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TIpe spodHTIKH — AYNAMH

The adsorption strengths and hence@'alues (elution series) increase in the
following order: :

saturated hydrocarbons < olefins < aromatics &~ organic halogen com-
pounds < sulphides < ethers < nitro compounds < esters ~ aldehydes ~
ketones < alcohols ~ amines < sulphones < sulphoxides < amides < car-
boxylic acids.
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Alkane moiety

» |
. . ‘ . . Functiona! group
’ Adsorbent

During adsorption, functional groups are directed towards the silica
surface.
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Eluotropic series with physical properties of the solvents

(0% Boiling

olarity,\ Viscosity Refractive cutoff® point
Solvent £°(Al,0,)/ (mPas)20 °C) index, n3° (nm) (°C)
Fluoroalkane —0.25 1.25 210
n-Pentane 0.00 0.23 1.3575 195 36
n-Hexane 0.00 0.33 1.3749 190 69
Isooctane 0.01 0.50 1.3914 200 99
Light petroleum 0.01 0.3 210
n-Decane 0.04 0.92 1.4119 200 174
Cyclohexane® 0.04 1.00 1.4262 200 81
Cyclopentane 0.05 0.47 1.4064 200 49
Diisobutylene 0.06 - 1411 210
Pent-1-ene 0.08 0.24 (0 °C) 1.3715 210 30
Carbon disulphide " 015 0.37 1.6280 380 46
Cabon tetrachloride 0.18 0.97 1.4652 265 77
Amyl chloride 0.26 043 1.4120 225 108
n-Butyl chloride 0.26 0.47 1.4021 220 78
Xylene 0.26 0.62-081 =~ 1.50 290 138-144
Diisopropy! ether 0.28 0.37 1.3681 220 68
2-Chloropropane 0.29 0.33 1.3777 255 36
Toluene 0.29 0.59 1.4969 285 111
n-Propyl chloride 0.30 0.35 1.3879 225 47
Chlorobenzene 0.30 0.80 1.5248 290 132
Benzene 0.32 0.65 1.5011 280 80
Ethyl bromide 0.37 0.39 1.4239 38
Diethyl ether 038 0.24 1.3524 205 345
Ethyl sulphide 0.38 0.45 1.4429 290 92
Dichloromethane 0.39 0.44 1.4242 230 40
Chloroform 0.40 0.57 1.4457 245 61
Isobutylmethyl ketone  0.43 0.54 1.3957 330 116.5
1,2-Dichloroethane 0.49 0.79 1.4448 230 83
Ethylmethyl ketone 0.51 0.4 1.3788 330 80
1-Nitropropane 0.53 0.77 1.4016 . 380 131
Acetone 0.56 032 1.3587 330 56
Dioxane 0.56 1.54 1.4224 - .220 101
Methyl acetate 0.60 0.37 1.3614 260 56
Amyl alcohol 0.61 41 1.4100 210 138
Tetrahydrofuran 0.62 0.46 1.4072 220 66
tert-Butylmethyl ether 0.62 0.35 1.3689 220 a3
Ethyl acetate v 2 062 0.45 1.3724 260 77
Dimethyl sulphoxide® - 0.62 224 1.4783 270 189
Aniline A 710,62 44 1.5863 : 184
Diethylamine 7 0.63 0.38 1.3854 275 55
Nitromethane 0.64 0.67 1.3819 380 101
Acetonitrile 0.65 0.37 1.3441 190 82
Pyridine 0.71 0.94 1.5102 305 115
Butylcellosolve 0.74 31 " 1.4198 220 170
Iso- + n-propanol 0.78 23 1.3772,1.3856 210 82, 97
Ethanol 0.88 1.20 1.3614 210 78
Methanol 0.95 0.60 1.3284 205 65
Ethylene glycol 1.11 19.9 1.4318 210 197
Acetic acid High 1.26 1.3719 118
Water Higher 1.00 1.3330 <190 100

Salt solutions'and buffers Highest

$Wavelength at which the absorbance of the pure solvent is 1, measured in a 1 cm cell with air as

the reference.
$Becomes solid at 350 bar!
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€° (silica)

+BME in hexane
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0 10 50 100 EtOAc

