Modeling bulk and nano WS,

Shelly Kelly



Read data into Athena

File Edit Group Values Plot Mark - Data Merge Analysis -

=lolx|

Settings Help

Spline range: k:
E:

Io—ﬁl to
[proo0 x| 1o

|17.981 X|
|1231.830 X|

| Project My Documents/XAFS/EXAF Sschool2007/WS2nano. o | AN ]
Current group 07jun.346 W 07jun.346 =
File:  |fhomefskelly/afs/Ni/NiandV//2007.06/07jun. 346 | N Ref07jun.346
s ) , M 07jun.347
Z M Edge: ﬁl Importance: ll— - Ref 07jun 347
Background removal Show additional parameters | ¥ 07jun.348
EQ: Mﬂ E shift: |0— Rbkg: IT X T Ref07jun.348
keweight:  [1 Edge step: [2.069D] M fix step ¥ 07jun.349
Pre-edge range: Iml[ w® [T ] I Ref 07jun.349
Normalization range: IFA[ to ,m X| I ST (W TiRAIS -

k-range:

Phase correction:

Forward Fourier transform
k-weight: |1 dk: |1 window type:  hanning —
o x

W no

to |15.931 X|

Plotting options

v
¥

M mu(E) o

M background

R-range:

Backward Fourier transform

dr: |0.2 window type:  hanning —
1 X

to |3 X

W pre-edge line
W post-edge line

W Normalized &

Plotting parameters

plot multiplier: |1

y-axis offset: Icl

W Derivative =

Emin: |-200  Ema: IECIEI

E|k|R|q|Stack|Ine||PF|

plotting in energy from group '07jun.346" ... done!

« Read individual files into Athena

— Align data using the reference
spectra

— Merge data in u(E)

— Overplot merged data and
aligned spectra
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Merged Athena project file

File Edit Group Values - Plot Mark - Data Merge Analysis -

=lolx|

Settings Help

| Project y Documents/XAFS/EXAF Sschool2007/WS2-1merged. prj

|

w1

Current group Ref 07jun.346

File: [reference channel for 07jun.346 \

W - Edge: L3 — Importance: |1

Background removal Show additional parameters |

E0: [10206.46 X| Eshitt [1.52 Rbkg: [t.0 X]
k-weight: |1_ Edge step: ITSD;EI W fix step
Pre-edge range: Im X to IT X
= 7 o o |l
Spline range: k: ICI_ X to m X|
E [oooo x| to [rzat.sso X

Normalization range:

Forward Fourier transform
k-weight: |1 dk: |1 window type:  hanning —
|3 X to |15.931 X

Phase correction: N no

k-range:

Backward Fourier transform

dr: IU.z window type:  hanning —
|1 Xl to |3 X

R-range:

Plotting parameters

plot multiplier: |1

y-axis offset: Icl

M WS2nano_07jun346
T Ref07jun.346
M WS2_04dec079_081

Plotting options I

v
L

E| k| R|a steck|ma|eF|
M muE) o
M background
W pre-edge line
W post-edge line

W Normalized &

W Derivative =
Emin:|-20  Emax: |2CIE|

Saved entire project to C:/Documents and Settings/skelly. PEA/My Documents/XAFS/EXAF Sschool2007AVS2-1me ...

ngrenalized xu(E}

Keep merged data files together
for one project

Compare (k) spectra and Fourier
Transform
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Align spectra to a reference

spectrum from the nanoparticles
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Check the pre-edge and post-
edge ranges in Athena

Set pre-edge range: -30 to -50 eV

Use IND (indicator) menu to locate
K.in=3.3 of FT compared to the edge



Comparison of Nanoparticle to Bulk

« Amplitude of nanoparticle (k) is smaller than amplitude of bulk (k)
* (k) spectra cross zero at the same k for both data sets
— except for slight shift at low k

 Real part of FT crosses zero at same R for both data sets
— except at low R ~ 1.8 Ang.
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Check that chi(k) spectra Compare FT

oscillate about zero



Get WS, theory

File Edit -GDS Data Sum Fits Theory Paths Plot -
Current project: C:/Documents and Settings/skelly. PEA/My D FXAFS /EXAFSschool2007/1-ws2-bulk1.apj

Aoms | feffinp | Interpretation | Data & Paths
Tith Guess, Def, Set
— B WS2_04dec079_081.cl
hame:  Tungsten(IV) sulfide - 2H i’ \
formula: W sz B-Fit Plotting options
sitesl: 81, Wl | L fit1
e (8081828358
spacegrowp [P 63/mm ¢ [ [coe [  x v z [ T
[ Path 1:[S1.1] Main | indic | Traces |
A |3.15400 1 ® W 0.66667 0.33333 0.25000 Wi L path 2: [W1_1]
B |3.15‘IDD L Path 3:[4_3 Pl i
2 ® 5 0.33333 0.66667 0.11410 S1 Path4.:\"1 1] FECafE () CEgime
¢ [1z.35000 ‘ e
L path 5:52_1] @ Real part
Alpha IQD.DDDDU .
[ Path 7: [S1_1 ® Imaginary part
Beta |90 .00000 L path 8: [51_4
Gamma [120.00000 L Path 9:[54_4 i (O Dkl
Custer size [7.00000 Ui @ Real part
L path 11: [S4_1 _
Edge L3 — L path 12: [s4_2 @ Imaginary part
Shift vector [0.00000 [ Path13:[S4.5 W Window
— L path 14: [s4_2 —
0.00000 >
L path 15: [51_6 W Background
0.00000
L path 16: [S4_7 W Residual
SR kmin: |0 kmax: |15
g I I ﬂ e Rmin: [0 Rmax: |1I]
Edit selected site RS qnin: [0 qmax: [15
Element: Tag: Define =LA
_ L path 23: [S3_2
X R Z:I Hew
Run Atoms | Document: Atoms Document: Plotting I
<« :

Plotting in r space ... done!

» Fill out Atoms page from icsd_ws2.cif file

» Check edge, Core atom radial button

« Push run atoms button

» Check feff.inp page for reasonable interatomic distances
* Run feff and include all paths in the model



Understand the structure of WS,

File Edit - GDS Data Sum Fits Theory Paths Plot

Make sense of the path names
— Edit feff.inp tags to decrease the degeneracy of tag names
— Set preferences to show path number, length and atom type
— Make ball-n-stick by writing out alc file for ghemical

Current project: C:/Documents and Settings/skelly. PEA/My Documents/XAFS /EXAFSschool2007/1-ws2-bulk.apj

Atoms | feff.inp | Interpretation |

* This feffé input file was generated by Artemis 0.8.007

* Atoms written by and copyright (c) Bruce Ravel, 1998-2001
Kook Kk Kk __ K __ K __ % __ Kk __ Kk __ K __
* total mu*x=1: 7.07 microns, unit edge step: 1l
* specific gravity = 7.737

R e
* Normalization correction: 0.00047 ang*2

o B o B o K mm B o B o B o F o K e B —m ko K
*

* The following crystallographic data were used:

*

* title naee : Tungsten(IV) sulfide - 2H

* title formula: W sz

* title sitesl: 51, W1

* title referl: Izvestiya Akademii Nauk SSSR, Neorgs
* title refer2: 52 Wl

* title schoen:

* title notesl: Kalikhman,; V.L.

