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Abstract
We present a platform technology, called Metal-Assisted and Microwave-Accelerated Decrystallization
(MAMAD), which is based on the use of dispersion of gold colloids with low power microwave
heating to decrystallize organic and biological crystals attached to surfaces. Uric acid crystals were
chosen as model target crystals to be decrystallized using MAMAD technique. A two-step procedure
was employed: 1) growth of uric acid crystals on a model surface (collagen films coated on to glass
slides to simulate a human joint) at room temperature and 2) de-crystallization of uric acid crystals
in synovial fluid (in vitro) using silver and gold colloids in conjunction with low power microwave
heating. Using the MAMAD technique with gold colloids, the number of uric acid crystals was
drastically reduced by 80% after 10 min, where the average size of the uric acid crystals was reduced
from 125 μm to 50 μm. In control experiments and with silver colloids that aggregated from the
solution, the size and number of uric crystals remained unchanged, indicating that the combined use
of only metal colloids in solution and microwave heating is effective for the de-crystallization of uric
acid crystals in biological media.
Keywords: Uric acid; Hyperuricaemia; Crystallization; Gold colloids; Silver colloids; Medical
microwaves; Microwave-induced temperature gradients

Introduction
Uric acid is produced in the human body as a
direct result of the catabolic processes involved in the
digestion of foods rich in purines and is released into
the blood serum by cells as they undergo apoptosis [1,
2]. L Under normal conditions uric acid is dissolved
in the blood plasma, processed by the kidneys and
discarded from the body by excretion in the form of
urine. Hyperuraecemia occurs when the serum urate
levels are elevated beyond the kidneys’ capacity for

waste processing [3]. In the state of hyperuricaemia,
uric acid in the blood plasma having increased beyond
a critical concentration (>7.0 mg/dL in men and
>5.7 mg/dL in women) [4], may begin to crystallize
resulting in the accumulation of crystalline deposits in
the synovial fluid of the joint [5]. Subsequently large
and sometimes hard masses called tophi are formed,
indicative of the late stages of the crystal-induced
arthropathy: gout or uric acid deposition disease [6].
This condition is estimated to affect 3.9% of the US
adult population, or a reported 8.3 million individuals:
http://www.nanobe.org
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a two-fold increase in the rate of incidence over a
twenty-year period of study, with significantly higher
rates of incidence among males, African-Americans
and individuals above the age of 40 [7].
Numerous studies regarding possible treatments
of the symptoms of gout have been reported in
literature [8, 9]. Previously, gout has been treated
using alteration of suffers’ dietary habits, application
of ice, elevation and rest of the affected area and the
administration of short-term medications including
NSAIDs, colchicine and corticosteroids. Change in
diet is specifically targeted to the long-term control
of hyperuricaemia, while effective for the prevention
of initial attack or relapses after treatment, there is
little evidence to suggest that such a lifestyle change
can be used as an effective treatment for individual
attacks. Intensive pharmacological treatment of the
disorder [10]. NSAIDs are commonly used for the
treatment of arthritis but are linked to increased risk
of the development of congestive heart failure [11,
12]. Olchicine, though used for the treatment of goutassociated pain during the early onset of an attack, is
comparable in toxicity to arsenic and is blamed for
muscle damage, neuropathy, and multiple organ failure
[13, 14]. Given the limitations of existing treatments
of gout, it is important to find alternative methods of
addressing the causative processes; the deposition of
uric acid that resulting in progressive trauma to the
affected joints.
Recently, the Aslan Research Group presented the
initial observations for the use of colloidal gold solution
with microwave heating for the decrystallization
of uric acid crystals placed on unmodified glass
slides, where 60% reduction in number of uric acid
crystals were reported [15]. We hypothesized that the
microwave-induced temperature gradients, which
is generated between the metal colloids (not heated
by microwaves) and the rest of the sample media
(heated by microwaves), play an important role in the
decrystallization of uric acid crystals by gold colloids.
More specifically, the kinetic energy of the metal
colloids in solution is increased by microwave heating,
where the collisions between the metal colloids and
uric acid crystals result in the break down uric acid
crystals [15]. However, due to the preliminary nature
of these observations reported in our initial paper [15],
several questions, such as the use of modified surfaces
to mimic the surface of a human bone, the effect of
biological medium found in the joints of a human
bone on the stability of metal colloids, the use of other
http://www.nanobe.org

