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Scheme 1 Chemical structure of a quercetin-bonded silica gel stationary phase( QUSP)

1 SRy

1.1 {EFFtH

2Q-4000/2695 T @ AR (X (2 [, Waters 20 7]) ,BE A 2695 B A S BEAE & ,2996 B 4 45 14
F RS I 4% A 35 TAE S Masslyx V4. 1, Vario EL I TR 73X (78 Elementar 23] ) ,5700 BIZLAMEE
A (Nicolet 22 %)) ,DTA/TG [R5 ( 26 E Perkin-Elmer /2 5] ) , Avance 111 400 MHz 5 Jiss [ {4 4% #f;
LRPEEAL (12 Bruker BioSpin 24 7]) , KQ3200DE R T e (B LLITEE A5 (A% A FR A ) ) 5 ZKF-
030 ZYFL LA TR ( RIS AR ) o

BRIGAERS CRLAE 10 pm , LR TEFRZ N 260 ~280 m*/g, F & K ML TAHMRA ) ,y-[ (2,3)-HAN
S ] PN = P AR 8 ( KH-560 , iDUR A HLAE BRI 0 A1 BRZA 1), i B 2R (o 3 A 28 ]
4 =94.2% ) T SR EAZRAL G Y T [ 25 AR YRS RE BT . R Z O HPLC a3kl
1T RS AR o RESE R R B IR 2R A 5 W LTS K B R = L 38 S o b
£ [ I 71 114 R S S w2 o= 2. i /N 1 B Oy Bt 3 1
1.2 #EEEME(QUSP)WH &

Mz 22 B ik GE I8 AFL(QUSP) B 45 # B Scheme 1 7% , il 4% 3 B BE AL BRI R ) 1) S T £
PRALBRAEIE , I HIZE MK Ve 2= e, 12 160 °C TR HEIE BR /K 16 1k 52 ) H5 1 A ik 8 77 T oK A A
KH-560 {15 AL = £ WA ], N, PR T 10130 Sz 24 b, il 75 55 0 S0 9 18 166 77 B 5 Ak
(GBS) ;3) JHIC/K HV AV i — & 5 A 28, B S A F SR (B 8 5 e e ( GBS) R LR 25 4%&UR , 76 N,
SARPR RIS 12 b 3o i Y B A 2 Ve R T 54 ) B F 4G 207 o B B R ep A — o
PR S SR AR RS 8 0176 T 1) 1y o B e 1 A Y R, e 28 b g 2R R 45 41 52 AH ( QUSP) 3% [
FEAR ST AL TCR A3 LLAM GG S AT R A RN [ A R AE AR TR T BT R A L
th QUSP BCRAYBES 0 0. 139 mmol/g, 7E R AL T WA R QUSP AT 45 23 Bt BRI Ak BORE ORiA2 2
10 pum) 4% 2. 1 95300 5 R IR 5 [RPREAR 00 IV AE A 22, 2 W58 [0 AH B AT R4 A2 PR FPILR &, 1



514 T ZEMAE - R RO T B R B R [ S AR B AR AEAL 5 ) 81

FAVE R RCRAR (O T FEEORL
1.3 QUSP HREFZS®ILHE

DL NI R B9850, F DR TOORR IR, SR FH S0 86, — B H AR Bt LC-6A AR E R B R8T
[ 72 A QUSP SEANEE N (O35 414 (4. 6 mm x 150 mm ) H1 JE 58 )2 25 MPa, T X BRAF LAY ODS
(4.6 mm x 150 mm ) #3E Waters Symmetry C,q (5 wm) . QUSP (a3 A4 F /K R0 H I s &2 vk , R I
BARY- , AL AR S BRI E o ST G4 AbIeN IR S v, A I A 10 min, 375 57— AR 20 i R
BRIE , RIGTREIHER , I E— R 50 ~250 me/ L, —H 48 B 5 A % K FE R h 220 ~280 nm, #FkE
10 pL, i3 4 0. 8 mL/min AR Z (25 £ 2) Co DL 0 e i) O B2 I 8] 4y SRR 6], A A i 22
DTN E 2 IR

