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ï o ïntrc duct, ion 

5,¾¾ purpoaa of '¿hia pr-’o^oct is to conduct studios and investi» 

gâtions on fluorinatad hydroGascons with a view touard developing 

taciiniquBS and processes of ajmthesialng spacial monomers from 

which to obtain elaotomars which will bo chand.esl and gasoline ps«= 

sistenfe and thLll retain tteir flcodbility at GKtr-emaly' low tampara» 

turas and thomal stability at idgh tsmporatursßo 

Bio rsBoasch is authorized under Contract lío* M»1?»129<*QH»1263, 

Tili« is tho HU'vsnth quarterly report fesr the psriod I'tebruai.'y 13a 

I960 through Hay 13„ 1560* 

I7Ú Somnsary of Current Progress 

iJori is still in progress in attempts t.o aynthssize dinitroeo 

dori^tiveo of fluorcolofinse Various iatamsdiatee hava been 

prepared to explora new roastioas in attempts to prepare diniteoso 

derilTOtiTss* 

Satisfactory progress has boeu mads in the-'’catalytic” addi» 

felon of fiOCl to fluoroolofins so that data for a pilot otage 

scal3»up is possible » This information has besa forwardsd to 

Minnesota Mining and Mascfaoturlug Company for ns© in developing 

n pilot plant operation for tho fLuoroolngtomsr program undar 

Dr* 3„ Landrum snd Dr* b. Crawford* 

Satiafaotory progress, has been mads ia tho sjnufcbesao and 

proofs of sbraoturo of CPgCl-CV^Oi, GP2(’HOg)«C.TOl(K0)a CPgftTOg)» 

GTGlgi, Gig(ïïO^);"UlvGl(ITOo}¿ OF-gCl-CP^p CPgKOKJPgKOg, 

OF* (KO,, J-CFcïïOoii CFnCl-'GFVi-P-'Q-CFg-CFoj CFgCl-CFgOTÏO* 



Px^lißinary -jorlf hva baon carried out on. t.hs addition of HOCJ! to 

CF9°CC?.^ sad CF^GF-'CFg« Thsoa will bs rcportod in datail in ths 
Cj b* •f' 

noz» ppogreua siaporiio 

During this ps^iod 380go, of rslativsly pm-e ßF2Cl«OP2KO wro 

pactegaä and shippad to Dr« ü> Craio'foî'd of the Minnesota Mining 

ead ManufacteAng GO03 St» Pculji Minne3ota<. 

Work has also boon in progress for making various other nitroso 

and dinitooso compounds as wall as work on tha oynth&Siö Oj. some 

fluosõnntsd imin '3 for evaluation An tha elastoraer program» 

HI- Diacussion 

la lino '1th our plans given ia previous progress reporte, 

■m are placing greater «aphasie on tha study of nitroso chemistry 

with particular emplaste on finding new routes to making H^O 

md aliphatic fiuorteatsd dinitrono compounds0 Some portion of 

our- effort will also be dlreotod toward ths eyfcheais of flmrteee 

oorvtalateg ivlnes and eposddoao 

Gire studios on t, he addition of WO and Î50C1 on fl-uoroalofins 

OTav. ferrie eblorißa leads m to the following conclusiones 

1) KSKiatBa yields of CFgCl~CX2W0 ore obtained yhsu the 

roaei-ioa of the olefin in carried out with NOCI in stoiehiô» 

mUio proportions at high contact timos undo? thenasa con» 

dit»ior:ßo 

2) xroip unvtera and ratio of coactante pX^ important rolos 

in the distribution of the products formad» 

Photechomiosl reactions between the olefin and WO or WOCl 



lad to otilar than tha desired ni.troao compounds, 

EÏPEHMÎ’ÎTAL SECTION 

Raaotions o.f Fluoroolefins tâth Nitric OîâcÎQ or Nitrosyl clügî.ddo 
..wx — +0m+****m»**m***ßmmm*J*MmmHI*IX**W* H« ■ i tmm * III ■ ■ t,mntm i»im wOmu »»Wo vn« 

over garrió chloridec, Construction oí the Reactor Tube* 

A 3 íoot X SOisra pyrax glass tuba wound with a heating wir® 

waa paeked ii-rmly with a miKture oí peMersá anhydrous 

ieridc chloride and mash powdorod glass* (The .iunction 

of powdered glass was to rendei* the padding porous*) Each end 

of the tube was plugged with glass wool and with a rubber stopper 

provided with a $ inch k 8mra g?.aos outlet* This reactor tuba 

ms then inserted in a glass ¿acksto A thsrmoaatur was placad 

between the ¿aeket and the raaotor* ' Plaatio tubiiig ;si3 attached 

to each end of the rsactors one end leading to the product ?«<=> 

ösivar and tha other leading to & KTt!~iub9 where the gaseous 

reaefcante wore preiatead* The product receiver ma a trap immersed 

in a dry icoohutylcollcaolys bath* 

Reaction of CFo^CFCl with Nitric Oxida end Farria Chloride at 
«r.trj *%*+* n^fur-Tnirmr jin mi      « mi 

kfa, 
A ferric, chloride reactor tube oonstruetsd in the ssnnar 

described above was heated at 100¾ and flushed with dry nitro» 

gon for fifteen minutes* Tb.3 tempsratwo than vms loworod to 
vy* 

fe5°Co and m gram (one mole) of GPgwCF0l ’% volume «otq passöd 

through tha tubo over a paxdoá of 2¾ hours* Tbs 3?atio and rate 



« •'*. 1 ' 1 ' » . 
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oS tliroughput o.f röactoite ms roughly measured by means of the 

too heavy minox’sl oil bubblers wMch «ero mouiíbed betunen the 

"Titube and tho reactant containerso The ratio of the too gases 

ma ao adjusted that a TO>?y alight gtccgss of olo£m m3 usad; 

bhtiö ils 21'ÏOV. OPg^craio The temperaturo of the tubo tos K*ain° 

tained cih Iti? 0 tliroughout the reaction periodo ïIîg product mas 

blue in color and ms collected in a trap immersed in a dry-ice 

butyicellosolve bath® During the course of the reaction a small 

quantity of a colorless gas that was not condensable at the Dry 

Icq bath temperature was continuously escaping from the product 

receiver* Aa the gaseous reactants wore fed in the ferric chloride 

tubo the color of the packing started changing from brownish« 

black to light brome» This color change traveled slowly along 

the packing and ¿ust before all tho olefin was used in the reac-» 

tion the entire length of the packing had changed its coloro 

At this point the color of the outcoming product also started 

changing from deep blue to blue«green to green0 Kio crude pro¬ 

duct (165 grams ) wao fractionated in a 3wfßot- lo^temperature 

distillation colx^mn which was previously flushed with nitrógeno 

During the first stages of fractionation a very slow stream of 

dry nitrogen was passed through the column in order to chase out 

any dissolved nitric ai-d-de and also to prevent entrace into the 

system of atmospheric o;vygen0 The fractionation products were 

the followings 

(a) 12 grams of a fraction bp -30° to +2Q°/63Q'm which ms 
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(b) 

gyaca in color and conoictod of at. loast tin's a compoundraj 

namaly, the sfeor-ting oloflïis CFg^-GFCl (SOfi)? tho acid ilnorido 

OlCFgGOFÿ and parhspK the nitrito GlCFgOFClOÍÍOo (Soe balow) „ 

Lili graras (72.0.^)^ of sn intensely bino liquid bûp.> 

31»70/63Ûnsnÿ O0/™ ^..>3hSSi éylShZiï HuWoj. calcdo for 

CFgGlCFClHO: 182J founds 180» 

Molar refractions caled « for GlCFgCFOlKOn 25oí.!!ja dbsd« 2h°9&o 

Ho consistent analytical results could bs obtained for this 

ecmpounclo Unequarocol proof for its structure and eonati- 

tution. was ostabliahsd by a comparison of its physical con¬ 

stants and its infrared spectrogram with those of the same 

compound prepared by Professor Tarrant from GlCFgGFClX 

and nitric 03d.de a 

(c) 13 graoifj (8oI2r) of a colorless liquid b0p« /62Cm^ 

y°/l39mis cV^l‘ô’62% MoW. Galod for GFgCl^GFGlg î 

188 ^ found 188« 

The infrared spectrogram of this compound w auparimpos« 

able on that of ClCFgCFGlg iMch is eommsrdcally avsilabiej 

all phynioal constants of this corapotmd also are in agras« 

merit with those of GlC)?gGFClgci 

(d) 3 grama (-=37/0 of so intsnssly blue 3i.qui.ds b„p0 9°3,3°/P0mk9 

62/63Qmÿ which was shown by vamp phase chromatograpliy 

to bo 98% pure s 1.=311¾ I0$h9ks MoV/o Caled for 

%'0nlsss otherwise stated parcantagea in yield, reported henceforth 
are based on total weight of the mixture of products obtained minus • 
the uaroactod steer-ting material » 

Tarranfcj University of Floridas personal coisminicationo 
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»0« 

