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SI.1 The motion of self-propelled pill for different weight ratios of camphor,

camphene, and polypropylene

In the Supplementary Information, we present the analysis of the motion of a pill made
of camphor, camphene, and polypropylene inside a Petri dish with diameters of 11 cm or
12 cm. In experiments, we considered different weight fractions of camphor, camphene,
and polypropylene. We analyze the shape of the trajectory, the distribution of distances
between the pill and the dish center, the pill speeds as functions of time, and the probability
distributions of the observed values of speed. For each ratio of components, we present the
results of three independent experiments. Results coming from a single experiment can be
distinguished by the color of curves used to plot them.

As for the camphene-polypropylene plastic system (see Fig 1 in the paper), we observed
an initial decrease in the pill speed. For the camphene-polypropylene plastic, the speed
of a pill stabilized after 30 s. In the case of camphene-camphor-polypropylene plastic, the
speed stabilization is much slower, and it can be observed after 300 s as illustrated in
Fig. SI. 1. The results shown below illustrate the maturation towards the stable speed
for 10 % polypropylene, 76 % camphene, and 14 % camphor mixture. Three independent
experiments were done. The observed speeds as functions of time are plotted in Fig. SI. 1
using different colors. The results for other compositions of the material showed a similar
time of speed stabilization. Therefore, we neglected the initial 300 s of the pill motion for

the results presented in the following subsections.
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Figure SI. 1: The speed of a 4mm pill made of 10 % polypropylene, 76 % camphene and

14 % camphor mixture as a function of time for the initial stage of the pill motion. The
motion was observed in a Petri dish with 11 cm diameter and for 1 cm water level.



SI.1.1 A pill made of 5 % polypropylene, 79.8 % camphene and 15.2 %

camphor

We present the results of three independent experiments in which the pill motion was
observed. The dish diameter was 11 cm. The trajectories and the distances between the
pill center and the dish center are shown in Fig. SI. 2. These results were obtained by
analysis of individual frames recorded at a rate of 30 fps. In each experiment, we observed
a different character of motion. The red trajectory covers the central part of the dish fully.
In the second experiment (the blue curve), we observed the rotational motion of the pill
along the dish edge. The third experiment also showed such rotational motion, but it was
interrupted by time intervals in which a random motion at a distance from the dish center
was observed. Let us notice that in all cases, the pill never comes into contact with the dish
edge. The largest recorded distance between the pill center and the dish center were 4.56,
4.46, and 4.91 cm; thus, the distance between the pill edge and the dish wall was almost
always larger than 4 mm. Figure SI. 3 shows the radial distribution function g(r) calculated

from the distances seen of all frames of the recorded movie. Three curves illustrate functions
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Figure SI. 2: The upper three figures show the trajectories of a 4mm pill made of 5 %
polypropylene, 79.8 % camphene and 15.2 % camphor in a Petri dish with a 11 cm diameter.
The black circle indicates the location of the dish edge. The distance between the pill center
and the dish center as a function of time is plotted in figures located below the corresponding
trajectories.
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g(r) measured in separate experiments. Figure SI. 4 presents the speed of a pill as a function
of time. In all experiments, we observed an initial decrease of speed, but it does not exceed
25 % of the steady-state speed value. As expected, the most stable speed is observed for the
most regular trajectory (rotation along the dish edge). Figure SI. 5 shows the probability
distribution of speeds. The large figure shows the results of individual experiments. The
distribution of speed values observed in all experiments is shown in the insert. The average
values of speed observed for a pill made of 5 % polypropylene, 79.8 % camphene, and 15.2
% camphor were 4.81, 5.21 ;and 3.82 em/s, .
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Figure SI. 3: The radial distribution function of the positions of pill centers calculated from
the distances illustrated in Fig. SI. 2. The same color is used to draw the radial distribution
function and the trajectory.
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Figure SI. 4: The speed of a pill made of 5 % polypropylene, 79.8 % camphene and 15.2 %

camphor as a function of time, as observed in three independent experiments.



