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Surprisingly low solubility and toxicity of Fe-doped ZnO nanoparticles is elucidated on the basis of
first-principles calculations. Various ZnO surfaces that could be present in nanoparticles are subject to
substitutional Fe doping. We show that Fe stabilizes polar instable surfaces, while nonpolar surfaces,
namely (1010) and (1120), remain intact. Polar surfaces can be stabilized indirectly through Fe>* — Fe’*
pair-assisted charge transfer, which reduces surface polarity and therefore, the solubility in polar solvents.
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Due to its promising electronic and optoelectronic pro-
perties, zinc oxide (ZnO) has been increasingly investigated
and applied in many fields, such as photocatalysis [1],
optical devices [2], and cosmetic products, such as sun-
screens [3]. However, ZnO nanoparticles (NPs) signifi-
cantly differ in chemical and physical properties from the
macrosized bulk material with identical chemical compo-
sition. ZnO nanoparticles have been reported to be toxic
[4], and several research groups have demonstrated its
negative effects on living organisms and tissues under
cellular environment [5]. Though similar in size, ZnO NPs
are significantly more toxic than TiO, and CeO, NPs due
to solvated Zn>* ions [6]. The solubility, release of toxic
Zn** ions, and thus, the toxicity of ZnO NPs can be,
however, strongly suppressed by substitutional doping,
e.g., with iron [7].

In our previous work, we have investigated the influence
of Fe doping of ZnO NPs (Fe-ZnO NPs) on the structure,
energetic stability, and also the electronic properties. We
showed that substitutional Fe’* doping of up to 12.5 at%
leaves the ZnO wurtzite lattice intact [8]. We have also
supported the experimental findings that Fe dopants sta-
bilize ZnO NPs and distribute homogeneously inside the
ZnO lattice. Moreover, based on the experimental and
theoretical inner-shell and Mdssbauer spectroscopy, we
showed that Fe dopants occur in ZnO NPs predominantly
with oxidation state Fe?t [8,9].

The reduction of ZnO NP toxicity has been recognized to
be related to the suppression of Zn>* ion release to the
solution, and the solvation process most probably will take
place at the surface of the ZnO NPs [10]. The Fe doped
ZnO surfaces and the stabilization processes of such mixed
materials are highly unexplored and therefore, we study
here the surface stabilization mechanism in these Fe-ZnO
NPs. Our results show that ZnO surfaces are stabilized by
Fe substitutional doping and this process takes place
through Fe?* — Fe?* pair-assisted charge transfer, leading
to the decrease in the polarity of polar (0001) surfaces.

ZnO possesses two types of dominant surfaces: nonpolar
(1010) and (1120) surfaces, and polar (0001) surfaces,
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terminated either by Zn, (0001)-Zn, or O, (0001)-O [11,12].
Contrary to the nonpolar surfaces, the polar surfaces exhibit
a significant dipole moment perpendicular to the surface.
The total dipole moment of ZnO bulk is accumulated along
the crystallographic [0001] direction. Meanwhile, the pre-
sence of a finite dipole moment per surface area for polar
surfaces gives rise to a great macroscopic electrostatic field,
which scales with the thickness of the ZnO crystals. Hence,
the polar surfaces are always energetically the least stable
ones, which is known as the “polar instability problem”
[13]. Therefore, in order to reduce solubility of ZnO, one
needs to reduce the polarity of its surfaces.

There are several scenarios to suppress the dipole moment
and thus to stabilize polar surfaces. One of them follows a
partial charge transfer from the oxygen-terminated surface
to the zinc-terminated one without significant surface recon-
struction. Another way is correlated with a reconstruction of
polar surfaces, accompanied by formation of zinc and oxygen
vacancies. Adsorption of charged adparticles is yet another
stabilizing factor [14,15]. Certainly, any combination of the
above-mentioned scenarios is also possible. First-principles
calculations have already confirmed that adatoms and surface
reconstruction have a stabilizing effect on the polar surfaces
[16,17]. However, there are several experimental works
reporting that polar ZnO surfaces, in fact, do not attract
adparticles [18,19] and they undergo a variety of surface
reconstructions [20,21]. Therefore, the ZnO surface stabi-
lization due to Fe dopants is still not understood.

