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Little crystallography
Bragg’s law of scattering,
Kinematical versus dynamical scattering,
Physical meaning of extinction length,
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Little crystallography

Bragg’s law of scattering,
Kinematical versus dynamical scattering,
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Scattering by a small crystal,
Incorporating the unit cell and translational symmetry,
Structure factor,
Ewald construction in reciprocal space,
Fundamental equipment for
X-ray diffraction experiments,
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Little crystallography

Atoms (molecules) pack together in a regular
pattern to form a crystal.
There are two aspects to this pattern:

Periodicity
Symmetry

First, consider the periodicity...

@ jmw James A. Kaduc, Crystallography lecture 4



Little crystallography

A Primitive Cubic Lattice (CsCl)

{fj jm*é‘ James A. Kaduc, Crystallography lecture



Little crystallography

a unit cell of a lattice (or crystal) is a Volume which can
describe the lattice using only translations.

in 3 dimensions (for crystallographers), this volume is a
parallelepiped.

such a volume can be defined by SIX numbers
- the lengths of the three sides,
or three basis vectors

- and the angles between them

‘fj f%'ﬁ*‘é James A. Kaduc, Crystallography lecture ¢



Little crystallography: lattice vectors and angles

b

Figure 2-2 (a) [llustration of lattice vector and
interaxial angle designations.

(a)

TABLE 2.1 DETERMINING WHICH INTER-AXIAL ANGLE 1S BETWEEN WHICH PAIR OF AXES. THE ANGLE BETWEEN
ANY TWO TRANSLATION VECTORS IS GIVEN BETWEEN THOSE VECTORS ON THE LINE BELOW. .

Axis a b .oc a

Inter-axial Angle Y o B

City University
of Hong Kong

‘:.,‘ S B.D.Cullity & S.R.Stock, Elements of X-ray Diffraction



Little crystallography

the unit cell is not unique

(c:\MyFiles\Clinic\index2.wrl)

BEBHKRE
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Little crystallography
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Little crystallography

(drilotk sertin.) TBs Lore 2

‘fj hiliong James A. Kaduc, Crystallography lecture 10
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Little crystallography

James A. Kaduc, Crystallography lecture 11



Little crystallography

how to pick the unit cell?

e axIs must be right-handed
» angles should be close to 90°

e periodicity plus symmetry

has to be fulfilled at the same time

‘fj jm@ James A. Kaduc, Crystallography lecture 12



Little crystallography: lattices

a
Figure 2-1 (a) One-dimensional —— 'ﬂv—ﬂ
lattice with parameter a. P ® ® & — Py (a)

()

Figure 2-1 (b) Two-dimensional lattice with lattice translation vectors a and b and interaxial angle vy.

‘v I B.D.Cullity & S.R.Stock, Elements of X-ray Diffraction
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Little crystallography: lattices
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Figure 2-1 (c) Three-dimensional lattice with a primitive unit cell highlighted in bold. Lattice points are
represented by the solid circles/spheres.

" DR B.D.Cullity & S.R.Stock, Elements of X-ray Diffraction
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Little crystallography: the unit-cell

(b)

Figure 2-2 (b) Unit cells with the lattice points located at the cell corners and an alternative unit cell
centered on one lattice point.

ﬁv TR B.D.Cullity & S.R.Stock, Elements of X-ray Diffraction

of Hong Kong



Little crystallography: symmetry operators

J ‘ A —=» ]  _
(a) (b) (c) (d) ]
one-fold “1” two-fold “2” three-fold “3” four-fold “4” axIS

