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LC Dominated by Totally Porous Particles

760-150 A (6-15 n
300 A (= 30 nm)




Selectivity in Liquid Chromatography

 Reversed-phase

* lon-exchange

* Hydrophilic interaction
* Hydrophobic interaction
* Size exclusion

» Chiral

 Normal-phase




Efficiency vs. Selectivity

“To separate a large number of
solutes simultaneously...the
requirement for narrow zones is
critical...If the relative migration
rates were changed, we would
merely scramble the peak
locations, improving some
separations and hindering others.
If each peak or zone were
reduced in width, each and every
peak would be more completely
Isolated from its neighbors.”

J. Calvin Giddings
Dynamics of Chromatography
1965



Historical Development of Totally Porous LC
Stationary Phases

Particle Size Number of Theoretical Pressure (Psi)
(um) Plates (plates/m)

1950 100 1333 5

1967 50 6666 450

1972 10 40,000 2000
1985 5 80,000 4000
1992 3 146,000 5000
2000 1.7 200,000 17,000
2002 1 370,000 20,000

R.E. Majors, LCGC North Am. 2005, 23, 1248
L.R. Snyder, Anal. Chem. 2000, 72, 412-420A
Lieberman R. 2009, PhD thesis. Univ. North Carolina, Chapel Hill. 182 pp.
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Efficiency Measurements Using 1-um
Non-porous Particles

29 cm x 29 um i.d.
1 ym Kovasil-MS-H
(nonporous)
Water (0.1 % TFA)/-
acetonitrile (90:10 v/v)
UV detection (215 nm)
15,000 psi

Ascorbic acid
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Resorcinol
Catechol
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N. Wu, J.A. Lippert, M.L. Lee, J. Chromatogr. A 911, 1-12 (2001)



Modern “High Performance” LC Stationary
Phases

Sub-2 um fully porous Sub-3 um core-shell

\Porous Shell

Performance is approaching theoretical limits h= ~1.2

F. Gritti, G. Guiochon J. Chromatogr. A 2012, 1228, 2
http://www.advanced-materials-tech.com/pittcon.pdf
K.D. Patel, A.D. Jerkovich, J.C. Link, J.W. Jorgenson, Anal. Chem. 2004, 76, 5777




van Deemter Curves for Small Particle
Packed Columns

30-
®  Sub-2 pym fully porous particles
® Sub-2 ym core-shell particles
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F. Gritti, G. Guiochon J. Chromatogr. A 2010, 1217, 5769-5083



Where Do We Go From Here?

Stay with the current technology?
Higher separation temperatures?
Sub-1-ym particles?

Pillar array columns?

Monolithic stationary phases”?



Slip Flow in Microcrystalline Packings
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Hagen-Poiseuille flow

Silica colloidal crystal packing (470 nm) _
ina 75 ym i.d. capillary Slip flow

B. Wei, B.J. Rogers, M.J. Wirth, JACS , 2012, 134, 10780



LC with Slip Flow

A) BSA2 BSA1
17.3mm 17.5mm

1115
114 s 330 b_ar
117 s ~ 2 min
120 s
Ax=1.3 mm
B) % 0)
BSA 1 ! BSA?2 Labeled BSA
f 2 (A, B) 21-mm, 470 nm n-
o pm butyl silica
=16 ym
‘ : (C) 50-mm, 1.7 um n-butyl
f silica
N
R 1.3 million plates
200 0 200 400 155 160 165

Relative position (um) Time (min)
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Pillar Array Columns
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W.D. Malsche, J.O.p De Beeck, S. De Bruyne, H. Gardeniers, G. Desmet, Anal.
Chem. 2012, 84, 1214-1219



Monolithic Stationary Phases for LC

Monoliths are continuous porous beds comprised of highly
iInterconnected pores through a polymeric skeletal
structure
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hﬁm N CRER PR,
!u A, "; ﬂ; 2 ,_._ A, s, |

nolith column

1*&3: '~ ey

T I,.:-_-."1'?11._ 4 -" k: !

oule diameter
pugh-pore diameter
| porosity
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Monolithic Capillary Column

Advantages
* No frits

« Low backpressure
* Rapid preparation

« Low solvent
consumption

« Easy interface with
on-column detector

0.15 mm i.d. column



UV Procedure to Make an Organic Polymer
Monolithic Capillary Column

Treat capillary (fused silica) with
3-(trimethoxysilyl)propyl
methacrylate (TPM)

0
OCHj

HsCO_ | N
g o)
OCH,

Introduce reagent solution (1 or 2
monomers, porogens, and
initiator)

Expose to UV light (~390+£15 nm,
~10 mW/cm?, 3-10 min)

