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We predict a series of new two-dimensional (2D) inorganic materials made of silicon and carbon elements (2D SixC1x) based 
on density functional theory. Our calculations on optimized structure, phonon dispersion, and finite temperature molecular dy-
namics confirm the stability of 2D SixC1x sheets in a two-dimensional, graphene-like, honeycomb lattice. The electronic band 
gaps vary from zero to 2.5 eV as the ratio x changes in 2D SixC1x changes, suggesting a versatile electronic structure in these 
sheets. Interestingly, among these structures Si0.25C0.75 and Si0.75C0.25 with graphene-like superlattices are semimetals with zero 
band gap as their  and * bands cross linearly at the Fermi level. Atomic structural searches based on particle-swarm optimi-
zation show that the ordered 2D SixC1x structures are energetically favorable. Optical absorption calculations demonstrate that 
the 2D silicon-carbon hybrid materials have strong photoabsorption in visible light region, which hold promising potential in 
photovoltaic applications. Such unique electronic and optical properties in 2D SixC1x have profound implications in nanoelec-
tronic and photovoltaic device applications. 
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1  Introduction 

Graphene [1,2], an isolated layer of graphite, has attracted 
great attentions since it was firstly produced in 2004, due to 
its intriguing structure and electronic properties, such as 
one-atom thickness, very strong mechanic property, ex-
tremely high electron mobility, high thermal conductivity, 
and room temperature quantum Hall effect [3,4]. Recently, 
silicene, a monolayer of silicon atoms arranged in gra-
phene-like honeycomb lattices, has been discovered in both  
theoretical calculations and experiments [5–11]. Many nov-

el quantum properties in graphene can been also found in 
silicene, for example, both graphene and silicene have linear 
dispersion Dirac cones around the Fermi level [1,12]. Be-
sides, silicene also exhibits many other extraordinary quan-
tum properties, for instance, it could support experimentally 
accessible quantum spin Hall effect [6]. Two-dimensional 
SiC hybrid material [13,14], however, has been predicted to 
be semiconductors with a very large band gap of 2.5 eV, 
indicating that the hybridization of silicon and carbon atoms 
in two dimensions can produce a variety of electronic prop-
erties. 

Graphene could be considered as a prototypical material 
for a myriad of two-dimensional (2D) nanostructures. In 
recent years, 2D materials similar to graphene have been  
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intensively investigated [15–17]. For instance, monolayered 
transition metal dichalcogenides (TMDs) [18–20] can be 
obtained from either exfoliation of bulk materials or bot-
tom-up synthesis. Many 2D TMDs are direct-gap semicon-
ductors whose energy gaps and carrier types depend on their 
composition, atomic structure and dimensionality. Both 
graphene and monolayer TMDs are promising materials for 
next-generation 2D optoelectronic devices. Thanks to their 
semiconducting character, TMD monolayers can serve as 
sunlight absorbers and enable ultrathin photovoltaic (PV) 
devices [18–20]. They hold a great potential for solar cell 
and other optoelectronic applications [21–23]. 

In this article, we perform first-principles calculations 
based on density functional theory (DFT) to systematically 
study a new family of 2D materials: 2D silicon-carbon hy-
brid compounds. The structures, thermal stabilities, elec-
tronic structures as well as optical properties of the 2D sili-
con-carbon hybrids with various Si/C ratios (ranging from 
1:7 to 7:1) have been investigated. We find silicon-carbon 
hybrids with different ratios can exhibit distinct electronic 
and optical properties. For instance, 2D Si0.25C0.75 and 
Si0.75C0.25 sheets with graphene-like superlattices have ze-
ro-gap Dirac cones similar to graphene and silicene, but all 
other SixC1x structures have significant band gaps ranging 
from 0.2 eV to 2.5 eV. The phonon dispersion calculations 
and first-principles molecular dynamics (FPMD) simula-
tions show that these 2D silicon-carbon hybrids are ther-
modynamically stable. This study suggests that the band 
structures of 2D SixC1x are tunable and the transitions from 
semiconductors to zero-gap semimetals can be observed by 
varying the Si/C ratio and atomic structures. The 2D sili-
con-carbon hybrid materials have strong photoabsorption in 
visible light region, which hold promising potential in pho-
tovoltaic applications. Therefore, this work provides im-
portant guidance for the design of the 2D carbon and silicon 
based nano-devices. 