CFa(WOg)«CFClïiOîi 1923 found 1880 

Nolar refraction caled for OglWFgCKJIKOj 25„S3? obad„ 20,18„ 

Ooas.tstenii a-nalyticsJ. rosults for ’this coïnpouïid could not bo 

obtained. Structure proof was based upon oxidation ta 

OgNCFgCFClïIOg and upon, analysis of its nuclear magnetic 

resenanco spectra which indicated the prosanoe and location 

of both the -NO and -wog groups, 

(b) 12 grams (7,5^) of a colorless liquid,, b,p„ 70,5^71 „5°/ 

63Dïsn£ n^' 1,366¾ d2^ 1,619¾ K<,¥, 199. 
W /A 

Holer refraction caled for OgHCFgGFClg s 26,85 ®bsd, 27,5 

Anal, caled for CgCX^BOgS 0, 12,123 Ni 7oO?î Ola 35,0.¾ 

F, 28,8 

Founds Op 12„î|3i3 ®t 6,97? Glp 35„673 

Fs 28„5 

The structure of this compound is assigned as OgNGFgCFOlg 

on the basis of nuclear magnetic resonance tnriâanea ànd by 

the fact that its freezing point and infrared spactrs differ 

from that of GlGA’gCFClI'iOg who33 structura has been ecrbabliehed, 

unoqueTOoalXy, 

(f) 3* grams (1,8^) of a colorless liquid,, bep, 9ha?P/630:¾¾ 

nf 1„375í ûf 1,670)1 

Molar refraction caled, for OglîGFgCFGlïiOgS 27,8p obsd, 28,3 

tool., aa3.od, for CgGlFj'îgO^s G., H,)483 % 13,395 GI0 16,98? 

Fp 27,22, 

Founds Gs 11,69 ÎÎ, 13,07 Gls 17,32 Fp27,is2 
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3?fc.ia compound has baoa pygparcd z’acoiitly by Hasßöldine who 

report ad the following pliysical constants? bop, /l$Om9 

Vjf lc37bQa ãP 1.67k, 

(g) 6 grams (5fi) of higher bailing, non-cüstdlleblQ mtarial, 

Rgaction, of GFo^OFGl ^Athijfifecie Cb&cte sud Fa^dc Cliiosldo at# 

00-110°G, 

ïM.s srpQxdmoafc was carried out ozactly in the same way as 

the preceding ona, A freshly padted ferric chloride rsaefeoz' 

tube was employed? the temperatura of the reaetar was msiatainad 

botweea 80° sad 110®G, 217 Gram.« (one mole) of G%»GH3l and ap« 

prosimataly two moles of nitric oxida wero passed tîwoa^ï t’mi 

reae¿oi- over a period of Zh honro« Tha ferric otótoriâs packing 

in the tube again changed its color as the reaction procasdedo 

At the higher limit oí temperatura the 13.ght*»brotm iron camplss: 

which dQTOlopad in the rsaotos* as the gaseous mixtura of tha 

starting materials were passed throiígh bagan to melt, ïhsjfe» 

foz-’ö.« it was necessary to keep the temparatura lowor than no°C« 
Under thseo conditions, tho color change in the ferric chlorida 

packing procasded along the length of tho tub© at a faster rat® 

than in the previous experiment. During the first 8 to 10 hours» 

of tho reaction, the outcoming product ras condensing in fchs 

receiver to a deep blue liquid« gomo gascona material which was 

noneontíonsablo at the Dry Ice temperature was ©scaping from the 

receiver. At about the end of the tenth hour the entire length 

of the reactor packing changed its color from broanioh«bla0k 



fl 
' û 

lo toc/£)ïi0 At this point tto bluo qoíoâ9 :Lk¿ tto‘ pj^ofiuöt ôte^t-oâ 

£û€!i.ng ¿u^ö C4C/v®iop.9â tct gr^osuj tbo ovÆutâo^ &ÏÏ tho Hioncondí^g-e* 

^>le g^ssora mp-torial iacraassâ coíasiâs^^blg^o 

S2:c* cô?íkI& prcfeíit tôXDlgted !i5^ girörBß «aiâ contela^â gc^ s®«» 

pSíttáôd æoHâ StíbsteÇíQôo íi^í gSSJíS^tSS ‘Jx* t-bç? gg^CídUôfe \}5SÍH 

mp^iacsá into another trapj tlfâ .^ainijßg liqpM w&® àkW.éú 

mâ ílltos^d £mm bhß m®pwtâ®â vM*to ©oliâ C^O?.?)o ího te ^ ¿í 

BS2?4s «as?© than combined, ©aä £tesrisi®aateâ era a -'.bs®» $?sfc iow 

tojspsmfc-ïs^ dlsiiâllaiiiosj coiasctn 

ffiö foXiQülng pawâaeta vsxa okiídngd; 

(a) Xí> g CFjf GFGI ï>,p. «31/6308» 

(b) 1Ê{ g (.í.0j£) CíiGFgSOF feopo “22oJ/ô,3Õ3£So ?M.s ííüs i<i®í¿M£ieá 

.by 1*3 infrared epßS'Ss’a aad by conm’slon t© G'tóFgGOgGgB^o 

(o) 12 g (00¾¾ ©£ a bltia^giîaan liquid« b0p0 l^S^/áSOssa« 

®a bias celoj? «ao de© to GlGFgCFCXHO tiideb w a ©eataaib- 

naa-?!,, ^sfeasrad spesrisï1» of tMs saspla todioffifeod thab tSis 

ecsipæwd cs«ü.d fes a aite&fes«, ïsæt. lilï^iy GlGlfgGKdõMõo 

©hßs’aiäiisffioi'ie absorpliioa fesiu&i ¿fes* th® ®öjiö gs?©yp jm-iseat 

ia tba iate-ed speet^o^aa« p«p ÍM© eas^ajâ these feads 

SBfa at Sr.ih-^j, ssâ 608..-40 á @ts7K«ffe«s» p®og is des-* 

eidbsd iata?« 

A* this ps&Est tbs liquid in the ¿Isfeillatrlosí fias?;: tías cJ?il3.ads 

ïsshssa îâtb iea «ata? (t© saiasva SOg) sad dsdsá ew? saiais 

eKtedda« Fs'fflstionatien ma then oosîM^ued« 

(d) 30 g (21,.¾} of elCJigCFGliïOc bop* 3S.o‘í®/S3(tep 

I 
1 

; 
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(ffl) 25 Sc {l?c8^} o,f GlCFgCWÍgo boPo iil^-VôOssao 

(í) 6 g (1*03?;} of OgîKFgGFCXiîO, ls0p„ ;tO»12V?feaD 

(g) 31 g0 (22,,2%) of OgECFgSKîlgo b0p0 T0„5-71o5®/63Üsao 

í&) 3 go (^1%) of QgïïCFgCFSlKüg» Ifopo 9hof/63Qmo 

(i) 1? Sc (13o5^) ©f a Mghôs? fcsilíagj, maâlsÆiriabl® »iosi-sX» 

earl ssosaB áltela a^.äa 

at hP-SiPû', 

One mole (11? gs-aras) of CFg^CFCl ead nit-rte otítle 1« a ratio 

of slightly more than two taolasalsr propoï’tions of HO to on® of 

olefin mra passed ths'cugh $. feyia chlor,id® rsacsor described 

on page M ovsr a period of 2¾ honra at a temparntwo of î*5 

to J?5°Cc fhe change in color of the ferrie cîûorids pairing 

was again ohasrrod as the reacUcm proc®e<5sd and eonoidsrabla 

gös«o«a raatesfial mneonã&ws&Xe at Dry lee teagismtm® was lest? 

part of tMs gae ms Tasseaetad nitric oat&i©. Sha proáaet con- 

dmialyjg in tha Dry-l'ea eooled receiver was bins bat sooxi «hanged 

to green- it. the and of the reaction the colleot.sd product 

waighed 155 grains Q She gaseons material in the product mts 

peassá tteough water and « calcium eh3.oride febe and collaetod 

in. another top» Tha .Uquid portion was chille^ washed -<d.t-h 

iee watarv sad dried orer calcium cKLoride« ïte to ccsMaad 

reactions weighed 3M grams» Thus 15 grams of to paroáuet ma 

ioa'û in the water» The saoh water gave a test for chloride 

ifôíí ®B ®® ^ £3«o*id0 ion» Shs 15 grama of prsduet lost 

in the wash mts!? me a mlalvurs of CJlGFgOOF and Ç;lCFoCFGl0H0 



ta^Qr.« 

xâáGh m® oomvrbeâ to the acid OlGPgCQgH^ Ivolztwä m tho Qthyl 

esteio (Soe bölo^j)c Bißtillati® of the product yielded tho 

following; 

(ß) Ö go CFg'-'GFCS. b„p„ »33.0/63Öä 

(¾} itO g„ (2?,$/) CXOFgCFGlWO b,p« 31«f/6jQw„ 

(g) 3B g» (28¾ CXCFgCFÜlig b„i»0 k'L-!¡2G/63Q;rmo 

(ä) h ¡So (g,$f{) OgïïCFgCFOWO trop- 9"Zf/90r¿no 

(e) S« (33íS) OgHCFgCFGlg b„p0 Tlojf/630333» 

