IMSERC User Manual for Rigaku Synergy-ED

CONTENTS
Ta1ageTe [V AT ] o DN T TSP OPTOUPRPR 2
Y111 4V PRSPPI 2
DL W g T o Ted=T0 01T o | S PP UUPUPUPUUPPPPPPPPUPP 3
SOTEWATIE ettt sttt b e b e s bt she e s ae e et e e bt e e b e e s bt sae e e e bt e bt e b e e b e eh et e ae e ea et e bt e bt e nheesanenaneeane 3
Default INSTIUMENT STATUS ..c..eiiiiiiieee ettt ettt b e s b e e sh et s st e et e et e e sbeesseesanesabeeabe e neennees 3
General steps for SAMPIE PreParation ... e e e e s e e e s e e e e e b ee e e enabeeeeenarees 6
Y T T8 o] a1 ¥4 e Yo L3PPSR 9
O Y= Tl Yo R Vo [ [T TR 10
Y T T ol ]| [=Totd o] o H O TSRO PPUPPIUPRUPRUPRORt 15
AULOMALIC COIRCTION/QUEUING ......vei ettt ettt ettt ettt e e e et e e e te e e beeeetteeebeeeetaeeeateeesseesateseaseeeanseesseeenanes 21
F [T o a1 Y= Yo YT o ] SRR 26
Data FEAUCTION ... eee ettt et s e st e e st e s bt e e bt e e s bee e bbeesabeesabeeesabeesabee e nbeesabaeesabeesabeesnseesabeeanns 27
Merging and SCAlING AatASELS .....cciiicuiiieiciiie et e e ere e e e st e e e e e bt e e e e e bteeeeebtaeeesseaeeesastaeeesasteeeesnstananannes 27
Data INOEXATION ...eeeitieiiie ettt et s et b e st e s be e e sm b e e s b e e e be e e s b e e e beeesanee s reeesmneesabeeeanteesarenennnes 29
(D) =l 4= Te [¥ Lot 1o o FO TSSO P RO PPROPR 34
(U] o] 1o Y oo F PP PR PSPPRROPROPRO 42
y N q o 1= T a1t ] = IEY=Tot o o TSP 42
B. ACKNOWIEAZEMENT........iieeieeee ettt e e e et e e e e ette e e e eebeeeeeebtaeeseabtaeaeenseaeaeanseseeeassasasastseesanssanananes 42
g T0] o] 1=1 s ToTo 4 o= SRR 43
A. The computer SCreen Will NOT tUIMN ON. . i e e e e e e e s ee e e e sabae e s ssabeeeeenareeas 43
B. Computer requires 1ogin and @ PASSWOIT ........coccuiiiiiiiiiii ittt e st e e e etre e e e sbee e e s sbaeeessbteeessreeeaesnnes 43

C. There is an error/problem with the instrument that is not addressed under the troubleshooting section .. 43

SNV K Lo £ 3R 44
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INTRODUCTION

Use of this instrument is allowed only by qualified users after receiving training by a staff member. Do not run this
instrument without approval from IMSERC staff. Failure to do so may cause damage to the instrument, produce
invalid data, and result in additional fees and/or removal of all IMSERC privileges. This set of instructions is meant
to serve as a guide for ‘routine’ data collection on the instrument. For custom experiments that are not covered
in this user manual, contact a staff member. For the full list of modes, capabilities, and potential custom
experiments that could be run on this instrument, please either contact a staff member or check the

corresponding capabilities section at http://imserc.northwestern.edu/crystallography-instruments.html. Please

read this user manual and acquaint yourself with the instrument.

A hard copy of this user manual can be found near the instrument. An electronic version of this user manual is
linked to the desktop of the instrument computer and also available under the corresponding instrument section

at http://imserc.northwestern.edu/crystallography-instruments.html by pressing on the ‘User manual’ button. If

while using the system, something happens that you do not understand, please stop, and get help. In any event,

be completely prepared to justify your actions. The cost of even minor repairs could be considerable.

SAFETY

All users of IMSERC must review the general safety policies at http://imserc.northwestern.edu/about-

policies.html and the Crystallography specific policies at http://imserc.northwestern.edu/crystallography-

policies.html. To become an independent user of this instrument, you must have the following safety training and

certificates under your LUMEN profile:

e laboratory Safety
e Personal Protective Equipment

e Filling and Maintenance of Liquid Nitrogen Tanks

You need the above certificates to be able to reserve time for this instrument on NUcore. Online classes and

certification are offered at https://learn.northwestern.edu. Upon completion of the certificate, it will take an

overnight to filter through the different systems and get into the files that NUcore uses. Additionally, familiarize
yourself with the location of standard safety stations like eye wash and shower stations found outside of room

BG70. Protective eyewear is required in this room, and gloves should be removed when using the computer.
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DATA MANAGEMENT

Your personal data folder is created during training. Please save data under your personal folder, which must be
located under your supervisor’s group folder, otherwise you might not be able to access your data remotely. See
a staff member if you do not have a personal folder on this instrument yet. For users that prefer to name their
data folders using dates, use the order of YYYY-MM-DD or YYYYMMDD in the name, so that folders can be sorted

chronologically by the operating system if needed.

Data from this instrument are copied in your supervisor’s group folder on ‘imsercdata.northwestern.edu’ under

‘xrd/Synergy-ED’ every 20 minutes. Please follow instructions at http://imserc.northwestern.edu/about-general-

fag.html#data for details about data access.

SOFTWARE

Data reduction and analysis can be performed with ‘CrysAlisPro’. Software is installed on the instrument

computer. For offline analysis, please use any the following resources:

e For registered IMSERC users, software can be downloaded from ‘imsercdata.northwestern.edu’ under the
folder ‘public/Crystallography/Rigaku’. Software is available for Windows only. Please follow instructions

under ‘Data Access’ at http://imserc.northwestern.edu/about-general-fag.html#data on how to connect to

the ‘public’ folder
e You have the option to use the instrument computer for analyses, but you must reserve instrument time

through NUcore

DEFAULT INSTRUMENT STATUS

The default measurement mode of the Synergy-ED is room temperature or low temperature collections in
transmission geometry using parallel electron beam at 200 kV. Please notify the right staff member well in
advance if you would like to run an experiment in a different mode than the one listed above, and you are not
trained to perform the required mode-switch. Additionally, put a note on your NUcore reservation indicating the
preferred mode of your measurement. For the full list of modes, capabilities, and potential custom experiments
that could be run on this instrument, please either contact a Crystallography staff member or check the

corresponding capabilities section at http://imserc.northwestern.edu/crystallography-instruments.html.

The default working condition of the Synergy-ED is as follows:
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1. Computer screen is by default deactivated. You must start your reservation through NUcore to be able to turn
on the computer screen. If screen is already on, start your reservation through NUcore

2. The default ‘Synergy-ED’ user account should be logged in. B

In case the computer was restarted, the password for the '
‘Synergy-ED’ account is
3. State of the vacuum and high voltage indicators on the .
console at the northwest corner of the room should be
green as shown in figure 3
4. Emission current should be off, dark current at around 101

uA, detector chamber and column vacuum levels green,

and stage neutralized

When you are done with your measurement, please remember to:

Jeol MicroED Controller (2.1.0) - X

5. Leave the acquisition software running HT Voltage 120000 KV +on
Dark Current EENINERVAIERIV-Y =
6. Press on the [Sample exchange] button on the ‘JEOL | emission current Beam OFF
MicroED Controller” window (figure 6). This will reset the oy PSRN vocuom rerov
goniometer and turn the filament off chamber
ol B
7. Remove the holder from the column and remove the vacuum (LG vecuum sea

| Stage values Position [nm/deg}
76

BiasCowse | 5 %

BiasFine | 5 ; .3;_02
8. Incase you're using the cryo-holder, put the cryo-holderin | / swu oeicccomeces. o™ ™ 008
Logfie: WIS

sample grid from the holder

the pumping station and start the ‘Warm Up’ procedure,

so that the holder is ready for the next user. Check the ‘Using the cryo-holder’ section for more details

9. End your reservation in NUcore when all procedures are completed. i.e., account for any additional time that
might be needed such as warming up the cryo-holder for the next user

10. Leave lab tables clean and tools/accessories organized. Thoroughly clean all tools/accessories with alcohol
and kimwipes

11. If you are the last use of the day, please follow the detailed procedure regarding:

a. The cryo-holder ‘Warm Up’ or ‘Bake Out’ process. Check the ‘Using the cryo-holder’ section for more

details

b. The ACD heater of the cryo-trap on the column. Check the ‘Manual collection’ section for more

information
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If there is an error or problem with the instrument which is not addressed under the ‘Troubleshooting’ section,

please report the issue by following at least one of the steps below:

1. If you have already started your reservation using NUcore, please end your reservation and select the error
reporting option with a brief description about the issue. Place the ‘Stop’ sign near the instrument computer
to notify users immediately after you. ‘Stop’ signs are located on the shelf above the computers in BG51

2. If you have not started your reservation using NUcore, please report problems with the instrument at

http://imserc.northwestern.edu/contact-issue.html and place the ‘Stop’ sign near the instrument computer

3. Contact a staff member for instructions

Integrated Molecular Structure Education and Research Center 5/44
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GENERAL STEPS FOR SAMPLE PREPARATION

Sample preparation is very sample dependent. For example, if sample is vacuum stable, a room temperature
deposition of the solid or solid in solution on the sample grid might be more than enough. In any case, the sample
must be crystalline. You could use powder diffraction to evaluate crystallinity if sample volume is sufficient.
Promising crystalline samples should show reflections up to at least 30 degrees two theta when using Cu-radiation

powder diffraction. An overview of potential sample preparation methods is shown in the figure below.

