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ABSTRACT

The diffuse reflectance spectra of pure, solid HNS, TNT, HMX, RDX and PETN
have been recorded. These spectra reveal that all of the high explosives (HE)
have strong absorption profiles in the UV region of the spectrum and much
weaker absorption in the visible/near infrared. The influence of particle size on
the diffuse reflectance spectra has also been investigated. Reducing the particle
size leads to a blue shift of the diffuse reflectance spectrum. The strength of the
absorption of the pure HE in the UV region obscures details in the absorption
profile. Dilution of the HE with a strong reflector was used to reduce the
magnitude of the absorption and allow the UV absorption to be revealed in
detail. Chemical interaction between the diluent and HE reduces the general

applicability of this approach.
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Diffuse Reflectance Spectra of Energetic Material

EXECUTIVE SUMMARY

A device based on the direct laser initiation of a secondary high explosive
removes the need for sensitive primary explosives. One of the first steps
towards achieving this goal is understanding the fundamental process of light
absorption by secondary explosives.  This report investigates the light
absorption characteristics of several high explosives. The influence of particle
size on absorption has also been studied. Using diffuse reflectance technigues,
we have found that high explosives have stronger absorbances in the UV part of
the spectrum and particle size can affect the shape and position of the absorption
curves.
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1. Introduction

Direct laser initiation of energetic materials has attracted considerable research
effort world wide for more than 20 years. These studies have demonstrated that
secondary high explosives (HE) can be detonated with infrared, visible and UV
pulses of electromagnetic radiation. Unfortunately, the relatively high laser
power required to effect initiation has precluded the development of a compact
fuzing system utilizing laser initiation. Recently it has been shown that the laser
initiation of pentaerythritol tetranitrate (PETN) requires less energy and lower
power densities when UV radiation is employed [1]. This improved efficiency at
shorter wavelengths can be partly attributed to the increasing absorption by
PETN as the excitation wavelength is reduced. Knowledge of the UV/ visible
absorption characteristics of HE provides information that can be used to
optimize the laser initiation process. Absorption spectra of solid HE have been
obtained using transmission spectroscopy through single crystals [2,3] and HE
dispersed in pressed KCl disks [4]. In addition to these transmission
experiments, reflectance spectra of solid HE crystals (1, 3, 5, 6] and powders [1]
have also been reported.

The diffuse reflectance spectra of pure, solid HNS, RDX, HMX, TNT and PETN
are reported in this work. Since HE used in ordnance are typically obtained from
powders or fine crystalline material, the HE samples were measured in this form.
The influence of particle size on the UV/visible absorption of HE was also
investigated. During the course of the experiments it was observed that all of the
explosives exhibited very strong absorption at UV wavelengths. This strong
absorption may conceal features in the UV absorption of the HE, but by diluting
the HE samples with a highly reflective diluent (magnesium oxide) the
absorption can be reduced. A series of spectra for the diluted explosives was
obtained to examine the UV absorption in detail.

2. Experimental

2.1 Materials

The HE samples 2,2' 4,4' 6,6'-hexanitrostilbene (HNS) (batch X580, Naval Surface
Warfare Center, Whiteoak, MD), RDX BUK Class 5 (mix B5 M038, Royal
Ordnance, Bridgewater, UK) and TNT (double sublimed a-TNT, AMRL, DSTO
Melbourne) were used as supplied. PETN (ICI Australia) was recrystallised from
acetone/water to give a fine powder with an average particle size of 27 pm [7].
Three types of HMX with different particle size distributions were used. The
sample designated HMX fine is HMX Grade B (Class 5, Royal Ordnance,
Bridgewater, UK) and has a median particle size of 9 um. The samples
designated HMX medium and HMX crystalline were obtained from wet HMX
Type A (Lot BGW 364, Royal Ordnance, Bridgewater, UK) . The HMX Type A
was reduced in particle size using a ball mill, then sieved to yield two fractions
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8]. The finer fraction is designated HMX medium and has a median particle size
i E

of 22 pm. The other fraction is labelled HMX crystalline and has a median

particle size of 190 um.

The magnesium oxide (MgO) was ground and then sieved (400 mesh) prior to
vacuum heating (3 days at 200 °C). This treatment ensures that all water is
removed and any magnesium hydroxide present is converted to magnesium
oxide.

2.2 Diffuse Reflectance Spectra

2.2.1 Apparatus

The diffuse reflectance spectra were recorded on a Cary 3 UV/visible
spectrophotometer (Varian) fitted with a diffuse reflectance attachment
incorporating an integrating sphere (Varian). Sample cells for the HE powders
were specially designed and constructed to permit UV /visible measurements.
These cells (Figure 1) were made from aluminium, painted matt black to
minimize stray light reflections, and fitted with S1-UV commercial quality
windows (1" diameter, 1/16" thick).

