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TI TLE PACKAGES FOR ALKANES HAVI NG ULTRA- HI GH
TRANSPARENCY AT 193 NM FI ELD OF THE | NVENTI ON The

w@e@somiss nvention is directed to packages forPthes2006/007590

storing of liquid al kanes_having ultra-Iow
spect roscopi ¢ absorbance ATLED3 nm wavel ength, and to

I

T GRAGE S R AL AN S AN L TRATIEA eiaPARENCY

peri ods of nonths |n duAaft1g31N|\/BACKG?(1JND OF THE

I NVENTI ON Di scl osed in co- pend| ng United States patent

appl i cati ons 60/ 575 L’J'_-a EQNYENVION e al kanes

havi n €

of 1ot prEseltiFeRln? 15 kilsRidd %o iiocgBh Br K SERRS o
lrmbudsmikaﬂnmfaﬁvm@aaﬂtra—lmes;bm@fdspopm t&lsbebeﬁme @se1@E nm

%m%}tﬁ%r?é Pt I imethbs drrgdekinerBe diaskabee rd e tRokages fan
Eihg' oséélﬂega;?wﬁogglﬂe%o&t fifed aitah8s VR PRbYs Vf months in

sor ents Ing I n an oxygen-mnimze
(htra’tmmhere which are required to achi eve the
unpr ecedent ed _hi B 'I” of the
al kanes provi e,

fabf'Dl@bl@%édOfme'(ﬁﬁbéﬁdihg chhipsd dStaes Whatent 04 W@dti@lﬁs
gabl lities in chemcal purification on site.

(He(9932 peAtU/E hef4f are alkemesrayang abgerbamcghehy0.01 1.0
&rﬁané af Gy fr%r@geéf 195 Hi® A %&ﬁbﬁggfho?stheﬁbgk&p%tré%h

and © her cr USES | e ver transparency

Alksrés ofilsuch Imk@drban%elseé M|gmy1mmuabl@efdrrmsret as achersion
yurin i prent. and subseque storaeln

fuiids ddhe g\%ﬂ@\dca? iBmersien 7 rhqto itRpg P abaclocaed therein

4rBokabthoal- (HIAD: cHind eo §tll iBnOf cAHtaer Bei Sal Nariety of

contact w th hydrocar S - conprising

aiﬂnn;bmtsj ahtlyhaadkag ds an onygaerstrmnagaectahhaspimrefwhlch are

Bahiedts Ehie Bk YeRaefoned AR ISHS ot e enarac-afdne
élléérﬁ&sﬁro@fdédlﬁerem.

As a general rule, fabricators of electronic chips do not wish to
develop capabilities in chemical purification on site. It is insufficient,
therefore, to prepare such highly transparent alkanes for use in electronics
fabrication and other critical uses if the very high transparency levels
which make them useful cannot be maintained during shipment and
subsequent storage in the customer’s fabrication facility.

H. Hirata et al, JP (Kokai) 56-74439, discloses use of adsorbents in
contact with hydrocarbon fuels — comprising substantially alkanes — in a
storage container for said fuels, the purpose of the adsorbents being to
maintain the purity and fuel value of said fuels. The purpose of the
adsorbents is to remove oxidation products. No mention is made of the
atmosphere. No attempt is made to exclude air.

Rohwer et al., J. High Res. Chrom., 16, pp. 561 ff, (1993) disclose

“ultra-high purity” hexane prepared by fractional column distillation. In a
1



10

15

20

25

30

adsorbents is to renove oxidation products. No nmention
is made of the atnosphere. No attenpt is nmade to

weebgasai r. Rohwer et al., J. Hi gh Res. Chr oP€T/USBN6/007590

pp. 561 ff, (1993) di scl ose "ultra- hi gh purity" hexane
shudyp for edtawsm thetinrencecol sionage sonditigns g mainigsandy of

bl. h f ;
eteic RV Nofe rekiahe ey PRt AL il oBRa, Y “not
apib‘r'é&élﬁllg Wteh $m§rftllf§’asandil i@ "diouragEce chedtusealdreadded

" and is discouraged because of added
Rﬂ§§l§lllt§||esqu|0§l§tacﬁmln§ﬁﬁlﬁam natl on. In Technical Bulletin

AL-1 ' .

Che dtreehlef PybeGTAL a4 ATaRaN CHeEAREamRRg difkhstts
r@rﬂﬂﬁ@bﬁﬂﬁ@%&rsmmt&agﬁ& bErargnesmhplex@gs brganchodanes,
organo-al um nuns, lithiunms, and zi ncs u3|%‘g$tf)ec| al

tz@éghwo@@t tGEGNaTH; EaRASREs-uaRd oxggen-alumin itBings.e and
a@sﬁﬁ%@gégmpééélgg%t@@g fhieH Skdil Séﬁég{.?m}géﬁoﬁl% are

reactrve reagents, 1nc
fmhedwlﬂmnrogenbeﬁorefﬂln@ known in the art. Techni cal

HoseroyBaners 1oe, valbe @r) easie, Jeroey S aRching those

RnsiiaitbltRE BichReknAEE 3¢ thd aFt. STEEH !B @iiK A@ﬂ%'dﬁhe
organonetal lics. Cottingham US Patent 4, 362

Allgch &\lemaalmnaazw deseribes the fyredas(TVR @r!mal@r systes,
PIERE rorsaRhiBds ot VRSB 6 Roudd Mol TAARE Bhdano-

rAetaNRe. C UoMidhHamh, US . PALMVARGX PRS0 FdEsdlbhéEsNél cbhianeer for
aspect of the present invention is a packag

Hom | r@aﬁ@% Ye yolHilg eRipigrial s hawing e 8s éiuahae%gsegﬁ% Also
decﬂSée %%&'l %rg élér?ﬂgws@%\%gg%tﬁ%w&?%ré hﬁr infimon

N con sal n ane
dmmarcsai&mer. oscopi ¢ absorbance at 193 nm of <1 cm 1

and an oxygen m&%&m& about 2 ppm
The |nner surf ted from
0 et 4B By MBI gl posions -
sadat@dwesmlubaei vessalrhaving an ianer iwrfaQSpeod afliquidealkane
¥§iﬂted ?hereTc’n 0 &)e&tggtdw{tﬁrsa dai?\lﬁglgsnTrQace The liquid alkane has
a spectroscopic absorbance at 193 nm of < 1 cm™ and an oxygen
concentration of less than about 2 ppm. The inner surface is of a material
selected from glass, metal, and plastic and combinations thereof; and the
inner surface is substantially free of alkane-soluble contaminants.

Another aspect of the invention is a method for packaging an
alkane, the method comprising providing a sealable vessel having an inner
surface, adding to the vessel a liquid alkane having a spectroscopic
absorbance at 193 nm of less than 1cm™ and an oxygen concentration of
less than about 2 ppm, such that the liquid alkane contacts the inner

surface of the vessel, and sealing the vessel.
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al kane, the nethod conprising providing a seal abl e
vessel having an inner surface, adding to the vessel a

wo papaioght188 kane havi ng a spectroscopi ¢ absor bane€r/as2000®7590

nm of less than 1cm 1 and an oxygen concentration of
| ess Timee awbathep appestssaithe phegent irvantiquivdll elepparent to

88 o 5,0, G oL b FabBiRE e PR 0 e
apherifeddlaiis. | be apparent to those skilled in the art
in view of the follow ng description and the appended
cl ial ns. {:)ETAI LED ML%ﬁmﬁ%éﬁié_Mesent i n?/entl on,
anal 1o e REEeR JBHBETT YupSE BHpelict prhelf' HERE, the

texal “aiikane! ¥halbba Uridawstdod Qﬁ&efdrlslﬁ)@cm&aﬂmtah&émlmively to a
acylic or cyclic al kanes, branched or unbranched, or

ligud ensistingr essentiglly @&ca%&ICapka%@cSakk@aeﬁe braichask or
Cycghgﬁ@é%r trH& JrB¥ efier Q8. CiRe C .é' angﬁ Oé%fé%fé? for the

ne or ar ger rings wt ranches
pradticaof ke iimtarttioancart cedtain Ctmayof mcb’reoa:yolastnltade ray larger

