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s stishovite
stishovite
1.000000000000000
4.0440000000000000 0.0000000000000000 0.0000000000000000
0.0000000700000000 4.0440000000000000 0.0000000000000000
0.0000000500000000 0.0000000500000000 2.6190000000000000
24
Direct
0.0000000000000000 0.0000000000000000 0.0000000000000000
0.5000000000000000 0.5000000000000000 0.5000000000000000
0.3038999999999987 0.3038999999999987 0.0000000000000000
0.8038999999999987 0.1961000000000013 0.5000000000000000
0.1961000000000013 0.8038999999999987 0.5000000000000000
0.6961000000000013 0.6961000000000013 0.0000000000000000

N
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-~ coesite

coesite

1.000000000000000

7.1400000000000000 0.0000000000000000 0.0000000000000000
3.5700001100000000 6.1855000000000000 0.0000000000000000
-3.6243095000000000 0.0000002000000000 6.1923344300000000
8 16

Direct

0.0317999999999969 0.2165999999999997 0.0722999999999985
0.7516000000000034 0.2165999999999997 0.4277000000000015
0.9682000000000031 0.7834000000000003 0.9277000000000015
0.2483999999999966 0.7834000000000003 0.5722999999999985
0.3487000000000009 0.3162000000000020 0.5407000000000011
0.3350999999999971 0.3162000000000020 0.9592999999999989
0.6512999999999991 0.6837999999999980 0.4592999999999989
0.6649000000000029 0.6837999999999980 0.0407000000000011
0.0000000000000000 0.0000000000000000 0.0000000000000000
0.0000000000000000 0.0000000000000000 0.5000000000000000
0.6161999999999992 0.7676000000000016 0.2500000000000000
0.3838000000000008 0.2323999999999984 0.7500000000000000
0.1433000000000035 0.2471999999999994 0.9406000000000034
0.6094999999999970 0.2471999999999994 0.5593999999999966
0.8566999999999965 0.7528000000000006 0.0593999999999966
0.3905000000000030 0.7528000000000006 0.4406000000000034
0.2062000000000026 0.2083999999999975 0.3275000000000006
0.5853999999999999 0.2083999999999975 0.1724999999999994
0.7937999999999974 0.7916000000000025 0.6724999999999994
0.4146000000000001 0.7916000000000025 0.8275000000000006
0.8046999999999969 0.4239999999999995 0.4780000000000015
0.7712999999999965 0.4239999999999995 0.0219999999999985
0.1953000000000031 0.5760000000000005 0.5219999999999985
0.2287000000000035 0.5760000000000005 0.9780000000000015

N
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s low-cristobalite
low_cristobalite
1.000000000000000
4.9780000000000000 0.0000000000000000 0.0000000000000000
0.0000000900000000 4.9780000000000000 0.0000000000000000
0.0000001300000000 0.0000001300000000 6.9480000000000000
48
Direct
0.3004000000000033 0.3004000000000033 0.0000000000000000
0.8004000000000033 0.1995999999999967 0.7500000000000000
0.1995999999999967 0.8004000000000033 0.2500000000000000
0.6995999999999967 0.6995999999999967 0.5000000000000000
0.2397599999999969 0.1032399999999996 0.1784400000000019
0.7397599999999969 0.3967600000000004 0.5715599999999981
0.2602400000000031 0.6032399999999996 0.0715599999999981
0.7602400000000031 0.8967600000000004 0.6784400000000019
0.8967600000000004 0.7602400000000031 0.3215599999999981
0.3967600000000004 0.7397599999999969 0.4284400000000019
0.6032399999999996 0.2602400000000031 0.9284400000000019
0.1032399999999996 0.2397599999999969 0.8215599999999981

N

- high-cristobalite

high_cristobalite

1.000000000000000

0.0000001300000000 3.5830000700000000 3.5830000000000000
3.5830000700000000 0.0000000700000000 3.5830000000000000
3.5830000700000000 3.5830000000000000 0.0000000000000000
24

