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analysed and so may not always produce
the same phylogeny as that based on
hybridization. The fact that the phylog-
enies shown by Diamond are alike, and so
probably correctly represent the pattern
of primate evolution, must mean that
mutation accumulation rates in different
chromosomal regions of primates have
been similar.
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Scanning optical microscopy
of low-contrast samples

Sir—A recent letter’ by Rothenhausler
and Knoll considered the microscopic
imaging of low-contrast samples and pre-
sented images of molecular films formed
by the technique of surface-plasmon
microscopy. It was stated that monolayer
films do not provide sufficient contrast to
be visible with either phase-contrast or
Nomarski microscopy. We have exa-
mined the imaging of monomolecular
films using various techniques of scann-
ning optical microscopy’ and our results
lead us to dispute this claim. In particular
the differential phase-contrast method’,
using a detector split into two halves, is
especially suitable for such applications.
Here we show that the technique provides
high sensitivity to specimens of low
contrast.

The specimen used was a monolayer
film of w-trisenoic acid
(CH,=CH,(CH,),,COOH) deposited
onto a glass substrate. The thickness of the
film, 3.15 = 0.05 nm (ref. 4), is a function
of the length of the molecule and the angle
at which the molecules are aligned. The
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optical system used is shown in Fig. 1.
Illumination is provided by a HeNe laser
(A=632.8 nm) and the objective lens is
of numerical aperture (.5. The system
has both a transmitted-light split detector
for differential phase contrast and a
reflected-light detector which can be used
either for bright-field imaging or, with a
pinhole placed in front of it, for confocal
imaging’.

The output of either detector can be
connected to an LSI-11 computer to be
sampled and quantized over a 256 x 256
grid by an eight-bit analogue-to-digital
converter and stored in a frame memory.
Images are generated by scanning the
specimen mechanically in an xy raster
through the focused spot. Imaging time is
~3 s per frame.

A differential phase contrast image of
the edge of the film is shown in Fig. 2: the
glass substrate is on the left and the mono-
layer on the right. The dark vertical line
between these two areas is the edge of the
film. To the right of this line can be seen
areas where the film has not adhered to
the substrate during dipping. These areas
are clearly depressions: the sign of the
gradient at their edges is bright on the left,
indicating a downward slope, and dark on
the right, indicating an upward slope. Not
only does this method image the 3—nm
phase steps easily, but it also shows up
smaller detail on the surface of the slide
and of the film.

To demonstrate the sensitivity of this
technique to phase variations a confocal
reflection image was observed for com-
parison. Despite a 25-fold enhancement in
elecironic contrast the confocal image
showed the film edge only very weakly
and also contained much less information
about the surface structure of the film. A
reflected light bright-field image exhibited
even less detail than the confocal image
despite a 30-fold contrast enhancement.

In Fig. 2 the dark line representing the
edge of the film has a width of about 2
wm, If the edge is assumed to be a linear
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Fig. 2 A differential phase contrast image of a
single monolayer.

ramp rising 3 nm vertically in 2 gm hori-

zontally, the normalized intensity signal is

estimated’ as 0.002, agreeing well with the
observed value. The theoretical contrast
in the edge in a bright-field image is also

0.002, and in a confocal image it has twice

this value’, These also agreed well with

observed values, demonstrating the
improved sensitivity of confocal micro-
scopy to small phase changes.

The differential phase contrast method
has been demonstrated to detect phase
gradients of about 1 in 1,000, which is
equivalent to a height change, over a
resolution element, of less than 1 nm. One
reason for this high sensitivity is that
mechanical scanning avoids the appearance
of mottle in the image’. The sensitivity can
be improved further by using an annular
split detector®, giving an increase in sensi-
tivity of about a factor of 10, or by using
two photomultipliers or photodiodes
instead of the solar cell detectors actually
used. Tf small photodiodes are used it is
then necessary to focus each half-beam
individually onto its corresponding
photodiode.
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