





POWLS-60

Program for
Refinement of Powder Diffraction Data

(POWDER LEAST SQUARES)

Mitteilung aus dem Mineralogischen Institut
der Universitét Bonn in Zusammenarbeit mit dem Institut
fir Festkorperforschung der KFA Jilich

von

G. Will, E. Jansen und W. Schéfer



Abstract:

A computer program POWLS - 60, based on least-squares calculations, for
crystallographic and magnetic structure refinements from X-ray or neutron
diffraction powder data is reported. Great flexibility is achieved by a
special problem oriented subroutine to be supplied by the user defining
any functions in terms of any parameters. Three examples are given to-
gether with the source listing of the whole program.
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Introduction

POWLS is a reiterative least-squares FORTRAN program for refinement of
crystal and magnetic structures from neutron or X-ray diffraction powder
data. There is an option available to calculate Bragg angles and structure
factors.

Observed quantities may be structure factors, integrated intensities, or
any function of intensity. In case of overlapping peaks, the total inten-
sity may be treated as one observation, and (or) the individual estimated
values may be treated as additional observations. Provision is made for

use of a non-diagonal weight matrix in such cases.

Any type of parameter can be used. In addition to the usual positional and
thermal parameters one can easily refine multiplicities, occupancy factors,
magnetic parameters (including those for non-collinear and spiral struc-
tures), form factor parameters, unusual descriptions of thermal motion etc.
This flexibility is achieved by a special prcblem oriented subroutine to

be supplied by the user defining any functions in terms of any parameters.

Princip of least Sguares Calculation

POWLS forms and solves the matrix equations

(ATPA)X = ATPF,

where X is the m % 1 dimensional matrix of m parameter adjustments to be

determined: xl'

L Xyl

F is the (n x 1) matrix of the n (> m) residual functions
%_=fkm®i-ﬂcﬂch

to be minimized. P, the weight matrix, is the inverse of the variance -

covariance matrix of F:
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A is the matrix of partial derivatives of the functions with respect to

the parameter adjustments:

ij ~ oox. °
J 9 5 ]
The aij are obtained by a numerical method. A~ is the transposed of A.

Description of POWLS Flow Scheme

The MAIN program reads the input data to be described later. There 1is an
option for reading form factor tables. A weight matrix P is formed by an
input correlation matrix Qij of F or by an unit matrix using standard de-
viations of the observations.

Bragg angles and trigonometric functions are calculated from Miller indi-
ces, cell constants, and wave length for use in subroutines.

With this input information the refinement loop starts. In each cycle

different parameters may be refined. Therefore a parameter switch card is
read at the beginning of each cycle. These switches indicate whether a pa-
rameter is to be varied or not. The number of the switches set determines

the dimension of the actual refinement problem.

To calculate the (n x 1) matrix F(cale), the MAIN program calls subrouti-
ne FUNNY, which is to be written by the user in order to obtain individu-
al model functions with the parameters. With F(calc) FUNNY returns to
MAIN and the matrix F = F(dbs) - F(ecale) is stored for further use.

The partial derivatives are calculated by changing the free parameters
one by one by small increments dxj and forming a neighbour matrix F'. The

partial derivatives aij are calculated as (fi - fi)/dxj and their matrix
is stored as A.

With A, P, and F the MAIN program calls subroutine WEAST, which calcula-
tes the matrix products ATPA = B and ATPF = V'. To solve the equation BX

= V', the subroutine SMI inverts the matrix B to B and the parameter
adjustment matrix is obtained by X = B™V'. WEAST returns to MATN yiel-
ding, together with X and B, the matrix V of the remaining residuals Vi
the standard deviation of an cbservation of unit weight FAX = VTPV/(n-m),

and the weighted error matrix XM = B L/FAX.

MAIN adjusts the parameters and calculates their standard deviations. The

increments dxj are adapted to the deviations for use in further refinement
cycles.
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At the end of each refinement cycle subroutine OUTPUT lists a current pa-
rameter output, which will be described later, and a new cycle may be
started by reading a new parameter switch card.

After the last refinement cycle MAIN calls OUTPUT for final listings de-
pending on options, whereafter a new start is possible at different points
of MATN, also controlled by option switches.

The Subroutine FUNNY(PIZ,FZ)

FUNNY, supplied by the user, obtains the current parameters PIZ from MAIN
and produces the model functions FZ. Useful crystallographic quantities
are prepared in COMMON blocks by MAIN facilitating the programming of FZ,
like

AS,BS,CS,CAS,CBS,CCS: the reciprocal cell constants

é*,b*,d*,cos@x*),cos(p*),cos(ﬁx);
WAVE : the wave lenght;
TH,IK,IL,SINT,SIN2T : Miller indices and trigonometric functions;
FFZ ,[ELZ : form factor tables and help for interpolation;
NP ,NF,NI ,NZ : maximum nunbers of parameters, functions, sets

of Miller indices, form factor tables.

Because of the great variety for constructing model functions by FUNNY, we
will 1limit the description to some suggestions listed in appendix. The
exanples consist of a proved common part and three prcblemoriented inserts,
one for magnetic, the others for crystal structure refinements from X-ray
and neutron diffraction measurements.

The common part of FUNNY, which may be used for most problems, includes
COMMON declarations and a control output. The calculated model functions
are listed in comparison with the cbserved and R-values are printed defi-

ned by
1Vl
- Z]fiobs5il'

The R~values are calculated including and omitting zero observations.

"

The problem oriented sections of FUNNY show a common flow. A definition of
general parameters is followed by the loop of reflections. Parameters de-
pending on scattering angle are introducedhere, Within each reflection loop,
an atomic loop includes atomic parameters. Finally the calculated values

are sumed w to the model functions to be compared with the observations.



V Description of Input Data

1. Title card FORMAT(18AL).
Cols. 1 -T2 Text.

2. Option card FORMAT(24I3).

Cols. 1 - 3 INTEG(1) = O : Weight matrix is diagonal.

# 0 : Weight matrix is non-diagonal.
h-6nMm (2) < 0 : Only Bragg angles output.

= 0 : Bragg angles and functions output.

> 0 : Total number of refinement cycles.
7-9" (3) = 0 : No output of matrices.

# 0 : Output of matrices.
10-12 " (4) = 0 : No form factor tables.

0 : Total number of form factor tables.

13-15 " (5) Not used.
66_69 " (23) 1" "
70-72 " (24) = 0 : Final halt.

O : Restart after final cycle.

3. Form factor tables, four cards FORMAT(8F9.3) in each table,
if INTEG(4) > O.

Pirst card cols. 1 = 9 Form factor for sin®&/x = 0.00.
10-18 " " moon = 0.05.
éu__72 " 1" 1" 1" - 0.35.
Second " " 1-9" " " = 0.40.
Foul”th 1" 1" 6”_72 1" 1" 1" 1" - 1.55.

4, Function cards FORMAT(I3,2F12.5,6A4,121),

Cols. 1 - 3 Function identification number.

L -15 Opserved values of functions.

16-27 Standard deviation of functions.

28-51 Description of function.

52-72 = O : A further function card follows.
£ 0 : This is the last function card.

5. Correlation cards FORMAT(2I2,F12.6,I56),
if INTEG(1) # O.
Cols. 1 - 2 Function identification number i.
3 - 4 Function identification number j.
5 -16 Correlation coefficient between functions 1 and j.

17-72 = O : A further correlation card follows.

# 0 : This is the last correlation card.
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6. Reflection cards FORMAT(LIZ,I60).

Cols. 1 = 3 Reflection identification number.
4 - 6 Miller index h.

7 —_ 9 1" 1" k.
10-12 " " 1.
1372 = 0 : A further reflection card follows.

# 0 : This is the last reflection card.
7. Parameter cards FORMAT(I3,10A4,2F12.7,15).

Cols. 1 = 3 Parameter identification number.
i ~43 Description of parameter.
Uh-55 Tnitial value of parameter.
56-67 Initial increment for calculating derivative.
68-72 = O : A further parameter card follows.
# O : This is the last parameter card.
8. Cell data card FORMAT(7F10.5).

Cols. 1 =10 Wave length in Angstroem.

11-20 8, "
21-30 bO vten
31-40 R "o
41-50 Cosine of alpha.
51-60 " " beta.

61-70 " " gamma.

9. Parameter switch cards FORMAT(72I1),
one card for each refinement cycle.

Col. 1 = 0 : Parameter number 1 is not to be refined.
# O . " " 1 iS 1"t " 1"
2 - O : 1" 1" 2 iS not 1" 1" "
# O . 1" " 2 iS 1" " 13}
72 - O . " " 72 j_S not 1" 1" 1"
# O . 1" 1" 72 j_S " " 1"



VI Description of Printed Output

The printed output is preceeded by a listing of the input data. Control-
led by INTEG(2) a parameter output after each cycle is listed. It is in-
dicated in the first colum, whether the parameters were changed in the
preceeding cycle or not. The further colums 1list identification numbers,
old values, applied adjustments, new values, and the standard deviations
of parameters, respectively. Subsequently the estimated VTPV/(n-m), the
standard deviation of an observation of unit weight, is printed followed
by a special FUNNY output (see description of FUNNY).

