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2.2 N
: Lux Cellulose- <3 5- ) Cellulose2
- (3- 4- ) Cellulose3 - ) Cellulose4
- (4- 3- ) Amylose2 - (5- 2- ) o
250 mmx4.6 mm 5 m( Cellulose ~ Amylose
Cel  Amy) . 100% 220 nm 0.5 mL/min.
500 mg/I.  PCBs 20 pLo
k= (t-ty) /ty; a=k"/k"; R.= 2(t,-t,) /(w,+ w,)
t (Celd Cel3 Cel4 6.48 6.85 8.06 min) ¢,
135- t, I / yw, W,
/ o PCBs
(5°C 10C 15C 20°C 25°C 30%C) o N
( van’t Hoff equation) oo (1):
Ink”=— AH /RT + AS" /R + In® =— AH°/RT + AS (1)
k’ R T D AH°.AS°
AS’ AS°/R + Ind. Gibbs-Helmholz
( (2))
AAG® = AAH® — TAAS® (2)
« (3):
Inae == AAH°/RT + AAS°/R (3)
AAG® AAH° AAS° N o
Ine  Ink” 1/T
3
3.1 PCBs
1 PCBs  Celd Cel3 17 PCBs
( PCBs174 197 )  Cel4 6 PCBs
1 19

Table 1 ~ Separation results of 19 chiral polychlorinated biphenyls ( PCBs) on different chiral columns

Compounds Chemical name Columns k o R, Elution order
223 6-
PCB 45 2 27 3 6-Tetrachlorobiphenyl Cel-3 1.03 1.43 3.10 (+) /(9
2233 6-
PCB 84 2 27 3 37 6-Pentachlorobiphenyl Cel-3 0.89 1.21 1.38 (+) /(9
o 223 4 6= Cel-3 0.62 1.42 2.11 (+) /(9
PCB 88 2 27 3 4 6-Pentachlorobiphenyl Cel< 0.60 1.20 1.57 (+) /(9
. 223 4 6-
PCB 91 2 2° 3 4 6Pentachlorobiphenyl Celd 1.26 1.31 1.74 (+) /(9
22735 6-
PCB 95 2 27 3 57 6-Pentachlorobiphenyl Cel-3 0.53 1.51 2.55 (/04
22334 6= Cel3 0.57 1.29 1.50 (+) /(9
PCB 131 2 27 3 3 4 6-Hexachlorobiphenyl Cel4 0.78 1.21 1.85 (+) /(9
2233 46—
PCB 132 2 2° 3 3 4 6"Hexachlorobiphenyl Celd 1.46 1.19 1.17 (+) /(9
223356
PCB 135 2 2° 3 375 6"Hexachlorobiphenyl Cel 3 0.47 1.23 1.61 (+) /(9
227336 6-
PCB 136 2 2 3 3 6 6"Hexachlorobiphenyl Celd 1.61 1.31 1.94 (9 7(+)
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1( Continued to Table 1)
Compounds Chemical name Columns ky o R, Elution order
. 22344 6= Celd 0.97 1.39 1.83 (+) /(9
PCB 139 2 27 3 4 4 6-Hexachlorobiphenyl Cel4 0.49 1.19 1.28 (+) /(9
Celd 1.15 1.29 1.55 (9 /7(4)
227345 6-
PCB 144 2 273 4 5 6-Hexachlorobiphenyl Cel-3 0.79 1.39 L7 (9 /(+)
Cel4 0.58 1.15 1.13 (9 7(+)
4 2234”5 6= Celd 1.05 1.34 1.72 (9 /(+)
PCB 149 2 27 3 47 57 6-Hexachlorobiphenyl Cel3 0.55 1.25 1.27 (J7(+)
223344 6- Celd 1.23 1.47 2.47 (+) /(9
PCB 171 2 273 3° 4 4° 6-Heptachlorobiphenyl Cel<4 0.83 1.16 1.46 (+) /(9
22°33°4567-
PCB 174 2 273 374 5 6"-Heptachlorobiphenyl Cel4 0.82 1.24 177 (9 /(+)
. 2273345 6- .
PCB 175 2 2°3 3 4 5 6Heptachlorobipheny! Celd 1.06 1.22 1.14 (+) /(9
. 223346 6°-
PCB 176 22" 3 3" 4 6 6Heptachlorobiphenyl Celd 0.98 1.25 1.32 (9 7(+)
2273445 6-
PCB 183 2273 4 4 5 6-Heptachlorobiphenyl Celd 0.88 1.21 1.03 (9 7(+)
22°33°44°56-
PCB 196 22733 445 6"Octachlorobiphenyl Celd 0.90 1.24 1.13 (+) /(9
22°33°44°66-
PCB 197 22334 4" 6 6Octachlorobiphenyl Cel 3 0.16 1.23 0.59 (+) /(9
; Cel2 Amy2  PCBs o
PCBs 45 84 88 95 131 135 144 149 Cel3 PCBs
91 132 139 171 175 197 o Cel4 PCBs91 136 139 149 171
PCBs 95 132 144 175 176 183 196 o PCBs 88 131 139 171 174 Cel4
o Celd Cel3 Cel4 19  PCBs Celd  Cel3
Cel4 o 1 PCBs o
S [5e) [ S
S Sz i s 3 X 5 g
= % = 3 =& = o & g
N o N n = Pl =

