w, HRER
R F F R | oo |

ACTA CHIMICA SINICA DOI: 10.6023/A14020121

TS RBMIHIR CO, MRS LB
g HeE'  nH'  BEr
U A A YT

CERKRFEMRRIE S TR K& 130022)
CHEMRIETH ARG H & E X E AT KE 130012)

WE B W RS FRE, UL @-FIE PRI R b YT R S, I 5 K S B R R AN TF B
TR T B S A, 43 B 400 R 550 C 1 MR A T OB B 2 FL O B B M RL(PAF-51), 93] PAF-51-1 (400 ‘C%%
{7 5) 5 PAF-51-2 (550 “C 44 F) L m A4 50024 720 #1557 m?eg ™! (BET). 5 CH, 1 N, %f b, i%AHRI% CO, B
UFIREPEEIR B E 7. 273 K 44 R, COo/N, 73 B R U =i T IA 52.2, COo/CH, 2 B 484 2 10.3, X — M FiAla il fig
{43 PAF-51 B3Rk CO BRARMIRL, IF0 T AR el B VA I R H.

KRR BFIRRING 205 EMEL CO ERETERIT; walE 4

Target Synthesis of a Novel Porous Aromatic Framework for
Efficient CO, Capture
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Zhao, Ming** Ren, Hao** Zhu, Guangshanb

(“ Jilin University Key Laboratory of Automobile Materials, Ministry of Education, and School of Materials Science and
Engineering, Jilin University, Changchun 130022)
CJilin University State Key Laboratory of Inorganic Synthesis & Preparative Chemistry, Jilin University,
Changchun 130012)

Abstract In this report, novel porous aromatic frameworks (PAF-51) have been synthesized using tetrahedral units in the
presence of zinc chloride by a facile ionothermal method. PAF-51-1 and PAF-51-2 displayed large surface areas as 720 and
557 m%g ! (BET) respectively. Selectivity of CO,/N, is as high as 52.2 at 273 K and CO,/CH, can reach 10.3 at 273 K. The
properties make it a promise as the ideal candidate to capture CO, and can be used for clean and renewable energy which still
needs further study. FTIR spectra of initial monomers and final products gave us information of the reaction process. The
absence of cyanogroups (2230 cm™ ') of the TCDPSi can verify the completion of the trimerization reaction. The appearance
of breathing vibration bands of triazine ring (1560~ 1520 and 1480~1350 cm™ ") and out-of-plane flexural vibration (860~
736 cm ') indicate the formation of polymeric networks. Thermogravimetric analysis (TGA) under atmosphere of the two
samples revealed a high thermal stability up to 415 (PAF-51-1) and 475 ‘C (PAF-51-2). Furthermore, these materials are all
insoluble after long-period stirring in most common solvents, such as 1 mol/L HCI, acetone, tetrahydrofuran (THF),
N,N-dimethylformamide (DMF), CHCI;, efc., showing high chemical stability. FTIR spectra of PAF-51 before stirring in
these solvents (HCI, acetone, THF, DMF, and CHCI; efc.) and after stirring in solvents were barely changed. Powder X-ray
diffraction (PXRD) of these PAFs revealed no distinct diffraction peaks, indicating that these polymers are composed of an
amorphous network. Scanning electron microscopy (SEM) analyses display that the polymers consist of aggregated irregular
lumps with nanometer dimensions. Transmission electron microscopy (TEM) investigations show their clear porous textures
and agree on the amorphous structures. The surface areas of PAF-51-1 and PAF-51-2 are 720 and 557 m*g ' on BET model
respectively. At low relative pressure, inflection point of the isotherm of PAF-51-2 appears much earlier than PAF-51-1,
which might be a suggestion of the distribution of micropores in the product. Indeed, pore size distribution calculated from
nonlocal density functional theory (NLDFT) using the model of carbon as an adsorbent also demonstrates this. The pore size
distribution of PAF-51-1 mainly exists in the region between 2~20 A. Although pore size distribution of PAF-51-2 also
mostly exists in the microporous region, less distribution than that in PAF-51-1, and more distribution can be found in
mesoporous region between 20~500 A. The selectivity of PAF-51-1 reaches 34.1 which was calculated from the initial
slopes of the CO, and N, adsorption isotherms. Much more remarkably, the selectivity at room temperature (298 K) de-
creases very little (from 34.1 to 32.4), which is better than many other porous materials with higher surface area and CO,
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uptakes. Remarkably, the selectivity of PAF-51-2 is much higher than PAF-51-1 (52.2 at 273 K and 43.6 at 298 K). Likewise,

the selective adsorption of CO, to CH,4 can reach 10.3 at 273 K.