Additives Detergents Mesh Foil
Salt
: Continuous
pH | film
Chemical
Buffer treatment
Construct Plasma
design cleaning
Plunging Blotting
, Droplet-
Jetting based
methods

Vitrification z<//
Scribing

Sample preparation workflow is very sample dependent. Start with the simplest method by depositing the sample
directly on an untreated sample grid and if this method does not work follow the illustrated workflow clockwise
starting from the top right section. Adopted from “Nature Methods (2021), 18, 463 — 471 [10.1038/s41592-021-
01130-6]"
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If sample is vacuum unstable, cryo-conditions might be needed. Below are some general guidelines regarding

unstable or biological samples:

e Samples with high solvent content: Proteins, porous materials, and hydrates are examples of samples
that may require cryogenic conditions due to loss of crystallinity upon de-solvation. This can be
prevented by freezing the sample before inserting into the diffractometer using the cryo-holder.

e Low molecular weight samples: Low molecular weight samples may sublimate under the vacuum of
the electron column. If this is a concern, the specimen should be cooled to cryogenic temperatures
before inserting into the diffractometer. In cases where room temperature sublimation is suspected
but unknown, the ACD trap can be cooled while operating at room temperature.

e Crystalline suspensions: Suspensions of microcrystalline material can be analyzed by pipetting a small
(typically around 1-3 pL) amount of the suspension onto a TEM grid. Excess solvent can either be
removed by evaporation or by blotting with filter paper. If the sample is not stable to thorough drying,
it can be frozen with small amounts of solvent present before analysis.

e Primary fixation with aldehydes (proteins): During this step proteins and, to a lesser extent, other cell
molecules, become crosslinked by formaldehyde and/or glutaraldehyde molecules. Small mammals
can be fixed by perfusion, whereby the fixative is introduced via the vascular system. Other samples
need to be fixed by immersion and the specimen needs to be dissected no thicker than 1 mm in at
least one direction.

e Secondary fixation with osmium tetroxide (lipids): This step ensures that lipids, for example the
phospholipids forming membranes, are preserved and are not extracted during dehydration. During
the fixation a black insoluble precipitate is formed on the membranes, creating membrane contrast.

e Tertiary fixation and contrasting with uranyl acetate: Uranyl acetate is a heavy metal salt which binds
to proteins, lipids and nucleic acids, providing additional contrast. Some authors believe it also has
fixative properties. Samples can be incubated en bloc in a solution of uranyl acetate before
dehydration, but the stain can also be applied to the sectioned specimen before lead staining.

e Dehydration series with solvent (ethanol or acetone): A fixed specimen is dehydrated by incubation
in a series of ethanol or acetone solutions. Solvent concentration is increased gradually so that water
is removed gently, without causing artefacts, mainly shrinkage.

e Resin infiltration and embedding: Following dehydration, the solvent is replaced with a gradually

increasing concentration of liquid resin (typically epoxy resin for ultrastructure studies). The specimen
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is placed in a mold filled with liquid resin and cured into a hard block using heat or UV light. After this,
a sample can be stored indefinitely.

e Sectioning and mounting sections on specimen grids: A specimen embedded in hardened resin can be
sectioned extremely thinly, at less than 100 um. This allows for the electron beam to pass from the
electron gun through the specimen to the detector. The sections are mounted on specimen grids
which fit into microscope sample holder.

e Contrasting (post-staining): Biological specimens are naturally not very electron opaque as they are
composed of atoms with low atomic numbers and the beam passes through them easily. To increase
ample contrast, the sections can be post-stained with lead citrate. This heavy metal salt, similarly, to
osmium tetroxide and uranyl acetate, binds to cell components and scatters the incident beam
electrons. The areas of specimen section which scatter electrons more are recorded as darker pixels,
which stand out against the brighter background. Use the flat plate disc holder in transmission mode
for qualitative analyses on powder sandwiched between acetate, polyimide, or mylar foils (high
throughput option up to 30 flat plates). Use the appropriate foil based on the details discussed during
training. Polyimide and acetate foils are available to all users and supplies are located on the bench

near the instrument

Integrated Molecular Structure Education and Research Center 8/44
O Northwestern University



IMSERC User Manual for Synergy-ED

MOUNTING TOOLS

A wide variety of mounting tools and grids are available to use for handling samples. For cryo-related work,

commonly used tools are shown in Figure 1 below.

Tool for
grid boxes

For cryo-related work, when using the Gatan Elsa 698 cryo-holder, the cryo-transfer station and its accessories

are used. Cryo-station and its accessories are shown in Figure 2.

Protective cover J

Support platform

Plastic rod

Integrated Molecular Structure Education and Research Center 9/44
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USING THE CRYO-HOLDER

The ELSA cryo-holder is a specialized holder with a large cryogenic dewar that can maintain temperature for
around 8 hours. Please follow the steps below for the proper use and required maintenance by users of the cryo-

holder:

1. Cool down the Elsa holder using the ‘Cryo Transfer’ mode

(should be done on the desk with the pumping station)

a. Ensure that the cryo-holder is on the pumping station
as shown in figure 1a

b. Ensure that the V4 and V3 valves (see labels of figure
1a) are closed. If not, close these valves first (close V4
and then V3) by rotating them clockwise. Do not
overtighten the valves, finger tight is good enough.
Remove hose from below valve V4 if necessary

c. Ensure that valves V1 and V2 are open. See labels in
figure 1b for the position of the valves which are
shown open

d. Attach the Elsa holder to the Elsa temperature
controller using the cable (thick grey cord). Make sure
to connect the red dots to one another (figure 1d)

e. If controller is not on, touch on the Gatan ‘G’ logo to
turn on the controller (figure 1e)

f.  Using the touch screen on the controller of the cryo-

holder, switch to ‘Cryo Transfer’ mode and start by:

Pressing on the [Mode] button
ii. Pressing on the [Cryo Transfer] button

iii. Pressing on the [Start] button

g. Slowly add liquid nitrogen to the dewar of the cryo-
holder until dewar is full. Wait for the temperature to reach around 140K. This might take 15-20 minutes.

At the meantime, start the next step of preparing the cryo-transfer station
2. Prepare the cryo-transfer station by mounting the required accessories (see figure 2 under ‘Mounting Tools’

section)

Integrated Molecular Structure Education and Research Center 10/44
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a. Insert the plastic rod (see figure 2 under ‘Mounting Tools’ section)

b. Insert the support platform. Ensure that the platform is in the pins of the cryo-transfer holder. Once

properly inserted, platform should not rotate or rock m k —

c. Place the protective cover on the top of the platform r

d. Wait for the cryo-holder to cool down below 140K
(step 1g). Once the cryo-holder is ready, start adding
nitrogen to the cryo-transfer platform by using the
small diameter funnel (see figure 1 under ‘Mounting
Tools’ section). Overall assemble should look like
picture 2d. Wait for the support platform to reach
cryo-genic tempeature

3. Remove Elsa holder from the dry pumping station (see figure 1a of the holder in the pumping station) and

install the cryo-holder in the cryo-transfer station by following the step below:

a. Ensure that the V4 and V3 valves (see labels of figure 1a) are closed. If not, close these valves first (close
V4 and then V3) by rotating them clockwise. Do not w
overtighten the valves, finger tight is good enough.
Remove hose from below valve V4 if necessary

b. Close V1 and then V2 (see labels in figure 1b for the
position of the valves which are shown open). Rotate
each valve clockwise at 90 degrees. Closed is in the
horizontal position

c. Close the shield of the holder by rotating fully
clockwise the knob located at the center of the dewar
of the cryo-holder (label 3c in figure 3f)

d. Turn the dry pumping station off. The on/off switch is
at the back of the unit next to the power cord

e. Once the ‘MDP status’ and ‘System Status’ light

indicator in the front of the station are turned off,

retract holder from dry pumping station
f. Transfer carefully the Elsa holder to the Elsa cryo-transfer station (figure 3f). The tip of the cryo-holder

should secure into the support platform. A properly inserted cryo-holder in the support platform of the

Integrated Molecular Structure Education and Research Center 11/44
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cryo-transfer station is shown in figure 3g. You must ensure that the tip of the cryo-holder is secured into
the support platform, as shown on figure 3g. Otherwise, the tip will get damaged/bent

Accessories of the cryo-station (see figure 2 under ‘Mounting Tools’ section) are located in the dehydrator
which is on the prep table. The support platform contains a round reservoir for one grid box (see figure

3g) and a wide reservoir for work under liquid nitrogen. Additionally, there is a fill port for liquid nitrogen

4. Transfer sample to the Elsa holder

a.

Open the shield of the holder by rotating fully counterclockwise the knob located at the center of the
dewar of the cryo-holder (label 3c in figure 3f)

[Optional] Once the holder is at around 140K, you can unplug it from the temperature controller and move
the Elsa with its cryo-transfer station over to the general bench

Remove the clip ring from the holder tip (figure 4c) using the clip tool (see figure 1 under ‘Mounting Tools’
section). Place the silver end of the tool onto the clip ring and while applying a small amount of vertical
pressure on the end of the clip ring tool, slowly turn the tool clockwise 1 - 2 turns until you feel resistance.

Clip tool must be exactly vertical for the clip ring tool's thread to engage the thread of the clip ring

+60° Clipring
Insertion too! g
(distal end)

Clipring taper
Threaded clipring ﬁg‘/
Clrcllp

pa Cross section

B $ through specimen
k holder tip grid
Support pad Specimen grid

Be careful not to turn too far as it will over-tighten the clip ring to the clip ring tool. Pull up to remove the

clip ring. Transfer the cold sample grid to the tip of the holder using a pair of tweezers

Secure the grid with the clip ring. With the clip ring still at the tip of the clip tool, insert the clip ring back
into the grid holder by gently pushing down on it until you feel/hear a click. That click is the clip ring
passing the circlip and getting secured underneath. While applying a small amount of vertical pressure on
the end of the clip ring tool, slowly turn the tool counterclockwise 1 - 2 turns until the tool moves freely.

Pull up to remove the clip ring tool.

