Foundations of Computational Materials Modelling
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Lecture 15
Generation of Monoclinic Lattice

So good afternoon, so today we are going to continue creating a couple of, couple of other

crystal structures from different space groups.
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Table §: Positions of Cs and P aloms

[ Atom | Wyckof | =z W z ¢
[Gal | & | 0°,[03069] 05 |
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There are some nuances that one might have to keep track of when you are constructing these
crystal structures. So, I am first going to demonstrate what will happen if you have a mono
clinic space group. So, the crystal that we are going to construct is this one CaMgSi,0¢ and it
is told here that this particular crystal belongs to the C 1 to over 6 1 space group or it can also
be written as C2 over C space group which means that there is a C glide, there is a two fold
rotation and there is also some centering, that is actually associated with this crystal C

centering is associated with this crystal.

And you have given you have been given the a, b, and c lattice constants for this crystal and
the Wyckoff positions for all the atoms calcium, magnesium, silicon and oxygen are given in
this table right here. So, there is calcium belongs to 4e mg belongs to 4e and then there is
there is a silicon atom which belongs to 8f and there are also three Oxygen atoms which

belongs to 8f.

So, some of them are special, special positions as you can see, there is a 0 here well, the

others probably are general positions that are given to us, so we have to refer back to our



crystallographic table in order to generate the entire crystal, we have to know what are the

other points that are existing within the unit itself.

Before we do that, it is important for you to for us to understand how the lattice vectors are
actually specified for the mono clinic unit cell. So, this particular point came up last class
also. So, why is it so important to actually keep track of this lattice vectors. So, whenever
they, when we are talking about the mono clinic units cell, it is important for us to know how

these lattice vectors are actually pointed with respect to our x y z axis.
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So, this is our x y z axis, right handed, forming right handed system and if you refer to the
international tables of crystallography this particular space group would have been specified
in the following manner you would see here a pointing to the right and you would see a ¢
pointing that way and the beta that is given to you is basically the included angle that is

existing between a and c.

Now, how do you give the lattice vectors for this particular system you should understand
that the x fractional coordinate is associated with a the y fractional coordinate is associated
with b and z fractional coordinate is associated with the ¢ direction, the ¢ direction ¢
direction. So, we have to be careful in the manner we specify the lattice vectors for this, so it
is obvious that the a lattice vector if you write try to write it in terms of our Cartesian

coordinate system is nothing but a 0, 0.

The b lattice vector and the c lattice vector need to be specified. So, if our a is pointing in this

direction and our c is pointing in this direction. Then our, so in what plane does the ¢ vector



lie? lies in the x-z plane, it lies in the x-z plain. So, consequently your ¢ vector will have
what as the competence here it will have c, this is beta. So, what would it be? Can you please
help me out here, what would the x component of the ¢ vector be? This would be ¢ vector.

Because you are looking at it from the top. So, this is what we want our b to be.
Student: Sir, is the position of ¢ vector in the x-z plane?

Professor: The position of ¢ vector is in the x-z is a plane

Student: x-z plane

Professor: x-z plane. So, that is what, I am giving it that way you can actually associate any
way you want. As long as you are careful about doing it, you will not have a problem. But
being careful about is kind of important it is not too obvious, as you will see, because
whenever until now, whenever we gave the ¢ vector we just did this. It was the last or the z

component, which had a nonzero value in the lattice vectors.

But in this case, the projection is given on the b from as viewed from the, from the b axis. So,
if you call this as b and this as x, this as a then c has to lie in the x-z plane with an included

angle of beta in between them. So, what would be the x component of the ¢ cos beta maybe,
Student: ¢ cos beta

Professor: Then this would have any y component, no y component

Student: 0

Professor: And what would be the z component?

Student: ¢ sin beta

Professor: Now what about the b vector the b vector is?

Student: 0.