(f) go (2o%) OgKFgCFClKOg b„pn ^Ijo^Vö^o 

íg) > g» (3o ¢/.) Mghcff besiXinga nïfflçdsŸ.iHç.fcl© ¡aatestólo 

4j,TOy gg^ltg'GsJy ggg,cJ3aci 

(íaps-ré) gtesvie afcte-dfe, 

.5í this «spssirasnt & ferric cbXosrido resot,or feoh© ess em** 

ploj&â vhich had been pemZouaty usad in ona of the £czm? ®s- 

paxiu&sniia until the satire length of the packing îiaâ changed 

its color ts light bmm« 

Ona mole (117 grms) of CF^FGl oaá nitela cslds in a ratio 
t+ 

&.i kW t-o sHghfeíy.r^orô thmi oao el@fia w&ve. passed bhpQ>v$i tha 

tiîbo at 1:5-3¾¾ orw a period of 21). hours 0 ‘to produst ccaö«n= 

sing in the rscoivcr ma grsea in colors a smell quantity of a 

gaseous Historial noaecaidsnsabla in the dry ioa ecalsd raes.i.TOr 

mis continuously ©scaping frosi the latear» to crude product 

col3.ected at the end of the reaction wsigligd 159 grams» to 

gasaoua crasaonsnts in tha product mm fractionated «mvegh a 

feet loa temperature distillation column» to following w© 
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obtained« 

(a) 19 g» Ciyml bopo -3IO/630;s> 

(b) Il go CX3o6i!) CiCFgCOF bopo "22, 

(«) X3 go (9o3^) of a light bins licmid bDp0 «XO ta «• 2^/6^0rmo 

This visa îcaiRly ClCFs«GFôlOIiO îrith sœm CXCFgGFGlNOo At 

this point tf® retraining liquid in tha distillation flask m® 

oíálloda «asilad tófch ica wat20-3 dried Qwjr ealoíua cMerido? tlim 

distilled0 

(d) 30 g« (21o¿$) GlCF2GFGlSO bop« 31=^/630^, 

(a) 29 go (20,,3,1:} GlCFgCFCXg b0p, !}M2o/630®j= 

(i'3 5 go (3=6/.0 OgSÍGFgCFCJSrO boO, 10«13°/90isao 

(s) 37 go (26,h/?) OgKCFgCFClg b,.», ?10? /bjOara, 

(h) 2,5 g, (1,8¾ OgWCFo.CFCälJO« b*p4 S'Jio^/óJOmSo 

(i) higher hcllijïgj, and nonöistiXlsbls rosidtKSo 

Rsaatlon of SF^QFCl «Ith Hitrit; Cfcdd® ©w Aotlmtad Casto 
■V.TMMn«, VMVWVW, rtnrtChr W^MCiennr^-i F>wAW4»oBt«f.»«>»•• C fWK'V» S«hVl Hin: I m rf ^ff Ttr W1» o.~»l, JiHI r llni«ii'I 11,½ I Ti Qi - [ i „,|W —■!»,, ii-rwH»II 

(Coßonut Shell. ), 

Abisut 117 ©raas (oa© mol©) CFg^GFCl and rltrie osiß© in s 

watio of 2SI0*X CFp^FCX meo passed orne a period of 20 hows 

at .took tsaperatvra through a 3 foot z 20sr, pj^ass glass tub© 

packed lightly i-rith coaroo coconut shell esrbon, 1¾ tssspsrissntaX 

Setup «as Eitidlar to th© onos íü umich fabric chloride «a© ©e¡» 

ployed as tha reaolvor packing. During tha reaction apprseiab'ia 

quantdfiöij of a gas vrhieh tja® not confeassibl® ha the dr?/ ica 

CGoled trap «a© continuously maaplngo Mush of tMa gas was 

mraaotad nitric oxide and perhaps sosis GFgGKSl and ClCFgGOFo 
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jggltmßmmx 
OHa Toaeam uiifiß» tamw*** •aaatMir 

i 3 aot X ?;iii 11.111¾^ ««« x*»4^ “ 50"5i> auan 

oí ¡mían» aubfima iarria OmMt ™ä 25-15 m* pmlmt 

glM=. VMeegß **-->*& “1= ■-l» oi "* 

ia Milo» «sylas fsw.^O^ÖF^BKl 6» SäoacFj-OFÖ aaä at 

T«#* ip* ** ««> ^403 *“ — 

» «-» or oho nlttiÄ ^ 

lns iilong so«, of tb. «««toa olorin. ttn « »«7 —U 

of sir sas i.r»tooa »Ith tho olsßh anä tóttdo ori& » la'S® 

poMmtogs oí tho roaSmte «Mart, « o«» ®Miaor&lo 

cutios Oí imroaoMd «.torioX, »stu- SO, W «tos *»* 

tt. system. » «úaa reaction wo et T5-SS°0 and 

at » ratio of tao^Crç-tf«.* U7 sr»s «f OVorol ,,a0 

growwa in tito ««^||îi|l» W»-»»™ *** m "** 

,,ith mur, art arlÄKilpWo«» ««««?• **> •** 

s„ a test for both «» OmrU. Urn, end «» •»««» 

muu. Distillation Sie farta*. tM» «W«-133 ^ 

oSSor «aMnf, gn» aa-ÂlorioS ÎMctioar.! 

(a) !>9 go CFg-OFCl 

(b) 3,6 g. (2X.6^of antoiiemadiat® eat! bo?. AöQas« 

(o) 5ÍÍ.5 s- ¢6.¾) #»2®«S0 h,p. 1MSÄ0- »-P- *•* /63tor‘ 
Jr.ftsas«:.- ■'• . à*i j > _ 

(d) 5 go (6,7W -*f oni, -bopc 05-^/630^0 

(o) 3 g. W) OjOICFl^teg b.p. /630aa» 

<f) 12o5 gc (16,9%) ti$s& boning, asadist&Bs&îa re3idu9° 

. _ A.,_Âji- «ntîT»'? w5t,h Âtric 0xlâ§5 má Io&ng_-gg^ 
^t^iagfcgô Reaotlo^ - 
MMAJ-r*re<+~-~""* ••••> m^mrn^ rrmmumKH- ' '- 

jarboït 

m 
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A 3 foot X 80 lei ¡sfAös glßtüG toba providod wifcSj ß haatiag 

mira uas packed icàt-h a sl^turo of ú.Qáíns gf&rmloa and coiarsa 

flos?onut shell casdjon ia a s>atlo of Isl h¿i' wliwao îïfâ hah® was 

hsatsd ah 100--110^0 xfnllo tvíD.u^oGW.ormihy-lçne asrid nifcrlo 

caftcbi in oqeixsolar propewfeioa? passsd throagh the taho 

alo’iJly» (lho ©sparlmntal aehap for this reaction ma the êem 

aso closcsâhsá previously., ) As the gasaoaa jalstec® of the reass» 

tanta was pnossd fclirough tlis tiiha the lattes? haaaas felus^ the 

praduet condisjsing in the dry ice o©9i©di trap teas eolorlesri» 

hovsavor^ Subliaing iodhsa ceOTied along with the gaseous stlstw© 

sÈSCfttíô aiecisnaílatiBg at the outlet and aom am plnggsdo &a 

product in the trap contained unreactsd C^GFCl and a 

boiling liquid wheao «onotitufelon ms not lamrtfgatotL (fbi$ 

xsill b® .airthei? isnsoetigatad.) 

In another attompt., a 2 feofc s 20nssi glees tub® ma paskeä 

to cno^half its long'feh vitfc iodine and ths othor on®»hsilf adth 

coconut shell carbon» The gaseous saistur® of 0Fgt:CFGl aud 1¾) 

wsrc fed into the tub© fswr/t the side containing the iodine» 

He raacti&a îîsb cbsassvable until the tube tesapsratura ¡rsaehed 

.o 100=110 0» At this töiapsratee a bins product «s foriaaá« 

yfcis sß^öKtesättt; will b® teTOßtigatad itaethar,. 

ftsidation of ClOFoGFCXWO to GlCP»C?ö3.B0.>. 
.-a 4^ o^trrt iMttrU 

Zn a 500 ml® 3^®?5k flaak pi-oiddöd wktäi a ä 

piag tomel a^d a thamoriötier tíora plaooá 5ö g0 (Q¿¿h ratòo) ôí 

ô0âlm ctó.tó^om^teí, X5'0 ml o£ facial ^catio acá.dr/ ’ æd 50 go 

liSSSaSi:®£ÍSÍ;atKa@::íS3SS^âsíESS>i;:SSSS»®ií;-:í^ 



own contratad oulfuriç eicicU fha ndKfciire m& cooled to about 

10°G with ico Tíatsr snö tAil® stirring vijjoroualy 56 g (0„38 

mole) ClCFgGFClKO was aááad. dropáso ovsr a psri.oö of OHe«=hßlf 

hous*,, Stirring was eontinuad for 5 hours at 5-=10¾ and than for 

mother 2 hour« at room tompsraturoo fha reaction ¡atoVura was 

thsn Mïixed ïd.th 600 sal» ico coló mter íjc a aaparatary Sviínaln 

Tha organic layer which settled in the botte, was drasn off, 

árisê oner caleiuta cMlorida and distilled., 5 gram of lírapsaoteá 

GlOFgCFGlïlO was recowed. ïfca product ClOFgOFülKOg tfôighed 

SO graiss (90^) bop= n^WfäQmt rfê 1..3692» tí|5 lo6i62,, zi»p0 

^ "35SCy MoWo caled» for GgF^OljjHOg? 1P8., found 196,7» 

Anal* Caled o for CîgF^GlgîîOgj Cs lS»12j ^ 7,0?! Cls 35» 86; F.n 28=78 

Found: ll.S?; 7=23; dj 35=53; F* 28=56 

Oxidation of 0f}IiíGFcGF03fí0 to O^IGFoCFClKOoc. 

