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Structure and stability of silicene on Ag(111) reconstructions, from grazing incidence X-ray diffraction and density functional theory

Using grazing incidence X-ray diffraction (GIXD) and density functional theory (DFT), we have studied the silicene reconstructions on Ag(111). We propose a comprehensive discussion

We show that assuming a p3 symmetry leads to a total of 12 inequivalent reconstructions, that can be labeled according to an original notation, which specifies the occupation of the p3symmetry Wyckoff positions by the Si atoms of the silicene unit cell and by the Ag atoms of the first three substrate layers. The DFT calculations are in good agreement with the experimental results, and report that the structures energetically most favorable are those which best reproduce the measured scanning tunneling microscopy images and the GIXD structure factors. These configurations are also those inducing the highest deformation in the substrate, suggesting that the interaction between silicene and Ag can be held to be responsible for the unexpected stability of the 2D silicon layer.

type II reconstructions, putting in evidence their relative stability.

Introduction

Silicene, a one-atom thick sheet of silicon atoms, has been widely studied in the last decade, since initial works based on density functional theory (DFT) [1,2] have predicted the existence of a free-standing (FS) metastable configuration, where Si atoms are hexagonally organized, and which should possess Dirac cones at the Fermi level and a high electrical conductivity.

Experimentally, due to the lack of a graphitic form of silicon, silicene needs to be synthesized by deposition on a substrate. Successful two-dimensional Si growth has been firstly reported on a Ag(111) surface [3,4], which remains up to now the most studied substrate. At first, angular resolved photoemission spectroscopy (ARPES) measurements assigned dispersive states at the K-K' points of the Brillouin zone to the Dirac cones of silicene [4]. However, further studies have put in evidence a strong band hybridization with the substrate and a metallic behavior of the system [5][6][7][8][9][10][11][12][13][14][15][16][17][18]. This interpretation is nowadays well-accepted. The growth process and the stabilization of the Si monolayer have also been studied. It has been found that Si atoms do not simply deposit onto Ag surface, but insert in it, which results in the ejection of atoms from the substrate [19][20][21]. This can be regarded as another signature of the significant interplay between Si and Ag. Depending on growth temperature and deposition rate [19,22], the Si layer on Ag(111) is made of patches of different structures: a coexistence of mainly ) 4 4 (  and   9 . 13 ) 13 13 ( R reconstructions is observed at low temperature (T growth ~ 500 K), while at high temperature (T growth > 540 K), the layer is mainly composed of

  30 ) 3 2 3 2 (
R domains [22][23][24][25][26]. These labels refer to the reconstruction periodicity with respect to the Ag(111) surface unit cell. The presence of long-range order structures, namely , respectively [27][28][29]. All of these structures are interpreted as low-buckled hexagonal Si arrangements. This is confirmed by tip-enhanced raman spectroscopy where each phase can be associated with a specific raman signature [45].

Another structure, namely the

        30 3 4 3 4 R
, also known as     30 3 3 R when referred to a Si(111) plane, was initially assigned to a silicon monolayer [30,31]. Later, it has been revealed that this reconstruction corresponds to the termination of a thicker film, with a defective bulklike Si structure [25,[32][33][34][35][36][37].

The ) 4 4 (  reconstruction is the most studied one, due to its stability for a wide range of growth temperature and Si deposition rate [22,34,38]. Its structure and the related relaxation of the substrate have been determined by combined DFT calculations and experimental measurements, employing diffraction, scanning tunneling microscopy (STM) and atomic force microscopy (AFM) [4,17,26,[39][40][41][42][43]. These measurements confirmed the model proposed by Available literature focuses on specific configurations. For example, Johnson et al. [11] discuss the three different atomic arrangements only for type II, focusing on their band structure; Liu et al. [22] report two configurations for type II and one for type I, in order to explain some structures observed by STM. AFM experiments have also been done on the type II reconstruction [46]. It must be noticed that while type II is found to grow in large crystalline domains [20,26,47], type I configuration, also known as "dotted phase", is not always completely ordered or oriented along the same axis [19,23,48], so much so, it is occasionally referred to as

  26 ) 5 . 3 5 . 3 ( R [49]. Concerning the   30 ) 3 2 3 2 (
R reconstruction, some groups argued whether this reconstruction is due or not to Ag-Si subsurface alloy, but Qiu et al. [50] have shown its pure silicon nature by means of hydrogenation.

