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TYPE OF MODIFIER

MOBILE PHASE EFFECTS in RP AZT: Solvent Selectivity at pH 7.0

TYPE OF MODIFIER (MeOH, ACN, THF, IPA) o Imp. 1

ovs- 33% MeO
SOLVENT STRENGTH (% modifier) s Imp- 4

|t
pH 00000 7 Time [min]
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pH

Retention Factor versus pH
for Aciczios, Bases, and Neutrals
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Recommended pH range of Silica

12 13 14

Recommended pH range of polymeric support

Antidepressants: Initial Gradients
atpH2.3and 7.0

Column: Symmetry C18
3.9 mm x 150 mm
Temperature: 35 °C
Gradient: from 20% MeOH/ 80%
20 mM potassium phosphate
buffer to 80% MeOH/ 20%
buffer in 60 min
Flow Rate: 1 mL/min
Detection: UV at 254 nm

1 Nordoxepin
2 Doxepin
3 Nortriptyline

nordoxepin hydrochloride

Tricyclic Antidepressants

GHERCHaN(CHH CHCHLCHoN(CHy)2

- wa m wa
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doxepin hydrochloride
pKa8

4
" Amitriptyline '

W
CHCH,CH NHCH,

nortriptyline hydrochloride
pKa 9.7

Q0 ..

It
CHCH,CH N (CHy )y

amitriptyline hydrochloride
PKa 9.4

log (k')

Dependence of Retention Factor on pH

Mobile Phase: 35% MeCN 65% 20 mM Buffer

100
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0 2 4 6 pH 8 10 12 14

—e—Acetaminophen:—Ibuprofen
—x— Doxepin

—i— Nortriptyline —%¢-Lidocaine
—e—Imipramine ——p-Toluamide

Dependence of Retention on pH

> pH 2.5 » pH 5.0 1: acetaminophen
. 2: lidocaine
AU AU 3: doxepin

4: imipramine
o0 oo ‘ 5: nortriptyline

6: ibuprofen
o oo

R T -
Time (min) - i Conditions:
Time (min) Column: XTerra™ RP |,
3.9X 150 mm, 5
o135 o025 wm -
o] 1 ) Vlu;n]c Phase: 65% 20 mM
" Buffers,
pH 8.0 pH 10.6 o
0095 ¢ Column Temp.:30 °C
oors
AU oo Flow Rate 1.0 mL/min
:Z: Detector: 210nm for pH2.5,
s pH 5.0, and pH 7.0;
230nm for pH 10.6
oo
oo oons
3 s ]

Time (min)
Lu, Cheng

Time (min)
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Silica Surface Charge

Types of Buffers and lonic Strength (Bolt, J. Phys. Chem. 61, 1166, 1957)
* pH 10: Borate 2+
* pH 7: Phosphate 1 —+—0.1 mM NaCl
- 20mMK,HPO, £ 1 —=—10 mM NacCl
* pH 4-5: Acetate g ——1M NaCl
— 10 mM CH,COONH, 2 05
— 100 mM CH3COOH g
+ pH 2-3.5: Phosphate £ 0
=20 mM H3PO4 - KH2PO4 0.5
2 4 6 8 10
pH
R R The larger the alkyl, the longer are retention times
g y
nw N*-R CI- NN N|+-R Cl-
h é-l The larger alkyls saturate the stationary phase at lower concentrations
. Primary, Secondary
Quaternary Amine or Tertiary Amine
C8
ION PAIR REAGENTS
C7
C6
'
K C5
5 mM
]

Conc. of lon Pair Reagent in the Mobile Phase
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Effects of TFA Concentration on The Power of Different TFA
Resolution Concentrations in Your Mobile Phase

= Typical gradient conditions .
Conditions -0.05% TFA in

Column: Symmetry300™, C Solvents A and B
5 pm, 3.9x150mm,
0.1% TFA in - Sample: Tryptic digests of bovine K_J\A
solvents Aand B eytochrome ¢ FM_‘_/\_N_.JLA_JN

