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; €3edXT86nTo} P21 JAN 2003 METHOD FOR DETERM NI NG VOLUVE CHANCGES | N V] SCOUS
LIQUDS 1. Field of the Invention 5 The present invention rel ates d@hdAﬁﬂWﬁ
to viscous liquids, and nore particularly, to a nethod for determning

.vol ume changes of viscous liquids during a physical or chem cal process. 2.
Description of the Related Art 10 Some viscous liquids (e. g.,

acryl at eMIEFHOp FOR DEEERMINING §O LIGVIENE HANGES INAVISCQUS LIREADSal  or
chem cal process such as a phase change or pol ynerization. The term viscous
liquid as used in this disclosure refers to a liquid having a viscosity
greater dhBigldefdhe Inventignsec (Pascal - seconds). The term vol ume change as
used in this disclosure 15 refers to either an increase in the physical

di mrensions of the viscous liquid or a reduction in the physical dinensions

of the viscoughé pedernl.invénticRkisatks genethilyus IREGR liqalddMEhdohargaticularld) rect i ons
paral l el and/ or perpendicular to the plane of a layer of the |iquid.

Several teemethgdder daterminiag volymechrogesf visgensdiquids dunagaphysieal f vi scous

| i qui ds, hjur.i %g) he\ééi cal and/or chenical processes. One technique,

descri be§"THC ég‘ﬁ . et al., 20 "Volumetric Contraction Measured By A
Computer-Controlled Mercury Dilatoneter”, Abstract 2184, International
Associ ati on Dental Research (1996) uses a dilatoneter. A cross-sectional

vi ew of 2. Pescriptioncof the RelagedArk er 10 typical |y used for measuring. vol ume
changgs of viscous liquids is shown in FIG 1. The dilatonmeter 10 has a
glass"colum 11 filled with a fluid 12 (e. g., nmercury, water). A sanple 13

of the 25 vi sggpe vidcatd Hquids @ 2¢adtylate-Bdied pie R uderdd vélishe icBanges r ounded
by the fluid 12. After the san%l ?}{3 i's pl g'cg((sﬁlinﬁ t he g%%ss' col unn% 11 and
sur r ounddtringa physiqal of ¢henpcal prasesfesughas @ phasp ehdnggiod palymerizatios. Fhesesmcol umm

L2, TSRS U G4l oSO 1 IREIAERE BB, 0.0
t he hei glabowafl StHacset (Pdstallsécdnds). Mhe Grsvolemt Uiangd As aded in eligllisclodue Changes in
the 30 vol ume of the viscous liquid. Thus, for the dilatoneter 10, the
vol ub® crefeigde eighertapdncrease in the physical dimensions of the viscous liquid or a reduction
in the physical dimensions of the viscous liquid. Viscous liquids undergo volume changes
in directions parallel and/or perpendicular to the plane of a layer of the liquid.
Several techniques are used to evaluate changes in the volume of viscous liquids,
during physical and/or chemical processes. One technique, described in Reed, B. et al.,
20  “Volumetric Contraction Measured By A Computer-Controlled Mercury Dilatometer”,
Abstract 2184, International Association Dental Research (1996) uses a dilatometer.
A cross-sectional view of a portion of a dilatometer 10 typically used for
measuring volume changes of viscous liquids is shown in FIG. 1. The dilatometer 10 has
a glass column 11 filled with a fluid 12 (e. g., mercury, water). A sample 13 of the
25  viscous liquid is placed in the glass column 11 and is surrounded by the fluid 12. After
the sample 13 is placed in the glass column 11 and surrounded by the fluid 12, the height
of the fluid 12 in the glass column 11 is measured. Thereafter, the sample 13 undergoes a
volume change. Since the fluid 12 in the glass column 11 surrounds the sample 13, any

changes in the height of the fluid 12 in the glass column 11 are related to changes in the

30  volume of the viscous liquid. Thus, for the dilatometer 10, the volume changes of the
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21 JAN 2003 viscous liquid are determned by nmultiplying the Iinear height
‘changes of the fluid 12 by the cross-sectional area of the fluid ip1gmﬁzws
gl ass colum 11. Many viscous liquids initiate exotherm c reactions as they
-undergo vol une changes. Sone viscous |iquids generate heats on the order of
about 100-700 J/g 5 (Joules/gram. Such heats potentially raise the

t enper at Uyigcduk 1ighia dré détebndided By lRipHiRS thekarfieight cRingeb6f @ik aidRgyer 10,

causing such fluid to expand. Expansion of the fluid 12 due to an
exot her ni hecemeseaionilsremefahe fluidlin theeglansselummpbl.t i on of the linear height

h for the fluid 12 in the gl lumm 11 of the dilatometer 10 will
be.attri bt abl S HE Ry AR R G SR AT A /B REVOUEe of the

vi scous | ibeh ShigvRBYus Ifui RbiatmR isVnMtRE SrdePbRabBARM-RIENE S of vol une
changes for Sone viscous l1quids. Additionally, when the viscous |iquid

i ncl udes doplesgmant Such hears@otentiall hmise pheciemperfure ofthel fluidi 12 th the lglasng t he

gl ass colu 11 of the dilatojgeter 10 affects the extent to ich e

viscous |9 HIF’H_JILJH?& latometex ’ﬁﬂlsméﬁgé{]?”ﬁﬁe XA éﬁ%’&@tqf\\‘lt@ fﬁﬂﬁiﬁer as

used 1Nt gheodnSRb@BHAE EiSh & dridedrabRistbht o'RtonIUE HAES péghneT cal
rght. The [ e

process in 15 response to ght gerierates radical s“or cationic

speci es fchamges fohtiedluid 12 at the glasessamn il tofithe dilacorhetepd Odwilhbecdttributableer si bl y
convert the viscous liquid into a rybbery or glassy. . .Mercury is not

product
t r anspar ef@theagng hgijuic thaneyolysms chianggsend U Yisg abick thefeoy PRkl o 1 or
use Wdh WissHts rﬁéagﬂbxgé?& Bﬁ%olhx%'cH cf PRORE VitBu IRAEr S because
i nsufficient anounts o Ight can perretrate the nercury to convert such
| i qui ds t o rubhddiyioRfllyowhgh deswsconoHqudt $nclities tiphotoaativemopemarsthe t o

eval uate vol une_chang f..viscous |iqui s discussed in Watts, D. C et
al ., "Ki namcatméﬁ@mﬁgwftﬁmscﬁqhmﬁpf thedilgtemstaftl0atfer§ he sxte®si ns
and Conpog| h ks | = ; tts et
o reanuRoufiEh neiBus id uhG A a voldin chafhge Phe i pHclfackivd bhoml )

di spl acenaswsedin thiredipdiotuoacfery ® 4 ingteridl that undetgacsie clemithlepritess | et al .
technjgue is illustrated.in FIG. 2A-2B. FIG ,2A sho a cross, sectional

i ow b arespenss ¢ Tty BEF L eSrerey oA S8 CHP TReGIea BB PREO PR o of a
phot oact i gﬁsédtthﬂx &Ie lihﬁid%l%@ﬁﬂrér?‘efsmé?%%r{%n(iﬂé‘{d 86 19hid ik zﬁx:u%é'y bkNg 20

and covered wth a flexible diaphrag . The flexibl'e diaphragm 23 has a
convex t oplasyyrpfradiet. Mercuryrig hetttranspadént toliglte Thusg mstrduoylfilléd dilaitreetpsaroact | ve

the. phot o FEIF Fef et EEHE: TORE RRrBPEPR Y PO T DeRmshl nced
towards t hRufficiintlalieshits 8k gﬁ%?ﬁ&i@&aﬂeﬁhf ﬁ]@fcal%eto cBE%ﬁ&&H'IﬁG%Q@PubB&ryt he

fl exible diaphragm 23 is smaller near its eddes than at the center thereof.
For eXanppeglass@refiusisl acenent neasured at point A denoted as 25) | ocated

near the edge R%otthgretegtlm? Lilebllls%d go' 9\Pai1lfa?egvnalgr%e 'c:l?f:lnsgfarsa(l)r1 viscous liquids is
discussed in Watts, D. C. et al., “Kinetic Measurements of Photo-Polymerization
Contraction in Resins and Composites”, Meas. Sci. Technol., Vol. 2, pp. 788-794 (1991).
Watts et al. measures volume changes in photoactive liquids by measuring the
25  displacement of the photoactive liquid as it hardens.
The Watts et al. technique is illustrated in FIGs. 2A-2B. FIG. 2A shows a cross-
sectional view of a brass ring 20 adhesively bonded to a rigid body 21. A sample of a
photoactive liquid 22 is placed within the confines of the brass ring 20 and covered with a
flexible diaphragm 23. The flexible diaphragm 23 has a convex top surface 27 in relation
30  totherigid body 21. The photoactive liquid 22 is then hardened by exposing it to light.



5 than the displacenent neasured at point B, denoted as 26, |ocated near
the center of the flexible diaphragm 23. After the photoactive |iqQitdJA%]
har dened, its volune change is determ ned as a function of ‘t he di spl acenent
for the flexible diaphragm 23. Since the displacenent for the flexible

di aphragm 23 varies depending on its point of neasurement, the Watts et al.
t echni que Wberethe iphptogetpyediguischardans oths iflexibin dipphragm 23 ig dismiaess) towarsh theques

surmary o A Bk A Tre A Hif. 2, HeSieblRervielt e FERBI e 335 ot hod
for det er AlIBEneAr UPLALEE tHaRAOER Rhtef théekeot Ib? ekhrfiple hhe UidpieRemakEral OF

chem cal process. The vol une change of the viscous liquid is determ ned by
confi ni ng ahpbiay Ay derfotesd asi2Scloaated nearitbe edgeaf pherflaxible dfaparagn2diisisodijlerand t hen
nmeasuring the linear (one di nensional i spl.ac nt of a planar surface

For a5t hahahe ARBLCHASH TRARHIES At GRINCB AFIE 36 0mReatos gy Biitenier ohibt cal
process. : f fy22 I i l: e QAL d nar

Felat ve iy ebiaphagh 2o Arkpe phdihoRe iy RERHEG sl raleOREE

vi scous | idgtershinedlaatifurection of the displacdmentifior the ftbxible diabkramc2duSince e

measurenent of its |inear displacenent does not vary significantly across
the surf acksplasement for g dlexitle, diaplragmaisr yasies dereAding 08§ pointiof measusement,

portion of i.gkd i f the viscous liquid
in a di rect{”% gﬁ’@gg%étregﬁrﬁélwoé&(;&ﬂ?e@SF%%Q(%?JHP%EEFE{%?@'so the total volune
changd0f or t he Thusgctectmidues fiordietesmining aslhmechanges of) viscous lidjuidscontnue to
perpendi cular to the plane of the layer. In one enbodi nent of the present

i nventi on,%®8%R8er of a viscous liquid is confined in a reservoir on a
rigid body. The reservoir has sidewalls and a bottom surface. The sidewalls
and bottom surface of the rigid body are preferably at |least 0.5 nm 30

