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ABSTRACT. An extensive experimental survey on the retention behaviors of phenols in the
binary solvent system such as methanol-water, acetonitrile-water and tetrahydrofuran-water as
well as the ternary solvent system such as methanol-acetonitrile-water and methanol-tetrahydro-
furan-water is presented. A linear equation, which describes the capacity factor as a function of
the solvent composition in the mobile phase and is able to predict the retention behaviors of
phenals, was obtained. The iso-eluotropic lines for the binary and ternary solvent system are
based on the equal strength of the methanol-water solvent which shows an optimum separation of
the phenols used. The specific effect of each solute in the binary solvent system appeared to be
larger than those in the ternary system.
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Table 1. Sample number, code symbols and test
sample names

Sample No. Name iCode symbol
1 4-Aminopheno] ¢-NH,
2 Phenol OH-¢
3 4-Nitrophenol ¢-NQO,
4 4-Cresol ¢-CHy
5 4-Thiomethylphenol ¢-SCH3
6 4-Chlorophenol ¢-Cl

Waters Associates 3] AF (Milford Massachusetts,
U.S.A) AFEE A48z g4z Model
510, A &59]1-2 Model UsK 971 & A1 49 =
A%71 Model 41 24 254nm(UV)ell =33}
o AgRer 7157 = Model 730 Data Module
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Fig.1. Overview of the mobile phase compositions
used in the present study.
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Table 2. Experimental capacity factors® of phenols in the system methanol-acetonitrife-water

MeOH 0.2 03 04 05 05 06 07 08 09 0 0 0
ACN 0 0 0 0 0 0 0 0 0 0.1 0.2 0.3

Water 0.8 07 06 05 04 04 03 02 01 09 08 07

¢-NH; 208 112 0.62 0.35 0.30 0.2¢4 016 011 007 192 160 074
OH-¢ 6.3 391 22 127 097 072 0.38 021 010 7.8 4.09 2.30
$~NO;, 12.96 7.76 3.8 1.96 1.44 107 0.53 0.27 012 1837 7.09 3.60
$-CHs 15.80 9.96 4.90 237 170 1.24 0.61 0.32 0.15 24.63 8.35 4.02
¢-SCH; 30.04 15.96 6.68 2.96 2.06 1.48 0.69 0.35 0.16 40.19 13.40 5.48
¢Cl 31.36 16.68 822 3.61 2.5 1.82 0.82 0.41 0.18 45.04 15.10 6.39
MeOH 0 0 0 0 0.15 0.30 0.10 0.25 0.30 0,15 0.35
ACN 0.4 05 0.6 07 0.05 0.10 0.31 0.25 0.30 0.45 0.35
Water 0.6 05 04 0.3 0.80 0.60 0.59 0.50 0.40 0.40 0.30
$-NH, 0.42 0.18 0.13 0.09 1.94 051 0.27 0.22 0.15 0.23 0.09
OH-¢ 1.2 0.75 0.4 0.20 5.92 2.08 141 0.98 0.57 052 0.35
¢-NO, 1.76 0.8 0.49 0.22 12.39 3.5 200 1.38 0.73 0.60 0.38
¢-CH, 202 109 0.63 0.32 13.03 4.09 233 1.62 0.10 0.84 0.51
$-SCHa 2.42 126 0.68 0.34 14.97 550 293 1.9 1.13 0.93 0.59
¢-Cl 2.87 1.43 0.76 .39 24.92 6.67 3.46 2.32 1.75 1.46 0.89
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*capacity factor, b'=-2—2

to

tp : retention time. #p: dead time.
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Table 3. Experimental capacity factors of phenols in the system methanol-tetrahydrofuran-water

