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Operation of easyXAFS 300+ OPXAFS-1, Rev. 8-2022

OPERATING PROCEDURE OPXAFS-1: OPERATION OF THE EASYXAFS
300+ X-RAY SPECTROMETER

1 Background

X-ray absorption fine structure (XAFS) refers to the details of how X-rays are absorbed by an
atom at energies near and above the core-level binding energies of that atom. XAFS spectra are
especially sensitive to the formal oxidation state, coordination chemistry, and the distances,
coordination number and species of the atoms immediately surrounding the selected element.
Because of this dependence, XAFS spectra provides a way to determine the chemical state and
local atomic structure for a selected atomic species. XAFS is routinely used in a wide range of
scientific fields, including biology, environmental science, catalysts research, and material
science. XAFS data often complements other measures of structure such as microscopy and
diffraction.

Since XAFS is an atomic probe, it places few constraints on the samples that can be studied. All
atoms have core level electrons, and XAFS spectra can be measured for every element on the
periodic table. Importantly, crystallinity is not required for XAFS measurements, making it one of
the few structural probes available for noncrystalline and highly disordered materials, crystals,
amorphous or glassy materials, macromolecules, surface sorbed species, and liquids. Because
X-rays are fairly penetrating in matter, XAFS is not inherently surface-sensitive, though special
measurement techniques can be applied to enhance its surface sensitivity. In many cases, XAFS
measurements can be made on elements of minority and even trace abundance, giving a unique
and direct measurement of chemical and physical state of dilute species in a variety of systems.

The XAS spectra are usually divided in two energy regions: 1) X-ray absorption near-edge
spectroscopy (XANES) energy region which extends between the edge region and over a 50-100
eV energy range around the edge and 2) the extended X-ray absorption fine-structure (EXAFS)
region which extends for hundreds of electron volts past the edge. XANES is strongly sensitive to
formal oxidation state and coordination chemistry (e.g., octahedral, tetrahedral coordination) of
the absorbing atom, while the EXAFS is used to determine the distances, coordination number,
and species of the neighbors of the absorbing atom.

X-ray emission spectroscopy (XES) is a form of X-ray spectroscopy where core electrons are
excited out of their shell and data is collected on the emitted photons from the return of these
electrons from the excited states to their core state. XES is element-specific and site-specific,
making it a powerful tool for determining detailed electronic properties of materials. XES
measurements often investigate Kg-lines, which measurements of valence-to-core energy
transitions.

A laboratory XAFS instrument contains a 1200 W X-ray absorption X-ray tube (either Mo or Ag
X-ray tube is available), a 100 W X-ray emission tube (either W or Pd X-ray tube is available), a
crystal analyzer (Ge 620, Ge 211, Si 100, Si 111, and Si 211 are available), a helium box to
minimize the loss of X-rays as they travel to the sample and detector, a sample holder (a single
holder or a sample changer with seven spots is available), and a detector.
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1.1 Monthly Calibrations/QA/QC Checks

Monthly calibrations are undertaken to verify the functionality of the instrument and to head off
any problems or safety concerns before they become larger problems that could result in
instrument failure. A calibration standard (iron foil) is used in the monthly calibration (see Section
3).

2 Safety Requirements

X-ray Absorption Fine Structure (XAFS) is a specific structure observed in X-ray absorption
spectroscopy (XAS). This scientific technique utilizes X-rays to obtain geometry and local
structural information on samples. X-rays are ionizing radiation and X-ray photons carry enough
energy to ionize atoms and disrupt molecular bonds, which makes X-rays harmful to living tissue.
A very high radiation dose over a short period of time will cause radiation sickness, while lower
doses will give an increased risk of radiation-induced cancer. The easyXAFS 300+ contains
radiation protective interlocks (the main door needs to be closed for operation) to prevent a user
from being exposed to the X-ray radiation during the use of the X-ray spectrometer.
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Opening the door to the instrument during operation will result in the X-ray tube being turned off.
The small red light in the back (left rear) of the instrument (XES mode) or the large red light on

the right rear of the instrument (XAS mode) is illuminated when voltage is applied to the X-ray
tube and X-rays are being generated.

The red light
indicates that
voltage is
being generated in | 5 applied to the

XES mode !'“ X-ray tube, and
. Lele || itisunsafeto
gt 1L open the door
to the
instrument,
when the red
and orange
The door must be lights are
closed for X-rays illuminated.
to be generated

Red light indicates
that X-rays are

If something gets caught in the motors of the instrument, the instrument has two motor emergency
stops, one on each end of the instrument (highlighted in red).
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All users are required to provide the NUCS Core Facility Staff with records of completion of the
WSU Radiation Safety Office Training Courses #1-7 & 10 (https://rso.wsu.edu/wsu-radiation-
safety-training/), prior to being trained on the use of the easyXAFS 300+ X-ray spectrometer.

3 Calibration Procedure

Materials: 7.5 um Iron Foil, Ge 620 spherically-bent Bragg crystal analyzer (SBA), easyXAFS
300+, Mo or Ag XAFS X-ray tube

3.1 Turn on the instrument and calibrate the instrument according to section 6 (Sections 6.1 to
6.41).

3.2 During the calibrations, set the Directory (Steps 6.22 & 6.23) to D:\XrayData\NUCS
Lab\Year\MonthlyCalibrations

3.3 Place the iron foil in the single sample holder as seen in Figure 6.49.

3.4 The Ka energy for Fe is 7112 eV. Set the Preset scans to Fe_ K and XANES mode
(highlighted in red).

easyXAFS
Hardware Control
Configuration and Setup  Alignment Scans  Scan Definition Data Collection _ Action Scripting _ Utities

a Conrol Sample Whee!
(Cose Cornecton| Run XAS/XES scans
Current ROI: (also saved in scan def)
B T " R—
‘sample Name: [Iron Foi 04-07-22 ]
Comments (saved to fil) ‘
Constant Step Zones: ‘Add Zone Remove Zone
Mode Min(eVordeg)  Max (e/ordeg) | Step(e/ordeg) | Duration sec)
1 Energy <m0 0970 20 15
2 Energy ~ 970 71520 025 30
3 Energy v|ns20 72520 20 30
K Step Zone: ] Include EXAFS K-Stepping Zone
xeayson shutter Open E
Xrays off
Warms
e S I T e
Hum. Scans: f 2] || Time per scan: 00:16:20 Total time: 00:16:20 Time Remaining: 0:00:00
Start Zone Scans| |Abort Scan| | | Points per scan: 303 Meets Bounds? Yes o

easyXAFS Instrument Status

Calibration Status: @ Save Location: MWeeky Calirations/April 7, 2022 eaS
Crystal Set: D Ge6,20) Current Scan Name: 2 Fol

Ketek Initiated: Current Scan Status:
X-ray Control Initialized:

D Froto (XAFS) Overall Time Remaining: ot ste
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3.5 Enter the Sample Name as: Iron Foil Calibration MM-DD-YYYY, where MM is the month,
DD is the day of the month, and YYYY is the year.

3.6 Click on the Start Zone Scans to begin the experiment. The experiment will take 16 minutes
and a completed scan will look similar to the picture below.

easyaars

Configuration and Setup  Allgnment Scans  Scan Defiition  Data Collection  Action Seripting  Utiltes

Double-dlick to autoscale (L. reset zoom).

x=7083.03, y=5302.7

B "
Engy ()
Deadtime

= T
Enegy ()

Abort Scan All Scans Fnished

sop s seoncoss | |

easyXAFS Instrument Status

Calibration Status: @ Save Location: ../Weskly Calibrations/April 7, 2022 easy
Crystal Set: P Ge(6,20) Current Scan Name: 7-22.001_exd.csy

Ketek Initiated: > Current Scan Status:
X-ray Control Initialized: @ Froto (XAFS) Overall Time Remaining: Version:0.3.3

3.7 After the data collection has completed, click on the Power Supply window and click on the
Close Shutter button to close the shutter. The Shutter Open light should not be illuminated.

aaaaaa con Run XAS/XES scans

Current ROT: (also saved in scan def)

> si149)

: @ Proto (uars)
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3.8 Remove the single sample holder and close the door to the easyXAFS.

3.9 Click on the Power Supply window and click on the Open Shutter button. The X-ray light
and the shutter open light should now be on.

Confgurton and Seup | AdgnmentScens Scanoctagon | bat Colecion Acton St o Unities

(oo Oomecin Run XAS/XES scans

Current ROL (also saved in scan def)

3 5449

: @ Poto (G455 Overall Time

3.10 Change the Sample Name to: Iron Foil Izero Calibration MM-DD-YYYY, where MM is the
month, DD is the day of the month, and YYYY is the year.

Dota Coiction Acton Serptng  sites

Gose Cornectan Run XAS/XES scans

in scan def)
oo IR

Crystal > 449
Ketek Initiated: @
X-ray Control Initialized: @ Frofo (XAFS)
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3.11 Collect data on an empty instrument to collect an lp. The experiment will take 16 minutes.
3.12 After the data collection has completed, switch to XES following Steps 7.1 — 7.10.

3.13 Since the instrument is already on, skip to Step 7.21 to turn on the XES X-ray tube.

3.14 Complete Steps 7.21 — 7.34.

3.15 Go to Step 7.36 and enter a filename of Fe Foil XES Theta Scan MM-DD-YYYY, where MM
is the month, DD is the day of the month, and YYYY is the year. Before pressing the Run
Scan button, enter the values of -0.5 for Theta Offset Min (deg), 0.0 for Theta Offset Max
(deg), and 0.10 Step Size (deg). The Theta scan will take 5-10 minutes.

3.16 Complete Steps 7.37 — 7.47.

3.17 When the data collection has been completed, the instrument can be turned off as indicated
in Section 9.

3.18 While you are waiting for the X-ray tube to cool down, a calibration report as indicated in
Section 4 can be completed.

4 Reporting Weekly Calibration
4.1 Collect XAFS and XES data on the iron foil reference sample as indicated in Section 3.

4.2 A blank report for monthly calibrations can be found on the Research drive at the following
file location: Z:\ easyXAFS\Weeky Calibration Data\

<asyXAFS 300+ X ray Spectomeler Monily Calbraton Form Rev. 042022 asyXAFS 300+ X-ay Spectrometer Monthly Cailbration Form; Rev. 04-2022
XES Monthly Calibration Data Collection Information
MONTHLY CALIBRATION FORM FOR THE EASYXAFS 300+ X-RAY SPECTROMETER
Callbrator Name Date of Calloration
Galibration Sample 7.5 um Fe Fol Crystal Analyzer Ge420
XAFS Monthly Calibration Data Collection Information Yoy Tube e ray Tube . Brage Angie () =
fion Xcray Tube Votage (kV) 250 Region of Interest Low (eV)
Crystal Analyzer G20 Xeray Tube Current (mA) 20 Region on Interest High (<)
Bragg Ange () 2 z y
70003 Zone 1 Energy Scan End (eV) 70393
Region of nterest Low (eV) 6750
= 20 0
Er 70303 7085.55
0 025 20
Zone 3Energy
71520
o) 706555 710375
20 Zone 3 Step (V) 10 10
S5 Post-Edge Energy Scan End (€V) 72920 L) S
Post-Edge Scan Step (V) 20 Post-Edge Scan Step Duration (sec) 20 04 2
Average Dead Time (%) AVerage len Dead Time (%) 711625 71300
oo Y72y Tube
ot 250 tro X12y Tube: Current (mA) 30 20 0
Sied N P of Calloration Sampie XES Spectrum of Calbration Sampee
Notes/
O No'issues
] Issues Found
Fil path for Callbration Data: D/XrayDataiNUCS Core:
File path for Calbration Form: ics Core
|
Date
NUGS Core Facilty Page20f1
NUCS Core Facilty Page 1011

NUCS Core Facility Page 9 of 10



Operation of easyXAFS 300+ OPXAFS-1, Rev. 8-2022

4.3

4.4

4.5

5

5.1
5.2
5.3
5.4

5.5
5.6
5.7
5.8

5.9

Enter the name of the NUCS Core Facility staff that collected the data and date of the data
collection. Also, include the instrument parameters on the Monthly Calibration Form.

Use the easyXAFS software to analyze the collected data to generate a mu plot for XAS
data and the XES spectrum which are added to the Monthly Calibration Form (see Section
8).

Please save the data and the report on the NUCS drive using the following file location:
Z:\easyXAFS\Monthly Calibration Data\Year\Month and place in the respective year and
folder for the data and report. Please ask the NUCS Core Facility staff if you have any
questions.

Sample Preparation

Prepare 100-200 mg of sample.
Use a mortar and pestle to finely grind the solid.
Place the ground solid on a flat surface (e.g. clean tabletop or a glass slide).

Dab the area covered with solid with a piece of Scotch tape (~ 2-3” in length) to obtain an
even layer of solid.

Brush off any excess solid with a paintbrush.
Repeat Steps 5.3 & 5.4 until have 5-10 pieces of Scotch tape with sample adhered to it.
Layer 5 pieces of tape (containing sample) on top of each other and tape together.

Trim the tape layers to have the sample about 1-2” in length, until the sample fits into the
holder.

Tape the layered tape with sample to the sample holder and analyze with the easyXAFS.

5.10 If the sample is not concentrated enough, add more layers of tape.

5.11 If the sample is too concentrated, remove some layers of tape.
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6 XAFS Data Collection on the easyXAFS 300+ X-ray Spectrometer

This section is to be completed after a weekly calibration (Sections 3 & 4) has been performed.
Materials: X-ray Sample, easyXAFS 300+ X-ray Spectrometer, Mo or Ag X-ray tube

6.1 Instrument time on the easyXAFS 300+ X-ray spectrometer are made on iLab
(https://wsu.corefacilities.org/), at least one hour prior to the user’'s instrument time.
Reservations are based on instrument time and are reserved in 30 minute increments, with
a minimum reservation time of one hour. Please reserve the desired instrument time on
iLab. If you have questions regarding booking instrument time, please ask the NUCS Core

Facility Staff.

ol Help  SignOut @

CrOSSLab | iLab Operations Software

Nuclear Magnetic Resonance Center > View Schedule
Confirm Usage

easyXAFS 300+ © © ©

- Sun, 06 Feb - Sat, 12 Feb 2022 i
Week (7 Days) [ Y~ < P Tone U8 sG] > Calendar Details
Sun, 06 Feb Mon, 07 Feb Tue, 08 Feb Wed, 09 Feb Thu, 10 Feb Fri, 11 Feb Sat, 12 Feb
~

6.2 Start by writing the date, starting time, and your name in the instrument logbook.

project -
ontinued freim Page 5

———x-ﬂy_hh_ :"""' Tk At e -t phonst Ll g0 -

ayf3x Héida . 1L, 4‘1“1 Sobfesare — e { I
Jud [ lrt-] ] |E. == = oy P 0
W L= | ]___I o 2 A .-.
Foelo2 Heden/ _M’ 'éfﬁ [ HL ols ;_'b .:=-1J|"l [Gebso  30/%
s/f” e :.:."Ti’ EEoCSETomEia ARE- e
3o A T e e e
3fre/2= E-’-“%ﬁ_ i b [ ] __L?—‘&z__ __ng i —[Iﬁiu.ll_'_l' amzel
330020 Jueghy Mo 3 5__13;_#T_Ii£_¢;;£é:ﬁ2&'££_
| i | I8 l_|> = il - i "I_.l' I| ll _'_"II'—
o 1Je SHESL 1 ) [ et L . =
[ [ W | | | | | I. | 1| |
. ] I_| J B __H_ BRI =R

6.3 If the computer screen requires a password, the password is changed every two weeks and
it is either easyXAFS or easyXAF$
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6.4 Then, check to see if the easyXAFS 300+ X-ray spectrometer is on. The default state is to
have the system powered down.

