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/0000000000000 000000Db0b0b00bo0 20000680000

//C14 00
infilel:=[[0.925, -106.91374], [0.95, -109.68030], [0.975, -110.85480],
[1.0, -110.78777], [1.025, -109.66722]]

//c1500
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infile2:=[[0.95, -53.201244], [0.975, -54.797022], [1.0, -55.581521],
[1.025, -55.736237], [1.05, -55.368313]]

//C36 00
infile3:=[[1.0, -218.25245], [1.025, -221.79749], [1.05, -222.78310],
[1.075, -221.75396], [1.1, -219.01902]]

//MedeADO0O0ODOC1400000ODOO0O

V1i:=Vector([5.1800000000000000, 0.0000000000000000, 0.0000000000000000]) :
V2:=Vector ([-2.5899998900000000, 4.4860116500000000, 0.0000000000000000]) :
V3:=Vector ([0.0000001500000000, 0.0000002600000000, 8.2500000000000000]) :

//c1s00000ogon

V4:=Vector ([0.0000001300000000, 3.5100000600000000, 3.5100000000000000]) :
V5:=Vector([3.5100000600000000, 0.0000000600000000, 3.5100000000000000]) :
V6:=Vector ([3.5100000600000000, 3.5100000000000000, 0.0000000000000000]) :

//c3edoonooonog

V7:=Vector([ 4.8150000000000000, 0.0000000000000000, 0.0000000000000000]) :
V8:=Vector ([ -2.4074999000000000, 4.1699123800000000, 0.0000000000000000]) :
V9:=Vector([ 0.0000002900000000, 0.0000005000000000, 15.8000000000000000]) :

//0000000000000000D000004d;
V1. (CrossProduct (V2,V3));

191.709707849799969
V4.CrossProduct (V5,V6) ;

86.4871018746929963
V7.CrossProduct (V8,V9);

317.234424114000034

//300000000000000000000D003«00000o0000O0O=3
oooooooobooon
for i from 1 to nops(infilel) do
infilel[i,1]:=infilel1[i,1]"3%191.709707849799969/12%3;
end do:
for i from 1 to nops(infile2) do
infile2[i,1] :=infile2[i, 1] ~3%86.4871018746929963/6%*3;
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end do:

for i from 1 to nops(infile3) do
infile3[i,1]:=infile3[i,1]"3*317.234424114000034/24%*3;

end do:

for j from 1 to nops(infilel) do
infilel[j,2]:=infilel[j,2]/12%3;

end do:

for j from 1 to nops(infile2) do
infile2[j,2] :=infile2[j,2]/6%*3;

end do:

for j from 1 to nops(infile3) do
infile3[j,2]:=infile3[j,2]/24%3;

end do:

//40000 fittingO
datal:=convert(transpose(convert(infilel,array)),listlist):
fitl:=fit[leastsquare[[x,y], y=cO+cd*x+cl*x~2+c2*x"3+c3*x"4,
{c0,c1,c2,c3,c4,c5}]1]1 (datal) :

fit_C14:=unapply(rhs(fitl) ,x);

data2:=convert (transpose(convert(infile2,array)),listlist):
fit2:=fit[leastsquare[[x,y], y=cO+cd*x+cl*x"2+c2*x~3+c3*x"4,
{c0,c1,c2,c3,c4,c5}]] (data2):

fit_C15:=unapply(rhs(fit2),x);

data3:=convert (transpose(convert(infile3,array)),listlist):
fit3:=fit[leastsquare[[x,y], y=cO+cd*x+cl*x~2+c2*x"3+c3*x"4,
{c0,c1,c2,c3,c4,c5}1]1 (datald) :

fit_C36:=unapply(rhs(fit3),x);

//000000
dl:=display(pl,plot(fit_C14(x),x=30..60,color=red));
d2:=display(p3,plot(fit_C15(x),x=30..60,color=blue));
d3:=display(p5,plot(fit_C36(x) ,x=30..60,color=green));
display(dl,d2,d3,view=[40..52,-28..-271);
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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 3.1: C1400 Phonon-DOSO O OOOOOOODOOODO

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 26.7224  26.7224
1 0.0000 0.0000 0.0000 0.0000 26.7224  26.7224
10 0.0496 0.0001 0.0110 0.0000 26.7225  26.7224
100 44.6292 1.7537 25.5286 0.7992 284761  25.9232
200 65.0391 7.4945 64.5193 5.4093 34.2169  21.3131

