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20s .[err]-diketonate conpl €xes usually exhibit high solubility in
non-pol ar organi c solvents, e.g. -hexane or carbon tetra-chloride, wthemch
| ower solubility in alcohols or water.. The production of these conpl e
has been described in the IiteraEBrﬂ109e648fBI exarrpl e, "Metal

[err] -diket ﬂu@é ned rér‘ltrc Gu dn¥ &gk SBlatili FiRate -diEQMa?es%Pﬂe B.
P. Gaur, Ae@ pCang rﬁ% Rart &’al@n&wn&f&g I)efe (ﬁﬁe f3F tha[V8kdur bkase reaction of
[err]- di K elaibgadu® ntetdigih 8ocolarab wrfethalpe;sadnlnc&m:ednwltﬁh @ Bf drietor mae@lthe BUE@HSWE €S
of ay\25 "staea%ftr<>n1(DatﬂramWgI l&@arswlaﬂvlprelf%'aﬁs) wi t hout significant

decoigeodi chag ndire ﬁ;tone fe1c0y S gwfﬁlﬁ‘gméﬁ‘i‘d'ﬂﬁ AYRD AqMs%hb| e

The
sour ces o%he?'ﬂ%' forgen ¢ éh@fcdr'l on °yg"'et a"'°"p?1as'<'a°w(§X| dation to provide

met al oxides, are |nd| cated i.n Table-2 bel ow. Taple 2 fncludes a |isting of
the netals as elenents, togetherwith an indicatipn of which ligands are

sui tabl’@ for conﬁl exi fy thePewith, Othe Qat % be mg: [ denti fied by comonly
used synbol s aR-Cepwri®a'i n—Tabl a&-f-ahoyes —30 M + 2%

Table 2 Volatile [erT]-Di ket onat e Conpl exes El erreé"lt%

Li gands 35 : (tfa) (hfa) d)
Li 15 X-Na

Be - X My - —2 X Sc

( df hd) (f od)
X 40

As is well known, the chaSr on the diketonate aﬁion is actually delocalized aboxt ﬁr_:l? —-CO—CH—CO—)-(
b functiond! group, rather th at the central carbon atom as shown. '

a1 ° 20 R-diketonate complexe& usifa Ilyzéxhibit high solubility in non-polar o?éaﬁl’:\ solvents, e.g. heXane or
caxpapdetra-chloride, with much lower solubflith Br alcohols or water. ThAproduction of these Yompiexes
has been described in the literature. See,forgx ample Metal 3- drj(etonates and AI)(e:t%erivatives" R.C.

60 faf, Junoafer g8 de are to
2 v TG ALEET E  o fitiab .
mllibar s)humuuacbb shebléequwsedthaadnasreﬁ:s wé&ﬁmaﬁv @w Fhas :dﬂilrchgo(oﬂovm%etal

m | || bar spxides)arqindicatedien Babfef2ibeiow:ableg inaludasapisting ofthe Metals paitieroends, todeth@xdthph e
of such a'ngigaien Pisn’t'ﬂ’é'gi’"?? itabte forrFomplexiag therawid thedatigsbeipstidentitied iy Semmoriy
suppregs PEASPURYOGPSAPROBET BUPHE T 8F°YPn a sjlicate core glass for an optical
‘wavegui de, where concentrations excee&-ﬁ-ﬁ%—@ 1% CeOZ by weight, are rarely
needed. 65 Ce(tod)[err] Yodanils y pria toe pl exgs

[err]-di ketonategm@gﬂ@,{hs whi | e not dem)ngi E@;drsng a vapour pressure 6 EP

0 103 448 Bl as hrgh as e o e a I dfl rr—nated
B- di ke'{}onates exhibits eé‘??—r— e-{‘ﬂ—ftss-a M c&#@htuteasurtable