6.5 To start working with the easyXAFS 300+, you will want to start by turning on the chiller for
the X-ray tube. This is done by pushing the on button on the chiller. This should be running
for a few seconds before starting up the X-ray tube.

Ll 4 ‘.
# Chiller in Off State b
v Chiller in On State

6.6 Press the power button on the system controller to turn on.
System Cﬂltiqller in Off State

- @ System Congoller in On State
= ©
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6.7 Power on the electronics box by pushing the Mono power button.
YV ] N WYV

Elec‘:tronics Box ;n Off Sta - ‘eastAFS?’OO-l- :

EI;actronics ?ox in On QS",“tat"é

Press Power button
here to turn on/off

6.8 Close the door to the easyXAFS, if it is not already closed.

Y\ ¥ Door in Open State

6.9 After the power has been turned on to the electronics box and the system controller, the
software to control the instrument can be opened. To open the software, click on the
easyXAFS Python icon in the top right of the computer screen.
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6.10 When the software opens, it will look like the following picture.

1 e
Harduare Cortrl E)

ProtoHy Control | VarexHV Contral | Sample Wheel

Intsize

U e

Voltage (kv) |20

- ——
— e
— —
—

Hardware Control Motor Control

Configuration and Setup  Alignment Scans  Scan Definition  Data Collection  Action Scripting _ Utiites

Run XAS/XES scans

Current ROI: (also saved in scan def)

T

Sample Name: |FexPO4_I1_1

Comments (saved to filg):

Constant Step Zones: Add Zone
Made Min(Vordeg)  Max(eVordeg)  Step(&ordeg)  Durtion (s
K Step Zone: Include XAFS K-Stepping Zone
Energy Min (4) Khax Kstep Kweight Duraton sec)
.

5| Preset scans: |Fe K v s

Nom.Seans:  [L15] || Time per scan: 0:00:00 Toto Time: 0:00:00 Time Remaining: 0:00:00
Start Zone Scans| | Abort Scan | | | Ponts pr scan: 1A Meets Bounds?

«easyXAFS Instrument Status
Calibration Status: [ )
Crystal Set: Not Set

X-ray Control Initialized: (@) Not Set

Save Location:
Current Scan Name:
Ketek Initiated: Current Scan Status:
Overall Time Remaining:

OPXAFS-1, Rev. 8-2022

Export Termial to Save Drectory

0= easyXAFs

6.11 After the easyXAFS software opens, it will need to be minimized and the XAFS HV Control
icon in the top left of the computer screen will need to be opened. Double clicking on this
icon will open the Power Supply control, which needs to run in the background of the
easyXAFS software. The XAFS HV Control needs to be opened after the easyXAFS
software, otherwise an error message will result.

NUCS Core Facility
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6.12 When the Power Supply control opens, the following window will appear. This program just

needs to run in the background for XAFS measurements and will not be used with the new
software.

Power Supply App n

Power Supply Shutter

X-ray OFF Shutter Closed

Voltage 30.00 XRay ON

Current 3.00 *Ray OFF Open Shutter

0% Close Shutter
WamlLp

Cortiguration

6.13 After the Power Supply App opens, the easyXAFS software can be maximized and the

inititalize button (highligted in red), under the ProtoHV Control tab, is clicked to connect to
the XAS X-ray tube.

Configuration and Setup  Algnment Scans

- o x
s Scm Defon | ota Colecton | Acton Scrptng _ Usies n
Run XAS/XES scans
Current ROI: (also saved in scan def)
sreootceo): N wou ;[ won ) [
compe e ot T 1
Comments (sved to e}
Constant Step Zones: Addz Remove Zone
2 d) s eVordes) [
e seont e
ooe 0 [0 ]
e o) ]
Unite
K Step Zone: Incuds EXAFS K-Stepping Zone
xxxxx Enery Min () [ Ksiep Kweight Duston (e | EdgeEncgy (@0
ot
wamn
4 Scon Porametes] [Save SconPorameters|  Prese scns: [Fe Jlews o NI
o, scons: [t o 0:00:00 TtalTime: 0:00:00 Time Remaning: 0:00:00
Start Zone Scane] [AbortScan| || potsperscons A Mests Bounds?
Dot T o SaveDrectory
easyXAFS Instrument Status
Calibration Status: @ Save Location: notset eaSy
Crystal Set: @ Notset Current Scan Name: v stated
Ketek Initiated: Current Scan Status: ot storted
X-ray Control Initialized: (@) Not et
nnnnnnnnnnnnnnnnnn =

Overall Time Remaining: ot started

B47AM

@ 33 Mostysumy A B E G 0) Goat T
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6.14 When the easyXAFS software properly conencts to the XAS X-ray tube, the shutter to the
XAFS X-ray tube will need to be opened (click Shutter open button) and closed (click Shutter

Close button) to initialize the system. The X-ray Control Initialized light will become green
(highlighted in red).

I easyxars. - x
Hardnare Contral a
Configuration and Setup _ Algnment Scans | Scan Definton _ata Collection_ Acton Scripting Ut
ProoH Contol | VarexY Contl | SanpieWheel
(Cuse Connecton Run XAS/XES scans
Current RO (also saved in scan def)
woocr: D oo D o I
Sample ame: [FexPOA_T1_1 ]
Comments (saved tofle);
Constant Step Zones: ‘Add Zone Remave Zone
Mode Min(ordeg) | Max (e ordeg) | Siep (ordeg) | Duraion ec)
Chaose sepont Readbads
Valtage (k) (20 ]
Updte
K Step Zone: 2 Include EXAFS K-Stepping Zone
xrayson Shuttr Open Energy Min (e1) KMax Kstep KWegnt Ounton e | Edge Energy ()
Xeayzoft Shutter Cose 1
Werrp
lines/Edges
Load Scan Perameters| [Save Scan Parameters|  Preset scans: Fex ~| loars J
Num. Scons: [0 =] || ime per scans: 0:00:00 Total Time: 0:00:00 Time Remeining: 0:00:00
Stort Zon Scans | Abort Scan| || Foints per scan: A Meets Bounds? o%

easyXAFS Instrument Status

Calibration Status: Save Location: ot st
Crystal Set: Not Set Current Scan Name: ot started
Current Scan Status: Not Started
I X-ray Control Initialized: @) Proto (XAFS) I Overall Time Remaining: ot started rson: 0.3.3
Horduare Convol otr Conrdl

H £ Type here to search

6.15 Before turning on the X-rays, we need to check to see that all of the lights on the system
controller are off in the Safety Interlocks box. The vertical bar indicates the amount of
coolant flow on the X-ray tube and should have four-five bars illuminated. If one of the safety
interlocks is illuminated, there is a problem that needs to be dealt with prior to turning on
the X-rays. Please alert NUCS Core Facility staff if you need help in diagnosing a problem.

- -

SYSTEM CAUTION
CONTROLLER

PR
-3
X-RAYS

This equipment
- . produces radiation
\ZATION THERMAL when energized. T2
INITIAL e eperated oaly By
qualified personnst

FLOW SHUTTER

- -RAY
COOLANT X
LEVEL LOCK -

DOOR HV FAULT

SAFETY
coFClJ_lawT INTERLOCKS
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6.16 Then push the X-ray Enable button on the system controller to enable X-rays.
——

| |

mA)i

6.17 Once the X-rays are enabled, the X-ray tube will need to be warmed up. Move back to the
computer and use the easyXAFS software to warm up the X-ray tube.

6.18 To warm up the X-ray tube select a Voltage and Current for the X-ray tube to be warmed
up to. You usually want to pick the highest values you will need to measure your samples.
For most cases a Voltage of 30 kV and a Current of 20 mA (setting of 600 Watts), will be
fine. The maximum settings for this instrument is a Voltage of 40 kV and a Current of 30
mA (setting of 1200 Watts). After the desired voltage and current are entered click on the
Warmup button. The X-ray light should turn on and the values on the system controller
should be ramping up.

18 espars

mmmmmmmmmmm
Configuration and Setup  Algnment Scans  Scan Defiton  Data Colection_ Action Serpting _ Utlites.

e S
”””””” mecton Run XAS/XES scans
Current ROL: (also saved in scan def)
S
Sompl Name: FexPO4_IL_L
Comments (saved o fe):
Constant Step Zones: | AddZone Remove Zone
v —
e—— = —
vtaoe [ ]
R —
e
K Step Zone: Incude EXAFS K-Stepping Zone
xror0n swwom | |[ GegMa@)  KMe o Kse Kwegw  OustonGed =
xearoft i oo
Load Scan Parameters | Save Scan Parameters|  Preset scans: Fe_ EXAFS b
i E o000
cons [AbortScon| || poitsperscan: WA MeetsBounds?
2asyXAFS Instrument Status
Calibration Status: (@ Save Location: ot e
Crystal Set: Not set Current Scan Name: Not Started
Ketek Initiated: Current Scan Status: ot Started
X-ray Control Initialized: @) Frofo (XAFS) Overall Time Remaining Not Started
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6.19 The X-ray tube will begin to warm up and will take about 15 minutes to warm up. You can
monitor the progress by looking at the Power Supply App or clicking on the Update button
on the Proto HV Control of the easyXAFS software.

Power Supply App n

Power Supply Shutter

XRay ON Shutter Closed

Voltage 30.00

Curent  [10.00 Open Shuter
Warming Up 1% Close Shutter
kV=12.00, mA=1.50
Configuration Exit

6.20 While the X-ray tube is warming up, the instrument can be filled with helium gas. The X-ray
beam can be weakened by traveling through air, so instrument is filled with helium to provide
the most intense X-ray beam possible. The helium box should be filled during the weekly
calibration of the instrument by NUCS Core Facility staff and is only necessary if it has been
more than a week since the helium box was last filled.

6.21 Open the door to the instrument and open the valve on the helium box (highlighted in red)
by turning it counterclockwise about a full turn. The vent valve needs to be opened first to
avoid over pressurizing the helium box.

Helium Only. ;
Max Pressure = 1.0 atm ”
Max Flow Rate = 15.0 lpm

0 remremmr e TP T

ey
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6.22 After opening the vent valve, slightly open the valve (highlighted in red) connected to the
helium line by turning counterclockwise. You will hear a sound of the Kapton windows
expanding as the box fills with helium.

Helium Only.
Max Pressure = 1.0 atm i
te=15.0 lpm &0

6.23 Open the helium tank by turning the tank valve (highlighted in red) counterclockwise until it
stops, then turning it clockwise one-half turn. When the valve is open, the pressure inside
the tank should read greater then 500 psi. If the pressure is 500 psi or below, please inform
NUCS Core Facility staff.
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6.24 Check the flow rate on the wall, the center of the float should be at (or below) the black
mark on the flow meter to not exceed the max flow rate of 15 liters/minute. Adjustment of
the flowmeter should only be completed by NUCS Core Facility staff.

6.25 Let the helium box purge for 5-10 minutes.

6.26 After 5-10 minutes, close both valves, turning them clockwise, simultaneously to avoid a
pressure buildup. If in doubt, close the valve to the helium line (highlighted in blue),
immediately followed by vent valve (highlighted in red).

Helium Only.
Max Pressure = 1.0 atm
Max Flow Rate = 15.0 Ip!
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6.27 Once the helium box has been filled, close off the helium tank by turning the tank valve
(highlighted in red) clockwise until it stops.

6.28 When the X-ray tube has warmed up the Power Supply App will look like the following:

Power Supply App n
Power Supply Shutter
XRay ON Shutter Closed
M ey
I, Crvice
kV=30.00, mA=10.00
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6.29 After the X-ray tube has warmed up, you will need to configure the instrument. Using the
easyXAFS software, click on the Configuration and Setup tab.

easyaFs
Hardware Control

d setup l§ Algnment Scans  Scan Definiion Data Collection  Action Scripting _ Utlties
ProtoHy Contal  Varex Y Control Sample Wheel

=T Set Save Directory
srowse 0:/XcayDota/Guo/LufFexeOs_Moggle
Crysal Analzer: Materl H K . zer Radus Theta offset
Analyzer Selection [z, J AR ER 8IS )
Selec from vallabl base crystas <] select harmaric:

Get EDX spectrum:

Initalize 500 @ Collection Time (sec) 100 =

Collect MCA Spectrum

Autoset ROI? <@

Silicon Drift Detector: ‘ SE O Erom Spedrum| Low (e): [2000.0

Current ROI: Hoh () [ooos ]

’ ROt Manually | Low (o0
e o
P

o sesgcces: A P
soff
W

easyXAFS Instrument Status

Calibration Status: Save Location: Mot set

Crystal Set: @ Notset Current Scan Name: ot started
Ketek Initiated: ) Current Scan Status: ot started
X-ray Control Initialized: @) Frofo (XAFS) Overall Time Remaining:  fotstorted  verson: 033
Hardvare Conro Melor Canrl

5 5@ g S2M
@ 36Fsumy A SE Y gy

6.30 Start by setting the directory in the Set Save Directory section for the data collection. To
select a folder, click on Browse. The data is stored in the D:\XrayData folder. Then, select

the folder of the particular research group (i.e. NUCS Core Facility), followed by the folder
designated by the user’s last name.

