Table of Contents

Table of Contents

Converting lattices: Rhombohedral to hexagonal and back
Conversion between hP and hR representations
Converting hP supercell to hR primitive cell
Crystal classifications
References

oW ulw N —

1/11



QuantumATK

= QuantumATK

¢ Contact

Docs » Tutorials » Miscellaneous » Converting lattices: Rhombohedral to hexagonal and back

Converting lattices: Rhombohedral to hexagonal and back

Version: 2015.1

Downloads & Links

& PDF

Basic QuantumATK Tutorial
ATK Reference Manual

& AMS_DATA cif

In this tutorial, you will learn how to convert hexagonal (hP) Bravais lattices to rhombohedral (hR) ones
and vice versa. Both of these lattices belong to the Trigonal crystal system.

As we know, there are 14 Bravais lattices in

R3 space. These determine the translational symmetry properties of a crystal unit cell, and thereby also
the symmetry properties in reciprocal space (high-symmetry k-points, etc.). Additionally, the space group
determines the rotational and other internal symmetry operations of the basis (the atomic coordinates).
For the complete symmetry specification we need both, although the lattice symmetry is usually

determined by the space group, i.e. each space group is associated with one and only one Bravais lattice.
[l

However, the trigonal crystal system is special, because one can often choose between rhombohedral
and hexagonal representation. Trigonal structures found in online databases are often hexagonal, but for
computational purposes, the smaller rhombohedral cell will usually be more efficient. In that case,
conversion between the two representations is advisable.

hR (hexagonal) and hP (rhombohedral) crystal systems

The space groups are classified by crystal systems, and any standard book on solid state physics will
tell you that there are 7 crystal systems and 6 crystal families. Here we focus on the special situation
in the hexagonal family, which is the only one that can be subdivided into two crystal systems; the
hexagonal and the trigonal.

The hexagonal system comprises 27 space groups. All of these have hexagonal Bravais lattices,
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Conversion between hP and hR representations




The hexagonal setting is in fact a supercell with three irreducible rhombohedral units. In the modern so-
called obverserepresentation, the origins of these three subsystems are placed at the
di, ds, ds fractional coordinates of the hexagonal lattice.

O Tip

e {Ap, By, Cy}rp: hexagonal (hP) lattice vectors
o {ARr, Br,Cr}nrr: rhombohedral (hR) lattice vectors.

Taking into account the symmetries of the crystal structures we can find the following relations among
the above vectors:

dy 1 0 0 O Ag 0 0O Ar
dy | = 3 2 11 Bg =10 1 0 Br
ds 1 2 2 Cu 1 10 Cr

The lattice vectors are connected via the following transformation (direct and inverse):

(-1 11 -1 1 0

312 1 1 1 0 -1
Ag N\ :2 1) /4 A, A1 i L/ an
Br | = =M By || By | = =M~ Bg
CR CH CH CR

Choosing now Cartesian coordinates one obtains the following relations:

AH - CLH(]-, —\/§,0)/2 Ar= (0a+aH\/§a CH)/3
hP: BH = aH(1,+\/§,O)/2 ’ hR: BR = (3(1]{, —aH\/§,2cH)/6
CH = CH(0,0, 1) CR = (—3CLH, —aH\/g, 2CH)/6

The orientation of the last cell with respect to the cartesian axes is different from the standard
QuantumATK choice for the rhombohedral cell!

For later use, let us compute the lattice parameters of the rhombohedral cell, i.e. the lengths of the lattice
vectors (

am, cy,ar) and their angles (

ag, B). They are all the same, as expected for a rhombohedral crystal, and after some algebra we obtain
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ag = 2agsin(ar/2)

cg = ar3+/1 + 2cosagr

ar = 2 arcsin(35/2)
where: 8:= /3 + (cy/ag)?
Now, what to do in practice, if you have recevied a rhombohedral crystal in the hexagonal supercell

representation, but want to convert it to the smaller rhombohedral system? We give the recipe in the next
section.

ar = agf/3 {

Converting hP supercell to hR primitive cell

Assume you have found a structure in some online database: Hilgardite, KS,Al3014Hg. Download the CIF
file and save it: & AMS_DATA cif.

e Step 1: Drag and drop (or use Add » From Files) the aMs DATA.cif file on the Builder ®.

e Step 2: You can read off the lattice parameters via Bulk Tools » Lattice Parameters (or you can read
them in the CIF file):

ag = 6.96 Angstroms
cy = 17.35 Angstroms
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Builder

6 drag 'n' drop

AMS_DATA.cif
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* Crystal Symmetry Info
> Arcel

