1 "PERFLUOROPCLYETHERS" The present invention relates to the use of |iquids
ha- ving a | ower absorbance at wave | engths | ower than 250 nm in optical
applications, in particular in the inmersion |itho- graphy-More
specifically the present invention relates to the use of specific
perfluoropol yethers, having a | ower absorbance at wave |engths |ower than
250 nm in optical applications, in particular in the imrersion
lithography. Still nore specifically the liquids of the present inven- tion
are usable in the imersion |lithography wherein a wave length of 157 nmis
used. It is well known that in every systemutilizing elec- tromagnetic
radiation to build or project the imagine of an article, the resolution
limt is fixed by the diffraction phe- nmarenon. A common definition of the
resolution of an optical systemoperating in diffractionlimt is the

Rayl eigh crite- rium generally expressd by the equation: ro = k1A/ NA
wherein ro is the resolution; X is the wave length; k, is a constant,
cal l ed Rayl ei gh constant, whi ch«pepgnasroroiyergegrg~ ghti ng and projection
or collecting optics; NA is the nunber opening, defined as NA = n sinE)Q

wherein n is the nedium refractjve index an i h m hal f - nin
angl e or The present fhvéntion re ateg'goeghesuéeqofyf£§u1g§ haoPen! Ng

ving a lower absorbance at wave lengths lower than 250 nm, in
optical applications, in particular in the immefsion litho-
graphy .

More specifically the present invention relates to the
use of specific perfluoropolyethers, having a lower absorbance
at wave lengths lower than 250 nm, in optical applications, in
particular in the immersion lithography.

Still more specifically the liquids of the present inven-
tion are usable in the immersion lithography wherein a wave
length of 157 nm is used.

It is well known that in every system utilizing elec-
tromagnetic radiation to build or project the imagine of an
article, the resolution limit is fixed by the diffraction phe-
nomenon. A common definition of the resolution of an optical
system operating in diffraction limit is the Rayleigh crite-
rium, generally expressd by the equation:

ro, = ko A/NA
wherein r, is the resolution; A is the wave length; k, is a

constant, called Rayleigh constant, which depends on the
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possible to solve is connected to the r. resolution. In particular,
| it hographi c projection systens currently used f or the production o
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I al absence of suitable”|l aser sources and optical materials.
l.aser sglrc s.havhp Jave | engt hs | ower than 157 nm are not
A9 SRS PB4 decrease: with the view of decreasin
constant fromthe values of the first years 90 (0.7-0.9) 't
over (T moLrsmye Sraddingiln §ieke (d6§4y1s)" which 1s possible to

solve is connected to the r_ resolution. In particular, in the
lithographic projection systems currently used for the
production of integrated electronic devices, wherein the mask
imagine is projected on a photoresistive material deposited on
a silicon wafer, the r, resolution defines the minimum size of
the details drawable on the integrated circuit. By decreasing

r the density of the printable electronic circuits on the

o
integrated devices increases. The r, decrease can be obtained
as follows:

1) A decrease, modifying the sources used to generate the
light radiation in the projection apparatus. It was
possible to reduce the wave length by using the KrF (248
nm) and ArF (193 nm) as laser sources respectively and
recently the F, as laser source (157 nm) . The use of wave
lengths lower than 157 nm is strongly hindered by the
substantial absence of suitable laser sources and

optical materials. At present laser sources having wave

lengths lower than 157 nm are not commercially available.
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available limt of the conventional |ithography techniques, a series of
RET defined techni ques (reso- |ution enhancenent techni ques) have been
devel oped. 3) Increase of the NA nunber opening. The intrinsic limt of
this size in air or vacuum(n = 1) is 1. The introduction of an index
mat chi ng nmedi um having a refractive index higher than 1 between the sanple
and the first optical elenent, generally-a lens, is a known techni que and
it has allowed the devel opnment, for exanple, of the inmersion m croscopy,
with a significa i ncrease pf t Qht ai napl e _nunber _openi ngs. . i.ndex
mat chi ng2redi dm FFHFSSr ¥ npﬁ?n R p‘?fogecﬁﬁﬁsﬁggi %&eaq?%?f% Rye
i ndex value close to that of the _substratum (for ex. photoresistg and
anyway hi gher comgrantafaoncspgbralugst pAnshet Lihet | YemEs | W afP optd <
systemfor the required optical way. The essential requirenent of the
i ndex mat chi ngoredaliteso 1bwetsarhdm thése a@ppleseahtdng | shéhatoddwe' s
absorbance be sufficiently Iowto guarantee the substantially unaltered
passage of the.lisght,jReamfgical Iof he (Rt cabniut ondie 11 Ehbdl-d@uer
crossed by the Fﬁghtlbetmeen the last optical -4- elenent and fﬁé
substratum defi nes .t he di stance.(Wrki Di,stance, VD) separatjng these
two el enents. t?ﬁg‘%lqﬁ?rs’ e&aﬁﬁré‘%si r?l%: ir}?ﬂh%g?g ﬁPsgaﬁﬁmesca FBein a
very rapid '

Y P lution enhancement techniques) have been developed.

3) Increase of the NA number opening. The intrinsic limit of
this size in air or vacuum {(n = 1} is 1. The introduction
of an index matching medium having a refractive index
higher than 1 between the sample and the first optical
element, generally a lens, is a known technique and it

has allowed the development, for example, of the

immersion microscopy, with a significant increase of the

obtainable number openings.

As index matching medium, fluids are meant in the prior
art having a refractive index value close to that of the
substratum (for ex. photoresist) and anyway higher than 1 and
capable to transmit the light in an optical system for the

required optical way.

The essential requirement of the index matching medium to
be used in these applications is that the absorbance be
sufficiently low to guarantee the substantially unaltered
passage of the light beam for all the optical route. The

liquid layer crossed by the light between the last optical




rel ative novenent. The possibility to increase this distance allows to
sinplify a series of problens of the apparatus draw ng and acconpli shnent,
for exanple the nmechanical tolerances, the fluido dynam c and the heat
exchange. The use of liquids in |lithographic systens is well known in the
prior art, see for exanple USP 4,509,852 and USP 4,480,910. In these
patents reference is made to the use of-4aave | engths of the order of 248
nm or higher. In USP 4,480,910 the |iquids used are water,

trichlorotrifluyoroe- thane, chlorobenzeng:; in P 4 2 t sed

[ qui s SHEMeBinsaHa, TRoSHEASE BN En et h BFE T | BASBBHSEne Hal Nty |
napht hal ene, ethyl napht hal ene, 2, 3-di nethylaniline, 2- phenyl ethyl am ne,
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made to the fact that said I|iquids are transparent at 157 nm |n patent
appl i cat iegamd3le ,20002/ D16B6ZPaphic uappatapes- fdamrimpoiyetherexry RFERE)Af or

| it hographi c apparatus working at wave |lengths |ower than 220 nmand in

particul 3618k 117 lemdiftS. BERN giRsci ety Itb tilErdiaientn AP SBdhad
absorbance data for the perfluoropol yether comercially known as
Fonbl i n(

he -5 abdGrsance GRMENACY [ BuPd 3Eo1sr nALOTSE (o ubhen Tl A "

Di stance of 50 Am corresponding to a light transm ttance of 90t,
drawing and accomplishment, for example the mechanical
tolerances, the fluido dynamic and the heat exchange.

