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The Sorption Behavior of Alkyl Bonded Phases in

Reverse-Phase, High Performance

Liquid Chromatography

C.H. Lochmuller* and D.R. Wilder, Department of Chemistry, Duke University, Durham, North Carolina

27706

Figure 2. A scaled representation of octadecyl chains chemi-
cally bonded to the surface of silica gel showing solvophobic
aggregation of the bonded ligands. Appropriate coverage
data for this phase was taken from Table Il. The white circle
on thd cluster represents a benzene sized solute molecule.

JOURNAL OF CHROMATOGRAPHIC SCIENCEeVOL. 17
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solutes become larger, the curves become more nearly linear,
and this is consistent with the interpretation that for larger
solutes even the longer bonded phases are incapable of
completely utilizing the large solute surface area. Apparently,
even larger or *‘deeper’” aggregations of bonded alkyl chains
would be needed to approach a liquid-like interaction.

The possibility that these effects result from an exclusion
phenomena due to restricted entrance of some solutes into
pores in the silica matrix seems unlikely. In Figure 5 linear
changes of k' with carbon percentages with the large solutes
(anthracene and chrysene) and flattened curves for the smaller
solutes can be seen. The opposite trend would be expected if
the larger solutes were seeing progressively less stationary
phase as they were being restricted from entering the pores
because of increasing blockage by the longer chain alkyl silane
reagents. On the other hand, if it is maintained that benzene
and naphthalene are suffering exclusion from the pores with
increased carbon coverage and anthracene and chrysene never
enter the smaller pores at all, then at the lesser carbon
coverages benzene and naphthalene should be encountering
proportionally more of the bonded stationary phase than the
larger solutes, It is found, however, that the difference in In k'
values between solutes in the linear portion of the k' vs %

OCTOBER 1979577

sxBAD T E7io

19794F

TFILEXILEDEAAIZ
B9 55X

C18MERAAIZTDUNTE
WS TS




. .
ChromaNik e

Journal of Chromatography, 197 (1980) 11-20
Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 12911

SOLUTE-SOLVENT INTERACTIONS ON THE SURFACE OF REVERSED
PHASES

[. STATIONARY PHASE INTERACTIONS AND THEIR DEPENDENCE ON
BONDING CHARACTERISTICS

persive interactions are considered, hydrocarbon-hydrocarbon interactions will be
much stronger than hydrocarbon-water interactions. It follows that the stationary
phase could agglomerate and, therefore, could have a greatly reduced effective
chromatographic surface area. It is possible that it will adopt a spatial arrangement
where the chains are lying almost flat upon the surface. This would, in effect, reduce
the effective chromatographic surface area very significantly and could account for
the extensive reduction in retention capacity of the aggregated bonded phase. This
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Like dissolves like , . , sometimes,

€ Troubleshooing e
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Robert G. Wolcott and John W, Dolan
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FIGURE 1: Diagrams showing bonded-phase
orientations, including (a) extended or brush
configuration when solvated with mobile phase
(M), (b) brush configuration after successful re-
placement of mobile phase by wash solvent
(W), (c) collapsed bonded phase after washing
with too weak a solvent, and (d) collapsed

bonded phase after unsuccessful resolvation
with new mobile phase. See text for details.

AT K DEREA

FIGURE 2: Chromatograms illustrating the
practical impact of bonded-phase collapse.
Shown are (a) a chromatogram generated af-
ter a water wash and 170 column volumes of
additional mobile-phase flushing, (b) a chro-
matogram generated after a water wash and
90 column volumes of additional mobile-phase
flushing, and (c) a normal chromatogram. See
text for discussion. Peaks: 1 = uracil, 2 =
nitroethane, 3 = phthalic acid, 4 = 4-
chloroaniline, 5 = 3-cyanobenzoic acid, 6 =
3,5-dimethylaniline, 7 = 1-nitrobutane.
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N. Nagae, T. Enami and S. Doshi, LC/GC North America October 2002.
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Capillarity, Capillary phenomenon
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T. Enami and N. Nagae, American Laboratory October 2004.
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Column: C18 (10) 5 um 150 x 4.6mm, Mobile phase: Water,
Flow rate: 1.0mL/min, Temperature:40°C
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Adsorption Mechanism in RPLC. Effect of the Nature of the Organic Modifier
Fabrice Gritti, and Georges Guiochon, Anal. Chem., 2005, 77 (13), 4257-4272

