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Hydrogen and helium tilnls as model systems of wetting * 
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Ahstrwt. Oplrcal cx~xrirncnls un rhc wcltlnx [)ropcnlcs 01 I i q~ l i d  ' ~ t :  ;III~ I~IOIL'CIIIB[. l l y t l t o g ~ l ~  arc 
rcv~cwctl. Hyrl~ugen films on r~oble nlctal surfaces aei-ve i ~ u  inodcl systct~ts f m  srtadyii~g I~-il)l~ [win1 

wetling, a cot~l inuu~rs tnns~t ion helwcen werti~ig n r ~ d  t io~~-wc~l l r lg .  R y  ineiins of optically cxclted 
s~rrfacc plastnons, Ihc atl.;or-bed fill11 Itllckness ior lelillwrillures aro~lnd, nnrl far helow, lhl: h!~rk r ~ ~ c l t -  
rng tempcratulc 1s n~cnctrred, ;lritl Ihc pl~y\icnl mecl~ar~isnls responslblc fol- rhe tlansrrlcm 111.c clucl- 
dilled. Possihle apl)licaIto~~s Ibr o f h c ~  cxpcri l t~cr~tr 111 pulxl and applied resciurl~ me discuwnl. 7 '1 r i1 t  

film% anri d~wplels u i  11rluid heliilrr~ arc sludlcd on ceslum surh~ccs, on wlllch t l l c ~ r  I %  ;I first rlrdel- 
WCILIIIP ! r i l l~~ i l iun.  Otrr st~rdics concentrate on tlynaa~lic:~! nbscrvntiurls VI;~ \urface plasmuu r l~icro- 
.wupy, whic l~  providc tos~ght 11r1o the rnorpholngy of  lirluid helium droplets rprcatling ar tlliierenl 
tempernturcs. Fe:~~urtts COI-rcspr~trditlg tu pilrrling li>rces, Ihc prcwettir~g linc, n n ~ l  llle Kostc~.l~t/.-'Thou- 
less TI~IISI~IOII BIC clcally V~SCI-ved. 

KeyworrIs: Wetl~ng; Suriace plasnjnn: Qtl i i~~tl ! t l i  II~~III~F 

E Introduction 

The fascinating field o f  w e ~ l i n g  phet~omenn may be de f ined  by the q~~est iors :  '11r1tle1- 

what circumst;mces, and in which m o ~ p l l n l n g y ,  is a material, M I ,  thermodynamically 
stahle at the buundary  between t w o  othcr given materials, M2 anti M3?' I .  This q w s -  

tion is obv ious ly  a kcy issue in u o n ~ e m p o r a r y  n;ttur;~I sciences ijs w e l l  as 111 lnarly 

ficlds of modern lechnology, which have all c o n c e ~ ~ C a t c d  more a r ~ r l  mor-e on syslelns 

in which interfaces and thin films plily an important role. Thc nccd of i~r~del ,s tant l i r \g  

the behaviour of systems whose I>I-openies and performance are strongly in f lueoccd 

by in1erf:ice phenomena entai ls thc necessity of ~ i r ~ t l e r s t a r ~ r l i r ~ g  wetling phenomena i n  

genel.rtl. 

+ Erlitot,;al ~tutc. This rcvicw anicle was rcce~vcd by K, h;tnsrclri. 
I It) Illar\y vases. Mz dcnotes a pas, suct~ as the gas pl~asc ot M I ,  hut th~s  ducv rlut nccd to be the 
case. 
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tc~npemlure I;ld\urpt>c>ri isotlrc~r~~). Solid 

p l i l ~ c :  crlmplclc wc~ting. Dasl~cd linc: ill- 
<at cr>r~iplcte wcltirig. 

In spitc of !tic I'xl t l~al  wetling has k c n  syste~~lntically investigaled for almost 
t w i ~  cc~~tu~, ics [I-31, Illere are still many unsolved prubtems and open clues~iniis tn 
;tclti~-ess. The p:~rticuIar cli:~IIenge Ibr butt1 ~heurelic;ll anri cxperirnental inves~igations 
is r hat ~n;iun~scopic welling  inpe per ties may 1)c chnngcd dl-amatical ly by only minute 
cl~allgcs in rhe ~aicrnsccr!iic pscq~rtics of  ~ l i c  involve(! materials and lheir su~-f:~ces. 

1L)r exninl)le, a single layel- uf alcane molecules on a mica surface may change i!s 
wettil~g bcllaviou~. from perfectly hydrophilic lo hyrll-r~phohic. 'l'ht. ~rlost sl1,iking ex- 

pcrimental sigt~it\c;~ncc of Otis Ihci is the sensitivity crf wetting phc~ianicna to cxtraor- 
rlinitri ly sniall arrioutlts o f  surface contanination 141. 

Murc spccific;tlly, the wettirlg properties of ;i suhs~~-atel;lrlsn~-t~:~te system :ire t l e l e ~  
mincd on the rnicn)scopic level hy both shorl and long range fol-ccs. Thc most prom- 
inen1 (and ubiqr~ilous) long range forcc involved is the van der Wads force, which is 
of electrorn;~gnctic origin and contributes to the. chemical ~ ~ o t e ~ ~ i i i ~ l  ot- the :rdsu~-l>ed 
~nolecules as 

whe~,e rl is the tt~ickness of t l~c iitlsol-her1 Cilni ant1 ( v  cle~ir~tus the van tlcr W;~;ils 

consIan1 15. h 1 .  Tlie shofl ritngc intcl'wtio~ls ilsunlly co~.resporld to ~nt>lec~il;~e- nntl 
;ttornic fol-ccs, si~ch as eleciron exchi~nge or hydrogen honrjing. 



A widely used paratl ig~r~ for !he chnritcteriziiliot~ o f  the wettabili ty or iI solirl sill.- 
face by ;I liquid 171 is the contact a i~gle ,  0, which fi>rrr>s ct1urlib1-iu~n helween the 
liquidlgns interface closc to thc solid surfacc, and the surface itself I I ]  (ti', f ig .  la). 
bor it ~'crfect ly homogeneous surface, i t  is  uniquely delerrnincd by ~ h c  in~erfacinl ~ C I I -  

stons between siit~slrate and gas. sithstl-a~c iirld fluid, irntl Lluirl ;~ricl g:ls, respcctiuely. 
Howevel; i t  turns out cxperimentnlly that smihl ~ ~ ~ h o ~ n o g e ~ i e ~ t i e s  of the sul,st~.ate :+re 
sufficienl to induce ;I large hysteresis in 0 Tor the lrceding ur advancing conract line 
18, 91. C o r ~ s e t l r ~ e ~ ~ ~ l y .  llle uorltavt a n ~ l e  is, in genelal, :i dynamicill r l u ; ~ ~ ~  tity which cle- 

pends upon the history of thc Ineasurcnicnt, and its c q i ~ ~ l i b r i u ~ n  valuc is not easily ac- 

ccssi ble. 
It hiis Illoven mow aclvaljrageo~ia, t,o~li co~lcey~tually ;i11(1 C X J ) ~ I - ~ I I I C I I I ; I ~ ~ ~ ,  t o  c ~ l n ~ i d -  

er. ;I sitt~;iiiol~ in which all involved intcrfirces i l m  pii~.i~lle,l to cach othe~; LC., to crl~i-  
sitlcr thc tllickr~esh (11' H I H Y C T  ol' ; l d ~ o ~ - t ) ~ t e  which ~ I I I - ~ T I : ,  ill ctluilibriu~n o n  thc 
cuhs t~ t t e  due to atlroctive fol-ccs (such as the van der Wuals f u ~ c c )  ~t cxcrts or110 tl-lc 
{gas) rnolec~~les  In I he i ~ d  j:rcent half sjxice. The welling yrt>perlies o f  !he solid surface 

will1 rcspcct lo r l ~ c  liquid are ct)~~-lplctcly characterized by the function;ll del>ell~lelicc 
oi ' the Enyer thickness upon the pressulr in the gas phase. 

For illustl-i~tior~, lel us ccrnsidcr ;I closecl container ;it a tempcratulr T. filled with 
gas whosc pl-essurc can bc adjustcd u p  10 saturatctl vapor pr,essul,c, p , , , .  The chelnical 
pole~itial (or the molecules it1 the container), which we consitler with respecl to coex- 
istence, is giver1 by  

Concie~jsattnn will nccur when satul-aterl vapor prcssu1.e is re;rchetl, i.e., when 
Aid = 0. 1 (  depcntls upon the wetting propet-tics uf Ole cunta ine~ w;~lls wl~ethcr COII -  

del~s;it~c>n will proceed as the formiltion of a thick film at these walls (if 0 = 0), or 
by nucleation ul' siilglc cc>ndcns;itc droplets (or crystallites, if the nd~orbate is solid) 

;ii coexistence (0 > 0), which Forln sonltwhe~r: at ~ h c  bottom of the contalrles. 
The  corresponding ~lepentlence ui' the i~dsurbetl film thickness (;IS ;I f'tiilclion of 

pressure) is depicted schetnnlicalIy in Fig. I b. When the solid is we1 by the adsol-bcd 
liquid (solid li~lz), 3 hnr~~ojierjenus filrl~ l'or~ns o n  lhe s11bs11-ilre whuse lhickness rli- 

verges conti~iuuusly as cocxistence is appl-oavhed. This situa~ion, which cnrresl,or~ds 
to O - O i n  thc contact angle picture. is called 'complete wetting'. When rhc film is 
stabilized by 1t1e van der Wads  in~errlctior~ (cl: Eq. ( I ) )  wilt1 Ihc substl-ale 161. i t  is 

easily see11 by combining E q b .  ( I )  ;tnd (2) chat the film tli~ckness should dive1.g~ ;is 

whcn siituratior~ is appru;iched. Or1 tlie ~outrn1.y~ 11 Irlay occu~- thal rhe film thickl~css 

remains finite close lo coexistence (daslicd line). For this casc, thc tci 111 'iiicut~iplctc 
wel~irlg' is usetl. SInt:e ;I iinite tl~ickness (1, i s  ;issumetl hy the l'ilm at coexistence, we 

may cr~rlclrl~le that, i r l   he coiltact angle picture, rht: druple~(s) un Ihe s~trr:lvc (wbir:h 
1.epresen1 Llic condensate a1 liqu~dlv;ipo~. cocxistcncc [lo]) coexist with a l'i1111 ol 
tllickrlcss d, on lhe rcrnaining parls of  the sllllace. 