Direct

0.1250000000000000 0.1250000000000000 0.1250000000000000
0.8750000000000000 0.8750000000000000 0.8750000000000000
0.0000000000000000 0.0000000000000000 0.0000000000000000
0.5000000000000000 0.0000000000000000 0.0000000000000000
0.0000000000000000 0.5000000000000000 0.0000000000000000
0.0000000000000000 0.0000000000000000 0.5000000000000000

N

12



N

low-quartz

low_quartz

1.000000000000000

4.9134000000000000 0.0000000000000000 0.0000000000000000
-2.4566999000000000 4.2551292800000000 0.0000000000000000
0.0000001000000000 0.0000001700000000 5.4052000000000000
36

Direct

0.4699000000000026 0.0000000000000000 0.6666666699999979
0.0000000000000000 0.4699000000000026 0.3333333300000021
0.5300999999999974 0.5300999999999974 0.0000000000000000
0.1460000000000008 0.7319200000000023 0.5480000000000018
0.2680799999999977 0.4140799999999984 0.2146666699999997
0.5859200000000016 0.8539999999999992 0.8813333299999968
0.4140799999999984 0.2680799999999977 0.7853333300000003
0.7319200000000023 0.1460000000000008 0.4519999999999982

-

N

high-quartz
high_quartz

1.000000000000000

4.9980000000000000 0.0000000000000000 0.0000000000000000
-2.4989998900000000 4.3283950300000000 0.0000000000000000
0.0000001000000000 0.0000001700000000 5.4570000000000000
36

Direct

0.5000000000000000 0.0000000000000000 0.0000000000000000
0.5000000000000000 0.5000000000000000 0.3333333300000021
0.0000000000000000 0.5000000000000000 0.6666666699999979
0.2075999999999993 0.4151999999999987 0.5000000000000000
0.7924000000000007 0.2075999999999993 0.8333333300000021
0.5848000000000013 0.7924000000000007 0.1666666699999979
0.7924000000000007 0.5848000000000013 0.5000000000000000
0.2075999999999993 0.7924000000000007 0.8333333300000021
0.4151999999999987 0.2075999999999993 0.1666666699999979

/
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- low-tridymite
low_tridymite

1.000000000000000

5.0070000000000000 0.0000000000000000 0.0000000000000000
2.5035000800000000 4.3002000000000000 0.0000000000000000
-0.2168135600000000 0.0000001500000000 8.2140390500000000
48

Direct

0.7691000000000017 0.6146000000000029 0.2107999999999990
0.3836999999999975 0.3853999999999971 0.7107999999999990
0.7180999999999997 0.7184000000000026 0.8352000000000004
0.4365000000000023 0.2815999999999974 0.3352000000000004
0.5354999999999990 0.5060000000000002 0.2531999999999996
0.0414999999999992 0.4939999999999998 0.7531999999999996
0.6792999999999978 0.9294000000000011 0.3081999999999994
0.6086999999999989 0.0705999999999989 0.8081999999999994
0.1086999999999989 0.3594000000000008 0.2702999999999989
0.4680999999999997 0.6405999999999992 0.7702999999999989
0.4157999999999973 0.3335999999999970 0.5198000000000036
0.7494000000000014 0.6664000000000030 0.0197999999999965

N
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- high-tridymite ~
high_tridymite
1.000000000000000
5.0520000000000000 0.0000000000000000 0.0000000000000000
-2.5259998900000000 4.3751604000000000 0.0000000000000000
0.0000001500000000 0.0000002600000000 &8.2700000000000000
48
Direct
0.3333333300000021 0.6666666699999979 0.4380000000000024
0.6666666699999979 0.3333333300000021 0.9380000000000024
0.6666666699999979 0.3333333300000021 0.5619999999999976
0.3333333300000021 0.6666666699999979 0.0619999999999976
0.5000000000000000 0.0000000000000000 0.0000000000000000
0.5000000000000000 0.5000000000000000 0.5000000000000000
0.0000000000000000 0.5000000000000000 0.0000000000000000
0.5000000000000000 0.0000000000000000 0.5000000000000000
0.5000000000000000 0.5000000000000000 0.0000000000000000
0.0000000000000000 0.5000000000000000 0.5000000000000000
0.3333333300000021 0.6666666699999979 0.2500000000000000
0.6666666699999979 0.3333333300000021 0.7500000000000000

