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Fig. 1.1 Concept of the creation of a chemical specific separation field
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Table 1.1 Polarity of the mobile phase in normal-phase and reversed-phase, and elution order of analyte

polar normal-phase (NP) reversed-phase (RP)
stationary phase high polarity (hydrophilic) - low polarity (hydrophobic)
mobile phase low polarity (hydrophobic) - high polarity (hydrophilic)
stationary phase — mobile phase stationary phase > mobile phase stationary phase = mobile phase stationary phase << mobile phase
stationary phase — solute stationary phase > solute stationary phase = mobile phase stationary phase < solute
mobile phase — solute mobile phase < solute mobile phase = solute mobile phase > solute

O
separation mode NPC SEC RPC
elution order of solute from low polarity from high molecular weight from high polarity

SEC: size exclusion chromatography



Table 1.2 Solubility parameters o of solvents [5]

solubility parameters ()

solvents structure (cal!? om ™
n-pentane CsHiz 7.1
n-hexane CsHi4 7.3
n-heptane C7His 7.4
diethylether C,Hs0C,Hs5 7.4
ethylacetate C,HsOCOCH;3 8.6
toluene CsHsCH;5 8.9
tetrahydrofuran (THF) C4H3O 9.1
benzene CeHs 9.2
acetone CO(CHas), 94
chlorobenzene CeH5Cl 9.6
1,4-dioxane C4HgO» 9.8
1-propanol C;H,OH 10.2
pyridine CsHsN 104
nitrobenzene CsHsNO, 11.1
ethanol C,HsOH 11.2
phenol CsHsOH 11.4
N,N-dimethylformamide (DMF) HCON(CH3), 11.5
acetonitrile CH;CN 11.8
dimethylsulfoxide CS(CHs), 12.8
methanol CH;0H 12.9
water H,O 21.0
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Fig. 1.3 Comparison of phase usage in HPLC and SPE [7]
SEC-NonAgq: Non Aqueous Size Exclusion Chromatography, SEC-Aq: Aqueous
Size Exclusion Chromatography, CEx: Cation Exchange, AEx: Anion Exchange,
HIC: Hydrophobic Interaction Chromatography
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a) HPLC

adsorption
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IEx o;}:/er
17% ?
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Fig. 1.4 Comparison of phase usage in HPLC and SPE from Fig. 1.3
RP: Reversed Phase, NP: Normal Phase, SEC: Size Exclusion Chromatography
IEx: Ion Exchange
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CRUDEEM, BEH, WEOMAAEDEILIZIEER THLH, EFEIC

AL 55 F MM BEAEHOREIIH HFEE R ESND, EHDIX, LC O—xHI722 5
HEEDIu~ N 7T 4—THWONOH AAEH OFEFHE % 5 £ 5% Table 1.6 O

NZHBLELTC [10), £, FRICEEFHEL THWDRERINGZELZLT-5E
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Table 1.3 Common types of interactions and their pair-potentials w(r) between two

atoms, ions, or small molecules in a vacuum (e=1) [8]

Type of interaction Interaction energy w (r)
O r O 0,10/4megr
Charge - charge ® (Coulomb energy)
"Lo r 0 )
-Qu cosb/4me, r
Fixed dipole
Charge - dipole
p r Q 2 2 2 4
-Q°u”/6(4ney) kTr

Freely rotating

Uy O\ U>

0, r 0, -u U 5[ 2c080,c080,-
Fixed sind, sin,cosq]/4me, 1’
dipole - dipole
u u
. r 2 - 12 2 13 (dmeg 2k T

Keesom ener
Freely rotatiog ( &)

0 o
r
Charge - non-polar @ *— -0% a/2(4ne)r
6 r o
-u? a(1+3c0s%0)/2(4mey) r°
Fixed
Dipole - non-polar
u
r o -u’ o/(4meg)r®
Debye ener
Rotating (Deby %)
Two non-polar o r o 3hv o /A(4neg) e
@ — . .
molecules (London dispersion energy)

Where, w(r) is the interaction free energy or pair-potential (in J); O, electric charge (C); u, electric
dipole moment (C m); a,electric polarizability (C*m’J™); r, distance between the centers of the
interacting atoms or molecules (m); &, Boltzmann constant (1.381 x 10 J K™); 7, absolute
temperature (K); 4, Planck’s constant (6.626 x 10* J s); v, electronic absorption (ionization)
frequency (s™); &, dielectric permittivity of free space (8.854 x 1072C*J"'m™).

