Temperature control for polymer crystallization studies
Instrumental Requirements
Polymer structure and crystallization is a rich field for AFM
imaging and measurements, with a wide variety of surface
structures and material property differences that can be
seen under different conditions. For imaging polymers, the
AFM instrument needs to be capable of high resolution and
stability, so that the lamella structure can be clearly
resolved. The quality of the phase contrast in intermittent
contact mode is also important, since often this can be
used to distinguish different phases in the polymer images.

particularly good for crystallization studies, because of the
large temperature range available.

Polymer crystal structure
Many polymer molecules have characteristic property of
folding along the chain length to form large flat crystals,
where the thickness is much smaller (even orders of
magnitude smaller) than the lateral dimensions. These
lamellae are often arranged parallel to each other, to form
layered crystal sheets, as sketched in Figure 2 (a).
In some polymers, these form larger scale arrangements,
where the lamellae grow approximately radially out from
the centre of a polymer spherulite. In some cases, the
lamallae twist as they grow, which can form concentric
rings of different crystal orientation, as shown in Figure 2
(b). When the spherulites are grown in thin polymer films,
the process forms rings in two dimensions. These rings of
different molecular orientation produce characteristic
banding in birefringence, which can be seen in optical
microscopy. The changes in orientation of the crystal
lamellae can also be seen in atomic force microscope
images of thin film spherulites.

Fig 1. Specially designed temperature control stages from JPK.
(a) High temperature heating system (HTHS), ambient - 250 °C,
(b) Heating-Cooling System (HCS); 0-100 °C

To study temperature effects, such as changes during
crystallisation or melting, several additional requirements
must be met. The heating stages used must obviously be
stable and reliable in terms of the temperature values
used, but good mechanical stability is also essential during
temperature changes. This requires well-engineered
heating stages that allow high resolution imaging even at
high temperatures, and also minimal drift so that a
particular surface region can be followed as the
temperature is changed. Figure 1 shows specially
designed heating stages that are capable of high resolution
scanning with minimal lateral or vertical drift during
heating. The high temperature heating system is
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Fig 2. Schematic diagrams of polymer crystal structures. (a)
General organization of polymer molecules in crystal lamellae. (b)
Crystal orientation in polymer spherulites. Not all polymer
spherulites form the twisted structures.
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PHB-PHV spherulite structures
The naturally occurring polymer PHB (poly hydroxybutarate) is synthesised by some forms of bacteria as a
food storage molecule. By altering the feedstock, a
copolymer of PHB with PHV (hydroxy valerate) is formed.
This has a lower melting point and lower crystallinity than
pure PHB, and is a key candidate for biodegradable plastic
applications. Its properties for manufacturing and
processing are more similar to traditional plastics than
other starch-based biodegradable polymers, making it a
more practical alternative for packaging and other
applications. The sample used here was a gift from Prof.
Mervyn Miles, University of Bristol.

a)

PHB-PHV forms spherulites with a structure similar to that
sketched in Figure 2. The full range of structures can be
seen in the images in Figure 3, which shows topography
and amplitude images of a polymer spherulite in a PHBPHV film. In the overview image (a), 18 x 18 microns, the
circular banding over the spherulite is clear. The outer
edges of two further spherulites are just visible in the lower
part of the image. A 10 x 10 micron area showing the
upper right hand quadrant is shown in (b), where it can be
seen that the banding is made up from long thin features
oriented radially. In (c) a zoom into one of the bands is
shown (1.2 x 1.2 microns scan area). Here the lamellae
orientation can be seen, particularly in the amplitude
image. They are lying predominantly flat in two corners
(bottom left and top right), and predominantly edge-on in
the higher band through the centre. Compare with the
levels of structure sketched in Figure 2.