The use of liquids in lithographic systems is well known
in the prior art, see for example USP 4,509,852 and USP
4,480,910. In these patents reference is made to the use of
wave lengths of the order of 248 nm or higher. In USP
4,480,910 the liquids used are water, trichlorotrifluoroe-
thane, chlorobenzene; in USP 4,509,852 the used liquids are
benzene, monobromobenzene, l1l-bromo-2-iodobenzene, dimethyl-
naphthalene, ethylnaphthalene, 2,3-dimethylaniline, 2-
phenylethylamine, isopropyloxybenzene, monobromonaphthalene.
In said patents no reference is made to the fact that said
liquids are transparent at 157 nﬁ.

In patent application USP 2002/0163629 the use of per-
fluoropolyethers (PFPE) for lithographic apparatus working at
wave lengths lower than 220 nm and in particular at 157 nm,
has been described. In this patent application absorbance data

for the perfluoropolyether commercially known as Fomblin® Z

are reported. In this patent application it is stated that the



The need was felt to have available |iquids having, in the range of wave

| engths | ower than 250 nm in particular at 157 nm a significantly | ower
absorbance in conparison with the perfluoropolyethers of the prior art.
This would allow to wutilize higher Wrking Distance val ues, for exanple a
Wrking Distance of 1 mmwith a light transmttance of 90% The Applicant
has surprisingly and unexpectedly found54iquids satisfying the above
techni cal problem An object of the present invention is the use in optical

systens as liquids to transmit light_a e | ths.,ower than 250 nm in

p)altrt i cul ﬁisé?llr 7 Senrﬁf otfhjp%ﬁ’r%i’%p%}:yé?ﬁg&" a‘ﬁla thg,; ":t%euﬁeolal‘g@?ﬁ]@l?%rrml 131:

X1-0 (CF20) n (CF2CF20) M (CF2CF2CF20) P (CF2CF2CF2CF20) - X2 (1) wherein:
THRTRGIRL Lrapnibeanes

t he repedistgnad of -F2001 CQRIPPIGin are

statistically distributed along the chain; -Xi and -X2 are perfluoroal kyl
chain endogr.oups equal to or different fromeach other, having fornula
-(CF2)zCF3 wherein z is an integer fromO to 3; n, m p, q are integers

conprised bet wegn aNdydO0re1r 6c¥ hAvehaviQue@ tihahiids datBag! oRe
anong n, m p and qis different fromzero; the ratio between the oxygen

at ons an%h%h%a%%%b%% %%ggplengths lower than 250 nm, in particular at

157 nm, a significantly lower absorbance in comparison with
the perfluoropolyethers of the prior art. This would allow to
utilize higher Working Distance values, for example a Working
Distance of 1 mm with a light transmittance of 90%.

The Applicant has surprisingly and unexpectedly found
liquids satisfying the above technical problem.

An object of the present invention is the use in optical
systems as liquids to transmit light at wave lengths lower
than 250 nm, in particular at 157 nm, of perflucropolyethers
having the following formula:

X, -0 (CF,0) ,, (CF,CF,0)  (CF,CF,CF,0) , (CF,CF,CF,CF,0) o-X,  (I)
wherein:

- the repeating units -CF,0-, -CF,CF,0-, -CF,CF,CF,0-,
-CF,CF,CF,CF,0- are statistically distributed along the
chain;

- -X, and -X, are perfluoroalkyl chain end groups equal to
or different from each other, having formula -(CF,),CF,
wherein z is an integer from 0 to 3;

- n, m, p, g are integers comprised between 0 and 100,



Q' Cis higher than 0.33; wherein the chlorine atons, determ ned by 19F-NWR

are substan tially absent.

with substantially absent chlorine atons it

meant that their amount is |ower than the sensitivity limt of the

anal ytical 19F-NWVR nethod, i.e. lower than 1 neq/Kg of liquid of fornula
M The products of fornula (1) have nunber average nol ecul ar

220 to 60,000, preferably from285 to 4000 and are liquid at the

tenperature of 200C. As said, the perfluoropolyethers of formula (l) are

used as i.ndex matchin neﬂiun1to be interposed between the substra- tum

and at

t he absorbance of the invention

| & SHe BPHAVISO t
system The perfluoropolyethers of the present invention are |inear PFPEs
as reported i atf demsita ofle) amesds RownanPaBs8r dahgedibfensqt nfr@n /e nr der
of magnitude lower with respect to the comercial PFPEs. See the Exanpl es.
I n particul ar thke rAild GRitwdias tHe pixhysdery| at gl and extpe cdexbbon f atmes t hat
conpounds is lower than that of the known

q‘ight projection or collecting optical

PFPEs havi ng ‘E‘)[c7"53i T SzltHaHPtourﬁ (ex. Fonblin(r) Z, Fonblin(r) M.
1by the App )

Tests carried out

of the pa sent, in enthgn at _the wav

erein the 'ch?8rihe' 2foms . “determined by °F-NMR are substan-
tially absent.

With substantially absent chlorine atoms it is meant that
their amount is lower than the sensitivity 1limit of the
analytical '°F-NMR method, i.e. lower than 1 meq/Kg of liquid
of formula (I).

The products of formula (I) have number average molecular
weight from 220 to 60,000, preferably from 285 to 40,000 and
are liquid at the temperature of 20°C.

As said, the perfluoropolyethers of formula (I) are used
as index matching medium to be interposed between the substra-
tum and at least one part of the 1light projection or
collecting optical system.

The perfluoropolyethers of the present invention are
linear PFPEs as reported in formula (I) and show an absorbance
at 157 nm of one order of magnitude lower with respect to the
commercial PFPEs. See the Examples.

In particular the Applicant has surprisingly and
unexpectedly found that the absorbance of the invention

compounds is lower than that of the known PFPEs having a

wei ght from

| cant’ hdve shown that the perfluoropolyethers



| engt h of 157 nm have clearly | ower absorbance values even in conparison
w th ot her known perfl uoropolyethers of the prior art. Wth other

per fl uoropol yethers of the prior art, the pro- ducts narketed with the
nanes Demmun{(r), Krytox(r), Fomblin(r) Y are neant. Therefore it was quite
unexpected that the conpounds of formula (1) were particularly suitable
for optical applications at wave | engths- | ower than 250 nm and in
particular for |ithography projection syst ens operating by inmersion at

157 nm Q%VI 5L%mg§éyE%g Iesq&ggt®l%utgb e Applicant has found

that the™goo proper e conpoun s o the present invention

are independent of the nunber er age nol cular [ See t he anpl es.
Theref ore wit Feste a? gﬁvéﬁ? SR3PE ggv%oé haym, | thaty ul ate
t he rheol ogi cal characteristlcs of the pro- duct (connected to the

mol ecul apewdilgiorppeilieditesodi 6§ het Ipregeantf | uonvpotyenhet ditd ceave
properties. This is an advantage since with the conpounds of formula (I)

It 1's pogeinkitd b 387 himSh¥va widerlanlewet Absbfbayoanv£16esdeFé®nsn
wherein optical systens operate. -8- The liquid perfluoropolyethers of the

bresent Lay@all Qb-ALA i YHAD AL LA DRIAUA ot Hdae df adlipaplyed

gases, artlcu ar oxygen subst a y ree rom oxyge
art. With other perfluoropolyethers of the prior art, the pro-
ducts marketed with the names Demnum®, Krytox®, Fomblin® Y are
meant.

