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1 New concepts of BRASS 2 versus BRASS 1 1

1 New conceptsof BRASS 2 versusBRASS 1

BRASS 2 devises a number of changes with respect to BRASS 1. Two main changes shall
be discussed here shortly, the user interface and the structure of Rietveld jobs.

The user interface has been rewritten completely to provide a much more intuitive access
to BRASS. The new BRASS 2 job explorer, a Windows Explorer-like folder tree, provides
four main branches raw data viewer, rietveld job, struplo job and fourier job. The branches
rietveld job and struplo job now provide directly accessible sub-branches for al previously
successive layers of BRASS 1-Rietveld or -StruPlo jobs. All magjor branches in arietveld job,
such as phases, raw data or BRASSjob explorer, provide a group of context-related buttons,
all other branches give direct access to the related editing or information pages. In addition,
the user interface now interprets the space group symbol, automatically applies symmetry
constraints to the | attice constants and allows for activation of symmetry constraints for each
atom individually, by a single mouse click each.

In BRASS 2 every Rietveld job is asingle separate file with extension "BRJ". All related
data are stored here. On starting a refinement BRASS 2 creates a subfolder to the job's folder
with the same name as that of the job, extended by "temp”. The filesin this subfolder are di-
rect ASCII input to and output from the Rietveld kernel. To continue organizing your Riet-
veld jobs in a superordinated project, smply store your BRJ-files in the same folder of your
computer. Note: In this beta-version of BRASS 2 only asingle Rietveld job can be opened
and edited at atime. BRASS 2 will ask you for storing your job before opening the next one if
anything has been changed.

The Rietveld kernel also has been modified extensively to provide a rigorous separation
of instrument and sample contributions to the peak profiles. For this purpose the Pseudo-
Voigt function has been redefined according to (Birkenstock et al., 2006). The "classical”
profile parameters U, V and W after (Cagliotti et al., 1958), more precisely the respective
Gaussian (Ug, Vg, Wg) and Lorentzian parameters (U, W,) in BRASS 2 are now reserved
for instrumental contributions and may not be refined but once for a given data set. Conse-
guently these parameters are now located on branch measurement in the raw data section. In
section raw data you will also find al other parameters that are closely related to the specific
raw data, i.e. profile limits, asymmetry, background parameters, errors in peak positions
(ZERO and sample displacement) etc.
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The phases pages consequently have been revised, too. A phase's profile page now pro-
vides sample related parameters only, i.e. preferred orientation, crystallite size and microstrain
parameters. Two microstrain models are now available, the previously known Stephens
model after (Stephens, 1999) and the new isotropic / simple anisotropic model. The latter,
described in the above reference, is the new default setting and should suffice for most pur-
poses and data qualities.

Note, however, that the microstrain parameters including the new onesiSy, iSg, aS. and
aS; and the instrument parameters UVW (especialy U) are highly correlated. The sameis
true for the crystallite size parameters if the crystallite size is not very pronounced. It is thus
not just advisable but indispensable that the two sets be established independently using a
standard sample for UVW and your given sample for the sample parameters. Otherwise at
least the refined sample parameters are meaningless but beforehand you will probably run
into serious problems with stability in the refinement.

Compatibility with BRASS 1 could not be assessed completely since superordinated pro-
jects are no longer supported. But any single BRASS 1 Rietveld job may be loaded to BRASS
2: Simply use the open button from either BRASSjob explorer or Rietveld job, set thefilter to
either "Rietveld job" or "input file", respectively. Then go to the folder of your BRASS 1 pro-
ject, follow the relative folder path input parameters ® rietveld and pick the Rietveld job file
with extension INP you are heading for. BRASS 2 then imports all information from that file
to the BRASS 2 dialogs. Note that you can also pick single phases from INP files using the
add phase button on branch phases.

This training manual is intended to provide insight into all steps to perform Rietveld re-
finements with BRASS 2 on samples of a profile standard and on "everyday samples’, con-
taining structurally known phases with only crystallite size and simple microstrain effects. It
should be noted, though, that BRASS provides numerous capabilities for further tasks, such as
high quality structure drawing, crystal chemical calculations, refinement and quantification of
phases without structural model ((Birkenstock et al., 2005)) and Le-Bail profile fitting to
yield structure factors for structure solution. Finally, currently the familiar BRASS 1 tools for
structure completion, fourier and grid search, are being made availablein BRASS 2, too.

2 First contactswith BRASS 2.0

The examplefiles LaB6_ 041008 ref061215.brj and Mixture2 041111 ref061215.brj
contain fully refined BRASS2 Rietveld jobs. LaB6~.brj is a Rietveld refinement against data
of LaBs, amateria that iswidely used in diffraction laboratories as a profile standard. The
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refinement has been done to establish the instrumental parameters U, , Ug, Vs, Wi and We.
These were used and kept fixed in the refinement of mixture2 to be able to establish the sam-
ple contributions to the profile. mixture2 is also intended for demonstration of quantifications

with BRASS, especially taking into account the Brindley correction for microabsorption.

Based on the above Rietveld jobs in this chapter some simple exercises are described to

get used to BRASS 2.

2.1 Introducing some basic actions with BRASS.

2.1.1 Executing BRASS 2.0

Execute BRASS using the respective desktop symbol or the entry brass

;ggtart| ® programs. Alternatively use the Windows® Explorer to execute file brass2_0.exe

from the program folder of BRASS 2.0. Depending on the exact version of BRASS 2.0 the

program will appear as follows:
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2.1.2 Elements of the BRASS 2 main window

2121 Themaintool bar | ol ol .| HI E@E‘on top left.

0 : Creates anew Rietveld job.

|2/ : 1nvokes a standard open dialog. Filtersfor al types of jobs supported by BRASS 2
are available. The pre-selection of the current filter is determined by the job type currently
active in the job explorer window.

|2 savesthe currently active job. Enabled only if the currently active job has been
changed. Invokes the save as-dialog if anew job is active.

=] : Save as button. Invokes the save as-dialog for the active job.
| close BRASS.

I3 : Push down to display one job window only at atime. Push up to display all job win-
dows containing data at atime.

[® : push down to show the BRASS file explorer at the bottom, push up to hide it.

E : Push down to show the BRASS job explorer on the left side, push up to hideit.

2.1.2.2 TheBRASSjob explorer e e x|
Elﬂ' brasz job explorer

All job types available in BRASS 2 are displayed as main omik oy data viewer

=-dekz rietveld job
branch. B4k new job

8% job control
A click on any branch displays the related dialog window =3l raw data
=-dk data file

in the working area to the right of the job explorer.

LY mEasUTEN

o, inztrumen

Many types of files are accepted by the job explorer by -4 phases
drag& drop from the Windows® and the BRASS file ex- : :Eﬁtﬂf i
x> results
plorer. [ refinement pre
. . It
Some branches accept the appropriate files by drag&drop Ejamitam .
from the Windows® and the BRASS file explorer: 2] parameter shil

[ refinement de
raw data viewer ® raw datafiles. L) reflection list
EI+O: struplo job

rietveld jobo ® BRJ, INP, CIF files. Invokes dialog. % new job
-3 fourier jobs

datafile® raw datafiles. Replaces current raw datal

phases® CIF, INP, BRJ. INP and BRJ: Invokes dialog to select phases to be imported.

Push %] to hide the job explorer. To show again push [%! in the main tool bar.
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2.1.2.3 The BRASSworking area

Each click on abranch in BRASS job explorer displays the related dialog in the respective

job window located in the BRASS working area.

If the button [T is pushed down only the job window of the active job is displayed.

