& F F IR

ACTA CHIMICA SINICA DOI: 10.6023/A12100742

SR B RESNREETHEMAERBIEPHFBERIEIEHFLENR
Kaikte  ARITA KEKT

(RPN Rl WO RevEM R A R S s Bl 200237)

WE WD T 57 BRSNS REIR A K 5 AT B0 A+ S5 BESR A o0 & B BR BE VRN 4515 T Wiz 7,
82 T HARZOANFE R R AE. 45 SR, SRR, RIS IR T 1 A KN B P P ] S M IE B 1 TS A T AR,
VR 2 B DR 15 55 B 130 8 8] 52 AH R S T3] 52 AH EE A (Fe304@Si0,-NH, © Fes0,@Si05-C ) 2 18] H A [ £
R, PAEHRRECRT 09166 —JCE MBI REVEMAAE N, W BT RS I 18] ] DLId e HL 7R 55 BE DRI 4% A4 T R i it
TN CATRU . ¥ AR 2 IR 2 P i iR B« A MLV S 703 BT pHL i 5 IR0 BE R B0 I, L F000 £ B B T R 92 s £ B B ) 2
IF] AR R 22 53 /N T 8.0%, 10%F1 5.8%. MR RGEEAALII IS4 AF FXIKIRRIRIAT T4 3, HFEZ R
T P A% B BT 1 FU0 5 S B {2 TR A O R 250 11%.

KA BREEUEIL; WS L, TR A

Transport Characteristics of Aromatic Acids in the Capillary Electrochroma—
tography with Mixed Magnetic Nanoparticles Coating as Stationary Phase

Zhang, Lingyi Zhu, Yaxian Zhang, Weibing*
(Shanghai Key Lab of Functional Materials Chemistry, East China University of Science and Technology, Shanghai 200237)

Abstract In this paper, novel open-tubular electrochromatographic system with core/shell magnetic nanoparticles modified
by amino and C,g functional groups as mixed stationary phase by using a series of permanent magnets to immobilize
nanoparticles into the capillary were investigated. The new system showed high separation ability and efficiency due to high
specific surface area of nanomaterial and mixing separation mechanism. The transport equations of aromatic acids using the
open-tubular electrochromatographic column with magnetic nanoparticle coating as stationary phases were derived under
isocratic and double stepwise gradient elutions, and the retention characteristics of organic acids separated by the columns
were further investigated. The results showed that the electroosmotic flow gradually decreased with the increase of
Fe;04@Si0,-NH, in the mixed stationary phases, and the direction of electroosmotic flow reversed eventually. The capacity
factor was relevant to the ratio of ion-exchange and reversed-phase stationary phases. Furthermore, experiments confirmed
that the capacity factor of solute had a good linear relationship with the ratio of mixed stationary phases, and the correlation
coefficient was greater than 0.9166 after fitting. Under the double stepwise gradient elution condition, the migration time of
solute can be predicted by its elution time under isocratic elution. After the solutes were eluted by phosphate buffer stepwise
gradient elution, the relative errors between predicted retention time and actual retention time of solute were less than 8.0%.
After they were eluted by organic modifier concentration stepwise gradient elution, the relative errors between two values of
solute were less than 10%. After they were eluted by pH value stepwise gradient elution, the relative errors between two val-
ues of solute were less than 5.8%. Rhizoma gastrodiae was separated by the constructed system under the optimized chroma-
tographic condition, the main components of gastrodin, vanilla alcohol and citric acid were identified based on retention time
of standards, and the relative errors between predicted value and actual value of citric acid was 11%. The open-tubular elec-
trochromatographic system shows great potential in the method development of analysis of complicated samples.
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Figure 1 Schematic diagram of mixed stationary phase
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Figure 2 Schematic diagram of double stepwise gradient

t; is the elution time of solute in the first stepwise elution of double step-
wise gradient elution
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Figure 3 Effect of different ratio of mixed stationary phase on EOF

Experimental conditions: buffer, 50% ACN, 10 mmol/L NaH,PO, (pH 6.2);
Injection voltage, —3 kV,3s
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Table 1 Fitting equations and correlation coefficients

Organic acid Fitting equation Correlation coefficient (R?)

Isophtalic acid k=0.90n+0.37 0.9166
Salicylic acid k=1.00n+0.46 0.9331
Phthalic acid k=0.90n+0.63 0.9313
Benzoic acid k=1.087+0.82 0.9643
Anthranilic acid k=1.1571+0.93 0.9647

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Experimental conditions: buffer, 50% ACN, 10 mmol/L NaH,PO, (pH 6.2);
Injection voltage, —2kV, 5s.
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Table 2-1 Prediction of retention time (min) of solute in double stepwise gradient (phosphate buffer concentration) CEC separation
5—10 mmol/L 10—15 mmol/L 15—20 mmol/L
Exp. Theo. % Exp. Theo. % Exp. Theo. %
Anthranilic acid 7.24 7.20 —0.49 7.29 7.38 1.2 7.30 7.37 0.95
p-Aminobenzoic acid 8.87 9.12 2.8 8.99 9.48 5.2 9.23 9.57 35
20—25 mmol/L 25—30 mmol/L
Exp. Theo. % Exp. Theo. %
Anthranilic acid 7.28 7.54 3.4 7.27 7.55 3.7
p-Aminobenzoic acid 9.29 9.75 4.8 9.35 10.11 7.5

“Experimental conditions: NH,/C;3=2; buffer, 50% ACN, phosphate buffer with pH 6.2; Injection voltage, -1 kV, 2 s; 5 mmol/L phosphate buffer—10 mmol/L
phosphate buffer, 5 mmol/L phosphate buffer was the first stepwise elution mobile phase in the double stepwise gradient elution, 10 mmol/L phosphate buffer was
the second stepwise elution mobile phase in the double stepwise gradient elution, and so on.

