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Operation of Bruker D2 Phaser PXRD OPPXRD-1, Rev. 3-2022

OPERATING PROCEDURE OPPXRD-1: BRUKER D2 PHASER POWDER
X-RAY DIFFRACTOMETER

1 Background

X-ray powder diffraction is a scientific technique that uses X-ray diffraction on powder or
microcrystalline samples to obtain structural information on materials. An instrument dedicated to
performing such powder measurements is called a powder X-ray diffractometer. An X-ray
diffractometer produces X-rays with a known wavelength and frequency, which is determined by
the X-ray source. When the X-rays from the X-ray source reach the sample, the incoming beam
of X-rays is either reflected off the surface, or they enter the lattice and are diffracted by the atoms
present in the sample. If the atoms are arranged symmetrically with a separation distance (d),
these waves will interfere constructively only where the path-length difference (2d sin 0) is equal
to an integer multiple of the wavelength, producing a diffraction maximum in accordance with
Bragg's law, and bright spots in the diffraction pattern. The diffraction of X-rays also results in
destructive interference at points between the intersections where the waves are out of phase,
which are not bright spots in the diffraction pattern. The location of the spots in the diffraction
pattern are used to determine the atomic spacing of the material.

Powder X-ray diffraction allows for the rapid, non-destructive analysis of multi-component
mixtures without the need for extensive sample preparation. Powder X-ray diffraction is used to
quickly analyze unknown materials and perform materials characterization in such fields as
metallurgy, mineralogy, chemistry, forensic science, archeology, condensed matter physics, and
the biological and pharmaceutical sciences.

1.1  Weekly Calibrations/QA/QC Checks

Weekly 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 provided by the instrument vendor is used in the weekly calibration
(see Section 3).

2 Safety Requirements

X-ray powder diffraction is a scientific technique that utilizes X-rays to obtain structural information
on powder 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 Bruker D2 Phaser 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 powder X-ray diffractometer. The door to the
sample holder is locked when voltage is applied to the X-ray tube. The yellow lights on the top of
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Operation of Bruker D2 Phaser PXRD

the X-ray diffractometer and the yellow Busy light on the left side of the diffractometer is

illuminated when voltage is applied to the X-ray tube and X-rays are being generated.

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 Bruker D2 Phaser Powder X-ray

OPPXRD-1, Rev. 3-2022

Diffractometer. See Section 9 for training records.

The lights

voltage is

and itis

to the

Yellow
Busy light
indicates

that X-rays
are being

generated

The door latch will be
locked when X-rays
are generated

3 Calibration Procedure
Materials: Bruker AXS Corundum reference sample (A46-B29-S), Bruker D2 Phaser Powder
X-ray Diffractometer
3.1 Turn on the instrument and open the diffractometer, by pushing down on the handle and
pulling the latch (see Step 6.10), so that you can access the sample holder.
3.2 Place the corundum sample in the sample holder and raise the lever to place the sample

NUCS Core Facility

into the measurement position.

indicate that

applied to the
X-ray tube,

unsafe to
open the door

instrument.
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Operation of Bruker D2 Phaser PXRD OPPXRD-1, Rev. 3-2022

3.3

3.4

3.5

3.6

3.7
3.8
3.9
3.10

~ Bruker axg

2 Lt Ofundproba
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Check that the divergence slit is 0.6 mm and the air screen is set at 3 mm before closing
the diffractometer, see Steps 6.14-6.18 for instructions.

Collect the diffraction pattern using a Time/Step of 0.030 seconds, a Number of Steps of
8390, which will result in a data collection that will take 265.92 seconds (4.4 minutes).

When the data collection has completed and save the data in the folder:
C:\Users\user\Dektop\NUCS Calibrations\Weekly Calibrations\Year (where Year is
replaced with the year, eg. 2022).

Save the data file as Corundum_Calibration_mmddyy, where mm stands for the month, dd
stands for the day, and yy stands for the year. For example, a filename of
Corundum_Calibration_020722, was a data collection that occurred on February 7™ of
2022.

After the data collection has completed, turn off the X-rays, see Step 6.38.
Remove the corundum sample and place it back into its holder.
Turn off the diffractometer, following the procedure indicated in Section 8.

Complete the Bruker D2 Phaser Weekly Calibration Report as indicated in Section 4. Make
sure to include any issues encountered in both the Weekly Calibration form and the Bruker
D2 Phaser Powder X-ray Diffractometer logbook.
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Operation of Bruker D2 Phaser PXRD OPPXRD-1, Rev. 3-2022

4 Reporting Weekly Calibration

4.1 Collect powder X-ray diffraction data on the corundum reference sample as indicated in
Section 3.

4.2 The report for weekly calibrations can be found on the Research drive at the following file
location: M:\NSC User Facility\XRD\Phaser D2 PXRD\Calibrations\Weekly Calibrations\

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 Weekly Calibration Form.

4.4 Use the DIFFRAC.SUITE EVA software to analyze the collected data. Upon importing the
data, undergo a Peak Search, then Append the data to the List, and Click on Peak Column
View to find the 2-Theta values, the relative intensities, and the d-spacings. See Section 7
for instructions. Place these values in the Weekly Calibration Form.

Bruker D2 Phaser Powder X-ray Diffactometer Weekly Calibration Form; Rev. 02-2022 Bruker D2 Phaser Powder X.ray Difractometar Weskly Calibration Fom: Rev. 022022
WEEKLY CALIBRATION FORM FOR THE BRUKER D2 PHASER POWDER X-RAY DIFFRACTOMETER WEEKLY CALIBRATION FORM FOR THE BRUKER D2 PHASER POWDER X-RAY DIFFRACTOMETER
Data Collection Infor Data Collection
Zacharish Heiden February 7.2022
Corundum AL Gorundum rain A05
Coupled Two ThetalTheta Continuous PSD Fast Coupled Two ThetalThets Scan Mode Continuous PSD Fast
0.6 mm 3mm 08mm AirSs E 3o
030 300 0030 8380
20582 < 20243810 2592  sozesann
Cu (154184 A) 304V Cu (154184 A) T
10mA SSD 160 (10 Mode) 10mA 55D 160 (1D Mode)
o110 0250 0250
Reference Sample Data Colestion Results
Meazured Uiterature (Am. Minsral, 1993, 78, 1104-1107.) itorature (Am Minersl, 1983, 78, 11041107)
nnnnnn [ tew mcrement High Low High S——— T [ e Cow I g
2Theta [ 50 | oownms | oo 5o [ 500 2Theta [ so | oswmimis | w0 50 [ 00
2Theta Intensity D-spacing 2Theta Intensity D-spacing TTnets Intansity D-spacing 2Tnes intensity D-spacing
255 8173 34813 25.585 483 347888 25.51 81.73 34013
3513 587 5545 35.155 100 2.55073 35.13 05.87 25545
762 448 210 37.788 274 237802 37.62 4461 2.3010
4323 0000 oe28 43.350 831 208521 4323 00.00 2.0028
400 140 16727 as183 3 106405 40,01 148 1e727
42 00 17428 52.550 353 174007 52.42 500 17450
74 48 18043 57.487 807 180182 5744 89.48 1.6043
£138 748 18108 61.282 86 151141 81.38 748 15108
8630 072 14008 66.512 243 1.a0408 8530 3672 14088
o740 o ilad 05.208 w08 1ar387 o730 6173 13604
702 13 13408 70415 10 1.33607 70.21 1.31 1.3405
428 1.50 12773 74.280 12 1.27568 7425 1.50 1.2773
7857 1751 12388 76.853 178 123941 76.87 17.51 1.2388
1724 £:48 122 77213 (L] 123452 7724 o4 1.2351
E398 e 11522 84.371 27 1.14708 8308 183 1.1523
2038 228 1o B0.423 25 112430 66,38 208 11208
2200 828 1028 88.978 81 1.00922 £0.00 828 1.089
i S
Issues
D ssues Found No !
Dlissues Four ind:
File path for Calibration Data: Z:Bruker PXRD\Weekly Caiibrat
File path for Calibration For Z-Bruker FXRDYeeky Calbration
g;“n ate | February 8 2022
Fage o1
NUCS Core Facity Fage 1of1

4.5 If more than three values measured d-spacings do not match to the literature values (seen
on the calibration form) to within 0.5 %, then there is a reason to be concerned and inform
NUCS Core Facility staff.