Flush with methanol, then water




Single Monomer PEGDA Monolith for RPLC

Monomer:
Porogens:
Dodecanol

o = Decanol
/\n/ \é/\o N Decane

Tergitol 15-S-12

PEGDA, n =13
Efficiency: 75,000 plates/m

Polymerized at 365 £15 nm Analyte: Uracil
Flow rate: 0.4 pL/min

Reproducibility RSD%

Run-to-run <0.25

Column-to-column <2.00

P. Aggarwal et al., submitted




UV absorbance (mV)

Separation of Phenols

05 - 1
60 - 15 cm x 150 pm i.d.
55 - HO  OH PEGDA monolith
>0 - 2
3(5) j 1. Uracil
] 2. Pyrogallol ” 5HO o
35 1 3. Catechol 4 \©/
30 1 4. Phenol > n
%(5) : 5. Resorcinol ” ” A = acetonitrile
15 B = water
10 Isocratic 20/80% (v/v)
5 A/B, 400 nL/min
. JUV L\
_5 | I T T T 1 T T | 1
0) 10 15 20 25 30 35 40

Retention time (min)

P. Aggarwal et al., submitted



UV absorbance (mV)

Separation of Benzoic Acids

15 cm x 150 ym i.d.
PEGDA monolith

A = acetonitrile (pH = 2.5)
B = water (pH = 2.5)
|socratic 40/60% (v/v) A/B
400 nL/min

25

804 1. Benzoic

1 2. 2-Hydroxybenzoic
70 - .

1 3. 3-Hydroxybenzoic 5 5
604 4. 3,4-Dihydroxybenzoic 6
50 i 5. 3,4,5-Trihydroxybenzoic

|l 6. 2,4-Dihydroxybenzoic
40
30 - 1
20 A
10 -

0 5 10 15 20

Time (min)

P. Aggarwal et al., submitted



Separation of Pharmaceuticals

2509 45emx 150 um i.d. PEGDA 4
monolith

% 2004 A= acetonitrile (pH = 2.5)
\q-)/ B = water (pH = 2.5) 2 3
2 150 - Linear A-B gradient from 10-100%
Q] B i
S (5 min)
2
< 100 - 1. Paracetamol 1
% 2. Aspirin ‘

i 3. Ibuprofen (

>0 4. Indomethacin
0 —— WL
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Retention time (min)

P. Aggarwal et al., submitted



UV absorbance (mV)

Separation of Herbicides

350- -—-n
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P. Aggarwal et al., submitted
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Living Polymerization

» Facile interconversion of dormant and active species
» Better control of molecular weight of growing polymer chain
and therefore of final monolith morphology
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Poly(PETA) Monolithic Columns

Monomer:
@) O
H2C\vu\o O)J\¢CH2
OH O\”/§0H2
O

Pentaerythritol triacrylate

Promoter:
CO.Et

Me _
Me Te—Bu

BTEE

Porogens:
Cyclohexanol

Ethylene glycol

Thermal initiator:

HsC  CHs
N
BN N
NN
HsC CHs
AIBN



van Deemter Plot

20
L 2
18
16
®
14
12 }
g 10 s
T 8 &
6 . & H ~6pum
4 Plates/m = 158,000
P = 1000 psi
2
0 | | [ [ |
0 0.1 0.2 0.3 04 05
Flow rate (ML/min)

Plate heights were calculated for uracil (2 mg/mL) using HPLC grade water as
mobile phase and 30 nL injection volume.



Factors Affecting Chromatographic
Efficiency in Capillary LC

Detector
Injector
2 2 2
Otoml — Ocolumn + Uexwrnal

Extra-column contributions are due to the injector loop
volume and connection fittings



Variance(minz)

Extra-column Variance Due to Injector
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P. Aggarwal et
al., submitted



Real Column Efficiencies for Organic
Monoliths

Theoretical plate (plates/m)

®m Uncorrected plate count ~ ® Corrected plate count

250,000

200,000

e
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|

150,000

100,000

|

50,000

0 .
CFRP LFRP

CFRP: Conventional free-radical polymerization
LFRP: Living free-radical polymerization




“Portable instruments will advance
quickly...will enable more lab work to be
moved to the sampling site, providing real-
time results and greatly improving response
time and assay value...instruments that will
take advantage of this ability include GC,

-~ GC- MSMLC MS.“

- .
s .

