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Introduction

1.. 8008 [ qG& U

This document describes the TOPAS -Academic kernel and its macro language. The kernel is written

in ANSI C++, with internal data organised in atree structure, similar-to an XML representation . Each

node corresponds to a C++ object. Input is from an INP file (*.INP) containing keywords and macros;

macros are named groupings of keywords. Before execution, the kernel pre -processes the INP file,

expanding all macros and writing the result to TOPAS.LO  G; it then parses this expanded file to build

its internal data structures. The main tree  -node objects are:

xdd...
bkg “Apt’ P, W 33
str... : Structure information for Rietveld refinement.
xo_ls... : 20-1 value s for single line or whole powder pattern fitting.
d_Is... : d-1values for single line or whole powder pattern fitting.
hkl_ls... : Lattice information for Le Bail or Pawley fitting.
fit_obj... : User defined fit models.

strzfo _IszA IS’ Akl IsAp PRIV iR Ryeifs O cdpWip’ A ~ABRIEEA K “ediN O ed® dzpuAAeY | A !
. AR IERPP Wt (NP dYARdst x A 13Keywords are not a flat list. Each belongs to an internal

complex type, and it is the type that determines where a keyword may legally appear.

1l...5W ' . AOI Ze®fA. A xeA. . 3

Modern Windows security settings increasingly prevent executables from running in high

- priority

mode. This can slow TOPAS significantly during large refinements and particularly those with high

memory usage. Running TOPAS in high priority mitigates resolves this.

111 Running TA.EXE in high -priority mode (TOPASH.BAT)
Run the following from the command line:
start ™" /high "ta"

Or, run the batch file O z Ny &

1.1.2............ Running TC.EXE in high -priority mode
From the command prompt, use the following to start the command prompt

start /high "cmd"

[ Pz APW Ax~ d&3At. .. @ 3Ampe A Ap3z. . .eXPopx. PAVP,

X~ BAr S W Age Apz. . . eXPpx. P13

> Keywords look like this 3
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> Macros look like this3

> 0odzeY, P3e  Ads t. . e B3 A.," Ae ZWpPBARP mt ' d&x e As Ad APdBA, Ox .. o

> oeY, Pze Ads 3. 3 A QPXAAXT px A, W, X. 6, BA" ®BeH, P3e A VAX™ px Axec
> Okax ARds: . ' ' ' 1 AY. x~ Ax~ A{ " P @i X BPAx At . PPde ©. ' 3¢ Ax. A@A

> Ukax ArRd3: . ' .’ AU, x~ Ax~ di8At ~ Pt X BP A" At . PPd3e ©, ' 3¢ Ax. ApAt

> |V BPA e U, P37 Atnededaz€i.@ = at+p;koAgonstad(i.e. 1.245) or a parameter
name with a value (i.e. Ip 5.4013) that can be refined.

> IEmVv X i3P A’ :tlze P PEZE O, 'n ggeaton or’dapstant or a parameter name with a value that
cannot be refined.

> NV x@PA :@Be PPEGE O P78 eqgAxd3 A

O #py . A '3 O RZABEAF 3V A . v vV SPUE'SX Y dBxEls Y £*R 3pt B0 P . B xpdsRpp A
P egsP Y/@@P . BexpdsRi & . Y ek, | pPEK

odse Y. e”A; /A, YARRN
ZpP . dxoo3edB Vv eXR dsXAARP YR
Topt A, ey Vv exXR B3XARBE O'%s Bl
SdgdsP YB®P . BxpdsEs Vv eXR d3XAXAts® O3 B3

1.3....... a’ GRUY&Galzp. G adgkZ P_ X ©
U o, ., Alp'Ba . B GUK. B BX RV T BRE KW PWA, W P, X &
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a Rietveld refinement comprising  two phases
xdd File _Name.xy

CuKa5(0.001) a2 Emission profile
Radius(217.5) a Diffractometer radius
LP_Factor(26.4) a8 Lorentz polarization
Slit _Width(0.1) a8 Receiving slit  width
Divergence(1) a Equatorial divergence

Full _Axial _Model(12, 15, 12, 2.3, 2.3) 2 Axial divergence
Zero _Error(@, 0)
bkg @0 0 0 0 0 O
STR(R- 3C, "Corundum AI203")
Trigonal(@  4.759, @ 12.992)

site Al x O y 0 z @0.3521 occ A+3 1 beq @0.3
ste O x @0.3062 y 0 z 0.25 occ 02 1 beq @0.3
scale @ 0.001

CS L(@, 100)

r_bragg O

STR(Fm 3m, Fluorite)
Cubic(@ 5.464)

site Ca x 0 y O z 0 occ Cal beq @0.5
site  F x 0.25 y 025 z 0.25 occ F 1 beq @0.5
scale @ 0.001

CS L(@, 100)

r_bragg O

The format is case sensitive. Optional indentation can be used to indicate tree dependencies, though

the placement of keywords within a tree level is otherwise unimportant. For example, the keyword str
signifies that all information occurring between it and the next keyword of the same type belongs to

that str. All input text streams support line and block comments. A line comment begins with ' and

runs to the end of the line; a block comment is delimited by /* and */ and may be nested. For example:

a This is a line comment
space _group C2/c @ This is also a line comment
[* This is a block comment.
A block comment can comprise any number of lines. */

[T BP_ . AR BV’ T dpd Wy B KRG WA, | ex BPAR CAUNEARP Baik BFERY A B3
Yo, e® 3 px d&33 3

Tl P A YBP, VOBPE XA QL P, ¢ Al @ A @Y d&AX " BAs @ BA . &s3 AU AP
S B3AREA XL AXT A W R&PA VAQP: W & xe&
1.4...... Udsétlga qp. ©. d3e

U” SANUE| R PEACD'NB Uq | REUEP St de. P X . ' Adsap. ©, dse AX ™ X At @ Ae BPY S
t Pdpx . ' : AaUZ 4w Qg 3 AfAdgaPp_ d9, Cise AdgP AP & Agp™ gBA, * 3 Baa Ug: Adsa . €
q| R&PGE P&BL x. Pes
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15....0fea UZ Nj3s'®" W~ "45ptA ot P,

The batch file 0 fga U 2z Nj3 runs(bier 180 test examples in a few minutes and plays an important role

in program testing. Arguments passed via the command line can contain the aac$ macro, which, if
defined, is expanded at the bottom of the INP file. For example, to terminate refinemen t after 100
iterations:

tc test_example s\pdf\alvo4\rigid "macro aac$ { iters 100 verbose 0 }"

16....... Or 2 MR ZR | X

The command line Of 3 | &d the GUIU 3 | IBoth run on the Window s 64 - bit operating system.

4 Introduction
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2..Z2 5 T U] &Nj

2.1...1 ~ GSAHO PP . BYEBP ' B3

® PP . ENERD A BRAV R 5. Y AKA . T @ eXR T P g WABESDAYO O
Ut RIEA o5x XRBRB WAK “XpP apih)aiBP | AU 3aBP R P qAEREE T, ReBP

SK " P.AE Rsa . ©, d

site Zr x 0y 0 z 0 occ Zr+4 1 beq bl 0.5

Here b1lis the name given to the’Aeq/® P . &)X B8RP . (P& plASE ~ Ak AN @P . Wy &3P
. e B 7 PP RS GRAREY ABMEA A FB, | TeBp] pHEA KR 0R BV X #Ba . B, &

site Zr x 0Oy 0z 0 occ Zr+4 1 beq !bl 0.5
D PP . Wxolge R &, A BRBY . B A TABA T P gpk a3k iR Rel . &3
& x P ADEEPE . R B | Alpk el & P BB 3 B0 &®3pB gx WX BEX d3A X
CRTAR L AT T TP B3

site Zr x 0y 0 z 0 occ Zr+4 1 beq @0.5
or, site Zr x 0Oy 0z 0 occ Zrt4 1 beq @bl0.5

2.2 ... Ge APBZV . ®BBR p. BKARIZFEBP 8. . A e U P 3

The [prmdocal E] keyword s define s a new parameter. For example:

prm bl 0.2 2 bl is the name given to this parameter
a2 0.2 is the initial value
site Zr x 0y 0z 0 occ Zr+4 0.5 beq 0.5 + bi;
occ Ti+4 0.5 beq = 0.3 + bl;

Here blis a new parameter that will be refined; this example demon strate s adding a constant to a set

of Aeq'e3A, XA MEBAA % ~RRIam v YAZHEg keyword ; this indicat es that the parameter is in the
form of an equation. In the following example, blis used but not refined:

prm bl 0.2
site  Zr x 0y 0z 0 occ Zr+4 0.5 beq 0.5 + bi;
occ Ti+4 05 beq = 0.3 + bi;

2.3 ... ZPPm B 3P ZKpx x P, R WX O3
U7 AV, | ,OxY.OquAgA dgx P ARG Aped®A : ° 33 AX. APAO QPP . X &P
[min 1E] [max !E] [del 'E] [update !E] [stop_when !E] [val _on_continue !E] [ _rem !E]

_rem is described in section 15.6. Attributes are equations and cannot have a parameter name; they
can however be a function of other parameter names. The min’AndAax®x x P ., carle dgsedAto limit
parameter values during refinement , for example:

5 Parameters
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prm a 0.1 min 0 max = 10;
prm b 0.2 min =a; max = 10;

Here b is constrained to within the range 0.1and 10. Limits are effective in refinement stabilization ."A
del is used for calculating numerical derivative s with respect to the calculated pattern ; typically, in-
ternal default Ael’Aalues are adequate in most circumstances . Parameter values are updated at the
end of an iteration as follow s:

new_Val = old_Val + Change
When'Apdate s defined then the following is used:
new_Val=n" WO 3 g@x PYopx , . " "

update can also be a function of the reserved parameter names Change and Val, and does not negate
min and max. stop_when is a conditional stopping criterion: convergence is determined when
stop_when evaluates to non -zero for all defined stop_when attributes and the chi2_convergence_cri-
teria condition has been met. val_on_continue is evaluated when continue_after_convergence is de-
fined, and provides a means of changing parameter values after convergence:

new_Val = val_on_continue

Here are example attribute equation s as applied to the A’parameter :

X @0.1234
min = Val - 0.2;
max = Val + 0.2
update = Val + Rand(0, 1) Change;

stop _when = Abs( Change) < 0.000001;

24 ...ZPpP @ BXBRXP®p, ' XE¢

| = Waopxe A, R o W' { A QPP . BXaRAX TP, @A &t T @ A AP X P AU AZpP
® B &L . MBER P X Wagp O &

site Zr x 0y 0z 0 occ Zr+4 zr 1 beq 0.5
occ Ti+4 = 1-zr; beq 0.3

BOSPAS AU (P (. TR R A= Wi s PR Wia G5V ek s 0B, Ads [ WOGA [ e
0. XM= WRAX G5 X WASE Whp, AP A B ARG LKL’ S Wiinanax can be

performed as follow s:

site Zr x 0y 0z 0occ Zr+4 zr 1 min 0 max 1 beq 0.5
occ Ti+4 =1 - zr beq 0.3

Here zr will be constrained to within Oand L ' Ma . @ . ex P op. A “Azxpx ® P dp. &gy lgPto
the same value as required for a cubic lattice is as follow s:

alp 54031 b Ip 5.4031 c Ip 5.4031

6 Parameters
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Parameters with the same name must have the same value | an exception is thrown if the Ip param-
eters above were defined with differing values. Another way to constrain three lattice parameters to
the same value is to define Ip once as an equation:

a Ip 5.4031 b = Ip; c = lp;

25 ... U SAEdBX AVW t x. .
T. PABd o3 poie® ~AMEdA % “ARER W BEAEGBA K TREbicA oot P, 7
a @5.4031 b = Get( a); c = Get( a);

Here the constraint s are formulated without the need for a parameter name. Get(xx) first searches for
xx locally, if not found it searches its parent  ts scope and so forth until xx is found.

2.6 ... UOPe A 3 AWlle BAO@P . d3x &3P Apx x P, R WX dse A
Using prm to define the lattice parameter , as in:

prm Ip 5.4031
a=Ilp; b=Ip; c =lp;

is not preferred . Subject - specific parameters, notjust lattice parameters, carry default attributes such
as min/max, and these attributes are lost when prm is used. Where the use of prm is unavoidable, it
should be defined with min/max attributes.

2.7 ....... U~ #&- (Aquge U, P 3

The#ocal Aeyword is used for defining parameter s as local to the top, xdd or phase level;Aocal &an
simplify complex INP files. The following code fragment:

xdd local a1
xdd local a 2

has two 'a’ parameter s, one dependent on the first xdd and the other dependent on the second xdd3A

a X BPAMA’ e3 i30 d3OIR X CAMRBRE B3P AAX g BmA R TAR®MP . K @WRA di3t &
ds epPAE’X ~BEPP . df) diFPURdIDdp Papx . dx A K TAA qox BUAP. T . . SAPXP. P BBAdmE. .
X PERRR RABRSISASK "3 ZAdP g . &5 x”

local a1 a top level
xdd gauss fwhm = a; a 1t xdd
xdd gauss _fwhm = a; a 2nd ydd

local a 2 a xdd level

The first xdd is convolved with a Gaussian of FWHM 1 and the second with a Gaussian of FWHM 2. In
other words, the first gauss_fwhm equation uses the top -level lat parameter, and the second uses the

7 Parameters
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lat parameter defined in the second xdd { analogous to scoping rules in  c¢. The following is invalid
because b1l is defined twice in incompatible ways:

xdd local a1 prm bl = a

xdd local a 2 prm bl

U &, ., M. e®ABEOpPEpED. dff dFX o . 3

xdd local a 1 local bl
xdd local a 2 local bl = a

2.8 ...... gdzv .’ .7 A .t . AO@Pm. di3x 3P AlJe . : An

U~ A" At 7 topd® PA g, B3P AAR d3AWe dgg/ARXp PAR. . AR BN XesROX. A . . Y. 7 Ax UL A LT ds;
Wx Ax Adg’ dg= Up.d¥y e, A3 X~

A

xdd j local sc0.01 min 1e-10 scale =sgc;
xdd | scale $sc0.01

e, AT AP d3X g, ‘miaZAR? AAT{etImUP X RAW X dealdMD ppFAG.” difAdsP 3 Aa x At @ A, €,
X7 ARAAY, P3AX, A3 dV . dspAEKpRIGA VE GR MpE A AX Y. AT dse A@P dyAd

L @)

prm $cs 100
local ¢s 100

Ge &3A, VA" A, £, Ae, O VvV, & e Ax "~ dFAYIAAK.1 O3 MG RYABa @ AC" dft WXt &3
for strs {CS_L(@, 100) }
BaOp 3F& Ax. "~

for strs {
prm m67cff550_1 100 min .3 max = Min(Val 2 + .3, 10000);
lor_fwhm =0.157.2957795130823 Lam / (Cos(Th) (m67cff550_1));

BGPAGAY T GPGA. e A eA ' GAT NE[ AOMP @ d5X GP AL B GART BAL VY O3 A
Cex @3 A@e s . AQAWST = WaAT NET AX. Adspl T A

for strs {CS_L($cs, 100) }

4y~ .t~ Asa O 3¢ Ax. "~

for strs {
prm $cs 100 min .3 max = Min(Val 2 + .3, 10000);
lor_fwhm =0.157.2957795130823 Lam / (Cos(Th) ($cs));

8 Parameters
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L ZWBAL e AO@P . dBX BPAZ WBAX., AX T BA"AL T P ot X B3P
e lagd pavA RCYA P 5. d33 . oB;

B 3P di3'A dgoit PEAA AW
Yo, WA, e AUP, x X &3l AX.BRPHEERMAGPEA, . g3 AU™ |
dse 4, P33

...... S 30, PR A= WmXX .’ Wdie
U &3AY @, WA, v A D ERREEN g 0P PRGBS ARresfel PBA g5 Dy xP. Adsa . ©,
occ Ti+4 = 1-zr; : O

After refinement , the '0'is replaced by the value of the equation. The associated error is also reported
when do_errors is defined.

AWM= W, T o€
| = Wopxeh, ok &5 . YO P . Bexpdsds. #Ba . G 3
prm lal = a2 + a3/2; : 0
A3 Ab Apwa 33 Ad VvV AX "~

BBPBEAP=sAPBOPEe & xe AX ™ BAB=Wex ., . ° . EABY o,

P, @3x 3PAp 3AY., ARBAPEBY, '~ B3 AWA X &e ¢ APP BPBEHE B ADAZ BOKB™ BH&H
O dgAv. ., . 4. @ AB= WX .. A e AY A X3 A, qx "W Ko oxAaPRop. PAfXquiPRiiA Pods &
®X.. A VAP&GV, 6 ' & & X3

prm = 2 al”2 + 3; : 0

| = Waopxe AA o3 di Rl Y o, Weo=ddkds' X a3 . e 4.7

prm a2 =

prm al

2al; : 0
:3;

DL YABR 3P AR QBY LT W3 & X

prm a2
prm al

=2al, : 6
:3;

ZEP @ &X BPe A4, X" AX " @A . BA . BA We X AT @Y BA, 3 B exd5 Wz AY o, Wdse
X Mgy o, Wy AO'DP . BEEP ¢ 3 ANGeRER B33 i3V BP K. P’

prm al = 2; prm al = 3; 2 redefinition error
prm bl = 2 b3; prm bl = b3; 2 redefinition error
2.11...d3a , € EOP_:

[existing_prm E]...

9 Parameters
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| Y p, WhezaEsRd3' Y&’ ggllows for the modification of an existing prm/local parameter s, see for
example the macro K_Factor WP in Ol z Nj3. Theffollowing:

local a1

existing _prm a += 1;
existing _prm a /= 2;
existing _prm a = 3 (a + 1);
prm = a; : 0

gives
prm = a; : 6.00000

Allowed operator s for existing_prm are +=, -=, *-, /= and "=,

212 .CNjX P .f_ (AP EWX®. OAZPAW { X.. ¢

String assigns a string attribute to text that would otherwise be a parameter. To_String evaluates a

parameter and converts it to a string. To_Prm converts a string to a parameter name . Together these

macros provide flexibility in  constructing INP files.f . " t px p @? AR 2z At 2 7shirgdAtits drgp-px &3 ) d3e
ments like those of To_Prm can be parameters or strings , with parameter values automatically con-

verted to string s. For example , the following are all equivalent :

prm abc =7;

prm =To_Prm(a, b, c);: 7

prm =To_Prm(a, "b", "c");: 7

prm =To_Prm(Concat( -a®, "b","c");: 7
prm =To_Prm(Concat(a, "b", "c"); : 7

prm = To_Prm(String(abc)); : 7

prm =To_Prm("abc");: 7

213...Nj)x pPx . : APpAOpP @ d@gx BPAY, x~ ApAP®p 3. . A" W RA

The pre -processor #out command (see section 19.1.2) can be used to start parameters at random
values, for example:

#prm a_start = Rand(5.4, 5.6);
a @#out a_start

This is pre-processedt o (asseenin UF Z Nj3 ).l E

a @ 5.58537511

~

2.14...Ge | X" M3@H Wpxt.". bPAPK X BR &V . BAPAOPP . BX EPA

AP . X BP AT . AL @ ARMHAS Wgpxpe BEME A AR T AV, YL

10 Parameters



Parameters 11

Create_XDDs(3)

prm i1l
for xdds {
xdd_file = Concat("ceo2 -",1i, ".xdd")
i
str
site Cel occ Cet+4 1 beqg %Concat("bCe", i); 0.2
site Ol x 025 y 025 z 025 occ O2 1 beq %Concat("bO", i); 0.4
existing_prm i+=1;
i
}

U~ dsApr . X#A P s o3.653 a3 3 %60l a3 3AQ g 3Ad 353 SA| ot ~ A7 pe AgpAe X P Wt x W
beq® P . d3x d3P e At P dsopx 53 AWe . A xS AB A fd3e’ At oPXAEX S WD PLASIAR | 552 AR
RT dswAp FARE BgAt @ AR BSAWe B33 A, T AB= WX . . ' & Ape A X PEAE B AGAGEA o
X " RFAE AO P @i BBBAK © AV, 4. 0 At W 3 AR BAWe B3

site Cel occ Cet4 1 beqg %Concat("bl", i); 0.2
site Ol x 025 y 025 z 025 occ O2 1 beq %Concat("bl" i); 0.2

Mge ' . AU, EZP

site Cel occ Ce+4 1 beq %Concat("bl", i); 0.2
site Ol x 025 y 025 z 025 occ O2 1 beg =To Prm(Concat("bl", i));

215...3W. _® BZ3UWU BEOPAdReUY, P3¢

dummy reads a word from the input stream; dummy _prm is similar but reads parameter dependent
text. For example, the following purple text is loaded by dummy prm and ignored by the Kernel.

Load xo dummy prm |

{
10 = 1/Max(0.00023, 0.0001); min 10 max = Val 2; @ 100

2.16....Z P . ERPBROP B . PP & Agpx. P . a

When'Ao_error sAs defined , TOPAS calculates errors for independent parameters and generates the

t.PPd ox.. A oxP.a’AmxAx~ GAdoPM"~ A bisdre adpendiedydAtbes pasds A Njdst X .

rameter values as follow s:

alp 5.4031 _0.0012

Here the error in Ip is 0.0012. C_matrix _normalized is appended to the OUT file, if it does not already
exist, or updated if it does.

Errors for dependent parameters are also  calculated . Consider the independent parameters of  a,b,c
and a dependent parameter D which is a function of a, b and c; or

11 Parameters
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0B AP
U~ BABPPA £A;, . AR Are”

| PP, Ppqué3SADAElI CAPZIJQEZ &S Af . Ypp? v Ab AZqQEZREIAf_ YpRZRUY AD A
3AZqE3ZPAZqE3ZRAf Ypmp2 R ADAS/AZqQEZ PAZqEIL Af . Yppzt v AbA3SAZq

4" P BAZA B E @RAQ 0K EIZAIABP . YRpX X Y BRAAP dEgB B} GABL X . Y&, e A’
f. YpRB AP BAX ™ BAWA BAE. XeR, o { A px P, as

2.17....q BV IRYpR . Bx B3Bp'x Aa T &0a WA T EU R

Parameter s with internal default min/max attribute s are listed in Table 2-1 These limits serve two
purposes: they avoid invalid numerical operation s and stabilize refinement by directing minimization
toward s lower SA o, edfgpP%g . eApRABY . . A BIBRAE ¢ RAdK GER PP . & pkaEBd YA
U, xAR'qp K WP AA x &3P Qser défised Aningnax’Aimits override the default s and prmdocal’A

O P . dEX GRURM i3V N KT B Wt T A,
- ot FA iV A3z NG 4 BiRp' A O PA GX Msx WKAe _ eXpA VAU

VURXE™ X .&. 7e¥Rpd3p xR 3 @3 W TKAD 34pP 3
U7 Ainanpx/Atjs ds'A

For example , the CS_L macro define s a crystallite size parameter with a mingnax , ¥3wAp' B> AsS

RO B X A B dePs | TG 3 B3O B3OIpR X el THBREY R etk A T B RORAZ o
Y. xg apDET DEWA PE g DT RxWpO O o3 R i 3RIpP . B xpdsEAl T s ReP d3' e A AR

L UK, BIdgsiN P’ R PR WO OPagIN . 6 [AMIT warning s3

Opr ‘Bessmy &3V 9B PR . Bx €5P X

Parameter min max

la 83 3I'Nal’AAss

lo Tpasp WNalbs o T. po>*Aalbso

Ihzlg SB5 55 3

azbzc T pap?asn n Hal'fhs B 35 5> Wal'AAs 3

alzbezga T paB?Nal’AASY Val'A'A33

scale B ) A ]

sh_Cij_prm eSARepValdRAIS S’/ArRepValdh Ass

occ S SNal'hA’s

beq T pagp #Nalgs B T. B 2Nalbss

pv_fwhmzhl2h2zspv_h1z | :sige 2 Val + 20 Peak_Calcula-

spv_h2 tion_Step

pv_lorzspv_l12spv_I2 =] =]

ml1»m2 S¥ 3 =

d = [ X ]

X0 T paXg@Aval’AcsAz SAPeak _Calcula- | T E2ZAal’h’& Reak_Calcula-
tion_Stepw tion_Steps

| afgs S

12 Parameters
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z matrix 3ex @ t & T pasBNal By 3'Nal

z_matrix @’ g & Val'’A'A = Val'A'A =

rotate ValAks A S ValA®s A =
xztazga®ua ValARsEdi3x p Valh&Edix p v

yztbz gbZzAb

Val'§Ast di3X p R © Val'RAsEdB3X p R Y

zztczqc2uc

ValBB&sERY pt b Val'h'AstBx p t ¢

ul®u22zu33

Val'd \gal' A A2 B A YRAS 3 Val'd al'A'AcB3SdRAS 3

ul2zul3u23

Val'& \al'A A2 A7A A AS 3 3 Val'& \al'A B3 S0A S 3 3

filament _length

SNal'hA's

535 5 55

sample _length #2receiving _slit_length z primary _soller _anglezsecondary _soller_angle

2.18....5 dze P A @GR p. B)pdzR3E

Table 2-2 and Table 2-4"Asts reserved parameter names that are internally updated as needed ; Table

2-3 detail s dependence s for certain reserved parameter names. An exception is thrown when a re-

served parameter name is used for a user-defined parameter name. The following example uses the

reserved parameter ‘Aames Yobs, Ycalc and XA , vReighting :

weighting

= Abs( Yobs- Ycalc ) / (Max( Yobs+Ycalc ,1) Max(Yobs,1) Sin( X Deg / 2));

Upr BeBsAdsdsP Y@gP . B xpozes

Name
A_star, B_star, C_star

Change

D_spacing

HEKZAZM

Iterz&ycle zZ&ycle _Iter

Lam

LpazApbZApc

Mi

Peak_Calculation _Step

QR Removed zA

13 Parameters

Description

f. P&al3 ek & AR X% TREBL . OR K BB @ P

Return s the change in a parameter at the end of a refinement itera-
tion. Change can only appear in the equation s update and
stop_when.

f. P8O ek KX "AgeO pt A" afi® 3P A6
TR AY X . @R TTaBR el

Sdsx UgB' ™AW P PAX dgP &x AW P PRds tyep o ~ Al P PAd &P
X . N, XK TRBUP PRos (XR a) dst x . AodsR eiEds A Tp 5= Wapg
X . €3

f, P83 & X “ApY d3s, dfoAR"Ag e OP, A NdER A
PRXAX o, Wd3s

f. P&aB ek KX “ABRE BA px PP dp. dfiXeBE3l X . Y&, e

TA X G3PApEPAPW, X . @INBHE. ROt RIWET Z  NjALGF
PAza . B AdREd33

Sdi3x W A, 1 W ARoHO W T afi® d3pFAd3d3_calculation _steps3
f p"R AREAZEA A "~ ABIck _refine _remove A3= Wy . .
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QR _Num_Times_Consecutively _Small

RZRi

RpZRs
T
Th

XZK1PX2

Xo

Val

YobsZ#AXcalc Z8igma Yobs

U @ex o & dgx Y ATB. XBR WA X BPRSHAFA R “AEE We

X . ®'pR Yatomic _interaction #Aox _interaction A’ "Ars_interaction 3

ZP | WP @3t . FApPeV P ot ROFBEEIBL X . Y B e
f. P&as " eq A "RBWP Piizls x © d3P4p xriB Rib o3 3\ A, A5= Wpx3.
f. PEQK kA AR @D R 1B D3 cUpR D BptA

f. P&al3 " eX X “AalyP degmpaE<x “AR XX Tl A WK TAg
aER® d) i3t X . AABAUERA At _objeAB= WoxAp, K TABE. ¢ T
B= WopxXIsp' K2A R REBA B AIDE BOd #E Wox . . -
f, PeEal ek A “REUP PREBG®.c, X A TR, PeRds e BU A dse
o P asAs AP o¥p pX o

Sd3x UR~Aap, AU ARG PeR S 3 @ P . dBX B3P 3

[ReBP YaBgp, | W AWXAEE . . oxdgd 3By . dXAabs Ap7
RAOEBAKR "AEB, - "BZWpx . . " 3

Opr Befs ZP . 3k BB R BPADES aif® 5@s 30 ds' 3 e PARAK . Y 3

Keyword s that can be a function of H, K, L, M, Xo, Th and D_spacing .

lor_fwhm
gauss_fwhm

hat
one_on_x_conv
exp_conv _con st
circle s_conv

stacked hats_conv

pk_xo

user_defined _convolution phase_out, phase_out_X
th2_off set scale_top_peak
scale_pks set_top_peak_area

hl h2, m1 m2

ymin_on_ymax

spv_h1, spv_h2, spv_l1, spv_I2 laz 10z lhz Ig
pv_lorz pv_fwhm

modify _peak_eqn
current _peak _min_x
current _peak _max_x

Opr Beg3Z™ quih ' e iRessP Y@@ P . B xpdsis

Name

AOIZA1EB017B11

lobs_no_scale pks

lobs_no_scale pks_err

14 Parameters

Description

GecB X P30, Pix P'Wi X WP . dBRetpr’s di3v . 'A M3 WpRALT-
5@ @ B pL7-5REA ed3®B X & . opt PFA Out_F2 Details’A o' %
Out_A01 A11B01 B1BA

Sa3x UWH TABRZP YAZZ X d31 R (e dBAeHI® T ai® 3’ A g
€t . qAEsRAM Px “ApWkscale pksAp© ©, Aotiszrio_scale pks'A A
O aif® BARAER o, { WA HBIAL dsx B3t 3 . eOX A P W

. P

I B h h
qobs_no_scale _pks A& d3)sqle ga—" 1 - A
f



Parameters 15

U~ RedheX TR aif® d3AXA @, t WAPHY @EpE® £ X A &
eW. . xBABa X ;gA ¥ BP AkpeaEAza X & W ABBARSAA | | AT
X A TARBRBP YA gp ¥eoptkl €& ApAobs_no_scale _pks/R d3, ApO O P,

. px d4z3=ellpAno_scale pks3

I_no_scale _pks U 8 x &3: PADX dzdgiNe, X ~"Acdlix pksM= WpE A A

9_no_scale _pks'A'&d3xqle gA

|_after _scale _pks U & x oi3: PAPX dsdsiNe, Sacale pksM3= Wpe#pO0O, | 333

9_after _scale _pks M8"Ad3x@le UAEd3)alp scale pkswy
P d3x ¢ " ABW. W, X, AU Acale pksAR= WpgApO'O, 7 A%

O~ aiA

YRA . PeR A3 €% AA SAKI_IsZAo_IsAp’ A_I1s®” gis’A BVM'E dA ARD T apg3

219...Eqip’ B~ o Rdse BPAYFEp. BakREe

Val'he AR eigsP Y BgoP . BxpdsR3 'PUA dSBY oot AUM® pP p. B URPR 3V . ° dfheBige(e AN
PegiP YBgoP op. Bxpd3R3 W Al o' A MO P op. kBRI A WpTA X 3P @EXE X BP R A B33
T4 AzRE= WageRBAlal can only be used in the attribute equation s min, max, del, update,
stop_when and val_on_continue . Change can only be used in the attribute equation s update and

stop_when3g&, &dmple:

min 0.0001

max = 100;

max = 2 Val + 0.1;

del = Val 0.1 + 0.1;

update = Val + Rand(0,1) Change;
stop _when = Abs( Change) < 0.000001;

val _on_continue = Val + Rand(-Pi, Pi);
X @0.1234 update = Val + 0.1 ArcTan( Change 10);

220 .0~ &zAumpz Ag Ak WA BeY. Pz AQ

min=Val - .2;

max=Val +.2;

3APX X P. RWX BAB= WopX .

"load’A}" allows for loading keywords of the same type by typing the keywords once, for example, A

exclude "/ the following input segment:

xdd exclude 2022 exclude 3235

can be rewritten using " load’A}" as follows:

xdd load exclude {202232354547}

a Ae, . BBAt pe B3e 2 ApXx X P, R WX BAB= Wpx . .’

exclude

prm t0.01 val_on_continue = Rand( - Pi, Pi);

theArm Avill load the attribute. In the following , however, load’N |, . .

15 Parameters

45 47

e APMABA . B3 digt AR & AT A P

min 0.4 max 0.5

A, migEndRpX BR R WX d3E
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load sh_Cij_prm {
y00 !sh_c00 1
y20 sh_c20 0.26202642 min 0 max 1
y40  sh_c40 0.06823548

In this case Poad Moes not contain Ainganax’and the parameter will load its attributes. A

221...0" BAUWY BEX. A"’ &deU. Pz WA dBGeUd. P3

move _to"Arovides a means of entering parameter attributes without having to first load ‘e parameter
(see’Keep_Atom_Within _Box"Aacro ). The site dependent "ADPs_Keep_PDAacro , defines "Aiin gnax Am-
its; here is part of that macro:

move_to ul2
- Sqrt(Get( ull) Get( u22));
Sqrt(Get( ull) Get( u22));

min

max
$keyword of “Aove _to’Aan be any object in the internal data tree

222 ... WX. . X .1 @, ., e Ae pY . A’ ggallsave qrgls, A . AO PP q. d3x ¢

[load_save_locals ] Examples
Ol NNUE| R H2r |aNj Esr [ f  rgNy 3 a0 Z

Z@P o, BBx 3P e Al | Y &3 YAUPAN= WA BoiARdE A Oe At @ AR BAQWX. . ®X. [ P, ., e A
V. PAg WRe B Wdg x AP d3Vv loaddgaveslogats Altge Y. Pa% ABAP Adza . ©, d3?

load_save_locals
xdd j
str j phase_name pl
str j phase_name p2
for strs {
site Cal x 0; 9TP S} TUV j

B P i3 cpRsuRe A’ 3 AXR A PR3 ., ¥ BAO@P . BX &3P e A3 BV 2 ABYNBEA T dB T B
Yo, WA, & Ae Y 33 A joadrsxve_tsoals B A AR BB 53 AX. Ae @Y BAR, X~ AY @, Wdse
dUZECAr | W GUERRGCUES, A SAdsasxMf ‘e APWBP W ' ' XAxZTAGRA U BN AP %2 A

a UZE Caands ijrfound, reads poP . d3x izP A Y p_3UREEXEKA E Ga 'A% UZEE cjg A A G AE Njr

a U Z E ¢ a when pawameter values are kept after refinement  3ZgpP . 3@z &3 X . vV . xXBgAR e BRA~ RB'A
Cop. BA@ 3 AXT @TACA wpeFlie: dixdgos’A W R GsEBAE apX d33 3 A | X B3Pxddx BB 03, e AX
Od3 3 a3 X A xBetHy APy AAR BAWe o33 AX. A, 3 dEAxstead ef e “xdg'Aile gaifmep/radge d3P

numbers AU~ | & A, & Adfld My WHBAY piIBAAPP BAX ~ BBAe . d3Ape A, Ax "~ d&BAv,_ . U

16 Parameters



XDD(.. \ ceo2) finish_X

XDD(.. \ ceo2) start X

prm i0

for xdds {
xdd_tag
existing_prm

XS

XS ¢ 19E=

= Load_Eval(i);
i+=1,;

Z7 pe A" . BBe AW AW e KR BAWES Ar
O, ot BBePABe WBAX AAN 75 dg® d3' 3xBI_trdgA ‘A A

g Njr 3 ,&défipes all refined values as local:

load_save_locals
do_errors

XDD(.. \ ceo2) finish_X
XDD(.. \ ceo2) start X

50 str phase_name
50 str phase_name

prm i0

forxdds  {
xdd_tag =Load Eval(Concat(“tag", i));
existing_prm i+=1;

CuKa2(0.0001)

Radius(173)

LP_Factor(17)

Full_Axial_Model(12, 20, 12, 5.1, sl 5)
Divergence(1)

Slit_Width(0.1)

Zero_Error(  $ze, 0)

bkg $bkg 00000

>AD=

Parameters 17

FOE= 9K >AJKL P<<| F==< L

PIE| Yp, ARY ppilldx Gedf AKX BAGHBP o,
Pd&3At . . O, dix dilp &k pf Or N ‘A

pl strphase_name  p2
p3 strphase_name  p4

a #N9DM9L= GF DG9<

One_on_X(%$onex,0) & 2 @AK AK 9 >AL8G: B H@9K= O@A; @ GOFK L @=
for strs {
space_group FM3M
scale $sc 0.001
Cubic( $a5.4102)
site Cel occ Ce+4 1 beq $bl 0.5
site Ol x 025 y 025 z 025 wocc O2 1 beq $bl 05
CS_L($cs, 100)
}
}
The above is the simplest way of refining on many similar xdds.
223 ..Ge " At o, AX. Ampee . eX A, AWe ‘An v, P'A3 33 A

The following parameters have global scope:

march_dollase ~ $Name
spherical_harmonics_hkl $Name
sites_geometry $Name
sites_distance $Name

sites_angle $Name

sites_flatten $Name

17 Parameters



Parameters 18

The march _dollase parameter, as used inthe PO macro, can be constrained to the same value  across
two or more structures by giving them the same name . To use two independent parameters instead,
$ can be used to make the parameter local to each str, see ZIlgf [ UNjUs &fUY |qg U] saadiZig
Crssanite U NJUE| R EZIE|INDNjUSs  adir¢ctpry , for example:

str i str

for strs {P Q($po1,0.8,,104) }
The $Name in spherical _harmonics _hkl is local but the spherical harmonics coefficients are global. In
the following:

PO_Spherical_  Harmonics(sh2, 8 load sh_Cij_prm {
k0o Ish2_c00 1.0000
k41 sh2 c41 0.1000
k61 sh2_c61 -0.2000
k62 sh2_c62 0.3000
k81 sh2_c81 -0.4000

9]

the sh2 parameter is local to the str and the coefficients k0O, k41 etc... are global. This allows the
constraining of coefficients  across different structures  within lforstrs t;see 21 Ngg [ UNjOs &0y |qg
O| 3 &ndZz 1 NgCr &3 dnite O] NJOE| R EZMEf|INDNjUS  adigctpry .

2.24 ... WE O3 3 Bl BWEHE GOE 3 dEvi Be

[out_dependence s $user_string ]
[out_dependence s_for $user_string $object _name]

out_dependence s output s dependence s for the most previou sly defined prm or local. For example,
the following :

iters

= e

prm prm e 1 prm f 1

e + f
=d + g
=b + ¢

prm
prm
prm
out _dependences a_tag

®» T O o

penalty = a"2;

produce s on refinement termination the following in standard output:

out _dependences a_tag prm_10
Object name followed by prm name

prm_10 e
prm_10 f
prm_10 d

out_dependences _for is similar except that it names an object that is not a parameter , for example,
the following lists independent refined parameter s associated with the most recently defined rigid
body :

18 Parameters
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rigid ... out _dependen ces_for tag _1 rigid

Many $object _name's can be tagged , these include x, vy, z, occ, beq, ull u22, u33, ul2, ul3, u23, a,
b, c, al, be, ga, etc. In addition , non-parameter s can be tagged, these include site, rigid, sites_restrain,

lat_prms, gauss_conv, lor_conv, all_scale_pks, th2_off set_eqgn etc.
225 .0~ BRWEP WAsdze U AP 3P ZOP. (8@ a3t PV . t ¢

[num _runs !E]

[out_file = $E]

[system _before save OUT { $system _commands} d ©
[system _after _save_OUT { $system _commands} d ®

By default , an INP file is run once; num_runs change's this behavio ur, restarting the refinement until
it is performed num _runs times. Information from one run to the next can be exchanged via the out
keyword and the #include directive. The INP file is read each Run but not updated when both
num_runs > land out_file is empty. Equation s may simplify to a constant during a run, or the Constant

function can be used to prevent the parameter from being refined. From U 3 | Rpd Launch mode,
the Rwp is appended so that is resembles continue _after _convergence. The following INP segment:

num_runs 10
yobs eqn aac##Run _Number##.xy = Gauss(Run _Number, 1 + Run_Number);
min -2 max 20 del 0.01

produce s on execution the following:

100 -
v 0

File View Fit Llaunch Tools Window Help EE®EON *x - & x
o 2 3 R el 1 A 5 2
DA ABAEHdea A NAYEBIL oD HE x v MMM MUME S o
@4‘"":“ ~ path [Convistep/XCalestep. File’Stats B r » & v ¥ vi
2ac0.xy
i 20y Global Stats/Convergence criterion  GUIText Rpt/Text T — .
Displa P: ~
@‘“‘“y ispla Path Total time: ©.235683964
[®] aac3.xy 1 M aacoxy
aacd.xy 2 v aaclxy Runs finished, INP file not saved
[®] aacs.xy v 3 v aac2xy o 1
Create Indexing Range A4 & aaaxy I ¢ ot Launch Mode: C:\c\t5\test_examples\num_runs\run0.inp
Create Charge-Flipping Range 5 M aacaxy ; <
6| F AN

Load Emission Profile for Selected | ¥ aacS.xy
< >

10 1 12 13 14 15 16 17 18 19 2
x = 8.054372 y = 0.9113944 d =10.96825

out_file determine s the name of the output file written on refinement termination . The OUT file is a
copy of the INP file with update d parameter values. out_file default s to the INP file name but with an
OUT extension. If num_runs > 1 and out_file is not defined , no OUT file is saved - useful when one is

not needed. out_file must evaluate to a string; for example :

out _file aac.out a This will throw an exception

19 Parameters
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out file = aac.out; a This will throw an exception

out file = "aac.out";

out _file = String(aac.out);

out _file = If(Get(r _wp) < 10, "aac.out", ");

out _file = If(Get(r _wp) < 10, Concat(String(INP _File), “ouT"), ")

The standard macro Save Best uses out_file as follow s:

macro Save_Best {
#if  (Run_Number == 0)
prm Best _Rwp_ = 9999;
#else
prm Best Rwp_ = #include Best _Rwp .txt;

#endif
out Best Rwp .txt  Out(If(Get(r _wp) < Best Rwp, Get(r _wp), Best Rwp))
out _file = If(Get(r _wp) < Best _Rwp_, Concat(String(INP _File),".0UT"), ");

system_before save OUT execute s system command s defined in $system_command s just before
the *.OUT file is written from the directory of the INP file. $system_command s can contain any oper-
ating system command s. The macro Backup _INP uses system_before _save_OUT and is defined in
Or z NjsasyUf

macro Backup _INP {
system _before _save _OUT {
copy INP_File##.inp INP _File##.backup

system_after save OUT execute s the system command s defined in $system_command s just after
the *.OUT file is updated.

2251 .......... Reserved macro names
The following are internally generated macro s that can be used in INP files.

ROOT : Return s the root directory of the program.
INP_File : Returns current INP file name without a path or exten sion.
Run_Number : Returns the current run number.

File_Can_Open($file) : Returns 1if $file can be opened, or 0 of it can't be opened.
Running an INP file called f 3 #og 0f3 R |where f 3 &bnZpri ses:

ROOTINP_File Run_Number File _Can_Open(aac.xy)

and f 3 Bists will produce in Of 3 1 thé following:

c:\topas -6\ aac 0 1

20 Parameters
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2.25.2 ... The #list directive 3 creating arrays of macros

#list create s array s of macro s than can be expanded depending on the value of an implied argument.
For example , the following create s three macro array s named File_Name, Temperature and Time.

#list ~ File _Name & Temperature(, & la) Time {
File0001.xy 300 0.0
{ File00O02 .xy } 320 10.2 a Line with curly brackets

File0003.xy 340 21.0
File0017.xy { 360 + la } 28.9 2@ Line with curly brackets
File0107.xy 380 101.2 }

The macro invoked depend s on its first argument , which is implied for File_Name and Time. For Tem-
perature , the first argument is also the implied argument . When invoked , the first argument is a #type
equation evaluating to an integer ; for example, for File_Name:

xdd File _Name(Run_Number)

Curly bracket s, as seen in the above #list, can be used as delimiter s; the following :
File _Name(1)

Temperature(1,)
Temperature(3, Get(la) + 0.01)

produce s on expan sion”
File0002  .xy

(320)
(360 + (Get(la) + 0.01))

Using curly bracket s as delimiter s allow s curly bracket s themselves to be part of the macro body.

2253 ... Getting the number of itemsina  #list using #list n

During the pre -processor phase of loading INP files,  #list_n returns the number of items ina #list; for
example:

#list Files { filel.xdd file2.xdd file3.xdd }
Create_XDDs(#list_n Files)

2254 .. The File_Variable and File_Variables macro

The File_Variable macro runs a series of refinements with initial parameter s values changing in a user-
defined manner between runs;itis defined in 01 2 Nj3asUf

21 Parameters
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macro File _Variable(c, X_ start, dx) {
#f  (Run_Number == 0)
#prm ¢ = x_start;

#else

#prm c = #include  cH##.ixt;
#endif
#prm c##_next = ¢ + dx;

out c##txt  Out( #out c##_next)

Using File_Variable as follow s

File _Variable(occ, 0, 0.1)

will generate a file called I f f 3 UfeiUeach Run with values ranging from 0.1to 1in steps of 0.1 A
#prm is defined each run with the corre sponding values. #out can be used to place the #prm in the
INP file, for example, the following:

iters 0

num_runs 11

File _\Variable(occ, 0, 0.1)

macro Out_File { Occ##Run_Number##.0ut }
out _file

system _after _save OUT{
#if  (Run_Number)
type Out_File >> aac.out

#else
type Out_File > aac.out
#endif
}
yobs egn laac.xy = 1;
min 10 max 50 del 0.01
CuKal(0.0001)
Out_X Ycalc ( occ##Run _Number##.xy )
STR(F_M 3_M)
scale @ 0.0014503208
Cubic(5.41)
site Cel occ Ce+4 = #out occ; beq 0.2028
site Ol x 025 y 025 z 025 occ O2 1 beq 0.5959

results in eleven *. XY files each generated with a different occupancy for the Celsite as determined
by the occ #prm . The names of the fileswould be [ f f=3 R [ f f53 R.Additionally , using system_af-
ter_save_OUT the file f 3 [ @ill contain a concatenation of all the *.OUT files. To iterate over two

variable s, pa and pb say, then the File_Variable s macro, defined in U 2 NjsasUf

22 Parameters



macro File _Variables(a,
#f  (Run_Number == 0)
#prm a = al;

#prm b = bl;
#else

#prm a = #include

#prm b = #include
#endif
#prm a##_next = If(b
#prm b##_next = If(b
out a##.txt  Out( #out
out b##f.txt  Out( #out

can be used as follow s:

iters 0
num_runs 36
File _Variables(pa,
prm Ipa
out papb.txt
out _record
out _record

0, 1,
= #out
append

On running the above the 2 2

(0.0, 00) (0.0, 02) (00,
(0.2, 00) (02, 02) (0.2
(0.4, 00) (04, 02) (04,
(06, 00) (0.6, 02) (0.6,
(0.8, 00) (08 02) (08,
(1.0, 00) (1.0, 02) (10,

23 Parameters

pa; prm !pb

out _egn = pa;
out _eqn = pb;
#if (pb == 1) Out_String("

al, a2, da,

a##.txt;
b##.txt;

>= b2, a + da, a);
>= b2, bl, b + db);
a##t _next)
b## _next)

0.2, pb, 0, 1, 0.2)
= #out pb;

out _fmt "(%.1f,
out _fmt "%.1f)
\'n") #endif

~ 3 ke Eontain s:

0.4) (0.0, 06)
04) (0.2, 0.6)
0.4) (0.4, 0.6)
0.4) (0.6, 0.6)
0.4) (0.8, 0.6)
0.4) (1.0, 0.6)

(0.0,
(0.2,
0.4,
(0.6,
.8,
(1.0,

b, bl, b2, db) {

0.8)
0.8)
0.8)
0.8)
0.8)
0.8)

(0.0,
(0.2,
0.4,
0.6,
.8,
(1.0,

1.0)
1.0)
1.0)
1.0)
1.0)
1.0)

Parameters
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0 rasONgs G U £200 Nj

Ucpr ‘WeissA © 3P iy’ A W't WO O, PAXMEI W XA fedidds’e. X . A8 3 . 5= Wpx?
[ ook g Wt R BesB 3V . D G5B p. B ook

Arithmetic

bzeFReR

€

Conditional
i BR
gA'RA
g BR
AR
giA BR
3 PRFA &
[ P ghkgA )
Mathematical
Pf.epawv
PNj’ pawv
Pip paw
Pipspa v
f.epawy
f.e" pawv
|PEEOOP, apady
Erfc _Approx
|la©paw
Gamma_Approx(x)
Gamma_Ln_Approx(x)
Ep. . Epéav
Ep. . BpHay
I' pas
Nj' pawv
Nj' " paw
NEPXpawy
Up pasw
Up “paw

Special

Z WA WAW, X“A0YSRUE X &R O . ‘A FBaR
ag¢éepAt W, mx BBe Aa Ay, ZP(B{dsi#sa YdgE AAABAe 3 ]
adeéasAbApadeuvdész AAAAAacdeFaAbApacde

S URINAAA

SEBx WRAAAR

S UWRNAaR

S URINAAR

bdsx WRAMBA

Sx WA AP . W eWpPR &3 B3P,

Sx WA’ WA PP 0 W EA x& B3P,

Sd3x URTARPR A WRESA DAA A
Sd3x URTAlRPR. T ABRESA DAA BA
Sd3x UR'TAEPR o’ AZW X

Return s arc tangent of y/x

Sd3x UgR' " fdlze, T Ad3A

Hyperbolic cosine

|IPPAR t x..'
Complementary error function
Sdi3x WA ©, T dAgKA Gas

Sdsx WP Akp. . B

Return s the natural logarithm of the gamma function
Return s the incomplete Gamma function P(a, X)

Return s the incomplete Gamma function Q(a, x) = 1-P(a,x)
Sd3x U’ “Alzpx AR o, pPA W T

Sd3x UR' AR T AdA

Hyperbolic sine

Sd3x UR' " Ri3e. X AT UROR &3, X

Sd3x UR' " iz’ AW X

Hyperbolic tangent
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C AVIAAZMIAMZMIAMibSAA o

Edsx p"' dse 4, P3u | Edsgk “/RpP p. BgxsiiP. X 38" dse Y. P 3
¥pt. ' 3BOEER BHWPHEEEIR &3x WRER=" ¢

NIU. p PdsWP . xEB=*A" | X #fp, ', 3 B gFA ‘@ P dEBE" ®

Miscellaneous

REP a b

"P a3

"Pi3@et . &

Sd3x UR'“Atge. | UK o3 AU

fopR AEGIIK X BP. A pgAR O, 'R @3 Alg= WoxAtoniic_in-

teraction #Aox _interaction #p’ "Ars_interaction 3

fopR BRI X P Ahgigeadgent cycle SE Wza . CHIREHEY |
- Bxe tA giR df BP. | TAqBOEE A AP, AUE i3’ q¥e R
V.. g,

atomic _interaction ai = (R- 1.3)"2
penalty = If(ai > 5, Break _Cycle , 0);

f. t pxp m? ArR 2 'Af Concatenates strings; the arguments can be parameters or strings. If

|PP, PpOu

PAb AP3 E RY @,

Topap pir 2t A
T.' pomR?{ A
T. 3paz Aewu
Obj_There(a)
Prm_There(a)

S 3P P? AR

S B P. oo, p.

Round(x)

an argument, then the value of the parameter is converted to a string.

Sdsx WP' & Ampe e, t . px B3 ABPP, PA, VAOQPP @ c

P | Yoo, Wepx Be ARA. " A, . 3. @ Ap 3FAO, ot &t
SBX WP' & Ax ™ i3A. pa A3 VA@, . ApP: W & X¢&
SBX WP' e Ax ™ &3A. " A VA@, . ApP: W & X¢&

Sdi3x WP e AX T AL . T3 UR plsesAAvuARPade s WP € AS

SqBx WP’ € A=A, VA, R 8t X Al ot Adsa . € x € AU X

tdz3x WP’ € AsA, VAOP3 g, . t . Al oot Adsa, € x ¢

Sdi3x WP' e A AW | v, P AZBY. px BAP® 3. | A
d3p’ | Returns a random number with a normal distribution with a mean of

I Bopng Aegx @ 3 PP3AZRBY, px ., . A, VAl e x3!

Examples: prm = Round(.1); : 0.00000
prm = Round(.5); : 0.00000
prm = Round(1.6); : 2.00000
prm =Round( -.1); : 0.00000
prm =Round( -.5); : 0.00000
prm = Round( - 1.6);: - 2.00000

U, EZP_ p m? AR # ‘At Concatenates the arguments to form a parameter name and returns

the corresponding parameter. If an argument is a parameter name,
then the value of the parameter is converted to a string.

U, ENjxP."  : p v | Yo, Wepx &3¢ Ax ™ BAO@P . di3x P Al ot A 3 At
Nj :’ pawu S WP’ ¢ Ax "~ d&g8Ae . ' A. VAaz A PA3®RP. A, VY
aRp3 3. WAL L MY g PARE O, &3 o8 X 33”7

AB_Cyl_Corr (nmR), AL_Cyl_Corr (nR)
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Sdsx WA AA BPe, | AP QAR biRe PP SENpR. A WFmn AT gk Wt gA |
pPAlEd3 A, A TAl3 ot EACylindrical _I_Correction "Agp’ "ACylindrical _2Th_Correction 3Aja . GA &
fOrfrssxag)zel Popidp: W8 WA . PR { WHRepxxdesP & G Al es. A 5P P dsg sy
X ~A&Bpillary _diameter _mm convolution 3

Bkg_at (x)

S X WP e AX T BAY @, WA, VAX T BAf T Wkt ABRX AR BAY @, Wi AR AZ BY T B;

Constant (expression)

| Y @, WhgadoPas "A' (4ps & -~ B d&3O, sdffonistant(expre ssiong’™ | KT PR & 3 A'WE
. BPX (o, BEPREGY N dR AR O B3R A P m. WK P | v Avora Ep, AU
. YA 30 d3 #BE WpXAd  MBa . & ~ARF_Exponential A qpt P, 3

Ln_Normal x_at _CD(u, s, v, toll)

Returns x value of a Ln normal distribution such that x is at the Cumulative Distribution value of
lcdt where u and s are the mean and standard deviation of the variable ts natural logarithm. x is
calculated with atolerance in'cd' of 'toll; seeU| NOR TZrd| ANEFH WOl ¢ T g8 40 Z

PV_Lor_from _GL(gauss _FWHM, lorentzian _FWHM)

basx WX TAlE Pds XA . X PR WRAGEBWEE | AXOOP, a . Axdix TAE . AK BRdG
DopdUECT B TRt A P8’ BCI RAEpPAKTAR B FA % Akpde o A Pds Xfe..'qW . CAWX d33
XA, PR, X3

Sites_Geometry_Distance($Name)
Sites_Geometry_Angle($Name)
Sites_Geometry_Dihedral_Angle($Name)

Value_at_X (object , x) : Returns the value of object at X = x. object could be a parameter or a user_y
object. For example, to ensure background is close to the high angle end of a pattern during PDF -
generation, the following could be implemented:

user_y u capillary.xy

fit_obj =(p0 + p1 X) u;
bkg @000
penalty  =1000 (Bkg_at(X2) + (p0 + pl X2) Value_at_X(u, X2) - Yobs_at(X2))"2;

Voigt _Integral _Breadth _GL(gauss FWHM, lorentzian _FWHM)

bdsx WR AR x dik Pdpod® ®, XA PUX AR T Y. AURGE(® e dN L AR P A3 XM . R0
CTRBREAN UECT BTop" A P 3 XEB1 BTREO Bt X . Y&, e

Voigt FWHM_GL(gauss _FWHM, lorentzian _FWHM)

bdsx W A L KON B TR ey, XA PIATAR Y. AURYE@R e g, K. Pds XA L W
CTRBREAN UECT BTop" A P 3 XEB1 BTREO Bt X . Y&, e
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Yobs_Avg (x1, x2)

Returns the average value of Yobs between x1 and x2. x1 and x2 is first set to the closest x -axis
data point.

Ycalc_at (x)
Returns the value of Ycalc at x. Zerois returned if x < Xlor x >X2.
Yobs _at(#x)
Sd3x WH'™XRbs A o, A" AgpaE® e, X A.af PR REBA M AWYRRIAE BO A5 #ME Woxs. |
Yobs _dx_at(#x):
Sd3x WWX Al dD SASK TABRMIP YRS poiemik TARpaE® £, X A aA R BB AW RKDd A
3 BOd B Wpx3AK AR dfO SAdi “agmea A= Wex3A X dobs dx_ateh . T Y B3R R d33
oif . EX A X PR3 3 RTATAR dD SAdRk TAlpX g3
Yobs_Min (x1, x2)

Returns the m inimum value of Yobs between x1 and x2.

3.1..M d&y' MA dse XPEBB X PX B. & X €
"B X BERPR REBA D PP o EE WX . MBa . O, &

prm a 0.1 prm b 0.1
lor _fwhm = If(Mod( H, 2) == 0, a Tan(Th), b Tan( Th));

"W ookpe, R B ax B3
prm cs 200 update = If( Val < 10, 10, If( Vval > 10000, 10000, Val));

C W "edM T ApPABZp. A, O eieX X d3eddg T AB THEN ELSE ENDIFA ot &AgR di3v A B3
U ZNj a et pR djEdz3z”

IF a > b THEN

a 2 return expression  value
ELSE

b 2 return expression value
ENDIF

T A Bod& W Xt PR REBHA L= WpxA MWBap O &

prm a 0.1 prm b 0.3
th2 offset = Min(Max(a, b, -0.2), 0.2);
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3.2 ... C. . o®, " HBxt 3O .. ¢
Czat BOKA T PN AT Y, | IEO. A QEBP @R, t . W KAdkP B33

a. Y R3eBBEP,
NE P X% a8\'A
I pAYARA
Pt.cp diu BABA RAK
|a Op@R, 3tp'E&Y 3P W AM>A S S
Fa X AR BA AT X d3 &3P
Op' g, HAPA B . A BEREAR, SKARep ' RIBAEBZA
min/max&quation s, Min/Max function s or !Iv function s can be used to avoid invalid floating - point

operation s. Equation s can also be rearranged to the same end 3 for example, Exp(-1000) in place of
VExp(1000).
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TMinimization

[line_min] [use_extrapolation ] [no_normal _equation s] [use_LU]

wpproximate _Ad

[A_matrix _memory _allowed _in_Mbyte s !E]

[A_matrix _element s_tollerance !E]
[A_matrix _report _on]

~

ORBLOTHO @ Ual GA| Nj

[approximate_A_check_for_must _be_zero #n]

[chi2 IE]

[chi2 _convergence _criteria 'E]

[continue _after _convergence ]

[boot strap _error s !Ecycle s]
[fraction _of yobs to_resample !E]
[determine _values_from _sample s]
[resample _from _current _ycalc ]

alo_error sq

[do_error s_include _restraint s]

[do_errors_include _penaltie s]

@nly _penaltie sd

wercent _zeros_before _sparse A% d

wenalty 4 & A3

genaltie s_weighting _K14 d

[pen_weight !E]

[quick _refine !E [quick _refine _remove !E] ]

wandomize _on_error sd

gestraint’4 &

[save_best_chi?2]

[use_LU for_errors]

Get(number_independent_parameters)

Non-linear least squares use the Newton
method included for stability.

vty

OMi QY v

29 The Minimization Routines
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-Raphson method by default, with the Marquardt (1963)

“y

0

The objective function “Ajs:

mew

&3y

e
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U "and'A. "Are the observed and calculated data respectively at data point"A ,A e Aumber of data
points,”d e weighting given to data point’A "Ahich for counting statistics is given by’d b=asgl . &A
where g0 s d#s the error in"Al s Z& "Are penalty function s, defined using/enalty Zand Ak Ahe number

of penalty function s.’A;Are restraints, defined using Aestraint #and A, e number of restraint s."az/and’A
0."Are weight s applied to the penalty ‘Aunction s and restraint s respectively. "A-Borre spond s to the user
defined "Aenaltie s_weighting _KTAdefault value of 1), typical values range from 0.1to 2. Penalty func-
tions and Restraints are minimized when observed data U is absent ; see example’A Ur U0z| U 33 302

U @ px Rs=aypxpPARE &P REABYdisa O’ A W R A% eXR P 38gRe  AkPep . UR 3
X “ARPP . #)d3is B0 whose size equals the number of independent parameter s N. The penalty
function s are expanded to a second order Taylor series, and the restraints x AN eXR P 3Akpe .'A P
edzPez AR R . @D Fhe resulting matrix equation s are:

yves: Yy

EEzy
U™ d3PASEANA AA ZAA
o B ARNAEY:A Y,
0 0 oo T O Wh 0 QO T P
TN " A I
5. U 1o PO 10
"¢ TATA " ¢ 1N
5y v AW b 0 Y
f ™h TR " ™

The Taylor coefficient s DO corre spond s to change s in the parameter s p. Eq. (4-4d#fepre sents a linear
set of equation s in D&olved at each refinement iteration. Off diagonal terms in’A z’/Are not calculated
and are set to zero. /A’ AApPAR BWHE AAR “ARds {AdEBS AT TSz ARG R T EEAEMEBA
XA, FpBOP,  a=difpds. K K A AR TAE XdBP Py BRAX TBIpP g, 83§ and
sel )%, calculated from Sp and So respectively. Neglecting the off-diagonal terms results in
sz( )>=V A= and se( )?=1/Ar;i; however , to avoid numerical stabilitie s Ke is written as shown in Eq. (4-
6).

: . " P8I0 Feery
] O pT1m 0 hh

Or 07 0QE jOF AWBTL

A, PR ER AT 3 B30 i3@ZIp® X dik dBRAK Wt R NN . “ApPRR AR Y &

30 The Minimization Routines



The Minimization Routine: 31

p8L b mery

Or O0F 0Q jOF I\TL

0 oMy pn 6 hmh

O RAp" BzA PR B . 3. W dsghen_weight Ap” X “ABpL Wen WisRen WA g’k ~AsBE i3V A B3
pt Wyrite_Pen WEA v . 'K XX . e TABRY gl x

macro Write _Pen_Wt(Ali, Ai, Pii, Pi) {
pen_weight = If(Pii < le-14 Aii,0,1.05 Aii [/ (Pii + Aii Min(Pi / Ai, 0.05)));

D AR, PPE R AW BREQBE X Y BB B BA. PPE R AR FxIE R
0K~ B BN . PeRM e Anhp B3N] R e Rafx P A gk . P W AKX 53¢,

pen_weight = 1;

penalties _weighting _K1 = (Get(r _wp) / Get(r _exp))"2;
do_errors _include _restraints

save best _chi2

restraint = Sart(w)  (yt - y);

where Sqrt(w) is simply the square root of the restraint weight used by ShelX.

41...07 %, " WESSE AN, XWA &X', 3

The Bounds Constrained Conjugate Gradient (BCCG) method (Coelho, 2005 ) incorporat esinanax’A
limits when solving the normal equation s, assisting convergence of the non-linear least square s pro-
cess. These limits are dynamically recalculated and used during the solution proce ss. For example,
to constrain site occupancie s on three sites to full occupancy with three atomic specie s, each with
occupancy of 1, then the following could be defined (see U] NHJR T Zrd|fNjgf [ ONjUs &3 a0z

site Ni x 011 y 022 z 033 occ Ni nil 0.20000 min 0 max 1
occ Zr zrl 0.30000 min 0 max = 1 - nil;
occ Cacal =1 - nil - zrl; : 0.50000

site Zr x 021 y 032 z 043 occ Ni ni2 0.40000 min 0 max = 1 - nil;
occ Zr zr2 050000 min 0 max = 1 - ni2;

occ Caca2z =1 - ni2 - zr2; : 0.10000
sitie Cax 031 y 042 z 053 occ Ni ni3 =1 - nil - ni2; : 0.40000
occ Zr zr3 =1 - zrl - zr2; : 0.20000
occ Caca3 =1 - cal - caz; : 0.40000

a Qccupancy on sites add up to 1

prm = nil + zrl + cal; : 1.00000
prm = ni2 + zr2 + ca2; : 1.00000
prm = ni3 + zr3 + ca3; : 1.00000
a Individual species add up to 1
prm = nil + ni2 + ni3; : 1.00000
prm = zrl + zr2 + zr3; : 1.00000
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prm = cal + ca2 + ca3; : 1.00000

&K TABA X PeAa RO qERYX T @se LUA o Aledsig AX Y A GEEBL . . cOX ALK BRIK AL

~EER. WA GIsBL . eOX AL Th . Mdiinanax’A | g8 WP A TEE, WXQP.'d # A3 &

3. XARGB= WAPMRUNA cpx W™ 3 VA PAOP, R &3 & AY X~ AX"~ “Hepdp' dgds A, RAO PP .
LR BYRSEI Bt . cOX A gikpe, R A8 . N7 o) TABW. RABE P . R AP &3k BROR . X

. BT edd) Percent _zeros_before _sparse A d3Vv £ TEgdzP 1 o3 A T ABA qox B ook B

3 BFR 3V AB dEBA ) R dx “eAmPAR Y. TAsdasdsv dalip, aUABY) 3A

42 ...0" ®pP = W@RRX . 3

The Marquardt (1963) method applie s a scaling factor A, called the Marquardt con stant, o the diago-
nal elements of the'A "atrix when the solution to the normal equation s of £&q. (5-4) fails to reduce W
or,

JE L m@AM/ﬁU

After applying the Marquardt constant, the normal equation s are again solved and’Ajfecalculated . If'/NjA
" { Pd3g€ digis itlcreased and the scaling proce ss repeated. Repeated Aailure results in a very
large Marquardt constant; taken to the limit the off -diagonal terms can be ignored and the solution to

the normal equation s can be approximated as:
D ANAA AR Y Eeny

Improvements to the determination of the  Levenberg - Marquardt constant ( °Coelho, 2018) have been
made. This is especially the case for objective functions that are far from quadratic and when the
BFGS method is used.

4.3 ... OOP. a .  APNA qux BRA aAARC ENjBY ~ . 3

approximate AR iR E3FK ApO O P a AAk X FRZ ®E-A4FN | x T WRgBAGA o, t U TR &3
ApxB.®RP. 388 OOP, a K ARHEBATR AL NA &x THR. e 3MBh FH dX {5 g

E. . 3 VApRRMA] @ ' r#pproximating A is useful when the calculation of theA "matrix dot

product s is proving 7Z&xpen sive3Approximate AA qpe A, €, A, . OP, Y& AHAX YdERt gt (g4~ 3P

Od3d qeAx . .d3 'APRERY . ' dapmxigste ABannot be usedvith Ane_min’Ar’Ase_extrapolation 3A

The single cry stal refinement examples of A oz ZZ$ § R aAE'A |5 ZZ4 § R a4r& cases where

the use of Approximate _A’Achieve s’Bonvergence in less time than with the fully calculated A matrix.

When usingAapproximate _A,’Ahe’A "Anatrix can be made sparse by defining AA_matrix_memory _al-

lowed _in_Mbyte s and/or A_matrix _elements_tollerance . This allows for refinement s with large num-

bers of independent parameter s. A_matrix_memory _allowed _in_Mbyte s limits the memory used by the
matrix. A_matrix _elements_tollerance #tol remove s elements in the  matrix with values less than

#tol. The compari son is made againts normalized elements of such that Ai=1 Typical value s for #tol

range from 0.0001 to 0.01. A_matrix_memory allowed _in_Mbytes and A_matrix _elements_tollerance

can be used simultaneously . A_matrix _report _on displays the percentage of non-zero elements in the
matrix.

32 The Minimization Routines



The Minimization Routine: 33

44 ...NiBX X .& PP, aAdg, & & RaFAGP PRANA W gP.

[approximate_A_check _for_must_be zero #n] Example.
U] NJUE| R T2y df RS eRES a 02

In using approximate_A , A-matrix elements that must -be-zero can still comprise non -zero values dur-
ing the BFGS method. Ajelements that must -be-zeroinclude cases where parameter  p;and parameter
p; are from different xdd patterns. The keyword approximate A _check_for_must_be zero test for zero
A matrix elements and sets them to zero. This improves convergence in large problems comprising
1000s of xdds. Importantly, sparse matrix methods are invoked and only non-zero A-matrix elements
are stored reduc ing memory usage. In cases where there are 1000s of xdds, use of approxi-
mate_A_check_for_must_be zero often negates the need for A_matrix_memory _allowed _in_Mbytes .

Checking for zero A -matrix elements requires a modest amount of computational effort; to minimize

this, the check is only performed up to the n ™ iteration of a refinement cycle where n is the number
defined after the approximate A_check for_must_be zero keyword . After the n ™ iteration, A;jelements
that must -be-zero are set to those that were zero atthe n ™ iteration. Example use is as follows:

approximate_A_check_must_be_zero = Cycle_lter < 4;

45 ... r. AT _ . SApbXE pP . BadkP O, A mx . .’

Line minimization, also known as the steepe st decent method, is invoked usingAne_min3g{Aises a
direction in parameter space given by I bUa A0 minimize on S(p+/Dp) by adjustingA3ZmP q_ dx d3P
la X PO, Agpyextragolation MEds® P mrAZa X R O A Woy&3pP . dim@i® W' { A A X B3P g
MX . A PReRp3 exWigUt K T Blr/F+R/ST)EA T L L N3 BRAEEO P x D diP apPEgRE X B3P g
X . AN AR YR KDL IFAD e A B HKA T BRMEPD. b oKD 'P. o o 30T B

HO B e o8 HBPP . dBr BP PO, WoplX .. e Qg “AlBRA. ABKA ® P . BWrpdsBAIA qusA

4™ isRd3 @Eae ~ BpP . dagP oo, R ®x WO ¢ RA . | | UpxET BEPA A R

ZpP . dgadgFP O N " EBIN . RTAB L . L o RIAL T BESPREPR B, T Y &P AR dAd
Pdi3v A'Sd qeAX . B sAR " . . pBPP . dBr P 0O, A apiRds, ‘X p&EpBe . Re
Voo X ORK el oR UGV ok TAA px R aY ek . A WA B3 . Re X B3P g8o. Y e
proximate AQ ok AREBIR, AR T, . N ABRRA ox B .pa t W pppoximate _AA X B8

V. IRt BERDRSOR . Y P AGPP dsR £ Eat, Besv . ' dfodgornal_equa-

tions © P dzYed) ~ Skdsdf normal equation s in the minimization routine 3

46 ... S dze x Pl@p "BiE . x . d3¢

penalty & 3V ¢ AFBd3" o Wet K. PR BN W { R O PP . BRAEPp eARWORER . &3

. @3 R P op i PikdsV R AR R . R dgv. . reShalip X GR Idf 0 3 MEHE® o5 oeAXA B . A 9 &3
CRTRB U BT L XKTAM RAM RABP

prm x1 1 min -45 max 45 val _on_continue = Rand(-4.5 4.5); del 0.01
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prm x2 1 min -45 max 45 val _on_continue = Rand(-4.5, 4.5); del 0.01
prm x3 1 min -5.0 max 5.0 val _on_continue = Rand(-5.0, 5.0); del 0.01
a8 Hock and Schittkowski problem number 65 function

penalty = (x1 - x2)»2 + (1/9) (x1 + x2 - 102 + (x3 - 572; : 0

prm contraint 1 = x1"2 + x2"2 + x3"2;
penalty = If(contraint 1 < 48, 0, (contraint _1 - 48)"2); : O

U fpoog@d o Wet kA DX R BEX P B IWIBP . N BPEPAR O GIAKASRYZ = SA S
%k BSB_ RO B X A WEe | MHPR BB

str
Cubic(lp _ceo2 5.41011)

CS L(cs _I, 200)
penalty = (Ip _ceo2 - 5.41011)"2;
penalty = (cs _I - 200)"2;

penaltie s_weighting _KI& d3Vv ¢ ddxlzs, : ~ HAAZ ®-3uX “Alzv @Up,. YEJAKA restraint can be

reformulated into a penalty by squaring the restraint, for example :

restraint =a (x - h)
This is equivalent to:

penalty = a*2 (x - b)"2;

In the case of the restraint, the off -diagonal terms Agj are calculated when approximate _A (the BFGS
method) is not defined. Inthe case of the penalty , the off -diagonal terms Apj are set to zero. Restraints
often converge in fewer iteration s than equivalent penaltie s due to the use of the off -diagonal terms
(compare &1 Nj| U” sdsfsa@ Udth & 1 Nj| U~ & dsfgo| NjUS 3@ @ZHowever , the time to conver-
gence may be greater due to the calculation of the off -diagonal restraint terms in the  matrix. Pen-
alties are useful for function s that are not to be squared; these include negative function s such as the
GRS series atomic interaction (see r E4gE s Bj GUI 3 ) EoE efficiency, the . matrix is treated as a
sparse matrix , which is combined with o (if it exists), where o could be either sparse or dense. When
approximate _A is used, the off -diagonal elements of ZA:ZRp’ A «xpPAR X o, t W, Adyx ds@sz”~ e
PPAEOOP . a 'R &Y aC NA d&sx ~ Amfoximate A, when used with Od3’ e . Rislg P p?az g
v st X AXisEEse ” WK RER P pROPAEP 3B qesAr. s . . AHYR quisMvill have similar

but not identical convergence.
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a Case 1 a Case 2

approximate _A prm pl 1 prm r1 1

prm pl 1 prm r1 1 penalty 'P1 = 52 (pl1 - 7)"2;
penalty P1 = 52 (pl1 - 7)"2; penalty P2 = 672 (pl1 - 8)"2;
penalty P2 = 672 (pl1 - 8)"2; penalty 'P3 = 772 (r1 - 9)"2;
restraint IRL =7 (2 - 9) penalty P4 = 8"2 (r1 - 10)"2;

restraint  !R2 = 8 (r1 - 10);
Diagonal element s of the A matri x

0 x 17 0p 0gjlnp 0 ; picT Op Ocjinp

0 TP T WP 0 PIcT Yo Yg jlip

The difference in behavio ur between penaltie s and restraint s can be seen by comparing 6 [ Nj| U~ 44 f o

=38 U@sI Nj| U~ s g8 | NjOs & WAh 500,000 iteration s, the former results in 71 iteration s on
average to convergence and the latter 47 iteration s on average to convergence . The restraints case
converge s faster as Arjj elements are calculated. Approximating Ari, by defining approximate A in
1 Nj] U~ s gFs8| NjUs & Oddesults in fastest convergence , time wise, with 71iteration s on aver-
age to convergence . Many penaltie s however cannot be formulated as arestraint, & NjU$ Eza U for
example , and in these cases, penaltie s are nece ssary.

