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Abstract — Recently, liquid chromatography (LC) has been used more frequently to separate drugs and natural sub-
stances. Especially, to selection of the solutes from the products, the operation condition of analytical chromatography
should be necessarily determined. So accurate computer modeling and simulation of chromatographic performances has
become a necessary part of the development and design of processes. High-Purity Separation Lab. Inha University
developed the resulting HCI software for the purpose of the optimization of chromatographic performances. The HCI
program was utilized to find the optimum operating condition more accurately and rapidly, reducing the number of
many possible experiments. The elution profiles were calculated by the plate theory based on the three retention mech-
anism of capacity factor.
Key words: Plate Theory, Retention Mechanism, Capacity Factor, HCI Program
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2-1. Plate Theory
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2-3. Gradient elution
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Fig. 1. Solute migration in step-wise gradient mode.
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Fig. 2. Separation of deoxyribonucleosides by RP-HPLC(solid line:
calculated, dotted line : experimental).
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3-2. Phospholipids 22|
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Icholine(PC)S. 2 ©] =452 threll wWol A8t =4 715
O] Alzol|A FAREE GA E& 5 QUth o] AVEA] RIXAEE
“Aab Silel 43 SALE R A, oo
= N iHKhexane), ©]A3E % 9| (isopropanol), ME-2-(methanol) 4}
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3-3. Aromatic Compounds 2|
U35 7FA 8] Wk $k3HE benzene(BZ), chlorobenzene(CB),
toluene(TO), styrene(ST), o-dichlorobenzene(o-DCB), p-dichlorobenzene
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Fig. 3. Comparison of the cakulated and experimental retention factors under isocratic elution(a : ethanol, b : acetonitrile, straight line : y = x).

(p-DCB), and m-xylene(m-XY)& G4 A A2vpET)D]) =2 Eol
ok} oA EYe| ERE 242 H7ksh= oA ols 3 A
|3fo] Haske] AFor FFE ol FAteA e HAZx1E HCI
Z 23 Fato] ARGt Al A (5 o83t HiviH
ol TS AREEE A3t 5 7HA ol s dellA 2h el oigk
A= 100 A28l o AFIAE kel disia Adgkat Ak

o] 2 ShaE SIS ) AUTH30]. weEbd HCI 2o R
A olg gl Al HARA 270E 3iokar Aol A 8ste] 7|
Z A RS IY.0H, HCI Z2 73S ol5Ao] Al
2} Wohs a8l el 8ESAE & el Sle

3-4. peptide=2|

FAVI7ISoR g ol 8Ee ARvkE I H 7} A Fst
ot AlF=el st e, gA12 o rA AT W AsPt 5
255] ABFOIch. W] ATAES: A 2ol WEA7]7] A8
HH 07 AY}tAl F Q3 4714] FEfO] = (peptide) Angiotensin 11

(Asp-Arg-Val-Tyr-lle-His-Pro-Phe), [Val*]-Angiotensin II[(Arg-Val-
Try-Val-His-Pro-Phe), Bradykinin(Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg),
[d-Ala?]-Leucine encephalin(Tyr-d-Ala-Gly-Phe-Leu)ys &4} A=
ErlETdv R Fefshs AdS siolth 2 AdelX= oo
2 2 oM Erto]E- 242} 0.1%9] trifluoroacetic acid(TFA)
FAS o] ARESISinh. 8EA1 olEdre) Ual HF
21 Ink= A+ BE, o[2F878 2] Ink= A+ BF+CFK,E 7|%=2 3] 712}
AREetATt. Table 1914= 7 714 W 21S o] &ato] ARKsE 4
el S BolFaL 9o, ojxhgag e AuAlgTt Al
o] deAlFrn 1o 6 AekE o ¢ glow, mebA o)A}
Aol AFAE v 2 A58 = Qlvks 2S¢ 5 AT
[B1]. 7 7HA 53k Al Aol tiste] Zh2h A7 2R 7)
THE AR oM e HA TS ARsIar Addel A8A1A 1
SE AEE ERleelt). A3} A5AS AR o] el
A% dlolEl e} ARE vlolel7t 2k vheths 2 g1E 4= it

3-5. Isoflavones =2
o] ¥k o2} 8711] 9] o] A~ZE el (isoflavones) daidzin, glycitin,

Table 1. Empirical constants and regression coefficients of peptides by a linear and a quadratic relationship

. Lnk = A + BF Regession Lnk = A + BF + CF? Regession
Material . .
A B coefficient A B C coefficient
Angiotensin 111 3.974 -0.137 0.9855 5.829 -0.279 0.0025 0.9994
Leucine encephalin 3.840 -0.119 0.9842 5.522 -0.248 0.0023 0.9993
Bradykinin 4.955 -0.164 0.9829 7342 -0.348 0.0032 0.9987
Angiotensin 11 5.091 -0.161 0.9772 7.840 -0.372 0.0037 0.9989
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Fig. 4. Comparison of the experimental and calculated profiles in isocratic
condition(F: 15%).
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/el 22 01% 2R 3718 o5 EoHIEUel E-
85/15(vol%)= 313 Wl ofg] 74| ExlEo] AH- a7 HA |5k
BEAI0] uig- AArh32]. wiEell FeAREe] @S flete] vl
A =7 §Z55= 6’-0-malonyl genistin, daidzein, glycitein, genistein
b BAG H8: ol el N f718ue] Bk 1550l 27%
2 HSIA[A B} wE Al7hel] S5E5 QA sigit). 28
/W] AlVIE Sskar oE 7] B2S el 1.501480]
30Tk e FelAzlel £33 Giel PulguzA o A
A3} 2105 ARk = 3AA ol sl 2L 0.1% A

