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Synthesis of Low-cost Quaternary Ammonium Porous
Materials and Their Ammonia Adsorption Performance
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Abstract Ammonia (NH,) is a primary source of haze pollution, and developing NH, adsorbent materials with
high-efficiency is an effective way to address this problem. In this work, 4,4'-dipyridyl, «,a’-dibromo-p-xylene and
1,2, 4, 5-tetrakis (bromomethyl) benzene were selected as the building units, via a catalyst-free and mild in situ
quaternarization reaction, resulting in PAF-C1 and PAF-C2 with abundant Lewis acid active sites synthesized.
Benefiting from the presence of Lewis acid active sites in the skeleton, both PAF-C1 and PAF-C2 exhibited excellent
NH, adsorption performance. Compared to PAF-C1, PAF-C2 possessed more Lewis acid sites, thus exhibited
superior adsorption capacity with an NH, adsorption capacity of 5.5 mmol/g at 298 K and 1x10° Pa. Additionally, the
synthetic conditions (including temperature, solvent and gas atmosphere) , the amounts of monomers and synthetic
methods were explored, respectively. The results showed that all the materials obtained under different reaction
conditions maintained good NH, adsorption activities, suggesting the potential for industrial-scale production of
highly efficient NH, adsorption materials.

Keywords Porous material; Quaternarization reaction; Lewis acid site; Mechanical ball milling; Ammonia

adsorption

gk B 2023-10-12. WSS % H I : 2023-11-22.

PERNEA: X A, 2, WL, mlEaR, FLENFZAM NG ST . E-mail: jia@jlu.edu.cn
HEGIUH R R ARG U G (HLIE S 2412019F7008)5FH) .

Supported by the Fundamental Research Funds for the Central Universities, China(No. 2412019FZ008).

Chem. J. Chinese Universities, 2024, 45(1), 20230438 20230438(1/7)



Jd 53 5Ky s R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

H 2013 4F DIk, 4 2 AL TGS INSE 55 R, sEm UM | IRBE DL IR R At . 2%
i R T ERR . AR R ] WA BRI AL AT, 1 EL R A 4R (PM2. 5) N EE 55 5 K
FHFE L KEBST PM2. 5 S& AT AT YL e KA H I 1 A2 S NSRS J o [ 1) — ok 2
HA SRR PM2. 5 10 FEEEFTARTS Yol . X & A B v 2R IR B R R LA T B, B
Je UEA TR RSB B, PR LA S SRR 5 A A R L RS Tk ™= . LA R IO  4e s
4 1 7 D e AR R R A L LA s R R A T o, L2 8 0L T 85 ) T R ARG o ) 2 (A 2 i i
Mﬁﬁﬂ%%ﬁ%%ﬁ%“i%%,%ﬁﬁ%%ﬁ%%%%M&E?ﬁ%%%m,ﬁ%%ﬁﬂ%ﬂL
BTG 58 T RE B I 0B (5 5 50 78 LA (A A B VR R g, i s B 2 <O B R 0 19
PEFHTS

TP 20 B DL A A B8 W R oA el 3ot 0 A5 R W BFFRE I AN BRARL, 38 8 R LA 7 ek %) ke B Tt
XPE SR RE 1. REFE SR EUE R L B SR WS PO s 5 2S5 A A EAE L
IRFW AR . & JE AL 2L (MOFs ) & il T R0 (1) — 2 2L RE, B89 4@ 1 s i Fp s 2
M&ﬁﬁ,%%ﬁﬁ%%% PERY B 4> T, AT DL 8 MOFs 5 2 <40 22 [a] fi A1 A/ F o),
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SRFHERE . o, PAF-C2 B 28 HAT S 2 MEBEER 1A PR AT, DRI AEAH [ R I B 25475 1 EE PAF-CT A
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4,47 BEMEIE | PRAENE | o, - VR-XT RN 1,2,4, 5-D0 (TR R 2R, 4l EE R R 98% , 4 TR
PL T AR A R 5 1,4- SN IR (LI 99. 8% ) W T 22 sa tiAb iRk A7 BR A w1 5 Hee A HLIs 7
FALEE TIRF A BR A A, BT G0 TR 2t — 4tk .