47 LT o0 L AR o X B

When there are no observed data or whenAnly _penaltie s/ defined then by default the’ BFGS method
is used, see example SAl Nj| U~ s k53 U Bl f sa UK~ R&BAQPY ., . WP A d3P PARZAN
We dzlne k. F RO o5’ que’AX . “Ase'BFGSAnethod typically converge s faster thanAne_min/use_ex-
trapolation 3

48 ....NjpY B3B3V A qg3 Woseh pXREBHX™ . 3

Values saved on termination of refinement are determined as follow s:

> If continue _after _convergence is NOT defined and save_best _chi2 is NOT defined , the values
saved corre sponds to those of the last iteration. 'A

> If continue _after _convergence is NOT defined and save _best _chi2 is defined then values saved
corre spond s to those that gave the best S.’A

> If continue _after _convergence is defined and save best chi2 is NOT defined , the value s saved
corre spond s to those that gave the best Rwp.’A

> If continue _after _convergence and save _best chi2 is defined then values saved corre sponds to
those that gave the best S3A

When there are no penaltie s or restraint s then the best S corre sponds to the best Rwp. A
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49 ... PPA® { W ApX. . °

Estimated standard deviation s for refined independent parameter s are calculated at the end of refine-
ment. The correlation matrix, if defined using C_matrix _normalized , is updated . Otherwise , the corre-
lation matri x is created and appended to the OUT file.

do_error s: Error s calculated ; penaltie s and restraints NOT included in the  matrix.
do_errors_include restraint s: Error s calculated ; restraint s included in the  matrix.

do_error s_include _penaltie s: Error s calculated ; penaltie s included in the  matrix.

410...| PRARE® B. . X c®BP®AP:

Singular Value Decompo sition (SVD) is used for error s determination . These error s closely resemble
those obtained by the boot strap method. boot strap _error s are potentially more accurate as parameter
limits are considered ; for example, the fact that intensities are positive is not considered by matrix
inver sion. use_LU for_errors force s the use of LU decompo sition; LU-decompo sition results in very
large errors for intensities that are 100% correlated. The three means of determining errors are
demon strated in a Pawley refinement of Y.0s; in the examples U3l w g G3 §AJF w gNjE q 3 Zadck
Osfw g1 [ U3 fo0r# inthe directory U] NjOR T Z reljlNgl & 1 & Nj

bootstrap _errors use the bootstrap method of error determination (Efron & Tibshirani 1986, DiCiccio
& Efron 1996, Chernick 1999). Bootstrapping compri ses a series of refinement s each with a fraction
of Yobs modified to obtain a new bootstrap sample. The standard deviation s of the refined values
then become the bootstrap errors. !Ecycle s corre sponds to the number of refinement cycle s to per-
form for boot strapping , the default is 200. The resulting boot strap ping error s are written to the OUT
file. fraction _of _yobs to _resample corre sponds to the fraction of the observed data that is to be re-
placed each refinement cycle, it default s to 0.37. Replacement data is, by default , obtained randomly
from Ycalc as determined in the first refinement cycle. If resample from current ycalc is defined ,
replacement data are obtained from the currently completed refinement cycle. The updated Yobs
data is additionally modified such that the change in Rwp is unchanged with respect to the current
Ycalc . Parameter values used at the start of each refinement cycle are obtained from the end of the
first refinement cycle. val_on_continue can addition ally be used to change parameter values at the
start of a cycle. If determine values_from _samples is defined , then parameter values at the end of
boot strapping are updated with value s determined from the boot strapping refinement cycle s. Param-
eter values obtained at the end of each boot strap refinement cycle is written to disk in binary format.
These values are then read and proce ssed at the end of the bootstrap proce ss without storing the
value s in memory ; the boot strap proce ss therefore has a small memory footprint.

411...| PPERP Om: @  "WPE ¥EEPP. P

Parameter errors determined outside of refinement can be included and propagated to dependent
parameter s using prm_with _error. For example , consider the INP snippet (see U] N(JR T ZNg s E
TaURss149ya0z

36 The Minimization Routines



The Minimization Routine: 37

xo_ls
xo 01 =10t i
prm i 9.99999° 0.00065 min 1le-6
prm_with _error It 1 0.33
prm t_squared = t*2; : 1.00000° _0.66000

Here t is defined using prm_with error and with an error of 0.33; this error is used in determin ing
error s for dependent parameter s, such as t_squared, that are a function of t.

412...,a33 E¢ W. aA73 BEG@P P pe

[xddd ©
[xdd_array 'E]... [xdd_sum !E]...

xdd_array calculates and stores an array of values which can then be used in equations which can in
turn be a function of the reserved parameter names of X, Yobs, Ycalc and SigmaYobs . For example,
applying the Si atomic scattering factor correction to an x0_ls phase can be performed as follows:

PGe' K |

xdd_array si_f0 =
2( 2 9LGEA; K; 9LL=JAF? <9Lt®% >JGE 9LEK; 9L}
5.275329 Exp( - 2.631338 (Sin(X Pi/360)/Lam)"2 ) +
3.191038 Exp( - 33.730728 (Sin(X Pi/360)/Lam)"2 ) +
1.511514 Exp( - 0.081119 (Sin(X Pi/360)/Lam)2 ) +
1.356849 Exp( - 86.288643 (Sin(X Pi/360)/Lam)"2 ) +
2.519114 Exp( - 1.170087 (Sin(X Pi/360)/Lam)"2 ) +
0.145073);

scale_phase_X =si_f0; a 9HHDQ L@= 9LGEA; K;9LL=J >9; LGJ

The above will give the same resultif xdd_array is replaced by prm. The latter does not store the array
and therefore the equation is calculated every time si_fO is used. Because  xdd_array is an equation,
the program automatically keeps track of its dependencies; this means xdd_array array is recalculated
only when the equation changes - changes can happen, for example, if the equation is a function of

a refinable parameter and the refined parameter changes. This recalculation only occurs when the

array is being referenced,; it does not occur at the instance of a dependency change. Use of xdd_array
therefore produces fast and efficient  INP files.

xdd_sum is similar -to xdd_array , except that an array is not stored; instead, the sum of the values of
the array is calculated and stored. Similar -to xdd_array, the summed value of xdd_sum is only recal-
culated when necessary. xdd_sum can be nested; for example, to normalize the intensities between
Yobs and Ycalc, the following is possible:

xdd_sum sum_yobs = Yobs;

xdd_sum sum_ycalc = Ycalc;

xdd_sum = (Yobs | Ycalc sum_yobs/sum_ycalc)"2;

xdd_sum num_data_points = 1;: 0 a S AK J=HD9; = :Q L@= FME: =J G> <91
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[chi2] allow s for the minimization of a User defined S3& can be a function of the reserved parameter
names’X,’Xobs,Xcalc "and Sigma Yobs. In addition ,Add _sum can also be a function of these reserved
parameter names. For example, the following can be used to define a normal least squares refine-

ment:
xdd ...
xdd _sum denominator = Yobs;
xdd _sum numerator = (Yobs - Ycalc )*2 / Max(Yobs, 1);
chi2 = 100 Sqrt(numerator / denominator);

In refining on an arbitrary chi2, the first and second derivative s of chi2 with respect to each inde-
pendent parameter are required. To do this fast, Ycalc within chi2 is approximated with a first order
Taylor approximation around the parameter vector ©. This approximation , for variou s formulation s of
chi2, has yielded good convergence even for non-linear parameter s. To summarize:

> chi2 is treated as a penalty. A

> For each independent parameter, a definite minimum in chi2 is bracketed; inverse parabolic in-
terpolation is then used to determine the minima of chi2 with respect to that parameter. In the
calculation of chi2, Ycalc is replaced with its first order  Taylor approximation and thus the full
Ycalc is only calculated once per refinement iteration and not 100s of times.

> Finding the minima and the curvature of  chi2 with respect to each parameter yields 1 t and 2™
order derivatives of chi2 with respect to each parameter. ‘A

> The BFGS method (approximate _A) is then used to solve the resulting linear equations with off
diagonal terms approximated according to the BFGS method. ‘A

> The BCCG method incorporating the Marquardt method with automatic ~Marquardt constant de-
termination is used to solve the matrix equations.

The Rietveld refinement example of 0| NEOR T ZNg| R3&f | B35 & Wemon strate s variou s scenario s:

Case 1) Herets output when NOT using chi2.

0 Time 0.05 Rwp 26.630 0.000 MC 0.00 O
1 Time 0.06 Rwp 16.651 -9.979 MC 0.06 1
2 Time 0.06 Rwp 7.510 -9.141 MC 0.02 1
3 Time 0.08 Rwp 6.955 -0556 MC 0.01 1
4  Time 0.08 Rwp 6.943 -0.011 MC 0.00 1
5 Time 0.08 Rwp 6.923 -0.020 MC 0.00 1
6 Time 0.09 Rwp 6.923 -0.000 MC 018 1

---  0.094 seconds ---

Case 2) Here's output when NOT using chi2 but using approximate _A.

0 Time 0.05 Rwp 26.630 0.000 MC 0.00 O
1 Time 0.06 Rwp 16.883 -9.747 MC 0.00 O
16 Time 0.13 Rwp 6.950 -0.002 MC 0.04 1
17 Time 0.14 Rwp 6.949 -0.002 MC 0.09 1
18 Time 0.14 Rwp 6.949 -0.000 MC 029 1
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--- 0.14 seconds ---

Case 3) Herets output using chi2 defined for normal least squares.

0 Time 0.03 Rwp 26.630 0.000 MC 0.00 0 P  26.63020
1 Time 0.06 Rwp 15897 -10.733 MC 0.00 O P  15.89696
13 Time 0.33 Rwp 6.974 -0.021 MC 000 1P 6.97366
14 Time 0.34 Rwp 6.958 -0.016 MC 000 1P 6.95755
15 Time 0.38 Rwp 6.951 -0.006 MC 000 1P 6.95122

The chi2 case (3) looks similar-to case (2); however , the path toward s the minima is different , as the
chi2 procedure is very different to normal least square s refinement.

414...5 GO, PX N :PARV'®'mesg. dx &3P €

Parameter s that do not take part in refinement are reported , for example, the following , where a and
b are not used in any equations

prm a 1 prm b 1

will result in the output:

Number of independent parameters not taking part in refinement: 2
prm_10: a
prm_10: b

The val_on_continue attribute of unrefined parameter s is executed at the end of convergence. It can
be useful, for example,

prm a 1 val _on_continue = b = 2; 2 this sets the b parameter to 2

415 .NjW. _ RBP4 8 BV, dBhedt XB

Table 4-1shows variou s keyword usages for typical refinement problems. Theterm n P dsv , ' ¢ d3 X
clen is used to describe a single converge’ { &B & eg3P YMBEpP . MWycls® d3x 4P~ ABWP PAR X
PV . ' @ e W X tpP %ok isPU B es5P Y&@P . ‘SyclesMerR d3x e~ &RYP PAJS' X
. X BPBX XA TRBYP PRgCle(N |, BT W X P o ;P 3

Uopr ‘aegs odse Y. "RiE Wds'ek BPOP e/R diy . * 8§ edgsdy

Refinement type Keywords to use Comments

Rietveld refinement. Marquardt refinement.

No penaltie s. matrix calculation.

Rietveld refinement with a moderate line_min Line minimization used if line_min.
number of penaltie s. (Maybe) Marquardt refinement.

matrix calculation.
Rietveld refinement dominated by approximate _A BFGS method of refinement.

penaltie s. matrix approximation.
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Pawley refinement. line_min Line minimization.
Marquardt refinement.
matrix calculation.
Penaltie s only. BFGS method of refinement.

matrix approximation.

Refinement s with a large number of approximate _A BFGS method of refinement.

parameter s and a few xdds. matrix approximation.

Refinements with a large number of approxi- BFGS method of refinement.

xdds and parameters. mate_A_check_for_m matrix approximation.
ust_be_zero

416...=W BPRVE &. . OWx PR . Wike

The computationally dominant factor of Eq. (4-5) is problem dependent. For Rietveld refinement with
a moderate number of parameter s, the calculation of the peak parameter derivative s may well be the
most expen sive item. On the other hand, for Rietveld refinement with many structural parameter s and
data point s then the calculation of the = 8ot product s would be the dominant factor , where the num-
ber of operation s scale by’A p SC. &f ¢Before the development of the BCCG routine ‘ACoelho, 2005 ),
the solution to the normal equation s, Eq. (4-4A pApe, X d3Aza Ods’ Y g3 P Wt & WPWIA P A
O, Hzkeke, = W ) B33BoFAQb’s_ to_xo_posn_yobsA ook AR AR 33 WK "BEBW. RABA
3P eANT | RBIAK TABW. RABA Oi3P g X AR RP. 3edRdyd) T Apcompo se’A
. pt RGa . ®adgy | f [ T Z rsaNfBs&uick _refine dremove s parameter s during a refinement cycle
thus shrinking the size of the  matrix by reducing N and hence speeding up refinement iteration s.
Parameter s are removed if the condition defined in Eq. (4-9) is met for three consecutive iteration s.

yn 8t N O EQE AR GAD meny

Alternatively , parameter s can be removed or reinstated during a refinement cycle using’Aguick re-

fine_remove d’Ahis keyword provide s a means of performing block refining. If’/4uick refine remove is

not defined , then all parameter s are reinstated at the start of refinement "&ycle s.&BsdfA Wuick refine A

eOBBAYG, | W, WX B33BFAGH: ABa . & “@ito TA @t PTA PAUBA Aza . B |8
GUB LA R BV O qf3p. dirRBRIEX @XABEFPEY . ° EREAR g RWrds= WK ext eSAdpP /Ad3

quick refine ¥ op, elja3 : PaY o dg . e3P oo, iR dfP. T Y BP AdA MR\ qpe A3 T 3 dfPAR3

Y i, AUsN . RN o3 Auick refine T eg VAR | AY EBE WdsEt &3

> ¥ P . dimRBB R dex pXAB3’ Auick refine remove X T A . @i U dK AN . €XB
O ¢ RN a3 AUEBPO P X 'R &)y PPE&B edss, xB

> U o5 d3: PASERP oo ®xptBR . . . A K Risfb, A" t £ d3@ o, eWduick refine A’ g
3.. . 9 6% . Wi 3 di3P divdl Esdg Wikasgick refine /A’ | &giglp, x 3P’ (ondodds, e
ize_on_errosA R BEBIN T | WX . . PXA dxomsPed "R . WK P . BRAP 3. . g
. 9033

&/uick _refine _remove Y o, HKOAAR &2 B o, AYBE A £ { . ORGP . BRAEP . APIA
Pdv, ' dheds X,APRpPep. diquBRE dxx’ pXA&quick refine remove Ad3Y g, HRxXAl i3PA 3
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quick refine _remove At AR B AV W  A. A'x TAPR elzP YAZQ pP p. dpxQBARemoved A, R
QR _Num_Times_Consecutively _Small’dp’ 3 3. X .A. .gRges Y &P p. xpdssWi A Ly-
cle_lterzycle &’ ZA3M/Auick refine _remove A , K i3V , ZX RBIX ~ Rz, . K, o3 Ad¥Eq. (4-9) £A
Wz ® pP . dipRBR AR dex’ XMz, Adzadexdzy . ' dgyclg’ Iy most refinement s the fol-
lowing will produce close to the lowe st/Njgp’ & AR~ . Ry fedgd ‘MBaqp & s SBEGZ

quick _refine 0.1
quick _refine _remove =
IF QR Removed THEN
0 2 reinstate the parameter
ELSE
IF QR Num Times _Consecutively _Small > 2 THEN
1 @ remove the parameter
ELSE
0 @ dont remove the parameter
ENDIF
ENDIF;

417 ..Nj, . W, @ B, B WETA

ta3v T BEE X X . PHUWUBEP Y P AR dfipastinue _after _convergence is defined SAdzV , . A ¢
X . UKTA . Rpit X ekpPRRBP V. P A3z

> wal_on_continue deg= WA AP 3 B30 33 (X aigp By o, Wipx d33
> wandomize on_errorsd® P, ¢ dgpPERZP v, PA 33
[rand xyzd® P ¢ agepPREEP v, FA B3

\Y%

17 dgAal_on_continue %73 d5v . “X G345 PeRds 3P . WRER @ 3. b th3 Py Adn-
domize _on_error s3&imulated annealing is invoked using continue _after _convergence . It is sometime s
difficult to formulate optimum val on_continue function s; this is especially true in structure solution
using rigid bodie s where optimum randomization of the rigid body parameter s can be difficult to as-
certain. randomize _on_errors is a means of automatically randomizing parameter s based on approx-
imate parameter errors as given in Eq. (4-10), T is the current temperature , and K is as defined in Eq.
(4-3).

i 0YQUOEGE Db TBICY 00 wes s

5% a scaling factor determined such that convergence to a previou s parameter configuration "Accur s
7.5% of the time on average. When’Aandomize _on_error s used, relative ariation inAemperature gEdA
o Paignificant and not absolute values. & d3uto_TA opt P A eWgEcHs refine , randomize on_error s’A
@ ‘gHemperature R o3: | HABPA™ . YA R Bp3 i3= WpjeaN . WRikp’ A | W, B BIBoRka b
. Ogz@gkdlza . B adgd, GUI 33U0Z

4.18..... 3POXAYBO Y, Rp' 3. E.'BRRP. Pe

Use of randomize _on_error s result in an adaptive -step-size determination during simulated annealing;
in many cases, the complex temperature regime found in the Auto_T macro can be replaced with a
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single temperature. The example f & Tgfx, G U 3 dewdn strate s randomize on_error s by using a very
incorrect starting temperature of 0.1 the program quickly modifie s the temperature to a more appro-
priate value. Output lines such as:’A

Breaking - randomize on errors  revisit

indicate that a parameter configuration has been revisited and the temperature will be internally ad-
justed. Note, with randomize _on_error s, relative temperature values are pertinent and not absolute
values.’A

[Trwp]
[rp#] [rwp #] [r_exp #] [gof #] [r_p_dash #] [r_wp_dash #] [r_exp_dash #]
[weighted Durbin _Watson #]

E . R4, AddX 3O Fogvy, T B df  xESBBe R eRE 3 AAES @ . PR3 gk ot
D P UBWR X P oy op dsjd3

Upr AeBSAP | X B3W e W Ak n reill. Bp' B RpPAE ABRGP YAB3IA 0, t WA qpiRdg® dst
X . YA ei®p ATR. VA TREmE T 0 PEAW TABW. RABR i®p efARK TARW. RABR P o)
X R K AR, TA . YAEA oi®p ATR P, W jex X £ baspl N i3BEd . Uk
X AP PAAP: AT aep’ AKX TABRERP YHEIB @, t WA toyedsEA &g TARR di3v | d3piX ot
P, UR 3PPt x 333

5€0 X AP ' B &y, v By f
By Bar 670Q0Q

SeH 3, 1 TR olE AR BO O N

SudBhud Y v (A,)h m Wi . BU (I)ﬁ (I)F]
Bo Wp Y , o T

bedsa O a3t/ €53 ﬁ Y 50
Y — - —
B0 WH By N 6 00

E. . 3E W C

o~ o B ©p @
00 "0 &0 —
Y U U
SEAP ol ~ BQ G
BG
qUP R tpyx FA%A ~ B o od " "
SN TR BE T T w oo O @

SNOAT
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]
Tcomm_1
Tcomm_2
Ttop_xdd
Tglobal
Txdd
Txdd_scr
Tindexing
Tcharge_flipping

B33

[convolution_step #1]
Rp+ deRs+#| d
[x_calculation_step + d

R @,
TMinimization
Trwp

BA_matrixdeC_matrixd&A_matrix_normalized d&C_matrix_normalized d

&onserve_memory d

dile_name_for_best_solutions $file]

dorce_positive_fwhm d

[inp_text $name] © @np_text insert "' . BAg A® Ak d®

gters #]

@o_LIMIT_warnings ]
[num_cycles 'E]

[num_runs!E]

mut_A_matrix $file]
[out_refinement_stats ]

wut_ rwp " v - di3d
[out_prm_vals_per_iteration $file]
[out_prm _vals_on_end $file d ©
gorocess_times d

weed & xdd

wsleep A
[suspend_writing_to_log_file #1]
demperature ¢ d 3 3 3

@wuse_tube_dispersion_coefficients

Keywords

... | [out_prm_vals_on_convergence $file]...

d
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Ua 3 3
&dd " v B oM 3 qepangk g dxye_format degsas_format ddullprof_format d /Ad 3 3 3 A

Keywords

wverbose x =d

Ttop_xdd
Txdd_comm_1
Tcomm_1
Tcomm_2
Tmin_max_r
Tpk_buffer_step
Trwp
[gui_add_bkg 'E]
wut_sfn4_yobs A ‘A| oud shw _ycalc A Al © d
[xdd_sum !E] and [xdd_array !E]
[xdd_file =$E;]
&Xo0_Isd 3 3 3
xo| I|d3 33
Tcomm_1 2 phase_1 2
al_Isd 3 3 3
a| 1]ds 33
Tcomm_1 2 phase 1 2
debail x d
dhkl_Isd 3 3 3
dp_search £ d
d_parameter_names_have_hkl $start _of _parameter _name]
thkl_m_d_th2 x "Ax "Ax "AlxI’Ad 3A% 3A'A
Tspace_group
Tcomm_1 2 phase 1 2
Thkl_lat
debail x d
[str | dummy_str]...
Tstr_details
Thkl_lat
Tcomm_1 2 phase_1 2
Tmin_max_rs
gigidd 3 3 3
Tspace_group

O . . EESEO” gERS
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Tcomm_1
Tcomm_2
Tphase_1
Tphase_2

Keywords
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Txdd_scr
wxdd_scr $file]...

Txdd_comm_1

Tcomm_2

Ttop_xdd

Tmin_max_r

[str]...
Tstr_details
Tphase_1
Tcomm_2
Thkl_lat
Tmin_max_r
wigidd 3 3 3
Tspace_group
Tscr_1

e (EB
d-lack E]
d_on_error_ratio_tolerance #]
sum_highest_|_values_to_keep #]

CazB .. B
thkg [@] # # #...]
alegree _of_crystallinity & d
al_spacing_to_energy_in_eV_for_f1_f11!E]
wxclude #exl #ex2]...
wextra_X_left ¢ deextra_X_right !E]
dit_obj | amin_X ¢ demax_X !E] ]...
weutron_data d
gebin_with_dx_of !E]
smooth #]
sstart_X £ ddinish_X !E]
sieighting # @ecal_weighting_on_iter d 'Ad
&xdd_out " v wppgnddd 3 3 3
Tout_record
gyobs_eqn U | d
»yobs_to_xo_posn_yobs 4 d

E

waxial_convd 3 3 3

';:(

[capillary_diameter_mm E]..."A
dpsd_th2_angular_range_degrees |d 3 3 3
=ircles_conv | d 3 3 3

wexp_conv_const | exp_limit |[dd 3 3 3
[ft_conv E]...

gauss_fwhm | d 3 3 3
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that | enum_hats x =3 3 3

[modify_peak ]

[more_accurate_Voigt ]

dor_fwhm | d 3 3 3

[numerical_lor_gauss_conv ]
[numerical_lor_ymin_on_ymax #0.0001]
wne_on_x_conv [d 3 3 3

gk xo | d

wush_peakd 3 3

wstacked_hats_conv @whole_hat | &at_height | d A dalfshatg «at_height |d Ad3 33 d3 33
dh2_offset |d 3 3 3

auser_defined_convolution | min | max |d 3 3 3
[WPPM_ft_conv E]..."A

;:(

.- B
[fO_f1_f11_atoni...
dam gymin_on_ymax X @no_th_dependence dd_am ¢ decalculate_Lam d Ad
wscale_pks | d 3 3 3
[scale_phase_X E]®
grmdocal | amin ¢ draax ¢ d del ¢] d update ¢ d sfop_when ¢ dwal_on_continue ¢ d d 3 3 3
[existing_prm E]J...
wenalty ¢/ d 3 33
wut " v =ppgnddd 3 3 3
Tout_record

UZ6E~GCC| $ENj0| 2
weak buffer_step | @eport_ondd

UO” e SEO, Uz dsPEe .’ : BEt Peex o,

@tom_out | mag_atom_out " v zappgnd] ]...
Tout_record

wuto_scale 'E]

[del_approx E]

whase_name $phase_name ]

whase out " v @wppgnddd 3 3 3

whase_out XA v  appiifda] Ad "A°

dorindley_spherical_r_cm +| d

g_bragg x d

[remove_phase !E]

wscale | d

0o~ mBd
U ERWVVEBPEE X B3O
weak _type " x e ©d3q
wv_lor | pv_fwhm | d
thl| h2| ml| m2|d
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wspv_hl| spv_h2 | spv I1| spv_I2|d
wumerical_area | d

Tstr_details

@wppend_cartesian deappend_fractional dn_str_format dd
wppend_bond_lengths &onsider_lattice_parameters dd
[atomic_interaction N E] | [ai_anti_bump N]J...
dhox_interaction drom_N x dio N x dno_self interaction d " ¢ ExA3 8 Updss 3 3
dourier_map 4 d
ars_interaction &grom_ N x dasN x dhe_self interaction d" & ExA3 E3.6kxogj x UAd 3 3 3
gkl plane "~ ' d3 33
[no_f17
wmormalize_FCs d
wcec_merge " € |, wodge merge_radius ¢ d ‘Ad 3 33
[p1_fractional_to_file $file] [in_str_format]...
witem e, xd3d3 33

[ aadpsdfwzull| deu22 | deu33 | deul2 | deul3 | deu23 | d]

Tmin_max_r
ssites_distance Udq #tes_angle Udagsites_flatten U wsites_flatten_tol ¢ d Ad 3 3 3
[sites_geometry N]...
wsiv_sl_s2x x d
[report_on_str ]
wview_structure dA

U 'E X
@ | dw | dz | deal | debe [ dega | d
[normals_plot !E]...

gphase_penalties $sites U ehkl_Re_Imx ~ Ax ' SAxAXE% 3 3 d3 3 3

wspherical_harmonics_hkl "’ q_ d3d 3 3 3
wtr_hkl_angle UA A" A d3 33
[omit_hkls !E]

O WRdst. P3

wut_record g 3 3

U . E ofP
amin_r x dmax_r x d

Ue ©pE 8. WO
wspace_group $symbol d

T.et & . o . We

wberration_range_change_allowed 4 d
alefault_|_attributes | d
[load], [move_to], [for]A
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52 ... LT PRABX .t ., A, _ex. A, VA BeU, P3¢
@'Ad Bd Fed Add Beshd Pedid

rpx X . t ®3AG Pukp’ dsx AzPXAX | tABAD @ d3e AL’ A3 d3i P d3dze 3
seidps dABLTA Wa A W68 Ad WEAd SN WS AdA

adps : d3' BP X @3 BoX T BAt A3 . €O, pt B K& X AOPP @ RBx BPe AY, X~ At . €,

O, ¢, Xpe WENUE| R THg Ui b ONj(s | =zq ZNpS@AIBZAX &P " px .. A VAP&V,K '
adpsA d3e 4, P3 A, &€ AP 30 p®dpP #py d3x BRE =~ B'A dgsd e ppilEE x digbp3 A, vV Alje |’

X “AipsA e U, P FARPB @, BX BPe At @ AR AU qigAUSpPX B AdsAK dgP BR BA' O ‘A
XL YBAZBY T X BAY, X T AXA WRs_KeeRAE s . F dit xaiA. AptxRpRI d3AS BBAP BV
ADPs_Keep _PDA @t P. At @ AR BAWe di® PBEpX B3R BR & BHE BANIRBREFPE3 S A" Ap3
t. exPm ' xeAx™ BAwawAds, @ d3 AYap, OUPdeBdsxodsR A qup XAR, d3dA PA WH 33 3 d3”

wmmorphous_phase

In the calculation of degree of crystallinity , p~ e d3e ArQrphdusA phase ApP d3’Ax P d3px d3z Ape Am. .
07, WeA W AX” At o, t W, px.. " 3

BA_matrix d Benatrixd Awsnatrix_normalized d B snatrix _normalized d

Generates the un -normalized and normalized A and correlation matrices. If do_errors is defined
then C_matrix _normalized is automatically generated and appened to the  OUT file.

[append _cartesian d @xpend _fractional &n_str_formatd ‘Ad

OO0ds 3&eAe , XBAVP@t x. fokox ddet .. @ PK, Py &epAx . A o At. . P3.  ox®
FEGO | @3Aqx Ax ™~ @3Ads 3 Q. VAR RisgpevidAdsactignay @istr_format ®P . 3 Wt d3e A
Wx © WxUZE._ ' PA X 3

wppend _bond _lengths &onsider _lattice _parameters d ‘Ad

OOd 3& AR, 3A (5K T ssApX BRFIBAD INAY VRABREAL ' RIP g Q.3 A3 . @ AX.
M, & XAO, e . X.. €A & ApeoBslger3laigeAnaraihetersyingliadesiA qgg X At BAO PP . d&3X d
BPP. PeA " AXT BAt @ t W ox.. A VAR "ARAQBO; WEAAPAR AR 3AZ B X
. € Ape Av, . ., Ye”

Y1:0 O1.0 2.23143
02:0 2.23143 88.083
03:0 2.28045 109.799 99.928

U &gAv , PexA .’ @A | Ydse Ax "~ 3Bz AqixX0A thilsAR B5x X KBWAR BEAs " AMBE &AE
DY e AX T BAZ . £ X o (oofak Bslmdi “AEP XAEUA R BBPA. VAAAS SA WA | Y dge A
X~ BAY dit=yAkB tEoZAK3 IRAGBAY . Pe x A" W RABPA " AX T BAX" . P3A | At '
e, XUBAl wgPAGAe d3t ., * 3A" W. RABPA, " Ax~ &BAX"~ , P3A . BAUSAX @A & Ax
[wAPUZAKI WABAX ™ . P3A” W RBPA A ' BAX™ PBBAL ., ' QdAkwENAX ™ BA@
® FRAKSIAA 3A dFA T EP sy, PEGIAO, ' 3 AX. AX T AV . Pex A W RBPA T AgQ
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e X WPPXBA” dgAe a3t . ' ZOR AIA’ RUBRRSAHP € Apv X B3P AX ™ BAe . X BA" . BBAQ® 3 AV X
€0, 3eAX., AX~ BAs X BABZW. Y KEKD@ SAXP. WAHpe AWHERAR AW AR
Pd3st 8. Pe

watomic _interaction AAd ‘Agl A gbump Ad 3 3 3

49

ai_sites TA ¢ | Eodsites 2A ¢ | BBd3e
@i_no_self_interation d

@i_closest N4 d

@ai_radius AfAl

@i_exclude _eq_0d

@i_only _eq_0d

qdsv . ' XA A A, x &P ot x . UR diyHY dgidsSAeritifisiA R @ AdsiEs Axptls 3 B GAP YA

atomic _interaction 2 | € Ax " d3Ae . X @BA, X BP pt x .. Ad3= UREY  RRBY WRAE @ AR

X~ BAZ ., & X dpxdsARds AAX U, Apx. . € AXT e BAZ, e X P t B APP BAUWOZ pX

®X. . . tAt. . P3. X @Bedfah Pl AR Aigrving®iAUR @ AR dAWe &3z A, " AR W)
Tt, W3 A g REAANREILRD. AL € XBP' gr WAt @A AGX KR ot X . . T AR Wp

We 333 RA gg Uk .©, ' : "Aaj anti eutnfRA, € A v pe x i3P A )Yaforgit iAtetetion 3: @A dz'A

Al_Anti_ Bump’A oot P, "AdJantBump3nd self interaction ®P RBY d3' x € A, " x BPptf x .. € AR dx

@ & XAO, ¢ . x. U’ €A, ¢ AARY WHRAAN™ &5 APA: & &3P, AO. & . x.. A, & Al

X.. 3A

ai_closest N"A' x &3P ot x . . ' & ARdixgH d3dfEsAgeR d3gge, P X 33 ARe A3, e X @ | BAQ :

ai closest NAW. RBPA, VA, ' xBPpt xX.. € ApPBAt, €, 3dBPdBB3z3 A

ai_radius™A" e AX " d&3'A, 7 x &3P ot X E5Age BRABEAYK gdfIr ANgEP dxAdde x di_raditAjA”T d&s'AZ | € X
PPIBA &, 3 BP B33 A

1 7 d3ai’Padius®’ gi closest NP BBAR, X~ Az 3V, B3I Ax~" &8 A, XBPwt x.. € AvP_

CALT XBPt XL . T AP BAL . T e, 3BPB3ISA

ai_exclude eq 0"A" e A " X &3P qiPRE X AXARADX Re X ABZ Y, Y qs BpR &@L £ & . . °
e, 3BRAGRAGa @ BT AN 4 T

atomic_interaction

ai_exclude_eq_0
ai_sites 1 Pb

ai_sites_2 --T -U®

XT AV, U AL X B8P @R B3 € AP A
Pb:0and Ol:in (n ., 0
Pb:0and O2:n  (n ., 0

47 BPBAX " igA’ UK RAEPUAARV X aFPAN X 3P AL PP Be ©, 7 38 AX. AXT BABZW. Yq
aionly eq 0" ' e K BP R @Y HBE ABZW. Yp & XAO & X.. &AsSAPPBAL. " &

CW tXx.. ¢
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U dgtamic interaction = Wopx . . = At @ ARKBAPAVW t Xx.. A VAX~ &BAV. . . U’
Bp x PSasx'WR™ € AX ™ d&3A3, e X @ [ BAR d&sx Udsds' Ax " d3Af WRIPxFP x3AK . x BAQP 3

BET MW tx.. A VA _ ApP: W & xe&eAX™ px APdBX WP’ & Ax "~ &gA: &3, . 3
X~ BA@X. . €t AZBVEI®B3IA, T Ave  x BBt

BC X X B RAAW L Xy, AX™ X APBX WP' e Ax™ &3Ae W A, VAZ, e X @ { Be A
V., &3ABBAXE ARPBRAPOOP, a. . pxUHEAOE gAY ArRARESE AVAVY X, € AL €
X" @Ae Y A VAXT BAOEPOA 3.t W PAZ. e X @ { &Be AX. ESXABAIRIP P B X 7
- WA

B €' BpxP SOUPP SAKALAAX™ BA@ @ BARBX HBBDRAR T gAdX ™ BA3
t WPP& X Apx. . A 3 AX RiBABX 33 Az @V . &3 Ape A

B' 1, BpxP. Nz ApxPpBBe 8" A BAdat BOX AX "~ ox Ax~ BAY @, WEBAP &Y WP’ c
. P d3dze 3

la. © "BOB| U] E 28AVDPD| E A3 380E0| U] E A wp 8 02e X P opx d&3e Ax "~ &A We BA
atomic _interaction W' t X atomiceidtéfactiont € AP ©3AWe d33 AX. APOO. eA PB dzadgx P, t A
M. O, BERAUR .0 @ AR BX HdBds A . &3t W, d&ze AV ReéAneMetghycle Preoy AXREBBAA . X o3l
Vo Po W, gpx &33 Age AV, Ye”

atomic_interaction ail=If(R<3, (R - 3)"2, 0);
ai_exclude_eq_0
ai_sites 1 C
ai_sites 2 C
ai_radius 3
penalty = If(Cycle_lter < 10, ail, 0);

wtom_out’4rimg_atom_out’A v | appiife ‘Ad 3 3 3

Ge ds3 A v, P75y GO G ZAE X A 3 dsXNiBGSEAA XP M pA 3 dss AT recgrd 3 UK AV A
Out_CIF_STRA ot P, "Addendguit/Amag_atom_out selects magnetic sites only.

wxial_convd 3 3 3 A

50

filament _length "A’/Bample _length AReceiving _slit_length /A
rimary _soller_angle ’Ad

wecondary _soller _angle Ad

@xial_n_beta’™d d

QY, . Apa.  AZ, L YBP: & t BA 3 dgREBAR A ARP thiAmmizesEh/A8an-v ‘A
ple_lengthp’ gedkiving _slit_length 3 gV, BAX ™ BA, o3 gvx ", edA d¥y K "Ag'Ax WR d3Aqp’ 3 AP
€. . XA, Ax" &3A ganprigaryAdwlerpangsAap’’ $MAondaryA soller_angle” ds3v Nj dGgAdZP Ae . | X A
@ ., B A AR Ry A dse Ax T iAW, R P A, VAP qeRePAuE Ap . GiYP. 1’ dsAA Y

" AX T i3Aarod,: W6 AW qpdsfdze beta’A T { P dsope d3e AR, X T At t WPt e A’ 3 AL C
U dgill_Axial Model’A qpt P, Ae ., _ ©, . V axiBechw3 d3AWlls &3A. VA
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ko] d Ax Ax Ax A3 33 d

qaizv . ' e dBrpéAe T BY AO, e’ | . AYT BPBAXT AT W RBPA VAL, @VV T,
- BPY o ABTSEO i3P | " bkgA v X &P A

ghox_interaction ‘&rom N& dtiA&lA dridwmelf _interaction d ‘A" Es A B3 BAdE3 3 3

51

qdsv ., ' dse ApAe , X ®BA, ' x dsRUGBdxx. Y dsitds SengiiedAR & WAES (Axpts A B'IER dy @i,

P3e 3 x&e AXx "~ d&gAe | X BA. " X BP pt X .. AGRMERIAER BKWP te "AKt™ qBAAR d3 & oA v
%R B Ydsds Ax Y, Apx. . € AX™ Be BAZ . e X { e APPBAWOZ px B3 AU & %
X d3e AP AL BR, . BROXAeETGIANA @ AR BSAWe 33 A, T ABE Wpx . . T e ALt
B= Wepx T .7 'dE SABB o0 _MF° RVANAP d&3AZ 3V . T 33 2 AT A, T X BPAIp X3 BVAE ARdEX Y c
PP BAe  PXxXdB3zARe Az, e x o t A 3FA, " frenANRpZ R AVARRER A X', ¢ | F dAR M
no_self interaction P BY &5 x & A e A, XBPmt X.. & ARMBY UYBE AREWeAp & x°
e AWe i3V W, AYT &5 ApAT &3 BP o, AO. & x .. A £Adk dp3z BYX BAAKE [dFAY R 037
t. W 3AR@AWe B3 AX. A, X BP px AV P, _ AX ™ A" BBpP dyj xsAmx. . Ax. AXx "~ &)

str
site  Sil ...
site  O1..
site  O2 ..
site O3 ..
box_interaction Sil1 O*to_N 2 Isilo = (R - 2)°2;
penalty =lIsilo;

AAXT . eAdGam O dAX” dA P dse X AX T PaGA, ae: & AMREe MW@BEAL . Y
VAXT GABME X X AXA’  Ac X PP X ¢ AGNAT BR BABXS WE AL T X P X AL
| 5P dse X AgX. . 3 A

U AU, . 3 At PPIRAE BRMORAEEP & Ax ™ px As . x ise AU, XIT APaiAdse Aeex @RX .

BPd3g ABI 3. X. . AM. AYAL PP ART BpP ot X BBP2 Ax ™ &BAe | X BA’ . Be At
3. Wr, BAZW, xopx.. A P’ ezAv_ PABaq O &
box_interaction 1AT --T -t N ¥éc...

3 X &P @UAKGX U Bis=AG 3 AX T AX T P BGARE RAGEARY ., X A, ARGA. [, W3

. O, dff AEEHEW;A, xe A" BpPde x A" &3, : "R, WPe AX" BAV, 4. ~
Sil - 01,1 at a distance of 1.0 A
Sil - 2,3 at a distance of 1.1 A
Sil - 2,1 at a distance of 1.2 A
Sil - O1,2 at a distance of 1.3 A

X" @ AXH, ABZW. Y, &R g AX Y. "AdBE WY Kap[ I AUN & ARIGEAUZ dg A, VA

X~ BA, T XBPpt Xx.. ABZWox.. ' ~ NeSwlep@PARA' X dPAIUX AL F @RERNABZGY A
Bopt ~ A, VAKX TagANE @M, 1, W3 B3IA, T A AT X BPot x. . ABIWoex. .’
We 33"
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box_interaction --T -U -V® Nl Aétc...

U We 2 Ax "~ ds’A e PEXGEDA 3 B, ex'A3 . O, P x o Kok UNAROBAIES € XA 35BVE dsid3 3 A

P d3e 3P Y d33 A O RiRp, BogrkdhPoe’ AAp, & . AR FAWe B3 A, " A" X &P giforg NA" Ad3= Waepx
ROAN'A € A3 BRIR BRIWPA ¢ AX ™ BA. " 3BaA. VAX™ At WPPE XA, " xBPopt X. .

. X®BP ot X .. TRMeAPPAX . T APX A

box _interaction ‘A € 'AUfe. df3’Ad3a p. O AmlBrrepAxPtdPA 3 A
#orindley _spherical _r_cm4 d

@0, . BEPAX "zABe At . PPt x .. AW E3As @IpEP Brindey SeheyRal_RIPDAe 3 A
. EAZdBY T B3 Age”
macro Apply_Brindley_Spherical_R_PD(& R, & PD) {

brindley_spherical_r_cm =R PD;
}

SAe AT AP 3. We A vV AXZ dBACARP x3AQ quigA B3Rt 3AEbos's AdsasgA O d3’

xdd ...

str
Apply_Brindley_Spherical R_PD(R, PD)
MVW(0,0,0)

str
Apply_Brindley_Spherical_R_PD(R, PD)
MVW(0,0,0)

Ge d3MhastAMACA WIVWA &€ ‘A, ©x . . ' o, Age A “disaspREE ®AP @) dse Mt . PPt X .

L@ AR GAPOO, . 53 AX. A IsIHOY Paghl Me dfA. WAOT @A dse AX T PX A3, A L X
dx 5P e A PAE . X sl Aguisy % CAl_mess Y @RSV NPRCRPRIGE W, P ds3 WY, PSAXEedsA

t. PPt x. .  WAX.vAlght PercAtop g AAX PAR AT @ e tAlh, px BFSAK, PAX ™ &5A " t . F
CLEXPWE XWP@ AOT e dse AT AZWE X . X PX. YBA®P @ ec, e’ Av, PAdac
VO PO XL AT Y BARBE AL T T, W3 B3

X0_lIs

Apply_Brindley_Spherical R_PD(0.002, 0.6)
MVW(654, 230, 0)
phase_MAC 200

[capillary _diameter _mm E]..."A
capillary_u_cm_inv E
[capillary_convergent_beam ] [capillary_divergent_beam ] [capillary_parallel_beam ]
[capillary_focal_length_mm E]
[capillary_xy _n #]

Examples for t he capillary convolution ( Coelho & Rowles, 2017) are r "sNjU[ | 3 and&AA "ge
g A3 a @ found Ain the directory AU| NJUE| R FZrA&j r. 16 Using a str phase then
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capillary_u_cm_inv can be set to the calculated linear absorption coefficient multiplied by a pack-
ing density, for example:

prm packing_density 0.31208
capillary_diameter_mm @ 0.57313
capillary_u_cm_inv
= Get( mixture_ MAC ) Get( mixture_density_g_on_cm3 ) packing_density;
capillary_focal_length_mm @ 197.89657
capillary_convergent_beam

If not defined , capillary_focal_length_mm defaults to the diffractometer radius  Rs.

wircles _conv’pd 3 3 3

qgv . ‘edde AAX T BAL . T Y. Wx. . AVW tx. .
p Shke A0 v AANASRBNSSEREEA A

X"ToxA e At T Y., WX BERR D XARAGA: qedsigix QoA xe™ 3optirtdes Peiy ‘g AR HBPAAL &3
v, BaAp. @ ed ) SimpiEAAxial_Model A opt P, 3

[cloud $sites]...

53

[cloud _population !'E]'A
[cloud save $file]

[cloud save xyzs $file]
[cloud load xyzs $file]

[cloud _load_xyzs _omit_rwps !'E]
[cloud _formation _omit_rwps !E]'A
[cloud _try_accept 'E]'A
[cloud _gauss_fwhm !EJ'A
[cloud _extract _and_save xyzs $file] ‘A

[cloud _number _to_extract 'E]'A

[cloud _atomic _separation !'E]'A

cloud®p, . . Ye AV, PAX" dSAXP oL’ .1 AL VAMX. . & AZEAL p'dAMGA Be dy I gA
3BRXBP. . pYBPRP agBAX .. € A, VAT i3ppYe Apx. . € A, PAP, . @ PRA 3. d@3e A
Ba . ©, d3z ApA3Z W _ RIAdME mes A e XABABAO, ot B33 Ay Ax "~ BAt d&F X BP A, )
XP oot &3 Ape Av, ,  UHe” A

continue_after_convergence

cloud - 6 T®
cloud_population 100
cloud_save SOME_FILE.CLD

[AX®BP. .7 px .. A VARSBY BAB e Be pXXBIBA. X At @ AR BAY . U B3 AWe
X " EgFaAs i3dzAdBa o3 samUAR ApAL . . WgdAdkaomula®n dsth@d maximum number

of population members. Each population member comprises the fractional coordinates of $sites

and an associated Rwp value.
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cloud _save xyzs saves a cloud population to file.

cloud _load_xyzs loads and reuses previously saved populations.  cloud _load _xyzs_omit_rwps can
be used to exclude population membe rs whilst loading; it can be a function of  Get(Cloud _Rwp)
where Cloud_Rwp is the associated Rwp of a population member.

cloud _formation _omit_rwps can be used to limit population membe rs in the formation of CLD files;
it can be a function of Get(Cloud _Rwp).

cloud _try _accept accepts population members if it evaluates to non  -zero and if the best Rwp
since the last acceptance is less than a present population member or if the number of members

is less than cloud _population . If the number of population members equals  cloud _population then

the population member with the lowest  Rwp is discarded. cloud try accept is evaluated at the end

of each refinement cycle; it s default value is true. HBP d3t € AP d3’Ae ., . d3Adza qp. ©. dze”

cloud_try_accept = And(Cycle, Mod(Cycle, 50) );
cloud_try_accept = T ==10;

cloud _gauss_fwhm is the full width at half maximum of a three  -dimensional Gaussian that is used
to fill the cloud.

cloud _extract _and_save xyzs searches the three -dimensional cloud for high densities and ex-
tracts xyz positions; these are then saved to $file. cloud _number _to_extract defines the number
of positions to extract and cloud atomic _separation limits the atomic separation during the ex-
traction. The actual number of positions extracted may be less than cloud _number to_extract de-
pending on the cloud.

&onserve _memory d

qd3, B3 &3 Ax d3. ©, PopPe ApPPmee Ale 33 A~ A" x BP_ dggoryeevidgat o, t W, X
of up to 70% can be expected on some problems with subsequent lengthening of execution times

by up to 40%. When approximate A is used on dense matrices then conserve _memory can re-

duce memory usage by up to 90%.

gonvolution _step® =d

AL X B BPAZRBY T T AX T BBAT W RBPAL VAL o t W, daxtdRidiagE X oA,
convolution _step™M ™ d3 Ax "~ d3A. d3gpe WP 3. d3 x Ae x BO'A, ¢ ‘A, P [d3A.e 7P d¥y dge At .
X~ A dpe WP o5 X Ar X BOA, £ Al P E@IERARAY BpAT WX ABOBGAZLS Pdst
L EAL XA Bt Be & quBrerdAigon Asiep st P d3ope A

wlefault _| attributes "Ad

54

f™ g @ d3e AX " BApX X® PR WX dsx BP ¥ AX.” BEAGBa . ©, &3

xo_lIs ... default_|_attributes 0 min 0.001 val _on_continue 1
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Ge sV W, AY" &8 AP 3. . .93. @A oA, | BAGDP oddiEde alAgde” A A

vergence 3 ‘A

alegree _of _crystallinity x d
wrystalline _area x d
@wmorphous _area x d

SO, Pxe A, " AXT BBAZ A3 PBBBA VAt Peexom, ., .7 o xeAUd” {7 A e At g, t W,
55 sEB¢pstalline _areaw AdAmgstalline _areas A¥amorphous areas o

crystalline _area’Ap’ guorphous _areah , PP d3e ©, ' 3 Ax. Ax dZAes W. A, VAXx~ &A W &P,
tPeexop ., ." ®A@P 3Am . PO"  Ht Peodapbadssaobi:ph@usine dyAdg Pedjo¥x d33 A ge |
. . PO" ., WeA = AX"T &3At o, t W, px .. 3

gl Isd 3 33
a’AARd 3 3 3
qd3v . ' dse AQPAOT e dsAge OE@BAK " BY HWdldge Ay . PAL d5 d@ifP qFXP dse AT dgE e, A
X~ BAGEE AL APt BA EHe AXT BA, T X B &, x e AOPP . drleRBKAR i3V, P d3'Ac
B=Ypx ., . " €3

al_spacing _to_energy _in_eV _for_f1 f114 d

Ge ds3 AV, PAPGY . ' A AdsUsdsRdsa Y SOEANBERIG YsdRIOIRL X . A
P d3e 3P Y d33 A ORpSpezingFX MIP M ¥ dsds’Ae dL1p AY @A Wdse AlWe B33 Ay BBP e &e' 3¢e A
C o, Y a3 d'Apaeiriy _to_energy _in_eV _for f1 {IBCAP Ada {p. ©, o3

a E(eV) = 1075 / (8.065541 Lambda(A))

prm !detector_angle_in_radians = 7.77 Deg_on_2;

prm wavelength = 2 D_spacing Sin(detector_angle_in_radians);

prm energy_in_eV = 1075/ (8.065541 wavelength);

pk_xo =10" -3 energy_in_eV + zero;
d_spacing_to_energy_in_eV_for_f1_f11 = energy_in_eV;

wxclude’ ¥ asAxa3d3 33

lat, W3 dmpad@eiha .~ AR X Y Bd DRxiAs AiX@gdd8 a 3S©®A, v . Be Ale p: & Ac B33
fl133302

wxp_conv_const AAsxp _limit’Ad 'Ad 3 33
qai3v . ‘edBeEXAMIR BPPox .. T AVW tx.. "
B [fa @b p o3 mremdABEEANS By limitA'A

that is convoluted into phase peaks. Used'R e "AYABsdgidion &’ AbBorption _With _Sample _Thick-
ness_ mmA ot PUsd®p @ gAYV A

P S BA A P EpAAS 2 AAANAPA N BB BHREAAAAAP
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U 5P BgABDAS 3 5 o )edPN A RV, R A3 dsV expdimitalpe 1 A
wxtra_X_left’y d Aa_X right’4 d

qasx B3P . ' d3e Agdfads/AdfePxgP pARA Y, P ET RIA B pdpgPXaigitA € AxAe O, t i, . e AWe C
C PéRape A3 qpxeaA XX ridsitZhe Ax e O, t d, X e AZUBBRW, A ¢ AX. As3 33

dft_max_order 4 33 d

Topa., . W A W RBPA VAL o df e A’ Ap ACCUA@PPme A, £ A3

dile_name_for_best_solutions A v | = d3d

Oods UM, A BAZBX P3 We RxVA" &5 BHBRAY. x" A 3EOE 3B X AOEP . &)
U &3A, OBBPpXx .. A e AORBPV, P_ ¢33 AU” o AU O3IMKBP: o { BAPBe W, xe A’

dorce _positive _fwhm d

C Pt 3ePAR x5 . Etht g @IpP W o, BREAR BAOTedzAv Y. 3 U’ ' OB KX ¢ ApP BA
B=W, Y, &7 x°

force_positive_fwhm
xdd ... xdd ...
str ... str ...
lor_fwhm =Rand( -1,1); lor_fwhm = Abs(Rand( -1, 1));

dit_obj’ABmin_X'A d ax_ XA d Ad3 33
[fo_transform _X !E]
dit_obj phased d

qdsv . ‘B BP A3 dsv . ' 33 AV W Ypaje? At txd3 R gsEsN@ADBIAE Al ' AR BAQPAV W (X .

KA _X8p" ek XB &3V, ° dsibRr T AR @ fitdgil, WANCHRAEAA, | X X BEARABAAX T BA
T t W oopx @3z AvPA ™ Ghadkde NP xdA Xt Ae 2 A XK ABFHARIAG AM®, BA, X B33 *
X. AX"~ BAE gpa e PaxsfodsiA&A € ApAZ B3O dfit_ghefp’ X 3AA VXAAL @ AR @BAWe d33 AX . A)
XMe d3z ‘AU, xit_obj3’/Ax ™ d3'A

gourier _map4 d
dourier _map_formula "4 d
wxtend _calculated _sphere to'4 d
amin_grid_spacing ‘A d
[correct_for_atomic_scattering_factors £ d
d atom_type A x e Dalg_quantity ¢ d 3 3 3

dfiurier_map’A € Afp BP, AxC &JPAGERA. pOA, ¢ At i, t W, px B3I A, " APV, &

" AKOAEAN . T 3. 4T A@&RAAD | W, aPxpes AAP AP & P, Ae ' 1, BAf Peex o,
e BABAX d3e X AdFaG &P L3 Az SAUEAGS 5T 42f aT| 3aWaAX e ORBA, VA, pOA,. £ A3
. . d33feurRee Map formula™™”™ |t 7 At @ ARBAPAVW t x.. A, vV'AXFcdEkPAZe di3P Y d3;

Fobs#p’ B ‘Apacing™ A~ &3P 3 AP dz’Ae ., . d3Adza qp. ©, ge ~

56 Keywords



Keywords 57

fourier_map_formula =Fobs; 2 The default

fourier_map_formula =2Fobs - Fcalc;
C PAe ' 1, @AtFEsH X ®P&®E @ PFAAX, AX ™ BA. Re BPY B3 ARl WE AWP i3A. .
t o t W ox BIAKRY BAR AGHEL . . O, Mg PxWt. X WevdsAv ot xpsPAAG™ e dse AP d3’A3
FcalcsSAzv, o3t X . . " € AX"™ X AP @3A_|Hepe 37Ae DY B3P d3A & P xEFALS APz URgx g 3AA Y . X
Fcalc 3 3pcatend calculated sphere toA € Az i3V . = diB33|HEpx 3B BY HRBEBA scald dgasRAdg 3 dg3 3 7
3BV . X, & AP EBSbR dgshaley dbgBY B, WX dk3e AX. Ad &3P AV, PAQAGM@PX .t L

Fobs'A € At BEgRIAXAXA d3’A’ UFobs@EzM, W x . Ftae/Ae BR&O., Ry ¢33 A, ' 3

ggauss_fwhmAd 3 3 3

qaiv . BEAR TAYAB@Be e . o AV W {x.. " At Y. WxCGBHA ' SHRINAGK pe A0
- ot P g3

gkl _plane’A™ "’  d3 33

Ge 33 AR d BRE WA BUBPAx., A3 . € O me AT IMEN o dBAEARGEUHHH " XBP es A
RP dsAP dsAe . . dsAdsa qp. O, dse”

str ...
hkl_plane 111
hkl_plane - U-U S®

gyrs_interaction ‘&rom N& dttAsl'’s dridself interaction d A" BEs AW 83, A=ds AKYRES 38x A

qdsv , ' &b WA BP ot X . . AWREX AEdgEengieddiie A B Axpts 3 B'IER dy @l

Pdse 5 XESA% ™ BBP ot X . . ' AB=WeX .. AXR BR &K WP Az BADPBWRSGE X ¢, T BA
XU Ax Y, Apx. . € AX" e BAZ . e X @ t &3¢ AP BAWO3Z px B3 AY" & A3 BOd
.o 3. VU s WA ARIS dgiaction A @ AR BAWe 53 A, T ABZ WX, . e ATt W3,

T7 & Adgfrom™ gP VANRPP cBA3 di3v . © &332 AX T di3A. T X BRI’ X 3 BEARDRmBE Y Bd dIs A
ReAZ ., ex @ t AQ 3A. ", eAx ™ &AM NPk 9P di3’Ak /AR dig HafBstisAx A i3/A

action OPBY & xe A eA, ' xXBP@t Xx.. &ARBXYBE AGIY, ¥ K, &AW YL,
4™ &8 ApA: &3 &3P, AO, &, x.. A, & AlWle BgHX JAZ BePrdfiz Or BA @A O dBiX.” a3
. ®t BAL T P d3e Ale BF AW, Al oAE W, By BBPNEK BENEE XIEe AP di3e Od3t X . Y
grs_interaction A € Ax e O t ., PABPBORE . '  Ads, &5t X P. e X PX .t APEBedx® p. ' X € "
GRS Interaction A qpt P, Ae ., . O, . V greiaté&rgcliolgAWe d@3’A, v 'A

ghatABum_hatsy =d Ad 3 3 3

qv . ' BeeghRr T 3Adga x i3 X AL VA A OW e AV W t x.. WxTheixAA e At
t. PPgBe O, " 3AX. AX™ @A" W R BP Matha™Adlje eddZXA VA RPAFARAIINMEh ARISRBIAX A B3A
Specimen _Tilt’A qpt P, € 3 A

gkl Isd 3 3 3
dp_search™ d

d_parameter _names_have hkI'A ¢ x EpBE P . E3xgazRiz3d
ghkl_m_d th2& Ax Ax ARdAsx3Ax A

57 Keywords



Keywords 58

qazv .’ d3e APAO” pe BAX e OBAX ™ px AWe d3e ‘A7 'Ip_sedich Adestan dgdedpRypx . T ¢ AOd
algorithm that is independent of d  -spacing extraction ( °Coelho, 2017);see r #Nj| & €& Njl z3. 402

Ip_search minimizes on a figure of merit function that gives a measure of correctness for a par-

ticular set of lattice parameters. The method avoids difficulties associated with extractingd -spac-

ings from complex patterns comprising heavily overlapped lines; the primary difficulty being that

of ascertaining the number of lines present. |_parameter _names_have hkl#pe € , : ' € A" . d&3de Ax. A
BP pxagd € . x e AO@P . dB3x BP & AKX HdurPAgs. XEsp@RBRBA 'X 3 Ade X BRX X~ Ax ™ di3'A
@, ' 3. U WA W AEME MOVIRRBRIA | &A” A BN B, WARAY AKP &

TEAEACATA L BPAL T 3Lt Be

- A TAL W ox.0O, . t.xes
dp’ 3 Ax "~ FAAZ AQGH @ AB e 3
I'A T2 A, Xd €. xe AOpP . i3x FRIARKESY . PBAPOO. e .’ I A e

& A'hkl i d th2’A e U, P3e APPBAZ BY ' d@32 Ax~ & A~ & ApPEA: d& e3P px B33
X dgglA_d_th2g d&3X . . & AP &3'A O smptedggoipddvdge3P, AXIAB'A A FXdg3P. . d3 di . X A
axd e. xeAO@P q. &x &3P e AP @Al | Y EINAGA cAA” | X AIBVAL X dpP X AX " BY A L
O@P @ d3x P e AP @3A: | YQEP Axa dinPEEwHBA, V. AH S AT

xdd quartz.xdd

hkl_Is
Hexagonal(4.91459, 5.40603)
space_group P_31 2 1

D a3 3P opx a3k K AXBARA AV, YL
xdd quartz.xdd

hkl_Is
Hexagonal(4.91459, 5.40603)
space_group P 31 2 1
load hkl. m d th2 | {
1 0 0 6 4.25635 20.85324 @ 3147.83321
1 0 1 6 3.34470 26.62997 @ 8559.23955
10 -1 6 3.34470 26.62997 @ 8559.23955

U dgreate_hkim _d_Th2 Ip file’A ot P. At Pd3gpyx dse Aqp’ A~ 'lgad&Akl m diiA2 v Ay . P iy AAX~
e Ae T YT O RYpog X AW T AX T d3Ae X P WL X WA herddnt DAY e RAT, ., AR dx(Adde “d
. X AlWe 3 AYT px dBY BP AXed maER . AR gpdiwelt dpgridgiae A

[inp_text $name] ©
[inp_text insert "' . d&3’Ag,’/A® Ak d ®

inp_text provides a means of defining INP text at one place in a file and having that text inserted
at another place in the INP file, or in an #include file, using inp_text_insert . The inp_text is updated
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on refinement termination. inp_text is very useful for simplifying complicated INP files where plac-
ing control parameters at the top of the file is of benefit 3 AR example is as follows:

inp_text back_ground {

bkg @ 17.365576° 14.5555883" 14.038067"
}
xdd

inp_text_insert back_ground

More than one inp_text can be of the same name; in such cases inp_text_insert will use the most

recent inp_text.
gters’A d
U dsApa , . AYW. RBPA VAP&GY, ' d &5 xBSxBPpx, . &2 Azdvol, xA,

gam’&min_on_ymax ' driagh_dependence d Been'H d @eézulate _Lamd d
da’NAGBNAAAND Agfdasefd ‘Ad 3 33

qav . ' e A Ad3 . edsdz@ex A@PAAV IREBEVREDDY G3FA . T Be At A L ee . AOF
U~ 3P 3"

& AP BpAW ZBPAX™ 3Ad. . ee.. AABGP, v, &A ., &

0" Ay 3, &3 %AVAX™T ®AB . ee .. AOP v _ &®A ' &

I BTA" WAV AGAR x5 . @ At. " Y., WxHB3zA ' x. AX" AR . ee .. AOP,

Ig” BYTA’" WAV Beple e . @ Ar. ' Y., WxdzA ' x. AXT BAdG . ee . ' AOP Vv,
ymin_on_ymax’g d3x &3P _ |, ' gpmAx"AdBag d3’ X Ax. AYT t T Ap Ads. L, ee, ., AOP, Vv

Y@, WA, oAb dependzaciA’s d5v . 1 dse A’ Ads . €& G SQIEQ Y .3 dsk A TADXXAAGB, AT
vV 'AEReP pe A3 px A, PAV | xgi. o, : URelefaMt, the pograny cgléutates d - spacings

using the wavelength of the emission profile line with the highest la parameter. However, if la

parameters are refined the reference wavelength could change causing confusion. To avoid this

lo_ref can be used to identify the reference wavelength.

Lamg &3V . d3e AX " gAY i, WABBAX . AR BBAWe d3pidsud’A REANATAGTAR d3e YRy ddyvs ‘A OdgeP A ™

X~ AP dse dsP Y ds3LAGADE B3 dsX 5P %3 A e AX T AU @Y o X7 A VAXT dAd |
P :laBe gr, AlYdsg BAKaMEE AWe ds3 Ax. AZWBIBP AQ d3AXES BA

calculate LamA o, t WlLapleddg A Ax ™ X A, XAt . PPd&e ©, ' 3¢ Ax. Ax~ iZAUY @Y d3, d3

€., . AoBEmk dzdidgE AX. AR d3Ae dizx AX. AP ApPOOP, a,_ gpx FAY p, Wd3'At ., P P d3s
€,. AOP, v, _  d33

dor_fwhm™pAd 3 3 3

gV . ' BETAR TAdYAAQFAE X 3 . @ AX ™ X A. e At . " Y. WX dB3A ' XCSAB™ e BAOd
' Stidin LA opf P, €3
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dpsd_th2_angular _range degrees 'Ad 3A3 3
Ipsd _equitorial _divergence _degrees A
Ipsd _equitorial _sample _length _mm’A

for Yy . Wxde Ax ™ i3Agr EEDGIA XN A VA RREAYQEERK T BBPR e AR A . fvAAST Xz, A

©7 e d3’AGQpRdp’the andular _range degrees A, PP d@3ee@®@ ., "Ax ~ B3A@ W, P AREY Ad3A, vV 'A)
30" 'A3 d3: Rpdgtizeqaitékial divergence degrees | € AX "~ BAB=Wpx. P. o, A3. YBP: &3  BA.
OP ., . @P e AR tBxp_eBugurigg _sample length_ mmAx ~ &3A, &8 : x~ A, VAX~ d&3Ae qp. ©, d&3A. "’
©. o'lpsg th2 angular range degrees’h . PP a3t X € AO BB Ac ~ pOdE 2AA "' woge & A d3digeA s
M. Or &sMyaTGr U|3x3salz

anin_r'’A drifes r'’A d

Qv e AxT BA. LT .. W A@ FA pa. . W AP@3. . AV, PA{L @ WA oX.'
Pde Od3t x. Y5 e3

geutron _datad

Nj @' p RBARRA, VAT WX P, " AmX. . . Nf AxxtxaBPx &P VA, dA R T iEXAve SPA, e, X, €
Re AO. mt . ' : AX "~ dBA. soccl /A . ¢ iBAV x &3P "Ar

occ 6Li1
occ 36Ar1l

U dgA ox x®8., © X~ ARI toxap. ~ &3z A | GENfHRD, | &5A

folexo XAUeYd & @ x~ A" @BWX Pr.’ PAR X\oVAY PP, d3t" XAz ZAbgER de: AxA di3'A
. ot P3diwe. Atz M)F WA, XA, e A3 V. B3 Ape AV, Ye”

scale_pks =1/ (Sin(Th)"2 Cos(Th));

&no_LIMIT _warnings ]
NWUOOP BRAMEBEMING g ATHUMN PP’ . : €3
wormalize _FCsd

Normalizes site fractional coordinates. Normalization does not oc {t WP AV, PAt., ., P3. oxd&e’
mingnaxA | _#K X eoX P @BAGIVRA e XA X AP A, vV ApAe X BAL . T e XPo. T XA

sumerical _area’pAd
Sai3x WP E WX BEARE ap, t W, pxX B33 APP BAW 3 BPAXT @3AOT e d33
[num_cycles E]

Determines the number of cycles to process when continue_after_convergence is defined. The
number of iterations, defined using iters, is still adhered to. Thus, to set number of cyclesto 100,
use something like:
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continue_after_convergence
iters 1000000000
num_cycles 100

wce_merge A € | xodge rifewge _radiusd d 3 33

tRUP, xdBe Ae , X BA, tt WO t ., dde A, vAe  x dde Az 3V, ' diz.’A. PIA A pyxddse A,

oY BUB t ., . $3tAGP 36AASE o YA, A Alle isv W, A3 WP, Ae x PWt x WP A . . Wx .
e Wt " AmE &3 BOiA % A, £, AWe gv W, Av, PA 3d x.Vve, 6 @ ANDdL . p, AO, ¢
TI SE| SBUA X~ SAOPdGedd XA, O o5 o XPXx.. Are, xd&BeApPBAX™, W -

occ_merge radius. T~ d3 Ax Y, Apx. . € APOOP, ot ~" A4, x~ ApAz. exm t &i3A, e ¢
X . YogAerge radiust & T o5 AX T d3Ae ©7 GEAIEA. { (X UWBD @ it X BEAA, B A X ¥ Kidesg X 3e
t.. &

. 1B e s Ab AdAadfpe Y Rep{ x&Y. . W BkBe v
a Ax ", e AU e RgP &8 X B3e Al ' NAR BAARP OGP A’ @ A, " Are  xd&e At @ T
O t . Be AP BAX BBEBZ 3 "ApX . . = A, 0ARIPP g dgx agPXAA X0, difise A pP BAWO 3 ) o
t. PPd3e ©, ' Baea:3A, tt

[omit_hkls E]'A

Allows for the filtering of hkls using the reserved parameter names of  H, K, L and D_spacing . More
than one omit_hkls can be defined, for example: A

omit_hkls = If(And(H==0, K==0), 1, 0);
omit_hkls = And(H==0, K==1);
omit_hkls  =D_spacing < 1;

wne_on_x_conv’pd 3 3 3
qazv . ‘ede MK BA AWt X ..
(z Yhe B/)AD A A A N A BBIRNSABNA AA

X" PX A e AL R Al A@asmp’s ARGAL P dsox 5P AX T @ A PUA, dse X AGSTA ' A3 ds
Divergence ‘A pt P, 3

mut A matrix A v . d3d
@\_matrix_prm _filter’A v x &3P d

[Wx oWx e Ax ™ i3A, dftppy FAe & BpPEE "AcSAV |, | d3’A"Out_fordgTs WAllje @B YAAL dX A RBBA «
.. . X g AR mdix_prm filterz /AT 3P d3t € A’ Adza qp. O Ad#KVE  PaAA dg)xd® WK XX € AtA F
€O, 3. AX. AO@PPm dBx BZPe A4 x~ A" . dBe Ae x pPx .’ : A4 x~ Al =v7

out_A_matrix file.a A_matrix_prm_filter g*
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wUut’/A v | appigife] ‘Ad 3 3 3
mut_record
wut_eqny d
wut mMtAtEy _ExP.,’ :d
wut fmt erAtEv _ERxP.’  :©d333

Ge d3sz AV, P 7®4IP gy B)3ERp, . & AN dfAqgARK .. 3% A PP i3'A O © BlpeALeXA A V|
3BV . TodseanAg BV .0 Be AXT BABZWpx .. A, PAO@P @ dB3X BRKXMIAR BAHP
niEy BB XxP, Az dset P, RA3E AQAV, P_ px Ae x P, A, At Ac e’ xmpaAt. ' X«
BAOP Bt , &, out frill elJA RBABP 3 ‘et RER .~ : AWe &3 AV, PAV_ Banpx X . '  AX
X OutAfmt4p” guAfmt_err’R 3= W, Podgec@df dgv . * oug fmt’A @ 'AAR dsAlWe dsgitAdin™ = . WX A
V. PAUYP  x . U: daa, xPP3algPfit AYARUA fmt errA dsx P . ' dse AU~ _ t ~ A, € AUP X X &3
U dyA . . A4, We X P opx cieule o5ADRKE A APA £ AS Bxsdgl Z

A

4

xdd ...
out "sample output.txt" append
str ...
CS_L(cs_l, 1000)

Out_String("  \ tCrystallite Size Results: \'n")
Out_String(" \t \'n")
Out(cs_I, " \ tCrystallite Size (hm): \ t%11.5f",

"\ tError in Crystallite Size: \ t%11.5f \n")

wut_rwpA v | d3d
[Wx OWX e A8 e Wdhe A& t. W x BP B3 Az WP, ' : APREVEX! Bs. X X Ax. Ax~ &3A

[out_prm vals_per_iteration $file [append]]... | [ out_prm vals_on_convergence $file [append]]...
[out_prm vals filter $filter]
wut_prm _vals_dependents _filter "&filter _dependents]

[Wx OWxe APgBY " ®B3A. " 3BOE 3d X AO@P @ d&Xx BPAY @ Wdke AGKBP A X &3P
out_prm _vals_filter can be used to filter the parameters; $fliter can contain the wild card character
LEL A 3AXT BA B px ., . At T P @t X BPAL £t 2 AV, PABa @ O o

out_prm_vals_per_iteration PRM_VALS.TXT out_prm_vals_filter Rl (Vi

More than one out_prm_vals_per_iteration /out_prm_vals_on_convergence can be defined for out-
putting different parameters into different files depending on the corresponding out_prm _vals_fil-
ter. out_prm_vals_dependents _filter allows dependent parameters to be outputted according to
$filter _dependents.

