Fl uorescent Dye Conpounds. Conjugates and Uses Ther eof
[ 0001] The present teachings generally relate to

wo bwenesaeent dyes, |inkable forns of fl uorescereT/Uyme5/033180
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energy transfer dyes, and reagents |abeled with
fluorescent dyes, and uses thereof. [0002] The
non-radi oactive detection of biological anal ytes
utilizi r @h@hﬁb TRPI
technollg%:)f}lidhﬁﬁ%ﬁg?%bno ecu ?’gvggy dé?qglll}Enﬁ%%%Png
t he need for ra(IEWCTERIMEIQNAS’ﬁIéJQNTMEnhanced
and the environnental inpact and costs associated with
reagent disposal is greatly reduced. Exanples of

met hods utilizing such TRCHNEZAIORELDVE fl uorescent
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adwrtbeage@mn @%ngéhmwwrﬂwd Whendt isisxRaspdiiotye acoustic energy
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tection o urality of spatially

overlapplng anal ytes, e.g., single-tube nmultiplex DNA
probe assays and 4-c enci ng
nmet hods. In the caseq%g&ﬁg&?ﬁgﬁég%gﬁﬁaéro e assays, by
enpl oy iHigorkRI trany inyus&ias tleangnig mcakzbﬂqafvé madease efaqueous <
| abel s, the nunber of ctlon t
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f afd fréqgla&cy Réhgt BEIKH8 6 M1 in@fiheARBleb At B bR @mv&d t6 improve
reagent kits. In the case of 4-col or automated

s gbrdepping grocess by ressivisg PaIticlss BeEspmPIelyand Higp S&Plﬁ%wsﬂqdd%f time.
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t NRega&hic cdiding REORGUARY tASESThe 1h§®ed3§oum f€d Othe acoustic

bl uegreen | asers in comercial automated

s exnperay isi cammopytenpsated by eseitingn RiFZO8IGCER erH cm@ AU AC
. TS LGy R b ey ve A
f | wodtages dhese pdlyteilq:cbmpmmaﬂsyhadgas are pie¢henigal viheatighs the energy from

st rai nt
\gla |ﬁ @?LW 636%9 gle gB a§s %Igb%?rﬁ zf/ rg%?aglflt ql?@ﬁglg%rne%twgoan acoustic
f adpedy Fibiat Th@dysftall isayscatio rigialydiohddditng trahymittilgre enbeo ralletie
structure (1) are very, Cqﬁ I'ly and photoactively
stUENEoLihef cqings 18 catach ftht wufqag ht of |onger

vavel engi-gnic LR is h@st%?;?@pnﬁ@[@ﬂétﬁﬁ@ |th8at tdléent RiiREALE tnaterials
teachi ngs provi de novel uor escent dyes conpri sj
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S udhsmlchlh)t ebtraat gukﬁaceh eMegasarrig tleaning@aproptap f@r objgetg With heat and

) %N’_c@, seg%m’&cesj wl,rmgﬁr}ecgg_lﬁ‘%%%idgnd g’sé%ﬁ% eagasomc cleaning

al kyl, Cl1-C6 al koxy, substituted Cl-C6 al koxy, Cl-C6
al koxyaryl, substituted Cl-C6 al koxyaryl, phenyl,

substi tuted phenyl, biphenyl, substltuted blphenyl
benzyl, substituted benzyl, bénzoyl substituted
benzoyl, bond or |inking group, wherein R can be Cl-C6
al kyl, substituted Cl-C6 al kyl, Cl1-C6 al koxy,
substituted Cl-C6 al koxy, Cl-C6 al koxyaryl,
substituted Cl1-C6 al koxyaryl, phenyl, substituted
phenyl , bi phenyl, substituted bi phenyl, benzyl,
substituted benzyl benzoyl substltuted benzoyl bond



if NUC conprises a 7-deazapurine base, the |inking
noi ety can be attached to the 7-position of the

w(o2abemzapuri ne, and if NUC conprises a pyrinm dPOEUBAEBE033180
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the linking noiety can be attached to the 5-position
of the pyrimdine. [0015] In some enbodi nents, the
present teachings provide for oligonucleotide analysis
m%& Q@&lﬁre FfHRY bBdHde r&%reﬁﬁlﬁgo@héafthé &Hf@lé‘ﬁhc% Sfidw Hproximately
| abel ed ol i gonucl eoti de fragnments | abel ed witha dye of
t H3mmructure set forth above, subj ecting the | abel ed
ation y fegar S 1 hanism for particle
ol | gonycl Rt Alfadid qgg&g}aﬁ ! ﬁedsd gﬁnapré%ryc an
separatron process . ectrophoresis, an
detmotal ingh¢ ¢leaninglpedcess. hi angpommnct ﬁdd iacheblfle ergparinyt is created when the
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W dalitibecone better underst ood with reference to the
fol |l ow n descri ptj on, and a} pended cl ai ns.

[0017] T S&Prefs‘%‘h%iﬁg a%P"@@ 8\‘“3 ubtles wijcft rasndand seniraghyvith the
f QYealtsafid SHMRY$SFheSprédure havEORB %'Ed@ol&fexf)aﬁﬁ ahd &mEadt, B, some of the

teachi ngs conprising the structure § [0018]
s hagees Whichderar e blzbé’ér asq/#hsorbed igtophe idiguring pontnenon (compressmn
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sy\rvdvhethea)uplaé hiwypaydek.or t he synt hesi s of dye conpounds
of the_present teacr}J corrprl Si n% structure
(1V). Tgefﬁ e P §PeS0 solardls C QviseR; sble a§ Aensigpt dn 53‘%11’—199@(961“%
f OJstatblfkecaswhﬁﬁ)bﬁ) RimddEgas GNP %ﬁ)vﬁfveltyr%%“@)v &%@Hﬁm acoustic
t eachi ngs conprising the structure ). [0022] 6
s Hryles. alhe enasgypiclgaspd sith e ernl@snmvmaéa ftehle apisy eymrc)m lesg than
Oft?ﬁ o?ﬁﬁ%{rso)fgcgglltt)ﬁg_{ﬂg%‘ns%ﬁg/ v1ta 1on ra gragsrll% t cavrt% goer rb}rrl%bée) é:prétams
usaegqml gaf out hammnépramtotmngwés ic onpcmkh g@wdb afldnge speaseny a few

hlnﬁg lz{s % n¥\5 ?Ie synt hetic
sc‘ﬁ’ SHTRS B %6%%%{?"18%“ 8 “8&’9&5‘8?}‘%’ A5F the present
t eachi Bgﬁolmﬁﬂfesfcbrﬁtb (8L)tid ke Hiht vitdabdevtich the.bubdOZhpdes 6 mde
shows possi bl e synthetic schengs for the preparation
ofprwrgom%@%fﬂrw&%r%e@ﬁreeé BLOR PRSI ATSithS 838 Inside the
strrurta)%EA W Qiffickenily high Q%élaraﬂre@to &u%%r(ﬁbﬁﬁﬁ&&dsomhéﬁ%g Ehsion

O and several representative conpounds of
priecse sanolusinerdenephap @ fregendgy|of2001mn HWRHmeani éssgeperally
s LA representative conpounds
pceagrh&@m?ggent ?t‘gg‘grﬁyg& 027] Reference will now be
rrade i 7 hd sdnaluminesceate speqummi stagts ertb@@iugréylths modpoirit ef the visible

nt te h are.il I
e B AR PRI e 1EPte e PifeelfplcTb B
t qmbmcﬂ@SnMrhlﬂy dbeurfiﬂ‘@argd)rb\elﬁich i d&ﬁlﬂyddnﬁ:ihb ateM It 13 atdd® which is
Eer native enbodj nents, nder st.ood t hat
HBS MalPECoTRPngnf t“é}r‘ﬁj@%{s"tadha}t I‘Srﬁ“f""‘ll FPeth‘foP ‘%Sé’ﬁé‘hﬁhﬁ fae of

tqmﬁora)@fae RUORHIBRIBte it ¥zd, B nfRil %a@éo\ﬁs ntrBEenRh®88/3kn molecules
teachings are intended to cover a alternati ves,

moaveibeckrang fierth in artl eugof thabubllesvithgashumesser cysée dhargey degpn
Wi f :
o1 oer 3 g o iy HE bRl bR ATRERI e begins o
sidugudtigallyi rise hhave themhterally aecatring dvelss abpie tYoffoundlinh the earth’s
stated otherwise. In this application, the use of "or"
means "and/or" unl ess stated Qtherw se. Furthernore,
the use of the term"corrprisi g,"'as wel | as ot her
forms, such as "conprises" and conprise will be
considered inclusive, in that the term"conprising"

| eaves open the possibility of including additional

el enents. [0029] It will be understood that the

chem cal structures that are used to define conmpounds
of the present teachl ngs are each represent ati ons of
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phenyl , substituted phenyl, biphenyl, substituted
bi phenyl, benzyl, substituted benzyl, benzoyl,

wa dwsts4ous ed benzoyl, bond or |inking group; apdr/uSD8g)33180
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R4 and R taken separately can be Cl1-C6 al kyl, Cl1-C6
substituted al kyl, R4 and R5 taken together can be C

-C7 cycl oal kyl, C4-C7 unsaturated cycl oal kyl, C3-C7

S Wbnbdphdit. erﬂmei:‘afé‘tje Gitlel§ Yﬂe lﬁbbl@cd}ta&s%s $lkéqﬁédofnllﬂaﬂﬁgas in the bubble is
unsat ur at ed cycloalk %é 035] with the proviso that

i fargReanddiip arapriead e Pthg Ob(l‘h@s%‘t Which primartly gxhikittheprgperty of
| %@ﬁ@luxﬁfﬁ@so@r‘ce Rﬂhs%cﬂfy, RBnbRmiHabcendd-halheh ngé’(!ta{té/d w@; tran51ent

| east one of R1-R3 R6- R16 can be -SO3H. It be
uﬁ@éﬁ@?@@@iWwaﬁﬂﬁﬁygmﬂﬂwwél@@ﬂ%@gwﬂgwdescr|bed hereln
can in . [ .

el | aa MEFibRR RERER s R KR VR Rh SRR e s o pacey
s drmsnemrbmijuhmvtt&-s begjretocokgpeavidsntlyfentittieg phigks me! of energy in the

SR R RS e Y S b S A pors

C &fave:lmﬁ@ nsed €0 ddfeet Sdnkigfticavitdtio] BIARE trdlieftABitation implosion events
enbaqdi nent s, e conpounds of .the Present t eachi ngs

e T G0t P drant PSR hEgpd o he s
enpeeivare fthitte cadl X Riof AROHAHESmATarlIBS eRF &S Sitard BAERI\Betectable
can conprise the structure:[0040] In sone enbodi nents,
REYApidroptonesa for eretical RiRYsendent | y be hal ogen, fluorine,

chl or1 Agiofier ok A rdRure ng&gaﬁlsm L 86 calf B IRC Gas

fluorine. I'n sone ment s
c hase deseribedin the peblishdd PdienteCroperatit Tready @Eumam Vb@ 02/05465 Al.

