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ABSTRACT

In this work, we investigated the intermolecular interaction between the
stationary phases and solutes and retention behavior in liquid chromato-
graphy by thermodynamic analysis. The intermolecular interactions
between four stationary phases chemically bonded with octadecyl
(ODS), phenyl (Ph), pyrenyl (PYE), and f-cyclodextin bromide (f-CD),
and 53 solutes including 27 compounds of p-substituted alkylbenzenes
(PSABs), 14 compounds of polyaromatic hydrocarbons (PAHs), and 26
compounds of substituted benzenes were examined by using both
methanol-water and acetonitrile-water as mobile phases. It has been
observed that there are obvious differences in n—7m intermolecular
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interactions among the stationary phases of ODS, Ph, and PYE by
plotting In ¥ with enthalpies (AH). Based on the thermodynamic analysis
on the interaction between -CD column and solutes, it was known that
the solutes having similar molecular lengths with f-CD resulted in large
enthalpy changes in the host—guest interaction. Besides, both hydrophobic
and host—guest interactions make contributions to the retention of solutes
on the $-CD stationary phase; and the structures of solutes have critical
influence on the retention. Further, from the thermodynamic point of
view, the retention mechanisms such as partitioning or adsorption in
liquid chromatography have been discussed.

Key Words: Liquid chromatography; Intermolecular interaction;
Thermodynamics; Retention behavior; Enthalpy; Entropy.

INTRODUCTION

Since invented by Tswett in the early 1900s, chromatographic science has
had about one century’s history. The separation modes were notably developed
from classical column chromatography in about 1930s, to paper chromato-
graphy in 1940s, gas chromatography (GC), and thin layer chromatography
(TLC) in 1950s, high performance liquid chromatography (HPLC) in 1960s,
supercritical fluid chromatography (SFC) in 1980s, capillary electrophoresis
(CE), and electrochromatography (CEC) in 1990s.I'! In recent decades,
chromatographic scientists paid attention to the miniaturization of chromato-
graphic techniques. For examples, CE, CEC, and capillary- or chip-based
micro- or nano-LC have become the most fascinating research fields in the
chromatographic sciences. Despite their promise of better resolving power
and more sensitive detection for some samples, the future impact of CE and
CEC is as yet uncertain.!'! Because of its advantages such as excellent
reproducibility and convenient separation and analysis of almost any samples,
HPLC is a key technology widely used for separating and analyzing complex
mixtures now.

On the other hand, in addition to being useful for analytical separation,
chromatography can be used as a tool to study itself, for example, the retention
mechanism. It is on the basis of the intermolecular interaction among the
solutes, stationary phases, and mobile phases that the solute mixtures can
be separated. Quantitative and qualitative analysis can be achieved by the
chromatograms obtained. Meanwhile, as the chromatograms contain a signi-
ficant amount of quantitative and qualitative information of intermolecular
interaction, HPLC has also used as a measurement tool of physicochemical
interactions. In the nearly five decades since the advent of LC, a broad
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scope of physicochemical measurements has been realized, including the
determination of binding constants, partition coefficient, and diffusional
parameters, as well as interaction and reaction kinetics.!” In fact, not only
LC but also other separation techniques like CE, CEC can be used as
measurement tools.

van’t Hoff analysis has been used to probe the thermodynamics of the
partitioning process and to investigate possible phase transitions of the
bonded, aligned alkyl chains. Cole et al.>** reported that van’t Hoff analysis
was used to show that hydrophobicity is not the driving force for retention
with most mixed aqueous-organic mobile phase. They also showed that the
change in entropy during the transfer process increases with increasing chain
density of the bonded alkyl groups. Wheeler et al.'™) reviewed that van’t Hoff
plots have been used to investigate the possibility of phase transition in the
aligned alkyl chain stationary phases, including pertinent theory relating to
these phenomena. Yamamoto et al.[! studied the thermodynamic retention
behavior on various C;g columns different in their hydrophobicity. Jackson
et al.") studied the intermolecular interactions involved in solute retention on
carbon media in reversed-phase HPLC.

In recent years, in addition to studying new systems of molecular
recognition and monolithic column technology for CEC™®! and micro-LC,™
one of our studies was to study the new measurement methods of physico-
chemical constants by separation techniques like CE and LC. Recently, we
reported the estimations of the critical micelle concentration (CMC) of
anionic surfactants!'® and the formation constant of Cu(I) complexes with
mixed amino acid enantiomers by ligand exchange CE.I'"] We studied the
interaction between 18-crown-6-tetracarboxylic acid and the positional enan-
tiomers by CE.['2 In the present work, our goals were focused on investigat-
ing the intermolecular interaction and obtaining some thermodynamic
information of retention mechanism by using HPLC as a tool of thermo-
dynamic measurement. Another purpose of this work was to provide a
database (Tables 1-4) of thermodynamic data in LC for chromatographic
researchers to do other thermodynamic analysis and chromatographic study.
The intermolecular interactions between four stationary phases chemically
bonded with octadecyl (ODS), phenyl (Ph), pyrenyl (PYE), and f-cyclodextin
bromide (-CD), and 53 solutes including 27 compounds of p-substituted
alkylbenzenes (PSABs), 14 compounds of polyaromatic hydrocarbons (PAHs),
and 26 compounds of substituted benzenes were examined by using both
methanol-water and acetonitrile—water as mobile phases. The chemical
structures of stationary phases and solutes are shown in Figs. 1 and 2.
Based on a large number of thermodynamic data measured, the intermolecular
interaction between stationary phases and solutes and retention mechanism
were discussed.

MarceL DExkER, INC. m
270 Madison Avenue, New York, New York 10016 &

Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.



Chen et al.