300  70.2356 14.3056 92.0658 13.3140 41.0280  13.4084
400  72.1947 21.4404  112.5782 23.5906 48.1628 3.1318
500  73.1279 28.7115  128.7995 35.6878 55.4339  -8.9654
600  73.6421 36.0523  142.1819 49.2564 62.7747  -22.5340
700 73.9547 43.4333  153.5592 64.0575 70.1557  -37.3351
800  74.1585 50.8395  163.4487 79.9186 77.5620  -53.1962
900  74.2987 58.2628  172.1919 96.7090 84.9852  -69.9866
1000 74.3993 65.6979  180.0255 114.3265 92.4203  -87.6041
1100 74.4738 73.1417  187.1202 132.6893 99.8641 -105.9668
1200  74.5305 80.5920  193.6028 151.7300 107.3144 -125.0075
1300  74.5747 88.0473  199.5703 171.3924 114.7697 -144.6700
1400  74.6098 95.5066  205.0982 191.6291 122.2290 -164.9067
1500 74.6382  102.9689  210.2468 212.3992 129.6914 -185.6768
1600 74.6614  110.4339  215.0644 233.6672 137.1563 -206.9448
1700  74.6806  117.9010  219.5915 255.4020 144.6234 -228.6796
1800 74.6967  125.3698  223.8605 277.5765 152.0923 -250.8541
1900 74.7104  132.8402  227.8995 300.1664 159.5626 -273.4440
2000 74.7221  140.3118  231.7321 323.1492 167.0342  -296.4268
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/0000000000000 00b00bOn

pho_C14:=[[0., 26.7224], [1., 26.7224], [10., 26.7224], [100., 25.9232],

[200., 21.3131], [300., 13.4084], [400., 3.1318], [500., -8.9654],

[600., -22.5340], [700., -37.3351], [800., -53.1962], [900., -69.9866],

[1000., -87.6041], [1100., -105.9668], [1200., -125.0075], [1300., -144.6700],
[1400., -164.9067], [1500., -185.6768], [1600., -206.9448], [1700., -228.6796],
[1800., -250.8541], [1900., -273.4440], [2000., -296.4268]];

pho_C15:=[[0., 13.6290], [1., 13.6290], [10., 13.6290], [100., 13.0705],

[200., 9.3884], [300., 2.6421], [400., -6.4022], [500., -17.2355],

[600., -29.5239], [700., -43.0354], [800., -57.6009], [900., -73.0917],

[1000., -89.4069], [1100., -106.4652], [1200., -124.1999], [1300., -142.5552],
[1400., -161.4838], [1500., -180.9451], [1600., -200.9037], [1700., -221.3286],
[1800., -242.1927], [1900., -263.4717], [2000., -285.1438]];

pho_C36:=[[0., 66.8960], [1., 66.8960], [10., 66.8960], [100., 66.4322],
[200., 63.3094], [300., 57.3313], [400., 49.1285], [500., 39.1691],

[600., 27.771], [700., 15.1608], [800., 1.5023], [900., -13.0773],

[1000., -28.4784], [1100., -44.6204], [1200., -61.4373], [1300., -78.8735],
[1400., -96.8820], [1500., -115.4223], [1600., -135.6980], [1700., -155.1893],
[1800., -175.1192], [1900., -195.4636], [2000., -216.2007]];

/0000000000000 Zze20ODOODOODOODOOOCriODODODO

ooooooo

//Ryl1 00 [eVIOOOOOOOO

for i from 1 to nops(pho_C14) do
pho_C14[i,2] :=(pho_C14[i,2]+9.56-1861.27-824.72)*1000/4.1855/23060;
pho_C15[i,2] :=(pho_C15[1,2]+11.52-1861.27-824.72)*1000/4.1855/23060;
pho_C36[1i,2] :=(pho_C36[1,2]+13.23-1861.27-824.72)*1000/4.1855/23060;

end do:
pho_C14;

pho_C15;
pho_C36;

//00000
poil:=pointplot (pho_C14,color=red,legend="C14_Phonon",symbol=box) :
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pl:=pointplot(pho_C14,color=red,connect=true) :

poi2:=pointplot (pho_C15,color=blue,legend="C15_Phonon",symbol=circle):
p2:=pointplot(pho_C15,color=blue,connect=true) :

poi3:=pointplot (pho_C36,color=green,legend="C36_Phonon",symbol=cross):
p3:=pointplot(pho_C36,color=green,connect=true):
display(pl,p2,p3,poil,poi2,poi3,view=-31..-27,
labels=["Temperature[K]","Free Energyl[eV/ZrCr2 atoms]"],
labeldirections=[HORIZONTAL,VERTICAL]);
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3.3 Uboooouoood

