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FRANCE.

The combination of the Rietveld method together with a modeling of the peak shape is
extremely useful when the materials under study suffer from bad crystallization. The presence
of structural defects like dislocations, stacking faults, anti-phase domains, micro-strains and
small crystallite sizes manifests in the diffraction pattern by a broadening of the Bragg peaks.
In most cases the Voigt approximation for peak broadening is sufficient to get quantitative
explanation of the existing defects through the different 4kl and angular dependence of the
broadening. In this paper we give an introduction to the treatment of microstructural effect
using the program FullProf.

Introduction

The microstructural effects within FullProf are treated using the Voigt approximation: both
instrumental and sample intrinsic profiles are supposed to be described approximately by a
convolution of Lorentzian and Gaussian components. The TCH pseudo-Voigt profile function
[1] is used to mimic the exact Voigt function and it includes the Finger‘s treatment of the
axial divergence [2]. The integral breadth method to obtain volume averages of sizes and
strains is used to output a microstructural file where an analysis of the size and strain
contribution to each reflection is written. No physical interpretation is given by the program;
only a phenomenological treatment of line broadening in terms of coherent domain size and
strains due to structural defects is performed. The user should consult the existing broad
literature to go further in the interpretation of the results. A recent book [3], gathering
different articles, is a good introduction to microstructural problems.

Some useful expressions for microstructural analysis

A particular peak shape will be generally denoted as (x), the argument is x=7 -1, , (T is

the scattering variable and 7} the Bragg position) and the FWHM will be called H.

Let us define explicitly the most important parameters defining the relevant peak shapes for
microstructural analysis. The Voigt approximation is based on the assumption that the
contribution of microstructural effects to the final peak shape can be approximated by a Voigt
function: convolution of a Gaussian and a Lorentzian. The normalized Gaussian function is
defined as:

G(x) = a, exp(~byx*) (1)
where:
2 |In2 _4In2
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The integral breadth of the Gaussian function is: f, = 187

a;, 2 \In2
The normalized Lorentzian function is defined as:
a
L(x)= L 2
(x) 1+ be2 @
where:
2 4
a, =—— b =—
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The integral breadth of the Lorentzian function is: S, =—= -
a

It is important to realize that the requirement of normalization (i.e. J-m Q(x)dx =1) is essential

in a Rietveld program than can automatically perform quantitative phase analysis. This
requirement is not common in the literature on microstructural analysis, where the parameters
ag and a; are taken as the height of the peak. See the appendix for the relations between the
parameters defining the both the normalized and non-normalized pseudo-Voigt functions.

The Voigt function defined as the convolution of a Lorentzian and a Gaussian:

V(x)=L(x)®G(x)= J.ij(x —u)G(u)du 3)
where L(x) and G(x) have different FWHM (H, and H_, respectively). The shape of the

Voigt function is determined by the relative importance of the two components(/,,H ). The

Voigt function can be written in a closed form in terms of the complex error function and the
integral breaths of the Lorentzian ( £, ) and Gaussian components ( S, ):

Vx)=V(x,H,,H;)=V(x, 5., ;)

V(x)= B Re[erf(‘g|x|+i ﬂff/;ﬂ 4)

where:

erf (x) = % jo" e’ dt (5)

The pseudo-Voigt function, pV'(x), is an approximation of the Voigt function that substitutes
the two shape parameters H, and H_ by the pair (77,H):

pV(x)=nl'(x)+(1-mG'(x)  0<p<l (6)

The pV(x) function is a linear combination of a Lorentzian (L") and a Gaussian (G") of the
same FWHM (H), so there are two parameters characterizing the peak shape:
pV(x)=pV(x,n,H).If L’(x) and G’(x) are normalized, p}'(x) is also normalized. It is easy
to verify that the FWHM is the same for L(x), G(x) and pV(x).





The integral breadth of a normalized pseudo-Voigt function is just the inverse of the
maximum value. If the function is multiplied by a constant (integrated intensity) the integral
breadth doesn’t change:

_J.Q(x)dx_.[lipV(x)dx_ 1
TQO)  Lpy(0)  pr(0)
wH)/2

Por = n+(1-nWzln2

(7

Numerically it is more easy and fast to calculate the pseudo-Voigt approximation (6) instead
of directly using the expression (4). The mapping between the pairs (H,,H ) and (17, H) can

easily be obtained using the numerical approximation provided by TCH expressions[1]:

(H,m)=F(Hg, H,) ®)

H’ =(H}+2.69269H H, +2.42843H H; +4.47163H.H, + 0.07842H H; + H}) (9)

2 3
7721.36603%—0.47719(%) +0.11116(%) (10)

The inversion of the above two expressions leads to the relations:

(Hg H,)=F"(H,n) (11)
%:0.7292877+0.19289772 +0.07783n° (12)
%=(1—0.7441777—0.24781772 —0.008107°)" (13)

The integral breath of the Voigt function is then calculated using the expression (7) of the
pseudo-Voigt approximation, through the previous calculation of (H,n)=F(H,,H,) using

the expressions (9) and (10).
The intrinsic profile of a particular reflection due to size effect has an integral breadth S, , the

Scherrer formula:

A 1 =k,

(D), =—"— = (14) AASLERED
Bscos6 s Ay
gives the volume-averaged apparent size of the é\ h

crystallites in the direction normal to the scattering —
planes. This apparent size has a perfectly defined y
physical interpretation:

X
1 1 Figure 1 : Scheme for interpreting the
3 ; : : :
<D>V - z _J.J.J. L, (x, y) d°r (15) apparent size of a particular grain (see
NV, bl text).

or in terms of the normalized column-length distribution py(L):





(D), = J.L p,(L)dL (16)

The integrals (15) give the average for all crystallites of the sample in reflection position (N)
of the volume average of the length of the cords (column-length) normal to the scattering
planes for each crystallite. It is clear that the relation of the apparent size with physical
dimensions of the coherent domains is not direct. We should normally assume a particular
average shape of the crystallite (e.g. spheres) in order to relate the apparent sizes obtained for
different Bragg reflections with characteristics dimensions (e.g. diameter).

The intrinsic profile of a particular reflection due to a strain effect has an integral breadth ),
the apparent strain is defined as 7 = £, cot@ [4]. We shall use the so-called maximum strain,
which is derived from the apparent strain as:

4

d Bpd (17)

The relation of this definition of strain with the root-mean-square (RMS) strain can be found
in the literature [3]. In the Voigt approximation the mean-square strain can be written in terms
of the Gaussian and Lorentzian components and the distance L separating two cells along the
normal to the scattering planes. If L is the undistorted distance and AL is the distortion, the
local strain is (L)= AL/L, so the mean-square strain is:

<52(L)>:(€—§:+5+2J d’ (18)

The treatment of microstructural effects within FullProf

There is a new file containing information about the microstructure (extension “.mic”) that is
output only if the user provides an input file containing the instrumental resolution function
(IRF, see manual for the different ways of giving resolution parameters). At present, this
option works only for constant wavelength mode.

The FWHM of the Gaussian ( H ) and Lorentzian (H, ) components of the peak profile have

an angular dependence given by:

H.=U+(1-&) D (a,))tan’ @ +V tan@ + W + IG26 (19)
Ccos
H, = (X +£D,,(0,)) tan 0 + L F(@)]
cosd

If the user provides a file with the IRF, the user should fix V and W to zero, then the rest of
parameters in the above formula have a meaning in terms of strains (U,a,,X ) or size

(Y,1;,0,) . The functions D, (a,) and F(a,) have different expressions depending on the
particular model used of strain and size contribution to broadening. The parameter & is a
mixing coefficient to mimic Lorentzian contribution to strains.





The anisotropic strain broadening is modeled using a quartic form in reciprocal space. This
corresponds to an interpretation of the strains as due to static fluctuations and correlations
between metric parameters [5].

M, =—— = AW + BK® + CI* + Dkl + Ehl + Fhk = M (c;hkl) (20)

hkl
The metric parameters ¢; (direct, reciprocal or any combination) are considered as stochastic

variables with a Gaussian distribution characterized by the mean <a,,> and the variance-

covariance matrix C, . Here we consider the set: {0‘1-} = {A,B,C D, E F } .The position of the
peaks is obtained from the average value of M,, given by: <M hkl>:M (<a,.>;hkl). The

broadening of the reflections is governed by the variance of M, :
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Where the non-diagonal terms may be written as product of standard deviations multiplied by
correlation terms: C; = S,S corr(i, j) . This original formulation can be used with a total

control of the correlation terms that must belong to the interval [-1, 1]. When using this
formulation the user cannot refine all parameters (up to 21) because some of them contribute
to the same term in the quartic form in reciprocal space, however this allows a better
interpretation of the final results. Taking the appropriate caution one can test different degrees
of correlation between metric parameters. There are several special formulations, within
FullProf, for working with direct cell parameters instead of using reciprocal parameters.

A useful notation corresponding to a grouping of terms was proposed by Stephens [6] who
also included a phenomenological Lorentzian contribution to the microstrains (the parameter
¢ in the equation 19). The final grouping of terms simplifies to:

h2
k2
2
o’ (My,)=(r K I Kk h hk)[C] /ld = D Sy h"k1
HKL
i {H+K+L=4}
hk

(22)

The Stephens’ notation can also be used within FullProf. A maximum of 15 parameters can
be refined for the triclinic case. Whatever the model used for microstrains the mixing

Lorentzian parameter, &, may be used. In FullProf the function D;,(a,), being a,, the set of

parameters C; or Sy, , is given by:





180

o’ (thz) (23)

D, (a,)=10" 8Ln2 ( -

J
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Figure 2: High angle part of the neutron powder
diffraction pattern (D2B, ILL) of the low temperature
phase of Nd,NiO, [11]. (top) Comparison of the
observed pattern with the calculated pattern using the
resolution function of the diffractometer. (bottom)
Observed and calculated pattern using an anisotropic
model of strains with non-null values given in the
panel. A list of apparent strains (x 10™), extracted from
the microstructure file, for a selected number of
reflections is also given.
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An example of anisotropic strain refined
using this formulation is shown in Figure
2, where the neutron diffraction pattern of
the low temperature phase of Nd;NiOy is
refined using the diffractometer D2B at
ILL [7].

Concerning anisotropic size broadening it
is possible to use a very general
phenomenological model, using the
Scherrer formula, that considers the size
broadening can be written as a linear
combination of spherical harmonics
(SPH). At present the anisotropic size is
supposed to contribute to the Lorentzian
component of the total Voigt function. A
Gaussian contribution will be introduced
using a mixing parameter similar to that
used for anisotropic strain. The explicit
formula for the SPH treatment of size
broadening is the following:

A A
D, cos@ cosd

zalmpylmp (®h’th)

Imp

P

Where f, is the size contribution to the
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Figure 3: Simulated “observed” powder
diffraction pattern corresponding to a single
component (tetragonal aluminum oxide) of a
multiphase real sample containing crystallites of
nanoscopic size. The observed pattern has been
calculated using the parameters determined for
the real material. (a) Comparison of the
instrumental resolution function of a CuKa
powder diffractometer with the “observed”
pattern, (b) Rietveld refinement using an
isotropic model, (c) Rietveld refinement using
spherical harmonics
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integral breadth of reflection h, and y, (©,,®,) are the real spherical harmonics with

normalization as in [8]. The arguments are the polar angles of the vector h with respect to the
Cartesian crystallographic frame. After refinement of the coefficients q,,, the program

calculates the apparent size (in angstroms) along each reciprocal lattice vectors if the IRF is

The visualization of the average crystallite
shape is done by using GFOURIER to read
the binary file: myPCR_size n.bin
generated when an IRF file is used and Jvi=>5

77 b Fonaries Progran: Micra-Strain Dlagr s
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Figure 4: Visualisation of the average crystallite
shape obtained from refinement of spherical
harmonics coefficients in a tetragonal material.
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Figure 5: Portion of the neutron diffraction pattern of
Pd;MnDyg at room temperature obtained on 3T2
(LLB, A = 1.22 A). On top, the comparison with the
calculated profile using the resolution function of the
instrument. Below the fit using IsizeModel =-14.
Notice that only the reflections with indices of
different parity are strongly broadened. An isotropic
strain, due to the disorder of deuterium atoms, is also
included for all kind of reflections.

provided in a separate file.

In Figure 3 we can see the aspect of the
refinement of a diffraction pattern
corresponding to a tetragonal material
(aluminum oxide) and, in Figure 4, the
visualizing of the results obtained by
reading with GFourier [12] the output
binary file generated with FullProf when
Jvi=5

An important type of defects that give rise
to size-like peak broadening is the presence
of anti-phase domains and stacking faults.
These defects produce selective peak
broadening that cannot be accounted using a
small number of coefficients in a SPH
expansion. In fact only a family of
reflections verifying particular rules suffers
from broadening. For such cases there are a
number of size models built into FullProf
corresponding to  particular sets of
reflections that are affected from
broadening. In Figure 5 it is represented the
case of PdsMnDg g [9] of structure similar to
AuzMn and showing the same kind of
defects: anti-phase domains [10].

In Figure 6 a portion of the
microstructural file is shown.

final

Other models for size broadening in
FullProf following particular rules for each
(hkl) are available. Moreover an anisotropic
size broadening modeled with a quadratic
form in reciprocal space is also available.
The expression presently used in FullProfis
the following:

F(a,) =k, & (ah’ + ak’ + a;l” + akl + ashl + aghk)





Where Kk, is defined as ks=360/rc2 x A 10 for the 20 space and k=2/mt x Dttl 10 for TOF and

! MICRO-STRUCTURAL ANALYSIS FROM FULLPROF (still under development!)

! Pattern No: 1 Phase No: 1 Pd3MnD.8 - CFC

Integral breadths are given in reciprocal lattice units (l/angstroms)x 1000
Apparent sizes are given in the same units as lambda (angstroms)

Apparent strains are given in %% (x 10000) (Strain= 1/2 * beta * d)

An apparent size equal to 99999 means no size broadening

The standard deviations appearing in the global average apparent size and
strain is calculated using the different reciprocal lattice directions.
It is a measure of the degree of anisotropy, not of the estimated error

betaG betal. ... App-size App-strain h k 1 twtet ...
1.4817 11.5859 93.58 41.6395 1 0 0 17.7931
2.0954 11.9584 93.58 41.6395 1 1 0 25.2665
2.5664 1.5573 99999.00 41.6395 1 1 1 31.0743
4.6855 13.5301 93.58 41.6395 3 1 0 58.5562
4.9142 2.9820 99999.00 41.6395 3 1 1 61.7169
5.1327 3.1146 99999.00 41.6395 2 2 2 64.7864
5.3423 13.9286 93.58 41.6395 3 2 0 67.7802
5.5440 14.0510 93.58 41.6395 3 2 1 70.7114

Figure 6: Portion of the microstructural file (extension mic) corresponding to the fitting of the neutron
diffraction pattern in Figure 5.

Energy space. Simple crystallite shapes as infinite platelets and needles (IsizeModel = 1
and —1, respectively) are also available.

Together with the size broadening models
1 built into FullProf and described above,
: there is another way of fitting independent
size-like parameters for different sets of
b & reflections. The wuser may introduce
his(her) own rule to be satisfied by the
indices of reflections provided the rule can
1 | be written as a linear equality of the form:
nh+n,k+nl=n,n+n,. Where n is an

(41 17)

=—=(4 3 11)

[y}
™
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(41 19)

(5 2 3), (2 1 23)

_IIIII 1 Him III]IIIII i1 LA enrmnmeee
E 3 | Ca,MnO, (I 4/acd), RT
a=5.187 A, ¢=24.123 A

Broadening: (hkl), I=2n+3 |

arbitrary integer and n,(i=1,2,..5) are
integers given by the user. A size
parameter is associated to each rule (a
maximum of nine rules may be given per
phase) that may be refined freely or
constrained using the codewords
appropriately.

Figure 7: Selective size broadening observed by
neutron diffraction at room temperature (3T2, LLB)
for superstructure reflections in Ca,MnOy[11]. (top)
Size parameter fixed to zero. (bottom) Single size

To access this option in FullProf the value
of IsizeModel should be in the interval

The absolute of

value

parameter according to the rule (kkl), [=2n+3. The
indices of the most intense Bragg reflections affected
by size broadening are also given.

[-2,-9].
IsizeModel corresponds to the number
of rules (independent parameters) to be

given. If all n=0 the rule is not used. To





give a single rule one must put IsizeModel = -2 and put zeros for the last condition. This is
needed in order to avoid the confusion with the case of an infinite needle. In Figure 7 we give
an example using IsizeModel = -2 and if Figure 9 the relevant part of the PCR file is
written.

! Selective Size-Broadening:

! hkl cond. (nl.h + n2.k + n3.1=n n4 +/- n5) Size-par Code
0O 0 O 0 0 1 2 3 9.61440 661.000
0O 0 O 0 0 0 0 0 0.00000 0.000

Figure 8: Portion of the PCR file for IsizeModel =-2 corresponding to the refinement in Figure 7. The
first set of zeros below the text ‘hk1 cond.’ is not used at present.

Finally, a general formulation for peak shifts, due to defects or to residual stresses, has also
been implemented. For JSOL#0, the lines corresponding to shift parameters are read in the
PCR file. Selective shifts can be selected when IShif < -1. For this option a set of up to
ABS(IShif) (£10) lines can be given. The lines define rules to be satisfied by reflections
undergoing shifts with respect to the theoretical Bragg position due to some kind of defects
(stacking and twin faults for instance). The rules are similar to those of selective size
broadening discussed above. The position of the reflections satisfying the rules are displaced
according to the expressions:

205 =20 + 2 Shift d* tan® x 10> (20 space)
TOFs=TOFj5 — Shift &° Dtt1 x 10 (T.O.F. space)
Es=Eg — Shift/(2d) Dtt1 x 10~ (Energy space)

Where the index B stands for the theoretical Bragg position of the non-defective material and
Shift is the shift parameter to be refined.

The shift of Bragg reflections may also be due to external stresses or residual stresses. For
those cases it is more appropriate to use the following generalized model for shifts. The model
is implemented for IShif = 100+NumLaue (with NumLaue the number of the Laue class
according to FullProf manual) , and a set of parameters corresponding up to quartic form in
hkl can be refined. The position of a reflection is displaced according to the expressions:

205 =20 + 2 Sp d* tan® x 107 (26 space)
TOFs=TOF5 — Sy & Dttl x 107 (T.O.F. space)
Es=Eg — Su /(2d) Dtt1 x 10 (Energy space)

The expression used for calculating the scalar Sy, for reflection h is given by:

Sa= >, D2, h"K5IF+ ) DA, hTkNI

{(H+K+L=2} {(H+K+L=4}

The free parameters for this option are the sets D2,,, and D4,,, . To refine these parameters

the average cell parameters of the non-stressed material should be fixed during the
refinement.

Finally, in the desperate case where a simple rule for the 4kl dependency of peak broadening
and shifts cannot be easily obtained, there is the possibility of relaxing the peak broadening,





with respect to the resolution function, and the shifts, with respect to the Bragg positions, for
individual reflections. This can help in determining a posteriori a physical rule governing the
behavior of broadening and shifts. An example of the relevant part of a PCR file in which this
last option is used is given in Figure 9.

! Data for PHASE number: 1 ==> Current R Bragg for Pattern# 1: 1.06
g
.Myphase
!
iNat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More
6 0 0 0.00.01.0 0 0 0 0 0 5050.20 0 7 1
!
;Jvi Jdi Hel Sol Mom Ter Brind RMua RMub RMuc Jtyp Nsp_Ref

0 0 0 0 0 0 1.0000 0.0000 0.0000 0.0000 1 3
!

P31lc <--Space group symbol

! Prefl Pref2 Asyl Asy2 Asy3 Asy4 S L D L
0.00000 0.00000 0.07373 0.01902 0.00000 0.00000 0.00000 0.00000

0.00 0.00 251.00 241.00 0.00 0.00 0.00 0.00

! Special reflections:

' h k 1 nvk D-HG*2 Cod_D-HG”2 D-HL Cod_D-HL Shift Cod_shift
1 0 1 0 0.00000 0.000 0.04417 551.000 -0.01236 561.000
2 0 0 0 0.00000 0.000 0.03056 571.000 -0.00274 581.000
3 0 1 0 0.00000 0.000 0.00759 591.000 -0.00119 601.000

Figure 9: Portion of the PCR file when Nsp_Ref # 0. In red there are the important parts concerned with
this option. Notice that we need to give explicitly the indices (en eventually the propagation vector for
magnetic structures) of the reflections suffering from anomalous broadening or shift. The Gaussian and
Lorentzian broadening shifts with respect to the instrumental resolution width, as well as the shift with
respect to the calculated value of the peak position using the cell parameters, are free variables.

Note: A non-negligible part of the present text has been previously published in [13].

Appendix

The non-normalized pseudo-Voigt appears in many papers. Let us call the non-normalized
function as:

pV,(x)=n,L,(x)+(1-7,)G,(x) pV.(0)=1
where:

1
L,(x) —m L,(0)=1

G,(x) =exp(~box®) G, (0) =1

The integral breadth of a non-normalized pseudo-Voigt function of peak intensity /y and
FWHM=H is given by:





) j Q(x)dx j LpV, (x)dx j PV, (x)dx

Q) Lpv0) ]
B =1, L (x)dx+(1=7,)[ G, (x)dx

1 1 TH /
ﬂan:nn_—i_(l_ﬂn)_: +( - )_
a, ag 2

The integral breadth of a particular peak is independent of the formulation of the pseudo-
Voigt function. Both descriptions give the same FWHM and the same integral breadth, so the
numerical relation between the 1 values is given by:

Non-normalized: S, = 77,, +( —77,,)—,/

wH/2

n+(-n)Nzln2

Normalized: g, =

ﬂﬂ"'(l—ﬂ) TH nH/2
"2 "2dzin2  n+(-n)rn2

_ n
n+(1-n)Nzln2

m,

n,+0-n,) lm
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Komananwlii ¢aiia nis nporpammsel DICVOL06

! DATA FILE: MgAI204s.dat
' INSTRM: 1
DICVOL input parameters:
202100000 I'N, ITYPE, JC,JT ,JH, JO, IM, JTR
25.0 25.0 25.0 0.0 2500.0 90.0 125.0 !
AMAX,BMAX,CMAX,VOLMIN,VOLMAX,BEMIN,BEMAX
1.22700 0.000 0.000 0.000 ! WAVE,POIMOL,DENS,DELDEN
0.030 10.000 0 0 1 O 2 ' EPS,FOM, N_IMP, ZERO _search,
ZERO refinement, DV06_option, ISUP
15.11003  57.15203  20.78463
2478773  109.18742  18.30779

120.64124  99.48991  28.42803

IosicHeHUs1 KOAOBBIX CJI0B KOMaHAHOTO (paiiia *.dic

1 cTpoka Ha3BaHMe dopmat (16A4)
2 crpoka N, ITYPE, JC,JT, JH, JO, JM, JTR 3a/1aeTcsi B CBOOOIHOM popmMare
N Uucno nuHUM UCNoNib3yeMbIX i perneHus (He 6obie 20).

ITYPE onpenensier eqUHUIBI B KOTOPBIX 3a/1aHa JUPPAKTOrpaMMa
=1 rera (rpan)
=2 nBa-TeTa.
=3 d-MeXII0CKOCTHBIE paccTosHus (A).
Crnenyromnue 6 3HAYCHHI ONPEACIISIIOT KaKyl0 CHHTOHUIO TeCTHpoBaTh (1), a kakyto HeT(0)

JC KyOudeckas.
JT TeTparoHajabHas
JH reKcaroHaiabHas.
JO opTopoMOuyecKas.
JM MOHOKJIMHHAS.

JTR  TpuxkinuHHas.

3-51 cTpOKa

AMAX, BMAX, CMAX, VOLMIN, VOLMAX, BEMIN, BEMAX (cBOOOTHBIIH
¢dopmar)
AMAX, BMAX, CMAX — MakCUMaJIbHbIC 3HAUYCHUS TTapaMeTPOB a,b,c (COOTBETCTBEHHO)
3JIEMEHTAPHOU STYENKU

VOLMIN, VOLMAX - MUHUMaJIbHBIM U MAKCUMAJIbHBIE O0bEMBI STYEHKH B Mpeenax

KOTOPBIX OyAyT ONpPEACTIAThCS MapaMETPBI.
BEMIN, BEMAX — cOOTBETCTBEHHO MUH. U MaKC. 3HAUECHHSI YTJIOB (TPajl.)dJl. SUYECHKH.

4-51 cTpoka
WAVE, POIMOL, DENS, DELDEN FREE FORMAT

WAVE 3Hauenue jymnbl BoHBL (eciu 0, To CuKa)





POIMOL wmonekynsipHblif Bec B a.m.u. (0 — eciin HEe U3BECTEH)
DENS wusMepeHHas IJIOTHOCTH B r/em’
DELDEN ab6conroTHas ommOKka B ©3MEPEHUH TUIOTHOCTH.
5-11 cTpoka
EPS, FOM, N_IMP, ZERO_S, ZERO_REF, OPTION
FREE FORMAT
EPS =0.0 abcomroTHas ommOKa Kaxxaou JuHIH Oepercs pasHoi 0.03 (20)

=1.0 abcomroTHas OmMOKA Ka)KI0H JIMHUH BBOIUTCS
= ot 0 10 1, TO mOCTOSIHHOE 3HAYEHHE [IJIS BCEX JIMHUM.

FOM HanMeHbIIee 3HaueHue figure of merit (BapraHThI CO 3HaYCHNUEM OOJBIIAM OYayT
BbIIaBaThcs Ha nedath (o ymondanuto=0.0 ecau M(N)=10.0).
IMP MAKC. KOJIMYECTBO JIMHUHM OT IPUMECH CPEAU NEPBbIX N JIMHUMN.

Econ 'IMP' <0 To mouck HauMHAETCs C HyJE€BOTO 3HAUECHUSI IPUMECHBIX JINHUM.
Ecnu pemienust HET TO BBOAUTCS OJIHA JIMHUS UT/A O KOJIMYECTBA IPUMECHBIX
nuHui = IMP
ZERO_S amnpuopu onpeneneHus CIBUTa HyJISl OTCUeTe TU(PPAKTOTPaMMEI.
=0 He onpenenATs CABUT
=1 onpenensiTh
Ecin >0 vo <1, ZERO S sBnsiercs 3Hau€HUEM MOIPABKU.
ZERO_REF =0 He npoBoauTCs MHK HyJEBOU TOUKH.
=1 mpoBOAUTCA MHK.
OPTION =0 PaGoraet anroputm mporpammsl DICVOL04
=1 st Gonee coXKHBIX cirydaeB. TpeOyeT OobIlie BpeMEHH -

6- N crpokn  D(I),EPSIL(I)

D(I) 3HauYeHHeE nojoxxkenus Tuauu B coorBetctBun ¢ 'ITYPE'.
EPSIL a6comtornas omubka B 'D(I)', B cootBetcTBun ¢ 'TTYPE',

OTMETHUM:
eciu ITYPE=1,2 To 3HaueHust npuBOAATCS B MOPSIIKE YBEIUUEHUS.

HekoTopble U3 pekoMeHIaMii ABTOPOB NMPOrpaMMbl IIPH ONpe/ieIeHN U
napaMeTpoB I.A4eiiku ¢ momoumbo nporpammbl DICVOL06.

1) Hcnonb3yiiTe Bce TMHUU CHIEKTPA, HECMOTPS Ha TO YTO TOJIBKO NepBble 20 UCTIOIB3YIOTCS
JUIsl IOUCKA PELICHUS.

2) OcCTOpOXKHO MCTIOIB3YUTE MTapaMeTep KOJIMUECTBO MPUMECHBIX JTUHUHN. 3aBBIIIEHHOE HX
3Ha4YeHHE CIOCOOCTyeT HeyJaue B MMOMCKE NMPABUILHOTO PELICHUS.

3) st XopoIo 3aKpUCTAIUTH30BAHHBIX 00pa3noB ucnois3yite mapamerep OPTION=0.

4) Ecnu Bbl yBepeHbI B KAU€CTBE CBOMX JAHHBIX CTapalTeCh HE UCIOJIb30BaTh MPOLEAYPY
NOMCKa B BallIMX JJAHHBIX OIMOKY B onpenenennu Hyjs ZERO_S=0.

5) ABTOpBI IpeaIaraloT BCerja HAUYMHATh MMOMCK ¢ BBICOKOCUMMETPUYHBIX CHHIOHUH, 3aTeM
MOHOKJIMHHAS M OTJCJIbHO TPUKIMHHAS, €CITU pEIIeHUE HEe HAXOIUTCH.





6) Crnemyer BHUMAaTEJIHHO MpoyecTh cratbu 1,5,6,9

7) TlonoxkeHne NUKOB JOHKHO OBITH BBIZEIEHO C MTOMOIIBIO COOTBETCTBYIOIIUX MUK (PUTTHHT
nporpamM. [Ipuuem npeanoyTeHre JOMKHO OTJABAaThCS HMHTEPAKTUBHBIM Iporpammam. B
aBTOMAaTHUYECKOM PEKUME BEJIMKa BEPOATHOCTh MPOITyCcKa OTPaKEHUH c1albIX, MIeUeBbIX
UTI.

8) JKenaTenbHO UCIOJIB30BaTh MOHOXPOMATHYECKOE U3NTyueHHe. J{i1s1 KaueCTBEeHHO
IIPOBEJCHHBIX SKCIIEPUMEHTOB (CUHXPOTPOHHOE H3nydyeHue) napamerep EPS crnenyer
ymenbmath 10 0.02 u gaxe 1o 0.01.

9) Ecmu 3agana onuust 'ZERO-SHIFT' yTo4HSTh, TO JOTKHO OBITh HE MEHBIIIE 7-8 TUHUH,
MHauye HeCTaOMIBHOCTD MPOLEypPhl MHK.

