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The tr-th *98 -d htor8ctions of Vapor-deposit*

Bi on ● Cl*en Pt(lll) Nrface and lts effects m tk

ckmisorptim of H2, CO, and 02 hevQ hen monitomd by

mgsr 91*ctron cp.ctroscopy (W). 10W-mOrv •l~~tron

diffraction (LEED). and thomsl d-sorption msss

rpoctroscopy (T021S). ?or sutinolaycr Bi covorag,s, LEK9

patt.ms wore obsorvod to progress with incrmsifu

throqh P(2 x 2), (fi x ~)R30°, P(3 x 3). and P(4

covorage

x 4)

StNCtUrOS. W Bi TM!? and AIM dato ●re consistent with

●bsoluta covoragss of 0.2S, 0.33, 0.44, ●nd 0.>6,

nspoctivoly. For submnolayor covaragdt of this

s2pn-ty’pQ metal, Bi ●datou ●re svrongly ropulsivm ●nd

msximizo tholr spacing ●bjoct to tho constraints of tho

rt(lll) sit9s. fiis is to be contrautod with d’sm-t~

metils such ●s AD. Cu. and h on Pt(lll), which show

●ttractive interactions end coalesco into 2d islands. In

ctiisorption of small W1OCU1OS on Pt(lll), ●ach Bi ●dskom

blocks ●bout two Pt surfaca ●toms. An ●semblo of two

&djm@f>t Pt cites is required for both d!smociativo H2

amd wlocultr 02 ●dsomtlon va on. slta for CO

●dsorption; tharofore, uptako of tha fo-r d-sorbatos is

mch moro ●ovorely ●ttmuated 6s Omi incromsom.



emsidmmblo Lntmest in mdifying

mmfac~ by doliborato tid~tion of

c~alits . A mjor focus of such 8urfac* ●cianeo studios W Men m

Undomtmdim in mlocular datail lww tlM Constituents of tl!mso mltic~t

int.arf se9s Lnf 1-CO hotorogmoau
1,2

9 roactioru.

Tbo pmsoat work cmtms on tho influmc~ that vapm-dopositad Bi lmc on

tho c-cal reactivity of th9 Pt(lll) surface. In particular. the influmce

of adlmyor 8rowth tiQ on adsorption of cmall suwus tisortmtos (* .*. H2.

m, 02) will be Rdt?mssd. W ~s~lQ. or mrt~c~ ●ito S;*Q. mi~t

for adsorption will b9 probd for cmh of th-o mohcuhs. Van 9pocif ic

contrasts will bo -O with prmviow work
3-5

m tha in flucnee tlut Crwp ID

●datm (Cu. ~, b) bVO m tti NrfaCQ C?t-iSt~ Of Pt(lll). C/ualitatisa

inta~rotations concomiw tho s-h DO& chmroctorislics displayul by thoso

diffaront ntal adhyom (Group W\vs ID) will M favorably cmarod with

tho id~as of Bmor and Kolaczkiwicz6. wlm Prwlict that th, Group ID adatou

should srm in 2d islands whilo Bi should apmad unlfom.ly ●cross tbm

●urfaco.

II. KX?UINOTAL

Preparation and clom~ng of tk Pt(lll) si~lo crystal SQ1O is

doscribad in Raf. 3a. Burfaco cloa.nl~nass u8s •sc~rtaimd by ~Sar ●lo~tron

spoctrmcopy (ALB), 10U morgy ●loctron diffraction (UBf)), and tho size.

