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the rate of chemical reaction and the profile of a coalesced 
droplet, which is a significant reference in droplet-based 
microfluidic systems for biochemical applications.
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1  Introduction

For their prospective applications in optics, electronics and 
lab-on-a-chip, microfluidic systems based on droplets have 
attracted much attention. Droplet microfluidic systems are 
expected to revolutionize procedures in a biological labora-
tory in allowing assays to become more rapid and free of 
error. Transport, collision and mixing of droplets are the 
key issues in the development of droplet-based microflu-
idic systems (Fair 2007; Fouillet et al. 2008; Huebner et al. 
2008).

A collision between droplets is an important feature of 
various applications, such as spray combustion, polymer 
blending and manufacture of petrochemicals. The angle, 
velocity and distance between the colliding droplets cause 
droplet collision in three modes—coalescence, partial coa-
lescence and bounce. Two dimensionless parameters—
Weber number (We = 2rρU2

r /σ, with droplet radius  
r relative velocity Ur, density ρ and surface tension σ of the 
liquid) and impact number (B = X(r1 + r2), with distance 
X between the centers of mass of two droplets of radii r1 
and r2; B =  0 signifies a direct collision)—are related to 
the modes of the droplet collision. Orme (1997) presented 
a map relating these three modes and the two parameters. 
Of these modes, droplet coalescence is the most impor-
tant because of its applications in microfluidic systems 
for biochemical reactions in which mixing of reagents and 

Abstract  We investigated the phenomena of a chemical 
reaction inside a coalesced droplet after a direct (head-on) 
collision. A droplet containing an alkaline solution col-
lided with a droplet containing a pH indicator on a surface 
with a wettability gradient. We used a high-speed camera 
to observe the color-changing reaction inside the coalesced 
droplet. Compared with a traditional dye-mixing test, the 
chemical reaction inside the coalesced droplet facilitated 
the mixing of two counter-reactive fluids and was more 
than 100 times as efficient as for unreactive fluids mix-
ing inside the coalesced droplet. Instead of mere mixing, 
a chemical reaction inside a coalesced droplet is valuable 
for applications in a digital microfluidic open system. In 
droplet coalescence, the characteristics of the fluids and the 
ratio of volumes of two droplets caused a varied profile of 
the droplet coalescence, especially the neck curvature that 
affects the shape of the material interface between the two 
droplets at an initial phase. We observed the evolution of 
the chemical reaction with a varying radius of neck curva-
ture inside the coalesced droplet. For the case of a small 
radius of neck curvature, the small interfacial area between 
two reactive fluids accumulated an intense heat of reac-
tion and induced a rapid growth of the fingers. For the case 
of a large radius of neck curvature, the growth of fingers 
was slight and the interface was uniform across the large 
interfacial area. Our work illustrates a correlation between 
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samples becomes the primary and definitive step. Sell-
ier and Trelluyer (2009) hence used a simple scenario to 
describe the coalescence of sessile droplets and confirmed 
that the growth of the neck between the droplets conformed 
to a power law. Danov et  al. (1993) applied a theoretical 
approach to the deformation of emulsion droplets before 
and after their coalescence; in their numerical calcula-
tions, they investigated the distance over which the droplet 
deformed and the total force acting between the droplets.

The mixing of biochemical reagents in a microfluidic 
device has been a critical step to improve the practical-
ity of a micro-total-analysis system (μTAS) or lab-on-a-
chip. Researchers have tried to manipulate discrete drop-
lets to achieve a rapid mixing of fluids through the internal 
motions of fluids caused by a rapid release of the interfacial 
force during the droplet coalescence or by a shear interac-
tion with the surroundings (Hosokawa et  al. 1999), but 
the merged droplet is typically not well mixed within a 
few seconds. EWOD-based (electrowetting-on-dielectric) 
devices have been developed to mix the merged droplet rap-
idly, accelerated through active manipulation of the drop-
lets with linear electrodes and a varied aspect ratio of the 
droplets (Paik et al. 2003). Several researchers investigated 
the morphology and dynamics of the droplet collision and 
coalescence on a plane surface (Kapur and Gaskell 2007) 
or in a microchannel (Jose and Cubaud 2012) using plane-
film (Tung et al. 2009), μ-PIV (Lu et al. 2008; Ortiz-Due-
ñas et al. 2010) and simulation tools (Monaco et al. 2014). 
We have already done much work on the measurement of 
coalescence, internal flows inside the coalesced droplet 
and evolution of three-dimensional mixing patterns inside 
a droplet (Lai et al. 2010a, b; Yeh et al. 2013; Huang et al. 
2014). Because of the release of the heat of reaction and a 
product with a distinct density, a chemical reaction differs 
from a mixing behavior. The fingering instability driven by 
a chemical reaction inside the coalesced droplet is an inter-
esting and unknown issue in a digital microfluidic system.