Melting of PHB-PHV spheruliltes
The sample shown in Figure 3 was heated using the JPK
High Temperature Heating System.

b)

Figure 4 shows images of the PHB-PHV spherulites as
they were heated from room temperature up to 120 °C.
The same 35 x 35 microns scan area is shown in each set
of topography, phase and amplitude images. The overall
height range decreased from around 1.6 microns at room
temperature to around 800 nm at 120 °C.
Over the range from room temperature up to 80 °C, the
images look like the ones shown in (a), and no visible
changes were seen. The contrast in the phase image
comes mainly from the topography differences, since there
is little difference from point to point in the mechanical
properties of the surface.

c)

Around 90 °C, more interesting phase contrast is seen as
some parts of the spherulite structure soften before others.
As the temperature is further increased, small islands of
hard polymer remain between areas of molten polymer.
Fig 3. Topography and amplitude images of spherulite structures
in PHB-PHV. (a) 18 x 18 microns, (b) 10 x 10 microns, (c) 1.2 x
1.2 microns.

page 2/5

© JPK Instruments AG - all rights reserved – www.jpk.com
This material shall not be used for an offer in:
 USA  China  Japan  Europe & other regions

NanoWizard, CellHesion, BioMAT, NanoTracker and ForceRobot are
trademarks or registered trademarks of JPK Instruments AG

Height

Phase

Amplitude

a)
80 °C

b)
90 °C

c)

Fig 4. Heating of PHB-PHV
spherulites. The same 35 x 35
microns scan area is shown in
each set of topography, phase
and amplitude images.
Over the range from room
temperature up to 80 °C, the
images look like the ones shown
in (a). The phase contrast comes
mainly from the topography
differences, since there is little
difference from point to point in
the mechanical properties of the
surface.
Around 90 °C, more interesting
phase contrast is seen as parts of
the spherulite structure soften
before
others.
As
the
temperature is further increased,
small islands of hard polymer
remain between areas of molten
polymer.
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a)

Growth of crystal lamellae
The PHB-PHV sample was heated briefly to 150 °C, so
that the polymer was completely melted. The temperature
was then reduced to 120 °C to observe the regrowth of the
lamellae as the polymer crystallised.
a)

b)

t=0s

b)

t = 158 s

c)
c)

t = 341 s

Fig 5. Images of regrowing lamellae: (a) height, 31 nm colour
scale, (b) phase 7 degrees colour scale. In (c) the cross-section
through the line in (b) is shown. The markers are 23 nm apart.

d)

In Figure 5, height (a) and phase (b) images are shown of
a 3 x 2 micron area of the polymer, as the crystals are
regrowing. The edges of the lamellae are seen as bright
lines in the phase image. The cross-section graph in part
(c) is taken along the yellow line in (b), and the markers
shown are 23 nm apart. The lamellae are therefore seen
as 20 – 30 nm wide features in the phase images. In
some places the plane of the lamella is not perpendicular
to the surface, and these lamellae are seen as flatter
objects with a smoother shape.
In Figure 6, successive phase channel images of the same
sample are shown. The temperature was held at 120 °C,
and the sample was scanned at 5 Hz line rate with 512
points to collect images of the growing lamellae. All scans
were taken in the 'up' scan direction The scan area shown
in Figure 6 is 4 x 2.5 microns in each case. Two regions
have been ringed to highlight changes in the structure.

t = 470 s

e)

t = 755 s

f)

t = 915 s

Fig 6. Phase channel images at 120 °C, using 5 Hz line rate.
The scan area is 4 x 2.5 microns in each case.
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a)

Alkane crystallization
A sample of mixed alkanes (around C25H52, Melting
temperature in the range 50 - 55°C) was heated to 60 °C
and then allowed to cool to 30 °C image the
recrystallisation.
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b)
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Fig 7. Images of alkanes annealed at room temperature: (a)
height, 5.5 nm range, (b) phase, 3 degrees range. (c) amplitude
(feedback signal), 15mV range.

In Figure 7, height (a), phase (b) and amplitude images are
shown of a 3.5 x 3.5 micron area. There is a strong phase
contrast between different areas of the surface; the
amplitude signal is dominated by the edges of the regions,
but the phase signal is dominated by the material property
differences between the phases.
In Figure 8, height and phase channel images of the
growing crystal areas are shown. The sample was
scanned so that all the images were collected in around
100 seconds. All scans were collected in the 'up' scan
direction. Only every fourth scan is shown in Figure 8.
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Fig 8. Height and Phase channel images of annealing alkanes at
30 °C. Scan area 3.5 x 3.5 microns, scan time around 100
seconds (only every fourth scan shown here).
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