[out_prm vals_on_end $file [append]]...

Ue Av, PA, WxOWx A, ", e Apx Ax~ d&3Ads 3A, VAP&Y , ' d3 dF x 2 Av, PAc

62 Keywords



Keywords 63

strj
prm wtp = Get( weight_percent );
out_prm_vals_on_end aac2.txt append

out_prm_vals_filter witp
out_prm_vals_dependents_filter wtp
U7 dsAv, ., . 4.’ @ Ada@ O, ddAe ", UeUA E GIFAXE YADAZEA BR Bl e 3AX . Ax ™ &3'A

#list Files { filel.xy file2.xy }
num_runs #list_n Files
do_errors
out_prm_vals_on_end results.txt #f  (Run_Number > 0) append #endif
xdd Files(Run_Number)
Strj

out results.txt append
load out_record out_fmt out_eqgn {
"%d " = Run_Number;
"%s "= Files(Run_Number);
}
U dsAr, YBAY, | A, WX OWX A1 @GBVUNE QRW, " = A" x, AX"~ &AV ., @A

Cycle Iter Rwp second_solllFCF42E6640_ Err bkglFCF3E9OF18 Err ...

0 7 7.026593e+00 7.437574e+00 3.511447e -02 1.208843e+01 ...
0 filel.xy

Cycle Iter Rwp second_solllFCF42E6640_ Err bkglFCF3E90F18 Err ...
0 7 7.026593e+00 7.437574e+00 3.511447e -02 1.208843e+01 ...
1 file2.xy

wut_sfnd_yobs A ‘A| oud she _ycalc A Al © d

[ WX ©WobsAy' YdalcR i3e OBt X . Y B, e Ax. ApPAR,. "~ @PeAv = &@A@X AX~ AL 3 A

B Waphaes A x B30e 3 AU~ AV, P. A, VAX~ &AV .. &A. & Aex@Px? Av. ' _¢&”~
q. WR, BAGPt , e, . Av, PAe X P X Agp 3 AV, " | & "2 ABFAXREEtRPEAY,, "PAV UP
3 PX @3

[p1_fractional_to file $file] [in_str_format ]

Structure dependent. Saves atomic positions corresponding to space group P1 to the file $file.
The original space group can be any space group. If in_str_format is defined , then the structural
data is saved in INP format.

weak typeA x e © d3d
v _lor | A fwhm | d
TR AR ATAAARA]
spv_hIAMsEy _h2Asspy [TASsEv _12°Ad

Nisx € Ax "~ SAOdGp Ax e OBAV, BARpEAY e dAsakhgiesesA ep B3z Y PA, PR, &
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Peak type $type Parameters

QW 3. & X P, Vo
ZpP . di3x &3P ¢

Ze BWE. . @ X ©y pvlo” A XT. dFAB xXs5. @ AVPotx.. A V'
pv_fwhm™#he FWHM of the peak profile(s).

NP eZdgpP €588 ¢ 0Y . U dgAe Whid WA . Y dseCAXR TBAAX ~ d3At . . O,

mlz m2 are the Pearson VIl exponents of the left and right
composite peak.

NP eZexBWE .. : ) €0y U gAe W s hVAK FHx h2A  Ydse Ax~ AV LY, |
ma. . WA, VAX T ®AL spv@#spy IR d3PaB dgigoks
@ 3 APLorentzigiAv P oot x .. ¢

weak _buffer _step A&eport _ond d

ZBP & Ae” O3 Axpe © BAD, Aai: P o3 W, A gl @ GBREA AXIEP AT i3 qP XAK S

X" @BPd3v, Pd3z A e At o, t W, pxBIA, T, e A, VAX T BAOG, £ x.. A VAX" &
3. X @ t AWK bufidsz SepBkpP . . We Ae x Pd3xt ~ . @ A 3A. XBPO,  omX..
X. At @, tel)BwK BE, AOGBP & AsaPBAD,” ey ARaIBIW, X AR dX X . ¢ A, £ Ape AV
peak_buffer stepA #As PBak_Calculation_Step .
T7d AXx™ BAPBe B3P Y B33 A © Pk dx MR R "Ad® quBeqA BX &P A’ . d3e Apee .
sh_Cij_prm#p’ gkAangleZgpP ds’Ale B33 A, ~ A@dsq’ At . ' Y., Wx.. ABZWpx.. &2 AX
O, ee, R, iBA, YRIP Ac e PARIASAe Wt ~ At pe e 2 'Ae BO PP px ZAO B Ac ™ PO e
. P P d3e ©d3peak DUUFA, stepAréport_ ons , € ©, pee Ax~ d&3A’ W. RABP A, VAOAGM € A, " 'AX

AY @, WiA, ek _Bier AepAP AP T d3e AX " BAL pf GAPEKHX BABBEAKRPA™ POBAV,

Cluie)

whase _out’A v | applgikke 'Ad 3 3 3

Ge sz AV. PAUP. X.' @ AO" (e ds’A 3 NHRIHTS &P R WA x5! REr@yd SV ®, BAA
Create_hklm_d_Th2 Ip_file’MJe dpbdbe out3

[phase_out_X $file [ append] d ©

64

Z pe FAZ BOd 3d X AT dsed PEHdaX "t a¥X3AdsKPop WIds el eqiARp @Y At 55 A . T AP d3g

e BPY B33 AO P (. dsx B3P 'A’ epld dget Bpe (AH P@YXARIR Bopéqip { v AV AP Adsa p. O, &
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phase_out X Phase.txt load out_record out_fmt out_eqn {
" %9.0f" = Xi;
" 0%11.5f" = X;
" %211.5f" = Get(phase_ycalc);
" %11.5f" = Ycalc;
" %11.5f" = Yobs;
"%211.5f \ n" = Get(weighting);

The x-axis extent of the output corresponds to the x -axis range of the phase. If conserve_memory

isused, x ~ &5 AX " oA d3e eogh XM IACK quxequis A, € A, Wx OWx X &33 3
gk _xo'Ad

00, . B3 AX. Ap, ., AO" prodiAX eqedsBeAdAP REOK AvdsePAApA. o5t ~ ' L e AV, PA
O, e, X.. &by, APOKpPRABAG ® &* AX™ BAOBP A0geyy x .. ARIBAPEKWE
Xeo.  tm . eAf m g & px SKAEERE B2 d)

OTERBCQA eCQAe &1

Y~ SPHBAR WA WAPP &sA 3, V VP i X. . iR D, CABREE “X & © AS EAYR 33A U Z
OrCE”~ 10 sBr":353302

whase nameA 07 gz d3g. ozd
U A . i3A: O dpe Hetlle BPAV. PAPXBO, Px .’ : AOWPO, & d&ze 3

ghase _penalties A € |, Ydzeh3Re_Im& ~ Ax ' SAxAXEX 3 3 A
[accumulate _phases _and_save_to_file $file] ‘A

[accumulate _phases_when !E]
phase_penalties X, P AgpAe ,' :, A"’ . A, e Az®RV,’ B3zApe Av,  _ , Ue” A
Th Q. TULJj i TULJ
QQ jy iy HQlRQ jy Tudip j. Ttuld

C
-

4™ Pk e, @7 B3 AR APEp3E B, pxaBIAAQ@P, dpelilzraiX d33 AAe XA T el AP e pdg R L L

e Ot U BAAQRIK WP’ & Ax ~ d3ihastypehaltivshog ~ IHM X At @ AR BAWe B3 A, T AR L

. A P penaltyp3IdBaRx j A eeStAp, t W, px B33 AV P, $sikes3 x B A, 33 x . V. BIA

X" 2 Ax" 2 Ax, ApPPdBAWe SPAZ BV, B33 AT ", €7 Ax " dse ApPdAdl XAV, P AV

PP BAX ™ BAP B, Ag 3 AL BpAda P O AGBDRE pABAAV AO™ pe BAPER @, X, B
GOl 3eAUsz’Ape AV, _ . _  Ye™ A

penalty = pp1;
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phase_penalties * ppl
load hkl_Re_Im {
01210
10 -2 10

1 -2 -110

T EAL T e 3 OB BAO i gL . . OP, e BAX T . & BAX T X AapPaA, (VAR 1 T
® 3A. e, PXBIAVP, A X" BPAOBE, £ AX ARRY. | 3TAOEY As ARP &3hPe @,

accumulate phases_and_save to_file saves the average phases collected to $file . Phases are col-
lected when accumulate _phases_when evaluates to true; accumulate _phases_when defaults to
true. HEP a3t € A’ Adza qp. ©, d3AWle ds”
load temperature {111110}
move_to_the_next_temperature_regardless_of_the_change_in_rwp

accumulate_phases_and_save_to_file SOME_FILE.TXT
accumulate_phases_when =T == 10;

Here phases with the best Rwp since the last accumulation are accumulated when the current
temperature is 10.

gorocess _timesd
q. € ©, pee AOP ("MBBPAX . oe AN A, VAPBY T B & X3
wand xyz'H d

& cAntinue _after _convergence A g &V ., ' BIrand xyzd e M dza dzst Wx d3z ‘A pxetnefedi’Ads 3 A, VA

cycle s A D3 3 5k WP " G5Ac . X AV P U AT A, AL X P53 A@X BT [T A €
X7 GA @ YRWEEA A

dlp ATHASAd xyz

4T AR AX T dATUR®RL SIA QI 3 AGAE T VX AX. AQ AKX GSAR Gsx U o5, AS
. W 3AR GAWE d53”

temperature 1
site ... occ 1C beg 1 rand xyz = Rand(0,1);

[, e AVP ot X .. o@yAB AXP Z0RX AoxPRsAAE 3 B3O A 3 d8 X AO@P . d3x dsP &€ AP o3
& _bragg'X d

Si3O, P xx AR PAp: : AYSERPWIRS A £ AT 3 R3O AP’ Z3dA XX AYeVART D, ARedBAL o, W, )
O pe ©ZAx e Odze AX ™ X At . X .’ AO"T pt BAOBEM €3
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gebin_with _dx_of ¢4 d A
webin_start x_at4 d A

SdR ., T e AX T diSA. R & d3BiYMBYOBs ibihexisBp oA exlgidgA @ r 3 IBUEL @ AR BAPAV W X .

VAX T i3AP dse d3P YXRgefB (P e /IR BRGE U o ISP Ddth dx_of &3Y g, Wapx dse Ax . ‘A
AL . e X X*®AXT dF AX TeagA] R eBgAX daifads TetifkpgK AR EARPAEEP Y d33 A3 X AX T o
W o= Wpa Aa Ae x B@r AX'™ dd 'ARGP., Y. 3 &e ApA Bp egPa Vv AANgBBP x A° : AX
points about rebin_with _dx_of:

> |t changes the data.
> |t uses all data and uses it once.
> Errors are similar if the fit to the new data is similar.

> If a hat convolution is included in  Ycalc then the fit is potentially the same.

rebin _with _dx_of creates a new x -axis with points determined by the  rebin_with _dx_of equation,
or,

X[i+1] = x[i] + rebin_with _dx_of

The new x -axis can be at x -axis intervals that are unequal. The position of the first x[i] value
defaults to the start of the original x-axis; this can be changed using rebin_start_x_at3fntensities
at the new x -axis are determined by the following integration:

Intensity at x[i] = Integrate Yobs from (x[i] + x[i -1])/2 to (x[i] + x[i+1])/2

Yobs is considered as line segments; integration is therefore simply the area under the line seg-
ments. The integration implies convolution , and rebin_with _dx_of can be thought of as a
resampling of the data. If rebin_with _dx_of is a constant, then the x -axis intervals are equal, and
the integration can be included in  Ycalc using a hat function, or,

rebin_with_dx_of 0.02
hat 0.02

ep'A RS d

ZP . @Pe A 3Ae Bt . 3 PEIMIAVYVPBE LY B BRYN. A3 sr_ 3
wcale’Ad

5. @BX Y &5, &g ffomP AR BAPOO, | &3 AX. Ap, , AO" e BBAX e Ode 3
wcale_pks/Ad 3 3 3

N o, d3e AO™ e BAORP &~ AX THBABEZ 2 PR . 't RPN R &3¢ ApA

scale_pks = (1 + Cos(c Deg)"2 Cos(2 Th)*2) / (Sin(Th)*2 Cos(Th));

67 Keywords



Keywords 68

N¢izdgA Factor z Peeferred _Orientation #p’ ABBorption _With_Sample _Thickness _mm_Intensity ‘A
. ®t P, g3 A

weed v xdd

a ., X. m PopBghy &=&PA &5 BPEx., PAY, X~ ApAs i3s3 AR pe &53 A, * AX " dBAt
Pop 3.. A W RBPA: &5 dPRpXt Berapx PAKE xdsitsOdgBy ~ d5' AlWe B'A

ssleepA ¢
ZpWe AP BV, " 3 o XAl Aedst. ' 3eAdpt T A XBPpXx.. 3A0T, e AOpYe d
® 3At " @P: dR¥pA @®OAR BAGAAV W t x .. " AL VAT et K & Af et BEAX BP: Ad

wite™ £ | XA Aped ‘Ad 3 33
wccA X .| BAgAdpscale_occ E] d 3 3 3
sum_posns A drae_xyz A d Aer’y A d

qa3v , ' d3e ApAe , X BAGE dgFPAIZAR Ve, ' XBEAA e XA | AW exagA ARy APV, 5 dgA XV edfX T
VPt Xbpx. .ot At .. P3 . o) d3el7.SAAdis AgpAR BVAE ‘il Ax T A | X 3A. Tt WO
P FAXT BAB=ZW, Yp, & XA, &, XAPA30Q d3t/ANALY aixdeP dixt W PdBARE ot. X . 3R Ax. ApA
ee. R, ., A, PA e, x. O®AL, 0T, UMERRPARAR 3 g B (hNSAATA U RRIA
tron_data3ridm posnsA ., PP dze ©, X "fBUAR A A, VAW |, ZWRBAB=ZW., Yp, &3 X AO, ¢, X
X~ Ae Opt iSA: P, WO~ RAEYX A, d BEOR BmugIAA, PPMEe ©, ' 3e AX. B WA W A
VX BP Ot XL, T e AT T AR ORNAdgIAAW Y ITBaRA 'V AR dyexdBedgA X AX T d3Ae |, X BA
O. X& X. ® AzBOod 3.ES W X &RPHERAX e OKAR BAY WE3 e A p [ WE. B3 Bke A
UP ., xx d3 Ame”

site All x O y O z 0.3521 occ Cat21 beg 0.3

B XBAWER agx 4. At ox .. e A €7

site Fe2 x 09283 y 025 z 0.9533 occ Fe+30.5 beq 0.25
occ Al+30.5 beq 0.25

scale_occ is occ dependent and it scales occ. It and can be a function of H, K, L, D_spacing , Xo
and Th. The occ keyword remains single valued for QUANT purposes and thus cannot be a func-
tion of H, K, L etc. The following is valid:

occ Pb+21
prm g11 min le-
prm g21 min le-
prm g31 min le-

o O O O

prm g41 min le-
scale_occ =ql/D_spacing + 1/(q2 H*2 + g3 K*2 + g4 L"2);

scale_occ is a child of occ; the keyword therefore needs to occur after the occ keyword. The
following two definitions will produce identical structure factors but different QUANT results:
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site  Pb occ Pb+2 1 beq 1
site Pb occ Pb+2 0.5 beq 1 scale_ occ 2

scale_occ works with magnetic data, neutron data, x -ray data etc. but not PDF data.

Symmetry: The user is responsible for obeying symmetry. If not working in P1then the Multiplici-
ties_Sum macro could be used. The spherical_harmonics_hkl keyword can also be used, for ex-
ample:

spherical_harmonics_hkl sh sh_order 6
site Pb occ Pb+21 beq 1

prm g1 min le-6

scale_occ =g sh;

wites _distance Wd "AsiteB eangle Wd Asited dlatten Asites flatten tolH d d 3 3 3

69

weite_to restrain "€ | x 3As Ax BB3OAs Ax’' Ax' 3'Ax’ wAdAd Ad3 33

T7d AWe dsz A, " Ads= WaKA \sitse dibtariceldth” gidsdsingle® dsx WP’ & AX ™ dsWA . e X @ 1
RABX Udsds Ax U, Ae . xBe A@ ZAQ@ ., A, " Az E P EBésAr dix thesit AX E P g3
PP BAZ B3V site dpgrisskaenAUR @ AR d3Alje ;B3 A, ' AOd o X e AR WepXUA VA AX. AP
sites _flatten R d3x WP’ € AP AP d3e X P, ' X AX BBP_ Ax ™~ oox A3z dsf P d3mpe dze Age Ax "~ d3'Ac
Vo, . AUe”

sites_flatten =

()
EE p € C

W& 0¢&HQDHE 0¢a

U~ isPHBRA. PP die O, Sitgseflaign Az A4, PPd®Be ©, ' 3¢ Ax. Ax  d&3A’ W. RBBPA, vAce
site_to_restrain zRApPfdg® x dze . @ AW . XA, o3 X~ AY Bt x. Pe AR dizx Udsds Ax ™~ dz’Ae |
X~ ®BAe . X &e 3

x = Ax’ 3t A% A 3AK WAL, PP O, 3AX. AXT GAs . X FAGEW. Y@, o
X Al x dséAT AAWE 5V W AL VAX T dsAe X PWL X WP &AL £ Ag, Pdspze A T . 4’ Ag
AXT AR, T 3 A o appeid Aorl Xe@dl ip € dscsA

Zr1:0 01:20 0 O -1 2.08772
017 0 -1 0 2.08772 89.658
01:10 0 O -1 2.08772 90.342 90.342

0O1:15 -1 0 0 2.08772 180.000 89.658 89.658
01:18 -1 0 0 2.08772 90.342 89.658 180.000 90.342

P1:0 O1:4 0 0 0 1.52473
01:8 0 0 0 1.52473 112.923
01:0 0 0 0 1.52473 112.923 112.923
02:0 0 0 0 1.59001 105.749 105.749 105.749
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lam. © &At., " exPo, ' xeAWe ' A ptP . eA T eA &

Angle_Restrain(O1 P1 O1 8, 112, 112.92311, 0, 0.001)
Angle_Restrain(O1 18 -1002r1011000 -1, 89, 89.65750, 0, 0.001)
Distance_Restrain(Zr1 012000 -1,2.08,2.08772, 0, 1)

A1 00|l UlB&BUZ " € X Pox dse Ax ™ dsAWe d3'A, Distancé RésPailse AddrepRestnaiiigp'pg R, € A
Flatten3[® ogE X . BUA £ AP Bt . _ _UR'X SRBAY AP A . P dgAx 3itgs_flAtbm Best X BEBAR™ d3 ‘A
t..OWxmx.. @ ,  eAaOd ¢ Yd3

[sites_geometry $Name]... A
[site_to_restrain $site [#ep [#n1 #n2 #n3]]]... A

Defines a grouping of up to four sites; $ Name is the name given to the grouping.  The sites that
are part of the group are defined using site_to_restrain, for example:

sites_geometry some_name
load site_to_restrain {Cl1C2C3C4}

Three functions, Sites_Geometry Distance($ Name), Sites_Geometry _Angle($ Name) and
Sites_Geometry _Dihedral _Angle($ Name) can be used in equations to obtain the distance between
sites C1 and C2, the angle between C1-C2-C3 and the dihedral angle formed between the planes
C1-C2-C3 and C2-C3-C4. The convention used is the same as for z -matrices, see example
NjaO| NJEE| I T] BWUE=3 aU02Z

& Bep. BAt . x . €A . e ABiks BaomelrgkDistéhgel$dyarie) can be tised. Three
sites defined additionally allows & ~ d3'A W SidssAGewrifetry _Angle($ Name) and four sites defined
additionally allows the use of  Sites_Geometry _Dihedral _Angle($ Name).

la . O NESOANEE] [ T| U ORM@sCH NGEE| [ T| URWES s ag A ™ d5AillE dgbn- v A
etry3

wiv_sl s2'& Ax d
qdsv .’ BEWX B®AX B Pox .. A . . xe AV, PAX" d&sAe @ &R, quiseA A x d3P opt
smooth’y " UWEOXEe dBP X @ ~ x d

ZEP V. PNpYA QS . epe Ae_ . X~ .’ A7 AU dsAsRE BRY 53 AR BX A AOpe £ d3
x' WEOXEE dgP X "~ X Ab A=y AG, | X€E3

wpherical _harmonics _hklI’A" . d3d 3 3 3
wh Cij prm"AU, [dA 3 3
wh_alphad d
wh_order'& d

qaizv ., ' d@Be AQAT ' AZBOE F A& X Ace. . @B P, 3 33 Ae @7.1BB AH X AAPR. @ BA

VAT @ d" A AdE Ale B3A. T ABZWoX .. e A X APBX WP & AX T BAY @, L
TP, . .t e Ae iBP, dze 3 A
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sh_Cij_prmA e Ax~ &Ae @7 BP,  t @, A" @P_ .~ .t e At, BVV G &®= s RATD, X KR g
X . Yy &Ax "~ BP BA@P BA | AR di'v Ay Cl dgi @RI M X dsBE AP PIdSA 1 edfA xd3Pdg#X d33 3
t. &Bvv t . & xeAmp, , YB3 ArRe Ax ™ ®gAe 3, 3t x ..  AAPYY, "3 A A=K T vizdASOA
X~ BAG 3A, VAP®GY, ' & 5O prinToB . dfX di o AdpP A5 @O SR 3 dg A & A

Ye Av, PAL ., " ghPCij_prit @YmBRIA XEX@® ¢ A, * Ae WR e BZUYBAX AP BB OFR. d§'e XA
Yo, . 3Aee.  BXP, aB3 AT P . " 1 & BRX g A ApAAE WBP' PR3 e &3 BRE
X~ 3P 3'AghP@AIM /BAPP . i3X BBP & A3 8 BSRBIAAR e AX T BA

sh alpha’h, PPd3e ©, ' 3¢ Ax. AX~ BAg :, iBA., A3 d: Pddse AR B Udzds Ax "~ BAC
sh_alpha’® dz3v pW, x € Ax. As dizP, Az d3s. Pdzdze AY™ . 1t~ A, e APBRB=W, Pz Av, PAg |
"PoegtPdd xo@ . Al &3 . ®BxPe3s A

sh orderA, PPdie ©, ' 3¢ Ax. AxX~ d3A, P33P A, VvV AYX™ d©gZAe ©" &3P, t o, A" pP_ .’ .t
D WBRAX ., An A WR AT At 3AVP,  A3Ax, AssAv, PAt WR . { Acee x d&3d €3

U dF#0_Spherical_Harmonics A @t P. Ae _ ©. . v _ dgshdhoal” rdgidibiesddls A 03 02
3B .7 € X Popx d3e Splelicay Aldjenagids MK . PAZ dBBe t PR, A L e, XP. O, t AO®Bq

wstacked _hats_conv &vhole _hat’A#hat_height Ad d basf_has’Ashat_height’/Ad 3 3 3 d3 33

qsv . dse AT X Ae . 9 dge AV, PUAL G5 5P X . A AR G5P P qoaole hal W X . .
3BV . e AQAT PR A Agale Ria IAANAIR G5V . dse AQA” PR Al AR WAQGAA VA
half_hat’& 28R, MaA hat, =~ "A. P AbatigRat/ANaJA BatA A bt Beight g d3v . ' dse Ax "~ &SA~ 5. : ~ X
X" AT X A XSKEHEV A X AR GRSV AP AGE . O, dAX. A3 e PalSAdsAX WR oA
NI

wtart_X ¢ d #esh XA d
qgv . " Be AX T gAe X ggrax BAGAPIBAY 7 AT & | X AX., 3

wtr gdAmmy _strd 3 3 3
qgv . " Be APAT BYAPEGP Wt x WP i3'A

sstr_hkl_angle & ~ Ax’' Ax, d333
AV . e AQAO QP GATEBRIA YalsL A PA’ L P, AX. AX” GAO P ARA ISR o
O@P . @BX BPA @ @A, & Ale B3 A" Ap AB=Wex .. A XAPEBX WP’ & Ap
X. AX™ @BAO, @ de A3 V. B3ARe AT’ &3

[suspend_writing_to_log_file #1]

When num_runs > 0, then, by default, outputto Ul Z Nj3 o Bf 3 1 if Bunning Of 3 | )RS sus-
pended after the first run (Run_Number == 0).  suspend_writing_to_log_file changes this behav-

iour.
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gemperature 4 d 3 3 3

72

amove _to_the _next_temperature _regardless _of_the_change _in_rwpd
wsave values _as_best_after _randomization d

wise_best_valuesd

A temperature regime has no effect unless the reserved parameter T used in val_on_continue A

attributes, or, if the temperature dependent keywords rand_xyz or randomize_on_errors P d3’AWe d33 3 A
randomize _on_errors ApWx . . X .t P, ., e AZBXBP. | BAOPP . BYXBPAZ, €0, pt &
rand_xyz’A R&\on continue3s A& x AOBP V., P_ ¢ AUds, . A, ' AQAURAPIARED Y. d3i A OWR AP
dB3x BREX WP’ & AX "~ BAt WP P X Aerdper@asP g WP BB ABR d3iAY . &e RIA” d3Ae X P
O 3P px WP of "Actdijperadgie g e XAR d3t . . BBAX T di3At WP PSd3 "X TAR digip OdigP 4R di| P atp AYL
PAGPAY .. We At et , d&3z2 Ax "~ & AXx " BAX &3 OBP px WP BA. dst APopgmt ool et ABIHA XD &
X. YBAX., AOP®Y . . We AX B OBP px WPBe A, VA dee BPAY @ Wde 2 Ax"™ &3 A)
Y. . We Ax 3. OBP opx WP d3’Ae Wt ~ AX "~ px A, xnevh @Ptigynext tgenrawirh_rer ApA: P A3y
gardless _of _the_change _in_rwp’X, P{ d3¢ Ax ~ d©gAPd3v , ' d3. d&3 X Ax. A. . Yd&ZAXx. Ax~ dzA’ d

VAX™ @3At SWOAWGRA S X~ BAOP Y ., sallfe vAyesk ascdsP gfjerWrdisnikation

e @Y dse Ax "~ i3At WP P X Aeg d&3x A, VAO@P g, dix &3P & A’ "ZUA X d3¥ Bex Ax e BIAXEE
COXAL T o BBAX T BAD . VAT, AT Rdie RA@Y BRR pX AX TudgAdst gdhesWAP di3v T d
PdO, Ut " dggAt WPPdT X Ae disx A, VAO®@P @, &x Pe AU, xU Mgk, @ drep iBP ds3 A
Pd3: . . BAZ3 i3V AutaBIApt RAX AdiAAe WV v | dF X Re.OP A q EAK D D dFP, opds WP T3 F
eX®PXxeAY, X" ApAT T AY o, WBAP 3IAXT &I ApAs B3P e AL VAR T dBp, |’

temperature 2
move_to_the next_temperature_regardless_of _the_change_in_rwp
temperature 1 temperature 1 temperature 1

If the current temperature is the last one defined (the fourth one), and ‘Ni’decreased relative to the
second and third temperature € 2 Ax ~ d3 Ax "~ &i3A{ WPP & X Ax d3. ©OdZ3P ppx WP dBBA, € 'Ae d3gx
U ds’AYP PRdsE. XxO &3P cpx WP At o AR d3AWe 53 A, " A, . A Wepjay. P ABYe, O; @K

X @ 0.123 val_on_continue =Val + T Rand( -.1,.1)

0" AV, ., . 4. AX G5 OGP mX WPGAP M . GAY. . AG, . YAOPP @ dx GPe
XAX " GAe G5t 3 AX GO P RREBAFAGE dAAX . AX T . £ GAX T PX AT @Y GTAX T ds'A

temperature 1 temperature 1 use_best values

temperature 1 temperature 1 use_best values

temperature 1

temperature 10
save_values_as_best_after_randomization
move_to_the_next_temperature_regardless_of_the_change_in_rwp

U x &2 Ax ™ ox AY™ & AgAu RIBESCHB X BUWREBP oy BP g, ¢ APBY. W 3AX. ApA
X B. Odi3P px WP i3'AG BARIEGre @3 SR, \OBEIBRpX A, ' d&Be A3'AXx, A3 AX " &I AT
Y, ., . AR SACARXEABANAY, W AX B OBPox WPEAPAG: .. gAY, At X
RBV., PBAP @ FAX AT APAXdB 3& {eAX. AP®B. o, A" APAV®@ & A
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temperature 1 use_best values

gh2_offset ’Ad 3 3 3

Ge 33 AV, PAq@RAQ, PP d3t:XA3 ' & Ax. (AR@AwWe BAQHQ" ¢ AWOO, . B ApAes . O, ¢
t. PP&t x..°

th2_offset = -2 Rad (c) Cos(Th) / Rs;

th2 offset /A ¢ Al ®Badp. O, d3Berd_EnorAuzASpaAcimen _Displacement A qpt P, € 3
wuser_defined _convolution AMinAMax’Ad 3 3 3

Ge BPAZdBY . B33 At. Y., Wx.. eA@PdBAt. Y. K WxdBzA, XK &B™ pe B3AC
mingnax = Wopyx . . ' € AP &A. &3P’ AR a3y cPaa3 A YA dag A alslsgr ed&inevd ‘Agrivadgion "A
U™ P sABAGA R ABGEARB dsa . ©, 52 AgAe . ' { AVW { x.. At @ AREGAL.’
p d3a . GG -dsAdREeURV, | Ye”
str ...
prm k10 min 0.001 max 100

user_defined_convolution = If(Abs(X) < 10°( -10), 1, (Sin(k X) /(k X))"2);
min -3 max 3

wuse_tube _dispersion _coefficients d
C Pt d3e Ax "~ ogirWeRdgx  vPre AX WR BA@ . . o, . We A3, e OBHE, "~ At BBVV . .
w/erbose ' =d 3 3 3
K, WBBA VAsSA ' exPWt xeAx™ A" BP’ dX dAXWdAA, Wy RWAPA3E W ouipey M PRBP "€
e Wt " AX T px Ax dsa x A, Wx oWx A, efikenient gyclepX B30H XA TVABS it A AV BWRA M,
Wx O WP WP X ~ X AX dsa X A, WX O WX A "e Ay . 3G K e WY B AK d5E3A S
VAQAP Y s ds G AeuatediAnealiig d5@ g . Wt A dsx 4K AR T . € A € WP dse
XT®xA 7 Ae L W opx B3 A T Bp, . 0 AP W & AgeX A, Wtk da T dAlsza A AR W
RWVVEBPes3 A

wview _structure d
a v, PReEsRE. A3 . £ O, e Ax " dsAe X P Wt x WP ds3
sveighting f AdAcal _weighting _on_iterd d

Ge ds3 AV, PUAL @ dls dpRE” 3 XX AAds. T NGST AARUBAGAY WALX L AL VAX T d
O P . ) BPXAYAGs? Waldsep' SithnaYobs 30A d3’A3 3V oW, X A. € Appe AV, . . Ye”

weighting =1/ Max(Yobs, 1);

a At e dze WEIghtlz® A APAV W Yeae A = dBcalvvigighting _on _iter’A ¢ ‘AR d3’AWedzg3 Ax . A
t oo t WX pogd Yds, " x., @ AmXAXT BBA e X PP XK. PR &BA UREB. A3 TXXA | X BP.q
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Pdst o, t W opx 33 Ax Aefirferdsitecyclep B YA Xy AR OIAA - . 3" e e A VAV x A" 3.
e Ap AP BA@AV Wweignting # e TagatgiAl - 23

o(_calculation _step’y d

foo, t W ox.. ™AexBOAWe &33°A, " AX "~ d@3'At_ag]t dfReaCalculation_StepCA edh xFABDM P’ €
®t X Wp, Ae X BEAP AquoigiAdie Atz SXA A= W, 3x_aigubptiox ‘AtepAds Oxe Agouisvi. A d33 AX T &3
Peak_Calculation_Step "B A'/R'e dizP Y d33 ‘A3 p XA &evpldg@TAsteps 3
cXT BPY e
Peak_Calculation_Step B "A’Aalculation _step ‘AcAnvolution _step
x_calculation _step tp’ AR dZApAV Hohp'x FHATAAs v AdsAe , x Wopx .. €2 A, XA, e AR i3
BV Vv, t . & x dejculdhod Pslex ASAAX P & A, v AlX REEEPR K RAX T BAP dise BPY B33 A @f

Bx KBFAA. € Ap, £, A @ Za0alcuRiEiA sleAg dVA 3 aiApAY | goia’A ) AGRUKS e M F3
PREW ox @AY a pdi® s &3AWEe : d

x_calculation_step 0.01
x_calculation_step =0.02 (1 + Tan(Th));
x_calculation_step = Yobs_dx_at(Xo);

sxdd’A v | d3’As g, AN ApoXgetNkriddAd @sas format d Wkprof formatd ‘Ad 3 3 3
[qui_reload] | [gui_ignore]

qaizv . ' @3 RIPPHEE O 3 X AT Bed, P3e A ZIAXT AV, BAL. T X P,
®, A UPA, " & M ADX DAL AP A UE Apdsx BB BUREUA XGRS T4 ox @A
Vi, BT A BAVK., Be A X A3 BV, d3e AX T B/APREDK BBAE XARRAP d&3VA ()4 -

3 BY pUlyexiwmakh ¢ BdsAe dflfpe AW, . v Ae 1 @ £ AX" &A . @3, | A VAL,
Y o, Wrlgs Siohnat ' fullarof formata . ' @, € AX " ENj MipEURZR M/ v AV IPEADY £ 3 A
v .4, 7 AY . AP Y T dBA, T AXSNIBAS TS PE X AP ¢ dBA, T Ax T di3A3 gpx AN

xdd pbso4.raw
U BAV, . .44, 7 A4, APV, A, T AXT BBAx T . P3AP® &85 A

xdd pbsod.raw range 3

U AP sp33AZRIACRA eNGE A 32 Ax ™ AV, ., . Y, ' At @ AR BAWe dsz”
xdd {
1110 a gtart, step and finish (equidistant data)
12345678910
}
xdd {
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_Xy 2 switch indicating x-y format
011 022 ..
}
When in Launch mode; data files by default are not reloaded if already loaded. gui_reload forces

the reload of the data file. Data files are loaded/reloaded into the GUI under the following circum-
stances:

1) The data file is not loaded into the GUI.
2) Any of the following keywords have been used at the xdd level:

gui_reload, rebin_with_dx_of , smooth , yobs_eqn, yobs_to_xo_posn_yobs

gui_reload can be used in cases where the data file has been changed by a process not listed.
gui_ignore informs the GUI to ignore the xdd data file; Ycalc, difference and other items associ-
ated with the data file are not retrieved from the Kernel.

[xdd_file = $E]

Defines the name of the Yobs data file, see section 18.8

Add_out’A v | apoifia ‘Ad 3 3 3

Ge 53 AV, PAMKE BO.M 38 X Az X ok et gA VAL, &x4p. ' AX "~ BAPdge GPY d3 7
. d3e Xz Yobsz YcalcAp’ 3SmaYobs 3 MisdzohtAv . P A A 3 d3e { Bui_@gord 3 'WAGGAY A
Out_Yobs_Ycalc_and_Difference A pf P, A, €¢ ApA: ., . 3 Adgadqout® Ad3’A, v AWe , " @ A

odd_scr’A™v | d3d 3 33

75

glont_merge _equivalent _reflections d

alont_merge _Friedel _pairsd

dggnore _differences _in_Friedel _pairsd

wird 3 3 3
wuto_scale’d d
dg_on_error _ratio _tolerance & d
znum_highest _| values _to_keep% ' UW. d

xdd_sorg dgv . ' dse Ae ' i dgAt Pee x o, URFispA GFAL o XA dgi \RA BRI .. 53 B
N R8O g AV, P_ N A PHRAR, P pxdiNep A dse U, P3e AX” mx A@Pd&A | X Az BO
O, U3 i3P Az X At grddAsercile: d33d¥WRt ePre € X g, A3 px pAQBEdIR eCLRAAP  aox.” €AAE X
X~ . € A, . . U stay Xzd@al A gddikle Adze U, oA E &3V, . x .. A, e APB= W, P ds;
dont_merge _equivalent _reflections O P B3Y BBdGZRA, " : A, VAB=W, Yp, & X APBVA d3t x .. '

17.4.33 "‘Adont_merge Friedel pairs OGP &Y d3 X A _ i3P: CP .. dfg d3. VAA @ropre Rigfer-'A

ences _in_Friedel _pairs® Pt d3Ax ~ RBAWAHFAAV AP At qFspillp supie R 3UR x X dgife

OP . BX BPA GRX BPABA, VA X de KRIEBABP qEBEABRAPE X YdgAz BX BP. . "
V. A scale’A e AWO 3 X B33 A AX T dAdg_exrh raicARIdsance A, ds R EAR. di A

3. Be AT XA BBXAXT BAL. T 3. X,
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num_highest | values _to_keep®i3. . Y d3e AepABA[ 13O xUA VAEPAA | x ~ Ax " CiEAD,, WkdE A A

" Aga. ©, @A,

O WK Ae a3 3’8 RAYYX B, A3 pX PAP BV,

xdd_scr  ylidm.hkl

MoKa2(0.001)

finish_X 35

weighting =1/ (Sin(X Deg / 2) Max(1, Yobs));

STRP212121)
a 5.9636
b 9.0390
c 18.3955
scale @ 1.6039731906
i_on_error_ratio_tolerance 4
siie S1 x @0.8090 y @0.1805 =z @0.7402 occ S1 beq 2
sie Ol x @0.0901 y @0.8151 =z @0.2234 occ O1 beq 2

O i . P_ px A, € AU~
X~ BAV,

&0 _Isd 3 3 3

SONARG 3 3 3

qdsv , ' d&se APAO” e d3%eppe @ QAW HIPXAA WS HFPABX |
X0h ., PPd3e ©, ' 3& AX. AX‘ABAFreHRX ABAE |
B=Wpx .. €3

g/obs _eqn AN AN A max A Bel'’Ad A

) QS CH I

"3 A& XA, € Ampe Av,

. X BAe @t BAFVIReds . X, PX. dizeAAp’ VIIAKANA A A e R A
P. X A W)xCRdkx KkiigzdATn2_TpXile it P. 3

C AOBRp AGRIeANBAUZ € 2 At
X € AO P graledigpykddR AR d3V

P c

[RE BPY B3 A3 PX PA, € Al P BRX GIABKWRIA GJOEPWRX .. PXUASAARYd X . . &

LY@ AX. AX T BABE Wox . L

g/obs _to_xo_posn_yobs'4 d

A

e Alle di3GRVA PA, 35 x. Ve '

DAX T BBAO, |y

X AX " dgAe X P X Ayobs AR xgVvposn dgobstiy ogE A O, € EP (A AR, VV Pt X . . ' AO@X X &
DA@X AL COeOXA! T BBAZ X AR Z A3t X A O3 A3 A,

" BYAO@X X BPT AL
PSS AR Y A3 3 AP 3V
pa

Y®&BP, @Oz Ape A, tt WPe A "’
X~ dBBAT BHAZ, VVPOL X..

O] N -
B &

X

g Ae x gD e BABBHAZ pX PAO,.
~

A @
X € AP d3’A’

At @ Al Pd3opx,

" BPA. £ AX " &F AO.
X Adza x Pt X 33 A’
' X BAXYABAK Papt X BP A B, R BROK, Vv B E
AO X X BP’

R, A3 WA,
Xa e,

€€,

e AN, OBAEYdEMe Odi3ds3

76

to tW ox. .

€.

\%

" AX L, . BA, " Ag e’

m, AZdt. . O, € B3 AOPX X BP’

X~ dse , 3,
BA t Peed® XA GBXIN3EAK P [ BA RBX HdBd A x4, A
yobs to_xo_posn_yobs& ~ d3 Ax "~ 3AOP, O,

e B33 A3 PpX PAO,
A e A’

DAX T iBA3 L VVPmE XL
€A

yobs to_xo_posn_yobs'A éak_Calculation_Step 2 'A, P2

yobs_to_xo_posn_yobs = Peak_Calculation_Step;

Keywords

AO X X d
€A
COX AORTAWE A VAR T d3
AVt R BpepY BHRR B3EIA AP piY dpA

a3



77

Keywords 77

yobs to_xo_posn_yobs A @ AR BA@AV W t X .. A, VAXXADGARORRS . dP: YARGTATARPOY. Wik A
X~ &pa. & ApXIEXP BABY T B Bopx AAPER. As X epO: Ads 3P, ABPP. PAp 3A
e” . W FARBAZBY BP. . " B3 A@ 3 ARS @5 XA posra w3z A gy “PARAUeX ™ d&BA. P
3.VVPmt x.. AGKRX RB3pe Ar &3AR d3x X &N O Mlex BROGAAP AP A5 ° i33 Ale | 1 A

rebin_with _dx_ofs ‘A, X BP" X ., Y&, ez A At @ t W pXxXBIA Opx xBP" At. W 3A
yobs to xo _posn yobs3U x dAX "~ X Ae x PWt x WP &B3A slJO BIR e A'OR tB¥pz AR A £ /O.dflgR |

Wx ©Wx A, PARe A EPpP &Gk BexBaA, "ESRMEEEA da . @, Talisk A Tg
Z1 Nj| 30Z MNjleg| f 1 T2 Njj353 302
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6..Z| OAE| U§ 9 AUUqAuwZ| OEUUZ| u

f.7 Yy, Wx.,. A _0O  dBeA " xdB Ppx.,. " APAVW tx.. AX XA tAp o
" XdB Popx. . AL e A ApOOP, a,_ @Xx.. AY”, e BApi{ WPpt e AZBOdG 3¢ A
t." Y., Wx.. A &gAWe B3 A4Y" &3 AgO.qe & xR, 1dF Pt @’ Y, Mxx AV dpe AR gAY
VW tx.. €A T AXT @BA &5 BPpx.. A VAOBE At " pOdse 3 Ar @r, Ppx. Pe A,

"W BP .t At. Y., Wx.. 3AUT_ eAt, Y, WREP p AdXREPedfe ® d3Me VEREL_ X
pf~ i3pPe Ap#AA-mn 3~ AP @BE>esBR vz A e A xe &3 VAQe APQAPPA Y. v dghxx.e Ad
T,  BPAPPBAXeO, t g, , e A &3, Bt x B33 AU e BAPOOP, a, . ®x.. € A"
. AOP®t X .t &3 Av, PAdam O, d3* Bema,  xgA gi 3t . dyQxPm’ dff dg AR Y. o SSANE A of3 qoixPd3
3 d3: Pdsdse 3

6.1....N, WPt &gAds. . €€ ..  AOP. v _ e

<

Generation of the "Amission profile & the first step in peak generation. It comprises  EM linesz| ‘Al.z e&ch

a Voigt comprising the parameters 7, ,%"and lg30A d3’AP d3e &3P Y 33 'A© qpPaqn’Adz¥AdpR A’ . @ agA Ax ~ d
lo value of the EM. line with the largest 2 . Wd3?3 A A e, APARY &3P P B% FAD. AHpA We &3z Ax. A

t oo t WeepXaAZU: &g A X 5P © A dfisamx. A . A&, AZAE Pegk_gyds . Koitall peak types,

the position 2ge calculated for an emission line fora  Bragg position of 2(q is determined as:

. YOU M é o s o 00 'Y OaCE
C— Ol W —Q%C,Q - A &P d3 C YQ—&

2qfor xo_ls phases corresponds to the xo parameter. 2q for d_|s phases is given by the Bragg equa-
tion 2g = ArcSin(Lam/(2 d)) 360/Pi where d corresponds to the value of the d parameter. 2q values

for str and hkl_Is"®~ e dze A P i3'AY RpA T WA XA t i3 CUgR G 3AHRP foraAEM.
line is determined from the relations provided in Table 6-1 1 ~ d3ndAth_dependence A € Az d3v ., &3 Ax~ &%

X~ BAL o t BoBE AIBREPA T B3 AVP, |
3q.'A 2R [A Tk
The macro No_Th_Dependence can be used when refining on non -X-ray data or fitting to negative  2q

values (see example U] ER3)alUzdsdma . ¢ Adsa x &5 X Apa =} Fa3uv®BR. SANT @t [ WBopAds3 A,
.. &3 ArRe”

08 0 QEINb@ ap g
‘0¢ 0 QEEITNH WO T

WHEE Ewd W

The default value for ymin_on_ymaxA € Asj ss5e8 A~ AOP, v, . ®BA3 X PB~ pXRPAHEEZSR AX @
ponnreA@ 3 ApP Be X . Bedfs ABAXREEA . Pes

Upr 2efBT BTA'HAA, PAPAA BAV, PAX™ A3, VVEPA x AOdBp Axe

00 M YO &0 @

CZAO®RpP AX e "Ow 00 — "
VLOoOU
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PO A£x E 00 "GriQ

ZE'AO T UAX e "Ow "O0
B AX 0w v 00 Yo

AQ QOO WiQ
00 'YOo&

NiZE3 3 AO&RY "Ow 00

‘Al i 00 mQ

NjZ E'A@ i3’ 'AX "O6 'O _
@ 2u 00 Y Ox

6.2 ...... ZA@zgp A 5 BPmx .. A 3 AOBER Ax e Od3e
Z" pe BACERP BBA o5 QR pX d33 Ne”
ZR B3 smle yEABY fEEp OO 3¢ Ul Moeak typewABA, " Y Wx .. ¢ prEY

where the emission profile (EM) is generated  first, with emission profile lines of type  [peak _type]; the
symbol A denotes convolution. Peaks are then convoluted with any defined convolutions, multiplied

by the scale parameter, multiplied by any defined scale_pks, and then multiplied by an intensity pa-
rameter. For xo_Is, d_Is and hkl_Is phases, the intensity is given by the | parameter. For  str phases it

corresponds to the square of the structure factor F?(hkl). Convolutions are normalized and 3. A’ . X A

t 7@ . BBAX T BAPP B3pAW 3 dgfe Bapiled dstipmédaizamd@xXpAd thP dhgular _range _de-

grees convolutions 3UA d&3A P B3AW 3 BPAX~ &3Ad. . €€ .. ' AOP. v |aB&P epAgesx P |
X GRAET | Xe®, t @ , e ADI BANBGAX. A AGHR. v XXEdEIR BIEW t X .. & APPEA

OP. Y. 3Tdggem-23 M

UpRr 25856  qxPABAO B3p’BRX B P die ® A2q326JAheréA2qx is the position of the k™ reflec-
tion. fwhm corresponds to the Full Width at Half Maximum. /is the PV mixing parameter. T~ d3’A! =

b3t Ae Wret P, Oxe At VR Bed 3 APAX " AXK, BAX ™ gAe © , X AV W t X

EpWee . @ A . — .
o ¢ Qs Q0 086 -0 o4
© gom - Yo ¢ TU EG

. P xa. @ A a

Cc
€
3¢
Q
>N
5%
Q
—

Ze BWE.. & X bw -0 ® p -0 ®
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NP, Zdsoo £33 YO @ 000® 0 000
NZEaa DO & p wo® KA O o n
0 W@ O p Ow h A © o b

DE € Gd

()
m
£
m

1

€
e O wd O

NP, Ze)BME .. : X L. .CLW OO ®

‘NjZ E
0 ® 0 wQh- h &£ Ob o 7

0 ® 0 WQh- h Al ® © M
D @ T
0w w T

Lorentzian and Gaussian convolutions using  lor_fwhm and gauss_fwhm equations are @ M. eXx .t ®, . e A
t. Y., Wxxss@sp FBRBe AxeOds Agp 3A W &P, t pNjZ EAE N B EPWAss AY,

X e Ot BAGA W. P .t ¢, BF BAYpl WNBGE &XA e At . . OP reRERqK ap, ® XAd g5 M
EpWe e, @ AV W XBYARTARe X P, @ 7 X 6 BB ZEEBHBOEAX e ke 2 Ax ™ &AV, Pe X
hatA . Y. AUR AL " Y. WX BIAE®. %.. ¢ Xcopvolptionss YA, P A, | A GABRHBAK e Ot

Y YBE W BP. {C.PAef Ape e [ A qxOmx & xBP{ #AXA KK, . piPP_PeakATypez A

PVIl_Peak_Type?TBHZ Peak Type’A @ AR 3AWezez@AApt K “&BAWE G3A . ' : APd3, px.. &~ . ¢
et P, RBAOP, v, d&BAY, gt~ Agpe ApAvVW tx.. A VA

PV_Peak_Type PVII_Peak_Type

fwhm = ha + hb tan(q) + hc/cos( ) sJ ' ABBI B pUs Yopn@Wo g, gp

h = lora + lorb tan(q) + lorc/cos( q) "Bl A BYAS 3 e Al A Y)W g . g)p

where "Aa,Ab,"Ac,#ora ,"forb ,’#orc "Are refinea- where A A gA LA oA g,’A LAre refineable pa-

ble parameters 3 rameters.

TCHZ_Peak _Type” UA ds'A. . 3 UV, . dgxeth.’ alpe X . ' @ & #De BHUIOA, ¢ Az v .’

U W : 2z Asnnw? As i3 dgald8 ©3 WA
A As3 wRAASWZA (3AMAA 3 S'soe A
4~ P 3 A BARGA
Gh &FA AG2GA MGG A IAGG A BG:GA BG A B *
A AS3 2 MALABI A SFABZAZZ3 R T ARABEB AT Az 3
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GeA S B B quih TAA B, A tiged T
G'A R ayhUA Atg, €
U GEEAARAUAORDE AP i3V . o33 AOmP . di3x G3P ¢ 3

63 ...f . Y. Wx..' Ap 3AX~ BAORP A & &BP@x.. At X @t

< < T

The emission profile of a peak , PO, . vV A@At BPX p. AORpP AxeOdAp. 3 d&33 ACZz AZEAN
O, ot B3 A, " X. ApAl ZBp At g, t W, pX . . thehw qwph ‘and yahss ik’ capvoe X . t P, , €
lutions for FP and PV peak types , and additionally one hat convolution , if defined; the hat convolution

is included analytically only if its corresponding num_hats has a value of 1 and if it does not take part

in stack operations. Further defined convolutions are convol ved with the top member of the stack.

The last convolution should leave the stack with a single entry representing the final peak shape. The

following keywords allow for manipulation of the Peak calculation stack:

wush_peakd 3 3 3

dhring _2nd _peak_to_topd 3 3 3
dring_n_peak _to top’4d 3 3 3
@dd_pop_1st 2nd_peakd 3 3 3
wcale_top_peak’pAd 3 3 3
wet_top_peak_area’pd 3 3 3

push_peak Auplicates the top of the stack; bring _2nd_peak _to_top Arings the second entry to the top

of the stack, bring n peak to top™ R P | ' | e XMXBsAAX . AX~ &3Ax. OAp’ BsAt, PPdi3e ©, ' 3¢
€ X optand@dd pop_1st 2nd_peak‘Adds the top entry to the second most recent entry and then pops

the stack. scale top_peak scales the peak at the top of the stack. As an example, consider the gen-

eration of back -to-back exponentials as required by GSAS time of flight peak shape 3:

push_peak
prm a0 481.71904 del =0.05Val +2;
prm al -241.87060 del =0.05Val+2;
exp_conv_const =a0 + al/D_spacing;
bring_2nd_peak_to_top
prm b0 -3.62905 del =0.05Val+ 2;
prm bl 6.44536 del =0.05Val +2;
exp_conv_const  =b0 + bl/D_spacing™4;
add_pop_1st 2nd_peak

The first statement push_peak pushes PO onto the stack leaving two peaks on the stack:
Nk ot 'ZAEA

The top member is then convoluted by the first ~ "Axp_conv _const ‘onvolution, or ,’A
Nk ot 'ZA#EARNAXp conv _const

where A denotes convolution. 7Aring _2nd _peak to_topesults in the following: A

Nk oot 'ZAMABXp conv _const?ZA
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® 3AXT BA Bax At. " Y., Wx.. APde W, xeA " A
Nk ot 'ZARBXp conv constzZA "A7Axp conv_const

Thus, the stack contains two peaks convoluted with exponentials. The last statement
add_pop_1st 2nd_peak ‘produces:

NK oot 'Z3ABEXp conv _const’A &5 "A"Axp_conv _const

Convolutions applied to peak s are normalized after convolution . Thus, the following, from WIFDpY , 3t € A
macro wifd_mic_ moderator , will give unintended peak shapes:

push_peak a >AJKL H=9C
scale_top_peak =1 - storage

bring_2nd_peak_to_top a K=; GF< H=9C
exp_conv_const = -Ln(0.001)/ (taus_O + taus_1 / lam"2);
scale_top_peak = storage;

add_pop_1st 2nd_peak

U™ izP d3Ax ™ d5AP px .. A, VAX ™~ GBA@PP d@3gpe A, vAX ™~ d3AlvsioRrge)staragisp Ty . Ax ~ d3'Ac
can be remedied by normalizing the exp_conv_const aberration as follows:

push_peak
scale_top_peak =1 - storage;
bring_2nd_peak_to_top
exp_conv_const = -Ln(0.001) / (taus_O + taus_1 / lam"2);
scale_top_peak =storage  Yobs dx_at (Xo);

add_pop_1st _2nd_peak

However, not all aberrations are easily normalized, set_top_peak_area overcomes this problem by
normalizing the area itself in situ.  The INP segment can now be written as:

push_peak
set_top_peak_area =1 - storage;
bring_2nd_peak_to_top
exp_conv_const = -Ln(0.001) / (taus_O + taus_1 / lam"2);
set_top_peak_area = storage;

add_pop_1st 2nd_peak

6.4 ... NiOdzdzz AaA tt WPt e A 3 AOd3xp’ ER WV VAEBPEE x &30

CPAL.. OWX®X.. o AgvVv. (. & (e* AO" pe GASGASHX 5R WP BAR @, B B ADC
R WV VAR ' eAR 35X Udsds' AP d&SAZ dsx 5P, .’ 33 AR e AGy BEX ¥ AX"™ ;sA@dsgpAc AR O
3P ox. t o, e APd3 W dse A TqugAA U dRsAEPXA UNVRERIERE ot Ae 2 AT . AL PBAX T g
5SSO BEP iSA’ d3t dse € PP e Ax. At | WRPR WEAIAZ GaiAR . M BREBEAY A A PR BP
A Bed, PzeApvvdst X AXT BAmt t WP gt e A, VAOT e BAOBR £

sstrghRl_Is4XB I1s"/4dAIsdgpeak buffer step d
wxdd dg#onvolution _step & &
damdsAnin_on_ymax 'Ad
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s e AOdzp At wbevrationWnange chgrge allowed 4 d

gqdzv oW, x Adr thestUage t¥pically adequate. peak_buffer _step determines the maximum x -axis

spacing between peaks in the peaks -buffer, it has a default value of 500* Peak_Calculation_Step . A

value of zero will force the calculation of a new peak in the peaks buffer for each peak of the phase.

Note that peaks are not calculated for x  -axis regions that are void of phase peaks. convolution _step

defines an integer corresponding to the number of calculated data points per measurement data point

used to calculate the peaks in the peaks buffer, see  "A_calculation_step 3 Ifsreasing the value for con-

volution _step "Anproves accuracy for data with large step sizes or for peaks that have less than 7 data

points across the FWHM. ymin_on_ymax Aletermines the x -axis extents of a peak (see also section
6.1)."Aberration _range _change _allowed Aescribes the maximum allowed change in the x  -axis extent

of a convolution aberration before a new peak is calculated for the peaks buffer. For example, in the

case of axial_conv the spacing between peaks in the peaks buffer should be small at low angles and

large at high angles. aberration range change allowed is a dependent of the peak type parameters

and convolutions as shown in Table 6-3. Nj . . 'AY . alfczéoA vranfe’Achange _allowed 'R d3z Wi d&3e A
X~ BAe Ot .’  ARBY UBB AOBRBE & A, Ax~ BAORBE & AR WV VHEBP AP 3 At WR e d3=
Od3p’ € AR WV Vv ABP3

Upr 2sg8A iz W, X AY aheriditge Pavige Rfange allowed 3

Parameter Default aberration _range _change _allowed
m1zm2 53353

pv_lorzspv _|1z2spv_12 53 535
h1zh2zpv_fwhm zspv_h1zspv_h2 Peak_Calculation _Step

hatz axial_conv #whole _hatz half_hat Peak_Calculation_Step
one_on_x_conv #exp_conv_const, circles _conv Peak_Calculation_Step

lor_fwhm 2 gauss_fwhm Peak_Calculation_Step

65...0" BAOKRD & ARWVV EBPz At ORkz A BAA & . PeAt. ' €.

Anisotropic peak shapes resultin the peaks -buffer holding as many peaks as there are hkls.  For prob-
lems with 100,000s of peaks the calculation time and storage of the peaks - buffer can be prohibitive.
This situation can be mitigated using the phase dependent peak buffer _based on:

[str ] hkl_Is | xo_Is | d_Is]
[peak _buffer _based on !E [peak _buffer based on_tol !'E] ]...

When peak _buffer _based on is defined, the usual means of determining the size of the peak buffer
is over -ruled. Instead, peaks are grouped according to the  peak_buffer based on criterion. For ex-
ample, to insert a peak into the peak buffer at x ~ -axis intervals of 1 then the following can be used:

peak_buffer_based_on = Xo; peak_buffer_based_on_tol 1
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Thus, peaks with similar Xot € 2 A e A 3 d3vak 'bulgg AasedPon _tol, are grouped. Occasionally
peaks that are a function of hkls have groups of hkls that are of the same peak shape and at a similar
x-axis position. The following demonstrates how to group these peaks such that a single peak shape

is calculated.
peak_buffer_based_on = Xo; peak_buffer_based_on_tol 0.01
peak_buffer_based_on =sh; peak_buffer_based_on_tol le-7

where sh can be a spherical harmonics parameter or an equation describing hkl dependence or a
march _dollase parameter. When more than one peak buffer _based on is defined then peak groups
obey all of the peak buffer based onls. peak buffer based on disables the peak stretching proce-
dures and any defined aberration range change _allowed 3p@ak buffer _based on can be a function of
the reserved parameters H, K, L, M, D_spacing, X, Xo, Th.

Depending on the problem, smaller values such as 1e -7 can significantly reduce the number of peaks
stored in the peaks buffer (a factor of 15 at times) without significantly affecting Rwp. A negative value
for peak _buffer _based _on_tol will force a calculation for each peak resulting in independent hkl peak
shapes, for example:

peak_buffer_based_on 1 peak_buffer_based_on_tol -1

6.6 ...... At t WP BAE, | X

[more _accurate _Voigt] can be used to override the default  Pseudo - Voigt approximation to the Voigt.
It decreases the error ( Voigt_approx 3 Voigt_true) by a factor of ~100. Defining G as the FWHM of a
Gaussian and L as the FWHM of a Lorentzian; the screen shots below show fits to a range of G con-
voluted with L, resulting in Voigts, with L varying from 0.01 to 0.09 and G+L=1. Fitting to the Voigts
using pseudo -Voigts we get ‘A

Fitting to the Voigts using the accurate calibration results in the small difference plots seen in the
following:
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The more _accurate _Voigt calibration is accurate and fast. It fits to each true Voigt the following:

fit_obj =al (2 Sqrt(Ln(2) / Pi) / f1) Exp( -4 Ln(2)(X / f1)"2);
fit_obj = a2 (2 Sqrt(Ln(2) / Pi) / f2) Exp( -4 Ln(2)(X / £2)2);
fit_obj =a3 (2/(Pif3))/ (1 + 4 (X/f3)"2);

fit_obj =a4 (4/(Pif4)/ (1 +4 (X4 2)"2;

One thousand sets of a0, al, a2, a3, f0, f1, f2, f3 parameters were determined by fitting to 1000 true
Voigts with L varying from 0 to 1 in steps of 0.001.

numerical lor_gauss conv { P d3px d3e A byypdrignigallyAiconvoluting  Gaussians with Lorentzi-
ans; the extents to which these aberrations are calculated can be defined using numeri-
cal_lor_ymin_on_ymax (default of 0.0001) . The f ¢ | U] Hilg tihahe U] NJUE| R TERArJENEZS [ R
directory uses numerical _lor_gauss_conv where the amount of Lorentzian is entered as a number out

of a 1000. A value of 500 would yield a Voigt with a Lorentzian FWHM of 0.5 and a Gaussian FWHM

of 0.5. The generated true Voigt is calculated by numerically convoluting a lor_fwhm with a
gauss_fwhm . The generated true Voigt is saved to a file with the name Ef a EOU U 0,0vh&® U0 U0 0
corresponds to a number between 0 and 1000.  The file generated contains 100,000 data points.  The

step size used in the convolutions is as small as 0.0005 when using a convolution _step of 4."A

TOPAS uses an FFT to perform the double summation of the convolution. However, for lor > 500, the
convolution itself comprises an analytical Lorentzian with a Gaussian comprising straight line seg-
ments. For lor <500 then an analytical Gaussian is convoluted with a  Lorentzian comprising straight
line segments.

The file ¢ a&® E s &filsA pseudo -Voigt to the generated true  Voigt.
Thefile C &l & | 3 %t ® the generated true  Voigt using equivalent fit_objt #3
The file C a0~ i 3 #it9 #t obj' s to the generated true Voigt. ‘A

The difference plot from C 3B E 3 aigi@ the order of 500 to 1000 times larger than the difference plot
from Capr ¢ | 3 3A0Z

6.7....... Nix P&3xt~ . : AOBp ¢

[str] Examples
[stretch_pks E] NjOs | Uz 8jjOs | UgfsB a0 2Z
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Refining 1000s of phases, where each has a peaks buffer that needs recalculation each iteration of
the refinement, can be time consuming; as in XRT -CT refinements. In fact, many peak aberration
parameters require the recalculation of the peaks buffer for e ach parameter derivative for each iter-
ation of the refinement. The lor_fwhm and gauss_fwhm convolutions are two such parameters and
typical usage is via the following macros:

CS_G(@, 100)
CS_L(@, 100)

T7d3 Ax"T BAY o, ld)dgerih and AgusSs dgilam parameters are approximately known, then the

shapes of the peaks can be approximated by stretching 3AC, PAcse,. . &3x P, 1t AOBBp € Ax~ dBA®O
® .. eXABampt x° Apee_  BBXP.t AORP £ AOdp & A4, X~ Apee_  &BXP. t At
PP & b X AX.X. WYERAA, @, VARY qis’ We” BAPOOP, a,  px.. At @ ARBA: ., 33 Al
POOP, a,_ px.. A, & Ac DegrzoksHY " Ay dei Akir sedtampile speeds up refinement

by a factor of 4.1. The usage of stretch_pks is as follows:

CS_L(100) 2 FGL J=>AF=<
CS_G(100) 2 FGL J=>AF=<
stretch_pks @1 min 0.001 max 10

The limits of a stretched peak, x1_s and x 2_s, in terms of the unstretched limits x1 and x2 , and the
peak position Xo are:

x1 s=x0 | (Xo
x2_s=x0+ (x2

x1) Get(stretch_pks)
Xo) Get(stretch_pks)

6.8 ...... XP® € WRAP _XE . WX APt o, t W, ox . @ AO@x X BP' ¢

[str | hkl_Is | xo_Is | d_Is]... Examples
[transform_ X E] Ut UNCI $qTER3 402

The transform_x keyword stretches a calculated phase pattern to form a final phase calculated pattern
without recalculating peaks or summing peaks to Ycalc . The following:

prm tpx 0 transform_x = X + tpx Sin(X Pi/ 360);

is an approximation to:

prm tpx 0 th2_ffset = tpx Sin(X Pi/ 360);

This approximation is accurate when the change in transform_X is smooth and when its largest value
is in the order of what is expected from XRD - CT data. For two common sirs residing in different xdds,
then if th2_offset were to be used then two th2_ offset s would need to be defined and the formation
of the summation of the peaks to the calculated pattern performed twice. transform_X on the other
hand allows for the reuse of a common calculated str pattern . A further description is given in section

7.
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7.5 GNAUEAT ~K| f ONJAR UAr S E| At | Ca U]

lat_ prms "' . d3Ag, A°® Ak Examples

strdets " . BAGAY Ak Ol NOE| R EEY of NiRS f Gas aC
phase_dets "' . d&3’Ag,’A® 'AK O] NUE| R By df NiRS af =3 202
use g, A8 Ak

The keywords lat_prms, str_dets and phase_dets define s sets of lattice parameters, structural details
and phase details that can be reused across phases without recalculation. The substantially reduc es
memory usage and a speed up refinement  when hundreds of thousands of phases are present ; de-
rivatives of the common item are  likewise calculated only once.

For phase s with similar lattice parameters, a common set of hkls can be shared . Similarly, if two
phases have identical structure factors but different (yet similar) lattice parameters , a common set of
structure factors can be used . Without these keywords, the program automatically searches for com-
mon items global ly but with restrictions - for example, strs with non-identical hkls cannot share a
common str. Defining the structur al details in a str_dets object , however, allows a common structure
even when the normal ly generated hkl sets would differ significantly

Rt gf B>3 ai@atwo str and two xdd example that highlights the use of the above keywords. It looks
like:

'Change case_100, 1

#prm case _=1;

iters 0O

lamla 1 lo !lam 11g0.3 ymin_on_ymax 0.001

str_dets sO {
space_group i41/amd:2
site  Zrx 0y =3/4; z =1/8; occ Zr+41l beq b1 1
site  Si x 0y =1/4; z =3/8; occ Si 1 beq b2 1
siie O x 0 vy !yl 0.066 z 1z10.1951 occ 021 beq b3 2

}

lat_prms 10 { Tetragonal( 6, 4) }

lat_prms 11 { Tetragonal( 5, 7) }

prm llor_ = Constant(0.1 Rad lam) / Cos(Th);
phase _dets pdO { prm !csO 140 min 10 max 500 lor_fwhm =lor_/ cs0; }
phase _dets pdl {prm !csl 100 min 10 max 500 lor_fwhm =lor_/cs1;}

prm 010 0.01 min -0.1 max 0.1
prm 020 0.02 min -0.1 max 0.1
prm 011 0.03 min -0.1 max 0.1
prm 021 0.04 min -0.1 max 0.1
phase_dets  zeO { transform_X = 010 + 020 X + X; }
phase_dets zel { transform_X =011 + 021 X + X; }

yobs _eqn aacl.xy =1; min 30 max 60 del 0.01
out_sfn4_ycalc ="xrd -ct -00.sfn4";
bkg @ 100 -20 10
#if case_==0;
str scale @1 loaduse {10s0 pd0 zeO}
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#elseif case_ ==1;

str scale @1 loaduse {10s0 pdO ze0}
#endif

yobs_eqn aac2.xy = 1; min 10 max 60d el 0.01

out_sfn4_ycalc ="xrd -ct-01.sfn4";
bkg @ 100 -20 10
#f case_==0;

str scale @1 loaduse {I11s0pdlzel}
#elseif case_==1;

str scale @1 loaduse {I1s0 pdOzel}
#endif

In the above, there are two strs and two xdds . In a real -world example this could extended to 100s of
1000s of xdds and strs resulting in an INP file comprising millions of lines. It is therefore efficient to
define things once as is the case of lam. Modifying the preprocessor case_ #prm at the top of the file
demonstrates capabilities. The case_=1 scenario is for the following:

> Two xdds each with one str

> Thetwo strs use a common str_dets resulting in only one set of hkis being generated and on set
of structure factors.

> The lattice parameters for the two strs are different and therefore two sets are used.

> The zero errors ( transform_X ) are different and therefore two sets are used.

> The lor_fwhm peak shape convolutions (crystallite size) are different and therefore two sets are
used.

case_=1 is an unrealistic example where the lattice parameters and x = -axis of the two xdds are vastly
different. The power of reusing object becomes apparentin areal  -world sense where lattice param-
eters, amongst similar structures , are expected to be more similar . Important output from refinement
for case_=1 s as follows:

Num data files: 2

Num hkl - sets/unique: 2 1
Num structure - factors - sets/unique: 2 1
Num m4_d2_inv unique: 1

Num peak buffers unique: 2
Num xo_ds unique: 2

Num bkg derivs unique: 2
Num transform_X/unique: 2 2
Num peak - shape - objects: 8
Num hkl_pk_dets/unique: 2 2
Num pk_sum_limits unique: 2

*** \WWarning: Lattice parameters not similar
but using the same structure factors

a6and5
b 6 and 5
cdand?7
al 90 and 90
be 90 and 90
ga 90 and 90
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The unique items are shown in Red. Notice the warning which is due to the vastly different lattice
parameters. case_=2 sets the peak shapes to be the same for the two phase s, and the output now
looks like:

Num hkl - sets/unique: 2 1

Num peak buffers unique: 1

Num m4_d2_inv unique: 1

Num structure - factors - sets/unique: 2 1

Here we see one common peak buffer , and thus only one is generated , and derivatives calculated
only for its parameters. Also seen is that one set of hkls is generated. The minimum/maximum x -axis
values, used for the generation of the common hkls, corresponds to the minimum/maximum values

of the the start X/finish_X and extra_X_left/extra_X_right of all the common strs.

Theexample R% gf @s3 aréfiBes on simulated data comprising 150,000  strs and 163,150 independent
parameters. 20 iterations are completed in ~60s on an 8  -core laptop. A few points to note when
running RS gf G=3 a UZ”

> Turn off animated fitting in the GUI, it cannot cope with 2000 xdd files and 150,000 strs.

> LW AV, Pex AU, x" Arx 3 v, &Af S| O] EnAX. At Pgpx AKX T d3Ae
the out_sfn4_ycalc keyword. This keyword outputs binary format files with a SFN4 extension.
XY formats can also be outputted as well if desired.

> q. A@PAV  Peg ydameUNjBY Njk UBR Ax . Ae BBA~ ., UAX~ ' 1 e¢A . . ' Apy
on here).
> Thenremove the #define and turn off animated graphics.

> 3.1 Gbytes of memory is used.