Among various methods to investigate rapid chemical 
reactions, rapid flow methods (Chance 1940) or relaxation 
methods (Eigen 1963) are commonly used for kinetic meas-
urements. Recent applications of lasers enable a measure-
ment of reactions on a femtosecond scale or less (Connelly 
et  al. 1997). These methods are based on an assumption 
that a reaction occurs homogeneously in space, but some 
chemical reactions are known to develop spatial inhomo-
geneity (Zaikin and Zhabotinsky 1970; Ross et  al. 1988). 
Neutralization of an acid with a base might drive hydrody-
namic instabilities (Almarcha et al. 2010). These phenom-
ena of inhomogeneity generally occur over a few seconds 
or even a few minutes. The evolution of a chemical reaction 
inside a droplet was investigated on letting a drop contain-
ing pH indicator bromothymol blue fall into an alkaline liq-
uid; the results indicated that the observed deformation of 

the droplet and the diffusion of heat play major roles dur-
ing this early reaction stage (Tsuji and Muller 2012). Koh 
et al. (2013) investigated the platform that allows a ferro-
fluid droplet to be driven along a preprogrammed path; the 
chemical reaction (acid/base titration with a pH indicator) 
inside the droplet was demonstrated on this platform. Com-
pared with mass transfer and mixing, the chemical reaction 
inside a droplet is important but less addressed of research.

In this work, we used a droplet collision to observe the 
short-term finger instability driven by a chemical reaction 
during droplet coalescence. One droplet containing an alka-
line solution (NaOH, 0.1 M) collided with another droplet 
containing pH indicator phenolphthalein on a surface with 
a wettability gradient. The coalescence behavior, includ-
ing varied neck curvature that affected the evolution of the 
chemical reaction, varied with the characteristics of the 
fluid (viscosity, surface tension, etc.) and the ratio of vol-
umes of two droplets. For the case of a small radius of neck 
curvature, a finger formed with the thermal instability of 
the chemical front existing between two droplets and grew 
rapidly. For the case of a large radius of neck curvature, the 
finger also formed in a brief interval, but the growth of fin-
gers was slow and uniform from the neck region. Our work 
illustrates that the finger instability driven by a chemical 
reaction is correlated with the material interface (neck cur-
vature) between two fluids of the coalesced droplet. The 
experimental results shown in this work can serve as a ref-
erence basis for applications of droplet-based μTAS or lab-
on-a-chip systems.

2 � Experiments

A sketch of the experimental apparatus appears in Fig. 1. 
A high-speed camera (Phantom v310) with an objective 
lens captured the views at a rate 3,200 fps and resolution 

Fig. 1   Schematic diagram of the experiments. The chemical reaction 
caused color changes that we recorded with a high-speed camera
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1600 × 1200 pixels (1.6 × 1.2 mm2). The spatial resolution 
is 1.00 μm per pixel. The axial resolution of the system 
was approximately 5 μm. Each experimental trial was per-
formed 20 times; the reproducibility of the results is greater 
than 95 %.

Droplets were generated with a syringe pump (KDS220, 
KD Scientific) and microliter syringes (Hamilton 710RN). 
The platform for droplet control was fabricated with a 
modified vapor diffusion self-assembled monolayer (SAM) 
method. We fabricated a surface with a wettability gradient 
on a microscope slide (plain glass) so that light was trans-
mitted from the bottom. This substrate also avoided opti-
cal distortion caused by the curved surface of a droplet that 
constitutes a major problem of quantitative visualization of 
a flow field within liquid droplets in an open system. The 
clean glass slide was placed vertically in a bottle containing 
decyltrichlorosilane (DTS) solution (0.025  % in dry tolu-
ene). The saturated SAM formed on the region immersed in 
the DTS solution. The other region above the liquid surface 
of the solution had a wettability gradient because DTS vapor 
diffused and deposited on the substrate. The contact angle 
of water on this surface varied from 105º to 55º within dis-
tance 0.4 mm. Further details of the fabrication of the gradi-
ent surface and of the measurement of the contact angle are 
reported elsewhere (Lai et al. 2010b; Yang et al. 2006).

