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Introduction 

As has been shown in previous Raman experiments by G.I.Pangilinan and 
J.M.Winey, the Raman peaks of shocked nitromethane (NM), both pure and sensitized, 
ride on top of a rather intense background. This background evolves in time and in most 
cases saturates the detection system by the end of the 1-µs time window. Tentatively it 
was interpreted as some kind of light emission from the sample undergoing chemical 
transformation under shock compression. However, the experimental data available by 
the beginning of this work were not decisive on what the particular type of emission that 
was. The spectral range of observation was limited to 514-630 nm or narrower; no 
detection was attempted at wavelength below 514 nm. A few distinct features of this 
emission observed could be listed as following: 

i.) it accompanied the reaction of NM seen in the broadening and disappearance of 
Raman modes; no emission was detected when NM remained unreacted; 

ii.) it had a spectral shape and was comprised of a relatively flat component and 
an asymmetric hump close to the laser line; 

iii.) the hump appeared only for sensitized NM; the flat background was present 
for both pure and sensitized NM. 

The experiments presented in this report were aimed to clarify the type and the 
origin of this emission. Given this information they were also directed to explore the 
possibility of using the emission as a means to detect and identify chemical changes to the 
sample including the possible detection of intermediates. 

As a working hypothesis we thought of emission in terms of luminescence. In this 
case the dependence of emission on laser intensity would be instructive. Another critical 
observation lacking previously was the expansion of the spectral range to wavelength 
shorter than the laser. These two ideas guided the experiments presented here. 

First we describe experiments on pure NM as they seem simpler to interpret. 
Secondly, we describe experiments on sensitized NM. Qualitative kinetic modeling has 
been attempted for sensitized NM. We describe here the basic assumptions of the model 
without going into detailed fitting of the data. We discuss them qualitatively and list 
plausible physical processes that could lead to the observed kinetics. Finally we discuss 
implications of these results to the molecular mechanism of NM reaction. 

Experimental 

Reagents. NM (Aldrich, 99+%) was used as supplied. NM batch # CG 02304 HF has 
been used in all experiments. Since NM sensitivity to shock depends on minor impurities, 
special attention has been given to this issue. Compared to the batches used previously, 
such as # JF 12220 AF, this one contains more impurities and most of them are not 
homologous to NM. GC/MS records for both batches are shown in Fig. l(a,b). The 
summary of analysis is given in Table 1. Although the list of impurities to NM (# CG 
02304 HF) is quite diverse, non of them are known to be sensitizers. However, some of 



them might fluoresce under 514 nm excitation. Excitation spectra of photoluminescence 
for both batches are shown in Fig. 2(a,b). There is no photoluminescence for NM batch# 
JP 12220 AF, while another one does possess weak photoluminescence when excited 
with 370-500 nm light. N-methyl-N-nitroso-methanamine is most likely to cause it. 
Although 514 nm seems out of range of excitation at ambient conditions, it still might 
shift under shock toward longer wavelength and obscure emission due to reaction. 

Experiment# 95-015 (Table 2) was designed to insure that: 
a.) there is no detectable sensitization of NM with impurities; 
b.) the photoluminescence mentioned above does not show up in shock record. 

The results of this experiment indicated that there is no detectable difference between the 
two batches. Therefore, the emission, observed in earlier experiments, was due to 
reaction. 

Sensitized NM was prepared by making 0.1 wt.% solution of ethylenediamine 
(EDA). EDA (Aldrich, 99+%) was freshly distilled before each experiment. 

Experimental configuration. Standard Raman cells were used in the experiments. For the 
shots in the vicinity of 140 kbar all a-cut sapphire windows were used. LiF front windows 
were used for 170 kbar experiments. The calculated time for the pressure to shock up to 
95% of its final value was 300 ns and 140 ns, respectively. Other important experimental 
parameters are listed in Table 2. 

The output of spectrometer with 150 gr.Imm grating was centered about 514 nm 
laser line. Either Notch or Super-Notch filters were used to attenuate la.ser light. In the 
spectral record of emission it appeared as a narrow dip at 514 nm. This dip was narrower 
and deeper for Super-Notch filter. The spectral range of detection was limited by the 
grating used and the 1:1 imaging optics. It covered the 460-570 nm (or -2000-2000 cm-1) 
range. The temporal resolution of streak camera image was ca. 50 ns/track. 

