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Iodine vapor adsorption performance of indole-based porous organic polymers
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Abstract: The development of highly efficient radioactive iodine adsorption materials is of great significance for the disposal of nuclear
waste and the safe utilization of nuclear energy. Two kinds of porous organic polymers were synthesized via Friedel-Crafts alkylation
reaction using 2-phenylindole (2-Phln) and 1-methyl-2-phenylindole (1-Me-2-Phln) as the building units, formaldehyde dimethyl acetal
(FDA) as the external cross-linker and anhydrous FeCl,as the catalyst. The iodine vapor adsorption properties and structure-activity
relationships of the polymers were investigated. It is found that the steric hindrance effect of methyl group has a negative impact on the
polymerization process, resulting in polymers with poor pore texture. The iodine adsorption properties of polymers are influenced by
both the adsorption sites and the pore structures. 1-Me-2-PhIn-P exhibits a higher iodine adsorption capacity (2.99 g/g), which is superior
to commercial activated carbon. During the initial iodine vapor adsorption process, chemisorption plays a dominant role, where I,
interacts with the m-electron-rich polymer framework through Lewis acid/base interactions to form polyiodide anions (I and I).
Furthermore, the larger average pore size facilitates the enrichment of guest iodine species. Additionally, 1-Me-2-Phln-P adsorbed with
iodine vapor can be regenerated at 125 °C. After 5 cycles, the iodine adsorption capacity and adsorption efficiency can still be maintained
at 1.81 g/g and 60.5%, respectively. Physisorption plays a major role in the cycling experiments. This research can offer new references
for the development of gaseous radioactive iodine adsorption materials.
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Fig.1 Schematic diagram of synthesis of polymers
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Fig. 2 Containers for iodine vapor adsorption experiments
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Fig.3 FT-IR spectra of monomers and polymers
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Table 1 Analysis results of characteristic peaks of polymers
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Fig.5 PXRD patterns of polymers

23 AR S

AC.2-PhIn-P Fl 1-Me-2-PhIn-P [#] N, W /fit Bt 2%
TR A LR 73 A i 28 WP 6, In-HCP. AC.2-PhIn-P Al
1-Me-2-PhIn-P 2R 14 )i L3R 2. HH ] 6(a). ¥ 6(d)
AL, MR [ b ol 5 07 b 5 T 2 0 4 B R
SRRy AR UE , AC N, W B 25 R 20 5 T AR
I N TRURIAE O 7 IR R 10 Y 4505 26 5 o, 24 A X
JE AT 0.1 B N IR B+ 43 38k, 15 B AC A7 £E
KEMAL (FLA/NT 2 nm) 2589 s 4 E Ji e T
0.4 1F 5 T 405G, W it 28 R0 st b h 28 2
[ L T H4 B 538, R AC AFFE— 2 SE AN AL
(FL42 N 2~50 nm) ; 24 AHXS 75T 0.9 ), W Bt =475
2 BT, U A D B RSL(FLE KT 50 nm) .
BAKT S, AC A ZRAL451 . HEl6(b). & 6(c)
AJ &1, 2-PhIn-P 1 1-Me-2-PhIn-P ] N, %/t B &5 5
2o nl)E T AR I B SR 28, R A SR &1
FAERFLEER . BEAh, BT B 405 R I, T B il
LRI B il 2 2 TR B T SRR, R RR R G
WAEEN LG . 1 6(e)  6(f) 7] A1, 2-PhIn-P
F 1-Me-2-PhIn-P 3 LIAFLFRFL N, 215 N/
B A5 R 2 M g R — 2. Hod, 2-PhIn-P M FLE
FAEFLE 22 nm+2.9 nm+ 3.5 nm 1 5.0 nm i, 1
1-Me-2-PhIn-P /i L 3% 4L 43 41 T 2.0~20.9 nm. 4
3R 2 AT, B g R e SR A W 2R T TR R T