2  Computational methods 

The calculations on 2D SixC1x are performed within the 
framework of density functional theory using the vienna 
ab-initio simulation package (VASP) [24,25]. The projec-
tor-augmented wave (PAW) [26] method for core region 
and the generalized gradient approximation with the Perdew, 
Burke, and Ernzerhof (PBE) [27] functional are employed, 
taking a plane-wave basis set with an energy cutoff of 500 
eV. For geometric optimization, both lattice constants and 
atomic positions are relaxed until the forces on atoms are 
less than 102 eV/Å and the total energy change is less than 
104 eV. The Brillouin zone is sampled by a set of 25×25×1 
k-points. The thickness of vacuum layer is set to be 15 Å so 
that artificial interlayer interactions are avoided.  

The particle-swarm optimization (PSO) multidimension-
al method implemented in the CALYPSO code [28] is em-

ployed to search for low-energy structures. The PSO simu-
lations set the population size at 30, and the number of gen-
erations is maintained at 30. The structure relaxation during 
the PSO simulation is performed in VASP. The low-energy 
structures predicted by PSO are further reoptimized using 
VASP. 

During geometrical optimization in DFT calculations, the 
structures may be local minima instead of global minimum. 
Molecular dynamics (MD) simulations are thus performed 
to assess the thermal stability of local structures as imple-
mented in the VASP code. At each temperature, MD simu-
lations in constant volume and temperature ensemble last 
for 5 ps using a time step of 2 fs. To confirm the stability of 
the 2D structures, phonon dispersions are also performed 
using the force constant method as implemented in the 
Phonopy [29,30] program. 

3  Results and discussion 

We consider the 2D Si-C hybrids with nine different Si 
concentrations. First we produce a 2×2 unit cell of graphene, 
in which carbon atoms are gradually substituted by silicon 
atoms to obtain different Si/C ratios. For graphene, 
Si0.125C0.875, Si0.875C0.125, and silicene, only one configuration 
can be obtained in a 2×2 honeycomb unit cell, but for 
Si0.25C0.75, Si0.375C0.625, Si0.5C0.5, Si0.625C0.375, Si0.75C0.25, there 
are several nonequivalent configurations at each ratio. After 
relaxing all of these configurations for different SixC1x, the 
cohesive energies are compared to obtain the most stable 
configuration. Other configurations with low cohesive ener-
gies are neglected in the following discussion. 

Figure 1 presents the optimized lattice parameter and 
atomic structure of 2D SixC1x with different Si fractions. 
Graphene with a stable planar honeycomb lattice is shown 
in Figure 1(a). The silicene structure in Figure 1(i), on the 
other hand, has a low-buckled structure with a buckling 
height of 0.45 Å, in excellent agreement with previous 
studies [5,13]. Si-C hybrids including Si0.125C0.875, 
Si0.375C0.625, Si0.625C0.375 and Si0.875C0.125 all have a buckled 
structure comprising of slightly distorted hexagons. Figure 
1(b) shows the atomic geometry of Si0.125C0.875, which has a 
lattice constant of 5.30 Å. The Si0.5C0.5 in Figure 1(e), how-
ever, is found to be completely planar, which prefers sp2 

hybridization between Si and C atoms.  
Figure 1(c) presents the atomic structure of Si0.25C0.75 

sheet obtained from structural optimization. The length of 
Bravais vectors of the hexagonal lattice is 5.63 Å. The 
C—C bond length is 1.44 Å, a little larger than that in gra-
phene (about 1.42 Å), while the Si—C bond length is 1.80 
Å, smaller than the Si—C bond length in bulk SiC (1.89 Å). 
The planar nature of 2D Si0.25C0.75 sheet is further tested by 
displacing Si and C atoms out-of-plane arbitrarily from their 
equilibrium positions. After optimization, all atoms return 
to the same plane. We conclude that Si0.25C0.75 is a one-atom  
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Figure 1  (Color online) Top view of geometric structures with 2D honeycomb configuration for different Si fraction x: (a) graphene; (b) Si0.125C0.875; (c) 
Si0.25C0.75 (G-2); (d) Si0.375C0.625; (e) Si0.5C0.5; (f) Si0.625C0.375; (g) Si0.75C0.25 (S-2); (h) Si0.875C0.125; and (i) silicene. The primitive unit cells are delineated in red 
rhombuses and lattice constants are also given in each panel. Gray balls and yellow balls denote carbon atoms and silicon atoms, respectively. 

thick carbon-silicon sheet arranged in a honeycomb lattice 
resembling the graphene structure more than the low buck-
ling silicene structure. 

