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SUMMARY 
e\- X 

The reaction of tetrafluoroethyli ne with fluoro-olefimc silanes 

has been shown to occur at elevated 'emperatures to form products 
containing a perfluorinated ev> lobu* .ue ring. Although conversions 
were low. the reaction provides a b .sis ¡or further studies involving 

uiiunctional moieties which can lead ¡o novel block copolymer systems 
comprised of siloxane units and fluí rjearbon units in alternating 

C < s/Sc 

ex a 
me silanes 

n products 
onversions 

es involving 
ymer systems 
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£- e < V/A: <L sequences. 



INTRODUCTION 

A. Objectives 

The objectives of this pro^' im arc the development of high 

strength chemica! resistan* rC ' ers serviceable at low temper¬ 

atures (down to - 650 F. ) and chemical resistant rubbers that have 
high strength and rubber-like properties at high lempera’ures 
(600 = F. and aboce) through the ivestvgaticn of f.uorme-containing 

B. Program 

In order to achieve the abc \ e objer ives a broad program was 
planned embracing (a) the deve1 pment of block copolymers composed 
of fluorocarbon units alternating with fluoroalkyl siloxane units and 

(b) the synthesis of fluorocarbc .1 polymers containing a nitrogen 
sulfur or oxygen heteroatom in "he backbone of the macromolecule. 

Full implementation of the program will depend on the rate at 

which suitable monomers and c her reagents can be acquired from 

commercial suppliers or prepf>i id by the academ.c contractors to 

the Army Natick Laboratories. 

C. Statement of Costs 

Approximately 145o of the authorized funds have been expended 

during this quarter. Since mu.!, of this expenditure has been 
incurred in the acquisition of r.-. .terials and special equipment 
required for the project plus tl • development of suitable reaction 

conditions, only about 5% of th. projected work has been completed. 
It is believed, however, that tlu funds allocated will be sufficient 

to permit completion o* the pre posed w’ork. 
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DISCUSSION OF RESULTS 

,'\. ivlOiiGrnc“ Dr1' - gr¿ rnc r*.t 

The lo:low.!n¿ mcnomers a 
the ported of tlr, 5 report- 

Monomer .ih’IC'JI'l 

CF, CFC1 4 H i. 

CF.. CH. 4 !bi. 

CF CCF - 
• II 

O 

CF¿BrCF:Br 17 11-. 

CF¿- CFCHíCH.SitCH i IS g. 

CF - CFStiCH-.' 15 g. 

CH : CfF 10 g. 

CF - CFCH.-CH-Si • O- Si CH; CH CF 1 

CI^. CH. 

F -C V C-CF 
, M 

^ 0 

F F 

10 g. 

CH.- HOg. 
t CF:CFjCH;CH-¿iO] - 

CH 7 5 g. 
f CF;,CH2CH¿CH£SiO] > 

F- 

H, 
1 

FC1 

H 
CH= CH- 

56 g. 

sucu-^ors " --re obtained during 

Sourre 

Cu nera' Chemical Dnti’cn, 
AlUed Chim . a1 Corp. 

Genera’ Chenrca' Dr'.sion 
A'H.ed Chem cal Corp. 

General Chemica' Di\-sion 
A''-.ed Chemical Corp. 

Freon Product« Div ?-on F. 1. 
duPont de Nemours and Co. 

P. Tarran’- University of 

Florida 

P. Tarrant, University cf 

Florida 

P. Tarrant Uni'er« tv of 

Florida 

P. Tarrant, Univers ’v of 

Flor da 

E. C. Stump. Peninsular Chem-. al 

Rese arch, Ir.i . 

E. C. Stump, Peninsular Chemual 
Researrh, Inc. 

J. D. Park, University of Colorado 
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P. Polyiner'za* 'on Research 

Tht i n 11 al investigations < iducted under this contract were 

concerned with a reaction sugg ¡ted bv Prof. Paul Tarrant 

I Uni' ersitv of Florida) in whtc* i fluorc-oleftn is reacted w’th a 
fluoro-oleiimc silane to 'orm oroduct containing a four membered 

r ng i.e. a pe rt iuor; naU d eye bvOanc deri'afve: 

A CF CFCH CH SuCH ): 
CF.vCi.-CF CFCHCHSoCIi -^ ¿F 5» 

r. “ 

Moreover " was envisage c, that a novel block copolymer 

would be formed by the co-rea • on of an alpha., omega d:vinyl 
fluoro-ole'tntr monomer with t. Ufunctional iluoro-oienmc Siloxane 

prepolymer m which cha'n pro-: .gauon would be rficcted by *he 
cycloaddition reaction mention above. The 'nitial experimental 
studies were concerned wiih th. exploration cl this reacv.on with 

the aid of two model compound- supplied by Pío'. Tarrant vtz. 
CF- CFCH:CH,S;'CK_) and Ci CFSiiCH )_. The co-reactant 

selected for use with the above mentioned compounds was tetra- 
fluoroethylene CF;-- CF . a m - orner known to participate in 
similar cycloaddiuons with a % -etv of unsaturated compounds ij). 