Integrated Molecular Structure Education and Research Center 12/44
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f. Close the shield of the cryo-holder by rotating the knob fully clockwise (label 3c in figure 3f)

5. Insert Elsa holder into the microscope =

Manual Z ‘@
a. Tilt the goniometer to 45 degrees and insert the cryo-stage in the same way as you | APhasnde —

|_coe |
do for the room temperature holder, i.e., press on the [Go a] button (figure 5a). BB | 2 neutra |}

See details under the ‘Manual Collection’ sections v 20 [deg) RS

b. Using the touch screen on the controller of the cryo-holder, set the target temperature by:
i Pressing on the [Mode] button
ii. Pressing on the [Automatic] button
iii. Pressing on the button that shows the temperature and typing the desired temperature value
iv. Pressing on the [Start] button
c. Open the shield of the cryo-holder by rotating the knob fully counterclockwise (label 3c in figure 3f)
d. Before data collection start the drying process for the cryo-tools by:
i Putting tools/accessories in dehydrator. Ensure that the dehydrator is running by pressing on the

‘Temp/Time’ button multiple times until the m

temperature value is visible, and then on the

‘Start/Stop’ button. Temperature should not
exceed 100 F
ii.  Dumping out all excess liquid nitrogen from the
cryo-transfer station. Use the foam cryo-cup
(figure 5d-ii) as a reservoir for the liquid nitrogen
iii.  Turning cryo-transfer station upside down, so that
any condensed water drips out

e. Startdata collection (see details under the ‘Manual Collection’ sections). It might take 15-20 mins or more

for the cryo-stage to thermally equilibrate at the target temperature. During the equilibration process,
sample will drift, and you must wait until the drift is not significant before starting a measurement

f. If icing of the sample grid is a constant issue, set the temperature at 170K while the sample and cryo-
holder are in the column in the normal data collection position. Pumping time may range from 15-60
minutes depending on the amount of ice

g. Once all data collections have been completed on the crystals of a grid, retract the Elsa holder from the
microscope using a 45 degrees tilt on the goniometer

h. Retraction of the cryo-holder is the same as the room temperature holder

6. If you are doing back-to-back measurements with the cryo-holder:

Integrated Molecular Structure Education and Research Center 13/44
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Prepare the cryo-transfer station as normal (step #2) while the cryo-holder is in the column. If certain
tools are still wet, use the heat gun (figure 6a) to remove any moisture

Once the cryo-transfer station is cold, remove the m

cryo-holder from the column and install the cryo-
holder in the cryo-transfer station as normal (step #3)
Transfer sample to the Elsa holder as normal (step #4)
Insert Elsa holder into the microscope as normal (step

#5)

Insert holder into the dry pumping station and turn the
pumping station on

Dump out all excess liquid nitrogen from the dewar of the holder by spinning the holder upside down in
the pumping station. Use the foam cryo-cup (figure 5d-ii) as a reservoir for the liquid nitrogen

Once ‘MDP status’ and ‘System Status’ turn green, slowly open V2 and then V1. Leave V3 and V4 closed
Attach the holder to the Elsa temperature controller

Using the touch screen on the controller of the cryo-holder, run the ‘Warm Up’ procedure which takes 30

mins. Check the timer on the controller regarding the progress of the ‘Warm Up’ cycle

8. On Fridays or weekends, bake out the dewar and cryo-holder as follows:

Insert holder into the dry pumping station and turn the pumping station on

Dump out all excess liquid nitrogen from the dewar of the holder by spinning the holder upside down in
the pumping station. Use the foam cryo-cup (figure 5d-ii) as a reservoir for the liquid nitrogen

Once ‘MDP status’ and ‘System Status’ turn green, slowly open V2 and then V1

Wait until most ice on the tip of cryo-holder has disappeared

Connect the plastic vacuum hose that is already connected to V3 to the dewar

Once most ice on the tip of cryo-holder has disappeared, slowly open V3 and wait for the vacuum reading
to reach 10 Torr or lower. Make sure V3 is fully open

Once 10° Torr is reached, slowly open V4

Connect the cable from the temperature controller to the Elsa holder

Using the touch screen on the controller of the cryo-holder, start the ‘Bake Out’ process

The bake out process takes approximately 14 hours. Check the timer on the controller regarding the

progress of the ‘Bake Out’ cycle

Integrated Molecular Structure Education and Research Center 14/44
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MANUAL COLLECTION

Please follow the steps below for a manual collection on a grain-by-grain workflow. For an automatic collection of

multiple grains, check the ‘Automatic collection/Queueing’ section.

1. If you are the first user of the day:

a.

Take out the ACD heater from the anticontamination
device (figure 1a)

Fill the ACD dewar with LN;. Use the white funnel (see
figure 1 under ‘Mounting Tools’ section) and the 4 L
dewar by the preparation desk. If the 4 L dewar is
empty, refill it in the dry ice room MG91 (across

receiving)

Start your reservation on NUcore and turn the high voltage on using
the TEM center software (no CAP) shown on the right monitor. Press
on the [ON] button on the ‘Beam Controller for JEM Service’ window

(figure 1c). If the ‘Beam Controller for JEM Service’ window is not

visible, press on the ‘Control’ menu and select ‘Beam’

Beam Controller for JEM Service

HT Voltage

— CurrentHT:

ﬁ@

Step:
Target :  200.00 %[kvl!» 1.0 “ [k

HT Scheduling |

2. If you are not the first user of the day, top off the ACD with LN,

3. Launch CrysAlisPro (CAP) if it is closed and wait for a few

seconds until the software initializes all connections to the

hardware. A few electronic beeping sounds will occur

during the connection process

4. Insert the holder with the sample grid into the column by

(figure 4):

a.

Aligning holder guide pin with the guide notch on the
goniometer and push the holder till it stops

Keep pushing gently on the holder and do not rotate
Pull on the PUMP/AIR switch below the goniometer,
turn the switch up to the ‘PUMP’ position (the orange
LED turns on, figure 4c)

Wait till the ‘EVAC Ready’ LED turns green (figure 4d).

Usually takes 1-2 minutes

Inserting the specimen holder

® Push in completely.

® Turn fully clockwise.
@ Push in completely.

(3 When the green lamp

@ Set the PUMP/AIR 4
lights, turn completely.

switch to PUMP.

@ Align the holder guide pin
with the groove push in.

IASERC,

Northwestern University
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8.

e.

f.

Press the [ED] button at the top right of the CAP window (figure 5). The
‘JEOL microED Controller’ window will appear

On the ‘JEOL microED Controller’ window (figure 6), ensure | " el @19 c - :

next option will not be enabled. Ensure that the ‘Column

120000 kv | rron
that all vacuum related textboxes are green otherwise the park current IEERETRTYY
Emission Current HeamiOER Jurn flament ON

Vacuum’ reading is below 30 before you go to the next sirock ISSTERESRIN vacumResoy
chamber
step. It might take 2+ minutes for the column vacuum to g [
Vacuum ‘acuum
Stage values Pasition [nm/deg}
reach proper vacuum level BisCoase | 5 | EID % 718

Turn current emission on by pressing on the [Turn filament
ON] button (figure 7) Logfie: WETTHR ETTTTD
Locate sample grains by launching the ‘Visual Mode':

a.

IMSERC User Manual for Synergy-ED

Turn the holder 15 degrees clockwise until it moves forward a little by itself

Once the little step forward has taken place, slowly turn the holder clockwise and let it slide all the way
in gently by holding it back a little. Do not let it slam in. Controlled rotation is the only motion needed, do
BEy——g=—

5A
\ <shoid

@ cam)@ crvo)@ ED (@ LEVEL)

not move the holder sideways.

HT Voltage

fdvanced controls

Detector
chamber

Vacuum READY

o Stage 2 0.0
Bias Fine 5 “ Neutral 2 812
/ Status: Deviceconnected.. TG % 0.08

Control windows

v Alignment [~ Queue F 1

IV Adv.EOS I Mini map

Press the [START/STOP] button in the upper right corner of the main 7 -
CAP window (figure 5a) ¥ Combine GUIs [~ Transp. S
Select [Run Visual Mode] to launch the Visual (real space)
mode. A real space image of the currently centered region of
the grid will be displayed in the main window of CAP. If the
image is black, most likely the beam is on the grid and/or in

case you use a cryo-holder the shield is still closed (check the

‘Using the cryo-holder’ section for more details). Left clicking

on a point on the image will automatically move that point

under or near the central crosshair. An additional click may be

x s6v: SGIPx: 2 -120um
© oo -

crosshair. The region selected for diffraction data collection is shown as a circle around the crosshair.

needed to complete the motion of the point exactly under the

Search for crystals using the trackball or mouse click. To see a larger area of the sample grid:
Tick the ‘Mini map’ option (figure 8c-i) at the bottom right side of the ‘MicroED/3DED Control’ window
to show the mini map window
Press on the [Make image for minimap] button to take a low magnification picture of a large fraction

of the grid. It will take a few seconds for the system to create the minimap (figure 8c-ii)
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To go to a specific spot shown on the minimap, left-click on the spot (no visual indication will appear
yet) and press on the [Got to selected] button (figure 8c-iii). Stage will move to that spot
Look for crystallites that are isolated, nothing directly on the left or
right of them, and not too close to the edge of the grid if a full
goniometer rotation is needed. In any other case, the angles of rotation
will be limited by the obstacles around the crystal of interest. Once an

appropriate crystal is found, click the center of the crystal to bring the

crystal near the crosshair, within the red circle (figure 8d)

9. Before spending time on aligning the crystal, you could switch to diffraction v

Optics
mode and verify that the crystal diffracts well. If this is the very first grain m

tested on the sample grid, follow the ‘Aligning Apertures’ session. Check

apertures is typically done only once per sample grid. To switch to

diffraction mode, under the ‘MicroED/3DED control’ window (figure 9), press on the [Diffraction] button. If

the diffraction quality is not good, switch to ‘Visual Mode’ and search for another crystal

10. If diffraction quality is good, switch to 'Visual Mode’ and perform the full eucentric centering:

a.

Before collecting diffraction data under constant rotation, the height of the sample stage must coincide
with the rotation axis height. As in an X-ray diffractometer, this is achieved by minimizing the
shift/movement of the crystal when the tilt angle is changed.

Move the selected crystal to the center of the crosshair by left clicking on the crystal

Click on the [a neutral] button (figure 10c) to relax the stage. If the crystal is not in the center of the
crosshair after relaxation, repeat the alignment step above. Once the alignment

looks okay, proceed to the next step and do not adjust the XY anymore (no left click)

,._g
7
Bl e

very small step is recommended, e.g., 5 degrees. For later crystals, once the [ 20 [deg WERGEES

Specify the desired tilt angle step. For the very first crystal on a new sample grid, a

eucentric is aligned, a higher step can be selected i
Tilt the stage by pressing the [-a] or [+a] buttons (figure 10e). Stage will tilt by the H | ZNeutrai |
number of degrees set in the dropdown menu below the [-a] or [+a] buttons. The =] sE

tilt angle of the stage will be reflected by the indicator at the bottom left corner of

the main display window

If the crystal height is not at the center of rotation, the apparent crystal position will shift to the left or
right after the stage is tilted. Adjust the stage Z position:

By clicking the mouse wheel button (middle click) at the center of the crystal

Integrated Molecular Structure Education and Research Center 17/44
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ii. Multiple repeated clicks may be required due to stage relaxation effects
iii.  Click the [a relax] button to change the tilt angle of the stage
iv. If the crystal position shifts during rotation by an amount exceeding approximately half the diameter
of the central circle (diffraction area), repeat the procedure of the Z-alignment
V. Check Z-alignment for the final tilt angle by pressing the [Go a] button and typing the desired angle.
You need to repeat this step for both positive and negative angle limits to ensure that either part of
the grid or other grains are not in the beam. Remember these values for the lower and upper limit of
rotation as you will need them for the data collection
11. Once you are done with the eucentric alignment and have defined the minimum and maximum rotation limits
for the rotation, you can perform the data collection:
a. Press on the [Start experiment] button on the ‘MicroED/3DED’ Control window to show the data

collection window (figure 11a)

Rigaku Oxford Diffraction MicroED/3DED DC (2.0.2) 11a X

- 5 . Pro
MicroED/3DED DC ~CRYSALIS
b |
-~ Path and user / Sample Experiment performer: —
Grid: [Tyrosine Name:  |exp_56 Experiment: exp_56 in folder D:\IMSERC\20240607\Tyrosine \exp_56 | setuser |
DAMSERC 024167
. . Formula Edit Menu: Failed to add menu tem _
Expected chemical formula: | i Aot formada vt e fle Get Last used formula
Comment: I
Sample temperature Kelvin: I293-DD 2485C
-~ Experiment options
I635 mm Standard LI Preset distance is 635.0 mm

llumination: Condenser strength 4, Low Condenser range, CL3 lllumination defocus 1007% (GxFFFF), CL 10um
Projection: Magnification diff 50CM, IL1 Projection focus: (x52C3 {21187), PLA X: -279 {raw Ox7EES), PLA Y: -743 {raw (x7D18), SA 100um

" ' 1

Exposure time [o/deg]: "] EEX®  Eosure time = 1.0000 [s/deg]. Wil be adjusted to 1.0000 [s/deg]

Scanrange [degl: * MAXRANGE  USERRANGE ¢ AUTO LM Scan range min = -10.00 [deg], max = 10.00 [deg].