In spite of the many studies already done, literature still lacks a quantitative diffraction study aiming at identifying the exact atomic structures of these reconstructions and the induced substrate relaxations. This kind of study is still highly desirable, as already pointed out by Takagi et al. [9]. A systematic study of all the possible structures having the periodicity observed in diffraction studies is also appropriate. type II reconstructions, putting in evidence their relative stability. On the basis of symmetry considerations, we show that each reconstruction may be associated with 3 different atomic configurations, given by the superposition of the three-fold rotation axes of the layer and the substrate. The equilibrium atomic positions obtained by DFT are used to simulate theoretical structure factors which are compared to the experimental ones, in order to determine which structure is indeed observed experimentally. We show that the most stable configurations according to DFT correspond to those observed in the measurements, and that they are generally stabilized by stronger interactions with the substrate.

Experimental and computational details 2.1 Experiments

GIXD experiments have been performed on the SIXS beamline of SOLEIL synchrotron. The Ag(111) sample was prepared by several cycles of Ar + sputtering followed by annealing at 870 K. Si was evaporated in the diffraction chamber (base pressure 4.10 -10 Torr) from a Si rod using a commercial e-beam evaporator. From surface differential reflectance spectroscopy measurements [51], we estimated that the deposition rate was 1 ML/2700s. The sample was analyzed with 18 keV X-rays at a grazing incidence angle of either 0.145° or 0.19°. Diffracted X-rays were detected with either a point detector or a XPAD hybrid pixel detector [52]. In the following, the conditions, integrating the profile of the rocking scans, and applying standard instrumental corrections for taking into account the geometry of the diffractometer [53]. // q and  q are the norm of the in-plane and out-of-plane components of the wave vector transfer.

Simulations

The DFT calculations have been performed using the Quantum ESPRESSO package [54].

The exchange and correlation functional is simulated in the framework of the generalized gradient approximation (GGA) [55], which has been shown to give better results than the local density approximation for the ) 4 4 (  reconstruction [26]. The electron-ion interaction is described within the projector-augmented-wave (PAW) method [56]. reconstruction. Van der Waals corrections are not expected to produce major changes in the equilibrium structures as reported in refs. [18,26]. Each slab is separated by a 20 Å thick region of vacuum, enough to avoid interactions between periodic slabs along the z direction. Dipole corrections have been tested in similar systems and they are reported to be negligible, and consequently, have been neglected here [34,54]. STM simulations were done using the Tersoff-Hamann approach [57], by integrating the local density of states up to an energy U above the Fermi level and, then, by determining the height of the surface at constant integrated density. 

Comparison between experiments and simulations

            N F F N N  
where pts N is the number of experimental structure factors, par N is the number of free parameters and exp  is the experimental uncertainty, which takes into account the statistical uncertainty given by the number of counted photons and an overall 10% uncertainty.

Results

DFT calculations

The several reconstructions reported for silicene/Ag(111) correspond to different orientations of the Si layer with respect to the Ag substrate (see Fig. , which, due to symmetry reasons, leads to only one configuration.

Without any symmetry considerations, the number of possible configurations for these reconstructions is infinite, as we do not know a priori the relative position of the silicene and silver lattices. However, assuming that the obtained structures possess a p3 symmetry, only a few non-equivalent configurations are obtained for each reconstruction. For a lattice with p3 unit cell, there are only three high symmetry points, labeled by the Wyckoff positions [START_REF] Hahn | Internationale Union für Kristallographie[END_REF] a, b, c (see Fig. 2a). These positions must thus match with similar high symmetry points of the silicene and silver surface lattices that belong to the p3m1 space group. Thus, the three Wyckoff positions are necessarily occupied by an Ag atom of the first, second or third layer (Fig. 2b); on top of them there can be either an atom of the hexagonal Si lattice or the center of an hexagonal Si ring (Fig. 2c). In this way each reconstruction can be indicated also with three labels corresponding to the three Wyckoff positions a, b, c, respectively. Each label specifies the position of the Si lattice with respect to that particular Wyckoff position (t and t' correspond to the two Si atoms of the hexagonal lattice, h to the center of the hexagonal Si ring). A subscript will indicate to which layer belongs the Ag atom in that position, starting from the surface.