L f . b ' ) I I d
R AR hrhehes B PrrigtceedBinatan 1§ apy hghion
ihBRdMY RSP Subd [ Bibyclich BER! éllb ahaldpirBRataridetedter €

IS pr esent no species 1 n su fi CI ent concentration to
causeTln¢1 eteamk deensistinge rrasentialyn eofhefosr thﬁarpwpﬂaeﬁge@‘ this

bR o firar IpEE BhBth el o Sheded al evfipiont

ddﬁbelﬂtraﬂblhc’c@ Sdudehehe ralieaid a0, d@@ﬁm@mhéppmpbml fanges
particul ar chem cal i dentlty Suitable for_th

hergin idedingg. 1 s @lained i ereinhelpwi yvidely, alﬁedent levels of
hﬁr{édﬂg cgﬁ & Ib%l’e ﬂ'ftk%é}ﬂdc‘ﬁc@ fc‘tﬁﬁllh\‘?erﬁoh ﬁgﬁendmg

or u r anch. m Xtare
thcquthéqubéfamﬂardnmthMtwl zed by absorbance of < 1

Bt et 3 D el B8 hi
c%gr%; C béé‘se@ﬁtlgl Bf’a%'lﬂ: &r@:y%hc lﬁﬁkeﬂ%st E?ar[ﬂﬂe'a‘)& Wbranched,

di scl osed in F.” U ba si cal Revi ew,
®&2a mjmne ti@améf%) Thadidu alkanes e e:haract@nzéu bﬁwbsmbame

Sea e kB onsdth fFIGRD O iR, more
preferably 0.01 to 0.5 cm™, most preferably 0.01 to 0.1 cm™. Usmg the
method of Urbach, as disclosed in F. Urbach, Physical Review, 92, 1324,
(1953); and M. E. Innocenzi, R. T. Swimm, M. Bass, R. H. French, A. B.
Villaverde, M. R. Kokta, "Room Temperature Optical Absorption in
Undoped -Al203", Journal of Applied Physics, 67, 12,7542-46 (1990 it
has been estimated that some alkanes have an inherent absorption at 193
nm of about 0.001 cm™. While it is not intended that the scope of the
present invention be limited thereto, it is contemplated that the application
of the methods taught herein can, in principle, achieve absorptions at 193
nm substantially lower than the preferred ranges recited herein and
approaching the inherent absorption of alkanes.
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Undoped - Al 2CG3", Journal of Applied Physics, 67,
12, 7542-46 (1990 it has been estinmated that sone

wa@bkdanegshave an i nherent absorption at 193 nnP@Ff/UsI9061007590

0.001 cn1l . Wile it is not intended that the scope
of t Ha mréerertb iachiEevei en dasitably tkight hevedt of iranz%rmrency,

{ t hat f
FRRECnaralaRsao e REeR B WPy BBt fetoyed to @
g’ﬂ}’éaﬂeg??déﬁféé YRS FAk IdrelofbR\BEen @ﬁ@ﬂdiéd i ehearedHowever,
ranges recited herein and approac |ng|the i nher ent

lmmmtlpa ibat areanutaﬁesctmsq@pmﬂyt absrhingy at &l 9Fe sim asiny be

588t Gon et ENEEE FGH, o SER B RIRRS et harenty 1o
;ﬁe@r@i fHat degr £Ad oarabiasbingrigipakites teeshn@igredtet edlatll‘ty
the art. However, inpurities that are not

tbaedhe d@@@bﬁ&‘@ﬂey‘?%@@mﬂtﬁ@ asdler tpzayeid bbie foimadion; and
t
S c@ﬁ 59 %I@ I°%e aélkghgrkicﬁg&ﬁﬁé(rﬂr il 68%11&5 hgf\t %Batt%rmg.

IS preferred any saifd hon- aBsorBr i
Comesrittatiensd rafn-alosgbingt iempuritieatmlch yabokarsavbeal taniws of

al kane component in order to avoid bubble fornmation
SRETBEN, G B85 HCSSIrAEY o aPeaR R FRBAEHE Fex OF the
AKENENTHE Wa§§§ﬁb§éﬁ5&} hér@ite Sgés%ﬁé fHeshigh transparen oy of

non- absor npurities nmuch above several tenths o
theplquwbalkaneyoramgothasrmdemg@bl y decrease the refractive
i ndex~of, _the al kane. Thg& acka es_descri

preser Al ReGR §§9Gras nar it o BpEanerns.

dustittRed sy cyall=piege rora@feuaalkaﬁég,ammatrmu pidduess SUEH as
as aromatic rings, olefins, substituted cycl oal kanes,

pRraxidesangd kaﬁ%@s andl dheille MaYdR Psesant in fyeper oreried
@gﬁlggﬁ}rggﬁﬁ%%‘gg rb8&vLY %@n@%yc&ﬁn%frc%%?%u@cebr';égrﬂeaorgamc

pure al kane as recelved

|Weei ale saiﬂrseof ﬁmgagodeanﬁoe |amsﬁrbmg ethaar ether deganic
0 ni tude nore absor bi t han ot her organig
\tlgﬁ.%gc 48 HEYRIORND bl EXaTDle, AN ¢% SU&PR‘&n@%‘ the

;Zr’é'c:ﬁ@é’b?tﬁé’ére‘s%ﬁ%ﬂzéﬁﬁéﬁ ?naﬁf bé ESni%\rnﬁﬁ Cycxf‘é &Mt Yo

contam nat e erce t ane,
atheystiobudane, whichr larqqmr tfamspareugthaughho@hlgha\p&por pressure

d | f he ot.h d, .
ST IPHus s Aok 3 e Stasmhai. it nechioBly AE8tbing
DriRbnitar8 Suehr P v¥dimsi dnd %aﬂfcﬁfy% el bﬂé%rré@ehéml total

concentration of sp ectroscoglca 'y absor bi ng
centiatiantsf spedescepiralie absorbing contaminants in the alkane

be < 100 ppm by weight. In particularly severe instances, concentrations
as low as 1 ppm can be detrimental.

According to the present invention, the inner surface of the vessel is
substantially free of alkane-soluble contaminants. As discussed
hereinabove, the degree of contamination that can be tolerated depends
upon the particular contaminant in question. From the standpoint of
operability of the present invention, the term “substantially free” shall be
understood to mean that the degree of contamination of the liquid alkane
as a result of contact with the inner surface of the vessel shall not exceed
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be < 100 ppm by weight. In particularly severe
i nstances, concentrations as |low as 1 ppm can be

waledosiopdEsst al . According to the present i nventiPBOT/US1086/007590

i nner surface of the vessel is substantially free of
thibk sequisal txblirecrem absathanse ats198 sundsethane tham Hhbve ™,

RGeS gat on Lhat can be tol erat ed

rctm cul ar contam nant in questl on.

