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ABSTRACT. The systematic investigation of the retention behaviors of 18 monosubstituted be-
nzenes in reversed-phase liquid chromatography(RPLC) was studied in order to predict the separation
possibility of their mixtures and study the contribution of substituent group to the retentions of
solutes. The columns and mobile phases employed in this study were g-Bondapak Cye, g-Bondapak
phenyl columns and methanol/water, acotonitrile/water, and THF/water, respectively. The polar
substituents such as phenol, aniline, acetophenone and benzenitrile have smaller capacity factor(#')
values than benzene, while nonpolar ones such as alkylbenzenes and halobenzenes show larger #
value. The capacity factors of all solutes increased on both C,5 bonded and phenyl bonded phases
as the organic solvent content of three organic solvent-water mixtures decreased. The absolute
differences in capacity factor(4%) between substituent and benzene were graphically shown for the
prediction of the separation of the mixture and interpretation of the elution behavior of substituent.
In addition, the selectivity of solvent system for the separation of the mixture was investigated in

both two columns and three mobile phases,
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Fig. 1. Logk’ vs. volume percent organic component
for benzene and toluene in methanol-water{open) and
acetonitrile-water (closed) mobile phases.
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Table 1. Capacity factors (%) of monosubstituted benzenes on z-Bondapak Cg column

Substituted groups % cion % CHCN
70 50 30 70 50 30
COO- -0.12 —0.32 —0.14 —0.13 —0.24 -0.53
NH, 0.25 0.66 1.52 0.22 0.58 1.35
OH 0.26 0.83 2.28 0.20 0.56 1.48
CHO 0.42 1.55 4.53 0.42 1.21 2.65
CN 0.40 1.55 5.47 0. 60 1.42 3.35
COCH; 0.46 .77 6.62 0.37 1.00 2.99
NO, 0.63 2.41 7.31 0.49 1. 47 5.27
Benzene 0.79 2,90 7.48 0.61 1.77 5.77
OCH;3 0.74 2.93 9.53 0.56 1.67 5.88
F 0.78 3.28 9.78 (.84 2.27 6.83
OC,Hs 1.09 4.95 19.81 1.06 3.01 10. 50
CH; 1.24 6.26 —_ 0.83 2.69 —
CH=CH, 1.33 6.33 — 0.88 3.02 -
Cl 1.21 6. 57 — 0.84 2.74 —_
C=CH 1.17 7.40 —— 1.16 3.78 —
Br 1.35 7.61 - 0.92 3.05 —
I 1.63 9.03 - 1.01 3.64 —
CyHs 1.85 10.60 - 1.42 4.64 -
g5k olAL AY ST & E2A 7 F7h@e vhet 43¢ YA SeiE
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4l o)Re BAY 3L AAde A¥"

Vol.31, No.1, 1987

At A ggA7 A2EAEE AUAE 433}
A 2718 @42 Wi Martin rule® 5
Z 94X @z & ¢ U+

33 —CH=CH,, —CN ¥ —C=CH $} 7|
o0)F = A% AFel e AHAEL FE-
T 23295 oA g EL-ES EFE Q4
g & A¥AEHAE] FAAA LA E w2}
o B ¥ thd Ho]st . dgE-F A&
Blef Al = —CH=CHx<—Cl<—-C=CH<-I¢
L2 A7) SN EYE-R-F A XA ~Cl
< ~CH=CH;<-I<~C=CH ez uHZAF,
o|g o] o]F wE AFAT AIVE 2
A FA o] HEYEL-F Aol vFE
ol A H o2 FrElE ol "R Ash
£ A3 JFE =yt AFPepd, wg
D AL ARFoE g Hote o4 EY
Edo] ¥ FE37|7b $oldhy] wFolzp A
3 4 flen, o oAF XSl HAF
< 594 A5 A%E AGEds AALES}
H £ CNASF o & 7z 3334LL ¢ &