Nicolet 1850 e B M- AR 21 AN G1E (FTIR, 7% [H Bruker 2 ]) , PRALHT T A 0358 ; Bruker Avance
11 model 400 MHz Y [ 14 4% 74 2L 4% I 3% 4% (°C CP/MAS NMR, 7% [ Bruker A 7)) , MAS ¥ i 4 5 kHz;
METTLER-TOLEDO TGA/DSC 3+ E /0L (TGA, 35 [E Mettler-Toledo 23 ) ) , 2520, Mk iR &
30~800 °C, J}E#H % 10 ‘C/min; Perkin Elmer 2400 Series ICHHNS/O %50 2 490 #14Y ( 35 [E Perkin Elmer
oaD), AT A R C, Hy N, SHIICE & Rigaku SmartLab 5 X SR B R ATHHL (PXRD, HA
Rigaku 23 )) 5 JSM 670 B4 B, 7 0 43048 (SEM, HASHLT-/3w]) 5 JEOL 3010 AU3% 5 1 5 185 (TEM,
H A H, F/2>F] ) 5 Quantachrome Autosorb-i()2 T AR B3 B4, BE 3 Anton Paar 25, IS 444
100 °C, 12 h; MocromeriticsAutoChem 112920 B fk 22 W B4 (€ & 22 v 2 /), T & A7 FHE AR B
(NH,-TPD) M, WA %44 120 °C, 6 h.
1.2 X
1.2.1 PAF-Cl, PAF-C2 % PAF-Sth & & LAG M PAF-C1 MBI . FR o, o’ - IR -XF 28 (1 mmol,
0.246 g) Fl4,4"-BRAKIE (1 mmol, 0. 156 g) & T 100 mL /5 I H . 38 b4l EL 28 78 83 sl v 4 &
ST R SARAPORAS , FEI R B B A 20 mL 1,4- 45 IREF], AEINEREIGE R HERE N 48 h, 110E
FEF A4, FH PSS (THE) M =40 P 5% (DCM) W 3e 5, I THF 3#F1 72 [CHR . W [T 80 ‘C
Z5 T 12 b, BRAFREA ) PAF-C1 (774294, 08% ).
1.2.2 PAF-C2-RT ZZ| A By & % AEASURET, FRit1,2,4,5-P0 (B ) 2K (0. 5 mmol, 0.225 ¢)
A4, 4" -BEMEBE (1 mmol, 0. 156 ) MILA 100 mL PG FHHU AR . 38 52 3 G ) SO AR R oA 10 mlL 1,4-—
NI BTN 3 d, 22T THE fIDCM PR, 248 B2 T4 15 513 {4 [5 4R PAF-C2-RT (=%
81.7%). SZu6 vh 223 43 W i HY i (MeOH) , THF, DCM, =& &2 (TCM) , Z B (EOH) , A Fli
(DMK) , N, N-—"H £ F it Jiie (DMF) & 50 2. % (DCE) A R 5, 4537791 43 51 8 PAF-C2-1 (77 %
75.6%) , PAF-C2-2 (7= 88. 4%) , PAF-C2-3(*%93.3%) , PAF-C2-4 (773 100%) , PAF-C2-5 (=%
67.3%), PAF-C2-6(77#%100%) , PAF-C2-7(77 % 100% ) F PAF-C2-8 (77 % 91%).
1.2.3 2k BE % | % PAF-C2-ball milling #F 8 18] EREEFE A 1,2, 4, 5-70 (3R F 38 ) 2K (0. 5 mmol,
0.225 g) 4,4’ -BXIELBE (1 mmol, 0. 156 g) , FFEREEHE & TEREEHLH, 7435 v/min F 3 N ERIE 1 h, 1]
THF %%, 2B 25 TA53) [E /A& PAF-C2-ball milling(7# 85. 3% ).
124 @EARBMMR  EBEI TR RRAR T A G SR A UK, B FE e T3S T AR 1 bR
B b B 100 mg BE LB TR AR S, 35 DR AR o AT B R — B e R AR
PR, T SEPR A (A B b B, AR IR A0

2 FHR5iE
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[N, 7RI B 2L 72 b PAF-C1 R PAF-C2 I 278 VA BT A0 8 T/ o0 v BE PAF-S Wt , 1]
ZAUAP BB SCRAE T/ N+ B Be B ICR . BT PAF-C2 Hh % N (7. 8% ) i T PAF-C1 H & N
(7. 0%), a3 N &k AR N2 WS AL B RE SR, R I PAR-C2 2425 1311 W Ff 2 A
HABE T PAF-C1 AW B I e BN E] g 444 hif, PAF-C2 (& 2515 it 1531 287. 4 o/g, I
W ot v - E BT A A B RRER A LA R 2 28 VR T R (Ti-DTP2: 177. 0 g/g) ™. BiJ5, X PAF-C2 1
ARG SHEREIEAT THRIE . ARG IIR)S , FIZK . THF A1 DCM AR ARHIEL T8 75 38 vk, I
T 80 CHZSA5MF T XA RNIEAT T4 . 4add 4 IRIBFRIR BRI, & BRAE R [T 24 h ), PAF-C2 B4R 278
TR IR TE 74 /g 2247 (1S9, WASCZ R FE). MULnr DIUEM, HA 3 55 Wrla 16 P07 5 1
PAF-C2 HAT R AT B2 78 IRAE I SR RE .
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Fig.2 Time-dependent NH, vapor adsorbed capacity Fig. 3 NH, adsorption-desorption isotherms of
for PAF-C1, PAF-C2, PAF-S, activated car- PAF-C1, PAF-C2 and PAF-S at 298 K

