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a b s t r a c t 

The dynamic and kinetic evolution of supported metal particles in the presence of reactants is deci- 

sive in shaping the nature of the catalytic active sites and the deactivation process. Ostwald ripening 

of FeO/Pt(111) supported Au particles in the presence of carbon monoxide is addressed here by first- 

principles kinetics. It is found that CO stabilizes the ripening monomer (Au atom) by forming favorable 

Au carbonyls with lower total activation energy, and corresponding phase diagram at wide range of tem- 

perature and CO pressures is constructed. Evolution of particle number, dispersion and particle size dis- 

tribution of supported Au particles are explored. Great influence of CO promotion on ripening kinetics is 

revealed and explored in details, and mbar range of CO can lower the onset temperature of ripening by 

a few hundred kelvins. The present work reveals the crucial role of the metal-reactant complexes formed 

under reaction conditions on ripening of metal catalysts. 

© 2018 Science Press and Dalian Institute of Chemical Physics, Chinese Academy of Sciences. Published 

by Elsevier B.V. and Science Press. All rights reserved. 
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1. Introduction 

The dynamic and kinetic evolution of supported metal particles

under reaction conditions [1–3] is decisive in shaping the nature

of the catalytic active sites and the deactivation process [4,5] . Un-

der reaction conditions, the adsorption of reactants on supported

particles can lower the surface energy, influence the correspond-

ing morphology [6–8] and even cause the wetting of metal parti-

cles on the supports [9,10] . In particular, adsorption of reactants on

particles could weaken the metal-metal bonding of supported par-

ticles [11] , and facilitate the detachment/attachment of the metal

monomer from/towards the particles, and stabilize the detached

metal monomer by forming the metal-reactant complexes on the

supports [12,13] . The presence of reactants may lead to the de-

activation of supported particles because of promoted ripening

via mass transport on the surface [14–24] or due to volatile loss

[25] . In extreme conditions, strong metal-reactant interaction could

even break up the stepped surfaces [26,27] and completely disinte-

grate the supported precious metal particles, for example, rhodium
∗ Corresponding author at: State Key Laboratory of Catalysis, Dalian Institute of 

Chemical Physics, Chinese Academy of Sciences, Dalian 116023, Liaoning, China. 

E-mail address: wxli70@ustc.edu.cn (W.-X. Li). 
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28–30] . Dramatic changes of catalyst structures at elevated tem-

erature and pressure, having profound influence on the corre-

ponding catalytic activity and stability, causes the so-called pres-

ure gap, which necessitates the mechanistic understanding of how

eactants cause the changes and how can we control or prevent the

hanges. 

Gold particles supported on oxide surfaces with unique size-

ependent catalytic selectivity and low temperature activity

31,32] are among the notable examples manifesting the influence

f reaction conditions [33–35] . In ultrahigh vacuum, supported Au

articles were stable up to annealing temperature of 600 K [36] . In

he presence of reactant, it was reported that chlorides can pro-

ote the ripening of supported Au particles [37,38] . In the pres-

nce of CO oxidation atmosphere, the ripening temperature of Au

articles shifts to a much lower temperature (430 K) [39–42] . Re-

ent ab initio molecular dynamics studies showed that the Au-

arbonyl complexes can be formed dynamically in CO oxidation re-

ction [43,44] . Also, the thermal resistance of metal particles can

e reduced because of the formation of volatile metal-chloride,

etal-oxygen [45] or metal-carbonyl [46–53] complexes. Forma-

ion of the metal-reactant complexes was believed to promote the

stwald ripening, facilitating the growth of larger ones at the ex-

ense of smaller ones, resulting in eventually catalyst deactivation

54–59] . 
y of Sciences. Published by Elsevier B.V. and Science Press. All rights reserved. 
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Despite the extensive studies so far [60,61] , microscopic under-

tanding for the role of the Au carbonyl complexes on the ripening

s still not well understood. A particularly interesting system is the

u particles supported on FeO/Pt(111) in the presence of CO re-

ctant [62,63] . It was found that small Au particles decorated at

he step edges were very stable under pure O 2 environment at

oom temperature (RT), but they disappeared gradually under 1

bar pure CO. The disintegrated small Au particles were believed

o form mobile Au species that migrate across the FeO film surface

64] . Clearly the reactant CO destabilized the supported Au parti-

les. However, it is unclear yet when the Au carbonyl will form and

ow temperature and CO partial pressure will influence the ripen-

ng kinetics of Au particles on FeO/Pt(111). To address these ques-

ions, detailed energetic and kinetic investigations taking account

f the influence of temperature and pressure are required. 