2 FHRHE

2.1 HEgSREHEER

DA R VA SRR AL,V ZIE) - V(K ) =40:60 a4, 1 4 0. 8 mL/min, 7 QUSP t 1 {5 £ i}
[ Jg 14. 80 min , 5 BEIE AR KN 16627 B/ oK . QUSP A: BIAEALIE T 1 5 ODS kAT RE 5 REMG o
B TP R 2P LR B R 2 DR B G, Sy T S A % T 1A X I 3 A 0 R L SR T
V(ZIE):V(IK) =40:60 = V( FIEE): V(0. 02 mol/L EEERHH) =60:40(pH =3.5) 2 & 2 & whk QUSP
K3k 7 d, WA {7 B IHE] g (14. 80 £0.2) min(n > 10) ,ASRAR /N, 3 32 BT [ 5 AR RE T 4 075 L
VA RIRR I Pk , (0 RV Rl R o , VTR A B B BT
2.2 BKEREE

DS R LRI 24 CF P2 K AR T 2R okt it 15 ODS ALxt LL, %48 T M4 AR B
Kb, BA VOB V(AK) =50:50 i shA i, 5 R ) 5 450 55 BT, 5 5] 2 490 1 3 B8 TR 1 3
(lg k") 5517 224908 3 e o f 30 FFY 80 () 2 ) LA BT B98P D6 R, g &' = 0.2057n +0.3544,r =
0. 9946 (QUSP) , BUAF& O At , 2 W Hz 22 W01k Fh T & Bk M2, 238 LA /KA FH A S L B
A B PRI R Y. TR @3 46 F R, 45 ODS £ R R W1y g k' 5300 F 3080 (n) Z 1A 5
ZR N :lg k' =0.4252n +0. 3298 ,r =0. 9998 (0ODS) , X F A QUSP Z5{tlF ODS, [7) )& S AH 2 3% & 5 48
FURS AT BB /K 5 255 , 35 AT R Fh T B 450 rh R B /K M 400, 1 S i 22 (A M B 3 1%
LML
2.3 WHKAMHSE M.

TRPEAL A ) 2 AEAE T 3R AR L S o 25 4% 0.6 \

TG, 20 60% MZP M BATIPEIER B 5 oaf \§’

BRI O X R RSy L f

PRI BR T R R et T | e )

HOWEHE FRI, 2 SR B I I [ A R T 0] T~ Ol
: TSI

T, AT QUSP FITFMERE KRR  —oo PRSI

AW s ~.

30 50 60 70 80 90 100
@ (methanol)/%

2.3.1 FABAEAGER RRGERINE, —
FBEAE AR A0 o, 4 R 2 AR 7 26 5% B T
S, P T RS R, T R g T B9 QUSP BRI AT I G R
LRI PR SR A By () MR

N , N . Fig. 1 Plot of g k" of basic compounds versus methanol
Bl g R, Or B N (k) B9 XHECS TR . .
content( @) in the mobile phases

SR AT LR A BB S R R U T AR
B N T A QUSP By SR RERILIE I, A S 1
KO —EI A4 R T, % 46 T vk BE Xt
i 3-FFSEIENE | 12600 6 T SEEE DA S R

Mobile phases ; methanol-water, flow rate:0.8 mL/min
a. 4 ,4'-diphenylenediamine ; b. 1 -naphthylamine ;

c. 4-methylaniline; d.3-methylpyridine; e. pyridine
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Fig.2  Chromatograms of pyridines on QUSP(A) and ODS(B)
Mobile phases:A. methanol-water(35:65, V/V) for QUSP; B. methanol-water(22:78, V/V) for ODS; flow rate:0.8 mL/min.
Peaks ; a. 4-hydroxy pyridine; b.3-hydroxy pyridine; c.4-cyanopyridine; d.3-methylpyridine; e. clopidol
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Fig.3 Chromatograms of anilines on QUSP(A) and ODS(B)
Mobile phases : methanol-water(50:50, V/V) ; flow rate:0.8 mL/min

