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A8 PUEL BT HFT?

- A ( , Gandolfi, Guinier)
TR, &5F
Guinier cameras : FWHM 0.06° or 0.08° (2-theta)

- Fra ™
90%
10%
Bragg-Brentano : FWHM 0.04° (2-theta)


http://www.fiz-karlsruhe.de/icsd_.html
http://www.ccdc.cam.ac.uk/
http://www.ccdc.cam.ac.uk/
http://www.ccp14.ac.uk/tutorial/xfit-95/xfit.htm
http://www.ccp14.ac.uk/tutorial/xfit-95/xfit.htm
http://www.ccp14.ac.uk/tutorial/xfit-95/xfit.htm
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Incident
\ Pane wave
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?2/dsin9

—0 o o ,“0’\ ® o Constructive interference
dsin® when
o o o o o o nA =2d sin 6
Bragg’s Law
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Problems : small grain sizes
preferred orientation effects
sensitivity to hydration...

to deposit on the holder :

- be pressed on the holder with a glass slide.

- efficient way for avoiding preferred orientation:
to dust the sample through a sieve
to use side load sample holder

The i1deal sample is quite hard to prepare!



Side

Dusted/\through a sieve

-loaded sample holder

A

12 13 14 15 (2-theta)®
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For a routine pattern with a 0.15° receiving slit,
the following recording conditions may lead to a
successful identification :

a- From5to 77° (2-theta),
counting step: 0.08° (2-theta),
counting time: 2s
900 points measured in 30 minutes

b- From 5t041° (2-theta), counting time 4s
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For the most common configuration :
alpha 1-2 doublet correction
background subtraction
smoothing

Ready for phase identification!
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ICDD ®iNk##E EE (PDF2, PDF4):
o http://www.icdd.com

ICSD (NS EIEE):
CRYSTMET

o http://www.tothcanada.com

CSD (FHLME &R )

PDB (Protein Data Bank)
o http://www.pdb.bnl.gov/
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Bl4n Chemical Abstract!
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Sinidpia, EmER > KF

Rondpia, Siss¥ —> EAME, FH@HE
SandpAa, RensEH —> ?

HRondpia, RensEH —> ?



Single crystal or Powder : that Is the question !
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No : continue

Yes : The "last chance" method!
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(2) #FHAFFRPRABIADASES R,
(3) BFSARMZEL, O, EEAHTHF
BB, RSHEe 88 E RBRESEER
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The way Is long and difficult between the synthesis
and the Rietveld refinement when the structure Is
unknown :

One day minimum with good powder data
Maximum unlimited

The key for success resides in a very careful work!
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(3) HIEATTIRE DY SR,

B AT S 425 86 A 35 SR £T 49 20 38 Fo I S i3 5550 52 S A
HE3292500A3,. 2004 TS 2eh) STB A,
E TSR S H a8 ey B AT

= RENRLTE,



HauH S5 ARHFHER

RS RS

S A LA AEE (0. 1-1mm) ——BE | LHEHSRAE ——BS
PR UR I P9 B EFHF T —————— 4 jEl 23R | B ERITH N —— — LTS E
FsHR1K =5 B S

mJEFEAE | KBS A E R

BR JESN 5E RS B &

AR B R RS B &

LERIHE TS EEETFRBE RN =R Sea g )l (FRietvel dFs%k)




RN INEFGTILAN

592

534
466
404
342
287
238 ‘I

180
135
109
L
28 41 1

600 -
500 -
400
300 -
200 -
100 -



JR SNEFE TR

UL RACR ML KR RATHS G548 7o AT KA F

275 B R TE& N
EXP02000: R F) A. Altomare®, E3EFESk +Mont Carlo
Endeavour: # & H. Putz®, £R&PLIKRwpFoRSAH-RE
DASH: 3@ WIF David, K. Shankland, SA

ESPOIR: s%B Armel LeBail, Mont Carlo SA
FEAGER: #&®E Kenneth D.M.Harris, GA

PSSP: #%&& P.W. Stephens, SA
PowderSolve: #& B G.E. Engel®, ©OSA
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Accuracy of = 0.02° (2-theta).