* gpace = P 63/mnm c

EE 3.1540 h = 3.1540 e = 12.
* alpha = 90.0 heta = 90.0 garra = 120.0
ENcoreN= w1 edge = L3

* atons

* | elem X v z tag occ

& w D.66667 0.33333 0.25000 Wi 1.0C
& & 0533333 0.66667 0.11410 S1 1.0C
*

< | 2

Run Feff

Document: Feff and it's input file

[

Data & Paths

Guess, Def, Set
B WS2_04dec079_081.chi
- Fit
L fit1

S0 %1 62 63

Fle Help

/o F Q@ fBc

project view | camera #1 view #1

Plotting options

[ p1: R2.4774: [51]
| P2: R3.1540: (W1]

L P3: R4.0106: [S2]

| P4:R4.0544: W1 S1]

| P5: R4.5003: [S3]

| P6:R47310: (W1 Wi1]

| P8:R47813:[S1  S1]

|- Po: R4.8210: (W1 S1]

L P10:R4.8210:[S2 1]

| P11:R4.8210:[S2 W]

|- P13:R4.9547:[S1 [+] S1]
| P14:R4.9547:[S1 [+] S1]
| P15:R4.9547:[S1 W1 S1]
| P17: R5.1022: [S4]

| P19: R5.3668: W1 S1]

| P20: R5.3668: [S5  S1]

|- P21: R5.3668: [S5  WH]

|- P22: R5.4629: [W2]

L P23: R5.4955: [S6]

| P20:R5.6314: [W1 S5 W]
|- P31:R5.6314: [W1 S5 S1]
| P32: R5.6651: [S6  S1]

Main | indic | Traces |

PlotinR: & Magnitude

@ Real part

Ploting: @ Magnitude

® Real part ‘-

® |maginary part

@ Imaginary anew project created

W window
JW Background
W Residual

kmin: |0 kmas: IT
Rmin: |0 Rmax: |10
gmin: IIJ gmax: |15

Document: Plotting

All done running FEFF .

Ghemical screen shot



Understand the structure of WS,
AN AN
J& 9%\ Qﬁg\
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AAA

Scattering Paths

Path

R (A)

N

W-S1 6 2.48
W-W1 6 3.15
W-S2 6 4.01
W-S4 12 5.10
W-W2 6 5.46
W-S5 12 5.49
W-W3 6 6.31
W-W1-W3 12 6.31
W-W1-W3-W1 6 6.31




Compare WS, FEFF calculation to WS, bulk data

File Edit GDS Data Sum Fits Theory Paths FPlot
Current project:
Titles Data & Paths
w52 bulk Guess, Def, Set Iy
Athena data file -- Athena version 0.8.053 B WS2_04dec079_081.chi
Saving Ws2_04dec079_081 as chilk) E]_ Fit
Element=w Edge=L3 F L
H — | Lt
, 0- FEFFD
Datafile |WS52_0ddec079_081 chi J | P 1:R 2.4047: [S1]
Data controls ——  — Fourier and fit parameters — P 2:R3.1532: [W1]
W Include in the fit k-range |3.3 X to |14 X e 52
W Flot after the fit R-range Il X| to |?.0 X —PAR3N W1 S1)
et backeround N | P 5:R 45903 [S3]
- it backgroun i = | P6:R 46306 [S1 S1]
kwindow  Hanning — __P7:R47617: [S2 S1] |
R window Hanning - — P 8:R47617: [S2 W1]
| P9:R4.8095: [S1 [+ S1]

— Other parameters — Fit k-weights — | P10:R 4.8095: [S1 [+] S1]
Fitting space R ~| Epsilon |0 A kw=1 L P11:R4.8095: [S1 W1 S1]
Minimumn reported correlation |0.25 W kw=2 — P 12: R 5.0663: [S4]

Path to use for phase corrections A s Rz )l

None — 1 other k weight — P14 R5.3121: [S4 W1]

I — P 15:R5.3121: [S4 §1]

Document: Fitting parameters l - | P 16: R 5.4615: [W2]
| _P19:R55579: IW1 S84 W1l |
l'-.] 1 -~
Flotting in v space ... done!
Set e0=0; S_02=1.0; sigma2=0; delr=0

chi(k) spectra shows difference in background removal and in e0.

FT crosses zero at the same places and has the same structure.
FT amplitude is always larger than that of the data

Notice that the shape of the spectra from 5 to 7 A is different in the
mag of FT but the data look similar in the real part of the FT —Need to
use the real part of the FT

ws2-bulkl.ap]j



Decisions, Decisions

« Keep all the paths
— go onto the next slide

» Keep only the "big” paths
— skip to slide 27



Bulk WS,: How many paths can we eliminate?

File Edit GDS Data Sum Fits Theory Paths

Plot

Current project:  home/skelly/<afs/NifNiandW/E AFSschool _2007 fithvs2-bulk2-armpS .apj

Titles

w52 bulk

Athena data file -- Athena wersion 0,8,053
Saving Ws2_04dec079_081 as chidk)

Element=W  Edge=L3
=

Datafile |WS52_04dec079_081.chi

Data controls
W Include data in the fit?
W Plot data after the fit?

— Fourier and fit parameters
k-range 'T Xl to
R-range |1_ X to

.1 Fit background dk 'l— dr

o]
7o

T

k window Hanhning -
R window Hannhing -

— Other parameters

— Fit k-weights ——

Fitting space R —| Epsilon |0

Minimum reported correlation |El.25

o kw=1
o kw=2
W kw=3

Path to use for phase corrections

None ~

.1 other k weight

|

Document: Fitting parameters

Flotting in k space ... done!

« Use FEFF relative amplitude term to decrease the number of paths
— Cutoff at 5%: This keeps all single scattering paths and linear

multiple scattering paths.
— Structure in the data is still present in the model.

Data & Paths

r

Guess, Def, Set

B WS2_04dec079_081.chi

=- Fit
| Lot

B1- FEFFD

L P 1:R 2.4047: [S1]

L P 2:R 3.1532: [W1]

L P 3:R 3.9655: [S2]

P 4:R39813: [W1 S1]
L P8:R47617: [S2 W1]
L P 12: R 5.0663: [S4]

— P 14:R5.3121:
— P 15: R 5.3121:
— P 16: R 5.4615:
— P 20: R 5.5579:
— P 21: R 5.5690:
— P 22: R 5.7496:

[S4 wWi]
[S4 S1]
[W2]

02

(w1
[S5]
[SS

§4 §1]

s1]

— P 23:R5.8839: [W2 W1]
— P 25: R 6.3064: [W3]

— P 27:R 6.3064
— P 28: R 6.3064:
— P 3N: R R.3NR4:

D [W3 W)

[w1
411y

[+] w1]
w2 w1

o

ws2-bulk2-amp5.apj



Bulk WS,: How many paths can we eliminate?

File Edit GDS Data Sum Fits Theory Paths Flot
- VI A MidT I R
Current project: 2t
— VER_DASTTR ORI

Titles Data & Paths [ r*
w52 bulk Guess, Def, Set -
Athena data file -- Athena version 0.8,053 B WS2_04dec079_081.chi 3
Saving Ws2_04dec079_081 as chidk) é]_ Fit L
Element=W  Edge=L3 ] L
l':] 1= | |— rlt 1 r
: E- FEFFD s
sl

Datafile |\W52_04dec079_081.chi |

Data controls
W Include data in the fit?
W Plot data after the fit?

— Fourier and fit parameters
k-range 'Tﬁ] to
R-range Ii_ﬁl to
.1 Fit background dk '1— dr lr
k window Hanhning -
R window Hannhing -

|
B4

— Other parameters

Fitting space R —| Epsilon |L'l
Minimum reported correlation |0.25

Path to use for phase corrections

None ~

Document: Fitting parameters

— Fit k-weights ——
W kw=1

o kw=2

W kw=3

.1 other k weight

|18

Flotting in r space ... done!

L P 1:R2.4047: [S1]

L P 2:R 3.1532: [W1]

__ P 3:R 3.9655: [S2]

__ P 12:R5.0663: [S4]

L P14:R53121: [S4  Wi1]
__P15:R53121: [S4 S1]
L P 16: R 5.4615: [W2]

L P 21: R 5.5690: [S5]

L P 25: R 6.3064: [W3]

P 27:R6.3064: [W3 W1]
L P 30:R6.3064: [W1 W3
L P 33:R 6.4248: [W4]

A A7)

w1

* Use FEFF relative amplitude term to decrease the number

of paths.

— Cutoff at 10%: This keeps all single scattering paths
and linear multiple scattering paths.

— Structure in the data is still present in the model.

