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Abstract: Platinum supported on glassy carbon (GC) was used as a model sys-
tem for studying the influence of the surface morphology of a Pt catalyst on
methanol oxidation in alkaline and acidic solutions. Platinum was deposited by
the potential step method on GC samples from H,SO,4 + H,PtClg solution under
the same conditions with loadings from 10 to 80 ug cm2. AFM and STM ima-
ges of the GC/Pt electrodes showed that the Pt was deposited in the form of 3D
agglomerates composed of spherical particles. Longer deposition times resulted
in increased growth of Pt forms and a decrease in the specific area of the Pt.
The real surface area of Pt increased with loading but the changes were almost
negligible at higher loadings. Nevertheless, both the specific and mass activity
of platinum supported on glassy carbon for methanol oxidation in acidic and in
alkaline solutions exhibit a volcanic dependence with respect to the platinum
loading. The increase in the activity can be explained by the increasing the par-
ticle size with the loading and thus an increase in the contiguous Pt sites avai-
lable for adsorption and decomposition of methanol. However, the decrease in
the activity of the catalyst with further increase of loading and particle size
after reaching the maximum is related to the decrease of active sites available
for methanol adsorption and their accessibility as a result of more close proxi-
mity and pronounced coalescence of the Pt particles.

Keywords: glassy carbon; methanol oxidation; electrochemical Pt deposition;
surface morphology.

INTRODUCTION

Methanol is one of the most extensively investigated small organic molecu-
les, both from a fundamental and practical point of view. Considered as a poten-
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tial fuel for fuel cells, studies of its oxidation on Pt and supported Pt catalysts
have intensified during the last decades. The overall reaction:

CH30H + HyO — CO; + 6H™ + 6¢- (D)