bon and 5A zeolite

7£298 K T X PAF-C1, PAF-C2 Fll PAF-S 47 T 24 M BAE-Moi pRHmat (151 3) , LR e 345 24 25 VA
W RS AR ], HE—ERT T FIREEIE . PAF-C27E 298 K, 1x10° Pa 514 F AW fiHHE 355 5. 5 mmol/g,
IR Bt v T 5 A AL LU R TR A RS, I 5 LR T R 1400 m/g ) PAF-1-NH, W [t AR
B0 Sy T AR SEBR M, UK T PAF-C2 G A . 44 1 g(77 32 98. 8% ) 110 g (7
299, 8% ) AL BT, P RRfA A B KA Frgm . I SIOUA SR FE B TLUE |, 7k
B AR I IR 52 R W R, 298 K, 1xX10° Pa 514 F W BHEATMAFE7EZY 5. 5 mmol/g.

R T ARG A ROV A LA B 25, BRAR T RO ™ B, 25iAE S SRR
PR HAT RGN . FEZE S A T 405 M T 0.3, 1R110 g PAF-C2-RT #KH, 45 510 ¢
AR, LRk 51 929%. H b nl WL, SR RNV A AN S8 i R 0 =28 . 6 PAF-C2 I =AM N A
Y PAF-C2-RT-0. 3 g, PAF-C2-RT-1 g Fl PAF-C2-RT-10 g [ %2 25 V5 W% [ -2 -5 5% JRF AsF i) 22 5 8% T oty 2%
(ES11, WASCZRHMER), I, iR A BRI G B0 ZF LA R 2 28 VR s A
BEAR, SRR B A W S5 e ARk 8 R 2 T

AR, IRIRGE T IR S A0 AS [] S s G 2R A S 0L S A R RR 52, DA AR A8 T iR 8K
PIAEHE B 2: (R 1), B I R AN R ™ 28 S 2 78R M e & 4 B, B T AEREZRIE R & ikt
BHE = BB BRI, AEFLE R N B 177238 AR 257 his, A [RIA 0 2 G B A e B

Table 1 Synthesis of PAF-C2 in different solvents at room temperature

Sample Solvent Sample Solvent
PAF-C2-1 MeOH PAF-C2-5 EtOH
PAF-C2-2 THF PAF-C2-6 DMK
PAF-C2-3 DCM PAF-C2-7 DMF
PAF-C2-4 TCM PAF-C2-8 DCE
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Fig. 4 NH, vapor adsorption(257 h) and yields for the synthetic PAF-C2-1(MeOH), PAF-C2-2(THF), PAF-

C2-3(DCM), PAF-C2-4(TCM), PAF-C2-5(EtOH), PAF-C2-6(DMK), PAF-C2-7(DMF) and PAF-C2-8

(DCE) in different solvents at room temperature

FZRIRRE I, BAR TN T A U PAF-C2 1M g

DL ESEER AR, MSROCTE IR ZS ST, TEARIAY S s Rl h BT R G5 B RL . S
T, HEDIZ SR AT DA 3 TG ) 2 5 AU B v i A A5 B 2 LARL . 120 B AMUTC T SO 5] L
SN R B AR B, AT AR A R . AR B PAF-C2 ], 45 B A i A ER S HIL A B B B o
L 435 v/min ¥ 3 [ 1 h, 755 Z LA K PAF-C2-ball milling (7% 85. 3% ). XM RHEAT T 22818
BRI, 22 PR 325 h B I Bt >200 gfg. it X H PAF-C2, PAF-C2-RT Fl PAF-C2-ball milling (275 753
B (P& S12, WASCEHEE R, K INPAF-C2 (W B RERE =5 T PAF-C2-ball milling. £ AH 7] )W B Asf
[H) R, 53 Tl AP RIS ) R4 PAF-C2-RT AR HL , PAF-C2-ball milling W Bt 20 < A1

3 % e

S TCHEA R 2 | B B R AL SN B T A I E £ 1 PR AL AR 9 22 AL AR PAF-C1 AN
PAF-C2, Pig RIS i s MM RE . Forh, PAF-C2 B 28 &5 3 IR I A, X3
BHR ATIA 5. 5 mmol/g(298 K, 1x10° Pa). FE(RSCNLA&F AT ZIFRIE , 122 S 2 AR M ATh Al il % AR
7Y, BT RS BB R S R B ERE DR AL . Oy T O RERE B AR, [RIINRTE T A
[7] B S W38 750 AR TG 0 O BRIV 7 )W B BE A2 ) . 45 SRR, 2RI RSN A5 T 35 R 5 A
PAF-C2 ZALAPRE, I SEBL T faf f | AE A S IR BERE G 1 2 U REAA R R

o®

X FH13 & W http://www.cjeu.jlu.edu.cn/CN/10.7503/cjcu20230438.
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