60 FAZR - BN - 2B - SRR

Ae Aoz dasc}, wepA ARLESL FH
& o)F ml 4FAYP0l 9 AWNEH vz
AzAgo| 5 slzz g Fqer oF
2 Azte] AojAA & Acletz FAglek, o]
973 HAL Colin* S-¢) al AL A 3] 9} &l
HFEL Aoz AP AIFAdx F AATH}
= @4olgkm £ 4 vt §4E ol T A
9 2 84E 2o 40 geotrs] 9dA
et} ol EYEAS FRH FEH] 274
A WA QAL LHFLE 2R
el gt} (Fig.2). Fig.20) vield 2zt &7
FoalAle] 2E3AE F1Fo R ke WA 4
A5 gFAAgY AEAd ol )R
A gHegch sy QAT N GNFAE
o] £%tdl AgdA A4 AFAEY &= HEA
2 Fig.28 4% 8 z7)|2Hy o3 4 o
o] 50 % -F7)8viz7e] ofd BAHE AY AFE
o] Hladter FElzAE AYIed Fig.2 &
Fgshoha g}, mE ¥ 9 YA om ¥
o L8 Fxu (50%)oA wes mr oA
EYERY $eiZsrt 3 A3le Ae &
T Ak

3.2.2#9 2F AAZAA A8 o FE.

s Ag¢PAAe] FAHA elebg ® obA
EVERS B3 %] wiep w4 R w4 93
FA B £FAAE AT A Table 200
A 2 5 ded A@18 vd £4E 50% o)
Be-59 EFEIAY gAY A £
Aolct, ol 4 FY H71-8He] Euge] &
A28, S} EsL ZFadtdn, SRl
W3k (ogh) & AAA oz Fosdck, ol E
9 $e|¢AE Aged vehg-F9 E3E8Y
&] A} p-Bondapak Cig@#9 59 FARSHY
o] 54 A o) 7Hed S A#TE)
A8 A7 A7 e S8 gct Wzl
A e t2dE o we L Eed oAL
Fo] £33 o] 4 S04 COOH 7|7t 4+
g5 47 WEoletn YA, 22H(CH=
CH,) & oE]gd slA(C=CH)2 C;s 2% AAZ
A AL BFHQARN AGAF F A delA
E30% vste-29 EFEdoAzA FE st

-1 -1 4 : 2 1

L

wom, a ) o Gy $0% CH3CN

©
F

o oy
e W
N
! ‘ ‘
- Lh
2 : 1 il

v
I s 1
1 H

SO%CH,0H

e s
ntn,  ca0n
| 3] J L [
| 1 l s |] ) L
B 5

L
H 6 7 9

*Ms

*

Fig.2. Comparison of the retentions of monosu-
bstituted benzenes on x-Bondapak Cis column in
two solvent systems.
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Folatz Aztgich, o { e FEFEL
Wayland® 59| d-FolA % Assm it
Table 2014 BV ER-F A0S BY
AAY 2 Ce ARA AR B3} o ANA R F
Ag F5 %o]M rebE&-§F EFEYY ol 54
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—~NO,, —OCH; %9 A#A A& vt
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Table 2. Capacity factors (&) of monosubstituted benzenes on u#-Bondapak phenyl column

Substituted groups % CHOH % CHON
70 50 30 70 50 30
COOH —0.30 —0.10 —0.28 —0.37 —0.11 —0.42
NH, 0.34 0.66 1.92 0.22 0.58 1.51
OH 0.22 0.66 1.99 0.19 0.50 1.70
CHO 0.42 1.18 4.39 0.31 0.78 2.80
CN , 0.42 1.37 5.39 0.34 0.96 3.79
COCH, 0. 45 1.44 6.22 0.30 0.81 3.16
Benzene 0.52 1.47 4.52 0.42 1.30 5.03
F 0.36 1.73 5.80 0.42 1.32 6.20
NO, 0.53 1.75 6.22 0.39 1.19 5.41
OCH; 0.58 1.81 6.80 0.41 1.24 5.70
CHy 0.69 2.54 9.56 0.51 1.68 9.45
0OC;Hs 0.67 2.76 12.7¢ 0.52 1.70 9.61
Cl 0.69 2.86 12.28 0.54 1.77 10.95
CH=CH, 0.76 329 17.82 0.49 1.96 13.50
C=CH 0.78 3.30 18.05 0.56 1.97 13.68
Br 0.79 3.40 17.80 0.57 1.93 13.05
CoHs 0.90 4.05 22,60 0.63 2.33 17.13
I 0.78 4.35 26.55 0.54 2.30 18.60
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Fig.3. Comparison of the retentions of monosubsti-
tuted benzenes on g-Bondapak phenyl column in two
solvent systems.

