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Abstract

Adsorption of hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) and octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
(HMX) on (001) surface of a-quartz was studied at the M05/tzvp level using cluster approximation. Hydrogen bonds
between nitramines and silica surface were analyzed by atoms in molecules (AIM) method. Electron attachment
causes significant change in geometry of adsorbed complexes. Redox properties of adsorbed RDX and HMX were
compared with those of gas-phase and hydrated species by calculation of the ionization potential, electron affinity,
oxidation and reduction Gibbs free energies, oxidation and reduction potentials. Calculations show that adsorbed RDX
and HMX have lower ability to undergo redox transformations than hydrated ones.

Keywords: silica, RDX, HMX, adsorption, reduction, oxidation.

CTPYKTYPA I OKUCJ/IIOBAJIbHO-BIZJIHOBHI BJIACTUBOCTI TECKAT'1APO-1,3,5-
TPUHITPO-1,3,5-TPUA3HUHA (RDX) I OKTAI'1ArPo0-1,3,5,7-TETPAHITPO-1,3,5,7-
TETPA3OLIMHA (HMX) AJCOPEOBAHUX HA TIOBEPXHI KPEMHE3EMY.
T®I MO5 PO3PAXYHKOBE AOCAIAXKEHHA
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AHoTalif

BuBueHO aacop6uilo rekcariapo-1,3,5-rpuHitTpo-1,3,5-Trpuasuna (RDX) i okrariaponukiaookra-1,3,5,7-TeTpaHiTpo-
1,3,5,7-Trerpasonuna (HMX) Ha (001) noBepxHi aabda-kBapny MeTtoaoM MO5/tzvp 3 BUKOPUCTAaHHSAM K/IaCTEPHOTO
Ha6JImKeHHs. MeTO,0M «aTOMM B MoJieKyJIi» (AIM) npoaHas1i3oBaHO BOAHEBI 3B'sI3KM MK HiTpoamMiHaMu i noBepxHel0
KpeMHe3eMy. [IpyueaHaHHA eJIeKTPOHY BUKJIMKA€E 3Ha4Hi 3MiHM B reoMeTpii aAcop6oBaHNX KOMIUIEKciB. [IpoBeseHO
NMOPiBHAJIbHUN aHa/Ii3 OKUCHO-BiJHOBHMX BJjactuBocteii RDX i HMX y rasosiii ¢a3i, y BogHOMY po34uHi Ta y
agcop6oBaHoMy craHi. Po3paxoBaHi moreHuiasu ioHi3anii, cnopisjHeHicTh A0 esieKTpoHa, BijibHI eHeprii 'i66ca
npoueciB OKUC/JIeHHs 1 BiJHOBJIEHHs, NOTEHLiaJld OKHC/JIEeHHA i BigHOBJIeHHsA. Po3paxyHKM NOKa3ylTb, L0
agcop6oBaHi RDX i HMX maloTh 6isibll HU3bKY 3/aTHiCTh 3a3HaBaTH OKHC/JII0BA/IbHO-BiAHOBHHMX NepeTBOPEeHb, HIXK
rigparoBaHi.

Karuoei caosa: cuniniit (1V) okcug, RDX, HMX, agcop61iis, BiJHOBJIEHHS, OKUCJIEHHS.
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CTPYKTYPA U OKUCJIMTEJIbHO-BOCCTAHOBUTEJILHBIE CBOMCTBA
IFEKCAIr'upo-1,3,5-TPUHUTPO-1,3,5-TPUA3SHHA (RDX) U OKTAIr'HAP0-1,3,5,7-
TETPAHUTPO-1,3,5,7-TETPA3OLIMUHA (HMX) AACOPBMPOBAHHBIX HA
INOBEPXHOCTH KPEMHE3EMA. T®II1 M0O5 PACYETHOE UCCJIEAOBAHHUE

Jlrogmuia K. CBatenko”,! Jleonu 'op6,2 Cepreit M. OkoBuTbIN,3 Exxu JlemuHCbKUNA?2
1/loHeykull HaYyuoHabHbIU MeduyuHcKull yHugepcumem, ya. boavwas IlepcnekmusHas, 1, Kponusnuykuil, 25015, YkpauHa
2MexcducyunauHapHblil yeHmp HaHomokcudHocmu, /JlxcekcoHckutl 2ocydapcmeaeHHblil yHusepcumem, ya. JIuny, 1400, [sicekcoH,
Muccucunu, 39217, CIIIA
3/lHenponempo8cbKuUll HAYUOHAIbHbILU yHUsepcumem umeru Oaecst ['onuapa, ya. l'azapuna, 72, [JHenp, 49010, YkpauHa