Therefore it was quite unexpected that the compounds of
formula (I) were particularly suitable for optical
applications at wave lengths lower than 250 nm, and in
particular for lithography projection systems operating by
immersion at 157 nm, having lower absorbance values.

Furthermore the Applicant has found that the good optical
properties of the compounds of the present invention are
independent of the number average molecular weight. See the
Examples.

Therefore with the compounds of the invention it is pos-
sible to modulate the rheological characteristics of the pro-
duct {connected to the molecular weight) without modifying the
perfluoropolyether optical properties. This is an advantage
since with the compounds of formula (I) it is possible to sa-
tisfy a wide range of fluid-dynamic conditions wherein optical

systems operate.



wording, it is preferably meant that the residual oxygen concentration in
the liquid is not higher than 2,10-5 nmeq/Kg of polynmer. The treatnent is
generally carried out under vacuum for exanple 10- 3 nbar, generally by
usi ng a nechani cal punp, The degassing is preferably carried out by
initially maintaining the sanple at roomtenperature and then by cooling
it inliquid nitrogen. If the perfluorofol yether shows a |ow boiling

poi nt, preferably the process is carried out by cooling the conmpound with

i quid nitrogen and subsequent!ly by - carrying out. the degassjng. The

per f | uor opol yma#%lcf%%ﬂééﬁﬂgqmgﬁ %fgtlb%rgr??%ﬁf at Pyt bl e to
be used as index matching nmediumin |i-_ tbographic systens operating in

i ner si oRrA RMﬁﬁﬁﬂahkﬁlﬂﬁed(ﬁubsﬁﬂﬁﬁiﬁﬁiyré%%ﬁmﬁI@Wrﬁ#$$QlN%@ FRsS4%7 nm
The perfluoropol yethers of formula (1) of the present invention are

obt ai nablié pwra ipfiaeessxyaepr.i Winh the bBabkoahndaliyefsea) fagmtdvepgenof the
peroxi di c perfluoropolyether, carried out by one of the follow ng

react i ong,o.f:)ngl FE; photpoxir-dabi-aBi i tddie: Pregencendf v ilhght 7Q)§}gel‘1 ow
t enper at ur e, gé%erally from-400C ?o -1000C, in 9 solvents liquid under the

eact)on RIS, PG ELEC BELLECPRPECL! HICRERTUAIR SDdpllBl g
of polymer. The treatment is generally carried out under
vacuum, for example 1073 mbar, generally by using a mechanical
pump. The degassing is preferably carried out by initially
maintaining the sample at room temperature and then by cooling
it in liquid nitrogen. If the perfluorcpolyether shows a low
boiling point, preferably the process is carried out by
cooling the compound with ligquid nitrogen and subsequently by
carrying out the degassing.

The perfluoropolyethers of the present invention are par-
ticularly suitable to be used as index matching medium in 1i-
thographic systems operating in immersion at wave lengths
lower than 250 nm and in particular at 157 nm.

The perfluoropolyethers of formula (I) of the present
invention are obtainable by a process comprising the following
steps:

a) synthesis of the peroxidic perfluoropolyether, carried

out by one of the following reactions:
al}) TFE photooxidation, in the presence of UV light, at

low temperature, generally from -40°C to -100°C, in




| a: -CyF (2y+2-x) Hx wherein y is an integer from2 to 4; x is an integer
equal to O or 1; in the presence of fluorine, as regulating agent of the
nol ecul ar wei ght, diluted with an inert.gas; or a2) TFE oxidation using as
radical initiator fluorine or hypofluorites of formula RFOF (I11) R# being
a pefluoroal kyl radical from1l to 3 carbon atons, by operating in the
tenperature range from-40C to -1000C at a pressure between 0 and 12 bar,
in an inert solvent under the reaction conditions, also containing

chilorine; b) ther mloysetimantyly Lacherasi d f9£89“8<§%8PéPé£§dséfe step

a) at a terrperaturg’ofrom |ona resence of

nol ecul ar wei ght re ulatlng agent selec betme n el enent uori ne or
hypof | uorite of f EFV???FE?Q}QSrQ ltiﬂé%%éiW?{Rﬁine of

the polyner obtained in b) at tenperatures fron1loqC to 250C, or by tre-
atment with fluori manbensherppesenvsedf by\thadicdliopigg general formu-

la:
CyF(2y+2‘x)Hx (IT)
wherein y is an integer from 2 to 4; x is an integer
equal to 0 or 1;
in the presence of fluorine, as regulating agent of
the molecular weight, diluted with an inert gas;
or
a2) TFE oxidation using as radical initiator fluorine or
hypofluorites of formula
R;OF (III)
R being a pefluorcalkyl radical from 1 to 3
carbon atoms,
by operating in the temperature range from -40°C to
-100°C at a pressure between 0 and 12 bar, in an
inert solvent under the reaction conditions, also
containing chlorine;

b) thermal treatment of the peroxidic product obtained in
step a) at a temperature from 150°C to 250°C, optionally
in the presence of a molecular weight regulating agent
selected between elemental fluorine or hypofluorite of

formula (III};



by aperating at tenpertures from-50C to 1200C. In step al) the fluorine is
generally added in such anount that the nolar ratio
fluorine/tetrafluoroethylene is in thejgange 2.10-2-1.2'10-3, preferably
1.2.710"2-1.710-3 and is diluted with an inert gas in ratios by volune from
1/50 to 1/1,000. In step al) the used solvents are preferably the follo-

w ng: perfluoropropane (C3F8), hydropentafl uoroethane (C2F5H) and

2- hydr ohept af | uor opr opane (CF3CFHCF3), C4F9H (for exanple CF3CFHCF2CF3,

(CF3) CH@)HCF%%E%%%%@%;;%S}%@%%@%iﬂ Seddl LB pod bt Wbk Med N

syntehsi s° terperat ures | Zes e” per oxl pol ymer
even at high nol ecul ar wei ghts forning an honbgeneous SO|Uti§£h Thi s
h

represents a F8ndrkadt e BERNRATAGRTSF FHEM A00VENtPor 20 bcesE FhcerEhere is
no separation of the peroxidic polynmer. This nakes possible the industrial
use of the inatwemtti on gy ddewy igiencier dhy@regensfe tdfe Thdtadxatalonps ant

pi ping due to uncontrolled viscosity increases do not occur; the thermal

exchanges ar e pgxiopRilth f facttewpeatthridy Frampi-g)ecuneontaosld.ed degradation
of the peroxidic polymer. Besides it has been unexpectedly found that the

o v TR 1T SR sl Nghocsseingy waeel i sl Lo
peroxi e con- tent 1n the
pol yner, almg\{l\?lE ;[:ﬁgtr'l €1'-1e5 ngc?la?]]: raa(t::tiiov%lg)c()xgggl/%ggrgf1uoroethy1ene is in
the range 2°1072-1.2'1073, preferably 1.2:1072-1.7°1073 and is
diluted with an inert gas in ratios by volume from 1/50 to
1/1,000.