Hardware Control &
Configuration and Setup  Alignment Scans _Scan Definition _Data Collection _ Action Scrpting _ Utilties
ProtoHY Contol | Varex W Control | Sample ihee!
e Set Save Directory
Browse [0:/xrayDate/Guo/Liu/Fexpo4_Maggie
Openfolder
< 4L ThEPC > DATAD) » MemyDsts
Organize
Sea Nem g
@ Onedive Guo older
Ha oder
@ Ondive Harch -
5 isec Moreau oder
3 30 Objects oder
e oder
XAFS Setup oder
oder

XAFS Testing
XXXXX ey = DATA (D)
soff < Gose v
Folder: | FESTRER
- =
easyXAFS Instrument Status
Calibration Status: ) Save Location: ot Set easy
Crystal Set: @ ot set Current Scan Name: ot stareed
Ketek Initiated: Y Current Scan Status: ot started
X-ray Control Initialized: @) Proto (XAFS) Overall Time Remaining: ot Started Version: 0.3.3

240
4172022 &

NG ED
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6.31 Once the directory has been chosen, click on Set (highlighted in red) to set the directory for
data collection. If the directory has been set correctly, the Set button will become green and
the Save Location will be indicated on the lower part of the screen (highlighted in red).

casyxars - x

Hardware Control 8 A View
Configuration and Setup  Alignment Scans  Scan Definition _ Data Collection  Action Scripting  Utlties

Proto KV Control  Verex HV Control  Sompl Vineel

Set Save Directory

lose Connection

Browse Core Facilty/Weekly C 1,2022
Crystal Analyzer: Material WK L Analyzer Radius Theta Offset
Analyzer Selection g Y6 Bl Elp 2] [s0s0 -0.084
Select from available base crystas: | select harmonic:

Get EDX spectrum:
Initaize 500| @ Callecton Time (sec): 100

Collect MCA Spectrum

Autoset Ro? @

Choose Setpont Readbods Silicon Drift Detector: St ROI Fiom Specrum| Low (ev): [2000.0
Current ROL:
vatage ) [ ]

aenenfe ] [ Low (eV): | ] e
setROIManually | Low (eV): [7000

e High (ev) | ] e
High (eV) [7800
Bragg(deg) ] Bragg(deg [76.02

High (V) [20000.0

ys0n
XroysOff
Wamp
Export Terminl to Save Drectary
easyXAFS Instr)
Calibration Status: @) Save Location: /Weakly Caitratiang/Apri 1, 2022 I eaS
Crystal Set: @ Not set A
Ketek Initiated: 9 Current Scan Status: ot started
X-ray Control Initialized: @ F/ofo (XAFS) Overall Time Remaining: ot storted Verson: 03,3
Hordare Control | Mator Contol
H P Type here to search . it @ 36F suny A B E 7z D) :z";:,z (]

6.32 Next, the crystal analyzer identity will need to be specified. The default value is for a Ge
620 crystal, which is used to analyze iron samples. If this crystal is to be used, the set button
can be clicked. See Steps 6.36-6.41 for directions on changing a crystal.

' Configurotion and Setup  Alignment Scans

Set Save Directory

Browse

a
Analyzer Selection rg,

Silicon Drift Detector:
Current ROI:
|
e
— — vosceo: R

easyXAFS Instrument Status

Calibration Status: @ Save Location: eskiy Coltrations/April 1, 2022 e a Sy
Crystal Set: @ Notset Current Scan Name: it torted
Ketek Initiated: (@) Current Scan Status: ot stored
X-ray Control Initialized: @ Frofo (XAFS) Overall Time Remaining: ot started Verson:0.3.3
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6.33 If another crystal is to be used, it can be selected from the drop-down menu, as seen below.

oS o x
HardwareContl s X5
Configuration and Setup  Alignment Scans  Scan Defintion  Data Collecion _ Acton Scripting _ Utities o
a1 Caned Ve Cotr | SanleWhee!
(Gose Comecton Set Save Directory
frouse o:X5oyDtaINUCS Core Facity Weekly Calbratns/Aprl 1, 2022 [ set
Crystol Anaiyzer: Material W K L Anolyer Radus Theta Ofset
Analyzer Selection [5; i = 5o oo |
Select from available base crystaf m lect harmonic: v
Ge(6.,2.0)
020 W specrum
taize 500 @ "7) ofction Time (sec): 100
f
S(221) Collect MGA Spectrum
si(100) H
[ Jlitoset ROI?
— } Silicon Drift Detector: ——— ]
S— e Current ROT: )
Yotoe ) [0 | urrent ROL: ) T
curent o4) o I | Low (&) ]
sotRo1Manualy | Low (ev): [7000 ]
e e
vigh (&) [7000 ]
rage(de | a0 =
xearson Suteropen Frosuce) segaeg ooz ]| remmsosmr
Xrays Off Shutter Close. g
wamo

Export Temina to Save Dvectory

asyXAFS Instrument Status

Calibration Status: (@ Save Location: Weekly Caltrotions/Aprl 1, 2022 e a S
Crystal Set: @ notset Current Scan Name:
L J

ot tarted.
Ketek Initiated: Current Scan Status: ot started.
X-ray Control Ini

Proto (XAFS) Overall Time Remai

ot Started Versen:0.33
ardware Convrdl Piotr Contol.

6.34 Upon selecting the crystal of choice, the harmonics will then need to be selected. A selection
from the harmonics drop down will need to be chosen. After making a selection, click on the
Set button to set the crystal analyzer.

oS - 8 x
Hardware Cotrol F) .
Configuration and Setup ~ Alignment Scans  Scan Definition  Data Collection  Action Scripting  Utilities. A view
Pt Conel | Vaex i Conrl Sl hed
ose Connecton Set Save Directory
srowse [DsRroyoatalUCS Core FacityWeeky Cabrations/Apr 1, 2022 s

oyl pnayzer vterel U Prolver Rodus Thea ot
Analyzer Selection ¢, e =

" s ff

Get EDX spectrum:

Initalize 500 @ Colcion T (s 344 B

ctrum)

oo sevont e Silicon Drift Detector:
s —_— Current ROI:
- T
anennn ¢ [ | T ]
e ¢ set ROIManually  Low (eV): |7000
[CC. ] g () [r300 ]

o e sosocer: [ arag(ceg 7602 ]

Xeays off Srutter Cose

e (o) 200000 ]

Warmn

EportTeminal o Save Drectory

easyXAFS Instrument Status
Calibration Status: @ save Location: Weeky Callratons/Apri 1, 2022 e asy
Crystal @ Ge620) Current Scan Name: ot started
Ketek Initiated: Current Scan Status: ot started
X-ray Control Initialized: @) Frofo (XAFS) Overall Time Remaining: ot started Verson: 0.3.3

Hardnare Contl | Motor Conrl
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6.35 If the crystal analyzer has been chosen correctly, the Set button will become green and the
Crystal Set will be indicated on the lower part of the screen (highlighted in red).

1 ciafs
Data Collction  Acton Scripting  Utites

P o e
G e Set Save Dlrectory
Browse Core 12022 | set
p— e
Analyzer Selection [g; = - :| __ j
Select from available base crystals: | SI(1,1,1) z
s @ :
Collect MCA Spectrum
Autoset ROI? @
e et et Silicon Drift Detector: =
Current ROI:
ot 00 . : Hgh o1
—— o
B T —
EE woncery |
e (@) —
= = sosoceo L -
e e
S

‘Export Terminal o Save Directory

easyXAFS Instrument Status
: — Sove Locaton: ety coosit 2 ea SyXAFS
Crystal Set: @ Si444) Current Scan Name: Not Started

= =

X-ray Control Intialized: @ Proto (XAFS)

Current Scan Status: Not Started

Overall Time Remaining: ot started Versen: 0.3.3

Horduere Contral  Motor Contral

H P Type here to search

6.36 If the crystal analyzer needs to be changed, it can be replaced with the desired analyzer.
The crystal analyzer can be found in the rear of the instrument (highlighted in red).

|
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6.37 To remove the current crystal, reach behind the holder for the crystal analyzer and loosen
the three mounting screws with your hand.

6.38 When the screws have been loosened, the crystal can be lifted out of the mount by pulling
up on the handle at the top of the crystal. If the crystal does not lift out of the mount, then
the mounting screws have not been completely loosened. Be careful handling the crystal
analyzers, they cost ~ $8,000 each.

Lift crystal here

Empty crystal mount
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6.40 Remove the desired crystal from the crystal case and place in the crystal analyzer mount in
the instrument. It helps to set the crystal on the bottom mounts (highlighted in red) and then
to slide it to the side mount (highlighted in blue).

-

6.41 Tighten the mounting thumb screws, they should easily screw into the crystal analyzer. If
the screws do not easily screw in, the crystal analyzer is not in the correct position. The
thumb screws should be snug, but not overly tight. The thumb screws should be easily
loosened by hand.

6.42 After setting the crystal analyzer, the detector needs to be initialized. Click on the Initialize
SDD button.

Configuraton and Setup | Algnment Scans  Scan Definion | Data Collection _Action Scriping  Utities
ool Varex v Convol | Saroie e
— Set Save Directory
== [D3/royDRtlNUCS Core Fcity/vieek Calbratons/Apr 1, 2022
i Crystal Analyzer: Mot WK L Anayzer Radus Theta Offset
Analyzer Selection g JE EEER BIEm )
‘Select from available base crystals: |Si(1,1,1) v Select harmonic: 44,4 v,
o spec
nitlze 500 @ Collection Time (sec): 1.00
Collect MCA Spectrum
Autoset ROI? @)
P Silicon Drift Detector: RO Fici Saeai Low (ev): [2000.0 ]
ggg w [ Current ROL: High (ev) [20000.0
Gurent o s T |
<etROIManually | Low (ev): [7000 ]
worey [ gh (o) [7300 ]
xearsoft
War
easyXAFS Instrument Status
Calibration Status: (@ Save Location: ../Weekly Calibrations/April 1, 2022 eaS
Crystal Set: @ S444) Current Scan Name: ot Started
Ketek Initiated: " ) Current Scan Status: ot started
X-ray Control Initialized: @) Proto (XAFS) Overall Time Remaining: ot Started
nnnnnnnnnnnnnnnnnnn a
; = = 1002 AM
Bl » oo osean i @ wrsumy A SE Y SN O
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6.43 The light next to the Initialize SDD will become green and the light next to Ketek Initiated
will become green (see below).

ensars - x
Flardwar Contr s
Confquroton and Setup | Algnment Scans | Scan Deinion Data Colecton Ao Scrpting | Uttes
oo Cond | Vrex Y ol Sl e
e Set Save Directory
srouse o3XrayOstlNUCS Core Facity/Weekly Calbratians/Apr 1, 2022 set

Crystl Analyzer: Moterial  H K L Anolyzer Radius Theto Offset
Analyzer Selection ; Y ERER 2] 5100 0o set

Select from available base crystals: |S(1,1,1) | Select harmonic: 444

Silicon Drift Detector: ‘ SEUROTFFGNSBEER Low (v): [20000 ]
]
]

Get EDX spectrum:

Current ROI: igh (ev) (200000

o
set ROT Manualy | Low (ev): [7000

o () High (ev) [7800

sessteeo: [N srogatieg 6.5z ]

vvvvvvv

easyXAFS Instrument Status

Calibration Status: (@ Save Location: ./ Weekly Calbrations/April 1, 2022 easy
= ot 4449) Current Scan Name: ot
Current Scan Status: o

Ketek Initiated: >
oy Contror muanzed o

Proto (XAFS) Overall Time Remaining: ot started Verson: 0.3.3

Notor Contl

6.44 Before a spectrum can be collected the motors in the instrument need to be calibrated. This
calibration process helps the motors find their stopping points. This calibration only needs
to be completed if the instrument was turned off since its last use. To begin the calibration
of the motors of the instrument, click on the Motor Control tab in the Hardware control
window (if not already visible), followed by clicking on the Initialize button. Clicking of the
initialize button will return the current positions of the motors.

Motor Control )
Configuration and Setup  Alignment Scans  Scan Defnition Data Collection  Action Scripting  Utities.

Monochromator Motor Controls
Set Save Directory
Browse D:/XrayData/NUCS Core Fadility/Weekly Calibrations/April 1, 2022

nnnnn ize
set

—
Caibrate Al

Analyzer Selection o s s o=

Select from available base crystals: |Si(1,1,1) | Select harmonic: [4,4,4

Get EOX spectrum,
Glose Comection| @ Coliecion Time (520 o0
Collct MG Spectrum

Autoset ROI? @

et From socin] Low (oV): [77771 ‘

Silicon Drift Detector:
Current ROL:
Low (ev): [ o]
et ROTManualy | Lo (eV): [7000
o (a1 [0

igh @) [10635:2

easyXAFS Instrument Status
Calibration Status: @) Save Location: eety Cltratons/pr 1, 2022 ea Sy
Crystal Set: ) Si444) Current Scan Name: Mot Started
Ketek Initiated: > Current Scan Status: ot started
X-ray Control Initialized: @ Frofo (XAFS) Overall Time Remaining: ot started Verson:0.3.3

P A
@ s sumy A GEED o O
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6.45 To calibrate the motors, click on the Calibrate All button, and you will hear the motors
moving and the motor status window will indicate that the motors are moving to their starting
positions. The motors and their respective names can be seen below.

Tl essyars - x
Motor Control

MCA View

Configuration and Setup  Alignment Scans  Scan Definton Data Collection  Action Scripting _ Utites

Monochromator Motor Controls
— Set Save Directory ‘
Browse [ ‘Core Faciity/ Weaky C 12022 J[ s
| Cabrate 1 |
T Crysl Andyzer: Neeral | K Anlyzer Radius Treta Offet
sogn e @ - Analyzer Selection (g YEEEE s100 w0 s
ey [ |G Aready Cabrated? Select from available base crystals: [Si(1,1,1) v Sel i v

(Gose Connecton] @ olle e

« .
Autoset ROI? @

SetROlFrom Soecium] Low (eV): [7777.1
Current ROL: High (ev) [10633.2

oo
‘set ROI Manually | Low (eV): |7000
v m——

Silicon Drift Detector:

easyXAFS Instrument Status
Calibration Status: (@ Save Location: ./ Weekly Calibrations/April 1, 2022 e a SyXA F S
Crystal Set: @ Si444)

Current Scan Name: ot tarted
Ketek Initiated: @ Current Scan Status: it started.
X-ray Control Initialized: @ Profo (XAFS) Overall Time Remaining: ot started Verson: 0.3.3

Hordnare Control  Motor Contral

H P Type here to search
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6.46 When the motors have been calibrated, the Calibration Status lights will be colored green.

MMMMMMMMMMM s W ven

Configuration and Setup  Alignment Scans | Scan Defintion | Deta Collection  Action Scripting  Utities

Set Save Directory

Browse

o
Analyzer Selection 5,

Select from avallable base erystals: |Si(L,

| |

(Close Connection| @ )
Collect MCA Spectrum

Autoset ROI? @

Silicon Drift Detector: SetRO From Soecirum| Low (eV): [7777.1

Current ROI:

High (ev) [10633.2

s
Set ROt Mamaly | Low (ev): [7000

Hgh @ I

oh (&) Hgh (ev) (7800

srageeo): ] sragg(deg [7602

PR easy

Mot Started.

Ketek Initiated: ’ Not Started
X-ray Control Initialized: @ Proto (XAFS) Overall Time Remaining: ot started

n PR e, i I @ 41 suny ~ G E 7 D)

6.47 Close the door to the instrument if it is not already closed. Note: the door should only be
completely open or completely closed. Partial opening and closing the door to the
instrument reduces the lifetime of the gas shocks on the instrument door.

6.48 Then, to continue with the calibrations, the shutter to the X-ray tube needs to be opened
(instrument door should be closed at this time). Click on the Shutter Open button in the
Proto HV Control window. The button will become green when the shutter is open. The
lights on both the X-ray On and Shutter Open indicators on the top of the easyXAFS should
be illuminated. WARNING: Do not open the door to the instrument when the shutter is open
and X-rays are on.

ment Scans  Scan Definon  Data Collection Action S

Set Save Directory

Bronse

Cose Connectn

re Faciity)Weekly Calibrabons/Api 1, 2022

” W« .
Analyzer Selection [5; R EFER BED

arystols: [S(1,1,1) v Select harmonic: 44,4

Close Comnection @

Silicon Drift Detector:
Current ROL:

oo
|

\\\\\\

€asyXAFS Instrument Status
Calibration Status: (@) :
D Si44%)

ized: @ Proto (XAFS)

e Conra Motor Gl
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6.49 To continue calibrating the detector, click on the Collect MCA Spectrum button and adjust
the Region of Interest by clicking and dragging the boxes in the top MCA spectrum to
surround the energy of interest and clicking on the Set ROI from Spectrum button. For an
iron foil, the K-edge is 7110 eV, so a range of about 6500 eV to 7500 eV is acceptable. The
ROI needs to have the energy of interest (7110 eV for iron) in between the Low and High
energies of the ROI. Current ROl is highlighted in blue.

