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1.  INTRODUCTION 
 

 Platinum clusters are one of the most frequently in-
vestigated nano-sized systems. As a highly dispersed form 
of a chemically active element, they offer high intensity of 
the key catalytic process. It has been proved that platinum 
nanoparticles are one of the most efficient heterogeneous 
catalysts for the oxidation of organic acids [1, 2], alkenes 
[3] and oxygen in acid solution [4]. Moreover, they have 
also found application as a fotocatalyst in light-induced 
water splitting on the TiO2 surface [5, 6]. Since they are 
considered the most promising materials for fuel cell 
applications, it is obvious that gaining insight into mecha-
nisms that govern their properties is one of the main and 
most challenging tasks for nanotechnologists.  
 The morphology of small platinum clusters has been 
investigated by several groups at different levels of theory 
[7-15]. In spite of the overall effort that has been involved 
in these studies, there is still no agreement as to which 
structures are preferred. Even with first-principles calcu-
lations significant discrepancies were encountered. Yang 

and co-workers [9] using density functional theory (DFT) 
in local density approximation (LDA) studied the equilib-
rium geometries of N = 2-6-atom clusters. They found that 
planar structures are strongly preferred, also reporting that 
the global minimum (GM) of an N = 13-atom cluster form-
ing an icosahedron distorted by the Jahn-Teller effect. Only 
one year later, Watari and Ohnishi [10] showed that taking 
the spin-orbit effect into account reverses the situation, 
making the decahedral structure distorted by the Jahn-
Teller effect more stable. Also, a different ground state for 
the N = 13 atom cluster has been determined in [11].  
 Recently, Nie and co-workers [14] have investigated 
the structural evolution of clusters consisting of N = 2-15 
atoms. According to these authors, there is no evident clus-
ter size at which a transition from planar to non-planar 
arrangement would take place. The presented results are in 
disagreement with those published by Bhattacharyya and 
Majumder [15], who instead claim that there is a clear 
boundary between N = 9 and N = 10. A similar claim that 
two-dimensionality is favored was made in [11], where 
planar structures were found to be almost as stable as spa-
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tial configurations, and the same transition size was 
obtained.  
 Although it is known that the incorporation of spin-
orbit coupling can be crucial for accurate description of 
such complex systems as transition metals [16], in most of 
the literature cited above these were not directly taken into 
account. We believe this may be the reason for the 
observed discrepancies. In this work we make an attempt to 
verify the results that have already been reported.  
 The main scope of this work is two-fold and can be 
formulated as a (i) reexamination and (ii) extension of the 
inconsistent reports found in the literature. We focus on the 
structure of small platinum clusters consisting of N = 2-15 
atoms. We performed a global search driven by a genetic 
algorithm, coupled with the semi-empirical Voter-Chen 
potential used as a first approximation of the energetics. 
The most stable isomers found in this way were subse-
quently subjected to local relaxation using DFT. With the 
intention to achieve (ii), the lowest energy structures 
reported in [11, 14, 15] were re-examined. This paper is 
organized as follows. Section II describes the adopted 
methodology. This is followed by a discussion of the re-
sults. Finally, in Section IV we present conclusions.  
 
 

II.  METHODOLOGY 
 
 With computations based on higher levels of theory, the 
possibilities of exploring the configurational space of 
many-atom systems are significantly limited. Since semi-
empirical potentials provide a good quality-to-cost ratio, 
their direct incorporation as a preliminary measure emerges 
as one of only a few viable approaches. Since this approach 
has previously been found to be successful (cf. e.g. contri-
butions by Johnston and co-workers [17-21]), we decided 
to employ it, dividing the task of performing an exhaustive 
and accurate search for optimal structures into three stages. 
Firstly, on the basis of a global search carried out under 
a semi-empirical description numerous candidate structures 
have been located. Secondly, a small fraction of the initially 
located configurations (those most stable) was subjected to 
quantum-based local relaxation. Finally, as it was stated in 
the introduction, also the lowest energy structures reported in 
[11, 14, 15] were verified at the DFT level.  

