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HYDROFLUORCETHER AS A HEAT- TRANSFER FLUI D Ref erence to
Rel ated Applications This application is a
woaniciogieak i on-i n-part of U.S. Application No. PCT/US2006/002588
10/ 738,372, filed Decenber 16, 2003. Field of
Invention This invention rel ates to hydrofluoroether
heat - tr ' ,
fdesﬁfR%Fbl{Jé = sfet ot a¥§of
the heattransfer fluid depends upon the application
" For exanple sonme el ectronic applications
esetg Related 49y fluid which is inert, has a
hi g Iy 0 0
env?“?%nﬁl‘éﬁ%ﬁ’h 6 2L R S O lclon QEOH735,972, i
Depmapsei 6i293over a wi de tenperature range. O her
applications require precise tenperature control and
thus the heat-transfer fluid is required to be a
Field pOhiReRfigse over the entire process tenperature range
and the heat-transfer fluid properties are required to
be Pphisdmention elates e hydroflornsthso seatitionsteefiuidns
relatively constant so that the viscosity, boiling
point, etc. can be predicted so that a precise
at@gpenmture can be maintained and so that the
quipnment can be appropr Iyde gned. In th
enbEdcEapuT S Rieyed fisFert 8S B o el bret-
tralﬁf&qgﬁ"&%ehaﬁﬁ dn8éh T%;ﬁlcﬁ‘tlcthe[ﬁ%césﬁ apsf é?(ramfp é"%&ng'@l\ébt?&nc
sel ect propertles heat-transfer fluid nay be used
appligattansoepiitsedicat-trauasftrdhtid wbich nmnnttahas aeinglednobpatcwnength has

o e AP BECES R0 SRR P s i
terdperiaue darfgle O thdr a@bh&@%mﬂ%@ﬁu@ﬂ@&% ieﬁlﬁeﬁaturyéﬁntﬂﬂ%hd thus the

transfer associated with either the heat renpval
heagriransgfeiofnid anregaiked 91 bgasinglephase ayerdhe eniise pmcgﬁéemawg@re

[ t I e Iy
T R T o b
corfipdsaivall rgthaink melatividy cdmetanisoithatthé vidosite) bdiling p‘blh‘@ efdecan be

"operator friendly", the heat-transfer

i der ed
pre ﬁcm%cﬁopslaaéfaéar SCRRAAITE € PRI ehd ahthal Big equipment can be

approI@PULdityed. For automated test equi pment (ATE),
equi pnent Ts used to test the perfornmance of

senincthe scicondugiarendubirg, thiére erearumerdues denviiey detabesses that require

S i RSB RICHR B et
renfo9d ity adiEbafllés inadfain a temperature.

Each of the semiconductor processes described below incorporates a device or a

work-piece which has heat removed from it or has heat added to it. The heat transfer
associated with either the heat removal or addition can take place over a wide temperature
range. Thus, in each case a heat-transfer fluid is preferably used which has other attributes
that make it “operator friendly”. In order for a heat-transfer fluid to be considered
“operator friendly”, the heat-transfer fluid preferably exhibits low toxicity and low
flammability.

For automated test equipment (ATE), equipment is used to test the performance of

semiconductor dice. The dice are the individual “chips” that are cut from a wafer of

-1-



10

15

20

25

30

checked to ensure they neet functionality requirenments
and processor speed requirenents. The test is used to
weants/08ksown good di ce” (KGAD) from dice that decmmis2006/002588
neet the performance requirenments. This testing is
general ly perforned at tenperatures ranging from about
sem1§91§u&t8r ﬁﬁ’)@ﬂ:‘é’ce 1@99 ﬁzxceg gx%ﬁ} £8865icbhgud CfSuﬁfr? ﬁ@ ﬁ{(u%e
one- by- one, an individual die s I'n a
chedledgo @nsmckt}py medﬁm,ctlwllgaHBQuMMﬁSMEthsDgﬁssorpspead Isqmnements.

f | di | di
T g R ort fekisne a6 CBCEE TG pire L 8 pefrel S °
perfb&mhﬁbeﬁ@(glﬁfeh@nts IThid ﬂébtﬁlgﬁb el AR berfol8ed RUeHp Waﬁifés‘iﬁﬁ%mg

coolin or several dice during the test procedure
ﬁmnabmal(WCU@E@dVthB@eous to test dice at el evated

erat ures per nc
chabaere A Sl e RSt G4 B Byt die s heldin
chutle Pk ahwtikeprovitled, Ré Fart 851 dealg@l baRtonbi €db1Agshd@edIn other
heat -t ransfer propertles wel | ove room tenperature

casess seygish Alcg gecdirdd in the sk e@d@éﬁstest@%@ﬂmr sequgpialtyeertia gaatlel. In

i O SRR 8 ALy GO STRA e

parllt mayla&b bepdyaitigpeons ® tqmldfizielay elavatbabt@ﬁfpetafrmgtoaddﬂerrﬁﬁne their
%) ce of, ATE g UngE §ﬂ§ CMOS deV|ces
PerioERR e'c ?aﬁfalﬂfﬂféfun PCOPEREH tema%rﬁmr b th }Stca%l?
coo%’t AANA MR PSR S at- QAL Y8 il sNBell SRVE bR e‘?atﬁtte ist

| ow tenperature. Therefore, to provide nmaxi
mh@@@@ﬁmﬁllty to the ATE, a heat-transfer f|UId

bl t b h |
FerparRpreed bt Ao B Pl o s P B PRt Ohcramber
Corﬂpl@@ﬁﬁtﬁt}eMe@‘l/ Oxide YdntiCotdRBPE [ 'ALMOS Y 88V8&k in barticleF dperate
is non-flammble, lowin toxicity,

moxgsHukEReWPY fgmpeaikesse) , has high diel ectric
t ?»” .
=t R0l AT PSP AOTERIGH oL TRRCEy BI85 i

permpmnatdgll‘cghd:ré\nmer amayberadngragebhiciendnapethalaiohftware at a low
mn@ gPeratures rangi ng from about 700C to about 1500C.

Hat¥fs process, reactive plasma is used to

ani BRELORI fALbYidE LERiIhhe vtai%@ﬁl ?Qi %He%’?ﬁ Ve Gf- traﬂ_sli}@r fluid

waf ers to be processed are a const ant
&m’o@equm veell abhoth lswland th@lh temm:rewuaetsdr e, piEfeatdf bregood heat

heat-transfer fluid prefer IS.a sin hase .
trans@& PERES R e e TP R Fmdr Ty RReRg ow in
toxReRaL nohrchBEi@lly frédéhde)?ﬁ&éﬁﬁélﬁ@kbécl'ﬂi@%tr@ﬁ@ﬂ | ek @b R environmental

performance_over the entire
impact, and has predictable heat-transfer properties over the entire operating temperature
range.

Etchers operate over temperatures ranging from about 70°C to about 150°C. In this
process, reactive plasma is used to anisotropically etch the features in a wafer. The wafers
to be processed are kept at a constant temperature at each selected temperature. Therefore,
the heat-transfer fluid preferably is a single phase over the entire temperature range.

Additionally, the heat-transfer fluid preferably has predictable performance over the entire

range so that the temperature can be precisely maintained.
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range so that the tenperature can be precisely

mai nt ai ned. Ashers operate over tenperatures ranging
wobnrawoasat 40C t o about 150C. This is a proceBeTHISAI06/002588

renoves the photosensitive organic "mask". Steppers

operate over tenperatures ranging from about 40C to

ab?\lé%xex‘g gg rat-ErUvg ﬂeﬁlgEﬁ?urgg 6 g BRS FRERdul 4 oCa%Bngb{Ooé. This is

manuf act rlng the ret 'es needed for
apmmamﬁhﬂtmnongtmmﬁmnmmmmmﬁdngﬁntfmmﬂés are used to

produce the patterns of |ight and shadow needed

ex pOSBPTHEPHHE LY HEPHAYECSTARKNS TR Aot (i< abwtt&ﬁ)ec This

is t8d i APAS &Fﬁ) gaﬁgbgrgfek%r HRLPELAREE Wit hgr ichRIREIRL bithe

to mal ntaln~goo rformance
matufecthiing ste@doduetd. c&ét&ule@ﬁ%eﬁ o pz&duceethh pmteens afieght amd

ositio arrbers oper a er t rat ures
shail3 gty Grosn B BReTRU Bt 190G et ge E)‘FBQ%%@
typfchﬁjgﬁlaﬁftalﬁéd WRRR actéﬁlﬂé‘rauﬁé WiRRw - 6,86 1 AR n§dnll

carbide are grown on a wafer by the chemcal rea tlon
perfonnpnet efdhé finishedeageid. gas mi xture contai ning silicon

cnuRRC B aieeh TR b nsrhiea apbsiEnieien) sherbam ppspimover

ten%eﬁ%@@knéﬁgﬁ%hﬁﬁ%h%@‘(} ®36Buseloes! ?rgth'isﬁyfg@ers@fﬂﬁﬁ -of silicon

Heat-transfer fluids which are presentl sed I'n ese
oxide silcondivdgand pxﬁlbmrcairbldn are groivude apeaféd hyothe cherbioalsreaction

uoro ethers PFPEs | uor oanmj.nes
initerd 0 e o] S L R eticon qRd BiTRE] Lo eRrorh iy egen: or
3) AN THe @hWEX & whiSh ItHeG@zﬁEr Rt S5 Rl WG RER! BRIt teBnperature
However, each of these heat-transfer fluids has sone

ateaﬁs%ﬁé%ﬁ@tta@éera% PFPEs, PFAs and PFEs may exhi bit

nﬁ&&”faﬁk% %%18? Whﬁ ayég% déshttl& %E{Bgsre sgm?coné cgo aglpécdtlons

and u ears tThéese ma
inclhmy pmﬂlubtuchrbbnsgdPFglsp lpa&ﬂmpmy&@lem@@ REERberfloodRines (PFAs),

ﬁMP 13 gf Lnt egr ted potentlal warm ng due to the
perflapragiQers ot Flgheviey elueql dpirBieso feignias waigh s aRRIoils and
hydv§dafldnVlst @Io%@ex‘/‘@a[cﬂ‘ b Gedt anﬂgf%hﬁa'lhs Kid RUAM Lt Fe.

over a specified integration t
PF@wmPEPEg Rivsl anx:hNiEa ey eahélttaempamamuh&tlmemaiwd of pheater than 500

