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Isostructural Compounds
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XRD patterns of Solid solution NaSr, Ba,B,0,
(0<x=4) :First cubic borate only with BO,
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Cubic borates are estimated below 1%.




Phase transition of
BaTiO; from

tetragonal to cubic
at about 132°C

K16 BaTiOsfly (220) # (022)
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Y Ba;B,;0,: Phase transition and structure
determination
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LIAIB,O.. Search for new SHG materials

[B:0,]> & [AIB,OJ°



Structural Data for L1AIB,O.




Final Refinement of New compound of LIAIB,O.
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Structure vs Temperature:

0.8120(3) 0.1880(3)
0.5 by x-ray data

0.33333
0.33333 0.66667
0.33333 0.66667
0.81094(7) 0.18906(-7)

0.81044(8) 0.18957(-8)

0.81060(10)c  0.19182(-10)

0.80948(12)-  0.19052(-12)




A comparison between structure determination
from single-crystal and powder X-ray diffraction

- 1 Single-crystal: R;,=0.0745
' R, (all data)=0.0695

%

‘ WR,(all data)=0.1887
‘ with weighting scheme:

W=1/[6%(F0?)+(0.0000P)?+359.71P]
where P=(Fo?+2Fc?)/3

Tt’ SDPD: Ry=0.07

R =0.0609 g
s Rup=0-0811 8
b b . Rexp=0.03 14188

a=14.9470 A S.G: la-3d

\.v. &
4

(Zo/Zs,)?=(3/38)2 ~0.6%




What i1s a Rietveld Refinement?

-a standard treatment of powder diffraction data to
make the final structural model achieve the
accepted criterion;

-a best known method that fully makes use of the
step-mode scanned data to dig out a lot of
structural and other information;

- a procedure for structural solution in nature.



What can we get to perform a
Rietveld refinement?

Lattice Parameters Quantitative phase Analysis
Atomic Positions Grain size

Atomic Occupancy Incommensurate Structure
Debye Temperatures  Structure factors
Crystallinity Phase transitions

Magnetic structures



History Review

« Rietveld originally introduced the Profile Refinement method (Using step-
scanned data rather than integrated Powder peak intensity) (1966,1967)

« Rietveld developed first computer Program for the analysis of neutron data for
Fixed-wavelength diffractometers (1969)

« Malmos & Thomas first applied the Rietveld refinement method (RR) for
analysis of x-ray powder data collected on a Ginier Hagg focusing Camera
(1977)

« Khattack & Cox first applied the RR to x-ray powder data collected on a
diffractometer (1977)

« Conference on Diffraction Profile Anlysis Sponsored by IUCr in Poland,
suggested the term “Rietveld Method”(1978)

« Wiles and Yang developed a general computer program (D.B.W) for both x-ray
& neutron diffraction data (fixed wavelength)(1981)

« Von Dreele, Jorgensen and Windsor extended to the program to the neutron
diffraction data (1982)

« Fitch et al, 193 refined parameters,U0O2 DAs.4D20 (1982)



H.M. Rietveld Acta crystallogr., 22, 151 (1967).
H.M.Riveted, J. Appl. Crystallogr., 2, 65 (1969).



Structural model

Rietveld Refinement

Refined model



How RM works?

The RM refines a structure by minimizing a
quantity through the Newton-Raphson algorithm

where, y;Is the observed intensity at a certain 260,
y.i Is the calculated intensity at the same angle,
w; Is a weight, we usually take w;=1/y;
1=1,2,...n
a=( oy a, ...a), the parameters to be refined.



Given a solution a=a,,(a, a,... o) that approximately satisfy

the above equation. To find a better solution, we begin an
&
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S,Is the scale factor of the phase ¢

L, contains the Lorentz, polarisation and multiplicity factors.

F,, Is the structure factor

A, Is the absorption correction

P, Is the preferred orientation function

Q 1s the reflection profile function that models both
Instrumental and sample effects
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where, f; atomic scattering factor for ith atom
Xi, Y; and z; the fractional coordinates for ith atom

f=1fe™"
— Sin @ sin @
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M =8r°u’(—)*=B
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The mean square displacement of the atom in a direction normal
to the reflecting planes



o' =a"+ 5 -RELAX-CC

Where RELAX is relaxtion factors that are used
to control the shifts to avoid divergence;

and CC is a multiplier.



What we need to perform a RR?

A set of step-mode scanned data,
usually 26=10-120° or more, step A 26=0.02°
collecting time Is instrument dependent from 1-20s

for laboratory diffractometer,

An initial structural model having roughly accurate lattice

constants, correct space group and approximate atomic
positions




How we obtain an initial structural model?

solid solutions usually adopt same structure types of their
parent compounds;

NaSr, ,Ba,B;O4 (0<x<4)

Compounds with same chemical formula
Y Ba,Cu;0, and NdBa,Cu,0,

but always alert that exceptions are not uncommon
La,CuO, and Nd,CuQO,

Try and error

ADb Inito structure determination




Is the compound known?
Crystallographic Structure Databases

*ICSD (Minerals and Inorganics) |ICDD diffraction data
— http://www.fiz-karlsruhe.de/ — http:http://www.icdd.com/
— Minerals and Inorganic — Inorganic & Organic
— Over 60000 entries — Over 140000 entries

«Cambridge Structure Data Bank) NIST Crystal Data
— http://www.ccdc.cam.ac.uk — http://www.nist.gov/srd/nist3.htm
— Organics & Organometallics — Inorganic & Organic

— Over 250000 entries Over 230000 entries




A new
structural
database(2003):

18000
Patterns
already!

www.crystallography.net

Crystallography Open
Database
Uloaq data

ox

Search the database

&

More on the COD project : what's new
CIFs Donators - Advice to potential CIF Donators
Statistics of access
Updated 03/09/2003 12000 entries in the COD
All data on this site have hae aced in the public domain by the contributors

Advisory Board :
Daniel Chateigner, Xiaolong Chen,
Marco Ciriotti, Lachlan M.D. Cranswick, Robert T. Downs, Armel Le Bail,
Luca Lutterotti, Hareesh Rajan, Alexandre F.T. Yokochi