Stability of supported metal catalysts under reaction conditions

as been studied extensively by density function theory (DFT)

65,66] and molecular dynamics [67] . However, a systematic ripen-

ng kinetics study based on first-principles calculation for sup-

orted Au particles in the presence of CO has not been reported

et. In this work, we carried out Ostwald ripening kinetic inves-

igations of Au particles supported on FeO/Pt(111) in the presence

f CO, taking account of the influence of temperature and pres-

ure. Employing the atomistic Ostwald ripening (OR) theory in the

resence of reactant [68] and DFT calculations, we confirmed the

ipening of supported Au particles on FeO/Pt(111) in presence of

O, and clarified the critical roles of reactant on the ripening. In

ection 2 , we describe the reactant assisted Ostwald ripening the-

ry and DFT calculation details. In Section 3 , we first present the

nergetics from DFT calculations, and then we show the changes of

otal activation energy of OR against the CO chemical potential and

he corresponding phase diagrams with respect to CO pressure and

emperature, followed by OR kinetic simulation results. Final con-

lusions are made in Section 4 . 

. Theory and method 

For supported metal particles in the presence of reactants, the

eactants could adsorb on both the metal particle and the metal

toms in thermodynamic equilibrium with the particles under the

steady-state” [60,61] . For a particle on support with a given cur- 

ature radius R , the corresponding ripening kinetic rate equation

nder the mean field approximation is [68] 

d R 

d t 
= 

X Y 

X + Y 

K 

R 

2 

(
exp 

[
−E tot 

kT 

])

×
(

exp 

[
�μNP ( R 

∗) 
kT 

]
− exp 

[
�μNP ( R ) 

kT 

])
(1) 

here K = νs �/[4 πa 0 
2 α1 ] with α1 = [2–3 cos( α) + cos 3 ( α)]/4; α is

he contact angle between the metal particles and the support

s a measurement of metal particle-support interaction; νs is the

ibration frequency of monomer species on supports, which will

e considered as constant 6 × 10 13 s − 1 as a good approximation

69–72] ; � is the volume of bulk metal atoms (16.96 Å 

3 

or Au) [73] ; a 0 is the lattice constant of the support (3.10 Å

or FeO/Pt(111)) [62,63] . X = 2 πa 0 R sin( α), Y = 2 πa 0 
2 /ln[ L /( R sin α)]

ith L being the diffusion length representing the distance re-

uired for the concentration of monomer species reaching the far

eld critical value. In this work, L was set to 1.2 R sin α [74] . 

�μNP is the chemical potential of metal atoms in the supported

etal particle with respect to that of infinite size (bulk) in the

resence of reactants, and is approximated here by the Gibbs-

homson (GT) relation, [68] 

μNP ( R ) = 

2 �γ
(2) 
R c  
here γ is the surface energy of the particle of interest. When par-

icle size is small (for instance less than 5 nm), γ might become

ize dependent due to the decreasing of the coordination num-

er of surface atoms as the size decreases. The size-dependence

f γ will be ignored for simplicity considering modest influenc-

ng on the conclusions in next section [60] , and surface energy of

.94 eV/ ̊A 

2 [75] is used in this work. Note that under a given par-

icle (constant particle volume V p ), the different metal support in-

eractions (therefore different α) would lead to different curvature

adius based on R = (3 V p /4/ α1 ) 
1/3 , accordingly the influence of the

etal-support interaction is included implicitly in GT equation. Re-

ently, the GT-like relation explicitly taking into account the effect

f supports was addressed recently [76,77] . 

The total activation energy E tot of the ripening is decisive to

he ripening rate [68] . In the presence of reactant CO, both the

u atoms and the as formed Au carbonyls could contribute to the

ipening process. The E tot via the route with monomer to be Au

toms or Au carbonyls are 

 

tot 
at = E f at + E d at (3) 

 

tot 
carb = E f carb + E d carb − n × �μCO ( T , P ) (4) 

espectively. E d at and E d 
carb 

are the diffusion barriers of the metal 

toms and the metal carbonyls on supports, and n is the number of

O in the carbonyls. E f at is the formation energy of the metal atoms

ith respect to bulk counterpart. E f 
carb 

is the formation energy of

he metal carbonyls with respect to bulk Au and gas phase CO. 