Peaks ; a. p-phenylenediamine; b. sulfanilamide; c. p-chloroaniline; d. o-nitroaniline; e. diphenylamine

LI AN P P ST K PR A Y FE ODS #E IR AR TS, SRS REAIR I B0 A v i) FR it 2 4
RE G0 % e MR ™ AR 70 8 (EURR AR A 1)K, HLOR AN e, RIVJCYR e it , 7 BB BE VR A
REMRAR LRI T AE[R] S5 25 0E T 0 8 IR i i o7 QUSP A LA 21 RLAE A9 732, 102 PR DA i
B R PO RIS R] 5 98 08— N, SR (0] 77 A SRR R AR A T, BT o8 i K A R 118 X6 24 e i i
JELIGS IR A=A 00 B

o 4 50 (BB AN ) 1 Of B I )£ QUSP (11 min ) A1 ODS(8 min) FA7 B g 2251, 3 B8 A L 7
AR A 1T s S A S e S R 3RV TR B ) - S R R A S R A T, R (A A A i A i 5 5
3 S (W SERNE) 4 B S AT . ORI K PEF SR, 76 ODS [ R B if A1 2 47 min, i 7€ QUSP | A
27 min, Wi, QUSP A ISR I 45 BEVR ML 20 B S AR AORE Al , Z2 R0/ IR B 7 55 A A P il /s 255
(0 B R
2.4 BEXEYHNSE

H AT B IR A YA MUR T 2 B2 2540 T IE0RE, d AR M A iz A R 15 e o 3K 8 TR
PR A K T S U, Ao T T IE A7 AE , 78 ODS SO (36 7 B i 24 pH ERIM G E . A
WF5E & B, QUSP 18 ZHig-/KAE G sh Al , TG 15 pH AHL, 9L RE 70 1) 52 B [ S A R R 2R IR VAL &5 1)
ML
2,41 EmEReyen s LT MERTERBRYI (PR EETRM) B =1 ORB X RESEARE A
FEOE W 2-fil k-1 -2 LA L2251 ) DR B, 2 5 56 T EATTAE QUSP A ODS B (i1, 2L
AAFIAB P 4 n] DL, 40 a8 HE 2 I R A8 = B Bt ST e e, i DR D A B 22 AR Pk SR AT, ik
550 2-fil k- 1-Z5 1 A -3 5E-2- 25 W O BR 500, B e e, X S K PE RO ZR IR A 5 0 B IAORE, IX
SEm AL AW AE ODS FI QUSP LA B IR R BOMTR] , BB i KA 6k He o ke 3 S A 0, I I T
R B @SR RE o

LRI 44 4B AT LIE 7R SHS KRS 25 F T, QUSP Xt 7 RS AL & i 73 2 W
LT ODS A Horh, XM HEIR I S5 AR 2R 76 ODS M b7y B BER/IN 2l 212510 5 10 iR 2k -2- 2%
B3 AT, R BKPEARIT , ODS X AT 14 73 B 2 £8P A R, il 22 178 I v 5 5 B0 i 5 e e
BVREAIE A 2% P X T 18 2 A (9 73 B ROR o 11 7E QUSP 45 2 B 19 70 85, W AR —H 19 7y B HLBEANIA]



84 R e 2 530 %

QUSP X 5 1) o B AN o 4 e it R AT, il D ri gk s e i A B R - AR S5 1 o A 3 X5
IKAEAR I 47 50 (AR IR 3 15 A 2K = I XA SR By 15 AR AN B ORI 2-fi 56128 B 5 - A -2 2%
) oy R S 2R TR sk

30F 4 € 50 he
b g A B
251 f L
. . 40
20F
a >

2 15 =

10}

5k

] . . . . .