Keywords ionothermal reaction; porous aromatic framework; CO, adsorption separation; nitrogen-rich framework

(-1

AFTE SN, CO, & S E A BRATIE H %8 A h i
AR, AR DL R — S S AT AE e H R AR
T BRI N, KR IR e S AT S A )
CO, T nfrig K. ZIsgm, ARSI A1,
A AT Y R, TR T A S T S S A AR
KFR R AR, BAN, AT R 2 5L G
(AL, R, XA COy BEAT Al FRAN 73 85 14>
B HRT, T2 A AR A R B 7 e R i
Tk A =i FE R P22 ) CO,, X — T VEAEL A IR R
JERANSRA A R T I BN L AR % TV R i
DEOUHH Y EE B S 3 R A A e, — B X DA
R

YE AR A MU I AR, 22 AL BT AR ) dan i
i, iR DL ALY T, 4R E L S
MOFs'® 8, L fLA5 HL 458 A 0 25 LAY B B 1) 75 X
W COL M5 T AR M BE KOG, XLkt 1
DABEZIS g 25 AR 2 W B Ao R ) — e o, 3 3L T 45 A
F, BfAm bR AYLZ LRI T B3 CO,
TR SR PR B RE 0. SR, e ARG R FE A 2,
MEMLIE S CO, 43 F kD si At BAE R, Foe Pt il s
we7E, BT Rl — R A E O AT I A =
R Pk (P A 143 Db

ZAENE BEREWETE: WA A YA T
LI A HCPs/PIMs® ', LBt AL &4 emp 12
M =megi by CTFs!® P 2 4L B & WK 45 1
PPNsU'SL DR i1 A WL BER 11 22 FL 05 & 28
& PAFS!S 21 2 Horp PAFs HAICE AL, &
bl 2 AR R e e PR SR o, A LA AR Rl SRR 2 2
AR, BERE IR M A I E. O TIRE 2
LA WG CO, MR TERE, FATBHA T —F
LK) PAFs AEHPAF-51), Wi 1 FrlEs & i
2. MR DU TCDPSI 1E e, i &1
PP 15 B PAF-51 M RE. e & JUSE 1 4K
TCDPSi 3 i 3 [ 5 S W B = 1 HE 45 7 (1) =R IR,
HEREWEEY SR T, Mg 2EgS CO, 7 FIH
AR, PRI CO, SR FLAT 535 AR B RN %5
1. [, BATDEPRIXAE—ANIPE AR, A )i 28
(R ZEA, DA 2k /D 850 28 46 10 H 1R AEIXAS OV,
PATTEHE T AR 14 s Sl B 3R T AS [l FLAR RO
Bl BEMER TR CO, AR B FIE FE e T 14 52 1.

558  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[]

ZnCl
CN 2 i

foula oW sna st

b

Bl 1 PAF-51 {5 %4

Figure 1 The synthesis strategy of PAF-51

(a) a triazine ring (C3N3) formed via ZnCl, mediated nitrile cyclotrimerization;
(b) TCDPSi as the tetrahedral building unit and the possible fragment of
PAF-51
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Figure 2 (a) FTIR spectra of PAF-51-1 (red), PAF-51-2 (blue) and
TCDPSi (black); (b) Details of PAF-51-1 (red) and PF-51-2 (blue)
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Figure 3 The PXRD patterns of PAF-51-1 (red) and PAF-51-2 (blue)
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Figure 4 (a) SEM image of PAF-51-1; (b) SEM image of PAF-51-2; (c)
HRTEM image of PAF-51-1; (d) HRTEM image of PAF-51-2
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Figure 5 TGA plots for two polymer networks PAF-51-1 (red) and
PAF-51-2 (blue) at air condition with the rate of 5 ‘Cemin '

YITE 100 °C iy LS RS 144 6 h.

WK 6 FiR, 7€ PIPy=1X10 °~1X 102 [{IFfE 5
X, WP AR 2R 2R BT, WoR T R A BRI N, B
PR SRR AE iy H XA N 3 IR R, X — &5 T B
S HH T PR Js I8 v e 2 1) 45 K 2 4 LA S L (1) Jeg 3
YT B 0. AN AN iR B A DY PAF-51-1 A
PAF-51-2, JHiE N, W R AE, WA BET B4 H L3R
AR 22 AR K, PAF-51-1 Jy 720 m%g !, PAF-51-2 2}y 557
meg ', DABROMASERY, AR JR R R s B T A AR
WHAL R AN EZER. WK 6 WAKETR, Kk
IS A 400 C ) PAF-51-1 FLAR 40 A A 2~20 A,

800 % o
e
= 30 1
s | 1
< |
3 L
_. 600 £ ,
= 2
o |3
[
5 400 2 10 100
Q Pore Width /A
£
=
[}
>
Z' 200
04
T T T T T T T
0.0 0.2 04 0.6 0.8 1.0

plp

Bl 6 N WA - 50 A 5% L e (S0 A W B o e, e DA T B ol %)
PAF-51-1(ZL 4[4 JE), PAF-51-2(8& (0 =#JE). IWH/NE: PAF-51-1(4
| 26)F1 PAF-51-2(8 (1 i 22) LA i

Figure 6 N, adsorption (filled symbols)-desorption (empty symbols)
isotherms of PAF-51-1 (red circle), and PAF-51-2 (blue triangle). Insert:
the pore size distribution of PAF-51-1 (red), and PAF-51-2 (blue)
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Table 1 CO, uptake and selectivity of PAF-51

CO; selectivity”

CO, uptake/wt%

Sample CO,/N, CO,/CH,4

273 K 298K 273K 298K 273K 298K
PAF-51-1 7.8 3.7 341 324 8.0 7.3
PAF-51-2 7.1 4.6 522 436 10.3 6.1

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Calculated by the Henry's Law constants in the linear low pressure (< 10* Pa)
range.
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