vapour source fokigenerating a snall conéentratr on of ceri um oxi de by
vapour "phase oxi gdation. O course, even xor trade doping, a nore convenient
practice woul d bggto use g hi ghery vapour pressure conplex, such as
Ce(fodf[err], where such i's available. 5 I n many cases,
[err] di ket onat e E‘érrpl exes tend tofform adducts &ith sol vent mol ecul es used
%rjepar ation, particulardy when the cokplex is not coordinatively
satur ated and thQ solvent is a good Lew g base. The resy{ting adducted
[err] -*8i ket onat e corrpl exea( may be quite stable and may thensel ves exhi bit
sufficient stabilS ity and Vol ati i % y to constitute useful” vapour sources.
Exanpl es of conpdfnds which form adducts with [err]-diketonates are
ammoni a, water, myridine, bipyridyl, phenanthroline, tetrahydrofuran and 10
di ret ¥9I f or mami d These attach tp the conplex as additional ligands to
achi eve six-fold or higher coordination with the netal. The nethod by which
netal oxi de soot &s capturfed and €onsolidated to forma glass or other
product, after be&dng generated byXthe vapour phase oxidation of
[err] sgli ket onat e pgonpl exesy i n accgrdance with the preseng invention, is not
critical. Prior grt soot ocessifg t echni ques may be used, . i ncl udi ng
capturing the 15 ot on sui tabte mandrel or bait rod, capturr ng the soot
in a collection ¢e®ntainer, consolidating the capt ur ed sdbt by sintering on
or offsot he Dadiere gy mhbeannehmgrongoftaheedtmaesao@b cap@metin ia oot Product, vapour
stip- castf “E?ﬁds t"SEaﬂQ‘;?mt"He’ EP %610‘ 'eFG"Q)IP'eﬁﬁfreF low as 1 mm Hg
O

consol i daf i ihT non :éﬁﬁ\v/ FéV\éoﬂEb‘qg nt t?%g;of :::ga@‘g{lr gn:%%m% siluca§§?s§e gd 2!
ee (-]

fluorine pﬁ iQMya
cONMPoAds CyiidR it ah axten ek Birapy apRmed Iﬁdﬂﬂe,tonbﬁ% m.raﬂotaé}eorﬁframgbba@sr;irkserireo
are considered suitable for use as main group netal sources for the
production of pure oxides suitable for ,gl ass formati.on by vapour phase
oxrdatron processes.
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Exanple 1 - Al (hfa)[err] A 13-di ketonate conplex of aluminium(a Goup IIIA
nmetal ) is prepared by reacting hexafluoroacetyl- 25 acetone (Hhfa) withe
alumniumchloride. A 1.06 g sanple of [err] is added to 10 m of CCl
stirring under nitrogen. A solution’of: éth a) in CCl4 is slowy added

the AIC13 solution, with | arge alRirf) 3031448CBbei ng evol ved duri ng the

addi tion. amrzmraeasm ONthéThpdveli&chited HESrinbs® d-dfk@bnadld oxhibitslsBficiait agdddeplaQlre to

M xture i sobdiereasijetie poesadurtdbodegératngfarsimall édnkéngaton Bherich egide by vapoua bimase
crystall i Zsisiagas. @U@P'{sﬁg"?"d° rage degling, @ MYrexXon mert pEactifigivtouldde yosysa fa nfoher vapour

pr oduet iR "’hﬁ%}d@m A ﬂg.@’w;k E&tsﬁ&!sﬁ“éﬂ SR R SR noleBlidd] udsfti® @

dry ice- ccbeépedt.&o 2P whé x SHIEdobAMina iR siithitated Qhd Be SANER i€a §od L&A
-product i raseBrhec@suidrgpoinatsedt RBdikdomibtercompietes Ghaly e tahige dtablecand traay @heir@eives exhibit

Al (hfa)[ ersrdfflmenrmaeﬂlty@n\ﬂ)mmrblwsdmnﬁmts uwé&drqo rsat"ceseﬁrge‘pbe efrcesmwdwh' freforn |

melts at e%ﬂ " %tq;hssﬁer;ﬁ §‘° ‘ay "éj% tufolh eﬁ%'g ‘g“ ?{p 'ahf 0% mm

Hg (1337°% gﬂ, " ol m ,e y f ¢ "‘rf’a""caastaes ?’ha cpou Ao HOBE &

suitable s ourrceenarﬂodadywmcn I8t e@crbtsabzm AguaRRdidonidbiatéde foprhe@as; drerhepsroauct