occurs in several steps!—3 but the two main processes are adsorption followed by
dehydrogenation of methanol and oxidation of CO,q.! Oxidation of CO,q com-
mences when oxygen-containing species are produced in the interaction of water
with platinum.! Studies of this reaction at Pt poly and single crystal electrodes
showed that the adsorption of methanol as well as its oxidation exhibit strong
surface sensitivity, which is reflected in the amount and rate of surface coverage
by CO,q.1*5 Ren et al.® examined methanol oxidation at smooth, mildly rough
(roughness factor = 50) and highly rough (roughness factor = 200) Pt electrodes
prepared by electrochemical treatment and found a difference in the potential of
the peak current which indicated an effect of the surface roughness. Raman spec-
troscopy showed that CO oxidation becomes slower on a highly rough surface,
i.e., a surface with more defects, such as edges, kinks and step sites, than on a
less rough surface. Beden et al.3:7 studied the electroadsorption and oxidation of
methanol on smooth and rough polycrystalline, single crystalline and preferen-
tially oriented Pt electrodes using electromodulated infrared spectroscopy (EMIRS).
They found that poisoning by CO was reduced on electrodispersed Pt (roughness
factor =~ 20) in comparison to smooth Pt, indicating that the structure of the sur-
face plays an important role in diminishing the phenomena of CO,q poisoning.
Chemical or electrochemical deposition of platinum on a substrate with a high
surface area results in a Pt catalyst with a roughness which depends on the Pt par-
ticle size, i.e., on the Pt loading. Mikhaylova et al.3 deposited Pt on glassy carbon
by cyclic voltammetry with loadings from 10 to 540 ug cm2 and obtained elec-
trodes with a roughness factor < 20. The catalytic effect on methanol oxidation in
acid increased with increasing loading up to 60 pg cm2 (roughness factor = 6)
and remained unchanged with further growth of the deposit. At higher loadings,
the specific activities were close to that of smooth platinum, which was explained
by the similar coverage of Pt with organic particles on those surfaces with a
roughness factor from 6 to 20 and on smooth Pt. They concluded that the cataly-
tic effect is connected with the change in the bond strength of methanol adsor-
bates with Pt particles, caused by the structural properties of the deposits. Umeda
et al.® used porous-microelectrodes prepared by the chemical deposition of Pt on
carbon black for methanol electro-oxidation. The activity of the catalyst first in-
creased and then decreased with loading. As the potential of Pt oxide formation
also shifted anodically with increasing loading, their results showed that the peak
potential of methanol oxidation strongly depends on the formation of Pt oxide.
Hence, they concluded that the maximum activity is determined by the properties
of the Pt surface. Tang et al.10 investigated the effect of loading of Pt deposited
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on a graphite electrode and on graphitic nanofibers by cyclic voltammetry. The mass
activity for methanol oxidation on Pt on nanofibers increased up to a loading of
180 pg cm2 and then decreased for higher loadings. They explained such results
by the accumulation of Pt and a decrease of the valuable Pt surface for methanol
oxidation. However, for the same range of loadings, the mass activity for metha-
nol oxidation on Pt deposited on a graphite electrode only increased. According
to the authors, the particle size and dispersion of Pt deposits are important factors
determining the activity of a catalyst. Duarte et al.l! used the potential step me-
thod to deposit Pt on glassy carbon, graphite fibers and graphite cloth. Pt on glas-
sy carbon exhibited the highest activity for methanol oxidation. On these elec-
trodes, a pronounced increase of the Pt surface area with loading up to 30 pg cm2
was observed, while loadings higher than 50 pg cm—2 had a small effect on the
surface area of Pt. The increase of activity with increasing mass specific surface
area was explained by the reduction of the particle size. The effect of particle size
on the activity for methanol oxidation was pointed out also by Frelink et al.!2
These authors used different methods as well as variations of a single method to
prepare Pt catalysts supported on carbon black with loading of 3.5 to 5.5 % of
platinum with a particle size in the range 1.2 to 7.8 nm. They found a decrease of
the activity for methanol oxidation activity with decreasing particle size from 4.5
to 1.2 nm but for particles larger than 4.5 nm, the activity remained almost con-
stant. According to the authors, the dependence of the activity on the size of the
Pt particles could be explained either by the particle size effect on the formation
of adsorbed hydroxyl species or its effect on the number of methanol adsorption
sites. Yahikozawa and coworkers!3 studied methanol oxidation on a Pt catalyst
vacuum evaporated on glassy carbon with a particle size of 3.8 and 5.3 nm. The
decrease of the activity for methanol oxidation with decreasing particle size was
related to the existence of some oxide layer on the surface closely related to the
exposed crystal planes. Examining methanol oxidation on carbon black supported
Pt catalyst with 10 and 60 wt. % of platinum and particles of 2.0 and 8.8 nm
respectively, Park et al.14 also observed a particle size dependent electrocatalytic
effect. The decrease of the activity on decreasing the particle size to below 4 nm,
was explained by a decrease of contiguous Pt sites (“ensemble effect”) needed
for dehydrogenation of methanol to form CO. Scheijan et al.13 also attributed the
decrease of activity with decreasing particle size to a decrease in the number of
Pt ensemble sites available for adsorption and decomposition of methanol. How-
ever, they examined this reaction using Pt catalysts with particles ranging from
10-20 and 10-120 nm and also a full monolayer of Pt and concluded that the
shape and the morphology rather than size of the particles played predominant
roles in the reaction kinetics.

Despite the differences in the hitherto reported results, all the authors sugges-
ted that the change of activity of the catalyst is mainly based on the particle size.
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In this work, the influence of surface morphology of platinum deposited on
glassy carbon support by the potential step method on methanol oxidation was
studied.

EXPERIMENTAL

Platinum was deposited on two glassy carbon (GC) (Sigradur—Sigri, Elektrographite, GmbH,
Germany) disc electrodes with different geometric area (4gc): 0.21 (GC;) and 0.39 cm? (GCyy).

The GC electrode surfaces were refreshed before each deposition of platinum, by abra-
sion with emery paper of decreasing grain size followed by polishing with alumina of 1, 0.3
and 0.05 um particle size. The final cleaning of the electrodes was performed in high purity
water (Millipore 18 MQ cm) in an ultrasonic bath.

