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Chapter 8

Electrochemistry of Pt (100) in Alkaline Media:
A Voltammetric Study

Pt (100) is one of the fee metal surface planes that reconstruct upon annealing at

high temperatures. The state or the surface is important in clcctrochcmistry, in order

to correlate catalytic behavior with surface structure. Therefore, the behavior of

single crystalline Pt (100) in alkaline media was investigated, with particular

attention paid 10 surface long range order. It was found that, in line with previous

results, the manner of cooling the crystal after annealing inOucnccd the state of

surface significantly, with a profound cITect on blank cyclic voltammctry as well as

on carbon monoxide oxidation. Different ratios of inert and reductive gases were

used 10 scc if an optimal mixture could be obtained. Using air, argon, hydrogen,

CO, and combinations of these gases gavc rise to differcnt states of the surface,

with clear observable differences m blank voltammetric behavior and CO stflppmg.

Also, the effect of alkali-metal cations and bromide on the blank and CO stripping

voltammetry was investigated. Our main conclusion is that cooling in a carbon

monoxide containing gas gives a clean, almost defect-free surface with long-range

Ixl symmetry. A similar surface can also be prepared with a hydrogen-containing

cooling gas, but the content of hydrogen in that stream is critical.

The contents of this chapter have been acccpted: D. van dcr Vlict and M.T.M. Koper, SI/rf. Sci.

(2010), DOl: 1O.lO16Jj.susc.201 0.07.027
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Chap/er 8

8.1 Introduction

For many decades now, single crystalline electrodes have been successfully used in

surface electrochemistry, in an effort to correlate catalytic behavior with surface

morphology. Especially the basal planes of the most dominant catalytic metal,

platinum, have been used extensively in the literature. To understand catalytic

trends, knowing the physical stale of the surface is of utmost importance, which is

why many surface sensitive techniques such as STM have been of valuable use in

eleetroehemistry. [[ -3]

On the three low·index planes of Pt, the (100) plane often exhibits the highest

catalytic activity, especially for bond-making and bond-breaking reactions. [4-12]

Therefore, reliably preparing a (100) surface with long-range order is key to

understanding structure sensitivity in eleetroeatalysis. However, Pt (100) is

considered to be a difficult surface to prepare in eleetrochemistry, reproducibility

generally being an issue. From vacuum studies, it is known that Pt (lOO), as well as

Pt (I [0) form reconstructed surfaces upon annealing [7, 8, [3·221. This

reconstruction can be lifted when the electrode is cooled in H2, CO or NO. [7,22,

23] Electrochemieal studies confirmed that the reconstruction is (partially) retained,

even if the crystal is transferred to an electrochemica[ cell, in contact with acid

electrolyte [23-25]. For alkaline media, many different reports in which Pt (100)

was used have been published. [4, 10, 26-33J In these papers, the blank cyclic

voltammetry (CV) is not well defined; compare for example [10,27] with [4, 28], in

which the blank CVs look significantly different. This reinforces the belief that Pt

(100) is a difficult surface to work with. In all reports, the CV exhibits four features

on both the positive and the negative scan between 0.2V and 0.7V versus RHE, but
in pO, 27J, the peak at about OAV vs. RHE is dominant, whereas in l4J, the peak at

about 0.5V is largest. The other difference lies in the fourth peak at 0.6V, suggested

to be caused by OH adsorption [26]. This peak is far more pronounced in [4] than in

flO, 271- When plane~ vieinal to the Pt (100) ~urrace are eon~idered, the blank

eyelie voltammetry shows a clear trend towards an increase in the peak at 0.4 V

with smaller terrace size [4, 28], suggesting that this peak is related 10 one­

dimensional ordered (100) step sites. Simultaneously, the peaks that were present at

potentials higher than OA2 V significantly reduced in size, suggesting that these

features are linked to two-dimensional ordered (100) domains. [41 The vicinal
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Eleclrochemistry ofPI (100) ill Alkaline Media: A Volfammelric Study

planes considered had (100) terraces and (Ill) steps, which remain unreeonstrueted

after flame-annealing 1341.