- J

2.1.7 Maple

0000oooooo000ooobobo0o0oooobDnO MapleD OO 0OOOMaple
ook oooooodooooooooooooooooonogonon
goboodooodoooodoooouooooooooouoooooon
goooooooodoooogoooooooooooooooooooon
goboddoooodooooooooogoooogooooooooooo
godoooooooooooooooooooooooooooooooon
O 8]0

22 UOJO0Ooood

221 00O

g22000d00ougbbogbogbobugbbooboonobuooboon
glouogooogobbbbbbuouooobobobbouooooooobn
gogogoobobbobbobbbbotbododgo 1oboobbbbooodgooog
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O0b000oo0oooooboooogboobOO high-cristobalite D OO O OO O
Uooobooob MapleDODOOOOooooooooO

high_cri_data:=[[.8, -.61296329], [.82, -10.413686]1, [.84, -18.617715],

[.86, -25.459676], [.88, -31.083147], [.9, -35.646652], [.92, -39.278707],
[.94, -42.100759], [.96, -44.229168]1, [.98, -45.754216], [1.0, -46.7470171,
[1.02, -47.310472], [1.04, -47.501266], [1.06, -47.376626], [1.08, -46.979530],
[1.1, -46.363305], [1.12, -45.564742]1, [1.14, -44.618395], [1.16, -43.540435],
[1.18, -42.385204], [1.2, -41.172354]];

gooobooboobooboboobooo1ogbooboobooo 20000
ugbbooboanbood

a_high cri:=7.166:
b_high_cri:=7.166:
c_high cri:=7.166:
high cri_atom:=2:

V_high_cri:=evalf(((a_high_cri*b_high_cri*c_high_cri)/4)/high_cri_atom);

gbobooboobbo1sbooboooboobobooon

for i from 1 to nops(high_cri_data) do
high cri_datali,1]:=evalf(V_high crix*high cri_datali,1]"3);
high_cri_datali,2]:=high_cri_datali,2]/high_cri_atom;
end do:
xmin_high_cri:=high_cri_datal1,1];
xmax_high_cri:=high_cri_data[nops(high_cri_data),1];
Oo0oOo0oO0oDoobooOoood

pointplot(high_cri_data):
poi_high_cri:=pointplot(high_cri_data,color=blue):
O0oo0oO0ooooooocooOoOooooooo

data_high_cri:=convert (transpose(convert (high_cri_data,array)),listlist):
fitl:=fit[leastsquarel[[x,y], y=cO+cl*x+c2*x"2+c3*x"3+c4*x"4+cb*x"5,
{c0,c1,c2,c3,c4,c5}]] (data_high_cri):

fit_high_cri:=unapply(rhs(fitl),x);
O0ooO0O0OoooooOoCooOoOoogoooooooboooOogoo

p_high_cri:=plot(fit_high_cri(x),x=xmin_high cri..xmax_high_cri,
color=blue,legend="high-cri"):

plist:=[op(plist),p_high_cri]:

display(poi_high_cri,p_high_cri);
ymin_high_cri:=fit_high_cri(fsolve(diff (fit_high_cri(x),x)=0,
x=xmin_high _cri..xmax_high cri));
ymax_high_cri:=high_cri_datal1,2];
ooooooobobooooooboooooo
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0000 2.30 stishovited coesite D0 OO OOOOOOOOOODOOODOODO
o000 Stobobooboorobo0oobooopPOObDODODnO

pP= g (2.1)
dE
¢ dE
P = % VG (2.3)