silica ' / i silica ' /’ i

High-energy sites Low-energy sites High-energy sites Low-energy sites

Figure 16. Schematic comparison of the adsorption mechanisms
of a solute from aqueous solutions of methanol (A) and acetonitrile
(B) onto a RPLC material. The different shadings represent the three
different “phases” involved in the chromatographic system. From top
to bottom, the bulk mobile phase (a water-rich solution), the adsorbed
mono- or multilayer of organic modifier molecules (a phase rich in
adsorbed organic modifier), and the Cig-bonded phase. The analyte
(phenol or caffeine) is represented by small ovals.
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Molecular Dynamics Simulations of Alkylsilane Stationary-Phase Order

and Disorder. 1. Effects of Surface Coverage and Bonding Chemistry
Katrice A. Lippa, Lane C. Sander, and Raymond D. Mountain
Anal. Chem.. 2005. 77 (24)., 7852-7861

Table 1. Structural Details of Simulated C:3 Alkylsilane Chromatographic Phase Models

tri-C 18

average phase
chain average end-to-end average average average % selectivity
density chain chain _ phase tilt of gauche oteN/BaP and
ligand type (umol/m?) spacing®?(A) length?<(A) thlcknessbd A) angle®? (9) dihedrals category®
Monomeric
monofunctional Cig 1.71 95+ 14 149 4+ 2.3 9.0+ 46 50.3 + 22.4 38.2
monofunctional Cis 2.46 7.6 +£ 06 154 4+ 3.0 125439 348 + 15.1 39.1
Lmonofunctional Cjs 3.28 72107 168 + 2.9 157 4+ 3.3 19.7 £+ 10.3 38.4 1.72 (1) |
monofunctional C;g 3.28" 534+1.0 19.6 &+ 2.6 19.0 + 3.1 13.4 4+ 9.7 26.3
monofunctional Cig 4.91 52+ 0.8 215+ 1.2 21.3+1.3 7.8 +3.9 16.0
monofunctional C;g 491" 41+ 04 219+ 1.8 2164 2.1 85 +51 13.0
Polymeric
trifunctional, tri-Cig 1.64 31402 14.0 + 3.6 9.7+ 4.2 446 4+ 18.4 34.2
trifunctional, tri-Cig 2.46 31+01 17.1 £ 3.5 14.3 £ 5.0 30.5 + 184 32.4
trifunctional, tri-Cig 3.28 31+01 209+ 1.6 19.4 + 2.3 19.7 + 10.2 20.4
difunctional, tri-Cig 3.89 3.1+0.1 21.2+1.9 20.2 + 5.0 13.7 + 20.4 18.7 1.61 (I)
trifunctional, tri-Cig 4.09 3.1+0.2 214+ 1.4 21.1+1.6 8.7+43 19.6
trifunctional, tri-Cig 4.30 31+0.2 21.3+1.9 21.14+25 93+ 74 18.2 141 ()
difunctional, tri-Cqg 491 31+02 219+ 0.9 21.7+1.1 76+ 4.2 14.1
trifunctional, tri-Cig 491 3.1+01 213+ 1.3 209+ 1.6 8.5+ 5.0 19.2 0.71 (H)
trifunctional, 4.91 3.1+£0.2 216 £ 1.2 21.1+15 8.8+ 5.8 15,7
branched12-mer-Cg
trifunctional, 4,91 31+02 221+1.1 21.8+1.2 9.9+ 47 12.6
cyclic 12-mer-Cig
trifunctional, 5.94 3.0+0.2 2224+ 0.9 22.1+1.0 6.1 + 2.7 10.4 0.49 (H)