- Injection: 20 pL

0300 - Mobile Phase: -0.1% TFAin
0200 S solyents Aand B
A(?.100 - Gradient: 0-45 min., 0-30%B J L
0.000 - Flow rate: 0.75 mLimin. h;‘—’_A—"JLLJL
0. N ‘ ‘ - Temperature: 35°C -0.2% TFA in
20.00 Minutes 4000 - Detection: 214 nm solvents A and B Jd\\k\"\
J)‘)\V,\_’,_A——/L/JL . A .__—J\,j\‘
Alden 0.00 20.00
Minutes
Alden
Alternate lon Pairing Reagents
TFA and HFBA (Heptafluorobutyric Acid) Temperature Effects on
Resolution
0.40 . Sample: Ra?bitvcytochrome c .
[TFA ptc dgest, 500 prmol Resolution can be temperature
Soon 20 150 mm ™ dependent
Eluents: A=water/ 0.1% TFA or
E HFBA » -
I e L5 N am— Bacetonlel 0-1% Temperature can be a critical parameter
8 HFBA SredentoRo RO to control in order to achieve reproducible
_r-g 0.40 i Flow: 0.18 mL/min Separations_
é Temp: 35°C
0.20 |
0.00 | i i i
20 40 60 80

Time (min)
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Effect of Temperature on .
Dependence of Retention on Temperature

40 - :
o Conditions
Column: XTerra™ MSC,,
35 2.1 X50 mm, 2.6 pm
- Mobile Phase: % 25ACN/75% buffer
:: (10 mM, pHS, NH,AC)
30| ° o Flow Rate: 0.6 mL/min
£ s°C Injection Vol. 3 pL
= L]
:5 25 , o . 25°C Detector: 210 nm
o) s 60°C
220 .
@ | -
g b
= sl e st -
»
o 4 e
T Conc.
10 ar 4 * Analyte (ng/ml)
0 T 2 3 ] 5 [ 7 3 9 = 1: doxepin 0.5
Linear velocity, u [cm/s] - 2: imipramine 1.0
en 3: amitriptyline 3.0
@erral
Temperature Effects on Resolution
k| 10 30°c Conditions
o0 3 Rsis0=0
_E Rs 5= 2.39 9 - Column: Symmetry300™, Cis, .
Y S m,3.5x150mm High Temperature Phosphate Buffer Test
n E
o100 7 Bl\k " - Sample: Tryptic digests of bovine . . . .
. “w e eytochrome ¢ Tricyclic Antidepressant Separation
500 | 3000 e w0 " 2000 - Injection: 20 pL Usp
intes |
i : L ! Peak Tailin;
- - Mobile Phase: 4 o Day 21 eal 8
Rsse=0 10 35°C Solvent A: 0.1% TFA in water Y Number Factor
00 Reeo = 2.07 Solvent B: 0.1% TFA in acetonitrile I. Doxepin 12
s (8,9) = . 9 . A " -
0200 56 ) . 2. Nortriptyline 1.1
. p " - Gradient: 0-45 min., 0-30%B " 3. Amitriptyline 1.1
0100 7 4. Trimipramine 1.0
- Flow rate: 0.75 mL/min.
0.000 A
T od =% b P 214 nm . .
Minites foo o0 300 400 300 600 Foo doo 900 1000 TO0 200 300 400 500 600 700 800 500 1000
R:s6 = 0.84 10 40 °C . | e | -
- Condit H
o Ree9=1.63 C,g - silica particle Da)’ Cotme: XTerram kP
0200 9 5 pm, 4.6 X 150 mm
56
A 8 Mobile Phase : 40% pH 7
0.100 7 AA\ 11 w 4 w 10mM N:S:Pov 0% ACN
0000 A 2 Column Temp.: 60 °C
T T T T T T T T T T T T Flow Rate: 1.5 mUmin
Alden 2% 0 M. wdh " A /:3 Decectors 254 nm

o iw m w o o Tm om e iom
Grassi , Carmody s

0 20 00 40 500 e® 7@ 8w 50 1000
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Stationary Phase

Stationary Phase Supports
Characterization

Stationary phase Functionality
18 —Si(CH 3)ZC18H37
s =Si(CH,),C,H,,
tC, -SiC H,
Aminopropyl =Si(CH,),NH,
Cyanopropyl -Si(CH ,),(CH,),CN
Diol -Si (CH,),0 CH ,CH(OH)CH ,OH

