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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
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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, then at the lesser carbon
coverages benzene and naphthalene should be encountering
proportionally more of the bonded stationary phase than the
larger solutes. Itis found, however, that the difference in In k'
values between solutes in the linear portion of the k' vs %

DEIAHAHIZLBE

READ JT

19794

TILEXILED]
B9 5w
C18MDEIAHIZDULNTED
WwENTLVS

)

A Z

Jaima2009 #Fidiianil=9A4H 3



ChromaNik 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

I. STATIONARY PHASE INTERACTIONS AND THEIR DEPENDENCE ON
BONDING CHARACTERISTICS

R. P. W. SCOTT*

Chemical Research Department, Hoffmann-La Roche Inc., Nutley, NJ 07110 (U.S.A.)
and

C. F. SIMPSON*

School of Molecular Sciences, Sussex University, Sussex (Great Britain)

(First received March 20th, 1980; revised manuscript received April 4th, 1980)

SUMMARY

The retention characteristics of a number of “brush”- and “bulk”-type reversed-
phase column packing materials that are commercially available for high-perform-
ance liquid chromatography are examined in the situation where an abrupt change in
mobile phase from pure methanol to pure water occurs. It is shown that the brush-
type reversed phases are slow to come into equilibrium with pure water, and in con-
tact with water it would appear that the hydrocarbon chains dispersively interact
with themselves. This dispersive intramolecular interaction of the hydrocarbon chains
results in a reduction in effective chromatographic surface area and consequently
anomalously low retentive characteristics. In contact with solvent containing 109}
(w/v) or more of organic solvent such as methanol, the brush-type materials exhibit
normal retention characteristics. The bulk or polymeric bonded phases, however,
equilibrate rapidly with water, and due to their more rigid structure do not appear
to exhibit dispersive intramolecular interactions and thus exhibit normal retention
characteristics. The bulk or polymeric type reversed phases, therefore, are to be
preferred for examining solute-solvent/stationary phase interactions due to their
more consistent chromatographic properties.
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has a lower retention volume for alcohol than RP-2 and only slightly greater than
RP-8. A possible explanation for this anomalous effect has been put forward by
Lochmuller and Wilder® and by Gilpin and Squires*, who suggest that under certain
conditions the hydrocarbon chains of a brush-type reversed phase can interact more
strongly with themselves than with the surrounding mobile-phase. Hydrocarbon
chains can only exhibit dispersive interactions, and thus they will compete for either
water or an adjacent hydrocarbon chain to interact with. Obviously, if only dis-
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
would explain why the RP-2 bonded phase retains the solute to a greater extent than
RP-18 in pure water and also explains why at higher alcohol concentrations where
~ the hydrocarbon chains could move more freely in the mobile phase the retention
characteristics are reversed and exhibit normal elution behavior. Originally in contact
with wet methanol, the hydrocarbon chains would be free to move in the solvent, and
the methanol between the chains would permit them to remain apart as the dispersive
interactions between the hydrocarbon chains and the methanol are more nearly
equivalent to the interactions between the chains themselves. However, when in
contact with water, the methanol would slowly diffuse from between the hydro-
carbon chain matrix, permitting the chains to interact with each other and collapse
onto the surface with the resulting reduction in effective chromatographic surface
area. Thus, the retention vollammadoehFHifhidEaoaBe distribution coefficient and
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Robert G, Wolgott and John W. Dolan

Like dissolves like . . . sometimes.
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FIGURE 1: Diagrams showing bonded-phase
arientations, 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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ﬁﬁ‘f?'lftnj]l] EEKE 0.5%TFA, pH1.3
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10
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Column: Sunniest RP-AQUA,
Sum 4.6x150 mm
Mobile phase: 0.5% TFA
Flow rate: 1.0 mL/min
Temperature: 60 °C

CRF B o] I E S 4

:||> fth#tC18, AQ type

IR B DM REFZRE (%)

40 »— Sunniest RP-AOUA Column: Sunniest RP-AQUA,
Q Sum 4.6x150 mm
f}'i 30T Mobile phase:
20 ! ' ' ' ' ' CH3;OH/H,0=75/25

0 20 40 60 80 100 120 140 Flow rate: 1.0 mL/min
Temperature: 40 °C

& &REFE (h) Sample: 1 = Uracil
2 = Amylbenzene
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= ¢ Sunniest RP-AQUA

0 100 200 300 400

A & B (h)

i A P BR S

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

Temperature: 40 °C

BB E

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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2
40°C 1

Retention time/min

Column: Sunniest RP-AQUA, 5um

4.6x150 mm

Mobile phase: 10mM Phosphate

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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0 1 2 3 4 5 6 1 8 9 10 11 12 13 14

Retention time/min

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

Temperature: 40 °C

Detection: UV@250nm

Sample: 1 = Nicotinic acid, 2 = Pyridoxal, 3 =

Pyridoxine, 4 = Nicotinamide

F)1H T D 77 H

OXDOUAFE
3

4 | N=19,800

L \

\\\H\\\\\\\H\\H\\\\\\\\\\H\\\\\\\\\\\H\\\\\\\\\H\\\\\\\\\\\\H\\\\\\\\\\Hl\\\\\H\\\H\\‘\\H\\H\\\\\\\\H\\H\\‘\\H‘\\\\\H\\\H\\\\\H
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Retention time/min

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

Detection: UV@250nm

Sample: 1 =5"-GDP, 2 =5’-GMP,
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.
HhoxA2 Mobile phase: A) H,O/H,PO, (99.9:0.1)
B) CH,CN
— Time (min) 0 20 60
5 TT7=IVER %B (%) 0 0 50
Flow rate: 1.0 mL/min
3 Temperature: 40 °C
Detection: UV@210 nm
4 Injection volume: 10 uL
1 Sample: Oolong tea
1 = (-)-Epigallocatechin
(+)-Catechin
(
] (
(
T T Ty [ T T T T T T T T T T T T T T T

-)-Epigallocatechin gallate
-)-Epicatechin
0 ) 10 15 20 25 30 35 40 45
Retention time (min)

N
o1
aOrwWN
i1

S S U )-Epicatechin gallate
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20mM Phosphate buffer
pH7.0

N [

[N R R L R I B R R B R R R I R A AR RAARA RARRY AR EARAN RARAN RARRN AR
0o 2 4 6 8 10 12 14 16 18 20 22 24
Retention time (min)

1 3
20mM Ammonium acetate
4

5

I |

I ) L N R A A A M A R R R R R A KA AN
0o 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 O 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,
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