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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.
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2 H2-8-(analytical) HPLC®]l T}
288 4 QU o5 S

Sof it 31 94
A FA 8= LA-gullzAd W (isocratic mode) ) o5 d2] %
S AR wket WStA| 7] 832 (gradient mode)ol| 4]
ol5 e AT BHO AFAIAL] AT IAIE o] 8ste] B
AFAIE oA=T 5 QQrH16-23]. B3} plate theoryS ©]8-31]

0]o¢] %7
3} operating mode(isocratic and gradient mode)oll tsle] % 3}
E Fste] welwel weazte] vEE HE 2hqx0S ARk

T AArH24-26].

o EEFAE AT or o)Fde] =4

2-1. Plate Theory

Plate theory— iiU}EJEHJJ% columne column®] 4o o]
Z Ui TS 7K a9l plate columnd} 8 07 F

Shef oo oAl Wl e QN o Fae @ 4 o

ol &2 9 Aeoll 2.0 (local equilibrium), ZF THol) 44 2] o]

2] 331(4,)5 3 251 AR, ol oI

2

7k g @ AJo] 9] B4 S 0w TRl 2 ATAS o
& % ek
n—-1 V 70
ooy @ M
i=N-r
o> Netol] £29] 50l o= TR B g,
FUE =4o] 2 cte] spoltt. a= FFdTE A}
4R vt 2
1
4 v, —Kvg @
= 3] Hale tigh oo H-u]e] vlEE vEhid HY
sk AFAAE thes) 28 WA 7hac,

®)

AFAAZHE] Alrkel H g9l o] 2= plate theory2]oll T
QI5l] A=ZvlE Y] column 7oA B2 85 FAE A
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2-2. MIFQIX}

ols7d el #71-8mel 243} AlFAAteke] daAlE 1 F

QF WL A7} ol FolRlt. vhrel AlZEAl #Ale] 7 el A}
)= ATkl 7182 2437 Al Aot
logk = logk,, — C))
-2 B
k=A-¢ (5)
logk = L+ MF + NF’ (6)

o £49] AFAA eI}, Fi= o5/
&0t} (4)-(6)22 At ARuE
A 718l o] ol wAlZ ool A

m{n

= ool a2 )
ool 3 718 0he] s
Sefslel o)Eae] B3} we
QS wjolut ARE-3 4= Qi)

2-3. Gradient elution

TR AR A B AFAILE dSs] AsliME
column WjelX €] £219] o)F-2 A g o)57de] 24 Slellx= o
A $25 72 olsgirtal 78t Fig. 10049k 2] Y5
L column?] dolzA EAo| o)Fdh= TS vEhn, XEF
columns EHste] A h= o]57de] FuE vt 27]. 9%
3k Aol A= olsde] FulE ARke® vk = Qv e
/g el A AR ARkelr] fsiA vhea 22 s o
Sk (1) columns: AWp7h= B8 18737 B EE FA8)
W olE3it), (2) 744 vk 2449] o]F 42 column oA AE
oA ¢kar o] Fsit. (3) o]F ¢ /do] WaldA vs o] s
< column Well & A8t olFdhct. Alstd gl
2234 (step-wise gradient mode)olA= E4o] Ast 2739 olF
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Fig. 1. Solute migration in step-wise gradient mode.
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che} o] AN 4 I,

VRg = Vm(] + k2) + Vg, l(klk_kz) (7)

V2 column®] dead volume®]il, k, 7} k= 242+ 31 HWH olF
& 5 WA o] F el e EH O A, v, 2= 3 WA
o]Fo] columnol] EI7F F3o|t}. (7)4)E 01%0}0‘] A8
|ullz/dHelM e B AFHIE AR & 5 Qo)

3. HCI =272 38

HCI 222 1319] 28315 flslo] Qleltista a4
olJ+= Deoxyribonucleosides[27, 28], Phospholipids[29], Aromatic
Compounds|30], Peptides|31], Isoflavones|32], Catechine[33], Purine
compounds[34] & F-53 FHY EHES o] & TS
Z]gsoict.

