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ABSTRACT 
 

Energetic materials are used as explosives component of landmines, plastic explosives 

(C-4), and home made bombs, among others.  Hexahydro-1,3,5-trinitro-s-triazine (RDX) is a 

secondary explosive, which is the main component of C-4.  Structural studies of solid RDX have 

established the existence of two forms known as α−RDX and a less stable and less understood   

β−RDX.  The structural conformation of α-RDX has a Cs symmetry in which two of its nitro 

groups are in an axial orientation while the third one is oriented equatorially.  The β−RDX solid 

form has a C3v symmetry, which results from an all-axial or all-equatorial orientation of its three 

nitro groups.  The ring breathing Raman frequency is centered at 882 and 878 cm-1 in α− and 

β−RDX, respectively.  This work reports X-ray photoelectron spectroscopy (XPS) measurements 

on RDX deposits on a silicon surface as a substrate. Deposits from RDX/acetone solution on a 

silicon substrate were prepared and allowed to evaporate to open air at room temperature.  XPS 

measurements performed on these deposits revealed a broad N 1s band between 403.4 and 405.8 

eV for deposits that consist of small amounts of RDX while a second band at 410 eV was 

observed in deposits that had large amounts of RDX.  The 403 eV and 410 eV N 1s peaks were 

associated with aliphatic or ring nitrogen atoms and the nitrogen atom in the nitro group of RDX, 

respectively.  In an attempt to assign these bands to either β− or α−RDX, vibrational 

spectroscopy measurements were performed on the deposits.  The ring breathing mode frequency 

on the deposits was determined to be between 883 and 887 cm-1, a value that allowed ruling out 
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the presence of β−RDX in the deposits.   A third type of RDX is proposed to exist to account for 

the difference in the coverage dependent of the N 1s XP data.   
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RESUMEN  
 

Los materiales energéticos se usan como componentes explosivos en minas, explosivos 

plásticos (C-4) y bombas caseras entre otras.  La hexahidro-1,3,5-trinitro-s-triazina (RDX) es un 

explosivo secundario, que es el componente principal de C-4.  Estudios estructurales de RDX en 

fase sólida han establecido la existencia de dos formas conocidas como α-RDX y una menos 

estable y menos conocida llamada β-RDX.  La conformación estructural de α-RDX tiene una 

simetría Cs, en la cual dos de sus grupos nitro se encuentran orientados de forma axial mientras 

que el tercero tiene una orientación ecuatorial.  La forma sólida β-RDX tiene una simetría C3v, 

debido a que sus tres grupos nitro se pueden encontrar orientados tanto ecuatorial como 

axialmente.  La frecuencia Raman asociada a la respiración del anillo se encuentra en 882 cm-1 y 

en 878 cm-1 para α-RDX y β-RDX, respectivamente.  Este trabajo reporta medidas de 

espectroscopía fotoelectrónica de rayos X, conocida por sus siglas en inglés como XPS, a 

depósitos de RDX en la superficie de un sustrato de silicio.  Se prepararon depósitos de una 

solución RDX/acetona sobre un sustrato de silicio y se dejó evaporar el solvente en un espacio 

abierto a temperatura ambiente.  Los análisis espectroscópicos recopilados de estos depósitos 

mostraron una banda ancha de energías “binding energy” entre los valores  403.4 eV y 405.8 eV 

para los depósitos que consistían de pequeñas cantidades y se observó una segunda banda en 410 

eV en depósitos con cantidades mayores de RDX.  Los picos correspondientes al electrón 1s de 

nitrógeno en 403 eV y 410 eV están asociados con átomos alifáticos o átomos de nitrógeno en el 

anillo y los nitrógenos de los grupos nitros en RDX depositado respectivamente.  En un esfuerzo 
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por asignar estas bandas a β− o α−RDX, medidas de espectroscopia vibracional fueron 

realizadas a los depósitos.  El valor de la frecuencia para el modo vibracional de respiración del 

anillo en los depósitos de RDX se encontró entre los 883 y 887 cm-1, este valor permitió eliminar 

la presencia de β−RDX en los depósitos.  Se propone la existencia de un tercer tipo de RDX 

responsable por las diferencias en la cobertura dependiente de los electrones del orbital 1s de 

nitrógeno obtenidos por la espectroscopia fotoelectrónica de rayos-x.     
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CHAPTER I 
 