One droplet, called a stationary droplet, was laid on the 
hydrophilic region of the surface; the other droplet (mov-
ing droplet) was subsequently dropped onto the hydropho-
bic region of the surface so that it moved spontaneously to 
collide with the stationary droplet, driven by the wettability 
gradient, from a hydrophobic to a hydrophilic region. The 
platform to control the point of droplet falling was a motor-
ized xyz-positioning stage. The characteristics of fluid (vis-
cosity, surface tension, etc.) and the ratio of volumes of two 
droplets caused varied profiles of the coalescing droplets. 
The evolution of the profile, in particular the varied neck 
curvature, modified the material interface between the two 
droplets during the droplet coalescence. The experimen-
tal conditions used in our work are shown in Fig. 2a. We 
varied the ratios of volumes of two droplets to control the 
material interface between two droplets during the droplet 
coalescence. The stationary droplet (droplet 1), of varied 

volume, was collided with  the moving droplet (droplet 2) 
of identical volume. The radius of curvature is defined in 
Fig. 2b that was captured at t = 0.625 ms after the drop-
lets collided. The solution for droplet 1 was prepared from 
phenolphthalein (1 g; Sigma-Aldrich, Germany) dissolved 
in ethanol (100 mL). For droplet 1, its density is 833 kg/
m3; its surface tension is 29.52 mN/m; and its viscosity 
is 1.24 cP at 25  °C. For droplet 2, the solution contained 
sodium hydroxide (NaOH, 0.1  M; Showa Kako Corpora-
tion, Japan); its density is 1,021.5  kg/m3; its surface ten-
sion is 46.35mN/m; and its viscosity is 1.15cP at 25 °C. As 
a control, we observed a droplet containing a yellow dye 
(Tartrazine) that collided with a droplet containing a blue 
dye (Indigo Carmine) on the same surface.

3 � Results and discussion

During droplet coalescence, the evolution of the profile, 
especially the variation of the neck curvature, varied with 
the viscosity, surface tension and the ratio of volumes of 
the two droplets (Yeh et al. 2013). The sequential changes 
of the profile during droplet coalescence with experimental 
conditions A–D are shown in Fig. 3a–d, respectively. The 
triple-phase contact lines of the coalescing droplets were 
initially pinned and showed a neck region between the coa-
lescing droplets. This region had a negative curvature along 
the interface, which induces a surface tension, thus lead-
ing the two droplets to coalesce to form a new and larger 
droplet. At 2 ms after the collision of the droplets, the neck 
region dispersed and the merged droplet slowly deformed 
to acquire a shape according to a minimum surface energy.

The radius of curvature of the neck region, measured at 
t =  0.625 ms after a collision, was related to the ratio of 
the volumes of the two droplets. Because of the balance of 
the surface tension, a larger difference of volume between 
two droplets caused a larger radius of curvature of the neck 
region (Fig. 3a–c). In our work, droplet 2 was automatically 
transported from a hydrophobic region to a hydrophilic 
region, restricted by the hydrophilic boundary. The bound-
ary between the two regions was straight, which caused the 
shape of droplet 2 (>0.3 µL) not to be perfectly spherical 

Fig. 2   Four experimental con-
ditions tested for varied droplet 
size and curvature within the 
droplet coalescence. The neck 
curvature was measured at 
t = 0.625 ms after the droplets 
collided (see Fig. 3). The Weber 
number of the moving droplet 
(droplet 2) was 2.34 × 10−3
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and the trailing edge of droplet 2 to resemble a straight line 
along the boundary. Although we enlarged droplet 2, the 
coalescence profile of the droplet had only a small effect on 
the radius of curvature of the neck region (Fig. 3c, d).