MeOH 0.2 0.3 0.4 0.5 0.55 0.6 0.7 0.8 0.9 0 0
THF 0 ¢] 0 0 0 0 0 0 0 0.2 0.3
Water 0.8 0.7 0.6 0.5 0.45 0.4 0.3 0.2 0.1 0.8 0.7
¢~NH, 2.08 1.12 0.62 0.35 0.30 0.24 (.16 0.11 0.07 1..i0 0.8
OH-¢ 6.35 3.91 2,26 1.27 0.97 0.72 0.38 0.20 0.10 8.8 4.47
¢-NO, 12. % 7.76 3.86 1.96 1.44 1.07 0.53 ¢.27 0.12 31.58 10.59
¢-CHa 15.80 9.96 4.0 2.37 1.70 1.24 0.61 0.32 0.15 16.58 6.89
$-SCH3 30,04 159 668 293 206 1.48 0.69 0.35 (.16 29.99 9.34
¢-Cl 31.3 1.68 822 361 2.5 1.8 0.82 0.41 0.18 32,65 14.10
MeOH 0 ¢ 0 0.1 0.15 0.25 0.20 0.25 0.45 0.30
THF 0.4 0.5 0.6 0.1 0.15 0.15 0.20 0.25 015 0.3
Water 0.6 6.5 0.4 0.8 0.70 0.60 .60 0.50 0.40 0.40
¢-NH, 0.16 0.08 0.08 0.77 0. 46 0.33 .27 0.20 0.14  0.08
OH-¢ 1.93 0.95 0.47 7.75 5.07 3.13 276 149 0.8 0.76
¢-NO, 3.23 1.27 0.57 16.44 12.60 6. 88 5.70 238 1.41 1.09
¢-CHj, 2.59 1.27 0.57 8.27 9.17 5.23 4.40 216 1.29 1.02
¢-SCH; 3.01 1.27 0.57 22.03 15.03 7.84 6.22 2.7 1.58 1.16
¢-Cl 3.89 1.53 0.67 31.22 24.03 11.93 9.20 3.8 214 159
5 ’ g :\ MeOH WATER SVSTEM o ]
.l ; ;kg\' . eCE-, TFE SYSTEM “;:
: 2~ §§.\ :
In x'0 L ' ’\‘ .\r\i ' 1 L
- ’ \'\\. \§ n
5 20 40 L. 60 f0 " 100
MeOH(%) - )
¢ ; B AEN-KATER SYSTEM 24
) L : :§:
2 r 2" g '§
! \§§\
1n k0 ! A :\1\1 ) . ,
-1 b \\\\§§
2 L . — . 2
ES) 10 20 2 50 60 70 8o a
ACM(X)
4 ’- ; . THI-WATER SYSTEM <7
s b s § ' 2l -
: I : \\ :\ , ) 8 ; 24
] S : \\:\ . .
In k0 * L L =i L L Fig.3. Plots of In ¥ versus solubility parameter on
Tt \\ = ternary mobile phase systems for phenols,
_-2 I -\ i . o - -
a3l 20 30 40 so s 70 7]'%} = ’ﬁ_ol Z“ i}. '5571] .g..%'-_tﬁl A=y }‘] il‘x}i}ﬂ

THR(Z)

Fig.2. Plots of In & versus volume percentage(%)
on binary mobile phase systems for phenols.
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Table 4. Retention behavior of phenols in the system methanol-acetonitrile-water

Sample Ay As B: B, C D N ad.
¢-NH: 1.96 4.78 —6.76 —9.42 1.9 5.18 23 0.026
OH-¢ —-1.52 1.29 —-4.20 —6.61 2.72 2.78 23 0. 036
¢-NO, —-1.05 1.94 —5.56 —-8.84 3.76 1.98 23 0.037
¢-CHy —0.36 4. 47 —6.34 —10.47 4.13 5.51 23 0.030
¢-SCH3 0.27 5.82 -7.61 -—-12.32 4.84 7.68 23 0.9074
o-Cl 0.19 6.07 ~7.57 —12.83 5.02 10.28 23 0.235
Table 5. Retention behavior of phenols in the system methanol-tetrahydrofuran-water

Sample Ay Ay B B C D N ad.
¢-NH2 0.02 —-1.23 —4.37 —6.19 1.24 —5.54 21 0.0314
OH-¢ 0 —2.12 —6.07 —5.46 3.25 2.93 21 0. 0005
¢-NO, 0 -7.83 —6.84 —3.50 411  ~0.70 21 0. 2620
¢-CH; —0.01 1.66 —6.75 —8.83 4.24 4.95 21 0.0370
$-SCHy 0.0l —25 —7.48 -7.88 4.89 2.64 21 0. 0850
¢-Cl ¢ -3.12 —-7.57 —-7.62 5.12 4.28 21 0. 0690

phenol o] 7] A =A &&= R 4-chloro-
phenol 2 et} glve}, Fig.3& 44 F-4)
AzA DA 93t &% solubility parameter
Sk 2% = 4 Axd 4% 2l
o) Wshe vz dow Fig.2¢ 3604 3
€ vt o] Feljo] EHule] wE AR
AL o] ALE & At 28
22 oy £49 27dAE AANZH ol ¥4
Aol o] BFESL SA-GelAY 4 4%y 38
gl solubility parameter, 6 & F{3}g -2 &
A FoEgz EAF Schoenmakers
Edels )AL olg3tq Asz AT o

