
SF 298 MASTER COPY KEEP THIS COPY FOR REPRODUCTION PURPOSES 

REPORT DOCUMENTATION PAGE 
Form Approved 
OMB NO. 0704-0188 

Public reporting burden for this collection of information is estimated 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 the collection of information. Send comment regarding this burden estimates or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for information Operations and Reports. 1215 Jefferson 
Davis Highway. Suite 1204. Arlington. VA 22202-4302. and to the Office of Management and Budget. Paperwork Reduction Project (0704-0188), Washington, DC 20S03. 

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 
7  July  97 

REPORT TYPE AND DATES COVERED 

4. TITLE AND SUBTITLE 

Carbosilane & Carbosiloxane Based Graft Copolymers 
as Recyclable Multiphase Thermoplastic Materials 

6. AUTHOR(S) 
K.B. Wagener and S.K. Cummings 

5.  FUNDING NUMBERS 

JtftftttoV-M-C-oo+o 

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

University of Florida 
Gainesville, Fl 32611 

PERFORMING ORGANIZATION 
REPORT NUMBER 

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

U.S. Army Research Office 
P.O.Box 12211 
Research Triangle Park, NC 27709-2211 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

ftfio 33Lf+*-l-cU 

11. SUPPLEMENTARY NOTES 

The views, opinions and/or findings contained in this report are those of the author(s) and should not be construed as 
an official Department of the Army position, policy or decision, unless so designated by other documentation. 

12a. DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

12 b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 

The project goals are to investigate the use of unsaturated carbosilanes function 
alized with a Si-Cl bond in the synthesis of solvent resistant elastomers and high 
performance polymers. We have successfully synthesized a variety of chlorofunction 
alized carbosilane polymers which are highly elastic materials.  Substitution on 
this highly elastic backbone with nucleophiles provided materials which were 
virtually insoluble in every solvent system studied.  These solvent resistant 
materials have shown good thermal stability, being resistant to decomposition in 
air up to 400 degrees centigrade. 

D2IC QffALrn- mamas 2D 4 

14. SUBJECT TERMS 

chlorosilane, polymer, metathesis, copolymer, elastic 

15. NUMBER IF PAGES 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OR REPORT 

UNCLASSIFIED 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

UNCLASSIFIED 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

UNCLASSIFIED 

20. LIMITATION OF ABSTRACT 

UL 
NSN 7540-01-280-5500 

Fnpi nciiro    1 
Standard Form 298 (Rev. 2-89) 



32545-CH 

FINAL PROGRESS REPORT 

TWO COPIES REQUIRED 

1. ARO PROPOSAL NUMBER:     32545-CH 

2. PERIOD COVERED BY REPORT:       1 January 1994 - 31 December 1996 

3. TITLE OF PROPOSAL:   Carbosilane & Carbosiloxane Based Graft Copolymers 
as Recyclable Multiphase Thermoplastic Materials 

4. CONTRACT OR GRANT NUMBER: DAAH04-94-G-0040 

5. NAME OF INSTITUTION: University of Florida 

6. AUTHORS OF REPORT: K.B. Wagener and S.K. Cummings 

7. LIST OF MANUSCRIPTS SUBMITTED OR PROPOSED UNDER 
ARO SPONSORSHIP DURING THIS REPORTING PERIOD, 
INCLUDING JOURNAL REFERENCES: 

"Acyclic Diene Metathesis in the Preparation of Functionalized Carbosilane Polymers," S. 
Cummings, J. Anderson, and K. Wagener, Polymer Preprints, 37(2), 192 (1996). 

"Access to Silicon-Derived Polymers via Acyclic Diene Metathesis Chemistry," S. 
Cummings, E. Ginsberg, R. Miller, J. Portmess, D. Smith, Jr., K. Wagener, in "Step 
Growth For High-Performance Materials: New Synthetic Methods,"(ACS Symposium 
Series, No. 624), American Chemical Society, Washington, DC, 1996, Ch. 6. 

"The Synthesis and Characterization of Chlorofunctionalized Unsaturated Carbosilane 
Oligomers and Polymers", J.D. Anderson, S.K. Cummings, J.D. Portmess, and K.B. 
Wagener, Polymer Preprints, 36(2), 162 (1995). 

"Access to Silicon Derived Polymers Via ADMET Chemistry", S. Cummings, D. Smith, 
and K. Wagener, Polymer Preprints, 36(1), 697, (1995). 

"Synthesis and Characterization of a Chlorofunctionalized Unsaturated Carbosilane 
Oligomer", S.K. Cummings, D.W. Smith, and K.B. Wagener, Macromol. Rapid 
Commun., 16, 347 (1995). 

19970820 048 



32545-CH 

8. SCIENTIFIC PERSONNEL SUPPORTED BY THIS PROJECT 
AND DEGREES AWARDED DURING THIS PERIOD: 

S.K. Cummings, 5th Year Graduate Student 
J.D. Anderson, Postdoctoral Associate 
K. B. Wagener, Professor of Chemistry 

9. REPORTS OF INVENTIONS BY TITLE: None 

APPROVED FOR PUBLIC RELEASE 

DISTRIBUTION UNLIMITED 

THE VIEWS, OPINIONS, AND/OR FINDINGS CONTAINED IN THIS REPORT ARE 
THOSE OF THE AUTHOR(S) AND SHOULD NOT BE CONSTRUED AS AN OFFICIAL 
DEPARTMENT OF THE ARMY POSITION. POLICY, OR DECISION, UNLESS SO 
DESIGNATED BY OTHER DOCUMENTATION. 

K.B. Wagener 
Department of Chemistry 
University of Florida 
Gainesville, FL 32611 



32545-CH 
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Description of the research problem studied. Our work is related to the synthesis of a 
new class of silicon-based solvent resistant elastomers for military use. Such materials require 
demanding performance such as long-term durability, high solvent resistance, and usefulness over 

a wide temperature range. Typical applications include hoses, seals, mounting structures, face 
masks, and binding agents for advance projectile propellants. EMI shielding is also a potential area 
of use within military electronics. 

Summary of the most important results. The project goals are to investigate the use of 
unsaturated carbosilanes functionalized with a Si-Cl bond in the synthesis of solvent resistant 
elastomers and high performance polymers. We have successfully synthesized a variety of 
chlorofunctionalized carbosilane monomers in high purity, which is required for the condensation 
metathesis polymerization technique used. Both monochloro carbosilane and dichloro carbosilane 
monomers were synthesized and were shown to be amenable to metathesis polymerization and 
afforded unsaturated carbosilane oligomers and polymers possessing the Si-Cl bond. The 
synthesis of this new elastic material consists of essentially two steps whereby the first consists of 
producing the chloro-functionalized carbosilane backbone, which in fact is highly elastic and 
reactive. We have successfully synthesized this backbone and characterized it completely with 
regard to structure, molecular weight, flexibility, and reactivity. 

The second reaction consists of substituting on this highly elastic backbone with nucleophiles that 
will provide the solvent resistance that is sought. Both amine and alkoxide nucleophiles were 
employed in producing a material that is highly elastic, yet insoluble in virtually every solvent 
system studied. These solvent resistant materials have shown good thermal stability, being 
resistant to decomposition in air up to 400 degrees centigrade. 
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