UNDERPOTENTIAL DEPOSITION

(«ocaxaeHue Npu HeJOHANPAXKEHUNY = «OCAXKAEHME NPU NOTEHLMANE NONOKUTENIbHEE
PaBHOBECHOIO», eCNu 3apAj NepeHOCUTCA C INeKTpoaa Ha agcopbaT, Hanpumep, KaTUOH;
«.. NPY NOoTeHUMane oTpuuaTeNbHee PaBHOBECHOrO», eC/in 3apaf nepeHocuTcA ¢ agcopbarta
Ha 3NeKTpoA, Hanpumep, aHWUOH UM MOJIEKYNA BOAbI)

UNDERPOTENTIAL DEPOSITION OF METALS AND WORK FUNCTION

DIFFERENCES
J. Electroanal. Chem. 54 (1974) 25-38

D. M KOLB, M. PRZASNYSKI and H. GERISCHER
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7.2 AnCOpOLUMOHHBIA METOA N3YYEHUS

3apsKeHHbIX MeXXdasHbIX rpaHunL
(onpeneneHne n3MeHeHNs NOBEPXHOCTHOWM KOHLEHTpaLmn)

OueHKu:

- 3apsan udearibHO r1o7siPU3yemMo20 3NeKTPoaa B peanbHbiX CUCTEMAX MOXET
pnocturatb 30 mkKn/cm?;

- MONHbIN 3apsa COBEPUWEHHO IMOMISPU3YEMO20 INEKTPOAA MOXET N3MEHSTLCS
Ha 200-400 mkKn/cm? 1

N3meHeHne cocTtaBa pacTtBopa B pesynsrate (oopMMpOBaHNUSA
aacopOumMoHHOro crnost Ha 1 cM? UCTUHHOWM NOBEPXHOCTU HE NpPeBbILIAET
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paaUOGKmUBHbIX 1
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[Mpsimoe onpeneneHne agcopounm BO3MOXHO Ha anekTpoaax
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OnpeaeneHne UICTUHHOM NOBEPXHOCTHU in situ
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The wvalidity of the method implies that the point where hydrogen adsorption
complete can be exactly identified, and that the coverage is completed hefore
the rate of hydrogen evolution becomes significant. In addition, it rests on
the assumption that there is & definite gquantitative relation between the
charge measured and the amount of substance deposited, ie total charge
transfer takes place from the adsorbate teo the metal. Finally, no alteration

of the surface upon adsorption is assumed to take place. These assumptions are
common also to methods 5 and 6.

is
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7.6

CoBepLUEHHO MOoNsApuU3yeMble ANeKTPoabl - coaacopbumns

Underpotential deposition (upd) — o6pa3oBaHmne agaTomoB Npm NOTEHLMANAX
NONOXKUTENbHEE PAaBHOBECHOIO
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Coapcopbuusa c Kucnopogom — «upd okcnaga» (agatombi Tl)
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ApaTombl meau — OCNOXKHEHUA B6ausu
paBHOBECHOro NoTeHumnana

0.20 : ] : ——— | | .
Dg Dy
0.15} Dy 3 E
S
0.10- D
: &
0.05'- 2 . E
3
0 3 -
8
-0.05} /3 -8
i o
-0.10- 12 i . : : i l
o | . | 400 800 1200
-0.15 E/mV vs. NHE
400 800 1200
E/mV vs. NHE Cut+e¢ = Cu

2Cu* = Cu + Cu*t

Electrochim. Acta 43 (1997) 733-741.



Anodic Charge/ mC cm’™

100

=
an

—k
B

-y
(X

-
o

o
[

Onpe,qenel-me UCTUHHOM NnOBEepPXHOCTU

Hold time
50 s Blank CCE M
— - &0 &
—— 2005 J
——- 500s arad
1000 s e ey,
—.— 2000 s S PN N\
. ~,
s r,.l:lrl"l., e N\
[ T T AY
g VA TN
. f.-"‘\‘____..-' ;f ™ __f'\:‘-' ‘«x N,
;’(_ :fkd.-"i/ b\.\“‘\ Hx__d
- :— S~ ﬁt"':—}-ﬁ;ﬂ:
~ J—— ——
— 10 m\is
. —
I | |
300 400 500 600 700 800
Evs RHE' mV
Break point, t

TonbKO (1)

1000 1500 2000

Hold time/' s

Pd/C, Cu upd
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Mpu 3TOM NoTeHUMane:

(1) HakannmBaetca Cu* B pacTBope,
(2) nocTteneHHO AocTUraeTca npe-
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J. Electroanal. Chem. 466 (99) 45



Spill over — pacnpocTtpaHeHune agcopbarta no
> | MHEPTHOW NOAJIOXKKeE.
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26 Underpotential deposition of metals OnpepeneHne NCTUHHOM NOBEPXHOCTU