AHHOTanug

H3yyeHa aacop6ums rekcaruapo-1,3,5-trpunurpo-1,3,5-tpuaszuna (RDX) u okxrarmjpounukiaookra-1,3,5,7-Trerpa-
HUTpoO-1,3,5,7-TeTpasonnna (HMX) Ha (001) nmoBepxHocTH anbda-KBapua Mmetogom MO5/tzvp ¢ MCHOJ/Ib30BaHUEM
KJIAaCTEpHOro Npu6amKeHus1. MeTo0M «aToMbl B MoJieKyJie» (AIM) npoaHa/Iu3upoOBaHbl BOAOPOJHBIE CBA3M MEXAY
HUTPOAaMHUHAMH U NIOBEPXHOCTbIO KpeMHe3eMa. [IpucoesiHeHNE 3/1IEKTPOHA BbI3bIBAaeT 3HAYHTE/IbHbIE U3MEHEHUS B
reoMeTpud  aACOPGMPOBAHHBIX  KOMIUIEKCOB. IIpoBeJeH  CpaBHHMTE/JbHBIA  aHA/JIM3  OKHUCIHMTEJIBHO-
BOCCTaHOBUTe/IbHBIX cBOiicTB RDX n HMX B rasoBoii ¢ase, B BOAHOM pacTBoOpe U B aJ,COPGHMPOBAHHOM COCTOSTHUM.
PaccyuTaHbl IOTEeHIMa/Ibl HOHM3AIUH, CPOJACTBO K 3JIEKTPOHY, CBOGOJHbIe 3Hepruu 'n66ca NpoieccoB OKUCAEeHUA U
BOCCTAaHOBJIEHHUS, IOTEHIMAJIbI OKUC/IEHUS M BOCCTAaHOBJIEHUS. PacueThbl NOKa3bIBaKT, YTO aicOop6upoBaHHbie RDX u
HMX uMeroT 60/iee HU3KYI0 CIIOCOGHOCTh NMOJBEPraThCcsl OKUC/IUTEIBHO-BOCCTAHOBUTE/IBHBIM NMPEBPAleHUM, YeM

TUAPATHPOBAHHLIE.

Karuesvie cnoea: okeup kpemuus (1V), RDX, HMX, agcop6ius, BoccTaHOBJIEHNE, OKUCIEHHE.

Introduction

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)
and octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
(HMX) are well-known water and soil cont-
aminants [1]. Their extensive use causes serious
environmental problems due to toxicity of the
nitramines. In the past decade many efforts were
direct to remove these contaminants from polluted
environments. Alkaline hydrolysis, photolysis,
reduction by nanoscale zero-valent iron, oxidation
by Fenton reagent and permanganate were found
to be the most efficient methods [2-4]. An important
information for development of remediation
strategies is persistence of contaminants in
natural environments, depended from ability to
form stable complexes during sorption by soil
and/or good aqueous solubility. Adsorption limits
the potential for these compounds to migrate
to groundwater.

Several studies to elucidate the adsorption of
RDX and HMX by different components of soil
were conducted [5-8]. It was found that the
nitramines has a higher tendency to adsorb on the
mineral phases than on organic matter. Adsorbed
compounds undergo subsequent decomposition
mostly through redox processes, thus it is very
important to predict their ability to undergo
reduction and oxidation transformations in
adsorbed form. The objective of the present study
is prediction of redox properties for RDX and HMX
adsorbed on a silica surface, taken here as the
(001) surface of a-quartz and comparison them
with the same properties for dissolved in water
nitramines.

Recently study of oxidative and reductive
properties of trinitrotoluene, 2,4-dinitrotoluene,
4-dinitroanisole, and 5-nitro-2,4-dihydro-3H-1,2,4-
triazol-3-one, 5-amino-3-nitro-1H-1,2,4-triazole,
and 2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaaza-
isowurtzitane adsorbed to silica surfacewas
conducted [9-11]. It was found that adsorbed
nitrocompounds arehardier to transform by
oxidation or reduction than their dissolved in
watercounterparts. In this study, we extended
investigation of redox properties of nitrocompounds
under different environmental conditions to RDX
and HMX.