Minimal FWHM =0.14 to 0.20° (2-theta) may suffice.

Minimal FWHM lowered to 0.08- > (2-theta) with
correct set of slits.

Kalpha-1 is better but Kalpha-1,2 works too.

Counting step should be as low as 0.02-0.01° (2-theta).

All is possible on a conventional X-ray powder
diffractometer.

Synchrotron can do far better with FWHMSs as low as
0.008° (2-theta).
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Neutron powder diffractometers cannot offer comparable
performances.

Minimal FWHMs are near of 0.12 or 0.20 or even
0.30° (2-theta) depending on the instrument
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(1) #1kRKa,
(2) HBRER

(3) FIE-FiE
(4) FI&

(5) Rl

CRGURE

(6) FEirtk
(7) WEREHE
(8) FEkgiE



FEIRTK

IR S AESRIEIRESCEAFRUTFTIZGR, A
T &g 33 Jr &) &L T 81 BE R AR SL 4% S 2% (a,b,cF0a,f,Y),
J5 BB 52 BT ad g ah &k T e AR (hKI)

(d,) % =h%a*?+k?b*?+1°c*?+2hka*eb*+2lhc*ea*+2klb*ec*

Q.= (d.) 2, A=a*2, B=b"2, C=c*2, D=2a*eb*,
E=2b*ec* F=2c*ea*, 7 :

Q. = Ah’ + Bk” +CI° + Dh k. + Ek.l + Fl.h
1=1...,N
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SERTC 2 E s b R 2 3ReY, FFLA AT A
LA FOM (Figure of Merit) 3kR3RiE
SRR1L LS BuY T =1k,
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8 T Fo B Th 69 T ke TiL |

PPN
M #x (A standard is mixed with your sample for calibration.)
8 4% (Auto-calibration.)

&
from 5to 80° (2-theta) (or more if you wish) if a standard
material for calibration is mixed with your sample,

«from 5 t0130 or even to 160° (2-theta) if the sample is
pure for a final pattern. Low counting step, high counting
time.
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Patterns were recorded 5-130 to 150° (2-theta)
«0.02° 2-theta step scan

*Time being 20-40 seconds per point (a long week-end)
«Sample holder with vertical loading.

Pattern processing :

-Background estimated and subtracted
*Kalpha-2 eliminated

In some case the data are smoothed

*Peak positions are hunted based on derivatives
«Calibration by using harmonics.

a list of angles, d(A) values and observed intensities
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[2] AUTOX (=MRIAAU) V. Zlokasov, J. Appl. Cryst. 25 (1992) 69-72.
[2] BH By Hand

[5] CSD  Package (Akselrud, Grin, Zavalii, Pecharski, Fundamentski)
[42] DICVOL (Loué& & Loué&r, Lou& & Vargas, Boultif & Loué&).
[14] ED electron diffraction.

[17] FZON  (Visser)

[72] ITO  (Visser)

[1] LATTPARM (Visser) (Garvey)

[1] POWDER

[2] PROSZKI (Lasocha & Lewinski)

[1] TAK indexing program of Takaki.

[111] TREOR (Werner)

[1] UNITCELL (Visser)(Garvey)

Three main programs :
TREOR [111],

ITO and variants [91],
DICVOL [42].
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BITIER!

*what to do now if a cell proposition seems convincing ? Check
It!

*The unambiguously indexed reflections have to be selected in
the objective to realize a definitive cell parameters refinement.
Final refinement should be perfect (errors <0.01° 2-theta).

*The space group can be estimated at this next step too,
realizing an extraction in a space group without extinction
(e.g. choosing P2/m if the system is monoclinic, P4/mmm if it
IS tetragonal...).
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By considering the recognized maximum number of
parameters refinable by the Rietveld method.

LI = W

For minimal FWHM of 0.12° (2-theta), 50 to 70 free atomic
coordinates (x,y,z) are refinable reasonably .

This corresponds to 17 up to 23 independent atoms in general
position .