The Si0.75C0.25 structure shown in Figure 1(g) also con-
sists of two-dimensional honeycomb structure with a larger 
lattice constant (7.03 Å) compared to that for Si0.25C0.75 

(5.63 Å), due to larger Si concentration. Different from sili-
cene with a low-buckled structure, all of the atoms of 
Si0.75C0.25 are also positioned in the same plane, namely, it is 
perfectly planar. Akin to graphene, all the bond angles in 
Si0.25C0.75 and Si0.75C0.25 are 120° without any distortion, 
suggesting sp2 hybridization is preferred in these structures. 
Here, Si0.25C0.75 and Si0.75C0.25 can be viewed as silicon 
doped graphene with honeycomb superstructures. 

Figure 2(a) presents the cohesive energies (in eV/atom) 
of 2D SixC1x with a honeycomb lattice as a function of the 
Si fraction. The cohesive energy is defined as: 

Si C Si C1coh (1 )
x x

E E xE x E


    , 

where ESi, EC, ESixC1x are the total energy of an isolated 
silicon atom, an isolated carbon atom, and the 2D SixC1x 
compound (per atom), respectively. Graphene has the larg-
est cohesive energy (in absolute values), suggesting strong 
structural stability compared with other SixC1x sheets. For 
each 2D SixC1x composition the calculated cohesive energy 
of low-energy structures are shown as square symbols in 
Figure 2(a). We find that the relative energy increases al-
most linearly as the Si concentration in SixC1x increases, 
implying all these structures can be maintained stable with 
minimal formation energy relative to graphene and silicene. 
We also observe that with the increase of the Si fraction x, 
the lattice constant also linearly increases from the value of 
4.92 Å for pure graphene to 7.75 Å for pure silicene (Figure 

2(b)). Lattice constants for other Si-C structures are located 
between the two limits. 

For Si0.25C0.75, different configurations are predicted from 
the PSO structural searches. The obtained atomic structure 
arrangements are shown in Figure 3. The low-energy struc-
tures are labeled as G-1, G-2, G-3… in the order of increas-
ing total energy. PSO calculations have confirmed the ex-
istence of Si0.25C0.75 in a graphene-like honeycomb superlat-
tice mentioned above (G-2), and a new 2D Si0.25C0.75 struc-
ture (G-1) is also found. The two structures have almost the 
same energy with the cohesive energy difference as small as 
4 meV, indicating both structures are stable. We note that 
G-1, G-2, and G-4 all have a perfect planar geometry with 
honeycomb lattices and can thus be viewed as silicon doped 
graphene, while G-3 and G-5 have a different topological 
ring structure with distorted four-, five- and seven-   
membered rings. Interestingly, G-4 and G-5 are stripe-like 
composed of alternative silicon chains and carbon chains. 

The predicted stable 2D Si0.75C0.25 structures are shown in 
Figure 4. The Si0.75C0.25 in a perfect honeycomb superlattice 
(S-2) is one of low-energy structures. For the most stable 
Si0.75C0.25 structure (S-1), the unit cell is in a rectangular 
shape with lattice constants of 6.05 and 6.93 Å, respectively. 
All the atoms in the sheet bond to three neighboring atoms 
in the same plane. The Si0.75C0.25 (S-2) has a cohesive ener-
gy only 17 meV smaller than that of Si0.75C0.25 (S-1). The 
structure of S-3 is quite similar to that of S-1, only with 
positions of some silicon and carbon atoms altered. S-4 and 
S-5 consist of different topological ring structures, resulting 
in a higher total energy shown in Figure 2(a). 

Our PSO calculations show that: (i) The Si0.25C0.75 (G-2) 
and Si0.75C0.25 (S-2) sheets with superstructures are energet-
ically favorable, which are among the low-energy structures, 
(ii) the number of Si—C bonds is found to be maximized  
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Figure 2  (Color online) (a) The cohesive energy (eV/atom) for SixC1x at different Si fraction x. Inset: zooming in the energy range for Si0.25C0.75 and 
Si0.75C0.25 structures; (b) the lattice constant (Å); (c) energy band gaps (eV) at different Si composition (the band gaps for G-2 and S-2 are also given); and (d) 
bader charges on each Si and C atom in SixC1x structures with different Si fraction x.  