(m 11 et Swamaby oktheIndembinl s and bottom surfaces that are less than 0.5
mmthick are 3 21 JAN 2003 undesirabl e because they potentially deform
when the viscous |iquid undergoes the physical or chem cal process

provi gisng i ncongieSieddht idlShioRGE BEE: 1 r fagce of
t he vi scous Ii(r:;Il.:}'%ng.T T el régg? vmat? c%drﬁgazﬂétglrg@ne %lle{r?%r{éﬁ%aap é@?%l(:h%wet(ﬁe

ri gi d bodya vigdouetinaididuehg a phicd or elsamivaliprodess. fThe vobinmenchahge sfithé aiseowsf t he
rigid body, by, adhesi vel.y bondi.n spacer, thereto. The spacer forns the

Gi ewal | lstd Reaiy by STAmRE » TyRBOEbtiyeats Ruthorct bortRRGER ARl AL s
non- r eact it tlirf HedsBARLHe nar! Bfe HinkdiGieRal iRPHCerhént oF a plAAAPRurieL roRider 90 a
physi cal or chem cal process therewith). Wenh the viscous |1 quid undergoes
a physi calthereon;lae thecviscops bgeid sindergoessho physidabort ¢hgiigal praeess. Fhelsurfacbofly i s
preferably de amterial that is transparent. to [ight. An exanple of a
sui ta@ﬁe &%ﬁ%&j‘l‘%v‘dwﬂ‘ﬂ.“‘dﬁﬁa P’ér§.la3fve\5‘? &&%&??%ui ds that are
hon-reactive WER { PlandrRGHAESOERE XiyeSofthEl vAESuS| 1Rfult RARRE (O IHRRYIY Mer s
useful as a hol ographic recording nedium Both the spacer and the adhesive
are al so rhody i desirable hegavse the maasgrementafritsilingandispdacgment depspotvaryo t he
viscous |igquid. Exanples of .suitabl er.materi.al s include teflaon,
ubber - 15 ol e e SurrRduheer” aRRRGRU RairiSe e it Glifon 3
adhesi vel ypop@atfifthé ﬁgﬁ_%df/g% nt3 8L/ disFladninebf e Vise6®s liquid ff 4Bidec@ibnt he

| ayer of the viscous |iquid by conﬁresm ng a flat surface of another rigid
body t2er cparaliehia toe pleng obthg)laxenen thewtal dobimenthangesfor thenvsrous ligeid isvat eri al
of the riqid bady. .a 20 @I %ﬁa!r1 sugfqe]\cel itst or.med fotﬂ ﬁhe | ayer of the
viscous | i P OBFRER P LTFIHE PRECAUFYALE AT O {HE S| deval | s and the
bott om sur f ace [afont BRbb&ISRNY 6f the PResbitSXvenB¥e, Aafetiof 24BcBALHE isSafihern or

about equal to the surface energy of the viscous liquid to be confined

t herei n. The ressrvaisen 4 dgid hoder Hhe reservsie tias sidawalls and 8 bovemrsurfacst #he t o an
energy needed t.o forma boundary region,between {wo ad] nt phases. 25 The
surface er‘?é&cwil&a“‘?h%tt‘?né§‘é‘$§f8iof¥rfes“£6ﬁ99¥)?ffjé’6§5rﬂglé'@éﬁ?a%‘gﬁg i th a naterial
that Bowergifififetsny thRkCSRABRAIY arld WiRR] surfbédhatle £OOHaR DM idkayer of the
viscous liquid therein. Coating the reservoir with a material that |owers
the surface energy therein, nmakes the sidewalls and bottom surface of the
reservoir less wettable. Less wettable surfaces in the reservoir are
desirabl e because they inhibit the formgtion of a nmeniscus 4 21 JAN 2003
bet ween the sidewalls of the reservoir and the viscous liquid, thus form ng
a planar surface on the layer of the viscous liquid confined within the
reservoir.




The material used to |lower the surface energy in the reservoir is forned
froma solution of a | ow surface energy conpound in a sol vent. Theaft'%ﬁ‘?m
energy of the 5 material formed fromthe solution depends on the p i"cul ar
1 ow surface energy conpound used as well as its concentration in the
solvent. Typically, materials with surface energies |ess than about 40

ml/ n2 ar eursla$ifabld kachusedheyf pateritial)y defolmarvehrenshe fiscmis diquid wrlergoes theui ds
confined within the reservoir of the rigid body. Exanples of |ow surface
ener gy cAREHAE cemicabpmacsss Provigiar iegnelpen il icement Besyromenisfer Heser voi r
to less tfakhr bOrrakQfthesdbbs TBuidr € al kyl silanes, siloxanes, and

pol yfl uorocarbon conpounds. Suitable solvents for the al kyl silanes include
wat er and al coFld reserveih casbesfiomaedin thammtériabpf thp aigod bodo Atemiaivedyjitheed f or
use wi_ith siloxanes inglude al kanes such.ag octane a hexane.

bor 1| or | BRSO BIOURI @ 86 SHAE GRaEAEHAPRY BY Sl DA BAIRSSS! 1 1 om 3M
Corp.) ar@eg ..tI‘ﬁgsf) br 1538s YMel Sfdedaiy ok HREGafdaon conpounds. 15 The reservoir
is coated with the low surface energy nmaterial by applying the solution to
the rigid bodyThewigitlbedy isenadei afg rhiteria ehat ésmion-rEheti veokith tespect o thepl i ed to
the rigid body usjng any suitabl e nethod including spraying and_di ppi ng.
After the'i8&QUaiiapd (gsg-a%)ﬁﬁ neindsraorrephysigalprishenucal precess theasvith sWhehoved by
heating aRgdifkosy ¥duiduldibedet @i i kd 1o wi th

t he | ow sur fv ac%ﬁjsren rgg ng% eri gﬁyﬁfﬂérsﬁ@gﬂé %S{ﬁq%&gp&g%itdg%ﬁ?ﬁéetggem thin

t he ridserbaalyris prEfirably stade of b noptarcal that isarahspaeeht vo ightn Ahleeample @f a cuitabley

pl aci ng an anount of gh:‘ge viscous liquid in the reservoir,. The viscous

i qui d i sTREHRIS apais: Famples oY yiscoussiauis thap ate nangispetivieay i apaszdpelude with a
Syringe. kel ahlGory@¥Rbastd pleBBiyter QR bk GHOBRBKicEcctab MRty WdiRce | S
confined 'ot hisrél1 thcexjyr esearsvoPrEis gmpr o'%lgﬁllg counF%?Egl a%cgﬁbon t%nthgg}er of
vi scous |thegapater diitethp adliesivesr@dsa madé froincd matesa thattib noweragpatiee witlhe pr obe i s

count er bal anced on the surf of  the layer of viscouys. |ljquid so e axis
of The 1 BoRect [anh eistus i Exalaies O il frovters Mg inelogh isTionubbe

liquid VheRed R8d B6SNE sided aliifesiRYAeCT bal anced on the |ayer of the viscous
liquid, it touches the surface with a force such that the probe descends

bel ow t he pl anWhes thefspecer a§ adhiasi vely doondesl tbitlpuigid wody, acplarar surfivatis fosmed
bst anti al I han that duri t he . at t ial. 5. .21 .JAN 2003
onct ing Gt ks pEE Hhcpii ot by Polabitruds  PRGSHASRN ddipel ieionti 1y o nks

into the {hgpees, of the viscous liquid affecting thickness neasurenents
therefor. It is preferable for the viscous liquid to have a viscosity
greater than abbematiBlyRavhendhq ragrveir issforvedin)the matarialiof the gigiddodyi 2 h

0 2008 o S5 PR 8 s BB R oo e

energy of the sidewalls and the bottom surface of the reservoir so they have a surface

energy less than or about equal to the surface energy of the viscous liquid to be confined
therein. The term surface energy as used in this disclosure refers to an energy needed to
form a boundary region between two adjacent phases.

25 The surface energy of the reservoir is controlled by coating it with a material that
lowers the surface energy thereof, prior to confining the layer of the viscous liquid
therein. Coating the reservoir with a material that lowers the surface energy therein,
makes the sidewalls and bottom surface of the reservoir less wettable. Less wettable

surfaces in the reservoir are desirable because they inhibit the formation of a meniscus



on the surface thereof potentially occur. The probe tip preferably has a

di ameter greater than about 0.5 mm(millineters). Probe tips with dianeters
greater than about 0.5 nm are desirable because the oscillations théggg&ms
are easier to control. Additionally, the probe tip is optionally tr e
with the low 10 surface .energy conpound to prevent the formation of a

meni scus béeween thdwdgwabef thepesemdbit frel the yisous liquidiitiuswoemninghelpraobe tip
contacts the planar surface therefore, After the probe tip is

count er bal SWE&E arihe lavenpidhe visequsiliguid eomfingd Withi 86 &SePVQili d, t he t hi ckness
of the layer of I QWL d, L 1 he

| ayer of the vi g&%ﬁ?@ﬁ&?@ tilosl&g%rﬁg# %urﬁag: %ﬁgepﬁgﬁj Wg-ﬁit%n%o@eﬁltf)%@}?g%%&%face of

t he reservablitiod of Oiwe sirfee ehergk vempownid ihlagolveye Thekurfive evierggofithel i quid i's
determned, the viscous liquid Is at |least partially reacted. The term

r eact ed> as masesip! formed; feomy thesolsion slepeards 08 thepastigiyrdpwasurfage enerd¥eni cal
process wh i L1 qul r. I n Vi scous
qui a1 o Sprplul] el af GRHR b S tolt AR AR, o HERGED B Wi 50

exposur e t Quifad¥nefdiesedtthanldbdut 4@ alingrarersiffiodntifoe dortie e B gRnarsutfaee on
conposition of the 20 viscous liquid. As the viscous liquid reacts) the
surface of visseus Hguids emfingd Withincthe seservgin of thesrigid body Examplgsraf b syrpace

touching it i SRI ] i j icul ar - of the
ayer. The cBPES B8RS Sehdly Briblaild AESREBLHALEH B ddniolp i

di spl agenenboltof0 miym>uredRyisilanagyéitbxases| ind polyfhagburbdh@nghdy. Suitdtte vol ume
change for the partially reacted 25 viscous liquid is determned as a

function ofsotveats|forthe plky] silaneciaslude watar apgalcphgle puchrasiethangl, ardisepmopdld. | n
an al ternat odli . he. ' i ' iquidis
confined besg’\l/\‘geggs %&Aﬁ)g&?t%rdl?%“%tggﬂg{s&%g éld\#%ésoﬁcatﬁipgc%{?mlﬁ%% bet ween
the two ri Qedflineihard suBient sachyasHludrirers(comineadallywlatlable groan3Mdlwepl) wee and/ or
a spacer. At |least one of the two 6 21 JAN 2003 rigid bodies preferably
has a pl andpitedfor 3sewithipelyflugrocarbes comaowidscous |iquid form ng the planar

surfacggon the | f I { QU j . The two
rigid ggdi es ar eﬁ%?é?g?oé}b{g? ogt![eé Ig\g%%{lé g@g&%ﬁ%&@f%@%@%ﬁi@ﬁgmﬁ gid
bodi es t hatsohttienltete rigidbody dndrthert fenwivirey the soldasi Thdbdcluthmds appicthevhe

potentially, deform5 when t viscous |iquid react rovi di_ng i nconsi st ent
di spl aceneri8l a%v%mysswgﬁe fehqgh Hufing spreyiag 208 dinmng, Adicp the splugan és

