Elastic constants calculation for a-Pt,S step by step

Morteza Jamal
(09.02.2013)

a-Pt;Si compound is a test case for elastic constants calculation. It has tetragonal
symmetry with space group 14/mmm with number 139. The a-Pt,Si structure (PtSi.struct)
is described in detail in the following:

al pha Pt 2Si
B LATTI CE, NONEQUI V. ATOVE: 2139 | 4/ nmm
MODE OF CALC=RELA unit =bohr
7.461000 7.461000 11.268000 90. 000000 90. 000000 90. 000000
ATOM -1: X=0.00000000 Y=0.50000000 Z=0.25000000

MULT= 2 | SPLI T=-2
-1: X=0.00000000 Y=0.50000000 Z=0.75000000
Pt NPT= 781 RO0=0.00000500 RMI= 2.4100 Z: 78.0
LOCAL ROT MATRI X: 0.7071068-0. 7071068 0. 0000000

0.7071068 0. 7071068 0.0000000
0. 0000000 0. 0000000 1.0000000
ATOM -2: X=0.00000000 Y=0.00000000 Z=0.00000000

MULT= 1 | SPLI T=-2
Si NPT= 781 R0=0.00010000 RMI= 2.1300 Z: 14.0
LOCAL ROT MATRI X: 1. 0000000 0. 0000000 0. 0000000

0. 0000000 1.0000000 0.0000000
0. 0000000 0. 0000000 1.0000000
16 NUMBER OF SYMVETRY OPERATI ONS

Y ou can find it from example directory.

» Make adirectory with name ptsi .

w " Applications Places System %@@@@:@

root@localhost:/home/example

File Edit Miew Terminal Tabs Help

[root@localhost example]# mkdir ptsi
[root@localhost example]# 1s

[root@localhost example]# D

» Changeto ptsi directory and copy ptsi.struct within it from example directory.




«*% Applications Places System %@@@@@
0

root@localhost:/home/example/ptsi

File Edit Wiew Terminal Tabs Help

[root@localhost example]# cd ptsi/
[root@localhost ptsi]# 1s
ptsi.struct

[root@localhost ptsil# []

«™® Applications Places System %@@@@
B

root@localhost:/home/example/ptsi
File Edit View Terminal Tabs Help

[root@localhost ptsi]# 1s
ptsi.struct
[root@localhost ptsil# []

» RunT_set_elast_lapw

«* Applications Places System %@@@@@
0

root@localhost:/home/example/ptsi

File Edit Wiew Terminal Tabs Help
[root@localhost ptsi]# T set elast lapw |:|

» | selected the following parameters for calculation :

RMT reduction = default ( RMT not changed ), Xc = default ( PBE ),
Energy seperaction = -9.0, R_Kmax = 7, L_max = 8, Type of Fermi calculation = default
(TETRA), mixing factor = default (0.2), nkpoint = 5000, and Spin-polarized calculation =
default (no).



« " Applications Places System %@@@@@@

File Edit View Terminal Tabs Help

R R R R
# C(20092) by Morteza Jamal #
# Making auto_init lapw #
R R R R

R R A R R S A R R R A R S A R R
Start for making COMMAND for Initialization
R R A R R S A R R R A R S A R R
----=BMT reduction by X % (default: RMT not changed):
recommended: 13: GGA (Perdew-Burke-Ernzerhof 96)
5: L5DA
11: GGA (Wu-Cohen 2006)
19: PBEsol-GGA (Perdew etal. 2008)
----=VXC option (default: 13 = PBE ):
----=Energy seperation between core/valence (default: -6.0 Ry): -9.8

----=RKMAX (default: 7.0, not changed):

To avoid Gibbs Like Oscilation select LMAX~RKMAX
----=LMAX (default: 8.08):

(GAUSS ,ROOT, TEMP, TETRA)
----=Type of Fermi calculation (default: TETRA):

----=5elect mixing factor (default: 8.2, not changed):
----=Number of k-points in full BZ (default: 30080): 50080

----=5pin-polarized calculation (default: no)(y/m): nD

> Definecommand run
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root@localhost:/home/example/ptsi

File Edit Wiew Terminal Tabs Help

B R R R R R R R R R R
# C(20092) by Morteza Jamal #
# Making auto _init lapw #
B R R R R R R R R R R
B R R R R S R R R R R R I R R
Start for making COMMAND for Initialization
B R R R R S R R R R R R I R R
----=RMT reduction by X % (default: RMT not changed):
recommended: 13: GGA (Perdew-Burke-Ernzerhof 96)
5: LSDA
11: GGA (Wu-Cohen 2006)
19: PBEsol-GGA (Perdew etal. Z0038)
----=VXC option (default: 13 = PBE ):
----=Energy seperation between core/valence (default: -6.0 Ry): -9.0