Tlicsc yhcnon~etin c ; ~ t ~  t ~ e  ir ~ide~,stoorl o ~ i  a IIIOIY r i~~ida~r~entr l l  level hy cn~>side~-ing 
the so-called effective intcl-facc potential, (1, which is dcfincd as  the exccss frcc en- 
ergy I-crluil-erl lo br~ng the substratelfilm interrace and the film/gas intc~~racc to get he^, 
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FIB 2 a) The three m~ of cffeclive interface ptentislr. I l i .  a menistenct, ss discurn& in rhc 
text. b) The situation off coeai~lence An nddilionnl Free cncrgy, - ~ l A } r ,  is q t i i rpd  ta rorm 8 film 

ol thickness d. The gbhal rntliiri~uin detcrmincs thc equilibrluri~ film tllickness. 

im infinity to the distance cl, i.e., the film thickness [2, 31, While the contact anglc 

reflects integral properties of this potential, n measitcement of !he adsorbed film 
thicknew as a function of gas pressure (adsorption i w i h m )  provides insight into its 

details. 
As an example, let us consider an effective interface potential, R. which condsts 

of a long tangc van der Waals tail and syme additional structtlre nt small d due to 
short range forces, as depicted in Fig. 2a: At coexistence. there is no cost. nor gain. 

It should he mentioned r h ~ t  ~Fthwgh the van dm Waala iniemtion between two single molecule 

is always atirrlctive. ihc van dcr Waals tn~l of 0 may be eirhcr psirivc (as in  the figure) nr negative 

mughly spaking, it IS negntivc when the poinri-rehili~y of the atlsorhnte is Inrgcr than That or ti1 

a~~hstnte [h]  
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it1 free energy for creating adsorbed (condensed) tillr~ lllaterial, thus, + 0 for 

(/ + m+ and the convention il(w) = 0 is chosen. The global minimum of Stl is at a 
I'iriite ~hickncss of atomic 01. rnuleculi~r dimensiun, clue tc} thc slitrr( range ch;lracter ot 

thc furces giving risc to the structure at small r l .  In this case, a thin film ol' iliickncss 
4 i s  st;lble on the surface at coexistence, which corresponds to incomplete wetting. 
On the contrary, if tlic minimu~n is  not dcep enough (St2) or ever1 abscnt (aj), thc 
globit1 nlinirnu~n (at coexistence) is nt infinite thickness, currespc~nding to curnplete 
wetrir~g. 

Off cocexistcnce, thcre is obviously an addilional term to thc FI-ce energy given by 
- - -dA~r,  which denotes the penalty to be paid for crci~t ing the iImoLlnt of cundensale 
co r~ . e s l l o~~d i r~g  t o  the fi l t i~ thickness, r l .  The  rcsultirlg 1,chaviour of the total flee ell- 

ergy uf llic film i s  dclicted suhe~naticnlly in Fig. 2h for 12 = (11. It i q  i~i~niediatcly 
clcar from the 1ig111-e ththa~ lhere i s  a jump in lilnl ~hicknesa h-om I / ,  to infinily whc i~  
one is crossi~~g cclexistence jAp - O), a s  showrl in Fig. I b  i ts  thc dilsllcd Iinc. I t  is 

also clear that for !J2 and ill, there will he (at least asyniptoticalIy) a srnoolh diver- 
gence of ~ h c  e r lu i l i b r i~~~n  film ~hickness f i x . ,  tlic global ~nini rnun~ 01' I;ti - dAp) up011 
nppro;~chirlg coexistet~ce, as represented by the solid line in Fig. I h. 11 is  further~nurc 
clear that if we replace ijl by 1J2 i n  Fig. 2b, there will be n ceflain value of Alr < 0 
at which twu minima coexist which are equally deep, col~espllnding to the c~)ex is -  

tetlce of a thin Tilt11 with a fi l t~i  of largc. but finite, thickness. A1 this value of Ail, a 
, f i i l e  jump in film ihickness occurs upon approaching coexistence, which leads Frorn 
a thin film to a thicker film whose thickness smoothly diverges when c t ~ x i s t e n c c  is 
al)pmached further. 'l'his pt~enomentlri is called prewetting. 

Let US IIOW consider a phase transition between complcte and incoinplete wetting. 
I t  may he imagined, for instance, thi~t the strong vi~rii~tions in R1 ;it small (1 will he 
s~tlearet-l out ther~nally up011 he;hng, leddirig to a porct~lial of typc Slz. At a cerlain 

temperature T,,,, which is  called the wetting ternperahre, there will thus be a transi- 
tion from typc I to typc 2 in St. Helow (hat lernperalure thew will he inconlplete 
wetting, above there wiIl be complete welting. Whcil thc terrlpcreture is varicd at co- 
existence, the adsorbed film thickness will jutnp distontinuously at T;,. as it is de- 
picted schematically in Fig. 3 (dashed line). This behnviour is called ;I J,:rf order 
wetibag trar~silior~, as il is nbserved wilt1 liquid I~elium o n  cesiurrl siirfaccs. Since R 
crosses over from type E to type 2, i t  is cIear that a firs1 order welting transition is 
nccon~pnnied by prewetting. This will be tiiscussed i n  nwre delail beluw, in the con- 
lext uf !he wetting llrnlle~?ies of liquid lielii~rt~. Thc conditions for a cunlinuous wcl- 

ling transition, as represented by the full line in Fig. 3, ilre more subtle, and ;I 

Fig. 3 Nchemal~c rep~t+en~nl io~~ or n wet- 
tang rransi~inn along il coexistence curve 

rncomplete I complete 
wetting I wethng 

wlr~ch occtlrs 81 the wcltitlg lelrlIjcl,alur,e. 

J--' 
7;, . SoIid Imc: conruluous I~an~irio~i.  
Daslicd Ii~lc: 'first onler' werti~lg transition. I w  T 
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discussion woultl go heyond the scope of this paper [I I I. I t  sIlc)~ld he notcd, liow- 
ever, that it has rccently heen ohserved for the fil-sl time with lleritnnt adsorbed on 
water, snmewhat above I-own1 ternperaturt: 1 121. 
We h:we rcpe;~fedly used the nutit111 r i f  an ir~l'initzly !hick film. I t  i s  clear. t~owever, 

that, ilr a real experirr~en~, Iheiv wil l  never be s fi lm thickness which is evcn closc to 
infinite: as soon as i l ~ e  film thicknew i s  Iiirge enough Tor g~ivitational el'l-c~:ts 10 he- 

culne cnmp:~rable to thc v;un der Waals i~lfritction by thc walls, the contlens;~tc wil l  
pal he^ at ~ h c  hulrom of the contnincr instcitd of  Fol-mrng a thick fi lm a1 t l ~c  wall. 
Furthern1nl.e. even slighl tcnlperature g~-;l<lients 01. Huctiiatio~is tcntl to tes111i i n  thin- 
~ ~ i n g  the tihn 1131. The lypical sign:iturc of a welling lrnnsition is a changc ill film 
thickness Fin~r~ a kw montllnyers (incomplete wcttit~g) to ;rf rnc~st  several hund~rd 

Angstroms (co~nplete wetting). 
Aside frurn the weilltll nf interesting phenomena at cquilihriun~. therc is a huge 

vbriety of efl'ects when noii-equ~lihsiu~n situntir)ns ;tie concerned. A typical exiernple 

is the dynamics r)f dewetfing, to which ;I large number of recent p~~hl ica~iuns Iias 
hccn dedicated 1 14- 171. Sincc there are nurnel-ous inter:lctio~ls aritl 1r;unsport mecha- 
nisms involved in both the statics ;tnd ~ h c  rlyni~mics of wetting and dcwctling, ;~ntl 
their interplay uilrl give rise lo a wide val-icty of phcrlo~rleri;~, thcre is il strong nectl 
Tor s i~ i~p le  mo~le) systems which enable the study of  hnsic mechaaisnis in ;I cle;in nr~d 
co r~~~u l l i ~b le  way. We11 known examples of such ~tiudel systems, wllicli havc t)ee11 
used in  a large number elf stutlies of nthei- phenomena. ;ire pnly mers (f(71. the sake of 
c.cmrlnllahility) and quantum liquitls, like superlluid helium, becausc of their well tie- 
fillet1 and well known prc)pe~?ies [ 181. 

I n  tllc prcsent paper, we want tu concentrate on Ihe quantum syslerns helit~m {"e) 
:ma (molecular) hydrogen as rnoclcl adsnrhates. The mutual internctions nf Iiydn~gen 
mIhecules and helium ato~ils arc known more ;tc:u~lmte.ly than FOI- any other. syslenl. 
Rtrthe~.nio~.e. [he possibility of  cooling inlo a superfluid slale in the case of I~e l iu~ i i  
yields an additional dcgree of fieedorn which ;~llows, iltnong otlie~s, to stutly the in- 

fluer~ce of viscosity in the dynamics rjf wctting pheirnirieria (19-211. Finaliq', it mus~ 

be nnted that the nccc~sity of cooling to low temperatures elli:c~s i n  freezing out af- 
most all impurities [ 2 2 ] .  This i s  a great advantage siiicc wctting phenr~mena are palli- 

c ~ ~ l i ~ r ! y  scnsit ive lo  irnputities, as nlc~llior~ed ;tt)ove, which ilw. nl ways PI-csc~lt at ror>In 
tenil)erature. 

