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1. Range of chemical potential of As in InAs

The chemical potential of Asin INAS, 5nas) atarbitrary T is constrained by the upper

limit of paspuixy and the lower limit of w;na5puin) — Hinpuix), respectively.

HUmas(bulk) — Hin(buik) < Has(inas) =< Has(bulk) (4)

Where, Uinaspuik)ys Minputiy, and paspuiky are the chemical potentials in the bulk solid
states. Because the PV term in the Gibbs free energy is negligible in the low P conditions, the

chemical potentials in the bulk solid states are calculated using the following equations:

Etot+Fyip

Hulky = — 5 S 1)

1 M hwil) —h:"(;f)
Fyib = §-Lkepz Li=al—, ~ +kgTIn{1—e 57 J} (24)

where, Ey,. is the total internal energy, N the number of atoms in the unit cell, and N is

the number of k-points in the Brillouin zone.

The lower and upper limits of w4snas), Shown in Fig. S1 (a) and (b) decrease as T

increases. For Fig. 2, the lower and upper limits were arbitrarily chosen to those at OK, and the
surface energy at OK was shown in this range for the ease of viewing. However, the wider range

of Lasnas) Was considered to convert the pysnas) to the corresponding (P-T) in the later

part.
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Figure S1. Calculated (a) lower limit and (b) upper limit of pasinas) as a function of T.
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2. Surface vibrational properties

In order to verify the effects of the vibrational entropy on the surface, the surface

phonons were calculated by frozen-phonon method. The phonon DOSs were plotted by

smearing the frequencies using the Gaussian smearing method with 0=0.1. Figure S2 shows

the calculated surface phonon DOSs of the various InAs (001) reconstructions. Only the
reconstructions with low surface energy are shown. Note that the (a(4x2) has some imaginary
frequencies which indicates that the surface structure is not stable. The atomic structure of the
Ca(4x2) is different from that of {(4%2) in that there are more In atoms on the topmost layer

and the middle In dimer is broken, as shown in Fig. 1 ().
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Figure S2. Calculated surface phonon DOSs of various InAs (001) reconstructions. Only the
reconstructions with low surface energy are shown. The surface phonon DOSs of the other
reconstructions were also calculated in the same way but are not shown. The phonon DOS of
the bulk InAs is also shown for comparison.

3. Calculation of the surface energy by the consideration of surface phonons

11 11 11 11
Ewt_NIn“InAs(bulkOK) _(NAS_NIn)/"As(InAS)

yoK = y —(vu+a) 7

From the equation (7), the surface energy at non-OK by the consideration of vibration

can be calculated using the following equation:

11 II 11 II II
{Etot+Fvib}_NIn{/‘1nAs(bulk0K) +Fvib,InAs(bulk)}_(NAS_NIn){/"As(InAs) +Fvib,As(bulk)}

’yT: A —

(vu + ) (S.2)

where Fjp, is the vibrational free energy of the total slab, Fyp imasur) @Nd Foip asouik)

are the vibrational free energy of the bulk InAs and bulk As, respectively.

However, the calculation of phonons of the total slab is time-consuming. Under the
assumption that the vibration of the atoms below the three topmost layers are the same as that
of the atoms in the bulk state, the yT for each reconstruction could be calculated using the

phonons of only the three topmost layers:
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II II
T _ {Egt"'FJ%b,surf+F1§llb,bottom} (Nln'surf+NIn'bOttom){'u'InAs(bulkOK)+F”lbrInA5(bulk)}
14 A A

11 11 11 11
{(NAs,surf+NAs,bottom) - (Nln,surf+NIn,bottom)}{”As(1nAs) +Fvib,As(bulk)}
A

—(ypt+a) (S.3)

where Fjjy q,r is the vibrational free energy of the three topmost layers and Fji, orrom 1S
the vibrational free energy of atoms below the three topmost layers (Fyi, = Fjip surs +
Fiib pottom): espectively. Nf c..-, Ni% o.rr are the numbers of In and As atoms on the three
topmost layersand N} poccom: Nasbotcom are the numbers of In and As atoms below the three
topmost layers ( Nip = Nipsurr + Nipbottom @00 Niy = Nigeurs + Nigpoteom ) The
assumption that the vibration of the atoms below the three topmost layers are the same as that

of the atoms in the bulk state means:

II 11 11 11 —
Fvib,bottom - NIn,bottovaib,InAs(bulk) - (NAs,bottom - Nln,bottom)Fvib,As(bulk) =0 (S- 4)

then, the remaining terms in equation (S. 3) is given by:

11 11 11 11
[Fvib,surf_NIn,sur £Fvib,Inas(bulk) _(NAs,su‘rf_NIn,sur f)F vib,As(bulk)] ®)

T — ,,0K
y' =y + y

4. Effects of configurational entropy and vibrational entropy

Figure S3 shows the fraction of the dominant InAs (001) reconstructions at a fixed P of
4x107 atm as a function of T. Figure S3 (a) is result including only ‘As3+In3’ and ‘As4+In2’
without considering the surface phonon, while Fig. S3 (b) is that including all the c(4x4)
heterodimers without considering the surface phonon. This two figures reveal that all the c(4x4)

heterodimers boost the fraction of c(4x4) at the low T region. On the other hand, by considering
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the surface phonon as in Fig. S3 (c) and (d), the {a(4x2) was eliminated due to its instability.

By comparing with Fig. 6 (b) (including only c(4x4) homodimers), Fig. S3 (c) including the

dominant c(4x4) heterodimers of ‘As3+In3’ and ‘As4+In2’ show the noticeable fraction of the

c(4x4) at the low T region. Figure S3 (d) (which is the same as Fig. 6 (c)) show the higher

fraction of the c(4x4) by including all the c(4x4) heterodimers.
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Fig. S3. Fraction of the dominant InAs (001) reconstructions at a fixed P of 4x107° atm as a
function of T. Before considering the surface phonon (a) including only ‘As3+In3’ and
‘As4+In2’, (b) including all the c(4x4) heterodimers. After considering the surface phonon, (c)
including only ‘As3+In3’ and ‘As4+In2’and (d) including all the c(4x4) heterodimers.



