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The Sorption Behavior of Alkyl Bonded Phases in

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. It is found, however, that the difference in In k'
values between solutes in the linear portion of the k' vs %
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Lessons in Golum Washin

Robert G, Wolcott and John W, Dolan

Like dissolves like . . . sometimes.
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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.
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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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Adsorption Mechanism in RPLC. Effect of the Nature of the Organic Modifier
Fabrice Gritti, and Georges Guiochon, Anal. Chem., 2005, 77 (13), 4257-4272

7 ! 7 '/ LT LA47
silica i silica e

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 Cqg-bonded phase. The analyte
(phenol or caffeine) is represented by small ovals.

29



ChromaNik ¢ W

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;g Alkylsilane Chromatographic Phase Models

average phase
chain average end-to-end average average average % selectivity
density chain | chain phase tilt of gauche oTBN/BaP and
ligand type (umol/m?) spacing®?(A) length?<(A) thlcknessbd @A) angle®¢ (0) dihedrals category®
Monomeric
monofunctional Cig 1.71 95+ 14 149 + 2.3 9.0 +4.6 50.3 + 22.4 38.2
monofunctional Cig 2.46 764+ 06 154 4 3.0 125439 348 4+ 15.1 39.1
Lmonofunctional Cjg 3.28 7.2 4+ 0.7 16.8 + 2.9 157 +33 19.7 +10.3 38.4 1.72 (D) |
monofunctional Cig 3.28" 53+ 1.0 19.6 + 2.6 19.0 + 3.1 13.4 £ 9.7 26.3
monofunctional Cig 4.91 524+ 0.8 215+ 1.2 21.3+13 7.8 £3.9 16.0
monofunctional Cig 4.91% 41404 219+1.8 21.642.1 854+ 5.1 13.0
Polymeric
trifunctional, tri-C;g 1.64 3.14+0.2 14.0 + 3.6 9.7+ 4.2 44.6 + 184 34.2
trifunctional, tri-C;g 2.46 3.1+0.1 17.1 £ 3.5 14.3 £ 5.0 30.5 4+ 18.4 324
trifunctional, tri-C;g 3.28 3.1 ==10.1 209 + 1.6 19.4 + 2.3 19.7 + 10.2 20.4
difunctional, tri-C;g 3.89 3.14+0.1 21.2+19 20.2 £ 5.0 13.7 +£ 20.4 18.7 1.61 ()
trifunctional, tri-C;g 4.09 3.14+0.2 214+ 14 21.1+1.6 8.7+ 4.3 19.6
trifunctional, tri-C;g 4.30 3.14+0.2 21.3+19 211+ 2.5 93+74 18.2 1.11 ()
difunctional, tri-C;g 4.91 3.1+0.2 219+ 0.9 217+ 1.1 7.6 +4.2 14.1
trifunctional, tri-C;g 4.91 3.1+0.1 21.34+13 209+ 1.6 8.5+ 5.0 19.2 0.71 (H)
trifunctional, 4.91 3.1 =02 216+ 1.2 211+ 15 8.8+ 5.8 15.7
branched12-mer-C;g
trifunctional, 4.91 3.14+0.2 22.1+1.1 218+ 1.2 9.9 + 4.7 12.6
cyclic 12-mer-Cqg
triﬁénctional, 5.94 3.0+0.2 222409 221+ 1.0 6:1:4:2.7 10.4 0.49 (H)
tri-Cqg

@ Distance between Si atoms of the alkylsilane chains. ® Uncertainty represents standard deviation of 100 measurements. ¢ Distance between Si
atom and end C atom of the alkylsilane chain. 4 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 C;g3 RPLC
phases at room temperature that are represented by simulation models (see ref 33 for more details). £ Shape selectivity of stationary phases
categorized as high (H; ocrgy/sap < 1), intermediate (I; 1 < argny/Bap < 1.7), and low (L; aergn/Bar > 1.7). " Ligands placed in a clustered formations
to minimize interchain spacing.
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Molecular Dynamics Simulations of AIkyIS|Iane 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,q

3.28 pmol/m®

1.71 pmol/m’

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 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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HKMERELISHENT A6, TILXILEENEL-TWWTE 7MY
ILDBEFZEIXFEAERLTHS,
FEIVXARGRMILVERWTTZ ML DBEMMEFAEL-HELH S

A, [E#RIZC1, C8, CISEEHADBFEMEIFRIL THAHLFER DT TS,
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C18EEHRND DB = (

HILABEEEPDFEE(mML

0.2

0.15

0.1

FrSERATSY THF(C28)

— T~ SERATSY THF
— 77 Z ) )L

_— IS/
— AR/)—)L
2K

5 10 15 20
ARBEERE®)