metal colloids and temperature of the components
of the system during microwave heating, were left
unanswered.
In this work, we provide the results of our detailed
investigation on the use of noble metal colloids in
conjunction with low power microwave heating
(i.e., Metal-Assisted and Microwave-Accelerated
Decrystallization (MAMAD) technique, named for first
time in this study) for the de-crystallization of uric acid
crystals grown on collagen-modified glass slides in the
presence of synovial fluid to demonstrate the potential
use of MAMAD technique as an alternative treatment
for gout. Gold colloids are used in the body for medical
applications, particularly as tracers with applications
to diagnostic medicine. The type and the concentration
of gold colloids used in this study can be deemed to be
non-toxic for human use based previous observations
by others [16, 17].
Our results show that the use of MAMAD
technique with gold colloids resulted in the significant
reduction in the number and size of uric acid crystals.
Substitution of silver colloids for gold colloids or
the elimination of noble metal colloids altogether
(control experiments) were both ineffective for the
reduction of the number and size of uric acid crystals,
and therefore deemed unsuitable for use in MAMAD
technique. The temperature of the synovial fluid
containing gold colloids and the collagen surface were
increased from 23.5 °C to 26.0 °C and 26.5 °C after 10
minutes of intermittent low power microwave heating,
respectively. Optical absorption measurements of
gold colloids in the presence of synovial fluid during
intermittent microwave heating demonstrated that
gold colloids remained in solution. Conversely, silver
colloids were found to aggregate out of the solution,
which provided evidence for the ineffectiveness of
silver colloids in the reduction of significant reduction
in the number and size of uric acid crystals.

Materials and methods
Materials
Uric acid, gold colloid (20 nm, optical density
= 1) solution, hydrogen peroxide and sodium
hydroxide (98%) were purchased from Sigma-Aldrich.
Dulbecco’s Phosphate Buffered Saline (DPBS) (10X)
and collagen I were purchased from Gibco Life
Technologies. Sulfuric acid (reagent grade) and ethanol
(200 proof/100%) were obtained from Pharmco
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Products Inc. Hexyltrimethoxysilane (HTMS) was
purchased from Gelest, Inc. Adhesive silicone isolators
(2.0 mm in depth and 4.5 mm diameter) were obtained
from Electron Microscopy Sciences (USA). Bovine
synovial fluid was purchased from Lampire Biological
Laboratories (USA). Single frosted glass microscope
slides were obtained from Corning Inc. Bovine
collagen, gold colloids (20 nm and of concentration
0.01%, and were stored 4 °C and bovine synovial fluid
at -85 °C until ready for use. All other reagents were
stored at room temperature and used as received except
where otherwise stated.

Methods
Silanization of glass slides with HTMS. To simulate
the de-crystallization of uric acid in biological medium
in the joint of a bone, a glass slide was initially
chemically etched using piranha solution (3:7 30%
hydrogen peroxide/concentrated sulfuric acid, followed
by silanization by HTMS, which facilitates the binding
of collagen for further surface modification as depicted

Glass

(CH3O)3-Si-R

in Scheme 1. HTMS is known to bind collagen through
hydrophobic interactions.
HTMS solution was prepared using 47 mL of
200-proof ethanol, 2 mL of deionized water and 1
mL of HTMS in a 50 mL volumetric flask. The glass
microscope slides were cut into several pieces (1
cm×1 cm in size), rinsed with deionized water and
chemically etched by submersion in piranha solution
for 10-15 minutes. After extensive washing, the
slides were thoroughly rinsed with deionized water
and subsequently dried by air. Cleaned slides were
submerged in the freshly prepared HTMS solution and
allowed to incubate at least for 30 minutes at 37 °C.
The slides were washed thoroughly using ethanol and
allowed to air-dry to remove all unbound materials.
Silanized slides were then stored in an air-tight
container for 24 hours at 37 °C or for 30 minutes at
120 °C before further modification.