�μCO is CO chemical potential, a function of temperature

nd CO partial pressure, �μCO ( T , P ) = �μ◦
CO ( T , P 

◦) + kT ln ( P/P ◦) ,
here k is the Boltzmann constant, and �μ◦

CO 
( T , P o ) is the chemi-

al potential of CO at standard conditions P ° [78] . The active inter-

ediates for ripening are Au atoms if E tot 
at < E tot 

carb 
, but the Au car-

onyl if E tot 
carb 

< E tot 
at . To have E tot 

carb 
≤ E tot 

at , the corresponding �μCO 

ust satisfy: 

μCO ≥
(
E f carb + E d carb − E f at − E d at 

)
/n (5) 

From Eq. (4) , we see the total activation energy of reactant as-

isted OR is contributed by the carbonyls formation energy and

heir diffusion barrier on the support of interest, and also the

hemical potential of the reactants. All these quantities will be

arefully discussed later. When the diffusion barrier is larger than

he formation energy, the ripening kinetics is noted as diffu-

ion control, and interface control otherwise [60,61] . The pres-

nce of reactants could stabilize the metal atoms, changing the OR

onomer from metal atoms to metal carbonyls. As a result, the

ate-determining step (diffusion control or interface control) of re-

ctant assisted ripening kinetics could be quite different from that

ithout reactants. 

Particle size distribution (PSD) of supported particles is as-

umed here to follow a Gaussian distribution f ( R, t ) with average

ize < R > and standard deviation σ . The mass conservation gives 

4 

3 

πα1 

∫ ∞ 

0 

f ( R, t ) R 

3 d R = V 0 (6) 

here V 0 is the initial total volume of supported metal particles.

he particle number N ( t ) evolves with time as below 

 ( t ) = 

∫ ∞ 

0 

f ( R, t ) d R (7) 

Ripening kinetics under isothermal and temperature programed

ging (TPA) condition were considered, and corresponding disper-

ion, particle number and average size are calculated. For TPA, the

nitial temperature is 300 K, and the temperature ramping rate is

 K/s. 

Spin-polarized DFT calculations were performed, using the

ode Vienna Ab Initio Simulation Package (VASP) [79] , to obtain
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the energetics as input for the OR simulation. The core-valence

electron interaction was described by the projector augmented

wave (PAW). [80] The exchange-correlation was described by the

Perdew-Wang functional [81] within the generalized-gradient ap-

proximation (GGA). For the superstructure model of FeO/Pt(111)

(see below), the cutoff energy for expanding the wave function us-

ing plane waves was set to 350 eV with which the energetics al-

ready converge to the accuracy request for Au adsorption [63] . Dif-

fusion barriers of Au atoms and Au-CO monomers on the supports

of FeO/Pt(111) were calculated using the climbing image nudged

elastic band (CI-NEB) method [82] . The FeO/Pt(111) was simulated

by the slab model: ( 
√ 

84 × √ 

84 ) R 10.9 °, where the FeO(111) bi-

layer is supported on a three-layer-Pt [62,63] ; Only gamma k-point

was used for the Brillouin zone. Structure relaxations were per-

formed using the conjugate-gradient algorithm and stopped when

the force components on each atom are less than 0.03 eV/ ̊A. The

bottom two layers of Pt in FeO/Pt(111) were fixed to their bulk po-

sitions during structure relaxations. In addition, the DFT + U cor-

rections were considered for the iron atoms in FeO/Pt(111), with

U eff( U − J ) = 3.0 eV [63] . 

3. Results and discussion 

3.1. Energetics from DFT 

The formation energy and diffusion barrier of the Au atoms and

carbonyls are the key quantities determining the rate of ripening,

and they form an important basis for further thermodynamic anal-

ysis and kinetic evolution. The calculated most stable adsorption

configurations of Au atom and Au-CO on FeO/Pt(111) surface are

shown in Fig. 1 (a, b), and favored diffusion paths are shown in

Fig. 1 (c). On FeO/Pt(111), there are FCC, HCP and top three domains

in the Moiré supercell [62,63] . The most stable adsorption site of

the Au atom was found at the Fe-top in the HCP domain, as shown

in Fig. 1 (a), with the formation energy E f at = 2.03 eV. The most sta-

ble adsorption in the other two domains also take the Fe-top sites,

but is 0.11 eV and 0.07 eV less stable in FCC and Top domains, re-

spectively, than that in HCP domain. The strong preference of Au

on Fe-top over O-top site comes mainly from the pronounced elec-

trostatic attraction between anionic Au and cationic Fe. Formation

of anionic Au is likely since Au has a rather high electronegativ-

ity thank for its significant relativistic effects [63] . The favored dif-
Fig. 1. The most stable adsorption sites of the Au atom at Fe-top site (a) and Au- 