shape, and reproducibility ef 02, CO, and H2 LhONl dosorption MSS

spatra (Ttm.s). Purthar ●xporhontal details ●m listed in ● r91mtcd

38pqwr. Bismth was vapor-dopositad in tho followin~ ~or. A

4522C 2 10 I9I84



●lSO ~t--ldd to tb back. ~

- ●bovo tbs Bi rosomoir. 8nd tha

38
previously doscribsd. TM dosor

Pt sllbstmt@ mm po,ittoned Vortieally 4

mst of tha dosi~ eonfisura?iom hu G

Was typically Opomtsd 8t ● Constaot

thmmxouph rudim of 17.75 mV (726 K) , snd tin doso ra’o was ~red by

-1
ASS to b 0.089 +0.0Q2 ml *in . (On. -nolsyor = 1 ml - 1 Bi ●tti?t

15
surfaco ●tm _ 1.505 x 10 Wl!s/c82 eorrosporbds to o - 1.0) . TIM

Bi/Pt(lll) intorfacas wmrQ $rcnm ●t

followd by ● 30 s arumal at -650 K

for ●xwrbtil chmmt. rimthn.

● substrata t~raturo of +40 K

U’ld t- COOi@d to various t~r8tu~s

III . RSSULTS

4. S-W of Bi/Pt(lll) Grou’Lh Mod●$ . fm Mf. ?

At su-nolayor covoratas, Bi sdatrn f cm ● sorlaa of ordarad ovorlayer

Stmcturos on Pt(lll) u ~rizd in Fig. 1. Tha ●xporimmtal ●vidancs

supporting Lksa structural -01s follm fra LSKD, ASS, and TKmS

mmsuraonts da8cr Lhd briafly ham and in furthsr dgtail ●lmutwro, *CW

~routh DLMOS St othar substrato tsqmratums am discussed ●S wL1. 7

In NM su~nolayor msion, LtSD pa:tomm of tha Bi/Pt(lll; intarface

-r~ obsamod to prograss with incroasin.$ covorqm through p(2x2), (WX

mm30”, p(3x3), mnd p(4x4) ctructuros. Tha structural mdols for thaso

pattams, shown in FIw - ~ snd consistent w~th TUts and ASS data,
7

Clvo

●bsoluto Bi rovara~as (0 ,L) of 0.25, 0.33, 0.44, and 0.56. mspoctivoly.



.
●▼ 811 these covcrages.

patterns, which support

distance decreases from

Intermediate coverages gsve sore cooplex LEXD

7
this model ●s well. The ●inim= Interatomic Bi-Bi

5.54 Aim the p(2x2) structure (@Bi = 0.25). to

4.80 AiKI the (ax ~)R300 structure (OBi= 0.33), to 4.16 Ain

the p(h3) structure (%i = 0.44), ●nd finally to 3.69 A in the p(4x6)

‘tnct”re ‘“Bi
- 0.56). Xote that the sstcratiou p(6x4)-Bi stmcture ha.

●xactly the sma Bi-Bl spacing ●s the metallic dia~ter of Bi (3.69 A, ●s

defined by Zachariasen.8) i?ith Bi ●xposures greater than that necessary to

●chieve this saturated overlayer ●t OBi - 0.56, ordered multilayer Bi-Pt

●lloys are formed as discussed in Ref. 7. Bi ●lvays seems to occupy the

topmost layer in these ●lloys, ●s they ● re inert to CO, H20 or 02

cheaisorption (see below, for eBi > 0.s6).