As fill, as wettirig phase transitions arc concerned, the ct~oicc of hydrogen and hc- 
li111n suggcsts irself, si~ice hytlrupcn exhibits a rr~ntir~uonr wettir~g transition (at the 
triple point) 123 ] on ;III substrates studied to <late. and helium undergoes a fir:rt order 

wetting transition r)n cesi~iln surfaces 124-261. I t  1s these IWO plinsc transi~inns otl 

whicli the 111-csenl IYaper corlcenlriites. Reviewing somc of  our recent work, we 111-e- 
sent ul>t~c;il investig;ttions which elucidate borl~ the sl;ilic< ant1 rlynan~ics of  the sys- 
1ems closc tu tlic t~arlsitions. 

2 The probe: uptiri~liy cxcited surface plnsmons 

Suil'ace ~~lnstnof~s (SP) arc elcctl-umagnetic waves tr;lvellitlg nn nictal surthces. 'l'hcir 
tyl)ic;~l ti,tque~rcies art: in the visible mngc of the specln~m which makes them well 

quitcd for use i1S an opticid probe of  pmcesscs paking pl:~oe i r i  the close vicinity of 
the surfacc 1271, such as wetting p1ienoinen;r. Light can bc coupled 10 the SP by 
lrleilrls ol' ;in ev:lnrsce.nl wave, as For ir~starlce l ~ y  illun~iriating the basc of a prism ur i -  



S, I4crir1inghaus ut nl., Hydlngc~l IIII~ IIC~~LIIII l i l 1 1 1 ~  ;IS ~n~de l  ~ ~ ~ I C I I I F  w c l t i ~ ~ ~  33 1 

angle n f  incidcncc I"] 

Fig. 4 Rullcclcd ir~tcnsi~y bs : I I I ~ ; C  of incitlcnic in a surrncc pl:is111011 sIwCII-urcoIIy CXIJC~ITIICIII. 111- 

set: sketch of the exl>c~l lr>el~t; i l  cc!up, showillg thc p r i ~ n  (P),  thc later hca111 (I,U),  he .met:ll f~lu) 
1M) suppo~ting ~ h c  brrrfiicc plaulnous, ant1 rl lc ; idst>~l>a~c (A). 

der lotal internal reflection ctlnditions (insct in Fig. 4). When the metal whose sur,. 
face is to bc i~~vestiga~er! i s  cvnpclraled as a fihn of' appropriate thickness (scveral 
hiindlerl hngstmnis) on tu the {),,ism hi~se, SP on thc ~iict;tl/vac~r r~rn inlerhce are reso- 
n:~ntly excited at a pilrliculnr. angle of incidence, Oo, at expetrse of thc ~cflecletl light. 
T h i s  results in a prnnourlcetl minimum in the rcilccted intensliy, ils shown in Fig. 4 
~OI-  n 5110 d silver film (solid curve). The presence of n [hill film of, say, hydrogct~ 
oil the rneial surfi~ce detunes the SP Itsol1anc:e (dashed curve). This allows such n 

lilm to be dctecled with an itccuracy of better illan arj Arys~rorn thicklless if a ~lohle 
metill is uscd, and i f  lhe resonance angle ix  mensitrcd with surriuier~lly I~ igh  resolu- 
tion 128). I t  should he noted that the rneesurctl filrr~ thickr~css is irl fact llic cr)vel,age, 
averaged over a mcsuscopic dis~ance given by t l ~ c  dccay lerjg~h of the surface plas- 
nio~~s.  The Iilttcr is typically scveral micl-ons, depending on the meml used 129, 301. 

In general, it can be judged h a t  thc disatlvanliigc of this method lies in the reslric- 
~ i u n  to rt~etal films : is  the si~hs~riltes (there arc nlethods lo ci~-cumvenl this ~wst~ic~iun, 
but they require some p~sparation;~l efftjils 13 11).  Its advantage i s  10 bc seen in its 
simplicity, i ts  small sensirivily to pola~,izalion effeck, sucti as slrain-ir~tl~~cerl hil-etrin- 
gence i n  thc cryostal winduws, and i ts  capability nl'i;lsl dyni~rnical ~,ecu~-dings. 
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3 Trfple p l a t  wetting of hhydmgen: a continuous wetting transidan 

3.1 Wcil in~ propertips c1o.r~ lo the triple point 

It has been known far n long time thnt most adsorbates, and hydmgen in partic~lar~ 
do not wet d i d  substrates below the melting temperature [23. 32-37], even if the 
substrate is wet by the liquid phase. 1n other words: solid films on solid subs!ntcs 
arc usually not themiodynamically stable, a fact which is nf greal significance in 
r n d e r n  thin film technology. As a conseqtfence. rhere is a transition between dry and 
wet nt the mclt~ng ternpcrattlre of thc adsorhaze, n behnvior~r Snr which the term rri- 

ple pnin! werfin~ has heen coined. An explanation which is frequently given is thnt, 
in the sotid phase, there is very likely a micmatch in the lattice constant of (he adror- 

bate and the strhqtrate material which causes additional strain in the ndsorhed layer. 
T h i s  makes i t  unktvomble for the solid film to bc formed [321. However, the striking 
unlvcrsality of triple point wetting (nl' nonwetting of the solid phaw), which is nh- 
.wd even in systems in wtrich the rartice consrants of the solid adsorbare and [he 
auhstrste are very close to c ; ~ h  other 1381, remains  pi~zzling. In particular, triple 
p i n t  wetting mcun also on poorly defined subslrates 1392. which rnakeq i t  hanl zo 

believe that the lattice rnismatcli is really the dominnt ing c k t ,  

As an example. let us now diqcuss experimentnl studies of the wetting propellies of 
hydrogen in the vicinity of thc triple p in t  ternpcmture, T3, in order to campare with 
whnt one would e x p t  from the ahove considerations. Fig. 5a shows the ecliiilibrium 
film thickness of a hydmgen film adsorbed nn n gold stlrrace, a* measured wifh opti- 
cally cxcited surface plnsmons 1391. The rcmperaturc is being varied along coexistence. 
Above the melting temperature. there is a large, but finilt,  thickness which is iiidepen- 
dent of temperature and corresponds to complete wetting. Relow the melting tempera- 
tulc, two rcgimes can bc distinjiuished. rn an narrow range below T3, the film thickness 
jumps hysferetically as one wcald expct for n first order wetting transition (it will he 
shown below, however, that this hysteresis is not inherent to the wetting trnnsition ir- 
self), For lower tcmpemtum, [here i s  a gradual decrennc in film thickness. which is 
shown in Fig. 5h on a IogAog scale, as a function of redtccd tempenttrre. 

r := (T,  - T) /T3 .  An one can see. the data scale algehrai~illy, with iiri exponent of 
-In (daqhed linc). This behaviaur is reminiscent of a continuous pl1n.e tmn~ition. 

In ordcr to discuss the ohserved hehavirlur, we consider the phasc diagram of hy- 
dmgen as depictcd schcmarically in Fig. 6. The liquidlpns coexistence linc, which re- 
presents the: intersection of lhc free energy surfaces r h '  the tiquid and the gaseotrs 

phaqe, is cxtended by the dashed tine into [he solid phase region. Wc know from our 
data above T3 h a t  the film thickness becomes 'infinite' when this coexisance is np- 
pmnched (ncco~luling to Fq. (3 ) ) .  inrlicating complete wetting. On approaching the tri- 
ple point slong the snlid/g;~s cncxistence line which intersects the liquidlgas 
coexistence line nt a finite angle, one would thus expect the atlsorbcd film thicknes~ 
to diverge as I I/ '. convstent with what is observed ;I! lower tcmperntures helow the 
triple point (Fig. 56). We arc led to the interpretation !hat the conrin~lous increase of 
the film thickness upon apploaching the triplc point from below along solidlgns coex- 
istence is physically identical to complete wetting st liqiiidlgas coexistence. 

If  this 1s the cnrrcct interpretstion. one would expect Illat adsorption isotherms 

(dotted tine in Fig. 6). taken at temperature$ k l n w  the mcllfng ternpcratrrre, bchave 

ns i f they woulct diverge at the extmpolatcd liquidlvapnr coexiqtence within the solid 
phaqe re.gion (dashed line in Fig. 5). Fig. 7a shows a numbeih nf isotherm? taken be- 
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Fig. 5 Ilyd~mger~ lil~n 
thickness adsol-bet1 c l t ~  i~ 

gold su~-l;lcc af cocxi~lclrcc. 
ns ,I Iullclion or lelrlpcrature 
a) I.ine:~r scnlc: :IS ~t turn:: 
out, Ihe hysfei.cs~s is rlnt rill 

ind~cel~on ol' s l i ~ s ~  rlnle~ 
Il'arlslllnlr (sec t c x t ) .  1)) I.rlfi/ 
log scalc: vs. rcduced ~ ~ I I I -  

pcrillulr, (Tj - T),'7,. The 
slupc of t l ~ c  dashed l ~ n e  is - 

113. reduced tem~erature 

low the triple point. For cioss checking with o u r  results above, we show in Fig. 711 
111ei1- inlersection points at cocxistcncc (d, ill  a log/log pIut ;is ;I t'ut~ction of reduced 
tcn1pernrul.t.. Ot)viously. the scaling law discusscd above f o ~ ,  expe~- imer~~s   lung the 
sublimation ciil-vc is I-eobtai~~ed. All or Ihe isotherms displayed in Fig. 7a are fouli~l 
to bc well repl-esenterl by v;~n der wrals iso~hcrlns ~iccordi~ig to Eq. (3) whcr~ pr,,, is 
replaced by ;I frcc jxiralrwtel,, 110. If wc lake the poles of the fittcd funclio~ls (at 
p = pu) and plot their co~~espondil-lg prcssurcs as a l'ur~ctirm of tcmpel;ttilre, we ob- 
lain the p l o ~  sliawn in Fig. X, where the polcs el-t dcpiclcd logethel- with  he snlirllv;~- 
pr)r coexistence curvc. Within experirnen~al scattering, the polcs arc consistent with 