2.0
1.5+ 1
P(V) 1_07 Speed (cm/s) B
0.5¢ |
00 I | . . h-ﬁ:\:-.u L
0 2 4 6 8 10

Speed (cm/s)
Figure SI. 5: The probability distribution of speeds for a pill made of 5 % polypropylene, 79.8

% camphene and 15.2 % camphor. The large figure shows results of individual experiments.
The distribution of speed values observed in all experiments is shown in the insert.



SI.1.2 A pill made of 10 % polypropylene, 76 % camphene and 14 % camphor

The dish diameter was 12 cm. The trajectories and the distances between the pill center
and the dish center are shown in Fig. SI. 6. These results were obtained by analysis of
individual frames recorded at a rate of 25 fps. The red trajectory covers the central part of
the dish fully. In the second and the third experiments ( blue and green curves), we observed
the rotational motion of the pill along the dish edge. The pill does not come into contact
with the dish edge in any of the experiments. The largest recorded distances between the
pill center and the dish center were 5.19, 5.25, and 5.13 cm, respectively; thus, the distance
between the pill edge and the dish wall was always larger than 5 mm. Figure SI. 7 shows
the radial distribution function g(r) calculated from the distances seen of all frames of the

recorded movie. The curves present g(r) measured in separated experiments.
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Figure SI. 6: The upper three figures show the trajectories of a 4mm pill made of 10
% polypropylene, 79.8 % camphene, and 15.2 % camphor in a Petri dish with a 12 c¢m
diameter. The black circle indicates the location of the dish edge. The distances between
the pill center and the dish center observed in individual experiments as functions of time
are plotted in figures located below the corresponding trajectories.
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Figure SI. 7: The radial distribution function of the positions of pill centers calculated from

the distances illustrated in Fig. SI. 6. The same color is used to draw the radial distribution
function and the trajectory.

Figure SI. 8 presents the speed of a pill as a function of time. In all experiments we
observed an initial decrease of speed but it does not exceed 25 % of the steady-state speed
value. As expected, the speed is most stable for the most regluar trajectory (rotation along
the dish edge). Figure SI. 9 shows the probability distribution of speeds. The large figure
shows results of individual experiments. The distribution of speed values observed in all
experiments is shown in the insert. The average values of speed observed for a pill made of

10 % polypropylene, 76 % camphene and 14 % camphor were 4.73, 5.32 ,and 5.53 cm/s .
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Figure SI. 8: The speed of a pill made of 10 % polypropylene, 76 % camphene and 14 %

camphor as a function of time, as observed in three independent experiments.
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Figure SI. 9: The probability distribution of speeds of pill made of 10 % polypropylene, 76
% camphene and 14 % camphor. The large figure shows results of individual experiments.
The distribution of speed values observed in all experiments is shown in the insert.

SI.1.3 A pill made of 5 % polypropylene, 63.7 % camphene and 31.3 %

camphor

The dish diameter was 11 cm. The trajectories and the distances between the pill center
and the dish center are shown in Fig. SI. 10. These results were obtained by analysis of
individual frames recorded at a rate of 30 fps. In the first and second experiments (the red
and blue curves), we observed the rotational motion of the pill along the dish edge. The
third experiment also showed rotational motion, but the trajectory covered a large part of
the dish area. Let us notice that there is no contact between pill and dish edge in any of
the experiments. The largest recorded distances between the pill center and the dish center
were 4.44, 4.53, and 4.71 cm, respectively; thus, the distance between the pill edge and the
dish wall was always larger than 5 mm. Figure SI. 11 shows the radial distribution function
g(r) calculated from the distances seen of all frames of the recorded movie. The curves

illustrate g(r) measured in separated experiments.
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Figure SI. 10: The upper three figures show the trajectories of a 4mm pill made of 5
% polypropylene, 63.7 % camphene, and 31.3 % camphor in a Petri dish with an 11 c¢m
diameter. The black circle indicates the location of the dish edge. The distances between
the pill center and the dish center observed in individual experiments as functions of time
are plotted in figures located below the corresponding trajectories.
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Figure SI. 11: The radial distribution function of the positions of pill centers calculated
from the distances illustrated in Fig. SI. 10. The same color is used to draw the radial
distribution function and the trajectory.