CO carbonyl at O-top site (b) on the oxide surfaces. (c) Diffusion pathways of Au 

atom (blue arrow) and Au carbonyl (green arrow) on FeO/Pt(111) in top view. Color 

code: yellow: Au; red, O; black, C; blue: Fe; dark cyan, Pt. (For interpretation of the 

references to color in this figure legend, the reader is referred to the web version 

of this article.) 
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use path of Au atom was found from one Fe-top to another Fe-top

ite, as indicated by the blue arrow in Fig. 1 (c), with a barrier of

.39 eV. Since the formation energy is considerably larger than the

iffusion barrier, corresponding ripening process is interface con-

rol. The resulted total activation energy is 2.42 eV, and the large

alue indicates that in absence of reactant, Au particles supported

n FeO/Pt(111) have high ripening resistance. 

For Au carbonyls, both the adsorption of Au-CO and Au-(CO) 2 
ere calculated, and it was found that the Au-(CO) 2 on FeO/Pt(111)

as unstable and therefore neglected in following discussion. We

ested adsorption of Au-CO at O-top, O-fcc, and O-hcp in each of

he three domains. The most stable adsorption site was found at

he O-top in the FCC domains, as shown in Fig. 1 (b), and corre-

ponding diffusion path is shown in Fig. 1 (c). The calculated for-

ation energy of Au-CO E f 
carb 

is −0.07 eV in FCC domain (0.06 eV

n HCP and 0.46 eV in Top domain, both also at O-top sites), and

he barrier for Au-CO diffusion between two O-top sites E d 
carb 

is

.48 eV. This shows clearly that the CO adsorption on the Au atoms

ramatically lowers the formation energy of the intermediates for

he ripening. Corresponding total activation energy under CO rich

ondition ( �μCO = 0 eV) becomes 0.41 eV only, which is signifi-

antly lower than that of Au atom. It can be expected that the

resence of CO would promote ripening of supported Au parti-

les, which will be discussed in detail below. The site preference of

u-CO over O-top comes from the formation of cationic Au, which

ould maximize the donation and back-donation between CO and

u. 

The stabilization of Au atom by CO can be justified by the

trong binding between CO and Au atom on FeO/Pt(111). DFT cal-

ulations show the binding energy of CO with the Au atom is

2.55 eV. Also, we found the Bader charge of the Au of the car-

onyls on the polar FeO/Pt(111) [62,63] is + 0.72 | e |. As a result, CO

orm strong bond with the Au cation, which is mainly due to elec-

rostatic interaction between the CO dipole and the positive charge

f Au cation [83] . 

.2. Total activation energies 

As indicated in Eqs. (3) and (4) , the total activation energy

or Au carbonyl is dependent on CO chemical potential. When CO

hemical potential is low ( �μCO < E b 
CO 

), the energy gain from CO

inding towards Au atom ( E b 
CO 

) cannot compensate the loss of CO

ntropy in gas phase, and then the formation of Au carbonyls is

nlikely. When �μCO ≥ E b 
CO 

, CO can adsorb on top of the Au atoms,

nd the Au carbonyls start to form. When �μCO increases to such

 value defined in Eq. (5 ), E tot 
carb 

≤ E tot 
at , the Au carbonyls become the

ominating intermediates for ripening. 

Fig. 2 (a) shows the total activation energies versus CO chemical

otential. At low �μCO , Au atom are the dominating species for

ipening, with a large total activation energy of 2.42 eV, and corre-

ponding mechanism is interface control. The threshold �μCO for

u-CO carbonyl to become the dominating ripening intermediate

 ̄E tot 
carb 

< Ē tot 
at ) is −2.01 eV on FeO/Pt(111). After the threshold, the to-

al activation energy decreases linearly with CO chemical potential.

he mechanism changes from interface control to diffusion control

hen the �μCO increase up to −0.55 eV. Under CO rich condition

 �μCO = 0 eV), the corresponding value becomes 0.41 eV. 