Computational Methodology

The Gaussian 09 program package was used for
all of the calculations [12]. To simulate the
hydroxylated (001) surface for a-quartz a cluster
approach was utilized. The dangling bonds of the
cluster were saturated by hydrogen atoms in
order to keep the silica model electroneutral. The
models obtained contain three oxygen-silicon-
oxygen layers, with a formula of Siz10s2Hao. The
geometry of all species was optimized at the
MO5/tzvp level. The harmonic vibrational
frequencies were calculated for all structures
obtained to establish that a minimum was
observed. Solvent effects were taking into account
by single-point calculations using the PCM(Pauling)
and SMD solvation models for ion-radical and
neutral molecule computations, respectively.

The Multiwfn program [13] was used to conduct
a topological analysis of the distribution function
of the electron density p(r) in the framework of
the R. Bader atoms in molecules (AIM) theory.
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The binding energy of interactions (E) was
calculated with the Espinosa formula E = 0.5V,
where V is the density of potential energy in
a critical point. The energy of adsorption presents
a difference between the total energy of the
adsorbed complex and the energy of the separated
silica and nitramine. Deformation energy of the
silica surface Eus(S) presents a difference in
energies of the silica surface model at the geometry
optimized with the adsorbate after removing the
contribution brought by nitramine and optimized
silica surface model. Deformation energy of
nitramine was calculated as a difference in energy
of nitramine frozen within the geometry of the
adsorbed complex and the energy of optimized
nitramine. Adiabatic electron affinities (E4) and
ionization potentials (I,) were computed as the
total energy difference between the charged
species and the neutral forms, corrected for zero
point energy.

The Gibbs free energies of electron attachment
and electron loss for adsorbed and dissolved in
water nitramine were calculated as follows:

i) a-quartz adsorption:

AGLeq aas = DG (Rgas) — AG®(0qq4s)
AGgyaas = DG (0das) — AG®(Raas)
ii) water hydration:
AG eq,s0w = AG(Rg1m) — AG° (Oso1)
AGQy 5o = AG°(05515) — AG® (Rsor)

where, R and O denote reduced and oxidized
species, respectively.

The values of the oxidation and reduction
potentials are calculated as follows:

AGO d gx
re
E;)ed == nF + Ey E(())x = nF + Ey

The absolute potential of the normal hydrogen
electrode Ey was taken as -4.36 eV [14].

Results and Discussion

Adsorbed complexes
Nitramines RDX and HMX have different
conformations. The most representative

conformations, according to literature data [15,.16],
were checked for ability to form stable complexes
with silica surface. It should be noted that on the
base of the preliminary calculation two stable
complexes for RDX and two for HMX were chosen
for further analysis (Fig. 1, Table 1). For clarity
only hydrogen atoms on the top of the silica
surface models are shown in the Fig. 1. Complexes
RDX(a) and RDX(b) contain AAA and AAE
conformations of RDX, respectively. Complexes
HMX(a) and HMX(b) corresponds to boat-chair and
o conformations of HMX (Fig. S1, SI). Calculated
adsorption energy of RDX and HMX is in a range of
-13.64 - -15.38 kcal/mol (Table 1). HMX is slightly
better adsorbed on silica surface than RDX.
Nitramines bind with silica surface by hydrogen
bonds formed between the oxygen atoms of nitro-
groups and the hydrogen atoms of the surface
hydroxyl groups, and between the oxygen atoms
of the surface and the hydrogens of the adsorbed
nitramines (Fig. 1, Table 2).

An analysis of the data presented in Fig. 1
shows that total orientation of nitramines relative
to the silica surface changes slightly after losing an
electron while the changes are significant in case
of electron attaching. Ionization also affects the
amounts and strength of hydrogen bonds. As
expected, in anion-radicals electronegative nitro-
group orient close to the silica surface as
compared with neutral ones, an amount of bonds
between oxygens of nitrogroups and hydrogens of
the surface is increase, the strength of
(N-)O--H-O bonds increases. While in cation-
radicals nitrogroups tend to stay away from the
surface, (N-)O---H-0 bonds length increase, their
strength decrease. Instead, hydrogens of nitramines
are placed close to the surface, and strength of
C-H-+O bonds increases. lonization causes an
increase of adsorption energy (Table 1). This
means that ionized nitramines stronger bind to
silica surface than the neutral ones. Calculated
deformation energy for neutral complexes of silica
surface is larger than that of nitramines (Table 1).
This points a more significant modification of
geometry of surface hydroxyl groups than geometry
change of nitramines during adsorption (Fig. 1).

