Picric acid crystals response to nanoscale mechanical stimulation
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Abstract: Reaction of the surface of individual picric acid crystals to the nanoscale mechanical stimulation was
studied to understand the processes responsible for the initiation of energetic materials. Three types of the local
mechanical stimulation, i. e., nanoindentation, friction, and impact were performed by atomic force microscopy
methods. It was found that the stimulation at a nanoscale leads to the disappearance of the material of crystal
surface. Moreover, the response to mechanical stimulation differs with crystal faces. In addition, the observed effect
slows down with humidity increase probably due to the interaction of the picric acid surface with atmospheric water.
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Figure Captions

Figure 1 Face identification of the picric acid crystal

Figure 2 The (010) face and its surface profile with 1-nanometer thick crystal layers

Figure 3 The (—100) face and its surface profile with 2-nanometer thick crystal layers

Figure 4 Picric acid (—100) face morphology after 10 (a), 40 (b), 60 (c), and 90 min () after beginning of the investigation

Figure 5 The (—100) face, height profiles showing that due to observed crystal layers rearrangements, sample surface becomes
smoother (a) and linear approximation of island (see the circle in Fig. 4b) and hole (see the circle in Fig. 4c) perimeter with
time (b)

Figure 6 Results of indentation experiments performed on picric acid crystals: (a) probe indent and particles of extracted

materials on (010) face, indentation spot is marked by triangle; (b) and (c) probe indent on (—100) face 10 (b) and 70 min (c)
after indentation, marked area indicates the initial size of the indent

Figure 7 Results of the friction stimulation of the picric acid crystals: (a) typical scratch track on the (010) face surface; (b)
and (c) hole on the (—100) face surface 6 (b) and 36 min (c¢) after stimulation, direction of scratching is marked by the dashed
line, marked area shows initial size of the hole

Figure 8 The (—100) face, height profiles (a) indicating the disappearance of the material inside the hole which leads to linear
volume increase (b)

Figure 9 Results of the impact stimulation of the picric acid crystals; (a) typical notch on the (010) face surface, (b)
and (c) increasing hole on the (—100) face surface 10 () and 140 min (c)after stimulation, stimulation area is marked by the
dashed square

Table Caption

Decrease in the specific growth rate of the scratch track formed on the (—100) face’s surface when exposed to friction, with an
increase in humidity
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