4.6 Please save the data and the report on the NUCS drive using the following file location:
Z:\Bruker PXRD\Weekly Calibration Data 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.
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Operation of Bruker D2 Phaser PXRD OPPXRD-1, Rev. 3-2022

5 Sample Preparation

5.1 Pick up a circular sample holder from the sample holder box on the sample prep table next
to the diffractometer.

[ ]
! L5
" Ix .l.; N

{
1)

5.2 Place the sample holder on top of a Kimwipe.

5.3 Place a small amount of sample on the holder, making a 1 cm diameter (~0.5-1 gram of
sample) with a spatula.

5.4 Use the side of a glass slide to tap on the powder to make the height of the sample level
with the plastic outer ring of the holder. Do not drag the glass slide across the sample holder
or powder will be smeared all over the holder.
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Operation of Bruker D2 Phaser PXRD OPPXRD-1, Rev. 3-2022

6 Data Collection on the Bruker D2 Phaser Powder X-ray Diffractometer

This section is to be completed after a weekly calibration (Sections 3 & 4) has been performed.
Materials: Powder X-ray Diffraction Sampler, Bruker D2 Phaser Powder X-ray Diffractometer

6.1 Instrument time on the Bruker D2 Phaser are made on iLab (https://wsu.corefacilities.org/),
prior to the user’s instrument time. Reservations are based on service, not time. Please
indicate the number of data collections obtained during the reserved time. If you have
questions regarding booking instrument time, please ask the NUCS Core Facility Staff.

lGVl"l“ ........... -m

= (roSLab |

Bruker D2 PHASER Powder X-ray Diffractometer © © &

Sun, 06 Feb - Sat, 12 Feb 2022
Week(7Days) - O 8 < o e > CakndarDetails

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

6.3 checking to see if the Bruker D2 Phaser powder X-ray diffractometer is on. The default state
is to have the system powered down. The power switch can be found on the back of the
instrument on the left side. The switch should be depressed so that the part of the switch
labeled with the vertical line is depressed.
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6.4 After a little bit of time, the instrument will ask for a password to login. The password is:
password

6.5 When the instrument logs in, you will come to a home screen that shows the following:

DIFFRAC.MEASUREMENT

=@ Eo olE
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Operation of Bruker D2 Phaser PXRD

OPPXRD-1, Rev. 3-2022

6.6 Notice the lights on the top left of the instrument, only the green light indicating that the
instrument is On should be illuminated. If the red alarm light is illuminated, please inform

NUCS Core Facility staff.

Gastiche Rhembrochansirazss 40 Karsrune Germany

Model Designation: Part Number:
D2 Phaser A28X1

Manufactured:

Serial Number:
November 2018 213515

Power Des|

6.7 Click on the DIFFRAC.MEASUREMENT icon on the bottom of the screen to load the
measurement software. The following screen will be seen while the software is loading.

-

S

NUCS Core Facility

DIFFRAC.MEASUREMENT

o)
BRUKER
(>0

P

1:06 PM
2/2/2022
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Operation of Bruker D2 Phaser PXRD OPPXRD-1, Rev. 3-2022

6.8 After alittle while the software will ask for a password. Please use the Lab Manager account
and press the OK button, as this account does not have a password.

== | 1:07 PM

- 07 [me
b HM

6.9 After clicking OK, the software will say that the Measurement Server is running, this
software is necessary for the instrument to talk to the data collection software.

T n

Recycle Bin NUCs
Calibrations

B%R Measurement Server is starting ...
Version: V7.3.1 (32 Bit)

Reading connection data from the database

m DIFFRAC.SUITE |

| Appiication Initializing...
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Operation of Bruker D2 Phaser PXRD OPPXRD-1, Rev. 3-2022

6.10 The door of the instrument can be opened by pushing down on the handle and pulling the
small handle towards you to unlatch the door. If the door does not open (slide up), pull down
on the handle.

6.11 When the latch is released, the monitor will slide upwards to show the diffractometer behind
it.

Detector

X-ray
Source
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Operation of Bruker D2 Phaser PXRD OPPXRD-1, Rev. 3-2022

6.12 The sample is placed on top of the sample holder below.

6.13 The picture shown below demonstrates the instrument with the corundum standard sitting
on top of the sample holder, prior to moving the sample up into the measure position.
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Operation of Bruker D2 Phaser PXRD OPPXRD-1, Rev. 3-2022

6.14 The sample is then moved into place by lifting the lever underneath the sample holder.

| ey r
Ny - | ! J‘ y

L4

6.15 Before closing the instrument, the divergence slit, the air scattering screen, the Sdller slit,
kB filter, and the air scatter slits need to be adjusted, if needed. Usually just the Divergence

Slit and Air Scattering Screen need to be adjusted.

6.16 The D2 Phaser has options of 0.1, 0.2, 0.6, and 1.0 mm divergence slits. The choice of
divergence slit is made by picking the slit for the material that best describes your sample.
A list of recommended configurations can be seen below.

i ions \ _-_)( —7
Kecommended Configurations BRUKER
Optics and Settings for the D2 PHASER (P

Air Scatter Slit

Divergence Slit Air Scatter Screen Soller Slits & kB Filter
Insert the divergence slit with  Held in place magnetically. Insert Soller slits from thetop  From the_ bottom, insert air
the numbers facing out and Insert with the desired height 5o the numbers are readable scatter slit in front ?f !h_e
the plates facing the sample. (1 mm or 3 mm) on the by the user. Insert kB filter saller slits until it clicks into
bottom. from the bottom until it cficks  place.
into place.
S ik
o os e
Pharma Pt = K y
Organics 3 mm 4"or25° 05 25
Zeolite/MOF : T e a as ES

a 1mm nfa o 05 5
Minerals P —— = 4 .
5- 0.6mm 3mm | nfa e 05 E
| e S | RS - | |
1.0mm 3mm nfa 4 05 =
Inorganics
2.0mm 3mm nfa 4 0s Z5
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Operation of Bruker D2 Phaser PXRD OPPXRD-1, Rev. 3-2022

6.17 The divergence slit is changed by sliding out the current slit and sliding in the desired slit.

6.18 The air scatter screen can either be setto 1 mm or 3 mm. It is changed by pulling it off and
having the desired screen facing down. The air scatter screen in the picture is set to 3 mm.
The air scatter screen connects to the instrument with magnets and should click into place.

6.19 Close the door to the instrument by pulling it down until it latches and does not spring back
up.
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Operation of Bruker D2 Phaser PXRD OPPXRD-1, Rev. 3-2022

6.20 You should now see the Commander window, which is the main window that will be used
for data collection.

' DIFFRAC.COMMANDER - User: Lab Manager - Application Type: Powder Diffraction - Instrument: Meassrv(D2-213515)/D2-213515

‘F|I= Edit View Commander Help

| e |

COMMANDER | WIZARD | START JOBS | JOBLIST | RESULTS MANAGER | LOG |

= (o] [ ] | ] [ ] [

x

&\ ServerProvider
Generator high voltage is off. Tt
will be automatically switched on,
if you start a job and the key...
ServerProvider
Generator high veltage is off. It will be
automatically switched on, if you start
a job and the key switch is an.

] T
'scan Setup | Info | Instrument Companents| [, Main Display || Secondary Display | i\ The high voltage is off

= Push the corresponding button at the
A oY | E) instrument.

