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Abstract: The capacity factor of fifteen phenol derivatives was determined with respect to the con-

centration of o- or B-cyclodextrin [CD}, the type as well as the content of organic solvent in the mobile
phase, and the temperature. The effect of the inclusion complex formation between solutes and o- or B-cy-
clodextrin on their retention and selectivity has been investigated. The inclusion effect of B-cyclodextrin
was the most effective in aqueous methanol, whereas only a poor effect was observed in aqueous tetrahy-
drofuran and aqueous acetonitrile. A plot of the reciprocal of the capacity factor against [CD}; gives a
straight line and the dissociation constant, Ky of the inclusion complex can be calculated from the slope.
It was possible to estimate the ky, values in 100% water from a linear plot of pKj, vs. water content in the
solution by extrapolation. The separation factor, o, of two compounds has been found to be affected not
only by the [CD]; but also by their K,, values. Under optimum conditions, some mixtures of phenol deri-
vatives were able to separate successfully.
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Table 1. Effect of organic solvents on capacity factors
Organic solvent
40% MeOH 40% MeCN 40% THF
Compound
No 2 mM No 2 mM No 2 mM
addition B-CD addition B-CD addition B-CD
Phenol 4.59 3.89 2.46 2.19 2.70 255
m-Fluorophenol 733 6.29 3.41 3.08 3.90 382
p-Fluorophenol 6.05 5.28 2.90 2.68 3.40 3.18
o-Nitrophenol 11.26 10.80 6.15 5.63 4.90 4.55
m-Nitrophenol 8.06 7.12 342 321 4.30 4.18
p-Nitrophenol 6.85 6.04 3.16 2.81 4.50 3.96
0-Cresol 10.27 8.92 4.77 4.07 475 4.14
m-Cresol 9.68 8.14 3.76 3.49 3.60 3.46
p-Cresol 9.87 7.98 3.82 345 4.10 3.41
o-Chlorophenol 11.21 9.29 4.47 4.01 4.35 4.23
m-Chlorophenol 16.45 13.86 5.60 4.99 6.35 5.82
p-Chlorophenol 15.45 12.81 526 4.63 5.57 5.18

Temperature: 25°C.
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Table 2. Effect of CD concentration in mobile phase on capacity factors

No addition

Concentration of o-CD

Concentration of B-CD Concentration of Glucose

Compound
0.0 mM 2.0 mM 4.0 mM 20 mM 4.0 mM 28.0 mM
Phenol 4.59 425 391 3.89 3.76 4.60
m-Fluorophenol 7.33 6.55 6.50 6.29 6.05 7.35
p-Fluorophenol 6.05 536 5.36 5.28 5.19 6.15
o-Nitrophenol 11.26 1115 11.10 10.80 10.62 11.31
m-Nitrophenol 8.06 7.36 7.20 7.12 6.91 8.03
p-Nitrophenol 6.85 6.45 6.35 6.35 5.67 6.82
0-Cresol 10.27 9.52 8.77 8.92 8.81 10.34
m-Cresol 9.68 8.29 8.23 8.14 8.05 9.65
p-Cresol 9.87 8.82 8.36 7.98 7.52 9.87
o-Chlorophenol 11.21 1043 9.64 9.29 8.80 11.26
m-Chlorophenol 16.45 14.82 14.41 13.86 13.05 16.44
p-Chlorophenol 15.45 13.82 13.28 12.81 11.50 15.50

Mobile phase: Methanol/Water (40/60), T=25°C.

A2 el dste] v F-EA 7] FobR| 7] wf e A
59 gaklales AFEYAERNS TR ToHES
£ Zashe Aolvt. =3t a-NFRYAEGI S 3t
HE AeHr) p-HZFrdren]s AHAUEE 4SS
S2f9l217) o] o] s AR Hol Y XAE
o] AL S8 B-NFRYAER L] SHo| a-HF
gelredds ¥y} ar= A& 4 ¢ ek 2
2l YExAES d4% 4 gl D-glucosed #H7}
slo] ZA% k'3 AFRYAEINS Aslr] o
oS wiole] k'gle] M2 Z W37} ¢le Ao B
o} x| Ael] gt A|F O] W F-F Wl FA| Aset
p-HFRIdrEUL YWEHESL A 7Rt

A& & % ek

33. AlZel DiSmol oist LEAHEOl sfalas
a3

ol Aol W ERe2ERe] Prbslof ol W A
o Qi A BHEAE 52 5

(S)n +(CD)y =—=—=—= (CD-S)y

e e

(S)q (CD-S),
2 el = glnh o7 ofll A}, s AR Aol
me- o] EAtel e},

CD-S9} sje]Ab<r(dissociation constant, Kp)

