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Abstract

Depending on the type and amount of acid used as a modulator in the manufacturing process, the structural properties of
UiO-66 can be modified and the adsorbability of chemical warfare agents can be enhanced. In this study, several acids as
a modulator were used to synthesize UiO-66. Their properties were analyzed with FT-IR, XRD, titrator, and adsorption iso-
therms using chemical warfare agent simulant, DIMP. The UiO-66, structurally damaged by hydrochloric acid as a modulator,
showed lower crystallinity and DIMP adsorption capacity and also smaller specific surface area and volume of voids compared
to those of UiO-66, which was manufactured using acetic acid, and formic acid as a modulator. Additionally, UiO-66 which
was synthesized by adding formic acid and hydrochloric acid as a modulator, showed the highest DIMP adsorption capacity

and is likely to be used as an adsorbent for chemical warfare agent in the future.
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2.1. AEd=

Agof] ARE-3L zirconium(IV) chloride (ZrCly, 98%)$} terephthalic
acid (BDC, 99%)i= Acros Organics©ll#], hydrochloric acid (HCI,
37%), acetone (CH;COCH, 99.5%)2- AF4=0Fo| A1, N,N-dimethylme-
thanamide (DMF, 99%)$} formic acid (HCOOH, 97%)+= Alfa Aesar®]|
2], 18] 31 acetic acid (CH;COOH, Glacial Class 8)$} hexane (95%)~-
Sigma Aldrichl|lX] 232} FrufjslSiet. B AlokS vl A =7 vl
o]F 7Rl A §lol AFE-sHitl AEPE 213 Econofltr
FAF7] ZEl= Agilent Technology ZF-E] i35, & S8 A3
4l A3 oA := Barnstead Nanopure (Thermo Scientific)oll 2|3} A|Z%
ZE5( > 18 MQ - em)E AHESISITE AF el AFE A4k,
27bA, GEI7IE VIZRAEARRE et
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mmol)& Yil Yt APzl wel 2EJAAE AL ofAEAY
EEAL a8 GAkE A4 FLskGIt S90S 255 A
7](Power Sonic 410, Hwashin Technology)s &85} °F 1043+ *|
2ot U 120 °C E-olA] 1413 71E3te] ZrCLE €3] g3lA13
o} ¢ g3 HE 2 DMF 50 mL £viell 615 mg (3.7 mmol)2] Eld]
ZeMKterephthalic acid)= ¥l oF 1087 253 22| & 120 °C &
oA 1AIZE 7Fdste] ehds] 83z o%, ZiCly &4 HF|
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7F s ARGtk GxE F FAE F FHdES e o] &
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Ui0-662] A} A2+ A&dsladista
2431472 7](XRD, X-ray Diffractometer, Bruker)E ©]
3HATE XAE Cu Ka (3P 0.15406 nm) FL-E ©]
kV, 40 mA X7 OF 5~56° RI9IE 0.02° 714, 2 5.7°
Elaag

Ui0-662] Aavls &g
A Agdspledttn 3sd3A
multiport chemisorption/physisorption/micropore analyzer, Micromeritics)
£ o]&sto] AABISITE Aol oA A5 7 AAE $I8k] 200
°CollA] sHERE Bk A on, v EHA I nAlF=E] A7]E
Z}Z} BET (Brunauer-Emmett-Teller)2} H-K (Horvath-Kawazoe) *H
o7 AXlsdck

Ui0-669] 7] 87| 42 Universal ATR sampling accessory=
F2sk o Wk Aol 37 ](FT—IR, Fourier Transform Infrared
& 9830l BAHATh oF 3 me?) 31

AT R 2 F, 35

)4

Spectrometer, PerkinElmer)
&3} 200 mg] BE3IZF (KBr)=
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2719 €=0 AELE3} AA 128 C-C AEF%, 1,400 em’!
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Figure 1. FT-IR spectra of (a) UiO-66 samples made with different modulators and (b) their DIMP adsorbed samples

Table 1. The Ratio of IR Absorbence of C=0 Stretch / C-C Aromatic Peaks to P-O-C Stretch Peaks of DIMP Adsorbed UiO-66 Samples

