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Quantum forces

The Born-Oppenheimer hamiltonian for our solid was:

The position vectors R; of
the nuclei are consistent
with a given space group
and wyckoff positions.

Implications for forces ?

= If your DFT code imposes symmetry,
then only atoms with freedom in their
wyckoff positions can move (=can be
subject to forces). Any other motion would
alter the symmetry.

Quantum forces

Example for P4,/mnm (nr. 136):

Wyckoff Positions of Group 136 1P42/mnm)

[wyckofr| site i
Coordinates
Muttiplcity i eor” |symmetry
(xyz2) (x-y.2) (Y12 x+112,24172) (y+1/2,x+112,2+1/2)
1% K 1 (X#12,y4112,24112) (x+1/2,-y+112,-24112) (yX.-Z) (yx-2)
(%y-2) (xy2) (Y172, x+112,24112) (y 112,472, 2+112)
(x+102,y+1122+112) (X+122y+1122+112) (y,.2) (yx2)
s m o |xx2) (Xx2) (X112 X+1122+172) (x+172,X+112,2+1/2)
L (X172 x+112,24112) (x+1/2, x+1/2,-2+112) (x X,-Z) (-X,X,-Z)
8 m (xy,0) (x-.0) (Y12 x4112,172) (y+1/2,x+1/2,172)
(XH12y+112,112) (<H172,9+112,112) (yx,0) (y-X.0)
8 h 2 (0,12.2) (0,12,2+172) (1/2,0,2+1/2)(12,0,-2)
(0,172,-2) (0,172,2+1/2) (112,0.2+112) (12.02)
4 g m2m | (x,-%,0) (-xx0) (x+1/2 x+1/2,1/2) (-x+1/2,-x+1/2,1/2)
4 f m2m || xx0) (%-x,0) (xH2xH12,112) (x+112,x+112,12)
4 e 2mm  |(0,0.2)(1/2,1/2,2+1/2) (1/12,1/2,-2+1/2) (0,0,-2)
4 d 4 (0,172,1/4) (0,112,314) (1/2,0,1/4) (1/2,0,3/4)
4 c 2im. (0,12,0) (0,1/2,1/2) (1/2,0,1/2) (1/2,0,0)
2 b mmm {(0,0,1/2) (1/2,172,0)
2 a | mmm [000)(1212.12)




Quantum forces

Example for P4,/mnm (nr. 136):

Take Hg,Na; and TiO, , which both have this space group :

+ Search their cif in COD

+ Look into WYCKPOS (Bilbao) [see previous slide] and identify wyckoff positions
+ Visualize it with vesta/jmol/xcrysden

+ Inspect the wyckoff positions: fixed by symmetry or not ?

23/10/2015

Quantum forces

Tio, :
Ti [ 2 [ a [mmm [00021212) |
(@) [ 0 [m2m [ o0 cortizartiz i) otz 1 2,112) ‘
Hg,Nas :

(x2) (xx2) (x+H12)0H1122+112) e 12, x+1122+112)
Hg ‘ 8 ’ ) ‘ M2 xR 2112) 2, x4 112,24172) (0x,2) (xx-2)
Na-1 [ 4 [ ¢ [ 2m. [012001212) 12012 (11200
Na-2 [ & [ 1 [ m2m [0 oxxd) o2 12,1/2) otz 2,112) ‘
Na-3 [ 4 [ o [ m2m [&K0) 0xx0) cH2x/2,12) (xr12.54112,112) |