Before each deposition of platinum, a cyclic voltammogram of the GC electrode was re-
corded in 0.10 M NaOH solution or in 0.50 M H,SO,4 (potential range —0.20 V to 1.4 V,
sweep rate 50 mV s'!), to ensure that the GC surface was clean and free of Pt from the pre-
vious experiment.

Platinum was electrodeposited on glassy carbon by the potential step method in deoxy-
genated 0.50 M H,SO4 + 6.0 mM H,PtClg. A potential perturbation from 0.06 V to 0.36 V
was applied after 0.5 s at the initial potential. Platinum was deposited under the same condi-
tions in each experiment but with loadings (Wp,) from 10 to 80 ug cm2. The amount of pla-
tinum deposited was estimated from the charge calculated by integrating the /- transient.
After deposition, the electrode was thoroughly rinsed with high-purity water and transferred to
the cell containing 0.10 M NaOH or 0.50 M H,SO,. The real surface area of platinum depo-
sited, Ap (cmg?), was estimated from the hydrogen adsorption/desorption region of the basic
voltammogram (integrated part of the CV was in the potential range from 0.06 V to 0.45 V
with a correction for a double layer charging). The specific catalyst area Sp; (m? g!) was cal-
culated from the equation: Sp, = 1004p/(AgcWpy).10

The electrocatalytic activity of the GC/Pt electrodes for methanol oxidation was studied
in 0.10 M NaOH + 0.50 M CH30H and in 0.50 M H,SO,4 + 0.50 M CH;0H solutions. Me-
thanol was added to the solution while holding the electrode potential at 0.06 V. The potential
was cycled between 0.06 V and 1.3 V with sweep rates of 50 and 1.0 mV s°L.

The employed reagents were of p.a. purity, and the solutions were prepared with high
purity water (18 MQ cm). The electrolytes were purged with purified nitrogen prior to each
experiment.

All electrochemical experiments were performed at room temperature in a standard
three-electrode/three-compartment glass cell. The counter electrode was a Pt wire while a
bridged saturated calomel electrode (SCE) was used as the reference electrode. However, all
potentials are given versus the reversible hydrogen electrode (RHE). The electronic equipment
in all of the experiments consisted of a PAR Model 273 potentiostat and Philips Model 8033
X-Y recorder.

GCyy/Pt electrodes with different loadings were characterized at room temperature in air
by atomic force (AFM) and scanning tunneling microscopy (STM) techniques. The structural
characterization was performed with a NanoScope III A (Veeco, USA) microscope. The AFM
observations were performed in the contact mode using NanoProbes silicon nitride cantilevers
with a force constant 0.06 N m'!. The STM images were obtained in the height mode using a
Pt—Ir tip (set-point current, i;: from 1 to 2 nA; bias voltage, V},: =300 mV).
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RESULTS

AFM and STM

The AFM and STM techniques were used for the characterization of GC/Pt
electrodes with different loadings. The AFM images (Fig. 1) reveal the topo-
graphy of the glassy carbon electrodes with platinum deposited on the surface in
the form of large 3D agglomerates of lateral size ranging from 100 to 700 nm.
Increasing the loading leads to an increase in the number and predominant size of
the agglomerates, their closer proximity and pronounced coalescence. Agglome-
rates composed of Pt particles were also observed in STM images by Duarte et
al.ll and Gloaguen et al.16 Their formation can be explained by nucleation and
growth of the Pt electrodeposits. According to Gloaguen et al., !¢ at very begin-
ning of the electrodeposition process (¢ < 0.3 s), a large number of nano-sized
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Fig. 1. AFM Images (2.00x2.00 um?) of the GC/Pt, with low loadings of
11.9 (A), 28.9 (B), 49.8 (C) and 72.3 pg cm2 (D).
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particles is formed and they might be mobile and assemble in Pt agglomerates.
The number as well as the size of the particles increases during deposition. The
first process is predominant at short times of deposition, while the other prevails
at longer times.