F 22 ILEWTHECH B AV L6 4 B A B AR I ) (min) 0 N
Table 2-2 Prediction of retention time (min) of solute in double stepwise gradient (organic modifier concentration) CEC separation
40%—45% 45%—50% 50%—55%
Exp. Theo. % Exp. Theo. % Exp. Theo. %
Anthranilic acid 7.13 7.39 35 6.74 6.67 —0.99 6.98 7.17 2.7
p-Aminobenzoic acid 8.42 8.69 32 8.17 8.35 2.13 8.83 9.30 5.1
55%—60% 60%—65%
Exp. Theo. % Exp. Theo. %
Anthranilic acid 7.69 7.39 —4.1 7.72 7.99 33
p-Aminobenzoic acid 9.90 10.02 1.2 10.66 11.82 9.8

“ Experimental conditions: NH,/C13=2; buffer, 10 mmol/L phosphate buffer with pH 6.2; Injection voltage, —1 kV, 2 s; 40% ACN—45% ACN, 40% ACN was the
first stepwise elution mobile phase in the double stepwise gradient elution, 45% ACN was the second stepwise elution mobile phase in the double stepwise gradient
elution, and so on.
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Table 2-3 Prediction of retention time (min) of solute in double stepwise gradient (pH value) CEC separation
4.4—4.9 4.9-5.6 5.6—6.2
Exp. Theo. % Exp. Theo. % Exp. Theo. %
Anthranilic acid 8.10 8.31 2.5 7.60 7.45 —2.1 7.90 8.03 1.6
p-Aminobenzoic acid 10.38 10.54 1.5 10.79 10.20 —5.8 11.27 11.61 2.9
6.2—6.7 6.7-7.1
Exp. Theo. % Exp. Theo. %
Anthranilic acid 7.55 7.51 —0.51 7.67 7.63 —0.43
p-Aminobenzoic acid 9.74 9.76 0.26 9.65 9.66 0.07

“ Experimental conditions: NH,/Ci3=2; buffer, 50% ACN, 10 mmol/L phosphate buffer; Injection voltage, —1 kV, 2 s; 4.4—4.9, pH 4.4 was the first stepwise
elution mobile phase in the double stepwise gradient elution, pH 4.9 was the second stepwise elution mobile phase in the double stepwise gradient elution, and so on.

5
1,2
3
400- 4
300+ )
z g g
ﬁ 200 ~ (c) NH,, coating
c
® 100 1A 5
—— (b) C,g coating
0 ( (a) Mixed stationary phase

0 2 4 6 8 10 12 14
Retention time/min

Bl5 3T ook s e AR 23 8 (i 1

Figure 5 The separation electrochromatogram of nanoparticle coating
Experimental conditions: (a) mixed stationary phase coating, (b)
Fe;04@Si0,-Cis coating, (¢) Fe;0,@SiO,-NH, coating. Capillary length,
11/22/30 cm. Separation voltage: —267 V/cm. Temperature: room tempera-
ture. UV-Vis detector wave length: 214 nm. Data collection frequency: 16 Hz.
Mobile phase: 50% ACN, 20 mmol/L NaH,PO4 (pH=7.0). Injection voltage:
—6 kV, 10 s. Organic acids: 1, isophtalic acid; 2, salicylic acid; 3, phthalic
acid; 4, benzoic acid; 5, anthranilic acid.
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Table 3 Data of separation parameters

Resolution”

R1 Rz R3 R4

N (plates/m) RSD/%

IEC 3.97 3.70 548 10.13 300000 for phthalic acid 2.73

RP 276 0 2.73 5.33 250000 for isophtalic acid 0.93
Isocratic . .

. 2.48 2.17 3.02 1.32 480000 for benzoic acid 1.65
elution

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Where R; is the resolution of isophtalic acid and salicylic acid; R, is the
resolution of salicylic acid and phthalic acid; R is the resolution of phthalic
acid and benzoic acid; Ry is the resolution of benzoic acid and anthranilic acid.

(a) =)

=M Vanillyl alcohol
Gastradin
Citric acid
N

5 10 15 20 25 30 10 20 30 40
Retention time/min Retention time/min

Ble KRR EIEIE

Figure 6 Separation electrochromatogram of rhizoma gastrodiae
Experimental conditions: (a) electrode from cathode to anode, (b) electrode
from anode to cathode; buffer, 50% ACN, 20 mmol/L Na,HPO, (pH 7.6);
Injection voltage, (a) (—8 kV, 15 s), (b) (+6 kV, 6 5).
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