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Direct phase determination in crystallography
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It was shown theoretically that through the difFraction of two coherent beams, one is able to measure both the
magnitude and phase of the structure factor directly. Here some experimental comments concerning the
performance of the proposed experiment are presented.

(3)k, -k, = x,
where k is the wave vector of a diffracted beam
and z is a reciprocal-lattice vector of the crystal.
The experimentally measured intensity can be ex-
pressed as

Z(k„k„k)= /G i'(xi', (4)

where

8=f{k,;k)+af(k„k)
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r, is the position vector of a unit cell and X is the
total number of unit cells in the scattering region.
In crystal diffraction, F. is called the structure
factor and G the lattice factor, which depends on
the type of lattice. f{k,;k) for 1= 1,3 is the struc-
ture factor in the crystal diffraction of a single in-
cident beam. It is well known that in conventional
diffraction process the magnitude of the structure
factor f(k„k) is the only experimentally measur-
able quantity. From Eqs. (3) and (4), it is easy
to see that the diffraction of two coherent beams
provides the experimental information on the term

In several previous papers, ' the crystal diffrac-
tion of two coherent beams was studied. It was
shown that through the diffraction of two coherent
beams, one is able to measure both the magnitude
and phase of the structure factor directly. Here I
wish to present some experimental comments con-
cerning the performance of the above proposed ex-
periment.

In the crystal diffraction process, the incident
beams are described by the wave function

~0 ~0

~f ki' r + gg fk2 (I)
where u denotes the relative phase and amplitude
of these two waves. The wave vectors satisfy re-
lations

k =k =k2
j. 2

Re[af(k, ;k)f*(k„k)],
from which one can deduce directly the phase of
the structure factor f(k„k).'

To initiate the crystal diffraction of two coherent
beams„ the wave-vector difference between the
beams should be equal to a reciprocal-lattice vec-
tor of the crystal as expressed by Eq. (3). This is
a stringent requix'ement. The main interest of the
present comments is on how to fulfill such a re-
quirement.

There have been successful experiments on the
crystal diffraction by two cohex"ent beams. The
diffraction of two coherent electron beams was
carried out by Maxton, Simpson, and Suddeth in
the Marton-type electron interferometer. ' The
diffxaction of two coherent x-ray beams was per-
formed by Bonse and Hart. 4 Recently, the diffrac-
tion of two coherent neutron beams was reported
by Bauch, Treimer, and Bonse. ' None of these
experimenters had ever attempted to measure the
phase of the structure factor f(k, ;k). In all those
experiments three identical single crystals were
used. The first one is a splitter. This is an am-
plitude division of two coherent beams. After the
selection two diffracted beams are bent by the
second crystal. In the intersection of two bent
beams, the third crystal is placed. The crystal
diffraction of two coherent beams isoccurredinthe
third crystal. Since all crystals are identical,
there is no problem to satisfy Eq. (3). If the above
suggested arrangement is adopted, the proposed
experiment is easy to perform. For the crystal
diffxaction of two coherent electron beams, one
needs simply to repeat the Marton, Simpson, and
Suddeth experiment with the electron detector re-
placing the electron microscope. For crystal dif-
fraction of two coherent x-ray or neutron beams,
one repeats the experiments performed by Bonse
«aE. , preferably with single crystals re-
oriented in such a way that there are more than
two diffracted beams in the thix"d crystal diffrac-
tion.

Suppose it is difficult to prepare a large single-
crystal sample for study; then the sample cannot
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k2= K2 Kb-

To initiate the two coherent beam diffractions, the
difference of these two vectors should be equal to
a reciprocal-lattice vector K of the sample. That
is to say

K=k —k =K —Kb+Kb1 2 S b b

where

Ks= K~ —K2

is a reciprocal-lattice vector of the beam splitter.
The experimental procedure is to align these four
crystals such that Eq. (10) is satisfied. To see
how to achieve alignment let us consider a simple
example. If vectors K and K, are in the direction
n and parallel, then

K —K =(K —K)n (12)

Furthermore, two benders are identical with

and

Kb= Kbn

(14)Kb= Kbn2

where n, and n, are the unit vectors. From the
above choice, Eq. (10) can be rewritten

and

n, ~ n, = [2»', —(» —«,)']/2»,'

n n, = (K —K,)/2«, .

(15)

(16)

Then the alignment procedure satisfies Eqs. (12),
(15), and (16). The only difficult part of the pro-
posed experiment is to align these four crystals.
However, Marton, Simpson, and Suddeth' were
able to align three separate crystals to success-

be used as a beam bender. Alternatively, we pro-
pose the experiment of using four single crystals.
Three of them are perfect crystals. The first
crystal is still used as the beam splitter. After
splitting two diffracted beams with wave vectors
K, and K, are selected out. Then these two beams
are bent separately by the next two crystals with
the reciprocal-lattice vectors Kb and K,'. The fourth
crystal is the sample and is placed at the inter-
section of these bent beams. The incident wave
vectors at the sample can be expressed as

k, =K, —K', (8)

and

fully perform the electron interference experi-
ment, for which the electron has only a wavelength
0.04 A.

The techniques of systematic bending and twisting
are widely practiced in the experimentation of
crystal diffractions. ' Through a shearing defor-
mation one can change the lattice spacing or the
magnitude of a reciprocal vector. Another method
is to choose a giant-size perfect crystal with the
reciprocal vector nearly equal to that of the sam-
ple crystal. From the giant crystal one cuts out a
beam splitter and a beam bender. With the help of
shearing deformation, one can bring the reciprocal
vectors of the splitter and bender equal to that of
the sample. By doing this one retains the three-
crystal configuration, which was used by the ex-
perimenters in the early two coherent beam dif-
fraction. ' '

The electron density of a crystal inside a unit
cell is the Fourier transform of the structure fac-
tor f(k, ;k). The lack of a direct experimental
phase information of the structure factor reveals
that the electron density cannot be deduced directly
from the experiment. This constitutes the famous
phase problem of crystallography. In the absence
of direct phase information, crystal structures
are determined in an indirect way. Even so, not
every crystal structure can be solved by methods
currently known. '

The current views on the phase problem are in-
teresting. Two opposite views are quoted here. In
the first view it is said that for the most experi-
mental situations complete knowledge of the elec-
tron density is neither necessary nor desirable,
since it would involve knowledge of the relative
positions and bonding of all the atoms of the sam-
ple and represent a quantity of data which would be
difficult to handle. In the second view, ' it has been
expressed that if there were some way of learning
the phases, then it would be a routine matter to
find the arrangement of atoms in any given crystal
no matter how complicated.

Recently, a similar independent work has also
been carried out by Werner et al. '

The author is very grateful to Professor C. N.
Yang for his interest in the present work, and to
Professor R. Colella for interesting discussions
on the crystal diffraction of coherent x-ray and
neutron beams. Thanks go to Professor J. J.
Broderick for reading the manuscript.
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