Figure  4 shows images of the chemical reaction and 
the mixing of varied dyes inside the coalescing droplet. 
The blue-dye droplet collided with a yellow-dye drop-
let; the coalesced droplet is green when the two droplets 
were fully mixed. At t = 1.875 ms after a collision of the 
droplets, the chemical reaction induced fingers inside the 
coalescing droplet that are clearly visible (Fig.  4a). In 
contrast, the mixing of distinct dyes inside the coalesced 
droplet is dominated by a slow diffusion (Fig.  4c). When 

the chemical reaction inside the coalesced droplet became 
saturated (t = 20.0 ms, Fig. 4b), the mixing inside the coa-
lesced droplet was still slow (Fig. 4d). The patterns of color 
change due to the chemical reaction inside the droplet dif-
fered greatly from the mixing behavior inside the droplet. 
We used the normalized color-changed area (A) to charac-
terize the degree of chemical reaction and mixing (Fig. 5). 
In our previous work (Lai et al. 2010b ; Yeh et al. 2013), 
we indicated that the mixing is driven sequentially by 
interior convection and diffusion; the convection endures 
less than 100 ms. In Fig. 5, the normalized color-changed 
area of distinct dyes has a linear growth in the convec-
tion-dominant period and slow exponential growth in the 

Fig. 3   Sequential images of 
coalescence behavior of two 
droplets of disparate size on 
the wettability gradient surface. 
Droplet 2 moves from right to 
left. a–d Represent experimen-
tal conditions A–D, respectively

Fig. 4   Images of a, b a droplet (NaOH, 0.1  M, 0.2 μL) colliding 
with a phenolphthalein droplet (0.2 μL) at t = 1.875 ms, and 20.0 ms 
after the collision; c–e a blue-dye droplet (0.2 μL) that had collided 

with a yellow-dye droplet (0.2 μL) at t = 1.875, 20.0 and 2,000.0 ms 
after the collision (color figure online)
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diffusion-dominant period. The color-changed area induced 
by the chemical reaction at t = 20 ms is much larger than 
the fully mixed area at t = 2,000 ms, which means that the 
chemical reaction inside a coalesced droplet is more than 
100 times as efficient as the mixing. The fingering instabil-
ity driven by a chemical reaction inside the droplet is hence 
an important and notable phenomenon in droplet-based 
microfluidics.

Figures  6, 7, 8 and 9 show the initial behavior of the 
droplet and its color change due to chemical reaction in 
experimental conditions A–D. When droplet 2 (NaOH, 
0.1 M) collided with droplet 1 (phenolphthalein), the color 
change was detected after 0.625  ms. The color change 
inside the coalesced droplet is apparently classifiable into 
two types: one is a spherical boundary along the leading 
edge of droplet 2 and the other involves the fingers from the 

point of collision between the two droplets. Because of the 
inertial force of droplet 2 (the moving droplet), the color 
change along the leading edge of droplet 2 proceeded along 
the path of motion (right to left) of droplet 2 for all experi-
mental conditions. The formation of fingers shows that a 
thermal instability of the chemical front existed between 
the two droplets for a brief period (<1  ms). The varied 
profile of the droplet coalescence affected the shape of the 
material interface between the two droplets and caused a 
varied distribution of thermal energy inside the coalescing 
droplet. For experimental condition A, the fingers spread 
and proceeded to the boundary of droplet 2. From the out-
set, the fingers were enveloped in the spherical boundary 
along the leading edge of droplet 2 (Fig. 6a–c). The heat of 
reaction accumulated inside the coalescing droplet, which 
caused the tips of the fingers to break through the envelope 
at 6.250 ms after a collision (Fig. 6d). Along with the ter-
mination of velocity caused by the inertial force of droplet 
2, the evolution of the chemical reaction between the two 
solutions inside the coalesced droplet was dominated by 
diffusion, which led to a slow variation of color inside the 
coalesced droplet (Fig. 6e, f).

For experimental condition B, the fingers formed at 
t =  1.250  ms after a collision between the droplets. The 
small fingers formed and developed in an equatorial band 
on the coalesced droplet (Fig.  7b), which differs from 
experimental condition A, but the thermal instability inside 
the droplet caused the fingers to grow rapidly and the tips 
of the fingers to break through the envelope at 6.25 ms after 
the collision (Fig. 7c, d), similarly to experimental condi-
tion A.

For experimental conditions C and D, which have simi-
lar radii of neck curvature, the fingers formed along the 
neck region of the coalescing droplet (Figs.  8a, 9a). The 

Fig. 5   Evolution of normalized color-changed area (A) of chemical 
reaction and disparate dyes (color figure online)

Fig. 6   Sequential images of experimental condition A; the droplet (NaOH, 0.1 M, 0.2 μL) collided with the phenolphthalein droplet (0.2 μL).
Images a–f were captured at t = 0.625, 1.250, 1.875, 6.25, 12.5 and 20.0 ms after a collision
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speed of finger propagation was less than the speed of the 
boundary of droplet 2 in both experimental conditions C 
and D (Figs.  8, 9). At t =  6.250  ms after a collision, the 
same as for experimental conditions A and B, the fingers 
grew rapidly and extended from either side of the neck 
region of the coalescing droplet (Figs. 8d, 9d).