I the button D is pushed up al job windows currently containing data share the working

area. Place the mouse between the job windows and use click& draw to resize the job win-

dows.
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2.1.2.4 The BRASSfile explorer

Located at the bottom of the BRASS main window (see figure above).

Resizable by a splitter on top of the file explorer.

Behaviour identical to that of the Windows® Explorer.
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2.1.25 The BRASS main menu and why it is so spar se.

Only afew standard commands are placed here. The majority of commandsislocated in a
context related environment, i.e. as branches, on the job pages related to the job branches
and/ or in context menus. Many commands are doubly or triply available at either one of
these locations. If you expect a useful command at some lactaion use the right mouse but-

ton for “missing” context sensitive menus.

2.1.3 The raw data viewer

Currently the following file types with diffraction data are supported:
* xrdml, *.sd, *.rd: raw datafrom PANalytical (former Philips) diffractometers
*.udf: ASCII export format from PANalytical (former Philips) diffractometers
* dat: ASCII file used with many Rietveld programs based on the Y oung& Wiles code,
format: 1 header (3F16.N, 32A) or (3F8.N, 66A), N/10 lines with intensities (1018) or
intensities + repetition counter (101117) or sometimes (101216), with N = No. of steps+1.
*.raw: Siemensraw datafiles, versions 1 and 2.
*.nja: ASCII export format from Seifert diffractometers. Note: only one scan per fileis

supported.
';} brass 2 data viewer _.—_{il.ﬁ

Fil=-  About

INEEENIEEEEEN

brassjob explorer ﬂ: e —
= i} brass job explorer | AFrethCaCl3 Znl_DZhechen bourdml
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To display single or multiple diffraction data from supported file types:
Drag&drop files from the Windows® or BRASS file explorer on the branch raw data vie-

wer
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Use one of the ways to open files and select the file filter data viewer.

Display modes in the raw data viewer
Each file with diffraction data is displayed on a separate page.
On each single file's page you find both the diffraction diagram and the infos sub-page
In addition al files are plotted together in both the combined and the scaled combined
plot. On page scaled combined all diagrams are scaled to 10000 counts for the maximum
step intensity. On both combined pages you can select individually which data are to be
displayed.

Actions with the raw data viewer
On top of the diagram the position of the mouse cursor is displayed. Reported d-values are
currently based on the wavelength of Cu-K, radiation.
Use click&draw to zoom a selected part of the plot.
To move the plot when data are zoomed click& draw with the right mouse button.
To unzoom double click on the diagram.
To change some display attributes of the single data plots use the respective buttons on

top of the plot.

2.1.4 Exploring a Rietveld or a StruPlo job

BRASS 2.0 jobs are stored in BRASS' proprietary files with extension *.BRJ for Rietveld
jobsand *.BST for BRASS StruPlo jobs.
1) Toopen aBRASS Rietveld or StruPlo job file you may either

Push the button E” from the main tool bar

Use the command open job from menu file and setting the filter of the open dialog to
brassjob file or Rietveld job or struplo job, respectively.
Press the shortcut crtl + o with the same filter settings.

For Rietveld jobs you may also go to branch Rietveld job on the BRASSjob explorer

tree and use the button = lnad rietveldjob | from the related dialog in the working

space.
2) If youwishto open afile you have edited lately you may open it more conveniently

Right mouse click on the|z" button and select the file from the drop down list.

Use command reopen job from menu file.
3) Direct accessto al dialogs
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To access any of the dialogs related to the current Rietveld or StruPlo job simply click
on the related branch in the BRASS job explorer.

For details on the respective dialogs of a Rietveld job see the exercisesin sections 2.2
(fragment) and 2.3 (to come).

Details on the dialogs of a BRASS StruPlo job are under construction ...

2.2 Exercise (fragment): Explore the fully refined Rietveld job on

a profile standard sample (LaBg)

2.2.1 Loading Rietveld jobs and understanding refinement flags “R” and
“p

Execute BRASS 2 and open the Rietveld job file LaB6_041008_ref061215.brj. The dialog

linked to phase LaB6_40947-1CSD is automatically displayed.

if brass 2 loaded rietveld job LaB6_041008_verf061Z15 in path Di\User\Johannes'beide\BRASS2 Dol £, _ =] x|
Eile- About
|olelalz] njEEE- === B | |
brass:job explorer ﬁl 2
=41 brass job explorer phass [LaBB_40347105D
-- raw data viewer
= % rietveld job structure fil
71 %4 LaBE_041008_verils it |
£ if“ job contral SpAce group bk srale factor averall temp: factar
-4, raw data PM-3M i 1 0.001825 R ]
144, LR 041008 ! Al ! a | !
= measuer af4.156206 [R | afe.156206 [0 o[a158206 [0 w30 [lafzo B EE |
i & instumen
=8
T (RS Transtom cel g i firecd by syt
ble of traint T " 7
T P wiknown) (%] [ standad VIS Miper fuligémel] pu [145m) F [urn]
: s] report
BB reaite 0 [71.78 {20475 o |0
-] refinement pre I Brindley enah
% plot - —structuie factors fo be based o
e Juantitetive & 1 g e  fistaf reduced intersities 1 Le Bal estraction ‘

] parameter shi

--refinementde ‘nunber nang: |sfac |x | |y' | Iz | |B | |SOF | |‘beta11 | I]:\et.aZZ | |h-
2] reflection fist | | .
124" shupls job J 1 La+3 0. 0oooo 0. gooono 0. o0oono 0.43453 R 0. 02083 0.00000 0.oooo0
e newioh VANE Bl E 0.19983 R 0 50000 0.50000 0 42837 R 0.12500  0.00000 | 0.00000
71 fourier jobs

4 [5m 4 | |

Next to some of the parameters' values there is a small box which is either empty or isfilled
withan “R” or “D”. A parameter with an empty box is principally refinable but is currently
not refined. It is said to be “not flagged” or “unflagged”. Other parameters, such as the scale
factor or lattice constant a, with an “R” were refined as independent parameters and are said
to be “flagged” for independent refinement. The parameters with a“D”, such as lattice con-
stants b and c, are “flagged” for refinement with alinear dependance on one of the parameters
flagged “R”. |.e. these parameters may not change independently but follow the changes of
the related parameter flagged “R” in afixed ratio.
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Click on one of the “R” flags to toggle it on or off. Note that if you click on the flag of lattice
constant a the “D”-flagged |attice parameters are automatically unflagged or flagged since the
dependencies are derived from symmetric restrictions.

To set adependent flag for parameters which are not constrained by symmetry first set an “R”
flag on one of the parameters and immediately set “D” flags for all dependent parameters.
Note that the setting of each “D” is followed by adialog asking for the linear factor relating
its shift to the shift of the first parameter flagged “R”.

Try setting the displacement parameters B of the atoms La and B dependent by a factor of 1,
i.e. first unflag both B parameters, then flag either B(La) or B(B) first by aleft mouse click
and then flag the second one “D” by aright mouse click. In the subsequent dialog constrain

factor set the factor to 1.

Note: Information on which parameters are related by dependencies is displayed and may be edited using the
branch table of constraints. The constrain factors may be edited and dependencies may be deleted by the respec-
tive context menu of the currently selected row.

2.2.2 The raw data branch

1. At branch raw data you only find a button which allows for replacement of the current
diffraction raw data. Thisis the fastest way to perform a series analysis of samples which
comprise the same overall set of phases but vary e.g. in phase fractions: Y ou would refine
your model for the first sample, then save it with a new name and load the data of the next
sample. Then you usually can refine the robust parametersin one first step and all the oth-
ersat atimein a second step. |.e. after doing some profound and rather lengthy work on a
representative sample you can work very fast on ssimilar samples.