	

Figure 3  (Color online) Top view of geometric structures of Si0.25C0.75 

from structural search. Structures from G-1 to G-5 are listed according to 
their relative energy per atom.  

in these configurations. The structures will be seriously dis-
torted if there are direct Si—Si bonds present in Si0.25C0.75 
(or C—C bonds in Si0.75C0.25) because of the bond length 
imbalance with the neighboring bonds in such structures. 

Electronic band structures for these 2D hybrids SixC1x 

are also calculated and are shown in Figure 5. Our results 
confirm that graphene is a semimetal with Dirac cones at K 
point, which is in agreement with previous works [5,6]. Sil-
icon-carbon hybrid compounds can open considerable elec-
tronic gaps. For instance, the Si0.125C0.875 has a direct band 
gap of 0.80 eV with the valence band maximum (VBM) and  

	

Figure 4  (Color online) Top view of geometric structures of Si0.75C0.25 

from structural search. Structures from S-1 to S-5 are listed according to 
their relative energy per atom.	

the conduction band maximum (CBM) located at K point 
shown in Figure 5(b). As the silicon concentration x in-
creases, the band gap grows larger, which is 0.84 eV for 
Si0.25C0.75 (G-1) and 1.51 eV for Si0.375C0.625. Interestingly, 
we find a direct-to-indirect band gap transition at x=0.375. 
The Si0.375C0.625 structure has the VBM located at K point 
but the CBM located at  point. For Si0.5C0.5, the band gap 
reaches the maximum (2.5 eV). Among Si-rich hybrids, 
Si0.75C0.25 (S-1) is a semiconductor with a direct gap of 0.70 
eV, and Si0.625C0.375 and Si0.875C0.125 are indirect semicon-
ductors with band gaps of 1.80 and 0.22 eV, respectively.  
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Figure 5  (Color online) Band structures of (a) graphene; (b) Si0.125C0.875; (c) Si0.25C0.75(G-1); (d) Si0.375C0.625; (e) Si0.5C0.5; (f) Si0.625C0.375; (g) Si0.75C0.25 (S-1); 
(h) Si0.875C0.125; and (i) silicene. The horizontal dashed line denotes the Fermi level.  

The 2D SixC1x hybrids show diverse electronic properties 
ranging from semimetals to large-gap semiconductors, and 
from direct band gap to indirect gap materials, which great-
ly enriches the electronic diversity of 2D materials. Due to 
their semimetallic features, graphene and silicene are not 
suitable for the applications in optoelectronic devices, espe-
cially in photovoltaics. Therefore, considerable band gaps 
opened in Si-C hybrids are precious, extending the potential 
of graphene-like 2D materials for future applications. 

We summarize the trend in the band gaps of 2D SixC1x 
in Figure 2(c). The changes in the electronic structure are 
believed to be resulted from interatomic charge transfer 
effectively tuned by the composition of Si-C hybrids. To 
gain insights into their electronic origin, the bader charge 
analysis [30,31] for these structures are performed. The 
calculated bader charges on the Si and C atom in the 2D 
sheets are shown in Figure 2(d). Compared with silicon, the 
carbon atoms tend to gain electrons because of its larger 
electronegativity. For small Si fraction x, the average elec-
trons on each carbon atom increase from 4e to 6e with re-
spect to the silicon fraction, because carbon atoms are the 
majority species and tend to receive electrons from silicon 
atoms. The bader charges on carbons reach the peak value 
of 6.54e at x=0.5, where each carbon is surrounded by three 
silicon atoms. After that, the charge value on carbon slightly 
decreases to 6.1e at Si-rich limit. The total bader charge 

transfer in the unit cells of 2D Si0.25C0.75 (G-2) and Si0.75C0.25 

(S-2) are 4.7 and 4.6 electrons, respectively. In other words, 
about 2.4 and 0.8 electrons per each silicon atom are trans-
ferred to C atoms in 2D Si0.25C0.75 and Si0.75C0.25, respec-
tively. 