2812

£€666°0 86TV — €8°CI— 86660 LT y— ¥9°81— auazuaqopoIAudd-u-d

76660 996'¢— 11— 86660 80V v — SS91— suszusqopor[Aing-u-d
L8660 90L'€— LSTI— 86660 SYOv— 8S I — osuazuaqoporfAdoid-u-d
0866°0 65y €— LOTI— 86660 vILE— €LTI— suazuaqopoyApg-d

— — — 66660 LS E— 9 11— oUAZUAqOPOT[AYION-d
76660 eeE— 011°6— — — — SUAZUAOPO]
€666'0— Y9p v— SeTI— $666°0 80T S— 6SS1— [ousydjAxeH-u-d
TL66°0 00T v— 08°01— 96660 €S6'y— 06'€1— [ouaydAyuag-u-d
78660 160 v— ¥89°6— 96660 10Lv— 1771— [ouaydjAing-u-d
06660 €88°¢— €TE8— L866°0 v vr— ¥S 01— JousydjAdoig-u-d
£966°0 00Z v— 0L9'L— vL66°0 ETh— S8'L— [osa1)-d
05860 80 v — 9%9'9— 9,660 LTS V— 10L°L— [ouayq
96660 606 v — 91— 86660 LSY'S— 6V’ 17— suazZuAq[A100-1
76660 6TTY— 61— L6660 vE9v— YELI— QUAZUAqIAXOH-U
76660 129°¢— 911— L6660 €16°€— LY €1— suezuaqAmg-u
¥866°0 681°¢— 608'8— L6660 €9¢°¢— Y0 01— SuazuqA
16660 PLTE— 90'8— 76660 0v0'€— 8TE8— suanjog,
0660 SL6T— 0ZL'9— 96660 wSLT— 0LY'9— duazudg

¥ Gu+y/.SV (qow/ ) HV A dur+y/.Sv (ow/ ) HV sonjog

0Z:08=0%H:NOV 0Z:08=0%H:HOHD

(SAo) 81-dy 1A

“Uwn[od SO UO sANJOS Y0 pue ‘SHVd ‘SgVSd JO (V) sardonud pue (fy) sadiequyg 7 21gn

‘POAIOSAT SIYTU [V OU] IR [20TeN Aq €007 O WSuAdoD

1102 Alenuer €2 /¥ :6T IV Papeo |uwog

MaRrceL DEKKER, INc.
s 270 Madison Avenue, New York, New York 10016



2813

in LC

10r In

Intermolecular Interaction and Retention Behav

PAAIASAI SIYSU [V ou] ‘e [22IN Aq C0T @ WSuAdo)

(panuyuod)

$666°0 eryv— Cadt 86660 €0€°S— S8'81— [Auoydror-d
76660 TLOY— (N €666°0 L9L v~ YTLI— [Auoydia] -u
68660 806'¢— 0STI— 76660 88T v— 0°S1— [Auaydiar-o
$666°0 0vT S— 9°L1— — — — oud[A1g
£666°0 1Sv— Y9 p1— 8666°0 10— 18°L1— sus[Auaydr],
266670 S8 v— 0LST— L866°0 1€T°6— €9'81— QuesAIy)
£666°0 ¥8¢v— 86'¢T— 86660 018 v— 6991— oudIAd
8L66°0 1STY— 671~ 86660 61Lt— Y191— suatueIon[ ]
€L66°0 €68°€— 69 11— 96660 SOEv— 8I'H1— QULIIURUAY
$666°0 90T v— 9T~ 86660 €ESH— €0'ST— QULIRIYIUY
88660 01 ¢~ LL6'6— $666°0 618°¢— 10CI— [Ausydrg
£666°0 IvL €~ 00 11— L6660 €TEY— SOPI— suaron[]
6866°0 e~ €I16— L6660 SLS€— Wor— susreyydeN
0660 SL6T— 0TL9— 96660 LT~ 0Ly 9— suszuayg
98660 18— 0€'ST— 76660 €68 v— 991 — sutjue[K10Q-u-d
L8660 8T Y — cIeI— L8660 €ETY— 69°CI— surfrue[AxoH-u-d
€L66°0 LT8'€— 69€°6— 08660 $99°¢— 91°6— suruelAing-u-d
€066°0 0S0v— 610°L— 70L6°0 68L°€— I€Y's— suruy
6L66°0 191v— 97— 16660 S60'v— 18°C1— suoudydoyoe[Kyusd-u-d
16660 888'¢— wor— £666°0 €SLE— 06°01— suousydoreoerling-u-d
9,660 SESE— ¥€6'8— L866°0 89 ¢— 8CTI'6— suoudydoyeoe[Adoid-u-d
¥666°0 0S9°€— 01t'8— 76660 6vT €~ €66 L— suousydoyaor|Ayig-d
€866°0 8Ty ¢— €IrL— 1L66°0 961°€— Ity 9— suoudydojeoe[AYRIN-d
1086°0 6€0°€— 807'S— L866°0 €L6'T— 1887 — suouaydojeoy

1102 Alenuer €2 /¥ :6T

1Y papeo |jumog

MarceL DExkER, INC.

270 Madison Avenue, New York, New York 10016

&



Chen et al.

2814

$866°0 81 '¢— Y19°L— $666°0 6SY'€— 080°6— S[OSIUBOLY I,
€866°0 965 ¢— 91,8~ 16660 PStE— 09$°8— suoudydozuag
96660 80T €— €he8— 16660 1 €— 90L'8— aUSZUROWOIE
1L66°0 60T €— L90°8— — — — 2UaZUSGOIOTY))
$966°0 €60°¢— 86L°9— 68660 €8T~ L6€9— suezusqoIonyy
¥266°0 19C¢— SL89— - — — QUAZUOqOSONIN
6L66°0 16t €— 9v6°9— L6660 8TH €— 0€L9— QUAZUDQOBIN
6L66°0 906'¢— 06S°L— - — — J[IIuoZUdYg
— — — £966°0 S68'C— €T8'L— sunejAzuag
¢6L60 806'v— EISL— - — — opruezuog
L186°0 LYS €— €67 S— — — — [oyoore[Azuag
bYs dul+¥y/.Sv (Towt/ ) HV ¥ dul+y/.8v (Tow/ ) HV sanjos
07:08=0°H:NOV 07:08=0OH:HOHD
(Sao) 81-dy 1sAYSIA
‘penupuo) ‘7 apqnr

1102 Alenuer €2 /¥ :6T

1Y papeo |jumog

‘POAIOSAT SIYTU [V OU] IR [20TeN Aq €007 O WSuAdoD

MaRrceL DEKKER, INc.
s 270 Madison Avenue, New York, New York 10016



2815

in LC

10r In

Intermolecular Interaction and Retention Behav

PAAIASAI SIYSU [V ou] ‘e [22IN Aq C0T @ WSuAdo)

69660
£666°0
£666°0
06860
0€66°0
¥¥66°0
SL66°0
78660
YL66°0
1L66°0
£666°0
88660
18660
88660
1666°0

LL8 €—
T1Le—
Pese—
8L8'C—
0Elv—
YOI v—
129748 %
y9T e~
CLEe—
SI8¢—
86€°¢—
€66~
IvIy—
G86'¢—
296'¢—

