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Nonlinear single-pixel approximation with the Newton—-Raphson method
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PRIMA  Ver. 2.0.5

A Fortran 90 Program to Determine Electron/Nuclear Densities from X-Ray and Neutron Diffraction Data

Copyright (C) 2003 Ruben A. Dilanian and Fujio |zumi
Data and settings for MEM analysis
(a) X-ray diffraction data or (b) neutron diffraction data of a compound
containing no element with a negative coherent-scattering length

MEM data set file © G:mem07-128¥NaN02_8L2. mem
Standard output file © G:mem07-128%¥NaN02_8L2. out
3D densities data file © G:mem07-128¥NaN02_8L2. den

Title: NaNO2 at 8.5K by FONDER Dec. 2007
Lattice parameters:

a = 3.50070 b = 5.38030 ¢ = 5.51700
alpha = 90.00000 beta = 90.00000 gamma = 90.00000
V= 103.912
Space group: | mm 2 Space group number: 44 Setting number: 1
International Tables for Crystallography, Vol. A
Numbers of reflections used in MEM analysis:
NREF1(F) = 127
NREF2 (G) = 0
NREF3 (E) = 0
Number of pixels in the asymmetric unit = 160064
Number of pixels in the unit cell = 1228800 ( 80 X 120 X 128)

Number of electrons in the unit cell (X-ray diffraction)
or the sum of coherent-scattering lengths for all the atoms
in the unit cell (neutron diffraction): 49.19200
Prior density distribution is uniform.
Nonlinear single-pixel approximation with the Newton—-Raphson method
Analyzed by using the F-constraint (no G-constraint).
Initial lambda = 0.156101 (calculated by PRIMA)
Coefficient, t, to adjust lambda = 0.010

CONSTR = 0.1213841E+05 RF = 1.000000

CONF = 0.1541578E+07 wRF = 1.000000

CONG = 0. 0000000E+00

End of MEM analysis
|lambda = 0.006244
Number of cycles = 729
CONSTR = 0.1087795E+01  RF = 0.008778
CONF = 0. 1381500E+03 wRF = 0.009467
CONG 0. 0000000E+00

Constraints have not been satisfied.
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Number of cycles = 5
CONSTR 0.4700574E+03 RF = 0.180755
CONF 0.5969729E+05 wRF = 0.196787
input file= 8L2¢10.rho
parameters= 80 1 1 80 1 1120 1 1128
Total density=686756.125
sum of atom, pixcel den=  58.074535 0.5588835
presuumed atom, pixcel den= 49.192001 0.4734020
difference of pixcel den= 8.5481524e-02

FABRRT X 18, 06% D /KBS LT, Na,N, 0 D' — 7 {EiZ 41. 12, 1611.14, 213.89
259 A7 )VERE

Number of cycles = 18
CONSTR 0.1500164E+02 RF = 0.031275
CONF = 0.1905208E+04 wRF = 0.035155
input file= 8L2¢25.rho
parameters= 80 1 1 80 1 1120 1 1128
Total density=655497.125
sum of atom, pixcel den=  55.431164 0.5334449
presuumed atom, pixcel den= 49.192001 0.4734020
difference of pixcel den= 6.0042918e-02

AT 12, T%D/KEE LT, Na,N,0 O — 7% 322. 18, 1723.78, 562.23
5094 7)NVERE

Number of cycles = 40
CONSTR = 0.5536383E+01  RF
CONF = 0.7031207E+03 wRF
input file= 8L2c50. rho
parameters= 80 1 1 8 1 1120 1 1128
Total density=677283.375
sum of atom, pixcel den= 57.273483 0.5511746
presuumed atom, pixcel den= 49.192001 0.4734020
difference of pixcel den= 7.7772558e-02

AT 16, 4% D /KBS LT, Na,N, 0 O v — 7 fI% 407.89, 1716.58, 626.62
100V A INVERE

Number of cycles = 83
CONSTR 0.3235373E+01  RF
CONF 0.4108923E+03 wRF
input file= 8L2¢100. rho
parameters= 80 1 1 80 1 1120 1 1128
Total density=688666.313
sum of atom, pixcel den= 58.236061 0.5604380
presuumed atom, pixcel den= 49.192001 0.4734020
difference of pixcel den= 8.7036014e-02