Preparation of collagen thin films
Collagen thin films were prepared using previously

Collagen

Silicon isolator

Synovial
fluid
Gold colloids or
silver colloids

Measure the size and
number of uric acid
crystals under a
microscope (30 seconds)

Uric acid solution
(8 mg/20 mL)
1 hour
Microwave heating (for 1
minute up to 10 minutes)
or
Room temperature

Uric acid crystals

Scheme 1 Schematic depiction of the experiments. De-crystallization of uric acid crystals was investigated at room temperature (a
control experiment) and using microwave heating (power level 1) with gold or silver colloids and in the absence of the colloids (a
control experiment).

http://www.nanobe.org

142

established protocols [18, 19]. All reagents were kept
on ice under a sterile laminar flow hood, to prevent
contamination or coagulation of the collagen. DPBS
was diluted by a factor of 10 before use. 300 µL of
DPBS (1X), 4.8 µL of NaOH and 192 µL of collagen
were combined in a 20 mL glass scintillation vial
and gently swirled until thoroughly mixed. The glass
slide pieces were placed in the collagen solution in an
airtight container with the surface of interest facing
upward. The slides were allowed to incubate at 37 °C
for at least 16 hours prior to use. After incubation, glass
slides were lifted out of the collagen solution allowing
the gel to slide off gently. The collagen film was rinsed
thoroughly with DPBS (1X) and deionized water. The
collagen modified glass slides were air-dried and stored
in DPBS (1X) at 4 °C until ready for use. Prior to the
addition of any fluid to the surface-modified platform,
silicon isolators were placed on the surface through the
adhesive side to contain the liquid, delineate an area of
focus and allow for the use of one surface for multiple
experiments.

Preparation of synovial fluid
Synovial fluid was allowed to thaw completely at
temperatures not exceeding 37 °C. A segment of a
silicon isolator containing three wells was attached
onto each of the modified glass surfaces. Ten µL of
synovial fluid were transferred into each well using
sterile micro pipettes. Upon the addition of synovial
fluid, the wells are covered with a transparent polymer
cover slip to avoid contamination by foreign particles.

Preparation of silver colloids
Silver colloids were prepared according to the
following procure: a 98 mL aqueous solution of 6.5
mM of AgNO3 was heated in a round bottom flask
equipped with a condenser to >80 °C of while stirring.
Two mL of 11.6 mM trisodium citrate solution
was added dropwise to silver nitrate solution. The
temperature of the mixture was kept elevated for 10
minutes and then was reduced to room temperature.

Uric acid re-crystallization
The initial study entailed the dissolution of uric
acid in deionized water at reported concentrations
corresponding to elevated plasma urate levels, at
approximately body temperature: 8 mg of uric acid
crystals were added to 20 mL of deionized water

http://www.nanobe.org
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and stirred continuously at 37 °C until completely
dissolved. 30 µL of uric acid solution were added to
each well on the collagen modified glass slides and
allowed to recrystallize at room temperature for 1 hour
or until no further change was observed.

De-crystallization of uric acid in synovial
fluid on collagen-modified glass slides
De-crystallization of uric acid was monitored under
different experimental conditions. In this regard, 10
µL of gold or silver colloid solution were mixed in to
each well that already contain 10 µL of synovial fluid,
and the slides observed using an optical microscope
at room temperature or alternately heated in the
commercially available microwave oven (60 seconds
on and 30 seconds off: microwave power level 1 or
duty cycle of 3 seconds; 900 W maximum power,
Frigidaire Model No. FCM09Z03KB) observed at 1
minute intervals (there was 30 second delay in between
microwave heating steps to collect the images of uric
acid crystals using an optical microscope stationed in
close proximity to the microwave oven). The crystals
at each interval were quantified and measured using
Motic Software.

Results and discussion
Figure 1 shows the optical images of the uric acid
crystals grown on collagen-modified glass slides
at room temperature (labeled as t=0 min) and after
exposure to three different experimental conditions
(i.e., treatments) for t=10 min: i). no colloids, a control
experiment, ii) gold colloids and iii) silver colloids
with microwave heating and room temperature (no
microwave heating). Figure 1(a) shows that none
of the three treatments of uric acid crystals at room
temperature for 10 min resulted in any notable change
in the size or the number of uric acid crystals. The
use of low power microwave heating of the uric acid
crystals in the absence of colloids was also ineffective
in reducing the number and size of uric acid crystals.
Alternatively, significant reduction in the number of
uric acid crystals was observed within 10 minutes of
treatment with gold colloids and low power microwave
irradiation (Fig. 1(b)). No significant change in the size
and number of uric acid crystals was observed upon
treatment of uric acid crystals with silver colloids and
low power microwave heating (Fig. 1(b)).
To determine the minimal effective time of each
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Collagen_MW

Collagen_RT
0 min

No colloids
200 µm

10 min
200 µm

Gold colloids
200 µm

No colloids
200 µm

10 min
200 µm

Gold colloids
200 µm

Silver colloids
200 µm

0 min

200 µm

200 µm

Silver colloids
200 µm

(a)