From phgesé@ndpakahe®f aReiLabi | | bycI@;f)er‘itBﬁeﬁr esc%Fohexane
invention, the term"substantially free

R teydaapandatdeasbyd aien@,onblémlﬂaexxbn[bﬂ -

Do r 1EasgeRen - ToldRt kndreRo ey PridBne. and
md@uéamedm-ﬂ@demn@asmtm@ab@,nﬁhe@dé&%mmmtﬁmeﬂmtéh@,ra-
cm1l, prefer mpre than 0.01 cni'l . Preferred

. bl
FONMIRATTANS) e 23t BEUMMRHIENSy oI hextimeinyibutane, © -
i
FHEFHERERAS, nIPEHEIEnale A RAAPhILR R bpentadiene,
axndwenamh,nres héeraok, Gyomhenanen ryolepentaaned neybboczoiane,
dﬁcane n-tetrade

d . .
eI RSBt AR S iy oieyg puentaglions
gre%ngsm{;réﬁéwt ane, noctyl cycl ohexane,

2-et Eg//‘l nor bor anane, exo-tetrahydrodi cycl opent adi ene,
and rVirnyredanaseswitable Gyciheheiesties of Jie ppesaririevention are

AeBRY b SRR A SRR RO L HERY PEbpe anc

dfpiopenitinds sartitalar earéoévélla@l@ro@t?riméﬂnalfy tm%gl‘flfésfﬁntfled

invention are avail able commercially at varyin
gregea &f 9&%@. hlgherojerl@h@(@ﬁeorsﬁanfcw%mtwﬂ gyen the
b I
Rghly; PAtREd L8 Aieteld P B TEF f16Bb! YnaiBridisOfor immersion
mcﬁshihbgrapmrnah 693 nmeembsaxeewawbl&eriglﬂghwas pot contedhplated
comer ci al des of materj al s for inmyersi
rase et DR, el SRR, 1 BPEARER Cra®UAG o

E@ﬂt%atlﬁ%@%@@%cfd@ﬁ’e (?het U%s%@'ﬂggw' e highly pure
form the absorbance,” foun 0 be 4.78cm1 in the
case bfie @l@anﬂw@wable fers theo pradtipe. ofrﬁbeapneaaet $iendibheis

ek Pl BSIeRo or 5 Bh SeaAHE0 0 e HafG per
Rl {gprPg preferably less than 0.1 ppm, more preferably less than 0.01
ppm dissolved in the liquid phase of the alkane.

It has been found in the practice of the present invention that
alkanes having characteristics desirable for use according to the present
invention are not available from conventional sources. As taught in
copending United States patent applications 60/575982 and 60/614747,
alkanes suitable for the present invention can be prepared by performing
purification steps to remove and exclude oxygen as well as
spectroscapically absorbing organic impurities.  Suitable purification
methods include fractional distillation, sparging, freeze-thaw cycling, zone
refining, and treatment with adsorbents such as silica, molecular sieves of

various pore sizes, carbon, silica gel, alumina, and combinations thereof.
5
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mllion (ppn), preferably less than 0.1 ppm nore
preferably less than 0.01 ppmdissolved in the liquid

w@basmoaBs t he al kane. It has been found in theP@I/ESI00€E7590

of the present invention that al kanes having
char aﬂsemesinsrbanGmMaMLdarﬂ}onf th@ecqnmdlahgumllerhbas not

Fstnt clonensor dhghes B Al o5 it ShBBC Y Ry dived
H’E}Jduﬁat \Hieh 697 RS ansur)/ b%?élﬂtha’ﬁ l@%s t6 Uirhetiral

resent Inventi on can prepar ed
dpﬂliIé’mmnnm’@epﬂeam%iagre@?pesff%q)@lstluﬁtl%h@wfanHf ayalleblee The

ek Fot asnifiarBEE ABRRE) FEkioh, ARAGL ™ e JERNSte

wWithesid 8nalordiaBibbidetits, arhick Pedydinalidefforexambleasilica gel, 3A,
cycling, zone refining, and treatnent w th adsorbents
a6IcBA Z80lto melecula] %@V@%\ra@w@tﬁ@scafbooa?lumjgapa% mixtures

I
tﬁ%’éﬁioﬁﬁag%&?ﬁaﬁr}ﬁs anceg gatﬁjltg: cu a‘;ﬁmmg\? ngn&‘%l ®1hen
periormedi ah aonde@enhamlmcmdal p@eh;abd)&onmtmgenl tornm)ehbm
deS|rabIetof|rst S ect the as-received nP& éh
alimoshhwie, T ddusies S5 SiaTeeT PGS PRCIRAGaphy,
Oﬁ!@l’?'i Hﬁke&#yjﬁéﬁdrﬂéo‘)ﬁl AR oki?%:rghﬁﬁlﬂ%éd SrefsaBh/f fife en

stl atl on-appar at us avai l The heart cut of t
adiretiui, atmos;biumeproduced is then m xed | n the I|i qU| d

?gf‘t eﬁac%%gl; G are Qqncgséfe %bl g}ch\at\%@o gblﬁ/ lﬁ%%ting

vﬂhlrévsé gw@itvﬁtﬁ«'ﬁ gy gasbanis wewérea@, tham @dﬁb?ﬁeltﬂt astivation be
her eo subsequent handllng of the thus purified
@ﬂ%mm@latﬁb’n ppsl@rff@r ws8- i rActyadey geh-sHica geked, preferred

RISHEEA00Y LHRES IS, BE VR phIRARIES Bbodi'260 to 500°C

s ene fIé\bQﬁro??hMuré/\Qircﬁltr‘o eﬁdw Rellin foeséwsrakdours. aAir at
oxygen- m ni m zed, preferably nltrfqgé:n or helium
500765 phas ethedadvariage @f e bwsaing efdfe cnost rErSlduai organic

f I
Gryeitants (BE=fiba del i Pt SpAE oS AU G Detbditnded
SoNRei 5YREINAIBLI RIoW 0 alssmpéettinealn Oﬂheofraﬁgé i ¢faroom
gel, a preferred adsorbent, or zeolites, can_be

mmpeasawe by 108%E iy ancaltetoaliveppocedusotemas ey i stappad

S i sylih i o 08B BN oA g ow
{g0§{ophed| QH@' @ @9B8icin evacuated as the adsorbent cools to a
temperature in the range of room temperature (e.g., about 20°C to about
25°C) to 100°C. The advantage of stopping the gas flow while the
adsorbent is at 500°C is that this minimizes recontamination from any
impurities in the gas as the adsorbent cools down.

A method found to be suitable for activating the silica gel and
zeolite adsorbents is to charge a Hastelloy tube with adsorbent, followed
by heating the tube in a clamshell furnace for two hours at 500°C under an
air flow. The air flow is stopped and the Hastelloy tube immediately sealed

at both ends. Once the sealed Hastelloy tube has cooled to room

6
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W eovperastire in the range of

contami nants fromsilica gel and zeolites. The gas
fl ow can be continued as the system cools down to a

In an alternative procedure the gas flow is stopped
tamperatura,it iscirarfared tofd Nalglownbepevherkt theritbe e opened

HEEE a5 ko Aohode TobbERhg Mranafafi hEL s fp ve
putBiedayRil® hof priiredmhEailitatyd] @nd. zeohkROHbsctBBRtst ¢an also
about 250C) to 1000C.. The advantage of stopping the

kenaligweshtagral eindee adtse@®epbrdes at 5000C is that this

gao. iGN\ Ao 3B cAP oo S8 itho it
ishad bbée found satisfactbnng drnployidriecwlgele ddisoasdritfer every

adsorbents is to charge a Hastell oy tube with
his€? M@E‘f’]e?%ﬁll%\%d by heating the tube in a clanshell

furn TAMR ; N ; ' I ot

e i Endbe deRiraBly 6o hbPOPHf 44RENRR Achne 1 Mistilafion

il d twatient vétid adsOrioents he ifs eidtdidticiass elihdsridkare it is
iis transferre

S e e B G e A T
aiperatasHosapied I8 Fark@iiah e F@@iﬁé@bﬁb@cmc}@@@qgn%ﬁdﬂ any

that is to be purified. Wiile not preferred, the
afivengtioyfepr giislemio (arganigensideinadisanit has dees faundviedhe

0 d i h, . i 0.0f
e MBS agh S ASARRNG R o BRI e
dreasdsesudip wisd asatdophmohly enigogsdblioydistiation wAE eicuum
adsorbent for every 1 to 20 volunes of liquid. It may
PEIRS | IubPrevids JTirewqd asralior el \RasieN Ilisrssebly can
cgin‘%émﬁa?é oD ddtigte EBﬁkLé?ﬁlS/% ifirb B S d% fa%%BFb%pclaf It is

istillation Is undertaken; 1t IS desirably pertorne
therefdre wricéarablytto perbatn thendiatifiationeid whasitis IHea¢inadesignated

apparatus possihble. It is particularly desirable to
% Pﬁi‘:eéy%?yg@ﬁh%m %)fﬁse@dvent itious or systemic
or gam¢ (zent ABIdIRNMgPeadd-frB&s nests lftlgé’tnﬁo' Qrega% should be

practice of the invention that enploynent™of grease,
gmieloyed mgeml aggemblingdthgr dageed padstofdbe systecomng of skill

i o B cBafe A L8deER ol SRR P it efh e
ivesition Rahet dperabies shollatterdibbl soraBtdrialhaehdumtFasiease
t he absorbance. It is

contamination somewhere in the system. To the extent that the system
can be cleaned of all such contamination, the better will be the
absorbance, but “grease-free” shall not be taken for the purpose of the
present invention to mean the complete absence of grease in no matter
how small a concentration.

