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Read data into Athena

• Read individual files into Athena
– Align data using the reference

spectra
– Merge data in µ(E)
– Overplot merged data and

aligned spectra

WS2nano.prj



Merged Athena project file

• Keep merged data files together
for one project

• Compare χ(k) spectra and Fourier
Transform

WS2-1merged.prj



Check the pre-edge and post-
edge ranges in Athena

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

Align spectra to a reference
spectrum from the nanoparticles

Use IND (indicator) menu to locate
kmin=3.3 of FT compared to the edge



Comparison of Nanoparticle to Bulk

• Amplitude of nanoparticle χ(k) is smaller than amplitude of bulk χ(k)
• χ(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.

Check that chi(k) spectra
oscillate about zero

Compare FT



• 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

Get WS2 theory 



• 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

http://www.uku.fi/~thassine/projects/ghemical/

Ghemical screen shot

Understand the structure of WS2
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Path N R (Å) 
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

Scattering Paths

Understand the structure of WS2



• 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 Å 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

Compare WS2 FEFF calculation to WS2 bulk data

ws2-bulk1.apj



Decisions, Decisions

• Keep all the paths
– go onto the next slide

• Keep only the “big” paths
– skip to slide 27



• 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.

Bulk WS2: How many paths can we eliminate?

ws2-bulk2-amp5.apj



• 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.

Bulk WS2: How many paths can we eliminate?

ws2-bulk3-amp10.apj



• Model includes e0, alpha*reff, and 6 σ2 terms.

• Model fails at large R because restriction on ∆R is
too strong

Bulk WS2: Model WS2 with as few variables as possible

ws2-vars.apj



Bulk WS2: Model WS2 relaxing constraint on delr

ws2-vars2.apj

• Model includes e0,10 ∆R terms, set 6 σ2 terms to ~0.005 Ang2.

• Model works fairly well, now that ∆R are close, vary all params



Bulk WS2: Model WS2 relaxing constraint on delr

• Model includes e0,10 ∆R terms,  6 σ2 terms.

• Model works fairly well.

ws2-vars2b.apj



Bulk WS2: Making a theory for pretty background removal

• Re-run fit but set all variables to best fit values, except e0 set to zero.

• Artemis file ws2-vars2c.apj used to generate theory

• Save fit in chi(k) to disk and read into Athena

comparison of data and
sum of paths with e0=0.
This is done in Artemis.

New background removal
for the data.  This step
is done in Athena.

ws2-bkg.prj



• Beautiful background

• too Many ∆R values highly unsatisfactory.....

Bulk WS2: Making a theory for pretty background removal

ws2-vars2d.apj



MS paths do not contribute because of large sigma values

Bulk WS2: Reformulate ∆R list in terms of unit cell parameters

ws2-bulk-uc2.apj



Bulk WS2: Reformulate ∆R list in terms of unit cell parameters

ws2-bulk-ucb.apj



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

• need to add short oxygen signal

nano WS2: Compare model and data

ws2-nano-uc1.apj



nano WS2:  Adding W-O signal

• No1=1, delo1=0, sigo1=0

• need to shift oxygen signal -0.15 Ang

ws2-nano-uc2.apj



• No1=1, delo1=-0.15, sigo1=0

• need to optimize parameters

nano WS2:  Move W-O signal

ws2-nano-uc2b.apj



• need to fix background

nano WS2:  optimize parameters

ws2-nano-uc2c.apj



• set all parameters to best fit values,
except for e0=0

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

nano WS2:  Refining the background

ws2-nano-bkg.prj

•read  theory for chi(k) into Athena

•Make new background for data



nano WS2 :  Refining the model

ws2-nano-uc3b.apj



• determine Nw2, Nw3, and Nw4

• Model fit region from 5 to 6.4 Ang

nano WS2 :  Refining the model

ws2-nano-uc4.apj



Done
and
Starting over using just the
BiG paths



Bulk WS2 :  Look for big paths and a region in R where
paths do not overlap

First three paths (red, green, and purple) ‏
are much bigger and well separated from other paths

ws2-bulk1.apj



•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 Å-1

Bulk WS2 :  Sum up first three paths and compare to data

ws2-bulk-big1.apj



•∆R = alpha*reff, 3 σ2 values, one E0, s02

•Doesn't work,  constraint on ∆R values is too strong

Bulk WS2 :  Try simple model

ws2-bulk-big2.apj



•3 ∆R values, 3 σ2 values, one E0, s02

•Model works well, reasonable values,
•Background needs to be fixed

Bulk WS2 :  relax constraints on ∆R

ws2-bulk-big3.apj



•parameters set to best fit values, except e0=0

•Model saved to disk as chi(k) and read into Athena

•Model read into Athena

•New background made for data

Bulk WS2 :  re-work background  

ws2-bulk-big4.apj
ws2-bkg2.prj



Bulk WS2 :  Model of Bulk WS2 data

•Model works well, parameters are reasonable.

•apply model to nano-particles

ws2-bulk-big5.apj



Apply bulk model to Nano data

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

•Low R region not modeled well

ws2-nano-big1.apj



•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

nano WS2 :  Add oxygen path to model

ws2-nano-big2.apj



nano WS2 :optimize fit parameters

•Model works well, parameters are
reasonable

•clean up background

ws2-nano-big3.apj



nano WS2 :re-work background  

•parameters set to best fit values, except e0=0

•Model saved to disk as chi(k) and read into
Athena

•Model read into Athena

•New background made for data

ws2-nano-big4.apj
ws2-nanobkg2.prj



nano WS2 :Modelling Nano-particles of WS2

•Model works, background is good

•fit parameters are reasonable

ws2-nano-big5.apj



The End


