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ABSTRACT  
 A short note on observations of dried patterns of a bi-dispersive colloidal drop on a 
relatively soft polymer-surface is presented here. The patterns have huge applications in the field 
of medical diagnosis, fertilization and drug delivery industry and improvement of 
coating/printing technology. The features in the dried drop involve self-organized open 
systems. The pattern analysis initiates the predicted mechanism of drying. Drops of liquid 
containing suspended particles are assumed to be drying on a horizontal semi-solid substrate of 
a polymer. Study of the fractal geometry of a pattern characterizes the system’s overall behavior 
and predicts the system’s basic wetting properties. 
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I. INTRODUCTION 
 
 The drying drops of colloidal particles are studied hugely in recent years. They gained 
the interest of the researchers due to their recent applications in the latest study of biological 
fluids to detect different diseases [1,2]. People discussed about how different physical properties 
of concerned liquid and properties of the substrates decide the patterns. Statistical analysis of 
the surfaces also used to define patterns formed by colloidal drops. 
 When a fluid dries, it leaves residue pattern on the substrates. Most of the cases of 
hydrophilic surfaces it is ``coffee-stain", since here capillary flow involves [3]. It involves 
Marangoni flow when surface gradient and temperature gradient dominate in pattern formation, 
there we could see the central deposition of the colloidal particles [4,5]. 
 Researchers work in on the temperature affect on self-evaporative drop drying [6,7] 
and effectiveness of temperature on the dried pattern of different substrates. In recent study Yu 
et al observed dried colloidal drop on 10:1 PDMS substrate. They concluded that settling speed 
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of the particles defines the pattern of the residue on the substrates [8]. Surface to particle 
frictional force at the three point Contact line (TPCL)[9, 10] determines settling of the particles 
there.  
 Researchers tried to observe and explain different patterns of salt crystal growths on 
different surfaces by using different mathematical tools, like fractal geometry, fractional calculus. 
Giri et al. observed multi fractal salt crystal growths in a polymeric drop on a solid substrate 
[11]. Percolative crytal growths for the same kind of drop also observed and analysed by Dutta 
Choudhury et al [12].  

In this work we have tried to characterize patterns of bi-dispersive colloidal drop on a 
semi-solid polymer which have high contact angle hysteresis and partially hydrophobic surface. 
This paper gives a small tour of experimental observations of fractal patterns of the 
aforementioned dried drop on the semi-solid polydimethylsiloxane PDMS surface. Due to 
mixed-mode of evaporation, instead of single outward radial capillary flow or inward Marangoni 
flow, particles try to distribute throughout the wetting region. The mixed-mode of fluid flow on 
the substrate is mainly controlled by the solid-liquid interactive forces. Different parts of a drop 
demonstrate different fractal dimensions, which may define the asymmetric flow of particles 
inside the drop. 
 

II. Materials and Methods 
 
 The polymer polydimethylsiloxane (PDMS) SYLGARD 184 is used to form soft 
polymer surfaces. It consists of Silicon Elastomer and curing agent. The ratio of the volume of 
the Silicon Elastomer and curing agent is 20:1 to form relatively soft surface. The substrate is 

cured in 80ᵒC temperature after removing bubbles by degasing of the substrate in a vacuum 
chamber. It is cured for 24 hrs. 
 The Polystyrene (PS) Petri-dishes are used to pour the polymer during aging.After 
curing a colloidal drop of 5μl is deposited on the substrate. The colloidal drop is the water 
solution of Polystyrene beads (PolyscienceInc, USA) of diameter 1.0μm. The concentration of 
the beads in the solution is 2.5 X 10-2latex in 100 ml water. 

 The drop is dried in 25ᵒC and relative humidity of the environment is 45%. This kept 
constant during the whole spontaneous drying procedure. 
 The pattern of the residue after drying is observed by (Axivortzeiss- 135) microscope. 
We have taken three drops of same material, deposited at the same time in the same 
environment. We have captured images by the camera attached to the microscope and then we 
converted the images into grayscale by using Image-J software. We used box counting method 
to calculate the fractal dimension of dried patterns. 
 

III.Result and Discussion 
 
 This paper is a small note on the image analysis of dried drop of bi-dispersive 
colloidal particles on a soft-polymer surface. The Fig.1(a)-(f) represents the particle depositions 
along the radial part of dried drops. We have taken different parts along the TPCL of three 
drops. In Fig.2 (a)-(f), insets represent gray scale conversion of corresponding drops 
accordingly.  
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Figure 1: Microscopical images of different radial parts of three drops; (a,b), (c,d), (e,f)  
are three drops respectively. The scale is 100μm. 

 Images are taken in 4X resolution and is analysed by using box-counting method. 
Minkowski-Bouligand dimension or box-counting dimension is measured for different box 
sizes; vary in the ranges of 2,3,4,6,8,12,16,32 and 64 units. The slops in Fig. 2 represent the Box-
counting dimensions of the respective images and calculated by theequation given below:     
 
 

 
 

is quite different from the Euclidean dimension and by this, the basic features of fractals, i.e, 

the self-similarity or scale invariance, of patterns of died drops come to the vicinity clearly. 
Though the drop is in Euclidean space but its dried residue left a pattern which showed 
deterministic fractal nature for some range of decades of the box size.  
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Figure 2:Minkowski dimension D, for the images of different radial parts of three drops; 
(a,b), (c,d), (e,f)  are from the respective drops of Fig.1. 

 
 It is found that the slope is quite supportive for four decades of the box size, and so 
that, we can claim that the radial parts of the drop show the fractal nature. We have also 
examined themiddle regions of the drops and we found, in Fig. 3, slops are not well defined like 
the radial parts of drops.  
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Figure 3: Minkowski dimensions for the central part of the drops 

 The dimensions we got for the central part are not exact fractals. A summarized 
dimension ranges and decades of boxes in which the dimensions we measured, is given in 
Table:1. 
 

Table-1 
 

Section of  drops Dimension D Box-size decade covers 

 
1. Radial parts of drops 
 

 
Ranges from 1.77 to 1.82 

 

 
It covers four decades 

 

 
2. Central portions of 
drops 
 

 
Slops are 1.76 to 1.88 

 
Two decade 

 

Log (box size) 
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IV. CONCLUSION 
 
 From the study of the determining fractal dimension, we got some interesting results 
for different parts of a drop. The radial sections of the drops of colloidal solutions give distinct 
Minkowski dimension or box counting dimension of the range from 1.77 to 1.82 for three 
decades of box-sizes. Also the dimension varies point to point. But in case of central parts of 
the same drops we found no fractals. Usually  PS beads of diameter 1.0 μm on solid substrate of 
PDMS make nearly smooth peripheral 2-D deposition after  drop drying. But for this semi-solid 
substrate, fractal depositions of particles are noted at TPCL. From this observation we can 
conclude that the forces on the particles at the triple phase contact line (TPCL) of the drop 
varies point to point along the line due to semi-softness of the substrate of PDMS. Further 
studies are needed for determining the exact forces acting on the particles due to this soft 
polymeric structure of the substrate. 
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