Table 1

MO5/tzvp calculated adsorption energies (AEads), deformation energies of the silica surface (Edes(S)) and adsorbed
RDX (Edet(RDX)), HMX (Eder.(HMX)) for complexes RDXadas, HMXads, their anion- and cation-radicals, (kcal/mol)

Structure AEads Eder (RDX) Edet (S) Structure AEads Edet(HMX) Edet(S)
RDX(@)ads -13.64 0.30 -0.53 HMX()ads -15.38 1.06 1.13
RDX(a)ads™* -40.77 -1.39 9.00 HMX(@)ads™ -21.91 7.15 8.66
RDX(a)ads** -29.94 5.35 -0.18 HMX(@)ads** -27.75 9.77 0.65
RDX(b)ads -14.20 0.21 -0.81 HMX(b)ads -14.66 0.50 1.47
RDX(b)ads™* -36.61 395 7.15 HMX(b)ads™* -37.76 1.57 12.71
RDX(b)ads** -41.43 -1.35 1.56 HMX(b)ads** -29.14 4.86 2.78
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Fig. 1. The optimized structures of RDX and HMX adsorbed on a model of the (001) a-quartz surface and
intermolecular H-bonds.
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Table 2

MO5/tzvp calculated geometrical characteristics of adsorbate-adsorbent H-bonds including H---Y, X--Y distances (A)
and X-H---Y angles (degree) for adsorbed RDXads, HMXads, their anion- and cation-radicals.

Bond Bond type RDX(a)ads RDX(a)ads™* RDX(@)ads**
X--H XY XHY X--H XY XHY X--H XY XHY
HB1 (N-)O--H-0 1.95 2.84 152.6 1.62 2.60 166.0 2.27 3.02 133.8
HB2 C-H--0 2.39 3.41 155.1 - - - 2.25 3.30 159.6
HB3 (N-)O-+H-0 - - - 1.79 2.75 165.4 - - -
RDX(b)ads RDX(b)ads™ RDX(b)ads**
HB1 (N-)O--H-0 192 2.83 156.5 1.59 2.59 1759 - - -
HB2 C-H--0 2.56 3.55 151.8 - - - 2.21 3.20 148.8
HB3 C-H--0 2.65 3.70 162.5 - - - 2.45 3.52 166.9
HB4 (N-)O---H-0 - - - 1.79 2.75 169.1 - - -
HBS C-H-0 - - - - - - 1.83 2.97 169.8
HMX(a) ads HMX(a) ads™* HMX(a]ads+.
HB1 (N-)O--H-0 2.00 2.87 150.1 1.99 2.88 1515 2.17 2.98 140.6
HB2 C-H--0 2.26 3.33 166.1 - - - 2.30 3.35 162.7
HB3 (N-)O--H-0 2.13 2.99 149.1 1.96 2.86 154.3 2.12 2.99 149.2
HB4 (N-)O--H-0 - - - 2.29 291 1221 - - -
HB5 (N-)O--H-0 - - - 1.78 2.73 167.2 - - -
HB6 C-H-0 - - - - - - 2.62 3.30 120.1
HMX(b)ads HMX(b)ads™* HMX(b)ads**
HB1 (N-)O--H-0 1.94 2.84 154.6 1.61 2.60 166.4 2.37 3.11 133.7
HB2 C-H--0 241 3.49 169.5 - - - 2.34 3.39 162.1
HB3 C-H--0 2.53 3.51 149.1 - - - 2.37 3.35 149.3
HB4 (N-)O--H-0 - - - 2.33 3.18 147.6 - - -
HBS C-H-0 - - - 2.22 3.16 144.7 - - -
HB6 (N-)O-+H-0 - - - 1.84 2.78 161.8 - - -
HB7 C-H--0 - - - - - - 2.32 3.38 162.4

Electron attachment process causes increase of
deformation energy for nitramines and for silica
surface (Table 1). While effect of electron
detachment is less significant.