2. Atbranch LaB6_041008.xrdml you find the dialogs related to the diffraction data, i.e. the
plot and — using the side bar and the options on top of the graph — the dialogs to define the
background model (side bar page background), the model for handling position errors
(side bar page 2 theta shifts), some other side bar pages to adapt display options of the
graph and, to the upper left, some buttons for exporting the plot.

In section 3.1.1 you will learn how to set up the parameters for background and 2 Theta
shifts. Here you may ssimply check the “mouse action mode” zoom on top of the graph and
use click& draw to zoom the plot and double click to unzoom it.

3. At sub-branch measurement note that all instrumental parameters for 2?-dependent peak
width parameters of the instrumentally produced peak widths FWHM (full width at half
maximum) have been refined. In addition the parameter ASfor the description of asym-
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metric peaks up to a 2-theta limit of 50° using Rietveld’s original approach has been re-
fined.

brass job explorer ﬂ = K|
Eﬁ' brass job explorer zet of instrumental p
- raw data viewer = B :
Elﬁ rietveld job I J EI ﬁl &I
et LaBE_041 005 _ref051
ng job corttral use overall asymmety parameter v A5 |0.08081 IR_ 2-theta limit |50 M[PdH) 12 ‘
=4 raw data
‘l"" —profile limits 2theta lorentzian shape p
-3k LaBB_04100¢
gl 3.00935563
ﬂ instrumen | startangle | 300835563 Uy, ID.USB‘IB IH W IU I W ID.U4138 IH
E"‘Hﬁ phases 0.016713307931 31801
.it:i}l;l LafBBJDtS{?-l step size IU.UT E713307931918M [gaussian shaps p
-5 table of constrain
-1 139.99062744
(g2] report Ug[000722 R v [000748[R W [0.00744 [R
[=1-<E> results finishing angle |133.93062744 QI
= El refinement pro

The parameter M(FWHM) determines to which angle below and above the peak center the
peak is to be calculated. The lower and upper limiting angles each are M(FWHM) -
FWHM ° apart from the center. Set M(FWHM) to a value that guarantees that the peak’s
intensity has dropped to zero below and above the limiting angles. This limiting saves a
lot of time compared to the calculation of each peak over the full range of the diagram for
just adding alot of zeroes.

Hint: In early stages of arefinement or in case of very large unit cells you can speed up the calculations by
reducing M(FWHM) down to about 4.

Sets of instrumental parameters are templates with values for all parameters on the pages
measurement and instrumental except for the profile limitsin 2theta. At the end of section
3.1.2 you will save anew template and at the beginning of section 3.2 you will make use
of it.

Note that you must save edited sets using the E| button. Single sets may also be deleted from the list using
|- Youmay also saveasingle set toa* risfile by Epf or load sets from * risfiles by #g.

4. At branch instrument specifications on the instrument are listed. All entries must be given
by the user and may be stored — together with the entries on page measurement — as a tem-
plate set of instrumental parameters which may be called from the drop down list for all
datasets that were measured with the same configuration.

Note that you must save edited sets using the E| button. Single sets may also be deleted from the list using
|- You may also save asingle set to a* risfileby B or load sets from * risfiles by #g.
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brass job explorer ﬂ E
E,{E‘ brass job explorer et of instrurnental p
B raw data viewer [LaBE_041008_refined_061215 = EI ﬂl
EI-@ rietveld job
-4t LaBE_041008_r=f061 —wavelength
4% ek conirol fube A 2 A 3 A A
E|-~lm raw data
E13W, LaB6_07100¢ | [Cu = [r5408 [154443 EE VN B
//E’ Mmegsurern
gy §Instmeny [R2fh1) [3h 1) [Aaik1)
E-Hﬁ phases [ monochr  |atio IU.5 IU.EIEI? IU_EHE

(-4 LaBE_40947- . : )
.. _ table of comstraint | "2 datatppe | divergence slit conection || geometiy

7] report -1y ' none £ cic.
E<E> results o Bragg Brentano = Transmission + capillay = Transmission + flat sample
[ refinement prc " neution " rect O ADS
% plot
4 quanitative & LP coefficient for monochromator isati i i -
o 3 polarisation  |0.91 divergence slit aperture [*] 0.25
parameter shil

|z refinement de polarisation in paralel plane 0.5 width of % ray beam at zample position [mm] |12

EZ]) reflection list

¥, stnpla inh roduct p [1/cm] - d [em]. d=sample thickness |0 dirmension of sample [mm] in beam direction 16
Pl nenioh p w[1/em] - d[om]. P ple [mrm] |
47 fourier johs goniometer rading [rmm) 240

tube: A set of stored wavelengths. If you have to edit the wavelengths, confer to the
warning below and select the entry “other”.

Warning: Note that BRASS currently does not support manual editing of parameters for
the calculation of scattering factors. |.e. in case of x-ray data, scattering factors are only
calculated correctly for the pre-defined sets of wavelengths.

monochr: Check if the data were measured with a single wavelength such as K.
I-ratio: The relative intensity ratios for the second, third and fourth wavelength with re-
spect to the intensity of the first wavelength. For K, it isusually 0.5 or more exactly
0.497.

raw data type: select the type of radiation used for raw data collection.

divergence dlit correction: Using Bragg-Brentano diffractometers with afixed diver-
gence dlit the sample is often over-irradiated at small diffraction angles. Peaks in this
region are systematically underestimated and should be corrected for either rectangular
sample surface areas (Fischer, 1996) or circular ones (Kriiger & Fischer, 2004).

Note that for fixed dit corrections you must also enter the correct values for the goniometer radius, the
divergence dlit aperture, the width of the x-ray beam and the dimension of the sample in the edit fields be-
low.

If an automatic or variable divergence dlit was used select ADS.

geometry: Select the correct type of diffractometers geometry. For the different geome-
tries enter at least the following values in the edit fields below:

Bragg-Brentano: All but product p-d.

Transmission + capillary: All four values on the left.

Transmission + flat sample: All four values on the left.

LP coefficient: factor due to pre- (or post-) polarization of the primary (or secondary)

beam invoked by a primary (or secondary) monochromator. For Cu tubes the default
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valueis 0.91.

Note that errorsin the LP coefficient will be taken up by the displacement parameters
due to their similar long term variation with the diffraction angle.

polarization in parallel plane: factor for pre-polarized primary beams such as in syn-
chrotron facilities. For laboratory radiation there is no pre-polarization resulting in a
factor of 0.5.

product p-d: Needed for the calculation of absorption correction in case of transmission
geometries only. It is mandatory to leave it O for Bragg-Brentano geometry!
goniometer radius: Needed for the calculation of various corrections.

divergence dlit aperture: primary beam divergence. Needed for fixed divergence dlit
corrections only (see above).

width of X-ray beam at sample position: Needed for fixed divergence dlit corrections
only (see above).

dimension of sample in beam direction: Needed for fixed divergence dlit corrections

only (see above).

2.2.3 The phases branch

1. On the main branch phases some basic commands on phases are available
new phase: Creates a new sub-branch with a corresponding form to enter structural and
profile parameters from the scratch.
add phase: Calls an open dialog to import phases from CIF, INP and BRJ files. If an INP
or BRJfileis selected you can pick one or several phases from a subsequent dialog. For
each imported phase a new sub-branch to phasesis created.
show selected phase: Switches to the branch of the phase selected in the box.
del. selected phase: Deletes the phase selected in the box.
The branch phasesis aso visible when a new Rietveld job is started from the scratch.