(1) (2) (3) (4) (5) (6)

© (1) Celd

1 6 PCBs
PCB 84 (4) Cel3

171 (3) Cel3

PCB 88 (5) Cel4

PCB 149 (2) Celd
PCB 131 (6) Cel<

PCB

PCB 174

Fig. 1 Typical enantioseparation chromatograms and optical elution orders of 6 PCBs: (1) PCB 149 on Celd
(5) PCB 131 on Cel4 (6) PCB 174

(2) PCB 171 on Cel4 (3) PCB 84 on Cel3 (4) PCB 88 on Cel3

on Cel4

C:

Ar—H---

m—T

2 PCBs
PCBs
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o 3.4 2 03 4- 3 5-
12 Celd
o Cel4 PCBs PCB174 Celd  Cel3
B Cel2  Cel4 PCBs
Amy-2
3.2 PCBs
Celd k’ a R, 5% ~30C
o Cel 3 k"« R, Cel4 k’
o R, 5%C ~30C Cel4 . PCBs
Celd  Cel3 van’t Hoff ( 2)
Cel4  van” Hoff
14
T o
AH° AS°® o
PCBs AH° 4.8 ~-45.7 kJ/mol : PCBs
AS° 418.2 ~-55.4 kJ/mol o
AAH? AAS°
. PCBs AAH®  AAS° ( PCBs 88.131 )
o PCBs 88.131 Cel4
AH®  AS° R, o
2 PCBs
Table 2 Thermodynamic parameters of chiral PCBs enantiomers
o o Correlation o . Ina=-AAH°/RT+ Correlation o o
Compounds Ink=-AH®/RT+AS®/R coefficient AH AS AAS°/R coefficient AAH AAS
(R,?) (kJ/mol)  ( J/mol) (R,%) (kJ/mol)  ( J/mol)
1 2
PCB 45" Ink, =1889.8/T-6.6657 0.9137 45.7 55.4 - - - -
Ink, =1733.7/T-5.8369 0.9181 H44.4 48.
PCB 84" Ink, =1125.6/T-4.0786  0.9895 4 39 InasIT O8I geon 9.8 4.3
Ink, =1097.5/T-3.8121 0.9931 .1 31.7
PCB 88" Ink, =1505.4/7-5.6366 0.9479 42.5 46.9 - - - —
Ink, =1394/T-4.9558 0.993 d1.6 41.2
PCB 91" Ink, =1153.8/T-4.442 0.9744 9.6 36.9 - - - —
Ink, =1161.1/T-4.3744 0.9767 9.7 36.4
PCB O5*  Ink, =1075.1/7-3.4563  0.9482 9 287 MmaslE ST g 0007 1.4 3.2
Ink, =1238.8/7-3. 8417 0.953 —40.3 28.7
PCB 131" Ink, =1107.5/T-4.3084 0.9828 9.2 35.8 - - - —
Ink, =1136.3/T-4. 1488 0.9849 9.4 34.5
PCB 132" Ink, =1070.8/7-3.9956  0.9842 9 a3y eSS 82TE g g5 1.5 4.3
Ink, =1235.4/7-4.4813 0.9629 0.3 37.3
PCB 135" Ink, =950.61/T-3.9731  0.9689 7.9 a3 MaslZOTE g soi0 1.1 1.9
Ink, =1142.6/T-4.4248 0.9915 9.5 36.8
PCB 136" Ink, =776.1/T-2. 1841 0.8515 6.5 42 MasORLOSITE g 7650 1.6 3.3
Ink, =970.78/T-2.5832 0. 8365 8.1 21.5
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2( Continued to Table 2)

gt AT R iy R
1 2

PCB 130°  Ink, =663.78/7-2.4252  0.8928 5.5  20.2 o= 178 11/T= 0.7325 4.5 2.6
Ink,=841.88/T-2.7383  0.9688 7.0  22.8

PCB 144°  Ink,=724.32/T-2.4682  0.9681 6.0  =20.5 o= 137 2 IT= 0.9659 4.3 2.6
Ink,=881.6/7-2.7784  0.9708 5.3  23.1

PCB 149°  lnk, =564.65/7-1.9721  0.9633 4.7 6.4 o= 138 S4/T- 0.9647 4.32  2.34
Ink,=723.19/T-2.254  0.9654 6.0 8.7