Energy-Volume D 0 OO0 O0000O0DOOOOO0O0O0DODOOOZCr,00O00ODOO
cCl400C100C3600 300 LavesD OO ODODOOODOOOOODOODODDO
OO0 0KOD 2000KO0 0O 100KODOOOOOO0O0O0O00O0O0O0O0O0O0OO0ODbOO
Uroggooobobbobobbbbouoooooooobboobbbooogoo
gboobobooboobbooboobobooobooboobooboboon
goooobbobuoogobbbooobbobooooboboon

3.3.1 200000000

c4adbncdcihoocbopooooooobooboboooooooboongo
gogbobobogooboogan

//0000000000000000000O

/0000000000000 00b00b s00boonDO

//C14 0

infilel:=[[0.925, -106.91374], [0.95, -109.68030], [0.975, -110.85480],
[1.0, -110.78777], [1.025, -109.66722]]

//C15 [0
infile2:=[[0.95, -53.201244], [0.975, -54.797022], [1.0, -55.581521],
[1.025, -55.736237], [1.05, -55.368313]]

//C36 [
infile3:=[[1.0, -218.25245], [1.025, -221.79749], [1.05, -222.78310],
[1.075, -221.75396], [1.1, -219.01902]]

//Cl4Aa000000000000000;
V1. (CrossProduct (V2,V3));

191.709707849799969
//c15000000;
V4 .CrossProduct (V5,V6) ;

86.4871018746929963
//c36000000;
V7.CrossProduct (V8,V9);

317.234424114000034
//MedeADOODOODDODOOOOOOOOOOODODODODDOOOOOOOODO
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r_C14:=3.031;
r_C15:=2.910;
r_C36:=2.817;

//000000000000c40000000c00000 [O]100 [a.u.10

for i from 1 to nops(infilel) do
infilel[i,1]:=infilel[i,1]*r_C14%1.89:

end do:

//c140 00000000 EO00O0O0O0 UO00O00O00OO)[evlOD [RylD

for j from 1 to nops(infilel) do
infilel[j,2]:=infilel[j,2]/12%3/13.60583;

end do:

//4000000000000000 fittingd
datal:=convert(transpose(convert(infilel,array)),listlist):
fitl:=fit[leastsquare[[x,y], y=cO+cd*x+cl*x"2+c2*x"3+c3*x"4,
{c0,c1,c2,c3,c4}]] (datal):

fit_Cl14:=unapply(rhs(fitl) ,x):

fit_C14(x);

//00000
pl:=pointplot(infilel,color=red,legend="C14",symbol=box) :
p2:=pointplot(infilel,color=red,connect=true) :

display(pl,p2);
dl:=display(pl,plot(fit_C14(x),x=5.35..5.9),color=black):
display(dl,view=-1.98..-2.05,1labels=["00000 [a.uv.]","0000000
[Ryl"],

labeldirections=[HORIZONTAL,VERTICAL]) ;

gogociooc3eooonoooooD FittingDOOOOODDODOOOODOOO
gboobooboobood
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JRFEEERE[a.u.]
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JRFEERE [a.u.]

54 55 5.6 57 5.8 59

-2.01 -

-2.02 1

-2.03 1

BmEITR/ILF—[Ry]

-2.04 A

O 35:C360 Laves U OO DOODOODOOOOOOODOODOODODOO

3.3.2 UOOOO

0000000216000000000000000000000000000
0000216000000000000 [KBar]OOOO[Ry/(a.u.)?] - [eV/O ¥
- [GPa] -~ [kbar] 00000000 00000000 [1)0

//r0(00000000000)
r0:=fsolve(diff(fit_C14(x) ,x)=0,x=5.5..5.7);

//ri(MedeA0 00000000 OOOOOOOOOOOOOrO] »rla.u.1000)
r1:=3.031%1.89;

//MedeAD OO O0O0OOO33000O00OO00OO0OO
V1:=191.709707849799969/12%3%1.89"3;

//nobobooboooooobobouoooboboooboobboovboooooo
/0000000000 1/300000

//avO0 000
VO:=(r0/r1) "3%V1:
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V:=r->r~3*V0/(r0)"3:
r:=V->(V/1.721180054) " (1/3):
dV:=unapply(1/(diff (V(r),r)),r);