The STM images of the Pt agglomerates (Fig. 2) show that they consisted of
spherical nanoparticles of platinum. The size distributions of the particles for the
examined loadings, ascertained from the STM images,!7 are given in Table I.
Increasing the Pt loading led to an increase of the particle size, their distribution
and density. The Pt particles were rather loose at the lowest loading, becoming
closely packed at the highest one.
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Fig. 2. STM Images (125x125 nm?) of the GC/Pt with a low loading of
11.9 ug cm? (A) and a high loading of 49.8 pg cm™ (B).

-10.0

TABLE I. Pt particle size for GCy;/Pt electrodes with different Pt loadings

Loading, Wp,/ ng cm 11.9 21.1 28.9 49.8 72.3
Particle size, d / nm 4.4+0.7 8.9£1.6 10.6+2.3 36.145.3 52.4+11.1
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Electrochemical characterization

Platinum was deposited on two samples of glassy carbon (GC; and GCyy)
under the same conditions with loading ranging from 10-80 ug cm2. Typical
cyclic voltammograms of a GC/Pt electrode in 0.10 M NaOH and of a GCyy/Pt in
0.50 M H3SOy4 are shown in Figs. 3A and 3B, respectively. They resemble the
corresponding voltammograms for smooth platinum with well defined hydrogen
adsorption/desorption region (from 0.06 V to 0.40 V), separated in sulfuric acid
(Fig. 3B) from the region of surface oxide formation at higher potentials by a
double layer charging/discharging region. In alkaline solution (Fig. 3A) the hydro-
gen desorption is followed by reversible OH~ adsorption (0.40 V < E < 0.75 V)
and irreversible oxide formation at potentials higher than 0.75 V. The potentials
of all the anodic and cathodic peaks remained the same regardless of the loading.
The ratio between the peak heights for strongly (4ps) and weakly (4py,) bound hy-
drogen, remained almost constant for all the examined electrodes (inserts in Fig. 3).
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The real surface area of the platinum catalysts (Ap;), determined from the hy-
drogen adsorption/desorption charge, is plotted versus the loading in Fig. 4. The
Pt real surface area initially increased with loading but at higher loadings remain-
ed nearly constant. A similar dependence of the Pt surface area with loading was
found by Duarte et al.!! The difference in the surface areas of the Pt particles
deposited on the GC; and GCyy supports arises from the different geometric area
of the glassy carbon substrates and the non-homogeneity of this material and is in
accordance with literature data.!8
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The dependence of the specific catalyst area (Sp¢) on the loading is depicted
in Fig. 5. The specific catalyst area generally decreases with the loading. This
trend is more pronounced at the higher loadings (Figs. SA and 5B), which is in
accordance with reported data.8:%11.19 However, for the electrode with the
support of smaller geometric area examined in alkaline solution (Fig. 5A), the de-
pendence attained a maximum at = 25 pg cm2, was followed by decrease in Spy.
An initial increase in Sp; at low loadings was shown by Mikhaylova et al.8 and
considered as deviations from the regularity attributed to inaccuracies in the de-
termination of the real surface area, Ap;, of small deposits. Although this possi-
bility cannot be neglected, based on the presented results, we are of the opinion
that this initial increase in Sp; of the studied GC/Pt electrodes might be related to
the conditions of the Pt electrodeposition. In the region of small loadings, i.e.,
short deposition times, the Pt agglomerates were smaller, well separated and their
number increased with the amount of Pt, resulting in the increase of the specific
surface. Longer times of deposition favor the growth of Pt crystals relative to
nuclei formation. Consequently, the deposition of Pt at higher loadings results in
the increased growth of the Pt forms, their higher concentration and closer pro-
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ximity at the same geometric surface and in a decrease of the specific area of Pt
because the ratio of the surface to bulk atoms decreases. This might be the reason
why the dependence of the specific area on the loading exhibited a maximum.