Output from the refinement looks like:

TOPAS 64 Version 8.38 (c) 1992 - 2020 Alan A. Coelho
Maximum number of threads 8

Time 0.25, INP file pre - processed

approximate_A_check_must_be_zero On

Loading xyz's for fm - 3m from file C: \ WA sg\ fm- 3m.sg

Num hkls generated for C: \ WA sg\ fm- 3m.sg 50

Loading xyz's for fm3m from file C: \ WA sg\ fm3m.sg

Num hkls generated for C: \ WA sg\ fm3m.sg 55

Loading xyz's for i41/amd:2 from file C: \ WA sg\ i41oamdqg2.sg

Num hkls generated for C: \ WA sg\ i4loamdqg2.sg 313

Num hkl - sets/unique: 150000 3

Num peak buffers unique: 3

Num independent parameters: 163150

Num data files: 2000

Num m4_d2_inv unique: 3

Num xo_ds unique: 3000

Num bkg derivs unique: 1

Num transform_X/unique: 150000 75

Num structure - factors - sets/unique: 150000 3

Num peak - shape - objects: 600000

Num stretch_pks/unigue: 150000 3000

Num hkl_pk_dets/unique: 150000 3000

Num phase Ycalcs/unique (ignoring transform_X): 150000 3000
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Num phase Ycalcs/unique derivs

Reusing objects in large refinemer

Num pk_sum_limits unique: 3000

Num equiv posns for centrosymmetric fm -3m: 192
Num equiv posns for centrosymmetric fm3m: 192

Num equiv posns for centrosymmetric i41/amd:2: 32

0 Time 5.37 Rwp 58.064 0.000MC 0.000
1 Time 7.12 Rwp 50.740 -7.325MC 0.000
2 Time 11.90 Rwp 45.643 -5.096 MC 11.103
3 Time 15.77 Rwp 45.507 -0.137 MC 115.501
4 Time 19.61 Rwp 43.351 -2.155MC 30.341
approximate_A_check_must_be_zero: non
5 Time 23.53 Rwp 25.599 -17.752MC 8311
6 Time 26.62 Rwp 24.143 -1.457 MC 30.922
7 Time 29.22 Rwp 14.654 -9.488MC 8051
8 Time 32.26 Rwp 14.560 -0.094 MC 269.97 2
9 Time 34.86 Rwp 14.480 -0.080 MC 68.26 1
10 Time 37.48 Rwp 13.241 -1.239 MC 17.301
11 Time 40.14 Rwp 5.025 -8.216 MC 4671
12 Time 43.23 Rwp 4.814 -0.211 MC 19.502
13 Time 45.90 Rwp 4.097 -0.718 MC 5.181
14 Time 48.98 Rwp 4.045 -0.051 MC 18.592
15 Time 51.65 Rwp 3.783 -0.262MC 4851
16 Time 54.30 Rwp 3.557 -0.226 MC 1.721
17 Time 56.93 Rwp 3.512 -0.044MC 3511
18 Time 59.62 Rwp 3.464 -0.048 MC 14.201
19 Time 62.27 Rwp 3.374 -0.090MC 3.291
---  62.270 seconds ---
File C: \wh\test_examples \xrd -ct \xrd - ct - 1.out updated

Note the numbers in red. This is a large refinement that would not be possible without reusing objects
and without the keyword
against Version 7 as the number of hkls alone

Objects

vV V. V V V V V V V V V

90

with parameters corresponding to best Rwp

reused are:

hkls

lattice parameters

Ycalc

Peak buffers

Structure factors

th2_offset

transform_X

stretch_pks

gauss_fwhm

and many other common arrays such as (Sin(Th)/Lam)"2.
derivatives for common refined parameters.

Reusing objects in large refinements

(ignoring transform_X): 150000 3000

- zero Aij elements now static

, 62,700,000 , would exhaust much of memory

90

approximate_A_check_must_be_zero . This refinement cannot be tested
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8..q| fIT UElIr GU&ar u

AO_matrix_is_constant Examples
EXamples_
[Xo_lsq ® O] NUE| R EEIrflINDET 1 G &l U
[create_pks_name $a_name] ZANjleg| f1 03502

[create_pks_fn $fn_name]

The deconvolution method of 2Coelho (2018) has been implemented using three macrosin Ul 2 Nj3 & Uf
Deconvolution_Init , Deconvolution_Bkg_Penalty and Deconvolution_Intensity Penalty . The method re-

fines linear parameters only; peak intensit ies and background parameters 3 whose derivatives are
constant, so the o matrix does not change . The keyword AO_matrix_is_constant signals this to the
program, causing the o matrix to be calculated only once. Using AO_maitrix_is_constant with
quick_refine , approximate_A , chi2, or non -linear parameters are being refined, will throw an excep-

tion.

create_pks_name is a xo_lIs dependent keyword that creates a peak at each step x  -axis step, with

peak intensity parameter names prefixed by $a_name. Peaks are not created if they already exist for

the xo Is phase. IVA X~ dBA! "t At~ P pt x BP A | ¢ AcBateppkdzgdie andd§zcreepx d3, e A Vv
ate_pks_name is within a macro , then the output from create_pks_name is placed after the macro.

create_pks_fn additionally appends a penalty to each peak with the penalty being written in terms of

a function called fn_name. The OUT file is updated with peaks resembling :

xo 5.00 | a25_0.00217 penalty =dfn(5,a25_,a26 );
xo 5.02 | a26_0.00000" penalty =dfn (5.02,a26_,a27_);
xo 5.04 | a27_0.00000 penalty =dfn(5.04,a27_,a28 );

The dfn function takes as arguments the x-axis position of the peak and two intensity parameter
names - one at the x -axis position and one at the next. These keywords and functions are used in
macros as follows :

Deconvolution_Init(0.5)

xdd j
Deconvolution_Bkg_Penalty(0.5)
X0_lIs
Deconvolution_Intensity_Penalty(a, afn)
The deconvolution process comprises three separate refinement runs : D fitting the peaks to the dif-
fraction pattern with peak shapes fixed to expected peak shapes ; 2) creating a calculated pattern with
a chosen peak shape , typically a peak shape comprising specimen contributions ; and 3) afinal run to

produce a deconvoluted pattern with noise. The Z~ Njleg | f [ U3 éxar@ple is ready to run, it can be
used as a template for other deconvolution processes and is defined as:

#define  DO_REFINEMENT _ "Step 1
aO<=>AF= "-@gl.#!' +#,0-32an © 1L=H U
a O<=>AF= "-@8$', *a"#!| - =© " 1L=H V

macro Data_File { Pbso4 }
#ifdef ~ DO_FINAL_DECON_
RAW(.. \ ##Data_File) ' load for comparison purposes
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xdd Data_File## - decon - specimen.xy
X_calculation_step 0.025
user_y di1Data_File## - decon - specimen.xy
user y d2 Data_File## - diff.xy
fit_obj =d1 +d2z;
Out_X_Ycalc(Data_File## - decon - final.xy) a $AF9D <=; GFNGDML=< H9LL
#else
Deconvolution_Init(0.5)
RAW(.. \ ##Data_File)
start X 15
bkg @0000000
Deconvolution_Bkg_Penalty(0.5)
aLP Faector(dh— 2 " G FGL AF; DM<= O@=F <GAF? <=; GFNGDMLAG
CS_L(262.73494)
Strain_L(0.03785)
#ifdef DO_SPECIMEN_OUT _

iters 0

CuKa1(0.0001)

Out_X_Ycalc(Data_File## - decon - specimen.xy)
#else 'DO_REFINEMENT

Out_X_Difference(Data_File## - diff.xy)

CuKa5(0.0001)
Radius(173)
Full_Axial_Model(10, 10, 10, 4.13679, 4.13679)
Divergence(1)
Slit_Width(0.2)
#endif
X0_Is
Deconvolution_Intensity _Penalty(a, dfn)
#endif

Background should be less than all observed data and it should be graphically inspected during step

1 Background can be reduced by decreasing the c parameter of the Deconvolution _Bkg_Penalty
macro; this parameter can range from  0.05 to 1 If the bases of the peaks do not match Yobs, the
background is still too high. Steps 1and 2 produce output XY files which are then used in step 3. The
exclusion of LP_Factor, and similar peak scaling parameters, is important as peak intensities are used

in a penalty inside the Deconvolution _Intensity_Penalty macro. The deconvolution process can be
used for all types of data including neutron TOF; step (1) takes approximately 10to 30 seconds on
present laptops; steps ( 2) and (3) takes a trivial amount of time (< 1s). The deconvolution macros are
as follows:

macro Deconvolution_Init(c) {
process_times

AO0_matrix_is_constant 2 DD H9J9E=L=JK 9J= DAF=91J
penalties_weighting_K1 =g © N9DM= G> S} X K==EK KM>>A; A=FL
save_best_chi2 a 5= O9FL : =KL ! @AU FGL : =KL O0OH
chi2_convergence_criteria le-5
continue_after_convergence a UTSS AL=J9LAGFK AK LQHA; 9DDQ KM>>/
pen_weight 1 a - N=JJA<= L@= <=>9MDL

}

macro Deconvolution_Intensity_Penalty(i_name, fn_name) {
fn  fn_name(x, a0, al) = (a0 - al)*2/((a0 + al) Yobs_at(x) + 1e - 6);
default_|_attributes le-6 min 0 val_on_continue = Val Rand(0.99, 1.01);
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create_pks_fn fn_name
create_pks_name  $i_name

}

macro Deconvolution_Bkg_Penalty(& ¢, & w_min) {
xdd_sum #m_unique pen=(Yobs - Get(bkg))"2/ Max(Get(bkg) Yobs, w_min"2);
penalty =penc;

}

macro Deconvolution_Bkg_Penalty(& c) { Deconvolution_Bkg_Penalty(c, 1) }

pen_weight over-rides the default; the default works but with slower convergence. Note, both the
peak intensity and Bkg penalties are Yobs scale invariant where scaling of  Yobs does not change the
magnitude of the penalties relative to  Se3 Yobs_at is a new function that returns the value of  Yobs at
X. w_min in the Deconvolution_Bkg_Penalty macro allows for the setting of the expected minimum of
Yobs*Bkg; a value of 1 for counting statistics. For XYE files, where Yobs is small and where Sig-

maYobs is used (tof data for example), then w _min should be reduced.

8.1....... qast . " Y. .3Bx. W Hx 33 AOq@X X BP’

<

A simulated pattern was created with noise using Njagf & | 0] adihe instrument contribution  de-

convoluted using Njagg | f [ U 3;&he matter INP file looks like:

/¥ Three runs to produce the deconvoluted pattern.
The name of the final deconvoluted pattern is:

pbso4 - decon - final.xy

Define one at a time in the following:

O<=>AF= "-oQ0#$' , 6 #+#, 2n a OMF T
O<=>AF= "-nol.#!'+#,80-3280 & OMF U
O<=>AF= "-8$', *o"#! - o a 0OMF V

*/

#define DO_REFINEMENT_ 'Step1

a O<=>AF= "-ual. #!'Step2, on-32n

a O<=>AF= "-un$' ,6 'Step'3#Alearthe GUI first

macro Data_File { Sim }
#ifdef ~ DO_FINAL_DECON_
xdd Data_File## -calc -rand.xy 'load for comparision purposes
xdd Data_File## - calc - narrow.xy
user_y d1 Data_File## - decon - specimen.xy
user_y d2 Data_File## - diff.xy
fit_obj =d1+d2;
Out_X_Ycalc(Data_File## - decon - final.xy)
#else
Deconvolution_Init(0.5)
xdd Data_File## - calc -rand.xy
bkg @ 259.381081 89.8339877 31.6429117 - 34.4743462
34.3097757 -55.7270435 30.631573
Deconvolution_Bkg_Penalty(0.1)

[* Specimen */
CS_L(300)
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CS_G(300)
Strain_L(0.05)
Strain_G(0.05)

#ifdef ~ DO_SPECIMEN_OUT_

iters 0

CuKa1(0.001)

Out_X_Ycalc(Data_File ##- decon - specimen.xy)
#else ' DO_REFINEMENT_

num_cycles 20

Out_X_Difference(Data_File## - diff.xy)

/* Instrument */
CuKa2(0.001)
Radius(217)
Full_Axial_Model(12, 12, 12, 2.3, 7)
Divergence(1)
Slit_Width(0.1)
Absorption(60)
#endif
X0_lIs
Deconvolution_Intensity_Penalty(a, dfn)
#endif

The following figure is the deconvoluted pattern (green line, bottom plot) compared with the expected

deconvoluted pattern (red line on top of green line). The top plot (blue line) is the original simulated
pattern with noise and without noise (red line on top of blue line)
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Parameter errors determined from refinement using the deconvoluted pattern are almost identical to
errors produced using the original pattern, see 2Coelho (2018).
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[xdd...] Examples
[rebin_with_dx_of !E] O] NUE| R EZqENU| & 0|
[pdf_generate { CGrr| seqPf 002
[dr !E] r3C| Zafi bf W0Z
[r_max !E] Njdar aégl0 r00z
[gr_sst_fle BAM C,, 31" d OGUENjUg Of 1002
[hat 'E [ num_hats 'E]
[gr_to_fq 'E]

PDF generation applies an inverse sine transform to an ideal diffraction pattern in which background

.€APrReE A X APX. . . T Aet px X BP., @ AVt X. Pe ApP®AL . " e X X% Ap 3 A:
therefore to correct real data to match this ideal pat  tern as closely as possible. Corrections include

background determination, atomic scattering factors (for X -ray data), Lorentz polarisation, and peak

shape asymmetry; for details see Coelho et al. (2021). A deconvolution process similar -to that de-

scribed in section 8 is used, allowing corrections in reciprocal space for peak asymmetry, instrument

and emission profile aberrations, Lorentz polarisation, and atomic scattering factors. The process

comprises two operations defined in a single INP file:

0) Fit to the reciprocal space diffraction pattern - (Operation 0)

1) Generate G(r) - (Operation 1)

1.0) Generate ideal pattern Ideal (2 q) from the parameters determined in step O.
1.1) Convert Ideal (2 g) to Q space to form Ideal (Q).
1.2) Fit a polynomial to Ideal (Q) and save F(Q) = Ideal (Q) ¢ Poly)
1.3) Generate G(r) from F(Q)

Each operation requires running the INP file once. Steps 1.0 to 1.3 of operation 1 are performed with
num_runs setto 4.

91..2q€E d& BPEA.. CHEEI z

Operation 0 fits the pattern following the deconvolution process of Coelho (2018). Lattice parameters

are not required. A peak is placed at each data point together with a background and appropriate
penalty functions. Approximate peak shapes from a prelimi nary peak -fitting analysis (using a stand-
ard, for example) are recommended; once determined, peak shapes are not refined. The data -entry
section of a typical INP file (see 1 a G| #&l|zf [ U3)ids@agfollows:

Include_PDF_Generate

START USER INPUT SECTION

macro Data_File {LFP_O - 8Kcap_AgFGM_2x4soll_EigerlD_8h.xy }
macro Capillary_Scan { capillary.xy }
macro Capillary_Rebin {0.1} ' Smooth the capillary scan. Zero means no smoothing.

96 PDFGeneration



PDFGeneration 97

#prm operation = 0; ' Set to O to fit to reciprocal space data
' Set to 1 to generate F(Q) and G(r)
' Set to 2 to fit structure to G(r)
#prm use_narrow_peak_shape =1; ' A 0 means use full peak shapes in generating G(r)

" Inputs for reciprocal space fit, operation = 0

macro & Average_f {fO_Li+f0O_Fe+f0_P+4f0_O} ' formula of unit cell
#prm lab_no_monochromator =1; ' Set to 1 if using Laboratory instrument.
#prm use_Xo_ls_phase =1, ' Set to 0 if not fitting peaks
#prm use_bkg_penalty =1;
#prm use_simple_bkg_penalty =1; 'Setto 1 if counting statistics is not right,
' or, maybe when there's Fluorescence.

macro & Bkg_Weighting {1}
macro & Intensity_Penalty_Weighting { 1 }
macro & Scale_Peaks {1} ' Useful if capillary absorption is inhibiting fitting.
macro & Scale_Yobs_By {1} ' Useful if data does not obey counting statistics.
prm pcO 1 a . GDQr! 9HADDY9JQ ; G=>>A; A=FLK s GEE=FL GML A>
prm pcl O ' not using Capillary as background.
inp_text  fluorescence_bkg

{

bkg @ 3.49160163° -0.96682842° 0.292687899

}
inp_text  fit_extra

{

penalty — =10000 (Bkg_at(X2) + (pcO + pcl) Value_at X(cap_, X2) - Yobs_at(X2))"2;
}

macro Start_X {24}
macro Finish_X {103 }

macro Step_X {0.02} ' Set to zero to use measured step size.
' Set to non - zero if scale_yobs_by is used
' Set to non - zero if unequal x - axis steps.

a

" Inputs for generating F(Q), operation = 1

#prm poly_fq=7; ' Number of parameters for Poly when fitting Poly to F(Q).
' View F(Q) plot, it needs to look right.
macro & Qmin {0.1}
macro & Qmax {175}
macro & Soper_Lorch_Constant {0} ' best not to use
macro & Exp_Constant {0} ' best not to use
macro & Lorch_Constant {0} ' best not to use
inp_text  fq_poly
{
bkg @ 00000000 O
}
macro FQ_Bkg_Penalty
{
weighting = If(X > (X2 - 1), 10, 1); ' Weigh the F(Q) data more at Qmax
penalty = Bkg_at(X1)"2; ' Restrain F(Q=0) to 0
}

a

' Inputs for generating G(r) from F(Q), operation = 1

macro R_Max {100}

macro dR {0.01}

macro Num_Hats {3} ' Best smoothing function for speed and accuracy
macro & Hat_Size {4.4934/Qmax }
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a

' Reciprocal space peak details, operation = 0
macro Full_Emmision_Profile

{
lam ymin_on_ymax  0.001
la 1 lo 05609 Ig 1le-6
la 0.55150 Ilo 0.5649441 |Ig 1e-6
}
macro Deconvoluted_Emmision_Profile
{
lam ymin_on_ymax 0.0005 la 1 lo 0.5609 Ig 1le-6
}
macro Full_Peak_Shape_Specimen
{
CS_G(, 70)
CS_L(, 45)
Strain_L(, 0.042)
Strain_G(, 0.42)
}
macro Full_Peak_Shape
{
Full_Peak_Shape_Specimen
Full_Axial_Model(10,10,10, 2.3, 5.73430)
}
macro Deconvoluted_Peak_Shape
{
Deconvoluted_Emmision_Profile
#f  (use_Xo_ls_phase == 0)
' Using (Yobs - background); ie. no peak shape
#elseif (use_narrow_peak_shape)
' Use Narrow peak shape
ZE(, -0.00730929318) a2 1=L LG F=?9LAN= G> O0OA=LN=D< >AL
gauss_fwhm 0.05
#else 2 3 K= $MDD H=9C K@9H= KH=; AE=F
Full_Peak_Shape_Specimen
ZE(, -0.00730929318) a 1=L LG F=?9LAN= G> O0OA=LN=D< >AL
#endif
}
macro & LP_Factor_
{
#f  (lab_no_monochromator)
(1 + Cos(X Pi/ 180)"2)
#endif
1/ (Sin(X Pi/360)"2 Cos(X Pi/360)) ' Lorentz factor
}

END USER INPUT SECTION

Include_PDF_Generate_Common

#f  (And(use_Xo_lIs_phase, Run_Number == 0, Or(fit_to_data, generate_fq_gr_from_fit)))
X0_ls
PDF_Generation_Intensity_Penalty(a,dfn, Intensity_Penalty_Weighting, Scale_Peaks)
#endif
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Input is required for items such as data file names. It is best to create a new directory for each data

file. The Z2q €| U| & U] fledibduded via the Include_PDF_Generate macro, contains PDF  -gener-

ation - specific macros. Capillary_Scan is the name of the file corresponding to a scan of the empty

capillary holder. As the capillary scan is typically collected quickly and has poor counting statistics,

Capillary_Rebin can be used to smooth it. Setting the #prm operation to 1 instructs the program to

perform the fitting process. Setting  use_narrow_peak_shape to 1 uses narrow peaks in the generation

of ldealp3eu Ap, OBBPpx ,. " As3suz AP . Y., @ Ao ARP, pzd3d .’ ' : Ame Ap?

9.1.1........... Operation 0 3 Fitting peaks to the diffraction pattern

If use_Xo_ls_phase=0, no peak fitting is performed and hence no deconvolution; the ideal pattern is
created using (Yobs 3 Ycalc)/ (LP_Factor <f>), where Ycalc in this case is the background function.
use_simple_bkg_penalty should also be setto 1 When use_Xo_Is_phase=1, peaks are fitted. The pro-
gram internally creates peaks and places them at the position of the x0_ls phase. lab_no_monochrom-
ator =1 instructs the program that the data is from a Laboratory instrument without a monochromator.
Background is described as follows:

Background = Poly_Capillary * Capillary _Scan + Poly_Fluorescence

Poly_Capillary is a 1% order polynomial with coefficients defined by the pcO and pcl parameters.
Poly_Fluorescence is also a n' order Chebyshev polynomial with coefficients defined by the user at

the inp_text fluorescence_bkg {} construct; set this construct to blank when not using it. LiFePOs flu-
oresce s, and it's best to use the smallest number of bkg parameters whilst producing a good back-
ground fit. In the case of LiFePO 4, the high angle peaks seem to vanish. This means that the back-
ground should be almost equal to  Yobs at the highest angle X2. Such a condition can be enforced
using a penalty as shown in the inp_text called fit_extra . The penalty describes the following:

(Poly_Capillary (X2) * Capillary _Scan(X2) + Poly_Fluorescence (X2) ¢ Yobs_at(X2)) 2

X2 is the reserved parameter name corresponding to the end of the diffraction pattern. Poly_Capillary
at X2 is simply (pcO + pcl), see the XO_macroin Zq€| U| & U| Ef [ T T,labd Balyf Fluores-
cence (X2) corresponds to Bkg_at( X2). The penalty therefore looks like:

inp_text fit_extra

{
penalty  =10000 (Bkg_at(X2) + (pcO + pcl) Value_at X(cap_, X2) - Yobs_at(X2))"2;

The fit for LiFePO4 looks like:
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Notice the display of the background line as well as the small difference plot. When rerunning, oper-
ation =0, the peaks at the xo_Is phase is not recreated if already present. It may be necessary, there-
fore, to delete the peaks atthe xo_Is phase when rerunning operation =0. When use_simple_bkg_pen-
alty =0, the full background penalty is used , which relies on counting statistics. For data that does not
obey counting statistics, the macro  Scale_Yobs_By can be used to scale the observed diffraction pat-
tern. This scaling is performed using the  user_y keyword as follows:

user_y data_file Data_File
yobs_eqn data.sst = data_file Scale_Yobs_By;
min = Start_X; max = Finish_X; del =Step_X;

Note, user_y can also be a function of the reserved parameter X. The input created for the Kernel can
be viewedin Ul 2 Njsr [ Es3

9.1.2 ... Operation 13 Generation G(r) from the fitted peaks

The Average_f macro is used to calculate the average atomic scattering factor < f> for operation 1.0.
For X-ray data, a rough estimate of the atomic species is helpful; for neutron data an estimate is not
required. Applying smoothing functions on  F(Q) such as the Lorch and Soper -Lorch functions is not
recommended. Instead, applying three hat convolutions directly to G(r) is faster and more accurate.
At operation 1.1 the ideal pattern is converted to ~ Q space. Operation 1.2 generates F(Q) by fitting a
polynomial to Ideal (Q) where:

F(Q) = Ideal(Q) 3 Poly_FQ

fq_poly describes Poly_FQ using the Chebyshev polynomial of  bkg; the optimum number of coeffi-
cients is difficult to determine automatically. It ‘s best to inspect the plots produced by operation 1;
these are generated and loaded into the GUI and, using the GUI-Tiling option, we get :
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Changing fq_poly and rerunning operation 1 updates the four plots; this updating is achieved using
the keyword gui_reload . Using the structure of LiFePO ., the generated G(r) can be fitted -to by setting
operation =2, With use_narrow _peak_shape =0 we get:
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The grey line at the center of the plot is a correction added to the calculated G(r) using:
fit_obj =al Cos(a2 X +a3) / X;

If this grey line is significant in intensity, then the value of F(Q=0) is incorrect. Controlling the behav-
iour of F(Q) at the start and end of the Q range can be done from the FQ_Bkg_Penalty macro. For
example, F(Q=0)=0 can be set using the following penalty:

penalty = Bkg_at(X1)"2;

For operation 1; intermediate pre -processed text fed to the kernel can be sent to Or z Nj3 (drE
Of 3 r)fd viewing by setting suspend_writing_to_log_file to 0. For the current example, Ul 2 Nj3r [ E
for the operation 1.0 part is (comments added):
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iters 0
yobs_eqn aac.sst = 1; min 0.01 max = 103; del 0.0025

gui_ignore
Out_XDD_SST(decon.sst) a | GL =PH9F<=< >GJ ; D9JALQ
a8 Qutput Ycalc / (polarization * <f>)
=Ycalc/ (( (1 + Cos(X 3.14159265358979/ 180)"2) 1 / (Sin(X 3.14159265358979/360)"2

Cos(X 3.14159265358979/360))) (f0__( 0.974637, 0.158472, 0.811855, 0.262416

0. 790108, 0. 002542,4.334946 ,0. 342451,97.102966,201.363831,1.409234 ) +f0__(

12.311098, 1.876623,3.066177,2.070451,6.975185, -0.304931,5.009415 , 0. 014461,
18.743040,82.767876  , 0. 346506) + fO__(1.950541, 4.146930, 1.494560, 1.522042,

5.729711 ,0. 155233,0. 908139, 27.044952 ,0. 071280, 67.520187, 1.981173)

+4f0__(2.960427, 2.508818 ,0. 637853,0. 722838, 1.142756 ,0. 027014, 14.182259,

5.936858 , 0. 112726,34.958481 ,0. 390240 ))"2);
lam ymin_on_ymax 0.0005 la 1 lo 0.5609 Ig 1le-6
th2_offset =( -0.00730929318);
gauss_fwhm 005 2 3 K= F9JJGO <=; GFNGDML=< H=9C
X0_ls

extra_X_ left = Max(X1 - Max(X1 - 1,0.1),0);

extra_X_right = Max(Min(X2 + 1, 179.9) - X2,0);

fn dfn (x, a0, al) = (a0 - al)®2/Max(a0 + a1, 1e - 6);

default | attributes le - 6 min 0 val_on_continue = Val Rand(0.5, 2) + 1le -4;

create_pks_ fn dfn create_pks_name $ a
x0 1.40009871 | a50_0.0178524321°
xo 1.42009871 | a50_0.0178524321"
xo 1.44009871 | a50_0.0178524321"

The actual generation of G(r) occurs when Run_Number = 3; its INP text is:

iters 0
xdd fq.sst
gui_reload
lam ymin_on_ymax 0.0005 la 1 lo 0.5609 Ig 1e-6
rebin_with_dx_of 0.001
pdf_generate {
dr =0.01;
r_max = 100;

gr_sst_file ="gr";
hat =4.4934/(17.5); num_hats =3;
}
9.1.3 .. Correcting the PDF due to a zero error in reciprocal space

A zero -error added to peak positions in reciprocal can be subtracted from the deconvoluted pattern

of op

be subtracted from the deconvoluted pattern from within the

102

eration 1.0. Thus, a zero -error determined from fitting to a standard in reciprocal space needs to

9.14 ... Generating F(Q) from G(r) - gr_to_fq

Deconvoluted_Peak_Shape macro.

The r &4 C| &It (gC 5 3 afilezsreates G(r) from an F(Q) file at Run_Number 0, then in Run_Number 1

it uses the newly created G(r) to reproduce the original

102
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F(Q) using gr_to_fg. The INP file is as follows:
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num_runs 3
#f  (Run_Number == 0)
xdd fq - original.sst
rebin_with_dx_of 0.005
lam ymin_on_ymax 0.0005 la 1lo 0.5609 lg le-6
pdf_generate {
dr =0.01;
r_max = 300;
gr_sst_file ="gr -from -fq";

#elseif (Run_Number == 1)
xdd gr - from - fg.sst
gui_ignore
lam ymin_on_ymax  0.0005 la 1 lo 0.5609 Ig 1e -6
pdf_generate {
dr =0.00125;
rmax =17.5;
gr_sst_file ="fq -from -gr"
grtofg 1
}
#elseif (Run_Number == 2)
xdd fqg.sst
rebin_with_dx_of 0.01
user_y fq_from_gr fq - from - gr.sst

prm al min le-6
fit_obj =fq_from_gr a;
#endif

Run_Number 3 fits the newly created F(Q) to the original F(Q); the result showing the reproduced  F(Q)
(in red) and the original F(Q) (in blue) has a small difference plot  as seen in the following
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01 i J\u
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14
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9.15... PDF-Generati on - Fullerene
In this example G(r) from TOPAS is compared to G(r) from GudrunX for Fullerene. The INP file is:

Include_PDF_Generate
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' START USER INPUT SECTION

macro Data_File {i15 - 1- 20401 _tth_det2_0.xy }

macro Capillary_Scan {i15 -1-20398_tth_det2_0.xy}

macro Capillary_Rebin {0} ' Smooth the capillary scan. Zero means no smoothing
#prm operation = 1; ' Set to 0 to fit to reciprocal space data

' Set to 1 generate F(Q) and G(r)
' Set to 2 to fit structure to G(r)

#prm use_narrow_peak_shape =1; ' Use narrow peak shapes in the generating G(r)

" Inputs for reciprocal space fit, operation == 0

#prm lab_no_monochromator = 0; ' Set to 1 if using Laboratory instrument

#prm use_Xo_ls_phase =0; ' Set to 0 if not fitting peaks

#prm use_bkg_penalty =1;

#prm use_simple_bkg_penalty = 1; ' Set to 1 if counting statistics is not right
' or maybe when there's Fluorescence

macro & Bkg_Weighting {1}

macro & Intensity_Penalty_Weighting { 1 }

macro & Scale_Peaks {1} ' Useful if capillary absorption is inhibiting fitting.

macro & Scale_Yobs_By {1} ' Useful if data does not obey counting statistics.

prm pcO 1.09673044" 2 +MDLAHDA=K ! 9HADD9JQ : Q 2H;S ©° H;T

prm pcl 0.146927936 ' Comment out if not using Capillary as background.

inp_text  fluorescence_bkg { }
inp_text  fit_extra

{
penalty — =10000 (Bkg_at(X2) + (pcO + pcl) Value_at X(cap_, X2) - Yobs_at(X2))"2;

macro Start_X {06 }
macro Finish_ X {59.9 }

macro Step_X {0.02} ' Set to 0 to use measured step size
' Set to non - zero if scale_yobs_by is use.
' Set to non - zero if unequal x - axis.
" Input for generating F(Q) - operation == 1
macro & Average_f {fo_C}
macro & Qmin {05}
macro & Qmax {25}
macro & Soper_Lorch_Constant {1.1} ' Used for comparison purposes
macro & Exp_Constant {0}

macro & Lorch_Constant {0}
inp_text fg_poly
{
bkg @ 000000000

}
macro FQ_Bkg_Penalty {}

' Inputs for generating G(r) from F(Q), operation == 1

macro R_Max {50}

macro dR {0.01}

macro Num_Hats {0} ' Best smoothing funcion for speed and accuracy
macro & Hat_Size {4.4934/Qmax }
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' Reciprocal space peak details, operation == 0
macro Full_Emmision_Profile

{
lam ymin_on_ymax 0.0005 Ila 1 lo 0.161669 Ig 1le-6
}
macro Deconvoluted_Emmision_Profile
{
Full_Emmision_Profile
}

macro Full_Peak_Shape_Specimen {}
macro Full_Peak_Shape {}
macro Deconvoluted_Peak_Shape

{
Deconvoluted_Emmision_Profile
#if  (use_Xo_ls_phase == 0)
' Using (Yobs - background); ie. no peak shape
#elseif (use_narrow_peak_shape)
' Use Narrow peak shape
gauss_fwhm 0.05
#else
' Use Full peak shape
Full_Peak_Shape_Specimen
#endif
}
macro & LP_Factor_
{
#if  (lab_no_monochromator) (1 + Cos(X Pi/ 180)"2) #endif
1/ (Sin(X Pi/360)"2 Cos(X Pi/360)) ' Lorentz factor
}

END USER INPUT SECTION

Include_PDF_Generate_Common

In this example , peaks are not fitted , so use_Xo_Is_phase=0 and use_simple_bkg_penalty =1. fluores-
cence_bkg is left empty as fluorescence is absent. fit_extra applies a penalty equating the bkg_tot to
the Yobs value at the end of the diffraction pattern (note the use of the Value_at_X ). In this example
bkg_tot comprises a fit_obj which corresponds to (pcO + pcl  X)*Capillary . In this example the
Soper_Lorch_Constant was used to match GudrunX. The resulting G(r) for TOPAS (in red) and Gud-
runX (in Blue) is as follows:
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G(r) (au.)

0 5 10 15 20 25 30 35 40 45 5C
r (Angstroms)
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10.2q®| | T| 0U

[xdd]® Examples
[pdf _data]
[scale_phase X'E]® INP files_
[fit_obj*E]® U] NOR T Z ref NG
[start_X #] [finish_X #] n B3 a0z
[rebin _with _dx_of*!E] AN osEef s U] 3a0z
[rebin_start_x_at 'E] Al g alz
[weighting !E] ~oanegf s 0| 3a02
[Tpdf_convolute] © Zq€3 402
[str]® Zq&s 202
[scale_phase X1E]® r Ede
[scale E] NjOs Gf UEN§l|r GU&TO U] 35302
[view _structure ] NjOs Gf UEN§l|r GUal Us a0z
[rigid]® taEaq3alz
[occ_merge "e, x]&3 [ f ]| & &~ Nie
[pdf_scale_simple] fs] 0]3a0z
[pdf_zero*E] [ffT| s ED| NjUs 202
[pdf_ymin_on_ymax 0.001] [ ffeT| $E| 3402
[pdf _info]
[Tpdf _convolute] © Data flles.
[pdf for pairs $sites_1$sites_2]® U] \lOR T Zregd dNg
[pdf_only _eq_0] ~| &3 RO
[pdf _gauss_fwhm *E] Al aw RU
[Tpdf_convolute] ... r Ede r E43s RO
[pdf_partial_1 $sites ] [ f ]| & EsE "~ Nfez » N3 RU

[pdf_partial_2 $sites ]
[pdf_partial_when !'E]]

Tpdf_convolute
[pdf _convolute *E]...
[min_X E]
[max_X IE]
[convolute X recal !E]

%) Can be a function of the reserved parameter name X; X corre sponds to r for PDF data.
PDF refinement as implemented operate s at speed (Coelho, 2015). PDF pattern s are treated as an
xdd, allowing most xdd keyword s to be used. They can be refined simultaneou sly with other xdd
pattern types, including phases that are either x-ray dependent or independent. Penaltie s, restraints

and keyword s such as rigid, atomic _interaction , sites_geometry , sites_distance can all be used.
pdf data tells the program that the data set is of G(r) type. Letts write G(r) as:

G(r)=s1S(r)/ r3sar
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where r corre sponds to the x-axis, s1and s; are constants and S(r) are the pairs. pdf_scale_simple
tells the program to calculate S(r)/(Np r) only. pdf_ymin_on_ymax define s the min/max value for the
PDF Gaussians in-regard to the x-axis extent s of the Gaussians; the default value of 0.001 in typically
sufficient. pdf _for_pairs can be used to select site pairs using the site name, for example:

pdf _for _pairs "V* AI* 102" *

The | +¢character exclude s the O2 sequence from the wild card string, see section 18.1 Multiple
pdf _for_pairs can be defined. pdf_only eq_O inform s the parent pdf for_pairs that only equivalent po-
sition 0 is to be considered. pdf_gauss_fwhm is used to write the width equation for the pairs selected
by pdf for_pairs. If all pairs are described by pdf for _pairs then the associated beqts are not used;
the user is informed of unused beqts. Consider the following abbreviated INP segment:

site Al .. beq 1
site O1 .. beq 1
pdf _for _pairs All All pdf __only _eq_O pdf _gauss fwhm 0.1 2 Line A
pdf _for _pairs All O1 pdf _only _eq O pdf _gauss fwhm 0.2 2 Line B
pdf _for _pairs All O1 pdf _gauss _fwhm 0.3 2 Line C

The FWHM s of the interaction s are as follow s:

Al1-O1 : Interaction s for equivalent - position-0 described using Line B.
Al1-O1 : Interaction s excluding equivalent -position-0 described using Line C.

01-0O1 : Interaction s described using beqts.

pdf_info displays the interaction s in matrix form; for the above INP segment we have:

pdf _info
{
- = No pdf _for _pairs defined hence : =1 «uked
0 = pdf _for _pairs defined with pdf _only _eq_0O
1 = pdf for _pairs defined without pdf _only eq O
2 = two pdf _for _pairs defined, one with and one without pdf _only _eq_O
All -2
o1 2-

The matrix is in purple. pdf_for_pairs together with beq default s offer great flexibility in describing

peak widths. See 2 q €3 & UZq €35 a [’Z| s a Useale phase X can be used to describe Gaussian
dampening, for example :

prm damp_fwhm 50 min 1le-6 max 200
prm damp = Gauss(0, damp_fwhm);
scale _phase _X = damp;
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101...q. €O, pe .’ : AOmPYX . . AZqCe

Partial PDFs can be dynamically displayed each iteration of refinement or at the end of refinement . A

dummy structure mechanism is used as follows:

KLJj
a E9AF ."$ H@IK=
dummy_str
phase_name "All Al2 O1 O2 O3"
pdf_partial_1 "All Al2 O1 02 03"
pdf_partial_2 "All Al2 O1 02 03"
pdf_partial_when 0 'Only at end of refinement
dummy_str
phase_name "V1 04"
pdf_partial_1 "V1 04"
pdf_partial_2 "V1 04"
pdf_partial_when = Mod(Cycle_lter, 2);

pdf_partial_1 and pdf_partial_2 are site identifying strings (see section 18.1) that may include the wild-
card character | Fand’e negation character L. pdf partial_when determines when the partial pdf is
calculat ed; the default value (non-zero) perform s the calculation each iteration ; a value of zero defers
the calculation to the end of refinement. The ~ | & 3 & ék&@mple demonstrates this , with the resulting

GUI plot:

Partical PDFs (BEQ-2.INP)
19 ANO4 0.00 %
0.8 1 AlL Al2 01 02 03 0.00 %
| V104 0.00 %

Counts

2 4 6 8 10 12 14 16
2Th Degrees

Consider the space group P-1lwith two equivalent positions, EO and EL

EO) X, vy, z
El -x, -y, -z

The PDF comprises interactions between all atomic pairs; by symmetry, only interactions between EO
and the remaining atoms need be calculated. For atwo  -atom structure in P -1 with atoms A and B, the

unique interactions are:

AO0-AO0, AO-Al, AO-BO, A0-B1, BO-BO, BO-B1, BO-Al
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Each interaction can be defined separately using a combination of beq and pdf_for_pairs. If the fol-
lowing is defined :

site A beq = a;
site B beq = b;
pdf _for _pairs A B pdf _gauss _fwhm ab;

b0bO;

pdf _for _pairs B B pdf _only _eq_0O pdf _gauss _fwhm

then the 7 type s of interaction s would have broadening as follow s:

Pair Gauss FWHM

AO0- A0 Sqgrt(a 2 Ln(2) [/ Pi*2)
AO- Al Sgrt(a 2 Ln(2) [/ Pir2)
AO- BO ab

AO0- B1 ab

BO- BO b0b0

BO- B1 Sarttb 2 Ln(2) [/ Pir2)
BO- Al ab

For equivalent -position-0 and for distance s within 10 %then the following is required:

pdf _for _pairs * * pdf _only _eq_0O
pdf _gauss _fwhm = If( X < 10, something, 0);

pdf_info can be useful for specifying what is being used. Consider three sites A, B, C. For three sites
there are (N"2+N)/2=6 type s of atom-atom interaction s:

A-A, A-B, A-C, B-B, B-C, C-C
Each of these can have broadening defined in three different ways, take A-A for example:

1) site A .. beq
2) pdf _for _pairs A A
3) pdf _for _pairs A A pdf _only _eq_0O

Use of pdf_only _eq_0O results in three type s of A-A interaction s:

i) interaction where none are equivalent position zero.
i) interaction where both are equivalent position zero.

ii) interaction where one is equivalent position zero and the other not.

If case (2) is used then (i), (i) and (iii) all use case (2); for example:

site A .. beq .. pdf_for _pairs A A ..

If case (3) is used, then beq is used for (i) and (iii) and case (3) is used for (ii); for example:

site A .. beq .. pdf _for pairs A A pdf _only eq O..
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If both case (2) and (3) are used then beq is ignored and case (2) is used (i) and (iii), and case (3) for

(ii); for example:

site A .. beq ..
pdf _for _pairs A A.. a (i) and (iii)
pdf for pairs A A pdf _only eq_0.. 2 (i)

10.3....a° XeoPA' YAR g o3{"AU, Rd3e

pdf_for_pairs can be used to assign different interaction types between molecules. For example, to
set bond lengths for atom All of AIVO4 at equivalent position O only (see Z2q&3 alz

prm intra _molec 0.01 min le-6
pdf _for _pairs All "O1 02 O3 04 O5 06" pdf _only _eq_0
pdf _gauss _fwhm = intra _molec;

The calculated pattern from 2z q €33 a Gherefore become s:

Calculated G(r) with a molecule with narrow FWHMs
600 1

500 1
4001
300

2001

G(r) (au.)

1004

-1004

-200 -

0 1 2 3 4 5 6 7
r (Angstroms)

Notice the 6 spikes; they corre spond to the Allbonds with narrow FWHMSs. If we wanted Allbonds

that are not equivalent -position-0 to be different to the beqts then we could use:

prm inter _molec 0.1 min le-6

prm intra _molec 0.01 min le-6

pdf _for _pairs All "O1 02 O3 04 O5 06" pdf _only _eq_0O
pdf _gauss _fwhm = intra _molec;

pdf _for _pairs All "O1 02 O3 04 O5 06"
pdf _gauss _fwhm = inter _molec;

This give s the following calculated pattern where we see the various Allbonds.
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Calculated G(r) with a molecule with narrow FWHMs
600

500
400
300

200

G(r) (au.)

100+

-100+

-200 -

0 1 2 3 4 5 6 7
r (Angstroms)

The corre sponding output from pdf_info become s:

pdf _info
{

No pdf _for _pairs defined

pdf _for _pairs defined with pdf _only _eq_ O

pdf _for _pairs defined without pdf _only _eq_O

two pdf for _pairs defined, one with pdf _only _eq_O and one without pdf only _eq_ O

N P O
n

An exception is thrown if the same interaction is referenced in more than one pdf for pairs, for ex-
ample, the following will throw an exception as All-Olis reference d twice :

pdf _for _pairs All "O1 O2 O3 O4 O5 O6" pdf _only _eq_O ...
pdf _for _pairs All O1 pdf _only _eq_O ...

The following will not throw an exception:

pdf _for _pairs All "O1 O2 O3 O4 O5 06" pdf _only _eq_O ...
pdf _for _pairs All O1 ...
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104...a" & x P UNj &AW’ 1 J&. &b3" O

In Nf Ug3a U,Adf _convolute is used at the xdd level to convolute a Sinc function into phases:

pdf _convolute = Sin(Qmax X+qg3)/If(Abs( X) < 0.5 Step_Size, If( X < 0,-02,g2), X);
min_X = -conv _max;
max_X = conv _max;

Nja G5 & @Bo uses an xo_lIs phase defined as:

X0 _Is
NoThDependence(0.0001)
xo 10 | @ 100
peak _type pv

pv_lor 0.5
pv_fwhm 2

pdf _convolute operate s on PDF-type phases only; the xo_Is phase is unaffected . Note the phase de-
pendent use of an emission profile as defined in the NoThDependence macro. Multiple pdf_convo-
lutets can be described at the global, xdd, str and pdf _for_pairs levels. Using pdf _convolute as a de-
pendent of pdf for_pairs is slower than at other levels, so it should be placed outside pdf for _pairs
where possible .

105..7 d5, @ " AE Q@ B~ Bk @ Bdpx P

PDF and 2qg data can be of very different intensities; xdd_sum can be used to modifying the weighing
of these data to give approximately similar weight s to the patterns . For example:

xdd filel.xy
xdd _sum !suml = Abs( Yobs);
weighting = 1 / sumi;

xdd file2.xy
xdd _sum Isum2 = Abs( Yobs);
weighting =1/ sum2;
pdf _data

10.6....0dzEga . OO dgw dze3 3 O

~| &gef 8| 0| gyenBrate s a simulated pattern for ~ | 83 a Which:

> comprises the structure of AIVO4,’A

> 3 types of beq parameter s,’A

> beq is a function of X (ie. X =r) and hence peak width s are a function of X,;’A
> demon strate s the use of pdf_zero,’A

> demon strate s the use of rebin_with _dx_of and rebin _start x_at.’A

113 PDF refinement



PDF refinement 114

10.7....0 dsEdga . OO gl Bgws3 ' ©

~ oangf 8| 0| sgetierates a simulated pattern for ~ | s & A demonstrates the use of
pdf _for_pairs.
10.8....NjO dsd3zRUER:d3v | * diN BRHGBREH. & v

Increasing the x -axis step size of PDF data can speed up refinements (see  ~ | & 3 a)&ep sizes must
be uniform, and the x -axis start must be an integral multiple of the step size. To increase the step
size, rebin the data as follows:

macro Rebin _Step { 0.015 }
rebin _with _dx_of Rebin _Step rebin _start _x_at Rebin _Step

Rebinning is equivalent to collecting the data at a larger step size. All data is retained: total counts

after rebinning equal total counts before rebinning, and the esd's associated with the data are re-
binned accordingly. rebin_start x_at can be usedtoa lign the start of the data with an integral multiple

of the step size. In ~ | & 3 &, p&ameters such as scale are written in terms of the rebinned  step size,
reflecting the change in data scaling caused by rebinning.

10.9... BBV . "AJA BB PP . dix BP ¢

Modify the BB macro so that its empty as in the following

macro BB{ } ' Enter ! to not refine, beq including low angle fwhm sharpening

This results in refinement of four independent beq parameters including the low angle sharpening
parameter of erf_a as seen in the following:

macro Beq(c, v)

{
#m_argu c
If_Prm_Egn_Rpt(c, v, min le-6 max 10 val_on_continue =Rand(.1, 2);)
beq = CeV(c, v) Erf_Approx(erf_a X);

}

The Rwp plot is:

Launch Mode: C:\c\tb\test_examples\pdfibeg-2.inp
30
25

» H
H

10

Rwp (%)

Iteration

This type of convergence is indicative of correct derivative calculation. Convergence for coordinate s,
occupancie s, lattice parameter s and pdf_zero are similar.
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1010.5 BV . ' ' A, A qZe A, IBAZ JAONFPGY dXARPE X ‘A

site® Bcec Zr1ull@ .01 u22 @ .01 u33 @ .01 ul2@0 ul3@0 u23 @0
adps_scale @ 1

ADPs can now be used and refined in PDF refinement. The syntax is similar -to reciprocal space re-
finement where the adps keyword, when used, generates the ADP parameters, for example, the fol-

lowing:
site  Zrl x #y# z #occ Zrl apds

becomes:

site  Zrl x# y# z # occ Zr1ADPs{ ull # u22 # u33 # ul2 # ul3 # u23 #}

This implementation is similar -to PDFgui (Farrow et al., 2007), in which peaks are Gaussian even at
low r. ADPs therefore correct for peak width but not asymmetry. Asymmetry does occur, however,
and becomes noticeable when atomic displacement geometry is extreme.

adps_scale allows fort he scaling of the Uij parameters , it can be a function of X where X corresponds
to the distance between atoms.

prm !deltl 0.75 min le-6 max 5

prm !delt2 0 min le-5 max 1

prm !Qb 0.05 min le-6 max 1

prm aalminl _v =Rand(0.5, 1.5);
adps_scale =2 aa (Abs(1 - deltl /X - delt2 / X*2 + (Qb"2) X"2));

The FWHM of a PDF peak for atom i and jis given by:
FWHM;; = Sqgrt( adp_scalei Ueani + adp_scalej Ucar,)

where U car is Ujj in cartesian coordinates. v is an alternative to val_on_continue .

1012..TW. X. PX. . APOOP, oot " Ax. A gZe¢ A, AZqCAPdV ,

macro ADP_5 and ADP_7 Examples
Seefile®Bq€ qZNj3 aUf . . . o
Ul NUE| R EZq g NiZdj
ZZLER A0Z

In many cases, anisotropic displacement parameters in PDF refinement can be described using 5 or
7 beq-type sites; we call these descriptions ADP_5 and ADP_7. ADP_5 comprises 7 parameters rather
than the usual 6 Uij parameters. These ADP_5 parameters can be transformed into Uij parameters by
fitting Uij parameters to a pattern generated from the ADP_5 parameters. The fit is reasonable given
that the Uij model has only 6 parameters. Some main points when using ADP_5 in PDF refinement:

115 PDF refinement
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Atlow r, asymmetry is difficult to model, but the ADP_n
effort increases, as there are 7 atoms per ADP site; this is offset by the very fast calculation of PDF

PDF refinement

Number of ADP parameters become 7 instead of 6.

Broadening due to ADPs in G(r) is implied.

Asymmetry at low r is implied.

This approach works in Version 7 (albeit slower)

116

approach captures it implicitly. Computational

patterns using beq-type sites. The file Z q € q Z Nj3 &dntains the macros needed to describe ADP_7.

Z 2 £ ademonstrates the ADP_7 approach's ability to describe Uij models in reciprocal space.

It has three modes of operation:

>

CREATE_USING_unns creates a simulated single crystal pattern from normal unn parameters for

one atom. neutron_data is to negate the effects of atomic scattering factors.

FIT_USING_ADPs_5: fits to the simulated pattern using the ADPs

then saves the calculated ADPs -5 pattern created to a file called Njaégs R o6

DETERMINE_unns_FROM_ADPs5: fits normal unn parameters to

ADP_5 sites are described in the ADP_5 macro, and it looks like:

macro ADP_5_0(s, &x0, &y0, &z0, atom, &0, &x1, &y1, &z1, &x2, &y2, &z2, &bo)

{

site

s x =xO0; y =Y0; z =2z0;

local  #m_unique ns = Get(num_posns);

site
site
site
site

}

Two extreme cases have been performed; results for the first case

ram

The

s##_1p x =x0+x1; y =y0+yl;
SH##_2p x =x0+x2; 'y =y0+y2;
s## Im x =x0 -x1; y =y0 -yi;
s##_2m x =x0 -x2; y =y0 -y2;

eters are:

ADPs { 0.39524 0.39690 0.40143

ADPs{ 0.4 04 04

occ atom =0.2 o;

z

z

z

z

=z0+z1;
=z0+z2;
=20 -z1;
=20 -z2;

occ

occ

occ

occ

beq = bo;

atom = 0.2 (ns / Get(hnum_posns)) o;
atom = 0.2 (ns / Get(num_posns)) o;
atom = 0.2 (ns / Get(num_posns)) o;

atom = 0.2 (ns / Get(num_posns)) o;

-0.18277 -0.19009 -0.19268 } 'refined
-0.19

-0.19 -0.19} " original

-5 approach. This refinement

r

Njaegs Ror

beq =bo;
beq =bo;
beq =bo;
beq =bo;

- the refined and original Uij pa-

refined values, from the DETERMINE_unns_FROM_ADPs_5operation, show good agreement with

the original values. The FIT_USING_ADPs_5operation produces a fit that looks like:

600
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400

Counts

200
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ull.1u220.2u330.3ul20.03ul30.02u230.01
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A further extreme example is:

ADPs { 0.39524 0.39690 0.40143 -0.18277 -0.19009 -0.19268 } 'refined
ADPs{ 0.4 04 04 -0.19 -0.19 -0.19} " original

The FIT_USING_ADPs 5 operation produces a fit that looks like:
ull .4 u22 0.4 u33 0.4 ul2 -0.19 u13 -0.19 u23 -0.19
600

500 -

300

L'

AN JJ _ ,J Moy ‘Lr‘.“v‘w‘nu\"J‘LJ\MW‘W'Tl"‘ P‘J'\(V'“I"“’“‘H‘*{‘*‘AW*st"\T?"1’“"‘”‘/%’1?/"\"Wl"ﬂf"‘m'“\“w*‘M"Nv‘ﬂly?*WlW'II“MWWMWF
10 15 20 25 30 35 40 45
2Th Degrees

Counts

10.11.1.1........ Multiatom approach to ADPs 3 fitting to G(r) patterns

This section generates a reciprocal space pattern using Uij parameters, it then generates a G(r) pat-
tern from the simulated data, and fits  to G(r) using either ADP_5 or Uij parameters. A reciprocal space
pattern is then simulated using the fitted ADP_5 parameters, and the loop is completed by fitting Uij
parameters to that reciprocal space pattern. The final Uij parameters should match the original Uij
parameters reasonably well. The control parameters are as follows:

#prm generate_recip_space_pattern = 1;

#prm generate_Gr_created_ from_ sine_transform = 0O;
#prm generate_Gr_calc_using_Uij = 0;

#prm ADP_5 fit to_Gr_calc_using_Uij = 0;

#prm ADPs_fit to_Gr_calc_using_Uij = 0;
#prm ADP_5_fit_to_Gr_created_ from_ sine_transform = 0O;
#prm ADPs_fit_to_Gr_created from_ sine_transform = 0O;
#prm create_recip_ADP_5 _fit_to_Gr_calc_using_Uij = 0;
#prm create_recip_ADP_5_fit_to_Gr_created_ from_ sine_transform = 0O;
#prm Fit_create_recip_ADP_5_fit_to_Gr_calc_using_Uij = 0;
#prm Fit_create_recip_ADP_5_fit_to_Gr_created_ from_ sine_transform = 0O;
macro Append_to_File_Name { 1} 2@ 9FQL@AF? @=J= LG A<=FLA>Q GMLHML
#prm include_resolution_broadening =1;
These need to be executed one at a time, in sequence; they should be self -explanatory. The main

point is that the sine transform pattern created using generate_Gr_created_from_sine_transform ex-
hibits asymmetry, whereas the calculated G(r) created using gen erate_Gr_calc_using_Uij does not.
The former can be considered the "true" G(r) pattern. Also important is that the pattern created using
generate_Gr_created_from_sine_transform is generally better fit using ADP_5 (or ADP_7) than using

Uij parameters ( ADPs_fit_to_Gr_created_from_sine_transform). The reason is that the latter does not
account for asymmetry.
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10.12..Z2 g C'AZ WX Bo@J (AN WP dEXNj.. " U, X B3EBp, .

Zq€ r EANjUS Gf UE§I|r GUafrs0 U scie@®s a simulated pattern for NjUs Gf UENI|r Gg
Uar Us. B®asimulated annealing refinement with all coordinate s starting at zero and with anti-bump
penaltie s using:

Al_Anti _Bump(O* , O* , 2.4, 1, 5)
Al_Anti _Bump(Al¥, O* , 1.6, 1, 5)
Al_Anti _Bump(Al¥, A, 28, 1, 5)

The correct solution is found as seen in the following:

HOYBUARLRVILABO =T

The range of convergence for atomic coordinates is smaller than in reciprocal space, as in normal
Rietveld refinement. This is because, in the PDF case, coordinates change peak positions rather than
peak intensities, and the former has a narrower range of convergence. It may be possible to increase
the range of convergence for the PDF case by increasing the peak widths; this, however, comes at
the expense of resolution and may also result in an even smaller range of convergence.

10.13..5 | ('R .33 ABEEqQ B qpx

Zq€ r Edé a4 E & g Opetafe s on simulated data created by NjUs Gf O€Njl|r GU&IS0 U 3802
demon strate s the use of rigid bodie s with PDF data.

1014.1 t t WOA @gle: AN Y& q @ px

Zqg f T | & BBF~ N f 5T | & E| 3 @gpérdte s on simulated data created by f ¢ | U] 3ltadéron-
strate s the use of occ_merge with PDF data.

10.15.. = W. Y Ad® BVdRpWEVEH ™ Bp° B 3R A WX . Ke OB
Z q @j% & @@mpri ses an option to use beq or pdf _gauss_fwhm . For the beq case we have:
beq = width;
and for pdf _gauss_fwhm we have:
pdf gauss fwhm = Sgrt(width 2 Ln(2) / Pir2);

The above cases are equivalent when all atoms are of the same type.
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11.NjU fa8E& Gr UN;j

[site $name]...
[layer $layer]

[stack $layer]...
[sx E] [sy E] [sz E]
[generate _these $sites]

[generate _name_append $append _to_site_name]

The supercell approach to stacking faults has been implemented. layer identifies a site as belonging
to a layer called $layer; stack applies a stacking vector { sx, sy, sz} to the named layer. Structure
factors are generated in the usual manner, with a shift applied corresponding to the stacking vector.

stack operates in any space group. Sites that do not belong to a layer are treated as un -stacked, and
their structure factors are generated in the usual manner. generate_these generates the sites found
in $sites for the stack , with coordinates reflecting the original $sites positions plus the stacking vector.
generate_name_append appends $append_to_site_name to the generated site. The generated sites
have occupancies set to zero, which signals a dummy site. Dummy sites do not take part in structure
factor calculations, so speed is not affected. The dummy sites allow for graphical display of the layers,

ie.

Importantly , penaltie s can operate on dummy sites which allow for restraints such as Distance _Re-
strain. The following rules govern the behavio ur of sites marked with layer:

A site marked with layer cannot take part in restraints.
A site marked with layer is not displayed graphically.
A site generated using generate these can take part in restraints.

A site not marked with layer can take part in restraints.
For example :

space _group P1

site Ol .. layer A
site 02 .. layer A
stack A
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SX ...
generate _these O1
generate _name_append _1
append _fractional
in _str _format

will output for append _fractional the following :

site  O1 ...
site 02 ...
site 011 .. occ OO

The O] N\jOR T ZrafjlNj f 0 QI EGTr @Njl r & Ua Ushewssthaw to simplify the setting up of layers
with the use of simple macros. Speed of calculation for structure factor s is very fast, and the deriva-
tive s of the stacking vector s { sx, sy, sz } are very fast. The main bottle neck in speed is summing the
peaks to Ycalc. The switch n#define Speednina [ r & Ua Ushows Be&word s that can speed thing s
up in the early stages of determining the stacking vector s.

111....C . X .44 3R ez P UP qpdxMiP . Ae X pf " ¢

A test pattern was generated using the Debye scattering equation. The structure comprised a single
atom in an orthorhombic unit cell with 40 layers (40x40x40 unit cells) in the a -b plane, shifted ac-
cording to {Round(Rand(0,2))/3, Round(Rand(0,2))/3, 0}. Th e blue line below is the generated pattern,
comprising the average of 30 runs of the Debye scattering equation. The red line corresponds to a
Rietveld fit of 6 supercell structures (1x1x40), showing that the supercell approach is a good approx-
imation to th e Debye formula for this example.
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The example NjU f o 8@ EGr g@Nj~ WP | ¥ 3 advkesponds to the Rietveld fit using the layer and
stack keywords. The q| ~ @ r g3 &il@ £orresponds to the same Rietveld fit, but without the layer
and stack keywords; instead, layers are explicitly defined using site in an enlarged unit cell.

There are two time-consuming bottleneck s dealt with:

1) Summing peaks to Ycalc
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2) Calculating structure factor s for the stacked layers

The phase dependent [del_approx #] group s peaks from the peaks buffer whilst summing peaks to
Ycalc ; the peaks are grouped such that their 2Th positions all lie within:

(3del_approx Peak_Calculation _Step) < 2 Th < (del_approx Peak_Calculation _Step)

Once the group is found, only the two peaks with the smallest and largest 2Th are kept. The in -be-
tween peaks have their intensities apportioned to the kept peaks. The peak -buffering routines have
also been optimized for both accuracy and speed. The followi ng points should be noted when working
with large supercells:

> The layer and stack keyword s increa se computational speed and reduce memory usage.

> del_approx increase computation speed at a relatively small cost to accuracy; a value between 1
and 3, dependent on Peak_Calculation _Step, is typically acceptable.

> The graphical display of 10s of 1000s of hkl tick s (there are 51584 hkls in each phase of the q | g
~ 00| V7 3  BEmMe consuming; turning the graphical hkl-ticks option Off is worthwhile.

112....C. X MA@, . A pxas

ND f 0a0EGr &Nl r a Ua (demanBteate s the application of stack and layer:

Sgrt(Counts)

10 20 30 40 50 60 70 80 90 100 110 120 130
2Th Degrees

In this example the stacking vector s are refined in a simulated annealing proce ss.
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11.3...Njx ot "A pWhpx B &3’ BP dixd3= Wd3' A Wzepe d3P €

[generate _stack _sequence s] { Examples
[number _of_sequence s !E] O] DR T2 reNiNj f o &DEST §Nj
[number _of stacks_per_sequence !E] Caf 202
[save_sequence s $file] Cath 20z
[save_sequence s_as_strs $file] Coelb 402
[user_defined_starting_transition $transi- sa| UEES| | & el
tion_name] f&| @Nj 5G| Of | Njp 402

[layers_tol 1#0.5] v5| UEES| U] b O] 3502
[n_avg !E] Cadilesa| VERH| V| & U] q3 402
[num _unique _vx_vy IN] v5| UEES| | & @3 w8 s R0
[match _transition _matrix _stats {...}] NjU seljs e 5 SO RO
[transition $transition_name]...
[use_layer $layer]
[height E]
[nN]
[to $to_transition _name 'E]...
[ta E] [tb E] [tz E]
[a_add E] [b_add E] [z_add E]
}

' Get(generated _c)

Stacking -fault generation and refinement can now be performed at speeds that make routine analysis
possible (Coelho et al.,, 2016). generate_stack_sequences generates sequences of stacks from the
transition matrix described by the  transition keyword. The opening and closing braces of { ... } corre-
spond to a block within which keywords local to generate_stack_sequences can be used; outside the
braces, these keywords cannot be used. After the sequences are generated, Get(generated_c) is up-
dated with the average thickness of the generated sequences and can be used to set the c lattice
parameter.

On termination of refinement, num_unique_vx_vy reports the number of unique { sx, sy} stacking vec-
tor coordinates for all layer types. transition defines a "from" transition with the name $transi-
tion_name; the transition uses the layer defined in  use_layer. to defines the "to" transition; $to_tran-
sition_name must be a defined $transition_name. n returns the number of transitions generated for

the corresponding " to" transition. height can be used instead of the z_add keyword. ta, tb define the
stacking vector's x and y coordinates in terms of the crystallographic a and b axes. a_add, b_add
define the stacking vector's x and y coordinates relative to the previous stacking vector, in terms of

the crystallographic a and b axes. 1tz defines the stacking vector's z coordinate along the crystallo-
graphic c axis, in A. add_z defines the stacking vector's z coordinate along the crystallographic ¢ axis,

in A, relative to the previous stacking vector.

user_defined_starting_transition : if used, stacking begins at the transition named $transition_name ;
otherwise, stacking begins at the transition with the greatest probability according to the probability
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density matrix. layer_tol correspondsto q of Fig. 1 in the paper (Coelho, 2016); it describes the termi-
nation condition when generating the stacking sequence.

11.3.1........... Generating the same stacking sequences each run
seed can be used to seed t he random number generator

seed #number

The same value for #number generates identical sets of stacking sequences ; this is useful when
changes in R wp that exclude stacking -sequence variation is required .

11.32......... The SF_Smooth macro

Stacking faulted calculated pattern s can contain ripple s when peak shapes are small or when there
are too few stacked layers. The SF_Smooth macro, defined in U Z N;j3 smoo6th s these ripple s such
that small supercell s can approximate large supercell s; this increases computation al speed and re-
duce s memory usage. All stacking fault example s use SF_Smooth ; typical usage is:

SF_smooth(@, 1, 1)

The refined parameter adjusts the width of a Gaussian convolution that depends on the hkl and inten-
sity of the reflections. The last argument (the "1") can be used to adjust the tolerance of
peak_buffer_based_on which is used withi n the SF_Smooth macro; the latter is defined as:

peak buffer _based on = idl;
peak buffer _based on_tol = Max(0.01 idl, Peak _Calculation _Step 0.5 s);

Reducing s increases the number of peaks in the peaks buffer and increases the accuracy of the
calculated pattern. s=1is typically sufficient.

11.3.3.......... Fitting to DIFFaX test diamond data

C &4 & Wges generate _stack sequence s to fit data generated from the DIFFaX suite (Treacy, 1991);
the segment that generate s the sequence s are:

generate _stack _sequences {
number _of _sequences Nsegs 200
number _of _stacks _per sequence Nv 200
num uniqgue _vx_vy 6

Transition(1, Ipc)
to 1 = pa; a_add = 2/3; b _add = 1/3; n Inl 349984
to 2 = 1-pa; a_add = 0; b_add = 0; n In2 149781
Transition(2, Ipc)
to 1 = 1-pa; a_add = 0; b_add = 0; n In3 149781
to 2 = pa; a_add = -2/3; b_add = -1/3; n In4 350254

The generated probability parameter pa can be determined using the n values as follow s:
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prm !pa _gen = (nl+n3)/(n1+n2+n3+n4); : 0.699974874

The fit to the DIFFaX data looks like:

Fit-1.INP, Fitting to DIFFaX test diamond data
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11.34......... Stacking faults from layers of different layer heights

Layers of different thickne sses can be accurately modelled . HO3P izt fit to simulated data (C &% a ) Z
for heights from two layers 5 and 6A.

Fit-2.INP, Fitting to test data created with different layer heights
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11.35.......... Rietveld - Generated example

Filesinthe s a | UEdEq dJ| & dir¢ctory can be used to generate s tacking faulted test pattern s, which
can then be refined against.f & | £Nj| 5 G| U#f ph Mjeate s the INP-format stacking sequence s and
place s the result in the file NjO4eSjse8 s 330 RThefile s 8| UEdE] )| ¢ U|camlieZused to create
the test pattern & a| UEdEq] &)| & EB|ogs s 3=R.0This test pattern can be fitted -to using C &lilg
ta| UEdEq @ | & U] pthia INP file uses generate stack sequence s and demon strate s the accu-
racy and speed of the stacking fault averaging procedure. The fit to the Rietveld generated stacking

faulted pattern looks like this:
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Fit-to-Rietveld-Generated.INP
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11.36.......... Refining on layer heights

Layer heights can be refined by refining parameters that are a function of the add_z or height key-
words. The C &Wi3 & ékample refines three height parameters, as well as the z fractional atomic co-
ordinates of the sites comprising the layers. It also lists six types of transitions operating on three
unique layer types; the transitions point to the unique layer types using use_layer. The c lattice pa-
rameter is defined and refined as follows:

prm qq O c = Get(generated _c¢) + 0.0001 qg; : 1828.085117

Get(generated _c) is also used to initialize the z fractional coordinate s:

prm height _SeO01 7.49691
prm 1zSe01 = height _Se0l1 / Get(generated _c);
site Se01 x 05 y 0 z = zSe01; occ Se 1 beq !bval 1 layer cd00O

The fit to the test data looks like:

Fit-3.INP, Refining on stacking vector and structural parameters
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12.5G U E&E|AU r @A

[xdd]...

[mixture _MAC #]

[mixture _density_g_on_cm3 #]

[weight _percent _amorphou s !E]

[elemental _compo sition]

[element _weight _percent $atom $Name #]...

[element _weight percent _known $atom #]...

[prm = Get(sum_smvs)...]

[prm = Get(mixture_MAC) ¢ ]

[prm = Get(mixture_density_g_on_cm3) © ]

[Mixture LAC_1 on_cm(0)]

[str]...
[cell_mass !E] [cell_volume !E] [weight percent !E]

[spiked _phase_measured_weight _percent !E] [corrected _weight _percent !E]

[phase_MAC !E]
[prm = Get(sum_smvs)... ]
[prm = Get(smv)... ]
[prm = Get(sum_smvs_minus_this)... ]
[prm = Get_Element_Weight(atom) ... ]
[Known_Weight_Percent (#)]
[Apply_Brindley_Spherical_R_PD(& R, & PD)]
[Phase LAC_1 on_cm(#)]
[Phase_LAC_Egn_1 on_cnj
[Phase_LAC_1_on_cm(u)
[Phase_Density_g on_cm3(#)]

Examplesin 0] NjOR TZrgg & OU

121.....NjW. . pPe A, VAS W' x Adza p. ©. d3¢

5G (k83 a Uz showsthe use of element weight percent known etc.

5G W93 a Uz usesthe Known Weight Percent macro

5G (W3 a Uz uses elemental constraint using Get_Element Weight
5G kW3 a Uz uses Known Weight Percent on a hkl_Is phase.
5G W3 a Uz usesa dummy str to describe an amorphous phase

5G (k@3 a Uz usesa hkl _Is phase; links a dummy _str to the hkl_Is phase.

5G ks a U2 usesa fit_obj that is a function of a user_y object to describe a phase; links a
dummy _str to a fit_obj to get QUANT info.
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The QUANT implementation is largely written using the TOPAS symbolic system. Dependencies are
determined automatically, and unnecessary calculations kept to a minimum. 5G (Y3 aus&s many
of the above keywords, and additionally writes equivalent terms in the form of equations, for example:

prm 100 Get(smv) / Get(sum _smvs); : 0 2 This is weight _percent

prm q = spiked _phase _measured _weight _percent /

spiked _phase _measured _weight _percent _wt; : O
prm = g Get( weight _percent ); : O a This is corrected _weight _percent
prm = 100 (1 - qg); : O a This is weight _percent _amorphous

122...] . &3 BNBP. DEPT K. X e X Po. " X

If an elemental weight percent is known, and three phases of the mixture comprised this known ele-
ment, then Get_Element_Weight could be used to get the weight of the element as a function of the
structure, i.e.

str ..
prm z1 = Get_Element _Weight(Zr);
MVW(m1 0, !v1 0,0)

str ...
scale s2 0.001
prm z2 = Get_Element _Weight(Zr);
MVW(, 'v2 0,0)

str ..
scale s3 0.001
prm z3 = Get_Element _Weight(Zr);
MVW(0, 'v3 0,0)

Rearranging the formulae for element weight percent, the scale parameter of one of the phases, say
the first one, can be written as:

scale = (0.01 known_Zr Get(sum _smvs_minus _this) - s2 v2 z2 - s3 v3 z3)
/ (v1 (z1 - 0.01 known_Zr ml));

Get(sum_smvs_minus_this) returns the sum of SMVs minus  SMV of the current phase. 5 G W3 & UZ
demonstrates this constraint with good convergence; it comprises four phases, three of which com-

prise Zr atoms. 5 G (k83 a temonstrates constraining a weight percent to a known value using the

macro:

macro Known_Weight _Percent(&  w)

{

scale = (w / (100 - w)) Get(sum _smvs_minus _this) / (Get(cell _mass) Get(cell _volume));
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123.....] , &3 BAX PO, ¢ AX A dse X Pp, " X¢

The xdd dependent elemental_compo sition report s on the elemental compo sition of atoms within the
structure s of the xdd, for example :

a Before refinement a After refinement
xdd ... xdd ...
elemental _composition elemental _composition
{
Rietveld
AL 0.875° _0.021
O 26.135° _0.009
SI 0.090° _0.003
% 6.289° _0.012
ZR 66.612° _0.029
}

The xdd dependent elemental weight percent returns the weight percent of an element within the
corre sponding strts of the xdd. Example "Asage”

a Before refinement a After refinement

penalties _weighting _K1 0.1 penalties _weighting _K1 0.1

xdd ... xdd ...
element _weight _percent Zr+4 zr O element _weight _percent Zr+4 zr 65.027
restraint = (zr - 65); : 0 restraint = (zr - 65); : 0.027525

In this example, zr is the name given to the element Zr+4, the restraint shows a known value of 65
(set for example by XRF results). The refinement obeys the restraint according to the value set for
penaltie s_weighting _K1 A weight percent can be restrained using:

xdd ...
penalties _weighting _K1 0.2
restraint = (Cubic _Zirconia _wt_percent - 36); : O
str ...
MVW(0,0, !Cubic _Zirconia _wt_percent 0)

Note the name !Cubic_Zirconia_wt_© d3P t dghich tis given to weight percent .

