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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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I 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.

IT Princip of lLeast Squares 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 Qpserved values of functions.
16-27 Standard deviation of functions.
28-51 Description of function.

52-72 = 0 : A further function card follows.
0

: This is the last function card.

N

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" k.
10-12 " " 1.
13=72 = 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.
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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./(CO=SAS=SB )

CALCULATE TABLE OF TRIGONOMETRIC FUNCTIONS
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1
2

25

27

33

34

41

DD251=1.NI

DUM1=FLOATF(IH(1)1%AS

DUMZ2=FLORTF{IK(1)}=BS

DUM3=FLOATF(IL(1))%CS

---SINITHETA)

SINT(I)=(WAVE/2. )1%SORTF{DUM1*DUM1+DUMZ2%DUMZ
+DUM3%DUM3+2 . = ( DUM1xDUMZ=CCS+DUMT*DUM3
%xCBS+DUMZ2%DUM3=CAS ) )

---SIN(2%THETR]
SIN2T(11=2.%SINT(11%SQRTF(1.-SINTCI)®SINT(]))

x»xx START OF REFINEMENT PROCEDURE @

IF INTEG(2) < O CALL BRRAGG ANGLE OUTPUT

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

RERD PARAMETERS TO BE VARIED
READIS.28)ISELII),1=1,72)

DEVELOP SYSTEM OF EQUATIONS IN PARAMETER ADJUSTHENTS
---CALCULATE MODEL FUNCTIONS FROM PARAMETERS
NCOUNT=0

CALLFUNNY(PVALUE.FCALC)

---1F INTEG(2) <= 0 CALL FINAL OUTPUT
[FIINTEG(21)128B.28,27

---CALCULATE NEIGHBOUR FUNCTIONS BY VARYING ONE PRRRMETER ONLY
NCOUNT=0

D0301=1,NP

[FIISEL(11-1)30.33.30

NCOUNT=NCOUNT+1

D034J=1,NP

PNOUW( JI=PVRLUE(J]

PNOW( I 1=PNOWIT)I+PINCR(]]

CALLFUNNY ({PNOW.RFCALC)

0035J=1.NF

K=NO(J)

---RESIDUAL FUNCTIONS

DELF1(J)=FOBS(K)-FCALCI(K)

--~-MATRIX OF DERIVATIVES

AMAT( J,NCOUNT )=(AFCALC(K)-FCALC(K1I/PINCRI(I)
CONTINUE

WEIGHT & SOLVE EQUATIONS

NPVAR=NCOUNT
CALLWEASTIDELF1,AMAT,.X.XM.B,FAX,NPVAR.NF.RHO. V]
ADJUST PARAMETERS., DETERMINE MARGINS OF ERROR
NCOUNT=0

D040[=1.NP

IFLISELITI1-1142,41.42

NCOUNT=NCOUNT+1

ADJUSTI 1 1=X{NCOUNT

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

GOT040
ADJUSTI11)=0
PNEW(1)=PVALUE (1]
SIGHALT1=0
CONTINUE

CALL CURRENT PARRAMETER OUTPUT
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510
43
1234

100
101
102
103
104
105
106
307

- 10 -

CALLOUTPUT
IF INTEG(2) ¢ O RSK FOR EXIT OR NEW START

IF INTEG(2} = O DECREMENT INTEG(2] ONLY
IFUINTEG(2))333.1234.334

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

DD0431=1.NP

PVALUE T 1=PNEW!(])

IF(SIGMA(1)143,43,510

PINCRII)=0.1%SIGMA(])

CONTINUE

INTEG(2)=INTEG(2) -1

*xx% END OF REFINEMENT PROCEDURE w»»x

START NEW REFINEMENT PROCEDURE WITH READING NEW PARAMETERS
T0O BE VARIED

GOTDSOo

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

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

CRLLEXIT

CALL EXIT

RERDI(S.2)(INTEG(]1).1=1,24)

ICYC=INTEG(2)

READ(S.20) 1P, (WHART(IP.J).d=1,7) ,PVRLUE(IP),PINCR(IP},ITEST
IFLITEST)S0,781.90

6070782

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)

FORMAT (7211}

FORMAT( 'COBSERVATIONS' )
FORMART( 'OMILLER INDICES*)
FORMAT( 'OPRARAMETERS' )
FORMAT(*OCELL CONSTANTS')
FORMAT('OFORM FACTOR TABLES')
FORMAT(1X.18R4//)

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

END

POWLS-60
QUTPUT

SUBROUTINEGUTPUT
COMMON /FCT/ NF,NO(S0).FOBS(50).FCALC(S0),SIGF1(50),DELF1(50)
COMMON /HKL/ NI, IH(2001}.,1K(2001},1L(200),SINT(2001.5IN2T(200)
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203

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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103

252

250
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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)
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D041=1.NP

ViI]=0

D04K=1.NO
VII)=VII[I1+F(K)=DUMNY ([ T.K)
DOS51=1.NP

DOSJ=1.NP
DUMMY(1.J)=B(1.J)
CALLSMISO(BUMMY . NP

DO61=1.NP

X{11=0

DOBK=1.,NP
XED1=X{1)+DUMMY(I,KI%V(K]
VPV=0

D074=1.NO

ViJi=F(J)

DO71=1.NP
VIiJ)=vIiJI-XtT)I=A(Jd, 1)
0oBI=1,N0O

008J=1.NO

VPV=VPV+V(J)=V{1)*P(],J]
FAX=VPV/FLOART (NO-NP)
0091=1,NP

009J=1.NP
XMIT,J)1=DUMMY(],J]I%FAX
RETURN

END

POWLS-60
SMI SO0 (SYMMETRIC MATRIX INVERSION)

SUBROUTINE SMISO0(D.N)
DIMENSION DI(50.501,5(50)

002J=1.N

DOtI=1.J

Dil.J)=-0(1.J1
Dtd.11=D(1,d)
D(J.d)=1.+DtJ.J]
DOBLR=1.N
[F(1.-DILR.,LR).ECQ.0.) GO TO 9
DILR,LRI=1./11.-D(LR.LR)]
0044=1.N

S(J1=DI(LR.J)

IF{J-LR) 3.4.3
D(J.LRI=D{J,LRI®DI(LR,LR"
D(LR.JI=D(J.LR}

CONTINUE

DoB4J=1.N

IF(J-LR) 5.8.5

D071=1.J

IFtI-LR) 6.7.6
O(1.J)=DlT.JI+D(].LRI=S(J)
DiJd.11=D(1.J)

CONTINUE

CONTINUE
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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 DRIENTED SECTIONS)

EXAMPLE 1

FESO4 STRUCTURE REFINEMENT BY NEUTRON DIFFRACTION
SPACE GROUP PNMA (NO. B2 INT. TRBLES)
PHYS. STAT. SOL. (A) 40. 447 (1977)

DIMENSION SFZ(1001

----- SET ACUTAL OVERALL PARAMETERS
--~SCALE FACTOR 5CZ
SCZ=P1Z(24]
---DVERALL TEMPERATURE FACTOR 07Z
0TZ=P1Z2(25)

mxn OOP JF REFLECTIONS rwx
DO 200 JHKL=1,NI

----- SET ACTUAL MILLER INDICES AH.AK.AL
AH=1H( JHKL )
AK=1K{ JHKL ]
RL=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=P1ZI1JAT)
AY=PIZ(JAT+NAT)
ARZ=PI1Z(JAT+2%NAT ]
SITE OCCUPANCIES HZ
WZ=P1Z{JAT+3%NAT)
SCATTERING LENGTHS BZ
BZ=P1Z( JAT+4%NRAT)
IFIJAT.GT.318Z=P1Z(23)
--~CALCULATE STRUCTURE FACTOR (FORMULA FROM INTERNATIONAL TARBLES]
CC=8.0%COS(PZx(AHXAX-({AH+AK+AL 1/4.0) 1%COS(PZ=(AK®AY+AK/4.0))=COS(P
FZ=(RL®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

SFZI{JHKL )=SFZ{ JHKL ) m=2

SFZ(JHKL )=SFZIJHKL) ® SCZ / (SINTIJHKLI®SIN2T{JHKL])

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

wwum END OF REFLECTION LOOP mwx
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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)
F+4 . 0%5FZ132)+B.0%5FZ1331+4 OxSFZ(34)+4 . 0O%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)
F+4 . 0%5FZ(46)