STATIONARY PHASE PROPERTIES Silica based Surface

CHEMISTRY: . oooooooooooooo0
* Type of Boded Hydrocarbon c/\( \Li/ \Li/ \L/ \L/ \lAI/ \L/ \L/
\;
* % Coverage 0?51— LH LS) LH HO/L+\0H L\ L\
R R
* Type of Silica Gel N o he \"'(R
~R
0_\ )
GEOMETRY j—\ S/O\R
* SPHERE- IRREGULAR d \ '\OH R = C30, C18, C8, C4, C3, C1
a_'si/ C18 (amide, carbamate),
* PARTICLE DIAMETER J C8 (amide. carbamate),
*POROSITY 0_\Sj_0 Phenyl, (CH3)3CN, (CH3)aNHz2
d &
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Stationary Phase Chemistry

J Hydrophobicity
1 Silanol Activity
- Neutral pH

1 Acidic pH

1 Metal Contamination

Ligand Density (Surface Coverage)

umoles/m>
Silica Silanols : 6 -8
Highest Bonding Reported : 4.2
Residual Silanols (Best Case): 20
[~30%]
Residual Silanols (Typical) : >3.5
[>50%]

Silica based "bonded phases"

Bulky alkylsilane ligands can not react with all available
silanols due to the steric hindrance.

Relative Hydrophobicities of General
Purpose Analytical Packings

Inertsil ODS-2
Symmetry C18
Puresil C18
Zorbax Rx C18
Nova-Pak C18
Inertsil C8
Symmetry C8
Zorbax Rx C8
Nova-Pak C8

uBondapak C18

0 5 10 15
k' acenapthene
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Reversed-Phase Packing with an Commercial Phases with « reduces interaction with silanols
Embedded Polar Group Embedded Polar Group »« modifies selectivity

» improves water wettability

Me o
N NN : L ® S tryShield RP (Wat
e \ _swo/c\ﬂ/ ymmetryShie (Waters)
Embedded Polar Group Ligand ﬁ
—\/i/\/\g/c\}z Discovery RP Amide16 (Supelco)
Do o d
o en, —/‘/\/\g/ N Prism, Spectrum (Keystone)
Traditional, Straight Chain Alkyl Ligand &

O
_si I

/[\AN/C\R Bonus RP (Hewlett Packard)
M Me

H

Impact on Selectivity

Hydrophobic Retention Impact on Selectivity
Sample: n-Alkylbenzenes {Neutrals} Polar Retention
(benzene - Ce to amylbenzene -- C11)
Vo, 12 Mobile Phase: 20 % CHCN
3 SO%pHSKI-g PO‘ Buffer
4 Mobile Phase: 74 % Methanol 26 % water v, 3
5 4 Sample:
6 1 2 ; l?:nzylI Alcohol
I s tryShield™ " Bonzoic Aci
L L SymmetryShield™ RP, yrmetryShi A 5 S i
3 3 4
N 1 2
h 3 6 Symmetry® C,
““Ld T T T ! Symmetry@cs T T 1 T T T L T T 1
o Time (minutes) 20 (‘) ‘5 1‘0 1‘5
. . Time (minutes)
Reduced Methylene Group Selectivity Reduced Retention of Amines

B. A Alden B A Alden (Shielding of Silanols)
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Selectivity and Retention Differences

Alberta Peptides on Symmetry® Reversed-Phase Columns

0.10.
-X-X-:
AUFS 1: Ala-Gly with free alpha amino group
0.0 2: Gly-Gly 3: Ala-Gly