The topological analysis of the electron density
in the studied complexes shows the presence of
intermolecular bond critical points (BCPs) between

the hydrogens of C-H group and the closest oxygen
atoms of the surface C-H:+:-O, and between the
oxygen of nitro-group and the closest hydrogen
atoms of the surface O--H-0 (Tables 3, 4). There is
an exponential correlation between H-bonds lengths
and electron density at BCPs with a correlation

coefficient of 0.96 (Fig. S2, SI).
Table 3

Topological parameters for adsorbed RDXags, its anion- and cation-radicals

Bond Bond type p,e:A3 V2p, e-A-S H, au E, kcal/mol
RDXaas(2)

HB1 (N-)O--H-0 0.0216 0.0887 0.0023 -5.52
HB2 C-H--0 0.0108 0.0397 0.0020 -1.85
RDXaas(a)

HB1 (N-)O--H-0 0.0551 0.1361 -0.0127 -18.67
HB3 (N-)O--H-0 0.0320 0.1020 -0.0015 -8.97
RDXaas""(a)

HB1 (N-)O--H-0 0.0180 0.0783 0.0029 -4.33
HB2 C-H---0 0.0119 0.0433 0.0021 -2.04
RDXaas(b)

HB1 (N-)O--H-0 0.0236 0.0932 0.0017 -6.21
HB2 C-H---0 0.0074 0.0271 0.0014 -1.22
HB3 C-H--0 0.0061 0.0214 0.0011 -0.97
RDXas-"(b)

HB1 (N-)O--H-0 0.0579 0.1370 -0.0144 -19.80
HB4 (N-)O--H-0 0.0349 0.1113 -0.0025 -10.32
RDXuas"(b)

HB2 C-H---0 0.0150 0.0587 0.0026 -2.95
HB3 C-H---0 0.0092 0.0338 0.0019 -1.48
HB5 C-H---0 0.0348 0.1022 -0.0014 -891
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Table 4
Topological parameters for adsorbed HMXaqgs, its anion- and cation-radicals
bond bond type p,e'A3 V2, e:A5 H, au E, kcal/mol
HMXads(a)
HB1 (N-)O---H-0 0.0193 0.0813 0.0027 -4.71
HB2 C-H-0 0.0137 0.0512 0.0024 -2.51
HB3 (N-)O--H-0 0.0144 0.0639 0.0031 -3.11
HMXads—*(a)
HB1 (N-)O---H-0 0.0198 0.0780 0.0024 -4.61
HB3 (N-)O---H-0 0.0238 0.0874 0.0014 -5.99
HB4 (N-)O---H-0 0.0127 0.0592 0.0030 -2.76
HB5 (N-)O--H-0 0.0345 0.1124 -0.0023 -10.29
HMXads**(a)
HB1 (N-)O---H-0 0.0127 0.0586 0.0030 -2.70
HB2 C-H---0 0.0126 0.0477 0.0023 -2.29
HB3 (N-)O--H-0 0.0148 0.0646 0.0030 -3.17
HB6 C-H--0 0.0074 0.0286 0.0015 -1.32
HMXads(b)
HB1 (N-)O--H-0 0.0225 0.0900 0.0020 -5.80
HB2 C-H--0 0.0106 0.0374 0.0018 -1.79
HB3 C-H--0 0.0079 0.0015 0.0289 -1.35
HMXads_.(b)
HB1 (N-)O--H-0 0.0557 0.1326 -0.0132 -18.70
HB4 (N-)O--H-0 0.0085 0.0382 0.0024 -1.51
HB5 C-H--0 0.0146 0.0616 0.0028 -3.11
HB6 (N-)O--H-0 0.0309 0.1017 -0.0010 -8.57
HMXads*’(b)
HB1 (N-)O--H-0 0.0083 0.0388 0.0024 -1.57
HB2 C-H--0 0.0122 0.0441 0.0021 -2.16
HB3 C-H--0 0.0114 0.0429 0.0021 -2.04
HB7 C-H--0 0.0119 0.0452 0.0023 -2.13
Good correlation with a correlation Redox properties

coefficient of 0.99 was also observed between an
interaction energy and an electron density at
BCPs (Fig. S3, SI).