2.2.2 Procedure

The spectrophotometer is controlled by a PC running the Cary 3 user interface
software. Prior to performing a measurement, a baseline scan using two identical
reference samples was recorded. The diffuse reflectance attachment was
supplied with teflon reference standard disks suitable for this purpose.
Alternatively another reference standard could be employed and for some tests
MgO was used. One reference sample was placed in the reference port and the
other was placed in the sample port of the diffuse reflectance attachment. From
the "display" page the option "baseline” was chosen and the baseline was
recorded and stored. This baseline will automatically be used in subsequent
measurements.

To record the diffuse reflectance spectrum of a HE sample, the sample was
packed loosely into a sample cell. Enough powder was added to ensure that a
flat, even surface was formed when the quartz window was placed over the
sample. After filling, the sample cell was placed in the sample port of the diffuse
reflectance attachment and the spectrum recorded.
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Figure 1: Sample cells.
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3. Results and Discussion

3.1 Pure HE spectra

3.1.1 HNS

The diffuse reflectance spectrum of HNS from 200 nm to 800 nm is shown in
Figure 2 as % reflectance (relative to teflon) versus wavelength. At 800 nm the

% reflectance is approximately 50% implying that half of the incident radiation is
absorbed. However, in these experiments the % reflectance is a relative value
and in this particular case it is relative to the standard teflon disk. Not only is
teflon an excellent reflector of radiation throughout the UV and visible spectrum,
but the surface area of the teflon disk presented to the reference port is
approximately three times the surface area of the HNS sample presented to the
beam. Both of these factors contribute to the low percentage reflectance values in
Figure 2. Thus at 800 nm HNS probably absorbs very little, if any, of the incident

radiation.
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Figure 2: Diffuse reflectance spectrum of solid HNS relative to teflon reference.

The spectrum shows a steadily decreasing reflectance, corresponding to
increasing absorption, as the incident wavelength goes from 800 nm down to 460
nm. At 460 nm there is a sharper decrease in reflectance and by 400 nm there is
virtually total absorption of the incident light. Between 300 nm and 200 nm there
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is a small hump in the reflectance suggesting that there is some band like
structure in the absorbance below 400 nm. The exact nature of this structure is
obscured by the strength of the absorption in this region but dilution studies
presented later will reveal this structure.

The diffuse reflectance spectrum of HNS has been published previously [1] but
it is difficult to make close comparisons with this spectrum since the wavelength
range extended to 2700 nm. Consequently the region from 200 nm to 800 nm is
not particularly clear. Nonetheless the spectra are similar in'the 200 to 800 nm
range.

The absorption spectrum of HNS dispersed in a KCl disk has been reported [4].
Although it is difficult to determine the peak absorption from our diffuse
reflectance spectrum, the peak absorption probably occurs between 300 and 400
nm. This represents a substantial red shift in comparison to the pressed KCl disk
spectrum with a maximum at 238 nm. A better estimate of the magnitude of the
red shift is facilitated by the dilution studies presented in Section 3.3.

3.1.2 TNT

The diffuse reflectance spectrum of TNT has not been reported previously.
Unlike the HNS spectrum, the TNT diffuse reflectance spectrum (Figure 3) is flat
from 800 nm down to 600 nm. At 600 nm there is a small dip and then another
flat region down to about 450 nm. From 450 nm there is a sharp decrease in
reflectance, corresponding to a large increase in absorption, and by 400 nm there
is total absorption. As for HNS, there appears to be some structure in the
absorption between 200 and 300 nm. It is worthwhile noting that for both HNS
and TNT, the sharp increase in absorption occurs between 450 and 400 nm. It
seems likely that the trinitrophenyl chromophore is responsible for this feature.
Furthermore, the slowly increasing absorption between 800 and 500 nm for HNS
is probably due to the stilbene chromophore. Unfortunately a comparison of the
TNT diffuse reflectance spectrum and TNT in a pressed KCl disk is not possible
since TNT was not one of the explosives studied in the pressed disk work [4].

3.1.3 RDX

The diffuse reflectance spectrum of RDX (Figure 4) is featureless with a strong
absorption commencing from 350 nm with total absorption by 300 nm. Like
HNS, the diffuse reflectance spectrum of RDX is significantly red shifted in
comparison to the absorption spectrum of RDX dispersed in a KCl disk [4].
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Figure 3: Diffuse reflectance spectrum of solid TNT relative to teflon reference.
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Figure 4: Diffuse reflectance spectrum of solid RDX relative to teflon reference.
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3.1.4 HMX

HMX fine was used to record the diffuse reflectance spectrum in Figure 5. The
HMX spectrum is almost identical with the RDX spectrum. This is consistent
with the fact that RDX and HMX are structurally similar. In particular, the N-
NO, moieties will be responsible for the majority of the absorption below 350 nm.
The diffuse reflectance spectrum of HMX reported by Paisley has a plateau
centered near 355 nm that is absent in the spectrum reported in this work. The
exact form of the HMX used to record the spectrum reported by Paisley [1], in -
particular the particle size, was not given. In Section 3.2 we will see that the
larger particle size samples of HMX exhibit this plateau whereas the HMX fine
sample lacks this feature. Once again the diffuse reflectance spectrum of HMX is
red shifted in comparison to the spectrum of HMX dispersed in a KCl disk [4].
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Figure 5: Diffuse reflectance spectrum of solid HMX fine relative to teflon reference.