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)
RK=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 ) /UAVE
DT=SINT(JHKL ) /WAVE~- .OS*FLORT(NT)
BZ=FFZ(JAT,.NT+1-DT*DELZ(JRT.NT+1]
---CALCULATE STRUCTURE FACTOR (FORMULA FROM INTERNATIONARL TRBLES]
CC=B8.0=COS(PZ*( AH®AX-(AH+AK+AL)/4.0) 1%COS(PZ%(AK*AY+AK/4.0) 1%COS(P
FZ=(AL*ARZ+(AH+AL1/4.0))
ACCUMULATE STRUCTURE FACTOR
SFZUJHKL )=SFZ [ JHKL ) +BZx*LlizZ=CC
CONT INUE
* ENDO OF ARTOM LOOP =

300

----- CALCULATE INDIVIDURL INTENSITIES
SFZ{JHKL 1=8SFZ [ JHKL 1 %»2
SFZ(JHKL=SFZ(JHKL) = SCZ /
SFZIJHKL )=SFZ [ JHKL )%EXP(-2.0 » 0OTZ =

(SINTIJHKL I=SIN2T ( JHKL )}
{SINT(JHKL 1 /WAVE ) %%2 )

OoOon

200

CONTINUE

wxx END OF REFLECTION LOOP mx»x

----- CALCULATE BLOCK INTENSITIES INCLUDING MULTIPLICITIES
(MODEL FUNCTIONS)
FZ(1)=2.%SFZ(1)
FZt2)1=4.%SFZ(2)

FZi3)=4 m5F2(4)
FZ(4)=8.%5FZ{5)
FZ(5)=4.%5FZ(3)
FZ(6)1=8.%5FZ(10)
FZ{7)=4.%S5FZ(11)]
F2(81=2.%5FZ{37)
FZ(91=8.%5FZ(38)
FZ110)=4.%5FZ140]
FZU11)=2.a5FZ(13)
FZ1121=4.%5FZ114)
FZ(131=4.%5FZ2(15]
FZ114)=4 %SFZ(41)
FZ(151=8.%5FZ(44)
FZ(16)=8.%5FZ(45)
FZ117)=4 . mS5FZ(16)
FZi18)=4.%5FZ(21)
FZ({19)=8.%(SFZ(23)+SF21(22))
FZ1201=2.%5F2(25)
FZ(211=4.%SFZ(27)
F2(221=4 . %5FZ(30)
FZ123)=8.%6FZ(31)
FZ(24)=B.%5FZ(33)
FZ125)=B.%SFZ(36)+4.%(SFZ(34)+5FZ135))

APPENDIX B EXAMPLE 3

DYASD4 MAGNETIC STRUCTURE ANALYSIS BY NEUTRON DIFFRACTION

J. PHYS.

DIMENSION BZ2{51.,5FZ1501

REAL H.K

C: SOLID ST.

. L

PHYS. 4,

3224 (1871)
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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 mmx

--CRALCULATE BLOCK INTENSITIES (MODEL FUNCTIONS)
FZ(1)1=5FZ(1]

FZ(21=5FZ12]
FZ(31=5F2(3}

DO 4 1=4.6
FZ(4)=FZ{4)+SFZ(1]]
FZ(S)1=5FZ217]
FZ(61=5SFzZI(8]

b0 7 1=9.11

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

DO B 1=12.14
FZ(B1=FZ(B)+SFZ(1])
FZ{9)=5FZ(15)+5FZ(16)
FZ(10)=SFZ(171+5FZ(18)
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APPENDIX C LISTING DOf PRINTED OUTPUIT

EXAMPLE 1

FESO4 STRUCTURE REFINEMENT BY NEUTRON DIFFRACTION

OPTIONS
o 8 0 0 1 Y 0 0 0O OCOOCOOUOTU DODODOO

OBSERVAT IONS

1 5000.00000 100.00000 200 10t

2 20.00000 20.00000 o011

3 8650.00000 100.00000 210 111 020
4 280.00000 20.00000 201

5 50.00000 20.00000 211

6 4400.00000 100.00000 220 121

7 2050.00000 50.00000 301

8 1B830.00000 50.00000 112 400

9 520.00000 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

MILLER INDICES

~N
w
A~ WNNO—~WNORLE-—~NUSE—~WNWOBWLUNBOBWUNDECODAND = WUm INNGO=NO =N
—'—~—~ND—~Y\)'—‘—'NNDW—‘O-—‘NI\‘JN—‘-—'O—r\)NON—‘-‘Y\)’\)ONDN—‘—-O—*—‘O—‘O—‘—‘O

!
0
o
1
1
1
2
o}
1
2
2
0
1
0
0
{
2
2
1
3
0
2
2
1
2
4
3
o]
2
3
0
)
4
4
0
3
1
0
2
1
0
3
3
1
2
3
0

— 0000000000000

—O000O0C00O0ODO0O0OCODOUTSONDOOO0O000O00000DO0OO0ODODODODOO0OO0O0OD0OO0O



PARANMETERS
1 X FE
2 XS
3 X0
4 X 02
5 X 03
6 Y FE
7 YS
B8 Yy 0Ot
9 Y D2

10 Y 03

11 Z FE

iz 2 S

13 Z 01

14 Z 02

1S Z 03

16 WZ fFE

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 OVERALL TEMPERRTURE FRCTOR

CELL CONSTANTS

1.20300 8.715800 6.80400
ND  [iCALC: 1 iDBSI  NO  TICALCY | i0BS)
! 1222.727 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
/ §22.3z 2050.00 17 0.0 0.y
8 383.25 1830.00 18 0.0 0.0
9 153.29 520.00 19 0.0 0.0
10 31.73  200.0C 20 0.0 0.0

STRUCTURE FACTOR AND LEAST
FESQ4 STRUCTURE REF INEMENT

LEAST SOUARES. CYCLE 1 OF

REFS PAM.
ND 1
NO 2
NO 3
NO 4
ND 5
NO 6
NO 7
NO 8
NO ]
NO 10
NOD 11
NO 1z
NO 13
NO 14
NO iS
ND 186
NO 17
ND 18
ND 19
ND 20
NO 21
ND 22
ND 23
YES 24
NO 25

CO0OCO0OLO0DOCVO0D0OCOOO0DO0OO0O

0LD VALUE

o}

.174000£+00
121000€ +00
347000 +00
126000€ +00
o}

2S00Q0E +00
250000€+00
250000E +00
610000€-01
o

48BO0CE +00
753000€ *00
453000£+00
334000E +00
-500000€ «00
SDOOO0DE +00
SO0000E +00
500000E +00
100000E +01
951000E +DD
248700€+00
580300E +00
100000€+01
300000E +00
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4.78500 0.0

N0 iCALCE

2

22
23
24
25
26
Z
28
29
30

cootooDoOo
cooccooDCcoGO

R ~ FRACTOR INCLUDBING

R - FRACTOR WITHOUT

SOURARES PROGRAM FOR OVERLAPPING PDUUDER DRTA.
BY NEUTRON DIFFRACTION

ESTIMATED VPV/(N-HI= 0.3426E+02

NO  LICAI

WD PN & WA -~

4435

8007.
332.

4577,
2288.
1409.
SBS.
337,

LCt

{ 10851 ND
5000.00 it

20.00 12
8650.00 13
280.00 14

50.00 s
4400.00 1B
2056.00 17
1830.00 18
$20.00 19
200.00 20

6 CYCLES.
CHANGE
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.0
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€+Gt
0.0
HIZALLC) | 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

0

174000€+00
121000E+00
347000E +00
126000€ +00

0

250000€+00
250000F +00
.250000E +00
.610000£-01
-0

4B800Q0E+00
. 753000E +00
463000€+00
334000€ +00
500000E +00
.500000€ +00
500000E +00
500000€ +00
{00000E +01
951 000€+00
.248700E +00
SB0300E +00
36766 7E+01
- 300000€ «00

OCOO0O000COORO0ODO0EON0000G0d

ND  1iCRALC)

N

©»
Doo0CcoOQA@OoOOVO
[cR-JoReReR-R=RoN=R-}

R - FRACTOR INCLUDING

R - FACTPDR WITHOUT

.0 0.0010000
0.174G000 0.00100G0
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
0.8510000 0.0010000
0.2487000 0.0010000
0.5803000 G.0010000
1.0000000 0.0010000
0.3000000 0.0010000
0.0 0.0

10B5i NG TICALCY 1 10851 WD
0.0 3 0.0 0.c 41
0.0 32 5.0 oo 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
6.6 36 0.0 0.0 45
uv.u 37 u.u 0.0 47
0.0 EL] 0.0 0.0 48
0.0 39 0.0 0.0 49
6.0 40 0.0 0.0 50

2ERQS = 0.7311

ZERQS - 0.7

SIGHA

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

0.0

0.0

0.0

6.0

0.0

0.118777€+00

0.0

I10BS! NB L(CALC! | 10BS! NO
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 <8
0.0 39 0.0 0.0 49
0.0 40 0.0 5.0 50
ZEROS . C.0851

ZERDS . 0 0BS1

— 0000000000000 000O0OOOOOOO

THCALD

[

C
=1

coococooe
occocoo00

1iCALD

[ER-FaR-FoR-NoRoR=y=)
L o00OO00O

i o8

{ 1ogs!