If INTEG(2) = O an output of matrices may be cbtained. The matrices prin-
ted out are the matrix of the correlation coefficients 9ij = Xmij/(xm..-*

ii

xm of the parameters, the matrix of errors in the parameters XM,

Jd -
and the normalized matrix of normal equations XM 1. The latter is useful
for hypothesis test according to W. C. Hamilton (Statistics in Physical

Science, New York: The Ronald Press, 1964).

The functions output, also caused by INTEG(2) consists of six colums,
representing the identification number of function, its description, the
observed and calculated values, their difference and the weighted remai-
ning residuals. The printed R-values are defined as

211/2
_ Efpii(f(obs)i - f(calc)i)
Tps 5 (£(obs),)°
and
- VeV
F(obs)TPF(obs)

If INTEG(2) < O the output of Bragg angles and related crystallographic
quantities is listed like Miller indices, sin® , sin(28), © and 286.



OO0 oOnm

APPENDIX A LISTING OF SOURCE TEXT POUWLS
(WITHOUYT PROBLEM ORIENTED SECTION OF FUNNY)

PBDUWLS-B0
MAIN PROGRAM FOR REFINEMENT OF POWDER DIFFRACTION DATA

OEVELOPED BY G. WILL & D. E. COX (1862}

IN COOPERATION WITH W. C. HAMILTON

PUBLISHED IN J. RPPL. CRYST. 12, 48B3 (1973]
DOCUMENTED BY E. JRANSEN & W. SCHREFER., BONN/JUELICH

COMMON /FCT/ NF.NOD(50).FDBSI50).FCALC(50).SIGF1(50),.BELF1150!
COMMON /HKL/ NI.IH(2001),1K(200).1L{200).SINT(200).5INZ21(200)
COMMON /INT/ INTEG(24).ISEL(72),NCOUNT,ICYC

COMMON /LTC/ RS.BS.CS.CAS.CBS.CCS.WAVE

COMMON /LSQ/ VI50).X120).XM120.,20).8B120.,20).RHO{50.50).FAX
COMMON /MGN/ NZ.FFZ(15,32).DELZ(15,31]

COMMON /PRM/ NP.NPVAR,PVALUE(72),PNEW(T72).ADJUST(72).SIGMA(72)
COMMON /TXT/ HOLLER(1BJ),WHAT(72,10).HOW(S0.61

DIMENSION AFCALC(S0),MRARK(S0}.PNOW(S0).PINCR(S0).AMAT(50.20)

FLORATF(II1)=FLORT(ITI)
SGRTF (XX 1=S0ORT (XX

REARD & UWRITE TITLE & OPTIONS

READ(S. 1) (HOLLER(I),I=1,18]
WRITE(6,105)(HOLLERITT,.I=1,18])
READIS.2)LINTEG(I),1=1.24)

WRITE(6.1061

WRITE(B,2)1(INTEG(I),I=1,24)

ICYC=INTEG(Z)

NZ=INTEG([4)

IF INTEG(4) -= O READ & WRITE FORM FRCTOR TRABLES
IFINZ1}322.322.321

WRITE(G6,104)

D03061Z=1.,N2Z

READ(S.307)(FFZ(1Z,INZ),INZ=1,32)
WRITE(B,307)(FFZ{1Z,INZ).,INZ=1,32)

p03081SZ=1.31
DELZ(1Z.,1SZ21=(FFZ(12,18Z)-FF2112,15Z2+1)1/0.05

CONTINUE

CONTINUE

REAC & WRITE OBSERVATIONS & RELATED MARGINS OF ERRQOR
NCOUNT=0

WRITE (6,100)

READ(S,3)IF,.FOBSIIF),SIGF1LIF), (HOWCIF,.J},d4=1.,61,1TEST
WRITE(B.9)1F,FOBSIIF),SIGFIC(IF}, (HOWILIF,J),J=1,B61,1TEST
NCOUNT=NCOUNT+1

MARK [ I1F }=NCOUNT

NO(NCOUNT ) =1F

IF{ITESTI6.5.6

NF=NCOUNT

SET DEFRULT CORRELATIDNS IN DOBSERVATIONS

DO71=1,NF
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DO07Jd=1.NF

RHO(1.J41)=0.

RHO(J.J)=1.

IF INTEG(1) -= 0 READ ADDITIONAL CORRELATIONS IN 0BS.
IFCINTEG(1))10.11.10
RERD(S5,4)1.J,RHOTJ. ITEST

K=MARK (1]

L=MARKI(J]

RHO(K.L)=RHOIJ

IFCITESTI11,10.11

DEVELOP ERROR MATRIX OF OBSERVATIONS

DO151=1.NF

DO15Jd=1.NF

IFIRHO(].,4)18.15.8

K=NOI(T])

L=NO(J]
RHO(1.J)=RHO(I.J)»SIGF1(KI*SIGF1(L)
CONTINUE

INVERT ERROR MATRIX INTO WEIGHT MATRIX
IF{INTEG(1))1002.1001.,1002
CALLSMISO(RHO,NF )

GOTO505
DO10031=1.NF
RHO(I.1)=1./RHO(1.1)
RERD MILLER INDICES
NCOUNT=0
WRITE(6.101)

RERD(S,161IRUN., IH{IRUN}, IK(IRUNI).IL{IRUN), ITEST
WRITE(E.16VIRUN, TH{IRUNI.IK(IRUN].ILI{IRUN},ITEST
NCOUNT=NCOUNT+1

IFCITEST)I17.18.17

NI=NCOUNT

READ START PARAMETERS AND RELATED INCREMENTS FOR DERIVATIVES
NCOUNT=0

WRITE(6.,102)

READ(S.201 1P, (WHAT(IP,J),J=1.10).PVALUE(IP),PINCR(IP),ITEST
WRITEIB.20)IP.(WHAT(IP.J),J=1,10).PVALUE(IP),.PINCRIIP),ITEST
NCOUNT=NCOUNT+1

IF(ITESTI21.18.21

NP=NCOUNT

READ CELL CONSTANTS (COSINES OF ANGLES)

WRITE(6.103)

READ(S5.221WAVE.AD.BO.CO,.CA.CB.CC
WRITEIB.22UAVE.AD.BO.CO.CA.CB.CC

CALCULATE RECIPROCAL CELL CONSTRNTS

SA=SORTF(1.-CA%CA)

SB=SORTF(1.-CBxCB)

SC=SORTF(1.-CC=CC)

CAS=(CB=CC-CR)/(SB=SC)

CBS=(CA=CC-CB)/(SAXSC)

CCS=(CA=CB-CC}/iSA%SB)

SAS=S50RTF(1.-CAS=CAS)

SBS=SORTF(1.-CBS=CBS)

AS=1./(A0=SBS=SC)

BS=1./(BO®SAS%SC )

CS=1./1CD=SAS=SHB)

CALCULATE TABLE OF TRIGONOMETRIC FUNCTIONS
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1
2

25

27

33

34

41

DD251=1,NI

DUM1=FLOARTF(IH(1) )%*AS

DUM2=FLORTF(IK( 1) 1=BS

DUM3=FLOATF(IL(]))%CS

---SINITHETR)
SINT(I)=(WAVE/2.)=SORTF(DUM1%DUM1+DUMZ*DUM2
+DUM3%DUM3+2 . = (BUM1 =DUM2%CCS+DUM1*DUM3
%xCBS+DUM2=DUM3%CRS ] )

---SIN(2%THETR)
SINZ2T(1)=2.%SINT(])1%SORTF(1.-SINT(I)*SINT(]))

xxx START OF REFINEMENT PROCEDURE mwx

IF INTEG(2) < O CALL BRAGG ANGLE OUTPUT

IF INTEG(2) = O FINAL CRLCULATION OF MODEL FUNCTIONS
IF(INTEG(2)128.60,26

REARD PARAMETERS TO BE VARIED
READIS5.29)IISEL(1).,1=1,72)

DEVELOP SYSTEM OF EQUATIONS IN PRARAMETER ADJUSTMENTS
---CALCULATE MODEL FUNCTIONS FROM PARAMETERS
NCOUNT=0

CALLFUNNY (PVALUE.FCALC)

--~-1F INTEG(2) <= 0 CALL FINAL OUTPUT
[FIINTEG(2)128.28,27

---CALCULATE NEIGHBOUR FUNCTIONS BY VRARYING ONE PRRAMETER ONLY
NCOUNT=0

DO301=1.NP

IF(ISEL(1)-1)30.33,30

NCOUNT=NCOUNT+1

D034J=1,NP

PNOUW(JI=PVRLUE(J]

PNOW( T 1=PNOW(TI+PINCR(1)]

CALLFUNNY (PNOW,RFCALC)

D0354=1.NF

K=NO(J)

---RESIDUARL FUNCTIONS

DELF1(J)=F0OBS(K)~-FCALCI(K]

---MATRIX OF DERIVATIVES
AMAT(J,NCOUNT=(RFCALC(K)-FCALC(K}I/PINCRI(I)
CONTINUE

WEIGHT & SOLVE EQURTIONS

NPVAR=NCOUNT
CALLWERASTIDELF1,AMAT,X,XM.B.FAX,NPVAR.NF.RHO . V]
ADJUST PARAMETERS. DETERMINE MARGINS OF ERROR
NCOUNT=0

DD40I=1.NP

IFLISELI])-1142,41.42

NCOUNT=NCOUNT+1

ADJUSTI 1 1=X{NCOUNT

PNEW( 1)1=ADJUST( 1 )+PVALUE(T)
SIGMA(11=SORTF(XM(NCOUNT .NCOUNT 1)