 
II.1. Voter-Chen potential 

 To describe the interactions of platinum atoms, as a first 
approximation we used the semi-empirical Voter-Chen 
potential [22], which belongs to the class of embedded 

atom method (EAM) potentials, where the energy of an 
N-atom system is written as a sum  
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Here, rij is the distance between atoms i and j, the first term 
accounts for the repulsion of the ion cores, whereas the 
latter expresses the amount of energy needed to remove 
atom i from the background electron cloud of density  
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Here, ( )ijrρ  is the density due to atom j at the site of atom i.  
 In the case of the Voter-Chen potential, the pair inter-
action is described by Morse’s formula, 
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The electron density term is taken as  

  ( )26 9( ) 2 .ij ijr r
ij ijr r e eβ βρ − −= +  (5)  

 The form of the embedding function ( )F ρ  was ob-
tained from a fitting procedure under the constraint that the 
cohesive energy Ecoh, the equilibrium lattice constant a0 
and the bulk modulus B be reproduced exactly. The proper-
ties of diatomic molecules were also taken into account. 
This distinguishes the Voter-Chen potential from other 
EAM-based descriptions and justifies its use as a first ap-
proximation of the energetics of nanometer-scale systems.  
 In Table 1 we present the values of the parameters of 
the Voter-Chen potential. The values for several properties 
of Pt, both experimental and calculated using the Voter-
Chen force field, can be found in Table 2.  
 
 
Table 1. Parameters of the Voter-Chen potential for Pt, after [22] 

Parameter Value 

             DM (eV)              0.76551 

             RM (Å)              2.54446 

             αM (Å–1)              2.0035 

             β (Å–1)              3.84120 

             rcutoff (Å)              5.5758 
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Table 2. Certain properties of platinum. C11, C12 and C44 – elastic 
constants, vac

fEΔ  – vacancy formation energy, De and Re – bind-
ing energy and bond length of a diatomic molecule. All data 
                                   were taken from [22] 

Property Experimental Calculated 

Ecoh (eV atom−1) 5.77 5.77 

a0 (Å) 3.92 3.92 

B (1012 erg cm−3) 2.83 2.83 

C11 (1012 erg cm−3) 3.21 3.47 

C12 (1012 erg cm−3) 2.64 2.51 

C44 (1012 erg cm−3) 0.78 0.74 

vac (eV)fEΔ  1.49 1.5 

De (eV atom–1) 3.15 3.17 

Re (Å) 2.34 2.45 

 
 
II.2. Search technique  

 Describing the potential energy surface (PES) of many-
atom systems is not a trivial task. Since the number of local 
minima of energy increases exponentially with the size of 
the system, it is also difficult to locate only the configura-
tions that are highly stable. Although many search methods 
have been elaborated, none of them ensures finding the 
global minimum. For all of them, the probability of success 
mostly depends on the volume of the solution space that 
has been searched and the effectiveness of particular 
techniques is highly related to the considered optimization 
problem. It is known that in the case of complex configura-
tional search techniques based on genetic algorithms (GAs) 
can be extremely effective, see e.g. contributions by 
Johnston et al. [17-21] and other authors [23, 24]. As the 
Voter-Chen potential generates complicated PESs we de-
cided to employ genetic algorithms as the main search tool.  
 In so doing we mainly followed the prescriptions given 
by Johnston in his seminal work [21]. In Figure 1 we pre-
sent the flowchart of the implemented algorithm. As it is 
similar to a standard GA we omit a detailed description, 
presenting only crucial information on the encoding 
method and on how the particular genetic operators have 
been realized.  
 We employed the encoding of Zeiri [24], using real-
valued Cartesian coordinates as genes. At the beginning of 
the search, the initial population (consisting of Npop 
specimens) was generated randomly [29]. For every indi-
vidual, the set of 3N genes (corresponding to the Cartesian 
coordinates of the atoms of the cluster) was chosen such 
that the coordinates were located within a sphere of radius 

rloc = 3.5 Å, which ensured that the density of created 
clusters was nearly correct.  
 