Scan width [deg]: m Scan width = 0.500 [deg]

IV Primary beam centering, max offset: 0.5pix WL TN e e

[V Run concurent data processing | Structure solution (AutoChem) |

[ IRurpostcalestermiiitnettaleyeiiten] experiment routine Not supported, requires Queue 1.7 enabled

Exposure time = 1.00 (adjusted = 1.00) [s/deg]; Scan range min = -10.00 [deg]. max = 10.00 [deg];

Scan width = 0.500 [deg] Number of frames = 40; Total time = 1 min Finish time: Sun Aug 11 16:10:05
i~ Information

m Return to Visual IV Auto-center Start experiment

Integrated Molecular Structure Education and Research Center 18/44
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vi.
Vii.

viii.
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Enter the experiment conditions:

Enter the ‘Grid’ name and ‘Name’ of the experiment/collection. CAP will automatically create a

directory with the grid name and another with the experiment name. Ensure that you are saving the

data under your personal folder shown next to the ‘Name’ field. To change the destination folder,

press on the ‘Browse root folder’ button

Provide the chemical formula or expected chemical content that will be used by the auto solution

program

Provide the sample temperature

Next to the ‘Exposure time’ bar, press on the exposure button and set the exposure time, e.g., 1 s

Next to the ‘Scan range’ label, press on the [Edit] button for the tilt angle range

Next to the ‘Scan width’ label, press on the [Edit] button for the scan width, e.g., 0.5

Check the ‘Primary beam centering’ option
Check the ‘Run concurrent data processing’
Press on the ‘Start experiment’ button to start the

data collection

12. To remove/exchange sample grid after your measurement:

a.

Vi.

Vii.

Press on the [Sample exchange] button on the ‘JEOL
MicroED/3DED Controller’ window in CAP (figure 12a)
and wait for the goniometer to go to the home position
and for the filament emission to turn off
Remove the sample holder by (figure 12b):
Pulling the holder until is stops. You will feel some
resistance, as the holder is in vacuum at this point
Turn it fully counterclockwise until it stops
Pull it a bit until in stops
Turn it fully counterclockwise and stop
Set the PUMP/AIR switch to the ‘AIR’ position and
wait until the green LED turns off
Remove the holder from the goniometer
If you are measuring more samples, load a new

sample grid and restart the process

Jeol MicroED Controller (2.1.0) -

HT Voltage [[200/100 KV #7on
Dark Current ERNIEENVAIEEIY-N
Emission Current 0.00 uA el
T
chamber
Airlock
READ
iy m
vacuum [N vec
Stage values Position [nm/deq}
BiasCoarse | 5 X 76
= Stage Y 0.0
e [ oo R
/ Status: Device connected.. TGN ™ 0.06

SIS  Piot M start log |

X

Removing the specimen holder

@ Pull out completely.

@ Turn fully counterclockwise.

3 Pull out completely.
@ Turn fully counterclockwise.

(® Set the PUMP/AIR switch to AIR
(® Wait for 30 seconds and remove
the holder.
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viii. If you are done for the day and there is another user after you, remove the grid from the holder and
. Beam Controller for JEM Service x
leave the holder on the preparation table

HT Voltage

13. If you are the last user of the day OFF c”"emm

a. Ensure that there is no holder in the column |

b. Turn the high voltage off using the TEM center software (no CAP)

Target :

shown on the right monitor. Press on the [OFF] button on the ‘Beam HE i

Controller for JEM Service’ window (figure 13b). If the ‘Beam Controller

Aperture Panel Controller

for JEM Service’ window is not visible, press on the ‘Control’ menuand CL SA
Hole Diameter Select

select ‘Beam’ m I“""“I ‘Mm| [30um|
c. Retract the aperture on the condenser lens (CL) using the TEM center

=

software (no CAP) shown on the right monitor. Press on the [OPEN] button on the ‘Aperture Panel

Controller’ window (figure 13c). If the ‘Aperture Panel Controller’ window is not visible, press on the

‘Control’ menu and select ‘Aperture’ A pertiite Danel Kantlier
d. Retract the selected area (SA) aperture using the TEM center software | CL SA 13d
Hole Diameter Select

(no CAP) shown on the right monitor. Press on the [OPEN] button on (OPEN. }m.,,.| 200um| [100 um| w

the ‘Aperture Panel Controller’ window (figure 13d)

e. Install the ACD heater in the liquid nitrogen trap (figure 13e). The
orange light above the switch on the mounting base of the heater
should be always on as show in figure 13e

f.  Turn on the ‘ACD’ heater using the TEM center software (not CAP)
shown on the right monitor. If the ‘ACD Controller’ window is not
visible (figure 13f), press on the ‘Control’ menu and select
‘Maintenance’ and then ‘ACD’

g. Acknowledge that the apertures have been retracted (steps 13c and

13d)

ACD Controller 13f

h. Update the second calendar in NUcore named ‘XRD ED-Synergy ACD’, so that ACD Heat

all users are aware that the instrument is under heating and not available for '
ON '
at least 4 hours

i. End your reservation in NUcore using the standard calendar named ‘XRD ED-

Synergy’
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AUTOMATIC COLLECTION/QUEUING

Instead of measuring diffraction data from a given crystal immediately after screening and centering, data
collection (screening or full experiment) of multiple crystals can be automated by creating a queue. Once the
gueue is populated with several experiments, all data collections can be run sequentially and unattended. To use

the queue function:

1. Perform the basic centering steps as described in the ‘Manual Collection’
section. Locate sample grains by launching the ‘Visual Mode’:

a. Press the [START/STOP] button in the upper right corner of the main @ cam)@ cro)@ En)(@ Leve)

CAP window (figure 1a)

b. Select [Run Visual Mode] to launch the Visual (real space) mode. A real space image of the currently
centered region of the grid will be displayed in the main window of CAP. If the image is black, most likely
the beam is on the grid and/or in case you use a cryo-holder the shield is still closed (check the ‘Using the
cryo-holder’ section for more details). Left clicking on a point on the image will automatically move that
point under or near the central crosshair. An additional click may be

Control windows

needed to complete the motion of the point exactly under the | ™ Algmment I Quewe P_-ﬂ
IV Adv.EOS [~ Minimap 1c-i

crosshair. The region selected for diffraction data collection is shown | I ,
¥ Combine GUIs | Transp.

Start experiment

as a circle around the crosshair.
c. Search for crystals using the trackball or mouse click. To see a
larger area of the sample grid:

i.  Tick the ‘Mini map’ option (figure 1c-i) at the bottom right
side of the ‘MicroED/3DED Control’ window to show the
mini map window

ii. Press on the [Make image for minimap] button to take a

low magnification picture of a large fraction of the grid. It

Pled X: -92Y: -120um

¥ Rotate minimap 0 to selected [l IIEEE At e

will take a few seconds for the system to create the

minimap (figure 1c-ii)

iii.  Togotoaspecific spot shown on the minimap, left-click on the spot

(no visual indication will appear yet) and press on the [Got to
selected] button (figure 1c-iii). Stage will move to that spot

d. Look for crystallites that are isolated, nothing directly on the left or

right of them, and not too close to the edge of the grid if a full

Integrated Molecular Structure Education and Research Center
7, Northwestern University




IMSERC User Manual for Synergy-ED

goniometer rotation is needed. In any other case, the angles of rotation will be limited by the obstacles
around the crystal of interest. Once an appropriate crystal is found, click the center of the crystal to bring
the crystal near the crosshair, within the red circle (figure 1d) %
2. Before spending time on aligning the crystal, you could switch to diffraction  oetes v
mode and verify that the crystal diffracts well. If this is the very first grain m e

tested on the sample grid, follow the ‘Aligning Apertures’ session. Check | [stndard ]

apertures is typically done only once per sample grid. To switch to diffraction mode, under the ‘MicroED/3DED

control’ window (figure 2), press on the [Diffraction] button. If the diffraction quality is not good, switch to

‘Visual Mode’ and search for another crystal

3. If diffraction quality is good, switch to 'Visual Mode’ and perform the full eucentric centering:

a. Before collecting diffraction data under constant rotation, the height of the sample stage must coincide
with the rotation axis height. As in an X-ray diffractometer, this is achieved by minimizing the
shift/movement of the crystal when the tilt angle is changed.

b. Move the selected crystal to the center of the crosshair by left clicking on the crystal

c. Clickonthe [a neutral] button (figure 3c) to relax the stage. If the crystal is not in the center of the crosshair
l'v"" QJ

Bl e

very small step is recommended, e.g., 5 degrees. For later crystals, once the  [<] = geg Bl

Height

after relaxation, repeat the alignment step above. Once the alignment looks okay,

proceed to the next step and do not adjust the XY anymore (no left click)

d. Specify the desired tilt angle step. For the very first crystal on a new sample grid, a

eucentric is aligned, a higher step can be selected
e. Tilt the stage by pressing the [-a] or [+a] buttons (figure 3e). Stage will tilt by the .
number of degrees set in the dropdown menu below the [-a] or [+a] buttons. The [~ 5 fem
tilt angle of the stage will be reflected by the indicator at the bottom left corner of the main display
window
f. If the crystal height is not at the center of rotation, the apparent crystal position will shift to the left or
right after the stage is tilted. Adjust the stage Z position:
i By clicking the mouse wheel button (middle click) at the center of the crystal
ii. Multiple repeated clicks may be required due to stage relaxation effects
iii.  Click the [a relax] button to change the tilt angle of the stage
iv. If the crystal position shifts during rotation by an amount exceeding approximately half the diameter

of the central circle (diffraction area), repeat the procedure of the Z-alignment
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g. Check Z-alignment for the final tilt angle by pressing the [Go a] button and typing the desired angle. You

need to repeat this step for both positive and negative angle limits to ensure that either part of the grid

