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Abstract — The demand on the natural product has increased due to the concern on the health and to meet various personal
preferences. Among the natural products, the most useful components are acanth®sideiene, (+)catechin, daidzeir) (
epicatechin gallate-Jepigallocatechin,<)epigallocatechin gallate, genistein, indole-3-carbinol, d-limonene, perillyl alcohol,
taxol, vitamin E. A group-contribution technique for the calculation of solubility parameter for useful components is presented
along with some calculations. The proposed method was found to be good in estimatitigesoaftuseful corponents in
solvents. The study on the salitp parameter may be utilized for high-purity separation processes in order to separate and

extract useful components from natural products.
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Table 1. Calculation of solubility parameter [12-18]

d Application system
a1/2
o= 1.2—\7- some liquids
5= 1.25P7 if critical pressure data

are available

proprietary hydrocarbon

6=63+003KB solvents

5= BEVH® 3P, _Z_F

Uyz U \

solvent and polymer

supercritical fluid

= 2[0p O- 2 p 0O
8=1.25F U 1258 [».66- solvent

rbp

supercritical fluid

= 1.25p/20Ps0
5 ¢ Ip 0 solvent

when boiling point data
is available

6:/AEV: [(AH,—RT)
Vv v

AHY = 0.02T§p+ 23.7T,—2950
when boiling point data

5= [AE, _ [(&H,-RT)
\Y% \Y% . .
, s available

AHY = —12.343+ 0.09916,+0.08368 103pr

2
PTigv 2.303BT
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0
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Table 2. Solubility parameter component group contributions[18](met-
hod Hoftyzer-Van Krevelen)

Fy F E,
Structural group (F2endimol) (MemPimol)  (JImol)
-CH, 420 0 0
- CH,- 270 0 0
>CH - 80 0 0
>C< -70 0 0
=CH, 400 0 0
=CH- 200 0 0
=C«< 70 0 0
O 1620 0 0
- 1430 110 0
_®_ (o, m, p) 1270 110 0
-F 220 0 0
-Cl 450 550 400
-Br 550 0 0
-CN 430 1100 2500
-OH 210 500 20000
-O- 100 400 3000
-COH 470 800 4500
-CO- 290 770 2000
- COOH 530 420 10000
-COO - 390 490 7000
-NH, 280 0 8400
-NH - 160 210 3100
-N< 20 800 5000
-NO, 500 1070 1500
-S- 440 0 0
=PQ, 740 1890 13000
Ring 190 0 0
One plane of symmetry x<0.50

Two planes of symmetry x0.25

More panes of symmetry X0

tion[3“Z%cn?mol], B hydrogen bonding parameter group contribution
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Table 3. The useful components used in this work

Molecular
Name Formular .
weight(g/mol)

Acanthoside-D GH, Oy 7427
B-carotene GoHse 536.9
(+)catechin GsH10s 290.3
Daidzein GsHi O, 254.2
(-)epicatechin gallate H, 05 442.4
(-)epigallocatechin &H..0, 306.3
(-)epigallocatechin gallate .0, 458.4
Genistein GsH, 05 270.2
Indole-3-carbinol GHON 147.2
d-limonene GHie 136.2
Perillyl alcohol GHi 01 152.2
Taxol C;Hs:INOy, 853.9
Vitamin E CHs O, 430.7

ste] 32 7ok elth. AFge T8 mold onte) TS 7
© B9 S veRdth o8 WY 45 4843 Schroeder's
methodl] &]&t AAbgkg vl st 23}, vjwA HEsid . HHexke
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miAEAE g vERE Zlo|TH22).
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= 884 30] acanthoside-Bl Z2}e] £3)% wi/ds: Zhe 81849
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Table 8 4 (6)% ol&a)H 2z F-8AEF of2] 74 fufjrto]
9] AS FHE At AFolr) E AN 2 F-848S 1 &
L7 Sule) AS FS AR EAEITE Ao R wi)
W2 8y, 8y, 8, 8, 65k©] m-7- FALEE acetonitrile(10.3, 11.1, 19.6, 16.3,
24.85} ethanol(12.6, 11.2, 20.0, 16.9, 2621)acanthoside-D, (+)c,~}
ecg, F)egc, E)egeg, genisteifs ] 71 B-& £ T3] fafEo] &
Aoz =AUt AL H]%3 48 7FR= acetone(13.0, 9.8, 11.0,