 

 
Fig. 1. Flow chart of the implemented genetic algorithm 

 
 
 For a given initial set of individuals, evolution was 
carried out using the operators of crossover, mutation and 
selection. Mating was realized with the so-called cut and 
splice variant (see Fig. 2), proposed by Deaven and Ho 
[25]. This approach is known to be one of the most 
effective crossover operators for the optimization of cluster 
geometries. Mutation was realized by giving a new random 
value to a randomly selected gene (the constraint keeping 
the coordinates within a sphere of radius rloc still applied). 
Mutation was affecting not only the chromosomes of the 
offspring, but also those of the parents. The probability 
Pmutate of undergoing mutation was identical for all speci-
mens. As a result, the implemented GA was operating on 
a set of (Npop + Nchild)(1 + Pmutate) candidate configurations 
(here, Nchild denotes the number of offspring).  
 
 

 
Fig. 2. Schematic representation of the cut and splice mating 
operator. The geometries of parents are initially rotated by ran-
dom angles. Then a cutting plane is chosen (also at random)  
  and the offspring is produced by splicing the two resulting parts  
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 The weighing of the quality of particular individuals 
was accomplished by using dynamic fitness scaling, i.e. the 
fitness of i-th specimen was determined from  

  ( ) min

max min
.i

i i
E E

f f f
E E

ε −⎛ ⎞= = ⎜ ⎟−⎝ ⎠
 (6)  

In the above, Ei and εi denote the energy and reduced 
energy of the i-th individual, respectively, Emax and Emin 
stand for the maximum and minimum value of Ei, respec-
tively, in the entire population, and f is the fitness function. 
Proportionate selection was used, where the probability of 
having the i-th individual in the parental pool is directly 
proportional to its fitness fi. Subsequent generations were 
formed by natural selection – as a set of individuals with 
the lowest values of energy. Evolution was regarded as 
converged if no change in Emin was observed for Nconv suc-
cessive iterations.  
 At the beginning of the calculations we have performed 
a number of numerical experiments in order to determine the 
optimal set of the parameters and the most suitable form of 
the fitness function. Statistical considerations led to f(ε) = 
exp(−2.5ε), Npop = 20, Nchild = 18, Pmutate = 0.1 and Nconv = 10. 
These values were used in all subsequent searches.  
 A global search employing the algorithm described 
above was performed for N = 3-15-atom clusters. The main 
goal at this stage was obtaining numerous low-lying 
configurations. For every atomization N we performed up 
to 20 000 distinct searches. Simple evaluation allows us to 
claim that the adopted GA has analyzed in a comparative 
manner up to 4 × 107 distinct geometries for every cluster 
size. As a result, about four thousand distinct stable iso-
mers were localized during an exhaustive global search. 
 
II.3. Details of the first-principles calculations  

 The results of semi-empirical calculations were 
subsequently verified at the DFT level of theory. A certain 
number of previously located isomers (namely, up to six 
lowest-lying arrangements for every atomization N) was 
subjected to further local relaxation. Also, the highly stable 
structures reported in [11, 14, 15] were re-examined. It 
should be noted that the GA was successful in finding most 
of these (or very similar) structures, which further de-
monstrates the exhaustiveness of the employed global 
search. To underline the effort involved in this study, we 
note that 144 configurations were optimized under sophisti-
cated quantum treatment.  
 All of the quantum-based computations were carried 
out using the Gaussian program [26] in a spin unrestricted 
scheme. Zero-temperature DFT under the generalized 