D000 OD000

o
RN -F= RNl =Nale]



STRUCTURE FACTOR AND LEAST SQUARES PROGRAM FOR OVERLAPPING POUDER DRTH,

- 24 -

FESD4 STRUCTURE REF INEMENT BY NEUTRON DIFFRACTION

LERST SDURRES.

REFS

PR?.

NeOWBD DU &awN -

CYCLE

oLo

DO0DO0OOOOO0OLORODOCPOOOOOD O D

2

vALUE

QF

n

174000€+00
121000E+00
.347000E +00
126000E+00

0

250000€+00
250000€E +00
250000€+0C
610000€-01

0

48B000E +00
753000€+00
463000E +00
334000E+00
500000€ +00
SOC000E 00
500000E +00
SO0DO00E +00
100000£+01
951000£ +00
248700£+00
SBO300E 00
36766TE+01
300000€+00

ESTINATED VPV/IN-NIs 0.3696E+02

NO

CUB SN s WA -

t1cALC!

4539

1372

333.

4535.
2278.

1411
562
330

.43
.82
.46
01
.21
49
&2
.17
1S
.47

i 108s)

S000.

B8650.
280.

4400.
2050.
1830.
520.
200.

NO

STRUCTURE FACTOR AND LEAST
FESD4 STRUCTURE REF INEMENT

. FRET SOQURRES. CYrt€

REFs

L1y}
NO
Ll

YES

L14]
NO
NO
NO
N0
L1
NO
NO

ESTINRTED VYPV/{N-HI=

NO

COUDUNVEWN —~

PAN,

DD LD EWN —

I CAI

4851 .

7783.
361 .

37.
4244
2340.
1522,
60S.
358.

LCe

6 CYCLES
CHANGE NEW VALUE
on 0.0
0.0 (. 174000€+00
-0.733158€-03 0.120267€+00
0.0 0.347000€+00
0.0 0.126000E+00
0.0 .0
0.0 {.250000€+00
0.0 0.2S0D00E +00
0.0 0.250000E+00
0.0 0.610000€-01
0.0 0.0
0.0 0.488000E+00
0.990911€-03 0.753991E+00
0.0 0.463000€+00
0.0 0.334000€+00
0.0 0.500000E +00
0.0 0.500000€+00
a.0 0.500060€ +00
g.0 0.500000E+00
0.0 0. 100000€+01
0.0 0.951000£+00
0.0 0.248700E+00
0.0 0.5B0300E «00
0.0 0.367667€+0!
¢.0 0. 300000€ «00
1tCALC) | t0BS} NO HiCALC) 1
2345.67 2600.00 21 .0
3632.44 3430.00 22 0.0
2897.15 2150.00 23 0.0
11709.41 12000 60 24 0.0
9366.33 0.0 25 0.0
13157.57 0.0 26 0.0
0.0 0.0 27 0.0
0.0 0.0 25 0.0
¢.0 G.0 23 0.0
0.0 0.0 30 0.0
R - FACTOR INCLUOING
R - FACTOR W!THOUT

S1GNMA

©DO0OODDDOOODOOOORNOOO0ODO000

L - o e

.0
.65850BE-02

97032€-02

SOURRES PROGRAM FOR OVERLAPPING POWDER DRTA.
8Y NEUTRON DIFFRACTION

3 OF € CYCLES.

OLD 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 0.549819E-02 0.352438€+00
0.126000€ «00 0.0 0.126000€+00
0.0 6.0 0.0
0.250000€ «00 0.0 0.250000€ +00
0.250000€ 00 0.0 0.250000€ +00
0.250000€ <00 0.0 0.250000€ +00
0.510000€ -0} 0.0 0.610000E-01
0.0 0.0 0.0
0.488000€+00 0.0 0.488000€ +00
0.753991E+00 0.0 0.753991£+00
0. 463000€E 00 0.474257€-02 0.467743E+00
0. 334000€ +00 0.0 0.334000€ +00
0.500000¢ +00 0.0 0.500000€ +00
0. S00000E +00 0.0 0.500000€ +00
0.500000€ +00 0.0 0.S00000Q€+00
0.500000€+00 c.0 0. S00000E +00
0.100000€+01 0.0 0.100000€ +01
0.951000€ +00 g.0 0.951000€ +00
0.248700€ +00 0.0 0.248700€ +00
0.580300¢€ «00 0.G 0.580300E +00
0.367667E+01 0.0 0.367667E+01
0.300000€ 00 0.0 0.300000€+00

0.3267€+02

1 (0BS} NO  LICARLCY [ (0BSI NO  LiCALC!

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 26 0.0
2050.00 17 0.0 0.0 27 0.0
1830.00 18 0.¢ 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 [NCLUD!ING
R - FACTOR WITHOUTY

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
2ER0S .
ZERDS .
S1GMR
0.0
0.0
0.0
0.435375€-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
6.0 33
0.0 34
0.0 3%
6.0 36
0.0 37
0.0 38
0.0 g
6.0 40
ZERDS
ZEROS

({cAL

[ X-N-N-Y-N-F-Y-N-N-)
- X-Y-R-X-N-F-R-N-¥=)

cr ot

ficALC)

=}

-

oooocooO0DO0
octcoo0o000OO0

.0801

.o8ot

108

[-X-Y-Y-R-¥-FoR-N-N-)

10BS)

cbobooooDOO

oovooOoOVOoOQ
[=X=E~N-Y-N-N-N-Y-N-

S

L1

41
42
43
44
45
45
47
48

50

NO

43
42
43
44
45

47
48
49
50

1(CAL:

P X-R=-K-X-K=-K~K-X=X-]
[-R-N-R-F-¥-E~ReRal-]

(o]

HCALL

ooocooocoCcoo

ccooococoooo

1

108

cooocoO0OODO

cooooowoOO

51

1 108s)

[X=N-N-R-Ro RN NN

0ODOOUDODO



STRUCTURE FRCTOR AND LEAST SQUARES PROGRAM FOR OVERLAPPING

- 25 ~

FESO4 STRUCTURE REFINEMENT BY NEUTRON DIFFRACTION

LEAST SOQURRES. CYCLE 4 OF

REFS PAM. o0 vARLUE

NG H 0.0

NO 2 Q. 174000t *0U
NO 3 0.120267E+00
YES 4 0.352498€+00
NO S 0.126000£+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 Bl 0.0

NO 12 0 .488000E+00
ND 13 0.753991€+00
YES 14 0.467743£+00
NO 15 0. 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

'
COODODOOODOODOODOOOOOOOBC O

CCOODONO0OONDDOROOOODO~0OC O

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

NO  11CALCY T 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 z0o0.00 20

STRUCTURE FACTOR AND LEAST SOURARES PROGRAN FOR OVERLAPPING POUDER OATA.