Professor: 0 b z.
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tb=4.519;

%c=5.050;

‘tappropriate cell vectors

%V=[a 0 0;0 b 0; 0 0 c];%Lattice vectors for diamond [Fd—1
tV=[a 0 0;0 b 0; 0 0 ¢];% Lattice vectors for PdS (P4_2/m)
%V=[a 0 0;0 b 0; 0 0 ¢):% Lattive vectors for (K2MnS2) Ibe
¥V=[a 00; 0 b 0; 00c ]; % the three lattice vectors for
V=[a 0 0;0 b bjc*cosd (beta) -c*sind{beta) 0];% Lattice vec
%=[a 0 0; b*cosd (120} b*sin(120) 0; 0 0 ¢];

g

atom=1;
basis=getbasis CaMgS$i206(); % Basis atoms. Give addidional
Inb,~]=size (basis); % nb contains the number of basis aton

9
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tb=4.519;

%c=5.050;

tappropriate cell vectors
%=[a 0 0;0 b 0; 0 0 c¢];%Lattice vectors for diamond [Fd—1
tW=[a 0 0;0 b 0; 0 0 c];% Lattice vectors for PdS (P4_2/m)
W=la 0 0;0b 0; 00 ¢c);% Lattive vectors for (K2MnS2) Ibe
W=[a 00; 0Ob0; 00c ]; % the three lattice vectors for
V=[a 0 0;0 b 0;c*cosd (beta) 0 I];t Lattice vectors for Cal
¥V=[a 0 0; b*cosd(120) b*sin(120) 0; 0 0 c];

atom=1;
basis=getbasis CaMgSi206(); % Basis atoms. Give addidional
[nb,~]=size(basis); % nb contains the number of basis aton

tb=4.519;

%c=5.050;

‘tappropriate cell vectors

%V=[a 0 0;0 b 0; 0 0 c];%lattice vectors for diamond [Fd—1
tW=[a 0 0;0 b 0; 0 0 c];% Lattice vectors for PdS (P4_2/m)
WW=[a 0 0;0b 0; 00 c);% Lattive vectors for (K2MnS2) Ibe
W=[a00; 0Ob0; 00c¢ ]; % the three lattice vectors for
V=[a 0 0;0 b 0;c*cosd(beta) 0 c*sind(beta)];% Lattice vect
%V=[a 0 0; b*cosd(120) b*sin(120) 0; 0 0 ¢);

atom=1;
basis=getbasis CaMgSi206(); % Basis atoms. Give addidional
Inb,~]=size (basis); % nb contains the number of basis aton



So, let us first go to our MATLAB script and do that so, we had 0, b 0 then I had ¢ cos d beta,
0 c star sine d beta. So, now we have defined our lattice vectors that we want to use for
constructing our crystal system. The next task is to basically look at the Wyckoff positions

and then define the various other atoms that are present within the unit cell.
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Wyckoff Positions of Group C2/c (No. 15) [unique axis b]
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Wyckoff position and site symmetry group of a specific point

Specify the point by ts relative coordinates (in fractions or decimals);
Vanable paramelers (x,y.2) are also accepled

p A \ K= y= 1%
+ Shaw
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1 function [b]= getbasis CaMqSi206 () i
2 Given C 1 2/c 1

3

4

)

b Si1=[0.284 0.0983 0.2317 3);
i 01=[0.1135 0.0962 0.1426 4];
8 02=[0.3594 0.2558 0.3297 4];
9 03=[0.3571 0.0175 0.9982 4];

11 a=basis symmie (Cal);
c=basis_symmde (Mgl);
d=basis_symméf (5i1);



f 5i1=[0.284 0.0983 0.2317 31,

1=[0.1135 0.0962 |

02=[0.3594 0.2558 0,3297 4],
] 03=[0.3571 0.0175 0,9982 4);
10
11 a-basis _swrrrd(‘ﬂ'.];
12 c=basis symmde (Mgl);
13 d=basis symm8f (5i1);

14 pl=basis_symm8f (01);
symmE £ (02) ;
16 pi=basis symmBf(03);

15 pZ=basis

b=[a;c;d;pl:p2;p3];

aA b
So, once again we have to refer back to our crystallographic space group, Wyckoff position
will choose the Wyckoff position from this, we choose the space group first, the space group
is proceed to over c. So, that belongs to the mono clinic structure I have C2 over c right here,

so it is 15 and these are the Wyckoff positions that I have.

So, the first thing is that calcium is present in position 4e. So, it is 0 y, quarter and 0 minus y,
3 by 4. So, these are the various is there something wrong here, 0, y, quarter and 0, minus y, 3
by 4, zero some value of y, quarter and other values can actually be defined in the
corresponding function which grabs the basis where you would have defined the basis for

each and every Wyckoff position.

So, this function basis underscore symmd4e is defined here, that all the other symmetry
equivalent points have been defined just like how we did for the other cases. Similar or you
can actually gives Ca2 since it only contains two points. You do not necessarily have to try a

separate function, like for example 4e contains only how many points does 4a contain?

