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When cooled down again, chocolate often stays
melted even at room temperature

In chemistry, crystallisation is a daily phenomenon
which is linked to the various polymorphs (structures)
of the substances. But in physics, we are more
interested in the energy compound of this phenomenon
and the state of our material.

Abstract

W

hen making chocolate, the chocolatier has to watch out

melting and solidification curves of various substances,

for the crystal formation in the chocolate butter because

including chocolate. He is known for the Shukoff-

only the most stable and highest quality crystal gives the “melt-on-

flask which he used for cooling chocolate. Not only

the-tongue taste”. In the following text the melting and crystallisation

is he known for the f lask, but he is also known for

of chocolate is explained as well as which parameters are needed to

the Shukoff-curve which he observed whilst cooling

achieve the greatest effect in the hysteresis (the state at which the

his chocolate. The Shukoff-curve is the jump in

chocolate can be a liquid or a solid.) Several experiments using various

temperature when chocolate is cooled back down

chocolates have shown that different types of crystals, less stable and

again. The jump occurs because latent heat is set free.

more stable crystals, depend on the solidification of the chocolate as

This latent heat is important for crystals to form and

well as the cooling process and the quantity of the chocolate butter and

become more stable, because the crystallisation process

powder. In these experiments, various parameters have been changed

requires a lot of energy which is then given off as heat.

to find out: what exactly is important in the chocolate to give it its taste
and what is the temperature range of its hysteresis.
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Introduction
It is a common phenomenon that when you leave chocolate in
a car on a hot summer’s day, it melts. To get it back into its initial

Not a lot of work has been done on the hysteresis

the fridge. Exactly this phenomenon was investigated in the project

Figure 1: Chocolate Hysteresis: when heating and cooling
chocolate again, a range in which it is liquid and solid is
formed. This is called hysteresis.

Cocoa butter as is known is made of little crystals.
In total we differ between 6 different crystals (as shown
in figure 2) [1] of which there are different forms of
stability. The more stable crystals give the chocolate a
better taste and therefore much higher quality.
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itself. Various papers have been published on the water
component in chocolate [5] or the quality of chocolate
butter [1]. Chocolate hysteresis has not been deeply

state, you have to cool the bar of chocolate, often by putting it into

Basic knowledge
where you pull a rubber band and it does not jump back

Figure 2: Table of various crystals in cocoa butter. Unstable
crystals melt at a lower temperature than stable crystals which
normally melt at body temperature and give the “melt-on-thetongue taste”.

to its original length. Chocolate hysteresis is a state

More stable crystals, such as the beta crystals that

Chocolate is made up of a lot of different components. The main

where, chocolate can be in a liquid as well as a solid

are more resistant to higher temperatures, are the high

ingredients are cocoa butter which stores the heat when chocolate is

state. As figure 1 shows the melting and solidification

quality crystals chocolatiers try to achieve for their

warmed and cocoa powder which gives the chocolate its magnificent

of chocolate, the area in between the two curves is the

chocolate. This is very time consuming and is done by

taste. Chocolate is not simply a mixture of some ingredients. The

hysteresis.

repeating the melting and cooling process. Figure 3

‘Chocolate Hysteresis’. For this, various experiments were performed
to investigate the important parameters and temperature ranges of the
hysteresis.

chocolatier who makes the chocolate has to mix it for over 12 hours!
This is because of the crystallisation in the cocoa butter. The longer
you mix the chocolate (in a warm environment), the better the taste and
consistency will be which is an important component for high quality
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Mr Shukoff was one of the first to observe the

chocolate is.

Chocolate hysteresis is not like rubber hysteresis

For example, a chocolate bar at room temperature
(approx. 23°C), when heated will still be liquid at room
temperature. This is chocolate hysteresis which is
dependent on time and how the chocolate is cooled.

shows the logarithmic time of the melting and cooling
process.
Every chocolate starts with an unstable crystal and
during the period of cooling and heating, these crystals
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in an isothermal bath in which the temperature could be

made it easier to observe the phase change in crystals

regulated manually.

which give out latent heat when changing their phase. So
this phase change becomes more visible when observing
the crystal formation. There is only a small boarder of
liquid where you can get high quality crystals.

Figure 4: Isotherm with one sample and one against sample.