1ICALD)

2477.00
3501 .83
2855.56
11541 .95
9375.78
1317471

[=F-N=¥-1
[2R=No)a)

B721€-G2

38784E -02

1 1085}

2600.00
3430.00
2150.00
12000.00

oocooo
coocooo

NEW VALUE

DOODOORPOOOO0000OOO00DROCE Q

0

. 1 74UUDE » U0
120267E+00
3S1311E+00
126000€+00
0

250000¢€ +00
250000€+00
250000€+00
610000E -01
0

488000€+00
7S3981E+C0
454755E+00
334000E+00
S00000E +00
S00000E +00
500000£ +00
500000E +00
100000E +01
9S1000€ +00
248700£+00
5680300£+00
367667€+01
300000€ +00

NO  [LCALCH

~N

@
coocoocaocooa
cooobeooQ

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
NG 4 0.351311€£+00
YES S 0.126000E+00
NO 1 0.0

ND 7 0.2500G00E +00
NO 8 0.250000€F +00
ND 9 0.250000€+00
YES 10 0.610000E-01
NO 1 0.0

NO 12 0. 48B000E +00
NO 13 0.753991E+00
i) 14 0.464755E+00
YES 15 0.334000€+00
NO 16 0.S0000DE +00
NOD 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
NO 24 08.367667E+0)
NO 25 0.300000€+00

6 CYCLES.

CHANGE

'

]

R R-E-R-N-F-N-N-R-R. N NN NN NN NN ¥-Na]
CODD00BDOONO0D0~BDOD=00®0

ESTIMATED VPV/IN-Mi= D.9592€+01

NO JiCALCY 1 108S! NO

4916.32 S000.00 1
0.08 20.00 12
p3568.29 8650.00 13
356.93  280.00 14
34.83 50.00 15
4576.569 4400.00 16
2238.27 20%0.00 17
1537.28 1830.00 18
5$89.09 520.00 19
272.84 200.00 20

QWD AN A WN —

11cALe)

2828.83
3471.43
2235. 31
1214131
B44T 14
13415.86
0.0

0.0
0.0
0.0

625S6SE -02

0379SE-Ot

02521€E-02

borogsh

2600.00
3430.00
2150.90
12000.00

ocooooo
occoocao

NEW VALUE

XN N-R-N-R-R-F-N-N.F-y-N-N-RoN-N- - R-Noi-R-Nal-]

1]

174G00€+00
120267E+00
351311€+00
124374E+00
a

250000€ +00
.250000€ 00

. 250000€+00

713795€-Gt

0

4BB000E+00
753991€+00
464755€+00
331975£+00
SO0000E +00
S00000E +00
S00000€ +00
5D00D0E +00
100000€+01
951000E +00
248700€ +00
SBO300E +00
367667E+01
3000C0E +00

ND  Li1CALD)

~
(2]

cooooooooa

CooooDQODD

R - FRCTOR INCLUDIND

R - FRCTOR wlTHOUT

POUCER ORTR

SIGNA

PODDQOOQQOOUOOODODODQOOCO
000000000 —-~0000000OT A0C O

1 10881

L Y-X=R-E-K-R-N-F-¥-
EE-E-R-E-K-F-F-F-¥-]

ZEROS

ZERDS

sienA

OOOO0CO00O0O0CROOO0OO0T OO0
©00D0CD0DOADODO~DOOCONDODO

1 10881

cLooonoOo0OO
COO0QO000O

ZERDS

ZERDS

46315£-02

24576E-01

NO

68144€-027

98155€-02

28818€-02

31
37

34
35

37
38
39
40

oA 1

[ R-R-RR- R N ¥ ¥
[-N~F-F-F-N W R-N-R ]

o
et
@
rs

.0794

[TCRLC Y

o

=}

0pOoOCLUDOODO
[¥-N-R-NoN-NoR-RoNe)

10851

(- NoR=F-N-N-Y-¥-¥)
[-X-Y-R-¥-¥-N-F-¥-¥-]

1085

cowooooe0o

cooocco0000S

ND

4

42
43
a4
45
45
47
48
49
s0

41

42
43
44
45
45
47
48
493
50

1CAL

[oR=RoR-N-N -N-N-N-N-)

coocovooOO

ci

1{CARLC Y

S R=-X-R-E-R=K=R=R-X-}

coooosoo0O00O

(0B

NTO0O00D0O00D

Y OO0 00O 600
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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
NOD 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

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 1534.18 1830.00 18
3 $95.68 $20.00 19

10 262.51 200.00 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.

cocococoo

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"

?d
(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 —

WEIGHTED

10y

1

121

400
410
122
302
N2
040
322

FUNCTIONG OF

OESCRIPTIDN

020

411
420

331
412

OBSERVED

OoOCcCCOoOO0O0COO0OOO

R FACTIOR FOR FUNCTIDONS 15

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 ARE (RLLULATED FON

PARANME TER

2

20
21
22
23
24

25

v 03

W2 FE
Wz s

wZ 01
wZ 02
wZ D3
8z FE
Bz s

82 0

SCALE FACTOR

QVERAL L

- 23?7 -

DESCRIPTION

frt # 0L DLiNG

TEMPERATYRE FACTOR

R

(<)

s}

c

©

(=3

o

o

©

o

©

o

[=}

o

>

=)

(=}

o

VAL Ut

¢

PRRANE TER VR UL

1740008 <00

Loudb Tt s

ISV ILNE 00

1250278 <00

0

290000t vU0O

250000t - 00

*S0000¢E » 00

Y T6600

[¢]

G

488000t + 0U

15 1991€ 00

4647558 200

230t 4 3t + 00

500000€ + 30

500009¢ 00

S0000( €00

5000001 <00

1000U0¢ <0

9%51000€ - 00

748008 230

5B80300F +('0

I6T6B 7€ 01

300000¢ - 0C,

STRUCTURE FACTOR AND LERST SQURRES PROGRAN FOR OVERLAPP (N[ POWDER DR™A
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APPENDIX C EXAMPLE 2

FESD4 STRUCTURE REFINEMENT BY X-RAY DIFFRACTION

OPTIONS
011 0 5 0 0 0D O O
FORM FACTOR TABLES
24 .000 23.710 22.880
13.840 11.470 9.710
0.0 0.0 0.0
0.0 0.0 0.0
18.000 17.1890 15.160
7.890 7.220 6.470
0.0 0.0 0.0
0.0 0.0 0.0
8.000 7.796 7.250
3.010 2.338 1.944
0.0 0.0 0.0
0.0 0.0 0.0
8.000 7.796 7.250
3.010 2.338 1.9544
0.0 0.0 0.0
0.0 0.0 0.0
8.000 7.786 7.250
3.010 2.338 1.944
0.0 c.0 0.0
0.0 0.0 0.0
OBSERVATIONS
1 15.40000 3.00000
2 43.50000 5.00000
3 45.00000 5.00000
4 100.00000 6.00000
5 84.00000 6.00000
6 68.50000 6.00000
7 65.00000 5.00000
8 24 .00000 4.00000
9 2C.00000 4.00000
10 10.00000 3.00000
11 1.00000 2.00000
12 6.70000 3.00000
13 3.30000 2.00000
14 7.00000 3.00000
1S 33.00000 4.00000
16 2.00000 2.00000
17 1.00000 2.00000
18 23.00000 4.00000
19 $0.00000 5.00000
20 20.50000 4.00000
21 3.50000 2.00000
22 11.00000 3.00000
23 9.00000 3.00000
24 12.50000 3.00000
25 14.30000 3.00000
HILLER INDICES
1 2 0 O
2 1 0 1
3 0 1 1
4 2 10
5 1 1 1
6 0 2 O
72 0 1
B 2 1 1
9 2 2 0
101t 2 1
11 3 0 1
12 1 1 2
13 4 0 O
14 2 0 2

0 0 0 0 O

.660 2
. 740
.0
.0
.730
.690
.0
.0
.482
.714

—

OO~ 0000~ MO0~ 0O0OUNOQOO—-

oo

—

OO0~ U000~ WUMOO—~UOOHMPOOOJO

.482
.714

. 482
.714

312.222

103.412.043

0

.150
.600
.0
.0
. 740
.930
.0
.0
.634
.566
.0
.0
.634
.566
.0
.0
.634
. 566
.0
0

0

OO0~ d»200—~d00—=00»+LOOOD

6 o

.510

o]

OO0~ 00— 200~ 00WDOOOM

0

0o 0

.870

510

.660

OO~ WOoOC—~wWoo—~woowooooauw

o]

.310
.120

.210
.130

. 482
.296

. 492
.2396

.492
.296

— 0000000000000 CO0OO0O0O0O0O0O0

O000CO0O000ODODO0ODODO O



1§ 4 1 O
16 0 2 2
17 1 2 2
18 4 1 1
19 2 3 1
20 3 0 2
21 4 2 0
22 2 2 2
23 3 1 2
24 4 2 1
25 0 4 O
26 3 3 1
27 5 0 1
20 3 2 2
29 1 3 2
30 4 0 2
31 5§ 1 1
32 2 4 0O
33 1 4 1
34 t 0 3
35 4 3 0
36 4 1 2
37 0 0 2
3 2 2 1
33 3 1 1
40 1 0 2
41 0 3 1
42 2 3 0©
43 2 1 2
4 3 2 1
45 1 3 1
46 4 0 1
PRRAMETERS
1 X FE

