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Fig. S1 Photo of ZnS film deposited at the interface of [C4mim][PF6]-H2O at 50℃ 

for 5 h of reaction. 
 

 

 
Fig. S2 SEM images of the ZnS films prepared at 50 ℃ for 5 h of reaction at 

[C8mim][Tf2N]-H2O interfaces: (a) and (b), high magnified dragon parts, and (c) and 
(d), different magnified flower parts. 

 
 

 
Fig. S3 SAED patterns of the ZnS samples deposited at different IL-H2O interfaces: 

(a), [C8mim][PF6]-H2O; (b), [C8mim][Tf2N]-H2O; and (c), [C8mim][BF4]-H2O.  
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Fig. S4 (a) SEM and (b) TEM images of the ZnS films prepared at 50 ℃ for 5 h of 

reaction at [C4mim][PF6]-H2O interface; (c), SEM image of the ZnS films prepared at 
25 ℃ for 10 h of reaction at [C4mim][PF6]-H2O interface; and (d), SEM image of the 

ZnS films prepared at 60 ℃ for 5 h of reaction at [C4mim][PF6]-H2O interface. 
 

 
Fig. S5 SEM images of the back sides of the ZnS films prepared at 50 ℃ for 5 h of 

reaction at different IL-H2O interfaces: (a), [C8mim][PF6]-H2O; (b),  
[C8mim][Tf2N]-H2O; (c), [C8mim][BF4]-H2O; (d), [C2mim][Tf2N]-H2O; (e), 
[C4mim][Tf2N]-H2O; (f), [C12mim][Tf2N]-H2O; and (g), [C4mim][PF6]-H2O. 

 
 

 
 

Fig. S6 The thickness estimation from SEM images of the ZnS films prepared at 
50 ℃ for 5 h of reaction at different IL-H2O interfaces: (a), [C8mim][PF6]-H2O; (b),  

[C8mim][Tf2N]-H2O; (c), [C8mim][BF4]-H2O; (d), [C2mim][Tf2N]-H2O; (e), 
[C4mim][Tf2N]-H2O; (f), [C12mim][Tf2N]-H2O; and (g), [C4mim][PF6]-H2O. 
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Fig. S7 EDX spectra of the ZnS films prepared at 50 ℃ for 5 h of reaction at different 

IL-H2O interfaces: (a), [C8mim][PF6]-H2O; (b), [C8mim][Tf2N]-H2O; (c), 
[C8mim][BF4]-H2O; (d), [C2mim][Tf2N]-H2O; (e), [C4mim][Tf2N]-H2O; (f), 

[C12mim][Tf2N]-H2O; and (g), [C4mim][PF6]-H2O. 
 
 

 
Fig. S8 The CA measurements of a water droplet on the back sides of the ZnS films 

prepared at 50 ℃ for 5 h of reaction at different IL-H2O interfaces: (a), 
[C8mim][PF6]-H2O; (b), [C8mim][Tf2N]-H2O; (c), [C8mim][BF4]-H2O; (d), 

[C2mim][Tf2N]-H2O; (e), [C4mim][Tf2N]-H2O; (f), [C12mim][Tf2N]-H2O; and (g), 
[C4mim][PF6]-H2O. 

 
 

 

 
Fig. S9 Photos of gold films deposited at the interface of [C8mim][Tf2N]-H2O (the 
pale yellow of subphase is the color of IL): (a), side view; and (b), top view.  
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Formation mechanism of the ZnS films prepared at [C8mim][Tf2N]-H2O 

interface 

 

It is known that in [C8mim][Tf2N]-H2O interface regions, the non-polar and polar 

domains coexist. The non-polar domains are formed from the aggregation of the alkyl 

chains via the short-range van der Waals interaction, while the polar domains are 

formed from electrostatic interaction of anions, the charged imidazolium rings and 

small water clusters.[1,2] The polar domains have the form of continuous 3D networks 

of ionic channels, and the non-polar domains are restricted in these polar networks 

and are also continuous ones.[1] They take the shapes as wormlike or wirelike 

structures. In the course of interfacial reaction, the dragons were gradually formed in 

the template of 3D wirelike structures of the non-polar domains. Due to the close 

stacking of the non-polar domains of lower layers, the tightly packed wires were 

formed in these layers. In order to further reduce the interfacial energy, some wires 

welded together as arrowed in Fig. S2b. The formation of the looser dragons of the 

top layer originated from the more water clusters involved in the upper layer of the 

interface regions, which loosen the stacking of the non-polar domains and then caused 

the formation of dragons with loose arranges in the surface layer of ZnS films.[3]  

The structures of ILs-H2O interfaces are quite different from oil-water interface, 

they are relatively rougher and display fluctuated troughs and mounds in the interface 

regions.[4] Some nonpolar domains inserted into the polar mounds and formed more 

compact assembly.[5] Thus, in the template of the assembly of nonpolar domains in 

mounds, the flowerlike structures were gradually formed. 

In addition, the liquid-liquid interfaces are under far-from-equilibrium conditions, 

which contribute to the formation of the dissipative structures. Kimizuka et al 

prepared gold nanowires with aperiodically arrayed holes by photoconversion of 

dissipative nanostructures emerged at the chloroform-aqueous interface, and they 

believed that the gold nanowires were formed only via non-equilibrium 

pre-organization of precursor ions at the interface.[6] In our case, a large amount 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2014



of fluctuations in the interface regions resulted in the formation of dissipative 

structures, which then directed the formation of dragons as well as flowers. Yet, the 

periodical or oscillatory patterns of flowers and dragons are the salient features of 

dissipative structures.[6,7] 

From the above analysis, it seems likely that the special ILs-H2O interfaces lead to 

the formations of continuous non-polar domains, mounds and dissipative structures 

which together prompted the formation of ZnS films with beautiful dragons and 

flowers. 
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