Contour plot of the total activation energy with respect to tem-

erature and CO partial pressure P CO is plotted in Fig. 2 (b). It

an be found that with increase of P CO (equivalent to increase CO

hemical potential), the corresponding total activation energy de-

reases. Namely, raising P CO can lower considerably the total ac-

ivation energy. Whereas with increase of temperature (equivalent

o decrease CO chemical potential), the corresponding total acti-

ation energy increases. Actually, when temperature is sufficiently

igh, Au carbonyl could decompose, and the Au atom becomes
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Fig. 2. (a) The total activation energies of Au OR on FeO/Pt(111) versus the CO 

chemical potential. (b) Contour plot of the total activation energy of Au OR on 

FeO/Pt(111) as functions of temperature and logarithm of CO partial pressure. The 

white area indicates the active ripening species is Au atoms, with a constant total 

activation energy and the mechanism of interface control. The dashed-line indicates 

the onset of formation of the Au carbonyls. The grey and dark areas indicate the 

active ripening species are the Au carbonyls, with the mechanism changing from 

interface control in the grey area to diffusion control in the dark grey area. 
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Fig. 3. (a) Schematic of supported Au particles; and (b) the corresponding particle 

size distribution. Contact angle α = 43.6 °; average diameter < d > = 2.5 nm; standard 

deviation σ = 0.3 nm. 

Fig. 4. (a) Evolution of normalized particle number, dispersion and volume with 

temperature without the presence of CO; and (b) with the presence of 1 mbar CO 

for FeO/Pt(111) supported Au particles in a linear temperature ramp at a rate of 

1 K/s from 300 K to 1023 K. 
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m  

p  
he dominating ripening intermediate again. It can be found from

ig. 2 (b) that the same total activation energy can be reached by

ifferent combinations of T and P CO , with the same CO chemical

otential. Nevertheless, even though their total activation energy

s the same, corresponding kinetics are different because of their

ifferent tem peratures. 

.3. Ostwald ripening of Au@FeO/Pt(111) in the presence of CO 

Kinetic simulation of the Au particle ripening in the presence

f CO was performed to see the influence of ambient condition on

eO/Pt(111). Particle size distribution (PSD) for supported Au parti-

les was assuming to follow a Gaussian distribution with the aver-

ge particle size < d > = 2.5 nm and standard deviation σ = 0.3 nm

 Fig. 3 ) throughout the present work unless stated otherwise. Cal-

ulated contact angle of Au particle on perfect FeO/Pt(111) surface

s 43.6 °, based on the height/diameter ratio ∼0.2 of Au supported

n FeO/Pt(111) reported in Ref. [84] . 

We first studied the ripening of Au particles without CO ad-

orption under temperature programing condition with heating

ate 1 K/s. In this process, the total activation energy is constant

 E tot 
at = 2.42 eV). Fig. 4 (a) shows the evolution of the normalized to-

al volume V , the particle number N and dispersion D (the ratio

etween number of surface and bulk atom number) with respect

o the ramping temperature starting from 300 K. No changes for

oth D and N can be observed before the temperature of 700 K. At

50 K, the N and D decrease about 10% and 13%, respectively. To

haracterize the thermal resistance and simplify the analysis be-

ow, we define the temperature for 10% decrease of the particle

umber as onset temperature T on . After this temperature, both N
nd D drops rapidly, and at temperature 950 K, all the initial small

articles ripen into a few large particles, as indicated in PSD ( Figs.

 a and 5 a). Throughout the whole ripening process, the total vol-

me V is constant, indicating the mass conservation during simu-

ation. 

At elevated pressure, CO could adsorb and stabilize Au atom

y forming Au carbonyls. To see this, the ripening under 1 mbar

O was investigated. Different from the results without CO, both

 and N start to decrease at the very beginning of ramping pro-

ess (300 K, Fig. 4 b), and decreases linearly with ramping temper-

ture. Corresponding T on becomes 480 K. Dramatic influence can

lso be seen from the rapid evolution of PSD ( Fig. 5 b). As afore-

entioned, the total activation energy increase with ramping tem-

erature because of decrease in CO chemical potential. Thus, the
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Fig. 5. Evolution of the three-dimensional particle size distribution for FeO/Pt(111) 

supported Au particles with a linear temperature ramping from 300 K without the 

presence of CO (a) and with the presence of 1 mbar CO (b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Evolution of normalized particle number (a) and dispersion (b) versus ramp- 

ing temperature for FeO/Pt(111) supported Au particles under CO partial pressure of 

0.01, 0.1, 1 and 10 mbar. 
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role of promotion of CO via carbonyls on ripening will be reduced

at high temperature. Eventually, formation of Au carbonyl will be

no longer favorable, and the Au atoms become the dominating

ripening intermediates again. Fig. 4 (b) clearly shows such turning

point at 770 K. Further increase of ramping temperature drive both

N and D drop steeply ( Fig. 4 b). 