It contains 1, 2, 3 and 4 points. If you do not want to define the 4 points you can simply give
all the 4 points as a concatenated array for Cal. It is a same thing, but we will do here we will
do it here slightly differently we will give the first value and then the subsequent values will

be defined in the basis underscore symmd4e function.

Now Mgl, where is Mgl, Mgl is now also in a 4e position and therefore, we can therefore
use the same basis function, we can use the same basis function because as far as 4e is

concerned, the set of equivalent points will essentially be generated the same way the only



thing that is different is the value of the coordinates that you are giving it is different, but it is

still a position it is still a 4e position Wyckoft position is still 4e.
Student:

Professor: Yeah this there is a probably a mistake here the Mgl if it is going to be present in a

4e each position then I should have this also as 0.25.
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Table 5: Pasitions of Cs and P aloms

Atom | Wyckoff | = y z ﬁ
Cal le 0% 103069 025 2
Mgl |l | 0700065 | el 4007
Sile] 8F | 0.281 | 0.0983 | 0.2317
01 /S]\ 0.1135 | 0.0962 | 0.1426
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1 function [b]= getbasis CaMgSi206() i
2 Given C 1 2/c 1
3
4 Cal=[0 0.3069 0.25 1 ];
5 Mgl=[0 0,9065 0.25 2];
f 5i1=[0.284 0.0983 0.2317 3);
7 01=[0.1135 0.0962 0.1426 4];
8 02=[0.3594 0.2558 0.3297 4];
] 03=[0.3571 0.0175 0.9982 4];
10
11 a=basis symmde (Cal);
c=basis_symmde (Mgl);
d=basis_symméf (Sil);
L

al | e



11 a=basis symmde (Cal);
12 c=basis symmie (Mgl);

13 symmBf (5i1);
14 p1={8] B8 (01) ;
15 p2=basis_symm8f (02} ;
16 pi=basis symm8f (03);
i)
18 b=[a;c;d;plip2;pl];
19 end
20
21 function [basisa]=basis symmde (X)
22 x=X{1);
3 y=X(2);

5

41 basisa(j, k)=1-abs (basisa(j,k));
42 end
43 if (basisa(i, k) > 1)
14 basisa(j, k)=abs (basisa(],k))-1;
45 end
16 end
17 end
48 end
19
50 function [basisa]=-SEERERERINIEN (X
51 x=X(1);
52 y=X(2):
53 z=X(3};
4

So this is probably 0.25 so let us change that if it is 4e position, I might have made a mistake,
we can check that quickly. So, maybe not maybe not. So let us have this as a 4e position and

continue to have it as 0.25.

The next to silicon atom is actually in 8f position. So these are the general coordinates and all
the other Oxygen atoms are also in the 8f position, so, consequently I need to write only 8
one 8f function and that function is right here with all the things defined according to the as

required by this, these things.
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Wyckoff Positions of Group C2/c (No. 15) [unique axis b]

| T Coordinaes
letter sy l (0.0.0) + (122.1/2.0) +
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[._..=,1 4.172)
(164,14,0) (34,114,112
(0,072,0)(0,172,112)
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Wyckoff position and site symmetry group of a specific point

Specify the point by its refative coordinates (in fractions or-dm.'na‘-s-}
Variable paramelers (x,y.z) are also aceepled

K= y= e

So, you see here in this table, Wyckoff positions of group C2 ¢ number 15 the unique axis is
b. So, they have made it important they told you that the unique axis is b or the corresponding
y coordinates that are existing here are going to be associated with that. So, if you if you are
not careful about this, then you will switch the definitions of the b and the ¢ vectors and you
will not be getting the right crystal structure and this can mean a lot of things because the
distances are changed now, between the atoms and when you give this to a molecular
dynamics simulation, it can, not converge to the right energy value, because you are giving it

a different crystal structure.

So, keeping track of how the origin and how the lattice vectors are actually defined is
extremely important. So, now Smarak is that is that aspect clear? You asked this question
yesterday last class. Why this? You asked why this is important to how does it matter

whether we do something like this.
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So, usually this would be a and this would be b. So, how does it matter whether this is a, this
is b or this is b, it will be like this, b and a and how would it matter if we wrote it this way?
So, in this case, it does not matter. Are you following? Yesterday we wrote something like
this. I told you that in the international tables of crystallography, in international tables of
crystallography, you would found find something like this, you will find this to be a, this to b

maybe for the tetragonal space group or maybe for the orthogonal space group.