The calculated electron density properties of
studied complexes show that the interactions
between nitroamines and surface have low
electron density p and positive Laplacian (V2p > 0)
(Tables 3, 4). These values indicate that C-H---O
and (N-)O--H-O contacts may be classified as
closed-shell interactions. The electronic charge
of the interactions is concentrated towards
nucleus and is depleted in the internuclear
region. Positive electron energy density values
(H > 0) indicate noncovalent interactions, while
negative H values mean that these interactions
are partly covalent. Binding energy of
interactions calculated with the Espinosa
formula ranges from -1.22 kcal/mol for C-H--O
bond to -19.80 kcal/mol for (N-)O---H-O bond.
Energy values show that electron attachment
causes an increase of hydrogen bonds strength
between the nitramines and the surface. While an
attachment of electron leads to decrease binding
by H-bonds, except the case of RDX(b).

The calculated electron affinity, Gibbs free energy
of reduction, and reduction potential characterize
the ability of nitramines to be reduced (Table 5),
while the ionization energy, Gibbs free energy of
oxidation, and oxidation potential reflect the
ability of nitramines to be oxidized (Table 6). Close
values of Gibbs free energy of reduction and
electron affinity, and, respectively, Gibbs free
energies of oxidation and ionization energies
indicate insignificant contribution of entropy TAS
term in Gibbs free energy of redox transformation.
Analysis of Tables 5 and 6 shows that redox
properties depend on conformation of RDX and HMX.

Gibbs free energies of reduction or oxidation
for adsorbed and solvated forms differ from gas-
phase Gibbs free energy by contribution of
adsorption and hydration, which are listed in
Table 7. Calculated data show that hydration more
decrease gas-phase energy than adsorption. This
means that hydration more facilitates redox
transformation of nitramines than adsorption.
Indeed, as one can see from Tables 5 and 6, hydrated
nitramines have larger reduction potentials and
smaller oxidation potentials than adsorbed species.
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Table 5

Electron affinities, Gibbs free energies of reduction, and reduction potentials of RDX and HMX calculated

at the M05/tzvp and SMD/PCM(Pauling) /M05 /tzvp levels.

Species Es eV AG;)ed, eV Efed, eV
gas ads water gas ads water ads water
RDX(a) -0.87 -2.05 -3.22 -0.88 -1.97 -3.26 -2.39 -1.10
RDX(b) -1.01 -1.98 -3.31 -1.04 -2.05 -3.25 -2.31 -1.11
HMX(a) -1.84 -2.12 -3.64 -2.00 -1.97 -3.73 -2.39 -0.63
HMX(b) -0.97 -1.97 -2.49 -1.05 -1.84 -2.36 -2.53 -2.00
Table 6

Ionization energies, Gibbs free energies of oxidation, and oxidation potentials of RDX and HMX calculated

at the M05/tzvp and SMD/PCM(Pauling) /M05/tzvp levels

Species Ip, eV AGY,, eV EQ,, eV
gas ads water gas ads water ads water
RDX(a) 9.89 9.18 6.92 9.86 9.15 6.90 4.79 2.54
RDX(b) 9.95 8.77 6.87 9.94 8.80 6.92 4.44 2.56
HMX(a) 9.65 9.11 6.38 9.64 9.04 6.39 4.68 2.03
HMX(b) 9.76 9.13 6.70 9.74 9.13 6.73 4.77 2.37
Table 7

Gibbs free energy components (eV) in case of the reduction and oxidation calculated at the M05/tzvp
and SMD/PCM(Pauling) /M05 /tzvp levels

SpeCieS AAGEed,ads AAGrqed,salv AAng,aois AAng,solv
RDX(a) -1.09 -2.38 -0.71 -2.96
RDX(b) -1.01 -2.21 -1.14 -3.02
HMX(a) 0.03 -1.73 -0.60 -3.25
HMX(b) -0.79 -1.31 -0.61 -3.01
. [3] Degradation of TNT, RDX, and HMX explosive
Conclusions

Geometries of complexes formed by RDX and
HMX on (001) surface of a-quartz were modeled
at M05/tzvp level. RDX and HMX form C-H--0 and
(N-)O-*H-O hydrogen bonds with surface.
According to topological analysis of electron
density these H-bonds may be classified as
noncovalent and partly covalent closed-shell
interactions. Electron attachment leads to
increase binding between nitramines and silica
surface due to stronger hydrogen bonds
formation. Calculated data show that hydration
more decrease gas-phase Gibbs free energies of
reduction and oxidation than adsorption.
Calculation of ionization potential, electron
affinity, oxidation and reduction potentials show
that adsorbed RDX and HMX are more resistant to
oxidation and reduction processes as compared
with the hydrated species.
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