> Merga Cells

> Repeat

> Stretch Cell

B Swap s
» o
Erillouin Zora Viewsr,
ko Parameters,

[}
1
1
1
1
1
> supercell 1
]
I
I
]
1

1
: Keep | Cartesian , | coordinates constant when changing the lattice - Bulk Tools v i
T
: Lattice Parameters !
No cell : Adjust the lattice parameters of the selected lattice type. Only parameters
: relevant For the lattice type can be changed. Lattice parameters can be
Simple cubic : exported to the clipboard by right-clicking. a
. ! a(A) 696 | a 1
Face centered cubic ! — \
o ! b (A 6.9 50 | b/a
Bodyicentered eUblc i " [ asac ’ = a5 Lattice Parameters. "k ‘
Rhombohedral | <@ | 17.35| v 20| da | 249262
Hexagonal V Primitive Vectors
Sim P| e tetragonal Manipulate the Primitive Vectors directly. This is only possible if UnitCell was
chosen from the dropdewn menu.
Body centered tetragonal *(A) YA 2(A)
Simple orthorhombic A 3.48 -6.02754
Body centered orthorhombic 8| 3.8 602754

Face centered orthorhombic

Base centered orthorhombic
Simple monoclinic
Triclinic
Unit cell

e Step 3: To change the lattice to rhombohedral (hR), start by changing the “Lattice type” to “Unit cell”,
and select to “Keep Cartesian coordinates constant when changing the lattice”. The rhombohedral
primitive vectors are given by the relations from above and inserting the hexagonal lattice constants,
you obtain:

Arp = (0,—|—aH\/§, cn)/3 = (0,4.018,5.7833)
hR: Br = (3ap, —aH\/g, 2¢cy)/6 = (3.48,—2.009,5.7833)
Cr= (—3ap, —aH\/§,2cH)/6 = (—3.48,—-2.009,5.7833)
Insert these numbers, component by component, in the Primitive Vectors table. (At this point you will see

that the K atoms sit close to the corners of the unit cell, indicating that we have indeed made a reasonable
transformation.)
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Simple [NRIC R TSTOITRTIS

Triclinic
Unitcell o

X = 0O Lattice Parameters

Choose the lattice type from the dropdown menu.

Lattice type: | Unit Cell =

v

s

Keep | Cartesian 5 | coordinates constant when changing the lattice
Lattice Parameters

Adjust the lattice parameters of the selected lattice type. Only parameters
relevant for the lattice type can be changed. Lattice parameters can be
exported to the clipboard by right-clicking.

a(h) 7.04208 | @ 2
b (A) 7.0 B 59.2253 | bfa 00002
c (&) 7.04223 | ¥ 59.2253 | ¢fa 1.00002

Primitive Vectors

Manipulate the Primitive Vectors directly. This is only possible if UnitCell was
chosen from the dropdown menu.

x(A) y (&) z(A)
B 3.48 -2.009 5.7833
C -3.48 2,009 57833

Volume =242.597 A

— Ap = (0,+agV3,cx)/3 = (0,4.018,5.7833)
« Br = (3az,—agV3,2c)/6 = (3.48, —2.009, 5.7833)
— Cp = (—3ay,—agV3,2cy)/6 = (—3.48, —2.009, 5.7833)

e Step 4: As mentioned above, the orientation of this new cell with respect to the Cartesian axes is
different from the standard QuantumATK choice for the rhombohedral cell. The next step is therefore

to reorient the cell to fit the standard cell .

¢ To do this, switch to “Keep fractional coordinates constant when changing the lattice”. This ensures
we do not distort the geometry while reorienting the cell.

e Change the “Lattice type” to “Rhombohedral”. This operation preserves the lengths of the primitive
vectors, but aligns them into the standard orientation (and also uses the Rhombohedral lattice class,
so you have access to the relevant symmetry points for band structure calculations, etc). As a
verification of this, you can compute the lattice constants by hand:

B = 3.03548

ar = agf/3 = 7.0423 Angstroms
ag = 2 arcsin(33/2) = 59.228°

which is close to the values shown in the Lattice Parameters widget (some rounding error will occur
due to the number of decimals used for the lattice vector components).
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Rhombohedral [ 9
Cartesian
fractional Lattice Parancters
Choose the lattice type from the dropdown menu.
i Lattice type: | Rhombohedral .
b a --1 Keep |fractional § | coordinates constant when changing the lattice

Lattice Parameters

Adjust the lattice parameters of the selected lattice type. Only parameters
relevant for the lattice type can be changed. Lattice parameters can be
exported to the clipboard by right-clicking.

a(d) 7.04208 | a | 59.2289 |
b (A) 7.04208 | B 59.2289 | bfa
c(A) 7.04208 | ¥ 59.2289 | cfa

Primitive Vectors

Manipulate the Primitive Vectors directly. This is only possible if UnitCell was
chosen from the dropdown menu.