In a preferred embodiment, 99.9% pure commercially available
cyclohexane is treated with silica gel under an inert gas that contains < 5
ppm of oxygen, preferably < 3 ppm oxygen, and most preferably < 1 ppm
oxygen.  According to Henry's law, these oxygen concentrations
correspond, at equilibrium, to parts per billion concentrations of oxygen in

the alkane contained in the corresponding atmosphere.  Suitable inert
7
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WO Y®bAmMISAS used herein "grease-free"

therefore preferably to performthe distillation in
what is herein designated a "grease-free" distillation

grease shoul d be enpl oyed when assenbling the cl eaned
graesdnoludemitregen, efgoonandheliknl INitragemés prefemed,| although

reci at.e that,..the term/ qrease-free" does not an
R TR R 2N K, b S TBree i 6o S Rdy deliu ™ may
159 GBsifdtE lbeRANYE b REIITHEAER SONBiRPIRALIG_N sonewhere in
t he s%/stem To the extent that thé system can be

cl ean@dnilgfinamopst mm draheatd @ﬁ, pragicaleta @grqharse ghly
bR SRR SEao by BSFRE SulbR R 15t brARbelif hB fsent

inoemticet so dhstenetmeht WithaaeatsomentBidie bs kilwasgalid tife only
concentration. In a preferred enbodi nent, 99.9% pure

ARk BYEIGAfiog SiPPaliiese dYRY breiaiances Whargireheqptithcan be
FriVetiBo?8lib Eﬁ'ﬁ% aﬂrbé-g{é‘treﬁve%aélkéhétto %ﬂ%ﬁﬂ&é\%na@sﬁ’? dLE% as
oxygen,” preferably < 3 ppm oxygen, and nost preferably
by 1gppm chxpgeiograpbypimiasyy spetleomgtiry |iaw, ortdees dooXidgrtify
ST TS BB 2P oo kS, b B
cont auBRfbdsNkhd\on GRThESRAL TEF P ridtMRRP BRIrSctiopis! 5ABhRicular

]
i nertgases include nitrogen, argon, and helium )
pes @g eentegiparisare syjtabletfavihghpriactiee ofithedpresgnt invention,

SRV IschERE: St R o et o B BB i Vel b
ddndiitiths tofavotd furthepsbntamihatiees 1t shoul d be practi cal
to purchase highly Burlfled distilled grades of

al kaneRargiNg ifnP Suitgble methpdfen meing IXygers e method
TP pa fohd eiotb FELETANoW: A ABvEBERT EhnRk it By,
lowyoygenrsirdectesitraben esuchhas 90.998% mibegele or westepguch as
SRR o B HoTRas LS, G e
YildsH ?ﬁqﬂ:i@@?ﬁg&ﬁéé’n.g@ﬁ&lﬂﬂ‘d?l@éﬁéa%&t'@tabbnﬁ@‘?ﬁllvg? plaged in

0
net hodol ogy r“purification ca e devi sed.
&@2dvinl ghass lesirdillation vighe riiher aliquyt é transfeimedsintf the nitrogen

(PG L B YRR SR B0 A 0L ] Bl
ig f“’i";‘ﬁﬁ@“ drdrhahe 9itha BRpBEESIcRfasx ppetdowBERT intS the liquid
and then the nitrogen described hereinabove is delivered via the pipette.
Flow rate is adjusted to maintain vigorous bubbling of solvent, preferably
without causing the liquid to splash out of the vial. Vigorous sparging is
continued for 30-60 seconds, long enough to significantly decrease
oxygen content and possibly water content without major loss of liquid to
evaporation.

An alternative method for preparing the alkane is bulb-to-bulb
distillation through a bed of 3 A molecular sieves. For example, two flasks
are connected by a tube containing 3A molecular sieves preheated as
described above. One of the flasks is then partially filled with the liquid

that is to be purified and the system resealed. The liquid is subjected to
8
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conditions to avoid further contam nation. Sparging is
a suitable nethod for renoving oxygen. One nethod for

waepasgp4188 f ound effective is as follows: A gl oORET/DS2006/807590

supplied with dry, |ow oxygen-content nitrogen, such
tlame%e%ﬁﬁaw tyclgs o semove dissolad axyden. des sydiém iathan

tGonhBr e Vacuateareh ey anang e fRlid il ki Aiadbaor The
s Qte%*?%tséé%em uhéelp|v§6@|%' Bn@ #e Hhuﬁ' affogen cooling bath

cintillation vial uot is transferred into
tntamfenred frgan theufigsid cdn@alm@g a liquid tgl thesersétmm antthe

i f | ast y th
i weEing: St fiorg EaBefiRbit 1ETRYIS TR Bt Rl or
rholabiidr &l dh e thBechildd agsk denes | ch@tﬂldﬂ@heisn@&ﬂb%te She
delivered via the pipette. Flowrate is f%i‘UStedto

vaelnmaisiTeliewest vith wyeenifre Bitrogen:, tie purdiask kguig @jowed to
bR teSB Rriratfe: afid s [BsRREFIIAMAS Ol bR Subbctuen
uwaough to significantly decrease oxygen content and

A s
dHsEARSY S dNArBcibAzEY 'gg,r Qﬁsﬂrbbbéé RMINRAIGR 20 Peg Lon,

eCU ar Sl eves. exanpl e ar e
mefanelciyeﬂ oy ta . 5bermormastn pneejeﬁablmﬂ @d ut0a|0 biawésand a

d d b f th K
FrehhPrvd GSaeneiontt e iutPiaend pfiad PR Priteravly
$orq bbﬁ\d aMA0mbBE pRfefN) kapefippia. Tioeinhdrave dhe $Jt|||ty of the
subj ect éd tothree freeze/thaw cycles to reno

thus sprepesedx . alkaaesgistSerdasyableertOt ﬁ@we;agm ynethod for

SHBSUEER A R BBl A s o
thb%ﬂiaherﬁdrfmdetbﬁbmm @Hilhetwmrnmﬂerdrfnb tﬂe&gmndatl@n Such

fl ask containin wdtothee
3 ﬁawiapwwefraam et heuio ﬂ@taqqr@ /Bchtion,

4@3{%_@“ diBoPed 9{1?% WB&%H Yonte ec)fﬁé éf‘?er‘ [ fﬁ%ég@@,on

ce distrlTation is conplete the vacuu
thetecdved wi t h oxygen free nltrogen the purified

liquid al| owe rmto roomt oerature and t

fl askmtmé%? ()eodj 95@’02{1?'?8?'@ aé‘&b‘&a@g i émé':\blspaqﬂnge at
FIKAREOIS BRaH edcRTC Bt Rl 0.04N® OTBtdMedsmBef ieferably 0.01
to 0.1 cm™, and an oxygen concentration of less than 2 ppm, preferably

