Geometric interpretation of reflection conditions
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Classification of reflection conditions

* General: apply to all Wyckoff positions.

* Special: apply to special Wyckoff positions. In
particular, in presence of non-characteristic and
extraordinary orbits one gets additional special
reflection conditions.

* Integral: appear when a non-primitive unit cell 1s
selected.

* Zonal: appear 1n presence of glide planes.

* Serial: appear 1n presence of screw axes.

Warning!

Syste 10NS Systematic absences ( actually, presences! )

Reflection conditions
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Integral conditions

They aftect the whole reciprocal space and
show up when a non-primitive cell is chosen




Integral reflection condition: depend on the

choice of the unit cell, not on the structure

C-centred unit cell
hkl:h+k=2n

Primiitve unit cell
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When you choose a primitive unit cell you do not

see integral reflection conditions
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Change of coordinate system

Covariant quantities Contravariant quantites
(abc)P =(a'b'c') a*) (a*'
P\ b*|=|b*
=(h'k'l") c*) \e*

hkl
X x'
z z
U u'
P v =]V
w w'
Row vectors \ /

Column vectors
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Integral reflection conditions: C type of unit cell

Direct space Change of cqordlnate system in direct Reciprocal space
b space (covariant vectors)
. P a,=(astbh.)2;a.=a,b, b*,
b, =(-a+b_)2;b.=atb _ / _
e - - P (ATDY2 b= 27Dy 22 200, 2200 240,
St b - 110, 020, 130,
T )
o —| 110 o, 130,
a, 21002 /010, “120,
a C—P 2 020, 040,
‘ Change of coordi \ 110, 220, px_
space (contravariant vectors) N 130,
a*_ = (a* -b* )/ a* =a*_+b*_ TRa00s 2o,
. o, . *k = %k %k
P = primitive®c (2 b ¢ 200, 20, 240
: - 0
C = conventional/ {1 1 0 1o Mo, oo, 310,
110 10 \ L a*
01 d

In both direct and reciprocal
space, the conventional unit

110 )
(hkl),| T 10 |=(h'k'l").  h+k'=2heven . cell 1s (.]—.centred.
001 Reflection conditions: ikl : h+k = 2n
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Reminder : 7 vs. F cell

I-centred cell F-centred cell

./ / ./T ° r
//' ./'—’ b . l/'—’ b
a a

t(V5%4%%) t(Y5%40),t(2074),t(074 %)
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Transformation of an /-centred cell to a primitive cell

a,=(-a+btc)/2 a=b,tc,
b,=(a-b+c)/2 b =atc,
c,=(a+b-c)/2 c,=a,th,
1{1 1 1] (o 1 1]
— 111 101
21111 110

[>P P—1
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Transtformation of an F-centred cell to a primitive cell

e =

a
a,= (bF—I—cF)/z a,.= —aP+bP+cP
bP = (aF+cF)/2 bF = ap_bp+cp
c,=(a,tb /2 P~ 2,7h,-c,
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Reciprocal of an I-centred cell

Direct space Reciprocal space T ¢
B - 002 022
(T 011 R 112
— 111 101 111 101 011
21111 [110] 111 " w1l 5
[P P P—F e | "0 7
a

In the reciprocal space, the conventional cell is F-centred

011

(hkl)P[l 0 1}:(}1'1{'1')[

Reflection conditions
hkl : h+k+[=2n

110

hW+k+l'=2h+2k+2] even
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Reciprocal of an F-centred cell

C*

Direct space Reciprocal spae Tooz .
(011 [11 011 202 222
~1101 1711 101 .

2{110 111 110 111
I
F>P PSF Py 2M ./Z)zo
g% 220

In the reciprocal space, the conventional cell is F\/-centred

1 11
(FkL), i i % =(n'K'L), Reflection conditions
hikl : h+k=2n; h+l=2n; k+1=2n
h'+k'=2[ even
h'+[l'=2k even

kK'+['=2h even
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Z.onal reflection conditions

They affect one plane of the reciprocal space and
show up in presence of a glide plane
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Z.onal reflection conditions: witness of glide planes
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Z.onal reflection conditions: witness of glide planes
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Direct space Reciprocal space
In projection along the a axis the period along b~ On the (0k/)*plane the period along the b* axis
seems halved appears doubled.