We have studied the behavior of Fe dopants on the
dominant and clean nonpolar and polar ZnO surfaces. In
addition, defective polar surfaces with zinc and oxygen
vacancies were considered. Furthermore, we have studied
the oxidation states of Fe placed at different positions of
polar surfaces and the charge transfer in between two polar
surfaces in order to understand the relevant stabilization
mechanism of Fe-ZnO surfaces. Finally, we have simulated
the x-ray absorption near edge structure (XANES) to provide
reference data for a surface-sensitive characterization method.

All studied ZnO surfaces have been simulated using
two-dimensional periodic boundary conditions. In order to
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FIG. 1 (color online). Schematic representation of the side view
of perfect surface models: (a) (1010), (b) (1120), (c) (0001)-Zn,
and (d) (0001)-O surfaces. Zn: blue, O: red. a, b, and ¢ denote
atomic layers of three possible substitutional sites.

reflect low Fe concentrations, we have employed the
supercell approach, using (2 x 1) supercell for the nonpolar
(1010) surfaces (containing 64 atoms) and (2 x 2) super-
cells for the polar (0001)-O and (0001)-Zn surfaces (con-
taining 72 atoms) as shown in Fig. 1. Hereafter, Fe@N
refers to the Fe dopants placed at the substitutional Zn site
in the atomic layer N = a, b, c.

Recent studies have shown that the (0001)-Zn polar
surface can be reconstructed with about a quarter of the Zn
ions missing from the topmost layer [22,23]. Therefore, we
have employed corresponding models to investigate vacan-
cies on polar surfaces. The defective (2 x 2) polar surface
models involve Y% zinc vacancies and Y% zinc vacancies
combined with ¥4 oxygen vacancies, hereafter, denoted as
Zn0_7501'00 and Zn0.7500.75, reSpeCtiVely. The zinc and
oxygen vacant sites (V,, and V) have been placed in
three different atomic layers (cf. Fig. 2).

It is difficult to define a surface energy of the ZnO polar
surfaces due to their nonequivalent terminations. Instead,
the cleavage energy, y., the energetic difference of ZnO
slab models (E,,) with respect to ZnO bulk (Ey,) with
identical stoichiometry, is well defined and employed here
to directly compare the stabilities of both polar and
nonpolar surfaces [see Eq. (1)]. The doping energy, 7,
is defined as difference of the cleavage energy [Eq. (2)],
and compares the stability of Fe-ZnO with respect to pure
ZnO [24]. A negative value of y,; accounts for surface
stabilization,

1

Ye =73 (Egab — Evuik) (D

Yd = Ye(Fe-zn0) — Ye(zn0)> (2)

where y(pre.zno) and y.(zq0) denote the cleavage energy of
the Fe-ZnO and pure ZnO surface models with respect to
surface area (A), respectively. We have converged the
thickness of slab models with respect to the cleavage
energies. The optimized slabs consisted of 16 layers for
(1010), 12 layers for (1120), and 18 layers for (0001)-Zn
and (0001)-O surfaces.

FIG. 2 (color online). Side views of defective polar surface
models are schematically shown in a (2x2) unit cell.
(a) Zn0'7501_00—(0001)—2n, (b) Zn0.7501‘00—(0001)—0, the
dashed circles represent three possible vacant sites;
(€) Zny750075-(0001)-Zn, (d) Zng;50075-(0001)-O surfaces,
the dashed circles account for vacant sites. Zn: blue, O: red.
The letters denote possible substitutional sites.

Following the well-tested protocol of our earlier work
[8,9], we have performed density-functional theory (DFT)
calculations with the PBEO hybrid functional [25] as
implemented in the CRYSTALO9 code [26]. Full geometry
optimization of atomic positions and cell parameters was
performed for all studied models. All-electron basis sets
were employed (Zn: 86-411(41d)G [27], O: 6-31(1d)
[28], Fe: 86-411(41d)G [29]) in order to be independent
of parametrization of pseudopotentials. The XANES cal-
culations were carried out using the FEFF9.0 code [30] on
the basis of multiple scattering schemes and the core-hole
interactions are considered.

The calculated cleavage energies of pure ZnO polar and
nonpolar surfaces are in good agreement with previous
reports [24]. For the nonpolar (1010) and (1120) surfaces
we obtained 7, of 4-0.17 and +0.18 eV A~2, respectively.
In contrast, the y. of the two polar surfaces are much higher
(+0.34 eV A~2), confirming that the ZnO polar surfaces
are much less stable.