Figure  10 shows enlarged images of the droplets at 
t  =  1.875  ms after a collision in which the fingers are 
clearly visible after forming under varied experimental 
conditions. According to the radius of the neck curvature, 
the evolution of the finger instability is classifiable into two 
types: for the coalescing droplet of small radius of neck 
curvature, the small material interface between two solu-
tions accelerated the accumulation of the heat of reaction 
and led to an extensive growth of the fingers (Fig. 10a, b) 

and for the coalescing droplet of large radius of neck curva-
ture, the large material interface between the two solutions 
led to a more gradual and uniform growth of the fingers 
(Fig. 10c, d).

We used a mixing length (L) and a reaction rate (Ra) to 
characterize the nonlinear dynamics of the finger-shaped 
front of the chemical reaction (De Wit 2004). The mixing 
length is defined as the distance between the tip and the 
rear of the fingers. The reaction rate is the normalized area 
of the reaction zone, defined as

in which � = 1 if the concentration of a pixel exceeds a 
threshold, and zero otherwise; D and W are the sizes of the 

(1)Ra(t) =
1

DW

∫ D

0

∫ W

0

�dxdy

Fig. 7   Sequential images of configuration B; collision of the droplet (NaOH, 0.1 M, 0.2 μL) with the phenolphthalein droplet (0.3 μL). Images 
a–f were captured at t = 0.625, 1.250, 1.875, 6.250, 12.50 and 20.0 ms after a collision

Fig. 8   Sequential images of experimental condition C; the droplet (NaOH, 0.1 M, 0.2 μL) collided with the phenolphthalein droplet (0.4 μL). 
Images a–f were captured at t = 0.625, 1.250, 1.875, 6.250, 12.5 and 20.0 ms after a collision
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droplet in directions x and y. The contact zone between the 
two solutions affected the rate of reaction. A reaction rate 
of value unity signifies that the fluids inside a coalesced 
droplet were fully reactive, whereas a rate zero signifies 
that fluids were entirely unreactive.

The development of a mixing length (L) for varied 
experimental conditions is shown in Fig. 11. Finger insta-
bility of two types caused two distinct evolutions of the 
mixing length. For the highly extended fingers of experi-
mental conditions A and B, the fingering set is character-
ized by a linear growth of the mixing length with almost 
the same slope. The linear growth of fingers broke through 
the boundary between the two solutions at t =  6.250  ms 

after a collision. Because of the profile deformation of 
the coalescing droplet, the tails of the downward moving 
droplet suddenly decreased with a rapid movement of the 
rear of the droplet at t = 6.875 and 8.125 ms after a colli-
sion under experimental conditions A and B, respectively. 
The fingers ultimately grew slowly to the saturated mixing 
zone of a coalesced droplet. For the gradually grown fin-
gers (experimental conditions C and D), the growths of the 
mixing length were fitted to an exponential decay, which 
initially decreased rapidly but tended to a steady condition 
about 10  ms after a collision. The growth of the mixing 
length in these experimental conditions coincided with a 
variation of the velocity field inside the coalescing droplet 
(Yeh et al. 2013).

The Damköhler number (Da) defines a ratio between the 
hydrodynamic and chemical time scales. The slope of the 

Fig. 9   Sequential images of experimental condition D; the droplet (NaOH, 0.1 M, 0.2 μL) collided with the phenolphthalein droplet (0.5 μL). 
Images a–f were captured at t = 0.625, 1.250, 1.875, 6.250, 12.5 and 20.0 ms after a collision

Fig. 10   Enlarged images a–d of experimental conditions A–D while 
the NaOH droplet (0.1 M) collided with the phenolphthalein droplet 
at t = 1.875 ms after a collision

Fig. 11   Development of mixing length (L) for varied experimental 
conditions
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linear growth of the mixing length increased with larger 
Da, and the saturated mixing length decreased with a larger 
Da (Huebner et al. 2008). In our work, the droplet size and 
coalescence neck curvature did not vary with the Dam-
köhler number; the slopes of the linear growth of mixing 
length were thus almost the same in experimental condi-
tions A–D.