\-' b h

‘ e D -
-

(e) (f) (2) (h)
six-fould “6” mirror-plane “m> mirror plus Mmirror plus
axis two-fold axis four-fold axIs

ot Hong Kong B.D.Cullity & S.R.Stock, Elements of X-ray Diffraction



symmetry group: group of symmetry operations

a tetrahedron can be placed in
12 distinct positions by
rotation alone

the 12 rotations form the rotation group
group of symmetry operations
of the tetrahedron
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Point Group

a crystallographic point group is

a set of symmetry operations, like rotations or reflections,
that leave a central point fixed while moving

other directions and faces of the crystal

to the positions of features of the same Kind

point groups must comply with translational symmetry

there exist 32 point-groups

’ TP
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Schoenflies notation

‘ﬂ‘
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C, (c:cyclic): n-fold rotation axis
S, (s:piegel=mirror) 2n-fold rotation-reflection axis
Dn (d:dihedral=two-sided) n-fold rotation axis

plus n twofold axes perpendicular to that axis
T (tetrahedron) symmetry of a tetrahedron

O (octahedron) symmetry of an octahedron or cube



Space Group

‘fj
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crystallographic space groups are
the crystallographic or Fedorov groups,
of consecutive symmetry operations

describing the symmetry of a crystal

there are 230 space-groups



Little crystallography

Symmetry information is tabulated In
International Tables for Crystallography,
Volume A edited by Theo Hahn
Fifth Edition 2002

‘f." Gy ety James A. Kaduc, Crystallography lecture 21



Little crystallography:  “‘spacegroup” notation

Guaifenesin, P2,2,2, (#19)

‘fj Gy ety James A. Kaduc, Crystallography lecture 22



Little crystallography:  “‘spacegroup” notation

P2,2,2, (#19) P: simple
2,: two-fold screw-axis

e S——— S

| t— e i e

Simple Base-centered Body-centered Face-centered

orthorhombic Bravais lattices

2, 1s a 180°, twofold rotation followed by a translation of % of the lattice vector,
3, 1sa120°, threefold rotation followed by a translation of '3 of the lattice vector.

‘.v

Guaifenesin: also glyceryl guaiacolate,

an expectorant drug sold over the counter
o usually taken orally to assist the bringing up (expectoration) of
Gy Unversty phlegm from the airways in acute respiratory tract infections

of Hong Kong



Little crystallography: Bravais lattices

® space-groups canbe Sortedinto 14 symmetry groups
® these form / Crystal systems
e the SPatial forms of the 14 symmetry groups

are the Bravais lattices

e the Bravais lattices are the cOncelvable unit-cells
which COMPIY with:
translational symmetry and crystal symmetry

at the SAMe time

BEBHKRE
‘.1{ City University
of Hong Kong
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Little crystallography:

Bravais lattices

space groups (#)

195-230
75-142
16-74

168-194
143167

3-15

1-2

‘3 i

of Hong Kong

CUBIC

abc

=p=y=90°

TETRAGONAL

a=bzc

o= p=vy=90°

ORTHORHOMBIC

a*b#c
=y =90°

HEXAGONAL
a=b=zc

o= =90°

v =120°

MONOCLINIC

a:b#c
=90°
|3 # 12[]“

TRICLINIC
azbzc
o pryz90°

JuIpI
i
L]
g

-
L]

;! Tylg)es of Unit Cell
= Primitive
I = Body-Centred
F = Face-Centred
C =SideCentred
+
7 Crystal Classes
— 14 Bravais Lattices




Little crystallography: Bravais lattices

TABLE 2.2 CRYSTAL SYSTEMS AND BRAVAIS LATTICES

(The symbol # means that equity is not required by symmetry. Accidental equality may occur, as
shown by an example in Sec. 2-7.)

. Bravais Lattice
System Axial lengths and angles attice symbol
Simple P

Cubi Three equal axes at right angles o ; I
e a=b=¢ o=p = ¥ = 90° ody-centere

Face-centered F
Three axes at right angles, two equal Simple P

Tetragonal o '
a=b#c, a=f=y=90 Body-centered I
Simple p

Orthorhombi Three unequal axes at right angles Body-centered I
rrhorombie a#b#c, a=p=y=90° Base-centered C
Face-centered F

Three equal axes, equally inclined .
Rhombohedral* Simple

a=b=c¢, o=B=7+90°
(trigonal)

s}

Two equal coplanar axes at 120°,
Hexagonal third axis at right angles Simple P
a=bw#c, oa=3=9° (y=120°)

Three unequal axes,
Monoclinic one pair not at right angles
azb#c, oa=y=90°=%p

Simple P
Base-centered C

Three unequal axes, unequally inclined
Triclinic and none at right angles Simple P
a#b#c, (zP£y#90°)

* Also called trigonal.

