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Abstract— Fractional crystallization of two homologues of cyclodextrin, o-cyclodextrin and B-cyclodextrin, was tried to
isolate one from the other in the mixture. A phase diagram of a-cyclodextrin, B-cyclodextrin and solvent was constucted
to obtain the necessary conditions of fractional isolation of cyclodextrin mixture. B-Cyclodextrin was easily isolated from
the mixture because of low solubility in water. Addition of cosolvent was tried for the isolation of o-cyclodextrin, which has
relatively lower solubility in water. Among the tested cosolvents, ethanol gave the highest yield. Yields of o-cyclodextrin
and B-cyclodextrin in the fractional crystallization were 55.2 % and 63.6 %, respectively, with the purities above 96 %.
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H3e W8 2 A2 sl chEsbE Zbch Type I
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o]Ake] v}z 3-8 Z+= Aot} Type MM+ solid solutionS 34 sh
ZZ 713 3l (extractive crystallization) ©]-4-5le] £2] 5 $3YgIci[6].
AR RA L] FHAAS e AU OE F&S aBdle] A=
th2 £ 279 o} £33 (multiple saturation pointyS- 7}A] Ee7}
S8t} o)) M2 vk F X Hel|A] 9] g o] AN (A/B ratiop}
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2-1. B3l &5

Aol AH-d g8l = EAAA = Fig. 1)) vepl et o] A=
w2 pof AH3 L)) = =2 (Rapid liquid-solid phase solubility
measurement method)Z A} 6| 212] straight-line mixture ruleel] €3k
Ll =& olch8] Sl =S4 S 2% AL 10ml FA & A
3 A7) 82 AR5 e ol E RE-E AA o] Aojurie S
7] 93 o2 Wesigct. 123 vlE] £8]E a-cyclodextrin?}
B-cyclodextrin ZA-d-E3}tel-& S5ml o2 Ao Asjon] A}
aAE EEld 5o A7 o EFY-Ho 0.2um syringe
filterE -2l 5L AZAE 5§ &5 FAHo] 753 38-2F 9
ol BYF=el EHFEFE 3ich. FY el =3 Fals}
7] 134 F N8 AR S A Ele g F Aol Fo3 2k
A wo} spE3PAte] 9] cyclodextringo-S A$-1 ohE & AYol=
2o AN YAATE AAN F FHel Dol A5 ol
SRS 2H00E o BT W) S} 05 %ol ok 27
& S =2 Falgich(Fig. 2).

2-2. RYHANS|
A BE £% 98 %3] a-cyclodextrin3} B-cyclodextrin(Cyclolab Co.)
& 747+ 1830 Yol 240l 014 ARAHAA Ful8Hch. 0-Cy-

Inlet
tube
Outlet
tube
Column packed with
micro-crystalline \
Glass Wool

‘E/ & filter

Fig. 1. Schematic of the rapid liquid-solid phase solubility determina-
tion system.

Water bath

25

20

15

10

0 L " i I "
0 300 600 900 1200 1500 1800

a-Cyclodextrin concentration (g/100 g H,0)

Time (min)

B—Cyclodextrin concentration (g/100 g H,0)

0 300 600 900 1200 1500 1800
Time (min)
Fig. 2. Isothermal equilibration for the oversaturated(—@®-) and under-

saturated(—-) o- and B-cyclodextrin solutions in the solubility
columns at 20 °C.

clodextrin®} B-cyclodextrin®] &3}H-&-el|41 2] o-cyclodextrins} B-cy-
clodextrin®] H£z2]o|| A&H AA3}1r])e] $3]= 30mlo]3Z magnetic
impeller& A}-8-3}] 120 RPM.o.2 wukslgich. 252 wWisle} 4=
£ YA 22 £0.25°CYl &-2F(Polyscience Co., model 9110)Z
ALgshaet.

Ethanol& &40 2 58] AA3l7] a4 7H3H(190 mm Hgydedol
Al 255 50 Cellx] AA3] F7HAA EESHE FAstch 24
ZFE 93] 743HEF7](Byela Co o) 252 2A-o] 7153} 3hex
= AHaskgct

2.3. EAHHY

4 A8+ 0.2pum syringe filter 2 o33}t 5] HPLC(Orom Co.)Z
©|-8-5}e] RI detector(Waters Co., Water 410)2 73 Z-3}3it}. Carbohy-
drate column(Waters Co., 4.6 X250 mm)S A28l 7 29 5= 35
°C, detector 5= 40 °C2 A8l ch. o] EALL acetonitrile : water
(70:30 v/vys E33ste] AE 02 degassingdl 5 5 1.5 miminZ
s2leset.