[]
»a

ws2-bulk3-ampl0.apj



Bulk WS,: Model WS, with as few variables as possible

Ifeffit | Results | Files | Messages | Echo | Journal | Properties |

Results from the last fit Raw log file -| save I Dismiss ]
Project title i Fitting ws2_04dec079_081,chi 1
Comment i Fit #1

Prepared by :

contact H

Started 12:37:04 on 9 July, 2007

This fit at : 12:37:49 on 3 July, 2007
Enviconment ¢ Artemis 0,8,010 uwsing linux, perl 5,008008, Tk &
Figure of merit : 1

36.401367188
3., 000000000

Independent points
Humber of wariables

chi-square 144139, 981035478
Reduced chi-square 5260,320773382
R-factor 0,038557521

0,000161388
0,000432548
1. 000000000

Measurement uwncertainty (k)
Measurement uvncertainty (R)
Humber of data sets

! WARNING. The following variables had no effect on the fit:
>> sigs4

>> sigw3
: Uncertainties could not be estimated.

Guess parameters +/- uncertainties ({initial guess):

enot = 7.3231170 +/- 0,0000000 {7.3212)
s_02 = 0,8739000 +/- 0,0000000 {0,8737)
alpha = 0,0014620 +/- 0,0000000 {0,0015}
sigsl = 0,0025010  +/- 0,0000000 {0,0025)
sigs2 = 0,0053480  +/- 0,0000000 {0,0054)
sigs4 = 2.2804790  +/- 0,0000000 {2.2805)
sigwl = 0,0025770 +/- 0,0000000 {0,0026)
sigqw2 = -0.0030720 +/- 0,0000000 {-0,0031
sigw3 = =-272.3234680 +/- 0,0000000 (-272,323!
correlations between wariables:
All other correlations are below 0,25
-
= i =

«  Model includes €0, alpha*reff, and 6 o?terms.

* Model fails at large R because restriction on AR is

too strong

VTt M 14T !ﬂ

§; :»:T_wml,?l
af :
P
E af

a1

02

9

LSRN 0

IF \ 'l.
/\/\/\\ A \U/\ A

ws2-vars.ap]j



Bulk WS,: Model WS, relaxing constraint on delr

Ifeffit | Results | Files | Messages | Echo | Journal | Properties |

Results from the last fit

Raw log file

—] Save l Dismiss I

Project title A
Comment 1
Prepared by :
contact

Started

This fit at
Environment
Figure of merit :

Independent points
Humber of wariable
chi-square
Reduced chi-square
R-factor

enot
s_02
delsl
dels2
dels4
delsdwl
delsdsl
delsS
delwl
delw2
delws3
delwd

Set parameters:
sigsl
sigs2
sigs4
sigwl
sigw2
sigw3

Fitting ws2_04dec073_081.chi
Fit #1

s

Measurement uwncertainty (k)
Measurement uvncertainty (R)
Humber of data set

s

12:41:29 on 9 July, 2007
12:41:50 on 9 July, 2007
Artemis 0.8,010 wsing linux,
1

Guess parameters +/- uncertainties

6,3243200
1.34393730
=0.00328370
0,0020430
0,0643580
0,0818160
=0.2643070
0,0296260
0,0107270
-0.0318760
0.04393580
=0.2720220

0,008380
0,003536
0.005101
0,005474
0,005408
0,0050282

Cavmaladiames haturananm svmwianhlas

36.401367188
12, 000000000

427344 ,123
17513,122083724

0,121935343
0.000161388
0,000432548
1,000000000

+/-
+/-
+/-
+5 -
+/-
+/-
+/-
+5 -
+/-
+/-
+5 -
+5 -

{initial quess):

1.2341030
0,1006830
0,0125000
0,0330750
0,0643210
0,0374370
0,0680880
0,0371610
0,0106580
0,0454350
0,0280620
0,0573720

perl 5,008008, Tk &I

{6.3327)
{1,3494)
{-0,0038)
{0,0025)
{0.,0642)
{0,0817)
{-0,2645)
{0.0297)
{0,0107)
{-0,0320)
{0,0503)
{-0,2718)

.q

Model includes €0,10 AR terms, set 6 a2 terms to ~0.005 Ang2.

2

LSRN 0
9

—at

A A7)

Model works fairly well, now that AR are close, vary all params

-2

b4 h -
|@\\/vmlﬁjﬂgkgfﬁgaﬁknyﬁnﬁghgﬂ-

VILOtwe Mid n R

— VER DASaxITR_ORA 4RI
— f

ws2-vars2.apj



Bulk WS,: Model WS, relaxing constraint on delr

Ifeffit | Results | Files | Messages | Echo | Journal | Properties |

Results from the last fit Raw log file -| save I Dismiss ]
Project title i Fitting ws2_04dec079_081,chi 1
Comment i Fit #1

Prepared by :

contact H

Started 12:45:38 on 9 July, 2007

This fit at
Environment 8
Figure of merit :

¢ 12:47:02 on 9 Julp, 2007
¢ Artemis 0,8,010 uwsing linux, perl 5,008008, Tk &1
2

36.401367188

Independent points
18,000000000

Humber of wariables

chi-square 43315,563177051
Reduced chi-square 2353,931788638
R-factor 0,011819824

0,000161388
0,000432548
1. 000000000

Measurement uwncertainty (k)
Measurement uvncertainty (R)
Humber of data sets

Guess parameters +/- uncertainties ({initial gquess):

enot = 7.1436230  +/- 0,4343730 {0,0000}
s_02 = 0,8927770  +/- 0,0443740 {0,8836)
sigsl = 0,0025740  +/- 0,0004100 {0,0025)
sigs2 = 0,0039670  +/- 0,0012470 {0,0048)
sigsd = 0.0246340  +/- 0,0063430 {0,0183)
sigwl = 0,0026340  +/- 0,0002810 {0,0026)
sigqw2 = 0,0028640 +/- 0,00038650 {0,0034)
sigw3 = 0,0050980  +/- 0,0014160 {0,0062)
delsl = -0,0029720 +/- 0,0033710 {-0,0057)
dels2 = -0,0126710  +/- 0,0120080 {-0,0087)
dels4 = -0,8637700 +/- 0,0413350 {-0,3256)
delsdwl = -0.1700870  +/- 0,0838860 {-0,2530)
dels4sl = -0,2497940  +/- 0,1254600 (-0,2373)
delss = 0,0606240  +/- 0,1020410 {0,0502)
delwl = 0,0083350 +/- 0,0030080 {0,0063)
delw2 = 0,0132480 +/- 0,0116360 {0,0112)
delw3 = 0.0405430 +/- 0,0146730 {0,0457)
delwd = -0,5438930 +/- 0,02392780 {-0,2395)
correlations between wariables:
5_02 and sigsi --> 0,8126
Amat awmAd Aalsd - N 9n04 £
| ! P

«  Model includes €0,10 AR terms, 6 o?terms.

*  Model works fairly well.

RMEFD %

-2
T T

A%
T

~0A
T

3

I

— VR DASeTTR ORI

ws2-vars2b.ap]j



Bulk WS,: Making a theory for pretty background removal

094

- H't’SLD#d:ch‘S_L1 bhg
— W32 D D081 _chi

| AR
f\/\/ MA

0.2
T

k) &)
o
f;:gé:}
. {:ﬂ:;;i—-}
T ———

-0.2
r T v

(E
k“_; N Ty 7y a . é - 1:3 18
comparison of data and New background removal
sum of paths with e0=0. for the data. This step
This is done in Artemis. is done in Athena.