S09°8—
LETI—
S001—

S8’ L—

L00'8—

€Iy 8—

Y19°6—

Ivi6—

6€C6—

8816—

0LL'6—
1601—

L99°8—

616'8—

LSS 6—

86660
¥666°0
€666°0

26660
¥666°0
86660
¥666°0
86660

1102 Alenuer €2 /¥ :6T

L Y—
o' €~
018¢—

vive—
SSEY—
126'v—
8LYYV—
veov—

1Y papeo |jumog

V6 11— [OUBIOUWIQUIIRIYIUY/ -6
S6'CI— suseyydeuoworg-|
86'11— suoreyydeuiAyowrg
— urweiAyydeN-»
- ToyydeN-¢
- JoyydeN-»
- udlAx-d
- QUIAX -
- QUIIAX-0
- [Aozuaqiq
(AU sur[rue[AyeIq-N'N
09 vI— 1Azuaqiq
YLTI— jouaydjAuoyd-d
yS 11— [ouaydifing-.c07-d
16CI— Touaydiking-s.01-0

MarceL DExkER, INC.

270 Madison Avenue, New York, New York 10016

&



Chen et al.

2816

L8660 901 v— 06°01— ¥L660 99y 7— 80°01— 9UdZUIqOPOI[AJudd-u-d
L6660 91— 69°01— TL66°0 SP1'T— 16L'8— suszuaqoporAing-u-d
9866°0 06T 17— 79°01— L9660 LSS T— 9LS'L— suazuaqoporAdoid-u-d
L6660 €50 v— 0¥9°'6— 69660 €€STT— SIE9— suazuaqopolAyig-d
06660 190 7— ¥ST6— 9566°0 €6T 1— ¥8TS— SUaZUqOPOIASIN-d
98660 LT ¥— PST'6— — — — aUSZUSQOPO]
6L66°0 9¢Lv— 1€°01— 89660 8SL1— 97€9— JoudydjAxoy-u-d
SL66°0 19— €€9°6— 1L66°0 Oby 1— SEIs— [ouoydifyued-u-d
18660 886 v— €€T6— 8566°0 891°1— 180'v— [oudydiing-u-d
9660 €LY~ 916~ 6986°0 7101~ 96¢°¢— [ousydiAdorg-u-d
$S66°0 01°6— Yiv6— 06560 01150— 0TS 1— [osax)-d
0%66°0 611°6— S81°6— ¥€S6°0 9T 0— S60°1— [ouayd
26660 vl v— 61 11— 78660 €€8T— 1€11— QudZUAq[AI0-U
06660 1€Th— 69°01— £866°0 161°C— 81L8— QUAZUDQIAXOH-U
L6660 9T r— €0°01— $L66°0 L09'T— 6V€9— suazuaqAng-u
€866°0 061 v— vLO6— £966°0 LLO'T— 80T v — QuazudqIAR
69660 YA T8L°8— $966°0 100°1— 169°€— auon|og,
¥L66°0 96¢v— vEL'S— $686°0 6189°0— 115°2— audzudg

¥ du+y/SV (Tow /) HV ¥ dur+y/.Sv (ow/ ™) HV samnjog

0Z:08=0H:NOV

07:08=O°H:HOHD

Voud 11800

‘uwnjod ayJ U0 SAN[OS IOYI0 pue ‘SHVJ ‘SVSd JO (.SV) sordonue pue (f7y) sordieyug

1102 Alenuer €2 /¥ :6T IV Papeo |uwog

‘POAIOSAT SIYTU [V OU] IR [20TeN Aq €007 O WSuAdoD

C 219vL

MaRrceL DEKKER, INc.
s 270 Madison Avenue, New York, New York 10016



2817

in LC

10r In

Intermolecular Interaction and Retention Behav

(panunuoo)

PAAIASAI SIYSU [V ou] ‘e [22IN Aq C0T @ WSuAdo)

86660
1666°0
26660
£€666°0
0666°0
Y6660
86660
86660
6660
7666°0
L666°0
Y6660
YL66°0
YL66°0

8L66°0
YL66°0
L9660
1566°0
26660
$866°0

€0Cr—
LOTy—
SSOv—
LyL €—
656'¢—
0L6'¢—
L8L€—
y88'¢—
LYOy—
[1S0v—
9SIv—
o e—
[e1vy—
96EY—

6V —
SLTY—
01—
881'v—
wey—
8Iyy—

yLOI—
6v'01—
9C01—
866°6—
90°01—
60°01—
VLT 6—
[1v'6—
12S°6—
§C9'6—
89¥°6—
6L0°6—
86'8—
YEL'8—

LTL'6—
€Iy o—
¥86°8—
1cy'8—
60€'8—
6CE8—

SL66°0
08660
£866°0

76660
¥666°0
$666°0

1666°0
26660
88660
$866°0
£666°0
$686°0

06660
06660
88660
75660

¥866°0
08660
89660
8€66°0
01660
80660

1102 Alenuer €2 /¥ :6T

998°C—
S98°C—
142X%

€Ire—
verc—
96L 1—

6€9'1—
LyL'T—
LY T—
(450 b
8CC1—
6189°0—

Polre—
LTST—
10—
¥99°0—

180°C—
LOL'T—
81—
LLT'T—
¢5S6'0—
6C8L0—

1Y papeo |jumog

LTTI—
ITI—
VL6'6—

€6 8—
S66'8—
y8S°L—

LIL9—
€0r'L—
6LY'9—
1el'L—
88LY—
116c—

€11 —
LL88—
£€8°9—
yS6'1—

SLL'L—
086°9—
86E6—
99T y—
99 %
6€9°C—

[Auaydiay -d
[Auaydiay -
[Auaydiag -0
QU9IAId
QudrAuaydury,
QuasAIyD
QuaIkg
suayuelon|{
QuaIyueuayJ
QUAOBIIUY
JAuoydig
quaron[{
suoreyydeN
Juozuog

surrue[K0Q-u-d
surjue[AxXoH-u-d
ourjrueAing-u-d

suluy

suouoydojeoe|fyuad-u-d
Juouoydojade|ling-u-d
quouoydojeoejAdoig-u-d
suouoydojeoe|Aypg-d
JuouaydojadeAyoN-d
quouoydojeoy

MarceL DExkER, INC.

270 Madison Avenue, New York, New York 10016

&



Chen et al.