[ t ypl | t f h
vearS oo 65 S0 yosth AR o DS Sy SR . ey epel
wardhif® pehiifls (“qebat iwPbys ’fHegﬁteg’ﬂaﬁ:@ng%teﬁqﬁal \;\Fﬁﬁm'i’g G to the release

viscosity at Iom1tenperature yi el unpi ng
of gaewkt kﬂOBéaI@ af seaeplgearepound selativeoin thfewp@mag dretd dnei(i) kifogram

of (Tg?é(we% Egc(i)% 18{erg§atl%ﬂ do;rl%((r):nr? :el a&etripgl(%o%%%r %%eg ggectﬁ%ge\{rature

limhed; ang i) aeyatal tdwtejf@%fatmmﬁ eMduck bskark es-40Ch Wiiher
I nprovi ng processor performance. As these devices
temperagies waterglycol mixtures also exhibit relatively high viscosity. The high

viscosity at low temperature yields high pumping power. Deionized water has a low
temperature limit of 0°C. Silicone oils and hydrocarbon oils are typically flammable.
Removing heat from electronic devices has become one of the most important
obstacles to further improving processor performance. As these devices become more
powerful, the amount of heat generated per unit time increases. Therefore, the mechanism
of heat transfer plays an important role in processor performance. The heat-transfer fluid

preferably has good heat transfer performance, good electrical compatibility (even if used

3.
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powerful, the amount of heat generated per unit tine
i ncreases. Therefore, the nmechani sm of heat transfer
wohkens®ses2i nportant role in processor perfor maRCeUST6/002588
heat-transfer fluid preferably has good heat transfer
performance, good electrical conpatibility (even if
13 |
in g%egﬁorﬁtgaegoaﬁ)gﬁ%uggg%ﬁtaggﬁ)@mgLn;ngﬁé, RRIPHER P8 %@@é@low
toxi¢idy, lawr{od ndi- )aﬂamxh)ablhtyyardddwleowrmemﬁnn@mmIGolomeEctncal

UG A O A T P

higltelh@etrédigivedy] £1AGH0r sdN @iy Y6 poIR th RS A4 | Xﬂélﬁonﬁﬁdth@ ®@h-
sol vency for polar materials. Additionally, th

trangfgn flpidGeadidptepust exhibingeafamechenisel mrlabbthtg(ﬂm is, it must not
affe?tstg 1%5] rﬁQ’Je 149 @?&ﬂsﬂl&t 1ok Fl& u@\%erée rhanner s g{;ga%tg%%l%n Chea‘c~

er a cons ron 1n an a

tranﬂhnﬂercl cahdndhﬂas srealfyoalifeddi ibtheirtpdgtitlansieticsfarahét stable over
._candi dates are disqualified if their physical
Ume operties are not stable over time. Materials

curyigetibly c&'&@rﬁlyﬂﬁe&@@ﬁea{ Fréﬁk?érq’fulglg 4k gg‘ol{ g&l&gﬁ_@gg 8r electrical

el ectronics or "electrica GQU|pnent I NC
equ@mﬂémcmdb PEEn LT Hsssilicmd olnly,ohnddadﬂmarbon bds. Eatihofoliese heat-

attran r flui di sadvant a Cs
O B S Byt R ) T e S e o Sontelline
persﬁﬂtérﬁ. snmohadlnmn@afbc@ﬂbbﬁ odlk &rett?’ll&bélﬁ] Mmfnbammbl e.
Thermal shock testing is generally perforned at

t enpEFBRlEPRA teeligi ihgereradin replormed @sgnp@ra&mwngnm@n about

- Gy C ture.in.a part

65° E“ﬁ b 08 00T PRl el BR BE Rl Fa PR e s ey Be

reqdi)lfed W@ bitnuddte e, théraral tdsbertaeugit @H"b@hfo@ 6hsBnbE, 38irkcBing a missile.
Ther g?aqlq shock testi ng} I'sS required tor electronics used

Theypal shpek tesiing ipregeiredior eb@ﬁﬁﬁ@cm&@é fort niliteys miThles.emmmg other
thm%sﬁ R a@slsélérﬁrr%h%a?ﬁ yﬂefc ff(: 16195'}%12&6%1' tgahe%ntaf%loglﬁ%npng of many

ock testin roni c conmponen

electigsio rmbtnpesentsTetndsass;eaﬁihemsTéBls VB &alriaa;r}ﬁeamfs of e findEhpidly
res thin a part or

i di h t
Chart%“gﬁ’c‘te%ﬁfaé‘%n Vit o 35*2[?31{0@@ devee eRpe 8%1 dgvice guplpys
liquitieRht-frimi&RAd bt il Rat i AYECRE ATt &@%é}tqfl s%# galtg feservmrs

that are kept in separate reservoirs nai
malmtémé paemperagie exireeswhsrepartrarsaltareatelly imneeseé g/ induce

RS 0 LRSS H o ke B8 o

asseﬁﬁ;fl;lemd anasfrdn@ tiRkkrinaDERctk eqlipREARITHRRIGK, € BUIPERM that 2
Therfefore is jnportant that a heat-transfer fluid

heatrfegagfer usduasﬁd Hhsush ph peRlicrioen @smlplblow tosigity oleivclilanymatibity, and

o R Ak poc e R RO TR e e e idgaemperature

rangb@np;dnczhmuhdowamgﬁt}c tovpfledmability, laawldve ¥hdidnyhentanpact are

and | ow environnental inpact are ideal
ldea%?rrrgm F?SEIP@ testing.

Materials currently used as heat-transfer fluids for liquid/liquid thermal shock test
baths include liquid nitrogen, PFCs, and PFPEs. Each of these heat-transfer fluids has
some disadvantage. Liquid nitrogen systems offer limited temperature selectivity at the

low temperature end. PFCs and PFPEs may be environmentally persistent.



10

15

20

25

30

Materials currently used as heat-transfer fluids for

[iquid/liquid thermal shock test baths include Iiquid
waiotemgersz PFCs, and PFPEs. Each of these heat PCTAs3§06/002588

fluids has sone di sadvantage. Liquid nitrogen systens

offer limted tenperature selectivity at the | ow

te '

por oy n iRty Rt SApICHE B0t BierBML PRI RLAI fange.
Theyplerea tiesirabledreattrimstadlui dsnpefemblyr leave angde lidhidrafgeraad good

oo e A PR G AT OB 0 e i P AT SR B oY GG broperties
alloRal w8} fiideSdhettingAatiRabr the 3BSt&H tdrhptrfuRRasth gl"ﬁﬁ’{ah%rhrgost

properties allows a very w de operating range for
testelgnwfgvémeqwéﬁﬁmdaﬂlam@-@mfw. witly panageeiratyre extremes.e4lsprgpod

' i. [, Ui h - .f i d .
oot B oL Bl g L, 5 SRR e

tradfsfer flagizur at el y predi cting physical properties of the
heattransfer fluids. Heat-transfer fluids which are
pr eSeaitrapstgs Buids whigh age pispantly psedin this@pplertioppedude: PFCs,
| r . er/: . i .
i TR N R e L L S
hydnyadirtmeanils pamddiyclodvetten akabblsoEattheSthesedrbt-tramafes fllaids has some

. fluids SO jsadvant age. PFCs. and PFPES _nay be
isely P8 Sy TGS SH B b B FCUReRs Y P e
mix@eP e adHp@atubdMihREY, thR &L aiFpical 1w RingRbath@Wmit of such mixtures
_ tenperature limt of such mxtures is -40C. At |ow
is -4 frp ektd o wrtempevatuess/ gltsrégly cohimixtures slsalesbibéxtliatively high viscosity.
relatively high viscosity. . Deionized water has a | ow
Deip g aenFes 1 P e epes Hisifashe SOr08e oy gessbonols and
hyd@bdash LMY RS AHRANy AhmalBles are typically flammable.
For heat-transfér processing requiring an inert fluid,

f | udrriheattteahshea tperdesding @a@riof te mensfhdd, fRlovoried atagatials are often

w84 LRGP R kS B e a5k o v
skitf, @BCHdnVEhenAé Llyteattivk ARG BamAAL chdErRE BipHHiBLARE Shéngth.
strength. Fluorinated materials such as
Flugranated jppiseals sueisas pseilyaressrunpel nealivmsprolyethers, and
r ' Fil.onal ..adyant of .
T R e R
stratispharssed above, perfl uorocarbons,

per Ig@ropo et hers, and some hydrof | uor oet hers have
beens HeESTiuFOoRB e oRprar oS, ResiyqroRRlBEbFTB AR SPPECs)

hy Bl Rbdih S EUSFeAlceh LR By ]g%\’-ﬁﬁﬁﬁ&e ous to the

appl i cations di scussed ove. PFCs have high
di ePaBuorocarbonsgREECH) axhibitsegdraModitsradvarsadests i thy appPEG$ons

discglg%ggg{)‘%{ W@a&@ﬁ@%@%ﬁ&e{gﬂl S BBS e Calhdivity. prCs
are non-flammable and are generally mechanically compatible with materials of
construction, exhibiting limited solvency. Additionally, PFCs generally exhibit low
toxicity and good operator friendliness. PFCs are manufactured in such a way as to yield a
product that has a narrow molecular weight distribution. They do exhibit one important
disadvantage, however, and that is long environmental persistence.

Perfluoropolyethers (PFPEs) exhibit many of the séme advantageous attributes

described for PFCs. They also have the same major disadvantage, i.e., long environmental
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construction, exhibiting limted sol vency.

Additionally, PFCs generally exhibit lowtoxicity and
wqgaow/osmse at or friendl i ness. PFCs are nanuf act BCEAS2006/002588

such a way as to yield a product that has a narrow

nol ecul ar wei ght distribution They do exhi bit one

t . .