Raman spectra of the sample under ambient conditions were used as a reference. 
They were taken at ca. 120 mJ/pulse laser power before each experiment. The desired 
laser power for the experiment was obtained by setting the laser output aperture. 
Whenever the laser intensity was high enough to allow observation of the Raman modes 
under shock they were used as another reference for comparison with the Raman data 
obtained earlier. 

Results and discussion 

1. Pure NM. 

Two experiments (#95-024; #95-025) were performed with pure NM. The 
parameters of these experiments are given in Table 2. The difference between the two 
was the laser intensity used - effectively no light in experiment #95-025 and quite 
substantial level of laser irradiation in experiment #95-024. 



Spectra and kinetics of emission in the presence of laser light ( experiment #95-
024) are shown in Fig. 3 and 4. As can be seen in Fig.3, there is about 400 ns induction 
time until emission take-off. After that, emission increases rapidly to reach a plateau after 
700 ns. Count levels here exceed 250 thousand, which might overshoot the linear range of 
the detection system. However, it is known from a previous calibration that with the 
binning parameters used in this experiment, the detection system is linear at least up to 
250,000 counts. Additional tests will be carried out to obtain the linear range of the 
current detection system with the WinSpec software. For the time being, we will consider 
as reliable the data below 250,000 counts only. 

Measured emission spectra are shown in Fig.4. The Raman modes can still be 
seen at 427 ns. They become undetectable for the next track (476 ns). The emission can 
be interpreted as a sign of NM reaction and therefore it can be assigned to 1 µs-products 
and/or intermediates of NM decomposition. The emission spectra do not contain any 
pronounced features within the spectral range of observation. The spectral shape 
apparently does not change in time but the emission intensity grows proportionally for all 
wavelengths. This can also be clearly seen in Fig.3 from coincidence of kinetic curves at 
two different wavelengths. These observations indicate that the emission is comprised of 
a single component. If, for instance, photoluminescence were present in addition to this 
single component it would show up at wavelength longer than 514 nm. It would make the 
shoulders of the filter dip uneven in the spectrum at around 514 nm and would most 
likely cause the kinetics below and above 514 nm to diverge in time. As can be seen in 
Fig.3, this is not the case. 

Fig.5 shows the kinetics of emission from NM shocked to 171.3 kbar with very 
low laser intensity (experiment #95-025). For the sake of comparison the kinetics of 
emission detected at the same wavelength with high laser intensity (experiment #95-024) 
is given. As can be seen from this figure, the two coincide until ca. 500 ns displaying the 
same induction period and similar take-off. However, after 500 ns they diverge. Emission 
without the laser is quenched, while it keeps growing with the laser. The spectral shape of 
the emission is also slightly different in these two cases, as shown in Fig.6. Moreover, the 
spectral shape of emission in experiment #95-025 changes in time in contrast to 
experiment #95-024. 

Analysis of spectral changes in this case becomes more difficult since there is a 
possibility for a second component in the emission spectrum to cause these changes. 
Although photoluminescence is very unlikely due to the low excitation intensity, the 
possibility of some kind of emission from the products should be carefully analyzed. We 
will present, however, a plausible explanation to rule that out using the data from 
absorption experiment #93-038 (courtesy of J.M.Winey). The parameters of this 
experiment can be found in Table 2. 

The absorbance kinetics from experiment #93-038 at 3 different wavelengths are 
shown in Fig.7a. They display a striking resemblance to the emission kinetics including 



the same induction time and the steep take-off. However, the absolute values of 
absorbance differ slightly for each wavelength. Thus, at any given time within the 400-
600 ns time window, the sample transmits more light at longer wavelength. Fig. 7b 
illustrates this for the two wavelengths, 561 and 494 nm. Therefore, the sample itself 
serves as a filter cutting more emission in the blue than in the red. As the spectral 
properties of this internal filter change in time, so does the spectral shape of emission 
detected. In fact the data of Fig.6 and Fig.7b even agree well quantitatively, if one 
compares the ratio of emission intensities with relative transmission of the sample for 
given wavelengths. This means that the real spectral shape of emission is not changing. 
Therefore, single component emission is most likely to be the case in this experiment as 
well. The internal filter effect can also easily account for the effective decrease in 
emission intensity after 550 ns. As the sample becomes more absorbing it allows less and 
less light to escape. This is seen as an intensity decrease. Meanwhile, the net emission 
intensity may still grow as reaction progresses. 