Sui tabl e : | A t (sl i { / S

ol des. - Af CEPREShS Bl Ry MO sClh Bl A b R L B R
ri gid bodies, th&ftgnbbeseryoicductasdbeitlathedow surfane enetgymaendl abe vistowsne of
the t riqid,. pbodies. The probe tip t ouches the outer surface of one of
the twdr i a8 apagiey Vi EieesirhPe; Theg HoP RO S ICEed PIHERE E9EOT ¢ he
viscous | i yifladiSy SEiR6EH: € the vGcBh MGuili I tHRGedeBidik TRE SRS o liduiiistpiRed iPi d
bodi es. Thereafter, the viscous liquid is at |least partially reacted, the

| i near di spharseerair usingtahy syitableemethpd secdisasveth a syrihgehe vol une change for
the viscous liquid determ as described abgve. 15 Ot.her obj.ects and
foat ur oo of ¢ ha erdi By taR: yiStPuR AR A el Stas sirtacens Eoneigh Vitnn 2

reservoir, a probe is counterbalanced on the layer of viscous liquid. The probe is

25  counterbalanced with weights. The probe is counterbalanced on the surface of the layer of
viscous liquid so the axis of the tip is perpendicular to the plane of the layer of the
viscous liquid. When the probe tip is counterbalanced on the layer of the viscous liquid, it
touches the surface with a force such that the probe descends below the planar surface of

the viscous liquid with a rate that is substantially less than that during the at least partial



foll owi ng detail ed description considered in conjunction with the
‘acconpanying drawings. It is to be understood, however, that the df3wANIB(3
are designed solely for purposes of illustration and do not serve to Iimt
-this invention, for which reference should be made to the appended cl ai ns.
20 Brief Description of the Drawings FIG 1 is a cross-sectional view of a
portion okaaingiof ateoviedoas litjyig Oetiehyxsusﬁdprobe tipypasntialhgsinkwintonthe ddyangfes  of

Vi scous Iéqui ds as thgff under a physical or ?em cal process; 25 FIG 2A
is a crosiBe ¥Bsepysifmd yifearing thigknssomedsutemadty WEi5 Y- confi ned bet ween a

flexible di aph& tf%%l orr'ttﬂ:' \QchBQM%mE't&a ?Q?cgi efa{%?ttﬁﬁ%éutsem | onal

view of FIG 2 er t toact T qui es a physi cal

chenm cal ¥ Ba}ms(PaEh&ecandd) | Vistguatligaids lndthnesdositienfess than pbewd5tPa-sevard i on
wherein a layer of a viscous 30 liquid is confined in a reservoir on a
ri gi dbodyp e@lrablﬁzlaecam IDERgIremeny ereprs p3speipted Math qoaterRalancing the PIobe JiPof t he

reservoir ﬂﬂg Qr?cem{ergoﬂﬂog%i qll g&c _ 5is a cross- SeCtI0n§.| Vi ew pf a
portion o count alanced on the | ayer of the viscous liquid

confined in thEhdlﬁ‘@Bé WP ipteferblyhas 4 gindter @ebater thdn aboushs wan dmillimetery)f t he
vol une change for an acryl ate-based polymer 5 (Formulation 1) plotted as a
funct i on BPbe Hbs With diameters greater thag apey . 2mm PledeS‘Yatﬂ‘*eB‘Fcét‘%e the, @scillatioas ur e of

the phot gj, P}erﬁ%% sier Wﬁé@cgl AE{jﬁ‘o %ﬁaﬂ He'ﬁ%gﬁéﬁ o%ﬂoﬁiléﬁt |qU| mggwnt of

t he present T hvention VI'Scou or med
bet wekn t supfaté enedgposihgsinditd frevéntitlse ﬁmnam's«afsemtmmlbevw&w thd probetipr obe
count er bal anced, on the outer surface 10 of one of the two rigid bodies

shown i n #mdche gisceysdiquichwhen the probgRipFontagts t%P'@-ﬁ%r SUHasR@esforthe vi scous

|l iquid of Exa aSurfferb ﬁg&q? 1&ufy. 9r aph
of the vol urrenghgrn%leemc')@gt e$parnt%=|r %?%ngéft?ée VI SCOUS d:gﬁlaé%? l@gar’rpl e 2
pl ott ed atheahiCkiess ofothe dtdyet ofithe vﬂ;&)d@étq&ld is deteernimed fThecthickhess pf drdager of
invention is directed to a nethod for deferm nlg a voI une change of a

vi scous | thgyisgolquy lsaficmﬁweéa?lawe torihs btipm swrtics OF themrseryRIf-ure change of
the vlfcous 200hdiE %1blé1eg§$ietﬁma2€1dofl?ﬂe FR&usHqDel R deR¥AMe] th@ vidtAfsOUS

liquid on a portlon of arigid
liquid is at least partially reacted. The term reacted as used in this disclosure refers to a
physical or a chemical process whereby the viscous liquid undergoes a volume change.
The viscous liquid is at least partially reacted using any suitable method including
exposure to light or heat. The reaction method used depends on the composition of the
20  viscous liquid.

As the viscous liquid reacts, the surface of the layer of the viscous liquid as well
as the probe tip touching it are displaced in a direction perpendicular to the plane of the
layer. The displacement of the probe tip is a measure of the linear displacement for the
viscous liquid as it is reacts. Thereafter, the volume change for the partially reacted

25  viscous liquid is determined as a function of the linear displacement for the layer of the
viscous liquid.

In an alternate embodiment of the present invention, the viscous liquid is confined

between two rigid bodies. The viscous liquid is confined between the two rigid bodies

using any suitable method including an adhesive and/or a spacer. At least one of the two



‘and then neasuring the |inear (one dinensional) displacenent of a planar
surface formed thereon, as the viscous |iquid undergoes a physical bt JAN 2003
chem cal process. The surface of the layer of the viscous liquid is planar
relative to the rigid body. Form ng a planar surface on the |layer of the
viscous liquid relative to the rigid 25 body is desirabl e because the
measur eneigid kxfdigstpseferabbohras @i plalan surfasa whihesontrsts the viscaiisdiguid toamingythacr oss
the surfage thereof. Additiopally, confini t vi scous liquid on a
portion 8 a"f%%‘r{af%%uﬁgwrﬂf e"ﬁ%égustﬁ U‘ﬁfg‘ﬂﬂ’&f(ﬁlgﬁfé’ﬁ?é}&jf’eﬂf he viscous |iquid
in a directiomhpakakieRi bddiestaiepRicdaly af1edsh®, Il BuelmilliRettrdfihict Rigiyol ume
change for the viscous liquid is one dinensional, occurring in a direction
per pendi badias thabaneHess phaar(kl ofm tHiek drayadesirablg bedatise they-potentiallyodeforambodi ment
of the present i.nvent.ion) a |layer, of. viscous liquid 101 is confined within
2 1 oobr ySTNEN H5ViBo08 A ARy it MRS G Aisp Eest meas pBenis S0 1 104
has si dewplnhSsubfide 6ﬂ$e§is@8&§lﬂﬂi§.‘§uﬁtﬁﬁ€ mdetialsT Rt (hRVREid BodiPLinde DO t OM
surface 103 of the rigid body are preferably at least 0.5 mm (mllineters)
t hi ck. Siquanmarddéorgldsdlidesd bottom surfaces 103 that are less than 0.5 mm

t hi ck are undesjrabl e because they tentially deformwhen.the |ayer of the
V'scous. T qui D R IR P B soRis [MPRitcnogre Brope e poud BSirotikai ng

i nconsi s : > - fa

W scous. PoasiiGEORASATREL FRASHIS RIS of She b Belth 8T Sitics2 e Blobt U,

ri gi $0 bodyucheOthe astes burface iofi ofidofRthétw@rigidll Hodies avithost gscilldiagr Beethicknessi s
formed on_the surface. of the rigid body by adhesively bondi a spacer
ther ot o CHEIE 185 Rk e Viteeus (R s eisrmunedrelogye i e ckesten ot HESIPTEY wni | o
the rigi §oliRdYTHeM By, tHeviRub AFHiAYSE AR pARIlY fedbdd AR Kndd QispRacamelg of a
material that is non-reactive with respect to the viscous liquid (e. g.,
does not ofitheeprglee tip mlegsiresh hndtheoiobmicochiangs for thwsvisdoas digiiddetermined, 4s5 t he

vi scous |, dergoes a physical or chenical process in response to

dq:ujbd u
light, rP§FEPE8a%°YF00 is preferably nmade of a material that is transparent

to light. An @xRsHIbfechfand féathicd Bl e PrdsBht iAVention W bedomEdFaRIne frofif th¥i SCous
liquids that are non-reactive to quartz include epoxies and acryl at e- based
pr epol yméeldowisg detailed descriptiagaapidersd ir conjenotign with thenacoompanyiapl e epoxy 20
is diglygidyl ether of bjsphenol-A mxed, wi,th.a conmpound.chosen fromthe
o oup c oK LnEh i o BameERORE Ron e Bt o ferclE B SO B ol .
Acryl at epasesés ¢fallydiRition df®lshotena t6 AhRothalivéntioRCRr Whitt reRednéa i ncl ude

m xtures of at |east one nonomer and a photoiniator, mxtures of an

ol i goner shewld ke prade ¢ Wetappensied clgifas.mi xt ures of at | east one nononer, an

ol i g?(qer and a photoinitiator. 25 Suitable nononers include isobornyl
acrylate, 2-phenoxyethyl acrylate, di(ethyleneglycol) ethyl ether acrylate,

