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Talk outline

What do you gain from powder diffraction at user facilities

Why mail-in support?

What does this require?

How do you get access?

What can be done with these data?

11-BM: High-throughput powder diffraction without compromise
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Part 1: High resolution powder diffraction, the next generation
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What do you gain from diffraction experiments at User 
Facilities?

Neutrons: sensitive to many light atoms & provides excellent structural 
information
– Few systematic errors
– powder diffraction usually requires deuterium substitution
– Short wavelength (TOF) – high Q

Synchrotron:
– High resolution
– Short wavelength
– High sensitivity
or
– Very rapid measurements (10 patterns/sec)
or
– Small beams (microns)

Both: in situ & extreme temperature conditions

• Less overlap, more observations: Better for structure 
solution; more accurate structures; subtle symmetry

• More observations, fewer corrections: more accurate… 
• Subtle symmetry; minor phases
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Advantages of High-Resolution Powder Diffraction

High-resolution diffraction - allows peaks to be resolved: essential for 
indexing and structure solution. Provides more observations: more reliable 
results

High-sensitivity diffraction - allows weak peaks to be seen above 
background: essential for structural details (also more observations)

Short wavelength – fewer systematic errors (absorption, extinction,…) – more 
accurate data.  Wider Q range energy - more observations.

No sample offset error – no zero corrections. Great for indexing.

High-Throughput diffraction - allows these capabilities to be made available 
to the appropriate research communities in chemistry, materials, condensed 
matter physics, geosciences, pharmaceutical science, structural biology…

Rapid Access Mail-in Service expands user community; reduces travel $; 
reduces delay.

6
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What does high resolution, sensitivity and throughput 
provide?

x20 

dmin= 0.3 Å   
Qmax= 20 Å-1     

ΔQ/Q ~ 2×10-4    

NIST SRM 660a (LaB6) @ 27 keV (0.46 Å): 1 hour scan
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11-BM:  “Real World” examples I
Air-sensitive Rare-Earth Fluoride; Lab pXRD vs 11BM (in sealed glass capillary)

better background, sensitivity, Q-range & resolution !
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11-BM:  “Real World” examples III

9

Structural Phase Transition in Organic-Inorganic Hybrid Material…
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Part 2: Design of an instrument to support routine high 
resolution, high throughput and high sensitivity diffraction
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• Energy range – 5.5-39keV (2.5 – 0.3Å)
• Energy resolution – ΔE/E~10-4

• 1:1 sagittal focusing (optimal resolution)

Beamline optics for high intensity and resolution
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• 12 crystal two-axis analyzer detector –
speed data collection

• Mitsubishi robot – unattended operation

• XYZ stage w/high speed spinner

• Cryostream 700+ -- unattended operation 
with data collection at 80 to 500 K

Instrument: 
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12 Analyzer/Detector System
As assembled
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Make it easy to use

For facile and routine access automation 
requires: 

1. Must get many (>20) samples through per day
2. Resolution must be best available
3. Software must track samples and manage data
4. Software must be web-based and easy to use
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Standardized Sample Mounting

We supply sample mounting kits with polyimide 
tubing and barcode.
– Users fill tube and ensure the their sample fills 

and is fixed in the green area.
– As long as sample tube remains straight, the 

sample is automatically placed in the beam
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Part 3: Getting Access to 11-BM: The Infomercial



http://11bm.xor.aps.anl.gov

User’s eye view of 11-BM proposal/sample systems

1. Submit an APS general user proposal.
For short projects (<= 8 scans), only a modest explanation of the 
work is needed (rapid access)
Students/Postdocs: Please include advisor and all appropriate 
coworkers on the proposal