Corresponding to these limits, cell volumes can be estimated,
depending on the crystal system and Bravais lattice.
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For centrosymmetrical space groups, these maximal volumes are the following :

Vmax(A3) Multiplicity of the Lattice System
general position
500 2 P Triclinic
1000 4 P Monoclinic
2000 8 C ”
2000 8 P Orthorhombic
4000 16 A,B,C,l ’
8000 32 F -
etc for tetragonal, hexagonal and trigonal
12000 4 P Cubic
24000 96 I Cubic
48000 192 F Cubic

Divide Vmax by 2 if acentric space group!
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Translated in maximal number of reflections, these
corresponds to approximately 1000 to 1500
reflections for a pattern (5 to 150° 2-theta) with a
~1.5 A wavelength.

approximately 20 reflections per xyz refined parameter.

for single crystal, 10 reflections per parameter is considered
as normal.

a larger value for powder data is a consequence of
reflection overlapping.



J8l 235 53 2K I

Minimal FWHMs to 0.06 or even 0.02-0.01° .

Multiply the maximum volumes (FWHM ~ 0.12° ) by 2 or
6or 12.

Up to 10000 or more reflections could be extracted

To play with 150-300 independent atoms, 450-900 xyz
refinable parameters.

Triclinic centrosymmetrical cells up to 6000 A3

Cubic cells with F lattice as large as 600000 A3 are the
theoretical upper limits which one could expect to
attain by using high resolution synchrotron data !

No study has approached such limits up to now.



Largest problems solved (up to 60 independent atoms, 200 xyz
parameters refined) are already considerable.

The maximal limits suggested for conventional in-laboratory
diffractometers have been already reached without too
much difficulties for triclinic, monoclinic or
orthorhombic cells.

Consequently, one can predict exceptional results in a very
near future from synchrotron data.
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WV max(A3) Ceneral IL.attice mywstem
position
multiplicity

S00 1500 (s1010 10 2 P Triclinic

1000 3000 12000 = r MMonoclinic

2000 000 24000 =8 L -

2000 000 24000 = P Orthorhombic

200 12000 48000 16 A, B, C LT -

000 24000 26000 32 ] 2N -

...... cetc for tetragonal, hexagonal and trigonal... ...
12000 36000 144000 48 P Cubic
24000 F2000 288000 06 I Cubic
48000 144000 S76000 192 ] B Cubic
o.12 0.04 0.01 MIinimal FAWHINMN in ©(20)
1000 3000 12000 TIFobs|™ extrractable
FO 210 840 xwvz refinable parameters
23 FO 280 independent atoms
conventional

N oTaw
synchrotrron

neutron

IDivide YW max by 2 for acentric space Sroups



The structure determination from
powder data Is decided!
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B EEINE, RESIEHREY,

,O(X, Y, Z) = EZZZ FHKLe—iZﬁ(Hx+Ky+|_z)
VaAETT

X8 FEEAEES AR, IKIBINILEY L5 ETFF
TSRS A SFRRIAEN (B2EsE),
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The simplest technique : by hand.

Peaks were cut out of the paper drawing, then weigh the
pieces of paper with a balance.

The peak surfaces were carefully measured by a planimeter.

You can really solve simple problem by these methods.

Nowadays : by whole profile analysis.
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Specimen
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ORTHORHOMBIC, Laue class mmm (2/m 2/m 2/m)(cont.)

A

Reflection conditions

Laue class mmm (2/m2/m2/m)

