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3.3 VASPUOUOOO
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0.3 289.039 -15.785 36
0.1 600 -15.780 1203
0.1 400 -15.779 634
0.1 289.039 -15.783 186
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3.4 UO0OOOOOOO

3.4.1 0O0OO0O0OOOOO
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0 31: hep TiD HOOOOOOOOODOOOOOODO(SCF K-POINT 0.50DOS
K-POINT 0.50 cut off 289.039)
gbooo boo1 oob2 0obo3 boo4 OoOdbs Obde

0.1614 24 2.4 6.965 6.965 8.017 8.017
0.1936 -0.745 -0.745 7.369 7.369 8.106 8.106
0.2259 -1.831 -1.831 7.555 7.555 8.063 8.063
0.2421 -1.6 -1.6 7.488 7.488 8.094 8.094
0.2582 -0.403 -0.403 7.307 7.307 8.174 8.174
0.2743 1.927 1.927 7.043 7.043 8.267 8.267

gbo4d0000o0obo0o40d

032 hep TID HOOOOOOOOODDOOOODOO(SCF K-POINT 0.50DOS
K-POINT 0.10 cut off 600)
0000 0001 0002 0003 0004 0005 0006

0.1613 2.368 2.368 6.959 6.959 8.045 8.045
0.1935 -0.854 -0.854 7.361 7.361 8.135 8.135
0.2258 -1.879 -1.879 7.544 7.544 8.097 8.097
0.2419 -1.654 -1.654 7.48 7.48 8.127 8.127
0.258 -0.58 -0.58 7.301 7.301 8.203 8.203
0.2741 1.883 1.883 7.038 7.038 8.293 8.293

obo4000000000
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033 hep TiD HOOOOOOOOODOOODOOODO(SCF K-POINT 0.40 DOS
K-POINT 0.50 cut off 289.039)
gbooo boo1 oob2 0obo3 boo4 OoOdbs Obde

0.1614 2.718 2.718 6.695 6.695 7.543 7.543
0.1937 1.645 1.645 7.102 7.102 7.636 7.636
0.226 0.773 0.773 7.321 7.321 7.555 7.555
0.2421 1.095 1.095 7.233 7.233 7.606 7.606
0.2582 1.746 1.746 7.033 7.033 7.702 7.702
0.2744 2.466 2.466 6.771 6.771 7.796 7.796

gbo4d0000o0obo0o40d

0 34: hep TID HOOOOOOOOODDOOOODOO(SCF K-POINT 0.40 DOS
K-POINT 0.10 cut off 600)
0000 0001 0002 0003 0004 0005 0006

0.1614 2.835 2.835 6.733 6.733 7.593 7.593
0.1937 1.837 1.837 7.136 7.136 7.691 7.691
0.226 1.127 1.127 7.345 7.345 7.622 7.622
0.2421 1.368 1.368 7.265 7.265 7.663 7.663
0.2582 1.928 1.928 7.073 7.073 7.75 7.75
0.2744 2.598 2.598 6.814 6.814 7.839 7.839

obo4000000000
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0 36: hep TIiDDODDDODDDDD0D0D0O0O0OOOOOOOOOOOOO
(¢):SCF K-POINT 0.40 DOS K-POINT 0.50 cut off 289.030 0000000
(d):SCF K-POINT 0.40 DOS K-POINT 0.10 cut off 600

17



0 3.5: hep TIDOOOOOOOO00D00(SCF K-POINT 0.30 DOS K-POINT
0.50 cut off 289.039)
0000 0001 0002 0003 0004 0005 0006

0.1614 2773 2773 6.954 6.954 8.167 8.167
0.1936 1.499 1.499 7.353 7.353 8.227 8.227
0.2259 -0.397 -0.397 7.528 7.528 8.176 8.176
0.2421 0.728 0.728 7.466 7.466 8.207 8.207
0.2582 1.62 1.62 7.294 7.294 8.291 8.291
0.2743 2.46 2.46 7.038 7.038 8.397 8.397

oo 39rooougooon

0 3.6: hep TIiODOOODODODODODODOOO(SCEF K-POINT 0.30 DOS K-POINT
0.10 cut off 600)
good gool1r oobb2 Oodod3d3 bod4 0oooOos OOO6e6