The role of flame-annealing and cooling atmosphere was previously demonstrated

with Pt (Ill) in acid [35J and alkaline pGJ media, where no visible difference in

blank cyclic voltammctry was found, but thc manner of clectrodc prcparation did

havc a largc cffcct on catalysis. Preliminary findings in our group p7J show that for

Pt (100) the pretreatmcnt has an effect on both blank CV and CO oxidation.

Dcpcndencc of the peaks at 0.4 and 0.5 V vs. RHE on the pretreatment method was

found, as well as the increase in CO stripping peak potential for hydrogen/argon or

CO/argon cooled crystals compared to the argon cooled electrode.

A more detailed investigation into the features observed in the blank cyclic

voltammetry, and their dependence on cooling atmosphere is reported in this
communication. Wc use voltammetrie techniques in correlation with thc STM

images of Kibler el al. in sulfuric acid [23[ to interpret the features that arise in

blank cyclic voltammetry of Pt (100) in alkaline media. Furthennore, we discuss

various ways of pre-treating the electrode before immersion in the electrochemieal

cell, and show the effects on the blank CV and catalytic activity for oxidative
stripping of carbon monoxide, hcrcaOer rcfcrrcd to as CO stripping. From vacuum

studies, it is known that CO forms different adsorbate structureS on reconstructed Pt

(100) compared to unreeonstructed Pt (100). [21] Furthennorc, in accordance with

the recently published results on Pt (Ill) [38[, we show that alkali-metal cations

influenec both the blank cyclic voltammctry of Pt (100), and the activity for CO

stripping. Finally, we introduce anions and compare the results with Pt (533), which
has tcrraecs of (Ill) gcomctry with (100) stcps, to conclusivcly assign thc obscrvcd

peaks in the blank CV to specific surface processes.

8.2 Materials and Methods

We uscd bcad-type single crystals of platinum with a diamcter of ca. 3 mm. They

wcrc preparcd by flame annealing at a fixed position in a natural gas Bunsen burner,

with an identical position and flame for each annealing, and controlled cooling in a

cooling gas stream. When no carbon monoxide waS present in the cooling gas, the

elcctrodc was immcrsed in watcr saturatcd with thc cooling gas bcforc bcing

transfcrrcd to the c1cctrochemical cell. With CO in the cooling gas stream, the

elcctrodc was covered with CO aOcr cooling, and protcction with a drop of watcr
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Chap/er 8

was not necessary, as the electrode was already protected by the CO. The crystal
was immcrsed in the electrolyte under potential control at 0.1 V versus RHE.
We uscd a Tenon cell of similar design to the one used before 138], with a Pt wire
as the counter electrode. All experiments were perfonned with an Autolab PGSTAT
12 with a noise-reducing capacitor between the reference electrode and a second Pt
counter electrode in the cell. The reference used was a calomel electrode, separated
by a salt bridge from the main cell compartment. All potentials reported arc

converted to the pH independent reversible hydrogen electrode (RHE) scale.
The electrolytes were prepared by dissolving the selected hydroxides in
18.2 Mn cm resistive Milli-Q water. KOH·xH20 was obtained from Fluka;

TRACEselect ~99.995% trace metals basis (tmb). The NaOH and LiOH used were
(TOm Sigma-Aldrich; both pellets of 99.995% tmb. CsOH H20 was also obtained
from Sigma-Aldrieh; 99.95% tmb, and finally KBr was used with a purity of

99.95% tmb, also from Sigma-Aldrich. All gases were of scientific grade (N5.5 or
higher).