10) Ecniu mpeanosniaraeTcst OMH U3 MapaMeTpoOB OOJIbIIE TOPA3I0 APYTHUX, TO KOTUIECTBO
otpaxkenuii ( N) 1omkHo ObITh Ooubiie 20. MUHUMABHBIN ONpeaesieMblid mapaMeTep =
2.5A.

11) He cnenyet 3a6b1Bath, ecin OPTION=0, To mporpamma BbI1aeT TOJBKO PEILIEHUS C
MUHUMaJIbHBIM 00beMoM. Eciii 0HO Bac He ycTpauBaeT 3aJjaiiTe MUHUMaJIbHbIA 00bEM UyTh
0oJ1blIe HAlIGHHOTO U TIOBTOPUTE MPOLEYPY.

12) AKTUBHO UCTIONB3YWUTE OrpaHHUYCHHS Ha ITapaMeTpsl, 00bem, mapamerep EPS (abcomoTHas
OLIMOKA MOJIOKEHUS ITUKA) JUI OUCKA PABUIIBHOTO PEILICHHS.

13) BHumaTenbHO U3y4yuTe MHIHKCHI OTPAKEHUH B IJIAHE UX COOTBETCTBUS CYILIECTBYIOIINUM
IPOCTPAHCTBEHHBIM TPYIIIaM.
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Powder pattern indexing with the dichotomy
method
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The efficiency of the successive dichotomy method for powder diffraction
pattern indexing [Louér & Louér (1972). J. Appl. Cryst. 5, 271-275] has been
proved over more than 30 years of usage. Features implemented in the new
version of the computer program DICVOL04 include (i) a tolerance to the
presence of impurity (or inaccurately measured) diffraction lines, (ii)) a
refinement of the ‘zero-point’ position, (iii) a reviewing of all input lines from
the solution found from, generally, the first 20 lines, (iv) a cell analysis, based on
the concept of the reduced cell, to identify equivalent monoclinic and triclinic
solutions, and (v) an optional analysis of input powder data to detect the
presence of a significant ‘zero-point’ offset. New search strategies have also been
introduced, e.g. each crystal system is scanned separately, within the input
volume limits, to limit the risk of missing a solution characterized by a metric
lattice singularity. The default values in the input file have been extended to
25 A for the linear parameters and 2500 A? for the cell volume. The search is
carried out exhaustively within the input parameter limits and the absolute error
on peak position measurements. Many tests with data from the literature and
from powder data of pharmaceutical materials, collected with the capillary
technique and laboratory monochromatic X-rays, have been performed with a
high success rate, covering all crystal symmetries from cubic to triclinic. Some
examples reported as ‘difficult’ cases are also discussed. Additionally, a few
recommendations for the correct practice of powder pattern indexing are

Printed in Great Britain — all rights reserved reported.

1. Introduction

ADb initio powder pattern indexing is a major application of the
powder diffraction method. It consists of finding the unit-cell
parameters from the radial d-spacing data available in a
diffraction pattern. The success of this geometrical three-
dimensional reconstruction of the lattice from indexing
procedures depends on both data precision and the d-spacing
information that can be recovered from the collected data.
Among modern methods used for powder pattern indexing
(for recent reviews, see, for example, Langford & Louér, 1996;
Werner, 2002), the efficiency of the successive dichotomy
method (Louér & Louér, 1972), has been proved through the
indexing of hundreds of powder diffraction patterns, including
powder patterns used in our group for subsequent ab initio
structure determinations. The method has also been found to
be useful in the context of physical form screening within the
pharmaceutical industry (Florence et al., 2003). The method
was first applied for indexing powder diffraction patterns of
materials with an orthorhombic or higher symmetry lattice

} Permanent address: Département de Cristallographie, Université Mentouri,
Institut de Physique, 25000 Constantine, Algeria (aboultif@caramail.com).

(Louér & Louér, 1972). With the continuous development of
computer technology, the successive dichotomy principle was
applied later to monoclinic and triclinic lattices (Louér &
Vargas, 1982; Boultif & Louér, 1991), from which resulted the
computer program DICVOL91. The dichotomy algorithm is
based on an exhaustive search of solutions, working in the
parameter space through crystal systems in decreasing order
of symmetry. Although the selection of the input parameters
(e.g. limits on cell parameters and volume, choice of the crystal
system, choice of the absolute error on input peak positions,
etc.) offers a flexibility to the user, indexing practices have
revealed the need for more options. Such additional facilities
have been implemented in the new version of the successive
dichotomy program, namely DICVOLO04, described in this
study. They include a tolerance for (unindexed) spurious
diffraction lines, the refinement of the ‘zero-point’ of the
powder data together with the cell parameters, an a priori
inspection of input data to evaluate a significant ‘zero-point’
error in the measured data, and new specific strategies, such as
an automatic review of all available (input) data from the
solution(s) found from the first (generally 20) lines, the use of
the reduced-cell concept to detect equivalent solutions in
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monoclinic and triclinic lattices, and a separate exploration,
within the input cell-volume limits, of each crystal system. All
these aspects are discussed in the present study and the results
of many tests are reported.

2. The dichotomy method

Ab initio powder diffraction pattern indexing is based on the
use of the quadratic forms obtained by squaring the reci-
procal-lattice vectors d* (= ha* + kb* + lc*):

Qi = htzQA + kzzQB + IIZQC + hikiQD + kiliQE + lihiQF’ (1)

where Q; = 1/d?, QA = a*%, Qp = b*?, Q¢ = ¢*%, Qp = 2a*-b*,
QO = 2b*.¢* and QO = 2c¢*-a*, d; being the direct spacing
and h;k;l; the Miller indices of the ith diffraction line; a*, b*
and c* are the unknown vectors of the reciprocal lattice. The
solution to the problem cannot be solved by ordinary algebra
since the number of equations (i.e. number N of triplets h;k,l;)
is always smaller than the number of unknowns (i.e. n para-
meters, n = 6 for triclinic, 4 for monoclinic, ..., 1 for cubic
lattices, and N sets of three indices /;kl;).

The solution to equation (1) can be obtained with a
successive dichotomy procedure, the principle of which has
been described by Louér & Louér (1972) for crystal systems
down to orthorhombic, and later for the monoclinic and
triclinic cases (Louér & Vargas, 1982; Boultif & Louér, 1991).
In this approach, the right-hand side of equation (1) is
considered as a parametrical function f(m, x), where x is a
vector formed by the n cell constants (three linear and three
angular parameters in the general triclinic case) and m is a
vector with three components (h, k, [). Consider an
n-dimensional domain D defined as follows:

D =[x}, x3] x [x}, x3] X ... x [x}, & ?2)

n’nl*

If for all vectors m, in a particular set M, fis continuous in D,
the following implication occurs whatever a vector m” of M:

[r(llin ’ frgax] ’ (3)
0

where £ and f0  are the minimum and maximum bounds of
fin the domain D. The converse of implication (3) allows one
to find the unknowns x and m’ from the discrete set of values
V1, V2, - .., yncorresponding to f(m', x), f(im?, x), ..., f(m", x).
For the powder pattern indexing problem, the set M is suffi-
ciently small to be scanned within a reasonable computing
time. If for a particular initial domain D,

’yN}/mG € M’ Vi ¢ [fnlfin’frrlucax]’ (4)

no solution x is found, the domain is eliminated and a new
domain, obtained by increment, is generated. On the contrary,
if a solution can exist in D, the domain is further explored by
bisecting each domain side [x}, x?], so that the n-dimensional
domain D is divided into 2" sub-domains. Each sub-domain is
thus analysed as before and any sub-domain that cannot
contain a solution is eliminated. This dichotomy process is
repeated six times in all. At the end of the procedure, the sub-
domains define the cell constants at intervals of 0.00625 A and

0.0781° for initial step lengths of 0.4 A and 5° for the linear

xeD — fm’ x) e

Jy; € {YIaY2s~--

and angular parameters, respectively, and the ikl indices are
stored for a subsequent least-squares refinement of cell
parameters.

In this algorithm, the absolute error of measured data (i.e.
26 diffraction angles) is considered without any re-evaluation
during the numerical calculations. Moreover, the search of
solutions is carried out systematically within the solution space
defined by the input parameter limits. These two points mean
that the solutions are searched exhaustively in the n-dimen-
sional parameter space. It can also be noted that, if no solution
is found within the input parameter limits and selected crystal
systems, the information can be used to extend the input limits
on parameters without re-investigating the already scanned
volume space.

The mathematical details concerning the bounds £% and
£0 . of fin domains D, i.e. the limits Q_(hkl) and Q. (hkl) for
the indexing problem, have been reported elsewhere for
crystal lattices down to orthorhombic (Louér & Louér, 1972),
monoclinic and triclinic (Boultif & Louér, 1991, including the
appendix deposited as supplementary material No. SUP
54279). It must be noted that the dichotomy strategy consists
of searching the solution(s) with the smallest cell volume(s)
according to the universal crystallographic convention, i.e. ‘the
smallest repeat unit for which its delineating vectors are
parallel to, or coincide with, important symmetry directions in
the lattice’ (Ladd & Palmer, 1993). This definition fits well
with the definition of the figure of merit (FoM) M, (= Oa/
2(AQ)N_,) introduced by de Wolff (1968) for assessing the
reliability of a unit cell derived from powder diffraction data.
Indeed, M,, combines two concepts, forming the denominator
of the formula, namely data accuracy reflected by the agree-
ment between Qo and Qjcae ((AQ)) and the idea of small
cell volume V through N, the number of theoretical lines
until the 20th observed line (e.g. Ncae =~ 47V, J3d° for a
triclinic lattice). The successive dichotomy algorithm is
applied successively to each crystal system, starting from the
cubic side of the symmetry sequence.

3. New features

The options implemented in the new version of the successive
dichotomy indexing program, DICVOL04, are as follows.

3.1. The zero-angle offset

High-quality powder data are required to ensure a correct
pattern indexing. A common source of error in data collected
with a conventional X-ray source combined with Bragg—
Brentano optics is the presence of the so-called ‘zero-point’
error. With a significant ‘zero-point’ shift, e.g. 0.05° (26), the
risk of missing the indexing solution is increased. If, by chance,
the solution is found, it will be characterized by a dramatic
decrease of the figures of merit (Louér, 1992). Consequently, it
can be difficult to identify the correct unit cell among several
solutions with low figures of merit. In practice, the overall
‘zero-point’ error has often been considered, for low angles, as
one mixed error resulting from the true zero-point error and
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Table 1

Examples of equivalent solutions found by DICVOLI1 for piracetam I
(V=7242 A’ My, = 43) (ICDD PDF No. 45-1997) and a-ZnMoO, (V =
520.2 A%, My, = 68) [National Bureau of Standards (US) (1963-1985), §21,
p. 132] together with their reduced forms (RC).

a(A) b (A) c(A)  a() B () y ()

Piracetam form I

Cell1 8.101(2) 13.411(2) 6.750 (1) 99.02 (2)

RC 6.750 13.411 8.101 90.00 99.02 90.00
Cell2 9.698 (2) 13.411 (2) 6.750 (2) 124.43 (2)

RC 6.750 13.411 8.100 90.00 99.02 90.00
a-ZnMoQOy

Cell 1 12,040 (3) 8371 (2) 6965 (1) 7829 (2) 112.01 (2) 12691 (2)

RC 6965 8371 9.695 9676 10687 10171
Cell2 11428 (2) 8372 (2) 6965 (1) 101.72 (2) 11239 (2) 120.60 (2)
RC 6965 8372 9.694 9676 10687  101.72

the specimen-surface displacement (SSD), i.e. A(20) = —(2s/
R)cos, where s is the SSD and R is the goniometer radius [e.g.
A(26) = 0.04° at 30° (26) for s = 0.1 mm and R = 250 mm].

According to the magnitude of the zero-angle offset, two
approaches are proposed in DICVOL04.

(1) For small shifts (< ~0.03° 20), the indexing solution must
be found without any particular problem. An option to refine
a zero offset in the 20 scale together with the least-squares
refinement of cell parameters is proposed to the user. Its
favourable effect will be to improve significantly the figures of
merit and to avoid a bias in the unit-cell constants (see below
Table 2).

(ii) If the shift is significant (~0.10° 26), the reflection-pair
method (Dong et al., 1999) can give an estimate of the zero
origin. This option is proposed for an a priori analysis of the
input data, to be applied before embarking on the indexing
process. The method is based on the search of subsets of
reflections with different orders using equations derived by
Dong et al. (equation 6 of Dong et al., 1999). If more than one
reflection pair is detected, the ‘zero shift’ is then averaged. A
serious problem arises if a reflection pair is incorrectly indexed
(i.e. the lines are not a pair of reflections with different
orders). The calculation can then provide an incorrect origin-
shift correction, which can have an opposite sign with respect
to the result from the other reflection pair. Therefore, a second
category of reflection pairs, corresponding to an opposite-sign
averaged zero correction, has to be considered. The prob-
ability that one category of reflection pairs is the best one is
directly related to the number of subsets contained in each
category. In DICVOLO4, this is admitted as soon as the
difference between subsets in both categories is equal to or
greater than 2. If it is not verified, the search of indexing
solutions is carried out for the two possible cases. It should be
noted that such an approach is not unambiguous and, conse-
quently, a careful check of the setup adjustment, prior to data
collection, must be preferred to the use of this a priori error
evaluation.

The efficiency of this option has been demonstrated with
the powder data of monoclinic barium titanyl hydrate (Louér
et al., 1990), with a cell volume of 2596 A’ The powder data
are indexed [M, = 51, F5 = 171 (0.0037, 32)] by DICVOL04,
using the default limit values except for the maximum volume,

which is extended to 3000 A>. With a zero-point error of 0.20°
(20) artificially added to the entered data, no solution is found
in 7 s, which shows the sensitivity of pattern indexing to a zero-
angle offset. Using the a priori zero-origin evaluation, only
one category of reflection pairs is found, the zero error is
satisfactorily corrected, and DICVOL04 proposes the solution
in3s.

3.2. Cell analysis

A current problem with powder pattern indexing is the
multiple solutions that can be generated. In particular, with
monoclinic and triclinic lattices, equivalent solutions having
different cell parameters are often found. A powerful analysis
of such cells can be based on the reduced-cell concept, which
has been reviewed in detail by Azaroff & Burger (1958) and
discussed by many authors (see, for example, Santoro &
Mighell, 1970; Mighell, 2001). It consists of a cell built on the
shortest three noncoplanar lattice parameters and it can be
right (all angular parameters < 90°) or left (all angular para-
meters > 90°). The main characteristic of the reduced cell is
that it is unique for a given lattice, so that it is a useful tool to
determine whether two cells represent the same lattice. It has
been found particularly useful in crystallographic database
work (Mighell, 2001) and, also, in calculating standard cells
from the reporting of crystalline materials, as carried out by
the computer program NBS*AIDS83 (Mighell et al., 1981).
The two examples given in Table 1, indexed with DICVOL91,
illustrate the benefit of the reduced-cell concept to identify
equivalent solutions. In both examples, the reduced cells show
that the two cells found by DICVOL91 are equivalent. In
DICVOLO04, a systematic reduced-cell analysis is carried out
for monoclinic and triclinic cells. If equivalent solutions are
detected, only one of them (together with its reduced form) is
listed in the output file.

3.3. Review of the entire powder data

The search of indexing solutions is currently based on a
limited number of lines, typically the first 20 lines in the
pattern (or more than 20 lines if there is a dominant zone, i.e.
one axis is significantly shorter than the other two). In fact,
there is no absolute criterion to validate an indexing result,
except a subsequent successful ab initio structure determina-
tion from the powder diffraction data. However, there are
conditions that must be (ideally) satisfied for a correct solu-
tion, such as high FoMs and, also, the (accurately measured)
density of the material should lead to an integral number of
chemical formulae in the unit cell. Additionally, an obvious
important condition to satisfy is the indexing of all available
observed powder data from the unit-cell parameters of the
solution. This reviewing process is carried out systematically in
DICVOL04 as soon as a solution has been found. In this
process, the unit-cell parameters are refined again from all
input data, new FoMs are calculated and unindexed lines,
within the input angular error limit(s), are displayed. More-
over, this evaluation process is a helpful stage for the deri-
vation of possible space groups from the inspection of the hkl
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indices of the observed diffraction lines. It should be noted
here that, if the full trace of the powder pattern is available,
another useful complementary check of cell validity is the use
of a pattern-matching approach (combined with a zoom
facility), e.g. the iterative Le Bail algorithm (Le Bail et al.,
1988), in which a full pattern fitting is carried out using peak
positions constrained by the found cell parameters. Such
pattern matching refinement is implemented in the Rietveld
program FULLPROF (Rodriguez-Carvajal, 1990) available in
the software WinPLOTR (Roisnel & Rodriguez-Carvajal,
2001), in which major indexing programs can also be used in
connection with an automatic peak search.

3.4. Unindexed diffraction lines

In the context of the dichotomy algorithm, unindexed
diffraction lines can arise from two origins: (i) spurious lines
due to the presence of a second (or more) crystalline phase(s)
in the sample and (ii) errors of peak measurements greater
than the absolute error |A(20)| of data input to the program.
No direct facility was provided in DICVOLI1 for such cases.
Indeed, in the case of expected spurious lines, the recom-
mended practice was, in a first run of the program, to omit low-
intensity lines or to start pattern indexing with a small number
N of (independent) diffraction lines and, then, to follow the
behaviour of solution(s) FoMs when progressively increasing
N up to 20, by discarding lines for which a sudden significant
decrease of the FoM is observed. For imprecise peak positions,
the user had the possibility to change individual error bounds.
The presence of imprecise data could also be detected by
looking at the number of iterations at each dichotomy level
listed in the output file, e.g. no solution at the last level,
whereas a non-zero number exists at the preceding level, could
be an indication that the input absolute error was possibly too
strictly estimated (at least for some lines). Although such a
practical strategy is still possible with DICVOL04, a new
facility has been introduced to tolerate a limited number (to

Figure 1

Temperature-dependent X-ray diffraction plot of an Advil tablet
displaying the presence of two phases at room temperature (counting
time per pattern 1800 s, heating rate 8 K h™"). The diffraction lines (e.g.
6.10°, 12.21°, shoulder at 16.62°, 22.36° 20) of the minor phase
(ibuprofen) vanish at ~343 K.

be decided by the user) of unindexed lines among the data
used for the indexing search. It should be noted that such an
option must be used with caution, since it seriously increases
the risk of generating additional (erroneous) mathematical
solutions and of missing the correct one. Moreover, if unin-
dexed lines are accepted, they should always be explained
from chemical (e.g. materials used for the synthesis, sample
stability, etc.) or physical (polymorphism, phase transforma-
tion, efc.) reasons. Since pattern indexing cannot be consid-
ered as a trivial operation, it is recommended to use additional
analytical methods for the detection of impurity lines, such as
a powerful search-match algorithm (see, for example, Caussin
et al., 1988) to identify the origin of spurious lines. Another
practice can be, if applicable, the study of the thermal beha-
viour with temperature-dependent powder diffraction to
detect a mixture of phases. This is illustrated by the diffraction
data of a tablet of the pharmaceutical compound Advil. The
temperature-dependent diffraction plot in Fig. 1, obtained
with an INEL detector using Cu Ko, radiation and a semi-
focusing diffraction geometry, clearly shows that the initial
sample contains, at least, two phases. Indeed, some low-
intensity lines vanish at ~343 K, while the intensities of others
remain stable until 423 K. If the ‘spurious’ lines (less abundant
phase) are omitted in the precise data set input in DICVOL91,
the correct orthorhombic solution is found. With DICVOL04,
the orthorhombic solution is found with an impurity tolerance
of seven lines among the first 21 lines (Fig. 2). The reviewing of
the entered 28 lines revealed the presence of eight spurious
lines in the complete data set. This unit cell corresponds to
that of B-p-mannitol [PDF File No. 22-1797; International
Centre for Diffraction Data (ICDD), 2003]. The unindexed

ORTHORHOMBIZC SYSTEM
DIRECT PARAMETERS : A= 16.88152 B= 8.66729 C= 5.54299 VOL=
811.03
STANDARD DEVIATIONS :
REFINED ZERO-POINT SHIFT :

0.00239 0.00134
0.0241 deg. 2-theta

0.00088

H K L DOBS DCAL DOBS-DCAL 2TH.OBS 2TH.CAL DIF.2TH.
(1 0 0) 14.48441  r¥kkkdkhkkhkhihkds 6.097 -0.891
2 0 0 8.46262 8.46019 0.00244 10.445 10.448 -0.003
1 1 0 7.72737 7.72663 0.00075 11.442 11.443 -0.001
(1 1 0) 7.24005 idkddkbiidbiiiid 12.215 -0.772
2 1 0 6.05607 6.05694 -0.00087 14.615 14.613 0.002
(1 0 1) 5.33004. “EERRAEAEEE N 16.619 0.178
1 0 1 5.27240 5.27387 -0.00147 16.802 16.797 0.005
(1 0 1) 5.01193 **rrkrrrrrrAdAs 17.682 -0.885
3; 1 0 4.72480 4.72571 -0.00091 18.766 18.762 0.004
0 1 1 4.67396 4.67558 -0.00162 18.972 18.965 0.007
2 o] e 4.63883 4.63905 -0.00022 19.117 19.116 0.001
(1 1 1) 4.586501 sksdckkdchokk kst 19.509 0.176
1 1 1 4.50897 4.50614 0.00282 19.673 19.685 -0.012
(0 2 0) :4.39380 [ERkkAEARAEAERERL 20.194 0.259
0 2 0 4.33895 4.33870 0.00025 20.452 20.453 -0.001
4 0 0 4.22555 4.22517 0.00038 21.007 21.009 -0.002
s 2 0 4.20202 4.20228 -0.00026 21.126 21.125 0.001
2 1 1 4.09047 4.09056 -0.00009 21.709 21.709 0.000
( 3 0 1) 3.97283 dkkidkkkkddikkdd 22.360 0.113
4 1 0 3.79808 3.79830 -0.00023 23.403 23.402 0.001
3 1 1 3.59720 3.59696 0.00023 24.730 24.732 -0.002

* NUMBER OF LINES
.- LINES INPUT
.- LINES INDEXED
.- LINES CALCULATED
* FIGURES OF MERIT
1.- M( 14) = 143.3
2.- F( 14) = 242.1(0.0030, 19)

21

wonon
-
'S

13

Figure 2

Output list of the indexing of the powder data of an Advil tablet with
seven spurious lines among the first 21 lines. The solution corresponds to
the unit cell of B-p-mannitol.
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lines have been explained by the SOCABIM search-match
software (Caussin et al., 1988). They correspond to the more
intense lines of the powder data of ibuprofen (PDF File No.
32-1723).

This example illustrates the efficiency of DICVOL04 with
respect to spurious lines. Nevertheless, a successful indexing
should not mask the risk of missing the correct solution if too
many unindexed lines are tolerated. The power of this option
is probably more useful for data sets in which, for some reason
(e.g. lines with low intensity, shoulder, efc.), one or a few input
peak positions have been measured with a lower precision
with respect to the input absolute error A(26) of the peak
positions. For example, with the data of sodium germanium
phosphate [National Bureau of Standards (US), 1984, §20,
p- 84] and an input error of +0.02° (26) of the peak positions,
the correct hexagonal cell [a = 8.0912 (8), ¢ =21.528 (4) A, M,
=31, Fio =41 (0.0078, 60)] is found with the acceptance of one
unindexed line among the first 20 lines. This fifth line (26.784°
20, relative intensity 1), presents a discrepancy of —0.038° (20)
with respect to the position calculated from the refined
parameters, which exceeds the input absolute error. With the
tolerance of one spurious line, the problem is solved. (In this
particular case, another possibility for finding the solution
would be to enter an overall error of £0.03° 20 of input peak
positions.)

4. The indexing program and applications
4.1. Program features

The program DICVOLO04, written in Fortran77, is the
successor of Pl and P2 (Louér & Louér, 1972), DICVOL
(Louér & Vargas, 1982) and DICVOL91 (Boultif & Louér,
1991). The parameters under user control are (i) the number
of lines N used for solution search, the d-spacing unit, the
choice of crystal lattices, (ii) the limits on linear parameters
(default maximum value 25 A), cell volume (default 2500 A%)
and B angle for monoclinic lattices (default 130°), (iii) the
wavelength (default Cu Ko, radiation) and, optionally, the
density, its estimated absolute error and molecular weight, (iv)
the estimated absolute error of peak positions (in ° 26)
(default 0.03° for Cu Ko, radiation), the minimum FoM My,
the tolerance for unindexed lines, an indicator for a priori data
analysis (zero-error evaluation) and an indicator for ‘zero-
point’ refinement, and (v) all diffraction powder data available
(an option allows the user to enter specific estimated errors for
each individual line). As already noted, the search is exhaus-
tive within the selected input limits. The scan of parameters is
carried out from minimum values calculated from the input
data, according to limits reported by Louér & Louér (1972,
Table 1 therein) and completed by Louér & Vargas (1982). If a
minimum value cannot be derived from the input data, e.g. the
smallest parameter of an orthorhombic cell, it has been fixed
to 2.5 A in the program. As described by Boultif & Louér
(1991), the strategy used for triclinic lattices differs slightly,
since the search is faster if 7kl combinations are attributed to
the first two lines. Limited to 14 independent ikl combinations

in DICVOL91, subroutines have been added to cover addi-
tional cases, i.e. (100, 210), (100, 210), (100, 012) and related
cases obtained by permutation. Moreover, the constraints on
hklhave been extended, i.e. (h + k + ) lower than 6 for the first
five lines and lower than 9 for the other lines, instead of 3 and
6, respectively, in DICVOLO91. The scanning of the volume
space is carried out to reveal first solutions with smallest cell
volumes. This is facilitated by the use of a space partition by
volume shells of 400 A*, in the general case, or by volume
domains [V_, V] defined from the density and its related
absolute error if they are known (see Louér & Vargas, 1982).
The search of indexing solutions begins from the cubic end of
the symmetry sequence. In order to avoid missing solutions
characterized by geometrical ambiguities, each crystal system
is explored independently up to the maximum input volume,
unless a solution has been found with a higher symmetry. If so,
the maximum value is replaced by the volume of the unit cell
found and the search continues.

4.2. Lattice metric singularities

Mighell & Santoro (1975) have discussed in detail geome-
trical ambiguities, called lattice metric singularities, which can
occur in some indexing cases. According to Mighell (2000) ‘a
lattice metric singularity occurs when unit cells defining two
(or more) lattices yield the identical set of unique calculated
d-spacing’. Such singularities can often be easily detected from
simple relationships between the lattice parameters of the two
cells and particular cell-volume ratios. Typical lattice metric
singularities are as follow.

(i) Hexagonal-orthorhombic: a hexagonal pattern (cell
parameters ay and cg) can be indexed with an orthorhombic
unit cell having the parameters ay/2, (ay3"?)/2 and ¢y and a
cell volume half that of the hexagonal cell (Louér & Louér,
1972; Louér, 1992).

(ii) Cubic tetragonal-orthorhombic: any powder pattern
indexed with a body-centred cubic cell (volume V) can also be
indexed in terms of a tetragonal cell (V/4) or orthorhombic
cells (2V/3 or V/8) (Mighell & Santoro, 1975).

(iii) Rhombohedral-monoclinic: a pattern indexed with a
rhombohedral cell (volume V) can also be indexed with a
monoclinic cell (V/2) (Mighell, 2000). With DICVOL04 this
case is transformed into a hexagonal cell (3V), orthorhombic
(3V72) and monoclinic (V/2) subcells.

The strategy used in DICVOLO04 is well suited to these
mathematical ambiguities, since they generate subcells with
lower symmetry. The search strategy based on crystal lattices
analysed separately, in a decreasing order of symmetry, and
looking for smaller unit-cell volumes, must display all solu-
tions (if needed).

4.3. Short and long axes

Difficult indexing cases are often related to the presence of
one axis that is significantly shorter or greater than the other
two. The short-axis case gives rise to dominant zones, namely
the first consecutive lines are indexed with a common zero
index. As already discussed elsewhere (Louér, 1992), the
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Table 2

Powder diffraction pattern indexing of pharmaceutical materials [A(20) = £0.03°].

M,: FoM obtained with ‘zero-shift’ refinement; M,,: FoM without ‘zero’ offset refinement; Z-s: refined

‘zero shift” (° 26); Njpp: number of spurious lines.

(0.0012,26) from data collected with Cu
Koy and synchrotron X-ray (1.4039 A)
radiation, respectively.

Name a(A) b (A) ¢ (A) B ) Z-s My Mjy Ny, Time (s)

5. Program tests
Barbital sodium 12134 (2) 11.961 (2)  6.728 (1) —0.028 69 50 0 <1 .
Phenacetin 13327 (2) 9611 (2) 7737 (1) 104.05(2) —0.029 56 33 0 2 Indexing of a large number of accurate
Theophylline 24.555 (2) 84756 (9) 3.8204 (3) —0.029 97 41 0 <1 powder diffraction data has been carried
Sulfaguanidine  24.578 (6)  5.5419 (9) 7.506 (1) 9044 (2) —0.020 49 34 0 2 : : :
Aspirin 11432 (5) 6592 (3) 113400 (7) 95.64 (4) —0.036 25 23 3 21 out with DICVOLO4 with a very high
Urea (tetragonal) 5.6401 (2) 4.6958 (2) 0026 235 145 0 <1 success rate. Tests have been performed
Piracetam I 81090 (6) 13.4242 (7) 6.7585 (4) 99.016 (7) —0.007 158 146 0 2 with a Dell Latitude D800 laptop equipped

successive dichotomy method is not highly sensitive to this
situation, except if the number of lines with a common zero
index approaches the number N of lines selected for the
solution search stage (e.g. for ZnOHNO;-H,O, the first 14
lines of the powder data have k = 0; ICDD PDF No. 47-0965).
Of course, if such a situation occurs, N must be increased in
order to stabilize the search procedure. The automatic
reviewing of the complete input data set should be helpful to
deal with these cases. The longer-axis case is generally
detected by the first consecutive lines with different orders of
one line (e.g. 0kO reflections only). A representative example
is the powder pattern of N-(p-tolyl)dodecylsulfonamide, in
which the first five lines are 400 reflections (Rajeswaran et al.,
2002, Fig. 3 therein). If such a situation is detected, the number
of lines N for searching the solution should also be increased
accordingly.