Fig. 6 (a, b) shows the evolution of N and D versus ramping

temperature process under different CO partial pressures, respec-

tively. For P CO = 0.01, 0.1 and 1 mbar, corresponding total activation

energies E tot 
carb 

are 1.24, 1.18, and 1.12 eV at 300 K. The higher the

CO pressure, the smaller the total activation energy E tot 
carb 

, and the

faster the ripening rate. Indeed, Fig. 6 (a, b) shows that at a tem-

perature in range from 30 0 K to 70 0 K, the higher the CO pressure,

the lower the particle number and dispersion. As a result, corre-

sponding T on decrease from 750 K to 680 K, 400 K, and 310 K, for

the CO pressure of 0.01, 0.1, 1, and 10 mbar, respectively. Consis-

tent with the lower T on at higher P CO , the Au carbonyl as ripen-

ing intermediate is more stable and tolerant of higher ramping

temperature. 

As a comparison, T on in absence of CO was also calculated,

and the corresponding result is 750 K. When P CO applied is low

(0.01 mbar), CO cannot adsorb on Au adatom, and the calculated

T on (750 K) remains the same with that without the presence of

CO. When �μCO ≥ −2.01eV ( P CO ≥ 10 − 1.25 mbar when T = 750 K),

E tot 
carb 

≤ E tot 
at , and the Au carbonyls become dominating intermediate

for the ripening. This is indeed found from the apparent decline for

0.1 mbar in our kinetics simulation ( Fig. 6 a). The results tell that

CO promotion for FeO/Pt(111) supported Au particles of ∼2.5 nm

happens at 0.1 mbar. 
To rationalize this, we note that without CO, T on on FeO/Pt(111)

as a relative high value 750 K, with a large E tot 
at . When �μCO ≥

2.01 eV at T = 750 K, CO partial pressure of 0.1 mbar is already

ufficient for promoting ripening. With further increase of CO par-

ial pressure, onset temperature decreases dramatically. Great in-

uence of CO on FeO/Pt(111) supported Au particles was observed

y scan tunnelling microscope (STM) [64] . Instead of CO promotion

n the ripening, it was found that when CO partial pressure was

bout 2 mbar at RT, Au particles decorated at FeO/Pt(111) edges

isappeared, and a mobile species “invisible” in the STM images

s proposed to form on the support surface. Actually, our calcula-

ions using the disintegration theory [68] show that at this pres-

ure, the disintegration of the Au particles into the Au carbonyls is

hermodynamically more favorable. Calculated low diffusion bar-

ier (0.48 eV) of the Au carbonyl on FeO/Pt(111) also explains why

he disintegrated Au carbonyls would be hardly observed by STM

perated at RT. 

. Conclusions 

Ostwald ripening of Au particles on the surfaces of FeO/Pt(111)

ith and without the presence of carbon monoxide are studied

y first-principles thermodynamics and kinetics simulation. Great

O promotion on ripening of Au particles on FeO/Pt(111) surface

s identified, and influence of the reactants on ripening kinetics

t wide range of temperature and CO partial pressure is quanti-

ed. Without the presence of CO, calculated total activation en-

rgies of the Au atom as the active species for ripening are con-

iderably large, and the ripening process is interface control. The

resence of reactants can stabilize the metal atoms forming favor-

ble metal-reactant complexes, lower the total activation energies
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f ripening, promoting significantly the ripening kinetics of sup-

orted metal particles. It is found that the CO can lower the onset

emperature of ripening by more than 300 K at CO partial pressure

f 1 mbar. This work provides insights into the importance of am-

ient conditions on Ostwald ripening of supported metal particles,

nd the role of the reactant-metal complexes formed under reac-

ion conditions in facilitation on ripening is highlighted. 
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