In step al) the used solvents are preferably the follo-
wing: perfluoropropane (C;Fg), hydropentafluorcethane (C,F;H)
and 2-hydroheptafluorcpreopane (CF;CFHCF;), C,FoH (for example
CF,CFHCF,CF;, (CF;)CH, HCF,CF,CF,CF,)}.

The solvent used ip step al) is liquid at the syntehsis
temperatures (-40° + -80°C) and solubilizes the peroxidic
polymer even at high molecular weights forming an homogeneous
solution. This represents a remarkable advantage of the in-
vention process since there is no separation of the peroxidic
polymer. This makes possible the industrial use of the in-
vention process since cloggings of the industrial plant piping
due to uncontrolled viscosity increases do not occur; the
thermal exchanges are extremely effective and this avoids
uncontrolled degradation of the peroxidic polymer.

Besides it has been unexpectedly found that the solvents



of polymer), to avoid the explosion risk. It has been unexpectedly found
that the use of fluorine diluted as nol ecul ar weight regulating agent in
step al) al- lows to control the reactigp_mass viscosity so to favour the

t hermal exchange, avoiding the polyner separation fromthe solvent during
the synthesis. As said, the fluorine used in step al) nust be diluted wth
a gas. Generally an inert gas, for exanple nitrogen or helium is used as
diluting gas. To diIute the fluorine also the oxygen can be used, being

the latter react t he,.i.nvent] jon,.re cti.an een f ound
by the A I?%aﬁ? Stﬁ% rﬁ% BhdPruttd f9u03%3§q%§%5% g?h%é %HFIHE

produces uncontrolled |ocal reactions an aseous deconp05|t|on pro- ducts
| eadi ng @ iptadds high Qﬁqﬁf}tqtdr@-%é’qng”ﬁﬁff iYiigF-Ibfa thY ReERRtiie FRof the

optical system (UWV lanp) in the case of polynerization in the presence of
WV r adi atiemts inFuhiehepiymer,i howhesehaeasés St ligr ef cant ee arxympenN1 0|4 ed
(peroxidic content) P.O increase, higher than 4-5 (g of active

oX- ygen/ 1@0 3199l Y R Javioil® 3N BN RXPOHi@K Fisks in the system Wen
used dilute fhe fl'uorine acts in step al) as ol ec-al ar wei ght regul ator

with a very hi.gh GldVi 0, f\?& %a]pg has
furthernore fo &1%% \fr?/q orltﬁa(]adz'l'}}% &iegh% t%i-geduces and ‘su natially

elimnates _the reactlon
diluted as molecular weight regulating agent in step al) al-

lows to control the reaction mass viscosity so to favour the
thermal exchange, avoiding the polymer separation from the
solvent during the synthesis.

As said, the fluorine used in step al) must be diluted
with a gas. Generally an inert gas, for example nitrogen or
helium, is used as diluting gas. To dilute the fluorine also
the oxygen can be used, being the latter a reactant in the
invention reaction. Indeed it has been found by the Applicant
that, if undiluted fluorine is used, the fluorine produces
uncontrolled local reactions and gaseous decomposition pro-
ducts leading to process interruptions due to fouling of the
reactor and of the optical system (UV lamp) in the case of
polymerization in the presence of UV radiations. Furthermore
in these cases there can be an uncontrolled (peroxidic
content) P.0O. increase, higher than 4-5 (g of active
oxygen/100 g of polymer), leading to expleosion risks in the
system. When used diluted, the fluorine acts in step al) as

molecular weight regqulator with a very high selectivity, of



I nduction tines avoiding the use of reaction activators. In step a2),
wherein the TFE oxidation is carried out wthout the use of the UV |ight,
the used solvents can be those above pgftioned, or chlorinated sol vents.
For -exanple CF2Cl2, optionally in adm xture with COF21 can be nenti oned.
The step a) and step b) of the process of the present invention can be
carried out in a discontinuous, sem conti- nuous or continuous way. Step b)
ends when in the polyner the peroxide results substantially absent. Wth
substantiﬁllﬁ %bsen% BB%is meant that its value (P.QO ) is equal to or

| ower t h&RSt REAEENS T P ity limit of the used analytical nethod (1 ppm)
See the Exanples. In steE b) generally the fluorine or the hypofluorites

of formul a (Fhe)APRAdRABEERIH T ULihe iy iauich thedwEhgt B1UeRipf esidbd by
nol es-h/ Kg pol ynmer from1,10-2 to 3, preferably from2*10-2 to 2. Step c)
i s usual kyepardi) ededuiceisn andi scositnadus Mgy el ifhigqatescttilen weady- whren, by
19F-NMR anal ysis, it is observed that the functional end groups (mainly

- OCF2COF | and ct 9o8F k 1 hiake ahega ihgarsicoumed dMtr@apeibnuacedhstorend groups
(method sensitivity [imt: | neq/Kg polyner). optionally the product can be

Lot S o T kg L1 RPN BBt gl Bgt rier cavaiaae g eoul o
without the use of the UV light, the used solvents can be
those above mentioned, or chlorinated solvents. For example
CF,Cl,, optionally in admixture with COF,, can be mentioned.

The step a) and step b) of the process of the present
invention can be carried out in a discontinuous, semiconti-
nuous or continuous way.

Step b) ends when in the polymer the peroxide results
substantially absent. With substantially absent it is meant
that its value (P.0.) is equal to or lower than the sensiti-
vity limit of the used analytical method (1 ppm). See the
Examples.

In step b) generally the fluorine or the hypofluorites of
formula (III), when present, are used with a flow-rate,
expressed by moles -h/Kg polymer from 1°'10°2 to 3, preferably
from 2-10°2 to 2.

Step ¢) is usually carried out in a discontinuous way.
The reaction ends when, by 19F_NMR analysis, it is observed
that the functional end groups (mainly -OCF,COF and

-OCOF) have been transformed into perfluorcalkyl end groups



The follow ng Exanples are given for illustrative and not |imtative

pur poses of the present invention. EXAMPLES Absorbance neasurenent nethod
The absorbance neasurements have been caggqried out on a VW (vacuum W)
spectronet er operating under vacuum equi pped w th a hydrogen vapour |anp
and a 1200 lines/ Tam chrono-iridium grid capable to carry out transm ssion
and reflection neasurenents between 100 and 250 nm with a 0.5 nm

resol ution. The sanpl es have been put in an alum num seal cell equipped

with tmo y. & P ;wﬂﬁ: ving a thickness
rangi ng be V\téeo\rl(l\! %%\r,n&ctﬁlgﬁlagjdﬁg“lbc J&f/r%gg&f ment” has been carried out
with a doubl e ray techni que. capable to co en ate P I_bl e varlatlons of
the lanp int SRGiGRa e abl8r hATOSUFH ueS te;l&ﬂ HRPBYR
substracting fromthe experimental neasurenent the absorption of the

wi ndows dlreaitriechsyihay inge aedetprodned Theberaasaraganselepebar eabant
accuracy is of the order of 5% . The reported absorbances have been

cal cul at eghdbya tdea-dred idtd DA dildy wd oo diYsibudiesrein T is the
transmttance and s is the thickness (in cm of the spacer interposed

between the Widows, 115%@2@955%@%]:@ &&nﬁiw' '1»1@%9%%&% LAarggpve the

di ssol ved gases, by treatnment uhder vac a nechanical punp (10-3
nbar) by |n|t|alky mai ntai ni n e sanp | e at, om.

limitative purposes t e pr sent 1nven iomn.