4

BRF=)

$H5.1:C18, (—EBC28)
4.6x150mm

~

1)4.6x150mm#AS5 LIZC183F
EHIE$91.5g A>TLVS

2)C18DxFZEHE16%
C28DFZTHEL6%

WS LRADA I3 TUILEDE
213#0.35mLETE SN S

BRBERIEE20%TAZ/—)L
(F#30.04mL, 7Eb=FJILIX
#90.1mL, TRIERATSUIE
#90.15mLIBEFL TLVD,
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C18&kmE L TO B EM DM X]

rA2/—= F7erc=r)IL TrIERBTSY

© /0 ©
0, O O QQ
0 0 0 0, O O

LO0) [D0) a%iet

FOBTYIVEISE FOGTUNERBE A HaTUNEEL
AH, REIZDE AATEY, REIS 5 EMoTEY, &
DA%/ — LA TEh=R)LANE KIZFRSEROTS

LTS ML TS VIEBEEMLTNS
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7=V - KBEMEZ.

1LV =156 O RFFFFA,

FKESIUVEERANDT7EF =N IILDODEE

6 0.8
IO o101 | o7
e -0 /. 1 06
4
R RS Y LOE 1052
: = oy
L 0.09mL 5 =ry @G | 03 %
0.033m
/ T 02
1 0.017mLEEHEADT =L DS EEE 4 0.1
0.011mL
0 0
0% 5% 10% 15% 20°%

BEIRROT7 =R ILIRE®)

40



ChromaNik

7
5 T E4E - $15.L\: C18, 5um, 4.6 x 150 mm
hlz 3 50% THF DI LGRE: 60 °C, #H: UV @ 250 nm.
3 7 _ TR EUDBHENISMLIZES &
74% =K d Z. ; s
; o RNV S s ke ESHERE
1 82% A3/—IL 1. 953, 2. ATTAY, 8. TT/—IL.
AAAS) Mt A P AAAS Eaaa s | 4. TFIRUEY, 5. 0-8—TT=)L,
0 2 4 6 8 10
(mL) 6. TINAVE'Y, 7. F)TT=L >
S5 )toD B =

2)BHENMEDZ NG E (Tl D

3)THFIEX AR /—)LIZEE~X, 0.25mL
I — . (=1.89-1.64) Z<7ILXILEITAEFIL
(') Q TWAZ TS

1) RIERIL - R 7 LS LR DT
[\% A B HEEHELTEKL,
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N7 LREEREFOBEESE (ML)

0.95
0.5
0.45
04
0.35
0.3
0.25
0.2
0.15
0.1
0.05

‘@R
m— T hZERAT7S52 THF(C28)
—— THSEFATTY THE Q- Qe g
—_— Tk RY L @
— IR/l
é____THF(ClS)
— )(9/—}[, ..0"% J_
': 0”é ammE
é‘? THF(C8)
:: K3 < ‘0"‘?
““ III
---------------- q_) @
| | | |
0 20 40 60 80 100

BHREERE®M

EHRNDDEE (FEN=)

$H5.1:C18, C28, C8
4.6x150mm

1)4.6x150mmA>5LIZC18F
EHIZ$91.5gA>TLVS

2)C18DRFEHEL6%
C28MxFZTHEL6%

NILADTIILEILEDEE
[£#90.35mLEETEEN S

BAEEE20%TAZ/—)L
(2#50.04mL, 7E~=RJJLIE

£0.1mL, ThIEROTZVIE

£90.15mUAERILTL\S,

82% A3/ — )L DBEMEE
0.06MLEIRET HE, VTV
LDBHENS74% 7 L=
JJLESO%THFD RIEFE (S
;62‘?%0.15mLt0.31mLt
Ay
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to(ro5)L) 0)/§Hjﬁﬁ5ﬁ@tt$§

515, C18, 5um, 4.6 x 150 mm
DI LGERE: 60 °C, #2H: UV @ 250 nm. %} 1. D32, 2. ADdxA2, 3. 7x/—)L
TENAREUDBHENISMLIZIEALIIZHERAIELKEDEELLTRE

BRI DBk S

(Log P)

82% A%/—)L -0.77

_20%ZT3/—) i -0.31
_58% 2-70/8/—)L ¥l

74%7F £r=FUJL /\\ -0.34

62%TF Y /\\f\// \PM/_, -0.42

509% THF \ SN 0.46

e
| | | — BERR T 5 )L: 0.73
0 ‘ 2 ~00OMRIUA: 1.97

Retention time/min
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AR/ —IILETRSERADTS U (THR) D =

AR/—)