‘.1 B AR . .
J ooy B.D.Cullity & S.R.Stock, Elements of X-ray Diffraction



Little crystallography:

Bravais lattices

‘fj

once again
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Figure 2-10 The fourteen Bravais lattices.



Little crystallography

BCC FCC

Figure 2-17 Structures of some common metals.
Body-centered cubic: a-Fe, Cr, Mo, V, etc.: face-
centered cubic: y-Fe, Cu, Pb, Ni, etc.

Jrd =enimxe . . .
‘;J of Hong Kong B.D.Cullity & S.R.Stock, Elements of X-ray Diffraction



Little crystallography
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Figure 2-15 (a) The hexagonal unit cell (heavy lines) and (b) indices of planes and directions.
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Little crystallography

Figure 2-18 The hexagonal close-packed structure, shared by Zn, Mg, Be, oTi, etc.

Jrd =enimxe ] . .
6 ot Hong Kong B.D.Cullity & S.R.Stock, Elements of X-ray Diffraction



Little crystallography: lattice-planes in two dimensions

0
(13) //.

Figure 2-6 Two-dimensional lattice, showing that lines of lowest indices have the greatest spacing and
the greatest density of lattice points.

ﬁv TR B.D.Cullity & S.R.Stock, Elements of X-ray Diffraction



Miller indices

Intercepts of the lattice plane:
a, b/2,3c: 1,%, 3
reciprocals of the intercepts:

1,2, 1/3
the smallest integers of the same ratio:
1:2:1/3=3:6:1
3,6,1: are the Miller indices of the plane

general denotation: h,k,|
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properties of the Miller indices

cubic 74 COSoc:hTfl
_d _kd
cosf3 T
cosy = 2
y_ a
y

Ncos? =1= L (2 + K2+ 1)

a
- VRZ4k2412
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properties of the Miller indices

lattice plane:
goes through the lattice points

n: normal vector of the lattice plane
n =ha, + ka, +lag

The integers Akl are usually called the Miller indices.

=3 15 TS Ak £
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distance formulas for different lattices

Rhombohedral,a =b=c, a = f# = y:

L (B + K+ [®)sin®a + 2(hk + ki + lh)(cos® o — cos )
di a’*(l + 2 cos® a — 3 cos® x)
Hexagonal, a = b, a = f = 90°, y = 120°:

I hk + k*\ P
3(!+1 + )+_

"Eu

Monoclinic, o = y = 90°:

11 (Li_j_’_l_l\"’sinzp'_'__l_";_Zhlcosﬂ).

dy,  sin® g\a® b? c* ac
Orthorhombic, 2 = g = y = 90°:
1 ek I"
=Tt
dig
Tetragonal,a = b, = fi = y = 90°:

I R4k P
='-I:I\+—.,-

2
i a

Cubic,a=b=c,2=p=y =90

' P L _ R4k

c”

ofH ng Kong ‘!’:’-l a’°



reciprocal lattice

reciprocal space:

b1=

a, X 2, a; X a, _a;xa

’
al‘agxaa

reciprocal-space vector: g

g = hb, +kb, + Ib,

’ =
al°azxa3 al‘agxa:;

ng = h2 + k2 + |2
633??“?