Introduction 
 
Hexahydro-1,3,5-trinitro-s-triazine also known as RDX is an energetic material that had 

been used as a secondary explosive on military and terrorist purposes, landmines and  is also a 

major component on C-4 plastic explosive.  RDX molecules consist of three nitro groups bonded 

to the nitrogens of a triazine ring (Figure 1).  Two morphologic molecular conformations 

 

 

 

Figure 1  Lewis-line structure of RDX. 
 

had been associated to the solid phase RDX.1  In its’ crystal lattices, these polymorphs are known 

as α and an unstable β-RDX.  The molecular conformation for solid α-RDX had two of its three 

nitro groups on an axial orientation and it third nitro group on an equatorial orientation with 

respect to the s-triazine ring.  Meanwhile, suggested conformations for unstable β-RDX present 

its three nitro groups in either all on an axial or equatorial orientation.1,2  Spectroscopic and 

computational analysis of polymorphic conformations of solid RDX had suggested Cs symmetry 

for α-RDX and C3v for β-RDX (Figure 2).2  An explanation of the stability of the less symmetric 

and the more restrain α-RDX structure had been confer to intermolecular interaction between 

axially oriented nitro groups in its crystal lattice.2,3,4  Evidence of minute solid β-RDX 

crystallization by solvent (thymol and acetonitrile) evaporation and the formation of thin films of 

this material by subsequent additions of RDX micro deposits had been reported. 3, 4, 5 
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Figure 2  The molecular representations of α− and β−RDX. 

 

FTIR and Raman spectra for solid β-RDX had been perform and compared to data collected 

from α-RDX. 4, 5, 6, 7   Results from these experiments showed fewer vibrational signals for β-

RDX than α-RDX.4,5   These findings were consistent with symmetry analysis results from prior 

studies.5  Moreover, research groups had suggested that β-RDX posses a Raman shift signal from 

symmetric ring-breathing vibration close to 877 and 878 cm-1 obtained from small deposits 

amounts of RDX.4,5  These symmetric ring-breathing vibration from α-RDX had been identified 

around 883 cm-1.4,5  Moreover, β to α-RDX transformation as amount of RDX deposited had 

been suggested based Raman shift signal declination centered at 878 cm-1.4,5  This transition 

from a lower energetic structure (β-RDX) to the higher energetic crystal lattice configuration (α-

RDX) had been suggested to occur due crystal organizational forces.2 

Regardless of the efforts been made to characterize solid phase RDX, a recent forensic 

science review reveal that most of RDX detection analysis that are in use at laboratories 

comprise of analytical techniques that destroy solid RDX polymorph lattices.8 The 

characterization of solid state RDX (before and after explosion) and the implementation of such 

technique into forensic science will increase the capability of law enforcement agencies in their 

criminal investigation resolve and prevent criminal acts.   
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As an effort to extend the understanding, characterize and develop a selective sensor for 

solid phase RDX and its polymorph conformations; this research team suggests the 

implementation of x-ray photoelectron spectroscopic (XPS) technique for it further 

characterization of this explosive material in it solid state.  XPS is a nondestructive, material 

surface analysis technique which measure the kinetic energy of electrons emitted from material 

inner core after been exposed to photons in the x-ray range (Figure 3).  The  

 

 

 

 

 

 

 
Figure 3  X-ray photoelectron effect.  Figure shows sketch of the x-ray photoelectron effect for a 
1s electron after been excited by a photon with energy in the x-ray range.  Binding energy 
decrease toward the valance band and electron 1s binding energy is given by EB.  Work function 
(w) is a correction factor to account for electrostatic environment. Photon (hν) provides the 
required energy to remove the inner core electron at 1s level.  Kinetic energy of emitted electro is 
given by Ekin.  
 

x-ray photoelectron effect is described by Einstein’s photoelectric equation 1 as described below: 

( )wEhE Bkin +−= υ      (1) 

Where Ekin is the electron’s kinetic energy, hν is the photon energy in x-ray range, EB is the 

binding energy of the emitted electron and the work function (w) is a correction factor that 

account for the electrostatic environment in electron path.  Transforming the term (EB+w) into 
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binding energy (BE) and manipulation of equation 1 allow the determination of electrons binding 

energies measurements performed in XPS instrument as shown in equation 2.  Its’  

( )

kin

B

EhBE

BEwE

−=

=+

υ
     (2) 

measurement are sensitive to the atom (atomic number) and the orbital from which the electron 

had been emitted.  Also, this technique is susceptible to oxidation and ionization state of the 

particular atom.  Detection of emitted electrons is achieved by an electron counter and therefore 

this technique is capable to perform quantitative and qualitative analysis.  XPS measurements 

will be taken from thin film surface formed after the evaporation of solvent from RDX solution.  