1:09 PM
2/2/2022

e dx 93 M=

6.21 To set up a scan, click on the Scan Setup tab on the bottom of the Commander window to
see the data collection parameters.

'% DIFFRAC.COMMANDER - User: Lab Manager - Application Type: Powder Diffraction - Instrument: MeasSrv(D2-213515)/D2-213515

IFile Edit View Commander Help

3o |

COMMANDER | WIZARD | START JOBS | JOBLIST | RESULTS MANAGER  LOG

Sean type | Coupled TwaTheta/Theta {2 scanmode \Connnuouspsnﬁst m\ Ln& Start || Resume |

L otne 9 © s | uem
. T /T

Parameter Start Inarement Stop

Zheta [ 5000993163| [9 [0.010131715 5 [ ] 99.995993153 [] Auto repeat

Theta | 2.500498582| [ [0.0050658... | (7| 40.997096582 [ e >

PsDopening [ 4802432910 3

Seansetup Info| Instrument Companents | L. Main Display | | L. Secondary Display|

“aja|s

==

o 1:00 PM
< i 1 =

2/2/2022
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6.22

6.23

6.24

6.25

6.26
6.27

Scan Type should be set to Coupled Two Theta/Theta, Scan Mode should be Continuous
PSD fast. These are the default values and should not need to be changed.

The time/step and the steps should be adjusted to give the desired experiment time. The
default value is 0.5 seconds. A typical experiment should take about 30-60 minutes, but can
take longer if you are trying to identify the composition of phases. For training
considerations, the time step will be 0.03 seconds to have a scan completed within five
minutes.

The 2theta parameters are a measure of the window for data collection. A typical window
will run from 5° to 90°. Can be set as low as -5°, but useful data often occurs at 1° or higher.
Lower numbers are shooting X-rays directly into the detector. The ending angle can be as
high as 150°, but most samples do not show peaks beyond about 100°.

The PSD opening parameter is a slit on the side of the detector, that aids in avoiding the
detector from being saturated by X-rays going directly into the detector. The maximum
opening is 5°, but if the starting 2theta is less than 10°, the PSD opening should be about
half of the starting 2theta.

Then, click on the Instrument Components tab.

Before running the scan, you will want to click on the check box next to the detector options
to adjust the discriminators, if necessary.

"% DIFFRAC.COMMANDER - User: Lab Manager - Application Type: Powder Diffraction - Instrument: Meassrv(D2-213515)/D2-213515
File Edit View Commander Help

2 )]

COMMANDER |WIZARD | START JOBS | JOBLIST | RESULTS MANAGER | LOG
Drive Untchel  Edted 3 (1 B (B
Two Theta [] | 60.000993] |60.00099315: B
Phi r ) o] [ By) &
Variable rotation [imin] 0.0 0.0 ,f_ﬂ )
X-Ray Generator

Voltage v 0 e D, o
Curren it [ma] 0 102 W 0.0
X-Ray L set on

Tube | Tube: Cutube with 1,54184 [A]. >

Detector 550160 (1D mode)

Click here to adjust
Detector settings

Scan Setup | Info| Instrument Components ||.L. Main Display | | Secondary Display

-y gD 2y
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6.28 If the sample contains Fe, Co, or Ni, then they will absorb the copper radiation and emit
their own radiation, causing for noise in the baseline. To avoid this, the lower discriminator
in the Detector Settings will need to be changed from 0.110 to 0.190. This will omit the lower
energy X-rays from the Fe, Co, or Ni in the sample. Click on Apply.

bl |l s
File Edit View Commander Helo -
m @ '4% 550160 (1D mode) Settings
COMMAMDER | wiizARD | sTART|| Digital Detecter Opening 158
Drive Unifl Lower Discriminator [0} 0.110 o.10] |
Two Theta [l Upper Discriminator ] 0.250 0.250
Phi Il orientation &l o
Variable rotation Umir]|  p civation Limit 1 =
¥-Ray Generator

Deactivation Limit [sl 150000
Voltage [k
Current [mA: Update Config
. OFF: EN Apply | Close
Tube | Tube: Cu tube with 1.59T54 [A]. B

Detector [55D160 (1D mode) <8 &

Scan Setup | Info | .. Main Display | |, Secondary Display

- 0

1:14PM
272022

- B

6.29 If the sample needs top be rotated during the data collection, that option is taken care of
here. Do not pick a value beyond 20, otherwise the powder will no longer reside in the

sample holder and the instrument will need to be cleaned. Most samples will not need to be
rotated.
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6.30 Then go back to the commander window and click on Start to begin the data collection.

%% DIFFRAC.COMMANDER - User: Lab Manager - Application Type: Powder Diffraction - Instrument: MeasSrv(D2-213515)/D2-213515

IFlle Edit View Commander Help

%2 |- . Click on Start

COMMANDER | WIZARD | START JOEBS | JOBLIST | RESULTS MANAGER | LOG| to_beain_data
~

Scantype [Coupled TwoThets/Thets ||~ Scanmode |Continuous PSD fast o & ser | reume collection

Time /Step [5] Steps Total time  [s] 98.51 @ Stop Use Zoom

Parameter Start Increment Stop

TTheta [7| 5000993163 [ [0.010131715 (5] [ | 99.995993163 [] Auto repeat

Theta (1| 2500496582 [ [0.0050658... | [ [ 49.997996582| [ Script editor Script )

PSDopening  [7] |4.802432910 &

m m m T
Scan Setup | Info| Instrument Components \,L Main Display IL Secondary Display

1:09 PM
2/2/2022

= x 7 "
6.31 Upon clicking on start, you will hear a click and the yellow lights on top of the instrument will

iluminate. A red light on the left side of the instrument will also illuminate, indicating that the
X-rays are on.

Fe e s vaE———
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DIFFRAC.COMMANDER - User: Lab Manager - Application Type: Powder Diffraction - Instrument: MeasSrv(D2-213515)

| File Edit

View Commander Help

as

COMMANDER | WIZARD | START JOBS| JOBLIST RESULTS MANAGER | LOG

Scan type | Coupled TwaTheta/Theta

¢ Scanmode | Continuous PSD fast

] A st

Parameter
ITheta
Theta

PSD opening

Start Increment Stop

)| 5000883163 [ [0.010131715 & | [7] | 99.995993163

)| 2500496582 [ [0.0050858...

[F] | 4.802432910

| 1] 4o.99799852|

Time /Step [s] Steps Total time [s] 8.51

Resume
@ Stop | Use Zoom
0 +1im 3

[ Auto repeat

Saript editor Saript

-

5can Setup | Info | Instrument Components | |1, Main Display | |L.. Secondary Display |
»

DIFFRAC.COMMANDER - Uses

A) The job has been scheduled

RS Sssss——————-——————————

b Manager - Application Type: Powder Diffraction - Instrument: MeasSrv(D2-213515)/D2-213515
| File Edit View Commander Help

Ho

COMMANDER | WIZARD | START JOBS | JOBLIST | RESULTS MANAGER | LOG|

Drive
Two Theta
Phi

Variable rotation

%-Ray Generator

Unit Actual

sited [y (1 gl (B4

: By 1
Sl — T

Ui A9

Voltage
Current

XRay

wl T el B
ma] [ 10| w || oo

sy Set off

Tube [ Tube: Cu tube with 154184 [A].

Detector

|5D180 (10 mode)

|
)

s @

o

ScanSetwp| Info. Instrument Components | |1 Main Display | L. Secondary Display |

51 ) Measurement Progress : 1/1 14 % Estimated end time: 1:

000993163

NUCS Core Facility
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6.32 After a few seconds, you can begin to see the collection of data under the Main Display tab.
A light on the interment will also indicate that it is busy and you will hear the instrument
moving around as the data are collected.