3-1. Deoxyribonucleosides 22|

EAARE TS Ve ® YRR dR ol w2 AlgAde]
Atz el B4 Aol A gl S wol ARg-skaL itk
FEmzAdRoIM e 2 B4 83UAte} ool A 718w €]
£/ 2] ¥AI= Snyder®] O 2 2 TAETH], 3] Z12{v) 8w

ZAReIM = ATl mhE) o] F7de] Aol Wiahy| wiel 85l
A WskA gek, 2 EE el elA e gl
= 58] flalirde 8ERJAAE ARl uhE R FASHE Al
28 FEIAS AAdlof 16, 18]. o1E St Y HAlAE
v 9] E o] g5k Tl 7HA] dl Al g B E | e AR =
2-deoxycytidine(dCyd), 2-deoxyuridine(dUrd), 2-deoxyguanosine
(dGuo), thymidine(dThd), 2-deoxyadenosine(dAdo)E #2|3}7] 9
gk 2 9) o] g7 23S ARl oJsi gk 5 ol9] f-E8AS A
@ datag} WIS o] YA 7] BAES EEfs] Slsle] &
PHIEUC|EY, /e o) 4w o] 574 AFgatlon 2t &
28] GRRIAE ol diAe] ol 249 m vehd] 9
A 22} dlekE ) opAllEvo]| EZ O] 7] &ufell thalA (4)-(6)2]
W 37121 ARl AR GRIAke] i def wheba] Zt
A7 e A7} vk Z1Euh f718ue] Yol AA A
THEE ol ) Aol A A ARrPEET = (5). (6)
2ol snyder®] (42 W} ] 2 A2 S31aL[9). 4)He] Al
7F (5). (6)ABTE A okl ARk FE A A
Aol 7k QAL HTt. witol] © o] 2ol M= A1) FHEFA 2S 7
sfo] njara] F4ieko] A2 9ol 2 AATA T SRR ©]
el 2ol Qo] AA Wsh] wiiel FEet SrdAlE Al
Alstofol o] 5 el 273l thEk H 3P} 7hssk (642 ol2iet
2o okt webd 7] Gl wiehEe] 24w a8z
chib G ﬁlﬂﬁf\]ﬂoﬂ el H2skt Aak= 3 A o] E7de]
FAL st S ARShaL 7l AlRTe] 7 —?—01] - WA ol
& 2L 19% DﬂE“lol P AL A skl 0]1 A

1S N

oJth. o] 7% Fig. 204 BoAFTAI9] ﬁl*Pi} ARl ot &%=
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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 £2|

WAZAE] HA k= Eewel SRS AR g w4
tlellA HCI 222 138o] RHRA o 7 APlsie] HAshe das o
Al Fok QAL Al sk %Z_l A Al el &
Z0] zgdo|| odshr] “Ht‘jc off A 28}, efe} o] FolollA Fast
A A7 AL, O F & "é%_‘li 5= 2o
phosphatldylethanolamme(PE) phosphatidylinositol(PI), phosphatidy
Icholine(PC)°.Z o] EAEL2 tFol Wo] EA sl 2EA 715
o] Az e A & 5 Ak o] AP IAAE &
2sl] flete] 4 °“Zﬂl_‘u‘:’PEZEH~4 ARGt o s o w
+= N iHhexane), ©]43E % | (isopropanol), EHS-(methanol) 4}
ZEAE ARSI, lo &l 574 W3k A1717] S1siA 57d0]
T oulEhEe] k2 WS Azlom Akt wgkEo] MR =4 Ae)
7} 7] Wil o)A e AES vlsle] et 23S 2= 4t

Al ol 5 dE ARSI B A elA ek 1A%
2l PE, PI, PCS| 432 72} 2 AJo| & wolal QJ7] wjite] o)&
= ] flaixs el 8E S ol 8aalvh. A
23 EE ) g8 =R AF dataE o] 83to] 2]
logk = A +BF + CF*+ DG + EG*°l| 4] %o] A4 A B, C, D, EE
PE, PL, PCel| tigte] -819lal & o] 2oz N e §E3AS ARt
gtk A Al 23 A A= "éb‘d(hexane/lsopropanol/
methanol = 90/5/5v0l% )= Nneutral lipids(PI$} PC)2} PEE &
skaL PIg} PCE w2lab7] Slair= 10:22] a5 wia o]
52 hexane/isopropanol/methanol = 50/20/30(vol%) 2% Alckst
F] TS AREShs Zlolvk AR HA Relxis
A3 dlolEle} vlwst A3t g AA|SIGAaL o] AAE WL )
oz ellA HA e Teh=dl o8 Utk

dﬁ

3-3. Aromatic Compounds 2|
A3 71A 2] Whek=E 3}3HE 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).