EXAMPLES

Absorbance measurement method

The absorbance measurements have been carried out on a
VUV (vacuum UV) spectrometer operating under vacuum equipped
with a hydrogen vapour lamp and a 1200 lines/mm chromo-iridium
grid capable to carry out transmission and reflection
measurements between 100 and 250 nm with a 0.5 nm resolution.

The samples have been put in an aluminum seal cell
equipped with two CaF, windows separated by a PTFE spacer ha-
ving a thickness ranging between 25 micron and 2 nm. The
measurement has been carried out with a double ray technique
capable to compensate possible variations of the lamp
intensity. The absorbance values have been calculated by
substracting from the experimental measurement the absorption
of the windows obtained with the empty cell. The transmittance
measurement accuracy 1is of the order of 5%. The reported
absorbances have been calculated by the relation

A (Cm-l}z 10910 (T) /s,



tenperature and then cooling it with liquid nitrogen. The degassed product
has been kept in glass phial equipped with gastight "Rotafl o" tap. The
measurenent cell has been filled and segjed in dry- box fluxed with
nitrogen to avoid air absorption fromthe sanple. Determ nation of the
anount of chlorinated end groups as neq~ /Kg. The anount is cal cul ated by
the following fornula: 1000 X 2 X (% -CF2C + W-(Cp2CF2C ) X 10
---------------------------------------------- M wherein: (% -CF2A + %

-CF2CFR2d ) = f t I t f th Welg :
det er m nfHeBy LIOE: RERE A CRARBBEC GUBF Bge ot bt HPe vl B e GG, " or
exanple, by F - NVMR The nethod sensitivity limt is 1 neqg/Kg.

Det er mi nafi hemSPAEE o NttRENOSEEX g waRdu IS P1OIWPhe anal ysis of the
peroxi de content is carried out by -15 iodonetric titration, according to
t he fol | ow ngTiet Bathples ielgheaoe sl gare fabbyntegasredgtansencedi e ved
in about 20 m of Galden(r) ZT 130 (hydrofl uoropolyether having -CF2H end
groups) greduaeddbyslee ARR) itGalRttmehtMurferdha@Aim 38&H G mechanical
pump (1073 mbar) by initially maintaining the sample'at rcom
temperature and then cooling it with liquid nitrogen. The
degassed product has been kept in glass phial equipped with
gastight "Rotaflo" tap.
The measurement cell has been filled and sealed in dry-
box fluxed with nitrogen to avoid air absorption from the

sample,

Determination of the amount of chlorinated end groups as meg-

[Eg.

The amount is calculated by the following formula:

1000 X 2 X (% -CF,Cl + % -CF,CF,Cl) X 10

wherein:
(% -CF,Cl + % -CF,CF,Cl) = sum of the molar percentages of the
chlorinated end groups, determined by *°F-NMR.

Mn = number average molecular weight, determined, for example,

by 1°F-NMR.

The method sensitivity limit is 1 meq/Kg.

Determination method of the peroxide amount (P.Q.)

The analysis of the peroxide content is carried out by



acid and 30 mMl of a sodiumiodide solution 5Ww w in isopropyl alcohol are
added. The resulting suspension is |left under stirring for 15 m nutes,
until conplete iodide dissolution. Thejsodine developed fromthe reaction
with the peroxide is titred with an aqueous sol ution of sodium

t hi osul phate having a known titre by using a potentionetric titrer
Mettler(r) DL 40, equipped with platinumelectrode and reference

el ectrode. The peroxide (P.QO) content is expressed in g of active oxygen

(mw. 16)./1 f  pol . _The LtEMLt e bt
Det erm na qc%)gne%eﬁolhcodgﬁgggﬁéo | ng%{o?éﬁqﬁ@gg%%i F#Tﬁg l&g]twtérn r%s n@ﬁtl&gé\ai sA
carried out, wth Cannon- Fenske type viscongters_prevjously conditioned at
20C. Det ¥R R HEIHo ABUR hel $RMD IT AR} af® %?%‘&LY%? Wi gReuthe’

nol ecul ar weight is determ ned by 19F-NMR, by using an instrunment operating
at a 400 NHAf rémldec§. 2Thd 39pedtydm Shuwondilyatigral kadirg t oCFpi2 €hdori ne
atons |inked to the main chain end groups (CF30-, CF3CF20-, Cl1CF20

C1lCF2CR2Qrodtfe)Odiiiced GoP) €he Apglieanhie repeail nek ugidciaprasepicin the
polynmeric chain. -16 Fromthe rati o between the signals of the fluorine

o LIS e, o e o U e

nol ecul ar wei ght . . . .
alcoﬁ% are added. The resulting suspension is left under

stirring for 15 minutes, until complete iodide disscolution.
The iodine developed from the reaction with the peroxide is
titred with an aqueous solution of sodium thiosulphate having
a known titre by using a potentiometric titrer Mettlexr® DL 40,
equipped with platinum electrode and reference electrode.

The peroxide (P.0.) content is expressed in g of active
oxygen (m.w. 16)/100 g of polymer.

The method sensitivity limit is 1 ppm.
Determination method of the kinematic viscosity

The determination is carried out with Cannon-Fenske type
viscometers previously conditioned at 20°C.
Determination method of the number average mclecular weight

The molecular weight is determined by 19F-NMR, by using
an instrument operating at a 400 MHZ frequency.

The spectrum shows the signals due to the fluorine atoms
linked to the main chain end groups (CF,0-, CF,CF,0-, CI1CF,0,
ClCF,CF,0-, FC(QO)CF,0-, FC(0}0O-} and to the repeating units

present in the polymeric chain.



Determ nati on nethod of the ratio oxygen atons/carbon atoms (O C) By the
previous polymer 19F-NWR analysis, the molar relative percentages of the
various repeating units are determ nedjgEromthe nunber of carbon and
oxygen atons contained in each repeating unit present, it is calcul ated
the molar O Cratio. EXAMPLE 1 Synthesis of a perfluoropol yether free from
chl ori nat ed end groups havi ng nunber average nol ecul ar wei ght 19, 400 and

O C ratio = 0.70 a) Synthesis of the peroxidic perfluoropolyether A

l'i nd I |
cyl | ndri cal Jﬁ”&’ﬂh B 68k 16eRet fbchorHisefi gRayLPBELud el de hd il 3

pressure nercury Hanau IS inserted,
cool ed by .c ul ati fluid Gal denm D10 ansp the Wradi ations
o tted By Aee” fhnitle | GRERERRIRS A pPERPSFEvaT aeﬁé& TRRGRGA Tod at
-75C and W|th feedl ng i nes of the reacti n% ases Whl ch is_ cooled at -50C
by an extBifsl Bresenigsing tie Dalvrentet shatnyditoptpardcukated ddie ar e
I ntroduced. Then one starts to -17 feed 18.0 N1/h of oxygen and i medi ately

af t er wvar dambae HVerlagep mcd eswiliaahes igmt .Then 9.0 N/ h of
tetrafl uoroethylene are fed through a separated bubbling inlet and 2.5

N1/h Qf BelU-mTBLaN ol Heide MXtdHe IFhtlid r8affbn fAabdOaeifin Wddnd he
(O/C)

By the previous polymer !°F-NMR analysis, the molar
relative percentages of the various repeating units are
determined. From the number of carbon and oxygen atoms
contained in each repeating unit present, it is calculated the
molar Q/C ratio.

