Activity:
“Popcorn—What’s in the Bag?” by Marissa B. Sherman and Thomas A. Evans

See pages 416A–416B in this issue.
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