4: Val-Gly 5: Val-Val

SymmetryShield™ RP, Ac-Arg-Gly-X-X-Gly-Gly-Leu-Gly-LysAmide

Characterization of a New Surface Chemistry:
SymmetryShield™ RP,

Acidic Analyte Basic Analytes Neutral Analytes

Mobile Phase: 65 %Methanol
35%pH7 KZHPO
4

Batch

10

5.00 10.00 15.00
Conditions: 3.9 mm x 150
Columns: mm
Flow Rates: 0.8 mL/min
Mobile Phase:  B. ActtohRéilequithus1%
Gradient: :;i/\., to 40% B in 30 minutes,
step to 60% B for 5 min
Sample: 9 L Alberta Peptides, mix
with 5 decapeptides
Detector: 214 nm
Temperature: 35°C
Minutes
D. J. Phillips
= = =
Selectivity Difference:
- ngm
Furazolidone Impurities
..Symmetry® C, SymmetryShield™ RP.
hd o/
0098 — 000p —
0.006 — 0,006 —
0.004 0.008 —
0.092 000p —
-
-0.002 | | 000p ! . | . | . |
0 10 20 30 0 10 20 30
minutes minutes
El Fallah

10

°4{ L‘ ‘
(e
oow>»

Time (minutes)

© Waters Corporation

SymmetryShieldw Technology Provides
Better Peak Shape

Embedded Polar Wetted Surface
Water "Shigled" Water layer
repels Carbon
I—-E«l_‘/ar XN chain -- keeping
N , ligand extended
// -- maintaining
/  retention
H
—~ N
8 >$\/\/O R SAANANNN
@© °
= §
(,3) e Ve v
s e
= Me \/\’ N,
] -
w S \/\/\/\/
o
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Effect of Bonding Chemistry on
Wettability

Hydrophobic stationary phases can
dewet in highly agueous mobile phases
Extrusion of mobile phase from pore
Reduced retention

procainamide

sulfanilamide
Vo
‘ K
Vo 40 min
sulfanilamide
rocainamide . I
P after stopping flow - reducing pressure on the
pores
40 min
Silica Particl
—i — —Si — —Si — —S —
swaee L o] T
| | | | | | | | |
~o— ool mos im0 S0 o ot ot ~o st ~o -
1] l 1l ! il !
| | | | | | | | |
~o—i o~ So—| S0y ot ~o—i ~o ) S0 ~or
° ° ° o o ° ° o o
‘Wall
Bonded Silica Particle
Surface OH OH oH oH OH OH OH OH OH

Unbonded Silica Particle

11

Effect of Embedded Polar Group on
Stationary Phase Dewetting

100
&
2 £ 80
c 2
() Y
=
il i © 260
}o—s‘u—(cm):—o—c—NH—Rn =3
T o
CHs c
afis ) 240
embedded polar group = 2
with SymmetryShield RP o o
Phases "6 % 20
R
0
C18 C8 RP18 RP8
Mobile Phase:
20 mM K2HPO4, pH 6.0 Dewet

Wetted symmetryshield

Silanol Types

/H H
/
0 0
= Vicinal L 5,
o | Yo7 Vo
m Geminal N/
pd
N N si
o 6
= Lone si éi gi
(Most Active) \o/ ‘ o P ‘ N o
o o)
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Mixed-Mode Retention:

-- Hydrophobic Interaction with Bonded Phase
--lon exchange Interaction with Charged Sites

— O-Si AN
O-SiAAA
OH
O-SiAA

O-SiAA
OH
0-SiV VA
OH
O-SINAAA
0O-Si/AIAA
[OES{RVAVAVAVAN
OH
O-Si /A
O-SiNAINAIA

Mobile
Phase PH<3

Si- OH

Organic/Inorganic Hybrid Technology:
State -of-the -Art XTerra™ Particle

R ¢

= i Best properties of silica

Surfoce [

] 1
oy o g O oH .
NN N D * mechanical strength
el e b s ;
PR high efficiency
B e

| | | | | 1 | |
o

G, o LA o B o

Best properties of
organic polymers

* high chemical stability
* no tailing for bases

|
|

e e e e L Lok e el

o, a a G

|
|
a o & a

nbonded XTerra Particle [m
S UMy

12

Peak Shape Over Wide pH Range
( Strong Base -- Amitriptyline pKa=9.4)

Conventional Cm‘/J\
4 p

SN

Tailing Factor
w
EN

/ Symmetry Cs
2 .

@/{/ | —

— 4 SymmetryShield RPy
! i

2 3 / 4 5 6 ; .