N- car baz BrieftIrestripgiory bpghR Didwihgy/| car bazol e, vinyl benzoat e,
vi nyl napht hoat e, di chl orovi nyl benzoate, N-vinyl-2-pyrrolidinone, vinyl

2napht hyl mer c &EBohiset @P%-sepdonal Vissrofdaromionefcs dilatometsrtypsally ussddon| i goner s
i ncl ud . . k
ol yet nedieas Ay e ER Kotk Ryt LEROS nleteda BRGKAPRCRHEEN®S 5, 1

200 The phsdess;nitiator is optionally activated using visible or ultraviol et

light. Suitable photoinitiators which are activated using visible Iight
i ncl &¥le bi s(~TEGp3A ks a cross-sectional view of a photoactive liquid confined between a

cycl Opentfﬁﬂb‘fé’di%’%aérﬂiaﬁh%’nGg’léji)écl)}"or 0-3-(1Hpyrol I -1-yl)phenylJtitani um
(comrercially P ’
FIG. 2B depicts the cross-sectional view of FIG. 2A after the photoactive liquid
undergoes a physical or chemical process;

FIG. 3 illustrates the method of the present invention wherein a layer of a viscous

30  liquid is confined in a reservoir on a rigid body;



avai lable from G ba Specialty Chemcals as Cd-784). Suitable
photoinitiators which are 5 activated using ultraviolet |ight incl UZdF

2, 2- di et hoxyacet ophenone, benzophenone, p net hoxybenzophenone) JAN 2003
acet ophenone) propi ophenone) xant hone, benzoin, benzil, naphthoqui none,

ant hr aqui none) t-butyl perbenzoate, 1-hydroxycycl ohexyl phenyl ketone, and
2- hydr oxy- 2- metFi@. 4 ilyshratey ktherogdang abitineof theldbis¢nvoinahtfyce byai liquidie spacer and
t he adhesive are al.so nmade from a materi al, th?t 1% is non-{eacti ve wth
respect to the KséataciosgsrcHonatwigyprba pestion of ¢ RINbE copniedalaperdan the s

i ncl ude tqfl =[] =S| : VWhen the spacer is
adhesi vel f}g{)eg%gé%q?%%?%gqélpglgﬁﬁ%%ggthegllé%}rg%glr)ﬂ@grn g&étgodlyé formed on the

| ayer of the viEHGoGshéwsiuprhphyf denplass cinggafdrlaatcsiloé-basedpblyaept her rigi d
body thereto. 15 Alternatively, when the reservoir is formed in the

mat eri dl dFormdationyl)plefirgdas aﬁmtm&f‘%Pﬁ%’é‘ha&“ﬂ%ﬁﬁ%dbn the |ayer of the
viscous liquid f i ANl Vol I~H04 by controlling the
surface energy %I?ilg%gﬁgésggéj\% c&mﬂ&%ﬁh&%&%ﬁ@ﬁ%@{,tc%&face 103 t hereof so

they have a surFIace ikusera@y ah @Rérnhie@mbodingdn® of the Guakbnttifvéntion thefede theener gy
of the viscous liquid to be confined therein. The term surface energy as
used i n 2dayssiof the dsoons liquid isfosmed besween byrigid bediesied to form a boundary

region between ];'I&O?Ei‘éjﬁ &%gﬂgecﬂgﬁa?l‘?'?%\% Eg t!;glrg]fpr&bg cggﬂglgagiaggec{ (ﬂgthtle Afel s@'}a[ca |h§

viscous liquidin fhe reservorr, ace ener reservol
cont r a0l edbflone o6 el twg rigid bodiés shommtig FI@) 8;t hat | owers the surface energy

t hereof. Coating the reservoir with a material that | owers the surface
energy 25 therelf%ﬁ’,- 13inagrapyaf he yelwang chaggriofishe viseausdiquidef Bxamplelr eser voi r

| ess wett ‘ . urface in the reservoir is desirable
aﬂ?{)tﬁ%dl %z} fﬁﬁ?tho ttif?ll}g Gnd

because it its e formation of a neniscus between the sidewalls of
the reservoir d&fi@.1hés agraploabtheivalingt cHahgsoffthe partigllpreated afscousrliqagiofon t he
| ayer of the vi scoils |.iquid confined within the reservoir. The wetting
abi ity ofExample 2 plalishpgafunsfion of ig6i d is described by 30 10 21 JAN 2003
ys = yzcose + ~y~ (1) As shown in FIG 4, equation (1) relates the
surface energy of the reservoir sidewalls (ys),

Detailed Description

The present invention is directed to a method for determining a volume change of
a viscous liquid during a physical or chemical process. The volume change of the viscous
20  liquidis determined by confining a layer of a viscous liquid on a portion of a rigid body
and then measuring the linear (one dimensional) displacement of a planar surface formed
thereon, as the viscous liquid undergoes a physical or chemical process. The surface of
the layer of the viscous liquid is planar relative to the rigid body.
Forming a planar surface on the layer of the viscous liquid relative to the rigid
25  body is desirable because the measurement of its linear displacement does not vary
significantly across the surface thereof. Additionally, confining the viscous liquid on a
portion of the rigid body prevents the displacement of the viscous liquid in a direction
parallel to the plane of the layer, so the total volume change for the viscous liquid is one

dimensional, occurring in a direction perpendicular to the plane of the layer.



denoted as 111, with the surface energy of a liquid (yL) in contact
therewith, denoted as 5 112, the surface energy of the liquid-sidevhl UAN 23
interface (~y,.,s), denoted as 113, and the contact angle (cos9) between
the liquid and the reservoir sidewalls, denoted as 114. Based on equation
(1), conplete wetting.of the reservoir sidewalls occurs when 8 is zero
degrees. A approscimsdireen of dgr mesht ingentianga ayaesfi \Wowas hgtidd®ib it he
sidewal I's and the liquid, when the surface energy of_the reservoir

si dewal | SORfyed YIHER 2 fasgryoirid4of arrigiebedyelify asihopn in 01 3-dbFd. The materi al
used 10 QUi 108 1UGHARRICRTAN o BubRSurESLIHOiThe Lieb AT Ha®BGms©! ut Fon
of a low surtace energy conpound in a solvent. e surtace energy of the

mat er i al sdrfdced03 bf therrighe bedy itk preferdislp anast@s mhe(midlirheters) erick. Sidesdl$ ace
energy conpound used as well as its concentration in the solvent.

Typi cal | $02 prd atiom surficen1035thatare dese thap O ymasthicksse undesiraie becayse they n2 are
sufficient, for,formng, a planar rfa n Vi us. |iqui,ds,.conf.ined within
the r esePugPHalydersa Pheh et of e aficFsdiogdd 20T bkisrsos M RYFFLSE ener gy
conpoundghdiiiehlfrodeds pﬂoQi@ﬁ%(iﬁﬂoﬁs_ﬁ@erﬁUfsbﬁ@;ﬁn@rﬂ%wukﬂlehﬂgqfoﬂtﬂ&Praﬁﬁl r to less
than about 40 mJ/nR2 are_ al kyl silanes, siloxanes, and pol yfluorocarbon
conpoundsurf®egiof tel viscgukliquidi | anes i ncl ude al kyl al koxysil anes such 20 as

tad ltri h il | kyl chl ' h .
oct adecyl 1 1 onPBrebrpiDA by e Kimetidh s Fased BT rRifie Pl 190 patrozadn
pol ys0 | oFRBES Adteehhtiaelydhl Qeekrvof iFfoile8 bnRRE HiFFa08 bithe HgiPHRYby
Pol yfl uor ocar bon conpounds i nclude fl uoroal kyl al koxysi | anes such as 1, 1,

2) 2- per hdhesivelychopiding; acspaest yhareta{eot shown). dhe kpdceriorms theisidewadls ofithe as 1, 1,

2) 2-perfluorodecyltri.chl,orosi| fluorinated acryl ates such as

pol y( penfeﬁgtg'@gf‘%}oler%%gg%boﬁ‘?%@%&ﬁ%?‘%d)‘?m %‘IP%&I | as solutions of FC 722 and
FC 724 (comem&t gigld/bcyaiodadinadé 60 nadivrialhak abh-addktivel ®ith @kpédt tythech s a
copol ymer of perfluoro-2, 2-dinethyl di oxol e and tetrafl uoroet ngl ene

( commer cViscous liguid (eaBl, dogsrmotnmiaren e ploysigsh arghemiead poeresthepewith). (Whea cycl i zed

noants o TELvi&oup Bt IRGEEDINS B ERorEheRiost SBRER if edpbrtte BYRRACREE, te et o1
and al cobelip 10is pretbraBly hideasTal matarid tﬁﬁwrmg%lgﬁt-toﬁ%hﬂmt&aﬁ@ié&q for use

with siloxanes include al kanes 11 21 JAN 2 such as octane and hexane.
Per f | uonfgitable materiakis quartieh as Fl uorinert (commercially available from 3M

Corp.) are sui r iR f 0 0. 2 reservoir is
coat et wi th 1 BREBlsSEE VRE bRt I RRE T GRFBRHENR. A BelaBIC1 V01 (e
| ow sur f aci§latsbisgyl prepolydenciuserultab @ hoRigrphic recortiing niddir. Agdiyabdepoklpen 5
renovi ng, the sol vent. solution js applied to the rigid body using any

h
sui t bl elntieheigyl mm}»ﬁéhgwam@edaw arppPeId chpsea fromdhesgPuR i on is
appl i ed 59%%43§1grdfme9%ymm§s,aﬁﬁmaas,'aéidg,%%ﬁgmw Aggblehs@1d/ or drying

the rigi
polymers useful as a holographic recording medium include mixtures of at least one

monomer and a photoiniator, mixtures of an oligomer and a photoinitiator, and mixtures
of at least one monomer, an oligomer and a photoinitiator.

25 Suitable monomers include isobornyl acrylate, 2-phenoxyethyl acrylate,
di(ethyleneglycol) ethyl ether acrylate, N-carbazoylethyl acrylate, N-vinylcarbazole,
vinylbenzoate, vinylnaphthoate, dichlorovinylbenzoate, N-vinyl-2-pyrrolidinone, vinyl 2-
naphthylmercaptoacetate, benzylbenzoate, and stilbene. Suitable oligomers include
urethane acrylate end groups attached to a backbone such as a polyether, a polyester, a

30  polycarbonate, and a polysiloxane.



