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ABSTRACT

The research on hydrophobic and superhydrophobic surface has been extensively
studied by many groups around the world. The parameter determined the wetting ability of a
surface is value of water contact angle. Measuring contact angle become extremely
important for both academic and industrial field. In this study, we propose a simple and
affordable methodology to calculate contact angle. This approach used portable microscope
of Koolertron for droplet images capturing and free software of ImageJ for contact angle
fitting and calculation. The contact angles of bare and Octadecyl trichlorosilane (OTS)
modified glass slide are approximately 27° and 107°, respectively. The results were
compared and confirmed with the published literatures. In addition, the superhydrophobic
state was achieved by applying OTS on a glass microfiber filter. We have proven that the
proposed method could be applied in a wide range of surface from hydrophilicity to
superhydrophobicity.

Keywords: ImageJ, contact angle, hydrophaobic, hydrophilic, portable microscope.
1. INTRODUCTION

Contact angle value is a useful parameter to evaluate the surface tension and wetting
property of a surface [1, 2]. A drop of water placed on a solid surface in ambient atmosphere
induces competitive forces which decides the shape of the formed droplet. The first one is
the internal adhesive force of molecules inside of the liquid itself. This force could make the
liquid maintain a sphere shape in the space where the gravity has no effect. The second one
is the interaction force between the molecules of the liquid and molecules of the solid
surface. If the interaction force is stronger than the internal force, the water would be spread
on the surface. The ground shape droplet could be formed if there is little interaction
between water and solid surface. The balance of these forces was described in a relationship
to contact angle 6 by Young equation [3].

¥ =5 4+ ycos0
Where:

y5? is the solid surface free engergy.

y* is liquid surface free engergy.

yStis the solid/liquid interfacial free engergy.

If the contact angle is equal 0°, the surface could be considered as absolute wetting
while the surface is no wetting for the contact angle values of 180° [4]. Based on the value
range of water contact angle, the water wetting of a surface could be divided into three
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categories: hydrophilicity (0° < 6 < 90°), hydrophobicity (90° < 6 < 150°) and
superhydrophobicity (150° < 6) [5, 6]. Superhydrophobic surface has been received great
attention owing to its potential applications such as drag reduction, anti-icing, water-resistance
coating [6, 7]. As the water contact angle reaches more than 150°, the surface possesses the
self-cleaning property [4] which could be applied in automobile industry [8]. Another
application is oil/water filtration by utilizing a mesh which has both superhydrophobicity and
superoleophilicity [9, 10].

The most popular method to measure the contact angle is sessile drop technique using a
goniometer [11]. In general, a constant amount of water shall be dropped on the surface. The
droplet profile shall be captured by a camera through a magnify lens. The water contact angle
in this case is defined as the angle made by two lines: liquid/solid baseline and liquid/air
interface line. After capturing the images, the water contact angle could be calculated manually
or using software processing. Nowadays, the precision of the measuring contact angle is
increasing as many goniometers have been developed by the companies. However, most of the
commercially available equipment are out of reach of the most Vietnamese research groups
due to expensive price and limited funding. A simple method which is affordable, reliable and
consistent in measuring contact angle would be extremely useful.

In this study, a simple portable microscope and a free image software was applied to
measure water contact angle. The microscope could be easily acquired and replaced with
similar tool through many available shops. The software of ImageJ with the contact angle
plugin could be freely downloaded from the internet. In addition, we have also modified the
glass slide with a hydrophobic layer and tested the water contact angle range that the method
can be applied.

2. EXPERIMENTAL SECTION

2.1. Materials

The solvents used in this study are pure grade from Xilong Company. The microscope
slide was chosen as a targeted substrate for measuring contact angle. The glass slide was
obtained from Sail Brand (China). Another surface was the glass microfiber filters (grade
GF/A with diameter of 47 mm produced by GE Healthcare Whatman company, United
Kingdom). The glass slide and filter surface were modified with trimethylchlorosilane
(TMCS) (Shanghai Aladdin Bio-Chem Technology Co. LTD, China) or Octadecyl
trichlorosilane (OTS) (Richest group, Shanghai, China).

2.2. Contact angle measurement

A constant amount of water shall be used to ensure the consistency of the method. 5 pL
of double distilled water was gently dropped on the sample surface using a micro-pipette.
The images of water droplet formed on the sample surface were captured by the portable
microscope (4.3” LCD Digital type, Koolertron, China). The image files were transferred to
a computer and processed using the software of ImageJ with the contact angle plugin.

2.3. Surface modification

The glass slides or glass filters were carefully cleaned with acetone and n-hexane. The
cleaned samples were immersed into 5% solution of TMCS or OTS in n-hexane. The sample
was coated with TMCS in 5 min while the reaction time for OTS solution was 15 min. The
glass samples after reaction were put into oven (60 °C) in 2 hours to remove the solvent.
Measurement of water contact angle was performed before and after reaction for
comparison.
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3. RESULTS AND DISCUSSION

The portable microscope used in this study possesses the function of capturing images
with high quality. The water droplet on the surface of the glass slide modified with OTS was
shown in Figure 1.