2818

9866°0 SSTy— 40X $866°0 81¢1— L8V — S[ostueonJ,
6L66°0 wTy— 8L6'8— 6866°0 809'1— 188°6— auousydozuog
9666°0 PIEy— 0ST6— L866°0 60T 1— wTr— suazusqoworg
8866°0 LTV — 189'8— — — — QUAZUSqOIOTYD
$666°0 01Sv— vL06— $666°0 08¥L0— YEL'T— QUOZUIQOION]
6L66°0 609V — 6vYT6— — — — QUOZUAQOSONIN
1666°0 0l¥'v— 609°8— 8866°0 [0 1— Ly9'e— QUIZUSQONIN
1L66°0 YeLy— €91°6— — — — S[IUOZUSY

- - — 6866°0 €0 1T— YO €— surwejAzuog
r66°0 9LS'S— €er6— — — — opruezuag
1L66°0 yeLy— 01S°L— — — — [oyoore[AZzuag

y P ul+¥/ SV (1ow/ ) HV q Pul+y/ SV (1ow/ ) HV sanjog

0Z:08=0H:NOV

0Z:08=0°H:HOHD

Vaud [1so[easd

‘panunue) 7 aquL

1102 Alenuer €2 /¥ :6T

1Y papeo |jumog

‘POAIOSAT SIYTU [V OU] IR [20TeN Aq €007 O WSuAdoD

MaRrceL DEKKER, INc.
s 270 Madison Avenue, New York, New York 10016



2819

in LC

10r In

Intermolecular Interaction and Retention Behav

PAAIASAI SIYSU [V ou] ‘e [22IN Aq C0T @ WSuAdo)

§566°0
06660
L666°0
6866°0
9L66°0
5660
£666°0
LS66°0
£€666°0
6866°0

26660
LL66°0
£€866°0
88660

yl6€—
980 —
816'¢—
9eSv—
v v—
619v—
9Ty —
WTr—
696'¢—
99 v—

80 v—
SELY—
665 v —
SSYv—

IL9°L—
765°6—
868'8—
CLE6—
050'8—
6188—
686~
T o—
SEV8—
€6L°6—

YL 6—
80€°6—
900°6—
Sor6—

1866°0
£666°0
¥866°0
88660
86660
§966°0

1102 Alenuer €2 /¥ :6T

128 1—
LOT°9—
c61'C—
SYel—
vel—
SYel—

1Y papeo |jumog

CLL'S— [OURY)OWIDUIRIYIUY -6
6Ly’ 9— sudreyydeuoworg-|
80¥'9— suareyyydeurAyowrqg
— surweAypydeN-»
- [opydeN-¢
- [oyyydeNn-»
- ouolAx-d
- QUIIAX-ut
- QUOJAX-0
SYS9— 1Aozuaqiq
0T61— ouI[IUE[ARI-NN
1€y 8— [AzuaqIq
SSSv— [ouaydjAuayg-d
19V v— [ouaydiAing-g401-d
089°v— [ouaydjAing-z.t07-0

MarceL DExkER, INC.

270 Madison Avenue, New York, New York 10016

&



Chen et al.

2820

76660 997 p— 1S°¢€I— 76660 €LEE— LTST— SUSZUAqOPOI[AJudd-t-d
76660 121 v— 9TI— 76660 8T6T— vy el— suszuaqopor[Aing-u-d
1666°0 v26'€— 96 11— 16660 €Y T— v 11— suozuaqoporfAdoid-u-d
16660 008°€— 69°01— 16660 ¥20'T— 169'6— audZudqoporAyig-d
86660 €6L €~ Trol— 98660 8LS'T— 616°'L— SUAZUAqOPOT[AION-d
L6660 678°€— WS 6— — — aUSZUAQOPO]
¥666°0 vy v— €6°01— 6866°0 LTV T— L6~ [ousydjAxeH-u-d
2666°0 0OvEv— v101— £866°0 LT6'1— 8L~ JouaydjKiuag-u-d
¥866°0 9T v— S6€°6— 08660 CIy1— W6'S— [ousydiAing-u-d
16660 LTV v— 10€°6— $966°0 09S6°0— LETY— [ousydjAdoig-u-d
€766°0 72997 — €L8°8— 9986°0 205€°0— €88 1— [osa1)-d
LE660 P8 v— 7€6'8— 9.96'0 00170~ STOT— [ousyd
86660 9L Y— 95— 9666°0 1Y v— ov'L1— suazuaqIA10Q-u
L6660 12V v— YLTI— 76660 11T¢— Seer— SUSZUSq[AXSH-U
86660 YL p— €0 11— L6660 LOT'T— 86— suszuaqAng-u
L6660 680 — 9L°6— 7666°0 9LT'T— 756°6— suazuaqAg
68660 ¥€0v— 760°6— 9966°0 TL69°0— 918°¢— suanjof,
96660 89T ¥ — 9L1'6— 1966°0 SPSY0— SL9T— Judzuag

¥ Pul+9/.8v (Towt/ ) HV ¥ pul+d/.Sv (Towr/ ) HV sejnjos

07:08=0°H:NOV 0¢:08=OH:HO*HD

(HAd) AdS TISONSOD

‘uwn[od gAJ Uo saInjos Ioyo pue ‘sSHvd ‘sgvSd Jo (.sV) sardonus pue (fvy) sadreypuyg € apquy

1102 Alenuer €2 /¥ :6T

1Y papeo |jumog

‘POAIOSAT SIYTU [V OU] IR [20TeN Aq €007 O WSuAdoD

MaRrceL DEKKER, INc.
s 270 Madison Avenue, New York, New York 10016



2821

in LC

10r In

Intermolecular Interaction and Retention Behav

PAAIASAI SIYSU [V ou] ‘e [22IN Aq C0T @ WSuAdo)

