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Soft X-ray microscopy at a spatial resolution better
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Nanoscale chemical imaging of a working catalyst by
scanning transmission X-ray microscopy
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David Sayre (1924-2012)

The Squaring Method: a New Method for Phase Determination

By D. Savre*
Laboratory of Chemical Crystallography, University Museum, Oxford, England
(Received 31 May 1951)

A new set of relationships is given which exist among the structure factors of crystals composed only
of like atoms and which hold approximately for ordinary organie erystals containing only C, N, O and
H. They are the consequence of the similarity between the electron-density function d(z) and its
square, d*(%), for such erystals. In spite of considerable differences in form, the relationships found
malke the same general staternent about the structure factors as do the Harker-Kasper-MacGillavry
and Karle-Hauptmann-Goedkoop relationships, namely that the phase of F(a+ b) is closely related
to that of F(a) F(b). Because the present relationships apply to a special case (like atoms) and include
the condition of & minimum separation of atoms, they should be a more powerful method for phase
determination than the other methods, but this fact has not yet been demonstrated directly. The
method has been applied to the structure of hydroxyproline, where it was possible in a few days to
find the signs of thirty-one structure factors, of which thirty were correct, and to produce a Fourier
projection in which the molecule was easily recognizable.
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Fig. 1. The unit cell of a one-dimensional crystal composed of
identical and non- overla.ppmg atoms, showing the similarity
between d(%) and d?(%). This 18 the crystal used as an example
in §2(a).

Acta Cryst. 5, 60 (1951).

avid Sayre, who died on 23 February,
D was a pioneer in crystallography and

diffraction imaging, a visionary in
[X-ray microscopy and an architect of modern
computing. A superb scientist, deep thinker
and wonderful mentor, he could have
built a scientific empire. But that was
not his style. He was driven by the
desire to do pure and original science.

Sayre was born on 2 March 1924 in
[New York. His father was an organic
chemist whose ancestors helped to
found the town of Southampton,
[New York, in the sixteenth century.
His mother was the daughter of
Jewish immigrants. Sayre was edu-
cated at Yale University in New Haven,
(Connecticut, graduating in 1943 at the
age of 19 with a bachelor’s degree in
physics. The Second World War was
at its height, so Sayre worked on radar
at the Radiation Laboratory at the
[Massachusetts Institute of Technology
in Cambridge.

In 1946, guessing biology would be
the next exciting field, Sayre became a
graduate student in biology at the Uni-
versity of Pennsylvania in Philadelphia
and then at Harvard University in
(Cambridge. He was not initially inter-
ested in what he was learning, but in
1947 Sayre came across an article about
[X-ray crystallography that changed his
life. He joined Raymond Pepinsky’s
crystallography laboratory at Auburn
[University in Alabama, where he used
a mathematical operation known as the
Fourier transform to analyse the structures
of crystals probed with X-ray beams.

That year, Sayre married Anne
Colquhoun, a fiction writer. She took a
teaching position at the Tuskegee Institute,
but her involvement in the school, which
enrolled black students, was controversial
in the Deep South at that time, and
the Sayres soon left. They moved to Oxford,
UK, where Sayre completed his PhD in the
lab of Dorothy Hodgkin in 1951,

Sayre produced his most profound papers
during this period, solving the ‘phase
problem’ in crystallography — the loss of
phase information in the measurement of
diffraction intensity. In 1952, he proposed
atomicity — the fact that atoms are small and
discrete points relative to the space between
them — as a constraint for determining the
[phases of crystals of small molecules, giving
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rise to what is now called Sayre’s equation.
Atomicity is the key concept behind the
direct methods used for crystallography
today, although Sayre did not share the
1985 chemistry Nobel prize awarded for

it. In 1952, Sayre also realized that, even
in the absence of regular crystal structure,
information could be gleaned from the
fine sampling of diffraction patterns.