200 µm

200 µm

(b)

Fig. 1 (a) Initial (1 min) and (b) final (after 10 min) microscope images of uric acid crystals incubated at room temperature (RT)
and using microwave heating (MW) in the absence of colloids and in the presence gold and silver colloids. Please note microwave
heating was turned on for 60 seconds and turned off 30 seconds to collect these images. Microwave power level 1 or duty cycle of 3
seconds used with 900 W microwave source).

treatment and to monitor the changes in crystal
morphology with respect to the time of microwave
heating, optical images of uric acid crystals for each
treatment were captured at 1 minute intervals for the
entire 10 min duration of study for each experiment,
and is shown in Figs. 2 and 3, (S1, S2 and S3
Supporting Information). Figure 2 shows the timed
microscope images of uric acid crystals incubated at
room temperature for 10 min in the presence of gold
colloids. Despite the presence of the gold colloids,
there is no apparent change in the number or the size
of crystals after 10 min of treatment. The addition
of gold colloids, while proven to be ineffective at
room temperature, resulted in significant decrease
in the number and the size of uric acid crystals
when subjected to intermittent low level microwave
heating as depicted in Fig. 3. The success of the decrystallization is assessed based on the reduction of the
total number of crystals at each time interval relative
to that at t=0 min of the treatment. For example, there
is a slight decrease in the number of crystals with the
remaining crystals appear smaller than in the initial

image 2 minutes after the addition of the gold colloids.
Approximately 50% of the uric acid crystals were decrystallized within 3 minutes of low power microwave
heating in the presence of gold colloids. Continuation
of microwave heating of the samples up to 10 min
further reduced the number of uric acid crystals to 10%
of the initial number of uric acid crystals. Figures S1
and S2 (Supporting Information) show that the use
of silver colloids or the absence of colloids at room
temperature or microwave heating have no effect on
the size and the number of uric acid crystals. These
observations demonstrate the effectiveness of the
combined use of microwave heating with gold colloids
in de-crystallization of uric acid crystals in synovial
fluid on collagen-modified glass slides.
Figure 4 summarizes the effectiveness of each
treatment, as assessed by the retention rate of uric acid
crystals. In this regard, the crystal percentage retention
was calculated by dividing the total number of uric acid
crystals at any time of the experiment counted from
the optical microscope images by the initial number
of uric acid crystals. The calculated crystal retention
http://www.nanobe.org
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Collagen_RT_Gold colloids
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0 min

1 min
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Fig. 2 Timed microscope images of uric acid crystals incubated at room temperature for 10 minutes in the presence of gold colloids.

Collagen_MW_Gold colloids
200 µm

0 min

1 min
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10 min

Fig. 3 Timed microscope images of uric acid crystals exposed to microwave heating (MW, power level 1) for 10 minutes in the
presence of gold colloids.
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200 μm
0 min
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Fig. S1 Timed microscope images of uric acid crystals incubated at room temperature for 10 minutes in the presence of silver
colloids.
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Fig. S2 Timed microscope images of uric acid crystals exposed to microwave heating (MW, power level 1) for 10 minutes in the
presence of silver colloids.
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Fig. S3 (a) Initial (1 min) and (b) final (after 10 min) microscope images of uric acid crystals incubated at room temperature (RT) and
using microwave heating (MW) in the absence of colloids and in the presence gold and silver colloids.
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Fig. 4 Calculated retention rate of uric acid crystals on collagen-modified glass slides (a) at room temperature and (b) using
microwave heating and (c) on a blank glass surface (i.e., no collagen films, a control surface) at room temperature and (d) using
microwave heating.
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value at t=0 min is 1.0 and decreases <1.0 when decrystallization occur. Retention values >1.0 implies
the appearance of additional crystals that can be grown
from solution. Figure 4(a) shows that the addition
of gold or silver colloids resulted in an increase in
the retention rate, which implies the presence of
additional uric acid crystals grown from solution in
the presence of gold and silver colloids. The retention
rate of uric acid crystals in the absence of colloids at
room temperature showed a 10% decrease, which can
be attributed to the dissolution of uric acid crystals.
Figure 4(b) shows that microwave heating of uric acid
crystals in the gold colloids resulted in the reduction of
the crystal retention rate by 30% after 3 min and 80%
after 10 min. On the other hand, microwave heating of
uric acid crystals in the presence of silver colloids or
the absence of colloids did not result in a significant
change in the crystal percentage retention.
The experiments described above were also repeated
on blank glass slides (i.e., no collagen, Fig. 4(c), 4(d),
S3, S4 and S5) to demonstrate the case of gout disease
when the collagen is completely depleted in human
bones. Similar to the results observed on collagenmodified glass slides, the presence of silver colloids
and gold colloids at room temperature did not result
in the change in the number of uric acid crystals. A