----=RKMAX (default: 7.0, not changed):

To avoid Gibbs Like Oscilation select LMAX~RKMAX
----=LMAX (default: 8.0):

(GAUSS ,RO0T, TEMP, TETRA)
----=Type of Fermi calculation (default: TETRA):

----=5glect mixing factor (default: 0.2, not changed):
----=Number of k-points in full BZ (default: 3000): 5000
----=5pin-polarized calculation (default: no)(y/m): n

Would you like to define COMMAND RUN here?(Y/m) y|:| —

™ Applications Places System %@@@@@
=

root@localhost:/home/example/ptsi

File Edit Wiew Terminal Tabs Help

USUALLY, TETRAGONAL SYMMETRY HAS INTERNAL COORDINATE
AND YOU MUST RELAX YOUR COMPOUND.

For calculation C11+4C12 , C33, and Czz symmetry
of tetragonal compound does not change.

For finish type q
COMMAND RUN : run_lapw -ec 0.0801 -inlnew 2 -p
COMMAND RUN : q]




w® Applications Places System %@@@ﬁ}@

root@localhost:/home/example/ptsi

File Edit Miew Terminal Tabs Help

USUALLY, TETRAGONAL SYMMETRY HAS INTERMAL COORDINATE
AND YOU MUST RELAX YOUR COMPOUND.

For calculation C11+C12 , C33, and Czz symmetry
of tetragonal compound does not change.

For finish type q
COMMAND RUN : run_lapw -ec 0.00801 -inlnew 2 -p
COMMAND RUN : q

Would you like to use COMMAND RUN that you define for C11+C12,...for C11-C12, C44, and CBG? n

For calculation C11-C12 , C44, and C&6 symmetry
of tetragonal compound changes.

For finish type g

COMMAND RUN : run_lapw -ec 0.0001 -inlnew 2 -p

COMMAND RUN : min_lapw -j "run_lapw -I -fc 1.8 -1 68 -p"
COMMAND RUN : q]

Now, we see



w » Applications Places System %{%@@@:@

[ root@localhost:/home/example/ptsi

File Edit Wiew Terminal Tabs Help

For calculation C11-C12 , C44, and CG6E symmetry
of tetragonal compound changes.

For finish type g

COMMAND RUN : run_lapw -ec 0.00081 -inlnew 2 -p

COMMAND RUN : min_lapw -j "rum_lapw -I -fc 1.0 -1 &0 -p"
COMMAND RUN : q

R R R R R R R
Please wait. I am making cll+cl2 Directory and copying information in cll+cl2 for running
R R R R R R R

R R R R R R R
Please wait. I am making ¢33 Directory and copying information in c33 for running
R R R R R R R

B R A R R R R A R A A R R R R R R A A R R R R A R R R A R R A R R R R
Please wait. I am making czz Directory and copying information in czz for running
B R A R R R R A R A A R R R R R R A A R R R R A R R R A R R A R R R R

B R A R R R R A R A A R R R R R R A A R R R R A R R R A R R A R R R R
Please wait. I am making cll-cl2 Directory and copying information in cll-cl2 for running
B R A R R R R A R A A R R R R R R A A R R R R A R R R A R R A R R R R

B R R R R R
Please wait. I am making cd44 Directory and copying information in cd44 for running
B R R R R R

B R R R R R
Please wait. I am making c66 Directory and copying information in c66 for running
B R R R R R

» 1 didn’t use default parameters for (C11+C12) calculations. | selected number of
changes 6 and value of changes-2,-1,0, 1, 2, 3.
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File Edit Miew Terminal Tabs Help

e o e e o e o o e o e R o R o o e o o e o o e o ol e o ol e o ol e ol o e ol o R o O R ol O O

#*% Setup for ELASTIC constant calculations**

r TETRAGONAL SYMMETRY ¥
b b
o Start to calculation C11+C12 o
¥ by distortion matrics D1 **
B L L o e e e e e m — — — — — — ———— ———————————————————— 3
¥ D1 does not change *%
¥ the symmetry of the lattice *%

o e o e e o e e e e o o e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e R

(C)y 2012 by Morteza Jamal
Ali. H. Reshak
o o o o e ol ol o ol ol o ol ol o ol o o ol ol o ol o o ol o o ol o ol o ol ol o ol ol ol o o ol R
** Setup for ELASTIC constant calculations**
o TETRAGONAL SYMMETRY o

0 e T T T T T e T T T T T T T e e T e e e T e e e e e e e e e e e e e e e e e e

Do you want to use default parameters 7(y/n)
(-2%,-1%,0,1%, 2%)

Number of changes?

wwmwmEEE® 0.0 value MUST be calculated for analysis ##®sssss

Enter wvalue 1 in %
2

Enter wvalue 2 in %
1

Enter wvalue 3 in %
Enter wvalue 4 in %
Enter wvalue 5 in %
Enter wvalue B in %
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root@localhost:/fhome/example/ptsi

File Edit \iew Terminal Tabs Help

e o o o o o o o o o o o o o o o o o o o o o o o o o o e e o e e e e e e e e e e e e e o

Do you want to use default parameters 7(y/n)
(-2%,-1%,0,1%,2%)

n

Number of changes?

