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Abstract 

Langmuir-Blodgett (LB) method is a powerful tech-

nique to prepare 2D colloidal crystals. However, the self-

assembly and movement of microspheres during the 

whole LB process are less analyzed. Herein we clarify the 

crucial impact of hydrophilicity of the microspheres on 

their self-assembly in Langmuir-Blodgett (LB) process 

and find that the increase of the surface hydrophobicity 

of microspheres facilitates their self-assembly on water 

surface, which further leads to higher coverage and less 

defects of the 2D colloidal crystals. The 2D colloidal crys-

tal monolayer on the Si substrate scatters the visible light 

obeying the 2D Bragg scattering formula, showing irides-

cent colors and opposite contrasts. 

 

1. Introduction 

Large-scale close-packed two-dimensional (2D) colloidal 

crystal with high coverage is indispensable for various prom-

ising applications such as photonic crystals, photonic papers 

and inks, stealth materials, biomimetic coatings and related 

nanostructures. Various methods to prepare monolayer-thick 

colloidal crystals have been developed, which can be gener-

ally divided into five categories [1]: drop coating, dip coating, 

spin coating, self-assembly at the gas-liquid interface and 

electrophoretic deposition. Among these methods, Langmuir-

Blodgett (LB) method is a controllable self-assembly technol-

ogy having advantages like high degree of mechanization and 

good reproducibility. 

Past reports focus mainly on the optimization of the depo-

sition parameters and the experiment conditions, the study of 

the optical and physical properties of the 2D colloidal crystals, 

as well as the improvement of the LB equipment. Few study 

has been reported on the behavior of the microspheres during 

the whole LB process, including self-assembly on water sur-

face as well as the following transferring process. Further-

more, the traditional method to measure the characteristic sur-

face pressure-area isotherms (π-A curve) [2] is not available 

for the microspheres for they will sink into water severely 

during the dispersion period. 

 

2. Experiments 

Two types of monodisperse polystyrene (PS) latex micro-

spheres (500 nm) were used, differences between which are 

whether the surfaces are functionalized by sulphate groups. 

LB trough was used to fabricate the 2D colloidal crystals on 

a hydrophilic Si wafer.  

 

3. Results and discussion 

The experiment 

parameter, surface 

pressure during lift-

ing film process, 

have been opti-

mized using hydro-

philic micro-

spheres, as shown 

in Fig. 1. π-A 

curves of hydro-

philic and hydro-

phobic micro-

spheres have been 

corrected (after ad-

justment) in Fig. 1b 

 
Fig. 1. (a) Schematic illustration of the fabrication process of 2D colloidal crystals using LB method. (b) π-A 

curves of the 2 types of PS microspheres. (c) The coverage of 2D colloidal crystals on the Si substrate prepared 

at different surface pressures using hydrophilic PS microspheres. (d-h) SEM figures of the 2D colloidal crystals 

of hydrophilic microspheres, with surface pressure of 20, 30, 40, 50, and 60 mN/m, respectively. Scale bars in 

the images are 2 μm. 
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by calculating the quantity of microspheres which are at the 

air/water interface and have not sank into water. Best cover-

age for hydrophilic microspheres of 93% has been achieved. 

Fig. 2 shows the variation of the surface pressure (π) as a 

function of the monolayer area of microspheres on the water 

surface during the lifting film process for hydrophilic (blue 

curve) and hydrophobic (red curve) microspheres. The com-

pressing area for hydrophilic spheres (64.3 cm2) is much 

lower than on Si wafer, indicating bad self-assembly that 

microspheres overlaps on water surface. An ordering pro-

cess exists when microspheres transfer to the Si wafer 

driven by capillary force, as shown in Fig. 2b. While for hy-

drophobic microspheres, the self-assembly on water surface 

is good for its compressing area (77.93 cm2) is a little larger 

and very close to that on Si wafer (76.15 cm2).  

The defects of two types of 2D colloidal crystals include 

line defect and point defect, as shown in Fig. 3. 2D colloidal 

crystals of hydrophobic microspheres have less defects, espe-

cially less overlapping spheres, which is in consistent with the 

self-assembly on water surface. A coverage of 97 % for hy-

drophobic microspheres has been achieved. 

  Owing to the periodic structures of the 2D colloidal cyr-

stals, the iridescent colors in Fig. 4a and opposite contrasts in 

Fig. 4c origin based on the Bragg diffraction of light due to 

their complete manipulation of the propagation of light [3].  

 

4. Conclusions 

High coverage (97 %) and high quality 2D colloidal crys-

tals have been successfully fabricated on Si wafers and the 

significant impact of the hydrophilicity of microspheres on 

their self-assembly and subsequently on 2D colloidal crystals 

quality have been studied. The 2D colloidal crystal diffracts 

visible light, causing iridescent colors and opposite contrasts 

at local adjacent regions, which is in accordance with the hcp 

lattice. 
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Fig. 3. SEM figures of the prepared 2D colloidal crystals with defects. (a) Hydrophilic microsphere crystal. Point 

defects include vacancies (light circle) and overlapping spheres (dark circle). (b) Hydrophobic microsphere crystal. 

(c) Statistics of the defects of the 2 types of colloidal crystals. Scale bars are 5 μm. 
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Fig. 2. Self-assembly of PS microspheres on the water surface. 

(a)The macroscopic relationship between surface pressure and the 

microspheres area on the water surface during the lifting film pro-

cess. The compressing area for hydrophilic microspheres during 

lifting film process is 64.30 cm2, for hydrophobic microspheres is 

77.93 cm2, and the area for 2D colloidal crystals on the Si sub-

strate is 76.15 cm2 (black arrow). (b) LB process of the micro-

spheres with sulphate groups (hydrophilic). (c) LB process of the 

microspheres without any surface functional groups (hydropho-

bic). 
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Fig. 4. (a) Visible light diffraction phenomenon of the mono-

layer on Si substrate. (b) Schematic illustration of the iridescent 

colors caused by the diffraction. (c) Opposite contrasts at local 

adjacent regions (box in Fig. 4a) and multiple directions. (d) Po-

lar plot of the brightness variation of area 1in Fig. 4c. (e, f) SEM 

figures of the adjacent regions (region1 and region 2 in Fig. 4c, 

respectively). The black and green arrows in Fig. 4e and Fig. 4f 

are the horizontal direction and crystal orientation. 
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