We highlight the peculiar electronic structure of 
Si0.25C0.75 (G-2) and Si0.75C0.25 (S-2) shown in Figure 6. Sim-
ilar to graphene and silicene with intriguing electronic 
properties, the  and * bands of Si0.25C0.75 (G-2) and 
Si0.75C0.25 (S-2) also cross at K point, which can support 
massless Dirac fermions. Thus, Si0.25C0.75 (G-2) and 
Si0.75C0.25 (S-2) are also zero band gap semimetals. The 
bands for Si0.25C0.75 (G-2) and Si0.75C0.25 (S-2) are similar 
except that the top of valence band of Si0.25C0.75 (G-2) 
touches Fermi level at Gamma point. By fitting the  and * 
bands at k=K+q, the Fermi velocities (VF) are estimated to 
be 0.6 × 106 m/s and 0.5 × 106 m/s for Si0.25C0.75 (G-2) and 
Si0.75C0.25 (S-2), respectively, which are about half the VF 

value reported for graphene (1×106 m/s) and very similar to 
the value of silicene (0.5×106 m/s). For a detailed compari-
son, some important parameters for Si0.25C0.75 (G-2) and 
Si0.75C0.25 (S-2) are listed in Table 1. 

The thermodynamic stability of 2D Si0.25C0.75 and 
Si0.75C0.25 is confirmed via phonon dispersion calculations. 
The calculated phonon dispersion spectrum of 2D Si0.25C0.75 

(G-2) and Si0.75C0.25 (S-2) is shown in Figure 7. No imaginary  
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Table 1  Calculated structural parameters of 2D Si0.25C0.75 (G-2) and Si0.75C0.25 (S-2).  Here a (Å), dC-C (Å), dC-Si (Å), dSi-Si (Å), Ecoh (eV), ∆Q (e), ∆q (e), EG 

(eV), VF (×106m/s) represent lattice constant, C—C bond length, C—Si bond length, Si—Si bond length, cohesive energy per atom, total charge transfer in 
the unit cell, charge transfer per Si atom (∆Q divided by the number of silicon atoms), energy gaps, carrier Fermi velocities, respectively. Bonding types 
between Si and C atoms are also shown. For comparison, corresponding values for graphene, silicene, and Si0.5C0.5 are also given 

Structure Graphene Si0.25C0.75 Si0.5C0.5 Si0.75C0.25 Silicene 

a (Å) 4.93 5.64 6.20 7.03 7.74 
dC-C (Å) 1.425 1.44 – – – 
dC-Si (Å) – 1.81 1.79 1.81 – 
dSi-Si (Å) – – – 2.25 2.28 
Ecoh (eV) 7.97 6.70 5.99 4.81 3.95 
∆Q (e) – 4.7 10.1 4.6 – 

∆q (e) per Si – 2.4 2.5 0.8 – 
EG (eV) 0 0 2.5 0 0 

VF (×106m/s) 1.0 0.6 – 0.5 0.5 
Bonding type sp2 sp2 sp2 sp2 sp2 /sp3 

 
 

 

Figure 6  (Color online) Band structure and total density of states (DOS) 
of (a) Si0.25C0.75 (G-2) and (b) Si0.75C0.25 (S-2). The horizontal dashed red 
lines denote the Fermi level. The and bands crossing at K point are 
also labeled.  

 

Figure 7  (Color online) Calculated phonon dispersion spectrum of ( a) 
Si0.25C0.75; (b) Si0.25C0.75. 

frequencies are found. The highest frequencies are about 
1420 cm1 for Si0.25C0.75 and 960 cm1 for Si0.75C0.25 in the 
two phonon dispersion plots. In Si0.25C0.75, there is no Si—Si 
bond while there is no C—C bond in Si0.75C0.25. In addition, 
silicon atom is heavier than carbon atom, which results in 
the difference in the highest frequencies. 