Parameters iIn PCR file

The parameters in PCR file can be divided into three
categories

-relating only to samples, refinable

such as atomic positions, temperature factors

-relating both to samples and instruments

such as scale factors, FWHM (Full width at half maximum)
-user-specified parameters

such as BKPOS, Nba




tDHH EFCacosi Aug. 15,2003

!' Current glokbal ChiZ (Bragy contrib.) = 17.11

' Filez => DAT-file: kecal, PCR-file: Ekeoal

'"Jokb Npr Nph Mbha MNex Nsc Nor Dum Iwg Ilo Ias Res 3te WNre Cry Uni Cor Opt Aut
0 5 1 ] 2 ] 1 1 0 0 1 ] ] ] ] 0 0 0 0

|

'Ipr Ppl Toc Mat Per Lsl Lsi2 Lsd NLI Prf Ins Epa 3vin Hkl Fou Sho Ana
0 0 1 ] 2 ] ] 0 0 1 0 1 ] 1 2 0 0

lambdal Lambdaz Fatio Ekpos= wdt Cthm ik LavLim Epolarz ->Fatt# 1
1.540560 1.544390 0.5000 S0.000 12.0000 0.800%9 0O.0000 S0.00 O.0o0o0
|
'MC¥ Eps R at R an E pr B gl Thinin Step Thinax FaD Sentd
10 o.01 o0.50 0.50 O0.50 0.50 10.0000 O.0z0000 135.0000 o.ooo o.ooo
|
Excluded regions (LowT HighT) for Pattcernf# 1
0.0z 9.98
135.02 180.00

24 'Mummber of refined parameters

Zero Code IyCos Code Sv3in Code Lambda Code MORE ->Patt# 1
o.ao000  11.400  0.00000 o.00 0.00000 240.01 0.000000 o.aao Q0
Background coefficients/codes for Pattern# 1
o.aoo 0.0aao o.aao o.aao 0.0a - oo.0o
41.000 S1.000 Z211.000 Z221.000 Z231.000




Codewords(l)

codewords are used to control parameters
when to be refined, when to be fixed and
when to be constrained and etc. A codeword
IS formed as

Ca=S(10P+CC)

Where S stands for the sign mark, P Is an
ordinal number set by users from 1 to p, the
maximum number of parameters




Codeword(l1)

« For example, an atom Ca position is (0,0,z) with z to be
refined from its initial value 0.1. The codeword in your
PCR file looks like the following

Here, S=1, P=12, and CC=0.5. That means that z of Cal is
the 12nd parameter to be refined in the iterative process,
and x and y of Cal occupy special positions not needed to
be refined.




Codeword(l11)

« Another example: the lattice constants of a
tetragonal compound are to be refined. The
codeword in your PCR file looks as follows

3.891 3.891 11.732

51.0 51.0 61.0

In this case, constraint Is put on a and b by
using the same codeword since a=b always
holds In tetragonal compounds




Codeword(1V)

One more example: the occupancies of two kinds of atoms
at one site are to be refined. Solid solutions are the most
common among this kind of refinements. The codewords
In your PCR file are set as

Only In this way are the occupancies guaranteed to satisfy
Occ(Y)+0Occ(Yb)=1




Codeword(V)

- each parameter usually controlled by one
codeword. Be alert that one codeword should be
given to two or more parameters that are irrelevant;

- there 1s no limit to choose ordinal numbers.

But we usually set the first ordinal numbers to
global parameters such as zero point, background
parameters and the etc.




Modeling backgrounds

The background intensity bi at the ith step
may be obtained by any of the following
three method.

a specified background function, usually a
polynomial;

linear interpolation between user-selected points
In the pattern

A user-supplied function



Control flags

The choice of background type is indicated by a
control flag

 Comment line(4) Job Npr Nph Nba Nex...
0 5 1 0 2
Nba:
=0 Refine background with a polynomial
=1 Read background from file COFHIL.bac
=2,3,...,N linear interpolation between N given
points




11
bi = Z Bm (2—9 1)m

—~ """ BKPOS

Where Bm are parameter to be refined

BKPOS is a user-specified parameter, origin of
polynomial function, non-refinable.

If 26=BKPOS, we see b;=B,

Users can look into their data files to set the values
of BKPOS



Profile functions (1)
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Profile functions (I1)

Mod.l Lorentzian

20. —26,)°
[1+C2( H2 k) ]2

K

Mod.l Lorentzian —
(Zgi _2‘9k) ]3/2
3 2

K




Profile functions (I11)

n=n,+X*(20)




-06 -04 -0.2 0.0 0.2 0.4 0.6

0.7G+0.3L
— 0.5G+0.5L
— 0.3G+0.7L

intensithy

Pseudo-Voigt functions
H,=0.2




Profile functions (I11)

20. —20.)% |
Pearson VII C4 1+4*(2"" —DM
HK HK

m =m, +1OOL+1OOO Y
20

(20)°



Profile functions (1V)

(Mod-TCHZ pV) [RQIIICER RSN @I

L(x) and G(x) have different FWHMs H, and Hg

H
7 =1.36603 L _0.47719(L)2 4 0.1116( )’
H H H

H=(HS+AHZH +BHIHZ+CH2ZH2 + DHH{ +H? )




Full width at half Maximum
(FWHM)

I
H —U tan’@+V tan 9 +W +
Cos* ¢

[Y + F(S,)]

cos @

H, =Xtané +
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Typical variations of FWHM vs 20



