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Hausmannite, Mn2+Mn3+
2O4
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Graphite Reactor 

1943-1963

Oak Ridge Research Reactor 

1958-1987

High Flux Isotope Reactor 

1966-present
Cold Source 

2007-present

Spallation 

Neutron 

Source

2007 -

present

Cliff Shull & Ernie Wollan
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I would like to attempt to measure the diffraction of 

neutrons by single crystals.  I have brought some equipment 

with me from Chicago and Dr. Borst has shown me an 

opening in the pile at which this work could be done. 

I would appreciate obtaining approval to go ahead with 

this experiment. 

The original letter Ernest 
Wollan wrote in May 25, 
1944 to Richard Doan, 
Director of Research at 
Clinton Laboratories, 
requesting approval to do 
neutron experiments at 
the X-10 pile.
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The first neutron Laue diffraction pattern of 

NaCl measured by Wollan, Shull, and Marney

in 1947 at the Graphite Reactor.

Observation of Bragg reflections via neutron 

diffraction by Wollan in December 1944 at the 

Graphite Reactor.
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MnO
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Clifford Shull – selected honors and awards received

Nobel Prize in Physics, 1994
Gregori Aminoff Prize, 1993
Elected to the National Academy of Sciences, 1975
Oliver E. Buckley Condensed Matter Physics Prize, 1956

For the development and application of neutron diffraction methods 

for studies of atomic and magnetic structures of solids
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1958-1987

20 MW
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ORR visitors 1959 ORR Reactor Pool
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First automated 3-circle 
neutron diffractometer, 

ORR in June 1961

Busing, W.R., H.G. Smith, 

S.W. Peterson, H.A. Levy, 

Experience with the Oak 

Ridge automatic three-circle 

neutron diffractometer.  Le 

Journal de Physique 25, 

495-496 (1964).

See Busing memoir 

https://history.amercrystal
assn.org/h-busing_memoir

ORACLE (“Oak Ridge 
Automatic Computer

and Logical Engine”) was 
used to prepare angle 
settings which were 

punched to paper tape

https://history.amercrystalassn.org/h-busing_memoir
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Development of computer automated X-ray and Four-circle 
diffractometers at ORNL in mid-1960’s

Bill Busing
Sharron King

Henri LevyJ.A. Burkhalter
R.B. Splittgerber
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Mathematical recipes and computer programs for crystallography from ORNL

1962 One of the first programs for the least-squares refinement of crystal structures.  

Busing, W.R., Martin, K.O., and Levy, H.A., “ORFLS, a Fortran crystallographic least-squares program.”  

Report ORNL-TM-305.  Oak Ridge National Laboratory, Oak Ridge, Tennessee.

1957 One of the first programs for calculating analytical absorption corrections for single-crystal diffraction 

studies.  Busing, W.R. and Levy, H.A., “High-speed computation of the absorption correction for single 

crystal diffraction measurements.”  Acta Crystallographica 10, 180-182 (1957). 

1967 UB Orientation Matrix for single-crystal diffractometry.  

Busing, W.R. and Levy, H.A., “Angle calculations for 3- and 4-circle x-ray and neutron diffractometers.”  

Acta Crystallographica 22, 457-464 (1967).

1964 Bond length corrections for thermal motion

Busing, W.R. and Levy, H.A., “Effect of thermal motion on estimation of bond lengths from diffraction 

measurements.” Acta Crystallographica 17, 142- (1964)

1965 Program for plotting atomic displacement parameters

ORTEP, Oak Ridge Thermal Ellipsoid Program. C.K. Johnson, “OR TEP:  A FORTRAN thermal ellipsoid 

plot program for crystal structure illustrations.” ORNL-3794 (June, 1965). 
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Carroll K. Johnson, “OR TEP:  A 
FORTRAN thermal ellipsoid plot 

program for crystal structure 
illustrations.” ORNL-3794 (June, 1965). 



1414 Open slide master to edit

HIGH FLUX ISOTOPE REACTOR (1965 – present)
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515
Times Cited

“This technique permits the accurate separation 

of magnetic scattering from nuclear scattering, 

and it is used in neutron centers worldwide to 

study many classes of materials.”

http://apps.webofknowledge.com/CitingArticles.do?product=WOS&REFID=5588365&SID=6EE7boPAXS7IdQiBC3Z&search_mode=CitingArticles&parentProduct=UA&parentQid=1&parentDoc=1&excludeEventConfig=ExcludeIfFromFullRecPage
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MnO
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2- RI
ഥ𝟑c (#167.108)

(Mx,Mx,Mx)

(110) projection

X X X



1919 Open slide master to edit