Tetrahydro-
furan

Ethyl
acetate

Volume per cent of stronger solvent

Elution strength of binary mixtures as used for adsorption chromatography
on silica (M. D. Palamareva and V. R. Meyer, J. Chromatogr., 641, 391 (1993).
The graph covers the twelve possible mixtures of hexane, dichloromethane, tert-
butylmethy! ether, tetrahydrofuran, ethyl acetate and isopropanol.
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Separation of a test mixture on silica with eluents of different
Top: tert-butylmethyl ether, ¢ = 0.48; middle: hexane—tert-butylmethyl ether (9:1),
¢ = 0.14; bottom: hexane, ¢ = 0. The attenuation of the hexane chromatogram is
only half as much as of the other two. Conditions: column, 25cm x 3.2mmid.;
stationary phase, LiChrosorb SI 60 5pum; flow-rate, 1 mimin~'; UV detector,
254 nm. Peaks: 1 = p-xylene; 2 = nitrobenzene; 3 = acetophenone; 4 = 2,6-dini-
trotoluene.
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The polarity parameter P is a measure of the solvating power of a solvent.
It is composed of x,, x, and x,, (determined experimentally with ethanol, dioxane
and nitrobenzene):

x, proton acceptor* or basicity parameter, a measure of hydrogen bonding

tendency ,
x4 proton donor® or acidity parameter, a measure of hydrogen bonding ten-

dency
x, dipole parameter, a measure of dipole character

Acceptor  Pproton donor proton acceptor

0) C
=1 B s same s s INH \C

AVAVAVL VAVAY
JEXITTON .
WAV /AT VAV

VAV:-NAVAV,

Donor § 5. map X

Dipole
Selectivity triangle. Each solvent is characterized by a small circle.

L Aliphatic ethers, trialkylamines (more basic than ethers)

II.  Aliphatic alcohols

III. Pyridine derivatives, THF, amides (excludmg formamide), glycol ethers,
sulphoxides

IV. Glycols, benzyl alcohol, acetic acid, formamide

V.  Dichloromethane, ethylene chloride

V1. Aliphatic ketones and esters, dioxane, nitriles, aniline

VII. Aromatic hydrocarbons, halogenated aromats, nitro compounds, aro-
matic ethers

VIII. Fluorinated alcohols, water, chloroform (less basic than the other solvents

in this group)
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Eluotropic series based on polarity parameters®

Solvent I o x, X4 Xy Group
Triethylamine 1.9 0.56 0.12 0.32 I
Di-n-butyl ether 2.1 0.44 0.18 0.38 I
Diisopropyl ether 24 0.48 0.14 0.38 I
Toluene 24 0.25 0.28 047 VII
p-Xylene 2.5 0.27 0.28 045 VIl
Benzene 2.7 0.23 0.32 045 VII
Chlorobenzene 2.7 023 0.33 044 VII
Bromobenzene 2.7 0.24 0.33 043 VII
Diethyl ether 2.8 0.53 0.13 0.34 I
Todobenzene 2.8 0.24 0.35 041 VII
Dichloromethane 3.1 0.29 0.18 0.53 \
Fluorobenzene 3.2 0.24 0.32 045 VII
Ethoxybenzene 33 0.28 0.28 0.44 VII
Diphenyl ether 34 0.27 0.32 041 VII
Ethylene chloride - 35 0.30 0.21 0.49 \'
n-Butanol 3.9 0.56 0.19 0.25 I
Isopropanol 39 0.55 0.19 0.27 11
Tetrahydrofuran 4.0 0.38 0.20 0.42 III
n-Propanol 40 0.54 0.19 0.27 I
Chloroform 4.1 0.25 041 0.33 VIII
tert-Butanol 4.1 0.56 0.20 0.24 I
Dibenzyl ether 4.1 0.30 0.28 042 VII
Ethanol 43 0.52 0.19 0.29 II
Ethyl acetate 44 0.34 0.23 043 Vi
Nitrobenzene 44 0.26 0.30 044 VII
Cyclohexanone 47 0.36 0.22 042 VI
Ethylmethyl ketone 4.7 0.35 0.22 043 VI
Dioxane 438 0.36 0.24 040 VI
Benzonitrile 438 0.31 0.27 0.42 VI
Acetophenone 438 033 0.26 041 VI
2-Picoline 9 0.44 0.21 0.36 11
Acetone 5.1 0.35 0.23 0.42 VI
Methanol 5.1 0.48 0.22 0.31 II
Nitroethane 3.2 0.28 0.29 043 VII
Pyridine 5.3 041 022 0.36 111
Methoxyethanol 5.5 0.38 0.24 0.38 11
Benzyl alcohol 5.7 0.40 0.30 0.30 v
Acetonitrile 5.8 0.31 0.27 042 VI
Acetic acid : 6.0 0.39 0.31 0.30 v
Nitromethane 6.0 0.28 0.31 0.40 VII

