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Comprehensive Experiment Design of Polymer Chemistry: Synthesis of a
Triazine-based Porous Polymer and Its Dye Adsorption Performance
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(School of Chemical Engineering and Technology, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: Based on the innovative achievement in the preparation of a triazine-based porous polymer and
its application in dye adsorption, a comprehensive experiment is designed. Potassium iodide was used as
the catalyst, greatly shortening the reaction time of nucleophilic substitution reaction to synthesize the
triazine-based porous polymer P(CC-CH). Together with its dye adsorption behavior, students can have
a deep understanding of the aromatic nucleophilic substitution reaction, the importance of catalyst, and
the dye wastewater treatment. Meanwhile, students will master the use of infrared spectrometer, X-ray
diffractometer, and UV-Vis spectrophotometer, be awareness of environmental pollution and prevention,
as well as improve the ability of using knowledge to solve practical social problems. Considering compact
class hours as well as convenient instruments and low-cost reagents used, this experiment is suitable for
promotion in undergraduate experiments of chemistry or other related majors.
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IR 5% 85 9% A 45 R4 2 A A 2% hE e IR B2
BT 22 BR A% R BRI B R T s S A A
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B, MARN=ZBREZ A REY, BEAFEENA
R A5 A e P Ll 2 T AR e 1k A R A S5 11 fL1
RN, ATVE YR R 77 0, =k 2 FLR A
VI & BT SR BRI AR VE T A, HL
JEUREBR A, SR 11 3 s 7 B (1] 73 K1 24 hU1, R
il T AEA T S BE R o

HE TBTE 2017 4F (b2 2B Tl b 2 S IR 20
FEWCPIZE) 12018 4F (i 1y 5 R AR 2K
T AR AR TR 2 AL R B 0 2L
FER. SRS Z AR R A L2 LM R
SRS 56 50 B HE N O R SEBRIT R (1R 6 i 2
P AN RE AR G M 5% ik 22 LA RL 503 I 9 S A
st 20194, HBEMEIR T (HH H% TRk
AR EHEUE SHREmAARERARNR
WY, BARRERH “HEZN R 207, T, R
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AT, A R0 T s SIS 8], FK 12 50 W BHIF g
PRI A RSB0 Bt
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NEET, 1,4- NI, MU ER A A5
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FHEA IR 1 2R %GR CH 5 CC i R A

GeBL > AW 57 5 2 FLA RHIR B 7 2 18]
A BEAFLE #0 HAE F . m-m AH B AR R RO SR 55 2
MRS, Rl Al =B 2 AR E
YIP(CC-CH) i T & & =W 3K, R ILAH 1 Bk
A, AT HHE 7 guerbld # ol EiE, M
T T v A5 IR B 25CR o T PR DD AR AE,
P(CC-CH) X BH B 1 SRl LA B A R M AR -

¢ I ) G R AR A FE e, R BAAE — B R e e i
AR AT, WO (D) s
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N, A RWOCTE s ko A BE RO 22 50(L/(mol-cm)),
¢ N E (mol/L), b NI Z JEE (cm).

JuBL L BRF R AR I 25 5 O, 553l an Ty
2 (2) M1 (3) firom:
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TERN S B B T4, #2188 K 95 2 R R = (c,—c,)Vim (3)
H H H (0]
Cl_N_Cl 0 ANy AN NN AL NH
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Figure 1 The synthetic route of triazine-based porous polymer P(CC-CH)
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A o Rom G RHE W AU K E (mg/L), ¢ 2t
I 22 ) G R TR & (mg/L), O, N s Zi Fr i Bt 2%
B (mg/g), VARRREBIIRIR (mL), m AW
(1 & (g)-
WR B 21 32247 R I HE— R — 245l 112
JIREHEAT M1 23 S0 B0 T3 RE (4) A (5) P 19
In(Q,-0)=InQ.—Kr “4)

t/0,=t/Q,+1/K,0? 5)
A, Ky e — Z00 B 22 4, K i
B3R 2R 2, O, AT AT B 25 & (mg/g).
1.2 ilFskars

= IRAE(CCO) BRI (CH) AL B BRI TN <
1,4- 5N IR NN- — H 3 F i (V,N-dimethyl-
formamide, DMF). I &k IiF (tetrahydrofuran, THF)
WP H 3 # (methylene blue, MB). H & #5 (methyl
orange, MO).