And 1 also pointed out this could also be written this way, it is the same thing you just
performing rotation and all your Cartesian coordinates remain exactly the same and does

nothing much changed. In fact, you could define a if you are using this sort of representation,



we could define our a vector or first lattice vector to b 0, the a vector could be 0 minus a, 0

this one could be b, 0, 0 and it would still our code would still work.

It is not necessarily that youdo a, 0 0,0b 0, 0 0, c. In mono clinic systems the fact that they
have mentioned that we are looking at a unique b axis, which essentially means the b axis is
what is pointing outside the board and the oblique plane that is the a-c plane not the a-b plane
and this is important that you could not treat the c as a b, because then it would get map to the

wrong basis fractional coordinates.

So, for this reason, it is important for us to keep track of how these lattice vectors are actually
defined in the international tables of crystallography. So, once we do this and define our all

our basis atoms want save it and I can defined everything here and around this code.

(Refer Slide Time: 15:27)
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function [b]= getbasis CaMgSi206() i
% Given C 1 2/c 1.

Cal=[0 0.3069 0.25 1 ];
Mgl=[0 0.9065 0.25 2];
5i1=(0.284 0.0983 0.2317 l];
01=[0.1135 0.0962 0.1426 4];
02=[0.3594 0.2558 0.3297 4];
03=[0.3571 0.0175 0.9982 4];

a=pasis symmde(Cal);
c=basis_symmde (Mgl);
d=basis_symméf (5i1);

X1 (atom)=X;
Y1 (atom)=Y;
21 (atom)=%;

% hdd as many of these statements (depending on the numbe
tor mark them with different sizes on the scatter3 commar

tline
if (floor (basis (b, 4) }==1) |
T1{atom)=800; % Sizes of the atoms
TPE (atom)=1;
Cl{atom,1:3)=[1 0 0]; % Colors of the atonm
end
\ E‘E\:‘.a;



i

86 ¢l (atom,1:3)=[1 0 0]; & Colors of the aton

87 end
88
89 if (floor (basis (b, 4))==2)
90 T1 (atom)=200;
91 TPE (atom)=2;
92 C1(atom,1:3)=[0 0 1];
93 end
94
95
96 if (floor (basis (b, 4))==3)
97 T1 (atom)=400;
98 TPE (atom)=3;
\ {i)
\__35
L MPTEL
101
102 if (floor (basis (b, 4))==1)
103~ T1(atom)=500;
104 TPE (atom) =4;
105 Cl{atom,1:3)=[1 0.5 2];
106 end
107 atom=atom+l;
108 end
108 end
110 end |
111 end
112 end
13 tThese section of the code, draws the unit cell,
\ £
F
| NPTEL
91 TPE (atom)=2; 1
92 Cl1(atom,1:3)=(0 0 1];
93 end
94
45
96 if (floor (basis (b, 4))==3)
97 T1{atom)=400;
98 TPE (atom)=3;
99 c1(atom, 1:3)= ([ 01 |
100 end
101
102 if (floor (basis (b, 4))==4)
103 T1(atom)=500;
\ )

"
NFTEL



This is what I end up with. This is the crystal structure of my CaMg, I would like to view it in
a slightly different way but I need to try something here. So, this is your crystal structure for

CaMg,SiOg.

Student: Sir which color corresponds to which so which atom
Professor: which?

Student: which color corresponds to which atom type?

Professor: So, which color corresponds to which, so the if it is one, then it Cal, two is Mgl,
three is a silicon and four is oxygen so we go back to our main website, the main program.
So, 1 0 0 is the red, red is probably the first one Ca. One is Ca and red Ca then red, green,
blue this one is the other one, which is magnesium, the third one is the silicon and then the
remaining ones are oxygen, four is oxygen which is the not not, not the red, not the blue, and
I do not know about these two colors. If you put one here I do not know what color it turns

out to but it is you can find it out easily.

(Refer Slide Time: 17:46)
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This one is definitely the calcium.
Student: Sir.
Professor: What is that? Yes

Student: Can you go to definition of symmetry 4e?