Now we return to experiment #95-024 and analyze why the same effect was not 
observed there. Given the 3 µs laser pulse duration, one can estimate the laser power 
delivered to the sample to be 43 kW. The optical density of the sample at 514 nm after 
550 ns becomes greater than 1 (see Fig.7a) and keeps growing. Therefore at least 90% of 
the power is absorbed within ca. 100 µm depth of the sample. Given the diameter of the 
laser spot ca. 0.5 mm, the density of NM at 170 kbar 1.1 g/cm3

, and the heat capacity of 
NM 1.2 J/(g K), one can estimate the heating rate in the laser spot to be 1.5 Kins. In 100 
ns, it forms a hot spot which is at least 150 K hotter than with no laser light present. This 
leads to a few consequences. First, if the activation energy of reaction is within 100-200 
kJ/mol it accelerates the reaction by a factor of 5-25. Secondly, the optical density in the 
spot rapidly increases leading to an even higher heating rate. At the same, time it makes a 
very thin layer where emission can escape from without being reabsorbed by the sample. 
Very high optical density tends to make the transmission flat spectrally since the same 
difference in absorbance will result in much smaller difference in transmission. Therefore 
the hot reacting sample starts acting more like a neutral density filter rather than cutting 
more for the shorter wavelength. After this point the emission detected is mainly from a 
thin surface layer of the sample undergoing laser burning. After taking into account the 
effect of internal filter the emission spectra in both experiments look very similar. It 
suggests the same origin of emission in both cases despite different experimental 
conditions. 

To summarize the observations one should say that 
i.) single component emission is detected for reacting NM; its timing and kinetics 

correlate well with the absorbance changes; 
ii.) as reaction progresses the sample loses its transparency. With no laser present 

it cuts emission intensity due to reabsorption of emitted light within the sample. With 
intense laser irradiation it forms a hot spot leading to a laser burning of NM; 

iii.) emission detected is due to the shock induced decomposition of NM. Laser 
irradiation does change the reaction rate but apparently does not change the reaction path 
as the same emitting species are being formed. 



Now we discuss the origin of em1ss1on. This em1ss1011 cannot be 
photoluminescence because it appears at wavelength shorter than 514 nm. The fact that It 
also appears with no laser excitation at all rules out photoluminescence completely. It is 
very unlikely to be black body emission as well since it requires the temperatures in 
excess of 6000 K which is very unrealistic for this system. Chemiluminescence can be 
suggested as the most plausible origin of this emission. In fact, the abundance of internal 
energy in an energetic material like NM may cause its nascent fragments form in an 
electronically excited state. Thus, radiative decay or relaxation of this excited state may 
well account for the emission observed. Time correlation of the emission with other signs 
of NM reaction such as Raman modes disappearance and dramatic absorbance changes in 
the sample further favor this interpretation. 

2. Sensitized NM. 

Three experiments were performed with sensitized NM in the vicinity of 140 
kbar. The parameters of these experiments are listed in Table 2. Again, as in the case of 

• pure NM, we used different laser intensities while keeping the rest of parameters the same 
within experimental tolerances. 

Fig.8 shows a series of emission spectra measured with 135 mJ/pulse laser 
intensity (experiment #95-011). At least 3 different components in these spectra can be 
noticed. Raman modes of NM can be seen until 319 ns. Actually, only the NOi/CH3 band 
(556 nm) can be resolved for this track while the CN band is hardly seen as a small hump 
at 543 nm. Later in time none of them can be resolved. The background emission is 
relatively flat before 200 ns and after 400 ns. Its spectral shape during these times is much 
the same as for pure NM. The analysis performed above for pure NM holds during these 
times , so the flat background is assigned to chemiluminescence. However, in between 
200 and 400 ns an additional feature grows and disappears at wavelengths longer than 
514 nm. This feature is most likely to be photoluminescence, as it will be shown below. 
Tentative deconvolution of the emission spectrum containing all 3 components is shown 
in Fig.9. The chemiluminescence was assumed to have the same spectral shape for 
sensitized NM as for pure NM when photoluminescence is not seen. Raman modes were 
fitted to a gaussian. The photoluminescence fit did not have a meaningful shape but was 
rather constructed to complete the fit to the spectrum. Qualitatively, the same procedure 
can be applied to the spectra of the two remaining experiments. 