® ' MicroED/3DED Queue (1.4.0)

Name [ DD | Exp. time | Scan rangeJ Scan width ( Total b'me[ Grid | Path |
exp_56 635 mm Standard  1.00 -10.00,10.00 0.50 1 min Tyrosine D:\IMSERC\20240607\Tyrosine\exp_56
635 mm Standard -10.00,10.00 [0.50  [1imin | Tyrosine | D:\IMSERC\20240607\Tyrosine'\pre exp 57

X

. < 5 ] .. [ESUSERSHNSSSR S| 3 >

4. Enable the queue window by pressing on ‘Queue’ check option on the ‘MicroED/3DED control’ window.

Queue window will appear (figure 4)

5. Instead of starting an experiment, press on the [Add] button (figure 5) on the ‘MicroED/3DED Queue’ window

Rigaku Oxford Diffraction MicroED/3DED DC (2.0.2) a X
N s B . _Pro
$° MicroED/3DED DC iCrysALis
- Path and user / Sample Experiment performer:
Grid: [Tyrosine} Name:  |exp_56 Experiment: exp_56 in folder D:\IMSERC\20240607\Tyrosine \exp_56

DAMSERC 2124060

Expected chemical fomula: |

F«:'rmulva Edit Menu: Falled to add menu fem e e ——"—,
info: Import formula from res file

Comment: I
Sample temperature Kelvin: [258 00 24.85¢C
- Experiment options
]635 mm Standard L] Preset distance is 635.0 mm

llumination: Condenser strength 4, Low Condenser range, CL3 lllumination defocus 1007% (BxFFFF), CL 10um
Projection: Magnification diff 50CM, IL1 Projection focus: (x52C3 {21187), PLA X: -279 {raw Ox7EES), PLA Y: -743 {raw (x7D18}, SA 100um

"

Exposure time fo/degl: "] : Exposure time = 1.0000 [s/deg]. Will be adjusted to 1.0000 [s/deg]
Scanrange [deg]:  MAXRANGE  USERRANGE ¢ AUTO TEM Scan range min = -10.00 [deg], max = 10.00 [deg].

Scanwidth [deal:  TZLOM) Scan width = 0.500 [deg]

[V Primary beam centering, max offset: 0.5 pix m Concurent data processing mode:

[V Run concument data processing ]Structure solution (AutoChem) L‘

I | Bur past eollestion (Tilt neatral eysiiten] Not supported, requires Queue 1.7 enabled

 EXpCHMCt routin

Exposure time = 1.00 (adjusted = 1.00) [s/deg]; Scan range min = -10.00 [deg]. max = 10.00 [deg];
Scan width = 0.500 [deg]; Number of frames = 40; Total time = 1 min

Finish time: Sun Aug 11 16:10:05
2024

i~ Information -

m Return to Visual vV Auto-center Start experiment
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6. The data collection setup window similar to that of a standard collection will appear (figure 6). Similar process

can be followed for adding a pre-experiment by pressing on the [Add pre_] button. Enter the experiment

conditions:

a.

g.
h.

Enter the ‘Grid’ name and ‘Name’ of the experiment/collection. CrysAlisPro will automatically create a

directory with the grid name and another with the experiment name. Ensure that you are saving the data

under your personal folder shown next to the ‘Name’ field. To change the destination folder, press on the

‘Browse root folder’ button

Provide the chemical formula or expected chemical content that will be used by the auto solution program

Provide the sample temperature

Next to the ‘Exposure time’ bar, press on the exposure button and set the exposure time, e.g., 1s

Next to the ‘Scan range’ label, press on the [Edit] button for the tilt angle range

Next to the ‘Scan width’ label, press on the [Edit] button for the scan width, e.g., 0.5

Check the ‘Primary beam centering’ option

Check the ‘Run concurrent data processing’

7. After enqueueing, experiments can be reorders using the

[Up] and [Down] arrow buttons located on the left side of

the window

8. Tostart the queue, press on the [Start] button (figure 8) on

the queue window

9. Toremove/exchange sample grid after your measurement:

a.

Press on the [Sample exchange] button on the ‘JEOL
MicroED/3DED Controller’ window in CAP (figure 9a)
and wait for the goniometer to go to the home position
and for the filament emission to turn off
Remove the sample holder by (figure 9b):
Pulling the holder until is stops. You will feel some
resistance, as the holder is in vacuum at this point
Turn it fully counterclockwise until it stops
Pull it a bit until in stops
Turn it fully counterclockwise and stop
Set the PUMP/AIR switch to the ‘AIR’ position and

wait until the green LED turns off

Jeol MicroED Controller (2.1.0) —_ X
7 vitage NN+ o
Dark Current EENUNERVIIRRIV:N
Emission Current 0.00 uA EeeiOER

Detector
chamber

Airlock Vacuum READY
chamber
Column Sample exchange

Stage values Pasition [nm/deg}

Vacuum READY

Bias Coarse 5 “ X 71.6
ol Stage Y. 00
Bias Fine 5 “ Neutral 2 821.2
/ Status: Device connected... | Stop | ™ 0.08

ELEN  Piot M start log |

Removing the specimen holder

@ Pull out completely.

@ Turn fully counterclockwise.

(3 Pull out completely.
@ Turn fully counterclockwise.

(B Set the PUMP/AIR switch to AIR
(® Wait for 30 seconds and remove
the holder.
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vi. Remove the holder from the goniometer
vii. If you are measuring more samples, load a new sample grid and restart the process
viii. If you are done for the day and there is another user after you, remove the grid from the holder and
leave the holder on the preparation table

HT Voltage

10. If you are the last user of the day D — CurrentHT

a. Ensure that there is no holder in the column k
50 || o I@@

Step :
Target :  200.00 = L__] kvl 1.0

shown on the right monitor. Press on the [OFF] button on the ‘Beam HT Schieduling

b. Turn the high voltage off using the TEM center software (no CAP)
v [u_"

ﬂ

Controller for JEM Service’ window (figure 10b). If the ‘Beam Controller

Ap:rtur: Panel Controller

CL sA
Hole Diameter Select

select ‘Beam’ \open | |150um | | 50um| | 30 um | | 10 um

c. Retract the aperture on the condenser lens (CL) using the TEM center

for JEM Service” window is not visible, press on the ‘Control’ menu and

Aperture Panel Controller

software (no CAP) shown on the right monitor. Press on the [OPEN] | ¢ sA

Hole Di ter Select
button on the ‘Aperture Panel Controller’ window (figure 10c). If the g
(onen] o an ) 1nom soum

‘Aperture Panel Controller’ window is not visible, press on the ‘Control’ o

SN

menu and select ‘Aperture’

d. Retract the selected area (SA) aperture using the TEM center software
(no CAP) shown on the right monitor. Press on the [OPEN] button on
the ‘Aperture Panel Controller’ window (figure 10d)

e. |Install the ACD heater in the liquid nitrogen trap (figure 10e). The
orange light above the switch on the mounting base of the heater
should be always on as show in figure 13e

f.  Turn on the ‘ACD’ heater using the TEM center software (not CAP)
shown on the right monitor. If the ‘ACD Controller’ window is not visible eI 10f
(figure 10f), press on the ‘Control’ menu and select ‘Maintenance’ and then ACD et

‘ACD’

g. Acknowledge that the apertures have been retracted (steps 13c and 13d) ’ ON ‘ .
Update the second calendar in NUcore named ‘XRD ED-Synergy ACD’, so that :

all users are aware that the instrument is under heating and not available for
at least 4 hours

i. Endyourreservation in NUcore using the standard calendar named ‘XRD ED-Synergy’
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ALIGNING APERTURES

For every new grid, it is a good practice to check the alignment of the condenser lens aperture (CLA) used for real

space, and the Selected Area aperture (SAA) used for diffraction. To perform/check the alignment, perform the

following steps:

1. Start as normal by inserting your sample grid into the
column, turning on the emission, and going into ‘Visual

mode’

2. The edges of the 10 um CL aperture must be visible on the

left and right sides of the screen (figure 2). If edges are not as shown in Figure 2,

perform a CL aperture alighment by:

a. Pressingonthe [-X], [+Y], [-Y], and [+X] buttons under the ‘lllumination aperture
(CLA) section of the ‘Real-space Position Alignment’ window (figure 2a)

b. Adjusting the speed of aperture translation, if needed, by selecting the
corresponding radio button for Course (C), Medium (N), and Fine (F) speeds
(figure 2b). if the CLA aperture is jumping too much during the alignment

process, press on the [Relax] button which is next to the [-X], [+Y], [-Y], and [+X]

buttons

Optics
c. Edges of the aperture do not have to be perfectly symmetric on the left m
[standerd <]

and right sides

3. Check the alignment of the 100 um SA aperture by switching to the ‘Preview’

mode by pressing the [Preview] button on MicroED/3DED control’ window (figure 3)
4. The position of the SA aperture must be in the center of the screen as shown in Figure

4. If SA aperture is not in the center of the screen as shown in Figure 4, perform a SA

aperture alignment by:

a. Pressing on the [-X], [+Y], [-Y], and [+X] buttons under the ‘Selection aperture

(SAA)’ section of the ‘Real-space Position Alignment’ window (figure 4a)

b. Adjusting the speed of aperture translation, if needed, by selecting the
corresponding radio button for Course (C), Medium (N), and Fine (F) speeds
(figure 4b)

c. Switch back to either ‘Visual’ or ‘Diffraction’ mode (figure 3) and resume your

work

Real-space Position Alignment (2.... X

Selection aperture (SAA)

| x| v g
™ Override size | oy | x [N
Open v

Tllumination aperture (CLA)

L RE
G N
| e id -Y
verride size n i~
10 um
Tlluminaton shift (be
Auto center 2
Auto center +X | +Y
Auto center A
.y n F