the ex trapola~cd licjuidlvapor coexislence cul-vc represented hy r he dnshcti line. 
An i~r~portanl implication from the above findings is that  he hydnlge11 film close 

to ( b u ~  bclow) the lriple puinl is Iirltiid, since completc wctting at liquid/vapn~- coexrs- 
tence takes ],lace, via liquid film iidsorptio~~. Drle t o  thc s ~ n i ~ l l  ilrnourit of  111nle1-iiil 
which ihesc fillns provide i111ri Ihe sn~;iH scattering cross section of t~ytllngen, ir 
would be difficult tn deterlnine the niurphology of the film rnnla-ial directly t)y x-ray 
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Fig. 6 S c l ~ e ~ i i i r ~ ~ c  p11;lsc diag~-:~~u o C  hytll.ogcr~. The 

liqrtidlgns coexisbc[~cc curve is cx~r;iljol:~~crl i l l lo rhc 

soltd pl~nsc leglrln (dnst>ed llnc). Tl~c dolterl litic in- 
- -  dicines ttlc 11;rtll nt :In ;irlsn~-plirln i s o t h e l ~ ~ ~ ,  cxtl-al~u- 

T I:i(ctl u p  lo liqr~idlgn': ctkcxlslcuce. 

rol+. _ _ _ &  TO-' . - - I 

reduced temperature 

I'ig. 7 a) Adsorptiul~ isu 

I~CI - I I IS  I'or l~ydmgcll  on gold 

at dii'fel.er~t tetllpcnlrllrcs. The 
tilrn r l ~ ~ c k ~ i c ~ s  whicb ~.crnnil~s 
finite :II c o e x i s l c ~ ~ c ~  ic  rfe- 

noted by (1,. 1)) I.ng!loji plot 
or the IIIICI'SCCI~UIIR of Ihc iso- 

thcrlns with cotxiclence ((1, j, 
cuncrpr~nding to tllc diltil 

sllown ill H). Thc slnpc of  thc 
arklid 11ne ts - 113. 
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F~K.  fi hcu . :  of Ihc pule\. uC 

velj rler Waala ~<olherlns l i t tc t l  trr 

~IIC d ~ i l  5l10w1t In t-~g. 7 4  plol~cd 
In Ihe p-T plilnc ' I l tc  solid l117r Ir- 

nrcqcnts the sllhlirnntion curvc. tt~r 

aoa~rcring tccbniqucs. Howcvcr, one ol I[\ [R C ) Ii;~s ~uccntly pcrfijrmetl x-riby experi- 

ments an n ~irni lar syslenl which cxhlhl~s lrtplc poinl wetting as wrl l ,  namely Ar nn 
MgO [401. ' 1 ' 1 1 ~  I;irgw scattering cr.oss seclion or i ~ ~ g o n  all(>wcrl the detcrm~natian of 
i l ic f i l l l ~  ~ i~o~ .pho I~gy ,  and il t u~n td  ~ L I I  that tllcrc is only l'ew solid ~nn!crl;!l In thc 
film. Close. lo flic triple pt111i1, 1110ht uf the ii3m I \  actunlly liquid 

111 fact, 1 1  Ii:i\ been ~ h o w n  theorctic;llly thal the incre cmnl,lcs<luii ol' rhe film hy 
Ihc van dcr W a i ~ l ~  prc?,slll.e gxves rise to a subslantial increase in the frec cnergy 14 1 1 .  

'l'hc key 1dc;i 1s that s~llcc the llIm i\ adsorbctl on u solid \uh%irnlc, its Iiac1nl exlen- 
slon IS tlxctl, and the van riel. W,t;~ls pressure can compress it norn~ally 10 Ihr \urlace. 
hut nu1 later~lly. As n conscquerlcc, rl~cre is a sheilr In ~ h c  q o l i ~ l  I i l l r l  111 ;~t ldir~or~ 10 

the comprcsslnn, while the licluid Filr11 exl,eric~iccs unly rhc cnmpression (the shcxr 

~nodultis of i t  I~clt~ir l  1 5  7crr>!). 'l'hnt a hhcar cnnridcrahly incre;isec Ihe free clicrgy of :I 
systcrn Ciin hc scct~ clirtclly from thc GrinfeId ~nalitbillly 142, 411, wllluh rliows Ihal n 

sol~d under shci~r may try to rninirni~e this >heor ever) by ch;lngit~g its ovcwll shape. . . 

11) o u r  case, ir givcs rise to an addiiionul, negalive Ieml it1 rlic effective interface p- 
leniinl, II, which rt'qi~lt\ in n global lillnlmuln at finrte thickness: thc siirI;ice i \  nil1 
cr~nlple~ely wrl. Thc most promising reitture nT (hi\ nlodel i s  (hilt tt dues not rely on 
l l ~ c  atomic or moleculi~r s l r ~ ~ c t u ~ c  o f  11ic constituc~irs, bul cansldcrs only ctwtintlurn 
quantities. like the Polsso~l cotlsta~~t alrd shear mtsdulur of rhe a(I~urtr;lrc. 11 is tl~ua 
calx~ble uf explaining thc observed ubiquity of triple poi111 wcrrlng. In conclusion, wc 

:~rc led lo belicvinfi That even below thc tt~ple ~>orl\l, only d vely I h ~ n  film uf solid hy- 
cl~ogcn (appiu)x~mi~~ely 3 I;iyc~s) is ~hcrrnod~narnici~lly st;~hlc. ' l l l e  Co~'~n;~rion ul' ;I 

thick film its onc approaches 7; proccctls ut;~ i~tlsorpkion of l iq~i id nialcrinl by virlur 
of complete wrtlfng at lic~uldlvapor coexistence. The 'rnplc-pmt-wetring' tnnsitior~ 
i~ thns to be viewed as phys~caHy idcntlcnl to a ron~inuour wclfrng Innsltlrm. 

I t  liad hecn mentioned nhovc t h l i ~  ;~rltlt: II'OIII llle rhco~clici~lly cxpcclcd hchilviour, 
there wits u hy.sret~sis ohscrvcd rcpls)ducibly atso in former \url;~cc plavno~i expcri- 

ments, which r~ccurred within nbout 100 mK of', and helnw, the ~nelting tclnpcntiuc 
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time [min] 

temperature [K] 

Fig. 9 a) Ccll tcluperalurc [luring slepwise cor)ting, slightly btlow r l~e ~nclririg tcrnpernlurc. AI  crr~c 
of the lemperalure steps, there is a significant pclak which IS indicated by lhc ilrrow. 'This is tluc 10 

thc latetit heat libc~aled upnli solirllficalion of  thc hydrngcn in Ihc ccll, h) Cell press~~re vs, tclnpew- 
turc, mcasurcd during the cnlrle run as n).  Titc data follow tllc lirluidlvntmr cocxi~tc!~cc curve r i f ~ l i l  
well belour the Iriple puint, the pressure jumpy It) Itw vi~lue c o ~ ~ r \ p o n t l i r ~ ~  In solidlvi~pt~~ coe~i r i -  

Icnce. Solid Iincs: phase coexistence curvca. Dnshetl linc: liquid vapor cuexislenve extrapol;ilcrI i r~ lu  
rhc solid phase reglull, as in Fig. h. 

1441. This  seerns to be at vasiat~ce with thc othcr. f indings d~scusscd abovc which 
poltit to i~ continuous phase transition. However, if one records the pressore and tem- 
perature in thc ucll accur:~tely enough, one car1 see that this hysteresis is i n  facl duc 

lo supercooling of the bulk  phase. which is in cq i~ i l i h r i um with the film. Fig. 9a 
sliuws a chart rccorrler trace o f  the cell ternperatilre. The temperature is reduced step- 
wise, and ample t ime i s  leKt for equ i l ih~n l ion  afler each char~gc. At one particular 

step (arrow), there is a large peak in le~npcralure which wc attribute to the latent heat 
liherared when the hu lk  hydrogen in thc cell solidilies. The ce l l  pressure is ploltecl ns  

a fitnction of (he cell temperature in Fig. 9h. I t  is cle:~rly seen that i t  fo l lows the liq- 
uid-vapor coexistence c u n ~  (dashed l inc) unt i l  well below the ~ r i p l e  poinl. Upun 



solidification of' the hulk phase, i t  jump? to the sulitl-vapor cocxisteticc Lurrc 'This 
jump occ~ i rs  at the same Ilrnr: ;is the ternpc~ntilre peak shr~wn in Pig. 9a. 