%r ag}ég%g cgl% 11]3% ﬂgn%%g rﬁr%qg fidlEd) Su’t dlll%%e%% w%ﬂ and
- GH2GORRe too@'ﬁfgmidrmg @r%ﬁﬁﬁrmatﬂ'ﬂﬁhlhﬂw wahd bat€haMiking or how
wher e, R.i efi ned as a ove. In sonme enbodi nents, .X1
i Flgening bafompargs g aB%t H, -SOH, -SOBR - CH2OCRH,
- CH2 CORBweveetdditdtion @Nd suffeFBdm SR el pioBles.| Bord@dnhpI€ cadtation
above. [0042 In some enbodi nents, dye conpounds of
t Isellgsamns e leftinibin piogess bashryringeperaiondiesayss the propq feeds to be in the

"R e RS he ARGRERY Ry n

- (ﬂeIRiSdeitionmfyiztﬁem geoi@pRNIaRs naCiei@xiRechat tiOulzl propeeiceinside the
Corfus S fe o R Tl

oan@hﬁmﬂEB or Rgis not -H In sonme enbodi nents, -

and R dependent | SABH,. - S

R B SRR B Pegtohmadiests fopoing %’gl?éusplet‘fmd it a
S qniR AReEinTRAtSat iR bsdRRatAR Subt: di@ani@ﬁl‘fdi‘ods Bﬁ@@@ﬁt@?ﬁﬁé Yressure
be -SO3H or -SBR, wherein R is defined as above. In

s GHiee- Jﬁﬁd@i’s ﬁ@’ﬁt‘ SBSRforRnglafpbile Soapluaineseenicad i pentheprizeg and

[004@% n sorre 0 |rre %[ﬁdl ni%yg%véjtgiénﬂ% ql(%?@s?’ﬁm Rohzed
prespense ta thamdgamgsprasmpmbeast m& hutvblbuThas pheppmevivabetame

T AT T T F ———

e ah?ehartlds démesn densticgloenharkded elémig systéﬁ@ F-The MBS L3Hoton SMBKon
@ﬁfﬁt’-ﬁ as nge@in%%ur%ﬂ%%@ﬂ B%ltfi St‘r{}'tlaééo that o%%%pmllar fluid

C%Kggngggﬂxymmﬁmbstltuted Cl-C6 al koxy, Ci-C
al koxyaryl, substituted Cl-C6 al koxyaryl, phenyl,

substltuted phenyl , bi phenyl, substltuted blphenyl,
benzyl , substituted benzyl , benzoyl substituted
benzoyl, bond or |inking group, mtlereln R is defined
as above, with the proviso that if the conpound
conprises the structure (1), then at |east one of RIl-R
or RBis not -H In sonme enbodi nents, R6 and R7 can
each independently be hal ogen, fluorine, chlorine or
brom ne and R1-R3 and R8 can each independently be
-SBH , -SABR, -CH2NH2, -CH2NHR or -NO2, wherein Ris
deflned as above In sone enbodlnents R6 and R7 are

~a [—. o [—. o o



[005 1] In sone enbodi nents, R can be[0052] In sone
enbodi nents, R4 and R5 can be nethyl. In sone

we@piedsqment s, at | east one of R and R3 can be -NCPUsIwd5/033180
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R4 and R5 can be nethyl. [0053] In sone enbodi nents,
dye conpounds of the present teachings can conprise
the structure (I1), wherein R and R7 can each

i ndepe m&ﬂ%s}’ng%bg@in(bﬁﬁg progdn‘H%rté the sur@JaJ: er et s@ﬁsrtﬂfe substrate can
brom ne, R can be -

- eMetTEhigh tycplizep Neswwsmerawrwmtmct@@%@ge to the
%NIEB t
t he pr eseﬁtlltat't\ilé%é?ﬁ lﬁloégg%ﬁ %gggl%mr‘ﬂge h? e tgé(% E?S’ r%e}li]%qsl )
whatmespherécof predsufé7and aﬂmtmaamms af dép@dﬁg&m Kylvine Elxprbsogednthe energy

AT AR SR R0 B B e
@h’l%ﬁ@llﬁnage(ibﬂms@dﬂwes eSS Rand ﬁﬂd&NHaaturemNdR Cledi,

Cl-C6 al kyl subs ted C1-C6 al kyl, Cl1-C6 al koxy,

S Lpégqqspsﬂaéa b@f % otgp ghvh ac@levg:eea%ﬂnklay( 91gh g;qeld rates w1th acceptably

SUBS dhrhae@8leCHWRVA] thQ¥ YRk Yskes IRREEY time RSk toHn88le closed loop

phenyl , Dbi phenyl, substi t ut ed bi phenyl, benzyl,

s F98rl pfieeaditiprsia fhe clegring gk based erseavitatioe ##vilenz oyl , bond

or lin

e $ 091 2EHBRUSLALR. Kol SIS 185 SHRY By poeror i

prieegaenty thetatohinregsal suppliers nbtm deanirgeqeipmeng heveeaddriiged them as

Wlt}l&\élp no cavrt%llogr 5[71}18{: 18 Pee%cr‘cgl teﬁgrgo?(%rﬁgaggatnl)%ar? halthoe_geg&(lﬁower
- S(&3hing pBEBRs andiid2 eHp pretitid G igate GdARMBLD, canse bl k3 Rnt
- CH2NH2, - CH2NHR or -NO2, and R10-R12 can be -H,
mﬁ%WEWW’R i s defined as above. In some enbodi nents,
dye conpounds of the present teachings can conprise
the structure (I1), wherein R6 and R7 can each

i ndependent |y be hal S4BAMARYQF THE INFENKIONe or

e ocprie &eaBRge B oy R R it v e

CHZNHRoroproPdlm of flwids By chsaiviRg the Ritéhsityaof pheton kinisvibedging R

cSHEBUNHE R, AR Feelin H0R, AEHOAEN ppHRisop gecurine
stm oot pofner 4doligtic emhgr @¢aninRproaessesRTt icthoughahhx this photon emission is

ot Fte oA Ao e coes = mdgubblc g Riminescence
@@@Q%H, CH2C02R - CH2S8H, - CH2SMBR, - CH2NH2,
CH2NHR or - and R9-R10 and R12 can be -H, wherein
R i s d&f mﬁ%@redaenb@émts the,methpdans,appasa e the present invention
a [ e
st ruct ué e 2 Iseln?%sm&gﬁrtglﬁ&%&gggggg&%ggn& ﬁfﬂg‘g{mﬁ‘ | ifsslof
| nufepetide istubsd ihe faedbagly lmap td hitigate mefacedinage toaleligate substrates by

tﬁ%lrég‘%%%%f fh%%%@g@fﬁ%e a_&)_‘;%gansducer in the

prizidldnaank: RfsRsureaohange@®in thelflulid caralsode usdd avd messure dRcavitation.
defined as abov 0055]. In s di mrent s,
conpou%werawﬁatﬁtl iaBa R g Tod oo § LS4 foven
S twhikhtalfr&cedsl fluld floMresdcBusib e feratldgdmtdndTér ERbrattfy acbbistic
- SABH, U‘{SCBR - CIEFL &%%EQ gt& Qﬂ b2
- ePErSIR tpwRiging the apaytRamTRé ntey e Aigvehile rt@ fblsdrﬂqye through the
QQ%H andgggﬁtatrorﬁgﬁéétlon méaq‘@ Ruck ag:%%rlﬁultrplg AR R hydro hone,
OS8R, - NHR or T- N2 and "R10-
RfG_r ClmptmgetaVIHtIOMélreeﬂmrd iR tlnesveebef indusdd bsthe beoustic ehergg onme
enbodi nents, dye conpounds of the present teachings
can conprise the structure ( ) wherein R6 can be -H
and R7 can be -H, - SO3H, - CH2CO2H, - CH2CX2R,
- CH2NH2, or - CH2NHR, wherern R |s defi ned as above,
R10 can be -CX2H, -CXRR, -SM8H, -SMABR, -CH2CO2H,
-CH2C2R, -CH2SMBH, -CH2SMABR, - CH2NH2, - CH2NHR or
-NC2, and R9 and Rl 1-Rl12 can be -H, wherein Ris
defi ned as above. In sone enbodi nents, dye conpounds
of the present teachlngs can conprlse the structure

[——. o —— o ~ Nl



[0066] In sonme enbodi nents, a dye conpound o f the
present teachings can conprise the structure [0067]

wob@oes404R i s defined as above. [0068] | n SONMEPCT/US2005/033180
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enbodi nents, a dye conpound o f the present teachings

can conprise the structure[0069] In sone enbodi nents,

a dye conpound of the present teachings can conprise

the st riugidfhed bORS Ytﬂﬁte%téhé%nﬁ Gihd 9' 2

[0071] In sonme enb gﬂe?enent S, l 15% stoilat ﬂ%?gé’?volume of
b eniocsss fluid te agenstic ewigydi Wmlﬁed mWGaIanb,emftasurklgrﬂg pgl}ptou putput

| g, Iy uQr oa

o QraRPIE PGPt BERRicR plbek Met i d b MARE B pbinipieesyed ovel
| rof photen eruodindpriies theﬁahotamoutpumlevlstes firdre thetdesied Wevel, adjusting a