Using these definitions, it is possible to label a specific structure using a combination of the standard notation, the angle between the silicene and silver lattices, and the positions of Ag and Si atoms at the Wyckoff positions. For example, the well-know ) 4 4 (  reconstruction could be written as

3 2 1 h h h 0 ' 0 ) 4 4 (    R R ,
meaning that the three Wyckoff positions of the p3 lattice correspond to the centers of three hexagonal Si rings positioned on the top of three Ag atoms belonging to the first, second, and third layers, respectively. Note that there is a large redundancy in the notation since knowing the positions of Si and Ag at the given Wyckoff position fixes the values at the other points.

Moreover, structures may be equivalent due to the presence of symmetry planes for the surface.

For example, 1: Angles between the superstructure cell and the silver lattice, R , and between the silicene and silver lattices, ' R . The match is the ratio of the silicene lattice in the superstructure with respect to the value found for FS silicene (using theoretical lattice constant values, determined here, of 3.870 Å for free standing silicene and 2.935 Å for Ag(111)).

The simulated equilibrium structures obtained by DFT calculations are shown in Fig. 2, while the associated structural parameters and energies are reported in Table 2, which can be compared with results reported in the literature, Table 3. The computed STM images corresponding to the relaxed structures are shown in Fig. 3.

From the relaxed atomic positions, we have extracted two main quantities: the average buckling, i.e. the difference between the average position of the high-lying Si atoms (drawn in red) and the average position of the low-lying Si atoms (drawn in yellow), and the range of the nearest-neighbor distances. From DFT calculations, we also compute the formation energy per Si atom at the Ag surface, as: [26]. The simulated STM images for the two configurations (Fig. 3h and3i) are similar and can be simultaneously observed on a same surface [27,28,46], whereas the II 13  h 1 t 3 t' 2 , which has a higher formation energy, is not found on the surface. protruding Si atoms and a buckling of 0.78 Å, while the I 13  t 1 t' 3 h 2 has only one protruding atom but with a much higher buckling. The comparison of Fig. 3d-f with experimental STM images shows that only I 13  t 1 t' 3 h 2 may correspond to the dotted phase initially assigned to the I 13  structure and more often observed at low temperature and below completion of the silicene layer [23,24]. The higher formation energy with respect to the ) 4 4 (  h 1 h 3 h 2 or II 13  t' 1 h 2 t 3 structures explain why it is progressively replaced by these latter structures.

Among all

Concerning the

  30 ) 3 2 3 2 (
R structures, the most stable configuration is the 3 2 h 1 t 1 t' 1 . It presents two protruding atoms per unit cell, with a buckling of 1.10 Å. There is a good agreement between STM simulated images (Fig. 3j) and experimental ones [27]. The 3 2 h 2 t 2 t' 2 and 3 2 h 3 t 3 t' 3 structures are very similar, with three protruding atoms. They display similar STM simulated images, that have not been observed experimentally.

Figure 4 reports the evolution of the formation energy of the silicene structures with respect to the substrate elastic relaxation energy. The two quantities are clearly correlated and the most stable structures are associated with the largest deformation of the substrate. We remind that a higher elas E corresponds to a higher rearrangement of the surface Ag atoms. The correlation observed in Figure 4 is thus a further indication that the interaction with the atoms of the substrate is needed to stabilize the silicene layer. We remark, however, that the formation energy of FS silicene, 0.64 eV, is more than 0.4 eV higher than the values reported in Figure 4, suggesting that the interaction between silicene and Ag is already strong even in the absence of substrate relaxations. 

Experimental results

Using GIXD, we have studied the structure of the silicene monolayers formed by Si evaporation on the Ag(111) substrate held at various temperatures in the 500 K -570 K range.

All measurements presented here have been obtained at room temperature after deposition.

As already pointed out, the ) 4 4 (  structure is always present for these preparation conditions, with a silicene lattice constant of 3.852 Å, equal to 4/3 of the Ag(111) surface lattice constant. Measurements of the structure factors for the ) 4 4 (  structure have already been presented: in ref. [26], we have shown that a very good agreement between experimental and simulated structure factors was obtained with the h 1 h 2 h 3 model, with 4 . 5 2   . We have verified that using the same set of experimental data, no agreement could be obtained with the t' 1 t' 2 t' 3 and t 1 t 2 t 3 models. Size and angle variations with respect to the ideal structures, such as those shown in Fig. 5, have already been reported in the literature from STM measurements, where Moiré patterns have been evidenced [27,28]. Larger unit cells have been proposed to interpret these structures, for example, the matching of a [27,28]. For these models, the corresponding mean silicene lattice constants are 3.878 Å and 3.899 Å respectively, and the relative angle between the lattices are 5.78° and

  12 . 10 ' R
respectively.