less than 0.1 ppm, more preferably less than 0.01 ppm, is added to a
vessel, and the vessel then sealed. The seal may be of the enclosable
type or of the single use type. There are numerous methods known in the
art for sealing liquid containing vessels. Suitable for the practice of the
present invention are those methods which have been developed for
providing high degrees of isolation between the external environment and
a contained environment. Any methad known in the art for the isolation of
a high purity chemical from the surrounding environment is suitable for the
preparation of the alkane.
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wee@bosaBsy 0.01 to 0.1 cm'l |,

described is characterized by absorbance at 193 nm of
0.01 to 1 cm1l, preferably 0.01 to 0.5 cnf1, nost

and a di ssol vedPORY§EN6/007590
concentration in the |liquid al kane of < 2 ppm,

pr ef dnadng emlopcirr@nﬁq thenvessek fis seatest Byluse<oDaomephanical

Vi, RO 15 o SGites bt Bood el 2 i HERRHgpefbatiing: o

saMeHsn R hdiavable ad flosr ogb@/mmepgmay en sefiniebe steel
desired properties of the al kane for extended peri ods

ereaki rvewith flucrenalymer Rackiegreicaaranse feer heion stopcock.
devel mpéﬁ‘?&heP%ﬁI%Jéﬁm%HF tRE SRALAF [ OQee%gt ; ukd ‘%#h 1, septum,

al kane at one and USé ereo ano

preferbblyn of dluwroélastonhdre suthh eagp Nateomy, aKalosz,t berkstion ktoated
referred enbodi nents, a |iquid al kane havi ng an
B8OMRAnce at 193 nmof 0.01 to 1 cn¥ 1, preferably

0.01 o &o%néﬂﬂénbg&%en?rQESr@E%yelo lleéQSQ %X]C'i'}s% of a

and an oxygen concentration of Tess

fiucrbpolytiey-inedscréwmcap. 1 ppm nore preferabl y |l ess
t han he vessel

dded .t
than B.AtRB balbogRaRtt S NBsH I8 el nd iy AR en
Réeddie aRtinBé HqURepUsHR). oukts el GriZitg WitAUseARfaROdS

known in the art for sealing |liquid contail ning
vessdnsan Silferagfive foant ﬁ@‘%‘ﬂgcwaiemﬂ vepgelpeas éxet sealably

(RO, ol R RS R S e el Rt

@‘)dilamkminganwtrgalsrmrrmgamdrage@m fuidedmaval fromm@tconeeiiv&er
met hod known in the a for the isolation of a

purit eE”ﬁéﬁrﬂEaé'lVef‘?fdﬁﬁ'Wé’SstG?F s8R diehgPRiipd Pbﬁﬁemed. f@f use
u'sbgmngnmr Jéégepr%artﬁ&é@nd.g&ggg@ K &fobifo OBF al, US

enbo the vessel 1s sea
20EHE0BBH7 Ml Keasse HUAL20044006 H1169sA 1 s Heedeth ed8l 287,526

) FRolel e o LY FROGIRE ARG ohd i 8. 555 sEer, us

4867I35ah e4dbine| IS 41830, 2ﬂbU8h§§°U$r@“5384§§3' Dlirofd efial us
grease free Teflon stopcock. In another enbodi ment

#B837d9s éind, JrisisausEBY3d4633B1a sept um preferabl y of
{1 uor QS ARG, AHER ARuNL b et b Lo
thatlaggd dfaseeeposed to the liquid alkane, or the vapor thereof, be
substantially free of alkane-soluble contaminants such as grease,
plasticizers, oils, or organic solvents. Suitable non-contaminating surfaces
include metals such as stainless steel, glasses such as borosilicate glass,
and plastics such as Teflon®, Teflon® FEP, Teflon® PFA, and ultra-high
MW polyethylene. A particularly desirable sealing surface is made of
polytetrafluoroethylene such as Teflon®, Viton® fluoroelastomer, or Kalrez®
perfluoroelastomer. Teflon® is a trademark of the DuPont Company,
Wilmington DE. Viton® and Kalrez® are trademarks of DuPont Dow
Elastomers Company, Wilmington, DE. More than one type of surface

can be present in a single container. For example, the container may be a
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fl uoropol yner-1lined screw cap. In another enbodi nent,
the vessel is seal ed under vacuum When needed, and

wo b@elop4es d pushed out by pressurizing wth i nBCT/USES6/007590

In an alternative to an i solating seal, the vessel can
dhasss baltiebjthc anfiefioret cep bnesnl owa Isamlegassteebwylurmﬁr with
gsitive pressure of blanketing

I
TP%@VHQEQW%UYSF?‘}II%B%?BQH% and fluid renoval fromthe

C ont ghse effPRURAEM 6t iheepisefitimedsohNatvesasl Refilled with
pplied or adapted for use in sealin the vessel are

th«ndmdma&ﬂ@stm completaby it dhetvalumeUuberenfs lenansar kead

Fagh! 27 Simatfier SHHCHREIL 308 deossdhd Hdrtiaht® iled BEaiif 4

Hoai3Aabd 2 colsiblim) bessertialiy, 867akbAe Mapbt.l e, TIhI§ may be
4,830,210;: Shea, US 4,538,653; Hirota et al

agcaowlished Bydfilingi thauyesssh ozplingape soh@&arf@r&eﬁk%fe
I
plchi W Hpadisn3ts, alingPuRfRractim, dnd SciFaldAzane

veaper id warraptherbby sudighgribe aaIII{ane‘ r re aopreédrketh enstmdirnkat,
(6 Bufine SoiceRt 6 e erag e i Aord Shésa AR ite Jadger
a%chPl%uﬁ'Iﬁ?aIe%sstﬁdh ap pm, gr@@ﬁatﬁye@ss maaﬁ%eggpwc%ost

as borosilicate glass, l astics such as Teflon(r)
prefdrablygssraN TRPIMOIOf OXYFER, Alkagieviaoss fiaytremain present

Ik, BB5ee AR R by PR SR FEEN P p i8R

agbAN (KikrogeHOkOfletstaUTe MHelRim ahy eadtide the tendency toward
perfluoroel astonmer. Teflon(r) is a trademark

foramatipanguring Mﬁendﬂo:ﬁ nmEre prefesrre )enzshmimsm éberipert
G R 5t Do SRS S R mosprr

essent [hrallanethuglse additibaici¢he aH@neexamsIranytdsf@cted m an
cont ahner agl ass bot i

e with a Teflon(r a
JiMesPhere &f & t%aﬁafp*@ége@tg@@wu@wr\rﬁa@eewcpﬁcq}evé@n f%?fs than

re
qﬁ@e Iéggrd%g\f%ggg?ﬁ @§ i ’I'I%ggp%l ﬁ bhpi‘?l qui §1 ? ane
t 0 cOfessefeivelifsuited tfbethmstmge o€ hégsfly pUaﬁed m@enncaiea!e
ace. I n anot her ssel artia

RiTE 118,50 Agd-A v ARE SoBn e, i adoufe BhftabRgn the
p?'aEﬁéZL?oV #MOinvehibA dRYTRReCiean® glass bottles (VWR catalog #

15900) and Sure/Seal® bottles available from Aldrich.
EXAMPLES

In certain of the following examples, the silica gel or other
adsorbent prepared as hereinabove described was combined with the
indicated liquid alkane in a Trace-Clean® bottle available from VWR
Scientific. The mixture was vigorously shaken for about 15 seconds. The
mixture was similarly shaken each day of storage. Just prior to
absorbance determination, a portion of the mixture was subject to filtration
fo remove adsorbent.

