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Abstract

Statistical design of experiments was performed to optimize MOF-235 synthesis process. Concentrations of terephthalic acid
(TPA), iron (III) chloride hexahydrate, N,N-dimethylformamide (DMF) and ethanol were important factors to develop the
crystal structure of MOF-235. MOF-235 was synthesized with various concentrations of the listed chemicals above and the
crystallinity was measured by XRD. The effect of the composition on the synthesis of MOF-235 was evaluated using a stat-
istical analysis. For the variance analysis using F-test, the concentration of ethanol showed the greatest effect on the crystal-
linity and TPA the least influential. A regression model for predicting the crystallinity of MOF-235 was derived and the pre-
diction results for two synthetic variables were presented using contour plots. Finally, the crystallinity was predicted by a
mixture method with FeCls, ethanol and DMF.
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Table 1. Obtained Values for Experimental Design in MOF-235 Synthesis

Run TPA (mol) [Xi] FeCl; (mol) [X;] EtOH (kmol) [X;] DMF (kmol) [X4 Relative crystallinity (%)
1 1.0 1.0 0.528 0.628 94.2
2 1.0 1.0 0.528 0.314 79.8
3 1.0 1.0 0.264 0.314 41.8
4 1.0 0.5 0.528 0.628 43.1
5 1.0 0.5 0.528 0.314 38.4
6 1.0 0.5 0.264 0.314 14.6
7 0.5 0.5 0.264 0.314 38.8
8 0.5 0.5 0.264 0.628 48.4
9 0.5 0.5 0.528 0.628 62.5
10 0.5 1.0 0.528 0.628 71.7
11 0.5 1.0 0.528 0.314 57.4
12 0.5 1.0 0.264 0.628 48.7
13 1.0 0.5 0.264 0.628 40.4
14 0.5 1.0 0.264 0.314 19.7
15 1.0 2.0 0.528 0.628 90.8
16 1.0 1.0 1.056 0.628 100.0
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Figure 1. XRD patterns of MOF-235 prepared with different ratios of
4 precursors. (a) Run 16, (b) run 11, (¢) run 6 in Table 1.
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Table 2. Analysis of Variance for Crystallinity of MOF-235
DF Adj SS Adj MS F P
TPA 1 18.18 18.18 0.09 0.773
FeCl3 2 1,366.32 683.16 3.31 0.084
EtOH 2 2,091.46 1045.73 5.06 0.034
DMF 2 878.44 878.44 4.25 0.069
Residual error 9 1,859.80 206.64
Sum 15 9,824.19
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Figure 2. Main effect plot for relative crystallinty of MOF-235 synthesized under different conditions; TPA and FeCl; (mol), EtOH and DMF (kmol).
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Figure 3. Interaction plot for relavity crystallinity of MOF-235 synthesized under different conditions; TPA and FeCl; (mol), EtOH and DMF (kmol).
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Figure 4. Surface plot of relavity crystallinity of MOF-235 synthesized with various concentration of 2 major precusors; FeCl; (mol), EtOH and
DMF (kmol).
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Figure 5. Surface plot of relavity crystallinity of MOF-235 synthesized
with various concentration of 3 major precusors under constant TPA
concentration; FeCl; (mol), EtOH and DMF (kmol).
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