P et L O 208, 1 AT For A e e e gl yied
prodwdis thiat arﬁrangnf@bnslhtenrstanbcamﬂghtgmd tlsusare suthest ésperformance
Vm_g@ ribed for PFCs. They al so have the sanme ngjor

dr¥%avant age, i.e., long environnental persistence. In

ad Oﬁiydr@ﬂuorbﬁkﬁ?'&ﬁéﬂﬁ GHSPHS)Y & LRPLSE HyafofiBrétiasd GHFE'!:,Q exhibit some

these materi a ield products that are not of
of the prmesadyantagasiue etiribiteywed Rfffts, hvidliflen areadlydn$wb Jaee@s Totheir

B e
11feamHEomﬂretolfmar@ﬁdﬁcaddyatﬁeagaﬁuﬁllaiﬂli i Hbﬂive&:r os‘on'Eé'%ﬁahe HEPES

iffer re ly in two areas, To their credit, th
tau E?EF %aflﬁreféws PRSVISFIXEHG OF eRTRRANERTS of Bridsly @@ﬁ%réte molecular

welghte | Wb gnét Bﬁ%mﬁﬁoﬁeﬂtfeg WZ TR gR %Véﬂﬁn? (A{ﬂﬁ{é’l r}ﬂié%gztctﬂﬁﬁﬁlt to

rat her than | enni a. ver, Some o
mﬁdGU@mknaQKheat transfer fluids are a mxture of

noroneR Ry Rer Gt 288 R Rerrget Pl NS Al e

neeﬁ&kﬁ& foita kHaf-tragdfed f14i0 wHi@dk GlertD BAs IOENBRER ri 3B th, low
hy drofluoroethers have been di scl osed as heat-transfer

eleqifieql Aendupkivisly ehemicplingrgnegs, dharmekstatility and effectivediest teansfer, is
o 4 ol 18 OB LR DB T i
of tethperatmtes shdbisb hbya d{tﬂteeﬁtﬁmmphat& lifetirhe, tand mlse‘reﬂ‘ore a Bwer global

li.quid over.a w.de te era u ange has good
Warﬁg’ggp(?[?‘g}?ift@n ?3?%5’&11’3 %Fé WI de range of
tenperatures and al so has a shorter atnospheric

lifetime, and therefore a | ower gl obal warm ng
Sumpmaent i al , than existing heat-transfer fluids. Summary

n .one_aspec t he pres i nvention co i ses .a. .
cortBoR AT ARY L Hrerep ey eion e MRToR ‘ogBEes Pl kg fes hieh
d1elbaWc eh@Ril, 6@ kleceRElnivd vy, GREAIL Merth BRI $HBBSA stability and
hermal stability and effective heat transfer.

effeAam Reebiiansiyy, Additipmstindn amrb@cﬁmmﬁhmem tibe presens imvention
d
COH&\H?%%H éog%beo%gma'é %S?lg L@d 896[}8. Elgj é I'% LJ}%%UI ns}?a\g/ Iegr(')oél heat-

tranpfeo pmiptities ovar erwide \Mr@e olf edi’rgﬁramﬁret P esdpourel. ha'é'lﬂﬁe general
struct rg)ound has the general structure: RROR h-ORf

ReO-Ry-O-R{
wherein:
Rs and R¢ are, independently, a perfluoroaliphatic group, and if R; and Ry contain
branched alkylene groups, then the number of carbons is at least 4;
Ry is independently a linear, branched or cyclic alkylene group having from 2 to
about 8 carbon atoms and at least 4 hydrogen atoms, and

wherein the hydrofluoroether compound is free of formal linkage (-O-CH,-O-).
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wherein: Rf and Rf are, independently, a

perfluoroaliphatic group, and if Rf and Rf contain
wonresmses2 al kyl ene groups, then the nunber of earhszme/002588

is at least 4; Rh is independently a |inear, branched

or cyclic al kyl ene group having from 2 to about 8

car RoRoAPIBANMhe leskRBRerfioR ¥R
wher elﬁ thée%ey rg? etfor oeteher0 cgﬁpgﬁlg IS free ofpparatus

reqisingdeatitiankiay eor(lpmﬁlm—a dedcd, aheha areghdnesm asrt@@sfemrrgdleat to or
t
trof S e OB s AT i QBT PR GG LR RRRTT A 18

repf@@h@;hb;smbff@l[ovhhgﬁtsﬁcemret ng heat to or fromthe device
conprising a heat-transfer fl UI d, wherein the heat
transfer fluid is reprefeft-Bo §fthefollovv|ng
strygihe: RROR h-O R wherein: Rf and Rf are,
i ndepen ently, a perfluoroaliphatic group; and Rh is a
I [ nKaand B @andhécpeaderdlych perﬂabk))ahplrmcgr@tppaﬂtthvi ng from
n at d at | east

ut 8 carb
2 R B termanain o AR e P B ENE a8 RO carbon

atoxfn'éﬁﬁdQtfleas%g]lh%ggﬁatoﬁgoéﬂder enbodi ment of the present
i nvention is”a method for transferring-heat conprising

th ethtrelpéh%hydr@ﬂthwg:oalp@m isdiecf OV @Hng--a
[ neferring heat. co
st BE e L B A B Rhiefofdardeansferying gt
cori@isideans ﬁtelbs dfe fptroxh@mgra del/i28) ﬁrbﬁdﬁh@\éﬂ r6€hatiS@Ifet Mardsf@ring heat

heat-transfer fluid is represented y the foll ow ng
corrising & eat-traggsien fhyid, @nﬁgpmngﬁ]@?rl@qahtrarmferg]wd trtrapgfes heat to or

froﬁqrtg@me@héﬂé n tge H@e[t—fttaﬂ Pl dqg]fei)te%elgé(? thﬁ%ﬁoﬂ'ﬁ]g sﬁ‘u@ture

l'i near, branc or cyc |c al avin

2 to about 8 carbon at oRg-CaRgtOaRs | east 4 hydrogen
atomﬁ‘ and wherei n the hydrofl uoroet her conpound is
fre‘@%? t0-CH -O. Additionally, in another

enbRAiERY are iRGeRhESRIN! ab&‘ﬂ%ﬂfo‘aﬁﬁhaﬁ@@ﬁﬂps%?d a conpound
that is Ilqwd over a'w de tenperature range, has good

heakeis pdingdrebrapeheg e cydis abipdenczgrowndenvingngem @fto about 8 carbon
atoln§ TRELALIYL £ hyc?rogen a%cs)mts,ha%dg eneral structure:

wherein the hydrofluoroether compound is free of -O-CHj,-O-.

Additionally, in another embodiment, the present invention comprises a compound
that is liquid over a wide temperature range, has good heat-transfer properties over a wide
range of temperature, and has the general structure:

Ry’ (O-Rg)m

wherein:

m=3or4

Rt is independently, a perfluoroaliphatic group; and Ry’ is a linear or branched
hydrocarbon group having from 3 to about 8 carbon atoms.

In another aspect, the present invention additionally comprises an apparatus
requiring heat-transfer comprising a device, and a mechanism for transferring heat to or
from the device comprising a heat-transfer fluid, wherein the heat transfer fluid is

represented by the following structure:
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Rh' (ORf)mwherein: m= 3 or 4 Rf is independently, a

perfluoroaliphatic group; and Rh' is a |linear or
wonrersmses2 hydr ocar bon group having from 3 to abowtus306/002588

carbon atons. In another aspect, the present invention

additionally conprises an apparatus requiring

heat -transfer conpri si ngRqa(@emange, and a nmechani sm for

transferring heat to or fromthe device conprising a

heavhareiansfer fluid, wherein the heat transfer fluid

s r esented by the following structure:Rh' (O-R f)m

V\herpgip'{n?r% =3 o0or 4 Rf is independently, a

perg/ u@ﬁa?bﬂldbhﬂy,i Lpegfl@dtpaliphatc Foup] SndR, istEl@feaPbr branched

branched hydrocarbon group having from3 to about 8

hydgacarion sewhhaving s erto ehpB diGieion #9mehe present
| ”Vﬁﬁﬁthé}rkrﬂb?dﬁnéﬁ%f‘gfé f Qent L0865 4 Hx%thgﬁ%r TR D
the steps of provi ding a devicer ptoviding &

corrhrmish@rths slte}?mf : ]tcp;r(a_riéihg ardﬁvﬁge,@atid%gmpﬁé&bﬁﬁgma’o? trans]felrrir_lgd heat
eat -transfer I.d, and us|i the heat-transfer ul

com Ry ER R 261 SPPS L Brat el o i o or

fi n o of [ J . :
R BRSSP RS el D2 O et

i ndependently, a perfl uoRedPiphati c group; and Rh' is

a I\;v lear . or branched hydrocarbon group having from 3
to about- 8 carbon atons. Detailed Descri ption The

pr age ot oivent i on provi des a hydrof | uor oet her
compound, as well as_an apparatus and a nethod for
headts i iagdeaeadentiyiangrilpaosiiphats eiosp e isedimsauerdrarchad
i t he present
}Wdﬁﬁég%?%%ﬁhﬁgwgkﬁ%gg3ggg%§?§g£§%§%ggﬁ%chanisn1for
transferring heat conprising a heat-transfer fluid.

D tP rfluorinated nmeans, for the purpose of the present
£ L that all the hydrogens in a conpound have

beerher RdeacRdeMonré)i8Qrd IRrofluorocther compound, as well as an
apparatus and a method for heat-transfer using the hydrofluoroether compound as a heat-
transfer fluid. The apparatus of the present invention comprises a device and a mechanism
for transferring heat comprising a heat-transfer fluid.

Perfluorinated means, for the purpose of the present application, that all the

hydrogens in a compound have been replaced with fluorine.

Inert means, for the purpose of the present application, generally not chemically

reactive under normal conditions of use.

Formal linkage means -O-CH,-O-.

Hydrofluoroether Compound

The present application describes a hydrofluoroether compound and the use of the
hydrofluoroether compound as a heat-transfer fluid. The hydrofluoroether compound may
be used to heat, cool, and/or maintain the temperature of the device at a select temperature.
The hydrofluoroether compound is inert, non-flammable, and environmentally acceptable.