94 f&BALE BT

2025 F % 50 A

23 ,1-Me-2-PhIn 7E B & it FE P nf g B T =

1-Me-2-PhIn-P bt 35 1] A2 A fLARFR B/, 35 5L

N A% 2 PN P
6] 57 BEL 2% B2, AN BE AT X 5 FDA #EAT OB, B30 REOK.
600 - 200 30
(a) AC o (b) 2-PhIn-P (¢) 1-Me-2-PhIn-P
500 e /.&; 25 .
_ e _1s0f P _ :
oo 4007 "o e > 20 /
g s Bl ,-/"X g
2 300 - S 100 S 15
i - i - i e
= ; = o = 10 A
= 200F = = >
) H = osop W = s
= H pa
10f % T/" 5 e
of = e
op_ s . . . . . A A A A A A 0 . . . . . .
00 02 04 06 08 10 00 02 04 06 08 1.0 00 02 04 06 08 10
AR F1(plpy) AHXSE F1(plpy) AHXSE 1(plpy)
1 1.0 0.05
(d)AC (¢) 2-PhIn-P () 1-Me-2-PhIn-P
_08f 22 _
Lo 0.8 ‘o —29 0.04 F %2 0.04 ,{f\
C| o 206 a = 005 |
s 0.8 " 204l W33 5 = 20.9
o 120 B 0.6 i 4k s § o0 _\ Q 0.02 ]/2_0 I
,30 X \‘ ,"'~/ a % 0.2 Ny a i v () 01
= bl oo 0.4 = T en 0.02
T 04% \ = 300 2 2000 _
X " g 5 10 15 20 g \ 0 5 10 15 20 25 30
= \ = 02F fL4%2 /nm S 0.01F a L% nm
0.2 . 3 ’ e
- W
0.0 L L L L 0.0 L L R N n ‘ . i 0.00 L— L L L L L
0 30 60 90 120 150 0 20 40 60 80 100 120 140 160 180 0 200 400 600 800 1000
fL4% /nm fL4% /mm L% /nm

E 6 AC.2-PhIn-P# 1-Me-2-Phln-P & N, TR/fi M58 £ FnFLIZ 5 75 B 2%
Fig. 6 N, adsorption/desorption isotherms and pore size distribution curves of AC, 2-PhIn-P and 1-Me-2-PhIn-P

%2 In-HCP,AC.2-PhIn-P #l1-Me-2-PhIn-P FJ R
Table 2 Textural properties of In-HCP, AC, 2-PhIn-P and

1-Me-2-PhIn-P
FE EERME /(m*g ") BILAER /(em®-g") “THFLE /mm
In-HCP!" 585 0.547 3.738
AC 1115 0.892 3.200
2-PhIn-P 237 0.264 4.460
1-Me-2-PhIn-P 10 0.040 16.146
2.4 FARSRHERESHT

In-HCP. AC.2-PhIn-P 1 1-Me-2-PhIn-P fift £,
W B 1 A UL 7. B 7 ORT RN, 2 B R R BE AR
75 CCHLZE SR LR, IR B B AEHT 6 hal\ g g X, 2 )5
AR K, 36 h 5 W P AR AN K, AT R I8 21 F

ST o A R B B A fE 52 TR B A B LS R R
M. AC A 7 A BRI = e, (HE A

FIR T HO5 &5 n i = B AR T ME , S 80K
B A LA E AN . AC B R IEFLBR SR
FURTHIAR, 2 BEAR FEY R PR BB LT IR B 38508
SIS P45 AC L AN B B (2.46 g/g) 5 SCHRPHR
T8 HMl (2.42 g/g) $%3L . 2-PhIn-P A 1-Me-2-PhIn-P
ot R Tl B ) R 2.60 g/g A1 2.99 g/g, BT
In-HCP(2.29 g/@)"F1 AC. 55/ 1-Me-2-PhIn-P,
RIT A JEL bl 2 T AR R FLAA R B S i /) , {EL AL R LR,
B B AT At o I U B RO B 1 R 32 1 35 4L
R R 2 B FLAR A R T 328 = R A i

W&, FIRTESE T 1-Me-2-Phin-P B A5 W BB S 4

FIER Y T
300 . .
251 — : —

T (g ™)
- >
W (=3

=Y

—=&— 2-PhIn-P
—— |-Me-2-PhIn-P

0.5 —a— In-HCP
—v— AC
00 1 1 1 1
0 10 20 30 40 50
H 8] /h
7 In-HCP.AC.2-PhIn-P #1 1-Me-2-PhIn-P Bl 2 S IR M 1£ BE

Fig.7 lodine vapor adsorption performances of In-HCP,
AC, 2-PhIn-P and 1-Me-2-PhIn-P

ANFE T BEAL AT BIE 75 cCRIFR I B /) Tl 265
WS B B0k b W36 3. H1 3% 3 AT AT, 1-Me-2-PhIn-P it
Mg ot R T 3% - ek St - % 1 42 (PSTF-1a) AT g
Wy B 22 R A W) (S-HCP)O', PSIF-1a il % 7 &
3765 % 1) CO, M s 5+ , S-HCP il % 7 7E 150 °C
IR T 58 %, 1 1-Me-2-PhIn-P 1] ¢ T 25 U AH iR
A, tbAh, 1-Me-2-PhIn-P i b8 5 = R 5 Th g
b8 BRIE TS W) (TPA-TPC-6MA) AH 241, I . T
7 HL 5 A5 B 4209 BODIPY JEMFRI 4 NIl e B9 HL
REW, BRI T — & IR SR 77, nl oS
RS TR PR B AR R SR AT 4