The calculated doping energies of polar and nonpolar
surfaces are shown in Table I. Positive values of y; in the
case of Fe@a on the (1010) and (1120) surfaces indicate
that Fe should not distribute on nonpolar surfaces. This is in
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TABLE I. Calculated doping energies (in eV A™2) of perfect
and defective surfaces following Eqgs. (1) and (2).

Surface Fe@a Fe@b Fe@c
(1120) +0.05 +0.06 +0.07
(1010) +0.08 +0.08 +0.09
(0001)-Zn —0.04 —0.04 —0.05
(0001)-0 —0.06 —0.08 —0.12
Zn( 7501 00 Fe@a Fe@b Fe@c
(0001)-Zn +0.23 +0.23 +0.25
(0001)-0 —0.05 +0.26 +0.23
ZHO'7500'75 Fe@a Fe@b Fe@c
(0001)-Zn —0.27 +0.65 +0.02
(0001)-O +0.01 +0.01 +0.01
Zn( 750075 Fe@d Fe@e Fe@f
(0001)-Zn —0.05 +0.02 +0.02
(0001)-0 +0.01 +0.23 —-0.07

agreement with previous experiments; i.e., Fe dopants
distribute homogenously in the ZnO NPs without Fe atoms
aggregated on the NP surfaces [7,8]. On the other hand, the
v, values of Fe@a on the (0001)-O and (0001)-Zn surfaces
are negative, which demonstrates that the Fe dopants
stabilize perfect polar surfaces.

We have observed similar stabilization of polar surfa-
ces with various defects, the most prominent being the
stabilizations of Fe@a on the Znj;50075-(0001)-Zn
(cf. Table I). These results show that stabilization of per-
fect or defective polar surfaces plays a major role in the
experimentally observed stabilization of Fe-ZnO NPs [7].

The selective stabilization of ZnO surfaces by Fe dopants
is a very critical feature. In a nanoparticle, a small portion
of instable polar surfaces is always present at the edges and
vertices. Stabilization of these surfaces results in a reduced
number of sites where solvent molecules can successfully
attack the nanoparticle and, therefore, lower solubility.

The stabilization of ZnO polar surfaces could be
achieved by saturating surface dangling bonds. In the
following, we present evidence that this surface saturation
can be achieved rather by changes of Fe oxidation states.
The availability of an alternative Fe oxidation state, namely
Fe’*, allows the internal saturation of dangling bonds on
polar surfaces. While Fe dopants are preferably present as
Fe?* in the ZnO bulk [8], the calculated XANES of surface
models reveal that Fe prefers the Fe3* form at the topmost
surfaces (cf. Fig. 3, Fe@a). Moreover, Fe?t is always
present at the subsurface (Fe@b) and close to the bulk
(Fe@c).

One could imagine a simplified chemical process to
understand the presence of Fe** dopants. In the bulk, Fe-
ZnO NPs contain mostly Fe>* cations [9]. Once a NP starts
to dissolve, Fe atoms arrive at the topmost surface layer. In
the case of the (0001)-O surface, Fe transfers one d electron
to saturate the newly formed dangling surface bond, result-
ing in the Fe3* cation with more stable half-filled d orbital.

1 ' T

L, edge

oo Fe@a
— Fe@b
Fe@c

16 [~

12|@@Fe@a
— Fe@b
o Fe@c

Absorption Intensity (arb. units)
oo

708 710 712 7_14
Photon Energy (eV)
FIG. 3 (color online). Computed XANES of Fe dopants on the

(0001)-O surface: (a) Ly and (b) L, edge. For the labeling of
models, see Fig. 1.

In contrast, the dangling bonds on nonpolar surfaces can be
compensated with formation of Zn and O pairs and addi-
tional Fe dopants can destroy such a charge balance,
resulting in destabilization of ZnO NPs. Therefore, we
attribute the observed reduced dissolution of ZnO NPs to
the stabilization of polar surfaces.