The goal is that micro addition of RDX deposits over a Si (110) single crystal substrate will 

prompt the formation of unstable β-RDX seeds needed for crystal growth as reported above.5  

XPS measurement of RDX N(1s), C(1s), O(1s) and substrate Si (2p3) will be monitor as amount 

of deposited RDX increase.  In this way, characterization of thin films solid phase RDX by XPS 

measurement should be achieved. 
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CHAPTER II 
 

Experimental Methodology 
 

 The RDX deposits were prepared from a commercial RDX in acetonitrile solution as 

described below.  A 2 mL of 0.5 µg/µL RDX/acetone working solution was prepared from a 

1.000 µg/µL RDX/Acetonitrile stock solution (Cerilliant) by solvent evaporation, removal 

and re-dissolving in acetone, as illustrated in Figure 4.    The RDX in acetone solution was 

prepared as follows.  The resulting solid RDX powder obtained after removal of the 

acetonitrile solvent in the commercial RDX solution was completely dissolved in 1.000 mL 

of acetone (Sigma-Aldrich) and then was allowed to sit for about 5 hours solvent.  The 

solvent was again removed from this new RDX in acetone solution and the solid deposit was 

then dissolved in 2 mL of acetone.  Neglecting the RDX volume and assuming ideal solution 

behavior, the prepared RDX/acetone working solution (RDX solution) has a final 

concentration of 500 µg/mL or 0.500 µg/µL calculated as described below. 

 

 

 

 
Figure 4  Removal of the acetonitrile from the commercial RDX source. 

 

RDX mass amount after acetonitrile evaporation (first solvent evaporation): 

( ) RDXµgsolutionmLsolutionstockRDX
mL
µg 100000.11000 =  

hood vac

RDX 
stock 
solution
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concentration of RDX in acetone (work solution concentration): 

Acetone
RDX

mL
µg

AcetonemL
µgRDX 0.500

2
11000 =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
 

working solution concentration units: 

RDX
µL
µg

µL
L

L
mL

mL
µg 5000.0

10
1

1
10000.500 6 =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
 

 

The working solution was stored at room temperature, protected from light by covering the vial 

with aluminum foil, and sealed. 

 0.5 µL drops samples from the working solution were deposited on a sputtered Si substrate 

surface in different spots to cover the largest amount of substrate surface area, as illustrated in 

Figure 5 below.  This procedure formed a thin film RDX deposit of 0.25 µg over most of the 

substrate surface.  Larger amounts of RDX were prepared by adding more RDX in 0.25 µg 

increments until the desired amount was reached.   

 

 

 

Figure 5  Approach used to prepare the RDX deposits 
 
 
Samples containing up to 19 µg of deposit (Table 1) were prepared and analyzed by XPS, as 

discussed below. 

RDX solution deposits

substrate
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Table 1: Volume and mass of RDX in deposits studied. 
 

 

XPS measurements were performed in a PHI 5000 series XPS system.  The system 

consists of a ultrahigh vacuum chamber equipped with an Ar+ ion sputtering gun, a 

hemispherical electron energy analyzer.  The 1253.6 eV line of a commercial Mg X ray 

source was used as the X ray source for the XPS measurements described here.  An ion pump 

and auxiliary titanium sublimation pump the chamber to 2 x 10-10 torr. Binding energies are 

referenced to the literature value of the Si 2p XP binding energy peak.  Windows of 20 to 30 

eV were analyzed for the nitrogen, carbon, oxygen and silicon. Each spectrum consists of an 

average of 20 scans and a dwell time of 200 mseconds, for a total data collection time of 

about 19 minutes.  The sample is moved around for each scan to guarantee that the X ray 

beam, about 200 mm in diameter, probes a different sample spot in each measurement.  The 

Raman measurements reported here were performed in a Raman spectrograph coupled to a 

laser and an optical microscope. 