( panunyuoo)
96660 12Tv— 0S'€1— 06660 06'C— SLY1— [Auoydia] -d
9666°0 $96°€— v ZI— 06660 879'C— 99°¢T— [Auaydiay -u
9666°0 S10v— S0TI— 68660 = UI—- [Auoydiog -0
66660 1LS'€— €9°¢I— — — — sus[A1ad
L6660 $08°€— 0°€1— 16660 81— v v1— susfAuaydrry,
L6660 915 €— 0T1— 88660 0177— 99°¢1— QudsAIYD
06660 0STE— 0v' 01— 06660 05 1— €€01— ouaikq
L6660 6hy €— 9L°01— L866°0 8991 — ¥9°01— ouayURION]{
9666°0 8LS€— Iv01— 8866°0 Ly T— €86°8— SUAIYIUBUAYJ
86660 65°€— 96°01— 16660 vrs1— YOv 6— QUAdBIYIUY
$666°0 Y20 v— wLol— 81660 €IgT— S9¢°L— [Auoydig
L6660 889°¢— YT 01— €L66°0 SE9'1— 680°6— suaron|]
L6660 wLE— LOT 6~ $L66°0 1885°0— YOS v— susreyydeN
$866°0 00T v— €00°6— 8786°0 0.850°0 YO T— suazuag
— — — $666°0 SETY— 1€91— suiue[K100Q-u-d
— — — 68660 00€°€— €9°C1— sur[rue[AxoH-u-d
— — — ¥L66°0 L9TT— 18L°8— sutuerAing-u-d
— — — SIL60 €CIY 0— 0£0°C— surruy
86660 90t v— 1ei— 8666°0 918°¢— LIST— suouaydoyeoe[Kjusd-u-d
L6660 L6T v— €O II— L6660 10€°€— 8I'¢€l— suoudydoyooerhing-u-d
¥666°0 L20Y— 0 01— L666°0 STLT— 00 11— suoudydoyooe[Adorg-u-d
L6660 180'v— LY9'6— L6660 SLTT— 96T 6— suoudydoyooe[Apg-d
LL660 €L6'E— 618'8— 96660 6€8°1— 78S L— suouaydoyoor[AaIN-d
8L66°0 €0 p— L6€°8— 76660 Il 1— 8667 — suoudydoyeoy

1102 Alenuer €2 /¥ :6T IV Papeo |uwog

&

MarceL DExkER, INC.

270 Madison Avenue, New York, New York 10016



Chen et al.

2822

9666°0 8°0v— 6256~ €566°0 S6C8°0— 918v— dosIueoIy,
8866°0 8LLE— 06C°6— L966°0 [4:1 3 b Yrl'L— auousydozuog
9666°0 8L8'€— Pre— €v66'0 STLE0— LLE €~ oudZULqowoIy
98660 696'¢— 6v0°6— — — — QUOZUIqOIOTY)D)
¥666°0 e — 8¥C6— L896°0 069¥0°0 0ceI— suazuaqolony
1866°0 0y — £688— — — — QUOZUAQOSONIN
L666°0 690V — LY6'8— S¥66°0 0088°0— 8Ly — QUAZURQONIN
06660 oy vy— 9LT6— — — — o[LyIUOZUY

- - — — — — ourwejAzuog
9¥66°0 9CTLY— 8 L— — — — oprwezuog
1266°0 10Cy— 144 %% — — — [oyoore[AZUDg

¥ Pul+4/.8V (Jow/3) HV A P U4/ .SV (jow/r3) HV somos

0Z:08=O0H:NJOV

07:08=0%H:HOHD

(AAd) dAdS TISONSOD

"panunuo))

1102 Alenuer €2 /¥ :6T

€ 919nl

1Y papeo |jumog

‘POAIOSAT SIYTU [V OU] IR [20TeN Aq €007 O WSuAdoD

MaRrceL DEKKER, INc.
s 270 Madison Avenue, New York, New York 10016



2823

in LC

10r In

Intermolecular Interaction and Retention Behav

PAAIASAI SIYSU [V ou] ‘e [22IN Aq C0T @ WSuAdo)

L666°0
06660
96660
96660
YL66°0
1866°0
98660
1666°0
¥866°0
1666°0
68660
8866°0
£666°0
88660
L8660

91°¢—
L9G €—
€96°¢—
6STY—
69T Y —
681v—
906'¢—
¢66'€¢—
LS6'E—
898°¢—
e e—
6C6'c—
Ty —
80€Y—
SLTY—

TeL’L—
60°01—
SS0I—
9¢°01—

089°8—

LY98—

09T 6—

9¢6°6—

G8¢€6—

669°6—
Py ol—
98°01—

S9¢6—

¥60°6—

66—

¥L66°0
9L66°0
9L66°0
§S66°0
0¥66°0
££€66°0

1102 Alenuer €2 /¥ :6T

08 1—
86S[—
108 1—
LY96'0—
r6s0—
0res0—

1Y papeo |jumog

c1e8— [OURYIOUWAUIRIYIUY -6
€69°L— suoreyydeuoworg-|
06€L— susreyydeurAyowng
— surwreAyydeN-»
— [oyyydeN-g
- [oyiydeN-»
- QUOIAX-d
- QUIIAX -
- QUIIAX-0
6v9'8— [Aozuaqig
0€S°6— TlAzuaqig
y9T6— 11Azuaqiq
LOOS— TousydjAudyg-d
SLEE— [ouoydjfing-r.107-d
0cee— [ousydjfing-..07-0

MarceL DExkER, INC.

270 Madison Avenue, New York, New York 10016

&



19: 47 23 January 2011

Downl oaded At:

2824

Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.

) 7

Chen et al.

Table 4. Enthalpies (AH°) and entropies (AS°) of PAHs and other solutes on
YMC CHIRAL f-CD BR (-CD) column.

CH;0H:H,0=40:60

Solutes AH° (kJ/mol) AS°/R+1In¢ R

Benzene —33.03 —12.30 0.9984
Naphthalene —38.19 —14.04 0.9987
Fluorene —41.22 —14.96 0.9993
Biphenyl —44 .45 —15.48 0.9994
Anthracene —46.26 —15.99 0.9993
Phenanthrene —41.04 —14.99 0.9999
Fluoranthene —38.51 —14.32 0.9996
Pyrene —40.30 —15.04 0.9996
Chrysene —48.85 —16.97 0.9995
Triphenylene —39.46 —14.33 0.9997
p-Phenylphenol —46.78 —16.30 0.9998
Nitrobenzene —32.59 —12.86 0.9991
Dimethylnaphthalene —44.80 —15.61 0.9997
1-Bromonaphthalene —42.92 —16.04 0.9999
Bromobenzene —36.09 —13.23 0.9991
Fluorobenzene —33.11 —12.64 0.9991
Benzophenone —43.63 —15.95 0.9994
Dibenzyll —45.72 —15.82 0.9988
Dibenzyl2 —51.66 —17.76 0.9988
Thioanisole —38.29 —14.13 0.9988
9-Anthracenemethanol —34.05 —13.31 0.9998
0-Cresol —-31.62 —13.12 0.9981
m-Cresol —34.37 —13.86 0.9985
p-Cresol —34.70 —13.40 0.9984
o-Nitroaniline —31.09 —12.71 0.9983
m-Nitroaniline -30.47 —12.45 0.9985
p-Nitroaniline —39.27 —14.63 0.9991

EXPERIMENTAL

Chemicals

p-Substituted benzenes, PAHs, and substituted benzenes were purchased

MaRrceL DEKKER, INc.