2. phases— structure
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brass job explorer ﬁ E
Eﬁ' brass job explorer phase |LaBE_4DS4?—ICSD
] raw data viewer
-k ristveld job structure | orafi
-4 LaBE_D41008_ref081 | ot |
- ;5% inb contral space group Z scale factar overall temp. factar
-4 raw data L il [ 0.001825 R
-Jaky LaBE_D41008 I il | I @ | I
-2 messuen ala 156206 [R [b[4 156206 0| cf4 186206 [D | @fan | I ER [ [ a0 |
= ﬁ instrumen
=- phases
_ Transform celll Origin is fixed by sprmetry.
[H- new phaze -
ES 7 -
5 table of constraint w known) [%] [~ standard V8] Miper f.ullg/mol]  [1/cm] R [um]
15 report [ {7173 |204.75 Jo Jo
=<8 results [~ Brindley enab.
5] refinement prc | =0 ciure factors to be based on:
- % plat o ’7(:' atomlist " list of reduced intensities " Le Bail extraction ‘
- quantitative a
2] parameter shil nunber namne |=sfac |x v z B |SOF | |hetal 1 | |heta2 2 | |1:\|
iy refnement ce 0 00000  0.00000  0.00000 043453
) refiection list J 1 La+3 . . . R 0.02083 0.o000d 000000
H:O: struplo job J 1 2 Bl )] 0.19983p 0.50000 0.50000 0.4283% R 0.12500 0.00000 0.000o0
L Ll newiob
ﬂ faurier jobs

Minimum information to be given: space group, lattice constants and an atom list (or alist
of reduced intensities or check LeBail extraction).
Push j |toseealist of al symmetry operators of the given space group and an expansion
of the atom list al atomic positions calculated from the symmetry operators.
Information in the row w (known) to R[um] is optionally needed if the Brindley correc-
tion is applied to quantification results. V and M are recalculated by the program each time
aRietveld refinement is invoked.

3. phases—profile
As LaBg is expected to be a profile standard no sample parameters were refined. It was ar-
bitrarily assumed that the known crystallite size D of about 10 um is a purely lorentzian

contribution. The resulting peak width parameter iP_ is calculated from P :%i% to
0.00088 which is so small that it barely contributes to the peak widths. Thus the selection
of either iPg or iP_ for the description of this small crystallite size effect isin fact arbi-
trary.

All other parameters were set to zero-effect values, i.e. to O for peak width contributions
and to 1 for the preferred orientation. The asymmetry parameter is disabled here because it
isassumed as an instrumental effect and is thus used on page measurement.
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brass job explorer ﬁ

=i {F brass job explarer phase [LaB_40347IC5D
T raw data viewer

=] -H; rietveld job

3 truich profile
4t LaBG_D41008_ref0BT | S I

--EB, job contral P
E‘"fi raw data ’7 ¥ use overall asymmetry parameter A5 IU-03031 I_

E"‘j%*, |_—335_D41 00 | —preferred arientation
/A rneasUren rreference hkt

g InEtUmER
E"‘Ht pha%ﬁes preferred oiientation |1 I_ h i} k [i] | 1
2 LaBE_40947
B4 new phase crystalite size p
= - table of constraint —referance hkl
5 report P, |n.oooss \ a0 [
18> reslts hp |0 k, |0 I |1
~f) refinement pre iPg IU ‘ aPg IU I
<l plot i i
8 quantitative a | [ Microstiain p
N " parameter shil i~ Stephens' model {+ isolopic / simple anisotiopic mode

~{e] refinement de

- —shiain p
L2 reflection list reference hkt
i5, |0 [ & o |
he [0 ke |0 P
5 |0 [ & |0 |

To come:

table of constraints

results — refinement progress
results — plot

results — quantitative analysis

results — parameter shifts

© o N o g s

results — refinement details
10. results — reflection list

11. report

12. ASCII filesin folder temp

2.3 Exercise (to come): Explore the fully refined Rietveld job on

mixture2, containing the phases quartz, calcite and zincite
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3 Training exerciseon lab6*.brj and mixture2* .brj

The same examples are used here as in chapter 2. Thus, by following these instructions, you
will be able to control the success of your exercises by comparing it to the provided example
files. You will learn how to create a Rietveld job, how to establish instrumental parameters
using a standards' data and how to fully analyze a sample containing several phases (here:

three).

31 Rietveld analysis of the LaBg standard to establish the instrument pa-

rameters

3.1.1 Preparation and run of the first refinement step

1. Start BRASS 2 and find the following situation:
i8]

File  About

|_| =] Ell_l _ﬂJJﬂjjlfg i ”
¥

brass job explorer
= ,ﬂ brass job explarer
B raw data viewer
= H; rietveld job
= i::x new jobi
& el

/;:’ MESsUrEn

m instnamery
- phases

B table of constraint
- repart
[=<E> results

& refinement pro

- plat
= quantitative a

) parameter shil
H ﬁ-_a refinement de
i Hﬂ reflection list

7" stuplo job
brass 2.0
version 2.000° 22:8. 2006

[Z opst brass job- |
|5 — ]
Fif| Desktop +| [ Datginare | el Top | Gedndeit | ;_l
%—] “ﬁ Eigelje Dateien ﬂE\gene D ateien Spstemordner
L*]" ':'be'tSthZ i E—G_-],Arbeitsplatz Spstemordner b
B2 Netzwerkumgebung Metzwerkurngebun Spstemordner
12 Papierkoib = %D_WJ,A.L s S =]

2. Thebranch rietveld job ® new job provides all necessary containers for the new Riet-
veld job. Select branch raw data and load the data LaB6_041008.xrdml provided in
your folder with stored example data. To see the raw data select the branch next to
raw data now labeled LaB6 _041008.xrdml.
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LIRS

File About

I _ﬂJJ[Djﬁé‘;;l‘waiL e @ I
-

brass job explorer 2l
- brass job explorer i v;vg|§| |2Theta=?U.13|nlenswty=5981.95d=1.34EIB5 mowseaction mode: © zoom 1% ldit selpairts ( editexcl redions © prafile s
- :
randata backaround | 2ihe 4 | >
SRR e e T maxpronie gt polynome setings-
;5‘ job control b N —
E!W raw data i I i | i i i I [ enabled
2144 LaBE 041008 | TO0D - foommmrmrmmmom oo s s | e measiement
ﬁ instnarmer 6500 i i | i : , ™ efiatied o= aad
- phases goog ] Rt e NI ORISR Lo ]
B table of constraint | | | | i ' I
- repart L R B i s s i s e Cintepolston——————————
=y It \ | } ' : ' . N -
et iui;?us A o e e S I Linear interpolatior
it ! ' t | | . ¥ Spline interpolation
4500 I J | : : : | : o
i i i i i i | o efineal | 96 refine none
i o intensity  refine
2500
2000 f |- LSEEL s
1500 -
(RCE N 8
sood-c e L] _lliih_
o \"'-WL.._..A.JJ i ! L k i l b I o b |
20 40 BO a0 100 120 140
4] i =l
Fif| Desktop +| [ Datginare | Gie| Top | Gedndeit [ -]
o : . — |
43 Elgel?e Dateien Y Figerie Daleien Systemordner
#43 Arbeitsplatz = p o
= Arbeitsplatz Systemardner
Lﬂ" Net?warkumgebung @Netzwerkumgehung Systemordner
"3 Papierkorh ;I L = P o i LI_
iFlaw data diagram. Far various interactive options make use of the supplied mouse action modes to be selected on top.

|
3. In mouse action mode zoom (on top of the graph) zoom the background region of the

plot.
Hint: Select asmall interval in intensity and arather large onein 2? by left mouse click& draw.
Select edit setpoints on top and spline inter polation (sub-page background). Now set
some background points by left mouse click on the graph. Preferably do not select
points right below a peak. Remove bad setpoints by right click or move it by left
drag&draw action. Set refinement flags for all background points by pushing

1 on the side bar page.