Reflection conditions : 0k/ : k= 2n
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Serial reflection conditions

They affect one row of the reciprocal space and
show up in presence of a screw axis




Serial reflection conditions: witness of screw axes

- Reflection conditions :
00/:1=4n
O <A>7 O
/@ /4
5 :
()/ N
Y
07
Direct space Reciprocal space

In the projection on the ¢ axis the period In the [001]* direction the period
appear reduced to Ya. appears multiplied by four.
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KFrom reflections conditions to
space groups
(absence of metric specialisation is
assumed hereatter)




Example 1: a,b, c; a = = y=90°

Ihkl k+[=2n — » Integral reflection

Okl:k+l = 2n conditions: centred cell
— h0l:l=2n
hkO:h=2n — » Zonal reflection
{hk(); k=2n conditions: glide plane
h00:h = 2n
—0k0:k=2n
-~ 00L:/=2n

Extinction symbol : 4--a

Possible space-group types :

04

hk0: perpendicular to [001]

\ h even : a glide / Lioo1

Am2a, A2 ma, Amma
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Example 2: a=b,c; a = = y=90°

No integral reflection condition ——» P

hk0-h+k = 2n » Zonal reflection
[ ' conditions: glide plane

0k0:k = 2n
hhl:l =2n —_— Zonal reflection
[OO[ 1 =27 < conditions: glide plane

Non-independent

Extinction symbol : Pn-c

Possible space-group type: P4 /nmc

hkQ: perpendicular to [001
w IkO: perp ;’ -
- htkeven : n glide
= hhl: perpendicular to [110]
—
o aJeven:cglide % “uto)
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Example3:a=b=c; a = f= y=90°

—— hkl:h+k+[ = 2n —» Integral reflection condition cl

Okl:k=2n — Okl: perpendicular to [100], k£ even b[100]
21(11 ; 2 = 22n — Okl: perpendicular to [100], / even ¢4,
0/:h=2n — Zonal reflection condition hOl: perpendicular to [010], 2 even a .
hO0l:l=2n — hOl: perpendicular to [010], /even ¢,
hkO:h =2n— hkQ: perpendicular to [001],4 even Ao
hkQ:k=2n hkO0: perpendicular to [001],k even b,
—hhi2htl=4n —» Zonal reflection condition  Ahl: perpendicular to [ITO], 2h+=4n ?7?
hhl:.l =2n
-~ 00L:/=4n
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Example3:a=b=c; a = = y=90°

- (atbtoyd

c/2 Q "

' Q O >
R
» ‘ (at+b)/2 . 1110
| | | | (1) = h=k
Direct lattice: (atb+c)/4 Reciprocal lattice: h+k+[ = 4n > htht+l=4n

hhI2htl=4n  dg,
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Example3:a=b=c; a = = y=90°

Okl:k=2n —
Okl:l=2n
285 ;l: 22: ——» Zonal reflection condition
hkO:h =2n—
hkO:k=2n—

—hhl2h+l=4n —» Zonal reflection condition
hhl:l = 2n
—00/:/=4n

Extinction symbol: /a-d

Possible space-group type: la3d

—— hkl:h+k+[ = 2n —» Integral reflection condition cl

0kl: perpendicular to [100], £ even

0kl: perpendicular to [100], / even

h0![: perpendicular to [010], # even

h0![: perpendicular to [010], / even

hk0: perpendicular to [001],2 even

hk0: perpendicular to [001],k even
1

hhl: perpendicular to [110], 24+ = 4n

[100]
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90°

h+k+1=2n

k.l=2n
2h+ 1= 4n

h = 4n

}/:
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Reflection conditions
h,k,l permutable

General:
hkl

0kl

hhl -
h00

p

C; a =

a=b=

ap

—_
=
=
s
L

=4



Symmorphic space groups (1)

> hkl: htk=2n——

> H0l:h=2n <
> Okl k=2n  <-—

(+=)-24/25 Massimo Nespolo, Université de Lorraine



Symmorphic space groups (2)

P 4 m m
g

|—> hhl: h+h =2n

However, h+h = 2h always true!
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