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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.

9

c



10

a

b



R0
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39

Fi l l edAr ea Ci r cDi amet er
3552. 0 67. 9835
4116. 0 72. 6253
4189. 0 73. 0959
3835. 0 70. 1718
4206. 0 73. 6827
4816. 0 79. 4783
4152. 0 73. 6957
3676. 0 68. 2294
4664. 0 77. 2519
4128. 0 74. 0236
4847. 0 81. 1199
3885. 0 70. 4055
3998. 0 71. 9283
3865. 0 71. 2642
4314. 0 74. 3494
3978. 0 71. 2075
4104. 0 72. 8015
4473. 0 75. 8051
4389. 0 75. 5791
4252. 0 74. 2087
4534. 0 77. 2444
4202. 0 73. 5527
4218. 0 73. 4022
4416. 0 75. 0325
4430. 0 75. 3533
4112. 0 72. 8282
4272. 0 74. 1326
4227. 0 73. 7177
4418. 0 75. 2791
4206. 0 73. 8589
4320. 0 74. 2817
4313. 0 74. 3429
4336. 0 74. 7032
4233. 0 73. 4511
4295. 0 74. 4427
4262. 0 73. 6073
4374. 0 74. 8592
4227. 0 73. 7537
4274. 0 73. 6014
4408. 0 74. 7371

R40
R41
R42
R43
R44
R45
R46
R47
R48
R49
R50
R51
R52
R53
R54
R55
R56
R57
R58
R59
R60
R61
R62
R63
R64
R65
R66
R67
R68
R69
R70
R71
R72
R73
R74
R75
R76
R77
R78
R79

Fi l l edAr ea Ci r cDi amet er
4254. 0 74. 3755
4175. 0 73. 4702
4781. 0 79. 0817
4366. 0 74. 4546
4134. 0 72. 3801
4489. 0 75. 7973
4369. 0 74. 6302
4292. 0 73. 7864
4280. 0 73. 692
4415. 0 75. 2287
4409. 0 75. 241
4473. 0 75. 4518
4349. 0 74. 216
4328. 0 74. 2827
4292. 0 74. 1086
4565. 0 76. 1575
4271. 0 74. 1906
4316. 0 74. 4316
4563. 0 76. 3833
4169. 0 72. 7993
4255. 0 73. 8808
4097. 0 72. 8124
4236. 0 73. 3673
4450. 0 75. 857
4289. 0 73. 7691
4492. 0 75. 5307
4265. 0 73. 6193
4404. 0 74. 6551
4235. 0 73. 4903
4501. 0 75. 9696
4336. 0 74. 254
4364. 0 74. 6168
4356. 0 74. 4979
4611. 0 76. 9095
4138. 0 72. 4885
4348. 0 74. 2481
4337. 0 74. 1792
4338. 0 74. 666
4375. 0 74. 3719
4341. 0 74. 3378

R80
R81
R82
R83
R84
R85
R86
R87
R88
R89
R90
R91
R92
R93
R94
R95
R96
R97
R98
R99
R100
R101
R102
R103
R104
R105
R106
R107
R108
R109
R110
R111
R112
R113
R114
R115
R116
R117

Fi l l edAr ea Ci r cDi amet er
4369. 0 74. 3152
4124. 0 72. 6245
4455. 0 75. 1245
4192. 0 72. 9685
3966. 0 70. 8961
4317. 0 74. 0235
4228. 0 73. 8903
4168. 0 73. 5076
4307. 0 74. 442
4317. 0 74. 3104
4306. 0 74. 0989
4274. 0 73. 8365
4319. 0 73. 9769
4123. 0 72. 2203
4293. 0 73. 6768
4303. 0 74. 3797
4254. 0 73. 8752
4239. 0 73. 4896
4200. 0 72. 9818
4314. 0 74. 0355
4456. 0 75. 4674
4332. 0 74. 0334
4204. 0 72. 8714
4420. 0 74. 6968
4321. 0 74. 0493
4463. 0 75. 4159
4185. 0 72. 936
4426. 0 75. 5251
4315. 0 74. 2294
4235. 0 73. 6303
4230. 0 73. 1997
4500. 0 75. 6899
4130. 0 72. 4951
4253. 0 73. 4124
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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 (C2O4CaH2O) 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.
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