20

A B
12+
15+
-
Ny L Y
(o)} 8l o
€ ] E 10}
e L e .0 o
(%) (%]
= n D po
4l S .
Fig. 5. The dependence of the spe-
0.10 M NaOH 0.50 M H,SO, ciﬁc. catalyst area (Sl?t) upon the
0 . s : 0 cvv vt v loading of Pt deposited on the
g 2 o 8 0 20 40 60 80 100 smaller GC; (A) and larger GCyy
W/ ng cm W/ ng cm (B) substrate.

Methanol oxidation

The influence of the loading, i.e., surface morphology, of the GC/Pt electro-
des on their electrocatalytic activity for methanol oxidation was studied in 0.10 M
NaOH and in 0.50 M H»SOy4.

Methanol oxidation under potentiodynamic conditions at GC/Pt electrodes
with a loading of = 30 pg cm~2 in 0.10 M NaOH and 0.50 M H,SOy is shown in
Figs. 6A and 6B, respectively. Methanol oxidation commences at the onset of
OH anion adsorption (Fig. 3A) and proceeds on the surface covered by reversible
OH,q species. The maximum of the current is attained at potentials (£ = 0.85 V)
where the rate of methanol dehydrogenation and the rate of oxidation of the de-
hydrogenated product by OH,q species are in balance.20

The coverage of the GCyi/Pt electrode with adsorbed organic species, calcu-
lated from the hydrogen adsorption/desorption region in the presence and in the
absence of methanol, given as the covered area is depicted in Fig. 7. As can be
seen, the coverage initially increases with increasing loading, reaches a maxi-
mum and then decreases at higher Pt loadings. It should be mentioned here that
such a dependence was not obtained for the GCy/Pt electrode with a smaller geo-
metric surface used in alkaline solution because of the scattered data for the
calculated area. This might be explained by the possibility that OH adsorption, to
a certain extent, overlaps with H adsorption in alkaline solutions.2!
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The electrocatalytic activity of the GC/Pt electrodes for methanol oxidation
was considered under potentiostatic conditions, as the activities observed under
potentiodynamic measurements are transient in nature. Tafel plots, recorded us-
ing linear sweep voltammetry at 1.0 mV s~!, are presented in Fig. 8. Well defined
straight lines with the Tafel slopes of approximately 100 mV dec~! in NaOH
(Fig. 8A) and 80 mV dec! in HpSO4 (Fig. 8B) were obtained at all loadings.
However, a decrease of activity of the GC/Pt electrode with higher Pt loadings
was clearly observed in both cases.

The dependences of the specific and mass activity (at 0.62 V) on the loading
of the GC/Pt electrodes are shown in Figs. 9 and 10, respectively. Inspection of
these figures revealed that the activity increased, reached a maximum and then
decreased as the loading increased. A maximum activity for this reaction in acid
solution at supported platinum catalysts versus the specific catalyst area was also
described by Umeda ef al.? and Attwood et al.!8 The results of Frelink et al.12
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for the same reaction showed a slight maximum of the specific activity with
particle size but when the mass activity of the same electrode was plotted versus
the particle size such a maximum was not found. Comparing their results with
those of Attwood and coworkers,!8 the authors concluded that the preparation
method could have a considerable influence on the behavior of the Pt catalysts. It
should be mentioned that all these authors used different methods for the che-
mical deposition of Pt. On the other hand, the activity of Pt electrodeposited on
GC either increased with loading8 or showed a maximum at much higher load-
ings if the Pt was deposited on nanofibers. 10
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Fig. 10. The mass activity for methanol oxidation versus loading of the
GC/Pt electrodes in 0.10 M NaOH (A) and 0.50 M H,SO, (B).

DISCUSSION

The activity of the GC/Pt electrodes depended generally on the Pt loading in
both solutions (Figs. 8—10), increasing at lower loadings, reaching a maximum at
~ 30 and = 50 ug Pt cm2 in alkaline and acidic solutions, respectively, and then
decreasing rapidly with further increase of the loading.