Re-run fit but set all variables to best fit values, except €0 set to zero.
Artemis file ws2-vars2c.apj used to generate theory
Save fit in chi(k) to disk and read into Athena

ws2-bkg.pr]



Bulk WS,: Making a theory for pretty background removal

Ifeffit | Results | Files | Messages | Echo | Journal | Properties |

Results from the last fit Raw log file

—| Save | Dismiss

Project title i Fitting ws2_04dec079_081,chi

Comment i Fit #1

Prepared by :

contact H

Started i 12:45:38 on 9 July, 2007
This fit at o 12:57:50 on 9 July, 2007
Enviconment :

: Artemis 0,8,010 uwsing linux,
Figure of merit : &

36.401367188

Independent points
Humb 18, 000000000

er of wariables

chi-square 47831, 822404141
Reduced Cchi-square 2599,362423279
R-factor 0,014139526

0,000161333
0,000432403
1.000000000

Measurement wncertainty (k)
Measurement wncertainty (R)
Humber of data sets

Guess parameters +/- uncertainties

correlations between wariables:
5_02 and sigsi ==

At wwmAd Aal~d -

0.8144

n 2090

{initial quess):
+/-

enot = 0,7593230 0,5887570 {0.,0000})

s_02 = 0.8759420 +/- 0,0430530 {guessed :
sigsl = 0,0024960  +/- 0,0004350 {guessed :
sigs2 = 0.0046840  +/- 0,0014430 {guessed :
sigs4 = 0,0199540  +/- 0,0106360 {quessed :
sigwl = 0.0026180  +/- 0,0002360 {guessed :
sigw2 = 0,0034940 +/- 0,0012120 {gquessed :
sigw3 = 0,0064500  +/- 0,0020520 {quessed :
delsl = -0,0049650  +/- 0,0036300 {guessed :
dels2 = -0,0091610  +/- 0,0132500 {quessed :
delsd = -0,0510810  +/- 0,0921570 {guessed :
delsdwl = -0,0878950 +/- 0,1257000 {guessed :
dels4sl = -0.4542400 +/- 0,1436630 {quessed :
delss = 0,0384190  +/- 0,1066450 {quessed :
delwl = 0.0065300 +/- 0,0032300 {guessed :
delw2 = 0,0127130  +/- 0,0141730 {guessed :
delw3 = 0.0437020 +/- 0,0251520 {guessed :
de luwd = -0,2316960  +/- 0,0683500 {guessed :

perl 5,008008, Tk &I

=

*  Beautiful background

« too Many AR values highly unsatisfactory.....

melx(m)] (X7
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hd
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Bulk WS,: Reformulate AR list in terms of unit cell parameters

W2 0 +nc072 08 kg ot In R apaps
L e e I e s e e

;_........... L e e e e e
— Wm0 DA 1pigan
Ifeffit | Results | Files | Messages | Echo | Journal | Properties | i L oma %
L)
h — gt | -
Results from the last fit Raw log file -| save | Dismiss I € |
Project title i Fitting ws2_04dec079_081bkg, chi = | ’\
comment i Fit #1 § o | | v}\pﬁr Qvf W ‘U-P\J\:?O":’“ﬂ’—
Prepared by : E | I
contact i I J , 1
Started i 13:06:29 on 9 July, 2007 " )
This fit at o 13:08:07 on 9 July, 2007 r b
Enviconment t  Artemis 0,8,010 uwsing linux, perl 5,008008, Tk &
Figure of merit : 1
S S S S S S S S S S S S S S S S S S CS S CSCSCSCSCSCSCSCSCSCSCSCSCSCSESESSSESES=S=SS=S=S=S=S=S=S======== 1] 1 2 J 4 3 5 7 [}
R
Independent points = 36,401367188
Humber of wariables = 12, 000000000
chi-square = 539713,930562177
Reduced Chi-square = 2447,155116487 ]
R-factor = 0,017650277 pkgat
Measurement wncertainty (k) = 0,000161333
Measurement wncertainty (R) = 0,000432403
Humber of data sets = 1,000000000
N
Guess parameters +/- uncertainties ({initial guess): 3
enot = 0.7683830 +/- 0,5653740 {0.6643) g
s_02 = 0.8816770  +/- 0,0426340 {0.8834)
sigsl = 0.0025410  +/- 0,0004250 {0.0026)
sigs2 = 0,0051770  +/- 0,0014840 {0,0052)
sigsd = 0,1438630 +/- 4.4316550 {0.,0050})
sigsS = 0.0322980 +/- 0,0473520 {0,0050)
sigwl = 0.0026660  +/- 0,0002830 {0.0027)
sigw2 = 0.0033220 +/- 0,0012440 {0.0034)
sigw3 = 0.0052420  +/- 0,0013370 {0.0055) L]
da = 0.0072600  +/- 0,0028860 {0.0070)
dc = 0.4114840  +/- 0,1255630 {0.4994)
dslz = 0,0051340  +/- 0,0012720 {0,0060}
Def parameters {using "FEFF0: P 1: R 2.4047: [S51]"):
s1_2z = 0.1276340 praan
s1_3z = 0,3723660 1
s1_4z = 0,8723660
a = 3.,1604600
b = 3,1604600
[ = 12, 7344840
d0x = 0. 0000000 3
dlp = 0,0000000 |
AN - N oannnnnn £
MS paths do not contribute because of large sigma values —— e

ws2-bulk-uc2.ap]



Bulk WS,: Reformulate AR list in terms of unit cell parameters

Ifeffit | Results | Files | Messages | Echo | Journal | Properties |

Results from the last fit

Raw log file

—| Save | Dismiss I

Project title A
Comment 1
Prepared by :
contact

Started

This fit at
Enviconment
Figure of merit :

Independent points
Humber of wariable
chi-square
Reduced Cchi-square
R-factor

enot
s_02
sigsl
sigs2
sigwl
sigqw2
sigw3
da

de
dslz

Def parameters (us
s1_2z
s1_3z
a
b

[

dox
dop
doz
dix
diy

Al

Measurement wncertainty (k)
Measurement wncertainty (R)
Humber of data set

Guess parameters +/- uncertainties

Fitting Ws2_04dec073_081bkg. chi
Fit #1

13:14:12 on 9 July, 2007

13:15:01 on 9 July, 2007

Arctemis 0,8,010 using linux, perl 5,0028008, Tk &1
1

36.401367188
10, 000000000
60713, 764164213
2299,871362425
0,017344873
0,000161333
0,000432403
1.000000000

s

s

{initial quess):

= 0.7332520 +/- 0.4372210  {0.6808)
= 0.8801200 +/- 0.0448530  {0.8821}
= 0.0025320  +/- 0.0004010  {0.0025}
= 0.0051660  +/- 0.0014340  {0.0052}
= 0.0026570  +/- 0.0002730  {0.0027}
= 0.0033690  +/- 0.0011360  {0.0034}
= 0.0055440  +/- 0.0014310  {0.0055}
= 0.0072510  +/- 0.0027340  {0.0071}
= 0.5146890  +/- 0.1757690  {0.5032}
= 0.0061430  +/- 0.0016870  {0.0060}
ing "FEFF0: P 1: R 2.4047: [51]"):

= 0.1286430

= 0.3713570

= 3.1604510

= 3.1604510

= 12.8376830

= 0.0000000

= 0.0000000

= 0.0000000

= 0.3333400

= 0.3333400

N cannnnn

X

mix{r] (X7

heml 37

3

o2

-2

WaZ_0+aecl7E8 D8 1bkg ot In R apaps
L o m o e o |

— WEZ_Mde07_D91higanl
— mi

R &

WaZ_0+aecl7E8 D8 1bkg ot In R apaps
LD B B B B B R

— W2 MdoaTR_ DA thigat
T ]

higatl

/ i
||\/ HW/\',/ \f\ “’/\/\1

[
k)

10 2 14

ws2-bulk-ucb.ap]



nano WS,. Compare model and data

File Edit GDS Data

Sum Fits Theory Paths Plot

Current project:  home/skellysKafs/NifNiandW/E X AFSschool_2007 /fitAws2-nano-uc apj

Titles
W52 nano
~
Athena data file -- Athena wersion 0,8,053
Saving Wws2nano_07jun346 as chidk)
Element=y¥ Edge=L3 7
= i=

Data & Paths

Data file |WS2nano_0?jun346 chi |

Data controls
W Include data in the fit?

— Fourier and fit parameters

k-range |3.3 Xl to

Guess, Def, Set
'S WS2nano_07jwn3a6.chi
B- Fit
| Lot
B1- FEFFD
L P 1:R 2.4047: [S1]
L P 2:R 3.1532: [W1]

__ P 3:R 3.9655: [S2]

W Plot data after the fit?