EXAMPLE 1

Synthesis of a perfluorcpolyether free from chlorinated end
groups having number average molecular weight 19,400 and O/C
ratic = 0.70

a) Synthesis of the peroxidic perfluoropclyether

A cylindrical photochemical reactor is used, equipped
inside with coaxial sheath wherein a high pressure mercury
lamp (Hanau TQ 150} is inserted, cooled by circulating fluid
(Galden® D100} transparent to the UV radiaticns emitted by the
lamp, furthermore equipped with a condenser maintained at
-75°C and with feeding lines of the reacting gases, which is
cooled at -50°C by an external bath. 850 g of 2-hydrohepta-

fluoropropane (R 227 ea) are introduced. Then one starts to



oxygen; the reactant flowrates are maintained constant for the whole
durdtion of the test (300 mnutes), nmaintaining the reactor tenperature at
-50C. During the whole tine of the reagfyon the solution remains
honbgeneous. At the end of the reaction the reactant feedings are
interrupted, the Wlanp is switched off and the solvent and the gaseous
by-products are | et evaporate. The weight of the recovered product, after
degassing, is 91.3 g P.O = 2.28; the 19F-NWR analysis confirms the

foll ow ng str : -- . ( E er,gj e -X3
and - X4 r“?&dg;ﬁgéu‘;gﬂse%%}eﬁeagal(o%@& q&#%‘ﬁgg@%'f% gg(g%rc%)séﬁ\g%. "‘Q%ﬁd
groups and the respective nolar percentages with respect to the total of
the end gR8EpdSap¥itcheds ehohiey: o- BF81 %1?595€§¥§£%F%E°%Ehﬂ§8neC?@%IF,
16. 3% The nunber average nol ecul ar weight is 18,000; h/(nl+m) = 0.108,
m/ni = Eed0thyotigh G 7€epdyatevkrimebbliegt Aphet58nd gr.am¥lgh tdfe pri¥uct
obtained in the previous step are introduced in a glass reactor equi pped

Wi th magpeliae -4Bustiné ehixtuird sheahhtiegehenmRIA! tibGe HRES URANENt tHRy
t hernocouple, with nitrogen inlet and gaseous products outlet. 5 N/h of

emeer GREEESC L B Sk b N lERainl R GHRER or
the whole duration of the test (300 minutes), maintaining the
reactor temperature at -50°C.

During the whole time of the reaction the solution
remains homogeneous.

At the end of the reaction the reactant feedings are
interrupted, the UV lamp is switched off and the solvent and
the gaseous by-products are let evaporate. The weight of the
recovered product, after degassing, is 91.3 g P.O. = 2.28; the
19p_.NMR analysis confirms the following structure:

X3-0(CF,0) ; (CF,CF,0) 4y (0) X,

wherein the -X, and -X; end groups are equal to or different
from each other. The end groups and the respective molar
percentages with respect to the total of the end groups are
the following: -CF,, 41.2%; ~CF,CF;, 42.4%; -CF,COF, 16.3%. The
number average molecular weight is 18,000; h/(nl+ml) = 0.108,
ml/nl = 0.90; O/C = 0.76.
b) Thermal treatment

58.7 grams of the product obtained in the previous step

are introduced in a glass reactor egquipped with magnetic



by oil bath until reaching 150C. 150C are maintained for 1 h. Successively
the tenperature is increased of 10C every hour until reaching 190C. The
reaction mxture is maintained for two ggurs at this tenperature. Then the
reaction tenperature is increased of 16 C every two hours until reaching
2300C. After two hours at this tenperature, the reaction mxture is
treated at 235C for 4 h. At the end it is cooled and 41.2 g of product are
recovered resulting free from peroxide; the 19F-NWR analysis confirns the

foll ow ng structure: , X5-0(CF2 (CE2CF2 CF2CF2CF20 CE2CE2CF2CF20) g- X6
wher ei n %ﬁéryﬁgVandw} eﬁ§ﬁ§? ps SFe € e?%?%)edi%ggggﬁFme om 4ch
other. The end groups and the respective nolar percentages with respect to

t he t ot althermMAsOUERE gaEPsNaEECIEReI BT i §aseons1PB90B04 S - e,

42. 7% -CF2COF, 19.7% The nunber average nol ecular weight is 19,000; nin
= 0.59; 5 pigH bfitniprgjern Qré28:=d nidmnthepwidcde) d6taLtiohCof Oh&lted).
Neutral i zation of the acid end groups The product obtained in step b) is

treated wijdh g a)t@iPHepe fd tithd NG (PrdifdN1 @i ASaded Jiidr S9iFringf - 19

product are obtained, having the follow ng structure:

"2 ond GoGHS AP LAt o GO cranic 11 ameire char il ofof o oupe
and the respective nol ar , ,

Successively the temperature 1is increased o¢f 10°C every
hour until reaching 190°C. The reaction mixture is maintained
for two hours at this temperature. Then the reaction
temperature is increased of 10°C every two hours until
reaching 230°C. After two hours at this temperature, the
reaction mixture is treated at 235°C for 4 h.

At the end it 1is cooled and 41.2 g of product are
recovered resulting free from peroxide; the ?F-NMR analysis
confirms the folloﬁing gstructure:

X5 -0 (CF,0} , (CF,CF,0) , (CF,CF,CF,0) , (CF,CF,CF,CF,0) o-X,
wherein the -X; and -X; end groups are equal to or different
from each other. The end groups and the respective molar

percentages with respect to the total of the end groups are

the following: -CF,, 37.6%; -CF,CF,, 42.7%; -CF,COF, 19.7%. The

number average molecular weight is 19,000; m/n = 0.59;
(p+q) / (m+n+p+g) = 0.023; n/{(n+m+p+g)= 0.613; O/C = 0.70.
c) Neutralization of the acid end groups