270 Madison Avenue, New York, New York 10016

from Kanto Chemicals and Tokyo Kasei Chemicals, Japan. HPLC-grade
methanol and acetonitrile obtained from Nacalai tesque (Kyoto, Japan) were
used. Purified water (18.2 MQ) was used.
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(a) cx,
0 N e e Ve e e e g
< >
2.5nm

B-CD Bromide

Figure 1. Structure and ligand length of stationary phases (a) ODS, (b) Ph, (c) PYE,
and (d) B-CD. Ligand densities of all stationary phases are ca. 1.5 groups/nm>.

Apparatus

An HPLC instrument was set up equipped with the following (Shimadzu,
Japan): pump (LC-10AD), UV-VIS detector (SPD-6AV), auto-sampler (SIL-
10A), system controller (SPD-10A), and a chromatopac (CR-4A). Column
temperatures were controlled by a column oven (CTO-6A) or gas chromato-
graphic oven (GC-9A). The controlled temperature precision was +0.1°C.

Chromatography

Commercially available columns, Mightysil RP-18 (ODS, 150 x 2.1 mm
LD.), Develosil PheA (Ph, 150 x 2.1 mm LD.), COSMOSIL 5PYE (PYE,
150 x 4.6 mm 1.D.), and YMC CHIRAL f-CD BR (f-CD, 150 x 4.6 mm 1.D.)
were employed in this work. All these columns had densities of stationary phases
1.5 groups/nm”. Methanol-water or acetonitrile-water (80/20) was used as
mobile phases, but methanol/water (40 : 60) for the f-CD column. To obtain a
similar linear velocity, 0.2 and 0.8 mL/min of flow rates were used for 2.1 and

MarceL DExkER, INC. m
270 Madison Avenue, New York, New York 10016 &

Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.
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4.6mm LD. columns, respectively. Detection wavelength was 254 nm. The
retention factors were determined at five to seven different temperatures in the
range of 25-70°C. The retention time of organic solvent in mobile phase or
2,4-dichlorobenzoic acid was determined as #,. The retention factor used was the
average values determined for three to seven times.

RESULTS AND DISCUSSION
Thermodynamic Measurements in Liquid Chromatography

van’t Hoff analysis has been used to probe the thermodynamics of
chromatographic processes. The van’t Hoff expression for chromatography is

,(—AH° AS°
lnk_(RT>—|-(R>+ln¢ (1)

where ¥ is the capacity factor, AH° and AS° represent the enthalpy and
entropy of transfer of the solute from the mobile phase to the stationary phase;
R and T are the gas constant and absolute temperature, respectively; and ¢ is
the volume phase ratio (stationary/mobile). Plotting Ink" vs. 1/T will give a
slope of —AH°/R, and the entropy and phase ratio are combined in the
intercept. Thus, the AH® can be calculated from the slope of a van’t Hoff plot.
It has been pointed out that the linearity in van’t Hoff plots can easy be found
in the temperature range of 30-50°C or 60°C, but there are significant
deviations from linearity if the temperature range is widened.>*13] Besides,
the high content of water in the mobile phase and the binding density of
stationary phases have influence on the linearity of van’t Hoff plot. Thus, to
obtain excellent linearity, the content of organic solvent higher than 60%
and the binding density of stationary phase of about 3.0 umol/m* (1.8
groups/nm?>) were used in this work.

After measuring the capacity factors at five to seven different tempera-
tures with an increment of 5°C in the temperature range of 25-75°C, the
thermodynamic data in LC retention process were calculated and listed in
Tables 1-4 according to van’t Hoff analysis. It was shown that excellent
linearity with correlation factors (R) higher than 0.992 were obtained for
almost all measurements with some exceptions. As an example, the van’t Hoff
plot of PAHs on the ODS column in methanol-water mobile phase is shown
in Fig. 3. As shown in Tables 1-4, all the changes of enthalpy (AH®) show
negative values, it suggests that energy is released when solutes transfer from
mobile phase to stationary phase. In other words, it is more stable for solutes
to be retained on the stationary phases than in mobile phase. Besides, it was

MarceL DExkER, INC. m
270 Madison Avenue, New York, New York 10016 &

Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.
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25

In k'

2.85 290 2895 3.00 3.05 3.10 3.5 320 325

1/T x 1000

Figure 3. Plots of logarithm of capacity factor, Ink’, and reciprocal of column
temperature, 1/7, for polyaromatic hydrocarbons on Mightysil RP-18 (ODS) in
methanol-water (80/20) mixture as a mobile phase. Solutes: (e) benzene; (m)
naphthalene; (0) biphenyl; (») fluorine; (—) phenanthrene; (x) anthracene; () fluoran-
thene; (x) pyrene; and (0) chrysene.

noticed that the differences in AH° among all solutes in methanol-water
mobile phases were significant; but insignificant in acetonitrile-water mobile
phases with the exception of ODS stationary phase. The differences in AS°®
among the solutes had a similar tendency to AH®. The absolute values of AH°
and AS° in acetonitrile-water system were higher than that in methanol-water
system. It suggests that there are differences in the retention mechanism
between methanol-water and acetonitrile—water mobile phases.

Thermodynamic Analysis for the Differences in
n—n Intermolecular Interaction

Based on the thermodynamic data shown in Tables 1-3, the differences in
the m—=n intermolecular interaction between stationary phases and solutes can

({E‘P MaRrceL DEKKER, INc.
s 270 Madison Avenue, New York, New York 10016
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be observed. The logarithm of capacity factors of solutes on ODS, Ph, and
PYE columns at 35°C were plotted with the enthalpy of solute transfer (AH®)
in methanol-water (80 :20) mixture and shown in Fig. 4. For ODS column
shown in Fig. 4(a), the plot of PAHs located within the area of PSABs. It
suggested that the PAHs showed similar retention behavior to PSABs due to
the absence of functional groups providing n—n interaction on the ODS
column. For the PYE column shown in Fig. 4(c), the plot of PAHs obviously
located above and far from all PSABs. It indicated that the 7—r intermolecular
interaction between the PYE stationary phase and the solutes made a dominate
contribution for the chromatographic retention. For the Ph column shown in
Fig. 4(b), the plot of PAHs is also located above the plots of PSABs, but is
unlike the PYE column having very obvious differences between PAHs and
PSABs. The reasons could be regarded as the size of Ph being smaller than the
size of PYE groups and the n—= interaction between Ph stationary phase and
analytes being weaker than that between PYE stationary phase and analytes.
On the other hand, the differences in In ¥ ~ AH® plots among stationary phases
are affected by the differences in the binding density of stationary phases and
the stereo-selectivity of stationary phase for solutes.