Professor: Definition of symmetry 4e something wrong there
Student: the multiplicity is 2

Professor: Multiplicities is 2. Multiplicity is no, 4e you have to add see in that it is a center
lattice. So, the multiplicity is you have to add half, half to the 0 and the y coordinates when
you are trying to define this. So this 1 0 adding 0 does not change it then if you add half to
the 0 and the x and the y coordinates will give you additional two points and therefore the

multiplicities is 4
Student: Is side symmetry basically a two fold rotation?

Professor: Correct that is right. The site symmetry is two fold is lying on a point which has a
two fold rotation, which has a two fold rotation is that clear? this is how you generate for the

mono clinic structure

Student: if calcium and magnesium are both present in position 4e Wyckoff position so

number in the unit cell is same?
Professor: Correct.
Student: I mean to say the number of atoms in units cell is the same?

Professor: Yes, if calcium and magnesium are both present in position 4e then the
multiplicity is 4. So, there will be 4 calcium atoms and 4 magnesium atoms 8 silicon atoms
and there will be 24 oxygen atoms. Are there any questions with this mono clinic lattice

construction?
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Class exercise 2

Modify the get_basis() function to construct the erystal of CsyPs.
Given a = b = 0.9046nm and ¢ = 1.6714nm. 1t belongs to the space
group P4y and has Cs and P in the following positions.

Table §: Posthons of Cs and P aloms

[ Atom | \\‘_\'l'kulr. T [ i 5

[[Csl | 4o | 025500382 0
—o0 [TCs2 | da | 04169 | 0.7330 | 08350 |
| [C3 | da | 0.0260 [ 0.8404 | 0.9914 |
Yo [PL | da | 0.790 | 0600 | 0811 |
[P | 4a | 0443 | 009 | 0.47 |
P3| da | 0106 | 0473 | 0893 |
PI | da | 0357 | 0021 | 0.061 |
[ P5 | o | 0629 [ 0.794 | 0.032 |
‘ [P6 | 4a | 0998 | 0.341 | 0.705 |
| PT | da_ | 00 | 0.5 | 0800 |

& - u Nnra-l_'!.\h An introduction to symmetry August 26, 010 80 /81

The next one is slightly more, has more number of things to keep track of which is basically

|
-

the P4 space group, so tetragonal structure. In tetragonal structure, once again it is viewed
through the c, it is viewed from the ¢ axis. So, this is b and this is a. So, you will be viewing a
square. So, the axis which has a maximum symmetry is basically taken as the ¢ axis. So, you
have a and b given to you which are both equal and ¢ is 1.6714 nanometers given P4 1 space

group and these are the various positions of Cs and P and all of them are in position 4a.

(Refer Slide Time: 20:44)

Bibao Crystalographic Server -» WYCKPOS -+ Wyckolf Positions Help

Wyckoff Positions of Group P44 (No. 76)
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Wyckoff position and site symmetry group of a specific point
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So, let us take a look at this particular space group. What did I say was this group was 4 P4 1
these are the various atoms there is one general position that's it. There is no other there are

no special positions in this entire thing. So, x y z and all these things can be easily generated.
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b=B.6365;

c=5.1355;

beta=103,98;

tlattice constants for Se (P3_121) I
%a=4,519;

tb=4.519;

bc=5.050;

tappropriate cell vectors

W=[a 00;0b 0; 00 ¢];%Lattice vectors for diamond (Fd-:
tV={a 0 0;0 b 0; 0 0 ¢];% Lattice vectors for PdS (P4_2/m)
tV=[a 0 0;0 b 0; 0 0 ¢];% Lattive vectors for (K2Mn52) Ibe
W=[a00; 0b0; 00c¢ ]; % the three lattice vectors fox
V=(a 0 0;0 b 0;c*cosdibeta) 0 c*sind(beta)];% Lattice vect

g #:E

_‘_T_c-

NPTEL
c=6.608; f
%LAttice constants for K2MnS2 (Ibam) l

ta=6,93363159;
tb=12,72084265;
tc=6,30391314;

% LAttice constants for CsiP7
a= 9.046;

b= 9.046;

c= 16.714;
% beta= 0;

p—
e 4
Hanpret”

T
‘ NPTEL
AR

tb=4.519;

%c=5.050;