Kinetic analysis of emission is quite difficult in this situation since the 
components comprising the spectrum are likely to follow different kinetics. However, one 
can obtain the kinetics of chemiluminescence by plotting the emission at wavelength 
shorter than 514 nm. The emission at wavelength longer than 514 nm will contain 
contributions from both photoluminescence and chemiluminescence. Assuming the 
spectrum of chemiluminescence shown in Fig.9 one can then deduce the kinetics of 
photoluminescence by subtraction. This procedure may not be very accurate but seems 
capable of giving qualitatively correct the kinetics of photoluminescence. 



Emission data for all 3 experiments are shown in Fig.10. Emission at 483 nm is 
purely chemiluminescence while emission at 550 nm is a sum of photoluminescence and 
chemiluminescence. The kinetics of photoluminescence, obtained as described above, is 
shown in Fig. I 1. One can see from Figures 10 and 11 that the laser has a strong effect on 
both chemiluminescence and photoluminescence. For chemiluminescence the general 
trend is the more light the more emission. For photoluminescence the effect is more 
complex. 

Based on an assumption about the ongm of emission, one can develop a 
physically sensible picture of the process, model it, check for self-consistency and the 
ability to describe experimental observations. Later, one can design experiments to obtain 
additional proof of the model or to discount it. Although the processes in the sample are 
quite complex and difficult to model, there is just one parameter changing in these 3 
experiments, i.e. laser intensity. Therefore, the model should couple light intensity and 
emission yielding correct kinetics of both chemi- and photo- luminescence in all 3 
experiments simultaneously. This imposes quite formidable restrictions on the model, 
making it very sensitive to initial assumptions. This was attempted for the data presented 
above. Quite good qualitative agreement with experimental results could be achieved. We 
now discuss the assumptions and results of this modeling without going into detailed 
calculations. 

Chemiluminescence is seen for both pure and sensitized NM. Therefore, it can be 
assigned to the product formed directly from the bulk material regardless of the type of 
initiation of the overall process. Its intensity is assumed to be proportional to the reaction 
rate. The long induction period of chemiluminescence is indicative of multi (at least two) 
stage reaction. Its non-linear and very steep take-off is typical for autocatalytic reactions. 
The order of the autocatalytic process can be obtained-through the fitting routine. 

Photoluminescence is seen only for sensitized NM. Therefore, it can be associated 
with an NM-EDA complex. Since the complex does not luminesce itself, it is likely that a 
product of complex decomposition is involved. Kinetics with very short or possibly no 
induction period suggests that fluorescing species are produced in the reaction of readily 
available substance(s). First order kinetics can be assumed. Fluorescing species must 
absorb light at 514 nm. Using the 'mirror image' principle and photoluminescence 
spectrum (Fig.9) one can foresee that most likely it should have ca. 50 nm wide 
absorption peak around 514 nm. 

Effect of the laser. Laser light plays two roles here. First, it permits the detection 
of photoluminescence since the photoluminescence intensity is proportional to the 
product of light intensity and concentration of fluorescing species. Secondly, it might 
accelerate reaction due to either laser heating or photochemical effects. If it were due to 
the heating only it would affect the later stages of reaction when the sample turns black, 
etc. similar to what was described for the pure NM. However, the laser effect is more 
dramatic. Turning on the laser changes chemiluminescence intensity (read reaction rate) 



from virtually nothing to the saturation of the detection system. This implies that it affects 
the rate limiting stage, i.e. initiation. Therefore one has to analyze the effect of light on 
NM-EDA complex chemistry which is thought to be a key initiation stage. 

Let us consider the following initiation scheme: 

[NM-EDA] ➔ F ➔ Cat. 

I LJ 
~ Cat. h0 ...._ ____ _.~ Cat. 