After the reservoir is coated with the |ow surface energy material, tzquAN 2003
viscous liquid is confined within the reservoir. The viscous liquid is
confined within the reservoir 10 by placing an anount of the viscous |iquid
in the reservoir. The viscous liquid is placed in the reservoir using any
sui tabl e method such as a syringe. After the |layer of the viscous liquid
havi ng a pl anaThéphdteingiatsr is opfdragd avd akddusingevisibRasruittaviolet ligheltseitdd i s
count er bal anced on the layer of viscous liquid 101, as shown in FIG 5. The
probe is phepisitigory whinhrare agrivatadossingudsiblg lightipabude bistedkhdd cal anal yzer 15
(DMA) (not shown), sui.tabl e | Mode| 7e comercially avail able
from Per kFWi@eH@?dleéQ'ylbbiS%S@Xa"#zhﬁﬂyﬂﬂbl1§Bh?u'§'/ﬁ8&ﬂﬁlr%ﬁ%%ﬁg’é@y on the

vi scous | i gHaHie ¥ ¢ ' - Ty i 1. 51is
count or bal el Hiin (YT SIELEY ool SRPR180 SRLER dnbioibioh] B ko

m | | i g¥ anmactivhted pinghitravislet Kght onododer hzdietwagaczoghbroreybénazophenbnd, fpe | ayer of

viscous liquid 101 20 so the axis of the tip is perpendiculgr to the pl ane
of the | alfthoyybenzaphengns, 3eetpphenPae. PIPRAPPheRRNey KaliBoRe, Benzein, Seiiler bal anced

on the la Vj W IN] j j rce
such t hat Xﬁhél?‘%qr“g’@?’ddé’?grgﬁg&kgFgév&y%ﬂﬁgmyﬁ?%hﬁgﬁshﬁ?‘?‘gg%%&? ipfedy! §€t8ﬁés) i qui d
W th a ratmd 2thgtroxg-2smethybivphedylipropass-ohan t hat during the at | east

partial reacting of the viscous |iqujd. herw se, th robe ti
Pt enti al 1y i ARSHoRELY. ORI hagarcenind e adlesvg des Sk ek romis mEERA

thi cki\ess i JTRASHAGIVEWith rte?ﬁ??%f th bfscéu}gﬁgﬁ{ @S&tﬂk} sfoPEtrifaBﬁs Skiﬁ%g) algdui d to

have a viscosity greater an about a- Sec ascal - sec I Scous
| i qui ds wirchudeitsfims inibbesolrimgs, andaoublbeided tdpePa- sec are undesirabl e because
nmeasurenment errors associateqd with couynterbal anci ng the %robe tip on . the

surface ther eof' fss!BnERa5FY 1§ adkesiiely bopded toythg Aigrdlonsl. arplangsisypace is rmed
pref er abl ¥, B2 ger Yr IR &oud 1§Dy cB%Pesgng'dtﬂa@sxﬁ'fdm‘of ﬂdtlltn) rd i¢bcdy: Probe

; abl ¥ it
tips with gl anelers greater tsﬁlan about mm are desira ecause the
osci | | ati tdwreseto.hereof are easier to control. Additionally, the probe tip ~s

For mals on’ of o AHemUel. KB DEREREIT Gitenbis THEHRE NSO B8 Foul d when

addi {1 onaP e FHEORTOIRLEN B8 HycPbEhe TRl iRy YO RGARed BB e wi th

respect t ceseheindilddywsnirolijog the Bufiacadrieegypofohesidew alsi R2sind thed battormuar t z and

stainless sgrtffgacgll'():’a thereof so they have a surface energy less than or about equal to the surface

energy of the viscous liquid to be confined therein. The term surface energy as used in

20  this disclosure refers to an energy needed to form a boundary region between two
adjacent phases.

Prior to confining the layer of the viscous liquid in the reservoir, the surface
energy of the reservoir is controlled by coating it with a material that lowers the surface
energy thereof. Coating the reservoir with a material that lowers the surface energy

25  therein, makes the sidewalls and bottom surface of the reservoir less wettable. A less
wettable surface in the reservoir is desirable because it inhibits the formation of a
meniscus between the sidewalls of the reservoir and the viscous liquid, thus forming a
planar surface on the layer of the viscous liquid confined within the reservoir.

The wetting ability of a solid surface by a liquid is described by

30

10



After the probe tip is counterbal anced on the planar surface of the viscous
liquid, the thickness of the |ayer of the viscous liquid is detern nefi] Jmezgm
t hi ckness of the layer of 10 the viscous liquid is determned relative to

the bottom surface of the reservoir. Once the thickness of the |layer of the
viscous liquid is determned, the viscous liquid is at |east partially
reacted. The termreacted as usge+tosbhigsdi scl osyre refers to a physical

or chem cal process whereby the viscous |iquid undergoes a vol ume change.

The viscous liquid is at least partially reacted using any suitable nethod

i ncl udi ng exposur,e 15 light or heat. The reaction nmethod used depends on
the conpogiStsheKn FlG4. gauadnd) Telpifsdhe seTach EneFRy ebilis rweamré@évaeﬁ B9t he

lf ELfcﬁfﬁg:?iFrtmE?%Laf@éwi%éh@?#aiﬁ%%‘@%% Dhepatieirmil S amed® o ine
o et ot PEPAFREEnedof e RRB P tale RS MR g0 13, SalBE, | e

change for i ﬂg&t(kﬁebﬁemﬁiﬁiqﬂicﬁwﬁe fleoffWidbwalls dRhEeT Ol as a
function of the asured di spl acenent for the layer of the viscous |iquid.

The di spl Bussedd eqifatibh €l )PEcHslete Svebtidid cMhd tegerveirSideadlls 6¢turswighsd i¢ zefo at
predeterm ned tines during the reaction step. The |inear displacenent (one
di mensi onakegmies Pl appeaeims))zenf deghees (fouhiagiarmenistius betvieon theesiqeavadls end the t o t he
pl ane of the viscous layer is related to the vol une ch%ng&eof 25 the

vi scous | iligHide WhEn SaeyriacreeneRgyRfdhereseroir sislepplly islargon thah die sprfaqs energyt he
ori gi pal tol??fekiﬁﬁﬁ of the layer of the viscous liquid, and HZ is its 30

t hi ckness afte e reaction. 13 21 JAN z003 The net hod of the present

i nventi on whi ciThdehaendl nesd todbwersthe hafage snargy i heoesertains fatmed|fsom pr ovi des

i nformation, abou he rcent that the viscous |iquid is reacted. For
exanpl e Fisgjutign §%|6\S/6§” %!P 5 GRET8Y CPRBOUNG) ip dsolveath eé‘f‘g%‘r‘ﬁ CBTRY P?La - based

pol yrmer pl j 1 i : t yl at e- based
Dol yrmor hasffl (il ot e Rt depénds 8R40 ARIRARABH sareberlll H Spout 30
% by wei glkbmipsoixbusedlas setlyds dts epn@buationlid thé splventi TypicaNyymatgtiale svithaz ol e,

bout .60 % i ght ER351 i i S] .pol yet h kb
W h A et 1HHCCRRPOARes 65 ARt H e e A SHLEE I 7 SN BB PO UFAENb Rosi ns
Company) , aiadul e Snal ibrlbourioRi e G CA (2 phot o ni i at or

comercially available from G ba Specialty Chem cals, having the 10

struct ure showExamplis@f stifablerlvay spriaphensergy¢aBapaiinds hsefulfex lowetihathet he rat e
of volume change for. Formul at.i 1 vari,es 0 jinearly.with..its reaction
per cent | HHTBCE grediin T fesey o ress AL e 38 iftms 7% L Yiabes oA ne
change durgnd$oliAiugRRABEN ;GﬁmP@.llﬂds.aShiia_BleMH@ﬁ'sﬁ&ne‘é@@udéﬂilky]ﬁll&ﬁﬁﬁﬂﬁes' sich
expected based on a particular reaction percent. In an alternate enbodi nent

of t h@Opr & eatad¢ayltamethoay siltne, elkylahlerosilages sheh@s ortgdaayltgemproadanebet ween t wo
rigid bOdiSeu?ta%l%%iloQasness &%meifgncﬁilor%liz%d p-(!)- ygilc\{)éa%gso éjuschlais gﬂ(ioxdy-}e%%iria%d
polydimethylsiloxane. Polyfluorocarbon compounds include fluoroalkyl alkoxysilanes
such as 1, 1, 2, 2-perfluorodecyltriethoxysilane, fluoroalkyl chlorosilanes such as 1, 1, 2,
2-perfluorodecyltrichlorosilane, fluorinated acrylates such as poly(pentadecafluorooctyl
25  acrylate), as well as solutions of FC-722 and FC-724 (commercially available from 3M
Corporation), Teflon-AF which is a copolymer of perfluoro-2,2-dimethyldioxole and
tetrafluoroethylene (commercially available from DuPont Company), and CYTOP which
is a cyclized homopolymer of pcrﬂuorovinylbutenylet_her (commercially available from
Asahi Glass Company). Suitable solvents for the alkyl silanes include water and alcohols

30  such as ethanol, and isopropanol. Solvents suited for use with siloxanes include alkanes

11



confined between the two rigid bodies 110 using any suitable nethod
includi ng an adhesive (not shown) and/or a spacer 117. At |east one 2f] JANE003
two rigid bodies preferably has a planar surface which contacts the viscous
liquid form ng the planar surface on the |ayer of the viscous liquid
confined therebetween.. 20 The two rigid bodies are preferably at least 0.1
mm (mi | | suahtasrosiane hnd kex aRe.dredflinoohiaeed sbhvantsaneh dsd¥soitean(cOminensialiyhi ck are

undesi rabl e becaus e otentially defor en the viscoug liquid reacts
provi di ngvalhgwgqrgﬁéfi@é-ﬁ%? SRt ”WQUP@%@QR@“FB‘?“ ‘Eq{’épob’lnaﬁar surface of
the viscous | gl I [ ) JR(eT | i ncl ude

gl ass and quawgkgfrivggs]% e%{éngﬂgﬁ '?H \Ic.\aDl@JvasSffg eb%‘%ﬁ@éﬂgﬁéél?gﬁpg%ﬁecoat ed with
an adheskelatipn ofthe dow purifane ehergg oampoumignithesdleaneto the righitbadysmduteen i qui d

t her ebet ween.. The adhesi on pronoter | rH)r oves the adhesion bhetween the rigid
bodi e2 afdneYies freselygat: iTngseltionisapalind ladhe Agidhodyueing anpsuiteple Pyhedt s

t her ebet Yﬁmléﬁﬁ@ﬁﬁ%ﬂl&gﬁ# AhbahL %}Hii&#ﬁ%@?lié@@%ﬁ ﬁ%‘giﬁ%og&f e ;&ll?é?u' ayer

of the viscou es of adhesion onoters or use with
quart z sly @emvadiby héiting Ahd/3083imytle aigidBaalye- based prepol yners incl ude
3-(trinmethoxysily)propyl nethacrylate and (3 . .