‘tappropriate cell vectors

%V=[a 0 0;0 b 0; 0 0 ¢];%Lattice vectors for diamond [Fd—1
tV=[a 0 0;0 b 0; 0 0 ¢];% Lattice vectors for PdS (P4_2/m)
WW=[a 0 0;0 b 0; 00 ¢):% Lattive vectors for (K2MnS2) Ibe
W=[a 00; 0Ob0; 00c]; % the three lattice vectors for
tV=[a 0 0;0 b 0;c*cosd(beta) 0 c*sind(beta)];¥ Lattice vec
%V=[a 0 0; b*cosd(120) b*sin(120) 0; 0 0 c];

atom=1;
basis=getbasis CaMgS$i206(); % Basis atoms. Give addidional
[nb, ~]=size (basis); % nb contains the number of basis aton

)

%

g

‘ NPTEL



16 atom=1;

47 basis=getbasis Cs3P7():

48 [nb,~]=8ize (basis);

49 for k=1;length (nx)

50 for 1=1:length (ny)

51 for m=1:length (nz)
52 for b=1:nb

53 H=V {1, :}*nx (k) +V (2, :) *ny (L} +V (3, :) *nz (m) +basis
54

55 X=H{1);

56 Y=H(2);

57 2=H(3);

5HE

So, once again we go back to our original code, what do we have to change we have to
change a very few things actually, we just have to change the corresponding lattice vectors. I
will I will comment out the lines that we had for calcium magnesium silicate and uncomment
these lines and of course, I have to define the appropriate lattice vectors. So, which I have
already defined here and then finally I just have to change the corresponding function that I
will call Cs3P7
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atom=1;
basis=getbasis_Cs3P7(); % Basis atoms. Give addidional one
[nb,~)=size (basis); % nb contains the number of basis atonm
for k=1:length(nx)
for 1=1:length (ny)
for m=1:length (nz)
for b=1:nb
H=V (1, :)*nx (k) +V (2, :) *ny (L} #V (3, :) *nz (m) tbasis

X=H(1);
Y=H(2);
7=H(3);

atom=1;
basis=getbasis ¢
[nb, ~]=size (basi]
for k=l:length(1
for 1=1:leng Ll o, ] I
for m=1:rengemrinzg
for b=1:nb
H=V (1, :)*nx (k) +V (2, ) *ny (1) +V(3, :) *nz (m) thasis

s. Give addidicnal one
e number of basis aton

X=H(1);
Y=H(2);
2=H(3) ;

dx=dot (C,u);
dy=dot (C,v);
dz=dot (C,w);

if{dx <1*dot(u,V(1,:)) && dy <l*dot(v,V(2,:))
X1 (atom)=X;
Y1 (atom)=Y;
21 (atom)=Z;

% Add as many of these statements (depending on the numbe
tor mark them with different sizes on the scatter3 commar
tline

if (floor (basis (b, 4))==1)




71

1!
74
4] L*dot (v,V(2,:)}) && dz < 1*dot(w,V(3,:)))
16
17

18

81

15 L*dot (v, V(2,:)) | )

And that is the crystal structure for CS3 P7. The one unit cell just one unit cell which of
which of course, the some of the boundary atoms are turning up here and the reason for that
is that we have said you print 1.1 here if I change this to just 1 as I mentioned in last class,

you will not see those atoms, right this this is how the axis view this is the x y axis.

So, this is going to be the a and this one is going to be b. The y axis is b here this is actually a
square this is actually a square you are looking at it from the top, the ¢ axis is pointing outside

the board. The rest of it all pretty straightforward it's all quite similar.
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11 B5=[0.629 0.794 0.032 2];
12 P6=[0.998 0,341 0.705 2];
13 P7=[0.011 0,290 0,840 2];
14 A=k i 1B
15 c=basis _symm(C52);
16 d=basis symm(CS3);
17 pl=basis symm(P1);

/.

18 pZ=basis symm{P2);
19 p3=basis symm({P3);
20 pd=basis_symm{P4);
21 pb=basis symm(P5);
22 pé=basis symm(P6);

3 pl=basis symm(P7);

P WA

For this it is for this particular space group the advantages because there is only one function
that you need to write there is only one Wyckoff position in which both the CCM as well as

the phosphorous atoms are actually located.
Student: In that website, there is option X,y,z so can we get all the optional atoms
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Bibao Crystaflographic Server -+ WYCKPOS -+ Wyckolf Positions Help

Wyckoff Positions of Group P44 (No. 76)

