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A. Wicking dynamics on nanostructured surfaces 

 To understand whether there are any nanoscale effects, such as disjoining pressure, on 

wicking dynamics of nanostructures, vertical wicking tests of DI water were performed using 

ZnO nanorods grown on a glass substrate of varying growth time and chemical concentration to 

achieve different nanostructure roughness.1 Growth time of 2 to 5 hours and chemical 

concentration of 0.01M to 0.05M result in roughness, , of 3.77 to 4.21. Figure S1 shows the 

wicking length, a, over time, t, for four different nanorod substrates with varying roughness, 

together with  power law. The results of wicking experiments with nanostructures show 

good agreement with the classical  theory, consistent with previously reported hemi 

wicking of water droplets on nanostructured surfaces.2-6 For the roughness range considered, the 

propagation coefficient is approximated to be 0.75 mm/s1/2 from least square fitting of all 

experimental data. This implies that, for the cases considered, nanoscale effects such as 

disjoining pressure or distorted meniscus shape have negligible effects on wicking dynamics of 

nanostructures.  
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Figure S1: Wicking length versus time for vertical wicking of DI water on ZnO nanorod 
substrates of varying nanoscale roughness  of 3.77 to 4.21. 
 

B. Wicking index on micro and hierarchical micro/nanostructured surfaces 

Figure S2 shows the wicking index, n, over diameter-to-spacing ratio, d/s, for micropillars 

and hierarchical surfaces with micropillar height of 8µm, 13µm, 18µm, and 26µm. For all cases, 

the wicking indices are found to vary from 0.46 to 0.59. No clear trend of wicking index, n, over 

diameter-to-spacing ratio and height of micropillars has been found for both micropillars and 

hierarchical surfaces, as shown in Fig. S2. The average wicking indices for different spacings 

and heights of micropillars for both micropillars and hierarchical surfaces slightly deviate from 

0.5 due to possible contamination of DI water and substrates during wicking and limited wicking 

length due to imaging size. It is noted that a wicking index of 0.5 has been considered by others 

for wicking in micropillars7-10 and for wicking in hierarchical surfaces.11        
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Figure S2. Wicking index over diameter-to-spacing ratio for (a) micro and (b) hierarchical 
surfaces. Experimental error bars are from 5 independent wicking tests of a single case. 
	

C. Comparison of wicking on micropillar surfaces with existing wicking models 

 Wicking tests have been conducted on micropillars of varying diameter-to-spacing ratios 

and heights and the results are compared with existing closed-form models to check whether 

these closed-form models can predict the propagation coefficient for micropillars of the present 

study. For micropillars of diameter 10 µm, the center-to-center spacing varies from 30 µm to 60 

µm, resulting in diameter-to-spacing ratio, d/s, of 0.333 to 0.167 and the height varies from 8 µm 

to 26 µm. Table S1 summarizes the existing closed-form models with propagation coefficients, 

G, expressed in terms of surface tension, viscosity and geometrical parameters for structured 

surfaces. Once the surface tension and viscosity of the wicking liquid are known, the expressions 

for the propagation coefficient listed in Table S1 can predict the wicking dynamics for structured 

surfaces having different geometrical parameters. 
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Table S1. Summary of existing closed-form models of wicking on structured surfaces. 
Model Propagation coefficient, G 

Ishino et al.8 
; h < s                                                  (I) 

and ; h > s considering                                    

Mai et al.12  
; ;                     (II) 

Kim et al.10 
; ;        (III) 

Present study 
                                     (IV) 

Here,  are the diameter, spacing and height of micropillars,  and  are the surface 
tension and viscosity of DI water, is the width of the channel, where wicking in micropillars 
is simplified as wicking in channels of the same porosity12.  and  are the intrinsic contact 

angle and critical contact angle of wicking, respectively, and , where  and 

 are roughness and solid fraction of micropillars. The propagation coefficient of 0.49 in 

Eq. (III) is for dense pillar arrangements, and for spare pillar arrangement it is < 0.49. 
Equation (IV) from the present model is obtained from Eq. (8) of the main text with an 
empirically determined constant 0.35. 

 

 Figure S3 shows the comparison of experimentally determined propagation coefficients with 

the existing closed-form models of Ishino et al.8, Mai et al.12, Kim et al.10, and the present study, 

Eq. (8) of the main text, for varying diameter-to-spacing ratios for micropillar heights of 18 and 

26 μm. For both pillar heights, the model of Ishino et al.8 overpredicts the propagation 

coefficient due to neglecting the friction from the pillars and the discrepancy increases with the 
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diameter-to-spacing ratio. The model of Mai et al.12, where pillar arrays are considered as 

channels having the same porosity keeping height and length of the channel the same as those of 

circular pillars, also overpredicts the propagation coefficient for the diameter-to-spacing ratios 

considered. Interestingly, the model proposed by Kim et al.10 agrees well with the experimental 

results over the range of micropillar diameter-to-spacing ratios for both heights of the 

micropillars. Kim et al.10 model considers the flow profiles in two regions, around the pillars 

(bounded by pillar sidewalls and bottom surface) and in between pillars (bounded by bottom 

surface), and a two-stage wicking motion is observed for sparse pillars where the propagation 

coefficient is smaller than 0.49. As discussed in Sec. 3 of the main text, this two-stage motion is 

also observed in the present study for wicking in micropillars with diameter-to-spacing ratios of 

0.2 to 0.33. For both micropillar heights of 18 and 26 μm, the present model agrees very well 

with experiments for d/s ratio of 0.16 to 0.33. 

 

 

Figure S3. Comparison of micropillar wicking experiments with the existing closed-form models 
for different diameter-to-spacing ratios at the pillar height of (a) h=18 μm and (b) h=26 μm. 
Experimental error bars are from 5 independent wicking tests of a single case. 
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