4.4. Data quality

Although new facilities to deal with measurement errors
have been implemented in DICVOL04, it should be remem-
bered here that having high-quality data is a major require-
ment for indexing powder diffraction patterns, as clearly
stated long ago by de Wolff (1957), who claimed that ‘the
indexing problem would be quite an easy puzzle if errors of
measurement did not exist’. Many aspects of error effects have
been discussed elsewhere, as well as recommendations to help
with the adjustment/control of parafocusing powder diffract-
ometers before collecting data for pattern indexing (Louér,
1992; Louér & Langford, 1988). Errors associated with
inadequate sample preparation can be significant, e.g. trans-
parency errors. For low-absorbing materials, such as organics,
a thin sample layer deposited on a zero-background sample
holder must be used to obtain precise peak positions. With
modern powder diffractometers using a conventional X-ray
source, errors of peak measurements lower than 0.02° (26) can
be obtained routinely. Obviously, with synchrotron X-rays a
considerably higher precision is obtained, with the immediate
consequence of indexing solutions with higher figures of merit,
compared with those obtained from data collected with a
conventional X-ray source (Cernik & Louér, 1993). A repre-
sentative example reported by these authors is the indexing of
the powder data of triclinic zirconium hydroxide nitrate with
the FoMs (Mpy/Fy) 54/112(0.0058,30) and 295/635

with an Intel Pentium M processor running

at 1.7 GHz. For an objective evaluation of
the efficiency of the program, various data sources have been
chosen (unless it is specified, the default values were used in
the input data file).

(i) Monograph No. 25, §20 [National Bureau of Standards
(US), 1984]. In §20, experimental powder diffraction data are
reported for 71 substances, including 9 cubic, 10 tetragonal, 18
hexagonal, 16 orthorhombic and 18 monoclinic patterns. The
indexing tests were carried out with an absolute error of peak
positions of 0.02° (26) and the search was carried out from
cubic to orthorhombic lattices for compounds with ortho-
rhombic and higher symmetry, and from cubic to monoclinic
lattices for monoclinic materials. All powder diffraction
patterns have been indexed successfully. The average CPU
time for searches down to orthorhombic was 0.4 s. It was 6.9 s
for monoclinic examples (minimum 1 s for NaSbF,, maximum
60 s for Eu,03).

(i) Triclinic patterns [National Bureau of Standards (US),
1963-1985]. The 21 sections of Monograph No. 25 contain 29
powder diffraction patterns of triclinic substances. An error of
40.02° (20) was applied to all peak positions, except for the
powder data of NazMgH(PO,), (§21, p. 117), for which an
error of £0.03° (26) was selected. For two cases there was
tolerance for one spurious line (§3, p. 45; §16, p. 26). All
patterns were indexed successfully with DICVOL04. The CPU
times for these triclinic powder data were less than 2 s for ten
data sets, in the ranges 2-60 s for six examples and 60-360 s for
ten examples. The last three cases were indexed in 1215 s (§15,
p- 48), 3307 s (§16, p. 122) and 3770 s (§15, p. 47).

(iii) Pharmaceutical materials. Although precise peak
positions with conventional X-ray sources are generally
obtained with the Bragg-Brentano optics, this reflection
geometry is not appropriate for low-absorbing materials,
unless thin deposits are used. If the Debye—-Scherrer optics is
used, the precision of peak positions used for indexing is
generally lower. If specimen absorption and axial divergence
effects are neglected, the angular error is then related to the
respective displacements x and y of the capillary from the
centre of the goniometer, ie. A26 = (xsin26 — ycos26)/R.
Though its variation is not constant, the extra degree of
freedom in the least-squares refinement of lattice parameters,
in the form of a ‘zero-shift’ variable in DICVOLO04, leads to a
significant improvement of the FoMs of indexing solutions.
This is illustrated by the indexing of powder diffraction data of
‘as received’ pharmaceutical compounds, collected with
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Table 3
Examples reported as ‘difficult’ cases indexed with DICVOL04.

S: crystal system. N: number of lines used for indexing search. Ny, tolerance for unindexed lines. AP: a priori search for zero offset (° 20). M: de Wolff FoM. Time:
CPU time (s). Changes in default parameter limits are indicated [A is the absolute error on peak positions (° 260)] as well as comments on particular results (e.g.
solution instability). CPU times were evaluated according to the protocol as follows: for examples down to orthorhombic symmetry, cubic, tetragonal (T),
hexagonal (H) and orthorhombic (O) systems are scanned; for examples with monoclinic (M) symmetry, higher-symmetry systems are also scanned; for triclinic
examples, only the triclinic (Tric) system is scanned.

S N Nimp AP My _ w,, Time  Parameter limits/comment
(i) From Neumann (2003)
Compound, No.
Fluoroapatite, 2 H 20 0 - 288 <1
p-Methoxybenzoic acid, 11 M 20 0 - 28 2
a-I-Glutamic acid, 12 O 23 4 - 40 <1
Akermite, 13 T 20 0 - 58 <1
4-Nitrophenylhexylurethane, 16 M 15 0 - 48 3
(E)-2-(4,6-Difluoroindan-1-yldene)acetamide I, 17 M 20 3 - 42 14
(E)-2-(4,6-Difluoroindan-1-yldene)acetamide II, 18 Tric 23 0 0.10 22 103 Unstable, No. of solutions > 30
(E)-2-(4,6-Difluoroindan-1-yldene)acetamide III, 19 M 21 0 0.04 22 4
Octane, 20 Tric 21 3 - 63 131 V72 with respect to reported cellt
Pentadecane, 21 Tric 20 1 0.007 17 1766  Orders 200 and 400 omitted#
Nonane, 22 O 20 2 - 15 <1 A =0.02,a, b, cpayx = 45 A
Aigh (« phase), 23 Tric 21 3 - 18 2
Indigo (o phase), 24 M 21 1 - 11 7 A =0058
(i) From Coelho (2003)
Example 1 T 20 0 - 34 <1
Example 2 H 38320 - 2 44  Honly, A =0.004, a, b, cpax = 85 A, Vimax =
500000 A*
Example 3 O 20 0 - 16 <1
Example 4 M 20 0 - 56 2
Example 5 M 20 0 - 38 2
Example 6 M 20 0 - 52 3
Example 7 M 20 3 - 13 9 A =005
Example 8 Tric 20 O - 33 1
Example 9 Tric 20 0 - 38 <1
Example 10 Tric 20 2 - 12 6 A=001
Example 11 Tric 26 0 - 31 244 A =001,a,b, cnax =45 A
Example 12 Tric 30 O - 13 3 Tric A =0.01, a, b, cpax = 55 A Vimax = 3000 A’

4 Cell parameters found by DICVOLO4 are a = 10.962 (3), b = 4.661 (1), c = 4.0822 (9) A, = 74.86 (2), B=96.69 (2), y=95.13 (3)°, V= 199.6 A®> (RC a = 4.082, b = 4.661, ¢ = 10.962 A,
=84.87, B=83.31, y = 74.86°). The results of data evaluation with NBS*AIDS83 of the reported data and cell parameters are: a = 4.094 (5), b =9.34 (1), c=11.48 (2) Aa=713 1), 8=
89.7 (1), y = 105.4 (1)°, V' =399.1 A® [Myy =7, F5o = 9 (0.038, 56), rejecting angular differences greater than 0.2° (20)].  The least-squares refinement with NBS*AIDS83 of reported
observed data [a = 4.090 (2), b = 4.628 (3), c = 24.864 (2) A a=9716 (4), B=90.484 (5), y = 75.08 (4)°, Mao = 14, F>5s = 20 (0.020, 61)] shows the low precision of some measured peak
positions, e.g. angular discrepancies between observed and calculated positions are —0.018°, 0.033°, 0.015°, 0.046° (26) for the 001, 002, 004 and 006 lines, respectively. § Data
evaluation with NBS*AIDS83 gives My, = 7 and F,; = 10 (0.031, 69), with four angular differences exceeding 0.05° (20). 9 Data evaluation with NBS*AIDS83 indicates three

unindexed reflections and two angular differences exceeding 0.1° (20) [M;o = 16, F5 = 31 (0.015, 42), rejecting angular differences greater than 0.2° (26)].

Debye-Scherrer optics, using a monochromatic Cu Koy
radiation and a step length of 0.025° (26) (data have been
deposited with the ICDD). All patterns were successfully
indexed with satisfactory figures of merit. The results are listed
in Table 2.

(iv) ‘Difficult’ cases. In recent papers (Neumann, 2003;
Coelho, 2003), some powder diffraction data have been
reported as ‘difficult’ cases to index. These examples have
been considered here as tests for DICVOL04.

Neumann (2003) has reported the results of powder pattern
indexing with various indexing programs, including his
program based on the Louér & Louér successive dichotomy
method. Among the 24 diffraction data sets, he claims that
DICVOL91 failed for 13 of them. No spurious lines in the
input data being tolerated by DICVOLI1, the failure was
evidently to be expected for seven of the data sets. For at least
two examples, the author clearly used the default values in the
input file of the program, which is not correct practice for
expected difficult cases. Hexagonal fluoroapatite (compound
No. 2) is a typical case of lattice metric singularity, discussed

above and elsewhere (Louér, 1992). For monoclinic indigo
(compound No. 24), the reported S value is 130.15°, whereas
the default maximum g value in DICVOL91 is 125°.
Extending Bnax to 135°, together with an absolute error of
0.06° (20) for peak positions, the reported cell and, even
better, the equivalent cell a = 10.91 (1), b = 5.829 (6), ¢ =
9.824 (8) A, B=107.62 (6)° [My; = 6.5, F>; =10 (0.030, 70)] are
found in 6s. These 13 data sets have been used as tests of
DICVOLO4. They have been indexed successfully. Details and
comments are given in Table 3.

Powder diffraction data reported recently by Coelho (2003)
for 12 examples have also been input in DICVOL04. These
data sets have been successfully indexed (Table 3).

6. Concluding remarks

Powder pattern indexing with the successive dichotomy algo-
rithm (Louér & Louér, 1972) has been investigated through
new facilities implemented in the program DICVOL04. The
tolerance for unindexed diffraction lines is efficient, both for
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impurity lines and lines measured with a smaller precision, the
identification of equivalent cells with the reduced cell concept
is convenient for low symmetry unit cells, and the program can
deal with a ‘zero’ offset of a few hundredths of a degree. The
various tests reported in this study show that the success rate is
high, provided that data have been measured precisely and
that the user’s decisions about input limits on cell parameters
and volume, on the absolute error(s) of peak positions and the
minimum accepted FoM are correctly estimated. Powder
pattern indexing is one of the most exacting applications of the
powder diffraction method. This is clearly due to the nature of
the mathematical problem, in which a three-dimensional
object must be reconstructed from one-dimensional data. It is
well known that the errors in the data seriously perturb such
an operation. The successive dichotomy method offers the
possibility of an exhaustive search. The immensity of the
mathematical problem prescribes the use of filters to orient
the search to the tree-type approach. These filters relate to the
quality of data, i.e. measurement errors, and to the physical
problem, i.e. finding the smallest unit cell describing the true
lattice of the material. They are both combined in the de Wolff
figure of merit, which acts as an additional filter. However, in
spite of the efficiency of the filters, data peculiarities can
sometimes baffle the strategy employed. Solutions being valid
within the error bounds and the selected constraints, one must
always be aware that changing the input limits can orient
differently the progress of the search.

Finally, checks on the validity of the solutions must always
be carried out. They include the reviewing of all discrete data
available, the use of a pattern-matching method for a visual
inspection of fit quality, the use of observed density to check
whether a solution corresponds to an integer number of
chemical formula in the cell, and structure determination if
applicable. Additional information can also be used as a help
to validate the solution, such as empirical rules reported for
classes of compounds, e.g. the hydrate-formula equivalent
volume V., (= V/Z) varies linearly with the number of water
molecules (Leclaire & Monier, 1982) and an estimate of the
cell volume V4 (= 18n) of organic materials can be derived
from the number n of C, N and O atoms in a given unit cell
(Kempster & Lipson, 1972). All these precautionary notes on
validity checks can save time if a subsequent structure deter-
mination is undertaken.
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Ucnoab3zoBanue nporpamm FULLPROF nu WinPLOTR

JIA 00padOTKH JAHHBIX MOPOLIKOBOM JMPPAKTOMETPUM.
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BBenenune
a) 3aueM HY’KHA JJaHHAsl METOAUKA.

0) Ocod0ennoctu nporpammsl FullProf.
1) Kak naiitu u ycranoButh nporpammy FullProf u WinPLOTR na Bam PC.
2) Padoumne daiisibl, KOTOPHIE OYAYT HCMOJIH30BAHBI IIPH U3YYEHUH MPOTPAMM.
3) Kak oTKpbITH (aii IKCIIepUMEHTAJIbHBIX JAHHBIX.
4) Kak onpeneJnTs napamMeTpbl 3JIeMEHTAPHOH STYEKH.

4a) Kak yBe1M4uTH 00J1aCTh CIEKTPA VI BU3YAJIBHOI0 POCMOTpA.

40) Kak BKJIIOYNTH B CNIUCOK WJIH BHIOPOCUTH OTPAKEHUE U3 CIHMCKA,
HCIMO0JIb3yEeMOro /1Jisl ONpeieIeHHs MapaMeTPOB 3JIEeMEHTAPHOM sTUYeiik.

5) Kak Bb1yecThb oH.

6) Kak onpeeiuTh HHTErpajibHYI0 HHTEHCUBHOCTH OTAEJBHOI0 MUKA.

7) Kak paccunTaTh INMPUHY NHKA, TaKk HasbiBaemMylo FWHM (full width half maximum),
TO eCTh INMPUHY NMKA HA MOJIOBUHE MAKCHMAJIbHOI0 3HAYeHHUsI MHTEHCUBHOCTH U
OTHOBPEMEHHO IoJI0:KeHHe (20) TaHHOr0 MaKCUMYyMa.

8) Kak ycpeaHuTh JaHHBIE C HECKOJIBKHX IKCIIEPMMEHTOB.

9) lIpouenypa MoAeIMPOBAHUSA IKCNIEPUMEHTAIBHOI0 NPOopusi AUPPaAKTOrpaMMBbI.
(Profile fitting).

9a) Kak co31aTh HHCTPYMEHTAJIbHYI0 QYHKIHIO.
10) FullProf.
10a) Kak noaroroBuTh KOMaHAHBbIH ¢aiia *.pcr Aas nporpammsel FullProf ?
100) Kak 3agaBaTh B KOMaHAHOM (aiijie *.pcr Kakue napaMeTpbl yTOYHATH, 2 KaKHe HeT.
10B) CMBICJI HEKOTOPBIX KOMAHAHBIX KOJ10B.
10r) B xakwuii mocJjie10BaTeJILHOCTH cJIeAyeT NPOBOAUTH YTOUYHEHHE NAapaMeTPOB.
10x) Kak 3apaTh ¢)oH MOJIMHOMOM.

10e) Kak npoBoauTh mostHonpoguibHoe pasjioxkeHue TMGPaKINOHHOIO CIIEKTPa NpH
HAJIH4YHe HeCKOJbKHX (a3.

10:x) Kpurepnu corjiacusi TeOpeTHYeCKOro M IKCIEePUMEHTAJIbHOI0 1M (PPAKINOHHBIX
CIIEKTPOB.





103) Kak nmosryuuth Ha00p CTPYKTYPHBIX (PAKTOPOB UCXOS1 U3 YTOUYHEHHBIX
HHTErpajbHbIX HHTEHCUBHOCTEIA.

10n) Kak npoBoanTs yrounenue no meroay Pursenbaa.
10x) Kak oueHUTH NPOIIEHTHOE CO/IeP:KaHUE BelllecTBAa B MHOT0o(da3HoM odpa3ie.

10s1) Kak McnoJib30BaTh HHCTPYMEHTATbHYI0 GYHKIHIO MPH oNpeaeTeHuH
MHMKPOCTPYKTYPHBIX IapaMeTPOB 00pa3ua.

10m) Kak 3apaBaTh Moaesin, ucnosb3dyembie nporpammoii FullProf mpu yuere
aHu3zoTponuu GopmMbl MUKPOKPHCTAIIUTOB.

10n) Kak yuutbIBaTh yiMpeHue nukoB onpeneaednoi rpynnsl HKL.
11) Kak ocymecTBuThL BH3ayIM3a0UI0 (GOPMBI KPHCTAJLIUTOB.

12) Kak yuecTh cABHT OTAEJIbHBIX Pe)IeKCOB OTHOCHTEILHO PACCYMTAHHOTO IOJIOKEHHUS.

IIpunoxenue 1.

MaremaTH4ecKHe OCHOBBI M HCII0JIb3yeMAasi MeTOAUKA NPO(PUIBLHOI0 AaHAJIN3A PU pacuyeTe

MHMKPOCTPYKTYPHBIX IIapaMeTpPOB.

Ipuioxenue 2.

Cnucok chepuueckux rapmoHuk (SIZE MODELS) nis nporpammsel FullProf.

Ipuiaoxenue 3.
Cnucok Moaesiei 1ist pacyeTa aHU30TPONMH (POPMBbI KPUCTAJLIUTOB.

Jluteparypa.

Yto ganapiue?





Beenenue

JudpakimoHHbIe METO/IbI ITMPOKO UCTIONB3YIOTCS B 00JIACTH XMMHUU TBEPOTO TEa -
HAyKH O CUHTE3€, CTPYKTYpE U CBOICTBaX BeUIeCTB U MaTepuaiioB. [o3TOMy HE yIUBUTEIBHO,
YTO, MPUCTYTAas K HAy9HOU paboTe Ha 000t n3 kadeap Xumuueckoro @-ra MI'Y, cryneHT
CTaJIKUBAETCs ¢ MpolieMaMu, pellieHHe KOTOPbIX MperoiaraeT UCIoIb30BaHUe
TU(QpakIuOHHBIX MeTo10B. bonee 10 coBpeMeHHBIX AU(PPAKTOMETPOB sl UCCIIEJOBAHUS
MOPOILKOB HAXOJATCS B PaCHOPSKEHUH Pa3IUYHbIX Mo/Ipa3iesieHnii XuMHu4ecKoro (hakyabTeTa,
YTO MO3BOJIAET 1OCTaTOYHO ONEPATUBHO 00ECIIEUNTh TPOBEACHNE SKCIIEPUMEHTOB U MOITY4YHUTh
HE00XO0IMMbIE SKCIIEPUMEHTANIbHBIE JaHHBIE.

I'opasno 6osee mpoOIEMHBIM SBISETCS ITAll MHTEPIPETALUN TTOTYYEHHBIX
AKCIEPUMEHTAIbHBIX TaHHBIX. OnepaTop, paboTarouuii Ha TUPPAKTOMETPE, TPOCTO PUINIECKU
HE cr1oco0eH 00pabaThIiBaTh MHOIOUYKCIICHHbIE SKCIIEPUMEHTAIbHbBIE JaHHBIE OTCHATBIX
00pa31oB, B 0COOEHHOCTH, KOT'/Ia pedb UIET O KypCOBBIX U AUIUIOMHBIX paboTtax. Takas
CUTYyaIMs CACP)KUBAET UCIIOIB30BaHUE TU(PPAKIIMOHHBIX METO/IOB B IPAKTUKE
UCCJIEIOBATENBCKOM pabOThI CTyAEHTOB. Mexay TeM, HanboJjiee 4acTo BO3ZHUKAIOIINE 33/1a4U
IPY BBIIOJHEHUH KyPCOBBIX WM AUIIJIOMHBIX padoT, HApUMep, 3a/1a4i aHATUTHYECKOTO
XapakTepa, 3a/1a4M, CBSI3aHHbIE C UCCIIE0BAHNEM MUKPOCTPYKTYPHBIX 0COOEHHOCTEH 00pa31oB
U HEKOTOPBIE IPYrHe MOTYT OBbITh PELIEHbI CTYIEHTAMU CaMOCTOSTENbHO. J{71s1 3TOr0
HE00XO0IMMO, BO-TIEPBbIX, 3HAHWE OCHOBHBIX MOHATHH O KPUCTAJUINYECKOM CTPOSHHH BEIIECTBA
¥ OCHOBaxX TU(PAKINU PEHTTEHOBCKHX JIy4Yeil U, BO-BTOPBIX, BIIAJICHUE HaBBIKaMH 00pabOTKH
JU(PPaKIHUOHHBIX KCIIEPUMEHTAIBHBIX JaHHBIX C UCIIOJIb30BaHUEM UMEIOIIUXCS IPOTPAMM.
ba3ucHble 3HaHUS 110 TeOpUH TUPPAKLINN U KPUCTAIUINYECKOIO CTPOEHUS BEILIECTB CTYICHT
NOJTyYaeT eIl B IIKOJIC, U B IPUHIIUIIE UX AOCTATOYHO Ui PEUICHUs] HEKOTOPBIX 3a/1a4, K
IIPUMEPY - OINIPEAETICHUS TapaMETPOB JIEMEHTAPHOH sIUEHKH, NCCIIEIOBaHMSI BOIIPOCOB
aHAJIMTHUYECKOT0 XapakTepa, onpesaenaeHus ¢pazoBoro coctasa oopasua. [1pu xxenanun
JIOTIOJTHUTENbHBIE 3HAHUS MOXHO MOJIY4UTh, TOCEIIasi COOTBETCTBYIOIINE CIIELKYPCHI,
Hanpumep, yuTaeMble Ha kadenpe Heopranmueckoit XuMuu, UK mocenias JeKIUU U
IPAKTUYECKHE 3aHATUA 110 KpUcTauioXxuMuu (kadeapa @usndeckoit xumun). CiaoxxkHee 00CTOUT
JIEJI0 C OCBOCHUEM CYIIIECTBYIOIIMX MTPOorpaMM 00pabOTKH MOPOIIKOBBIX JU(PAKTOTPAMM.

OnHoii u3 Takux, Hanbosee yHUBepcaIbHbIX, sABusgercs nporpaMmma FULLPROF (1) u
rpaduueckuit nHCTpyMeHTapuii K Heil - WinPLOTR (2). ITporpammsl pazpaboTansl 1
NOCTOSIHHO coBepiueHCTBYI0TCs aBTopami (J.Rodriguez-Carvajal u T. Roiznel , J.Rodriguez-

Carvajal, cooTBeTCcTBEHHO). MIMeI0TCS cOCTaBIEHHBIE aBTOPAMH HHCTPYKIIMH, TTOAPOOHO





OTIMCHIBAIOIIME KAK MAaTEMATUICCKHIA amliapar, JIKAIUil B OCHOBE BHIYHCIUTEIBHBIX TPOLIEYD,
peaTM30BaHHBIX B KOMILJIEKCAX, TaK U pacI(pOBKY MOHATHH, BXOIHBIX ¥ BEIXOTHBIX (aiijoB,
KOJIOBBIX CJIOB M KOJIOB, UCIIONIB3yEMBIX IpU paboTe KoMIuiekca. TeM He MeHee, qaxe s
CHELHATNCTOB, PA0OTAIOMIKX B 00JaCTH PEHTT€HOBCKOM MU PaKINK, OCBOCHUE KOMIUIEKCA
SBIISICTCA 3aJ]aueii IOCTaTOYHO TPYIOEMKOI, B OCHOBHOM, I10 IByM ITPHYUHAM -
YHUBEPCAJIHLHOCTh KOMIUIEKCA U “HEJPY)KECTBEHHBIN * HHTEpdETiC.

[Tporpamma FullProf pa3pabaTsiBanach n3Ha4aIbHO 715l yTOUHEHUS CTPYKTYPbI
BEIIIECTBA C MOMOIIBI0 MeToAa PuTBenba.

BriocneicTBUM BO3MOXKHOCTH TIPOTPAMMBI YBEJIMYHIINCH B Pa3bl M B HACTOSIIIEE BPEMS
BKJIFOYAIOT HE TOJBKO YTOYHEHHE, HO U ONPEAEICHUE CTPYKTYPhl 1 MATHUTHOTO YIIOPSIIOYCHNS,

aHaJIM3 MUKPOCTPYKTYPHBIX ITapaMeTpOB.

Oco0ennoctu nporpammsl FullProf:
- mporpamma paboTaeT ¢ JaHHBIMHU, TOJy4eHHBIMU KaK Ha Ja00paTOpHBIX AUppakTOMeTpax,
TaK ¥ Ha UICTOYHHKAX CHHXPOTPOHHOTO U HEUTPOHHOTO M3ITy4YCHHUS,
- COJICPKUT Pa3INdHbIe METOANKH allPOKCHUMAINH (oHa,

-paznu4HbIe GYHKITUH aIpoKCUMaIie qudpakiiuonHoro npodwis: ['ayccnan, Jlopeniuan,
moaupunrpoBannslii Jlopeniuan, ncesno-Boiit, [Tupcon-VII, Tomncon-Kox-Xactunr (TCH)

(5) m ap.,

- mpeaycMoTpeHo MysibTr(da3zHoe yrounenue (1o 16 ¢pa3 oTHOBPEeMEHHO),

- IPElyCMOTPEH yUeT MPEUMYIIECTBEHHON OpUeHTaluu 00paslia 1 MOTJIOIeHuUS,
- mpouIIbHOE paznoxkeHue 6e3 HeoOxomumocTu 3HaHUs CTpyKTyphI (Le Bail (4)),

- UCTIOJIB30BaHNE HHCTPYMEHTAILHOHN (DYHKIMH [T TOCIIEAYIOIIETO aHATIH3a
MUKPOCTPYKTYPHBIX OCOOEHHOCTEH 00pa3LoB,

- MHOTO€ JIpyToe.

Bosblirie BO3MOXHOCTH KOMIUIEKCA IIPU aHaIM3€ 00pa31oB ¢ UCIOJIb30BaHUEM
TU(PPaKLIUOHHBIX JAHHBIX OPOXKAIOT, COOTBETCTBEHHO, U HEOOXOMMOCTb OOJIBIINX
BPEMEHHBIX 3aTpar IJisl ero ocBoeHus. Eciu jxe K 3ToMy 100aBUTh, YTO COCTaBJIeHUE pabouero
BBOJIHOTO (haiiira OCyIIECTBIISICTCS B BUE KOMAH/IHBIX KOJIOB (KOIOBBIX CJIOB), HAOMPAEMBbIX B
TEKCTOBOM PEIAaKTOpe, TO ECTECTBEHHO, 3TO HE IMPUOABIIAET KEJIAaHU U3ydaTh JaHHBIN

KOMILJICKC.





JlaHHOE METOAMYECKOE TOCOOUE SIBIISIETCS] BBOJHON HHCTPYKITUEH TSI MCTIOBb30BaHUS
nporpammbl FULLPROF u rpadudeckoro nancrpymeHTapus K Helt - mporpamMmmbl WinPLOTR.
OcHoBHasl 1IeTb PY COCTABIICHUH TAHHOW METOIUKH - HE CTOJIBKO MMOKa3aTh BCE BOZMOKHOCTH
KOMIUIEKCa (U1 3TOTO CyIIECTBYET MHCTPYKIIMS, HallMCaHHAsl aBTOpaMU IPOrpaMm), HO Ha
pUMeEpEe pelIeHUs OTACIbHBIX KOHKPETHBIX 33/1a4 CMOCOOCTBOBATH O0Jiee TITyOOKOMY,
0CO3HaHHOMY, 9()(PEKTUBHOMY U CAMOCTOSITEJILHOMY PEIICHHUIO JIIOOBIX 33124, PEIICHHIE
KoTOpbIX 3a10:xeHo0 B mporpamme FULLPROF u rpaguueckoro nHCTpyMeHTapus K Hel -
nporpamMmMbel WinPLOTR.

O06e porpaMMbl HaXOAATCS B CBOOOJHOM JIOCTYTIE U JIETKO MOTYT OBITh yCTaHOBJICHBI HA
Balll IEPCOHAIIBHBIN KOMIIBIOTED.

*B pamkax TaHHOTO METOJAMYECKOTO MOCOOUs HE TPEyCMOTPEHO TEOPETUIECKOE 0OOCHOBAHHE
IMPOBOAMMBIX paCyYCTOB. I[J'If[ 3aNHTCPCCOBAHHBIX B yrﬂy6J'IeHI/II/I TCOPCTUICCKUX 3HAaHUHU
peKOMEeHIyeM JuTeparypy: no meroay Putsenbaa - cebiku 6,7,8,13; o Merogam
MOJHOMPO(MIBHOTO Pa3oKeHUs TUPPAKTOTrPaMM U U3BICUEHHUS MUKPOCTPYKTYPHBIX

napameTpoB — ccbliku 14,15,16,17.





1) Kak HaiiTu M ycTaHOBUTH Iporpammy Ha Bam PC?