@ Distance between Si atoms of the alkylsﬂane chains. ? Uncertainty represents standard deviation of 100 measurements. ¢ Distance between Si
atom and end C atom of the alkylsilane chain. ¢ Magnitude of the distance vector between Si and end C of the alkylsilane chain perpendicular to
the quartz surface. ¢ Relative to the axis perpendicular to the quartz surface./ Experimentally determined selectivity coefficients for Cig RPLC
phases at room temperature that are represented by simulation models (see ref 33 for more details). # Shape selectivity of stationary phases
categorlzed as high (H; ov TBN/BaP < 1), intermediate (I; 1 < apn/Bap < 1.7), and low (L; oerpnypap > 1.7). # Ligands placed in a clustered formations
to minimize interchain spacing.
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Molecular Dynamics Simulations of Alkylsilane Stationary-Phase Order

and Disorder. 1. Effects of Surface Coverage and Bonding Chemistry
Katrice A. Lippa, Lane C. Sander, and Raymond D. Mountain

Anal. Chem., 2005, 77 (24), 7852-7861

(a) monomeric C,,

1.71 pmol/m’

2.46 pmol/m’

b
ey T "]
Te el

A4

LEGEND:
(C) carbon in gray
(O) oxygen in red

(Si) silicon (of chain) in blue
(H) not displayed

3.28 pmol/m’
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% ¥
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Figure 3. Side- and top-view snapshots of simulated (a) monomeric C4g and (b) polymeric C4g chromatography models at various surface
coverages. The atoms are color-coded according to the legend; H atoms are not displayed in the interest of clarity.
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0.2 #7151 :C18, (—ERC28)

— FRrSERO75Y THF(C28) 4.6x150mm

— FhSEROT5Y THF
~ ik =L 1)4.6x150mmAS5.LIZC183E
E 0.15 ' EHFIE$91.5gA-> TS
ﬂﬂ —_—1s/—
f;?g —_— s 2)C18DRFEEF=16%
g C28DRFEF=16%
o0 _ e .
5 ASLRADAIZTUILEDE
s B15#90.35mLEF BEN S
£
4
IN
.R

o
o
o1

BRBIERE20%TA2/—IL
(F#90.04mL, 7E;=FJILIE
#90.1mL, ThZEFATSUIE
#30.15mLIEZEML TS,
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C18&mE L TOBFEMDBEESX

AR /)— )L T7E+=R)IL TSRSy

o o .©
0. O O OO
0 0 0 0, O O

HOTY D0 ol

FOBTYIVEISRE FOGTUNERBE A OETULERI
A, REILE AATEY, REIS 5 EHoTHY, &
DA% — )L HVEE TEh=FLNE KIZFrSERODS

LTS ML TS VIFBEHEFL TS
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7EbZ M)V KBEMRZERLZ15 6 O REFRH,

RKESLIUVBEEE~ADT =M ILOHEE

6 0.8
NIt .101mL | ¢
\k /

- 1 06
4 —u
R *—o— BEE RO LDEH 1055
e DaRILLE
£, 0.09mL 5 b= kLR (k) | 03 %
0.033m
/ n 02
U A orm BEAADT R LD B 1 01
0.011mL | | |
0 0
0% 5% 10% 15% 20%

BEIRPOT =R ILIRE®

B L OB HERE (o) OB D 2 LEERAD |
FEF=MIILODEEDEMEN—HT 5 .
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A

7

b
I

2 ENHE -

° 7

4 6 500 THF
%‘%{74% FEr=FJL
4 82% A%/—J
\””‘””;”” \0

0 6
(mL)

'73*“/)lxt00)5§|':|:'|§/\

ol "".‘ v

BIEIZ KA DEAE

#1151 C18, 5um, 4.6 x 150 mm
DI LGEE: 60 °C, #2H: UV @ 250 nm.