Sample # volume (µL) mass (µg)
1 0.5 0.25
2 1.0 0.50
3 1.5 0.75
4 2.0 1.00
5 2.5 1.25
6 3.0 1.50
7 5.0 2.50
8 7.0 3.50
9 9.0 4.50

10 11.0 5.50
11 13.0 6.50
12 15.0 7.50
13 20.0 10.00
14 30.0 15.00
15 38.5 19.25

RDX deposits
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CHAPTER III 
 

Results and Discussion 
 
3. 1  XPS measurements 
 

XP spectra of a sputtered silicon substrate surface and of a substrate surface precovered 

with 0.5 µg of RDX are displayed on figure 6.  The XP spectrum of the sputtered surface has 

peaks due to the silicon substrate signals at about 102 eV (Si 2p) and 158 eV (Si 2s).  The XP 

spectrum that corresponds to 0.5 µg of deposited RDX is displayed on the bottom of the figure.  

The spectrum has easily identifiable peaks at about 280 and 533 eV due the C 1s and O 1s 

photoemission peaks.  The N 1s photoemission band cannot be appreciated above the 

background in the scale presented on figure 6.  Measurements of the N 1s photoemission band 

require longer data accumulation times and are summarized on figure 7.  The relevant atomic 

bands studied in this work are summarized on table 2.  It included N 1s, C1s, and O 1s and the Si 

2p XP bands.   

 

Table 2:  Range of the C 1s, N 1s, O 1s and Si 2p XP spectra measured. 
 

 

 

 

 

 

 

 

 

 

 

XPS Center
signal lower higher (eV)
C (1s) 275 310 ~287.4
N (1s) 380 425 ~403.4
O (1s) 520 550 ~534.0
Si (2p) 85 110 ~100.9

Range limits (eV)
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(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
 
 
 
Figure 6  The X-ray photoemission spectra of the sputtered silicon surface before and 
after the RDX deposit. The upper and lower spectra represent the X-ray photoemission 
spectra of (a) sputtered and (b) a 0.5 μg RDX , silicon substrate surface. 
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3. 2  XPS measurements as a function of the amount of RDX deposits 
 

3. 2. 1  N 1s XPS measurements 
  

The dependence of the N 1s XP spectra on the amount of deposited RDX is displayed on 

Figure 7.  The amount of RDX increases from bottom to top in the figure.  There is a broad band 

centered at around 403 eV (width of 4 eV).  The band shifts slightly towards lower binding 

energies with increasing the amount of RDX in the deposit up to about 0.75 µg of RDX: the N 1s 

binding energy shifts toward higher values with increasing the amount of RDX in the deposit 

thereafter.    A significant change is observed in the structure of the N 1s XP spectrum that 

corresponds to 3.5 µg of deposited RDX.  The spectrum is characterized by two well developed 

bands.  A low energy band in the same region as the one observed for lower amounts of RDX is 

centered at around 403 eV and a high energy band is observed at 410 eV.  The binding energy 

and peak area of the low binding energy band increases with the amount of RDX.  This trend is 

summarized in Figure 8.  The N 1s peak area and binding energy associated with photoelectrons 

with kinetic energies between 403 and 405 eV are summarized in the left and right hand panels 

of Figure 8.  There is a rapid growth in the N 1s XPS peak area with increasing the amount of 

RDX up to about 3 µg of RDX.  The slower increase in the N 1s XPS peak area is accompanied 

by the appearance of a second band centered around 410 eV.  We are not able to establish a clear 

behavior in the N 1s 410 XPS peak area and binding energy with increasing the amount of RDX.  

However, it is clearly distinguished from in the XP spectra that corresponds to the largest 

amounts of deposited RDX studied here, which are about 10 and 15 µg.  The peak is centered at 

411.3 eV for a deposit that contains 15 µg of RDX. 
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Figure 7  The dependence of the N 1s XP spectra on the amount of deposited RDX.  The 
amounts of RDX are, from bottom to top: 0.25, 0.50, 0.75, 1.00, 1.25, 1.5, 2.5, 3.5, 4.5, 5.5, 6.5, 
10.0, 15.0 µg RDX.  
 