Summary for the parameters to be
refined with different profiles

Npr=0, Gaussian: U, V, W, | 3

Npr=5, pv: U,V\W,I, no(Shape), X 5

NPr=6, Pearson VII: U,V\W,1, ny(Shape), X,Y 6

NPr=7, TCHZpv: U VW 1, X,Y,S, 0



COMM EFCacCo3 hug.l15,2003
' Current global ChiZ (Bragg contribh.) = 17.11
' Files => DAT-file: kcal, PCE-file: koal
'WJaob Nph MNbha MNex Msc Nor Dum Iwyg Ilo Ias Fes 3te Nre Cry TUni Cor Opt hut
] 1 ] 2 o 1 1 ] o 1 ] ] ] ] o o ] ]
I
'Ipr Ppl Ioc Mat Pcor Ls1 Ls2 L=3 NLI Prf Ins Epa 3vin Hkl Fou Sho Ana
] ] 1 ] 2 o ] ] ] 1 o 1 ] 1 2 o o
I
' lanbdal Lambdaz Ratio Ekpos wde Cthr mulk LavLim Rpolars —->Patt# 1
1.540560 1.5443590 0O.5000 90.000 12.0000 0O.800%9 0.0000 80.00 0.oooa
B+l c+d  Ca+z
o-2 F-1
!
P -6 m 2 <——-2pace group avmbol
'Atom Tynp X T z Ei=o In Fin N_t 3pc S Codes
E E+1 .Ooooo 00000 O0.00000 0.0 . a a
a.00 0.00 0.0o0 161.
.B6B67 .33333 .50000 0.0
0.00 0.00 o.oo0 171.
L.33333 LBEE67T 50000 0.0
o.oo 0.0o0 o.oo 201.
80000 0.20000 50000 0.0
151.00 -151.00 o.oo 151.
0.33333 0.66667 .Qoooo 0.0
o.oo 0.0o0 o.oo 191.
» Profile Parameters for Pattern # 1
Shape Bow 3trl 3tra 3tr3 Jtrain-Model
1.00000E-01 0. 10000 0. ooooo 0. ooooo 0. ooooo 0. ooooo ]
21.00000 . o.ooo o.ooo o.ooo o.ooo
0} A K : S3iz Fize-HModel
ooooo  -0.1i00000 L 200000 0.oooaoo 0.oooaoo 0.oooaoo o.oooaoo
81.000 91.0040 o.o0oa o.o0oa o.o0oa

=] Tipie et Crarama #Cell Info
L. 100000 L.1000o0 LL00000  90.,000000  90.000000 1Z20.000000




Preferred orientations (1)

Riel\t/\lxgécg-lToraya |:>H = 62 + (1— Gz)exp(Gla,i )

G, and G, are refinable parameters

oy IS the acute angle between d*, and the
normal to the crystallites (platy habit)

Note: preferred orientation vector Pr1,Pr2 and Pr3

IS needed to specify a priori by users



Preferred orientations (11)

3

o 2 _5
P, =G, +(1— Gz){(Gl cosa, )’ + S'”G“H }
1

G, and G, are refinable parameters

G,<1, platy habit,
G,=1, no preferred orientation

G1>1 Needle-like habit



!' Current global ChiZ (Bragg contrib.) = 17.11
! Files => DAT-file: koa PCR-file: keal
'Jokh NMNpr Nph Nba Nex N=ad Ilo Ia= Res Ste Nre Cry Uni Cor Opt Aut
] 5 1 o 2 1 o o ] ] ] o o o
|
'Tpr Ppl Toc Mat Por L3l Ls2 Ls3 NLI Ins Rpa 3y Hkl Fou 3ho Ana
1 o 2 o 0 0 o 1 o 1 a 0 o

E/Ca/F/O/C

|

'Wat Dis Ang gPrl PrZ Pr3i Lt Irf I=vy ATZ Nwvk Npr More
5 ] o ] ] ] o 155.170 o = 1

'Jwi Jdi Hel 5ol Erind EMua EMub EMuc Juyp Nap Ref Ph 3hifc
] 3 ] 0 1.0000 0Q.0000 0O,0000 O.0000 0 ] ]

!' Max dstidist) [(angles) Bond-Valence Caleo.
3.5000 0. oooo BVS
!' N _cations N _anions Tolerance (%) / Nawe or cations/ and Anions
3 2 200,00

! Seale Shapel Bow aStrl Stra SLr3 Jtrain-Model
1.00000E-01 0. 10000 LOoooo O.oooan 0.00000 O.0oooo0 o
Z1.00000 61.000 0.0o0 o.ooo 0.000 0.0o0
i} W w X by Gaulis Lor3iz Z3ize-HModel
0.100000 -0, 100000 200000 O.00ooon 0.00o00o0 O.00oooa0 0. oooooo o
71.000 21.000 91.000 o.ooo0 o.oao o.oo0 o.0o0
a =] o alpha beta CIamma #Cell Info
5.100000 5.1a0a0 4.500000 90.000000 20.000000 120.000000
[ bbbl . 00000 11100000 O.oooao O.00o000 101.00000
Frefl FPref: A=v] b=yz IR b=
0.00000 O,00000% 0.00000 O.00000 O.00000 OQ.00000
1.00 o.0o0 131.00 141.00 o.ao o.oao




Systematic line-shift

Bragg-Brentano Geometry
 Specimen displacement

A26 = _?280056’

« Specimen Transparency

A20 = Lsin 20
2 LR



_ lo=QH . dat

LI
e

Intensiy (a.1.)
N 3 Y O O I O

[eta]
=
=

WoT>5

preferably >10




Monochromator polarization correct

_ 1+cos” 2acos’® 26

LP

sin® @cos @

o. Incident angle to a monochromator

CTHM=co0s%20.=0.8009 for a graphite
monochromator, CuKa



Asymmetry correction for profiles

PR.()+PF,(2)  PF,(2)+PF,)

Z)=1+
Al) tanh 6, tanh 26,

S _ 20, — 20, — Sshf

FWHM

P., P,, P5, and P, are parameters to be refined

AsymLim: peaks below this 26 angle limit
are corrected for asymmetry




! Files => DAT-file: keocal, PCR-file: keal
'Jokb Npr HNph MNbha Nex HNeco Mor Dum Iwg Ilo Ias Bes Ste Nre Cry Uni Cor Opt Aut
] 5 1 ] 2 ] 1 1 ] ] 1 ] ] ] ] ] ] o ]
I
!'Ipr Ppl Ioc Mat Por Lzl LzE Ls3 NLI Prf Ins Fpa Sym Hkl Fou 3ho Ana
o a 1 o 2 o o a o 1 0 1 a 1 z ] o

lambdal Lambdas Ratio Ekpo= wdt Cthm iR Fpolarz ->Patt# 1
1.540560 1.544390 0.5000 90.000 12.0000 0O.5002 0.0000 o.0ooo
1
'WCY¥ Eps R at R an R pr R gl Thinin Itep Thir= FPED SentO
i 0.01 O0O.50 O0.50 0.50 0.50 10. 0000 O.020000 135.0000 O.oo0 O.ooo
|
Excluded regions (LowT HighT) for Patternff 1
.0z 9.95
135.0:2 150.00

