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“I love the lab” research training: a cationic covalent organic
framework aerogel for organic dye removal

LI Yunmeng’, LI Hongyi’, CAO Dongxiao, TANG Anna’, KONG Deming

(Research Center for Analytical Sciences, Tianjin Key Laboratory of Biosensing and Molecular Recognition,
National Demonstration Center for Experimental Chemistry Education, College of Chemistry,
Nankai University, Tianjin 300071, China)

Abstract: Methyl orange (MO) is a typical water-soluble azo organic dye. It is commonly used as
an acid-base indicator in basic experiments and as a common organic dye in industrial production.
It has strong polluting effects on water bodies. If azo dyes are accidentally ingested, the azo bond
is cleaved by azoreductase, generating highly toxic aromatic amines that pose potential carcinogenic
risks. Ionic covalent organic frameworks (ICOFs) are novel materials derived from covalent organic
frameworks, featuring charged structures on their frameworks and pores. ICOFs exhibit excellent
adsorption performance in aqueous solutions. Their high surface area and abundant porous channels
facilitate rapid diffusion of pollutants into the inner structure, enabling effective pollutant adsorption.
Eggplant is a sustainable biomass material with regular vertical macropores, which can be used as

a substrate. This experiment employed an in-situ solvothermal method to prepare a highly efficient
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adsorbent monolithic material of eggplant composite aerogel (EP@PDA-TGDha COF). It is applied
to organic dye wastewater treatment. Developing this experiment as an undergraduate teaching
module of “I love the laboratory” helps cultivate and enhance students’ abilities in sample pre-
treatment, material synthesis, structural and property characterization, and practical sample analysis.
Students enter the research group offline, experience the academic atmosphere, keep abreast of
cutting-edge research, taking the crucial first step in their academic journey. Through the “I Love
the Lab” research training program, students significantly enhance their professional knowledge,
experimental skills, and research-oriented thinking abilities. It also fosters students’ environmental
protection awareness and enables them to apply their knowledge and skills to environmental
conservation.
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Fig. 1 Synthesis of triaminoguanidine-dihydroxyterephthalaldehyde covalent organic framework (TGDha COF)
TGCI: triaminoguanidine hydrochloride; 2,5-Dha: 2,5-dihydroxyterephthalaldehyde.



a8

FRW,

7

T S A PPN S - — i I B B 3 A A MLRE SR BRI T
A LR BR - 815 -

EP@PDA-TGDha COF,## % 5 mL 2.0 . kil
J& 43 A pH=6 Z 4% T A 3 mL 7[R ¥ B () MO
VW, T I IE R s 4 % M 1500 r/min, BB O
BE T WGE S h 2= WP, WSS RS
JE, ) 8 A0 a3 o o B I T R RO B L TR
W I 6 %5, F)H Langmuir (2 (1) ) Al Freundlich
(3 (2) ) W B 45 R A5 75 b B, BF 5 %8 ik F EP@PDA-
TGDha COF [y #4 Jy -1 it .

c, c, 1

4o Qo DG

(1)

1
Ing, =InK, + —lInec, (2)
n

Horp, e, (mol/L) g W By - 5 5 MO 19 ¥k Ji | q,
(mg/g) J W Fft °F # J5 EP@PDA-TGDha COF X}
MO (1) W B 2, g (mg/g) A Fi2 KW B 2, b (L/mg)
A Langmuir % 1, K, #1 n {3 Freundlich # %1 ,
3 990 22 71 W R TR 58
1.2.3 R Mz F LB
£ pH=6 51T , Bl 10 mg/L ) MO % ¥ -
E i B & 3 mg EP@PDA-TGDha COF, #: % % 5
mL L&Y . G 7E pH=6 &4 F A 3 mL 10
mg/L ) MO ¥ W, &% & 1% ig Iz 3% #% 7% 3 R 1 500
r/min, B 50 A BT I I e, R E B [E] 43 1k
0.5.1.2.4.6.8.10 min. MRt a5 i B, A %
Ab 43 6 BETE DU 5 13 R RO R L R B S Y B
Pt R — G sl )y 2B (X (3) ) Rl — e sh
SRR (K (4)) 4b B, BF 9 EP@PDA-TGDha COF
(9 8l 2 M
In(g, —q,)=1Inq, — k,t (3)
t 1 1 t
o ket “w
Ho, q,(mg/g) J W Bt B5F 18] ¢ (min) B} EP@PDA-
TGDha COF X Hl 348 (1 W B &, k, (min™") 2 #ff—
h F1 5Bk, e sh 11275 8 (g/(mg-min) )
1.2.4 5 Fr KB RO 52 5
SRR AR S EE O R K BT /NG T R KRR
DL AR 1R SEBRAKAE FonbR 10 mg/L HY A8 5 1)
JNFRAE &L, 1 mol/L R 2 1 1 mol/L & & 1k #h %
W %= pH=6. i i Fx i+ 3 mg EP@PDA-TGDha
COF,#: % % 5 mL .08 K5 5 m A 3 mL
FESTS W . B B0 A BT IR BEIR G A% v, R R
91 500 r/min, i% BE 10 min, W% 25 o8 5 5 5, )
FH A3 606 BE I 3 A W6 . MO B &

BR (R, %) 1] 20 (5) 15 H .