€asyXAFS
Hardware Control

ProtoHV Control  VarexHV Control  Sample Wheel

(Close Connection

Choose Setpoint

e—_—
B —

Hardiware Control  Motor Control

H L Type here to search

Readbacks
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Shutter Close:
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Set Save Dlrecton/

Browse

core 7.0 |

Analyzer Selection (¢,

Crystal Analyzer: Material 3

Select from available base crystals:

Analyzer Radius Theta Offset
- : _ 5050

| Select harmonic:

Silicon Drift Detector:,

a

Get EDX spectrum:
Collection Time (sec):

Collect MCA Spectrum

lose Connection| @

l ‘ Autoset ROIZ | © ‘

7
Current ROI:

SetROT From Spectrum Low (eV): [6711.4 | ‘

Lo 7T E—
whili

Low (eV):

st RorManuelly | Lov (&)
[CICN - )
sreagies): [N sroggdeg [eo5 |

Calibration Status:
Crystal Set:
Ketek Initiated:
X-ray Control Initialized:

d
>
d
>

easyXAFS Instrument Status
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6.50 Then, select the Alignment Scan tab and enter the Theta Alignment Save Name.

Configuration and Setup IAhgnmen( Soansl Scan Definition  Data Collection Action Scripting  Utilities.

casyXAFS
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6.51 Then click on the Run Theta Scan button to start the Theta scan.

eayaFS
Hardware Control
Configuration and Setup ~ Algnment Scans  Scan Definition Data Collection  Action Scripting _ Utltes
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Ketek Initiated: > Current Scan Status: it started.
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4172022 o

6.52 The screen will change to the Data Collection tab and the following plot will be observed
when the Theta scan has completed. The program will place a cursor in the center of the
peak and ask you to accept the Theta Offset. Click on the Accept Theta Offset button. In a

normal scan, all four motors move. When aligning for the crystal, we want only the Theta
motor to move.
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Hardware Control 5
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6.53 After setting the Theta offset, the scan definition tab is used to set the parameters for data

collection.
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Hardware Conrol  Motor Control

H L Type here to search

Confgurtion and Setup  Algnment scansf] Scan oefnon] et Collecton  Acton

Scripting _ Utities

MCA View

Run XAS/XES scans

Current ROI: (also saved in scan def)

s NI

oo R

v oo IR ‘

sample Name: [Tron Foil 04-07-22

Comments (saved to file):

Constant Step Zones: Add Zone

Num. Scans:

L E

Start Zone Scans| | Abort Scan

“Time per scan: 0:00:00 Total Time: 0:00:00

Foints per scan /A Meets Bounds?

Remove Zone
Mode Min(Vordeg)  Max(eVordeg)  Step(eVordeg)  Duration (sec)
K Step Zone: [ Include EXAFS K-Stepping Zone
Lines/Edges
Load Scan Parameters| |Save Scan Parameters  Presat scans: Fe_K | XES Kb Check v

Time Remaining: 0:00:00

bt
jarmup_hander

protohv\_int_p)

\easyafs_env\iblste packagesiprotohvl_int_py’,
t((p, por)
error: Winiror

onnection coud be made because the target

easyXAFS Instrument Status
Calibration Status:

Crystal Set:
Ketek Initiated:
X-ray Control I

Save Local

Ge(6,2,0)

ized: @ Proto (XAFS) Overall Time Rem:

Current Scan Name:
Current Scan Status:

../Weekly Calibrations/April 7, 2022

Fe_Foi 000_exd.cs
Allgnment Scan Complete
Not Started

Export Teminal o Save Drectory

easy

Verson: 0.3.3

6.54 Start by entering the Sample Name and any comments with regard to the experiment. It is
good to include information about the sample, X-ray tube identity (Mo or Ag), X-ray tube

settings, etc.

easyXATS

Hardware Control

ProtoHV Control  Varex HY Cantrol Sample Whee!

Close Comnecton

F—— -
—r I
cormton & |
e
i Er

Warmup.

Hardnare Contral  Motor Control

Configuration and Setup _ Alignment Scans  Scan Definition Data Collection _ Action Scripting

Utites.

MCA Vew

Run XAS/XES scans

Current ROI: (also saved in scan def)

eraga(deg):

o e
L[

Sample teme: [Copper Foi

Comments (saved o fil):

\rer—

o I

Mode.

Min(eVordes)  Mox(eVordeg)  Step(eVordeg)  Durtion s
1 [energy <Joezso 89640 20 15
2 |Energy ~ o610 a0190 0zs 0
K Step Zone: include EXAFS K-Stepping Zor
Energy Min (&) Khax Kstep Kweight
1 %0190 120 005 10 30
Load Scan Parameters| [Save Scan Parameters.  Presat scans: | Qu_K </ [oaes S

Num. Scans:

[—]

Abort Scan

Time per scan: 00:35:24 Total time: 00:35:24

Points per scan: 464

eatssoundr v | | |

Duration (sec)

Current Scan Time Remaining: 00:35:00

Edge Energy ()
9790

Lines/Edges
Ka9780ey

%

Terminal Ouput

easyXAFS Instrument Status
Calibration Status:

Crystal Sef
Ketek Initiated:
X-ray Control Ini

Save Location:
Current Scan Name:
Current Scan Status:

Overall Time Remaining:

D (449

) Proto (XAFS)

./ Weekly Caltrations/Apri 1, 2022
Copper FoiL 000_exd.cs/

Running Scan 1 0f 1

00:35:00

ExportTerminl to Save Drectory

easy

Verson: 033
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6.55 Click on the Power Supply window and click on the Close Shutter button to close the shutter.
The Shutter Open light should not be illuminated.

Confiuraton and Setp  AlgnmentScans  Scan DaiiSon | Data Calection | Acion Sorping Ui

mmmmmm Run XAS/XES scans

Current ROL: (also saved in scan def)
oo I o o I

,,,,,,,,,, Cepperral

ot Temwd o Sseorecy

ﬂ easyXAFS

Calibration Status: @
Crystal set: @ st
Ketek Initiated: @ a
X-ray Control Initialized: @ Prolo (XAFS)  Overall Time

uuuuuuuuuuuuuuuu

6.56 Select sample for analysis, this should be a reference foil for an initial run to calibrate the
energy space. The NSC has acquired a set of 3d, 4d, and 5d metal foils from EXAFS
Materials as standards for calibration of the easyXAFS 300+. The 7.5 ym iron foil is used
for a training session.
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6.57 Attach the sample with masking tape to the single sample holder. The sample changer can
also be used, but it is often easier to have the reference foil o the single sample holder. Blue
painter’s tape is provided. Make sure that the metal foil can be seen through the hole in the

sample holder. Also, make sure that the sample is on the opposite side of the magnetic
mount.

6.58 Place the sample holder into the instrument in front of the detector. The sample holder clicks
into place with magnets.

Sample
Holder
Sits Here
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6.59 Close the door to the instrument.

6.60 Click on the Power Supply window and click on the Open Shutter button to open the shutter.
Both the Shutter Open and X-rays On lights should be illuminated at this time.

o

Lood Scan orameters Save Scan o

> 449

3 rroto Crs)

6.61 A good place to start in setting up your experiment is to use the preset parameters
(highlighted in red).

canyXaFs

- x
Hardware Control s
Configuration and Setup  Alignment Scans  Scan Definition  Data Collection  Action Scripting _ Utities N
roto Y Contol | varex Y Contrl | Sangle Wheel
(e Comertin Run XAS/XES scans
Current ROI: (also saved in scan def)
vt I o RN v o I
Somple eme: [Copper Fol J
Comments (saved to f) ‘
Constant Step Zones: ‘Add Zone Remove Zone
Mode Min(eVordeg)  Max(eVordeg)  Step (eVordeg)  Durston (ec)
1 energy <Jeezs0 #5640 20 15
Choose Setpaint Readbacks 2 Energy 89640 20190 025 30
e
K Step Zone: Include EXAFS K-Stepping Zone
Suter open Energy Min (e1) KM Kstep KWeight Dustion e Edge Energy ()
Ces 1 90190 120 005 10 20 w50
W
Lines/Edges
Load Scan Porameters| [Save Scon Parameters| | preset scans: |u_K NIETS S e
Time per scan: 00:35:24 Total time: 00:35:24 Curre ime Remaining: 00:35:00
i 1
ExportTerina to Save Drectry
easyXAFS Instrument Status
Calibration Status: @ Save Location: /Weaky Galbrations/April 1, 2022 e a S
Crystal Set: @ Si444) Current Scan Name: Copper Foil_000_exd.csv
Ketek Initiated: 2 Current Scan Status:  Running Scan 1 of 1
X-ray Control Initialized: @ Frofo (XAFS) Overall Time Remaining: 003500 ~ verson 033
Hordare Cantl | Velor Convl

[ [CE— ; ~
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MCA Vew

6.62 Adjust the Sample Name and comments, if necessary.

essphars
Hardware Contol
Configuration and Setup  Algnment Scans  Scan Definton Utites
ProtoHy Contsl | Vrex Canrl S Wheel
=t Run XAS/XES scans
Current ROI: (also saved in scan def)
5rogg(deg) Low (&) +gh (e1)
Sample tiame: [Copper Fol
Comments (saved o ie):
Constant Step Zones: ‘Add Zone Remove Zone
Viode Min(eVordeg)  Max(eVordeg)  Step(eVordeg)  Duraion se)
1+ energy <Jez200 85640 20 15
Crosee sepont Readnds 2 Energy ~Jessao s0190 025 30
votage () 20
tpsote
K Step Zone: include EXAFS Kk-Stepping Zone
5 Shuter G Energy Min (&) [ Kstep KWeight Dutionse) | Edge Energy (@0
Eres 1 0190 120 005 10 30 w0
Wamp
Load Scan Porometers| [Save Scon Parameters.  Preset scons: |Cu_K NE b
Nom. seans: 1 2] | Time per scan: 00:35:24 Total time: 00:35:24 || Current Scan Time Remaining: 00:35:00
B [Raaam) || pomspersaniass  Messsouncer ves || | .
Export Termina o Save rectory
easyXAFS Instrument Status
Save Location: ookl Calerations/apr 3, 2022 e a S
Current Scan Name:  copper ol 000_extcss
Running Scan 1 of 1
verson: 0,33
1038AM
& D e

Current Scan Status:
00:35:00
41°F Sunny

) Si444)
Overall Time Remaining:

Calibration Status:

Crystal Set:
Ketek Initiated: p)
D Proto (XAFS)

X-ray Control Initialized:

Motor Contrl

Hardnare Contral

H £ Type here to search
6.63 Clicking on the element drop down allows for the selection of a set of element edge energies
to be selected. Select the element and edge to be examined. For example, the Fe_K option

MCAView

Utiftes

Alignment Scans  Scan Definiton  Data Collection

Configuration and Setup
Run XAS/XES scans
v o R ‘

should be selected to measure the K-edge of iron.
woucev): | T

e
HardweContl
Prto Y Contl | Varext G | Sl e
s
Current ROI: (also saved in scan def)
sreostoeo): [

Sompltame: lon Fo 040722

Remove Zone

Comments (saved to fle)
Constant Step Zones Add zone
Min(eVordeg)  Max(eVordeg) Step(eVorde) Duraton (sec)

Mode
Termina Outp

Rescbacs
[ include EXAFS K-Stepping Zone

Chooee Sepant
Updete
K Step Zone:
Shuter Open @
Shuter ose

Voltage (kV)
curent () [
NeayeOn B e
xrapsOFF
warmup
lines/Edges
Load Scan Porometers| [Sove Scon porametersfl  Preset scons: [re Kb Check
Nom. Seans: [ 2] || Time pedlcan: 0:00:00 Tot Time Remaining: 0:00:00
Start Zone Scans| |Abort Scan| | | points pefscons: /A o
Exoort Termins toSave rectary
Calibration Status: @ ./ Weekly Caltrations/April 7, 2022 e aS
Crystal Set: D Ge(6,20) n Name: Fe_Foil000_exd.csv
Ketek Initiated: p) Current Scan Status:  Afignment Scan Complete
X-ray Control Ini Proto (XAFS) Overall Time Remaining: ot started Verson:0.3.3
Vot Gt

Harduare Contrl
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6.64 Clicking on the energy drop down allows for the selection of a vendor defined set of scan
parameters that are based around the absorption or emission energies of a particular
element. Select the desired experiment.

In the case of an XAS experiment, the XANES check experiment will last 18 seconds
(Range of 30 eV above and below the edge) and provide a user with information on whether
an absorption edge is present. The XANES option consists of three zones (pre-edge (40
eV before edge to 15 eV before the edge), edge region (15 eV before edge to 40 eV after
the edge), and post-edge (40 eV after the edge to 180 eV after the edge),) and will take
about 16 minutes for the data collection. The EXAFS option consists of two zones (pre-
edge (150 eV before edge to 15 eV before the edge) and edge/post-edge region (15 eV
before the edge to 40 eV after the edge),) and will take about 36 minutes for the data
collection. For an initial scan, the XANES check should be selected.

