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Introduction and Overview of 

The Tabletop Shock Compression Microscope  



Why Study Nitromethane?
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Chemical Kinetics of a 

Two-Stage Explosion in Liquid Nitromethane

4M. R. Manaa, et al. J. Chem. Phys. 120, (21) 10146 (2004).
S. Han, et al. J. Phys. Chem. B.  115, 6534-6540 (2011).

*water marks the beginning of 
exothermic chemistry

First Explosion: 
intermolecular proton transfer 

*using density functional molecular 
dynamic simulations

H₂O 

Second Explosion: 
Break up the 40-70% of C and N-atoms 

tied up in large molecular fragments 

-OH cleavage

Stable products: H₂O, H₂, N₂, 
CO₂, and NH₃



Alternative Approach
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First Explosion: 
intermolecular proton transfer 

Second Explosion: 
Break up the 40-70% of C and N-atoms 

tied up in large molecular fragments 

two delayed
explosions



P.A Urtiew. Combustion & Flame. 25, 241 (1975).
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Detonation tube filled with 
stoichiometric hydrogen-

oxygen mixture with 70% Ar

Wall traces of a detonation wave 
propagating through equimolar 

hydrogen-oxygen mixture.
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Cellular 
Structures

Alternative Approach
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Detonation tube filled with 
stoichiometric hydrogen-

oxygen mixture with 70% Ar

Wall traces of a detonation wave 
propagating through equimolar 

hydrogen-oxygen mixture.

high speed camera and photon 
Doppler velocimeter

luminous
shock front

nitromethane

flyer
plate

two delayed
explosions

thin Al lid

Use the arrival and size 
of the structures to 

determine when and 
where the explosions 

took place

Alternative Approach



Shock Wave Propagation in Explosives

Jerry W. Forbes, Shock Wave Compression of Condensed Matter: A Primer. (Springer, 2012).
T. S. Duffy. Nature, 479(7374):480–481, 2011

𝑈𝑠

Shock Front 

𝑈𝑠 = 𝐴 + 𝑏𝑢𝑝

Linear Relationship 

for Nitromethane

shock duration 
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P

Up

𝑃 = 𝜌0𝑈𝑠𝑢𝑝

Relief Wave

our apparatus can 

probe ~ 1 – 30 GPa410 miles

1678 miles
Mach 1 = 767 mph = 0.331 km/s

1 – 6 km/s = 2000 – 13,500 mph



high-speed 

gated, camera

optical pyrometer

spatial 

filter
90:10 

BS

Tabletop Shock Compression Microscope 
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Figures made by Belinda P. Johnson

spatially 

homogenized beam

glass

25 µm Al foil

flat-

top 

laser 

pulse

Kapton 

“walls”

flyer

thermal emission 

and PDV

500 µm 

spacer

9 µm Al lid

nitromethane

30-500 µm

glass

2 mm

Dlott Lab Large Facilities

Volume

Shock 

duration 

.09 - .7 µL

4 ns 

1x10⁵ µL

0.5 - 1 µs
Shock

duration

100 shots/day
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The Detonation Properties of 

Shock Compressed Nitromethane with 

High Temporal and Spatial Resolution 
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Shock Waveforms as a Function of 

Increased Input Energy 
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M. Bhowmick, E.J. Nissen, D.D. Dlott, J. Appl. Phys. 124, 75901 (2018). 
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Detonation Properties of Liquid Nitromethane

0 10 20 30 40 50 60 70 80 90 100
0

1

2

3
  input

  30

  40

  64

  90

  170

  210

p
a

rt
ic

le
 v

e
lo

ci
ty

 (
km

/s
)

time (ns)

  245

  270

  310

  350

  430

  500

17

steady detonation

M. Bhowmick, E.J. Nissen, D.D. Dlott, J. Appl. Phys. 124, 75901 (2018).
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The Fluid Dynamics of Shock Compressed 

Nitromethane: 3 Regions of Reaction 



High-Speed Images of Pure Nitromethane
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High-Speed Images of Pure Nitromethane
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