Methylformantide 60 041 023 036 I

Aniline - 6.3 0.32 0.32 0.36 VI
Dimethylformamide 6.4 0.39 0.21 0.40 111
Ethylene glycol 6.9 043 0.29 0.28 v
Dimethyl sulphoxide 7.2 0.39 0.23 0.39 III
Tetrafluoropropanol 8.6 0.34 0.36 0.30 VIII
Formamide 9.6 0.36 033 0.30 v
Water 10.2 0.37 0.37 0.25 VIII

9 . —

L. R. Snyder, J. Chromatogr. Sci., 16, 223 (1978). 7( e +X d .,L)(n 1
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- Localizing O and non-localizing [} molecules and their interaction with
~an adsorbgnt. The silica surface is drawn in an overhead view and its adsorptive
centres (silanol groups) are symbolized by asterisks.

Localizing strengths
of solvents on silica'
Solvent m
Toluene —-043
Benzene —-042
Carbon tetrachloride -0.35 )
2-Chloropropane =023 on- bocalizin
Bromoethane , —-0.16 ~ j
Chlorobenzene -0.12
Ethyl sulphide -0.03
v Chloroform 0.10
& Dichloromethane 010
1,2-Dichloroethane 0.14
e Di Ethyl ether 043
Ethyl acetate 0.60 b2 55
" Triethylamine 065 Aecall L
" Tetrahydrofuran 0.65
“*" tert-Butylmethyl ether 0.82
‘Acetone 0.87
Pyridine 1.09
Acetonitrile 1.19

"'L. R. Snyder, in High Performance Liquid Chromatography, Advances and Perspectives,
C. Horvith (ed.), Academic Press, New York, 1983, pp. 157-223, data on p. 186.
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Optimization of the Mobile Phase
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aliphatics > induced dipoles (e.g. CCl,) > permanent dipoles (e.g.
CHCIl,) > weak Lewis bases? (ethers, aldehydes, ketones) > strong Lewis
bases (amines) > weak Lewis acids (alcohols, phenols) > strong Lewis acids
(carboxylic acids).

P 5. zzao’repo no'})tur; GO W K.4q.

The mobile phase generally consists of mixtures of water or aqueous buffer
solutions with various water-miscible solvents, e.g.

methanol
acetonitrile (toxic!)
ethanol decreasing polarity
isopropanol
dimethylformamide increasing elution power
propan-1-ol
dioxane
tetrahydrofurane
. 2
1 3,4+*5 h 3 2 ge;) ene
k- 3: o’roberzjé’nt
60% 50% 40% 4 : 0-dichdercbenzene
methanol methanol methanol 5 wdobctnéﬁne
OJL;) 0510 0510
30% 2 20% 10%
methanol | . methanol methanol
3
4
0510 0 51015 0O 5 101520 min

Effect of eluent composition in reversed-phase chromatography (N. A.
Parris, Instrumental Liquid Chromatography, p. 157).
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Acetic acid

Acetone

Acetonitrile

Butanol

Carbon tetrachloride
Chioroform
Cyciohexane
Cyclopentane
Dimethyl formamide
Dimethyl sulfoxide

Methanol
Methyl tert-butyl ether
Methyl ethyl ketone
Methylene chioride
Pentane
Tetrahydrofuran
Toluene
Water
Xylene
Acetic acid
- Acetone
Acetonitrile
Butano
Carbon tetrachioride
Chloroform
Cyclohexane
Cyclopentane
Dimethyl formamide
Dimethyl sulfoxide
Dioxane
Ethyl acetate
Ethyl ether
Ethylene dichloride

%S

O = Miscible ethyT ferebutyl sther
Methyl ethyl ketone
- : Methylene chloride

9

99,9
R
GRS
000
9.9, 0.0

9909
GKHRX
XX <)
99" 0
A
Qﬂﬂﬂp

O
%
O

<O
LS

L
O
9%
£55%9,
QR
XX

e
%
R

XX
B <
e
%

<
%

K

&
24

0%

%
5
>
S
XS

Pentane

&
X

Tetrahydrofuran

Toluene

o

Water

Xylene
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20

4

# Methanol

4

® THF

1.5+
1.0 1

0.5

00 i 1 v T v T ¥ T o
0 20 40 60 80 100

% B organic

Viscosity of mixtures of water and organic solvents at 25 °C. (Numeric
values after J. W. Dolan and L. R. Snyder, Troubleshooting LC Systems, Humana

Press, Clifton, 1989, p. 85.)
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Acetone