Accvxding to Iht: above, at tenlpclaturcs kn. hclow thc tripIe poil~l,  or~ly  very thin 

filrns s t~ould  be stable oli rhc substrate. This has imporunt implications as, e.g., for 
nuclear fusion expel-imer~ts 145, 461 anrl experirr~en~s o n  the neutrino rest ~nnss 147- 
401, where the preparation of (hick sulid hydrogen films is or c:nlcial itnporta~~cc. By 
querich c:o~~densation onto sufticiently cr~lri substrates, i l  is uf couI.;e ~ l o s ~ i h l e  to prc- 
pare films of solid 1iyd1,ogen which ;ire much thickct ~ h n r ~  lhc ~quilihrirrnl film thick- 
11css cxpectetl hi- ;I solid film. This is due to the fact that, at low terrq)erar~~rcs, the 
molecular mnhility ;\111ng the surface is so low that hydrt~gcn ~nnlecules rcact~ilig ~ h c  

sul-kice will not bc nblc to arrange into ;ID energelically more r:rvorable conrigurstioi~. 
Inslearl, they will remain more or less a1 thc p1;ice wherc they hit the surl'ise, result- 
ing in a uniforrn film. However, this is a ~~onequi l ihr ium state of thc systerrl. which 
will be vely sensitive to heirting. Even small thcrn~af leaks may suffice for lateral 
trarlsporl tct become thern~ally activated. 'l'l~e system will h e n  attai ti ;In enegeticnl ly 
favnir~-ahlc configul~ation, such as an ensemble of dl-ijplets in coexistence with il 111ira 
h l n ~  150, 3 I 1, 

Such a rearnngc~nent  i s  oplically detectable, since the formation o f  all encelnhle 
of droplcts caures turbidity, which is vislblc, e.g., iri thc surface plaslnorl signid 
Fig. 10 shows both the si~rkice 1)lacmon resonance positioll : I I I ~   he rrhonance width 

Temperature IK! 

Fig. 10 An annealing experilnellr wit11 hyrlrogei~ on n gnld st~rfnce. Shuw~~  is ~ h c  slirEauc plilsrnn~r 
resonance position (IcR scnie, open circles) and the resonnncc wldlti (righi scsle, full c~rclcs). BcI(!rc 
Ihc ~nalcrial evaporates above 3.5 K. thur is a cle;lr trar~sition to a morpl~nlogicully modificd srate 

at abatrt 3 K .  This is ~nterprttcrl ;is rlr~c ~u the forn~ntion of' small tl~olllcfs, wtrich coexist wilh a rnr,- 

Icculnrly thtn hlln. 



Fig. I 1  Wcltir~g r) l  a vulnpr~silr 
S17/Ne hlln (11) :I rilvcr curklcc 
Thc hyrl~ugcr~ I I ~ I ~ I  Ihlckncss 
which can be p l - c p a ~ ~ r i  nl ctjuili- 
hriuan as n homogcncnkrc lrlm is 
plullc(l vk Ihc nct>n-l,~-cplnti~ig 
thicbncss. A1 n neon lhickllcss of 
hO A ,  conlplcte ivelu~lg is oh- 
Wl-bcl!, 

durir~g a typical i~nnca l~ng  experiment with a quench condensed hyrlrogerl film. Thc 
Ciltrl I~ad  heel1 preyaltd at 1.5 K. whclc no eppreclablc laterill Iratlsport takes place 
and the fill11 is i~n i fo r~n .  I!pon hcating to atwut 3 K, i :~tead tr:tnspott st:h ill and the 

;dsurbed rn;~lc~-ial Iy;tl-l-anges into an cnsetnblc oi' ti~,oplets. The retlis~tibution OF male- 
rial ;I( the irltcrface chilnges the effective polarizahiliry 'seen' by the surl'ace plas- 
moms, rcsulling in the nbscrved shift nf thc I'esonnnce allglc. At thc salne Ii~ne, the 
rllnpltts givr rise t t r  diffuse sc;~Ilel.ir~g which incruses thc surfi~ce j)lnsn~on damping 
311d 111~s the width of the resonance [sol. Only upnn heating to : I ~ ~ C I L ~ C  3.5 K, thc hy- 

drogen evaporates. 
An nltcrnative way to pinpoint  he tlcwelting efrec~ is to deposit the hydrogen ;it 

tcrnperatirws high enough frtl-  the film to rcniairi ;il thermal equilil>rii~m during Ihe dc- 
pclsitior~ ~> r~ccs s .  One [hen observes fil-SI a uniform dcposi tion up to the equilibi-iuni 
rhickncss, and then. at a cettilil~ coverage, a dr;ls[iu incl-ease it? [he intcilsily ot the 

light scatiered diffusively into Ihc adj:icenr half space [SO, 521. This inrIic;~tes the 
grt>wtll of dmplets upon the homogciieous f i lm.  The occui-I-cnce of dlnplc2s during 
film growth at equilihriurn is  ilrtnther fingerpi111 of ~ncornplelc wetting nt low 1eni- 

perntiwes, since this indiciites n f i ~ ~ i t e  coniilct angle. The h~ ick r~ess  a l  wI~ich rii.cq)let 
Surrna~irrn sets i n  is a g s i ~ ~  the cquilibriun~ ti~ickness rl, discussed in thc in~r,oducfory 
xcc~inn. 

This kind of 'toughening' due to illcolnplc~c wetting is very d i s tu rh i~~g  for expe~.i- 
nicntr winch w e d  unil 'os~i~ solitl films of Inrger ihlck~~css, as  lhocc mentioned ilhnvc. 
Can we apply our  knowletlge of wetting mecti:inis~ns t o  lune Ihc wettahil~ty of thc 

a ~ ~ h s l r ~ ~ t r :  so ar: lo c i rc iur~vcn~ dcwe t l i~~g  i1pu1-1 annenlung? Wc have discussed iihove 
lhnl the v a n  tlcr w ~ n l s  pl.essurc close tn thc st~hstl-ate induces ;I sl~csir in the solid film 
which gives rise tn dewetting below tllc triple. point. If we were ithie tu reduce the 
v;ln c l c ~  Vv';~;lls altraulion of the s~lh.sltntc in a con~mlled  mflnnrr, i~ might be possible 



lo (inti ;i c e ~ ~ a i r ~  range of para~nelers where complete weI11ng rlucill-s. One way to re- 
duce the v;un dcl- Waals attraction oF the suhstriltc is ~u coal i f  with a 111atel.inl wlinsc 
van der Wilals nftr;~ction is srnallcr 111an that of the substrate malerial. The qi~estion is 
whether tliis cutnpr)silc substrate may now bc complckly wet by hydrogen. 

Wc. have tested this ~lossihi l i ty  tly preplating our n~ctiil substm~e with a well con- 
trolled ;imtlunl of neon, bcfol-e hydrogcn was deposited. We 1Iie11 mei~su~-e<i the 
alnount of Iiyd1-oge11 u~hich cr,i~ld hc dcpositetl on [he neon-uoatcd subs t r~~tc  without 
the formatir~n o f  droplets, ;IS tevciiled optically. This maximum thickriess o f  ;I liornt)- 

geneous hydrogcn blrn which was s~ah le  ; ~ t  equilibrium conditions is ploltcd in 
Fig. I I as a function r , f  the neon ~,~.el>l:~ting thickl~cbs. If is dearly seen that, ils ex- 

pected, the equilibriu~n thickness ~IICI-cascs with increasing neon lilm thickness. At a 
ncol] thickness of 60 Angstroms, we could still not scc any indication of turbitlily : ~ t  

lhu largesl hydrogen film thicknesses wc could prcprirc, which we inte.rpret ;IS on i ~ t -  

4 Liquid helium on a cesium surfare: a first urrler wetting transition 

After 1iavi11g cxylvred triple paint wctring ;+nd ils plbysical rcasuns by incans of hy- 
drogen films ;IS ;l rnntlel system, let us 11ow turn to liquid helium. As opposed lo the 
continut~iis tl~tnsit ion we have d~scusscd with hydrogen, i t  provides a ijrs! onler wet - 
ting transition on cesium surfaces, with the pni-ticularity uf being supe~fl uid below a 
ccrtnin tc~nperature. By improving rlul- surface plasmu~r resonance seielup to yield a 
s t~~f i i ce  pl;isn~orl n~icrosuope, wc will concentrate 011 murphological and dynan~iuai 
iispects of liquid helium droplets impinging on ;I sIanred cesium surface. 

O ~ i e  of the most striking f'e;ltures o f  liquitl heliutn is that it creeps out of any contnin- 
er into which it hirs beer1 poured. This is due to two remarkable propenies: firs!, he- 
lium wttts the containel. wall co~~lple,tely since, owing to ils exceplionally sinall poln1.- 
izability, its van der  Waals interaction with the wall is always strangel- than with it- 
self. This gives rise LO arl effective intc~race pofential which favours :I thick liquid 
film or1 the willl. Secondly, this film is capable of supporling mac~nscopic material 
triirlnspo~r due to superfluidity (below 7; = 2.17 K). As a ~csull ,  the liquid will leavc 
the contniner hy virfue o f  the f i l ~ n ,  which covelx both the outer and inner wall sur- 
hce.  This properly can be quile annoying in cryusla! design or it1 any low tempera- 
turc experiment. 

It was Iherzroi-e quite ;i stir in the community when non-wetting of helium o r 1  

some alkali metals hcIow a certain temperature wits plt<l~clerl theoretically 153 1.  The  
idea was that al t l~ough the van der Wai~ls term In the effective intel.face potential fa- 
vouls wetting, there is, nt sn~;lII dis!;ince f r o n ~  the wall, a sirong ~.epulsion due to the 
very large Bohr r:~rlius nf the outer shcll clcclrons of the alkali metnl alonis. This is 

strong ellough to rendel. R of lype 1 (cf. Fig. 2n) .  which cnmespnnrls Lo ~ncornpletc 
wettlng. An intense expenmental act I L  ity enjeigctl, which soon led to thc conf i~ma-  
lion [24, 261 of ;I wethng ~ranslt ior~ of Iiquid 4Hc on a cesium ~;urface. The wetting 
ielnpera!urr. wac fnurid to bc around 2 K ,  w ~ t h  some de.pendence on the s ~ t h s l r ~ ~ r e  
quality. Thorough studics using the quartz mici-ohala~ice technique have fully cstall- 



Pig. 12 Schematic wctlulg phi~se rli:igmm of liquid 
'HC un cehiuln. I.iq~ridlaas ctwxislcncc cor~csl>t~r~rlh 10 

Alr = 0. 7;, anrl 'lenntc tlre wcttilrg ~ r m ~ k a ~ u ~ c i .  
and thc PI-ewclling I~trc, tespcclively. Tl~c ~ul>crtYuitl 
transitiun 1s indicatcrl by 7; and t l lc Koslcrlila-TIIULI- 
lesa I ~ r w  (dashed). 

lished the nalure of the wel~irrg tlansirion an cesium as firs1 or,der wctting 125, 54, 
551, and it seems that Ltae~e is nu finite wetting ten~peralure 011 thc other alkali me- 
~ ~ I I s .  