Z24 'Murber of refined parameters

Zerao Code IyCos Code Iv3in Code  Lambda Code MORE -»Patt# 1
0.00000  11.00  0O.00000 0.00 0.00000 z40.01 0.000000 o.on0 o
Background coefficients/codes for Patternf$ 1
O.ooo 0.o0o o.on o.o0 o.oo0 - [no.o
0. ooo o.ooo
i) W w x T Fausis LorZiz Size—-Model
0.100000 -0.100000 200000 O.o00oo0 O.o00oo0 0. ooooo0 0. ooooo0 o
71.000 a1.000 ai.000 0.o0o 0.o0o o.o0o o.o0o
a b o alpha beta = fohqiii-t #Cell Info
5. 100000 S.10000 4.,500000 S0.000000 S0.000000 1z0.000000
101.00000 101.00000 111.00000 D.ooooo 0 101.00000
FPrefl FPrefi FIR= s hAav3 hzvg
O.aoo0o0  a.00000 . 0.00000 o.00000 0O.00000
121.00 o.on . 141.00 o.oo0 o.on




Occupancy

m

Occ = chemOcc- —
V]

m Is the site multiplicity, M is the multiplicity
of the general site for a given space group.

For example, KCaFCO3, P-6m2(187)
K+1 occupies 1(a) site; O-2 3(K) site; general site 12(0),

Occ(K+)=1/12=0.08333, Occ(0-2)=0.25, both atoms’
chemical occupancy=1.0




Agreement Factors (1)

Profile Factor Weighted Profile Factor

Expected
Weighted
Profile Factor




Agreement Factors (1)

a1
obs,h calc,h

R, =100-"

y

Goodness of fit Bragg Factor

Indicator

Crystallographic R factor



Variations of agreement factors and
esd.

(a) Fixed step width (b) Fixed count-time / monitor

gt I
= 2
= 5
- >
(qo} o
| - | -
= =
@] O
< b

O H o *
0" Maximum Step Intensity (counts)L10000 Step Width (* 26 )  2*FWHM

Hill & Madsen, Powder Diffraction(1987)



An estimation of S for an ideal refinement

Gi:\/?i

take

(Y, —Yei)* = [yi —(y, iﬁ)]z =Y,

y 2 2
ZWi(Yi ~Yai)
S=| 44— | =

N—P

S=~1 since N>>P



50 75
| Peak Shape (% Lorentzian)

Gaussian L orentzian

R.J. Hill and H.D. Flack, J.Appl. Cryst. 20 (1987) 356-361



Durbin-Watson statistic parameters

W (Y = Vei) =Wy (Vi = Vo)
P

Z[Wi (Yi _ yci)]2

d<Qp: positive serial correlation
Qp< d <4-Qp: no serial correlation
d > 4-Qp: negative serial correlation



40

30
esd (x10%)

20 e (%]
Rg (%)

Refinement Cycle WNumber

Variations of d, eds, R,,, and Rg vs cycles

R.J. Hill and H.D. Flack, J.Appl. Cryst. 20 (1987) 356-361



Comments on agreement factors

R and Rg are more indicative of structural model fits
R, and R, are more indicative of overall profile fits

Rg, R, and R, are not good indices for the
refinements of different patterns

S should be as close as 1
Is a more sensitive index over Rg ,Rg, R, and R,

At least Rp, Rwp and Rexp should be given when
submitting a paper to a journal




Quantitative Phase Analysis

_SZMYV, It

j

i&ammm

where, W; Is the weight fraction for the jth phase;

S; Is scale factor for the jth the phase;

Z;1s the number formula units per cell for the jth phase;

M; Is the mass of the formula unit;

Vjis the unit cell volume;

t; Brindley coefficient that comes into effect when the
linear absorption coefficients of phases in powder
differ a lot to each other.




Intensily (a.u.)

kca PRE:
Yobs
Yoalo
Yobs—Tcoalc
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Multiphase Rietveld Analysis

contrikh.) =

i-file: koa

Dumn Iwg Ilo es o g Ccry Uni Cor Opt
1 ] ] ] ] ]

for Pa # : 5.10

'Mat Dis Ang Prl PrZZ Pr3 . ay 3t urth LTZ Mk
g 0 O o.0 0.0 1.0 ! 0

1.01101
1lal.00

Current B Bra
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No absorption correction Is applied
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To obtain a satisfactory guantitative phase analysis
based on the Rietveld method, we should be
cautioned:

- Sample should be carefully prepared: powder is
homogeneous in compositions and have a
sufficient number of grains with random

orientations;
Structures of phases are well known;

Absorption correction Is applied whenever the
phases differ a lot in their linear absorption
coefficients. The Brindley coefficients can be
consulted in the Fullprof Manual.




Calculation of bond length, angle and bond
valence sum

26 INumber of refined parameters
|

! ZEro Code ayCosS Code avsin Code Lambda Code MORE —->Patctc# 1
-0.013920 11.00 0Q.00000 Q0.00 0.00000 Q.00 O.000000 Q.00 ]
! Background coefficienta/codez for Pattern# 1
LG, 185 -5z .498 281,17 57E5.63 -805.86 -1612.2
41.000 L51.000 211.000 221.000 231.000

B/ CalFIOMC

IMat Dis Ang Prl PrZ Pr3 Jbt Irf Isy 3tr Furth ALTZ vk Npr @
] o 1.0 0.0 0.0 ] ] ] | | 155.170 ] 5

2l Zo0l Mom Ter Erind FMua EMub EMuc Jtyp HNsp Ref
o O o o 1.0000 O0.0000 O.0000 O,0000 o o

Max dstidist) [(angles) Eond-Valence Calc.
3.5000 130.0000 BEV3
N cations N anions Tolerance (%] / Name%or cations/ and Anions

3 2 Z200.00
C+3  Ch+:E

<—=3pace group symbol
thtom Typ = T z BEi=so Qoo In Fin N _t Spc fCodes
K E+1 0.00000 0.00000 O.00000 O0.99419 0.083335 ] ] | 1




extr. p.equiv.