_sinter abI aftdSeingi gdeersted by thy vapouayrasy oxiaaeeofiadietdnata cn@oes &, actaxdania \@iththe

My( hf a) [ erPres %ty “Ddd Kt erfistlcPrien oetmesffngmém@eam\ vrer%eqmearmwgww then
ure

are pre ars% ’g::lre'HHf o € 'qﬂ ?°BE'H‘§% gons r::%
sarrpl e of 500 E\ll;%t\fr % orr&ph‘%ra@urmsg&r lalgla &1% emo Qno‘n-rﬁ&alhc‘crtlg:;\ﬁbis iy i"d d
in 100 m v&iereia#beﬁ oWltIohnéﬁl'lbrEfrédilg under nitrogen. A 10.41 g sanple of th a)

i siadded to Thedolwimpdixamnpes ¢enclibe Ralikatondteicoppognds @hictikavd beerprébated and bas?ﬂlen

et bef |2 tthecRioRas r'meegarewerﬁdareg@wrae'erfesrﬁwaral STy sereatrierahe RpAugnd of

evapor at ed“f* °"d’re PriEYe ToEgarRdPraler Y hY VBBRME 8Mag® PEYAUATIAICSSHt e powder product

identified as the ether-water adduglsfie TRIGER),UM.

hexaf | uor oacatRydikeerbe Bérhfiex dfalufiniund [y csroaﬁrdua{eed isCiéfated by Meakting hatafiadrodtbtyl-

[err] ard amgnegehfv thrahmdum hlsurlyl Amﬁlﬁ lgﬂz‘?dzq} %‘B?:;\% addpg to 10 miTad Cﬁ‘rr;?epfgtrsemag

t et rahydr yo ° §rayvy 8 gd¥d to

the et her ?: tﬁg? {Liﬁ, g“‘&%é“é’?“i"ﬁ8"&“5'6%1?8’633621"‘{‘?15 Tend et 'ﬁrj"e s
Q{'Stall

.solution i STl’fetderaF %amg Bivelabou ¥. 309613 Wnfdlerfdkaliin Bro86th. this Bfdduct
I eaves @ WhpuriGedoyvehedunt ﬁ.ﬂ)ludat(bnladm infol aadly ley-cqoledtcoid tapic| ear nmagnetic -

resonance &’Wff yreg) spectrply alV@’uﬂH mnleoaf Hé prodiias "c6 mmqu:ow 'q thatyedogted inolbe ed

cold trap” s8I T8 gorpRO! eseqd]) ﬂ? gé ' AR Oof
o ont el e SR T a%%raﬁ ety

My- cont g eri%GsN&FBQHRr&poﬁpﬁhage?éﬁd%Mbro §ase oxi tron process Exanpl e 3-
(tfnhd) A B-diketonate conplex of the Goup | A netal sodiumis prepared by

reacting. sodr um h dr oxr de vvr t h a b%’taa‘g!frzket“'lgﬂ'éa’g%ntrar ni n a 7 (car bonh char n.

A 4.08 g an s!l%lrrll ca tz?x sa p bas§rn m gln%srum lcgaarbtjn(a?te M?lé) 2%%’ %) is

separ at gf ysuzg m 'E &ﬁc;grérl# n A 1041 g sample of (tha) is added to the
-tri fshw&ﬁﬁorﬁa'nﬂﬁehr}i tur3,|s4efhﬁ faf‘ﬁmdi's()ﬂﬂ ethbtti$ thBlgepirstedifiéie 6 sdlia rdslatal phase

solUfi on. biiwentiort andevapsras.eldad(dmn rEvandnatmI léz-yesoa/lesldtal Wiiterpowddr @radndt gdegtified and

t hen et heras the eéf!fdé’él‘e‘t 3idust (Eiﬂ"esc' hwaﬂ @?EQ‘M éﬂﬁ*%&@é“@o fTPisaAqustad

m xture,, Tﬁazf B Ve R Eﬁ Dor ¥ N85 Seai o tr@olhner.

dedteledat a {:aedadatae Zn.