The formation of ryclobu'ane r .gs from he co-reaction of the 
respective starting materials :- potentially complicated bv the self 

dimerization of each of the sta” ng materials and an effort was 
made to allow the favored real on prodr .t to form with a minimum 

of side reactions occurring. 

Equirmlat quant ties of th fluoro • olefin.o silanes and tetra- 

fluoroethylene were ¡ harged ir* a bomb and allowed to react at 
elevated temperatures tor ca. 1' hours and the I• quid products "ere 

removed from the bomb and sufcfected to a simple distillation to 

estimate the degree of comers n to the expected product. Table I. 
lists the exper mental details. An inspection of the table reveals 
that the react-on of tetrafluoroi thylene wth the fluoro-olefintr 

silanes occurred at 150'C. bu* *hat somewhat higher ccnversions 
were obtained at ¿00 C. The -.ciant.ty of the product of the reaction ^ 
between CF CF andCF. CFCH;CHtS* (CH,), i. e. CF2CFCH:CH-Si(CH ,), 

CF.CF 

was shown by the absence of unsaturation in the infrared speitra and 
by the carbon and hydrogen ana'vses which agreed with the theoretical 

calculated percentages. 

j 
I 

I 

l 

V 



As d c ontioqut'iv*. i- cl 1 iu‘ sn ill quantities' oi inonomoi made 

available (, a. 10 gram?) only a nuted number of experiments 
could be performed, in some c i->es using recovered materials, 

and no attempt was made to del’ rmine exact yields of product. 
The availability of larger quant Acs of monomers is essential 

for a thorough examination of t'various polymer-forming 

reactions set forth in the FMC > ontract proposal (¿). 
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Prepa rat r <- 1 C F_ 

D 87 1 64 A A 50 ml. ■ = r pf " a< « qu:pped with a 
mechan c a' ^»’rrer a d^ipp Tip vmrt a n * regen mleî tube a 

thermome»e r ar.d a dry ■ t i c- , n-« r. The npper exd cf the 
condense r >vas c c nn. •< d -o an ne r drv e ■ onde r ser «e* down- 
••'ard ntc1 a grado a’ • d t .1 • ’ rim< r - -1 n n a cc .ng bat hi 

con’a n: ng a s d< arm t- e c nr ’m n- a \ a. uum pump and gas 

sic rage c v nd* r. 

The aK ' e a - = «. m1- ' v " a - e irge d " 'h 7. 8g. of ' 0. 1 Ig. atom) 

¿me dust in dSgo of 'e’rahvdre- ran arid ag ’a4ed *or ca. i0 
mmu*e s tc e*fe' ’ d spe r -'on o! ' ne me • a' - Then 26. Og. '0.091 

mole) of CF PrCF Pr -Freon 1 i 4P2I veas ra'.”.cusly added from 
the dropping funne unt ! an * xi term was need and the addition 

was t ont’ n ed to man'am a ’ei perauj-e cf dO-bO“C. The 
CF CF Tbe rated >.* a* mea sur. d vc fumet r'c ally in the graduated 

tute i ca. 70% yield) and coFlec'. d for storage in an evacuated 
stainless steel cvltnder wh ch ¡ _-.d been prevously charged with 

0. OSg. cf ■ C.H,' N pc Ivmer ¿a- n mh.h 'or. 

React.on c* C F C f n ’ h C F_ 1.1 ’--bld H Si> . H.li 

D-871-64 B A7snt'. -• a ni» « - s’eel cyhnde r was c harged 

with 10. Og! cT"cF CFCH CH > CM . and 0. Odg. of (C.;H«I:.N. The 

bomb was then p-fed with a He m ed'e vab cooled with liquid 
nitrogen, ecacua’ed and 1 harg. wh .S. 5g. c‘ CF^- CF¿ from a gas 
»ransfer system. The s^a'ed mb was ‘hen allowed to remain at 

150°C. for 17 hours n a barn tded Am nco rocker. Upon com¬ 
pletion of ’he react on ’he bom' was ce» ed n liquid ni’regen, the 

unreacted CF CF ab. owe d to . xc ape and ’he liquid mixture 
remaining decan’ed Hem ’h» b. mb and p’aced n an apparatus for 
s.mple di T."i!'ation. 4.4g. d's- Ted at 116-120’C. and a fraction 
(0. 4g. 1 was ■ elle c‘ed a4 110 14)0C. lui rare d analy se s i ndicated 

that both fi-ac'-.ons were almos4 den*- al. 