ï'n a 250 îal= '¿^zt&o's: flask jproTidcd wîtîi a stirror-, a drop= 

ping ftonels and a thos'mosiater ware placed 25 g» (0,12 isolo) 

©f s»äim âichs-oaaboj» 80 wlo of glacial acotie acid-» and 30 g0 

of cü!5Centeat®cl sulfuric acict» Tfeo saixtura was cooled, to about 

10 G with ice and wMIq stirring vigorously 38 g» (0,197 rnsrla) 

OgïIGFgGFClKt was added slowly ovar a psried of ona»half tas?» 

Stirring •ts® contijiusd for 5’ hours «nt 5-10¾ sad than for anothsa? 

2 hom*s at ram taisp-sratoa, îba rsaction v&s&vm ma òhm stead 

KTith about feOO m, cold mtar in a aaparatory funnel, '.Si© or» 

genic; Xsyar which eatt’iod at the bottsia «as drawn off0 dried 

ovar ©asloitsm cälcuflde., sad distilled, 0» product^ 2? go (70,5^ 

of th«©rot.ical3,f( b..pc ^/SjOssa, ^ 1,653¾ gava 



an iniVar-öü epefitro^m Tïîxieh -¡îss »«pefiispoasfelo on that teoa. 

■feb.a ama compound obi.jrLned di-x-ectly fi'cra ths yeaetioa o:T 

OFg^CFOÍ with KO otox“ ferric chloride » 

jhar-aal dj.spgop&ri-ioB».t,ioa of ClCFgGFClgQq 

ifcoub 2$ grma of ClCfgCFGlHO was placed in sa evacuated 

doubla wall ggrf.m iixiha provided with a preeaure gñiíge<, ïha 

tubs tK?a heated in the «toils at X00°C for 15 hotaro* Tha pres« 

s«J?a which dawloped during heating did not all disappear-phsn 

the twfaa was ceded to room tespayature. Th& contents had changad 

its color from blue to green» 

She reaction tubs wsa attached to a Pry Ice cooled trap 

in which the gaseous products were oondenaedj a very small, 

quantity of a gas which did not condense at the dry loa tsíapara» 

tura was» lost» üifrared, spectra of the ¡Material condensed Sa 

the fe‘ßo shoîïsd tha presença of the nitrite group «0ÎÎÜ and the' 

presence of the earbonyl group. Osseous and liquid products mæ 

washed with water Æûd driod with caXefcum chloride » The wash 

water gave a test for both Chlorid® and fluoride icario Dis» 

tillatisa gsTO a raasll fraction., b.p» »10 to ¿QP/SjCm? a vary 

oiacll quantity of starting ¡saterial ClCFgOFCSHOj, XI giPaasa of 

QnWJFvO?Cln, b»p0 TOc&Tl'ïP/fàGms vP 1»3&585 0 10ÖS9 H»¥. 

caled, for ffi-g(li02)CK:lgS 1^8. Fo«nds 19? (identified lüxo by 

its Infrared spsratm) end g grams of. higher boiling residua« 

This ohsngs i.n GlGFgGFGlriO was als» effected photeehmio 

ca3Xy. 

Attgapted dahalbgeaatipa of OlCFgSFClWO » 
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In s 2%Q ral„ J-nacã ílask eqia.ppGâ with a 3¾^.¾¾¾ a th-op- 

pisig and a mZhxz. caadaftsia? ^era placed 200 mlo of freshly 

distilled pyridine and 20 g„ of sine dust, Tha roflus aondensor 

^513 coönscfcad to a trap cooled with a dry ica-hutyloollosolTO baihe 

ïho reaction flask wb® cooled with icau 20 grœs of ClCF^GFClKO 

Haa addad dropwica while stirring vigorously o A very vigormsa 

erotíiensic resatdoa enaued imrasdiafcely but no- gaæeoujs lasterial 

Tfffis evolved frosi the reaction misturou (Sre presrised proíltiot 

raaa espseted to bs a blue gas with a hop» around «-25°c <> ) As 

addition of tho starting laitsrial to the sine auspansion uaa oor- 

tinuad tòo rsaction mixtas.'o bacana progsisssivaly mora vis coas 

and at the end stirring «ss impossible, no product was'ioolafed. 

Attoîaptsd Dtohlorinstion of GlCFcCFOlTOo „ 

to attempt, to de chlorinate GlCFgCFClîîOg to 0¾¾¾¾ wifcîî 

sins dust in pyriclina foliûîjing the nbove proesdarg resultad 

.ta a ïdgorou.® reucte.onj, but no distillable product wass obtain@do 

Attempted Dehalosenatian of O^GFr.GFCl^* 
•-«c TJ, 1W»,*-^1» -I , I.. «■•<>«»«««« 

An attempt, to öoMogönatö OgïïGFgCFCXg te O^îGS^CFCX ^îith 

k1«c ûwt X2î pyg'iùinziÿ rad with sine ctefc in döbu'tesyt®ts^QtÎ3grXc=> 

8£3 g2vycoI ï&m uusticcsüsfuXo No r&Ãctira c centra d in o it bar 

yAi soldat, at roo® temperatura. Heating at 72°C (th® beilieg peint 

of OgSCEgGFÖlg) tar 5 hours resultad in & partial reaction but 

m with a boiling point lower than was ob¬ 

tained. Hors than J>C$ of the starting material wae rooôwz^ed 

from both solvents tad sino, f» distmabla product mm ob- 

tainsdo 
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SS™^gILPA^ ^tte 0.? ClGF^GOF find ClfJFoflFCilnKíQ to 

ClöFWCOoCpHtfo 

in a 250 ¡al. 3~nßok falsi: oqalppsá «í.th a stS^míg a fïittGd 

bubbles?, mid a condenses? was placad 80 ¡al«, of absoltóa ethanwlo 

fîï? ilfiíík tijas eliüled to esbouft and tíxlle atixiá.ííg 200 g» 

of ßor<c0nfew.fc',!jd sulteiç acid ïsm added wsy slowlye yho ischíturo 

tías \ihoii tJSKniid ’co 0oG smd ïîss leapt at this tcTíps-X’atuïes tteíd.ng 

tbs .uoaction period. The coadsneer Tías attached to a trap osolsd 

by a cfey ice-butylcsllosolvö bath. 

20 grams of the grew liquid fraatioa b.p. «20 to +220 

collected Irosa tha Taiûoua œ^arijaanfts daecrihad adjoro (£em 

ths reaction of CF”CFG3. Ti-ith nitela «dd® mid fsr-ris cfö.orddo 

tías; bubbled through the fritted tubing into tha sulfuric acid- 

ofchansl ixlstura while stirring vigc-smisly» Tha material that 

tä3!3 collected in tha dry-Ico eaol&d trap t-as rsproesasad ttee 

time« through the reaction mtetero. About 2-3 g„ of a gassou; 

aiaterial which did not react after tha third presage through 

tbs sulfatóc said «ithbaol saistura was shewn to Is® GF ®CFC1 
£ 

Sí/Ixi^teg CülltiVíllQd for h&w íât TOCïïÏ tVQRipWÖ.« 

fcwiîî ßnd t*hon «Totf $çP for ono hou2?o Soiu3> fïthyl Q^hcir ^psiq pro» 

duGodo Tha reaction rols^ira x^s t,î^» mâæed xd.^h 500 ?40 of Ice 

vratûr in a sepGT'atiory fummle Tha organic legror wMch settled 

at; ■feho bottom x-raa drawn off aid dried g^qs* st&i’atso 

DißtUlAtion SS^ 81 grej© of GlCFgCOgGgS^ b.p, 91^3%30i®% 

n[p' l,3620t dp i,2&2, 

î-îolaj? refraction caled for caGPÆ.GntV; 25.5, Foand 25,2, 

, 
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®.a iB.ú’aríK? spaciafogram of thin aatex* «as suwes'ilrsposablg on that 

of t.ho apmo acsaporad fi-om a coinms£i?i^sl souveoc 

Montirioatíon of the asid dissolved in the wash water of *h® 

produats of the reaction of GF.^iFCl xdth HO ox^r FeCl^. 