By selecting one of these preset scans, a user will have a good starting point for a data
collection experiment, but these parameters may not be the best for all samples. If other
parameters are desired, they can be changed in the Constant Step Zones section
(highlighted in red). Increasing the Step size will result in lower resolution data but a faster
data collection. Increasing the Duration will increase the resolution and result in a slower
data collection.

oaa Cermaman,

s

easyXAFS Instrument e

Calsbration Statws: 7] Save Location:
Crystal Sal; & cwELa Cimrren] Scam Hame:
Ketek Initisted: Current Scan Stakus:

X-ray Controd Initialized: @ Frofe (A5 Overall Time Remaining: v
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6.65 Once the desired zones for the experiment have been selected, click on the Start Zone

Scans button to start the data collection. After the data collection has started, the time
remining will be listed.

easyxars - 8 x
Hardware Control B

Configuration and Setup  Alignment Scans  Scan Definion Data Collection  Acton Scripting  Utities
ProtoHY Conrol | Varex HY Control | Sanple Wheel

ose Comection

Run XAS/XES scans

Current ROI: (also saved in scan def)
oo [ o N <o I

‘sample Name: |Copper Foi

Comments (saved tofile):

Constant Step Zones:

Remove Zone

Neie  Minordeg Vo orde) | Sep(eiordes
) - 2
Choose Setpont Readbads. 2 Energy 69640 %190 025 30
Ec—— |
comnton ——
e
K Step Zone: 7 Include EXAFS K-Stepy
[ Ko e e Errwy
1 w0 0 oss n M w0
e
Unestdges
ond sanparameier] o sanpoanetes]  mesesans [aux | [ours © e
[ ] || e per scom 003524 Toattme:aos3524 | urentscon Time Remoring:a0:35:00
5 Pootsan) || romspersomaes woctssondsrves | | -

Export Temnalto Save Drectary

easyXAFS Instrument Status
Calibration Status:

> T —— eas
Crystal Set: ) Si444) Current Scan Name: opper Foil

Ketek Initiated: ailScan oio G o1
Overall Time Remaining:  00:35:00

X-ray Control Initialized: @ Profo (XAFS)

Verson: 0.3.3
Hardware Conrel Motor Convrol

03AM

@ 4 sumy A GE ED oo O

6.66 When data begins to be collected the following image will result. If a scan needs to be

stopped, the Abort Scan button can be clicked on. The deadtime should be less than 30%
(highlighted in blue).

essyiass - x
Hardnare Control
Configuration and Setup Al

ns  Scon Definton | Data Collection  Acton Scripting _ Utities
ProtoHi Conbol  Varex Y Conrl Sane e

Double-cick o autoscale (i

x=8831.08, y=4028.0

Data
7 =0
=
550 e w0 o 50 0
ey @)
Deadtime
£ £ £ =5 £ X
Eneray )
Current Scan Time Remaining: 00:33:25
o terscan e | M "

easyXAFS Instrument Status

Calibration Status: @ Save Location: Weekly Cabrations/pr 1, 2022 e aSy
Crystal Set: D Si449) Current Scan Name: Copper Foil 000_exd.csv
Ketek Initiated: > Current Scan Status:  Running Scan 1 of 1
X-ray Control Initialized: @ Froto (XAFS) Overall Time Remaining:  00:33.25 Verson: 0.3.3
Fardvare Conl NetorConvl

NUCS Core Facility Page 39 of 40



Operation of easyXAFS 300+ OPXAFS-1, Rev. 8-2022

6.67 If an edge is not seen with a reference foil, then there is a problem with your Region of
Interest. Try resetting it (Step 6.49) and try a data collection again.

caspxafs - X
Hardure Control

Configu ns | ScanDefintion  Data Colecon _ Acton Scrpting _ Utites e ven
PrtoHy ontl | VarexHV Contal_ Sancle hee

oute
o coman
x=7083.03, y=5302.7
Data
nnnnn Edge Step
-
nnnnn
S sw00
;
= 40000
Choose Setpont Readbads 30000
Com— |
Updata 10000
- - o
xxxxx or Shutter Open’ n Energy (ev)
Xrays Off Shutter Closs Deadtime
=
E
Warmup Fl
g
i
1
Abort Scan All Scans Finished
@ (&)
O orgg i ) sooierseneres | R -

Export Termina to Save Drectory

easyXAFS Instrument Status
Calibration Status:

2 Save Location: ./ Weekly Calibrations/April 7, 2022 e a Sy
Crystal Set: P Ge6.20) Current Scan Name:  ron -
Ketek Initiated: > Current Scan Status: Al e
X-ray Control Initialized: @ Proto (XAFS) Overall Time Remaining: — Versan:0.3.3
Hordare Contrl | Motr Coirl

H P Type here to search

@ 47°F Sumy A B 7z dx

6.68 If an edge is seen in Step 6.67, then the instrument is ready to collect data on samples

containing the element present in the reference foil and a user sample can be placed in the
spectrometer.

6.69 Click on the Power Supply window and click on the Close Shutter button to close the shutter.
The Shutter Open light should not be illuminated.

@ S(119)

D Pow(AF)  overall
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6.70 Attach the sample to the sample holder, place the sample in the spectrometer, and close
the door to the spectrometer.

6.71 Click on the Power Supply window and click on the Open Shutter button. The X-ray light
and the shutter open light should now be on.

@ S0

: @ Poto (A7)

6.72 Click on the Scan Definition tab, adjust the zones for data collection and Sample Name as
desired. Adding additional zones, if needed.

easylars - 85 X
Hardware Control

Configuration and Setup  Alignment Scans  Scan Definition  Data Collection  Action Scripting _ Utites
Protohy Control | Varex Y Conral | Sample Vihee!

Run XAS/XES scans

XS Sampl Wheel

ntilze Current ROI: (also saved in scan def)

T

Sampe tame: | Copper Fol J

Comments (saved to file):

N/A
Constant Step Zones: Add Zone Remove Zone
Mode Min(@Vordey) | Max(Vordey)  StepleVordeg)  Duration sec)
1[Energy <Jes200 s5610 20 2
2 [Eneny < o940 a0190 s 3
K Step Zone: (0] nclude EXAFS K-Stepping Zone
Energy Min (@ st Kwaight Durat
UinewEdges
Lood Scan Porameters| Save Scan Parameters|  Preset scans: |Cu_K < |pars < et

: 00:06:48 Total time: 00:06:48 Al Scans Finished

weetssounds ves | | | -~

r—

Start Zone Scans| | Abort Scan

easyXAFS Instrument Status

Calibration Status: @ Save Location: /Weekly Calbrations/April 1, 2022 easy
Crystal Set: @ 54449 Current Scan Name: Copper Foil003_exd.csy
Ketek Initiated: <) Current Scan Status: s/ scans Finished
X-ray Control Initialized: @) Proto (XAFS) Overall Time Remaining: - Version: 0.3.3

Hardware Control | Motor Contrl

= R

150 AM
202
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6.73 Then click on the Start Zone Scans button. Make sure that the shutter is open, if not, the
Dead Time will read 255%. The Dead Time should be 30% or less. If the Dead Time is
greater than 30%, decrease the current or the voltage of the X-ray tube to obtain a Dead
Time less than 30%. If the scan needs to be stopped, the Abort Scan button can be
clicked.

Configuration and Setup  Algnment Scans | Scan Defiiion | Data Collecton | Acton Seriptng Ut

Run XAS/XES scans

K Step Zone: ] Include BXAFS K-Stepping Zone:

> 54149

D Proto (XAFS)

6.74 When the scan has completed, a XAFS spectrum will be displayed in the XES/XAFS
Spectrum window. The data is automatically saved at the end of the data collection.

casyXAFS - x

Hardware Control

MCA View

Configuration and Setup  Alignment Scans  Scan Definion ~ Data Collection  Action Scripting  Utiities
ProtoHV Control | VarexHY Control | Sanple iheel

x=7083.03, y=5302

Data
€ o
= 40000
Choose Setpoint Readbacks 30000
el ]
e ——— |
= 10000
X-rays On Shutter Open n Energy (ev)
Xerays OfF Shutter Close o
N
)
Warmp <
F
2o
.
Energy (ev)
X-Axis Select

Abort Scan
@ Energy (ev)

O trgg Angle (ée0) sop st scn o | -~

Export Terminal to Save Directory

easyXAFS Instrument Status

Calibration Status: J Save Location: <./ Weekly Calibrations/April 7, 2022 ea Sy
Crystal Set: ) Ge620) Current Scan Name: Iron Foil 04-07-22_001_ext.csv
Ketek Initiated: > Current Scan Status: 4/ scans Finished
X-ray Control Initialized: @ Proto (XAFS) Overall Time Remaining: — Version: 0.3.3

Hardiware Control  Motor Control

H L Type here to search
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6.75 At this point you can collect the l.eo (background) data, by closing the shutter (Step 6.69)
and repeating Steps 6.71 and 6.73 without a sample present in the spectrometer. This
measurement provides a background spectrum. Be aware that Currents as low as 3 mA,
when the Voltage is 30 kV, are needed to have a Dead Time lower than 30%. The lzern
needs to be collected at some point during the instrument time before changing the
instrument settings. An lzero will need to be collected for each data collection parameters
(i.e. changing the Zone Steps in Step 6.64).

6.76 After the | has been collected, the sample holder can be inserted back into the
spectrometer and data on samples are collected according to Steps 6.69-6.74. Please keep
the data collection parameters (Step 6.64) the same for all of the samples collected to
simplify the data analysis (Section 8).

6.77 If desired, the Sample Wheel (pictured on the left), which can house seven samples, can
be used in place of the single sample holder (pictured on the right).
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6.78 If the sample wheel is used in the spectrometer, make sure that the masking tape that is
holding the samples in the sample holder does not prevent the sample wheel from rotating.

6.79 Once the sample wheel is loaded with samples, it is placed in the spectrometer and the
USB cable is connected to the holder to control the sample selection.

6.80 To use the sample wheel, click on the Sample Wheel tab and click on the Initialize button.
Every time the sample wheel is removed from the instrument, the Initialize button will need
to be clicked.

Configuration and Setup  Algnment Scans | Scan Definton _ Data Collecon  Acton Scripting Uit

x=8827.44, y=2741.6

a0 a0 a0 a0 P 0 %0 a0

z
H

w0 w0

s Select

® energy (ev)
O sragg Angle (deg)

J
Calibration Status: @ ‘ e a S y
Crystal Set: @ s449 |
Ketek Initiated: @) |
X-ray Control Initialized: @ F7ot0 (XAF5)

eContrd  Potor Cntd
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6.81 To advance the Sample Wheel, either enter a sample position in the text box and click on
the Go button or use the wheel to adjust the sample location and click on the Go button to
advance the Sample Wheel.

Configuration and Setup  Alignment Scans  Scan Definition Data Collection  Action Scripting  Utilties

Run XAS/XES scans

[ep——

— Current RO (also saved in scan def)
vceo: [ o I > IS

Sample Name: [Iron Foi 04-07-22 ]

Comments (saved to fie);

Constant Step Zones: Add Zone Remove Zone
Mo 9 Swp(eVordeg)  Durat

1 Eneray 20 13
2 energy 070 520 0z 30
K Step Zone: 2 nclude EXAFS K-Stepping Zone

Energy Min e1) Kiax Kstep Kweght Duation sec) | Edge Energy (e1)
1 71520 120 00s 10 30 o

Uines/Edges
Lood Scen Parameters| [Save Scan Parameters  preset scans: [Fe_K loars e
scan: 00:35:58 Totaltme: 00:35:58 Al Scans Finished

st oessouncerves || | -~

ExportTeminal to Save Drectory

easyXAFS Instrument Status

Calibration Status: @ Save Location: ns/April 7, 2022 easy
Crystal Set: ) Ge(620) Current Scan Name: 2 001_exd.cs
Ketek Initiated: > Current Scan Status:
X-ray Control Initialized: @) Froto (XAFS) Overall Time Remaining: —

tor Contrl

6.82 The sample wheel will take 1-2 seconds to move to the desired sample location. The
indicator will say that the wheel is moving and the Current Position is 0, until it reaches the
set position, which will have the Current Position listed as the desired sample position.

x

Configuration and Setup  Allgnment Scans  Scan Defintion  Data Collection  Action Scripting  Utlities

Run XAS/XES scans

Current ROI: (also saved in scan def)
vco: (o o IS

Sample ame: [Tron Foi 04-07-22 ]

Comments (saved to fie): ‘

Constant Step Zones: Add Zone Remove Zone
Mode Min(eVorde) Mex(Vordeg) Step(eVordeg)  Du
1 energy | sse20 0970 20
2 Energy ~| o370 20
K Step Zone: Include EXAFS K-Stepping Zone
Energy Min (1) KMex Kstep KWeight Duretion sec) Edge Energy (1)
171520 20 005 10 20 m2o

easyXAFS Instrument Status

Calibration Status: @ Save Location: Weekly Calbrations/April 7, 2022 e aSy

Crystal Set: ) Ge6,20) Current Scan Name: Iron Foil 04-07-22.001_exd.csv
Ketek Initiated: > Current Scan Status: 41/scans Finished
X-ray Control Initialized: @ Froto (XAFS) Overall Time Remaining: - Version: 0.3.3

1003 AM

* e N

6.83 Upon completion of the data collection, please see Section 8 for Data Analysis and Section
9 to power down the spectrometer.
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7 XES Data Collection on the easyXAFS 300+ X-ray Spectrometer

It will take at least 15-30 minutes to switch between XAFS and XES mode. The NUCS Core
Facility has a Pd and a W X-ray tubes for XES. The default XES X-ray tube is W. Please contact
the NUCS Core Facility staff if the Pd X-ray tube is desired for XES measurements.

7.1 To set up the instrument for XES measurements, the XES X-ray tube needs to be moved
into the source position, the original source position is seen below.
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7.3 Slide X-ray tube platform back until it stops and retighten the knob to keep the tubes from
moving. Make sure to not pinch any cables as the X-ray platform is moved.

7.4 Unscrew knob underneath the XES tube and slide XES tube platform forward until it stops
and retighten the knob.
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7.5 The sample holder, slits, and collimator can be found in a cardboard box in the bottom
drawer of the desk at the easyXAFS.

Slits and Extra
Sample Holders

Sample Holder

Collimator

7.6 To minimize the counts that are not from the crystal a collimator is placed on the detector.
Use a 2.5 mm hex key to remove the screws on the front of the detector and add the

collimator and tighten the screws back down. If more space is needed, the motors can be
moved.

Screws to be removed

| S

7.7 The instrument is equipped with three slits (0.5, 1.0, and 2.0 mm), where one is attached to
the XES X-ray tube.
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7.8  Will want to start with the 0.5 mm slit and move to a larger slit if your sample is too dilute. A
1.5 mm hex key will be needed to change the slit size. The slit will need to be adjusted on
the XES tube (highlighted in red) before inserting your sample holder.

% ‘ =

7.9 The sample holder uses a 1.5 mm hex key to hold the sample in place. The sample will
need to be centered over the circle in the holder. The sample can also be taped onto the
front of the sample holder.

7.10 Then add the sample holder in the magnetic position in front of the XES tube. The picture
on the right has the sample holder in place.
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7.11 Open easyXAFS data collection software, if not already open, by double clicking on the icon
in the top right of the Desktop.

@ 24°F Mostly doudy ~ G

7.12 Switch to the Motor Control tab once the software is open.
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Motor Control MCA View
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7.13 Initialize the Motors, the button should read Close Connection, when connected.
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7.14 Then click on calibrate the motors if they have not been calibrated.

casyXAFS
Motor Control

Clear Errors X-ray Control Initialized:

Hardware Contral  Motor Control

H L Type here to search

NUCS Core Facility
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7.15 When the motors have been calibrated the Calibration status light will be green. The
Calibration Status at the bottom of the screen will also have a light that will be green in color.

casyXAFS - x
Motor Control

MCA View

Configuration and Setup  Alignment Scans  Scan Definion  Data Collection  Action Scripting _ Utiities
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Double-click to autoscale (i.e. reset zoom).
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7.16 Then initialize the detector by clicking on the Configuration and Setup tab and click on
Initialize button in the Silicon Drift Detector Section. The light will become green. The light
next to the Ketek Initiated will also become green.
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7.

—
\l

The sample location can be adjusted with the screw located on the back of the sample
holder. Want the sample aligned behind the slit for the best counts and best resolution.

7.18 Will want to collect some data and look at the count rate, then do two % turns and check
again, want the highest counts.