Ecin Bam PC nogkimrouen k MHTEepHETY *, TO -
HabepuTe B nouckoBoi cucrteme Google.ru

FullProf Suite Homepage

Knuknaure Ha Haiinensiit anpec FullProf Suite Homepage

Ha MOHHUTOPC IMMOABUTCA CICAYIOIAss KapTUHKA !1 )-

FullProf Suite

Crystalfographic tosls for Rietveld, prodile matching & integraie & nkeasiy refincments of
X-Ray anl/or neuwron data

Introduction - What's new - Programs - - Examples & Tutorials - Support - References

Kiukaute Ha mo3unuio - 1IN leEl
Ha monuTope nosiBuTCs cienytomas kaptuaka (1a)

-
‘ Name: Version Platform: ‘ File size Link:
date:

. . Windows
FullProf_Suite Windows | Aug - 2009 9X/NT/2k/XP/Vista 41,702,051 | Download
FullProf Suite Linux | Aug -2009 Linux - PC 53,625,686 | Download
FullProf_Suite Mac Mar - 2009 Mac OS - Intel 43,890,923 Download

B 3aBUCMMHOCTH OT ONEpalIMOHHON CUCTEMBI, yCTAHOBJICHHOW Ha BameM PC, KIMKHUTE
Download B COOTBETCTBYILIEH CTPOKE.

Bri6epute nupekTopuio, B KOTOpO BBl X0Teau Obl coxpanuTh setup fullprof suite.... .exe
U xnukHUTE - save.

3a ogny-nBe MuHyTHl setup fullprof suite.... .exe nepenmmutcs Ha Bam PC B BEIOpaHHY1O
BaMHU TUPEKTOPHUIO.

(Bepautech k kapTuHKE (1) M KITUKHUTE HA TTO3HUIINIO  |Renne R RIS EIN



http://www.ccp14.ac.uk/ccp/web-mirrors/fullprof/

http://www.ccp14.ac.uk/ccp/web-mirrors/fullprof/

http://www.ill.eu/sites/fullprof/index.html

http://www.ill.eu/sites/fullprof/php/FullProf_News.htm

http://www.ill.eu/sites/fullprof/php/programs.html

http://www.ill.eu/sites/fullprof/php/downloads.html

http://www.ill.eu/sites/fullprof/php/tutorials.html

mailto:fullprof@ill.fr

http://www.ill.eu/sites/fullprof/php/reference.html

http://www.ill.eu/sites/fullprof/php/downloads.html

http://www.ill.eu/sites/fullprof/downloads/Setup_FullProf_Suite_Aug09.exe

http://www.ill.eu/sites/fullprof/downloads/FullProf_Suite_Aug09_Lin.tgz

http://www.ill.eu/sites/fullprof/downloads/FullProf_Suite_Mar09_Mac.tgz

http://www.ill.eu/sites/fullprof/downloads/Setup_FullProf_Suite_Aug09.exe

http://www.ill.eu/sites/fullprof/php/tutorials.html



* Bce moguepKHyTHIE CII0BA SIBISIOTCS aKTUBHBIMU. [103TOMY, HE BBIXO/S 32 TIPEIEIbI JTAHHOM,
METOMKH, BBl CMOKETE MepEenucaTh He0OOXOAMMbIC MPOTPAMMBI, KJIMKHYB JIBa pa3a JEBOMH|
KJIaBUIIEH MBIIIKK Ha COOTBETCTBYIOIEE CJIOBO.

Available items in Catalogs section:

10 Users' Guide of FullProf 1,769,341 Download
Manual

Available items in Tutorials section:

Name: Description: File size

PDF-docs of a School in

Atlanta-doc 2,171,360 Download
Atlanta

oMoty | ARy G el el
Workshop

HoCu_Tutorial Tutorial magnetic structure 1,130,682 Download
KTb3F12 Tutorial Tutorial magnetic structure 501,244 Download

Documents about

Microstructural_effects 544,914 Download

microstructure
per_dat Data and PCR files 824,597 Download
size-sph Notes about size effects 14,298 Download

Simulated annealing in

FullProf 30,958 Download

sr_oxalate

B otkpeiBmemcs mento (16) 3arpysure (Download) Ha coit PC B oTA€IBbHYIO AUPEKTOPHIO
no3unuu Exercises-dat u Exercises-pcr. 9To TeCTOBBIE 3a7a4u, KOTOPHIE TOHAA00SATCS HaM JIJIs
nu3zyueHnus nporpammsl Fullprof.

Ha cBoem PC 3amyctute setup fullprof suite.... .exe, 3arem crienyiite HHCTpYKIIMH
(HECKOJIBKO pa3 MpHUAETCS KIUKHYThH ( next) U B TEYEHUH 2-X MUHYT BCE HEOOXOANMBIE
IPOTPaMMBI U AUPEKTOPHH OYAYT YCTaHOBIEHBL. (B cBoOOIHOE BpeMsl BB CMOXKETE TTOAPOOHO
03HAKOMUTHCS C cofiep kaHneM 00pa30BaHHBIX TUPEKTOpuil. B yacTHOCTH, B CO31aHHOI BO
Bpemsi ycTaHOBKH nporpammbl Fullprof  nupexropusi DOCs coaep:kuT MHCTPYKIUIO
nporpammsl FullProf --FullProf _Manual.pdf).

FRS
[A]alkar

Ha MOHHTOpE IOSBHTBCS MKOHKA, U TBIK  [rpnnre Ha nkonky. Ha MonuTope B
BEpXHEH YacTH MOSBUTCS HHCTpyMeHTanbHas auHelka (UJI) (omHOCTpOUYHAs TaHeb JOCTYITHBIX
UHCTPYMEHTAJIBHBIX CPEACTB - toolbar). Bei3oBeM rpaduueckuii natepgeiic k nporpamme
fullprof - 1151 5TOTO KJIMKHEM Ha JIECATYIO CJI€BAa MKOHKY (BBITVISIUT KaK TPH IMHKa Ha OEJIOM
¢one). Ha monurope nosiButcst Haamuck WinPLOTR , a graphic tool for powder diffraction
Y Ha3BaHMWe Bepcur, Hanpumep [Version: May 2009].

Takum odpa3zom, Bam nonagoourcst He 0oJiee MATH MUHYT YTOObI YCTAHOBUTH BCe
HeoOXoauMble porpammbl Ha Baml PC u npucrynars k padote. (ITociie yctaHoBKH
nepesarpysure Bau PC).



http://www.ill.eu/sites/fullprof/downloads/FullProf_Manual.zip

http://www.ill.eu/sites/fullprof/downloads/Docs/Atlanta-doc.zip

http://www.ill.eu/sites/fullprof/downloads/Docs/ECM-21-Workshop_pdf.zip

http://www.ill.eu/sites/fullprof/downloads/Docs/Exercises-dat.zip

http://www.ill.eu/sites/fullprof/downloads/Docs/Exercises-pcr.zip

http://www.ill.eu/sites/fullprof/downloads/Docs/HoCu_Tutorial.zip

http://www.ill.eu/sites/fullprof/downloads/Docs/KTb3F12_Tutorial.zip

http://www.ill.eu/sites/fullprof/downloads/Docs/Microstructural_effects.zip

http://www.ill.eu/sites/fullprof/downloads/Docs/pcr_dat.zip

http://www.ill.eu/sites/fullprof/downloads/Docs/size-sph.zip

http://www.ill.eu/sites/fullprof/downloads/Docs/sr_oxalate.zip



2) PaGoumue ¢aiisibl, KOTOpPBIE OYAYT HCMOJH30BAHBI IPHU U3Y4YEHUH MPOTrPAMM.

Jlns u3ydeHus nporpaMM HaM MOHAI00sTCs SKCIIEpUMEHTANIbHBIC JaHHbIe. Bo3pMmuTe UX 13
BBIILIEYIOMSIHYTOU qupekropun Exercises-dat.

Cospaiite nupexkroputo MGAL204s. [lepenumnre B Hero (ailsl JaHHBIX U3 TUPEKTOPUN
Exercises-dat ¢ HazBannem MgAI204s.dat.

Cozpaitte nupextoputo MGAL204b. Ilepenumure B Hero ¢aiiin JaHHBIX U3 AUPEKTOPUN
Exercises-dat ¢ nHazBanmem MgAl1204b.dat.

O06a daiina conepxat nudpakImOHHBIC JaHHBIC, TOTYYeHHbIE ¢ 00pa3ioB mmuHen MgAl,Oy.
(Valerie Montouillout, PhD Thesis. Universite d'Orleans 1998.)

MgAl204s.dat -> oOpasen moay4yeH BEICOKOTEMIIEPAaTypHOI TBepAoGha3HON peakuuei.

MgAl204b.dat -> oOpa3el oyyeH 30/1b-TeIb PeaKueld P HU3KOM TeMIIepaType.
DKCHEpUMEHThI OTCHATHI Ha HeliTpoHHOM mudpakTomerpe 3T2 Ha LLB. Jmuna Bosusl 1.227 A
®opmar ganHbix cooTBeTCTBYET INSTRM=1 (CMm. vacts 3))

JINTEPATYPHBIE JTAHHBIE o cTpykType mmnuHenu:
KoopannaTs! aToMOB
(Mg,Al) 8a (1/4,1/4,1/4)
(Mg,Al) 16d (5/8, 5/8, 5/8)
O 32e (x,x,x) x=0.386
[MapameTpsl pemeTky : a = 8.08A
[IpoctpancrBennas rpynma F d -3 m

3) Kak oTkpbITh (aiiia 1uppakuMOHHBIX JAHHBIX?

JudpakiimonHble JaHHBIE MOTYT OBITh 3aITMCAaHbI B pa3InYHbIX opmarax. XKenatenpsHo
3apaHee, 10 CbeMKH Ballero o0pasiia, 3aka3aTh HyKHbII BaM (opMaT 3aluCcH BaIIEro
skcniepumenTta. Haubonee pacnpoctpanenssiii popmar XY. D10 korzaa audpaxkiioHHast
KapTHHA 3amnucaHa B ¢aiine (Jame Bcero ¢ pacimmpenneM *.dat wim .XY) B BHIE IBYX CTOJIOIIOB
- B OJIHOM yToJl 1u(paKkIMU ABa T€Ta U COOTBETCTBYIONIAsl €My HHTEHCUBHOCTh BO BTOPOM
cronbue. BozMoxkHO, 4To popMaT, B KOTOPOM 3alKcaH Balll SKCIIEPUMEHT, BAM HEM3BECTEH, TEM
HE MEHee He UCKIII0YeHO, uyTo Tpaduueckuii unrepdeiic WinPLOTR no3BosiuT BaM OTKpPHITH
Baml Qaitn gaHubIxX. s 3Toro:

Ha unctpymenrtanbnoii muneitke (UJI) naxmure FILE u 3atem OPEN PATTERN FILE u B
BO3HUKIIEH HKOHKE ¢ UMeHeM Format of data file HeoOxoaumo oTMeTuTh opmat Batero (aiina
B KpPY’KOUKE NMPOTUB COOTBETCTBYIOIEro mMenun ¢popmara (INSTRM ), pykoBoJCTBYSICh
HOJICKa3KkaMu UMeH (¢opmara. Eciam xe 3TH MoJICKa3Ki BaM HHUUYETo He TOBOPST, U Bbl HE 3HAETE,
B KakoM (hopmarte mpou3BeIeHa 3alliCh BaIIEro SKCIEPUMEHTA, ONPOOYITE BCE MpeaiaraeMble
BO3MOXXHOCTH (15 BapuanToB) no ouepenu. J{ns o6pazna MgA1204s He0OX0AUMO OTMETHUTH
Ha)katueM JjieBoi kiaaBuiu MbIukH (1KM) nozunuto INSTRM =1. 3atem naxxmute OK u
BbIxoauTe B HYkHYI0 (MGAL204s) nupexroputo. Knukuure aa paza 1KM no umenu gaiina





MgAl1204s.dat, 1 Ha MOHUTOpE BBI IONMyUnTe AUdpakrorpammy odpasna (puc.3) mImHHEeNH,
HOJYYEHHOM BBHICOKOTEMIIEpPAaTypHOU TBepA0(ha3HOM peaKiuen.
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4) Kak onpeneiuTh mapaMeTpsbl 3JIeMEHTAPHOMN S4YeKH.
JUi1st 3TOro nociae 0BaTeIbHO PEIIUM CIICAYIOIUE 3aaun:
- BBI30BEM Ha MOHHUTOP CHEKTp o0pasla,
- OIpeNeUM HOJI0KEHUS MaKCUMYMOB ITUKOB TU(PPAKTOTpPaMMBI,
- co3nmaauM KomaHHbIe (aiinsl 1 BerpoeHHBIX B WinPLOTR nporpamMm HHAMIIMPOBaHUS
DICVOL (9), TREOR90 (10), ITO (11). (CymecTByI0T U Ipyrue AOCTYIIHbIE IPOrPaMMBbl
VHIALMPOBAHMS MTOPOIIKOBBIX peHTreHorpamMmM. Hampumep, Becbma 3ektuBHO paboTaeT
IporpamMma oIpeieIeHus TapaMeTPOB AJIEMEHTAPHBIX SUYEEK MO MOPOLIKOBBIM

mudpakimoHHeIM JaHHBIM Grindex, pa3paboTaHHast COTPYAHUKOM XHMUYECKOTO (¢-Ta, 1ao.
CrpyxrypHo#t xumun Ans00BbIM J[.B. (1.939-36-54)),/ albov(@struct.chem.msu.ru / .

Ha (MJI) WinPLOTR BwiGepuTe mo3unuto Point Selection u 3arem automatic peak search.
[TosiBUTCS TabNMM4YKa, B KOTOPOH CIeAyeT 3a4aTh apaMeTphl, yIPABISIONINE IIOUCKOM ITHKOB.
J171s crieKTpOB XOPOIIO 3aKPUCTAJUIM30BAHHBIX 00pa3lloB MOKHO OCTaBUThH MpeJiaraeMble
IPOrPaMMOii MapaMeTphl, OTASISIONINE MUK OT OHA, 0 yMoT4aHuto. Mcnons3yoTes Tpu
napameTpa - moporooe 3HaueHue 1151 uka (0.02 mo yMor4aHuio), moporoBoe 3HaYCHUE
CTETIEHU OCTPOTHI MUKa (2 — 0 YMOJIYaHHUIO) U TToporoBoe 3HaueHue s gona (0.05 mo
yMordanuto). O6riee mpaBuiio — nMpu 00JbIuX GuIyKTyanusx npoduist muka u hoHa
napamMeTpsl, B OCOOCHHOCTH OPOTOBOE 3HAYCHHE THKa, CIeAyeT yBennunBarb. [logobpats
3HAYEHUS allpUoOpH - 3a/1aya HEeTpocTasi, IOITOMY ClIeyeT BapbHUpOBaTh MapaMeTphl U
BU3YaJIbHO OTCJICKUBATH PE3YJIbTaT.

s obpazua MgAI204s aBTomMatndeckuii mouck gaet 31 muk, MoJI0KeHHEe KaXA0ro U3 KOTOPBIX
OTMEYEHO BEpTUKAIBHOU JIuHUEN. [IpocMoTpuTte Bce nmuku. Het 1 HeonpaBIaHHBIX HECKOJIBKUX
JUHUH, ONIPEENSIOIUX OJUH NUK? JIMHNUU, onpeeNnstore MOJI0XKEHNI MAKCUMYyMOB
OTPa)KEHUM, YACTO HAXOAATCs OJTU3KO JIPYT OT JIpyra U BOCIPUHUMAIOTCS BU3yaJIbHO HA SKpaHe
MOHUTOpA KaK oJUH. Eciu OHM OCTaHyThCS B CIIUCKE TO, ECTECTBEHHO, TPYAHO 0KUAATh
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MMPaBUJIBHOI'O MHANIHWPOBAHHA PCHTTCHOTPAMMBEI. I[J'If[ TOT'0 YTOOEI HE IIpOIMyCTUTH 0JIM3KO
PAacIONIOKEHHBIE M, COOTBETCTBCHHO, CITMBAIOIIUECS JIMHUH, OTIPEACIISIONINE MAKCHMYMbI
OpATTOBCKUX MUKOB, HEOOXOAMMO YMETh YBEIMYUBATH 00JaCTH AUPPAKITMOHHOTO CIIEKTpa.

4a) Kak yBesIMUnTH 00/1aCTh CNIEKTPA /sl BU3YAJLHOI0 MpocMoTpa?

Kak 310 nemaercs, Mbl mokakeM Ha rpumepe oopasna MgAl204s. [lonBenure Kypcop B
001aCTh, KOTOPYIO BbI XKeJlaeTe yBeNUUNUTh. HaxkmMuTe J1eBYI0 KJIaBHUILY MBIIIKU U, He OTHYCKas,
TSHUTE MbIIIb, POPMHUPYS NPSIMOYTOJIBLHUK, B KOTOPOM IOCJIE€ TOTO, KaK BBl OTITYCTUTE KJIABUIILY,
0003HauUTCA yBenuueHHas 061actb. [Ipouenypy MOKHO OBTOPSATH HECKOJIBKO pa3 A0 HYKHOTO
yBenuueHus. [[1s Bo3BpaTa B UCXOAHBIN PeKUM HAKMHUTE MPaBYI0 KiaBuiny Mbimiku (KMi).

[Tocne onpeneneHus MOJOKEHHUS MTUKOB Ha AU(pakTorpamme (aBTOMATHYECKH CO3IaeTCs (aiti
peak.asp, a Takxke background.xy) cozmaaum aiin ans nporpamm uHAULIKMpoBaHud. Ha
uHcTpyMeHTanbHOM nuHeiike (MJI) WinPLOTR Bsi6epute no3unuto Point Selection u 3atem
automatic peak search (OK) , a mocne okoH4aHust pabOThl aBTOMAaTHYECKOTO TIOUCKA PedIeKCOB-
orsth Point Selection u 3atem save as...

B oTkpeiBIIEHiCS HKOHKE BBIOEPUTE TPOTPaMMy, KOTOPOH BBI JKEJIaeTe BOCIIONB30BaThCA IS
omnpeeseHus mapameTpoB iemMeHTapHon sueiiku. Jonyctum, DICVOLO06. Ha skpane
BO3HHKAeET TalJM1Ia, TO3UIIUH KOTOPOH CIIEAYET 3aM0JIHUTh B COOTBETCTBUU C N3BECTHBIMHU
JaHHBIMU 00 00pasiie u nmporeaype cheMku. [Ipexae Bcero mpoBepbTe U, TP HEOOXOIUMOCTH,
3aMEHHUTE JUIMHY BOJNHBI H3/Ty4eHHs Ha HCTHHHYIO. B Hamewm cioydae oo 1.227 A. Eciu ectb
uHbOpMaIUs 0 BO3MOKHONW CUHTOHUH WJTU TPEIojaraeMoM 00beMe U, ClIeZJ0BATEIbHO,
npejesiax 3HAYEHUM mapamMeTpoB, TO UX TAKXKE CIEAYET BBECTH. BaxkHast MO3ULIUS - KOJTUYECTBO
auHUR Apyroi ¢aszel (max numbers of impurity lines). DTy MO3UIHIO CIEAyET 3aMOIHATh, €CIIH
npoleaypa Noucka napaMeTpoB HE HAXOAUT PELICHUS.

[Tocne naxxatus OK BO3HUKAET BOMPOC - €CTh JI HEOOXOAMMOCTh PEIaKTUPOBAHUS BXOTHOTO
daiina, u ecnu otBeT NO, TO MporpaMMa MPOU3BOIUT HEOOXOIUMBIEC BEIYUCIICHHS.

8.0826 A— mapamerpsl sueiiku, BeraucaeHHbIe mporpammoit DICVOLO6 s MaccuBa JaHHBIX
MgAl204s.

Ecnu e BBl 3aX0TUTE peakTupoBaTh komaHaHbIi ¢aitn ais DICVOLO06 , To Bam npuaercs
y3HaTh KaKk OH YCTPOEH, a TAaKXKe 3HAUEHUs KOJOBBIX CJIOB, OMPEEINIAIOMINX padOTy NPOrpamMmsl .
C npeonorueit nporpammsl DICVOL M0kHO MO3HaKOMUTBCS MPOUTS IPUIAraeMyI0 K JaHHOU
METOJIMKE CTaThio aBTOpoB mporpammsl (Boultif, A. u Louer). Komauamsrit daitn ms
nporpammbl DICVOL umeer pacmmpenune *.dic. Conepkanue KoMaHIHOTO daiina,
PEKOMEHIaluK aBTOPOB Iporpammsl 11 ipoueaypbl DICVOL06 MoxHO HAalTH B OTAEIBHOM
dicvol _inp.pdf daiine, mpunaraeMbiM K JaHHON METOAMKE.

B pesynprare padotsr mporpamma DICVOL co3naet HeCKonbKo (aifiyioB ¢ pacIIuPEHUSIMHE .CTY,
*ucp, *.sum, *.ind u *.pcr.

@Daiin ¢ pacuwupenuem *.pcr a6aaemca KOMaHOHvIM aitiom ona npozpammul FullProf.

[IpocmoTpuM BHMMaTeENbHO Ha AudpakTorpaMmmy MgAl204s. Mbl 00Hapy)uM ciadbie
otpaxkenus (pu yriax 20 paBubix 33.79, 48.53), koTopble He ObLTH OOHAPYKEHBI IIPH
ABTOMAaTHYECKOM TMOUCKe oTpakeHuid. [IpoBepum daiin *.ind, 0Opa3oBaHHBIN pH
MHAMLIMPOBAHUHM ¢ ucnojbp3oBaHueM nporpammel DICVOL. Mbl yBuaNM, 4TO pac4eTHBIX
pedekcoB B Kyoudeckoit siaeiike ¢ mapameTpom 8.0826 Ha mepeUnCIeHHBIX YIIax TeTa HET. DTO
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CBUJICTEILCTBYET O BO3MOKHOCTH HAX0XICHUS TpUMecHOH ¢a3bl. [Tonpodyem pa3oOparbes,
JCHCTBUTEILHO JIM 3TH MUKW OTHOCATCS K MpuMecHo! ¢a3ze. [TomyTHO Hay4YuMcsl BKIIFOYATh U
youpaTh oTpakeHus u3 ¢daina *.asp, ucnons3ys audpakrorpammy.

40) Kak BKJIIOYHMTH 0TPaKeHHE B CMUCOK UJIH BHIOPOCUTH OTPa:KeHHe U3
CIMCKA, MCIIO0JIb3YEeMOr0 ISl OTpe/ieIeHUs] MapaMeTPOB 3J1eMEeHTAPHOM
sTYerKu?

OpauH U3 crnoco0o0B TaKke aBTOMaTHUeCKUi. J{J11 TOro 4TOOBI BKIIIOUUTH Cl1a0ble MUKU B CITUCOK
OTpaXEHUM, ONpPEAEIAEMbIX aBTOMATUYECKH, YMEHBIINM ITIOPOrOBOE 3HAaU€HHE NTuKa. BMecTo
3HayeHus 0.02 Benem 3Hauenue 0.01. IToBropum nponeaypy aBTOMaTHYECKOTO MOUCKa
pedaexcos.

Ha NJI WinPLOTR Bre16epute no3umuio Point Selection u 3aTem automatic peak search.
[TapameTep noporoBoro 3HaueHus N1Ka yMeHbuM Basoe. Haxmem OK.

Mer1 onipeaenunu 37 otpakenuii BMecto 31 (mpu moporoBbiM 3HaueHuu 0.02). CoxpaHuM MUKU
quist nporpamMbsl DICVOLO06, 3anmyctum nporpammy — penieHus HeT. [loBropuM nmporpamMmy
DICVOLO06, HO npu co3aanuu BBOJHOTO (haiiyia BBEIEM 2 JIMHUHM KaK BO3MOYKHO ITPUMECHBIE.
3amyctum DICVOLO06 — perienue ects: KyOuueckas siueiika ¢ mapamerpom 8.0825 u B Helt
(cmotpwm daiin *.ind) mpu yraax 20 paBabix 33.79, 48.53 oTpakeHUs B TaHHBIX MMapaMeTpax HE
UHIUIUPYIOTCS, TO €CTh OTHOCATCS K MHOM (hase.

BBecTu wim BRIOPOCHTH OTpa)keHHE U3 CITMCKAa MOXKHO BpyuHyt0. Beioepure na UJI - Point
Selection, 3atem add peaks/background points. IlogBenuTe Kypcop kK MAaKCUMyMYy ITHUKa, KOTOPBIN
BbI XOTUTE BBECTH (TMPEABAPUTEIHHO KEJIATENbHO 3Ty 00J1aCTh YBEIUYUTH JIJIsl O0Jiee TOUHOM
BU3ayiM3aluu ero MakcumyMa.) Haxxatuem KM onpenenute nonoxeHne MakCUMyMa.
[TostBUTHCS BepTHKaNbHAS JIMHUSA KpacHOTO 11BeTa. Eciiu Oosbliie HeT MUKOB Ui BBOJA, TO
HAKMHTE MIPABYIO KJIABHIITY MBITIKU. KpacHast TMHUS IPEBPATUTCS B 3€JICHYIO U TIPOIIECC
3aBEepIIIEH.

Ecnu BBI XOTHTE yIaTUTh MUK U3 PACCMOTPEHUS M HCIIOJIB30BAHUS B TATBHEHUIIIEM, TO
BBIOCpUTE omiuto Point Selection, 3atem remove peaks/background points. [lonBenure kypcop k
3€JICHOH JTMHUM Ha TU(PPAKTOrpaMMe OIpEIENIAIONIeH MOM0KEHHE yIAIIeMOro MuKa 1 HaKMHUTE
JKM. Jluaus ucdyesner. YToObI 3aBEpIIUTH MPOIIECC U 3a)UKCUPOBATH YIAJICHUE, HAKMHUTE

KMn. Eciu Bel yBeIM4UBaIu CIEKTpP, TO Ul BO3BPALICHUS B UCXOIHBIN PEKUM HAKMUTE €I
pa3 KMmn.

5) Kak Bb1uecTb (POH? (Ananornusas npoueaypa ObIBaeT MoJie3Ha U B CIIyYae, €CIIH Bbl
XOTUTE YyOparh BIusHUE U Y3HOrO paccessHust U3JIyIeHHs OT KauIsipa Wi APyroro cocy/a,
B KOTOPOM COJIEPKUTCS BEIIECTBO BO BPEMs CheMKH. ECTECTBEHHO, HEOOXOAUMO
MpEeBAPUTEIIHLHO ITPOBECTH SKCIIEPUMEHT C cOCcyoM 0e3 oOpasiia.)

Otkpoem ¢aiin ganasix MgAl1204b.dat u3 qupexktopun MgAl1204b npouieaypoi, onmrucaHHOM
BHIIIIE (MPEABAPUTEITHHO OUYMCTUM 3KPaH OT JPYTHUX BBI3BAaHHBIX Audpakrorpam. [lemaercs 3to
cieayomumM oopa3om: kaukHeM Ha onuto FILE u 3atem B OTKpBITOM NepeuHe KOMaHT
Bb130BeM RESET. MoHuTOp O4YHIIIaeTCs, 1 MOKHO BBI3BIBATH HEOOXOIUMYIO AH(paKTOrpammy).
Ha monuTOpe pazBopaunBaercs qudpakrorpamMma, n3o0paxeHHas Ha puc. 5 1.

W3 pucyHka BUAHO, YTO JAHHOE BEIIECTBO rOpa3Ao XyKe 3aKPUCTAUIN30BaHO, ITUPOKUE MUKH,
OosbiIoi HEcTaaronuil ¢poH. /s Takux oOpa3ioB OTAEIUTh (POH B aBTOMATHUECKOM PEKUME
— BEChMa CIIOJKHAS 3a/1a4a, U CJIeyeT MOJb30BaThCS PYYHBIM CIIOCOO0M oTaeneHus (hoHa.

Ha NJI Beibepem Point Selection u 3atem Select background points. Haxkatuem neBoit kiaBuim
MBIIIKA 0003HAYMM TOYKAMU TpEIojaraeMyto JIMHUIO (poHa (Ha PUCYHKE BBIICTIECHO KPACHBIM):
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Teneps BoruteM ¢on. [is storo Bei6epem Ha UJI, Calculation, 3atrem Background
substraction, 3arem DATA-background, 3arem Linear interpolation. B pe3synbrare Ha
MOHUTOPE MOSIBUTCS CIIEAYIOLIasi KAPTUHKA, HA KOTOPOH HUKHHUM CHEKTP (3€JIEHOT0 I[BETA)
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Bo3M0xHO, BBI 3aX0THUTE B ajbHENIIIEM pab0TaTh UMEHHO C 3TUMU JaHHBIMU. [ 3TOTO
COXpaHHM CIIEKTp (3€JIEHOTO 1BETa) B OTHENbHBIN ¢aiin. Kak aTo cnenars?

Ha WUJI BriGepem FILE 3atem save data as..., 3atem save data as multicolumns file, 3atem
3-data-background, u B oxomkax X u 'Y HanptuB 3-data-background noctaBbTe rajioyku
(COOTBETCTBEHHO M3 BCEX APYIrUX MOo3ULMi ranodku yoepure.). Knukaunre OK. [Iporpamma
3anpocuT 0003HaYUTh UM (paiina u co3aacT ero ¢ pacuuperreM XYn ¢ BBIOpaHHBIM BaMU
umeHeM ums.xyn B popmare XY, uto coorBercTByeT 3HaueHuo INSTRM =10. Otkpoem
co3manHbIil Qaiin. Beibepem na JI- File; open pattern file; X,Y data + INSTRM=10.
OunnieHHsbI 0T ¢oHa (aiiin Ha crneayromeM pucyHke (5_2):
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60 80 100 120
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6) Kaxk onpeneJuTh HHTErpaJibHYI0 HHTEHCHBHOCTD OT/I€JILHOTO MUKA?

BrezoBem mudpaxrorpammy MgAI204s.dat u3 nupexropun MgAl204s. Beibepem 110001t MUK,
JUIs oTipesiesieHHoCTH 1pH 20 = 35.35, u yBenuuuM ero. st 3Toro (CM. BbIIIE) IPU HAKATOU
JIEBOM KJIABUIIIE MBIIIKU YEPTUM MPSMOYTOJIBHUK B 00JaCTH JaHHOTO UG PAKIIHOHHOTO
MaKCUMyMa.