Fig. 17, shows the wetting phasc diagram of liquid 4 ~ e  on cesiii~n scheri~atically. 
At a certain tempcmlu~e, TH, the eff'ective interface pnter~tial crosses over firlnl 
lype I lo type 2, correspo~idi~lg to a discontir~ilnus transition fro111 il~cornplete wetling 
below lo ct>rr~ple~c wctting above Tw.  The pherjotnenun of prewetting, which accoln- 
pa~lics a first older wetling 11-;~rjsitiorl as discussed in the ~IIII-r)tluction, m;~niresls itscil' 
in a prewetting lirle (PW) ~vhioh denores the cuexislcrjce of a thin and :i thick fil~n. It 

cnris a1 a critical cnd point, at wltich ~ h t .  tliffere~~ce ill film thickness be1wee11 tlic cu- 
cxisting films vanishes (this corresponds to the dis i ippea~ i~~ce  of thc intleclion points 
i n  the efeclive irjtcrfacc potcntinl. f1). [ I  exler~tls t o  tcmpcrawws above Ihc Ii~inhdu 
ternperatul,e, such that these is ;In ir\terscvtit,n between the yrewet l i~~g lirle and the 
Krlsta,ltiz-Tlioulcss line {dashed) which dcscribes the super l l~~ id l~ ia~~t~ ia l  trnnsi~son in 
tllc liquid Tilm, Dctiiils like the slopc of the prewctting lir~e aha still not completely 
ser~letl 1561, but tllc qualitntive shape ol ' l l~e lil1:lst: diagram is well cstiihlished. 

In order to irnage thc impact and flow ul' dro~)lets of liquid helillti~ on ii cesium sill.- 
L~c:e, we pe~fol-med in-situ surface plas~norl (SP) ~nicroscopy. A SP microscope IT- 

sults when n sijtnplr. like the onc shown in the inset Fig. 4 is illuniinakd with ;In ex- 

pnntled laser tiean1 and the retlectcrl ligt~t is irnaged ontn n CCD c;ilrier:l chip 12'1, 
DO]. Si~ice the scnsitivity of t l ~ c  method lcsu on the weak danlpir~g of Ihc surface 
~~Iasrrjons, the decay length ol: the latter nlay be as l a ~ c  ;is 20 rn ic~ .o~~s  (as in the 
casc of silver), which is then the limil nf spiitial ~es t j lu t io~~ .  H' other metals ;kt-t. rised, 

the scnsitivity is somewhar inl'trio~, duc tu Iiigher sotiace pl21s1rlo11 d a ~ n p i ~ ~ g  hut, at 

the same l i n ~ e ,  [he lateral resolurioil is hc(ter. .4ltllough the film thickness ~esoluticlii 
i? not as good as in a high ~ s n l u t i o n  optical microscape, l ic l iu~~l  filtns with a few 
Angsh'r)ms thir:krless can bc imaged with I-easun;thle cotltrast and a tetnporill scsolu- 
tion liniiled only by the recorrling etluipnjent. Tlic most striking difrere~~cc to tlic set- 
kip uscd for the experimcnls with hydrogen discussetl at)r)ve is Illat thc e ~ ~ g l e  of inci- 
dence is kcpr constant hcrc, while the ~ n f o ~ ~ i a t i n r ~  of thc adsorberl thickness is en- 
coded in the inleilsity of the reflected lighl. 

Irl o u ~  cxperiment, stnnd;lrtl video equil~nicnt was i~sed to n:cc)nl  he ilyna~nicx or 

superlluicl 41-~e droplets Calling onto n tiltctl, cesiated surl~cc.  In Fig. 13a, we tlcl>iuied 
u11r sarnple cell which contains tht: prism (P), a capillary above the prisnl f o ~  supply- 

ing the liquid helium and a Cs dispenser (D). Becore the PI-is~n was tnoi~ntcd i n  the 
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ccll, i t?  faces (catlietes) were covc~-ed w ~ t h  ;I 113 Iltn ~ ~ l v c ~  t t l r r l .  011 tllc 1tppc1 lxisln 
k ~ c e ,  this sel-verl Ibl. rmlucing h e  surklcc p1:istnon tlatnpillg: using iul ;ill cccit1111 1-111n 
would Icatl lo a VCI-y 1:trgc: t.esonance w i t l t l ~  ;~nd, cnr1~cs~>ont2i t~~ly,  ; r  11<x>r C O I ~ ~ I . ; I ~ ~ .  0 1 1  

thc Ic~wcr kice, II providcs ;I rilelal n l i ~ , ~ , o ~  riececsni,y (111, i i l l ;~gi~lg. A l re l  cooling to 

4.2 K, t11c dispenser i s  hc;i~ed and i ~ [ ~ p m x i ~ n a t c l y  ten atomic layer\ nf C:s ; I I ~  rtcpos- 
itcd onto [he upper p ~ i s r ~ t  face. 'rlus hils 1lcc1~ s l~owt~  Ir)  y~clcl ;I ivcltlrlg ieinpcli~lurr 
;woi~nd 2 K 125, 571. A nwsk (M) has I)eerl pl;~ceil ill fi.ri11~ of ~ l l e  1oivt.1. pal'l of 11115 

111 is111 Lice in ol.tle1, to ~)~ .ov~( lc  ;I ~ ~ o n - u ~ s i i ~ t ~ ~ l  silvcr sur i'i~zc lot c o l ~ ~ p a ~ i ~ c l t ~ .  Tt1i5 car1 

1)e seen i n  Fig. 13b which slln~::, n SP ~uicrnscnpic: i ln i~gc ol' Ilic rl lylcl ~)r' isl~) tncc. 
with the angle of incirler~cc adiuslcrl SII ;as 11, 1lr;llrIi Ihc SI' II'SIII~IIIIL:~ ~IIC ~:t:si;llt:(l 

1x11-I 'l'lie I;lue~ r l~us  ;qlyleiu,s ~I;lr,k, w l ~ l l c  thc q ~ l v c ~  11ii1-I, wl~ic'f i is I)(>[ cxiictly it) ~ c ~ o -  

tlancc, iippeills b~,ightcr 

I l i h c l ~  :I ' ~ e  droplet lalls clowr~ o l ~ t c ~  [tic III)CN:I is111 L N : ~ ,  1111: NI' 111 IIQC gepiol~ COV- 

crctl will1 I ie l i r~ln w i l l  he d e ~ ~ r r ~ e t l  ~,esullirlg ill ;\ \uhst;l~u~;~l it1c1-citsu In t > i ~ p l ~ l ~ ~ c + s .  

' I ' l i is i:, show11 it) Fig. 14. w l ~ i c l l  s[~ow> llle r ; i~rh~ce 140 Itlr i l f1~1- ;t (11~optct I~;IF i~l-rivcrl 



a1 c~~ritacl. CIiannc1-likc st~uctul-cs iil,e clcarly sccn lo evnlvc, i t i t l lcating thi11 I l lc  sul- 

Lice i s  not wct l-ry thc l ie l iun~.  l l ~ c  1 ~ t t c 1  tclirling 10 t i e~~e lop  u shiirp contacl lirle. It is 
ollhel.vetl thal lllr 11r:liulrl Tl(i ws LJOWII UIIIY i i l o ~ i g  the l i ~ l ge r -h l l i ~p t t l  CII;~IIIICI legiotih 
gc~~c~- ; l l cd  in i~i iedi : i~cly i i f tcr colitnct will1 the sril>slr:lte No ~crlr lel\cy ul' sptci \ ( l i~ lg i:, 
i ~ p p a ~ - e ~ ~ t .  Hnwcver, ;IS soon ;IS the l l e l i u~ i i  ~,cacl~cs the silvcl \uil';~ce, 1l1c lictuid I l r w .  

wliich h;td been I-esii-icterl to 'cf~anncls' 011 l l ie ccsialetl pilrt r ~ l -  thc s;rr~q~le, ap~,c:icls 
1;itcr;tlly or1 the s ~ l v c r  surhce. The h l i ~ c k  ~sgitrris ill 111c ~ i l v e ~ e ~ l  p;~tt intlic,i~c: i~ I ~ c l i i ~ l n  
cuvcrnge which i s  et~ough lo lur~c (he .$I' rm i t ~ c  si lvcl i l l lo 1esrln;rc~cc. A1 thc ;lnglc 
crl ~ n c ~ r l c r ~ c e  chosen. this is Ilic cnsc when rhc I ~ e l i i ~ n l  fi'lln IS tl-tir:k c ~ i o i ~ g h  to ;I~)~IC;~I- 

bulk l ~c l i u rn  to  thr ev;lr,escenl wave o f  the 51'. Il'e C:III ~ h u s  cu l~c lude f1i:it the 
t7l;lck regions, con'cq>olltl 10 lkusc pu,ls or1 tllc silvcl. w l ~ i c l ~  ~II-L: corel-ctl 1)y IIIOI,~ rllatl 

750 n ln  uf l l r l~i icl I-teliu~n. Since. the Ih~cklress OII 111c cesia~ctl rc-gio~is vutsicle I l ie 
uh:lruncl\ is at mohi :I few A ~ i ~ s t r u > ~ ~ t a .  lh js  ~jt 'r i i i>~)sr~-arcs t h ~  ~ I I - O I I ~  sj)l.t5adillg t~11- 
rlellcy of I l ~ e  he l i l ~ l n  o n  the s i l vc tc~ l  pill-ts of' the sa~nple. I n  f i~c t ,  c:arcIul ex;tn~irliklion 
o f  t t ~ e  g l r y  vnlucs rcvciiled a change i n  intensiry v i l -~ t~ ;~ l ly  al l  ovci, the silvctrd pal-(. 

