














were done at high and low flow
rates as well as with high and low
temperatures as in the examples
shown earlier. In all cases the
mean retention time precision is
below 0.3 % RSD, which was the
specification of the Agilent 1100
Series LC system. Of course, the
results are also in line with the
specifications for the new Agilent
1200 Series Rapid Resolution LC
system which is < 0.07 % RSD or
< 0.02 min SD, whichever is met
first. At these high gradient speeds,
the SD criteria are always met. The
RSD criteria are also met for both
fast-LC gradients of 2.6 min dura-
tion (0.35 mL/min flow rate). Even
at ultra-fast gradient speeds, the
retention time precisions are still
below or only slightly higher than
0.1% RSD (table 1).

Improving the cycle-time

Not only is the gradient speed
important when dealing with high-
throughput analysis but further-
more the over all cycle time of the
entire system, which is the time
between two consecutive analyses.
A good method to measure the
cycle time is by using the time
stamp the data file is assigned by
the operating system of the com-
puter. Clearly, optimizing the cycle
time has some drawbacks. For
example, extensive needle cleaning
procedures are in contradiction
with a high sampling speed. Table 2
gives an overview of important
parameters influencing the cycle
time. Using 1.8-pm particle size
columns together with an opti-
mized HPLC system very short run
times can be achieved without sac-
rificing chromatographic resolu-
tion. Combining short run times
together with low overhead times
will result in a high daily through-
put. In figure 7 the cycle time and
daily throughput is shown for two

0.35 mL/min, 40°C 0.35 mL/min, 80°C 1.20 mL/min, 40°C 2.00 mL/min, 80°C

SD % RSD SD % RSD SD % RSD SD % RSD
Average 0.00107  0.067 0.00084 0.070 0.00048 0.098 0.00031 0.134
Table 1

Standard deviations (mAU) and %RSD (n=10) of the retention times under different chromato-

graphic conditions in temperature and flow.

Module

Parameter

Effect on cycle time Other effects

Pump

Low delay volume setting

Reduced retention times,
run time can be shortened,
reduced cycle time

Increased pressure
ripple, slightly increased
mixing noise if modifiers
such as TFA are used.

Autosampler

Automatic Delay Volume
Reduction (ADVR) —
activated

ADVR activated and
Overlapped Injection (0l)

no Ol — Needle Wash

no Ol — Equilibration time

no Ol — Draw/Eject speed

Reduced delay volume,
reduced retention times, run
time can be shortened,
reduced cycle time

Enables parallel sampling,
thus reduces the cycle time
independently of the below
listed settings (as long as the
overall sampling speed does
not exceed the gradient and
post time)

Increased sampling time
with increasing wash time

Increased carry-over

Increased carry-over

Reduced carry-over
with longer needle
wash time

Increased sampling time with Better injection precision
increased equilibration time  with longer equilibration
time

Low speed results in
better injection precision

Low speed causes
increased sampling time

Column Alternating column Saves column wash-out and Additional hardware
compartment regeneration equilibration time, reduces  required, slightly
cycle time enormously increased extra column
volume, slightly different
retention times between
columns possible
Detector Pre-run and/or post-run  Increased cycle time Baseline drifts possible
balance if not applied
Spectral data acquisition  Depending on computer Reduced information
with high data rate, small power and additional content if no spectral
band width and broad processes running might data acquired or with
wavelength range large increase cycle time lower resolution
data files because of writing speed
Software Data analysis with Increased cycle time, Data analysis has to be
acquisition depending on computer done offline is no set
power and number of peaks
Save method with data Slightly increased cycle time Information is missing
if method is not saved
Execution of pre-run or Increased cycle time, Depending on macro
post-run macros depending on macro
System LC controlled over local ~ Faster data and method Additional hardware
network between computer transfer between computer might be necessary
and LC (and MS) only and LC because of reduced (use independent
net work traffic reduced acquisition computer)
cycle time
Number of detectors More detectors produce a  More detectors higher
higher data amount and information content
lower the data transfer speed,
resulting in higher cycle times
Table 2

Influence of various parameters on the overall cycle time.



different methods — both giving
virtually the same resolution. The
first method (0.45 min gradient)
utilizes alternating column regen-
eration and high temperatures to
allow high flow rates and speed
optimized settings. A cycle time of
49 s could be achieved, resulting in
a theoretical daily throughput of
more than 1700 samples per day.
The second method (0.90 min gra-
dient) does not use high tempera-
tures or alternating column regen-
eration and the time saving of
some simple and often forgotten
method options are shown. By
optimizing these parameters the
real cycle time gets as close to

8 s to the run time (stop time plus
post time) and allows a daily
throughput of more than 700
samples per day. By sub-optimal
method set up this can easily drop
to below 500 samples per day if
options like automatic delay volume
reduction, overlapped injection or
offline data-analysis are not used.

Conclusion

The Agilent 1200 Series Rapid
Resolution LC system is a power-
ful tool to achieve highest chro-
matographic resolutions and also
highest throughputs. The extended
pressure range allows the usage of
columns packed with stationary
phases with particles sizes below
2 pm, for example, Agilent RRHT
columns with particle sizes of

1.8 pm. These columns not only
allow an increase in linear flow
rates with virtually no loss in reso-
lution but also have an inherently
higher resolution compared to

3.5 pm or even 5.0 pm particle
sizes. The possibility to switch the
pump into its low delay volume
configuration allows the use of the
entire bandwidth of today’s widely
used column ids — from 4.6 mm
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Figure 7
Cycle time and daily throughput optimization.

Chromatographic conditions:

Alternating Column Regeneration Method

Solvent: A = Water, B=ACN
Temp.: 80 °C

Flow: 2.0 mL/min

ADVR: Yes

Gradient: Gradient-Pump

0.00 min 35 %B
0.45 min 95 %B
0.46 min 35 %B
0.57 min 35 %B

Regeneration-Pump
0.00 min 35 %B
0.01 min 95 %B
0.11 min 95 %B
0.12min 35 %B

Stoptime: 0.57 min no limit

Posttime: off off

Wavelength: 245 nm (8), ref. 450 nm (100)

Peak width: > 0.0025 min (0.05 s response time), 80 Hz

Spectra: none

Injection volume: 1.0 pL

Injector: Overlapped injection, 2 s needle wash, sample flush-out factor = 10,
draw/eject speed = 100 yL/min

Valve: next position

No Alternating Column Regeneration Method

Solvent: A = Water, B = ACN

Temp.: 40 °C

Flow: 1.0 mL/min

ADVR: Yes No

Gradient: 0.00 min 35 %B 0.00 min 35 %B

0.90 min 95 %B
1.10 min 95 %B
1.11 min 35 %B

0.90 min 95 %B
1.10 min 95 %B
1.11 min 35 %B

Stoptime: 1.15 min 1.40 min (add. 300 pL extra column
volume, increased retention times)

Posttime: 0.70 min 0.70 min

Wavelength: 245 nm (8), ref. 450 nm (100)

Peak width: > 0.0025 min (0.05 s response time), 80 Hz

Spectra: all, 190-500 nm, BW = 1 nm

Injection volume: 1.0 uL

Injector: See figure 7, 2 s equilibration time

down to 2.1 mm and even 1.0 mm.
As illustrated above, the system
has uncompromised performance

characteristics even at highest
gradient speeds.
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