Figure 1. Water droplet image on OTS-treated glass slide captured
using picture function of Koolertron microscope.

The image was in the upside down state which is a normal result for the magnify lens
system in the microscope. As can be seen, the image was stretched due to the auto resize
function of the used microscope. The microscope has widescreen 4.3 LCD display and the
final images might have been automatically changed to fit the screen. Based on our
preliminary studies, the capturing picture function for this Koolertron microscope must be
very carefully used as an input for contact angle measurement. The acquired droplet images
might not represent the true wetting properties. Therefore, in this study, we proposed a
slightly different method to obtain the water droplet image for ImageJ input data. Instead of
capturing images, the microscope and the droplet were kept in a steady state and the function
of recording videos with high resolution was applied. After obtaining a video file, there are
two possible ways to process the data. The first method is extracting the image using
Windows Media Player Classic (Figure 2a). The second method is dragging and dropping
the video file directly to the ImageJ software (Figure 2b).

a)

b)

Figure 2. Capturing droplet images from a video file using (a) Windows Media Player Classic;
(b) imageJ.
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As can be seen, good quality image from high resolution video could be obtained. In the
next step, the images would be used as an input for calculating contact angle with ImageJ
and contact angle plugin. The plugin requires picking manually of at least 5 points on the
droplet edges (Figure 3). The first two points will define the base line which could be
considered as the interface between water and the substrate.

¢ Imagel = X
File Edit Image Process Analyze Plugins Window Help

SRl | ]

x=1152, y=0, z=0, value=200
(4 Point List ===

Save as

Show
Open

Glass Subtrate

Manual Points Procedure
Circle BestFit
Ellipse Bestfit
Both Besffits

Boundary Conditions

Cancel

Figure 3. Points picking on water droplet

The other three points are to fit the droplet curves. By clicking on the symbol | ‘ there are
four methods for fitting the curve including: Circle, Ellipse, Both Bestfit and Manual Points
Procedure. Figure 4 showed the fitting curve by using the methods of circle, ellipse and both
bestfit and manual procedure. The program then calculated the contact angle based on sphere
or ellipse approximation [12].

(b)

(d)
Figure 4. Fitting droplet curve using ImageJ with (a) circle best-fit; (b) ellipse best-fit;
(c) both best-fit; (d) manual point procedure.
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The initial picking points were kept constant before applying four types of fitting for a
good comparison. The contact angle values in these cases were shown as theta and the result
was summarized in Table 1. The values of circle and ellipse fitting were comparable.
However, as can be seen in Figure 4a-c, the fitting curve could not follow the actual droplet
edge while the best fitting was observed by using manual points procedure (Figure 4d) with
the same initial points. When the circle, ellipse fitting or both Bestfit procedure was applied,
the edge detection algorithm was included in Imagel. The drop profile could be
automatically detected to define the circle or ellipse [13]. This is a very powerful tool to
reduce the man-made mistake due to choosing the wrong point. However, to apply the
algorithm, the high contrast between the droplet and the atmosphere background is required.
This condition only can be achieved with other devices setup and additional tools and
equipment [12, 13]. The result of contact angle by using manual point procedure and both
bestfit function included theta C (for circle fitting) and theta E (for ellipse fitting). The circle
fitting function was designed with an assumption that the droplet had the sphere shape.
However, the perfect sphere shape is difficult to achieve in reality. Although a small amount
of water (5 pL) was used, the droplet shape is still slightly affected by the gravity. Therefore,
the ellipse curve generated by the program (the white curve Figure 4d) showed a better
fitting with the drop profile and the theta E could represent a better contact angle result.

Table 1. Result of water contact angle after fitting

Function Theta (°) Theta C (°) Theta E (°)
Circle bestfit 82.6 - -
Ellipse bestfit 82.0 - -
Both bestfit - 82.8 104.2
Manual point procedure - 85.5 90.2

In the next experiment, the glass slide and glass filter were modified with TMCS and
OTS. For each sample, water was dropped on 6 different positions on the surface. As a
result, 6 droplet images were obtained and the water contact angle was analyzed using the
above method with manual points procedure. The average values calculated from theta E for
6 positions were summarized in Table 2. The data was also presented graphically in Figure 5.
Each data for the sample type was accompanied with a represented water droplet image. The
upside down images were used to calculate contact angle while the rotated images was
presented in Figure 5 to have an easier comparison.