8.3 Results

8.3.1 Effect of electrode preparation method

To correlate our surfaces 10 the STM images by Kibler e/ al. [23], wc used

essentially the same methods of cooling the electrode after flame annealing, with
the only difference that wc substituted argon for N2. Pure carbon monoxide (CO)
was used, as well as pure hydrogen, to give as large a contrast with cooling in argon
and air as possible. CO was adsorbed from solution for the electrodes, with the

exception of the CO-cooled crystal, where the carbon monoxide was obviously
present on the electrode when transferring to the cell. For the CO cooled crystal,

CO stripping was performed with the CO present on the electrode from the cooling

gas.
Figure 8.1 A shows the blank cyelic voltammetries (CVs) of the same Pt (100)
crystal in 0.1 M KOH, when eooled in these alternate ways. The two most striking
features are the peaks in the positive-going scan at 0.4 V and 0.48 V. In the
negative-going scan they are mirrored by peaks at 0.46V and 0.38 V, thereby

showing some modest irreversibility. The peak at 0.46V in the reverse sean is
significantly smaller than the peak at 0.48V in the positive scan. An interesting
observation is the dependence of these peaks on the cooling method. One observes
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that the peaks at 0.38V and OAV arc mOSt pronounced when the electrode is cooled
in argon or air; and the peaks at OA6V and OA8V are most pronounced when the
electrode is cooled in hydrogen or CO. In fact, when the electrode is cooled in air,
the pair of peaks at OA6V and 0.48V completely disappears. The order in size of
this peak is CO > H2 » Ar > air. A hydrogen-cooled Pt (100) shows a small peak
at OAV, which is almost absent on the CO-cooled electrode. Furthermore, the
current in the potential region from O.3V to 0.5 V is higher for the H2 cooled crystal

than for the CO cooled crystal. At a potential of 0.3V, features corresponding to
hydrogen adsorption on Pt (110) sites are visible for each preparation method. The
next noticeable difference in the CVs can be seen at O.3V in the negative-going

scan, where a broad feature is visible when the electrode is cooled in hydrogen or
CO, whereas this feature is absent after air or argon cooling. The third significant
change is visible at 0.6V, where small pcaks are visible for the H2 and CO cooled

electrode, but in the case of argon and air cooling only a broad region remains.
Finally, the region negative of all the peaks, with a potential lower than 0.2V,

shows a significant increase of current density in the order of CO < H2 < Ar < air.
When the charge of the CV up to 0.53 V is analyzed, a value of 250 llC cmse<>m·

2 is
found. This is 25% more than the charge for a monolayer of hydrogen on a nut Pt

surface and can be explained by an excess of Pt atoms on the surface due to the
lifting of the reconstruction. The reconstructed hex-phase is about 24% more
densely packed than the unreconstructed surface. Upon cooling the crystal after
annealing, small islands formed by the excess Pt atoms will arise on the surface due

to the lifting of the reconstruction. [231 These islands may in turn increase the
charge of the blank CV and explain why the value is higher than for a single

monolayer on atomically nat Pt.
The CO stripping curves on the various electrodes arc very different as well. Figure

8.1 B shows the positive-going scan; and figure 8.1 C the subsequent negative-going
scan after CO has been stripped ofT. The shift in stripping peak potential (IB) is

very noticeable, and increases in the order air < Ar < H2 < CO. The charge of the
CO stripping is equal for all methods of cooling, except for the air-cooled onc,
which has a J00/0 reduced charge. This is a slightly different result from what
Rodriguez et al. found 1371, and can be explained by the fact that their electrode
was quenched after cooling in air until it was no longer glowing, and the electrode

in our case was cooled in air to room temperature, thereby increasing the likelihood
of contamination to adsorb on the electrode. Also, their method of quenching
increases the amount of defects, which may explain their increased CO stripping
charge. For all other methods of cooling described here, the CO stripping charge is
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comparable to the results of Rodriguez e/ al. [371. The second consecutivc scan for

all electrodes (shown in figure 8.IA as blanks) shows no sign of CO, indicating a

elcan, CO-free electrolyte. The negative-going scan, visible in lC, is slightly

diffcrcnt from the negative-going scan in the consecutive sweep (I A). At a potential

ofO.27V, a large reductive peak is visible when the electrode is cooled in hydrogen

or CO. The fact that this peak reduces in size upon cyeling, compare for example

with the second eyele in figure 8.IA, hints at a surface change. This peak is absent

when the electrode is cooled in argon or air. Interestingly, this feature agrees with

the (110) peaks mentioned before.