GOT040
ADJUSTI(1)=0
PNEW( I 3=PVALUE(])
SIGMR(T1=0
CONTINUE

CALL CURRENT PARAMETER OUTPUT
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104
105
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307
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CALLOUTPUT
IF INTEG(2) ¢ O RASK FOR EXIT OR NEW START

IF INTEG(2) = O DECREMENT INTEG(Z2] ONLY
IFCINTEG(2))333.1234,334

REPLACE PRRAMETERS. CALCULATE INCREMENTS FOR DERIVATIVES
& DECREMENT INTEG(2)

D0431=1.NP

PVALUE( 1 1=PNEW!(])

IF(SIGMA(1)143,43,510

PINCRII)=0.1%SIGMA(])

CONTINUE

INTEGI2)=INTEG(2)~1

*xx% END OF REFINEMENT PROCEDURE =»x

START NEW REFINEMENT PROCEDURE WITH READING NEW PARAMETERS
TO BE VARIED

GOTOSOo

IF INTEG(24) > O START PROGRAM AGAIN WITH NEW DATA SET

IF INTEG(24) = 0 START AGAIN WITH NEW DOPTIONS & PARAMETERS ONLY
IF(INTEG(24)-11777.778.779

CRLLEXIT

CALL EXIT

RERDIS.2)(INTEG(]I).1=1,24)

ICYC=INTEG(2)

READ(S.20) 1P, (WHRT(IP,.J).d=1,7),.PVARLUE(IP),PINCRCIP), ITEST
IFLITEST)90,781.90

60710782

FORMAT(18(R4))

FORMAT(2413)
FORMAT(13.2F12.5.6R4,121)
FORMAT(212.F12.6,156)
FORMAT(13.2F12.5.4X,.6R4,117)
FORMAT(413,160)
FORMRT(13.10R4,2F12.7,15]
FORMATIT7F10.5)

FORMART (7211

FORMAT( 'OCOBSERVATIONS')
FORMART( 'OMILLER INDICES*)
FORMAT( ' OPRRAMETERS' )
FORMAT(*OCELL CONSTANTS')
FORMAT('OCFORM FACTOR TABLES')
FORMAT(1X.18R4//)

FORMAT( 'OOPTIDONS"' )
FORMAT(BF9.3)

END

POWLS-60
QUTPUT

SUBROUTINEQUTPUT
COMMON /FCY/ NF.NO(50),FOBS(50).FCALC(S0).SIGF1(50),DELF1(50)
COMMON /HKL/ NI, IH(2001},1K(200}.1L(2001,SINT(2001.SIN2T{(200}
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COMMON 7/INT/ INTEG(243,1SEL(72),NCOUNT.ILYC

COMMON /LTC/ RS.B5.CS.CAS.CBS.CCS, WAVE

COMMON /LSO/ VI(S501.X(201,XM(20,20).B(20.20).RHO(50.50).FAX

COMMON /PRM/ NP.NPVAR,PVALUE(72).PNEW(72).ADJUST(72).5I1GMA(72)

COMMON /TXT/ HOLLER(18).WHAT(72,10),HOW(50,6)

DIMENSION NODUMISO),.YES(2).DUMMY(20.20)
DRTR YES/'YES'.'ND'/

FLORTF(IT)=FLOAT( I}
SORTF (XX )=SART(XX)

WRITE TITLE

WRITE(B.1)

WRITE(B.2)(HDOLLERII),I=1,18)

IF INTEG!2) > O CURRENT PARAMETER OUTPUT
IF INTEG(2] = O FINARL OUTPUT
IFLINTEG(21)101,102,103

=x% BRAGG ANGLE OUTPUT mxx

CALCULATE & LIST BRAGG ANGLES & RELATED FUNCTIONS OF H.K.L

WRITELB.3)

D0z011=1.NI
O0D1=ARSIN(SINT(I)1%57.3
0DD2=2.=0DD1

WRITE(B6.4)IH(I), IKIT),ILLT).SINTI1).S5IN2T(11.000D1.00D2

RETURN

xxx FINARL QUTPUT »xx

ACCUMULARTE RESIDUARLS & OBSERVATIONS WEIGHTED DUE TO ERRORS

WRITE(B.5)

HRITEL6.6)

WRITE(6.7]

WRITE(6.5)

0DD5=0

0006=0

D02021=1.NF

K=NO(1]
DELF1(K)=FOBS(K)-FCALC(K)
ODD4=DELF1(K}/SIGF1(K)
DDD5=DDDS+0DD4 %2
ODD6=0DDB+IFDBSIK)/SIGF1(K) ) %2

LIST OBSERVATIONS., FINAL RELATED CALCULATIONS & RESIDUALS

IN 0BS.

WRITE(6.BIK,. (HOW(K.KK}.,KK=1.61}1.FOBS{K).FCALCI(K).DELF1(K).0DD4

CALCULATE & WRITE R-FACTOR WITHOUT CORRELATIONS

AKIM=S0ORTF(0DDS/0DD6
WRITE(6,201RAKIM

IN OBSERVATION

ACCUMULARTE RESIDUALS & OBSERVATIONS WEIGHTED BY WEIGHT MATRIX

0DD4=0

0DDS5=0

D02031=1.NF

00203J=1.NF
0DD5=0DDS+RHO( 1, J)1%FOBS( [ I=FOBS(J]
ODD4=0DD4+RHO( 1. J)=DELF1(1)=BELF1(J)

CALCULATE & WRITE R-FACTOR WITH CORRELATIONS

IN OBSERVATIDNS
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DDDS5=SQRTF (0DD4/0DD5)

WRITE(6,25)0005

WRITE VPV (CORRELATION INCLUDED)
WRITE(6.9)0DD4

LIST FINAL PARAMETERS

WRITE(B6,10)

WRITE(B.,11]

D02041=1,NP
WRITE(B,12)1,WHAT(],J),J4=1,10),PVALUE(])
RETURN

*»xx CURRENT PARAMETER OUTPUT »xx

10DDS=1CYC-INTEG({2]1+1
WRITE(6.131100D5.,ICYC

WRITE(6.,14)

WRITE(6.6]

DD2051=1.NP

IF PARAMETER 7O BE VARIED YES = 'YES'
IF(ISEL(1)1270,270.271

NYES=1

GOT0205

NYES=2
WRITE(6.15)YESINYES), I .PVALUE(]).ADJUSTI( T} .PNEW(1).SIGHAC(T)
WRITE VPV/IN-M)

WRITE(B6.161FAX

IF INTEG(2} -= 0 RETURN
IFCINTEG(21-11206,207.,206

IF INTEGI3) = O RETURN
IFLINTEG(3)1208,206,208

RETURN

xxx MATRIX OUTPUT mmx

CORRELATION MATRIX FOR PRARAMETERS
WRITE(6.,17)

K=1

D02501=1.NP
IF(ISEL{1)1250.250.252
NODUM(KI) =1

K=K+1

CONTINUE

WRITE(B6.,18}(NODUMIK]} .K=1,NPVAR)
D02091=1.NPVAR

D0210J=1.NPVAR

DUMMY(T.J1=XMI1.,J)/SORTF(XM{T, 1 )%XM(J,J))
WRITE(B.,19INODUMIT ), (DURMMY(1.J),J=1,NPVAR)
ERROR MATRIX FOR PRARAMETERS

WRITE(B.21]

WRITE(B.23) (NODUM{K]).K=1,NPVAR]
D02111=1.NPVAR

WRITE(B6.22INODUMIT ), {XM(]I,.J).d=1,NPVAR)
NORMAL1ZED MATRIX OF NORMAL EQUATIONS
WRITE(B.24)

WRITE(B.23)1(NODUM(K).K=1,NPVAR)
DO2121=1,NPVAR
D0213J=1.NPVAR
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213 Bt1.J1=B(1.J)/FAX
212 WRITE(6,22INODUNMIT) . (B(T,J),.J=1,NPVAR]
RETURN
1 FORMAT(BBHISTRUCTURE FACTOR AND LEAST SQURRES PROGRAM FOR OVERLAPP
1ING POWDER DATAR. ]
2 FORMAT(1X.18B(AR41)
3 FORMAT({72H0 TRIGONOMETRIC FUNCTIONS H K L SINTHETR SINZTHET
1R THETR 2THETA )
4 FORMAT(26X,13.1X,13.,1X,13,F9.5,1X,F3.5.2F8.2)
S FORMAT(1HO,25X,22HFUNCTIONS OF INTENSITY)
6 FORMAT(1HO)
7 FORMATI(2X,3HND..BX,11HDESCRIPTION,.12X.54H0BSERVED CALCULARTED
1 BELTA DELTR/SIGHA )
B FORMAT(2X.12.2X,6R4,4E15.4)
9 FORMAT(BHO VPV=E11.4,24H (CORRELATIONS INCLUDED))
10 FORMAT(B9H1THE F VALUES ABOVE ARE CALCULATED FOR THE FOLLOWING PAR
1AMETER VALUES )
11 FORMAT(10HOPARAMETER, 16X, 11HDESCRIPTION,23X,5HVALUE)
12 FORMAT(1HO,14.8X,10R4.E16.6]
13 FORMAT(22HOLEAST SOUARES. CYCLE 12.5H OF 12.8H CYCLES.)
14 FORMRAT(G6BHOREFS PAM. OLD VALUE CHANGE NEW VALUE
1 SIGMA ]
15 FORMATI(1H ,A3.,3X.,12.2X.4E16.6)
16 FORMAT(21HOESTIMATED VPV/(N-M}=E11.4)
17 FORMAT(19HOCORRELATION MATRIX]
18 FORMATI(5HO »2015]
19 FORMAT(1HO.12,3X,20F5.2)
20 FORMAT(3BHOWEIGHTED R FACTOR FOR FUNCTIONS IS F6.4,46H, CORREL
1ATIONS IN OBSERVATIONS NOT INCLUDED.)
21 FORMAT(2S5HOMATRIX OF SECOND MOMENTS)
22 FORMAT(1HO.12,3X.10E11.4]}
23 FORMAT(1HO.10111)
24 FORMAT(G66HONORMALIZED MATRIX OF NORMAL EQUATIONS FOR USE IN HYPOTH

1ESIS TESTS )
25 FORMAT(36HODITTO BUT CORRELATIONS INCLUDED. R=F7.4.1H.)