ïhs wash -water obtained after washing the product of two 

rano of the reaction of CF^CFCl with nitric orics and ferric 

ehloritíô was neatraliaed with dilute wodiBSi bydrorida solution 

and evaporated to dryness on a steam “bath and then in an oven 

&k 1QQ G Sot S hvw:a0 kO go oi %Mt© solid ms oHai^©<So 

This mild wbien consisted oS M01V Yi&?9 and GlCFgCOgHß xmz sm- 

pended in TO ki3.o or absolute ethanol and the mistura ^sj cooled 

t» about ^200Oo £0 grams o£ eonesntratsd sixIáPori© acid w&# then 

®ddôá slowly tÆ&X© stirring ‘rigorously0 Th-s reaction tTîà^ctm’o 

m\a brought to rooíi tampsratur# and thon heatöd to $Q°G for ë 

horn?*? whila stirrings Sors othyl ©thör produced during this 

psslodo. The flask brought to room trapsralvtira and ite con« 

ioütß æh&ksn id th ¡>00 mX« les cold water in a æpar&tory íunmelo 

Tto orgaidc layer Hhich sootier! •sms drawn of:? and dried Ovar 

sü’ignc^iuB sulfato. Distillation gave 18 gnw öS QlGF^ÜOoGJÍ^ 

bcp... 9'^9'f /630¾.. ¿f 1.,363.-) lo25lgo The iiíAsrod sp©ots?o» 

of this ôíjtor was identical to that of the earns este»r ùîoïù 

a eornmorcdal source ç 

/iberat HT g« (cno ralo) CZy^GKSl was placed ixi an evacuate 

50O00 uutoclrî.vo wtiï.oh waiï ecolod to -73^0 :1b r¿ D?.y Xca-Iwtyle^Xlc« 

isoliu^ hatha 2 iûcjIs-5 cf nitric corado tos tissa ccmproös^d i*n« 

: ' 
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Tn® autoeliiva brought to H?cni te&p&r&tura snd tos alloTOd 

tö stand tit 22®C for 2¾ houra« ât tha end of this period the 

cartoelara ‘ma at1;achöd to a dry ice cooled trap and the prwwsvre 

was olcurly relga^eá» A siaail -.juimtity of gasaoais aateriel con^ 

daatiticJ to a bliia liquid in .the trap diaring this operations a 

csoloz'Xess gust ehich did not diesolvo ir. ííafcer, dilute gas* <a* 

cfôlüto oGiâs and Kiiieh did aat condsnsQ at the dry ico fceæpæPûtuE® 

mo loot through the trap, 160 grams of a hlno liquid wss col« 

lactsd iVom the autoclave and the trapo 5ho cruda pi'oduct wai5 

washed with a&tai* íínd dried with caleiusa chloride 0 ?ha wash 

water gave a test far both chloride and SlmrSAs ions and was 

strongly acidic» The product wsighM lii2 grama after washing» 

ThaSp 18 grans of the product dissolved in ïsatar» Distillation 

of the blue liquid gava the following fraetionfl: 

(a) 5 go CFg"GF0l b»p. «3'í°/S303ei 

(b) 5 g» (3o6h%) C1CF2GFC15!0 b.p» 31o70/63GïffiS 

(c) ó g» Qu:ÏÏ%) GlCPgGFClg b0p» líl^g^/óJOssa 

(d) £0 g» {1Uo6^) OgïïGFpGFGlo h»,«» 70o5«71oi>S/S30^ 

(a) 8.5 g» {00¾) OgWCFgCF&SQg b.p. 

(f) ??o5 go (7¾) higher boiling«! nendiatillabls raaterial» 

Atteapftecl Phatecheirdoal Reacbior-. of GFr,~C-FCl with lîltrie Oxid 
<■» yo 

/)¾ öv&cuated S liter Slawin proviöod mfch a 3«?^ÿ groimd 

gla.ois öt^pc^cis was filled with C-Fg^GFCi (snâ witri« oxida in a 

of X CFgr,0FCl22 ïïOo Qm end c?f fcte t» attixchad 

to a inœ^ot.aru ïhe proamars the flasik ijüq kept at 1200 aa 

Hg* 'í.'hg rla^k tras i^^diatod tóth tes nltrarj.olot Ismpso After 
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abofafe «ns^telf tay o£ irrsàiat.ioa3 a bliss coIdk* davalopfld mâ 

. liquid started, oontisnsing ok tfee icallo of the flask» AoctuatEla« 

'iic-si of the liquid at the bottom of the vessel Tías quita ßloiyj 

the pressuras hewovers rI3.d not tîeara to bo reduced to proportion 

to tho quantity of liquid formad» ïïh» stopcock ms attached to 

a trap imsrsad in liquid a?.r and tho rol&tila contenta of the 

.flask «ers pusped out. Altor titis oparation th© trap ma remotoâ 

from the liquj.d iiir bath and urn brought to about 0°G tihila tlia 

vol&tàJLo matoriál in it was allowed to go bade into the flask» 

Thus, any nitrogen produced during the react?.on was rsaoUBdo 

Mors nitric ortdo and olefin wars added to the flask and fcha 

reaction ma continued with totormittsat withdrawal of tha volatilo 

eoüîposïsiîts tol',0 a liquid air cooled trap and pumper! dora» This 

procedure tías continued until ?0 grams of a Mu® product me 

obtained, fhs walls of the reaction flOBk were covered with a 

tMJi layer of a whito solid which filled ths svacnatsd flask with 

lirosru fuicas (10^?)» 
*2»t 

distillation of t-h$ product gave no föaßfcioa^ 

tha tQwpeva.bm:® of the disuilllation flask rosa continuously mâ 

at 180¾ decomposition was Guidante ïMmghoiit the distillation 

a green gas escaping grow tha colma rœl oonústmíng in 

a dry ica cooled trap to a gracn liquid<. This' liquid ro-*?.c1;ad 

vigorously KLulx water e Xho resulting wat or solution gava a t®8t 

for both chloride: mû flu.orida ions sind irss sferangly acidic 0 

Tb3 coXnuin end distilling hoad were covered, with a white ooli.d 

which îî1,vo roactod x-iith wîvter^ and gave off bro*sat funsss (S0g?)o 



**£(?. #T. 

Á colarieis fracviojj b»p. 102~10fjo/630iK!ii reacfead with mt.ar and 

gavo off a blisa garj „ TMs î’aaoftioîi was not fartívar in^estlgatsii 

bwt hJJ.1 ba studied latsr. 

Reaction of csy-CFCl with T?GC;X over MQX-a at h^O» 

About 12> go (:u:i2 ¡sales) of GF^CFGX and 66 g, (one sols) 

of NOCI were passed through a freshly pachad forz'J.c chloride 

reactor ovar a period of 2b hows at 1(5¾° Tha rata of tlurough- 

put and ratio of the two gasas «ai-a controllod by two hoavy 

uiinsral oil bubblers. The ratio of tba tvjo raactanta was b® 

adjusted that the olefin was cO.x-jays in slight excess over JSOCl. 

Tho product was condensing in a dry ica cooled trap to a deep 

blue liquid* practically no gaseous material was escaping from 

the top. At the spot where the gasaouE mixture of the reactants 

esmo in contact with the packing a. vigorous esutheraic reaction 

ensued and the temperature of this spot vjaa at about 10D®c. 

This hot spat traveled along the length of tha tube, conei-crantly 

xlth a color chango in the packing which turned £x\m blMak^hrox-in 

to light brûîsi. At tho má of th® reaction the raactor ots flushed 

with a slow «troam of nitrogen in order to chase out- tha last 

teces of product from the packing. The crude product which 

traighad 180 grams was washed with water and dried with calcium 

chlorida? lb græne of the product was absorbed by tha water dur» 

ing washing. The wash siter gave a teat for both cîùoïlds and 

fluoride ioneip and from it tha acid ClGFgG02H was isolated in 

tho fore of its ester, ¡¡tuct-ionaftiou of tho remaining 166 grœs 

of product yielded tho following fractional 
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(a) 12 %. GF^GFGI b.p. -310/630muo 