The product obtained in step b) 1s treated with

elementary fluorine (5 N1/h) at 230°C for 10 h. 39.7 g of



percentages with respect to the total of the end groups are the follow ng:
-CF3, 59.0% -CF2CF3, 41. 0% The nunber average nol ecul ar meight S
19,400; nmn 0.60; (p+q)/(mn+p+q) = _@9023; n/(n+m+p+q) 0.613; OC =
0.70. The 19F NMR anal ysis confirns the absence of chlori nat ed end groups
in the product. The anal ytical characteristics of the product, in
particul ar the absorbance at 157 nm are reported in Table 1. EXAMPLE 2
Synt hesis of a perfluoropolyether free fromchlorinated end groups having

nb I t; d hesi f th
e o ESEREELI AR A 0 200 A1 Ypeecdiu e ® of e
di chl or odi fl uor onet han %nd COF2 in nol ar 68?1.1 ar& Sgioduced ina 25
1 AISlI steel %e&tiGrCn FﬁeC]Fé?ﬂpe(FftzGrFeCEﬁO B 2 AGREFRC ba$xygen are

fed bringing the reactor inside to the pressure of 10 absolute bar. Then 2
N/ h of Wwheseiime tdved 224 and h Xof eTRE gaosipce@re redudtlaiti ey plikherentind
tenperature at the above values for 180 mnutes. -20 At the end of the
reacti onfzofh kéh@h pRroduct tieyi BedP. roups 2ahdarehe ecerpeedivehandBir NVR

anal ysis confirms the follow ng structure: X3-0(CF20 nl(CF2CF20M (O h- X4
percentages with respect to the total of the end groups are
the following: -CF;, 59.0%; -CF,CF;, 41.0%. The number average
molecular weight is 19,400; m/n = 0.60; (p+q)/(m+n+p+qg) =
0.023; n/(n+m+p+g} = 0.613; O/C = 0.70.
The '°F-NMR analysis confirms the absence of chlorinated

end groups in the product.

The analytical characteristics of the product, in

particular the absorbance at 157 nm, are reported in Table 1.
EXAMPLE 2
Synthesis of a perfluoropolyether free from chlorinated end
groups having number average molecular weight 4,000 and O/C =
0.54
a) Synthesis of the peroxidic perfluoropolyether

20 litres of a mixture of dichlorodifluoromethane and
COF, in molar ratio 1:1 are introduced in a 25 1 AISI steel

reactor at the temperature of -80°C. 400 Nl/h of oxygen are

fed bringing the reactor inside to the pressure of 10 absclute
bar. Then 2 Nl/h of flucrine and 224 N1/h of TFE are fed,
maintaining pressure and temperature at the above values for

180 minutes.



wherein the -X3 and -X4 end groups are equal to or different from each
other. The end groups and the respective nolar percentages with respect to
the total of the end groups are the fobhowi ng: -CF3, 2.0% -CF2CF3, 98.0%
The ‘'nunber average nolecular weight is 16,200; h/(nl+nl) = 0.198; m/nl =
6.8, (O C=0.64. b) Thermal treatnment A 500 ml glass flask is used,

equi pped with stirrer, sheath for the tenperature control, dropping
funnel, two way pipe-fitting for the addition of the transfer agent nethyl

hypofluorite d_qutl et e regagt i.gn i - %@ 1 gl ass
inlet pipe fogn‘gf%géz:g?ilﬁ ﬁgot&égoﬁfg'%f%\?\nsﬁggég %{;ﬁeogo %‘g‘i—lé\(g% %grl%%jn t, having
an height such that the reaction fﬁss]ﬁlevel in the reactor _renai

n
constant = 1857g 8FepeF 8XPUFEE per F%i0r ofofY &t hBP2oEB AP netPRh1 TR d%@%ious

step are fed and it is slomy heated with oil bath under stirring until
r eachi ng foid owdmge isdrmaguafe :230C. Successively one starts to continuously
feed in the reactor the peroxidic perfluoropolyether with a flowrate

equal to 172 g/h and cod emaranequsty. ch@)netbyl-Xypofluorite transfer
agent with -21 a f|OW-I‘ate3 of@féz ﬁl?/h.zT%?s?flo%r%tes are mai nt ai ned

ConsLint iR Bpeot ey, sad sethag Ui e O oF eterdithe
from each other. The end groups and the respective molar
percentages with respect to the total of the end groups are
the following: -CF,, 2.0%; -CF,CF;, 98.0%. The number average
molecular weight is 16,200; h/(ni+ml) = 0.198; ml/nl = 6.8;
0/C = 0.64.

b} Thermal treatment

A 500 ml glass flask is used, equipped with stirrer,
sheath for the temperature control, dropping funnel, two way
pipe-fitting for the addition of the transfer agent methyl
hypofluorite (CF,OF) and outlet of the reaction gases (mainly
COF,), glass inlet pipe for the continuous outflowing of the
obtained product, having an height such that the reaction mass
level in the reactor remains constant. 195 g of peroxidic
perfluoropolyether obtained in the previous step are fed and
it is slowly heated with o0il bath under stirring until
reaching the temperature of 230°C. Successively one starts to
continuously feed in the reactor the peroxidic
perfluoropolyether with a flow-rate equal to 172 g/h and

contemporaneously the methyl hypofluorite transfer agent with



interrupted. The collected product, corresponding to an amount of 1,375 g,
is heated to 240C in a reactor under stirring until renoving the residual
P.O anounts. The obtained product has_phe follow ng structural formula:
X5--*0( CF20) n( CF2CF20) M CF2CF2CF20) p ( CF2CF2CF2CF20) g- X6 wherein the X5, X
end groups are equal to or different fromeach other. The end groups and
the respective nolar percentages with respect to the total of the end
groups are the followi ng: CF3-, 8.0% CF3CF2-, 85.5% CF3CF2CF2-, 3.0%

CF3CF2CF2CF, 3.0% -CE 5% T nunt, ver.age lecular,  weight is
4,000 anf t O‘?‘rﬁ%%er é;ﬁ'zc():?’:%f Q\H‘(g"chglﬁﬁséni sovg_r%ataér]sesgggti"\!{;ae%tarﬁrhe(g 2. 34,
(p+q)/ (mtn+p+q) = 0.078 and n/(n+mtp+q) = 0.276, O C = 0.54. c) .

Neutr al | ERPGANS £RE akf d Tond CHRGIFNNP I3hofeLRERFARE Bt & RRE M duct
obtained in step b) is introduced in a photochem cal reactor equipped with
a 150 W prgdhuptessure nercury |lanp and a photochem cal fluorination is
carried out at the tenperature of 50C wth a gaseous fluorine flow equal

-22 to 5 litras/ hehor &bl her £Hik t pealodBywit heih8F- NVRR apahyiisnt hies
product results to have the follow ng structure:

X1-0( 0129)_1,‘:%%9%%9)%&52%2%@@ p(z%zcﬁ.g:@,uzc%g:x%%%hé%ng to an amount

of 1,375 g, is heated to 240°C in a reactor under stirring
until removing the residual P.O. amounts.