In the below described aging experiments, 100 ml of cyclohexane

was added to a 250 mi Trace-Clean bottle under the conditions indicated.
11



acconplished by filling the vessel, cooling to

solidify the al kane, evacuating the head space,
wae@biopgstinder vacuum and then all owi ng the vRCEER2006007590

warm thereby nelting the alkane. In a preferred

Rridsddiadsiition ohibeatyklohexaseathiebiottle warswijeskio thive chides

L e
WiLhSER B 78575 IMRBT AdSiBenPlvagadden to thk 8BRleyapor s
may remai n _present in the head space. Preferred inert

gases i ncl Eamples bfeand GomparptivenExamiptes 14 t r ogen i s

pr ef e ' y h r

5 Bubbi 015 sitmarit® O o SRLER et SYUBBP R (FRIRL Jatalon #
2GRy | DbS% N8r Gyals.pi BREUEL)! aceoreiice ta tisé irghtive
positive pressure conpared to atnospheric pressure. |n
tegnsmigsinBddnethadi deserikad tine capeading sUnied r gkatps patent

ff.ect LD, AN [ | /& 4N '

PEGHaE, B At nBaRy B/ 58b2ry R SR 747 Sl RRRING Be
4 3snthan1®R ppm nost preferably, less than 1 ppm

o el 0 L

rg aire & Idhéxaﬁé’.uagrhérqm%ﬁggn%(ff )ﬂ%g.@ilibé‘ %neéar\g%% Gbve

e tnvéention are Trace ass ottles
beext, e gbgorbBA06 of thelthBsriegeded oy ciphesane assdount dblbe 0.33

fr ' . MPLES | tai f thedf ol '

2 Ao BB e 5 e s WS B Hpgance
IS dnes eiepdiaveislescri bed was conbined wth the
indicated liquid al kane in a Trace-Cl ean(r) bottle

15 avai I'a@ glovehaoweiesNoh90mi ef thengllice-gelireatggdyciohexane

Wl Ut 1o TORER Ak Rl ZDM S URES T Ge ol e Cprass
H&ti@@*\ew\h%@%i@@eimmﬂ BON.TRoROITf isaiy furtthaties wdsr fso
was subject to filtration to renove adsorbent. In the

sisleslpQrabet hpariedgiling asdpsepaiask Rereirehone 2pf the bottle was
s g%dr) rﬂf)éaﬂﬁrogglﬁ teﬁﬂ%%ﬁhé%. a 'I%Sg gco-ﬂﬁ oééfg gﬁpr BOtldsCwas

e 'co ons' 1 ndi'cated. Prior 10N O
20 dise adeddobondnadf, thehdriddtdilioa ek psefredt héreiridbiore and the

(i o pealort noRlS G EHROSRS s S MR JORE bRtticy was
R Be Y niRReAdRthdpPetd Gttt [tRe addition of silica gel. The
fourth of said four bottles was sealed in an air atmosphere without the
addition of silica gel.

25 Four 250ml VWR® TraceClean® clear glass bottles (VWR catalog
# 15900-130) were filled in a similar manner to the amber bottles.

Two 300 ml stainless steel cylinders (Hoke 6HD300) each fitted
with a Hoke needle valve (3732M4Y) on one end and a Hoke ball valve
(7115F4Y) on the opposite end were purchased from Delvalve, West

30 Chester, PA. The cylinder body, fittings, valves and screens were
immersed in acetone for 20 minutes and then air-dried with compressed

air or nitrogen. After being dried, they were immersed into a reagent grade

12
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Exanpl es 1-6 and Conparative Exanples 1-4 The
absor bance of as received cycl ohexane (Fl uka catal og #
wWQ3®Boh941gririty [ 99.5% by GC, b.p. 80-81 0C).PCT/US2006/007590

according to the relative transm ssion nethod
riethanbbdshth nfatiopedd by g alondtyéng Shagaias Tet esviinder was then
apgli ations serial nunbers 60/575982 and 60/ 614747,

dto be 4.78 cm1 at 193 nm About 600 m of
acti s hdD i
Focel a ey BesEmbl AR e Riztd By i tind Xpfifrged
ueler water faxa nlerakategt o pylinder N@mmwm&enmvatdreand air

G "GP ErRs ey Bimcb e o, Yk S werd addRel o8 the

@hﬁ@éubém Qhé @:yﬂ'r@dlérﬁknlés Bﬁél@érﬂf&eé By mmuaeglm@smsm was
under N2, 100m of the silica-gel-treated cycl ohexane

dizearded eand dheavasiorepeated 2omd. WR@QYjindenves) éam rynder

BFBE PPRTRREo: I Il 3P0 \Rel S0 dPoRY o, 41 ifed

cytloheaagel was epdeddoheroh nﬁbm/eN@@bamGOOth bﬁuwms steel
seal ed |n a nltrt?1 en atnpsphere. To a second of

hndeora ege\fsthgl W sditkersovas aadedSWpt efithy ap&@ted
Sk éle\%fdhdh 8ft§‘ééPP mdaa Salégpgcs 'eerrgé%@t S s bifow

an a r at nosphere. |rd o our es was
lsadihg of itine alhmatth mgy:gh the ybpdereaive.t Nousilica geldds biddad to
tgf I|ICﬁg The fourth of said four bottles was

R4 a| r atnosphere w thout the addition of

sili C@pét@ﬁnenEOWeré’%@hoM)f )eﬁfﬁﬁ@@l 88R  dadH ©@dssel for
C%Iass bottles (VWR catal og # ? were filled in

teinpinaten PhNEY ab(somwcsnb‘éwcamed M@§ ilifRred 360DImihe glove

TS AL 85 T, MRS
(Wi‘a@rﬂé@@ AW EIE( ﬁA\ﬂl@Eﬂ!\éMP? LA PPRAS fo‘? ’cﬁé‘ %Yéﬁih%xane

pur chased from Del val ve Chester,
SPErinees SeGayractdd wan geeasEey asinghe \émmﬁgmértéwvxs/N(R

t
T R 3B o S RERR AR Astéra Bl v FEierh Bl 1t 300
i ety wmang nanesiasid usigo teo r@ﬁg’?nbu%tﬁé& mwsma@éndéabh the
fol | owed air dr)(l ng again he cylinder was the
samples Is shown in Table 1, where “ExX’ desxgna’ces ‘Example” and “Ce”

designates “comparative example”.

13
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assenbl ed. The cylinder assenbly was pressurized by
air and subnerged under water for a |leak test. The

wa@ gioe00a88 was renoved fromwater and air dri edP@i/UB2006/007590

conpressed air. Fifty ml of Vertrel(r) XF were added
to the cylinder and the cylinder was shaken for a few

r epeatl @bla)hc/ébsor h@n@?/ pf Ruelohamanelin Ad amdd&ntm@@au um

AL 1 00nd

ovetriit glll. TII aT‘_jl uUv<T IJ g tHeef 1Xb’SOI' a%b' ét'l nm 01%1
treated cycl ohexane was |added _tao E %g el e n

B st ai nl ess steel gAYy Wﬂeed tevegis| t he AR5
Stopdoe Adreios was added 50ni| of the activated s|mdnta gel

n—ar-ound-an i d to 6 5 g to
g of tHE sill 8‘?tﬁ%dzh1'?ha 10% ﬁ'ﬁgr 1.18
i A plice ophs| BaUgd!-00 |t ptier | ¢94 il ntiét .
Speci nens men¢ pernodi cal bys gxbsact ed 1 roam °aed§1 ve.sssel
for detern Mtlmusmcalefé? BT EHC e 160 652 G TV
filtered dff iln the bad_u r nitrogeh usilng_a
FNU5 mm gl @52 |ni crBF i ber| 893 iInb® 1i1%et Anaf Aan( Fi*
balie ovi al (rFE-#AVARSHICGVEY .| ABSQr Bancel. 6f | t1HE Y43 ohbkarie
speci nens L3¢XTranz ed Was3igassr €. 28S| pea) vag i apz2

