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Fourier Transformation:
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= Figure 10.1. Two powder diffraction patterns
2000 1 of the mntermetallic compound CeRhGe;. The
bottomplot depicts X-ray data collected using
“' ' [i " Mo Ka radiation at room temperature, and the
. top plot disp] on diffracts
: : ' : ; : p plot displays neutron diffraction data
0.1 0.2 0.3 0.4 05 06 collectedat T =200 K, using thermal neutrons
sinf/A (A1) with L =1.494A.
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Figure 10.2. The electron (/ef?) and nuclear (rig/ht) density distributions in the x0z plane of the unit cell of CeRhGe,
calculated from X-ray and neutron powder diffraction data, respectively (Figure 10.1). The contour of the unit cell 1s
shown schematically as the rectangle under each Fourier map. The peaks correspond to various atoms located in this
plane and are so labeled on the figure. The volumes of the peaks are proportional to the scattering ability of atoms: for
X-ray, the scattering power decreases in the series Ce(58¢e) — Rh(45¢e) — Ge(32e): for neutrons, the coherent scattering

lengths decrease in the reverse order: Ge(8.19 fm) — Rh(5.88 fm) — Ce(4.84 fm). e
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Patterson Function or Heavy Atom Method:

h_+mk toolty Peaks Height:

Pow = v Z Z Z |F§;’E’f| cos[2m(hu + kv + lw)] Eq.10.9 Hy, ocZI-Zj Eq.10.12

h=0 k=—wl=—cw0

Table 10.1. Interatomic vectors (shown in bold) produced by an atom located in the general
site position in the monoclinic crystal system, space group P2,/m.

Symmetry Symmetry

element operation %Y7 X, 721y, Z Rl X, /Y,
1 X.y.Z 0.0.0 2x,%,212 2x,2y,2z 0,-72+2y,0
2, -X,Yoty,-z -2X, V2,-27 0,0,0 0, ¥21+2y,0 -2x,2y,-27
-1 -X,-Y,-Z -2x,-2y,-27 0,-72-2y.0 0.0.0 -2xX.-Y5.-27
m X,/2-y.Z 0,%:-2y,0 2x,-2y,2z7 2x.,2z 0.0.0
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. Figure 10.3. The relationships between the
i distribution of atoms (/ef?), and the Patterson
W function (right) in a two-dimensional unit

cell. All possible interatomic vectors are
h drawn on the left. On the right, they are
1(’ i —> u  broughtto a common origin (upper lefi
; corner) of the unit cell. Vectors that are
outside the unit cell are shown using dotted
: lines. The content of one unit cell in the
* Patterson space (right) 1s shown using solid
lines. Blue and red circles depict a two-fold
increase 1n the height of the corresponding
peaks of the Patterson function when

compared with those marked using grey and
green circles, which occurs due to a complete
v overlap of vectors comciding with the parallel

sides of the parallelogram of atoms on the /ef?.
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P(uOw)

Figure 10.4. Patterson functions calculated in the #0w plane using Eq. 10.9 and employing experimental
X-ray (/eft) and neutron (right) powder diffraction data shown in Figure 10.1. The strongest peak in any
Patterson function is always observed at (0, 0, 0) because the origins of all vectors coincide with the origin
of coordinates. In this example, since the real crystal structure contains an atom at (0, 0. 0), some of the
peaks on the Patterson map correspond to the actual locations of atoms (i.e., W= x/* 0).The contour of the
unit cell 1s shown schematically as the rectangle beneath each Patterson map.
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Figure 10.5. The schematic
illustrating how the powder
diffraction pattern (zop lef?)
can be transformed into the
image of the crystal structure
in three dimensions (bottom
right). Both the diffraction
pattern and the model of the
crystal structure represent

the mtermetallic compound
CeRhGe;.
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Direct Methods: _ _
First reflection, h hk,l
Triplets are defined as follows: Second reflection,  h'’ :h' k1 Eq. 10.13
Third reflection, h—h':h-h k-k' -1
Signs relationshipin Triplets : Sh = Sh/Sh—n’ Eq. 10.16
| F = L " )
Normalized structure factor: hkl = (F2 )1,/2 Eq.10.14 (Fexp) = Z fi°(s)  Eq.10.15
exp —
P, = 1/2 + 1/2 tanh[N'”zlEhlEthh_hf] Eq. 10.17
Probability of Sign (Phase) n: 1
P, = exp|kyn, cos(ay: + ay_p . 10.
Op 27l (kh hf) p[ hhs COS(ay, h—h )] Eq. 10.20
T - la tan ay, = ~ ZhlEhfl |Eh hrl Sll’l(ﬂfhr + Ap— h.r) Fa. 1021
angent Formula: S En [ En—n'| cos (et + @) q. 10.

=40 k=+4wo [=+4+w

ElectronDensity: Pxyz = 5‘ 5‘ y Ehmcos[Zm(hx +ky+lz— ‘If{fgea)] Eq. 10.22

h——or:- k=—ool=—0w0
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Figure 10.6. Experimental pair distribution function of CdSe from bulk material
(leff) and 30 A nanoparticles (right). Numerical data used to produce these plots
were taken from the DIFFpy tutorial.
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Total Scattering Analysis Using Pair Distribution Function:

N
| | o sin( Qry;)
Function of interatomic distance: 1(Q) = ZZ fif or Eq. 10.23
i=1j=1 i
1°°MQ) - S alfi(@13
Reduced structural function F(Q)=Q X (Z)CJ I3 (Ql)lj;f( ) Eq. 10.25
Reduced pair distribution function: G(r) = 4nr[p(r) — po| = 4mrpylg(r) — 1] Eq. 10.26
fif;
Atomic pair density: p(r) = 4:-'1'er Z Z (;-;2 5(7' - ?"ij) Eq. 10.27
1 j'il.
Calculated G () function: JuJj ) ( — ) —4
- Geale(r) == N (200 = Tip)| = 4mrpo Eq. 10.28
ES
I b 2
The minimized function: ® = Z w; Gca (r;)) = G° S(Ti)) Eq. 10.29
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