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ABSTRACT. The solubility parameter theory for retention behaviors of phenols in a reversed
phase liquid chromatography can be applied to limited ranges of the agueous solvent system. The

many examples of the exception to this theory were found to show no agreement with the rete-
ntion behavior of phenols. Therefore, a new solute-solvent interaction parameter, 5 is added to
the Schoenmakers equation of the solubility parameter theory in LC te approach the equation to
the real one. The new solute-solvent interaction parameter, &, depends on the kinds of solvent,
the solvent composition and the structure of solutes. The parameter, 6 has the linear relationship
with the solubility parameter of mobile phase, 8. The prediction of retention behavior by this

modified equation turns out to be greater than the previous one.
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Fig.1. Chromatogram illustrating the specific effects
occurring in some iso-eluotropic mixture of binary
system for phenols. 1: 4-aminophenol, 2: phenol,
3: 4-nitrophenol, 4: 4-methylphenol, 5: 4-thiome-
thylphenol, 6: 4-chlorophenol. Column: 8mmXx 10
c¢m, Cyg Radialpak, Mobile phase: Binary system,
Flow-rate: 2m//min., Temp.: 293°K, Pressure: 1100
PSI, Detector: UV 254nm, Sgl Sample,
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Table 1. Retention parameters of p-phenols in the binary system (MeOH-Water)
MeOH 0.3 0.4 0. 45 0.5 0.55 0.6 0.65 0.7 0.8
Water 0.7 0.6 0.55 0.5 0.45 0.4 0.35 0.3 0.2
kl ain 4 6;’; k’ at‘n ¢ 6:’» & 6in 4 (L] k, 5-‘. 'Y 5,'” ¥ 5,‘..
¢-NH, {1 0.91 —2.11/0.48 —1.33[0.35 —0.94[0.27 --0.54i3.20 —0.14/0.15 0.260.11 0.650.08 1.030.04 1.79
¢$-H 3.42 —1.74{1.96 —0.93]1.38 —0.54]1.07 —0.140.83 0.280.59 0.660.40 1.04/0.29 I.420.13 2.15
¢-NO, |6.88 —1.553.41 —0.77[2.56 —0.37{1.73 0.00]1.26 0.400.92 0.790.61 1.16{0.42 1.530.19 2.27
¢CHs |88 —1.484.36 —0.703.01 —0.332.02 0.04{1.51 0.451.08 0.8410.79 1.24[0.50 1.58/0.24 2. 34
¢-SCH; [14.24 —1.3555.98 —0.62/3.79 —0.262.68 0.121.84 0.511.30 0.890.88 1.27/0.58 1.630.26 2, 36
¢-Cl 14.89 —1.34[7.37 —0.56/4.91 —0.193.36 0.182.30 0.57(1.61 0.95]1.30 1. 31{0.70 1.680. 31 2.41
Table 2. Retention parameters of p—phenols in the binary system (ACN-Water)
ACN 0.2 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.7
Water 0.8 0.7 0.65 0.6 0.55 0.5 0.45 0.4 0.3
4 Om | ¥  Gim| & i | ® Oim| ¥ Bin| ¥ Oin| B Biml|E Gp| ¥ i
¢-NH, | 1.43 —2.400.69 —1.38[0.60 —0.80/0.51 —0. 230.42 0.330.35 0.90/0.33 1.500.39 2. 170. 34 3.37
¢-H 3.74 —2.14/2.20 —1.05/1.77 —0.49)1.42 0.06{1.19 0.631.00 1.20[0.92 1.80‘376 2.37|0 49 3.48
¢NO; !6.53 —1.983.46 —0.932.85 —0.36/1.93 0.15/1.53 0.711.17 1.251.04 1.84/0.83 2.39/0.48 3.47
¢CHy (7.70 —1.9413.87 —0.902.92 —0.35[2.19 0.18)1.65 0.731.39 1.30/1.20 1.88[1.00 2.44/0.63 3.55
¢-SCH; [12.42 —1.8115 29 —0.81/3.80 —0.28/2.62 0.23/2.01 0.78/1.59 1.331.34 1.91|I.06 2.46l0.64 3.55
¢-Cl 13.99 —1.786.17 —0.7714.13 —0.26/3.10 0.28[2.22 0.81/1.78 1.37|1.51 1.94[1.16 2.490.71 3.59
Table 3. Retention parameters of p-phenols in the binary system (THF-Water)
THF 0.2 0.3 0.35 0.4 0. 45 0.5 0.6
Water 0.8 0.7 0.65 0.6 0.55 0.5 0.4
# Ba' & aiu ¥ ain 4 ain k’ ain & im k! 5-’-
¢-NH, 0.99 —1.86| 0.88 —0.33(0.79 0.42]0.31 0.93 | 0.28 1.6810.22 2.390.22 3.95
¢-H 830 ~1.27 | 4.69 0.14| 3.06 0.80 | 2.31 1.51 | 1.62 2.19(1.21 2.89|0.67 4.28
¢-NO, |29.77 —0.93 | 11.04 0.37 | 6.28 1.00 | 3.78 1.65|2.41 2.30} 1.56 2.96| 0.78 4.32
¢-CH;z | 15.60 —1 1 7.20 0,254,799 0,92 305 159|201 2,25 1.56 2.96|0.78 4.23