The obtained product has the following structural
formula:

X5-0 (CF,0) [ (CF,CF,0) , (CF,CF,CF,0) , (CF,CF,CF,CF,0) - X,
wherein the X5, X, end groups are equal to or different from
each other. The end groups and the respective molar
percentages with respect to the total of the end groups are
the following: CF,-, 8.0%; CF,CF,-, 85.5%; CF,CF,CF,-, 3.0%;
CF,CF,CF,CF,, 3.0%; -CF,COF, 0.5%. The number average molecular
weight is 4,000 and the molar ratios of the chain units are
respectively m/n = 2.34, (p+q) / (m+n+p+g)= 0.078 and
n/ (n+m+p+q) = 0.276; O/C = 0.54.

c) Neutralization of the acid end groups by photochemical

route

The product obtained in step b) is introduced in a

photochemical reactor equipped with a 150 W high pressure
mercury lamp and a photochemical fluorination is carried out

at the temperature of 50°C with a gaseous fluorine flow equal




wherein X1, X2 are equal to or different fromeach other. The end groups
and the respective nolar pecentages with respect to the total of the end
groups are the follow ng: -CF3, 10.0% _,4E3CF2-, 85.0% CF3CF2CF2-, 2.5%
CF3CF2CF2CF2-, 2.5% The nunber average nol ecul ar weight is 4,000. The

nmol ar ratios of the chain units are the following: min = 2.34, n/(mtn+p+q)
_0.276, (ptq)/(mtn+p+gq) = 0.078, O C = 0.54. The analytica
characteristics of the product in particular the absorbance at 157 nm

are repor% % n&¥gg%§]%ogr N%PEES %tQ%& arative) The commercial products

Fonblin(r alne by phot ochem cal process

wherein as reaction | vent CF2C12) I's used, followed by therwm
t r eat ment andBYSG@§e§85nFMﬁeﬁP§§YFiﬁt bf EF NS tabeF e deﬁ%% 15 anesi

et al. "Organic Fluorine Chem stry, Principles and Commerci al
Appl i cat foddowiBgestmPtege:1994, pages 431-461, in particular pages
431- 440, G Marchionni et Al "Perfluoropol yethers: Synthesis and

Commer ci al Produet(g't,on_{&F l(orgCE, P20 61 tCF c¥a0Bao)y, 5892 at UM ST
- Nhnchester"qgaper f Tﬁggzggﬁ?¥g?en? conﬁ%rcfﬁF@Fonblln(?$Q§ sanpl es

Commer of 4P %%”ﬁh(yf? zf’i%fé@%%?‘% e BB G T L) @

(Conparatlve roups ané {Ke res ectqmgpmola&np%ggn aggglw1gh(res égéuéve) a
p P

the total of the end groups are the following: -CF,, 10.0%;
CF,CF,-, 85.0%; CFyCF,CF,-, 2.5%; CF,CF,CF,CF,-, 2.5%. The
number average molecular weight is 4,000. The molar ratios of
the chain units are the following: m/n = 2.34, n/(m+n+p+q} =
0.276, (p+q)}/(m+n+p+g) = 0.078, O/C = 0.54.

The analytical characteristics of the product, in
particular the absorbance at 157 nm, are reported in Table 1.
EXAMPLE 3-5 (comparative

The commercial products Fomblin® Z and Fomblin® M are
obtained by photochemical process wherein as reaction solvent,
CFC 12 (CF,Cl,} is used, followed by thermal treatment and
subsequent neutralization of the acid end groups (D. Sianesi
et al. "Organic Fluorine Chemistry, Principles and Commercial
Applications”, Plenum Press 1994, pages 431-461, in particular
pages 431-440, G. Marchionni et Al "Perfluoropolyethers:
Synthesis and Commercial Products" in "Fluoropolymers '92 6th-
8th Jarnuary 1992 at UMIST - Manchester" Paper 14).

Three different commercial Fomblin® Z samples have been



Fonmblin(r) M 30 sanple. Fromthe Table it is observed that the absorbance
nm of these specinens is higher of about one order of magnitude

than that of the conpounds of the presesg _invention. -24 v U LnLnOLnLn E

at 157

OOLONN ~ i r1 0 U U 00000 P- coLnrnLOOW UMNLON b a) OOLOrno

analyzed as from Table 1.

In the Example 3 (comparative) a commercial Fomblin® 2 25
sample has been used, in the Example 4 (comparative) a
Fomblin® M 60 sample, in the Example 5 (comparative) a
Fomblin® M 30 sample.

From the Table it is observed that the absorbance at 157
nm of these specimens 1s higher of about one order of

magnitude than that of the compounds of the present invention.
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r IN(nl:vLn x?CkNrA WWWr. . -25 CLAIMS 1. Use in optical systens as
liquids to transmt light at wave |l engths | ower than 250 nm in particul ar
at 157 nm of perfluoropol yethers having.the follow ng fornula:

X1- Q( CF20) n( CF2CF20) m{ CF2CF2CF20) p( CF2CF2CF2CF20) g- X2 (1) wherein: - the
repeating units -CF20, -CF2CF20, -CF2CF2CF20-, -CF2CF2CF2CF20- are

statistically distributed along the chain; - --X1 and -X2 are

per f 1 uor oal kyI chai n end groups equal to or different from each other,
havi ng formnu- -(CF2), CF3 wherein %A%%n integer fromO to 3; - n, m p,
g are |ntegers corrprlsed between 0 an with the proviso that: at

| east one am)n n, is different, fro zero; the ratio between
t he oxygén a ah‘él ?HElﬁaol?-bﬁHStﬁF‘ﬁnﬁ‘SO’léqusl Jifert1ansmEt 35190heRkin t he

chl orine atoms, determ ned by 19F-NWR are
wave lengths lower than 250 nm, in particular at 157 nm,

of perfluoropolyethers having the following formula:

X, -0 (CF,0) ,, (CF,CF,0) , (CF,CF,CF,0) , (CF,CF,CF,CF,0) o-X, (T

wherein:

- the repeating units -CF,0-, -CF,CF,0-, -CF,CF,CF,0O-,
-CF,CF,CF,CF,0- are statistically distributed along
the chain;

- -X, and -X, are perfluoroalkyl chain end groups
equal to or different from each other, having formu-
la -(CF,),CF, wherein z is an integer from 0 to 3;

- n, m, p, g are integers comprised between 0 and 100,

with the provisc that:

- at least one among n, m, p and q is different from
ZEYOo;

- the ratio between the oxygen atoms and the carbon
atoms ©O/C is higher than 0.33:

wherein the chlorine atoms, determined by 19F_NMR are

substantially absent.

2. Use according to claim 1, wherein the products of formula

{I) have number average molecular weight from 220 to

60,000, preferably from 285 to 40,000.

3. Use according to claims 1-2, wherein the amount of chlo-




R L

substantially absent. 2. Use according to claim1l1, wherein the products of
formula (1) have nunber average nol ecular weight from220 to 60, 000,
preferably from 285 to 40,000. 3. Use g@ﬁqrding to clainms 1-2, wherein the
amount of chlo -26 rive atons is lower than 1 neq/Kg of liquid of formula
(I'). 4. Use according to clains 1-3, wherein the products of for- mula (1)
are substantiallyy free fromdissol ved gases, in particular oxygen. 5. Use
according to clainms 1-4, wherein the perfluoropolye- thers are used as

according to clalms 1-4, whe . - thers are used a:
| engths | over hin T3 it BOMECChtn FRRETRG He, Tinlt JEHEGLRRE, e

wave | ength onl}the | it hographic systens operating in imersion is of 157
nm :

4. Use according to claims 1-3, wherein the products of for-
mula (I} are substantiallyy free from dissolved gases, in
particular oxygen.

5. Use according to claims 1-4, wherein the perfluoropolye-
thers are used as index matching medium in lithographic
systems working in immersion at wave lengths lower than
250 nm.

6. Use according to claims 1-5, wherein the wave length of
the lithographic systems operating in immersion is of 157

nm.