After heating both chocolates to about 80°C to
dissolve all crystals, the chocolates were placed into
the isothermal which was cooled down to 18°C. At
Figure 3: Time-temperature graph which shows that stable
crystals (beta crystals) only evolve in certain conditions such as
a long time-range and a small temperature range.

Methods And Materials
Much store bought chocolate contains artificial
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flavouring, but chocolate can also be chocolate without
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about 19, 4°C, the 20% chocolate set latent heat free and
therefore it was clear that the solidification had begun.
Comparing the 20% cocoa powder chocolate to the 40%,
it was clear that the 40% chocolate solidifies at a similar
temperature, though more latent heat was released in the
40% chocolate.

Figure 6: x Axis: Time; y-Axis: Red line: Oil (against test), blue
line: Chocolate 40%. Having more cocoa powder, more seeds
in the chocolate, means that less Gibbs free energy is needed
and therefore more latent heat is been given off.

Figure 7: Cooling bath to shock cool the cocoa butter and to
analyse how many phase changes may occur when shock
cooling.

These results show that cocoa powder does not play
a big role in the solidification of chocolate but also that
the heat storage is in the cocoa butter and therefore
only cocoa butter is used in the following experiments
to see the melting more clearly.

Experiment 2: Which crystals evolve in our
cocoa butter?

Figure 8: x-Axis: Time, y-Axis: Red line: temperature of
first probe; blue line: temperature of second probe; green
line: temperature of third probe. Heating cocoa butter in an
isotherm, part of the cocoa butter melted and therefore it got
heated even more to melt the other half → points towards the
fact of having two different types of crystals.

anything artificial. Chocolate originated from the Mayas

With this experiment which is shown in figure 7 the

who made chocolate as a gift for their gods to heal their

question which should be solved was: which crystals

people. These chocolates consisted of crushed cocoa

form in the cocoa butter (in all experiments the same

With this experiment it was observed that two

beans, the cocoa powder and different kinds of fats.

cocoa butter was used). The cocoa butter was heated,

crystals evolved in the cocoa butter and therefore only

Nowadays this is the cocoa butter.[3]

to melt and annihilate all crystals, and was then cooled

these two crystals were taken into consideration in the

down in an ice bath to 3°C. Once the cocoa butter

following experiments.

For the following experiments, various parameters

was solid, it was kept in the ice bath for another three

were changed to get results on the hysteresis.

E xperiment 1: How Impor tant Is Cocoa
Powder?
At first, chocolate was mixed to investigate a “clean”
chocolate without any additives and to change the amount
of cocoa powder. It was distinguished between 20% and
40% cocoa powder. These test tubes, as shown in figure 4,
were filled with the chocolate either the 20% or the 40%
cocoa powdered chocolate and then were compared to oil

hours. After the three hours, the cocoa butter was put
into a thermal bath which was heated to 23°C – the
Figure 5: x-Axis: Time; y-Axis: Red line: Oil (against test) Blue
line: Chocolate 20%. One phase change at which more Gibbs
free energy is needed than with the 40% cocoa-powdered
chocolate.

temperature at which the unstable crystals dissolve.
By this time the cocoa butter had melted half way but
a part did not melt which showed that the more stable

Having the cocoa powder which makes the seeds in

crystal (the beta-prime crystal) (see figure 2) had

the chocolate inhomogeneous, means that less Gibbs free

evolved. Eventually when the thermal bath was heated

energy is needed and therefore there is higher latent heat

to 27°C, the whole cocoa butter had melted.

that is set free.

Figure 9: x-Axis: Time, y-Axis: Temperature of probe.
Latent heat was freed twice – 2 phase changes occurred.
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become stronger and more stable. The Shukoff-curve
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With this experiment it was shown that not only the
setup was the best possible setup, but also that the theory

Figure 11:x-Axis: Time, y-Axis: green line: temperature of
chocolate, yellow line: temperature of cocoa butter.
DSC results – show latent heat was set free but not very clear at
what temperature therefore initial setup is better for this type of
experiment.

does not always have to be correct. Comparing the used

Both experiments from the setup and from the DSC

setup with a DSC (Differential Scanning Calorimeter)

showed one phase change when shock cooling cocoa

(see figure 10), it was discovered that the used setup does

butter. It is known though that the cocoa butter which

not give any different results but is easier to use.

was used can have two phase changes. This did not

In this experiment chocolate was compared to cocoa
butter. Both samples were heated up to approx. 60°C and
then shock cooled at 18°C. Theory states for cocoa butter
when shock cooling chocolate or cocoa butter, only the
unstable phase of the crystal is formed. This was shown
to be wrong in experiment 2 (see figure 9).
Seeing that the first and second experiments could be
examined in such a comparison, the next step was to see
if the used setup works as well as a DSC.

appear because the length of the cooling was not long

Figure 15: x-Axis: approximate time; y-Axis: Temperature
range of hysteresis.
Temperature range of hysteresis when waiting for one phase
change or waiting for two phase changes.

enough.