D-871 66 8.86g. ciCF CFCH.CH SlCH.I. 0.05g. of 

(C¿H, ) .74 and 4, 8g. cf CF CF »'ere charged to a 75 ml. bomb 
using the procedure de s, r bed =bc’-e and the reac’icn mixture was 
allowed to rema-n at 200 C. fi " 17 hours. Upon distillation. 4.9ig. 
was ccllec’ed w 4h a F. P. rang- c’118 118 C. and 1. 6g. was 

f 



coliei-ted at 1 îO-158 C. Fhe -■ cond traction exhibited less 

uiisa'uration than the s’artmg ir. ateria' according to the infrared 

spectra. 

D-871-68 fe.78g. of Ci 

from experiment D-871-66) 0. 
were charged to a 75 ml. bom! 
and the bomb contents we re ah 
17 hours. Upon di s' .Uat’on 4. 

range ot 1/4-116 f-. Two ma.i 

present bv V. P. C. f ’apor pha- 

ponent 1 amount ng to ¿5 wt. % 

CFCH CH?Si(CHd3 (recovered 

n4g. (C H, ) .N and 5.7g. CFj- CFZ 
ising the aforementioned procedure 

ved to remain a* ISO1’ C. for 
~4g. was collected with a B. P. 

components were shown to be 
. chromatographic) analyst s. com- 

md component 11. 7 5 wt. ^c. 

D-871 70 4. Og. et C F CFCH. rH.SU.CH;! (recovered from 

expenment-D-871 -68t and /.lu. of CF_ CF. were charged to a 
75 ml. bomb using the pro. tdi ‘ dfstr’bed above and the reaction 

mixture was allowed to reman » /00 C. for 17 hours. Upon 
distillation 5. ZZg. was colle.' ■ d with a B. P. range of 12^-115 C. 

Two major components were s’, wn to be present by V. P. C. analysis, 

component I amounting to 16 w. % and component II, 83 wt. %. A 
portion of the product was dist l'ed through a 31' Vigreux column and 
a high boiling residue was separated from the main distillate. The 
former was shown to be essent ally 100% pure by V. P. C. analysis 
and infrared analysis showed no unsaruration. Analyses for carbon 
(38.90%) and hydrogen (4. 84%'were ingoodagreeme.it with the 

calculated values 138. 30% C and 4.61% H) for the desired product, 

CF.CFCHjCH^Sit CH .1.. 

C F ] CF, 

Reaction of CF.~ CF; with CFç CFSi(CH3)3 

D-871 -69 7. 5g. of CF; CFSi(CH3)3, 0. 04g. Dipentene No. 122 

and 4. 8g. oí CF: i CF¿ were charged to 75 ml. bomb using the pro¬ 
cedure des. nbed abeve and th. reaction mixture was allowed to remain 

at 200 ' C. for 17 hours. Upon dist llation, 5. 3g. was collected with 
a E. P. range of 70-86 ' C. and0.4g. was collected at 94-98 C. 
V. p. c. analysis showed two major peaks, component 1 amounting to 

87 wt. % in the first fraction and only 5% in the second fraction while 

component 11 was 7% in the fir^’ fraction and 87% in the second 
fraction. The identity of the h cher boiling component has not yet 
been established but probably - the desired product, CF2C(Fi»-(CHj)3. 

cf2cf2 



Mat i-rial s 

T ri but y 1 ami ne Ipolyiru3 rizõt on inhibitor) v'as a Matheson, 

Coleman and Pi’ll product whicl' was distilled before use* 

Dipentene No. 1¿¿ 'polymer zation inhibitor) was used as 

received (Hercules Powder Co: lany). 

Analytical 

Vapor phase chromatograpi c examinations \,rere performed 

with an 8' by 1/4" O. D. column ■ ontaining 33¾ Dow Corning 
Silicone fluid 550 on hexamethy Usilazane treated Chromosorb W 

(60 to 80 mesh). 



Matt rials 

Tr i butyl am me <pjl ymo n ¿5 ; on inhibitor) was a Matheson, 

Coleman and Pi'll priiduct wliiei was distilled before use* 

Pi pent ene No. Idd'polyiiie ;■ zation inhibitor) was used as 

received (Hercules Powder Con party). 

Analyt: cal 

Vapor phase i hromatograp: c examinations were performed 

with an 8' by l/'-l" O, D. columi. ■ ontaimng 33^ Dow Corning 
Silicone fluid õõO on hexamethc lisilazane treated Chromosorb W 

160 to 80 mesh). 
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