Our GIXD measurements are very complementary from the STM ones, since we are sensitive to the silicene parameters (lattice size and orientation), contrary to STM which measures the Si/Ag superstructure parameters. The good agreement among the present lattice constants and those derived from theoretical models [27,28] confirms that the structures correspond to the Moiré between the silicene and silver lattices, whose relative angle ' R depends on the deposition temperature. After growth at  T 520 K, faint spots also appear at ±   S3). In particular, the clear variation observed along the ( L 2 1 ) rod cannot be reproduced by the h 1 t 3 t' 2 model. Considering that the t' 1 h 3 t 2 and t 1 t' 3 h 2 models are the most energetically stable and that their simulated STM images are more similar to measured ones, we simulated the structure factors with a combination of both structures. As the different domains are shifted relative to each other by an arbitrary vector of the Ag lattice, the phase is not preserved from one domain to another, leading to an incoherent summation of the intensities. A good agreement, with 5 . 2 2   , is obtained with a composition of 38% of t' 1 h 3 t 2 and 62% of t 1 t' 3 h 2 (see Fig. 7). Comparison between experimental (black dots) and computed (continuous red line) values, using a combination of 38% of t' 1 h 3 t 2 and 62% of t 1 t' 3 h 2 models simulated by DFT.

Conclusion

We have presented a quantitative diffraction study aimed to determine, with the support of first-principles calculations, the exact atomic structure of silicene reconstructions on Ag(111).

Using Finally, we have also pointed out that among all the simulated silicene/Ag(111) structures, the most stable configurations are also those inducing the highest deformation in the substrate, suggesting that the interaction between silicene and Ag can be held to be responsible for the unexpected stability of the 2D silicon layer. 

  indexing a reflection in reciprocal space refer to the silicene basis of the diffracting domain. The third index l has been set identical to the one associated with the Ag(111) surface basis (with c axis of norm 7.075 Å). Structure factors were acquired by performing rocking scans around

For

  comparing experimental structure factors to those derived from the DFT computation, scale and Debye-Waller factors have been added as free parameters for fitting the experimental results. For simplicity, we have used only four different values of the Debye-Waller factors, corresponding to in-plane or out-of-plane components, for Si or for Ag atoms. The values of the Debye-Waller factors used for the fits are given in the Supplemental Material TableS1.The agreement between experimental ( exp F ) and simulated ( th F ) structure factors is estimated by

Fig. 1 :

 1 Fig. 1: Relaxed atomic positions for the computed superstructures. The supercell is indicated in blue, the silver and silicene unit cells in grey and brown respectively. They are drawn separately for clarity. The labels 13 and 3 2 stand for   9 . 13 ) 13 13 ( R and   30 ) 3 2 3 2 ( R reconstructions. Black, grey and white dots represent Ag atoms in different layers. Yellow and red dots are Si atoms (red ones have a higher distance from the substrate).

Figure 2 .

 2 Figure 2. a) Representation of the Wyckoff positions for a unit cell of the p3-space group. b) Wyckoff positions for the atoms of the first three Ag(111) planes in the Ag unit cell, corresponding to labels 1-3. c) occupation of the Wyckoff sites by Si atoms in the silicene unit cell, corresponding to labels h, t and t'.

Figure 4 .

 4 Figure 4. Evolution of the formation energy of the silicene structures with respect to the substrate elastic relaxation energy.

Figure 5 .

 5 Figure 5. Evolution of the angle ' R between the silicene lattice and the Ag(111) lattice, as a function of the deposition temperature.

  Fig.S2).Note that considering the atomic positions as fitting parameters would have produced only a slight improvement of 2  at the expense of losing physical insight since such procedure involves a huge number of free parameters (14 for Si atoms and 35 for three Ag layers).

Fig. 6 .

 6 Fig. 6. Structure factors for various rods of the   30 ) 3 2 3 2 ( R structure grown at 570K. Comparison between experimental (black dots) and computed (continuous red line) values, using the h 1 t 1 t' 1 model simulated by DFT.

Fig. 7 .