5

FmmwEEE 0.0 value MUST be calculated Tor analysis #®wsswss

Enter wvalue 1 in %
-2

Enter wvalue 2 in %
-1

Enter wvalue 3 in %
]

Enter wvalue 4 in %
1

Enter wvalue 5 in %
2

Enter wvalue 6 in %
3

Stypl -2.0.struct

Stypl -1.8.struct

Stypl_  ©8.0.struct

Stypl_  1.8.struct

Stypl  2.0.struct

Stypl_  3.0.struct

6 struct files generated.
NMow TETRA.job file is ready.

Please modify running command in job file
according to your needs and then rum 1it.

» 1 didn’t use default parameters for (C33) calculations. | selected number of
changes 7 and value of changes-2,-1,0, 1, 2, 3, 4.
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(C) 2012 by Morteza Jamal

R R R OB OB OB DB O DR OB DR DR OB DR O O D O D O O O O O O O O O O O O O O O D O O O O O O O i

#% Setup for ELASTIC constant calculations®*

wE TETRAGONAL SYMMETRY wE
L L
wE S5tart to calculation C33 E
wE by distortion matrics D3 E
B L L L L e e e e e e e e e m e e m e m e e mm e m— e ———— - —— - L
o D3 does not change o
o the symmetry of the lattice o

0 B OB OB OB DB OB DB DB OB DB DR DB DR DR DR DR DR DR DR DR DR D D DR DR D DR DR D O O O D O D D O O O O O O i

(C) 2012 by Morteza Jamal
Ali. H. Reshak
e o i e o o e e o ol ol e ol ke ol ol ke i o ke i e ke R R ke R R ol e R ol o R ol o i ol ke e ol ok i ol
*#% Setup for ELASTIC constant calculations**
wE TETRAGONAL SYMMETRY =

0 B OB OB OB DB OB DB DB OB DB DR DB DR DR DR DR DR DR DR DR DR D D DR DR D DR DR D O O O D O D D O O O O O O i

Do you want to use default parameters 7(y/n)
(-2%,-1%,0,1%, 2%)

n

Number of changes?

7

wwmmaws® 0.0 value MUST be calculated for analysis ###ssss®

Enter value 1 in %
-2
Enter value 2 in %
-1
Enter value 3 in %
@
Enter wvalue 4 in %
1
Enter wvalue 5 in %
2

Enter value 6 in %
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root@localhost:/home/example/ptsifelast-constant/c33/pts|

File Edit Wiew Terminal Tabs Help

Do you want to use default parameters 7(y/n)
(-2%,-1%,0,1%, 2%)

n

Number of changes?

7

wEEmmEEEE 0.0 value MUST be calculated Tor analysls #wssssss

Enter value 1 in %
-2

Enter value 2 in %
-1

Enter value 3 in %
@

Enter value 4 in %
1

Enter value 5 in %
2

Enter value 6 in %
3

Enter value 7 in %
4

Styp3 _-2.0.s5truct
Styp3_-1l.0.s5truct
Styp3__0.0.s5truct
Styp3__1.0.struct

Styp3_ 2.0.struct

Styp3_ 3.0.struct

Styp3__ 4.0.struct

7 struct files generated.
Mow TETRA.job Tile 1is ready.

Please modify running command in job Tile
according to your needs and then rum 1t.

» | used default parameters for (Czz) calculations.
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A R R R R A R R R R R A R T R T I R R I R S I R S
Setup information for (Czz) elastic constant calculations
A R R R R A R R R R R A R T R T I R R I R S I R S

(C) 2012 by Morteza Jamal

e e e ol e e ol o R O e o e o o e o o e o ol e o o e ol o e ol ol e o ol e e o e e o e 0 O o i

#*% Setup for ELASTIC constant calculations®*

w TETRAGONAL SYMMETRY wE
o £
o Start to calculation Czz o
= by distortion matrics D5 o
B L L L L o e e e e e e m m m e m m e m — e — — e — — e —— e —————— £
= D5 is wolume conserved and keeps o
= the symmetry of the lattice o

e e e ol e e ol o R O e o e o o e o o e o ol e o o e ol o e ol ol e o ol e e o e e o e 0 O o i