mer capt opr opy INIEF thedesrsQiE isicoated Wah;the lavhaurfage gpergy mapegial, itRe USROS i quid i s
confi nedy; . .Gl b . i ced on
an out or 18GAEEhre shillin etk ErnBETRE vid R IBHAOR cbingEw RN SPE=C. 1T
probe0i s by pedcirganl amaimu of e viscamdipidim thg rasetvoirt Thereistuaniliqald iaphksdziar ( TMA)
(not shown). Suitable TMAs is are commercially available from Perkin-El ner
Co. The pHreolseerygipusipg amesyitable methed sughas aswinge. one of the two rigid bodies

wi t hout oscil lgf.lng. f - L : : i scous
liquidis det S i ag%fé’g??ev‘;é&{mds Pﬁ@%ﬁ%@gﬁ@%@gg‘lgfﬁggg @é@é?@gﬁiéﬂgpgt he two
ri gi d bodéesesvoir] b probed28 iscduntpubalariced bh elie layerlof aistousdiquid 10K lak yhovesiat ed, t he
di spl acenent _of the probe tip neasured, and the volunme change for the

vi scous Hilgud-dhedrehens Resderably coeaterbplspepdaising:a dxwgtc meFhaniGRERRAIYRT n | ayer s
of ajyis AUl [ 'rheﬁ%g't ' : ; out

1/ 50)lyar gﬁgg%wgg%,%gg %gﬁr}gatb eb%&bﬁrl gl wb-}(‘)i' I es?&{“ﬂ“ég%}@g?z%‘l%ﬂr@‘gf t he
probe i s Peslis{BEhtert Co.tThehe/DMABhe prabg @23 Brcouherbaiancadion theyiscdusliquid di ng t o
equation _(2). 15 However, whep relatively thick |layers of the viscous
liquid (Hﬁwﬁ@ weights Caatabew ik dypicall the RPeal 4 iscagerbplsneedion the yisseus

confi ned gWﬁpﬂ&gﬁgpﬁ&%g{ﬂ@%ﬂ amfe |inear displacement of the probe
in a direction perpen(fl cular to the %rane' of the viscous layer is related
to the vol une Thepnae 125 is baunvérbalanced longhe shrfase aDthedayet ofreisatuaiigqeid10100

[(HZ_Ht)/H ]3. .(3), The followi ng exanples are provided to illustrate
spec??i c s@ﬁl%?oﬂﬁ”r@f)rﬂ‘% upfs I_B%e“\@ﬂ“é’gaéﬁ? tqerﬂ}%qafélﬂﬁ BE(M%‘“&C%S lighid IRt of an
acryl at evhaseHe fp§/cBuhtetbdidhcad b0 AR bP thediscol figGHEP toukRestRY Girfee ar ea of
about 6 cn2 was pl aced between two quartz plates. Each quartz plate was

with a force such that the probe descends below the planar surface of the viscous liquid

with a rate ‘that is substantially less than that during the at least partial reacting of the

viscous liquid. Otherwise, the probe tip potentially sinks into the layer of the viscous

25  liquid affecting thickness measurements thereof.
It is preferable for the viscous liquid to have a viscosity greater than about
15 Pa-sec (Pascal-seconds). Viscous liquids with viscosities less than about 15 Pa-sec are

undesirable because measurement errors associated with counterbalancing the probe tip

on the surface thereof potentially occur.
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2.5cmx 7.5 cmin area and had a thickness of about 1.0 nmm Fornulation 2
is a mxture of about 40 % by wei ght of a nononer, about 60 % by wei ght of
an oligoner) and about 1 % by wei ght conpared to the nonomer and oRi1gMNe00]
30 of a photoinitiator. The nmononer is isobornyl acrylate comercially

avai l able from 15 21 JAN 2003 Al drich Chem cal Conpany. The oligoner is
ER- 351 whi ch HE® mobwtip prefanblwbaghdiaotetea igmater 2000bancd.§ anp(ingimerrol yet her

backbone h uret hgne acryl ate end u ER3 cormer ially available
Fr om Eend TRESIR BB Hisisn BE0 ahP g Bim (% derablebEcan i g agons
structur Qhéﬂ%@f"ﬁe bﬁhlé:r t@cou?trol%dn?n@ﬁallysth‘é B Rldp¥ofd &e%@d‘iwﬁﬂ Qe ba S
Specialty Chem cals. The volunetric measurements for Formulation 2 were
made usi myrfacd?mekgyrcoﬁipmndYcepm&ycrﬂmhecfomnaﬂxmwfaaxhemsmjswzeme(\Iﬂhdﬁprpbcusp}d in a

TMA mpde. The DMA incl udes a quartz hou a bott e) and a probe
al | made B the¥sEoHs 1@H@\ﬂ\m%§%aﬁpﬂp e %Wﬁ“"g%‘rﬁoé eVd%C@B%EaY?%rough
the bottom pla I

t her ebet ween mégd‘Bi-{ r?g(#% 1Eé1aﬁ% glsgﬁaggtr{eapmﬁ ?rhre (‘)’%glllngrgﬁgzh

The t hi ckhesicals liguéd. Bhnhlﬂa@tobeenamiarmbludaqmﬁ ardstmldsmmg t he DVA The

quartz probe was zeroed on the bottomplate of the DVA. Thereafter) t he
t hi ckness of tMBeRthg Pipbs tip4s §‘P‘4"éFé§aIW°t°H opike plavASEERGe thioViseRs lighids i ned

t her ebet wWae i WaR B 56k of thE vistius KRS ‘&Eteb%e@'ﬂq}stpﬁkhélﬁ%f tt@%ﬂ? of Bl €
preneasured 1 n the san appar at us were g t romthe
t hi cki@es sthe pisosusdiquid islietermired atlative toklmbatdeurFmermﬂkt&tremcﬁr The probe was

count er bal anced on the top surface of the quartz slides with a force of

about 5-10 niN 9nsethe Fl?é%’t”&?r“s‘)f the, lpyerofshe vléealsﬂ’awddaée&emz@e% the,¥iseous

Ther eaf t r | anp

(11t ered ERTIE {oRE 4R (RORRH fefbuly ELMBH bifURIAORIAIRS STF 5o
nm f or am;'slcSKbrmhelntoalspro&'d:m wheteby she mscﬁﬁs dxf]utdl’lmdéngbe:ea ealuhleghhng&a't‘heabout

10 mN cn®. Thete a}ture of thetgartz pl at.e qut ed by about 0.2 C
As For mil ViESO0 iguigs at east pardally frac ﬁﬂgfﬁs BBhSH Wiking SXPOBIB R wer e

Chanad f arBLS it T Sifiopahq et el uEpfis o iy °I“ E’%ﬂéé‘“&f S
vol ume change As the.visgougli@id @@pw, he shtthde\df o lja)'er(oi)ha/\herroas lhqux;d asvellhe

wei ght raasct}ule 8rrc])b8 ftxptt(?uechfnog Onednsplz{cgd gnhae dlrrrclec)étog rp%rpem.ixcul?lr to tﬁe pluaplg E)} &nal 'ty

layer. The displacement of the probe tip is a measure of the linear displacement for the
viscous liquid as it reacts. Thereafter, the volume change for the partially reacted viscous
20  liquid is determined as a function of the measured displacement for the layer of the
viscous liquid. The displacement of the probe is optionally measured continuously or at
predetermined times during the reaction step.
The linear displacement (one dimensional displacement) of the probe in a
direction perpendicular to the plane of the viscous layer is related to the volume change of

25  the viscous liquid as

% volume change = 100 (H,-H,)/H, (2)

wherein H; is the original thickness of the layer of the viscous liquid, and Hj is its

30 thickness after the reaction.

13



(e.g. monofunctional acrylates, difunctional acrylates, trifunctional

‘acryl ates) of the 30 conponent in the mxture, and MWN is the nol ecul ar

wei ght of the conponent in the 16 21 JAN 2003 mixture. (Equation 27 $AN 2003
di scussed in Pezron, E. et al., Mdeling of ITV Aigonmers and Mononers
Properties: Viscosity and Shrinkage") RadTech '96 North Anmerica LTV/ EB

Conf erence Procegdinefdod oNaspredeheinvemiondOhitl Gete A9 vollime Rharzes bE@EdoRE at ed
herein by reference). The cal cul ated % vol ume change for Formul ati on 2 was

about 6.0 biguigs Fise pravidss infprimation aboutsthe Rerce dhatshesvipeays dinvisl inmaceddinge f or

Formul ati on, 2 nl a functd f t tiQn %l asyr %
Vol unre. chafgns Pl s sl Bl Matde At eh By Bise BOLTRP B 80
about 5.3 %4 a fonetion 6f ids AactwﬁgjémengfrhE@émut@b&sea pdlywis hgpafdrmathibet ween two
quartz slides as described 10 in Exanple 1. Fornulation 1 is a m xture of

about 3D olHpymputatigntl) whisthae ayixaes 9f abowy 3Gifdwm waightisehprndiagryiateaboyiy |

bazol t 60, %by wei ght ER351 | i si | yeth
backbone v b B eerea Vet 6 Rt S0 B0 ~ SRR RN P a0Re T bl e Fr om
Echo Resi ngorfypAfIASN bdlyeiher beRkBorleR\aith afetiahe dcr¥babtyends igﬂﬁx?s,@@hm?é}éiaﬂ

photoinitiator comercially available from G ba Specialty Chemicals. 15
For mul at i oavailapkesram &gho Besing Gempanio: and less tkanpabobhl % by weight §Rl-784 (a

| engt h_pet bout 540 nm. 850 nm f or_about 50 ninut i
the. condi « PO Hoer R AR uisPls T Keer ooy SneF et baval oour 63 o6
pr et eagy edsiridigrelHoWAHTFIG, 79, TR ESaphEOIFI! GRidaes He HoahieQVBluieaflgd Ne

housi ng of the DVMA. The quartz probe was zeroed on the 20 bottom plate of
t he DVA. TherrFommukation i aneggbouylippaglyevitieits reasiionaerrgnt Thusl fonFermalatiop 1

surface of .t.he unpe uar slide. The thickness of the,t rtz.slides
wns. subt 1 altvLEot B o R o chates dihE BRRRAGE 2n Wit Ro PRt Sl °F ox
the 63 % pkelhaicdhanzdieerplcaid tasedlordd patioshr Ra&if perdentlenoted as 150 in FIG
11. Thereafter, Formulation 1 was further reacted by exposing it to |ight

of a 25 wavel endp tn garnaie pmbedientefGhe present imvsotion 3t vigeaus Aiquidads igo

m nut e$. Usi_Ng- t ondi.tions, descrd.hed in Ex As. shown . he graph
of " a5 11 cotiedisRR kb PR RETG AT POy i EReck Jae TP R 83 8. 8006

nmm from t hgonfiledi tRtwdellithkn@sSziabodie® 110 (sife Snydiitable MitesH Msludiig.ant 0 about

0.617 mm) denoted as 155. This thickness reduction corresponds to a vol une

change of adélmsiverinat shpwnyand/qria spager 10D.3ATlaest iong ehithe dwo cigid basiesipseferablya

Comr i i ngMERCoEpaartiRe YN EORRAT e Yischus RF0 1S e svtEieabe, o o

of a first ldyefbfthb oit¥ousii@idiohfinbe@ tHedetRtwerh,. t he vi scous Iiquid has a planar
top surface in relation to the first rigid body; nmeasuring a_ thickness for

the |a3@r of thdhoteesgid hadinsiam praferatdyatleash Prlimm (nillipershigicknRigidyer of
(e, L 7E " ol s 34 ST i SR EORROR! Bt
of the pl anden tiggvisdonk HigeidaéactdyroVidirgrinednsistent displacdifent mpastements for the

planar surface of the viscous liquid. Suitable materials for the two rigid bodies include

glass and quartz slides.