slight increase in the number of uric acid crystals was
observed when both silver and gold colloids were
omitted from the blank glass surfaces, which indicates
the further growth of uric acid crystals.
It is also important to comment on the change in
the crystal size distribution with respect to the number
of uric acid crystals in all treatments used in this
study. Figure S6 (Supporting Information) that there
is no significant change in the uric acid crystal size
distribution in silver colloids and no colloids treatments
carried out at room temperature. However, the use
of gold colloids resulted in the growth of uric acid
crystals with size of <25 mm, which can be attributed
to the previous observation that colloids can serve as
nucleation sites for the growth of biological crystals
at room temperature [20, 21]. Figure S7 (Supporting
Information) shows that the size of the uric acid
crystals were up to 125 mm before the commencement
of the treatment with gold colloids and microwave
heating (Line II at t = 0 min, initial number of uric
acid crystals was 22). As the microwave heating is
applied and continued for 10 min, the size distribution
of uric acid crystals narrowed down to < 50 mm and
the total number of uric crystals decreased to 4. The
use of microwave heating with silver colloids or no
colloids did not result in a significant change in the size

Collagen_RT_No colloids
200 μm

0 min

1 min

2 min

3 min

4 min

5 min

6 min

7 min

8 min

9 min

10 min

Fig. S4 Timed microscope images of uric acid crystals incubated at room temperature for 10 minutes in the absence of colloids.
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Fig. S5 Timed microscope images of uric acid crystals exposed to microwave heating (MW, power level 1) for 10 minutes in the
absence of colloids.
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Fig. S6 Change in the number of uric acid crystals at room temperature in the presence of no colloids (I), gold colloids (II) and silver
colloids (III) and the corresponding size ranges present for each experiment.

distribution and the number of uric acid crystals, which
implies that these treatments are in effective for the decrystallization of uric acid crystals.
To understand the observed differences between
http://www.nanobe.org

gold and silver colloids in terms of their ability to
decrystallize uric acids crystals in the MAMAD
technique, the optical absorbance spectra of these
colloids in the presence of synovial fluid during
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Fig. S7 Change in the number of uric acid crystals exposed to microwave heating in the presence of no colloids (I), gold colloids (II)
and silver colloids (III) and the corresponding size ranges present for each experiment.

intermittent microwave heating were measured (Fig.
5). We note that the solutions containing metal colloids
and synovial fluids were not allowed to dry out during
microwave heating by using a plastic cover that is
placed over the top of the solution. Figure 5(a) shows
that gold colloids solution as purchased (labeled as Au
in the figure) has a surface plasmon resonance (SPR)
peak at 520 nm with narrow absorbance values at
wavelengths >600 nm and serves as the control sample
to assess the stability of gold colloids in synovial fluid.
The addition of synovial fluid to gold colloids (1:1 v:v,
similar to the decrystallization experiments) result in
a slight red shift in the SPR peak (to 532 nm) due to
the changes in dielectric constant of the solution and
the appearance of an additional peak 410 nm that can
be attributed to synovial fluid (labeled as Au+SF at 0
min). As the gold colloid and synovial fluid mixture
is exposed to intermittent microwave heating (1 min
intervals), the wavelength of the SPR peak of the
gold colloids at 532 nm did not change. However,
a broadening in the absorption spectra of the gold
colloids at wavelengths >600 nm was observed. These
observations imply that although the gold colloids
remained as individual particles, the inter-particle
distance was decreased during intermittent microwave
heating in the presence of synovial fluid.
It is important to note that the observed stability
of gold colloids in synovial fluid explains why gold