* (&) v (A) z(A)

Volume = 242.6 A°

e Step 5: There are still too many atoms (three times too many). These extra atoms are however all
sitting in symmetry equivalent positions of the rhombohedral lattice, and thus by wrapping them into
the cell, they will fall on top of the minimal basis. Thus, go to Bulk Tools » Wrap, ensure all directions
A, B, C are ticked, and click Apply.

a ________ =/ Bulk Tools !

\J

= Wrap

Check one or several of the A, B, and C boxes. The
fractional coordinate of the selected axes will be forced
into the interval 0 to 1.

To execute the wrapping operation, press the Apply
button.

VA NB NC [ apply «H-—--

e Step 6: Now it may appear as if magically the superfluous atoms were removed. However, they are still
there - there are atoms on top of each other now. Such a configuration is not valid for calculations, so

the final step is to remove the equivalent atoms. For this, use Select » Close Neighbors, and click the
buttons Select and Delete.

= Close Neighbors

Enter a threshold, and click Select. This will select the first
atom with a bond of a length shorter than the threshold.
Press Delete to remove the selected atom, and repeat the
= Selection Tools _‘_ N a ____ ) procedure until no more shert bonds are found.

Threshold \ D.1A \

Inverse case

You can of course also convert the other way, i.e. to the hexagonal supercell from the rhombohedral
minimal cell. This is simpler. Looking above, we see that the hP vectors are obtained by hR after the action
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of the matrix

M1 as defined above. This matrix can be implemented directly in ATK by choosing Bulk Tools »

Supercell and enter this transformation:

=/ Bulk Tools

=l Supercell

Bravais lattices).

A

B

Create a supercell by expressing the new cell vectors A',
B', and C' as a linear combination of the current cell
vectors A, B, and €. Atoms will be added as needed, to
reflect the new cell size. Press Conventional to choose
the conventional cell (only available for non-primitive

&
\4

=i [

=/ [0

SiE

All-l
B'[1
C 1
Reset |

Conventional

C
[ (o =
BE_ B
B B M=
Transform |

|

A

I
|
|
|
|
|

—1 1 0
1 0 -1
1 1 1

You now have a hexagonal cell, it's just not oriented in the usual way, but this is easily fixed just like

before: Use Tools > Lattice Parameters, choose to keep fractional coordinates constant, then change the

“Lattice type” to “Hexagonal”. The structure is now back to the originally imported file.

Crystal classifications

CRYSTAL SYSTEMS
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b

Imenm, inam, Bca, mma

Frewmem, Prne, Poom, Phan, Pmmas, Prna, Pmina, Pros. Peam, Foon, Phom Pinm, Pmmn, Phor. Phea. Prma
o Cmom, Tmoe. Cmmm, Coom, Cmime, Cooe
2h Freer Fodd

Cs P, P, Pdg, Pda, B, Mg
54 P, 13
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Pdderenirn, Pdimice, Pdinbim, P&innc, PAdimbm, Pdimac, PAnmm, Pamce, Pdgimme. P42imom, PA2inbc.
Dap P irean, Pdgimioe, PAzimnm, Fazinme, PAzinem
Mimmnm, Kimom. Mylamd, My lacd

F3, Pay, Pz
R3

{146)
{148)
{155)
{160}
{161)
FImil. FIIm, FIcL, Filc {166)

R3m, Ae
{167)

F312, P321, P31132, F3121, P3712. Fap21
LEY]

D Fi1m. FiLe. FimL Ficl
3d Rim, Ade

P, PG Ph5. POz, POy Fil3
[
P, Pegm
PEID, PEL22, PEE2Y, PEZD2, PegTl. P22
e, PECT, PEI0M, PEIMC
Dak P, Ficz, PRI, Pilc

Peferenim, PEImcc, PERimom, Fegimme

T F21, F23, 122
F243, 1243

Th Frid. Fnd, Fmd, Fal. imd. a3, a3

P432, FA332
F432, F4132

o w2
P4332, F4132, 19132

T Fd3m. Fi3m, 133m
d Fan, Fiac, 1434

Freden, Pndn, Pmin, Pn3m
Ta Fmim, Fmic. Fadm, Folc
e, ladd
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hexagonal trigonal
l | l | -
" L *
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= N - B S o Ve &
El uZ = = =
-1
Z
{ total: 7 ‘
“ hexagonal
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