Activity of GC/Pt catalysts in methanol oxidation has mostly been related to
the particle size effect and discussed in the numerous papers.?—25 Basically, the
particle size effect assumes that the activity of the electrode is determined by the
number of contiguous sites available for methanol adsorption.!4 In this sense, the
higher the number of correspondingly arranged sites is, the higher is the activity.
Accordingly, the increase of activity up to the maximum value (Figs. 8—10) could
be attributed to the increase of the Pt particle size. However, further increase of
loading leading to a decrease of the activity of the catalyst, being not in accor-
dance with the particle size effect, clearly indicates to the importance of the sur-
face morphology.

AFM and STM images of GC/Pt electrodes obtained under conditions of
lower loadings (Figs. 1A, 1B and 2A) show that the Pt was deposited in the form
of randomly distributed, mostly well separated agglomerates consisting of small,
rather loose particles. This surface morphology remains unaffected significantly
by increasing of particle size with loading (Fig. 1B). In the range of lower load-
ings, the real surface area increases (Fig. 4) as well as the specific catalyst area of
Pt deposited on the smaller support (Fig. 5A), while the specific catalyst area of
Pt on the larger support remains almost unchanged, probably due to the non-ho-
mogeneity of the glassy carbon with different geometric areas. The maximum ac-
tivity for methanol oxidation in both solutions (Figs. 8-10) was exhibited by
electrodes with a high value of the real surface area and the maximum value of
the specific catalyst area (Figs. 4 and 5), suggesting clearly that the correspond-
ing surface morphology provides the high number of contiguous sites available
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for the reaction. On the other hand, it suggests also that particle size effect, ope-
rative under the conditions of lower loadings should be related to the surface
morphology.

It should be noted that any significant changes concerning the hydrogen ad-
sorption/desorption or Pt oxide formation/reduction on the basic voltammograms,
as well as the peak position on the cyclic voltammograms for methanol oxida-
tion, usually observed with a change of particle size,?»12.13,20.21 were not detec-
ted (Figs. 3 and 6). Most likely this was caused by the rather wide particle size
distribution in each loading and the overlapping of the same particle sizes in two
loadings (Table 1).

Increasing of Pt loading altered the surface morphology leading to the depo-
sition of predominantly larger agglomerates with increased particle size, their hi-
gher density, closer proximity and even coalescence (Figs. 1C, 1D and 2B). Si-
multaneously, the real surface area remained almost constant due to the satura-
tion of the substrate with Pt. Consequently, the specific catalyst area decreased
due to the diminishing ratio of surface to bulk atoms. Such a change of the para-
meters cannot explain the decrease of the catalytic activity. However, the surface
morphology under conditions of high loadings, which indicates the existence of
different defects caused by the close proximity and coalescence of agglomerates
and particles, could help in the solution of this problem.

The presence of defect sites related to steps and grain boundaries which
interconnect nanoparticles into complex structure was postulated by Millard et
al26 and Cheristiouk et al?7 As the number of defects increases with the
enhancement of Pt loading, due to the increase of particle coalescence, the ratio
between facets, i.e., flat surface domains, and defects increases in favor of de-
fects, leading to a diminishing of the Pt contiguous sites available for methanol
adsorption. This view is supported by the fact that the coverage of GCy/Pt elec-
trode with adsorbed organic species increased parallel with increasing real sur-
face area up to a loading corresponding to the maximum activity and then de-
creased (Fig. 7), while the real surface area remained practically constant.

CONCLUSIONS

The activities of GC/Pt electrodes in the oxidation of methanol in both acidic
and alkaline solutions exhibit an volcano dependence with respect to the plati-
num loading.

The activity increases in the range of lower loadings following the particle
size effect as the Pt particles are distributed in mostly well separated agglome-
rates, which provides for a high number of contiguous sites for methanol adsorp-
tion. The activity decreased in the range of high loadings when different defects
were formed due to the close proximity and coalescence of the Pt particles. De-
creasing of the ratio between the flat surface domains and the defects in favor of
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the defects with increasing Pt loading leads to a diminishing number of conti-
guous sites for methanol adsorption.

