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Note S1. SEM Characterizations of the product under different sodium hydroxide ad-

dition conditions  

Figure S1 The quality of the product obtained by adding 2 mmol of NaOH solution was 

0.240 g and the morphology was extremely uneven. The quality of the product obtained 

by adding 4 mmol of NaOH solution was 0.598 g. Scanning electron microscope showed 

that the maximum particle size of the sample was less than 5 μm, and the morphology 

was polyhedral. The mass of the product obtained by adding 8 mmol of NaOH solution 

is 0.617 g, and the maximum particle size of the sample is less than 5 μm. After adding 16 
mmol of NaOH solution to the reaction, it becomes gelatinous as shown in Figure S1b. 

The centrifugal speed of 12000 still could not be separated, and the powder product was 

obtained by direct drying for 72 hours. The quality of the product is 2.72 g, the sample 

size is greater than 50 μm, and it is a long strip.  

Note S2. FTIR, Raman Characterizations of the product under different sodium hydrox-

ide addition conditions  

Figure S2 When the sodium hydroxide addition amount is less than 8 mmol, the Raman 

spectrum peak of the product is consistent with the MIL-121 Raman spectrum peak. When 

the addition amount is greater than 8 mmol, the characteristic peaks of MIL-121 at 798 

cm−1, 812 cm−1, and 825 cm−1 disappear. Combined with SEM characterization and yield, 

it can be determined that the optimal addition amount of sodium hydroxide is 4 mmol. 

Note S3. Raman spectrum analysis of standards 

Figure S3 Raman analysis was performed on Al(NO3)3 ▪9H2O, H4BTEC, carboxylic acid 

hydrate and MIL-121. Using the same test conditions, the spectral information was col-

lected at a Raman shift of 250~4000 cm−1, and then the origin software was used to perform 
baseline subtraction and peak finding processing as shown in Figure S3.  

From the analysis of the Raman spectra of Figure S3b pyromellitic acid and comparing 

the carboxylic acid compounds with the existing Raman standard spectra, it can be con-

cluded that the benzene ring in pyromellitic acid is pulled by four carboxyl groups. The 

moderately strong peak at 1332 cm−1 is the C-C stretching vibration peak. The medium 

intensity peak at 3092 cm−1 is the C-H stretching vibration peak on the benzene ring. The 

weak peak at 1127 cm−1 is the characteristic peak of bending vibration in the plane H. The 

weak peak at 799 cm−1 is the vibration peak of the hydroxyl group on the carboxylic acid. 

The medium-strength peaks at 1283 cm−1, 1341 cm−1, and 276 cm−1 are C-O stretching vi-

bration peaks. 1305 cm−1 is the stretching vibration peak of C-H. 1782 cm−1 and 1870 cm−1 

are C=O stretching vibration peaks. 708 cm−1 and 756 cm−1 are the characteristic peaks of 

flexural vibration from the plane H outward. 495 cm−1 and 646 cm−1 are the flexural vibra-

tion peaks of C-H. 

Figure S3c is the Raman spectrum analysis of the carboxylic acid hydrate. It can be seen 

that the characteristic peak of the benzene ring becomes weaker and the peak position 

shifts to the high Raman shift after the carboxylic acid is coordinated with water. Com-

pared with pyromellitic acid, the characteristic peak of bending vibration in the plane H 
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has shifted from 1127 cm−1 to 1172 cm−1. The vibration peak of the hydroxyl group on the 

carboxylic acid shifted from 799 cm−1 to 817 cm-1. The characteristic peak of flexural vibra-

tion outside the plane H of 756 cm−1 is translated to 771 cm−1. 

Figure S3d shows the Raman spectrum analysis of the prepared MIL-121. By comparing 

with the Raman characteristic peaks of the raw materials used in the synthesis of alumi-

num nitrate nonahydrate, pyromellitic acid and water, it can be seen that MIL-121 has 

new strong characteristic peaks at 295 and 316 cm−1. This is due to Al-O stretching vibra-

tion. Compared with pyromellitic acid, the characteristic peaks of the benzene ring and 

carboxyl group in MIL-121 shifted to a higher wave number. For example, the medium-

strength peak of 1463 cm−1 is the C-C stretching vibration peak, which has moved 131 cm−1 

compared to the C-C stretching vibration peak of the ligand 1332 cm−1. 

Note S2. The adsorption performance test data of MIL-121 after polymerization ob-

tained under different experimental conditions 

Table S 5 The adsorption capacity is calculated using the following formula [1]: 

capacity(mmol ∙ g−1) =
C × V

Mw × w
 

C is the difference in solution concentration before and after adsorption, V is the volume 

of lithium chloride salt solution, is the molar mass of lithium chloride, w is the mass of the 

polymerized sample. 

 

Figure S1. SEM images of products under different sodium hydroxide addition conditions. 

 
 

(a) (b) 

Figure S2. (a) Raman diagram of products with different sodium hydroxide addition levels, (b) Centrifugation results of 

products with addition volume of 16 mmol. 

Table S1. Peaks location of PXRD pattern and the crystal indices of MIL-121 [2], MIL-121-80 °C 

NaOH 4mmol. 