Next, the dependence of the surface state as a function of a hydrogcn-argon cooling

mixture was investigated. This mixture is commonly used in the flame annealing of

single crystal electrodes. The results are depicted in figure 8.2. Similar to figurc 8.1,
part A of figure 8.2 shows the blank cyclic voltammetry (the second consecutive

scan after CO stripping), B shows the CO stripping itself, and C the negative-going

scan following the stripping curve. A range of ratios from Ar:H2 6: I through 1:2

was measured, though only curves corresponding to three ratios are shown. The

black curve represents the electrode cooled in pure argon for comparison, and the
green curve shows the pure Hreooled crystal. Blue, orange and red show the 5: I,

3:1 and 1:1 ratios of Ar:H2, respcctively. CO was adsorbcd from the solution for

electrodes cooled in this way, before any blank cyclic voltammetry was measured.

The first thing that is notable is the shift in peak potential of CO stripping, shown in

figure 8.2B. The more hydrogen used in cooling, the more positive the CO stripping

peak, up to a mixture of about I: I, which resembles the pure hydrogen cooled
e1cctrodc. Whcn thc blank CVs arc comparcd (2A), thrcc transitions arc very

distinct. First, the main peak at OA8V gets smaller with less hydrogen in the cooling

stream, and it shifts to lower potentials, becoming more reversible with the

negative-going peak at OA6V. Second, the feature slightly positive of OAV shifts
negative to coincide in position with the peak observed at OAV on the Ar-eooled

electrode, and increases slightly in size. And finally, in the negative-going scan, the

feature at 0.3V decreases with decreasing hydrogen content in the cooling stream.

Less distinct, but definitely noticeable is the decrease III the features at 0.6V with

decreasing H2 content. The reverse scan after CO stripping (2C) has a elear feature

at 0.3V, where it can be seen that the pure hydrogen cooled electrode has a single

peak, and the I: I cooled electrode has a shoulder slightly positive of the peak.

When the mixture is made less hydrogen-rich, the feature changes completely to

show the (110) peak at 0.27V and a peak at 0.38V that was also observed on air and

argon cooled electrodes.
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cooled in pure Argon (black), pUloe hydloogen (gloeen), pure CO (red) and air (grey). Part B
shows the positive going scan CO stripping curve, and C the negative going scan. All scans
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Different CO to Ar ratios were applied as well, but the results (not shown

graphically) were less clear-cut than for H2:Ar cooled crystals. The trend was

identical (higher CO stripping potential with increasing CO content in the cooling

stream), but the reproducibility was more problematic, causing a wide scattering of

peak potentials. This leads 10 the conclusion that when an electrode is cooled in a

CO-containing inert gas stream, the amount of CO present is less critical than when

cooled in a H2:Ar gas stream; a stream containing small amounts of CO could lead

to the same surface as when cooled in a high CO-content gas stream. In all CO­

cooling experiments, however, onc trend was clear: regardless of the CO-content in

the cooling stream, the higher the CO stripping peak potential, the bigger, and at

lower potential, the feature at around 0.28V in the negative-going scan.

8.3.2 Effect of potential cycling

The reason why CO stripping is performed before recording blank CYs can be

deduced from ligure 8.3. After cycling the electrode 5 times (orange curve) the peak
at 0.48V has shifted slightly negative, and is reduced in height. This trend continues

when the electrode is cycled more, as shown by the red curve obtained after

25 blank cycles and the blue curve obtained after 55 blank cycles. The blank cyclic

voltammograms, shown in ligure 8.3A, show the consecutive cycles after CO
stripping, the cycles in-between were made to an upper limit of 0.6Y vs. RHE.

Simultaneously with the peak decrease at OA8Y, the feature at OAY increases with

increasing numbers of cycles.