- DIFFRAC.COMMANDER - User: Lab Manager - Application Type: Powder Ditfraction - Instrument: MeasSrv(D2-213515)/D2-213515

File Edit View Commander Help

12K <) |
COMMANDER | WIZARD | START JOBS | JOBLIST| RESULTS MANAGER  LOG|

= il (58 [coped ... (] [zhen ] [sp601 v | 1] 318

00

200
I

‘ Counts

100
I

2Theta(”)

Ll 1) Measurement Progress : 1/1 34 % Estimated end time : 1:16:24 PM
o 115PM
B T

2/2/2022

6.33 When the scan has completed, you will see a note on the bottom right of the window saying:
Job finished” You will also see that the Busy light on the left side of the instrument is no
longer illuminated.

ruker AXS

E—W——s%“ ]
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6.34 To save the data, Click on File -> Save Result

‘% DIFFRAC.COMMANDER - User: Lab Manager - Application Type: Powder Diffraction - Instrument: MeasSrv(D2-213515)/D2-213515

I File Edit View Commander Help

User Log Out..

i |

Application »
1T JOBS | JOBLIST | RESULTS MANAGER | LOG

Save State
3 ) [zheta [z [sspas0 (1. (] | ) [107.1
52 Connect..

% Disconnect

Recent files v

General Settings
[ saveResut

Save Experiment
3 print Preview
&= Print

Sample ID
Exit.. — Al+F4

200

100
I

2Theta(")

'scan setup | Info | Instrument Components| |1, 1 Dispiy ||l Secondary Display |

AR %=2.635993163 [7] | y=356.44

6.35 The save option are .brml file which is a Bruker diffraction data file that is only readable by
the PXRD software. The .raw file can be used with other X-ray diffraction programs. The
data can also be saved as a .txt file for analysis in Origin or Excel.

® = 4 L » NUCS Calibrations v ¢ | SearchNUCSCalibrations

Organize »  New folder B -

Y Favorites Name Date modified Type Size

B Desktop [ Corundum Test 1-13-22.brml 1/13/2022 11:54 AM  DIFFRAC.SUITE Re... 345 KB
18 Downloads {& Corunclum Test 1-28-22 Fast scan.brml 1/28/20229:46 AM  DIFFRACSUITE Re... 341 KB
] Recent places

1! Guo

J! Zhang

% This PC
1% Desktop
| Documents
14 Downlosds
1 Music
£ Pictures
H Videos
i, Local Disk (C3)
= CODEMETER (E)

€l Network

File name: | Corundum Test 2-2-22 Fast scan.brml V|

Save as type: | BRML File (".brml) v
RAW V4 File (*.raw)
{* Hide Folders RAW V4 Text File (“.bt)
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6.36 If the method used is desired to be used for other powder X-ray diffraction samples, the
method can be saved by clicking on File-> Save Experiment

File Edit View Commander Help

%%, DIFFRAC.COMMANDER - User: Lab Manager - Application Type: Powder Diffraction - Instrument: MeasSrv(D2-213515)/D2-213515

|

UserLog Out...

Application »
fTJOBS JOBLIST RESULTS MANAGER LOG

Save State
- () [Zheta [ [ssD1s0 (L. v [ ) [107.15
&P Connect..
554 Disconnect

Recent files 3

General Settings

& saveResult

Save Experiment

B3 printpreview
& Print

Sample ID
Bit. — Alt<F4

m

100

@ ~ T L » NUCSCalibrations

Organize =+ Newfolder

Mame Date modified Type

3¢ Favorites
B Deskiop
8 Downloads
5 Recent places

3 S0second data.bsml 1/28/2022 9:47 AM BSML File

i Guo
1. Zhang

18 This PC
b= Desktop
| Documents
18 Downloads
b Music
= Pictures
B Videos
£, Local Disk (C:)
s CODEMETER (E:)

€ Network

2. @
Size

113 KB

File name: 90second data.bsml

Save as type: | BSML File {*.bsmi)
BSMIL Fil nl)

(4 Hide Folders g

1)
DOL V4 Text File (*.64)

NUCS Core Facility
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6.37 Before trying to work up your data, if it is a known compound, you will want to reference
your spectrum using the Reference and Offset Determination option under the Commander
menu.

' DIFFRAC.COMMANDER - User: Lab Manager - Application Type: Powder Diffraction - Instrument: MeasSrv(D2-213515)/D2-213515

| file Edit View | Commander | Help

62 o) @ stop All Jobs |

COMMANDER.  \WIZAR Rate Meter il

“E‘ ﬁ ‘2|@ PSD Real-time Display 107.1s

3
g

Reference And Offset Determination

4L Direct Command
Script Designer

g Transmit Drive Positions

Clear All Drive Offsets

Counts

1:47 PM
2/2/2022

- R
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6.38 After selecting the reference option, a window will appear asking you to pick a peak and
then define the offset of that peak.

& ool et

Eile Edit View Commander Help |

\m® |

COMMANDER. | WIZARD I START JOBS " ]DBLIST” RESULTS MANAGERH LDG‘
A =
il 2 o

2

Drive Two Theta
Peak Position ] 35.15
Theoretical Position  [7] 0.000993163

Offset Reference

Current Offset [# l:l
New Offset Gl 35,145

" Calculate Peak Position

c

S - ~

& (2) Positive Peak () Negative Peak
Calculate

1:47 PM

RN

6.39 When you have saved your data and/or your method, you will want to remove your sample.
To do that, you will need to turn off the X-rays. This can be done under the instrument status
tab. Click the X-rays Off Icon, and the yellow light on the instrument will click off.

i/ DIFFRAC.COMMANDER - User: Lab Manager - Application Type: Powder Diffraction - Instrument: MeasSrv(D2-213515)/D2-213515

‘File Edit View Commander Help |

\m® |

COMMANDER | WIZARD | START JOBS | JOBLIST | RESULTS MANAGER | LOG|

Drive Urit Actual Edited Eﬂ 0 & S{J
= o
Two Theta 5] soonossais| 1 B o
a
P sl o]l BV
o o & T
X-Ray Generator
Voage ml o »E] B
Current ma] | of| wizm [ oo
KRay =k set on
Tube [ Tube: Cu tube with 1.54184 [A]. [
Detector 550160 (1D mode) = z
x
A\ The high voltage is off
Push the corresponding button at the
instrument,
x
A\ serverprovider
Generator high voltage is off. It
will be automatically switched on,
if you start a job and the key...
Instrument Component: tay|| T ServerProvider
Scan Setup | Info. Tnsirument Components ||l Main Display | L. Secondary Display Generator high voltage is off, It wil be
tomatically switched on, if you start
4 An operation has finished. Active job time was 0.3 e i by canthasos S
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6.40 When the X-rays are turned off, then the instrument door can be opened by pushing down
on the handle and pulling out the lever. The lever sometimes sticks, so if it doesn’t
immediately release the door, please press down on the door handle a little more and pull
the release lever.

6.41 The door will slide up allowing for the removal of the sample. Pull down on the sample
holder latch, which will cause the sample to lower. Remove the sample after it has lowered.
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4.34 After the sample has been removed, clean up any mess left over from the sample and close
the door, leaving the sample holder in the down position.

6.42 If another sample is desired to run, the next sample can be inserted at this time and you
can jump to step 6.12 to begin data collection.

6.43 When the data collections have been completed, enter the ending time in the instrument
logbook and describe any issues that were encountered during the data collections, if any.
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7 Data Workup on the Bruker D2 Phaser Powder X-ray Diffractometer

7.1 To determine the d spacings and the reflections of the collected data, the data needs to be
opened in the Diffrac.suite EVA, which is opened by clicking on the icon on the bottom of
the screen.

‘@ AC.SUITE - Us: luationUser Bl

File Edit View Help

L N DIFFRAC.SUITE EVA |

Starting Shell... —

- o o, 1:52 PM
= %

7.2 Upon opening the program, you will then need to import the data, by clicking on the File
menu and selecting the Import from Files option.