Ha NJI Beibupaem nosumnmio calculation, 3atem integration. JIepoii kaBumieit muimku (JIKM)
OTMEYaeM Mpeieibl HHTETPUPOBAHMS CII€Ba OT IIHKA U 3aTEM CIIPaBa OT MHUKa (HA pUCYHKE TOUKH
KpacHoro 1era). Cpasy ke Ha MOHUTOpE BbICBEUHUBAETCS TaOJIMYKA C TaHHBIMU, IPUYEM
OJTHOBPEMEHHO BBIUMCIIIETCS M MHTETpaIbHAs IIMPUHA MTUKA, U TIoJoXeHue (20) nentponna
nuka (yroj Tera, Ipyu KOTOPOM MHTErpaibHasi MHTEHCUBHOCTD JIEBOM U MTPaBOW YacTH MUKa
onuHakoBbl.) [Iponenaiite 3Ty mporenypy HECKOIBKO pa3, BApbUPYS MPEAeIIbl OCHOBAHHS
oTrpaxkeHus. CpaBHUTE BBIYUCIICHHbIE TapameTpbl. OOpaTuTe BHUMaHKUE, YTO MOCIe
OTIpeIeICHHON MIMPUHBI OCHOBAHUS ITMKA BEIYUCICHHBIC TAPAMETPhI IPAKTHYECKH HE
U3MEHSIOTCSL.
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Hlemuox KMn Bo3BpaiaeT 1uppakTorpaMMy Ha MOHUTOPE B UCXOJITHOE COCTOSIHUE, ITPU ITOM
co3maercs (avin MgAIl204s._int, coneprxamiuii pacuuTaHHBIC JaHHBIE (HE COJIEPIKUT 3HAYCHHE
MHTErpajbHOM HIMPUHBI, 3HAYCHHE KOTOPOIl BHICBEUNBAETCS TOJIBKO HA MOHUTOPE).
AHAJIIOTUYHYIO TIPOLIEAYPY BBl MOXKETE MPO/IEIATh Aajiee C JIIOOBIM APYTHUM IMHKOM
mudpakTorpaMMbl. PaccuntanHble JaHHbIE HaKaruMBalTcs B (aitne MgAI204s._int.

7) Kak paccunrarh IIMPUHY MUK, Tak Ha3biBaemyww FWHM (full width half
maximum), TO eCTh IIUPUHY MHKA HA MOJOBHHE MAKCMMAJIbHOI0 3HAYCHUS
HHTEHCUBHOCTH M OJJHOBPEMEHHO M MoJI0KeHue (20) 1TaHHOro Makcumyma?

Brzosem qudpakrorpammy MgAI204s.dat u3 nupexropun MgAI204s. Bribepem mt060ii nuk,
IU1s onipeneneHHocTH npu 20 = 35.35, u yBenumunm ero. Ha WJI BeiOupaeM mo3uimro
calculation, 3aTem centroid. [Tonoxenue MakcuMyMa HHTEHCUBHOCTH, LICHTPOUAA, 3SHAUCHHE
FWHM wu apyrue commyTCTBYIOIINE XapaKTEPUCTHUKN BOZHUKAIOT HAa SKpaHe MOHUTOPA ((hait ¢
STHMH JAHHBIMU He co3naercs). OMHOBPEMEHHO BO3HHMKAET rpaduueckas KapTUHKA,
YKa3bIBaIOIIAs [TOJIOKEHNE MAKCUMyMa UHTEHCUBHOCTH U TIOJIOKEHUE LIEHTPOUA.

8) Kak ycpeaHUTh TaHHbIE ¢ HECKOJbKHAX IKCIIEPUMEHTOB?

YacTto, 0COOEHHO NMPH UCIIOIB30BAaHUU TAKUX CIIOCOOOB perucTpanuy AU(PpaKMOHHBIX Ty4ei,
KaK, Hanpumep, image plate, 3a HeOOJIBIIIOE BPEMSI JEIIA€TCSI HECKOJIBKO oTorpaduit

TG PaKIIMOHHOTO criekTpa. PazymMHo /g nanbHeleit pabotel ux yepenuuts. WinPLOTR
MIO3BOJISIET ATO JIETKO caenaTs. [ aToro -
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Br13oBHuTE HA MOHHTOP BCE TUPPAKTOTPAMMBI, KOTOpbIe HeoOXxoanMo ycpeaanTs. Ha UJI
BbIOMpaeM nosuiuio calculation, 3atem average. Ha sxpane MOHUTOpA MOSIBISIETCS
ycpenHeHHast nugpakrorpamma. Ecnu npenmnosnaraercst padoTaTh B JajdbHENIIEM C
yCpeTHEHHBIMU JAHHBIMH, UX HEOOXOAMMO COXPaHUTh B OTAeNbHBIN (aitn. Ha UJI BeiGepem
FILE 3arem save data as..., 3ateM save data as multicolumns file, 3atem

n-average_curve, 1 B OKoImkax X ¥ Y HaIpTHUB N-average_curve IOCTaBbTE FaJIOUKU
(COOTBETCTBEHHO M3 BCEX Apyrux no3unuii ranouku yoepure). Kinkaure OK. Ilporpamma
3aMpoCUT yKa3aTh UMs (aiisia 1 co34acT ero ¢ pacmupenueM XYn ¢ BBIOpaHHBIM BaMH HMEHEM
ums.xyn B popmare XY, uro coorBercTByeT 3HaueHHIO INSTRM - 10.

9) MoaeupoBaHHe IKCIEPUMEHTAJIBHOI0 NPOPuJisA 1uppaKkTorpaMmmbl
(Profile fitting) B pamkax WinPLOTR.

[Mpornenypa pa3inoxeHus: IPOQUIIS KCIIONIB3YET NMCeBI0-BoUT QyHKIUIO (TO €CTh TMHEHHYTO
KOMOMHaLMI0 npoduis, onucbiBaemoro pynkuusamu Jlopenna u Naycca [V(x)= nL(x)+(1-
n)G(x), ede L(x) u G(x) ¢pynxyuu Jlopenya u I'aycca coomsemcmeenno, 1 — koagpuyuem
cemewusanus ynukyutl (6xnad Jlopenyuanet)] ¢ rnodanbHbM 3HaueHHeM FWHM 1 rito6ansHbiM
3HaYCHUEM 7). Kaoicovlii OupakyuorHslil UK XapaKkmepuszyemcs noJI0NCeHUeM MAKCUMYMA,
unmencusnocmoio, FWHM u n cogueom no omuoutenuro K 2100anbHbim napamempam (cm.
Ipunooscenue 1).

ABTOMAaTHYECKHU TPOIIEypa Pa3IoKeHUSI MOKET OBITh OCYIIECTBIICHA HA OCHOBE ITapaMeTpPOB,
OTIPENICIICHHBIX BO BPEMs IPOIICYPhI ONPEICIICHUS ITMKOB, ONMTUCAHHOM BHIIIIE.
OcymiecTBIsIETCS] OHA CIEAYIONIMM 00pa3oM (e1ie pa3 Mmog4epKHeM HEOOX0IUMOCTh
npeBapUTEIILHOTO IPOBEICHUS mpoueaypbl peak search):

- Bet0oepute Ha WJI, calculation u, 3aTtem Profile fitting. Ecin mporecc 3aBepiraercst ycrentto,
TO HA MOHHUTOPE TOSBISACTCS HAMUCh — KOHBepreHius nocturayta (Converged reached), u
coznaetcs cieayromuid gaiin ums_PF.new Buna

=> TITLE: MgAI204s.dat

! Ang_init Ang_ fin Nbac Npeak Ncyc Inte Inst Jobt Cont Weight Corr Constr Percent IRF
6.0000 125.7000 9 31 20 0 1 2 0 0 0 o0 0 0
0.000000 0.000000 <= Lambdal & Lambda2

! Global Profile Parameters:

0.000000 0 <=Kalph2/Kalphl ratio & Flag
0.000000 0 <= Asymmetry parameter(S L) & "
0.000000 0 <= Asymmetry parameter(D L) & "
0.306000 0  <=Parameter U & "
-0.468000 0 <= Parameter V & "
0.236000 0  <=Parameter W & "
0.000000 0 <= Parameter Z & "
0.100000 0 <= Parameter Eta0 & "
0.000000 0 <=Parameter X & "

! Background Parameters:

! 2Theta/TOF/Energy Background Flag
6.0000  20.0000 0
23.5500  18.6667 0
41.6500  18.6667
44.3000  19.0000
56.1500  19.6667
78.8000  21.0000
84.4500  22.6667
105.2000  23.6667 0
125.7000  21.0000 O

SO OO O
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! Reflection Parameters:
! 2Theta Intensity Shift-FWHM Shift-Eta Flags

15.110031 15.15  0.000000  0.000000 0 1 0 0
24.787725 28.82  0.000000  0.000000 0 1 0 0
29.162706 56.14  0.000000  0.000000 0 1 0 0

118.342079 67.27  0.000000 0.000000 0 1 0 O
120.641235 47.85  0.000000 0.000000 0 1 00
! Chi2= 9.90523

! Ang init Ang fin -mpezensl B eAMHUIAX 2TeTa 00IACTH Pa3I0KEHUS TPOPHIIS.
Nbac xonmu4ecTBO TOUEK OMPECNIIOMUX (QOH.

Npeak KOTHMUECTBO HKOB.

Ncyc 4icno UKIOB MPU YTOYHEHUN

Inte 0 win 1 (popmar BeIgaum — KPaTKUIA MK TIOJTHBIH)

Inst opmat naHHBIX.

Jobt - 1,2, 3 unu 4 (1 — yrounenue Ka/la2, 2 — yTOUHSIOTCS OAMHOYHBIC KU, 3 —
cumynsnus gyonera Ko/lo2; 4- cumymasiiust OJMHOYHBIX THKOB).
Cont 0 wnu 1 (0 ecu Gonbliie HET MPOAOHKEHUS TUpaKTOrpaMmbl; 1 — crexyet Habop
napaMeTpPOB B ATOM ke daiisie 1yt [pyroit yactu AudpaxTorpaMmbl)
Weight — BecoBbie cxemsl ( 0: Bec(i) = 1/Yakcm.; 1: Bec(i) = 1/YBbIU.)
Corr, Constr He 3a7eHCTBOBAHEI.

IRF — 0 unu 1(co31aTh MHCTPYMEHTANBHBIN (aiin).

U V W Z Eta0 X rnobanpHble MTpo(UIBHBIE TApaMETPhI, KOTOPHIE OTPEACISIOTCS
CJICAYIOIHUM 00pa3oM -

pV(x) = Eta*L(x) + (1-Eta)*G(x)

pV(x) — nceno-BoiiT ¢pyHKuMs

L(x) — dynknus Jlopenna; G(x) — yukuus ["ayca

Eta = Eta0 + X*20; X =20-20 bpar

FWHM = SQRT((U*tan® + V)* tan® + W) +Z/cos®

0 — puxcupymsIii mapameTep
1 - yTouHsieMbli TapaMeTep
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Kax BUIHO M3 JaHHOTO PUCYHKA, Pa3IOKEHUE TaJIEKO OT HICATbHOTO U €0 CIeAyeT

=>TITLE:

Mghl2O4=s_ FPF . XRF:
Tobs
Yealc
Tobs-Voalc

_ Background_points

| Bragg_position
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e} A - ot
f |
1 1 1 L L L L L 1 L L L L L
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26 (%

IPOJIOJIKHUTD, BKJIIOUYMB B YTOUHEHHE NPO(UIBHBIC TapaMeTphl, a TAKXKE MapamMeTpsl GoHa.
JI71s1 5TOTO B COOTBETCTBYIOIINX MO3UIUSAX BHOBb CO3/IaHHOTO (haitna umsi_PF.new 3ameHum

HYJIH, UAYIINE TI0CJIe YTOUYHSAEMOro ITapaMeTpa, Ha €JUHUYKH, UCIIOJIb3Ys OOBIUHBIN
TEKCTOBBIN peaaKTop, coxpanuM nanubii ¢aitn. Ha UJI Beidoepem Calculation 3atem Fit

with CWL.pik/.new BriGepem daiin MgAI204_PF.new u npBeaeM MOBTOPHOE YTOUHEHHE.
Pe3ynbraT Ha cieqyiomeM pucyHKe:

1100

900

500

300

Intenyity (arb. units)

100

-100

-300

=> TITLE: MgAI204s.dat

A i

Mgal204s FF.ERF

Tobs

Yoalc

Tobs—Ycalco
Background_points

Bragg_position

=

80 100
28

120

=
=

A COOTBETCTBYIOLIUI JaHHOMY PUCYHKY KOMaHIHbIHN (paiiin BBITTISANUT CIAEAYIOMNUM 00pa3oM:
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=> TITLE: MgAI204s.dat
! Ang_init Ang_fin Nbac Npeak Ncyc Inte Inst Jobt Cont Weight Corr Constr Percent IRF
6.0000 125.6500 9 31 99 0 1 2 0 0 50 o0 0 1
0.000000 0.000000 <= Lambdal & Lambda2
! Global Profile Parameters:
0.000000 0 <=Kalph2/Kalphl ratio & Flag

0.000000 0 <= Asymmetry parameter(S L) & "
0.000000 0 <= Asymmetry parameter(D L) & "
0.207364 1 <= Parameter U & "
-0.216576 1 <= Parameter V & "
0.112573 1 <= Parameter W & "
0.000000 0 <=Parameter Z & "
0.339052 1 <= Parameter Eta0 & "
0.000050 1  <=Parameter X & "

! Background Parameters:

! 2Theta/TOF/Energy Background Flag
6.0000  28.7684 1
23.5500  18.6815 1

41.6500  20.2501 1
1052000  25.0959 1
125.6500  24.3232 1

! Reflection Parameters:

! 2Theta Intensity Shift-FWHM  Shift-Eta Flags
15.110031 11.63  0.000000 0.000000 0 1 0 O
24.787725 29.27  0.000000  0.000000 0 1 0 O

120.641235 48.68  0.000000  0.000000 0 1 0 0
! Chi2= 243242

VYTouHsIeMble TapaMeTpPhl YaCTO KOPPEIUPYIOT, IIO3TOMY HE CTOUT YTOUHSTH BCE
nperonaraeMble Uil yTOYHEHHS TapaMeTphl OTHOBpeMeHHO. [Ipy BBeIeHHH HOBBIX
apaMeTpoB CIIEAYET CIEANTh, YTOOBI KOHBEPICHIUS JOCTHTAIach M 3HAYEHUS N3MEHEHHBIX
napamMeTpoB ObUIH pa3yMHBIMU. Harmpumep, B iporiecce BBIIIETIPOBEACHHOTO YTOYHEHUS
napametep Z, a Takxke takue napamerpsl kak  Shift-FWHM  Shift-Eta nHe yTounsmucs,
MIOCKOJIBKY TIOMBITKA MX YTOUHEHHS HE TIPUBOJUT K YIyYIICHUIO YTOUHEHHS a, HAIPOTHB,
BBI3BIBAET HECTAOMILHOCTH TpOLiecca YTOYHEHH. B mporiecce mpoBeieHHOM MpoLeayphl
CO3Ar0TCS cleaytomue Gaitibr:

MgAI204s PF.new — BXOmHOM (hails ¢ yTOUHSIEMBIMH TTapaMeTPaMH.
MgAIl204s PF.out — pe3ynpTar npouenypbl yTOUHEHHS.

MgAI204s_PF.ref — yrounenHbie mpopHIbHBIC TAPAMETPHI BCeX OTPAKECHH.
MgAI204s PF.xrf — BbluncieHHble 1 HabI0gaeMble IPopuIIn.

Kpowme Toro, nanHas mpoiietypa mo3BoJiseT co3aath (aili, coaepkamuit
WHCTPYMEHTAIBHYIO (QYHKITHIO.

9a) Kak co31aTh MHHCTPYMEHTAJIbHYI0 (PYHKIHIO?

Jnist co3maHust ”HCTPYMEHTAIbHOW (DYHKIIMHA HEOOXOIMMO TIPOBECTH YTOUHEHHE
TU(pakTorpaMMbl TecTOBOro odpasua (06br4Ho 310 LaBs, Si umu cnenuanbHbeIM 00pazom
MOJIrOTOBJICHHBI MHOK 00pasell, B KOTOPOM 3aBEJOMO OTCYTCTBYET yITUPEHHUE
JU(PPaKLIHUOHHBIX MMKOB, BHI3bIBAEMOE pa3MepaMy YaCTHIl WK BHYTPEHHUMHU
HanpspkeHusIMH ). [1o BeIeyka3aHHOM MpoIielype | Mociie yTOYHEHus B (aiiie *.new 3a1athb
ko 1 arxe mo3unuu ¢ KogoBeiM ciioBoM IRF.

MBI TOCTPOMM WHCTPYMEHTAIBHYIO (DyHKIHIO Ha ocHoBe MgA1204s u OyiemM HCIob30BaTh
ee B JanbHeimeM npu padote ¢ nanasiMu MgAI204b. TIposeaem nuki yrounenus (IRF =1),
B pe3yJIbTaTe KOTOPOTO HAPSAY C YETHIPbMS BBIIIIE HA3BaHHBIMU (aiiiaMu OyJeT co3/1aH
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daiin ¢ pacuupenueM *.irf. [[ist oopasma MgAI204s daiin, comepkamuit
UHCTPYMEHTaIbHYI0 QyHKIHIO (HazoBeM ero mgal.irf) BRILISIUT ClieayIomuM o0pasom.

! My resolution function: 2theta(deg.) HG(deg.) HL(deg.)
! <<== include number of points in the following list
! resulution function mgal204 s

31
15.110031 0.251029 0.080800 0.000000 0.000000
24787725 0.232333  0.074922 0.000000 0.000000

108.947517 0.393275 0.128886 0.000000 0.000000
118.342079 0.487318 0.159993 0.000000 0.000000
120.641235 0.515199 0.169221 0.000000 0.000000

Ero cnenyer orpenaktupoBaTh U1 ucnonb3oBaHus B nporpamme FullProf. Crpok ¢
KOMeHTapusaMu (!) TOHKHO OBITh TPH (KaK yKa3aHO BBIIIE, H3HAYAJIBHO IPOrpaMMa Co3aeT
OJIHy CTPOKY), 3aTEM MJIET CTPOKa, coiepxkKallias Yucio orpaxkeHuil (31 B Hamiem ciayyae).
Cronbupl ¢ HyIsIMH He00X0aAUMO yOpaTh. B uTore kaxaas cTpoka COJepKHUT 3HAaUEHUE yria J[Ba
teta (rosioxxenus nukos) ['aycca (HG) u Jlopenna (HL) komnonentst FWHM.
HG*=U*tg@®’+V*tg® + W
HL=X*tg®+Y/cos® + Z

10) FULLPROF.

Hast padorsl mporpammbl FULLPROF Heo0xoaumo aBa ¢aiiia — daiia
IKCIMIEPUMEHTAJILHBIX JaHHBIX MMs.dat 1 KOMaHAHBIN Gaila uMs.pcr.

10a) Kak noaroroBuTh KOMaH/AHbIN ¢aia *.pcr ?

Dait1 umsi.per.

He cnenyer co3naBate BBomHBIN Gaiin “c Hys . [Tonb3yiTech b0 ¢aiiaoM, co3raBaeMbIM
porpaMMaMHu I10 OIpeeNICHHUIO apaMeTpoB anemenTaproii siueiiku (DICVOL, TREOR), nu6o
T00BIM paboTaronuM (To ecTh (paityioM ¢ pacmmpenrueM *.pcr, KOTOpbIit ObLIT MpOBEpeH
nporpammoii FullProf), rae 3amenuTe He0OX0AUMBIE TApaMETPHI.

O6patumcs k daitiry MgAI204s_1.per u3 nupexkropuun MgAI204s , co3manHOMY B TIpoliecce
OIpeZieNIeHUs TapaMeTpOB AIeMEeHTapHOH sueiiku nporpammoi DICVOL. ®aiin BeirisiauT
CJIETYIOINUM 00pa3oM -

®aiin 10a_1

COMM WDICVOLO04 solution (Automatic generated PCR file)
!Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
1 5 1 48 2 0 1 1 o 01 00 O O O O O 1
!
!Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 Syo Prf Ins Rpa Sym Hkl Fou Sho Ana
o 6010 10 0 0 0 3 10 o0 -2 0 0 0
! >>> WARNING: Is there a single wavelength or a K-alpha doublet? <<<
! lambdal Lambda2 Ratio Bkpos Wdt Cthm muR AsyLim Rpolarz
1.227000 1.227000 1.0000 40.0000 7.0000 0.0000 0.0000 30.0000 0.0000
!
INCY Eps R.at Ran R pr R gl Thmin Step Thmax PSD Sent0
10 030 1.00 1.00 1.00 1.00
!
! >>> WARNING: Select manually background points to improve the quality of the background <<<
! 2Theta/TOF Background
8.250  30.000
10.200  24.333
11.700  22.333
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15.550  20.667
116.000  23.333
119.700  28.333
122,700  22.333
123.450 17.333

! >>> WARNING: Extend the angular range to the whole measured pattern <<<
! Excluded regions (LowT HighT)
0.00 4.56
131.19  180.00

0 !Number of refined parameters

!

! Zero Code Sycos Code Sysin Code Lambda Code
0.0013 0.0000 0.0000 0.0000 0.0000 0.0000

!

phase 1:
!

!Nat Dis Mom Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More
0 0 0 0000002 0090 O 000 05 0
! >>> WARNING: The following space group corresponds to the Laué group <<<
! >>> in the crystal system that has been found by WDICVOLO04. Please check <<<
! >>> carrefully possible extinctions and Bravais lattice to find the <<<
! >>> correct space group. <<<
Pm3m <--Space group symbol
! Scale Shapel Bov Strl Str2 Str3 Strain-Model
.10000E-03 0.25 0.0000 0.0000 0.0000 0.0000 0
0.00000 0.00 0.00 0.00 0.00 0.00
! U \% W X Y GauSiz LorSiz Size-Model
0.0080 -0.0080 0.0090 0.0000 0.0000 0.00000 0.00000 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00
! a b c alpha beta  gamma
8.082600 8.082600 8.082600 90.000000 90.000000 90.000000
0.00 0.00 0.00 000 0.00 0.00
! Prefl Pref2 Asyl Asy2 Asy3 Asy4
1.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00 0.00 0.00 0.00 0.00 0.00

! HHq)OpMaI_II/IOHHBIC CTPOKHU HAYMHAKOTCA C BOCKIIMIATCIIBHOI'O 3HAKA.

IHocraBum 3agauy.
[ToaroroButs (aitn *.per aisa nonHonpoduiasHOro (Jle-beitn) yrounenus napameTpos
JJIEMEHTApPHOU STYEHKHU.

OnuieM (M UI3MEHUM MPU HEOOXOAMMOCTH MX 3HAUCHHUS) TE€ KOJOBBIE ClIOBa B (haiisie *.pcr,
KOTOpBbIE MOTPEOYIOTCS [UIs1 BBIOJIHEHHSI TOCTABICHHOM 3aaun. 3aMeHseMble HaMU
3Ha4YeHHS KOJOBBIX CJI0B B (aitsie 10a_1 BbIAETICHBI KPAaCHBIM IIBETOM.

1) TlpocrpancTBeHHas rpymma 3aaana kak P m 3 m. B ngetictBurensHocTr ona F d 3 m.
3amenum. U nonpoOyem 3aIryCTUTh POrpaMMy C JaHHBIM BXOJIHBIM ¢aitiom. Jlns
storo BbizoBeM Ha WJI nporpammy FullProf, nBaxas! kiaukHyB 1KM Ha MKOHKY ¢
kpacHbiMH OykBamu FP. [Iporpamma norpeOyer ykas3aTb, 0 KakoM *.per aiine uaer
peub (HalauTe ero B COOTBETCTBYIOIIEH TUPEKTOPUN), U 3aTeM MOTpeOyeTcs yKa3aTh
ums Qaiina nanaeix (*.dat). [Tocne sToro nporpamMma enaer 3aaHHOE YUCIIO LIUKIOB
(3nauenue kogooro cioBo NCY) u ocranaBnuBaercs. Ha MoHUTOpE KapTHHKA
CJIEZYIOLIETO BUAA:
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WDICVOLO04 solution (Automatic generated PCR file) CELL: 8.08260

290 T e L m e e e e LA s s ey
1300 | ngalZods_1.FRF: -

B . Tobs ]

1700 —  ealc 4

N PR Yobs-Ycalc 7]

B Eragg_position ]

1100 — -

- N ]
.‘§ - -
= B _
= B _
= 500 [ -
= B 1 1 ]
:5- [~ L 1 P | JJ ' i i .
g 100 ¢ | I N N A A 7
= - ]
= N ]
700 F | } W f|‘ iT iTiiu" 1 i ~'T A ]
-1300 0 F .
-1900 | Z
_2500 1

0 20 40 60 80 100 120 140

26 (%)

VYBenmuuenHas o6acts (37>20>27) dparmenTa nudpakTorpaMMbl BRITIISIUT TaK:

WDICVOLO04 solution (Automatic generated PCR file) CELL: 8.08260

2000 E ngalZods_ 1. PRF E
- N Yobs ]
1600 | Yoalc .
: _ ob=-Yoalc ]
1200 - agg_position ]
:-.i_\ - ]
' s0 E .
e » ]
£ o ]
& w0 [ .
.g. N .
] I~ . 5 B
‘::‘ 9 o - P s ]
= C ]
400 | 3
800 | E
1200 R .
1600 L =
282 291 300 300 318 327 336 345 354 363 372

26 (%)

BuaHo, 4TO MoI0KEHNE MAKCUMYMOB SKCIIEPUMEHTAIBHBIX U TEOPETUYECKUX NTMKOB COBITA/IAOT
HEIUI0XO0, HO PO MUKOB JAJIEKH OT UJICATbHOTO.

[ToBTOpHUM mpoueaypy yrouneHusi. Huuero He MEHs€TCs, 4TO HE YAMBUTEIIBHO, IOCKOJIBKY
HUYETro He yTouHseTcs. [1on0KeHne MMKOB pacCUUTHIBACTCS U3 TAPAMETPOB dJIEMEHTAPHON
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aueiiku, onpeaeneHHbx nporpammoit DICVOL (1, moxoske, HETI0X0 ONPEEIeHHbIX, CY/ I IO
MOJIOKEHUIO TEOP. U IKCII. MAKCUMYMOB), a IPO(QHIIb TEOPETUUECKOT0 MUKA BBIYUCISAETCS U3
3HAYEHUM 10CTAaTOYHO MPOU3BOJIBHO 3aJaHHbIX TapaMeTpoB U V W.

100) Kak 3agaBaTh B BOAHOM (aiijie uMsi.pcr, KaKue napamMeTpbl YTOYHATh, 4
KaKHe HeT?

Kaxxnprit yrounsemMblii mapamerep B (aiisie *.pcr mpencraBieH IByMs YUCIaMH — COOCTBEHHO
3HAYeHUe YTOUHSIEMOTO MapamMeTpa 1 Koj (YTOUHSTh / He YTOYHSTh), PACIIOIIOKEHHBIN TH00
cpa3y 3a 3HaYCHHEM YTOYHSEMOTo MmapameTpa 100 MoA HUM. YKa3aHUe ymOoYHAmMb 33aeTCs
mudpont 11.,21.,31.,41., ut.4. To ecth 10n+1*, e n 1,2,3 u 1.71..
VYkazanue He ymounams xosiom - 160 0.0 mu6o 10n.
U emte. B ctpoke BBogHOTO (haiina *.per

0 !Number of refined parameters (k0/1-cCTBO YTOUHsIeMbIX IAPAMETPOB)

CJIeyeT 3a/1aTh KOJUYECTBO YTOUHIEMBIX MTapaMeTPOB.
JIomKHO OBITH CTPOTOE COOTBETCTBHE MEXKIY KOTMYECTBOM YTOYHSIEMBIX ITaPaMETPOB H
3HaueHusiMU Ko0B. (ITapamerep Aut = 0, cM. HUKe). HecoOmoaeHne 3Toro COOTBETCTBUS
BBI30BET COOM B MporpaMme.

JomyctuMm, BBl yTOYHSIITH HEKOTOPBIE 6 mapaMeTpoB. Cre10BaTebHO, 3HaU€HUS KOJIOB OBLITH
11.,21.,31.,41.,,51., 61., KOTU4IECTBO YTOYHSIEMBIX MTapaMeTPOB OBLIO 3a/1aHO O.

3aTem BaM MOHAA00MIIOCh YTOYHHUTH TOJIBKO JBA U3 HUX, TOMYCTUM 3-i 1 6-0i. [IpaBunbpHas
yctanoBka konoB 10. , 20., 31., 40., 50., 61. KonuuyectBo yrounsembix napamerpoB NCY
JIOJDKHO OBITh 33J1aHO KaK 6, HO YTOUHSITHCS OYIyT TOJIBKO JBa — TPETHUH U IIECTOM.

JIn6o xe BbI 3apaere koAbl 0., 0., 11., 0., 0., 21. ¥ KOTUYECTBO YTOUHSIEMBIX TAPAMETPOB
JIOJDKHO OBITh 33J1aHO PaBHBIM 2. — T€ K€ TPETUH U MIECTOM MapaMeTphl OyAyT yTOUHSATHCS.
[Tpomycku B mocae10BaTENbHOCTH KOJIOB — omnOKa. Hanpumep, mpu 3a1aHHOM KOJTUYECTBE
YTOUHSIEMBIX TTAPAMETPOB 6, MOCIEAOBATEIILHOCTH KOJIOB

11.,21.,41.,51.,61.,71. wu 21.,31.,41.,51.,61.,71.wmu 11., 21.,31., 41., 51. - BenyT k cOor0
B paboTe MpOorpaMMBl.