2 X5

3 X 0t

4 X D2

S5 x 03

6 Y FE

7 YS

8 vy 01

9 Y 02

10 Y 03

11 Z FE

12 2§

13 Z 0t

14 Z 02

1S Z 03

16 WZ FE
17 HZ S

18 WZ 01
19 NZ D2
20 WZ 03
21 SCALE FACTOR
22 OVERALL TEMPERATURE FACTOR

CELL CONSTANTS

1.54180 8.71800 6.81100

4.79800

s 29 -

OO0~ 00000000000 O0OO0OO0OO0O0OO0

0.0

.0

.1860000
. 1300000
.3670000
. 1300000
.0

. 2500000
.2500000
. 2500000
.0720000
.0

. 4680000
. 7600000
. 4580000
.3190000
.5000000
.5000000
.5000000
.5000000
.0000000
.0100000
.2000000

0.0

0000000000000 00QO0O0O00O00

.0010000
.0100000
.0100000
.0100000
.0100000
.0100000
.0100000
.0100000
.0100000
.0100000
.0100000
.0100000
.0100000
.0100000
.0100000
.0010000
.0010000
.0010000
.0010000
.0010000
.0010000
.0010000

0.0

— 000000000 NLOO00CO00O0O0ONOO00O0NOO0O0OO0ODOO0O0OO

- D0O0OO00000DO00OOO0CCOO0OO0O00O00O0O
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NO  1ICALCH I 108S) NG LiCALD) | 10BS! NO IfCALCEH 1 10BS) NO  1!CALC) I 10854 NO  [1CALE | 1085!
.
1 567.86 15.40 11 3.31 1.00 21 133.51 3.50 31 0.0 0.0 41 0.0 n.o
2 2963.19 43.50 12 445,08 6.70 2 740.30 11.00 az 0.0 0.0 42 a.a c.o
3 1773.89 45.00 13 237.05 3.30 23 189.24 9.00 33 0.0 0.4Q 43 0.0 0.0
4 4579.52 100.00 14  231.89 7.00 24 172.95 12.50 34 0.0 g.0 as 0.0 0.0
5 3333.04 B4.00 15 1127.86 3.00 25 B21.73 14,30 35 0.0 0.0 45 0.0 0.0
& 2766.76 88.50 16 354 40 2.00 26 6.0 0.0 36 0.0 0.0 46 an 0.0
7 2904.1%5 6S.00 17 110.77 1.00 27 0.0 0.0 37 0.0 0.0 47 6.0 0.0
8 716.23 24.00 18 834.68 23.00 28 0.0 0.0 38 0.0 0.0 48 0.0 0.0
E 731.59 20.00 19 2081.37 50.00 23 0.0 0.0 39 0.0 0.0 43 0.0 0.0
1 488.10 10.00 20 878.51 20.50 0 0.0 0.0 40 6.0 0.0 S0 0.0 0.0
R - FRCTOR [NCLUDING ZERDS = 43.4990
R - FACTOR WITHOUT 2ERDS = 43.49%0
STRUCTURE FACTOR AND LERST SOUARES PROGRAM FOR OVERLAPHING POUDER DATR.
FESD4 STRUCTURE REFINEMENT BY X-RRY DIFFRACTION
LCAST SEUARCS. CYCLE 1 GF 11 CYCLES.
REFs$ PRR. OLD VALUE CHANGE NEW VALUE SIGNA
NO 1 0.0 0.0 6.0 0.0
NO 2 0.186000E+00 0.0 0.186000E+00 0.0
NO 3 0.130000€+00 6.0 0.130000E +00 0.0
ND 4 0.367000E+00 0.0 0.367000€ +00 0.0
NO 5 0.130000€+00 0.0 0.130000E +00 0.0
NO 6 0.0 0.0 0.0 0.0
NOC 7 0.250000£+00 0.0 0.250000E+00 0.0
NO [:] 0.250000E+00 0.0 0.2S0000E+00 0.0
NO 9 0.250000£+00 6.0 0.250000€ +00 0.0
ND 10 0.720000E-01 0.0 0.720000E-01 0.0
NO 11 0.0 0.0 0.0 c.0
ND 12 0.458000€+00 0.0 0.45B8000E +00 0.0
NO 13 0. 750000£+00 0.0 0.750000E +00 0.0
NO 14 0.458000E+Q0 0.0 0.458000€+00 0.0
NO 15 0.319000E +00 0.0 0.319000E+00 0.0
NO 16 0.500000E +00 0.0 0.500000€E +00 0.0
NO 17 0.5000C0E+00 c.0 0.S00000E +00 0.0
NO 18 0.500000E +00 0.0 0.500000£+00 0.0
ND 13 0.500000€£+00 6.0 0.S00000E +«00 0.0
NO 20 0.100000E+01 c.0 0.100000E 01 0.0
YES 21 0.100000E-01 -0.978293E-02 0.217013€-03 0.95006BE -05
NO 22 0.200000E «00 0.0 0.200000E +00 0.0
ESTIMATED VPV/IN-HI= (0, 244BE+0!
NO  [1CALC) 1 10BSH NO 1{CALCH 1 10BS) NO [(CALC) | 1DBS) NGO TiCRLCH | 10BS) NO 1(CALC) 1 10BS)
H 12.32 15.40 11 0.07 1.00 21 2.90 3.50 31 0.0 a.0 4] 0.0 0.0
2 64,31 43.50 12 9.66 6.70 22 16.07 11.00 32 0.0 0.0 L ¥3 0.0 0.0
3 38.49 45.00 13 5.14 3.30 23 4.11 3.00 33 0.0 0.0 43 0.0 0.0
4 101 .55 100.00 14 5.03 7.00 24 16.77 12.50 34 0.0 0.0 44 0.0 0.0
S 72.33 84.00 15 24 .48 33.00 25 17.83 14.30 35 0.c 0.0 45 0.0 6.0
B 60.04 68.50 16 7.91 .00 26 a.o 0.0 36 0.0 0.0 45 0.0 0.0
7 63.02 65.00 17 2.40 1.00 27 0.0 0.0 37 0.0 0.0 47 0.0 0.0
a 15.54 24 .00 18 19.42 23.00 28 0.0 0.0 EL:) 0.0 0.0 48 6.0 0.0
9 15.88 2C.00 13 45.17 50.00 29 0.0 c.0 39 0.0 0.0 493 0.0 0.0
10 10.53 16.00 20 19.06 20.50 30 0.0 0.0 40 0.0 0.0 S0 0.0 0.0
R - FRACTOR INCLUDING Z2ERDS - 0.1767
R - £ACTOR W1 THOUTY ZEROS - 0.1767