gradient approximation was used, employing the Perdew-
Wang 91 exchange-correlation functional [27, 28]. We 
stress that the PW91 functional (in contrast to the hybrid 
functionals, which are nowadays often used), does not 
employ any empirical parameters. With the intention to 
express the Kohn-Sham eigenlevels, the (7s6p5d)/[6s3p2d] 
basis set of Ahlrichs et al. was adopted [30]. The presence 
of core electrons was taken into account by the use of an 
effective core potential (ECP) derived by Andrae and co-
workers [31]. We note that the adopted ECP accounts for 
relativistic spin-orbit effects, which are crucial for an ac-
curate description of dense, open-shell systems.  
 Local quantum relaxation was performed without im-
posing any symmetry constraints. This procedure, although 
increasing the computational complexity, allowed us to 
locate distorted and even disordered structures. Strict 
convergence criteria were always used during optimization, 
the total energies and bond lengths were converged to 
10−3 eV and 10−3 Å, respectively. Due to the applied UHF 
scheme, the relaxation was also carried out in the total spin 
domain. After beginning with a singlet state, the minimiza-
tion was successively renewed for higher multiplet states. The 
process was continued until there was no drop in the total 
energy observed for two consecutively higher spin states. We 
note that it was often difficult to achieve self-consistency by 
using the computationally fast DIIS method. Consequently, 
only the quadratically-convergent SCF method was used, 
which increased the overall calculational effort.  
 
 

III.  RESULTS 
 
 The calculated equilibrium structures are summarized 
in Tables 3-8. For the sake of clarity, we report only 83 
from the 131 identified arrangements (showing those with 
lowest energies or otherwise particularly important). For 
every isomer we give its schematic representation (figures 
were obtained with MacMolPlt program [32]) and its 
notation by using a Pt X

N  pattern. Here, N denotes the 
cluster size, whereas X is used to label isomers of the same 
size. In order to analyze the energetics and relative stability 
of the investigated clusters, we calculated the binding 
energy, which is defined as  

  ( ) ( ) tot
tot 1

(Pt )
Pt Pt .N

b N
E

E E
N

= −   (7)  

 In the above Etot(Pt1) and Etot(PtN) denote the total 
potential energies (calculated at the DFT level) of a single 
atom and an N-atom cluster, respectively. In this work Eb is 
expressed in eV per atom and we give its value only for 
global minima (GM). For other (non-global) configurations,  
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Table 3. Lowest energy structures of N = 2-4 atom clusters 

 
 

 

Table 4. Lowest energy structures of N = 5 atom clusters 

 
 

 
Table 5. Lowest energy structures of N = 6 atom clusters 
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          Table 6. Lowest energy structures of N = 7-9 atom clusters 

 
 
 
  Table 7. Lowest energy structures of N = 10-12 atom clusters 
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tions, the energy difference to the corresponding GM is 
given. The magnetic moments μ (in Bohr magneton per 
atom) and the range of bond lengths are also given.  
 In order to test the reliability of our approach, we first 
performed calculations for a platinum atom and a dimer. 
The platinum atom was found to possess a triplet ground 
state. Its ionization potential and electron affinity were 
estimated at 9.432 eV and 1.943 eV, respectively, which is 
in satisfactory agreement with the experimentally measured 
8.958 eV [33] and 2.123 eV [34], respectively. In the case of 
the platinum dimer, the triplet ground state had a bond length 
of Re = 2.396 Å and a binding energy Eb = 1.655 eV. The 
stretching frequency of Pt2 was calculated as ω = 220 cm−1. 
The obtained results are in close agreement with the 
available experimental data. Airola and Morse [35] re-
ported Re = 2.332 Å, Eb = 1.57 eV and ω = 222 cm−1, 
whereas Grushow and Ervin [36] found Re = 2.333 Å and 
Eb = 1.57 eV. We note that both in [11] and [15] the agree-
ment was not as good. Although the agreement for the 
bond length was as good as in this work (Xiao and Wang 
reported Re = 2.34, Bhattacharyya and Majumder found 
Re = 2.33), the calculated values of Eb were severely over-
estimated (1.76 eV and 1.86 eV, respectively).  
 