The force F(r) is obtained by differentiating the energy w(r) with respect to distance r: F'= -dw/dr.
The stabilizing repulsive “Pauli exclusion” interaction (not shown) usually follow an exponential
function w(r) oc exp(-1/ry), but for simplicity they are usually modeled as power laws: w(r) o -1/

[where n = 9-12].
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Table 1.4 Dipole moment of molecules, bonds, and molecular groups [9]

(in Debye units: 1 D=3.336 X 107’ Cm)

Molecules
bond energy bond energy

alkanes 0 H,O 1.85

Ce¢He 0 CnH,,+;OH (alcohols) 1.7

CCl, 0 CgH,10OH (cyclohexanol) 1.7

CO, 0 OMCTS* 0.42

CO 0.11 CH;COOH (acetic acid) 1.7

CHCl, 1.06 C,H40 (ethylene oxide) 1.9

HCI 1.08 CH;COCH; (acetone) 2.9

HF 1.91 HCONH, (formamide) 3.7

NH; 1.47 C¢HsOH (phenol) 1.5

CH;C1 1.87 C¢HsNH, (aniline) 1.5

NaCl 8.5 CsH;Cl (chlorobenzene) 1.8

CsCl 10.4 CsHsNO, (nitrobenzene) 4.2

* OMCTS: octamethylcyclotetrasiloxane
Bond moments
bond energy bond energy bond energy

C-H 0.4 C-C 0 c'-Cl 1.5~1.7

N-H 1.31 Cc=C 0 N"-O 0.3

O-H' 1.51 C'-N 0.22 C=0 23~27

F-H 1.94 Cc'-0 0.74 N'=0 2.0

Group moments

bond energy bond energy bond energy

C-"CH; 0.4 C-"COOH 1.7 adenine ~3

C-"OH 1.65 C-"OCH; 1.3 thymine ~4

C-'NH, 1.2~1.5 C'-NO, 31~38 guanine ~7
cytosine ~8
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Table 1.5 Energy values for single bonds [9]

Units: kcal mol™

bond energy bond energy bond energy
H-H 104.2 P-H 76.4 Si-Cl 85.7
C-C 83.1 As-H 58.6 Si-Br 69.1
Si-Si 42.2 O-H 110.6 Si-I 50.9
Ge-Ge 37.6 S-H 81.1 Ge-Cl 97.5
Sn-Sn 34.2 Se-H 66.1 N-F 64.5
N-N 38.4 Te-H 57.5 N-CI 47.7
P-P 51.3 H-F 134.6 P-Cl 79.1
As-As 32.1 H-CI 103.2 P-Br 65.4
Sb-Sb 30.2 H-Br 87.5 P-1 514
Bi-Bi 25 H-1 71.4 As-F 111.3
0-0 33.2 C-Si 69.3 As-Cl 68.9
S-S 50.9 C-N 69.7 As-Br 56.5
Se-Se 44.0 C-O0 84.0 As-1 41.6
Te-Te 33 C-S 62.0 O-F 44.2
F-F 36.6 C-F 105.44 O-Cl1 48.5
Cl-Cl 58.0 C-Cl 78.5 S-Cl 59.7
Br-Br 46.1 C-Br 65.9 S-Br 50.7
I-1 36.1 C-1 57.4 CI-F 60.6
C-H 98.8 Si-O 88.2 Br-Cl 52.3
Si-H 70.4 Si-S 54.3 I-Cl 50.3
N-H 934 Si-F 129.3 I-Br 42.5
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Table 1.6 The contribution degree of the interaction in the main chromatographic mode [10, 11]

chromatographic mode ” 2 % 3 §. é i % §. e (’% 3 ”g g g ?T qc',q B' =
E ¢ = 5% & § g§ ¢ 2 & B & & 5 3
. o g g =2 S} @ 2 & 5§ o =3 o 2
stationary phases o} g g & o é 4 2 8 S = =
s ® 5 §
size exclusion o O O
reversed phase O O O [ A A
ion-pair O O O o AN o
ion partition O O O O [
ion exchange O O O O O A [ O
adsorption O O O o O o A O
charge transfer O O O O [ O
salting out O O O O O O [
ligand exchange O O O O o
complexation O O O O o
affinity O O O O O O O O O O o
enantiomeric separation O O O O O O O o
cation exchange O O O O A o A o o o O O
anion exchange, NH, O O O O AN ( J O o O O
silica gel O O O o A o
alumina O O O ®

