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Abstract: The Earth’s outer core is mainly composed of Fe and Ni. The compositional stratification and 16 
geodynamo of the Earth’s core are closely correlated with the transport properties of the fluid in the Earth 17 
core. We selected the typical FeNi fluid, and systemically calculated its diffusion coefficient and viscosity 18 
under Earth’s core condition by quantum molecular dynamics simulation. The diffusion coefficients and 19 
viscosity are almost constant along the core adiabatic curve. The self-diffusion coefficients of Ni along 20 
the core adiabatic range from 8.37×10-9 m2s-1 to 8.87×10-9 m2s-1. The diffusion coefficient increases with 21 
temperature increase, while viscosity decrease with temperature increase. The calculations on the 22 
transport properties suggest that the Ni impurities have a negligible effect on the diffusion coefficient 23 
and viscosity of Earth’s core. Combining the self-diffusion coefficient of Ni and the diffusion equation, 24 
the thickness of compositional stratification at the top of the core is 138.5 km. 25 
 26 
Graphic abstract 27 

 28 
1. Introduction 29 
Accurate knowledge of the physical properties under extreme density-temperature conditions is of 30 
considerable interest in various fields of physics, including the Earth system [1], planetary physics [2], 31 
astrophysics [3], and inertial confinement fusion [4]. The center of the Earth consists of a solid inner 32 
core, surrounded by a spherical shell of the liquid outer core. The vigorous convection in the metallic 33 
liquid outer core, thus powers the dynamo that sustains the magnetic field. The geodynamo is extremely 34 
sensitive to core conditions, which is a very active research topic in Earth science. The viscosity and 35 
diffusion coefficients of the Earth core are the main parameters in the convection process. 36 
 37 
The main parameters in character the geodynamo and stable stratification are molecular diffusion 38 
coefficients and viscosity. The analysis of compositional stratification is mostly based on the diffusion 39 
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equation [5], which correlated the thickness of the layer with the diffusion coefficients. In the early 40 
reported paper, the diffusion coefficient is mostly adopted as 3×10-9 m2s-1, and this corresponds to a 60 41 
to 70 km thickness of compositional stratification [5]. It is difficult to get the accurate diffusion 42 
coefficient and viscosity values under Earth’s core condition experimentally [6]. Now, quantum 43 
molecular dynamics (QMD) can give a direct and accurate estimation of the transport coefficients [7]. 44 
The QMD results show that the self-diffusion coefficient of Fe is 5.2×10-9 m2/s, and viscosity is 8.5 mPa 45 
s [8]. Recently, light element effects on transport properties are also considered, such as Fe-Si-O fluid 46 
[9], Fe-O fluid [10, 11], Fe-S fluid [12]. 47 
 48 
The QMD results of viscosity are far lower than the values inferred from seismic and other measurements 49 
[13, 14]. Early in 1998, it is inferred that the viscosity of the inner core is 1.22 × 1011  Pa s [15]. 50 
Geodynamic estimation by Buffett inferred viscosity is less than 1016 Pa s [16]. The theoretical value 51 
for viscosity varies largely by different methods, from ~0.1 mPa s [14] to 1011 Pa s [15]. QMD calculation 52 
shows that the viscosity is 13 mPa s and diffusion coefficients 5 × 10−9  m2s-1 at the inner-core 53 
boundary(ICB), and 12 mPa and 4 × 10−9 m2s-1 at the core-mantle boundary (CMB) [17]. The viscosity 54 