0000000000000 000000000000000000000 4o
ood200000000000002000000000000000000O0O
0000000000000 220 coesited low-quartzO O OOOOO0O0OOO
00o0o00oooooooooooooooooooooboooooonn Maple
0 00O stishovite d coesite 10000 O0O0OO0OOOOOO

tt:=0:
xx0:=20:
xmin:=30:
xmax:=xmin+9:
yuukou:=b:
F1:=unapply(fit_sti(x),x):
F2:=unapply(fit_coe(x),x):
for j from O to yuukou do
t:=evalf (10~ (-j)):
x0:=xx0+tt:
for i from 1 to 9 do
x1:=x0+t*i:
a0:=’a0’:
b0:="b0"’:
a0:=subs(x=x1,diff (F1(x),x));
b0:=solve(subs(x=x1,a0*x+b0=F1(x)),b0);
for k from xmin to xmax do:
werden:=(a0*k+b0)-F2(k) :
if (werden>0) then
break:
end if:
end do:
if (werden>0) then
xx0:=xx0+t*(i-1):
break:
end if:
end do:
print (xx0) ;
end do:
xx0;
a0:=’a0’:
b0:="b0":

17



a0:=subs (x=xx0,diff (F1(x),x));
b0:=solve (subs (x=xx0,a0*x+b0=F1(x)) ,b0) ;
fit_sti_coe:=unapply(a0*x+b0,x) ;
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Energy[eV/SiO2 atoms]

Volume[A~3/Si02 atoms]
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030 oty

goddoggoooobbbbbbobbboobbobbbbobbbbuodggo
ggobbbbbbuoooooobbbbbuoooooobobbobobboago
gobboodgbbbooobbooobbuoobboooobbuoooboao
ggbbbuoobobboooobbboooobbodan

3.1 OO0

MedeADOOOOOODDOOOODOOOOOOOOOODODOODODDODO xOO
U0200y0000200z000030002x 2x 300000000000
god3ligobooboobooobooobobooboobooboobooona
O000o0oooooooooooo3bcGUOOOOONnn MayaOOOOOOO
O000O0OMayaOOODOOOOOOOOO MedeA OO O OO PrimitiveVector(O
0000000)0ooOoOooooOoooooooooo

3.1.1 Maya

MayaOOODOOOOOOOOODOOOODOOODOODOOODOOO 3DCGOH
oooboooobODOOO0o0o0oOooooboboooooooooDobboOoo eGo
goboooboobooooooooosbccooooboboooooooobooogoo
goboobooboobooboboobooboobo0oooobOoobOoMELD O
gbobobobobobOMayaOODOOOooooobobobobooon
O00000000ooooooie]

3.1.2 0OO0O0OO0OO

O00000000O0b0o0b0O2x 2x 30000000 POSCAROOODO
400000

1.00000000000000

10.8618000000000006 0.0000000000000000 0.0000000000000000

0.0000004000000000 10.8618000000000006 0.0000000000000000

0.0000006000000000 0.0000006000000000 16.2927000000000000
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U31:00000002x 2x 300000000

gbooob 110000000 PrimitiveVector DO OO OOO

[ 10.8618
P, = 0.0 (3.1)

P, = | 10.8618 (3.2)

0.0
P.=| 00 (3.3)

16.292
000000 x,y,z000 PrimitiveVector 000 000000000000000
0000000000000 0000000000maya00000000000

ggobbbbbbuooooobbbobbbbouoooobbobobbboogo
gobobooggboon

A= b (3.4)



OO0 MedeAODDOOOOOODOOOODOOODOODOOOO

"= B0 B0 1 P (3:5)

b
~ R[]+ B[]+ P

y (3.6)

N N (37)

032000000000000000000000DODO 330 MedeADODOO
gbogoobooboobbuooboobbooboobboobooboon
ggbobuooobboooobooboood

U32z0b000b0bbooboobuoobgooboobobbobooboon
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U33:gubuoobobuogbbuodgbbooobbuoobboobboboonobd