Additionally, the hydrofluoroether compound of the present invention exhibits low

-8-
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Inert nmeans, for the purpose of the present

application, generally not chemcally reactive under
waanesws1sondi ti ons of use. Formal |inkage meanBCTMSEH6/002588

2- O . Hydrofl uoroether Conpound The present

appl i cation descri bes a hydrofl uoroether conpound and
viséd’Ry Us6ugtout e Lyl @ﬁérd«l BRPBAsROd HOARAUER: ABpérties over a wide

heat -transfer fluid he hydrof | uor oet her” conpound may
tenperajge sAEs- heat, cool, and/or maintain the tenperature

f
o YA b RELERLof SURRSIAERundPR recrea ty e

follemirigr smuneind:al | y accept abl e. Addl tionally, the
hydr of | uor oet her conpoulrigr o%‘h present invention
exhibits | owiscosity t GUHSURe t he liquid range, and
hasyggeg: heat transfer properties over a wde
enigerature range. The hydrof | uoroet her conmpound of
heRpraklnarei mdepenidentlyi, s pctélmpmhpluaem gbquli HRy dnd| Rsoask sigble,

o Sttt ohrer ot St BT G Aot it oo Giggeoghobic and

hyd’ﬁdS;ﬂloBIca IR s€andiRyegdnerall Qomainak leaftiaBher BéNorSabiE Fbeekample
nonoval ent noijeties which are_both ol eophobic ‘and

aboll, 4 FpYh £ carken atgEsRIndge segcaiq gmbastimants fram abest3 to about 7
carl?t%?%&mg R?'éll?d)ﬁf @%‘pg@l’tallfl Qai %%Inebrgﬂa{éh cﬁeu or l?lgtgé ﬂ% répated

on at ons, I N Specl enbodi nents ftrom’a
alkyleneagroups af coartmioat tlnmxaof Rﬁth angigh¥ chaan beantliaal dhain, or cyclic

g 08 DADRSR, SRl S icl G L el

nurEbtRloP carBb 1§ 'ﬁﬂéaé% hfaﬂiﬂ,an@ Ry W&éém@raﬂ&@ée%@%o%ﬁE%le olefinic
Generally, if and contai n branched al'kyl

unsgfueaiien ang h@rnomtrfélaﬂ)a n@éaln @ﬁten@teCbbtnsroa@natsutlewdwdentmygen or

o B AREHRRY o PP M LS S o

exah@l et daisDTElustigdatms,Hnd & Sdthe XY@ EMen@ft lehdt Ve RFhe atoms (e.g.,
”'”Eﬁte@l: The Rf and Rf contain at |east 5
A

&% T Aelsfd 2 {%Ea)zé%l* i &FPQFz as o1 theflikghr PevBueringias,

ahp?gt‘?c él%u ?&9%@%&% 2xa+sl,t( . gﬁgée_%gglf ."2% mt 8, for
exa@%&(?ﬁl@ﬁ%re examytl beofl anke}limdeey 6l Rkcanidiat ed al i phati ¢
e of I@ilg’for mul a CxF2x+], where x

0 .
Abois 2(‘1:?8%13%&% or eygliceliailgieraunhaving %91@ ZdR ARpHt Sarbon
atoRf afdRQeH B I &§ro efn MbnRl n\‘dhe?ém Rh%Qn h§nt§m|o'n@ %ﬁﬁworéjéagéﬁ%&%d
or cyclic al kyl éne group having from2 to about
heteragtpma. Examples of Ry, include alkylenes, fluoroalkylenes, and the like. The
hydrofluoroether compound is free of -O-CH,-O-.
In another aspect of this invention, the hydrofluoroether compound of the present
invention is represented by the following structure:
Ry’ (O-Ro)m
wherein:
m=3or4
Ry is independently, a perfluoroaliphatic group; Ry’ is a linear or branched tri- or

tetravalent hydrocarbon group having from 3 to about 8 carbon atoms. Ry and Ry are

stable, inert, non-polar, preferably saturated, monovalent moieties which are both

-9-
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atons and at | east 4 hydrogen atons, wherein Rh can
contain one or nore catenated heteroatons. Exanples of
wehodervsiasele al kyl enes, fl uoroal kyl enes, and t hecCiiusen06/002588
The hydrof | uoroet her compound is free of -0-CH 2-O.
I n anot her aspect of this invention, the
olebyltbbef Andayaedphebice QITK%@H&QHP Eorktd1f aPIe8sE @ HarloR\Agsth | 8P etaSnple
fo O Rf)m

resent ed % t he i '

re | ow ng structure:
ab%ﬁgﬁ%ﬁ‘?ﬂu‘f i cargop ptomspend ig 4 speii fie matbediment 3 carbon atoms. Ry can

i I X s ] r.branche

cor B S o O o Sl BURRE, R RS e of

polzimenizab8 aeafimiomnsdttaraton Rid @ndpRbnaAlyeostagbtenatddeeteroatoms such
or];gﬁol ar, gr ef eLeabI y saturated, nonoval ent npieties .

as @Pﬁ? OV &8t KbiREBhRBISEE: atitf TyaiPebHa) centaintat faniet Aparine

atof@oRb:thndfle higidsd 5ueRnD 8RRt 41 infoBE eﬁ?%eﬁ%@ﬁ?&éﬁ%}/}?uéﬁne

about 10 carbon atoms, and in a specific e

atomg {ben CHt. S CFRE CEa@F63ht ai the dike)ni Renfluartmated adiphatic groups (i.e.,
LR or conbi nations, therepf.. Rf i

thogéﬁﬂéﬁé;fﬂ%%@?%@w SR o el to Purt frreambli Lpndi
exaaiptesedembplinend df)R,coNnt ai n cat enat ed het er oat ons such

asolgi,val ent oxygen, or trivalent nitrogen. The Rf

gr olip Ihalnees At BraRched greupshavingrfrre 2ite ebeitt Sregrbohaitoms, wherein
Ry, E2HA8Ra6h L LPRONE

" errbodiarreﬁr%e Aa]{t egsteﬁé}l%?%tgrﬁﬁﬁéﬁg?g@B%g .OSR,*‘ I&f:lu,de glylenes,
flugpdkyle@r3@EEFBke. or the |ike). Perfluorinated

al iphatic grou (i.e., thase of the formula CxF2x+i,

whob B arafbofeRRercompotpds i s essht axamaT aegrally ot
Ad&iXaimlyethe @bmPBELQR JTeRY srehit RbentfA md b i

br anckeple rglgp havi n I?? om 2 ?% al%%ytshagegg%}ﬁ%ﬁeg[thgrsrg,ength
andyipwelachiomhcqndhctégm conwoundsraddidiopatyearatgentrally thermally

stat??ter oatons. Exanples of Rh' include al kyl enes,
‘uor oal kyl enes, and the |ike. The hydrofl uoroether

corfietrydsofbiorddier RoePeiidsion et AlE1tBARES @eh) as heat
i per.t.. Ad%j#gl onal Iy, the conpounds of the present
tfa’ﬁ%\rléﬂk‘lﬂ%n SOTRRAMEAR eperaliyesaibtiyg liquid plase preranvide tsmperature
L i i tiqnakd
O kR P e b ds e e B RN B ST L BOAO I,
Gensgatlyotedisscofityt dfethe ccﬁspmmdi; imvthetigeid paml ilsl$£§ ﬂiﬁngeo beatstokes
fer 1ilquids. C un genera exhibit a
ot R G0 s s Deprele T i op AP keR ke | FomTS)
e X TR 1 drd @R QumdsuRk 8 f SRR iMvdridH aditindly have low

| east about -500C.
global warming potential values (GWP), in some embodiments under 500. GWP is

determined using a calculated value for atmospheric lifetime and an experimentally
determined infrared absorbance data integrated over the spectral region of interest,
typically 500 to 2500 cm™. A detailed description of GWP can be found, for example in
U.S. Patent No. 5,925,611, which is incorporated by reference.

The hydrofluoroether compounds of the present invention are generally prepared
by alkylation of perfluorinated acyl fluorides with polyfunctional alkylating agents, for

example dimesylates and ditosylates using fluoride ion in a polar aprotic solvent.

-10-
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Generally, the viscosity of the conpounds in the

l'iquid phase is |l ess than 100 centi st okes at -500C
wO0208/081280 d n2/s), preferably | ess than 50 ceRCTAIS2106802588

(50 x 10 6 n2/s) . The hydrofl uoroet her conpounds of

the present invention additionally have | ow gl obal
ApWahink ng potential values (GAP), in some enbodi nents

under 500. GAP is determ ned using a cal cul ated val ue

f or Ingerteigshehodmdnts, éhe ingendiod ingludss pe rpprzsitialdqyiring heat

ned infrared abso banc dat.a i nt at ed ov

a1 B e R SPIPERER PR PpisBL P YRGBt Bougp or
froml”thél.devm‘é Wileal headtraeser ﬂhﬁﬂ | Stichodfppidiis Gﬁi]ud}ﬁrefrigéf’dilonfs%tems

exanple in U S Patent . 5, 925 61 1, which is
coolifg éYS,S%?Saﬁeéa%qu@pémeﬁ%mamnawmmwor oet her

co ant ; .
pr 2%% aEg?Ig{ulg g’ﬁ {Hgfﬂr ﬁﬁ‘lﬁ%ﬁog él’ttacé écytlaglé Yot limited to,

testfHeadsr usdé s alutd)rheupd) kopt equ]:pmem dibr taétingltm perfprageed o, sefnddonductor

gicSXa | at nd di es using fluori
oy SOE RY G 1T SR PR b PO FECVI fools;
corSRAROEpEALSe bzitﬁﬁ ah@VRBhhhobinRbUgdEs an appar at us
requiring heat transfer. The apparatus conprises a
devi ce and a nechanismfor transferring heat to or
Dev15e9mthe device using a heat-transfer fluid. Such
~—apparatus include refrigeration systenms, cooling
Sy sinerRaintegfot igeney] thepsreseht 1n&éldlolf(ﬁb©hipﬁlse§sga &Siep Matdevice is

g npl es of an apparatus, of the Present invention
definge PErgR. 2B RCTROESTHOVOTK-PiF¢ce 8SSEBD L Bist torheLasledshaatadrpr

maﬁ&%&'@iaatt gdelb&sd te ?fﬂ%&a@ﬁ%nvts\g{;lg?eﬁ Gl cnlgieteheg; E&ﬁg&éﬁ%

sem conduct o I ce; S use
me@hahlcekmnwwhatts andoptshbeanpaEapp Emmplei; oh@ervssqes BEﬂiéEpresent

tant t rature baths, and.ther sho
inve @ Tl iRE DO ES peTTR Cloth Erh soms Ref e e e mpgGshre
semli EHRINEL PHevERRIS I SoRrdl Q¥nf@nd s, deachs@l HdtriRtibh ‘§Qf1tch gear,
herein as a conponent, work-piece, assenbly, etc.

POVERE traBYDERRTs Iserarié Boayds, mamlﬁtcamquldcs aa@@g@kar@dmpackaged
serrhg&ﬁ%tg} @‘Jv?c‘,es Sc%%ﬁ’ucgﬁy%a%%g lgeﬁ?rgac org%cfé% @%llasers, and missile

conqmmeﬁxlents Exanpl es of deV| ces of the present
i nvention include, but are not limted to
m croprocessors, wafers used to manufacture

Heast Al R0 MShtisglevi ces, power control sem conductors,
erectrical distribution switch gear, power

t r amskegaimendodmantyitte p:re@nﬂmvenmhtwmphisq:s amektaesm for

oA A PSR ST SR L Y 85k i thrma

conkzRS @ith theaddiddl The %@atqgﬂﬁ@@f‘ﬁl’é&?amsm, When placed in thermal contact

with the device, removes heat from the device or provides heat to the device, or maintains

the device at a selected temperature. The direction of heat flow (from device or to device)
is determined by the relative temperature difference between the device and the heat
transfer mechanism.

The heat transfer mechanism comprises the heat-transfer fluid of the present

invention.