is about several mPa s for MD results of FeNi fluid [18]. Though there were limitations in MD, the early 55 
report MD results claim that Ni has a negligible effect on viscosity [19].  56 
 57 
However, the self-diffusion coefficient and viscosity of Fe-Ni fluid at Earth’s core condition has never 58 
been calculated by QMD. As the second constitute elements in the Earth's core, how Ni affects the 59 
transport coefficients and the compositional stratification are still waiting solved questions. In this paper, 60 
we calculated the diffusion coefficients and viscosity of Fe-Ni fluid under Earth's core condition by the 61 
precisely QMD methods, and give a simple analysis of temperature effect on transport properties of Fe-62 
Ni fluid. Furthermore, we used the accurate self-diffusion coefficient to give a further discussion about 63 
its effect on the compositional stratification and evolution of Earth’s core.  64 
 65 
2. Methods and calculations 66 
2.1. Transport property  67 
The theory equations are collected from Ref. [7, 20-22]. Diffusion coefficients can be calculated by either 68 
mean-squared displacements or velocity autocorrelation functions by equilibrium molecular simulation. 69 
The self-diffusion coefficient Di calculated by the Einstein equation is 70 
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where Vi(t) is the velocity of atom i at time t. 72 
The shear viscosity calculated by Einstein relation is 73 
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where pxy is the off-diagonal elements of the pressure tensor. 75 
 76 
We adopt empirical fits to the integrals of the autocorrelation function. Both Di and η have been fit to the 77 
function in the form of A[1 − 𝑒𝑥𝑝(−𝑡 𝜏⁄ )], where A and τ are free parameters. The fractional statistical 78 
error in calculating a correlation function C for molecular dynamics trajectories [23] can be given by 79 
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where Ttraj is the length of the trajectory and τ is the correlation time of the function. In the present paper, 81 
we generally fitted over a time interval of [0,4τ-5τ]. 82 
 83 
2.2. Thickness of compositional stratification 84 
The compositional stratification on the top of the outer core is caused by the diffusion of the light 85 
elements [5, 24]. The basic assumptions in this paper are that the Earth’s core is spherical homogeneous, 86 
and the self-diffusion coefficient of light elements is in order of that of Fe and Ni. The basic structure in 87 
Earth’s core includes the inner core, convection zone, and stratified layer (Figure 1). 88 
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 89 
Figure 1 Structure of the Earth's core. r is the radial distance from the Earth center, rc is the radius of the 90 
core-mantle boundary, and s(t) is the location between stratified layer and the convection region of the 91 
outer core at time since the presence of inner core. C is the concentration of the light element. 92 
 93 
In the stratified layer (s(t)<r<rc), the concentration of light element satisfied the diffusion equation 94 
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where ρ is the density at stratified layer, ρ=1.23 ×104 kg/m3, C(r, t) is the concentration at radius r and 96 
time t, I(r,t) is the diffusion flux and ∇ is coordinate partial. 97 
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where D(t) is the self-diffusion coefficient of the light element and is calculated as a function of 99 
temperature. αc is the chemical expansion coefficient, H is the heat of mixing, P is the pressure at radial 100 
r, and t is the time. Neglecting the time and location effect on αc and H. For simplicity, αc~1.0. H is101 