Figure 12 shows the reaction rate (Ra) as a function of 
time. The growth of the reaction rate was also fitted to an 
exponential formula, similar to the growth of the mixing 
length for experimental conditions C and D. For the highly 
extended fingers (experimental conditions A and B), the 
variations of reaction rate were similar. The rapid growth 
of fingers had an identical effect in accelerating the evolu-
tion of the chemical reaction, although the fingering pat-
terns were not identical. For the gradually grown fingers 
under experimental conditions C and D, the reactions were 
slower than for experimental conditions A and B. The rates 
increased slowly and gradually for t > 30 ms, whereas the 
reaction rate inside the droplet was steady in experimen-
tal conditions A and B. The contact zone between the two 
solutions was increased in a fingered front that speeded the 
reaction and vice versa. The reaction rate and the mixing 
length interacted with each other: The chemical reaction 
generated the finger instability, and the fingering also had 
an influence on the reaction rate.

4 � Conclusion

Patterned surfaces, fabricated with a SAM technique and 
having a wettability gradient, became a platform for the 
spontaneous transport and coalescence of droplets. A drop-
let containing an alkaline solution (NaOH, 0.1 M) moving 

along the gradient surface struck another stationary droplet 
containing a pH indicator (phenolphthalein) on the hydro-
philic region. We utilized a high-speed camera to investi-
gate the growth of the chemical reaction fronts inside the 
coalescing droplets with varied coalescence profile. The 
neck curvature of the coalescence profile affects the shape 
of the material interface between the two droplets and the 
evolution of the chemical reaction. In this work, the chemi-
cal reaction rate inside the coalesced droplet proceeded 
more than 100 times as efficiently as the rate of fluid mix-
ing inside the coalesced droplet.

The color change inside the coalescence droplet is clas-
sifiable into two types for all experimental conditions: 
a spherical boundary along the leading edge of moving 
droplet and a finger-shaped chemical reaction front from 
the point of collision of two droplets. The formation of fin-
gers showed that a thermal instability of the chemical front 
existed between the two droplets for a brief period (<1 ms). 
The varied profile of droplet coalescence affected the shape 
of the material interface between the two droplets and 
caused disparate thermal distributions and evolutions of 
finger patterns inside the coalescing droplet. According to 
the radius of the neck curvature, the evolution of the finger 
instability was also classifiable into two types: For the coa-
lescing droplet with a neck curvature of small radius, the 
small material interface between the two solutions acceler-
ated the accumulation of the heat of reaction and led to an 
extensive growth of the fingers and for the coalescing drop-
let with a neck curvature of large radius, the large interface 
of material between the two solutions led to a more gradual 
and more uniform growth of the fingers.

To characterize the nonlinear dynamics of the fingers, 
we used the mixing length (L) and the reaction rate (Ra). 
Finger instability of two types caused distinct evolutions of 
the mixing length. For the highly extended fingers under a 
small material interface between two counter-reactive flu-
ids, the fingering set is characterized by a linear growth 
of the mixing length with almost the same slope. Because 
of the profile deformation of the coalescing droplet with a 
small radius of neck curvature, the tails of the downward 
moving droplet suddenly decreased with a rapid move-
ment of the rear of the droplet. The fingers ultimately grew 
slowly to the saturated mixing zone of the coalesced drop-
let. For the fingers grown gradually with a large radius of 
neck curvature (large material interface between two drop-
lets), the reaction rate initially decreased rapidly and tended 
to a steady condition about 10 ms after the collision of the 
droplets. The rate of reaction and the mixing length inter-
acted with each other: The chemical reaction generated the 
finger instability, and the fingering also had an influence 
on the rate of reaction. In sum, the finger-shaped chemi-
cal reaction front inside the coalesced droplet evidently 
increased because of the rapid growth of fingers induced by 

Fig. 12   Development of reaction rate (Ra) for varied experimental 
conditions

Author's personal copy



1363Microfluid Nanofluid (2015) 18:1355–1363	

1 3

the accumulated intense heat of reaction with a small radius 
of neck curvature.

Instead of mass transfer and mixing, a chemical reaction 
inside a coalesced droplet is worthy of attention for a digi-
tal microfluidic open system. Our work illustrates a correla-
tion between the growth and evolution of a chemical reac-
tion and the profile (neck curvature) of a coalesced droplet, 
which is a significant reference in droplet-based microflu-
idic systems for biochemical use.
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