EPA-624 Halocarbon Mix

1T

050 1.00 150 2.00 250 3.00 3.50 4.00




Applications for Portable Instrumentation

*+ Emerging environmental pollutants
*+ Pesticide and herbicide residues
* Chemical warfare agents
¢ Disinfectant by-products
** Fire accelerants

¢ lllicit drugs

> Explosives



Ultimate in Hand-Portable Chemical Detection

“Captain Kirk, | detect
life forms nearby!”

http://www.themoderndaypirates.com/
pirates/wp-content/uploads/
2010/01/51_937-Tricorder-+-spock.jpg



Characteristics of Portable Systems

Compact & light-weight
Operable in “harsh” environments (robust)
Reliable identification & quantitation

Low power consumption
Minimal sample handling
Minimal consumables
Minimal disposables/wastes
Low analysis costs

Rapid answers




Early Portable LC Attempt

MINICHROM

Features

O Gradient pumping system

O Fixed wavelength UV/Vis detector
O Battery-operated (12 V DC)

U Weighs 9.5 kg without accessories

O Maximum pressure — 5000 psi

Limitations

» No reduction in solvent usage

» No applications demonstrated

Tulchinsky and St. Angelo, Field Anal. Chem. Technol. 1998, 2 (5), 281-285



Hand-portable LC Components

Pumping system
* Integrated nano-pump &

stop-flow injector RN S

PIR TIAA 24
I 1N
/'l,. .\,(‘,,.';:‘,‘ 2

e 24 pL pump volume
« 60 nL injection volume

* 0.06-74 pyL/min flow rates

* 16,000 psi pressure limit

« 24V power

Detector

« 260 nm LED UV-absorption

« 12V power
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Deep-UV LED-based
absorption,detector

Column
* Polymer monolithic capillary



Nano-flow Pumping System
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Operation of the Nano-flow Pumping System

Filling position Dispensing position

Flow-in

Jumper loop

Sample groove



Flow-rate Reproducibility

Calibration using Eksigent flow calibration

capillary
0.12
0.1 4
y = 1.0006x - 0.0002
0.08 R2 = 0.9995

0.06
0.04 /16 readings at each flow rate for

pure H20 & ACN/H20 (70:30 v/v)

Measured flow rate (uL/s)

0.02 * Flow rate error < 0.061%
/ » Acceptable error = 1%
0
0 0.02 0.04 0.06 0.08 0.1 0.12

Theoretical flow rate (uL/s)



LED as UV-detector Light Source

Advantages over Hg lamp

e Smaller

* More stable and produce less intensity fluctuations — Less drift
In signal

« Brighter light output

« Lower power requirement (6 V)
« Longer life %
* Quasi-monochromatic




LED-based Detector Design

LED with ball
lens

Ball lens
(3 mm dia.)

\
/

260 nm Filter

Slit

\

Fused silica capillary
(150 ymi.d. x 365 0.d.)

/ Si photodiode




Log (peak area)

Detector LOD

Sodium anthragquinone-2-sulfonate
Linear range (1.6 uM to 12.9 mM)

R? =0.99939

o LOD = 6.6 fmol

Log M (mol/L)

2.5

1.5

0.5

-0.5

-1.5



Signal Intensity (AU)

Reversed-phase Separations

1.132 Toluene
1.13 Ethylbenzene
1.128 Uracil Propylbenzene
1.126 Butylbenzene
1.124 Amylbenzene
1.122

1.12

1118 f |
1116~

1.114 W__,.J

1.112

0 5 10 15 20 25

Time (min)
» 15.5 cm x 75 ym i.d. monolithic capillary column
> Flow rate = 480 nL/min

» Retention time reproducibility (RSD) = 0.09 to 0.74% (n=6)
S. Sharma et al., J. Chromatogr. 1327, 80 (2014)



UV absorbance (mV)
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{ —— Nano-flow pump injector I\

Comparison of Injection Systems

~

- - - Commercial injector I 60 nL injected in
both cases

\ ~2X Improvement in
\ column performance

ﬁg
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60 62 64 66 68 70 72 74 76 78 80 82

Retention time (min)

Volume of . Theoretical
injector (nL) FEELSTALUL JEVCER()

60 0.331 12900

340 0.474 5800

Injection volume = of 60 nL (uracil) with
Mobile phase: 98% water, 2% acetonitrile



Gradient Pumping System




Gradient Pumping System

Filling position Dispensing position

Waste

Sample-in

Flow-in g

P
.f"' F /"
Detectorj.- "



Conclusions

Hand-portable analytical systems should advance rapidly and
become more widely used.

Components for a hand-portable LC system were miniaturized.
Integration of injector and nano-flow pump improved performance.

New nano-flow pump demonstrated excellent flow rate
reproducibility and low noise for hand-portable LC.

Good linearity and low detection limits were achieved with an
LED-based UV-absorption detector.

System performance was excellent in terms of extra-column band
dispersion, resolution and retention time reproducibility in
reversed-phase separations.

MS detection is the next major challenge for development of hand-
portable LC instrumentation.
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