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1. Measurements of sizes of the top and bottom nanochannels of the AAO 

membranes by a Gatan DigitalMicrograph (DM) software
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Fig. S1 a1. (a) Histogram of thresholding the TEM imageof the top surface of the AAO 

membrane withoutthe chemical etching, the thresholding is the process of separating 

the top surfaces of the nanochannels from the rest of the image, ideally, the histogram 

contains two major peaks: one for the background, the other for the nanochannels. (b) 

The TEM image with analyzed nanochannels after the thresholding. (c) Measurements 

of the sizes (diameter, unit: nm) of the analyzed nanochannels on the top surface.
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Fig. S1 a2. (a) Histogram of thresholding the TEM image of the bottom surface of the 

AAO membrane without the chemical etching. (b) The TEM image with the analyzed 

nanochannels after the thresholding. (c) Measurements of the sizes (diameter, unit: nm) 

of the analyzed nanochannels on the bottom surface of the AAO membrane.
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Fig. S1 b1. (a) Histogram of thresholding the TEM image of the top surface of the AAO 

membranewiththe chemical etching for 10 min. (b) The TEM image with the analyzed 

nanochannels after the thresholding. (c) Measurements of the sizes (diameter, unit: nm) 

of the analyzed nanochannels on the top surface of the AAO membrane.
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Fig. S1 b2. (a) Histogram of thresholding the TEM image of the bottom surface of the 

AAO membranewiththe chemical etching for 10 min. (b) The TEM image with the 

analyzed nanochannels after the thresholding. (c) Measurements of the sizes (diameter, 

unit: nm) of the analyzed nanochannels on the bottom surface of the AAO membrane.
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Fig. S1 c1. (a) Histogram of thresholding the TEM image of the top surface of the AAO 

membrane withthe chemical etching for 35 min. (b) The TEM image with the analyzed 

nanochannels after the thresholding. (c) Measurements of the sizes (diameter, unit: nm) 

of the analyzed nanochannels on the top surface of the AAO membrane.
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Fig. S1 c2. (a) Histogram of thresholding the TEM image of the bottom surface of the 

AAO membrane withthe chemical etching for 35 min. (b) The TEM image with the 

analyzed nanochannels after the thresholding. (c) Measurements of the sizes (diameter, 

unit: nm) of the analyzed nanochannels on the bottom surface of the AAO membrane.
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Fig. S1 d1. (a) Histogram of thresholding the TEM image of the top surface of the AAO 

membranewiththe chemical etching for 60 min. (b) The TEM image with the analyzed 

nanochannels after the thresholding. (c) Measurements of the sizes (diameter, unit: nm) 

of the analyzed nanochannels on the top surface of the AAO membrane.
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Fig. S1 d2. (a) Histogram of thresholding the TEM image of the bottom surface of the 

AAO membrane with the chemical etching for 60 min. (b) The TEM image with the 

analyzed nanochannels after the thresholding. (c) Measurements of the sizes (diameter, 

unit: nm) of the analyzed nanochannels on the bottom surface of the AAO membrane.
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Fig. S1 e1. (a) Histogram of thresholding the TEM image of the top surface of the AAO 

membranewiththe chemical etching for 95 min. (b) M image with the analyzed 

nanochannels after the thresholding. (c) Measurements of the sizes (diameter, unit: nm) 

of the analyzed nanochannels on the top surface of the AAO membrane.
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Fig. S1 e2. (a) Histogram of thresholding the TEM image of the bottom surface of the 

AAO membrane withthe chemical etching for 95 min. (b) The TEM image with the 

analyzed nanochannels after the thresholding. (c) Measurements of the sizes (diameter, 

unit: nm) of the analyzed nanochannels on the bottom surface of the AAO membrane.
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2. UV-vis absorption spectra of the AAO membranes with different thicknesses

Fig. S2 UV-vis absorption spectra of the AAO membranes with different thicknesses 

(55 m, 78 m and 93 m).
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3. Measurement of the thicknesses di of the AAO membranes

  

  

Fig. S3 Cross-section images of the whole AAO membranes after the chemical etching 

for 0 min (a), 10 min (b), 35 min (c), 60 min (d) and 95 min (e) by an optical microscope 

(Leica, DM2500 M, 50 objective (N.A. = 0.75), MS 20 encoded stage) with control 

of a Renishaw WiRE 3.2 software. On the basis of the measurements by the DM 

software, the thicknesses d1, d2, d3, d4 and d5 are 70.57, 68.30, 66.42, 67.17 and 68.30 

μm, respectively, which correspond to the AAO membranes after the chemical etching 

for 0, 10, 35, 60 and 95 min, respectively.
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4. Appendix: Measurement of the molar extinction coefficient of aluminum oxalate

It is mentioned that the molar absorptivity of aluminum oxalate cannot be found in 

those references.S1, S2 In this case, the value can approximately be measured according 

to the Beer-Lambert law,S3, S4 which is expressed as A'=cl, where A', c and l are the 

absorbance of aluminum oxalate, concentration of solute (mol L-1) and path length (cm), 

respectively. For a typically wide concentration range of aluminum oxalate from 0.05 

to 2 mmol L-1, it is noting that the concentration over the range will result into saturated 

or very weak absorption bands, the value of the molar extinction coefficient is about 

238.5 at 260 nm, where a polar solvent shifts absorption to the longer wavelength (e.g., 

260 nm in contrast to 254 nm) owing to the excited states forming stronger hydrogen 

bonds than the corresponding ground states. Similarly, the value is 229 at 253 nm for 

oxalic acid calcium salt (C2O4CaH2O) obtained by the reference S3. Notes that the 

molar extinction coefficient below 1000 are low-intensity absorptions with a forbidden 

transition,S4 therefore, the absorption at 254 nm is originated from the n 

(nonbonding atomic n orbital to antibonding  orbital) transition of the carbonyl group 

of aluminum oxalate.
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Fig. S4 (a) UV-Vis absorption spectra of aluminum oxalate solution with different 

concentration from 0.05 mM to 2mM. (b) Linear fit result of the absorbance with the 

concentration of the aluminum oxalate solution.

25

a

b



References

S1. J. G. Grasselli, W. M. Ritchey, CRC Atlas of Spectral Data and Physical Constants 

for Organic Compounds. 2nd ed. Vol. 3, CRC Press, Cleveland, 1975.

S2. Sadtler Ultraviolet (non-polar) Spectra. Vol. 2, 501UN-1000UN, Sadtler research 

laboratories: Philadelphia, 1975.

S3. J. Mohan, Organic Spectroscopy: Principles and Applications, Narosa Publishing 

House: New Delhi, 2001.

S4. D. L. Pavia, G. M. Lampman, G. S. Kriz, Introduction to Spectroscopy, 3rd ed. 

Thomson Learning, 2001.

26


