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Instrumental Troubleshooting

Operation of HPLC System:Operation of HPLC System:
Instrumental ConsiderationsInstrumental Considerations
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Instrumental Troubleshooting

Pump Pump –– Solvent DeliverySolvent Delivery

Parameters Effecting PerformanceParameters Effecting Performance

• Pulsation  - Noise

• Delay volume
• Proportioning and Mixing of Mobile Phase
• Flow Precision

Low Pressure & High Pressure Low Pressure & High Pressure 
Mixing Gradient SystemsMixing Gradient Systems

Low Pressure mixLow Pressure mix

High Pressure mixHigh Pressure mix

Low Pressure & High Pressure Mixing Gradient SystemsLow Pressure & High Pressure Mixing Gradient Systems

2 Pump - high pressure mixing

GPV - low pressure mixing
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Pulsation of BaselinePulsation of Baseline

Conditions:
Column:  Symmetry® C18,, 5 µm, 
3.9 x 150 mm at 35º C.
Mobile Phase : 
A: 0.1% TFA in Water.
B: 0.1% TFA in Acetonitrile.
Gradient :  5 - 40% B in 35 min.
Flow :  1.0 mL/min.
Sample:  Water (10 µL inj. vol.).
Detection:  214 nm at 1pts/sec using Waters 
996 Photodiode Array Detector
Data:  Waters Millennium®32 Software

Low and High  Pressure Gradient mixing

Binary Pump high pressure mix 
gradient system

Low Pressure Gradient Mixing.

HPLC System 1HPLC System 1

Threshold = 154

Peak Width = 24

Ave baseline noise from 48 – 58min at 95%A / 5%B = 0.906

Propiophenone peak
Mean R.T. = 15.247 Mean Area=  1,014,539 Mean Signal-to-Noise=         177
Std. Dev. =     0.003 Std. Dev. =            4,248 Std. Dev. = 21.6
% RSD =        0.02 % RSD =               0.419 % RSD= 12.2

HPLC System 2HPLC System 2
Ave baseline noise from 48 – 58min at 95%A / 5%B = 0.779
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Threshold = 188

Propiophenone peak
Mean R.T. = 14.580 Mean Area= 1,046,355 Mean Signal-to-Noise=       207
Std. Dev. =     0.017 Std. Dev. =           8,813 Std. Dev. = 29.5
% RSD =        0.120 % RSD =                0.84 % RSD= 14.3

SystemSystem’’ s Gradient Delay Volumes Gradient Delay Volume
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SystemSystem’’ s Gradient Delay Volumes Gradient Delay Volume Gradient Method TransferGradient Method Transfer

Gradient Curves Gradient Curves 
Linear Convex and ConcaveLinear Convex and Concave

Solvent CompositionSolvent Composition
Clearly specify HOW the Mobile Phase is to be prepa redClearly specify HOW the Mobile Phase is to be prepa red

pH Reminder: Measure pH Before the organic is added

60/40
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Importance of Solvent BlendingImportance of Solvent Blending
pH=4.9 pH=4.5

pH=4.7

Minor Changes in pH Minor Changes in pH 
Effect Effect RsRs

HPLC Systems VariabilityHPLC Systems Variability

Gradient 

Test Mix

Peak #10 Retention Time Reproducibility
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Precision of Area Precision of Area 
and RTand RT

Instability of RT and AreaInstability of RT and Area
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Effect of RT on AreaEffect of RT on Area SolventsSolvents’’ ReservoirsReservoirs

InIn --Line DegassersLine Degassers

~0.5 ml volume~0.5 ml volume 8  ml volume8  ml volume

InIn --Line DegasserLine Degasser

Gradient Proportioning ValveGradient Proportioning Valve
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Degassing Effects Baseline NoiseDegassing Effects Baseline Noise
Effect of Degassing on RT and Area ReproducibilityEffect of Degassing on RT and Area Reproducibility

PumpPump

Sapphire Plunger

Seal

Solvent ManagementSolvent Management
Flow SchematicsFlow Schematics

PrimaryPrimary

AccumulatorAccumulator

A
B 
C       
D

To Sample To Sample 
ManagerManager

EluentsEluents

InIn--Line Line 
FilterFilter

DegasserDegasser GPVGPV

Inlet Inlet 
C/VC/V

Inlet Inlet 
C/VC/V

Pressure Pressure 
TransducerTransducer

PrimaryPrimary

Pressure Pressure 
TransducerTransducer

SystemSystem
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Plunger Seal OptionsPlunger Seal Options

High OrganicHigh Organic

General Purpose

Filter the Mobile Phase SolventsFilter the Mobile Phase Solvents
Avoid ColloidsAvoid Colloids

Reservoir’s Filter

In-Line Filter

Controlling Bacterial Growth in Controlling Bacterial Growth in 
Aqueous Mobile Phases SummaryAqueous Mobile Phases Summary

• Questions to ask
– Am I using 100% aqueous mobile phases? Am I able to add a small amount of 

organic modifier to my Mobile Phase A?

– Do I filter my aqueous mobile phases through 0.2 µm filters?
– How old is my mobile phase? Do I label the bottle with preparation date?
– Do I “top off” or do I prepare fresh mobile phases every 24 – 48 hr?
– What is the quality of my water? Has the quality recently changed? How is my 

water purification system working? When was it last serviced?
– Am I working with pH 7 phosphate buffer (which is VERY susceptible to bacterial 

growth)?

