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Abstract

A natural requirement for UHPLC instruments is to have minimized gradient delay and peak dispersion.
ystems are typically designed for the operation of small bore columns (2.1 mm - 3.0 mm internal diameter)
acked with small particles (1.8 um) to achieve highest separation efficiencies. With regard to solvent delivery,
hese systems usually differ significantly from standard HPLC systems. The most obvious aspect is the
well volume of such UHPLC systems, which is purposely minimized to allow fast gradient separations.

When the attempt is made to transfer methods developed on standard HPLC systems to modern UHPLC
systems following issues can be encountered:

Changes in retention times and selectivity due to
differences in dwell volume, resulting in gradient delay
differences in composition accuracy,
differences in column temperature and temperature gradients
Limitations in sensitivity due to
differences in mixing efficiency (elevated mixing noise)
In order to allow method transfer from HPLC to UHPLC all the above issues need to be understood.

The authors have investigated these aspects in detail in order to find the dependencies and limitations. Putting aside guesswork and
first order assumptions, this may help to guide to a solution, which is best suited for the specific application needs for method
transfers between different LC systems.
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| plan to talk about:

- delay and transition volumes --> dwell volume
- flow accuracy when pumping against pressure
- Solvent compressibility under pressure
-gradient composition accuracy

- column temperature effects
Isocratic: internal temperature rise
Gradient: initial injection is outlier

- trade-off: speed vs. mixing volume
Dynamic RI effects in UV-detection
Absorbing modifiers (TFA, FA, .)
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Gradient delay (dwell volume)

W. Dolan LCGC Vol 24, No 3, 458-466

ramp response

L "\,r_J Time
\ h
T1.l'2
m How
B %B

o s’ |

Min

Agilent Technologies

March 2011



The Key: combination of size and shape

Characterization by ‘Step response’
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Intelligent System emulation technology
- How it works (1290 operates as if 1200)
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- flow accuracy when pumping against pressure
- Solvent compressibility under pressure
- gradient composition accuracy
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Monitoring pressure-dependence of flow rate
Density = d, (1 + (ee p))

(while & = compressibility)

Constant displacement:
[ piston drives compressed liquid]

displacement (1/(1-aep)) = outflow

Changes with solvent and pressur

Constant Flow:
[ piston speed corrected]

displacement = outflow (1-aep)

Changes with solvent and pressure
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Solvent properties, pressure related

Solvent Compressibility

from 1100 handbook
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HP- vs. LP-mixing concept

Compressibility of Water-Acetonitrile Mixtures

Compressibility, 10-%/bar
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needs the full solvent mixtures,

More details: Journal of Chromatography A, Nov 2008, vol./is. 1210/1(30-44), 0021-9673 (07 Nov 2008),
Author(s): Billen J.,Broeckhoven K.,Liekens A.,Choikhet K.,Rozing G.,Desmet G.
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Flow accuracy across solvent mixing

I

— . ~2% (for e.g. water / acetonitrile)

Some solvent mixtures loose volume

B
L mix
T"" - Quat. LP-mixing: Bin. HP-mixing:
-composition is at risk -composition is correct
¢l = - flow is correct. - flow is at risk.
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-Compositional effect of proportional flow error

In this case the situation can be described as below:
FB = FBI}' (1+a:arr] = CD'FD ) (1+asrrj
F=FD+FD'CD'asrr

The resulting composition is then described as:

FE_C,}-FD-(l-I-thW]_ 1+a,,,

= =
F F-(1+Cy-a,.) “1+¢,-a,,,

and the composition error is described by the equation:

T 14C,-a,,,

readily approximated as shown below, given that

gre

<< 1, which is typically the case:
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Compositional effect of proportional flow error‘

Linear flow error, e.g. -1%
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| plan to talk about:

- column temperature effects
Isocratic: internal temperature rise
Gradient: initial injection is outlier
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column temperature effects

x static effects of frictional heat, influence of pressure © Agilent Technologies, Inc., 2009

Asimple isocratic conditions May 15, 2009
Publication Number 5990-3981EN

x dynamic effects of frictional heat, influence of a gradient
Amost pronounced for short runs

Fast Chromatography - Facts from Fiction
Organised by the Chromatography and Electrophoresis Group of the Royal Society of Chemistry
RobensSui t e, Guyds Hospital Tower, London

Friday April 4th 2008

Theoretical background:

.t

" 2 N

Ken Broeckhoven?, Jeroen Billen?, Gert Desmet?, Konstantin Choikhet?, Gerard Rozing?
1) Free University, Brussels, Belgium, 2) Agilent Technologies, Waldbronn, Germany
Oral Presentation HPLC 2007, Ghent
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Static effects

frictional heat (1ml/min: ~ 20 °C @ 1000bar)

1200 Series LC
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Method transfer from an Agilent 1200 Series LC system. Sample; for-
mulation spiked at 0.5% w/w level with impurities 1 to 9.