R-range |1 X to

— P 4:R39813: [W1 §1]
— P 8:R47617: [S2 W1]

— P 16: R 5.4615

L [W2]

— P 23:R5.8839: [W2 W1]
— P 25: R 6.3064: [W3]

— P 27: R 6.3064: [W3
— P 28: R 6.3064: [W1
— P 30: R 6.3064: [W1
— P 32: R 6.3702: [S1

wi1]

[+1 w
w3 v
[+]1 $2]

.1 Fit background dk l1— dr lr
k window Hanhning -
R window Hanning —
— Other parameters — Fit k-weights ——
Fitting space L‘ Epsilon IU— o kw=1
Minimum reported correlation W W kw=2
W kw=3

Fath to use for phase corrections

None -~

Document: Fitting parameters I

.1 other k weight

=

— P 33: R 6.4248: [W4]

N i

Saved project to shomefskelly/Kafs/NifNiand W/E XAF Sschool _2007 fithws2-nano-ucl .apj.

*  Sum paths with previous bulk values and CN ~50% of

bulk values

* need to add short oxygen signal

mix(r] (X7

heml 37

WiIrana 04 Lah' In R apaos
T T T

-0z

oo ]
- vmmu_mjmm::ﬂ
—mi
-'-. P
P e e
\ \J 4
il 1 -t 1 -t 1 b
2 J 4 3 L] ? o
R &)
WiIrana 0 urdALah' In R apaos
D T T A T e T
f — WEnmo M
— mi ]
P 1
o
T —
— WEnmo nMan
— mi1
L N |
2 4

ws2Z2-nano-ucl.ap]



nano WS,: Adding W-O signal

File Edit GDS Data Sum Fits Theory Paths Flot
Current project:  home/skellysKafs/NifNiandW/E X AFSschool_2007 ifitAws2-nano-uc2 apj
Titles Data & Paths
W52 nano Guess, Def, Set
Athena data file -- Athena version 0.8.053 3 WS2nano_07jun346.chi
Saving Wws2nano_07jun346 as chidk) [é_|_ Fit
Element=w¥ Edge=L3 7 L
= - I fit 1
E- FEFFD
Data file |W82nano_0?jun348.chi | L p1:R1.9514 [01_1]
Data controls — Fourier and fit parameters ——— B- fEFFr
M Include data in the fit? k-range |3.3 X| to |l4 | L S [
W Flot data after the fit? Fi-range |1 X to |s.4 | — P 2:R3.1532: [W1]
R . - l'— . lr — P 3: R 3.9655: [S2]
ST L= | P4:R39813: [W1 S1]
kwindow  Hanning — L P8:R47617: [S2 W]
R window Hannhing - — P 16: R 5.4615: [W2]
— P 23: R 5.8839: [W2 W1]
— Other parameters — Fit k-weights —— | P 25:R 6.3064: [W3]
Fitting space R ~| Epsilon [0 o k=1 P 27:R6.3064: [W3 W1]
Minimum reported correlation |0.25 W kw=2 — P 28:R6.3064: [W1 [+] W
Path to use for phase corrections A s e e DR
None — -1 other k weight —P32:R63702: [S1 [+] S2]
l — P 33: R 6.4248: [W4]
Document: Fitting parameters I _—

=

Saved project to shomesskelly/Kafs/NifNiand'W/E XAF Sschool _2007 fithws2-nano-uc2 apj.

« No1=1, delo1=0, sigo1=0

* need to shift oxygen signal -0.15 Ang

mix(r] (X7

heml 37

o2

WiIrana 04 Lah' In R apaos
R e e B aean e

— WEnmo Mg
— m1 ]
| A A I
4 = 3 L] * ? = o
R &)
WiIrana 04 Lah' In R apaos
= mmn.mjmbw::ﬂ

—_—mi1

1 " 1 " 1 " 1

.
k)

wsSZ2—-nano-ucz2.apj



nano WS,: Move W-O signal

File Edit GDS Data

Sum Fits Theory Paths Plot

Current project:  home/skellysKafs/NifNiandW/E X AFSschool _2007 /fitAws2-nano-uc2h apj

Titles Data & Paths
W52 nano Guess, Def, Set
Athena data file -- Athena version 0.8.053 3 WS2nano_07jun346.chi
Saving Wws2nano_07jun346 as chidk) [é_|_ Fit
Element=w¥ Edge=L3 7
= — tﬁn
fit 2

Data file |W82nano_0?jun348 chi |

Data controls
W Include datain the fit?
W Plot data after the fit?

.1 Fit background

— Fourier and fit parameters
k-range lrﬁl to
R-range li—ﬁl to |T

g 1 ar Joa
k window Hanhning -
R window Hanning —

|

— Other parameters

Fitting space R —| Epsilon IU
Minimum reported correlation |0.25
Path to use for phase corrections

Document: Fitting parameters

— Fit k-weights ——
W kw=1

W kw=2

W kw=3

.1 other k weight

Mone — I ,_

Flotting in r space ... done!

- FEFFD

L p1:r1.9514: [01_1]

(- FEFFY

— P 1: R 2.4047:; [§1]
— P 2: R 3.1532: [W1]
— P 3: R 3.9655: [S2]
— P 4:R 3.9813: [W1

— P 16: R 5.4615:
— P 23: R 5.8839:
— P 25: R 6.3064:
— P 27: R 6.3064:
— P 28: R 6.3064:
— P 30: R 6.3064:
— P 32:R 6.3702:
— P 33: R 6.4248:

[w2]
[w2
W3]
w3
w1
w1
[S1
[Wed]

§1]

— P 8:R47617: [S2 W1]

w1]

wi]
[+1 w
w3 v
[+ 82]

No1=1, delo1=-0.15, sigo1=0

need to optimize parameters

mix(r] (X7

heml 37

WiIrana 04 Lah' In R apaos
T T T

T T

— m2

oa
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T T

f — WML n ]

R

WiIrana 04 Lah' In R apaos
T T T T

— m2

T T

— WEnmoL7)un

— m2

— WEnmo L7)inHG]

0 z 4 L

.
k)

wsZ—-nano-uc2b.apj



nano WS,: optimize parameters

Ifeffit | Results | Files | Messages | Echo | Journal | Properties |

Results from the last fit Raw log file

—| Save | Dismiss |

Project title ¢ Fitting ws2nano_07jun346, chi
#1

Comment i Fit

Prepared by :

contact H

Started : 13:23:18 on 9 July, 2007
This fit at : 13:31:15 on 9 July, 2007
Enviconment :

Artemis 0.8,010 wsing linux,
Figure of merit : 3

36.401367188

Independent points
18, 000000000

Humber of wariables

chi-square 104858, 3099638399
Reduced Cchi-square 5698,397781831
R-factor 0,0152394443

0,000037342
0,000100084
1.000000000

Measurement wncertainty (k)
Measurement wncertainty (R)
Humber of data sets

Guess parameters +/- uncertainties

Def parameters (using "FEFF0: P 1: R 1,9514:
sl1_2z = 0,1271830
sl_3z 0,3728170

2 4ACAQCHN

{initial guess):

enot = 4,8660740  +/- 0.5681080  {0.6808)
sigsl = 0.0043040  +/- 0.0005230  {0.0025)
sigs2 = 0.0185730  +/- 0.0073470  {0.0052)
sigwl = 0.0055830  +/- 0.0012770  {0.0027}
sigw? = -0.0010020 +/- 0.0149370  {0.0034}
sigws = 0.0083360  +/- 0.0121140  {0.0055)
da = 0.0017510  +/- 0.0063210  {0.0071}
de = 0.4750370  +/- 0.1302830  {0.5032)
dsiz = 0.0046830  +/- 0.0018780  {0.0060}
nsi = 3.5349700  +/- 0.2093210  {3.0000)
nwrl = 2.3305920  +/- 0.6109370  {3.0000)
ns2 = 5.3561670  +/- 2.4923180  {3.0000)
w2 = 0.3719320 +/- 1,5513340  {3.0000)
w3 = -1,0876670 +/- 1,7557080  ({6.0000)
nurd = 5.4086450  +/- 3,7709550  (6.0000)
nol = 1.2131830  +/- 0.1321170  {1.0000}
delol = -0.1711470 +/- 0.0052330  {-0,1500)
sigol = 0.0023300  +/- 0.0013850  {0.0050)
[01_1]"3:

perl 5,008008, Tk &I

* need to fix background
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nano WS,: Refining the background

ol morkad goups
— WSZnono_L73.n3tBbin
= W3Znono D73t B_chii
e \
E ‘I'-.,-'V/\p ,!'l/:\s,/‘_‘/?’ \/-\C
£ | =W
) FIE‘ - ]
a 5 1I(l 18
kR
« set all parameters to best fit values, sread theory for chi(k) into Athena

except for e0=0

« write fit chi(k) to disk to be read into
Athena

*Make new background for data

ws2-nano-bkg.prj



nano WS, : Refining the model

Ifeffit | Results | Files | Messages | Echo | Journal | Properties |

X

Results from the last fit Raw log file -| save | Dismiss |
Project title ¢ Fitting ws2nano_07jun346, chi