16.3, 19.7¥} methylene chloride(13.4, 11.7, 9.6, 17.8, 20.2), ethyl acetate

(13.4,8.6,8.9,15.9, 18.2) tetrahydrofuran(13.3,11.0, 6.7,17.3, 1&5)
Z}Z} daidzein, indole-3-carbonil, perillyl alcohol, taxbberillyl alcohol,
taxol, vitamin B thaj &a)o] & Z 02 dSE At 9] A2
FE 7471 vlsg 49 G g VA= SHES AR giA)
x5 = gtk ost) & methanc® (-)ege, £)egcE, hexane
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SE At
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Fig. 1. Chemical structures of useful components.

chloridesl] tha) &ao] & 2102 &= Y},

St EFE O] AL FAAE, AT AT 2E oA T B
< 33E 7IA A Y= (+)catechin(c), f)epicatechin gallate(ecg);)(
epigallocatechin(eg€) (-)epigallocatechin gallate(egc)2| 71E171 3+
&2 acetonitrile, ethanol, methangle] |-nje] &) ga)= o] & 4
o2 o &HUr}. Valcic $[261 FE&8r 24 ethanof AHE-3197]
o Az} gol dAEArt.
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AR

CH,
CH,CH,CH,CH— | CH,
CH,
3
Vitamin E
o Frhes A8 gHg 23Ut e AR dEA l7, AXrE
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Table 4. Calculation of molar volumes volume increments for the useful components in this work [20]

Double bond Molar volume
Useful components Carbon Hydrogen Oxygen Nitrogen Ring  between carbon (cm#/mol)
atoms
Acanthoside-D 34 46 18 - 6 6 686
[B-carotene 40 56 - - 2 11 735
(+)c 15 14 6 - 3 6 266
Daidzein 15 10 4 - 3 7 231
(-)ecg 22 18 10 - 4 9 385
(-)egc 15 14 7 - 3 6 273
(-)egcg 22 18 11 - 4 9 392
Genistein 15 10 5 - 3 7 238
Indole-3-carbinol 9 9 1 1 2 4 154
d-limonene 10 16 - - 1 2 189
Perillyl alcohol 10 16 1 - 1 2 196
Taxol 47 51 14 1 6 10 819
Vitamin E 29 50 2 - 2 3 574
Volume Increments: C=7, H=7, O=7, N=7, Rirg5Double bond=7
Table 5. Solubility parameters of various solvents[19] Table 7. Solubility parameters for the useful components
d 5 5 d, 5 5
Solvent MPad (MPR? [(MPA7 [MP& [MPa Useful components; o2 mpa2 [Mgélﬁ] [Mszﬂﬁ] [MP&
Acetone 13.0 9.8 11.0 16.3 19.7 Acanthoside-D 13.2 2.8 16.6 135 214
Acetonitrile 10.3 111 19.6 15.1 24.8 [-carotene 12.8 0 0 12.8 12.8
Chloroform 11.0 13.7 6.3 17.6 18.7 (+)c 13.7 4.5 19.7 14.4 244
Ethanol 12.6 11.2 20.0 16.9 26.1 Daidzein 147 4.9 14.0 155 20.9
Ethyl acetate 134 8.6 8.9 15.9 18.2 (-)ecg 13.8 3.8 19.7 14.3 24.4
Hexane 14.9 0 0 14.9 14.9 (-)egc 13.6 4.7 21.2 14.4 25.6
Methanol 11.6 13.0 24.0 17.4 29.7 (-)egcg 13.8 4.0 20.8 14.4 253
Methylene chloride  13.4 117 9.6 17.8 20.2 Genistein 14.6 5.2 16.5 155 22.6
Tetrahydrofuran 133 110 6.7 17.3 18.5 Indole-3-carbinol 145 35 12.3 14.9 193
Water 12.2 22.8 404 25.9 48.0 d-limonene 141 0 0 14.1 141
Perillyl alcohol 13.9 2.6 101 14.1 174
. . Taxol 13.7 2.2 10.9 13.9 17.7
Table 6. Solubility parémeter components for acar;thosme—D Vitamin E 13.3 11 6.3 134 148
Group Quantity g Fp E,
o P 0 0 imonena} A ARENE 5002 AL Ao
>CH- 14 80 0 0 &= perillyl alcoho 22} hexang} acetone, ethyl acetate, methylene
=CH - 4 200 0 0 chloride, tetrahydrofurafss] &vidl ths] Lag€o] & Z1o=2 =5
=C< 8 70 0 0 Ak Jungt Row[28F] o) ofstd AEA} FE2Lvele 03}
-OH 8 210 250000 20000 7} ZA e, AAY P2 open glasgE-2 o] 83 5= A tetra-
-0O- 10 100 160000 3000 hydrofuraﬁ'} aceton& E@-?} K= A%@QE&H /‘E]fﬂn @j}ﬂ- 1‘%—0]
Ring 6 190 0 0 A8kt