We also perform MD simulations at 1000 K and 2000 K 
for Si0.25C0.75 (G-2) and Si0.75C0.25 (S-2) sheets. In these cal-
culations the (3×3) supercells are used to lift the constraint 
of small unit cells. At 1000 K, the geometries of the two 
structures are well kept (Figure 8). At 2000 K, the honey-
comb structure of Si0.25C0.75 (G-2) maintains its structural 
integrity, with only a small number of atoms deviating from  

 

Figure 8  (Color online) Top and side view of snapshots of (a) 2D 
Si0.25C0.75 (G-2) and (b) Si0.75C0.25 (S-2) monolayers after 5 ps of ab initio 
molecular dynamics simulation.  

their original positions without destroying any bonds. 
However, Si0.75C0.25 (S-2) turns to be a distorted structure 
with large disorder at 2000 K during MD simulations. The 
2D honeycomb structure has been destroyed after 1 ps sim-
ulation and some bonds are broken. We also perform struc-
ture optimizations starting from the distorted structures 
from MD simulations. After full atomic relaxation, the dis-
torted structures for both Si0.25C0.75 (G-2) and Si0.75C0.25 (S-2) 
easily recover the planar 2D sheet structure, which confirms 
their thermal stability. 

It has been reported that 2D SiC2 silagraphene (pt-SiC2) 
with planar tretacoordinate building block is metallic due to 
several bands across the Fermi level from first principles 
calculations [32,33]. A novel SiC2 silagraphene (g-SiC2) [33] 
with a direct band gap of 1.09 eV in a perfect planar geom-
etry is also predicted, where Si and C atoms adopt sp2 hy-
bridization and C atoms form delocalized 4 C-domains 
which are periodically separated by Si atoms. Such a planar 
2D structure can be applied to fabricate excitonic solar cells, 
whose power conversion efficiency critically depends on 
the interface alignment between the donor and acceptor 
materials. It is natural to consider the optical properties of 
the silicon-carbon hybrids predicted here and their potential 
in photovoltaic applications. 

Graphene exhibit zero band gaps, making it unsuitable 
for controllable transistor operations, consequently limiting  
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Figure 9  (Color online) Calculated optical coefficients of (a) Graphene; (b) Si0.125C0.875; (c) Si0.25C0.75 (G-1); (d) Si0.375C0.625; (e) Si0.5C0.5; (f) Si0.625C0.375; (g) 
Si0.75C0.25 (S-1); (h) Si0.875C0.125; and (i) silicene, as a function of photon energy. 

its widespread applications in optoelectronic devices such 
as light-emitting diodes and solar cells. Thus, it is necessary 
to investigate the optical properties of 2D SixC1x. Absorp-
tion spectra of the serial of 2D SixC1x structures are plotted 
in Figure 9. The results show that as we increase the Si 
concentration, the intensity and position of the main absorp-
tion peaks exhibit rather large optical absorption strength. 
We focus on optical adsorption in the visible light range of 
1.5–3 eV, which is of key importance for highly efficient 
photovoltaic devices. We find the absorption coefficients of 
Si-C hybrids shown in Figures 9(b), (c) and (g), (h) are 
higher than those in graphene and silicene. In particular, the 
Si0.25C0.75 (G-1) and Si0.75C0.25 (S-1) structures have out-
standing strong light absorption in the whole range of infra-
red and visible region. For Si0.5C0.5 with a relatively large 
band gap, optical absorption in the range of visible light is 
little and this can be explained by large charge transfer and 
high ionization potential of the Si and C atoms in this struc-
ture. Different absorption properties for different Si/C ratios 
provide rich choices in the use of 2D group-IV binary mate-
rials, so that they can be used in a variety of photovoltaic 
devices such as excitonic solar cells and photo-detector de-
vices. 

4  Conclusion 

In summary, we have investigated the trends in the structur-
al and electronic properties of graphene-like Si—C hybrids 
with different silicon ratios and configurations. The results 

indicate that, the electronic and optical properties of this 
new family of silicon-carbon hybrids can be tuned effec-
tively by changing chemical compositions and atomic 
structures. Si0.25C0.75 (G-2) and Si0.75C0.25 (S-2) with a hon-
eycomb superstructure remains stable in a planar honey-
comb lattice. The 2D SixC1x have tunable band gaps vary-
ing from zero to a rather large value (2.5 eV), suggesting 
versatile electronic properties can be achieved. Optical 
analysis of 2D SixC1x hybrids indicates that the structures 
with different Si fractions and configurations can exhibit 
quite different optical coefficients and some have strong 
optical absorption in the range of visible light. We expect 
that the 2D SixC1x sheets predicted here will inspire future 
experimental and theoretical studies on such 2D materials, 
and they will come out in laboratory soon to have these in-
teresting properties confirmed.  
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