3.1.3 UU0Ooouooooon

gbobobobobobobobobobobobobobobobo 340
goggobbobbbdougooobobobobbodoooooboboobbooooood
gogobbbbodooooobbbbbuodooooobobobobobouoooo
gogobboobobbouodgooooobbobbboodooouooooooo
gobbuoogbbuoobbooobbooobbboobbbuooobbood

gogbbobuogoobobobuoooobobboodno

24

0.6250000230164429 0.3750000092065772 0.1666666650000012
0.6416666915244250 0.3916666771007875 0.1888888876666676
0.6583333600324072 0.4083333449949978 0.2111111103333339
0.6750000285403892 0.4250000128892080 0.2333333330000003
0.6916666970483714 0.4416666807834183 0.2555555556666666
0.7083333655563534 0.4583333486776285 0.2777777783333330
0.6083333581910917 0.4083333431536824 0.1777777763333344
0.6250000266990737 0.4250000110478926 0.1999999990000008
0.6416666952070559 0.4416666789421029 0.2222222216666671
0.6583333637150380 0.4583333468363132 0.2444444443333335
0.6750000322230202 0.4750000147305234 0.2666666669999998
0.5916666933657405 0.4416666771007874 0.1888888876666676
0.6083333618737226 0.4583333449949977 0.2111111103333339
0.6250000303817047 0.4750000128892080 0.2333333330000003



O O O O O O o

.6416666988896867
.5750000285403891
.5916666970483713
.6083333655563534
.55683333637150379
.5750000322230200
.5416666988896867

O O O O O O o

.4916666807834182
.4750000110478926
.4916666789421029
.5083333468363131
.5083333449949976
.5250000128892081
.5416666789421029

O O O O O O o

.2555555556666666
.1999999990000007
.2222222216666671
.2444444443333334
.2111111103333339
.2333333330000003
.2222222216666671

034 0000b000b000b0o0bon
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3.14 0O0O0O0O0O0O0OOO

oO0OobOobOvASPOODOOOOOOOOODODOODOOOODODODO
gboogobbooobudboobbobobooboobbobboboboo
goggoobbobobbbbtbogoooooooboboobobobobobbboooa
o000 VASPOOOOODOOODOODODO INCARODOO ISIFOIBRION OO
oO0obOoooooooISIFOboODO eO0DbObOOOODODODODOO
10boobboooboooboooboooboobboobbooboboon
I[BRIONO ISIFODOO0OO0OO0OO0OO0ODOO0OODOODOODbOOOOOobOOoooooooo
0000000000000 INCARDOODOO 32000000

0 3.1: ISIF[10]0

ISIF | calculate calculate relax change change
force stress tensor ions  cell shape cell volume
0 | yes no yes no no
1 | yes trace only yes no no
2 yes yes yes no no
3 | yes yes yes yes yes
4 yes yes yes yes no
) yes yes no yes no
6 yes yes no yes yes
7 | yes yes no no yes

032 0000000000000INCAROODOO

ISIF | IBRION
gooo 2 2
gooo 6 0
goouo+goog 3 2

3.2 UUOOgoond

goobooooooooooooooogoobooo-S-ooooooooobo
U000 Pauling FileOO OO OO OPauling FileD OO OO ODOOOOOOOOO
gbogbuogbuodgbudgboogoogseboooobbob 5500 021,000
gboboooboobobuoobobooobboboobooo Xoobooobooo
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gbobo400b0000boobbooboboooboobbuoobbon 400
gogobobbobbouoooobobobbboooooogoboboooooad
0000000000000 0000000000 pjb0o0000oo Ssi-o0n
O0b00bO0o0ooobo bboobooboossObooo si-o-SsibonooonDn

0330000000

0o 000000 [A]| Si-O-Si angle

stishovite 1.76 130°
coesite 1.57~1.62 140°,180°

low-quartz 1.59,1.61 130°
low-cristobalite 1.6 146°
high-quartz 1.56,1.64 140°

low-tridymite 1.58~1.61 140°,150°,180°

high-tridymite 1.54,1.56 160°,170°,180°

0 3.5: Si-0-Si00d00d

gbbodbbOO0coesttel D DOUOOODODOODODODOOODODODOOODOOOODOO
ggboobobooooboboooon
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3.3 Uooon