25 The two rigid bodies are optionally coated with an adhesion promoter prior to

confining the layer of the viscous liquid therebetween. The adhesion promoter improves

the adhesion between the rigid bodies and the viscous liquid, preventing the formation of

air pockets therebetween that potentially affect thickness measurements for the layer of

the viscous liquid. Examples of adhesion promoters suitable for use with quartz slides
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2. The nethod of claiml1 wherein the first rigid body includes a reservoir
havi ng sidewal | s and a bottom surface and wherein the layer of the ils¢hug0;
liquid is confined within the reservoir. 3. The nethod of claim 1l wherein
t.he first rigid body has a planar surface and the |ayer of the viscous
liquid is confined between the planar surface and a second rigid body. 4.
The net hodaraf aceylaterbasedyprepaymetsheclidey/ (triofetlidxgsily) propylsmethagryldtei ad ¢dnf i ned
bet ween the planar s I’faCﬁ of .the first rigid body and the second rigid
body with Qﬁf‘-‘éﬂ%&qwﬁm@?‘ TSRS hod of claim 2 wherein the thickness of

the layer of thgery HE PRy bg ﬂgiv‘ijs.cj;)@sl wc%ﬂgnefd W%ﬂh@%@ﬂ%icf%d?cs%gbe on

the planar top surface ™o Vi scou lquid In the reservoir. 6.

met hod of piobe MBS isvdoanerbaldnced pii abeutessurfane bforteadfahe axb ngiditodiep| aashowd op
surface_ of the layer of the viscous |iquid by touching the probe to the
sur f ace® 18in FI& 9.71h¢ probs 1 Meferbly supteriplansed usiag a tharmamechanicst gpbyzebscends

bel ow t he I =1 L s d rate
that s subSianrrRe L SERHIE MAGe o Einitineelly PR ok AL, T2
of the vi sThelprobt Gipitcuchés thEhataredrfard ofbne bfuhetdo wight odiest witledonestsllapihgt he
| ayer of the viscous liquid that is confined between the first rigid body

and the sed&bergafiargthe thiskdiess of the layer ddhe isgqusiquidys detsrmingd selatvede t he
second ri gj NS RET) 2] . ' ,qui d has
2 Vi scost £ kRS oPyr P olFHIRE oA EleUoHlel, WGl Hfaft BERURICH L) D 070
cl ai m PO whesrgially féacted) the displacgmeny bf eegrotre tigimehsayet; and thevelumednange for qui d
Is formed by controlling the surface energy in the reservoir of the rigid
body so it tgadscausliqyid detegnivedyasidgsaribed ab@&€s t han or about equal to the

surface encrgy @fneh81ali?fg thif laybRi%e %! vi&BUSTi{id WaidPf MRAnERR BiH Yatio of

less than about 1/50) are confined between the two rigid bodies, the displacement of the
probe is related to the volume change for the viscous liquid according to equation (2).

15 However, when relatively thick layers of the viscous liquid (having a thickness/width
ratio greater than about 1/10) are confined between the two rigid bodies, the linear
displacement of the probe in a direction perpendicular to the plane of the viscous layer is

related to the volume change of the viscous liquid as
20 % volume change = 100 [(Hz-Hl)/Hl]3 . 3)

The following examples are provided to illustrate specific embodiments of the
present invention.
Example 1

25 An amount of an acrylate-based polymer with a Formulation 2, sufficient to cover

an area of about 6 cm” was placed between two quartz plates. Each quartz plate was
2.5cmx 7.5 cm in area and had a thickness of about 1.0 mm.

Formulation 2 is a mixture of about 40 % by weight of a monomer, about 60 % by
weight of an oligomer, and about 1 % by weight compared to the monomer and oligomer

30 of a photoinitiator. The monomer is isobornyl acrylate commercially available from
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10. The method of claim9 wherein the surface energy in the reservoir of
‘the rigid body is controlled by treating the sidewalls and bottom surface
of the reservoir with a solution containing a | ow surface energy conpbplnidN 2003
prior to confining the |ayer of the viscous liquid therein. 11. The nethod
of claimb5, further conprising treating the probe with a solution

cont ai niAddrich Chnmisalr@mwnenﬁhgqligomqndﬁm 3pi ivdvicht msaouoleerlbavegitiafg it on

t he planar t surface. of th f the viscous ljquid 12. e met hod
o b o, Apaw 2080 31 RE a bOReed rekbmeth bndig sl terPssBRect ed 11 om
the grous: GORRHkAly alaifblfror Iécﬁ@fz%sm%dn?@sﬁpeﬁ,mtdmhmfok KGR AEHON
conpounds. 13. The nethod of claim 12 wherein’the al | anes ar e

sel ect ediaﬁn@ thet dnmctyr@smmnnsm@t 7.1GBT784ais Icytnnmlrd«aikwmailabieﬁroanﬁxba# kyl

hal o nes. 8 JAN 2003 14. The nethod of claim 12 wherein the
si | an peciplyy H‘HE‘F? nal i zed pol ysil oxanes. 15. The method of claim 12

wherein the %%%iu‘r&%"tx@fﬁﬂ'é?ﬁ?irﬁai@f&? 'Fgﬁmﬂﬁ r?? W%Fe{ ‘Eg‘i’é Jsﬁrf@ & PEKO R,

conS|st|ng of fl uoroal oxysi | anes, uoro or osi | anes,
fluori nabelglnammyhahamcalmnﬂgqurfEMAphsqdanfaIMAaﬂadeZTde DMAyhdudesal e and
tetrafl uoroet hyl ene, and cyclized honppol

per f | uod8#th ‘ngehpP'é‘?fﬁéllate £8d a?@eﬂm@fémﬂuﬂ%lﬁhe?mu‘ﬁ%?d‘g&%r| si ng
t
o oot otb Bt qtlcal dclal E130H ROl O AEECTHE Gtz Bies W FAMMIRED O

17. 10he 2rowifined thkrebétaicon %s pheecomthi bettamipiate wilthm thehbesing of tha DMA.

al koxysil ane. 18. The thod of claim 17 wherein the al koxysilane is
sel ected froﬁthﬁ'é‘C’&}eé%gtE 8p REPIORSGHYS %*Y"?rﬁalsldﬁm{?f?g?lp&l“ﬁﬁ%l“e

met hacr w8 £pBE was zEBES 81 tHIY B pihde 'oF Ric IONDAS ThfaGfter, the thickness of the

two quartz slides with the photoactive polymer confined therebetween was measured. The
thickness of the glass slides, which were premeasured in the same apparatus were
15  subtracted from the total thickness, providing the initial thickness for Formulation 2.

The probe was counterbalanced on the top surface of the two quartz slides with a
force of about 5-10 mN (milliNewtons) and stabilized for about 20 minutes. Thereafter,
Formulation 2 was exposed to a 250 watt quartz halogen lamp filtered to provide light of
a wavelength between about 540 nm to about 850 nm for about 80 minutes. The intensity

20  of the filtered light was about 10 mW/cm® The temperature of the quartz plates
fluctuated by about + 0.2 °C. As Formulation 2 was reacted, the height changes for the
quartz probe were measured relative to the bottom plate of the DMA.

The calculated % volume change for Formulation 2 fully reacted was determined
from

25
Calculated % volume change =-2.58 +3100 Z[w;(F¥yMMW,)]) 4)

wherein w; is the weight fraction of the component in the mixture, F; is the functionality
(e.g. monofunctional acrylates, difunctional acrylates, trifunctional acrylates) of the

30 component in the mixture, and MMW; is the molecular weight of the component in the
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19. The nethod of claim5 wherein the probe has a circular tip. 20. The
nmet hod of claim 19 wherein the circular tip has a diameter greater thanpy 2003
about 0.5 mm (mllineters). 21. The nethod of claim 1l wherein the viscous
liquid is a mxture of at |east one nononer and a photoinitiator. 22. The
met hod of claim1 wherein the viscous liquid is a mxture of an oligoner
and a phot onixitdre aEquaticd0t is dxtussadlliPPezeen, 23 et ath dadeling df BV Qligimers andher ei n
the viscous liquid_js a.m:pture of %b.lﬁﬁast, nq.m) r,. an oli , and a
phot oi ni t i aY8Romers Pregertiese v soestyrand Shr %@M@ﬂh—%ﬂ?&—%&@ c st one
mononer s %f@fe-a&ob&&&mgﬁm%w , 5121091 1961 18H6Y ' HiHPR HBbkp &tk hétes: by

2- phenoxyet crylate, di(ethyleneglycol) ethyl ether acrylate,

N- car baz oy refegrice p@hy calt@atel% volpheahbazedbelFormutatidnehwesiabout 6.0 %.

vi nyl napht hoat e, _di chl or ovi nyl benzoat e, N-vinyl-2-pyrrolidinone, vinyl