TIWREUDAHENISMLIZES K
DICEHBIEEKEDEBLLFRE

1. 932, 2. hoxA>, 3. 7x/—)L,

4. TFIARUE¥, 5. 0-8—Tx=)L,

6. TINAVEY, T.R)Dz=L >

1) BEMU-ARBSEETILTILEDMT
ANEERELTEL

2)BEMEDZ WG EITtoFNSK7EDH

3)THFIZ AR /—)LIZEEX, 0.25mL
(=1.89-1.64) Z<7ILXIILEITAEFIL
TWAZEIZHA
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HZ> LAEFERFROEFEE(mL)

0.95
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1

0.05

C18EIEHE DS ECE

4 .’ 1“'
' T AL/

=

— FRSEROTS5Y THF(C28)

— FhSERBETSY THF“‘?

"‘?""THF(CZB)

S V) §

—— )(9/—)[, ::

% ? .. _THF(C18)

'0
L4
L4
*
*
>
4
4
*

é‘? """ THF(C8)

BB EIRE%)

BREMN=)

$H15.L:C18, C28, C8
4.6x150mm

1)4.6x150mmA> LIZC18F
IEF|E#91.5g A - TLV%

2)C18DRFETHEL6%
C28DFEE=16%

NI LADTILFILEDEE
[£#90.35mLEFtE SN D

BRBIERE20%TAZ/—)L
[2#90.04mL, ZEE=FY LIS

£490.1mL, TRIEFATSUIE

#90.15mLBEFL TS,

820 A2 /—)LDAEENMESX
0.06MmLEIRET HE, VTV
IWDBHENS74% 7=k
) )LES0%THFD SRR F1 8 1%
FhEN0.15mLE0.31mLE
A3

43



ChromaNik

to(“77/)l/)0)/ﬁ‘tljﬂ%laaﬁ0)tt$§

571541 C18, 5um, 4.6 x 150 mm
HILEE: 60°C, #H: UV @ 250 nm. i&8#: 1. oZ2I, 2. ADJxA4>, 3. 7x/—JL
TIINWRUEUDBHENNSMLIZHEAIIIZEHBIEEKEDEESLEFRE

BRBEDOBKE

(Log P)
820/0)‘/5’/_)[/ m -0.77
70%T2/—)L M\ N 031

589% 2-7O/\/—JL N
74% 7 1z I‘ZI‘U)L J\\ X -0.34
67%>F x4 //\/ / % -0.42
50% THF h A 046
\Vau
; — — BEB2 T3 )L: 0.73
1 2

. . , 200Mm)bI: 1.97
Retention time/min
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AR/ —ILETRZERATISU (THR)DZE

I /)—JL T Sunniest C28 %C:16% 7 Column: Sunniest C28, C18, C8, 5um
1

4 ﬁ/{{j\ 4.6x150 mm

A Mobile phase:
2 Sunniest C18 %C:156%/ ; CH3OH/HQO=75/25
L 4 . THF/H,0O=50/50

A Al\ j\ Flow rate: 1.0 mL/min

Temperature: 40 °C

7
5
]23 ) Sunniest C8 9%C:10% Sample: 1 = Uracill,
Jl 2 = Caffeine,
o s 10 15 20 25

0 3 3 =Phenal,

4 = Butylbenzene,
5 = o-Terphenyl,

6 = Amylbenzene,

J\ 5 4 /6\/ / =Triphenylene
7

5 Sunniest C18 %C:16%
)\ oo OXVERY,

N

o .
112 5 Sunniest C8 %C:10% O O O
3
'\ 6 {
B 4 Peak 5 Peak?7

T T T T T 1
0 5 10 15 20 25
Retention time/min

Retention time/min

THF

7 Sunniest C28 %C:16%
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C28,C18,C8E EHHMDIRRE

C2'8 %C 16% C18 9%C 16% CH3OH/H20=75/25
0 ’¢ 0 0 o O 0 C8 9%cC 10%
ViDD oORy R
C28 0 : A%/—)L
O O
O C18 O :THF
©:0 (0O THF/H,0=50/50
® O ©0 . e
O ® ® o O cs
0@ % ®o 00®@ o0 o
O O @ 0,.0%0@
O .Q O O ®o @O O
O O O O o O
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BB ﬁd)hﬁ %