12.4 ... . POTPWeRR. O & x..'

If spiked _phase_measured weight percent is defined , elemental _compo sition will report on Rietveld
values, Corrected values, and values from the original un-spiked sample. If element_weight per-
cent_known keyword s are defined , then elemental compo sition will additionally report on the ele-
mental content s of the amorphou s phase, for example, from 5 G 3 & WE have:

elemental _composition
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{
Rietveld Corrected Original Other

AL 1.176° _0.042 1.059° _0.000 0.000° _0.000 0.000° _0.000
(0] 26.271° _0.017 23.640° _0.832 23.162° 0.849 0.838° _0.849
Sl 0.104° _0.004 0.094° _0.005 0.096° _0.005 0.000° _0.000
Y 6.182° _0.013 5.563° _0.204 5.676° _0.209 0.000° _0.000
ZR 66.267° _0.055 59.631° _2.185 60.847° _2.229 2.153° _2.229
Other 0.000° _0.000 10.015° _3.224 10.219° _3.290 7.228 _0.212

}

The "Rietveld" and "Corrected" columns correspond to elemental weight percents as determined for

the spiked phase; the "Original” and "Other" columns correspond to elemental weight percents of the
original phase. The "Rietveld", "Corrected", and "Original” columns sum to 100%. The last row of the
"Corrected" column (purple number) corresponds to Get( weight_percent_amorphous ). The last row
of the "Other" column (red number) is the amount of sample that is undefined; it is the number in
green minus the elements of the "Other" column. Note the zeros for Al (blue number); this is because

the spiked phase (dummy test data) is the  only phase containing Al.

125...Ge  HA W. B X& p®$G dse [ Pp R dP O7A We x &5 X

If it is known that the amorphou s content (purple number) in the above table compri ses a known
compo sition, say TiO, then a dummy _str can be used to describe the amorphou s content , thus:

dummy str
phase name "Amorphous"
a5b5cb5
space _group 1
site Ti occ Ti 1
site O occ O 2
Known_Weight _Percent(10.0148)
MVW(0, 0 ,0)

dummy_str's that are void of MVW take no part in quantitative analysis. However, if its lattice param-
eters and chemistry correspond to a real structure, then Mixture_LAC_1 on_cm and phase_LAC can
be correctly calculated. When using the Brindley correction, these changed values will affect the
guantitative results. The space group entry can differ from P1, so long as the chemistry is correct.
Inclusion of the dummy_str produces:

elemental _composition

{

Rietveld Corrected Original
AL 1.059° _0.038 1.059° _0.000 0.000° _0.000
(6} 27.652° _0.015 27.652° _0.975 27.256° _0.995
SI 0.094° _0.003 0.094° _0.005 0.096° _0.005
Tl 6.002° _0.000 6.002° _0.215 6.125° _0.219
Y 5.563° _0.012 5.563° _0.204 5.676° _0.209
ZR 59.631° _0.050 59.631° _2.185 60.847" _2.229
Other 0.000° _0.000 0.000° _3.583 0.000° _3.656
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Note that the !Ox ~ dgivt become s zero as the amorphou s content is now assigned to the dummy _str.
The change s in mixture values are:

Without dummy _str:

Mixture _LAC 1 _on_cm( 557.47740° _0.58665)
mixture _density _g_on_cm3 5.26713308° _0.00292681843

With dummy _str:

Mixture _LAC 1_on_cm( 608.85143" _0.76954)
mixture _density _g_on_cm3 5.86601008° _0.00407998952

If XRF results were entered for element_weight _percent _known , for example:

element _weight _percent _known Zr 63
element _weight _percent _known O 24

then we get:

elemental _composition

{
Rietveld Corrected Original Other
AL 1.059° _0.038 1.059° _0.000 0.000° _0.000 0.000° _0.000
o 27.652° _0.015 27.652° _0.975 27.256° _0.995 -3.256° _0.995
SI 0.094° _0.003 0.094° _0.005 0.096° _0.005 0.000° _0.000
Tl 6.002° _0.000 6.002° _0.215 6.125° _0.219 0.000° _0.000
Y 5.563° _0.012 5.563" _0.204 5.676° _0.209 0.000° _0.000
ZR 59.631° _0.050 59.631° _2.185 60.847° _2.229 2.153° _2.229
Other 0.000° _0.000 0.000° _3.583 0.000° _3.656 1.103° _0.431
}

The negative elemental weight percent for O in the amorphous content reflects the fact that the meas-
ured XRF value for O is lower than the refine d value (this example is for testing purposes; the XRF
values here are fictitious).

126....5 Wop'e . ABERA R x " AzPEe XA e dze

dummy_str's can be used to represent the quantitative results arising from non -str phases. For ex-
ample, consider a phase where the structure is unknown , but the chemistry is known. If a calibration
constant has been determined relatingthe  hkl_Is intensities to the scale parameter of the hkl_Is phase,
a dummy_str can be written as follows (see 5 G (kW3 a)0Z

dummy str
phase _name "Linked Cubic Zirconia"
Cubic(5.137866)
space _group F_ M-3_M
site Zr x O y 0 z 0 occ Zr 0.85
occ Y 015
ste O x 025 y 025 z 0.25 occ O 0.96
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scale = hkl _scale;
Phase _LAC 1_on_cm(0)
Phase _Density _g_on_cm3(0)
MVW(, 0 ,0)

Note, in this case, a space group has been entered with structural parameters resembling a known
structure; this could, for example, occur where the structure is known in an ordered state, but the
diffraction pattern comprises a disordered state. In other cases, the P1 space group may suffice, with
site occupancies corresponding to the appropriate chemistry. The dummy_str is linked to the hkl_lIs
phase by assigning the scale parameter of the dummy_str to the scale parameter of the hkl_Is phase.
5G O3 aidgmilar, exceptthata fit_obj islinkedto a dummy_str . Graphically, the linked dummy_str
is plotted with the calculated pattern of the hkl_Is phase or fit_obj; forexample, 5 G (k)3 apraduces:

QUANT-7.INP
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Here, the blue line corre sponds to the dummy _str, which plots the calculated pattern of the linked
fit_obj, which in turn comprises a user_y object. The weight percent value determined by the

dummy _str is also displayed.

12.7.....] ax R’ xaqp’ 3AR)g” . 3

The method of OtConnor and Raven (1988) has been implemented in both GUI and Launch modes
using the macros (see U| NfOR T Zreds®j f U):%

macro K_Factor _MACK(mac, k, tot) {
move_to xdd
local 'k factor _mac local _ mac
local 'k factor _k_local _ k
local 'k _factor _sum wps_

1l
o
=
S

=3
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macro K_Factor _WP(result) {
local k_factor _wp_ = 1.6605402 Get(smv) k_factor _mac local _
| k_factor _k_local _; : result
if  Prm_There(k _factor _sum wps_) {
existing _prm k_factor _sum wps_ += k_factor _wp_;

128..5G Ulde U_eP 3

well_mass ¢ déeell_volume ¢ d&veight percent ¢ dA
wpiked _phase_measured _weight _percent 'j d&corrected _weight _percent "4 d

cell_masszcell_volume &p’ Aeight percent’ A, PePd3 AgA ~ WAL A op X, . WABAl d3. 'A™ X

O 3Pt @hikeds phase_measured weight _percent Adz3Vv A (A3, /O dyP t ARWRO . * AR3IizA
FEBEBR G BRdA B3O A7 Fueshh)_percent _amorphou s A d3x 3P#p. . BOEN d) ‘O dyP g

[ a3 A 3P B api® dRid/xEdp. . . A3’ XApikéd phase_measured _weight percent 3Aor-

rected _weight _percent &% ~Aizl3, /DdxPt MY BBR, 3 B POEA . W XA BP_.A ° &3
R &veight percent amorphou s3&° & o5, "A"Pxgpt &» A agfh A o, t WAsdy &zF . Y

v U~ iz R PO a3
B ) S BN T B g
NibA, di3x BB & dpt K. @ afgiis
TobE A @ 8P e
EHE AXEX. ., WK .0 agihs
MARAAP T dReP B X agin®

0" 8P ' 3. dBoP SRR W' { R Ryindiey spherical_r_omapy’ & TS ey’ B . a XAUP'dsoP
PR P OYA .. GV V¢ TASPXA ERPARK WR'W [ KA Briase MACT Aixiure MACTR dsg
cO L X ARG, o

MENW tAVET &g T f | axdfrindley spherical r cm
r bawA DA ABEHPP OXA .. BV vV AR "BIHHES pt ' B dE, pS
T f axwhs '~ WBROPP OXA .. &3V VvV A% “BE xa X*Bepds’ K dE, pS

U eA op' et A Wt A K TAISdS. AT PXpt S8 A R s’ X el AR P YARRdS K s
t oo "R . YaB3p, e XAlirRgg= WessAxx®R , YABY P Heap, ', €A@' A X BP @) . Y BAOP,

amixture _density_g on_cm3'4& d

foo, | WADREEE. SASK “AL a XABRUS A0 (L . SASSAHE, Aixture MACS
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amixture _MAC'A d

fop, 1 URADE #pr. P OXA . 3V Vv AA_EAXHN . a xagRds, ¢ 4

0

47 R Brauiex TAd3, AP 1A Rhase MACA W7 apfiR g9 i3t X . MR ARPARENE
©. Pjadsahase MACAp' Anixiure MACSAS dy . ., ‘AHa ¢ @ g5 t W.OMzidkr % . a XAUP ds
- @ S#prR POXA . BVVEL ., & X

xdd ...
mixture _MACO
str ...
phase _MACO

U & ot &Mixture LAC 1 on_cm#Fhase LAC 1 on_cm,Ap “Ahase Density g on_ cm3%4 . t We
. OEACSAB, a XA PSS A | ABRPP O XA . &3V V eR VAR gt T A dE. JAckitp’ 7 apiA
30, feMBap O, &

xdd ...
Mixture _LAC 1 _on_cm(0)
str ...
Phase Density _g_on_cm3(0)
Phase _LAC 1_on_cm(0)

| P PeAR AP ediE W' RADRAESGA @, t W AMK ymes P OXA .. &V Vv g4 R x5 & PERANTA
attp://phy sics.nist.gov/ PhysRefData/ XrayMassCoef Ap PAE 33X A . t WniduxedMACAp' A
phase_MAC3A

hase MAC'H d

fop, t UEAoialise Spr, P OXA . 3V VvV AtA 68 X . AP ABWP PER g Misdy df P . OX AP’
mixture _MACS3

wveight _percent _amorphou s'4 d

qdsx BP_eX g . POEA W XABARED. O A" apfy 3O ds Feskey phase meas-
ured_weight _percent /A dscB% R &g 5V 3 33
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13.T EU|a0nNjUs Gf UBY|IEDT]| UU

[str]...

[mag_only for_mag_sites]

[mag_space _group $symbol]

[site]...
[mix E] [mly E] [miz E] [mg E]
[mag_only]
' Site dependent macro s
MM _CrystalAxis_Display (mxc, myc, mzc)
MM _CrystalAxis_Refine (mxc, mxv, myc, myv, mzc, mzv, mix_v, mly v, mlz_v)
MM _Carte sian_Display (mxc, myc, mzc)
MM _Carte sian_Refine (mxc, mxv, myc, myv, mzc, mzv, mix_v, mly_v, mlz_v)

Examples

U] NOE| R RZr | Nj
T BE33aU0Z
T B Or03a0z
T Es3aUz
T Er TUIwET EUO| Uafsalz
[ ff]| E| 3402

U] NUE| R ERTr& N3
Clwf3soengZZEQETI Uloyralsaulz
C|lwf3oengTZEDEI s 0UR3 802
C|lwf3soseng7ZEDEUsa06ravsalz

U] NJUE| R EERr&iNjRU| E UNj

Nl | ECAUEf f3fEUICGrrzZsI CTIUIEs=S3alz
Nil | ECAU0Ef f3fEQUlN 25l $ ORI Es53 402

Njl | ECAUEZSEUN CGrr 281 cUsafEss3alz

o¢ o 3¢

¢

Thanks to Branton Campbell and John Evans for expert assistance during the implementation of mag-
netic structure refinement. Magnetic refinement isimplemented using the keyword s mix, mly, miz, mg
and mag_space _group . See examples in the O| NHJR T Z re] NEdirectory as well as the tutorial by
John Evans at:

TXXO aaUUYHUs zWPs gt 3 W a' . " I BY@ eax. Ope EY, P’ e Oax Wx.

The Magnetic intensity is given by (Fdenote s conjugate gradient) :
Magnetic intensity =C o: t O&@ Q@p: { OBP|G@Fm: { OfP O
C @ [ OBROP: t(C P:AS™ @B~ ®X

Orinwords, C o: t ©dsPt@ component of the magnetic vector in the direction perpendicular to
the scattering vector 5, where:

S=(H*"
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57 oA |

r is the Cartesian lattice parameter s in 3x3 matrix form
~ is the Miller indice s in vector form
* denote s matrix multiplication

Super script “*denote s matrix inver se

Super script Tdenote s matrix transpose

(r9" = reciprocal lattice parameter s

C o: interms of the Cartesian lattice parameter s is:’A
C ® Er*c o:
C op:for the plane ™ for a single site is:'A
C =K "i*. ) BExp(2XiU)
where the summation is over the equivalent positions jand:

U="%a+" XA

a’A’Ax,y, z} = site fractional coordinate s

- AAmlx, mly, mlz } = magnetic moment

§; = rotation part of space group operator

X = translational part of space group operator

d; = sj determinant( &;) = s; det(b))

N = sjdet(s)) b= magnetic transformation matrix
The file MAGDATA.DAT (a GSAS file | permission for use granted by Robert Von Dreele, author of
GSAS) comprises data for calculating magnetic form factors. The Lande splitting factor can be refined
using the site -dependent parameter mg; defaults for mg are obtained from MAGDATA.DAT. Shubni-
kov groups are obtained from the file shubnikovgroups.txt. When mag_only is defined, the non -mag-
netic component to intensity , for the site in question , is ignored. When mag_only for_mag_sites is

defined, the non -magnetic component to intensity for all magnetic sites for the str in question is ig-
nored.

13.L....Tp: " BRBY . dNgP’'x.,’ . eaqdzaf 3O . . ¢
The following two messages:

> Warning: Magnetic moment mix of site Fe has no contribution to Fmag

> Magnetic moment mix of site Fe cannot be refined as it has no derivative
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arise when, for each group of equivalent positions of a special position, the first row of the matrix
K™i*. is zero where the j's sum over the equivalent positions of a special position group. Similar
messages for mly and mlz are given. Note, even though mix, mly, mlz may not be refined , the wa rning
in (1)is still given , depending on associated constraints. Refinement terminate s in the case of message

(2) when mix is being refined.

132...9, ¢ ©, {@ep:"’ d. .t & X ¢

Magnetic moments (Occupancy ~j* ) are displayed graphically when view _structure is defined. In
cases where the atom balls mask the display of the magnetic moment arrows, the "Atom size" can be

varied, as shown in the following:

AT TR I Y T S
option
Feispective S
Ao size )
Bond distence | |

P

[~ Transparency [+ Unit call lines
Mumber of unit cells in o, b, and c directions
3 4 B 4k
Fesst || Load Datailts || S as Detaults

| Fiolation dialog Transistion dislog

13.3...) g3t . . ©. % . PA, BPO B3

When using magnetic space group s, equivalent positions for group s other than 11are written interms
of other equivalent positions.

Let C;= cos(U)),
S; = sin(U))
Exp(iU) =Cj+iS;= Euler's formulae
For two equivalent positions of a special position, we have:
Ui=U=U
C 1+ C x> =sidet(by) 1. Exp(i U) + sz2det(b2) b2 Exp(i U)
= (sidet(51) 51+ s2det(b2) $2) . Exp(i U)
=t. Exp(iU)
t is independent of a.’MNote, a particular special position could have many equivalent positions.

If for two equivalent positions 1= -%;and x = -x then:

Ui=-U=U
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C i+t C 2= sidet(b) s . Exp(i U) + s2det(-%) (-%). Exp(-iU)
Now, det(b) & = det(-8) (-b)

or, C 1t C ao=det(d) s (siExp(i U) + sz Exp(-i U))
For s1= sz, C 1+ C ma2=sidet(b)s. 2C

For s1= -sg, C i1t C ma=sidet(8)s . (21 9)

If for two equivalent positions "Bi= %2, then:
C a1t C mae=sidet(b)s . Exp(i~.% a) Exp(i ™ .x) +
sadet($)s . Exp(i 7.5 a) Exp(i ~ )
=det(b) s . (s1BExp(i 7 .x) + s2 Exp(i " .e)) Exp(i 7.4 a)
=t Exp(i ~. % a)

t isindependent of a and is calculated only once. Many &'s can be the same for a particular space
group with only the ¥'s changing.

Calculating C and S:
Exp(i (" .5a+".%)=Exp(i~ . a&Exp(i~AY)
Exp(i ~ "A)) is constant for a particular ~ and is calculated only once.
Only unique Exp(i ~ . % a) are calculated.

Trigonometric recurrence is used to calculate sines and cosines resulting in three cosine and
three sine operation s per unique equivalent r. In other word s, expensive sines and cosines are
not calculated for each h.
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14. 58 EAG & Nj

[rigid]...
[point_for_site $site [ux | ua E] [uy | ub E] [uz | uc E] ]...
[in_carte sian] [in_FC]
[z_matrix atom_1[atom _2 E] [atom _3 E] [atom _4 E] ]...
[rotate E[gx | ga E] [qy | gb E] [gz | qc E] ]...
[operate _on_points $sites]
[in_carte sian] [in_FC]
[translate [tx | ta E] [ty | tb E] [tz | tc E] ]...
[operate _on point s $sites]
[in_cartesian ] [in_FC]
[rand _xyz !E]

[start_values_from _site $unique _site_name]

S, i3x AdEQ@AReX P RN . { XA B3V .7 0§ ol X @B’R . R 33e3MWid bodies comprise
points in space defined using’A_matrix “ar point_for_site Reyword s or both simultaneou sly. Operations
can be performed on these points using rotate "and’&anslate3A, : 'R 3 32O BP A .1." W3 &

> UPge qox&R R, Zre®pRER . R ZARS
> 5 X YR R, Be® R R . R, ZpP. WS A X 3
> 5 X YR R, B R IR . R, P, URAZ A3

uaZbZAcz ez ZicZNazAbZac e’ 4 " RRPP . iy MRRatrix Bp PARR i3V | SmP qu ok "RPR A
t. . @B® PP @, ) oBP ¢ AU Biinanax3A™ & . P i3fAxa. ERe ' Xe®., 'R, 35MBa @, EA A
FS E 6% e300 atik epdph o) . sUMBZA . 3. W BR AR : £33 3 . A WTARGEA

rigid’d dsv ¢4 "das g RIR . A Fkoint_for_site’d dsv 485 AHO ptA APy R, . P3 EA px
. YASK TRIDP (. TP UZIEP (I X A5 WD, Y b gt o sV MpcsgAaRbRy AcsAe. b

X TAleA T B X ABint_for_site® dsEB3UsYA_matrix A 3V 4@ AR piAls T . P 3 A pYARA

G, px &, @ Am¥. . €. U

> |A@ ARBAP AB=WpX .. 2At. exXx@® XA PAPAO@PP @ KX BPA ¢ &BAY, X~

> @x.BAs Okt . v, de Ax " &3B px BARA@X AY X BREBBP e 5 X € 3
> U dspv x 3P EBGve. OBt . v, dse AXTAISINGY d3ds o om A3 ESEXABX A, We X Adsa, e X A,V

®X .BBA, e AOP &3t 33 ©33 AR e Apx A, i3pe X A, © BAO, " X3
> U dg"After atom _3 specifies the angle in degrees between atom 3, atom _2 and atom _13 "A qplv ‘A
- We X Adsa | eEX A, &A@ 3L d33 di33 AR e Apx A, Bpe X AXx 4., AO, ' Xx¢e3

> U dgpx .2 Ae Odst . v, e AX " A3 . T B3P, Ag 1, A’ A3 BER dsdse AR d3x Y dsd

PX.BepXx . BEAQ 3AX"~ BAO, @ GRypxPEvpx MBS dAPK Ag [, BA, £ AZP U’ Ale

P X" @ 3APW, gAY, X~ AX " @3AX " W BVAX. AR .AGERA. TWe X TAdBAZ £ R WA
®X.E5A, e AOP Bt B33 i33 AR e ApX A, dBBpe X AX ™ Pd3dggAe | x @se ‘A, V'AX™ &AP, 1 | 37
> ¥APERA. e AXT @AV, PexAG, 7 XA VAXTHRAR BE . ppARPHRRRARE BARI KA, & A
et " 3AO, .7 XA VAXT BAP., 1 3AR. 3 e qpa, dgf @ xxde. . e R Pt “dIB=BAA AX
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|A., PPdie ©, " AAAcEHAl 85A" qiv /A, € AX ™ iBAX "~ . P3RO .3 e"AKA & Y X BAR A
O, mf di33 Age’ ABY “quls AlzE

rotate A X &ifyoids_for_site'eAp”Ap. . Whmiy d3v R &53 Algate ApP UK “PBd3t ¥ dfV R 653 Al
f Py gl a3t $x*By#8z3A @Y a3t . qfA Ex BRI BV AR Pt XA .. [ R3 e MEpXAEADA
' Ac3kanslate® 3P VA Pap’ XA Woint _for sitelepp. . WA KPPy g . . P 3 eA3pAB,
X AR sE dp . WA AEX G3pIA BBV AR mf XA ... RIE e Botate B B
translate’® e A3 d3v @ W Pgp R ® P d3Ye, A UWgVv . ‘Aodgzfor_sitele3A

. X BPT aOdEREpe . T £ At @ AR BAR . XAk X Bdiie oA painksdggetate _on_points'A
- WXR i3VA® P d3Ye, ZUkV otz for siteleRedsdidst x 18.IA M5 g P OKA, WA IR K. Ve
€, xdmnd it can refer to many sites at once by enclosing the site names in quotes and using the wild
t PP 3 At~ Pt x BPAl Fv A PAx "~ d&3A’ dz18cf)xfor exaridte” P pt x B3P Al ¢ L Ap £ dBA3Ae

operate_on_points "Si* O* 102"

‘A_cartesian, B_FCA R RERIKX A, : "Ap,. P3 eRERSARPP K igA W P oot XApx . . #.t. P3. &

T PR ABE® d3t x A tzdskantinue _after _convergence AeR d3V | Fhalgg xyz O P, ¢ dgApPAR . XA px 033
PV XABP Y B3P B 1 H)AR . Wtz 340, ot BAR TP o’ ook Bt XA .. R e RxEEXE

tzdX ~ 4pPAS 3 B30 BOIEB qx EATBR, IAK TABP 3K O, Pt Brd | XYAZEX “ABWP PAB X
temperature A W. x 08X 3883 pt BAG B BEO. pt BB AgAtart_values from site’ A’ | X . M. §
. X A, eBdFoACN | BT PR3 3 o; eljdp’ AP K TAleA oo 3B W EWEBdp. o33

141....CP ot X /A pPay difp’, B px M. a P3 . @) &3¢

S, R33N PR &, P WRIDX &P ot XA RpRy g . . P 3 eIATPRE AR dR AN X TBeldx
3P, e®PR &, P WAmK d33e . M

prm a 1.3 min 1.2 max 1.4

rigid
point _for _site C1 ux = a Sqgrt(3) 5 uy = a .5
point _for _site C2 ux = a Sqgrt(3) 5 uy = -a .5
point _for _site C3 ux = -a Sqgrt(3) 5, uy = a .5
point _for _site C4 ux = -a Sqrt(3) .5, uy = -a .5
point _for _site C5 uy = a;
point _for _site C6 uy = -a;
Rotate _about _axies(@ 0, @O0, @O0) @ rotate previously defined  points
Translate(@ 0.1, @0.2, @0.3) a translate previously defined  points

U & ik YAX (X e, X 4pX @& Pp’ ok OB, R Z3AmAN T A @5 Ple. WA . O, AAB3
R AN, P W APHKD R, . O, Baphxd® R X A REBEAE X pigdp k3ex  Ax P WL sAYP o
W, APt XARDRE @R, . P3 A RXRRUL K BIBDB emR¥K P A BXPP.  PALAPP 4 g
R B R @ W XAl W dsEE RSt X 0R MR . TR, gABa O, A{dsVxe A SRS R 5EA

X BRAR ., TIgE /TR eIMMAG o dR dikX e ©, WP &Y Mpx BHA W, Apx  eXIA

@ K2k, ¢ M

139 Rigid bodies



Rigid bodies 140

str ...
site X1 .. occ CO

site X2 .. occ CO
rigid
load z_matrix {
X1
X2 X1 10

Ci1 X2 13 X1 90

C2 X2 13 X1 90 C1 60
C3 X2 13 X1 90 C2 60
C4 X2 13 X1 90 C3 60
C5 X2 13 X1 90 C4 60
C6 X2 13 X1 90 C5 60

Atoms with occupancie s fixed to zero are dummy atoms and do not take part in structure factor cal-
culation s. Importantly , however , dummy atoms take part in penaltie s. The mixing of Aocint _for_site’and’A
z_matrix ‘Keyword s is possible as follow s:

rigid
point _for _site X1
load z_matrix {
X2 X1 1.0
Cl1 X2 13 X1 90 ..

G, o) ® oo op_ rsfgxedike any other parameter; they can be equation s and parameter attribute s can
be assigned. For ea qp. @K WA, 'Agex o ' R B i3V ez, €. Y

rigid

point _for _site X1

load z_matrix {
X2 X1 1.0
Cl X2 clc2 13 min 1.2 max 1.4 X1 90
C2 X2 = clcz; X1 90 C1 60
C3 X2 = clcz; X1 90 C2 60
C4 X2 = clcz; X1 90 C3 60
C5 X2 = clcz; X1 90 C4 60
C6 X2 = clcz; X1 90 C5 60
}

U eepr , ‘& Ax éx P &’ o B .o oo, alifh SPE= WopxAp, | eAUAPP dftnx dsa . R.. Fa/ms SA &3
P& ox R, a’gds ®xpP . X t§P 3 AR BAK BB &5 AEP P5ds OPP (. ok "BBP BR e
X AR GPHp. G¥gds e, T X PAPARIEBAN T @SR, T Yg s “EiBa O SUKABZ ' A idgA
VW R KA Ak t WO gpEsE W iR.d3 o VAR TR ek Wt R R TAB AR t WO e
OmP . @xogRs . P W, ) B33
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142...UP @ ¢ "MWpRR_ A 33 €

Once a starting rigid body model is defined , further Aotate Ap’ gdAslate "Atatement s can be included
to repre sent deviation s from the starting model. For example, if the Cland C2 atoms are expected to
shift by up to 0.1A, and as a unit then the following could be used:

rigid

load z_matrix {
X1
X2 X1 10
Cl X2 13 X1 90
C2 X2 13 X1 90 C1 60
C3 X2 13 X1 90 C2 60
C4 X2 13 X1 90 C3 60
C5 X2 13 X1 90 C4 60
Cc6 X2 13 X1 90 C5 60

}

translate

tx @0 min -0.1 max 0.1
ty @0 min -0.1 max 0.1
tz @0 min -0.1 max 0.1
operate _on_points "Cl1 C2"

where the additional statement s are in purple . The Cartesian coordinate repre sentation allows an ad-
ditional means of shifting the Cland C2 atoms by refining on the Ax#AyAnd Az Aoordinate s directly ,
or,’A

prm a 1.3 min 1.2 max 1.4
prm t1 0 min -0.1 max 0.1
prm t2 0 min -0.1 max 0.1
prm t3 0 min -0.1 max 0.1
rigid
point _for _site C1 ux
point _for _site C2 ux

a 05 +t2; uz = t3;
-a 05 +t2; uz = t3;

a Sqrt(3) 05 + tl; uy
a Sqrt(3) 05 + tl1; uy

point _for _site C3 ux =-a Sgrt(3) 0.5; uy = a 0.5;
point _for _site C4 ux =-a Sgrt(3) 0.5; uy = -a 0.5;
point _for _site C5 uy = a;
point _for _site C6 uy = -a;

143...5 . X PO.QRAMIR . 'R, 33pP . UKE | X

Many situation s require the rotation of part of a rigid body around a point. An octahedra (Fig. 14-1),
for example , typically rotate s around the central atom with three degree s of freedom. To implement
such a rotation require s setting the origin at the central atom before rotation and then resetting the
origin after rotation. This is achieved using theAranslate_point_amount Anacro as follow s:

prm r 2 min 1.8 max 2.2
rigid
point _for _site AO
point _for _site Al ux

1l
o

point _for _site A2 ux = -r;
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point _for _site A3 uy = r;
point _for _site A4 uy = -1;

point _for _site A5 uz = r;
point _for _site A6 uz = -r;
Translate _point _amount(AO, -) operate _on_points "A* IAQ"

rotate @O0 ga 1 operate _on_points "A* IAQ0"
rotate @O0 gb 1 operate _on_points "A* IAQ0"
rotate @O0 gc 1 operate _on_points "A* IAQ0"
Translate _point _amount(AO, +) operate _on_points "A* [AQ"

The'Aoint_for_site’Aeyword s’&ould just as well be’&_matrix Aeyword s with the appropriate Z-matrix
parameter s. The first/Aranslate_point_amount ‘Atatement translates the specified points (Alto A6) an
amount equivalent to the negative position of AO. This sets the origin for these points to AO. The
second resets the origin back to AO. If the A0 atom happens to be at Cartesian (0, 0, 0) then there
would be no need for the Aranslate_point _amount ‘Atatement s.’A

C. AEANA 3 B YWAZIBRP, X P BIP, T3

QUP X B e P xApPkBe ¢ RR @ di3v A K 1V V BR @3l eX BX Y BEABE YPYDA B
e3, Bt UWhdaRP. 38 Ba . O TRE . AHpt Bdlg P eRpAPXxT . PTR_@eRp. . 37

macro Orthorhombic _Bipyramide(sO, sl, s2, s3, s4, s5 s6, rl, r2) {

point _for _site sO

point _for _site sl ux rl
point _for _site s2 ux |rl
point _for _site s3 uy rl
point _for _site s4 uy |rl
point _for _site s5 uz r2
point _for _site s6 uz |r2

U  X&REABHE . vV BREE R BN . RBRK TA et W, WA P ARk UA (pPp” B33 P, * 3

144...5 . X PO.QRAMIR . 'R 3P, UKA3 ' &3

Instead of explicitly entering fractional or Cartesian coordinates , rigid bodie s can be created using the A
rotate And &an slate keyword s. For example , two connected Benzene rings, a schematic without Hy-
drogen s is shown in Fig. 14-2, can be formulated as follow s:’A

prm r 1.3 min 1.2 max 1.4

142 Rigid bodies



U 6®. AN &t . R3 AR B, X GRREIUR TR A B BIAGKASN ., KTAE L 4.

ty =r Sin(60 Deg);

rigid
point _for _site Cl ux =r;
load point _for _site ux rotate
C2=r; 60 1 C2
C3 =r; 120 1 C3
C4 =r; 180 1 C4
C5 =r; 240 1 C5
C6 =r; 300 1 C6
}
point _for _site C7 ux =r1;
load point _for _site ux rotate
C8 =r; 60 1 C8
C9 =r; 120 1 C9
C10 =r; 300 1 C10
}
translate tx =15
operate _on_points

Rotate _about _points(@

Rigid bodies

gz operate _on_points {

gz operate _on_points {

"C7 C8 C9 C10"

50 min -60 max 60, C1, C2,

"C7 C8 C9 C10")

143

The min/max ex X d3eA. K. M3 X qBX AW di3: RUBEA R &, X dipRE3UK "AB A &
Tt XAZRp BN RTAR L .

Nj . . ’Rotpte_about_points&X X d3.eM3 BRPIapX . A,

HoX TR WRT TR THgEX o eFAl

Rotate _about _points(@

y

Another means of generating Fig. 14-2 and the one that require s the least thought is by using the

40 min -50 max 50, C4, C6, C5)

Waps . A WX . PRXARTAE o dR @A

C. mEIE. 3BRYR.
" o dR

Duplicate _Point and Duplicate _rotate _z macro s as follow s:

143

prm r 1.3 min 1.2 max 1.4

rigid

point _for _site C1 ux
Duplicate _rotate _z(C2,
Duplicate _rotate _z(C3,
Duplicate _rotate _z(C4,
Duplicate _rotate _z(C5,
Duplicate _rotate _z(C6,
Duplicate _Point(C7,

Rigid bodies

= |’Y
c1,
c2,
cs3,
c4,
Cs,

C3)

60)
60)
60)
60)
60)

BAX B



Duplicate _Point(C8, C4)
Duplicate _Point(C9, C5)
Duplicate _Point(C10, C6)

Rotate _about _points(180, C1, C2,

Cyclopentadienyl

Rigid bodies 144

"C7 C8 C9 C10")

Using Z-matrix together with rotate and translate

(C5H5) is a well-defined molecular fragment which shows slight deviation s from a

perfect five -fold ring (Fig. 14-3). The rigid body definition using’Aoint _for_site Reyword s is as follow s:

prm r1 1.19

prm r2 224

rigid
load point _for _site ux { C1 =rl; C2 =rl; C3
load point _for _site ux { Hl =r2; H2 =r2; H3
load rotate gz operate _on_points { 72 1 C2
load rotate gz operate _on_points { 72 1 H2

® B, AK e O RE qpx R BB X . .

rigid

load z_matrix {
X1
X2 X11
Cl X2 1.19 X1 90
C2 X2 119 X1 90 Cl1 72
C3 X2 1.19 X1 90 c2 72
C4 X2 1.19 X1 90 C8 72
C5 X2 1.19 X1 90 C4 72
X3 Cl1 X2 90 X1 O
HL C1 1.05 X3 90 X2 180
H2 C2 1.05 C1 126 X2 180
H3  C3 1.05 C2 126 X2 180
H4 C4 1.05 C3 126 X2 180
H5 C5 1.05 C4 126 X2 180

}

U e®e px R B3@BEX PRA O, Mok @t

RWE. B Ap. A BB ¢ R, K XRBaIMP. B
., . eAUAEO @t A THBRX AL X TA W'

=rl; C4 =rl; C5 =rl; }
=r2; H4 =r2; H5 =r2; }
144 1 C3 216 1 C4 288 1 C5}
144 1 H3 216 1 H4 288 1 H5 }

Od3’ X4ip,. BAEIPOP ek HP. B’

KRG IR B WR e @ oK B

3 @3 P®REW Ax U R¥%dEPs ¢ RAEdE X ~Rgtate _about points’A qpt P, ”

Rotate _about _points(@ 0, C2, C3, "C1l H1")

Thus, the ability to include Aotate "AndAan slate fogether with A_matrix ‘give s great flexibility in defining

rigid bodie s.

144 Rigid bodies
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C. ASEWBA, 3 & WK TABZ BB, A eafds3
X 03 . A7 el iBRuA

145...0" & . . O'AdR XA 33 . &3¢

U & . cxXRE A, e, . @B EX .. X P @ K ABIYAL X RO~ BRER pFA WA TA
[ ook dept ~ . dYAR3, £ M

rigid
point _for _site Cauz @O0 min -1 max 1
rotate rl 10 gx 1
rotate r2 10 gx = Sin(Deg rl); qy = - Cos(Deg rl);

U o, . P3eRpERCOBR™ BPAL mP 3 eN pRBERS X i P o, dfaPEBAPAR _ &
Wt O . A Lt AQ. BB OXP., a A px Hp eX P AT ARARN . X BROT &R &3
EMERY BIBX XA "AEX @ R d3x U SBdA, gA B YA, xS A5 eX o /EAGRD O oiP gk B
v, P_ WX d33

ake xR, & fgid
z_matrix A 2 line 1
z_matrix B A 2 2 line 2
rotate @20 ga 1 2 line 3
rotate @20 gb 1 2 line 4
translate ta @0.1 tbh @0.2 tc @0.3 2 line 5
AApPy @k, P_ rigid
point _for _site A 2 line 1
point _for _site B uz 2 2 line 2
rotate @20 ga 1 2 line 3
rotate @20 gb 1 2 line 4
translate ta @01 tb @02 tc @03 2 lne 5

Lines 1and 2 define s the two points (note ‘Ax, Ay Aand Az Aefault s to 0); line 3 and 4 rotate the two
points around the a and then the b lattice vector s. Line 5 translates the two points to a position in
fractional atomic coordinate s of (0.1, 0.2, 0.3). Lines 3 to 5 contain the five parameter s associated
with this rigid body. TheSet_Length Anacro can instead be used to set the distance between the two
sites as follow s:
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Set _Length(A, B, 2, @ @, @, @30, @ 30)

where A and B are the site names, 2 is the distance in A between the sites, argument s 4 to 6 are the
names given to the translation parameter s, and arguments 7 and 8 are the rotational parameter s.’A
Set_Length #s not supplied with theAanslate’Atarting value s; these are obtained from the A site with
the use of‘Atart_values_from _site located in the Set_Length acro. /Anin/max’an be used to constrain
the distance between the two sites, for example :

Set _Length(A, B, @2 min 1.9 max 2.1, @, @, @, @30, @ 30)
U xBEA ot B3V ¢k X ' R dsx Y BRASABHA. X540 P . KX @ROR O 5V, ds3 3

14.6....Edd o3P gixSR . YA 33 . d3¢

A rigid body is constructed by the sequential proce ssing of z_matrix, point _for_site, rotate and trans-
late’A © 5P qafAl .0k . ZheX T &. ' Y BRNBIt XApX . Bt P3 eA'PR BH T A BiAP e
O 3P qeid . K "D ptAdP . WO O, Ah@s ' ¥ i Wy pxR. a P3 X Bro®y dichrA

Vo g

> U &y exRox . &®, oipg AP . @ 3

> U dadst . px FAH B3V . UE®3 pfAdYE TERe. X AddE3
> U &8~ X3 AN BV FRB3 pfAdE Ap®, o ds

C. PgP g gk A P oot XA .. | Rz A BXIRA % “ABRpX W Bt FANBAT ‘DY &3

> aapaATK AP, O . P BAKA AR X W ot g PO
> expaAK TAER®, @ 53
> oepaE’Ah TAB P dsAxdv. R B5IAE D P . SRR BIA

5. X XA Q@ 3P qeipPAR Hx. . . WX UK RE dg odX W, AR WXAEBE Ref R KT BR . AX
qel A K Talp. @A TRE X aiX AAOR . AR A AT BPR . ARKIA

Errors for fractional coordinate s for sites defined as part of a rigid body are propagated to the site
fractional coordinate s. The example ¢ 3 Esi § & [ § NJ & r BB baiR 3 a4bg Simon Parsons) demon-
strate s the equivalen ce of two refinement s 1) using a rigid body, and 2) hand coding the fractional
coordinate s in terms of rigid body parameter s but not in fact using a rigid body. Errors and conver-
gence behavio ur in both cases are identical. Case (2), which has many computer algebra equation s,
takes approximately the same time per iteration as case (1); this demon strate s that computer algebra
often does not noticeably affect computational speed even in cases where its use is plentiful.

14.7...0,. ppx M. a . MPdEOPY . P_ mox .. '

The Z-matrix collinear points exception can be deciphered using information displayed on detection
of the error. The collinear error is due to three atoms of a z-matrix line being collinear. The information
displayed include s a snapshot of the rigid body operation s pertaining to the error. The following is an
example of the information displayed:
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DB x_CB Zero dot product - Z-matrix possible collinear points at atoms
010
C16 8.91631604e -016 1.0912987e -014 5.2
C15 3.72315026e -016 1.0912987e -014 3.9
Ci11 000
Partial z-matrix in error:
rigid
z_matrix C11
z_matrix C12 C11 1.3
z_matrix C13 C12 1.3 C11 120
z_matrix C14 C13 1.3 C12 120 C11 180
z_matrix C15 C14 1.3 C13 120 Cl11 0
z_matrix C16 C15 1.3 C14 120 C11 180
z_matrix 010 C16 1 C15 108 C11 120

The rigid body fragment can be copied to the Rigid-body editor to investigate why the error occurs,
i.e.

UNTITLED.RGD

Options | Loaded

Load / Hide
Update Alt-F1
Save

Save As

First guess Z matrix

Add torsion angle

rigid
z_matrix C11
z_matrix C12 C11 1.3
z_matrix C13 C12 1.3 C11 120
z_matrix C14 C13 1.3 C12 128 C11 188
z_matrix C15 C14 1.3 C13 12@ C11 @
z_matrix Cle C15 1.3 C14 12@ C11 18@
' z_matrix 018 C16 1 C15 188 C11 12@

The 010 line is commented out as it is the line causing the error. Looking at the O10 line (using the
OpenGL window) , we see that atoms C16, C15, Cl1llie on a straight line; this is invalid as it become s
impossible to form a dihedral angle in a non-degenerate manner. The best way to think about a z-
matrix line with 4 atoms A, B, C, D, i.e.

z_matrix A B# C# D #

is to think of two triangle s ABC and DBC hinged along the line BC. The angle between the triangle s is
the dihedral angle. If B,C,D are collinear then therets no triangle, and the dihedral angle cannot be
formed. Thus, both A,B,C and B,C,D must not be collinear. The program tests for a zero dot-product
numerically with a tolerance of 10

148..CW t x.. €Awmp , . H. "sRrRAPEABEeOPAX. AP AE. .
The standard macro Point(site_name, rx), see U Z Njs3, #etifns the x Cartesian coordinate of the

point called site_name; y and z Cartesian coordinates are returned by ry and rz objects respectively.

These functions can only to be used in equations of the rigid body which encompass the keywords

and their depe ndents of point_for_site , z_matrix, translate and rotate . The actual value return ed by
Point depends on where it is used in the rigid  -body, for example, in the following:

147 Rigid bodies
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rigid
point_for_site o1
translate tx 1
point_for_site 02 ux = Paint(01, rx); a . GAFL @=J= J=LMJFK T
translate tx 2
point_for_site 03 ux = Point(01, rx); a | GAFL @=J= J=LMJFK V

the final x Cartesian coordinate of site O3 becomes 3. To instead return fractional coordinates of
points, the functions Point_rx_ua, Point_rx_ub and and Point_rx_ua can be used. These functions are
passed the address of the point in question using the Point macro with one argument. Accompanying
macros simplifying the call, as definedin 01 2z Nj3, ar@:f

macro Point_ua(site_name) { Point_rx_to_ua(Point( site_name)) }
macro Point_ub(site_name) { Point_ry_to_ub(Point(site_name)) }
macro Point_uc(site_name) { Point_rz_to_uc(Point(site_name)) }

These macros can return many different values for the same point in question depending on whe n
they are called during the rigid body calculation.

149..gBX BP_ . " .7 T AXT A P B XxpXx.. A VA@A T 4 AV

O] NjUE| R E2FHaNp Uf R 3 adéermines rotation and translation parameters for a known frag-
ment. The known fragment is in fractional coordinates . To do the same for a fragment in  Cartesian
coordinates then change the lattice angles to 90 degrees and adjust the lattice parameter lengths.
Also, see:

http://topas.dur.ac.uk/topaswiki/doku.php?id=rigid_body -_matching_to_a _known_fragment

14.10..5 | ('R .33 mt P, ¢

Set_Length(sO, s, r, xc, yc, zc, cva, cvb)

C &% Akx o R &Bx Y HEHB, xG

€>2A5Site names.

PR ex o A

at® &t o P . Hxpds® APTRE . P 3 eA W% oS

U Y@ &EpP . dBxoozed’ X o, eBEP. X qiter . "YXARp' Bhpasd
Set_Length s(s0, s1, s2, r, xc, yc, zc, cval, cvb 1 cva2, cvb 2)

Set_Length s(s0, s1, s2, s3, r, xcv, ycv, zcv, cval cvbl cva2, cvb2, cva3, cvb 3)

Njd3xxe BiEX o' R dgx Y By’ K~ PABEAR e i3t X Q. 4P HRYA, xzes
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macro Set _Lengths(sO0, sl, s2, r, xc, yc, zceval, cvbl, cva2, cvb2)

{
Set _Length(s0, sl, r, Xxc, yc, zc, cval, cvbl)
Set _Length(sO0, s2, r, Xc, yc, zc, cva2, cvh2)

}

Triangle( sy, s2,s3,r)
Triangle( s0, s, s2, s3,r)
Triangle( s0, s, s2, s3, r, Xc, yc, zc, cva, cvb, cvc)

qd5v el Uk RRPON | X TR0 UM 6D o5 XePXpfESt 3
eZAIBIZAWN] Jhdep. edBpoTeR RIS XAPXPA K TRIP . g 1, d33
PReXx o A
at@t® & P . BXx BP A" . BPAYERARBABABAL & X Po, Apx. .
Uy ®% h2y EpP . dxoised’ K o, BB X qeier.. "WXARE Akpass
Tetrahedra( s0, s1, s2, s3, s4, T, Xc, YC, zC, cva, cvh, cvc)
a3V eHREd3X P NGBR3’ XX, . 3
eo*AFBIYAWAZ N idg, edpseX TR XAPXA K TABISX P op” d33 P o3
PHex @ A
atzAetzAat” AZ@PP@. dx BPA @ de AV, PAX~ &A{. . P3 .’ oxde AV, PAx"
U Y ®Y =y EpP . dxosedp’ X o, eBAEIP, X qeiter. . WX Atk Akpask

Octahedra( s0, s1, s2, s3, s4, s5,s6, 1)
Octahedra( s0, s1, s2, s3, s4, s5, s6, 1, Xc, yc, zc, cva, cvb, cvc)

qd3v e®pta { X " B3 R d3' NP, . 3
es*AFAIAWAZZA3 AL N] JAdg, edpsTe TR XAPXPA % TAlE X 7 33 P ops3
PHex @ A
at * A€ AZApR . BX BP A" . &e Av. PAX" &At . . P3. ' gxde AV, PAX"™ &AL &
U Y ®Y Rz EpP . dBxodsedp’ X o, eBEP. X quitnr  AXARR Ahpask
Hexagon _sitting _on_point _in_xy_plane(sl, s2, s3, s4, s5, s6, a)
Hexagon _sitting _on_side_in_xy_plane(s1, s2, s3, s4, s5, s6, a)
Qv ey U dgEPpi A T ok dgAtsa UK. X XA A0, A A, SAK TS, A ds?
PEpBt X . Y& es3
eFAIZAWAZZA378Y N] YAdR, &3
ol Ex @ A

Translate(acv, bcv, ccv)
Translate(acv, bcv, ccv, ops)

ZBP VvV e Pap’ XA R TRE. R, IR 3
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mt ®E Ry AT WA TAP D pXAAP @t XA R ET pX B
. GRORP g¥'®P d3ye, UV B dxFLA . O3

Translate_with _site_start_value s(s0, xc, yc, zc)
ZBP Vv Bk Pap’ XA, TR TRE . P 3 A ool g op, el 3
eNj fhdg. ds3
a e & (BpP o, dxoiskd AL . P 3 eA WX B

Rotate _about _point s(cv, a, b)

Rotate _about_point s(cv, a, b, pts)
ZBP vV AR, X aipR . AR, X X B3t RO Bt . R SRASEA. 3K
YA . WAXRE R, ZER, X drREIUXAD Bt . R, BEX Bt D ARE: Rizdg
PRB. X XX Bt B.dFY R @A XM B 3
OXAOBP gi'® P d3Ye, /4l , "Aodgz for_siteges 3

U XA KX t,8U3.6RX X RpRBIAR “A5 O d3RAPR. d3eARXA % ~'Rigtate _about _point s’A
. ot P§ Wa . G4 d3?

Rotate _about points@ 1 0, Cl1l, C2, " C3 C4 C5 C6 ")

X "B, A xAp K SApPAB K 1. WIABIABO. ¢A @ BP dx WX, XAk X T Ry

tate_about_points/™ | x "AP0O. €A RBP daX dfkeXMH A © BPApXABAO P d3Ye, Bglgzv A d33

point_for _siteeu ™ dsP dsVA "PABBA . © GSRAGR G.eNAAA A GV K TBKA Gsle dpPRA
©, O TR, R, XX MRS IWX YA Wstate_about _pointsA (i FASR dsihk RO st Bple, O,
5P X8, cVARXN T AT WR X3

Rotate _about_these_points(cv, a, b, ops)
ZBBP Vv eMIR . X opR . AR, X X Bt RO Bt . R SR, XK
t YA . WAXRE R, ZER, X diRBIUXAD i3t . R, g &3t N ARE: R
PRA, X XX Bt B.dFY R @ZAR XM B S
. TAOGP g¥'®P d3Ye, BV B BE B Xxeesp

Rotate _about _axies(cva, cvb)
Rotate _about _axies(cva, cvb, cvc)

ZBP Vv e/R . X qikpr . WX ABaEs
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15.| U] s EUATAU&ATAO UaruU

151...6 BO. Px . ' : A’ Ax~  ®ATp3 & W : At. ' X X

[str]® Examples_
[madelung #] Ul NNUE| R EBErd|Nf GUE3 aUZ
The madelung keyword reports on the Madelung constant of a structure (Madelung, 1918). It uses the
method of f, 3, " f"/Ad3@@ ennr v Av, PAt . t W opx . : Ax tapiedhardgs xake € x px . t A

from the occ keyword, see T q| r GUE.s#aldize show GRSin T q| r GUE tradies an XY file
with (S2 -S1) of the GRS series set to 0.01. This is a small value that shows the behaviour of the GRS
series which is as follows (blue line):

Madelung constant for Rutile

-19.6

-19.605 4§

-19.61 WMWAVA ——o

-19.615 1

Madelung constant

-19.62

-19.625 1

1 12 14 16 18 2 22 24 26 28 3
S2 (Angstroms)
With the default values of S1 =1 and S2 = 1.5; the GRS series integrates between S1 and S2 to obtain
an accurate value for the Madelung constant; this is seen in the first point of the Red line of the above

plot. In energy minimization, the derivatives of  the Madelung constant as a function of atomic coordi-
nates constitutes the electrostatic force exerted on atoms.

152.. BO. Px . ' A " Ax~  ®Af. W ._  RAO, X& X. . ApPx ApA
[site] & "AcAs#]

The site dependent keyword co reports on the Coulomb potential at a site. The sum of all co values

equates to the Madelung constant. From observation, atoms of the same species seem to have similar

co values in an ionic crystal. Note, boththe  co and madelung keywords are independent of the  grs_in-
teraction keyword .
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153...] 7 T { BB &3 X & AX.

[strd ©

[site] @
[g IN] [0 E] [s E]

gepulsion_refine d

[grs_interaction [gi'EQjf | d A" € /A" € 3
&o_coulomb d

[penalty = Get(grs_lp_rep);]

[penalty = Get(grs_lp_refine);]

The site dependent keyword g reports on the difference in value between the sum of all
W3 33 A’ 3Ax " d@3Ae | X BAdBat

tione AY , x 7 Ax "~ d&3Ac |
to all grs_interaction s.

X®BA, " T,

When repulsion_refine is defined, then all

respect to the atomic coordinates, or, in pseudo code:

Sum(dgrs_interaction /df;, i)?

where f i corresponds to the x, y and z coordinates of the sites associated with the
this manner, a refinement will adjust repulsion parameters such that the derivatives of the

AxX "~ &i3A: Pe E

grs_interaction € AP di3’AO®, i &3z A, "’
this mode, grs_interaction s return the sum of the derivatives squared of the

Energy Minimization 152

X B3Pt x ..’

Examples
U] NUE| R BZr | Nj
rEfggs Bj GUI 3 {nbBriaw
ESHNjrElgdl r Ep3s alz
ESHNjrElez| &3a0z
ESHNjrEflez| 83402

grs_intera c-

ApAn PO W, ¢
grs_interaction s, with

grs_interaction . In
grs_inter-

action s with respect to independent repulsion parameters are a minimum.

Repulsion parameters include qi, gj, g, s and any other parameters defined in the

tion. The new site dependent keyword,

s, scales the equation part of

grs_interaction equa-
grs_interaction s. This simplifies

the setting up of grs_interaction s; consider the following:

grs_interaction qi =3; g = -2;AFO*pl=B1/R"7; penalty =pl;
grs_interaction qi =5 g =-2;V* O* p2 = B2/ R"7,; penalty =p2;
grs_interaction qi =3; g = b5;A*V*p3=B3/R"7; penalty =p3;

Here, there are three parameters B1, B2 and B3. In the

are not refined. However, their derivatives with respect to the

and are required. The site dependent

site D g 3ssl1
site 4 jg 5s 821
site - iq-2ss31

repulsion_refine
grs_interaction ** ¢ = 1/R"9;
penalty =c;

Note the reformulation where three

repulsion_refine mode, fractional coordinates
grs_interaction equations are expensive

s parameters can be used to avoid this recalculation as follows:

grs_interaction s become one. Here the program examines the

equation, 1/R"9 in this case, and, if independent of refined parameters, the program stores the 1/R"9

values for use in the calculation of derivatives of the

152 Energy Minimization

grs_intercation s equations with respect to
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153

repulsion refined parameters. This results in a large speed up in computation. The three parameters

s1, s2 and s3 are related to the B1, B2 and B3 values as follows:

Bl =s1s3
B2 =s2s3
B3 =s1s2

These parameters are related to the minimum distance R

the case of opposite g charges, as follows:

Ui=qiqi/R+sisj/R"
Setting the derivative to zero:
dUii(R=R,)/dR =0

we get:

Ro= ((n-1)s s/ (qiq)) YD

w3 .’

imization of derivatives of the
can be used:

penalty = Get(grs_lp_rep

A OXX. [ BAO@P @ d&x BP A"

The default is to not include lattice parameters when

o between two isolated atoms

i and j, and for

‘A Pe E,’

repulsion_refine is defined. To include the min-

grs_interaction s with respect to the lattice parameters, the following

);:0

For normal refinement ( repulsion_refine not defined ), lattice parameters, flagged for refinement, are

included in the derivatives of

penalty = Get( grs_lp_refi

155...a "’ P.’

< v

grs_interaction s if the following is included:

ne );:0

DAY T dgAf

W,

<

RAOmP x A,

VAX~ &3A: Pe E '

The Coulomb part of the grs_interaction can be ignored usingthe no_coulomb keyword . This is useful

for materials that are not wholly ionic. Various version of the Lennard Jones potential, for example,

can be implemented; consider

U=A/R®+B/R?

a potential U of:

To efficien tly calculates this U, then two grs_intercation s can be used:

site... q 1s @1
site... q -1ls @1
grs_interaction i é
grs_interaction i ¢

153

T C OdJ®Wulomb
T C ®dJdoulomb

Energy Minimization

X B3P
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Here, 1/R" and 1/R™9 values are stored in lookup tables which are calculated once at the start of

refinement. This potential is used in describing the partly ionic structure of AIVO
33 402

s,See ES Hjr Elez| €

The grs_inter action equation can also be set to zero. This may be useful when looking at dipole prop-

erties of a molecule where the centre of the electron cloud is at a different position from the nucleus,
for example:
site  All x x1# y yl# z RT O
site  All_shift X =dx1 x1; y =dyl +y1l; z ¢ <RT ©°© RT i
grs_interaction i DT ¢ S a G J=HMDKAGF =1 M9LAGF
grs_interaction i DTe K@A>L ¢ ndco@amb\2 |, G ! GMDGE: HGL=FLA9D

156....EP®B. Apx x)PBR WK BA a. & BPX.'’

AOP . d3x dzP € AV P,

The _rem parameter attribute is an equation that is evaluated at the start of a refinement iteration

(note: attribute equations cannot be named). If non  -zero, the associated parameter is removed from

refinement for the duration of the iteration. The parameter can be reinstated in subsequent iterations

if _rem evaluates to zero; for example, to reinstate the parameter after convergence and into a new

Cycle, the following could be used:

prm al _rem = Mod(Cycle, 2);

157..Ge " A, " Ex. Et. " x. W&HBAp 3 AE

v < ~ <

P a3

Inversion7,the r ElgEs Nj GUI 3 testExample was the fastest way of solving the AIVO 4 structure.

In that example, the scattering power of the Al and V sites are allowed to refine within the scattering

power range of Al+3 and V+5. An alternative to refining on the Al+3 occupancies is to fix the occu-

pancies for a certain number of cycles and then change the occupancies on the Al+3 site without

including them in the refinement. This is accomplished using the new keywords of

ok_to_continue , q,

s and the new _rem parameter attribute; it works as follows (see Et Njr Elgel r Eps3 aforzletails):

macro gal { 3 } a 1 @9J?= G> DoV

macro qv {5} a 1 @9J?= G> 4°X

macro exp {9 } a 0=HMDKAGF =PHGF=FL

macro ro_al{1.65} a2 0G N9DM=K >JGE : GF< <AKL9F; =K

macro ro_v {15}
macro ro_oo{2.4}

a I @9F?= 0G N9DM=K LG K N9DM=K

prm !so = Sqrt((4 ro_oo”(exp - 1))/ exp); : 22.1184
prm !sal = ((ro_al*(exp -1))6/exp )/so;: 1.65587133
prm Isv = ((ro_v/(exp -1)) 10/ exp) / so; : 1.28746033
macro S_ { If(Get(q) == gal , sal, sv) }

macro OCC { If(Get(q) == gal, 1, 1.85) }

macro VW{ rand xyz 1} 2 09F<GEAR= KAL=K 9L KL9JL G>
macro VQ{ _rem 1 val_on_continue = If(Mod(Cycle,10), If(Rand(0,1)<0.5,gal,qv), Val); }
prm gl qgal VQ
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=| MODK VO D KAL=K HDMK VvO4 KAL

prm g2 qal VQ

prm g3 qal VQ

prm g4 qv VQ

prm g5qv VQ

prm q6=3gal +3qv -9l - g2 - g3 - g4 - 05

a #FKMJ= K; 9LL=JAF? HGO=1J

ok_to_continue = 0Or(g6 == qal, g6 == qv);

Grs_(*, *, exp, 0) a 2JKoAFL=J9; LAGF H=F9DLQ
site Al x @ 0.0 y @ 0.9 z @ 0.8 occ A+3=0CC; g =91; s
site Al X @01 y @00 z @09 occ A+3=0CC; q =02; s
site Al X @02 y @01 z @00 occ A+3=0CC; q =03; s
site Al X @03 y @02 z @01 occ A+3=0CC; q =9g4; s
site Al X @ 0.4 y @ 0.3 z @ 0.2 occ A+3=0CC; q =qg5; s
site Al X @ 05 y @ 0.4 z @ 0.3 occ A+3=0CC; q =q@6; s
ste O1 x @ 0.6 y @ 0.5 z @04 occ O21 g -2 s =s0;VV
ste 02 x @ 0.7 y @ 0.6 z @05 occ 021 g -2 s =s0;VV
ste O3 x @ 0.8 y @ 0.7 z @06 occ O21 g -2 s =so0;VV
ste 04 x @09 y @08 z @07 occ O21 g -2 s =s0;VVW
ste O5 x @00 y @09 z @08 occ O21 g -2 s =s0;VVW
ste 06 x @01 y @00 z @09 occ O21 g -2 s =s0; VW
ste O7 x @02 y @01 =z @00 occ O21 g -2 s =s0;VVW
ste 08 x @03 y @02 z @01 occ O21 g -2 s =s0; VW
ste 09 x @04 y @03 z @02 occ O21 g -2 s =s0; VWV
siie 010 x @ 0.5 y @ 0.4 z @03 occ 021 q -2 s =s0;VV
ste Oll x @06 y @05 z @04 occ O21 g -2 s =s0;VV
ste 012 x @07 y @06 z @05 occ O21 g -2 s =s0; VW

The above will change the scattering power on the Al* sites every 10
_ ot P, 3 AU, x d&zz ‘Ax “grgfhtgractida, and thee Gys’ naig@o looks like:

macro Grs_(sl, s2,&n, V)

{

grs_interaction
If (R <rsm,

(C - nrsm?(

1/R"n

);

penalty =c;:

Vv

sl s2 #m_unique ¢ =

-2 -

n)/2) R"2 + rsm”\(

- n) + n/(2 rsm”n)),

ssssss

n
(/)l(/) (/)l(/)(/)(/J

" Cycle as defined in the VQ

Njl r Es3 adpeérates in three modes which can be chosen by the two control parameters (in Red) in

the INP text at the top of the file and is as follows:

continue_after_convergence

#prm penalties_only_start_at Rietveld_positions =

#if

penalties_only_start_at_Rietveld_positions;
only_penalties

verbose 1

temperature 0.5 use_best values
#else
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#prm solve_using_real_data_and_penalties = 1;

#prm solve_using_penalties_only = solve_using_real_data_and_penalties == 0;
verbose -1

num_runs 10 ' Solve structure 10 times, change to 1 to see solution

#If  solve_using_real_data_and_penalties;
' Minimum energy at 5%
temperature = If(Mod(Cycle, 200), 0.7, 10);
iters = If(And(Cycle_lter > 2, Get(r_wp) < 8), 0, 27000000000);
#endif
#if  solve_using_penalties_only;
' Minimum energy at -4235
only_penalties
temperature = If(Mod(Cycle, 200), Rand(0.35, 0.7), 10);
iters = If(And(Cycle_lter > 2, Get(r_wp) < -423), 0, 1e9);
#endif
#endif

Running Njl r E$3 awith penalties_only start_at Rietveld positions =1 refines on the atomic coordi-
nated with only_penalties defined. It also displaces the atomic positions by an amount of
rand_xyz *temperature , or, 0.5 A in a random direction at the start of each cycle. As can be seen whilst
running, the structure returns to the Rietveld refined values after each cycle.

Running Njl r E$3 dWith solve_using_real data_and_penalties =1 solves the structure 10 times and
the Rwp plot looks like:

Solve-1.inp, data and penalties
50

45
40
35
30 141 . i
o5 |k ! ] LG l“ hulfly
15
10

Rwp (%)

0 200 400 600 800 1,000 1,200 1,40C
Iteration

This is similar -to  r ElgE & Nj GOl 3 zbigh refines on occupancies. ok to continue is evaluated at
the start of each iteration. If it evaluates to zero, then val_on_continue of its independent parameters
are executed. The process is repeated until all ok _to_continue (s) evaluates to non -zero. Note, more
than one ok to _continue can be defined.

158.....] " BBP: e A_ | g .. seqgiRP B We x PWt x WPA&A, VA _ EIl zA

Running Njl r E$3 awith solve _using_real_data_and_penalties =0, achieves a minimum energy con-
figuration that matches the Rietveld refined structure. only_penalties are refined; lattice parameters
are not included. Even though AIVO 4 is partly ionic, t he maximum atomic displacement at the energy
minimum compared to the Rietveld refined positions is relatively small at ~0.22 A with an average
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movement of ~0.14 %3 'Aa’ A, X~ BPAY, P3ez Ax~ BAG-ak3P.: B3I " AX " GZAapx P Wi YAW Pd3

crude atomic interaction model.

Including lattice parameters as refinable parameters results in non -sensical atomic coordinates which
means that the atomic interaction model is inadequate in a physical sense.

159...gd@x 3P .’ .7 AP®BROW, ¢, . AO@mP @ oy dizP e Av

t | &3 afeHorms three types of operations /refinements as seen by the self -explanatory control
statements at the top of the file of:

#prm determine_repulsion_parameters = 0;

#prm test_rep_prms = 0;
#prm bond_length_differences = 0;

Setting determine_repulsion_parameters =1 fixes the atomic coordinates to Rietveld refined values and
then minimizes dU ;/df =0 for AIVO 4 by varying three s repulsion parameters of sal, sv and so where:

Ui=qiqi/R+sisj/R®

As seenin & | &3 a th& sum of the derivatives squared of dU/df i (where f i is a fractional atomic co-
ordinate) do not refine to zero. This is seen in the lines:

Grs_(*, *, 9, 0.465098047")
penalty = Get(grs_Ip_rep); : 2.6397897"

Also, seenin & | &3 aifithat the R, values (distance between two isolated atoms) seem too large as

in:
prm !ro_alo = ( (exp - 1) Abs(sal so gal qo) )*(1/(exp -1)); 1 2.18729482
prm !ro_vo = ( (exp - 1) Abs(sv so qv qo) )(1/(exp -1)); : 2.4673052
prm !'ro_oo = ( (exp - 1) Abs(so so go qo) )N1/(exp - 1)); : 2.73559269
Performing another refinement with the three determined repulsion parameters sal, sv and so fixed,

and instead refining on the atomic coordinates (test_rep_prms =1) results in a structure with average
atomic movements of 0.14 A from the Rietveld coordinates. The movement can be seen in the follow-
ing Al octahedron (lighter atoms are the Rietveld determined positions):
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Setting test_rep_prms =1 and output_U_vs_a=1 executes the INP code of:

#f  And(output_U_vs_a, test_rep_prms);
verbose 1
num_runs 100
iters 0
a = Ramp_Run_Number(6.54131 - 3, 6.54131+3, Get(num_runs));
out a.xy append
Out(Get(a))
Out_String(" ")
Out(Get(non_fit , T_wp))
Out_String("  \n")
#else
a 6.54131
#endif

This produces the XY file of:

U versus a lattice parameter
-250

-300

-350 1

U (au)

-400 +

-450 1

4 5 6 7 8
a lattice parameter (Angstroms)
Here we see that the observed a lattice parameter of 6.54131 A is far from the minimum; this was
evident from the non -zero value for Get(grs_|lp_rep) as seen above. Note the use of Get(non_fit, r_wp)

instead of Get(r_wp) ; the former gets the global Rwp and the latter the xdd dependent Rwp. Use of
only_penalties does not update xdd dependent Rwp(s); hence the need to Getthe  global r_wp .
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Lattice parameters were not refined in performing the test_rep_prms =1 operation; they could have
been with the inclusion of the line:

penalty = Get(grs_lp_refine); : 0

The refinement in such a case would have produced very incorrect results as indicated by the U
versus a plot above. This demonstrates that a simple Coulomb sum and 1/R"9 repulsion term does not
fully describe AIVO 4 and that another model is needed.

_3d4 AV, PA . Elz

T

1510... A" &' ' .t A

Instead of using the Coulomb sum, a 1/R*4 term was used for atoms of opposite charge (Al -Oand V-
0O) and a 1/R"9 for like charges, or,

Ui = A/ R* + Bi/R®

This U choice was a guess and there may well be more physically meaningful models available. The
following however does highlight the ability to quickly model such cases. The testexample ¢t | 3 aUZ
uses this potential , it has three operational/refinement modes:

#prm repulsion_refine = 0; a K=L LG S-zd FGF
#prm bond_length_differences = 0; @ K=L LG S-#zZd FGF
#prm test_repulsion_prms = repulsion_refine == 0;

Refining with repulsion_refine =1 results in a low value for grs_Ip_rep and for grs_interaction s”

penalty = Get(grs_Ip_rep); : 0.000423118927"
Grs_(Al*, O* ea, - a_alo, 0.000824217622")
Grs_(V*, O ea, -a_vo, 0.00103650359")
Grs_(O*, O* ea, a_oo, 0.000721564661")
Grs_(Al*, Al*, ea, a_alal, 0.000102652961")
Grs_(Al*, V* ea, a_alv, 0.000417591887")
Grs_(V*, V* ea, a_vv, 0.000314938926")
Grs_(Al*, O*, er, b_alo, 0.000824217622)
Grs_(V*, O* er, b_vo, 0.00103650359)
Grs_(O*, O* er, b_oo, 0.000721564661)
Grs_(Al*, Al*, er, b_alal, 0.000102652961)

Grs_(Al*, V*, er, b_alv, 0.000417591887)
Grs_(V*, V* er, b_vv, 0.000314938926)

These are low values compared to those obtained for t | &3 adné it indicates near zero values for
(dgrs_interaction /df ;)2 where fiis a fractional atomic coordinate or lattice parameter. The difference

in lattice parameters between the observed values from Rietveld refinement and the energy minimi-
zationof & | g3 ai8:2

0.353377, 3b =0.387755, 3C 0.501125
-0.92222, 3be = -0.32539, 30a = -0.77862

3a
zal

The maximum bond length difference is 0.18 A with an average difference of 0.08  A.
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16. T r| f Gr $AqUU Taf NApTqu

[molecular_dynamics ] Examples
[md_time_stepA$3 b 3 Ol NjUE| R T2y Nj NElez
[md_time'A ] Tges3 aUlZ
[md_scale’A Tges3alz

ZPP . &3x &3P Apx X P . R WX o3¢ Tagws a0z
_md_KA Tgez3 alz
_massA Evnps alz
_md_force’A b

16.1..T. . &t W, @PAze’ . .t eA. ' APA & &Pp A @ '

Defining molecular_dynamics (MD) places the program in a non-refinement mode where parameters
of any type can be updated in a time dependent manner. The Verlet (1967) algorithm is used for up-
dating parameters. In the present implementation, parameters that are not typically associated with
molecular dynamics can be updated in a MD manner. This is accomplished with the use of the pa-
rameter attributes of _md _kand _md_mass.

Molecular dynamics is basically the steepest decent method of refinement but with new parameters
values accepted regardless of the change in the objective function (Rwp in the case of TOPAS), or,
relating this to the Newtonian equations of motion for itera tion k and parameter p, we have:

Force(k) = m a(k) = dRwp/d p
Velocity(k+1) = Velocity(k) + (dRwp(k)/d p)/ m
In the Verlet algorithm, velocity is not considered explicitly and instead p is updated as follows:
p(k+1) =2 p(k) 3 p(k-1) +a(k) t?
=2 p(k) 3 p(k-1) + (1/m) (dRwp(k)/d p) t

where t is the time step of the molecular dynamics. The mass m is set using _mass. To introduce
flexibility, the present implementation allows modifications of p(k+1) as follows:

p(k+1) = (p(k) 3 p(k-1) + (_md_k/ _mass) (dRwp(k)/d p) t?) md_scale + p(k)

This equates to the Verlet algorithm with the default value of 1 for ~md_k, mass and _md_scale.

md_scale is a means of increasing or decreasing atomic movements (increasing or decreasing tem-

perature).

162... T, , &3t W, pPAze’ o .te AV, PApX. . ¢

3P

In the absence of the _mass attribute, mass is determined from the masses found inthe & Nji Ul 2| Nj3 ORU

file for site occupancies, as defined by the occ keyword, and weighted by the occ values. In the
absence of the _md_k attribute , md_k is determined for X, y and z coordinate parameters as follows:
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md_k for x = ax
md_k for y = by
md_k for z =cz
where ax=1
bx = Cos(Get(ga) Deg)
by = Sin(Get(ga) Deg)
cx = Cos(Get(be) Deg)
cy = (Cos(Get(al) Deg) - cx bx)/ by
cz = Sgrt(1.0 - cx*2 - cy"2)

The following two sites are therefore equivalent:

site Al
X @# _mass =26.981; ~md_k =ax;
y @# _mass =26.981; _md_k = by;
Z @#_mass =26.981; _md_k =cz;
occ Al+3 1
a2 9F<
siie Al x @#y @# z @# occ A+31

The use of _md_k corrects the forces in case of non -orthogonal lattice parameters.  grs_interaction
can be used to calculate the forces for molecular dynamics; this is demonstrated in Tqgss a Uke
display of the Rwp plot in the Fit dialog can take a lot of processing for long MD runs; not displaying

the plot can speed up the simulation; and  similarly for the OpenGL 3D graphics.