Comment i Fit #1

Prepared by :

contact H

Started 13:23:18 on 9 July, 2007

: 13:41:07 on 9 July, 2007
: .grtemis 0,8,010 using linux,

This fit at
Enviconment :
Figure of merit :

36.401367188

Independent points
Humb 18, 000000000

er of wariables

chi-square 86981, 135354150
Reduced Cchi-square 4726, 884424829
R-factor 0,013848613

0,000036481
0,000037776
1.000000000

Measurement wncertainty (k)
Measurement wncertainty (R)
Humber of data sets

Guess parameters +/- uncertainties {}niti.al quess)!
- + -

perl 5,008008, Tk &I

enot = 1.63902760 0,5448750 {0.,0000})
sigsl = 0.0041310  +/- 0,0004820 {quessed :
sigs2 = 0,0192240 +/- 0,0072330 {quessed :
sigwl = 0,0055470  +/- 0,0011620 {guessed :
sigw2 = 0,0018550  +/- 0,0132430 {quessed :
sigw3 = 0.0075330 +/- 0,00939620 {guessed :
da = 0.0027220 +/- 0,0062330 {guessed :
dc = 0.4888730 +/- 0,1932460 {guessed :
dslz = 0,0046890  +/- 0,0013010 {quessed :
nsl = 3.4715650  +/- 0,1917730 {guessed :
nwl = 2.3463510  +/- 0,5571650 {guessed :
ns2 = 5.6909370  +/- 2.4440560 {guessed :
nwa = 0.4502380  +/- 1.6031410 {quessed :
nw3 = 1.0117040  +/- 1.5065430 {guessed :
nwd = 4.0819410  +/- 6.5422230 {guessed :
nol = 1.0457450  +/- 0,14385530 {quessed :
delol = -0,1743200 +/- 0,0050360 {guessed :
sigol = 0.0020800 +/- 0.,0012140 {guessed :
Def parameters (using "FEFF0: P 1: R 1,9514: [o01_1]"):

s1_2z = 0,1271830

s1_3z = 0,3728110

- - 2 4CCcaL29n

=

mlxm] (X7

heml 37

Wanora Mg h R epos
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R
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nano WS, : Refining the model

Ifeffit | Results | Files | Messages | Echo | Journal | Properties |

Results from the last fit Raw log file -| save | Dismiss |
Project title ¢ Fitting ws2nano_07jun346bkg, chi 1
Comment i Fit #1
Prepared by :
contact H
Started : 13:44:38 on 9 July, 2007
This fit at : 13:45:17 on 9 July, 2007
Enviconment t  Artemis 0,8,010 uwsing linux, perl 5,008008, Tk &
Figure of merit : 1
Independent points = 10, 816406250
Humber of wariables = 5.000000000
chi-square = 6538, 889730369
Reduced Cchi-square = 1124,214755523
R-factor = 0,235362466
Measurement wncertainty (k) = 0,000036481
Measurement wncertainty (R) = 0,000087776
Humber of data sets = 1,000000000
Guess parameters +/- uncertainties ({initial guess):
sigw2 = 0.00443960  +/- 0,0073210 {0.,0045)
sigw3 = 0.0075700  +/- 0,0035760 {0.0076)
nw2 = 0.8248320 +/- 1,55139620 {0.8240)
nw3 = 1.2075320 +/- 0,6821310 {1.2083)
nwd = 2,2013950 +/- 1.39160020 {2.1930)
Def parameters {using "FEFF0: P 1: R 1,9514: [o01_1]"):
s1_2z = 0,1272350
s1_3z = 0,3727650
a = 3,1561530
b = 3,1561530
[ = 12,8201570
d0x = 0,0000000
dlp = 0,0000000
dlz = 0,0000000
dix = 0,3333400
dlp = 0,3333400
dlz = 0,5000000
d3x = 0,3333400
d3p = 0,3333400
d3z = 0,1227650
ddx = 0,3333400 |
Adss - N 2222400 £

 determine Nw2, Nw3, and Nw4

*  Model fit region from 5 to 6.4 Ang
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R &
Wainora 7 unMeilgat h R epos
3y
—vmmnmjmmjbum
N — m1 |
a[ ]
I
£ 1 '
§3' | 1
=

ooe

i f\lllf\%,\if"\%\' —

R &

WS2mna J7unS40tég.oht h k epoce
T T T T T T

— mmmjmwium
—m1 ]

. A ]
\ \pf \_/f\, NN
VoA ]

kG

wsZ2—-nano-uc4.apj



Done

and
Starting over using just the

BiG paths



Bulk WS, : Look for big paths and a region in R where
paths do not overlap

File Edit GDS Data Sum Fits

Theory Paths Plot

Current project: /home/skelly/Xafs/Ni/NiandW/EXAFSschool_2007/it/ws2-bulk1.apj

Titles

w52 bulk

Athena data file -- Athena wversion 0.8,053
Saving W52_04dec073_081 as chik)
. Element=yy Edge=L3

E

= P

Datafile |WS2_04dec079_081.chi

Data controls ——
W Include in the fit
W Plot after the fit

Fourier and fit parameters ;
k-range ITXI to l‘l4—§]
R-range l1_§] to |7 X|
a [ w Joa
k window Hanning —
F wincdow Hamning —

Other p t Fit k-weights —

1 Fit background

Fitting space R —| Epsilon ll] W kwe=1
Minimum reported correlation |0.25 Wi kw=2
W kw=3

Path to use for phase corrections

HMone -~

Document: Fitting parameters |

1 other k weight

—

Flotting in r space ... done!

|
| m

Data & Paths |
 Gwssoese |
iy aadecoro oo | | | S IO IO
=- Fit Plotting options
L fit1 [voe1v2vivim
B- FEFRD
| p1:R2.47 Main I Indic I Traces |
—P2:R3.15 Stack plots
—P3:R401 « Never
EPaels - Only chifk)
—P5:R 450 * Avays
P7:R478 )
" p3R4s2 Starting value: |0
| p9:R482 Increment: |—ll.1
—P10:R49 Invert paths
—P11:R49 * Never
—P12:R 43 ~ Only [chi(R)|
L ) ~ lehi¢F)| and fehicep)
—P14R53
P15:R53 Stack data sets
| p16:RS3 Offset: Ill
—P1Z:R54
—P18:R54
D21 DER N
F—/ Document: Plotting I

Rax(R)] (477

VST _04dncd P 08150 in R apace
T T v T v

T

— /P 1: R 247F %

— P LRI
— D/P R RAD

TN WY

198

First three paths (red, green, and purple)

are much bigger and well separated from other paths

ws2-bulkl.apj




Bulk WS, : Sum up first three paths and compare to data

File Edit GDS Data Sum Fits Theory Paths Plot Help
Current project: | modified
e paas P! I
w52 bulk Guess, Def, Set
e e e T T —
Saving WS -1 as chi - Fil {0 {1
o zlgmentgw Edge=L3 i 8 Flll_ EAOtti Opions
= | Ly [Voe1v2v3 vk
B- &R 5 B
Datafile |WS2_04dec079_081.chi | p1:R2a7 | || Meain | indic | Traces |
Fourier and fit parameters 5 DS PlotinR: % Magnitude
P3:R401

1 Fit background dk

Data controls
W Inclucle data in the fit? k-range |3.3 X to |‘|4 X|
W FPlot data after the fit? R-range |1 X to |40 X

k window Hanning —

Fi window  Hanning —|

Other p

Path to use for phase corrections

W kw=3

None — 1 other k weight
[[ | [

Fit k-weights —

Fitting space R —| Epsilon |0 W kw=1

Minimum reported correlation III.ZS W kw=2

t: Fitting p

Plotting in k space ... done!

