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What is Symmetry?

* Symmetry is all around us...
— Just have a look...
* Examples
— Mirror planes
— Rotational axes
— Repetitive motifs, i.e. Lattices
e Outline of Seminar
— Symmetry Operators
— Point groups
— Lattices (2D & 3D)
— Plane groups (2D)
— Space groups (3D)
— Reciprocal Space
— Space Group Determination




Basic Symmetry Operators

Rotation axes

Mirror planes

Points of inversion

Screw axes

Glide planes

Pseudo-symmetry



Notation

e Schonflies
— Rotational axes: C,, C,, C,,...
— Mirror planes: S,, C,,, Csy,,..., Dy, Dy
— Cfor cyclic, D for dihedral, S for spiegel (mirror)...

* Hermann-Mauguin
— Rotational: 1, 2, 3, ...
— Mirror planes: m, 4mmm, 2/m,...
— IUCr notation

e Others

— Hall (1981)
* Explicit
* e.g.P2y(=P20orP121inHermann-Mauguin)



Asymmetry

Equivalent positions:
1)xy,z

Notation: 1 (C,)



Mirror Symmetry

Equivalent positions:
1)xy,z
2) =X, Y,

Notation: m
(S, orC))



Point of Inversion Symmetry

- Equivalent positions:

ER ) oo e 1)xy, 2
(SR © ﬂn @ﬁ‘_’; xi e - 2) =X, -y, -z
Mﬁ_ m;\S |
<10

(I

Inverted hands
catch in rugby

Notation: 1 (C)

Prononced « one-bar »



2-fold Rotational Symmetry

Equivalent positions:

1)x,y, z
2 2)-x, -y, z
= I
' v
[+ A
G

Notation: 2



2-fold Rotational Symmetry

Equivalent positions:
1)xy,z
2)-X, Y, -

Notation: 2



3-fold Rotational Symmetry

Notation: 3




4-fold Rotational Symmetry

Equivalent positions:

1) X, yl z 3) yr -X, Z
2)-x,-y,z 4)-y, X,z

I

Notation: 4



6- fold Rotational Symmetry




POINT GROUPS (1D)



Point groups

* Definition:
— Point groups define symmetry about a speficied origin

— The overall symmetry may combine more than one
symmetry element

o .

* Examples w
—2,222,4,422,.. T -
| X

— mmm, 3m, 2/m,...

* Reciprocal space has a point group
— The point group defines equivalent reflections



Point Group 3m

Notation: 3m




3-fold Rotational Symmetry
with Inversion




321 Point Group

Notation: 321




dmm point group




Homework

 How many symmetry elements are there in a:

— Rugby ball? ,
— Tennis ball? ‘. . \
— Football? o
— Shoe box?

— Cube?

* Which point groups does each belong to?



LATTICES & PLANE GROUPS (2D)



Lattices

 Lattices are objects with a repetitive structure

— The repetitive unit...
* has a constant size & shape
* may be formulated several ways
— definition of the origin
— centring
* can reconstruct the entire object
* may have symmetry elements

— Rotational, mirror planes,...

— glide planes & screw axes P ‘(ﬂki/\‘f)ﬂ);;("\" § 2 '\)‘

. . . o“ ’», \l ‘ O\
2-dimensional lattices , 0 "‘m? (RS

N 4"":"
— Wallpaper, tiles & clothing "4‘4/0 /).

. . . s‘"\l, .0, S S
3-dimensional lattices ’-':(a /,;\Q), mq.vp

] 1 L/ L/ \
1!"\ /\r;qr '9\1:1

— Packing, stacking & crystals




2D Bravais Lattices

Oblique (Parallelogram) / /
—a#b,a#90°

Rectangular

—a#b,a=90°

Rhombic

—a=b,a#90° <::::::>>
Hexagonal

—a=b,a=120° U
Square

—a=b,a=90° \ /

—




Plane groups (17)
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Glide planes

Mirror plane with translation
— Translation defined as:
* along mirror plane
* % unit cell length
Notation (Herman-Mauguin)
— 2D: g (glide)
—3D:a,b,c,n, e, d
* a=glide along a-axis of unit cell
Symbol
— Right angle arrow
* Common in small molecule
crystallography

— But non-existent for protein/DNA/
RNA crystallography...
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3D LATTICES & SPACE GROUPS



3D Bravais Lattices 17l ) fGf

simple cubic body-centered  face-centered
e 14 Bravais Lattices e e
» 7 Lattice Systems E s

— Trinclinic(azb#c,azBzy#90° A1 A1

— Monoclinic simple body-centered

— Orthorhombic teragonsl ool

— Tetragonal ! | o —

— Rhombohedral/trigonal ,-» ,.' ,. ,'J-'—-—'

_ 25 E?cgonal orthohombic onherhome  "haceeneed - facecatared
* Centering / .