(Wyckoff| Site | Coordinates
Wutipiaty ety cordina |
1| 4 a 1 ) (xnze2) (ynz14) (yox,2430)

Wyckoff position and site symmetry group of a specific point

Specify the point by its relative coordinates (in fractions of decimals)
Vanabie parameters (x,y;z) are also accapled

=03 yE03 QR

Show

If you want 1o see the Wyckolf position in olher setting, click here

For comments, pledts mail i
adminisirador bes enu8ls

Professor: So, one of the questions in this website there is X y z, so it can be put some number

here and get all the optional atoms.
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Bilbao Crystallographic Server -+Site Symmetry Gioup Hedp
Space Group : P4y (No. 76}
Point : (0.3,0.33,0.22)
Wyckoff Position : 4a

Site Symmetry Group 1
Ky I ( : . ] 1

Bilbao Crystaiographic Server Far comments, please mail to
hitp:/fwwe cryst ahu.es adminstrador bes@ehu sus

4
B

Let us try this is what it gives. So, it gives you the Wyckoff position is 4a and it does not give

you the gives you the entire list, like what you are expecting. But let us see this one?

(Refer Slide Time: 24:16)

||llmP||C|‘f¥: HH‘:HS)II:‘H?M Coordinates .
4 . ® 1 (.2} (12 12) (-2 12) (x-y-2) |
BEN K 2 [(RpimiRad |
2 ¢ 2 |0y ) {0,4.304)
2 | b & (200 (- N 202)
d | a |2 [xonmom

Wyckoff position and site symmetry group of a specific point

Specify the point by its retative coordinates (in ractions er decimals)
Variable paramaolers (x,y.2) are also accepled

X0 y= 034 2=

Sho

If you want to see the Wyckoff position in elher setting, cick here
A

Bilbao f Fummphu&,rrﬁﬁf

httpofy «’ l I administrador bes el el
Basically, if you give the fractional coordinates, it is going to tell you what is the Wyckoff
what does the Wyckoff position for example, I am going to say 0, that [ am going to say
0.334 and then I am going to say here 0.25.



(Refer Slide Time: 24:38)

Bilbao Crystallographic Server ~+3e Symmatry Group Hel

Space Group : P2224 (No. 17)
Point : (0,0.334,0.25
Wyckoff Position :f-c

Site Symmetry Group .2,

= (318 0]

RYTH12 ( ) 20y.14

Bilbao Crystalographic Server For comments, please mall io
hitip:www.cryst.ehu.es administrador bes@ehu.eus
X
}
B

So, so it says that it is 2c¢ it says that the position is 2c, so I am able to give the position and it
is telling me what is the Wyckoff position in which that particular point is located usually we
do not have that sort of problem, we only have the other problem we only are given the

Wyckoft positions and we have to generate the crystal structure.

Now let me do one last example where we have, [ want to show you the structure of selenium
which is trigon. So, this one will take a look at it first from the website. Selenium has a

trigonal structure and it space group is P3 suffix 1 to 1.

(Refer Slide Time: 25:31)



So, this is the space group. So we use what do we use for such trigonal systems? What is the
unit cell that we use, we use the hexagonal unit cell with 120 degrees included angle between
a and b and c is pointing upwards. So, this would be the lattice vector something like this

would be the lattice vector and ¢ is pointing outwards.
Student: ¢ point outwards or b.
Professor: Oh sorry, this is b and ¢ points outwards this is b. b, it is b not c.

(Refer Slide Time: 26:21)

36

37

38 Appropria 11 ve 4.

39 V=[a 0 b 0; ¢];slattice vectors for diamond (Fd-3
40 ;0 b 0; 2];% Lattice vectors
41 V=[a 0;0 b 0; =]1:% Lattive vectors for (K2MnS2) Ik
12 V=a i 0b0; ) e i he three la

43 V=[a i0 b 0;c*cosd (beta) c*sind(beta)];

14 V=[a 0 0; b*cosd(120) b*sin(120) 0; 0 0 c];

T R

16 atom=1;

47 basis=getbasis Cs3P7();

8 [nb,~]=8ize (basis);

-

N
So, these are the lattice vectors a, 0, 0. b cos d 120 b sine d 120 0; 0 O c is basically my ¢

vector.
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21

22

23 LAttice constants for Cs3l
24 ]

25

26
27
28
29




35 a=4,519;
36 b=4,519;
37 c=5.050;