FEFEIL 18, 4%D/KHEE L C, Na,N, 0 ® E*— 7 fHl% 499. 04, 1695.25, 693.7

200V A7 NVERE
Number of cycles = 166
CONSTR 0.2199823E+01  RF
CONF 0.2793776E+03 wRF
input file= 8L2¢200. rho
parameters= 80 1 1 80 1 1120 1 1128
Total density=698712.063
sum of atom, pixcel den= 59.085564 0.5686133
presuumed atom, pixcel den= 49.192001 0.4734020

0.018979
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0.014963
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0. 013462



difference of pixcel den= 9.5211267e-02
KRBERE LT 20, 1%DAEE LT, Na,N, 0 Ot — 7 {iil% 603.50, 1687.29, 763.95

4000 A7 NVERE
Number of cycles = 320
CONSTR = 0. 1540122E+01  RF
CONF = 0. 1955955E+03 wRF
input file= 8L2c¢400. rho
parameters= 80 1 1 80 1 1120 1 1128
Total density=708853. 562
sum of atom, pixcel den= 59.943176 0.5768666
presuumed atom, pixcel den= 49.192001 0.4734020
difference of pixcel den= 1.0346454e-01

KRBT 21. 9%DAEE LT, Na,N,0 ® " — 7 {iil% 711.35, 1687.33, 833.25

80 0% A I NVERE
Number of cycles = 599
CONSTR = 0. 1153239E+01  RF
CONF = 0.1464613E+03 wRF
input file= 8L2¢800. rho
parameters= 80 1 1 80 1 1120 1 1128
Total density=716666. 750
sum of atom, pixcel den=  60.603886 0.5832249
presuumed atom, pixcel den= 49.192001 0.4734020
difference of pixcel den= 1.0982287e-01

MR EIL 23, 2%D/KEE L C, Na,N, 0 ® E*— 7 {Hl% 834.12, 1692.41, 908. 26

1600Y% A7 NERELIHT S
Number of cycles = 882
CONSTR = 0.9993418E+00  RF

CONF = 0.1269164E+03 wRF
input file= 8L2¢1600. rho
parameters= 80 1 1 80 1 1120 1 1128
Total density=720466. 250
sum of atom, pixcel den=  60.925179 0.5863169
presuumed atom, pixcel den= 49.192001 0.4734020

difference of pixcel den= 1.1291492e-01

R EEIL 23, 9%D/KEE LC, Na,N, 0 ® B — 7 {Hl% 923.17, 1697.68, 960. 24

0. 010403
0.011264

0. 009034
0.009747

0.008423
0. 009074
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3 Constraint BL R KFITHR LI TN o> T D, Constraint 25 1 LA & 72 5 DA MEM DULH
FETHAIN , FIUIHEETHEA SN TS signaF IZRIET S (sigmaF 25 KE T HUE IR IZE VA,
BEOREIIRTER LA D, W signaF DNIpo /NS FE S &, ghost peak DI TH B,
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MEM DU HIT: sigmaF (238 < K FET D, sigmaF Z RELSHRET D & D72 W\WH A 7 )L Constraints has
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2) v vAEURENE
9. B vASE L 20%30%32 &35, PRIMAO3 OfE 1%
Number of cycles = 712
CONSTR = 0.1429489E+01 RF = 0.010030

CONF = 0.1815451E+03 wRF = 0.010852

TV, CONMEMTZ i L CDENMOM CHAEE i & Hi3~ &
input file= 8L2p32.rho
parameters= 20 1 1 20 1 1 30 1 1 32
Total density= 11287.919
sum of atom, pixcel den=  61.090977 0.5879125
presuumed atom, pixcel den= 49.192001 0.4734020
difference of pixcel den= 1.1451048e-01

L 24%DAKEE UKREERE. Na, N, 0 DOE—Z{llT 432.34, 858.06, 537.29
7 EARHVDOT, DY ARE =2ty hEFODRNS - - .

