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Selective Adsorption of CO, by Biological Metal-Organic Framework ZnBTCA
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Abstract: A biological metal-organic framework (BioMOF) ZnBTCA was prepared by the solvent-thermal method,
which showed interesting host-guest chemistry in CO, gas adsorption process. It was found that the adsorption
enthalpy of CO, increased with the increase of adsorption capacity. Using four models to fit the adsorption
isotherm of CO,, we modeled and predicted the binary mixture selectivity by the ideal adsorbed solution theory
(TAST), and tried to find a reasonable explanation for the abnormal adsorption behavior of ZnBTCA. ZnBTCA has
high adsorption selectivity for CO, in COy/N, and CO,/CH, binary systems due to the molecular sieve effect. This
is attributed to the fact that ZnBTCA has NH,, N-active site, and a large number of guest cations in the pores.
The counterbalancing (CH;),NH," could not be evacuated through thermal activation, and the accessible micropore

volume was reduced as a result.
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Fig.1 (a) Structure of ZnBTCA with three types of cavities; (b) PXRD patterns of ZnBTCA

2.2 SRS

38 2o fe 3 HE SRR PR AL MOF AR TUR E £
PR I 7 2% ZnBTCA #4775 W 2 fis

1 &l 2a T 0,77 K B ZnBTCA XF N, H Wt &
WA, LR B A TR 2R VA R B LAY type- |
Al X ATRESE T EMAESE BT 8 N
(CHa),NH, U 8 1A 58 bk ds, H 4 72 ok
4325 R AT AR 1 N, AT 42 fik i FL AR R i 3, 4R

MATE 195 K WX T CO, MW B & 5B i, f 3R
B LAY type- T BB, CO, BAB/NY 73T 5)
1% R5F(€0,:0.330 nm;N,:0.364 nm) H B4 [ N,
BT A i EE(CO,:304.12 K5N,:126.20 K), iX—
S5 H] ZnBTCA XF N, 1 CO, 19 Bt £7 7€ 53 F i
RONE, AR 273 K B CO/Ny/CH/CO 1 W i 25 i 28
E— PR T SRR (B 2b), R T CO, MY I 56 T Jf
P, 3X 530 ) A ELAR R SRR Y BOHE — 3(CHL.

4
o 1.2 70072079 63%0732 3660 /(140.732 36:072%) "
" ] 120248210316 91 )/(140.316 9071 %)
=01 W CO,193K Ads 1.0 7o, (0952 6X0.153 49x%41)/(1+0.153 495 1) 40
T»:" 254 . coz-mxnes —‘; Yeo=(0.763 68 X0.100 01x' 2 7)/(1+0.100 01x' 2 ™) ~
B A N;77K Ads ¥ 0.8 E 35
o
=209 # N,77K Des = o » 273K-CO, 5
3 S, s
£ i P (2]
5 204 : AN
= = 273K-CO
L]
H e 02 o
0 ot (a) 0.0 ®) i ©
00 02 04 06 08 10 00 02 04 06 08 1.0 00 01 02 03 04 05 06 07 08

PIP,

0

Uptake / (mmol-g™)

Dots are experimental data; lines are fitting curves
&2 (a) ZnBTCA 7E195 K W B CO, F1 77 K W B N, B9 S L4k HL AL (b) 273 K B ZnBTCA 9 CO, N, CH, F1
CO W B S5t 2k S 45 T5 2 (c) Jd A F e 6 A AR BL 515 201 CO, B0 W B A
Fig.2 (a) Comparison of the CO, (at 195 K) and N, (at 77 K) adsorption isotherms for ZnBTCA; (b) Adsorption isotherms
and the curve fitting equation with SSLF model for CO,, N,, CH,, and CO at 273 K; (c) Q, of CO,calculated by the
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Table 1 Four models fitting parameters for CO, adsorption by ZnBTCA at 273 K

SSL Standard error SSLF Standard error DSL Standard error DSLF Standard error
G 1.743 08 0.012 36 2.079 63 0.005 12 0.871 55 78 813.499 2 1.039 8 34 476.038
G2 — — — — 0.871 55 78 813.499 2 1.039 8 34 476.039 9
by 1.004 37 0.011 81 0.732 36 0.003 01 1.004 35 136 776.343 8 0.732 38 32 030.777 11
b, — — — — 1.004 35 136 776.343 8 0.732 38 32 030.777 11
cl — — 0.923 85 8.633 2x10™ — 0.923 86 22 550.731 03
c2 — — — — — 0.923 86 22 550.731 03
R? 0.999 76 1 0.999 74 1

2 273 KA ZnBTCA 3t N, R & R&H MBS EESH
Table 2 Four models fitting parameters for N, adsorption by ZnBTCA at 273 K

SSL Standard error SSLF Standard error DSL Standard error DSLF Standard error
G 0.237 64 0.004 4 0.248 21 0.018 3 0.118 8 11 798.547 73 0.107 86 21.157 59
G2 — — — — 0.118 8 11 798.547 73 0.272 26 34.689 08
by 03355 0.007 72 0.316 95 0.030 27 0.335 57 67 416.739 98 0.487 3 33.34275
b, — — — — 0.335 57 67 416.739 98 0.098 43 37.292 81
cl 0.991 95 0.012 85 — — 1.061 52 12.841 46
c2 — — — — — — 0.892 99 18.466 54
R? 0.999 81 0.999 81 0.999 8 0.999 79

#3 273 KB ZnBTCA X CH, B EFRL&H DML SEESH
Table 3 Four models fitting parameters for CH, adsorption by ZnBTCA at 273 K

SSL Standard error SSLF Standard error DSL Standard error DSLF Standard error
Gt 0.558 44 0.01132 0.952 6 0.063 62 0.279 22 44 453.133 8 0.857 5 0.067 3
G2 — — — — 0.279 22 44 453.133 8 3.162 2x10™*  1.513 29x10™
by 0.291 79 0.00719 0.1534 9 0.011 74 0.291 79 60 570.970 76 0.173 36 0.015 86
b, — — — — 0.291 79 60 570.970 76 4.2973x10*"  5.661 98x10™"
cl — — 0.935 1 0.005 57 — — 0.945 53 0.007 94
c2 — — — — — — -22.810 44 59.039 73
R? 0.999 82 0.999 96 0.999 8 0.999 96
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Table 4 Four models fitting parameters for CO adsorption by ZnBTCA at 273 K
SSL Standard Error SSLF Standard Error DSL Standard Error DSLF Standard Error
i 1.728 68 0.253 35 0.763 68 0.171 36 0.864 34 30 358.351 17 0.049 99 0.159 67
G2 — — — — 0.864 34 30 358.351 17 0.222 51 1.038 48
b, 0.041 96 0.006 34 0.100 01 0.024 55 0.041 96 77.915 98 0.829 66 1.616 79
b — — — 0.041 96 77.915 98 0.262 56 1.203 49
cl — — 1.032 79 0.013 22 — — 2.084 95 0.986 99
c2 — — — — — 0.907 36 0.048 24
R? 0.999 8 0.999 83 0.999 79 0.999 96
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%o, denotes the molar fraction of CO, in the bulk phase; Inset: x-axis of P/P, from 0 to 0.1 is magnified for clarity
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Fig.3 Predicted selectivity of CO,/N, for ZnBTCA at 273 K with SSLF model (a), 298 K with SSLF model (d), with DSLF model (e)
and with DSL model (f); Predicted selectivity of CO/CH, (b) and CO/CO (c) for ZnBTCA at 273 K with SSLF model
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