5=0-terphenyl&7=triphenylene® &

7

Do

5
6
5

6,7

58% 2-70/\/—)L
23 n=2.3
1 m 8.0 MPa
M 6=10.2
L 5=72

82% AZ/—IL 113
n=0.6
3.7 MPa

5=12.9
5,= 6.2

70% T2/—)L
n=1.2 93
6.1 MPa 1

6=11.2
O~ 6.8

H B

74% 7tbkc=F)JL
n=0.37

2.3 MPa

0=11.8

04= 6.5

67% 1,4-OAFHY>
n=1.54

6.5 MPa 0
5= 9.8

5,=1.8

10
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RRBEE=DEILC28LCIBIEAR/—)L -
IKFEEIEFEH TIEERFXRLC

Conventional C18 |! , ;
%C:18%
/\; 4
0o 5 1 15 20 25 30
retention time / min
Sunrise

C28 %0C:18% !

Column size: 4.6x250 mm

C18

Mobile phase: CH,OH/H,0=(97:3 6 o © 0
Flow rate: 1.0 mL/min
Temperature: 25 °C

Detection: UV@295nm

Sample: 1=6-Tocopherol

ROSUNUUUNY

2=y-Tocopherol
HO

JEOUVIVINA

3=pR-Tocopherol

HO

0

4=a-Tocopherol

[ I I I I I I
0 5 10 15 20 25 30
retention time / min
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RESH=DRERLC28,:CISTH7Z =KL~
00FRIILLABEESFEHETIIEFIEIENLS

Conventional lﬂ
C18 9% C:189%

\

Sunrise C28 %C:18%

.

0 5 10 15 20

Retention time / min

Column size: 4.6x250 mm
Mobile phase:
CH,;CN/CHCI5=(80:20)
Flow rate: 1.0 mL/min
Temperature: 30 °C
Detection: UV @450nm
Sample: 1=a-Carotene

2=p-Carotene
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)"5!/—)1/ 7J<$z@;$a« HITHTIILA

eI

J—ILDIRE

S IREAR DDA B

eEUIYVED T )LD

—_

213 sunniest C28 %C16‘7 /ﬁ

2 s  Sunniest C18 %C: 16%

|

3 ¢ Sunniest C8 %C:10%

0 5 10 15 20 25 30 35
Retention time/min
Column: Sunniest C18, C28, C8, 5um 4.6x150 mm
Mobile phase: CH,OH/H,0=75/25
Flow rate: 1.0 mL/min
Temperature: 40 °C
Sample: 1 = Uracil,
2 = Caffeine,
3 =Phenol,
4 = Butylbenzene,
5= o-Terphenyl,
6 = Amylbenzene,
7 = Triphenylene

Sunniest C28 A e (Pyridine/Phenol)

|

= 0.40 /\3/

Sunniest C18 75 Bfift% %X (Pyridine/Phenol)

L)

s o
|

)

Sunniest C8 HELREK (Pyridine/Phenol) = 0.41 3 /

0 2 46
Retention time/min

Mobile phase: CH;OH/H,0=30/70
Flow rate: 1.0 mL/min
Temperature: 40 °C
Detection: UV@250nm
Sample: 1 = Uracil

2 = Pyridine

3 = Phenol

8

Column: Sunniest C18, C28, C8, 5um 4.6x150 mm

C8IEC1I8&LC2BITEER, 7IILAY

T DREFFH

DTHAHD, Tz/—ILDFRFIEIRIEE C'C*ﬁ%gé 0
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a4 EC18[E EHH D B AR Fiz

A3 /)— )L KB ENHE @ : A8/—IL

C8

—>
0

C18 ©_/_/7
0 «—0_
g} TI)IREUIE
A3 THUIZHA
OH
0Tt - (j\\,
Jx/— L%
{} ? @ Ay e T {l Q’? .f@
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BDREEEHM(C30)&
B DEVEEE (C18)M ik
IUR—SRLAITHY M) 9HCI0EE) M)y CI8E S

NP-C30, 9%C:0.23%
@) 9] @) @) @)

rEZ2HEFNI/4ATEDEABIL/A4

<{mmm)> NP-C18, %C:0.06%

oy

e
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NP-C30&NP-C18() Lb &
ROINTE DB

