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1.1 @BiEsE
43T BRI IR A 0 1 2 A (03 4 B S B BT ST TR L S B R, AR b e T (5 i AR
R Y, BEGE MR R FERAEHEMEASIRERN. N TFREMER, AELETLUATAE
/i:.[S]
dc/dt + Faq/at +pudc/9z =0 (1)
Rf ¢ M q HFIZRMTYTERSAHFIE ZA P IRWKEE; F RBRME; p RRWHAHKRE; ¢ M2 5
BRI BRI YFE ISR P ALE. FEXRKITH =0, EAEEADL2=0.
1.2 FHRMHRE
BT SRR B AR A, SR SR A O A SR AR R R Langmuir 2121
g=q,bc/(1 +bc) (2)
R, g M c FUAABIEAGH ST Y 7E B B ARSI S WIKRE; ¢ NEEEARKME, o HREH
¥ EHNPIRBGER T, AR EERE EVFER BT AR RHALR, A5 T RE A
AR ET R AR S T R R AN B, AUFS0F XX Langmuir J5 8 X4 55 B 408 HEAT
mé[12~14] .
q=q.b,c/(1 +bc) +qub,c/(1 +by¢) (3)
R g, o1 by, by 53 HMRFREE—ANEE 24 08 AL A 1R 0052 B BB 65 2
1.3 ¥MEaReRE
S2% P BT A A R TR P R AP ER G AT AR, TR 5 B i R 2
W, BT LAY B R AR AT AR
c(z,0) =¢, ‘ (4)
c(0,t) =c,,;(t>0) (5)
dc(L,t)/8z=0 (6)

2 ZBEHS

2.1 RASHHE

it - A R (4-HBA) FI4R- R B8 AR (2-HBA) (Zr#fr s, REBRFMZEEN ) BAZRT
J§(AIBN, {b2at, bl THBAR, HiSESRAL); Z M _PENERE (EDMA,
New Jersey, USA) ; FIEPIHMR(MAA, REMEREN—) ) ; PR, RETREERN ) B
R (b, RENREHAE TR ; FRE(AEA, taaf AL EnmRAR); 4B
(43Hret, RETFERANT) 3 ZHF(@igs, REBHAFENT) ; KR E RAEK.

Perkin-Elmer B30 #6838 ; Perkin-Elmer & FEfEHZ ; LC-75 436G B M 2§ ; ANASTAR @3%
TAeuk; S01A RUEKEIRAS.
2.2 SFHBEERGOEE

FREX 0. 0878 g #idr 4> FH10. 09 g 5| 47| AIBN, % T HiZhRE# & MAA (0. 205 mL) | ZZEX#| EDMA
(1.81 mL) . BRI FZE(3. 11 mL) FIFE5E(0. 78 mL) LRME GBS, WA 10 min BREES,
RIGEABREMEAEH (100 mm x4. 6 mm i d. ) F, HF%EEE, 53 CRBEBRA 12 h. Bk
B % T HPLC MR ER L, AEBEER 9 1IWFRAZRBESB MM ERBRENER. REH
M RE THEEELKF. Rk TH%E EH%%@#B‘J%‘&‘%’J%-
2.3 BHERENNE
2.3.1 ESMEAGZER o5 AFEE, Zﬂﬁiﬂmﬁ@i“ﬁﬁﬁ@ﬁ*ﬁ F #4340 Bt P R RE B P B K
KAV YT RS, PSRRI R I EETEE Y 0. 001 ~0. 030 g/L.
2.3.2 ABEBREETHGRNMNE FEREED BN EERNE, S TERRIRNFEER Y, =
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1. 601 mL. 5 AHAO MR B LR AL 2B S R P S AR A0 22 ) V, = 0. 719 mL.
2.3.3 WMEHHHE ERHANTIE T EERR ¢ TR TRHE,

g=c(Vegy = Vo) /V, (7)
Ko, Vo, R BB 1 5 B PR TR 9 ph e 2% 9780 ).

3 HRSiTM

3.1 RWHLAINE

B /AT ik P SR 222 7 HPLC il . B 5%, BARBIE P ERE, REH ks
BARHRE SRS s A (i, AER MR RAB AN REN TR, BRZR—DEBH
2. WRERBER TWE, AT —MKEMRNERBERIEIFSIMER LR, HERI—RIIH
AR ZR. SRR, I ERPRETER. B 1 FTE20 CTEAARERE RN -BEE TR
) ZIE P A TS A 7EEN R B AR RTB I — R R IR
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Fig.1 Frontal chromatogram of 4-HBA on the im- Fig.2 Experimental absorption isotherms of 4-HBA
printed polymers monolith with acetonitrile (solid symbols) and 2-HBA ( open symbols) on
mobile phase at 20 °C imprinted polymers monolith at 20 °C from me-
Flow rate 1.0 ml/min. Analyte mass concentration/ thanol containing different contents of acetic acid
(g-L7"):a. 0.001; 5. 0.002; c. 0.005; d. 0.008; @(Acetic acid) : a, a’. 1%; b, b'. 3%; ¢, ¢'. 5%
e. 0.010; f. 0.015; z. 0.020; k. 0.030. d,d'. 1%.