R N SN V= ) 1E A A E S S o AN (9
B AL HEFE . [ IR A% R Ak - 1T W5
JCREETE A AR 3 2T ARG A L XU R ATHX
1.3 XWBR/FHE
1.3.1 P(CC-CH) & i 5424l

SR ) B AE W0 R K B R CC (553 mg,
3 mmol). CH (405 mg, 4.5 mmol). {47 (45 mg,
0.27 mmol) Al E% B2 44 (1.06 g, 10 mmol) JI AN A
25 mL 1,4- SN R, TERE I T
INFEIAL3 he DA 1 B R A 771 1 2 A &6
SN0 (1), — Pl 70 S5 1 22 41k 2~3 2Hdk
AT, TE S0 25 o0 3 28R AT A8 v i, X b
ANFEEALTI AT R B2 3, 3R A 2% A

R BRGNS R &
Table 1 The catalyst type and amount used in the synthetic

process
] HEAL RN Jiik=ss
1 KI 35 mg (0.21 mmol)
2 KI 45 mg (0.27 mmol)
3 KI 60 mg (0.36 mmol)
4 Nal 40 mg (0.27 mmol)

IR A A B Uy YT T 8 AL FE, JE K
Uk 120 mL 2 B 1 7K . DMF #1 THF 43 1] %E % /5
W, AR5 BT B 7R 150 °C )% 20 min, 53]+
FOMARE B =B 2 LR, i
P(CC-CH).

1.3.2 GuRbbr i ih 2 ) e

{85 FH 100 mg/L MB £} % FH 25 5 i e ] i 2
410, 20. 40 50. 80 mg/L [ MB VAW (50 mg/L it
#1100 mL, H:4x 950 mL), i 2 4] W, (Ultraviolet-
visible, UV-Vis) i &, 48 J5 DL 664 nm A< T WL
6 FEAKHE BAAE - Le 2R e R e A v b 2k . 2[R FE
(2B B AE R, BL465 nm U K R B OG B 2 |
MO [FIhrHE 2k
1.3.3  FEWIRAE

%€ CC. CH A1 P(CC-CH) fi) i B i A5 421 411
Y& 1 (Fourier transform infrared, FTIR) i & #1 X &}
2815} (X-ray diffraction, XRD) i 4]

FTIR MR : FREL 1 mg /2 47 P(CC-CH) £f i
48, A 100~200 mg & 41 45 () KBr ¥y K J5 1R &
¥) 57, 1@ I pLE] soE B R, A8 5 48 A FTIR-
650 S A ZE 400~4000 cm ™ JE [ HEAT I

XRD MR HX 10 mg A& 4 P(CC-CH) ¥/, 7E
B A o ST 5 4 ] DS Advance X 8 2R AT 5k
A7 5E : 2075 H 5°~80°, K AF ] BF 0.01945°, 414
T#E0.07~0.2 s/step, HL% 40 kV, HLif 30 mA,
1.3.4  Gurhig b

FREL 10 mg P(CC-CH) 43 7 i A\ & 45 10 mL
50 mg/L MB B MO ¥, 7£ 180 r/min 2614 &
¥ 10 min. HU/D B, 24808 B 8 e I 5 8
() UV-Vis 1% [, {55 1.3.2 5 22 1] (fbr vk th 2 14
SE W i W O MB B MO IR B o [R) B A S 56
AR, MR P(CC-CH) X MB/MO VR A V5 W1 Wz B
R (IRA R A SRR SR L () MB IF AT MO
WIRIRA R, WA AT EE 2 589 5 mL Al
100 mg/L),

WSt Bt 2h 77 2400 ¢ 0] LA P(CC-CH) 5 MB & i
I PR R AT I 4 6 PRI PRHA R, 43 Tl 7E
E¥% 25,10, 15,20 F125 min ISP ELHY 1R, 40
T I 5V I N R VLA UV-Vis 3% &, g 13,275
Hh 22 1] (R A TR 1 20 e TR B S I R MBI FE

2 HR5UHE

2.1 P(CC-CH)WIAREH

= R (CC) Ak It F (CH) M J5RE& il =
182 3t %2 £ 5 & W P(CC-CH) [ Js2 [ 4 A 3 8 5 8¢
T AT SR SR IR, 15 RS 3 PR R R
ST, RN ] PR 5 e AN 7 S5 56 205 TR T
SIS S5 R VR N AR R, B R 4