PCB 171°  Ilnk, =675.36/T-2.2244  0.9715 5.6 8.5 a=287. 36/1= 0.8827 2.39  5.47

b
wn

Ink,=1142.3/T-3.5346  0.9819 29.4

Ina=69.549/7-

PCB 174* Ink, =700.79/7-2.3037 0.9534 5.8 —49.2 0.8438 0.58 .89

0. 1068
Ink,=770.34/T-2.4106  0.947 6.4  20.0
PCB 175¢  Ink, =789.51/T-2.7776  0.9873 6.6  23.1 o= 10965 /7= 0.9503  ©.91  4.65
Ink,=881.59/T-2.9082  0.9734 7.3  24.2
PCB 176°  Ilnk, =573.58/7-2.0766  0.9521 4.8  47.3 o= 168 T6/T= 0.9887 4.37  3.06
Ink,=738.34/T-2.4442  0.9707 6.1  20.3
PCB 183°  Ink, =661.28/7-2.4949  0.9923 5.5  20.7 o= 16075 11= 0.9663 0.64 .69
Ink, =738.26/T-2.5782  0.9933 4.1  21.4
PCB 196°  lnk, =670.42/7-2.5189  0.9964 5.6  20.9 '”0‘:07.80'631'68”‘ 0.8356  0.65 9.5
Ink,=748.74/T-2.5805  0.9934 6.2 215
PCB 196"  Ink, =1081.4/7-4.5934  0.9914 9.0  38.2 Ina =08 S2IT= 0.9317 0.57  0.47
Ink,=1149.9/7-4.6495  0.992 9.6  38.7
PCB 197" Ink, =815.23/7-4.497  0.8995 6.8  37.4 - - - -
Ink, =826.4/7-4.3262  0.8839 -6.9  -36.0
Ca b Ced  Cel3.
Note: a and b are Celd and Cel3 respectively.
3.3 PCBs
PCBs (CLH,).Cl(n 1~10 )
209 PCBs o N
PCBs PCBs 0
PCBs 88.131 Cel 3 Cel4 PCBs 139.171 Celd Cel4
PCB 149  Celd Cel3 PCBs 88 131 139 149 171
o Haglund ’ 23 3 PCBs
o PCB 197 18
PCBs 1 1 PCB 197 2314
6 .
3.4 PCBs
0 1 Celd Cel3 Cel4
PCBs PCBs 45 84 88 91 131 132 135 139 171 175 196
197 (+) - PCBs 95 136 144 149 174 176 183 (9 - o
Cel2  Amy=2 PCBs -~ PCB 95 PCBs 136

144 149 PCBs 174 176 183 ; 236 24
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5 25 o PCBs
o PCB 3 3 PCBs
PCBs
615
4
19 PCBs Celd 5 Cel3 Cel4 8 5 PCBs
Celd Cel3 17  PCBs. 5°C ~30°C PCBs
( PCBs 88 131 Cel4 )
0 PCBs
o PCBs
o Celd Cel3 Cel4 3
PCBs
PCBs o
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Comparison of Enantioseparations of 19 Chiral Polychlorinated
Biphenyls by 5 Different Polysaccharides Chiral Columns

XU Na-Na' MU Peng-Qian' JIA Qi' CHAI Ting-Ting' > YIN Zhi-Qiang' YANG Shu-Ming' QIU Jing '
'( Institute of Quality Standard & Testing Technology for Agro-Products
Chinese Academy of Agricultural Sciences Key Laboratory of AgriHood Quality and Safety
Ministry of Agriculture Beijing 100081 China)
*( Department of Applied Chemistry China Agricultural University Beijing 100193  China)

Abstract In this study 19 stable chiral polychlorinated biphenyls ( PCBs) were stereoselectively separated
on five different chiral columns packed with polysaccharides derivatives using normal-phase high performance
liquid chromatography. Satisfactory separations were obtained on Lux Cellulosed Cellulose-3 and Cellulose4
column while Cellulose2 and Amylose2 column showed very poor enantioselective discriminability for these
chiral PCBs. PCBs 91 136 139 149 171 and PCBs 45 84 88 95 131 135 144 149 could be
baseline separated on Cellulosed and Cellulose3 respectively. PCBs 88 131 139 171 and 174 could be
thoroughly resolved on Cellulose4. However PCBs 132 175 176 183 196 and 197 were partially
separated on these three columns. In the range of 5C -30°C the plots of natural logarithms of the selectivity
factors ( Inat) versus the inverse of temperature ( 1/7) were linear on Cellulosed and Cellulose3 but it was
not linear on Cellulose4. The separations of chiral PCBs were driven by enthalpy meaning that low
temperature was advantageous to separation. In addition the enantiomeric elution orders of PCBs were
confirmed with an online optical rotation detector. The enantioseparation and elution orders were associated
with the number and position of chlorine substituted in the benzene ring of chrial PCBs. This work will be very
helpful to prepare and analyze single enantiomers of chiral PCBs.

Keywords Polychlorinated biphenyl; Enantiomer; Chiral stationary phase; Optical rotation; Elution order
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