The Bi TDMS (m/e = 209) free surfaces with ~ ~ 0.56 display
%

● s$ngle desorpt!on state with a peak teqerature progressively decreasing

rw 1220 K to lG;O K ●s eB, Increases.
7

This Indicates ● large

decrease in the heat of adsorption (tiO * -O kcal/mole), consistent

with the strong lateral repulsion between B1 ●datoms mentioned ●bove. At

‘B1
z 0.56, a second, lower temperature, resorption state appears with a

7
peak temperature of ‘L 750 K. This uecond state dcsorbs with zero order

kinetics ●nd on ●ctgvatlon energy of 53 ~
-1

0.5 kcal mole , ● value

slightly higher than the sublimation energy of pur~ Bl, 49.5 kcal

mole-1.9 This second d~sorption state represents B: desorptlon from ●n

ordered (** @videnced by LEED) multilayer PtBi slloy surface of nodnal

7
composition Ptl ~ BIO 86 (deterulned from AES).. ●

6522E 4 10;9I84



B. Chemisomtion of CO. ~z, u?d 0. at Bi/Pt(~

The Ordered Bi Olmlayars havo ● Very profound

reactivity of the Pt(lll) substrate With re8pect to

infhonee on the e-ical

* Od$omtion of co,

‘2 ‘
W“6 o

2“
In Fig. 2 ● series of CO-tDU2 treces for ● saturation do80

(5L) of CO ●t 275 K are ●- for resorption from the Pt(lll) surface with

v-rious Bi pre-covorsges. The Pt crystil w8s dosed with Bi on the front and

b8ck

b8an

surfaces 8s described previously. The

corrected for background CO ●dsorption

edgo . The clean surface results 8cme with

TE+SStr8c8s Sracam in ?ig.

occurri~ ●t th8 unmmked

previous -uu~ts for

2 have

Crystai

11
Pt{lll).lo Co will not ●dsorb on Bi ●bovo 100 K.

It is readily ●pparent that the Upkake of CO ●t Bi/Pt(lll) ix Sffmctively

nttmuated upon completion of the C1OS* paclcod P(4x4) surfs- (0 = 0.S6).

more is no ●violence fer CO dissociation induced by Bi. Int*g~8tion of the

TfN4S traces ●fter back.aund correction results in the plot of relativa

whorbate coverage (CO) versus 9Bi, shown in FL*. 3. Tlw strai*ht tine

drawn in ?ig. 3 repmsenta ● simple lim.r site blockiw model for ●dsorption,

●mlumint thet ●t e~i = 0.56, c~late fillint in tti Bi ovorlayer occms.

Th~ CO covorafte falls noticeably below thet predicted by this model, ●l;housh

roasorm%ly close to the Cashed lino in Fit. 3 which represents simpla sits

blockins of two Pt ●toms by ●ach Bi ●dstam.

A shkksr ●orios of ●xporhents was cmduct.d on ths Bi/Pt(lll) interfaco

with t$ ●s tho probs molecule. It is well known12 that H2 dissoci~tively

●dsorbs onto Pt(lll) with ● saturation surface dmsity ● 1S0 K ●stimated to

ba?L20x 1015 atOO@=-2 (6?H -0.0). I’OMS of hydrogon froa clean

pt(lll) dwumstmtes two #totes. PI ●t ’250 K and Pa ●t 310 K.3a*12 Ma will

not adsorb on Di ●bovo 120 K. 11 A)though not shown, ths Ma TDtfB :ineshapes

sftor saturation (160 L) Ha ~oure to tk Bi~Pt(lll) htorface ●t 1S0 K

41522C 5 lo19/a4



Woked vat~ similar to those obtainad ●t the Cu/PtZlll) interface
38

for 8

sivan ●ttainabh hydromn eoweraRe (a- for ● given metal ●dlaycr coveraBe).

The *1 s%atc of ludropn uas ●ttenuated first at very Iou covmaws of Bi

%i
< 0.0s). The -re predominant f+ stste wws relatively

unchan@ in peak tqrature as Oni incffased, -t it lost intensity

rapidly . Upon int~gration and baekgruund subtraction as for CO. the relstive

saturation H& capacity of Pt(tll, is shoun in Fiu. 3 as ● function of Bi

cove-c. Clearly, the aaount of bydro~en that can be ●dsorbed is such sore

. ..4@y ●ttanuatad than in the CO case and displays ● Wery nonlinear

depondencc on eBi. The curve In ?ig. 3 represents the following

mathematical expression:

● 2
%’% - ‘1 - “e)

(1)

*os=* n . 2.2. The WXMI fit of the data to this curvs indicates that

dissociative hydrogm adsorption requiras two ●djacent Pt sites, and that ●acb

Bi ●tom masks 2.2 Pt surface mtons. The saturation cmmrage on clean Pt(lll),

OH = 0.0, tells us that 1.25 Pt surface ●teas SFQ r~~ired far ●ach

hydrogen ●datom site. Sot@ that in the tiel represented >y Cq. (1), hydrogon

●datoms ●e not ulloued to migrate ●round on the surface duri~ adsorption a~]d

pack all available sites, Otharuim the quadratic 6es .ndmce would disappwm.