Conditions

Column XBridge C-18,
150 mm = 3.0 mm, 3.5 pm

Mabile phase A = 0.25% w/w ammonium acetate in water
B = acetonitrile

Flow rate 0.45 mL/min

Gradient 0-15 min: 5-57.5% B

Temperature 37°C

Injection volume 2l

Detection

DAD, Signal 275/4 nm, Reference 400/60 nm

Maximum pressure 140 bar

© Agilent Technologies, Inc., 2009

May 15, 2009

Publication Number 5990-3981EN
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Figure 2.
Infh of frictional heat g tion on selectivity and effect of | ing col p
Sample: formulation spiked at 0.5% w/w level with impurities 1 to 8.
Conditions Figure 2 A B
Column BEH C18, 150 mm x 2.1 mm, 1.7 pm
Mobile phase A =0.25% w/w ammonium acetate in water
B = acetonitrile
Flow rate 0.66 mL/min
Gradient 0-0.16 min: 5% B isocratic
0.16-5.16 min; 5-57.5% B
Temperature 37°C 32°C
Injection volume 0.8 puL
Detection DAD, Signal 275/4 nm, Reference 400/60 nm
Maximum pressure 1020 bar 1070 bar
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Excess Temperature at Column End:
Step-Change in Composition, constant Flow Rate

Line Chart
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— Experimental data
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Excess temperature at column end.:
Fast gradients, constant Flow Rate

Column: 2.1 x 100 mm, SB-C18 1.8 um
40% ACN -> 90 %

l Line Chart
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Frictional heating, model parameters

Column: 2.1 x 100 mm, SB-C18 1.8 um

% Acetonitrile 0 25 50 75 100
i Spec. heat capacity eluent [J [ g K] 419 3.59 2.99 2.38 1.78
eluent - Density eluent [glcm 3] 1 0.95 0.9 0.85 0.8
~ Adiabatic expansion cooling coefficient 1 0.85 0.72 0.68 0.64
Fitted to model
~ Column weight [¢] 37 37 37 37 37
hardware - Spec. heat capacity Column (steel) [J / g K] 0.47 0.47 0.47 0.47 0.47
heat loss to environment [J / s K] 0.028 0.028 0.028 0.028 0.028
i Fitted to model
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Column Temperature Rise during Gradients
Operation: Effect of Particle Size

Excess Temperature at Column End [C]
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Column Temperature Rise during Gradient
Operation: Different gradient volumes

Column parameters

35.0
column length 15 cm
33.0 column id 0.21 cm
1.8 um, 1800 bar -> 840 bar column cross-section 0.035 cm
31.0 particle size 1.8 pum
r— 1\ .
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column weight 37 g
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| plan to talk about:

- trade-off: speed vs. mixing volume
Dynamic RI effects in UV-detection
Absorbing modifiers (TFA, FA, .)
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Detector baseline, dynamic-RI sensitivity

Strange baseline Noise: e.g. 4ml/min, water / acetonitrile, 517 95%B

mAU{DADL1 B, Sig=230,8 Ref=off
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5 10 15 20 25 30 min

You ever saw this?

Agilent 1200-SL pump, no damper, no mixer, no sampler, no column
(straight from pump outlet to detector via 50 x 0.05 mm FS capillary)
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Step-gradient. comparison across full range

2ml/min, water/acetonitrile, 568bar-max

DAld A, Sig=2320,2 Ref=off
WD A, Wiavelength=230 nm
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Static: comparison of DAD with RI-signal gastiniine %8

!

LAl B, 5ig=230,8 Ref=off1
RID1 A, Refractive Index Signal

100000 While the DAD sees no step,
the RI-signal is significant from 4 1 5%B
o J
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Investigation (‘origin’ plots from original data)

While the DAD sees no step,

R 5.2 . . . e .
° A pso the RI-signal is significant from 4 7 5%B
2 M 873
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7 %11 f 42 8
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o 2 4 & 8 | 10 1
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4% ACN, 1 mli/min u
) ) Postulate:
, DAD differentiates Rl over volume.
< E
E Y- SO we compare:
DAD-signal withi-d R1 / dt A
) N ., (assuming that flow is constant)
1 T T T T T T T T T T T -4
0 2 4 6 8 10 12

Time, min

Correlates very well !

3/17/2011

Agilent Technologies



Using TFA or the like, 0.1% modifier

LC G C CHROMATOGRAFHYOMLIME COM

LCGC Europe, Feb 1, 2003

BASELINE MSTURBANCES IN HPLC

The Physicochemical Causes of Baseline Disturbances in HPLC, Part
| — TFA-Containing Eluents

The first of this two-part series investigates baseline fluctuations in an HPLC system
where trifluoroacetic acid as a mohile phase additive is used. A quantitative model
explaining the chservations is presented and recommendations for the practical use of
such additives given.

K. Choikhet, B. Glatz and G. Rozing,
Agilent Technologies Deutschland GmbH, Waldbronn, Germany.
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TFA and its special issues, visibility

Figure 2: Spectra of 0.1% TFA in water/ACN mixtures of

varying ratios.
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Figure 3: Baseline plots obtained with a gradient of 0-100% B,
but without a column, at different wavelengths; solvent A:
water with 0.1% TFA, solvent B: 80% ACN in water with 0.1%
TFA; flow-rate TmL/min.
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TFA and its special issues, mass transfer

State t-1 State t
Mass transfer
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Looks like a funny world

Due to differential behavior:

125 X 4.0 mm; detection 210:4 nm; flow-rate 1 mL/min.

e C18 column
noise increases -!- 05
<
e
—0.5
-1 T T T T T T
5 6 7 8 9 10
Time (min)
. . b
Gradient onset: ®
001  W/o0 column
Figure 5: Baseline fragment obtained at the onset of a linear ?E( 0+
gradient of 0-100% B in 30 min; solvents A and B as in —0.05 4 Wm\‘
Figure 3; column, detection and flow-rate as in Figure 4. G
1 2 3 4 5 6 7 8 9
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to a linear change

. . Time (min)
40 - Slow baseline fluctuations

20x increased requirement !!
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