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LC Troubleshooting Series

Peak Broadening

Video Notes

Mike Woodman is an Application Scientist who specializes in LC instrument performance and works in the Agilent

Midwest Center of Excellence. Bill Long is a Senior Applications Scientist for the Chemistries and Supplies

Division.

Why Peak Broadening Occurs

Peak broadening can oc

cur for a lot of reasons. Some of the possible causes are:

- Improper fittings / connections

- Improperly stacked instruments requiring excessive tubing length(s)

- Extra tubing volume
- Mobile phase issues
- System settings (data

collection rate)
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The chromatograms above represent a test mix containing naphthalene. The second chromatogram demonstrates

peak broadening.
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Making Good Connections

Good connections are a key to good results. Agilent recommends using Swagelok fittings or preferably fingertight

fittings.

Stainless Steel and Polymer Fittings
Which type is used and when?

high pressure sealing
« Agilentuses Swagelok type fittings with front and back ferrules —

which give best sealing performance — throughout all our LC
systems

PEEK (<400 bar System Pressure) fittings are ideal where:

« Connections are changed frequently, i.e. connecting columns

PolyKetone

= Easy, hand tighten column connection

Stainless Steel (SS) fittings are the best choice for reliable . e o =

« Pressure is less critical ﬁh—‘

« 600 bar Pressure Rating PN: 5042-8957 (10/pk)
« Fits to SS Tubing

To make a good fitting:

1)
2)
3)
4)

5)

Select a screw that is long enough for the fitting you'll be using.
Slide the screw over the end of the tubing.

Carefully slide the ferrule component(s) on after it and then finger-tighten the assembly.

Then, use a wrench to gently tighten the fitting, which forces the ferrule to crimp onto the tubing. Don’t

over-tighten it-- this will shorten the useful life of the fitting.

Once you believe you have the fitting complete, loosen the fitting and inspect it to be sure that the

ferrule has the correct position on the tubing — just a bit over the top of the ferrule-- as shown below.

Column Connectors Used in HPLC
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B This chart to the left
GC Magazine 6:788 (1968 demonstrates the range of

—gm=x = —§m—C fitting types that can be

) WO, 5 used, depending on your
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Ferrule setback is critical, so ideally, prepare your fitting in the system where you'll use it, so you can ensure the

setback is correct for the instrument.

Instrument Stacking and Tubing Volume

Instrument set-up is important. Reducing extra tubing volume is critical to prevent peak broadening, particularly

when working with high efficiency columns.

The LC Rack is a lab accessory that enables you to stack your instrument neatly and securely, and switch out

modules more easily. It is part number 5001-3726.

The diagram to the right shows
the recommended stacking
structure for an LC, a 1260 Infinity
LC in this case, equipped with low
dispersion volume capillaries.

1260 Infinity: Optimized for Minimal Lab Bench Foot-Print,
and Shortest Capillary Lengths

Solvent Cabinet iﬂj
Micro-deg ; ' ;

Binary Pump SL

Hi P Autosampler

Thermostatted Column
Compartment

Detector SL

D

Solvent Cabinet

Micro-degasser

Binary Pump SL

“Inverted” Set-up — LC/MS Optimized

Optimized for minimal lab bench
footprint, shortest capillary length
from LC to MS ion source.

Detector SL

Thermostatted
Column
Compartment

HiP Autosampler
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The diagram to the left
details how to set up your
instrument if you're using
a mass spectrometer.
Remember to reduce the
amount of tubing that
you're using to make
connections.
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Use of 0.12 mm Tubing instead of 0.17 mm Tubing —
Reduces Tubing Volume by One-Half
Inside Diameter {mm) Length {mm) Material Color Connections Part Number Volume {ul)
L8 7] 120 SS Red 1end pre-swaged G1313-37304 20
[ 7] SS Red 1endpre-swaged 01090-87610 32
or 105 55 Red lendpreswaged 0109087611 12 USE LOWER VOLUME
o 150 sS  Red swa
o = % | i W:"l;le-outﬁ::gs G;EEH :‘; RED TUBING WHEN
o 150 S5 Red  Withoutfimings 501181 17 POSSIBLE
o2 20 S5 Red  Withoutfitings 501182 32
o 00 S5 Red  Withoutfimings 501183 45
i BTN o iyl 50 | GREEN TUBING HAS 2 x
017 130 sS Green 1lend pre-swaged 01050-87305 29 VDLUME OF RED
o o Tond [weanee mms [ 2]  TUBINGFOR EQUAL
o7 150 S§  Green Without fittings 5021-1817 24 LENGTH
017 280 SS Green  Without fittings 5021-1818 64
o7 200 $§  Green Withoutfitlings 5021-1819 91

Data Collection Rate and Flow Rate

The data collection rate is a common source of peak broadening. You want to check your data collection rate to
be sure it is optimized for the column and flow rate you are using.