X

Real-space Position Alignment (2.... X

Selection aperture (SAA)
o
N
I Override size u & E
S 0

100um ~ Effdle size: 2 4
Tllumination apert
| v | .x ERSL

I Override size

10 um

v
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DATA REDUCTION

MERGING AND SCALING DATASETS

In electron diffraction for microED/3D ED collections, it is very likely that you’ll have to merge and scale intensities

of reflection collected from several crystals to optimize data completenss. The process of merging and scaling

different data sets from the same sample includes the following steps:

1. Lauch the ‘Results Viewer for MicroED/3DED’ module by pressing on the I] icon at the tool bar (bottom

left side of CAP)

2. Select the datasets you'd like to merge by ticking the corresponding checkboxes in the list view (figure 2). You

could use listing criteria for refining the list of visible datasets by pressing on the [Filter] button. Unit cells

constants should agree as closely as possible. Reasonable criteria for merging selection are low Rint value,

high unit cell indexing, and high diffraction resolution

€T MicroED/3DED experiment results viewer (1.1.7) (44,658 64-bit) = o X
e - - . - Jvo
Results viewer for MicroED/3DED 2 (‘ZRVSAI.IS
Autoupdate is ON 1] 1 oft 2
Experiment name | Grid name. | Datasetpath | Current unit cell | Curren... | Current lattice | Current unit cell index | Space group RED | Rint/Rsym | C Final SG unit cell | Final SG unit volu... | Diffraction limit [A] | A
Dexp 20 TFyrosine D\Training Ju..  5.63337.009321.147389.59 90479026  865.335 op 6593% Pmn2(1) 0.16 69511 21.2232 5.8699 89.70 89.71 89.51 865,951 098
Hlep 21 Tyrosine DA\Training_Ju..  5.84196940021.221989.9290.1390.16  860.384 op 83.64% P2(1201)2(1) 012 5.9081 7.0182 21.4692 90.01 90,09 89.33 890,197 0%
ep2 Tyrosine DA\Training_Ju..  5.95087.056421.542190.12902490.05 904571 op 8737% (2121 o1 73.53% 5.9456 70641 21.5374 90,12 90.24 90.05 204,571 084
[Dee2 Tyrosine DATraining_Ju..  5.89487.0123213517902390.1190.06  882.593 op 94.22% Pmec2(1) o 79.86% 5.8145 21,0580 6.8938 89.77 89.93 90.10 844,089 085
Hlep2t Tyrosine DA\Training Ju.. 57988 6.9293 21,0439 9005 89.8190.01 845,572 op 83.58% p212(12(1) 012 67.40% 57963 6.9318 21,0452 90038221 0000 815572 090
] Mlep 25 Tyrosine DA\Training Ju.. 57902 6.892021.030490.0690.1390.07 839239 op 79.52% P2(1201)2(1) 012 6581% 5.7910 68902 21.0332 90.0| 839.249 085
Plexp 26 Tyrosine DA\Training Ju.. 5790768904 210291 90.0490.1390.00  839.076 op 86.21% P22 014 87.06% 5.7937 63819 21,0030 90.0) 837.427 035
Hlep27 Tyrosine C\XcaliburDat...  5.79526903321.012989.9689.7989.92  840.630 op 85.57% P2(12(1)2(1) o1 7417% 5.7341 6.9048 21.0119.89.9 840,630 089
Oep2t Tyrosine C\XcaliburDat...  5.8934 6.999721.3346 90.0590.1690.01  880.097 op 97.38% P222(1) 013 4778% 5.8921 213363 6.9963 89.9) 879,552 084
Ml 29 Tyrosine C:\XcaliburDat... 57938 69016 20.9736 90.0890.0589.93 838,658 op 90.00% 2NN 017 222% 5.7923 6.9054 20.9675 90.08 NGRS 838.658 099 ¥
< >
= R — T
Crystal Data Reduction Autochem
N FTTERERE T EXp TS AT A
exp_113
SCALING | NUMERICAL ABSORPTION
USER COMMENT Emirical abs (et o=0): min-0.41 maxd.29
CSD: LTYROS10 Frame scales ( 1/scale): min=1,00,max=1.43
el n:;rs trelted as equivalent
Average
CHEMICAL FORMULA Data o parameter ratio:
= TricE RESULTS (200 frames) - SYM: Pmm
7 Cuprent oetl esuhm (A) l:dundagty FZ/H;(FZ) Ru\t
5.8838(9) 7.0262(16) 21.324(4)
s “mg; B :a-m 75 X (0.808) diff. Timit: 0544
5y 1t 76.4% (P222)
Constrained ¢ell REFINEMENT STATISTICS ~
o5:8923U2) 7.016(4) 21.325(9) SPACE GROUP DESCRIPTOR Chemical Formula: Ci0 40 N¢ 08
9. P20)2()2 Group #: 18 (2 5 found) Space Group: PADI@EG) #13
£ V' as1.506) Unse chnoe e Formula weight:
no data coverage:
lave lass: 2/n2/m2/m  P-lattice 2 w3 :3 gf;
GOOF : 1.35
AVERAGE UNIT CELL FROM PROFFIT “;;‘?fﬂ“fm?",?:‘,fum 1 Absorption: 0.058 mm-1
Constrained cell (750 Ceic 30 peak ety ea Peak and Hole:  0.203 and -0.235
20(12) 7. gxs(n) 21, szs(d) 30 profne ﬁttmg sed
o0 STRUCTURE FILE
Vssn.006) Filename: exp_113_auto
v FINAI UINIT CF1 | FOR SFI FCTFD SG hud N
| ceicos | (R — [E— oo araas

3. Press on the [Proffit merge] button (figure 3) to open the ‘Proffitmerge dialog’ window which should contain

the list of selected datasets. Additional experiments can be added or removed by pressing on the [Add] or

[Delete] buttons on the ‘Proffitmerge dialog’ window, respectively

4. Set the name of the merged dataset using the ‘Output file name’ textbox at the bottom of the window, and

press on the [Merge all files] button. This step will create the

merged input file

select the ‘Inspect data reduction results’ option (figure 5)

for the data reduction

L ‘» Automatic data reduction with current cell

B Data reduction with options
5. On the main CAP window, press on the ‘Data Reduction’ tab, and m Finalize

m Inspect data reduction results G
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6. Inthe dropdown menu on the ‘Data reduction results’ window, select the file name of the merged collection,
and press on the [Refinalize] button to initiate the re-finalization of the merged collection by launching the
‘Finalization dialog’ window

7. On the ‘Finalization dialog’ window, verify all parameters based on your conditions, and press on the [OK]
button to start the finalization

8. Once the re-finalization is complete, the data reduction results for the merged dataset will be shown in the
‘Data reduction results” window. If there are no further adjustments to be made, press on the [OK] button.
The final merged data reduction output files are now available for the structure solution process

9. Press on the Olex2 button on the left hand side and select the INS file for the merged data. Then, proceed as
usual for structure solution

10. Several combinations of different datasets may have to be attempted to get the best merged data and best
structure. Also, it may be better to remove a bad dataset from merging if it worsens scaling results and

structure refinements, even if completeness decreases a little

Integrated Molecular Structure Education and Research Center 28/44
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DATA INDEXATION

CAP automatically integrates data online, this section shows how to do it manually.

Double click the CrysAlisPro (CAP) RED shortcut icon on the desktop.

Double click the XXXXX.run file

A A

Alis experiment (1.0.43) - 2 experiments available - (40.75a)

Select experiment - standard list

ED

Copy the parent directory (i.e. the whole folder) for your data from the X-ray-live drive

Or in the Select Experiment menu, browse to your experiment. Select the XXXXX.par file.

Select the new “XXXXX” experiment file that has been created, and click “Open selected”.

O X

ICRYSALIS™
%

Mame I Path | Created Accessed

Z:\Charlotte\cx 1869a Tue Apr 28 15:43:22 2020
Z\Charlotte\cx1812b Wed Apr 15 13:17:03 2020

running
running

cx1863a
cx1812b

Hide preview W Hide pre experiments [
Displaying information List: Standard
’Vﬁ' Standard ¢ Volume, laue, wavelength, Rint, redundancy  ( Proteinscreening ¢ Custom columns m ’7 | Rename |
m Multiple addition elete experiment(s) from list Open selected

6. Your diffraction image should appear as below. Now select the “Lattice wizard”

ﬁ‘button.

IASERC,
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7. Click the “>” button under “Peak hunting”, and select “Peak hunting with user settings”

Lattice wizard (1.0.35)

Lattice wizard

LATTICE
Current cell

CSD: 0 +0L

Lattice reduction

selected cell

15.79956 17.4670 19.7138 68.3164 72.0053 71.1193aP 31

reduced cell

15,7996 17.4670 19.7138 68.3164 72.0053 71.1193 4671.2
PEAK TABLE

Peak hunting table
UB fit with 9110 obs out of 25889 (total:25889,skipped:0) (35.19%)

INSTRUMENT MODEL

Goniometer

beam: 0.06689 alpha:  50.09731 beta: 0.00412

om zero: -0.23633 th zero: -0.42200 ka zero: 0.33972
Detector

¥-rot:  -0.09100 y-rot:  -0.01400

x-cen: 388.13500 y-cen: 361.96900 distance: 34.00000
Wavelength Cu (Ang): A1 1.54056 A2 1.54439 B1 1.39222

8.

In the next window, select “Smart peak hunting” and press ok.