(1) 

(2) 
(3) 

An NM-EDA complex undergoes shock induced decomposition to produce products 
acting as catalysts of an autocatalytic process of NM decomposition (reaction (1)). No 
light is involved in reaction (1). Along the way a fluorescing species Fare formed. Laser 
light may come into play in different ways. Since both the NM-EDA complex and species 
F absorb at 514 nm it may decompose both of them (reactions (2,3)). The products of this 
decomposition or reactions initiated by this decomposition may act as catalysts of the 
autocatalytic process, too. There is also a minor possibility that light can affect the [NM­
EDA] ➔ F stage. This scheme is one of the simplest ones capable of describing 
satisfactory the experimental observations. Quite a few complications can be added 
should the supporting experimental data become available. 

Let us now mention a few experimental facts upon which we based this scheme. It 
is known that the thermal decomposition of NM follows cubic autocatalytic law. Methyl 
radicals and nitrogen dioxide were the only species identified as capable of enhancing the 
rate of NM decomposition and therefore are likely to be the catalysts. They can be readily 
formed in many decomposition reactions of organic materials including photochemical 
ones. NM itself undergoes photochemical decomposition to CH3 and NO2 radicals when 
excited to then* orbital of NO2 group. The NM-EDA complex has an absorption band at 
around 450 nm. This transition creates a partial population of the 1t * orbital which might 
eventually lead to NM-EDA complex decomposition and the formation of radicals. Some 
experimental evidence for this can be seen in Fig.12. It shows that the NM-EDA complex 
does decompose when excited in this band. If this is an activated process it might be 
greatly enhanced at elevated temperature. 

Alternatively, the laser light might decompose the molecule F. If CH3 and NO2 

radicals are produced in this reaction it will lead to essentially the same effect. Since the 
molecule F is unidentified as yet, one can neither support nor discount this assumption. In 
fact both channels (2) and (3) might be present. The stimulating effect of light remains 
qualitatively the same if either one of them leads to the formation of the catalysts. 
Apparently some clue to the scheme can be found in the kinetics of photoluminescence 
(Fig.11 ). Taking into account that photoluminescence intensity, Ip, is proportional to laser 
light intensity, Io, and concentration of F, [F], 

Ip-Io [F] 
and the concentration of F is also a function of Io, one can analyze now the experimental 
dependence of Ir on I0. There are several possible situations: 



1. IF does not depend on Io if the rate limiting stage is thermal F ➔ Cat. (reaction 
(1)); laser light intensity is high enough to make laser induced reaction (2) dominate over 
reaction (1) and [NM-EDA] ➔ F stage is thermal; the catalysts are produced in either 
reaction (2) or (3); 

2. IF - Io if F is produced thermally and decomposed thermally or produced 
photochemically and decomposed photochemically; 

3. IF - I/ if Fis produced photochemically and decomposed thermally; 
4. there is no simple relationship between Ip and Io if the real situation is a mix of 

1-3 or something else. 

Let us look at the data of Fig.11 now. Experiment #95-018 is not informative 
since it is effectively null result. Laser light intensity in other two experiments is different 
by a factor of 2.7 while the fluorescence intensities are not that different. Instead the 
intensities are almost equal until ca. 300 ns which favors the mechanism (1). However, at 
around 300 ns the intensities are about a factor of 2 different which is closer to the 
mechanism (2). It is quite difficult to choose between the two since many other factors 
might affect the measured value of intensity. For instance, the greater extent of reaction in 
experiment #95-011 could result in greater optical density causing a bunch of effects 
described for pure NM. Particularly, laser burning may start earlier in time, cutting off the 
photoluminescence from the depth of material. Another possibility might be that initial 
NM-EDA complexes are faster consumed through reaction (3) with higher laser intensity 
so that the output of reaction (1) is affected. 

After the initiation stage the catalysts which are produced result in autocatalytic 
positive feedback. The order of the autocatalytic process for NM can be obtained through 
the fitting of the chemiluminescence kinetics. Our calculations favor cubic autocatalysis 
being in good agreement with the other authors. 

3. Molecular mechanism of NM reaction. 

In this section we will try to outline the properties of the molecules formed in the 
course of shock induced reactions in pure and sensitized NM based upon results 
described above. Then we will try to propose real molecules which are likely to match 
this description. 

Chemiluminescing species are formed in the case of both pure and sensitized NM. 
Its kinetics are well described by the scheme of cubic autocatalysis. Therefore it is likely 
to be formed from the NM molecule and be the catalyst. Its emission spectrum should be 
a broad featureless band in the visible and be almost flat within 460-570 nm. These 
descriptions almost unanimously point at NO2. More supporting spectral information on 
NO2 can be found in the literature. 