Experiment 4: Illumination and phase changes
In this experiment the definite phase changes were
documented by shining a laser through the melted cocoa
butter (see figure 12). The amount of phase changes is

Figure 13: both x-Axis: Time, y-Axis: blue line: temperature of
probe; green line: light intensity of light sensitive device.
I l l u m i n ati o n d ata s h o ws w h e n th e c o c o a bu t te r h a s
crystallised, temperature data does not show this precisely.
When heating the cocoa butter again it stayed crystallised at a
higher temperature than initially.

1st phase change: 19,1°C – 27°C
2nd phase change: 22,9°C – 36,5°C
Throughout these experiments, the following
factors were considered as very influencing:

identified by how often the cocoa butter crystallises.
With a light sensitive device, the laser was caught and

Cocoa butter, how it is cooled, how long it is

the light intensity was measured. First heating the cocoa

cooled; cocoa powder which does not change the

butter and then putting it into a thermal bath in the

temperature range but accelerates the process and

main setup, showed at what point the chocolate began to

influences the amount of latent heat released.

crystallise.

Conclusion

Once the cocoa butter was crystallised (in one
experiment after one phase change and the other

Further studies are required. Not only should a

experiment after two phase changes), the cocoa butter

DSC be done with various chocolates to compare the

was heated up again. Comparing the first and the second
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phase changes, it was observed that cocoa butter melts
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Figure 10: x-Axis: Temperature, x-Axis: Temperature difference
between probe and pressured against probe.
Comparing chocolate to cocoa butter the chocolate sets more
latent heat free and crystallises faster as shown in experiment.

at a different temperature when undergoing one phase
change than when undergoing two phase changes.

Figure 14: Both x-Axis: Time; y-Axis: pink line: Temperature of
probe; green line: light intensity of light sensitive device.
Waiting for two phase changes cocoa butter only melts at an
even higher temperature than when after one phase change.

All four experiments lead to the one question: what
are the relevant parameters and the temperature range

used setup, but also the crystals of the cocoa butter
should be looked at under an electron-microscope.
Each of the completed experiments viewed a
different part of the melting or cooling process and
together, this can lead to very precise results.

of the chocolate hysteresis?
These results hopefully encourage others to observe

Results and Discussion
The temperature ranges vary from cocoa butter
but using a pure cocoa butter from Africa will lead
to similar results. The various phase changes of the
Figure 12: Red laser shining through melted cocoa butter into a
light sensitive device measuring the lux of the laser.

crystals in the cocoa butter are also very important.

chocolate hysteresis and come up with more ideas
than the Austrian team has to date. Due to chocolate
hysteresis being such a broad topic, there are a lot of
things still to be observed and therefore it is even more
important for further studies.
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Experiment 3: Shock cooling
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The shape of the water droplet may become
cone-like with a sharp top
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lace a water droplet on a plate cooled down to around -20 °C.
As it freezes, the shape of the droplet may become cone-like

with a sharp top.Investigate this effect.
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move upward without any change. This happening will continue until
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we reach to the top of drop. At this point, the entire lower surface
has been frozen, so the last point will move upward, without any
transformation, and produce a sharp point (a pointy tip) which is
called singular shape.
In this article, I am going to prove this theory and analyze pointy
ice-drops phenomenon using some experiments.
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Observations
The first step to solve any problem is observation. So according to
the question, we should prepare necessary conditions for freezing the
drop and appearing singular point. The first condition of the problem
is temperature. There are many ways to receive -20°C, like using
liquid nitrogen or liquid hydrogen; but the simplest way is using
freezer. To do that, we should fill a plate with salty water and place it
in a freezer with temperature control. The reason to use salty water
is its lower melting point in comparison with other accessible liquids.
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Because of its low melting point, it can keep temperature constant for
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