(C) 2012 by Morteza Jamal
Ali. H. Reshak
e o e e ol o e ol o e ol ol o e ol ol e e ol o e ol o e e ol o e ol ol e e ol o e ol ol e e ol o e Ol ol
#*% Setup for ELASTIC constant calculations®*
w TETRAGONAL SYMMETRY wE

e e e ol e e ol o R O e o e o o e o o e o ol e o o e ol o e ol ol e o ol e e o e e o e 0 O o i

Do you want to use default parameters 7({y/n)
(-2%,-1%,0,1%, 2%)
il
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(C) 2012 by Morteza Jamal

e o o o o o o o ol ol ol ol o o o ol o ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol o o ol ol

##% Setup Tor ELASTIC constant calculations*®#*

* & TETRAGONAL SYMMETRY * &
£ £33
o Start to calculation Czz o
o by distortion matrics D53 o
B L L L L e e e e e e e — — — — — — — — — — ——————————— - £33
o D5 is wvolume conserved and keeps o
o the symmetry of the lattice o

e e e ol e e ol o R O e o e o o e o o e o ol e o o e ol o e ol ol e o ol e e o e e o e 0 O o i

(C) 2012 by Morteza Jamal
Ali. H. Reshak
e o e e ol o e ol o e ol ol o e ol ol e e ol o e ol o e e ol o e ol ol e e ol o e ol ol e e ol o e Ol ol
#% Setup fTor ELASTIC constant calculations®*
w TETRAGONAL SYMMETRY wE

e e e ol e e ol o R O e o e o o e o o e o ol e o o e ol o e ol ol e o ol e e o e e o e 0 O o i

Do you want to use default parameters 7({y/n)
(-2%,-1%,0,1%, 2%)

Y

Styps _-2.0.s5truct
Styp5 _-1.0.s5truct
Styp5_ 0.0.s5truct
Styp5  l1.0.struct
Styp5  2.0.s5truct

5 struct files generated.
Mow TETRA.job Tile 1is ready.

Please modify running command in job fTile
according to your needs and then rum 1t.

» | used default parameters for (C44), (C11-C12), and (C66) calculations.
| did the same producer such as above pictures.



Now, if we get alist we will see adirectory with name elast-constant

« = Applications Places System %@@@@@
=

root@localhost:/home/example/ptsi

File Edit Wiew Terminal Tabs Help

[root@localhost ptsil# 1s
elast-constant init.struct ptsi.struct pwdname
[root@localhost ptsil# []

» Now, we haveto run created TETRA job file. You can use T_calljob_lapw but, |
prefer to run them by hand because | want to check steps of running by WIEN2k.
For thisgoal, | change to elast-constant directory and then to c11+c12 and ptsi.

™ Applications Places System %@@@@@
=

root@localhost:/home/example/ptsi

File Edit Wiew Terminal Tabs Help

[root@localhost ptsi]# 1s
elast-constant 1imit.struct ptsi.struct pwdname
[root@localhost ptsi]# cd ela5t-cun5tantfcll+c12fpt51fﬂ

™ Applications Places System %@@@@@
=

root@localhost:/home/example/ptsifelast-constant/cll+cl2

File Edit Wiew Terminal Tabs Help

[root@localhost ptsi]# 1s

elast-constant 1imit.struct ptsi.struct pwdname

[root@localhost ptsi]# cd elast-constant/cll+cl2/ptsis

[root@localhost ptsi]# 1s

auto init lapw mnameofstructMS ptsi.struct runcommandl Stypl BO.8.struct Stypl -1.0
init.struct number.strain pwdname runcommand2 S5typl 1.8.struct G5Stypl 2.0
[root@localhost ptsil# []

» Now, | cal TETRA. job and calculations start. It will take time.



-"l- Applications Places 5System %@@@@@

root@localhost:/home/example/ptsifelast-constant/cll+cl

File Edit Wiew Terminal Tabs Help
[root@localhost ptsil# ./TETRA. job D

Now, we see

-"l- Applications Places 5ystem %@@@@@

root@localhost:/home/example/ptsifelast-constant/cll+cl

File Edit Wiew Terminal Tabs Help

NN ENDS
0.801u 9.084s5 0:00.00 0.0% 8+0K 8+0io OpfT+0w
= sgroup (21:17:16) 0.000u O0.000s 0:00.00 0.0% B+0k 0+0ioc OpT+Ow