Photoluminescing species are formed in case of sensitized NM only. It is likely to 
be formed by decomposition of the NM-EDA complex. It is an intermediate which is 
capable of producing either of the catalysts (CH3 or NO2) upon thermal and/or laser 



induced decomposition or produced as a byproduct to them. It possesses an absorption 
band located near 514 nm. It fluoresces quite strongly when this transition is excited. 

Although this description is also quite definite the spectral information on the 
species F still needs to be improved. Particularly, the absorption spectrum would be very 
helpful. The fluorescence spectrum available now (Fig.9) is not complete since it clearly 
extends beyond the cut-off of our data at 570 nm. These spectral data are required to 
make a search for identification more directed. At this point we can speculate on the 
structure of the intermediate F based on general chemical knowledge of NM - EDA 
interaction. 

NM-EDA complex consists of 3 molecules. Two NM molecules are attached to 
the two amino groups of EDA. The geometry of NM-EDA complex is not well known. 
Most likely the nitre group of NM is engaged in tail-to-tail conformation with amino 
group of EDA. The unshared electron pair of the nitrogen atom in amino group is 
partially donated to the nitre group of NM. It results in less polar CN bond of NM making 
it easier to break homolytically. Under shock conditions, the CN bond breaks to produce a 
methyl radical and a (•NQ2 .. ·H2N-] arrangement. It may happen to both ends of the 
complex not necessarily simultaneously leading to at least two different intermediates. 
The [•NO2· .. H2N-] fragment can evolve in a few different ways. It can eject an OH 
radical forming a nitroso-amino group [O=N-NH-], or a hydroxy-azo group [HO-N=N-], 
it can also yield water forming a radical at [ •ONN-] group, etc. The radicals can further 
attack the neighboring NM molecules. Particularly, hydroxyl radicals or methyl radicals 
are capable of breaking the CN bond of NM forming methanol or ethane and nitrogen 
dioxide. It is significant that in these branched reactions both methyl radical and nitrogen 
dioxide are produced. Only in this situation the cubic autocatalysis will work. From the 
variety of species conceivably formed from the NM-EDA complex, the nitroso and azo 
compounds are known to have an absorption band in the visible. Some of them are 
known to fluoresce. The nitroso compounds can decompose photochemically to nitrogen 
oxide and alkyl radicals. These qualities of nitroso compounds make them a good 
candidate to work with for identification of intermediates. 

Conclusions 

Shock induced reactions in NM are accompanied by strong light emission. Broad 
band emission identified as chemiluminescence is observed for both pure and sensitized 
NM. Nitrogen dioxide formed in an electronically excited state when the CN bond of the 
NM molecule breaks is the most plausible species to cause it. In the case of sensitized 
NM, photoluminescence is observed in addition to the chemiluminescence. The 
photoluminescing intermediate is formed from an NM-EDA complex and is likely to be 
nitroso amine. However, more experimental data is required for better identification. 

Pure and sensitized NM have a different initiation stage followed by cubic 
autocatal ytic reaction of the bulk material. The intense laser light at 514 nm, used to 
measure Raman and photoluminescence spectra, affects the reaction rate. In the case of 



pure, NM it results in laser burning of the sample during the later stages of reaction. In 
the case of sensitized NM, it affects the initiation stage through decomposition of either 
the NM-EDA complex or a light absorbing intermediate. 

The three different experimental methods (Raman, absorption, and ermss1on 
spectroscopies) give consistent results, being in good agreement with one another. 



Figure Captions 

Fig.I. GC/MS record of different NM batches: (a) - CG 02304 HF; (b) - JF 12220 AF. 

Fig.2. Spectra of excitation of photoluminescence at 520 nm for two NM batches: (a) -
CG 02304 HF; (b) - JF 12220 AF. 

Fig.3. Kinetics of emission from NM shocked to 171.7 kbar in the presence of intense 
laser light (experiment #95-024): open circles - 536 nm; solid triangles - 494 nm. At 0 ns 
shock enters NM. 