Anothor series of ●xperiments uere run in ● gann~r similar to those

described ●bove, but fo: saturation 02 ●dsorption (5L) ●t 100 K. ‘LI’wse data

an presented and discussed in detsil elseuhare’ cs~d summarized in Fig. 4.

TIM total amount of adsorbed 02 decreasas very rapidly with OBi and can

b reasonably fit by Bq. (1) with n = 1.8. Sines 02 ●dsorption is ●lmost

13entirely smlecular MS ● paroxo species ●t 110 K, this indicstos that tuo



sdjacent Pt sit*s ●re mquimd for -l*cular 02 Adsorption, Snd thst each U

●tom blocks 1.8 Pt surface ●toms. Z?Je Saturation cover-e of 02 ● Oat
*

Pt(lll). 60 = 0.4013. tells us thst 2.5 Pt surfsc- ●toms ●re required

for mcb size pair. * ‘“cr-se ‘ith %i
in the relative 8munt of 02

dissociating bs cmared to dcsorbiu 9oleckllmly during TDUS (?is. 4)

indicates that the ●ctivation @norw for @issoci8tion of molecularly ●dsorbed

02 decreases si6nificsntly with Bi coverage.
7

The mleculsr dosorption

posk terspwsture, houwer, does not change with OBi.

Iv. DISCUSSION

It is ●violent from the growth mode of Bi on Pt(lll) thst rep~lsive

interactions between Bi ●datoms play 8 large role in determining omrlayer

stmctures. This is to b contrasted with tbe cases of cu. At, and Au “

ovarlayers on Pt(lll), which sII show dominant ●ttractive lateral interactions

leading to p(lxl) island growth.
3-5

Such a contrast is exactly thst predicted in ● recent review by Bsuar ●nd

Kolaczkieuicz.
6

Baswl upon experinsntal results from ● variety of

sutxsmolayer metal films on “smooth” [i.e.. (110) in XC] transition 9etal

surfaces, these ●uthors classified ●dsortmte metals *ecordins to the neture of

tneir lateral int~ractions in the ●dsorbed layers. Stro~ly ropulRiv8

interactions are observed for ●lkali snd ●lkali ●arth net-h, sinco those bond

ionically and theraforo ●cporionce significant dipole-dipole repulsion in tha

adlayer. Weakly repulsive intwactiuw ●’s obsorved (or metmls such ●s Bi,

Sb, Pb, 11. ?0, end Hs, of tho S2#’- type .Iectronic conf{,guration. Hera

tho ●lectrone6ativity difference with the substrato is @msll, and only weak

dipole-dipole repulsions result. The haat of subliastion of these aetals is

smelJ. (-50 kcnl nolo ‘1 for Bi), indicati~ only ● ueak binding

as22E 7 10I9IIJ4



. . .

. ●nergy an the

coverage [MO

●-flable for

solid . These ●re strongly bcund to the subscrat. at low

kcal ●ole -1
for Bi/Pt(113)7], so that no ●lectrons are

lateral bonding. Instead, the lateral Interaction 1s repulsive,

pres-bly due to the small dipole repulsions ●nd also Indirect repulsions via

the substrate ●lectrons. Attractive interactions are seen for adsorbates such

● s Cu, Ag, Au, Ni, ●nd Pd, which have the dnsn-type configuration. here

again, small ●lectronegativity differences give rise co weak dipole

repulsions, which in this case, however, are overcoae by the availability of

electrons for foming lateral attractive bonds. For these metals, the heat of

-1
sublimation is much larger (80.5 kcal mole for Cu),g indicating stronger

booding in the solkd.

