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Separation of Positional Isomers Using Core-shell Composite NH, —
MIL — 125@TPA — COF Column with High Performance
Liquid Chromatography
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Abstract: In this work, a core-shell MOF@COF composite, NH, — MIL — 125@TPA — COF was
prepared by immobilizing the COF (TPA — COF) crystals on the surface of MOF (NH, — MIL - 125)
particles through in-situ growth approach. The NH, — MIL — 125@TPA — COF composite was charac-
terized by powder X-ray diffraction (PXRD) , Fourier transform infrared spectroscopy (FTIR) and
scanning electronic microscopy (SEM). An HPLC column(25 ¢cm long X 2. 1 mm i. d. ) was success-
fully prepared with NH, — MIL — 125@TPA — COF composite as stationary phase. Under normal-
phase (n-hexane — isopropanol (9 : 1, volume ratio) ) and reverse-phase (methanol — water (9 : 1,
volume ratio) ) high performance liquid chromatographic (HPLC) conditions, the separation perfor-
mance of this column for a series of positional isomers was investigated. The experimental results
showed that the NH, — MIL — 125@TPA — COF packed column exhibited a good separation perfor-
mance toward 9 positional isomers, i. e. bromonitrobenzene, nitroaniline, chlorophenol, binitro-
benzene, iodoaniline, bromaniline, phenylenediamine, toluidine and chloroaniline under a low
column backpressure (60 — 100 kPa), among which bromonitroaniline, nitroaniline and dinitroben-

zene could reach the baseline separation on this column, and the highest resolution (Rs) was 9. 71.
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Under reverse-phase HPLC condition, the column efficiencies of o-bromonitrobenzene, m-nitroani-
line and o-chlorophenol were 18 424 plates=m™', 19 053 plates*m™' and 12 954 plates*m ™', respec-
tively. Under normal-phase HPLC condition, the reproducibility and stability of this column was in-
vestigated using bromonitrobenzene as the analyte. The relative standard deviations (RSD) for reten-
tion time and peak area of bromonitrobenzene for five repeated injections (50th injection, 100th injec-
tion, 150th injection, 200th injection, and 250th injection, respectively) were 0. 29% and 0. 89%,
respectively. The retention time, selectivity and separation performance of bromonitrobenzene on
this column did not change obviously, indicating that the prepared NH, — MIL — 125@TPA — COF
packed column exhibited good reproducibility and stability for HPLC separation of positional isomers .
The results indicated that the core-shell composite NH, — MIL — 125@TPA — COF as a new type of
HPLC stationary phase has a good application prospect in the separation of positional isomers.

Key words: core-shell composites; positional isomers; high performance liquid chromatography ;

stationary phase; separation
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Fig. 1 Schematic illustration for the synthesis of NH, — MIL — 125@TPA — COF core-shell composite
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Fig. 2 PXRD spectra of synthesized materials, simulated NH, — MIL — 125 and TPA — COF(A); FTIR spectra of different
synthesized materials(B)
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Fig.3 SEM images of NH, — MIL — 125(A) and NH, - MIL — 125@TPA — COF(B)
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Fig. 4 Typical HPLC chromatograms on the NH, — MIL — 125@TPA — COF column for the separation of positional isomers
A —C: the mobile phase was n-hexane — isopropanol(9 : 1); D —TF: the mobile phase was methanol — water (9 : 1); A, D: bromonitroben-
zene(JRAHFEAR); B, E: nitroaniline(fHFEEZRHE); C, F: chlorophenol (ZZEHY)
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#£1 fIERHUEAENH, - MIL - 125@TPA — COF {35+ LAY/ 4521
Table 1~ Separation of positional isomers on the NH, — MIL — 125@TPA — COF packed column

Retention factor (k) Separation factor (a) Resolution (R,)
Isomers

0- m- P ) &, Ry Ry
Bromonitrobenzene (Al FEZE )* 2.77 5.57 8.32 2.01 1.50 1.25 0.97
Bromonitrobenzene (VA FEZE )" 2.86 4.08 8.28 1.43 2.03 2.77 6.62
Nitroaniline (A &2 1% )* 7.93 14.58 20. 14 1.84 1.38 1.79 0.75
Nitroaniline (il 3E4 %7 )" 2.92 3.33 11.36 1. 14 3.41 0.93 9.71
Chlorophenol (G} )* 2.06 4.04 6.35 1.96 1.57 1.68 1.28
Chlorophenol (Z A} )" 2.53 3.38 5.23 1.34 1.55 1.58 2.75
Dinitrobenzene ( A 32K ) 5.08 9.97 10. 94 2.90 1.10 2.75 0. 40
Dinitrobenzene ( /i35 )" 2.70 4.23 10.73 1.57 2.54 3.31 8.45
lodoaniline (LR )" 1.61 3.62 8.85 2.25 2.45 1.61 2.51

Todoaniline (B % )P =" - - - - - -
Bromaniline (JR 4% )" 1.59 2.96 6.45 1.86 2.17 0.93 1.17

Bromaniline (VR % )k - - - - - - -
Phenylenediamine (% i) 2.28 4.18 15.38 1.84 3.68 1.15 3.00

Phenylenediamine ( ) - - - - - — —
Toluidine ( F 21 )* 3.00 3.72 4.12 1.24 1.11 1.37 0.91

Toluidine ( FF A% )" - - - - - - -
Chloroaniline (G4 )* 1.57 2.68 5.38 1.71 2. 00 1. 09 1.70

Chloroaniline (5 % )" - - - - - - -

a: the mobile phase was n-hexane — isopropanol(9 : 1); b: the mobile phase was methanol — water(9 : 1); *: represent the positional iso-

mers were unseparated
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T, K-SRI R R B T A, RIHTEPI RIS 54 T R iR o TR SELR YR E E SR . 1t
Ah, T8)-. AB-FEEEIRRERNN]- | AR-SAEE I BRI T 5 logKo/w {E 3B 3G N7 — 3 (logKo/w A 1E RS —
KL REL, 8-, AB-TEIEZEME logKo/w (B 43 4 1. 37 F1 1. 857", 4B~ [8]-GAZEMEY Y log Ko/w {EL 43 711
32, 17H12.50%7) , FBHE KA EAEHTREZ M40 . AL E SR B BB, Bk TR
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Fig. 5 HPLC chromatograms for the separation of bromonitrobenzene (A ) and chlorophenol (B) with different mobile phases

column temperature: 25 ‘C; flow rate:0.1 mL-min”';
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Fig. 6 HPLC chromatograms(A ) and Van’t Hoff plots(B) on the NH, — MIL — 125@TPA — COF column for the separation of
bromonitrobenzene at different temperatures
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Table 2 Values of AH, AS, AG (25 °C) and 7 for the HPLC separation of bromonitrobenzene

Analyte AH (kJ-mol™) AS (Jemol™+-K™) AG (kJ+mol™) I
o-Bromonitrobenzene -5.27+0.29 -3.39+0.83 -4.04 +0.29 0.993 8
m-Bromonitrobenzene -5.23+0.24 -4.13+0.91 -5.73+0.24 0.9913
p-Bromonitrobenzene -8.96 +0.44 =7.51+1.41 -6.72+0.44 0.992 8
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