T g&= 3 ddpérates in the P -1 space group; this can be changed to P1 by outputting the fractional co-
ordinates in P1 as follows:

pl_fractional_to_file aac.txt
in_str_format

in_cart O

na 2 nb 2 nc 2

Here, a 2x2x2 unit cell is outputted in P1 to the f 3 Uffe0 T qe3 3 & deBcribes such a unit cell com-
prising 288 atoms. Offsetting 0 ne of the AL1 atoms and running the MD simulation , results in the atom
returning to its lowest energy configuration position. This return to the optimal position is due to the

small offset of 2.92 A. The following shows the starting configuration:
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c T Press Ctrl key to prevent docking when
4@ 0 » T B Ko VLR o ' "

z_matrix Hi1:@
2z_matrix gAll: Hil:e 2.9212

4™ BP@3AX ™ BBAed3, ., . HAmX. . A e AX"  BBA | sApx. . - eA vVVvedx* Ap 3AX ™ &
All atom. It is informative to watch the yellow atom migrate to the dark grey atom. The INP text that
produces the coloured All sites is:

track_buffer 100
site gAll x 0.37342 vy 0.34930 z 0.20369 occ AI+3 1  'original posn
site Hil x @0.2 y @0.2 z @0.1 occ A+3 1 track =Mod(Cycle_lter, 20) == 0;

The colours for the All and Hilsites is seen in the Or TEf [ r [ % Hie; thisdle can be edited for the
purpose of changing atom colours. The original atom gAI1 does not take part in the only_penalties MD
simulation as it is absent from the grs_interaction s. The path of the All is:

7 SuuLwre

a2

4 » Structure
4 ) Structure

PO

4P Structure
4 Structure
4 Structure
4P Structure
4P Structure
4 ) Structure
4P Structure

FOFF SF O OO

4 Structure
4P Structure
4 » Structure
4 » Structure
4» Stucture
4P Structure
4P Structure

FOF OO

4P Structure
4 Structure

AU YA

PN

4 ) Structure
4 4P Structure

4 ) Structure
4P Structure

Note the last display has been disabled (item 84); it comprises all 288 atoms in the cell. Including line
84 produces:
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T qew3 a Maves the All atom 4 A from the original position and in a random direction; the pertinent
INP text is:

temperature 1
md_scale =If(Cycle_lter <2, 0.1, 1);
site Hil x @ 0.37342 y @ 0.34930 z @0.20369 occ Al+31 rand xyz 4

Clicking on the Break icon; ie.

o

B

1

Eati

executes rand_xyz . Often the energy of the system (which is kept constant) is too great and the MD
goes chaotic. This behaviour can be damped using md_scale as seen above. Also, repulsion terms
such as 1/R°® can be very large when R is small; such small bond distances are unrealistic and modi-
fying U j to avoid large values is beneficial. In the present work the equation used for the grs_interac-
tion, rewritten in terms of a yobs_eqn, is givenin E& K 3 & 02

macro &n{9}

macro &q{ -1}

macro &ro{2} a2 Paxis value at the minimum
macro &rsm{1}

yobs_eqn aac.xy =

If (X < rsm,
(Abs(q)/n) (ro*(n -D)((C -nrsm?( -2 - n)/2) X2 + rsm’\( - n) + n/(2 rsm”n)),
(Abs(q)/n) (ro*(n -1))/ X*n+q/ X
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);
min 0.1 max 7 del 0.01

Note, the rsm value of 1. For R <rsm , U is modified such that large values are not encountered. The
following shows two views of the same  yobs_eqgn plot:

UvsR UvsR
150 A 015 1
-0.2 |
= 100 = -0.25
< S 03
> >
50 1 -0.35 -
-0.4 |
0 T T T T T T T T T T
1 2 3 4 5 2 3 4 5 6
R (Angstroms) R (Angstroms)
16.3..... @O, e, I ApAv, Pt &©3A, ' ApX. . €
The _md_force attribute can be used to apply a force to atoms. The MD simulation in such a case
maintains energy conservation by adjusting the kinetic energy of the system. For the case of AIVO 4
and for the crude potential used,; it is interesting that for a force along the a-axis on an Al+3 atom, the

structural integrity is maintained as seen below (see T qgz 3 a)UTEhe structure, however, loses its in-

tegrity for a similar force along the  c-axis.
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17. TaNjf | rr  UANjfGN Uf |

17.1....NjOpt &3A: P, WOez A"’ ¢ Ap 3Ace_ _ dBxPeA OBPpx. P

wstr ghA_Isd ©
wpace _group "€ e_ R, . d

Used to define the space group where $symbol can be any symbol (case insensitive) occurring in the
file'NjE f [ 3[3 U Rtl@an also be a space group number; here are some examples:

space_group "la -3"

space_group ia -3

space_group P_63 M _C

space_group |_41/A M_D

space_group |_41/A M_D:2 2 defines second setting of |_41/A M_D
space_group 206

space_group 222:2 a defines second setting of 222

Np. . d5x Pe A OdsP@X. Pe AR dsAx GApREP AR, RIAGHENIEN ., BN | X T AGA . G5Ac
X. AX” A" @ A, v AXNAEA KHDIPGAYOR SWECEA | € AV A B PUTH P’ WOk XA U’
L™ @P®L xGPe A &t A PAI" L AQP GO, qpl BX AGARO QI GAAR. WORAR WX BR. @ &
PGSO, @l 53 AR e Al ¢ AQUIMFAREG IR, dge BNL ACAN TS, A he AX T QX AV . A’ @ dse 7
PPEBA | X Ap, , . Uz A, " A, B3A, OBPmx ., : Acecexds £ 8AT | Al &5 &3P mpx . .

17.1.1........... User defined rotational matrices

Space group generator - User defined rotational matrices can be added to the file NjE & T U Njw folneU
in the main TA directory. ‘A

172....2Z@Y,. d&se Agp’ 3 Ar i3AAp., ., Adda X Pt x . . °

gkl _Isg "A®
debail’ d

Ge BAY T d5A. U, OWXAAE &5 RA¥Bp X, X ds"M5a X )Pept X . . = Apre|sdsAdsk o B2 d3'A
hkl_Is space_group p-1 lebail 1.

Ge 3AY T BBA. U OWXAAE K5 R, se X ds' ¢, x e Adsa x Popt X .1.1'| ‘Bpik &dAdza . ©, d5A
hkl_Is space_group p-1...

hkls are generated in the absence of "Akl_m_d_th2keywords. After refinement, details for the gener-
X d33 ‘Alreé appereded after the’Apace group A d3e U, Horithe Rawley “Anethod, once the hkl details
are generated, parameter equations can be applied in the usual manner to the BAparameters.
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173..g&v ' .’ A" £ AWe .’ : AlWe BE"’

v -~

T e AP SA@UWX . . X . [SE® epiAdsess &B x kAT BA, . WP AL gue AlkmdfAL T g o a3
T dse U, P3Ae Wt T AX T gpx A3 BV £ Assd@st AV BRBesad. O,

str
load use_hkim {

174...f o, t W opox.. A VAsexPWt x WPBAV ML X. Pe

U di3Ae x P Wt xPEM#R Pt X Jadp#A e Ax ™ At . . O ©da A= Wp X . X e

|fv . . ) 85 |iv
H Y, ERP Q H
& B f—
LI 'y v
rr QR A Q. M _ O v
r o
y® dzP dz’A P £

EA., PPd3e ©, ' 3Ee Ax. Ae ., x BA

1A, PPd3e ©, ' 38 AX., AX™  BAB=ZUE Y, &8 X AO, €, X ..
P, PPdie ©, ' 3 &Ax. Ampx. . A

OpA. PP®Be O, "t13eWxp A e

“Yit. PPd&e © X "8 AAY . R, X P, O, t AX BB ©Od3P gpx WP BAV
QAT RAA PPBe ©, " 3eAx. Agp . _ o . We Az, ¢ OBRP¢ .

For a site with beq, F for a fixed _becomes:

v . v po &30
" Q 'wdh .
g 1P
& Eg— . -
E}t I,F I,l’
voGec— QomoQ T o
w Cr

Let
O B wéc” E.Sbﬁ h 6 B i Q¢ E &
Separating the real and imaginary parts we get:

& Eh fe— O 0 QO 0
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where
O b "Ghp R G Qo T 0y
0 Q _Q & T 0
6 O G _'Q & T 05
o 8 Qn ¢ g _ Q n T 0y

Approximation ¢—with the Bragg angle and dropping subscripts and defining
VR B CRF AABRGA F ARERAGA po g
Hd3A™ pY o3

CA 3'p A A AABKR'D AvAYV pSEZ Y
Cbhb 3B Mos +fs') - Bsfs") +i Ss (As fs" + Bs (fos + 15Y))
PEBEAZR A, A

U Ant xxe A, e AOP, O, Px . 1. & "Mh wiops” dMNe x.PAUt galUR SAV ot x. P2 A P?

CGh 'KRA® PSS E3(PY
Pz
CA A ZA A ZA ATA AR AT AKE AR poE3R ©
U~ P aABAM A By ABARA A

Aob A SRR S AERAAK

® IBAAAL ARAD A
X. . . UAet ®X X BPAATAY @PX £ BASBAY @, Wde AOBP Apx UT NKq'Ug SdpRIBAv . W
f.PPde®. ' 3. 1, e AnAY @ Wde AOGRXMP. ikhr RAIFAA @R BA P, WAKA BAA
OTNjff OERGO&A. vAd, X~ GPANA PAsSAYR Wdke A AR GXRIBHAN AT -G AR e A
GNi| EZA@alse Odst X .qY 3. OesPa . . * A . @RWp (3 A VPP WA weA VAW xA VP

http://www.cxro.Ibl.gov/optical_constants/asf. html.

U dse d3’A 3 px p* A VNjNUZ 5 AT XA xPeBAAL . Y &SP e Ax ™ dsAds &3P EsPA®HWe AV PA A
use_tube dispersion _coefficients v _ Petyal d3AWe d&3’A, VA3 . £ Od3P e | | ' &A{ G3REVpNpE . CdIp, XA AV
R, Be RePpPPre e X o, . . P @ APaMm3 A A ABI A IEAW._ B MW de x PBe 3 x A
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pon AU wize B8A3 X PAPP BA. " A3 . et PRY BAR BP: e Ae x BOe At . PPRe ©, * 3.~
R. P mRePREeX QRRIF SAAUX P, ' Az . Wby Bipt A -5 BNERpE®@? AV d33s AR e AX ™ &3AR, W 3
et X X BP . A &3 O CApY UK URERY Ay SARAPAp . . AL oot

174.1.......... Friedel pairs

C PAt &8 XP. ee_ _ ®BFR" tBAe X R Wt sCRUP dsgsels A'AP &5A it X . . '~ 'AGxEp.” PAA AR dgAds= U
b@elee W Ae A", 38 AXPWHBAP®K: P 3, dde e A, vAX~ BAOP®Be &3 t &3A. VAR . .
®X. . .t Ae O3t . dse AOP d3ells, x A= Wy YEA AR BBMIBRAARD 3 Ax ™~ We” A
CA AR A-BKNAZCREAA A Al po Exb

C PAg &5 xP, ee_ _ &3XxP,t AexPWt x YPdse A 3Av, PAX™ dBBAt pe A, VA" | A
U™ P dBAx ™ BBAW | X At &3, . At . . OP, & G3SADA: G w A PHEXA VY, PrAREA® dst . dseiF Ay
€ Od3t , Be AUBA™ Y &

ASASH ARV BN TESVAW 2 AAR ARV B TESVA N poEru

. PAASE AR

@ 3Ax" Wez Av P,  _ AEyARRA AUgxA: &sXA, T A

Cp v APBpko A Zh M IA AZA ML ps EAY

C PARLG XP. ¢ e A XBURXWPGe AQ 3AV. PAX™ GAL e GA. VAD . @ . We Ac
L..OP. & ' ©A  P&AX™ @ A RNl (AAE Ot . dse AXT &5 A

17.4.2 .......... Powder data

P, Bz B, AOp, Pe ApPd&BA. &3P: i3s3 Av, PAO, Uz &BPA3., VVPm{ x.. A3Zpx A &g
X~ BBATdS  dfPApxt PW3I dse AX T BAP i3V, €BEAXA v BXAR . EAA A, @FAQY dgEARL . . O WX X . .
|Z3TABRY A  Ydie AXx™ &3Af ., PP X ACP xddg B . A@ VPR ePAAQ 3 AP~ Whgs A, X At
. ®BP: @3 A3 B, GO, PAXSABAV ot X AX " px”

Py AL v ABg ¥ ALK © po Ny

Mo e KB 2 XTARAGATNGARR u
X GFARP RZSIABR A, T AX'EPY AB-FRAGY @, WX de Ax.

Cp dAHR A s poEos
Cel v AN
where Q:="A-ZA A ZA ATA AL

and Q2 =8 ApA-BAAA-

® 3AV. PAPEE3Id3 AO@, Pe AYBA: Bx™ A
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Cp vh GE" v ABSAS A BS £

U AV t WM PASARRY A, € A3 P, OX&d¥s.Aqe, AU i3 50, CATEAGHAN: . Yds ARe Ax” A
&5 PR WR 2 AX T dSAV T g, ABEWEP A, HFZBPIAR . K VP pAXCP. BALDA@HY PR A

. &7
(;353 dapilbss\j poEgES 8

U s'AP dse 5P Y d33 'A© opP pAOI3 AN Aptp BISR th, AR BSAWe 53 Ax. A, RX®. AW . &P: d
PPe HR 30, " & xe AP IEOABAYEP; B4A A @t P, ¢ ATUpESARBE AOP, Y

macro F_Real_positive { (A01 -B11) }

macro F_Real_negative { (A01+B11 )}

macro F_Imaginary_positive { ( A11+B01) }

macro F_Imaginary_negative { ( Al1l- B01) }

macro F2_positive { (F_R eal_positive"2 + F_Imaginary_positive”2) }
macro F2_negative { (F_R eal_ negative 2 + F_Imaginary_ negative "2) }
macro F2_Merged { (A0172 + BO1"2 + A1172 + B11"2) }

U, X BAGE[EPA BLIDAp . X G Rifkbdry . YiBeBAR ks &R d33 dxndzBaale_pks 4’ ZA
|_after_scale_pks X, SB'R~ e @3¢ APP BABRB=W, Yp, &3 X Ax. Ax ™~ &&Av, . . 4.’

|_no_scale_pksA Bdz)xa@le yNNESET d5P @ 0353
|_after_scale_pks A BiSX fHapt gEO 'd3eEasihgnle s NNESET d3P @ o33

a A3 3. X. ot PR Fxdfiktailsa’ A AOL A11BOL B1IA o’ AR d3AlWe d33CAX d3iap WX OWR A
1743 .......... Single crystal data

NjB| /RO E Ae . ' &AtPeexm AZpX @At. . OP. & AW . BPZsEEBR @AW YAD,
We 33 AV, PAL@E|EW, PR, & RAPBY, &t X.. & APPBA BP: 33 ARe Az BV W, ;
dont_merge _equivalent _reflections SCAP At &3 x P. ee_ &3x P, t Ae x PWt x WPdBe 2 'A_ zP: , '
P, B3 B3, AOm, |FEesAdh2s 3AA e "Allje B33 AV CRONPAAE di), )oiX.. € e /A &Bx P, t Ae x P Wt x WP
DA BBat, W3de A X T @A BgRE A Od, P AV-G u3AA xe AU AR A V. BFAA o, t W,
dont_merge Friedel pairs AOP dizyY o3 x A . B3RP , thz s,  ‘Ag@ae, ®fferendes _in_Friedel pairs’A
v, P dG BAWEIFAAMIAAY | P AL qstUAUR BR dst iSRAY 33 A© Rlaps ERBBBIA epASABA W, &
RBPA VA ReBPY®BIZIAPBV, &3t x.. € ArRd, . " ., : AXx. ApAvp. ., eA, VAPWH

TP 7 0 AL VABZW. Yop, & X APV, &3t x. . & APB3 WL e At . . OWX px .. o,
e X PWt X WP GBAP®RY e AdgALE. X3 ABA, " X & €. xeA e At @ t W opx B33 Av, PApAed
PrRe 8 t d3A, VEL WP AT WAY o, o X OFP, dely3 cgisiistaRgs. RS AL T X o8 £, X B¢
POOP, OP, mpx 33 Agpe APBRB=W, Pd333

FNif 8 X @A, e Axe O, t @ ., eA: &I BPpXx B3 AVP, . APAO, Uz BPAO@X X BP’ Ag 3
. W3 R R BIRRD ae BE WA= R Ae A e AWle B33 AV, @ AR Y W, axx... " EAA,

dont_merge _equivalent _reflections 2 dont_merge _Friedel _pairs’A ® 3 A ignore_differ-

ences _in_Friedel _pairs P d&3A, : ' . Pd333
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1744 ... The Flack parameter
wtrd egAack Ad

C PAe U'Pe gy pA@ 3 EHUE KA. e'e | @X P, AaghijametdsR &ack 1 I83pA
el o CBsAaCE & Agpe AV BBAxXediWyedseOr Adgg g DU ZB'A

Cp JA8 S ABEE mtSs6 A P—
Crl 8 AARBATAQ pt3z8 A

1745... Twinning

U] NOE| R ®Erq W aUE
07 aeR a ERjUTT| O U3 Roy
OV agR a ERjOTT] U8 U3 a02Z
U7 ag% ( eNjOTT] Os U3 Ror
OV aster 1 NjOTT| Us 03 402
07 agENj] | g3 Boy
U7 &¢8eNj| | 93 Bor
O7 ags3s Ror
O ags3s a0z
Oy, " A" pe ARBER A, _ O &g & XBIApPtt. P3. ' : AX. AZ@pPe. ' &€ Ap35>
®tt.. O & B33 ARe Aqstrt g Wl ol AU “xB PO dFlsxeBAX . AR BBAX T BA, | Udge X Ac
O pe B3 A 33.X.. @ ., ez APV, Udkstags JA'E AN X A PWA R dAPRIFPA \d33.3 dhe A3 3

We gAY BPBAQA. . " 1. . .1 AO" e IAY quB3Ap’ AQ P XP AIPD, . [ B, pXAX Y .APF
X Y. e dgEA

1746 ... Single Crystal Output

U o8A_ op@uP Sifgle Crystal Detailsz "A e i5dB'A Nj32A Wix O WX € A3 d&Bx . ., € AV PAe .’ : . At F
e BBAX dse X Adsd ] CHMIIFA g AdSA’ W RBPA, VA Re BPYdB3IAPEBY, &t x.." &€ AR

O, o 1dSe B'GRA d3Fad3, Pre AP d3’A’ | X . ol "RBR XN &5 AAR BSAZT, qrevdgiedst X 3dfx P e A
LEAL LT e, ZBPABIA, S ARSTABIY fpputgdaAAY . P A

1747 ... 26 point by point calculation of fO and beq

Structure factors for powder diffraction data typically write beq and the atomic scattering factor  fo as
a function of the Bragg angle 2 e.. A more accurate description can be realized using the str dependent
[point_by point_beq_fo_etc ], which writes the structure factor in terms of 2 e. This calculates fo and
beg on a 2e point-by- point basis rather than 2 e.. In routine Rietveld refinement the difference in
structure factor values is small and difficult to detect. It can, however, be useful for analysing nano-
particles when extreme accuracy is required. The keyword only works with X -ray powder data and
results in a slight increase in computational effort of ~5%. Reported structure factor values using the
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reserved parameter names of AO1, BO1, A1l and B11 are still written in terms of the Brang angle 2 e,
and are therefore unchanged.

175.....| . .e¢e .. AZP_ Vv, &AUY_ x~ A rRe, PO ..’ ' Al 3. d3¢
[modify _peak] Examples

[modify _peak_apply before _convolutions ]
[modify _peak_eqn 'E]

O NOE| R RZYNilNy 2 Ga g BR A
r 3igiv T3al0z
[current _peak _min_x !E] NZ&GErT3 402

[current _peak _max_x !E]
Get(current _peak)
Get(current _peak x)

modify _peak can be used to modify peak profiles either before convolutions or after. Functionality is
realized by using the internal data “Abjects of &et(current _peak x) and Get(current _peak); these two
objects Aeturn the x -axis wavelength being processed and the current calculated peak intensity re-
spectively. Here are plots from r 3lgZv T 3 aadc NjZ & G r T 3 athhghave an identical absorption
edge modelled for both AI203 and Spinel samples:

Corundum AI203 100.00 %
904 LiMn204 100.00 %

80

Sgrt(Counts)

T gk RN N i (I Aeimnbivhil
r' Ll Liar s ki

L L T ik T
| Lor IR [ LIS I A T | i L 1
[ [ AL ] A

5 10 15 20 25 30 35 40 45 50 55 6
2Th Degrees

When no_th_dependence is defined then Get( current peak x) returns the x -axis of the point being
calculated; when no_th_dependence is not defined then Get( current _peak_x) returns the wavelength
of the point being calculated.

v o<

176..f . PPt X.. Av. PA3. et O®Pe " AWje . AL . 3. VeEO

Example: U] NjUE| R EEINjA| & &j@INE3 a0Z
The shape of the emission profile changes with 2 g due to dispersion such that:
I(lam) dlam = I(th) dth
or, I(th) = I(lam) dlam_dth

g. vVV®BPE x. px.’ @ A"P@wehaw’AY  x~ AP die ©d3st x Ax. A
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dlam_dth = 2 d Cos(th)
or, I(th) = I(lam) 2 d Cos(th)
Rearranging we get:

I(th) = lam I(lam) Cot(th)

The point by point intensity of the emission profile therefore changes as function of Cot(th). gaNjzs3alz
show difference between correcting for and not correcting for dispersion as follows:

700
650
600
550
500 1
450
400

350 1

Counts

300 1

250 A

200 1

150 4

100

50 A

0 l ——
T T —] T T T T
1.75 18 1.85 19 195 2 2.05 21 215 22

2Th Degrees

The peak shape of the above is as follows:

hat 0.1 num_hats 3'specimen/instrument
lam ymin_on_ymax  0.0000001 la 1 lo !lam_0 1.540596 Ih 0.5
modify_peak eqn =
Get(current_peak)

If (And(Get(current_peak x)>(lam_0 - 1.5),Get(current_peak_x)<(lam_0+ 1.5)),
1/ Tan(ArcSin(Get(current_peak_x) / (2 D_spacing))),
0

);

modify_peak_apply_before_convolutions

17.7...a¢_ X. Odke A’ 3A XxX. . AUm. B

& Njl O 2| Npudeddor obtaining isotope weights . The same atom names can be used for both  neu-
tron_data and x-ray data, as the program will do the appropriate conversion. For example:

site .. occ Mg ...
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site ... occ Mg+2 ...
site ... occ 24Mg ...
site ... occ 26Mg ...
site ... occ 26Mg+2 ...

PFAX "™ At dvE REAANIEIARIL AX T BA@X. . .t AY Gandards Wddle [ dI3XA. A dlex Al T 33 AL
Or 2| Njs.ORBAYX "~ 3At qpeMzetAA QY A /ABWES LAY~ BAPX. . .t AUd., : " x AlWlJe B3I A, € A"~
defined in & Njf O 2| NjNORGBAX ™~ &3A! b3t A, & A3 P, O0Od3 AHE atgmidwedgpfor ~ . ' @ Ax ™~
24 Mg is not the same as that for Mg. When 24 Mg is used then the isotope weight for 24 Mg is used.

When Mg is defined then the standard weight is used.  The standard weight corresponds to the mean

weight of the naturally occurring Mg isotopes.

In the case of x -rays:

> Atomic scattering factors used (from file OTNjf U3 1028 Mg and 26 Mg+2 corresponds to
those of Mg or Mg+2 respectively. Numbers occurring at the start of the symbol are dropped
when searching UOTNjf U3z ORU

> ftandft ¢orrections (files in  NjNj@irectory) correspond to that for ~ Mg. In other words, the num-
bers occurring at the start of the symbol as well as the charge (i.e. I+2Lin this case) are
dropped.

In the case of neutrons:

> Scattering lengths used are fromthe U] GUNjf Ufil&) &h& charge !+2!is dropped when
searching U| GUNjf U3 URUO

Internally the program converts  IDt "A Tt 3AXH: AN g8 HE WPwie O3t X . Yd3, e 3

178... tt WO [ . &Be Ap’ 3 Ace. Bx Pe A, OB3Ppx. P¢

[, eAW |, ZWBAG, ¢, x.. & APPEA: && GRGX.BgAVIPL WAe &g3 AdBx P dseAA O BB g

e.XBA 1t WO t eAY @ OWBe B, VASVARAPX. . .t AG €, X.. €A eAOEPV, P,
W . ZWAOHe BXAX. . edfP g { BBA. " AV Pt XT3GNAD, eARX T, BRIV . aFXdgE’ Ad3t vdfe==pP
VPt x.. AT AXT ®AV, P A VABZWEX .. &AYT @ AR xBP,' I AVPopLX.

Yo, Wde Ase Wi ~ Agpe AS3 WWWWW3 332 AS53 22222333 ARSX[ 3% Av, PAaq. O, &

We d x =1/3; y =1/3; z =2/3;

g X ¢3g  x 033333 y 0.33333 z 0.66666

17.9...f . Y. Wx.. '

< < T

179.1......... Instrument and sample convolutions

Diffractometer instrument and sample aberration functions used in peak profile synthesis are gener-
X BZAVP, A BP.t AL, Y., Wx.. €3AC, PABBapm O, & Ax" &Al e . O,
the generic convolution ‘Aircles conv 7as defined in the Simple_Axial_Model Anacro. Table 17-1TAists
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instrument convolutions. In addition, the full axial divergence model of Cheary & Coelho (1998a,

1998b) is supported.

Upr = esfiAe x P WoptE'3 AAm. ©, di3ArR 3P P X . .

. Bope WP i33 A’ g4 ~ deBp! 3'5&’5'&0’, SR APPde ©, ° 3AX. AX "~ &BAOP, _ of
VAX™ &3AZ . VVP @t X, .-BEKR-AP B Odst X . Y3 e3 A
Aberrations Name Aberration function Fn(  €)
Instrument
[ZWmpx. P, @ Az, Yd| qCA "O% - - - ~
3.Y®BP: & [ BAE, | X gy . . “L ,
Qe4  TIO & — weo 0000
QT
[ZWpx. P, @, Az, Yd&]| qCr "O% - - - -
R, BAZ . YBP: &3 { &3% 5 Y .
T 000 ‘g— 2ET
"QEd4 TO & -
TY
Nj o dgA, vAe. WP &AM OA 0t- OGEBMQ QE T — - —
P, m AG, @ & B _ b S C
x EAOA -
NPt .. o Ax. . x~ ANO® "Ot-  OGOEBRQ QE T — - —
e O BAt WPVl &I g S S
X AX T @BABE WX . 7TEAOA
3 Y. ' A A NjrA s -
dst o3, Ae. L X AN Ot - P 0
pa, @, AO, @ & p._ b - -
.. Wt YO .. .
Qe 4 TO € vy Al @&
T.3x" A, VAX~ ®&APC Nji A Ot - 06 ERIQ Q¢ | -
T BABZWeX. P.®, Ty oy S S
x EAOA ——
Sample
r.’” BpPApre,. POX. ~A 08 P . -
€- - Oown -
Pl a . "7 .
¢4 TMAT A wn@EJ— 7“0 06Y
1792 ... Convolutions in general
TOPASO&PV, P_eAt ., Y, ,  Wx.. A, AYqHFT{ WeAY pifashrpurigfgansds/Ax B3P

v, P_.uyA, PAr 3.
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summations that can be calculated either directly or by using an FFT. The program uses the method
that is fastest as determined by calculating the number of operations required by each.

Response functions that are known to the program are treated analytically. Response functions that
are unknown to the program (such as user defined convolutions) are treated as straight -line seg-
ments. Convolution therefore can be i) between two sets of line segments ii) one set of line segments

and an analytical expression , or iii) simply done analytically. = When straight -line segments are used ,
for a response function with N: data points and a peak comprising N, points, the extra cost of the
piece wise integration is approximately 3 ( N+Np) operations . This is a small number of operations ,
and it produces a high degree of accuracy. Apart from lor_fwhm and gauss_fwhm , the convolutions
described below have discontinuities in 2 Th space; associated Fourier transforms are therefore dif-
ficult to describe , and hence convolution is performed in 2 Th space. Response functions that are
treated as line segments are:

user_defined _convolution , capillary _diameter _mm, Ipsd _th2 _angular _range _degrees
Response functions that are analytically convoluted with line segments are:
exp_conv _const, hat, stacked _hats_conv
Response functions that comprise a mixture of analytical and straight -line segments are:
axial_conv, one_on_x_conv, circles _conv

lor_fwhm and gauss_fwhm convolutions are convoluted analytically with the emission profile to form
the base profile. Convolutions are calculated with an x  -axis step size of:

Peak_Calculation_Step = x_calculation _step / convolution _step

For efficiency x_calculation _step should not be defined for data with equal x  -axis steps; instead re-
bin_with _dx_of should be used. The following response functions are calculated at smaller step sizes
without changing Peak_Calculation_Step or N::

axial_conv : Step = Peak_Calculation_Step /2
Ipsd _th2 angular _range degrees : Step = Peak_Calculation_Step /3
capillary _diameter _mm : Step = Peak_Calculation_Step /1to 3

In this manner a high degree of accuracy is maintained and Np*N; is left unchanged. Typically, a la-
boratory diffraction pattern can be accurate  ly synthesized with a Peak_Calculation_Step of 0.02 de-
grees 2 Th. The next step to increasing accuracy would be to increase convolution _step to 2 and so
on. The computational effort for  direct convolution scales by ( N: * Np). Convolutions that scale by

(Nr+Np) are very fast and are:

exp_conv _const, hat, stacked _hats_conv

Calculating derivatives of parameters that are a function of a convolution can be demanding. Most
convolutions however that have multiple dependent parameters require only one recalculation of the
convolution; exceptions are ft_conv, WPPM_ft_conv and user_defined _convolution . In the case of
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convolutions that comprise multiple convolution parameters, for example, axial_conv with its convo-
lution parameters of primary _soller _angle etc..., then a recalculation for each of the convolution pa-
rameters is required. The following is an overview of convolutions and associated aberrations:

axial_conv Full Axial divergence model
one_on_x_conv Equatorial Divergence
circles _conv Simple axial model
capillary _diameter _mm Capillary sample
Ipsd _th2 _angular _range _degrees LPSD detector
exp_conv _const Sample penetration
hat Receiving slit width, sample tilt
stacked hats_conv Tube tails
1793 ... ft_conv
[ft_conv_re_im]® Examples
[ft_conv_re E] O] NUE| R ®Z& | Nj
[ft_conv_im E] rElz 3402
[ft_min !E] EraE0s a0z
[ft_x_axis_range !E]
| Get(ft _0)'A
| FT_Break
Fourier Transform ( FT) of a response function that is convoluted into phase peaks using a Fast Fourier

Transform ( FFT); for example, to convolute a  Voigt into a phase , the following can be used:

ft_ conv.  =Exp( - (Pi FT_K gfwhm)*2 /(4 Ln(2)) - Pi FT_K lfwhm);
ft min =1e -8; 2 this is the default; ft min is optional
ft_x_axis_range = 40 lfwhm;

ft_conv is equal to the two keywords [ ft_conv_re _im ft_conv_re]. More than one transform can be
defined. See ft_conv and WPPM_ft_conv for details. Here the convolution theorem is used by multi-
plying the FT of a Gaussian by the FT ofa Lorentzian. If the Fourier transforms are separately defined ,
the program will internally  use the convolution theorem. FT_K s a reserved parameter ; it returns the
transform k divided by the x -axis range of the peak; this range includes ft_x_axis_range.
ft_x_axis_range is a mandatory equation defined such that the transform decays to near zero; peak
tails will otherwise be incorrect. A Lorentzian for example needs a large  ft_x_axis_range for accurate
tails. ft_min defines the smallest value to which the transform is calculated. For example, an already
broadened peak in x -axis space will have a relatively narrow transform; the calculation of the trans-

form is therefore terminated when  FT(k)/ FT(k=0)< ft_min. Transform values for larger k are then set

to zero. If(,,) constructs can instead be used within the transform equation for further control; for

example:

ft conv  =If (FT_K > D, FT_Break, Sphere(FT_K, D));
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Here the calculation of the FT is terminated when FT_K>D using FT_Break. Get(ft _0) returns FT(k=0)
and can be used within the ft_conv equation, for example:

ft conv = ={
def a=Exp( -PiFT_KIf);
return  If(a<le -6 Get(ft_0), FT_Break, a);

ft_conv integrates with convolutions that are performed in direct space. It can be used within peak
stack operations , and it can be a function of the reserved parameter names:

H, K, L, M, Th, Xo, D_spacing, FT_K

Multiple ft_conv (s) can be defined at either the xdd or phase level. When defined atthe xdd level, the
convolution is applied to all phases of that xdd.The U| NJUE| R TFEEWketlory comprises examples

that use ft_conv. For a typical Rietveld refinement, ft_conv used to describe a Voigt is almost as fast

as the analytical equivalent as seen in example C®@& r El z 3 FRoOHgh accuracy , the range of the

peak, as defined with ft_x_axis_range, needs to be large, up to 400 FWHM for a Lorentzian; in these

cases, the ft_conv is considerably slower asseenin CEl aEU3 a4 UZ

Cl r Ef z scamipdres the use of spherical harmonics hkl with and without ft _conv as follows .

prm csl50 min 3 max = Min(Val 2 + 0.1, 10000);
prm csg50 min 3 max = Min(Val 2 + 0.1, 10000);
prm csl_fwhm = 0.1 Rad Lam / (csl Cos(Th));

prm csg_fwhm = 0.1 Rad Lam / (csg Cos(Th));

if 1{

a Spherical Harmonics

spherical_harmonics_hkl sh

sh_order 2
load sh_Cij_prm {
y00 Ish_c00 1
y20 sh_c20 O
y21p sh_c21p O
y21m sh_c21m O
y22p sh_c22p 0
y22m sh_c22m 0

}

existing_prm csl_fwhm *= sh;
existing_prm csg_fwhm *= sh;

}
if 0{
a use analytical Lorentzian and Gaussian convolution
lor_fwhm = csl_fwhm;
gauss_fwhm = csg_fwhm;
} else {
a use Fourier Transform convolution
ft conv = Exp( - (PiFT_K csg_fwhm)"2 /(4 Ln(2)) - PiFT_K csl_fwhm);
ft_x_axis_range =45 csl_fwhm + 4 csg_fwhm;
}
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The speed of the analytical convolution is greater not simply because describing the peak analytically

is faster , but because derivatives of multiple parameters for lor_fwhm (or gauss_fwhm') requires only
one peak calculation; whereas for  ft_conv, the peak is recalculated for each independent parameter
that it is a function of.

1793.1... ft_conv compared to user _defined _convolution

If a response function is known in x  -axis space , then it is often best to perform the convolution in x -
axis space rather tha n describing the FT of the response function using ft_conv. user_defined _con-
volution can be used to perform convolution in x  -axis space , and the speed at which it operates is as
fast or faster than ft_conv, depending on the x -axis range of the response function; this is demon-
stratedin C@ [ ¢ | 0U00a& . Bor &aotepeak , user_defined _convolution estimates the computational
effort required to perform the convolution directly and with an FFT and chooses the one with the least
computational effort. Examples that use user_defined _convolution are as follows:

C@grs|000a Usalz
Or r ce~ U63E33402Z
TZZ® TT 3a02Z
Gg| ¢ 3a02

Gq| C 3shand how to convolute a function with discontinuities , i.e.

user_defined_convolution =Exp( -20X"2); min = -.2; max =.5;

The FT for functions with such discontinuities often cannot be described analytically

17.9.3.2 .CCUAY®BPe We Az . Pt x Ae W. . opx ..’

Typically , an FFT convolution for a response function that comprise histograms is quoted as compris-

ing O(N log:N) operations ( Cooley 3Tukey algorithm for example ). Direct convolution is quoted as
comprising O(N?) operations and is only faster for N<128. However, in XRD work a direct convolution
rather than an FFT working on real numbers is often faster for N ~< 256 to 512 , as the comparison of
the O(N log:N) versus O(N?) is not strictly correct. To see why , consider a response function com-
prising 3 points and a peak comprising 5 points. A convolution can be pictured as the response func-
tion R moving along the peak P as follows:

P 00011111000
R - X

R - XX

R X X X

R X X X

R X X X

R X X

R

FAx™ . e APBOP e d3 X X . . "~ Ad3gpt ~ Al at At @ ARBAL . T &, 3BPBIAPA. W, X
15 multiplies ( N«*N,) and not N? where Na 3 N#Nyu &. To perform such a convolution using an  FFT,
the number of operations is approximately 4*16*log  »16=256 multiplies , where 16 is the closest power
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of 2 to N+N,. Of course, FFT routines typically also have special cases for small N; nonetheless
N=256 to 512 is not small , and many peaks in XRD work typically comprise less points and many of
the response functions have asmall  Ni; these include axial divergence, equatorial divergence, receiv-

ing slit width, capillary convolution,  LPSD convolution and often sample penetration.  Another factor
favo uring direct convolution for modest  N: and N is the fact that modern processors such as the Intel
i7 are very fast when data in cache memory are arranged sequentially and accessed sequentially. In
fact, non -sequential operations can be as much as 8 times slower than for the sequential case.

1794 ... WPPM
[WPPM_ft_conv_re_im E]..."A
[WPPM_ft_conv_re E]
[WPPM_ft_conv_im E]

WPPM_L max E
WPPM_th2 range E
[WPPM_break _on_small 'E]
[WPPM_correct _Is]

Examples

U] NOE| R ®ZZZA R
E TT 3a02
E TTeC&UNMS
NjZ R | 4Cl&l0n 113
NjGZ gl 6| U00Oa U3 a0z
fITZ §435a02
NiNjZ B | &3 4 02
fGrdr WUI 8 Tep3alUZ
r @Ur s T gp3 a02Z

Q)

Q¢

WPPM_ft_conv is equal to [ WPPM_ft_conv_re_im WPPM_ft_conv_re ].

1794.1........ WPPM in 2Th space

The WPPM microstructure analysis ( Scardi & Leoni, 2001; ‘Aeoni et al. 2004; David et al. 2010) for
domains comprising spheres and a gamma distribution can be implemented using user_defined _con-
volution operating in 2 Th space asshownin E TT 3402

179.4.2 ... WPPM using fit _obj(s)
For cases where microstructure broadening is far greater than instrument/emission profile broaden-
ing then fit_objt & At @ AR BAWe &3z Ax. A3 Bet PERTFAREILA O BUENER | H@BAp ¢ d3d’A

[ ~ns3 B foexample:

fn  gamma_mu_variance(mu, v, x0) {

def s=2(Sin(X Pi/360) - Sin(xo Pi/360) ) / lam;
def pO =Pismu;

def p = If(Abs(p0) < le - 10, 1, p0);

def g=2p/v;

return  muv/p™4

(

2pr2/ (2 +V)+ (VI(2+ 3 v +Vvr2) (1 - @+gM2)N  -.5vV)
Cos(v ArcTan(q)) - 2p (1 + g2 -.5 (v+1)) Sin( (1 + V)
ArcTan(q)))
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Example NjGZ |g61 & | U0 Oa i€ asafll Zor asking the question; can spheres with a gamma distri-
bution describe a 1/(1+x"2)"mtype function ?Example f [ TZ &3 ai®uweful for asking the question
can a Voigt fit to a particular case of spheres with a gamma distribution?

17943 ... WPPM using WPPM _ft _conv

WPPM_ft_conv describes a n FT in s space and performs a convolution on phase peaks that have been
interpolated to s space, for example:

WPPM_ft_conv =1 - 1.5WPPM_L/D + 0.5 (WPPM_L/D)"3;
WPPM_L_max= D;
WPPM_th2_range =25.1 Rad Lam /(D Cos(Th));
WPPM_break_on_small 1le-7
WPPM_correct_Is

The result is then interpolated back to 2 Th space. Interpolations are scaled such that I(s)ds = I(q)dq
when WPPM_correct _Is is defined; the effect of this scaling is typically small at low angles and be-
comes noticeable at very high angles reaching a maximum at 180 degrees 2 Th where the derivative
of Cos(Th) is at a maximum.

When multiple WPPM_ft_conv (s) are defined then the program will internally use the convolution the-
orem.

WPPL_L is a reserved parameter name that returns the transform parameter.
WPPM_L_max defines the maximum WPPL_L.
Get(ft _0) and FT_Break can both be used in WPPM _ft_conv in a manner similar -to ft_conv.

The calculation of the Fourier transform is terminated when WPPM_ft_conv_re is less than
WPPM_break_on_small multiplied by the value of WPPM_ft conv_re evaluated at WPPM_L = 0. If
WPPM_break_on_small is not defined , then no check is made to terminate the transform.

The tails of WPPM peaks extend for almost the whole diffraction pattern; they can be shortened using
WPPM_th2 _range; in the above example , this range has been written in terms of the  fwhm as defined
in the Scherrer equation. WPPM_ft_conv can be a function of the following reserved parameter

names:
H, K, L, M, Th, Xo, D_spacing, WPPM_L

Example N§NjZ B | 4|3 auses WPPM _ft_conv to fit to a synthesized WPPM generated peak with iden-
tical results. Example f G~gr GUI & T gp3 addai be used to test these macros. Lattice parameters
appearing within the macros are made constant using Constant; these convolutions are therefore
made independent of lattice parameter changes and hence separate convolutions are not initiated
whilst calculating lattice parameter derivatives.

WPPM_Ln_Kis a reserved parameter name that returns Ln of an integer and is used to calculate  Ln(Kc
WPPM_L) in a fast manner.
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Theexample 1 GUI & T &p3 acdarZbe used for visualizinga Ln normal distribution. It usesthe Ln_Nor-
mal_x_at_CD function to determine the limit of the distribution.

17.95.......... Microstructure convolutions

U dgBuble - Voigt approach (Balzar, 1999) is supported for model  ling microstructure effects. Crystal-
lite size and strain comprise Lorentzian and Gaussian component convolutions varying in 2 g as a

function of >a { gueApp’ ZGAJARBP Odst X . Y3, €3
1795.1.. Preliminary equations

O &AV. . . . Y.’ : AOPd .. .’  bhehd dpE djep)Gaussian, B X Loreqizadg . ua(x),

and pseudo -Voigt PV ua(x) functions as given in Table 6-23

B3, : 7 Keh awAepp g WAP d3e OBt X . Y3, e

Ec tABspabsuB\BAY™ _
re B A pab s daAAVA ™~

EpWe € . of Aopls’ XA . @ AP dse Odst X . Yds, e A4, x 7 AP dspA

Epav B pawv
reav Abphay

Ra3. : ~ kpra wh@ay AP dse Ot X . Y3, e”

EcA Ak
rs’A Ahs ¢

& x d3: Pop, AR Pootgmzex.” o, Aol XA . ' AP e OBt X . Y3 e

beA AAEAR AEAPAAV U™ 5 Ag ‘A
bR AarAR APARMY U . AdA,

G . X AZpRiWUifA . 2 A

Z k& oA A b AghutA o
bz éA ‘A ZKacA

A Voigtis the result of a Gaussian convoluted by a Lorentzian:

EABp vUivhlAp v Uiy

where " A" denotes convolution and fwhmG and fwhmL are % ~ GJAR TA vV AEPWFEAs | of, oy XA . @ A
t.. ©  d&&xe3 AAL @ AR BGAPOOP ZadWiHXMEXAWEA, e ARpA BA” W &Pt o,

Ep a uEp/ N tufBAp v U Ty ADEAp a 2 Aydl ™ _

By changing units to s ( AY):
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€ Ab Asa 3 @beSAAe |’ p
and differentiating and approximating ds/d g = Ds /Dg we get:
De 'Ab ‘Ap gAhalR p
x " We
vy~ peuy AbGaVAY QuegeSA
ape vAMPEFAAL quehm A
17952 ... Crystallite size and strain
fPeexm . ERUshN oidgs x» . @ At. . 0. " & xAt. Y L Wx.. &ApPd&

vUu© e RAE@We £ | @ AR AP pef AR
vVUT _geAr, VPAR X 3, qbubiBAA e BANpy
bp g AE@We ¢ b o> pel@y Ap puf/ANREAS A
bp g Ar, VPA' X oplpehdy Ap pufANpAs ‘A

or, according to Balzar (1999), in terms of s, "AGS and’ACS:

VU~ pebeple e A A RPEE A S
vy©  peap ARV R @pdAbdli oA S a
bewp € hpAd v FpWee b W' Aos da A5
br p € BpAD B A PVISA X I i\ opipeiidf a NIk fAs

U A, piCB.LApA LRAGAPP d5A We ds3 AV, P A tf bl Hepll, § GBGE/D oo Py "3 AsP € ‘AP dse O dst X .
qdsx 5P . X .. T AL VAT SAY. . W iAW B, rAEAG o s BQT MATA e, Alhe AR 5. L Ux A

r Eed A A EAQBAXX o3 EFPulsp EEXIR £ alE? A Do
r EeCT B TR A'EAQEEN R EEp b Ay

U &3A. qliVEl_FIHM_CS G LA8e d33 AV, P'AtrqE s8 B @¥RCT AP

Njx P ¢&traii_G and Strain_L parameters correspond to the fwhm(2 ) of a Gaussian and a Lorentzian ‘A
that is convoluted into the peak, or, ‘A

VUT _ gpAE@Ue € | NK PAER R piup

VYT g AL WAE X aNK ®@RAPGup

bp go AEqUfe & b 14K PARE'R (phepAa At

bp gu Ar. VPAR XK B @AX mbiwpAa A,

or, according to Balzar (1999), in terms of s,  "Aco andAco:
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vy~  peBepBe e ANK PARR  quphd B P @& Ag A3

vVUT  pery ARV RaNKE @A A phA R P @A Ag A3

beqp € Uik BlipA u Bplys’e b ikp RAGE A A Ac Aa A3

br p € wh Al A, P Xxib AP GANA B Ac Ag A3
0" A ISPainel My’ $tiin_GHpP ds/AWe ds3 AV, P AINDP BB’ aMAP @ BQP asAdfdfsP € A
€ Ot X OV B BBEBWpX . . T € AUBA: BBx”

beqp £ u BN R ApsE A

br p € b ANk Rely A A3 A,

tt. P3.%qm AxpPAMpsnnnez ABZWpX. . ' Apwzwe”
BAlFAGIA, Ap z M@ P
where 7op g0 A& ~ d3AV U~ _EA_ VXAARA . ORpUie € | gA GNA | x Staip ZGVTdri(g) ANt a
Lorentzian with a fwhm = Strain_L Tan( q)3UA &3AY p, WdZAV. PABRS A, ¢ A: . Y& ArRe”
z AdgepApb @1 B TA vV AE™ BAX AN P G BAP &,
A BB L ECN BEEMK P @*NR P &uly op
Frdps AD AEC B EEANK P GE*NR P @y B Aw e 5 8 AAg Az

U &s'A. gqOFronAStrainA o, t W, x dse Adss AlWe . * : AX " ENHEEEX .. 0 AVW tX. .

17.10.0W. &BP .t o, Ar, Pds X3 . @ Ap 3AEpWese @ Af_ " Y,

For fundamental and pseudo -Voigt peak types, Lorentzian and Gaussian convolutions are performed
analytically during the calculation of the emission profile Voigt. Therefore, lor_fwhm and gauss_fwhm
are still calculated at the emission profile level even when defined between push_peak and
add_pop_1st 2nd_peak keywords.

1711..et . BE O~ e BERA Be U, P3

[xddd ® Examples
[scale_phase X E]... O] NOE| R W&jf | Nj EZB Nj] ERs 4 Uz

Scales Ycalc point by point. It can be used, for example, to define  the Lorentz Polarization factor on
an x-axis basis rather than on a peak basis as is the case for scale_pks. Some main points for
scale_phase X:'A

> Can be a function of X.
> Multiple definitions allowed and each applied to the pattern. A

> Can occur at the xdd and/or phase level.’A

H&P dst example A
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xdd ...
scale_phase_X
str scale _phase_X ...
hkl_Is scale _phase_X ...

The first str is multiplied by the first and second  scale_phase _X; the hkl_Is phase is multiplied by the
first and third scale phase X.A

1712..Nj, . W, ox B3 A’ "~ &Bp, ., @ Ap 3 Ae X PUWt X WP BAZ di3X B3P

Defining continue _after _convergence and a temperature regime is analogous to defining a simulated

annealing process (Coelho, 2000). After convergence, a new refinement cycle is initiated with pa-

rameter values changed according to any defined val_on_continue attributes and rand_xyz or ran-

domize _on_errors processes. Simulated annealing is therefore not specific to structure solution, see

for Ba o, @ UsBZ| U WaGBN]| UMsdsi=6 3M0Z YBRBP: o5 t A, € Az X B3P . ' 33 AU”™ d3 2
NA € ‘A, dzechiZAxonvergeidce criteria ™, PAx ~ Pd3dz’At . ' & d3t Wx . Y d3’At edtop dgecidgp’ 3 AU™ o3
O P . di3x BP Ay x P. R WX |dgeqiA d§d oos” Wepx d3’Ax . Ax P Wdzs ‘A

chi2_convergence_criteria = If(Cycle_lter < 10, 0.001, 0.01);
C PAexPWt xWPd&Ae,  Wx.. A, " APBm At Opt &3* Ax "~ &AA_ dgpi3ze AV, gpe’Adfe, A €
t.. OWxmx.. At OBBE3 At @ AREBA, " | PBpe 33 ArRe AWOAX, ApAV @l X, PA_V

' dse Y. Rgge Y AP 3 E AX T X AV L ., . X PX BBAE OdsE3 AP & A

chi2_convergence_criteria
quick_refine
yobs_to_xo_posn_yobs

Another category is one that facilitate structure solution by changing the form of S:

penalties_weighting_K1
penalty

occ_merge ...

rigid

QWP X~ B3P A" e OPP § 3 @@ A @, . e Ale 33 AP d’

file_name_for_best_solutions
seed
temperature E ..
move_to_the_next_temperature_regardless_of_the_change_in_rwp
save_values_as_best_after_randomization
use_best_values
xdd ... or xdd_scr
str
site .. rand_xyz
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17.12.1......... Penalties used in structure determination

Introducing suitable penalties can reduce the number of local minima in S and correspondingly in-
crease the chances of obtaining a global minimum. The structure factor for a reflection with Miller
indices 10 0 0 for atwo -atom triclinic unit cell with fractional atomic coordinates of (0,0,0) and (x, 0,0)

is given by 4 cos( phx)?; here there are 10 local minima for 0<x<1. If it was known that the bond length
distance is half the distance of the  a lattice parameter then a suitable penalty would reduce the num-
ber of minima to one. In this trivial example the number of minima increases as the Miller indices
increase. For non -trivial structures and for the important d spacing range near inter -atomic d istances
of 1 to 2A the number of local minima is very large. Bragg reflections with large Miller indices that are
heavily weighted are expected to contain many false minima; by applying an appropriate weighting
scheme to the diffraction data the search fo  r the global minimum can be facilitated. For powder data
the default weighting "Acheme is:

weighting = If(Yobs <=1, 1, 1/ Yobs);
C PAe .’ ', BBAt Peexm, AZ X PAX "  &Av, . .44, ' . z2zAY~™ "~ A, € AOP, O, Px.

weighting =1/ (Sin(X Deg / 2) Max(Yobs,1));

AL PdgApR PIGKdE GAYT LA £, AU P’ e AUG AV, PAc ' &AL PecXx

weighting = (Abs(Yobs - Ycalc) / Abs(Yobs+Ycalc) + 1) / Sin(X Deg / 2);

4, AOds vail) xtexR " X AR gl B U' AX. AVt ., . X PX BAX T BAZBX BP.E. T PX . .
RW O, WARE @ xeAp 3Ax~ BAO, GdA sAqR UAMD dsP:: RCd® b, ax ex. % AUYP , X X
i I Fl /E|IO l AT Q ~Q poEgs B
mh Ao i
where Afs a bond length distance, "A’fhe distance between atoms “AandAkcluding symmetry equiva-
lent positions and the summation is over all atoms of type & TAe'Ai_anti_bump AandAdox _interaction ‘A
keywords are used to implement the penalty of Eq. (  17-158 '"AWe , ' Al A} BuipAp’ A _Bump'A
. Pt P, & AP d3e Ol Xt W REF B, ' £ X PP, X&e APPBAPOO, | 33 Ax. A" &Y e Apx.

t.  exPm. " xeAt @ A7 Avot X A" . 3BPAe | W opx BB e &3p AX T AL AN
eXPm. ' XAV, PAX" gAY Binguian A pBRAMY £ . AR EAR EDEY . | @, T AXT . £ A
Al_Anti BumpA ot P, ARe AUP x. : AXxX~ BAOER @, xe A, Kyxlghere Ag isBA Y BAR d3

Bamp @adqpl f I TZ0Nj3salz

U dgis interaction can be used to calculate the Lennard-Jones or Born-Mayer potentials , and it is
suited to ionic atomic models (see example r Efgs Nj GUI 3 )4 EoE a site i they comprise a Cou-
lomb term C. and a repulsive term R and are written as:

Y 0 Y pSESB

xEAGA 6By—h 1Q Q
h
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Of . . o e e o m e
2% “RoEL AT AGARD R O
Roh
Y or QonQiy h A"O0O0T-AUADR O

where A = "A3a go@-bdAd &0 is the permittivity of free space, ®i’And’A-Are the ionic valences "Af’Atoms’A
“Aand 7 oAs Ahe ‘Aistance ‘Aetween Atoms AAandAand the summation is over all “Atoms to infinity. The
repulsive constants "A. % -AiUA~&nd A'Ap P cgaracteristic of the atomic species and their potential sur-
rounds. The equation part of the “Ars_interaction & typically used to describe the repulsive terms.

17.12.2 ........ Bond length restraints

Example’A r ElgE & §j GUI 3 ‘Bdiiges a bond length restraint using the SRS series’Ad@tween an Alu-
minum site and three Oxygen sites. Valence charges have been set to +3 and 32 for Aluminum and
Oxygen, respectively. The expected bond length is 2 A between for O -0 bonds and 1.5 A for Al -O
bonds: A

siie Al x @0.7491 y @0.6981 z @0.4069 occ A+31 beq 0.25
sie Ol x @0.6350 y @0.4873 z @0.2544 occ O21 beq 1
X z

z

site 02 @ 0.2574 'y @ 0.4325 @0.4313 occ O21 beq 1
site O3 x @0.0450 vy @ 0.6935 @0.4271 occ O21 beq 1
Grs_Interaction(O*, O%, -2, -2,00, 2.0,5) penalty =o00;
Grs_Interaction(Al, O*, 4, -2,alo, 1.5,5) penalty = alo;

O dsAv. Y. Adsa g OB dgATXEY AP i JARILANK BRIPA tnt X ARSBXZ dd AQA
X Pe e . W Ae . x g 3 AN BROSMEA GAL X 53 AR L OGREX O GBS WA £ o R e | X e AQ
S 3%RARY U dBdgP RA’, x d3e 3

site K x @0.14305 vy @ 0.21812
site Cl1 x @0.19191 vy @ 0.40979
site C2 x @0.31926 y @ 0.35428
site C3 x @0.10935 y @ 0.30991
Al_Anti_Bump(K, K, 4 , 1)
Al_Anti_Bump(C*, C*, 1.3, 1)

@ 0.12167 occ K1 beq 1
@0.34583 occ C1l beq 1
@0.32606 occ C1l beq 1
@0.39733 occ C1l beq 1

N N N N

G, . ®AX~ &BAV . Pex Addaq. ©, d3z Ax "~ B3P d3me A’ | ARA@NG _BumyZA@BER .. AL X . .
Lot W3 dse AX T BAOEB @, xeAVW tx.,. 3

17.13..1 pWARBAP BV . ' o & X

Single crystal Laue diffraction data can be refined; data files have the extension *. HKL-LAM; see
directory U] NJUE| R T®Zr G |Mue_Lam is a reserved parameter name that can be used in hkl type
equations; it returns the reflection dependent wavelength. The merging of equivalent reflections and
Friedel _pairs is not allowed with Laue refinement; the following keywords are internally defined with
Laue refinement:
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dont_merge_equivalent_reflections
dont_merge_Friedel_pairs

and the following messages reported:

Equivalent reflections not merged
Friedel pairs not merged

17.14...r iZpP’ X ANj” pOdze Av_ PA ot : P, W 3A, PAl X~ &3P Y ¢

[xdd]... Examples
[user_y $name { #include $file}]... | O] NJUE| R TENj|| SNE O
[user_y $name $file]... e Nj| & E 1] 3] Erl r G G330

[*xye_format ]

grebin_with_dx_of !E]

dguser_y hat’Ad A®

guser_y gauss_fwhm | d A®

dguser_y lor_fwhm "Ad "A®

guser_y exp_conv_const A Awer_y exp_limit’A 4d

New user_y dependents. user_y_hatz 'A user_y_gauss_fwhm A user_y lor_fwhmA @ 3 A
user_y_exp_conv_const P d3’A, 3 d3' X hatzgiusa whiA ' dgpBdfwhm &’ gXA conv_const A, ' g
Y. . Wx..' & Adat ;30 Ayserd3eZAmPodApO0O, | @33 AX. A

user yA @ AR BAWe 33 Ax. Ap3 3¢ A W, X. 0O eAp 3A, ' A gPazR Be R 3P 3 NG, ¢
Bam O, &3 AX. ApP3 3 AX Y, AZpX AV, &t ? Ae = WpPazAx ABEBL &P Wdisx A@pR A X
Xz AX~ BAV. . . Y. ' At @ AR BAWe B3”

user_y fl filel.xy
user_y f2 file2.xy
yobs_eqn result .sst= X (f1 + f2)"2; min 10 max 100 del 0.01

0~ dAx dse x At GBO] GEAUK 3 XE AV Y GAV . XA R’ L X ¢ AX. AX " GAZ WPP X 9 AX P

3@V, dB3zuadhde”, AX TABAV . X AY ., XiT dAx T BA. e P, Ype F3RI@. ARIGL] T A T T e A
’ d3-"
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17,0001
16,0001
15,0001
14,0001
13,0001
12,0001
11,0004
10,0001
9,000 1
8,000 1
7,000
6,000 1
5,000 1
4,000
3,000 1
2,000 1
1,0007

Counts

e —————
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user_y 1 0.00 %
user_y 2 0.00 %
user_y 3 0.00 %
user_y 4 0.00 %

-1,000
68
2Th Degrees

0~ dgAx dse X Ay tpdS®i) SBAOEF [ UEN 1 G X@sAWOzZY BAV | X A R
. BEPT XA O3 A &7 pOdAusprdsv conupitad Wth

user_y gauss_fwhm~™ Ax~ cSAaUZAv oA . . ' €A
‘#define CREATE_SIMULATED _
continue_after_convergence
macro FO_Peak(& p, & pe, & a, & X, & S)
{
fit_obj =ap;
min_X = -pes+Xx; max_X =pes +X;
fo_transform_X =X - x/s;
}
prm !peak_extent 2
#ifdef CREATE_SIMULATED_
iters 0
user_y peak{_xy -0.01001000.010 }
user_y_exp_conv_const @1 min 0.5 max 2
user_y gauss_fwhm @ 0.1 min 0.1 max 2
yobs eqn =1; min 66 max 70 del 0.01
gui_ignore a2 <GF«L DG9< <9L9 >AD= AFLG

Out_X_Ycalc(user_y_convolution.xy)
telse
' Fit to the simulated peak
-0.01001000.010 }
@1 min 0.5 max 2 val_on_continue
@0.1 min 0.1 max 1 val_on_continue

user_y peak{_xy
user_y_exp_conv_const
user_y_gauss_fwhm

xdd user_y_convolution.xy

#endif

start_X 66

finish_X 70

bkg @ 100

prm al 1000 min 1.0e -6 val_on_continue = Rand(1, 100);
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usér_y exp_conv_const and

) d3-"

%3

= Rand(0.5, 2);
=Rand(0.1, 1);
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prm a2 2000 min 1.0e -6 val_on_continue = Rand(1, 100);

prm a33000 min 1.0e -6 val_on_continue = Rand(1, 100);

prm a4 2000 min 1.0e -6 val_on_continue = Rand(1, 100);

prm a5 1500 min 1.0e - 6 val_on_continue = Rand(1, 100);

prm x167.7 val_on_continue =Val+ Rand( -0.01,0.01) 5; min 67 max 69
prm x2 67.9 val_on_continue =Val+ Rand( -0.01,0.01) 5; min 67 max 69
prm x368.1 val_on_continue =Val+ Rand( -0.01,0.01) 5; min 67 max 69
prm x4 68.3 val_on_continue =Val + Rand( -0.01,0.01) 5; min 67 max 69
prm x5 68.5 val_on_continue =Val+ Rand( -0.01,0.01) 5; min 67 max 69
prm s10.7 val_on_continue = Rand(0.5, 2); min 0.5 max 2

prm s20.9 val_on_continue = Rand(0.5, 2); min 0.5 max 2

prm s31.1 val_on_continue = Rand(0.5, 2); min 0.5 max 2

prm s41.0 val_on_continue = Rand(0.5, 2); min 0.5 max 2

prm s50.8 val_on_continue = Rand(0.5, 2); min 0.5 max 2

FO_Peak(peak, peak_extent, al, x1, s1) Plot_Fit_Obj("user_y 1")
FO_Peak(peak, peak_extent, a2, x2, s2) Plot_Fit_Obj("user_y 2")
FO_Peak(peak, peak_extent, a3, x3, s3) Plot_Fit_Obj("user_y 3")
FO_Peak(peak, peak_extent, a4, x4, s4) Plot_Fit_Obj("user_y 4")
FO_Peak(peak, peak_extent, a5, x5, s5) Plot_Fit_Obj("user_y 5")

fo_transform XA € 'Ap'A3 B3O d§t_goiith’ x3AA VXAAL @ AR BAWXMg BX AW Fitphbls WHOP d3A A

e Ale BV W, AV P Ajsepey dzaxisis diiereugtaihé dysbs x-axis. U dgger yA T18,3 3 3 k Ale gp: BA
®, .. YAe~ pOde Ax. AR &SAX & OB3 A FARUBIBX N BRAD. "SR . AFA , dPAB dsazdp £ 3

V. P_ W ox B33 Ape Av,_  Ye”

user .y NAME {
x1 dx -11 /¢ start and step */
010 /* the shape data */

Multiple user_y(s)A g’ AR d3AZAEVZ Adigrt ~ At @ ARBAWEe B33 A’ e A" W. RABPA, VAX . .
R BA@AV W X3KA dgARER WA & NiiEWAE U joads & single shape and stretches and scales it five

different ways onto a diffraction pattern to fit the Quartz triplet. Convergence is as fast as with any

other refinement.

1715..6 BV . ' .’ A, ' Avsz Avi Ap 3 Avn
[fO_f1 f11 atom]... Examples

[f0 E] [fLE][f11E] O] NNUE| R EZ3Clelj=s

Rt Al 1 q| 3402
Of ¢c3s a0z

User defined atomic scattering factors, fO, and anomalous dispersion coefficients,  f1’AndAL13 ERample
usage: A

report_on_str
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load fO f1 f11 atom fl fi1 {
Ba @ -0.160127754 2.3954287
Ge 0.184162081 1.86162161

High correlations exist between 1, f11, scale and beq parameters. A0 f1 f11 atom can be used at the
str, xdd and global levels. fland fllcan be defined and refined independently.  Defaults are used when

f1 or f1lare not defined. The examples Rs a1 7 q| & SAndA [ C3 xdénFonstrate the use | MOATEA
o KBACA dfiparameter can be a function of the reserved parameter  ®_spacing, Th and X; for ex-
ample:

prm al25 min -50 max 50
load fO f1 f11 atom fo f11 {

Pb+2

=al Exp(1.058874 ( - 0.25) / D_spacing”2) +
16.496822 Exp(0.106305 ( - 0.25) / D_spacing”2) +
19.984501 Exp(6.708123 ( - 0.25) / D_spacing”2) +
6.813923 Exp(24.395554 ( - 0.25) / D_spacing”2) +
5.233910 Exp(1.058874 ( - 0.25) / D_spacing”2) +
4.065623; 2 this is f0O for Pb
@5 a this is f11 for Pb

For X-ray data 40 #s by default obtained from the file "A 0T Njf U3 EbRiteutron data 40 “Borresponds
to the neutron scattering length  &omthe 8| & 0 Njf  Ufld) Relutron scattering lengths can be refined,
see example ‘81 ¢ 3 an@ZF1linstructs the programtoignore f11 This increases speed with little change
in Ycalc . report _on_str reports on fland f11, or neutron scattering lengths  used. 'No values are reported
when Al _spacing _to_energy _in_eV_for_fl1 f1TAs"Aised. To disable the effects of A0 ,Al/Aand’All, for say
CeO:, then the following could be used:

load f0 fl_f11 atom  f0o f1 11 {
Ce+4100
02100

17.15.1......... Using a user defined table to input fO values via user_y

Atomic scattering factors fO can be defined in a *.XY file and used viathe  user_y keyword as follows:

xdd @
user y C_f0O_table C_fO_table.xy a8  axis are the D_spacings
str
load fO f1 f11 atom fo f1f11 {C=C_f0_table;00}
i
Herethe f ECsEU ~ filg comprises D_spacing and fO value pairs which are used to describe fo
values for the C atoms within the structure. In the above example, fland fllare setto zero.
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1716..a° Y, . 3 AVScAp 3 AV s

The following message is displayed when there are no valid Antries X | P AV UKAGE cgriésponding
NFF#le:

Invalid f1 and f11 for O in file ... \ ssf \ o.nff
for the wavelength 0.399826.
Setting value(s) to zero

a’ Ae Wt " At e dise AX T dsAWe isPA e AL T . & dsARKAndWALdespgcpvely. eAlbog dsv T dsA V!
We BV W, A, € Ax. AY BUYAV'I Ap 3 AiretoryANding DAGU) Todkeniam; W 3 A, "7 Ax ™ BAe e Vv

TOPAS-Academic-64 V7

File View Fit Launch |Tools | Window Help

D 6 @ @ New Rigid-body editor Window ’ Rﬁ I

d Global Load f' and f" for display

17.17.... ' e, xXP, ©, 1t APV, d3g o5 XA, . 3d3 ¢

Keywords that can be a function of H, K, L and M, as shown in Table 2-3, allow for the refinement of
anisotropic models including preferred orientation, and peak broadening. An important consideration
when dealing with hkls in equations is whether to work with hkls or whether to work with their multi-
plicities. The Multiplicities _Sum macro can be used when working with multiplicities, for example:

prm a0 th2_offset = Multiplicities_Sum(If(Mod(L, 2) == 0, a Tan(Th), 0));

LA B3P &3At . PP d3e QMn'e e WX ABAGBHE, . X GO, &3Xtd3, xe.Afge, VARBP XK BWRAARHS, ', * X

AT, VEAY AXX A . T e, IABPAXT BAZ ., e x P RWX .. T AL VA g X At B3As t8X P .
X®, . . XBA, € APdB: pP 3 B3 Ape A” Y, ' A, xe8 A. & A, X W. ABAORP pr WX BP

Wx Ax ~ AO, Y30BEP AApED ABBAMt ", &Y B3 ARe APz 3.  : AX " BAs . A X P Wt
v, . d33

17.17.1......... Spherical harmonics

spherical _harmonics _hkl&an be applied to both peak shapes, for anisotropy, and intensities for a
preferred orientation correction. Preferred orientation can be described using ‘#e’RO_Spherical _Har-
monics (sh, order) macro, where "sh" is the parameter name and "order" the order of the spherical
harmonics. "Acale _pks#s used to correct peak intensities as follows:
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macro PO_Spherical_Harmonics(sh, order) {
spherical_harmonics_hkl sh
sh_order order
scale_pks =sh;

Example f r U3 asegApherical _harmonics _hklor describing anisotropic peak broadening using the A
exp_conv _const ‘Bonvolution as follows: A

str ..
spherical_harmonics_hkl sh

sh_order 8
exp_conv_const  =(sh -1) Tan(Th);
17.17.2 ... Miscellaneous models using User defined equations

Anisotropic Gaussian broadening as a function of "Afseeexample A| [ SRore A UZ

str ..
prm a0.1 min 0.0001 max 5
prm b0.1 min 0.0001 max 5
gauss_fwhm = If(L==0, a Tan(Th) + 0.2, b Tan(Th));

CLoE. X PG Tt Aedifod AN W' LEARZ offsetAy TV A

str ...
prm at0.07 min 0.0001 max 1
prm bt0.07 min 0.0001 max 1
th2_offset = If(L == 0, at Tan(Th), bt Tan(Th));

qdise t P, Oxp. .. e AXSPR® . ARP, p3 & | TpRAWE Ap sy 3 AR dsd_ele”. * A 3 A

str ..
str_hkl_angle angl100
prm pl1 min 0.0001 max 2
prm p20.01 min 0.0001 max 0.1
lor_fwhm = p2 Tan(Th) Multiplicities_Sum(((p1*2 Cos(ang1)"2 +
Sin(ang1)"2 / p1)~( - 1.5)));

17.18... @O, e . ' : A, OEts i3pPt ~ Ax. AUl CA3 X ®

Ip_search cannot be directly applied to TOF data. However, it is relatively easy to convert the TOF
data to 2Th data where Ip_search can be used. The examples U| NjUE| R HEEr@ N (53 a i$an
example that converts the data to 2Th and then applies Ip_search. The conversion is as follows:

1(Q) = Intensity(TOF) dTOF/dQ

Q=2Pi/d

d=2Pi/Q
TOF=t0+t1d+t2d*"2=t0+t12Pi/Q+1t2 (2 Pi)"2 / Q"2
dTOF/dd =t1 + 22 d;

dd/dQ= -2Pi/Q"2;
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dTOF/dQ = dTOF/dd dd/dQ
If t0 =t2 = 0 we get:

dTOF/dQ = -t12Pi/ Q"2 = -t1 D_spacing”2 / (2 Pi)
Or in INP format we have:

xdd TOR DATA.XY
x_calculation_step = Yobs_dx_at(Xo) .5;
prm t00
prm !t1 6171.89377
prm t20
prm !d=X/t1;
prm !Q=2Pi/d;
prm !dtof_dd =t1 + 2 t2d;
prm !dd_dQ= -2Pi/Q"2;
prm !dtof_dQ = dtof_dd dd_dQ;
xdd_out TOFR to_Q.xy load out record out_fmt out_eqn

—~

"%11.6f "=2Pi/d;
"9%11.6f \n"=Yobs Abs(dtof dQ);

1719.5 5. . Y. '  AZ” mpe dze Az WR ' : APV .’ d & x

[str | hkl_Is | xo_Is | d_Is]... Examples
[remove phase !E] Ol NNUE| R RBZIrTINEZR Nj| 3aU02

Allows for phase removal during refinement  through use of the Remove_Phase macro. Typical us age
is:

for strs {
Remove_Phase(0.3, 0.5)

Here a phase is removed if its weight percent is below 0.3% and if the error in the weight percent is
greater than 0.5 times the weight percent.  The phase removal process is executed at the end of a
Cycle . The following t ext is displayed on removal of a phase:

*** Deleting phase: Corundum ***

*** Deleting phase: Zincite ***

etc ...