7.19 If count rate goes up, then the sample is in a better position

7.20 Set the save Directory and the Crystal Analyzer

casyXAFS - o x
Motor Control & MCA View
Configuration and Setup  Alignment Scans ~ Scan Definition  Data Collection ~ Action Scripting  Utilities
Monochromator Motor Controls ‘
Close Connection N
Browse [p:/xraybata/NUCS Core Facility/XES Fe Foil Test J [ set
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Energy (eV) Go Already Calibrated? Select from available base crystals: | Ge(6,2,0) v Select harmonic: |6,2,0 ~

Get EDX spectrum:

Collect MCA Spectrum
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Herdware Control  Motor Control

H L Type here to search

7.21 Before Collecting data, the door to the instrument needs to be closed and the power to the
XES power needs to be turned on (highlighted in blue). A red light will turn on when the
button is pushed.

7.22 Then flick the switch on the electronics box from XAFS to XES (highlighted in red in above
picture).
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7.23 At the software, select Varex HV Control to work the XES Tube, under Hardware Control
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7.24 Click on initialize to turn on the X-ray tube. The button will read Close Connection when
activated. Several lights on the bottom of the screen will also be light up green in color.
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7.25 The preheat setpoints and filament limits are shown in the software.
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7.26 If the mode on the electronics box is not on XES mode, you will not be able to ramp up the
power on the X-ray tube.

&
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7.27 Then click on X-ray Enable, all of the lights should be green, and the X-rays On light should
be green. Enabling the X-rays also opens the shutter to the XES tube.
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H P Type here to search if - @ 45°F Mostly cloudy

7.28 The XES light indicator for the instrument should be illuminated, indicating that the X-ray
tube is powered up and the shutter is open.

1
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7.29 Then enter a Filament Preheat of 1.5 A and click on Set. The Set button should turn green
and the Preheat value should always be 1.5 A.
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7.30 The Filament limit should be set to 3.1 A. Click on the Set button to accept the value.
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7.31 Max power on the XES tube is 100 W.

7.32 The XES tube does not have a warm up procedure.

7.33 The max voltage for the XES tube is 35 kV. The combination of voltage and current cannot
exceed 100 W.

7.34 A value of 25 kV and 2.0 mA is a good place to start. Click on the Set button to accept the
values.
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7.35 To determine the analyzer, go to X-ray data for elements and select analyzers and the
element of choice: Fe in this case, then KB1 and see that the best choice is the Ge 620
crystal. Usually the higher Bragg angle is the best choice.
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7.36 Click on an alignment scan. And then add a filename and then click on Run Scan under the
XES section. A sample should not be in the instrument at this time.
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7.37 After running for a little bit (2-3 minutes), a window will pop up where the alignment scans

will show up.
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7.38 Using the default settings will take about 45 minutes to complete the alignment scans and
a plot looking similar to the plot below will result. Changing the Step Size to 0.10 or 0.20 in
Step 7.36 can greatly reduce the time for the Theta offset data collection. To determine the
Theta offset, pick the peak that has the largest number of counts. A choice of -0.30 or
-0.25 would be the best for the plot below. If a peak is not seen after a few scans, trying
placing the reference foil into the sample holder in the spectrometer and repeating the theta
scan. If peaks are still not seen, then the region of interest is incorrect or the best theta
offset value is outside the default values and a new window or theta offset upper and lower
bounds (try +1.5 to -1.5) needs to be chosen.
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7.39 Enter the Theta Offset value in the Analyzer Section of the Configuration and Setup tab and
click on the Set button.

)

Silieam Drift Detecter:

SR - a2 easyXAFS Instrument Status
- Calibration Statws: V] Save Location; *
Crystal Set; B GaELY Current Scan Name: e
Ketek Inftiated: > Current Scn Status: s
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7.40 After setting the Theta Offset. Click on the X-ray Disable button to close the shutter and turn
off the X-ray tube. The indicator for the X-ray emission X-ray tube should turn off.

- o

Confiuratos 3l 540 AbgrastScaes  ScenDubsbes  Dela Coleet

= Sat Save Directory
brense =
cyaal
Analyzer Selection o,
< insta

Siliean Drift Debector:
Current ROL:

easyXAFS Instrument Status

Calbration Statws; V] Sawe Location:
Crystal Sat; § caE Current Scan Name:
Kook Initiated: ) Current Scan Status:

X-ray Controd Initlalized: @ Varer (VES) Urverall Time Remaining:

7.41 Insert the sample in the instrument as shown in Step 7.10.

7.42 Click on the X-ray Enable button to open the shutter and turn on the X-ray tube. The XES
indicator light should turn red.

Cofipureton 3] B0 AlgraetScees  Senfwbsber  DelaColecion  AcesSmpng  Udms

= Sat Save Diractory
ronse o T
[——
Analyzer Selection (g,
e tautas

n makitle
Sp—

B

. L Silicon Drift Debector: e

o B Current RO[:
Y —

E |

easyXAFS Instrument Status
Calbration Statws; Save Location:
Crystal Sat; § caE Current Scan Name:
Kook Initiated: ) Current Scan Status:
X-ray Controd Initlalized: @ Varer (3ES) trverall Time Remsining:
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7.43 Then, click on the Scan Definition tab and select the zones to be analyzed. The Preset scan
can be set to XES Kp long, which is about a 7 minute scan. If other parameters are desired,
they can be adjusted the parameters in the Constant Step Zone Section (highlighted in red).

s
(€ =G Run XAS/XES scans
Current ROI: (also saved in scan def)
oo I o I o I

sample Name: [Iron Fol 04-07-22

Comments (saved to file):

Constant Step Zones: Add Zone Remove Zone

Mode Min(cVordeg)  Max (Vordeg)  Step (eVordeg)  Duration (sec)

+ | Eneray <|7ones 7393 20 10
2 Eneray © i3 706555 025 20

Energy < moesss 70375 0 0
4| Energy © 075 625 04 20

N Step Zone: ] Include EXAFS K-Stepping Zone y

0:06:33 Total time: 00:06:33

cans [Abort Scan Meets Bounds? Yes

easyXAFS Instrument Status

Calibration Status: @ Save Location: < /April 7, 2022/Emission eaSy
Crystal Set: ) Ge6,20) Current Scan Name: ron Foil 04-07-22_007 exd.csv
Ketek Initiated: > Current Scan Status:  guming Scon 1 of 1
X-ray Control Initialized: @ Varex (XES) Overall Time Remaining:  00:03:03 Version: 0.3.3

7.44 Click on Start Zone Scan to begin the data collection.

7.45 When the scans have completed, an emission spectrum will be shown on the screen. The
emission spectrum below is for an iron foil.

o= = t + g L
IJL]J[I&.I IERUIRY bl o
.
; .
L] o
s

easyXAFS Instrument Status

easy

Calibration Statws: @ Save Location:
Crystal Set: ) GaELaE Current Scan Masme:
Ketek Initiated: Curvent Scan Status:
X-vay Control Inftialized: @ Voer (ES) Urveradl Time Remaining:
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7.46 If the analysis of additional samples is desired, repeat Steps 7.40 — 7.45 as needed. Note:
a new Theta scan is only needed if the crystal is changed.

7.47 Before shutting off the instrument, a background spectrum without the sample present will
need to be collected.

7.48 To return to XAFS mode, click the switch on the Electronics box back to XAFS and turn off
power to the XES tube by pressing the XES power button, which will turn it off.

7.49 Remove the collimator as shown in Step 7.6 and move the X-ray tubes back to their original
positions, following Steps 7.2 — 7.4, so that the instrument matches what is shown in Step

7.1.

7.50 See Section 9 for instructions on how to turn off the spectrometer.
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8 Data Analysis on the easyXAFS 300+ X-ray Spectrometer

8.1 To work up easyXAFS data, the instrument vendor provides a program to work up the
collected data.

8.2 To open up the data processing software double click on the easyXANES icon on the top
right of the Desktop.

Power Supply Shutter

XRay ON Shutter Open

8.3 The following program will open.

[ easyxaFs (Data Processing) v0.3.1 - [m] x
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8.4 Clicking on the Launch Data Browser will cause the following window to open:

7 easyXANES Data Browser - o X

Double-ciick on a Directory to load ALL data files located in that directory and subdirectories.

Double-diick on a File to load that fil
Base Directory

Clear Files

8.5 To visualize the raw data collected, click on the easyXANES DataViewer, which will open a
new tab.

7 easyXANES Data Browser - o x

Unselect AlFes:

8.6 To process XAFS data, click on the Launch XAFS Processor icon (highlighted in red).

[ easyXAFS (Data Processing) v0.3.1 - [m] b3

Launch Data Browser

s Lauch xS processar

Launch XES Processor
lic

[ enercy sirroa
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8.7 When the XAFS Processor is loaded, a data and an |, file will need to be selected prior to
creating a mu plot. Start by selecting a trans file, click Plot selected files to get a quick view

of the spectrum to make sure that the correct spectrum is plotted.

7 XAFS Processor
Double-click on a Directory to load ALL data files located in that directory and subdirectories.
Double-click on a File to load that file.

Hold shift and drag to select multiple files.

Selected files can be -and-dropped into I-zero/I-trans.
e Add another I-rans

Irans-0

Unselect All Files

Plot Sel

Caleulate XAFS (MU) fror

8.8 To view the data, click on Load Files button, select the files to be viewed and click on the
Plot Selected Files button to view the data plots.

| XAFS Processor

Double-click on a Directory to load ALL data files located in that directory and subdirectories.

Double-click on a File to load that file.

Hold shift and drag to select multiple files.

Selected files can be dragged-and-dropped into I-zero/I-trans.
Add another I-trans

Select Base Directory

T-rans-0

Unselect All Files

Clear Files
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8.9 To view the mu Plot, click on the Calculate XAFS (MU) from Selected Files button, and a
window showing the data and the mu plot will show up.

B python - o X

Fe Foil Test Ag Tube2_alldata_0.txt

Fe Foil Test Ag Tube2_alldata_0.txt

Save current to file

Save AL spectra with auto-naming

8.10 To save the mu plot, click on the Save current to file button (highlighted in red), and save
the data as a .csv file. Right clicking on the plot will allow for the unshifted mu plot to be
saved as an image (needed for weekly calibrations).

B python - o X

Save current to file

Save ALL spectra with auto-naming
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8.11 After saving the mu plot, the data in the file will need to be shifted in regards to a reference.
To do this, click on the Energy Shift Tool (highlighted in red).

[ casyXAFS (Data Processing) v0.3.1 - o x

E« Energy shift Tool

8.12 A window will then open and the .csv file generated in Step 8.11 will need to be selected.
When selected, the mu plot will be seen in the upper right of the window.

5" Energy Shifter - [m| X

xanes @QED 55 reRefrol2 aldste_0.bctcov_shifted.cv

Select Reference Dataset

7150
— unshifted

Select Base Directory Unselect All Files

MName Size ype Fe Ref Foil2_alldata_0.txt.csv_shifted.csv

. Manuals
. Larch
l Drrivers
l cache

Clear Files

Save all selected files with spedfied energy shift
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8.13 To determine the amount of energy to shift the spectrum, the first derivative of the mu plot
can be taken by changing from Raw data to 15t Derivative (highlighted in red below).

B Energy Shifter — m} x

xanes @I 5 FeRefroi2aldste 0
Select Reference Dataset
S ) (7.111.25, 0.1989767)

7150
—— unshifted

Select Base Directory Unselect All Files

MName Size ype Fe Ref Foil2_alldata_0.txt.csv_shifted.csv

. Manuals
. Larch
. Drivers
. cache

Clear Files

Save all selected files with spedfied energy shift
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8.14 The maximum value can be determined by moving the cursor over the highest peak and
the energy value is given as the x-value (highlighted in red).

B Energy Shifter

Select Base Directory

£f FeRef Foil2_alldata_
oil Test Ag Tube!

. cache

xanes  (QEIND s

Select Reference Dataset

(7,111.25, 0.1989767)

Element & Edge for calibration:

: RRRT=E

7150
— unshifted

Unselect All Files

Fe Ref Foil2_alldata_0.txt.csv_shifted.csv

Clear Files

Save all selected files with specified energy shift

8.15 If desired, the 2" Derivative can also be examined by changing the 15! Derivative option to
2" Derivative (highlighted in red below).

57 Energy Shifter

Select Base Directory

oil2_alldata 0.t

st Ag Tube_allda

NUCS Core Facility

xanes (D s

Select Reference Dataset

Element & Edge for calibration:

. 0 an
K |||E.|.|

ing and interpolation for data

7150

— unshifted

Unselect Al Files

Type  Fe Ref Foil2_alldata_0.txt.csv_shifted.csv

Save all selected files with specified energy shift
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8.16 Using the value of the shift for the mu plot from the 1%t derivative, the value can be entered
as the from energy and the To Energy can be set to the calibration energy. Clicking on the
button to Apply shift results in a mu plot at the shifted energy.

¥ Energy Shifter

xanes QD s

Select Reference Dataset

Element & Edge for calibration:

: Ll

thing and interpolation ft

7100 7150 7200

— unshifted — shifted
~—— shifted

Select Base Directory Unselect All Files
Name

il Fe Ref Foil2_alldata_0
it Ag Tube?

. Manuals
. Larch
. Drivers
. cache

Clear Files

8.17 The shifted mu plot is saved by clicking on the Save all selected files with specified energy
shift button (highlighted in red).

&7 Energy Shifter

xanes @I s FeRefroizaicat 0.

Select Reference Dataset

Element & Edge for calibration:

Tried

7100 7150 7200

— unshifted — shifted
— shifted

Unselect All Files

Fe Ref Fail2_alldata_0.tx d.csv

B xroyData
B Manuals
B ek
B Diivers
B cache

Clear Files

Save all selected files with specified energy shift
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8.18 To analyze XES data, click on the Launch XES Processor option.

[ casyXAFS (Data Processing) v0.3.1

[ enerey shireron

8.19 A window will open up. Start by selecting the base directory, by clicking on the Select Base

Directory button.

® " XES Processor
Double-click on a Directory to load ALL data files located in that directory and subdirectories.

Double-click on a File to load that file.
Hold shift and drag to select multiple files.

Add another dataset

Unselect Al Files

Clear Files

Plot

Combine XES d;
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8.20 Click on the zip file of a data set, to be added to the plotting window. Highlight the desired
files and click on the Plot Selected Files button to view a plot of the emission data. Right
clicking on the emission plot will allow for the plot to be saved as an image (needed for the

weekly calibration report).

7 XES Processor
Double-click on a Directory to load ALL data files located in that directory and subdirectories.
Double-dick on a File to load that file.

Hold shift and drag to select multiple files.

Selected files can be dragged-and-dropped into Datasets.

Add another dataset

Select Base Directory

Dataset-0

Iren Foil
Iron Foil

Clear Files

Plot Selected Files

Combine XES data from Selected Files

8.21 XES data can also be shifted similar to XAS data, by following Steps 8.11 —8.17, but clicking
on the XES option (highlighted in red).

7 Energy Shifter

xanes (QED Xe5 reRefroi aldsta 0.5

elect Reference Dataset

Element & Edge for calibration:

7150
— unshifted

Select Base Directory Unselect All Files

e FeRef Foil2_alldata_D.xt.csv_shifted.csv

B cche

Clear Files

Save all selected files with specified eneray shift
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9 Shutting Down the easyXAFS 300+ X-ray Spectrometer

9.1 To shut down the easyXAFS spectrometer, click on the Close Shutter button on the Power
Supply App, which will close the shutter on the X-ray tube. When the shutter is closed the
Shutter Open light will no longer be illuminated.