Ideal Behavior Buffer pH

Alden, Iraneta, Carmody, Andrews

Improvement in Peak
Shape for Bases

neutral Conventional C

S~ 1970's

neutralJ | }L Modern C g Early 1990's

Embedded Polar
neutral Technology -- Today

Hybride Silica

neutral Technology -- Today

—_——

) ' 50
Time (min)
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Embedded Polar Group vs Conventional RP
U.S.P. Tailing Factor Comparison

Al in the Silica Lattice

4
3
5 USP Tailing Factor = 1.2
6y .
I 7
: H H

. 0

— 5 0

4+ 0\ +
0 o= 70 75 i 3+
b: 1Symme"y c Minlites o/s fl\ ?l\ 0 /

2 /
s /
5 USP Tailing Factor = 1.9 T
7 | /6 N
— 5 10

Minttes v o - n

AU

AU

Peak Forms of Complexing Agent

Correlation Between Base (Hinokitiol)

Tailing and Al Content of Silica

Analyte: Chlorpheniramine
Mobile Phase: prl 3 KH2PO4 ICH 3CN 80:20

Mobile Phase: 50% 20 mM Phosphate
Buffer pH 3.6 with 0.05% EDTA,
50% Acetonitrile

Metal-Free o

Tailing
Factor
Hinokitiol

/\
‘ | Contaminated Column

|
0 100 200 300 400 - I
Al Content, ppm

28883882888z zezs8838¢8¢8

1 |

Note: Manufactures are reaching the limits © Waters Corporation

of performance improvements achieved solely through
reduced metals in the starting silica particle

13
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Pore size, shape and distribution

= Macroporous spherical silica
particle. [K.K.Unger, Porous
silica, Elsevier, 1979]

Pore size defines an ability of the analyte molecules to penetrate inside the
particle and interact with its inner surface. This is especially important
because the ratio of the outer particle surface to its inner one is about 1:1000.
The surface molecular interaction mainly occurs on the inner particle
surface.

Exlusion - Inclusion Effects

XTerra™ Matrix

14

Silica Structure
* Silica is Porous
%
* Pore Size, A or nm -- distribution ’9;1”
* Specific Pore Volume, mL/g \
Range: 0.3 -- 1.3 mL/g

SV+ Particle Strength *

Analyte MW Pore Size Recommendation
< 3,000 60 - 1304 (6 - 13 nm)

3,000 - 10,000 1004 (10 nm)

>10,000 300 -1,000 3 (30 -100 nm)
Very Large non- porous

Pore Size Effects on Resolution

A0,

Symmetry®, C18, 5pum, Conditions

4.6 X 150 mm, 100A
- Sample: Tryptic digests of
cytochrome ¢ (bovine)

10 13
56 9 12 - Injection: 20 pL
23| 4 8 - Mobile Phase:
1 l Jl " Solvent A: 0.1% TFA in water
A h A ) A Solvent B: 0.1% TFAin

acetonitrile

: 0-50 min., 0-30%B

0.1
0.do 20000 4000 - Temperature: 35°C
Minutes
- Flow Rate: 0.75 mL/min.
- Detection: 214 nm
Symmetry300™, Cis, 5 pm,
4.6 X 150 mm, 300A
— 10
13 H
0500 56 -Different pore
0.400 - 9 12 .
0.300- 2 le sizes change
AY.200 ..
-200 = 1"
s 1 E I 7 selectivity.
0.000 I\ Al “
0.do 2090 Minutes 0100
Carmody
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Spherical and Irregular particles .
Van Deemter Equation

B
H=A4+ + Cv
v

HETP

Electron microphotograph of spherical and irregular silica
particles. [W.R.Melander, C.Horvath, Reversed-Phase C term
Chromatography, in HPLC Advances and Perspectives, V2,
Academic Press, 1980]

A term
Flow rate
Total band broadening
Hp = 2)\d, D dy
P P Hd — 2 - Hm =0——V Comparison of the van DeemterPlots for
um and 2.5 pym XTerr articles
v m 5 d 2.5 pm XTerrd" MS C,, Particl
z: (50/50, acetonitrile/water mobile phase)
Hetp=Hp +Hd +Hm | Ea
Each term discussed above introduces T /‘/
its part in the total band broadening, f.s \ 5 um XTerra™ Particle ~_—" ’
therefore the sum of all of them will give " \.\ _
the total column plate height. . D N —
g — 2.5 pm XTerra™ Particle
N .\'\.
L/N = Hetp ‘ -
L = Column Length; N=Plate Number " " LinearVelocity mmisecy