Little crystallography

crystal lattice
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Figure 2-7 lllustration of crystal lattices (left side) and corresponding reciprocal lattices (right side) fo
a cubic system (top) and an hexagonal system (bottom).
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Little crystallography

theorem #1.:
g = hb, +kb, + Ib,
g is perpendicular to the hkl crystal-plane

Z4 : -
(% — 2) is a vector in the plane
as Ik
[ az g) _
gx( l k) 0
a;
k y

X
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Little crystallography

theorem #2:

1

‘g‘hklz%

for cubic crystals:

_ a
Vh2+k2+12

lg| =bVRZ+ kZ + 12

a
gl =p2=ta

’ TP
ﬁ’{ City University
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Little crystallography
Bragg’s law of scattering,

Kinematical versus dynamical scattering,
Physical meaning of extinction length,
Scattering by a small crystal,
Incorporating the unit cell and translational symmetry,
Structure factor,
Ewald construction in reciprocal space,
Fundamental equipment for
X-ray diffraction experiments,
Diffractometers and detectors
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equations of Laue

‘.1!
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difference of path for
Intensity maxima:

;S — a8y = A

a,(s—Sp) = NnA
8,(S — Sp) = Ny
a3(s — Sp) = N3h

the equations

of Laue



equations of Laue

%S:k a;(k—ko) =n,
a,(k—kg) =n,
a3(k —kp) = n,

theorem #3:

N; are integers
this can only be satisfied If and only If:

Kk - K, isareciprocal-space vector:

’ TP
ﬁ’r City University

of Hong Kong



Bragg’s law of scattering

lattice planes

A = 2dsInd

of Hong Kong



Kinematical versus dynamical scattering,
physical meaning of extinction length,

.1{ EEHTKRE
City University
of Hong Kong



Kinematical vs. dynamical scattering

/ Inciden

t beam

/]

A NN
/XN

N

’ FREHAE
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//crystal surface

\/<><

A

energy

/NS /N

Al scattering IS
A\ back & forth

N energy travels

N\ parallel to

the planes

N\

lattice planes in a large crystal
and perfect



Kinematical vs. dynamical scattering

incident beam
/ //crystal surface

lattice planes in a small crystal

scattering occurs
one single times

’ EEEmAL
"" City University

of Hong Kong



Kinematical vs. dynamical scattering

we want to deal with small crystals
where scattering occurs one single times:

this is: Kinematical scattering



Scattering by a small crystal,
Incorporating the unit cell and translational symmetry,

& BT oA
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scattering by a small crystal

My 8, +Mya,+Myas

R

2mn

ﬁﬂ Gy ety



scattering by a small crystal

By introducing the elementary-cell:

translational symmetry is taken care of

BFERABHKRE
"1{ City Universit
Kon

of Hong
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scattering by a small crystal

The X-ray beam is: a plane wave (Fraunhofer conditions)

incoming plane wave

X1

(9]
>

N
N

position of observation

" O [t : :
of Hong Kon Warren, X-ray Diffraction
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scattering by a small crystal

"4 Foe
erS|t
of Hong Kon

Electromagnetic field at P

E_e? o XqtXo
&= — f, e ==
mc<R
X _SOan
=R-sR., X, = X,

X, +X, =R —(s-5)R

g,= Lo § pitzmt = SFIR=(5=50)Rmnl

mc2R N

Warren, X-ray Diffraction



scattering by a small crystal

E e? : 27 o
gp - 0 B fn €L{2 ™= = [R=(5—50)Rinnl}
mc<R

This has to be summed up for all atoms
within the
1) molecules
2) the “basis”
consisting of molecules
3) the “nodes” of the space group
consisting of basis and molecules

I.e. for all N and M indices

" O [t . :
o Hong Kong Warren, X-ray Diffraction



scattering by a small crystal

four summation terms: n, m;, m,, m,,

E,é*

e2l'i[vf-(R[l)] %
mc®R

€. =

»

z f e(amma-so)-r,.' X
n

n

Ny-1
z e(srill)(s—so)-mlu X
my=0

Ng—-1 i

2 e(s:ri/n(s-so)-mgag X
me=0
Ng—-1
| e(zrill)(s—s.)-maas
m;ﬂo

& BT oA
o e
City University

of Hong Kong

Warren, X-ray Diffraction



scattering by a small crystal

the first term:

2
El]e e2rri[vt—(1i'/1)]
mc R

€, =

is NOT affected by the Structure

ﬁﬂ ERAS
City University . .
of Hong Kong Warren, X-ray Diffraction



scattering by a small crystal

the three terms with: My, M,, My: are equivalent with the
Laue equations:

N1

z e(zri'/n(s-so)-mlu
my=0

Ng—1

z e(SwiM)(s—so)-mgﬂg
me=0

N3g—-1
; 2 &'27i/A) (s=8o) - m3ag

m,mo

ﬁj{ ERAS
City University . .
of Hong Kong Warren, X-ray Diffraction



scattering by a small crystal

the three terms with: m;, m,, m; have the form of a geometric series:

rl — a
S=a4ar+arr+--+1=
r—1
I I ion: Ni1-1 (27i/A) (s—s80)-N
using this relation: 1T i/ AN et myny | €THRN ) Nia _
z ¢ = _(2#1/a)(s—3g)-
my1=0 e Solimr _ |

for all three sums over m;:

e(ﬂli/l)(l—.a)‘a\']ﬁl — l e(2rill)(s—s.)u\r'gag — l e(%f[l".—lo)'Nﬂla -1

e\2ri/ANs~solar _ |  o(27i/AMe-so)as __ |  ,(27¢/A)(s—s0)a3 __ 1

. . : *
the intensity is the squared absolute value of the amplitude: €, €,

this will have the form:

(e‘"“’ — l) (e“”“ — l) 2 — 2cos Nx _ sin® Nx/2
1

e*—1/\e*®— 2—2cosx sin® x/2

‘1{ ERFHAS
o s Warren, X-ray Diffraction



scattering by a small crystal

+ 2
the function SI_NX/2 . dwoof  HNx - 99 W
sin® x/2

the form for N=20:

30011

2001

1001

it can be shown that;

_lAAMA | th&—lx

0 /2 1 3%/2

lim si1.1:Nx/2 = §(X)
N_)Oosm x[2

the maxima are at: r(k-ko) = integers

just as in the Laue equations

(or 2mxintegers)

ﬁﬂ ERAS
City University . .
of Hong Kong Warren, X-ray Diffraction



Little crystallography

Bragg’s law of scattering,

Kinematical versus dynamical scattering,

Physical meaning of extinction length,

Scattering by a small crystal,

Incorporating the unit cell and translational symmetry,

Structure factor,

Ewald construction in reciprocal space,
Fundamental equipment for

X-ray diffraction experiments,
Diffractometers and detectors
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scattering by a small crystal

now we turn to the term: z fe(g,ium_,o).r,,
n

n

this contains I',, the POSItIONS of the atOMS in the UNit-cell

the alM of the diffraction experiment is to determine the I, values,
i.e. the POSITIONS of the atOMS in the Structure,

the term above gives the I, values:

we call this term the structure factor: F or Fhk|

ﬁj{ ERAS
City University . .
of Hong Kong Warren, X-ray Diffraction



the structure factor

F = z fnetﬂwi/ﬂ(s—sn)-r“
n

. . . 2T(s—
in a Bragg maximum, at g, the expression (;L o)

must be a reciprocal lattice vector, I.e.

2TU(s—sSg) _

7 = On = Nby Kb, +1b,

r. IS a lattice vector: r, = X,a;+X,a,+X;8,

Onaly = hx,+tky,+lz,, thus

Fhkl — Zn fnezni(hxn+kyn+lzn)

EHEmmHAE
O &
City Universi ty

of Hong Kong



the structure factor

structure factor for a simple fcc crystal: ﬁ
o e T

(0,1/2,1112)
Sl W
(o,o,cg (172,172,0)

Fhkl — f (eZRi(O)_|_62ni(h+k)_|_627ti(h+|)+62ni(k+|))

If hkl all even: 1 1 1 1
If hkl all odd: 1 1 1 1
If hkl mixed parity: e.qg. 1 -1 -1 1

FREBTKE
"" City University
of Hong Kong



the structure factor

structure factor for a simple fcc crystal:

./, ) /. 100 missing
1: 110 missing
: ® 111
@ @ 200
(0,1/2,1/2) :.(1/2,0,142) 210  missing
’,."'."".'7 211  missing
—z 170 229
000) Y2120 221  missing
222
300 missing
310 missing
311

systematic extinction



the structure factor

structure factor for a crystal with the
fcc Bravais lattice:

for every atom with fractional coordinates x,y,z,, there must be three identical atoms
with coordinates x, + 3, y, + 4, 25 x, + &, Vs 2, + 45and x,, y, + 4,2, + }
If the cell contains n atoms, there are n/4 groups of four

all four atoms in each group having the same scattering factor

2 2 121+% 1 l
Fhkl —_ % f” {e wilhz,+ky,+1izy) + e ri(h[2n+1/2H-k[yn+1/2)4+12,)
n

+ 2mihaatl /2 kvt t1/2]) 4 e2ni(ha=,.+k[v,,+1/2]+z(z.,-!-l/z])}

Or.

hkl unmixed: Fp,, = 4 Y f,emihentkvatiz)
nf4

hkl mixed: Fhkl -_— O.

FREBTKE
"" City University
of Hong Kong

Warren, X-ray Diffraction



the structure factor

structure factor for a crystal with the
bce Bravais lattice:

Fpp = [1 4 ") S [, @it kyntize)
n/2

or.
h + k + ] = even: Fhk! = 2 z fneﬁti(hz,.+kv,.+lz,.}:

n/2

h+k+1=0dd: Fhkl=0'

‘.1{ F A _ '
of Hong Keng Warren, X-ray Diffraction



the structure factor for NaCl

o - o
0 00 + 3 %
Cl%&ONaOO%./.f.:‘
boir Moo | o7
0o 1 4 %00....

@
® N
® - (
in Fkkl = 4 % f" e2ri(hzu+kv,.+lz“)
n

either Cl or Na can be used for evaluationg the “group”,
let (000) be for Cl and (1/2,1/2,1/2) for Na: the group

. . - hkl mixed: Fhkl - 0
this ylelds. hkl unmixed: Fop = 4f + frg€ BT

finally: hkl alleven:  Fy = 4(fo; + fia)
hkl mixed: Fhkl = 0.

‘1{ EREHAS _ .
of Hong Keng Warren, X-ray Diffraction



the structure factor for ZnS (zink-blend)

0 0 O } 1 4
130 33}
" 303 Sipod
01 1 113

. — 2rilhe,+kygtlzy)
N Fkkl"‘"’%fne nrERTTR
n

either Cl or Na can be used for evaluationg the “group”,
let (000) be for Zn and (1/4,1/4,1/4) for S: the group

this yields: hkl unmixed: Fy,, = 4[f,, + fge™/2h+k+1)

finally: h+k+1=4n Fy = 16(fzn + f3)
h+k+1=0Qn+12:  Fu,=16(fzn — fs)
hkl all odd: Fyo = 16(f7, + f3)
BB A : . [ S
ﬁﬂ G sty hkl mixed: Fia = 0. Warren, X-ray Diffraction



the structure factor for diamond

Ci C,

O o t0de O
o O e O
o O O
By B0 RO ey
D i RO B
PRI D s ips

- — 2rilhe,+kygtlzy)
in Fpy, = 4§F;f,,e ntkvatlzn
n

we can use the ZnS result

h+k+1=4n Faxo = 16(fzn + fs)?
h+k+l=0Qn+12: Fpy=16(fzn — fs)
hkl all odd: F = 16(f7q + f3)
hkl mixed: F3a =0,
finally: h+k+1=4n F}o = 16(fzn + fo)
h+k+1=@n+12: Fiy= 0, missing
hkl all odd: F = 16(f7q + f3)

7 P ixed: - o
‘iJs;m:::;"i';::; hlcl mixed: Fi = 0. Warren, X-ray Diffraction



Ewald construction in reciprocal space,
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Ewald construction

the graphical representation of Bragg’s law

Ewald Sphere

Diffraction maximum

raction vector (S)