— Primitive (P) ’! i

— Axis centered (A,B,C) e e

rhombohedral hexagonal

— Body-centered (l)

* German Innenzentriert 7y /e /] A 7
— Face-centered (F) ’/ ﬂ/ ’/
— Rhombohedral (R) '

simple base-centered triclinic

maonoclinic monoclinic



3D Space Groups

e 230 Space groups

— 65 Sohncke or non-centrosymmetric space groups
 chiral molecules (i.e. protein, DNA, RNA,...)

* |UCr International Tables Vol. A
— The « bible » for crystallographers!
— ...Which is out of print... but exists in PDF format
e http://img.chem.ucl.ac.uk/sgp/large/sgp.htm
— Very convenient web site!
— Jeremy Karl Cockcroft




Space Group Notation
14,22

e Always starts with the type of centering
— Always a CAPITAL letter for 3D space
— P, (A, B),C, 1, For R (Hermann Mauguin notation)

* Followed by symmetry elements
— Rotation/Screw axes
* 2,3,460r2,3,3,4,,4,,4,,6,6,,656,, 6
— Mirrors, glide planes & centers of inversion
* m,a,b,cn,d, (e) and/oranumber with a « bar » over it
* e.g. 3, pronouced « three-bar »
* Long and short notations
—P2,andP 12,1



Space Group Names Space Group

(short & long notations) Point Group Number
P2 P121 2 No. 3 /g
qo)‘ﬁ
O O
O+ O+
Equivalent
Positions
I x,v,z2
\a
O* & O represent 2%9,2

“asymmetric units”

O+ O+
o o

Space group diagram
O* above page

_C_ O below page 2 nl%




Asymmetric Unit (ASU)

g i 2 P2 P2 2 P2 P2

) -~ N s ' = ' ——t

o
o

Yesl! Yesl! No!

The asymmetric unit (shaded yellow or green) of a space group is the fractional
volume that contains no crystallographic symmetry

— ASU volume = 1/N, where N = number of equivalent positions in the space group

— The ASU is represented by a single O* sign in the space group diagram

The ASU may contain more than 1 molecule
— Non-Crystalllographic Symmetry (NCS)
— Beware: NCS is fairly common in MX!



P1

Pronounced “P 1 bar”

&

O+

O+

A comma indicates the
opposite chiral hand
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Screw axes

» 2-fold screw axis
— Rotate 180°
— Translate % unit cell length

— Notation: 2,
* 3-fold screw axes
N — Rotate +120° or -120°
I — Translate +% or - unit cell length
_,'1‘5" — Notation: 3, 3,
B * 4-fold

— Rotate +90° or 180°
— Translate %, +% unit cell length
— Notation: 4,, 4,, 4,
* 6-fold
— Rotate +60°, +120°or 180°
am — Translate %, )4, +% unit cell length
[ R E ) D — Notation: 6,, 6,, 65, 6,, 6.
B ey * Enantiomorphic pairs
- {31|32 }: {41|43 }: { 61|65}: { 62| 64}

CI
|
|

-t ‘A :&"‘“

N ——









i‘___ :.___ ® : e
/{ ,I S .
simple cubic body-centered face-centered C e n t e r I n g
cubic cubic
1 |
i '
aay ,k' -
o e * Primitive
simple body-centered
tetragonal tetragonal P
1 | . : L]
E i * i ‘:o 1 ° B t 1
SISO IS S S A N ase centering

simple  body-centered  pace-centered face-centered — A B or C
)

orthorhombic orthorhombic orthorhombic orthorhombic
Body centering

/‘? 5
ﬂ AL — 1 (Innenzentriert)

rhombohedral hexagonal

. Face centering
ST AT

B i -
simple base-centered triclinic

monoclinic monoclinic
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1 x, v,z
2 x,y,2
3-7,%%_2
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PSEUDO-SYMMETRY



Pseudo-symmetry

e Lots and lots...

* Especially when things don’t quite fit right together...
Like biological macromolecules!

— e.g. Hemeglobin a,B,

— Non-Crystallographic Symmetry (NCS) very common
* More than one molecule in the asymmetric unit



2D Pseudo-symmetry




EXTRA!

Pseudo-Symmetry & Unit Cells

* Some lower symmetry unit cells may look like
higher symmetry ones, e.g.
— Monoclinic unit cells with B = 90° may index as an
orthorhombic unit cell
— An orthorhombic unit cell with a = b may index as a
tetragonal unit cell
* Examine the output of the next slide
—a=b=c
— In fact the protein displays « polymorphism » and
crystallises into more than one crystal form (unit cell)



Indexing & Space Groups

LATTICE- BRAVAIS-

QUALITY UNIT CELL CONSTANTS (ANGSTROEM & DEGREES)

EXTRA!

CHARACTER LATTICE OF FIT a b c alpha beta gamma

* 44 aP 0.0 98.5 103.5 106.3 90.1 90.0 90.0

* 31 aP 0.0 98.5 103.5 106.3 89.9 90.0 90.0

* 35 mpP 0.2 103.5 98.5 106.3 90.0 90.1 90.0

* 34 mp 0.6 98.5 106.3 103.5 90.1 90.0 90.0

* 33 mP 0.7 98.5 103.5 106.3 90.1 90.0 90.0

* 32 oP 0.8 98.5 103.5 106.3 90.1 90.0 90.0 — o =

* 25 mC 30.7 148.34148.4 98.5 90.0 90.0 88.5

* 23 oC 30.8 148.3 Possible solutions

* 20 mC 30.8 148.4 148.3 98.5 90.0 90.0 91.5

L; 21 tP 31.4 103.5 106.3 98.5 90.0 90.0 90.1 |

12 ™C 52.1 T42.90 4142.9 106.3 00.0 00.0 87.2

* 13 oC 52.2 142.9 |142.9 106.3 90.0 90.0 87.2

* 10 mC 52.2 142.9 |142.9 106.3 90.0 90.0 92.8

* 11 tP 52.3 98.5 |103.5 106.3 90.1 90.0 90.0
4 hR 82.8 142.9 |145.0 178.0 93.5 87.8 117.9
2 hR 83.0 142.9 1145.0 178.2 93.6 87.7 118.0

| 3 cP 83.4 98.5 103.5 106.3 90.1 90.0 90.0 |

5 ol 248.9 144.90 4142.9 148.3 ©59.7 58.3 62.1
39 mC 249.9 229.2 | 98.5 106.3 90.0 90.1 64.6
37 mC 250.1 234.3 | 98.5 103.5 90.0 90.1 65.1
38 oC 250.5 98.5 |229.2 106.3 89.9 90.0 115.4
29 mC 250.5 98.5 |229.2 106.3 89.9 90.0 64.6 | Possible polymorphism?
28 mC 250.6 98.5 [ 234.4 103.5 90.0 90.0 65.1 - Proteins may Crysta”ise
36 oC 250.7 98.5 "Z34T3 1035 89.9 9U.U 117797 . .
41 mC 275.4 236.4 103.5 98.5 90.0 90.0 4.1 | M morethanone lattice
30 mC 275.4 103.5 236.4 98.5 90.0 90.0 64.1 | and spacegroup
40 oC 275.4 103.5 236.4 98.5 90.0 90.0 115.9




Non-Crystallographic Symmetry (NCS)

F2 Pl21 2 EXTRAI

* The above example illustrates NCS
 The P and F resemble each other, and they pack along a pseudo 2-fold axis
* The real space group is P2 with 2 slightly different molecules in the ASU



Intermission?

* Next up...
— Real Space and Reciprocal Space
— Space Group Determination



Real Space & Reciprocal Space?

* Reciprocal Space is an abstract concept that
explains diffraction...

* |tis arelationship between the lattice planes
of a crystal in real space, and their

corresponding diffraction points generated by
Reciprocal Space...

* |t also applies to 1D and 2D « crystals »

— which are easier to visualise and understand...



Young’s Experiment (1803) Revisited
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Reciprocity & 1D Reciprocal Space

* Consider the multiple atom experiment

* A smaller spacing (x) between slits or atoms in the lattice yields....

— a larger separation between diffraction spots (1/x)
* Each diffraction spot has its own Miller index, (h)
* Each Miller index represents a vector in real space, [h]

5000

4000 ¢

3000 ¢

Intensity

2000 ¢

1000 ¢




Reciprocal space of a grid

“—ray scattering

Grid of B«hH atoms b

k[
]

—4 -3 -2 —|




Intensity

1D, 2D & 3D Reciprocal Space

5000 K—ray scattering .
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e Lattice planes in Real Space become
points in Reciprocal Space



Space Group Determination

* So you have crystals & crystallographic data
— Congratulations! ™

— Now the fun begins...! E", '

* Q: How to determine its space group?
— 1) Determine the Bravais Lattice
— 2) Determine the Laue Class
— 3) Look for Systematic Absences
— 4) Check for Enantiomorphic Space Groups
—5)
—6)
~7)

Check IUCr Conventions
Verify Equivalent Indexing Solutions
Verify the Choice of Origin



Space Group Notation

Laue Class

14,22

Bravais Lattice

& Centering

Symmetry
Operators




»-t-
[}
1
I

Bravais (3D) Lattices T S o4

’ ’ <

14 Bravais Lattices simple cubic body-centered face-centered
. cubic cubic
7 Lattice Systems
— Triclinic (a for anorthic)

1 |

 a#b#ca#p#y#90° i i.
— Monoclinic (m) A Wb

e azb#c,a=y=90"#B
— Orthorhombic (0) simple body-centered

e azb#c,a=B=y=90° tetragonal tetragonal
— Tetragonal (t)

™ L]

* a=b#c,a=B=y=90°
— Trigonal / Rhombohedral (h) .

* Trigonala=b#c,a=p=90°y=120° p A1 el v

* Rhombahedrala=b=c,a=B=y#90°
— Hexagonal (h)

AT e
]
|
A T

simple  body-centered  pace-centered

. . face-centered
orthorhombic orthorhombic

e a=b#c,a=p=90°y=120° orthorhombic  grthorhombic
— Cubic (c) .
* a=b=c,a=B=y=90° / .
Centering g |
— Primitive (P) >

— Axis centered (A,B,C)
— Body-centered (I)

* German Innenzentriert yayy Sie /] S

— Face-centered (F)
— Rhombohedral (R) ’ ﬂ ’

. simple base-centered triclinic
Where « # » means not necessarily equal to monoclinic monoclinic

rhombohedral hexagonal



Which Bravais Lattice in Real Space?

*  What is a Unit Cell?
— Smallest unique repeating unit of a crystal
— Many possibilities... but only one reduced cell... which transforms to other cells
— The final choice should obey IUCr conventions (i.e. rules)

- cube-like unit cell

* Preference fora, B, y =90°
- B, y>90°
* a<b<c, except for unique symmetry axes



Find Spots & Index

Find strong spots
- Xdet' Ydet' w (angle)

Convert spot positions to
reciprocal space

Calculate a reduced unit cell
and its transformations:

- aIbICIaIBIv

Assign a Miller indice (h,k,l)
to each spot




Which Bravais Lattice in Reciprocal Space?

* Look at this diffraction
pattern

— obviously we prefer:
a, B, y=90°

* NOTE: Miller Indices
(h,k,I) must be
integers!

* Note: Centered Lattices
will have systematic
absences

— C-centered: h+k =2n
— l-centered: h+k+l = 2n




Example: Indexing & Space Groups

LATTICE- BRAVAIS- QUALITY UNIT CELL CONSTANTS (ANGSTROEM & DEGREES)

CHARACTER LATTICE OF FIT a b c alpha beta gamma
* 44 aP 0.0 98.5 103.5 106.3 90.1 90.0 90.0
* 31 aP 0.0 98.5 103.5 106.3 89.9 90.0 90.0
* 35 mP 0.2 103.5 .5 106.3 90.0 90.1 90.0
* 34 mP 0.6 98.5 .3 103.5 90.1 90.0 90.0
* 33 mP 0.7 98.5 .5 106.3 90.1 90.0 90.0
* 32 oP 0.8 98.5 .5 _106.3 90.1 90.0 90.0 e .
* 25 mC 30.7 148.3 .4 98.5 90.0 90.0 88.5
* 23 oC 30.8 148.3 .4 98.5 90.0 90.0 88.5
* 20 mC 30.8 148.4 .3 98.5 90.0 90.0 91.5
* 21 tP 31.4 103.5 .3 98.5 90.0 90.0 090.1
* 14 mC 52.1 142.9 .9 106.3 90.0 90.0 187.2
* 13 oC 52.2 142.9 .9 106.3 90.0 90.0 187.2
* 10 mC 52.2 142.9 .9 106.3 90.0 90.0 092.8
* 11 tP 52.3 98.5 .5 106.3 90.1 ©90.0 90.0
4 hR 82.8 142.9 .0 178.0 93.5 87.8 117.9
2 hR 83.0 142.9 Possible solutions:
3 cP 83.4 98.5 . ° . .
5 oI 248.9 144.9 - All likely, because B = 90° for monoclinic unit cell (for example)
39 mC 249.9 229.2 - Usually we select the solution with the highest symmetry, but
37 mC 250.1 234.3 BEWARE the correct unit cell could have lower symmetry
38 oC 250.5 98.5 - CAUTION: The quality of fit depends strongly on correct
29 mC 250.5 98.5
28 me 250.6 98.5 experlme.ntal parameters:
36 oC 250.7 98.5 - Distance
41 mC 275.4 236.4 - X-ray wavelength
30 mC 275.4 103.5 R g
40 oC 275.4 103.5

- tilt & twist of detector




Friedel’s Law (1913)

:‘:" Lattice planes hkl

w7 s T w7 Lattice planes -h -k -
. ::4 . ::4: . ::-h

E(hkl)=f, +f, +fo+f,+f +f .+ 1,

Front to back direction

E(‘h 'k'l):'f7'f6'f5'f4‘f3'f2'f1

Back to front direction

|F(h,k,1)|%2 = I(h,k,1)

|F(h,k,1)]|

|F(-h,-k,-1) |

I(h,k,1) = I(-h,-k,-1)

Diffraction adds a
symmetry of inversion!




Point Group & Laue Class

A
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Point Group 1 Laue Class 1
[xy, z] hkl = hkl
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Point Group & Laue Class

Table 3.1.2.1. Laue classes and crystal systems

Conditions imposed on cell

Laue class Crystal system | geometry

1 Triclinic None

2/m Monoclinic a =y = 90° (b unique)

a = [ =90° (c unique)

mmm Orthorhombic a=pg=~v=90°

4/m Tetragonal a=b;a=[p=v=90°

4 /mmm

3 Trigonal a=bya=p8=90°y=120°
(hexagonal axes)

3m a=b=ca=0F=7v
(rhombohedral axes)

6/m Hexagonal a=bya=[F=90°~v=120°

6,/mmm

m3 Cubic a=b=ca=03=~v=90°

mgm




2.1. CLASSIFICATION OF SPACE GROUPS

Table 2.1.2.1. Crystal families, crystal systems, conventional coordinate systems and Bravais lattices in one, two and three

dimensions
Conventional coordinate system
No. of
Crystallographic | space Restrictions on cell Parameters to be
Crystal family Symbol* | Crystal system | point groupst groups | parameters determined Bravais lattices®
Three dimensions
Triclinic a Triclinic 1,1 2 None ab,c. aP
(anorthic) * a8,y
Monoclinic m Monoclinic | 2,m, [2/m 13 b-unique setting ab.c mP
a=5=90" Bt mS (mC,mA, ml)
c-unique setting a,b,c, mP
P a=f=90° ~t mS (mA, mB, ml)
Onthorhombic |« | Orthorhombic 222, mag2,lmmm | 59 a=f=y=90 ab.c oP
——— 08 (oC, oA, oB)
Laue Classes o
‘\"""-.._ . o
Tetragonal H— a 68 a=b ac P
a=F=y=9 i
Hexagonal h Trigonal 18 a=b ac hP
a=F=90° v=120°
T a=hb=r a, a hR
a=8=y
(rhombohedral axes,
primitive cell)
a=b
a=8=90°y=120
(hexagonal axes,
triple obverse cell)
Hexagonal 6,6, 6/m 27 a=b ac¢ hP
622, 6mm, 62m, o= [=090%y=120"
6/mmam|
Cubic ¢ Cubic 23, m3 36 a=b=c a P
432,43m, m3m a=f=9=9%° ol
cF




Laue Class & Equivalent Reflections

10. POINT GROUPS AND CRYSTAL CLASSES

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (k) of equivalent faces [for trigonal and
hexagonal groups Bravais-Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

-
mmm Dy, = / | \
[Z 2 2 —0t—
m m m o/ N1/
8 g 1 Rhombic dipyramid (hkl) (hki) (hkl) (hkl)
Quad () (hkl) (hkl) (hki) (hkl)
4 f m Rhombic prism (hk0) (hkO) (hkD) (hk0)
Rectangle through origin (y)
a e .m. Rhombic prism (hOZ)  (hOI)  (ROT)  (OT)
Rectangle through origin (w)
4 d m.  Rhombic prism (Okt) (OKI) (OkT) (OkT)
Rectangle through origin (u)
2 € mm2  Pinacoid or parallelohedron {001) (0OT)
Line segment through origin (g)
2 b m2m  Pinacoid or parallelohedron (010) (of0)
Line segment through origin (m)
2 a 2mm  Pinacoid or parallelohedron (100) (i00)
Line segment through origin (i)
Symmetry of special projections
Along [100] Along [010] Along [001]
2mm 2mm 2mm




10. POINT GROUPS AND CRYSTAL CLASSES

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hk) of equivalent faces [for trigonal and
hexagonal groups Bravais-Miller indices (hkil) are used if referred to hexagonal axes); for point coordinates see text.

SN N }
4/m -~ [TRIGONAL SYSTEM (cont.)
TETR | - "
3 Csi N\
¢ 4/mr | vexacoxa axes wv
d2; L
4 mmi|g b 1 Rhombohedron (kil)  (ihki) (kikl)
Trigonal antiprism (g) (Rkil) (ThRI) (kikl)
2 16 3 i .
Hexagon through origin
2 a 3. Pinacoid or parallelohedron
g Line segment through origin (c)
Sy y of special projecti
8 ﬁuuu%[ml] Along [100]  Along [210]
8 Reyms Rmea_s, CCyZ, etc...
g 5 = >
RHOMBOHEDRAL AXES
4
2 6 b 1 Rhombohedron (hkl) ~ (ihk)  (kih)
Trigonal antiprism (f) (hkl) (Thk) (kih)
Hexagonal prism (hk(h+K)) ((h+k)hk) (k(h+k)h)
Hexagon through origin (hk(h+k)) ((h-+k)hk) (k(h+k)h)
2 a < Pinacoid or parallelohedron (111 (110
Line segment through origin (c)
Symmetry of special projections
Along [111]  Along [110]  Along [211]
6 2 2




Reflection Conditions & Systematic Absences

Certain symmetry operators
generate reflection conditions,
also known as systematic

222

Bl

absences C222,
The structure factors o ‘T
(intensities) of the atomic -« ’
positons generated by these O

symmetry operators cancel out

for certain families of
reflections (e.g. 00I)

— Example C222
* Reflection 1condi‘cions Wb ‘_ §
« hkl:h+k=2n
« 00l:k=2n
F(OO) = 0 for k = 2n+1, and is T
systematically absent for k = odd Q%-
numbers - ‘
o)

O
Nl=
+
<+ -



Equivalent Positions & Systematic Absences

P212121 P 2]_ 2-]_ 21 222 NO 19 %
1 1 1 S
a 3 3 ot
I o 1 "o
b~ ¢
~ — I x,y,z2
- - 1 1 -
O? OF 2 54X 5,02
b ¢ 4 1,
O 3 X,o+Y, 20— 2
P2,2,2, No. 19 %
Symmetry Operators Reflection Conditions "o“q
l x, vz | (general)
2 l4xt-yz 2, (x, 1,005, 0,0] hOO: h=2n
3x w2 2, (0,y, DO, 3, 0] 0KO : k=2n
4 L-xyt g 2, (5,0,2)[0,0,}] 00l: I=2n




Systematic Absences

* Centering
— C-centering, hkl: h+k = 2n
— l-centering, hkl: h+k+l = 2n
— F-centering, hkl: h+k, h+l, k+| = 2n
* Screw Axes
— 2, 0r4,o0r6;along a-axis
* h00: h=2n
— 3, 0r3,0r6,o0r6,along a-axis
* h00: h=3n
— 4, or 4, along a-axis
* h0O: h =4n
— 6, or 6; along a-axis
* h00: h=6n
* Rhombohedral lattices
— For example R3
¢ hkil: -h+k+l = 3n (hexagonal axes) or
¢ hkl: none (rhombohedral axes)
* Glide planes (centrosymmetric space groups)
— c-glide for space group Pc (monoclinic No.7)
* hOl:1=2n
— etc...



Enantiomorphic Space Groups

* Certian space groups are enantiomorphs and are indistinguishable,
because the diffraction experiment adds a symmetry of inversion

— P3,and P3,

— P4, and P4,

— P6, and P6,

— P6,and P6,

— P6, and P6,

— P4,22 and P4,22
— P4,2,2 and P4,2,2
— P3,12 and P3,12 [{1Rs L
— P3,21and P3,21 — =}
— P6,22 and P6.22
— etc...

* The only way to distinguish them is to solve the structure!



Some IUCr Conventions

Axes form right-handed system

Prefer C-centering rather than A- or B-centering
Unique angles should be close to 90° and obtuse
— For monoclinic B > 90°

Axial lengths in increasing order

—a<b<c

Placement of unique symmetry operator?

— P2,2,2 or P22,2,0r P2,22,?

— P2,22 or P222,?

— Human Transthyretin
* P2,2,2,a=43.21Ab=285.99A c = 63.824



Indexing & Equivalent Solutions

b*
— /:-“'”. * Caution!
f/' il A -7/‘_;“’ — Certain space groups have
/ A S A1 A o f,/ o equivalent indexing solutions
7 i g — Where axes can be swapped
* Tetragonal
e Trigonal
a* * Hexagonal
/ /1:1‘“ . * Cubic
/) o e * - ,Az,a — Experiments that merge data
- o fle o /v sets together need to verify
A O R A the indexing solutions for
1 each data set
e * S-SAD, MAD, Serial MX,...

Figure 23

Twn ways of indexing the tetragonal lifice in pamt group 4, with the
fourfald axis directed “up’ or ‘down’. These two ways are nol equivalent,
since refleciions with the sams mdices will have differen imemmes In
this case the symmetry of reflecfion positions (laftice) is higher thanthe

symmetry of their miensiies Da uter (1999)



Pl Ci
No.1 Pl

Choice of Origin

Triclinic

Pesenon sy 11

Eicrwinga o fype H cell. Proper cefl bucsin {Chapies 8.1) e s
g 4, L e o 0 B, el

Orighn sty
Avymmctric usll  0<a<l DLyl BLid
Symemeiry sperutions
are
P222 D! 222 Orthorhombic
No. 16 P222 P sy P
o "
1 { t 1 1
B L B B e e B
g - ] - -{ ' =
|
— - = —
' ' 4 ] ]
b
i
Ovigha = 211
Aymtric uslt 0<a% (i B35 BSggl
Symmeiry operwton

o @Iams M08 W20

T i PRTTIY
Pl o i “Triclinic
No.2 Pl Pasraom ey £

‘ — ] —
| \ l
i 4 . \
{ \
— | S
(vt ey I . Propes b | g 4 ) grven b
., o e T 0, e .
Originut
Amricust 0505 05p5l 8505
Nymmatry operatia
e @l ses

No. 5

UNIQUE AXIS b, DIFFERENT CELL CHOICES

Monoclinic




Conclusions

...it is everywhere!

/@j/ !
( v
% ...but fun!
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Resources

http://en.wikipedia.org/wiki/Hermann
%E2%80%93Mauguin notation

http://newton.ex.ac.uk/research/qsystems/
people/goss/symmetry/Solids.html

http://img.chem.ucl.ac.uk/sgp/large/sgp.htm

http://en.wikipedia.org/wiki/
Wallpaper group#Group pg

More...