Dear Joseph Reibenspies,
Congratulations, APS beamline 11-BM has accepted your rapid-access General User Proposal 
GUP-11722, titled "Powder Diffraction of…", for mail-in powder diffraction measurements in the 
current cycle. If you have not already done so, please read the user instructions, which can be 
found at

http://11bm.xor.aps.anl.gov/instructions.html
Since you have already completed the GUP proposal, your next step is to request bases for the 
samples you wish to run via the web page at:      
http://11bm.xor.aps.anl.gov/user.php?step=1&u=j-reibenspies@tamu.edu&p=11722 (step 1)
We will then ship you sample bases and kapton capillaries. Before you ship the samples back 
to us, be sure to register (provide sample and safety information) via the same web page:     
http://11bm.xor.aps.anl.gov/user.php?step=2&u=j-reibenspies@tamu.edu (step 2)
Note you must use this web page to register your samples before we receive them. 
Unregistered samples may be destroyed or returned. Violators of this may not be granted future 
mail-in access to 11-BM. Experimental Safety Assessment Forms (ESAF) are generated 
directly from the  information you place on this form and are submitted for you within 12 hours. 
You do not need to submit an ESAF yourself.
We will e-mail you data once they are collected and processed. We aim for two week turn 
around from when the samples are received, plus up to one week after the samples are 
registered. 
If you have questions about the 11-BM beamline, you may contact Brian Toby 
(brian.toby@anl.gov). If you have any other questions, please contact  Meg Vigliocco-Hagen 
(vigliocc@aps.anl.gov, gu_program@aps.anl.gov) in the APS User Office.
from the 11-BM Staff,
Matt Suchomel, Brian Toby, Lynn Ribaud, Jennifer Doebbler and Robert Von Dreele

http://11bm.xor.aps.anl.gov/instructions.html
http://11bm.xor.aps.anl.gov/user.php?step=1&u=j-reibenspies@tamu.edu&p=11722
http://11bm.xor.aps.anl.gov/user.php?step=2&u=j-reibenspies@tamu.edu
mailto:brian.toby@anl.gov
mailto:vigliocc@aps.anl.gov
mailto:gu_program@aps.anl.gov
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User’s eye view of 11-BM proposal/sample systems

1. Submit an APS general user proposal.
2. Proposal is accepted: 

User requests sample mounting kits
Confirmation e-mail to user with unique URL
Clicking on URL triggers mailing of bases to user

Dear 11-BM user,

Please read the information below carefully as it pertains to obtaining access to 11-BM for 
proposal 11713. 

Very important: please confirm the that e-mail and mailing addresses below(taken from your 
proposal) are correct. The sample bases you request will be sent to the mailing address below 
by US Mail (if inside the US) or other carrier (if outside the US); the address may also be used 
for sample return. Samples normally are not returned to users. However, if the mailing address 
is within the United States, you can request that samples be returned using this 11-BM web 
form:http://11bm.xor.aps.anl.gov/user.php?step=3. The e-mail address(es) are used to enter 
sample information and obtain the collected diffraction data.If changes are needed, please 
contact the APS User office at gu_program@aps.anl.gov to update the proposal. 

The e-mail addresses entered for the proposal: user@lifesci.ucsb.edu and 
theboss@lifesci.ucsb.edu The mailing address associated with this proposal:
<user1>
Marine Biotech. Lab (Attn: The Boss)
Bldg 555; Room 3102
University of California
Santa Barbara, CA 93106-6105

If the above information is correct, click on or paste the following URL into a web browser so 
that sample bases will be sent to the mailing address.     
http://11bm.xor.aps.anl.gov/user.php?mode=sb&k=12343&r=12

If corrections are needed in the proposal, make sure they are made before using the above 
URL.

You have requested 3 sample bases be sent you for this work. Beamtime requests for 1 shift(s) 
(8 hours) on 11-BM on this proposal have been approved. This request is within the proposal 
allocation and will be processed when the URL above is used.

Thanks,the 11-BM team

http://11bm.xor.aps.anl.gov/user.php?step=3
mailto:gu_program@aps.anl.gov
mailto:u@lifesci.ucsb.edu
mailto:theboss@lifesci.ucsb.edu
http://11bm.xor.aps.anl.gov/user.php?mode=sb&k=12343&r=12
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User’s eye view of 11-BM proposal/sample systems

1. Submit an APS general user proposal.
2. Proposal is accepted 
3. User supplies sample & safety information for each barcode
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User’s eye view of 11-BM proposal/sample systems

1. Submit an APS general user proposal.
2. Proposal is accepted 
3. User supplies sample & safety information for each barcode
4. User sends mounted samples to APS
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User’s eye view of 11-BM proposal/sample systems

1. Submit an APS general user proposal.
2. Proposal is accepted 
3. User supplies sample & safety information for each barcode
4. User sends mounted samples to APS
5. User receives e-mail with instructions for downloading of data

User fills out web form
Confirmation e-mail to user with unique URL
Clicking on URL triggers e-mailing or posting of data
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User’s eye view of 11-BM proposal/sample systems

1. Submit an APS general user proposal.
2. Proposal is accepted 
3. User supplies sample & safety information for each barcode
4. User sends mounted samples to APS
5. User receives e-mail with instructions for downloading of data
6. User tells us what they did with results
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What does it cost?