III.1. Structure of Pt3-Pt6 clusters  

 The lowest energy structures of N = 3-6-atom clusters 
are presented in Tables 3-5. In the case of the platinum 

trimer four distinct isomers were located. The most stable 
one has the geometry of an equilateral triangle with a bond 
length of 2.546 Å, a binding energy of Eb = 2.231 eV and 
triplet spin multiplicity. Its excited singlet state is found to 
lie only 0.006 eV above it, which indicates rather high ex-
citability. The second structure, with a geometry of an 
isosceles triangle is found at Eb = 2.202 eV with a singlet 
ground state. The linear Pt3 structure was located at Eb = 
2.006 eV, possessing a pentet ground state and a bond 
length of 2.420 Å. It is worth noting that a triatomic chain 
indicates increased stability of electronic structure. The 
energy distance to its excited triplet state is found to be 
significant and equal to 0.223 eV. One nearly-linear ar-
rangement was also located.  
 In the case of the N = 4-atom cluster, the global 
minimum is found to be a tetrahedron with a triplet spin 
multiplicity. The binding energy of the second isomer, 
a bent rhombus, is found to be lower by 0.028 eV. Planar 
arrangements were also found. The slightly rhombic and 
linear chain structures were found to lie 0.048 eV and 
0.542 eV above the global minimum, respectively. The 
relatively small stability of the latter (together with the low 
binding energy of 3PtC ) indicates that chain structures are 
not generally favored.  
 The results obtained for Pt3 differ in many aspects from 
those reported in [11, 14, 15]. Nevertheless, considerable 
similarity between our picture and that presented by 

 Table 8. Lowest energy structures of N = 13-15 atom clusters 
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Sebetci in [16] was obtained in the case of the N = 4-atom 
cluster. In each case the GM of the four-atom cluster was 
found to be a tetrahedron, the remaining N = 4-atom 
isomers were also predicted similarly. Sebetci found that 
the second highly stable arrangement has a rhombic shape 
(equivalent to our 4PtB ) with a binding energy lower by 
0.032 eV with respect to the GM, which is very close to the 
value of 0.028 eV obtained here. The third lowest-lying 
structure was recognized by Sebetci as a square (with 
a binding energy of 0.089 eV below that of the GM). This 
structure corresponds to our 4Pt .C  In this case our 
methodology predicts slightly higher stability, i.e. the Eb of 

4PtC  is by 0.048 eV lower than for 4Pt .A  The fourth isomer 
was also similarly predicted to possess a Y-like shape.  
 For Pt5, the lowest-lying isomer was found to be a tri-
gonal bipyramid, with a binding energy of 2.677 eV, 
almost isoenergetic with the second isomer in the shape of 
an edge capped-tetrahedron. A third isomer was found only 
0.005 eV above the GM, adopting a W-shaped nearly-
planar geometry.  
 We note that the three most stable geometries found for 
Pt5 can be obtained by capping structures found for Pt4. 
Since there is no change in the relative order of motifs, it is 
clearly seen that structural trend continues when going 
from N = 4 to N = 5. Our results are in good agreement 
with [16]. Although a different GM was predicted (Sebetci 
reported a pyramidal geometry), the ordering of other 
isomers was predicted similarly.  
 The first departure from the trend is observed for N = 6, 
for which the two lowest-lying isomers were found to be 
planar. The most stable configuration was a planar double-
square structure with a binding energy of 2.857 eV and 
pentet multiplicity. The second was found to possess 
a nearly-planar triangular geometry with a binding energy 
higher by only 0.005 eV. Since the first three-dimensional 
configuration was found to lie 0.024 eV above the GM, it is 
clearly seen that for N = 6 planar geometries are strongly 
preferred. This is in contrast to the results of Sebetci, who 
reports a GM with a trigonal prism shape. On the other 
hand, Sebetci reports triangular and double square struc-
tures to be highly stable, which is in agreement with our 
finding.  
 