Point group
Bkl Okl ol kO 100 | 0k0 | oor | XUReton -
5 222 m2m mmm
2mm
h+k+1 k+1 h+1 h+k h k I 1 1--- 1222 (23) Imm2 (44) Immm (71)
12,22, (24) || Im2m (44)
2 12mm (44)
h+k+1 k+1 h+1 hk h k I | I-—(ab) Im2a (46) Imma (74)
12mb (46) Immb ((74)
h+k+1 k+1 hl h+k h k I | I-(ac)- Ima2 (46) Imam (74)
12¢m (46) Imem (74)
h+k+1 k+1 h,l hk h k [ | I-cbh 12ch (45) Imch (72)
h+k+1 k! h+1 h+k h k I | I(bc)— 1bm2 (46) Ibmm (74)
Ic2m (46) Iemm (74)
h+k+1 k,l h+1 h,k h k | {lc-a [c2a (45) Iema (72)
h+k+1 k| hl h+k h k [ | Iba- Iba2 (45) Ibam (72)
h+k+1 kI hl h,k h k | | Ibca Ibca (73)
h+kh+1Lk+1 k+1 h+1 h+k h k | | F-—- F222 (22) Fmm2 (42) | Fmmm (69)
Fm2m (42)
F2mm (42)
h+kh+1Lk+1 k| h+l=4nhllh+k=4n hklh=4n|k=4n|{l=4n| F-dd F2dd (43)
h+kh+Lk+1k+1=4nk,l hi h+k=4n,hkih=4nlk=4n|!=4n| Fd-d Fd2d (43)
h+kh+ L k+Uk+1=4nklh+1=4n;hl h, k h=4nlk=4n|l=4n| Fdd- Fdd2 (43)
h+kh+Lk+i{k+1=4n; kI |h+1=4dnhl\h+k=4n;hk|h=4n|k =4n|]=4n| Fddd Fddd (70)
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Fourier Z£3%3236, -F-ZEA AL R (HFaf8F) ahE

F(r) = [ p(r)exp(2ir *r)dv= | [p(r)]

v

o(r) = j F(r*) exp(=2zr *r)dv* =T "[F (r*)]

v

TR 2549 B T F(hKI)
F(hkl) © f. exp(RLiilhxi+kyi+lzi) = A(hKl) + iB(hkI)

/N)OO©OF(hkl)exp(-2Ui[hx+ky+Iz])
/NV)O©©O|F(hkl)|Cos(20[hx+ky+1z]-((hkI))
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)
Yie = smy B L |Fek | f(x)

Y, — RSPS90 B HI BT
s — WERET, F—SKRFMFTAEE
m—ZEERET, HSEETTRIEREBEL

Pk _ﬁﬁmﬁ@¥;
L— Lorentz fRikit R 7, RATH A IR
Fck _%WEI?,

Ax) — WETE R %X .

F(hkl) = © gif. exp(20i[hx +ky:+Iz)



W= C-37 7 O

B F7HE) RN IE

FRVEER IS LT 450 R FE TG B 4549 A FT-a945% —
MIRME, TWANAEISEILLSIY9EA-T-9HE A,

=8

I

F(H)cosg => f cos(2zH.r,)
F(H)sing. = f.cos(2zH.r )




HIEHERDNTRIR

2236 b T 152 L R 0 2540 B 3K S Y £T 49 3R A 2K I8
| M54 3508 Fo 48 Fh 2 )8 B EE AR IS EE

BIFEFERIBFSWIRES A AIE IR, HH
HER3gh I FHMAEaYFE ATE R =, 3TN B SRS
eI FH .

BIEFEDIANRAE), MARI O EBEHNE
FTx .

FA LN B #5255 ey 7525 H. Hauptman F= J.
Karle 351§ # M R1L 523
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3 TEARBIX

(1) TR LRIES,

(2) smreea AeY FIT-AR,

(3) RIF-HHTLE B EXETEANY S WAL
T

BT 29 3R B BIB I B A R AETL R S0 IRT- R AR S
B TARBEICIRS LT,






W=

% R 75 549 2 )a B Fd3m, s FRep i,
A8 o J BB B 1K 59 +[- -5 01 (3 BT AT o 1 s FR 2 J BE)
5 B -F &AL 29 F(hkl) = 8fcos2pi(h+k+l1)/8,

hkl  |F| |U| sign  relation

111 8f(2)1~ (il - fixed

220 8f 1 - (551)-(331)=(220)
400 8f 1 ?