Gary 5 W/) s/MNERga € Spectionetet—5A i
y é’iﬁr*ﬁﬂém&& Gol 1] ° 838 Rng,; [V, [lo25 6819 036

nde rumnl ng la

baseline W@ 1enerated firom 1
SRR SEEi g P enity cuvEet dsC4eabSoPbad bPE helds4

sanpl es i gEshowr? i FilicFadd| [e0.33 h@de | "B¢" | dedi phas ¢s0.19
TEXanpl €~ and TCE™ designates -comnparati Ve

exanpl e". Exanpl es 7 and 8 About 100 ml of activated
silica gel was added Exanmi@esi/ arfd 8ycl ohexane in its

or| al .b l e F uk cat.al # 0028935 Lty . 9%

1" 8B T08, B ok, BRI BG piRanar S ol o uging
dy@l@h\éﬁaﬁé in itd Reiges |b@ﬁ@<@“hﬂ(a5 thiafcy 89028085UpENYAS 99.9%
shaken for about one m nute and stored at room

yeppariataidsy box. Nodagditipaalog#omavasytakenain mmove alrheThe

B R PBET A Tk TATPUBHGTH 3481 BFE° A an

stored at room temperature for 4 days before being decanted for the

following experiments.
Example 7
The stainless steel cylinders employed in Examples 5 and 6 were
disassembled and cleaned according to the procedures described above,
then reassembled. To one of the cleaned 300 mi cylinders was added
about 20 ml of silica gel activated as described above, about 20 ml of
activated 3A molecular sieves and 80 ml of cyclohexane (treated as
described in the previous paragraph). The cylinder was sealed in a
nitrogen atmosphere and stored for 5 weeks. After 5 weeks, the
absorbance of the cyclohexane was 0.55cm™ at 193nm.
Example 8
To the second of the cleaned 300ml cylinders was added about

33ml of the activated silica gel of Example 7 and 65ml of the cyclohexane

14
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10

di sassenbl ed and cl eaned according to the procedures
descri bed above, then reassenbled. To one of the

we b@aneds800 nl cylinders was added about 20 mPCD1S2006/007590
silica gel activated as_described above, about 20
tigated t By alnedEx@mmiel écul Bhe spWinsler awasseeatedoin a nitrogen

SSRGS HLERTSS NGRS O e BNl or e
@kzlﬁ?@bﬁé@vé@”@@ﬁoﬁﬁédti%nrﬁ weeks. After 5 weeks, the

absor bance of the cycl ohexane was 55cm 1 at 193nm
Exanpl e BXamplasd apé dhd Compatative Exammlemamdm i nders

vvas agflgde QQQH@%?’% ;{Jrotcgau Gl Vaﬁggrtnfﬁlel 1C I%Beated

nple 7 he cy oexan eate
@cep‘pthat'érgd’ﬂnevasytwmmntedla‘sr sitedgath ag lradlmtédogarthls case,
Eig?r&g(gg’ nd stored for | ﬁleeks After 5 weeks, the
9 ApgobaneRWas Al 458X and hedesyitoarediatad At Tabign
Exanmples 9 _and 10, _Conparative Exanples 5 and 6 The
equi pr?éahle anabmr@@éga pégy@for@xanpu@ Adr amérg@peat ed

RPN~V P_Y

except—that—argomr—was—stbst+tutret—F b Jitah T3 as
indicated. In this case, the Day 0 a %ora%nce was 0.1
1 cm1 . The results are listed in TablB®) Table 2:

Absoiyeishenef Cycl ohexane in Al PAAAY 1ArgoRwEskanpl e 11
The ebaaee of 10 aliquots firom { he same purified
cycl q determ ned five tines on each
of t are $hown [i h!'Tabl® 3. *-The| Gary
spect airpsiy gel.| Exainmpl ©0712 Dgcal i n
(deci Fl uka catal og #30490, Purity
98% 1 wagr f oundd.tio | heore | amo@ablsor bance
at 1 Qﬁr@w?@ a591 Pfo 07306 (L .
About at ed silic¢a gell was|added| to 500

m of Thée as received decalin in a [racec ean bottle
(WR Scientific) with a Teflon(r)-!ined closure. 10 m
of so-treated decalin viesamplenkferred to a

2 . s ol o0
T oc e it 8 DAL B b AR spppans
saehplef Wasinfitgsrmided v Ghfdse oR0Xach tde@baawanR@sms are

the thus treated decalin was found to be 0.57 cm1
shown in Table 3. The Cary spectrophotometer was employed.

Table 3
Time | Alem @ 193 nm
Day 1 0.29
0.29
0.30
0.30
0.31
Day 2 0.17
0.17
0.18
0.18
0.18
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nm (Gary Spectrophotoneter). The 500 ml decalin sanple
over silica was then allowed to sit for three nonths

WO n006034188 aceCl ean bottle in a nitrogen gl ove PORUSZ#6/007590

the end of this period, another sanple of decalin was
renoved fromthe TraceOEaamQI@ Ple, filtered, and its

b d t \ o
épZEII'? ity GReatiiona8nthamna B Cotelti £Xda0, Rurity,28%
3: GEy ggl reBéided wis fadrid {d hgr/e %aghs%rﬁbﬁée a(turgsvﬁfrﬁ(@yry

i ve, Phoeni x AZ anb ﬁ%@ass sanple vial wt

Sreeacptmphcé@,mﬁter}spf Q@n@mse bt 888, mb@ita&tlvamsurg@gel was

BR800 B0 BRG beoslu SRR 3 FratbRlea e vwr
$¢19h&ﬁcge\mh1 leb%féﬂmrﬁf@ EiX@dm:ll&ulé VB nil nsfegd-ardatadr degdlint dais

septum down into the decalin fluid. Accordingt

FaRipEed dace Tﬁ@%@e@ﬁe o SGisntfio) noh skefiontiiined
cﬁ@é'ﬂ;re' nﬂ'ﬂ‘é?tﬂltﬁﬂr\}é htﬁ& t‘:ﬂgal %‘?\HEF‘?\! ' Wa Io'i/Eebmz . tEe
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oxy%en concentrations. The first calibration poi nt

ther Cang ains céroabetom@t%u ngP 0S&HINd éam@i@/@érthepd@@hnmﬁsés

Aok e SORANEY SN i By D Bt

ambeclgﬂﬂﬂsedamptb widl hwith Tééﬂccmd'dam\/ lSﬂ!B:iolné &ﬂgumme\p (Cat.#
oX a

CERAEP0H Byrofeed Splaareclnel s BOGREIR B pRBMEmoved
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to S ﬁ@c?rségcé)ﬁ( e progr e (&'g‘;cg:e(n)%%ncen réeH Ze\/\r/as 'P %l p%m
indicating that oxygen concentration in the decalin is below our limits of
accurate detection (< 2 ppm).

Example 13 and Comparative Examples 7 and 8.

Oxygen concentrations were determined using a fluorescence
spectrometer manufactured by Ocean Optics, Inc. (Dunedin, Florida). The
spectrometer was equipped with an 18-gauge needle probe suitable for
insertion into sample vials. The needle probe was attached to the light
source and specirometer via a bifurcated fiber optic cable. The
fluorescence probe must first be calibrated using samples having known
oxygen concentrations.