(1 1-(ca
(C1 1-(Ca
(21 1—-(Ca
(21 -0l
(C1 1—-(01
(C1 )1—-(01

Angles around atom: C1

N T o
(C1 j-(o1
(C1 j-(o1

(o1
(o1 j-i(C1
(C1 J—-(21 J-{01 7z
(C1 J—-(o1l J-{01 =

(o1 j : D0.8120 0.1880
(21 J1-(C1 J-(21 ): 120.000
(C1 J-(21 y-{21 y: 3S0.000
{(Cc1 y—-(21 -—-{21 y: 30.000

(o1 0.85120 0.6240

I R0 R
J=(o1 g
J-(o1 g

0.8120
J=(o1 g

0. 13580
120,000
30.000
30,000

112=

1.234( 1)

o.3120
1.284( 1)

a.37%e0
1.284( 1)

a.37e0

dz 3=

0.6240
dz3=

0.1330
dz23=

0.1330

1.2834( 1)

0. 5000
1.284( 1)

0.5000
1.284( 1)

0.5000

X¥Z of Ligand Atom

dli= 2.

dl3i= 2.

dl3i= 2.

z224( 2]

2241 2]

zz24( 2)




and | § 3 1.000/7 g

(c1 )-(ol

Coordination nwmber: Eff.Coor. number: : 0 for atom: C1
*xE-04

Valence Rule i oy 0.ooo

ation of atom: o 1.000( o




Forced termination when shifts<EPS*esd

Recommended EPS=0.1

o =a"+6 -RELAX-CC

R_at: Atomic parameters, including atomic coordinates and etc.

R_an: anisotropic parameters

R_pr: profile parameters, lattice parameters, preferred
orientations and the etc;

R_gl: global parameters, such as zero shift, backgrounds and the
etc.




COMM EFCaCo3 Aug.31,2003

I' Current glokal ChiZ (Bragg contrih.)] = 6.114

' Files =» DAT-file: kcal, PCR-file: kcal

'Jokb Npr Nph Nbha Nex N=asc Mor Dum Iwg Ilo Ias Res 2te Nre Cry Uni Cor Opt Aut
] 5 1 ] ] 1 1 ] ] 1 ] | ] ] ] ] ] ]

|

'Tpr FPpl Ioc Mat Por Ll Ls:2 L=s3 HNLI Prf Ins Epa Svimn Hkl Fou Sho Ana
1 O 1 Q 1 i Q Q 0 1 O 1 O 1 z 0 0

lambdal Lambdad Fatio Bkpos wdtc Cthm kR LavLim Rpolarz ->Pattf 1
1.540560 1.5443920 0.5000 90,000 15,0000 0.8002 0,.0000 g0, 00 o.oooo
|
INCHW Eps ~at B an P _pr R_ Thmin Jtep Thrnax PaD Sentd
10§ O.01 .50 0.50 0,50 0.50 10.0000 0.020000 135.0000 0.0o00 0.000
|
I Excluded regions (LowT HighT) for Ratterng 1
0.0z g.93
135.02 180. 00

26 'Nurmber of refined parameters

ZEro Code Jycos Code Svsin Code ambda Code MORE ->Pattcf 1
-0.01390 11.00 O0Q.00000 0.00 \0O.0o0o0oo 0.00 0.Noooao a.oao Q
Background coefficients/codes or Patterng 1
BA.185 —52.495 281.17 E75.63 -805. 86 -1612.2
41 .000 51.000 211.000 2z IN\0oo 231.000

2 Excluded 26 regions




Suggested turn-on sequences for the
parameters

. Scale factors

. Zero shift
Background

. FWHM

. Shapel, X, Y....

L attice parameters (if accurate to some extent otherwise do
It before refining FWHM)

. Atomic coordinates
. Temperature factors, occupancies

. Preferred orientation, GauSiz, LorSiz...




Some factors affecting refinement results

Low instrument’s resolution. RS=0.1-0.2mm
Too low counts. Strongest counts >10000

Too less sample. Sample should fully cover the
sample holder window;

Overflow In low angle region;

Too less angle region 26>120°;

Too large EPS that leads to false minimum,;
Improper profile function;

Too less WDT values.




Error messages (1)

-‘Hole 1n Matrix’ : the number of parameters to be refined
NPR larger than the number of codewords

For example, you set NPR= 12, while one codeword 80.5 is
missing or 101.0 is mistyped as 11.0

- ‘Negative FWHM’: Hg? <0, meaningless! Increasing the
negative U,V, or W while set smaller Relax values in the
ensuing the refinements

Ho"=Utan’ 0+V tan @ +W + —2
cos” 6




‘No scattering factor’ : atom identifier ‘TYP’ 1s not
recognizable by Fullprof.

For example, Ca+2 is accepted while Ca2+ is not
accepted.