A Bl e SE Ay oy ek dieaRiBa et o

conpou mdﬁ:sdafchtab;ﬂrc@ticﬁhs e préseRGieR@sh i§ QP Ed §Lﬁiyttl'ik%ffects of
structu I11). In sone enbodinents, Rl and R3 can be

ysilﬁl etgﬁﬂﬁza pmﬁpgatupecl@@ﬁald@mppp1t1qqpr§g¢e§ntratlon dissolved
{%géﬂnﬁéiﬂaﬁon %osph@élc’apr@tﬁﬁte %@the ﬁ‘{tEn?i?y Sfithe a'cﬂ;sﬁ@g%rgy field, on

e di nent s R2 can - H In sofe enb I ments
c dbe qguitation prone@@eneé S@w@mlm fluids. Thr&a\oahorbruope@m NIHchert e

2%@@ ?t% ﬁ)?S'lSJ zﬁéﬁatﬁ%%?@.f&ncy%&% heral eﬁi’f;a%of other

canncwbmupalspe)cedsa structure [0077] X can be
succi mlmode € 1al C}l &l ny, tOdsms 1 g]g E ce
[0079] T ¥PMER 31?86& Rt IMVERORH pid W‘iﬂ?t'%ﬁtj rgfEeed

s &Hﬁneﬂhﬂ)ﬁdhiﬂg of &herR&ﬂocﬁaﬂrcilQ)rccbbsed Buch@EBlaBAd) Od itHBYMafiing case,
R14 can be -H.

n be - I n sone enbodi nents
Hﬁ‘ﬂ&%ﬂ%t%‘éﬁmﬁg redpge chgmicglcongymntjap by elimigating premature bath
erm J@ﬂ eve 1 (
o R oy e2le B Vo iR BRI PRE, (PELLE erfoval
stefft%qner)eanfl Uwsqsraltmg dasp oblerodust duertp piutiele cprop@fisetl strgtires. The
C i ﬂﬁ(ﬁfﬂ]gosallo@s Q@Gstrqgnt% %%ggl’llnagls u n_g&%?d tﬂg‘?QRAg‘n@netff%Cts Ef transient
- levifatios one errbodl ments R4 and R5 can be nethyl.
[0084] In sone enbodinents, conmpounds of the present
teachi ngs conprise the structure (1V). In sone
enbodi nent s, RlO BREEBES@(EHION@FSHWEDRWINGBENS,
RlO ca b some enbodi nents, R14 can be
ig. ﬁis asssh"é"aé‘ﬁtﬁt%’ Q@ segtatiog cheracigrizasion systpnnpgrording to the
sgp@e@m@mdﬁents R can be [0085] In sonme enbodi nents,
R can conprise the structure[0086] X can be
succi nfigi 4.2 FoesEtiona visnrad asatitdmestl sccodingd thyeresent
[ QRB8R4ok N sone enbodi ment s, Rlsllnklng group. In
sone er%odl ments, R14 can be -H In sone enbodi ment s,
R3 R6, Fig 3 isRlgrdph oRphgtorRic®nt veRiuS pewiat detisity d@rthdoediffiekend process
me,_enbodi nent s SBH. I n sone
r%]’b"daacco“fj%g tofgﬂp resgg? lﬁvenp?-'i' ai“h some enbodi nents, R0
can beFig. Gsl%NHE;s sdctiofdd NRwasTaAdIRitiSe ertiddinenn obfe cavitation
Cl—lﬁNHR one enbodi nents, R can be [0089] In sone
) %ﬂcﬂ’gﬁ‘tgé‘” PESTM YAMIse t he structure [0090] X can
be succinimde. [0091] In some enbodi nents, R can

be[ 0092] In sone enbodi nents, R can be i nki ng group.
I'n some enbod DESERPTIONOR EHEFREFERRER BYREODIMENTS

enbodi ggn Bldon

can beﬁ-E mt’ﬁf’é%“é%’“cﬁ rrer%‘trs Yan l%ﬁi&'sag&a%%@tanon
me¢lhld, an §000Ri8 fragsduags Etlandarsenispr 2% ubsdver sitpply 26y stieass radio

a nol ecul e wherein one or nore hydrogen atons are

repl aced with one or nore non: hydrogen atons,

functional groups or noieti es? For exanpl e,
unsubstituted amne is -NH2, while a substituted am ne
can be -NHCH . Exenplary substltuents include but are
not limted to hal ogen, fluorine, chlorine, brom ne,
Cl-C6 al kyl, Cl- C6 cycloal kyl, C1-C6 branched al kyl,
Cl1-C6 alkene Cl-C6 cyclic alkene C1- C6 branched

aI kene Cl- CG aI kyne Cl C6 branched aI kyne sulfate,

o, o



ol i gonucl eoti des, peptides, other dyes nol ecul es,
l'inking noieties, and the like) are known in the art.

wezaopbaso of conpl enentary el ectrophiles and PCT/US2005/033180
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nucl eophil es suitable for use as |inking
group/ conpl enentary functionality pairs in a wde
variety of contexts are shown in Table 1, where the

r el (18f) gbit@atdrdippids %gwgrlt@ﬁk %&thek £8. 3 ghicrocomputer 30

nucl eop 2( | i"C species yields the indicated coval ent
| i WRE@‘éthe COWEl] Stlmh%é and gellectridnte fromibe aseaPand fluidireyel 34

ar g‘[ﬁ | Exanples O Sone
Rolﬁ(t)\éggsg% eﬁﬁ/ﬁ%gssment l]_i-EAiL[EgAg;:es*Act i vated esters,
as unddihs lcwdtlonn:etl i isarsmall gt eight dhgmbmw"eou@evhﬂqbrwmdea fluids

00).¢ .
ox%?esﬂa(l:l ?:el%ﬁo Pn dy f’?'y%\@g Eﬁe@g?n &g?(%s i (%gs ﬁl‘g gsl F]lllen‘? S('Jd)? I of the cell 14
( - Ohiarhbi3 EpreseBative salnple((ytbba”ﬂ'&teﬁs fadwitich (s-c%@cll%hda\)ltateﬂfy an

an ar the for -OR', ere R

2 spisl B e bRt b cHeEn BT pistast B gy 5 Gpm dyearby tank,

s 3dllEh @rthéjﬂlfla %er ® s @tré’s@ﬁch aypﬁdrm&am it éha$ ugsﬁ %dnﬁil’e&fﬂpﬁof cess
use (0] or

O )
an’r%lffP‘Bé tagk "hi’r?é‘&“a'hﬁ?%ﬁf;? cabngTen, Flbe Fel et bxsergens ekt
AR o de%l?(fneof téQOEilon IWE'ISC&Q lcﬂ%ﬁ% 188 of Pot&ABints per

or different, are C%L

peﬁeﬁqndoﬁddﬂlkl}ﬂl”yadhe C(CUJ sh e@?‘l’@dﬁl‘)}( evmw@y@bbbmgwsed to avoid

3- r cyl

HERE e B0, GicrenchlE o LERGRIR hARSH R e

S eI ect iToa caf 14y hamephmhbthyef mxtsrt@ghble @enanggechentor control of the

coya con at e, present teachin

U B el 98 S B el bl R SERY s BAT ok

| dia¢lidel hut @fe ri)hlanmnmlaﬂ n’eatpaﬂ w2 ndumtoutdst pbret g4 i pll®Fing the

nol ecul ratet hthe ye nolecule is to -
beP" o™ fﬁ’é‘g e “r p¥ r8‘fg é?‘ré‘ﬁt”ﬁ 95 % RIFRSYRe Gyfol port 48 to

gr kS aﬁnlft%bheﬁ?l@ (bakRfndiics §@§Hurecﬂﬁomh@§1¥|ﬁa&9of tHe p‘iét@étfﬂiﬁp &%d a vent

to be conjugated include, but are not limted t

arfonal pogt B2 ) remoys) gagss d&[hsch W@ﬁt@prg'lt the {appd Hy:(gglé 14 Addmonal ports

| h% FoXy Fecp i 5%%% endbi fgﬁggl'é? Son Yﬂrtl?ezdgﬁ &2, or to accommodate

am nes, nono- an i'sub stltute am nes,
hasensdess) meprosei vdieys othet proeras Buie chaeactsristisar Bapaekd © cauélels
or. i i
oy ag%rglﬁéffie (gttfﬁf‘d prg Segelz ]ho th% l?o? cleg{nﬁ)spoq l%@p%‘f’mpl%ﬂ té f’ﬁ? pl?rpose of
t ebcinvengisn.conpri se am nes, phenol s, anilines, thiols

or al cohgls, .or conbnatl ns there _l.n sane. .. .
Orbodt Mot Breried T BENH PF BowE FhRL 26 DR Fige | s 3 clecrical
S QoRveLgeneflioneapable of BAivBNd DNRbIIAIR1CORPICNERS aBpoVel REIY and at
am ne. | n sonme enbodinents, the_nucl ethl | e conprjses

a fgf@eemfambwsﬁrwp{oawsfomw e RRtrSHihaERPEng tnﬁeltored Thus
el tﬁ&ﬁdv%? BigpBy %B&Héa%usﬂ@ trifstydeR IR Q@ desidhed €4 lbch%Bm%anle with
ester of a carboxylic acid, an acyl azide, an acyl
nithe progsss baingebyperveda| In decpresantalivgengaele, tamfredurydy of apdregion of
a 9@§y i %tg

r{Bo onat ed% fyazéi}g?yg%eyx'lf 1{1@1% ac g%'qeﬂg ( car ng ﬁg?(g‘%t[ RF! iferator
d| cazatbdﬂ (kf@am?,ratalgﬂ&l \wdteges amthd @eqlanhaiangerqf 87itn@,0 megahertz may

ﬁii%g %ﬁ g?\ger sgppn%? ﬁow ver thles’s(PngéS/rr{il Eg Panﬁ?e d,ls%d at any frequency