-11-
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Heat Transfer MechanismIn certain enbodi nents, the
present invention conprises a nechanismfor
wonresgBesei ng heat. Heat is transferred by pl aeCmgstdee/002588
heat transfer nechanismin thermal contact with the
devi ce. The heat transfer mechanism when placed in
t hes a@itio kAR AR thedd thdhsheh 18RI GE mal SIERYRS 2 A8ALs fof AALARG the
device or provides heat to the device, or maintains
heat-transdeniiuié ingluding.dius sotdéemiteshive mamps.ealvenefluld cemrinmenbf

fl f devi ' ' ' by .
sy pistlt BTN T Qlaiefy Bl e bdnd BT Bt

refraRehtiongykieat, detisdhperaite bamtd Ry stdhs ahe ?hs_swe&&%f)&ﬁture control
mechani sm conpri ses the heat-transfer fluid of the

Syst§f8sent i nvention. Additionally, the heat transfer

G : s N nadi .
oot i b Bl B8 by Bl TR R ROl ted o
tempearpse cortoliesd Wafdr&hd%lqsdlmPECMﬁamolss teaipermyre porisdladeaest heads
conaenser

ontrol systens s, heat exchangers, heat
for G bR B IRBPOTRRRS Tges DA P R e ductor
probRE BB ARl sRb LSS ILRIBL AN s Q9594, URd LSRR BlnWeBature
control systenms. Exanpl es of suitabl e heat transfer

bathfechani sns i ncl ude, but are not linmted to,

te rat c ol | wafer c 0 RECVD tool s,

t enapRiedy BeBSbHE S S ePerg RHE T B, QierRlidipel testrs.
the UpSdridagired PRGN A tdtiRraoRIMS) bt MEH ks ZIopes Wi thin

sem conduct or process equi pnment, thermal shock test

bath liquid reservoirs, and constant tenperature
Me@%ﬁhs' In some systens, such as etchers, ashers, PECVD

nbers, thermal shock testers, the upper desired

ope€Tlat pragnt peaicataddionalyy denmisehih ghettag fAO0Msferivii had

The, present ifnvent,i on addjtional]y co%rzgri,ses a net hod
comIBising i SFRT ol MEOHERE ACSHISE ISP YiginB RN PapsMAPE transferring heat

| g

o B IR, SR M o TR AR g gt o or
froranie devicegwhbreintbatbedtitmnseeflufllisregrasented by dfecblldveiamt stracture:
or fromthe device, V\heg\eﬁ:'on tgf heat-transfer fluid is
represented by the foll ﬁ%“”?ﬁcture: RRORh-ORf 1
or or

Ry’ (O'Rf)m

Examples

The present invention will be further described with reference to the following
nonlimiting examples and test methods. All parts, percentages, and ratios are by weight

unless otherwise specified.

Example 1: 1,1,1,2,2,3,3-Heptafluoro-3-(3-heptafluoropropyloxy-propoxy)-propane
(CF3CF,CF,0CH,CH,CH,OCF,CF,CF3)

Into a clean dry 600 mL Parr reactor equipped with stirrer, heater and
thermocouple were added 20.1 g (0.35 mole) of anhydrous potassium fluoride, 49.8 g
(0.13 mole) of 1,3-propanediol di-p-tosylate (TCI America), 4.4 grams of Adogen™ 464
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Rh' (O Rf) m Exanpl es The present invention will be

further described with reference to the foll ow ng
waamleiogizsz ng exanpl es and test nmethods. Al |l paPC$/US2006/002588

percentages, and ratios are by weight unless otherw se

speci fied. Exanple 1:

Al 3 I |
( gg%-})i())]/a;na S?g %;ln gf'%%zarfolubl &Eg?;% %@élEt‘Hg%FP g%@:m (ﬁff%t‘h?f ether,
avajlablg 75911@ iearn dldywla Glhemicabgprusee amlbwbe@gnepmdﬂmqsh The

anh?fgf talsQ§ uor1 %%e I}ﬁiﬁ{g%?nglgege ({ n&ilrﬁug%equ%_ é‘%83583> was
spréﬁdrlé.ﬂ mkai) atleZS‘ﬂC ?and RfRd REEH10 befbre fsel OFMlradctor(Weslsealed and
Aneri ca) 4 granms of Adogen(tn) 464(Aldrich) and 300

cookgd tO@qboatm%QaG@aé ad/awgm@n{lmwld@ @u@uateéhwap@n spagky 83F g (0.30
f
mo%g '8?532% g(i@?}lh ga}ppr&y ételgl perrg urity nzyv.as %c;]déaa é% % %}acg reactor.

TheRhass aninitd ¢ddntdRerdIRsh Heﬁteﬂl‘&b $5 Wﬂid’ﬁ%’ﬁl for 28 duisNPRbkdure
subsequent synt heses, gs:ltgr ay dried, stored at 125C
deczgpgedyiromrd rimiot 121 pog émren e réavhien. r Bagctieagtongpntasisaerd

allo%as(él t6 %?&e te%c@slg gﬁ‘iatssur? glgs @%g cg VRS gg%p&)%F nyssv%egre tagded to a 500

evacua Space.

m]. GhGRFE0w) Has(l@@p[pp)éd Kmf.hed ryecﬁhﬁm@alnsﬁﬁeﬁ mémwatufeyﬁroMBSvater
dded t(g t he _seal ed reactor. The reactor and

Giee AR DREY S R e HEa DE @60 TSR 4R B HPergRecbiofhe flask and
the ri&%dfu%e stg&ﬁ SRiIed Qﬁ@(l@@@%raﬁﬁso{f’lg@e oS biRtilge éorﬂ?i}-ngl\%ég 8%

durlng the reaction. The reactor contents were
of €706 Qnd’ @x detsunipedls gasecmmsatvgmpbyj Ththerudeprotiost was

oGO B3R ke 22 % efferut SRR PP bep T o

wadVahRf wasHedeasar wah s Db @it SuEBRIaWE FracfRa@Nidz@ted to
wat er (2oom was ded to the flask and the m xture

proxide Fd &PEPT-BYerprity 1dblv%2>3£3 -eepiplhaeto- 6{31h@m@ﬂucpma@@yloxy-

progb)?)g-pr!)ﬁat g c[%n% hil?’l n g %?1% t%@%ﬁﬁa ag P%%B@ted by gas
chrmatogia@ﬁyfn@&@;b @ﬁéc&rﬁm@tr? (chﬂn@)d THeORAHG Fadd caris®k (9 x 107

,agueous potassi um hydroxi de. The product was water
m /ﬁh&ihéQT dcearediising afhyrimolissskodseomater ahd eV adn Model 221
v1scosﬂ§tt1' onaIIy distilled to provide 8.2 g of 97.3%

I l,1,2,2,3,3-hept af | uor o- 3- ( 3- hept af | uor opr opyl oxypro
poxy)- propane. The boiling point was 1590C and the
Examnplec: ut,&,1v52,3 Soh4 -Nome flu - @&ncimihrmbbgﬁy&pdyypm&ﬁy)—butane

(CTRIECHEPR GLR PSP obErERgRL LY 1ms  contt Stokes
%221212 Ftﬁeﬁﬁﬁﬁie orvasslﬁf@;s@&@tsy 48 Gh A OESIBANIMRIE L15iR234.0 ¢ (0.41

mole) potassium fluoride, 75.0 g 1,3-propanediol di-p-tosylate (Alfa-Aesar), 4.7 g.
Adogen™ 464 and 200 ml of diglyme, and 75.0 g CF3CF,CF,C(O)F (approximately 95%
purity). The reactor contents were heated to 75°C and held 120 hours. The final pressure
was 8.0 psig. The reactor was vented and the contents added to 1-liter round bottom flask.
200 grams of 22.5% KOH was added to the flask and the contents steam distilled and then
water washed to provide 52.8 g of material containing 64.5% of

CF3CF,CF,CF,0C3HsOCF,CF,CF,CF3 as determined by gas chromatography. The crude
product was fractionally distilled to provide 19.3 g of 100% pure 1,1,1,2,2,3,3,4,4-
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Example 2: | ,1 |

52, 2, 3, 3, 4, 4- Nonaf | uor o- 4- ( 3- nonaf | uor obut yl oxy- pr opox
wopetssemse (CF 3C F 2C F 2C F 20CH 2CH 2CH2OCFPRTURS206002588

F 2C F 3) This conpound was prepared by the nethod of

Exanple 1 using 24.0 g (0.41 nole) potassium fluoride,

nonZi?quo-%g(é nri(%{l%‘l@(%ggﬁglﬁg& iﬁj(%)or%?/} Qlftﬂeat'ﬁne(b%lllﬁlggnlgﬁﬁta&as 196°C and

the CRBOCER GRE Grdirfmefl dpymcaxs. n’ﬁheeh;co@ﬁj%vpm% tt;t)tlsto‘lihse(%eam on?/s) at
ntents, were heated_ to 75C and hel d r
507§ AEASyebudng %E@ﬁ% %F@Sb%w@conﬁ%r and &c\%src odshaz ’gdSCOSltY

#m@nd the contents added to 1-liter round bottom fl ask.
200 grans of 22.5% KOH was added to the flask and the
contents steamdistilled and then water washed to

oxgilipo bl e Hantiste 2o 8Pyl ailon Inthisth gy -grgpane

(CFSOFSORJOOHZCHYO CFheFscrge product was fract| onal I'y
distilled to provide 19.3 g of 100% p

1, ilhis gonmogng was preperedibydes method of Etmaplledd#mk% 8xY3p

mol PREHPDHLANR, o709 003409, 9, 13 ARES 0K e
(Aldr®oh,i4ST Bl do 2™ 450 afd BEY. B oflligtypit &1 4TE@EHARGIUSI N

a Cannon- Fenske vi sconeter and a Wescan Mdel 221
CFs3(F 3@&@(@9&3 (app@p(imaz]afm%;p@ity) The reactor was held at 50°C for 40 hours.