3 F;79060 Y F=3600000y £=190000

M=742.7 g/mol, V=686 crtimol
Components:

FO
g_nmz 9060 _ 13.2 MP&?

oV O 686
:£3600000: 2.8 MPd/Z]

5 AR
=V T 686
ED_ 90000
5, = = 2222 -16. MPE?
h A[é'rz\—/—% \ 686 q ]

3= J8i+82+8 = 21.4 MP&?

3, = 4/8;+32 = 13.5 MP&?|

8, =

sieizel

X394 45 20014 8E

Taxole FEUTFAN F25E 242 L
o

kel
o

& AEAR gt 452 R A= Ao qds 59 =
15 YL, ParkE[29]S 2 %R taxolg B85 TN &8
23 methanol 218 2= wate#} methylene chlorided =& 2%
JA= methylene chloride/acetofie AH-&-3t33t}. A E Ao o s
acetone, ethyl acetate, methylene chiofidd]s] &3] o] & 7oz
vehr] wEel] A-Aste) 2 A ST

FrrefA ol &b BIERI O AR RE MEE HIse 8-S
s, T A1-g sk a3t vitamin E[25F chloroform,
ethyl acetate, tetrahydrofurdne] &-nfol tjs) |s)go] & 72102 4
SE At} o]eo] F-84 2] AN 83 s AT E o] &g 83

= Ade Bard 8439 gol dAsiant.

(IR
RS

B dili e g TEH e FEEE T Aol Feld
AFo] BEAEA B S B e BEES A4 fek
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Table 8. Ad prediction of useful materials for various solvents

N|ethy|ene Tetrahydro

Acetone  Acetonitrile Chloroform  Ethanol Ethyl acetate Hexane Methan Water
chlorlde furan

Acanthoside-D 6.3 3.4 11.1 4.8 8.1 16.7 8.4 8.2 10.6 26.8
-carotene 115 19.7 7.9 204 9.4 2.1 24.4 10.8 8.1 42.5
(#)c 8.9 0.7 13.8 25 10.9 19.7 5.2 10.7 133 23.7
Daidzein 3.1* 5.6 8.0 6.2 51 14.0 10.2 5.0 7.5 28.4
(-)ecg 8.9 0.8 13.8 2.6 10.9 19.7 5.3 10.7 133 23.7
(-)egc 10.4 1.8 15.2 238 12.4 21.2 4.1 12.1 14.8 22.4
(-)egcg 10.0 1.4¢ 14.9 26 12.0 20.8 4.4 11.7 14.4 22.7
Genistein 5.6 3.1* 10.4 3.8 7.6 16.5 7.7 7.3 10.0 26.1
Indole-3-carbinol 1.9 7.3 6.6 8.0 35 12.3 12.0 4.0 6.1 30.2
d-limonene 11.2 19.6 7.2 20.2 9.1 0.8 24.2 10.3 7.4 421
Perillyl alcohol 24 9.6 5.2 10.3 2. 10.1 14.3 3.7 4.7 325
Taxol 2.4 8.8 5.9 9.6 2.8 11.0 13.6 41 54 319
Vitamin E 55 134 4.2 141 3.6 6.5 18.2 5.5 3.9 36.3

