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Figure 1 Synthesis of the phthalazinone-based covalent triazine frameworks (PHCTFs)
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SRR TT A G 5 M MR AL A A R L 2 TR, 7E 600°C F A3 PHCTF-1c 4 Ll F#E 400°C T 75 5] iy 1
‘© PHCTFs MBI B THEE M LRI A (LE D RNk 720 A 28 e i B, e 2 fr
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PHPZ-DN fif3 2 PHCTF-la-b MRk B0 H T 87 &5 19 L 22 18 AR, 3 3 2002 o T HLFE M K, B & Wk )
FEES S, B R . BUR L M/ THPZ-DN #9358 PHCTF-2 (1 L4 3% 1 BUA B BE AR, (2
P % () B 080N, LR o0 A VAL L OF H B AR 7E 0. Tnm LLF BB AL X 3.

O

2 M EATT Y A B R L 451 (Gaussian 09W)
Figure 2 The energy minimized conformation of the building blocks (Gaussian 09W)
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Figure 3 The nitrogen adsorption-desorption isotherms of PHCTF-1 and PHCTF-2 and pore size distribution curves

BT PHCTFs MR} KA bE 35 T RRURN 25 A 235 1) B 42 0 5 Ao DRI 28 900 1 R A 1) AR I BFF 4 85 1k g
M 1 fiR, BET & 1) PHCTF-1c # &H CO, W Bt & 7l 3k 17. 1% (wt), 5 3CHk o iz 386 (1 CMPs
(4. 0% (wt) ~17.0% (wt) "' BLPs[7.4% (wt) ~12. 8% (wt) ]"'* " DL & POFs[12. 0% (wt) ~
18. 0% (wt) W AE MR 2, (EAF RS, R4 PHCTF-2 1y BET A4 . 1 iy F Ho88 i FL AL 4 A
PLACE R+ SHGIA LKL PHCTELD A B & CO, Wl &, H CO,/N, 2 & Al ik 51, b r]
U, o A 3 55 A4 S B T A 52 R 2% I A R SRR R SRR CTF ffL 2R G W 08 L 285 4 5 B8ORS I B 1

# 1 PHCIFs ##ptk REHR . CO, WM EFEF N

Table 1 Specific surface areas, adsorption capacities and selectivities of PHCTFs

. b e A/ CO, Mz Bt st [ % (wt) ] COy 3£ 1D Hy Wt <[ %6 (wo) ] Q/

i (m*eg™1) 273K 298K CO; /N, CO,/CH, 77K (kJemol 1)
PHCTFla 1062 10. 2 6.2 22:1 4:1 1.12 22.2
PHCTF1b 955 9.4 6.0 19:1 9:1 0. 66 21.6
PHCTFlc 1845 17.1 10.0 12:1 4:1 1.92 16.0
PHCTF2a 731 13.5 8.6 38:1 12:1 0.93 25.0
PHCTF2b 887 13.6 7.2 52+1 11:1 0. 96 27.6

“ 1bar T CO, W& Bt s "2 4R R332 ¢ 1bar F Y Hy W .

2 ETEEMARTH _ARZWMEMNEN =R EFR

e 58 BNy A BEAE AT WL A W0 2 PN TR S0 K A7 A Y FLAE & 1 28 Y W S 4540 R 5%
R LABH (b P28 S5 R B35 B6 o SR 30 A7 R A 58 T AR 2 T S 4 g SR et 8 18 2 1 T AL
ARGV RS . Ding ™ FI Yang %7 43 BIRF S HGHE 7 70 28 58 3 22 1 1 4 SR 00 0 i 350 B oA 4
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— ol BT R ) 5 SR W 2 T e S A 0 " ) 5 BEL 280 IR A SR P B B 1 e DT 4 A L 3 B
S BURFL 4 A R SR o [) It i) A — s I A A SR B 0 A Bkt MOPs L B 45 # J97 417 o (19 A
MBI o 53 5b R FI T 055 47 09 SR A B B & R RS A4 SRBA T AN SRR T AR LA & [ P s 9 i
TG ST 3 L O T SR Al S B ORI B S B PERE R LA LR 5 ) PHCTE-3~71,
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Figure 4 Synthesis of the building blocks and PHCTFs materials

~ 600
& ‘

(a) 2 (b) \_/\\/“ —— PHCTF-3
o 5004 j
"E 400 ’\_/\M —— PHCTF-4
o 1 ‘:
; “\ f’,;\ PHCTF-5
g 300_ U E N —— L
5 200] 205 1N
s R ; —— PHCTF-6
€ 200- ~ g W PHCTF3 @ PHCTF6 L LA
: & Q puctes & PHCTF-6 |
2 100 A mems % mem LA L A e
S g « PHCTF @ PHCTF-1a Vi ]
S o e & ﬁ — —— PHCTF-1a