M o Ipaﬁér la\cm: @pére acdusncecawtann a‘s dbscumiadr uricnitedd @4 iiid, iacluding in
Igl)% %ga@eﬁlald and the like) or aslé%n)éb i
haf g GOYEY <& Zé“’r‘?ﬁ%d? ranY §Pes; 80‘5%8?% Fgrigbe use

conprises an activated ester of a carboxylic acid or
carboxylate, a succininmdyl egter, a hal oacetam de, an
acyl halide, an alkyl halide, a sulfonyl halide, an

i sot hi ocyanate, a nmal ei mi de or an

azi doper f nor obenzam do group. In sonme enbodi nents, the
l'inking group is a N hydroxysuccinimdyl (NHS) ester
and the conpl enentary functionality is an am ne. To
forman NHS ester, a dye of the present teachings
|nclud|ng a carboxyllc aC|d nnlety as a Ilnklng group

ey o o o o o o



conditions to forman N-chl oroi mne conpound of the
type (3) which can be reacted with a tertiary al coho

w@ B)osiosuothe presence of a base to form conpouneCt/8$2005/033180
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Compound (9) can then be reacted with a reducing

agent, such as sodiumdithionite, to form secondary

am ne conpound (10). Conpound (10) can then be

conver tigdpdrios AP eryial 1(1&15)10{91;1 irCyig) ) dodxicey, byt the thg;bldal AC
trei\(tnent with an am% as 2N HA , %ollowed

oxYolass frm thgipeyer ypply ‘érﬁ‘d]‘%h QB U9 RN antrach some

enRghBRRbEy Wik BR raﬁlvfr\g ATWJIEe. SRS difnbiisidAal @.aﬁgee Bf@ mechanical

present, conpound can beé optionally be further

d esnisgy twhzcéds cqupled éx anﬁp@tordémm propass flgighin quawnam yThis
b €0

PSP Pl Bl O OIS s i e
S memtnfgcﬂevwssmp ﬂeq:nmsantaycbn ugxfd to eupphragdsstio f:netrgbeto plllee;zremss
L?fgﬁ«? ea%% e%gq 1me nngag emcph%tcfl rgrlf{ ea&s s(ucg %sn et-c%ra a%nr 1% ﬁglds
byand:«)r etjter raeohamq:xb umhsocb creatt he adoyme f(ele)AdIiaman?y edigtled

tertiar | cohol, (4),.,in th resence of a base
ottt s B aStpienend apet i st BERa0MAE ( 12)
c an be Aomncebcaﬁﬁutetsaorf&l&loﬁsws b corﬁﬂltérlntbﬁﬁs focollERRE d@AR from the
N- chdor oi m ne conpou of the trﬁﬁﬁl w ch_can be

r SSREER wowﬁh%\“&hé?mms? {om the st l?rﬁcompétep?% @lse asegfto

a Basa tﬁeqntfem?bmmum flefthsiaeeRIRAYD %y(c%}om?gnhé Gy

be react ed a reduci ng agent, such as sodium

di (elestrienl protharwise)apphieddy thedargr wipplngs odhgioasdicgriig)or other energy
a

oy Soo R dmakehefi TR RERRLRIA ISR ICRERAAY ik tdnsor 22 a

2 NaFi@is, levieblof aseesticleyergy ianththisclata 1smoi lbctefddly tiexaigpcempuoeti30m

pe dat 0 eMmdrmn endj on t .
Qe 7 sy BT PE TR R s E R e v
0 phfoﬁﬁkﬂioh yo Beeoutputiédeom dﬁrrme(tdni[ﬁfér 3(F@<5r eeaiﬂp‘mln&he graphical

co C optlonall t>e sulfonate

- deieet g "‘é?n"f ig. fp 3 gLoteesy ShehasPBETAN ?taﬂa*al? gptop computer
[ Giedd Peﬁﬂurﬁ@%ﬂ'&lo%b’es%\‘ Wabi@ell &5 BE ARG omPlited IEbut many other types
preparation of compounds of the present teachlngs

c pPMRYting devies.dudlysina ambeddedmigrogroeshigyincanrbe ppogi fprcthig purpose.
Fol | owrigg i &Ql@g? 3§ls@v%§§51 coftah tthe ocess! fgl ol%% ofRREY: It is
a conpound of the type can eacte
t evhereangst af thoplosicdl 8hd Chemlqahltarme@;@eare eongrplleal. ls?élsmloal@ (in solid,

C : t.]

g[qgﬂd 09 sg(g.ﬂﬁgés%séﬁaﬁggvﬁ%{g%ﬁ é‘:lt%{ %g)rg)gthgig H%%%J(P qn gejsga}ch %phcatlons,

N-thik isoneeipa placeto rmmmd carfditiohn ehet flupewhdsd kawﬂamwlfbemambr liscbeing

ST AL bl PRI o 8 s

beparaartetfe Ml dly BeifigaflorfiioR aA@adjlisted by &ttt 1afo:nmldh delback from the
dithignite, to form secondary am ne conpound

CAnYs8tiNY T(hiss‘)esseaﬂa& BeoRemHY ctoa?ﬂy i %ae"tlbb%w%wm fyids at
prr&Y&éé cﬁl?etr Hﬁﬁ‘ 1 af:nmsﬂ{éggl the rQal O Hltay H\éeE o BTIGREd %d%ghrﬁgd as

| owed by oxidati on, for exanpl e sodi um
pewﬂbdate In sone enbodi ments, dependlng on the
subst i
SUSt | e BB AR e QTR ULl B8 st T
C G tmnlpc(sm@) of:ramymmccssrﬂuids ys fopgietauy tb theabmglartigs that manufacture

[ RGO sl BERER e Pb AL R s Pior B g vater,

exenpl ary conpounds of the present teachings is shown
in Figure 5. Following a schege simlar to that

descri bed by Corey, a chloroimne conpound of the type
(20) can be reacted with a tertiary alcohol (21) in
the presence of a base to form conpound (22). Conpound
(22) can then be reacted with a reduci ng agent, such
as sodiumdithionite, to form secondary am ne conpound
(23). Compound (23) canthen i cb'hVeft dt o
totapoiihd (24) by cyclization, through treatnment with



sodiumdithionite, to form secondary am ne conpound
(33). Compound (33) can then be converted to conpound

W@ 3ebp/oby4cycl i zati on, through treatnment wi th apPCBOBIN05/033180
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such as 2N HC, followed by oxidation, with for

exanpl e sodi um periodate. [0108] A synthetic schene

for the conversion of exenplary conpound (34) to .

f Lghdoas sohRISROSMNEIdAtunt RRIrAIRSBAtoeb S AT R Ry drh RO WA, inftric
Figure 8. In sone enbodi nents, dexé34) can be can be

s #Eipsraticaridy hydrefhieric enid, and ¢pmbiingtions)od thebereagents. Commonly used
ch). Q% L [ GACT .t [ [ 5) of the present

¢ Orsmd Aot e MR ESCINEI S od by

| i t er atdwshemfzabijectiondloCiCot mdicatPy 4a. gptibhaBchePadabdelivery system used

4, 36 March 7. 1989' Corey, .et al. Ch :
6 AR e EpbOicphot R afiesny TS Hor PPl e
exanqhtestioRaNaymoniok éydrélddastthydlbogen pasoix il Zretle pipcdse Aaitiicigbe

with an i di z] it, such as sodju eri.odate, to
girvRleniped et blotk GE SipiarBing st estion lock fadipaigen ogpinal gas
b enjadtion eyt imdr&ick Y 1t ¢l @BdibddBetMisBs in the process fluid. For example,
N- (hydroxymethyl )trifl uoroacetamde in the esence of

:
afiefOnePnegion chexxeemindbr rrageadluidisan e repleaished thigpeielogh
est abl ixsBafersRAbid PP 68 iHAEMRCA %ggcglgr(ﬂt%‘l Jatugfc%&etm system for

present teachings. Alternatively, can

ana‘pmtmﬁngﬁm tgmperatyie of ﬂ@mq'cpﬁg flujidtim thilreservoir 34. A pump 72 is a suitably
( nggelq EMHE {o%hs)etp['dcgs lflg[dqug&' m%ﬁ the'beh QE arcpfir Stiver QG o%f nts of the
an acl i such as ‘concentrated sulturic acrd, of simTar
esysdm i @ hé degasifiel Hiinarsoptional devinesdiighaam cbm(038dissoAd gases, like
above, conpound (38),can, he dehal ogenat ed. and t hen, . .
oaenLe ERm R bR e Rl 2 RGN (i BDfplfifieviee which
( 389 medsureahd lyvel 6RIGISUNEL gas Bke ©8Berlxs afpdh irHapeesHIluid at a
reaction with, for exanple, chlorosulfonic acid to
prEOPllg setioR, 8- (40) of the present teachings. Further

- one of ThKpredsuteRohtREbBER 544 hih ot BEN AV idhit RadtroidtRe BiidMEric
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functionality on conpounds (37) or (40) can optionally
b@regeNss dpHed tedhegefacs of the repcesy flsidn Fbis may inchidga pressure regulator

S YD fivep ki

ot B A e R IR RE el ol b ERescure.
t as reengizedibatiuseiopesdioe Aiqeespresmdtier thes 1 gimosphereemaysmivoimfluence on
AR R s b s B SR e
f oltat the eedigh afolercelt 4 aml sahsoh22 gy eed gReihl thea@ehi Wigs noan

be obt ai ned from conmercj al sources and/ or prepared

£ PUSRRPRHG PRI STy A1 Yo HROVCYS AR ioRted Pt may be used
eitd RTout LITHRE Srodlcks)if méeskdrabligs gurt rﬂifali@m@w&dl f8r 16V déédtion and
using literature established procedures. Exanples, of
s§PREh| e 4- hydr oxyani | i ne compounds include, but are

not |i Pt £dubitiestiieli 94 InAWArOGechif ]F’%)]Z iENGoRlsedohdilvidwbf a
the art will understand that any of the above

4hpljaty extipdindally shapesoneid dinble celhi? mastde higldrtighiand fluig-tighe A

N A hl ; . :
B33 L8 L R TELP R 0L 14 S50 AR o
s a8k e Aflowerdpériuty 86y aholk thatacceptgadfittiaisto tfdrait thainget gorodth

in th r.t, .can be found by structure searching.in

b Pficn i B LY B He S R CAR vRBE e s i bl
( @sDpts a Heinkitdfbah theditletipbe 44 thikugh WRikh e pratedsahidexits the cavity
N- chl or oi m ne conpounds of the type (12), shown in,

for exanple, Figure 3, for use in connection with the
present teachings can be obtained fromcomercia
sources and/or prepared from gunerous

4- hydr oxy- am nonapht hal ene conmpounds that are either
commercially available or are known in the art using
literature established procedures. Exanples, of
sui t abl e 4- hydr oxy-am nonapht hal ene conpounds i ncl ude,
but are not limted to, the follow ng:[0112] One of
skill in the art will understand that any of the above
4- hydr oxyam nonapht hal ene conpounds can be converted