,P T

H
c

    
 (partial chemical potential with concentration c at constant pressure P and temperature 102 

T) and can be calculated directly from ab initio simulations. On the other hand, H is simplified as 103 
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RT RT
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  , where R=8.314 JK-1mol-1, M̅  and ML are the molar mass of 104 

mixtures and light element, respectively.  105 
 106 
In the convection region (ri(t)<r<s(t)), ri(t) is radius of the inner-core at time t. As the regrious convection, 107 
oxygen concentration is homogeneous Cm(t). oxygen conservation 108 

             3 3 24
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where I(s-,t) is the radial component of the flux in the convection zone, and Ф(t) is light element 110 
accumulation due to the growth of the inner-core. 111 
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ri(t) is the radius of the inner core at time t. dri/dt is directly from the parametrized model [25-27]  113 

       1 0 1 0i i
r t r t t t t t     (8) 114 

where ri(t1) (1221km) is the radius at present time, t1=4.5 Ga, t0 is the time the inner core begins to grow. 115 
As the high thermal conductivity of pure Fe [28], the age of the inner core is within 1.0 Ga, we adopt 116 
t0=3.85 Ga. 117 
The boundary condition is that light element concentration at the CMB is equal to that at the lower mantle 118 
Ceq(T,P). For continuous condition 119 
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where s+ represents the side of the stratified layers near the interface. Integration Eqs. (4) and (6) with 121 
the boundary conditions Eq.(9), the s(t) and C(r, t) are collected. From Eqs. (4) and (6), with the initial 122 
and boundary conditions (Eq. (9)), the C(r, t), Cm(t), and s(t) are numerically calculated. 123 
 124 
In the analysis of stratification, the dynamic model [29] shows: (a) If T’eq>0, convection is uninhibited 125 
at the top of the outer core. (b) If T’eq<0 with QCMB<Qk, convection is inhibited, but not suppressed at the 126 
top of the outer core. (c) If T’eq<0 with ΔC(r)>0 (radial gradient of light element), convection is 127 
suppressed at the top of the outer core. 128 
 129 
2.3. Calculation details 130 
Ab initio molecular dynamics were performed using the Vienna ab initio simulation package (VASP) [30, 131 
31]. The ion-electron interaction was represented by the projector augmented wave (PAW) [32, 33]. The 132 
generalized gradient approximation with Perdew, Burke, and Ernzerhof corrections was employed [34]. 133 
The electronic states were populated following the Fermi-Dirac distribution [35]. In this paper, we 134 
selected 128 atoms as the cell. Ni atoms were randomly distributed in the cell, with 12 Ni atoms and 135 
others are Fe atoms, and the corresponding atom ratio are 9.375 at.%. Plane wave cutoff is 400 eV enough 136 
to make sure that the pressure is converged within 1% accuracy. Time dependent mean square 137 
displacement to check system in the liquid state. The selected time step is 1ps in all the calculations. To 138 
get the convergence transport coefficients, the total time is more than 20 ps. The core-mantle boundary 139 
(CMB) pressure 136 GPa, inner-core boundary (ICB) pressure 330 GPa, and pressures along the core 140 
adiabatic 150 GPa, 200 GPa, 250 GPa, 300 GPa. The analytical expressions of state profiles along the 141 
adiabatic curve were given by following Labrosses [25, 36]. 142 
 143 
3. Results and discussion 144 
 145 
3.1. Self-diffusion coefficient  146 
Our QMD calculations on self-diffusion coefficient of pure Fe liquid agree with the early reported QMD 147 
results [7]. The self-diffusion coefficients of Fe and Ni are comparable, in the orders of 10-9 m2s-1. Our 148 
calculated self-diffusion coefficients of Fe are consistent with the ab initio calculated results of pure Fe 149 
[8], Fe-Si-O fluid [9], and Fe-O fluid[11]. Self-diffusion coefficients of Fe along the core adiabatic are 150 
in the range of [8.88, 9.30]×10-9 m2s-1. Self-diffusion coefficients of Ni along the core adiabatic are in 151 
the range of [8.37, 8.87]×10-9 m2s-1. The self-diffusion coefficient of Fe-Ni fluid along the core adiabatic 152 
is almost kept constant (Figure 2(a)). The self-diffusion of Ni is a little smaller than that of Fe at the same 153 
pressure and temperature condition. This can be easily explained that the atom mass of Ni is a little higher 154 
than that of Fe. Considering the pressure and temperature effect (Figure 2(b)), the self-diffusion 155 
coefficient is higher when at same pressure with higher temperature or the same temperature with lower 156 
pressure. The diffusion coefficient shows a monotonic rise with increasing temperature. Self-diffusion 157 
coefficient of Fe at CMB ranges from (7.79±0.40)×10-9 m2s-1 at 3500K to (11.87±0.64)×10-9 m2s-1 at 158 
5000K. The self-diffusion coefficient of Ni at CMB ranges from (7.38±0.38)×10-9 m2s-1 at 3500K to 159 
(11.22±0.60)×10-9 m2s-1 at 5000K.  160 
 161 
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 162 
Figure 2 The self-diffusion coefficients (DFe and DNi) of Fe and FeNi fluid under Earth's core conditions. 163 
(a) is along the core adiabatic, and (b) is temperature variation at CMB and ICB.  164 
 165 
3.2. Shear viscosity 166 
The viscosity of Fe-10%Ni fluid is lower than pure Fe, under ICB, CMB, or the chosen OC condition, 167 
or along the adiabatic curves (Figure 3). The QMD result is different from the early reported MD results, 168 
which point out Ni has a negligible effect on bulk viscosity of liquid iron, about ~mPa s [19]. However, 169 
a clear conclusion is that Ni decrease viscosity under all Earth outer core condition in these QMD 170 
simulations. Furthermore, the QMD results of viscosity are far lower than the values inferred from 171 
seismic and other measurements [13, 14], and other model inferred results. With increasing pressure, the 172 
shear viscosity increases. 173 
 174 