END

POWLS-60
WEAST (WEIGHTED LEAST SOURRES)

SUBROUT INEWERST(F,R,X.XM,B.FAX.NP.NO.P.V)
DIMENSIONF(501),R(50,20),X(201.XM(20,20)
DIMENSIONB(20.20).P(50,50).V(50).DUMHMY(50.50]

DO11=1.NP

DO1J=1.NO

DUMMY(1.J)=0

DDO1K=1.NO
DUMMY(1.,J)=DUMMY ([, J)+AIK. 11 %P[K.,J)
D021=1.NP

D02J=1.NP

B(1,J)=0

D02K=1.N0O

2 B(I.,J)=BIl1,J)+DUMNYLT.KI*R(K,J)



OO0

DO41=1.NP

viI1=0

D04K=1.NO
VII)=VITI+F (K )*DUMMY ([T .K)
DOSI=1.NP

DOS5J=1.NP
DuUMMY(1.J)1=B(1.J)
CALLSMISO(BUMMY . NP

DO61=1.NP

X{11=0

DOBK=1.NP

XD =X(1)+DUMMY (I ,KI%V(K]
VPV=0

D07J=1.NO

ViJi=F(J)

D071=1.NP
VIiJI=VIiJI-XtT)I=A(J, 1)
00BI=1,N0O

D0B8J=1.NO

VPV=VPV+V(J)®VI]1)%P(],J)
FAX=VPV/FLOART (NO-NP)
00SI1=1,NP

b0S9J=1.NP
XMIT,J)1=DUMMY(].,J]I%FAX
RETURN

END

POWLS-60
SMI S50 (SYMMETRIC MATRIX INVERSION)

SUBROUTINE SMISO(D.N)
DIMENSION DI(50.501,5(50)

D02J=1.N

DOt1l=1.J

D(I.J)1=-D(1.d)

Dtd.11=DC1,J)

2 D(J.J)=1.+D(d.J]
DOBLR=1.N
IF(1.-DI(LR,LR).EQ.0.) GO TO 8
DILR.,LRI=1./11.-D(LR.LR)}
D04J4=1.N
S(J1=DI(LR.J)

IF{J-LR]) 3.4.3

3 D(J.LRI=D(J,LRI=D(LR,LR}
D(LR,JI=D(J.LR)}

4 CONTINUE
008J=1.N
IF(J-LR) 5.8.5

5 DO71=1.4
IFEI-LR) 6.7.6

6 D(1.J1=D(1.J}+D(1.LRI%S(J)

BtJd,11=DC1.,J])

CONTINUE

CONTINUE

—

m J
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RETURN
3 WRITE(6.,10]
10 FORMATI('OERROR IN SMIS0']
CALL EXIT
END
C POWLS-60
C FUNNY (MODEL FUNCTIONS)
C
SUBROUTINEFUNNY(PIZ,F2Z)
COMMON /FCT/ NF.NOI(50).FDBS(50),FCALC(S50),.SIGF1(50),.DELF1150)
COMMON /HKL/ NI.IH[200),1K(200),IL{200),SINT(200),.SIN2T(200)
COMMON /INT/ INTEG{24),ISEL(721),NCOUNT,ICYC
COMMON /LTC/ RS,BS.CS.CAS,.CBS.CCS.WAVE
COMMON /MGN/ NZ.FFZ2(15.32).DELZ(15.31)
c
DIMENSION PIZ(72).FZ(50)
c
C-——--- SET CONSTANTS

PZ=6.2831853
RADZ=57.295779
BG=0.017

(306 306 20820 206 306 306 206 306 306 206 306 06 0 206 26 06 06 06 306 06 306 06 206 06 306 306 306 206 306 206 306 306 306 2 W 6 06 306 20 26 06 206 206 306 306 306 206 206 306 20 20 30 30C 20 306 206 20 20 30 20 20 006 206 30 00 00 00 2 ¢ ¢

C
C
c
C
C
C
C

375

xxx PROBLEM ORIENTED PART mxx

TO BE PREPARED INDIVIDURLLY
EXAMPLES SEE RPPENDIX B

0606 002030206 20 200 20 20 00 20 30620 20 20 20 00 ME 20 06 20 06 0 0 206 206 306 206 3030206 20 20 206 206 20 20 20 06 0306 0 306 06 306 06 0 20 00 20 00 20 20 30 20 00 30 20 20 00 20 30 00 20 20 20 o
-IF FUNNY IS CALLED FOR CALCULATING NEIGHBOUR FUNCTIONS RETURN

IF(NCOUNT )603.604.603

»xx CURRENT CONTROL OUTPUT ==

-WRITE TABLES OF CALCULATED INTENSITIES & RELATED OBSERVARTIONS

ICON = INTEG(S)

WRITE(6.381)

bD37540=1.10

JO01=J0+10

Jaz2=J0+20

JQ3=J0+30

J04=40+40
WRITE(6.,305)J0.FZ(J0).FOBS(JO),JO1.FZ(JO1).FOBS(40O1),J02.FZ(J02).
1F0OBS(J02).J03.FZ(J403),FOBS(J403),.J04.FZ(404).FOBS(J04)

CONTINUE

-CALCULATE & WRITE R-FACTORS INCLUDBING & OMITTING ZERO 0BS.

FRZZ=0.0

FRNZ=0.0

FRZY = 0.0

FRNY = 0.0

DD3044=1,NF
FRZZ=FRZZ+ABS(FOBS(JI-FZ(J]]
FRNZ=FRNZ+F0OBS(J)

ICHEK = FOBS(J)

IF(ICHEK) 620.620.621



621

620
304

1000

603

305
312
314
381

FRZY = FRZY + ABS(FOBS(J) - FZ(J])

FRNY = FRNY + FOBS(J)

CONTINUE

CONTINUE

FRZ=FRZZ/FRNZ

IF (FRNY.EQ.0.)GO TO 1000

FRY = FRZY / FRNY

WRITE(B.3121FRZ

WRITE(6.,314])FRY

RETURN

FORMAT(115,2F9.2,115,2F9.2,115,2F8.2,115,2F9.2.115.2F9.2]}
FORMAT('0"'.40X.34HR - FACTOR INCLUDING ZEROS =F10.4]
FORMAT('0"’.40X,34HR - FACTOR WITHOUT ZERDS =F10.4]
FORMAT(117H1 NO I1(CALC) 1 (0BS] NO I(CARLC) I (0BS) NO I
1CALC) I (0BS) NO I(CALC) | (0BS) NO T(CARLC) I (0BS) ///1

END
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APPENDIX B LISTING OF SOURCE TEXT FUNNY
(PROBLEM ORIENTED SECTIONS)

EXAMPLE 1

FESO4 STRUCTURE REFINEMENT BY NEUTRON DIFFRACTION
SPACE GROUP PNMA (ND. 62 INT. TRBLES)
PHYS. STAT. SOL. (A) 40, 447 (1977)

OIMENSION SFZ(1001}

----- SET ACUTAL OVERALL PARAMETERS
--~SCALE FACTOR 5CZ
SCZ=P1Z(24]
---DVERALL TEMPERATURE FACTOR 0TZ
0TZ=P1Z(25)

mmn OOP JF REFLECTIONS rwx
D0 200 JHKL=1,NI

----- SET ACTUAL MILLER INDICES AH.RK.AL
AH=1H( JHKL )
AK=1K( JHKL )
AL=1L (JHKL)

————— RESET STRUCTURE FACTOR
SFZ(JHKL)=0.0

= L OOP OF ATOMS IN ASYMMETRIC UNIT =
NAT = §
DO 300 JAT=1,NAT
--~SET ACTUAL RTOMIC PARAMETERS
POSITIONS RX.RY.RZ
AX=P1Z1JAT)
AY=PIZ(JAT+NAT)
RZ=PIZ(JAT+2=NAT ]
SITE OCCUPANCIES HZ
WZ=P1Z{JAT+3%NAT)
SCATTERING LENGTHS BZ
BZ=PIZ{ JAT+4xNRT)
IF(JAT.GT.31BZ=P1Z(23)
--~CALCULATE STRUCTURE FACTOR (FORMULA FROM INTERNATIONAL TARBLES)
CC=B8.0®COS(PZx( AHXAX-( AH+AK+AL 1/4.0) 1%COS(PZ%(AK®AY+AK/4.0) ) =COS(P
FZ=(AL™AZ+(AH+AL 1/4.0))
ACCUMULATE STRUCTURE FACTOR
SFZ{JHKL )=SFZ{ JHKL ) +BZ»lZ*CC
300 CONTINUE
= END OF ATOM LOOP =