*F DIFFRAC.EVA V5.0 - User: EvaluationUser - Data: Document

File  Edit View Tools Help
—

Recent files 3 3 o o x AID rmv X E @ E Iuﬁn {:?}
[3 | New Ctrl+N Wover O
b import from Filks... Ctrl| |: i féi?z( M 2 e m INE ]@ ® ° D @ :
:Q [ S LN -0 0 W< A o O e 1 38
=] pen... Ctrl+0 o
Close 3
v 3
By  Save Ctrl+5
& savens.. oo
2 print Preview Ctrl+P
A Print g o
3
Bit.. Alt+Fa ©
[ LMpOrCARF RESUITS 200
L, Export Scan...
% Export Bg Subtracted Scan... 10
L Export Partial Scan...
EJ: Export Background... L ] j } ]L
&, Export Scans) With Sample ID... ¢ bl o e e e et et e
DIZ' Replace Scan... 10 2 n 40 50 80 T 0 k4
2Theta (Coupled TwoTheta/Theta) WL=1.54060
L, Clone Scan...
) 128
Lreale | || pata | Description I
E 1D View =] Document
Scan View 3] Views
4 Elemental Analysis (= Pattern Matching
E3) Set1
Tool ? =[] 2theta 1 Scan
. p— SISl > G o)

1:53PM
21272022

- @ T
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7.3 To begin analyzing your data you will need to start with a Peak Search. To do the, Click on
the Peak Search option on the left side of the spectrum.

°++ DIFFRAC.EVA V5.0 - User: EvaluationUser - Data: Document

| File Edit View Tools Help |
B8 B368 20 IR x REEREB & &

1% %] W ovew £ |

s o RS e o i
5 Y e P NN =0 R N

5 Flementsl Analysis [ overview |

Tool =i

4 chemical Filter
¥ Database Fitsr 400
& search / Match (scan)
Bt search by Name

1 search by Number
4 Background

B pesk search 200
B Peak Fit

x

Strip ko2

EF " 1,2 the peck search tool 100

Surier S

[2 smooth L J

£ xoffset 10 20 0 @ =0 0 7 20 30
D'E v-Scale factor 2Theta (Coupled TwoTheta/Theta) WL=1.54060

Jut r-offset Data Tree

x
W% Aberrant — D
IR Create Area I?‘

[kt

&

Counts

=
[

Document
J® crop Sean

?@ Duplicate Scan
& Accumulate
m® Add

B, subtract 9 22 ..... | Commander Sample ID (Coupled TwoTheta/Theta)

Views

Pattern Matching

t error information available, Assuming error follows underlying Po

1:41PM

2/2/2022

- Bk

7.4 This will bring up a window that will ask to set the thresholds for the peak search. The default
values are often good enough. Click on the Append to List button.

|- ' DIFFRAC.EVI e ""‘M

 File Edit View Tools Help |
Ao S AAB8 oCc i x RERMAB & & |

| (2| B 10 View )|
e o | R L B 18 e T
B oo e R R RN AN PN

8 Elemental Analysis Overview

Peak Search Corundum Test 2-2-22Fa... | X

: Max | Defait

Wi chemical Filte 3 :
T oot i o fosse fwdh e s

Toal =) 500

¥ Database Fiter 400
& search j Match (scan)

W8 search by Name . Thresheld
1% search by Number peaks found

@ Background

R Pesk search 2003 Remove ka2 contribution
% peakFit ] || Create Peaks with Default Colors
{5 stripkaz

AT Fourier smooth
& smoath —L
ﬂf Displacement " y
L2 x-offset 10
T v-Scale factor
£ v-Offset R

J[¥ Aberrant — =
Data Description
Tk create Area == : :
=
s
=]
&

Counts

y u Y y u
50 50 0 &0 0
2Theta (Coupled TwoTheta/Theta) WL=1.54060

Document
1® Crop scan Views

T Duplicate Scan Pattem Matching

@ Accumuiste i
® , :

| Add =[] atheta 1 Scan

By subtract 3 IS corundum Test 2-2-22 Fast scan.... | Commander Sample ID (Coupled TwaTheta/Thets)

2Th=9.708 d=9.10342 | Cnt=66.727

& 3 141 PM
-l ol NIl o} S B A
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7.5 To obtain data on the peaks, click on the Append to List button.

File

Edit View Tools Help

BB O A& 836 9 e ¥an X

REREH

]

1CDD.

&

23| Eovew @

) No measurement err

information a»

A0 copy A dx a7 gd € L LE e m
[ Paste |fut= ka2 A bt 1AL 14 ﬁ 18] o MY 1
[0 Select Parent . 1 +hkl s d>» |2 € Y |6
L Bl et = b i T ol i il
1% select chidren T — T
Overview
[ session Log .
P
_— 500. ot
e =" T
b
B, 1mport from Fkes Peak Search Corundum Test 2-2-22Fa... | X | 2 .
a
_Ton v _peiak [ .
) o 53
& Apply Default Colors 4 wdth ) (o 8
4 Chemical Fiter Vin =
¥ Datzbase Filter Threshold ) )
Q search [ Match (peak st 3 2
Lj Vet pesk ) peaks found = I -
1§ Make DIF 5 o ]
AL, Normaiize Remove ka2 contribution E% i
B peakFit [ ] Create Peaks with Default Colors - 3 .
& Lotg &
i 5 35 - &
| create MakeDIF | [ Append To List ! [_ R 5 B
[ Peak Column View ui\. " " i fj Ej
T i T T T T ) T i T i T T T T
[58 Pesk Chart View ) 20 0 0 ) % 70 E E
2Theta (Coupled TwoTheta/Theta) WL=1.54060
|sactby, =
)
Import Order
Data  Desaription l
Angle
v S set1 ~
alue
) 2t [[] 2rheta 15can
et intensity 2}/ (1] Corundum Test 2-2-22 Fast scan....  Commander Sampie ID (Coupled TwgThet Thetz) E |
Gross Intensity Jl CER Peo List =1 7Peaks v

ng error follows underlying Poissan proc

7.6

You will then see another window show up behind the 1D View window. The window will be

called the Peak Column View. Click on this window to see information on the peaks found
in the spectrum.