THF

Sunniest C28 % C: 16% 7

W

23

1

2 Sunniest C18 AC16%
| | AJ\ [\

7

2 5
J3 M SunniestC8 % C:10%
r ‘ T T T T T
0 5 25

30 35

Retention time/min

7 Sunniest C28 %C:16%

)i

Sunniest C18 %C:16%

0 5 10 15 20 25
Retention time/min

Column: Sunniest C28, C18, C8, 5um

4.6x150 mm

Mobile phase:

CH;OH/H,0=75/25

THF/H,0=50/50
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

Peak 5

Peak?7
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C28 oC16% C18 9%C 16%

Vo PR

C28
O
O © c18
@0 'O
“ O ““
©® o ©® 00,40
@ @ _© O
o 0.9 ©_ 1040
@~ e ©O O ®

C28,C18,C8EIEH D IR EE

CH,OH/H,0=75/25

C8 o%Cc10%
o 9 o o
Q20
0 : A3 /—IJL

O :THF
THF/H,0=50/50
C8
©0 _ 0O
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BB Q%GDJJR i

5=o0-terphenyl&7=triphenylene®;&H

82% AR2/—)L
n=0.6

3 7 MPa

8 12 9

W

70% TH5/—)L
n=1.2

6 1 MPa

§=11.2

5= 6.8

l\'}
=2

—————=

6,7
58% 2- Jo/s\/—)L

H IR

74% 7H:=K)IL
Nn=0.37

2.3 MPa

0=11.8

o4~ 6.5

67% 1,4-O4 XY

n=1.54

6.5 MPa

6: 98 0

5;=7.8 [ j
0

49% THF
n=0.55
5.5 MPa
0= 9.1

R -7 2

0

(]
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RREA=ND[E

LC28L'C18(ZJ:)‘9/—)I/
-TIEERFIXRELC

IKFZEITE A

Conventional C18
% C:18%

2,3

L

C18

Column size: 4.6x250 mm

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

Detection: UV@295nm

I I
15 20
retention time / min

0 5 10

sSunrise

C28 %C:18% !

Sample: 1=6-Tocopherol

HO
[COUVIVINR

2=y-Tocopherol

HO
W

il RIS

4=a-Tocopherol

10 15 20
retention time / min

HO
0

" HEHEBREIEELC
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RRSHA=DRLCC28LCI8TH7 =KL -

00RILLARBEHEFHTEHREFEIENS

Conventional ll
C18 9% C:18%

I

Sunrise C28 %C:18%
= —

S W

0 ) 10 15 20

Retention time / min

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

2=pB-Carotene

C18

0
O @ 0

o ©
® o o
c28,

° o

°

® o
.‘oo.'
® . o°
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AR )—)L - 7k$zEJJ$EI HEITHTIILA
ol /— )L DREF

O 2EFBDDEES eIV ED T /) -ILDDEE
]23 Sunniest C28 %C16‘7 / Sunniest C28 45 #E4% 44 (Pyridine/Phenol) = 0.40 3/
2
f\ L \
?3 Sunniest C18 %C:16% / Sunniest C18 4HER¥K (PyridinelPhenol) = 0.38 53
L) ) \

Sunniest C8 4y BIEAR KL (Pyridine/Phenol) = 0.41 3 /

2 5 y 2
J3 s | Sunniest C8 %C:10% 1 A
0 5 ‘ ‘ ! 25

r T T T T T T T T T T T T T T T

30 35 0

4
Retention fime/min Retention fime/min

Column: Sunniest C18, C28, C8, 5um 4.6x150 mm Column: Sunniest C18, C28, C8, 5um 4.6x150 mm
Mobile phase: CH;OH/H,0=75/25 Mobile phase: CH;OH/H,0=30/70
Flow rate: 1.0 mL/min Flow rate: 1.0 mL/min

Temperature: 40 °C Temperature: 40 °C
Detection: UV@250nm

Sample: 1 = Uracil,
2 = Caffeine, Sample: 1 = Uracil
3 =Phenol, 2 = Pyridine

4 = Butylbenzene, 3 =Phenol

5 = o-Terphenyl,
6 = Amylbenzene,

7 = Triphenylene C8IXC18&C28IZLEAR, PRV EUDFEEFITE
D THHH, 7:/—)»@1%%(i(&(£|ﬁtif~@9%>o
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st ECI8EIEMH DA ERAE

AR/—)L- KB EHE @ :A5/—)

C18 Qf
0 4/'0/)
{} TI)IAREUIFE
A3 THhUIZAB
OH
T g\\.
Jx/—)LIE
ﬁ i} @ Sy . é 5{? .gug
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EDEL

4

BEDEL

=]

=]

=

A

=

A

. A
# (C30)&
B (C18) D b #R

JOR—Z R AIZIRYA)HC30EE/ A1)y HICI8EER
NP-C30, %C:0.23%

REREBHEEFN1/4TROD

EHBIL/4

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

0Ty



ChromaNik F " W

NP-C30&NP-C180) Hr85
ROINDE DBk

4.6x30mm i NP-C18 Sample: 1 = Ribonuclease, /)'(‘//ﬁb’g
3 2 = Insulin,
A) 0.1°/OTFA, 3 = Cytochrom C,

B) CH,CN J\Js\ | 4 = Lysozyme, {} ? @{}?@?