Figure SI. 12 presents the speed of a pill as a function of time. In all experiments we

observed an initial decrease of speed but it does not exceed 30 % of the steady-state speed



value. As expected speed is the most stable for the most regular trajectory (rotation along
the dish edge). Figure SI. 13 shows the probability distribution of speeds. The large figure
shows results of individual experiments. The distribution of speed values observed in all
experiments is shown in the insert. The average value of speed observed for a pill made of

5 % polypropylene, 63.7 % camphene and 31.3 % camphor were 5.09, 6.60 ,and 3.93 em/s .
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Figure SI. 12: The speed of a pill made of 5 % polypropylene, 79.8 % camphene and 15.2
% camphor as a function of time, as observed in three independent experiments.
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Figure SI. 13: The probability distribution of speeds. The large figure shows results of

individual experiments. The distribution of speed values observed in all experiments is
shown in the insert.

SI.1.4 A pill made of 10 % polypropylene, 60 % camphene and 30 % camphor

The dish diameter was 12 cm. The trajectories and the distances between the pill center and

the dish center are shown in Fig. SI. 14. These results were obtained by analysis of individual



frames recorded at a rate of 25 fps. In each experiment, we observed a different character
of motion. In the first and second experiments (the red and blue curves), we observed a
complex motion covering the whole surface of the dish. In the second experiment (the blue
curve), this complex motion switches into the rotational motion along the dish edge after
30 minutes. In the third experiment (the green curve), we also observed the rotational
motion of the pill along the dish edge. The dispersion of the radii decreased with time. Let
us notice that there is no contact between pill and dish edge in any of the experiments.
The largest recorded distances between the pill center and the dish center were 5.41, 5.15,
and 5.10 cm, respectively; thus, the distance between the pill edge and the dish wall was
almost always larger than 4 mm. Figure SI. 15 shows the radial distribution function g(r)
calculated from the distances seen of all frames of the recorded movie. The curves show

g(r) measured in separate experiments.
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Figure SI. 14: The upper three figures show the trajectories of a 4mm pill in a Petri dish
with a 12 cm diameter. The black circle indicates the location of the dish edge. The
distances between the pill center and the dish center observed in individual experiments as
functions of time are plotted in figures located below the corresponding trajectories.
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Figure SI. 15: The radial distribution function of the positions of pill centers calculated
from the distances illustrated in Fig. SI. 14. The same color is used to draw the radial
distribution function and the trajectory.

Figure SI. 16 presents the speed of a pill as a function of time. In all experiments, we
observed an initial decrease of speed, but it does not exceed 25 % of the steady-state speed
value. As expected, speed is most stable for the most regular trajectory (rotation along
the dish edge). Figure SI. 17 shows the probability distribution of speeds. The large figure
shows the results of individual experiments. The distribution of speed values observed in
all experiments is shown in the insert. The average values of speed observed for a pill made
of 10 % polypropylene, 60 % camphene, and 30 % camphor were 3.01, 5.30 ,and 5.90 ecm/s

in separate experiments.
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Figure SI. 16: The speed of a pill made of 10 % polypropylene, 60 % camphene and 30 %
camphor as a function of time, as observed in three independent experiments.
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Figure SI. 17: The probability distribution of speeds. The large figure shows results of
individual experiments. The distribution of speed values observed in all experiments is
shown in the insert.

SI.1.5 A pill made of 5 % polypropylene, 47.5 % camphene and 47.5 %

camphor

The dish diameter was 11 cm. The trajectories and the distances between the pill center
and the dish center are shown in Fig. SI. 18. These results were obtained by analysis of
individual frames recorded at a rate of 30 fps. In each experiment, we observed a different
character of motion. The red trajectory shows the motion around the dish center with a
large dispersion of radii that, after 2200 seconds, stabilizes to rotation characterized by
a constant radius. In the second experiment (the blue curve), we observed the rotational
motion of the pill along the dish edge with a fixed radius. The third experiment also showed
complex motion that mainly occurs at a 1 cm distance from the dish center. In none of
the cases, the pill comes into contact with the dish edge. The largest recorded distance
between the pill center and the dish center were 4.78, 4.32, and 4.66 cm, respectively;
thus, the distance between the pill edge and the dish wall was always larger than 5 mm.
Figure SI. 19 shows the radial distribution function g(r) calculated from the distances seen
of all frames of the recorded movie. The separated curves show g(r) measured in separated