« 970 - = ﬁ\

2024 4

TSR B S T B il = R 2 FL IR B W I i
IRF A, T ELAAG A P 28 SR s L T A, HO R Ex)
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Figure 2 (a) FTIR spectra of P(CC-CH), CH and CC as well

as (b) the XRD pattern of P(CC-CH)
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Figure 3 The standard curves of (a) MB and (b) MO
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50 mg/L ) MB ¥ i £ P(CC-CH) W it )& &7
et (Kl 4a), B MB 3 P(CC-CH) MIAR H 58
AW B F B, X — g5 Rk — Pl UV-Vis i K
FRFUE B« W B S VA RO G FE FE 664 nm b AR
J90, EHRFERIEF 100%., HELEZ T, 50 mg/L
[ MO ¥ 42 P(CC-CH) W Bt J5 475 A 5 € (P61 4b),
TP AR 2 . MRS UV-Vis g &, W a7
TR AE 465 nm AL RO B2 04 0.341, i ik b vt il 25
THRAZEI MO Ky 45 mg/L, #t— it L RE
RN10%. —MEHZFLE AP P(CC-CH) % MBI
MO P G} I B 2505 22 S o2 R P(CC-CH) £
ZERp SR RE M =R, R i,
HL W 51 77 e % A RO B BH 25 7 Gkl MB, T R N
LR 050 L BH B SRk MO [ B fig g 22 O,

W Jo, JT & 249 P(CC-CH) % MB A1 MO &
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Figure 4 Photographs and UV-Vis spectra of (a) MB solution, (b) MO solution, and (c) MB/MO mixed solution before and

after P(CC-CH) adsorption
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Figure 5 The fitting lines of (a) pseudo-first-order and (b)
pseudo-second-order kinetic models for P(CC-CH) adsorption

in MB solution
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Table 2 Experiment arrangement and time used
i H FHIS (min)
PR EIR Y D200 H Y SEER R I S0 A 2 5D IR B AL B L R TIE 30
B FRE SRR, TEIAR BN R A3 h A il =R H 2 LR 5% P(CC-CH). 195

BRIE 2 20 BV R I, A E AR — AR SR 9 MB AT MO VAT, 1 UV-Vis 53 et

THIE UV-Vis 18, 2Rk

LW R AT

PRI s S EE RRF VS KR BEAT 0 SRR R, BERRAUAL R AE AR 150 °C TR J4AL 2 20 min,

FHEH 5P P(CC-CH), FREE, JFiTH 3.
FEM)ZRAE: FTIR F1 XRD 4.

45

30

LR B : P(CC-CH) I BN GRS f235 10 min, 38985 D52 UV-Vis 15 B, [5 F4158 5 B 11

TV B

25

MR B 50 3 2R (G A0): P(CC-CH) MBI MBI, 72 5 IR AEAS RIS 18] U A i, 19085

UV-Vis i 5], T+ 5E0 I IR ) /2 75 b AT

it

30

355

4 HFYR

ARSI AR BTN AR A R 2R
Iy AL AT 3 IR IO AR . 45 R TEfE
S0 2% A N 415 21 &4 P(CC-CH), f= % e e
15 80% 7 A7, HARHE =1 00 i BH 25 44k} MB, it
SO Sk A B, RTHRAE R OR, R VL. A
— 30 T ARSI AR AR A E R, W A
YHIBE B 10 675K B A [F] 73 H B 10 2 AR AT 5
B, FEXT S B — B . AR R AR
ST, BTA AR Y e 58 A TSR IR 4, 3RS
BHREEE . fESLid R g, MU N E1E,
TSR /N2 IR B A 3 T DA v 2R 5 vt R
S, BE IR AR 4 A RO, B S R B )
oI BT R 1S 45 IR e

ZE ERR, RS AR A B R G A R
i B, A ARSI AL TR, 1
N—ANGEA LI, AR IE A K =R 2E A
BAT &, W RSV 0IA B WL DL R %
Pl A #S RAESE, AT DL b S50 IR 27 2B 56 1R
(RBE A 1A0 £ A FH RO 1R A B 40 AT

5 518

=R LR AW G B L GRR B1E fE
LR S8 LR T RE 1M R S BT, A
AL E A 77, R = SR SRS BRI ik A2 5
A% AR S S FA) I ] 446 954 3 h, 43 21 28 54 P(CC-
CH), X AT FAEFI GBI B RE I 5, 45 R
R P(CC-CH) HeAT R MY BH B8 7 FeBE MB. B84

SEIGBLTE ™R L R TR IR A A AT I [
A B, & T ARSI

AERE I EAN AR B N R B,
fil 2 AR ANELRE S 4R AR H 1 46 A SRALE
I BONPAR IR, 3w 22 AR i Se Bk sl T
E T, T H B B AN SE B 45 . 5206 il 4%
Z ALA R OUE B TR R, IR R A TSR M
L P85 S8 AU R A DR R A 52 2 R BRI K
REBEA P TR, 51 AR R A R S AR T
TG e 1a) 7R 45 ke ok, TS IR AR R A
HrRE AR B

R P
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