Names of point group: -4m2 -4m2 D2d
Names of point group: 4/mmm 4/m 2/m 2/m D4h
Number and name of space group: 139 (I 4/m m m)
= symmetry (21:17:16) 0.001u 0.001s O:00.00 0.0% 0+0k 0+0io OpT+0w
SELECT XCPOT:
recommended: 13: PBE-GGA (Perdew-Burke-Ernzerhof 96)
5: L5DA
11: WC-GGA (Wu-Cohen 2006)
19: PBEsol-GGA (Perdew etal. 2008)
SELECT ENERGY to separate core and valence states:
recommended: -6.0 Ry (check how much core charge leaks out of MT-sphere)
ALTERNATIVELY: specify charge localization
(between 0.97 and 1.0) to select core state
LSTART ENDS
> inputfiles prepared (21:17:16)
NUMEER OF K-POINTS IN WHOLE CELL: (0 allows to specify 3 divisions of G)
length of reciprocal lattice vectors: 1.017 1.017 1.263 16.169 16.169 19.124
Shift of k-mesh allowed. Do you want to shift: (0=no, l=shift)

405 k-points generated, ndiv= 17 17 17
KGEN ENDS
> dstart (21:17:17) DSTART ENDS
2.348u 9.010s 0:02.36 99.5% 0+0K 8+0io OpfT+0w

----- = new ptsi.in® generated
init lapw finished ok

DSTART ENDS

2.352u 0.0809s 0:02.36 99.5% 0+0K 8+40io OpT+0w
0.817u 8.0811s 0:00.02 100.0% 0+0K 8+40io OpT+0w
clmextrapol_lapw has generated a new ptsi.clmsum
LAPWE END

LAPW1 END

LAPW1 END

LAPW1 END

LAPW1 END




» Werepeat the same steps for running TETRA.job within c11-c12 , ¢33, czz, c44,
and c66 directories.

After calculations, we analyze our calculation for finding C11, C12, C44 and ....
For this goal, we change to main directory i.e. ptsi directory and run

» T_ana_elast_lapw

-"l- Applications Places 5System %@%@@@ -

root@localhost:/home/example/ptsi
File Edit Miew Terminal Tabs Help

[root@localhost ptsi]# 1s
elast-constant init.struct ptsi.struct pwdname
[root@localhost ptsi]# []

"l- Applications Places System %@@@@

root@localhost:/home/WienZk-project-elast/tetra-elastic-deriative-me

File Edit Miew Terminal Tabs Help

[root@localhost ptsi]# 1s
elast-constant
[root@localhost ptsi]l# T ana elast lapw D

Now, we see



w®™ Applications Places System %@@@@,@

root@localhost:/ho |

File Edit View Terminal Tabs Help

# T ana elastc lapw analyses Elastic

# constant
# C(2012) by Morteza Jamal
# using case.outputeos
# VstVene
# which have been created by
# TETRA. job
-0.020000 -74367.072429
-0.0le000 -74367.078761
0.0000008 -74367.082546
0.010000 -74367.083740
0.020000 -74367.082833
0.030000 -74367.080021
Order of Tit: 2 C11+C12 is: 540.1454
Order of fit: 3 C11+Cl2 is: 570.6507
Order of Tit: 4 C11+C12 is: 583.8759
Order of fit: 5 C11+Cl2 is: 618.2109

B T o o o o

Polynomial fit for C11+C12 done
A RMS of 0.14526BE-03 was achieved using

At volume= 313.6252 bohr™3

ZEh

o Gnuplot
—74367 0720 T r r r
data from YstWene +
& Calculated =
H
H
-T4267.0740 F -
74367 0760 4
=
3 —743E7,0780 | = 4
] -
5 #
B
H
H
-74367.,0800 3
H
e
H
*,
% %‘f
~T43E7 0820 | "xx&mxxx ﬁéeea# J
= o
XMWWW%X
—-74367,0840 L L k L
-0,02 -0,01 0 0,01 0,02 0,03
Histrain)

-0,00331307, -74367,1

C11+C12 is: @.036718 a.u or

540.1454 GPa

e e e o e e R R e e R R e e R R e e e R R e ol R R e e e o R e ol o R e e o o o e