Comparison of Peak Efficiency on Poroshell 120 EC-C18
4.6 x 100 mm with Different Data Collection Rates This particular data to the left

- | was run for an analysis using
. ‘\ N = 25,706 W 80 Ha
E | |
| T C A o Poroshell 120 columns.
’ ; ‘ A 7 - We're measuring the
] N = 25,705 L
‘, l\\l 40Hz efficiency_here and, as you
< (SR, | § J /\ .
% % ‘ 05 I can see, our efficiency
' "\ N = 24,699 4-5% 20Hz increases as the data
% | Ilt f\\ Loss in efficiency A i
P e S collection rate used went
= L N=21712 15% 10Hz higher.
- | IH‘ 'ﬂi Loss in efficiency A
o -\ e ¥ =

T T T = T T T T
02 0s 075 i 15 15 75 2 2x

60/40 MeCN/Water 80 Hz 2 ul flow Cell 1200 SL

Optimize your data collection rate by adjusting the detector setting and/or the time constant to the fastest
possible value that does not compromise signal-to-noise. The Peak width control in ChemStation enables you to
select the peak width, or response time, for your analysis.
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Another setting to watch is your flow rate, or linear velocity
velocity, which needs to be determined experimentally.

. Each column particle size has an optimal linear

Particle Size Comparison — all 4.6mm i.d. columns
van Deemter Curve for Methanol /Water
¢ 50um SB-CI8 The van Deemter plots to the left illustrate
0.02 - ® 3.5um SB-C18 . L.
1.8 um SB-C18 how the velocity affects efficiency for
E oois - ¢ o ¢ several different columns.
= LAY * ¢t
S 001 XYY Y XA
‘D r 8] ] ] [ ] [ |
§ 0005 -
o
0- I I 1
Lin. Vel mm/sec 1 2 3 4 5
4.6 mm ml/imin 0.7 1.4 21 28 3.5
3 mm ml/min 03 0.6 0.9 1.2 1.5
2.1 mm mlimin 0.14 0.29 0.44 0.58 0.73
1 mm ml/min 0.033 0.066 0.1 0.133 0.166

Injection implications

Injections are another common trouble source for peak broadening. If your injection volume is too high, it can

overload the column and cause peak broadening.

Sample Loading

This series of chromatograms
demonstrates peak broadening
as a result of injection volumes

that were increasingly too high.

Volumes Compared

B 1L injection

' 8 o el
| 5 sigma m 2 Injction
| Peak Width B 5.l injection
| B 10 L injection

, Peak2

50 pl {10 pl injection)

40 pl (1 pl injection)
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Strong Diluent With 1-10 pl Injection Volume
In the example to the left, there is

£ I 5 sigma B i-injedion evidence of band broadening due
] i Peak Width Bl :ulinjection .
| Peak 2 B Sl injection to the strong diluents at 5 uL on
> | ety : :
( N W 1yt this small column operated in a low

Y il L dispersion system configuration.

| /| But with 10 pL, the loss of peak
(N /I symmetry is clearly a problem. This
fi(4 ultimately limits sensitivity unless

; T\ - /AN an evaporation step is made to

'3 D Y ) A concentrate the analytes to support
é\ 42 pl (1 pl injection)
T s ) =h

a smaller injection volume.

Gradients

When working with gradients, your gradient design can contribute to wider initial peaks, if the dwell volume is not
accounted for in your method. See the example below.

Peak broadening due to Delay Volume
Column: Rapid Resolution Eclipse XDB-C8 Mobile Phase: A:0.1% TFAiInH20  B: 0.1% TFAIn ACN Temperature: 35°C
Sample: 1. Phenacetin 2. Tolmetin 3. Ketoprofen 4. Fenoprofen 5. lbuprofen 6. Phenylbutazone 7. Mefenamicacid 8. Flufenamic acid
Case 1 Case 2*
4.6 x 30 mm, 3.5 pm 2.1 x 30 mm, 3.5 pm
Gradient: ? Gradlegti
15-60% B/ 6 min :3:?675/68/6
1.0 mL/mi "
mimin 0.2 mL/min
8
2 6
1 J 4 5
r T T T T T T T 1
9 g9 10 15 0 05 10 15 20
Time {min) Time (min)
*Broadening more likely with low flow rates, and narrow-bore (low-volume) column.

Address this by reducing the initial gradient composition, so the peaks focus on the column, or use injector
programming to start the gradient sometime before the sample injection is made.
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Summary

Key points to troubleshoot peak broadening:

1) Ensure that instrument tubing volume is minimized on your instrument.
2) Optimize data collection rates for your column.

3) Scale injection volumes to avoid column overload.

4) For gradients, check programming to account for system dwell volume.

If you require additional assistance, you can always contact Agilent technical support by logging on to
www.agilent.com/chem/contactus.
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