----- CALCULRATE INDIVIDURL INTENSITIES

SFZIJHKL )=SFZ{ JHKL ) m=2

SFZ(JHKL )=SFZIJHKL) ® SCZ / (SINT(JHKL)I®SINZT(JHKL]))

SFZ( JHKL )=SFZ( JHKL ) ®EXP(-2.0 * OTZ = (SINT(JHKL }/UAVE Im=2]
200 CONTINUE

www END OF REFLECTION LOOP mw=
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CALCULATE BLOCK INTENSITIES INCLUDING MULTIPLICITIES

(MODEL FUNCTIONS)

FZ(1)=2.0%SFZ(1)+4.0%SFZ(2)

FZ12)=4 . 0%5FZ2(3)

FZ(31=4 0O%SFZ(41+8.0%SFZ(5)+2.0%5FZ(6)

FZ(4)=4 . 0%SFZ2(7)

FZ(51=8.0%5FZ(8)

FZ(B6)=4 . 0%SFZ(9)+8.0%5FZ(10)

FZ17)=4.0%5FZ(11)

FZ(B)=B.0%S5FZ2(12)+2.0%5FZ(13)

FZ(9)=4 . 0%SFZ(141+4 . 0%SFZ(15)

FZ110)=4 O%SFZ(15)+B.0*SFZ(17)+B.0%5FZ(18)
FZ(11)=B.0%SFZ(191+4.0%SFZ(20)+4.0%5FZ2(21)
FZ1121=B.0%SFZ(22)+8B.0%SFZ(23)
FZ(13)=8.0%SFZ(241+2.0%5FZ(25)+8.0%5FZ(26)

FZ(14)=4 0%SF2(27)+8.0%SFZ(2B)+8.0%SFZ(29})+4 . 0%SFZ(301+8.0%SFZ(31)
+4 O%5FZ(32)+B.0%SFZ(33)+4 .0%S5FZ(34)+4 . O%SFZ(35)+8.0%SFZ(36)
FZ115)=2.0%SFZ(37)+8.0%SFZ(38)+B.0%SFZ(391+4.0%5FZ(40)

FZ116)=4 O%SFZ(41)+4.0%5FZ(42)1+8.0%SFZ(43)+8.0%5FZ(44)+8.0%SFZ(45)
+4 O%SFZ146)

RAPPENDIX B EXAMPLE 2

FESO4 STRUCTURE REFINEMENT BY X-RRAY DIFFRACTION
SPACE GROUP PNMA [ND. B2 INT. TRBLES)
PHYS. STAT. SOL. (A) 40. 447 (1977)

DIMENSION SFZ(100)

SET ACTUALL OVERALL PRRAMETERS
---SCALE FACTOR SCZ

SCZ=P12(21)

---0OVERRLL TEMPERATURE FACTOR 0TZ
0TZ2=P12122)

wmx | OOP OF REFLECTIONS wm»x
DO 200 JHKL=1,NI
SET ACTUARL MILLER INDICES RH,RK.AL

AH=1H[ JHKL)
AK=1K [ JHKL )
AL=1L{JHKL )

RESET STRUCTURE FACTOR
SFZ{JHKL)=0.0

* LOOP OF ATOMS IN RASYMMETRIC UNIT =
NAT = 5
DO 300 JAT=1,NAT
---5ET RCTURL ATOMIC PARAMETERS
POSITIONS AX.AY,AZ
AX=PIZ(JART)
RY=PIZ{JRT+NAT)
RZ=PIZIJAT+2%NAT )
SITE OCCUPANCIES WZ
HZ=PIZ{JRT+3%NAT ]
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SCATTERING LENGTHS BZ
NT=20.%SINT{JHKL ) /WAVE

FZx(RL=AZ+(AH+AL)/4.0)]

300

200

DT=SINT(JHKL ) /WAVE~-.OS*FLORTI(NT)
BZ=FFZ(JAT,NT+1 |-DT*DELZ(JRT.NT+1)
---CALCULATE STRUCTURE FACTOR (FORMULA FROM
CC=B.0xCOS(PZ*( AHXAX-(AH+AK+AL)/4.0) )*COS(PZ*(AK*AY+AK/4.0) 1 %COS(P

ACCUMULATE STRUCTURE FACTOR
SFZUJHKL )=SFZ [ JHKL ) +BZ*LlizZ%CC

CONTINUE

* END OF ATOM LOOP =

CALCULATE INDIVIDURL INTENSITIES

SFZ({JHKL 1=SFZ [ JHKL 1 %»2
SFZ(JHKL }=SFZ [ JHKL ]
SFZIJHKL)=SFZ(JHKL )®EXP(-2.0 = OTZ =

CONTINUE

® 5CZ /

»xx END OF REFLECTION LOOP m»xx

INTERNATIONAL TRBLES)

(SINT(JHKL I%SIN2T( JHKL )
(SINT(JHKL 1 /WAVE ) %%2 )

----- CALCULATE BLOCK INTENSITIES INCLUBING MULTIPLICITIES
(MODEL FUNCTIONS)
FZ(1)=2.%SFZ(1)
FZt2)=4.%SFZ(2)
FZ{3)=4 . m5F2(4)
FZ(4)=8.%=5FZ(5)
FZ(51=4.%5FZ(3)
FZ(6)=8.%5FZ(10)
FZ{7)=4.%SFZ(11)]
FZ(8)=2.%5FZ{37)
FZ(9)=8.%5FZ(38)
FZ110)=4.%5FZ140]
FZ111)=2.a5FZ(13)
FZ1121=4.%5FZ114)
FZt131=4.%5FZ(15]
FZ(14)=4 %SFZ(41)
FZ(151=8.%5FZ(44)
FZ(16)=8.%SFZ(45)
FZ117)=4 . %S5FZ(16)
FZ118)=4 .%5FZ(21)
FZ(19)=8.%(SFZ(23)+SF2122))
FZ1201=2.%5F2125)
FZ(211=4.%S5FZ(27)
FZ(22)=4 .%5FZ(30)
FZ123)=8.%5FZ(31)
FZ(24)=B.%5FZ(33)

FZ125)=B.%SFZ({36}+4 .%{SFZ(34)+SFZ(35))

APPENDIX B EXAMPLE 3

DYASD4 MAGNETIC STRUCTURE ANALYSIS BY NEUTRON DIFFRACTIGON
J. PHYS. C: SOLID ST. PHYS. 4, 3224 (1871)

DIMENSION BZ2(51,5FZ1501
REAL H.K.L
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--SCALE AND TEMPERATURE FRACTOR PARAMETERS

SC=PI1Z(17)

TF=PIZ(118)

--MAGNETIC STRUCTURE CONSTANTS AND PRARAMETERS
FF=.2695

AM=P1Z(19]

PR=P1Z(20)%BG

PB=PZ/4.-PA

PC=P121211%BG

%xx _OOP OF REFLECTIONS wmx=

DO 200 JH=1.NI

--CALCULATE MAGNETIC FORM FACTORS

NT=20.%SINT(JH)/UAVE

DT=SINT(JH)/UAVE-.05*FLOART(NT)

DD 100 1=1.NZ
BZ(1)=FFZ(I.NT+11-DT=*DELZ(I.NT+1]

--SET ACTURL PARAMETERS H.K.L

H=1H[JH]

K=1K{JH)

L=1L(JH)

--RESET STRUCTURE FRCTOR COMPONENTS

A=0.

B=0.

xxx [ O0P OF ATOMS »xx

NA=4
DO 300 JA=1.NR
--SET RACTURL RATOMIC PRARAMETERS
X=PIZ(JRA)
Y=P1Z{JR+NR)
Z=PIZ(JRA+2%=NR]
S5=P1Z[JA+3=NA)
--ACCUMULARTE STRUCTURE FACTOR
A=A+S*COS{PZ™ (HeX+K%Y+L %7 ) )
B=B+SxSIN(PZ®(HuX+KnY+ %7} )
CONTINUE

*xx END OF RATOMS LODOP m=x

~~INCLUDE TEMPERATURE CORRECTION
AB=SORT (Axx2+Bxx2 )xEXP(-TF®(SINT(JH)/WAVE ) =%2 )
--COMPLETE MAGNETIC INTENSITIES
00=1.-((HxAS%COS(PA ) ) wx2
+(K»BS%COS(PB) j ™2
+(L®CS%COS(PC) ) =2 j%(LWAVE/(2*SINT{JH) ) ) %2
AB=(AB*FF&AM®BZ (1) ) x2%00%SC/(SINT({JHI®SINZT(JH))
--INCLUDE MULTIPLICITIES
[F{H.NE.O1RB=2%AB
IF(K.NE.OIAB=2%AB
IF(L.NE.OIRB=2%AB
--STORE AB., CLEAR MODEL FUNCTIONS
SFZ(JH1=AB
FZ(JH)=0.
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CONTINUE

*xx END OF REFLECTIONS LOOP mxx

--CALCULATE BLOCK INTENSITIES

FZ(1)=5FZt1]
FZ(2)=5FZ(2)
FZ(31=5FZ(3]