Analyze done.....
Press =enter> to continueD

And then
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root@localhost:/home/Wien2k-project-elast/tetra-elastic-deriative-method-2012/ptsi
File Edit View Terminal Tabs Help Gnuplot
—-74367 0785 T T T T T
HHEH R BB B R BB BB BB B R R R data from Ysthene +
# T ana elastc lapw analyses Elastic 743670790 i Calculated = ]
# constant #
# C(2012) by Morteza Jamal 2
# using case.outputeos =ieET o o " 7
# VstVene £
# which have been created by —74367,0800 ﬂ T
# TETRA. job i
-0.020000 -74367.078725 i
-0.010000 -74367.080982 E‘J 743670810 | % 9
0.0opeRO -74367.082546 ‘é .
0.010000 -74367.083363 E —74367,0215 ﬁ; .
0.0z20000 -74367.083711 ! %,
B.030000 -74367.083443 74367, 0820 F ﬁ& |
0.040000 -74367.082684 ﬁx
Order of fit: 2 C33 is: 281.2080 TTASET.0825 | &k& ]
Order of fit: 3 C33 is: 387.2910 xg&%& fxﬁ
Order of fit: 4 €33 is:  3083.3959 el b EE o x?@?% y
Order of fit: 5 C33 1is: 309.5179 &$%$& e
Order of fit: 6 €33 is: 356.2948 ~r4367.0835 - XXXXxme e T
s o e e o o e R o e e o R e e e o e o R o e o WWW
Polynomial fit for C33 done -74367.0840 . L L L L
A RMS of 0.554340E-04 was achieved us ~0.02 ~0.01 0 0.01 0.02 0.03 0.04
Histrain)
At volume= 313.6252 bohr~3 0.00253574, ~74367.1

€33 is: 0.019116 a.u or 281.2080 GPa

S R R R R

Analyze done.....
Press =enter> to continueD

And after that
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root@localhost:/ho | o= Gnuplot
File Edit View Terminal Tabs Help B z z z z z e
&2 Calculated =

A B R R R RN RN R R R MR R R RS R S S S S S S, -743E7, 0790 -xx 1
# T_ana_elastc_lapw analyses Elastic
# constant
# €(2012) by Morteza Jamal =0 | '
# using case.outputeos .
# VstVene 74367, 0600 £ ]
# which have been created by . A
# TETRA.job ®

A B B R B S I A A A A A A A A A A4 E% -743E7, 0805 | xx ;5 1
-0.020000 -74367.078654 ‘é - xﬁ
-0.010000 -74367.081520 & o

0.000000  -74367.082546 & 74367, 0810 F i 1
0.010000 -74367.081565 . ;x

0.020000 -74367.079876 -74367.0215 F x‘x *x" f

e H

Order of fit: 2 Czz is: 372.4329 GP3 ﬂx o

Order of fit: 3 Czz is: 372.4329 GP3 —743E7,0820 | " ‘)X(X 1
Order of fit: 4 Czz is: 499.6474 GP3 xﬁ& fgf%

o e o e o e o e e R o e o e R e e o e o e R e o e o e e ol e o e ok 74367 0805 Xxxxxxx o

Polynomial fit for Czz done * i oot T
A BRMS of 0.1783BBE-03 was achieved using

-74367, 0830 L L L L L L L

At volume= 313.6252 bohr-3 -0.,02 -0,015 -0,01 -0,005 0 0,005 0,01 0,015 0,
Czz 1is: @.025317 a.u or 372.4329 @ Hlstrain)

S T O O O e —0, 0202670, -74367,1

Analyze done.....
Press <=enter> to continueD

And then




« ™ Applications Places System %@@@@@

root@locaihost;mome/{L I
File Edit View Terminal Tabs Help SRR z z z z z o e
Calculated =
-74367,0808 | X =°%<x
H H
# T_ana_elastc_lapw analyses Elastic # . L L "
# constant # ~74367,0808 - . ‘. = .
# C(2012) by Morteza Jamal # . - &2 .
# using case.outputeos # -74367,0210 | = 5
# VstVene # “ " . “
# which have been created by # —74367.0812 |« . .
# TETRA.job #
-0.020000 -74367.081538 ‘?
-0.010000  -74367.081149 & -74367.0816 |
0.000000 -74367.082411 (i
B.0l0000 -74367.081149
—74367,0818 |
0.020000 -74367.081538
Order of fit: 2 C11-C12 is: 32.3723 GP 74367, 0820 -
Order of fit: 3 C11-C12 is: 32.3723 GP
Order of fit: 4 C11-C12 is: 754.8177 GP ~F4367,0822 -
s o o e o o e o o o e o R o e R o e e o R o e e e o o
Polynomial fit for C11-C12 done -74367,0824 |
A RMS of 0.446171E-03 was achieved using a
—-74367 0826
At volume= 313.6252 bohr™3 =002
C11-C12 is: 0.002201 a.u or 32.3723
S T O O O o o i i ko | -0 0185532 74367, 1