0 10 20 30 40 0 10 20 30 40

Time/min Time/min

K4 KBRS WTE QUSP(A) 1 ODS(B) ki kA
Fig.4 Chromatograms of phenols on QUSP(A) and ODS(B)
Mobile phases: acetonitrile-water(30:70, V/V) ; flow rate:0.8 mL/min

Peaks: a. o-aminophenol ; b. benzene-1,2 ,3-triol; c. phenol; d. p-nitrophenol; e. o-nitrophenol; f.2-nitro-1-naphthol; g. 1-nitroso-2-naphthol
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Fig.5 Chromatograms of benzoic acids on QUSP(A) and ODS(B)
Mobile phases:A. acetonitrile-water(33:67,V/V) for QUSP; B. acetonitrile-water(25:75,V/V) for ODS, flow rate:0.8 mL/min

Peaks : a. gallic acid; b. isophthalic acid; c.4-methylbenzoic acid; d. p-nitrobenzoic acid; e. salicylic acid

M AR B, 7 BAE QUSP YR B Y 5 ODS Ff AN 5E 4 — 85, X FHEZR HTIR < X Al 2R %
HIR < /KIER (QUSP, 8 54) , /KR < XIHHEIR R < % BRI ER (ODS, [ 5Bb) o LUKAZIR A B,
HI T ORER b [R5 A R R B FIAR B , K MR TE b3 3 Fhis B dne s , 76 ODS |- B Jc il , vl 2 7E QUSP
PR A, DRI sk 2 v BRI T sE AT AE L E AR LR . 72 QUSP #E B K BIRERAS & 5 JE
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Fig.6 Chromatograms of flavonoids on QUSP(A) and ODS(B)

Mobile phases: acetonitrile-water(33:67,V/V) ; flow rate:0.8 mL/min. Peaks:a. rutin; b. daidzin; c. genistein; d. casticin; e. baicalin
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Study on the Quercetin-bonded Silica Gel Stationary Phase
for the Separations of Polar Compounds by
High-performance Liquid Chromatography

FANG Yishan, LI Laisheng®, CHEN Hong, ZHANG Yang
( Center of Analysis and Testing , Nanchang University , Nanchang 330047 , China)

Abstract  Quercetin is one of the abundant and cheap flavonoids in herbs. In this paper, quercetin was first
chemically bonded to silica gel. A natural ligand quercetin-bonded silica gel stationary phase ( QUSP) was
obtained by using y-[ (2,3 ) -glycidyloxypropyl trimethoxysilane (KH-560) as a coupling agent. Iis chemical
structure was characterized by infrared spectrometry, thermogravimetric analysis, elemental analysis and "C
solid-state nuclear magnetic resonance(NMR). The amount of bonded quercetin was determined to be about
1. 39 mmol/g. The reversed-phase property of QUSP based on hydrophobic interaction was first evaluated on
high-performance liquid chromatography. The separation abilities of new stationary phase for different polar
aromatic compounds were systematically studied by using basic and acidic solutes with different structures as
probes. Some retention mechanism in the above separations was also discussed. The results showed that the
novel quercetin-boned stationary phase exhibited high separation selectivity for polar compounds, including
pyridines, aromatic amines, phenols, benzoic acids, and flavonoids. The baseline separations of the above
species were easily achieved by using only simple methanol or acetonitrile water as the mobile phases without
fine adjustment of pH in isocratic mode. This is because besides the hydrophobic C¢-C;-C, skeleton, the
quercetin ligand QUSP can also provide various active sites for polar solutes, such as hydrogen bonding,
dipole-dipole, m-m and charge transfer interactions, in which the synergic interactions could improve
separation selectivity, especially for the ionized acidic and basic compounds.

Keywords  high-performance liquid chromatography, quercetin-bonded stationary phase, natural ligand,

evaluation of chromatographic property , separation mechanism