Acetonitrile

n-Butyl acetate
1-Butanol
Chlorobenzene
1-Chlorobutane
Chioroform
Cyclohexane
Cyclopentane
Decahydronaphthalene
o-Dichlorobenzene
Dimethyl acetamide
Dimethyl formamide
Dimethyl sulfoxide
1,4-Dioxane

Ethyl acetate

Ethylene dichloride
Ethyl ether

Glyme

Heptane

Hexadecane

Hexane

Isooctane

Isobutyl alcohol
Isopropy! alcohol
Methanol
2-Methoxyethanol
Methy! tert-buty! ether
Methyl ethyl ketone
Methyl isoamyl ketone
Methy! isobuty! ketone
Methyl n-propyl ketone
Methylene chloride
n-Methyl-2-pyrrolidone
Pentane

Propy! alcohol
Propylene carbonate
Pyridine
Tetrahydrofuran
Toluene
1,2,4-Trichlorobenzene
Trichloroethylene
Trichlorotrifluoroethane
Trifluoroacetic acid
Water

o-Xylene

I&GM‘CES

330 1.3587
190 1.3441
254 1.3942
215 1.3993
287 1.5249
220 1.4021
245 1.4458
200 1.4242
200 1.4064
200 1.4758
295 1.5514
268 1.4384
268 1.4305
268 1.4783
215 1.4224
256 1.3724
228 1.4448
215 1.3524
220 1.3796
200 1.3876
190 1.4340
195 1.3749
215 1.3914
220 1.3959
205 13772
205 1.3284
210 1.4020
210 1.3689
329 1.3788
330 1.4072
334 1.3957
331 1.3901
233 1.4241
285 1.4680
190 1.3575
210 1.3856
280 1.4210
= 15102
212 1.4072
284 1.4969
308 15717
273 1.4767
281 7 tygss7
210" . 712850
190: 7= *171:3330
288 .+ 15054

]
Atah vzwY

0.59
0.566
0.567
0.711
0.926
1.00
0.81

1449

116.5

1024
39.75

36.07

972
2417
115.25

110.62
2135
87.19
47.57
7.8
100.0
144.41

15,17
11,17

3B B B

I Saa

(O I I I~

I®18351 1

5.1
5.8
40
39

1.0
4.1
0.2
0.1

27
6.5
6.4
72
48
4.4
35
28

0.1
05
0.1
0.1
40
39
5.1
55
25
47
40
42
45
3.1
67
00.

40
&

5.3
4.0
24

1.0
0.0

10.2
25

0.42

0.00
0.82

0.71
0.45




@A(NO/V/E*NA E/A/K/-(z EK/\EKT/KOTHTA; ATTC  MirMATA
TPjeN AANYT2N

. SPECIAL SELECTIVITY EFFECTS FROM TERNARY
SOLVENT MIXTURES"

If a relatively small amount (5-25%) of a third component is added to an
optimum-strength methanol-water mixture, then special selectivity effects come
into play, by means of which sample components with special functional groups
are eluted at a specifically faster or slower rate:

(a) Acetonitrile as the third component _accelerates compounds with the ester
function —COOR selectively.
(b) Tetrahydrofurane accelerates compounds with methoxy groups —OCH,

with respect to similar substances which do not contain such groups.

(c) Acetonitrile retains compounds containing methoxy groups.

(d) Dichloromethane accelerates compounds with chloro groups —Cl.

(e) Tetrahydrofuran accelerates straight-chain products with respect to cyclic
compounds. Sorbic acid (CH;CH=CHCH=CHCOOH) and benzoic acid
(CeHsCOOH) cannot be separated with a methanol-water mixture but a

combination of 60% water (pH 2), 32% methanol and 8% tetrahydrofurane

does achieve the desired effect.
() N.N-Dimethylformamide_accelerates basic compounds (aromatic amines,

N-heterocyclics) and reduces the amount of tailing.!?
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LC analysis of a protein sample using (a) 2-methoxyethanol, {b) acefonitrile, and ¥ A e 5

L) as mobile-phase modifiers. Mobile phas¢ A) 0.1% rifluoroacefic ocid in woler; mobile | —7 pé

phase B2)0.1% rifluoroacetic ocid in 50-50 {v/v) organic modifier-acetonitrile; linear gradient: 5-95% Kb

B over 30 min; flow rote: 1 ml/min; delection: UV obsorbance at 280 nm {0.064 AUFS); somple:
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LC analysis oler washing the
autosampler needle with {a) mobile phase and
(b) 50:50 water—acelonitrile. Mobile phase:




