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1. Beenenme. 3aueM Hy>KHO HAIlOMMHATb O CUMMETPUL.
PexomeHpanmm 1o aureparype.
2. Ontepanu 1 371eMeHTBbI CUMMETPUIL.

3. Toueunsle rpymmsl, perieTk bpase, mpocTpaHCTBeHHBIE

IPYIIIBL

4. CuMmmMmeTpms B AP PpaKLINNL.
4.1. Cdepa DBanba, oOpaTHas pellieTka U CBSI3b
CUMMEeTPUM KPUCTAJUINYECKOV CTPYKTYPBI CO
cMMeTpuen O PpakLIMOHHOV KapTVUHBI I S —
4.2 ITndppakivs Ha HeIIeHTPOCUMMETPUYHBIX U e
KMpaJIbHBIX CTPYKTYypax. Pe3oHaHCKOe paccesiHue.

5. 3aximouenne. KpaTkuit HoBTOp HEOOXOAMMBIX CBeIeHU

U1 IIepeYeHb IIPAKTNYeCKMX YIIPaKHEHIA.
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3aueM HY>KHO HaIlloOMMHaTh O
CYIMMETPUN.

* Kpucrayurodpmsmka

— CerHeTroaneKTpuKy, KMpaJlbHbIE CTPYKTYPB],
MYJIbTPEPPOVIKU

* dusuka Pa3oBbIX IEPEXOIOB
- YmioBasd 3agava Teopun JlaHnay

- CyMMmeTpuriHasg CBA3b MeXY CTPYKTYPHBIMI
nedopManaMm

e Camoe rj1aBHOe - CMUMMeTPVS HeoOXoamma i
OIIpe/iesIeHs PaclIOIOXeHVs aTOMOB B

CTPYKTypax.

JTabopaTopusa HentpoHHbIX mcciremoBadmit TV um. A.D. Modbdbe PAH 2010



| Ipenynipexnenne

* JTanHad JIeK1IMA He ABJIIeTCH II0JTHBIM
Ky pPCOM II0 CMMMETPVU B
KpUCTasuIorpadoum.

* Ee 3ajaua - IIOMOYb CIIyIIIaTeIIM
BCIIOMHWUTB 1 OOpaTUTh BHUMaHVIEe Ha
HEKOTOPbIE BOITPOCHI, KOTOPHIE, ITO OIBITY
aBTOPA, BBI3BIBAIOT TPYIHOCTH Ha
IpakTUKe
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CoBpemeHHas jinreparypa

Click to LO()KIIE

2 Fundamentals of Crystallography
C. Giacovazzo
Oxford University Press, 1992

Structure of Materials
Marc de Graef, Michael Mc Henry
Cambridge University Press, 2007
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click to LOOK INSID

| Physical properties of crystals and their representations by
tensors and matrices
JF. Nye

Oxford University Press, 1985.

If you feel advanced and want to know EVERYTHING in MODERN QRYSTALLOGRAPHY
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Orepariym v 3j1eMeHTbI CUMMETPUIA.

What is symmetry?

Symmetry is a property of an object to stay unchanged (invariant)
after certain type of movement.

Symmetry operation
Symmetry operation is the movement which keeps the object

unchanged
i

,//a--q{"}?-k_%_\\ *4-
cf;;_""-r - “'“-\
N~

\ ll'll Iil / /

Y \‘-1 i e 2
% 1>
Rotation by 60 degrees Rotation by 90 degrees Reflection in the plane
around the vertical axis through the middle
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Types of symmetry operation

According to the type of movement there are different types of symmetry operations

1. Point symmetry: AT LEAST one point is fixed during
the movement of the object

* Rotation

* Reflection

* Inversion
« Combination of any above

2. Qpace symmetry: no points are fixed during the
movement of the object

« Trandation (lattice transiation)
« Combination of trandation and any kind of point symmetry operations
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Motif: the fundamental part of a symmetric
design that, when repeated, creates the
whole pattern

Operation: some act that reproduces the
motif to create the pattern

Element: an operation located at a
particular point in space
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What isa symmetry group?

Symmetry group is @ GROUP (in the mathematical sense) of movements
each representing the particular symmetry operation (rotation,
reflection, inversion, rotoinversion and translation). The elements of
the GROUP (G,, G,,...,G,,) should satisfy the following conditions:

Qosure
the combination of any pair of element gives another element of

the group, i.e. G*Gbelongs to the same group

Existence of identity element, |
the element which has the following property I*G=G,

Assodativity
for any three elements of the group: (G*G)*G, = G*(G *G,) holds

Invertibility of the elements
each element has the inversion element, i.e. GG =1
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Reflection symmetry

Movement: reflection in the mirror. Each point is replaced by its
mirror reflection. The mirror is referred to as MIRROR PLANE and
isdesignated by “m’.
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Inversion symmetry

Movement: inversion relative to the origin (centre of
inversion). Each point is replaced by the inverted one.

XYZ < -X-Y-Z
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Designation of the symmetry axesand mirror

= |

3 A > <
4 * o 4
° _ o ®
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MAIN THEOREBVI of CRYSTALLOGRAPHY

The only possible ROTATIONAL SYMM ETRIES accepted by a crystal lattice are
1,2,3,4and 6

We consider the lattice vector,
a and suppose there is a
symmetry axis of the order
n=360/a. The two lattice
. . . . vectors A, and A, are obtained
by rotation by the e of a and -a
in two opposite directions. If
& # | the rotation is the symmetry
operation then A,, A, and A.-
A, A, A, are also the lattice vectors.
® » ® However' accordlr?g to the
construction A,-A, is parallel to
a. That means the following
condition must be hold:

AA =N*a
where Nis integer number
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According to the construction

AA,=2asin(90-a)=2acosa,

Therefore
cosa=N/2.
As |cos a|<=1 there are a few possibilities only

N cos o a, deg Order of symmetry axis
-2 -1 180 2 -
1 -0.5 120 3 A

0 0 90 4 <

1 0.5 60 6 ‘

2 1 0 oo
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DJIeMeHTBl CUMMeTPUN U
TOYeYHbIe I'PYIIIbL

* DJjieMeHThbl cuMMeTpun 2D m mnx
KOMOWMHAIINM

e HoBrbie a5teMedTh! B 3D 11 11X KoMOMHaIIMmM

* JjieMeHTHI cuMMeTpun 3D cBA3aHHbIe C
TPaHCIIALIVISIMU.

* [lone3snasa kiaccndukanysa TOYCUHBIX

IPYIIL
* JJIeMeHTBI CMMMEeTPU IIePBOTO U
BTOPOI'O poAa.
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CumMmmerpusd B 2-D

*6 oreparii CMUMMETPUN:
e 12346 m

* [ IoBOpOTBI - KOHTPY3HTHBIE ortepalu (oopas u
PeIrpORyKIIVS VIEHTVYHDI)

* 3epKasibHBIE OTpaxeHM (a B 3D u viHBepcus) -
SHAHTVOMOPQHBIe oepunn (00pa3 1 perpomyKIIvs
“opposite-handed”)

e 17151 HOJIHOTO OIVICAaHMSA TOYEYHOV CMMETPUN HY>KHO
riepeOpaTh BCce BO3MOKHbIE KOMOVHAIIM 3JIEMEHTOB
CUMMETPUN.
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[ Ipmmep

KoMOuHMpyeM 1toBopoT (4) ¢ 3epKajIbHBIM OTpakKeHVeM

JIabopaTopms HEMTPOHHBIX MCCJICMOBAHMN W1 V1 M. A.WD. VIoP@e FAH ZU1U



2-D

KoMOuHMpyeM 1toBopoT (4) ¢ 3epKajIbHBIM OTpakKeHVeM

1. Orpaxenue m
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2-D

KoMOuHMpyeM 1toBopoT (4) ¢ 3epKajIbHBIM OTpakKeHVeM

1. Orpaxenue m

2. IloBopor 4

{mmogBMIIaCh ellle oJHa

TUIOCKOCTH M}

0

9

6

Q




2-D

KoMOuHMpyeM noBopoT (4) ¢ 3epKalbHBIM OTpakeHVeM

1. Orpaxxenne m

2. [MToBopor 4 6 | O

{mmosiBMIIaCh elrle ogHa

0
9

TUIOCKOCTh M}

6
Q

EcTb 7111 errie oiteMeHThI
CYMMeTPUI?

['pyrmra 4mm Q9
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2-D

6 371eMeHTOB cMMeTpun + 4 KoMOVHALIVIV JAroT
10 Bo3MOXHBIX 2D TOUEUHBIX IPYIILL:

1 2 3 4 6 m 2mm3m4mm 6mm

Bce ocTtastbHBbIEe KOMOMHAITUY VIV CBOISITCS K
[epevrcJIEeHHbIM VIV HEBO3MOXKHBI
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HoBble 3571eMeHTHI CBSI3aHbI C
VHBepcuen i, KOMOMHaIIM
IIOBOPOT C MIHBEpCUE Mo2y1
IaBaTh HOBBIC JIEeMEHThI.

HecoOcTBeHHBIE TOBOPOTHI
(ITOBOPOTHI C IHBEPCHET)

a. mosopor ¢ muBepcreri( 1)

To xe camoe uTo 1, 1 He aBJIgeTcsd
HOBBIM 2JIEMEHTOM
CUMMEeTPUN
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b. IloBopoT c mHBepcue (E )

To e camoe uTO m, 5TO He HOBad
orepars CMMeTPpUn
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c. ITosopoT ¢ umBepcuer (3 )

2TO HOBBIN 2JIEMEHT
cuMmMmeTpumn!

JTabopaTopusa HentpoHHbIX mcciremoBadmit TV um. A.D. Modbdbe PAH 2010



Kakue 3anemMeHTbI CUMMeTpUM coaepxut ocb N ?

N=2k+1: nosopoTHasiocb N+ ueHtp 1( 3, 5, 7, ... )

N=4k+2: noBopoTHada ocb N/2 + nepneHankyndapHas
NNOCKOCTb M ( 6=3/m, n T1.4.)

N=4k: TOJIbKO nosopoTHas ocb N/2;
nnockoctu mu ueHtpa 1 HET ( 4, 8mnT.4.)
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Rotation 2n/1 | 2n/2 | 2n/3 | 2n/4 | 2w/5| 2n/6
Rotation symbols 1 2 3 4 5 6
Roto-inversion symbols T |@=m| 3 4 5 6

Convention: All the rotations are expressed by the order n defined

by the rotation angle 2n/n. A rotation by 27/3 1s also called a

rotation of order 3 or a threefold rotation, etc.

The five-fold rotations are also included in the table although this

operation is not compatible with translations. It can exist for

molecules, geometrical figures or any other non-periodic objects.

Roto-inversion [ |[@2=m| 3 4 5 6
Does a roto-inversion generate an

. . , v v v
inversion centre °

Same question for the reflection v
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3-D

10 omrepanimm cummerpuu B 3-D :
12346im346

* HecobcTBeHHBIE TIOBOPOTHI (ITIOBOPOTHI C THBEPCUEN) -
SHAHTMOMOP@HBIE OIlepanumn

e J1JIs1 TIOJIHOT'O OIVICAHMS TOUYCUYHOV CMMETPUN HY>XKHO
riepedparh Bce BO3MOKHBIE KOMOMHAII 3JIEMEHTOB
CYIMMETPUMN.
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3-D

[ [pyHIIUITEI KOMOVMHAIMM 3JIEMEHTOB CMMETPUU

a. Ocp BpalleHVAda IlapajilejibHa ITJIOCKOCTN OTPaKeHVIA
To xe camoe kak B 2-D
2 || m=2mm
3 || m=3m, Takxkxewmn 4mm, 6mm
b. Ocpk BpalieHMs NepIrIeHIVKYJIIPHA IVIOCKOCTHU
OTpakKeHMs
21m=2/m
31m=3/m, also 4/m, 6/m
c. B HeKOTOpBIX CiTydasx OCh BpallleHUs JIEXXUT IO/, yIJIOM

45 v 30. OcTtasibHble KOMOVHALINY He PeayIN3yIOTCA B
3D.
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3-D

Crystal structures

Bcero cymecrByror 22
YHVIKaJIbHBIX KOMOVHAaLIIN

3D s11eMeHTOB cMMeTpPUY, 230 Space groups
BMecTe ¢ 10 2D / \
KOMGMHaHMHMM OHU 32 Crystal classes 14 Bravais lattices

00pasy1oT 32 TOUeUHBIX N

TPYIIIIBL

7 Crystal systems

CrcreMa KOOpAMHAT VI HAOOP TPaHCIIALNI OIPedelIsioT TUIL U PeLIeTKY
bpase.

TpascsaMy TpUBOASAT K HOBBIM (OTKPBITBIM) 3JIEMEeHTaM CMMEeTPUN —
IUIOCKOCTSM CKOJIB3AIIEro OTPakeH s I BUHTOBBIM OCSM.
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Helicoidal axes

For each rotation axis, we can have a number of possibilities which
1s equal to the order of the rotations axis -1. For a threefold axis
we can have two (= 3-1) types of translations namely a translation
of % and % of the lattice periodicity along the helicoidal axis. This
gives the following possible cases

Rotations Translations Symbols
2 2 2,
3 %, % 3,.3,
4 Va, V5, 3% 4,.4,, 4
6 %6, 13, V2, %, % 6,.6,. 65, 6,, 64
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n,, (ndenotes rotation angle and m aenotes the displacement)

o=360/n
d =am/n, where a isthe lattice period along direction of the axis

41 4, 43

Io

+1/4 +1/2 +3/4
& =) o —%

—

+1/4

+1f2
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Glide planes

Each glide plane 1s specified by
two parameters, the direction of L_¢
the normal to the glide plane and ; — 7]
the direction of the gliding

component. The direction of the B

gliding 1s given by a letter as

indicated 1n the diagram whereas
the position of this letter in the ~a
symbol gives the orientation of 1ts .
normal.
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Cummerpusd B 3-D

[ Ione3Has KiaccmdmKarysg TOYedHbIX TPYIIL

Crystal System No Center Center
Triclinic 1 1
Monoclinic 2,2 (=m) 2/m
Orthorhombic 222,2mm 2/m 2/m 2/m
Tetragonal 4,4,422, Amm, 42m | 4/m, 4/m 2/m 2/m
Hexagonal 3,32, 3m 3,3 2/m

6, 6, 622, 6mm, 62m | 6/m, 6/m 2/m 2/m
Isometric 23, 432, 43m 2/m 3, 4/m 3 2/m

Table 5.3 of Klein (2002) Manual of Mineral Science, John Wiley and Sons
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HernenrpocmmMMeTpmYHOCTE U
KNPaIbHOCTD

« [UPAC: The geometric property of a rigid object (or spatial
arrangement of point or atoms) of being non-superposable by pure
rotation and translation on its image formed by inversion through a
point; the symmetry group of such an object contains no symmetry
operations of the second kind ( 1, m, 3, 4, 6). When the object
IS superposable by pure rotation and translation on its inverted
Image, the object Is described as being achiral; the symmetry group
of such an object contains symmetry operations of the second kind.

 Barron: True chirality is exhibited by systems that exist in two
distinct enantiomorphic states that are interconverted by space
Inversion by not by time reversal combined with any proper spatial
rotation.
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Eire onHa nostesHas Kiiaccudukanysa rodeunsix rpynm (H. Flack)

222 422
- 32 622 23
1 2/m mmm 432
Almmm  3m

12436

6/mmm (m 3m)

4/m 3_6/m Amm 3m 6mm
(m 3) m mm2
4 42m

6 6m2 43m

2 geometric crystal classes
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Eire onHa nostesHas Kiiaccudukanysa rodeunsix rpynm (H. Flack)

222 422
- 32 622 23
1 2/m mmm 432
Almmm  3m

12436

6/mmm (m 3m)

4/m 3_6/m Amm 3m 6mm
(m 3) m mm2
4 42m

6 6m2 43m

2 geometric crystal classe
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Eire onHa nostesHas Kiiaccudukanysa rodeunsix rpynm (H. Flack)

2”7 TN 202 422
/’ ) \\ 32 622 23
/ 1 2/m m_mm \ 432
/ 4/mmm 3m \
I 6/mmm (m 3m) \ 12436
\ T~
-y s S .. [ \
\ _ N
\ 4/m 3 6/m Amm 3m 6mm \
| (m 3) m mm2 |
_ |
\ 4 42m /
\\ 6 6m2 43m
- ’

2 geometric crystal classe
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Eire onHa nostesHas Kiiaccudukanysa rodeunsix rpynm (H. Flack)

N 222 422

/ - 32 622 23
/ 1 2/m mmm \ 432
/ 4/mmm 3m \
I 6/mmm (m 3m) \ 12436
\ e
-y s e . [ \
\ _ N
\ 4/m 3_6/m Amm 3m 6mm \
| (m 3) m mm?2 |
_ [
\ 4 42m /
‘. 6 6m2 43m s
- -’

2 geometric crystal classe
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Eire onHa nostesHas Kiiaccudukanysa rodeunsix rpynm (H. Flack)

222 422
32 622 23

/ 1 2/m mmm \
/ 4/mmm  3m \
l 6/mmm (m 3m) \
\ | S~ — — — — - l
\ 4/m 3 6/m ‘ N
\ B \ 4mm 3m 6mm ¥
\ \ m mma2 n
\ ‘' aam )]
\ N\
N \ 6 6m2 43m 7 v/
B — //

2 geometric crystal classe
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Eire onHa nostesHas Kiiaccudukanysa rodeunsix rpynm (H. Flack)