*the most soluble solvent

7
o] & }C’:] ":131 *QUH*JJH *‘lsﬂ
3L e AFIEA 9 AER
SOEE AN+ 3

R4 ==
]i 101?—_1%1 AT FE=E AF

Il = St

[}
parameteﬂp— A3 %ﬁﬂ ZE d&dite AL ’2:}03] oj gt ]
== HPLCE ol&3to] a)she A9 4] Aol e]Eite
Aol slofA] ufg- Zaskr] Wi ol o
ol- &3k EedME i Aot B A 2
T 3 AR A ofsia Belshe Zlo] FABL ofd] ek d
As HET JHo |t}

o] HEE o83t ol JQUH*JH el == =53t} Acanthoside-
D<= acetonitrile?} ethanol 3-carotené- hexane, indole-3-carbofiil acetone,
ethyl acetat®} methylene chloride, (+)c, (-)ecg, (-)&§d-)egcgss 7+
71 21522 acetonitrile, ethangh methanol, daidzefr acetone, genis-
tein acetonitrilel} ethanold-limonene> hexane, perillyl alcohét ace-
tone, ethyl acetate, methylene chlofHdetrahydrofuran, taxeél acetone,
ethyl acetatd methylene chloride, vitaminsE chloroform, ethyl acetate
9} tetrahydrofurars] &uljol thall &s)Eo] & AL T d&yg}. o]
obzro] el 3k 71249 datds AP EZHE F-RAAE-S F23)
I BEEP] T Ak 28 38 F 55 FEFRY SR 9
ojx] Ho] 884 Z o2 7gHEr].

7 Al

B o= 2495 sAE 9} dsey o ]

ZAERom, olo) AAE =,

SCCIEER

A7

a :van der Waals correction constant to the ideal gas law
B, C :Antoine constants

E.,n :molar cohesion energy [cal/mol]

Ey : contribution of dispersion forces [cal/mol]

E, : contribution of hydrogen bonding [cal/mol]

E : contribution of polar forces [cal/mol]

F : molar attraction contribution {dcm®%mol]

F, :dispersion group molar attraction contributioHgin*%mol]
F,  :polar group molar attraction contributiontfam®**/mol]

HY : enthalpy of vaporization [cal/mol]
KB  :Kauri butanol values(ASTM Method D1133-54T)
M : molecular weight [g/mol]
P : pressure [MPa]
P. : critical pressure [MPa]
R :ideal gas constant [1.987 cal/md(]
T : temperature [K]

Ty, :boiling point at 1 atm [K]

T, : critical temperature [K]

\% : molar volume [cnimol]

Jz2|o|A 2Xt

5 : solubility parameter [(cal/cit’?, (MPa}?]

8, :dispersion component of solubility parameter [(ca)tf (MPa}?

o, : hydrogen bonding component of solubility parameter [(cd)/¢m
(MPa)Z

) : polar component of solubility parameter [(ca®, (MPa)?]

3, : volume-dependent parameter [(ca®{s, (MPa}?|

P : density [g/cm]

Pmp :reduced density at the normal boiling point of the fluid which
for conventional liquid solvents is roughly 2.66 [g#m

O : density of the supercritical fluid [g/clin

Siig : density of the liquid gas under standard condition [g/cm
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