Non-proprietary work: Free

Proprietary: US law requires cost recovery, <$400/hour

How long does it take?
Most users receive sample bases within a week of proposal submission

Most data is collected within a week (almost always within two weeks) of 
when the samples reach us.

Note that completion of paperwork (DOE User Agreement) is required for 
proposal submission. This can take some time, so this is good to start this 
in advance. 
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What’s new: On-Site Use

Experimenters who have more extensive measurements, or ones where 
direct control of data collection 
High temperature (>200 C) or complex measurement protocols
– When available: low T (<90 K) 

Large numbers of samples
Non-routine sample mounts
In situ experiments
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Coming soon:

Wider temperature range for on-site work: soon up to 1000 C, later down 
to ~10 K. (Note: 90 K – 500 K for mail-in)

Facile wavelength changes for resonant scattering 

Area detection data collection systems

Enhanced data security for proprietary measurements – need some help 
from this community
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High-resolution Powder Diffraction and Pair-Distribution 
Functions

Courtesy of Valeri Petkov,
Central Michigan Univ. 

G
(r

)
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What can be done with high-resolution powder 
diffraction?
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Propane Amoxidation: a decade+ mystery unraveled
Poorly understood, but commercially very important catalyst mixture, even 

~10 years after discovery

Breakthrough by group of Doug Buttrey (U. of DE) et al. by applying best-in-
world research tools:
Combinatorial synthesis: enhanced concentration of each phase (Symex)
Atomic imaging by TEM
High resolution X-ray powder diffraction (X7A @ BNL) allowed indexing 
of unit cells (correctly)
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P. DeSanto Jr, D. J. Buttrey, R. K. Grasselli,  
C. G. Lugmair,  A. F. Volpe Jr., B. H. Toby, 
& T. Vogt, Topics in Catalysis, 2003.

Armed with world-class tools, the structure & function 
could be explored

Crystallographic analysis:
• X-ray: metal sites
• Neutron: oxygen sites
• Combined fit: 

• Accurate M-O distances
• Allows assigment of metal 

siting and valences
• Full structure: 16 metal sites  

(Mo,V,Te,Nb), 30 O atoms

Based on this detailed structure, a 
formal catalysis mechanism was 
proposed!
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Powder Diffraction: Principle research tool for 
Zeolitic Materials

Zeolites are porous aluminosilicate minerals 
[naturally occurring]
...built from tetrahedral SiO4 and AlO4 units
Charge balance requires extra-framework cations:

M+n
x/n (AlO2)-

x (SiO2)1-x

Many other framework atoms can be used to create 
zeolitic materials

Used for catalysis, selective adsorption, ion 
exchange…
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CIT-1: Unraveling how zeolites form

Many zeolitic materials are synthesized using organic “structure directing agent” (SDA) 
cations. This example illustrates how structural analysis validates modeling and 
explains the nature of zeolite-SDA interactions and how they drive synthesis.

2 Makes SSZ-33 (similar to CIT-1, 
but with >30% stacking faults)    

1 Makes CIT-1 (~1% stacking faults)

3 Cannot be used to make either CIT-1 or SSZ-33
There are no obvious differences. 

Research problem: Why do the cations 
behave differently?
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CIT-1: Conclusions

Use of combined synchrotron and neutron diffraction gave 
cation siting: contradicts Monte-Carlo “docking” results
Confirmed as unique solution by molecular modeling
Explained why SDA 3 does not make CIT-1
Stacking faults likely a kinetic phenomenon

Toby, Brian H., Khosrovani, Nazy, Dartt, Christopher B., Davis, Mark E., 
and Parise, John B., "Structure-directing Agents and Stacking 
Faults in the CON System: A Combined Crystallographic and 
Computer Simulation Study.", Microporous and Mesoporous 
Materials 39, 77 (2000).
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