00 0.2 04 06 0.8 1.0 BB 7 8 9 10

Relative pressure (P/P ) 3p°‘,‘e vﬁdths(nm)
K15 PHCTF-1la #l PHCTF-3-7 i) 77K F Ny W BF (S0 /i W B (25 000 A5 IR £k () FL AR 23 A1 i 2k (b)
Figure 5 N, adsorption (closed)/desorption (open) isotherms at 77K
(a) and pore size distributions (b) for PHCTF-3~7 and PHCTF-1a
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RN o3t 23 KA B SE 2 30 BET MALA G, B, O 56 1 (A BRI B0 X F AL R & 9 1t 26 i
LA FEAE— APl . i — A B SR B i A S 5A C 18 310 ) PHCTF-4 B 0 & 19 L 2 1w BRI S AL Ik
L, R NLDFET 23158045 30 A9 FLUR S 40 A3 i 26 CULIEL 5b) ZR i A4 R E8 7= A2 T 38 2 19 A L4 A3, 53X vl g
SR T AR R AR R 2 R ARG I B AR A R T AE A LA . PHCTF-4~7
FIR AL CO, MEF L, TR 8] T 10. 3% (wo) o [RIES . MOR R B T AR5 & 19 CO, /N, 43 Bt B i ik
F 7 138(TAST 35) . X WIHK T PHCTF-5 4 RHIT HA B8 8 0 LR R L ] LA B s F - 1 B 282

#& 2 PHCTF-3~7 #1 PHCTF-1a (L &S #
Table 2  Specific surface areas and pore volume of the PHCTF-3~7 and PHCTF-1a

e BET H. 3 i B Lan [ 10/ SR ALK/ WALIRER/

" (m?eg1)e (m?eg1)P (cm?eg1)e (cm?eg1)d B
PHCTF-1la 1062 1499 0.56 0. 44 79%
PHCTF-3 676 1040 0.49 0.17 35%
PHCTF-4 1270 1917 0.79 0.46 58%
PHCTF-5 1015 1504 0.61 0. 36 59%
PHCTF-6 1109 1707 0.77 0. 30 39%
PHCTF-7 835 1209 0.70 0. 20 29%

“ FEHE S5 0. 01bar~0. 1bar Fit 8 /) BET L #m AL b. 78 S [l 0. 05bar~0. 3bar T8 Lan He 3R AL o B LA FUZE A X R
1 P/P0=0.9 i 343 5] ;¢ BFLARBURIH c-plot Pk 4.

% 3 PHCTFs i CO, Wt £ ik 1%
Table 3 Adsorption capacities and selectivity of PHCTFs

. CO, W4k 26 (wo) J° COz LM CO M tke

i 273K 298K CO, /N, CO,/CH, COz /Ny CO;/CH,
PHCTF-1a 10.2 6.2 22 4 — —
PHCTF-3 8.4 5.4 39 9 29 9 (8)
PHCTF-4 10. 3 6.9 40 9 35 9 (D
PHCTF-5 9.6 5.9 67 8 138 8(D
PHCTF-6 10.2 6.6 22 8 15 8(8)
PHCTF-7 9.3 6.2 42 7 47 7(D

“ Ibar T CO. WMtk CO2/No Al COz/CHy BRI B 505 5T 5] s CO2/No B CO2/CH, i B P R/INRIHT TAST 3%, 7 A
Xt FE 779 1bar LR S L5 5 0. 15/0. 85 1 0. 05/0. 95(0. 5/0. 5) I i & 15 5],
PLHB I TAEAE BEAR ISR ) 55 BAS B JEAily | 45 44 SR B0 0 1 25 4 e 4% o 58 2 A WIPE T e 31 1 3R 40 32
P IFF) T IORBE S5O0 AT R 55 1 R MEA S B T S B A RS e, AT T TR SR IMALA LR &
Yk BE B R S TT I e 4F L B 2R A MOPs (9 51 RS 5152 41 1 —Fdoign i L OF H RO 3k oy i —
A DR SR S B A 5 AR T R AL AT DL B W i v TS L

3 EATZARXRFWMEME A ABILEM HF &R I KB

H B FLE 5 ¥) (Polymers of Intrinsic Microporosity, PIMs)J&—2R& 1B ML E IR St
B A TR A FL A5 F T BRI T W A L 45 40 X T 0 i R HERD O AT Rk . R I PR AL S5 H
(A RF A0 R T T PIMs JEAORE B 5 09 SR 37 o R AR $6 . Freeman 19 338 B 58 3 W, 3 2R
B W B W T LR AR S B IR A R ) AR IR B i T PIM-1 25 44 v i W3 ik 0 — 4 S B 34 42 Bk A1
B —E 2 22 W LR B B W3R 3L 4] (ethanoanthracene, EA, TB and triptycene) ™2 gk 5]
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Figure 6 Synthesis of copolymers of intrinsic microporosity PHPIMs