0.1614 2.792 2.792 6.949 6.949 8.189 8.189
0.1936 1.536 1.536 7.347 7.347 8.247 8.247

0.2259 -0.22 -0.22 7.52 7.52 8.198 8.198
0.2421 0.801 0.801 7.46 7.46 8.229 8.229
0.2582 1.655 1.655 7.29 7.29 8.313 8.313

0.2743 2.484 2.484 7.036 7.036 8.419 8.419

oo 397rooougooon

18



'm[\\;s \ 8 \
S \ Y
N—
o
§ 6 /™ 6 ™ /
=
N
g
Ry 4 \
2 2
0 0
-1 -1
A H L A7 K M r A HL A r KM 7
Brillouin Zone Direction
(e) (f)

0 37 hep TIiDDODODODODDODODODDDODO0O0OOOOOOOOOOOOO
(¢):SCF K-POINT 0.30 DOS K-POINT 0.50 cut off 289.030 0000 OO0
(f):SCF K-POINT 0.30 DOS K-POINT 0.10 cut off 600
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3.4.2 0O0O0O0O0O0OOO

O0000000bO0b0b0obO0ob0oooboOoogooooOon total CPU time
gbbobdobodboobuobbodgboobobuoobboboboobobodgn
gbobuooogbobodgbooobouoobboobogbboobobodooon
OoooooooDn SCFK-POINTOOODOODODO

(038)000DOS K-POINTOOODODODOODOODODODDODDODDODDODOO
O00000D00000SCEF K-POINTO cutoftf UOODOOOOOOOODOO
gogbooboboooobobooooboboodod

0 38 hep TiODOODOOOODO total CPU time

SCF K-POINT cut off DOS K-POINT total CPU time(S)
0.5 289.039 0.1 15282.490
0.5 289.039 0.3 14632.120
0.5 289.039 0.5 14555.360
0.5 400 0.1 30894.580
0.5 400 0.3 32598.080
0.5 400 0.5 32380.960
0.5 600 0.1 96267.141
0.5 600 0.3 103583.831
0.5 600 0.5 103472.010
0.4 289.039 0.1 13149.050
0.4 289.039 0.3 11809.530
0.4 289.039 0.5 11421.840
0.4 400 0.1 27868.520
0.4 400 0.3 27694.420
0.4 400 0.5 29931.810
0.4 600 0.1 92126.050
0.4 600 0.3 79914.980
0.4 600 0.5 90042.650
0.3 289.039 0.1 33954.240
0.3 289.039 0.3 32968.440
0.3 289.039 0.5 32351.060
0.3 400 0.1 66697.770
0.3 400 0.3 70107.460
0.3 400 0.5 67751.260
0.3 600 0.1 186555.872
0.3 600 0.3 197044.553
0.3 600 0.5 167458.078
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(0 3.8)000x00 total CPU time D Oy O O SCF K-POINTOOOOOODO
O0D0O0O0390000DOSK-POINTOODODODOODOODOODOODO
0.500000039000SCF K-POINTO 040000 03000000000
O0D000D0000DO0O0OD0OSCF K-POINTO 05000000DO00ODOODOO
gogbobobodoodn

10*
Time[s] 75
150
125
100

75

25 1 e
0.5 0.4 0.3
cut off 289.039
SCF K-POINT cut off 400

cut off 600

0 3.9 hep TiODOOODOODOO total CPU time2

3.4.3 UOOOOOO

(03.10)000000000000000D0DOD00O0O hep TIODOODODODOO
gogobobbobbobuodgoooobboobboouoooooboobboougg
ggbbbuoobbboooobbbuooobobboooon
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Cv : vibrational heat capacity at constant volume.