5 = Myoglobin,
6 = Carbonic anhydrase

LD
s L

—_—_—

[e]

AUNVEIFEEHEERAOAHLBEERALTNSESZZONS
C18LC30IFIFIXRIC N BEZT R

2 a
Retention time/min
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NP- C30&NP C180)J:|3$36
ZIRFBERRIEIKFED 7Bk

4.6x30mm NP-C18 NP-C30

A) H,0 l— O (7T
B) CH,OH )
%B: 20%-100%, g P
5 min T No. 11
S5O TUNAE .

W e J\,\ N

No. 1\A " NUL JJ\f\N

r T r
0 2 0 4
Retention time/min Retention time/min

ZIRF EERIEKZIZBENMEL 2D, ZILTIILEESAEEEERAL,
NP-C30IXEE A EL, NP-CI8IZLERNAENDETEMHRNADHBAYI(ZH
BN, E—oMTO—KRIZHBEEZOND
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NP-C30&NP- C180)J:|:$
Tﬂrd))"?l/ )|/+ LJJ’JjZ ﬁj\%ﬁ

a.6x30mm NP-C18 NP-C30

A) H,0

EMELE
%B: 0%-30%o,

5 min

G5O TUNREE

TjFODWIEJﬂZ JE»EE*Ei'%ﬁ@a"%&*ﬁﬁfﬁﬁ%L‘Ché&%i%hé
C18LC30IFIRIERL N REZETT

#E15EILCTY /7542010 54



ChromaNik B 1

A
SEHEDLE +rrmom
IKFZFEETEDLLE svoromnnn
Sunrise C18 3 *%/—)L+7K(30:70) 1=Theobromine 2=Theophylline

.
A

|
: - 2
Sunrise C18-SAC A4 3 aE/a)=1.42

3 =K . : H3C\NO N/CH3 OH
ﬂ . TEFSRULK(30:70) O %JNI ; of
|

Iy ae/4)=0.16 )2 881ﬁColumn:

0]

a(3/4)=0.50

) 2.84f% T I

3=Caffeine 4=Phenol

2 [F 4 a(3/4)=0.46 B Sunrise C18, End-capped (%C:15)
j\]\ /\ Sunrise C18-SAC, Not end-capped
(%C:14%)
o3 THF-7k(30:70) 5um, 4.6x150 mm
lj\ 053/4)=0.066 Mobile phase:
N )1 5o CHOH/H,0=30/70
2218 cH,CN/H,0=30/70

213 =
o 4 aE4=0.081 THF/H,0=30/70
Flow rate: 1.0 mL/min

(0] 2 4 6 8 10 12 14
Retention time/min TemperGTUl’e. 40 OC

NITAVFKEEESHAEL, T/ —LEOBHEICEYREAKE S, THF
EALDELS/— LEQEEN VLGS s
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IKEFEESTEDLLE mrmons

AR /=)L =K THF- K

o . y e e
weo
Q 45"):“.)
o 3 ys 7 2 O Q E Q
H3C:N | N>O Q Q
0 0.~ 0

)
®ie e eoe

THF-KBEHEZAVEEIZE, BEOSVLTHFABRERRICEET HIE
[Z&Y, BEICRT IS/ —IVEDEEZHFE D,
56



ChromaNik

FEH

IKFBEMEERAW S SICIEFERT7ILFILEITERAATLEYE
EOHNTUL D, A2/—I)LEEHETETILTILEILIFEAERE
AATWAEHEINS,

KBEMETOREEASLORFORBVIETILTILEDEIAH
PRAENTIIEL, EEERICKSATIEFR AR DL E
HDIRITHLTH S,

THF - KESBIHETIZ 7 L LB IETHF DB EFIC LYIL L £
BDEIITGY, BRAATNDEHTESNS AR/ — )L KIBBIFE &I
EROTEEDAIRETH B

A DBKE-BEDEESWNICELY, BEHOIERENEL
Y, BEOSOEMOERFIETILFILEIZKREEE NG,
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