(»-DCB), and m-xylene(m-XY )& /¢ Az AznlE T2)9) 2 £
k& oAEYe| ERE 212t H7kshs o] dEA ols S A
|3fo] HAashe] AFor FFh ol FteA e HAZx1E HCI
22 e ool ARFSIITE Al EEA (5 ol8-ste] Wiz
g} ’%3}74]’“'? AR A3} 7 71 olgidell A 2 24l thsh
A= 1ol kR om AR kell thisiA A gk 74]*}
b vlaste] Bkt Fig. 364 HolFrRAg] Alkglat A9

o] & ure-o 1 57} QIITH30]. wekA] HCI _;L:L%J_O;L
T 71 ool A HAREA 20 Aka Al Agste] Al
Ah 8& A7 vIE SF3leH, HCI ZR 52 o]F/do] Al
Frell whe} Wske ulguizd o] §EAE 2 dlS5etar Al

o % ek,

o

3-4. peptide2zZ|

BA7)7)80% dg o] 85 FwulE 1837} A sk
o8t AESe| tlet Ha), A0 oz AT 1 s} 3
%3] ZagFolr), whhr] AFARES AA 20l T5A1717] $st
Ex o7 A3t F 3t 47pR] HELO] = (peptide) Angiotensin 11

(Asp-Arg-Val-Tyr-lle-His-Pro-Phe), [Val*]-Angiotensin III(Arg-Val-
Try-Val-His-Pro-Phe), Bradykinin(Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg),
[d-Ala®]-Leucine encepha]m(Tyr—d Ala-Gly-Phe-Leu)yS &% 1A=L
wokEoe)2 Eelshe ABE sk 2 Aol olsge.
7 53 O]-/“IIEL]-O] Hell 242} 0.1%9] trifluoroacetic acid(TFA)
HFALE et ARgSISivh. 8EA12 oledre) UAf 1F
2] Ink= A+ BF, o]xF87d 4] Ink=A + BF+CF,Z 7|%=2 3o 722}
ARSI, Table 194 T 714 WS olgste] Apat
Bt} AR sl Sl oAU g A
P9 JRAFIG 19 B FoEE & 5 or, ue o)3
WAl ARAAE o & ST 5 ks 22 o S 9ol
B1]. 71 P55 A5 maae] dise] 212} od ez
gl el e HAzAe Al Age) A8AA 1

e HES RIS A3 SFHES ALET o5 ZANE
A vlolelsh ARt vlofel7h & ghetke 212 218 5 gk,

3-5. Isoflavones =2|
o] ¥k o2} 871 9] o] A-EEl (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 11T 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 4955 —0.164 0.9829 7.342 —0.348 0.0032 0.9987
Angiotensin 11 5.091 —-0.161 0.9772 7.840 -0.372 0.0037 0.9989

sfelsst Hl44d He= 2006 123
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Fig. 4. Comparison of the experimental and calculated profiles in isocratic
condition(F: 15%).

genistin, 6’-o0-acetyl daidzin, 6’-0-malonyl genistin, daidzein, glycitein
and genistein'c HCI 222 7318 o]-83lo] dgu|z=/dHer =
A 20 Sed AESI o ARk B
I} o EYO|Ee| 712} 0.1% AR H7Tehe olE s AMES)
o o] og 7k B4 Rl AFAE VIR HH
202 ARG, §EINE A F ST 5 P AR
(6)2] Ink=A +BF + CF?*¢} © 0|28 o]g-3lo] HCI X2 130
ofelo] ARZE AT, Fig. 4914 MoIFTIA7] 5 gl
ZZelM 22 01% AR 371 o] sd EobEL el EY
85/15(vol%)=. 3102 wj oGl 7k Easo] A5 el HA%t
EEAI0] wig- AArh32]. wiEell FeAREe] WS flete] vl
WA =] §2E5= 6’-0-malonyl genistin, daidzein, glycitein, genistein
U7 E4E 22 ol sl #7189 S 15%14 27%
2 JASIAIA Bk wE Alhdel] 8E4 Al SRlvh. 2780l
W] AlFVIE =5skar oE 71 BEE Rl 1.50180]
30} L BelAgel 4267 $15ke) Tulguadow 4
A3t 205 ARSIt = 3R o)l 2432 0.1% 2

515t E/olA|ELO)ER 88/122 AMESkal Fulrlglo] 9 3
WA o] 57de] 248 f718vEo] 15%2 AR ¥siA
b, 195 w] 27%% AR E WA &1 305 w 65/35(vol%)
2 AskrER WalA ). Table 2014 RoIFTIAT] 99 A7}
2| F535 o5

 ZelA Ak Feleeh 32 2elx el A
glol ok et g g ER1E 71 QlSITH32].