Ethanol#-4]-2- GC(Chrompack Co., Cp9001)}Z- A4-5}6] FID detec-
tor2 7 Z3}it}. CP-WAX- 58-CB capillary columng- A-8-3}93.0
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Table 1. Solubilities of a-cyclodextrin and B-cyclodextrin at multiple
saturation points(g/100 g)

Temperature("C) o-Cyclodextrin B-Cyclodextrin o/ Ratio
5 8.33 1.06 7.86
15 9.03 1.33 6.79
20 10.42 1.70 6.13
25 11.29 1.89 5.97
35 17.30 2.90 5.96
45 28.56 4.88 5.85
o], detector &% 275 °C, injector €% 250 °C, &2 %7] £% 60 °C,

SE FHE LT 100°C, SELE A 2% 10°C/mine2 sHch.
71%EA2E 1-propanolS AHE-8}5ic).
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3-1. Cyclodextrin®| 25| =2} X20l2| sl

Table 1ef] 5-45°C HlolA] S48 G928 viellgic) o] 25
Helel| 4] o-cyclodextrine] B-cyclodextrined] B3 thed L-all=g)
oa} % gale] Wap) @B ratiops 7] Lgssich. o] Azz el
St dddez W2 Beyclodextrind 8ol xfe] Hz]7}
73k thA a-cyclodextrin% ARSI 7= A Brsg Fle
2 ARET 2 olf ¥ 409} Al 4L T S
= o8 s %}%%}T‘:— "} (temperature swing method)2- -3}
o % 248 PEew ¥olT 4 glen 1 Hol} AE AolE
o] Wolx)7] WFolc. -Cyclodextring ei3h7] 91510} £-o)
E8l B4g WA A8 240le YrHE velskch 2400
2 5} 2 2353 AAVE 452 Bt vl e cyclodex-
trins} BF-S-Ao] ¢l L0 S A 7}6]—0% o-cyclodextrin®} B-cyclodex-
trin®] o} Z 3o v] x| od 8-S ¥ ghrh(Fig. 3). Ethanol, methanol,
acetone, isopropyl-alcoholS &oll 5 %(v/v) H7}ela L3 =8 335}
sie}. Ethanol®} methanol®] 73-¢- $~g-2ol|4 B} o-cyclodextrin, B-
cyclodextrin®] g-sjx.e} Aaka]7} 73484932, acetone} isopro-
pyl-alcohol2 &3 =8} Aok E T FyH7)E A9E Yeho)
Ethanol-&- ~8-oll]oh ul sk o) 7bg 2 Aahn] ol hehiig)
I QA sz gleng spak A g 24018 AR} 25°C
o] 4] ethanol®] H]E-& 10, 20, 30, 40, 50 %(w/w)Z Z7}AA thE3}

25 25
T a-CD F
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Fig. 3. Effect of cosolvents on the o- and B-cyclodextrin solubilities
at muitiple saturation points at 15 °C.
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Fig. 4. Solubility behavior of a- and B-cyclodextrin in agueous solu-
tions of ethanol at multiple saturation points at 25 °C.

Aol 2] Sa = WstE 39l vh(Fig. 4). Ethanol oF8) Z7}ol] ot
2} a-cyclodextrin®] WA} =w= 7h4sly] 0, B-cyclodextrin-
Solmel 2 WSk AT 1030 %A 27 Zvkale) oA
43k 242 2Tt Ethanol 30 % A7HAe] Aem)7z) 438 &
o] gulal Z9olAlst 7bg 2 Aol heriRlont A3 1A
Zto] =2] 2 ethanol 50 %S H7}ko 2 AAs|oc).