%44

F#HLF: IR SR

B Aty 3o K A0 SR P A o5

F3 TEITNEEWMBIAE 75 CCRITMEE N TRIZE S M EXTLE
Table 3 Comparison of iodine vapor adsorption capacities of
different functionalized materials at 75 °C and

ambient pressure

o MR/ 5%
gt kL e Sk
(R SRR IA = Y PSIF-1a 4.85 [13]
HEWy B AR B S-HCP 3.60 [14]
ZRFIEIREAL B IR RS TPA-TPC-6MA 2.92 [15]
PAF-23 2.71
iy L A 42 PAF-24 2.76 [16]
PAF-25 2.60
BODIPY J:H WL A4 BppP-CPrl 28 [17]
BDP-CPP-2 2.23
ENIEEEE RS NOP-54 2.02 [18]
2.42 [21]
R AC ,
2.46 AL
In-HCP 229 [12]
WIS HLR A 2-PhIn-P 2.60 b
1-Me-2-PhIn-P 2.99 A
2.5 FlZESIRMYIIER AT
5 & Wy W B B 25 A< ) Raman 1% B ] 8.
W B fifk 7% /< J (¥ 2-PhIn-P #1 1-Me-2-PhIn-P 43 ] ic.

N L@2-PhIn-P A1 1,@1-Me-2-PhIn-P.

10000

8000

6000

4000 -

SR /(a.u.)

2000

—— L@2-PhIn-P
----- L@]1-Me-2-PhIn-P

0+

1 1 1 1 1
50 100 150 200 250 300
R AR fem”

E8 WHMMESERAYWA Raman iZE

Fig. 8 Raman spectra of polymers after adsorption of iodine vapor

P 8 AT, 111 em™ AT 166 cm™ 9 Ab U 43 531 X6t
B2 T3 AL A iR 3, R L 5 RS W 3R AR
AT HLTRERSAE A, USRI RS 1 (1 A I TR A
FETALE D . RN GES, BT LEEREUN, B
SR LN T ) 1/140.  BLARTE B v ok I 42 5
LAFEWE (180 cm™) , HIF A EWRE RS FLIE T A
FEAE L WU R B, ¥ = IR LR 5 5 1,45
BRSOy Dy it B 7 AR, AT IE I o-n 3R
LIRS QAL N NS R R ) R N S R T R i
5. 5L, 2-PhIn-P Al 1-Me-2-Phln-P & 42 1 91

B RIFE Nt 7 5 ], 9 PT SE  o- 68 0 25N Y
KA o 2% B, AT B2 o i 0T 1, B S A
REVMASRIHHE R ZE B9, HE9
AL AET5 °CF , A LR Y #, 5 R G 284
fik, KB LT 5 A A (I 5 s, H - AT J
TR S LG 5 TR, BTS2 RPOAE
FLRA, AT G MO  TH#EES LE K
LS s A LIP3k . X T 2-Phin-P,
FHmIWEN | H AR g B, a8 v] d ik S AE A Cn
N—H:- - [—[—1 &4 23R N—H--- "B Sz %] 4
Pl IR 1,5 TELI; 2 () AH B A F 2 M b i 3 22
UK zh #78%, 2-PhIn-P Al 1-Me-2-PhIn-P fLi& 4 I".1; 1F
ik G sk 2 5 LAEH 23 50 % 5 L P A AT BE I
FEAS V7 RI[(1) 2L 8 “L7 B [(1,7) o L] 2D SEEL T S
DL EE. WA, ZMYEFI—18# IR
[—1 g s K2, H 2 BB 72 [AE i 55 11
B CAN LG 1] 24239 1 T A G- 152 4 B 3%
B, RS . ST A, FLAR K 2 PR il iX
S 22 Tl [ B 1 SR AR Ak N PN LT 1 G B IR 2 .
55 1-Me-2-PhIn-P #{ Lt , 2-PhIn-P “F- ¥ FLA2 8¢/ HAY
Lo A0 AL, B AR Tl DLZE N 2-Phin-P A &
FLBR, 25 PR A it AL R 3 2E , 33 2-Phln-P BUR L&
15 AN 2 78 43 F FH 5 17 1-Me-2-Phin-P - 3 fL 42 5%
KHA Lo A S, B3 ALITE W] LA R/ MtzE =<
PHH 7, A8 H 5 R AW 2R 5 A B AR B TR K
W 406 45, 25 AR W) b e B A RO N N EBALBR . )
4, 1-Me-2-PhIn-P K 1) 7 3 FLA2 A ) T ik &
K, AT N 2 AR AR A BAE R R R

= ), AT AT R e TR B
Iz /ooo\
/ \\/

+

S H“““
R

O%dfo%o%ﬁ E E
g) g O

000 ' O NI,
E9 %ﬁ%m%ﬁ’—:\ﬂ&wmﬂmﬁﬁl

Fig.9 Schematic diagram of iodine vapor adsorption

mechanism of polymers
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