41

3-6. Catechin =2

A7 BAFE gst Q7L dE Fo13ke| ule) S-ali= 5}
o W M, A 9] BAE0] o} Yok 2 ik
bl FEo] Qs T b FHElZ SHEE Epicaicchin(EC),
Gallate(EGCG), Epigallocatechin(EGC), Epicatechin gallate(ECG),
Catechin(+Cy& A1, 13-, 417 5o tjale] Aelats 2ol
SAek. O] o] F-8 HRES HAM Relsp] dAste] ol
o= BRpEYe|ER, Brehd] 217k 24 Hrlske W,

2 o damelEadnE Agesich. §ERAL @ olge
Z5¥ Ink=Ink,+ SF, Ink =L + MF + NF%, k= A + B/F& |83}
o] Zpzt ARYe3ict. 11 FollM 8EFALE Al & clSehe 24
424 Ink =L+ MF + NFE o]-83l0] A9zt 7ug
40 T T T T 50
----- Experimental i
Calculated | 40
30 '
2 204 | i R
g ¢ i B
= =10 =
S L 5
0 _— JI o Lo
T T T T

Time (min)

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 0.2 8.13 8.07 0.7 31.52 3127 0.8
Ry 133.17 132.28 0.7 15.53 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 32945 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

Korean Chem. Eng. Res., Vol. 44, No. 6, December, 2006
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Fig. 6. Compare the experiment and calculated chromatogram of the
catechin compounds in methanol modifier.

wlzlel ol AREAS Anslgon FelEsh FeAte
NEow % 7 FE oAk 2AY AR AL A
o A7} FulgulgRAe) 20 of Tl A1 2L Helg
F Qg kb e 23] HES AW} Aol At &
53343} vlaE Shgick 21 A% Fig. 59) Fig. 64 MoiFThA
o F REe oA AL e 8F A AW E Fot
B2A0] & RS HI 5 UTH33),

o H

3-7. FEIREA 22

B4 Aol 7|22 ARE I Qs Ao] dguizAdRel)
ATAE2- M7HA] Al 224 Snyder, Langmuir, Binary polynomial
< AMEs1e] 71 A 3el Belag AAstal, v o] 2 (plate theory)S:
Aol gt oA 7k F&5k 71 {4 (adenine,
hypoxanthine, purine, theobromine, theophylline, caffeine)E =]
sp7] 913k M4 o) £33 SE=A1E HO 2230 % ARt
Shal 22 7oA AL APA ) oS58 SE440] & U
steAlE ATt AFEEEE snyder, langmuir, binary
polynomial FolA AFAAE 714 4 <ll53t binary polynomial
E ARSI Belsly] oJE$ purined} adenine®] FE]EE 7|5

4 T T T 30
calculation
thb | _____. ;
experiment || .
34
hyp thp
= 1 20
£ -
| B
E" H caf =
T 2+ ; 15
£ : ; , s
£ : i A g
] i " " -10 =
o 1 1 "
2 . " i H
g 11 i i " =3
“ fl ¥ s
| L
0 2\ LY. 0
T T T T T
0 2 4 3] 8 10 12
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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).

o7 dAgulAelN HARY 21 B9 W] A7t
93/7(viv)d wl T EZO] w7} 15010 = YELt. o] &
A& Ao AEA AL AP} Albel gt AFANL 1L 24}
7} 9% o= VERHS B purine?} adenine®] 2] %7} 1.5
oo YERNITH Table 3)[34]. AW Lo zAH-e 14
Alztol 21 5-2] AlgHgo] EAsht. F fuAle] dieii: 4
Bz e] AdS S5 flete] gl d RS AME-st
Stk #2l8k7] oJel purine?} adenine®] 2%t AL =4 &
=5 7P AFAIZES: 702 ARk A3t o5t 24
B/ 93/7(vv)ell A 58 Foll 75/25(viv)E W78k 2ol
Ch, 919] el A] ARe Falsto] At 855417 Ahake vl
siRom, 7 gEAlo] w2 AAFE & 5 AN YL

A el M Q] @ xprr) 2o 597 LrERCHFig. 7)[34].

iy

B ot

42 E

Al vl FRl Heligol sl 2] mAT 54
AT ek Gl Aot AR, ARFIAN SYEE D

A, AdEe] E3E B2 QRS EFREE AdEI%NAL o]

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”ﬂ 7.53 1.96 20.41 16.47 20.20
YIsocratic T My ey (Min) 2.845 4.477 4.960 12.726 24.363 56.354
6)1,{“,, (min) 2933 4.629 5.160 13.676 26.36 61.600
DErr. of t,, (%) 297 3.28 3.87 6.94 7.58 8.52
*Rs,, 6.78 1.60 9.60 8.69 8.80
4’Rs”ﬂ 6.61 1.68 10.66 7.22 727
IStep-gradient 11 My ey (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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