(b) 129*5 g* (7 B fi) ClGFgGFClîiO b0p„ 31 « 7^/6JJm 

(¢) };o5 go (2o75s) GlCFgCFCÎg b.po U-l<2o/630£sa 

(d) tracas of O^CFgOFOiEO b0p, 7a&->n»f/630m 

Ce) i£ go (YoShfj OgîîGFgGFÇlg b„p0 62~63°/03Üm 

(f) 1.2 e„ (0o72£> OgîJCFgGFGlKOg b,p, Mc^/ôïQtm 

(g) 5 S» (3/0 liighsï? boijàngj, aosdiotillabls rsatsrialo 

la ordor fco identify tíia nafcur© of tlss cûïapoaads whica ■hspo ab~ 

sorbed by uataj? daring sasliing of tha crade product, mother 

Girai3^.r öOTorxHC-nr, was carried out and the product was directly 

xraetlOKötad aithoat ísraahingo 'fhs abo vs r'osults nero reproducsd^ 

û fraction bop» »*33. to +2Qa/630s>iJi ims colloctad first » This 

sms a mixture of CF^GFCl, GXGFgCOF, viith some ClCFgCKJlOHO md 

tracas of ClCFgCFGiKv* ïho olefin and the acid fluorlds mr® 
» 

aopai'Gtod ßcom tMs arbttnra and were characterisedc The nitrite 

m3 isu#3»âteû i.n a piâra sitatâ î>ut its presence t?sö indicated 

by infrared spactra« 

Roactxon of V^iSFCl with KOCl over FflC&s. at 90°Go 

About 12p go (Xol2 wies) of CFg^GFCl md 66 go (on© molo) 

MOOl mr® paased through a frcaî&y packed ferric chirrié© reactor 

over a period of 2¾ hows ax\ ahoist ?0°Co ïha rate of through« 

put ratl-o of the tea gas©s wore C02ito¿ll©á by moans of 

heavy sainersl oil bubblers o Sfa© product condorigjJUîg in t*h& dry 

ice cooled recoivor t?ajs blue-green colorí aja appwcicbl© quantity 

of gaseous smtaxifil which m.s not concteeáble at tha dry laa tempara* 

me OKOaping from the product ree^ivero At the ©nd of the 
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jroaction the rea«tor- tubo ma ÍÃwBhed. Tjibh a ¿Low ßteara of nitro- 

gara ire order fco remove» tha last traes o oí product from the pack¬ 

ing, Tho arudo product -íísighad 3.75 gemäß tdxloh upon fraefciossa- 

ticn oïh a 3 foot distülatioji colw-as gava the foD.otíingí • 

(a) 18 g0 CPg^GFCl b0p, -31%3ôæa 

(b) 15 g. (T,13'f) OlCFgCOF b.p. -22.U°/63tea 

(c-) 5 g« (3«18^} of a fraction b0po »5 'to +25^/630^ 

'fois was a mixtee of GlCF^GFGlOMO, ClCFgGFGlïïOs aaâ parMp® 

(â) 37 gD (23,6$) ClöFgOPßlHO b»p. 3ol7®/63te 

(s) iiQ g. (25,^) ClCFpOFOlfj b*po kl^/èSÜm 

(£) traces of OgKOPgCFClNO b.,pe 62~ô3&/630®3 

This ccíspcuraâ TOdsrgess dceosipasitiora nhera distilled at ateos- 

pîisrie pressöro« 

(g) 52.5 8° (33-J^) OaKGFjjGFCl î>.p„ 70,,5-71,//¾¾^ 

(b) 2 g (3.=275¾) OgKöFgOKÜKög bop» 9Uo5°/630âim 

(i) 7 g= (i'r=J}^S) îiighsr boiling. soradLstill&bls rcateriíd, 

(âjRaafttlon cf OiyoPOl ïdth excess ??Cp5t over BsCbl-,. at, 45¾° 

A ÍMsbly p&clssd íoítíc Chlorid© tisbö ksis ©laploy^do Ths 

rsactian was carried out at. i$°0* ¿be ratio of. yeaoftaats was 

^ajwiiîtad so that a elighl; excess of KOGl t?a9 esjedo 13.7 go (onô 

moj.o) of Olv^'CFCl íis)d 75 £u (ld3ô woles) of SQC3, .TOöoted 

ûTOr a porilod of 23 hours*. Hh% products ohtsiined uposx Äactlona- 

•¿Ion of tho .^action, mixteo mve tho ôœ©p î*îith practically 

the vùmcù disîteibutioï*^ as the ones ahowa ;la the aberre 

meat cabled out at i5öGo 
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(BjRgactloa of GF,.,r-'0FGl gll'.h IvOGl ovcu” Spsafc FeGl^ k^Go ^ ’VA w^* «•»*»-»*4 ¿« wvj-»^ .7,,,7,.7^ ■' 

Tilton «squiîaoiw qumtitieg &£ CF^CFQl œd KDCl were p$&m& 

fat through a fcrrio chlos'ido roactor *ohich t?âsî pîraiTiouBÎy 

employed :l?i mother similar reaction ujatil the pacfciug ted. changed 

itî3 coloras the conversion w&js not quantitativo and the yield 

of OlCFgGFGlNO lîSâ again quit© !gsj (25/S)o ite yiolfe of tha 

other produete mre inor^osod: ClCFgCOP (12$)^ OgNCFgGFGIWO 

(5$) 5 OgHCPgCPSlg {35/¾). 

Kiotodieriioal Remît! jn of GF^^CFCl tóth NOCîl 

Sccicfcljr 30 go (0.,250 aale a) o£ Ciy-'ÖFCI aud 2.6c8 go (0„256 

«»les ) oí ifüßl way© placed in an ©vftenatsd hsax-y wall pys'ea; tmfea, 

ïha tiiiijs was Gaalod and was espoeed to an ulteavialst leap Sos- 

a«5 hoiWBo ÏÎJS maction started in about 15 lainutas and was v*r¿j 

eKOthsralCo ilt fcha and o.Ç 2„5 hoaï’s tha tub© was cooled to „‘(S^C» 

■&?iih Di'y Ice fl^.d îîsg Opanscw Elit« at this lew toaspapaturs s&n® 

gassoua nsatarisl oscapsá feosa ths tíásc t-Èi@ïi the seal was fcjrokeiio 

Ä erntwi-s wsp© washed with water and dried with ealcit® ciilorid®, 

b,2 grama oi eratis prodact war© obtained which os distillatiors 

gara ? g« ung-aaeted OPg^GFCl* b.p. »31°/ó30isaP 10 go (28065?) 

ClGFgCFClgÿ bop«. lüAïi0/ûj0m? 21 g0 (605) OgiîGFgCHJlg,» b,p„ 

?0.5”?2°/ó30mP and ij. g0 of & highei- boiling,, nondistillahl® 

1¾ saouliOT 0^p0i"iniGn1; «az/rled out ©s atovo ßsid uöirsg Iiæa« 

oM.o?r*obntad!ene a vivent, the mm Túñvlks mi*® obtaàr,©á0 

ïïaaetiftü. of QF.^QP^ with Nitric Oalga and PeClv-jat h$cG<. 

A ferric chloride reactor contsftruetsd in tha rasaaar pra- 



vioußly dsscribed i-mti hoz'caá st 100°c and flushed with dry nltë-o- 

gon foj* fifteen iislnutas« ïhe teMperatore thea wee reduced ta 

h£ G* 10h go (lo0% isoles) of 0]?2MCFgir aszX nitric oicicîs lin û 

ratio of approximately 2M0sl CFgGGF2 by toIws» mm pasead tfepough 

the tul-je wer a period of 2h hours,, ïbe ratio má rate of through- 

put of rsae-tents was roughly measured by msatm of two haary 

mineral oil bubblers) which were mounted fce’tegsn the Kï"f tubs and 

ttio reactant contoineröo A slight ezems of Ql^GFg me weda 

ZoOcs, SSO< Gi?gwCF‘go '.¡.'h® pr'oduefc which was collected in a ary 

les coolcsd trap was condensing to a deep blit© liquid» During 

ftha reaction a wry siaall quantity of a nencondansable ges ma 

escaping front the trap» The color change described in tita pre-* 

ceding expar-iiasnts talcing placa as the reaction p.rocesded tjss 

©bsarred in this reaction also» 

At the and of the reaction the rsacotr ms flushed with 

a slow atroam of nitrogen in order to chase out the last traces 

of jprodaefe in the packing» 

The R’ecoiTOF A with the í’oactioo. producís was attached .is?. 

series to tiro Dry ics-oocXed traps, B and c, »’ wash bottle ;o 

(eentaioing a dilute ferroua sulfate solution) and to art evacuated 

22~lit©r flask E» Sfea trup A containing the crude product (3,¾ g») 

was removed from the dry iee-csllosolva bath., wsa wrapped with 

oXesn gloiîs wool and was allowed to warm up» Ths unr’eaotod totea- 

.öaioroothylons along with dissolved nitric oxide ware passing 

through tha syatwi of traps and through the FoSG^ solution-, sad 

thon iuto the avaouated flack E» SurisiK thi.si procass tho urnicoted 

“Tateafluoseatiiylena was prepared from BrGFgGFgBr and sise dust and 
wfts inhibitod againet polyiaærisatAca with Terpane »b**« (DuPont) 



»27' 

¿jlir.X'j-c oeíiS© ^aa ^emovocl by tha F-sSO« aoiiifeloïi .‘aitd thus lôffQast-sd 
4 

CF^Ciiig (lh g.) waa recsoTerad. 3&s gasaous ppeduefca which coa» 

chasíSQd in the tw clpy ica cooled teaps B, C ïâsze cosibined mbh 

the nonvolatile liquid left in the first trap ¿ gkc5 fractionated 

on a 3 foot low teæperatea éí.stillatioB colaran, $ho ■follow.lîrtg 

fractions ware obtained: 

(a) !? g, (6,112,¾) of a green liqnM bap. <=>23 to -Xf/fâQwu 

TbÍ8 fräst,ion conoiated of two cossponaatsg i^o¡, the,seid 

flmvido ClCFjjCOF b»p. »22°/ö3Cfen which sas latsï> isolated 

fror* itp and the nitrite ClCFgCFg0N0 bop, -l6%30asa which 

was pressât, in vary anwill quantitioa. Bridones for this 

praasnee of this? nitrito was obtained froia its infrared 

spsotos and by clinical nsaan© {s©o below)« 

(b) 100 g„ (71.ÍÍ?) ClCFgCFgHO b„p0 =^/63¾¾ M.Wo 165 

îlo analytical rosylts could be obtsinscl for this eoapeundo 

Its structur© and constitution ware estsbliahad by osida« 

ties? to ClCFgGFglïOg, The latter was synthenissd by & &».£*> 

feraub snsthoda The physical constants,, infrared epaetra,, 

má analyticâl result??, for ClGFgCFgüîOg from the to sstïsadæ 

mro in parfset agreement0 

(«) 6 g, (U»28??) ClCFgCFgCl b,p. -1 to O®/630 kva., IUU 169*5 

This was idsnfcifisá by its infrared speertsa. 