 
III.2. Structure of Pt7-Pt15 clusters  
 
 Since the distinction between motifs preferred by larger 
clusters cannot be clearly made (the mixing of different 
building blocks is strongly preferred) we omit detailed 
discussion of all geometries located for N = 7−15-atom 

clusters. Nevertheless, qualitative notes on regularities that 
have been found will be presented.  
 Our results show that above N = 6 size there is no 
global minimum which has a planar geometry. However, 
the relatively high stability of the 7PtB  isomer (which can 
be seen as 6PtB  with an adatom and thus considered as 
a nearly-planar rather than a three-dimensional structure) 
and also of 7Pt ,D  8PtB  and 8PtE  isomers shows that the ten-
dency to prefer planarity remains sustained also for N = 7 
and N = 8. In order to illustrate the observed trends, Figure 
3 shows the binding energies of the most stable structures. 
The additional distinction between clusters of different 
dimensionality and also (in the case of spatial configura-
tions) of different degree of order was made. It is clearly 
seen that up to N = 8 planar (or nearly-planar) structures 
are as stable as three-dimensional ones. Starting with N = 9, 
a deviation from this trend is observed and the most stable 
planar arrangement of an N = 10-atom cluster is less stable 
than the most stable (and even the second most stable) 
spatial configuration of a nine-atom cluster. This clearly 
shows that the growth of planar arrangements stops near 
N = 9. The same conclusion was drawn by Xiao and Wang 
[11] and also by Bhattacharyya and Majumder [15].  
 
 

 
Fig. 3. Binding energy as a function of cluster size for the most 
stable: (a) planar or nearly-planar (filled squares), (b) spatial, 
regular or slightly distorted (circles) and (c) spatial, amorphous-
like (crosses) structures. The solid line denotes the binding energy 
                              of located global minima  
 
 
 The most stable arrangement of an N = 8 atom cluster 
forms a cube, whereas Pt9 prefers the geometry of a de-
fected tetrahedron. By adding the lacking atom to its base, 
the GM of an N = 10-atom cluster, i.e. a subtly distorted 
tetrahedron, is formed. The most stable isomer of an 
N = 11-atom cluster was found to be highly asymmetric. 
Since it is composed of many different base building 
blocks of considerably different nearest neighbor distances, 
it can be regarded as an amorphous one. Figure 4 shows 
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pair correlation functions g(r) of lowest energy structures 
located for N = 11, 12 and 13. In order to enable a direct 
comparison, we also plot g(r) for the 14Pt A  isomer, which 
was found to possess a highly ordered fcc-like structure. 
From the splitting of the second peak of g(r), it is clearly 
seen that both 12Pt A  and 13Pt ,A  are also strongly disordered, 
similarly to 11Pt .A  In general, the tendency to prefer 
amorphous geometries was found to be very strong. About 
forty percent of all structures located for N = 10-15-atom 
clusters were found to be disordered. We note that the 
above estimate was based not only on the analysis of pair 
correlation functions. The symmetry of shape was also 
taken into account in order to distinguish disordered 
structures from those that are only distorted. It should be 
noted that amorphous structures indicate binding energies 
which are comparable to binding energies of highly regular 
arrangements (see Fig. 3). This indicates that the tendency 
to prefer regular and nearly-planar structures turns into 
a tendency to favor regular and amorphous structures 
beyond N = 9.  
 
 

 
Fig. 4. Pair correlation functions of selected isomers, obtained 

with a Lorentzian broadening of 0.1 Å 
 
 
 Starting with N = 10, the clusters tend to form fcc-like 
structures. All of 10Pt ,A  10Pt ,G