<CRYSALIS™
In

HUnlt cell finding
[zl

[oW Peak hunting —a.
15.7977(11) l; 4:54(2) 19.604(3) 68.608(14) 72.615(10) 71.310(9) 4665.1(10) A a o
i s . . : . . B peak hunting with user settings

Auto analyse unit cell

Replace current peak table with a "delta’ pt
Auto calibration

Auto calibration soft

@zl

Lattice
transformation

Incommensurates /
h Quasi-crystals

a

Save

\nformatlon

fine
nstrument model

a

Twinning -
multi-crystals

Load
|nformat|on

Unwarping -
Precesslon |mage5
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Peak hunting wizard (1.0.15) s

Peak hunting -:‘C;RYSALiSm

~Rul , Image type and image directory
Run list: Z:\Charlotte\ylid_20190827\vlid_20190827

=.rodhypix -

Image dir: Z:\Charlotte\Ylid_20190827\frames

# type stars  end  width  exposure  omegs demector kappa phi smars end
1T o -74.00 -45.00 050  1.00 - Tses -a0.00  EB00 1, 50
2 o -14.00 1L00  0.50  L.00 - 4.87  -5R.00  -50.00 1, 5O
2 o -22.00 2000 0.50  L.00 - -5.65  -8E.00  0.00 1, 100
4o -l16.00 2800 050 1.00 - 5.5 57.00 -150.00 1, SO

Run list maodification
By default the whole experiment will evaluated. Edit start num of selected run Edit end num of selected run
To modify this behaviour edit the run list - - >

~ Automatic threshold and background
detection (preferred)

- o * - 3D pea_k
Traditional pe| Smart peak hunting action

PEalkfifdine carthel (o] ite existing peak hunting table
’V Trirestiol el 1000 T ANErAEE 20 | ’V * Yes  No
WEe ackaraue subthEehiEn

BEskareUn eyal Rt cerre] = 5 | eatre [ | eater |

Birnimafer Gackaraund evaluaticn (gl 2 e
W | Renlice b a sk e S i S e S R iy e (S e s TRy,
T
- - P devalie iAng n T OEE
’V I Skip peaks outside resolution limits Stheta ((degg)? 000~ 62,28 m ‘

I Apply float correction n/a

I Remove spikes « weak " strong “
9. Say yes to overwriting the peak table. A window will pop up, and images will rapidly start to sequence as the

peak hunting algorithm searches for diffraction peaks. You should see the strongest peaks being marked with

n,n

+

10. At the end of the process, a unit cell is displayed, but 0% of the reflections have been fit to the unit cell. This

PEAK TABLE
Peak hunting table
UE fit with 0 obs out of 1921 (total: 1921,skipped:0) (0.00%)

is because the displayed unit cell is from a previous peak hunt

11. Click the “>” button under “Unit cell finding”, and select “Unit cell finding with options”

Lattice wizard (1.0.35) x

- . ey - aPR0
Lattice wizard o C‘RYSALIS
LATTICE Unit cell finding
Current cell (CsD: 0 +0L) 7
15.7977(11) 17.454(2) 19.604(3) 68.608(14) 72.616(10) 71.310(9) 4665.1(10) shin i = O Unit coll findine
Lattice reduction S Unit cell finding

selected cell Select unit cell
15.7996 17.4670 19.7138 ©68.3164 72,0053 71.1193aP 31 Ewald explorer - Brute force inde

reduced cell 2 ft - 5
15.7996 17.4670 19.7138 68.3164 72,0053 71.1193  4671.2 aC'P“’CE SEace Set orientation
Unit cell finding

PEAK TABLE
Peak hunting table - __ Search for smal
UB fit with 0 obs out of 27320 (total:27320,skipped:0) (0.00%) L= Search for bette
nstrument model ~ Remove lambdi
INSTRUMENT MODEL > ] e ——
Goniometer  Crystal shape
beam:  0.06680 alpha: 50.09731 beta:  0.00412 Find reflection t
om zero: -0.23633 th zero: -0.42200 ka zero:  0.33972 Delete reflectiol
Detector | ]
x-rot:  -0.09100 y-rot:  -0.01400 Check for the sz
x-cen: 388.13500 y-cen: 361.96900 distance: 34.00000 Check for the sz
Wavelength Cu (Ang): A1 1.54056 A2 1.54439 Bl 1.39222 Check for the s¢

Unit cell gaps

unwarping -
Precession images

Log window
s
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12. Ensure that “Normal peak table” and “T-vector Dirax” are selected. More importantly, “Single crystal” and
“SM” should be selected in the Sample type filed. Here, you could also select “User” and set upper and lower

bounds for unit cell parameters. For now, make sure your window looks like this image, and click “OK”

Algonthm
* Normal peak table o
" Deita (dfferentsa) peak table ek Ormy
r s W0 | ¢ swreographc
r
Sarmpie type
 Sege crystal
Unit cell mits min
Fo rm rue [ [mr o K
" Twin / mdvcrystal S
|2 ~| |20 [1200 | caic |
Lock present components
(see Twin information’ secson of [~ § - 1
the Lattice Wizard):

HENT: To lock current UB for twin 1, first go to UM TWIN utiity and dick
‘Current UB to twin', Then return here and select Twin 1' checkbox sbove.

F
'

¥nown cell

I~ Searchknowncel [ 5565.03 16 35 50.01 6%.58 .00

Ewald explorer -
74 reciprocal space

13. Click Ewald explorer and look at your
reciprocal space. You may look down the different axis. You
may turn the overlay on and off. If the cell is indexed

properly, then the grid lines should be passing through

» O e ¢ .

reflections. If there are a lot of reflections NOT passing

& F o0 o o . .

through the grid, or if there are grid lines NOT passing

through reflections, then something is wrong.

P
&

14. You can look for twins here too and look at the histograms

o
w

.
°
L4
e
£
ry
s
=
g
£
\
t

.
+ 9 0 6

- e @ 8 G G OGP0 e 0 .

. e
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15. From within the Ewald Explorer, check the predicting crystal system and lattice centering: Left click lattice

and select “Modify lattice type”. A window appears listing possible unit cells from highest to lowest.

Crystal "
e | tion (1.0.6) X
) 1~ Rog window
“H . 9556(4) 18. 384
:o.u u"’u 1&?‘ 00N 101 R o
P maS AL IO e - - - . .
. (°°) Lattice reduction ~CRYsALIs
N > |
Actvate twm | mucrrsial
Tolerance
10.01500
Lattice as is v
Reduce cell
itive to sel: M C 1.000 0.000 0.000 ©0.000 -1.000 0.000 0.000 0.000 -1.000
Sel to primitive: WY C 1.000 0.000 0.000 0.000 -1.000 0.000 0.000 0.000 -1.000 -
lear primitive UB
$ IT code transformed cell (a,b,c,al,be,ga,vel) GE proj dist
132 of $.56201 ©.02527 18.2587% 85.58835 85 95671 85.956€1  §51.3%  0.03all
233 =P §.96201 $.03927 18.3557% 90.01115 $0.0032% 89.95€61 $51.39% 0.032s1
3 M =P $.56201 12.3857% $.03527 05.58885 $0.0033% 50.0032¢ £61.35 0.032%¢
428 28 $.03527 5.56201 18.3887% $0.00326 S0.0111S 85.55€61  $61.35  0.0070€
5 31 aP §.56201 $.03927 18.39579 09.58285 25.95671 895.55€61 $51.3% 0.00000
= ™ Skip indexation after closing
* likely Niggh cases
| rieip [ Tonistory JC M Lo ]
(" all Niggli cases

symmetry. The relative small figure of merit of 0.03 suggests that oP is correct. Click OK.

16. Close the Ewald viewer and Lattice Wizard.

17. Click overlay spot prediction and play through your frames with the 10-foward button. _G_> Make sure

the + marks are appearing on the peaks. Note: peaks marked ¢ and o correspond to approaching and receding

peaks, respectively. Click on Q to toggle the frame information on and off
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DATA REDUCTION

18. Click on “Data Reduction”, (this time not the carrot next to it). Click on it again and select “Data reduction with

Data Collection
D‘ Data Reduction

Y84] Automatic data reduction with curl

options”

FRAMES | RUNS
- In run Tist: 290/4, used: 290/4
Data reduction with options

m Finalize

m Inspect data reduction results

13D PROFILE ANALYSIS

Frames done: 290

Reflections tested: 5147, used: 3782
Avg mosaicity (in degrees) - 4 run(s)
€1=0,

.44, e , e3=0.
Max incidence angle profile change(e2):114%
3D INTEGRATION & FITTING
Frames done: 290

Fitted: 5168, overf/bad: 0, hidden: 122
OutTiers rejected: 38

19. Ensure that don’t use filter is checked if lattice is not known. If the lattice is centered (A, B, C, I, F, R), click use

filter for: and select the correct centering. Make sure Normal data reduction is checked and then click “Next”.

Proffit: CryshlisPra data reductinn accictant 1.0.70) %

AisPro data reduction assistant (1.0.29) X

Profil Profile fitting data re . “CRYSALIS ALIS™

Sep 2: Experment un kst for data reduction
Run lst: Z\Charlotte \Yid_20150827\Y4d_20150627

Step 1: Orientg

TS - matzii  image dr: Z'\Chadotte\Yid_20150827 érames

0.0050|
§tpe sars  esd  vidsh  emerure omeps desecter ) |
. - e oW 1e -

0.1187
-0.0051]
§.56201

S0.01115

Sa

Lattice exting gy defaut the whele experment wil evaluated. To modfy this Sstatisn A s
behaviour edt the run st -->
" Dont usg Edit end num of selected run

" Usefitter

—

Twinning/Multi crystal (activated by UM TWIN entries)
I |

Components to use: | J

ETEETI T T T

20. Check that CrysAlis’™ has found all runs. This list will dictate which images are integrated. If there were bad
frames, omit them here. To delete bad frames, click on the run '#'. Then select edit start [end] number of
selected run, depending on whether the bad frames are at the beginning or the end of the run. Change the
start [end] number to exclude the bad frames. To omit an entire run, enter 0 (zero) as the start number. Press
next.

21. You can change some parameters here. You can correct for sample wobble or sudden movement. Clear data

from previous run and Clear all data from tmp. Make sure you click yes in warning windows.
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Dﬂf:ﬁ\lispro data reduction assistant (1.0.29)

Profile fitting data reduction 2 ‘(ERYSALism

*

Step 3: Basic algorithm parameters

Reflection position prediction
Iv Auto select optimal prediction approach on run basis
I | Follavmede] ehiataes e fame Byfane bast mederats sample wobblin]
¥ Follow signfiicant sample wobbling (2-cycle 3D peak analysis)
I™ Follow sudden (discontinuous) changes of sample orientation

[rientation seact range may ideg]| m Search steps/deq)(maw 0] n

Edit epecial pars

Data from previous run of ‘de proffit’ |~ Scratch all tmp data of previous proffit un ————
3d profile information and/or integration results on Empty tmp folder from all analysis files including
the disk background

| <soc | so> B man W corcer e |

22. Edit special pars “Use resolution limits”. Click “Edit limits” will enable you to reset your resolution.

23. Click “Edit high limit”, and enter “0.77” in the Editing high-resolution limit window. You should already have
an idea on how far the crystal diffracts based on your unit cell analysis. Click “OK”, and then click “OK” on the
“Resolution limits” window.