The CO stnppmg peak potential (ligure lUB) shifts to lower potentials with

increasing numbers of cycles, until it is stable for heavily cycled (more than

50 cycles) Pt (100). Combined with the obvious broadening of the peak, this is a
clear indication that the surface morphology has changed. In the negative-going

scan, the most negative features arc shifting positive with increasing numbers of

cycles. The results shown in the ligure were made without losing potential control

on the cleetrode, and in the samc electrolyte. To exclude the efTeets of carbonate,

formed while saturating the electrode with CO and subsequent oxidation, a series of

blank cyclic voltammograms was also made without intemlittent CO-stripping.

These CYs show the same trend as the ones shown in figure 8.3A. Furthermore,

scanning the electrode at lower scan rate, for example at 5 mY S·l, will have a

similar eITeet as many cycles at higher scan rale.
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FigUl'e 8.3. The effect of C)'c1ing in al'gon-purged solution up to a potential of 0.6V vs, RH E.
In part A, the black graph shows the initial blank CV of HlIAr (1/3) cooled Pt (J 00), orange
(5 cycles), red (25 cycles) and blue (55 cycles) show the voltammetries aftel" their respective
CO stripping (shown in pal't B). The electrode was cycled up to 0.6V in between the CO
stripping CUI' es. All scalls wCl'e madc ill 0.1 M KOH at 20 mV S·I.
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Cation and Anion effects

Finally, the effects of cations and anions on the blank CV and CO stripping on
Pt (100) were investigated. The results are shown in figure 8.4 (cation effect)

and figure 8.5 (bromide effect). The blank cyclic voltammograms for the
different metal hydroxide electrolytes (figure 8.4A) show three interesting
trends. First of all, the most obvious of the three, is the influence on the pair of

peaks with the highest potential of 0.6\1. This peak sharpens when the cation is

changed from Cs -+ K -+ Na -+ Li. 10 LiOH this gives what we interpret as a
very small double-layer region between H desorption and OH adsorption, which

normally is not observed on Pt (100). The seeond and third effects are coupled.

The main peak al 0.48V, as well as the feature In the negative going scan al

0.28V, decreases in intcnsity when the cation is changed from Li to Cs. The

feature at O.28V is even more pronounced with the smaller cations in the
negative-going scan after CO stripping (figure 8.4C). For lithium hydroxide this

peak remains nearly idcntical In the consecutive blank scan (shown in part A).

The CO stripping peak shows the trend that the peak potential decreases in the
order K::::: Cs > Na > Li; the inset in figure 8.4B shows the peak potentials

plotted for the various cations, with their standard deviations over 4

independent measurements.
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148



Electrochemistry ofPt (lOO) in Alkaline Media: A Voltammetric Study

E (V vs RItE) E (V vs RItE)
..1 8.2 8.3 OA ll5 8.5 8.7 o.a 119 Il1 0.2 0.3 OA 8.5 ..5 V U o.s

A 511 - .... KDH
pt (100) CO 6tJippling C

-_h..1_KBr Pl(1OO)
4lI -1 .... KBr

810

3D -10_KBr
-100mllKBr 610.;- 211

E 10 "!'Eu

1- .. u
0 1-

-10
aD

-211

-3lI
0

8 pt (533) co sblpplng aD
i.

-8.1MKDH 0
-1IIliIIl8.1 mIIKBr

511 -1_KBr 1511

.,- -.mIIKBr -Ii -_mIIKBr ..
0 i. 'E

~
u

!
.aJ a

-i.
0

..1 8.2 D.3 8.4 ll5 0.5 8.7 o.a D.9 8.1 0.2 8.3 OA 8.5 ..6 ..7 U o.s
E(VvsRHE) E (V vs RItE)

Figure 8.5. Effect of bromide on Pt (100) (A and C) and Pt (533) (B and D) A and B show the
blank cyclic voltammetr)', C and D illustratc CO stripping. Thc black linc rcprcsents thc
blank CV in 0.1M KOH; orange, I'ed, blue and gl'een show the curves with an OI'del' of
magnitude increase in bromide concentntion cach, starting at 1 . 10-" M. Blank scans were
made with a scan I'ate of 50 mV s'l, CO st.-ipping was pel'formed at 20 mV S·I. The
electrodes were cooled in 3:1 AI':H2 aftel' annealing.

