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Abstract: Quality control of traditional Chinese medicine (TCM) has always been a key and
challenging issue in the field of its modernization research. This has posed a high demand for

advanced separation materials due to the complex compositions. Covalent organic framework
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materials (COFs) are a new class of porous crystalline materials composed of multidentate organic
units connected by covalent bonds. They have demonstrated significant application value in areas
such as catalysis and chromatographic analysis. This study focused on developing a novel core-shell-
type chromatographic stationary phase using 2, 4, 6-tris(4-aminophenyl) -1, 3, 5-triazine (TAPT) and
1, 4-benzenedicarboxaldehyde (TA) as building units. The TAPT-TA-COF@SiO, core-shell composite
materials were successfully prepared on the surface of silica microspheres using a multi-step po-
Iymerization strategy, in which the SiO, cores were fabricated using the polymerization-induced
colloidal aggregation (PICA) method. The imine-linked TAPT-TA-COF@SiO, core-shell stationary
phase was subjected to comprehensive physicochemical characterization and chromatographic
evaluation experiments. The analytical techniques employed included scanning electron microscopy
(SEM), transmission electron microscopy (TEM ), energy dispersive spectroscopy analysis (EDS),
nitrogen adsorption-desorption isotherms, Fourier transform infrared spectroscopy (FT-IR), and
powder X-ray diffraction (PXRD). The systematic characterization results clearly indicate that the
prepared stationary phase exhibits excellent monodispersity, and the COF layer is uniformly coated
on the surface of the SiO, core. TEM characterization demonstrated that the thickness of the COF
materials on the surface of SiO, is approximately 110 nm. Furthermore, FT-IR spectra were collected
and the results demonstrated that the characteristic stretching vibrations at 3 209, 2 927, and 1 515
cm™, attributed to N-H, C-H, and C=N stretching, confirm the condensation reaction between TAPT
and TA. In the XRD pattern, the peaks observed at 16.6°, 18.9°, 25.2° and 27.5° were attributed to
the COF material and were consistent with previous reports, thereby confirming the successful
synthesis of this derivative. The N, adsorption-desorption isotherm analysis confirmed that the
material possesses a typical mesoporous structure. Its specific surface area and pore size distribution
are similar to those of the original porous SiO, microspheres, subsequently providing a structural
basis for efficient chromatographic mass transfer kinetics. In addition, the chromatographic per-
formance was investigated. And it was confirmed that the stationary phase was effectively used for
the separation of representative neutral polar or non-polar compounds such as benzenes, alkyl-
benzenes, phthalate esters, formamides, and aniline mixtures. These compounds are separated due
to hydrophobic interactions, 7 -7 interactions, and the unique mesoporous structure in the reversed-
phase chromatography mode. ACN-water (30:80 or 40: 60, volume ratio) was selected as the mobile
phase at a flow rate of 1 ml/min. The results of the methodological validation indicate that the intra-
batch relative standard deviations (RSDs) of one TAPT-TA-COF@SiO; packed chromatographic
column were less than 1.6%, demonstrating excellent preparation reproducibility. Furthermore, this
stationary phase was applied to the quality control of traditional Chinese medicine. Specifically, it
was used to determine the content of astragaloside IV in Astragalus according to pharmacopoeial
records. The measured result met the pharmacopoeia standard of >0.08%. This research work not
only provides new opportunities for advancing fundamental and applied research on novel COF
stationary phases, but also helps to further promote in-depth research on the application of COF

materials at the intersection of separation science and pharmaceutical sciences.
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TAPT-TA-COF@SiO,

E 1 TAPT-TA-COF@SiO,#t#}# #l & it 12 &
Fig.1 Preparation schedule of the designed TAPT-TA-COF@SiO, materials
APTES: aminopropyl triethoxysilane; TAPT: 2,4, 6-tris(4-aminophenyl)-1,3,5-triazine; TA: 1,4-benzenedialdehyde.
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Fig.2 SEM and TEM images of (a—c) SiO, and (d—-f) TAPT-TA-COF@SiO, materials
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Fig.3 (a) SEM images and (b) elemental mapping of the TAPT-TA-COF@SiO,

%1 TAPT-TA-COF@SiO,MiTEEE
Table 1 Element contents of the TAPT-TA-COF@SioO,

Element Weight/% Atom/%
C 22.77 32.64
N 6.96 8.55
O 33.95 36.54
Si 36.32 22.27
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AR S0, AE i S B 224 B, Bk B A S5 A R
£ 20=13°E A — /N IR & XS B F COF 26 44
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2.2 TAPT-TA-COF@SiO, ##l ittt H ELi
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TER BN AH R 215 -7K (35:65.30:70.25: 75, (K FH
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TA-COF@SiO, Wik AH 0, 3i% F 19 S AR IR B8 L] . 45