IFFRAC.EVA V5.0 - User: EvaluationUser - Data: Document

File

Edit View Tools Help

4 %

o= e = T IR E I W M i

&G B

s

1D

&

Peak List #1

U Gray all except selection

X Delete

& Clear

¥ cut

A0 copy

[ Past=

[ Select Parent
72 Select Children

[ session Log

File

1l show Selected Patterns in Ruler

K, 1mport from Files

Tool

& Apply Default Colors

Y Chemical Filter

&Y Database Filter

I search / Match (peak ist)
I Make DIF

AL Normalize

B peakFit

Create

[® Peak Column View
[ Peak Chart View

NUCS Core

B¢ || Do view (5 W E |
- “] || Visble | Icon | Color |Ls: 0| Name Parent  Caption (display) | Scan
| [ | EEMEack v| 1 Pesk#l Peaklist#l 25.585° Corundum Test 2-2-22 Fast scan.brml #1 25.585°
(e | EEEack v| 2 Pesk#2  Peaklist#l 35.150° Corundum Test 2-2-22 Fast scan.brml #1 35.150°©
| EEEack v| 3 Pek#3  Peaklist#l 37.778° Corundum Test 2-2-22 Fast scan.brml #1 37.778°
| EEMEack v| 4 Pesk#4  Peaklist#l 43.355° Corundum Test 2-2-22 Fast scan.brml #1 43,355
| EEMEack v| 5 Pesk#5  Peaklist#l 52.543° Corundum Test 2-2-22 Fast scan.brml #1 52.543°
| EEMEack v| 6 Peck#6  Peaklist#l 57.483° Corundum Test 2-2-22 Fast scan.brml #1 57.483 °
| EEEack v| 7 Pesk#7  Peaklist#l §1272° Corundum Test 2-2-22 Fast scan.brml #1 §1.272°
| EEMEack v| 8 Peck#3  Peaklist#l §6.507° Corundum Test 2-2-22 Fast scan.brml #1 66.507°°
i | EEMEack v| 9 Pesk#9  Peaklist#l §8.202° Corundum Test 2-2-22 Fast scan.brml #1 63.202°
i | EEEack |v| 10 Pesk#10 Peaklist#l 76.343° Corundum Test 2-2-22 Fast scan.brml #1 76.843°
| EENEack |v| 11 Pesk 11 Peaklist#l 77.084° Corundum Test 2-2-22 Fast scan.brml #1 77.084°
0 | EEEack |v| 12 Pesk#12 Peaklist#l 77.219° Corundum Test 2-2-22 Fast scan.brml #1 77.219°
| EEMEack |v| 13 Pesk#13 Peaklist#l 50.697° Corundum Test 2-2-22 Fast scan.brml #1 80.697°°
| EEMEack |v| 14 Pesk #14 Peaklist#l 84.371° Corundum Test 2-2-22 Fast scan.brml #1 84.371°
= | EEMEack |v| 15 Pesk #15 Peaklist#l 83.981° Corundum Test 2-2-22 Fast scan.brml #1 83.981°
| EEEack v| 16 Pesk#16 Peaklist#l 91180° Corundum Test 2-2-22 Fast scan.brml #1 91180 ©
| EEEack |v| 17 Pesk#17 Peaklist#l 95.242° Corundum Test 2-2-22 Fast scan.brml #1 95.242°
)
) )
. Data  Description I |
— B Document A
S Viens #
= Pattern Matching
9

Set1
Create a column view of the peak praperties. !

2T

Facility

548 d:

28
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7.7 If you scroll over in the table, you can find the gross intensity of the peak, the relative
intensity of the peak, you will also find the d-Value (in A).

DIFFRAC.EVA V5.0 - User: EvaluationUser - Data: Document

| File Edit View Tools Help ‘
B S g8 8836 oCc i x RERB S &
)¢ | view i Bpeak Coumn View 3 |
| eakust#1 - IA] | |Angle dvalue Netintensty GrossIntensty Rel. Intensity C.Size  hk/| FitPesk PeskProfie Posiion Ares ‘Lri
IL' 25.585° 3.47887 4 268.784 271946 56.6 % na. I:l 0 ¥ 25585 0 2
U Gray all except selecton lal 35.150° 2551054 47483% B0 100% na. [1 0 v/ 3510 0 4
] sho Selected Patterns in Ruler ™ 377780 237940 4 145.050 147.739 30.5% na [ 0 3T o0 1
X Delete = 43.355% 208539 & 389.358 392.352 B820% n.a. I:l 0 | 43.355 0 3¢
"_ Clear s 52.543° 174030 A 145.765 148.193 30.7% na. D o ¥ 52543 0 1¢
% E:;y s 57.483¢ 160194 4 320.392 324344 67.5% na. I:l 0 ¥ 57.483 0 32
8 rare lal sL272°  L5Us4A w02 09707 5.0% na [0 sl 0 3
[ Select Parent s 66.507 = 1.40477 & 74.0327 76.3950 15.6 % na. D 0 ¥ 66.507 0 7|
[ % Select Children " = 63.202% 1373924 104.357 107.467 22.1% n.a. I:l 0 | 68.202 0 1
] sessonLog lal %a43°  L2ms3A 4n083 45,3785 %1% na [0 v 7R3 0 4
s 77.084° 123625 & 112126 13.6915 24% na. D 0 ¥ 77.084 0 13
| Fie = ™ 77.219% 1.23444 & 16.4802 18.9611 355 na [ 0 77218 0 1
mu Import from Fies s 80.697 % 118978 A 6.31839 7.07230 13% na. D o |/ 80.697 0O 7
s B84.371° 114707 & 6.66780 6.86826 14% na. I:l 0 ¥ 84371 0 6.
ool |0 | wle  LelA s4EM 9.81345 20% na [0 vem 0 o
f ‘Apply Default Colors s 91180 = 1078334 116301 12.73712 24% na. D 0 | 91180 0 1z
Wi Chemical Fiter st 95.242% 1.04278 & 10.8881 11.3072 23% n.a. I:l 0 ) 95.242 0 1
¥ Database Fiter
& search / Match (peak ist)
I Make DIF . — S
AL Normalize = = =
B peak Fit & )
~ lp=m | Desarption |
jCreate = & Document ~
[ Peak Colurm View B vess #
[ Peak Chart view = Pattem Matching
S Set1 v

M
2/2/2022

7.8 If the sample is known or a mixture of known samples, a database search can be done on
the collected data.

7.9 To search the connected databases, click on Search/Match (peak list) option on the left of
the screen under the Tool option.

DIFFRAC.EVA V5.0 - User: EvaluationUser - Data: Document

File Edit View Tools Help

B8 A AFBEBG o inRx BRERE &8 |

‘L@“, 10 view E3 |BPeak Column View E3)|
_ I o p e e T
Peak List #1 acas] o RS = T A A P T o B i
U Gray al except selection T jo, @ @ +hd a7 37 Wl @ fd> > € Y 16 | f
i sy LW i PR g
1) Shenw Selected Pattems in Ruler |‘ —T- e B | [ ST oLl g il ik B R A
X Delete EEE
= -
& Clear 1400. % %
¥ cut o 2 =
A0 Copy -
1000- b
{8 Paste & -
= =} =] .
[ Select Parent £ = = = a 8
2 .
[ & Select Chidren b (| | ST N @ R B3
b
[ session Log = = £ ==
0. = o sz =
& 2 5 Arg g 582
= - 2 2 j%f E & [@ Z 8 [
o A 2
M 1mport from Files T T T Y T T Y T
10 0 £ @0 50 a0 0 80
= . 2Theta (Coupled TwoTheta/Theta) WL=1.54060
ol |
& Apply Default Colors () =)
¥ Chemical Filter Data | Desription I I
: L F=) Document
[ I Search / Match (eak ist) [E3] Views
= Pattern Matching
A2 normalize : Set1
Bl
Perform & search/match on the peak list.
T peak it | |'I 2Theta 1 Scan
[+ [v][1] Corundum_Calibration_020722.br... Commander Sample ID (Coupled TwaTheta/Theta)
Create = ETN | Peak ist #1
[ Peak Column View
[ Peak Chart view

AM
3/5/2022
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7.10 A window will then open asking for selection of the databases to be searched. To select the
databases to be searched, click on the arrow and select the databases to be used.

| File Edit View Tools Help

|
PR = 2 3
BA S a8 9 0 3 0HX |
Auto Views 5 leg)
SearchList |
& i= |FoM |Match % o Source ID | Quality Status IfiCor  Org... |Inor... Mineral Name | Formula | Crystal Systen
=
Sl [
£ FIe
) ) el i R X2 (&) &
[__n_“éj‘l‘ B 10 View E3 |k Column View |E3 Search /Match Peak List #1 I
|
- PoX X aF A e £ &
| PeakList #1 \‘\;tw P o T TS YO
R Gray all except selection al ' - - ~ .| Databases Match Lists| Names | Options, -~
11ifl show selected Patterns in Ruler | patatree [ F] ave [ x|
Data | v| Crystallography Open Database 1734 I
2 R (] Crystalograpn base REV =l
& Clear =] Document ok Cancel
¥ cut | By (eCancsy) ;| ooy
[+ Views
0 copy = Pattern Matching
I Paste P& Set1
LI Select Parent =[] 2Theta 15can
[} Select Children =+ vl [1] Corundum_Calibration_020722.br... Commander Sample ID (Coupled TwoTheta/Theta)
[ — N reoiit s s reais
Fiy tmport from Files £l
2Th=54.645 d=1.6782

7.11 The database search also has options on whether the results are limited to certain elements
or materials by clicking on the Chemical option.

