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A NEW PROBEFORTHE SURFACEELECTRONICSTRUCTUREOF LIQUID METALS*
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The fluorescentlifetime of anemittingmoleculeneara liquid mercurysur-
faceis proposedasa probeof the electronicstructureof themercurysur-
face.It is shownthat this propertyis very sensitiveto theconductivitypro-
file of the surfaceregion.

THEREIS CURRENTLYan interestin the dielectric difficult to distinguishbetweenthe Epsteinprofile and
propertiesof thesurfaceof liquid metals.15Bloch and anellipsometric-sharpprofile (i.e. a sharpprofile with
Rice’ haveshownthat the disagreementin theoptical the ellipsometricallydeterminedoptical constants).
constantsfor liquid Hg obtainedby ellipsometricand In recentwork we13 andTews14havefound that
nearnormal-incidencereflection techniques1’6~°can theluminescentlifetime of anemittingmoleculeat a
be reconciledby assumingthat thesurfacelayerhas a distanced

1 from a partially reflectingsurfacecanbe
dielectric functionwhich is quite different from the representedas an integralover all anglesof incidence,
bulk. Theyinterprettheir resultson thebasisof an realand complex.Forexample,the lifetime of avertical
Epstein-likeconductivity profile’

1 for thesurfaceregion dipole (1 to interface)is given as
whoseform is

—lW /0(z) = 1 + W~~b+ 1 + W exp(2~z/~), Td = r~[l — ~qIm JR
12 e~id1u

3 du/ll1 (2)

(1)

where0b ando~are thebulk andsurfaceconductivities,
respectively.The quantity~ determinesthe width of the wherer

0. andq are the lifetime andquantumyield in
profile measuredin thez direction, i.e. normal to the theabsenceof themirror, 11 — i(l — u

2)”2, ci
Hg surface.Thereflectivity of sucha surface,particularly w’.,1e

1d1/c,u = sin 0, 0 is theangleof incidence,andR 1.2

at normal incidence,is not markedlydifferent from that is the reflectivity (polarizedparallelto planeof mci-
of the sharpprofile andis, therefore,nota sensitive dence).The form of equation(2) follows directly from
probeof suchprofiles. It is thereforeof interestto find the original formulation of Weyl.

15 As the distanced
1

newmethodswhichare moresensitiveto the detailsof becomessmaller,the rangeof complexanglesthat are
the surfacedielectricprofile. In this note,we suggest importantin the integrationbecomeslarger.Therefore,
suchamethod, from the remarksmadeabove,we expectthe lifetime to

The reflectivity is a moresensitivefunction of the be a strongfunction of the dielectricprofile of thesur-
presenceof theprofile when theangleof incidencebe- face in the smalldistance(energytransfer)region. In
comescomplex.In the caseof frustratedtotalrefelction fact, it hasrecentlybeenshownthat the emittingmole-
(FTR) a limited rangeof complexanglesis accessibleand cule couplesdirectly to the surfaceplasmonmodes.’

6”7
someincreasedsensitivity to thedielectric profile of We haverecently extendedtheabovementioned
liquid Hg, relativeto moreconventionalreflectiontech- calculationsto the caseof a multi-stratified medium.’8
niques,is observed.35’~However,evenwith FTR it is From this work, in agreementwithWait,’9 we find for
______________ the lifetime of anemittingdipole orientedperpendicu-
* Supportedin part by theNational ScienceFoundation. lar to a mediummadeup of k— 1 layers
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7 SHARP PROFILE (ELLIPSOMETRIC)20 MODIFIED EPSTEIN PROFILEFig. 1. Geometryof multi-layer problem.The dipole isperpendicularto anda distanced1 from a multi layersys-
tem of k — 1 layers the lastlayerbeingsemi-infinite in _______

100 200extent.
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Fig. 3. Normalizedlifetime vsdistancefor liquid mer-
cury systemwith variousemissionfrequencies.All life-

~ times are normalizedby the resultsfor a sharpprofile
describedby a Drude-like dielectric functionwith

0b =

9.4 x l0~and rb = 4.516x l0’6sec. The optical con-
———EPSTEIN PROFILE stantsfor theelipsornetricresultsare takenfrom refer-
— MODIFIED EPSTEIN ence9.

PROFILE

Thequantity1W~is the parallelcomponentof the reflec-
F—
U

tivity of themultilayer systemat a particularvalueof 0
z
0
o (u sin 0).The geometryof the systemis shown in Fig.
o 1. The closeanalogybetweenequations(2) and(3) is
Ui
N obvious. Indeed,the expressionfor a paralleldipole can

be inferredfrom this analogyand the earliersinglemir-
ror equations.13’14Forsimplicity we will restrictour-

selvesto the perpendicularcase,(thoughthereis a simple
factor-of-two relationshipbetweenthe lifetimes for the
two orientationsin the energytransfer region).’6

\
DIELECTRIC -.-.. Forillustrative purposes,we haveappliedequation

BULK Hg (3) to a model of the liquid Hg problemusing a slightly
/

I I modified versionof theEpstein profile. We assumea
—I 0 +1

NORMALIZED DISTANCE (Y) Drudedispersionrelationand takethe parametersfor the
profile [equation(1)] from reference5: ~ = 6.28A,

Fig. 2. Conductivityprofile for liquid mercurysurface.A ~ = 480b, r~ Tb = 4.516x 10-16sec,and 0b ~ x
linearextrapolationtowardthe pointsY= ±I hasbeen lOll esu.The normalizedconductivityis then
usedto obtain themodified profile which is usedin all
calculations. a(z) W(49 + W)x~—= (8)

-‘ 0b (l+W)2
Td = r~[1 —~qIm e2hiai U3 du/ll1 (3) and is shownin Fig. 2 asa functionof Y(~z/~).Also

0 shownin Fig. 2 is the slightly modified versionof the
where R

1 2 + ~ Epsteinprofile which we will use in thepresentseriesof
= I +R1,21W2’ (4) calculations.We havethen for the distancedependent

dielectricconstant

1W = R~,1++ 1W~+ ~ (5)
4~TUb . 4~Ub

~ I + R~,~+
1

1W~+, e(w, z) = e~(l—x) —x 2 2 + ~ (1 + w2r2)
I+WT

~j1j+I ~~j+1’j (6) (9)
1Wj,i+1 = eJli+ I + EJ+ i~ The lifetime of the fluorescenceof a moleculeemitting

and
— i(e

3/c1 — u
2)”2. (7) at a distanced

1 from sucha surfacewas computedusing



Vol. 18,Nos. 9/10 ELECTRONIC STRUCTUREOF LIQUID METALS 1261

equation(3). Up to 400strataarenecessaryin some anglesof incidence.Resultsare also shown in Fig. 3 for
casesfor adequatenumericalconvergence, the ellipsometricprofile and are seento be easily dis-

Theresultsare shown in Fig. 3 for e~= 1.50. tinguishablefrom the Epsteinprofile resultsespecially
All lifetimes are normalizedby theresultsfor a sharp in thesmall distanceregion(d1 <60A).
Drudeprofile. As d1 gets smaller,the lifetime for the From the above,we seethat the lifetime of anemit-
surfacewith the Epsteinprofile differs significantly from ting moleculenear the surfaceof liquid mercurywill be
that for the sharpprofile surface.This is in agreement stronglyaffectedby thesurfacedielectricprofile and
with our earlier remarksaboutthe inclusionof complex thuswill bea sensitiveprobeof sucha profile.
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