 175 
Figure 3 Viscosity of the pure Fe and FeNi fluid under Earth's core condition. (a) is viscosity along the 176 
adiabatic curve and (b) is viscosity under inner-core (136 GPa) and core-mantle (330 GPa) boundary 177 
pressure with different temperatures. The Fe and FeNi labels correspond to pure Fe and FeNi fluid results, 178 
respectively.  179 
 180 
3.3. Temperature effect and physical laws 181 
The Stokes-Einstein relation gives a connection between the diffusion and shear viscosity through the 182 
expression 183 

  , ,SE SE

B

D
F D C

k Ta

     (10) 184 

where a is an effective atomic diameter. CSE ranges from 1/6π(0.053) to 1/4π(0.080) from Ref. [37]. The 185 
Stokes-Einstein relation can be used to predict the viscosity and diffusion coefficients of liquid Earth’s 186 
outer core from its structural properties. Examination of the Stokes-Einstein relation with respect to 187 1 𝑎𝑘𝐵𝑇⁄  . Application Stokes-Einstein relation for Fe-Ni systems [18]. Under the same pressure and 188 
constituent, both the viscosity and diffusion coefficients increase with temperature. However, neither the 189 
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viscosity nor diffusion coefficients do not strictly exhibit Arrhenius behaviors. We analyzed the Stokes-190 
Einstein expression as a function of temperature. Within the expected fitting error of ~20% for 191 
determining viscosity from the simulations, the QMD results are bounded by the classical values of CSE 192 
from below and the Chisolm-Wallace (0.18±0.02) liquid metal value from above. 193 
 194 
3.4. Thickness of compositional stratification 195 
The stratified layer is calculated by assumption that uniform compositional enrichment or net 196 
subadiabatic CMB flux are driving stratification, shown in Figure 4. The self-diffusion coefficient is 197 
correlated with the stratification. Usually, a big diffusion coefficient corresponds to high sensitivity of 198 
the concentration with time evolution. Only Fe and Ni components, the composition stratification is 199 
impossible. With the addition of O, it is more reasonable [38]. If the diffusion coefficient of light elements 200 
is of the same magnitude as Fe and Ni, the thickness of compositional stratification derived from 201 
diffusion equation [5] is 138.5 km. On top of the outer core is classified into three zones [29]. Compared 202 
with the total stratification from thermal conductivity of thermal conductivity in FeNi fluid [39], 203 
r>3341.5 km scale is inhibited, 3079 km<r<3341.5 km is prohibited, and r<3079 km is uninhibited 204 
convection. 205 

 206 
Figure 4 Evolution of stratification during the whole Earth's time. On the right of the figure, the 207 
inhibited, suppressed and convection zones at present are labeled. 208 
 209 
4. Conclusion 210 
Ab initio molecular dynamics estimates self-diffusion coefficient and viscosity of outer core are 211 
important for several purposes. Self-diffusion coefficients of Ni along the core adiabatic range from 212 
8.37×10-9 m2s-1 to 8.87×10-9 m2s-1. At the core-mantle boundary, the diffusion coefficient increases with 213 
temperature increase, while viscosity decrease with temperature increase. In addition, the self-diffusion 214 
coefficient of Ni was adopted in the diffusion equation, which shows that the thickness of the 215 
compositional stratification on top of the outer core is 138.5 km. The ab initio calculated ion transport 216 
properties offer an insight into the evolution of the Earth’s deep interior. 217 
 218 
Acknowledgement 219 
This work was support by the National key R&D program of China [grant number 2017YFA0403200], 220 
the National Natural Science Foundation of China (NSFC) [grant numbers 11975058, 11775031 and 221 
11625415], the Foundation for the Development of Science and Technology of the China Academy of 222 
Engineering Physics, and Science Challenge Project [grant number TZ2016001]. We thanked for the 223 
fund support from Laboratory of Computational Physics in Institute of Applied Physics and 224 
Computational Mathematics. 225 
 226 
Data availability 227 
The data that support the findings of this study are available from the corresponding author(s) upon 228 
reasonable request. 229 
 230 
Author contributions 231 
Wei-Jie Li designed and planned the project of this research, conducted the ab initio calculation, wrote 232 
the paper and plot all the figures. Cong Wang, Zi Li, Ping Zhang, Yong Lu, Zhe Ma, Qian Jia, Xue-Bin 233 
Cheng, and Han-Dong Hu discussed the interpretation of the calculation results. All authors contributed 234 