¢-SCHg | 28,27 ~0 94| 9,75 0.34]5.,98 0.98 | 3.52 1.63 | 2.44 2.31 | 1.56 2.96 | 0.78 4.32
¢-Cl 30.77 —0 92| 14.70 0.45|6.01 0.98 | 4.45 1.69 | 2.76 2.34 1.8 3.01]0,8 4.36
Takle 4. Retention parameters of p-phenols in the ternary system (MeOH-Water)
MeOH 0.15 0.225 0.3 0.25 0.45 0.3 0.15 0.35
ACN 0.05 0.075 0.1 0.25 0.15 0.3 0.45 0.35
Water 0.80 0.705 0.6 0.50 0.40 04 0.40 0. 30
k" (1] k’ m k’ 6?: k' (L] k’ [t k’ ain k’ EL] k’ im
¢-NH, 1.71 —2.76| 0.82 —1.93] 0.48 —1.06, 0.24 (.11 0.22 0.78 0.21 1.17/0.33 1.71/0.18 2.23
#H 5.38 —2.45/ 2.89 —1.58] 2.02 —0.65 1.02 0.53/ 0.92 1.20{ 0.66 1.50/ 0.63 1.90/0.46 2.51
¢-NO, |[11.33 —2,24] 7.05 —1.33 3.49 —0.49 1.42 0.62/ 1.49 1.34' 0.80 1.56/ 0.72 1.94/0.49 2.53
¢CH; 111.92 —2.23 6.31 —1.36/ 3.99 —0.46] 1.67 0.671 1.49 1.34| 1.11 1.65/ 0.97 2.0300.63 2.60
¢-SCH;3 |13.70 —2.19{ 7.48 —1.32(5.36 —0.38 2.01 0.74 .76 1.391.25 1.69 1.07 2.05/0.71 2.64
¢-Cl 122.85 —2.06(15.86 —1.11[ 6.51 —0.32( 2.38 0.772.05 1.43/1.90 1.81]1.64 2.17)1.04 2.75
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Table 5. Retention parameters of p—phenols in the ternary system (MeOH-THF-Water)
MeOH 0.1 0.15 0.3 0.25 0.45 03 0.35
THF 0.1 0.15 0.1 0.25 0.15 0.3 0.35
Water 0.8 0.70 0.6 0.50 0. 4¢ 0.4 0. 30
¥ Oim ' 4 i ¥ Gim ¥ i & Sim ¥ 8 R O
¢-NH, 0.71 —2.45| 0.46 —1.41 | 0.39 —0.80|0.25 0.94 | 0.16 1.18 1 0.13 2.00(0.10 3.19
¢-H 7.43 —1.90 | 5.04 —0.732.94 —0.22]1.58 1-47 1 0.91 1.69| 0.83 2.45| 0.50 3.67
$-NO; }15.80 —1.69 | 12.53 —0.49 | 5.93 —0.03 2.50 160|1.45 1.82(117 265|0.70 377
¢-CHy 7.93 —1.69} 912 —0.57 | 4.75 —0.09 | 2.27 1.58 | 1.32 1.79] .10 2.63 | 0.70 3.77
¢$-SCH3 { 21.18 —1.62 | 14.95 —0.44 | 7.08 0.02¢2.89 1.64 | 1.61 1.85|1.27 267(0.76 3.80
¢-Cl 30.03 —1.53 | 23.90 —0.32 | B.96 0.08 | 4.00 1.73 ] 2.18 1.93 | 1.65 2.750.95 3.86
:sté;, Table 6. Comparison of slope and intercept values
:ﬂ% for 0;, versus 3, in the binary system. (MeOH-
21 0 Water, ACN-Weter, THF-Water)
#-H
- MeOH-Water | ACN-Water| THF-Water
: Sample
a 5 a b a [
L
¢-NH, 0.810] 16.206| 0.936{19.062| 0. 912(18. 533
¢-H 0.807| 16,544} 0.912(18. 853] 0. 886(18. 575
A . $-NO, | 0.791] 16.358 0.88418. 363 0.837)17. 792
Jum |7 0T 03 0 ;:Q 0.7 o8 ¢-CH, 0.792) 16,432 0.891[18. 543 0.886|18. 281
' ¢-SCHg 0.7721 16.094] 0.871(18. 199 0.841[17. 858
¢-Cl 0.775 186.204| 0.872]18. 245| 0. 841/17. 897
-1}
Table 7. Comparison of average deviation for pre-
-zr' dicted and observed capacity factors of p-phenols in
the binary system
MeOH-Water | ACN-Water| THF-Water
Sample
Fig. 2. Plot of 3;, versus d, on MeOH-Water MSPT | SPT [MSPT| SPT MSPT} SPT
system for phenols. #-NH, | o.018 0.021] 0.063} 0.025 0.092] 0.022
Fig. 2= MeOH-Water $oj Aol A sl zFol if  ¢H 0.024{ 0.016] 0.022| 0.018 0.011| 0.049
. NO 0.018  0.029 0.020| 0.038 0.029 0. 222
T Oin St 0n AelS] FAE I3 FAA FAA :i:CHz 0.015  0.066| 0.028| 0.072 0.018} g 197
3 . X . . . B
a o
WEe vealod & $AANAE AL 4 oo | 0.1 0.006] 0.035] 0. 148 0.027] 0.197
B AFE 94k oW 2 AR o AR 4 0.018|  0.082 0033 0.101| 0.038 0.272
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MSPT: modified solubility parameter theory for this
study.
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Table 8. Comparison of average deviation for pre-
dicted and observed capacity factors of p-phenols in
the ternary system

MeOH-ACN-Water | MeOH-THF-Weter
Sampie
MSPT SPT MSPT SPT

¢-NH, 0.039 0. 023 0.054 0.022
¢-H 0.023 0.017 0.018 0.033
$-NO, 0.019 0. 034 0.024 0.126
$-CH, 0. 022 0. 069 0.017 0.132
¢-SCH; 0.024 0.122 0. 020 0. 147
¢-Cl 0. 026 0. 092 0.028 0.177
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