No 
Peak Position Interplaner spacing FWHM Miller indices 

Ref.MIL-121 2 Theta(°) d(Å) ▬ (hkl) 

1 8.506 8.463  10.440 0.19341 -110 

2 10.964 10.905  8.106 0.19314 200 

3 13.030 12.965  6.823 0.22761 020 

4 14.797 14.735  6.007 0.19466 -1-11 
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5 17.060 17.012  5.208 0.19191 -220 

6 19.503 19.413  4.569 0.25942 0-21 

7 22.030 21.961  4.044 0.25366 400 

8 25.117 24.986  3.561 0.39297 2-21 

9 25.710 25.635  3.472 0.28133 -330 

10 26.309 26.164  3.403 0.28742 1-31 

11 29.849 29.781  2.998 0.25446 -2-22 

12 32.756 32.541  2.749 0.33619 3-31 

 

Figure S3. (a) FTIR spectrum of MIL-121 and (b) Raman spectrum of MIL-121. 

Table S2. The particle size distribution of MIL-121 under different temperature. 

 MIL-121-80 °C MIL-121-90 °C MIL-121-100 °C 

mean(μm) 2.55 3.80 4.11 

median(μm) 2.15 3.37 3.94 

C.V. 61.29 62.52 64.91 

D10(μm) 0.85 1.03 0.97 

d50(μm) 2.15 3.37 3.94 

d90(μm) 4.92 7.31 7.39 
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Figure S4. Size distribuation of (a) MIL-121-80 °C, (b) MIL-121-90 °C, (c) MIL-121-100 °C, (d) MIL-

121-easymax small experiment. 

 

Figure S5. Raman spectras of (a)Al(NO3)3 9H2O,(b) H4BTEC,(c) pyromellitic acid hydrate,(d) MIL-

121. 
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Figure S6. (a) PXRD pattern of MIL-121-(1atm,80 °C), easymax product, (b) FTIR spectrum of MIL-

121-(1atm,80 °C), easymax product and (c) Raman spectrum of MIL-121-(1atm,80 °C), easymax 

product. 

 

 

 

Table S3. Preparation method and preparation time of partial aluminum-based MOF. 

material Preparation time Preparation method T/K references 

MOF-303 24 hydrothermal 100 [3] 

PCN-332 12 solvothermal 423.15 [4] 

PCN-333 24 solvothermal 408.15 [4] 

MOF-253 24 solvothermal 393.15 [5] 

MIL-101-NH2 72 solvothermal 403.15 [6] 

MIL-53 5h hydrothermal 423 [7] 

MIL-96(Al) 2 hydrothermal 483.15 [8] 

MIL-121 21 hydrothermal 483.15 [2] 

MIL-68 18 solvothermal 403 [9] 

MIL-100 72 hydrothermal 483 [10] 

NH2-MIL-53 5 hydrothermal 423.15 [11] 

Table S4. TGA mass loss of N-MIL-121 crystals synthesized under different conditions. 

Temperature 

℃ 

Weight(%) 

Hydrothermal 

80℃ 

Hydrothermal 

90℃ 

Hydrothermal 

100℃ 
1atm,80℃ easymax 

25 0.21 0.06 1.77 0.06 0 

50 1.24 1.10 2.2 0.68 0.29 

80 4.38 2.68 3.13 3.24 1.32 

100 5.22 3.19 3.7 4.83 1.89 

200 6.32 3.65 4.51 6.05 2.54 

250 8.33 5.28 6.03 7.62 4.33 
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280 9.06 5.98 6.73 8.08 5.20 

300 9.36 6.32 6.94 8.42 5.52 

320 9.74 6.85 7.19 8.80 5.85 

350 10.89 9.06 8.07 9.90 6.72 

380 13.2 14.85 10.62 13.07 9.18 

400 16.01 20.21 13.80 17.71 12.51 

420 20.60 25.99 18.18 24.87 17.21 

450 29.5 32.76 26.23 34.64 26.63 

480 35.27 38.98 31.8 40.93 32.75 

500 39.96 44.03 38.1 46.12 38.61 

520 45.70 48.38 45.21 49.56 45.73 

550 52.25 52.05 49.74 54.05 50.33 

580 58.07 56.5 54.58 59.58 55.89 

600 62.61 59.89 57.94 63.85 59.95 

620 66.15 62.43 60.29 67.14 62.77 

650 68.77 64.35 62.07 69.51 64.87 

680 69.99 64.99 62.70 70.65 65.57 

720 71.08 65.29 63.09 71.70 66.02 

780 72.27 65.49 65.50 72.90 66.53 

Table S5. The adsorption performance test data of MIL-121 after polymerization obtained under 

different experimental conditions. 

sample 
Salt 

solution 

Standard 

solution ion 

concentration

（mg/L） 

Ion concentration 

after adsorption 

(mg/L) 

Concentration 

difference 

/(mg▪L-1) 

Adsorption 

capacity 

/(mmol▪g-1) 

MIL-121-80 °C LiCl 15.296 14.755 0.541 0.185 

MIL-121-90 °C LiCl 15.296 14.746 0.550 0.188 

MIL-121-100 °C LiCl 15.296 14.736 0.560 0.192 

100 mL LiCl 15.296 14.764 0.532 0.182 

250 mL LiCl 15.296 14.774 0.522 0.179 
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