. g g, Y



energy transfer dye synthesis, energy transfer dye
l'inkers, alternative donor dyes, alternative acceptor
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16] In sone enbodi nents, linkers suitable for use in
connection with the present teachings can conprise
trie general structure O CGRn-Ri2- [01 17] wherein

CafRR0 e cER T4, bﬁto%%ﬂ@éo@/&t doyls Hél& ﬁﬁﬁé%@ by 8 p&it éfﬂ&’éw§‘9ﬁ£¥{d% and
dye or an acceptor dye, can be a noiety t

C GAISH-1ing98 murmhmmqom@@ma&wéhed tight ssabst i t ut ed
al kene ya o} findheeh §iSns By SUBThE it Sl #0F the i
an unsu Ut'ed triene, a substitute
arhsrhdslu Iﬂs}tqetl ug e«diembdvyate),n ino®ulmgi(tal ‘scﬂdltmhkq;smpe)am the preferred
unsyl ed fiv e ' havi at
SRl HRSset 2 a8 oS PRI TG PMIY daP i e fine very ow
Si 1xven§aoftpﬁmgd emlissign, Igawhl grdaf ofl 1®&$>h0t01fﬂ &Mgﬁﬁf sec@idg dF dreRsinple,
an unsybstit te r s fus rin

tP‘“uIrE]I ’t'lHEEt 4og mé?fi Faun Ef E% é"%‘éﬁﬁ gﬁ?‘l E‘E‘g’PB gibes Inc. of
atRH@Ska\@d'j/de Jerkey riayBRiuSddyas BRI ERAJP DN OTIR phifdsiultPniad tube has a
group that is cagable of attaching the linker to a

donsdova Q0 hroughh Waich gt sptegptiac pwmm@f tubpt Preferrgipghe

dyﬁo@%lt%e%ﬁ@1@k@fch£¥@wﬁﬁ theWiRddw ﬁﬂ)tc%ﬁlprlglg%; ﬁl]atenal that allows
anpl es of suit five- or six-menb Ings t

c aitrdyeolet< BN sadliaron toj enter Hhe photakaktiplierdhbede, but are not

limte (o) I ' ,

cycl ol Idrg)é( grap%éfﬁIgﬁ&fé? b “(‘Se{]%% 9#) 0 g&%%ed ﬁ&’q% aBB%I?é ﬁﬁ%f&‘ﬁ 14

| sand s lebhlzio lpéace Py a pai ofpynewn ¢02 oendé Iaaad a mymntdngmmg 106. An O-ring

o0 R s Bt Bo b Feb R 4 TR P fugsitonea

b Wvethe witidow! 100td §otettahd WiRaoe | o@eam&hmlam,mteracnon with the
thlonaphthalene i ndol e and napht hal ene.. I n sone

e rA5RRE PTG SN thepreferrerembodipacnt, ke lerycoueniie cPRrisgs ontigal grade
S Q:S’ﬁh@tmgﬁih'ﬂ% RaballdwlRQiltdv NG rrad"n"étl"orfil ﬁh&ﬁertﬂ% phofbWfilt llelt th@e but
présent teachings at one of the X1-X2, RI-R or -

paxher matesials can beorsed. enbodi nent s, the Ilnker can b e a
bond. I

ool ynudl S8 eSO fintr PHEFndy ¥ sitfied i the gystem 10. For
[ Gx20plel Iasessonay teraddxdi torebiesve lxghtescattermg e/hdomrtatmn bubbles are

ta (é)gegsﬁrtltoervgrq gvﬁlaﬁ %ogong%ﬁ%s?o%ggégg %he;D 8engmg 9 vxﬁ:eﬁ uch as a hydrophone,

p hﬁdyaimaayaadddeo the @elal Atoredabl® oddteition bf dubd R&H alnﬂJ.ltlplmty of

rhodanIne xtendléhéhodanI e .or dj benzorhodam ne %

[ GTPP- EXGBIAEab o At tee Vé@ﬁ% e spogluminesespedfect And

Wil Ul ERANSEY with aTsab dety® ﬁgﬁfscit‘%ﬁngﬁye&a@ninoh%ﬂ%éﬁ gs

i nclude, but are not limted car boxyf | uor escein,,

6 car bdkg reoudicaEpEduger 1819B AeavStifengrey @Anerang mepns for generating
a@é“s eﬁ@o q@me;ﬁ?efer%d%ﬁ{bgcﬂﬁﬂéﬁthﬁlqjsaighﬁ‘gooustlc transducer which

N, N - [

met hyl - 5- car boxy-rhodar ni ne
( B:OR@@ electncal energy into acoustic (or sound) waves in the process fluid contained in

st M e presfrsp PRl e il FERUAMAAS fiBictecri
( SryfalVIRKS), corprivedof a{\h‘latbmﬂ isacinest RYET{ bead afidoonayer Ticaaty), tat is

( q)egqeg{RA 9 re)ior}altﬂsdgg.lx% é)a{ 8 gp%%g(]ffgcmgzﬁ connxztors 120 and a printed

S-cgralibeoayd 12, frovide eléctricdt cdnmb&ions bl the pévdd @ligpHCHI Via an RF power
6- car boxy-2\4\5\7" 4, 7- hexachl or of | uorescei n,

5- carboxy-2', 7' -di carboxy-4',5" -di chl orof | uorescein,
6- car boxy-2', 7' -di carboxy- 4' ,5
"-dichloro-fluorescein, 5-car§oxy-2‘ .4 5 T
-tetrachl orofl uorescein, 1' ,2 '-benzo-4 ' -fluoro- 7
,4,7-trichl oro-5-carboxyfluorescein, 1' ,2' -benzo-4

-~-fluoro-7" ,4,7-tricbdoro-6-carboxyfluorescein, r '

S -di benzo”J-di chl or o- S-car boxyfl uorescein, as well as
ot her comrercially avail abl e dyes as shown in Table

2. METHOD AND APPARATUSFOR CAVI TATI ONTHRESHOLD
CHARACTERIZATICNAND CCNTRCL TECHNICAL FIELD The
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frequency range is also well suited for renoval of
conparatively large particles fromthese chemcally

wo odosnagto sur f aces. Megasoni ¢ cl eaning i s apprpr/usioes/033180
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for objects with heat and chemical sensitive surfaces,
requiring line of sight dependent cleaning. Megasonic

cl eaningis also the nethod of choice for cleaning when

t hRnRtidl &dbR PUZBr &EampR) B¢ BRSO inBE Py, Nb. 381,908 A ground
Acoustic cavitation is gener al | regarded as the
priCABFYSIAEnmERm AT SUPROMS Fheperde 8 enoval in the

cl eani RGHRLAGERS -embBdifAnHR lé%’stapl f6li€htthched B Hﬁ%s%n%r 118
cavity is éreated when the i'gh pressure tears

f 14l incinrocesijsciospdin & otenich 002, 7Ac 598 o€ 6788305, an the
or o%) atdf fi %@Hgﬁ%s%}{ﬁ&cﬁ inett atErid] stich il 1n9r§%th%|ﬂ LN

uce whi ¢ contr
pe:aktsd Mtd th/iﬂfldoeyaecblbolym‘af pptf‘me@aﬂcexwm A3.. Héseveh@ther means of

P R o R A e R b o P Brea b s Ty bonaea

cmnystam:dwcﬂm;ed monsresN®#a,809,002) and di ffuse back into

t he bubbl e on ansi on (deconpression_cycle), We

the bu B'EF éenﬁeagnggwamgﬂrw baigm eé‘g Y5 138 r‘l‘fjfé‘ii figginto the cell 14
S Usuk WhiRB Gk dYachdbe fréth @R coff 14 RR s&vict. 28R OLeR)S1 30RnQfrestthR the
fluid conpeti &%ﬁgalnst the force of the pressure

di Preriedmakes aliud fight sen) Whenths goves dedisimounted dnsplagepthe
bq@@nﬁof ﬁi%' 1% glecﬁrectTdaﬁ{ag viifh&hd %‘\’gcésy R&E. m‘ al%ﬁﬁtése‘iﬂb%dlments the

cavitation: stable and trans I'n st

. cavystahi 1 oean bg bended Itea siderivaly ofthe céduldbl e) is nostly gas
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filled Iﬁa{f_ﬁ egyrgd\émlyo%r en? ltl?e"@g“l? %9111{5?1”31 rFl and?s con}prlsefd ofa

cycle on even
a mdtabl ﬁ'lat:laba)th j/lghtetlghnmh 1d11&$\90ltsh<achehimt reaxftloa wlith anasplrmis fluid.

C ity. ntr ntcvtatlo a tr.an

(ot ptens Mo s Aot B o MymofriE Wisf gl s peatig pome
Ndntotch@ict A @ prétesstluid Hava\bdeh c@ateawlthca caeﬂnaalg,an&t d®sthrite like
only a few cycles and rel eases a nuch | arger anpunt of

erfes Iyerinpehrdyner apdiaoroakeny| (B e E“é\*ﬁ?é ag tag yelk 14. Giher

| i GbthichIf) 1§§§1ﬁ9tel\m&ﬂattcg§fugétpﬂla§th€ %z{tlﬂg #eRidOthe I?‘iﬁér’i'hated polymers
precisel’y, inplodes. pressure and speed o

i rg@ly@raﬂvprmhws (HPF@),gfh@rmam@u etfey lenerropyieris (EEPb or

S ‘{&Fa!ﬂﬁbx%&i#t erl'rﬁf:} &G 'SREN t%Fn‘r{ﬁ nd %cﬁu%H%‘?he%t@r?a‘lsocHatg e marketed
tons I em Ssi on Ot SONOFUM Nescence

a Lmdeqlnaemdymark "IEfM))lTHJthd: ﬁuoﬁﬁﬂempnlﬂmd ethslegfed'tho*relhﬂyoroethylene

S ORGTER istEine D% SRR bl Gt PEER ¥ R g guorinaca

M pdp@ieh pol@finilidene\iudtidd (€ VIDFY hicl&lir@ehd iverdad thafkste@ Dfitker the

wel | o the LV ra It occurs principally due to

t Hexd ﬁ?aéé St e Womaﬁ w%e SV HheA chegnically iner
digsi@laked i n the wat er . is argon which is the major
conponent in the plasna that is critical to the photon
eni ssi &Hrtain apmisationggre Hkely ioeqyisp alfernatesphysical shages of the cavity 84
OSfiidd ¥ &1110, R PotnbiiReRBISkokurBER BRLE! Biv BARMBOMe fow of

oxygen nol ecul es nove back and forth in ahd out
b Lodistic erietdy vet!wﬁhpmls@u M bis cquld mvelbatil¢jag thace)bl# sludw@atehe

gﬁfa 1l %ﬁte %sg?luﬁquyo? E&ral%/el Ee &9 ct{?lpttlr'a%gduger lgftgg‘gbg%rcing
i'ca I'Se "abov
t hbe mﬁsﬁb adﬂemnom fromh lthersgrfdtoevzséihe ﬂﬁldacbmcutreﬂb%cﬁrectljdaacmmliee

eart h' sat her ef or e, t he bubbl e . .
c oy IS a0 eHan gL e HEbUBRIERE Shortiggaicra
and it is argon (and the other Nobl e gases) which
primarily exhibit the propertjyy of sonol um nescence.

