2
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TFCE - 1,2,2-trifluoro-1-chloroethene
DFE - 1,1-difluoroethene

1,3,5-triamino-2,4,6-trinitrobenzene
Los Alamos

o (TATB)
& PBX 9502 : 95% TATB, 5% polymer

Thesterical Divivien

@ interlayer separation = 3.0A (NO -NH

at 3.17A)
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Theaterical Disirion

the TATB/polymer interface at the
atomic level

e [s there a preference for either of the co-
monomer components for the TATB
surface?

Los Alamos

NATIONAL LABORATORY

TATB bulk structure and apply it to
surfaces

@ Calculate the energetics of the interac-
tion between single co-monomers and

the TATB surface and use this data to

simulate the interface.

Thesterical Divivion .!T? o?.LAu!sm?..vs

Theotexical Disisien

@ Standard harmonic functions for
bonded terms (harmonic springs for
bonds and angles) and Buckingham

potential for intermolecular terms

r.. C,
Eij=Aijexp—(‘—o—]-)——Gj
i i
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@ cell parameters to within 3%,
sublimation energy to within 10%
@ but no electrostatics! Is this a problem?

Thesterical Division .!79 e?. A.Iﬂm?.'s




(

vious one from sy (00
bulk

e first, for comparison take a 2x2x2
cell and minimise the structure
e then build the same structure with a
" "
vacuum gap" above the surface and
minimise this.

® calculation with Gaussian98, B3LYP,
6-31G*, CHelpG

Theatarieal Disivian Los Alamos heaterioal Dinision. Los Alamos

NATIONAL LABORATORY

NATIONAL LABORATORY
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2x2x2 bulk ) 2x2x2 surface
white, yellow, magents, brows LOS Alamos

NATIONAL LABORATORY
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organic crystal structures and has
parameters for C, N, O, S, and Cl.

@ But no parameters for F, so we can’t do
TCFE and DFE

& Need to fit new potentials for F

& Good source of "ozone destroying” data

Theaterical Divirisn Los Alamos

NATIONAL LABORATORY

Theoterical Disivion

& perform a simultaneous least-squares fit
to each of these crystal structures using
the existing forcefield parameters to
obtain new F-X parameters

Los Alamos

NATIONAL LABORATORY

& fit is adequate across the range of CFC
structures '
@ now to use the parameters for

something useful
Thesterical Division Los Alamos
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Thesterical Disisian

O g

® high temperature dynamics on organic
to generate a conformational database

8 random insertion of organic with TATB
surface fixed

® minimise position of organic and TATB
surface together

& generates a number of binding sites

Los Alamos
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vourable geomettics have
F oriented towards TATB surface rather

than Cl.
® perhaps the binding energies are a little
too high
Thesterieal Disiaian Los Alamos

NATIONAL LABORATORY

® would be expected for dispersive type
interaction, but perhaps not for an
electrostatic interaction?

@ preference for side-on geometry more

marked than for TCFE
@ most favourable sites have F towards
surface
Theaterical Disirion Los Alamos

NATIONAL LABORATORY

® "side-on" geometry
with chlorine away
from surface

Theaterical Disivisn Los Alamos
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e "side-on" geometry
with fluorine towards
surface
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WATIONAL LABORATORY




e perform MD on this model to equili-
brate then place the "soup" above the
TATB surface in the "vacuum" gap.

@ perform MD simulation at 298K to
observe any preferences for two mono-
mers

Theaterical Division ,!T 90?. LA: .Iﬂm?.,s

Thestesical Disision Lo Los Alamos

® use ab initio methods for guidance

@ lack of description of dispersive interac-
tions in Hartree-Fock or DFT methods

@ need correlated method (e.g. HF/MP2)
to reproduce energies

@ are dispersive interactions important?

Los Alamos

Theatexical Disisien NATIONAL LABORATORY

also MPgZ

& construct model consisting of a single
TATB molecule with associated TCFE

from most favourable docked binding

site
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energy is
calculated to be
+2.1 kJmol™

Los Alamos
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Thesterical Disisien

calculations
show (001) to
be the most
stable surface
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tssian i
larger TATB slabs
& use of a commercial forcefield to per-
form calculations (M SI’s COMPASS)
e calculations of surface energies to pre-

dict TATB crystal morphology

Thesterical Disisian Los Alamos
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fixed)

¢ TCFE binding energy is 26.1 kJmol™
vs. 55.9 kJmol™

e DFE binding energy is 15.4 kJmol™ vs.
49.1 kJmol™

Theatesical Disisisn Los Alamos
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@ 31 atoms. 3-21G basis (236 basis
functions), 6-31G* (380 basis Los Al
Theaterical Disirian functions) ..9o?u L..aomgvs

® nitro groups rotate out of plane by 28°
so we can’t use this for an
hestsisal Dioiisn. MP2 calculation Los Alamos

NATIONAL LABORATORY

® the best calculation we can do predicts
the monomer to be unbound!
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interactions included
e first step, perform optimisation on bulk
structure

# remarkably good agreement
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