[, 1,1,2.2, 3 tafl tfluoro | 0
ThegsSeir B Ssand P oR e S b SRR R RS
equ@)@ﬁ@@/ﬁtﬁd Maﬂbﬁ%ﬁeﬁj tdperai@rerpRote) hateh c@&ﬁﬁ'@ér%na Déé]h-ﬂﬂark

(0.33 npl e). potassiumfluoride, 48.

receﬂffﬂf eirg%ﬁofiefés et aRplthes ecaghigepm sepilglt wgrwaéwdé% @rqh@ ﬁ)ther

[
o, 39 990SUATII401 00 30 (008 L LR R0 it
and plhemi watdr. washed teegiot di . 1 \wasn e rolatertial 563 afndug 91(02%01f rs. The
rea r Ve an thecntent vvereade to a
crg R Btk 37 fert Rl G shrotr v 2 i Pl rodg product
was%?dcflﬁl@eflly i QIRE @ bR Rl 1 WP GambBE 69, 49%&?%? {180 3 3.
Dean-Stark receiver. The contents of another féaction

heptaﬂnomr}r(z berityflueeomonpylexy-eitidgd-propanhe T8Be boiliag pbirdisdas 145°C
50 granms of 22.5 % KOH was_added .to th flas and the ,
and o i BT B FTTITOH bY Gl i d TERER oo Wi LeerBiEplgt Y nls)
_44- I t
ot - PR B PRSI FRR ROl A1 £ B Model 221 viscosity

timerhr omat ogr aphy. The crude product was fractionally
distilled to provide 21.6 granms of 99.4% purity of
1,1,1,2,2,3, 3-

Exmﬂa af kigor023 3@4?4 fseﬂat}ﬁ&édmhem Q-QyJuﬁd&a?fuIB?W&n'tﬂBQﬁﬁp@poxy}

oint was 1450 d the structure Wwas
penéamf ((EFa;Qi*‘zE)FP @Ea@EzOGHeCHnQHdQCFyCWzﬂb%) st okes (7

X llqns cd}gpou)nd was prepared by the method of Example 1 using 19.3 g (0.33
mole) potassium fluoride, 50.5g (0.13 mole) of 1,3-propanediol di-p-tosylate (Alfa Aesar),
3.8 g of Adogen™ 464 and 251.4 g of diglyme and 69 grams of CF;CF,CF,CF,C(O)F
(approximately 95% purity). The reactor was held at 90°C for 24 hours. Final reactor
pressure was 1.5 psig. The reactor contents were added to a 2-liter round bottom flask
equipped with a mechanical stirrer, temperature probe, water condenser and Dean-Stark

receiver. 120 grams of 22.5 % KOH was added to the flask and the mixture steam

-14-



10

15

20

25

30

at -500C neasured using a Cannon- Fenske vi sconeter and

a Wescan Model 221 viscosity tinmer. Exanple 4: |,1,]1
w6200/0812824, 4, 5, 5- Undecaf | uor o- 5- ( 3- undecaf | uoPOPRISLOPE002588

Xy- propoxy)- pentane (CF 3CF2C F 2CF 2CF20CH 2CH2CH

20CF 2CF 2CF 2CF 2CF 3) This compound was prepared by

d1st1fl&farﬁetf1$}9\g uog@%ﬁ% glvw].: 449 %igmg af ﬁa@rlﬁloco%%lﬁﬁé &}.1% of

assli Um

CRG&E—F@@EMQ@@BH&O@FﬁQCB@Hz@feaS( dldtdfranm@da'r 353 cBragnajogsaphy.

The B0 QPSR et Bt diteed bt e oS oE D 200

1,1, 2008130, 4W%Sm{a@bﬁl@fm—gQ@Qnﬁ@daﬂaémb@mmxylﬁwwxyy panmr The
pressure was 1.5 ig. The reactor contents were added
boiling painPwhs 219 hb etwmemaa@nnférqmdﬁnaf IWF +t Rheyviscosity was

o IR P Il VB

aW@s@Q‘Fﬁlo‘&l& Phgidbaski@apd the mxture st eam:ll stilled and
hen water washed to give 46.9 grans of materi al

cont aining 74. 1% of CF3CF2CF2CF2CF20C3H6OCF

e e N SR PR
tetr ﬁﬁlo%ogtﬁﬂﬁnﬁﬁmgﬁlyloétm proboiy]lpro%,oﬁy‘}ﬁ-trlﬂuoromethyl-pentane
- undecaf | uor o- 5- (3-undecaf | uor opent yl oxy-pro

(CF&WF[CF@FédQCHt@{t@HWﬁ %ﬁ%ﬂﬂ\ﬁ&@% 10C and t he

UG BN TP B Aol ey SSABL 91 il

pota&iﬁtﬁ(ﬂmoﬁé@%é) w (Gs@ommleg of h,ﬁd)rwa!ﬂééohd‘l WmSE]atez(Z\lfa Aesar), 1.5 g
Vi SCOQSi t%/ time

l e 5:
of Aflogery™ 86dary asosmsEéf!wpfa%qneaﬁa-%arp%ofwﬁz%%@s@ﬁ@%af
Caorp Sl 50 v Revstoranasiid oL AORST 1o 3P dassy Finsl et
pressute tak Bl 1UBiQ MEtchyhetpresvnsones v(/éfE a&ﬁ‘ﬂ&&l&[r@ﬁ(cﬂﬁﬁﬁonﬂﬂmqmpped
2CH2CH2 OCF[ CF( CF3) %5156 2CF3) This_conp r}%e
withg @sm@awlmehéerﬁ@@rﬁ HPb%Fé?ﬁifl C@miena%rqxaé aﬁ'a%ar&cse%aver 40
graxfir? ﬁ?ﬁé@gﬂ \9{9 %ldy(?{d tﬂ@ﬂ &Sang 18 éﬁ)xtg sf@%h?alif?lfledgandfthen

propane tosy ate Aesar)
watdddaghed torgivedBY3 grm@skﬁ@naténadwﬁordmghggrﬁ ¥odf34. 3 grans of

CF RS R o (RPN HeCHOB e T o g Ratl s =0 B bt i

chrdh RSSHILE. VIR sBudtuRSkek cohRBnéEREEOMscont ents wer e added
to a round bottom fl ask equi pped with a nmechani cal

stirrer, tenperature probe, water condenser and

n- St ark recejver. 40 gr of % KOH was ded
Examu’lsﬁel,ﬂila?swéﬁwﬁ%aﬂwﬁ%?- "8p OJPEW?YF( oP‘HHW%gHE’ﬁ“"

(Cﬁﬁﬁiﬁ};z‘gﬁgwﬂﬁﬁﬁﬁﬁ%éFQfﬂﬁz@i‘"s)mat erial containing
CFIfR2CHEhSrR(1BHS) m]tmmmaﬂmﬁ{r@ﬂq ChpabiorpOrEgided20.7 g,
0. 35d6ertn§153)mln4eguta1¥ed9§ dimethanesulfonate (40 g, 0.162 mole, Aldrich), Adogen™
464 (8.8 g of a 55% solution in anhydrous diglyme) and anhydrous diglyme (300 ml) were
combined in a 600 mL Parr reactor. After the reactor had been cooled and evacuated as
described above, n-C3F7COF (84.2 g of 95% purity, 0.37 mole) was added and the reactor
then heated to 75°C for 19 hours. The temperature was then raised to 8§0°C for an
additional 20 hours. Pressure decreased from 72 psig to 25 psig during the reaction. The

reactor contents were allowed to cool and excess pressure was vented. The reactor
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chr omat ogr aphy. The structure was confirnmed by gc-ms.
Example 6: I,1,1,2,2,3 3 4,4-Nonafl uor o-4-(4-nonafl
waanoemsasy | oxy- but oxy) but ane (CF 3C F2CF 2CF 28CHURIH6/002588
2CH 2CH 20CF 2CF 2CF 2CF3) In a manner simlar to that
described in Exanple 1, potassiumfluoride (20.7 g,
confen3S@erdta@iferrdd b HUL &Slﬁldlk@ttoﬁﬁl Rk h\ﬁihea%ldhtf %E of %teg The
0.162 nole, Al dri Chh Adogen(tn) 464 . of a 55%
mixdgie yyasgreqtioricaty distlied 8 qusw@;i laﬁefamnh:yldno iy e Tower
gl PR PR bkt o3 alink At SRR 067 HEhe
desabd Ca s O, H; GCTRpréBt. 2The @ﬁd@ﬁ%mmds)azed@no@%aﬂp dR)ille@fom

a a he reac or, then heated to 750C for_ 1
abngﬂ g0 ihéfﬁ@%gsu% fﬁe PR SHWaGsFe o ¢ zeﬁrsén
dlsﬁib@ﬂoh'aﬁ@ ﬂle lg@emﬂlwr&hegﬁ@ﬁ PHIL v%é}rvﬁﬁﬁ&garfdri?ﬂlggal@ﬁdlgalled to

to 25 3@ uri ng he reaction. The reactor cont
PTOV\Jéﬁé‘O’éIgIO(f 4% mlrﬁbéll hAd, k&éﬂwnpﬂwe%@ -wasflvenbesioxy-

oupRRT | SRE Polai gt 258 Ao e SR eanfiiRe s

TheASBRP QRS ADERL Ko ehatbl 10 Sl 0 05047 hORA AP

to obtain 48 g of a ower uoroc em ca
Fengkagiecaagierraati iadMesan Musish? Hgvisduisith timent ai ned 66% of
the desired C4F OCAHsOCAF product. The crude product
was azeotropically distilled fromabout 100 g of 45%
Exgopleds i nyim Gy o0 6 en,ir€1; Ry ([hés mﬂuctap pariadepar#sde fidxture of n-
he f.ir distillatjon a fl uorochem cal
Ca ﬁr?é‘éiés?ﬂg:{“}é%gr\%%gﬁe ﬁ‘a' ‘f"?g%étp ‘F"}V ‘al stilled to
pr Ovil ad@arkBr §ﬁul@.f 10X Batefs @it ity EXarbple 1, potassium fluoride ((17 4g.03
2,2,3,3,4,4-nonaf | uor o- 4- (4~nonaf | Uor obut yi oxybut o

molf:) He-Bivpancrikd db@rtpsy&ege (8 o110 Masnalesigrigd Adhgen™ 464 (8.3g of a

S‘ﬁgélgﬁéry I eanﬁ’a c?ro 1%&%%}65) %@%@iogtdlg-ll—g@e é%flnéy ! %/ %}ngmed ina

600USL Pgrraecdaaitn (Mfter E%ﬁéé@oﬂha&%&?é&ﬂecﬂﬁ@ e@a%%éaadg dwﬁ)led above
221 VI SCOSI téF 7 n,i- FgOCsHeOn i -C

a mpxppie ot Briedlofe |a§d a&ﬂ@@ﬁé}%{m ef ?ﬁ%upulﬁtaf B2hmol4 Ebmar@@% iso

NASTS) r her
S o A B 0 L S o
Prepotedesidasodi ka0 i §16sig 1064 plg dBrise tRlr&dctiork, @h@fc@&@ﬂ&qﬂéﬁts
di -p-tosylate (55 g, 0.143 nole, Al drich), Adogen(tm

werg GHOWBd Bpost arﬁl S5O PBHISHHIE GRS VANtaAh T bie aeioy P@tﬁyﬁ%‘)‘/e@n d
tran@fé?r%@ h® &'?L%\g{dy%‘?toﬁlzg k %)ﬂh\,\ﬁ)%ﬁt f(ﬁﬂfgt @ gva't Hll)gcﬁxde was

Parr reactor. After t reactor been coo
azeatvaicadly eliktitisd dsed;escmlbmldn&b@mle IAtongbxditi 58, 4<gf offr 1636’ COF

( of 70% urity, 0.324 npole, about
ﬂuoa%@oe%@?gﬁ%ﬁcog%é’afa%%ﬂ@ ‘aréiin%wh% gontaingd B Yoo dhe
desiﬁ‘&?@ 0 O&H, Bfodabo uI'fh Q:?’ucﬁ b&uct Rag

fr omﬁl% @Hgl 41:%% 065 psi 5 dur ﬁ#g tche r g%{ﬁ{i ?%eﬁﬁgﬁj Eﬁﬂpcﬂstﬂled
from gheutd 0 (gcgf ﬂé%tprptassmm hydroxide. The lower fluorochemical phase was
water washed and fractionally distilled to provide 32.2 g of 95.5% purity product. The
boiling range was 188-190°C and the structure was confirmed by ge-ms. The viscosity

was 35 centistokes (35 x 10 mz/s) at -50°C measured using a Cannon-Fenske viscometer

- and a Wescan Model 221 viscosity timer.
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were allowed to cool and excess pressure was vent ed.