Hi storically, sonolum nescence has been associ at ed
with transient cavitation, and was not thought to
occur in stable cavitation. The cavitation threshold
is the point at which cavitation becones predom nately
transient and the cavities begin to collapse violently
emtting a high Ievel of energy in the form of
photons In the past, sensors that detect sound



spectrum has since been neasured and found to be
simlar to that of SBSL for simlar fluid properties

w@nmeos0d t i ons. A col | apsi ng bubbl e in cl ose ppORUSID5033180
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to the surface of a sensitive substrate can exert very
hi gh |1 ocalized pressure and tenperatures, causing
structural damage to the substrate. Cavitation

i ngah 86 120 %o MuApen BRI ekt vAves. FOtH& chiBBdiRBAE BYuief internal shapes
50- 150 at nospheres of pressure and tenperatures of

5, 350 GIreEYF Beseafetapiing NP ENAVES- t 0 the energy rel eased

by Cavith & hiRhaloTBARSHABn AR 34 iy KORULIY {Reriell fom the
prl mary mechani sm for the er osi on arrage to

s uton figusatiop shayemis Fig. V-eDriviag thie aequgtiosfiald demmweard! ag@m$tél@§orces of
e B DY B U RS I Lo RIS, Barraly
r adrigsted lsmﬁgulehqnstahm ppsstbdﬁesses I ack real -time

L he s SONFER: P Bat e SRREE b R e BUN Flecd Bagroet
cl ceang g papamesBmmhh?ne/eme powla\r?eﬁsapad tm’eaanﬂh&n@rsmdﬂﬂuld

t
2 B e b RSt el war vhen e

t hﬁmea@pla@% Eﬂ)vl&s SPNC Valtdg@ 8- a Madncy 6f e ﬁ@gﬂlehﬁ Line 122
technol o at can characterize these | ow powe

c | iHusiatey rseeé@eegsceﬁ Behavigr efideionized waterdisn tft?rpomelt supRly 86
o HATRA A CORIS Bg% tQﬁecIu'éﬁ’d}%'f 81 mEAMdATL RN 24 RMARYhOF
TEINVENTI(]\I i efl present 1nvention is a
mesohQJum inastern hplay ir g%g(f lmrongﬁaﬂta‘t tasplutiomef deionizedawateralyidoogen
pr po%(felaﬁ&; anQInoﬁ Ltg hggtog}ie 91@131%6 ‘él lr}‘gtl(} %eﬁ {l]lg ?m%rtsée(pp%f 26 provides
ot on em ssi on sonol um nes ence.
prmas%htoltaga/matﬁeqmcy ¢fonemsgahwtz that photon em ssion is

or ooos 4403 il EROBLPSTHE Rl eShindn B elrignionet

f raanitgioal Buiga Witsgoh tife 21A¢la tdamin cEnﬁ't@re& hidbh®the pywéralch sy of
is multibubble sonolum nescence In preferred

e rABBIFX ALY 2-Otyalts/ Rt ﬁwsmapléwaqaaft laéf)l%lfght PP fiogkthe process
| PRIt A PBinEASH IR @b}%tmtemeéeﬂtweglbn of ﬁﬁldﬁﬁ&éﬁ@ﬁﬁh@flght
stabl e cavitation.

{;oton em sSion information i s
usWEPUE (RpBrokisaiiu bR Waggembo's taken @at@c%ﬁhﬁ a@et davhigjeayigation in

d | L

L RS, IR SR PLaSLAR 0 1E AL G

i rcatnmmp thoekheld). ohs tvesrdxplai%né puioesly hkis gsehscause thiy exoldntn«todllapse
apog g?valf €s in ﬁhg’s&gfsﬁ@&\‘g dur uring i rgrqs? n?%aﬁﬁ% Von i3 KK oWk tf’ ﬁlg& a high level of
c mmrgy sethe formed prdtonshThusgihe wlgiocnho ehepighceysint 126 i@ thought to

;oan acou tic. ener e for. . .
L B8 B i n R o T ST e b AERR T4 Pols Bk goint 128 is
aqmtﬁght 16 répR&eaA rb%’lbrpoﬂskh%ld‘da%'tﬁloM\hTh@oHsBQatfdn%éﬂ nich@¥¥ble

t hrough t he vesse a cavitation detection neans,

S LAEIPUBIS oA arantittest bycfuidsdyeing stable pyifppHatieast mghe multi-
debtuSGlE'r UL B R okRMbUbIY bdAGefdridly Sinlt ThelpR&eM§ i

i nduced yg)t he ag’oustul 2 ene?%y The1 mgiﬁogl 0 On appears to be
prtkes st cqnnwmlilmeﬁubmim@ee of thés pherqueena Theso(qgcrsatmg thpt stable
\égzlg\él 1019 (Bél\larglggs 3 tfns gtl)vgertrg%gn 29 osgplpgaése {(])ho?l Vr\{af)u?pu t

fromt ﬂ?@ ﬂhlllusdateet antdltemstpeembbcﬁﬁhem@m célBlAedhown aang 2.

per,i od a desired, |evel

bttt ke e KRR ptt P Satippsineispred i e, Fai pgated by
deS|red | evel , adjusting a process paraneter to bring
t he phot on output back to thedesired level. In
research applications, the present invention is used
to study the effects of physical -paraneters such as
tenperature, chem cal conposition or concentration

di ssol ved gas concentration, atnospheric pressure and
the intensity of the acoustic energy field, on the
cavitation properties of sonochem cal fluids. The
caV|tat|on propertles can then be correlated to

Y o o - Y Y o o 1




provi des a supply of a process fluid to the cell 14.
The cavitation cell 14 is a small light-tight chanber

wo baooogheamhi ch process fluids are caused to flpeg/Uus2005/033180
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usually in the direction of the arrow 38. Thus, the

inside of the cell 14 contains a representative sanple

of the process fluid which is caused to cavitate by an

aGRdAatre Qef&leﬁdequ.%aael trﬁdg by a hyfophbSi8 Yed®an akBustid BSle 144 have

process fluid may be froma nearby tank, such as the

f |bgertaddedsterthesicl 184 in a research appllcatlon or it

may beg E&mm . .

productlon prg§%s40@F §§H%#H{ﬂg&ie| EE%%ﬁ%§?QEQWfMM

s wbﬁtameémttlhqnawt)g&ﬂtas |tlgh10wslois asreased &l dtepwy am mressure readings from

p n_count s

pgﬁ)e @r&rog)%&e‘c] ’&Q ugegﬁ% cfnfi\'snn t}h \g[hc e‘trla%o et i lﬁht Ql.?%l.h%Flﬁg Eaaﬁ?red at

ewery lu @nweroﬁpultses o@unling duﬂirtg apefibdlofdarygw p@sdutecin serfluad, thus
C [ t.he background noise in the sensor

Zinm%ﬁéggﬁ % %&§°%ﬂvﬁsa multiplicity of ports to

enabl e THe.BFIE VRIS usdell tabbdrb doustic ehéigy (sblbﬂd? atlt&Stbp of the cell 14,

paraneters as desired for a specific application or

t é&%rebmwﬁ@wg onfeducinggsflctediappusticave Jp a gpanaharoustic energy
| MBahiRElsysteh, B4R sbuld %ﬁer@qg Era\?eang’@"ﬁq SRAVRYLJ @Bodﬁ@éstarouﬁd fh@ kank
allowin the process le to flow through t
c afery quif! IYaMQRfeﬁlfFaS absugh p ra@§ 81g reépocs@shp eth theriginaBsoued energy
e
P Ol RPRBNEE ko 0AF B4 Rt SRR B Ot oy o
5 Zlndastareirtm/& ligts estputtoif e Auideydag dtekseronditiotshe @l opJEE‘rattngewthout

cel | 1449di tjonal ports may be used, for exanple to
eﬁ%eblfa eﬂl“d?@&%%?“&ﬁ%ﬁ’rol inthe cell 14, or to
accomreakter Sk By GisdsOit INEasdble to/sidy @kset]P hdve the BluRIGRiESeact to
fluid characteristics. The need to correl ate

mSaElr Ehiieh cases the celf | prplee prowde freny enmgrbthalfllgws a pure

e Ring Rl A& Jf SUAH ehetgy WAk kb stldRd (T witHER 8RistRf reflddBons). The
i nvention. In the Preferred enbodi nent, the power

s hafbleyl 44 6'ig My ehsorbptheisend gt the endrpf dieeell anddgps rmalérw for
OSORLANR! THERA ?le ?asgg UHSL: Sirk RAnSANYRA actﬁ%femrﬁ ﬁbﬁt‘ oF8L tight
energy at powe evel at frequenci es are
apgrbpriate for the speC|f|c process that is being

noni t oxe Thu e Ra y 2 he, a

tr anSdBC%lel%tO%l% tllés‘rse) IO%lédfé'iPOD\?ﬁ conn?tn%ngto %ﬁ sele\xf?lf'or én(ﬁ process
primidethst Vol ikeep ccabrmiron edr.he brocess flejdrtebenthativitatiatargstiotd. For

t he frequenc eration of the po suppl y, 26 ma
e HEBIF KT BAOG ARG DR AP PrORm 0| At g ol Keey
geRAAabPMN tﬁaﬁabé SavathtiBSER6R I THIOs BEsindBik ! BO8&MpIE, Infuations
frequenc e of 0.4 to 2.0 megahertz may function

asVhersdt is P snepgy relegsad ding trapgeny gavtiahion gowld dapage the
u %ﬁ%l%enr@r&eaﬁéﬁg%ﬁﬁ%’ls@ﬁm%y@ rbty ltl%vﬁ(l)cewmﬁ@ o?%b'r%ttﬂaﬁsxent

cavitation is observed or nonifored in a

i wavitatipmig undesirphde for gomeothergeasen. hlhgHimes l%)geaﬁé?-l Izaweah@es that