41 V=[a 0 0;0 b 0;

42 V=la 00; 0b0

13 V=la 0 0;0 b 0;

44 V=[a 0 0; b*cosd _ 00c);

I ol e

16 atom=1;

47 basis=getbasis Se(); % Basis atoms. Give addidional ones :
18 [nb,~]=size(basis}; % nb contains the number of bas

19 for k=1:length(nx)

50 for 1=1:length(ny)

51 for m=1:length (nz)

52 for b=1:nb

3 H=V (1, :) *nx (k) +V (2, ;) *ny (1) +V(3, ;) *nz (m) +thasis

And I am going to comment them and look for my Selenium thing right here these are the
lattice constant. By looking at the lattice constant, you can know this is a this is b and this has

to be c this pointing outwards and I have to change my this one to Se that's it.



(Refer Slide Time: 27:10)

P A | pibat P || gl LN | e e

function '[b}= getbasis Se()

(-

% Given P3 121

% Positions for PdS

Se=[0.2192 0 1/3 1];
a=basis_symmn(5e) i

b=[a];

end

+

i on [basisa]=basis_symm3a (X)
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Wyckoff Positions of Group P3;21 (No. 152)

" koff,  Site
I m;ﬂ_ synmey \ Coordinates

{x .y,z| [-yayze i) (-11y.-i.z12-‘3] [y -z]:

§ (4,223 (rxpy 2+ 113)

3 b 2 [(0.56) 05,18 (x-112)
g ‘ a x.ﬂ.11‘31 02,2/3) (-x,-2.0)

Wyckoff position and site symmetry group of a specific point

Specify the point by s retative coordinates (in fractions or decimals)
Variable paramalirs (x1.2) ane also accephed

Fueumls.plaml]d’fn?

adminlstrador, bes ehliets
Wyckoff ‘lol 152)
‘ . WM =
Multiplicity efter | |
| 8 | 3 ; 223 [y,x.-z]l
i | b ! |
—— ) |
# —
Wyckoff position and site symmetry group of a specific point
Specify the point by its retative coordinates (in fractions er decimals)
Variable paramaolers (x,y.2) are also accepled
X= y= 1=
Sha
( Hyou want to see the Wyckolf position in other setting, click here
Bibao G - \ For comments, please o
gl ¥ i adminisrador bes @ehis s
i

So, let us take a look at that these atoms are actually located symmetry position is 3a, P3 1 2

1 from the materials project website and we can also look atour P3 12 or2 1
Student: 2 1.

Professor: What? This one right, so this is the general, this is a position, so they are at
positions 3a, so there will be only three atoms present inside the unit cell and as you can see
when we generated it there are just exactly three atoms that is associated with the unit cell

and you can also check if this is correct by going to your materials project and look at this.
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So, now if you see, there is one, two and three all the other atoms are located outside of this
unit cell. So, so, you can make other you can you can like I had showed it the other day you
can click edit crystal and then remove the other atoms that are present outside the unit cell

and convince yourself that whatever you have created is in fact.

So, this is a very good way of checking your coats. So, one of the first things that you want
you will be doing whenever you are running molecular dynamics simulations is to create the
crystal structure. Not always our crystal structures you know bcc or fce for which the you can
get away with writing some simple quotes, when they are mono clinic and tetragonal you

have to be careful and each when each unit cell contains a large number of atoms, then you



know it becomes extremely careful for you it becomes extremely important for you to

generate the structures correctly.

And also check them right you can create a unit cell on your MATLAB check them and give
and use that to generate your crystal structures for the molecular simulation package that you

are going to you that you are going to be using.

So, with that actually I have completed the first module of this course, which involves create
creation of crystal structures, interpreting space groups, point groups, understanding them and
how you use them Hermann mauguin symbol and the corresponding Wyckoff positions for

every space group to generate any crystal that is given to you.

So, from the next class onwards, we will start with the next module, which will involve some
introduction to statistical mechanics. So, statistical mechanics is a vast subject in itself, is not
something that we can actually cover in one third of the course. But it so happens that the

molecular dynamics the reason why molecular dynamics framework works.

Why does giving you useful results is because of the framework that is established in
statistical mechanics, so it is a good idea to actually look at statistical mechanics first to see
what that framework basically tells us and then come back to molecular dynamics
simulations and you will be able to better appreciate the kind of results that it is producing,

and also interpret these results whenever you are doing your research work.