(&) 6*5 g<. (1:.61:¾) GlGFgGFgHOg b.p, 30,^/¾¾¾% 4 3-3836 

ci® 1.5622 

ïhe atsaicture of this a>E?p»ïmd was established by eompari« 

son of itö phyaiGsJ, constants and inhered ispsetra with 
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t.hc.>B'3 o£ GlCPy.CFgKOjj obtair*aû by osidation o£ ClGFgCPgïïOo 

(©) 3 g» (2alk%) OgiîGFgCFgîiO b,po I?o5»20o5°/630!ä3fl n lo335« 

ó 1^535?* M,W. oi0.cdo Sur CgFgîï^O^i 176^ found 17)^5 

Wo Gonais'teat analyticaJ. rsKulisa could b s obtained for thlo 

compound, Ita o-tmcius’e uaa established by oxidation to 

OgwCFgGFgKOg, 

(-0 3o5 g, (2,^) OgKCFgCFgWOg b.p0 02°/63Oa!3 Ic^CH 

d l»5f62¡, M»Wo caled for CgF^'igOj,: lp2s found 190» litara™ 

turoj, n'ß^ l,3hS 1,095 

mã, caled, for- C^gCy C» 25.00? N# Uio5?ä F5 39.57 

Founds C, 25.23? Li., lUo27î Fs 39.62 

(s) 1.5 M. (1.07i§) Of a colorless liquid. b,>p, 76°/630raii MiWo 

caled« for c^FgClKOs 266, found 268,, 

Anal« Founds 0,, 18.13.? ïïs ïu?0i Cl, 13,12? F» 56.S5 

ïhis eoEspound is though-, to ba the «osasedit-ins ClGFg^Fg» 

'H-0"=CFg'-GFg Hííich has a isclscutlar weight of 266 and th® 

following ».nalyaias 

G, 18,0!¿; W, 5.26; Cl, 13.3¾ F, 57.1Í4 

(b.) 5,5 g. (3.95?) higher boiling, nonciEtiHable material, 

hotos ïhs quantities and parcoatagea of fractions (c) to (g) 

above ai-a sstiisatecS values, 'fhes© vainas irara obtained from a 

aspoxats fractionation of a r.:br¡vuro containing the sbova com« 

pounds (c) to (g), 58 grams of this râsrtvura was ©ccomlated 

in hi® osperiments in which 01¾¾¾ was reacted with nitric orid^ 

In each axpsrinient distillation was diacontiaued whom 

GlCFgCi’gWO eras rssEovod from tbs mistura of produsts? the 

" M 
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ffômalî-jing material then stored at dsy Icq terap^rates until 

58 grms or it lias accnm-ulatsd fand theß fractionated c 

Kföaction of CFnrr0Fo tdth Hi trie Ojd.ck- and Foreic CiilorJJ.« at 
vnu-fr>imn-i—n-f^ H-n n-rt-i-ii-m"lin-r- **-r-.-<-i‘-ir^n^n —r- ' —iT-rtfrr --^r   ^ i-t— „ „ >■ ■■<! W^< 

^QqCo 

In t.Ms :côactíiona t-he dõtaile of the precodiag orpapiirant 

Kôïfa folloaeö.« Tha i’aac&j.on tempsratws was raised to 9&°G *ukS ■ 

a Irasbly packed förric chloride reactor vjm employed□ 

I05 g.-, (1,0¡> raolsß 5 of CFg^GFg was reacted with 2 males 

nitric oxide Bros' a period of 2h, hoursj X$3 g» of a bluo-gTSsrj 

product was obtsiasd 'Which eontainad the folloíãng fraotiona s 

(a) .20 go GFg^CFg 

(b) 20 go (l$%) of & fraction hop« -23° to cMf/tyOm 

ihiK was a isirte-s of QlOFgGOF bop0 ^22°/6j0s:& and of 

OlCFgOF^KO hopo -l60/ó3Qrcm in a ratio of h;l respectivslyo 

(0) 5?a5 go (iilioS?) CIGFgCFgHO hopo -7^/630,¾¾ 

(d) 12 g„ !>oh?4,í) ClOFoGFrjOl bop« -2 to 0®/630m 
<— J-. 

At this point distinction ms dicoontinusdo Th® liquid in t\v$ 

distillation flask K-as chilled^ ^slusd vzltb ice ^at©rp and cteleà 

ovo?: caloinm ch3,QridQo Fractionation œs then eontim^do 

(e) SóJ go (Jioll^) 02WGF2C!Fj:ïïO b.p» 19o^2öoS°/ó3C®ra. 

(f) 16 go (12%) ClGFgGFgllÖg b,p. 52°/630m 

(g) s So OjSCFgCFgríOg. hopo /630m. 

(h) 10 go {7*15/5) Mgher boiling aondi.stillaM© îaaterâ.aXo. 

Reacti on of CFgc;CF^ mth J^trlc 03^:fe Qhlgg^ 

at 1)5¾^ 

A fesohly packed ferric chloride reactor used Bnd the 



reaction carried out at h^Co The ratio of totraxlmi’oütí'iylen^ 

to nitric oxida was malntftlnod at about 1CF2‘*CF2Ä^0^ NO« Dur'«- 

in^ t!*jo reaction ufutt0ftctad nitric oxide >ma continuously ny^-çíi.p^ 

ing from the ayutm through the opon end of tho product receiver* 

Tatrailuroethylena and tho loif boiling products also mu»t hav» 

bö-sn carried avuy b3f the escaping nitric oxida because th» 

flight of cnide product collected at the ond of tho re action v&n 

fnuch less thftn thtj thoorötical quÄntityo Tho yield of 
\ 

ClOF^CF^NO lou (US'?.) based on total vaight of product«j 

'$0% h&zvá on tho quantity of CF2“CFg conaumodo About tho ttm& 

distribution of product# *?&# obtained as in the iwawdi&toiy pre« 

ceding exp^riißento | 

Roaction of CF^^CF^ with Nitric Oridfl ovaz* Spent Ferric Chloride 

&t hS^Q. 

Tho following reaction vlûch vaa carried out at iii>°Co Th«* 

c chloride reactor employivd was one -which had boon previously 

\m®d in one of tho experiments attovoi i^Go^ tho reactor packing 

W.5.K apent ferric chloz’ide., 10.5 gv (lo05 »le») of CF^^CF.-, ^id 

? moles of nitric oxide wet« reac-t?^ through this r»*ctar ®r$r 

a period of 21 hour»* The product cond«rming in tho dry Ice 

cooled trap was klua^greon* during the ro-action a qwitity 

of gas which tos not condensable at dry ico tompwaUirö© -mn 

scaping .from tho systWo 

Distillation of the product (155 15« ) the uriniectod 

CI;‘2^CF2 (22 ge) was rjeovorod gavi? tho following fraction*?$ 

¢^) 35 g ■ {26 ,3¾) C1C5>C0F b.po -22 to -?0 /630^ 
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Vlffl O) y K- (5.2656) CIC^C^ONÜ bop. lû^/ôjOsi 

('■:) l»3-5 K» (32.??;) ClCPjCFgfJO b.p. •.î^/ô.lOüm 

(d) 10 g. (7.5?) ClCí-jCFpGl bcp., t-o 0o/630riin 

M thltt point distillation »as discontinuad. Ths liquid in tho 

distillation i1«ak vas ch3,llnd, washed with ice cold watnr, and. 

dr.t.id ov.r-r Cad,,« 

(e) M ,¾.. (3.= 3G?) OjdiG^CF^KO b.p. 19-:ii°/630wu 

(Í) 19.ÍÍ Cii».,6656) ClCFgCFjjHOj, b.p. 30.0*/630»« 

Cg) 3 K. (2,26¾ 0?KGF?CF2N02 b.p. ÿiVô^Oasm 

\h,' 5 gv (3.?6?) higher toiling;, nondiatillabls matarial. 