Analyze done.....
Press <=enter> to continueD

And after that




w®™ Applications Places System %@@@@,@

root@localhost:/hd | Gnuplot
File Edit View Terminal Tabs Help R0 - - - - - Tt From Votlors
® Calculated ®
B E
L0 g 10 U0 08 U8 p U0 U0 U8 U8 I Ep U0 08 U8 U8 A E U0 L0 U8 U8 18 10 00 08 08 1 1 g e 0t "
# T ana elastc lapw analyses Elastic —74267. 0805 | ’; i
# constant ®
H
# C(2012) by Morteza Jamal x
# using case.outputeos i J
# ) Vstvene ~74367,0810 " z .
# which have been created by 3 =
# TETRA.job . z
4 03 13 Jd 0 0d 0d Ud 4d dd 09 09 0 4 dd 09 09 09 09 09 Jd 09 09 09 49 Jd 09 g9 09 09 49 09 g9 4d gd gd gg gy gl — 3 4
& x ®
-0.020000 -74367.080087 ‘é —74367,0815 | oL L .
-0.010000 -74367.081857 E L L
0.000000 -74367.082548 Ll oy o
0.010000 -74367.081856 e *
0.020000 -74367.080079 -74367.0220 F Xxx xxx f
e <
Order of fit: 2 C44 is: 71.0193 GP ’xx X?‘
Order of fit: 3 C44 is: 71.0193 GP a&%&
Order of fit: 4 C44 is: 84.0381 GP -743E7.,0825 | g, 2% 4
R R Ww
Polynomial fit for C44 done
A RMS of 0.321798E-04 was achieved usin
-74367, 0830 L L L L L L L
At volume= 313.6252 bohr-~3 -0,02 -0,015 —0,01 -0,005 0 0,005 0,01 0,015
C44 is: 0.004828 a.u or 71.0193 Histrain)
S T O O o o ok o -0, 0173860, 74367, 1

0,02

Analyze done.....
Press <=enter> to continueD

And at the end




w ™ Applications Places System %@@@@,@

root@localhost:/home/Wien2k-project-elast/tetra-elastic-deriative-method-2012/ptsi
File Edit View Terminal Tabs Help &
- Gnuplot
it Lt L8 L8 18 L Lt L0 L8 L8 L Lt L8 L8 L8 L8 L Lt Lt L8 L8 L8 L Lt L8 L8 L8 e Lt L8 L8 Lo L 1 -74367,0795 T T T T T r r
data from YstVens

# T ana elastc lapw analyses Elastic % Calculated %
# constant = =
# C(2012) by Morteza Jamal -74367,0800 | * T
# using case.outputeos
# VstVene
# which have been created by -74367, 0805 F -
# TETRA.job “ X

Lu L2 L3 L3 L3 L3 L8 L8 L8 L3 L8 L L8 L8 L8 L L L8 L L L8 L3 13 L3 L L L8 L 1 L L8 L L8 L8 13 13 13 13 13 1o H H

S S

-0.020000 -74367.079616 L .
-9.010000  -74367.081826 5 THAETOR0 x - 1
0.000000 -74367.082546 = = 5

0.010000 -74367.081826 = &

0.020000 -74367.079616 G -74367,0815 | xf b

b hd

Order of fit: 2 CB6 is: 172.2018 GP3 %a ;ﬁ

Order of fit: 3 C66 is: 172.2018 GPa 74357 0520 | xxxx 2 ]
Order of fit: 4 CbB6 1is: 168.0998 GPa # i

R %X&X 23??(

Polynomial fit for C66 done
A RMS of 0.506683E-05 was achieved using 7436, 0825 | oot 1
At volume= 313.6252 bohr~3

Ceo 1s: @.011706 a.u or 172.2018 G -74367 ., 0830 L L L L L L L
S 0,02 -0,015 =0, 01 =0, 005 4] 0, 005 0,01 0,015
Histrain)

Analyze done.....

—0,0203600, -74367,1

0,02

Press <=enter> to continueD

Now, we see results




w » Applications Places System %@@@@@a@

root@localhost:/home/WienZk-pro ject-elast/tetra-elastic-deriative-metk

File Edit Wiew Terminal Tabs Help
Printing final Elastic constant At voulme= 313.6252 bohr™3

C11+C12 = 540.1454 GPa C11-C12 = 32.3723 GPa
C33 = 281.2080 GPa C44 = 71.08193 GPa
Czz = C11+C12+2C33-4C13 372.4329 GPa

Cee = 172.2018 GPa

C11 286.2588 GPa c12
€13 = 182.5321 GPa
281.2080 GPa c44

Cee = 172.2018 GPa

253.8865 GPa

C33 71.08193 GPa

Frediction WOIGT Bulk modulus by using elastic constant values
Frediction REU55 Bulk modulus by using elastic constant values
Frediction HILL Bulk modulus by using elastic constant values

232.403 (GPa)
228.919 (GPa)
230.661 (GPa)

Frediction VOIGT Shear modulus by using elastic constant wvalues = 78.499 (GPa)
Frediction REUS5 Shear modulus by using elastic constant wvalues = 44.776 (GPa)
Frediction HILL Shear modulus by using elastic constant walues = 61.637 (GPa)