Sayre saw early on that solving complex
crystal structures would require substantial
computational resources. In 1956 he joined
IBM’s Watson Research Center in New York,
and eventually became assistant manager
of the team that wrote the original
FORTRAN compiler. He became corporate
director of programming, and later head of
the IBM programming research group. In
1969, he and his team proved the efficiency
of virtual memory in computing.

In 1972-73, Sayre took a sabbatical,
returning to Hodgkin’s lab and to crystal-
lography. It was during this time that one of
us (J.K.) met the Sayres, forming a lasting
friendship and collaboration. Anne Sayre
also wrote the influential book Resalind

2012 Macmillan Publ
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Crystallographer who pioneered methods of X-ray imaging and modern computing.

Franklin and DNA, about the outstanding
crystallographer and Sayre family friend
who had died of cancer at an early age.

After returning to IBM, Sayre became
interested in X-ray microscopy. His 1971
idea of focusing X-rays using Fresnel
zone plates became a reality through
the use of IBM’s nanofabrication
technology and with the advent
of synchrotron radiation sources such
as the National Synchrotron Light
Source at Brookhaven National Labo-
ratory in Upton, New York. X-ray
microscopy based on zone plates is now
used in synchrotron-radiation facilities
worldwide,

Around 1990, Anne developed
scleroderma, a debilitating disease,
and David retired from work to care for
her. But he continued working to real-
ize his 1952 dream: the reconstruction
of molecular structures without the use
of crystals, The idea came to fruition
almost 50 years later, with the publica-
tion in 1999 of the first reconstruction
ofa crystalline model object from
its ction pattern (which was J.Ms
PhD project). This paper established
coherent diffraction imaging (CDI),
also called lensless imaging or diffrac-
tion microscopy, as the most promising
form of high-resolution X-ray imaging.
CDI is now one of the fastest-growing
fields in X-ray science.

Anne died in 1998, and in the last
decade of his life David suffered from
Parkinson’s disease. But he continued to
participate in research and to offer advice. A
researcher with exceptional intuition, David
lived for science. His passing is a huge loss for
allofus. m

Janos Kirz is distinguished professor
emeritus af Stony Brook University, New
York, and scientific adviser for the Advanced
Light Source, Lawrence Berkeley National
Laboratory, Berkeley, California 94720,
USA. He was a collaborator and friend of
David for nearly 40 years. Jianwei Miao is a
[professor in the Department of Physics and
Astronomy and the California NanoSystems
Institute, University of California, Los
Angeles, California 90095, USA. He worked
with David on coherent diffraction imaging
beginning in 1996, first as a student, then as a
collaborator and friend.

e-mail: miao@physics.ucla.edu
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non-crystalline specimens 1(Q) < |F(Q)
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& David Sayre*i :

* Department of Physics and Astronomy, State University of New York,
Stony Brook, New York 11794-3800, USA
T Kings College, Strand, London WC2R 2LS, UK

Jianwei Miao

J. Miao et al., Nature 400 342 (1999).
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RENLMABIESS

J. R. Fienup, Optics Letters 3, (1978) 27.

Reconstruction of an object from the modulus
of its Fourier transform

J. R. Fienup

Environmental Research Institute of Michigan, P.O. Box 8618, Ann Arbor, Michigan 48107
Received February 23, 1978

We present a digital method for solving the phase-retrieval problem of optical-coherence theory: the reconstrue-
tion of a general object from the modulus of its Fourier transform. This technique should be useful for obtaining i
high-resolution imagery from interferometer data. Ja mes R ' Fle nu p

Hybrid input-output algorithm J. R. Fienup, Appl. Opt. 21, (1982) 2758.
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3D image of cell




BEtEBHREFL—Y—DHEEFRICLIIE—L > MXIRERA A—S20

RIVFRT—=IVRZEBARA—>D

SPring-8 Upgrade Plan Preliminary Report
4.2.2 coherent diffractive imaging of non-crystalline samples
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