Reciprocal Sp
Crigin

Radius 1/A Direct beam

Graphical Representation of Geometry of Bragg's Law
ni. = 2dsing

FREBTKE
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Ewald construction

the graphical representation of Bragg’s law

lattice planes

1 _ 2s5in0

|g|:E:|k'ko|— X

{z‘ % = 2dsin®

of Hong Kong



Ewald construction

reciprocal lattice

whenever the Ewald sphere
goes through a reciprocal lattice-point

the corresponding hKl reflection
will be “excited”

EBHH AP . S
ﬁ” Siy Univorsty beware of “systematic extinction”

of Hong Kong



Fundamental equipment for
X-ray diffraction experiments,

oooooooo



Powder diffraction (1)

in a polycrystal or “powder” specimen
the same set of lattice planes occur in
many orientations, each corresponding to
a different crystal in the sample

PR T R T X

Ewald sphere

polycrystal sphere

’ FREBTKE
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Powder diffraction (1)

in a polycrystal or “powder” specimen
the same set of lattice planes occur in
many orientations, each corresponding to
a different crystal in the sample

PR SR N Y T R OF

Ewald sphere

polycrystal sphere
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Powder diffraction (1)

diffraction cones

Incident
beam

‘ Fig.4-2. Diffraction of x-rays by a flat powder cake.
Ol [ “

of Hong Kong




Debye-Scherrer geometry

Fig. 4-3. Geometrical features of the Debye-Scherrer technique.
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Debye-Scherrer geometry

the geometry of each Debye-Scherrer line
parallel beam base-line of the  d
diffractometer p dl“ffractlon-cone

detector®

Fig. 4-3. Geometrical features of the Debye-Scherrer technique.

of Hong Kong




line-focus point-focus in the lab
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tungsten filament
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Bragg-Brentano parafocusing geometry

the principle

FREBTKE
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Bragg-Brentano parafocusing geometry

‘ﬂf

FREBTKE
City University
of Hong Kong

detector

focusing circle \

x-ray lamp

goniometer circle



Bragg-Brentano parafocusing geometry

f détecteur
tube detecteur

echantillon fixe échantillon
0 - 6 arrangement 0 - 206 geometry

FREBTKE
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technical of the parafocusing geometry
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the pyrolytic-graphite monochromator

.....................

Di\.{.e"r-gence
Anode Slit

P 26
“sample
Holder

of Hong Kong
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X-ray monochromators for lab equipment

Reticular planes

Rowland circle }

Semifocusing Single machining

Johann curvature Johansson curvature
(Theoretically exact focusing)

curved curved plus ground

’ FREBTKE
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X-ray monochromators for lab equipment

pyrolytic carbon: ~ 100 um crystallite size
~ 1° mosaicity
large receiving angle
relatively large bandwidth, AA/A=0.01
secondary, reflected-beam monochrom.
reduces background
reduces fluorescent contribution

’ FREBTKE
‘.1{ City University
of
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primary-beam X-ray monochromators

Anode '

Divergence .. o,
N\ Slits

Detector

Anti-scatter

| ' Receiving
Slit

-
-
-
* .

of Hong Kong
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Guinier focusing camera
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Guinier focusing camera
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City University
of Hong Kong

fo rward Collimated incident

monochromatic
x-ray beam

Curved multilayer

focusing optic

Rowland circle

backward
reflection

Curved multilayer
focusing optic

Diffraction peak

Rowland circle

Diffraction peak




GoObel mirror

multilayer

Reflected beam

X-ray source

of Hong Kong
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Diffractometers and detectors
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0-20 diffractometer designed by Parrish in the 1940°s

never surpassed

P s

ey
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0-20 diffractometer designed by Parrish in the 1940’s

with primary-beam-monochromator
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X-ray detectors

CCD

of Hong Kong
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X-ray detectors
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_ 400 w0

MAR imaging-plate GE amorphous silicon
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X-ray detectors

)
DECTAIS o
strip” detectors
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Thank you
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