ZSE Bob RV ER 88/122 AME-EkT FHjA|Tto] 9B T
FHA o] F e S F718EEo] 15%2 AR WM
b, 195 W] 27%% AR E WA &1 305 o 65/35(vol%)
2 AskeR WalA| ). Table 204 HolFriA|T] 2]9] A7}
2] BE o5t AN Ate Belwel B2 Mg A
Holl &gt e & Y-S 1% 7 AUTH32).

3-6. Catechin 22|

A7 »AFe digk 277t G2 Fisel wh el At
of W2 &M, s} 189 E4E0] o vk Ae 4ttt
ztell =l = vhAl 7HA] 7belR) $19kE Epicatechin(EC),
Gallate(EGCG), Epigallocatechin(EGC), Epicatechin gallate(ECG),
Catechin(+C)> AoA, 94, A7 5ol tisto] deleha] #-go]
Stk wiel] o] -8 AEEE HAlelA Felslkr] flste] o5
o= BRpEYe|E, Brlge] 217h 24 H7lske o

o AR 1SS AT §ETAL @ 02O
H-E] Ink=1Ink,+ SF, Ink =L + MF + NF?, k=A + B/F& 0]-83
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Fig. 5. Compare the experiment and calculated chromatogram of the
catechin compounds in acetonitrile modifier.

Table 2. Comparison of retention times between experimental data and calculated values.

Lnk=A+BF+CF?

Resolution*  Isocratic (case 1) Isocratic (case 2) Gradient (case 3)
- Error (%) - Error (%) - Error (%)
Experimental ~ Calculated Experimental ~ Calculated Experimental Calculated
R, 13.25 13.42 1.3 - - - 23.83 19.64 17.6
R, 17.23 16.95 1.6 - - - 26.10 24.74 52
R, 34.88 34.97 0.2 - - - 29.00 28.11 3.1
R, 59.13 61.10 33 - - - 30.98 30.19 2.6
R, 113.18 113.40 02 8.13 8.07 0.7 31.52 3127 0.8
Ry 133.17 132.28 0.7 1553 15.33 1.3 37.53 37.36 0.5
R, 178.38 177.92 0.3 16.73 16.70 0.2 38.38 38.01 1.0
Ry 329.45 329.02 0.1 35.08 34.43 1.9 44.62 45.19 1.3

Case 1: separation of eight isoflavones on isocratic mode.

Case 2: separation of aglycones (daidzein, glycitein, genistein) on isocratic mode.

Case 3: separation of eight isoflavones on gradient mode.

R, : daidzin, R, : glycitin, R,; : genistin, R , : 6’-0-acetyl daidzin, R,5 : 6’-0-malonyl genistin, R ¢ : daidzein, R, : glycitein, R ¢ : genistein
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Fig. 6. Compare the experiment and calculated chromatogram of the
catechin compounds in methanol modifier.
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Abgate]l Agketat oA 7 F&3h 79 = A (adenine,

j=g 21PN
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Fig. 7. Compatison of the experiment and calculated chromatogram
in step-gradient mode(1* mobile phase : water/methanol =
93/7 (v/v), gradient time : 5 min, 2™ mobile phase : water/
methanol = 75/25 (v/v).
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oo g YEINItK Table 3)[34]. sHA%F LGl zAw-2 B4
Alzke] 71 59 Algtdol EAlgict. F f=Alel st = &%
|jzd e AHdE S5 flste] TS A-S)
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HE 7Y AFATES 710 R AXIS Ay olFAke] 24
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Table 3. Comparison of resolution and retention time between experimental data and calculated values

Material Hyp Pur Adn Thb Thp Caf
*Rs,, 6.78 1.60 15.58 13.20 18.74
4*Rs”,, 7.53 1.96 20.41 16.47 20.20
YIsocratic T My oy (Min) 2.845 4.477 4.960 12.726 24.363 56.354
G’tR_w, (min) 2933 4.629 5.160 13.676 26.36 61.600
DErr. of t,, (%) 2.97 3.28 3.87 6.94 7.58 8.52
*Rs,, 6.78 1.60 9.60 8.69 8.80
4*Rs”,, 6.61 1.68 10.66 7.22 7.27
IStep-gradient 11 My oy (Min) 2.846 4.477 4.960 7.190 8.679 10.619
6’1,(_“,, (min) 2.790 4.293 4.775 7.074 8.378 10.163
DErr. of t, (%) 2.00 4.29 3.87 1.64 3.59 4.49

DWater/methanol = 93/7(V/v), I1% mobile phase : water/methanol = 93/7(v/v), gradient time : Smin, 2" mobile phase : water/methanol = 75/25 (v/v),
3Calculated resolution, Experimental resolution, >)Calculated retention time, ® Experimental retention time, ”’Percentage error of retention time
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