RKW WEE NGB 25% 15 % 35%, 4K 1
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S AR 1% (RPLC) £ B ML, B e 6 B < HE DA
IR 3 0E T 8, 4 B Ak G W i v Y 5 3L
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B HIEERCR R, 252 280 1R DR s K
T 5 ZEAH R 9 20 AH 25 18 T AR B BT I de b R T
COF #E M AT B PR fE . TEAR LI X Sk 5
TE 25 B 5 FE L % B B ARCEAL T TR K
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TE 3 B A 2B -7K (30: 70, R BLH) AR IR R
30 T K 1 mL/min B @35 &0 T, AR R YA
ot & 2RI B W FE i Ok 5 48 TAPT-TA-COF@SIO,
A EE P 5 —3Z TAPT-TA-COF@SiO,
g A e 3 WE &2 K Y 35 1B WL 1l 6a T 6b.
F [ — % TAPT-TA-COF@SiO, a3 H: i, 2K &
Hloe B2 A5 7 if 6] A RSD 43 SR T 1.6% F1 1.4%.

e g T Haak oy B A AL, e B AR T 1
mL/min i 21 A A 2 E-7K (30: 70, AR B L) 2 AR B
TAPT-TA-COF@SiO, il Bk 3 7t A I 25 WA 502 Ry
40 000 N/m. % %04 55 52 5 = ¢ AR [F] R A2 7
C 18 JFURL (3 A3 1) A 25085 4l A O, U B o & 1) A et
Al LA [ e A
223 BEENSBEMEEER

e TR ST R A B R T A T A e 2 5 DU A
RARPUAE R AR 1 M i, 4 IR TS e
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T 1 mL/min (09 6455 25 4R 03T R e g
ek Jrig UK ik i | gk e — T I R Y I W S S )
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Fig.4 (a) N, adsorption-desorption isotherms, (b) pore size distribution curves, (c) Fourier-transformed infrared spectra
of Si0, and TAPT-TA-COF@SiO, materials, and (d) powder X-Ray diffraction characterization of TAPT-TA-COF and
TAPT-TA-COF@SioO,
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Fig.5 Chromatograms for the separation of (a) benzenes and (b) alkylbenzenes on the TAPT-TA-COF@SiO, column at dif-
ferent volume fractions of acetonitrile in the mobile phase
For Fig. 5a: 1. thiourea; 2. toluene; 3. ethylbenzene; 4. propyl benzene; 5. butylbenzene; for Fig. 5b: 1. uracil; 2. acetophenone; 3.
toluene; 4. ethylbenzene; 5. fluorene.
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Fig. 6 Investigation of the separation repeatability of (a) benzenes and (b) alkylbenzenes on the TAPT-TA COF@SiO,

column

For Fig. 6a: 1. thiourea; 2. toluene; 3. ethylbenzene; 4. propyl benzene; 5. butylbenzene; for Fig. 6b: 1. uracil; 2. acetophenone; 3.

toluene; 4. ethylbenzene; 5. fluorene.
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Fig.7 Effects of different acetonitrile volume fractions in the mobile phase on (a) separation performance and (b) reten-
tion factors of sulfonamides using a TAPT-TA-COF@SiO, chromatographic column
For Fig. 7a: 1. sulfadiazine; 2. sulfaguanidine; 3. sulphonamide; 4. sulfamethazine; 5. sulfathiazole.
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Fig. 8 Separation chromatograms of (a) polycyclic aromatic hydrocarbons (PAHs), (b) anilines, (¢) phthalates, and (d)
formamides on the TAPT-TA COF@SioO,
Mobile phases: ACN-water, (a) 30:70, (b, d) 15:85, (c¢) 40:60, volume ratio.
For Fig. 8a: 1. toluene; 2. acenaphthene; 3. anthracene; 4. phenanthrene; 5. pyrene; for Fig. 8b: 1. aniline; hydrochloride; 2. 1-phen-
ylpropanol; 3. 2-chloroaniline hydrochloride; 4. 1-naphthylamine; for Fig. 8c: 1. dimethyl phthalate; 2. diethyl phthalate ;3. dicyclohexyl
phthalate; 4. dioctyl phthalate; for Fig. 8d: 1. formamide; 2. N, N-dimethylformamide; 3. N, N-diethyl-formamide.
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mg mg (g/L)
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Fig.9 Chromatograms of (a, b) the astragaloside IV refer-

ence standard and (c) the actual sample
a, b. 0.003 g/mL astragaloside IV standard solution injected at
(a) 10 pL and (b) 20 pL; c. 20 pL Astragalus water extract.
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