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COLLOIDS AND INTERFACES

Mother of Pearl’s Strength Shines Through
How can we imagine what other people are
thinking or what their intentions are? Psy-
chologists and neuroscientists trace this back
to a kind of simulation that goes on in our
brain as soon as we observe an acting person.
The action of the observed person is internally
imitated, so to speak. Now, researchers at the
Max Planck Institute for Human Cognitive and
Brain Sciences in Munich, in cooperation with
scientists from the University of Bournemouth
in England and Rutgers University in Newark,
USA, have further shown that our own action
capabilities and knowledge of our own body
determine our understanding of others’ ac-
tions. (NATURE NEUROSCIENCE, October 2005)

The team around Simone
Bosbach and Wolfgang Prinz
was able to prove this by
testing two patients who had
lost the ability to perceive
their own bodies following an
extremely rare disease. These
two patients are the only
known cases worldwide with
this clinical picture. The sci-
entists showed that the two
subjects are, indeed, impaired
in their ability to interpret
the actions of other people.

Bosbach and her col-
leagues confronted the pa-
tients with videos in which
people were asked to lift
boxes of various weights. The
patients’ task was to guess
the weight of the boxes –
based solely on watching the
lifting movement of the ac-
tor. It turned out that the
patients were able to assess
the weight just as accurately
as healthy control subjects.
Apparently they could use their knowledge that,
for instance, a slow body movement indicates a
heavy load and a faster movement tends to sug-
gest less weight, to perform the task.

In the second part of the experiment, the pa-
tients again saw videos of people lifting boxes.
Here, however, the people in the film were occa-
sionally deceived about the actual weight of the
box. For instance, prior to lifting, the actor was
told that he would be lifting 18 kilos – when in
fact the box weighed only 3 kilos. The patients
were then asked to judge whether the person in
the film had correct or incorrect expectations re-
garding the weight of the box. If the people in

the film had been deceived about the weight,
characteristic discrepancies were evident in their
movements between the phase in which the ac-
tors prepared to lift the box (say, expecting a
heavy box) and the phase in which they actually
lifted the box.

In this second task, the control subjects had no
difficulty assessing the situation correctly. The
two patients, on the other hand, were less adept
at recognizing whether the person had correctly
guessed the weight of the box prior to lifting it.

Finally, in a further experiment, the scientists
reversed the task. They asked one of the patients
to lift some boxes and filmed him while doing so.
In some cases, the patient was deceived about the
weight before lifting the box. Then healthy con-

trol subjects were asked to
judge whether the patient
had correct or incorrect in-
formation about the weight
of the box. The control sub-
jects failed at this task be-
cause, in the case of a false
expectation, the patient’s
movements didn’t show the
characteristic discrepancy
between the preparation for
the movement and its exe-
cution.

This means that, because
of the lack of self-percep-
tion, the patient was unable
to adapt his movements to
his expectation of weight.
For the same reason, the pa-
tients were unable to judge
other people’s movements
as reflecting their underly-
ing expectations.

Models of movement that
are activated in the brain
when we observe the ac-
tions of others also provide

information about the possibilities and limita-
tions of our own body. Our body serves as a ref-
erence by which we interpret other people’s ac-
tions. In other words, we understand in others
what we can do ourselves, and what we cannot
do ourselves, we cannot understand in others.
Feedback from our own body seems to form our
intuitive understanding of other people’s inten-
tions. In this way, we can not only predict the
consequences of others’ actions, but we can “put
ourselves in the position” of the other person.
Such a mechanism is the basis for sympathy and
empathy, and is key to the success and continuity
of social relationships. ●
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Frames from the
video footage:

The test subjects
are lifting boxes 

of various weights.
Their faces were

blocked out so
that the patients
and control sub-

jects would not be
influenced by the
emotions revealed

in the actors’ 
facial expressions

when assessing
their motions.
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platelets. This interface of disordered molecules is
probably created by impurities that accumulate
there. When crystallization occurs – that is, the
ions form aragonite – they are not built into the
orthorhombic crystal lattice.

If it were possible to copy the construction
principle of mother of pearl, we would see a revo-
lution in the materials industry. Engineers could
make stronger wallboard or lighter concrete ele-
ments with the same strength. But that is still a
long way off. For the time being, the Potsdam-
based Max Planck scientists are trying to create

mother of pearl on its organic scaf-
fold. They hope this will shed light on
the material’s formation mechanism.
So far, they have even succeeded in
growing calcite platelets there. Cal-
cite is the thermodynamically stable
form of calcium carbonate. Aragonite
will follow soon. Synthesizing the or-
ganic scaffold of mother of pearl,
however, will be quite difficult. Cur-
rently, the materials researchers are
still using the natural matrix. “Copy-
ing the organic structure as the basis
for breeding is the greatest challenge,
since it is created in nature through
cell processes,” says Helmut Cölfen. ●

The shell of the
abalone Haliotis
laevigata. The 
circles show de-
tailed views of 
the structure of
mother of pearl –
with increasing
magnification
from left to right.
The images were
produced with a
scanning electron
microscope (red)
and a transmission
electron micro-
scope (yellow 
and orange).
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Not only is mother of pearl a favorite choice
among jewelry makers, it is also an outstand-
ing basic material. Although it consists of 97
percent lime, owing to its layered structure, it
has a three thousand times higher fracture
toughness. Now, scientists at the Max Planck
Institute of Colloids and Interfaces in Potsdam
and the German Federal Institute for Materi-
als Research and Testing (BAM) have studied
this in detail. In doing so, they discovered that
the surface of the individual aragonite
platelets that make up mother of pearl is not
an ordered, three-dimensional ion structure,
but is formed instead of disordered ions, and
is thus wavy. (PNAS, September 6, 2005)

Mother of pearl, also known as nacre, owes its ex-
traordinary fracture toughness to its lamellar
structure of soft, organic layers and hard aragonite
platelets. Aragonite is a modification of calcium
carbonate in which the molecules are ordered in
an orthorhombic lattice. “One can imagine the
structure of mother of pearl like the pattern in
which bricks are laid to build a house, where the
aragonite platelets are the bricks that are sur-
rounded by a soft, organic matrix, the mortar. The
organic scaffold is composed of very thin chitin
layers on which water-insoluble proteins ad-
sorbed,” says Helmut Cölfen from the Max Planck
Institute of Colloids and Interfaces. Chitin is a
polysaccharide that comprises many connected ni-
trogenous sugar building blocks. Insects, in partic-
ular, use chitin as a high-tech composite material.

The Potsdam-based materials researchers now
wanted to find out in detail how mother of pearl
is structured. They wanted to know how the inter-
face between the aragonite platelets and the or-
ganic matrix is built. To study the material of the
aragonite platelets, the scientists used the shell of
the abalone Haliotis laevigata. Its exterior is made
up of calcite and its interior is lined with nacre.

Scanning electron
microscope view 
of the fractured

surface of mother
of pearl. The

length of the bar
corresponds to 

one micrometer.
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With the aid of high-resolution transmission
electron microscopy and nuclear magnetic reso-
nance spectroscopy, the materials researchers dis-
covered that there is a very thin layer – just five
nanometers (millionths of a millimeter) thick – of
disordered calcium carbonate at the interface be-
tween the soft organic matrix and the aragonite
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