The effect of anions (bromide) on the blank CY is shown in figure 8.5. Part A

shows the effect on H2:Ar cooled Pt (lOO). The most striking effect is the change in

OH adsorption features (p ak at 0.6V). For less than I mM KBr, this peak remains

essentially unaffected, but when the concentration is consecutively increased it

shifts to much more positive potentiaIs, giving rise to an extended "double-layer"

region in which we assume the electrode to be covered with a Br-adlayer. In the

negative-going scan, the peak at 0.46Y seems to split. This is best visible in the

1 mM voltamm tTY, where two peaks are evident at 0.42Y and O.52Y instead of a

single one. For higher concentrations of bromide, these two peaks seem to shift

even further apart; the more positive one coinciding with the OH peak, the most

negative one visible as a shoulder on the peak at about 0.32Y. The other feature in

the negative-going scan at O.35Y is that it shifts steadily more negative with
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increasing anion concentration. This is coupled to the positive-going scan, where

the main peak at 0.48V also shifts negative with increasing bromide concentration.

This trend is mirrored in figure 8.5B on Pt (533) (which has 4 atom wide (Ill)

tcrraccS and (IOO)-stcps), where the features ofhydrogcn adsorption associated with

thc (100) stcp sitcs shift steadily negativc when the bromide concentration is

increased. This shows that these features arc most definitely connected to hydrogen

ads- and desorption. In contrast to Pt (100), the change on the OH adsorption on

(Ill) terraces on Pt (533) is minimal, most likely due to the lower affinity of anions

to (Ill) sites in alkaline media (sce also 1391), causing the OH adsorption on (Ill)

sites to be less influenced by anion coadsorption.

The effect of anions on CO stripping is illustrated in figure 8.5C and D for Pt (100)

and Pt (533) respectively. For Pt (I (0) the only effect is that the stripping peak
current gets lower, and that the whole feature broadens slightly. The total charge of

CO stripping remains equal for all concentrations of bromide. On Pt (533) the effect

is slightly more pronounced. The pre-oxidation wave (0.35-0.65V) starts at lower

potentia Is for increased bromide concentration, while the main peak increases

slightly in potential. The total CO stripping charge remains constant at about
340 J.lC em-2 until the concentration bromide exceeds 10 mM; then it diminishes to

about 31OJ.lC cm-2 for the Br" concentration of O.IM. This is likely due to

competitive adsorption between Br" and CO. As a reference, the CO stripping

curves in bromide containing electrolyte for Pt (Ill) are shown in figure 8.6. Here

can be seen that the bromide has little influence on the main peak potential. The

onset of the pre-oxidation peaks remains the same for increased concentrations of
bromide, but the charge of thc prc-oxidation features decreases significantly. This

once again shows that in alkaline media, bromide competes for the lower

coordinated sites, but not for the (Ill) terraces.
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Figul'e 8.6. CO Sh'ipping on Pt (111) (with defects) in O.IM KOH with increasing
concentrations of bromide. The black line shows the CO stripping without bl'omides, the
red, blue and green lines with 1 mM, 10 mM and 0.1 M KBr, respectively. Scan rate
50 mVs·l

• The electrode was cooled in 3:] AI':H 2 aftel' annealing.

8.4 Discussion

In this section we will summarize our interpretation of the influence of surface

preparation on the cyclic voltarnrnetry and CO stripping. The pair of peaks at the

lowest potentials (0.3 V) has been attributed to Pt (I 10)-type defects, due to their

position which agrees with the hydrogen adsorption features on Pt (110). [4, 26]

The next pair of p aks at 0.38V and OAV is most pronounced when the electrode is

cooled without CO or hydrogen present (figure 8.1), and can be attributed to a

mixture of defect sites and low-range order (100) sites. This is evident from the

observation that these peaks grow when cooled in air, which is known to increase

defects [23], and that they increase on the unreconstructed surfaces, vicinal to Pt

(100) [4,34]. Interestingly, these peaks also seem to be most pronounced for the

argon-cooled surface, which was shown to be reconstructed in the electrolyte [23].