< Strong acid Weak acid —
P-UiO-66-HA P-UiO-66-FH P-UiO-66-FA P-UiO-66-AA
(HCD (HC1 + HCOOH) (HCOOH) (CH;COOH)
C=0 stretch / C-C aromatic
(~1,600 cm™) 1.03 3.25 10.79 9.15
P-O-C stretch
(~1,000 cm™) 25.33 4.08 12.51 8.35
Absorbance ratio 4.1% 79.7% 86.3% 109.5%

at 1,600 cm/1,000 cm™
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Figure 2. FT-IR spectra of UiO-66 samples made with
various ZrCl;:HCl molar ratios.
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A7bE A A WS ARkl Bk whEf Uio-662] T3 &)
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HlE 1602 1438tk 12413 B¢t 3412 Uio-66-HAS] 7
1,582 e oA FHLS(sharp) peak= FAIFFIAA T 20, 4047 H<t
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Figure 3. (a) FT-IR spectra of UiO-66 with various reaction time (using
hydrochloric acid) and (b) peak sharpness analysis at 1,620-1,520 cm™.

Table 2. Full width at Half Maximum of Near 1,600 cm™ FT-IR Peaks
of Ui0-66-HA Made with Different Reaction Time

Reaction time (using HCI) 12 hours 20 hours 40 hours

Full width at half maximum(cm'l) 66.88 71.58 74.70

ol &S YERE= 3719 o] YR, pH = 5~6, 9~10°14] 271
9] 12} =8¢ peak S 7HXITH17]. Ui0-66-FA, UiO-66-AAS] 745 A
Aol Aztel o] 2719 12} EE<F peaks YERO] Ui0-662]
#5-OH, Zr-OH,, Zr-OH Age] B 3402 o] 98 &
7 STk SN Ui0-66-HA S| 73-¢- 47 =149 13k =97} 174 <]
peakS 7}4 Zr-OH Aol dldshiz 422 4o o] Fox]x] 3k
2 % 5 Utk o 2 Ui0-66-HA®] Zr-OH A o] 455
o) ghet Uio-66-FHS] 73-¢- 270 2] 14} Sk peako] WER7]= 8)
U, Ui0-66-FA, UiO-66-AAS}H 2] T eteh m=pglo] 4w x| oo}
AT T2 &0l s & 5 Uk
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peak®] VFER} T2 &4do] doluA] (EAIEL E5E Y] 1:6 o) /del
X Figure 4a2t "ERPERAIZ 1709 12 =85 peako] YERG
Ui0-66 §4 Al IEE2] AAbs H7lshd Ay T3 &74do] dojd
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Figure 6 Ui0-66-HA, UiO-66-FH, UiO-66-FA, UiO-66-AA 2] XA
3| HXRD) HE-S YERALE Ui0-66-FA, UiO-66-FH, Ui0-66-AA 2
739260 =173° (111), 8.5° (200)°l4] Ui0-662] F 3]d40] e}
FEE 44 727 UERSAEL Uio-66-HAS] 739 32| Hell=
(sharpness)7} woll ZA 48] FT-IR 4 ZAiel npiyiA =
Ui0-66-HAS] A% 737} E4EUES 1T 5 vk olst &
A A= Uio-66 T3 oA AF FHull2A AAakn) oA EAS 1)
% Qiu et al[1119] A9} WEhs o] itk sl AFelA] ofE
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Figure 4. Acid-base titration curves of UiO-66 (solid line) samples made with different modulators and their first derivative curves (dashed line).
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Figure 5. Acid-base titration curves of UiO-66 (solid line) samples made with different molar ratio of hydrochloric acid and their first derivative

curves (dashed line).
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Figure 6. XRD patterns of UiO-66 samples made with different
modulators.
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Table 3. BET Surface Area and Pore Volume of UiO-66 Samples
Made with Different Modulators

BET specific
surface area (m?/g)

Horvath-Kawazoe maximum

Sample name pore volume (cm®/g)

UiO-66-HA 362 0.151
UiO-66-FH 1,722 0.659
UiO-66-FA 1,847 0.691
UiO-66-AA 1,244 0.487

Table 4. BET Surface Area Comparison with References

This Lau Kim Piscopo  Cheng Lin
References work et al. et al. et al. et al. et al.
[18] [19] [20] [21] [22]
BET specific
surface area 1,847 1,390 1,473 1,571 1,310 1,479
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Figure 8. Pore size distribution of UiQ-66 samples based on Horvath-
Kawazoe model.
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Figure 9. The ratios of absorbed DIMP mass (mg) to UiO-66 mass (g).
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