TEA LR IC TPHPZ 1A i L SR FHAR AR (1) = S0P A0 o B0 PR 36 A 303010 o DT 428 o Al AR % 15 45 1
BRI = IR AEIE L ST R A 04 1T B A RV AR Ak . SR P R IR e R R B SR A AR B R 4
— RGN T] 5 1) IR WA kL F I TPHPZ £6 S B9 v i) Lo B, BIF 58 5 2% 28 i 25 44 X 1 4 RE U1K
P ETERERIEE M . TTK RS N, W BE R ith £ 2 WA RE B AL 45 4 L o3 A1 ith 2t 150 B AR By FL AR
YA AE 2nm LUF A9 3RLFL X 88

LG R ) PHPIMs MR B DL R AE 7R MR E o MERE . N 4 W0, A A 4k
B I ARE SR, AT PIM-1 R, LR Y41k PHPIMs B8 SR & o R i TPHPZ ARG
TR ARG I SR R SR T AR TR A AR W Ll AR P T 25 B PIM-1 454 o
B EA TR B HE A B DRI PIM-1 S 4540 2Z () 9 1 B AR FREE K A R TSR T8 aE . (32X TR
PHARIE B R BN & . b TR A2 28 a5 o] A2 A, B 7 B AR SEX H /N, |
0. /N, .CO,/N, fl CO,/CH, Wyi&id R P 5k £ % o X F Robeson i £ 1Y {7 & . PHPIMO061 F
PHPIMO41 BRI T HABAF i SR 73 B P g . CO, /CH, By 43 B PERe 1L T 2008 4FE iy Robeson I
B, H, /N, A1 O, /N, B4 s Reieir LR,

x4 BEYNE HSEESE(P)NEESBREH (o)
Table 4 Gas permeability (P) and ideal selectivity () of PIM-1 and PHPIMs membranes

N BET H 2 ifi 1 #it R (Barrer)® B EFENE (ax/y)

e (m*/g) H, N, 0, CH, CO, H, /N, 0;/N;  CO;/N;  CO./CH,

PIM-1 891 2038 198 660 304 4935 10.3 3.3 24.8 16.2
PHPIM101 812 1795 185 604 319 4627 9.7 3.2 25.1 14.5
PHPIMOS81 693 1291 118 417 217 3237 10.9 3.5 27.5 14.9
PHPIMO61 749 1777 113 466 142 2718 15.7 4.1 24.1 19.2
PHPIMO41 767 1246 71 306 82 1850 17.5 4.3 26. 1 22.4

¢ PIM-1 — - 92 370 125 2300 - 4.0 25.0 18.4

a. MR 2 T A IR k22 0o 1 3R 00 9F 207 TR S TR 28 SR F A — Kb, Tbarrer— 1010 cm?® (STP) emecm ™%+ 1+
emHg '8 7.5 10 ¥ m® (STPYmem 2 +s ™' +Pa ' se. Budd 4 0I5 1k ) 6 0 RE 28
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Figure 7 Relationship between gas permeability (P) and gas pair selectivity () of PIM-1, PHPIMs and other

membranes with Robeson upper bound updated in 2008
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The Research Process of Phthalazinone-based Microporous Organic Polymers

LIU Cheng'?*, YUAN Kuan-yu', WANG Jin-yan'?, JIAN Xi-gao'"*

(1. Liaoning Province Key Laboratory of Polymer Materials and Engineers, Dalian 116024, China;
2. Liaoning Province High Per formance Resin Engineering Technology Research Center, Dalian 116024, China)

Abstract: Microporous organic polymers ( MOPs) with high specific surface areas, low skeletal density. various
structures, and porosity and functional flexibility for rational design exhibit excellent application potential in CO; adsorption
and separation field, becoming one of the research focuses of porous materials. Phthalazinone and its derivatives have
asymmetric, aromatic and heterocyclic structures with rigid and twisted characteristics, which will promote the formation of
the porous by prohibiting the close packing of the polymer chains and thus providing freedom volumes. This paper reviews
the research process of the design, preparation and gas adsorption and separation of the covalent triazine frameworks and
polymers of intrinsic microporosity using the phthalazinone miety as the core. The results indicate that a series MOPs can
be successfully constructed by the phthalazinone structure with relatively high specific surface areas and the heterocycle may
increase the affinity between the polymer skeletons and CO, molecule with the improvement of the adsorption and separation
properties at lower pressure. Meanwhile, the flexible structure design and easy monomer synthetic methods will reduce the
preparation cost of such material, exhibiting very good potential application prospect.
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