
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estiinated to average 1 hour per response, Including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of infomiation. Send comments regarding this burden estimate or any other aspect of this collection of infomiation, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington. VA 22202- 
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of infomiation if it does not display a currently 
valid 0MB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1. REPORT DATE (DD-MM-YYYY) 
21-08-2003 

2. REPORT TYPE 
Technical Viewgraph Presentation 

3. DATES COVERED (From - To) 

4. TITLE AND SUBTITLE 

Isolation of Boron and Carbon Atoms in Cryogenic Solids 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S} 

C.W.T,arson(AFRL/PRSP) 

5d. PROJECT NUMBER 
2303 
5e. TASK NUMBER 
M2C8 
5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT 
NUMBER 

Air Force Research Laboratory (AFMC) 
AFRL/PRS   • 
5 Pollux Drive 
Edwards AFB CA 93524-7048 

AFRL-PR-F,D-VG-2003-212 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S) 

Air Force Research Laboratory (AFMC) 
AFRL/PRS 
5 Pollux Drive 
Edwards AFB CA 93524-7048 

11. SPONSOR/MONITOR'S 
NUMBER(S) 

AFRL-PR-ED-VG-2003-212 
12. DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

13. SUPPLEMENTARY NOTES 
For presentation at the 9* International Workshop of Combustion & Propulsion - Energetic Materials in La Spezia, Italy, taking place 14- 
19 Seotember 2003. 
14. ABSTRACT 

20030929 082 
15. SUBJECT TERMS                                                                                                                                                                     "     " 

16. SECURITY CLASSIFICATION OF: 17. UMITATION 
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
Leilani Richardson 

a. REPORT 

Unclassified 

b. ABSTRACT 

Unclassified 

c. THIS PAGE 

Unclassified 
A 14 

19b. TELEPHONE NUMBER (include area 
code) 

(661)275-5015 

Best Available Copy 
Standard Fonn 298 (Rev. 8-98) 

Prescribed by ANSI Std. 239.18 



Isolation of Boron and Carbon Atoms In Cryogenic Solids 

C. William Larson 
Propulsion Directorate 

Air Force Research Laboratory 
Edwards AFB, CA 93524-7680 

>tii 
9 ' International Workshop on Combustion and Propulsion 

iVOVEL ENERGETIC MATERIALS AND APPLICATIONS 
14-18 September 2003 
Lerici, La Spezia, Italy 

Approved for public release; distribution unlimited. 

Outline 

Theoretical Isp of cryogenic solid propellants composed of the atouis, dimers and trimers of 
lightweight elements isolated in solid para hydrogen. Consequences of condensation. 

Spcctroscopic studies of Boron/Carbon clusters by matrix isolation spectroscopy. 

Development of stable, hi-flux boron atom source for preparation of cryogenic «olid BEDM 
(under auspices of SmaU Business Innovative Research (SBIR) program. 

First optical spectrum of.B3 (under auspices of Intcrnationai Research liiitiative of the Air 
Force Office of Scientific Research). 

Video'of expiodmg B/C and C HEDM. 
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AFRL/PRSP Branch Review, Edwards APB, dA 19 Scplember 2001 

Cryosolid Propellants Approach (Make) 

*   Rapid vapor deposition of metal atom vapor and pre-cooled 
parahydrogen gas onto a liquid helium cooled substrate in vacuum. 
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Optimization ol boron HEDM propeliant combustion wifli liquid oxygen. 
The propeliant formulation is H190B5, or 5 equivalent mole percent boron atoms isolated in 95 mole percent solid 

parahydrogen. Thefourpanelsshowtheoptimizalion&reachbffourlevels6fatomcondensaUon:(l)BatomSi(2)B2 _ 
molecules, (3) Bj molecules, and (4) B-i molecules. Ihe Isp andTc were calculated for Ihe Standard RookefCondition: lOW P^i 
chamberpressure and expansion lo se4 level, wbici for 'L0X/LH2 produces an Isp Of 38? s and a chamber temperature of 2984 
K. The heats of formation for BJHISKJ listed in each panel are derived fiom -2.20 koal/mol for soUd parahydrogen at 4.4 K, and 
135.0 for B, 203.4 for Bj, 1918 for Bs, and 225 kcsil/mol for B4. The Isp and Tc for no 03ddizer are listed together witli the 
optimum (maximum) Isp obtainable'for the specifiedO/F niUo (by mass) and the value of Tc. In all cases the chamber      . 
temperature Tvith boron HEDM is very much less than the Tc of the tOX/LI-I2 Standard Rocket, which produces Isp - 3»9 s 
■m&. Tc = 2984. The uncondensed boron HEDM Isp of 474 s runs at 1832 K. vrilh n© oxidizer, the uncondensed boron HEDM 
rocket runs at 965 K and oroduces ISD - 402 s. - 
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with inverted intensity ratios. Note red sliift of BC3 from Q. jBfC, B3, and B3C were not observed. 
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Electronic absorption spectra recorded m a 6 K matnx after 4 hours of mass-selecied co-deposifion of B3" with 
neon. Tb& bottom trace shows the 'E' - X 'AI' electronic, transition of Bj' overlapped by the 2 ^E' - X ^Aj' system 
of B3, produced from partial neutralization of the ariions Impinging on the matrix during deposition. The top trace 
reveals flie 2 %' - X ^A] electronic ti-ansition of B3 measured after exposure to UV radiation; Absorption belonging 
to the anion disappears. 

M. Wyss, E. Kiaplov, A. Batalov, J. P, Maier, T. Weber, W. Meyer, P.Rosmus, J: Chem. Phys. (2003, in press). 
University of Basel, University of Kaiserslautem^ Umversite de Mame la Vallee 
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C^oiidusidrisr 

Large Jsp iihprbVfcnients are produced by'ci^ogehic solid propellants Mvith atoms, dimers, tntnerSj and 
tetnim^i^ isolated in solid hydrogen, but condensation leads to loss of benefit 

5 mole percent B atoms prodnces Isp of 474 seconds compared to 385 s for L0X/sH2. Tlie iHEDM 
GoitfbiistioM temperatMrc is 1832 K, compared to 2984 K for IOX/SHI. 

Annealing kinetics of disappearance of G3 and BC2, and of appearance of BjC, Q, BC3, B2CJ, Q, BQ, and 
B2C3 unequivocally establishes the presence of atoms and dimers in the originally deposited matrix. 

~ 80% or more of the initially deposited HEDM existed as atoms^ dimers aiid trimers. 

BjCn molecules arc linear, with boron atoms attnched to each end, and arc immnne to radical attack and ■ 
condensation dnring annealing. 

Theory predicts that a 12 kcal/raol barrier exists for B atom insertion into H2, so isolation by co- 
condensation maybe possible. 

A stable, high-flux B-atom source has been developed under the Small Btisiness'Ihriovative Research 
Program capable of production of 100 mg of Boron HEDM in a few hours. 

B2 or B3 may be the ultimate sinlts (islands of stability) for atoms in the low temperature environment 

Studies of tlie spectroscopy and reactivity of B atoms and small clusters with hydrogen are: underway at the 
University of Basel, supported by tlie Air Force Office of Scientific Research through the International 
Research Initiative program. 
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^ 2^ Survey spectra of precision matched matrices showing larger clnsters 
BjCn-j, n >4, J = 0,1,2 in original matrices and after three annealings. 
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ScISr^r?" -"'^ g^7;trics of B,C, produce simUar isotopomer fmgerprints. 
Scale factor (S, = measured frequcucy/U,eoreticaI frequency) of Uuear BCCB = 0.97250. 
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