 7 / 9 

 

to the preparation the manuscript and have approved the submitted version of the manuscript. 235 
 236 
 237 
References 238 

[1] H.-k. Mao, W.L. Mao, Key problems of the four-dimensional Earth system, Matter 239 

and Radiation at Extremes, 5 (2020) 038102. 240 

[2] W. Lorenzen, A. Becker, R. Redmer, Progress in warm dense matter and planetary 241 

physics,  Frontiers and Challenges in Warm Dense Matter, Springer2014, pp. 203-234. 242 

[3] D. Saumon, G. Chabrier, H. Van Horn, An equation of state for low-mass stars and 243 

giant planets, The Astrophysical Journal Supplement Series, 99 (1995) 713. 244 

[4] C. Yamanaka, Inertial confinement fusion: The quest for ignition and energy gain 245 

using indirect drive, IOP Publishing, 1999. 246 

[5] B.A. Buffett, C.T. Seagle, Stratification of the top of the core due to chemical 247 

interactions with the mantle, Journal of Geophysical Research: Solid Earth, 115 248 

(2010). 249 

[6] D.P. Dobson, Self-diffusion in liquid Fe at high pressure, Physics of the Earth 250 

Planetary Interiors, 130 (2002) 271-284. 251 

[7] C. Wang, Z.-B. Wang, Q.-F. Chen, P. Zhang, Quantum molecular dynamics study of 252 

warm dense iron, Physical Review E, 89 (2014) 023101. 253 

[8] D. Alfè, G. Kresse, M. Gillan, Structure and dynamics of liquid iron under 254 

Earth’s core conditions, Physical Review B, 61 (2000) 132. 255 

[9] M. Pozzo, C. Davies, D. Gubbins, D. Alfè, Transport properties for liquid silicon-256 

oxygen-iron mixtures at Earth's core conditions, Physical Review B, 87 (2013) 014110. 257 

[10] D. Gubbins, C. Davies, The stratified layer at the core–mantle boundary caused 258 

by barodiffusion of oxygen, sulphur and silicon, Physics of the Earth Planetary 259 

Interiors, 215 (2013) 21-28. 260 

[11] H. Ichikawa, T. Tsuchiya, Atomic transport property of Fe–O liquid alloys in 261 

the Earth’s outer core P, T condition, Physics of the Earth Planetary Interiors, 262 

247 (2015) 27-35. 263 

[12] L. Voč adlo, D. Alfè, G.D. Price, M.J. Gillan, First principles calculations on 264 

the diffusivity and viscosity of liquid Fe–S at experimentally accessible conditions, 265 

Physics of the Earth and Planetary Interiors, 120 (2000) 145-152. 266 

[13] L. Voč adlo, G.A. de Wijs, G. Kresse, M. Gillan, G.D. Price, First principles 267 

calculations on crystalline and liquid iron at Earth's core conditions, Faraday 268 

Discussions, 106 (1997) 205-218. 269 

[14] W.-j. Su, A.M. Dziewonski, R. Jeanloz, Planet within a planet: rotation of the 270 

inner core of Earth, Science, 274 (1996) 1883-1887. 271 

[15] D.E. Smylie, Viscosity Near Earth: Solid Inner Core, Science, 284 (1999) 461. 272 

[16] B.A. Buffett, Geodynamic estimates of the viscosity of the Earth's inner core, 273 

Nature, 388 (1997) 571-573. 274 

[17] G.A. de Wijs, G. Kresse, L. Voč adlo, D. Dobson, D. Alfe, M.J. Gillan, G.D. Price, 275 

The viscosity of liquid iron at the physical conditions of the Earth's core, Nature, 276 

392 (1998) 805-807. 277 

[18] Q.-L. Cao, P.-P. Wang, Stokes-Einstein relation in liquid iron-nickel alloy up 278 

to 300 GPa, Journal of Geophysical Research: Solid Earth, 122 (2017) 3351-3363. 279 



 8 / 9 

 

[19] Y.-G. Zhang, G.-J. Guo, Molecular dynamics calculation of the bulk viscosity of 280 

liquid iron–nickel alloy and the mechanisms for the bulk attenuation of seismic 281 

waves in the Earth’s outer core, Physics of the Earth Planetary Interiors, 122 282 