3.2 HzhiEh ZERE BXTEN R &Y kR B AE 0 AR R MR R DS IR L2 R RN

M T Z B PR R U S TR R R R B A SR, Hmai P ImA Z e, el ik
FERIOREE BE A TR, [ 2 9 20 CF R 2K B B 1% , 3% , 5% F1 7% B Xf- 35 2%
FRRAN AR - 22 505 IR 7E DR B A BRI IR R, B 2 ATLAE L, BARPREA A FEE B A4 |
R R M B BEE F I 2R S BT RL. XMARA LB T8 SENERESYWRE
PR R RS2 TG - BB 52 B A B TR PR BB T . A XX Langmuir J5 2% AR [6] 2 BR¥E B2 F 75 B i SE I cdie
HGUE, HERHESEFITR L

Table 1 Isotherm parameters of samples in acetic acid with different concentrations

in mobile phase at 20 °C

L Isotherm parameter
Sample Acetic acid content( % )

q/(g L") b/(L-g™") @/(g L") by/(L-g™')
4-HBA 1 33.42 0. 45590 2.584 0. 013080
4-HBA 3 35.29 0. 23020 2.011 0.012480
4-HBA 5 32.64 0.11870 1.876 0.011050
4-HBA 7 33.29 0. 05420 1.781 0. 009836
2-HBA 1 36.23 0.17470 2.039 0. 004684
2-HBA 3 35.27 0. 15130 2.014 0.007543
2-HBA 5 34.91 0. 05952 1.987 0. 006585
2-HBA 7 34.05 0.03574 2.016 0. 004210

MAE 1 PRERSEOHTEXN-BEEFRAB-ZEETROFBNT k AIEEENT o
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(a = k4—HBA/k2-HBA) (12-14] :
kyywps =q,b, +4,0, (8)
kywps =910y +g,:by (9)

Kb, 91, ¢ Mg, @ IR R R BB EA W BTEA R AL R AR ; b,
by F by, by ¥ HIRXT A H BRANAR-R K B RRTEA R MR Bz o B 4

HE 3(A) ATUE N, BERSMTZREBNEM, X-BEFRRAS-REETRNERRT
kAT TR 0B 3(B) s, ENEBARREEMERT o BZME BN TR SBRHW, BT
ZRRABFRSI B AR A X AEAR S T FI4R- PR Y R TE R P32 sl 8 A 0 MR R B R 58 45 2300 R 2 i
IR, SBOEN R AAKE iy Bk B By A B4 S A= AR AL
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Fig.3 Effects of acetic acid content on calculated total retention factors(A) of 4-HBA,
2-HBA and calculated selective factor(B)

3.3 REHEPFNBRANERMERS FENZRSY LRHEREMTM

E 4 j‘:’u$ lﬂﬁm?ﬁﬁﬂﬁ‘ﬁiﬂ‘ﬁﬂﬂ‘ﬁ-ﬁ 0.7[ =, “o— Acectonitrile

A BRI A A3 Y RRZE D R F A b 1) 081" 227 2" Teahydrofuran
SRR, TS BB ~ ol

H YL SR A Y IR SRR T R T ® o3l

R M L Z B S AR, T S b

5 EDE A 2 T RS B o1}

B A PIRHRE R R BB K 5 T H B 5 E B 0o} . . .
AL AR AR B, S EAY b a0l o0 000

Xl AT MR B BB 1) B 3. A A AN Langmuir

J7 AR XA AT B SE 56 IR B 4 IR R R AT 4

&, IIBERSEIER?2 Fix.
Table 2 Isotherm parameters of 4-HBA and 2-HBA in different mobile phases at 20 °C

Fig. 4 Adsorption equilibrium isotherms of 4-HBA ( solid

symbols) and 2-HBA ( open symbols) in different
mobile phases

Sample

Mobile phase

Isotherm parameter

a/{g L") b/(L-g™") @/(g- L") by/(L-g™")
4-HBA Methanol 35.39 0. 4592 2.732 0. 01558
4-HBA Acetonitrile 38.22 0. 5821 3,624 0. 01681
4-HBA Tetrahydrofuran 36.37 0. 5184 3.214 0.01575
2-HBA Methanol 37.02 0.2042 2.152 0. 004982
2-HBA Acetonitrile 37.03 0.2321 2.416 0. 007452
2-HBA Tetrahydrofuran 37.06 0.2177 2.161 0. 006573