| File Edit View Tools Help

|
A v L7 = 2 3
LB s B8, 0.0 8 008X |
| Auto Views
|| Search List |
sl Q a8 4= |FoM | Match % 0 Source ID
]| | a2
- IR ~
o’ R ods = x e @ hE
—— 18 (%) Search | Match Peak List #1 e
A g 2

Peak List #1 = A

U Gray all except selecton v n v ie e o v Databases Match Lists | Names) Options| —

Jiif] Show Selected Patterns in Ruler Al pata Tre |Crystallography Open Database o) At [ 18] ()

Delete

g e |Baiz | osriter [ el | @ I
ey m e e =

A cut [E] Views =

0 copy - Cement

=) Pattern Matching GEO-QUANT Majors
I8 Past= e set1 GEO-QUANT Majors & Traces
LI Select Parent B D 2Theta 1 Scan ;]ED«SLIANTTBCES
’ . ron Ore

[f} Select Chidren = [1] corundum_calibration_020722.br... Commander Sample I Rock Forming Minerals

[=] sessionLog 2N ek st #1  [25peaks SRS oEE |

File =l
Ky, Impart from Files ‘ 9

2Th=54.645 d=1.6782

- B &
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7.12 After selecting the desired option, click on Match to search the databases. This will take a

few minutes.

File Edit View Tools Help

+?
=

| Search List ‘

@

FOM |Match |% 0 |Source ID

Ll

ki, tmport from Files

9

l 2
Matching... = e
® 2l (=
e w BEs 2
Da %)% B0 view 3 | peak Column View E3 e #1 ¥
AN g e PR =
Peak List #1 i Eal X aF ps € [ T [l g
&
(I[F Gray all except selection ' ' v i~ o o . Datsbases Matchlists | Names | Options| =
J1f] Show Selected Patterns in Ruler | crystallography Open Datzbase 1] auto ] L]
Delete
X pels oaa e \wioermer [ el | oo ‘
o ., o= cremcal =y
x Cut w Views l=J L!J
0 copy & Pattern Matching
I Paste [ Set1
[F Select Parent (=[] 2Theta 15can
(2 Select Children 2+ [1] Corundum_Csiboration_020722.br... Commander Sample ID (Coupled TwaThets/Theta)
[ seeonton &
File |

2Th=54.645 d=1.6782

A A

on how well the measured data matches the data in the database.

7.13 When the search has been completed, the results will be sorted by the Figure of Merit (FOM)
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] 10 View |3 | Search / Match Peak List #1 =
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7.14 Clicking on one of the options provides information on the unit cell parameters, the crystal
system, the space group, and other crystallographic parameters.
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7.15 To obtain the hkl values for the literature sample, click on the [hkl] Generator. Make sure
that the sample found in the database search is selected.
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7.16 A window will open listing the crystallographic properties and lattice parameters of the

database sample.
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7.17 Click on Make DIF and close the [hkl] Generator window.

7.18 Click on the D8 View under the Create option to obtain the hkl values for the sample found

in the database.
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8 Powering Down the Bruker D2 Phaser Powder X-ray Diffractometer

8.1 To shut down the instrument, click on the Windows icon in the bottom left corner of the
computer screen to bring up the Start window. Click on the power icon and select Shut
Down.

8.2 Wait until you see the following message before turning off the power switch on the back of
the instrument (see step 6.3 for power switch location).

indows was shut down successfully.

1S now safe to switch off the systen.
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9 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 Bruker D2 Phaser Powder X-ray
Diffractometer.

Instrument Trainers

Zach Heiden, NUCS Fulmer, 509-335-0936

Bill Hiscox, NUCS Fulmer, 509-335-8259

Nuclear Science Center Emergency Line: 509-335-0004

Training on the Bruker D2 Phaser Powder X-ray Diffractometer consists of the safe use of the
instrument, collection of a single dataset on a corundum sample, data analysis using the
Diffrac.suite EVA software, discussion of the interlock system and safety features of the Bruker
D2 Phaser Powder X-ray Diffractometer, 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:
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	1 Background
	1.1 Weekly Calibrations/QA/QC Checks

	2 Safety Requirements
	3 Calibration Procedure
	3.1 Turn on the instrument and open the diffractometer, by pushing down on the handle and pulling the latch (see Step 6.10), so that you can access the sample holder.
	3.2 Place the corundum sample in the sample holder and raise the lever to place the sample into the measurement position.
	3.3 Check that the divergence slit is 0.6 mm and the air screen is set at 3 mm before closing the diffractometer, see Steps 6.14-6.18 for instructions.
	3.4 Collect the diffraction pattern using a Time/Step of 0.030 seconds, a Number of Steps of 8390, which will result in a data collection that will take 265.92 seconds (4.4 minutes).
	3.5 When the data collection has completed and save the data in the folder: C:\Users\user\Dektop\NUCS Calibrations\Weekly Calibrations\Year (where Year is replaced with the year, eg. 2022).
	3.6 Save the data file as Corundum_Calibration_mmddyy, where mm stands for the month, dd stands for the day, and yy stands for the year. For example, a filename of Corundum_Calibration_020722, was a data collection that occurred on February 7th of 2022.
	3.7 After the data collection has completed, turn off the X-rays, see Step 6.38.
	3.8 Remove the corundum sample and place it back into its holder.
	3.9 Turn off the diffractometer, following the procedure indicated in Section 8.
	3.10 Complete the Bruker D2 Phaser Weekly Calibration Report as indicated in Section 4. Make sure to include any issues encountered in both the Weekly Calibration form and the Bruker D2 Phaser Powder X-ray Diffractometer logbook.

	4 Reporting Weekly Calibration
	4.1 Collect powder X-ray diffraction data on the corundum reference sample as indicated in Section 3.
	4.2 The report for weekly calibrations can be found on the Research drive at the following file location: M:\NSC User Facility\XRD\Phaser D2 PXRD\Calibrations\Weekly Calibrations\
	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 Weekly Calibration Form.
	4.4 Use the DIFFRAC.SUITE EVA software to analyze the collected data. Upon importing the data, undergo a Peak Search, then Append the data to the List, and Click on Peak Column View to find the 2-Theta values, the relative intensities, and the d-spaci...
	4.5 If more than three values measured d-spacings do not match to the literature values (seen on the calibration form) to within 0.5 %, then there is a reason to be concerned and inform NUCS Core Facility staff.
	4.6 Please save the data and the report on the NUCS drive using the following file location: Z:\Bruker PXRD\Weekly Calibration Data and place in the respective year and folder for the data and report. Please ask the NUCS Core Facility staff if you hav...

	5 Sample Preparation
	5.1 Pick up a circular sample holder from the sample holder box on the sample prep table next to the diffractometer.
	5.2 Place the sample holder on top of a Kimwipe.
	5.3 Place a small amount of sample on the holder, making a 1 cm diameter (~0.5-1 gram of sample) with a spatula.
	5.4 Use the side of a glass slide to tap on the powder to make the height of the sample level with the plastic outer ring of the holder. Do not drag the glass slide across the sample holder or powder will be smeared all over the holder.