3.1.5 PETN

The PETN diffuse reflectance spectrum (Figure 6) is similar to both the RDX and
HMX spectra. However it is slightly blue shifted relative to the spectra of the
nitramines. As with HNS, RDX and HMX, the PETN diffuse reflectance
spectrum is red shifted relative to the absorption spectrum of PETN in pressed
KCl disks. The previously reported diffuse reflectance spectrum of PETN [1]
shows non-linear reflectance in the 800 nm to 400 nm range, unlike the spectrum
in Figure 6. It also appears that the absorption edge is blue shifted relative to the
spectrum in Figure 6. In Section 3.2 it will be shown that particle size can
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influence the shape and position of the diffuse reflectance spectrum. It seems
likely that the differences observed between the two diffuse reflectance spectra
can be attributed to differences in the particle size distributions of the samples.
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Figure 6: Diffuse reflectance spectrum of solid PETN relative to teflon reference.

3.1.6 General Features

The diffuse reflectance spectra of the pure solid HEs show that all of these HEs
have strong absorbances in the UV part of the spectrum. There do not appear to
be characteristic frequencies in the UV where any of these explosives has an
exceptionally strong resonance. However, since the absorption across the UV is
strong, such resonances may be masked. For this reason the dilution studies
described in Section 3.3 were undertaken.

3.2 Particle Size Effects

A limited study of the influence of particle size was undertaken since the particle
size of the sample can influence the shape of the diffuse reflectance spectrum [9,
10, 11, 12]. HMX was available as a fine powder, a medium powder and as a
coarse crystalline solid. The diffuse reflectance spectrum of each of these
samples, relative to teflon, is shown in Figure 7. The spectrum of the crystalline
material exhibits a substantially lower reflectance for the 450 nm to 800 nm range
in comparison to the finer samples. It is likely that the increased scattering
caused by the larger particles of the crystalline sample results in the reduced
reflection in this range.




DSTO-TR-0065

60 — ' ; . . . r . —

SR g e
- P R R R S K e
RN e

Fine\ o ,.,/“
{ /,

40r [ +— Medium

i
i
[
I
[ : Crystalline
i

20

% Reflectance

0 =2 N ! . I . 1 . 1 .
200 300 400 500 600 700 800

Wavelength (nm)

Figure 7: Diffuse reflectance spectrum of solid HMX (fine. medium and crystalline)
relative to teflon reference.

The spectra for the medium and crystalline HMX have a different shape in the
300 nm to 400 nm range in comparison to the fine HMX spectrum. The larger
particle size samples have a plateau in this range that is absent in the fine HMX
spectrum. At this stage we do not have a definitive explanation for this
difference. As pointed out in Section 3.1.4, the previously reported diffuse
reflectance spectrum of HMX [1] also exhibits the plateau feature. This suggests
that the HMX sample employed by Paisley has a particle size distribution similar
to the HMX medium or HMX crystalline used in this work. Unfortunately, as
mentioned in Section 3.1.4, the particle size of the samples used by Paisley is not

provided.

The other influence of particle size concerns the position of the major
absorption edge in the spectra. As the particle size of the sample decreases, the
corresponding spectra become progressively blue shifted. This effect is not
peculiar to HMX. Diffuse reflectance spectra of powdered and crystalline
nitrated stilbenes also show that the spectrum of the powder is blue shifted in
comparison to the spectrum of the larger particle size crystals [13].
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3.3 Dilution studies with MgO

All of the HE samples studied in this work exhibit strong absorption in the UV
part of the spectrum. The strength of this absorption obscures any features in the
spectra that may be present. The analogy of this situation in solution absorption
spectrophotometry occurs when a solution is too concentrated and the remedy in
this case is to dilute the solution. When measuring diffuse reflectance spectra of
solids the sample can be diluted by using a strongly reflecting, inert diluent. In
this work MgO was chosen because it has adequate reflectance throughout the
spectral range of interest (ie 200 nm to 800 nm). For the spectra reported in this
section each HE was mixed with MgO and the diffuse reflectance of the mixed
sample was measured relative to a pure MgO sample held in one of the sample
cells.