E(T)-E(0) : the change in vibrational internal energy from 0 K.

E(0) is the zero point energy (ZPE).

S(T) : the vibrational entropy at temperature T.

-(A(T)-E(0)) : the change in the vibrational Helmholtz free energy from 0 K.
E(T) : the electronic plus vibrational energy of formation.
A(T) : the electronic plus vibrational Helmholtz free energy.

0 3.7: Ti Phonon 0000000 (SCF K-POINT 0.5,D08 K-POINT 0.5,cut

off 289.039)

T Cv E(T)-E(0) S(T) -(A(T)-E(0)) E(T) A(T)

K J/K/mol kJ/mol J/K/mol kJ/mol kJ/mol  kJ/mol

0 0.0000 0.0000 0.0000 0.0000 3.6299 3.6299
50 D.7553 0.0848 2.3081 0.0306 3.7147 3.5993
100 15.0844 0.6277 9.4551 0.3178 4.2576 3.3121
500  24.3688 9.6153 43.9107 12.3400 13.2451  -8.7101
1000 24.7978 21.9421 60.9832 39.0407 25.50720 -35.4108
1500  24.8785 34.3652 71.0564 72.2187 37.9950 -68.5888
2000  24.9069 46.8124 78.2179 109.6224 50.4423 -105.9925
2500  24.9200 59.2695 83.7773 150.1725 62.8994 -146.5427
3000 24.9272 71.7314 88.3214 193.2314 75.3613 -189.6015

0 3.8: hep TiO Phonon 0000 OO OO (SCF K-POINT 0.5,DOS K-POINT

0.5,cut off 289.039)

T Cv E(T)-E(0) S(T) -(A(T)-E(0)) E(T) A(T)

K J/K/mol kJ/mol J/K/mol kJ/mol kJ/mol  kJ/mol

0 0.0000 0.0000 0.0000 0.0000 3.3645 3.3645
50 5.5141 0.0849 2.3641 0.0333 3.4494 3.3312
100 14.5202 0.6038 9.1923 0.3154 3.9683 3.0491
200  21.3182 2.4765 21.9044 1.9044 5.8410 1.4602
200  24.1980 9.4767 43.0984 12.0723 12.8413  -8.7078
1000  24.6608 21.7294 60.0667 38.3370 25.0939 -34.9724
1500  24.7481 34.0859 70.0858 71.0423 37.4504  -67.6777
2000 24.7788 46.4686 77.2103 107.9510 49.8332 -104.5864
2500  24.7930 08.8619 82.7412 147.9898 62.2264 -144.6253
3000  24.8007 71.2604 87.2623 190.5247 74.6249 -187.1602
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00000000000000000000000O0(O 3.12)0001000K 0O
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0 3.9: 1000K 0 O hepTid Phonon OO OO O OO0 (DOS K-POINT)

K-POINT  cut off Cv E(T)-E(0) S(T) -(A(T)-E(0)) E(T) A(T)
SCF energy J/K/mol  kJ/mol  J/K/mol kJ/mol kJ/mol  kJ/mol
0.5 289.039  24.7978 21.9421 60.9832 39.0407 25.5720 -35.4108
0.5 400 24.6657 21.7319 60.0734 38.3411 25.1789 -34.8941
0.5 600 24.6601 21.7238 60.0352 38.3111 25.1545 -34.8803
0.4 289.039  24.8012 21.9833 61.4523 39.4686 25.5080 -35.9440
0.4 400 24.7986 21.9496 61.0607 39.1106 25.6108 -35.4495
0.4 600 24.7978 21.9421 60.9832 39.0407 25.5720 -35.4108
0.3 289.039  24.7795 21.7755 59.6757 37.8999 25.0261 -34.6493
0.3 400 24.7794 21.7745 59.6681 37.8933 25.1106 -34.5572
0.3 600 24.7792 21.7697 09.6168 37.8467 25.0734 -34.5430
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