Thermodynamic Analysis for the Differences in
Host—Guest Interaction

Based on the thermodynamic data on the -CD column in Table 4, the
logarithm of the capacity factors at 35°C (Ink’) was plotted with the molar
enthalpy (AH°) in Fig. 5. The mobile phase was methanol-water (40 : 60),
and the solutes were PAHs and substituted benzene derivatives. As shown in
Table 4, the change of enthalpies (AH°) and entropies (AS°) on the $-CD
column for the solutes examined were relatively larger than that on other
columns, probably due to the presences of not only the hydrophobic but also
the host-guest interactions. Further, as shown in Fig. 5(a), an increasing
tendency of the change of enthalpy (AH°) was observed with the strong
formation of the host—guest interaction. It was interestingly found that there
were significant changes of enthalpy (AH°) and exceptional retention for the
solutes having similar sizes of f-CD (ca. 0.78 nm), as shown in the cyclic area
of Fig. 5(a). In chromatography, the logarithm of the partition coefficients in
l-octanol-water (log P) was usually considered as the parameter of evaluating
the hydrophobicity of solutes. The log P values of solutes examined were
calculated by a method.""*! The logarithm of the capacity factors at 35°C (In k)
was plotted with the log P in Fig. 5(b). It has been shown that the retention of
solutes on the -CD column depends on the hydrophobicity of solutes. On the
basis of Fig. 5(a) and (b), we can draw a conclusion that the retention of

MarceL DExkER, INC. m
270 Madison Avenue, New York, New York 10016 &

Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.
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In K'(35°C)

o
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-2 2 s "

AH® (kd/mol)
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-2 L L Il ]
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Figure 4. Plots of the logarithm of capacity factor at 35°C [In£'(35°C)] and the
enthalpy of solute transfer (AH°), in methanol-water (80:20) mixture on (a) ODS,
(b) Ph, and (c) PYE columns. Solutes: (e) p-n-alkylbenzenes; (m) p-n-alkylphenols;
(A) p-n-alkyliodobenzenes; (0) p-n-alkylacetophenones; (x) p-n-alkylanilines; and (o)
PAHs.

({E‘P MaRrceL DEKKER, INc.
s 270 Madison Avenue, New York, New York 10016

Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.



2831

Intermolecular Interaction and Retention Behavior in LC

PAAIASAI SIYSU [V ou] ‘e [22IN Aq C0T @ WSuAdo)

*(q) Touayd (v) pue () sourqueontu (v) {(q) [Auoydio) (m) i(e) sjouoyd (m) SHVJ PAIMNSqNS-ouow (X) QUIZuoq
paymmsqns-ouowt (0) ‘SHY{ (¢) :sam[og -2amxiu (09 : (f) IJeM—JOUBYIAW UT Uwnjod )-§ uo (q) (4 30[) 101em-[OUBIO0-] UT JUIIIYFI0D
uonnted jo unpuesol pue () (V) Adieqiuo tejow sa [(D.S€)YUll D.S€ 18 10108) Aoeded oyy Jo wipue3o] Jo S0l S ansly

(pereus3) o 307

8 8 b4 [4 0

{053.0-0
sy

_Owe Q.a .., x.
foueyiseUeIRILLY-G - /.« v-—-NW
“t ZgOmN

os_ms._%z .. ,,
ogﬁoﬁp X Ny
T O .. ---Zgos
N
e RS =
(Ausydie)-0 - » . M lOﬁ 2o uezUog -
sudveydiiL .- ool

..Enﬁ_m

(Q)

1102 Alenuer €2 /¥ :6T

(0,5€) AU

(lowr/r¥) oHV

YA oe- cg- ob- St— 0g- 86~
T y— T T T e~
10s91-0
CoWNe [ esegw .
N loueyiepeusIenswY-g 14
VN . Q,Q ] : \_89_0.&
»n SlOSJUBOIY L
_.--0 <¢.n \a_as__sgm ]
Zg0N ox- Fparits 0
w.mhm% e ve u\@ss_usﬁw:.__.a_ﬁss.m,_ _.
zgoung % \%0 ow, .u:o__a__hn__om 1t
ouefewRUdeN .°  eualoniy eligoud-d
susjiusudyl,
fusydg 1¢
susteydeufipeunly e
eusoRIgIY = Swslag)
’ 1Azusaiq
(e)
14

v pspeo jumog

(0,8€) A Ul

MarceL DExkER, INC.

270 Madison Avenue, New York, New York 10016

&



19: 47 23 January 2011

Downl oaded At:

Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.

2832 Chen et al.

solutes on the f-CD column contributes not only to the hydrophobic inter-
action, but also mainly to the host—guest interaction dependent on the
stereochemical structures of solutes.

Retention Mechanism in LC: Adsorption or Partitioning?

There are two main theories, namely solvophobic theory and the partition
model describing the retention mechanism in RRLC.!">! Solvophobic theory,
first applied to RPLC by Horvath and co-workers in 1976, proposes that
retention is primarily related to hydrophobic interactions between the mobile
phase and solutes.'®!”) The role of the stationary phase is minimized by
solvophobic theory, and retention is thought to occur through an adsorption
rather than partitioning process. The partitioning model of retention considers,
more explicitly, the role of the stationary phase in the retention process. In
1983, Martire and Boehm published the first retention model to consider the
effects of stationary phase chain organization.!'®! Later, Dill proposed a
partitioning model of retention based upon mean-field statistical thermody-
namic theory, which describes a three-step molecular process by which the
solute transfers from the mobile phase to the stationary phase.!'>!*! On the
basis of thermodynamic data, the retention mechanisms are discussed as
follows.