 7 Fig. 7. Structure factors for various rods of the   1 . 19 ) 13 13 ( R structure grown at 543K.

Figure S1 :

 S1 Figure S1 : Lattices in direct (a) and reciprocal (b) space for silicene, Ag(111) and the silicene/Ag(111) reconstructions. The ) 1 1 (  , ) 4 4 (  ,   9 . 13 ) 13 13 ( R and   30 ) 3 2 3 2 ( R unit cells are indicated by black, red, blue and green parallelograms with plain lines. The dashed unit cells correspond to the ) 4 4 (  ,   9 . 13 ) 13 13 ( R -II and   30 ) 3 2 3 2 ( R silicene unit cells. The blue dotted unit cell corresponds to the   9 . 13 ) 13 13 ( R -I reconstruction.

Figure S2 :

 S2 Figure S2 : Structure factors for various rods of the   30 ) 3 2 3 2 ( R structure grown at 570K. Comparison between experimental (black dots) and computed values, using the models simulated by DFT. Red continuous line: h1t1t'1, blue dotted line: h2t2t'2, green dashed line: h3t3t'3.

Figure S3 :

 S3 Figure S3 : Structure factors for various rods of the   9 . 13 ) 13 13 ( R -type II structure grown at 543K. Comparison between experimental (black dots) and computed values, using the models simulated by DFT. Red continuous line: h1t3t'2, blue dotted line: t'1h3t2, green dashed line: t1t'3h2.

  to relax until the forces are below 10 -3 Ry/Bohr, at exception of the bottom Ag layer (the in-plane lattice spacing is fixed at the equilibrium theoretical value). BZ k-point sampling is done with 0.025 Ry Gaussian smearing and grids as dense as the

				The one-particle wave
	functions are expanded in plane waves, up to a cutoff energy of 30 Ry; the cutoff for charge is
	set to 240 Ry. The Ag(111) substrate is simulated by a four layers slab; the equilibrium lattice
	constant found for fcc Ag is 4.151 Å. The atomic positions of both silver substrate and silicon
	overlayer are allowed 1 6 6  
	used for the	4 ( 	4	)

  The relative lattices are shown in the Supplemental Material Fig. S1.

	Ag cell size				Si cell size						R (°)				' R (°)					match
	4 ( 	4	)							3 ( 	) 3									0							0							0.989
	(	13		13	)	-I		7 ( 	7	)					13.90				33.01						0.968
	(	13		13	)	-II		7 ( 	7	)					13.90				-5.21						0.968
	(	2	3			2	3	)		7 ( 	7	)					30							10.89						1.007
	Table																																			
										(	13		13	)	13 R	.	9		R	' 	5	.	21		h	3 1 t' t	2	and	(	13		13	)	R		13	.	9		R	5 '	.	21		h	3 1 t' t	2	are
	equivalent.																																
	For each of the studied reconstructions, we have found 3 non-equivalent possible structures
	with p3 symmetry. Each configuration differs from the others by a translation, along the	11 [	2	]
	axis of the Ag crystal, of the silicene plane with respect to the substrate, equal to		d	Ag	/	3
	where Ag																																

d is the surface lattice parameter. In table 1, we resume the main geometrical characteristics for each reconstruction.

Table 2 :

 2  are the total energies of the bare Ag substrate and the relaxed Sicovered substrate, Si N is the number of Si atoms in the slab and bulk Si E is the Si bulk cohesive energy. This formation energy has been used to compare the relative stability of the different configurations.We have also computed within DFT the energy strip Ag E of the Ag surface when it is stripped of the Si atoms, without further relaxation, i.e. keeping the same atomic positions than those of the silicene/Ag structures. The elastic deformation of the substrate is then defined as formation energy, elastic energy, average buckling  and range of nearest-neighbor

	E	ads		E	Ag	Si N 	Si 	E	Ag		E	bulk Si
	where Ag E	and	E	Ag	Si

All configurations have a positive formation energy, which indicates that the silicene layer is metastable with respect to the formation of bulk Si crystallites

[59]

. ads E (eV/at) elas E (eV/at)  (Å) Fig. 3: Simulated STM images corrresponding to the atomic structures shown in Fig. 2. Bias

Table 3 :

 3 interatomic buckling Δ (in Å) for the most stable structures found in the literature.

