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A natural requirement for UHPLC instruments is to have minimized gradient delay and peak dispersion. 

Systems are typically designed for the operation of small bore columns (2.1 mm - 3.0 mm internal diameter) 

packed with small particles (1.8 µm) to achieve highest separation efficiencies. With regard to solvent delivery, 

these systems usually differ significantly from standard HPLC systems. The most obvious aspect is the 

dwell volume of such UHPLC systems, which is purposely minimized to allow fast gradient separations. 
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Abstract

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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I plan to talk about:
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- 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, .)



Gradient delay (dwell volume)
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ramp response

ramp response



The Key: combination of size and shape
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usefulwasted

Dvol

Tvol

Characterization by ‘Step response’

tD ~ flow

It used to be: delay >= transition!

Dvol + (Tvol / 2)
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Intelligent System emulation technology
- How it works (1290 operates as if 1200)

Programmed gradient (in method)

1290 gradient on column head

1200 gradient on column head
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- 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, .)



Monitoring pressure-dependence of flow rate
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A

B

C

x

Constant displacement:
[ piston drives compressed liquid]

displacement (1/(1-æp)) = outflow

Constant Flow:
[ piston speed corrected]

displacement = outflow (1-æp)

outflow

Changes with solvent and pressure

Changes with solvent and pressure
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Density = d0 (1 + (æ p))

(while æ = compressibility)
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Solvent properties, pressure related

from 1100 handbook

RR-LC with 1200-SL binary pump

* Integral compressibility
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HP- vs. LP-mixing concept
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pure water
While a 

hi-pressure mixing binary

may do it with pure solvents,  
a low-pressure mixing quaternary

needs the full solvent mixtures,  

aqueous organic

mixture

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.



Flow accuracy across solvent mixing
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Some solvent mixtures loose volume

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

Quat. LP-mixing:
-composition is at risk

- flow is correct.

Bin. HP-mixing:
-composition 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:

.

The resulting composition is then described as: 

and the composition error is described by the equation:

readily approximated as shown below, given that , which is typically the case:
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I plan to talk about:
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- delay and transition volumes --> dwell volume

- flow accuracy

- solvent 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, .)



column temperature effects
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× static effects of frictional heat, influence of pressure

Ásimple isocratic conditions

Theoretical background:

Ken Broeckhoven1, Jeroen Billen1, Gert Desmet1, Konstantin Choikhet2, Gerard Rozing2

1) Free University, Brussels, Belgium, 2) Agilent Technologies, Waldbronn, Germany

Oral Presentation HPLC 2007, Ghent

×dynamic effects of frictional heat, influence of a gradient

Ámost pronounced for short runs 

Tscale = 30°C

Fast Chromatography - Facts from Fiction
Organised by the Chromatography and Electrophoresis Group of the Royal Society of Chemistry

Robens Suite, Guyôs Hospital Tower, London

Friday April 4th 2008



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



Excess Temperature at Column End: 

Step-Change in Composition, constant Flow Rate 
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Column: 2.1 x 100 mm, SB-C18 1.8 µm

Line Chart
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Excess temperature at column end: 

Fast gradients, constant Flow Rate 

Line Chart
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Experimental data

Model (simulation)

40% ACN -> 90 %

90% ACN -> 40 %

0.5 ml/min

Column: 2.1 x 100 mm, SB-C18 1.8 µm
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Frictional heating, model parameters

Column: 2.1 x 100 mm, SB-C18 1.8 µm

March 201119

Pittcon -Atlanta

eluent

hardware



Column Temperature Rise during Gradients 

Operation: Effect of Particle Size
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1.8 um, 1800 bar -> 840 bar

2.5 um, 940 bar -> 440 bar

3.5 um, 480 bar -> 220 bar

5 um, 230 bar -> 110 bar

Change from

40 % ACN to 90% ACN in 50 s 

90 % ACN to 40% ACN in 50 s      at 1 ml/min

Column parameters

column length 15 cm

column id 0.21 cm

column cross-section 0.035 cm

column external porosity 0.7 -

column resistance factor 490

column weight 37 g

heat capacity column HW (SS) 0.47 J/gK

heat loss to environment 0.028 J/sK

Simulated Temperature Profiles
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Column Temperature Rise during Gradient 

Operation: Different gradient volumes 

15.0

17.0

19.0

21.0

23.0

25.0

27.0

29.0

31.0

33.0

35.0

0 500 1000 1500 2000 2500 3000

Time [s]

E
x

c
e

s
s

 T
e

m
p

e
ra

tu
re

 a
t 

C
o

lu
m

n
 E

n
d

 [
C

]

40 % ACN to 90% ACN in 50 s 

90 % ACN to 40% ACN in 50 s      at 1 ml/min

40 % ACN to 90% ACN in 150 s 

90 % ACN to 40% ACN in 50 s      at 1 ml/min

40 % ACN to 90% ACN in 300 s 

90 % ACN to 40% ACN in 50 s      at 1 ml/min

Column parameters

column length 15 cm

column id 0.21 cm

column cross-section 0.035 cm

particle size 1.8 µm

column external porosity 0.7 -

column resistance factor 490

column weight 37 g

heat capacity column HW (SS) 0.47 J/gK

heat loss to environment 0.028 J/sK

1.8 um, 1800 bar -> 840 bar

Simulated Temperature Profiles
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I plan to talk about:
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- delay and transition volumes --> dwell volume

- flow accuracy

- solvent 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, .)



Detector baseline, dynamic-RI sensitivity
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DAD1 B, Sig=230,8 Ref=off 

Strange baseline Noise: e.g. 4ml/min, water / acetonitrile, 5 ï95%B

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

0   1    2    3    4     6    8   13  18  28   38  48   50  52  62  72  82  92  94  96  97  98  99 100 %B

2ml/min, water/acetonitrile, 568bar-max
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Static: comparison of DAD with RI-signal (last in line)

5%B

4%B

While the DAD sees no step,

the RI-signal is significant from 4 ï5%B



3/17/2011Page 26

Investigation (‘origin’ plots from original data)
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While the DAD sees no step,

the RI-signal is significant from 4 ï5%B

Postulate:
DAD differentiates RI over volume.

so we compare:

DAD-signal with ñ - dRI/dt ñ

(assuming that flow is constant)

Correlates very well !



Using TFA or the like, 0.1% modifier

March 201127

Pittcon -Atlanta



TFA and its special issues, visibility
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TFA and its special issues, mass transfer
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Looks like a funny world
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Gradient onset:

Due to differential behavior: 

noise increases  -!-
C18 column

w/o column

20x increased requirement !!


