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  (1.3) 

for x = [-L/2, L/2] and y = [-yo/2, yo/2]. In Fig. S3 we plot E, the energy difference between 
particles at finite separation distance and particles at an infinite distance from each other for 

1 2

2 2
;

0.6 0.36
k k

 
  , 1 2 0.1A A  , 2.7oy  (i.e., w = 2.7), 0  , corresponding to interactions 

between aligned model particles with 1 20.6; 0.36   .  

 

Figure S3. Normalized energy against distance of separation between the corrugated ends of the 
microparticles  according to Eq. 1.3  

  

0

20

40

60

80

100

0 2 4

E/
γA

2

d/A

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2012



3. M

 

4. 

In or
Hp, w
parti
trian

Micropartic

Figure S4
colored s
micropart
of particl
differing w
was subje

Estimati

Figure S5
micropart
triangles)
initial sep
have slop

rder to determ
we extracted 
icle pairs w
ngles). The d

cles at Oil-W

4. (a) Rate of 
symbols in b
ticles λ = 36 μ
les over time
wavelengths (

ect to forced pe

ing Hp from 

5. 
5. Normalized
ticles with ma
. The data we

paration distan
e of -1/6. 

mine the actu
the data of c

with matchin
data points ex

Water Interfa

approach for 
both the mai
μm and 60 μm
e. (b) End-to
(λ = 36 μm an
erturbations in

the velocity

d center-to-cen
atching wavel
ere extracted f
nces between t

ual deflection
center-to-cen
ng waveleng
xtracted repre

ace  

a pair of matc
in figure and

m; black-colore
-end separati

nd 60 μm) on 
n the direction

y-time graph

nter separation
lengths (red tr
from Figure 4
the micropartic

n of the conta
nter separatio
gths (red tria
esent the ran

ching corrugat
d inset) and 

ed symbols). In
on distance b
an unbounded

n of the major

h 

n distance ver
riangles) and 
4(a) in the man
cles. The dash

act line aroun
on distance ag
angles) and 

nge over whi

ted microparti
d a pair of 
nset: Trajector
between two 
d oil-water int
axis. 

rsus normalize
with differing
nuscript. rf an
hed lines overl

nd the corrug
gainst time fr

differing w
ich the intera

cles (λ = 36 μ
differing cor
ries of the sam

microparticle
terface, when t

ed time to con
g wavelengths
nd ri are the fi
laying the data

gated microp
from Figure 4
wavelengths 
actions betwe

 

μm; red-
rrugated 
me pairs 
es with 
the pair 

ntact for 
s (black 
inal and 
a points 

article, 
4(a) for 

(black 
een the 

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2012



microparticles are entirely owing to the capillary quadrupoles, i.e., the slope of the logarithmic 
graph is exactly -1/6 (-0.1666). The dashed lines in Fig. S5 are guide lines with -1/6 slopes.  

For two particles that are in motion at fluid interfaces, the sum of the viscous drag on the particle, 
Fdrag and the capillary force between two quadrupoles, Fcap is zero.  

0drag capF F     (1.4) 

where 6drag DF avC , μ is the viscosity at the fluid interface, a is the characteristic length of the 

particle, v is the velocity and CD is the unknown drag coefficient of order unity. As a result, 
between two reference positions on the interface, the sum of the dissipation energy due to viscous 
drag and the attractive quadrupolar interaction between the particles is also zero. 

0diss capE E       (1.5) 

Here, 6 ( )
f

i

r

diss D r
E aC v r dr   , rf and ri are the final and initial separation distances between 

the microparticles as shown in Fig. S5. The integral can be calculated with velocity data from Fig. 
4(b) over the range of rf and ri.  

From Fig. S5, rf = 875.1 μm and ri = 1222.5 μm for particles with matching wavelengths and rf = 
1095.5 μm and ri = 1533.7 μm for particles with differing wavelengths. At the air-water interface, 
assuming CD = 1, a = w = 270 μm, μ = 0.001 Pa·s (since the particles are mostly immersed in 

water), 81.78 10dissE kT   for particles with matching wavelengths and 81.15 10dissE kT   for 

particles with differing wavelengths.   

Subsequently, capillary interaction energy due to quadrupoles is given by  

  
4 4

212 cos 2cap p A B
f i

a a
E H

r r
  

                 
  (1.6) 

where γ is the surface tension, Hp is the amplitude of the quadrupole mode excited by the particle, 
φA and φB are the orientations of the particles on the interface.  

At the air-water interface, γ = 0.072 mN/m. A  = B  = 0 for two particles that have their long 

axes aligned in tandem, we have Hp = 6.4 μm for particles with matching wavelengths and Hp = 
8.0 μm for particles with differing wavelengths. The deflection of the interface is therefore 
approximately comparable to that in the experiment (5.0 μm).  
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Videos 

1. Video for the formation of oblique assembly on unbounded oil-water interface (SI-M1). 
2. Video for an elastic capillary bond on unbounded oil-water interface (SI-M2).  
3. Video for formation of assembly between microparticles with out-of-phase corrugations. 

(SI-M3) 
4. Particles with weakly differing widths, or with wavelengths comparable to the particle 

width can form angled assemblies, similar to the angled assemblies (capillary arrows) 
formed by ellipsoids of different aspect ratios. (SI-M4) 
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