4.6x30mm 2 NP-C18 Sample: 1 = Ribonuclease, B2\DI'8
3 2 = Insulin,
A) 0.10/0TFA, 3 = Cytochrom C,

-

B) CH,CN 4 = Lysozyme, ST POy
. 5 = Myoglobin,
. 6 = Carbonic anhydrase

JSOTUNER J\ b /\/ jﬁNp-CBO
b

2 a
Retention time/min

AUNVEIFEERRADAEMEEERALTWNSGEEZOND
C18LCI0IKIFIFRME D BEETT
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NP-C30&NP-C18MD L8R

2R A BIERRIEIKZED 7B
4.6x30mm NP-C18 NP-C30 e
A) H,0 |~ O EOIY;
B) CH,OH =
) ¢

%B: 20%-100%,

0) 1) o 0 o
5 min 0 No. 11
S5O NAH ;
O, el
No. ]\1 i kU\)L
2

T T I |
0 2 0 2
Retention time/min Retention time/min

ZIRAERRALKFRIIBIEMNMEN=H, TILTILEEAKREBEERL,
NP-C30ILEEMEL, NP-CI8IZLENAE DEEHA~NDHAYIZE
FNIMNET=8, E—UMNTO—FITG5EEZALND
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NP-C30&NP- C180)tt$3a
FXD AR/ — LI R D B

4.6x30mm NP €18 NP-C30 S
A) H,0
B) CI:_,,OH ﬁ i:} @?
%0B: 0%-30%o,
5 min
TSIV

S WL o) M

T#@*ﬁliﬁk %Emﬁiﬁ@}»&ﬁﬂﬂ? ILTWVSEEZDLND
C18LC30IXIFRIXRL D EEE TR

F£15EILCTH /T 542010 55
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7J<3r='§‘f‘*’-\'l_&cd)t|:$5a S

Sunrise C18 3 A%/—)L+7K(30:70) 1=Theobromine 2=Theophylline
2 o CHj o)
1 A A /‘{ a(3/4)=0.50 A e, A4
L : \ > 2.841% L Ly A A
Sunrise C18'SA1C 4 3 0(3/4)=‘| .42 L, ] &g
A /\ 3=Caffeine 4=Phenol
3 =KI . . MO i N/CH3 OH
: . TER=RUILK(30:70) O )\Nt ; of
1 j\ a/4)=0.16 - Ly
: 2.88f&  mn:
. 2 !\ A4 a(3/2=0.46 dunrise C18, End-capped (%C:15)
Sunrise C18-SAC, Not end-capped
. (%C:14%)
' THF-7K(30:70) 5um, 4.6x150 mm
) a(3/4)=0.066 Mohile nhase:
a 1.224%  /H,0=30/70
WJ\ 4 Gwe/4=0.081 THF/H,0=30/70
: . . - . - - - Flow rate: 1.0 mL/min
Retention time/min TemperOTUI'e 40 OC

HITA U KEREBEAEL, 5/ — L EDFEICEYRIENKE DA, THF
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IKEFRZETEDEEE mraone

AR /=)L 7K THF- K

—_— oAy
o A
Q )\)i)
o g, NIzAY Q E Q
HiC Vil
0 oL0 O O
|

:
1 %ede

THF-K¥BEFEZRA WSS, BEOSWWTHFABEEHERIZFEET S E
(&Y, SBEIZNTEUS/—ILEDEELXZTFGEES,
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FEH

IKFBEFHERAWSSIZIEFERET7ILFIILEITEAATLE

SEEDOLNTULED, A9/ —ILBEFHETET7ILXILEILIZE

AEBIAATWAREEEREINS,
KB EHTOHFEEASLOREBFOFDEZ7ZILEILE

OD'IXL

HRHAHAENTIFES, EEFERICKSFTERIMARNN D

BEIMEDIRITHLTH S,

THF- KFBEHTIEZZILTIILEIITHFD A EIZKYILE E
MBESZHY, BIAATWSEHERINBDAZ/— )L KFEE

MEFEGDHHTBMMNAIRETH D,
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