 

 
 

 

 

 

 

 

 

      (a)       (b) 
 

Figure 8  The 401-405 eV N 1s XPS results as a function of the amount of deposited RDX.  
Peak area (a), and binding energy (b). 
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3. 2. 2  C 1s XPS measurements 
 

The dependence of the C 1s XP spectra on the amount of deposited RDX is displayed on 

Figure 9.  The C 1s XP region occurs between 280 and 300 eV.  The C 1s XP peak area increases 

with the amount of the RDX in the deposit up to about 5.5 µg and then decreases slightly and 

increases up again, but with a slower slope, as the amount of RDX increases.  In contrast to the N 

1s XP measurements, measurements in the carbon region are slightly more difficult to interpret 

due to interference with background gas adsorption and the solvent (acetone, C2H6CO) used in 

the experiments described here.   There is a small decrease in the C 1s XP peak area for amounts 

of RDX in the deposits larger than that amount.  The left and right hand side of figure 10 shows 

the carbon 1s XP peak area and binding energy as a function of the amount of deposited RDX, 

respectively.  The general trend observed is an increase in the C 1s XP peak area and binding 

energy with the amount of deposited RDX on the surface.   

  

 

 

 

 

 

 

 

 

 

 

 

Figure 9  The dependence of the C 1s XP spectra on the amount of deposited RDX.  The 
amounts of RDX are, from front to rear: 0.0, 0.25, 0.50, 0.75, 1.00, 1.25, 1.5, 2.5, 3.5, 4.5, 5.5, 
6.5, 7.5, 10.0, and 15.0 µg RDX. 
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(a) (b) 

 

Figure 10  The C 1s XPS results as a function of the amount of deposited RDX.  Peak area (a) 
and binding energy (b).  
 

3. 2. 3  O 1s XPS measurements 
 

The dependence of the O 1s XP spectra and binding energy on the amount of deposited 

RDX is summarized on the right and left hand side of figure 11.  In contrast to the N 1s and C 1s 

XP spectra, interpretation of physical properties of RDX from the O 1s XP spectra is difficult 

due to the formation of SiO2 when the sample is brought to atmosphere pressures to prepare the 

deposit.  Thus the O 1s XP peak signal observed for small amounts of RDX is likely due to the 

substrate background.  This is readily evidenced by the obvious decrease in the oxygen peak area, 

due covering the substrate with RDX.  The O 1s XP spectra for the largest amounts of RDX 

probably reflect a true measurement of the O 1s binding energy in RDX.   For these 

measurements, the O 1s binding energy is centered at 536 eV.   
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  (a)        (b) 
 
Figure 11  The O 1s XPS results as a function of deposited RDX.  (a) O 1s XP spectra; (b) 
binding energy 
 

3. 2. 4  Si 2p XPS measurements 
 

Measurements of the Si 2p XP area and binding energy are summarized on figure 12 and 

13, respectively.  The Si2p binding energy remains nearly constant, independent of deposited 

RDX amount, between 0 and 8 µg of deposited RDX.   The average of the data presented on 

figure 12 is (101.0 + 0.3) eV.  Thus the shifts discussed in the above discussion are not due to an 

experimental artifact.  The silicon 2p XP peak area decreases with the amount of deposited RDX.  

The decrease in the Si 2p XP peak area results from the attenuation in the electron path by the 

RDX layers deposited on the substrate surface.  Indeed, an exponential decrease is expected 

according to equation 3: 

    I(d) = Io e(-d/λ)      (3) 

 

Where I(d) is the substrate intensity for a layer of thickness d, Io represents the intensity of the 

clean surface and λ represents the electron energy dependent mean free path.  From the 
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measurements summarized in figure 13, we can conclude that a thick overlayer is already formed 

for RDX deposits that have a mass larger than 8 μg, since no substrate surface signal intensity is 

detected for these amounts of deposit RDX. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12  Si 2p binding energy as a function of the amount of deposited RDX. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 13  Si 2p XP peak area as a function of the amount of deposited RDX. 
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3. 3  RDX Raman analysis as a function of amount of RDX deposits. 
 

 

While there are some difficulties with the interpretation of the C and O 1s XP spectra due 

to the adsorption of background species on the substrate surface during the deposition of RDX, 

the N 1s XP signal can be used to investigate about the chemistry of RDX.  For a flat RDX 

structure, at least 2 different N 1s XP bands are expected due to the non-equivalent nature of the 

ring and nitro group nitrogen atoms.  There are however, obvious deviations from this expected 

behavior, as evidence by the data presented on figure 7.   