(2000) 289-298. 283 

[20] M. Schoen, C. Hoheisel, The mutual diffusion coefficient D12 in binary liquid 284 

model mixtures. Molecular dynamics calculations based on Lennard-Jones (12-6) 285 

potentials: I. The method of determination, Molecular Physics, 52 (1984) 33-56. 286 

[21] X. Liu, A. Martín-Calvo, E. McGarrity, S.K. Schnell, S. Calero, J.-M. Simon, D. 287 

Bedeaux, S. Kjelstrup, A. Bardow, T.J. Vlugt, Fick diffusion coefficients in ternary 288 

liquid systems from equilibrium molecular dynamics simulations, Industrial 289 

engineering chemistry research, 51 (2012) 10247-10258. 290 

[22] A.J. White, C. Ticknor, E.R. Meyer, J.D. Kress, L.A. Collins, Multicomponent 291 

mutual diffusion in the warm, dense matter regime, Physical Review E, 100 (2019) 292 

033213. 293 

[23] R. Zwanzig, N.K. Ailawadi, Statistical error due to finite time averaging in 294 

computer experiments, Physical Review, 182 (1969) 280. 295 

[24] J.R. Lister, B.A. Buffett, Stratification of the outer core at the core-mantle 296 

boundary, Physics of the earth planetary interiors, 105 (1998) 5-19. 297 

[25] S. Labrosse, J.-P. Poirier, J.-L. Le Mouël, The age of the inner core, Earth 298 

Planetary Science Letters, 190 (2001) 111-123. 299 

[26] B.A. Buffett, Estimates of heat flow in the deep mantle based on the power 300 

requirements for the geodynamo, Geophysical Research Letters, 29 (2002) 7-1-7-4. 301 

[27] F. Nimmo, G.D. Price, J. Brodholt, D. Gubbins, The influence of potassium on 302 

core and geodynamo evolution, Geophysical Journal International, 156 (2004) 363-376. 303 

[28] W.-J. Li, Z. Li, X.-T. He, C. Wang, P. Zhang, Constraints on  the thermal 304 

evolution of Earth's core  from ab initio calculated transport properties of FeNi 305 

liquids, To be published, DOI (2021). 306 

[29] D.E. Loper, A model of the dynamical structure of Earth's outer core, Physics 307 

of the Earth Planetary Interiors, 117 (2000) 179-196. 308 

[30] G. Kresse, J. Hafner, Ab initio molecular dynamics for liquid metals, Physical 309 

Review B, 47 (1993) 558. 310 

[31] G. Kresse, J. Furthmüller, Efficient iterative schemes for ab initio total-311 

energy calculations using a plane-wave basis set, Physical Review B, 54 (1996) 11169. 312 

[32] P.E. Blöchl, Projector augmented-wave method, Physical Review B, 50 (1994) 17953. 313 

[33] G. Kresse, D. Joubert, From ultrasoft pseudopotentials to the projector 314 

augmented-wave method, Physical Review B, 59 (1999) 1758. 315 

[34] J.P. Perdew, K. Burke, M. Ernzerhof, Generalized gradient approximation made 316 

simple, Physical Review Letters, 77 (1996) 3865. 317 

[35] N.D. Mermin, Thermal properties of the inhomogeneous electron gas, Physical 318 

Review, 137 (1965) A1441. 319 

[36] F. Nimmo, Energetics of the core, Treatise on Geophysics, 8 (2015) 31-65. 320 

[37] J. Kress, J.S. Cohen, D. Kilcrease, D. Horner, L. Collins, Quantum molecular 321 

dynamics simulations of transport properties in liquid and dense-plasma plutonium, 322 

Physical Review E, 83 (2011) 026404. 323 



 9 / 9 

 

[38] E.S. Posner, G. Steinle-Neumann, V. Vlcek, D.C. Rubie, Structural changes and 324 

anomalous self-diffusion of oxygen in liquid iron at high pressure, Geophysical 325 

Research Letters, 44 (2017) 3526-3534. 326 

[39] W.-J. Li, Z. Li, X.-T. He, C. Wang, P. Zhang, Constraints on the thermal 327 

evolution of Earth's core from ab initio calculated transport properties of FeNi 328 

liquids, Earth and Planetary Science Letters, 562 (2021) 116852. 329 

 330 



Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Abstract.png

https://assets.researchsquare.com/files/rs-1249770/v1/f3654ce015dc4de770db645e.png