_ [nl(CDL]
= T ico syl @

Vol. 11, No. 3, 1998

Se} Eulak<(distribution constant), Ko = 1O (2

((S)n]
o) g, k- (OS] '
CD-Se1 8% Ky = Fop 6] w
o Q = —M L

o71A, &= HEH 9| Anjo|rt.

ol 5ol H7Hd CDel A A ¥%& [CDl=h 3%
[CDIr=[(CD) ]+ [(CD-S)lolet. A (4)ell (1), (2)
A& dislshd

v KoKp

= ® Ky +([CDL~[(CDS)m]

2 =2 5 sk 22y ol 54l ale [CDlpell ¥

S)m]:[CD]]‘o]D]'
K. @& CD7} A7 7] A9} 8t ko'elt} 2
HeER 4 (5)=

(6)

22 yepd 4 9l2m Love?} Arunyanart'ell 2}
o] micellar chromatographyell4] A Fz9 e8S
Rt e #1714l ool AEEA] o
TE EAE Aed o AdE Al e} P

ol EAfel 7lef Al B-HFRAERS] Frof ulE
A 859 1Vk'#g A8 Ao Fig. 2~40] vebl



184 TR S

0.25; 0.25 —
I | ‘ 1
phencl o-cresol
+ | ¢
‘mAluorophencl ' m-cresot
! ¥
;mumopvmﬂm1 | | pcresol
0.20 ‘ 020 |1
o-nlirophenot | ‘ o-chiofophenct
X
m-nikrophenol i m-chioropheno!
L p-niscphenol { Prchiorophenal |
0.15 ~1 0.15
/./
»
AT
— l'/
-3
0.10 )// 0.10
e "
[ =3
[ ‘

F; 4//,,}/ ‘ %
0.05° 0.054 S —
B S " v
- S

1 i
0.00! , : : 0.00i T T T
.0 108 20 30 40 50 00 1.0 20 30 40 50
1 3-CDYr. mM {3-CDlr. mt
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Table 3. Dissociation constants of B-CD inclusion complexes measured in aqueous methanol at 25"C and estimated values

in 100% water

Concentration of methanol

Compound 100% Water
25% 35% 50%
Phenal 1.43x10 ° 1.89x10 ° 1.77x10 °
m-Fluorophenol 1.24x10 ° 1.57x10 ° 247x10°7 57110
p-Fluorophenol 137310 ° 2.41x10 ° 3.28x10 ° 6.57%10 *
o-Nitrophenol 1.70x10 ° 24610 ° 5.82x10 ° 471x10 °
m-Nitrophenol 1.17x10 ° 1.44%10 * 2.68x10 ° 4.88%10 °
p-Nitrophenol 8.53x10 ° 1.11%10°° 2.06%10 ° 3.59x 10 °
0-Cresol 1.84x10 ° 275%10 ° 3.47x10 ¢ 1.02x10 °
m-Cresol 1.04510 ° 206x10 * 255x10 ° 4.83x10 °
p-Cresol 9.61x10" 1.29% 10 ° 2.10x10°° 4.69%10 "
o-Chlorophenol 1.03%10 ° 2.54x10° 1.74x10 *
m-Chlorophenol 78810 1.04x10 * 1.85% 10 33710
p-Chlorophenol 6.27x10 " 6.80x10 ° 147x10°° 2.15%10 "
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Fig. 5. Plot of pKp of phenol derivatives against metha-
nol content in mobile phase; =25°C.
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Fig. 6. Separation of ethylphenol isomers: mobile phase,
40% MeOH (a), 40% MeOH containing 7 mM B-CD at T
=25°C (b) and 40% MeOH containing 7 mM B-CD at
T=30"C (c).



186

o

v~
- 1
! ! !
| [
! ] (a)
‘ b
| .
!
| ; \
i '
| i
I '
| P
! | ‘
i i
L ]
b I | ‘
—i I'\ k |
Ve~ N R
s :" b 15 o0
. Retention time, min
i o
!
I. -
; : (b

Retention time,min

B | 0-
il r

m-

|
|
’ H
i
|
|

! | |
B |

Retention time.min
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40°C (c).
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Fig. 8. Separation of cresol and ethyphenol isomers:
mobile phase, 40% MeOH (a), 40% MeOH containing 7
mM B-CD (b) at T=30°C.
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