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Abstract

A miniature optical probe (16 mm in diameter) is developed for diagnostics of crystallization processes. A
probe volume is produced near the optical window at the end of the cylindrical probe. As shown in Figure 1, a
CW laser beam is focused to a spot of about 50 micron, which is viewed by the photodetector (an avalanche
photodiode). A small detection volume is formed. When a crystal arrives in the detection volume, photodetector
output increases, which triggers a camera and a pulsed laser. The pulsed laser spot size and the camera
viewing area are significantly larger (~500 nm) than the detection volume, so the crystals are fully illuminated
and imaged.
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Figure 1: Probe volume

Multimode optical fibers are used to bring the CW light and the pulsed laser light to the end of the cylindrical
probe. A multimode fiber and an imaging fiber bundle are used to collect the scattered CW light and the crystal
image respectively. A thermistor is also located at the end of probe for monitoring the crystallizer temperature.
All the fiber links and electrical leads of the thermistor terminate in a control box, which houses lasers,
photodetector, camera, thermistor bridge and the processing electronics. Light scattering, imaging and
temperature data are sent out of the control box via firewire to a computer. A Windows software is used to
display the images and other data. Particle images are processed in real time and their characteristics (size
and aspect ratio) are displayed and saved by the software.

This probe can be used in a full-scale crystallizer as well as a laboratory-scale crystallization experiment. An
example of a laboratory experiment is shown in Figure 2. A small jacketed vessel is used to grow lysine
monohydrochloride crystals out of a 1:1 mixture of water and methanol.



Figure 2: A laboratory-scale crystallization experiment using the miniature probe

We kept the solution at a high temperature for a while to ensure that all the crystallization nuclei were fully
dissolved. It was slowly cooled down to the saturation temperature by lowering the temperature of water in the
cooling jacket. The solution was placed on a magnetic stirrer and was constantly stirred using a magnetic ‘fish’.



At the saturation temperature, crystal
size grew quickly and temperature
increased by about 5 degrees, as shown
in Figure 3. The heat of crystallization
caused the rise in temperature.

Another series of experiments were
conducted with lysine
monohydrochloride crystals suspended
in 111-trichloroethane, which does not
dissolve them. Various solid volume
fractions were measured. These
measurements show that transit time
provides a good measure of solid
volume fraction. Volume fraction near
the probe agrees well with the bulk
volume fraction if it is smaller than 1%.
For dense suspensions, a region of low
particle concentration is formed near the
window.

Above measurements also show that it
is possible to use two-dimensional
images to infer the three-dimensional
structure of pharmaceutical crystals,
which are generally divided into three
classes: plate-like, rod-like or rounded.
In the case of plate-like crystals, there is
a negative correlation between the size
and the aspect ratio based on the two-
dimensional images. This correlation is
positive for the rod-like crystals,
whereas no correlation is found for
rounded crystals. Figure 4 shows the
correlation for the above experiments
depicting that these crystals are rod-like,
which was verified by microscopic
observations.
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Figure 3: Crystallizer temperature and the crystal size as a

function of time
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Figure 4: Aspect ratio versus crystal size (Equiv. Diameter)

validating rod-like crystal structure