222 422
32 622 23

/ 1 2/m mmm \
/ 4/mmm  3m \
l 6/mmm (m 3m) \
| R
\ _ l N
\ 4im 3 6/m \ 4mm 3m 6mm ¥
\ \ m mma2 n
\ \ 4 42m /!
\ s e 22 A,
\ 77
I

2 geometric crystal classe
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Eire onHa nostesHas Kiiaccudukanysa rodeunsix rpynm (H. Flack)

222 422
32 622 23

1 2/m mmm
Almmm  3m
6/mmm (m 3m)

4/m 3

6/m

2 geometric crystal classe
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CummeTpusa B audopakuymm.




ObpaTHasa pelieTka

'::':

£ 012

JTabopaTopmsa HenTpoHHBIX nccirenoBaumit TV mm. A.D. Modbde PAH 2010



Cdpepa OBanbaa

Incorming
H-ray heam

e
Transmitted
X -ray heatn
Ongin of
reciprocal Ewald Sphere

lattice, F(ODD) =14
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Lndppakumna

Incoming
Hray

Incotning
-
Ewald Sphere e
r=1/A
Ewald Sphere
=14
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CHG,HCTBT/ISI CIMMETPUN — CUCTEMATNYECKNE I110TI'aCaHIIA

Centering Allowed peaks
I-centered — Peaks where h+k+| is an even number

F-centered — Peaks where hkl are either all even #s or all odd #s
C-centered — Peaks where h+k is an even number

B-centered — Peaks where h+l is an even number
A-centered — Peaks where k+l is an even number
R-centered — Peaks where -h+k+| is a multiple of 3

2, screw axis || to a — h0O peaks are only allowed when h is an even #
2, screw axis || to b — OkO peaks are only allowed when k is an even #
2, screw axis || to ¢ — 00l peaks are only allowed when | is an even #

3, screw axis || to ¢ — 00l peaks are only allowed when | = 3n (n = integer) ¢
4, screw axis || to ¢ — 00l peaks are only allowed when | = 4n (n = integer)

a glide plane L ¢ — hkO peaks are only allowed when h is an even #

b glide plane L ¢ — hkO peaks are only allowed when k is an even #

n glide plane L ¢ — hkO peaks are only allowed when h+k is an even #
a glide plane L b — hOl peaks are only allowed when h is an even #

c glide plane L b — hOl peaks are only allowed when | is an even #

n glide plane L b — hOl peaks are only allowed when h+l is an even #
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CirencTBus CMMMETPUN

* 122 mpaBwia 1ioracaHms OJHO3HAYHO
OIIPeNesIAiOT D6 IIp.IPYIIIL.

* 63 HaboOpa roracaHMI COOTBETCBYIOT Cpa3y
HECKOJIBKVM IPyIIIaM.

* JTndpakmoHHas KapTrHa
LIeHTpocuMMeTpryHa (3akoH Opunerns)

* 11 wiaccos J1lays - ieHTpOoCMMeTpUYHBIC
IPYIIIBI IS ONIMICAaHWS AP PaKI:

1, 2/m, mmm, 3, 3m, 4/m, 4mmm, 6/m, 6/mmm, m 3, m 3m
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PesonaHcHOe paccesHme

I ¢ Horescence

f‘r ts

hv
P AW a Wt ttered phot
Seatieret photon ener gy levels available to electrons
incident photon involved in scattering the photon

| scattered photon

incident photon
re-emitted photon
(Ainorescence)
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Flack (1983) parameter. The parameter x in the
structure-amplitude equation

G*(h, k,1,x) = (1 — x)|F(h, k,D)|* + x|F(h, k, )|*
(Flack, 1983).
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3aKII0OUeHMe — KOJTOBBIe CJTI0Ba

* I3o0Mepun 11 ABOVIHBIE VI30MEPUMN.

* lleHTp MHBepCcUM, €ro OTCYTCTBUE,
KPaIbHOCTD.

* [locTpoeHme DBasbia, OOpaTHAad pelreTKa

* 3akoH Ppuesida,ero HapylieHue,
rapamerp draka
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Criaci0o

* Cemeny 'opdpmany (Ferroelectrics and
Crystallography group, University of Warwick),
3a y4eOHbIe MaTepuaJibl 10 KpucTasuiorpadpum

* JlpocimaBy OwmmHuyKy (SNBL) 1 Anekcero
bocaky (ESRF) 3a rmosre3HbIe quicKyccmm
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