FIFIRR 2 R ESHOTE LA RIA PLERIE D S AR X - B R H R AAT- R AR N RN A &
BTk, ERNEK3 P, B E R, S5 LB, L8000 S skmEfE i s AR ED i AR AL
MR T o 2514 2.59, 2.23 Fi2.15. MIATLUE L, S EEN WA, BB -5
FAR P AN AR - B Y R AN W B BB B T H R B B RO R, T LA BRAE i s, Bl
AACHE X o - 722 B P R R OB - R R Y IR PR MR M B ) B s R PR Mt B 22
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Table 3 Effect of different mobile phases on retention factor k

Sample Mobile phase k Sample Mobile phase k
4-HBA Methanol 16.29 2-HBA Methanol 7.570
4-HBA Acetonitrile 22.31 2-HBA Acetonitrile 8.613
4-HBA Tetrahydrofuran 18.90 2-HBA Tetrahydrofuran 8.453

3.4 REEXTEN IR A R B AR AR A R 0
B S JEER 551 20, 40 7150 CHfLLH o

BRI AAIN -2 T RS-SRS T R oal

HTEBRAY FHTRBHSRE. LRSS _

REW, WBEXTRES MRS AT 0 B i 3 f

W, W R IR R BT R TR, M SR s 02

B ST FHRBIREE N 0. 030 ¢/L, FEWRH 20 M e

CEFHE S0 CHE, EEERE A AL X wof- 32 5 2 oop *

PRI B T % T 38.2% , XT4B-BEFEF B
BB T T 28.3%. Fi W Langmuir 558
Xt A 6] Z. BR vk BE T i 75 3 9 S5 30 0% 0 47 8

&, BRI ¥FS80EK 4 B
Table 4 Isotherm parameters of 4-HBA and 2-HBA at different temperatures with methanol as mobile phase
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Fig. 5 Adsorption equilibrium isotherms of 4-HBA ( solid
symbols) and 2-HBA ( open symbols) at different

temperatures

Sample

t/C

Isotherm parameter

o/(g- L") b/(L-g™") /(g L") by/(L-g™")
4-HBA 20 35.39 0. 45920 2.732 0. 015580
4-HBA 40 35.07 0. 22850 2.219 0.011430
4-HBA 50 33.71 0. 13630 1.740 0. 011650
2-HBA 20 37.02 0. 20420 2.152 0. 004982
2-HBA 40 36.23 0.13730 2.014 0. 006934
2-HBA 50 34.26 0. 08877 1. 965 0. 006642

IR 4 FRFESEIIHE T N-RERP RS- BEETROFEN T F MEEENT o
HE6(A)ATLIEH, MEEREAME I -BRERPRANE-ZRETROFENTHA TR SRE
FHE 50 CH, X-BEEPREFBHET ks FET 71.7% ; B-BEEFROBFEBHET by FET
60.0%. T XT-BERPRAUM-ZEFRN RN ARNTHARTUNBEESR BT HERAE R
BRI AL N 6(B) iR, ENSBAEREENLERN T o MRS BT TE. dtmUES,
T -BREEPRAOAERN T F BEEREARTE-REZRROARE T § B ZEREE,
AT 3 5 0 525 A 3%k A T 0 - R T
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Fig.6 Effects of temperature on the calculated total retention factors( A) of 4-HBA,
2-HBA and calculated selective factor(B)
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Thermodynamic Studies on 4-Hydroxybenzoic Acid-imprinted
Polymer Monolith by Frontal Analysis

ZHENG Chao', LIU Zhao-Sheng’, GAO Ru-Yu’*, ZHANG Yu-Kui*
(1. College of Chemistry, Nankai University, Tianjin 300071, China;
2. College of Pharmacy, Tianjin Medical University, Tianjin 300203, China;
3. State Key Laboratory of Element-Organic Chemistry, Institute of Element-Organic Chemistry,
Nankai University, Tianjin 300071, China;
4. National Chromatographic R. & A. Center, Dalian Institute of Chemical Physics,
Chinese Academy of Sciences, Dalian 116023, China)

Abstract The adsorption isotherms of 4-hydroxybenzoic acid imprinted monolith which was prepared by in

sitw therm-initiated polymerization were determined with the frontal analysis successfully. Adsorption isotherms

of the monolith were measured at 20, 40 and 50 C by using acetonitrile, tetrahydrofuran, methanol and aceto-

nitrile containing 1% , 3% , 5% and 7% ( volumn fraction) acetic acid as the mobile phase, respectively. The

results show that the adsorption capacity of the monolith for the template was found to be much stronger than

2-hydroxybenzoic acid. The experimental data was fitted by Bi-Langmuir isotherm, and the saturation capacity

and association constant of imprinted monolith was achieved. The content of acetic acid in the mobile phase,

the nature of the organic mobile phase and the temperature showed some influence on the adsorbent ability and

selectivity of the imprinted polymer. This phenomenon can be explained that the saturation capacity and asso-

ciation constant of 4-hydroxybenzoic acid on the binding sites was influenced by the chromatographic conditions

much more significantly than 2-hydroxybenzoic acid.

Keywords Frontal analysis method; 4-Hydroxybenzoic acid; Imprinted polymer monolith; Adsorption iso-

therm
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