Finally select page 2 theta shifts on the side bar and set a refinement flag ]FT on con-

stant zero by aleft click next to the parameters' value.

Notes: For a smooth background, like the one here, set roughly between 8 and 15 setpoints with a
higher density of setpointsin areas where a stronger curvature is observed. No great care hasto be
taken to match the observed intensity, since the setpoints' intensity values will be refined. The 2? values
usualy are not chosen directly below peaks.
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[ brassz Bl x]

Eile  About

“ D|@|.9:l:| ﬂ Imlgl_wait &-|E| (o) ||
brags-job sxplorer %l =

= ﬂ brass job explorer
EE] raw data viewer
= rietveld job
- LaB6_041008
;5‘4 job contral
= L raw data
=-4b LaBE_04100
25 megsuren.
I instrurmen
P\‘ phases
B table of constraint
o] report
< results

4, shupla job

4 ]

Hfg ?’glél |2Theta = 7656 intensity = 203535 d = 1.2434  moltse achiot mods; © zoom (% editsetpoints © editesel regiohs © profile limits
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.............................

raw datz  backaround | Zthe t I L4
—polynome setings:

[ esira me et
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rintepolaton——————

I Lih_e_a_r interpolatior:
¥ Spling interpolation
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4,

In the above figure note the small peaks left to the large ones e.g. near 20° and 30° 27?.

These are spurious peaks coming from two extra wavel engths, Cu-Kg and W-L 4, pre-

sent in the primary beam — both resulting from incompl ete monochromatization and

W-L, from pollution of the anode by vaporizing W filament. In addition to Cu-Ka;

and Cu-K ,, these two wavelengths must be taken into account for the Rietveld calcu-

lation. To do this, switch to branch instrumental and activate | 3 and | 4 with the default

intensity ratios as shown below. Also set the valuesin the edit fields at the bottom to

the correct values shown in the figure.

brass job explorer ﬂ - E
E(} Erass b expiorer zet of instrumental p
T raw data viewer = B o
E}g@ rietveld job I J EI m LI II
-4k LaBE_041008 —wavelength
% fob contol fube A IA] a2 [A] A 4] i 4]
E1-4LL raw data
144 dlata file fCu =] Ji5408 [1.54443 139223 v [147838 |
B messuren
5 [32h1) (3 1) [ndin1)
E"‘Ht phases I~ monochr  |atio IU.5 ID.U1 IU.DZ
- LaBE_40947- _ _ _
raw data tppe— | divergence slit conection | geomely

4" table of constraint
report
[=1-<E> results
=] refinement pre

» % plat

-~ quantitative a
™ parameter shil
&y refinemant de
reflection list
"4 struplo job

% - ray

" neution

* none " cire

" rect i ADS

(% Bragg Brentano " Transmizsion + capillay

" Transmigsion + flat sample

LP coefficient far monochromater polarisation
polarization in parallel plane
product p [1/cm] - d [cm], d=sample thickness

goniometer radius [mm]

0.491

—
o
-

025

e
—

divergence slit aperture [*]
width of % ray beam at sample position [rmm]

dimension of sample [mm] in beam direction
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Note: The material used here is known to have no noticeable microstrain but an average crystalite size
of about 10 um yielding asmall size effect of peak widths. It is more or less negligible but may be ac-
counted for by setting the lorentzian crystallite size parameter iP_* to the value 0.00088 on sub-page

"profile" of the phase.

Now switch to branch phases and push the button it add phase or choose

the command add phase from the context Menu  pammrpsre—e—— =lof|

Of the branCh pha%s In the dla|09 Open the flle The zcattenng Factar sprbol LAD [aborn T=Lal] 1z not vald
n LaBG_40947C|f" W|th Structura| information Please type in orzelect a valid spmbal shiowy all l

—zort by

on the phase LaBs. Since not al symbols for £ Sohasmiios C Tl ne:

scattering factors used in CIF files are known
to BRASS, the following dialogs ask you to se- L1+
lect valid scattering factor symbols for the at-

oms. For atom Lal select Lat+3 as shown here, LU

for B1 select B. oK |
Now the phase "data_40947-1CSD" is added to
to the phases-branch. To speed up convergence in the subsequent refinement increase
the scale factor to 1E-3 instead of the default 1E-5 and then flag IH_ the scale factor for

) ) zcale factor
refinement by left mouse click: IEE R

Hint: For better phase recognition in other dialogs it is recommended to rename the phase to
"LaB6_40947-1CSD" using either the respective branch entry or the phase field on the phases page.

Before running the refinement, save the job using either the blue disk button | | on

the main tool bar or the command Save job from the menu item file or by selecting the
job header branch right below the branch rietveld job and pushing the button

H saveich

Note: At any time you may save a backup of your current project using the red disk button | & | The

fileis stored in the same folder as your current project with same name extended by a serial number be-
tween 000 and 999 and with extension BRB, e.g. the first backup of test.brj is test001.brb. From the

backup the stored state of the project may be restored to the current project at any time using El

Hint: Switch to branch report. All mgjor Rietveld job actions are reported here for your convenience:
saving the job by | El, running arefinement by , accepting the new parameters by ﬂl after are-

finement is done, saving a backup *.BRB fileby | [ | and overwriting the current job by the values of a

! Using the adapted Scherrer formula: iP_ = 180-D / (p'l ), crystallite size D and wavelength | givenin A.
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backup fileusing &-|. When running a Rietveld refinement, all parameters being refined will be listed

here as well as the mgjor R values and the convergence status. In addition you may add text to there-
port at any time. Thisway it is possible to store your personal comments on any step to be ableto re-
construct what you have done afterwards. In combination with the backups this will help you to go
back to a specific stage of the refinement when you have run into trouble or if you want to follow a dif-

ferent route in the refinment.

7. Visit the branch job control. Some major controls of the refinement may be set here.
Ask for amaximum of 36 least squares cycles. The other setting usually will do.

brass job explorer | |
= ﬂ' brass job explorer . -
LT raw data viswer job deseription ILaBB_UﬂH ong
EI@ rietveld job B
El42h LaBE_041008 program mode: gighting scheme: ligting
~§%, job control " o
& fi i * refinement {* 14y observed B s s lis
SE FIata fle: [ carrelation matrix
& measurerr | € simulation £~ 1/v calculated X X .
» ﬁ instumen [ input step intensities
E'Htgzases —relawation factor I~ spmmetry operators
LaBE_40947-
-~ table of consiraint | g 33 2 [03 (3 ] 4 [0.3 G TR
report I reflections
B> reslts o control ’
El refinement prc least squares cycles [on et i
plat ng—;l
- quantitative a =1
- " parameter shi o, of refined parameters
{7y refinement de Iw—
~AZ]] reflection list
w0, shruplo job COFENDENCE limit
I =
015 =

8. Run the first refinement using the cal culate button . The program switches to the

branch refinement progress displaying a plot similar to this one:
uﬁlﬁlﬂﬂ ﬂl IEIF:T [ wait W—l EI| | G gl The refined values are displayed

brass job explarer ﬂ =
E‘.{E‘ brass job explorer rietveld run finished after 31 of 36 cpcles.
raw data viewer
E!-ﬁ rietveld job

B4k LaBB_041008 Fip I 2334 max (shift / esd) I 0.123 for ZERD Fbragg IEE_TS | tigtveld kemel is running

E ;5‘ job contral

Eiﬁ.;ﬁ dd:::f,la Aup [ 2027 Fip! EEL for phase [LaBE_408471C5D =] X stop calculation__|

gk measuren
& instrmen Fp FRwp FRp Rbragg e (shift { esd)

B4l phases P —
e LaBE 40947 | gg
e - table of constraint 50
15 report .
[=1-{E result:

R Frefinement pre

BS & - -
e plat 1
-G guantitative a LY L
-] parameter shil e
~{ay refirement de | S0

Bl reflection list 45 4 -
:0: struplo job 4n

o 2 4 6 & 10 12 14 16 18 20 22 24 26 25 30 o 2 4 6 & 10 12 14 16 18 20 22 24 26 23 30
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Note the large green bar? on top of the plot is declaring that the refinement has con-
verged, i.e. inthe last cycle the largest ratio shift(parameter)/s(parameter) of any pa-

rameter was smaller than the value of the convergence limit on branch job control.