DO 4 1=4.6
FZ(4)=FZ(4)1+5FZ(1)
FZ{S)=SFZ(7]
FZ(6)=SFZ(8])

00 7 [=9.11

FZ{T7)1=FZ(7)+SFZ(1)

DO B 1=12.14
FZ(B1=FZ(BI)+SFZ(1)
FZ19)=5FZ(15)+5FZ(16)
FZ(10)=SFZ(171+SFZ(18)

(MODEL FUNCTIONS)



- 22 -

APPENDIX C LISTING OF PRINTED OUTPUIT

EXAMPLE 1

FESO4 STRUCTURE REFINEMENT BY NEUTRON DIFFRACTION

OPTIONS
0 6 o0 0 11 00 0OOCOUOCOTGOGOOODOOSFG@ O

OBSERVAT I ONS

5000.00000 100.00000 200 10t
20.00000 20.00000 o11

8650.00000 100.00000 210 111 020
280.00000 20.00000 201
50.00000 20.00000 211

4400.00000 100.00000 220 121

2050.00000 50.00000 301

1830.00000 50.00000 112 400
$20.00000 30.00000 202 410

10 200.00000 50.00000 022 122 411

11 2600.00000 50.00000 231 302 420

12 3430.00000 60.00000 222 312

13 2150.00000 50.00000 421 040 33t

14 12000.0000 120.00000 501 322 ... 412

OOV & WN =

MILLER INDICES

0

!
0
o
1
1
1
2
o
1
2
2
0
1
0
0
1
2
2
1
3
0
2
2
1
2
4
3
o]
2
3
0
1
4
4
0
3
1
o]
2
1
0
3
3
1
2
3
0

N
w
S WNNO—-WNORL-=NULE—~WOWOBDWNBWLUNBE—“OBND—W=INNO=NO —N
—ﬂ-*ﬁ!\)C)—*Y\)’-‘-‘NNDLU—‘O-—‘NNN—‘-—'O—r\)NO'\)—‘-‘NI\)ONDN—‘—-O—'-—‘O—'O—‘—‘

—~— 0000000000000

~— 00000000000 CODOUSONODOO0O0DO00O0OO00O00DO0O0ODODODODOOO0O0OO0O0OO0



PARAMETERS
1 X FE
2 XS
3 X0
4 X 02
5 X 03
6 Y FE
7 YS
B Y 01
9 Y D2

10 Y 03

11 Z FE

1tz 2 S

13 Z 01

14 Z 02

1S Z 03

16 WZ FE

17 WZ S

18 WZ 01
19 WZ 02

20 WZ 03

21 BZ FE

22 BZ S

23 BZ O

24 SCALE FACTOR
25 OVERARLL TEMPERRTURE FRCTOR

CELL CONSTANTS

1.20300 8.71500 65.80400
ND  [iCALCH L iDBSI  ND  TiCALCY 1 i0BS)
! 1222.72 S000.00 11 635.87 2600.00
z 3.80 20,00 12 979.63 3430.00
3 2178.05 B8650.00 13 787.46 2150.00
4 30.36 280.00 14 3197.17 12000.00
5 12.43  S0.00 15 2545.28 c.o
6 1245.02 4400.00 16 3575.45 .0
/ 622.3z 2050.06 17 0.0 0.u
8 383.25 1830.00 18 0.0 0.0
9 1539.23 520.00 19 0.0 0.0
10 91.73  200.0C 20 0.0 0.0

STRUCTURE FACTOR AND LEAST
FESQ4 STRUCTURE REF INEMENT

LEAST SOUARES. CYCLE 1 OF
REFS PAM. 0LD VRALUE

ND 1 0.0

NO 2 0.174000£+00
NO 3 0.121000€+00
NO 4 0.347000E +00
ND S5 0.126000€E +00
NO 6 0.0

NO 7 0.250000E +00
NO 8 0.250000€+00
NO ] 0.250000E +00
NO 10 0.610000€-0!
NOD 11 0.0

NO 12 0.48B800CE+00
NO 13 0. 753000€ +00
NO 14 0.453000£+00
NO is 0.334000E +00
ND 16 0.500000€ +00
NO 17 D.SDOODOE +00
NOD 18 0.S00000E+00
NO 19 0.500000E +00
ND 20 0. 1000C0E +01
NO 21 0.951000E+D0D
NO 22 0.248700€ +00
NOD 23 0.580300E +00
YES 24 0.100000€+01
NO 25 0. 300000E+00

[}
N
N

|

4.73500
N0 TICALCH )
21 0.0
22 3.0
23 0.0
24 0.0
25 0.0
26 0.0
P v.u
28 0.0
29 0.0
30 0.0

R ~ FRCTOR INCLUBING

R - FRACTOR uITHOUT

0.

SOURARES PROGRAM FOR OVERLAPPING POWDER DRTA.
BY NEUTRON DIFFRACTION

ESTIMATED VPV/IN-HI= 0.3426E+02

NO  [ICAI

CUD PN & WA -

4435,

B8007.
332.

4577,
2288.
1409.
SBS.
337,

[Way}

1 10851 NO
5000.00 1t
20.00 12
8650.00 13
280.00 14
50.00 s

4400.00 16
2050.00 17

1830.00 18
520.00 19
200.00 20

b CYCLES.
CHANGE
0.0
0.0
g.0
0.0
0.0
0.0
0.0
0.9
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
.0
0.0
0.267667¢+01
0.0
HICALLC) | 1DBS!
2337.88 2600.00
3601.78  3430.00
2895.25 2150.00
11754.91 12000.00
9358. 14 0.0
13145.74 0.0
0.0 0.0
0.0 0.0
G.0 6.0
0.0 0.0

NEW VALUE

OCOO0O0OO0OONO00OD00O0O000000O

0

.174000€E+00

121000E+00
347000E +00
126000€ +00

0

250000€+00
250000E +00
250000E +00
610000€-01

]

4B88000£ +00
753000E +00
463000E+00
334000€ +00
500000E +00

.500000€E +00
-5000C0E +00

500000E +00
1000C0E+01
951 000€+00
248700E+00
SB0300E+00
36766 7E+01
300000€ <00

ND 1iCRLCH

2!
22
23
24
25
26
27
28
23
30

DOo0CcoOOAOOO
[cX- Yo R-R-R-R-R-N-R-}

R - FACTOR INCLUDING

R - FACTOR L1 THOUT

.0 0.0010000
0.174G000 0.0010000
0.1210000 0.0010000
0.3470000 0.0010000
0.1260000 0.0010000
0.0 0.0010000
0.2500000 0.0010000
0.2500000 0.0010000
0.2500000 0.0010000
0.0610000 0.0010000
0.0 0.0010000
0.4880000 0.0010000
0.7530000 0.0010000
0.4630000 0.0010000
0.3340000 0.0010000
0.5000000 0.0010000
0.5000000 0.0010000
0.5000000 0.0010000
0.5000000 0.0010000
1.0000000 0.0010000
06.8510000 0.0010000
G.2487000 0.0010000
0.5803000 G.0010000
1.0000000 0.0010000
0.3000000 0.0010000

0 0.0 0.0

10Bh1 NG TICALCY 1 0BSI  ND
0.0 3 0.0 0. 41
0.0 32 5.0 vo a2
0.0 33 0.0 0.0 43
0.0 34 0.0 0.0 44
0.0 35 0.0 0.0 as
6.0 36 0.0 0.0 45
u.u 37 u.u 0.0 47
0.0 EL] 0.0 0.0 48
0.0 39 0.0 0.0 49
0.0 40 0.0 0.0 50

2€R0S = 0.7311

ZER0S = 0.7

SIGHA

0.0

0.0

9.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

G.0

0.0

0.118777€+00

0.0

10BS! NO L(CALCI | 10BS' NOD
0.0 3 0.0 0.3 4
0.0 32 0.0 0.0 42
0.0 33 0.0 00 43
0.0 34 0.0 0.0 44
0.0 35 0.0 £.0 45
0.0 36 0.0 0.0 48
0.0 37 0.0 3.0 47
0.0 38 0.0 0.0 48
0.0 39 0.0 0.0 43
0.0 40 0.0 5.0 50
ZEROS . C.0851

ZERDS . 00851

0000000000000 O0O0D00O0OOCOO0OOO0O

[1CALO

[

<
=1

cooccooe
ocoocol00

11CRL

0DCO00COROOO0
D000 0O

]

i ro8s

{1085

COD0O00O0O000

[eR~R-R=RoRRaNoNal]



STRUCTURE FACTOR AND LEAST SQUARES PROGRAM FOR OVERLAPPING PDUDER DRTH.

-2y -

FESD4 STRUCTURE REF{NERMENT BY NEUTRON DIFFRACTION

LERST SDURRES.

REFS  PRM.
o ]
NO 2
YES 3
NO 4
NO 5
NO 6
NO 7
NO B
NO 9
NO 10
NO 1"
NO 12
‘€< 13
LD 4
ND 15
NO 16
NO 17
NO 18
NO 19
NO 20
ND 23
NO 20
NG 23
ND 24
NO 2S

ESTINATED VPV/IN-MI* 0.3696E+02

NO  LiCALCH

4539

1411
562
330

CUHUD O & wN -

STRUCTURE FACTOR AND LERST
FESD4 STRUCTURE REF INEMENT

1372
333.
S1.
453S.
2278.