/0000000000000
B(C14) :=unapply (V(r)*dV(r)*diff (dV(r)*diff (fit_C14(r),r),r)
*x13.60583/(0.529177) "3%1602.18,1) ;

//000000
Bl:=display(plot(B(C14) (x),x=1..5),color=black):
display(B1);

gobooboboobogooocclogcebbgpoooooooboonoonn 3.6
goon

//0000000000000000000000

B(C14) (r0);

B(C15) (r0);

B(C36) (r0);
1741.436830
1669.609659
1617.498416
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300,000 ——Cl4
] —CI15
250,000 C36
' ]
© ]
@ 200,000
B ]
+H 150,000}
Bt ]
%’K 100,000;
50,000 1
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JRFEEERE[a.u]

036 000000000000000Db00DO0O0

3.3.3 U

ggogobbbbbbbbodooobuooooooobbbbboooooo
googgobobooobobbooobbbbbobooddooooooouoo
gboooboob 2160000000000 00DbO0DbOO

//ZzxCr20000MO0ODOO0ODO ZriOOO Ccr2000000O0OO
M=91.224+51.996%*2;
195.216

/0000000000040

thetaD_C14:=unapply(41.63*(r2*B(C14) (r2)/M)~(1/2),r2):
thetaD_C15:=unapply (41.63*(r2«B(C15) (r2) /M)~ (1/2),r2):
thetaD_C36:=unapply (41.63*(r2*B(C36) (r2) /M)~ (1/2) ,r2):

//0000o00
B10:=display(plot(thetaD_C14(r2),r2=5.4..6.15,color=red,legend="C14")):
B1l1:=display(plot(thetaD_C15(r2),r2=5.4..6.15,color=blue,legend="C15")):
B12:=display(plot(thetaD_C36(r2),r2=5.4..6.15,color=green,legend="C36")):
display(B10,B11,B12,labels=["00 000 [a.u.]l","00000 [K]"],
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labeldirections=[HORIZONTAL,VERTICAL]);
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334 00000

gbobogoboogbbogbbuobbuogob 2380bbouoonoood
ggbobuoggobbob

/00000000
f1:=unapply(exp(x)*x~4/(exp(x)-1)"2,x):
Debye :=unapply (3/y~3*Int (f1(x) ,x=0..y),y):

Df_C14:=unapply (Re(evalf (Debye(thetaD_C14(r)/T))),r,T):
Df _C15:=unapply (Re(evalf (Debye (thetaD_C15(r)/T))),r,T):
Df_C36:=unapply (Re(evalf (Debye (thetaD_C36(r)/T))),r,T):

//000000

B100:=display(plot (Df_C14(r,300),r=5.4..5.8,color=red,legend="C14")):
B110:=display(plot(Df_C15(r,300) ,r=5.4..5.8,color=blue,legend="C15")):
B120:=display(plot (Df_C36(r,300),r=5.4..5.8,color=green,legend="C36")):
display(B100,B110,B120,view=0.87..1.0,labels=["0 0000 [a.u.]","O
0000 D b,

labeldirections=[HORIZONTAL,VERTICAL]) ;
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38 buoggobooogooboboooooobooo

3.3.5 0O0OOODOOOF

ooboobooe-voooooooooooobooob 243000000000
goooood

//(kb/Ry) DODOOD0OODOODOORyOODOODOO
/00000000000 Ry00evOOOOOOOOOOODO 13.60583000
g

>FreeEnergy_C14:=unapply ((fit_C14(r)-(8.617*10"(-5)/13.60583)
*T* (Df (r,T)-3*1n(1-exp(-thetaD(r)/T)))
+(9/8)*(8.617%x107(-5)/13.60583) *thetaD(r))*13.60583,r,T) :

//10 1000 20000 4000 800K DD O OO OOODOODOOOOOOOODO
pll:=plot(FreeEnergy(r5,1),r5=5.6..5.7):
pl2:=plot(FreeEnergy(r5,100) ,r5=5.6..5.7,color=blue) :
pl3:=plot (FreeEnergy(r5,200) ,r5=5.6..5.7,color=green) :
pl4:=plot(FreeEnergy(r5,400) ,r5=5.6..5.7,color=black) :
pl5:=plot (FreeEnergy(r5,800) ,r5=5.6..5.7,color=yellow) :