In addition a new button EI Refined values dizplayed. Editing NOT available. |S now d|sp| ayed

in the main tool bar for toggling between start and refined parameter sets. E.g. display
the raw data and toggle with g| between refined and start values. Note the change in
the setpoints' positions on the raw data display and in the numerical values of the set-
points while toggling. Also toggle between start and refined values while displaying
the sub-page 2 theta shifts on data file or the structure page of LaBs. Y ou should also
look at the Rietveld plot branch® to judge if the peak positions are more or less hit.

These, aswell as the calculated profiles, will improve on further steps.

Hint: Before accepting the new parameters for further refinement steps you may wish to back up the

current state of the refinement using thered | [ |

. Accept the new values using the button | £3. The toggle button | disappears. Op-

tionally save the current state of the Rietveld job using the blue E| to the left.

3.1.2 Running the further refinement steps of the LaBg refinement

Now every further refinement step should follow a similar procedure as described above with

respect to user actions, i.e.: At first prepare the next step by applying modifications to the

model as indicated below. Then optionally write down a comment to the last line of the report

with the step's numbering and a description of what will be done next. Secondly run the re-

finement and head for convergence. At third carefully check if the refinement has yielded

improvements or at least no changes for the worse with respect to R values and parameters.

Fourthly, if al isfine, accept the parameters and, if necessary, make sure by repeated refine-

ments that convergence is achieved. At fifth (optionally, but strongly recommended) save a

backup version of the current state. Then turn to the next step.

For the LaBg standard sample now complete the refinement in these steps:

Either agreen, ayellow or ared bar may appear. Green means that convergence has been achieved. Exam-
ine and accept the new parameters and continue with further steps. Y ellow means "no crash but no conver-
gence either”. If R values have evolved to lower values and parameters are O.K. then accept the new pa-
rameters and run further cycles. In case that ared bar appears, the refinement has crashed. Shut down
BRASS reload your Rietveld job and modify the flags and or parameters to prevent the program from crash-

Sometimes the Rietveld plot looks al grey or the difference plot is not scaled correctly. In this case double
click on the graph to reset it to defaults.
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Step 2) Additional refinement of lattice constant a (phase branch), constant in-
strumental peak width parameter s Wi grentz and Wauss (Measurement branch)

and possibly some mor e setpoints (sub-branch to raw data).

Comments: Always (try to) add al further refinement flags, i.e. (try to) extend the set of refined pa-
rameters until finally all parameters may be refined atogether in the end. If this may not be
achieved thisis usually not agood sign or at least must be discussed explicitely.

Set all flags for this step. Flags for further setpoints: On page plot zoom the background area of the
plot. If long-ranged regions (ranging over much more than a peak width) are observed where differ-
ences (grey plot at the bottom) systematically aredl positive or negative, a need for further set-
points in between may be indicated. Note the respective 2? regions, switch to the data file plot and
set further setpoints. Do not forget to flag these for refinement.

Result: Note the strong improvements in the R valuesin the refinement progress branch and — by
toggling between start and refined values — in the difference curve of the Rietveld plot. Thisis due
to the fact that the default instrumental peak width parameters UVW gave much too narrow peaks.
Looking at peaks at various angels you can still observe that some are calculated a bit too narrow or

too wide. Thus, angle dependent parameters have to be refined, too.

Step 3) Additional refinement of the 2? dependent instrumental width parame-

tersVg, Ug, and U, and the asymmetry parameter AS (all on measurement)
Results: The improvement is small but since the profile R values all have improved a bit the step is

acceptable.
Step 4) Additional refinement of the structure parametersx(B), B(La), B(B) (all
on the branch of the respective phase)

Comments: Clearly thereis no doubt that such a simple structure model as that of LaBg cannot be
"improved" based on powder data. In fact we do not expect large changes on positional parameters.
Viceversait isagood sign when only minor changes occur, since that means that the reported
model fits our data and thereis no big error in our inputs. On the other hand minor changes will al-
way's occur, since structure parameters are e.g. a function of the ambient conditionsand this justifies
refining these parameters in addition to the above purpose. Keep in mind that during a refinement of
instrument parametersit is also amajor target to yield the best fit, beyond plausibility considera
tions. Y ou might even prefer aLe-Bail profile fit without using a structure mode.

Usually isotropic temperature factors B for powder data differ significantly from those based on
single crystal data. Thus, for major phases these should aways be refined, but always in the end of
the whole refinement!

Results: No big change in structural parameters. Even the B values are in close agreement with the

literature values.

Step 5) Check and adapt intensity ratios for wavelengths Cu-Kz and W-L
Comment: The intensity ratio | (Cu-Kg)/ 1(Cu-K,1) for Cu-Kgis different for each instrument since
the degree of suppression depends on the very monochromator in use. The situation is even worse

for W-L,: Theintensity ratio [(W-L,)/ 1(Cu-K,1) isafunction of time since the W filament of the x-
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10.

ray tube degrades sowly with time. |.e. the first ratio must be established once for each apparatus,
the latter one even for a specific period of time. On branch instrumental you find the four wave-
lengthsinvolved: Cu-K,; = ?1, Cu-K,o = 25, Cu-Kg = 23, W-L, = 24 Theratio | (Cu-Kyo)/ 1(Cu-Ka1)
is constantly 0.5 (or more precisely 0.497) while the other two shall be established here: In the Riet-
veld plot display the wavelengths | ; and | 4 by checking the respective options of the phasein the
side bar. Now zoom a small window with some | 3- and | 4-peaks. Check for a number of such peaks
if the heights are hit more or less. If thisis not the case, for both, | 3 and | 4 separately, calculate a
factor in peak height for which the heights are hit better and on branch instrument apply these fac-
torsto theratios | (Cu-Kg)/ 1(Cu-K4;) and 1(W-L,)/ 1(Cu-K,4), respectively.

Then run afinal refinement, accept parameters and save the Rietveld job. Though R values are not
much affected you will find, looking at the Rietveld plot, that the spurious peaks are described much
better. If that is not true, repeat the procedure.

After step 5 is completed there is no way to improve the fit for the instrument stan-
dard. If you have a closer ook at the Rietveld plot you will find that there are still
some differences between observed and calculated data, especially thisis true for
peaks at low 2? angles, having "lying-S shaped" difference curves. Thisis due to the
insufficient model for asymmetry while differences at various angles may be due to
shortcomings of the Pseudo-Voigt function itself. Other differences may smply be
due to data statistics, i.e. fluctuations of count rates in the raw data. Anyhow the best
possible fit is achieved and we thus consider it as the final result of the refinement.
Finally store a set of instrumental parameters for further use with other samples: On
branch instrument or on branch measurement enter a new name for a set of instrumen-
tal parameters (e.g. LaB6_ 041008 _refined NewDate) and then push the save button
next to the edit field. The sets of parameters are saved to the file instrumental.risin the
main program folder.