.43
.82
46
01

49
62
.17
.15
.47

CycLE 2 OF 6 CYCLES
oLo vALUE CHANGE NEW VALUE
on nn 0.0
0.174000€+00 0.0 (. 174000€+00
0.121000E+00 -0.733156E-03 0.120267€+00
0.347000E +00 0.0 0.347000€+00
0. 126000 +00 0.0 0.126000E+00
c.0 0.0 0.0
0.250000€+00 0.0 0.250000€+00
0.250000€E +00 0.0 0.250000€+00
0.250000£+0C 0.0 0.250000E+00
0.610000€-01 0.0 0.610000€-01
0.0 0.0 0.0
0.488000E «00 0.0 0.488000E+00
0.753000€+00 0.990911€-03 0.753991E+00
0.463000£+00 0.0 0.463000€ +00
0.334000E+00 0.0 0.334000€+00
0.500000€+00 0.0 0.5000D00E +00
0.S00000€+00 0.0 0.500000€ +00
0.500000E +00 0.0 0.500000¢ +00
0.500000€ +00 0.0 0.500000E +00
0.100000£+01 0.0 0. 100000E+01
0.951000E +00 0.0 0.951000€£+00
0.24B700€+00 0.0 0.248700E +00
0.S580300E +00 0.0 0.5B0300£ +00
0.367667E+01 0.0 0.367667E+01
0.300000€+00 a.0 0. 300000E +00
I 108s) ND ItCALC) | (0BS} NO  fiCALC) I
$000.00 11 2345.67 2600.00 21 0.0
20.00 12 3632.44 3430.00 22 .0
8650.00 13 26897.15 2150.00 23 0.0
280.00 14 11705.41 12000 00 24 0.0
50.00 15 9366.33 0.0 25 0.0
4400.00 16 13157.57 0.0 26 0.0
2050.00 17 0.0 0.0 27 0.0
1830.00 18 0.0 0.0 25 0.0
5§20.00 19 G.0 6.0 23 .0
200.00 20 0.0 0.0 30 0.0
R - FACTOR INCLUOING

(. FRST SOURRES. CYlLE

REFs PAN,
L1} 1
NO 2
L] 3
YES 4
NO S
NO 6
NO 7
NO 8
NO 39
L1 10
NO 1n
NO i2
NO 13
YES 14
NO is
NO 16
NO 17
NO 18
NO 18
NO 20
NO 21
NO 22
NO 23
ND 24
NO 25

ESTINARTED VPV/(N-MI=

NO  FICA

COUDIT UV EWN—~
-
N
-
-

LCe

R - FACTOR W!THOUT

3 OF € CYCLES.

OL0 VALUE CHANGE NEW VALUE
0.0 0.0 0.0
0.174000E ~00 0.0 0.174000£+00
0.120267E+00 0.0 0.120267€+00
0.347000€ +00 0.549819€-02 0.352438€+00
0.126000€+00 0.0 0.126000€+00
0.0 0.0 0.0
0.250000€ +00 0.0 0.250000€ +00
0.250000€ +00 0.0 0.250000€ +00
0.2S0000€ <00 0.0 0.250000€ +00
0.510000E -0} 0.0 0.610000E-01
0.0 0.0 0.0
0.488C00€+00 0.0 0.488000€ +00
7.753991E+00 0.0 0.753991£+00
0. 463000€E 00 0.474257€-02 0.467743€+00
0. 334000€ +00 0.0 0.334000€+00
0.S00000¢ +00 0.0 0.500000€ +00
0. S00000E +00 0.0 0.500000€ +00
0.500000€ +00 0.0 0.500000€ +00
0.500000€ +00 0.0 0. 500000€E +00
0.100000€+01 0.0 0.100000€+01
0.951000€ +00 0.0 0.9S51000€+00
0.248700€ +00 0.0 0.248700€+00
0.5B80300¢€ «00 0.0 0.580300E+00
0.367667E+01 0.0 0.367667E+01
0.300000€ 00 0.0 0.300000€+00

0.3267€+02

1 10BS} NO  TICARLC) | (0BS) NO  11CALCY

5000.00 11 2488.73 2600.00 21 0.0

20.00 12 3483.78 3430.00 22 0.0
8650.00 13 2845.20 2150.00 23 0.0
280.00 14 11502.21 12000.00 24 0.0

50.00 15 9258.04 0.0 25 0.0
4400.00 16 13265.00 0.0 26 0.0
2050.00 17 0.0 0.0 27 0.0
1830.00 18 c.c 0.0 28 0.0
§20.00 19 0.0 0.0 29 0.0
200.00 20 0.0 0.0 30 0.0

R - FACTOR [NCLUDING

R - FACTOR ul1THOUTY

S1GNHA

©DO0O0ODDDOOODOOOOOOOOO00OO0B0

OCooOmOOOOOCOO®MOOOBOODOG

10BS ) NO
0.0 31
0.0 32
0.0 33
0.0 34
0.0 35
0.0 36
0.0 37
0.0 38
0.0 39
0.0 40
26R0S .
ZERDS .
S1GMA
0.0
0.0
0.0
0.4353756-02
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.132246€-01
0.0
0.0
0.0
0.0
0.0
0.0
6.0
0.0
0.0
0.0
0.0
| (0BS) NO
0.0 3
0.0 32
¢.0 33
0.0 34
0.0 3%
0.0 36
0.0 31
0.0 38
0.0 g
6.0 40
ZERDS
ZEROS

0
65850BE-02

97032€-02

SOURRES PROGRAM FOR OVERLAPPING POWDER DRTA.
8Y NEUTRON DIFFRACTION

({CAL
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10BS)
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S

L1

NO

43
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4B
49
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1tCRL.
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STRUCTURE FRCTOR AND LEAST SQUARES PROGRAM FOR OVERLAPPING

- 25 -

FESO4 STRUCTURE REFINEMENT BY NEUTRON DIFFRACTION

LEAST SOQURRES. CYCLE 4 OF

REFS PAM. OL0 vARLUE

NG i 0.0

NO 2 Q. 174000t *0U
NO 3 0.120267E+00
YES 4 0.352498E+00
NO S 0.126000E+00
NO 6 g.0

NO 7 D.250000£+00
NO 8 0.2S0000E +00
NO 9 0.250000€ +00
NO 10 0.610000€~C1
NO B ] 0.0

NO 12 0.488000E+00
NO 13 0.753991€+00
YES 14 0.467743E+00
NO 15 D.334000£+00
NO 16 0.500000E +00
NO 17 0.5S00000E +00
NO 18 0.50000CE+00
NO 19 0.500000E +00
NO 20 0.100000€+01
NO 21 0.951000E~00
NO 22 0.248700E+00
NO 23 0.580300E +00
NO 24 0.367667E+01
NO 25 0.300000€+00

6 CYCLES.

CHANGE

1B721€E-C2

PQOQC’DQQODOOODODDODOODDCD
CCLDO0DODDNOONDDODBODOOOO~0C O

38784E -02

ESTINATED VPV/IN-H)= D.3322E+02

NO 11CALCY 1 10BS! NO
1 4774.83 5000.00 1
2 17.41 20.00 1z
3 7807.00 8650.00 13
4 340.81 280.00 14
S 42.36 $0.00 15
6 4310.60 4400.00 16
7 2330.92 2050.00 17
8 1491.50 1830.00 18
9 602.07 520.00 19

10 340.50 200.00 20

STRUCTURE FACTOR AND LEAST SOURRES PROGRAM FOR OVERLAPPING POWDER OATA.

TICALC) 1 108S}

2477.00 2600.
3501.83 3430.
2BS5.56 2150,

11541 .95 12000
9375.78 0
13174, 71 0.
0.0 0.
0.0 L.
0.0 0.
0.0 a.

00
o
oo
oa

.0

Q
0
0
0
[}

NEW VALUE

c.o
U. 1/40UUL U0
0.120267€+00
0.351311E+00
0.126000€+00
0.0

0.250000€ +00
0.250000€E+00
0.250000€ «00
0.610000E -0}
0.0

0.488000€+00
0.753981€+00
0.4547S5E+00
0.334000E+00
0.500000E +00
0.500000E +00
0.500000£+00
©.500000E+00
0.100000E+01
0.9S1000€+00
0.248700E+00
0.580300£+00
0.367667€+01
0.300000€+00

NO  fICALCH
21 0.0
22 0.0
23 0.0
24 0.0
25 0.0
26 0.0
27 0.0
28 0.0
28 0.0
30 0.0

R - FACTOR INCLUDING

R - FACTOR WITHOUT

FESO4 STRUCTURE REFINEMENT 8Y NEUTRON OIFFRACTION

LEAST SOURRES. CYCLE S OF
REFS PRM. OLD VALUE
NO 1 0.0

NO 2 0.174000E+00
ND 3 0.120267€+00
NO 4 0.351311€+00
YES S 0.126000€ +00
NO 6 0.0

NO 7 0.250000€+00
NO a8 0.250000€ +00
NO 9 0.250000€+00
YES 10 0.610000E-01
NO 1 0.0

KO 12 0. 488B000E +00
NO 13 0.753991E+00
i) 14 0.464755€+00
YES 15 0.334000€+00
NO 16 0.S0000DE +00
NO 17 0.500000€ +00
NO 18 0.500000€ +00
NO 19 0.500000E+00
NO 20 0.100000£+01
NO 21 0.951000E +00
NO 22 0.248700E+00
NO 23 0.580300€ +00
NG 24 8.367667E+0)
NO 25 0.300000€+00

6 CYCLES.

CHANGE

N

- R R-E-E-N-E-N-N-R-R-E-Y-N-N-N- - NN NN K-}
CDDD00BDOONO0D0~00OD0=-0000

6256SE -02

0379SE-0t

02521E-02

‘

ESTIMATED VPV/IN-Mi= D.9592€+01

NO JiCALCY 1 108S! NO

4916.32 5000.00 11

p3568.29 8650.00 13
356.93  280.00 14

4400.00 16
2238.27 2050.00 17
1537.26 1830.00 18
589.09 520.00 19
272.84 200.00 20

CWVWB IOV AWN—
»
o
ey
o
@
@

11CALCY 1 108s)

2828.83 2600.
3471.43 3430.
223s5.31  21S0.