- ‘Invalid integer’ or ‘Invalid real’: Examine the format
of parameters



MAC MXP18A-HF

Convert — step 1 of 2
n r & = [
fmf“bt ) 01 g0.00 RRIGAE, &, LLIEAE
OLTS Input Data File Kind : 181 "
nexdtc  angle and intensity one by one in one column 180
file=s " angle and intensity in the same line[2column]
lastp = " several columns of int. in a line[no ang] 176
170
nextp

mdate 9Z.10. 29 Resourse Total number of the original data |0 ) 12;

gDnlE 1Dé Data angle Infomation of Kind3 : . 136
atac File r_____

- |0 - |0.02
x_ray 1 Input Start angle : Step : . 120

wavwel 154050 | . 1§$
wvoltg 50 nput Data Filename ]

curnt 200 Ci Browse . 137

OpErt I kormecon 138
sampl CAZEO1-1 Programe : : 138
comnt Ver 2.0 . 141
142
147
198
152
154
195
150

model

modez

mode3

axisft 1
start 100100
stapa sooooa
speed soooo
=tepw 100

* # & ¥ ¥

EIENE T
nosee |

100500
100800 Format of data file:
1007o0
100s00
100500 (¢ {13Y data + INSTRM=101
101000
101100 " 2 INSTER=0: Free F {Tistep,Tf

101200 ————




*TYFE
*CLASS
+*3ALMPLE
*COMMENT
*FIJANE
*DATE

*EROTE _COUNT
TGO IO
*ATTACHMENT
wASC

*FILTEER

*C_ MONOCHRO
*SLIT MNAME
*SLIT MNAME
*SLIT MNAME
*COUNTER

*PO3 FORMAT
*ICAN AXIS
*MELZ MODE
*TARGET
*ZRAY CHAR
*WAVE LENGTH1
*WAVE LENGTHZ

*3TART
*3TOF
*3TEF

27,
41 ,
46 ,
45
43 ,
54
54

54
45
52,
45
50 ,
37,
63 ,

51
51
47
49
33
44
3=

&0
45
41
63
35
55
61

Raw
Standard measuremehnt
ChZ

£005-1-13 &S:44:40

1

EINTzZ000 Wide ahngle gohiometer,

Standard Sasmple Holder
i, 0, 1, 0O
ot installed

lutomatic mohochromator,

0, Divergence slit

l, Jcattering =slit

2z, Beceiwving =litc
Sointillation counter,
o

Z Theta / Theta
CONTINTOUS

29

E-ALFPHAL

1.540562

10
30
0.0z

]

.ao
f

45 ,
ag ,
54,
54,
7z,
137 ,
75,
o8,
10z,
169 ,
256 ,
332,
759,
1436
1924
21z

155
e

x| q.%i
3.3539 ﬂuﬁ%{q:

SRk

a.
54
45 ,
5z,
45 ,
50,
37,

2 s0.00 RIARE, S, KUAE
, 51 , &0 N
51 , 45
47 , 41
49 , 63
53 , 35
44 , 55
83 , 69 , 61
71 , 90 , 93
117 , 87 ,
g, g2
110 , 1zo ,
12z, 142 ,
162 , 182 ,
264 , 270 ,
50% , 551,
g01 , 1025 ,
, 1652 , 2010 ,
, 1537 , 9383 ,
124 , 81 , &8
, &8
43
54
35
50
40
NG
59

(=351

131

136

214

272

T3
1161
2020

455

#E

File  Plak

Cptions  Poinks Selection % space
s | 2 RIQ[e[H| Pk

#iE

: Format of the data

|
+ 2 TMSTEIV=0: Free F.{Tjﬂﬂ:u,"I;fi:)

X
Forrnat of data file;

I
r-

1 Z,¥ data + INSTEIW=10

rh

SINSTEI=1: Qld D14




0o 1.00 1.00 10.0000 0.0z5000 1e0.0000 o.0o0a o.0o0a

Excluded regions (LowT HighT) for Pattern# 1
o.on0 10.00
154,00 150,00

@ 'Nutrikbher of refined parameters

Zero Code ayCos Code avoin Code Lagubda Code MOEE ->Patt# 1
0.00 21.00 0O.00000 0.00 0O.00000 0.00 0O.000000 o.oo ]
Background coefficients/codes for Pattern# 1
oo. oo 0.ooo o.0oo0 o.ooo oo. oo o.ooo
31.000 41.000 51.000 6l.000 71.000 g1.000
|
WMat Dis Ang Prl PrZ Pr3d Jbt Irf Isy 3tr Furth ATZ Nvk Npr More

5 o o o.o 0.0 1.0 a a a a a 1213.030 a 5 a
I

FPnma <——3pace group symbol
'htom Tvp H T z Biso oo In Fin N t 3pe fCodes

Fh FE 0.19007 L25000 0O.17000 1.00000 0. 50000 0 0 0 fconn 3 O 0 2
171.00 0.00 131.00 281.00 o.o0
0.0s000 L25000 O,70000  1.,00000 0. 50000
191.00 0.00 Zz01.040 291.00 o.aon
0.20000 .25000 0O.s0000 0O,50000 0. 50000
211.00 0.00 221.00 301.00 o.o0
0.20000 L25000 0O.,50000 0,50000 0. 50000
231.00 0.00 241,00 311.00 o.aon
0.03000 0Q.03000 0.50000 O0,50000 1.00000
ZE1.00 Zgl.00 z71.00 3z1.00 o.on0
Frofile Parameters for Pattern # 1
Eow 3tril 3tra 3trd Strain-Model
0. 00000 0.oooo0 0.o00o0 0.o00oo00 0

D.DDD D-Dugauﬁiz Lor3iz Size-Model Refine
scale
factor S




File Plot oOptions Pointz Selection £ space Calculationz Eietweld plot optionz Text External applicationz Too

Help

||| S| BQ 4B Per| B %y | O8] FP | Per | s |t |5ea Big|  oos|[][me| X

PbS0O4 XrayDif (Rietveld Refinement Round Robin, R.J. Hill, JApC 2

ph=ox PREF:
Yobs
Yoalc
Yobz—Ycalo

Bragg_pozition

)

L_h
=
L]
=

L i

3
g
=
=

o

110 130

—

Ryp=962—-138, 5=0.5E-2 0.64E-3




SyCos Code Sv5in Code Lambda Code MORE —->Patt# 1
o.00  o.00o000 0.00 O.000000 o.ao ]
ound coefficients/codes for Pattern$# 1
0.0aoo 0.000 o.ooo oo.oo o.aoo
41.000 51.000 cl.000 T1.000 &1.000

Data for VPHASE number: 1 == Current E Bragy for Pattern# 1:

FPL304
1
'Nat Diszs ing Pr\1 Pr:d Pr3 Jbt Irf Isvy 3tr Furth ATZ vk Npr More
5 o o o o 1213.030 ) 5 o
1
Pnma <——3pace group symbol
YAtom Typ T Z Eiso oo In Fin N _t 3po S Codes
Fh . ] 25000 O,17000  1.00000 0. 50000 a a a 0 foconn 3 00 2
0.0o0 151.00 281.00 o.on
3 . ! 25000 0O,70000  1.00000 L So0oo ) ) ) o
0.0o0 Z01.00 291.00 o.on
o1 020000 25000 0O,60000 0O.50000 L So0oo o
Z211.00 0.0o0 Z21.00 301.00 o.on
0.20000 25000 0O,50000 0O.50000 L So0oo
Z231.00 0.0o0 Z241.00 311.00 o.on
O.os000 AD3000  O,80000 0O.50000 Looooo
Z251.00 ; Z271.00 321.00 o.on
rz for Pattern # 1
Shapel Bovwr Strl Stra Str3 Strain-Model
0. 50000 0.oooo0 0.o0oo0 0. aoooo o
o.o0o o.o0o o.ooo
it X T Fausis= Lor3iz Size-Model
Oo.oso0004 -0, 040000 0.050000 O.oooo0o 0.ooooon 0. aooooo 0. oooaoo o

Refine zero point along with S




PbSO4 XrayDif (Rietveld Refinement Round Robin, R.J. Hill, JApC 2

pbh=ox . FRF :
Yob=
—_— Yoalc
——  Yobs—Vcalc
| Bragg_po=sition

&
I
§ S
= -

L]

Rwp=62.8 ZP=0.05




154.00 130.00

a 'Mumber of refined parameters

Zero Code SyiCos Code Jvain Code  Lanbda Code MORE —->Patt# 1
o.00 oO.00000 o.00 O.000000 o.oa0 ]
Background coefficients/codes IO eegreroi
O.o0oo O.oooo0 0.ooao O.oo0oo O.o0oo o. oo
31.000 . al.000 71.000

'Iat Dis Ang Prl PrZd Pri Jht Irf Isy 3tr Furth ATZ Nvk MNpr Hore
5 0 oo.00.0 1.0 ] ] 0 ] 0 1213.030 0 L 0
|
Fnma <—=3pace group symbol
latom Typ X T z Biso Qo In Fin N t Spe fCodes
Fh PE 0.192007 .25000 0.17000  1.00000 0.50000 ] ] ] 0 #Hoconhh 5 00 2
171.00 0.0oo0 151.00 281.00 0.0oo0
Q.0&s000 L25000 0.70000  1.00000 0.50000
191.00 o.0oa0 201.00 291.00 o.0oa0
0.20000 25000 0.e0000 0O.50000 0.50000
211.00 o.0oo 2z21.00 301.00 o.0oo
0.20000 25000 0.50000 O0O.50000 0.50000
231.00 o.0oo 241.00 311.00 o.0oo
o.0s000 0.03000 0.80000 O,50000 1.00000
251.00 2el.00 271.00 Jz21.00 o.0oa0
* Profile Paraweters for Pattern #§ 1
Zoale Shapel EBow scrl ILrz ILri3 Ftrain-Model
0.41623E-03 0.50000 0.ooooo 0.ooooo 0.oooo0 O.ooooo ]

Refine background along with S and ZP




PbSO4 XrayDif (Rietveld Refinement Round Robin, R.J. Hill, JApC 2

pb=oz . FRF:
14000 obe
' — ¥Yrzalc
11000 —  Yobs-Ycalc

| Bragg_position

Intensiy (a.i.)
1 1 1 o
L)
L)
L)
rTrr1r1rrorrrrrrrrrrrrTrrrr T rTT T T T ITT I T T I

Rwp=32.9%



'Nat Dis Ang Prl Pr:2 3 . =y 3t Mol ¢ vk MNpr HMore
g 0 oo.0 0.0 1. 213 0 g u]

I
FPnma
tatom Twp X i : oo In Fin N t 3pe
Fh 0.19007 0.2 0.17000 .0oooog a. o a
181.00
100 ) 0. 50000

271,00
attern #

—-0. 040000 0.0 0. 0.0 0. 0. oao 0
131.000 141.000

Refine lattice parameters along with others



File Plot Options Points Selection X space Calculations Rietweld plot options Text External applications

Tools Help

2| E|S| QB[] Per| B[ BF FP[Per |32 |t | & [sea| Bi|  oos|[R]] | X

PbSO4 XrayDif (Rietveld Refinement Round Robin, R.J. Hill, JApC 2
18000 T T

15000

Yob=—Ycalc
Bragg_position

Intensily (a.n.)

—

=

ﬁLlih.huan.in
et e 4

|

10-31-2005% |10:07 Y= 1127.8

Rwp=28.9%




Prl PrZ Pr3 . 3y 3t urth Nwk Npr More
0.0 0.0 1.0 : u} 5 o

In Fin N ©

-0.15 1.15 -0.1!

Refine peak profile along with other parameters



PbSO4 XrayDif (Rietveld Refinement Round Robin, R.J. Hill, JApC 2

ph=ox PRF:
Yobs
—  Yzalc
—— Yobs=Y
Bragg_position

Rwp=18.9%




More

In Fin N _

Refine asymmetry



PbSO4 XrayDif (Rietveld Refinement Round Robin, R.J. Hill, JApC 2

18000

145000

12000

: 2000

&000

-&000

Rwp=16.8%



'WNat Dis Ang Prl Pr2

5 ] Oo0.0 0.0

Nwk MNpr More
n} 5 0

Fnma

VAtom Typ

In Fin N_t Speo /C
Fh PE

] O 0 #oonn 3

= nin]n]n]
1.00

Lo
o.od

0.10013 0O 0 04
341.00

Refine atomic coordinates: first two atoms Pb and S

the number of parameters to be refined:22



PbS0O4 XrayDif (Rietveld Refinement Round Robin, R.J. Hill, JApC 2

- [
'ﬁ

8
§

-

Rwp=14.0%

Further refine atomic
coordinates of 3 O atoms
Rwp=13.1%



urrent E_B attern#

r Furth k MNpr More
u} o od.00.01.0 0 : g lu]