3.3.1 00O

D00000002x 2x 300000000000000 E,00000000
000000000000 B 000000000000000000000
000

AEneTgy = Bresut — i (38>

gboboogobooboboobobooboobboseboobbonoboobbo
O0000340000000000 (bond center)D OO0 OO0 (bond side) I 0O
gboboobogbboobuoobbob2x 2x 3ooogooooboooobd
ggbobbooogguoobbbuoooouobbbooooobobbuoooog
go0booobdd MayaOUOOQODOOOoobOOoOoOoDbOOODODDOODODOOO
ggooooooobobon

21
L2
22
bondlength = \/(xl —22)2 + (11 — ¥2)? + (21 — 22)? (3.11)

g340000000370bobooboboobobooboboobobod
gbooooboobboo3ssugbobooboobbuoobooobooDb 14
gboooboobbg200b00bbooboobbooboobboon
gooobgosebboonbood

034 00000000000000000

AEnergy[eV] | bond[A]

bond center 9.42240 1.17
bond side 1.03478 1.63

g3gbgubobobobuobooooooobobobobuoboooobn
goobobbboogoobbobboooooooboboobbbooooonon
gbobobobobooo3gupuoooboobobobobobooon
ggbbobuoooobbboooobbboooooo
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0 35: 0000d0ooogan

site | AEnergy[eV]
1 -3.89721
2 -4.05721
3 -4.18521
4 -4.18521
d -4.05721
6 -3.89721
7 -4.30121
8 -4.55521
9 -4.59521
10 -4.55921
11 -4.28521
12 -5.00021
13 -4.99221
14 -5.01121
15 -500521
16 -3.8221
17 -2.53021
18 -3.84121
19 3.35079
20 3.34779
21 9.42579

036 4000000000000000000000000
Si1-0 | Si2-O | Sil-O-Si2
bond[A] | 1.660 | 1.661

angle e e 90°
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.o

O 36:000000000000000D00

3.3.2 00

g34b00b0bobobobobooboboboboouoboobobon
gbbodgbbogboooobossbbugogboooobuoobbuoabbd
Ooooooopooos-oo0oobDboooobOobOOdObond center OO0
gbobodbb33bogboooobooogoboooooobobobobooobon
gboboooboobbooboooobuoobbooboobboobooon
gboobgboguoo3rono 3su038ogoononoonooonoooonn
gboooobobo
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g3g buggboboooobbuoggbuooobbboooobboobbod
gbobooobooboobbodobbooobooboboobbooobuoobo
ggooobod
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40 OO

gogobbbbuoogogobobobbodooooobboobboooooon
goboboobooboobboobuoobo oboob 22000000000
gogobbobobooogooobobbbodoooobbooboooooobobon
gogobbbbbbouoooooobbbbbuooooobobbobbooado
gogbbobuoooobbbuoooobobod
gogobbbbbboooooobbbbbouoooooobbobbobooaao
goobobbobbouoogoobbbbbooooooboboboboboooooon
gobboooooboboboooobobobuoboobobbobo 3400
gogbobobooogboboboogssuug 3ebbdnoboboooonooboad
gbobobobobobbobgoeccbbobooubobuobooooobn
goobbbobboouooooobobobbooooooobbobbougo
goggobbbbbbbbouoodoobobbbobbbbbbboooodoon
gogobobbobbouoooooobbobboooooobboobobboooog
gbobobgobooooboboboobooobobobobooon 370
gobooboooboooboobbo 40bboooboobbo mhoboon
gboobobobobobobobooooboboboobob3sspuooon
gogobbobobbooooogobbbbodooooobobobboooooon
gobboogod
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L] [

gogobobbobobbboobbbboddoooooooboobobbooogod
gogogobbbbbbbbtbodoodooodooooobobbbbbbobooudao
gogbobbobbouoooggobbobboooooobobooboooooon
ggbbbuoooobbbodoodgobbboooobbboooobbboan
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