Table 3. Capacity factors () of monosubstituted
benzenes in three binary solvents

Substituted 50% CH;OH 48% CI‘LCN 46% THF
group —H,0 H0

COOH -0.10 —0.35 0.17
OH 0.66 0.59 0.84
NH; 0.66 0.64 0.7
CHO 1.18 0.88 0.76
CN 1.37 1.12 0.91
COCH; 1.44 0.88 .71
H(Benzene) 1.47 1.48 1.46
F .73 1.55 1.53
NO, 1.75 1.39 1.24
OCH3; 1.8L 1.45 1.31
CHs 2,54 1.94 1.9
OC,H;s 2.76 1.92 1.78
Cl 2.86 2.03 1.88
CH=C}H, 3.29 2.26 2.12
Cc=Cl 3.30 2.23 2.12
Br 3.40 2.25 2.01
C.Hs 4.05 2.64 2.53
I 4.35 2.67 2.30
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A F2E 24Tk olH T AR EE A8
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¥vlzy 2 oldleHEYsS THF 99 4344
of SHAU7 ®Foletz F2st)
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L& F4°l 2z w42 Fe] 7153 w4, THF
T 340 A2 FaE S S5t 7]
ol FaAge] JIed FAQ AL A
g Asx THF-Zo]A w550 Fisr) o
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78 S vl 27 494 LA
E7dl, #vlE (OC:Hs) 2} o)< (—OCH;) 79|
A g g A4 F%q JFE T
ug wghg-Fol = 1.560] %, olAEVE
-7 2% THF-E4 A= ZF2t 1.35% L3R A4
E A g v gk oA e 49
T 2ol g2 A ] Ng9 ¢ FEd 7
At Aot ¥ gtk Ae o gl 5L
T Sel ATl A v g-Fe) Y & A4y e
veglew, THF-E2 713 48 494
vepi gt —NO: 7 v mg wled 433t
T80 T ARAE-S A AN & HHA
& Bd F9¢),

Fig.a = 3d A AAGA L0)9) Ay
AE A dotir] Al FUE LBz aA
HAE 7Ee R & 24 AFA 5 AHql o
T%

It

F9] FAT B Ao, vy F
ABAE2 JAGNA o] wlor} gle
u:] ol e EFHrE THEOA o & 32
vepdglel, e $9 AR e vlue
e otllzved =g THFE Abgsita
E AR = & Aol7t gl AFA o)
A3elA Blojd 5o L& A3 S o 4
249 Was g ¢ d & Aolvh Fig.d
of vhebdl HH-E FaAEyo] o AL Ao
2 v ags ohAr e dHAE 0.977(n
=17)olxz wgk&s THF o] mldi A& 0.947(n
=17) 2 vigye, olu] WzAe 29 g Z
A Heol ZHfgAA AGAH Y} oiekL g b
£3H8 & FfelE AFASECl ay & 3
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Fig. 4. Plot of relative retention(a) in 48 % CH3;CN-
HyO and 469% THF-H,O against relative retention
in 50 % CH;OH-H,O. @ : 48 % CHL CN-H;0 vs. 50 %
CHyOH-H;05 A :46% THF-HLO vs. 50% CH30H-
H0.
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