Refinement is terminated when no phases are removed during a Cycle.
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1720..f P_ e e At . PP, px .. AvW tXx.. A

[xddd ® Examples
[cross_corr $name #value] f 517 NINf 6 &1 NjNj3 3 UZ

[cross_corr_s E]

cross_corr calculates the cross -correlation function for a triangle of x -axis width cross_corr_s.
cross_corr_s can be an equation that can be a function of  Cycle_Iter which allows for changing the
width of the triangle in situ. $name is a name that can be given to the function and #value is the value

of the cross -correlation function. $name can be used inthe  chi2 keyword for obtaining lattice param-
eters. However, as can be seen in the example  f & [ NjNj3, &sing normal refinement with a triangle
convolution is much faster than using the cross  -correlation function. f & [ NjN;j3 i& &nAnformative ex-
ample and it looks like:

#prm USE_CROSS_CORRELATION=1;2 1=L LG R=JG LG K== FGJE9D J=>AF=E=FI
#prm INCLUDE_HATS =1; a 2@AK AK >GJ FGJE9D J=>AF=E=FL

macro DEL_{Rand( -1,1)0.5} a | @Q9F?= AF D9LLA; = H9J9E=L=JK 9L L @=
macro AA {}

continue_after_convergence
verbose 1
iters 2000

RAW(.. \ pbso4)
rebin_with_dx_of 0.01
CuKa5(0.0001)
LP_Factor(17)
Radius(173)
Full_Axial_Model(10, 10, 10, !sol 3.77616", !sol 3.77616")
Divergence(1)
Slit_Width(0.2)
bkg AA -792.524948 767.974856 - 305.050785 121.658117 - 45.020282 18.2136589
One_on_X(AA, 22265.9137")

ZE(AA, - 0.0110740988)

finish_X 60
extra_X_right 10

#f (USE_CROSS_CORRELATION)
Cross_corr corr 0
Cross_corr_s &

chi2 = -Ln(corr);: 0
macro SCALE_{ }
#else

' Normal refinement
#if (INCLUDE_HATS)

hat @ 1 val_on_continue 2 max 2 num_hats 2
#endif
macro SCALE_{ @}

#endif
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STR(P_b_n_m) 'PbSO4
space_group P_b n_m
macro LP_(v){vval_on_continue =v + DEL_; min=v - 3;max=v+3;
a @ LP_(6.962377)
b @ LP_(8.483133)
c @ LP_(5.400478)

site Pb x AA0.16717 y AAO0.18778 z 0.25 occ Pb+2 1 beq AA 1.47495
site S x AA0.18429 y AAO0.43563 1z 0.75 occ S 1 beq AA0.85254
site Ol x AA0.09441 y AAO0.59667 z 0.75 occ 021 beq AA1.05681
site O2 x AA0.03611 y AAO0.31151 z 0.75 occ 021 beg AA1.63474
site O3 x AA0.31549 y AA0.42069 =z AA0.97553 occ O 2 1 beq AA1.49181

CS_L(AA, 274.77)
Strain_L(AA, 0.035898)
scale SCALE_ 0.000335087199

Running f & I NjNj3 with ZISE_CROSS_CORRELATIONset to 1 gives an Rwp plot of:

Launch Mode: C:\Ww\test_examples\Cross-corr\cross.inp
500 i

400 n f(\ “ nh el L] )\ T ’\ Iy ’\ - I | r
oo L1 LA ALETAN L R ALY R (LR IATLE T o R BT R A
B0 0 L LG T A A S TAT A
3 80 I 0 0 AT

0 A A A A

Running f & [ NjNj3 with 2ZJ SE_CROSS_CORRELATIONset to 0 (normal refinement) gives an Rwp plot
of:

250 Launch Mode: C:\w\test_examples\Cross-corr\cross.inp

200

150

100

o \ B )

0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,

17215 e X Pp. ' .’ : ARt : P. W 3AWe . ' : Ax~ AN’

The Chebyshev background function,  bkg, can sometimes misbehave during Pawley, Le Bail or de-
convolution refinements. In the case of xdd deconvolution refinements, the Deconvolution_Bkg_Pen-

alty macro stabilizes bkg in most cases. In cases of instability, however, the  Bkg_at(x) function can

be used in penalty functions to guide the shape of bkg. Bkg_at(x) returns the value of bkg at the x -
axis position of x. HBP d3t € A’ "Ad3a qBkd® at e5/appbedstd . TOFAdata:

bkg @ 0.443519294° 0.0200324829° 0.0113774736"

penalty  =1000000 (Bkg_at(2036) - 0.43)"2;
penalty = 1000000 (Bkg_at(9000) - 0.50)"2;
penalty  =1000000 (Bkg_at(14600) - 0.50)"2;

The first penalty restrains the value of  bkg at x=2036 to 0.43. Typically, only two to three  Bkg_at
penalties are necessary . The values of 0.43, 0.5 and 0.5 can be determined graphically.
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I VLA, OBBP px d3e A3 WP . '-prodexsedd3NP fileg yntax i$Ags YollovsRse U| NJUE| R Ts

Zr |eghp [ 33)a02Z

if  expression {
} else if expression {
} else expression {

}

expression can be any valid TOPAS equation without the semicolon; in addition,

expression can con-

tain the functions Prm_There (prm_name) and Obj_There(obj _name). The following is equivalent to a

/* */ block comment:

it 0{

A more complex construct could look something like:

xdd
local aaal
str ...
local aaa?2
str ...
local aaa3
hkl_Is
if  Prm_There(aaa) {
Out(aaa, " \ nThis is the aaa at the xdd level % - 1.6f")
if aaa==2{
Out_String("  \ nNot written to file as aaa at the xdd level is 1)
}
} else if Obj_There( hkl_Is ){
Out_String("  \nYes thisis a hkl_Is phase")
} else {
Out_String("  \ naaa is not there and this is not a hkl_Is phase")
}
for xdds {

if  And(Obj_There( neutron ), Obj_There( pk_xo)){
2 Neutron TOF

182...Nj, XBA, 3d3 x. Vve., @ AesxP. ' ' ¢

Keywords such as "Aperate _on_points ‘Aise a site identifying string which can contain the wild card

character * and the negation character !. The wild card character * used in O* means that sites with
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names starting with O are considered. In addition to using the wild card character, site names can be
written explicitly within double quotation marks. ‘Aable 18- IAhows some ‘Aperate _on_points Atrings
and the corresponding sites identified.

U R = dg#operate on points @ x P .’ 1 € A 3At. PP&e O, ' 3.  : Ae  x dBe A,
<tr $sites Sites identified
site Pbl .. F ZR Np'AAE 3 W 2wWE 2 ZA
site S1 .. .
site O1 ... ZrR F ZR
site 02 ... NZR DA ZR oNp'A
ste. 031 ... [ [ Sk WA kZA
site 032 ...
site 04 ... M FAw R [ =>F3M A
N F As A0 [ wd2wWE [ ZA

183...CW  x 3X" A3 digvz APBx WYrP' 2"A" . ' . . B
Functions can be defined using fn~ A~ 3P d3t € A’ Adgarsive Qunalgih; v AgpA

fn  factorial(x) { return  If(x == 1, 1, x factorial(x -1)); }
prm = factorial(5); : 120

T BP A3t € Amp, €. Ax "~ d3Ae , re@rn dg@temenm s ikplieddzP d3’Ax = d3'A
fn factorial(x) = If(x == 1, 1, x factorial(x -1));

The equation part of prm objects can have a function body (see the Robust_Refinement macro in
Ur z Njs)afdr example "

prm ={ def a=2; retun a;}

Most importantly, functions can reference parameters defined using prm; this simplifies the writing of
prm equations and additionally memory usage can be greatly reduced when noinline is used. Equa-
tions called def objects can be used and defined within non  -simple functions. HRBP d3t ¢ A’ Adsa . ©, d3

fn gauss(a, x, f, g) {
def al=2 Sqrt(Ln(2)/Pi)/f;
def a2=4Ln(2);
def a3 =(x/f);
return  al Exp( - a2 a3"2);

A def object must be defined prior to its use.  They can be assigned to other def objects but not to
objects of prm type. In other words, prm objects are write -protected within functions.  The arguments
to functions can be def or prm objects. c -style braces can be used to scope variables; the following
will throw an exception due to the attempted use of an uninitialized def object:

fn foo(x) { def a;{ def a=x;} return  a;}
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prm =foo(3);: 0 a Exception thrown
The following will notx ™ P, UAgp Adiat &3©x .. Ape Ax~ d@dAe ., _ O, ., VvV _ t px.. AP, Wx
fn a(x) = x undefined_name 0; prm =a(3);:0

Functions can be nested, for example:

fn  foo() {

def a,b;

a=3,b=2;

fn  nested(x, y) { return  Sqrt(x*2 + y*2); }
return  nested(a, b);

}
prm = foo(); : 3.60555

def and prm objects have scope which determines the actual object used.
Here def | ot A, ¢ AP &BXx WP’ o33~

fn a(a){defa=2; return  a;} prm =a(l) ; :2

Here prm ! ot A, ¢ AP &3x WP’ 33"

prm a=2; fn a()= a; prm =a();:2

HEBP AX ™ SAMP W 8 X Al @t A, & AP dX WP &3
prm a=2; fn a(a)=a; prm =a(3);:3

Function specifics”™ A

> fn's are a kernel operation and not a pre  -processor operation. ‘A

> fn's must be defined prior to their use. A

> fn arguments are optional but parentheses must be used. A

> afn cannot be defined with a name of a previously defined fn name.’A

> fn's are inlined by default. "A

> Non-nested fnts can be prevented from being inlined with the noinline prefix. ‘A

> Nested functions cannot be prefixed with noinline .

Use of noinline can often be slower than notusing  noinline ; this is because a stack mechanism is used

forthe fn arguments, and 3 3. X.. @, ., e AX " &A: ., ., R®P, Ae ,_ O, ., VvV t omx.. AP, Wx
anoinline function. FW t x .. € ApPP®BAYx ™ 3P dizv, Pd&BAl ' .7 B3z ApXx~ &BAU, P 3 Al d&3a
A macro can be considered aninlined function , @’ 3 Ax~ B3P dt € A’ , A3, VVABPA& t @A, AT . UA)
processed:

fn  my_max(a, b, c) = Max(a, b, c);
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macro & my_max(& a, & b, & ¢) { Max(a, b, ¢) }

The macro, by definition, is inlined in the pre -processed INP file. In the case of fn, the program will

*_dztph Prafixdng fn with noinline prevents in -lining, for example:

noinline fn gauss(x, f)=(2 Sqrt(Ln(2)/Pi)/f) Exp( -4 Ln2)((X -x)/H"2);
Its best to inline small functions , e A, X A: . Yd&ge Ax "~ d&3Ae . _ O, .V tpx.. AP Wx.' e
inside the function with regards to its surroundings. Consider the following:

noinline fn a(b, ¢) = b2 + c"2;
prm pl1l
prm p2 1
prm p31
prm Ip41
prm p5=a(pl, p2) + a(p3, p4);: 0

Withoutinlining ,x ~ @3Ae ., . ©, . Vv _ 1t X .. AP, Wx. d&e AY, 't x A BBAX "~ gpx A3 Ay’
tion and hence no simplification , ¢ AO@dRZP Vv, P_ d&3g3~ Ax~ &BA! oot AvlW t x.. AU, _ ArR BBAt
twice. Note, stack here refers to the computer algebra stack. With inlining, p5 after simplification

reduces to:

prm p5=plr2 +p3"2+2;:0

In the case of large functions, not inlining may increase performance as the signalling of equation
nodes for recalculation  will be reduced. Inlined functions have scope allowing the use of the Glisx p® v A
function, for example:

fn lat(h, k, I) = h Get( a)+kGet( b)+IGet( c);
Str
lor_fwhm =lat(H, K, L) - lat( -H, -K, -L);
18.3.1.......... Subject independent single crystal refinement

Theexample g GUf Ua & b Ml U3 apertoiams a single crystal refinement using computer algebra.
No subject dependent keywords are used and instead only the following six keywords are used:

fn, noinline , def, return, prm, restraint

The speed of r Elgg U3 ai®)Z4 times slower than the comparable subject dependent equivalent of

r Efg@r & T r 3 Klch of the difference in speed is in the calculation of the Cosines necessary for
the structure factors. Importantly , convergence and the behavio ur of the parameters are similar. The
placement of noinline is important. Also used is out_refinement _stats which outputs the following:

First pass equation statistics excluding attribute equations
Number of equations : 534
Number of nodes 199751
Number of nodes if expanded : 12070283

199 Miscellaneous



Miscellaneous 200

Number of penalties/restraints: 532
Number of independent penalty/restraints parameters: 58
Number of penalties/restraints: 532
Number of independent penalty/restraints parameters: 58

Time 0.13
Second pass equation statistics excluding attribute equations
Before/After equation simplification
Number of equations : 549 553
Number of nodes 199766 8354
Number of nodes if expanded : 12070298 228183
Number of objects taking part in refinement: 73
Number of dependent parameters with derivatives wrt to Ycalc: 15

The 1 Elgg U3 ademonstrates the ease with which an entire single crystal refinement  can be per-
formed; it should allow for user defined temperature factors etc. A

18.3.2 ......... Computer algebra and out_refinement_stats

The computer algebra system CASinversion5 (. o3 { W 8ep ASissaround 2Ato 4 times faster than
version 4; compare with running & [ Nj| U~ & ¢=f=8 DOZE Njs AThe& CAS has been reworked , and it
now operates on a global level where equations are simplified across all objects. The out_refine-
ment_stats keywords, for Nj| $ 40| EAE| E UNEUEU Hor exningls, [olUtputsitie following
equation statistics:

Second pass equation statistics excluding attribute equations
Before/After equation simplification
Number of equations : 2707 3085
Number of nodes 122941 16671
Number of nodes if expanded : 1706390373 1070170132

Number of objects taking part in refinement: 2595
Number of dependent parameters with derivatives wrt to Ycalc: 2319

184 ... WxOWxx. = ActoOodt . . At - P mt x &3P ¢

The characters ,(){}[] can be outputted to text files by enclosing them in double quotation marks. For
example:

out aac.txt
Out_String(“a,b}c(d")

To output a single apostrophe or double quote character, the escape sequences of %A and %B can
be used respectively, for example, the following:

do_errors
prm b -0.61427_0.01048
out aac.txt
out_record
out_fmt "%V g[h%Bh"
out_egn =b;
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out_record
out_fmt "\ n%s%A (brack}et"
out_egn ="abc";

produces in the f 3 Ufiked

- 0.614(10) g[h"h
abc' (brack}et

The escape sequences themselves can be outputted by using two separate out_record s. For example,
to output %A use:

-MLe1LJAF?2-E®:3
-MLe1LJAF?2- ®3

185..ax P px . " A, Y BEAR A3d¥ABP 3opzeAgipx p @ Al v Pt

v Pt At o téAterdtsAdyfe dafi rfiddes of the internal data tree.  For example, to iterate over the
site_recs node the following can be used:

for site_recs {

beq @1
}
186...f . _ @ 3AOP.  OXA WxoWx AzWP_ 'QPAZ kZ AV . &A. .
0~ &3'A’ d3epHint iIBEg&AMBt WX 33 AZ WP, " 1 AX ™ &A . ®3. A VAAUZAvV, K &~ A XA,
CeEA Pz B3 AV, PAZ®BRW: @ .7 AQWPO, £ disge 3 AC, PAdGap. O, &5 A
print 2 - #P=; ML=< <MJAF? L@= DG9<AF? G> ',. >AD=K®3

#prm a = 1.234 ;
print (#out a)

18.7 ..... N, Px. A WxoWx AR €At Px B REi& AWeE '~ 1A
W ' e At @ ARMBAe, PXdB3 A, ' Amet &3 3E€ . PAAHEAZ BeRAgez® dst X AY B33 &3P A

f.
C.PAgBam © &2 Ax" @AV, . Y. ' & @EEARGBAYe &3 BK Bez PXARePAZIBP 7
AaE" . Eet th’ dpE@'tels 3. @ A P3BP°
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xdd ...
str ...
phase_out aac.txt

out_record

out fmt " d=9%9.5f"

out_eqn = D_spacing; _sort_ dec 1
out_record

out_fmt " |_no_scale_pks = %9.5f"

out_eqn =1_no_scale_pks; _sort_inc 2
out_record

out fmt " 2Th = %9.5f \n"
out_eqn =2 Rad Th;

18.8...f Pd3opx . ' e g@ A, T B33 AV B
The new keyword can be used to create many  xdds at once, for example:

macro Create_XDDs(n)

{
move_to xdds
move_to xdd_recs
new(xdd, n)

}

See section 2.14 for usage of the macro Create_XDDs.

18.9....e ®BBI 2 Ax £ B33 B)lI=3 X dAexiFEI ey 2 AL ' 3

The command line Uf 3 | iRdrements the number in the file Nj| |egf 3 U®8eed the random number
generator and then saves the incremented value back to Nj| |9 f 3 Ofe If using the GUI version of
the program U 3 | Rhem the number in the file Nj| |sg~ 3 URWsed. #seed is similar, except it is
executed at the pre -processor stage of loading INP files.  If a number follows seed or #seed, then the
random number generator is seeded with that number.

#seed_eqn seeds the random number generator at the preprocessor stage with the equation value;
here are examples:

#seed_egn seed_1 = Rand(0,32767);
prm value_fed_to_random_number_generator = #out seed_1;
#seed_eqn seed_2 = Run_Number;

0" AP @ 3AVW tX.. A VALbDbAPGX WP @A, ¢ R dsPds R KR BBAFIHATEBEPA R ¢
vuw ot x. .t A4 X TtAXS gAY, 4T T A
inline double Rand(double r1, double r2)
{
const double c0 = 1.0 / double(RAND_MAX);
const double c1 = 1.0/ (1.0 + double(RAND_MAX));
return (rand() + rand() * c0) * c1 * (r2 1orl) +rl;
}
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18.10..U~ P i3p3 .’

TOPAS is threaded, allowing the utilization of multiple processors and resulting in faster program ex-
ecution. The degree of speedup is computer - and problem -dependent; for non -trivial problems, the
gain is 2 to 4x on a 4 -core i7 laptop PC. Attention is pai d to reducing memory usage at the thread
level, which is particularly apparent when using rigid bodies or occupancy merge. Except for a few
penalties, all items are threaded, including peak generation, all convolutions, all derivatives that are a
function of Ycalc, and equations that are a function of changing variables such as X, Th, D_spacing,
etc., Pawley refinement, structure refinement, charge flipping, magnetic refinement, stacking faults,

PDF refinement, the conjugate gradient solution method, and indexing.

18.10.1......... Setting the maximum number of threads

The program defaults to using the maximum number of threads available. The user can limit this be-

havio ur by editing the file MaxNumThreads.txt. This file is read at program start -up and contains a
single number , call it Max_Threads_File , that defines the maximum number of threads. Non  -existence
of the file, ora Max_Threads_File of zero, results in the program using the maximum number of threads
available. If Max_Threads_File is negative, the maximum number of threads is set to the follow ing:

Max_Number _Threads = Max(1, Max_Threads_File + Max_Thread s_Available);

18.11..f 4 C

The following macros and Gd3s ean be used to output data in CIF format:

Out_CIF_STR(file)
Out_CIF_ADPs(file)
Out_CIF_STR(file, with _id)
Out_CIF_Bonds_Angles(file)
Get(number _of _parameters)

Get(refine  _Is _shift _on_su_max)
Get(weighting)
Xi = a reserved parameter name

_refine _Is_shift / su_max can be acce ssed using Get(refine _Is_shift_on_su_max) when do_error s is de-
fined and when continue _after _convergence is NOT defined. A message similar-to the following is
displayed on calculation:

refine  _Is _shift _on_su_max 0.409610469 corresponds to parameter m501b939c_3 of object
prm_10

Get(weighting ) and Xi can be used as follow s:

xdd _out file  append load out _record out_fmt out _eqgn {

' 9%09.0f" = Xi;

" %11.5f" = X;

' %11.5f" = Ycalc ;
' 9%11.5f" = Yobs;

" %211.5f \ n" = Get(weighting);
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Get(weighting ) return s weighting as defined by the User; if weighting is not defined then the following
is returned :

1/ Max(1, Yobs) if Sigma Yobs does not exist
1/ Sigma Yobs”"2 if Sigma Yobs does exist

Get(weighting ) returns zero for X - axis regions that are excluded using exclude . If weighting is a func-
tion of Ycalc etc... then it return s the last weighting calculated depending on recal weighting _on _iter.

18.12 ...Atomic data files and associated sources

Upr Ad33 Giles read when atomic data is sought. The reference s refer to the source of the data.
In many cases the format of the data file corre spond s to the original source format.

Or TqalNBv and v for Laboratory X-ray tubes. File is read if there are no associated
SSF\*.NFF file or if’/Ase_tube _dispersion_coefficient s#s defined.

U T Njf U100 or Elastic Photon - Atom Scattering, relativi stic form factor s; data from
http://www.e srf.frlcomputing/expg/ subgroup s/theory/ DABAX/dabax.html "A

Of & [ r [ & Nj3ARed; Green, Blue (RGB) CPK atom color s from ‘A
http://www.bio.cmu.edu/ Courses/Biochem Mols/Periodic/ ElemList.htm . Used for Assigning
color s to atoms when displaying in OpenGL.

Ur & g & GNjaAtpndic radii and Covalent radii from A

http://www.e srf.fr/cgi -bin/periodic 3

ANjl O 2| M§ABRIG Weights and Isotopic Compo sitions for All Element s from "Attp://phy s-
ics.nist.gov/ PhysRefData/ Compo sition s/

T Egq U 3adatd from GSAS data file via the International tables. Data correction for V entry
made by Robert Von Dreele.

U| GUNjf 0 R Neutron scattering length s from "Attp://www.ccp 14.ac.uk/ccp/web -mirror s/neu-
tron s/n-scatter/n -length s/LIST~1LHTM'A

UMzl r UR| g% "ADigabiles drawing of polyhedral for atoms listed.

NjNj& 3 UBAnhomalou s scattering factor s v and v for a range of wavelength s from "Attp://www -
cxro.lbl.gov/optical _con stants/asf.html

U 69 Peds’ X cpieth & ~ Pisds WA p By 8 BN T iSRBB0RD’ X mAEp g TRE T Y &3P
e, AP NYd oYX B epks

|p By b 8sa/ms 23 3FEqnR 3 @Ip: Y Y 3

T feOU U3 R OAKrRay Mass Attenuation Coefficient s from

http://lwww.ni  st.gov/pml/data/xraycoef/index.cim A
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18.13.U, X Ae Y .’ . Adda X PO, . mpx B33 AOBp & AU~ d3 'A3.

[str]...
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[dont_save_extrapolated_pks ]

The process of adding peaks to a calculated profile from the peaks buffer can be computationally

intensive. This process occurs many times during a refinement iteration when, for example, calculat-

ing the derivatives of a site fractional atomic coordinate. An in-between step is therefore performed

where interpolated peak data is stored. The memory requirements for the interpolated data can be

large and in cases where memory is an issue then the keyword dont_save_extrapolated_pks can be

used.

18.14..C A 30 3c &. P_. mpx ¢

Upr Asdgns’s, '&dg €8c3

FE2 4 [

F&) Z

Fal ¢
Fl E

ZP " MteX &

4 OWXAMBZN, P X3

[Wx GAUMR Rskai yasP. . "APR Y | & AdEAX P X 3
Nk P Wt & WRMdgs o, P aid) 3

Nj WPEsds. ¢ . ®OP, B Xt & . P amid 3

ZP, . PApRY Wlipx & . P_Agkd 3

Or zNg r 188 8 s r BGedsv ', APP opt A 'OMFXR3 P

Measurement Data

F3 NjNjO

Fs 1
FG ©RR q dkfs
FRf &

FROT

Implies an equal x -axis and has the format of 'E Wgo W3 UE W h 8 RSP
files can be used instead of *.XY files. As x-axis values are not used, t hey save
space on creation as well as on loading. For equal x  -axis data then the macro
Out_XDD_SST can be used in the following manner:

xdd
Out_XDD_SST(filename.sst) = Ycalc; a GMLML 7,; 9D;
Out_XDD_SST(filename.sst) = Yobs i Ycalc, @ GMLHML <A>>=J=F

AP W UARIR | @RS AU L CY " fEE
FRROARRU$ AF3 Rq Njam A dP sZiggdbpr AdA
Nf a4 & dP Ay @P' A | EAdRZAZKA ZBZBERD B A

N] dRB O z&, P_"Apx 3

Structure and structure factor data

F3&C
FGf C

fPexm , . ®OP_ (X AKX BP' g . AX@Pex® .. @ Ppo
f AR a5z x PR &x P Wi & WP . BRePW., X BR AP 3P i WP%
. O, T A] dR3
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Ocpr sz SANS 8717 ORURAQA 0P e3bR UAR UTAR q op’ &t

WoPAE™ | X 3Ag &t df

@ B Ph. " XAp BpdiB, . K. . . B X
FG @ARZEF O Npa O
r. ' Adg fo .. o X
r,  as Nk Rk @ § e"®p" @, &
r. A [ RedBP YRGB PI®P & X
ENj Njp ex AR . XN g3aR o, ZMeslysas_format

r. A3 ras: o3 3

r. ' 85 X BWAW. R BPE pi®P £ X
r. i qzO0ds IA AX B#Ep B X &
C R x sBAND qiep’ B x ahAf [ DPw

a. RAxem3z. Y
eX dfo. Xrg3 . Y
P 3 rgpEeCesdA U Y p | AASE @ b
€, . _ mp=Pupbe p, vAABAUGP . v Y
C R xgBA rp AxBAM ruC
a_. AAX a3
eX dfEA X daw 3
P dsqzpQpoeCriz<Gsizia p R B Bbie. (A EX
a pRAp WwIAGRA &X
3 ARSA @R
ABABAp IR P . b
ARKBAAS Kb p. vaz. VY
ABRAANAGES USKE, © . pPp . va3z.
B .
PR eX PNy & df oy@eh s>
PRX.AWM 4 dxgs Ao

Yy

QUZP "BUND & TA'A"A P #&ds P A ¢Ag§ullprof _format
r.~= ®As Nk PP x A : . d32 Ae X BOAU 33X~ 2 Av ~’
r.’ dzg’A3 A® [Re BP RGIFAPX PAO. " xeAp@p eA W, R
FRq gRrfs r.’ gAs [ex .. o A, BAV, PAt . . _ B x¢
r.' ®A3A% | Nk pREBHNAQ'3A " A’ @, &
Udsa X Ax " PBd3’A” W, R 3P e ApP SAW We o33
[Re BP RGEEAPX PAO, ' X¢
FRO 30%p" B e BiEep X ap, eWds
FRO| SPA’ e OSiE A’ e dsisP PY o, s

18.14.1......... HDF5

file format Copyright notice

Copyright Notice and License Terms for HDF5 (Hierarchical Data Format 5) Software Library and Utilities

HDF5 (Hierarchical Data Format 5) Software Library and Utilities

Copyright 2006 -2016

206

by The HDF Group.
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NCSA HDF5 (Hierarchical Data Format 5) Software Library and Utilities
Copyright 1998 -2006 by the Board of Trustees of the University of lllinois.
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted for any pur-
pose (including commercial purposes) provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions, and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions, and
the following disclaimer in the documentation and/or materials provided with the distribution.

3. Neither the name of The HDF Group nor the name of the University of lllinois may be used to endorse
or promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED "AS IS" WITHOUT WARRANTY OF ANY KIND...

18.15.." (X AT 3BOBP AT 3 | R

The command line program tc.exe provide s for batch mode operation . Running tc.exe without argu-
ments display s help information. Running an INP file called 2 ~ Njl z 3i& dsZollow s:

tc pbso4

Macros can be passed to the command line. To passing a file name to an INP file, create a U| T g
Zr U] sfile Gvth the required refinement detail s, this could look like:

xdd FILE
etc ...

O] T2r 0Olisfad® Uf 3 | &the command line; the word FILE (within U] TZr U]) is &xpanded
to whatever the macro on the command line contains; for example :

tc .. \file _directory \template.inp "macro FI LE { file.xy ¥

The macro called FILE is described on the command line within quotation marks. On running tc.exe
the word 'FILE' occurring in U] TZr U]is éxpahded to 'file.xy'. More than one macro can be de-
scribed on the command line. To proce ss a whole directory of data files, say *. XY file for example,
then execute the following DOS command from the file directory :

dir *xy > .. \main_ta _directory \xy.bat
The R U3 ~ fil&will then reside in the main TA directory.

Edit 3 g3 a8) Ega s | f URE© ~ tolook like the following:

tc .. \file _directory \template "macro FILE { file 1.xy }"

copy .. \file _directory \template.out ... \file _directory \file 1.out
tc .. \file _directory \template.inp "macro FILE { file 2xy }"
copy .. \file _directory \template.out ... \file _directory \file 2.out
etc ...

After each run of Uf 3 | & | TZr U] file @reated containing refined results. This file is copied
to files ca |l G@& a g3| [ Gétc.... After running R U3 ~zalhwmber of *.OUT files is created , one for
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each * XY file. In summary, tc.exe receives U| TZr U] togtbEess. Words occurring in U] Tg
zr U] satelegpanded depending on the macros described on the command line.
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19.T fSIADGE Or Gdg 4 N
Tl P, & AQOOHER Bl O 3 d53 ARORY T dgls RUFOP (51 ¢ £ . BIA A

X e OMBEA P @t#Rh, Y ikap Ogge e OxBERRAL Y. A Bapt Wga O’ "B . P BEX BYAE R~
X "B P g P o3’

q. Pa3telN.. Yds. Rép, O3

macro $user_defined _macro_name { ... }

#include $ file

#ingest $file

#external _INP $file

#m_unique $name

#delete _macro s { $macro s_to_be_deleted }

#define , #undef , #if , #ifdef , #ifndef , #else, #elseif, #endif , #prm , #out

#seed 3 initializes the random number generator at the pre -processor stage .
q. Pd3teln. WA Bz Phza Ogp' "’

#m_if, #m_ifarg , #m_elseif, #m_else, #m_endif
#m_code, #m_eqn, #m_code _refine , #m_one_word

#m_argu, #m_first_word , #m_unique _not_refine

19.1...0 " ®opt B, Pt x. Y3
Tt PROPABEY | Mpdssh “Almcro s . P B Rdisa . ©, d3

macro Cubic(cv) { a cv b = Get( a); c = Get( a); }

Tt BA g% QYAHY, XApO. 8 ety B, ' %5 ABbicA (i Wpr . KagiA * MpP W B dopmpAl
e _ a . BEdsA Eubic”

Cubic(4.50671)
Cubic(a _Ip 4.50671 min 4.49671 max 4.52671)
Cubic(la _Ip 4.50671)

The first instance define s the AZAAand AAattice parameter s without a parameter name.Ahe second
define s the lattice parameter s with a name indicating refinement of the’&_|pvarameter. In the third
example , the’A_Ip“parameter is preceded by the ! character. Thisdicate s that the’A_Ip/darameter is
not to be refined; it can however be used in equation s. The definition of macro s need not precede its
use. For example, in the segment:
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xdd ...
Emission _Profile a2 this is expanded
macro Emission _Profile { CuKa2(0.001) }

| Y d3& ~ . Wk “AEmission_Profile A qpt P @A dzdg d3Vv , Bp WR@\ef d3&mission_Profile &'A3a O ' A d¢33
X Af UpgBpois w3

Topt A o e d3dig. K AY . ZAUMSqE A~ BR Q3 PAS ' ot B, pYads A, & g, g Al
Pt X Wopt Riza O ' ARedgzdsx B3P AR X FBW. RABFPP W edC XABa . & A ABpt A,
Slit_Widthposs e A3 ~ & ~78ht_Widthp YAs it Re’ABa O ' A WK A “AB® KA “ABpt R,
Slit_Width e HzAmAc Ay a3 g ~ 8% ~/At_Widthp tA @ ot RPeABa O ' 3y PA goApe, Aza © ¥ A
. ot R .o edfS RBa . ©% "dBystallite_Size’A pt Rza® ggALSHp B, ' WHEHA pt K™ &
X “RSA pt R &BAOP 3 BI3

19.1.1........... Directives with global scope

#include Buser_defined _macro _file_name

A1, BacBUEGRA P, WOt B 8 U ENDIR. C xelx B SABE PANRA . A
O, gk # . . OWMEA . XAl AUFHE WP XAEK ABe. X A K ACde 7 . &
Past XA XA M T

#include  "my include file.inc"

inserts the text within "my include file.inc" at the position of the &Ainclude directive. Ahe standard
macro file O 2 N;j3 i4 alway s included by default. ‘A

#delete _macro s"A$macro s_to_be_deleted }
Tt PA R 0§ o3, digdghdelete _macro s#A MBa o, @, “&g ., A4

#delete _macros { LP_Factor SWZE }

4.% B @®Pdgye, FUEV A a3 A PeBdgt XA K BABW. RABRpP W edfd X ABp. e
LP_Factor Z8W#p" BE3SA

#define z&undef zAifdef 2&ifndef 2&elsezendif

U dgdefine Ap’ “Hundef K . P G3EAM . PAIS . ex WP AHO Pe@P . & aiix . P B3EX WY dp.
. ‘dgefine A’ Hundef X e O . WIS e WiTdef ZhelsezBendit & . P BEAX A Y U5 XAPpt A
ka Ogp' . 'AAJ ZA e3@BMza . O iR . . 4.’

#ifdef ~ STANDARDMACROS
xdd ...
#endif
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will expand to contain the’Add Keyword if STANDARD_MACROS has been previou sly’Mefined us-
ing adefine "Airective. The following will also expand to contain theAdd4eyword if STAND-
ARD_MACROS has not been defined using aAdefine Airective ,

#ifdef ~ ISTANDARD MACROS
#define STANDARDMACROS
xdd ...

#endif

. PA

#ifndef ~ STANDARDMACROS
#define STANDARDMACROS
xdd ...

#endif

U, XAB ABdA W “ABA © PP g X BiRBEY ARG Uq Elq f SNA™ A BEAN) Uqgs
ST f SNEA . ARV .’ &3 3

#m_uniqgue A e X P .’ Ape e, ' € ApAW | ZWUBAOPP . di3x P A’ . d3Ax. Av e x P,
X" @A ot P, A, & RAEXXD ' I HEFRGRA. pt P, A BV, T BAT YA, X BP' p, AO@P @
t.,pe”™ " At P ee A W, X. O, SABaO@ €., A VAX" &gAe p. A pt P 3

macro Some_macro(V) { prm #m_unique a=Cos(Th);:v}

A, e Apee . ' B3IAPAW . ZWEAOMP @ dx BPAT . &Ae . Od3AX. AX g
RWeXESBY . & &5 xAp 3AUf ROEZ&p EUe ORA. @t P. ¢ Ap .’ #. Ope 3 .
S RWeXES &Y AVEBPH X ex @ t &s* Azdst, pP e AP, W: ", e A@A3. ads A, X
X 8 ARB@prmAY _unmidez Ae , Ax " BA. ot P, At @ AR BAWe B3 A. . PBAX " A ' { &3
CXEA U AL X P @ AU, P’ D A@@P Q. dsxd&Pe AL, . . . 3. @ AU X" Adp

19.1.2 .......... Pre-processor equations and #prm , #if , #elseif , #out

Pre-proce ssor parameter s, called hash parameter s, are defined using the #prm directive . #prm's can
be a function of other #prmts and they can be used in #if, #elseif, #m _if and #m_elseif pre-proce ssor
statement s. #prmts are only evaluated at the pre-proce ssor stage of loading INP files (see U] NEOR g

TZr B3Nj N2 & T 3 §; they are therefore unknown to the kernel and are totally separate to param-
eters defined using prm. Pre-proce ssed output can be found in the O Z ¥Nj Efile, when running
0O 3 Rjor Ofx [ Bvhen running Uf3] RJA

#out and #m_out allow pre-proce ssor #prm's value s, which can be strings or number s, to be placed
into the pre-proce ssed text. For example, the following :’A

#prm a = Constant(Rand(0,1));
#out a
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will output a random number between 0 and linto the pre-proce ssed file at the position of #out. INP
fles can therefore be manipulated with #prmts and #if statement s with a means of identifying the
manipulation carried out. The following :'A

macro Exl(a) {

#m if a == "b";
Yes b
#m_elseif a==-,;®
Yes c
#m_endif
}
Ex1("b")

expand s to:'A

Yes b

In the following :

#prm ran = Constant(Rand(0,1));
#if ran < 0.5;
view _structure
#endif
#f ran < 0.5;
view _structure
#endif
#f ran < 0.5;
view _structure
#endif

each call to lrant in the #if statement s would return the same value becau se of the use of Constant.
More complicated INP file manipulation is shown in the following: ‘A

#prm space _group _number = 4;
#f And(space _group _number >= 75, space _group _number <= 142);

#elseif And(space _group _number >= 16, space _group _number <= 74);
#endif

19.13......... A macro that repeats text using #out

A macro that repeats and modifies text can be formulated as follows:

macro Repeat (& n)
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#if (n > 0)
An
Repeat(n -1)
#endif

}
Repeat(10)

Output fr om the above looks like:

-1)-1)-1) -1 A((((((10) -1)-

AMO)A(10)  -DA(Q0) -1-DA(10)  -D1-1)-DAA0)
D-1)-1)- 1A (0 -1)-1)-1)-1)-1)-1) A((10) -D)-D)-1)-1)-1H-1)-1HA
(o -D)-1D-1)-1)-1)-1)-1) - 1) A (20 -D)-1)-1)-1H-1)-1H-1)-1)-1)

This output may be intended . However, what is often intended is:

macro Repeat(& n)

{
#if (n> 0)
#prm a=n;
#prm aml=n - 1;
A #out a
Repeat( #outaml )
#endif
}
Repeat(10)

and the o utput is as follows :
A10 A9 A8 A7 A6 A5 A4 A3 A2 A1l

More succinctly again is to use the Numeric mac ro as follow:

macro Numeric(& n)
{
#prm a=n; #out a
}

macro Repeat(& n)

{
#if (n > 0)
A Numeric(n)
Repeat(Numeric(n - 1))
#endif

}
Repeat(10)

19.14......... Directives invoked on macro expansion
#m _ifZAm _ifarg ZAm _elseifZ&m_elsezAm _endif Z&m _if, #m_out

U esipPRB’ 3. X4 . Pape " WRER Y. A'B3Ipt Wga Ogp'. Ans_ifarg A © dsPeBXABHAX (X d3g
- WER . L B3 X B EAGREdTA TAIRXR WXR BVAAEA ot ReP W A X TAd . A IPR B
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@ A A3 . . . Am _tod€FAm egnzAm code refine Z&m _one word Ap’ R, _ X P Am ifarg A
BY o, gk Epdst . PR AT REWe Adfable 19-1

UpRr AgSAm_ifarg’de’ x4pal &sq@ ' @ 3

Evaluates to true if the following is true

#m_ifarg ‘AAm_code &K “Agpt BpP: W AR g &3XATREPRE P giRen(Adi Rz XF
t " P o' XBBPEA KM= Wopx . . T 3
#m_ifarg ‘AAm_eqn VK TABpt RP o W AR Wox L T3

#m_ifarg ‘A’Am_code _refine &K ARt BoP W KR A B3P AEXR T P o’ X A
CEA LR Wox .3

#m_ifarg pAe, . @X P .7 0 &K TABpt RoP: W A Be | &x P 013

#m_ifarg AAm_one_word VK TABmpt BpP: W MR xexARA K P33

#m_argu 2&m _fir st_word Z&m_unique _not_refine

U dstA © i3PApYADS B opt RP WAl K TAR X BAXR T @ A TARm, AUV AP ¢ W At &
t . P3A A TRRUs Adiable 19-23

UpRr /AdBsh . P dBtes.” Sk o’ & 0B, AUBEA ot BpP: W, & X 3

#m_argu’p 7 e ABDL WP WA AU | SRURP o TsxpdsRE
T h A TAEXR T pP ot X BP3

#m_unique _not_refine A f~ o A3 ARmpt BpP : W, 4 AN . ZQUoP . wBPBRI €
EA KRB B, B33

#m_fir st_word "&v 30, Gat"Egs P A mt P W AYAx RTAEXA. PRt t WPA
AE
19.15.......... Defining unique parameters within macros

#m_unique $string assigns a unique parameter name to $string within a macro. This allows new
unique parameter s to be defined within macro s whil st avoiding name clashes. In the example: ‘A

macro Some macro(v) { prm #m unique a = Cos(Th); : v }

'a’ is assigned a unique parameter name and it has the scope of the macro body text. The Robust_Re-
finement and TCHZ_Peak_Type macros are good example s of its use, where for example, the former
is defined as:

macro Robust _Refinement  {
a8 Robust refinement algorithm
prm #m unique test = Get(r _exp);
prm #m unique N = 1 / test’2;
prm #m unique p0 = 0.40007404;

- 2.5949286;

prm #m unique pl
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4.3513542;

- 1.7400101;
3.6140845e -1;

- 4.45247609% - 2;
3.5986364e - 3;
-1.8328008e - 4;

prm #m unique p2

prm #m unique p3

prm #m unique p4

prm #m_unique p5

prm #m_unique p6

prm #m_unique p7

prm #m_unique p8 5.7937184e - 6;

prm #m_unique p9 -1.035303e -7;

prm #m unique pl0 = 7.9903166e - 10;

prm #m unique t = (Yobs - Ycalc ) / SigmaYobs ;

weighting = If( t < 0.8, N / Max(SigmaYobs 2, 1), If( t <21, N ((((((((((pr0 it A
p9) t + p8) t + p7) t +p6) t +p5 t +pd) t +p3) t +p2) t +pl) t +
p0) / (Yobs - Ycalc )*2, N (2.0131 Ln(f) + 3.9183) / (Yobs - Ycalc )*2));

recal _weighting _on_iter

19.2..a" 1 dBBex . < Av_, . BeA ' x. Ap AaAUZAV_ _ BAWe ' : Ax

[#ingest "&file ]

#ingest’A epA@OEE t BB e, PAt. . . @ 3AX " @ At. O, &3¢ A@AV , . BA.’ x. Ap A& UZ
xdd |

strj
#ingest  common_str.txt

U7 A, Wx OWx AV, d&AY,  , At.  xo. Ax" @A " de x 53 Axdax A4, x T AP BV,
V. d&se AP ®BAx P B3px B33 Ape AO@PX A, VAX~ A, P. . @ AZUZAV . &3 AL’  (
.~ Pt P, €3

19.2.1.......... #external_INP - using external INP files

[#external _INP $file ] Examples

Ol NJUE| R HZRU|Ng Ua WERUE & UZ3 3 UZ

#external_INP , epAG@PHE; t dge e, PAt, . . @ 3AX " @ A,  t. Wzdse Avv _ _ &BA,' Ax"~ o’
XdBax A ' x. Ax” BAaUZAv &3 Al APV &3 0 X AdS 3 Ax T dsAdga x ds e, ]
WOz px B3 A4, X~ AP BV, BIAO@P @ &X BPAY @ Wde3s Al agp. O, BAYe p: @A, €

xdd
#external_INP instrument.inp
#external _INP str.inp

#external INP'A @ AR B3'A’3ABE WRBA Aeteri®lggNFAN . B'A_ e A, xH#edgmal APA . X o A
. 3es ANV, AL @ ARBAPAVW tX.. A VA optP.e3sAT"Td APW "
#external INP'A GUAV | . Be AP BAP A3 . 33 Ax. AAUZAv . e A VAX~ BAOP.  _ O
vV, 6 P_px.,Yd es3
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19.2.2......... Superfluous parentheses and the ‘&' Type for macros

The pre-proce ssor is an un-typed language meaning that it know s nothing about the type of text
passed as macro argument s. This is flexible but problematic. For example , the following:

macro divide(a, b) { a/ b}
prm e = divide(a + b, ¢ - d)

expand s to the unintended result of:
prm e = a + b/ c - d;

The writer of the macro could solve this problem by rewriting the macro with parenthe ses:
macro divide(a, b) { & [/ (b) }

Alternatively , macro argument s can be prefixed with the & character signalling that the argument is
of an equation type, for example:

macro divide(& a, &b) { a/ b}
prm e = divide(a + b, c - d)

The program inspects &-type argument s and parenthe ses are included as needed . This results in the
correct expansion of:’A

prm e = (@ + b) / (c - d)
Even with the use of &-types for argument s, the following:

macro divide(& a, &b) { a/ b}
prm e = divide(a + b, ¢ - d)"2;

expand s to the unintended :
prm e = (a + b) / (c - d)*2;

The writer of the macro could again rewrite the macro to include more parenthe ses:’A
macro divide(a, b) { (& [/ (b)) }

Or define the expansion of the macro itself to have an &-type by placing the & character before the
macro name itself; A

macro & divide(& a, &b) { a/ b }

Expansion of prm e = divide(a + b, ¢ - d)"2 now become s the intended: ‘A

prm e = (@ + b) / (c - d)*2;
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With the use of the &-type, macros such as Ramp defined in Version 4 as:'A

macro Ramp(x1l, x2, n) { (x1)+((x2) - (x1)) Mod(Cycle _lter ,(n))/((n) -1) }

can be written with less parenthe ses as follow s:

macro & Ramp(& x1,& x2,& n) { x1 + (x2 - x1) Mod(Cycle _lter , n) / (n-1) }

19.3...1 Y&BPY ., &Y

O & Ardg NsaAT . WNEBEK cAdy d3v oitlbontdin s commonly used standard macros. The
meaning of #e macro argument s inA 1 Z Nj3’&al be readily determined from the following conven-
tions

Pr W e g AWH. PR RA® PP g BrpdE3:
Po W & g AXH. PRE GO PP . BxpdBds
Pr W & AGRHRY PRE RAO P @ Wkl 3 & o Wds

C ®za . Subsp t Re3= WAR d3, ‘A d33 ROORPP . By xpc3BE A" ApP @ W 2EKI 3
Cubic(a _Ip 10.604)

Cubic(10.604)
Cubic(@ 10.604 min 10.59 max 10.61)

R3PAEPARa o, X &P Bt_Width’A ot P, ~

SW(@, 0.1)

SW(sw, 0.1 min = Val-.02; max = Val +.02;)

SW((ap+bp)/cp, 0) @ where ap, bp and cp are parameters defined elsewhere
1931 .......... xdd macros

RAW(path _no_ext)

RAW(path _no_ext, range _num)
DAT(path _no_ext)

XDD(path _no_ext)

XY(path _no_ext, calc _step)
XYE(path _ext)

SCR(path _no_ext)

SHELX_ HKL4(path _no_ext)

19.3.2 ........ Lattice parameters

Cubic(cv)

Tetragonal(a _cv, c_cv)
Hexagonal(a _cv, c_cv)
Rhombohedral(a _cv, al cv)

1933 ... Emission profile macros
No_Th_Dependence FeKa7 _Holzer(y minymax)
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CuKal(y minymax)
CuKlsharp(y minymax)
CuKa2_analyt(y minymax)

Macros and Include file:

MrKa7_Holzer(y ~minymax)
Ni Ka5_Holzer(y minymax)
MdKa2(y minymax)

CuKa2(y minymax)
CuKa4_Holzer(y minymax)
CuKa5(y minymax)
CuKa5_Berger(y minymax)
CoKa3(y minymax)
CoKa7_Holzer(y minymax)

CuKb4_Holzer(y minymax)
CoKb6_Holzer(y minymax)
CrKb5_Holzer(y minymax)
FeKb4 _Holzer(y minymax)
MrKb5_Holzer(y minymax)
Ni Kb4_Holzer(y minymax)
CrKa7_Holzer(y minymax)

1934 .. Instrument and instrument convolutions
Radius(rp, rs)

ZP WP @Bt . T FAER € W M. | B3R eX5 . VvV P ot R BRZX BP
Specimen _Tilt(c, v)

NP st . AAAAX 3
Slit_Width(c, v) or SW(c, v)

O 3P XAUR dgRalist o3.'aY AR AE= WX ® P gikips. 3

Sample _Thickne ss(dc, dv)

Nip. ©OK . te AAE AN AR P BIAXK A& px X BRBL X, P3
Divergence(c, V)

B, P, oA WP "Adk TABEPA S o3: REHE ~ A= Wpx®P ppds

Variable _Divergence(c, V)
Variable _Divergence _Shape(c, v)
Variable Divergence _Inten sity

foex oA X, W RppRisds AR A BPOP . RGN GP  esais. Y GP & ¢Adsy s
Variable _Divergence A ot BpO© Og'R . d3@R”™ O3 B’ xdipe PP x .. " 3

Simple_Axial_Model(c, V)
St a3, B.ARE AX A APdg P RO @dze . | @3ARMGApa A Y i3P g t d33
Full_Axial_ Model(filament _cv, sample _cv, detector _cv, psol_cv, ssol_cv)
Ut WPApX 368, APdg P . RO d3dfize | | d3iARUGApa Ap, Y &3P "Ad$k TAdgiz. 3
V.. oF SRR, . pAd RRT. Y
e. OF BNip. OAdE "Ajda Am, P BIAR . &
3 i3X BEXWAR A K TABBX BRNE B &3 K AR v
G B YEg B YAORP XAUR TREP . WpPBAEt . 1 IAPP A BR P
Finger_et_al(s2, h2)

C ' idpImn A, 3% AP P . R@dsdlize . | d3iAPWSsEpa A, Y &3P AR [ d53
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e3*A3Nip. OA dgX TRed3t d3AY ARE 1 XT3

Tube_Tails(source _width _c, source _width _v, z1 ¢, z1v, z2_c, z2_v, z1z2 h_c, z1z2_h_v)
T. 3®. APdf P, OK WHKAPH . EP: . o8> A
e, WPBEB 3K B WPRHEIXAWRE. , PNBIXE. . d3

off BB AV V BUA . YAEK WHKdPAX TS WX D P G&P O ds 3K K WD B &3 giA
© a3 iRz OB d3fAX.. Y

938 AID/ AV V i3t A . YABK WHKAPA K “AEE WX ®P gk O s’ 3% & W Efe o3 giaA
Ok, X BABP BAX.. &8

3EH3E B AED3IE BV /P ot x A 3. A RX AW ARdR.d3, o A& YARD R dsop. 3
UVW(u, uv, v, v, W, Wv)

fop: ., Rdy xgil oo: | AW B

WA AN"EPP . o33

Wys YR YRp, v YN gx Wass

19.35......... Phase peak _type's

PV_Peak_Type(ha, hav, hb, hbv, hc, hev, lora, lorav, lorb, lorbv, lorc, lorcv)
TCHZ_Peak_Type(u, uv, v, W, W, WV, Z, zZV, X, XV, Y, YV)
PVII_Peak_Type(ha, hav, hb, hbv, hc, hcv, ma, mav, mb, mbv, mc, mcv)

zesWFE . AN R@EBWFE . ApX FBeP EEAW { K. B TABEY . A W TABW (KA L

® AW t PP o dfXdpRdABL X B23
19.36 ......... Quantitative Analysis
Apply _Brindley _Spherical _R PD( R, PD)
OO e TAR .~ . deP BHXAPWE X . pe ¥ = Ibmms
MVW (m_v, v_v, w_V)

SaBx WA oo ER BX. . Up'dA 5. OBPL & X 3

19.3.7 ... 2Th Corrections
Zero_Error or ZE(c, V)

OBP®. BHKP. P3
Specimen _Displacement(c, v) or SD(c, V)

NP a3t . AdO, i BBBPY P3

19.38 ......... Intensity Corrections
LP_Factor(c, v)

r. Po3Ax B P dseZX 2 gupPx, A bt x. P3
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&R, . t7 P #oxA ‘B

EpWasak AP exp. . . A, .t P MR o . gpR & b
Eds =R
EP O~ | “YadgzH

S5WpP X 378 s2H
Lorentz _Factor
r. PasAge K.AP, dNBgy d3, df\ BWXAR oo XAp3

Surface _Roughne ss_Pitschke _et_al(alc, alv, a2c, a2v)
Surface _Roughne ss_Suortti(a 1c, alv, a2c, a2v)

N, Plp'XB.ex = ADIA " edsipe PP dBEBEQIAT, R UMD P . digitsPassA
Preferred _Orientation(c, v, ang, hkl) or PO(c, v, ang, hkl)

ZP i3V BR P BEE PP BR @BA A pP (S0 w3

t AR pP OpP @, Bxpds R d33

® AZ ADX XA L BB X .. T3
PO_Two _Direction s(c1, vl, angl, hkl1, c2, v2, ang2, hkl2, wic, wlv)

ZP 5V BR P B35 AP P.ER EBEA A P hSn wig, £, 3 PR YO P @BV PP 38 Bpx. .
Pdt %3 .’

{ IXSA P (O'P . BxpdIRUBP Al X® P 3V dfPP 38 BoP.BtX . . T3
@ FASEP . BB B oX B, e B AR X® P BV dP PP B3 BoP Bt . . T 3
[ S*BSA P &P . BxoddRBP ARt . P BV dfPP BB BoP.dBt'x . . 3
@ A IAPX XA { BRAX AR . PP BV PP BB BBt .. T 3
Y NYBP ot YA Peg A P, BAX BFX®P gV dfPPP 3 BpP.dt'x . . * 3
PO_Spherical Harmonic s(sh, order)
ZP 3V BR P BEE B P ERGBAAO” BPA M, el it . PEAPY . Al mw
ET A P3P Q. dBxouisPld” BPA mp. eA P BPS3
19.39 ....... Bondlength penalty functions

Anti_Bump(ton, s1, s2, ro, why)
Al_Anti_Bump(s], s2, ro, wby, num_cycle _iters), Al_Anti_Bump(s1, s2, ro, why)

OO, elsds g Wet BEAN W t A K TAEX o kR dx Y BTk . e3AT OB e AKX | £ p PAK
X AR, KGREE gReSR e
X . N NA Wox_interaction 3A
eFBINj %38
P Aex o t &3
YR eEds, Ay ds T . YARA TR o Wep x. . "3
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C R, Paigxet®, d3VAd#RX interaction #p’ 7Ai_anti_bumps3
Parabola_N(n1, n2, s1, s2, ro, why)
OO, e s X Wet BEAN W A K TAEX @ kR dx Yk e30 B edsR AR L cApPAB
X TAB  AEREE q¥EesRh e
CSET @B edsXASA W, RABEDX EA K e BEKER VRX &X P o R Alfgex o R iU g¥e P A
"IN B edsXASA W, RAB®X .cA K e BEP Bat , WIRBedsXAA W RAB®X A K e B
ESURR 50 5K P BEFA APEX ' efRdgsx U gD’ BIA K T o,
eFBINj %38
P Eex @ t d33
YR eKds, Ny o5 ™K . YABA TRRS ok Wet x .. " 3
Grs_Interaction( s1, s2, wgi, waj, ¢, ro, n)
Zds pAXYE | #pO.0, & ASBNBEPed t . PAA 5 AAT Bopsa mo
eFBIN] %33
U= NZ EpE (A pPA REAR | €3
t Wop, @5 % ~ABNG
P.gex @ t o33
T da O, " ARK XRIB@W, ® R K A T @R 3 a®. xd x. o, 3
C R, PAiBxet®, d3VAGHRs_interaction 3
Grs_No_Repulsion(s1, s2, wgi, waj, )
GeB X FPp, { WADREEPZ o5, W, &x 3 X
eFAI N 3B
U= NEKlpds (RdS cpPA AR L €3
t Wop, o % "~ AN
Grs_BornMayer(sL, s2, wgi, wgj, c, ro, b)
Gedg'h ~ABNREP AR R, PLT (e BFE Wik, A RIE@ W, & &P 3
eFAI N 3B
U= NE s (RS opPA SRR . €3
t Wop, o % "~ AN
P ABpAEeX o t d33
RREL . EX A XAPTREEQ@W, D R % AL Pl e B8R X 5 X . @, 3
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Distance _Restrain(sites, t, t_calc, tol, wscale)

Angle _Restrain(sites, t, t_calc, tol, wscale)

Flatten( sites, t_calc, tol, wscale)

Distance _Restrain_Keep_Within(sites, r, wby, num_cycle _iters)
Distance _Restrain_Keep_Out(sites, r, wby, num_cycle _iters)

00 e@dg qeRelg Bop. K ex oo effu3 B’ e RABX Y BB, xW WXA . . @BY HA xRS
V. RAREX o Rdg Popkd T PABHPAE  Rdf P I8 & X Redsed® WXA . T XAn. PAB
X" T PRBAEIN R AR o AL EX PR O, K MIRBEB @, x e
Keep_Atom_Within _Box(size).
© 0 efiganaxt . X P e AWNXA ~ BoXEFeds’ K o' A XPAgX JABR A A d3 AX T
. BFe, 3 d33
19.3.10........ Reporting macros
Create_2Th_Ip_file(file)
f P dsopieidls N d3@e. X efBGekp” B’ X dBles &3
Create _d_Ip_file(file)
fPdsopidls N 3@ e X ep 3P B s &
Create_hkim_d_Th2_lIp_file(file)

fPd3cpifis N BK™AL . AH .V P ARBRI® BgA AAK W, x . 69 tX.eKE* BIA
P B RSB B

Out_Yobs_Ycalc_and_Difference(file)
[ Wx @WX agpesXobszXcalcdp’ 4, vV BP A& t &3
Out_X_Yobs(file), Out_X_Ycalc (file), Out_X_Difference(file)
[ WX @YX agpeiAobs#Acalcep’ K, v vV BRRAX [exd3l3
Out_F2_Details(file), Out_A01 A11B01 B1Xxfile)
FWx Wy P Wt % WPk BRegBE BB X A7.4.25
Out_FCF(file)
[ Wx @@% LA R dpxBsdi3 X PR X P Wt X B B.BReAW, X R APdE 3P X WPA ®BA
U, A g3
Out_CIF_STR(file)
Wy @Wx P Wt g BReBALA, P X3
Absorption _With_Sample _Thickne ss_mm_Shape _Intensity(u, uv, d, dv)
f. PP Wei3d " e Bike PR, P O XMV Vgt X
WA YEPP . dBxozPdpr, P OXA . BBV Vv AR &8 X
3% YEQP . dxosPilgh. OKA & . (e AM 3
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CS_L(c,v) or Crystallite _Size(c, v) or CS(c, V)
OO efihis Pd3 Xfe..'q¥ .  AUXNIET B TR ™ HpRep@t . PEATRIE o BPY™ RAA
SpAm Ap R, cpThy v 3
t ABpP o Bz PlPeR @, B, IAHs. 3
CS _G(c, v)
OO chilizpie R, T Y.  AUXRT R TR T MRt . PR A TRIE X . L

gauss _fwhm = 0.1 Rad Lam / (c Cos(Th));

{ ®EpP . B3Pl eR m, B IAdFE. 3
Strain _L(c, v) or Microstrain(c, v) or MS(c, v)

OO0 e Pd3' Xfo..'q¥. , AUXHORT B TX ~ BoxpRApdi3t . PR X “REB o BEPYTRAAA
U’ Tipy 3

Strain_G(c, V)

OO eqlzpe A . Y. AUXIET BTN T BxpRBpdst . P A TREE, o qdUEY Y TRAA
ey T

LVol FWHM_CS G_L(k, Ivol, kf, Ivolf, csgc, csgv, cslc, cslv)

fop, | UE7@PXRIAp B . ' X @& PREmRYEREY . . WY d, @ “AX.B3UK s, e/ E . B A
3 d3xelR d3VAd#RIL X A8.1E

TAYR (ept RV PABEAT X dR Pdpoig mERE, 3
ey AT oienspt R 3 B3VeRUBTYXBET B TR s E 3
te: e YRpP . dhxosPlgeptje df . . © ' & X3
te tAe P . dBxo3Pg= P &3’ Xfe.. O, '~ & X3

19.3.11......... Neutron TOF
TOF_XYE(path, calc_step), TOF_GSAS(path, calc_step)

a t . Wg dyutron data’A dse Y 4P F T3, W AR 9'd33
TOF_LAM (w_ymin_on_ymax)

qdsv ey . ORsds & OP. W, xR PR X

TOF_x_axis_calibration(t 0, tOv, t1, tlv, t2, t2v)

T P eREBAR x0WB= WA A SRA R "R PRzl . R B pRX. pERCEASBA . T Y BREO L A

X BempeEBO pt 33

TOF_Exponential(a 0, aOv, al, alv, wexp, t1, Ir)

"RBa O, ' dA X YN, AR O.K MBI ®iprakdka @ B & U a0z
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TOF_CS_L(c, v, t1), TOF_CS_G(c, v, t1)

r. Pd3 XAp' BmbWe df . | O, ‘el MPPeg p, B, oA “ABm, . R R @RX PP © BpR |
CA AP W AR XARpt BOF x_axis_calibration 3

TOF_PV(fwhm, fwhmv, lor, lorv, t1)
eBWFE | ANBHK A df P UARTGEX P W, dR R.opmps dikFeX TABD, . R R@EX PP
O BpPA X “ARP . W ARK X ARpt BWOF x_axis_calibration zZAdsdgsa qp. €0 dEr 1 OBP&%3 4 B Z
© B e OB 402
19.3.12 ... Miscellaneous
Temperature _Regime
qa3Vv /3. © B3P BB PARE Al © BPRBHA KBP 33
STR(sg)
Nj @ "ep, A&k o B P Wt K WP &3P _‘NpX RO o’AdP . B8 3
Exclude
qazVv el3dgt . URgdg3 3e3AEdxclude 3

Decompo se(diff _toll)

qd3t . . @EE . vV P®X XEEP OP  3E@i®p A i3 e, X eA " AepX@n .eh xeB3R
X~ VAR . XB B RpRARR X 1, UsdEs 3 @fpe, AdyA_calculation _stepX A
X “AEp, AU BV, . 3

ADPs_Keep PD

Mixture _LAC_1 on_cm(mlac)
Phase_Density_g on_cm3(pd)

Phase LAC_1 on_cm(u)

Gauss(xo, fwhm), Lorentzian(xo, fwhm)

= Waopis . d3V easgs pR Bape GATR P S xPb. @D X A AET RTAWUYTA
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U &Av, ., 4.’ Ap, 1. P, X" A & AR de B3 A AR 5 IR wiiEdPAK A PYEAL  dfX e
X~ dAdsa x P o Popt ' Ko MGN REUIP &L X. Pe At . ' RGE. ¢ Besa O piB, ESAWe ¢ d

v, ... 4Ye”

index_zero_error
try_space_groups "2 75"
load index_ d {

8.912

7.126

4.296

a3.Y.,3Wp At Omt &3A: P, WOe At
. ot P, e Ape AV, Ue”

Bravais_Cubic_sgs
Bravais_Trigonal_Hexagonal_sgs
Bravais_Tetragonal_sgs
Bravais_Orthorhombic_sgs
Bravais_Monoclinic_sgs
Bravais_Triclinic_sgs

AR AP ¢ B3 DX R AV BPAE . BR BIAX R ¢ B

O AxPeAm ., AW . = WdiAe® e Bt X PepMe UREBREWOBUWEe X . Y BAPOOP, ot ™ 2 A

- ot P.g At @@ AR BAWe B3"

Unigue_Cubic_sgs
Unique_Trigonal_Hexagonal_sgs
Unique_Tetragonal_sgs
Unique_Orthorhombic_sgs
Unique_Monoclinic_sgs
Unique_Triclinic_sgs

" Ax &3P_ " &g 3a’ A EMAFEFAGOREI S AQA @ &AL, PPde O, ' 3 AURAX. Ax
V., BA® 3A0, ot B3A. AX " &EE p UdsBEE B, xdsAPte AquegA X TediR L WX .. T e A
3BX @, , B3Ae W pPe A VARHERER SARAASLA G AWBAL 'V APAA

a ' F<=PAF? -£Alan@Geto (2003), J. Appl. Cryst. 36, 86

a 2AE=~ U} STX K=; GF<K

a1l 1L9L MK 3," 4 GD

Indexing_Solutions_With_Zero_Error_2 {

0) P42/nmc 3 0 1187.321 38.82 0.0000 11.1924 ...
1) P42/nmc 3 0 1187.057 38.64 0.0000 11.1896 ...
2) P42/nmc 3 0 1187.458 38.61 0.0000 11.1914 ...

/*

- 95

%G > 8=JG

P -1 0 985652 30.80 0.0111 7.0877 ...
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h k| dc do do -dc 2Thc 2Tho 2Tho - 2Thc
0 0 1 15.857 15.830 -0.027 5.569 5.578 0.009
0 1 0 8765 8.750 -0.015 10.084 10.101 0.017

*

20.1...C. . WPd&A. VA &P. x A

The figure of merit M used in indexing is as follows:

B 5

xEAQA 006G jBO

Where d, and d. are the observed and calculated d -spacings, N. and N. the number of observed and
calculated lines used, Nun the number of unindexed lines and the summations are over the used ob-
served indexing lines. Qi is a weighting that assists in the determination of extinction subgroups where

w; could , for example , be the inverse of the error in the peak positions from a Pawley refinement (see
3U0q| ReTBHEaA Uq| R) mdez | correspondto wi. The formulation of Q;is such that , with or without
Qi, the figure of merit M is of the same order of magnitude.  The reciprocal -space lattice relationship
solved during the indexing process (  Coelho, 2000) includes Q as follows:

a0 0 Ha DT O o o o 0, .. . ®
w W wa o w w m_[l X— w o B 33
x E A Qi 0 Q g— S
202 ...l ax. tx.. AgsWRrR: P, WUWOAZBYBP_ . mx..'

At the end of an indexing run , further indexing runs are internally performed across extinction sub-
groups to determine the most likely subgroup.  These internal runs are seeded with already determined
lattice parameters , and in most cases the correct extinction subgroup is obtained without the need
for Qi in Eq. (3 =3. Extinction -subgroups can be explicitly searched using the macros defined
Or z N;j3, adeffor example Unique Orthorhombic _sgs.

203 .5 BOP_. { d3e £ . : €Mel. U ANY .. . dses A

Details of solutions can be obtained at a later stage by including solution lines, found in the NDX file,
in the INP file. For example, supposing details of solutions 50 and 51 were sought then the following
(see example a Uq | Reé BE s 3 golld be used:

226 Indexing
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index_lam  1.540596
index_zero_error
try_space_group s 2
Indexing_Solutions_With_Zero_Error_2 {
50)P -1 1 0 2064.788 9.74 0.0000 ...
5))P -1 3 0 3128349 9.61 0.0115 ..
}
load index_d {
15.83 good
8.75
7.91

VX BPAPW & UK. AgF AP AFEGA, £ At PBpX B3 AL, T X . L AZdBX ., &AL VAX

204 ..0Be U, P3ec A 3 A3 Px oAe x PWt x WP d3e

0 ' z3da .’
gndex_lam ¢ =3 3z>33n2d
gndex_min_Ip ¢ 3 dgndex_max_Ip 4 d
gndex_max_Nc_on_No ¢ 3 d
gndex_max_number_of_solutions x ws>>d
gndex_max_th2_error £§/53 53 d
gndex_max_zero_error x 53 3 d
gndex_th2 ¢ |index_d#d3 33
gndex A& daedd Ad
andex_x0 4 d
gndex_zero_error d
@0_extinction_subgroup_search d
weed s xdd
gry space_groups $d 3 3 3
&_angle _scaler’d =53 =5d
o_scaler’s d

Values for most keywords are automatically determined or have defaults (appearing as numbers to

the right) adequate for difficult indexing problems. In the following example from  UPPW (service pro-

vided by Armel Le Bail to the SDPD mailing list at http://sdpd.univ -lemans.fr/uppw/ ),0" . e APAV B4 A’ d3e g
H, P3e AP @A’ Bt BEAE pRxeFAAdINdsiA WA XA, & e, , . He AV RADX JVBH Badse Be | 7
H. X7 WXA" @Y, " @ A, AB3 . X AX T BBAt . . W T e AL VAZ X @3

227 Indexing
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seed

index_lam 0.79776
index_zero_error
index_max_Nc_on_No 6

try_space_groups 3
load index_th2  dummy dummy index_| dummy {
a d (A) 2Theta Height Area FWHM

1.724 26.50645 2758.3 23303.7 0.0450

2.646 17.27733 150393.8 747063.6 0.0250
3.235 14.13204 98668.8 493153.7 0.0250
3.417 13.37776 11102.6 53185.0 0.0250

5.190 8.80955 782.7 3910.9 0.0250

205 ..03e U, Pze A, Az di3x . .

gndex _lamAfAs3z s 3d1 2
q3v . ' o3H X BBE BR T

gndex_min_IpY 3 3 3imfiéksmax_IpA d

qd3v . ' di3e AX T BW 3A. pa._ W Ap, . .

- X .t , e AZBXBP. T BIS3
gndex_max_Nc_on_No#4 3 d

qRx BP. . &g AX " A pa., . W AP@X. .

Ue AV, PAWOAxe AN W . 3v A
gndex_max_number _of_solutions x =sss>5>5d
U &AW R BPA, v WRKdGeA A0 3
gndex_max_th2 error'd =3 53 d

Used for determining impurity lines (un
forces the consideration of more observed input lines.
none or maybe just one impurity line then a large value for
indexing procedure.

gndex_max_zero_error'’§s3 3d
lat .

gndex _th2 A[Adirkex dAd3 3 3
gndex A& Boedd d

index th2 . Bhdex d 3 dgv .’

Indexing 228

U3 A, X X.! BAO@P @ dx &Pe3 AU" d

A,

VAXT BA W s®P B, WER QY A WA

-indexed lines UNI in *. NDX). Large values, 1 for example,
For example, if it is known that there are

AMdex_max_th2 _error Avill speed up the

Wg dse WXN .. X "eAs &3P, AP P iRdexAmaR dsepx e@gRrAx ~ o A

ke AQPAP @3V aff dg: . P 3dfeeyO PRI IMEATIAR A0, A, | e

EBXAX. AXT BAPPBPAW ZBPAX™ BAOEP ~ A, ok fsigilsythagzhd x . A Y d,

228 Indexing
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corresponding d -spacing is not an impurity line. A single use of Jood on a large d -spacing de-
creases the number of possible solutions and hence speeds up the indexing ‘frocess (see exam-
pledaUq| R BEs3).A0Z

gndex x0'A d

Defines ‘R “#n the reciprocal lattice equation of SEAA@AX P, t. . . { AcapR Pt | BART dBAAGP,: riz
PR, e ARZEBEBASS A, PRIYes Adsx 3 A

index x0 =1/(d max)"2;

speeds up the indexing process (if, in this case, the first line can be indexed as 100) and addition-
ally the chance of finding the correct solution is enhanced, see A Rows3 Bdlezifthe dataisin 2 Th

degrees then the following can be used:

index_x0 =(2Sin(2Th  min Pi/360 )/ wavelength)"2;

The two macros Mdex_x0_from _d#p’ index_x0_from _th2 Aimplify the use of Adex x03

gndex_zero_errord

at.,

Wz dse ApAa &3P, AP P, P3

&no_extinction _subgroup _searchd

feAZVARUW. . X T X. . AseWR: P, WOAZ®gBX®BP. . px.. A eAO@PV. P_ B33 ApX
R 3A’ d3. opx d33 Ame &xgndgun, subdroupAsearch s

seed & xJd

Nisdsz € Ax ™ &5AP @ 3. . A" W RABPA: 5 3P mpx. P3 A

dgry _space _groups A d 3 3 3
&_angle_scaler’d >3 =d
o_scaler’s d

qdsv . dse ‘Ax T ds’Ae @ pt ds’Ar P UWEA A BvaisiBubids iR 5k f33p3 e ABISA M B

3BV, de A | UBERAPY @, £ By OPRAFA cPAXUCE 3tAp, | e Ae WV Vv Bt ; BRRAX. AU
cee_ . @BXPeAs Ot BATPEYYP AN PXAX. td3he At ., PPdize ©, ' 3. . Ax. Ax~ d&3A=
Ltp . e As BPPL T B33 ApX AX T BEBBABP WA, ARARGEHY SpadkByBUpySAWEe |
Search Use
ZP X. YBA. . . t. . .t try_space_groups 3
T.' t. . .1 A"PmpYm. €A, X X . t d3de 4 Bravais_Monoclinic_sgs
fegg &3 xXBPBZIA. . " . t. . .tA VA , Y try_space groups 5
A, PxXT . PT,_ R, 1t At Ompt d3A: P, WE Unique_Orthorhombic_sgs
229 Indexing



Indexing 230

x scaler , e, . I AVvoet x. PAWe 33 Av, PAZdBXBP. .’ . " @ Ax~ &3A" W. rRBP
€ Otxdssalar’A d3dsz € AX . AR B3Ad 3P B3P Scapr M dgepAt ~ e AO PP . dB3x BP Ae O pt &3
3 BX ey ©W, x AY @, Wdse ApP &sAppe AV, Ye”

fWUR ., 1 A A3 nn [Px™ . P™ ., _ R33{ANA
Raza o: . UPmp,: a4 301 3 T. .1, . 33nB
UBXx Pgp: . " @ A A3ns3 OP.t, . .tAs3r3

x_angle _scaler 8 a scaling factor for determining the number of angular steps for monoclinic and
triclinic space groups. Small values, 0.05 for example, increases the number of angular steps.
The default value of 0.1 is usually adequate. A

206 ...az3d3d x.ve ., Az, _ . @ X A3a, ¢
BBP BA@PP dBAX Y, Ada . ©, SAVAUROWREA, . ' &e AVP,  Agp A

S3 . WUGCFE; V S TT[Z}TUW V[}[U S}SSS TT}T\SW TT} T\ SW \}Wwz\\ \S}sSs

6)P -WUT; V. S TT[Z}TUW VX}YZ S}SSS TT}TVSW TT} T\ SW \}WwWzZ\\ \S}SS \
> U s, W ' At PPde © ' 3e AX. Ax~ ®AP@ ' A, VAX" &Ae. , Wx.. 3

> U BN, PPdi3e ©. ' 3¢ Ax. Ax~ d&3Ae Ot BA: P, WO3 A

> U s™v, PPdse ©, ' g AX WAR™ wAx ™ BAe ., Wx .. ApeAv,  , , Ue”

> Status 1: Weighting applied as defined in  Coelho (2003).