giving & padd oA evudmhl ion ltiridd f@MslHadRL RéaRy ned
mel ting pacivadoratibnidf tigd selurion leaveskowiie pokdes telsibie Tadntiiia ba brozindudiear agrieticviesdnarse e
evi dence df'mt’heMsﬁ'lfahd’eUE)ﬁpUEﬂaE'P'm’f thig onibey 'H?Pe dlv-'ce&?(ﬂﬁ'é)da‘ 5l TO‘JNCP-S the adduct
13- di ket ol { 2t 6@3@@ uphaavingy ae’?%}‘aqgtﬂ?"‘r‘ru@r se Slamiq n c Vtﬂ‘f‘ VPRAIER Hg
cerlumhltrate % &; a?"%? 3T ?aﬁ‘pf’ fg %hy1-3 5- oct anedi one.
A 68.2 g sample of this [err] di kEExﬁ}ﬂﬁeéHfNKi(}fth) added to 115 m of 2M
aqueous [ err A R-dilesinbte corgpiexvf the Giviub B rdsal padean [} pﬂeairei hmheacﬁngrsedlwe pmrfa@c@dntaad

di ssol ved gefp-Pgpnaiconiginipge érarBeichpig0A 408 ¢ tigtizedTNigO % mi of

oI5 4k B PR AL 1] S D LI 1o

A NI LT C_ At (5 Glthed 19 N b ieriatl Bt S ind M oS Frolie o Bunr dtract s svaporated
Ce([err]) 3o auaes th EHrY0ngachale Pelio®@ solld iafknt¥ied asWa|tiitd], haviiyl ah endelermiged hétingapdiaed

to achi evebuaaldmaﬁw#ﬂnasrwSpwn@tlorW@bMé@ﬁ’Q witigsomeyeviderse getperrnat@somnw'eora red
oil pha% and an aqueous phase. ara ﬁ xture is 5 stirred under 02
at room t enpar @kl e MNiddoie Qn%t Eﬁ ﬁ?f dod BLRY GeriukdInilelte Svihas e
about 70 w,ﬁg,& %@S’?ﬁﬂ °,r;,s§'§,d. QQ,. elagx@nes ar e"é dg‘ﬁ artrlé T{E’ orr“g;anie

| ayer cont ai nieng gtsii}&plqé)ﬁf(ﬂdﬂlcﬂlketmeslﬂifpal’saﬁe&ﬂ!  1161M1 b2 Agereo NB.Qbh@sdtjngfin d wee ed

and evaffor riecinitategvhinhynesparater and istolyey inc3P8 ot bivaser, andiiZe0 mt efdursranpls The resulting
crystallized fromthe red oil and exam nation of the proton nm spectrum of
the crystals shows substantially conplete oxi-dation to Ce(fod)4. to

After putification by sublimation, the thus-produced Ce(fod)[err] exhibits

a.rel ting point of about [err] and a vapour pressure approaching 10 mm Hg .,

(13.34 mllibars) at a tenperature near . [err]. By virtue of this high
vapour pressure, thrs conpound mould constrtute a surtable source of

. S r o o 1 o o o



and heatrng mantel, wth stirring to disperse the ZnO. 30 m of H20 is
added, causing the reflux of Hhfa due to the evolution of heat, 20 w
stirring bei ng cont i nued until aEP @vie3:448 Bft reacti on has ceased. An

addi ti onal_ 30 R nd .200 QfieE hpeﬂr aLe tdhen ded and the_
solut plac d it fun nd added gropwise mtrr ution of t

mi xture I%crse"r"r 900 r_,‘%g’(.‘v BB -ciss @.nmqirn ) GG ﬁk‘? e e

f||trat|omndﬁ1hieta dged. | ayer i’ separated and drrea by addi ng 4A (4 x [err])

nol ecul ar si B\eerssultﬂ\g Inti>eure deparatks irtea et lvid phass amd’rmqempoha;e Stie sapagiereixtite ng of
crude Zr( 1§ ‘{‘é\dF mtwatlempgst“'e “"“'AEPP Ce'pi °5‘P'eteh|" hi F%?GGE?“‘ i/