Power Supply App n
Power Supply Shutter
XRay OFF Shutter Open
Vottage XRay ON
Curment Open Shutter
kV=30.00, mA=10.00 WamUp
Configuration Exit

9.2 Then click on XRay OFF button on the Power Supply App, which will turn off the X-ray tube.
When the X-ray tube is off the X-ray On light will no longer be illuminated.

Power Supply App n
Power Supply Shutter
XRay OFF Shutter Open
Vottage XRay ON
Curert Open Shutter
kV=30.00. mA=10.00 WarmLip
Configuration Exit

9.3 After the X-ray tube has been turned off, the electronics box can be turned off. The off state
of the electronics box is shown below.
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9.4 Then the system controller can be turned off by first pushing the X-ray enable button,
followed by the power button. The off state of the system controller is shown below.

9.5 Let chiller run for about 15 minutes after the X-rays have been turned off to make sure the
X-ray tube is cooled down before turning off the chiller.

9.6 While you are waiting to turn off the chiller, this is a good time to analyze your data (see
Section 8) and to enter the ending time of your experiment in the instrument logbook.

9.7 Also, check to make sure the instrument is set up for XAFS measurements for the next user.
This only needs to be done if samples were measured by XES. The instrument should look
like the following picture when done.
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9.8 Turn off the chiller by pushing the power button on the front of the chiller. The off state of
the chiller is pictured.

i
.

9.9 Before leaving the room, make sure the door to the easyXAFS is closed and the instrument
should look as seen in the picture below.
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10 Training

All users are required to provide the NUCS Core Facility Staff with records of completion of the
WSU Radiation Safety Office Training Courses #1-7 & 10 (https://rso.wsu.edu/wsu-radiation-
safety-training/), prior to being trained on the use of the easyXAFS 300+ X-ray Spectrometer.

Instrument Trainers

Zach Heiden, NUCS Core Facility, 509-335-0936

Bill Hiscox, NUCS Core Facility, 509-335-8259

Nuclear Science Center Emergency Line: 509-335-0004

Training on the easyXAFS X-ray Spectrometer consists of the safe use of the instrument,
collection of a single XAFS and XES dataset on an iron foil, data analysis using the easyXAFS
software, discussion of the interlock system and safety features of the easyXAFS 300+ X-ray
Spectrometer, making instrument reservations in iLab, submitting an instrument problem report,
powering the X-ray tube up and down, keeping records of use in the instrument logbook, and data
transfer/access.

The form that is completed during a training session is seen below:

sasyXAFS 300+ X-ray Spactromster Training Form; Rev. 04-2022

TRAINING FORM FOR NEW USERS OF THE EASYXAFS X-RAY SPECTROMETER

NUCS Core Facility Page 77 of 77


https://rso.wsu.edu/wsu-radiation-safety-training/
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	1 Background
	1.1 Monthly Calibrations/QA/QC Checks

	2 Safety Requirements
	3 Calibration Procedure
	3.1 Turn on the instrument and calibrate the instrument according to section 6 (Sections 6.1 to 6.41).
	3.2 During the calibrations, set the Directory (Steps 6.22 & 6.23) to D:\XrayData\NUCS Lab\Year\MonthlyCalibrations
	3.3 Place the iron foil in the single sample holder as seen in Figure 6.49.
	3.4 The Kα energy for Fe is 7112 eV. Set the Preset scans to Fe_K and XANES mode (highlighted in red).
	3.5 Enter the Sample Name as: Iron Foil Calibration MM-DD-YYYY, where MM is the month, DD is the day of the month, and YYYY is the year.
	3.6 Click on the Start Zone Scans to begin the experiment. The experiment will take 16 minutes and a completed scan will look similar to the picture below.
	3.7 After the data collection has completed, click on the Power Supply window and click on the Close Shutter button to close the shutter. The Shutter Open light should not be illuminated.
	3.8 Remove the single sample holder and close the door to the easyXAFS.
	3.9 Click on the Power Supply window and click on the Open Shutter button. The X-ray light and the shutter open light should now be on.
	3.10 Change the Sample Name to: Iron Foil Izero Calibration MM-DD-YYYY, where MM is the month, DD is the day of the month, and YYYY is the year.
	3.11 Collect data on an empty instrument to collect an I0. The experiment will take 16 minutes.
	3.12 After the data collection has completed, switch to XES following Steps 7.1 – 7.10.
	3.13 Since the instrument is already on, skip to Step 7.21 to turn on the XES X-ray tube.
	3.14 Complete Steps 7.21 – 7.34.
	3.15 Go to Step 7.36 and enter a filename of Fe Foil XES Theta Scan MM-DD-YYYY, where MM is the month, DD is the day of the month, and YYYY is the year. Before pressing the Run Scan button, enter the values of -0.5 for Theta Offset Min (deg), 0.0 for ...
	3.16 Complete Steps 7.37 – 7.47.
	3.17 When the data collection has been completed, the instrument can be turned off as indicated in Section 9.
	3.18 While you are waiting for the X-ray tube to cool down, a calibration report as indicated in Section 4 can be completed.

	4 Reporting Weekly Calibration
	4.1 Collect XAFS and XES data on the iron foil reference sample as indicated in Section 3.
	4.2 A blank report for monthly calibrations can be found on the Research drive at the following file location: Z:\ easyXAFS\Weeky Calibration Data\
	4.3 Enter the name of the NUCS Core Facility staff that collected the data and date of the data collection. Also, include the instrument parameters on the Monthly Calibration Form.
	4.4 Use the easyXAFS software to analyze the collected data to generate a mu plot for XAS data and the XES spectrum which are added to the Monthly Calibration Form (see Section 8).
	4.5 Please save the data and the report on the NUCS drive using the following file location: Z:\easyXAFS\Monthly Calibration Data\Year\Month and place in the respective year and folder for the data and report. Please ask the NUCS Core Facility staff i...

	5 Sample Preparation
	5.1 Prepare 100-200 mg of sample.
	5.2 Use a mortar and pestle to finely grind the solid.
	5.3 Place the ground solid on a flat surface (e.g. clean tabletop or a glass slide).
	5.4 Dab the area covered with solid with a piece of Scotch tape (~ 2-3” in length) to obtain an even layer of solid.
	5.5 Brush off any excess solid with a paintbrush.
	5.6 Repeat Steps 5.3 & 5.4 until have 5-10 pieces of Scotch tape with sample adhered to it.
	5.7 Layer 5 pieces of tape (containing sample) on top of each other and tape together.
	5.8 Trim the tape layers to have the sample about 1-2” in length, until the sample fits into the holder.
	5.9 Tape the layered tape with sample to the sample holder and analyze with the easyXAFS.
	5.10 If the sample is not concentrated enough, add more layers of tape.
	5.11 If the sample is too concentrated, remove some layers of tape.

	6 XAFS Data Collection on the easyXAFS 300+ X-ray Spectrometer
	6.1 Instrument time on the easyXAFS 300+ X-ray spectrometer are made on iLab (https://wsu.corefacilities.org/), at least one hour prior to the user’s instrument time. Reservations are based on instrument time and are reserved in 30 minute increments, ...
	6.2 Start by writing the date, starting time, and your name in the instrument logbook.
	6.3 If the computer screen requires a password, the password is changed every two weeks and it is either easyXAFS or easyXAF$
	6.4 Then, check to see if the easyXAFS 300+ X-ray spectrometer is on. The default state is to have the system powered down.
	6.5 To start working with the easyXAFS 300+, you will want to start by turning on the chiller for the X-ray tube. This is done by pushing the on button on the chiller. This should be running for a few seconds before starting up the X-ray tube.
	6.6 Press the power button on the system controller to turn on.
	6.7 Power on the electronics box by pushing the Mono power button.
	6.8 Close the door to the easyXAFS, if it is not already closed.
	6.9 After the power has been turned on to the electronics box and the system controller, the software to control the instrument can be opened. To open the software, click on the easyXAFS Python icon in the top right of the computer screen.
	6.10 When the software opens, it will look like the following picture.
	6.11 After the easyXAFS software opens, it will need to be minimized and the XAFS HV Control icon in the top left of the computer screen will need to be opened. Double clicking on this icon will open the Power Supply control, which needs to run in the...
	6.12 When the Power Supply control opens, the following window will appear. This program just needs to run in the background for XAFS measurements and will not be used with the new software.
	6.13 After the Power Supply App opens, the easyXAFS software can be maximized and the inititalize button (highligted in red), under the ProtoHV Control tab, is clicked to connect to the XAS X-ray tube.
	6.14 When the easyXAFS software properly conencts to the XAS X-ray tube, the shutter to the XAFS X-ray tube will need to be opened (click Shutter open button) and closed (click Shutter Close button) to initialize the system. The X-ray Control Initiali...
	6.15 Before turning on the X-rays, we need to check to see that all of the lights on the system controller are off in the Safety Interlocks box. The vertical bar indicates the amount of coolant flow on the X-ray tube and should have four-five bars ill...
	6.16 Then push the X-ray Enable button on the system controller to enable X-rays.
	6.17 Once the X-rays are enabled, the X-ray tube will need to be warmed up. Move back to the computer and use the easyXAFS software to warm up the X-ray tube.
	6.18 To warm up the X-ray tube select a Voltage and Current for the X-ray tube to be warmed up to. You usually want to pick the highest values you will need to measure your samples. For most cases a Voltage of 30 kV and a Current of 20 mA (setting of ...
	6.19 The X-ray tube will begin to warm up and will take about 15 minutes to warm up. You can monitor the progress by looking at the Power Supply App or clicking on the Update button on the Proto HV Control of the easyXAFS software.
	6.20 While the X-ray tube is warming up, the instrument can be filled with helium gas. The X-ray beam can be weakened by traveling through air, so instrument is filled with helium to provide the most intense X-ray beam possible. The helium box should ...
	6.21 Open the door to the instrument and open the valve on the helium box (highlighted in red) by turning it counterclockwise about a full turn. The vent valve needs to be opened first to avoid over pressurizing the helium box.
	6.22 After opening the vent valve, slightly open the valve (highlighted in red) connected to the helium line by turning counterclockwise. You will hear a sound of the Kapton windows expanding as the box fills with helium.
	6.23 Open the helium tank by turning the tank valve (highlighted in red) counterclockwise until it stops, then turning it clockwise one-half turn. When the valve is open, the pressure inside the tank should read greater then 500 psi. If the pressure i...
	6.24 Check the flow rate on the wall, the center of the float should be at (or below) the black mark on the flow meter to not exceed the max flow rate of 15 liters/minute. Adjustment of the flowmeter should only be completed by NUCS Core Facility staff.
	6.25 Let the helium box purge for 5-10 minutes.
	6.26 After 5-10 minutes, close both valves, turning them clockwise, simultaneously to avoid a pressure buildup. If in doubt, close the valve to the helium line (highlighted in blue), immediately followed by vent valve (highlighted in red).
	6.27 Once the helium box has been filled, close off the helium tank by turning the tank valve (highlighted in red) clockwise until it stops.
	6.28 When the X-ray tube has warmed up the Power Supply App will look like the following:
	6.29 After the X-ray tube has warmed up, you will need to configure the instrument. Using the easyXAFS software, click on the Configuration and Setup tab.
	6.30 Start by setting the directory in the Set Save Directory section for the data collection. To select a folder, click on Browse. The data is stored in the D:\XrayData folder. Then, select the folder of the particular research group (i.e. NUCS Core ...
	6.31 Once the directory has been chosen, click on Set (highlighted in red) to set the directory for data collection. If the directory has been set correctly, the Set button will become green and the Save Location will be indicated on the lower part of...
	6.32 Next, the crystal analyzer identity will need to be specified. The default value is for a Ge 620 crystal, which is used to analyze iron samples. If this crystal is to be used, the set button can be clicked. See Steps 6.36-6.41 for directions on c...
	6.33 If another crystal is to be used, it can be selected from the drop-down menu, as seen below.
	6.34 Upon selecting the crystal of choice, the harmonics will then need to be selected. A selection from the harmonics drop down will need to be chosen. After making a selection, click on the Set button to set the crystal analyzer.
	6.35 If the crystal analyzer has been chosen correctly, the Set button will become green and the Crystal Set will be indicated on the lower part of the screen (highlighted in red).
	6.36 If the crystal analyzer needs to be changed, it can be replaced with the desired analyzer. The crystal analyzer can be found in the rear of the instrument (highlighted in red).
	6.37 To remove the current crystal, reach behind the holder for the crystal analyzer and loosen the three mounting screws with your hand.
	6.38 When the screws have been loosened, the crystal can be lifted out of the mount by pulling up on the handle at the top of the crystal. If the crystal does not lift out of the mount, then the mounting screws have not been completely loosened. Be ca...
	6.39 Place the crystal analyzer in one of the empty slots in the crystal cases.
	6.40 Remove the desired crystal from the crystal case and place in the crystal analyzer mount in the instrument. It helps to set the crystal on the bottom mounts (highlighted in red) and then to slide it to the side mount (highlighted in blue).
	6.41 Tighten the mounting thumb screws, they should easily screw into the crystal analyzer. If the screws do not easily screw in, the crystal analyzer is not in the correct position. The thumb screws should be snug, but not overly tight. The thumb scr...
	6.42 After setting the crystal analyzer, the detector needs to be initialized. Click on the Initialize SDD button.
	6.43 The light next to the Initialize SDD will become green and the light next to Ketek Initiated will become green (see below).
	6.44 Before a spectrum can be collected the motors in the instrument need to be calibrated. This calibration process helps the motors find their stopping points. This calibration only needs to be completed if the instrument was turned off since its la...
	6.45 To calibrate the motors, click on the Calibrate All button, and you will hear the motors moving and the motor status window will indicate that the motors are moving to their starting positions. The motors and their respective names can be seen be...
	6.46 When the motors have been calibrated, the Calibration Status lights will be colored green.
	6.47 Close the door to the instrument if it is not already closed. Note: the door should only be completely open or completely closed. Partial opening and closing the door to the instrument reduces the lifetime of the gas shocks on the instrument door.
	6.48 Then, to continue with the calibrations, the shutter to the X-ray tube needs to be opened (instrument door should be closed at this time). Click on the Shutter Open button in the Proto HV Control window. The button will become green when the shut...
	6.49 To continue calibrating the detector, click on the Collect MCA Spectrum button and adjust the Region of Interest by clicking and dragging the boxes in the top MCA spectrum to surround the energy of interest and clicking on the Set ROI from Spectr...
	6.50 Then, select the Alignment Scan tab and enter the Theta Alignment Save Name.
	6.51 Then click on the Run Theta Scan button to start the Theta scan.
	6.52 The screen will change to the Data Collection tab and the following plot will be observed when the Theta scan has completed. The program will place a cursor in the center of the peak and ask you to accept the Theta Offset. Click on the Accept The...
	6.53 After setting the Theta offset, the scan definition tab is used to set the parameters for data collection.
	6.54 Start by entering the Sample Name and any comments with regard to the experiment. It is good to include information about the sample, X-ray tube identity (Mo or Ag), X-ray tube settings, etc.
	6.55 Click on the Power Supply window and click on the Close Shutter button to close the shutter. The Shutter Open light should not be illuminated.
	6.56 Select sample for analysis, this should be a reference foil for an initial run to calibrate the energy space. The NSC has acquired a set of 3d, 4d, and 5d metal foils from EXAFS Materials as standards for calibration of the easyXAFS 300+. The 7.5...
	6.57 Attach the sample with masking tape to the single sample holder. The sample changer can also be used, but it is often easier to have the reference foil o the single sample holder. Blue painter’s tape is provided. Make sure that the metal foil can...
	6.58 Place the sample holder into the instrument in front of the detector. The sample holder clicks into place with magnets.
	6.59 Close the door to the instrument.
	6.60 Click on the Power Supply window and click on the Open Shutter button to open the shutter. Both the Shutter Open and X-rays On lights should be illuminated at this time.
	6.61 A good place to start in setting up your experiment is to use the preset parameters (highlighted in red).
	6.62 Adjust the Sample Name and comments, if necessary.
	6.63 Clicking on the element drop down allows for the selection of a set of element edge energies to be selected. Select the element and edge to be examined. For example, the Fe_K option should be selected to measure the K-edge of iron.
	6.64 Clicking on the energy drop down allows for the selection of a vendor defined set of scan parameters that are based around the absorption or emission energies of a particular element. Select the desired experiment.
	In the case of an XAS experiment, the XANES check experiment will last 18 seconds (Range of 30 eV above and below the edge) and provide a user with information on whether an absorption edge is present. The XANES option consists of three zones (pre-edg...
	By selecting one of these preset scans, a user will have a good starting point for a data collection experiment, but these parameters may not be the best for all samples. If other parameters are desired, they can be changed in the Constant Step Zones ...
	6.65 Once the desired zones for the experiment have been selected, click on the Start Zone Scans button to start the data collection. After the data collection has started, the time remining will be listed.
	6.66 When data begins to be collected the following image will result. If a scan needs to be stopped, the Abort Scan button can be clicked on. The deadtime should be less than 30% (highlighted in blue).
	6.67 If an edge is not seen with a reference foil, then there is a problem with your Region of Interest. Try resetting it (Step 6.49) and try a data collection again.
	6.68 If an edge is seen in Step 6.67, then the instrument is ready to collect data on samples containing the element present in the reference foil and a user sample can be placed in the spectrometer.
	6.69 Click on the Power Supply window and click on the Close Shutter button to close the shutter. The Shutter Open light should not be illuminated.
	6.70 Attach the sample to the sample holder, place the sample in the spectrometer, and close the door to the spectrometer.
	6.71 Click on the Power Supply window and click on the Open Shutter button. The X-ray light and the shutter open light should now be on.
	6.72 Click on the Scan Definition tab, adjust the zones for data collection and Sample Name as desired. Adding additional zones, if needed.
	6.73 Then click on the Start Zone Scans button. Make sure that the shutter is open, if not, the Dead Time will read 255%. The Dead Time should be 30% or less. If the Dead Time is greater than 30%, decrease the current or the voltage of the X-ray tube ...
	6.74 When the scan has completed, a XAFS spectrum will be displayed in the XES/XAFS Spectrum window. The data is automatically saved at the end of the data collection.
	6.75 At this point you can collect the Izero (background) data, by closing the shutter (Step 6.69) and repeating Steps 6.71 and 6.73 without a sample present in the spectrometer. This measurement provides a background spectrum. Be aware that Currents ...
	6.76 After the Izero has been collected, the sample holder can be inserted back into the spectrometer and data on samples are collected according to Steps 6.69-6.74. Please keep the data collection parameters (Step 6.64) the same for all of the sample...
	6.77 If desired, the Sample Wheel (pictured on the left), which can house seven samples, can be used in place of the single sample holder (pictured on the right).
	6.78 If the sample wheel is used in the spectrometer, make sure that the masking tape that is holding the samples in the sample holder does not prevent the sample wheel from rotating.
	6.79 Once the sample wheel is loaded with samples, it is placed in the spectrometer and the USB cable is connected to the holder to control the sample selection.
	6.80 To use the sample wheel, click on the Sample Wheel tab and click on the Initialize button. Every time the sample wheel is removed from the instrument, the Initialize button will need to be clicked.
	6.81 To advance the Sample Wheel, either enter a sample position in the text box and click on the Go button or use the wheel to adjust the sample location and click on the Go button to advance the Sample Wheel.
	6.82 The sample wheel will take 1-2 seconds to move to the desired sample location. The indicator will say that the wheel is moving and the Current Position is 0, until it reaches the set position, which will have the Current Position listed as the de...
	6.83 Upon completion of the data collection, please see Section 8 for Data Analysis and Section 9 to power down the spectrometer.