colloids is efficient in the reduction of uric acid
crystals using the MAMAD technique. On the other
hand, unlike gold colloids, silver colloids aggregated
out of the solution immediately after the addition of
synovial fluid due to the lack of protective citrate
around the silver colloids and remained aggregated
during intermittent microwave heating. The lack of
stability of silver colloids in synovial fluid explains
the observations of ineffective decrystallization of
uric acid crystals using silver colloids in the MAMAD
technique. Moreover, the observed additional growth of
uric acid crystals on surfaces in the presence of silver
colloids (Fig. 4) can also be explained by the presence
of silver colloids on the surface due to aggregation:
silver colloids immobilized on to surfaces enhance
the growth biological crystals, as we have reported
previously [22, 23]. We note that the use of metal
colloids in solution in conjunction with microwave
heating is crux of the MAMAD technique for the
decrystallization of crystals.
Since microwave heating is involved in the decrystallization of uric acid crystals presented in
this study, it is important to investigate the changes
in temperature of the system (Fig. 6(a)), which is
comprised of solution where the gold colloids are
present in synovial fluid and the collagen-modified
glass slide surface where uric acid crystal are grown.
Figure 6(b) shows the real-time temperature of
http://www.nanobe.org
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Fig. 6 (a) Real-time temperature of the solution and the surface of the glass slides in a well measured inside a 900 W microwave
cavity using fiber optic temperature sensors. (b) Schematic depiction of the experimental setup for temperature measurements inside
the microwave cavity.

the system during intermittent heating in a 900 W
microwave cavity for 10 min. The temperature of the
surface and the solution was increased from 23.5 °C
to 26 and 26.5 °C, respectively, which demonstrates
that a potential application of microwave heating with
gold colloids will not cause significant increase in
temperature.
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It is also important to comment on the combined use
of microwave heating and metal colloids in solution
for effective de-crystallization of uric acid crystals in
synovial fluid on collagen-modified glass slides. The
unique feature of the combined use of gold colloids
in solution and microwave heating for the potential
treatment of gout is the reflection of electromagnetic
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energy and subsequent conversion to additional
kinetic energy by gold colloids exposed to microwave
irradiation without significant increase in the overall
temperature of the system (Fig. 6(b)) [24, 25]. The
increase in kinetic energy of gold colloids in solution
placed in close proximity to uric acid crystals results
in the collision of metal nanoparticles with uric acid
crystals. Since the number of metal nanoparticles
(1×1011 particles/mL) is significantly larger than the
number of uric acid crystals (which are also 1000-fold
larger in size than metal nanoparticles of ~20 nm in
diameter), these collisions result in the fracturing and
eventual dissolution of the uric acid crystals (i.e., via
Ostwald ripening). The solubility of uric acid crystals
is increased due to the elevated stress-levels of the
molecules on the solute-solvent interface of uric acid
crystalline faces. The stress on these molecules can
be elevated (by the collisions between the uric acid
crystals and the gold colloids) due to their lack of
coordination, which results in an overall increase in
forces acting on the crystal lattice. Beyond a critical
cluster size, there is a zero net force within a stable
crystal owing to the balance between the surface
tension directed inward and the electrical tension
directed outward. The crystal easily fractures when
a critical cluster size is not retained. An increase in
solvent temperature also contributes to the increased
solubility of uric acid crystals when exposed to
microwave irradiation. As shown in Fig. 6, there is
a ~3 °C increase in the solvent temperature caused
by the absorption of energy by the solvent molecules
themselves. This increase in solvent temperature
allows for the increased solubility of the uric acid and
gradual reduction in size of the uric acid crystals. It is
important to note that silver colloids and other metal
colloids in solution can be used with the MAMAD
technique by preventing their aggregation, hence the
name MAMAD is appropriate for the technique. Our
laboratory is currently working on the improvement of
the model bone by using a 3-D printer technology and
using a model synthetic human tissue. These results are
being collected and will be reported in due course.
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Characterization of glass surfaces
To simulate the de-crystallization of uric acid in
biological medium in the joint of a bone, collagenmodified glass slide were employed. To confirm the
progressive modification of the glass surface, the
contact angle of a droplet of water was measured: 26.2°
on plain glass slides, 85.5° on the silanized surface
and 40.3° on the fully modified collagen thin film. The
observed increase in the contact angle (26.2° to 85.5°)
indicates that silanization of glass slides increases the
hydrophobicity of the glass surface and the subsequent
decrease in the contact angle (from 85.5° to 40.3°)
proves that collagen is attached to the silanized glass
slides.
Table S1 Contact angles of a water droplet marking
the progressive modification of the glass slides with
HTMS and collagen films
Water contact
angle (degrees)

Blank glass slide

26.2±1.18

Silanized glass slide

85.5±1.11

Silanized glass slide
+ Collagen

40.3±5.03

Images
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