15
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S ’, i Fast LC-MS Analysis
Challenge of Making “2 pm” Packings XTerra™ MS C18, 2.1 x 50 mm ( 5 um)

I

100, 256 295 295 4.59¢4
8.11e4 109 4
] ] 4) 206
0
e 0
=
= 157 280
2 100, 22165 100, 2801.13e5
2 Centered at 3 pm ] @
E 81
. . . o
Wider distribution T T L |
: H 2 /\ 1.26e5 100 C(E/\b @) 64 7.67e4
Particle Size, um k| E
L S N —— R A
1.29 260 ‘
- 100, /\ 15305 100 . 60  9.25e4
on M
X = 2.4um 1 ] (1) 261
- Centered at 2.4 um O I i
T so C . . 100, 1202 216 Tic 100125 150" 175 200" 225" 250 275 300
£ Narrower distribution : 256 35005 Mass/Charge (m/z)
10 L injection of 200 ng/mL sample (in 40%
0 MeOH),1=Propranolol, 2=Doxepin, 3=Nortriptyline,
e = ) 100 200 300 400 500 4=Trimipramine, 65/35 0.1 % Formic Acid / MeCN
= : Ding Time (min) 0.2 mUmin
Particle Size, um

@rerra r~—
Reversed-Phase Selectivity Chart

. Waters Spher\sor@ODS 1
Fast LC-MS Analysis
18
XTerra™ MS C18: 5 um vs.. 2.5 pm = © Pltinur™ Crg
- T ®
2 S - Zﬁ?ﬁ;ﬁgc Waters Spherisord ODS 2
0513 TiC < Zorba®SB G
100 x
4 25 8.06e5 =
1)°7% - pm . © Altimd" ¢ ®
091 HPLC: s ’ PurospherRP 15
/35 0.1% formic acid / MeCN g 5 YMC J'Sphere L 80 ) o
05/35 0.1% formic acid / Me S D ™ Waters SpherisorB ¢ Lichrosord Select B Nucieosil ¢,
1 uL injection of c = 2 Lichrosphe® *
;\? 2.1 x 30 mm 200 ng/mL of samples E > - ichrosphef™ Select B YMC J'Sphere M 80 Allima™ G,
o 0.6 mL/min MS: ESH = =
9 split 0.2 mL/minto MS  SIR 4 channels > Hypersi®ODS YMC J'Sphere H80
L HV:3.15kV s 2 Zorbax® SB Cg
T Cone 25V = Nova-Pa® C,s
3 Drying Gas: 380 L/h T O o Mo Nova-Pal® Cs e
< Temp: 175° ; In R
: Source Temp: 175°C % % o Hypersi® BDS G Symmetr® Cg Zurlé>a>¢;3'cé®€<§B @ a
2 _ Prodigy™ YMEPREE] 8 InertsiDDS-3
.§ ;7 Empm.ml(’l 'E' _— rodigy™ Ca BDS In%nsgéoo'DMséguna c18 }E‘r%mSIas\ Cp
&) - oxepin = w ® Hypersiec 18 rodigy™ Cig c
3 = Nortriptyline -~ Hypersi Hypurity Elite Symmetry® Cyg
4= Trimipramine ©
o' B
SymmetryShield” RPy SymmetryShield RP18
023
0 B
050 1.00 150 2.00 2.50 3.00 3.50 4.00 4.50 3.3

2 2.8
Time (min) Hydrophobicity

(In [k] acenaphthene )
Ding
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Interpretation of
Column Selectivity Chart

Hydrophobicity - x-axis - log scale

increasing hydrophobicity from left to right
Cs bonded phases to the left; Cisbonded phases
to the right

Silanol Activity - y-axis - log scale
best peak shape achieved at the bottom of the

chart (lowest silanol activity)
increasing silanol activity from bottom to top

Who needs guard columns?

Dirty or Complex sample matrix
Biological Fluids

Environmental

Food Samples

Needs increased capacity
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