_31_

STRUCTURE FACTOR AND LEAST SOURRES PROGRAM FOR OVERLAPPING POWDER DRTA.
FESD4 STRUCTURE REFINEMENT BY x-PRY DIFFRACTION

LERST SOUARES. CYCLE 10 OF 11 CYCLES,
REFS PAM. OLD VALUE CHANGE NEW VRLUE SI1GHA
NO f 0.0 0.0 0.0 0.0
NO 2 Q0.174068E+00 0.0 0.174068€+00 0.0
NO 3 0.131576E+00 0.0 0.131576E+00 0.0
NO 4 0.345786E+00 8.0 0.345786€+00 0.0
NC S 0.125026€+00 0.0 0.125026€E+00 .0
NO 6 0.0 0.0 0.0 0.0
NO 7 0.250000€ +00 0.0 0.250000E+00 6.0
NO 8 0.250000€E +00 0.0 0.250000€+00 0.0
NO 9 0.25S0000€ +00 0.0 0.250000E +00 0.0
NG 10 0.682637E-01 0.0 0.682637E-01 0.0
NO n 0.0 0.0 0.0 0.0
NO 12 0.4337BE+0C 0.0 0.493716E+00 0.0
NO 13 0. 780243€+00 0.0 0.780243€+00 0.0
NO 14 0.4508S1£+00 0.0 0.4508S1E+00 0.0
NO 15 0.347300€ 00 0.0 0.347300€+00 0.0
NO 16 0.500000E +00 0.0 0.500000E+00 0.0
NO 17 0.500000E +00 0.0 0.S00000E «00 0.0
NO 18 0.500000€ »00 0.0 0.S00000E+00 0.0
NO 19 0.500000€ +00 0.0 0.500000€+00 0.0
NO 20 0.100000CE~0O1 0.0 0.100000E+01 0.0
YES 21 0.217016E-03 0.580682E -05 0.222923€-03 0.50237BE-05
NO 22 0.200000E +00 0.0 0.200000E+00 0.0
ESTIMRTED VPV/IN-MI=» O_6T703E+00
N0 TICALCT 1 10BS) NO IICALC)Y 1 108S) NO 16CALC) | (0BS) NO  LICALCT 1 10BS) NO 1ICALCY [ (DBS)
1 14,12 15.40 " 0.33 1.00 21 7.06 3.50 3 0.0 0.0 41 0.0 0.0
2 47.54 43.50 12 8.29 6.70 22 10.69 11.00 32 0.0 0.0 42 0.0 0.0
3 47.05 45.00 13 2.39 3.30 23 7.55 39.00 33 0.0 G.0 43 0.0 0.0
4 104.22 100.00 14 .08 7.00 24 15.80 12.50 34 0.0 0.0 44 0.0 6.0
S 78.38 84.00 15 29.29 33.00 25 13.19 14.30 35 0.0 0.0 45 0.0 6.0
6 60.17 68.50 16 6.07 Z2.00 26 0.0 0.0 36 0.0 0.0 46 0.0 0.0
7 65.58 65.00 17 2.70 1.0n 27 0.0 c.0 7 8.0 .3 47 0.0 c.o
:] 24.22 24.00 18 22.25 23.00 28 0.0 0.0 30 0.0 0.0 48 0.0 0.0
9 20.M 20.00 19 46.51 50.00 29 0.0 0.0 39 0.0 0.0 49 0.0 0.0
10 9.45 10.00 20 20.53 20.50 30 0.0 Q.0 40 0.0 0.0 50 0.0 c.0
R - FRACTOR INCLUDING ZEROS = 0.0819
R - FACTDR WITHOUT ZERDS - 0.0813
STRUCTURE FACTOR AND LEAST SOUARES PROGRAM FOR OVERLAPPING POWDER OATA.
FESO4 STRUCTURE REFINEMENT BY X-RAY DIFFRACTION
LERST SQUARES. CYCLE 11 OF t1 CYCLES.
REFs PAN, OLD VRLUE CHRANGE NEN VARLUE SIGNR
ND 1 0.0 0.0 0.0 c.0
YES 2 0.17406BE *00 -0.425163€-04 0.17402SE+00 0.393366E-02
YES 3 0.131576E+00 0.240518€-02 0.133381€+00 0.962636E-02
YES 4 0.345786E+00 0.172118E-02 0.347508E+00 0.756417E-02
YES S 0.125026€+00 -0.373283€E-04 0.124988E+00 0.48283BE-02
ND 6 0.0 0.0 0.0 0.0
NO 7 0.250000E+00 0.0 0.250000€ +00 0.0
L[] ] 0.250000E 00 0.0 0.250000E +00 0.0
ND 3 0.25S0000€ +00 0.0 0.250000€ +00 0.0
YES 10 0.682637€-0! ~0.898803E-03 0.673649E-01 0.743131€-02
NO 11 0.0 0.0 0.0 0.0
YES 12 0.493716E+00 -0.161363€-02 0.492102£+00 0.153117€-01
YES 13 0.780243€+00 0.223576€E-02 0.782479E+00 0.137436E-01
YES 14 0.450851E+00 -0.101442E-02 0. 449836E+00 0.228965E-01
YES 15 0.347300€+00 0.315636E-03 0.347615€E+00 0.912016E-02
NO 16 0.500000€ +00 0.0 0.500000€ «00 0.0
NO 17 0.5S00000€ +00 0.0 0.500000€ +00 0.0
NO 18 0.500000€ +00 0.0 0.S00000€ +00 0.0
NO 19 0.500000€ +00 0.0 0.S00000E +00 0.0
NO 20 0.100000€ +01 0.0 0. 100000€E+01 0.0
NO 21 0.222923€-03 0.0 0.222923€-03 0.0
NG 22 0.200000£+00 6.0 0.200000€ «00 0.0
ESTIMARTED VPV/!N-t)= 0.9882E+00
NO 1ICALC) 1 (0BS) NO [ICRLC) 1 1DBS! NO  LICALC) 1 1D8S) NG 1iCALC) 1 10BSt N0 CICALCY 1 108%)
1 13.98 15.40 " 0.35 1.00 21 6.90 3.50 N 0.0 c.0 41 6.0 0.0
2 48.07 43.50 12 B8.62 6.70 22 10.47 11.00 32 0.0 6.0 42 0.0 0.0
3 46.31 45.00 13 2.73 3.30 23 7.45 9.00 33 8.0 0.0 43 0.0 0.0
4 1062.41 100.00 14 5.7 7.00 24 15.77 12.50 34 0.0 0.0 4 0.0 7.0
S 78.68 84.00 '8 29.55 33.00 25 13.19 14.30 ES) 0.0 6.0 45 0.0 n.n
[} 59 3?2 €8 .50 16 .93 2.00 25 ¢.C .C 36 8.0 0.¢ 43 ¢.C [ele)
7 65. 44 65.00 17 2.10 1.00 27 0.0 0.0 37 0.0 0.c a 0.0 0.0
[} 24.29 24.00 18 22.27 23.00 28 0.0 6.0 38 0.0 0.c 48 0.0 0.0
9 20.69 20.00 13 45.17 50.00 29 0.0 0.0 39 0.0 .0 49 0.0 0.0
10 10.01 10.00 20 20.17 20.50 30 0.0 .0 40 0.0 0.0 50 0.0 0.0
R - FRACTOR IMCLUDING ZEROS - 0.0803
R - FRCTOR wW!TMOUT ZERQS - 0.0803



32 -

STRUCTURE FACTOK AND (EAST SOURRES PROGRAM FOR OVERLAPPING PDWDER OATRA.
FESD4 STRUCTURE REF INEMENT BY X-RAY DIFFRACTION

FUNCTIONS NF INTFNS[TY

NO . DESCRIPTION OBSERVED
1 200 0.1540£+02
2 104 0.43S0E+02
3 210 0.4500£ +02
4 11t 0.1000£+03
5 220 0.8400€+02
& 121 0.6B50€+02
7 301 0.6500E+02
8 002 0.2400E«02
9 220 0.2000E +02
10 102 ‘0. 1000E +02
1t 400 0.1000E+01
t2 202 0.6700E+01
13 410 0.3300€E+01
t4 0N 0.7000£+01
15 321 0.3300€+02
16 134 0.2000£ +01
17 022 0.1000E+0}
189 420 0.2300€+02
13 312.222 0.%000€-02
20 040 0.2nS0€E+02
21 SOt (:.3S00€+01
22 402 0.1100€E+02
23 sn 0.9000E+01
24 14 0.1250E+02
25 103.412.043 0.1430€E+02
HEIGHMTED R FRCTOR FOR FUNCTIONS IS 0.1088.
O1TTO BUT CORRELATIONS [NCLUDED. R=- 0.108B8.
vPv= 0. 1581E+02 I CORRELATIONS INCLUDED)

CALCULATED

139BE »02
4807€+02
4631€+02
1024E+03
7868E+02
S932E+02
6544E+02
2429E+02
2069E+02
1001E+02
3SC1E+00
B8623E+01
2730E+01
SB69E+0!
295SE «02
5933€+01
2696E+01
2227E+02
4577€+02
2077E+02
-6903€+01
1047E+02
. T44B€+01
1577€E+02
1318€+02

[-R-X-F-X-X-F-E-R-F-N-N-N-F-N-N-FoN-N-N-N-N-N-N-N-]

CORRELRT [ONS

DELTA

. 1420E+01
-0.4563E+01
-0.1307€+01
-0.2408E+01
.5319E+01
.9183E+01
-0.4385€+00
-0.2917€+00
-0.6870€+00
-0.5894£-02
.6498E€+00
-0.1923E+0)
.5702€+00
L1131E+0Y
.3449€+01
-0.3933€E+01
-0.1696E+01
. 7334E+00
.4233E+01
-0.2664E+00
~0.3403E+0!
0.5341E+20
0.1552€+01
-0.3273€+01
0.1111€+08

[-X-N-N-N-1 co o

co

DELTA/SIGHA

o

.4732€+00
-0.9138€+00
-0.2614€+00
-0.4016E+00
.BBBSE +00
. 1530E+01
-0.8770E-01
~0.7293E-01
=0.1717E+00
-0.196SE-02
0.3249E+00
-0.6410E+00
0.2851E£+00
0.3770€+00
0.8622£+00
-0.1967E+01
-0.B84B1E+00
0.1834E+00
0.8465E+00
-0.6660€-01
-0.1701E+01
0.17B80E+00
0.517SE+00
-0.1091E+01
0.3703€+00

oo

OBSERVATIONS NOT INCLUDED.