Regardless of their exact stnlctural origin, they clearly do not represent long-range

Pt (100) terraces.
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Such long-range (100) terraces exhibit hydrogen adsorptionldesorption features in

two large peaks, which are separaled significantly. In the positive-going scan, the

main peak at 0.48V can be seen 10 diminish during cycling, and wilh less perfect

cooling methods, thereby indicating its relationship to terraces of long-range order.

This is coupled with the peak at 0.28V in the negative-going scan, which diminishes

when the main peak at 0.48V grows smaller. There are two possible explanations

for the diminishing of these peaks during cycling. First of all, it has been shown in

figure 8.3 that cycling introduces defects, resulting in a reduction of long-range

order. Secondly, hydrogen adsorption processes have been shown to lifi a

reconstructed surface 124, 251. In our case, however, Ihe fealures change most for

CO and H2 cooled surfaces, which were shown to be unreconstructed in the first

place. 171 This reinforces our belief thal the fealures al 0.48V in the posilive-going
scan and at 0.28V in the negative-going are very sensitive to the long-range Pt (100)

order, and that both cooling in a non-reductive atmosphere and polential-cycling in

an clectrochemical cell reduce significantly the long-range order of a Pt (100)

cryslal.

We believe the nature of the processes that give rise 10 these features is ads- and
desorption of hydrogen, combined with cation-stabilized adsorption of OH, similar

to the modcl in l38j. As can be seen in figures 5A and GA, the two features are

dependent on the nature of the cation, as well as the bromide concentration, which

is a clear indication that there is an anionic contribution 10 both features. The

irreversibility that can be seen in the blank CV is most likely caused by the stability

of the adsorbed anions and OH on the \vell-ordered surface. On less well-ordered
surfaces (such as aficr many blank cycles, see figure 3), the interaction of these

anionic species may be weaker, causing the CV 10 become more reversible with

decreasing long-range order.

The final set of peaks that is visible in the blank cyclic voltammetry, centered at
about O.55-0.GV, can be attributed 10 OH adsorption. The fact that they shift

positive when bromide adsorplion is blocking the surface for OHad5 (figure 8.5), and

that they sharpen when a more OH-interacting cation is used (figure 8.4) suppons

this conclusion. This peak-sharpenmg m itself can be explained by the model in

[381. when one considers the (hydrated) metal cation to be quasi-specifically

adsorbcd through the OHadi on the surface. Lithium, whieh has the strongest

interaction with OHads, shows Ihe sharpest peak, and cesium, which has the weakest

interaction with OH"di' exhibits the broadest feature.
Our results illustrate that it is imponanl 10 prepare the crystal in a correct way. As

figure 8.18 and figure 8.28 show, the preparation method can influence catalytic

152



Eleclrochemistry ofPI (100) ill Alkaline Media: A Volfammelric Study

properties dramatically. When cooling the crystal in a mixture of hydrogcn and
argon, as is usual in electrochemistry, a higher concentration of hydrogen (at least
50% hydrogen content in the cooling stream) is preferred to prepare a surface
consisting of large well-ordered Pt (100) terraces. Better yet for long-range order is
the inclusion of carbon monoxide in the cooling stream. FurthemlOre, as is evident
from figure 8.3, making blank CVs is detrimental to the long-range order, and
worse still, it will introduce defects as visible from the CO stripping in figure 8.3B.