11 ~ h ~ l ~ l d  be noled Ill;lr a lu l l  c:~)lltl.:t~t ( ~ ; ~ I . ~ - I I I , I ~ I I ~ ~  ~ I i i l ~ i g c  011 IIIC ccsi i~ led pi11.1 i s  

;~chievcrl hy cr)vel-;~gc w i ~  h a l r l )~ ,ox l t~~ : i t e l  1 l r  ni  rll' hclium. On  thc tr;i~ling edge\ 01- 

tllc fu~gel-s r l l l  I l ~ c  Cs (w l i c r~  lhc flow-down prncess of  l l ~ e  c l r - o ~ >  w;15 ;al~iir,st cum- 
1,letz). \VC U ~ S ~ I V C L I  il q i ~ i l e  gl,atlu;il c.ii;ll~ge i n  i t~~er is i ty  c - ~ v c s  i i pp~ox im i~ rc l y  nnc mi l l i -  
ri~ctcr. IHCI~C;~(III~ 11ii11 wI11it IS t l ~ w l n g  ill-c IIOI bulk f l ~ ~ i r l  stl.rlc:tul-cs. h111 ;II-c hcl iu l l l  
I ' i t l~~s.  1:rom the w e t w l  area of s c v c ~ i ~ l  sclu;ll-c rnil l i~uctcrs mitl :I i y p i c i ~ l  (llnl,let vnl- 

u n i t  of :I Ccw hundred l ~ i ~ o i i t c ~ - s ,  wc I:;III esli~nate the f'iiln thicklicas to he a lkw 1111- 

clr)tls (cortesl~oncll r ~ g  ol~ t ica l  l y  11, bulk  hcllirln. ;is r a ~ c n ~ i t ~ i ~ c r l  ahnvcj. In thIc cxe .  ollc 
cxpeurs a ctit lcal f l t l w ~ v c l ~ c i t y  for I11e f i ) r ln;~t ior~ r > T  quailul ln vul,lcx 1-ir1ga (111 rhe or- 

der of a few cn ih  [ 1x1 In V;ici, a n : ~ l y ~ ~ n g  a scl-ies of pictiil.es, we f 'w~ l l~ t l  lilt. f low ve- 

I n c i ~ y  I I I  t ~ :  appr.(>xilriately 5 c~nls which suggesh th;it r l ~ e  film flow l?y which rlic 
t i~-ol i  c l ~  iii11.s tiow u t l ~ c  s111-fi1ce is li tnitctl hy thc c:ritic;~l flow .~elouity. 

\l:l~r~l tllc l iqr~icl hcl ium t l r t lp le~ hits c11,illned ~uuity. i t  i s  ol,se~.vctl t1i:lt ;I Ihlck I'I~III 

~-crn;~lns w h i c l ~  i:, s~al,le lot- :I l l lne oil the order r)f a srco~ l r l  Iyig. 15 .;how:, I r i l n s ~ c l ~ I  
1llcnsu1,ctiicnts of' ~ h c  f i l m  thickness durrng ~h t :  ilnp;lcr antt 111-:1i11agc 01' 111 C O ~ ~ S C C L I ~ ~ V C  

dl-ople~s. In tltis cnsc, thc ~ e r n ; l i n i ~ ~ g  '~~~cl ; is~i t l , lc '  film wit< Ics.: t l l i ~ ~ ~  100 It~ir:k, hut 
i1150 ~ l ~ i c h e i  T~lrns t ~ i i r e  hecn ohse~.vett, l ' t ~ c  ex is tc t~cc  of- rrlcr;ls~:il,lc h c l i u n ~  I'ilms o t ~  
ccsiurn 1s i r ~  lac:[ wclI esr:iblishctl 1541 ;lnrl Inay hc wc.ll unrlcl-ctoorl q ~ ~ a l i ~ i i t i v c l y .  

Sir~ce I ~ C I , ~ :  i s  rltr rna~c l - id  % h i c l ~  is ns dry by hel~r rm i t s  cesi~lrn, ddects on l l i c  cesitirn 
surf;lce, wltcthcl. tiicse arc hole\ in thc ccsiuln fi1111 01' t l u h ~  parc~clcs, ;II-c iilv*;~ys wet 



time [sec] 