As pointed out by Bauer and Kolaczkieuicz,
6

these classes of lateral

interactions are uanlfested clearly in the grwth fiodes and LEED patterns for

the overlayers on seooth surfaces. Attractive lnteractims lead to 2d

condensation into Islands of high local coverage already fro= very low average

covera~e. Repulsive interactions lead to structures below saturation in which

the adatoms maximize their lateral distances, subject to the constraints

Induced by the potential modulation of the substrate. These constraints are

more clearly seen for the case of weak than for strong repulsion. tie see that

these different growth nodes give rise to striking differences in the ●ffects

of the foreign =etal adato=z on the che=isorptim properties and reactivity of

the resulting suiface. Hetals ‘fith attractive interactions that form 2d

islands produce composite surfaces, which have chemisorptlon properties onl}

slightly different than s linear combination of the properties of the separate

tsetals (scaled by 0). Thus, for CU and AC (which do not ●dsorb CO or H2

14
●t the temperatures used), on Pt(lll)3a Or Rh(lOU) , the CO ●nd hydrogen

8



.
adsorption capacity decreases lin~arly ulth coverage to almost zero ● t

e = 1.0. Metals with strong repulsjve interactions due to large :harge

transfer can have a strong ●lectronic iniluence on the chemisorption

properties of the substrate. This is the case wfch K on Pt(ll;) for

exauple. 15 Metals with weak repulsive interactions and little charge

transfer to the substrate will not have such strong ●lectronic ●ffects, but

since they spread fairly evenly over the surface, they will pivr ~ise to what

are known as ‘enseeble- ●ffects upon ehemisorption. ‘Ensemble” refers to the

nuaber arid geacmtry of adjacent metal atoas or sites required for

chemisorption or a surface reaction. Disscciativc chemisorption of H2, for

exac~le, is generally thought to require an ensezble of two adjacent sites to

accoccmda:e the two hydrogen adacom prc+duced.

For the Ci.se of Bi on Pt(lll), ense=ble ●ffects are cXearly at olay in “

the results for i+2 and 02 a~sorptlon In Figs. 3 and 4. The data are

reasordbly fit by models [Eq. (l)] in which an ensenble of two adjacent sites

are required for both dissociative Ii . adsorption and colecular (peroxo- )&

02 adsorption, whereby each Bi adatom, due to its size, blocks 2.2-l.& PC

surface ●toms. Note that saturation overage (6Bi = 0.56) corresponds to

one Bi atoa for e*#ery 1/0.S6 = 1.78 Pt(lll) surface atoms. The requirement of

two adjacent sites for molecular O
2

adsorption is consistent t:ith the fact

13b
that G2 is thought to lie parallel to the Pt(iil) surface. The CO data

cf Ffg. 3 can be fit by a @odel In which only ● single site is requ:rcd by

molecular CO ●dsorption, where each Bt adatu blocks 2.O Pt surface ●toms.

Only * single site is required for COa, sinc~ its bond is perpcndic ,ar to

PC(l11).16 One can, of course, derive more nicroscoplc detail concerniiig

the ●nseeble re~:uirement in admrptlon through careful inspection of the

structural models in Fig, 1.