@: main interaction, O: considerable interaction, A: interaction considerable depending on a stationary phase.
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— MR, S BES A B LAL RO BES D 2 DI EEND, TN,

53 S S B T OB 43 1T ALVE F O FEE RS D IE VA Fig. 1.5 12737,

AW 53 BES L TAL 0 53 BiESS L 13 FE 720 FEES 59\ R ALAE A MBI 2 &3k o
TG, BERC BN EDE RV EH BN LIS, Z20 VB OB AL T
HOTIVRIX, FOMISIZH R T D8 - RO WA A LMD H 27 /L F L A
ReReF 5, FHFEBHEIES LS T-R O F- 2 BUK O R NI 250
T 5, ZHEREEICEE D LA HCBUKZNR, M AEIEM, nn FHA
YEH, M7-#8 HAEF, London 23 Hk) &\ o759\ 03 1T ALAVE A 559
HTEMNAREL IR D, ZIUDIFNARGERR AN RIT L > TE I DRI &, %f
RET D0 FITRH L@V EERRREL BT D, LR LIAEHLDE X DALY
R~ T7 —D53 %A (Table 1.6 [10]) (ZBWTHRIERT, W5y B4 [E &
MELTHIAT 27 74 =7 4—2a~ 'I7 4 —OBEIZIT E L2 D EAEH
AR, SERRF RN ELL TERESBENTHOND [10], i), b7 R B

[ZBWTIEZ — A B AE SO HR SRR BAE 23 18720, M ITRL
FRAAEH A E S DD HEHANEL< 16T, M EEGIZ I, SBEE IR
TOREENE (5 FREER) 1XHIONIE D,

A Sy BIES D FE O RE RAIEAALFEIICEY BT FED— 2L LT 1R
7RU~—MIPs (Molecular Imprinting Polymers) 231531 CV %, MIPs (30 75 x5
ETD T (FRETOEUMEEE N T) FEEEN Y FELTHY, WE
HRET DT LB O @ HESRENE T )~ — 2 L EAS LI LTIV ELND
RV~ —=DIETHD, MIPs [FHE G TRICHFU 2D L ThRETH2L
ZXD, WEXTGET D0 T LRERRE DA/ LIEN A EETHY, 72 2FD

(TG G LT D53 F L DOBURIHED I T 1@\ oy R8s & L T RE 35,
Fo, BEAFELHBMHE THLRALRHE THD, MIPs 130 RETOMWE DO
Rz RFOZEICEY, W72 3 BES SRR LT 2 D D SLAR ) 72585 BE, FF

BPEAIERFL TD, UL, MIPs [XZIRAFRFRAE L\ D s CAEMIY 7y Bl S 245

L THDHDD, JIEWE ORI I IS R OB A B i
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% (Fig. 1.6, Table 1.7),

AW ) Sy Bl IOV ALVE I KO R R E ~ DB & TR BRI ) &
W AL BES BT, 59V AR I FRRekic T 5457259,
Bl z 1 Em-nH BAEF O ISR K ELBI G- T 240 A/ERS> Debye fHAAFH
DIDNTHEAIEE RO EAE S, ZrBES R SO B OFREIZIE R I
ZFTHY, BT DR F H OB K-> THAEH OR55
T DIEN AR THLEV ST TEIL TV D,

ZOXH7 IR EAEAE L CTEIKIROFEAER (39 ) 25008
(X, BN R AR A & AR AR & B REAF DAL 0 4 BES CIE kL & e
WL TR SRR MR 2 IR A DZENAIRE CHHEFZ 2D (Fig. 1.7), £z, ZOH
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Biological »
Affinity

* MIP: Molecular Imprinting Polymer

Fig. 1.5 Target fields in bioaffinity and the chemical affinity

Table 1.7 Comparison of the interaction in bioaffinity and the chemical affinity

bio affinity chemical affinity
multiple interaction single ~ double
steric site structure planer
weak (strong) interaction power strong ~ weak

) ) Coulomb interaction
size exclusion . ‘
. . ) ] Keesom interaction
dispersion force interaction type . ‘
Debye interaction
electrostatic force ' .
dispersion force
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Fig. 1.6 Creation of a specific separation field
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ﬁonventional
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Ex) Normal phase
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lon exchange

Specificity

------------------

* HIC: Hydrophobic Interaction Chromatography
(Salting-out Chromatography)

Qea

Fig. 1.7 Strength of the versatility and interaction used in the target study
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