THE F VALUES ABOVE ARE CALCULATED FOR THE FOLLOWING PARAMETER VALUES

PARANE TER

1

2

20

2t

22

x 0t
x 02
X 03

Y FE

Y 03

s

z ol
Z 02
Z 03
uz FE
HZ S
HZ 01
Wz 02
WZ 03

SCALE FACTOR

DESCRIPT{ON

OVERALL TEMPERRTURE FACTOR

0.0

VALUE

0.174025€+00

0.133981€+00

0.347508€ +00

0.124988E+00

0.0

0.250000€ +00

0.250000E «00

0.2S0000€ +00

0.673649€-01

0.0

0.492102E+00

0.782479E+00

0.449836E+00

0.34761SE+00

0.500000€ +00

0.500000€ +00

0.500000€ +00

0.500000€ +00

0.100000£+0¢

0.222923€-03

0.200000€ +00
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APPENDIX C EXRAMPLE 3

0.950
0.430
6.0
0.0

00000
00000
00000
00000
00000
0o000
00000

OPTIONS
0 2 1 1 0 0 0 0 O
FORM FACTOR TABLES
1.000 0.980
0.560 0.490
0.0 0.0
0.0 0.0
OBSERVATIONS
{ 3730.00000 60.
2 1782.00000 40.
3 1800.00000 40.
4 1205.00000 35.
5 $78.00000 30.
6 1178.00000 35.
7 880.00000 30.
MILLER INDICES
1+ 0 0
2 0 0 1
3 1 1 1
4 1 2 0
5 2 0 1
6 0 2 1
7 0 1t 2
g8 2 1 2
9 3 1 1
10 1 3 1
11 0 0 3
t2 3 2 0
13 1 1t 3
14 0 3 2
15 3 0 0O
16 2 2 1
17 2 0 3
18 0 2 3
PARAMETERS
1 X Dv1
2 x bvz
3 x 0v3
4 X Dv4
S Y DY1
6 Y DY2
7 Y 0Y3
g Y Ov4
9 2Z Dv!
10 Z DY2
112 0v3
12 Z Dv4
13 & 0t
14 5 DY2
15 5 DY3
16 5 0OY4
17 SCALE FACTOR

18 TEMPERATURE FACTOR
19 HMAGLNETIC MOMENT

29 PH
21 PH

1R
Ic

CELL CONSTANTS
7.06300

0.97

000

7.06800

6 0 0 0O 0O O C O O OOOOU OO

0.890 0.830 0.760
0.380 0.290 0.2590
0.0 0.0 0.0
0.0 c.0 0.0

100
001
111
120+201+021
021
212
311+131+003

0
.0
.5000000
.5000000
.0
.5000000
.5000000
.0

0
.2500000
.5000060
. 7500000
.0000000
.0000000
.0000000
.0000000
.2670000
.2000000
.0000000
. 0000000
.0000000

!

¥

O IO~ == 0000000000 0OO0
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WO DygRLCr 1 19851 NO  1iCRLCY 1 10BS) ND 1iCALC! ! ICBS) NO 1ICALC! | tpB5! ND  [iCALl! | 0BS5S
! t4S0.69 3730.00 It 0.0 6.0 21 0.0 0.0 31 0.0 0.0 41 0.0 0.0
2 1200.01 1782.00 12 9.0 0.0 22 0.0 0.0 32 0.0 0.0 42 o.¢ 0.0
3 1158.51 1800.00 13 0.0 0.0 23 0.0 0.0 33 0.0 0.0 43 0.0 0.0
4 1098.65 1205.00 14 0.0 0.0 24 0.0 0.0 34 0.0 0.0 4 0.0 0.0
5 739.30 978.00 15 0.0 0.0 25 0.0 0.0 35 0.0 0.0 4s 0.0 [
6 613.21 1178.00 16 0.0 0.0 26 a.o 0.0 36 a.0 a.0 46 0.0 [oaY]
7 475 37 880.00 17 c.0 g.0 27 0.0 0.0 a7 0.0 g.0 47 a.0 0
8 570 .45 c.0 1) c.0 0.0 28 0.0 0.0 EL:) 0.0 0.0 48 0.0 0.0
9 374 40 0.0 13 0.0 0.0 29 0.0 0.0 39 0.0 0.0 49 0.0 0.5
10 194 .27 00 20 0.0 6.0 30 0.0 0.0 40 0.0 0.0 S0 0.0 0.0
R - FACTOR [NCLUDING ZERDS - 0.4170
R - FACTOR WITHOUT ZERGS = 0.4170
STRUCTURE FACTGR RAND LEAST SOUARES PROGRAM FOR OVERLAPPING FOWDER DATA.
OYASO4 PMAGNETIC STRUCTURE RANALYSIS BY NEUTRON DIFFRACTION
LERST SQURRES. CTYLLE ! OF 2 CYCLES.
REFs PAM. OLG VALUE CHRANGE NEW VALUE SIGHA
NO 1 0.0 0.0 0.0 0.0
NO 2 6.0 0.0 0.0 0.0
NOD 3 0.500000E »00 0.0 0.500000E +00 0.0
NG 4 0.500000E+00 0.0 0.S00000E «00 0.0
NO E) 0.0 c.0 0.0 0.0
NO 6 0.500000€+00 0.0 0.500000€+00 9.0
NO 7 0.500000E +00 0.0 0.500000E +00 0.0
ND 2] 0.0 0.0 0.0 6.0
NO 9 c.0 0.¢ 0.0 0.0
NO 10 0.2S0000E <00 o0 0.250000€ +00 g.0
ND " 0.500000£+00 0.0 0.500000¢ +00 0.0
NQ 12 0.7S0000E +00 0.0 0. 750000€ » 00 0.0
NOD 13 0.100000€+01 0.0 0.100000E +01 0.0
NO 14 0.100000F+01t 0.0 0.100000€+01 0.0
NO 15 -0.100000€+01 0.0 ~-0.100000€E +01 0.0
NO 16 -0.100000E -0t 0.0 -0.100000€ +01 0.0
NO 17 0.267000€ 00 0.0 0.267000€ +00 0.0
NO 18 0.200000€ +00 0.0 0.2000C0E +00 0.0
YES 19 0.700000€ +01 0.174547E+01 0.874547€ <01 0.189287€+00
YES 20 0.450000€+02 0.323676€+02 0.773676E+02 0.39504BE+01
NO 2 0.900000¢ 02 0.0 0.900000€ *02 0.0
ESTIMATED VPV/IN-Mte 0. 12SEE*02
NO  [ICRLCE | 10851 NO TICRLCY | 10BS? NO  LICALCT | 108S) NO 1ICALCY 1 10B8S) NO 1tCALCY T 1085
t 4419.61 3730.00 " 0.0 0.0 21 0.0 0.0 EXl 0.0 0.0 41 o.c 0.0
2 1873.07 1782.00 12 0.0 0.0 22 0.0 0.0 32 0.0 0.0 42 0.0 c.c
3 1808.29 1800.00 13 0.0 0.0 23 0.0 0.0 33 0.0 0.0 43 0.0 0.0
4 1286.12 1205.00 14 0.0 0.0 24 Q.0 0.0 34 0.0 0.0 4 0.0 0.0
5 1058.0%9 978.00 15 0.0 0.0 25 0.0 0.0 35 0.0 0.0 45 0.0 0.0
& 1133.97 1178.00 16 0.0 0.0 26 0.0 0.2 36 0.0 0.0 46 0.0 0.0
7 742 .00 8680 .00 17 0.0 0.0 27 0.0 0.0 EX) 0.0 0.0 a7 0.0 0.0
:] B851.39 0.0 18 0.0 0.0 28 0.0 o0 3. 6.0 0.0 48 0.0 0.0
g 754.00 0.0 19 0.0 00 29 0.0 6.0 33 0.0 g.0 43 0.0 .0
10 303.23 0.0 20 0.0 g.0 30 0.0 0.0 40 0.0 0.0 S0 0.0 0.0
R - FACTOR INCLUDING ZEROS - 0.0980

R - FACTOR WITHOUT ZEROS - 0.0980
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STRUCTURE FACTOR AND LERST SOUARES PROGRAM FOR OVERLAPPING POUDER DATA.
DYRSO4 PMAGNETIC STRUCTURE ANALYSIS BY NEUTRON DIFFRACTION

LEAST SQUARES. CYCLE 2 OF 2 CYCLES.