12141.31 12000.
B44a7.14 0
13415.86 0
0.0 0.
0.0 0.
0.0 0
0.0 0

R

00
00
Qo
0o

coocwo

NEW VALUE

0.0

0. 174G00E+00
D.120267E+00
0.351311€+00
0.124374E+00
0.0

0.250000€ +00
0.250000€E 00
0.2S0000€+00
0. 713795€-0t
0.0

0.488000€E+00
0.753991E+00
0.464755€+00
0.331975£+00
0.S00000E +00
0.5S00000E +00
0.500000€ +00
0.500000E +00
0.100000€+01
0.9S1000E+00
0.248700€+00
0.580300E+00
0.367667E£+01
0.3000C0E+00

NO  LICALD)

~N
o

coooocooQOoQ

cooo0D0OO0D

- FRCTOR  INCLUDING

R - FACTOR wlTHOUT

POUCER ORTR

SIGNA

0.0

u.v

0.0

0.446315€-02

a.Q

0.0

0.0

0.0

0.0

0.0

00

0.0

a.o

D.124S76E-01

0.0

0.0

g.0

0.0

g.0

0.0

G.0

0.0

0.0

0.0

g.0

1 10881 NO
0.0 31
0.0 32
0.0 33
0.0 34
6.0 35
0.0 36
0.0 37
0.0 38
0.0 38
0.0 40
ZEROS A

ZERDS =

sienA

0.0

0.0

0.0

0.0

0.268144€-02

0.0

0.0

.0

0.0

0.198155€-02

0.0

0.0

0.0

a.0

0.428818€-02

0.0

0.0

c.o

0.0

0.0

0.0

g.o

no

0.0

0.0

1 108S1 NO
0.0 31
0.0 32
0.0 33
0.0 34
0.0 3s
0.0 36
Q.0 37
0.0 38
9.0 39
0.0 40
ZERQS

ZERDS

oAl 1

[CR-E-R-R-R-F-F-F--)
oco0cLODOO0

[TCRLCH

o

=}

0CDOCLUDOODOO
0OoOCDOQOO0O0
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10851
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STRUCTURE FACTOR AND LERST SOUARES PROGRAM FDR OVERLRPPING POUDER DATH.
FFS04 STRUCTURE REF INEMENT BY NEUTRON OI1FFRACTION

LERST SOUARES. CY(LE B'CF

REFS  PAM.
NO 2
NU 3
NO 4
YES 5
NO 6
NO 7
NO 8
NO 9
YES 10
NO 1"
NO 12
NO 13
NO 14
YES !5
ND 16
ND 17
NO 18
NO 19
ND 20
NO 21
NO 22
NO 23
NO 24
ND 25

0LD vALUC

174000€E +00
120267€+00
351311€+00
124374E+00
0

.250000€ +00
250000E +00
250000E +00
713795E-01
0

488000E +00
753991E+00
454 755E+00
331975E+00
S00000£ «00
SO0000F +00
500000€£ +00
500000€ +00
10000CE +C?
951000E +00
248700E+00
.580300E+00
.367667E+01
. 300000E +00

O0OOCCO0NDOOODO0O00O00OOROOOCOO

A CYCLES.

CHANGE

523

DODOOOOCOOOCOO0O0QCODOBOO00
ODDOONDOOO—~0OAOWOCOOLOOOO

ESTIMATED VPV/(N-AI= 0.9973E+01

153

4.186 1830.00 18

59

NO [ICALC? 1 10BS} NO
1 4929.58 5000.00 3]
2 0.32 20.00 12
3 ©8364.78 8650.00 13
4 365.93 280.00 14
S 39.08 50.00 15
6 4557.63 4400.00 16
7 2244.28 2050.00 17
8
3
0

26

2.5

| 200.00 20

11CALC)

2806.62
3495.04
2202.50
12122.08
8403, 36
13485.88

0.0

0.0
0.0
0.0

72€-03

B6542E-03%

3147€-02

! 10851

2600.00
3430.00
2150.00
12000.00
0.

oooooo

0
0
0
[

R - FACTOR

NEU VALUE

00000 DOO00OO0DOCOCOO0OO00OO0

.0

. 174000E +00
. 120267E+00
L351311€+00
125227€+00
0

.250000E +00
.250000E+00
250000£+00
T17660E-01

0

488000£+00
753991€+00
464755E+00
330843E+00
SO0000E+00
S00000E +00
SO0GOOE +00
500000E +00
100000E+0!
951000E+00
248700E+00
.SB0300E+00
.367667€+01
300000E+00

ND  ((CAL"

~

w
(XY -F-N-¥-¥-Y-F.¥.]
[-X-F-F-F-F-F-R-T-¥-)

R - FACTOR W}iTHOUT

S1GMA

INCLUDING

00000200000 DOVONDO0O0ODO0O0O0OO
O0OCDODOCNOA0ODCONOOOONQOCQ

72587€-02

7429E-02

3ISI151E-02

10851 NO

oocoooooooo
[-¥-Y-Y-F-R-F-¥-F-¥-)
w
o

ZERDS .

2ERQS -

STRUC TURE FALTOR AND LEAST SOUARES PROGRAM FOR OVERLAPPING POWDER DRTRA.
FESO4 STRUCTURE REF INEMENT BY NEUTRON ULIFFRACTION

z
a

200
o
210
20
211
220
301
112
202
10 022
23
12 222
13 42y
14 501

DD uM e wN —

10y

1

121

400
410
122
302
N2
040
322

FUNCTIONG OF

OESCRIPTIDN

020

411
420
331
NP 2 ¥4

OBSERVED

OoOCcCCOoOO0O0COO0OOO

WEIGHTED R FRACIOR FOR FUNCTIONS 1S

DITTD BUT CORRELATIONS INCLUDED. Re

VPy= 0.1093E+03 I CORRELATIONS

.5000£+04

2000€+02
BE50€ +04
2800€+03
S000E *02
4400E+04
2050£+04
1B30E 04
5200€+03
2000€+03
2600€ +04

. 3430€+04

2150E «04

.1200E+05

0.0573.

0.0573.

INCLUOED)

INTENSITY

CALCULATED

.4930€+04
. 3204£+00
B3IBSE+04
3689€+03
3908€ +02
4558 +04
2244E+04
1534€+04
S5957E+03
2625€+03
2B07€+04
3495€+04
2203E+04
1212E+05

[sR-NoNoR-N-N-N-¥-R-N N.¥_¥.]

CORRELATIONS

IN

-0.
-0.

o

-0.
-0.
-0.
-0.
-0.
-0.

occooo

DELTR

. T042€+02
1966€ +02
2BS2€+03
B8593€+02
1092E+02
1578€+03
1943E+03
.298BE+03
756BE+02
6251E+02
2066E+03
6S04E+02
S250€ +02
1221€+03

1ICARLCYH 1 108S)
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
n.o 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0335
0.0395

DELTR/SIGHRA

coooo

-0.

-0.
.5916E+01
-0.
-0.

o

-0.
-0.
-0.
-0.

OBSERVATIONS NOT |

7042€ 00
9840E <00
2852£+01
429BE+01

.5458€+00

1576€+01
3886€ +01

2523€+01
1250€+01
41326401
1084E+01
1050E+01
1017€+01

NCLUGED.

NO

41
a2
43

45
46
47
4B

S0

LICRLD I

oocococoocosoa

[sX=-F-R-N-N-R RN~

1 10BS!

>o

[-¥=N-N-R-N-N]
CoODQORO - UO



Tuf F vALUES ABDVE RARE (RLLULATED fONR

PARANE TER

2

20
21
22
23
24

25

w2
Wz
Wl
wZ
uwz
az
az

82

SCALE FACTOR

QVERAL L

0z
03

FE

0z

03

o1
02
03
FE
S

o

- 23?7 -

DESCRIPTION

trt # 0L OWiNG

TENPERATURE FACTOR

> ¢ ©

<)

s}

c

©

(=3

o

o

o

o

(S

o

=)

o

>

=)

=}

o

VAL Ut

0

PRRANE TER VR UL

174000t <00

Leudb It sui

ISV I 00

125027800

0

250000t v00O

250000t - 00

*S0000¢ + 00

Y T660L

[¢]

[

488000t + 00

75 1991€ 00

4647558 200

230t 43t + 00

500000¢ + 30

500009¢ - 00

S0000(€+00
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