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Figure 1. Specific impulse of HEDM containing 4 mole percent equivalent atom density in solid hydrogen with
various stages of condensation. Numbers inside circles denote the optimum moles of O, per 100 moles of H, that
produces the maximum Isp for the indicated compositions. The calculations are based on the standard rocket
operating conditions, 1000 psi combustion pressure and | atm nozzle exit pressure, which produce 389 sec with
liquid oxygen/liquid hydrogen propellant. The propellant composed of 4 mole percent C-atoms produces maximum
Isp with no oxygen. If the atoms condense to | mole percent C4. the Isp drops to the baseline 389 sec value.




Objective - 5% atoms in cryogenic matrix
Approach

1. FTIR spectroscopy of ByC.; clusters isolated in 10 K argon matrix

2. Ab-initio calculations of cluster
(a) normal mode frequencies and frequency shifts of their isotopomers
(b) infrared absorption intensities (km mol™")

3. Measurement of cluster distributions produced upon deposition and after
annealing . Absolute column densities (molecules cm’?) from Beer’s Law

A exp

<pl>= N

theory

— Et(v)
Ay = J;ln[—Eo(v) ]dv

BJCn-J J=10
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FIG. 1. FTIR spectra of the »(o) mode of isotapomers of linear BC, and the vy{er,) mode of isotopomers of linear C,. The spectra were recorded at 10 K
after annealing the matrices with the indicated compositions at 27.5 K for 150 5. The large open Iriangles at the bottom show the predicted frequencies of

linear BC; isotopomers (as explained in the text) and small filled triangles show d isotop q
matrix (a
12 13 2003.6 (@ 12 1ge
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C,°C
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O 4w
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™ T

1G. 2. Spectra obtained from matrix (a) {'*8/'°B = 4/1] and matrix {b) (*'B/1°8 = 112.7] showing comrelation upon annealing of the (&} bands of '°BC; and
1'BC, at 2006.8 and 2002.1 cm ™! with the v3(or) bands at 1530.0 and 1512.5 em ™", The specira labeled **0" are from the originally deposited matrix. Labels
“1°* to 4" indicate spectra recorded after the first through fourth annealing as follows: (1) 27.5 K for 150 5. (2) 30.0 Kfor75s, (3) 32.5 K for 45 s. {4) 35.0
K for 30 «. Frequency and absorbance scalcs are identical for all spectra. The plotted absorbance is = l0gig of the transmittance. To facilitate comparisons
between matrices. the absorbance of the matrix (b) spectra are multiptied by 1.4,
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[1G. 3. FTIR spectra of the vy(r,) mode of isotopomers of linear BCCB. The spectra were recorded after annealing the matrices with the indicated
compositions at 27.5 K for 150 s. The large open triangles at the bottom show the predicted frequencies of linear BCCB isotopomers (as explained in the text}

and small filled triangles show measured isotopomer frequencies.

TABLE IV. Experimentat B,C, isotop freq y patierns. Freq ies and freq y intervals (cm ') in
triplet bands of B,C, isotopomers.
Boron isotope tnplets Carbon isotope tripiets
Intervals Intervals
Isotopomer Freq. Short Long Isotopomer Freg. Short Long
198, 12¢, 979.0 18, 1%, 979.0
long, ¢, 967.7 " 24.0 g, ¢, 970.2 > (16.7)*
.
g, "¢, 955.0 127 '°g, C, (962.3)° o
I!!Bz II.IJCz 970.2 IO.IIB: ”Cl 967.7
. .
lotg, 1213¢, (958.7)* (nﬁ)' 244 iollg, R3¢, (958.7)" oo 17.1
.
itg, 1213, 9458 (12 g, B, 950.6 o
g, B¢, (962.3* . ;ML o 955.0
lotlg, B, 950.6 o (24.8)° g, '+, 9458 2 17.5
B, ¥C, 937.5 > s, "'c, 937.5 >

*Frequencies and intervals in parentheses were interpolated or extrapalated from measured quantities.
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FIG. 4. Comparison of experimental isotopomer fre-
quencies to scaled theoretical isotopomer frequencies
for the most intense modes of four B,C, geometries as
calculated by Rittby. Ref. 5.
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Figure 1. Distribution of B,C,., clusters. J =0, 1, 2;n= 3.11. Circles, triangles and squares represent BC..1, Cn 2and
BC.., clusters. respectively. Large symbols denote upper and lower limits of measurement, based on a nommal minimum
measurable absorbance of 0.0023 em’. and a maximum absorbance for linearity of Beer's law of 2.3 cm’ (1%
transmittance. Small symbois denote measured quantities in the initial matrix, and in six annealed matrices. Annealing
temperatures and times were (1)27.5 K/1505.(2) 30.0 K/75 s, (3) 32.5 K/45 5. (4) 35. 0 K/30s, (5)37.5 K/20's, (6) 40.0
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