 RDX has an extremely low vapor pressure, of the order of 10-9 torr.  Our UHV system 

can pump down to 5 x 10-10 torr.  Thus bulk amounts of RDX itself sublimate off from the 

substrate surface.  To test this possibility, we performed an experiment in which the N 1s XP 

spectra of a 19 μg deposit was recorded as a function of time inside the vacuum chamber.  The 

results are presented in figure 14. The bottom spectrum in the figure represents the XP spectra of 

the substrate between 380 and 425 eV.  The N 1s XP spectra obtained after deposition of 19 µg 

of RDX is displayed in the figure 14 (red trace/second from bottom).  The XP spectrum is 

dominated by a band at about 403 eV and high energy peak centered at about 410 eV.  The N 1s 

XP peak area centered at 410 eV decreases with time in vacuum.  There may be changes in the 

structure of the 403 eV band, but the area remains nearly constant with time.  Thus the results 

can not be explained in terms of interconvertion on one type of nitrogen into the other, rather, 

there is a loss of the species that lead to the 410 eV N 1s XP peak.  However, the lower energy 

species remain on the substrate surface, regardless of the amount of time left in the vacuum 

system.  We are lead to the conclusion that the species that are involved in the N 1s peak at 403 

are independent of the species that lead to the 410 eV peak. 
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 An attempt was made to assign the species that lead to the multiple N s XP peaks.  

Previous works have demonstrated the power of Raman spectroscopy to differentiate among the 

different forms of chemicals.  In the case of RDX, two forms have been established in Raman 

measurements, the so called α and β forms.  In these cases, the ring breathing mode frequency 

has been used to differentiate among α and β RDX.  In the case of β RDX, the ring breathing 

mode frequency is centered at 878 cm-1.  It is shifted to about 882 cm-1 in the Raman spectrum of 

α RDX.  A new form has been claimed recently in high-pressure measurements and 

distinguishes itself by a higher ring breathing frequencies than those observed in either α or β 

RDX.  To test if a different RDX species are present in our deposits, we performed Raman 

measurements on deposits with 15 and 19 μg of RDX.  The results are summarized in the upper 

panel of figure 15. The ring breathing frequency of the 15 and 19 μg deposit is centered at about 

884 and 887 cm-1, respectively.  These numbers are about 2 to 5 cm-1 higher than those reported 

earlier for α RDX and certainly rule out the presence of β RDX in the sample.  We performed 

Raman measurements on a 19 µg deposit before and after the XPS measurements summarized on 

figure 15 b.  The results are summarized in the lower panel of figure 15.  The ring breathing 

frequency, as determined just before the XP measurements, is centered at about 887 cm-1.  The 

XP spectra of this deposit underwent the vacuum exposure describe in figure 14.  The sample 

was removed from vacuum and the Raman measurements reveal a ring breathing frequency of 

884 cm-1. Thus the species that exhibit the 410 eV N 1s XP are well correlated with the species 

that have a ring breathing frequency centered at 887 cm-1.  The species that have the N 1s XP 

peak that persists at 403 eV are associated with those that have a ring-breathing mode centered at 

884 cm-1.  Thus they are different chemical species. The ring breathing frequency is too high to 
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involve β RDX.  We are lead to the conclusion that the species that exhibit the 410 N 1s XP and 

the 403 eV bands are different forms of RDX, none of which involve β RDX.  This interpretation 

is consistent with recent Raman measurements of RDX in which the claim is made for a new 

RDX form, different from either α or β RDX.  Similar to the case reported recently, the small 

shift toward higher binding energies is used as a measure of the chemical environment of RDX 

in this different form. 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14  N 1s XP spectra for 19 μg of RDX as a function of time in vacuum. 
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Figure 15  RDX Raman ring breathing spectra.  The upper and lower spectra shows the 
ring breathing frequency of the indicated amounts of RDX (a) not exposed to vacuum 
chamber and (b) after the XP measurements inside the vacuum chambers. 
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CHAPTER IV 
 
 

Conclusions 
 

The results presented in this work can be summarized as follows: 

1. The N 1s binding energy depends on the amount of RDX in the deposit.  The binding 

energy increases with the amount of RDX in the deposit. 

2. The N 1s XP peak area increases with the amount of RDX up to slightly less than 4 µg.  

It increases at a slower rate thereafter. 

3. At least two N 1s XP peaks are clearly identifiable in the spectra of large amounts of 

RDX.  The loss of these peaks area and Raman measurements are consistent with recent 

vibrational spectroscopy that claims the existence of more than the two RDX forms that 

are known in the solid state.  The results provide a new perspective to view vibrational 

spectroscopy measurements that corresponds to large amounts of RDX.  
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