The new set of instrumental parameters is now ready for use with other samples that
have been measured on the same instrument at a similar date’ and under the same in-
strumental conditions, except for datarange, counting time and step width. To use it
with other data start a new Rietveld job, load the respective data and then load the set
of instrumental parameters by simply selecting it from the drop-down list.

Concluding remarks: The refinement of a profile standard should succeed routinely since

there are not many independent parameters and the peaks are well defined. For other sam-

"Similar date" is not determined very well. The only reason for this requirement is the change in intensity of
the W-L, peaks, if any. The other instrumental parameters usually will not change significantly for a given
configuration of the instrument. So check the changes in the standard's W-L jintensities from time to time.
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ples this may be much different. The establishment and fixation of the instrument parame-

ters will ease and stabilize the refinement since for each phase five parameters (U, W,

Ue, Ve und Wg) are fixed in advance. In some cases it will even be precondition for any

success of the refinement. Additionally the sample effects may be analyzed alongside.

3.2

Rietveld analysis of mixture2 (Calcite, Zincite und Quartz)

The sample was prepared from equal amounts of pure powders of the above three phases. The

powders were found to be finely grained in advance and homogenization was done by routine

mixing and grinding in an agate mortar. Note that you must have completed the exercisein
chapter 3.1 to have the LaB6-based "set of instrumental parameters' ready for use.

3.2.1 Preparation of the refinement

1.

Start anew Rietveld job on branch rietveld job. The situation isidentical to that after
starting BRASS.

Raw data preparation: Switch to branch raw data and load the data "mix-
ture2_041111.xrdml". Set about 8 to 15 background points in mouse action mode edit
setpoints and set refinement flags for all setpoints (button refine all). On sub-page

2 theta shifts flag constant zero [r for refinement.

On branch measurement or instrumental load the set of instrumental parameters that
you have prepared in chapter 3.1.

Phase model preparation: Switch to branch phases and subsequently add the three
phases from the CIF files "Quartz_190145.cif", "Calcite_180869.cif" and "Zin-

cite 165120.cif".

Note: For each phase BRASS immediately applies some tests based on the supplied space group sym-
bol. Since for coordinates BRASS works with an accuracy of 5 decimals while in CIF filesonly 4 are
stored, BRASS detects that some atoms are very close to specia positions and asks if you wish to move
atoms to special positions, which you should confirm here. For the missing scattering factor symbol
(C4+) of Cacite C should be selected. Furthermorein the CIF files of Calcite and Zincite there are no

i sotropic temperature parameters B supplied. BRASS automatically sets these to the value B = 0.6 each.
For magjor phases (as given here) you will always refine these at some later step anyhow, for minor

phases this will usually not introduce significant errors.

Set refinement flags [f for the scale factor of each phase.
Run preparation (optional): Using branch job control preferably increase the maximal
number of cycles (e.g. 36) and adapt the job description.
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3.2.2 Running the refinement in strategic steps

For each refinement step remember the following procedure:
1) Modify the moddl, i.e. set the refinement flags according to the steps history below. Pay
attention to the details given in notes and hints. Optionally save your input using the red |E|

2) Run the refinement using the calculate button | [ |

3) Carefully judge the results by extensive use of the refinement progress (do not accept a

refinement that has worsened profile R values or obscured parameters), the toggling button

gl, the inspection of the raw data and related sub-pages on its side bar, the phases' pages, the
Rietveld plot and possibly the details given by branches parameter shifts and refinement de-
tails. If something is suspicious or unsatisfactory, switch to the start parameters, modify the
model or flags and try again.

4) Option: Save a backup of the job using the blue E| for unforeseeable restoration needs.
5) If everything isfine accept the new parameters using |§| save your project using the red
|i=l| and go to the next step.

Now go through the following steps to refine the model up to the best fit:
Step 1) Refine ZERO (data file's branch, side bar 2 theta shifts), scale factors Sfor all

phases (Phases branches), all setpoints (data file's branch, side bar background).
Remarks. Take alook at the Rietveld plot. The button show all profilesinvokes the display of the individual
profiles of the three phases on top of the calculated background. The peak positions of al three phases are
well hit. The peak widths and profiles are not hit well yet. The calculated profiles are now based on instru-
mental widths and profiles, i.e. the differences between observation and cal culation must result from sample
effects such as small crystalite sizes and/ or microstrain. The largest differences in widths are observed for
Cacite.
Note: Step 1 will do in most cases. Y ou may wish to write the quantification results to the report for
comparison with later steps.
Hints: Sometimes, especialy with small cells and strong scatterers, the default scale of 1E-5 isway too
small. The refinement may not lock in. In that case increase the starting value of the scale. If the scaleis
more or less O.K. and the lattice constants are not too far off, it may be possible to combine step 1 and 2
from the very beginning.

Step 2) Add refinement of lattice constants for all three phases.
Remarks. All independent parameters must be flagged, e.g. aand ¢ for quartz. The symmetry constraints on
the lattice constants are automatically set by BRASS as interpreted from the space group symbol.
The refinement converges rather slowly. Consider that in this step narrow calculated peak shall be fit to
broad observed ones while their positions shall be optimized. The solution to this problem is not very sharp.
Consequently the refinement takes some time for the best solution. The convergence to the best solution will
be much faster as soon as the first parameter for the peak width is flagged.
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Hint: The refinement may not converge within your maximum number of cycles but the tendency of R val-
ues and convergence parameter max(shift/esd) should be stable. Then you should accept the new parameters
and refine again until convergence is reached. Possibly you have to repeat this several times.

Step 3) Add refinement of the overall asymmetry parameter AS (measurement), the
isotropic crystallite size parameter iP_ for all phases (sub-page profile of each phase)
and the preferred orientation parameter PO for all phases (same page asiP,).

Note: For quartz no pronounced preferred orientation is expected but till it should be tested, here with re-
spect to the reference direction (0 0 1). For zincite the same direction is appropriate. For Calcite use (1 0 1)
which isthe well known cleavage plane.

Remarks: The asymmetry of the peaksis most pronounced at small angles. In BRASS it is corrected by
Rietveld's original approach which in fact does not really perform perfectly but it does at least part of the
job. At the present time no other algorithm is availablein BRASS. iP, is the first parameter we use to de-
scribe sample effects contributing to the peak widths— P parameters describing a crystallite effect. A Lor-
entzian shape of the contribution to the profilesis assumed at this stage.

In the Rietveld plot after the refinement zoom at fine detail into the reflection of a given phase at much dif-
ferent angles. For one phase ( ?) the peak width are matched much worse than for the other two.
This indicates that the description of the peak broadening as alorentzian crystallite size effect is not appro-
priate. In the next step we will allow for freedom of choice between crystallite size and microstrain effect.
Also note the preliminary results on the quantification for later comparison.

Step 4) For all three phases add refinement of all isotropic sample parametersfor peak
widths: gaussian size parameter iPg and lorentzian and gaussian microstrain pa-
rametersiS,, iSg (all on phases sub-pages profile).

Remarks. Remember that iP_ is aready flagged “R”. Together with the other three parametersiPg, iS and
iSe for each phase there is a maximum degree of freedom to decide what causes the phases' peak broaden-
ing. The Rietveld kernel will not allow for negative values of these parameters since the instrumental peak
widths are the narrowest ones possible. Some parameters will be unflagged and set to zero by the kernel and
you should receive arelated message after therun is terminated. Y ou may accept this for good or try refin-
ing these parameters again at alater stage.

