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Abstract
Statistical design of experiments was used to optimize the MOF-5 synthesis process. A mixture design was employed to opti-
mize precursor concentration. The optimal composition of three chemical materials, terephthalic acid, zinc acetate dihydrate,
and N,N-dimethylformamide for MOF-5 synthesis was determined by extreme vertices design methods as follows; 1 mol :
2.7 mol : 40 mol. A multilevel factorial design was selected to screen the significance of synthesis reaction conditions such
as temperature, time, and stirring speed. Statistical analysis results suggested excluding stirring speed from further
investigation. Using a central composition design, the synthesis time and temperature were optimized. The quadratic model
equation was derived from 13 synthesis experiments. The model predicted that MOF-5 synthesized at 119 °C for 10.4 h had

the highest crystallinity.
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MOF-5 &gl AR5 A-A]2] terephthalic acid, zinc acetate dihy-
drate, N,N-dimethylformamide (DMF) % €22 Sigma-Aldrich®] 4]
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3.1. Mixture design for precursor optimization
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Table 1. Bounds of Mixture Componets for Mixture Design

Proportion
Factor
lower Upper
Terephthalic acid (TPA) 0.1 0.3
Zinc acetate dihydrate (ZnAc) 0.3 0.6
N,N-dimethylformamide (DMF) 0.2 0.5
Mixture Contour Plot of Crystallinity
(component amounts)
TPA
05
Crystallinity
u < -5000
M -5000 - -2500
W 2500 - i
0- 2500
2500 - 5000
M 5000 - 7500
M 7500 - 10000
] > 10000

07 01 0.6
ZnAc DMF

Figure 1. Mixture contour plot of crystallinity of MOF-5 synthesized
with various modified mol faction of precursors.
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Figure 2. Cox response trace plot of crystallinity of MOF-5 based on precursor composition.
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Figure 3. Response optimization plot for the maximum crystallinity of MOF-801 synthesized with various modified mol faction of precursors.
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3.2. Multilevel Factorial Design for synthesis condition screening
MOF 4eA mefalof & 27102 FLE, A7 % A7
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Table 2. Factor and Level for General Factorial Design

Level
Factor
low Middle High
Temperature (°C) 80 100 140
Time (h) 6 12 24
Speed (rpm) 0 - 800
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Main Effects Plot for Crystallinity
Fitted Means
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Figure 4. Main effects plot for crystallinity of MOF-5 synthesized with
various synthesis conditions designed by full factorial method.
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Figure 5. Interaction plot for crystallinity of MOF-5 synthesized with
various synthesis conditions designed by full factorial method.
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3.3. Central composition design for synthesis condition optimization

MOF-801 &S HAglshe 2 Az A=A 544 &
A35s dst7] $15ko] response surface method (RSM)E AHE-5131
th RSM2 S5 o & olsstal #Aslelr] 918t il DOE 7]
ok o] WHHES FE 2% AAE AMgslo] 5% QQls AA
AREglsh= ] AME-ETE 23F 39 REe] €89 RSM
W] FYs olsfskAY migska, vhe-S A s W

flo dot 2

[reT S
olo oft
b Mo
1o M

FEe 3, A T3] Q% A% S g S 9k A
AR B Ao RSM 3 5 shuel 4 34
= AFEEIITE CCDE vlEA AFE 29 Ao ARE 3
A o2} BYS AAE 4 Uk wEbA oAl F3E 2l A9
THHT & FE FUlst FUdE 2 S weE B

o] 831tk CCD WS AHgate] 3 2&ot ARES 24 3)5]
&l Ae AASAE Al gigk 291
A BT AF Sl & +1)S oln] 291 AAo] AHEHAT 13
W] ¥ Asio] AAE I, MOF-5 o] AAE ZA¢ we} 5
AE ek ceDollA 9 Aup= 23} thakal 1w |
1} o] Al Wil tidt AAsTe] wAde] ZEEQL:

N of
O-

)‘,E
&
N
rlo
s
=
[¢]

w
=2

o,
>
2

Crystallinity
=—235859.0+586.5 7emperature +1906.0 Time — 2.2 Temperature X
Teémperature — 53.0 Time X Time — 6.8 Témperature X Time

A g3} o F WS ke AREAE s b AME AE
AEHR)E A7) Rado)A Alte) & A3 09547 Dol ol
MOF-59] A7gdsl o] thdt WE2] 95.4%7F Ag-ofl ARE-E Weel] 2]
3] a5 Q1AL 4.6% Tro] el o AW ER] okg-g vERTh
T3 ik BAANOVA)S B3l B8 S B3] 23 ks
3 A% A= Table 40l AL FAF Aol A= A
3 HES YY) BE Wy Ad expel dEdE wEe

T Yo —

2
5, Hd

At-glsto] Tef| ] WFo] Fo3kA] o¥-E Yehlt) o]}
H7h= A8 dolEle £ oS W) HeAE F2 P-glol
AT} of7)A 3 P-3E2 0.000°0. % EAIEH o7 B A7

< g gt S nsith 53] 7 s A5

W 7Fe) AT AT 0.0242 245 0.05K T v e

N

Table 3. Factor and Level for Central Composition Design

Level
Factor
-a -1 0 +1 +a
Temperature (°C) 90 100 120 140 150
Time (h) 4 6 9 12 14

Table 4. Analysis of Variance (ANOVA) for Central Composition
Design

Source DF Adj SS Adj MS  F-Value P-Value
Model 5 26090506 5218101 28.90 0.000
Linear 2 16448143 8224071 45.54 0.000
Temp. 1 9858656 9858656  54.60 0.000
Time 1 5924353 5924353 32.81 0.001
Square 2 10787419 5393710  29.87 0.000
Temp. x Temp. 1 7106598 7106598 39.35 0.000
Time x Time 1 3831776 3831776  21.22 0.002
2-Way Interactions 1 1500089 1500089 8.31 0.024
Temp. x Time 1 1500089 1500089 8.31 0.024
Error 7 1264041 180577
Lack-of-Fit 3 1232047 410682 51.34 0.001
Pure Error 4 31994 7999
Total 12 27354547
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Figure 6. Pareto chart of the effects of synthesis conditions of MOF-5
on crystallinity designed by central composition design.
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Figure 7. Contour and surface for crystallinity of MOF-5 synthesized
with various synthesis conditions designed by central composition
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Figure 8. Ovelaid contour plot for crystallinity of MOF-5 synthesized
with various synthesis conditions designed by central composition
design.
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Figure 9. Response optimization plot for the maximum crystallinity of
MOF-5 synthesized with various synthesis conditions designed by
central composition design.
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