Table 2. Contact angle values of various sample

Sample Contact angle (theta E) (°) Standard deviation
Untreated glass slide 27.93 4.05
Glass slide with TMCS 85.18 3.63
Glass slide with OTS 107 2.76
Glass filter with OTS 151.72 0.51

The water contact angle of original glass measured by the present method is
approximately 27.9 + 4°. This result is comparable to the previous reports [14, 15]. These
results have provided a strong evidence that the propose procedure can yield a good water
contact angle measurement with the affordable and simple tools. This work can be used as a
model for other research groups in Vietnam who are interested in the contact angle detecting
with limited funding. However, the method firstly has to prove the ability to apply to a wide
range of contact angle. The research team moved to a next step by applying a hydrophobic
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layer to the glass slide to increase the contact angle. The sample B is the glass slide which
was modified using TMCS. As can be seen, the water contact angle in this case was
significantly improved to 85.2 + 3.6°. However, the surface could not be assigned as
hydrophobic as the value is limited of less than 90° [16]. In another experiment, the glass slide
after carefully cleaning was immersed into 5% OTS solution in n-hexane in 10 min. The
outcome was very promising as the detected water contact angle could reach 107.0 + 2.8°
while the result of OTS treated-glass slide reported by Lamour et al. was 110° [12]. The
surface has been successfully transformed from a hydrophilic to hydrophobic state. In
sample D, instead of glass slide, the glass microfiber filter was used. The filter surface was
modified with OTS and the superhydrophobic state was achieved as the water contact angle
exceeded 150° (Figure 5 and Table 2).
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Figure 5. Change of contact angle values by chemical treatment.

The wettability of a surface which represented by the value of water contact angle is mainly
depended on two factors: surface’s chemical composition and surface roughness [17, 18]. In the
case of modifying glass slide with OTS or TMCS, the surface composition has changed from
the hydrophilic groups (—OH) to hydrophobic alkyl chains. As a result, it leaded to the
significant increase of contact angle. The OTS with longer alkyl chain compairing to TMCS
has higher ability to improve the water contact angle. However, our result is in good agreement
with the conclusion from the previous study [19]: if only chemical modification was applied,
the water contact angle was limited less than 120°. To achieve the superhydrophobic and high
water contact angle, many sophisticated methods to fabricate the sub-micron roughness have
been proposed [6, 14, 16, 20, 21]. Comparing to glass slide samples, the glass filter formed by
various micro-size of the fibers provided a rough surface which might be the main cause for
large water contact angle and the good water-repellence. To the best of our knowledge, this is
the first report that the superhydrophobic surface could be obtained with a simple chemical
treatment and without using any nano materials. The result also clearly indicated that the
present contact angle could be applied for a wide range of surface from hydrophilicity to
hydrophobicity or even superhydrophobicity.

4. CONCLUSIONS
The proposed method has been performed successfully in measuring water contact

angle. Because of the resizing mode included automatically in the microscope software, the
obtained images do not represent the actual situation. Based on our investigation, the video

16



Affordable method for water contact angle measurement

mode of Koolertron microscope should be applied instead of directly using picture capturing
function. By using the popular software of ImageJ, the water contact angle could be
calculated and the manual points procedures gave the best fitting. The water contact angle
results of both hydrophilic and hydrophobic glass surface were comparable to the published
articles. The superhydrophobic state with contact angle values of 151.7 + 0.5° was obtained
by simple chemical treatment. The proposed method showed the applicability to a wide
range of surface.
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TOM TAT

PHUGONG PHAP PON GIAN CHO QUA TRINH XAC PINH GOC TIEP XUC

Giang Ngoc Ha*, Tran Thi Tuyét Trinh, Nguyén Xuan Truyén,
Huynh Vin Tién, Tran Hoai Lam

Truwong Pai hoc Cong nghiép Thirc pham TP.HCM

*Email: giangngocha@gmail.com

Bé mat ky nuéc va siéu ky nudc da dugce nghién ctru rong rai boi nhiéu nhom tac gia
trén thé gi6i. Thong sb xac dinh kha nang thim w6t clia bé mit 1a gid tri goc tiép xitic cua bé
mat véi nude. Po goc tlep xtc trd nén cuc ky quan trong dbi v6i ca linh vuc hoc thuat va

cong nghiép. Trong nghién ctru ndy, nhom tac gia dé xuat mot phuong phap don gian va gia
ca phai chang dé tinh toan goc tiép xtc. Cach tlep can nay st dung kinh hién vi cim tay cua
Koolertron dé chup anh giot nudc va phan mém mién phi ImagelJ dé tinh toan goc tiép xuc.
Goc tiép xtc cua lam kinh nguyén gde va lam kinh duoc bién ddi hoa hoc véi octadecyl
trichlorosilane (OTS) lan lugt 1a khoang 27° va 107°. Cac két qua dugc so sanh va xac nhan
Vol cac tai liéu da cong bb. Ngoa1 ra, trang thai siéu tham nudc da dat dugc bang cach ap
dung OTS trén gidy loc vi soi thuy tinh. Nhom tac gia da ching minh rang phuong phép nay
c6 thé duge dp dung trong mdt pham vi bé mit rong tir tinh wa nuéc dén siéu ky nude.

Tir khéa: Imaged, goc tiép xuc, ky nude, wa nudc, kinh hién vi cim tay.

18