	7 XES Data Collection on the easyXAFS 300+ X-ray Spectrometer
	7.1 To set up the instrument for XES measurements, the XES X-ray tube needs to be moved into the source position, the original source position is seen below.
	7.2 To move the X-ray tubes, unscrew knob underneath the X-ray tube platform.
	7.3 Slide X-ray tube platform back until it stops and retighten the knob to keep the tubes from moving. Make sure to not pinch any cables as the X-ray platform is moved.
	7.4 Unscrew knob underneath the XES tube and slide XES tube platform forward until it stops and retighten the knob.
	7.5 The sample holder, slits, and collimator can be found in a cardboard box in the bottom drawer of the desk at the easyXAFS.
	7.6 To minimize the counts that are not from the crystal a collimator is placed on the detector. Use a 2.5 mm hex key to remove the screws on the front of the detector and add the collimator and tighten the screws back down. If more space is needed, t...
	7.7 The instrument is equipped with three slits (0.5, 1.0, and 2.0 mm), where one is attached to the XES X-ray tube.
	7.8 Will want to start with the 0.5 mm slit and move to a larger slit if your sample is too dilute. A 1.5 mm hex key will be needed to change the slit size. The slit will need to be adjusted on the XES tube (highlighted in red) before inserting your s...
	7.9 The sample holder uses a 1.5 mm hex key to hold the sample in place. The sample will need to be centered over the circle in the holder. The sample can also be taped onto the front of the sample holder.
	7.10 Then add the sample holder in the magnetic position in front of the XES tube. The picture on the right has the sample holder in place.
	7.11 Open easyXAFS data collection software, if not already open, by double clicking on the icon in the top right of the Desktop.
	7.12 Switch to the Motor Control tab once the software is open.
	7.13 Initialize the Motors, the button should read Close Connection, when connected.
	7.14 Then click on calibrate the motors if they have not been calibrated.
	7.15 When the motors have been calibrated the Calibration status light will be green. The Calibration Status at the bottom of the screen will also have a light that will be green in color.
	7.16 Then initialize the detector by clicking on the Configuration and Setup tab and click on Initialize button in the Silicon Drift Detector Section. The light will become green. The light next to the Ketek Initiated will also become green.
	7.17 The sample location can be adjusted with the screw located on the back of the sample holder. Want the sample aligned behind the slit for the best counts and best resolution.
	7.18 Will want to collect some data and look at the count rate, then do two ¼ turns and check again, want the highest counts.
	7.19 If count rate goes up, then the sample is in a better position
	7.20 Set the save Directory and the Crystal Analyzer
	7.21 Before Collecting data, the door to the instrument needs to be closed and the power to the XES power needs to be turned on (highlighted in blue). A red light will turn on when the button is pushed.
	7.22 Then flick the switch on the electronics box from XAFS to XES (highlighted in red in above picture).
	7.23 At the software, select Varex HV Control to work the XES Tube, under Hardware Control
	7.24 Click on initialize to turn on the X-ray tube. The button will read Close Connection when activated. Several lights on the bottom of the screen will also be light up green in color.
	7.25 The preheat setpoints and filament limits are shown in the software.
	7.26 If the mode on the electronics box is not on XES mode, you will not be able to ramp up the power on the X-ray tube.
	7.27 Then click on X-ray Enable, all of the lights should be green, and the X-rays On light should be green. Enabling the X-rays also opens the shutter to the XES tube.
	7.28 The XES light indicator for the instrument should be illuminated, indicating that the X-ray tube is powered up and the shutter is open.
	7.29 Then enter a Filament Preheat of 1.5 A and click on Set. The Set button should turn green and the Preheat value should always be 1.5 A.
	7.30 The Filament limit should be set to 3.1 A. Click on the Set button to accept the value.
	7.31 Max power on the XES tube is 100 W.
	7.32 The XES tube does not have a warm up procedure.
	7.33 The max voltage for the XES tube is 35 kV. The combination of voltage and current cannot exceed 100 W.
	7.34 A value of 25 kV and 2.0 mA is a good place to start. Click on the Set button to accept the values.
	7.35 To determine the analyzer, go to X-ray data for elements and select analyzers and the element of choice: Fe in this case, then Kβ1 and see that the best choice is the Ge 620 crystal. Usually the higher Bragg angle is the best choice.
	7.36 Click on an alignment scan. And then add a filename and then click on Run Scan under the XES section. A sample should not be in the instrument at this time.
	7.37 After running for a little bit (2-3 minutes), a window will pop up where the alignment scans will show up.
	7.38 Using the default settings will take about 45 minutes to complete the alignment scans and a plot looking similar to the plot below will result. Changing the Step Size to 0.10 or 0.20 in Step 7.36 can greatly reduce the time for the Theta offset d...
	7.39 Enter the Theta Offset value in the Analyzer Section of the Configuration and Setup tab and click on the Set button.
	7.40 After setting the Theta Offset. Click on the X-ray Disable button to close the shutter and turn off the X-ray tube. The indicator for the X-ray emission X-ray tube should turn off.
	7.41 Insert the sample in the instrument as shown in Step 7.10.
	7.42 Click on the X-ray Enable button to open the shutter and turn on the X-ray tube. The XES indicator light should turn red.
	7.43 Then, click on the Scan Definition tab and select the zones to be analyzed. The Preset scan can be set to XES Kβ long, which is about a 7 minute scan. If other parameters are desired, they can be adjusted the parameters in the Constant Step Zone ...
	7.44 Click on Start Zone Scan to begin the data collection.
	7.45 When the scans have completed, an emission spectrum will be shown on the screen. The emission spectrum below is for an iron foil.
	7.46 If the analysis of additional samples is desired, repeat Steps 7.40 – 7.45 as needed. Note: a new Theta scan is only needed if the crystal is changed.
	7.47 Before shutting off the instrument, a background spectrum without the sample present will need to be collected.
	7.48 To return to XAFS mode, click the switch on the Electronics box back to XAFS and turn off power to the XES tube by pressing the XES power button, which will turn it off.
	7.49 Remove the collimator as shown in Step 7.6 and move the X-ray tubes back to their original positions, following Steps 7.2 – 7.4, so that the instrument matches what is shown in Step 7.1.
	7.50 See Section 9 for instructions on how to turn off the spectrometer.

	8 Data Analysis on the easyXAFS 300+ X-ray Spectrometer
	8.1 To work up easyXAFS data, the instrument vendor provides a program to work up the collected data.
	8.2 To open up the data processing software double click on the easyXANES icon on the top right of the Desktop.
	8.3 The following program will open.
	8.4 Clicking on the Launch Data Browser will cause the following window to open:
	8.5 To visualize the raw data collected, click on the easyXANES DataViewer, which will open a new tab.
	8.6 To process XAFS data, click on the Launch XAFS Processor icon (highlighted in red).
	8.7 When the XAFS Processor is loaded, a data and an I0 file will need to be selected prior to creating a mu plot. Start by selecting a trans file, click Plot selected files to get a quick view of the spectrum to make sure that the correct spectrum is...
	8.8 To view the data, click on Load Files button, select the files to be viewed and click on the Plot Selected Files button to view the data plots.
	8.9 To view the mu Plot, click on the Calculate XAFS (MU) from Selected Files button, and a window showing the data and the mu plot will show up.
	8.10 To save the mu plot, click on the Save current to file button (highlighted in red), and save the data as a .csv file. Right clicking on the plot will allow for the unshifted mu plot to be saved as an image (needed for weekly calibrations).
	8.11 After saving the mu plot, the data in the file will need to be shifted in regards to a reference. To do this, click on the Energy Shift Tool (highlighted in red).
	8.12 A window will then open and the .csv file generated in Step 8.11 will need to be selected. When selected, the mu plot will be seen in the upper right of the window.
	8.13 To determine the amount of energy to shift the spectrum, the first derivative of the mu plot can be taken by changing from Raw data to 1st Derivative (highlighted in red below).
	8.14 The maximum value can be determined by moving the cursor over the highest peak and the energy value is given as the x-value (highlighted in red).
	8.15 If desired, the 2nd Derivative can also be examined by changing the 1st Derivative option to 2nd Derivative (highlighted in red below).
	8.16 Using the value of the shift for the mu plot from the 1st derivative, the value can be entered as the from energy and the To Energy can be set to the calibration energy. Clicking on the button to Apply shift results in a mu plot at the shifted en...
	8.17 The shifted mu plot is saved by clicking on the Save all selected files with specified energy shift button (highlighted in red).
	8.18 To analyze XES data, click on the Launch XES Processor option.
	8.19 A window will open up. Start by selecting the base directory, by clicking on the Select Base Directory button.
	8.20 Click on the zip file of a data set, to be added to the plotting window. Highlight the desired files and click on the Plot Selected Files button to view a plot of the emission data. Right clicking on the emission plot will allow for the plot to b...
	8.21 XES data can also be shifted similar to XAS data, by following Steps 8.11 – 8.17, but clicking on the XES option (highlighted in red).

	9 Shutting Down the easyXAFS 300+ X-ray Spectrometer
	9.1 To shut down the easyXAFS spectrometer, click on the Close Shutter button on the Power Supply App, which will close the shutter on the X-ray tube. When the shutter is closed the Shutter Open light will no longer be illuminated.
	9.2 Then click on XRay OFF button on the Power Supply App, which will turn off the X-ray tube. When the X-ray tube is off the X-ray On light will no longer be illuminated.
	9.3 After the X-ray tube has been turned off, the electronics box can be turned off. The off state of the electronics box is shown below.
	9.4 Then the system controller can be turned off by first pushing the X-ray enable button, followed by the power button. The off state of the system controller is shown below.
	9.5 Let chiller run for about 15 minutes after the X-rays have been turned off to make sure the X-ray tube is cooled down before turning off the chiller.
	9.6 While you are waiting to turn off the chiller, this is a good time to analyze your data (see Section 8) and to enter the ending time of your experiment in the instrument logbook.
	9.7 Also, check to make sure the instrument is set up for XAFS measurements for the next user. This only needs to be done if samples were measured by XES.  The instrument should look like the following picture when done.
	9.8 Turn off the chiller by pushing the power button on the front of the chiller. The off state of the chiller is pictured.
	9.9 Before leaving the room, make sure the door to the easyXAFS is closed and the instrument should look as seen in the picture below.
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