9
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Ttn a8jor point wu -16 like to make lrre concerns the ehOie* of

86sorb8te nstd Wh4n •ttwti~ to probe uuemble ●ffeets in ckiso~tioa end

Catalysis . lbst ark im the past MS foeussed on adsorbates such as A&, Q.

w Au which are particularly poor choices since lateral ●ttraction losds to

2d island condensation -tab such ●S Bi. WhiCh hSVe the S2Pn-t~

COnfi6U ●tion. are wch better prospects. shce these spread unifomly scmss

tti surface and yet have sirniiar elcctronegativities, so

influoace on the suostraf.e is minimal. Them metsls ●re

in c-sorption, as is Bi.14

Mote :he significant narrowing of the CO-TDHS peaks

in Fig. 2 wtmn OBi ●xceeds 0.1S. As M is slightly more

that the electronic

●lso often very inert

to Aoww temperature

●lectropositive

thm Ft. any chacxc transfer or ligard effect would be *xpectd to Live the

opposite result. (For example, K increases the resorption •na~y for CO on

Pt(lll).
15

Interestingly, the lineshape and position for CO deso~tion when

OBi
> 0.15 in Fig. 2 match ●lmost exactly those for CO resorption from

Pt(lll) uho~ onla resorption from the brid$o-bonded LX) is monitorad. (The

d~convolution of the spec~rum in Fig. 2 for clean Pt(lll) into c~onents for

linear and bridge-bonded CO was claverly mastered by

using dynamic work function measurmnts). This my

●dsorption rapidly masks the sites n~cessary for the

Borton, ●t *1.,
16a

inclieate that Bi

more stron~ly bonded

linear CO on Pt(lll), cnd only bridg*-bonded linear CO is ~opulated for

e > 0.2.
Bi -

EELS massuroments ●s in !ief, 16b would be us~ful to

to%t this hypothesis.

A comparison of tho relativo sffects of underpotentially deposited BiO

~, and Cu upon ●lectrochemical hydro~en ●dsorpti~n from ●cidic solution onto

polycrystalline Pt ehctrodas F*s been presentsd.17 In these

amount of ●dsorbed hydronen is linearly ●ttenuated with nstal

6522E 10

cases, the

cov*ra6e. Tho

10I9I84



.
two-site ●nse=ble ●ffact such ●s de=onstrattd in Fig. 3 for Bi does not

●ppear, pres~bly ●$nce H2 dlswxlation 1S not required In the

elect~~hemi~l process. The size difference betueen Bi and Cu or ~, 1s

howe~er, alsa seen in the electrochemical measuremtms, with only ●bout half

the Bf coverage required to ●chieve the same amount of hydrogen ●ttenuat~on ●s

of Cu or Ag.
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$tmctirol -01s of eu~layor Bi on Pt(lll) dato-ined frm IXED
pmttonu a Ass.’ PlatiM ●- Mprosantod by (o) W Math
●trn by lams sPbros. unit coils am s- by ti duw lima.
surf-co pmpsretion doseribul in taxt.

m thsl doso~tiom 8pectro rosult~ fra ● ●stumti~ ~ONrO
(5L) of CO for mrhw Bi pm-covomgos on Pt(lll). ~lo
t

T
mture U8S 275 K for CO Ooso, TIm hoat;~ roto (B) is 13.1

KS- .

Saturation dso~tion Ccpacity of Pt(lll) for CO end H2 odsorptim
●s ● funct~on of Bi pro-cove~e. Iho rolatlv, Odso-bata cova~o is
dotaminod from tha ●reas undar TUiS trocos WCF ●a ?i~. 2 for CO.
(0) 5L-CO dOSO ●t 275 K. (6) 200L-H2 dOSO ●t 150 K. Theso
●xpommas wre Nffieknt fOr aaturotion ●t ●ll Bi covora$~s. solid
end dashd Iinos described in text.

S-V of TUtS results sftar ● maturation 02 do,. (5L) to , (111)
●t 110 K containi~ Various pre-eov-ragom of Bi. (o) Total 02
●dsorption capacity ●s nmurod by tho mm of ●rou under the V2
deso~tion peaks for both wlocularly (164 K) and ●t~ically
(-700 K) ●dsorb>d oxyBmt. (o) Eotlo of 02 dosorb~ in the ●tomic
peak to thot dosorbing in tho ~locular pemk.
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