2- napht Ryl mer cap'f'?fa%&*h?feﬁmbiﬁil}ﬂ s gicpsuredy %o alyme ghange forformylatigpehod of
claim 22, L0t L groups. 26.
The net hod%g?@ezq %%%%%gg?bno#ngleaﬁmm&ﬁg%%c ogbeat?)l? Mx{eﬁg&(ﬁ% ir}gromar is

sel ect ed f rEormubution 2 pbaunrid0 shinutgs @llprhsted)heassabopos.§ &bt er s,

pol ycar bonat es, and pol ysil oxanes. 27. The nethod of claim 21, 22, or 23
wher ei n theE’ﬁﬁmP'Gizni tiator is selected fromthe group consisting of
bis(.eta.-5-2, 4- i = L =6l f ] o o gni-‘% sl phe
nylJtitani um 2,ggg{ng?ﬁom;%gg{?%%%%%éﬁg?&ﬁgﬁgg’% weér%grtl{’e}?agrret lfgéiggeérilez%% ed)none,
acet ophi@nonia Exanpie hiHoemoladon X a4 hixtere diabauti30, % lbgrwdight isvbphiyhagyiatepne,

ant hr aqui none, t-butyl perbenzoate, 1-hydroxycycl ohexyl phenyl ketone, and
2- hydr oxy- 2098t #@%-Wwﬁsﬁwﬁﬂ%aﬂbﬂ%ém%% Ty WREH SR ISH (&1 HEAmETwher ei n
t he vi scous. - i-auid 1 : t ' R the
epoxy is a cé’lﬁ gﬂ;}ilég%ddyﬁo lg%?%égr%qcé)%oglggﬁﬁgﬁgtpﬁ J%ggaetgfeem&gt%bgﬁ%g?ﬁggﬁgﬂ@hosen
from t he groajpatdefreisEdhoReasinsaPrmpeny), pod leasrihde abow iy dyiwaght GEI-78:t, (aand
phenol s. 30. The nmethod of ¢laim erein the e js, at least partially
Poacted w iR sommpreishalge §0% Giba SheambhCHmicRls m o1 - 22" or 3

wher ei st he m Xt pdriulatioRll WEBbouPEd %l grbredcté LR GRS 19 l§§!198fta M\Fékn%kh A

wavel ength in the range of 2~0 nm (nanoneters) to about 800 nm 22 A
@ A. AFf . ASshettyeenfabautr544] im £¢ about A3EnmA, for abburs@miBitésa@singthé coltditignsE ;

>DQN* - @ o

{vql gb\ W c a5 in F3 4P ca] ca] ca] cal] ca] ca] cay] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] ca] cahfigd Eqhfaftkion]10dsCabad 5% Perdsttd s H keddk 66 plab&pl cal
ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca! on Weberqgm plat¢ (mthg hpusingiof the DMA., Tliq quadxz probe was zeroed on the

0@&00 i
] oa] o 0h) cafror SRR IEEPRE] B tdnet i 6 RbESHEhIRLARARE Boia) ool o2
777J8288] Ibshinfded SARyd uSA 8 YThe Ghadkaads et kel qland kEddsordsGabeate] cal ca
] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! A- BvBBCFCCC) D\
DDDEFEI B~ EHFpmRi®: @lithiskness, prodioppavnitial thipknessifos shecéd Farergpeted)] ca] ca] caj ca
| PQ
RRRGSSSKT T 1T DN ASABNAN AT SV S0 FF i cal cad cal call oa] calcal
C?U] YSfa]ZCEZU] ca] calkedreel, Fk@ala6ah ¢ 3t ek cakedlsakpadisgit¢aligiloral cal cal ca] ¢
a s X
[c[f[I[3] [[®rvelengtinbetweenatioyR40Rert delabaat 30 nm fo1 abdue 80 snineey esingdiEca) ca caj
cal ea) cal cal ealal SRLABLE A SakARL TALe O ke BlaRL BIG A1 leRkAlS BF cal e
j nj j "kl 1 mknperraNmeR\ (OgRtealedsppthxZhaRlyrndons] mal ffcth e iaalaf alioak aadfesbaa] cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]' ca] ca] ca] ca] ca] ca] ca]ca!]ppqgdqqrjrr$sy
ss.ttt: 0.626 mm, denoted as 150, to about 0.617 mm, denoted as 155. This thickness reduction

i M/ D} ~* id Z K
] Ca) ca] ca] b i ATy ahamec bR 65 Col ol ool cal N o7l cal calcalcale
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f EL

‘XkuYRXdckf } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca} gak Q83
] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca! fcwW/9

V| wr mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]ca] ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! <L_Vgny* X0| Bv} xsni d_Z] c] ] ca] ca] ca] ca]
ca] ca] ca] cataelsventmhcdiarliGs] cal cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca! 3Pl L[ @R+LFh} xsni d_Z] c]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 60?+LFh}xsn| d

2okl s ol el sl

410%6&" () - | &nd ﬂ&gfﬁe'dté&%ﬁ& () 9 10%0& ()-9"10%% () -
; >DQi K- LL! 10908 () - z#109%0& () - 10%0& ()-LY 10%08& ()-L! 10%08 () -
10908 () - y109%08 () - QNeprEining a layorsf g yiseus ligyidon(a porfigvedadiest (l)gwdoxm/@& ()-

S5 S it B MW Bt

sJz\ >7L10S1AH8 Hody10%& () - 10%& ()-L 10%& ()- & 10%&' (

@0%(k& ()-L10QIPKi K- 7s10%&' ( 109& (L & 109 () - 10%& ()-1 109 ()-& 10%&
measurmg a th1 ess for the layer of the viscous liquid;

() -
1109 () - K-7@ @o 0 0%& 3L!I'10
U ()-2(')' 10% ()->li K- éﬁ@tfw«é}ﬁ? {%wgég %’gglﬁ%/éf)";ﬂll"isﬁ%{%‘%ﬂ % () - 9110%& (
-/109& ()-1-109%& detdfrivingdgDib@ v m%y o ek e d@dDIARYS
)@10% () é“’/@(&)& e101010475 r}e[agg AfY: 'elgfb%lgjﬁ ﬁ;t%&rt(a)llry e/& (f)- la, $§L%)%& (
) -, $109G8 (%s 3 asuring the linear displacemeént of 't nar top surfaceo the

10958 () - - f fduif o thi Vg@g@ﬂ 1.() -1 XF#109%& ()- & f10%& ()- 10G 10G
100s109%6G& () -, $10%HE () - 6" " #$zX6_=! aF&z#109%& () - ! @$10%&’ ()-'fF$10%
& ()-1fFS109& ()- F#109%& ()-!\ F#10%& ()-$, YREE_&E&&E&HC! aF&310%& () - 9' S10%& () -

105 & () - 100 () 21095 %%é#1%‘%@@?@%%‘«#&3&%%%Fi‘éar.lsg’e‘i‘“v&w bodk ()-y

' 109 () - Z having sidewalls and a botiom surface and wherein the layer of the viscous li u1d 1s

109 ()-f @ 10%& ()-.! 109%& ()-! NSl #109%& ()-u,,%--.] . dEbC aF+&10%&

9% 1098 () - (E%Tﬂﬁeé‘)W“hlliﬁ‘ﬁeﬁeié)rY% -9410% () - #109& ()-j../|/608090: o OdYNC! aF
10 10 10s :s109%& ()-2s! 109 ()- 0! 109%& ()- @ 109%& ()-S- &$109%& ()-;
0GD001111dEYNC! aF "109%& ()- ! 109%& ()- 109%& ()- 10%& ()-!10%& ()- & 109%& ()-
12 223p33dEYNC! af. The method of claim 1 wherein the first rigid body has a planar surface

F10% ()-1" and/f%e (lgye}{%lf 311%%«%50%215 Illc:ll'lgc( e% éo)nﬁn 1(9 g/ggfwggn tfh% %%q%a.r( gur?adég %ﬁc? YO6AEYNC! aF

second rigid body.

4. The method of claim 3 wherein the layer of the viscous liquid is confined
between the planar surface of the first rigid body and the second rigid body with an

adhesive.
5. The method of claim 2 wherein the thickness of the layer of the viscous
liquid is measured by counterbalancing a probe on the planar top surface of the

viscous liquid in the reservoir.

6. The method of claim 5 wherein the probe is counterbalanced on the planar

top surface of the layer of the viscous liquid by touching the probe to the surface
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10. The method of claim 9 wherein the surface energy in the reservoir of the
rigid body is controlled by treating the sidewalls and bottom surface of the reservoir
with a solution containing a low surface energy compound prior to confining the

layer of the viscous liquid therein.

11. The method of claim 5, further comprising treating the probe with a
solution containing a low surface energy compound prior to counterbalancing it on

the planar top surface of the layer of the viscous liquid.
12. The method of claim 10, or 11 wherein the low surface energy
compound is selected from the group consisting of alky! silanes, siloxanes and

polyfluorocarbon compounds.

13. The method of claim 12 wherein the alkyl silanes are selected from the

group consisting of alkyl alkoxysilanes and alkyl halosilanes.
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18. The method of claim 17 wherein the alkoxysilane is selected from the

group consisting of 3-(trimethoxysilyl)propyl methacrylate and (3-
mercaptopropyl)trimethoxysilane.

19, The method of claim 5 wherein the probe has a circular tip.

20. The method of claim 19 wherein the circular tip has a diameter greater

than about 0.5 mm (millimeters).

21. The method of claim 1 wherein the viscous liquid is a mixture of at least

one monomer and a photoinitiator.

22. The method of claim 1 wherein the viscous liquid is a mixture of an

oligomer and a photoinitiator.
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selected from the group consisting of isobomyl acrylate, 2-phenoxyethyl acrylate,
di(ethyleneglycol) ethyl ether acrylate, N-carbazoylethyl acrylate, N-vinylcarbazole,
vinylbenzoate, vinylnaphthoate, dichlorovinylbenzoate, N-vinyl-2-pyrrolidinone,

vinyl 2-naphthylmercaptoacetate, benzylbenzoate, and stilbene.

25. The method of claim 22, or 23 wherein the oligomer has urethane

acrylate end groups.

26. The method of claim 22, or 23 wherein the backbone of the oligomer is
selected from the group consisting of polyethers, polyesters, polycarbonates, and

polysiloxanes.

27. The method of claim 21, 22, or 23 wherein the photoinitiator is selected
from the group consisting of bis(.eta.-5-2,4-cyclopentadien-1-yl)bis[2,6-difluoro-3-
(1H-pyroll-1-yl)phe nyl]titanium, 2,2-diethoxyacetophenone, benzophenone, p-
methoxybenzophenone, acetophenone, propiophenone, xanthone, benzoin, benzil,
naphthoquinone, anthraquinone, t-butylperbenzoate, 1-hydroxycyclohexylphenyl
ketone, and 2-hydroxy-2-methyl-1-phenylpropan-1-one.

28. The method of claim 1 wherein the viscous liquid is an epoxy.
29. The method of claim 28 wherein the epoxy is a diglycidyl ether of
bisphenol-A mixed with a compound chosen from the group consisting of amines,

polyamides, anhydrides, acids, and phenols.

30. The method of claim 28 wherein the epoxy is at least partially reacted
with heat.
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