26



/000000

pl:=evalf (FreeEnergy(r0,1));

p2:=evalf (FreeEnergy(r0,100)) ;

p3:=evalf (FreeEnergy(r0,200));

p4:=evalf (FreeEnergy(r0,400)) ;

p5:=evalf (FreeEnergy(r0,800)) ;

p30:=pointplot ([evalf (fsolve(diff (FreeEnergy(x,1),x)=0,%x=5.6..5.7)),p1]
,symbolsize=20);

p31:=pointplot ([evalf (fsolve(diff (FreeEnergy(x,100),x)=0,x=5.6..5.7)),p2]
,symbolsize=20);

p32:=pointplot([evalf (fsolve(diff (FreeEnergy(x,200),%)=0,%x=5.6..5.75)),p3]
,symbolsize=20) ;

p33:=pointplot ([evalf (fsolve(diff (FreeEnergy(x,400),%)=0,x=5.63..5.75)) ,p4]
,symbolsize=20) ;

p34:=pointplot ([evalf (fsolve(diff (FreeEnergy(x,800),x)=0,x=5.64..5.75)) ,p5]
,symbolsize=20) ;

display(p11,p12,p13,p14,p15,p30,p31,p32,p33,p34
,labels=["00000 [a.u.]","0000000 [eV/ZrCr2 atoms]"]
,labeldirections=[HORIZONTAL,VERTICAL]);

g3t oobbbobn
gobobogbooobooobooooboobooboobogbr=1d1o00
20004000800K| 0000 C40 0000000000000 OOOOOOOO
gbooobooba320000
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R FEEERE[a.u.]
560 562 564 566 568 570T=]1K
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BRI X/ILF¥—[eV/ZrCrz atoms]

-28.0;

. T=800K

0 3.9: T=10100020004000800K] 000000 cCi4000000000O
[eV/ZrCry atoms|O

032 00000000000C400000000000000000000O

TK] | 0OODODOO relaw] [ 0000000 FleV/ZrCry atoms]
1 5.637669303 -27.70772219
100 5.638585519 -27.71504735
200 5.640499994 -27.73691064
400 5.645713030 -27.80894983
800 5.658061410 -28.01999104
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O000C1500C3600 T=10100020004000800K] 000000000
gobbobuogoobbodoodd

JRF B [a.u]
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0 3.10: 7T=10100020004000800K] 000000 Clb 000000000
[eV/ZrCry atoms]O

033 00000000000CI00000000000000000000O

TK] | 0OODDOO relaw] [ 0000000 FleV/ZeCry atoms]
1 5.605573403 -27.84847870
100 5.606175333 -27.85554271
200 5.607422526 -27.87707378
400 5.610773095 -27.94838778
800 5.618352806 -28.15801403
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%?Faﬁftﬁ%ﬁ[a.u.]
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0 3.11: 7T=10100020004000800K] 000000 C3e D00 OOOOOO
[eV/ZrCry atoms]O

034 00000000000C600000000000O000O00O00O0O0O0O0ODO

TK] | OOODOODOOO relaw] | 0000000 FleV/ZrCry atoms]
1 5.585782613 -27.82208452
100 5.586329486 -27.82913105
200 5.587461399 -27.85062614
400 5.590498164 -27.92184476
800 5.597334199 -28.13126217
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goggobbbbbbbtuoooooooobbbbouoobuooooon
gogbobobuogoobbodoodd

//0K0O 0O 2000K0 0O took O OO ODOOOOOOO

tmp:=[]:

ttmp:=[]:

tttmp:=[]:

for i from 0 to 2000 by 100 do
tmp:=[op(tmp), [i,0]]:
ttmp:=[op(ttmp), [1,0]]:
tttmp:=[op(tttmp), [i,0]]:

end do:

//0k000000000000O00000O000O0000O00000000O00
tmp[1,2] :=-27.45309432;

ttmp[1,2] :=-27.56844527 ;

tttmp[1,2] :=-27.13591289;

for j from 2 to nops(tmp) do

tmp [j,2] :=-27.45309432- ((tmp_C14[1,2]-tmp_C14[j,21));
ttmp[j,2] :=-27.56844527-((tmp_C15[1,2]-tmp_C15[j,2]1));
tttmp[j,2]:=-27.13591289-((tmp_C36[1,2]-tmp_C36[j,2]1));
end do:

//00000
pppl:=listplot(tmp,color=red,legend="C14");
ppp2:=listplot (ttmp,color=blue,legend="C15");
ppp3:=listplot(tttmp,color=green,legend="C36");

display(pppl,ppp2,ppp3,labels=["00 [K]","O00O0OOOO [eV/ZrCr2 atoms]"],
labeldirections=[HORIZONTAL,VERTICAL]);