S f . | .

o%& Al ?f%rtr%é/ Hﬁilﬁ alelgl\fl\g{th% %g%kﬁs’ Hicz)r\%')]]ﬁ ?‘%r%?egnﬂ%%dhéhgoutput for these
exwo fleds hmdd:rhhae gvamtmodltiais HEshghtly slgfed. rdnorhpeeispoviine 120 to

= JRB A0 et g B S o R ey B sng e digeaviaton

dmﬁgﬁﬁkgaﬁmeqhﬁmges are mechani cal energy which is
coupl ed by a resonator 118 into é rocess fluid in
the cavh§ %nsammﬁmegt bebayar ohRfogssy duds displayedindiie- 4 emyides &
sound field in the process fluid. O her acoustic
energy generating devices andodesigns may be used to
supply acoustic energy to the process fluid. O her
enbodi nents may enploy different means such as

el ectromagnetic fields and or other nechanical neans
to create an acoustic field. Additionally, multiple
transducers nmay be enpl oyed and operated i ndependently
or in concert. A mcroconputer 30 functions as a
conputer nmeans for coIIectlng data fron1the sensor 22

I " L Y 1



process fluid conpositions are referred to as SC-1 and
SC-2. A chemcal injection block 64 indicates an

w@piososalo chemi cal delivery system used to nmai PCBUS2085/033180
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proscri bed chem cal conposition of the process fluid.

For exanple, the concentration of ammoni um hydr oxi de

or hydrogen peroxide in the process fluid can be

I §Rdeedal @%Qtr&hﬁé)&lg Bavithinkin @ﬂulds‘lnms%e%fdcylly, for 8f%3ring that the
injection block 66 indicates an optional" gas injection

s yrsecesh fludd stays incthe gablheavitatipa statsfas apposes! to the trgasiens cavitationetate.
Prag I | e, the concentration of
oxyggﬁﬁpﬁ @h@ﬁm{@égg Tuid can be repl enished through

bl ock ﬁﬁexpéslmﬁmmﬁ afipeoces fluidab advlustlen&By atndpeaificd poaer level;

option r e for controllin
Che t eRbEFRLTIG oReTn b B Uk H e T PR ol a0
34. A puwhenfie photod oitput dtbiatés ﬁblﬁ&&lﬁsnﬁﬂ TeRelt mltﬁﬂh}gﬁﬁremedlal step to
roce rlfLlwd to flow thrqough the cell 14 and ot her
ﬁ@ Qop putp badyje pRatMpatelx thedgsiefsvel 74 is an
optlonal devi ce which can renove di ssol ved gases, Ilke

anbient _air, fromthe process fluid. A dissolved
moni t o hiB@rqcess san bsseirist avt ugiag thesethift tiawa imFiged qud

| ayighi p?(fce@hrg 'a%?‘a‘ah ‘ﬁﬁéjFl 65515 hé\}é &f(ﬂ[)ggﬁ'aflggulﬁh%g&s Iﬂnldtanfthe
process fl a sanpling sfation e pressure
c sanditons Ithabblkld 54ieSH§d kevelwp stableedvitatoniacanoted a Foroxample) is Fig 3,
t tri li o .t C

ort SRGRETR S € LG TR PR e AT il B SO TG PG P Eess
t dluip pAtythia ppies tHeiptiatop caasis algouot 508 cowtihetond)ophianduld be the

BN P, e, e

at mosplaenditidhe yn dhoacustid EetS PeRe RihgRinR1h B ProietiofliR@hsing SCI
fluid handllng‘lssues out side the scope of this

i PRSABSITlH arg set fodhs prpyipuslyidetermiped el (e s tbenacevstrs fransdiager in a
14cAREhREBS NS fer’clealRY t4AR RURBES A w!ltf/@nﬂ_?_m?ﬂén nuous stream
nonatnDSpherlc pressures are present he vént rt 5
aptitha $€ eragess dluadronpive mousm‘y:nggy pjgeqssmg)tadwy allowed to enter the

o4k SERFMIP PR B DECHANIY TRy oo

| |44 wdhile the eransdheer t&irdnsihits acougtio bﬁer@ﬂh@l the fldwing pracessflidid. The
| ew of a oW C drjcall haped.
cariiing g e Fof i@t f err g s 22 PR San
f |0Utpdl*\Iahgd“ﬁ‘0m the tanvi dfﬁp[ﬁéxdnSterhSO(S@ﬁﬁ@/sécBﬁd dealadm fsBfen and
holl ow cell 14 and the process fluid flows through

t KAnQAiRl SERs aiaken. | ower aperture 86 is a hol e t hat

accept $h@remedihlishg c&ﬂd E@fomrﬁlﬂ? stbﬁ‘ih@ proBQk.! Alq'cg’nattnElS) uagd?ocess
whi ch the process fluid enters the cavity per
apapmgiercog heéfaxaedhb peattewt thf@reeﬁs savatamqmopnmgoq (es mducmd by
t t L Wi
e)li}fetpg&{o @5u %&k téih dgg %!'e@el\(/:\’g{lh? Brfﬁgg B\ZH‘%TQ&S‘%%%]E (I;Dg \E}rgfrrelgbant
[ sprdqas qjanametplt axcbxdh)g tha: ppametecsfdns;cssed/we@@sbm’dt}ﬁdspe(amchignl.

t cover 90 s a,fluid .
O e e G B es 5 & Ut rocgin M ESRE g 5% Biation block
f 66) clehgiag the genpegifire 67thd prestsd Modusing tlfeltéih;férdﬂ&é Eonitrd1 S eor
h@ 14 mhgn cavitation |§ occurrlng

BEiTSaeRine comPInsation af the progess Bk élffmsa'ilerfé'ﬁmwak%ctwn
S BITRE4)2 %ltbl%atﬂ'eﬁhf% @ayllehdyr iRpolvelRitdubdihe pdvPal S' 28fcould
senS|n8 very | ow | evel s of phot on em ssion, (on
oP#¥dtiedf 100 photon counts per second). For exanple
the photormultiplier tube nodel nunber P25232,
avai |l abl e from El ectron Tube 3Inc of Rockaway, New
Jersey may be used as the sensor 22. The
photonul ti plier tube-has a wi ndow 100 through which
light enters the photonultiplier tube. Preferrably,

the photonultiplier tube is purchased with the w ndow

100 conprising a material that allows ultraviolet (UV)
radiation to enter the photonultiplier tube. The
photonultlpller tube (sensor 22) |s p03|t|oned |n an

e o - o



resonator 118 conprises a chemcally inert materia
such al um num or stainless steel coated with the

wa bavens4nad ed pol yner perfluoroal koxy (PFA). HoR€w®£2005/033180
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ot her nmeans of attachnent for the resonator 118 and
crystal 116 can be used, such as the epoxy bonded
crystals disclosed in U S. Pat. No. 4,804,007. The

sensor Akdp Pé‘rat[fp&lﬁltaﬁgw@ﬁhlﬁatmto?m n%iﬁodcc% Eflsel 28 essihiyeias o
fits into the cell 14 but which is detac l'e fromthe

cdight tight yespel. farrhpiding a fhid herqel d4)1 dDacensii eraseyt geagratiiganeans for

Coééﬁérat%%%cm&l %gﬁlyir%sadchhk%%ﬁ%{cmis gr{éréy%% eg&\ﬁg n%e;!ngsaoemg

'S nou e resonat or
c cnositionedvip trthismit@lepicmtsesslefgyumd thelflvidehilerthreaflugd is held in the vessel;

bonde
S :-ggg g:?\gﬁ nfdeieﬁt?o alns @}f selilslgr %ﬁg?r éigt‘é’ftf%g &n(gﬂno%laﬁ?t}%lﬂg cavitation
t He thedluld Hefl in ﬂlewisbln,d‘l‘eh calitatioh is hdped anle fl6id®p ﬂ’@rabé?u@ﬁ’c energy.

of ! hat is both Ijght-tight and inpervious

CHETF B TatlBE Mo P Rt R ol aes AR desion
emi Guchas H@ﬁ(ﬁ&)mlﬂﬂlﬂfér fube. SHAV Ve Fiotidr 8Rbodaherfd, B Bhanges
in which all surfaces that conme into contact W th the

prip tedWiidqap pejussd {pdetsetand/opauaptty wptigtion ip phefluidipg the hrftwnhone

SU28 talRctioh K€tht E@m&ﬁdﬁ%k&%%aﬂpl ymer perfluoroal koxy
(PFA) can be used as the cell 14. Qher chemcally

| nert Wedisionad fogturgs shat @@rbefadmdm p apprafusdnchuda i ipager generation
T

etehgrg}emenpnngjyéaas;ehe(déﬁiﬁ)xter meant ¢he aimputer d@tfbrydodeveing ddtfrom

t ‘| | [ t t
R P 3 T R R R S R o
f Ibluak icaheghs ﬁlgd:cyiaiebloﬂi 6%y the Benpefil@é entrblf d8LAHIARE dIbRBE gas
(ECTFW£ Sﬂﬁ gg g the mater.i al narketed under the
16 Sl tyes el g jigsionmeasa s i fuid into the
Pakys¥il (e pLAB ), fhE gR thélfofiiMPEahs aésMAtéWﬂgthE hﬁd rﬂ?récﬁf)l'l f:ﬁleans

mar ket ed under t he tradenark Kynar(tm. Simlarly,
r dQIOTREFING B EENCERtFAtiDR 0fang PemoNRigRsses dissaluedsingli fhd w}c gas momtor