Frediction VOIGT Young modulus by using elastic constant walues = 211.665 (GPa)
Frediction REU55 Young modulus by using elastic constant walues = 126.185 (GPa)
Frediction HILL Young modulus by using elastic constant walues = 169.787 (GPa)

Frediction WOIGT Poisson's coefficient by using elastic constant walues = .348
Frediction REUS5 Poisson's coefficient by using elastic constant wvalues = .408
Frediction HILL Poisson's coefficient by using elastic constant wvalues = 377

Fress enter key to continue....D

And then checks the sensitivity of your resultsto the order of fit.



w» Applications Places System %@@@@@a@

root@localhost:/fhome/WienZk-project-elast/tetra-elastic-deriativ

File Edit Wiew Terminal Tabs Help

#AH#AHH#E ORDER OF FIT IS @ 3 , At volume = 313.62518 (bohr™3) #34EEES
(cll-cl12) = 32.372 (GPa)

(c1ll+cl2) = 5708.651 (GPa)

(c33) = 3607.291 (GPa)

(cdd) = 71.0819 (GPa)

(czz=cll+cl2+2c33-4cl3) = 372.433 (GPa)

(cBG= 172.202 (GPa)

cll = 381.511 (GPa)
cl2 = 269.139 (GPa)
cl3 = 203.200 (GPa)
C33 = 307.291 (GPa)
c44 = 71.0819 (GPa)
cbe = 172.202 (GPa)

251.265 (GPa)
249.186 (GPa)
250.185 (GPa)

Prediction VOIGT Bulk modulus by using elastic constant values
Prediction REUSS Bulk modulus by using elastic constant values
Prediction HILL Bulk modulus by using elastic constant values

Prediction VOIGT Shear modulus by using elastic constant values = 78.499 (GPa)
Prediction REUSS Shear modulus by using elastic constant values = 44.918 (GPa)
Prediction HILL Shear modulus by using elastic constant values = 61.784 (GPa)

Prediction VOIGT Young modulus by using elastic constant values = 213.285 (GPa)
Prediction REUSS Young modulus by using elastic constant values = 127.0892 (GPa)
Prediction HILL Young modulus by using elastic constant values = 171.849 (GPa)

Prediction VOIGT Poisson's coefficient by using elastic constant values = 358
Prediction REUSS Polisson's coefficient by using elastic constant values = .414
Prediction HILL Poisson's coefficient by using elastic constant values = 386

##HHAH#H#HE ORDER OF FIT IS @ 4 , At volume
(cll-cl2) = 754.818 (GPa)

(cll+cl2) = 583.876 (GPa)

(c33) = 303.396 (GPa)

(cdd) = 84.038 (GPa)
(czz=Ccl1l+cl2+2c33-4cl3) = 499.647 (GPa)
(cbb= 168.100 (GPa)

313.62518 (bohr™3) ##E#HEEHH

Now, changeto elast-constant directory. Y ou can see the resultsin ptsi.output_elastic



w® Applications Places System %@@@@,@

root@localhost:/home/Wien2k-project-elast/tetra-elastic-deriative-method-2012/ptsi/elast-c

File Edit View Terminal Tabs

Help

[root@localhost ptsi]# cd elast-constant/
[root@localhost elast-constant]# gedit ptsi.output elastic

1)
File Edit Wiew 5Search Tools Documents Help
. d & D B ¥
New Open Save Print... Paste Find Replace
(7 ptsi.output_elastic =
Final Elastic constants for ptsi At voulme= 313.6252 bohr™3 are.
Cll = 286.2588 GPa Cl2 = 253.8865 GPa
Cl3 = 182.5321 GPa
C33 = 281.2080 GPa C44 = 71.0193 GPa
C66 = 172.2018 GPa
Prediction VOIGT Bulk modulus by using elastic constant values = 232.403 (GPa)
Prediction REUSS Bulk modulus by using elastic constant values = 228.919 (GPa)
Prediction HILL Bulk modulus by using elastic constant values = 230.661 (GPa)
Prediction VOIGT Shear modulus by using elastic constant values = 78.499 (GPa)
Prediction REUSS Shear modulus by using elastic constant values = 44.776 (GPa)
Prediction HILL Shear modulus by using elastic constant values = 61.637 (GPa)
Prediction VOIGT Young modulus by using elastic constant values = 211.665 (GPa)
Prediction REUSS Young modulus by using elastic constant values = 126.105 (GPa)
Prediction HILL Young modulus by using elastic constant values = 169.787 (GPa)
Prediction VOIGT Poisson's coefficient by using elastic constant values = .348
Prediction REUSS Poisson's coefficient by using elastic constant values = .408
Prediction HILL Poisson's coefficient by using elastic constant values = .377
Good luck

Morteza Jamal