The first calibration point was for a sample approximating 0 torr of

oxygen. A 20 milliliter EaglePicher,(University Drive, Phoenix AZ), amber
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5ANA28, from Advanced M croinstrunments, Inc., Garden
Gove, CA nounted in the dry box showed an oxygen

w@omeestisat i on in the range of 0.5 - 1 ppm PCT/US2006/007590
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73-83( Januarg 2004). The fluorescence spectroneter
remeedaiomsd asgloveebw owhe- xpgen ftunrpagendey robe was
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cycl ohexane was neasured to Compar ati ve
Tomob bsy@erojc bivh sxsmavn rt@@pétalad@ér l@lﬁ)mdoy veighi Geahdd"C

RorresKiBae ot el ATRSREohbadrapdy | 35t fieshinee
§§ecﬁ6rﬁdﬂ@r probe vidDihednsiied bbRwAN pad. t r ansf erred to a
O mlliliter EaglePicher sanple vial by a clean, dry

agtiv ermc syringe with Luer-Loktlp,

( Bectign y r I LR~Lake h
had ato2 SR HeaRTRAY ok Paerkleibas Moyciidab, ik
caitdleg Nedz&%&l, lpdrity e 906 ceys GERst whs| transfélYed lib48)hout 5
The vi then sealed wt
SEEONHE TR Baige (DAL FAdRRERFT Giversty
Zfl)n”%{ afishelkr i JHeed
[\%ﬁoﬁh%%ﬁ]geﬁ umrﬁ%&a%agér enro@lre €g£( Sgés\?%%@ ?)tréi’uciﬁ) nt enta gd
with anﬁeﬁmmal rSlI(oooensethecap,laeet#@@ 39Ré’Dél)| Wbe vial was
t %ﬁr\n Isl%'g d Wﬁ /athe-g%%térkuéa%, 'le“)égg andarem\l\g{/séd rom %e dry box.
The ﬂuorescence probe was inserted through the septum cap and the tip
of the probe lowered into cyclohexane. Dissolved oxygen in the
cyclohexane was measured to be 30 ppm.

Comparative Example 8

Cyclohexane treated according to the method of Example 1 was
stored in a nitrogen-purged dry box for 3 months. After 3 months, still in
the dry box, 15 mi of the thus stored cyclohexane was transferred to a 20
milliliter EaglePicher sample vial by a clean, dry 20cc BD Yale Hypodermic
syringe with Luer-Lok tip, (Becton Dickinson Company, Franklin Lakes,
NJ), that had a 0.2micron PTFE Acrodisc CR25mm Syringe Filter attached
(Pall Life Sciences, East Hills, NY 11548). The vial was then sealed with a

Teflon® resin /Silicone® septum cap, labeled and removed from the dry
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wist rotation, and then its contents left exposed to
air for 5 mnutes. The vial was then reseal ed, |eaving

WO o@ai024188 as t he cover gas inside the vial ovePCT/082006/007590
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nore-tbbtisn atithedimit |of detectability gff §7 probe. vi al  (Cat #
EP139- 20A)._ Usi t he
di ssol ved o -v‘s"‘"" decal i n

was frsiaivd ﬁlt eﬁ%ﬂbmt?oﬁm@baﬁm mﬁd @y@!@iﬁbﬁaﬁe Mferé hed to
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03 | d
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reported as 71.5 and 34.9 ppm by welght respectively (Gao et al.,

J.Chem.Eng.Data, 44(2), p185-189, 1999). Assuming that oxygen and

nitrogen solubilities trend similarly, oxygen solubility in decalin was

estimated to be 45.5 ppm by weight at 20°C when equilibrated with air.

Decalin under air was received from Fluka (catalog number 30490,
Purity > 98% by GC). The as-received decalin was transferred from the
original bottle to a pre-cleaned 20 milliliter EaglePicher vial (Cat# EP139-
20A). Using the fluorescence probe, the dissolved oxygen content in the
as-received decalin was found to be 60ppm.

Comparative Example 9

In the nitrogen-purged dry box, a 15 mi aliquot of the purified
decalin of Example 12 which had been stored for 3 months in nitrogen was
poured into a clean, dry 20cc BD Yale hypodermic syringe provided with a

Luer-Lok tip, (Becton Dickinson Company, Franklin Lakes, NJ), fitted with
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Luer-Lok tip, (Becton D ckinson Conpany, Franklin
Lakes, NJ), fitted witha 0.2 m cron PTFE Acrodi sc

weRRG0mMIS/ri nge Filter (Pall Life Sciences, EaBCT/HB1006007590
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Is clarnmed is: | . article’conprising a seale
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probgam nants. 2. The article of Claim1 further
conprising a head space. 3. The article of Caim?2
wherei n sai d head space consists essentially of at
| east one selected from al kane vapors, inert gases,
and conbi nati ons thereof.
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4. The article of Caim3 wherein said head space
consi sts essentially of al kane vapor and a gas

wa@eloeovdss from nitrogen, argon, helium and ni RECT/USR06/007590

thereof. 5. The article of Claim2 wherein said head
space is at a pressure aBbABM8t nospheric pressure. 6.
H |cleofClalmlv\herelnsaldI|qU|daIkane|s
W %tr'ﬁ ameddy by spectroscopi c absorbance at 193 nm of
0.01 4t 0 O.n% Sficle co%gn'ﬂh@ @ééarébe\/&,fseﬂs%w\/ésymfa@m@ an
the absorbance is . . 8. The article o
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Clo"gﬂf'%t' ﬁé Yontacts said inner surface, and sealing
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a spectroscogl c absorbance at 193 nm of |ess than
escantialyn of alkang g@por ok @ 0asi selested &osn tHERYBMOEIIN,
h%?g}n Ja%d r;J]'p rggt,[ﬁ&% (?f G aim 13 wherein said liquid

he P NERAFaCT erired by a spectroscopi c absorbance

at 193 rMheodrtioleldf Clain® emeleindicihead gpace is at a pressure

concentratjon of |less than about 0.1 ppm
above atmospheric pressure.

6. The article of Claim 1 wherein said liquid alkane is
characterized by spectroscopic absorbance at 193 nm of 0.01 to 0.5 cm™.

7. The article of Claim 5 wherein the absorbance is 0.01 to0 0.1 cm™.

8. The article of Claim 1 wherein said oxygen concentration is less
than about 2 ppm.

9. The article of Claim 6 wherein said oxygen concentration is
less than about 0.1 ppm.

10. The article of Claim 7 wherein said oxygen concentration is
less than about 0.01 ppm.

11. The article of Claim 1 further comprising one or more
adsorbents contained within said vessel.

12. The article of Claim 9 wherein said adsorbent comprises
activated silica gel.

13.  The article of Claim 1 wherein said inner surface comprises

silicate glass, fluoropolymer or stainless steel.
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17. The method of Caim13 further conprising adding
an inert gas to said vessel prior to sealing. 18. The

worddeogs18s Cl aim 15 wherein said inert gas is PCT/USHE6N07590

argon, helium or a mxture thereof. 19. The nethod of
d ai rh416 \mh\eraﬂioles&fi@ainméﬂtwlwe said huesgutfacpingdass. a
press reater  than her i ure... 2Q. The. .
et had- tipd 307 BREFEATG AP IkET R TR reigod pombtising
p"f‘!?\r°1ﬁirng‘%\1 eél@bﬁﬁl’é&s\éﬁﬁé\ﬂhg Rinl iRhet Sus&ss, idtdingtolthe Megsel a
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hqu'tdi allkaee ssichitbat @@d ligpid atkmeemontras sridingensygace, and

R A R
Peirfs@hivkessithrkai g 198aimsfribesanas T @aﬂ%@loa@gen
concentration of less than about 2 ppm.

16. The method of Claim 13 wherein said liquid alkane is
characterized by a spectroscopic absorbance at 193 nm of 0.01 - 0.5 cm™
and an oxygen concentration of less than about 0.1 ppm.

17.  The method of Claim 13 further comprising adding an inert
gas to said vessel prior to sealing.

18. The method of Claim 15 wherein said inert gas is nitrogen,
argon, helium, or a mixture thereof.

19.  The method of Claim 16 wherein said inert gas is added to
produce a pressure greater than atmospheric pressure.

20. The method of Claim 13 further comprising adding an
absorbent to said vessel prior to sealing.

21.  The method of Claim 18 wherein said adsorbent comprises
activated silica gel.

22. The method of Claim 13 wherein said inner surface
comprises silicate glass, fluoropolymer or stainless steel.

23.  The method of Claim 20 wherein said inner surface is silicate

glass.
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