3-2. ZE0HE 0|28} cyclodextrinl| EHZ A3}

B-Cyclodextrin E-oll4] gA ZAA3t= o] o-cyclodextrin-2- ethanol
50% gl A AfA 0 2 Fo S| e B vepdin). B E o] F
7 2718 ERe 24| Arte} Xﬂﬂ A& 2¥ehs 2
A3} 3L AR TN FALAAL el rh(Fig.
5). Fig. 62 ¥ 4235 418l 9] A3-Z Subr projection & v}e}ul]o]
FAe] WS Y Solch YEE] S EEE B
o-cyclodextrin, B-cyclodextrin®] Z2k8-8-9- v}ehfju} 9122 ethanol
2] W3S #F Ak} w14 B-cyclodextrine] 45 °Cell4] 15 °C& Wzt
oy 24A17F E<k 91 %7HA) AAEE Y5 02um 3R] 5 Ae)A
Featdei(1—2). 2l & FRAA dY=L AAsT 95%
ethanol& #7}5}e] 50% ethanol o2 WEIch2— 3). o]
ethanol®] 7}2 <lslo] FHA 0 F ethanolF 57} Eo}x] Z}H‘Z"
Ay go] MAsh= A& WA|slr] Y34 S5°CR g £ F
H7Fslsict. a-Cyclodextring- 25 ‘Col|A] 23] %.2] 65 %712 Z )3}
£ A A1 ZH3 — 4). Ethanol §-u}(50 %)ﬂ]/ﬂ F7%8 o-cyclodextrin
AL FolAe) A T2} Dby e AAsrhFig. 7). 5
SHofl A AA3}E o-cyclodextrin® BlFE%.9Fo]d 21} 50% ethanol

Ell W, E, W,
Crystaili- Evapora- Crystalli-
zation tion zation
Feed ToC & > 1oc »{ Distilation
F F E©OH : F
\ 1 addition 2

() S,

Fig. 5. Design for the separation of o~ and B-cyclodextrin.
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Fig. 6. Fractional crystallization of a- and B-cyclodextrin with ethanol
swings.
1— 2 : Cooling from 45 °C to 15 °C, B-cyclodextrin crystallization.
2— 3 :Increase of solvent content(Water removal at 45 °C in va-

cuum, ethanol addition).

3 — 4:Cooling from 45 °C to 25 °C, o-cyclodextrin crystallization.
4 — 5 : Ethanol removal by vacuum distillation at 50 °C.
5 — 6 Feed addition to mixture.

6 — 1: Dilution.
a: Multiple saturation point(Water at 15 °C).
b : Multiple saturation point(50 % ethanol at 25 °C).

)

Fig. 7. a-Cyclodextrin crystal habit.
(a) Acicular hexagonal form(from water), (b) Plate form(from 50
% ethanol).

ool s o2 WEE ok oA Bcyclodextring £ 5}7]
9zl £d) 2Ao2 ulEy] ¢35 ethanol2 190 mm Hg, 50 “Cell4
v AlA]7| EHEFF A A4 — 5). Ethanol 85 %
ethanol €910 2 A A= 2 cyclodextrin--2§ Fof| ethanol®] ZHFe-
1% wv]tolgict. Akee] ethanold th-g- B-cyclodextrin 2 3} 4§
o] o33k ux|#] o¥sket. FAASTA N a-cyclodextrind} B-
cyclodextrin®] $~§-& ztz}b 552 %<} 63.6 %33 £2]% cyclodex-
trin®] =53 96-97 %t A= /‘Lﬂl 3—?‘5}]5 =X ot A E A
3lof| 2]s}o] 7z} homologues®] 3|8 € & Q& Zlo® Bu,

ole} M2 47| HAAS é—% ﬁ‘%xﬂ,f& Ao 2R A
2l 3ego] F7Hd Aolrh. & A dtEda /‘F%-ﬁ‘} o,
B-cyclodextrin 2]¢)| y-cyclodextring ¥ &= E3HA o
23} G A4 FA(CGTase)ah-Sol &3] JAE = 2359
2], 352] SRleliA F-ei=|efof & Zlo|r}.

4. A =

7154 &84l cyclodextrin®] o-, B-homologuesE #7273}

7ol 28 Belaldn, AEE 5o ot e A2S ddrh

(1) AA3} =88 277171 g8l 24018 AMgsisl e, A
5 Z4r) Z ethanolo] 7} Agtslsl ond, 2= HrlekE 50%

o]irh

(2) B-Cyclodextrin2 15 ‘CollA] 238 ZAss]o] Fel=gly,
o-cyclodextrin-2- 50 % ethanol -4 © 2 ¥ 25 “CellA] A& 3}=] gt

(3) Ethanol 50 %7} 2] A71= o-cyclodextring] ~g-4Ake] L-3]
=5 ZaAd B-cyclodextrin®] L8] Eell= & F S vIAR] ¢
gkr}. Ethanol-& a-cyclodextrinel] t&F A&l A2 2-gsieict.
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