* Ctporo roopsi, npaBuibHee ObUT0 Ob HanucaTh 10n+/a/, re a ot 0 go 1 onpenenser
BEITMYMHY CIIBUTa MIPU YTOYHEHUH MapaMmeTpa. Yem MeHbIIe a, TEM MEHbIIE caABUT. 0-HET
yTOYHEeHHs. B mpakTuke STUM CBOWCTBOM MPUXOIUTCS MOI30BAThCs peako. OaHaKO
mporpamMMma B HEKOTOPBIX CJIydasiX B aBTOMAaTHYECKOM PEKHMME YMEHBIIIAET 3HaUYEHUE a, €CIn
3HAUEHUE YTOUHSEMOTO MapaMeTpa CTPEMUTCS K HEPa3yMHOMY 3HAUEHHUIO.

10B) CMBIC/JI HEKOTOPBIX KOAOBBIX CJI0B (KOMAaH/).

B pamkax 1aHHON METOAMKHU MbI HE CTaBUM 33]1a4y PaCCMOTPETh BCE KOMaH/IbI U JJa)Ke BCE
BapHalll{ PacCCMaTPUBAEMBIX KOMaHJI, €CJIU 3TO PACCMOTPEHHUE BBIXOJUT 32 PAMKH
paccMaTpuBaeMbIX HaMU 3aj1ad.

[Tpu HEOOXOIUMOCTH HCCIIEA0BATENb BCET]a MOKET OOPATUTHCSI KO BCEOOBEMITIONIEH
WHCTPYKIUU aBTOPOB MPOTPAMMBI, €CJIH MOSBITCS BOIPOCHI U 33J]a4H, KOTOPbIE HEJb3sI PELIUTh
Ha OCHOBE ONKMCAHHBIX B JAHHOM MHCTPYKIIMU BO3MOXKHOCTENH. Kpome Toro, HeKoTophie
BO3MO>KHOCTH, 3aJI05)KEHHBIE B KOMILJIEKCE — PEIICHUE CTPYKTYP MO HOPOIIKOBBIM
TUGPAKIIMOHHBIM TaHHBIM WM YTOYHEHHE MATHUTHOTO YHOPSAOTOUYEHUS B KPUCTAJUTMUECKON
CTPYKTYpe — TpeOYIOT JOCTaTOYHO OCHOBATEIHHON TEOPETHUECKON MOATOTOBKH, BHIXOSIICH 3a
npeJiebl HOArOTOBKU CTYJIEHTOB XMMHUYECKOro (-Ta.

PaccmoTtpum cTpoky u3 BBoaHOrO (haitma 10a_1

!Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
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Job =1 — 03HauaeT, 4T0 UCMONB3YIOTCA HEUTPOHOTpaUUECKHE JaHHBIE.
0 — peHTr€HOBCKHUE.
Npr = 5 — y1st anmpoKcuManuu MPo(UIs UCTIONb3yeTcs MCeBa0-BoiT
(p-V) dyHkuus.
= 6 -[Iupcon —VII pyHkus.
=7 —p-V ¢ynxuus B npubnmxennn TCH (5) (Haubonee yHuBepcanbHas GyHKLIUSA, IS
KOTOPOH CO3/aH ammapar UCTI0Ib30BaHUS HHCTPYMEHTAIBHON (DYHKITUH ITPH OTIpeIeIICHUN
MHUKPOCTPYKTYPHBIX ITapaMeTPOB).
= Bcero 6onee 10 pyHKIMIA.
Nph — uucio a3 (ue 6onee 16).
Nba — ecmu N>2 , To nuHeiiHas HHTEpHOSALUs GoHa 1o N Toukam.
= 0 — annpokcumanus ¢poHa MOJTMHOMOM 6-TO MOpsIKa.
= IPeIyCMOTPEHBI U APYTUE BO3ZMOKHOCTH.
Nex = 4HcI0 UCKITIOUEHHBIX U3 YTOUHEHHsI 00JacTel 3KCIepuMEeHTaIbHOIO MacCHBa.
Aut —
=0 ynpaBieHHe KOJJaMH MTOJIHOCTBIO B pyKaX UCCIIe10BaTeIsl.
=1 aBTOMaTH4YecKast 00pabOTKa KOJOB.
Ilo — yka3pIBaeT Ha TEOMETPHIO ChEMKH TU(PAKTOIPaMMBI.
= 0 crangaptHas bparr-bpenrano reomerpus.
= 1 cpemka Ha miIockyto kaccery (PSD — reomerpus).
= 2 reometpus Ha npocseT (LllToe-reomerpusi.)
= 3 CUHXPOTPOHHOE U3JTyUCHHE.
Nor — 1Be QyHKIMH, yIUTHIBAIOIINAE TEKCTYpUPOBaHNE 00pasIia.
=0 wm 1
Res — yka3pIBaeT, eCTh JIM M B KAKOM BUJI€ MHCTPYMEHTAIbHAS (DyHKITHSL.
= (0 HeT UHCTPYMEHTAIbHON (QYHKIIHH.
= 4 uHCTpyMEHTaJIbHas (PYHKLUS B BHJIE, CO3aBAEMOM IPOLETY POt
fitting, paCCMOTPEHHOM BBIIIIE.
(2theta(rpan) HG(rpan.) HL(rpan.)).
Uni — equHMILIBI, B KOTOPBIX IpeACTaBiIeHa AudpakTorpamma.
=0(20)
PaccmoTpum crienyromnyto cTpoky u3 per (daiina:

Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 Syo Prf Ins Rpa Sym Hkl Fou Sho Ana

Ipr — KOHTpONMUPYET 3aNMUCh UHTETPAIbHBIX HHTEHCUBHOCTEH.
=0 HUKaKUX JEUCTBUIl.
=1 npoduibHbIe UHTErpaIbHble MHTEHCUBHOCTH 3aITUCBIBAIOTCS B (paiis ums.out.
= eCTb JPyTUe BO3MOXKHOCTH.
Prf — kon, onpenensironuii popmMaT KAPTHHKU — SKCIIEPUMEHTATBHOU U
TEOPETUYECKON TU(PAKTOrpaMM.
=1 dbopmart, npuroausrit ;s WinPLOTR.
= eCTb JPyTUe BO3MOXKHOCTH.
Ins — yka3siBaeT, B kakoM popmare 3anucaH ¢aiin nms.dat
=10 - XY ¢dopmar.
= €CTb JApPyTHEe BO3MOXKHOCTH.
Hkl — ¢opmats! BeIBoAa qaHHbIX B (aiin nms.hkl.
=4 - hkl F2 o(F2).
Fou- 3anuck B onpeaeneHHOM dopmare A BBIXOAHOTO (aiina ums. fou
=2 dopmat ansa nporpammel SHELX.
Per -





= 1 ums.pcr Qaiiln nepenuceiBaeTcs Mocjie yTOUYHEHHUS.
= 2 (pekoMeHIyeTcs) ums.per (paitn coxpaHseTcs, a yTOUHEHHbIE JaHHbIE EPENUChIBAIOTCS
B (hailn uMs.new.
Caenymomas cTpoka
! lambdal Lambda2 Ratio Bkpos Wdt Cthm muR AsyLim Rpolarz

Bkpos — 3agaeT HauanbHOE 3HaUeHUA yTia 20 npu annpokcuManuu (GoHa MOJIMHOMOM

Wdt — 3anaer obmacts nuka B eauauIax FWHM (06s1uno 4 s Mayccuana u 20-30 mist
Jlopennuana).

Caenywuiasi CTpoka
INCY EpsR atR anR prR gl Thmin Step Thmax PSD Sent0

NCY — 4uciio HuKIOB TPy YTOYHEHHH.

R atR anR prR gl - BenuuuHbl, onpeAesonye CABUT MapaMeTpa Mpyu yTOUHCHHUH.
3HaueHue MeHbllIe | yMeHbllIaeT BeIMUnHy caBura. [lone3Ho npu HEycTOiUNBOM YTOUHEHNUH,
IIPU CUJIBHO KOPPEIUPYIOIIUX MapaMeTpax.

R _at oTHOCUTCS K aTOMHBIM IIapAMETPAM.

R an oTHOCHUTCS K aHU30TPONHBIM MapaMeTpaM (TEIIOBBIM KOJIEOAHUSIM) aTOMOB.

R _pr oTHOCHTCS NPOPHUIBLHBIM TapaMeTpam.

R gl otHOCHTCS K ri100anbHBIM apaMeTpam (CABUT HYJIA, TapamMeTpsl (JoHa U T.11.).

Caenymwomasi cTpoka
! Zero Code Sycos Code Sysin Code Lambda Code

Zero — CIBUT TIOJIOXKEHUS Havaia oTcyera Au(pakTorpaMmel.

Sycos Sysin - cucrematuueckue 20 CABUTH COS WU Sin 3aBUCUMHUOCTEH, OTpakaromue
CABUT 00paslia WM CTENEeHb MTPO3PavYHOCTH 00pa3iia Mpu CheMke Ha ®-20 nudpakToMeTpax.

Code — onpeaenser yrounsats (10n+1; n=1,2...) unu Het (10n; n= 0, 1,2....) naHHBIN TapameTp.
Caenywuasi CTpoka
!Nat Dis Mom Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More
Nat — KoIM4ecTBO BKIIOUEHHBIX B *.pcr (haitsr aToMOB.
Pr1 Pr2 Pr2 — nHanpasieHue NPEUMYILIECTBEHHON OPUEHTALIMHA KPUCTAJIIIUTOB.
Jbt — MeTo 06paboOTKM TUPPAKTOTPAMMBEL.

= 0 ucnons3yercs mero] Pursenbaa.

= 2 mosHONP(QHUIFHOE PA3JIOKEHHUE C IIOCTOSHHBIM ITKAIBHBIM (haKTOpOM

(LeBail)

= 3 (PUTTHUHT OCYIIECTBISAETCS] YTOUHEHUEM ILIKAJILHOTO (paKTopa.

Irf- xoHTpOnUpyeT co3aanue (daiina pedaeKcoB MPU YTOUHEHUH, WU UCTIONIB3YETCS CIIUCOK
pednekcos u3 daiina.
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= 0 crincok peaeKcoB aBTOMaTHYECKH CO3AETCSI, HICXOAS U3 IIPOCTPAHCTBEHHON TPYIIIIHL.
= 1 ciiucoxk hkl u kpaTHOCTB OTpaskeHus unraercs u3 ums.hkl ¢aiina.
= eCTb JAPYTUe BO3MOKHOCTH

Npr — 3aaaet BuJ npopHIbHBIN (YHKIIHH.

= 5 nceno-Boiit pyHKIMsA

= 7 ncesno-Boiit B mpubmmkennn TCH. Hanbonee ynusepcanbHas
(GyHKUUsA, U151 KOTOpOH pa3paboTaH anmapar UCIOIb30BAHUS
UHCTPYMEHTAIbHON (PYHKIIMU ITPU ONPEIEICHUN MUKPOCTPYKTYPHBIX
IapaMeTpoB.

= MHOTO JPYTHX (YHKIWH.

ATZ — k03¢ HUIHEHT 1715 BBIYUCICHUS POIIEHTHOTO COJICPKAHUS JaHHOU
dazbl.

ATZ= Z*M*f/t

Z — 9ncio GopMyJIbHBIX €IMHULL B STUEHKE

M, — MOJIEKYJISIpHBIN BEC

f=1 ecau KpaTHOCTb aTOMa ONpPEESIETCS KaK OTHOILIEHUE

m/M (KpaTHOCTb YaCTHOM MO3HIIMH HA KPATHOCTH OOIIEH)

t Bpunmiu koapunuent. Eciu pazHbie pas3bl HE CHIIBHO
pas3In4aroTCs MO CTETEHH MOTJIOMIEHUS PEHTTEHOBCKUX
ay4de, To t=1

More - ecnu =1, TO 3a JaHHOW CTPOKOM BBOJUTCS HOBasi CTPOKA KOJOB.

Crenywmas cTpoka

Pm3m <= CUMBOJI IPOCTPAHCTBEHHOU TPYIIIIBI
Caenymwomas cTpoka

! Scale Shapel Bov Strl Str2 Str3 Strain-Model

Scale - IlIkanbHbIi hakTop.
Shapel — npodunbHsiif mapametep 1 (ecinu Npr = 4,5) u m (ecnu Npr=6).
[Ipu Npr =7 He ncnonb3yercs.
Bov - oOmuii TernaoBoi mapaMeTep MOJIEKYJIIbI B A%
Strl  Str2  Str3 - nmapaMerpsl HanpsKeHUs, onpeneisemsle uepes noanporpammy STRAIN.
Ecnu Str = 1, Bce Strl,2,3 npupaBHUBAIOTCS HYJIIO.
Strain-Model — L{enoe uncio, KOTOpoe 3aJaeT MOAeJIb pacueTa HallpsHKEHUS.

Caenywuiasi CTpoka

o=

U A\ \%\% X Y GauSiz LorSiz Size-Model

U, V, W — yrouHsieMble IIapaMeTphbl, ONPEACIIAIONINE U3MEHEHHE IOy IIUPUHBI ITHKA C
M3MEHEeHHEM yriia 0.
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X — M30TPOIHBIN BKJIAJ JIOPEHILIMAHA B pacyeT HaNpspKeHUs yacTuil. Npr=7.

Y - M30TpOIHBIN BKJIAJ JOPEHIIMAHA B pacyeT pazMepa yactul. Npr=7.

GauSiz - u30TponHbIN BKJIaJ rayccuaHa B pacyeT pazMepa YacTHII.

LorSiz — ann3oTponHsIii BKIaa JopeHiuana B pasmep yactuil. Oynkuus F Beraucnsercs
nonporpammoit SIZEF u 3aBucur ot napamerpa LorSiz u hkl.

Size-Model - Pasnnunblie F-¢yHkumn BeIOUparoTCcs B 3aBUCUMOCTH OT 3HaueHus Size-Model

Caenymwomas cTpoka
! a b c alpha  beta gamma - apamMeTpsl JIEMEHTapPHOU SYEHKH.
Caenymwomas cTpoka

! Prefl Pref2 Asyl Asy2 Asy3 Asy4

! Prefl Pref2 - mapamerpsl, onpenesnsionme NpeuMyieCTBEHHYIO0 OPHUEHTAIIHIO.

Al, PA2, PA3, PA4 — nmapaMeTpsl, BIUSIONIKME HA alIITPOKCUMAITUIO ACCUMETPUIHBIX TTUKOB.
[IpumensieTcs s OTpa)KeHU, KOTOPbIE HAXOATCA MPU yrie ©® MeHbIIe
3aJIaHHOTO (CM. K0J10BO€ c10BO AsymLim)

Mp&I paccMOTpenH T0CTaTOYHO MHOTO MHCTPYKITHH, YIIPABISIOMUX pabOTOM MPOTrpaMMBbl
FullPROF. Het HeoOxoaumocTu ux 3anoMuHaTh. ['opa3zno BakHee 3HATh, 32 KAKUMU
MHCTPYKIHUSMH MOTYT CKPBIBAaThCSI BAYKHbIE JUISl PEATU3AI[MY BAILIMX HAMEPEHNU 3HAYEHUS
napameTpoB. Jlpyrumu cioBamu, ipu paboTe ¢ mporpaMMoii He0OX0AUMO UMETh YETKUE
NPECTaBICHUS O TOM, Y€ro Bbl XOTHTE JIOCTHYb, OOpamasich k mporpamme FullPROF.

Ecau ungpopmayuu, uznosicennoi 6 0aHHOM ROCOOUU, HE 0OCMAMOUHO, HL0 C1e0Yem
00pamumbcs K 6ceodvemaouieil UHCMpPYKUuU, HAaRUCAHHOU A6MOPOM RPOZPAMMbL U
pacnonodicenoii ¢ oupekmopuu DOCs (asmomamuyuecku co30aemcs npu_ yCmanogKe
npozpammol FullPof)

O6patumcst BHOBb kK uMsi.per daiiny 10a_1, coznannomy nporpammoit DICVOL. 3amernm
HEOO0XO0IUMBIE TTAPAMETPHI, TIOJIB3YSICh BBIIECU3TI0KEHHBIMU MTOHITHSIMHE, U 32Ty CTHM
nporpammy FullPprof. Kakue mapamerpsr npumiocs 3amenuts? [Ipexae Bcero, cinemyer
3aMEHUTbH MPOCTPAHCTBEHHYIO rpynimy Pm3m Ha Fd3m. 3arem 3amennM npouiibHyIo
dbynkmuio Npr ¢ 5 Ha 7, 9TO COOTBETCTBYET 3aMeHe poduiibHON (yHKIMK p-BoiiTa Ha
npodmisHyio pynkiuo TCH. Ynpasnenue kogamMu (BMECTO aBTOMAaTHUECKOT0) BO3BMEM B
cobcTBeHHBIEC pyKH, 3aMeHUB Aut ¢ 1 Ha 0. 3amenum Taxoke mapamerp Per ¢ 1 Ha 2 1, Takum
00pa3oM, yTOUHEHHBIE JaHHbIE BCeraa Oy IyT MepenuchiBaTCs B HOBBIN (hails ¢
pacimpeHreM *.new. JTa 3aMEHa YpE3BbIYATHO MOJIE3HA, TOCKOJIBKY MPH OJTHOBPEMEHHOM
YTOUYHEHUH HECKOJIbKUX KOPPEIUPYIOLIUX TapaMeTPOB 3HAUCHHS MOCIETHUX MOTYT MPUHATD
HEpa3yMHbIe 3HAUEHHUs, YTO MPUBOAUT K HEYIPaBIsIEMOMY MPOLECCY pazdpoca U OCTAIbHBIX
napaMeTpoB, U BCS MPOIelypa YTOUYHeHUs ponagaeT. YToObl He BO3BpalaThes K
YTOYHEHHIO C CaMOT'0 Hauaja, a UMETh BO3MOXKHOCTh BEPHYTHCA K TOUKE, C KOTOPOU Havascs
pa3bpoc, pazyMHO 00pa30BBIBATh (aiiyl C yTOUHEHHBIMHU JTAHHBIMH (MMS.NEW ), TIPU 3TOM
UCXOJHbIE TTapaMeTpPbl OCTaBJISAS HE TPOHYTHIMU. Eciiu mocie oyepeiHoro sTana yToUHEeHHUs
BCE B MOPSJIKE, TO JUIA JaJIbHEHUIIET0 yTOYHEHUs oOpalnaiTech K (aiiry umMmsi.new.
[Iporpamma 3anmpocuT pa3pemieHus IepeuMEeHOBATh TaHHBIN (DAl B UMS.PCT B MIPOJIOTKUT
paboty, co3aas mocie npoxoxaeHus 3aaanHoro (NCY) KonudecTBa IUKIOB YTOUHEHUS
HOBBIN (paiin HMs.new.
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10r) B xakuii mocJjie10BaTeILHOCTH cJelyeT MPOBOAUTH YTOYHEHH e
napaMeTpoB?

Ecmu peus unet o yrounenuu 1o Jle beiny (4), To mocienoBaTenabHOCTh MOXKET ObITh
N D14%20)11(578

1) YTouHeHue HyJIeBOM TOUKH JIETEKTOPA.

2) [Tapametpsl pona (ITpu UCTIOIB30BAaHUH TIOJMHOMA — B Havasie Ko puiueHTs! 1-ro wim,
MaKCHMYyM, BTOPOT'O IIOPSIKA).

3) [TapameTpsl ssuekKm.

4) [IpoduiibHBIE TAPAMETPBHI.

5) MuKpOCTpYKTYpHBIE TTapaMeTpHhI.

IIpu yrounennu no PurBesibay mociie myHkra 3 cjieayeT yTOYHUTH MO3UIHMOHHbIE
napaMeTpbl aTOMOB, 2 HAYHHATH YTOYHEHHE HEOOX0MMO ¢ YTOUHEHUS IIKAJTbHOTO0
(xomoBoe ¢J10BO Scale) ¢pakropa.

B xoHue yrounenus ¢aiia 10a_1 BbIrIsiAuT ciaeaylomuM oopa3om:

COMM WDICVOL04 solution (Automatic generated PCR file)
! Current global Chi2 (Bragg contrib.) =  1.923
! Files => DAT-file: MgAI204s, PCR-file: mgal2o4s_1
!Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
1 7 1 48 2 01 1 0 0100O0 O0O0 O 00O
!
!Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
o010 204 00 31 0 0 210 0 o0
!
!lambdal Lambda2 Ratio Bkpos Wdt Cthm muR AsyLim Rpolarz ->Patt# 1
1.227000 1.227000 1.0000 40.000 7.0000 0.0000 0.0000 30.00 0.0000
!
INCY Eps R at R an R pr R gl Thmin Step Thmax PSD Sent0
10 0.30 1.00 1.00 1.00 1.00 6.0000 0.050000 125.7000 0.000 0.000
!
12Theta/TOF/E(Kev) Background for Pattern# 1
8250 31.667 11.000
10.200 25353  21.000
11.700  24.634  31.000

122.700  23.422  471.000
123.450  15.090  481.000
!
! Excluded regions (LowT HighT) for Pattern# 1
0.00 4.56
131.19  180.00

56 !Number of refined parameters
1
! Zero Code SyCos Code SySin Code Lambda Code MORE ->Patt# 1
0.00484 491.0 0.00000 0.0 0.00000 0.0 0.000000 0.00 0
1

! Data for PHASE number: 1 ==> Current R_Bragg for Pattern# 1: 0.03
!

phase 1:
!

!INat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More

0 0 0 00 00 102 2 0 O 0 0.000 0 7 0
!
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Fd3m <--Space group symbol
o > Profile Parameters for Pattern # 1
! Scale Shapel Bov Strl Str2  Str3 Strain-Model
0.10000E-03 0.25000 0.00000 0.00000 0.00000 0.00000 0
0.00000 0.000 0.000 0.000 0.000 0.000
! U \% W X Y GauSiz LorSiz  Size-Model
0.177609 -0.228261 0.112883 0.117165 0.000000 0.000000 0.000000 0
511.000 521.000 501.000 531.000 0.000 0.000 0.000
! a b c alpha  beta gamma  #Cell
8.083107 8.083107 8.083107 90.000000 90.000000 90.000000
541.00000 541.00000 541.00000 0.00000 0.00000 0.00000
! Prefl Pref2 Asyl Asy2 Asy Asy4 S L DL
1.00000 0.00000 0.07380 0.02611 0.00000 0.00000 0.00000 0.00000
0.00 0.00 551.00 561.00 0.00 0.00 0.00 0.00
! 2Th1/TOF1 2Th2/TOF2 Pattern # 1
6.000 125.700 1

N COOTBCTCTBYCT PA3JIOKCHUIO!

1100

mgalZods_1.FRF:
900 Yob=
Yeoalc

Vobs-Toalc

Bragg_position

300

Intensity (urb. units)

100

ol o

-100

4o i i (T vy
T T t Laae U el

_300 L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L L
100 120 140
28 (%

[=1
(=]
=1
e
f=3
a
=3
=2}
=3

3aMeTuM, 4To Tu(pakTorpaMma He CI0XKHasl, C yCTOHUMBEIM (poHOM. B Takux cirydasx
TydIle 3a/1aTh (POH MOJIMHOMOM, a HE [0 TOYKaM, KaK 3TO CAEJIaHO BBILIE.

Kak 3apatb pon mosuaomom?

Jst aTorO0 3amMeHuM 3HadeHne koioBoro cioBa NBA Ha 0. YOepewm u3 (aiina ums.pcr BCio
UH(POPMALIMIO, OMUCHIBAIOIIYIO (POH IO TOYKAM (TO €CTh YTOJl 1 UHTEHCUBHOCTB), U TIOCIIE
CTPOKH, HAUMHAIOIIENCS KOJIOM Zero, BCTaBUM 3HaueHUs K03((UIIEHTOB MTOJIMHOMA
(HampuMep, TOJIMHOM 6-T0 TopsiAKa OyJIeT coepKaTh 6 MO3UIMIA I YTOUHSIEMBIX
KO3(DMLIMEHTOB U, COOTBETCTBEHHO, IECTh MO3UIUI AJIs1 KOJOB — YTOYHATh-HE YyTOUHATH). CaM
¢aiin mocie yrouHeHus OyJeT BBIMIISIETh CIEIYIOIUM 00pa3oM:

29





10a_1r

COMM WDICVOLO04 solution (Automatic generated PCR file)
! Current global Chi2 (Bragg contrib.) =  2.138
! Files => DAT-file: MgAl204s, PCR-file: mgal2o4s_1
1Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
1P 7 1 o0 2 o0 1 1 OO0 10 O OTO0O O O O0 O
!
!Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
0010204003100-2000
!
!lambdal Lambda2 Ratio Bkpos Wdt Cthm muR AsyLim Rpolarz ->Patt# 1
1.227000 1.227000 1.0000 40.000 17.0000 0.0000 0.0000 30.00 0.0000
!
INCY Eps R at R an R pr R gl Thmin Step Thmax PSD Sent0
10 0.30 1.00 1.00 1.00 1.00 6.0000 0.050000 125.7000 0.000 0.000
!
! Excluded regions (LowT HighT) for Pattern# 1
0.00 4.56
131.19  180.00

12 !Number of refined parameters
1

! Zero Code SyCos Code SySin Code Lambda Code MORE ->Patt#1
0.00476 51.0 0.00000 0.0 0.00000 0.0 0.000000 0.00 O
! Background coefficients/codes for Pattern# 1
20.001 -0.74979  5.2222 -2.2174 _ 0.0000 __ 0.0000
11.000 21.000 31.000 41.000 0.000 0.000

!

! Data for PHASE number: 1 ==> Current R_Bragg for Pattern# 1: 0.02
!

phase 1:
1

!Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More
00 000001022000 0.000 0 7 0
!
Fd3m <--Space group symbol
lommem > Profile Parameters for Pattern # 1
! Scale Shapel Bov Strl  Str2  Str3 Strain-Model
0.10000E-03 0.25000 0.00000 0.00000 0.00000 0.00000 0
0.00000 0.000 0.000 0.000 0.000 0.000
! U \% W X Y GauSiz LorSiz  Size-Model
0.168181 -0.222909 0.111187 0.1282 0.0000 0.000000 0.000000 0
81.000 71.000 61.000 91.000 0.000 0.000 0.000
! a b ¢ alpha beta gamma  #Cell Info
8.083117 8.083117 8.083117 90.000000 90.000000 90.000000
121.00000 121.00000 121.00 0.00000 0.00000 0.00000
! Prefl Pref2 Asyl Asy2 Asy3 Asy4 S L DL
1.00000 0.00000 0.07683 0.02765 0.00000 0.00000 0.00000 0.00000
0.00 0.00 101.00 111.00 0.00 0.00 0.00 0.00
! 2Th1/TOF1 2Th2/TOF2 Pattern # 1
6.000 125.700 1
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10e) Kak nmpoBoauTh NOJHONPO(PUIbHOE PA3JT0KEHHE CIEKTPA IPH
HAJIMYNH HECKOJbKUX (a3?

Ecnu BHUMaTeIbHO mocMoTpeTh Ha nudpakrorpammy MgAI204s , TO MbI 3aMETUM HaJTHMYHE
B Hell HEOOJIBIITNX MAaKCUMYMOB, KOTPOBIE HE OTHOCATCS K CTpyKType MgALOy4.
VYBenuueHHbIN GparMeHT JaHHON AUPPAKTOTPAMMBI:

WDICVOLO04 solution (Automatic generated PCR file) CELL: 8.08312

160

ngg)2ois 1 FRF
obs
calc
100

obs—Vcalc

rage_position

70

40

Intensity (arb. wunits)

-50

N T = T X T T Y IO I

LI DL DL LI L N S O I N O
o
»

50 T T S TP S R S SR R S S S R S S S P
42 45 18
28 (9

=
3
o
e
n

HerpyaHo ycTaHOBUTB, MCXO/1 U3 IPOLIEAYPBI CUHTE3a 00pa3ia 1 0a3bl CTPYKTYPHBIX TaHHBIX,
YTO JJaHHBIE MIUKH OTHOCATCA K oKcuay Maraust MgO. [ Toro uto0bl BBECTH JaHHBIE 110
OKCHJIy MarHusi B a1 MMs.pcr, mpoIie Bcero npoxy0inupoBaTs HHGOpMAIUIO, 3aiCaHHY IO
i ¢asel 1, 1 3aTeM 3aMEHUTh IPOCTPAHCTBEHHYIO rpynmy st MgO —Fm3m, o6HyuTh
3navyenus napamerpa IRF , Nph — konmnyecTBo ¢a3 ¢ eqMHUIBI 3aMEHHUTD Ha 2, U B UTOTE TIOCIIE
yTOuHeHUs (aiia OyIeT BBITIISAAETh CIeAYIOINUM 00pa3oMm:

®Daiin 10e_1

COMM WDICVOLO04 solution (Automatic generated PCR file)
! Current global Chi2 (Bragg contrib.) = 1.705
! Files => DAT-file: MgAI204s, PCR-file: mgal2o4s_1
!Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
1 7 2 0 2 0 1 1 o 0 1.0 0 0 o0 0 O o0 O
!
Ipr Ppl Toc Mat Per Lsl Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
0 0 1 0o 2 0 4 0 0 3 1 0 0 2 0 0 0
!
! lambdal Lambda2 Ratio Bkpos Wdt Cthm muR AsyLim Rpolarz ->Patt# 1
1.227000 1.227000 1.0000 40.000 23.0000 0.0000 0.0000 30.00 0.0000
!
INCY Eps R at R an R pr R gl Thmin Step Thmax PSD Sent0
10 030 1.00 1.00 1.00 1.00 6.0000 0.050000 125.7000 0.000 0.000
!
! Excluded regions (LowT HighT) for Pattern# 1

0.00 4.56

131.19  180.00
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16 !Number of refined parameters
!
! Zero Code SyCos Code SySin Code Lambda Code MORE ->Patt# 1
0.00459 11.0 0.00000 0.0 0.00000 0.0 0.000000 0.00 0
! Background coefficients/codes for Pattern# 1
19.718 -0.74673  5.7005 -2.4987  0.0000 0.0000
21.000 31.000 41.000 51.000 0.000 0.000
!