REFS PRAN. OLD VALUE CHANGE NEU VRLUE SIGMA
NO 1 6.0 0.0 6.0 c.0
NO 2 0.0 0.0 0.0 0.0
~NO 3 0.500000£+00 0.0 0.500000€ +00 0.0
NO 4 0.S00Q00E +00 0.0 0.500000€ +«00 .0
NO S 0.0 0.0 0.0 0.0
ND 6 0.5S00000E +00 0.0 0.500000E+00 0.0
NOD 7 0.S00000E+00 .0 0.500000E+00 6.0
NO 8 0.0 0.0 0.0 0.0
NO 9 0.0 0.0 6.0 0.0
NO 10 0.2S0000€+00 0.0 0.250000€ +00 0.0
NO 11 0.500000€+00 0.0 0.500000€ +00 0.0
NO 12 0.750000€ +00 0.0 0.750000€+00 0.0
NO 13 0.100000€+01 6.0 0.100000E+01 0.0
NO 14 0.100000E+01 0.0 0.100000E+01 0.0
NO 15 -0.100000€+01 0.0 -0.100000€+01 0.0
NO 16 -0.100000€+01 0.0 -0.100000€+01 0.0
NO 17 0.267000E+00 0.0 0.267000€+00 0.0
NO 18 0.200000€ +00 0.0 0.200000E+00 c.o
YES 19 0.874547€+01 -0.176720€ «00 0.85587SE+01 0.151127€+-00
YES 20 0.773676€E+02 -0.104896€+02 0.668780E+02 0.530372€+01
NO 21 0.900000E+02 0.0 0.900000€+02 0.0

ESTINATED VPV/IN-HI= 0.1257€+02
CORRELATION MATRIX
19 20
19 1.00-0.50
20 -0.50 1.00
MATRIX OF SECOND MOMENTS
19 20
19 0.2284E-01-0.4424€+00
20 -(0.4424E+00 0.34B5E+02
NORMAL [ZED MATRIX OF NORMAL EOURTIONS FOR USE IN HYPOTHES!IS TESTS
19 20
19 0.SBOBE+Q2 0.7370€+00

20 0.7370€+00 C.3BOSE-O!
NO  [(CALC)Y | 10BS) NO 1{CALC) [ (08S) NO IICRLC) | 108S1 NO 1ICRLCY | 10881 NO HICALCI ) (0DBS)

1 3731.41 3730.00 11 0.0 0.0 21 0.0 0.0 EXl 0.0 0.0 41 c.0 0.0
2 1798.13 1782.00 12 0.0 0.0 22 0.0 0.0 32 0.0 0.0 @ 0.0 0.0
3 1735.95 1800.00 13 0.0 0.0 23 0.0 0.0 33 0.0 0.0 43 0.0 0.0
4 1336.40 1205.00 14 0.0 0.0 24 0.0 0.0 34 0.0 0.0 4 0.0 c.o
S 1036.51 976.00 15 0.0 0.0 25 0.0 0.0 3s Q.0 0.0 45 0.0 [CN0]
6 1046.65 1178.00 16 0.0 0.0 26 0.0 0.0 36 6.0 0.0 46 0 0.9
7 712.32 880.00 17 0.0 0.0 27 0.0 0.0 7 0.0 0.0 47 o.u 0.0
8 826.58 0.0 18 0.0 0.0 28 0.0 0.0 38 0.0 0.0 48 0.0 0.0
9 683.59 0.0 19 0.0 0.0 29 0.0 0.0 39 0.0 0.0 49 0.0 0.0
10 291.10 6.0 20 0.0 0.0 30 0.0 0.0 40 0.0 0.0 S0 0.0 0.0
R - FACTOR INCLUDING ZERUS - 0.0496

R - FRCTOR WITHOUT ZERQS = 0.0496
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STRUCTURE FACTOR AND LEAST SOURRES PROGRAM FOR OVERLAPPING POWDER DRTA.
DYASO4 MAGNETIC STRUCTURE ANRLYSIS BY NEUTRON UIFFRACTION

NO.

t
1

NN AWN -

HEIGHTED R FACTOR FOR FUNCTIONS

DESCRIPTION

00

001

1
20+201+021

021

212
31t1+131+003

FUNCTIONS OF INTENSITY

1S

DITFTO BUT CORRELATIONS INCLUDED.

VPy=

0.6621E+02 [CORRELATIONS

cocooooo

DBSERVED

.3730E+04
1782€E+04
1B00E+04
1205E+04
9780E+03
117BE+04
BBOOE+03

0.0738.

0.0739.

INCLUDEDY

CALCULARTED

0
0
0
0.
0
0
[

.3731E+04
-1798E+04
.1736E+04

1336E+04

.1039€+04
.1047€+04
- 7123403

CORRELATIDONS

DELTR

~0.1414E+01
~0.1613€+02
.6405€+02
-0.1314€+03
-0.60S1E+02
.1314E+03
.1677E+03

=

oo

DELTR/SIGRA

-0.2357€-01
-0.4034E+00
0.1601E+01
-0.3754E+0!
-0.2017€E-_.
0.37S3E+01
0.5589E 01

IN OBSERVATIONS NOT INCLUDED.

THE F VALUES ABOVE ARE CALCULATED FOR THE FOLLOWING PARANETER VALUES

DESCRIPTION

SCR' € FRCTOR

TEMPERATURE FACTOR

HAGNETIC HMOMENT

PRRANETER

1 X 0vYi
2 X Dy2
3 x 0Y3
4 X Dy4
S Y DY)
6 Y DY2
7 Y DY3
8 Y Dv4
9 2 DYy
10 2 Dv2
" Z DY3
12 Z DY4
13 S Dvi
14 S DY2
15 S bv3
16 S OY4
17

18

19
20 PHIRA
2t PHIC

0.

0.

o

=}

o

=3

o o o o

=]

o

©o © o o o

Q

VRLUE
0

4]

.S00000€E +00
-S00000E +00
.0

.S00000€E +00
.500000E +00
.0

.0

.250000E +00
. 500000€ +00
- 7S0000€E »00
- 100000E «01
. 100000€ *01
- 100000E +01
- 100000€ +01
.267000E +00
. 200000E +00
.B56875€ +01
.668760€ <02

-900000€ +02

STRUCTURE FRCTOR AND LEAST SQURARES PROGRAM FOR OVERLAPPING POMDER DATA.
OYRSO4 HAGNETIC STRUCTURE ANALYSIS BY NEUTRON DIFFRACTION

TRIGONORETRIC FUNCTIONS H

ONNWO = WO~ WNOON—-—O —

K

NONOW~NOW=—~—-NON—~0O

.

06861
07657
12360
15342
15714
15714
16761
21677
23008
-23008
2297
24737
24936
25655
20583
20862
26750
26758

=N R- RN -N-N-N- N - ¥ -N-F-N-F-N-N-¥.]

WW=ONWOW—=NN—=O——O

- N-R-R-E-N-N-N-N-Y-N-¥-X-F-N-¥-¥-]

13690
15269
24531
30320
31037
31037
33006
42323
44781

.447810

44714
47937
48297
49593
40284
40805
51564
51564

SINTHETA SIN2THETA THETA 2THETA

3.93 7.87
4.39 8.78
7.10 14.20
8.83 17.65
9.04 18.00
9.04 10.08
9.66 19.32

12.52 25.04
13,30 26.61
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