
STUDYING NUCLEATION KINETICS OF BIOCERAMICS

Bioceramic coatings of calcium phosphate (CaP) are used to improve the biological properties of medical implants. 

The crystallization of CaP is initiated on polyelectrolyte multilayers. Polyelectrolyte multilayers are used to build up 

a well-defined surface and by modifying the multilayer, the crystal nucleation and growth of CaP can be controlled. 

Polyelectrolyte multilayers are used in many biomaterial applications due to the unique possibilities to create sur-

face coatings with desirable properties. Polyelectrolyte multilayers can also be modified to release drugs or active 

peptides. Here we show how QCM-D is used to optimize the process due to the unique possibility to monitor the 

build up and viscoelastic properties of the multilayer as well as the nucleation kinetics and crystal growth of CaP 

in situ in real-time.   

Quartz Crystal Microbalance with Dis-
sipation is an acoustic surface sensi-
tive technique, which provides simulta-
neous, real-time information on mass 
and structure of thin films. The mass 
of an adsorbed adlayer is sensed as 
resonance frequency of the sensor 
movement (Δf) and the viscoelastic 
properties are deduced from the damp-
ing of the sensor movement (ΔD). In 
this application, these parameters give 
real-time information about the build-
up and viscoelasticity of the polyelec-
trolyte multilayer, as well as the nucle-
ation kinetics of calcium phosphate 
crystal growth.

INTRODUCTION
In order to enhance implant fixation, 
biological properties of implanted ma-
terials are improved by calcium phos-
phate (CaP) bioceramic coatings as a 
bioactive interface between the bulk 
metal implant and the surrounding tis-
sue. Their close resemblance to the 
chemical and mineral components of 
teeth and bone make them biocompat-
ible and prone to integrate with bone. 

The first CaP coatings were produced 
via vapour phase processes, but more 
recently solution-based and biomi-

metic methods have emerged. The 
solution-based procedure requires an 
underlying surface that promotes the 
growth of crystals in a controlled man-
ner. Polyelectrolyte multilayers have 
been found useful since by modifying 
the polyeletrolytes and the multilayer 
assembly process, the nucleation lag 
time and growth of crystals can be 
controlled1. Generally, polyelectrolyte 
multilayers are used in many biomate-
rial applications due to the unique pos-
sibilities to create surface coatings with 
desirable properties.

APPROACH
Polyelectrolyte multilayers were con-
structed in situ by alternate adsorption 
of poly(styrene sulfonate) (PSS) and 
polyallylamine (PAH) onto Q-sense 
gold sensors, pre-modified with a layer 
of poly(ethyleneimine) (PEI). Super-
saturated CaP solutions were injected 
onto the polyelectrolyte multilayer sur-
face in situ and the heterogeneous 
nucleation of CaP crystals was studied 
in real-time. Parameters such as multi-
layer build-up procedure, CaP concen-
tration and temperature were varied.
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Figure 1. CaP mineralization on a polyelectrolyte multilayer was followed by QCM-D. (A) a polyelectro-
lyte multilayer is formed by the deposition of PEI to the gold surface and followed by alternate expo-
sure to PSS (4´) and PAH (3´). Polyelectrolyte exposures and rinses with water are indicated by solid 
and dotted arrows, respectively. (B) 5 mM CaP is exposed to the washed multilayer (thick solid arrow). 
After a lag time of more than 100 min after the CaP addition, crystal growth is evidenced by the strong 
changes in f and D. Figure A is a close up of figure B, notice the different scale on the y-axis. 
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RESULTS AND DISCUSSION
Figure 1 shows the deposition of the 
polyelectrolyte multilayer and subse-
quent addition of CaP solution, in this 
case a 5mM CaP solution in contact 
with a multilayer that ends with a poly-
anionic layer of PSS. Figure 1A shows 
a close-up of the multilayer deposition 
and how the mass increased after each 
deposition. The crystal growth started 
after a lag time of more than 100 min-
utes from the injection of CaP solution. 
Figure 1B shows the sharp and large 
shift in frequency and dissipation due 
to the rapid growth of CaP crystals at 
the end of the measurement.

The QCM-D experiments showed 
clear evidence of the two main steps 
of CaP mineralization: (i) lag time for 
nucleation and (ii) crystal growth, af-
ter a characteristic induction time that 
depended on the solution composition 
and surface properties. This confirms 
and completes results obtained with 
an optical technique2. 
 

CONCLUSION
By performing studies of the kinetics of 
CaP mineralization at differently modi-
fied surfaces, the QCM-D technique 
reveals itself as a powerful real-time 
tool to provide information about biom-
ineralization mechanisms and their 
control at solid interfaces.
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