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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 thé cluster represents a benzene sized solute molecule.
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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, _thcn 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 differencein In k'
values between solutes in the linear portion of the k' vs %
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Journal of Chromatography, 197 (1980) 11-20
Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 12,911

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.
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Lessons in Column Washin'

Robert G, Wolcott and John W, Dolan

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.
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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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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 ' ) /’ silica ' ) /’

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 C1s-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

(a) monomeric C,,

1.71 pmol/m’

2.46 pmol/m’

o g o g St & S
AAANL SR L AEA LA LA AL 4O

..........

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

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

Figure 3. Side- and top-view snapshots of simulated (a) monomeric C4g and (b) polymeric C1g 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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BREFR (h)

140

i AP ER S

Column: Sunniest RP-AQUA,
sum 4.6x150 mm
Mobile phase: 0.5% TFA
Flow rate: 1.0 mL/min
Temperature: 60 °C

ERFF B R B S

Column: Sunniest RP-AQUA,

Sum 4.6x150 mm
Mobile phase:
CH3;OH/H,0=75/25
Flow rate: 1.0 mL/min
Temperature: 40 °C
Sample: 1 = Uracil

2 = Amylbenzene
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100 200 300 400
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i A T ER BR S 1

Column: Sunniest RP-AQUA, 5um 4.6x150 mm
Mobile phase: 20mM Phosphate buffer pH8.0
Flow rate: 1.0 mL/min

Temperature: 40 °C

R B BURI T

Column: Sunniest RP-AQUA, 5um 4.6x150 mm
Mobile phase: 10mM Phosphate buffer pH7.0
Flow rate: 1.0 mL/min

Temperature: 40 °C

Sample: 1 = Thymine
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buffer pH7.0

Flow rate: 1.0 mL/min

Temperature: 40 °C and 25°C

Sample: 1 = Cytosine 2 = Uracil
3 = Thymidine 4 = Uridine
5 =Thymine
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Retention time/min
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Retention time/min

Column: Sunniest RP-AQUA, 5um 4.6x150 mm Column: Sunniest RP-AQUA, 3um 4.6x150 mm
Mobile phase: 40mM Phosphate buffer pH6.8 Mobile phase: 20mM Phosphate buffer pH6.0
Flow rate: 1.0 mL/min Flow rate: 1.0 mL/min

Temperature: 40 °C Temperature: 40 °C

Detection: UV@250nm Detection: UV@250nm

Sample: 1 = Nicotinic acid, 2 = Pyridoxal, 3 = Sample: 1=5’-GDP, 2 = 5’-GMP,

Pyridoxine, 4 = Nicotinamide 3=5"-ATP, 4 =5’-ADP, 5 = 5’-AMP
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Column: Sunniest RP-AQUA 5 um,
250 x 4.6 mm i.d.
Mobile phase: A) H,O/H;PO, (99.9:0.1)
B) CH;CN
Time (min) 0 20 60
B (%) 0 0 50
Flow rate: 1.0 mL/min
Temperature: 40 °C
Detection: UV@210 nm
Injection volume: 10 ul
Sample: Oolong tea
1 = (-)-Epigallocatechin
2 = (+)-Catechin

)
H 2 LJM 3= (-)-Ep@galloca_techin gallate
JU 4 = (-)-Epicatechin

MMA_HWL

5 = (-)-Epicatechin gallate
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20mM Phosphate buffer
pH7.0
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O 2 4 6 8 10 12 14 16 18 20 22 24 26
Retention time (min)

Column: Sunniest RP-AQUA 5 um,
150 x 4.6 mm i.d.
Mobile phase:
A) 20mM Ammonium acetate
B) Acetonitrile/ A solution (20:80)
Time(min) 0 5 20 25
%B (%) O 0 100 100
Flow rate: 1.0 mL/min
Temperature: 40 °C
Detection: UV@250 nm
Sample: 1= Nicotinic acid
2 = Pyridoxine HCI Vitamin Bg
3 = Nicotinamide
4 = Thiamine HCI Vitamin B,
5 = Folic acid
6 = Riboflavin Vitamin B,

Jaima2010 #HFflTERBA=9/81H 31



Chromalik

FEH

O BN T LITKBERNHA N OIRITH T =6, &

FRRENBLT S

¢ _DOHMALRNLDIKBEIEDIRITHLUITIEEFR

KU D

[Z

& {h£1C18 AQ typeldERKEZTIFTLDD T, A

e

& 132349 BEELE S Sunniest RP-AQUAIE, 7ZILFEIL

EHNRW=H, KBEBHETLERFOBRENGLOND

OSunnlest RP-AQUAIXEBR/KEZ T [F TULVEL =8, it

AMEZIRMEICLTULVEL

Jaima2010 #HFflTERBA=9/81H