Now look at the values of the parameters. To learn about the size of the respective effect take a closer ook
at the branch refinement details. On top areport on start parametersis given. Below, for each cycle, afull
list of the parametersis given - no matter if refined or not. Scroll down to the last cycle (or use the find dia-
log with keyword ), find the entries for either phase and for that phase scroll up or down to listings on crys-
talite size and microstrain. Here the respective values are listed as well as the percental lorentzian character.
Note that the three phases all display different mixtures of sample effects. Especialy for calcite alarge
strain effect is found while for quartz some mixture of strain and size effect is present and for zincite thereis
only asize effect.

A closer look at the Rietveld plot confirms that for calcite the largest improvement is observed compared to

the previous step in which we only alowed for a crystalite size effect.
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Step 5) Add refinement of all free coordinates x, y and z for all atoms of all phases and

check the background description.
Remarks. Asfor the LaBg refinement it cannot be expected that we may "improve the structure models' of
these well known phases. The refinement serves astest for the validity of the model for our data and to give
the best fit allowed for the respective model. Note that for complicated structures a step by step addition of
further coordinates may be necessary for a stable refinement. Note that the Si coordinates in Quartz should be
(x 0 1/3). If no specia position is recognized set the value of z to exactly 1/3 (0.33333 instead of 0.3333). For
Zincite there is no fixation of the origin with respect to z, i.e. you MUST leave the z coordinate of one atom
unchanged. Here: only refine z(O1).

The background description should be checked before running the refinement and in regions - ranging over

much more than afew peak width - where the difference curve systematically is positive or negétive one or

two setpoints should be added and refined.

Hint: No big changes in coordinates have occurred. Y ou can check this by using the sub-branch distances

and angles next to each phase and compare some values for the starting and the refined model, respectively.

Step 6) Add refinement of all isotropic temperature parameters B of all three phases

(sub-page phase on the respective phases branch).

Remarks. Temperature parameters often consume errors prevailing in other parts of the structure model.
Some people call them waist basket for structural errors. For this reason all other relevant structure parame-
ters have been and always should be refined in advance. The refinement of the B parameters should gener-
ally be done for major phases only, since for minor phases not enough peaks are observable at high angles.
The refinement should yield "meaningful values' for all atoms except for the lightest ones. Meaningful are
e.g. small values between 0.x and 1 for tightly bonded atoms, usually high charged cations auch as Si**. For
bonded oxygen you often find values between 0.5 and 2.5. For loosely bonded atoms (water, low charged
cations in channels or cavities, ...) even higher values are calculated. Vaues above 10 or 15 are absolutely
exceptional and usually will not be significant in the second digit.

After completion of this step all temperature parameters should be reasonable. For Zincite the smallest val-
ues are calculated. The overall changes are significant but remember that at least for Zincite and Calcite we
had started with default values of 0.6 which surely is not appropriate for al atoms. If a phase fraction were
small you should not refine its atomic parameters but the absolute error on quantification would be small
compared to the relative one. Thisis different for phases with large fractions asis true here. Look at the
phases scale factors before and after this step, demonstrating the large impact of the B parameters on them

and consequently on the quantification results at quantitative analysis.

Final remarks. After step 6 the quality of the refinement is similar to that of the LaBg refine-
ment. And specifically it should be very similar to that of the example Rietveld jobs that were
run with the same data and merely the same models, possibly except for the choice of the
background setpoints.

Y ou could try to refine some more parameters, e.g. the parameters aPg, aP., aSs and
aS, for anisotropic gaussian and lorentzian size and strain effects, respectively. This would
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not make much sense, though: The quality of thefit is as good as for the standard material, i.e.
differences of that magnitude must be expected for any other sample. If you would like to
refine more parameters there must be some evidence for it. Anisotropic sample effects would
yield significantly varying peak widths for closely neighbored peaks of the same phase. If that
is not noticeable after the current stage of refinement there is no basis for such arefinement.
Probably the refinement would either converge very slowly or even diverge and produce
meaningless numbers. Still, do not hesitate to try it just to see what happens...

Thereisjust one problem with that refinement: The quantification results on branch
guantitative analysis are far off the weighed in phase fractions. All three phases were weighed
in with the same amount by weight, i.e. the result should be 33'/; % for each phase. Instead
the calculation yields ~39.5 % for quartz, ~32.9 % for calcite and 27.6 % for zincite. These
large absolute errors from weighed-in fractions are rather exceptional. In the next section we
will seethat it can well be explained by microabsorption and be corrected for by Brindley's
method.

3.3  Brindley's microabsorption correction applied to mixture2

Microabsorption effects may largely obscure quantification results from powder diffraction
data. The problem will always be present when the so called absorption contrast, the product
M-R of absorption factor u and mean particle radius R, differs significantly between the pre-
sent phases. (Brindley, 1945) discussed that problem extensively and developed a numerical
correction method. (Taylor & Matulis, 1991) first introduced the correction method to a Riet-
veld program and demonstrated its necessity and success.

In BRASS 2 Brindley's correction method has been implemented as a post-refinement
procedure. |.e. after completion of the refinement switch to the branch quantitative analysis
and enter the absorption factors and mean particle radii of the phases. On checking enabled in
the Brindley correction side bar the quantification results will be recal culated according to
Brindley's formulas. Actually, expecting that all radii are equal, you can try to find the aver-
age particle radius for which the quantification is correct. In the case of mixture2 follow this
procedure, using the Brindley correction side bar at branch quantitative analysis:

1) Enter the absorption factors 1 [1/cm] for the three phases: Jquatz = 91.25, Heacite = 192.27
and Wzincite = 287.85.
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3) Step by step increase the mean Brindley radius R by pushing the up-down button :Il next
to the Rarindiey field of one of the phases. The step size may be adapted by pressing one of
the buttons M ﬂ"T The Ragringiey Of the other phases will be adapted accordingly.

4) Thisway, by trial and error, find the average Rarindiey fOr which the true weighed-in frac-
tions are calculated. For mixture2 thiswill be true for R » 12 pm. (compare to fig. on next
page)

The result isalarming in several respects: The sample was prepared from pure phasesin a

routine procedure. Since all powders are white and finely grained it was not easy to assess by

microscopy if the sample was well homogenized or not. Obvioudly it was not and this puts a

spotlight on the importance of thorough sample preparation. Secondly, in agreement with

(Taylor & Matulis, 1991), it is highlighted that even for everyday phases and samples the mi-

croabsorption may be significant and must not be neglected for quantification.
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After this finding the same sample was prepared for a second time, thistime it was
homogenized in acetone. The Rietveld analysis of the second preparation yielded much more
closely the weighed-in fraction: Quartz 34.7 %, calcite 32.6 % and zincite 32.7 %. The
Brindley correction yielded 33.7 % quartz, 32.6 % calcite and 33.7 % zincite using a common
average Rgrindiey » 2 um for al phases. This finding nicely confirms the hypothesis that the
first sample simply was not homogenized well enough.

With these results the example refinement is finished. We hope you enjoy using
BRASS.
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4 Some final remarks on the free software BRASS

Good look with further using BRASS 2. If you find BRASS useful don’'t hesitate to tell peo-
ple and direct them to BRASS homepage http://www.brass.uni-bremen.de/ for free
download.

For the free version of BRASS please do not expect too much support since it is pri-
marily developed for our own purposes. But if you encounter problems that — to your convic-
tion — lie within BRASS bugs and not within too little experience with the Rietveld method,
we would appreciate if you tell us. Non-experienced users might be interested to participatein
a BRASS workshop: Please look at http://www.brass.uni-bremen.de/. If you think you have
encountered limitations of BRASS which might be crossed by some further development
please don’t hesitate to contact us.

Clearly we welcome collaboration if you have some interesting idea. Note, that we
also develop special automated editions of BRASS for specia purposes, i.e. to control the
outcome of production steps. To contact us look at www.brass.uni-bremen.de or

www.zekam.uni-bremen.de.
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