experiments.
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Figure SI. 18: The upper three figures show the trajectories of a 4mm pill made of 5
% polypropylene,47.5 % camphene and 47.5 % camphor in a Petri dish with the 11 cm
diameter. The black circle indicates the location of the dish edge. The distances between
the pill center and the dish center observed in individual experiments as functions of time
are plotted in figures located below the corresponding trajectories.
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Figure SI. 19: The radial distribution function of the positions of pill centers calculated
from the distances illustrated in Fig. SI. 18. The same color is used to draw the radial
distribution function and the trajectory.

Figure SI. 20 presents the speed of the pill as a function of time. In all experiments, we

observed an initial decrease of speed, but it does not exceed 25 % of the steady-state speed

13



value. As expected, the speed is most stable for the most regular trajectory (rotation along
the dish edge). Figure SI. 21 shows the probability distribution of speeds. The large figure
presents the results of individual experiments. The distribution of speed values observed
in all experiments is shown in the insert. The average value of speed observed for a pill
made of 5 % polypropylene, 47.5 % camphene, and 47.5 % camphor were 5.23, 3.99 ,and
4.57 em/s .
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Figure SI. 20: The speed of a pill made of 5 % polypropylene, 47.5 % camphene and 47.5
% camphor as a function of time, as observed in three independent experiments.
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Figure SI. 21: The probability distribution of speeds. The large figure hows results of
individual experiments. The distribution of speed values observed in all experiments is
shown in the insert.
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SI.1.6 A pill made of 10 % polypropylene, 45 % camphene and 45 % camphor

The results presented in this subsection are also presented in the paper as the illustration
of the properties of camphene-camphor-polypropylene plastic.

The dish diameter was 12 cm. The trajectories and the distances between the pill center
and the dish center are shown in Fig. SI. 22. These results were obtained by analysis of
individual frames recorded at a rate of 25 fps. In each experiment, we observed a different
character of motion. The red trajectory covers the central part of the dish. In the second
experiment (the blue curve), we observed the rotational motion of the pill along the dish
edge. The third experiment also showed such rotational motion, but it was separated by time
intervals in which a complex motion at a distance from the dish center was observed. Let
us notice that the pill never comes to contact with the dish edge in any of the experiments.
The largest recorded distance between the pill center and the dish center were 5.62, 5.23,
and 5.41 cm, respectively; thus, the distance between the pill edge and the dish wall was
almost always larger than 2 mm. Figure SI. 23 shows the radial distribution function g(r)
calculated from the distances seen of all frames of the recorded movie. Curves illustrate

functions g(r) measured in separate experiments.
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Figure SI. 22: The upper three figures show the trajectories of a 4mm pill made of 10 %
polypropylene, 45 % camphene and 45 % camphor in a Petri dish with a 12 cm diameter.
The black circle indicates the location of the dish edge. The distances between the pill center
and the dish center observed in individual experiments as functions of time are plotted in
figures located below the corresponding trajectories.
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Figure SI. 23: The radial distribution function of the positions of pill centers calculated
from the distances illustrated in Fig. SI. 22. The same color is used to draw the radial
distribution function and the trajectory.

Figure SI. 24 presents the speed of a pill made of 10 % polypropylene, 45 % camphene
and 45 % camphor as a function of time. In all experiments, we observed an initial decrease
of speed, but it does not exceed 40 % of the steady-state speed value. As expected, speed is
the most stable for the most regular trajectory (rotation along the dish edge). Figure SI. 25
shows the probability distribution of speeds. The large figure shows the results of individual
experiments. The distribution of speed values observed in all experiments is shown in the
insert. The average value of speed observed for a pill made of 10 % polypropylene, 45 %
camphene and 45 % camphor were 5.28, 7.63 ,and 7.57 cm/s .
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Figure SI. 24: The speed of a pill made of 10 % polypropylene, 45 % camphene and 45 %
camphor as a function of time, as observed in three independent experiments.
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Figure SI. 25: The probability distribution of speeds. The large figure shows results of
individual experiments. The distribution of speed values observed in all experiments is
shown in the insert.
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