Further enhancement of stability is achieved if the
macroscopic dipole moment is reduced. To study this
effect, we have used combined surface models, where
the ZnO bulk has homogeneous distribution of Fe>* atoms
[7,8]. Thus, we could calculate the charge transfer in
between two polar surfaces. The total dipole moment of
ZnO NPs can be described in terms of charge density of all
the layers in the bulk, o, and the charge density of the
surfaces, o’. The dipole moment could be completely
cancelled out by a charge transfer in between two polar
surfaces in case when charge densities hold the equation
6’ =76.5% x o [31]. For pure ZnO, the computed charge
density of polar surface models is 83.3%c, while it is
reduced to 76.1%o0; in the case of Fe-ZnO. Apparently,
charge transfer assisted by the Fe dopants is much closer to
the required one as compared with pure ZnO polar surfaces.
Therefore, the stability of ZnO NPs can be enhanced by
suppression of the total dipole moment with Fe doping. The
calculated electronic structure serves to interpret the
mechanism of the charge transfer assisted by Fe dopants.

The computed O K-edge XANES of different surface
models in comparison with ZnO bulk are shown in Fig. 4.
In the Fe-ZnO NPs with Fe mixed valence states (Fe*>* and
Fe’"), the 3d electrons are directly interacting with O-2p
electrons, which activates the electron hopping from 3d
orbitals of one Fe to the neighboring one. This is, indeed, in
good agreement with the double exchange mechanism
proposed by Zener [32]. An Fe>* — Fe3* pair can facilitate
electron hopping in magnetic systems. The O anion, as a
connecter in between the Fe?t and Fe3' cations, must
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FIG. 4 (color online). (a) Computed XANES for K edge of O
atoms in the case of pure ZnO bulk, Fe-ZnO bulk, perfect
7Zn; 000100, as well as defective Zng750; 99 and Zng 750075
surfaces. Total spin charge densities (py, — Paown): (b) isosurfaces
at the value of 0.01 eA™3 and (c) isolines at the range from O to
0.04 ¢ A=% and Fe: green, Zn: blue, O: red.

contribute some unoccupied 2p states. The pre-edge peak
of the O K-edge in the Fe-ZnO systems indicates the
presence of additional electronic states compared with pure
7ZnO (cf. Fig. 4). Comparison between Fe-ZnO and pure
ZnO indicates that the peak can be attributed to the partially
vacant d-orbitals, which are formed due to the hybridiza-
tion between O-2p and Fe-3d states [33-35]. In other
words, the O-2p orbitals show a spin polarization that is
induced by Fe dopants (cf. Fig. 4).

The partial charges of oxygen on the topmost layer of the
(0001)-O surface can be transferred effectively to the
(0001)-Zn surface on the opposite side via the hybridized
2p —3d states. As a result, this process can suppress
effectively the total dipole moment and then stabilize polar
surfaces indirectly by charge transfer.

In summary, we have investigated the stability of perfect
polar and nonpolar surfaces in ZnO NPs doped with Fe.
Defective polar surfaces with zinc and oxygen vacancies
were considered as well. The stabilization by Fe dopants
occurs uniquely on polar surfaces, where the dipole
moments are strongly suppressed. At the same time, the
nonpolar surfaces are kept intact. This indicates that the
experimentally observed solubility reduction in ZnO NPs is
solely attributed to the stabilization of high-energy polar
surfaces. Our results show that two stabilization mecha-
nisms are possible: (i) Fe dopants assisted charge transfer
suppresses the total dipole moment of ZnO NPs and (ii) the
Fe* cations saturate dangling bonds and thus stabilize
the ZnO NPs.

J. X. would like to acknowledge financial support from
the China Scholarship Council (CSC). The authors thank
the Computational Laboratory for Analysis, Modeling, and
Visualization (CLAMYV) for computational support.

*t.heine@jacobs-university.de

[1] H. Wang, C. Xie, W. Zhang, S. Cai, Z. Yang, Y. Gui, J.
Hazard. Mater. 141, 645 (2007).

[2] S.Hong, T.Joo, W.1I Park, Y. Jun, and G. C. Yi, Appl. Phys.
Lett. 83, 4157 (2003).

[3] J. Schulz, H. Hohenberg, F. Pflucker, E. Gartnera, T. Willa,
S. Pfeiffera, R. Wepf, V. Wendel, H. Gers-Barlag, and K. P.
Wittern, Adv. Drug Delivery Rev. 54 (Suppl. 1) (2002)
S157.

[4] A. Nel, T. Xia, L. Midler, and N. Li, Science 311, 622
(2006).