The reactor contents were transferred to a 1L round
woabdes1BR ask wit h about 300 ni of water. The RCXMUS2®6/002588

was azeotropically distilled as described in Exanple 1

to obtain 58.4 g of a lower fluorochem cal phase after
ExApRS: SERAT 0 i NGEO (TS Wb &kt GO fsBRitaBR%Rkure of n-

thg desi redﬂ%éng%%Ij g r‘gguct The gr udél pr od ucrteo 8
CsRyean digeriCaF agroops opietihern snddtP dhemaerlelom about 100 g of

ASRBOATR SR AL B iScrieHag, FQURRIT HOROENERLGRL, (17,16

phase was vva er vvas rac nal P

029 fr@‘Yd)dB4?021ta2le@oD(ﬁ1m%ﬁ1a58@ﬁUﬁdtté Y3@r1 gduics moTeh @1dnedh),| IAtﬂbgenTM
nge was 188-1900C and the structure was confirned by

464fd-isot TR bspiites In byaisvsdickame)iad oRkstrowSIglyIS (875 2) were
conm%esc? in 60'0% g’grr Q%g?‘olllr ?twgg‘ler}gazgﬂr%%ﬁ RLy gcioli]esdk $hd evacuated as

Vi SCOI’TE er an scan VI SCOSI

destri tredlrabbxg rphigtude ofn-GFCOT SXAHELR, COF A § b"f'IV(S’/o pﬁﬁd’u o4
IS an |nseparable m xture of n- C4F9 and iso-C 4F

molgr s OB 189 ¥et0 e Rernisd) Wascadsd aedtheyeacter shanieAles %o 75°C for
oo 1 bl Pt 3561 Rl 100 ABL L B AR, T

reacdonmmkm]medefaﬁmtcbto(c&ﬁl %@axc@sskﬁemeevas%ﬂtfeﬂ Cihe reactor

Ad 4 of 55% sol h
con B TR Syt o AP e o0 Mo TEO KD The
mixtite ‘%vﬁ QPedHepany dfsﬁﬁ&i &rdes&‘fﬂe@ﬁn EQ%nﬁEQQE Qbtaitpsh QEFQ Jower

cool ed and evacuate as describ above, a m xture of
fluayotgri@bPhasedfter phEsFFparation 3nd wgshmg Foidhontaingd 60%f the

oL BT e e S T S5 Bh B

frorRRBsRUINe dEClseas@eksTuhORydkO3 dO A fertsepftiddsing vebikdrl AGhinB&f the
reaction., The reactor contents were allowed to cool

lowsphass.dBis samplesascempinsd e agther panple aepated do ptsewitally the

sanigg%ﬁ?ﬁ%f gr;bet\%g rc&ﬁgin%,ﬁ geﬁnnlgiér wal %gtl&l%h AL llac?tcbbo mrltdg' 1 99%%:6‘

ter. xture was aeot

90. toSlutity pddas. das bsilibg ehnigh wax 20868 hkdl tﬂb&t@hd’ﬂurg &g cOhfirmed
a |l ower fluorochem cal phase afteg Qhase separation
by gmaswaShivisgosibiive 5 santistoksd (B094d 6F Y fspald$§P¢ extasured using a

d d
Cor T ARy Ry 1 Sirt YERama 0P80 WS 406

pot assi um hydr oxi de After separation and water
washi n a of the | ower phase, this sanple was conbi ned

EX"W‘PW 9 elt,ln%aza%%ﬁﬂtb@raﬂéaw-éd%wnéﬂ%whuwlw ethexphntane
Fregn ﬁo@g f t [

(€ di stzlérfggg%%ﬁecow !Frqg (?%@%f \3/8370/5 Sﬁr: ?;aprgduct .
Th eInlcamhmm:g sma}agm ﬂdeeﬁcﬁB)eﬂ%Eﬁarapﬂd 1t petassiunu Eltoride W8S g,

037 8916 L5 sl it onie S Feat i Lanofie mhicas Rogon® 53 (55 ¢

of 3599 @&uF@rﬂﬁJ‘eﬁxhy&%ﬁ@&EEIy%{e) ang aghy WS 5 A1 AL 817898 Ivere combined

viscosity timer
in a 600 mL Parr reactor. After the reactor had been cooled and evacuated as described

above, n-C3F7COF (61.4 g of 95% purity, 0.27 mole) was added and the reactor then

heated to 75°C for about 30 hours. Pressure decreased from 65 psig to —11.9 psig during
the reaction. Since the reactor was initially evacuated, the final pressure assuming
complete reaction and no unreactive volatile materials remaining would be negative as

measured by the pressure transducer. The reactor contents were allowed to cool to
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Exanpl e 9:
[,1,1,2,2,3,3,4, 4-Nonaf | uor o- 4- ( 2- nonaf | uor obut yl oxy-e
wohaaeypist ane (CF 3CF 2CF 2CF 20CH 2CH 20CF 2CPRTRS2006/002588
2CF3) In a manner simlar to that described in Exanple
1, potassiumfluoride ( 18.8 g, 0.32 nole),
g FBARG L st Al cpladir QB Bk om0 011
rourﬁlrﬂmjztdnxﬂ&kdmgi ahoe) 3C0ndL af atir o bbe mlgluwmaS(aZE’@rcg))cal\l@ rdgstilled

55 ARRH D LB EBT o0 TaEm B o L PP et YRt et P Hese

sepaeatfé%%ﬁ@%sﬁﬁé véhi&h QntDR4295 bf the d0sired CYBLEL, AR, Bdp@duct. In
and the reactor then heated to 75C for about 30 hours.

this Prsestha peodietwenBistidistiling t@aagﬁsqogw@r&rlc tupg colupy apdcdistiigtion
cut %{;}g Cﬁgﬁgg"(‘? tV\ﬁlé %lfns%(gtret g¥ gg e %V(i)ﬁl 4%’Sn;‘)otass un? Hré{'{)mde in the usual

gr &assu

manh8ACEHe ANk tAR stHIE QAS hbwWS5199% Bf ihe Qleﬂ&fd&ﬁdatﬁérsas confirmed by
remai ning woul d be negative as neasured by the

ge-my.essure transducer. The reactor contents were all owed
to cool toanbient tenperature and the reactor opened.
The reactor contents were transferred to a 1L round

Exahqilé o0 fij1a5k,2)8,3, 6 4 Nniaflu3 HB4+(2-(2fnonafl@srobiitydoxyi-ethux e

azeotro |caIIy dis rl ' mple 1
ethqxaf)laﬁea? IS8 A AT a E R e e T T
q&g nSfERef ﬁiénhlgﬁtoaﬂﬁ d\é@%ﬂ%w Mg ¢ %Ht@s!sﬁﬁ{jﬂﬂc?r%eq% 8 g,
the desired CAFgOC2 F product. In this case,

0.29mok dteﬂmefglmt d]dp—sisy]atee(GO gsDAg1 anodeydd i) @dqg@tﬂéﬂ 464 (6.2

co and a distill m175-1 8 s .
s ol aTbaanen i e brou D) A58 bR SRR 6 58 qusts pombined
in at6|0§ fS Bk rJRIRE After he ridfdr hidd Béen! dbofedTha@Cack@d A9Wescribed
9% of the desired diether as confirnmed by gc-ns.

abo@g aF@erC@@ -(58.5,90f195% purigy.3). 214 o) ieap pdded and the reactor then

el eSS SO SR P BT
the FRPAGT BldTehdSr &ﬁtehﬁa&erg ﬁﬁ&ﬁécpt%c&obﬂo Eax At @elﬂperature and the

pot assi um fl uoride (16.8 g, 29 nol e) di et hyl ene
reacgdryapeheddi T}p%rlewqﬂ cwm@n(ssmerg tramsfqmqi towl 1d; roand boigday flask with

aboﬁﬁdgﬂvpré) &4§g ?gllpg vgarsgalzy%reop Cfﬁ}gtdls)?ﬂ V\%?Se élegg nlgedolﬁglxample

1 tol dbtain B6Q oTh IRRET flucRGBERIcal pidse bfiélhaterph@tiohad Wading which
cool ed and evacuated as descri bed above, n-C3F7COF

contargdsy 5o of thogosissd Gk s0 CHLOR HefPeyFonaedugt JEkis materiphwas not

L e
distii€ion eagkiodn] s-TheeC. éHﬁtx@fco&QﬂWEm&Scemmek@d (60 weild °tra’/s) at —
cool to anbient tenperature and the reactor opened.
50°Crnacaseigd using @drana -5 cngke aisporapist and W esesndviadel 2l wigoosity
timbottomflask with about 300 nL of water. The m xture
Was azeotropically distilled as described in Exanple

Example 11: 1,1,2,2,3,3-Hexafluoro-1-[3-(1,1,2,2,3,3-hexafluoro-3-trifluoromethoxy-
propoxy)-propoxy]-3-triflnoromethoxy-propane
(CF;0CF,CF,CF,0CH,CH,;CH;OCF,CF,CF,0CF3)