This method has been used for electrodes for which neither of the previous
ones can be applied, eg Ag (ref. 57), Cu (ref. 58), and for metals for which a
better separation between H and O adsorption cannot be achieved, eg Ru (ref.
59). An advantesge of thi= method over method 4 (hydrogen adsorption) i=s that
no spillover effects are expected, hence selective deposition is possible.
Thus, the method may be particulearly convenient to determine the {(actiwvel
surface of supported electrodes where the (inactive} support comes in contact
with the solution (ref. 60},

2.6.1 Principlas. The charge associated with the underpotential deposition of
a =suitable metal ion is measured wusually by wvoltammetry. The maximum
adsorption in a monolayer is calculated on the basis of a chosen model 3o that
the surface area of the sample is given by:

A= Gn/GHe (6.1)

Usually, Ag end Cu adatoms are used. Pure Appl. Chem. 63 (1991) 711-734

2.6.2 Limitations. This method suffers from the same shortcomings as method 4,
in particular the correction for double layer charging is arbitrary and the
identification of the end point fer the metal adsorption is uncertesin. In
addition, (i) the UPD region may interfere with hydrogen or oxygen adsorption,
(i) the surface distribution of the UPD s=species may be unknown, (iii} the
adatom deposition may occur with partial charge transfer thus making the value

of Gue ;pcciri:nl|y_iF?T?E:EEﬁ?ﬁE?HTT_?HE_TT?T_THE_UIEIT assumption of one-to-
one correspondence with H and O adsorption may not be valid in the case of UPD
because the new phase formatien may result in more condensed monolayers,
multileyers or cluster growth (ref. 61). Thus, in the case of Pb on Cu (111)
the coverage has been found (ref. 5S8) to correspond to a close-packed

configuration, while in the case of Pb on Ru the one-to-one correspondence
({epitaxial growth) is more probable (ref. 59). The occurrence of the one or
the other possibilities depends on & number of factors including size ratico
between supporting metal and UPD metal, strength of the bond between overlayer
and support in comparison with lateral interactions in the monolayer, etc.

The calculation of GN* for polycrystalline surfaces is beased on empirical
considerations. The same is also the case of single crystal faces for which
the method gives strictly the number of surface asctive sites rather than the
true surfsce area. The response of the aingle crystal face is however
different from thet of the polycrystalline surfece of & given metal heacause of
the possible penetration of the discharged atoms inte grein boundearies in the
latter case.



OpraHuyecKue agcop6bartbl Ha MmeTannax rpynnbl NAATUHDbI — HeobpaTumas
AECTPYKTUBHAA) aacopbuma

OnpeaeneHue NOBEPXHOCTU U COCTaBa CMeELUAHHbIX aACOPOLMOHHbIX
cnoes in situ no gecopbunn CO
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BaneHTHOoe KonebaHue CO Ha Pt(110), pa3Hblie noTeHUManbl
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2.10 Adsorption of probe molecules from soiution Pure Appl. Chem. 63 (1991) 711-734

The method is usually applied to high surface sarea and/or disperse solids
(refs. 84-86). While ionic species are used as probe species in previous
methods, neutral compounds are essentially used here. The amount of adsorbate
may be detected directly or indirectly using electrochemical or non-
electrochemical techniques.

2.10.1 Principles. A probe molecule is adsorbed on the solid in solution and
the extent of adsorption is determined anslytically from the depletion in the
solution. Dyes, surfactants, fatty acids and polyalcohels are generally
suggested as suitsble probe molecules (refs. 81,82). From the (apparent?
monolayer surface c¢oncentration the surface area of the sclid is derived by
the equation:

A = [y Na A® (10.1)

where [y is the saturation coverage in mol cm-2 and A* is the projected area
assigned to one adscrbed probe molecule,.

In the electrochemical varient, for instance, CO and [z have been used as
probe molecules (refs. 45,89-91). A monoleayer of atomic iodine is assumed to
form in the case of |2 adsorption. The amount of adsorption is determined from
the charge required to anodically oxidize the adsorbate (anodic stripping).

The electrochemical detection of the adsorbate by "anodiec stripping” (in the
case of CO and [2) suffers from the same shortcomings as the methods based on
H, ©C and meta] adsorption (methods 4 to 6) with the additional problem that
the "background charge"” usually includes processes of surface oxidation which
may be affected by the presence of the adsorbate. The surface stoichiometry of
the adsorbed layer has been found teo depend on the metal nature and on the
crystallite size in the case of CO (ref. 45). The assumption of a close-packed

monolayer of unassociated atoms of iodine or of co may not be
straightforwardly extensible to all systems.