11Pt ,B
12PtB  and 13PtB  can be 

seen as precursors to the 14Pt A  cluster. This continues for 
the N = 15-atom cluster, whose GM was found to be 
a capped 14Pt A  isomer. The geometry of the N = 13-atom 
cluster constitutes an important issue. Our studies show 
that the structure of an icosahedron (i.e. 13PtG ) is relatively 
unstable, with a binding energy lower by as much as 
0.21 eV compared to the binding energy of the correspond-
ing amorphous-like global minimum. In general, isomers 

that were determined by others to be global minima (for 
example, the cubo-octahedron structure of 13PtE  reported in 
[10] and [15]) are here predicted to have poor stability.  
 Many of the N = 10-14-atom isomers possess a layered 
structure (e.g. 10Pt ,D  11Pt ,F  11Pt ,G  13PtC  and 14Pt ),E  having 
two dimensions considerably larger than the third. Above 
N = 13 the tendency to assume a spherical shape becomes 
apparent and structures with a high mean coordination 
number are preferred. Their geometries cannot be clearly 
characterized, indicating rather high complexity.  

 
III.3. Energetics  

 The binding energy of global minima increases 
smoothly as a function of cluster size (see Fig. 3). How-
ever, some anomalies are found for N = 10, 14 showing 
that these clusters display enhanced stability. In order to 
illustrate this more clearly, Figure 5 presents the second 
difference in binding energy, calculated as 

  ( ) ( ) ( ) ( )2 1 12 Pt Pt Pt .A A A
b N b N b NN E E E+ −Δ = − −   (8) 

 

 
Fig. 5. Δ2 (filled squares) and ΔAB (empty circles) as a function of 

cluster size 

 
The energy distance to the second highly stable isomer, i.e.  

  ( ) ( ) ( )Pt PtA B
AB b N b NN E EΔ = − ,  (9)  

is also shown. Although both of these are somewhat oscil-
latory, they definitely indicate that 10Pt A  and 14Pt A  clusters 
demonstrate increased resistance to changes in size (high 
values of Δ2) and shape (high values of ΔAB). This leads us 
to conclude that during equilibrium-driven formation of 
clusters, a relatively higher occurrence of the isomers listed 
above may be observed.  
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 We found that the relative spacings between isomers 
(measured in the domain of binding energy) were signifi-
cantly lower than those reported in [10] and [14]. This 
situation could be explained by the failure to account for 
spin-orbit effects in these works. Bhattacharyya and 
Majumder (who did not include these) found that the global 
minimum of the six-atom cluster prefers the geometry of 
stacked triangles (corresponding to 6Pt ),B  also concluding 
that the bi-capped rhombus isomer (equivalent to our 6Pt )C  
has a binding energy lower by 0.76 eV/atom. Our investi-
gations show that this difference is equal to 0.02 eV/atom, 
which is almost forty times lower. Despite the fact that 
Xiao and Wang correctly recognized 6Pt A  and 6PtB  to be 
almost isoenergetic, the GM of the six-atom cluster was 
found to possess a planar bi-capped square structure, which 
in our picture (see 6Pt )J  displays extremely low stability. 
In addition, most of the structures which have been found 
by Xiao and Wang to be planar, in our case demonstrate 
geometries that are not planar but rather nearly-planar 
(bent). We stress that the above examples do not constitute 
exceptions and many other (even qualitative) differences 
are apparent between Xiao and Wang’s and this work.  
 
 

IV.  SUMMARY 
 
 Structural properties of small platinum clusters were 
studied at the DFT level of theory. Many distinct stable 
configurations were found during an exhaustive global 
search driven by a genetic algorithm. The obtained results 
show that up to N = 9 planar and nearly planar arrange-
ments are as stable as three dimensional ones. This trend 
turns into a tendency to prefer both distorted and dis-
ordered spatial structures beyond N = 9. A detailed insight 
gained during this study shows that the global minima of 
N = 10- and 14-atom clusters have fcc-like structures and 
display increased stability. We thus conclude that even for 
the region of early growth, a relatively higher incidence of 
fcc-like structures should be experimentally observed, and 
not, as previously thought, icosahedral-like structures. A de-
tailed comparison with results reported by other authors 
shows that accounting for spin-orbit coupling is crucial. 
Calculations that do not take this into account lead to PESs 
that display significantly larger energy barriers.  
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