InIn --Line SolventsLine Solvents’’ FilterFilter
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PeakPeak’’ s Origin: s Origin: 
Contamination accumulated on pumpContamination accumulated on pump’’ s ins in--line filterline filter

Pressure Jump
Bubble-Detection

Unexpected 
Baseline Perturbation

AutosamplerAutosampler ––
Sample ManagementSample Management

““ RheodyneRheodyne”” Based ValvesBased Valves
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Sample ManagementSample Management

Flow SchematicsFlow Schematics Needle TypesNeedle Types

A            A            BB CC

Importance of VialsImportance of Vials’’ QualityQuality

• Glass
– Type I, 33-expansion glass, 

containing very low detectable free 
ion content.

• Dimensional
– dimensions of each vial should be 

uniform to help prevent damage to 
vial or instrument 

• Cap/Septum
– tested by head space GC to ensure a 

very low level of silicone polymers 

• Cleanliness
– Should be tested by HPLC, run in a 

gradient mode, UV detection

• Chemical
– retains of packaged product are shelf 

life tested by HPLC to ensure the 
lack of impurities

Contamination from VialsContamination from Vials’’ SurfacesSurfaces
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Solutions to CarryoverSolutions to Carryover

Wash vial

Carry Over in the InjectorCarry Over in the Injector
Washed by Blank InjectionWashed by Blank Injection
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Column Failure SourcesColumn Failure Sources

• Poor sample quality can reduce column lifetime
• Observed problems

– Inlet frit plugging
– Split peaks (efficiency loss)

• Sample-related inlet frit plugging or split peaks
– Solutions:

• Perform solid phase extraction (SPE) 
– Additional benefit: reduced MS ion suppression

• Protein precipitation plate (e.g., Sirocco™)

• Filter samples through 0.2 µm filter

Column Failure SourcesColumn Failure Sources

• Sample-related questions to ask
– If I inject neat standards prepared in mobile phase do I observe

these problems?

– If I prepare my standards in water and prepare them like samples
(e.g., SPE, filtration, etc.) do I still observe these problems?

– Has the quality of my samples changed over time?

The Column Oven & The Column Oven & 
ConnectionsConnections

Column Heater/CoolerColumn Heater/Cooler
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Effect of Column Effect of Column TemperatoreTemperatore on Retention Timeson Retention Times
Temperature Control in the OvenTemperature Control in the Oven

38.8C

38.8C

38.7C

39.1C

39.1C

39.0C

35.9C
32.2C 36.7C

35.9C 32.4C 37.0C

Beware of INCONSISTENCY

..

A
U

0.00

0.05

0.10

0.15

be
nz

oi
c 

ac
id

 -
 1

6.
55

8

m
et

hy
lp

ar
ab

en
 -

 1
7.

04
5

be
nz

oc
ai

ne
 -

 1
9.

28
6

ac
et

op
he

no
ne

 -
 1

9.
49

7

A
U

0.00

0.05

0.10

0.15

Minutes

15.00 15.50 16.00 16.50 17.00 17.50 18.00 18.50 19.00 19.50 20.00 20.50 21.00

be
nz

oi
c 

ac
id

 -
 1

6.
60

0

m
et

hy
lp

ar
ab

en
 -

 1
7.

09
3

be
nz

oc
ai

ne
 -

 1
9.

44
7

ac
et

op
he

no
ne

 -
 1

9.
63

3

Alliance at 24���� C

A1100 Binary at 35°C

Rs=2.584
Rs=1.027

Rs=2.648 Rs=0.904

Remember this effect when transferring a method fro m the 1100 to Alliance or 
Breeze

Remember this effect when transferring 
methods

Importance of a Constant TemperatureImportance of a Constant Temperature
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Importance of Temperature ControlImportance of Temperature Control Connection of the ColumnConnection of the Column

Column ConnectionsColumn Connections

0.090" 
Parker 
Style

0.130" 
Waters

Style

PEEK Connectors SelfPEEK Connectors Self--AdjustAdjust
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Column ConnectionColumn Connection

NOTE: column inlet connector not seated properly 

Good Seal

{PEEK Connectors Easier to Use  --  
         THF makes PEEK brittle}

•Make sure column inlet connected correctly  
•Make sure nut and ferrule are seated

ExtraExtra --Column Band SpreadingColumn Band Spreading

ExtraExtra --Column Band SpreadingColumn Band Spreading

.009"

.020".040"

Tubing Contribution

ExtraExtra --Column Band SpreadingColumn Band Spreading

.009"

.020"

.040"

Diluted/Distorted Band

sample band dispersion inside tubing

Effect of Connecting Tubing on System Bandspreading
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Extra Column Band Broadening in Fast ChromatographyExtra Column Band Broadening in Fast Chromatography Using a UnionUsing a Union

Column CollapseColumn Collapse

voided column

Column CollapseColumn Collapse
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Silica PreSilica Pre--Saturation ColumnSaturation Column
Preventing Column Collapse

Sources of Column PluggingSources of Column Plugging

Some Pre-column Filters Can Add 
Unacceptable Dead Volume�

Care should be taken to use the highest quality pre-column 
filters and to make sure that they are installed properly��

Guard
Column 

HPLC Column 

1.0

Waters

HPLC Pump Manual 
Injector

Detector

mobile phase flow direction

Connect Column Inlet 
Purge Column at Low Flow Rate To Waste --
Then Connect to Detector

( begin flow of analytical columns at 0.1 ml/min            
increase by 0.2 ml/min increments every 30 seconds until   
final analytical flow rate is reached)

Installation and EquilibrationInstallation and Equilibration