Fig.4. Representative emission spectra of NM shocked to 171.7 kbar in the presence of 
intense laser light (experiment #95-024). Time corresponding to each spectrum is given 
in the figure by each curve ( at 0 ns shock enters NM) 

Fig.5. Kinetics of emission at 561 nm from NM: 
open circles - NM shocked to 171. 7 kbar m the presence of intense laser 

irradiation ( experiment #95-024); 
solid triangles - NM shocked to 171.3 kbar without the laser (experiment #95-

025). 
At O ns shock enters NM. 

Fig.6. Normalized emission spectra from NM detected at (a) 476 ns; (b) 525 ns. Shock 
enters NM at 0 ns. Heavy solid line - without the laser ( experiment #95-025); thin solid 
line - with laser irradiation (experiment #95-024). 

Fig.7. Data of absorption experiment #93-038 (courtesy of J.M.Winey). 
(a) - kinetics of absorbance detected at 494 nm (open circles); 514 nm (solid circles); 561 
nm (open triangles); 
(b) - ratio of sample transmission at 561 nm and 494 nm as a function of time. 
Shock enters NM at 0 ns. 

Fig.8. Representative emission spectra of NM-EDA mixture shocked to 138.8 kbar 
(experiment #95-011). Laser intensity is 135 ml/pulse. Shock enters the material at O ns. 
Time corresponding to each spectrum is given in the figure by each curve. 

Fig.9. Deconvoluted spectrum detected at 319 ns in experiment #95-011. Heavy solid line 
is experimental data; dashed line is simulated spectrum. Its 3 components are (a) 
chemiluminescence; (b) photoluminescence; (c) NO2'CH3 Raman band of NM. 

Fig.IO. Emission kinetics of NM-EDA mixture shocked to ca. 140 kbar detected at 550 
nm (empty circles) and 483 nm (filled triangles). Laser intensity is (a) 135 mJ/pulse 
(experiment #95-011); (b) 50 mJ/pulse (experiment #95-019); (c) 3 mJ/pulse (experiment 
#95-018). Shock enters the material at O ns. 



Fig.11. Photoluminescence kinetics of NM-EDA mixture shocked to ca. 140 kbar 
detected at 550 nm. Laser intensity is (a) 135 ml/pulse (filled circles, solid line, 
experiment #95-011); (b) 50 ml/pulse (empty triangles, dashed line, experiment #95-
019); (c) 3 ml/pulse (diamonds, experiment #95-018). Shock enters the material at 0 ns. 
Lines are the eye-guide only and do not represent any fit. 

Fig.12. Absorption spectra of NM-EDA solution (1 wt.%). Spectra were taken before and 
after irradiation of this solution with 488 nm light of Ar-ion laser for 10 min at ambient 
pressure and temperature. Bottom panel shows the differential spectrum of irradiated 
sample versus reference. 
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Summary of GC/MS analysis of NM batches 

BATCH: JF 12220 AF 
punty 99.6% 
impurities: 

water 
carbon tetrachloride 
nitroethane 
nitropropane 
trace of styrene · 

BATCH: CG 02304 HF 
purity 99.3% 
impurities: 

water 
trioxane 
N-methyl-N-nitroso-methanamine 
unidentified MW= 98 amu 
N,N-dimethyl-formamide 
unidentified MW= 104 amu 
dimethyl ester sulfate 
unidentified hydroxy-nitro-compound MW = 90 amu 
tetramethoxy ethane 
2-methyl-decane 
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-
Table 2 

Summary of Results - Emission Experiments 

Experiment Sample Laser Filter Front Cell Initial Projectile Cale. Peak Cale. Peak 
Number Intensity Window Thickness Temperature Velocity Pressure Temperature 

(ml/pulse) (um) (K) (mm/us) (kbar) (K) 
95-011 NM+EDA 135 Notch sapphire 269 ambient 0.612 138.8 765 
95-019 NM+EDA 50 Notch sapphire 249 ambient 0.621 141.0 769 
95-018 NM+EDA 3 Notch sapphire 262 ambient 0.605 137.2 762 
95-015 NM 140 Notch sapphire 274 ambient 0.611 138.6 765 
95-024 NM 130 SuperNotch • LiF 267 323 0.931 171.7 991 
95-025 NM 1 SuperNotch LiF 272 323 0.929 171.3 990 
93-038*) NM 0 - LiF 155 319 0.929 171.3 985 

*) Absorption experiment of J.M.Winey 
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