In &' = A)0,°+ As0,%+ Bio1+ By +C+ Doy (4)

59 d5E 4L 488 290} a2
gl LA Egoln] p i {714 P A (organic
modifier) & THF ¢} ACN 9] 29 ¥g8 vr
W A<l Ay, As By, B:, C, D& regress-
ion analysis 8] 3 whiql FaxASP oz FY
v}, Table4 s} 5% 7 slEA B A DA
o} A5E 73 Aol F F579 44 T8
AANA 27 AR A& F 4018 Fa g
wE 2o AAE & T 4 e JA A4
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Table 6. Retention order of phenols in 9 iso-
eluotropic strength solvents

MeOH-WATER=

0+ 50) 1 2 3 4 5 6
A T ATER 1 2 3 4 5 &
R 1 2 [T_5 3 s
MeOH-ACN-WATER

(40 : 8:52) 1 2 3 4 S 6
(25:20:55) 1 2 3 4 5 6
(10: 31 :59) 1 2 3 4 5 6
MeQOH-THF-WATER

(40 : 6 : 54) 1 2 3 4 5 6
(25: 15 : 60) 1 2 |4_3 5 6
(10 : 25: 65) 1 2 4 3 5 6

[T ; retention order change, — ; peak overlap
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5o] £438L Table6o]A] &ql @ & Jov}
ol 34 =i AR ALY oW F5ALel A%
AAA e oFF W ¥ F AN o1FA AQ
£ Eol4& THF 7 %1 o A&2A}
AQELOAEG of & 4L vl 1SS
& 9 Agch EF FEAAS S 2 A
29 AFF Azl drht WP ErtE VY
£ 5olAEAE oM (B)HozH vimgE-F
LAE JEos vafrt.® Table7L Wik
&-F ) AFEAY FoldL g e 4
o8 F¥dt,
Si=Ink/k; (5)
Siz AR i9 FolAdE vehle ke digk
Z-F 1S MAA i8R i)l &
T & FEHAC A i 849 =T gAe] e},
21=0.5 ¥3 &L AEF A 459 2794

S SEA e ol E LA A AEY
Sold & vlagch, 4714 Sioold = &)
AdA A5 AdL2ds Si>00d &A%
3L OGN & 4 Ak Tables8d 9%
AEE A} FEoAY A ELol Ao A4
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Table 7. Capacity factors and specific factors of
phenols in the iso-eluotropic binary systems. (MeOH-
Water, ACN-Water, THF-Water)

Sample MeOH}}Vater %CN-WS?er EHPWaStier
¢-NH, 0.35 0.58 —2.19 (.27 +0.112
OH-¢ 1.27 1.56 —0.089 3.67 —0.460
$-NO, 1.96 2.22 —0.054 7.82 —0.600
¢-CHj4 2.37 2.46 —0.016 5.36 —0.354
¢-SCH;3 2.93 3.05 —0.017 6.98 —0.376
¢-Cl 3.61 3.55 +0.007 9.69 —0.428

Table 8. Capacity factors and specific factors of
phenols in the iso-eluotropic systems wmethanol-
acetonitrile~water.

Low Moderate

High
Sample | (40:8:52 25:20: 55 10:31:59
P 4 Sg ¢ * Si) ( 14 Si)

¢-NHz | 0.39 —0.046 0.34 -+0.012 0.27 +0.112
OH-¢ 1.50 —0.072 1.51 —0.075 1.41 —0.045
¢-NOz | 2,10 —0.029 2.22 —0.054 2.00 —0.008
¢-CHy | 2.77 —0.067 2.66 —0.060 2.33 +0.007
¢-SCHz| 3.52 —0.079 3.41 —0.065 2.93 0.000
¢-Cl 4.32 —0.077 411 —0.056 3.46 +0.018

Table 9. Capacity factors and specific factors of
phenols in the #so-eluotropic systems methanol-
tetrahydrofuran-water.

Low Moderate High

Sample | (40:6: 54 25:165:60) (10:25:65
¢ 4 Sg ¢ & Si 14 Si)

¢-NH; | 0.30 4-0.066 0.33 +0.025 0.29 -+0.082
OH-¢ 1.69 —0.124 3.13 —0.392 3.70 —0.464
¢-NO; | 2.91 —0.171 6.88 —0.545 8.30 ~0.627
¢-CHg | 2.91 —0.089 5.23 —0.334 5.80 —0.389
¢$-SCHz| 3.96 —0.130 7.84 —0.427 8.30 —0.452
¢-Cl 5.50 —0.182 11.93 —0.519 12.42 —0.537
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