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High Resolution IR Spectroscopy in pH, Hosts

DiSTRIBUTION STATERET T A
Approved for Public Release
Distribution Unlimited

\ 650 12112001




High Energy Density Matter (HEDM)
~ Cryosolid Propellants

Objectives

*  Trap 5% molar concentration of energetic additives in
solid hydrogen.
*  Demonstrate size-scaleable sample production method.

Payoffs

Increased Specific Impulse
ISp oC AHsp

LOX/LH2 : I,=390s
5% B/H, + LOX : I = 500 s (+30%)*

* calculated for P, = 1000 PSIA, P, 0 = 14.7 PSIA

Greater Propellant Density
liquid H, @ 20 K : p = 0.070 g/cm’
solid H, @ 2 K : p = 0.087 g/em® (+25%)
50/50 liquid He/solid H, : p = 0.105 g/cm’ (+50%)
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Optical Scattering in Solid Hydrogen

- Crystal Growing and Quality (p. 81)

“There is a considerable art to growing hydrogen

crystals of high quality. Good crystals are always grown
- slowly from the melt; a rapid freeze from the gas produces
~ snow.”

~ Crystallite Light Scattefing (p. 83)

“The reason that a good hydrogen crystal is so hard to

-~ see is its low refractive index...an estimated 1.16!

Yet a 1 mm-thick layer of hydrogen crystallites can
be a completely opaque brown-black.”

P.C. Souers, |
Hvdrogen Properties for Fusion Energy
(UC Press, Berkeley, 1986).
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log1 o(l/N

110 PPM CH,/pH,, d = 1.2 mm

st2320a: as dep. T=2 K
b: 4.4K, c: 3.0K, d: 2.2K
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Intensity (arb.)

B/pH, LIF
Aeye =217 nm, 125 pd/pulse

: o 2 )
2 aN_ = L
] @S g :
J N — L
] & 8 o
4 1 E r
] o: C L
N o -
7] NE © C
i ) L
] N X
| G & -
] N o C
o I

a n C

b 3

c ) )

""""" I"“""'l"“““‘l""""'l'r""“'l""'“"I"""TJ:—
230 240 250 260 270 280 280 300

wavelength (nm)




Intensity (arb.)

B/pH, LIF
Aoy = 207,210, 217, and 220 nm
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transmission (abs.)

0.4

B/pH, UV absorption and photobléaching
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B/pH, UV photobleached lineshape
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B/pH, LIF Cartoon
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v,, B,H, in B/pH, solid
as deposited and photobleached
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transmission (abs.)

1.1

B/Ne UV absorption
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Intensity (arb.)

‘B/Ne LIF

Aexe = 210, 213, 215, 217, 219, 220, 221 nm

Moo =221 nm
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Intensity (varb.)

Aoy = 535, 540, 545, 550, 555, 560, 565, 570 nm
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transmission (abs.)

Na/pH, transmission spectrum
as deposited and photobleached
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~ -A transmission (abs.)

Na/pH, photobleaching
60 to 90 pJd/pulse, d__. ~ 4 mm
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Conclusions

*  As-deposited pH, samples are mixed hep/fee close-packed
solids that transform to hcp upon annealing to = 5 K. -

*  Demonstrated trapping of various dopant atoms, molecules,
and ionic species using conventional matrix isolation sources.

*  Some dopant IR absorption bands show unresolved
structure even at 0.1 cm™ resolution.

*  Measured ~ 1 K temperature rises in ~ 0.1 cm thick
samples subjected to 10 mW/cm” heat loads during deposition;
estimated thermal conductivity of rapid vapor deposited pH, is -
~1 mW/cm-K. N

*  Observed guest-host photochemi'stry during attempts to
produce energetic dopants via 193 nm irradiation.

*  Observed LIF of B atoms in solid pH,. Emission lineshape
18 independent of excitation wavelength. Photobleaching results
in uniform changes to absorption lineshape.

*  LIF of Na atoms in solid pH, is at least four orders of
magnitude weaker than LIF of Na atoms in solid Ne.
Photobleaching effect depends on excitation wavelength and
produces varying changes to absorption lineshape.




Future Directions

Bruker IFS120HR on order.

High resolution IR absorption (0.003 ¢m™) and
Raman (0.05 cm™) spectroscopies:
unresolved rotational (hindered rotor?) structure in
- presently available spectra.
determine inhomogeneities in dopant environment:
hep/fee vs. random stacked for as-deposited
dopant-dopant interactions (clusters).

Analysis and simulation of IR spectra:

dopant absorptions
- CO/pH, “crystal field” model
(collaboration with T. Momose, Kyoto U)
direct simulation given dopant-H, potentials.
induced H, absorptions

Measure fluorescence decay of “B atom” LIF.

Work to increase dopant concentrations from 0.1 to 1%
levels; demonstrate useful energy storage.
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log, (I/1) (abs.)

ST2330a8b
1100 PPM O,/pH,

photolyzed at 193 nm
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