tippi ol
6 Ssorte e S A T S o 20
the resi difaaims ﬂ#.‘ﬁ,r. realt orl A UfaG\ULH?%t 0 e r, ru.c. oD | ARtk Odndws
trap. | nf rsabstftalyREGHIE1E oxidatioh eaatre(famgnet i ¢ resonance, -t hernogravinetric

anal ysi ®, el afeenptrification by susllrsatlan@edwﬁpeqdecm|Ca(lfod$-@ammsn etslab pointigbdboyt SFiCand s ed
to char actaé’raP%p'leFﬁ“’s?"@ ifd9 mrhide E% Uﬁ’ﬂrsl ab &0G Benrtugofibige
the chenmi ‘¢l ggg& W°u e ,h m ‘fgf e "GPP ¢
exhibits exc nt t sta vvr ng on sI I ght deconposition
when majsnt ai ned at- [err] for abcnthﬁéishomrﬁa),ﬁswe 1 of the acconpanyi ng
dr awi ngs i | | Erdlowiag & mvedwa erted by iChettocdiaet elc telnergt Nusk Chem.s28l B866bbages 1937-

di ketonat 3o thppeRpatdy e a’ 'L%%’%‘%PV'PPCE Wez"ee ramg of 210 30@ 3%-fed

by ther nodfar BELE bl porfl Qb B Ay J'Ki%r a d&eQ‘gﬁ“éfSr Ti%‘%mL% of

t he. conpl Quth@Brrifg béimtdo hﬂ'ﬁ\:e@ ntll SIMEATe Lbrf%a&rbﬁﬁ'\ai @se eating range from
25- L,r r]. Temparda:bnm 80 mkof phet 4nddomi df Breerhmtheh@ndealandi mixnire 13 réflogedverthocal

axis 35 ccﬂfneeoepl@scﬁxmgs In® is eamaéd by fijtratiqriathe ptberdavieris terweraga dsied byjadging &4 ¢ x
easy vapor'PZAieRcRt Tt UeebatstiEs ees iRen PeppEieE &iol S e RNl o
exhi bi t} n9° aAﬁd?élJ Ratdh§ b b%'thBBEucPQrJ.Sﬁr%H’WT'ﬂ@ ot SoohPRinferdfledtHe sbRSR iQineh NE
heat ed sarspéperatda anl eneSr¥siqURl i bubfied kbt 18600 |uhdeR bROMME B AR icd-ole@\oBd Y. 1RFraSlAr P
hor i zont alspéctracreclas mggllam:r reb@aer dietmogavignetridaanalysiy elehenabgelysie aod differential
deconpos aGF@“'P@Sﬁ'Qﬂ!R?S’V arg drrﬁgftaraafesqeﬂfaiﬂoe\pvtaﬁorhezmmynd € Reependly belipveditgRaver e

m of Phfa,are added to a flask equi pped with a condenser, nagnetic st@

(hf T , 1 ]
B p B D e
rapi d afd co &l f l/rﬂ@ dfaWwirlgs RSt l'{h@sadonzal °¢if3fe J &g glhi s

may be cor&reasszedorw.réﬂas ts 436 wwurthefabaremarp 165X as Qbterhirad dvg:(thna@r[aaheﬂnc an
adduct ed cosipdiseXheltavengiéts erigitdsss of do@chplaiof ttnerceﬁrﬂem@eurtcmoraﬁwvg ongr FeQ
3, which é‘k?jl"ﬂr'?@ﬂee‘m??ﬁ'é@ ©f TegiPefA ‘iufqa@am?ﬁedetf‘oﬁﬁd‘@r'iW@h aghvith rf %Hﬁ‘F'@I‘ @xis
vol at i I¥z&f ?: }%@%ﬁ\#}?{) gecimpzlgﬁgﬁ §ef19cted[pish lﬁa yELg c.e%xh Jgu%harp
aCCO”Danylv@ai Gveighfid st df e % dtigR! o Xdublimation
t enper at urra'\gfa,()lfollb\héﬂ 6\5 a Aﬂ mmaﬁﬁnﬂndadvg(&ﬁa)& @mbiﬁat[.r&e re}ud hckrgt B adbeence of
conpl exes. demps) Ieo@s'Mev@et"m;t gesiraples yaparizatinn chbragterjsticsrarg dersengtrated bf Allltidse