[5] K. Kasemets, A. Ivask, H. C. Dubourguier, and A. Kahru,
Toxicol. In vitro 23, 1116 (2009).

[6] J. Yuan, Y. Chen, H. Zha, L. Song, C. Li, J. Li, and X. Xia,
Colloids Surf. B: Biointerfaces 76, 145 (2010).

[7]1 S. George, S. Pokhrel, T. Xia, B. Gilbert, Z. Ji, M.
Schowalter, A. Rosenauer, R. Damoiseaux, K. A. Bradley,
L. Midler, and A. E. Nel, ACS Nano 4, 15 (2010).

[8] J. Xiao, A. Kuc, S. Pokhrel, M. Schowalter, S. Porlapalli,
A. Rosenauer, T. Frauenheim, L. Miédler, and L. G. M.
PetterssonT. Heine, Small 7, 2879 (2011).

[9] J. Xiao, A. Kuc, S. Pokhrel, L. Médler, R. Pottgen, F.
Winter, T. Frauenheim, and T. Heine, Chem. Eur. J. 19, 3287
(2013).

[10] C.R. Thomas, S. George, A. M. Horst, Z. Ji, R. J. Miller, J. R.
Peralta-Videa, T. Xia, S. Pokhrel, L. Midler, J. L. Gardea-
Torresdey, P. A. Holden, A. A. Keller, H. S. Lenihan, A.E.
Nel, and J. I. Zink, ACS Nano 5, 13 (2011).

[11] U. Diebold, L. V. Koplitz, and O. Dulub, Appl. Surf. Sci.
237, 336 (2004).

[12] O. Dulub, L. A. Boatner, and U. Diebold, Surf. Sci. 519, 201
(2002).

[13] P. W. Tasker, J. Phys. C 12, 4977 (1979).

[14] C. Woll, Prog. Surf. Sci. 82, 55 (2007).

[15] A. Wander, F. Schedin, P. Steadman, A. Norris, R. McGrath,
T.S. Turner, G. Thornton, and N. M. Harrison, Phys. Rev.
Lett. 86, 3811 (2001).

[16] B. Meyer, Phys. Rev. B 69, 045416 (2004).

106102-4


http://dx.doi.org/10.1016/j.jhazmat.2006.07.021
http://dx.doi.org/10.1016/j.jhazmat.2006.07.021
http://dx.doi.org/10.1063/1.1627472
http://dx.doi.org/10.1063/1.1627472
http://dx.doi.org/10.1016/S0169-409X(02)00120-5
http://dx.doi.org/10.1016/S0169-409X(02)00120-5
http://dx.doi.org/10.1126/science.1114397
http://dx.doi.org/10.1126/science.1114397
http://dx.doi.org/10.1016/j.tiv.2009.05.015
http://dx.doi.org/10.1016/j.colsurfb.2009.10.028
http://dx.doi.org/10.1021/nn901503q
http://dx.doi.org/10.1002/smll.201100963
http://dx.doi.org/10.1002/chem.201204308
http://dx.doi.org/10.1002/chem.201204308
http://dx.doi.org/10.1021/nn1034857
http://dx.doi.org/10.1016/j.apsusc.2004.06.040
http://dx.doi.org/10.1016/j.apsusc.2004.06.040
http://dx.doi.org/10.1016/S0039-6028(02)02211-2
http://dx.doi.org/10.1016/S0039-6028(02)02211-2
http://dx.doi.org/10.1088/0022-3719/12/22/036
http://dx.doi.org/10.1016/j.progsurf.2006.12.002
http://dx.doi.org/10.1103/PhysRevLett.86.3811
http://dx.doi.org/10.1103/PhysRevLett.86.3811
http://dx.doi.org/10.1103/PhysRevB.69.045416

PRL 112, 106102 (2014)

PHYSICAL REVIEW LETTERS

week ending
14 MARCH 2014

[17] C.B. Duke and A.R. Lubinsky, Surf. Sci. 50, 605
(1975).

[18] S.H. Overbury, P. V. Radulovic, S. Thevuthasan, G.S.
Herman, M. A. Henderson, and C. H. F. Peden, Surf. Sci.
410, 106 (1998).

[19] N. Jedrecy, S. Gallini, M. Sauvage-Simkin, and R.
Pinchaux, Phys. Rev. B 64, 085424 (2001).

