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Abstract

Equation-of-state (EOS) models are based on measurement of the Hugoniot of a material. Ideal
explosives are characterized by rapid reaction kinetics, which make Hugoniot measurements of
the unreacted material difficult because particle velocities in the shocked material must be
observed before reactions take place. The need for extreme time resolution limits the
measurement of shock Hugoniots in ideal explosives to input pressures well below detonation

pressures. For example, the standard reference, Los Alamos Scientific Laboratory (LASL)
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Shock Hugoniot Data, reports Hugoniots for single-crystal PETN up to 14 GPa [1], far less than
the 31.4 GPa C-J pressure of PETN of [2]. Recent efforts by Wixom to extend Hugoniot data to
higher pressures via first-principles Density Functional Theory (DFT) modeling have shown
good agreement with reported Hugoniots for PETN, but direct experimental measurement of

higher-pressure Hugoniot states is needed for further validation [3].

Hexanitroazobenzene (HNAB) is an energetic material with properties that make it a model
system to study the effects of microstructure on initiation. HNAB can be vapor-deposited as a
fully dense amorphous film. If kept at room temperature, it crystallizes into a dense (99.4%
dense) film with nanometer-scale pores [4]. In the amorphous state, it is homogeneous like
liquid explosives (e.g. nitromethane) and lacks any pores to serve as nucleation sites for
localized initiation of chemical reactions. Unlike liquid explosives, it is a solid, so there are much
stronger intermolecular bonds. In the crystallized state, detonation studies can be done to
compare its properties to those of the amorphous state to infer effects of pores and lattice

structure on initiation.

We have implemented a diagnostic, Ultrafast Shock Interrogation (USI), originally developed by
Benuzzi-Mounaix [5], recently used by Armstrong, et al. at Lawrence Livermore National
Laboratory [6,7], and closely related to work by Bolme, et al. at Los Alamos National Laboratory
[8], which can rapidly measure the unreacted Hugoniot of thin films of energetic materials. USI
overcomes the time-resolution limitations of other diagnostics such as PDV and VISAR by
encoding time information onto the spectrum of a probe pulse. A diagram of the experimental
setup is seen below in Figure 1. A broadband (25 nm FWHM) femtosecond pulse is chirped so
that the various wavelengths travel different path lengths and become separated in time,
resulting in a probe pulse that is 300 picoseconds (FWHM) in duration. The blue edge is clipped
in the beam stretcher to produce a pulse with a sharp rise-time. This chirped pulse is split into
two portions: a higher energy pulse drives a shock into a target while a low energy pulse travels
through a Michelson interferometer to create a pair of probe pulses with a relative time delay of
~10 picoseconds between them. The drive pulse is focused to a spot approximately 30 um in

diameter on the substrate side of a target, rapidly ionizing an aluminum layer on the other side



of the substrate and causing a shock wave to be driven into the sample material. The probe
pulses are slightly focused by an objective lens to a spot approximately 100 um in diameter so
they cover not only the entire area shocked by the drive pulse, but unshocked reference regions
as well. The objective lens images the face of the sample onto the slit of an imaging
spectrometer. The CCD attached to the spectrometer records an interference pattern created by

the path-length differences between corresponding wavelengths in the probe pulse pair.
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Figure 1. USI setup detailing the splitting of chirped pulses into drive and probe pulses and their

subsequent measurement with spectral interferometry.

As time progresses, the phase difference accumulated between the two probe pulses changes
as the second pulse is reflected from the moving ablator and the shock wave in the material a
few ps later than the first pulse, curving the fringes seen on the spectrometer, as below in
Figure 2. Thus a record of the ablator velocity (Up) and the shock velocity in the material (Us)
can be made. This is done for a range of shock drive pressures to develop the unreacted Us-U,
Hugoniot. We present Hugoniot measurements on the polymer Sylgard® and compare to LASL
Shock Hugoniot Data. We also present, for the first time, measurements of the unreacted
Hugoniot of hexanitroazobenzene (HNAB). Measurements made independently at SNL and

LLNL on the same samples are compared to each other.
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Figure 2. Example of fringes measured by spectrometer. Note the slight curvature of the fringes
near row 1000 in the wavelength range of 800-810 nm due to movement of the metal layer as

time progresses.
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