t wo corfﬂl gt fa, Fhiehy Pfg:@'td p'?i "dl fea‘g telxﬂpqq@glo p if ?ZF )
mll | bar S)ad cter%r r%eg T ' r% erd ont t:? H@gﬁi@é F?g% éyﬂcme Eirdecncea;f
vari ati ONSsignlficah® tetbin és‘thén @Wrn&ﬁﬁdﬁe &Té’v ePdtb: sﬁn@WG . such as

descri bed absye ofareeacwpphmgeﬂamdsmlhmss/am pessuite & @ funcawhchi cinepelrared fak the
[err]-abk e%"bhatae%Mg%)zéBﬁdh@rw%e complexes{This plotshowgthe vagy julstpasinkyapqud pigesuees of

My( ht a) [ er¥, ﬁi{%’g@ s géi%‘ g@ B In| BRI A5 Bs'oaRe ! &P BP ot By 4 PR Enall |
quant i ti es obighH&niVaRkd mcharr WAH G ket Mt R DS LAES, Lucr G Sl hocki, T
sol uti ons aaécoewrdae@hnﬁ monﬂba)ée Bt Sidudisar chelil MeyikefoneaNTo Héshahstratt GarAd 6f B

di met hyb fvariatians, eddu¢tBNY (hfwg with Heedifiaregtiewisbagses w prebarhdi Mdlnbwdwwmai 9fon

to dr yness‘hea?'l' glirg }g@‘ ; d't!ﬁﬁ?!‘é‘hf%ééﬁf =Pd° B‘E’ ot gfth dducts:
vo ot R 4 B ﬁmgﬁf“h R s
anal ysi s. aaducts |sthe b\ﬂalua d® ustra

t her nDgg avi meigr of the déca@parlydy dtahergi nuwa-ads fh&rﬁ'l’oefﬂlmﬂdﬁlsms fcw(ﬁma ffe'lémt]adddcts

wherein L MQ# bs'e\ﬂ'n%e"pyrePGFwes r{vm‘lm] C)sHsh[) &HQN, P‘Fleﬂ!o aneéFP‘be@a)rveDM é(F:'r*s])zN§PHDIVF

( ( CH3) 2N o the re not
i gands L s T:,ﬁe u e or Tgk@ﬁgﬁs also mc L'lsig oaéobnp arn on me ‘pl\iir ghad%i? ser;o;
My( hf a)sg. 2I&rFera:6rea4usavhmrku.dednfp%zuee@ma&ﬁ wwagn.ﬁcbary[nebénh.ngnsbn[tﬁaé.aénn tet s
show evi depeetieuled addert enposiit Maifa),. 2ihFlicfotricc b¢ the mostodiatit of 1w egpiotsddducts tested.

conpl etel y wThqrﬁw'rﬁe!Prt@w thg escoa’rpow bers 'arqht@,ﬂ forbqﬁ‘tcreatvaver erop 284 Yappur
te rrpe ratu r@gd havr F?trvgr %tp é mﬁj rg’ljﬂset ?iéh asses ihae‘ﬁvrst: HL%;
part ' C'-Jslsarsuﬂér rtic QHJH gre efér Qeld

of the various adducts t'est ed. The requrrenent t at t e neta conpoun be
sufficiently volatile for efficient vapgrization and vapour phase transport
in accordance with the present invention arises because of the need to
generate a soot product having a relatively srall particle size. For
exanpl-e, to obtain void-free-gl'asses by the viscous 65 sintering of oxide
soot, ‘particul e sizes not exceeding 0.1 microns ([err]) are normally
preferred The 8 EP 0 103 448 Bl follomnng Exanples denDnstrate the
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t hé burner face. The Al (hfa)3 i's oxi-di zed i n the vapour phase in the Py
nmet hane- oxygen burner flame to produce a y-[ERR]| soot which is collecteg
for examination. Fig. 4 of the acconpanying drawings illustrates an
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