[

R = X 100% (5)

Hor e,(mol/L) AWt aT MO BRI AR E , c.(mol/L) Ky
W B SF-167 J MO B I

2 H#R51iE

2.1 EP@PDA-TGDha COF #} £l R 1E

Wi & 2a fif 75, TGDha COF #4 ¥} fil EP@PDA-
TGDha COF #7E 1 612 cm™ kb4 W] L i C=N #4%
AIE W W U i C=0 By M AT DA 1 2R, TE T 17 085 5% 8 S
N LI FEAT o XA REEEAT PC BRGS0 .
Kl 2b fir7k .8 121 Fil 114 &b ({5 5 16K @ B4~ O-H
PR 1 i ST, 6 150 Ak 1945 5 06 o 1 R B0 Al S 1
16 6 154 AW 15 5 X TGCl By P DBk JR 1 Kk
R 3 (5] 1 — 2D E T e B 2 ] ) i 4 O oK

J 5% EP@PDA-TGDha COF (1) 45 i i, % 44
BEHEAT X LM R AT 5 A, W B 2¢ Frs . AIA
oAl LB & ), EP Ml EP@PDA A 4 i,
EP@PDA-TGDha COF A M /1~ 130 55 i fit 0% , 5
TGDha COF H4 B} 1% 177 5 0 AH X 0, AR 1 [ A 1Y
T U T NS I b 7 N e S P
EP@PDA-TGDha COF # EP 5 H# K.

ARG BE S v LU L EP REDEHE A R
KALEE (& 2d F1 2e) ,TGDha COF ¥ K 5k 220k
IR AH B 32 B (1B 2f) . TGDha COF 47 & i
J& ,EP £ AW, M T 5 TGDha COF JE $i
FHAF B 22 4R Wy Jox (&l 2g) , #F — 2B 3E B T TGDha
COF MK .

K 5% EP@PDA-TGDha COF (1) fL B 25 #4 , %f
MEH#EFT T BET RAE. W& 3a frs, 20300 B
SEEER] T EP@PDA-TGDha COF £ 3 N [ AU
IV AU 45 IR R 45 o Bl 3b AT, EP@PDA-
TGDha COF ffL427E 1.5 nm =47 . XF#1 K vk 47
P AHT, A0 3c FR, #E 250 CHE, KRB KR
10%, it ] EP@PDA-TGDha COF H- A — & 1y #f4
EE . NS EP@PDA-TGDha COF 3 ifif F il
V£ %4 B 4T Zeta HLO 40 HT . WA 3d iroR , pH
& & 2~7 it , EP@PDA-TGDha COF () Zeta Hi i
i IEA{E ; pH {4 8~10 B} , EP@PDA-TGDha COF
1) Zeta LA R (B . UL WA AE R PE 5 PR 5 T M
bt IE HL AT LR AR B AR O B MO .

TE 3l 25 K fis A7 0 32 (I 4) , mT DA W] 2 i



- 816 @ Vi o5 44 %

a [2,5-Dha b c
TGCl
§ X
3 |EP 5
g s
£ Ep@p Z
2 2
& [TGDha COF C=0 ~— g
i w TGDha COF
[EP@PDA-TGDha COF
_@\—’/ﬁ;—v\c\;ﬁ\ PDA-TGD
4000 3500 3000 2500 2000 1500 1000 500 200 175 150 125 100 75 50 25 0 510 15 20 25 30 35
Wavenumber/cm™! P 26/degree
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Fig.2 (a) Infrared spectra of 2,5-Dha, TGCl, EP, EP@PDA, TGDha COF and EP@PDA-TGDha COF; (b) *C NMR spec-
trum of TGDha COF; (c) PXRD patterns of EP, EP@PDA, TGDha COF, and EP@PDA-TGDha COF; SEM images of
(d, e) EP and (f) TGDha COF powder, and (g) EP@PDA-TGDha COF
EP: eggplant; PDA: polydopamine; EP@PDA: PDA-modified eggplant aerogel; EP@PDA-TGDha COF': final hierarchical composite
aerogel; NMR: nuclear magnetic resonance; PXRD: powder X-ray diffraction; SEM: scanning electron microscopy.
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Fig.3 (a) N, adsorption-desorption isotherms, (b) pore size distribution, (c) thermogravimetric analysis curve, and
(d) zeta potential plot of EP@PDA-TGDha COF



#
o
=
&

TR S & RTINS - — B 1 B A IUHE S BRI T

557 W A LR 2 R - 817 -
, 120 ms TGDha COF 0ms , 50 ms
&
EP@PDA 0 ms , 120 ms EP@PDA-TGIflha COF 0 ms , 50 ms

# 4 EP.EP@PDA.TGDha COF 71 EP@PDA-TGDha COF £ =B THI/K#ZEf M
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Fig. 5 (a) Infrared spectra and (b) PXRD patterns of the
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TGDha COF soaked in HCl, NaOH and N, N-
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