WSZ_04decd?_081.cH" in k apace
v — — — 1

Plotinq: - Magnitude

~ Real part

~ Imaginary pat

% FReal part

~ Imaginary pat

kmin: |0 kmax: I?
Rmin: |0 Rmax: lm
gmin: |o_ qmax: lm

I Document: Plotting

1 Window
.1 Background
1 Residual

(R A

Rax(R)] (477

WSZ_D4dec070_031.chi' n R pocw
T T . T v

— WSZ D4dm D70 LE1.chi

*FT of data and model contain the same shape.

*Model is larger than the data in amplitude as needed.

«Chi(k) data shows difference in first few A

ws2-bulk-bigl.apj



Bulk WS, : Try simple model

Ifeffit | Results | Files | Messages | Echo | Joumal | Properties I

Results from the last fit

Raw log file

—| Save | Dismiss |

Project title A
Comment 1
Prepared by :
contact i
Started A
This fit at 1
Environment :
Figure of merit :

Fitting Ws2_04dec079_081, chi
Fit #1

15:56:02 on 3 July, 2007
15:56:20 on 3 July, 2007

?rtemis 0,8,010 using linux, perl 5,008008, Tk 804.0

Independent points
Humb

er of wariables

chi-square
Reduced Chi-square
R-factor

20,176757812

6,000000000
1358563, 33
95830, 743871583

0,.396185187

Measurement wncertainty (k)
Y

0,000161388
0,000432548

Measurement wncertainty (R

Humber of data sets

Guess parameters +/- uncertainties
s_02 = 0,9745600
enot = 11.3252270
alpha = 0,0004730
sigsl = 0,0077460
sigwl = =0.0035310
sigs2 = 0,0088270

=F|

1.000000000

{initial guess):

+/- 0.3852200 ¢1.0000)
+/- 2,6435800 {0.0000)
+/- 0,0063110 {0.0000}
+/- 0,0054240 {0.,0000}
+/- 0.0021150 ¢0.0000}
+f- 0,0153170 {0.0000}

WSZ_04dncd 081 in k apace
T T

bk}

-4
T T

— WSZ D4dmDPE_LE1.chi

i |

10

= 4

Rax(R)] (477

WSZ_D4dec070_031.chi' n R pocw
T T . T v

— WSZ D4dm D70 LE1.chi
— k1 -

(R A

*AR = alpha*reff, 3 02 values, one EO, s02

*Doesn't work, constraint on AR values is too strong

ws2-bulk-big2.apj



Bulk WS2 . relax constraints on AR

Ifeffit | Results | Files | Messages | Echo | Joumal | Properties |

Results from the last fit

Raw log file

—I Save | Dismiss I

WSZ_D4dec070_031.chi' n R pocw
T T . T v

Comment
Prepared by
contact
Started
This fit at
Environment

chi-square

R-factor

s_02

enot

delsl
delwl
dels2
sigsl
sigwl
sigs2

=

Project title

Figure of merit

Independent points
Number of wariables

Reduced Chi-square

Fitting ws2_04dec073_081,chi
Fit #1

16:03:54 on 3 July, 2007
16:07:22 on 3 July, 2007

Artemis 0,828,010 wsing linux, perl 5.008008, Tk 204,
1

Measurement wncertainty (k)
Measurement wncertainty (R)
Humber of data sets

Guess parameters +/- uncertainties

WSZ_04decd?_081.cH" in k apace
v — — — v

Rax(R)] (477

— WSZ D4dm D7
— &1 -

i ““*ﬁW

LE1.chi

/\ /LA

— WSZ D40 DM LE1 chi
— &1

*3 AR values, 3 02 values, one EO, s02

*Model works well, reasonable values,

*Background needs to be fixed

13

____________________________________________________________ W2 |
............................................................ - T .
= 20.176757812 <[
= 8,000000000 al
= 47428, 964804231 <
= 3895.04043971396 TF ]
= 0,012993472 nl } } } 1
= 0,000161388 a o 2 4 5 e 0
- 0. 000432548 & -
= 1.000000000 =
E oo
Z af ]
{initial gquess): L .
0,8603050 TR 0,0532670 {gquessed as - 1
6.0364420 +/- 0.6188380 {guessed as -[ ]
-0.0791740  +/- 0,0042560 {quessed as @l ]
0.0036730 +/- 0.0038200 (guessed as _,;’\;J
-0,0530680 +/- 0,0155300 {quessed as e
0.0024000  +/- 0.0005080 {guessed as ol X }
0,0025200 +/- 0,0003510 {quessed as o 2 0
0, 0045570 +/- 0,0017430 {guessed as
—

ws2-bulk-big3.ap]j




Bulk WS, : re-work background

WSZ_04decd P 081" in k apace
— — — —— —

— WSZ D4de DM LE chi
— k1

WA

1chLf

kxlk) 7D

sparameters set to best fit values, except e0=0 *Model read into Athena
*Model saved to disk as chi(k) and read into Athena *New background made for data

ws2-bulk-bigd.ap]j
ws2-bkg2.prj



Bulk WS, : Model of Bulk WS, data

Ifeffit | Results | Files | Messages | Echo | Joumal | Properties |
- WSZ_D4dec070_031bkg2.chi' n R mocw
' — A = X T X T x T x T
Results from the last fit Rawlogfile | Save | Dismiss | 5
— WSZ_04dm070_[E1 bin2,
Project title i Fitting ws2_04dec079_081bkg2.chi — 1 |
Comment i Fit #1
Prepared by : S -
contact H
started : 16:18:34 on 3 July, 2007 e -~
This fit at : 16:19:01 on 3 July, 2007 l fa i
Environment ¢ Artemis 0.8,010 using linux, perl 5.008008, Tk 8 = 4 :\ ﬂ \J
Figure of merit : 1 % A
T . T
CS S S S S S S S S S S S S oS Co S S oo S oSS CSCS oSS CSCSCSCSESCSSSSESES=SES=S=S=S=S=S======== '.'- \
o 4
Independent points = 20,176757812 [ "l _
Humber of wariables = §,000000000 7
chi-square = 44793,703255300
Reduced Chi-square = 3678,623156101 a2k
R-factor = 0,013445620 X \ \ \ |
Measurement wncertainty (k) = 0,000161300 o o 2 4 5 e 0
Measurement uncertainty (R} = 0.000432314 o J R R
Humber of data sets = 1,000000000 = s
= L

Guess parameters +/- uncertainties ({initial guess): -

s_02 = 0,8506940 +/- 0,0554680 {0,8509) -l

enot = 0.1319460  +/- 0.6903470 {0,1351) s A \ ]

delsl = -0,0787080  +/- 0,0043670 {-0.0787) L . ]

delwl = 0.0038530 +/- 0,0038300 {0,0039) F 1

dels2 = -0,0533190 +/- 0,0155890 {-0,0533) = ¥ B ]

sigsl = 0,0023650  +/- 0,0005030 {0.0024) es . é . " — "; ';" ——

sigwl = 0.0025070  +/- 0,0003430 {0,0025}

sigs2 = 0.0045200 +/- 0,0017120 {0,0045} R (R)

, amd
-
- WSZ_04decdP_0B1bkgZeh in k apace
e e B
p=
DE1 bhn,

— &1

— WSZ D40

10

kY

«apply model to nano-particles

*Model works well, parameters are reasonable.