This compound was prepared by the method of Example 1 using 23.9 g (0.41
mole) potassium fluoride, 49.5 g (0.13 mole) 1,3-propanediol di-p-tosylate (Alfa-Aesar),
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1 to obtain 46 g of a |ower fluorochem cal phase after

phase separation and washi ng whi ch contai ned 75% of
woheoethssise ed CAF9OC2H OC2HAOCAF9 product. Thi sPOBUS2G08/002588

was not subsequently treated with KOH and was found to

be 90% desired product having a distillation range of

o [ X 10 6
1§ gl Ao 0 200 T Ul e el b S D R
(appﬂosmy Gﬁ%qndltja) Vﬁﬁaaibtd‘!‘bﬁﬁﬂenﬁ%ré/ hée@élsﬂotM°ClaHE held 89 hours.

nple 11: 3 3-Hexafl wuoro-lI -[3-(lI
The 3 rzaczorswgs m;@gfqndab«? etenty addeq ipo-biRse Ebﬂ@;ﬁ}i 150 grams of

e GRS RO DGR PR TR, O A

propide p&.B erbfhyateiia awatahﬁug%6%>odn'pl e 1 using 23.9 g (0.41

CF??)(Lsfe FF@@%@@?@&C@H@@ @Wa?se e(%#%f%ﬁ%%ﬁ%ﬁ%ﬂiﬂfg@aphy The

it bk £46doMY B9Redto AbvidEakY @f@”ﬂW}?«nélQ 2,2,3,3-
30CF2CF2C( O F gappr oxi mately 95% purity)

Hexadlgetool-[T0ht .83 xhéxeeﬂu@ecaﬁéuﬂmroms‘rhoamrdmkﬂ)-@@phm]fk

Th d the
B S, BB 6, S oy ot
by g’djﬁi@ dl“ﬁeovﬁcl&@lt)‘; a8 ko adistoes QoK ﬁfﬂrﬁz/?te@ asp &Eéﬁke%qlsmg a

and then water washed to provi de 58 mat er 1 al
CanmontFanskierviscoBiegnod aW@@@FM@@ﬂmmmo@ﬁea CF2CF2CCF

3 as determ ned by gas chronat ography. The crude

product was fractionally distilled to provide 18.6 g

Exzﬁﬁpl@]Zg 1% Mfl?—hlar)ﬂafﬁw?o oﬁylokﬁﬂfddéor 0-1 -[3-(1

hexaf| uoro-3-trif Iuoronethoxy propoxy) - prop

CF&%ﬁ%OQHzGH%@E&FMWH&BéA@ 2GFCY50i | i ng poi nt

Thel Sulfen Bk g BhEL HE BolR FRSubITS ity 55 Bp 02
mo}e5ﬁot@:§.§1um ﬁaomm 509 n@. & Walenbp ~4Ftﬁl§6ﬂmhaﬂe$dﬂmekﬁ)bu‘@ﬁﬂ('ml
an Model 221 viscosity ti

Amfﬂ@@%%@ﬂ@@ﬁf A4 s rl%lmﬂdeglymmné&@ @@E@@E(@&H
ZCF 2CF
rB S S5 W e ot e e Ferdt g 52088 Rlg 128

houi®| H&e rBQIt@S\SasWanddl&ﬂ lﬂ@lseson&(ﬂtschd@ec( > LHtemedu@N bottom flask. The
l',2,4-tris(nmet hanesul f onoxy) butane (TCl Anerica), 2Qg

W‘ﬁ e stopmabstilied and donphassseparatieq ard tl@dqwgg)h@sggwater washed.
5% t Th t
oo EATHAI E BB oS 1) e sty

CF1EaCH e CHaSH ((0F £1F, GRJCHREHgOOF £, 8Fadded to 1-liter
round bottom fl ask. The contents were steamdistilled
and then phase separated and the | ower phase water

wasfgsbus modifications and alterations to this invention will become apparent to
those skilled in the art without departing from the scope and spirit of this invention. It
should be understood that this invention is not intended to be unduly limited by the
illustrative embodiments and examples set forth herein and that such examples and
embodiments are presented by way of example only with the scope of the invention

intended to be limited only by the claims as set forth herein as follows.

-19-



10

15

20

25

30

Gc-nms confirnmed the presence of the triether
CF3CF2CF20CH 2CH( OCF 2CF2CF3) CH 2CH2COCF 2CF2CF3.

woanicosssrodi fi cati ons and alterations to thi SPCT/US2006/002588

invention will becone apparent to those skilled in the
art wi thout departing fromthe scope and spirit of

Whifk Sialddvent i on. It should be understood that this
—1nvention is not intended to be unduly linmted by the

illustrative enbodi nents and exanples set forth herein
and, t hat such exa

d di t t ed
- by e e T R R IR e of he | nvent on

intended to be |imted oR|yobyy)the clainms as set forth
herein as follows. Wat is clainmed is: 1. A conpound

r eptkesdnt ed by the general formula: Rh' (O Rf)m

wh gyp;4n1: 3 - 4 R is, independently, a

pertfl uoroaliphatic group; Rh' is independently a

| i rigais, indepenadiciyed pfioebplizon greuph from 3 to about 8
carbon atons. 2. The conpound of claim 1l wherejn Rf
corﬁrgrsrigsieneﬂ%eéﬂaﬁdwx o T%RChP%QBé‘%m%%aBQR Wé}v?%@frb%w about 8
at WByonito #e conmpound of claim 2 wherein Rf contains,
i ndependently, about 3 to about 20 carbon atons. 4.

The conpound of claim2 wherein Rf contains,
in endent |

b A )
BRI pr claind 1 3R Re ERNRER oenEhgnty ol dseabout 2

f | uafdoneitah®ns. 6. The conmpound of claim5 wherein Rf
contai ns, independently, at least 7 fluorine atons. 7.
The conpound of claim5 wherein Rf contains,

i . | i.ne .
SRS Ol 5 RS PRy B TR o o 20

Cx Faxboh,atmhere x is about 2 to about 8. 9. The
conpound of claim8 wherein x is 3 or 4.10. The
compound of claim 1l wherein the conpound has a

. Vi spRslohpobiRd bESigin Dathel PR, contains, independently, 3 to about 7 carbon

atoms.

The compound of claim 1 wherein Ry contains at least 5 fluorine atoms.

The compound of claim 5 wherein Rf contains, independently, at least 7 fluorine

atoms.

The compound of claim 5 wherein Ry contains, independently, at least 9 fluorine

atoms.

The compound of claim 1 wherein Ry is are, independently, CyFax+1, where x is

about 2 to about 8.

The compound of claim 8 wherein x is 3 or 4.
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10

15

20

25

30

centi stokes (100 x 10 6 nR/s) at -50 OC. 11. The
conpound of claim 10 wherein the conpound has a

woiemosizsy of | ess than 50 centistokes (50 x 18CBARL®)/002588

10.

11.

12.

13.

14.

15.

16.

at -500C. 12. An apparatus requiring heat transfer
conprising: (a) a device; and (b) a nechanismfor
trags E&hﬁém Jreadimt I%Hérelﬁm&ﬁt%uﬁg‘ﬁhé@ visESNRid R5dtfan 100
using a heat-transfer fluid, wherein the heat transfer
f | vérdistokes @90esERt mUS)A ~§07&. f ol | owi ng structure:
Rh' (O Rf)mwherein: m3 - 4 Rf is, independently, a
perfluoroaliphatic group; Rh' is i ndependent ly a
|'i mgatompoutidasTenes Inydiiedatadmiolid hapanviscdsity ab v than 50
carbon atoms. 13, The apparatus according to claim 12,
whesrsisipkene Ogell e’/ }satséséét ed fromthe group
consi sting of m croprocessors, wafers used to
manuf act ure sem conduct or devi ces, power control
semncapdeQBQE@lriagh@mniam¢r cdimptisingut i on switch gear,
poz\qe)r tr nsfor circuit boards, nulti-chip

Iesa%ﬁ d and unpackaged sem conduct or
de\a?)C €Sq n’?é'&ﬁéﬂl%lfoﬂ' @ﬁﬁfe@ﬂir?g hdab) Bafonk %Qie‘?fc% conYflsing using a
cel 'asers, and m ssil e conponents. T11
appawtatamsfeaﬂumir ding to claim12, wherei n the device is
heated.. 15. The a rat.us_according t
e ShE e MRp G ARPAL et D e BuRefre:
according to claim 12, wWhet®eiRy),f he device is
mai ntai ned at a sel ected tenperature.17. The apparatus
ac¥BeEiiig to claim 12, wherein the nechani smfor
trapshergying heat is selected fromthe group
consi sting of tenperature controlled wafer chucks in
PERYDs tmxtdpsnddndgrpaepaﬂumrealqmam ptoupd test heads for die

I, Ty SRt et O SERCEe LG e Y B C4BLE
t estpBaknld quid reservoirs, and constant tenperature

baths 18. A nethod for transferring heat conprising
the steps of:

The apparatus according to claim 12, wherein the device is selected from the group
consisting of microprocessors, wafers used to manufacture semiconductor devices,
power control semiconductors, electrical distribution switch gear, power
transformers, circuit boards, multi-chip modules, packaged and unpackaged
semiconductor devices, chemical reactors, nuclear reactors, fuel cells, lasers, and

missile components.

The apparatus according to claim 12, wherein the device is heated.

The apparatus according to claim 12, wherein the device is cooled.

The apparatus according to claim 12, wherein the device is maintained at a selected

temperature.
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(a) providing a device; and (b) using a heat-transfer
fluid to transfer heat to or fromthe device, wherein
woOheoclvsexs2t ransfer fluid is represented by thePCT/US2006/002588
following structure: Rh' (O Rf)ra wherein: m=3 - 4
I's, independently, a perfluoroaliphatic group; R

Rf
17. J 1 Th'e gpgﬁgtgp 9&%?@5%1/0 Qaind 12 WhePin BANCHEH VS QEAFRARAS heat

to a 8 carbBon at ons.
is selected from the group consisting of temperature controlled wafer chucks in

PECVD tools, temperature controlled test heads for die performance testing,
temperature controlled work zones within semiconductor process equipment,

thermal shock test bath liquid reservoirs, and constant temperature baths

18. A method for transferring heat comprising the steps of:
(a) providing a device; and
(b) using a heat-transfer fluid to transfer heat to or from the device,
wherein the heat-transfer fluid is represented by the following structure:
Rp’(O- Ro)m
wherein:
m=3-4
Rt is, independently, a perfluoroaliphatic group;
Ry’ is independently a linear or branched hydrocarbon with from 3 to about 8

carbon atoms.
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