> Status 2: Zero error attempt applied.
> Status 3: Zero error attempt successful and impurity lines removal successful.
> Status 4: Impurity line(s) removed.
> U g®g. . W~ At. PPde ©, ' 3& Ax "Ax BaBis M. R'BBAT K AW
> U g%, . W '~ At. PPBe©, ' 3&Ax, Ax~ BAY. . W BA VAXT BA @xX.t &3
> U &g%pp, PPde ©, ' 3e AX. Ax ™~ d&A: . . 3" deeA VAV XAY P Wk A
> U %K. PPBe ©, ' 3& Ax. AjpdeszAesods?orAGPAR . R A W3Ak3 3

> f o W " e AnAX, AswAL T X . 3AXT BBA, X X . I BAOPP p. BX B3P €

U &A, e x Ax Y. At ., W ' &2 ABFAIAD,. | Koo, B AKX dRBUMP AMFEAA VI g A

® FM@ Wdse 2 APdse Ocdst x . Y3, e? AWrAMgZ BAR P dss AR’ ' X FAdRal dRIZAR, T RS Tdpe, SV V| |
@ RAAP dse O st P ¥ o, Befpr P A o, At & dskBEn o MR nAX " ds' AX T AL PP dse O
DAL X XLt BAO@P . X BPE A@MdRt .. X AR BEAR giAde )dsBAy MMV . PRAZ B X, V
Ba . ©, &5z A, VAX " dsAe o, . dgindthe spllest d -dgfadnpFisdA then dsiB impossible

to determine the small lattice parameter.  In such cases values of 3999 will be obtained. The following

table gives the hkl coefficients corresponding to the Xnn reciprocal lattice parameters for the 7 crystal

systems.

X0 X1 X2 X3 X4 X5

Cubic h2+k2+|?
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Hexagonal, Trigonal h2+k2+h k 12

Tetragonal h2+k? 12

Orhtorhombic h2 k? 2

Monoclinic h? k? 2 hi

Triclinic h? k? 2 h k hi kl

207 ..FFFAZP, RmR, ®BAt pWe Be A, VACE,, WP BAFFF

U &sA. . e x AOP. R @R, BAXDEE GAWE AY DA WPEA. SBAKE JeM3e Ame & W B3 AX T «
E. @, BEXA PXX. ! BAOCPP WAEBEPAA X AR & PADPBY BP BxOqm .. AvAx AN, XTI AYIEA
. d3e & AR GBYNPEM T O AX T BP BAMP BA®, PBmp3e AwsAx, AzsAP®RY, UBIAX . . T £ A
Nj . &gA, VAX"~ BAOP, R, B & Afeq@Uptdss ArReeAPREB e A . UA3

The number of calculated lines increases dramatically and thus Mdex_max Nc_on NoAN , = . A" d3dzz Ax. A
RAGZA. " { Pd3pe B3 3

The low d -spacings are probably inaccurate due to peak overlap. A

B XWpx .. AYT BPBA, x A, £ A'ggl qie £ qaPeexe Y " &3, A TR BAEBEA A | e
PY P, ., PRA BApeZAAc e BxPeA pxx. 1 B33

20.8 ...NjOpt &3A: P, WOe AU x = A, FZPdE xx. . ttox . ApRAediR: dfe, AYO €

The following table lists spaces groups than have identical hkls.  Typically, an indexing run will identify
one space -group from the extinction group.

Space group numbers with Space group symbols with
identical hkls identical hkls
Triclinic
> 'A3 Z SEZ
Monoclinic
nAs3 ft Af 34t
3 An A3 f 3'Af _ Af 3 a_
SZ Z3 o4t
r Asw Zt AZ3at
z Asss Z3sAZ3 o4,
WAL Ass Z3IAZ_ AZ3a.

Orthorhombic

r s C333
zZw €333
33 Az 3Axn C333AC. . 3AC_ .
2A fito
rw arRt ®
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wr Az 2

z3Ar 3

z5Arz

zZ 2 AT 2

we Az s A w
wnAsr

35

SwWA3SzAzz Ar o
3oAw3 AwA A3
3 3

3

LS

L ]

Z N

wwAg 3

wz A3 A

w3 A3 3

ws A3 w
3nA3r

3r Azn

w:=A3 N

32 A3 A A3 >
SN

SA

ST

S2A33 Azr1 AA
Tetragonal

SZ 3

5:35 3

D Z S

=-S5 nAs33
55N As3sAsz S
A A

ASAn A
rn’AnNSAar Anr Assr Asosn As3
SWS

S3 .

S WW
SoWAS3zZ

552 A3 A
S5 2 ASwW3

SWT

232 Indexing

Indexing 232

fti3Af{t.
ARMP3IAARM, A
RP3Af _ { @A

a_ p3Ad_ . A
f_t30cA _ p3Af_t_ A
R_ 3Af _ _ A
f3335A
da333Ada3s3s3scAa, . 3Aa. . L A
f33ssAf . _ 3 A __ 3Af__ _ A
Z ' pA

Zit' A

ZR{ A

ZRt A

Z A

Zit @A

ZR @ A

Z' 3 =AZ’ _ PA

2T 3AZ" " A
ZRP3AZR @, A

Z {t 3AZ. " A

Zt p3SsAZRLt . A

Zt{ 3AZtt. A

Z. ' 3s5AZ_ 7 A
Z_t3cAZ. p3'AZ_ . A
Z33535530A
Z3353 353 A

Z3335A

Z333AZ_ 3'AZ

Qx
N

Sa @ 3

ST 3

Sam. 3

5,8 AR
tazAs8Aaza. t.
dzosa@
dazsAdazs33
adzeAddza, Adz g3 mERE. Az | .
Zza' tt

Zza' 't

Zz338 R

Zztt AZAza_ tt
Zz' t AZAza_ "t
Zz3Rt AZAz34a_ R{
Zz338' _t

¢ | @ | W
N N N

Q¢
N
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SWA Zz34a' .

SWZ Zz34a ' .

=533 Zz4a' R._

D52z Zez 351

5353 Acs3Acws Zz3_ (€ZAFt AZz34a. .t
553 AssA Aswe Z2z3' gRZ3AZz34q. ° .
535 Ascs2Asw3 Zz3{ g&AZ3 A2z 34 | .
5535 Assr As3T ZZR_€AB3AZz3a_ R_
AR Zz34a'

A3 As3n Zza' AZza’' _ .
n3Ans Zz>53353AZzw3 3

nz Zz 33353

r £ Ar A ’Ans’An 3 Zzs5AZzwAZzs533AZzw33
rr'Anz Anw Zz3AZAz34a_. AZz333
nsAssw Z2zZ3og B85,

r3s AN s AAWAANAnnAsssAss3 | 22 &&ZAZza. AZz23FAZ %72 BZAZZ o _ .

Trigonal & Hexagonal

S SASeT S wi g

5Z2A5zZAAS33 AcesAce e S wABAS w3 Afgwy . Ab

SAz Asn 3 Z2tt AZ2a_t(t

53N AseWASAL2AsSn sAsn z ZWSEWAZE AZrer JtAEZ 2wa . |t
53 ANAsS23 AsSA3 ASAAAsnow ZwWi WAZSAZ 2 et SAZ 2wa . t .
S52nNAsr sAsT AAST N Zeo5AZ23 AZ2533AZ2333
522z As5z23 As3 5AS33AS3IWAS3 | ZWSAZWS AZWSS3AZWS3SAZWIS3AZ W
Sr WAST 2 AsSA 3 ZawWAZ2wa_  AZ2w33
SZWAsSzZT Aszn/As3s5As53 2 As3 ZWAFAZ WSS AZ w3 s AZWS_SRZ wAZSAZ 2
SI T ASAWASAT AsSAan Asns Z233AZer_ BB AZra._ . .
Cubic

33A CIwl

3s5nA33 e Cez wi A@t

3swWA33T C 3w A

355 Czsw3

SneA3s53A35n A3s2A333 AAA C3IwARBACZ §BVACAYY.

3ws agy3

335 &Z W3

352 agy

3oz azosws

sSnr Asnn/A3s5z A3s:sA3:sr A3 3| 4 3 wAd BwSAWAEw B A e

333 Z'gw’

3s5AA33w Zez W' Al

35c5A332 Z'ew AR _

353 Z qw

3353 A3 5w Zzww3 AZz sw3

SN AA3SA Z3sowAZz3w3
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SN 3 A355A3s5T1 AS53 ASS S AAA Z3WARAZ z §BVAZAZY

209 ..4° zda .’ : A|cAWpY . .P. dUA 3

WRAD EAAPX X . | BAY Bt X. Pe AtfapPAREEAIQ Al GR B3 AxpXABBRR AR X BE Ap™ BA
Bépa . ¢ AP, A @ QP APy BELREH BApe AV,  He’

odh A RA AR A tRA AR AR ARD A B 3w
47 BP &
QA B
9-A §A . upPgABAGRR | v P
LaB AR DL ABABR | asdh . DtA upucA el AR IKAR 3R

az BACRDP dg’AX ~ BA, X X . | CEALGAP qus A X qPxe . AdgE BB P:, [ dge SAA ) RA AGBAY Mt X, Pe
PP &

B OAKR A ABA A AR UARR AA f A TAA
U A= Wepx . . 'eAPQE Mok AATAZ AL AX 8P e AL VAX T AP &L . OP. [ ® A X X
@ ®0Q da ® W O™ T pQ B 5zv
4T P ds
w o0 o6 0o w o6 ¢o6o

W 6 © W 060
w 0 w ¢00
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21.f R LECHZZAUE

The charge -flipping method of Oszlanyi & Suto (2004 ) has been implemented (f ., d3, 8.5 =wusing

the keyword s shown in Table 21-2. Also included is the use of the tangent formula (Hauptman & Karle,

1956) within the iterative charge -flipping proce ss. Equation s appearing in charge -flipping keyword s
can be function s of the items shown in Table 21-LAXA A8 A %%h ~ pPX . d3 GOP | o 88X AN d&3A~

X K. @5 o MEA T X YAGET K fileAA P oK U . SWRG Msa Xt A3 oA PR &

vV, . GOge H e gR BB WpxFa, . |

W_PPP dfepx dsa ARP 5. GIRA T @ R, WA

XA S Al MepR AUBAEA” PPev s, OMBa . OX BUAK TABR . Pdst X, Pes

Upr ‘Bogs8 d’ ~ BROR RESA A~ pRY & B8 Wk . .

Ezsx pAvb

Edsx p pEED. 6k

Edsx p g.dx e s

Edsx p { &5, & dgiER & b
Edsx B3 WpFER3 Xds@

Edsx p . EO mAsup,

Edsx peBx GFE dgER dx b
E3Cpow

Get(max _density)

Get(max _density_at_cycle _iter_0)

Edsx p'BRUdsV, dgEpR. E5E . ' @

Egx p &fEgn vV BP & { d3s
Edsx By Bpt BeFARBx By Bt BBy P
Egx p ¢~ .P.dg s

U asifapPABO 3 R 5 d3PABARIA. "epRy . d3,
©, "A:xXx BP R .e A B dA BBBIB3

Reserved parameter names:Bycle _lterz&ycle ZKerz®_spacing

Macros p £ dgERA M u

Rampz Ramp_Clampz Cicle Ramp? TAngent 2 Rastart CFz Pigkz Pk _Best

Out_for cfp v . [ty @WiAe A)xPx B'A a AZgi, dedR v . ' B & xAv, PAWe &
cf in A matrix3Nggcds’Adza o @ adga i r | U3a02

Opr Bdggsadse Y. eI R BEBAR ™ pRY &5 00, 3

charge _flipping

w4 b c+ wls debe s dega 4 d

&f_hkl filem v = d3d

=f_in A matrix " v ] _
wcale_AijA d

doreak _cycle _if_true # d

alelete _observed _reflection s 4 d

wextend _calculated _sphere _to #| d

Default
al’A’Ae’AHAaAA =

Edsx p &3y

o atom_type $type f_atom_quantity ¢ & 3 3

dind _origin 4 d
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draction _density _to_flip £ d S¥ 3
draction _reflection s_weak £ d =1
amin_d £ d S
amin_grid _spacing 4 d
@eutron _datad
wpace _group $d Pl
ause_Fcd
Electron density perturbations
dlip_equation 4 d
dlip_regime 24 d
dlip_regime 3+ d
thistogram _match _scale_fwhm ¢ d
ghm_size_limit_in_fwhm 4 d o]
&hm_covalent _fwhm 4 d o]
wick _atoms " pX £4d..
wctivate £ d o]
&hoose_from'4 d
whoose to'A d
&hoo se_randomly 4 d
wmit'’y d
glisplace§ d
gnsert’d d
wscale_density _below _threshold ¢ d
symmetry _obey 0 _to_1+4 d
Phase perturbations
wdd_to_phases_of_weak reflection s+ d
wandomize _phases_on_new _cycle by £ d =]
wset_initial_phases_ to" v , = d3d
amodify _initial_phases d
gangent_num_h _read ¢ d
gangent_num_k read’/ d
gangent_num_h_keepf d
gangent _max_triplet s_per_h'# d A=
gangent _min_triplets_per_h4 d o]
gangent _scale_difference _by'H d o]
gangent _tiny'4 d S S
Miscellaneous
wpply _exp_scale ¢ d =
worrect _for _atomic _scattering _factor s £ d =
worrect _for_temperature _effect s 4 d >

zhkl_plane $hkl]...
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wandomize _initial_phases_by ¢ d S gPpASAW
wcale_E+f d >
wscale_F+ d =S
wscale_F000 4 d =1

wscale_weak reflection s £ d
auser_threshold ¢ d

wverbo se x d =
GUI Related

@dd_to_cloud N ¢ @add_to_cloud _when ¢ d d
wick_atoms_when | d

wview _cloud ¢ d >

21.1...f ~ pPeyv ds. O p: 3

CF work s well on data at good resolution (<1A resolution). For data at poor resolution or for difficult
structure s then inclu sion of the tangent formula can facilitate solution and sharpen electron densities,
see example f @s=rU3 &.0PBwder diffraction data usually fall under the poor resolution/data quality
category and as such additional symmetry restraints using symmetry obey 0 _to_1can sharpen elec-
tron densities. Example f @ r E43 a We&mon strate s the use of the tangent formula on powder data."A

U &~. /oy dp. . UARBP X WPR dsledpPRe AP, | 3458 | WXnPAS O, Pi.gi. § 5P asp, .
U % . WodPx WPA drigA ~ABex iR &3, % P pO®BE AR | (AmpP . @ aiiPs A Wi'A
OBP x WPA i\ dszee . WA B A WAE B833. 8. . BB @l SO R H B
PR . T Y BP Al deT B3ANN e A L v VA A BBXE . WA R R TRR . EARETAR
f 5. PBUAEIAP ®BmMpA ot BA P 3 Upmerh e ' &P @, Bk BGRoBAR . ®3a @ 6, &

fraction _density _to flip = Ramp(0.85, 0.8, 100);
fraction  _reflections _weak = Ramp(0.5, 0, 100);
flip _regime _2 = Ramp(1, 0, 200);

flip _regime _3 = Ramp(0.25, 0.5, 200);
symmetry _obey 0_to _1 = Ramp(0.5, 1, 100);
tangent _scale _difference _by = Ramp(0, 1, 100);

f7 . e "7 XMRrameter sSA X TA @ T ABP p3 Uit fedg@® 5P x WP 4dmpy . W AP WA
XR®, Wp3A3d xWvekdss o @R . W, #x GIZPEOP. ¢ 8~ GSRds. O GPasx Wk g
PR . X, eHB PPXTABP . £ B ¥ B . e P B3

21.1.1........... Perturbations

Perturbation s can be categorized as being of either phase, structure factor intensity or electron den-

sity perturbation s as shown in Table 21-2. U" dizRyulPARUAR WA Ax . O®d =ZAdg regime 240 A
flip_regime 3%8p" 4’ ‘MLE BV 'R dg3 Aipdgquation SA’  Ae’ U oR ARERZIA K T BEA . 3 Ave
X TAg d3t B RE. XA TABRdS (AKX Q@ OR:d3: AKX Uz |, | AHAEtFwhere dcorre spond's

to the electron density thre shold.
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" ” Qe B e
” QET

Ge, 'K AP AE R. AR X7 d3P VAXE PULLOAWR O e, APds . WHA. v XAz ERE A
WP o Aol A& , WeSGP'q Ak A, WxA gk oY,  RdE@3 3. VA ITAE &t ERE e
U, A GRg3 A Tdiprp. OdF | RS I3t WRE. A SE, T Aick_atoms3A

Ge . 'A Ry UWs RASR P, a3 dPXAdsa0), AUBS, AYdBngent _max _triplets_per h'A P o3y "diR

S SR i33 WHOP X WP RApX { Rl t WP PdR AUB o’ Adl.. A . Wx*Ap' '3 ' 1 oAl
17 o AN . K WXV XANSR T R aR o’ 3. . L APXRPA'UR RABK P e A 3
XeO, RaBBH @ 'RRZ, WA Xt PR 3. BX, eCREB’ A "dpX. eAP o #pl.A
e, Wed. . WR B " eSEBP X WP rRApxex AC t BBap’ 3. £ A TABEX BN, R ARt B3O¢g
X . €A % “Alzp AR R “lkalegp density _below threshold &’ "Aistogram _match scale _fwhm 3

21.1.2.......... The Ewald sphere , weak reflections and CF termination

nes d3v PRUCARdEA TAR T . AllEdSP YASO ot KA i3V ATTRB 0, A9 BRuB x B3P 4o dAd3, e
i PR AUEBRIA BY P AD" KR R B ' [ BREME.  “extend calculated sphere toT AgA EBRA
- ¢ RV, dsfapx A, YAE dR “Ak pAUA Y BER dgooR 3V, dgiepPats. A EBP XABRPE ¢ A
Pdgv, dgfAdx XX Al o, A" BRMSER i3V dIP XalsAp’ AX P WL A WP o FR B . 3. A B3

U, ' Acale_weak reflection s’ "Add_to_phases_of weak _reflection s3

SRV, BEX D BXPYAEBRA. XA t . PR X TAD praAdP . BpEAE AT 1, WAGA . PP dGg
€0, " 3. R TARE RABR RGP YBIEGY . BIRE . ABIKO, PNRBIN K WP RBENSBXA .
o p. A Wedsv , dstPABASX d3P.R SIBIBP i TABRGP YE5EP Wi A WP o P dsiesAfseA
@Y P et ®EP V. A RBER. | WA hxedsE AP IR ON X BPBXAPEER v, dgf X . .

7@ KTADOUAP, WBE ¢ RAG D K TAD OUAR. WER | ResP. dsiaprex A
. OUAREHAE CUR A XABP eBdAT @ ATAS PUAR. WBA. UASP . G5HAR €OFA
Cdgte AP SERBCSV LM oL AT X AP T v RIS RXRR! ERESD, I 9 53

Ue ©, %@y, Pept & . RBP YMIBY  dglANA . YAR™Alx gfAWW Y d3qiln ' Araction _reflec-
tions_weak3A ~ diess, | WHEA  Wep's A Ok i3P . cZARg K AApY BEEX A B @BAX P Wt &
X WEABMT o PP . 3 WK UaisdAey ot AARBW COP g @spR & ' , X MpiEBRBzoA " v, Pg
. X AmY dATK TG fA MR K TRigstart_CF_ pt P A WP ¥\, d3PO, A Xalg P Wt % WRistEA

f COP, g #gopd MBa p. ® d3f WY diP xatkP.eA'A™ P Sd3Ag o3t BexE. % e

21.1.3.......... Powder data considerations

C ™, UHzAROLRMWp R X A pa, K A RABR, ¢X P A Wk, ‘ARpEQ p, A%le”
. R oK AR A e AR o5 5P MDY, Wev . O R X T BMECHAT_in A matrixSA), A

Y dsqA rdsP YABESY, dEIMX XK ABRASP YASE (. AP 5RGs WK Bw ¢ 1 ' ABERdsX X AAcs

tion _reflection s weak X /& dsPA x dseid csa¥P sV CIAXGR 08 * 1 . Wkétlsm X o X TABI A3
€07 SR R X A 7 s
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extend _calculated _sphere _to 1
add_to phases _of _weak_reflections = 90 Ramp(1l, 0, 100);

VX TS oAD" BRedEa X o3 AMUBIK T X ABLOR i3V dsipPAB R T & | 0 K TedM d3gA
Pdv, dsihx WN'EGR B WA A" XBXMUrRE= W"AXEHBX XA . A7 XBWesPR v, BRA .
R . X A X WA EHRHK . A WL DEP X WPRp “elf “AlZ | AHpR P B3V BP A x . @, 7

extend _calculated _sphere _to 1
add_to phases _of _weak_reflections = Rand(-180,180) Ramp(1, 0, 100);

a A¥EpY, Wezv ' X “dkBax t WA o yedisi A TAR NegO @, T A3 ARRPARY XABAZP PAARA
X~ 3P diRvalzR @ d3. . A @BAIR d3v . dgilif . AMélete observed reflection sZX MBa qp. ©. o3

delete _observed _reflections = D spacing < 1.134;
K e O AR Ple ZK K dis O AQRPBY selRe A, | £ Y

macro Nr { 100 }

charge _flipping
cf _in _A matrix PAWEY_FILE.A
space _group $
a#b#ca #be #ga#

delete _observed _reflections = D spacing < #;
extend _calculated _sphere _to #
add_to phases _of _weak_reflections = 90 Ramp(1l, 0, Nr);

flip _regime _2 = Ramp(1, 0, Nr);

symmetry _obey 0 to 1 = Ramp(0.5, 1, Nr);
Tangent(0.3, 30)

min_grid _spacing 0.3

load f_atom_type f_atom_quantity { ... }

21.1.3.1......... Powder data, the A matrix and the Tangent formula

In the case of charge -flipping from powder data TOPAS uses the diagonally normalized A-matrix
cf_in_A_matrix pdzdiza qp. @ G3ef a T | suahieh we will call g2 from a Pawley refinement (see
example f @ Gf A TgE 1V r | U3 toUngodify normalized structure factor s | calculated during the
charge -flipping proce ss; this produce s better results than using reflection s output in a SHELX format
(Whitfield & Coelho, 2016). Equation (3 €8) shows how the structure factor s are modified.

¢
=

%R & % o ~— B 38y

w,

.
O

= x
= x

where ‘O jp B$:0 5 Al 2O j5 B $;,0H

The subscript s h and k corre spond to reflection s h and k respectively and the summation in k is over
all reflection s. lcac x @and lobs k COrre spond s to observed and calculated inten sities. Equation (1) modifie s
the calculated intensities to include intensities from overlapping peaks. When x ~ dsgPndgoverlap Dii=1
and Di=0 and the calculated inten sities as well as | » are not modified. When using the direct - method s
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tangent formula within the charge -flipping proce ss as described by Coelho (2007), the q matrix is
also used to modify En values used in triple phase relation ships as shown in equation (2).

O O rn O fp N 2 aw
xEAOR B $ ;

Eobs,n and Ecac,n corre spond s to tangent formula E values calculated from the observed and calculated
inten sities respectively. Ecac,n is typically not used in the tangent formula, however , intensities used
for determining Eopsh can be grossly in error due to peak overlap. Equation (2) therefore influence s
triple phase relation ships by weighing Eobsh by gn; when x ~ dsPndgoverlap gn=21resulting in no modi-
fication. When x = dsPsinificant overlap then qn is small and the influence of triple phase relatio n-
ships using the h-reflection is reduced. Equation (2) also include s a (1-qn) portion of Ecac,n thus stating
that when x = dsPsagnificant overlap the calculated Enis to be more trustworthy than the observed E..
Equation (3 gw) correct for error s in En when lobs is similar-to lcac; this assists in reducing the goodne ss
of fit value, thus enhancing the chance s of solving the structure.

21.1.32........ The algorithm of Oszlanyi & Siito (2005) and FO00

Normalized structure factor s enhance the chance s of finding a solution (Oszlanyi & Sito, 2006 ) and
are realized by inclusion of f_atom_typets and when correct for_temperature _effect s is non-zero. Ex-
ample f @srUgE ~ [ & 3impl@ment s the algorithm of Oszlanyi & Sito (2005 ) with normalized struc-
ture factor s. In the original algorithm the amount of charge flipped is a function of the maximum elec-
tron density; this can be realized using:

user _threshold = 0.2 Get(max _density _at _cycle _iter _0);

Get(max _density_at_cycle _iter_0) is a different value at the start of each CF proce ss as phases are
chosen randomly. An alternative means of defining the threshold is:

fraction _density _to _flp  0.83

U & GOP, ¢ #gad'e, X AWBAL € d3 XIp, Waep, AUdgn ik ARction _density to_flip A ©x . &
- WA ARTYRpT B P, 3 Hseds, WXAAS S Sox isPEpKA, T WA K. WA 3 Y 3k A R
S 38 AY BPt AEKBe, x . Ageion density to flip/® pP . X R &R . O HA W t g
X . AT X PP AR N, AUMA M @, “B@

fraction _density _to flp = Ramp(0.85, 0.8, 100);
a O, i aix AWt AR . O, YAlgeAM3 s Shox BPEpK | . ]
Cos&E%., . | M o5A Ad)xdBcale FO00 E'AdhK ASA A ~'®szlanyi & Siito (2005 )4p, . . P&~ . o .’
Coo®P, 3 &} il el eX . 8P . X P Wi eRUXAAX . APY “elszBA3L X B3 &K WK AR
B, Bt REE, WSO BP X WRR BE. . g SA vV XRP, 3 Y div pY, WBRIQR,  BRXALY Pt &
X EFRA d3' 3R GoMg d3t W R, ek dXA di'X © 3P X WP riffizgle FO00 %A | &3 d3PAxample

f @srlsE ~ [ & 3 do8<Lnot seem to solve at a lower resolution , try for example:
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delete _observed _reflections = D spacing < 1.1;

[7 A TAlBX TABE “/d T difscale FO00'Aehe 3P T B3, d3t WgRIE! W@ d3P X WP RAPRAB.E e R AT
f @&r0s aMz YARrUApRSA' ex P& . ' t Adggtezobserved reflection s bD_spacing A AS3 &\

f & r0s algzgAip_regime 2%’ 4 “Alsp’ - AZ R. W, o3

21.2...f " Py 3. OB’ Y dse x . BlpYx .. P £, €

U v vaist % QA dse U e gk & ' a3 @ dixeB3 te. W a dBatA Wde HeRB S~ @ A’
B= WopgsA, £adst X Acxs . O’ ¥xds © oifga aERpdE | 0 T X THBGA A e U e e g
epPleA . WE @ OX GWAR AAE PBBXx. Pe

21.2.1......... Preventing uranium atom solutions using pick atoms
la . GA@prle TaUsMpdghick atomsA A, 3 Bde@A K “AL, | XAE ¢ dsiigex . eZA P2

pick _atoms * choose _to 5 omit = Rand(1, 1.1);

U ega . @B3ds. X HEGH K Az R.W, #prUs | YARSS® x GPER B WA pPA &
U, RRBey ot oA BY AP dph .~ YEBRIE | X AQREXA . 3 A @BEEHP &G

pick _atoms * choose _to 5 insert = Rand(-.1, 1),

U dsert’h quide’d . : Bx., GREP O TARIUA e’y TApX eRpPAREXR . . XWX dgg ARGEP X A, T3
| oot B qufA . Y dsSedsP wAlr UA e, . A WPRASR X &3P Epx ., .

|a@. GAGEOID UE| DUKBDZ RGP, X A TREP MK R W IGRK TR amih | YA
W3 Hox GPepX .

2122 ... The tangent formula on powder data
AAG rEf aBz _ _ dA WA 0 & Red, £ U

a Tangent(.5, 50)

SWAG 1 B4 AT R WRTAL X @ B RISIAN TRIDGE (N 3 EEWGA LO G XA W' [ "Ads3
(XA W3 W o5t R OEAG@RAL Rast . ' ABARRP RBSL WX .

a1, UG EP B REE GPEVIABR | BXAEYA WK ARG X XA X AW, ONWd ' |
EO 5L XA W [ AR . WATZ WM ches bV A GsAUX L. 3

O WMpGA % RGP S RO EeAR L YRG [ Efs a0z
21.23 ... Pseudo symmetry 3441 atom oxide

f CAN, RA A medzW3he . . di3XAructure s (Oszlanyi et al., 2006 ). Example f @Z Us 3 & UsZan
oxide structure that contain s 441 atoms in the asymmetric unit (Lister et al., 2004 ); run CF to conver-
gence. Picking atoms and turning on Octahedra viewing should show well formed polyhedra . Thus,
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CF work s extrem ely fast and trivialize s the solving of such structure s. The content s of the INP file is
as follow s:

charge _flipping
cf _hkl _file  020pn.hkl
space _group Pn
a 241332 b 19.5793 ¢ 25.1091 be 99.962
fraction  _reflections _weak 0.4
symmetry _obey 0 to 1 0.3
Tangent( 0.25, 30)
load f_atom type f _atom _quantity {

MO= 42 2;
P = (126 - 42) 2
O = (441 - 126) 2;

The tangent formula is used to assist symmetry obey 0 to 1TAp’ & Ag €XAn finding the solution
faster; it is not necessary, however , for this example . The Oszlanyi & Sito (2005 ) algorithm can be

used by replacing symmetry obey 0 to 148’ & ~&p : & YN B&RTAZ . . . 4.’

scale _F000 1

fraction _reflections _weak 0.4

add_to _phases _of _weak_reflections 90

user _threshold = 0.15 Get(max _density _at _cycle _iter _0);

Slow convergence is observed due to the use of FOOO . This is oppo site to the case of 1a7y inf @s=rUg
E ~ I & 3whe®e FOOO is necessary. Setting scale_F000 to zero greatly increases the rate of conver-
gence.

21.24 ... Origin finding and symmetry obey 0 to 1

T 7 dgdsymmetry _obey 0 to lis’E d3v ,'’A BBG3A , ' P BPV, REqBE x BPHR.~. X &3 08’
Ne_ . d3¥@p eds. & ¥ AR ot’AdP . BIOREBAA T AP AKX T AP R TAE Bt RP.
3dE. e | VX BED e X X TRXBA o) teAXRAR . | AP TAD otAdP . BRE . X . FAA®, |
Peg P die® x pfAddg " o3t B BE. @ a's, Pthel | @3PRed R dse 33 3

SWAG sz a %z, ' Y BP AR M A Re . | i3XERE 3 SAdgimetry obey 0 to 18p’ B WK A
L. YBPASARE SR . WA IR PR, XPpPes

21.25........ symmetry _obey 0_to_1on poor resolution data

SWA G 53 ABE WA, WA WABP. | AGSKIEApYal T A v, PR TABCA 3
|53 G, OB [s3 CAAIssN] E| SETORAEAE | A4 ALK ABA GBIl [ 43202

set _initial _phases to aeb- save.fc
randomize _initial _phases _by 0

U e . ObxeiyN . ROx . /B el o, elpds. A’ [ AURE A&
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symmetry obey 0 to 1 0.75

SWA @ [seZ1 [ b 378 0ZABX A&, X eApV Y@BPt "A™, WA gm DR, 3 Wi @3 P PR X 3
f. . . dgAHymmetry obey 0 to 14p" BEBUA G [seZ [ [ & 3 BEMZpt & P WA 3Y d¥®': BB { "Ad33
PX.ER . WA 3 WA & . WA WEmymmetry obey 0 to 1A AR . YAQ: 362 [ 3802

a t ., Wgrdpetry obey 0 to 14’ 'R d3. . Aéidinitial_phases_to#p’ Bandomize _initial_phases _by#’ A

X~ BEBWAG [se2l [ &33ABz, WiaT . WA B RX QABBIEN . ° WG XAS Dk thka p. B, &
X TABRY i, xGRd3! A degig R a3 UR tiPWP RE@EiPdp’ . A . WX A TR PRA P . YA o |
Gt 3P X ik SXd3IBYAX TAK o3t RIE XAG WP ds3 UK OBt t WP RE AIRED Apl. A . WA,
XA, M oG RMERIT

flip _regime _3 0.5

21.26....... Sharpening clouds - extend _calculated _sphere _to

lap. GA@BIneZl [ 433 dEZ e P ek Uiy A AX . R TBFPeds’ %CA. O, B3 d3Axqihx0, 3P ) d33
Nj * A PR g piEd® WP e eds X e, iXels, WGBSV, VERD' XA . X' e dsiesP RIEP &g o' g
DAY P_AUA B, N RS X TARUMRBOD P ¢ #gza X P 30 3P & WRRMEX pRAliZTe-

gime 3AB'ABMNBE WAL t WP RE& W PR i 8 . Wx3A, ’

U dsrpBAl R o cOA tX d3tIABOD P, o R efx PN BEHK ARV pt N B A d5t R AP

[ ed3st WXA YdP gk ® .’

break _cycle _if _true = Get(iters _since _last _best) > 100;
randomize _phases _on_new_cycle _by = Rand(-180, 180);

Bop AV "AlFRGBP YRSV . dsiepPRls €. 3 WA B3I 3. X LA £ RV, BIRYR AN g
ex P RpPAS t, WY &3 ¢ 3 Wiy, * 7

fraction  _reflections _weak 0.5
extend _calculated _sphere _to 1

U & xdieAd R v, dsipPARYX X . WY BEx GHE. 0™ afit” AR @ 3.0
O, Adfw A N iR d3v, dsteA .. g,
add_to _phases _of _weak_reflections = If(Rand(O, 1) < .3, 90, 0);
‘Aymmetry _obey 0_to _TA W& ZeMEBA X G3P & Ao BpA PR WR oox K B BYAET A o35t RP.
3dE, J&eP BX Ppe ' @3

SWAG Ingzl [ 4 sA0 AR | W . WR @ dBRte | ' ADVGINBREN ' WAB Q' a Bbe
L. Yhisse U e'3R GSPAUX . v vatihaxp. @A ATE( [ HUM BGQ (321 (43 APRE.
. @Ps3
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21.2.7 ... A difficult powder, CF-SUCROSE.INP

f GQNGT & [ R§UM | x ~"Acdlpy density below threshold=0M3a ~ gR pRAcd3, . . edXAgY Pt & Be
eW, XAA:, WX 'ox AP iAWl dX K TR apk @D P @Y iR B3 £ B3R AR . WA R
t 7 opPAN. &3 A3 t . Wgale’ _density_below threshold=0Z& ‘Ba qp. @, 3

fraction _density _to _flp 0.83
scale _density _below _threshold 0

T 7 d3scale_density _below _threshold=0&Btd334 “@B33Pt &3 Ao’ aPk "dpRA sk ~ ' RlE € g

. . BBV AP &0 0O, . {AgBcale density below threshold R 30, P&~ v v &SR X (Y dgdE'A

P 30, B od3Ab d@=fraction density to flipdA | ¥4 'Kz . GBSO dgfils” AP Y | ‘Atalgzdensity _be-
low_thre shold 3A ¥Araction _density to flip"A ¥ WAPO OP . a . '/8 dxA® e a@UP Y tale den-
sity_below threshold=0 U~ | A3V VEHmEEEAX ~ X Sel A W aMgPAz . CACUBGZAK “ARP . A ' o,
AW 3

U &, ., MR REGHA . W) A X €
pick _atoms *
activate = Cycle _lter == 0;
insert = If(Rand(O0, 1) > 0.3, 10, 0);

U, X&B ‘&px .eApPAF P XABP A " e Bk ko K . A5 ABY dsP %! gg BXAF XA | Rigip Al
Hd3, ATWXERP XA eR &3, g ABY B3t B RE. e ecgBboe, AT | XA AR ePAI, ATAAXBGA
Pdv, dgf x.. '

GedfA $Acale density below threshold | v xRk & A CR 3= W AP  Pidx 3P eifxa .. Wxal * "We
X . AL HB¥EP BV BREORE B Wx ., . 7 3

21.28......... Increasing contrast in R-factors

U optA W, . GO X P, e#ilp @O P dst Ap.cor WARRY U o X AP ds= WeA K Al P Wt A WP &
vV ot gAY v iSiok OF 33 Wikdig . O d3A | AP d3= WAt | gply _exp scale’™ T | A

[ Uk &3 d3v qilhplx_@xp_scale changes b&v ot oAp'PA "R~ i . P dBEX o) Ms8h CRpPA €

t ™o 33

SWAGorOa UR) . Y 5P B O d59 v SR WRviath o8 BV AP bR . T Y 5P ATS. Ws®
d=ow ipisan #p' B BEWPA G Bpply_exp_scaleR A" [, WETAG AL A

apply _exp_scale O

SC5P WG r 0% UAY . Y 5P oA O dsv v G5B BV ol otk BV AP AR . Y (5P ATS. Wes 3
| W08 e ) s BT Wapply_exp_scale’A | BBHP. | R ey @l o6 PXAS ToxexA
WA | BIBGs R A OB 5D, A B BREO DL SATHA T A ex P, _ 3

244 Chargeflipping



Chargeflipping 245

21.3...f 7 PR &3, O® A.BWXE PX @

neutron _data inform s the charge flipping routine that neutron scattering length s are to be used. It also
results in the following default neutron flipping routine being used:

flip _equation =
If(And(Get(density)< Get(threshold),Get(density) > 0.4 Get(min _density)),
- Get(density),
Get(density)

flip_neutron can be used to change the 0.4 value occur ring in the above equation, for example:

flip _neutron = 0.5;

The tangent formula is made less accurate due to the negative scattering of H atoms. However , if
positive scattering length s are dominant then the tangent formula can stabilize refinement. For exam-

ple(seeU| NjOR TZrd| @] GUE B Tq QU| GUs [ U iy Z

Tangent(0.3, 30) tangent _scale _difference _by = Ramp(1, 0, Nc);

214...f 7 pPey &3, OPap: ©, &

Upr ‘BogwsAa . @A WA & “ABOS . P isEAW. PretsPpx €A . PePds’ e /X “ABW. RASE
Lo e3P MxBeN, XK IABe. . BXM. IX3

Single crystal data Num atoms in asymmetric unit Space group
f gorUs auz

f @orUsE A1 633502 WS Z Z"
f @orlgl TaAU3 202

f @orlUIg0 UE| UUs &

f@ |s2402 zZw zs"
f@ 33402 3w f AR L
f@ 36271 633802

f@ In3a0z 3w zs"
f@ nZl [ £3aU02Z

fgE| » 3a02 =] ZB"A"A
f@ZUs3 a0z 2z = Z

f @UraqT3a0z = ZAAA"
Powder data

f Ed3 402

f @ rEdez 11| U3 a

UZ
f@faTeg Tr| Usauz
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fgfaT|3a02 5 0@l A
f@f aTeRANUOI3 a02Z
fQf ATEI T 3402
fQ@f aTeRlI &R aNOrs al
f GQNJGf &1 Nj| 3402

- N | 3Sw 0¢
fGNiGT sTgg Tr] Usal

215...0d3e U, PFAZEGX . .

wdd_to_cloud _NA d
wdd_to_cloud _when4 d
U &5 WP PR3 XA 3 R “EREA, MWRBORR W ' DY BP WM, BWARO, PP @A
add_to_cloud NA  PeRd3’ eZ & “ARY. RABR eXR 3t &' x 0§3A " t  AUg TRBW '~ BpY i3P g

(. @dd_to_cloud _when 5x BPe'A ™ i) “ABWP PAG XAUE R B 1, WHERW ~ ApY e
BP pAdgREMa . O

add_to _cloud _N 10 add_to _cloud _when = Mod(Cycle _lter , 2);

Y BP ppdzzelly . . A golinds Py v STARY. Kisks, RUdg. ®BX X . FA T BPRA &3 BP g
p, A EagsA, XA Aol to phases of weak reflection s @@ P, 3 WiPdp pxeA R “aR . A3
PR . WAIXKB t, BT dHRY P op |, L eW3

wdd_to_phases_of_weak reflection s’4 d

L EMUAP 3V W A N d3gR d3v . dsPAX RBE p. BX A3 ALK X TS alsA A
HBR v, dgtiX . AR . M WR @Ed3z”

add_to _phases _of _weak_reflections 90

1 7 d3add _to_phases_of weak reflection s d3Vv . X @ ~AR X &eA B 3R d3v | deiepPal '
C AR A BPAEX BRI BEPARIRY X X . WIATEEE AT X B Pe dske oAk A AR, el
s di3x PR 8 I3&8 XdP WPA &8, PAE3dpe. ‘Acale_weak reflection s3

apply _exp_scale’y d
qa3x d3P eBiRp' BRI CA x BP AL % ™ XA | . RN . W7
Sev ot AK Bpha QI _spacing E3uRCAROR

U~ WD FoRp PAE ABD, t WANDE dEZP Y53 3 UR €9 dst X . MBedfA pply _exp_scale

t. PR@&EVP KA PqA WA | BRI XBP HRWR &3P P BlepQ o, N BEA . P o, g
. 9 BX P Wt X WP SBSEREA Spply _exp_scale’k e ©, A tp t Sigtin Al v vV BRdgX U ot &

X E®P RX PR, Y BP Agp egp_scaleBBEBR 85 i3V GRUSX XX AK A B P dsYed3eix

W dss
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ef_hkl fileA v . d3d
qd3v ex A AR, |, ds3
wf in_ A _matrix A v scalg AijH d]

Data input is from a file created using out_A_matrix from a previou s Pawley refinement. The cor-
relation s in $file are used to partition intensities during each iteration of charge -flipping. This par-
titioning is applied to structure factor s as used by CF and as used by the tangent formula. scale Alij
can be used to modify the A matrix off -diagonal coefficient s, here are some example s:

scale _Aij = Get(Aij);
scale _Aij = Get(Aij)*2; a8 The default
scale _Aij = 0; a Equivalent to using a Pawley generated hkl file

CF on powder data can also be initiated using standard hkl files.
dreak _cycle _if_true ' dA

a x BPFAJomPN d3 O ABa:d3t Rixdmize phases_on_new _cycle _by. Cycle _lter’Ae’Ad3i ‘A
> i3Rp’ gycle®A’ t Pd3 @3 X d33

&orrect _for_atomic _scattering _factor s’4 d

Nk P Wt & WP egpPalz, P_ g, A s dBgrrect for_atomic _scattering _factor sAe’A | &3 i3&p’ A
47 difatom type'eApPARIY | NKBR Wt X WP FAR P o 'Re AgEzs W, X

zorrect _for_temperature _effect sS4 d

X X BEOR B3, . A dx P ACH { © BPAgY WEsEX. A ~A P Wt A WP shoRect for_temper-
ature _effect s&’A UR &5 d3v cisXxx A% /A i3 O P di3YRsT K. P P dsfRx P. "3 "xaPdikt & WP 3
vV i Aap MEZd3m, A3 diEorrect for_temperature _effect she [ Ukp’ & “"Al5 A XA . ' Xxesb Pl
3 &3V | MEdZ'ZA atom _type Bp’ K atom _quantity 3

glelete _observed _reflection s £ d

Sd3v . RBERPARN. dix dgg AP dg i3 Chpt t . PA Aélete _observed reflection A% ook A
v W t R MW spacing #& MBa . ©, &

delete _observed _reflections = D spacing < 1.1;
[0t d, B3R asgP YRV, dglp ) R dR dex oXAdsh T ot AN _ds
wextend _calculated _sphere _to4 d

Gecs X A™ P G’ o5t R, e . B3N . AA'se RV, dstAR3 3 WIBV, dgtApPAL

D, YRR T AR qpe{AWA U dzgifextend _calculated _sphere toA AR BBUEARZA A . T 0 W AUy BT
scale_weak reflection s’/Agp’ Aadd _to_phases_of weak reflection sAx A . 3 /AvdH 3P azv . dff x . . '
- T R IR iR dD a3t x pEdst X B0’ &R gREIGa . O, &
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extend _calculated _sphere _to 1
add_to phases _of weak_reflections = If(Rand(0, 1) < .3, 90, 0);

o _atom_type ™M x e ®apm _quantity & 3 3
g3V eRpgg. X e OMF B W, RABWpX eN . XK TAE A BSARGEIR & TR A R.AUA Bg
X BP_ AN, clyals R &K TAD dE 150, WeB, [ DK 38 W TABD AS R.AT &
Pdx . ZtYop' xRABAP. PX @ X3

dind _origin’4 d

VA BV APBAR . & BPAX T 8 P AV " FAsB WP "AddFAsymmetry _obey 0 to 1Ag d&3V €A o3
find _origin /R &% d3Vv gilymmetry _obey 0 to TA R AAlEdzA . x “Aintrigin kR 5 d&3v | Ap) "4
edsx X And _origin’x A &3P, 3

dlip_equation 4 d
. EAUABE R BV A Ak BR&MBa p. O, &
flip _equation = If(Get(density)<Get(threshold), - Get(density), Get(density));
dlip_regime 24 d
U oasdy x P o3, oA . 3. Wepids3s PR AZ'RL-1kp &7 & WP YA d3P, W ds3 7
" "0Qo. P@ | sdGT
flip_regime 27X e ©, {Rqp.  CABR AKX ASA
dlip_regime 34 d

U ogsd x PA o3, JA . 3. Weptdss PR AZWL-1p &7 & WP YA d3P, W ds3 7

"h A" O
bt Al ebcwl Ah” 1 &£l O

A o, AYdgss’A A _regime 3A7 X P epWieEEPE WP A HEXR B33 WA AR tFEE t A
WP o Apl_ A, Wx3BARER d3t . . . d3% 3 @ _regime 3R BRYBH A quis’A " BRid3 re-
gime 2A OP, z &)y WkP ' Aldpx . A e . Wx3A. A P33 . XA OBEX WPA®PWL A A
nadd_to_phases_of weak reflection sbn 5 A p& & d3e P e 3

draction _density to flip"4 d

U dp. . UAR~ P, ds GRNPsot X R dIIFAN e, AUge A MBa . Eadsgth TAE £ 5 A3
dsuch that x “&f5 :A % “AR WXB AR T pPERE @ Edeesholddh gk BEdsEX R dsg
X P. &Y d
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draction _reflection s_weak # dA

g3V e AdSABP oot X A RABP YRV . BIAXA . BAE'A U i3gA T Wscale_weak reflection s?A

add _to_phases_of weak reflection s’ ‘Bxtend _calculated _sphere toApPaEA A &3V . A BE' ¢
X dg. Ye'A M 3o d3v | siAPARZHK A SRV v d3t ®.dy o3 YA T div PUX AT pPA d3 GO
OP, g abx ™~ iEdA’ edie’Ad &3oIR d3v | dgipPAlR B A i3PA EX d3dhg” BEPARIMX &

X . Wt A3 A PRscale_weak reflection s/Ap’ Aadd_to_phases_of weak reflection s’Ap’ A O {’Al3
PN AYesPaE |

ghistogram _match _scale_fwhm 4 d
&hm_size_limit_in_fwhm 4 d
ghm_covalent _fwhm 4 d

An implementation of Histogram Matching (°Baerlocher et al., 2007 ) where the distribution of pix-

els within the unit cell is restrained to one that matches Gaussian atoms with intensities corre-
sponding to the atoms defined by f_atom _typels. The Histogram matching operation is performed
when histogram _match _scale_fwhm A3Y o, H&kpARE. & 3A g, Widgrdz= Wd3"/AX AN . 34 ~
PR PA wa , _ AGT B PA K “Agpe R, RX g P RIABA W B &GN q [WERL o, AB3
R éAistogram _match _scale_fwhm. hm_size _limit_in_fwhm A , PeRd3 €& A “Aga X & A . &K ~AB
Epldc papPhzm, | WA B €T R BA, Y , Rp o Pk A Am covalent fwhm evalu-
ates X AA | & X g, AUxls” dgBN | TR ap goPABdsIRa . CGegp edpAk . | £ M

histogram _match _scale _fwhm = If(Mod( Cycle _lter , 3), 0, 1);
hm size _limit _in _fwhm 1
hm_covalent _fwhm 1

S0, PA X TARP pt A W, 'a2'A3, 3. VA Rz AP, yAistogram _match _scale_fwhm ‘A
' Am_size_limit_in_fwhm BBd3’A ©X 4N G BRE © . Wop Bet) A W, aPAR 3, Vedd 3
. Wex. @ PAgmpx t AT WER. 3 Wivdpt gpie. | Y B3P A epREE= WADA W T @alsle

VU@ 3 UN TEA M Aex. | PAIIDX T TBEX. 3 PARDX | TR PP @ HE G5t AP,

30, de AP EOO, AP Wikedsd®iza . OA @ a TR A NjUT saddIZGf & TeE( [ &
R & NjGrUse

amin_d'A4

qdsx dsP.eA Mg ~“es , WHA. A RSP YREYV, dBIXAM . PRI XK T AeedsP YBEY, dsiAx . .

Y. %0 ot AR s depPRl ¢ 3 dsPRolsE S7eBY o, Weipop BASCA X d3P dixisxuph_sb-
served reflection s_above d mingAeAJO© 3 PG ITAA =~ ' A Mgin_dAeR d3x d3{ MNiskEps, Ax-
tend _calculated _sphere toA’ "Aelete _observed _reflection s3A

amin_grid_spacing A d

VB BV FRBE AP At B AGR A AR @, A Sh_dagp’ Kin_grid_spacing” Bfd3V Y,
V.APRX @A @ RPEOZ EAXAPP O Y Rl
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&eutron _datad

Nj : 'edp” GXAB CRUpLeBd A BWXR e OEEHRBA X “AB. t A WX . cA AII. X . AA®D | e
Yo, eBBAZ . PPdk R.BE &8 d3v , A alpg _type A’ B atom_quantity A d3e Y g3P 3

wick _atoms™ X £B A3
@wctivate £ d
&hoose_from4 d
&hoose o4 d
&hoose_randomly A d
@mit'y d
glisplace d
ansert’d d

pick_atomsA, 3 eR. A i3t B EE. RepB3A D [ AER3Ie3A px A, PeP A3 eFk A VAR LA

X e TaER B O B3P X A oA . ' XADAB, AIPAIT P ok RRR TARR: .. HP g AR BP
eREBABL X BNK APBXedA B © B3P qah hick atomshpPAR Y N tgfictivate MY @, HKRpA d3
g | &3 B o, ZHdMBa p. B, &

pick _atoms - -! ®
activate = Mod(Cycle _Iter , 20) == 0;

U 8. t "R, WXepX XBEADK. | ®XAX A e OA5 WA R ox Rl K A8 xdicAdB
O, t "AuEzeAp’ K AR X X R Y PR AR e i3V A Tisgom type3g Rga . ©, &3

load f_atom_type f_atom_quantity { Ca 2 O 10 C 12 }
pick _atoms - -! ®

RAsPABHA GipX e RpPAREXI® . | "By ~ G8 A Rpx ehp AT WA UpX e 9. 1 ApE3eA
. OBP AXMBIR & "R Bepx N R TAgIDX AT Pd33 s

choose_fromAp’ Khoose toA ok AYdsFX A . XK. ABW. RABRpY .eA O 3P X' X248~ Bx
© ' Apg. eN . XRick atomshpPalz P XARS Bt RA3dK " e BiAeP 3 @PRZa . B Az X O
3P o g " Al XR REB o)  eRp’ K TATRSARpY e X T K TAR . M WR @Ed33T

choose _from 4
choose _to 20

choose_randomly X WP ¥~ deizPU i d3asx . €A © d3P dAX 43’3 & 'Mza dik dipVv yadzl se_from A’ A

choose_tos

omitR o3, . eAdD &3P mx'elaBx e A P X TAlE 3t WRE. XPex3, eA R A P X R 3. | ERdg
edsx X Arhit A A op, eWdEx " PEPWEA P d3df IER olps, R REBIX TREY VERIE T @ A &
X AR A K TR o3t K RE XRenitA © d3P oy AN AN W TTAIS. 1 XA e dsilex e AeAp ARa g

X P d3. AlY e d3{AXA3 QA YO P a3y oKX Alst it RUBEL WP o' Apy. A, WEFARW Gsrle

[ TA&WUAX Baqp O o
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pick _atoms *
choose _to 5
omit = Rand(1, 1.1);

Omitting atoms randomly is a technique referred to as” P g’ Dmit mapsnin ShelXD, (Schneider
and Sheldrick , 2002 ).

insert inserts operated on atoms; a value of linserts the atoms with an intensity that is equal to
the average of the picked atoms. Values of less than 1 decrea ses the intensity of the inserted
atoms. When insert is defined then omit is internally defined if it does not already exist. Thus,
atoms are removed before insertion by default.

displace 5 €0, qetAdf X ... X EAP A" 8 R "ABI X £ AKAY @, WA AREIA
C Wga . B REp 3. .AeOe qipxBeR AWAGK ™ O TAZ . MY WR @33

displace = Rand(0.4, 0.6);
insert 1

U dshhdgik 63 . PAS @' &t t RUBE Bsbick _atoms?A #Ba . & Ads AUPxp Mot A . We
X.eR™ &TAZ | AHoR ®Ed3z”

pick _atoms *
choose to 5

insert = Rand(-.1, 1)
UR®p 3.RBe WEUP xdwdgPAApY e ~ & A8 . . A Wk @B3”
Break _cycle _if _true = Get(iters _since _last _best) > 10;
pick _atoms *
activate = Cycle _lter == 0;
insert = If(Rand(O, 1) > 0.33, 10, 0);

=

XRE Rk thBa . BpxdzApPARGP XAl dfk . A8 Ay P @, GAGBIe B KRR . OA €
o . YA PABB, ATt TAERZER &, qRABYdst BEE. JPeedsAz 3. X, BBER BV dgAX . .
mPag A YAZ PMBE. @ T X, 13

gpick _atoms_when'4 d

X . ERpPAB, [ "AdSg A dsE (5 0, WE dibick _atoms when'ABY o, HIRpARE. & SR o, ZBJd3
T BR&Ma @ O, &

pick _atoms _when = Mod(Cycle _Iter + 1, 10) == 0;
U XA ®x 1A PRB @ WA exA@BPBSHEs . B3 oA K ADAGE 5¢0, Pe% d3A X

3 P, OXW,. 't A3 A R B R X PR SABR A K TARN. O, PApBe GAURA X T 3A WA
X RO BEIN T 3, U3
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gandomize _initial_phases_by4 d

& . X . amsds) AX VRO P, 4 8 WP, P dfopYedR T apA ' v, P_ApX &AL, A4
t. Wk @rd3z”

set _initial _phases _to aleady _saved.fc
randomize _initial _phases by 0 2 this has a default of O

gandomize _phases_on_new _cycle _by'4 d

randomize _phases _on_new_cycle _by = Rand(-180, 180); 2 an example

wscale_density _below _thre shold 4 d

|, a3t XaPdzE. ¥, a'tg” apPAREX - & AT € d3 A3, AERE o, Azgscale _density be-
low threshold3&pWdi& Mcale density below threshold& ~ #pRAlgks ~ AR d3e’g & P GRS Al
& Bt RERE e AR B3 U pFAe |, edXAgY ot K& PARD XA tdtPBE APl oo Xkl B3
d3a p. B GMEGT & I HjUSA A o, ‘AU B, ‘ARale _density _below _thre shold results in nNlow den-
sity elimination n similar-to that of Shiono & Woolfson (1992).

wcale_EAJ

U P_ g, BXoPdg X WPs B o, cHfdPAl W' { A $Borrect for temperature effect s’ B) A X
t d3p. ' Xedficale Ehp, e AU B3 3. XBL. P, B RAX @, eWB

wcale FAd

fON, RN, QT P o BX P HEX Psth B d3v qilalex BE# 83 3. XAl .o, & 8x P Wt A WP &
v oot e6ATPAg dety Axale F/R P, qpghls d3t R H@BEAX ApY . B3 a , ARxV.aBp X&EA
. YRR

scale F = Exp(-0.2 Get(d _squared _inverse));
wcale_FOO0O'A d

Ni At WAR BEK AN AP, . O, AP ¥dsAB . PAfOSzlanyi & Sito (2004 ). When

scale_FO000 is non-zero, modif ication s to the electron density produce unfavourable effect s.
wscale_weak reflection s'4 d

nes 3V BB QR d3v | dFXOP W A WP gkp FASHR A SPA 7 Y BYNEPARS. X BcelsP weak re-
flection s, Rdd_to_phases_of weak reflection s&& dzVv A B BPR di3v . dROP.WiI A WPsH P
MPAEX BBp3 3. Wptdg3 PFA Mam O, o

scale _weak_reflections = Rand(-0.2, 0.4);

scale_weak reflection s, Rdd_to_phases_of weak reflection s’/A qpR & W' { A I _spacing 3
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wset_initial_phases toA v | = d3d
amodify _initial_phasesd d

NiBKA ™ R oK & “edpO O SPRAY Be @3, 14,V e BEP K K ARG FA A dATAA
OP di3YeA "WpRY 5 GOP ' ¢ @odify initial_phasesZe’Aza o3t UNSaEK C.'Ax d3P G R B
WRH Reg PRAS algAA v & ®Fap. ©, &

modify _initial _phases = Get(initial _phase) + Min(Abs(Get(phase _differ ence)),45);

47 ke . vV GRE PR ek A AR VvV BRAEX HdEEABWP PRS g’ A A X . ),
7 alBAK AW o, Adsx Y &dg'3IAnodify initial_phasesh gk REBIX A . X P @7 algX A

X “edfms 35X SP_R A BRE, WA Ped £ ¢ B dst AP (&P, ©fes U] @Baerlocher et

al., 2007 v

wspace_group A d

VR i3V KB AR K filefehr &) BEA . . @BA GP:AFA . PERA 3N ATABBY LA B3
EOIAdP . B dgBIR " cshkl fileZede ). KR B 8O AP, WO ey

symmetry _obey 0 _to_T4 d

VARO AP . B i3V A BI/e . | BeAp3 T SKBEL t . PX Aymmetry obey 0_to_I5A
symmetry _obey _0_to_1{ R & ~ . WA Vep'AfP 340 pt/Ally o3t KRz, JoeeR P o e ., AYds
e . WR@dR dsx Y By pAAK T e | dsiAAer dse’AlaE AMK T Y RO P X . AdIH, ApP
B=YW, Y PEIXeFARE BX BP_R X BME= W, Y ® edsX XA K TAD AP . WOkpY BP P &3
3 a3, evEA R X @ A i X PA a3, A UK TARP D3 e @3 exUi AL £ Y

r s KAAAymmetry _obey 0 _to_IdA"Aymmetry _obey 0_to_1Hqy:

U o d3A WX Bd)x . BXEFPePEBR B8O, &Nd3dBymmetry obey 0 to TAMEG3Ep FHBBY A B3
gA, £, 4

wadaQAi g ——
BS'S

where the summation is over all electron density grid points. symmetry obey 0 to 1% &3V ¢’A O3

find _origin R 6§ d3v qid Yordgin AAp© O, 'R dgg APndsietry _obey 0_to_13 find _origin &~ | WX "Al3

B, B3t BEE. Byt K T PYpOOP, aBPERYMBE . | diEFPePRR M | | A3 dipd origin A

g €£)AA “Agmmetry _obey O to TReg P, ' X 3
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gangent_num_h _read’4 d

gangent_num_k_read’f d
dgangent_num_h _keep'4 d
dgangent _max_triplet s_per_h'f d
gangent _min_triplet s_per_h4 d
dangent _scale_difference _by4 d

tangent_num_h_read®’ “Bangent _num_k read& d3v ¢X k). R B§PFA | XA B | [ EYAIR d3g

v, @R BRIK B BP. K P . ehaggnt_num_h keepg gV ¢ URBUW. RABK | EXAIA
Pd3v, dsiAXA.."'t . AYZAR ' AR, P . AlGog pxAtangerst _max_triplets_per_h'Ag’ “Atan-
gent_min_triplets_per h'g d3v ¢’k dasepa . AL A .0 WA W RABK P D dfiXd3Y, dAASK L L
Sazv, BEAN . RTRE T dangent _min_triplets_per hApPAR X’ 1, BIMBP A R. MO gpmX g

. ' "Aadgent _scale _difference by’pA P &3 'cHK SAK AR . . A,
MR PR MR g
0O WE “Yj 6

o) 000 Gén 0

auser_threshold'y d

By default, Get(threshold) is determined using fraction density to flip. When defined then
user_threshold , Y d3P &fragtidg _density_to_flip. Electron density pixels are normalized to have
a maximum value of 1, thus typical values for user_threshold’® @' 'R dzx U &y’ B33

aise_Fcd

NiB&A ™ R ol R A TedppY B0 P 3YeRG i L WRE fA MpdER . PR A3 eRk A Al U
oo MK T ABDKAEA B3V | MEdsZAT hkl file | Rf_in A matrixZR UM . OS fAza xeds. Ase FcA
£8, . & BR_initial_phases_tofga { O XpXAL EAL ©, , B33

wverbo se’s d

Ao, AYEN WX OAUGA RX BPetA o’ T R Ip, AUBA WX OAYGBAI X dk ARV gt A £ #BA
X~ RP BYeEA qagdst . W ONGRE® P X Aell, dgpP

wview cloud 4 d

& v, PRy i3x SIAXGHEA O, hEME dst B B XRd3PaEPAl . Ba . 6, &

254 Chargeflipping



Chargeflipping 255

view _cloud 1 2 Update cloud every charge - flipping iteration
view _cloud = Mod(Cycle _lter , 10) == O0;
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22. EGEGUfa0U U

22.1..... X . @, . pe . o Ap I3IAl O Er

Enable Antialiasing on your graphics card to display smooth lines in OpenGL,; this affects all OpenGL
displays. Depending on the graphics card , Antialiasing can also be enabled in a program -specific
manner.

222 .Njt gd.’ 3. UAY. &Y.’ : A  OBP @)X .. ¢

The following described operation of the scan window where LMB and RMB correspond to Left and
Right mouse button s.

OBP@X. .-
Mouse - Wheel Nit P. .. A©, . xeA BvxaP, @ "X
Shift Mouse -Wheel f.. OPde ¢ a dggp® pe 3 Aa
LMB forwards rectangle O. ..
LMB backwards rectangle G 3. ..
LMB forwards/backwards rectangle to- f 7 @ d&3Ae X pRgaa. 0¥ KYA. 'ViAad A3 B3O 3
wards 1st and 3rd quadrants S o XEAXAHLT 3L HAL L XESA
RMB click Context menu .
RMB down and scroll Zop ' e Ag Lt PopP, L7 0 AlWes, T 1 Y

COX A, . AX .t AL P’ g Av

LMB click on hkl tick mark or tick mark B, o7, . X AC
€. 1. pPXx B3I AO” pe B3

row
Mouse close to tick mark Nj™ . HA" ' eA@Pt3. A3 A 3 Aet PBE

Mouse close to phase line B,:7, .17 xeAO” pe &TAp 3 Ampe e, t .
223 ...Njd3, &3t x .~ @ Av,  d3e Av, PA3 ., €O, mpe AWle , ' : A

Grep regular expressions can be used to simplify the selection of scans for display; this is useful when

P®ROAP

X~ &P BA@P BA. @ eAO@x X BP' €A p3 B33 AEP BOAL @ AR BA®ML [ dse € g3 AT

option in the TreeView pane as seen in the following

256 GUI Functionality



GUI Functionality 257

D BEAde ARANYEL ol LE x vidud b wh 75 e
~ 42:;m(0mpl " ‘ Enter grep-type regu ar expression | Rpt/Text! E » M g.— E'ﬁ w
o
e i

3 I

wa L L./ ot MW.JLJ.J »,,J\. 'f""'} ‘uk..,u b'_,\mu UMWWMUU
= S L Lw qb.w\.y m N L.M el .,Jeru\k .
o WWMMW_W ..me” aJ‘m.JL e et S
- S L”F"’“J‘ ‘FJW‘ ] uw'x PR wa I Y N
31 e b Lr,,Ju AUW LN Ml fo LM bbb
] w l N J M
=Y B ——— rwJ o e 4 St \,«MW Md..ml*w marr Nl
00 MJ., w%«ww WLM,..‘JULJ“M.“W]M Al LM,ML &dewm.ﬂ\.ﬁ..;_,
sz}m..l.w‘ . A\VJ\W.J...._J " eaebmetsmni ] s s et o

8 1 ? H 16 M ZD 2 30 32 54 ZE )ﬁ 40 42 “ 16 48 50 52 54 55 SE 60 62 &4 66 66 (] n
In the above, every 100 e t (@ A, &€ A3 . € O, e 33 AWe . ' : Ax ~ngfAPdy: 3W). P Adsa OP dze ¢ |

224 ... W, Exdwgax A’ dged, P3A” . UA ' _ P33z ArRe Ax~ d&3A’ iBP’

For the commercial version of TOPAS, the  gui_text keyword allows for INP format text to be used in
GUI mode refinement. In Launch mode , the gui_text keyword is ignored but with the INP text within
the gui_text block included in the refinement. The means that INP files are GUI mode compliant and
moving between GUI and Launch mode is a smooth operation. For example, the following INP file can
be run in both Launch and GUI modes without modification:

XDD(ceo2)
CuKa5(0.0001)
Full_Axial_Model(12, 20, 12, 5.1, sl 5)
Radius(173)
LP_Factor(17)
Divergence(1)
Slit_Width(0.1)
bkg @00000
Zero_Error(@, 0)
gui_text {
prm b0 O
prm bl0
fit_obj =b0+bl (X2 -X1)/2;

str
space_group F_M_3_M
scale @ 0.001
Cubic(@ 5.410)

site  Cel occ Cet41 beq 1
siie O1 x 025 y 025 z 025 occ O21 beq 1
CS_L(@, 100)

MVW(0,0,0)
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225 ..., €0, pe ., I APAOT pe AU, x~ A’ 3 AU, x~ . Wx ArR oot ’

Phases can be plotted with or without background by cycling through the three states of the phase -
display icon.

226 .8 UYAmX. . € APpP®BAZ . £ O, pe B3 A, ' Al O Er

Atoms colo urs and radii are definedinthe files Of TEf [ r [ & BHjgdg [UC TES g & GrRgpectively.
A site defined as:

site S1 occ A+31 beq 1

will be displayed as a Sulphur atom. If the Site Name, minus the numbers, is not found in Or TEfIr¢g
[ G% Njs dHecthe atom type defined at the first site occupancy is used. Thus, a site defined as:

site _S1 occ Al+31 beq 1

will be displayed as an Aluminium atom.

227 .UOPmpt’' . " :ApX.. .1 A . Y& & xecA: PpO~ .t o, . e

[str® d Examples
[track_buffer E] O NUE| R ®RZmBINg 3302

[site]® ‘Rrack !E]

Atomic movements can be tracked using the site dependent keyword track . For example, the follow-
ing:

site * T tiack = Mod(Cycle_lter, 2) == 0;

will store the Al1 site position every second iteration. Doing this for every site in AIVO4 produces:

Rigid-body Editor
Press Ctrl key to prevent docking when
- 0 r—— —
IOEHBIE] Loaded Me P ey Qlaragaing | ® = =
Edit Mod ShowFade | Comment
1 v

IS

4} Structure
4} Structure
4} Structure
4 ¥ Structure
4 ¥ Structure
4 ¥ Structure
4 ¥ Structure
4 ¥ Structure
4 ¥ Structure
4 > Structure
4 ¥ Structure
4 ¥ Structure
4 ¥ Structure
4 ¥ Structure
4 ¥ Structure
4 ¥ Structure

10

12

14

15
16

R RE IS R IS IR IS MR IR R RS R IS IR IS
EF NN N P N
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Saved positions are Faded with a Fade value of 4. A Fade value of O does nothing; a Fade value of 10
results in black atoms. The str dependent track_buffer keyword determines the number of previous
atomic positions to keep; the default value is 10.

228 ...Ge BPAZ BV, d3z3 A" pe &3At . . . WPZzEAt . ©WgAY 3 x~ A’

_clp #red #green #blue #line_width #point_size Examples

Ol NOE| R B2y N a0Z

The colour, line width and data point size of phase plots can be entered in INP files using the phase
or bkg dependent keyword _clp. The first three numbers correspond to red, green and blue colour
weightings with value ranging between 0 and 1. #line_wdith and #point_size can be between 0 and
15. Thefile f [ r I G% NjT@ntains standard colours. Example usage is as follows:

#include  colours.inc

bkg i
clp 0.50.505 3 22 Grey witha line width of 3 and a data point size of 2
str j
_clp 0202110 a Dig¥i = with a line width of 1 and a data point size of 0
fit_obj Ifs =1000 X;
Plot_Fit_Obij(fs, Some_bkg)
_clp Blue 22 2 Bluec olourfrom colours.inc
229 .8, 7 _ .7 Xx. 1 a3.c0 e, I AOT pe d&de Agp 3A” . AX

Highlighting a phase in a multi - phase pattern or patterns can be performed in many ways:

> Displaying phase names on the right of the plot window and moving the mouse over the phase
name.

> Clicking on the row of the hkl tick marks. This displays the associated phase and tick marks
highlighted, for example:

| + (633 d:|1.58857, (511) d=158857] o !

| | |
53 54 55 56 57 58 59
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If individual phases are displayed using M , then moving the mouse over the pattern highlights the
pattern as well as tick marks associated with the phase.

If there are too many tick rows, then the program displays all phase ticks from all patterns in one row.
Moving the mouse close to a tick mark, displays tick mark information on the screen as well as dis-
playing the associated range name on the status bar. Additionally , clicking the left mouse button on a
phase tick mark, highlights all tick marks associated with that phase and displays the phase pattern
highlighted; for example:

-40

\.
PN L ZrP207: (.51 1) d:‘\.59‘\3‘\,IZrP207: (333) d:l‘\.59‘\3‘\ | a0

55.5 56 56.5 57 57.5 58 58.5

hkl tick marks are also now displayed in 2D - Offset mode as see n in the following:

In 2D-offset mode, ticks marks from a particular pattern are placed on a common tick mark row.
Clicking on an individual tick mark, highlights all tick marks from the corresponding phase and high-
lights and displays the corresponding phase pattern. As in th e non-2D-offset mode, a phase pattern
and its associated tick marks are highlighted when the mouse is close to the phase pattern.

2210 .U @gpa PapR & . ¢ O, AR Pt BAR. vV

The x-axis of TOF data can be displayed as either tof, d-spacing or Q by cycling the x-axis button .
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