
REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

collection of information if it does not display a currently valid OMB control number  PL™Sl^ 4nÄ'0 ^ Pena"y "" 'ai'in9,0 «"W wi,h a 

1. REPORT DATE (DD-MM-YYYY) I 9 BctjnoTTvnr  °"  , AD0HEss. 

4. TITLE AND SUBTITLE 

2. REPORT TYPE 
Technical Papers 

6. AUTHOR(S) 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

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

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

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

12. DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 

a. REPORT 

Unclassified 

b. ABSTRACT 

Unclassified 

c. THIS PAGE 

Unclassified 

3. DATES COVERED (From - To) 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

5d. PROJECT NUMBER 

S3o^ i 
5e. TASK NUMBER 

m acfl 
5f. WORK UNIT NUMBER 

8. PERFORMING ORGANIZATION 
REPORT 

10. SPONSOR/MONITOR'S 
ACRONYM(S) 

11. SPONSOR/MONITOR'S 
NUMBER(S) 

17. LIMITATION 
OF ABSTRACT 

(AJ 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE 
PERSON 
Leilani Richardson 
19b. TELEPHONE NUMBER 
(include area code) 
(661)275-5015 

&j% 1 ■•■    i 
""tJi i t'-i /'/•; Ml-   i 4-fc/vs %     f'i f a 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. 239.18 



c 
MEMORANDUM FOR PRS (In-House/Contractor Publication) 

FROM:   PROI (TI) (STINFO) 03 October 2000 

SUBJECT: Authorization for Release of Technical Information, Control Number: AFRL-PR-ED-TP-2000-189 
Vij, V.; Vij, A.; Wilson, W.W.; Christe, K.O. (ERC); Sheehy, J.; Boatz, J., Tham, F.S., "Chemistry of N-F 
Containing HEDM Materials and on Lewis Acidity of LiF" 

HEDM Contractors Conference (Park City, UT, 24 Oct 2000) (Statement A) 
(Deadline: 27 Sep 2000 - PAST DUE) 

1. This request has been reviewed by the Foreign Disclosure Office for: a.) appropriateness of distribution statement, 
b.) military/national critical technology, c.) export controls or distribution restrictions, 
d.) appropriateness for release to a foreign nation, and e.) technical sensitivity and/or economic sensitivity. 
Comments:  

Signature  Date 

2. This request has been reviewed by the Public Affairs Office for: a.) appropriateness for public release 
and/or b) possible higher headquarters review 
Comments:  

Signature  Date 

3. This request has been reviewed by the STINFO for: a.) changes if approved as amended, 
b.) appropriateness of distribution statement, c.) military/national critical technology, d.) economic sensitivity, 
e.) parallel review completed if required, and f.) format and completion of meeting clearance form if required 
Comments:  

Signature  Date 

4. This request has been reviewed by PRS for: a.) technical accuracy, b.) appropriateness for audience, c.) 
appropriateness of distribution statement, d.) technical sensitivity and economic sensitivity, e.) military/ 
national critical technology, and f.) data rights and patentability 
Comments:  

APPROVED/APPROVED AS AMENDED/DISAPPROVED 

PHILIP A. KESSEL Date 
Technical Advisor 

Cleared (PA)_ 
Logged (PA)_ 
Notified (PA)_ 
Copied & Distributed (STINFO)_ 
This original is for PA files 



Chemistry of N-F Containing HEDM Materials and on Lewis Acidity of LiF 

Vandana Vij, Ashwani Vij, William W. Wilson, Karl O. Christe, Jeffery A. Sheehy, Jerry 
A. Boatz and Fook S. Tham 

Air Force Research Laboratory, Edwards AFB, Edwards CA 93524 
University of Southern California, Los Angeles, CA 90089 

University of California, Riversaide, CA 92521 

Abstract 

The recent isolation of the N5
+ cation is one of the most amazing discoveries of 

modern chemistry.' This statement is justified by the fact that this is the first all nitrogen 

homoleptic species to be isolated in more than a century, and only the third known 

species of this kind besides atmospheric nitrogen (N2) and the azide ion (N3"). The 

N5
+AsF6" salt is only marginally stable at room temperature. In order to prepare other 

more stable Ns+ salts for application as high energy density material, it was necessary to 

prepare the corresponding precursors in an efficient manner and in large quantities. The 

choice of common natural graphite flake as opposed to HOPG for the graphite. AsFs 

intercalate formation reduces not only the cost drastically, but also the intercalation time 

from several weeks to two days. This intercalate is then used to reduce N2F4 to N2F2. 

Using the graphite flake intercalate, this reduction reaction was accomplished in several 

hours instead of weeks with minimal formation of by-products.   Another major 

discovery made during this study is the catalytic conversion of trans-N2p2 to its cis- 

isomer when SbFs is used as the Lewis acid. This reduces the number of steps required 

for the preparation of the precursor, N2F+SbFe", and avoids the need for an extra step 

involving the corresponding expensive ASFö" salt. Also, discovered during the 

isomerization studies is a novel synthetic route to prepare NF/ salts at relatively low 

temperature and pressure that does not require elemental fluorine and NF3. A structural 
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analysis of the N2F
+ cation was also carried out by the crystal structure determination of 

N2F
+SbF6" and N2F

+Sb2Fir. Isolated N=N and N-F bond distances were measured for the 

first time in the solid state. These distances are in excellent agreement with those 

predicted by theoretical calculations. The N=N bond in N2F
+Sb2Fif is shorter than the 

triple bond in N2 and is the shortest known nitrogen-nitrogen bond. 

In addition to the structure and chemistry of N-F compounds, an attempt was also 

made to synthesize and characterize CsLiF2 in order to study the isolated LiF2" anions. 

According to theoretical calculations and the recently developed pF" scale, free gaseous 

LiF (pF"= 7.23) is a much stronger Lewis acid than CsF (pF = 3.8) and, therefore, should 

easily abstract the fluoride ion from CsF with the formation of the LiF2" anion. However, 

the linear LiF2" anion, which is theoretically predicted to be vibrationally stable in the free 

gaseous state, could not be isolated. The single crystals obtained from a fused 1:1 

eutectic mixture show that CsLiF2 exhibits an interesting three-dimensional network of 

alternating tetra-coordinated lithium and octa-coordinated cesium cations bridged by 

fluorine atoms in a C-centered monoclinic lattice. 

1. C&E News, Jan 25, 1999; C&E News August 14, 2000, and references 
therein. 