' e, bnd'@E FﬁHg@rlaﬁre cgﬁﬁél%egn P olnﬁgﬁlh%t?g é)g a ulré(c‘ftltyesfitl?d (the

require alternate physica apes
i hempgeatury eontrel 68).14 and/or other internal structures

h f
ener gy “lvish B AR R AN Bes P B R fenhg

-t Ipe:fﬁmidlembddlslﬂmk} ittih@tbe uhderseodftivdt euchdistlbgirgis @6‘&18 Se fnkepreked as V

25

I'S. not raII to the face of the transducer
+ Nk, \RePesaeredons aeibmodrauSoonl Go b Becergpra o those
sykiflac tefart fer Hahvinkb feall @her&%verd%fcio%& MEOREY itReiRtended that the

the transducer. It is desirable under certain

c 3PRENGSdsiims brainterpesiersasiceveriag all aliseations and medifisations asfall within
ugﬁgnkgagggpﬁgng&n%hll standi ng waves. O her

enbodi ments require internal shapes and structure to
create standi ng acoustic waves. In an alternate
configuration, the cell 14 may be essentially inverted
fromthe configuration shown in Fig. 1. Driving the
acoustic field dowward agai nst the forces of gravity
and fluid pressure allows observation of bubbles in
alternate conditions. Laterally oriented
configurations are also possible. Fig. 3 illustrates
one type of data obtained fromthe system 10. Fig. 3
is a graph on | og-1og paper of photon count versus
power density for three different process fluid
situations. Line 120 illustrgyes the sonol um nescent
behavi or of deionized water mhen the power supply 26
provi des an AC voltage at a frequency of one
megahertz. Line 122 illustrates the sonol um nescent
behavi or of deionized water when the power supply 26
provi des an AC voltage at a frequency of two
megahertz. Line 124 illustrates the sonol um nescent
behaV|or of SG process f|UId (a solutlon of delonlzed

. o



t he hydrophone 140 are used to confirmthat the
ultraviolet Iight output being neasured at very |ow

w@eobe3domput s i s occurring during a period of PEr/Ysio0sw33180
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pressure in the fluid, thus indicating that stable
cavitation exists. The baffle 144 is used to absorb
acoustic energy (sound) at the top of the cell 14,

t her ebWel@ment i ng or reducing refl ected acoustic
waves. I n a normal acoustic energy cleaning system
the sound energy is traveling at 1.5km sec so it
bounces$. Anappathtistfer chamabteniangcayjtatiok Inyfluidstosinpasigas of
such a tan e to both the original sound

€, £XD
energyaégwgﬁ§t8@"ﬁf%@h acoustic transducer and to
r ef | ech Quasstidfen@gpienttainghhasasfor génetaﬁngmsms atieygyt the acoustic

understand .the SL |ight, output ui d under. these.
c GREBY $HRIatinggeags heife P 0616*8?%46? H@Sw&at&ﬂ&?uspﬁewbeflttp e
( Ritfle the)fluid iShald irf thé Gessdriangver, in some cases, it is
desirable to study exact|y how the f| uid will react

sound. aFavitgiiRnletegiiqngneansor etétqtmaeavw@p iyghg Juig heldiinythe atﬁsel
€ MHeh QYN i 1A ceatd B Fui bgwe%c&tﬁtgéneggass of sound
energy wave to studi e . W thout acoustic

refl ections). The baffl e 144 (Fig. 4) absorbs the

sound at Tlte app% &Ils 8{ clgnlﬂel VS’h Ir m e gav?tgt?% Jaggtlo%lnlxe%}{\s ({ ﬁt rises a
refl ections Al S exposu

fH@hdkhﬁﬁxﬂndmiferent output of SL Ilght result
Returning to Fig. 3, use of Fig. 3 allows conditions

to be selected for SC process fluid that will keep

cavi t aBi QRe z%?i)arﬁﬁl@ oPIIAMESHhekdiniihg lie ldevactioh eeai\coinpkised B

threshol d. For exanple, keeping the power density
beheiRmaliphiesiitat el y 1.9 watts/cm2 will keep

cavitation in the stable cavitation region. This is
desirable, for exanple, in situations where it is

known #hZhe apperaen ef daimrlehezsintie davitatinn deteetipginegans comprises a
cayi amage the article being cleaned or
tWFéé%gggﬁr&gé%ggd by the process fluid, or where

transient caV|tat|on is undesirable for sone other

r eason, 22 .have shapes.
i ar TR s ot i s of RS BTG o forisesa
n@m@@&ﬁeln the light output for these two fluids,
under the given conditions, are slightly shifted. A
conmparison of line 120 to I|ne 122 indicates that the
fr equeCYhOfpphiifis BRWGH IWH‘{ th@ adoustit eﬁ&%ﬁ Bdnefating hans
cavitation propertles of the fluids.
s onwbtises apiseetctriseysidl or of process f|UIdS di spl ayed
in Fig. 3 provides anethod for controlling the
cavitation in a fluid; and specifically, for ensuring
t hat t e Tpe appassis bf dainh Isfurlyes comprising adafleImeanslor abatrbiog
state as 8g,posed to the transient cavitation state.
tonprises the steps of: a) exposing a
volune of process fluid to acoustic energy at a

speC|f|ed power | evel; dé% ggasurtn the phot on out put
from t Be The eRparapss af clajimgofurthsy comprisi and c) when the

phot on ngWEiYeherslY infhR ol sruﬁﬂ}'lﬁg dﬁﬁbfc%ﬁhohrﬁ‘é’&* power to the acoustic
|n|t|at|ng a renedial step to bring the photon out put
bernkrgy eengrapnoneamsitadfly t he desired | evel . This process
can 0 ofitbliribaior lleaglgtd%g i#6flthe Hght SRRHE, m&nEa&ﬁt thé light
n an |n|t|a procedure, a dgraph ke FI g. I's
developed for a particular process fluid and the
conditions that yield a desired | evel of stable
cavitation are noted. For exanple, in Fig. 3, the
conditions at the power density of one watt/cm 2 m ght
be selected for SC process fluid. At this point, the
phot on count is about 1500 counts/second, so this
woul d be the desired photon output for the nethod.
Conditions in an acoustic energy processing tank on a
productlon l'ine u3|ng SG process f|UId are set to the

I oy



in the fluid held in the vessel when cavitation is
i nduced in the fluid by the acoustic energy. In a

w@rekessoad enbodi ment, the cavitation detecti OPCTVESZIB5/033180

10

15

20

conprises a |light detection neans, such as a
photonul ti plier tube. However, in other enbodi nents,
pressure changes in the fluid can be used to detect
ang{iedd ffoaaimt infig, cavitation in the fluid, so the

hydr ophone 140 can function as the cavitation
detection neans. Additional features that can be added
to thega . ans (the
S it i A S S e et
power labemhfen%mmq o flenido ggougiEreergy atmgpms)pweduml and

C for c ctin
C ST TRARE e P g O B AP RRt Bpe
f reoergy famefating ld%a}nt ftﬁ ggig&tmgﬁ@dousmjeﬁﬁgy, (31 abdu@l@d@n@rléy ggdéﬁltmg

ection oc the tenperatur ontr.oQ C
b e el B 5 CauSmin ot ety e S Horsle diefiibis held
i nethedessél] té desien hl@@&dnﬂiﬁlsﬂﬂgaﬂghtfd@t@ctloﬂln%ﬁé 80médsitid thdWHdton
t he vessel (the t he gas nonitoring neans

et e

aLuBut Hene the fuide whep é%\'tltmml ipringpesd frbthe fluid by the
NMRasudfid §rgd; concentration of one or nore gasses

dissolved Tn the fluid (the gas nonitor 76), and the

t enper B} measuringihq phiotomextmt frase the Shidrovkr a pegjod éfgime; and

fb\le{nl’)]e r gtj\yl{e hé@g ﬁ{ltjplilﬁ'ﬁlg\g%t{ebﬁo& Er&ps?r[e)&l e%ldgl‘flgt?&ggaorémec? c)il 'step to
t @ringthobhcttbreotpwlsbmkttd» sppprx@haely thd desiled tbivelent s, it is to

be understood that such disclosure is not to be
interpreted as limting. Various alterations and

nmodi fi t@t Tiesetvddl df clith Slabidtin BRGARIIA @@ﬁ [s%él%ctécpfrdrﬁ‘ % @roup

skilled IP the art after having read the above
dicQUsisHeg Pl a‘)ﬂ&%’i“‘d@ﬁ@qr gturejof the §]uidn?h@%%lth? praicentrgtion of a gas or
apendreficl 1ﬂ'tHEEﬂuchﬁ stopPifd RE Frosds, %ﬁer ?Y}%rsb&gﬁéal er level and
alterations and nodifications as W thin the true
s ebgsime dfe ftqqecnpm@hq pasyer lpgelc| ai m 1. An apparatus for
characterizing cavitation in fluids conprising: a
vessel for holding a fluid; an acoustic energy
generating nmeans for generating acoustic energy, the
acousti c energy generating nmeans being positioned to
transmt the acoustic energy into the fluid while the
fluid is held in the vessel; and a cavitation
detection neans for detecting cavitation in the fluid
held in the vessel when cavitation is induced in the
fluid by the acoustic energy. 2. The apparatus of
claim 1l wherein the cavitation detection neans
conprises a light detection nmeans. 3. The apparatus of
claim2 wherein the Iight detection neans conprises a
photomul ti plier tube. 4. The apparatus of claiml
wherein the cavitation detection neans conprises a
pressure neasuring nmeans. 5. The apparatus of claim4
wherein the pressure neasuring nmeans conprises a

hydr ophone. 6. The apparatus of claim 1 wherein the
acousti c energy generating neans conprises a

pi ezoel ectric crystal. 7. The apparatus of claim1l
further conprising a baffle neans for absorbing
acoustic energy. 8. The apparatus of claim1 further
conpri sing: power generation neans for supplying

vari abl e anounts of power to the acoustic energy
generati ng neans; and conput [ neans for collecting
data fromthe Ilght det ecti on neans about the
lightemtted fromthe fluid. 9. A nethod for
controlling the cavitation in a fluid conprising: a)
exposing a volune of fluid to acoustic energy at a
speci fied power |evel and frequency while the vol une
of fluid is being held in a vessel which conprises an
acoustlc ener gy generatlng neans for generatlng
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