! Data for PHASE number: 1 ==> Current R_Bragg for Pattern# 1: 0.03
1

phase 1:
!

!Nat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More
0 0O 0 0000 10 2 2 0 O 0 0.000 0 7 0
!
Fd3m <--Space group symbol
lommeee > Profile Parameters for Pattern # 1
! Scale Shapel Bov Strl Str2  Str3 Strain-Model
0.10000E-03 0.25000 0.00000 0.00000 0.00000 0.00000 0
0.00000 0.000 0.000 0.000 0.000 0.000
! U \Y% \\% X Y GauSiz LorSiz Size-Model
0.166706 -0.220467 0.110405 0.127868 0.000000 0.000000 0.000000 0
81.000 71.000 61.000 91.000 0.000 0.000 0.000
! a b ¢ alpha  beta gamma  #Cell Info
8.083118 8.083118 8.083118 90.000000 90.000000 90.000000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
! Prefl Pref2 Asyl  Asy2 Asy Asy4 S L DL
1.00000 0.00000 0.10390 0.03688 0.00000 0.00000 0.00000 0.00000
0.00 0.00 111.00 121.00 0.00 0.00 0.00 0.00

!

! Data for PHASE number: 2 ==> Current R_Bragg for Pattern# 1: 0.54
!

MgO

!

!Nat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More
0 0 0 0000102 2 00 O 0.0 07 0

!

Fm3m <--Space group symbol

| — > Profile Parameters for Pattern # 1

! Scale Shapel Bov Strl  Str2  Str3 Strain-Model

0.11388E-04 0.00000 0.00000 0.00000 0.00000 0.00000 0
0.00000 0.000 0.000 0.000 0.000 0.000

! U \% W X Y GauSiz LorSiz Size-Model
0.166703 -0.22047 0.11045 0.129000 0.0 0.000000 0.000000 0
81.000 71.000  61.000 91.000 .000 0.000 0.000

! a b c alpha beta gamma  #Cell Info

4.220586 4.220586 4.220586 90.000000 90.000000 90.000000
101.00000 101.00000 101.00000 0.00000 0.00000 0.00000
! Prefl Pref2 Asyl Asy2 Asy3 Asy4 S L DL
1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
! 2Th1/TOF1 2Th2/TOF2 Pattern # 1
6.000 125.700 1

@®parMeHT yTOYHEHHON AU(PPaKTOrpaMMBbl BBITTISIUT CIASAYIOUIUM 00pa3oM:
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[Htpuxamu o ocu 20 noka3aHbl TCOPETUUECKH pacuUTaHHBIE (M3 TapaMeTPOB SAUYEHKH,
IPOCTPAHCTBEHHOM TPYIIIBI, JIJTMHBI BOJIHBI U3TYyUYEHHS) TIOJI0KEHUS MAKCUMYMOB OTPayKeHHH
Uit ocHOBHOH (a3sl 1 MgO (BO BTOPOM DALY ).

B npuBenennom Boime ¢aitie 10e_1 cHHUM IIBETOM OTMEUYEHBI KOJIbI, 3HAUEHUS] KOTOPBIX MBI
U3MEHWIH NIpH nepexojie oT (aiina, aBTomaTHuecku co3aannoro nporpammoit DICVOL npu
OIpe/IeNIEHNH MapaMeTpoB AieMeHTapHo! stueliku (10a_1), a kpacHbIM — apaMeTphl, KOTOpbIE
Mbl yTOuHsUIH. Kak BUIHO, HECMOTps Ha OO ycTpalaromuii BUa BXOAHOTo (aiina,
KOJIMYECTBO [1apaMeTPOB, C KOTOPHIMHM HaM IPUIIIIOCH pab0TaTh NPU PELLICHUH 3aaun
IpOQHUIBHOTO PA3I0KEHHs IBYX(a3HOM MOPOLUIKOBOM TM(PAKTOrpaMMBbl, OTHOCUTEIBHO
HebOosbIoe. Bee yTouHsieMble mapaMeTpsl U CTaHIAPTHBIE OTKJIOHEHHS K HUM 3aIllMChIBAIOTCS B
BBIXOJHOH ¢aiin ums.out.

B 3aBepmienue yrouneHus n1Byx$a3Horo oopasna OTMETUM Ba)KHBIE MOMEHTEI.

Koraa Mbl BBoauM BTOpyIo (hasy, KeyaTelbHO 3aaTh Ui Hayala KOJIMYeCTBO YTOUHAEMBIX
napaMeTpOB PaBHBIM HYIIIO, KOJ0BOE coBo Irf - Takxke paBHBIM HyIIIO Ui 00euX (a3 u
IIPOrHATH HECKOJIBKO LIMKJIOB YTOUHEHUs. M muiib moToM mpoBecTH yTOYHEHHE IapaMeTPOB B
HOPsIJIKE, YKa3aHHOM BBIIIIE.

B neiicTBUTENBEHOCTH, Y KaXKI0T0O HCCIIEI0BATENs B IpoLiecce HapaOOTKH OIBbITa MOSIBIISAETCS
cBoe ‘know how’ xak onTUMaIbHBIM 00pa30M MPOBOAUTH MONHONPO(HUILHOE yTouHeHne. U3
0o0IMX MpaBHJI: CIEAYET OTCIIEKNBATh BU3YalIbHO, K KAKMM pE3yJIbTaTaM IIPUBEIIO BBEICHUE B
LIUKJI yTOYHEHHUs TOI'O MJIM MHOTO HOBOT'O MapaMeTrpa. Eciii cX0IMMOCTH SKCIIEPUMEHTAIIBHBIX U
TEOPETUYECKHUX CIIEKTPOB HE HAOII0JaeTcs, TO HEOOXOAMMOCTh BBEJICHHS JJAHHOTO MapaMeTpa B
YTOYHEHHE 1101 OOJIBIIMM BOIIPOCOM. YeM MeHbIIIe yTOUHAEMBIX TapaMeTPOB MPUBOIUT K
JKEJIaeMOMY pe3yJIbTaTy — TeM Jyule. KpoMme BU3yanbHOro aHaiau3a Nporecca yTOUHEHUS
CYIIECTBYIOT U MAaTEMaTUYECKAE KPUTEPUU COTJIACUS TEOPUH U IKCIIEPUMEHTA, KOTOPBIE BCETa
IIPUCYTCTBYIOT IIPH YTOUHEHUH, BBICBEUMBAIOTCSI HA MOHUTOPE B IPOLIECCE YTOUHEHUS U
3aMMChIBaIOTCS B (paiin umsi.out.
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10:x) Kputepuu coryiacusi TeOpeTHYECKOr0 M IKCIEePUMEHTAJIbHOI0
AU(PPAKIIUOHHBIX CIIEKTPOB.

1) Bu3syanonotii.

2) Mamemamuueckue.

B mpornecce noaHONpopUIEHOIO YTOUHEHHS HU)KETTPUBEICHHbBIE KPUTEPUH MIPUBOATCS KaK Ha
9KpaHe MOHHUTOPA, TaK U B (ailyiaX ¢ paCIIMpEeHUEM HMs.sum, nMs.out; EcTecTBeHHO, 4TO, YeM
Jdydlle yTouyHeHue, TeM Huxke 3HaueHus kputepues (GOF cTtpemuTes k 1).
Rp = 100*}, | Yoi- Y | /> Yoi,rne Yo HaOmogaemble, Y - BHIYUCICHHBIC

Y= ZSZIh Q(Ti-Th)-FBi

I = {LAPCF?} , re S- mkansHbIil haxTop, L-pakrop
JlopeHna u monsipu3auuoHHbIN (hakTop, F - cTpykTypHBIi akTop, A- mompaBka Ha MOTJIOIIECHHUE,
P- ydyer npeumyiiecTBeHHON OpHEHTALMH, € - TpopHIbHAs (YHKLUSA
B-¢on.

Ryp = 100*[Xwi | Yoi - Yai | ¥ Y217

Ryexp =100*[}, | n-p | / Zinoiz]l/ * Nl - YKCIIO YTOYHSEMBIX [TAPAMETPOB;
p- UUCIIO TOYEK, YUaCTBYIOLUX B YTOUHEHUH

GOF (S) = Ryy/Rex

2
Av = [Rup/Rexpl” = 8> (v = 2/(n-p); 1 = XWil Yoi - Yel(@)]* , e wi = 1/
o =(a; o203 04... @p)-BEKTOP HAPAMETPOB

Ry, = 100*% [ Ton - Ton |/ X | Ton | Tobsh = Leaten*[QAT-Tu)(Yoi — Boi | / X(Yi-B)]
BBIYHCIIsIeTcs u3 opmyisl Putsenna (B-don, Q —
npodubHas QyHKIUSL

Ry =100%Y | Fop - Fen |/ X | Fon|» Fon=(obsn / L)"%, Ly — Bmiouaer dakrop Jlopema,
Y TIOJISIPU3AIIMOHHBIA (pakTop.

103) Kak mosry4utb Ha00p CTPYKTYPHBIX (PAKTOPOB, MCXOAS M3 YTOYHEHHBIX
HHTErpajJbHbIX HHTEHCUBHOCTEH ?

Jnst pemieHnst HEKOTOPBIX 3a]ad MHOT/Ia HE00X0ANMO M3 HHTETPAIbHBIX MHTEHCUBHOCTEH
HOJYYUTh HAOOp CTPYKTYPHBIX (akTopoB. [lomydyeHHbIe CTPYKTYpHBIE (haKTOPBI MOTYT
UCTIONIB30BATHCS JJISl PEIICHNS CTPYKTYPBI METOAAMH, IPUMEHSEMBIMH B MOHOKPHCTAIILHOM
TU(PPaKTOMETPUN WIIK HCIIONIB30BATHCS MIPU YTOUHEHUH CTPYKTYPHBIX O3UIIMOHHBIX U
TETUTOBBIX MTAPaMETPOB aTOMOB. [IpH BRICOKOI CHHTOHMH U HEOOJIBIIIOM KOJTHYECTBE
YTOUHSEMBIX NTapaMEeTPOB HCIIOIb30BAaHHE CTPYKTYPHBIX (PAKTOPOB OCOOCHHO OBIBACT

3 PEKTUBHO MPU YTOUYHEHNH 3aCEIICHHOCTH MO3HUIIUN aTOMOB, YUUTHIBAsI, YTO PEIICHUE
noA00HOM 3a/1a4K METOI0OM PHUTBenba - BechbMa CIIOXKHAS 33/1a4a, IIOCKOJIBKY IapaMeTphbl
3aCeJICHHOCTH KOPPEIHPYIOT HE TOJIBKO C TETUIOBBIMH, HO U TIPO(PHILHBIMU ITapaMeTPaMHU.

B nporpamme FullProf daiin crpykrypabix paktopos ums.fou (hopmar, mpuroaHslii 1is
nporpamMmmbl SHELX) co3naercst aBToMaTu4yecku, €ciiy 3a7aTh 3HaU€HUE K0J10BOro cioBa Fou
paBHBIM 2 (co3maercs Takxke (aiin mums.ins — BxogaHoi ¢aiin g nporpammsl SHELXS (3)).
KonoBoe cioBo Fou Haxoaurcst B CTpoke

pr Ppl Toc Mat Per Lsl Ls2 Ls3 NLI Prf Ins Rpa Sym HKkl Fou Sho Ana
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Phase no.: 1 phase 1:
111 2215 0.00
2 2 0 43.72 0.00

311 43.89 0.00
8 6 6 57.80 0.02
10 6 0 57.80 0.02
Phase no.: 2 MgO

1 1 1153.76 0.00
2 0 0 101.15 0.06
2 2 010544 0.03

4 4 2 64.09 0.14
6 0 0 128.18 0.29

Ecnu ke BBl XOTUTE MOJIy4YNUTh KBAAPaThl CTPYKTYPHBIX (DAKTOPOB, TO ClIEAYET 3a1aTh
kozoBoe ciioBo HKL (cM. KOMaHHYIO CTPOKY BBILIE) PaBHBIM 4 U BBIXOJHOH (aiin umsi.hkl
OyzeT co3JaH B BHJIC

>Phase no.: 1 phase 1: 58 reflections, N&T: 0 0.00

! SPGR: Fd3m; CELL: 8.08312 8.08312 8.08312 90.00000 90.00000 90.00000
! (3i4,2f12.4,i4,3f8.4) 1.2270 0 O

111 4913183 272771 1

2 0 1915.3835 45.8978 1

11

2
3 1999.2762  26.7893 1

10 6 0 3517.6028 326.3268 1
>Phase no.: 2 MgO 15 reflections, N&T: 0 0.00

! SPGR: Fm3m; CELL: 4.22054 4.22054 4.22054 90.00000 90.00000 90.00000
!(3i4,2112.4,i4,3f8.4) 1.2270 0 0

1 1 1 21906.0664 435.1816 1

2 0 0 10265.8721 759.8724 1

2 2 0 11159.4424 581.5773 1

6 0 0 21118.1152 1873.2832 1
I'me mocrie MHAEGKCOB UAYT KBAJIPAThl CTPYKTYPHBIX (PaKTOPOB.

10u) Kak npoBoauTh yrouneHue no meroay Purseanaa?

HaunewMm ¢ koHI11a, TO €CTh, IpeACTaBUM cele, Kak BRIMISAUT (aiin umsa.per (10u_1) mocae
IpOBEIEHUS NMPOLEAYpbl yTOUHEeHUs o PurBenay nByxdasznoro odpasna MgAI204s, u
CpaBHMM €ro ¢ npeaplrymuM ¢aiinom 10e 1, KoTopblil OTpakaeT yTouHEHUE ABYX(pa3HOTo
oOpa3sua no Jle-beitny.

damn 1 01‘/.[_1

COMM WDICVOLO4 solution (Automatic generated PCR file)

! Current global Chi2 (Bragg contrib.) = 1.498

! Files => DAT-file: MgAl204s, PCR-file: mgal2o04s_1

'Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
1 7 2 0 2 0 1 1 0 0 1 0 0 0 0 0 0 0 0

!

'Ipr Ppl Ioc Mat Pcr Lsl Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
0 0 1 0 2 0 4 0 0 3 1 0 0 4 2 0 0

!

! lambdal Lambda2 Ratio Bkpos wWdt Cthm muR  AsyLim Rpolarz

->Patt# 1

1.227000 1.227000 1.0000 40.000 23.0000 0.0000 o0.0000 30.00 0.0000
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INCY Eps R at R an R pr R gl Thmin Step Thmax PSD
Sent0
10 0.30 1.00 1.00 1.00 1.00 6.0000 0.050000 125.7000 0.000
0.000
!
! Excluded regions (LowT HighT) for Pattern# 1
0.00 4.56
131.19 180.00
1
1
17 !Number of refined parameters
1
! Zero Code SyCos Code SySin Code Lambda Code MORE
0.00505 151.0 0.00000 0.0 0.00000 0.0 0.000000 0.00 0
! Background coefficients/codes for Pattern# 1
19.392 -0.47944 6.2147 -2.5395 0.0000 0.0000
51.000 61.000 71.000 81.000 0.000 0.000
g g
! Data for PHASE number: 1 ==> Current R Bragg for Pattern# 1: 3.39

phase 1:
1
INat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More
5 0 00.00.01.0 0 O O O 456151.938 0 7 0
1
Fd3m <--Space group symbol
'Atom Typ X Y Z Biso Occ In Fin N_t Spc
/Codes
Mga MG 0.12500 0.12500 0.12500 0.29228 0.67407 0 0 0 0
0.00 0.00 0.00 21.00 11.00
Ala AL 0.12500 0.12500 0.12500 0.29228 0.32593 0 0 0 0
0.00 0.00 0.00 21.00 -11.00
AlB AL 0.50000 0.50000 0.50000 0.29228 1.72905 0 0 0 0
0.00 0.00 0.00 21.00 11.00
MgB MG 0.50000 0.50000 0.50000 0.29228 0.27095 0 0 0 0
0.00 0.00 0.00 21.00 -11.00
(o) (o) 0.26105 0.26105 0.26105 0.65807 3.99974 0 0 0 0
41.00 41.00 41.00 31.00 0.00
- > Profile Parameters for Pattern # 1
! Scale Shapel Bov Strl Str2 Str3 Strain-Model
0.21237E-04 0.25000 0.00000 0.00000 0.00000 0.00000 0
0.00000 0.000 0.000 0.000 0.000 0.000
' U v W X Y GauSiz LorSiz Size-Model
0.1731 -0.189 0.090 0.000 0.062 0.000 0.00 0
91.0 101.0 111.000 0.000 121.000 0.000 0.00
! a b c alpha beta gamma #Cell
Info
8.083132 8.083132 8.083132 90.000000 90.000000 90.000000
161.00000 161.00000 161.00000 0.00000 0.00000 0.00000
! Prefl Pref2 Asyl Asy2 Asy3 Asy4 S L D L
1.00000 0.00000 0.07337 0.02636 0.00000 0.00000 0.00000 0O.00OOO
0.00 0.00 131.00 141.00 0.00 0.00 0.00 0.00
| o
! Data for PHASE number: 2 ==> Current R Bragg for Pattern# 1: 8.90
g
MgO

'Nat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth

2 0 00.00.01.0 0 0

1
Fm3m

0 0

ATZ
92861.344

Nvk Npr More
0 7 0

<--Space group symbol
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'Atom Typ X Y 4 Biso Occ In Fin N_t Spc
/Codes

MgA MG 0.00000 0.00000 0.00000 0.29228 0.50000 0 0 0 0
0.00 0.00 0.00 21.00 0.00
(o) (o) 0.50000 0.50000 0.50000 0.65807 0.50000 0 0 0 0
0.00 0.00 0.00 31.00 0.00
l————— > Profile Parameters for Pattern # 1
! Scale Shapel Bov Strl Str2 Str3 Strain-Model
0.11245E-04 0.00000 0.00000 0.00000 0.00000 0.00000 0
0.00000 0.000 0.000 0.000 0.000 0.000
! U A% W X Y GauSiz LorSiz Size-Model
0.1715 -0.1831 0.094 0.000 0.062 0.000 0.000000 0
91.0 101.0 111.0 0.000 121.0 0.000 0.000
! a b c alpha beta gamma #Cell Info

4.220647 4.220647 4.220647 90.000000 90.000000 90.000000
171.00 171.00 171.00000 0.00000 0.00000 0.00000

! Prefl Pref2 Asyl Asy2 Asy3 Asy4 S L D L
1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
! 2Thl/TOF1 2Th2/TOF2 Pattern # 1
6.000 125.700 1

Pasznuuus ecth, HO UX HEMHOT0. OTMETHM roJyObIM IIBETOM KOAOBBIE CIIOBA, 3HAUCHUS
KOTOPBIX Mbl U3MEHWIIH, & KPACHBIM — MapaMeTPbl, KOTOPbIE YTOUHSUIA. MBI BUANM, UTO
OTJIMYMH B 3HAYCHHUAX KOJIOBEIX CJIOB BCETO HECKOJBKO, a mMeHHO: Nat , Jbt, Irf. Nat -
KOJIMYECTBO aToMOB (5 u 2, muist 1-oit u 2-oii (a3sl, coorBeTcTBeHHO). Jbt =0 (da3za
obpabateiBaetcst o Putensay); Irf =0 —cnimcox pediekcoB aBTOMaTHYECKU TEHEPUPYETCS U3
IIPOCTPAHCTBEHHOM rpyniel.) Eciu Nat He paBHO HyII0, TO OCJIE IPOCTPAHCTBEHHOM TPYTIIIBI
HE0O0XO0JMMO BBECTU CTPOKY C KOOPJIWHATAMH aTOMOB, & UMEHHO

'Atom Typ X Y Z Biso Occ In Fin N_t Spc rge,

Atom, Typ -ums aroMa U CUMBOJ aToMa (U3 MEPUOTUUECKON CUCTEMBI)

X Y Z Biso — xoopauHaThel aTOMOB X,Y,Z 1 U30TPOITHAS TEIJIOBAs MOMpaBKa

Occ — 3aceneHHOCTh MO3UINH ((PU3NUecKas 3aCeIEHHOCTh *KPATHOCTD MO3UIIUU B
COOTBETCTBUU C cUMMeTpHeit; Occ — MOXKET OBITh TaK)Ke HOPMAIM30BaHa K OOIIEH IMO3HUITNH B
JAaHHOW IPOCTPAHCTBEHHOM IpyIIIE).

In, Fin — nopsakoBeiii HOMep MEPBOTO M MOCIEAHETO ONEPATOPa CUMMETPHH, JENCTBYIOIIMX
Ha aToM (OOBIYHO 3Ta OMIIHS UCIOIB3YETCs, KOTIa ONEPaTOp UCIOIb3yeT COOCTBEHHBIE
anemenThl cummeTpur. Eciu In, Fin =0, To Bce onepatopsl CHMMETpUN TPUMEHSIOTCS K
JAHHOMY aTOMy

N_t- Atom type

=0 U30TPOMHBII aTOM.

=2 aHU3O0TPONHbIN aTOM.

=4 ¢hopM — (pakTOp NAaHHOTO aTOMa BRIYUCISETCS OTIEIHHON MPOLEAY PO

Spc — uncno cBsaseit aroma (PEIKO UCTIOIB3YETCH).
IHocnenoBaTebHOCTH YTOYHEHHS.

B ¢aiin 10e_1 (yTounenwue 1o Jle-beiiny) Mbl BCTaBUIM B COOTBETCTBYIOIINE MTO3UITUU
KOOpAMHATHI aTOMOB M 3aMEHMJIM 3HAUEHUSI TPEX KOAOBBIX CJIOB. (Y TOUHEHHBIMH B XOPOILIEM
NpUOIMKEHUU SIBIIIOTCS TPO(UIIbHBIE TapaMeTphbl U apaMeTphl OJMHOMA, ONpeAesIoIIne
¢don). Hamu nanpHeimme nedcTBus -
1) 3amaaum 4MCIO YTOYHSEMBIX ApaMETPOB PaBHBIM HYJIIO U IPOBEIEM LUK YTOYHEHUS.
2) 3arem HEOOXOAMMO YTOYHHUTH MIKAIBHBIE PaKTOPhI 00eux ¢as3.
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3) VYTOYHHMM NO3HMIIMOHHBIC TAPAMETPBI ATOMA KHUCIOPO/a MePBOH (a3bl (OCTATLHBIC aTOMBI
B 4aCTHOM NosiokeHuu). Ilpu 3Tom obpartute BHUMaHUE, YTO, TOCKOJIBKY KUCIOPOA
nepBoii (pa3pl HAXOIUTCS B TIO3UIIUHU XXX, TO U KOJIBI, YIIPABIISIOUINE YTOUHECHHEM,
JOJKHBI OBITH OJJMHAKOBBL, Hanpumep S51. 51. 51.

4) TemoBsle M30TPOIHBIE TapameTpsl. [Ipamem Bo BHUMaHue, uTo Mg u Al 3aHnMaioT
SKBHMBAJICHTHBIE MTO3ULMH, I03TOMY UM MO>KHO 337aTh OJMHAKOBBIE TEIIJIOBBIE
apaMmeTpsl, TO €CTh KOJIbl YIPABIECHUS YTOUHEHUEM JOJKHBI ObITh OIMHAKOBBIMHU.
HIkanbHbIN (pakTOp IpU 3TOM HE T0JKEH YTOUHSAETHCSI BBULY KOPPEISALIUU.

5) 3aceneHHOCTH aTOMOB C YYETOM CMEIIUBAHUSI aTOMOB MarHusi U alfOMUHUS B
OJIMHAKOBBIX MO3ULMIX.

[TockonbKy yTOUHEHHE YyCTOMYMBOE, MOKHO 3a/1aTh OKOHYATEJIbHOE YTOUHEHUE BCEX
napaMeTpoB OAHOBPEMEHHO (CMOTPH OKOHYATeNbHBIN (aiin 10u_1)

10x) Kak oieHUTH MPOLIEHTHOE CO/IepPKaHue BellleCTBA B MHOT0()a3HOM
oOpasue?

OOpaTtuM BHUMaHUE, YTO, B OTJIMYKE OT 00paboTku 1o Jle-beilny, npu o6paboTke
mudpakTorpaMMsl 1o PutBenbay aBTomMatndecku Beiuucisgercs napamerp ATZ (cmotpu
TOJIKOBaHME JIaHHOTO ITapameTpa Bbllle). To eCTh aBTOMAaTHUECKU BhIYHUCIAETCA (B
NPEIOI0KEHUH TPUOIH3UTEIHHO OAMHAKOBOW MOTIIOMIAIONIEH CTIOCOOHOCTH 000X 00pa3IioB)
UX NPOILIEHTHOE cojiepkaHue. Pe3ynbTaT MOXKHO MOCMOTpeTh B (paiine ums.out (98.5 u 1.5%
COOTBETCTBEHHO, CoJiepkanue 1-oif u 2-0if (a3el B 0Opasiie).

101) Kak ucnosib30BaTh HHCTPYMEHTAJIBbHYI0 QYHKIIMIO TPH ONpeae/IeHNH
MHUKPOCTPYKTYPHBIX NapaMeTpoB oOpa3ua?

Jlannyto npoueaypy Mbl OyieM MpeACTaBIATh Ha OCHOBE U pakrorpaMmbl MgA1204b.dat

U3 nupexkropuu MgAl1204b.

Brzosem ¢aitn MgAl204b.dat_Ha s5kpaH MOHUTOpPA, IPEABAPUTETEHO OYUCTUB MOHUTOP OT
Ipyrux nudpaxkrorpamm.

HHCcTpyMeHTaNbHYI0 (DYHKIHIO MBI CO3AaJH (CM. pasnen 9a) Ha OCHOBE U PaKTOTpaMMBbI
MgAIl204s.dat, npeamnosnaras, 9To B JaHHOM 00pa3iie OTCYTCTBYET YIITUPEHHUE, BBI3BIBAEMOC
pa3MepaMu YacTUILl WK HanpspkeHueM. Daiia HHCTPYMEHTaIbHON (YyHKIIMU (MBI Ha3BaJlM €T0
mgal.irf) qomkeHn HaXOUTHCS B TOH K€ TUPEKTOPHUH, uTO U uMsi.dat u umsi.pcr. Hazanue

MHCTPYMEHTAJIBHON (PYHKLUHU pa3MeIaeTcsi B BBOAHOM (paiiie HMs.pCr mocjae CTpOKU

!Job Npr_Nph Nba......

Kpowme Toro, Heo6x0a1Mo yKa3aTh, B KAKOM (popMaTe BBIIIOJHEHA MHCTPYMEHTaIbHAs (PYHKIIMSL.
Jl1g 3TOrO HMCIOJIB3yeTCs KOIOBOE €lI0BO Res, KOTOpoe NOKHO NPUHATH 3HaYEHHUE, paBHOE 4
it hopMaTa HHCTPYMEHTAIBHON QyHKINH, co3aanHoi mporpammoit WinPLOTR.

Janee 11 mpoBeieHUs pacueTa MUKPOCTPYKTYPHBIX TapaMeTpOB HEOOXOAMMO 3HAYCHHS

napameTposB ! U \% W 33J1aTh HYJISIMH M IPOBCCTH YTOYHCHHUEC, UCIIOJIb3Ys

X Y GauSiz LorSiz Size-Model :
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®daiia 10a1_1

COMM WDICVOLO04 solution (Automatic generated PCR file)
! Current global Chi2 (Bragg contrib.) = 0.9311
! Files => DAT-file: MgAl204b, PCR-file: mgal2o4s_1

1Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut

1 7 1. 0 2 0 1 1 00 14 00 0 0 00 O
!

! Resolution file for Pattern# 1
mgal.irf
!Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
00102040031004200
!
!lambdal Lambda2 Ratio Bkpos Wdt Cthm muR AsyLim Rpolarz ->Patt# 1
1.227000 1.227000 1.0000 40.000 26.0000 0.0000 0.0000 30.00 0.0000
!
INCY Eps R at R an R pr R_gl Thmin Step Thmax  PSD Sent0
10 0.30 1.00 1.00 1.00 1.00 6.0000 0.050000 125.7000 0.000 0.000
!
! Excluded regions (LowT HighT) for Pattern# 1
0.00 12.56
131.19  180.00

10 !Number of refined parameters
!
! Zero Code SyCos Code SySin Code Lambda Code MORE ->Patt# 1
0.00305 101.0 0.00000 0.0 0.00000 0.0 0.000000 0.00 0
! Background coefficients/codes for Pattern# 1
94.168 -21.892 -0.83213 0.55164 1.2120 -0.51057
21.000 31.000 41.000 51.000 0.000 0.000
1

! Data for PHASE number: 1 ==> Current R_Bragg for Pattern# 1: 0.38
!

phase 1:

!

!Nat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More
0 0 0 000010 2 2 0 0 O 0.0 0o 7 0

!