Fig. 15 P~lln Ih~ck~iexr flanuicntr a point (IT L I E  s:~rnple which i s  ~epei~ledly hit by n dmplct The 
~~~e lns lnb l c  lihn ~.c~nnlning for about n sccontl :lftcr n droplet h:ls drained away is clcsrly seen. 

by helii~m. Contr:iry to what i s  usually experienced with other wetting layers, there is 
~hus r~o n~iciention center for dcwelling. Furlhetlnore, since the long rarlge mil r l C  the 
effective interface potentiid is in favour of wetling (cl~re lo [he small pnlariziibility of 
(he helium atoms), ~hei-e i s  no physical reason fnr spinotlal tlewetring LO occur 116J. 
Thew is tt~us rlo sitnple way T o r  the helium f i lm to get off !he cesium surface once it 

I~ns bcen snccessfully dcpositctl. Whcn there is  no dry (cesiurn) patch in thc snmplc 
cell where dewetting car? slart, these rnat;~sti~ble films may last for 11our.s f541. I n  our 

case. there itre dry regions to nucleate dewett ing rli~tside the irnlsact ~ t g i o r ~  nf the 
droplet. However, as we c o ~ ~ l d  see in Fig. 14, the conlact line is strongly pii~nerl iuld 

mast bc moved In ordcr fur dewctling to pmcecd. Consequcntly. our xnmcwll;~t 
preliminary inte~.pl.et;~tion of the clcwelting dynamics ol' !lie met;jst;~hle film displilyed 
in Fig. 15 is that it is ~nainly tlo~ninated by the pinning forccs wlllch Inus1 he ovel,- 

come 10 move the contiict line over the cesium surFnce. The rillimrrlc 1imit:)tion of thc 
lifetime of' thc lilm is given by i ~ s  ev;tporation. since we al-t: sligh~ly oll' coexIslerlce. . 

4.2.2 Effect OF [lie prewetting tr;i~~sition 

Before we discuss effects occuning i ~ t  higher tempa';Itt8l-es, Ict us Cirst co~lsiclcr what 
i t  means thermodynamically when a droplet inlpinger 011 the cesiiirn surface. Befo~r: 

the druplet touches the suiface, there i$ already n t h ~ n  FiIm or helii~rn which cum- 
sponds thermodynatnicnlly to the base pressure in the cell. In 0111 expesi~ner~t, thir 

was very dose to coexistence with the bulk phase (p = 0.995 p,,,). When the drnplet 
touches the surface, the laiter i s  in uontilct with the condensed philse, which corre- 
sponds tr, a state in ~ h c  conriensed phsre legion. 01 at l e l ~ s ~  on the coexistence curve. 

We can thus cnvisagc thc impact of a liquld helium droplet as n small excursinn i r ~  



111c phase riiagi'am (ct. 17ig. 12) which ht;lr,ts SOIIICM.~;II ;IW;I~ 1'1-IIIH I IIC C ~ C X ~ S I ~ I I C C  

currt. !A/' ':. 01, ~ I P ~ > H ) ~ C I K ~ ~ I I ~ ~ I  inecls wi lh  it, a ~ r l  li t~al ly I cliu-11c lo 11.: origi l l i~ l  posi- 
Ii~m i ~ ~ r i l i i ~  WIICII thc dr-oplcl has c2r;1itlctl ;Iway. 

A gbiknce ; I !  lhe ~?hiisc cli;tg1-;11n shows Ihiil s u r l ~  itn ckcu~.s!r~n ill tc~npc~- i~ lu~r : \  
at~ghrly nbuvc thc wcl t i l~g tcrnpclillurc, I ; , ,  hll(1i1lc1 CMSS thc I ) I T W C ~ ~ ~ I I ~  lint : ~ t  5 0 1 1 1 ~  

poi111. 11 is tllus Interesting to look For. ;lt~,lnalics irl the ~pie;iding l~ehavioui. of the 
liquid cln 1l1c s r ) l~ ( l  s11hsl1-;11c w t~ lch  ;lrc 10 hc  ;iltrrhl~lctl t o  CI-O,S<III~~ I l ~ c  prcwcl t i l~g l inc 

in ihc [>lli!sc cl1agl:inl. N O ~ C  !hilt i t  rlcnolc!, ihc cucx~slc~ icc hctwcel~ ;I lh ln ;1t1d :I thick 
I'ilru. I! sf~orild [I~~.thcsmore be empliasizetl Ihnt when tllc clvoplcl i s  oti tllc surfi~cc at- 

l'c;ldy3 the l a ~ e ~ a l  clis~;~r~ue h o ~ n  1112 d ~ c q l c ~  co~-~-espr)~~ds ;t lso IO I l ~ e  t t ~ c i ~ ~ ~ o t l q ' ~ ~ ; ~ r ~ ~ i u ; l I  

'clislal~cc' fmn coexistence. A/l. 

I'lg. I 0  shows tllc i ~ n l ~ i ~ c t  01- a tltoplet ;I! I . X 5  K. hl~gE~tly al)ovc Ihc w c ~ r i l ~ g  ~ c m -  
IJeralurc, wlilch w:~s I . X O  K II?r ! h ~ s  snml)le. The~e i s  IIOW ;In i ~ l l e l . ~ ~ ; ~ l  s t r l~c i i~ re  in thc 
tl ioplcl ;IS il is ciel~usi!otl un thc ccblrlln s1rbsl1-;11c. In  (he cenler, the high!  spa! 111dr- 
c:llcs rhc prcscncc uC 'bulk' I~t l roin, I iav i l~g cut~~pletc ly  t l c l i ~ ~ ~ c r i  illc su~.f;tcc ~)l;ls~ncm 
re\on:incc. Hnwevcl., (here is ill ;iddiiioti an nirler region will1 :I 1-;1tl1cr i ~ ~ l i i ' o ~ . ~ n   hick- 
nc,ss, as can hc juttged fi.nrt1 Ilic. r i r~ i i o~? i l  gl-ey vz~ l i~ t~ .  I 1  11iis ;I shiup bour~rlary wi ih t l i r  
i-trl of rhe urnplc  s~t~l;lve. ' l ' t i ls su~-~-t;~intlin_r f i l ~ i l ,  wllosc thtc:kl~csr: uilr] hc irrt'crl-crl 
[i.(>111 ~ I C  grey v:lluc 10 be abor~t 300 A. sIT;III Ilcr~ccl'r)~.th hc c:~llc<l (he p:~ncalic lilln 
U'c i i ~ t t i , l ~ ~ c k  I!W sli:1111 I>OLII~(I~II~ II~IWCCII IIIC ~J;IIIC;I~C ~IIII ;HNI 111t: SIII-I-IILIII(~~II~ I-(<- 

pi011 as a ~ c a l  spacc ~ r p ~ c s e ~ i r a t i u t ~  nl'thc PI-cwcltrlig line, which is illso c~.osscil wi ih 
~ I I C W ~ I S T ~ I ~  rlisti~nce from the dl.opIet. 



11 sl~oultl he ~ ~ o t e t l  thal t l ~ c  p:~tic;ilic l i ln) l i ) l - l l lh i v i t l i i ~ l  thc fir<[ rot~t.!y 01- 1 1 1 i l 1 i c ~ ~ -  
ondq (1tw.n video i'riln~ec) a l l c ~  (11c itnp;~r:t ;lrltf 111;ly wcll I)c fc)~,~nctl t ~ y  r l i ~ r c l  c'c~rtrlc~~- 
salion fl-urn tht: ~ i i ~ p t ~  ph;lre I ;rtllef, tli:~n s l ~ ~ c i ~ t l i l ~ g  of IIIC l iclt~id (wl 1 t ~ c  auhs~~.ale. 
Sorlle ide;~ o f  t l ~ c  t l \r~~:~rnich oC rhc pl-occ.;s c:ul be ::liner1 ohserving I l l ;~ t  the two piwts 

(;I and b~ ut' Fig. 1 h  ;ne n r ~ l y  one vitlco i~ul- ie ;q>;lr! (20 Ins). 11, 111~:  v;rl~r>u!- plcsstrrr: 
corilrl he: :issu~i~ed 10 hc c(~1slit11l li~ti:l.;tlly, i t  WOIII(I be ~~ors i l> lu  to cxtlaut Crolr~ Ihc 
w i r l~ l i  (11'  ~ h r .  hrrunrl;~r,y line :II~ estir~~nrc of thc cne~..gy bnn.icl i n  I l ~ c  cf l tc l ive irltcr,facc 

poter11i;ll hctwcel~ !lie minilnulit aI small thicknew :mrl the glol~;11 r i ~ i ~ i i ~ l ~ l ~ ~ n  ill i ~ l f - l r l -  
ily. Hawevcl; this ~.ecluit.es rneirawcrnellts w h i c l ~  ;we clo5t:i- l r l  r . r l ~ ~ i l i l ) r - i r ~ ~ i ~  ; l r l l l  5h1,ultl 
I ~ I I S  bc pel-fc>rmeil 011 horizonlal su~-hkccs to slow r l n ~ ~ r i  Ihc clyr~i~rilicx. 'I'Ilc\c cx~lcr- i -  

lnellts n1.e presently under way. 

4.2.3 ETTcct nf thc Kosterlit7-'T'lic111Icss t ~ - ; ~ i ~ s ~ t i o l r  

When 111c ~t: j~t~>t:~; l lure is ~ i ~ i a e t i  lui.t l lc~, ;l l i lm  :IS I l i ick :is !hc p n ~ ~ c ; ~ k c  Ti1111 pi-:~rlu;~lly 

cxtcr~ds O V C ~  ~ l i c  s:~tilplc, finidly covering rl~c wt~olc, ct~hsl~-;~(c. t i t  ~ l i i s  IJOI~I, tllc t~n.;c 
pl-cssutc in !he cell tiow r.cptcscniY ~ x ~ s i l l n l i  ill fllc phi~sr cli;!g~;lr~) w l ~ i c l i  i s  he~wcc:r~ 
Ihc r.oc.;ictc,r~c:c c u r v c  ;uitl rllc ~ ~ i c w e t ~ i n g  l i ~ l c .  'Vhc~i a t lr-ol~lci is t ~ o w  i ~ l ~ p ~ t i ~ i ~ l g  (11110 

~ t ~ c  s~~r.C:~cu, t l~crc i s  [ lo .;harp hr)utitlir~-y iulyt11111,c bctween llle hulk ~cg in l )  ol' (he tl~,oy>- 
ICI ;II~CI 11ie \LII-I-~LIIIC~~~:, ~cginr l  (cl . Fig. t ?;I). Aly~ro;~chii~): t hc cll-c~pI~:l ritl tlcr ~:I)I-I-~: - 

\ponds to : ~ p p ~ o i ~ r l ~ i ~ ~ g  c:o{:xis~t:~~cc \~;LII~IIK ill IIICLMII-~~ ;~II(I~JC t11c l ) ~ ~ c i v c t ~ i ~ ~ g  lint 

F i x .  17 a) A \  l l i p l l c~  tcrll[m:l!urcs, [ l ic 

~~cu-et r i l~g l i ~w is not nnytnorc bciilg 
<~o \wd  ~I~ I I  L I I ~  i ~I~~I;I~I, ;III(I llie (lrol>lcl I\ 
SIIIIOLIINIC(I I>? a \IIIO(>I 11 I~!II\ p!ui tic. 1)) 

Wllcl~ l l ~ c  Koslcr.luz-'l'lic.~~~I~:~~ lunc rs 

urossctl c l u ~ i ~ l y  iilrpibrl, ;I lylw 01 ~>;lrlc:llic 

Irlni 1,c:Ippcnl.'; which i s  r ~ f  ~)l~ysic:~[ly dif- 
i c ~ c ! i ~  1i:1111i-c 1t1a11 IIIC ojie ~IIOIQ[I 111 Fig. I 



presssulc, which  results i r ~  a smooth divergence of the filrn 111ir:kncss tclwilrds the 

cl~uplel. 
At even higher lernperaturcs, I l ~ e  renccurrencc. of a stepped d l a p l e t  p~o l i l e  is oh- 

servetl, as shuwn in Fig. 17b. which was I-cuorderl a1 2.1 K. 'Thc reason for this lo oc- 
cur is y ~ ~ i t e  ot)vir~us when one regards Fig. 12: the c x v u ~ s i o ~ i  i r ~  ~ h c  ph;ise diagri~m 

which represents the drop itnpacl crosses the Koslerlilz-Tlioulcss Iratisitiu11 line. 
t Ience the outer  part of t l ~ c  Film IS r lo~,~ni~l  l'lui~l, ~ h c  inner part (the pancake film) is 

supe~fluid. ' l l ~ e  opt~cnl contrast comes about by the ihct 1ha1  he superfll~id film is 
capablc of the liquid t~,ar>s~lorl lecjuirccl to repler~ish thc cvapurating Ilel iunl, while t hc 
normi~l fluid film is nut. Thus, the lattel- reat l i ly  evilporatcs, leaving thc sulf;~ce nn- 
covered. 

5 Su~ntnary ant1 outlook 

Wc have dcrnnns~ri~ed rhnt Iniiny different aspects of welting nliiy hc s ~ ~ c r c ~ s l i l l l y  
studied using kryogenic nlorlel systems like hyrllogen or liquid h e l i ~ ~ r r ~ .  Wlli!e ~ h c  
pleserlt paper was 1,estrictcd to two welting l r i ins i t io l is  (n continunu? irntl 21 r I r s c t ~ r ~ l i r ~ -  

rlrlus one), i t  is cle;~r that a lal-ge nurntwr uf phenomen;~  which arc also yrcsent in 
inore conlplicaleti systems are sin~ilarly accessible tn il~vestigi~tiun with colnparably 
simplc liquids. Simi la l - ly  10 well established studies with binary ~nixlums of organic  

liqilitls 1581, it may also L-rc possit,lr: 10 use infcrt':ices between quantu l r l  liquitls 3 r d  

quatitillrl solids (auch ;is the helium isotopes) as irlterfaces of 111ter-csl. In  ttiis case, 

the problem of  sulAPdce contaminatiui~ will be ctrrnpletr.ly avoided, siricc only cryo- 
genic surhces relnitin invofvcd. Syslcrns likc these IrliLy colnt: within the reach of  ex- 

act theoretical tractability. 

We ji~:irctully ackl~uwledgc stimulating t l i sc~~ss iu~~s  WLIII Sicgf~riccl D ie~r i c l~ .  Micll;icl Scluck, Osci~r 

Vilcl~es, Adrian Wyatt, and Gin~~lpnoln M~sturii. l'hls aurk has bccn supporlcd by t l l C  I)cutschc I:r>r- 

.~chungsgcrneinschafl (SFU 3U6 and grmt Lc 3 1511X). 
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