		13 	I	13 	II	2	3
	Pflugradt et al. [18]	1.14		0.78		1.12
	Tchalala et al. [12]	1.32		0.78		
	Enriquez et al. [41]	1.2		0.8		1.0
	Gao et al. [38]	1.39				1.19
	Wang et al. [7]					1.19
	This work	0.78/1.29	0.71/0.74	1.10

  The comparison of the measurements performed on the various superstructures show that the behavior of the diffracted intensity is very similar for all measurements. This is in good agreement with previous Low Energy Electron Microscopy measurements[24]. The experimental structure factors have been compared to those derived from the DFT

	computation.			
	In figure 6 is shown the comparison between experimental and simulated structure factors for
	the	(	2	3		2	3	)	R	30		structure grown at 570 K. A very good agreement is obtained with
		2		1.8 for the h 1 t 1 t' 1 model, which corresponds to the most stable	(	2	3		2	3	)	R	30	
	configuration. In particular, the position of the dips observed in the curves are well reproduced.
	On the contrary, the fits obtained with the two other models (h 2 t 2 t' 2 and h 3 t 3 t' 3 ) give a very poor
	agreement with				2		13.0 and	
															28.9°. They are associated
	with a lattice constant	a	Si		3.869±0.004 Å slightly smaller than the value measured for the
	other structures. Due to the difference of lattice parameter and angle, these spots cannot be
	attributed to the same	(	13		13	)	13 R	.	9		-type II superstructure that gives rise to spots at
	±   4.8°. They may be attributed to the	(	13		13	)	13 R	.	9		-type I superstructure. The
	intensity associated with this structure was too small to be able to extract quantitative values of
	the structure factors.
					We have measured structure factors along a few rods of the	(	13		13	)	13 R	.	9		-type II
	and	(	2	3		2	3	)	R	30		silicene structures. Non-negligible intensity was only obtained for
	integer values of h and k , i.e. the diffracted intensity at non-integer diffraction positions
	associated with the	7 ( 	7	)	reconstruction of silicene remains at background levels.

2  11.2 respectively (see Supplemental Material

   obtained are 5.1, 9.7 and 7.7 for the h 1 t 3 t' 2 , t' 1 h 3 t 2 , t 1 t' 3 h 2 models respectively. A visual comparison between experiments and theory shows, however, that the overall shape of the rods is reproduced only by the models t' 1 h 3 t 2 and t 1 t' 3 h 2 (see Supplemental Material, Fig.

	and silver lattices, is slightly higher than the theoretical value of 5.21°. However, the
	comparison with the	(	13		13	)	13 R	.	9		structure formed at 520 K, and for which	R	'	  8 . 4	,
	shows that very similar structure factors are measured along the (10L) rod for these two
	temperatures. We have fitted the structure factors with the different models of
	(	13		13	)	13 R	.	9		-type II reconstructions.
	The best 2									
														7. At this temperature, the angle	R	'	  2 . 6	between the silicene

  They have been labeled according to an original notation, which specifies the occupation of the p3-symmetry Wyckoff positions by the Si atoms of the silicene unit cell and by the Ag atoms of the first three substrate layers. A total of12 inequivalent reconstructions has been identified. The DFT calculations well reproduced the experimental results, reporting the structures energetically most favorable as those which best reproduce measured STM images and GIXD structure factors. In particular, the ) 4 4 (  h 1 h 2 h 3 reconstruction is the most stable structure and in fact it is the most commonly observed. Both STM and GIXD data are in a very nice agreement with the computed STM image and theoretical structure factors, , the best agreement between theory and experiments is obtained for the h 1 t 1 t' 1 configuration and we note that the two other atomic arrangements are energetically less stable and cannot reproduce experimental results. The None of the configurations, considered alone, can reproduce the experimental structure factors with the same consistency as in the two previous cases. However, the two energetically most stable configurations, namely the II 13  t 1 t' 3 h 2 and II 13  t' 1 h 3 t 2 , have very similar simulated STM images, both closely resembling the experimental one, and the simulated structure factors obtained from a combination of these two configurations nicely reproduce GIXD measurements.

					DFT in the GGA, we have computed all possible configurations for	) (  , 4 4
	(	2	3		2	3	)	R	30		and	(	13		13	)	13 R	.	9		silicene reconstructions on Ag(111) that respect the
	p3 symmetry. respectively. Concerning the	(	2		3		2	3	)	R	30	
	interpretation of the	(	13		13	)	13 R	.	9		reconstruction is less straightforward.
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