Wiz, B 7L E%E  40%60%64 & T 5,
Number of cycles = 728
CONSTR 0. 1089524E+01  RF = 0.008782
CONF 0. 1383695E+03 wRF = 0.009474
TV, CONMEMTZ i L CDENMOM CHAEE i & Hi3~ &
input file= 8L2p64. rho
parameters= 40 1 1 40 1 1 60 1 1 64
Total density= 89812. 609
sum of atom, pixcel den=  60. 758976 0.5847175
presuumed atom, pixcel den= 49.192001 0.4734020
difference of pixcel den= 1.1131543e-01

L. 23 5% DK LIREERE, Na, N,  0OE—Z7{HlX 878.21, 1434.88, 767.15

LRI, B 7 'A5E] 80%120%128 TiX 1000 VA 7 AEKET 729 %A 7 /LTI C=1. 0878,
RF=0. 008778, wRF=0. 009467, % 1 23. 5%D/KHE LT, B — 7 fHIT 878.62, 1694.93, 934.45 TH

0.64 _ 03x1.2396 037188
2sinf,,  sin78 097815

=0.3802

Tbhbd, ZiuE~a/10, b/14, c/15 THHDOT, ZID 1,/ 4THYT D 40%60%64 £ HT IR,
ZIEfAfI L CWD, EEH22ETHA I,
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MEMTIZE =27 Ry ¥ —7F R0 b, s/h RIEXD BIRERTFINZD 2

INEHED BT 8. 5K DF — & T SYFR % F1T,

E— 7 BRI N, 0, Na 1ZZF L F4 110.9, 66.7, 44.3 TH Y
BELE 9.36, 5.503, 3.63 ™ 11.85, 12.12, 12.201% & . 1ZIFHBIBMRIZH Y |

—RTLHL bolb b LITRZD,
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BOFEwRZ p(r) & L, BELEZ bET5 L. BEER
p(r)=bp(r)

1109
1048
9363
0257
8646
80.35
1424
63.13
G202
5541
4980
4369
3768
147
2536
18.25
1314
7030
0920
-5190
-11.30

Z LT, B LT MR 2 BRI CH 25 &
1 1| x>y Z
p(r)= ; exp 3 + +
(’\/ 27T) ",UxnyyUzz Uxx Uyy Uzz
Thb, 22T, DWHERTFIFA?OBEMNTHEZBNDD T, JEE x, v, 2 1T EETERL . ABMD
JEETH D, REY, B —7EEEERTOMICIX
b

p ed =
" 2 22U U U

DOERAH Y | R T2 &0 ER T IUT, B — 7 EIIEHGELE b ITHAIT 5,

Bl ZATRENF U, 13, BWESMO 1 RTH T vy b &

1 z

2
p0,0,2) = p . eXp{_EU_zz}

W74y b5 ETHELINLD,

BRI, Bk 7 —U i@ nfinb, JFFoe—7FEE WAFZ /ARG 5 &

N 0 Na
B — 7 i 113.8 68. 7 45.9
Uxx=<x 2>
Uyy=<y 2> 0. 051358 0. 056704 0. 050153
Uzz=<z"2> 0. 041624 0.042716 0. 039517




Ueq=0. 05~0. 04 20.0~14.3 12.1~8. 66 8.08~5. 78
THIEbL-Db
— ., BN IR X DIRER X, 8. 5K TiX
N 0 Na

Uxx 0. 00936 0. 00942 0. 00670
Uyy 0. 00802 0. 00613 0. 00675
Uzz 0. 00670 0. 00837 0. 00742
Ueff 0. 007953 0. 007848 0. 006949

L,

BHEO7Z7—) TR TIIITHHVRRER S > T, VY —FROMERTZ LAHRZ !

coe U, =(Uw,U. ) xy
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Ueff 1272 > T 5,
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rho(peak)/b
rho(peal)/d
0 0.002 0.004 0.006 0.008 0.01
N 0 Na
b 9.36 5.503 3.63
rho(peak) 1697.68 960.24 923.15
rho/b | 181.3761 | 174.4939 | 254.3113
Ueff | 0.004967 | 0.005097 | 0.003965




4) sigmaF {K1FEME
NaN02 ¢ FONDER 7 — 4 8. 5K {28V T,

Na @D DW N B F T/ & < 70 2 IR X BkE S 4
77o THHDIEINHoEH B LYY,

W ULIZHE X, MEM X sigmaF IZIEE £ T
HEVA ZVMEFEL, TOME, v—27 0
A OW) HIEFT 5,

sigmaF Z—f 2 f% L C. PRIMAO3 #3173 5,
BCHEIINRT 5, Z0LE, NaDRTFE—2HIINEDTHY | Ueff #HEES D & TROEY.,

N 0] Na
b 9.36 5.503 3.63
rho(peak) 1686.65 781.55 630.44
rho/b | 180.1976 | 142.0225 | 173.6749
Ueff | 0.004989 | 0.005847 | 0.005113
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