Pnma
m Tvp In Fin N_t
PE 0. O [ 1 O 000 u] u]

0.014511
141.000

Refine temperature factors along other
parameters



PbS0O4 XrayDif (Rietveld Refinement Round Robin, R.J. Hill, JApC 2

ph=ox FPRF:
Yobs
—_— Yoaloc
—  Yobs=-Ycalc
} Eesag—position

=
—
L]
L]

s
g
5
=

Rwp=12.5%




PbS0O4 XrayDif (Rietveld Refinement Round Robin, R.J. Hill, JApC 2

16000
13000
-~ 100010
F000

4000

&
.-g -
<
5
=

1000

-S000

R,=8.92%, R,,=10.8%, R,,=6.57%



for Fa

de MOEE -
0.00 u]
sound coefficient
1.74 —-11¢
Mu]uln] 71.000

is ALng
0

Nsp Ref Ph _3hift
0.0000 . n] n]

and ALniaon:

nma
o Tvp i In Fin N t

Calculate the bond lengths and bond valences

And the results are stored In *.dis






pbso4 xraydif (rietveld refinement round robin, rjj. hill, japc 2

Fourier synthesis

434.173
409.286
384.398
359.509
334.620
309.731
284.842
259.953
235.064
210.173
185.286
160.397
135.508
110.619
85.730

60.842

35953

11.064

-13.825
-38.714

Set
Fou=4

In your
Pcr file




Compare with the Rietveld Refinement
Round Robin

R,=7.3%-16.6% 5.82%  8.91%
Ryp=8.2-20.0% 7.83% 10.8%

R ,=1.5%-7.0% 4.83% 6.7/1%

exp

GodF=1.3-7.4 1.6 1.6

Total 23 respondents

Background
excluded



Compare with the Rietveld Refinement
Round Robin

Range mean single crystal this work

a(A) 8.4764-8.4859  8.4804(4) 8.482(2)  8.4818(1)

b(A) 5.3962-5.4024  5.3989(3) 5.398(2) 5.3997(1)
c(R) 6.9568-6.9650  6.9605(4) 6.959(2)  6.9614(1)




Compare with the Rietveld Refinement
Round Robin

Range mean single crystal this work
0.1875-0.1883 0.18783(4) 0.1879(1)  0.18785(7)
0.1669-0.1683 0.16752(9) 0.1667(1) 0.16742(10)

0.0621-0.0673 0.0642(2) 0.0633(6)  0.0638(4)
0.6799-0.6860 0.6838(4) 0.6842(7)  0.6834(6)
0.902-0.924  0.9083(13) 0.908(2)  0.9069(11)
0.585-0.601  0.5945(7)  0.596(3)  0.5929(14)




Compare with the Rietveld Refinement
Round Robin

Range mean single crystal this work

0.177-0.200  0.1850(11) 0.194(2) 0.1894(11)
0.523-0.548  0.5398(13) 0.543(2) 0.5423(14)
0.071-0.080  0.0778(5)  0.082(1) 0.0789(6)
0.018-0.041  0.026(13)  0.026(2) 0.0214(9)
0.806-0.819  0.8139(7)  0.809(2) 0.8130(9)




Compare with the Rietveld Refinement
Round Robin

Range mean single crystal this work
0.90-2.39 1.42(11) 1.48 1.59(2)
0.29-1.37 0.98(8) 0.74 1.21(8)

0.50-4.2 1.24(10) 1.87 1.32(21)
0.1-5.8 1.31(13) 1.76 2.02(21)
0.8-4.6 1.27(11) 1.34 1.05(13)




Output file: Data.dis

Bond length, Angel, Bond Valence

(Pb )-(0O1 ): 2.595(8) Pb : 2.273(9)
(Pb )-(02 ): 3.022(4) S: 5.714(63)
(Pb )-( O3 ):2.909(6) O1: 1.994(35)

02: 2.143(45)

(S )-(01 ): 1.4721( 84)
(S )-(02 ) : 1.4486(102) 03: 1.908(21)
(S )-(03 ): 1.5347( 59)

('S )-(03 )-(S ):56.10(13)




PhSO, (X -ray )
Ph coordinares

el L
19 20 21
Partscipant mumiser

oS0, (X-rays)

ChOsH

& 006

0054

Particrpant number

PREC, ( Newlrons |

Ph covrdimates

Panicipant num

P&y § Mewn
5 coordinaes

-+ 1 fuilfy

+ [.6iH4

7 06H2

] CUBRD
— L

1§ 19 21 23 26
Paricipant numbe

neutron

14 37 40




ﬁ:-sﬂ,, i Meulmnsh

PRS0, (Xerays) 02 coordinates OF poordinaies

i 15

nee |
h18E +
0184 ]
018D W, L !

[ y/ 7
1176 - - — L P E—— - ]

i L3 )
4 15 18 19 20 21 25 1 MW 3 12 13 13 15 18 19 21 25 26 2% 4 37 40
Farticipant number

Pasucipan! number

[ PhSOY, (Neutrons |

s - 03 coordinanes

x (L(E b

s
OL0E0 }

Fhs0y (X-rayh OF coordinaies

00,5 i
.'.‘

= (L3005 7
— {1 Rl

(LZE
—— gt

v 02 -

,;-,”H_E_,__L____. TN N T NN N T TR S N TR S S S— |
1415 18 19 20 20 25 28 M T3 T OE % 020301305 18 1% 21 23 26 28 34 37 40
P‘Jrl:u::par.r mikirmbes

Pariicipani duadber

neutrons




|_attice parameters

X-ray

LREII. [N ]

JwCugrons)

neutron




Agreement indices Temperature factors

P&y Agreernent o

placemepl Param e

]|

Meulrons

X-rays) FWHM

m oo
Two Theta (%




Please cite:
Dicvol04
A. Boultif, and D. LoCer
“powder pattern indexing with the successive

dichotomy method”
J. Appl. Cryst. 37, 724-731 (2004)

Fullprof

J.Rodriguez-Carvajal
Program Fullprof.2k, version 3.30, Laboratoire
Leon Brillouin, France, June 2005.