[20] J. V. Lauritsen, S. Porsgaard, M. K. Rasmussen, M. C.R.
Jensen, R. Bechstein, K. Meinander, B.S. Clausen, S.
Helveg, R. Wahl, G. Kresse, and F. Besenbacher, ACS
Nano 5, 5987 (2011).

[21] M. Valtiner, M. Todorova, G. Grudmeiter, and J. Neuge-
bauer, Phys. Rev. Lett. 103, 065502 (2009).

[22] N. Jedrecy, M. Sauvage-Simkin, and P. Pinchaux, Appl.
Surf. Sci. 162-163, 69 (2000).

[23] M. Kunat, S. G. Girol, Th. Becker, U. Burghaus, and Ch.
Wall, Phys. Rev. B 66, 081402 (2002).

[24] B. Meyer and D. Marx, Phys. Rev. B 67, 035403 (2003).

[25] J. Perdew, M. Ernzerhof, and K. Burke, J. Chem. Phys. 105,
9982 (1996).

[26] R. Dovesi, V.R. Saunders, C. Roetti, R. Orlando, C. M.
Zicovich-Wilson, F. Pascale, B. Civalleri, K. Doll, N. M.
Harrison, 1.J. Bush, Ph. D’Arco, and M. Llunell, CRYS-
TALO9 User’s Manual (University of Torino, Torino,
2009).

[27] J.E. Jaffe and A. C. Hess, Phys. Rev. B 48, 7903 (1993).

[28] C. Gatti, V. R. Saunders, and C. Roetti, J. Chem. Phys. 101,
10686 (1994).

[29] G. Valerio, M. Catti, R. Dovesi, and R. Orlando, Phys. Rev.
B 52, 2422 (1995).

[30] A.L. Ankudinov, B. Ravel, J. J. Rehr, and S. D. Conradson,
Phys. Rev. B 58, 7565 (1998).

[31] C. Noguera, J. Phys. Condens. Matter 12, R367 (2000).

[32] C. Zener, Phys. Rev. 82, 403 (1951).

[33] Y. Chueh, M. Lai, J. Liang, L. Chou, and Z. Wang, Adv.
Funct. Mater. 16, 2243 (2006).

[34] Y. Lee, Y. Chuen, C. Hsieh, M. Chang, L. Chou, Z. Wang, Y.
Lan, C. Chen, H. Kurata, and S. Isoda, Small 3, 1356 (2007).

[35] C. Colliex, T. Manoubi, and C. Ortiz, Phys. Rev. B 44,
11402, (1991).

106102-5


http://dx.doi.org/10.1016/0039-6028(75)90049-7
http://dx.doi.org/10.1016/0039-6028(75)90049-7
http://dx.doi.org/10.1016/S0039-6028(98)00307-0
http://dx.doi.org/10.1016/S0039-6028(98)00307-0
http://dx.doi.org/10.1103/PhysRevB.64.085424
http://dx.doi.org/10.1021/nn2017606
http://dx.doi.org/10.1021/nn2017606
http://dx.doi.org/10.1103/PhysRevLett.103.065502
http://dx.doi.org/10.1016/S0169-4332(00)00172-0
http://dx.doi.org/10.1016/S0169-4332(00)00172-0
http://dx.doi.org/10.1103/PhysRevB.66.081402
http://dx.doi.org/10.1103/PhysRevB.67.035403
http://dx.doi.org/10.1063/1.472933
http://dx.doi.org/10.1063/1.472933
http://dx.doi.org/10.1103/PhysRevB.48.7903
http://dx.doi.org/10.1063/1.467882
http://dx.doi.org/10.1063/1.467882
http://dx.doi.org/10.1103/PhysRevB.52.2422
http://dx.doi.org/10.1103/PhysRevB.52.2422
http://dx.doi.org/10.1103/PhysRevB.58.7565
http://dx.doi.org/10.1088/0953-8984/12/31/201
http://dx.doi.org/10.1103/PhysRev.82.403
http://dx.doi.org/10.1002/adfm.200600499
http://dx.doi.org/10.1002/adfm.200600499
http://dx.doi.org/10.1002/smll.200700004
http://dx.doi.org/10.1103/PhysRevB.44.11402
http://dx.doi.org/10.1103/PhysRevB.44.11402