3.3.1 HNS

The diffuse reflectance spectrum of the mixed sample of HNS and MgO is shown
in Figure 8. The sample was diluted to give 33% w/w HNS in MgO. The
amount of absorption has been reduced sufficiently to observe the shape of the
spectrum in the UV region. The absorption maximum occurs at 382 nm whereas
the absorption maximum of HNS dispersed in a KCl disk occurs at 238 nm [4].
This large red shift (144 nm) for the diffuse reflectance spectrum suggests that the
KCl disk method may not be the best method for determining the UV absorption
characterisitics of solid explosives. In fact, the KCI pressed disk spectra bear
much more resemblance to the solution spectra than they do to the diffuse
reflectance spectra.

3.3.2 HMX

A 19% w/w HMX mixture was used to obtain the diffuse reflectance spectrum of
diluted HMX shown in Figure 9. The absorption maximum occurs at 279 nm
which represents a red shift of 46 nm relative to the long wavelength maximum
at 233 nm observed in a KCI disk [4]. For HMX the KCI disk spectrum is more
similar to the solution spectrum than to the diffuse reflectance spectrum.

3.3.3 RDX, PETN and TNT

The diffuse reflectance spectra of MgO mixtures of RDX, PETN and TNT all show
spectral features that were absent in the spectrum of the pure HE. The diffuse
reflectance spectrum of a 64% w/w RDX mixture (Figure 10) has a weak band
centered at 500 nm that does not appear in the pure RDX spectrum. There is
another weak band above 550 nm in the mixed sample spectrum that is absent in
the pure RDX spectrum. The major absorption feature below 350 nm is similar to
the pure RDX spectrum.
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Figure 8: Diffuse reflectance spectrum of HNS diluted with MgO.
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Figure 9: Diffuse reflectance spectrum of HMX diluted with MgO.
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Figure 10: Diffuse reflectance spectrum of RDX diluted with MgO.

The PETN/MgO (39% w/w PETN) diffuse reflectance spectrum (Figure 11)
displays a small reduction in absorption near 325 nm. This appears as a small
peak in the diffuse reflectance spectrum. This feature does not appear in the
diffuse reflectance spectrum of pure PETN.

When TNT was mixed with MgO there was an immediate and readily
discernible color change. Pure INT is a very pale yellow /brown color and MgO
is a pure white solid. The mixture of these two solids results in a pale purple
color. Obviously the spectral charactersitics of this mixture will be significantly
different to that of pure TNT. The diffuse reflectance spectrum shown in Figure
12 was obtained with a 44% w/w TNT mixture. This spectrum displays three
distinct bands with absorption maxima at 234 nm, 367 nm and 527 nm. This
spectrum bears little resemblance to the diffuse reflectance spectrum of pure TNT
shown in Figure 3.

12
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For these three HE samples, mixing with MgO has altered their fundamental
UV /visible absorption characteristics. This is evident from the appearance of
new features in the diffuse reflectance spectra of the mixed samples in
comparison to the spectra of the pure HE solids. There are a number of
interactions that can occur that will lead to these observed spectral changes.
MgO can act as a base and the methyl protons of TNT are relatively acidic. It is
therefore likely that the mixing of MgO and TNT results in an acid/base
interaction that gives rise to new species. This acid/base interaction between
MgO and TNT is supported by solution absorption spectra of TNT. The
UV /visible absorption spectrum of TNT in solution with KOH [14] has three
absorption bands with maxima at 265 nm, 377 nm and 516 nm. This correlates
well with the diffuse reflectance spectrum of the TNT/MgO mixture. ~Apart
from acid/base interactions, other processes can also be responsible for the
observation of new features in the spectra of the HE/MgO mixtures. These
include charge transfer complex formation and polarization effects [9].
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Figure 11: Diffuse reflectance spectrum of PETN diluted with MgO.
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Figure 12: Diffuse reflectance spectrum of TNT diluted with MgO.

4. Conclusions

Diffuse reflectance spectroscopy is a convenient and accurate method for
determining the UV/visible absorption characteristics of solid powders. For
HNS, HMX, RDX, TNT and PETN, the diffuse reflectance spectra show strong,
broad absorption in the UV region of the spectrum. There are no characteristic
resonances for any of these explosives in the UV/visible region that may be
exploited in a laser initiation application. However, laser initiation may be more
efficient at UV wavelengths (as is the case with PETN) due to the strong
absorption and the possibilty of direct decomposition from electronic excited
states. It is important to provide an indication of the particle size when reporting
diffuse reflectance spectra since the absorption edge is blue shifted with
decreasing particle size.

Dilution of HE samples with MgO can reveal in detail the absorption profile of
HNS and HMX in the UV part of the spectrum where the strength of the
absorption by the pure HE obscures these details. However, MgO interacts with
RDX, PEIN and TNT thus changing their fundamental absorption
characterisitics. For these HEs, dilution with MgO cannot be used to study the
UV absorption in greater detail.
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