	6 Data Collection on the Bruker D2 Phaser Powder X-ray Diffractometer
	6.1 Instrument time on the Bruker D2 Phaser are made on iLab (https://wsu.corefacilities.org/), prior to the user’s instrument time. Reservations are based on service, not time. Please indicate the number of data collections obtained during the reserv...
	6.2 Start by writing the date, starting time, and your name in the instrument logbook.
	6.3 checking to see if the Bruker D2 Phaser powder X-ray diffractometer is on. The default state is to have the system powered down. The power switch can be found on the back of the instrument on the left side. The switch should be depressed so that t...
	6.4 After a little bit of time, the instrument will ask for a password to login. The password is: password
	6.5 When the instrument logs in, you will come to a home screen that shows the following:
	6.6 Notice the lights on the top left of the instrument, only the green light indicating that the instrument is On should be illuminated. If the red alarm light is illuminated, please inform NUCS Core Facility staff.
	6.7 Click on the DIFFRAC.MEASUREMENT icon on the bottom of the screen to load the measurement software. The following screen will be seen while the software is loading.
	6.8 After a little while the software will ask for a password. Please use the Lab Manager account and press the OK button, as this account does not have a password.
	6.9 After clicking OK, the software will say that the Measurement Server is running, this software is necessary for the instrument to talk to the data collection software.
	6.10 The door of the instrument can be opened by pushing down on the handle and pulling the small handle towards you to unlatch the door. If the door does not open (slide up), pull down on the handle.
	6.11 When the latch is released, the monitor will slide upwards to show the diffractometer behind it.
	6.12 The sample is placed on top of the sample holder below.
	6.13 The picture shown below demonstrates the instrument with the corundum standard sitting on top of the sample holder, prior to moving the sample up into the measure position.
	6.14 The sample is then moved into place by lifting the lever underneath the sample holder.
	6.15 Before closing the instrument, the divergence slit, the air scattering screen, the Söller slit, kβ filter, and the air scatter slits need to be adjusted, if needed. Usually just the Divergence Slit and Air Scattering Screen need to be adjusted.
	6.16 The D2 Phaser has options of 0.1, 0.2, 0.6, and 1.0 mm divergence slits. The choice of divergence slit is made by picking the slit for the material that best describes your sample. A list of recommended configurations can be seen below.
	6.17 The divergence slit is changed by sliding out the current slit and sliding in the desired slit.
	6.18 The air scatter screen can either be set to 1 mm or 3 mm. It is changed by pulling it off and having the desired screen facing down. The air scatter screen in the picture is set to 3 mm. The air scatter screen connects to the instrument with magn...
	6.19 Close the door to the instrument by pulling it down until it latches and does not spring back up.
	6.20 You should now see the Commander window, which is the main window that will be used for data collection.
	6.21 To set up a scan, click on the Scan Setup tab on the bottom of the Commander window to see the data collection parameters.
	6.22 Scan Type should be set to Coupled Two Theta/Theta, Scan Mode should be Continuous PSD fast. These are the default values and should not need to be changed.
	6.23 The time/step and the steps should be adjusted to give the desired experiment time. The default value is 0.5 seconds. A typical experiment should take about 30-60 minutes, but can take longer if you are trying to identify the composition of phase...
	6.24 The 2theta parameters are a measure of the window for data collection. A typical window will run from 5  to 90 . Can be set as low as -5 , but useful data often occurs at 1  or higher. Lower numbers are shooting X-rays directly into the detector....
	6.25 The PSD opening parameter is a slit on the side of the detector, that aids in avoiding the detector from being saturated by X-rays going directly into the detector.  The maximum opening is 5 , but if the starting 2theta is less than 10 , the PSD ...
	6.26 Then, click on the Instrument Components tab.
	6.27 Before running the scan, you will want to click on the check box next to the detector options to adjust the discriminators, if necessary.
	6.28 If the sample contains Fe, Co, or Ni, then they will absorb the copper radiation and emit their own radiation, causing for noise in the baseline. To avoid this, the lower discriminator in the Detector Settings will need to be changed from 0.110 t...
	6.29 If the sample needs top be rotated during the data collection, that option is taken care of here. Do not pick a value beyond 20, otherwise the powder will no longer reside in the sample holder and the instrument will need to be cleaned. Most samp...
	6.30 Then go back to the commander window and click on Start to begin the data collection.
	6.31 Upon clicking on start, you will hear a click and the yellow lights on top of the instrument will illuminate. A red light on the left side of the instrument will also illuminate, indicating that the X-rays are on.
	6.32 After a few seconds, you can begin to see the collection of data under the Main Display tab. A light on the interment will also indicate that it is busy and you will hear the instrument moving around as the data are collected.
	6.33 When the scan has completed, you will see a note on the bottom right of the window saying: Job finished” You will also see that the Busy light on the left side of the instrument is no longer illuminated.
	6.34 To save the data, Click on File -> Save Result
	6.35 The save option are .brml file which is a Bruker diffraction data file that is only readable by the PXRD software. The .raw file can be used with other X-ray diffraction programs. The data can also be saved as a .txt file for analysis in Origin o...
	6.36 If the method used is desired to be used for other powder X-ray diffraction samples, the method can be saved by clicking on File-> Save Experiment
	6.37 Before trying to work up your data, if it is a known compound, you will want to reference your spectrum using the Reference and Offset Determination option under the Commander menu.
	6.38 After selecting the reference option, a window will appear asking you to pick a peak and then define the offset of that peak.
	6.39 When you have saved your data and/or your method, you will want to remove your sample. To do that, you will need to turn off the X-rays. This can be done under the instrument status tab. Click the X-rays Off Icon, and the yellow light on the inst...
	6.40 When the X-rays are turned off, then the instrument door can be opened by pushing down on the handle and pulling out the lever. The lever sometimes sticks, so if it doesn’t immediately release the door, please press down on the door handle a litt...
	6.41 The door will slide up allowing for the removal of the sample. Pull down on the sample holder latch, which will cause the sample to lower. Remove the sample after it has lowered.
	6.42 If another sample is desired to run, the next sample can be inserted at this time and you can jump to step 6.12 to begin data collection.
	6.43 When the data collections have been completed, enter the ending time in the instrument logbook and describe any issues that were encountered during the data collections, if any.

	7 Data Workup on the Bruker D2 Phaser Powder X-ray Diffractometer
	7.1 To determine the d spacings and the reflections of the collected data, the data needs to be opened in the Diffrac.suite EVA, which is opened by clicking on the icon on the bottom of the screen.
	7.2 Upon opening the program, you will then need to import the data, by clicking on the File menu and selecting the Import from Files option.
	7.3 To begin analyzing your data you will need to start with a Peak Search. To do the, Click on the Peak Search option on the left side of the spectrum.
	7.4 This will bring up a window that will ask to set the thresholds for the peak search. The default values are often good enough. Click on the Append to List button.
	7.5 To obtain data on the peaks, click on the Append to List button.
	7.6 You will then see another window show up behind the 1D View window. The window will be called the Peak Column View. Click on this window to see information on the peaks found in the spectrum.
	7.7 If you scroll over in the table, you can find the gross intensity of the peak, the relative intensity of the peak, you will also find the d-Value (in Å).
	7.8 If the sample is known or a mixture of known samples, a database search can be done on the collected data.
	7.9 To search the connected databases, click on Search/Match (peak list) option on the left of the screen under the Tool option.
	7.10 A window will then open asking for selection of the databases to be searched. To select the databases to be searched, click on the arrow and select the databases to be used.
	7.11 The database search also has options on whether the results are limited to certain elements or materials by clicking on the Chemical option.
	7.12 After selecting the desired option, click on Match to search the databases. This will take a few minutes.
	7.13 When the search has been completed, the results will be sorted by the Figure of Merit (FOM) on how well the measured data matches the data in the database.
	7.14 Clicking on one of the options provides information on the unit cell parameters, the crystal system, the space group, and other crystallographic parameters.
	7.15 To obtain the hkl values for the literature sample, click on the [hkl] Generator. Make sure that the sample found in the database search is selected.
	7.16 A window will open listing the crystallographic properties and lattice parameters of the database sample.
	7.17 Click on Make DIF and close the [hkl] Generator window.
	7.18 Click on the D8 View under the Create option to obtain the hkl values for the sample found in the database.

	8 Powering Down the Bruker D2 Phaser Powder X-ray Diffractometer
	8.1 To shut down the instrument, click on the Windows icon in the bottom left corner of the computer screen to bring up the Start window. Click on the power icon and select Shut Down.
	8.2 Wait until you see the following message before turning off the power switch on the back of the instrument (see step 6.3 for power switch location).

	9 Training