Finally, it could be concluded that the activity of the catalyst cannot be
explained exclusively by particle size effect without relating this effect to surface
morphology.
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U3BOJ

YTHUIAJ ITOBPIHMHCKE MOP®OJIOT'NJE HA OKCUJALITY METAHOJIA HA
INIATUHCKUM KATAJIM3ATOPUMA CA ITOAJIOI'OM O CTAKJIACTOTI" YI'JbBEHUKA

C. CTEBAHOBUR ', JI. TPUTIKOBUR', A. KOWALZ, . MUHWR?, B. M. JOBAHOBHUR! 1 A. TPUTIKOBUR!

! UXTM — Leniiap 3a eaexifipoxemujy, Yuusepauitieii y Beozpady, Hjezowesa 12, ii. iip. 473, 1100 Beozpao,
’Institute of Catalysis and Surface Chemistry, Polish Academy of Science, Krakow, Niezapominajek 8,
30-239, Poland u’®akyaiieili 3a pusuuxy xemujy, Yuusepsuitieii y Beozpady,
Ciniyoeniticku wipz 12, 1100 Beozpao

InatuHa ucranoxeHa Ha crakiactd yribeHuK (GC) kopuiulieHa je ka0 MOZEIN CHCTEM 3a HC-
MUTHBamke yTHIaja Mopdooruje moBpmuHe Pt kaTanuzaropa 3a peakyjy OKCHAAI]e METaHOa Y
QJIKaJIHUM U KHCEJIMM pacTBopuMa. IlnaTuHa je TajokeHa MOTEHIMOCTATCKOM ITyJICHOM METOIOM
na GC nomory u3 H,SO, + H,yPtClg pacTBopa o HCTHM ycIoBHMa y kommarir ox 10 To 80 pug cm™
ADOM u CTM cauke GC/Pt enekrpona mnokasyjy aa je Pt ucranoxena y oomuky 3D armomepara
Koju ce cactoje on chepHux uyectuna. Jlyxke BpeMme Taloxkema JoBoau mo nosehanor pacra Pt
(bopmu 1 cMamema crienuduyYHe OBPLIMHE HATAJIOXKEHE IUIAaTHHE. PealiHa MOBPIIMHA HCTAI0KEHE
IUTaTHHE pacTe ca moBehameM KOJIMYMHE HCTaJOXKeHe IUIaTuHe AocTkyhu mmato. bes o63upa Ha
0BO, cnenupuyHa U MaceHa aKTHBHOCT IUIATHHE UCTAJOXKEHE HA CTAKJIACTH YIJbEHHMK 33 OKCH-
JAIMjy METaHOJIa KaKO Y KHCEIMM TaKO U y JIKaJHUM PacTBOPUMA I10Ka3yje BYJIKAHCKY 3aBHCHOCT
O]l KOJIMYMHE UCTallokKeHe IuiaThHe. [loBehame akTHBHOCTH ce MOXKe 00jacHUTH IpeKo rnoBehama
BEJIMYMHE YECTHUIIA Ca KOJMYMHOM HCTAJOKEHE IUIaTHHE, OJHOCHO Hpeko nosehama cyceaHux Pt
MecTa JOCTYIHHX 3a aIcopOLujy U JIEKOMIIO3ULK]y MeTaHoia. MehyTHM, CMamemhe KaTaluTHUKe
aKTUBHOCTH Ca JaJbuUM IHOBehameM KOJMYMHE HCTAIOKCHE IUIATUHE W BEIUYMHE HECHHX YECTHIA
HAKOH MOCTHIHYTOT MakCHMyMa j€ MOBE3aHO Ca CMambeheM Opoja akKTMBHHMX MECTa JIOCTYIHHX 3a
aJICOPIILIKjy METaHOJA U PE3YJITAT je CMambeha pacTojama 1 H3paXKEHOT cTanama Pt decTuia.

(ITpumsbeno 20. neriem6pa 2007, pesuaupano 14. mapra 2008)
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