CO stripping in alkaline media is a structure-sensitive process [40], and defect sites
have been shown to have the lowest peak potential for CO stripping. Therefore,
when the peak potential reduces, and the peak broadens, as in figure 8.3B, it

illustrates the formation of defects on the surface. Interestingly, the CO stripping
peak potential after cycling the electrode for a long time is nearly identical to the
CO stripping peak potential for the air-cooled cleetrode (figure 8.1 B), reinforcing

previous findings on the highly defected nature of the air-cooled crystal 1231.
The cation effect on CO stripping is very elear: in the sequence Li < Na < K = Cs

the stripping peak potential increases. The stronger the interaction of the metal­
cation with OH, the stronger it will quasi-specifically adsorb on the surface. This
also means that the stronger the M-OH interaction, the sooner it will be able to

initiate the CO eleetro-oxidation through the Langmuir-Hinshelwood mechanism.
The M-OH interaction increasing in the range Cs < K < Na < Li is exactly opposite
of the CO stripping peak trend, which supports our conelusion of a higher affinity
for CO stripping with increasing M-OH interaction. It is interesting to note that in a

previous result on Pt (I I I) [381, the onset of methanol oxidation showed the same
trend as thc CO stripping in this work. The same result was obtained in our group

for CO stripping from a Pt (Ill) surface. 1411 Bromide seems to have little
innuence on the catalytic activity of Pt (100) towards CO stripping, but does have a

profound effect on the adsorption processes which are visible in the blank cyclic
voltammetry. Bromide competitively adsorbs with protons, shifting the adsorption

features due to Hupd to slightly more negative potentials. Higher concentrations of
bromide also dclay surface oxidation, shifting thc OHad feature of the (100) terraces
more positive. In order to more accurately assign the peaks III the blank CV, Pt
(533) was measured as well. The negative shift of the (100) step-related Hupd peak is
mirrored on that surfaec, but anions do not havc the samc effect on the reversiblc

OH.d peak of the (Ill) terraces at 0.8V. This elearly shows the stronger interaction
of bromides in alkaline media with the Pt (100) surface compared to Pt (Ill). For
the catalytic activity towards the eleetro-oxidative stripping of CO the effect is
minimal. It is interesting to note that when there are fewer (100) sites available,
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such as on Pt (533), there is a bigger difference in CO stripping for the different Br­

concentrations. Likely Br" is competing with active sites for the oxidation of

adsorbcd CO, which is more evident when fewer sites are available. On Pt (Ill),

there is no difference in CO stripping main peak potential or charge with increasing

bromide concentrations, but a significant effect on the pre-oxidation wave due to

lower-coordinated defect sites. This indicates strongly that the difference in CO

stripping main peak potential observed on Pt (533) must be due to the (100) sites

present.

8.5 Conclusion

The mixture of gases in which the Pt (100) crystal is cooled after name-annealing is

critical to the quality of the surface structure. Blank cyclic voltammetry in alkaline

media is very sensitive to the manner of surface preparation. Cooling in air and

argon causes the surface to have far less long-range Ixl order. Cooling in

hydrogen-containing argon will give a much better surface, but the amount of

hydrogen is important. The more hydrogen (up to 50%) present, the beller the

surface. The best preparation method to obtain long-range (100) islands is by
cooling in a mixture of carbon monoxide and argon.

Differences in the literature on the blank cyclic voltammetry of Pt (100) are caused

by a combination of this annealing methodology, the innuenee ofcycling, as well as
the difference in cation u~cd_ The OHads featurc~ of Pt (100) become ~harpcr with

increasing M-OH interaction in the order Cs < K < Na < Li. The CO stripping onset

and peak position shifts in exactly the opposite order, with CO stripping in lithium

having the lowest onset and peak potential.

Finally, the addition of bromides has the effect on the blank cyclic voltammetry that

the peaks auributed to hydrogen adsorption and desorption shift to lower potentials

with increasing bromide concentration, and the OH-peaks shift positive. At
concentrations of 1·10-4 M and higher, a "double-layer" becomes visible, where the

Had<and OH~d< processes arc clearly separated by a region on which bromide is

adsorbcd on the electrode. There appears to be competition of bromide adsorption

with CO oxidation for (100) sites, which is evident fTom the difference in CO

stripping curves on Pt (533). This cffcct is not observed on Pt (100), most likely due

to the increased availability of these sites. Anion adsorption on Pt (Ill) in alkaline

media is weak, and there such a competition is not observed.
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