EEHRNSf(2) /2 (1)-12 + (440)-(11-1)=(331)
440  8f 1 + SRR

551  8f(2)1? (1)-1/2 - (440)-(-1-1-1)=(551)
800 8&f 1 + SRR
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1. #BIBBIR, VI~ ETF B, |, b | B | R ARederad,

2. MB=TFHEFE SRV ETHIAE A, FIRIFPAFAAR, T
FARF 1 H (RARBHEANF 5 7=4k) 25T | [, | Aty #7469 48
A (wmE),

3. BLAAE X #tITHR Y T Iesw,

4. Fourier Zirit+HH E B,

5.7 [ BElsh S5 K BT E-FUE, HARIBLEH LS Z0R
o M 4 5

6. F) A 2 2BLEH PG Fo 48 R 2R B+ F-m R 2K, BEIT R T4
25y - I



=B pd ol X

F(hkl) = © f. exp(2Lli[hxi+kyi+1zi) = A(hkl) + iB(hkl)

Y(xyz)=(1/V)©OO©OF(hkl)exp(-2Lli[hx+ky+Iz])
Y(xyz)=(1/V)©©O|F(hkl)|Cos(2L1[hx+ky+Iz]-((hkl))

I N — |:5.' o I_--.;:-I (o e
} 4 ¥ 1~ %2 |
e — SR
. | =, 2 — Fy
3 Lk ] h N o G gl {

E N - o
=2 s = =
I-. ..H:-_L.-_II Hll I.--:-.\:.{It .!-j:_-'.':J‘ th-l -
Tz 1 V2 LTl L3 I
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Softwares for
Fourier syntheses

TEXSAN 5
SDP

XRS-82
GSAS
SHELX

317

55

40

60




Patterson & #k 3%

Patterson &&#cit3¢:
P(uvw) = XXX|F(hkl)[*cos2p(hu +kv+Iw)
S0 IRAE, N AR FTE AR AL ISE,

Patterson Bl4o32 8 XK. FEs(XY,2)89 8 F52
B (XU YHV,ZHW) REh s T-5e e &
A,
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Patterson & 2k
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Patterson & #k 3%

Patterson B4s R ;. R R &5 P ArFAERTEal K=,
RF-HNREFZIGR IS (NHg ), EmAES
Z2 P, AW ERTERERSEI,

Patterson BITEFA ;. :&8m AFTERTFTELENE,

— 9 ERT-RAET, RIS EHR-F RXE T LA
THHEMEA, RIBEWHFEAAITFRTREEFTE
LA — 2 R TL E R RmA-TFTLE AT RESHAE D
2514
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Early studies
(DLS, METAPQOCS, INSIGHT, MNDO, THEO)

Model location without energy minimization

(PATSEE, DIRDIF, grid-search, ROTSEARCH, P-
RISCON, Monte Carlo, OCTOPUS, simulated annealing,
genetic algorithm)

Crystal packing considerations
(PMC, PROMET)

""ab initio"" prediction (cell + chemical formula)
(GASP, GULP)

Hybrid approach
(FOCUS)
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III- Two Reasons for Failing

2 - Too bad data versus problem complexity

Example : X-KAIF,

0

I T e O G
zul ph«l-—
! E A T =R

2 =F
5
&= I:CAIF—I
= [ E ]
. g
ﬂ ﬁ [} il E 1 ﬁ T=3G |
=T - Iinear centour acale K2(HISO2)AI12ZF9)
=0 - B -:.u su =T “LoEr
=G
N-KAlF4
Orihorhombic cell Mmom TREOR
1 5 re] (dubions...)
3= 11902
= b = 8.324
& 10K c = 7.247
=
il
D_
=o GO .0 BC .0 100 .

2—THET A

Data available in the SDPD-D

{(Structure Determination from Powder Diffraction - Database)
http://fluo.univ-lemans.fr: 8001 /iniref.html



INTERITY

A bismuth organometallic compound with

5000

Another Faillure

anisotropic line broadening

)

u;

L

=0

= T

Expected FWHNMs : 0.045°(20)
observed 0.10 to 0.240°(20)
TREOR, ITO, DICVOL. : triclinic cell ?272?7?
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