24. Click “Next” to Background evaluation window.

SAlisPro data reduction assistant (1.0.29) X

- N, \" 3
Profile fitting data reduction -‘(‘IRYsAus"'
Step 4: Background evakuation
Background for 3D centroids
For ak of d 2 essential, Two
: The evah, Re and the repeat frequency Fr.
reeso DI eo W
B y aluation. Defaukis 1. You
may use 2 or 4 in case of lack of physical memory on your machine sk of swapping)!
- o s MR SHORT type
Required space for - 285/59.1 Mo
Background for 3D ntegration
o A 3D d {good for stable & low
© fas)
¢~ Smart background of local and weaker
data wih high g data, slower)
| £qit cange |

| <o | e M s oo ]
25. You can change to “Smart background” option for weaker data. Your window should appear as below.

d. Re =# of frames used in background calculation
e. Fr=How often calculation restarts.

f.  Make #s smaller if sudden changes between frames

Integrated Molecular Structure Education and Research Center 35/44
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g. Background for 3D integration for average
h. Smart: weak data or Large variation w/in frame
i. Click “Next” to proceed.
26. In the outlier rejection window, use the pull-down menu to choose the correct Laue group. Unless you know
you have non-centrosymmetric space group make sure Use Friedel mates as equivalent is checked.
27. Change output name to something new, make sure that the Space group determination is set to “Manual”.

Check the formula and Z.

roffit: C 2 X
Proffit: CrysAlisPro data reduction assistant (1.0.29) x
B N = - - o
Profile fitting data reductio A CRYSALIS
= N = - . Pro -
Profile fitting data reductic “(‘:'RYSALIS
Step &: Output
Tip: You may change the output name and directory to keep results of data reductions under different
parameter sets (LB, supercells...)
QOutput file name:
Step 5: Outlierrejection Z:\Charlotte\Ylid_20190827\Ylid_20190827
CCD data sets usually contain more than the unique data required for the structure determination. This Change output name
redundant data can be used to check for measurement outliers.
The rejection is based on R. Blessing (1997), J. Appl. Cryst. and additional CCD specific criteria.
i~ Finalization options
Llizrzzaier v Space group determination  Automatic &+ Manual
" Dont use outlier rejection
I | Eutorate stustire safutien (EutaChem] toChem options
@+ Use ovtlier rejection
Chemical formula not available
mmm -
¥ Completeness computation:
P 556201 9.03927 1839579 89.98885 89.99671 B89.99661
° I Make unwarp pictures = ol (e for b k] 0" Resolutior I 0.80
‘ I¥ Use Friedel mates as equivalent

28. Click “Finish”, Watch the integration and monitor the output in the tab. The software runs through the
dataset twice. First, the software locates the peaks (marked “+”) and develops a 3D peak profile. Second, the
UB matrix and 3D profile are used to calculate the position and intensity of each reflection (3D integration &

fitting). The peaks are marked by “integration masks” that give a visual idea of the size and possible overlap

of the peaks.
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29. Once the integration is finished, the GRAL window will pop-up (Like XPREP) and ask you to assign the space
group. Click “Apply”.

GRAL (vers.: 2.4.1) - YLID_20190827.HKL ? X

Space group determination 3‘ E‘:RYSALiSm

i settings & Load |

~Cel
¥LID_201%0827.HEKL (5143)

a: [|2.96540 b: |9.04265 c: [18.40146

o [90.00580 B:  [90.00080 T [90.00540

-~ Emors of cell

a: |0.00017 b: |0.00025 c:  |0.00047

w [0.00220 p: [poo2zo v [0.00230
mm TR Cx r—— movm

TR TR T

30. Investigate the centering absences. Recall that the first row corresponds to the total number of reflections
you would expect to collect for the condition listed in the column. The second row indicates how many of the
symmetry equivalent reflections that you collected violate that condition. This cell appears to be primitive.
Click “Apply”.

31. The Niggli cell test will look for any unit cell transformation matrices that produce a reduced cell. Click “Apply”

GRAL (vers.: 24.1) - YLID_20190827.HKL ? X

Space group determination 3 émrsALis"’

1 settos) @ Losa | g centering . wiool |

a s b [poaEs o [ilesois « 000580 5: [s000080 7 [30.005%0
Transfomation matra from ongnal cellto Niggh cel

M:QI?*W b oS o [iBa0iss « 3000580 #: [3000080 v [pooosin
Nggh form

: [3558600 bb: [8176%52 o [33861373 be: F.meu a: fﬁ.oms: viﬁ—

T
32. Pay close attention to the Rint value, recall that this value should be below 0.10 for good data. A low Rint

value suggests that your integration strategy and unit cell assignments are correct. Click “Apply”.
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GRAL (vers.: 2.4.1) - ¥YLID_20190827.HKL ? x

Space group determination i ‘(ER"{SALis""°

g settingg|

Load | (B Centering J. Nigali . Lattce |

- Cument cel Lattice selection tolerance
a |5935m b: ISCMZSE o |13-uma o |snm5m B |snomm " Isnnnsm [ Inmfm

i~ Transformation matrix from original cell
|h 0000 |u 0000 In 0000 In 0000

0. MBIC [ = &
Option: [33] err= 0.018 MONOCLINIC P-lattice R{int) = 0.023 [ 2778] Vol = 852 €
Option: [34] err= 0.017  MONOCLINIC P-lattice Riint) = 0.023 [ 2843] Vel =  352.¢
Option: [35] err= 0.005  MONOCLINIC P-latsice Riins) = 0.022 [ 2€45] Vel =  3552.¢
Option: [44] erz= 0.000 TRICLINIC P-lattice Riint) = 0.020 [ 1€€1] Vol =  552.¢
Show ...
[ " all crystal lattices 1+ the best matches |

| _elp |
33. Now GRAL will search for higher metric symmetry and additional centering conditions. Click “Apply”.

GRAL (vers.: 2.4.1) - YLID_20190827HKL ? x

Space group determination ‘:‘(;RYSALiSm

i3 Settings| (] Load | gig Contering j, Niggli| j, Lattice 87l Centering |

Lattice excepsions: B ES B c 1 ® Obv  Rev A1

N (toval) =
N (int>3sigma)
Mean intensity
Mean int/sigma =

0 2s€s  2ses  25€3 2876 3850 34dE 3432 5143
0 2335 2280 2333 2317 3474 3110 3087 433
0.0 25.7 22.9 24.1 24.3 24.2 28.7 25.0 24.6
0 le.s I1s.e 164 le.3 161 le.d 165 164

Lattice type.
’7(7? A B ric o CF " Riobv)

Intensty divided by 100

T
34, The |E2-1]| analysis indicates a center symmetric structure. Look at the “Experimental” column, and the | E2-

1| value. Click “Apply”

1) - YLID_20190827.HKL ? X

ICRYSALIS™
Ay

1 Acentri Centric Hypercentric [for n=2 (*)]
<IE|* 0.813 0886 < 0.798> 0.718
<|E|2> 0868 1_000 1.000 1.000
<|E|3> 1.098 <1.329% 1.596 1.91¢6
<|E14> 1.565 <2.000> 3.000 4.500
<|E|5> 2.4€4 <3.323> €.383 12.2¢€0
<|El&> 4.224 <€.000> 15.000 37.500
<|E*E-1|> 0.717 <0.73€> 0.9€8 1.145
<(E*E-1)2> 0.82s <1.000> 2.000 3.800 (%)
<|E*E-1]3> 1l.e48 <2.415> B.€51 2€.303
(*) nurber of asymmetric units in one cell:
n=2 n=3 n=4 n=s n=¢ n=7 n=8 n=9 n=10 n=11 n=12
<(E*E-1)2> 3.50 5.75 9.13 14.19 21.78 33.17 50.26 75.89 114 .33 172.00 25849

" Centrosymmetric & Non-Centrosymmetric

woro e |
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35. Space groups are presented.

wr YLID_20120827 HKL ? X

Space group determination

Nieg)
1 B2(1)2{1)2{1} (abe) 20117 573 0.022 2730
2 B2(1)2(1)2 (-cba) 1088 88 0.022 2790

36. Now GRAL will produce your HKL and .ins files. Click “Apply”.

Bruo,zmwmﬂn
Space group determination

TITL T1ia 20150227 in E21)2(1)2(L)
BEM P2(1)3(1)311) ($15 in ssandazd

| Finish M  Help
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37. Notice the side bar of CrysAlisPro: resolution, redundancy,
intensity (F2/0(F2), Rint, and completeness values are listed for
the reflection list. As is mosaicity values (e1,e2,e3), the min/max
Empirical abs and Frame scales values. Mosaicity gives an idea
of peak widths and crystal quality. For a good quality organic
sample, values <1 are normal. The frame scaling and the
empirical absorption correction correct for inconsistencies in the
X-ray beam, absorption, and other anomalies. ldeally, both the
min/max empirical absorption correction and the frame scaling
should be close to 1. If a crystal is of poor quality, or a crystal
absorbs X-rays strongly and a more accurate absorption
correction based on crystal shape and size is necessary, then m

these values will deviate more substantially from 1.
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PUBLICATION

A. EXPERIMENTAL SECTION

Project-specific details and setup information are saved in the “*.cif_od’ file located under your project folder.

Modify the text below according to the setup and conditions you used during the measurement:

“Electron intensity data of an electron transparent single crystal of (project name) were collected at
XXX(Y) K. Sampel was mounted on a standard TEM grid on an XtaLAB Synergy-ED diffractometer equipped with a
200 kV LaB6 source and a Hybrid Pixel Array Detector (HyPix) detector. Temperature of the crystal was controlled
with a Gatan ELSA 698 cryo-holder. Data reduction was performed with the CrysAlisPro software. The structure
was solved with the (ShelXT | ShelXD | ShelXS | etc.) structure solution program using (the Intrinsic Phasing |
direct methods | Patterson | Dual space | charge flipping) solution method and by using (Olex2 | Jana2020 |
Jana2006 | ShelXle | etc.) as the graphical interface. The model was refined with (ShelXL | Jana2006 | Jana2020

| etc.) using least squares minimization.”
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TROUBLESHOOTING

A. THE COMPUTER SCREEN WILL NOT TURN ON

Begin your reservation in NUcore to initiate access to the instrument

B. COMPUTER REQUIRES LOGIN AND A PASSWORD

The default ‘StadiMP’ user account should be logged in. In case the computer was restarted, the password for the

‘Synergy-ED’ account is . See ‘Default instrument status’ section for more details

C. THERE IS AN ERROR/PROBLEM WITH THE INSTRUMENT THAT IS NOT ADDRESSED UNDER THE
TROUBLESHOOTING SECTION
If there is an error or problem with the instrument which is not addressed under the troubleshooting section,

please report the issue by following at least one of the steps below:

1. If you have already started your reservation using NUcore, please end your reservation and select the error
reporting option with a brief description about the issue. Place the ‘Stop’ sign near the instrument computer
to notify users immediately after you. ‘Stop’ signs are located on the shelf above the computers in BG51

2. If you have not started your reservation using NUcore, please report problems with the instrument at

http://imserc.northwestern.edu/contact-issue.html and place the ‘Stop’ sign near the instrument computer

3. Contact a staff member for instructions
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