Energy-Volume 000 000000000000 O0O0OO0O0OOOOOOOOO
0000 3120000 Phonon-DOSOOOOOOOODOODOOOOODOOO 3.2
gboobdgoloookbooboooboboobooboobooboo
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O0O0KOD 1500KO0 100KO 00000 ZrCroLaves OO O OOO0O0 a OO0
god

//0[K]1 00 1500K] 000 100K OOOOOOOOOOOODODODOOOOOO
oad
tmp2:=[[0,evalf (fsolve(diff (FreeEnergy(x,1),x)=0,x=5.5..5.8))]1]:
for i from 100 to 1500 by 100 do
tmp2:=[op(tmp2), [i,evalf (fsolve(diff (FreeEnergy(x,i),x)=0,x=5.5..5.8))]1];
end do:

//0[K]1 00 1500(K]1 000 to0KIODOOOOOOOOOODO
tmp:=[]:
for i from 0 to 1500 by 100 do
tmp:=[op(tmp), [i,0]]:
end do:
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//000000000000000 /100([K]

for j from 2 to nops(tmp) do

tmp [j,2] :=(((tmp2[j,2])/tmp2[j-1,2])"3-1)/100;
end do:

//5000000 fitting
datall:=convert(transpose(convert(tmp,array)),listlist):
fit1l:=fit[leastsquare[[x,y], y=cO+cl*x+c2*x~2+c3*x~3+cd*x"4+cb*x"5]] (datall):
fit_Bl:=unapply(rhs(fitll),x):

//00000
pp:=plot(fit_B1(x),x=0..1500,1labels=["00 [K]","0DO000O0a [10°-5/K]"],
labeldirections=[HORIZONTAL,VERTICAL]);

ggbbbuoooobbboooobbbooodobo

—Cl4
4 ——C15
C36

RARE a[105/K]

+/
i/
57

2
N

0 500 1000 1500

0313 00bobuogobboougon

33



L 1 1 . i 1
ool C
6 - r2r -
B ‘”...‘
5 P N
- ,.'A”. -
_-,.J'-
4 pt -
s a 5 4
¥ A-""'W.
59 7 -
T I3
8 2 ,.". —
-',
1 F
14 # ]
{7
0 T T T T T T T T T
0 300 600 900 1200 1500
Temperature (K)

O 3.14: KellowO OO OOOOOOOO0OOOOOCI5000

03130000 Ce000000O0OOoOoOooOoooccooc40onoon
0000000000 KellowOD DO Cl500000000000 3.146/0000O
gboobbooboobbooobooboobboobooboooboon
gooobuoobooboooboon

34



40 OO

00000 ZrCry Laves 0 0O 000D O0OOODOOOPhonon-DOS O O Quasi-
HarmonicOOOODOOOOODOODOODODOOODOODOODOODOOO

e Phonon-DOSOOOONOOOOOOOOODOOOOOODOOODOOOOODO
gobboboogobboboooobobuooooon

e Energy-Volume U U OO OOUOOOODOOODOOOOOODOOODOOOO

gogobbobbooooooobobbbuoooooonoboboooood
O000oooobod Phonon-DOSOUOOODOOOOOOODOODO

35



HRERERE

1] 0000 0D 0000000o0ooo0o0ooooooo 20060
2 D0OCO0O 0O0O0O0O0O DOO0O0O0O0OO0O0OOOoooOoooOoOO 19750

[3] F. Stein, M. Palm, G. Sauthoff, ”Structure and stability of Laves phases,
Part I. Critical assessment of factors controlling Laves phase stability”, Inter-
metallics 12, (2004), 713-720.

[4] J. Pavlu, J. Vrest ' al, M.Sob, ”Stability of Laves Phases in the CrZr Sys-
tem”, CALPHAD-COMPUTER COUPLING OF PHASE DIAGRAMS AND
THERMOCHEMISTRY, 2009.

[5] V. L. Moruzzi, J. F. Janak, ”Calculated thermal properties of metals”, The
American Phisical Society, 1988.

6] A. Kellow, T. Grosdidier, C. Coddet, H. Aourag, " Theoretical study of struc-
tural, electronic, and thermal properties of Cr2(Zr,Nb) Laves alloys”, Acta
Meterialia Inc, 2004.

36



L] [

goggobobobboboougbodooooooboobobboooooooonon
ggobbbbodooooobbbbbduoooobobbboboooooobobo

gogbooobooooog
gboudbuodgbuodgboodboobooboobbobbobboobo
ggbbobuooogbbobooooboboooobobboooobobagn

37