As shown in Fig. 6, the plot of molar enthalpy (AH°) vs. the alkyl chain
length of PSABs indicates the change of enthalpy with an increment of one
methyl group. For the ODS column shown in Fig. 6(A-a) and (B-a) the AH®
showed a linear relationship with the length of alkyl chain, and slopes were
almost independent on the length of alkyl chain. As well known in the field of
liquid-liquid equilibrium, this linear relationship shows a typical partitioning
behavior. For example, the plots in Fig. 6 is very similar to the plots of the free
energy change of solutes transferring from the water phase to heptane or
octanol phases, vs. the length of carbon chain of the solutes, as shown in Fig.
7.12% However, the enthalpy changes resulting from the increase of one carbon
chain length of the solutes (the slopes of lines) in Fig. 6 are quite smaller than
those in Fig. 7. The reason is that the methanol-water (80 : 20) was used as a
phase in Fig. 6, but 100% water in Fig. 7. Based on above facts, we can deduce
that the retention of solutes on the ODS stationary phase results from the
partitioning mechanism. Although the ODS groups were chemically bonded
on the surface of silica gel, they work as if they are a highly hydrophobic
organic phase in liquid-liquid equilibrium. Solutes are partitioned between the
stationary phase and mobile phase.

Like the ODS stationary phase, the Ph stationary phase also showed an
excellent linear relationship of AH® vs. alkyl chain length of solutes in the
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Figure 6. Plots of alkyl chain length of PSABs (n) and molar enthalpy (AH®). Mobile
phase: (A) methanol-water (80:20), (B) acetonitrile—water (80:20). Columns:
(a) ODS; (b) Ph; and (c) PYE. Solutes: (¢) p-n-alkylbenzenes; (o) p-n-alkylphenols;
(») p-n-alkyliodobenzenes; (o) p-n-alkylacetophenones; and (x) p-n-alkylanilines.
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Figure 6. Continued.

({E‘P MaRrceL DEKKER, INc.
s 270 Madison Avenue, New York, New York 10016

Chen et al.



19: 47 23 January 2011

Downl oaded At:

Intermolecular Interaction and Retention Behavior in LC 2835

N 0 ! ¢ saturated fatty acid
—t 3
o L Y g - IV fatty alcohol
E ~10000 * Q d Octanol ; es:"
a cther
\ a A 4 aromatic compounds
‘—J "20000 r A " nitro compounds
) \\Q 6 saturated fatty acid
) Heptane 4 aromatic compounds
e -30000f ; * g alkadiene
o . alkene
. 2 1 alkane
2 -40000} 1
|
-500001
&
b
Q
- «60000 : L
3 0 10 20 30

Figure 7. Plots of free energy of solutes transferring between water and organic
phases (heptane and octanol) with the carbon chain length of solutes, from Ref.*"].

methanol-water mobile phase, as shown in Fig. 6(A-b). However, the AH®
almost did not change with the alkyl chain length in the acetonitrile—water
mobile phase, as shown in Fig. 6(B-b). As shown in Tables 1-4, the AH" in the
acetonitrile—water system was larger than in the methanol-water system. The
increase of enthalpy means the molecular ordering is based on the thermo-
dynamic viewpoint. Thus, it is more stable for solutes to situate in the mobile
phase than to embed in stationary phase when the acetonitrile—water mixture is
used as the mobile phase. Based on these thermodynamic results, we could
deduce that adsorption mechanism also plays an important role in the retention
of solutes on the Ph column when an acetonitrile—water system was used as
the mobile phase. As shown in Fig. 6(A-c) and (B-c), the PYE stationary
phase showed a similar tendency with the Ph stationary phase in both
methanol-water and acetonitrile—water systems. In other words, the retention
is mainly based on the partitioning in a methanol-water mobile phase, but also
on the adsorption in the acetonitrile—water mobile phase. Further, it was
noticed that the plot in Fig. 6(B-c) was also similar with Fig. 6(A-c).
Therefore, a reasonable explanation for the retention of solutes on the PYE
stationary phase in the acetonitrile—water mobile phase should be the con-
comitance of partitioning and adsorption.
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Effect of the Characteristic of Stationary Phase on
Thermodynamic Values

As described above, the retention mechanism in LC is affected by the type
of mobile phases. The effect of the characteristics of stationary phase, like the
binding density and the log P of monomeric molecule of stationary phase, will
be discussed as follows. As shown in Table 5, the enthalpy change with the
increase of one carbon number of methylene (AAH®) almost correlates with
the binding carbon density of stationary phase, and the enthalpy changes of all
solutes depends on the log P. The enthalpy change for solutes to transfer from
the mobile phase to the stationary phase was increased with the increase of
log P. This suggests that it is more stable for solutes to embed in the high
hydrophobic stationary phase with higher log P. Thus, based on the partition-
ing, the retention on the stationary phase with higher log P is stronger and the
enthalpy change is more significant.

CONCLUSIONS

The thermodynamic data (AH and AS°) of chromatographic interactions,
including four stationary phases and 53 solutes and two mobile phase systems
(methanol-water and acetonitrile—water), were measured by van’t Hoff analy-
sis. It has been found that there are obvious differences in 7—n intermolecular
interactions among the stationary phases of ODS, Ph, and PYE by comparing
the plots of In k'~ AH. Based on thermodynamic analysis, both hydrophobic

Table 5. Comparison of thermodynamic values, carbon density, and logP of
monomeric selector of ODS, Phe, and PYE.

Column ODS Ph PYE
AAH° /methylene (kJ/mol)? —1.79 —-1.17 —1.89
Carbon density (Cn/nm?)° 30 15 30
p-n-Butylbenzene [AH° (kJ/mol)]° —13.5 —6.35 -9.15
p-n-Butylphenol (AH®)® —12.2 —4.08 —5.94
p-n-Butyliodobenzene (AH®)° —16.6 —8.79 —134
log P (monomeric selector)® 9.18 3.03 6.07

Note: Mobile phase: methanol-water (80 : 20).

*The enthalpy change with the increase of one carbon in the length of methylene chain.
®Carbon density means the carbon number per one unit area.

“The enthalpy change of solutes.

dlogP of monomeric molecule of stationary phase.
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and host—guest interactions make contributions to the retention of solutes on
the B-CD stationary phase, and the structures of solutes having similar
molecular size with the cavity of -CD, show exceptional retention and
resulted in large enthalpy changes. Further, the type of mobile phases and
the characteristics of stationary phase have critical influence on the retention
mechanisms in liquid chromatography.
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