wsZ2-bulk-bigb.apj



Apply bulk model to Nano data

Ifeffit | Results I Files | Messages | Echo | Joumal | Properties |

W2none07jun348.chi' n R apoce
r T T T T

T 3
Results from the last fit Raw log file | save | Dismiss | ]
— WSZnonoL7jund48.chi
Project title i Fitting Ws2nano_07jun346. chi A — R 4
Comment 1 Fit #1 1
Prepared by : E
contact H | E
Started : 16:24:10 on 3 July, 2007 o
This fit at : 16:29:18 on 3 July, 2007 1
Environment :  Artemis 0.8.010 uwsing linux, perl 5.008008, Tk 20 fa i
Figure of merit : 1 g
o 2 ]
Independent points = 20,176757812 = 4
Number of wariables = 0,000000000 ~
chi-square = 3870830.,07 4
Reduced chi-square = 191845, 390 L 4
R-factor = 0.443016007 - i
Measurement uwncertainty (k) = 0.000037342 ol 4
Measurement uwncertainty (R} = 0.000100084 F\ g
Humber of data sets = 1.000000000 e 1 1 L
= 4 & [ 0
. e B g R (R)
Guess parameters +/- uncertainties (initial guess): = L
Set parameters: L
s_02 = 0.850340 L ]
enot = 0.135101 g i
delsl = -0,078708 of .
delwl = 0,003872 L
dels2 = -0,053292
sigsl = 0.002367
sigwl = 0.002508 a L
sigs2 = 0.004523 L] a
nsl = 3
nwl = 3
[ —pw

y

YSZrane 0 7an348ch in k apace
- — — —T -
— WSZ2nono L7jund48.chi
— &1
AsAA
NACE W
v
1 1
o L] i0 13
kY

*Model works well, parameters are set to previous

values, CN =3 for all paths

*Low R region not modeled well

ws2-nano-bigl.apj



nano WS, : Add oxygen path to model

Ifeffit I Results | Files | Messages | Echo | Joumal | Propertie

Results from the last fit Raw log file - Save| Dismissl

Project title
Comment :
Prepared by t
contact :
Started :
This fit at
Environment :
Figure of merit :

Fitting Ws2nano_07jun346, chi
Fit #1

16:37:14 on 3 July, 2007

16:37:231 on 3 July, 2007

Artemis 0,8,010 using linux, perl 5
1

Independent points
Humber of wvariable
chi-square
Reduced chi-square
R-factor

20,176757812
0,000000000
2501123.09
1233960, 604085308
0,364716463

s

Measurement wncertainty (k)
Measurement wncertainty (R)

0.000037342
0.000100084

Humber of data sets

Set parameters:
s_02

1.000000000

Guess parameters +/- uncertainties

{initial gquess):

X

= 0,850940
enot = 0,135101
delsl = -0,078708
delwl = 0,003872
dels2 = -0,053292
sigsl = 0,002367
sigwl = 0,002509
sigs2 = 0,004523
nsl = 3
nwl = 3
ns2 = 3
nol = 1
delol = -0,15
sigol = 0

Fl_l

YSZrane 0 7and48ch" in k apoce
- — — — v

— WSZnono L7jund48.<hi

— &1

K

(R A

0.2

[+R 1]

8]

Q.06

W2none07jun348.chi' n R apoce
T T T T T T
- — WSZnonoL7jund48.chi
- — k1 ]
d
| RN
fa B
W32ni i
T T E] 4
JF 4
1 1 1 N 1 1
o 2 4 4 .} 10
R (R)
|
.} 10

*Model works well, parameters are set to
previous values, CN =3 for all paths,

*W-O path, CN=1, delr=-0.15, ss=0

«fixes low k-region

wsZ2-nano-big2.apj



nano WS, :optimize fit parameters

Ifeffit | Results | Files | Messages | Echo | Joumal | Properties

Results from the last fit  Rawlogfile - Save| Dismiss
Project title i Fitting ws2nano_07jun346, chi

Comment i Fit #1

Prepared by

contact

Started 16:45:23 on 3 July, 2007

Environment 3
Figure of merit

Independent points
Humber of wariables
chi-square

Reduced Chi-square
R-factor

Number of data sets

Measurement wncertainty (k)
Measurement uvncertainty (R)

This fit at : 16:45:55 on 3 July, 2007
¢ Artemis 0,8,010 uwsing linux, perl 5.0
H |

Guess parameters +/- uncertainties

§3170,510305937
11588, 869581342

20.176757812
12,000000000

0,012887617
0.000037342
0.000100084
1.000000000

{initial guess):
+ -

(R A

0.2

[+R 1]

8]

Q.06

enot = 3.6987390 0, 8555040
delsl = -0.0751680  +/- 0,0057200
delwl = -0,0015200 +/- 0,0102440
dels2 = -0.0761520  +/- 0,0267500
sigsl = 0.0043560 +/- 0,0007460
sigwl = 0.0056940 +/- 0,0018180
sigs2 = 0.0111720  +/- 0,0075160
nsl = 3.7264150  +/- 0,3066410
nwl = 2.5220570  +/- 0,9107700
ns2 = 3.6515630  +/- 1,9753300
nol = 1.3927860 +/- 0,3077220
delol = -0.1721410  +/- 0,0074140
sigol = 0.0035320 +/- 0,0021000
Il -

*Model works well, parameters are
reasonable

clean up background

W2none07jun348.chi' n R apoce
[ T L T L T L T
[ — WSZnono_L7jund48.chi
ar — &1 .
e M f\
= AV
Ws2n g
T L !
i 2
[ L )
[ o[
d ? C 1 1 1 1 ]
L 1] 2 4 L 1.3 10
i R (%)
/ I\% ]
1 . l = Vo .
1] 2 4 L 1.3 10

ws2-nano-big3.apj



nano WS, :re-work background

. WTW' i|.1 ku?uca ' 'dl mllrioed Eroun'
= WSZnono L7jund48<hi - '-'nﬁﬁnmn.ﬂ?j.n]i
— R — WL tkft
1] .'ll 1ID 13 :‘ . l|l . 'I:J . 1I2 . 1I+
K{l"] k':x-l)

sparameters set to best fit values, except e0=0 *Model read into Athena

*Model saved to disk as chi(k) and read into *New background made for data

Athena

wsZ2-nano-bigéd.apj
wsZ2-nanobkgZ.prj



nano WS, :Modelling Nano-particles of WS,

Ifeffit I Results | Files | Messages | Echo | Joumal | Properties |

Wo2nane_07jun348|

Rax(R)] (477

W32none07jun348blg2.chi' N R apoce
T

|'\ - \‘rSEnnnn_D?jun: 48bknZ <
! ( — 1
af I ;
[ | .
® \,/\f ;’k[ o e B
iy )
o Y z ; v N s

R (R)

Results from the last fit Rawlogfile | Save | Dismiss |
Project title Fitting Wws2nano_07jun346bkg2. chi A
Comment Fit #1
Prepared by
contact
Started 17:01:16 on 3 July, 2007
This fit at 17:01:55 on 3 July, 2007
Environment :  Artemis 0.8.010 uwsing linux, perl 5.003008, Tk 804,02
Figure of merit :
Independent points = 20,176757812
Humber of wariables = 13.000000000
chi-square = 22285,025096786
Reduced chi-square = 3105,166104112 4 T
R-factor = 0,005052954
Measurement wncertainty (k) = 0.000038769
Measurement wncertainty (R) = 0.0001033089
Number of data sets = 1.000000000 a
a
Guess parameters +/- uncertainties (initial guess):
enot = -1.1413380 +f- 0,5383850 {0,0000}%
delsl = -0,0715330 +/- 0.0033670 {-0.0752) o I
delwl = 0.,0006280 T 0.0057470 {-0.0015} - -
dels2 = -0.0724340 +/- 0.0154770 {-0.0761) = oar
sigsl = 0,0037130 +/- 0.0004120 {0.0044}% = i
sigwl = 0.0053870 = 0.0010070 {0.,0057}% =
sigs2 = 0.0106710 +/- 0.0042320 {0,0112}%
nsl = 3,3581300 +f- 0.1624400 {3.7261)
nwl = 2,3370120 +/- 0.4818600 {2.5224)
ns2 = 3.4306430 = 1.03942580 {3.6545)
nol = 1.0460280 = 0.1328140 €1.3917)
delol = -0,1833500 = 0.0044650 {-0.1722)
sigol = 0.0013340 T 0.0010620 {0.0035}%
Set parameters:
s_02 0.850340

=

_—

=

YSZrane 0 7an3débkg Zeh' in k apoce

e e -
— WSZnona_D7juni48binze
— f1 ]

\ :
| (\J\f\ﬂ”"\fﬁ

k)

*Model works, background is good

«fit parameters are reasonable

wsZ2-nano-bigb.apj



The End