Fd3m <--Space group symbol

lommeee > Profile Parameters for Pattern # 1
! Scale Shapel Bov Strl  Str2  Str3 Strain-Model
0.21237E-04 0.25000 0.00000 0.00000 0.00000 0.00000 0
0.00000 0.000  0.000 0.000 0.000  0.000
! U \% W X Y GauSiz  LorSiz Size-Model
0.000000 0.000000 0.000000 0.467678 0.000000 0.144372 2.601576 1
0.000 0.000 0.000 11.000 0.000 61.000 91.000
! a b c alpha beta gamma  #Cell Info
8.082870 8.082870 8.082870 90.000000 90.000000 90.000000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
! Prefl Pref2 Asyl Asy2 Asy3 Asy4 S L DL
1.00000 0.00000 0.15630 0.06673 0.00000 0.00000 0.00000 0.00000
0.00 0.00 71.00  81.00 0.00 0.00 0.00 0.00
1.0000 1.0000 1.0000 Platelet-Needle vector (Size)
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ngalZods_1. FRE
. Yobs

Yealc

Yobs—Voalc
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P
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[Ipu ucnonb30BaHUM UHCTPYMEHTAIBHOM (PYHKIIMHM aBTOMaTHYECKH co3aaeTcs (aiin ¢
pacmmpeHueM UMs. mic, KOTOPBI CONEPKUT pa3HOo0Opa3HyI0 HHPOPMAIIHIO O KAXKIOM ITHKE
T PaKTOrpaMMBI M, B TOM YUCIIE, MUKPOCTPYKTYPHBIE TTapaMeTpbl 00pasiia, KOTOpbIE IS
MIPUBEICHHOTO BBIIIE YTOYHCHUS -
Cpennuii pasmep uactun (A): 107.29 ( 3.68)
Hanpmxenue(%*l(ﬁ): 15.0541 (  0.0438)
OtmetuM, uto 3HaueHue (3.68) - He ommbKa, a MAKCUMaIbHOE OTKIOHEHUE OT CPEHETO,
OTpa’karoliee CTeNeHb AaHU30TPOIUU (POPMBI KPHCTAIIIOB.
Daiin, cogepKalnii MUKPOCTPYKTYPHBIE XapaKTEPUCTUKH, MOKET OBITh IPEJICTABIICH B
BuJE rpagukoB Buabsimcona-Xoaa (12), koTopble BecbMa MOJE3HBI ISl aHaIu3a
0COOCHHOCTE MUKPOCTPYKTYPHBIX TapaMETPOB U IS HATJITHOTO CPAaBHEHUS H3MEHEHHH MPpU
CHCTEMaTHYECKOM HCCIICIOBAaHUH CEPUU OAHOTHITHBIX 00pa3oB. st Toro, 4ToObI H300pa3uTh
rpaduk Ha SKpaHe MOHUTOPA, HEOOXOAUMO ClIeaTh CleayIolIee:
Ha NUJI 1KM otcenexrtupyiire file, 3atem open microstructural file, 3arem open FP_MIC file.

OTKpbIBaeTCA Ballla TUPEKTOPHsI, B KOTOPOU BBI CeJIEKTUpYyeTe (aiii ¢ paciuperreM *.mic. B
OTKphbIBIIEMcs OKolKke BeiOupaere onuuio *Williamson-Hall plot. Ha sxpane Mmonutopa

-1
BO3HHUKaeT rpaduk B koopaunatax d*---B*x1000(A™"), rae p* = Pcosd/A, B-unrerpanbHas

mupuna) d*=1/d (A™).

10m) Kak 3agaBarb Moae/in, ucnoJib3yemblie nporpammoii FullProf, npu yuere
aHU30TPONIMHU (POPMBI MUKPOKPHCTAJJIUTOB?

SPH-metoa (Ilpexnae yem npoBOIUTh MUKPOCTPYKTYPHBIE HCCIEA0BAaHNUS, CIEIYET
o3HaKoMuThcs ¢ [lpunoxxenuem 1 naHHON MHCTPYKLUUU UIIH, AJ1s O0Jiee rTyOOKOro MOHUMaHus,
BHUMATEJIBHO MPOYECTh U M3YYHUTh padoTy Juan Rodriguez-Carvajal

“U3yueHne MUKPOCTPYKTYPHBIX 3((HEKTOB METOJOM MOPOIIKOBOH AU(DPAKTOMETPUH C UCIIOJIL30BaHUEM
nporpammbel FULLPROF”. [launslii ¢aiin ¢ HazBanueM Microstructural effects.pdf sBnsercs
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NPUIOKEHHEM K JJaHOU MeToauKe mwin ero MokHo u3sieds u3 FullProf Suite Homepage , Examples
& Tutorials ).

AHuzoTponus GopMbl KPUCTAIUTUTOB MOXKET PACUUTBIBATHCS C UCTIOIb30BaHUEM
¢denomenonornueckoi popmyisl Lllepeppa, koTopast paccMaTpuBaeT yIIMPEHUE, BbI3IBAEMOE
pasmMepaMH 4acTull, KaK JJUHEHHY0 KOMOMHaLuUI0 cepuueckux rapmonuk (SPH).
[Ipennonaraercs, 9To pasMep KPUCTALTUTOB BHOCUT BKJIAJ B JJOPCHINAH-KOMIIOHEHTY (YHKIIUU

ncesno-Boiita. Bkiaa rayccuana MoxeT ObITh BBEJICH, UCIIONB3Ys IapaMeTp CMEUIMBAHNUA 1]
(aHAJIOTMYHO KaK 3TO UCHOJB3YETCS U Ul aHU30TPOIIMH HAIPSKEHHUS ).

Jl1s paboThI IPOrpaMMBI 110 IAaHHOMY aJIrOPUTMY HEOOXOAUMO 331aTh B CTPOKE

1 u \% w X Y GauSiz  LorSiz Size-Model

3Ha4YeHHEe HOMEpa MOJIENU B 3aBUCHUMOCTHU OT MPOCTPAHCTBEHHOM rpynmnbl oopasia. Bee
BO3MO>KHbIE HOMepa Moaenelt s SPH nponenyps! npusenens! B Ilpuiioxennu 2. Kpome Toro
HE00X01MMO 0003HAUUTh B MMs.pCr (aiiie COOTBETCTBYIONIEE KOIMUYECTBO MO3UIUI IS
3HaUEHUH CPepUYECKUX TaApPMOHUK U COOTBETCTBYIOIIEE KOJIUYECTBO KOJIOB, YIPABIISIOLINX
yrounenueM. Corznacuo Ilpuioxenuso 2, 1is oopazua MgAI204b HyxHO 3a1aTh HOMEP
mogenu 17 u ¢pparmeHt *.per ¢aiina OyIeT BBITIAAETh 10C/Ie YTOUHEHHS CIIEAYIOUIMM 00pa3oM:

! U Vv \%% X Y GauSiz  LorSiz Size-Model

0.000000 0.000000 0.000 0.3609 0.0 0.021795 0.000000 17
0.000  0.000 0.000 61.000 0.000 71.000  0.000

! a b c alpha beta  gamma  #Cell Info

8.082870 8.082870 8.082870 90.000000 90.000000 90.000000

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

! Prefl Pref2 Asyl Asy2 Asy3 Asy4 S L DL

1.00000 0.00000 0.10287 0.03820 0.00000 0.00000 0.00000 0.00000

0.00 0.00 81.00 91.00 0.00 0.00 0.00 0.00

! K00 K41 Ké1 K62 K81
9.891170 0.784627 0.480156 0.000000 -1.626182
11.00 21.00 31.00 0.00 41.00

OO0paruTe BHIMaHHUE, B KAKOM MecTe (aiiia 3anmuceiBatoTcs K03 uuneHTs chepraecknx
TFapMOHHUK.

10H) YmiupeHnue nuKoOB onpeaeeHHoi rpynnsl naaexco HKL.

Coueranne crermudpuueckux AePeKToB W aHU30TPONHsS (HOPMBI KPHUCTALIUTOB HMEIOT
pe3yJIbTaTOM YIIMPEHUE OTAENBHBIX TPYII OTpaxkeHui. Hampumep, yumpeHsl TOIbKO peduieKchl
C YETHBIMM WHACKcamH win uHAekcamu hkl pasnuunort yetHoctu. B mporpamme FullProf
CYIIECTBYET 3HAYUTEIBHOE KOJIWYECTBO PA3TMYHBIX MOJIENeH, MO3BOJIAIOMINX YUYUTHIBAThH
NOJOOHBIE YIIMPEHUs B TIPOIECCE OIPENENICHUS MHUKPOCTPYKTYPHBIX mapametpoB. s
UCIIONB30BAaHUSl 3TUX MOJeNed 3agaercs 3HadeHue KoioBoro cioBa oT 2 no 13 (Cmotpu
npunoxkenue 3). Hampumep, ecau ymupstoress auib peduiekcsl co 3HayeHueMm  hkl
(001),(0k0),(h00), (hk0), (hOl) and (Okl), To 3Hauenue Size-Model_Oyner ot 2 gm0 7,
COOTBETCTBEHHO, (TO ecTh aJist 001 — 2, myst hkO — 5 utn). Eciiu 3aBe1oMo U3BECTHO, YTO YaCTUIIBI
MoryT ObITh B (popme uronku, To 3HaueHue Size-Model_ npunumaer 3Hauenue -1, ecnu
wiactiHa, To 1. Cinemyer Takke yka3aTb B COOTBETCTBYIOILICH CTPOKE HAIpaBJICHHUE BEKTOPA,
BJIOJIb KOTOPOTO, Hampumep, HaOmromaerca yinHHeHue dactul. @aiia 10a_1 comepxur
3HaueHue  Size-Model, paBHoe 1, W yka3aHO, 4YTO [aHHOE YIUIOIIEHHWE OPTOTOHAIHHO
Hanpasnenuio 1 1 1. O6paTute BHUMaHNE HA MECTO JIaHHON MHCTPYKIMH B (aiine.
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[Iporpamma FullProf mno3Bossier uccnenoBaTento camoMy cOpPMYJIUPOBATH TPYIIIBI
OTPaKEHHM, JUISI KOTOPHIX HAOJIOACTCSl YIIUPEHUE. Y CIOBUS JUIsl MHIICKCOB 3allUCHIBAIOTCS B
BUJIE
nih+n,k+n;l=nns+ns n- npoussonsuoe umcno, a n; — (1,...5), 3aKaBaeMoe ONEPATOPOM.
MaxkcumyM 9 nipaBuII MOKET OBIThH 337[aHO MOJIb30BaTeNIeM JUIsl O1HOM (hasbl. [Ipu 3TOM 3HaUeHUE
Size-Model_ moxeT mpuHUMATh 3HaUYECHHE OT -2 70 -9. 3agaHHOE YMCII0 0003HAYACT KOJIUYECTBO
NpaBWJI, 3aJIJaBACMbIX IOJIb30BATENIEM, MUHYC 0JIMH. Hampumep, eciu BbI 331aeTe OIHO MPABHIIO,
To Size-Model 3amaercs -2, a ¢opma 3ammcH TpaBWIa MOXET BHITISACTh, HaIpUMED,
cienyomuM o0pa3oM (pa3Mmemiactces B UMsL.per (aiije Tam e, TIe W BBIIIC YIOMSHYTBINA
BeKTOp Hampasienus 11 1)

''hkl cond. (nl.h +n2k +n3.1=nn4 +/-n5) Size-par Code
00 O 1 0 0 2 3 2.61440 31.000
0 00 O 0 O 0 O 0.00000 0.000

[Ipu nanHOI 3amucH UCCIIeIOBATEINb MOJIAraeT YUYUTHIBATh YIIUPEHUS pedICKCOB C HHIEKCAMH,
MOAYUHSAIOIIUMHUCS TTpaBuily h = 2n+3.

11) Buzayausanusi popMbl KPUCTAILIIMTOB

B 3akimtoueHne pacMOTpUM elle OHYy, HOBYIO CTPOKY B UMs.pcr (haiiyie B OTHOLIEHUH TEX €€
HapaMeTpoB, KOTOPBIE NTO3BOJISIIOT IIPOBECTH BU3YATU3ANUI0 (POPMBI KPHCTAINTOB U
YUUTBIBAaTh CABHUTI OTACIBHBIX PE(PIEKCOB 10 OTHOIIEHUIO K PACCUNTAHHBIM HA OCHOBE
[1apaMeTPOB DJIEMEHTAPHOM STYEUKHU.

Ecnu B cTpoke

!Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Np More

napameTp More paBeH 1, To B KOMaHAHOM UMs.pcr (paiiae JoKHA IPUCYTCTBOBATh CIIEyIOIIas
3a HEH CTpoKa

'Jvi Jdi Hel Sol Mom Ter Brind RMua RMub RMuc Jtyp Nsp_Ref Ph_Shift N Domains
50 0 0 O 0 1.00 0.00 0.00 0.0 0 3 0 0

Ecnu 3anath Jvi paBHBIM 5, TO Tporpamma mnocje HuKIa/0B yTOUHEHHS co3/1aeT (aiii ¢
pacuupeHrueM umMsi.bin, KOTOPBIA COAEPKUT JaHHBIE O (hOpME KPUCTAIIUTOB. Bu3aynu3aruio
KapTUKHU MOKHO TIPOBECTH C MOMOIIbIo porpammbl Gfourier , BCTpoeHHOI B rpaduueckuit
uarepderic WinPLOTR. /[ Toro uto6s! OTKpBITH (aitst ¢ pacmmpenueM bin, HeoOxoaumo
KJIUKHYTH Ha 10-10 nkoHKy nHCcTpyMeHTanbHOU tnHelkn WInNPLOTR (Haxonutcs nepen
nkoHkoi Be3oBa fullprof ). Takum o6pa3om BeI Be3biBacTe Gfourier. 3aTem KITUKHHUTE HA
uKkoHKY file u, monp3ysice Opay3epom, BEIXOIUTE B HYKHYIO JTUPEKTOPHUIO U CEIEKTUPYETE
umst.bin. [TosgBUTCS YepHBIN 3KpaH ¢ MEHIO TporpaMmbl. [101b3ysCh BhIpa3uTEIbHBIMU
KapTUHKaMU Ha HHCTPYMEHTAJIbHOH JIMHEHKe MPOrpaMMBbl, BBI JIETKO BBI30BETE U300pakeHUE
dbopMBbI KpUcTaia ¥ 3aTEM COXPAaHUTE €ro B OJHOM U3 Ipe/iaraeMbix (opMaTOB, HAIIPUMED,
*.pdb.

12) Kak y4ecThb cABUT OTeJbHBIX pedieKcos.
B nporpamme FullProf npenycmMoTpeHbl HECKOJIBKO BO3MOKHOCTEH JUIsl TOAOOHOIO yuerTa.
OcraHoBuMcs Ha 0JTHOM U3 HUX. MccnenoBarenb JOMKEH B SBHOU (hopMe 3aaTh HHIEKCHI
OTpaXeHUM, JJI1 KOTOPBIX MOJ03peBaeTcs cABUT. KolndyecTBO oTpakeHUM, A1l KOTOPBIX
MpeJnonaraeTcs CABUT, HE0OX0IUMO 3a/1aTh B CTPOKE KOMaHIHOTO ¢aiiia, UMEHHO, B BUIE
3HaueHus KogoBoro cioBa Nsp Ref. Mb1 3aganmu
'Jvi Jdi Hel Sol Mom Ter Brind RMua RMub RMuc Jtyp Nsp_Ref Ph_Shift N Domains

500 0 O 0 1.00 0.00 0.00 0.0 0 3 0 0

KOJINYECTBO crenuanbHbIX pegiekcoB Nsp_ Ref paBubiM TpeM. COOTBETCTBEHHO, B SIBHOM BUJIE
JIOJDKHBI OBITH 3a/1aHbl HHACKCH Tpex oTpaxeHui (1 01,200, 0 1 0). YTOUHATBCS MOXET
I'aycccuan u Jlopenunan
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(D-HG”2 D-HL), caBuru ymupeHus 1o OTHOIIEHUIO K MHCTPYMEHTAIbHOM HIUPUHE, a TAKKE

casurd (Shift) K BeIUKMCIEHHOMY 3HAUEHUIO MOJIOKEHUS MTUKA, UCXOAs U3 TapaAMETPOB
AIEMEHTAPHOU SYECUKH.

(IIpumep B3sT U3 padorsl Juan Rodriguez-Carvajal
“U3yueHne MEKPOCTPYKTYPHBIX 3(h(PEKTOB METOIOM IMOPOITKOBOM THPpaKTOMETPUN

! Prefl Pref2 Asyl Asy2 Asy3 Asy4 S L DL

0.00000 0.00000 0.07373 0.01902 0.00000 0.00000 0.00000 0.00000

0.00 0.00 251.00 241.00 0.00  0.00 0.00 0.00

! Special reflections:

'h k 1 nvk D-HG*2 Cod_D-HG"2 D-HL Cod_D-HL Shift Cod_Shift

1 01 0 0.00000 0.000 0.04417  551.000 -0.01236 561.000
2 00 0 0.00000 0.000 0.03056  571.000 -0.00274 581.000
3 01 0 0.00000 0.000 0.00759  591.000 -0.00119 601.000

IIpunoxenue 1.

MartemaTu4ecKue OCHOBBI U HCIOJIb3yeMasi MeTOAMKA NPO(PHUIBLHOr0 aHAIU3A IPU
pacyeTre MUKPOCTPYKTYPHBIX IapaMeTPOB.

Jlist MoenupoBaHus poduis TupakiinOHHONW KapTHHBI IIIUPOKO UCIIONB3YETCs (yHKITUS
nceBno-Boiita (Voight), [V(x)= yL(x)+(1-n) G(x), 20e L(x) u G(x) pynkyuu Jlopenua u
T'aycca coomeemcmeenno, § —KoIgppuyuem cmewusanusn pynxkyuii(éxnao Jlopenyuana)
] c Brmouenuem ausepreniuu no dunrepy ( Finger L.W. (1998), J.Appl.Cryst,31,111)
L(x)=a/(1+bx’), a=2/(n*H); b=4/H’;
G(x)=a*exp(-bx’); a=(2/H)*(In2)"*; b=(4In2)/H’
IIpy yTOYHEHHHH TPOGUIS MUHHMH3HPYETCS )

v =Y oi(Y's-Y')/(N-P)
rjie cyMmmupoBaHue 1mo N-toukam, - Bec o (1/ o(YY)) , Yo,Y. HaGImogaeMble 1 BBIYHCIICHHBIC
WHTCHCHUBHOCTH M P-4MCIIO YyTOYHSIEMBIX ITapaMeTpOB.
B urore npoduns kaxaoi nudpakimonHon nuHun xapaktepusyercs ero FWHM (H)
(mmpuHa peduiekca Ha BHICOTE MOJIOBUHBI HHTEHCUBHOCTH ), 1)-9Ta KOMIIOHEHTOM, a TaKxke
cocrasisromuMu FWHM —Hg 1 Hy, KOTOpBIE BBIUUCIAIOTCS U3 alllIPOKCUMALUU
napameTpoB riceBo-Bout ¢pynkun, pynkmuerr TCH (Thomson, Cox, and Hastings (1987),
J. Appl.Cryst 20,79-83)
H’= Hg +c1Hg HL+ ¢2Hg Hy +c3Hg Hy *+c4HgH, *+c5H;
n = c6(H/H)-c7(H/H)*+c8(HL/H) +
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WuTerpanpaple MUPUHBI B U P 3aTeM BBIYUCIIOTCS KakK
BL= (1/2n)*Hy; Bg = 1/2Hg(n/In2)"?
a MHTerpajipHas mupuHa GyHKIuM BoiiTa COOTBETCTBEHHO Kak
B=n*(H/2)/[(n+(1-n)*(*In2) ']
Jlis nanpHelmei 00paboTku MPo(HIIsS B IENSIX U3BICUCHUS (PU3MUICSCKIX
MHUKPOCTPYKTYPHBIX ITapaMETPOB HEOOXOAUMO UCKIIOUUTh U3 MPOPUIBHON QyHKINH
MHCTPYMEHTAJIbHYIO COCTaBIIAONTY10. 151 moydyeHus: HeOOXOJUMbIX TapaMeTPOB
MHCTPYMEHTAJIbHON (PYHKIMH 3Ta (PYHKLHUS YACTO CO3/IaeTCA HAa OCHOBE AU(PAKTOrpaMMbl
LaBe. Ilpu a3TOM mpennonaraeTcs, 9To MHCTpYMEHTalIbHas PYHKIUS, KaK U (QyHKIHS
oOpas3iia, MOXeT ObITh OnMcaHa cBepTKoH GyHkimii ["aycca u JlopeHia uinu, 1pyrumMu
CJIOBaMH, MOXET ObITh OnMcaHa 1ncesno-Boilt ¢pynkiuei. Torna koMnoHeHTH! 0Opasia
OynayT:
HG206p = HGzﬂam-HGanch
Hroop = Hinaon — Hiuerp
WuterpanbHas mupuHa o0pasia BeuuciseTcs u3 Pg U Pr. ¢ ucnoiabzoBaHueM Gpopmyisl De
Keijser (J.Appl.Cryst.1982,15,308-311)
B = Bo/[-12y*n"? +1/2(n*y* +4)"? = 0.234e*17Y] the y = B /(n"*Bo)

Kaxcymuecs pazMepsl 1 HalpsKEHUs B KpUCTAJIMTAX MoryyaroTcst u3 popmyisl Llleppepa u
CToKca, COOTBETCTBEHHO.

App_size = 1/p* (A) , rae B* = BcosO/A, d*=1/d

Max_strain(%%) = Y2 B*4 /d*hi
bera-pasmep (B*;) momydaercs u3 napameTpoB BHocsmux Bkiag B FWHM

Hos” = IG/COS’®

His = (Y+F(Sz)/COS®
B cBoto ouepenp, Oeta-HanpspxeHue (f*y ) momyyaercs U3 yTOUHSAEMBIX TApaMETPOB
HATPSKCHUS:

Hasr = (U + [(1-n)DST])*tan’®
Hise = (X#MDST)*tan®

3aMeTHM, 4TO YIJIOBas 3aBUCUMOCTb rayccuana u jopenuuana (Hg,Hy) B kommekce
nporpamum (FP) 3amaercs cnenyromum BhIpaKEHUEM:
Hg” = (UH(1-n)**Dgsr’(ap))* tan’® +V* tan®@+ W + IG/COS*©
Hy = X+ 1 Dsr’(ap)* tan® + (Y+F(sz)/COSO
[Tocne BBeneHMst UHCTpYMEHTaNIbHOU (yHKIMHU, mapameTpsl U,V,W npuBoasaTcs K HyI0*, a
OCTaBIIMECS TTApaMeTPHI (MM HEKOTOPbIE U3 HUX MOJTYYaroT (PU3UIECKHUIA CMBICI B TEpPMUHAX

HanpstxeHust ( DST, X) u pasmepa kpuctamutos (Y,1G,Z). @yukmuu DST, F(sz) umeror
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pa3MyHOE BHIPAKEHHUE B 3aBUCUMOCTH OT UCIIOIB3yEMOM MOJIENH pacyeTa HapsHDKEHUS |
pa3sMepoB KPUCTAIUTUTOB. JIJIs yueTa aHM30TPOIIMH B pa3Mepe YacTHUIIbI TOJIBKO JIOPCHIINAH
npuHuMaeTcs Bo BHUMaHue (GyHkius F(sz)). Hanpumep, 1 yummaenHoM Gopmbl
kpuctamuToB F(sz)=SZ*Sin(phi), rne SZ-yTrounsiemslii mapametp, a phi eCTb OCTpBIi yrou
mexay BekropoM hkl u Bekropom (Sz1, Sz2,S73), onpenensromum HaripaBieHHE JOMEHA.
JInst ydaeTa aHM30TPOITNH HANPSDKEHHS TOJIBKO rayCCHaH-COCTABIISIOmAs (depe3 QyHKIuio
DST) npunumaercs BO BHUMaHHUE 7Sl aHAIN3a YIIUPEHUS JTUHUMA.

* Borpoc 0 HE00X0IMMOCTH 3a/1aTh napamerep U HysieM — JUCKYCCHOHHBIH.

Ipuioxenue 2.

Cnucok chepunueckux rapmoHuk SIZE MODELS nast nporpammsl FullProf

ISizeModel = 15: monokmMHHAS, b-0Ch MOHOKII, 0 4-TOTO MOpsiaka YIm's:
: Y00,Y22+,Y22-,Y20,Y44+,Y44-,Y42+,Y42-,Y40

: IIpoctpanctBennsle rpymmsl 3-15 (Jlays kinace 2/m)

ISizeModel = 16: TpuronaipHas B reKkCaroHaJbHON YCTaHOBKE,
: IIpoctpanctBennsie rpymnmbl 149-167 (Jlays kimacc -3m)

: Ylm's no 6-ro nopsinka: Y00,Y20,Y40,Y43-,Y60,Y63-,Y66+

ISizeModel = 17: KyOuyeckas - X,y,Z BIOJb a,b 1 C.
: 0e3 orpaHMUYeHU I pocTpaHcT. rpynn 195-206 (Jlays kmace m -3)
: M 207-230 rpynm koaddurmmment K62=0 (JIays kmacc m -3 m)
: Kyoudeckue rapmonuku Klm' no 8ro mopsiaka: K00,K41,K61,K62,K81

[SizeModel = 18: Opropombuueckas- [Ipoctpanct. ['pymmer 16-74 (JIays kmacc mmm)
: Ylm's no 4-toro mopsinka: Y00,Y20,Y22+,Y40,Y42+,Y44+

ISizeModel = 19: rekcaronanbHas — IpOCTpaHCTBEHHBIE rpynnbl 168-194
: s ipoctp. Tpynn 177-194, koaddurnment Y66=0 (JIays kmacc 6/mmmm).
: bes orpannuenuit st 168-176 (JIays kmacc 6/m )

: Cepuueckue rapmoHuku Ylm's 10 6-Toro mopsiika:

Y00,Y20,Y40,Y60,Y66+,Y66-
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ISizeModel = 20: TpuroHaibHas ¢ TeKCAroHAIBHOMN YCTaHOBKOM ( OCBH C)
. IIpoctpancrt. rpymnmer 143-148 (Jlay» kmacc -3)
: Ylm's go 4th nopsiaka: Y00,Y20,Y40,Y43-,Y43+

ISizeModel = 21: Terparonansnas — [IpoctpancTB.rpymmsr 75-142
: Hns 89-142 xoadpunmentsr Y44-=0, Y64=0 (nay» kimacc 4/mmm)
: bes orpannyenwii qust 75-88 rpynm (JIays kmace 4/m)

: Ylm's go 6-ro mopsiaka: Y00,Y20,Y40,Y44+,Y44-,Y60,Y 64+,Y 64-

ISizeModel = 22: TpukauHHas
: IIpoctpancrennsie rpynmsl 1-2 (Jlays kmacc -1)

: Ylm's go Broporo nmopsiaka: Y00,Y20,Y21+,Y21-,Y22+,Y22-

IIpunoxenue 3.
Cnmcox Mozaesiel 1Jisi pacyera aHu30Tponuu GopMbl KPUCTAIUTOB.

IsizeModel =-1 Uronpuareie nomensl. LorSiz npeanonaraercs B Buae LorSiz=SZ*sin(phi), roe
SZ yrounsiemsblit mapameTtp U phi ocTpslil yroa mexay BektopoM paccestHus (h,k,l) u Bekropom

OTIpEeIETIIONIUM Harnpasiienne uroiku {[Sz1,Sz2,Sz3]

IsizeModel = 2 to 7, B 3TOM cily4ae yIIUPSHUE PACCMATPUBACTCS TOIBKO IS peICKCOB BU/IA:
(001),(0k0),(h00), (hk0), (hOl) and (0kl). : LorSiz=SZ.

IsizeModel =8 ToNBKO caTeTUTHBIC OTPAKEHHUS PACCMATPUBAIOTCS KaK ITO/IBEPIKCHHBIC
ymupenuto; LorSiz=SZ.

IsizeModel =9 pedaekcsr (HKL) ¢ H=2n+1 u K=2m+1 pacmmpenst. LorSiz=SZ.
IsizeModel =10 (HOL) ¢ H+L=2n pacmmpenst LorSiz=SZ.

IsizeModel =11 (HKL) xpome (HHL) pacmupenst. LorSiz=SZ.

IsizeModel =12 (HKL) ¢ H=2n+1 pacmmpenst. LorSiz=SZ.

IsizeModel =13 (HKL) ¢ H=2n K=2m+1 pacmmpensi. LorSiz=SZ.
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Yro ganapiue?

B nanHO# MeTOMMKE C/eIaHa MOMbITKA MPEJICTaBUTh OTBETHI HA Han00JIee YaCTO BO3HUKAIOIINE

BOIIPOCHI y CTYJIEHTOB, CTPEMSLIMXCS HCob30BaTh porpammy FullProf u WinPLOTR nns

00paboTKu T(PaKIMOHHBIX TaHHBIX. 3aMeYaHusi, 0OHApYy>KEHHbIC HETOYHOCTH, TIOKEIAHUS, a

TaKe BOIPOCHI M TPOOJIEMBI BBIXOSIINE 32 MPEIEIIbl METOUKH - C OJIaroJapHOCTHIO OyayT
IPUHATHI M pACCMOTPEHBI 10 aJipecy:

viktor@struct.chem.msu.ru

c.H.c. Tadgeenko B.A.,

1a0. CTpyKTYpHOI XUMMH,

kad. O0mel xumMuu,

Xumnueckuit -t MI'Y um. M.B.JlomoHOCOBa,
Mocksa
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		Pcr – 

		 A1, PA2, PA3, PA4 – параметры, влияющие на аппроксимацию ассиметричных пиков.

		                                      Применяется для отражений, которые находятся при угле Θ меньше 

		                                     заданного (см. кодовое слово AsymLim)

		In, Fin – порядковый номер первого и последнего оператора симметрии, действующих на атом (обычно эта опция используется, когда оператор использует собственные элементы симметрии. Если In, Fin =0, то все операторы симметрии применяются к данному атому

		N_t – Atom type 