or QICGF^QNO to ClCFnCO^C^gu 

Fraction i’b) obtained in the dlstillation of the prcdncte 

of Í.h« Imnwdiately 'procading éjcpariaanfc was ues&l in thia «rj>?ri- 

»■Sn!,, in 100 ml. J-nack flask providr-d with a Wfeürw* * 

írutad giasn tubing and & condensar wae placed 15' ál:¿ 

of 95$: etfuinol. The flask was chi.U«d to about 0öß and 10 s, 

concontrat^d sulfuric acid vn« dropped in »lowly. While stir- 
a 

üw.i fj.t 0 Gy> fraction (b) oï tba ex parlant- um 

ali^d 10 into thn «ol.uV4.on through thé 

irUteá f.2s;iï:5 tubinge A 6m«.Xl quantity oí: nnv'rssnctoâ nitri U 

.ír-tM i os solution during proc^r#.^ Bind îk-aik catlèritod 

in .¾ Dry ïx-0 cac:«.Ufd (.rap which 5ittachod to th > ryflut cvnÿl 

áw'itv?} t‘ú» ‘opaíiad.until all of it íiM re^ct^do T?i¿ 

c*u.op.. i-si;cr/urt* 5iUrr»id lor ono hxir æî; c/^C them for ono» 

hi.»mi at. SO o<- At tho latter ti^nspcfr^turQ fWsmn t.thyl 

v^s i^ndtic;4, The « act ion .uUturb väö cMIleivi ^nd then ni xftd 



/n a íumiol with .150 ic^ Tho organic 1.&y#y 

Ui-7 n- ) v'iu.'h soUlod käs drawn off *nd dried with a few gramil«» 

of CRj.«lui« chlorldo., The iniVared áp^dirogra» of thi» compound 

wr.7 Mísp»rL-apotíábi8 on thftf of ClCfgCüjCgHg ftois a co»e»reltó 

•y* / t »I t-' •* A* ■., .‘ :j 

W* ^ cicpod|-íW0 
*-*•*■■* .li,, • . **•••» < Wf» 

M.oM» yj Ry (Oo33 mole), 100 hi* of 

xciitíc mid* and ?0 ml,» oC concemUuric ecid vior^ :pi^ced 

...• a ■ 1'•' r'iA j-ivjch. .MF:.:j.rí provio^d Wf th & ôtlxTor^ à zànd&À$&f 

*'nu 'J ^.5^3 ■ .vulüiiß., ’rhü fl.ft.ak itösö chilled to about. 1Ö C 

:^r:i ftupv thi;•» t.^pfiCÄiure during t.h^ V^Uo »Ur- 

vigQtovzly 50 g , {0c3 >aol»v) cic^CFpNO «a ftllovÃá to v¿plr~ 

into thu axlfii^in^ :Mdh.^c .Unr^^otcd eUtting »al«H»! 

ir^>.ru th^ íiplution vau coí.lect^ií in ä dx”r let? coolí-d tra}'» 

'.•..r;;!. va« uitrÄcned to the- cond^naori this tóa r'opróMáá^á 

ah'cjwj'i 11«¿ rwïMov .Mixture ^vural until no nwro of it 

ï•//•-•< ,Tlnr,rbt.:í 'Itô x‘ii?.;îfc thturi brought to 3.*now tt^nperfelnr^ 

•ü.’íd ?:t.irrin^ •;■•:>r.rJnu^d j*or Är^ther í¡ou:ru At fm? end n.f thict 

p<*-; i ..'vt iü. r y-iv'i bubt»Í¿<Í thy*3U^h tho roáfítiou S.n fv^-jcr.r to 

?1-r-f v\u snibetancjs? from this solution «nd lov.<i th¿«¿ 

i,rv’■'.• tho ::rv* ic-3 ;:n;vitnl tsvip.. Thtt l^iit trecee of product 

Oil ?;hi rnecUop .qedittt, by w^rming ih.« il«k while b^bb.Ur.f, 

-.•U ,r hr*:'-.v,íh ho ^:1 *ationv 

rrnjtloavi-i.jor; o.f th;?. liquid in tho trap ß&yrd 29 of srl&ñ,*- 

i; ., jdiU-erir.l and )5 gc (6:¾ of Uwrwtlc&i yie..ld) 

ri GlCFyiipi'.'-V; bip, ;t0..8°/6:10(5,11, X..3^36, if «„y. uf<f 
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Anal, Caled(, Tor C^F^Clt^s Cs 13,IQ) Cl, 19,78; F, 1-1,.75 

Found: C, 13o08; Cl,v 19,99* F, 1^1,26 

ïho îïifr'OTOd spectrogram of this nitro eoin’ 'ouncl was supor** 

imposable on that of the sum compound obtained directly in the 

reaction of' CP^ « CFg with nitric oxide0 

Oxidation of OJÎGP^CPLNO to QoNCF.sGFoIT0,, 

About Bo5 go (OoS? mole) of ebroatlurn trióxido, 30 ¡«l, of 

glacial aoofcie a.oxd and 10 al, of concentrated sulfuric acid 

vero placed in a 2$0 ¡Tilo ¿'-»nocF flask provided with a stirrer, 

a roflu.x öoaämmvs aM a düwppinß funnel. The- flask and .its 

contents were chiliad to about X0°C and vjîüIo stirring 15 g„ 

(0,85 mole) OpHCF^CF^nO.tras added dropid.se over a period of 15 

minutes. The nrlxturo uas stirred at 10oC for ona horn', arid at 

room tQRExiraturo for another hour. At the end of this period 

tee mixture ms shite with 200 ml, ice water in a separatory 

funnel. The lower lajar vac drawn off and dried over calcium 

chloride. Distillation gave traces of starting Material 

O^OCFgCFgOO asid 10,2 g, (62 c.]f, of theoretical yield) of 

OghG^O^na, b,p[j 52°/630 «aiÿ ÎUJ, 109.1?, The ifdrared spectro» 

gram of Wiis dinit/ro compound ms suporimposable on that of the 

sar/io substance obtained directly from the reaction of CF. « CF... 
C. ¿ • 

with nitric 03d.de, 

Reaction of CF0 « CF,. with NOCI and FeCl^ at 

In this reaction the details of the experimental setup and 

procedure of the reaction of CF., « CF., and, NO as previously outlined 
*»* *£ 



vero cs «1. 10.5 g„ (0.0? malea) of CF^C!^ and ó?,? gtJ (fma 

molo) of rlOGl »raro pá«aí-d through a freely packed tele etoid* 

B*««cto.r over a period of Si; hour« and at kfc. Daring th9 r0ßC~ 

felon traces of a gas which way not condensable at <hy ic« tenspor^. 

turs ^ ö3CaPiüK «se ayataa through the product receiver<, 

ïho deep blue «rudo product (l6l gu) was washed vrith vafear and 

dried with calcium chloride, 1? g0 of CF2*CF£, wtu roooTOrec! 

dnriiîB fehis operation» ïîsa tosh Malier gava a teat for fitiorid« 

loss and also far chloride ion, and wats strongly acidic » Wwlv» 

Ing ronwvsd ? grams of producto 

Distillation of the remaining 139 go gave the following 

fractionsj 

(a) 110 go (75¾ ClG'i?2Cf2Cl bop* -t/tWm» mi, 163 

Tïie lÄirr^rad ©pact^rogr® or this was rapfrriiripo¿jcfc'j.& 

on that of the samo subatanca obtained from the reaction 

of C.VCF2 and nitric asid«, 

(b) 6 g= (li.líí) C1CF2CF2C1 bopo »2 to 0o/630bks 

(c) 1 g» (0„6Sÿ) 07HCFjfCF?N0 b„pt, 19g?-í?liS/ó30m 

(d) G g= ($,$%) ClCFgCFgNÖj» b,po 3008^/630,¾ 

(°) 1 S- C°'68?i) 0gîîCF2CP2K03 bop. ?2®/ó3Qi*a 

(f) 2 g» (loisSÍ) C1CF2CF?N*’0=CF£C?2 b,p. ?d°/63íkm 

Cs) 6o5 gd higher:* bailing,, noncüstillablö teterÍ2Llc 

S2H? Thö and p^rmitagse? of toctiora (b) to (f) 

abov\> art? estiirtiited Vîduooc ïh$8« vrIuäs wore obi^inoc! fôors 2¾ 

fc'op^r&v*? fr¿ictlonation of .¾ mixture containing thöso cocrpomids 

(c i.ù f)., iiD nrcaiíá of thiîü misturo ras ^ccnumlatöd in two 
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pürlrtönta la which CF'g^CFg was reacted with HOClo Iß each «s» 

parlmcnt distillation was discontinuad uhan GlCFjjCFgKO waa >rs« 

novad from tho Mxfcuro of products; the remaining aatarlsd was 

than stored at dry ice tsffiporai.uro until it mñ i'racfcionatédo 




