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Instrumental and Chemical Troubleshooting

Example of HPLC System’s components
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Instrumental and Chemical Troubleshooting

Parameters Effecting Performance

* Pulsation - Noise

* Delay volume

* Proportioning and Mixing of Mobile Phase
» Flow Precision

» Degassing

» Solvents quality

Low Pressure & High Pressure
Mixing Gradient Systems
Traditional Single Pump Gradient HPLC System

SYSTEM VOLUME Low Pressure mix

B
::?'®_OO D = |||||||H a— :I

L "tepy PULSE AUTO  {COLUMN
PUMP pamPENER SAMPLER DETECTOR

Some systems have a pulse dampener/mixer, some have mixers, others have both.

Traditional Multi-Pump Gradient HPLC System

SYSTEM VOLUME High Pressure mix

A — PUMP

00 = |
— o= (T ———‘:I
PUMP

PULSE AUTO EOLLRH
—
B__I= £t DAMPENER SAMPLER =

Some systems have a mixer, some have a pulse dampener/mixer, others have both.
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Instrumental and Chemical Troubleshooting

Low Pressure & High Pressure Mixing Gradient Systems

‘ 2 Pump - high pressure mixing‘

Waters Alliance System /
rd

SYSTEM VOLUME

opy R COLUMN
DEGASSER SOLVENT SAMPLE DETECTOR
‘ DELIVERY MANAGER

Waters Alliance re\quires no mixers or pulse dampeners

‘ GPV - low pressure mixing

Pulsation of Baseline

Low and High Pressure Gradient mixi

— 00204
=L J
o000 Conditions:
Column: Symmetry® Cyg, 5 um,
1 Binary Pump high pressure mix 3.9x 150 mm at 35° C.
y phigh p Mobile Phase :

Al

o nozn- gradient system A: 0.1% TFA in Water.
| B: 0.1% TFA in Acetonitrile.
1 Gradient : 5-40% B in 35 min.
Flow: 1.0 mL/min.

1 Sample: Water (10 pL inj. vol.).
0.000 Detection: 214 nm at 1pts/sec using Waters

. L. 996 Photodiode Array Detector
Low Pressure Gradient Mixing. Data: Waters Millennium®32 Software
= 0.020
= ]
0.000 T : T T :
5.00 10.00 15.00 20,00 25.00
minutes
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Instrumental and Chemical Troubleshooting

HPLC System 1

Ave baseline noise from 48 — 58min at 95%A / 5%B = 806

T oooz

‘ Threshold = 154’7

0.001 o

0.000
-0.0014
-0.00

T T T T T T T T T
45.00 43900 5000 51.00 52.00 53.00 54.00 5500 S6.00 5700 58 .00
Minutes

Al

-010

Propiophenone peak

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

HPLC Systen?
Ave baseline noise from 48 — 58min at 95%A / 5%B =179

] ‘Threshold = 188|

- . |Peakwidth=24 |

0.00 A\ I
Propiophenone peak
Mean R.T. = 14.580 Mean Area = 1,046,355 Ivilean Signal-to-Noise 207
Std. Dev. = 0.017 Std. Dev. = 8,813 Sieby. = 29.5
% RSD = 0.120 % RSD = 0.84 % RS 14.3
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System’s Gradient Delay Volume

Linear Gradient

100 —— Programmed
e | ow volume
""" Higher volume
c
g
5 50
wn
oM
R
0 ------
Volume or Time
System’s Gradient Delay Volume
Step Gradient
100
5
= 50
e}
wn
m — Programmed
X e | ow volume
0 . ===== Higher volume
Volume or Time
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Instrumental and Chemical Troubleshooting

Gradient Method Transfer
Component Mixers Pulse Component | Total System | Total System
or System ul Dampen Volume Volume uL Volume pl
er uL with mixer no mixer
Waters Alliance None Nonhe <650
Az Autosampler <1600
Quaternary pump Yes <2300 <3900
Binary pumps 500 Yes <550 <2150 Nat recommended
B: Autosampler <380
Quaternary purnp 300 No <650 <1030 <730
Binary pumps 500 Yes <550 <930 Not recommended
C: Autosampler 300 +loop
Quaternary pump None Yes 800 - 1100 >1100 - >1400
Binary pumps 420 Yes 600-900 | =900-=>1200  =480->780
Solvent Composition

2 Clearly specify HOW tihe Mobile Phase is to be prepa  red

| i— |

| —
60/40 /—K

pH Reminder: Measure pH Before the organic is added
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Importance of Solvent Blending
pH=4.9 pH=4.5

caffaines benzoic acid asparta me caffeine aspartame benzoic acid
wm nm
280,04 2680.04
260,04 260.04)
240,04 240.08
220,04 220,08
214m 214nm
1,00 e e Nes | O I s b
{ g o JFwe Tk =
- 1 Z @ = 1 15 d
=2 ] - g E = 3 = .g
5
J B @ E =
0. 0 0. 0H

050 100 1.50 200 250 300 350 400

050 100 1.50 200 250 300 3.50 4.00

Minutes Minutes

caffeine benzoic/aspartame
nam
Minor Changes in pH 280.08)
Effect Rs 260.08
24000y
22000y —
21 = _ pH=4.7
100G ot Nttt ]\_ M=6
q pH 4.7 cortaining 40% Methanel) E
Flow= frol/min =
= ] . &
=3 £ g
0.0 g =
D:ISD '1:30 1:‘30 2:30 2:‘50 3:30 3:‘30 4:30
Iinutes
HPLC Systems Variability
Gradient ‘ | Peal#i
. \
Test Mix I ” /
‘ | ‘
| [ ‘ “ ‘ ‘ I
NJ‘L,‘,, Uti . \LJ‘__\‘?J«iJWM
0 5 10 15 20 25 30 35 40
Minutes

Peak #10 Retention Time Reproducibility

34.80 3500 3520 3540

AU

3320 3340 3360  33.80 3400 34.40 3290 3310 3330 3350

Minutes

System 1

Minutes

System 2

Minutes

System 3

Minutes

System 4
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Instrumental and Chemical Troubleshooting

Below are two sets of data

generated with a Waters 2690 Separation

Module utilizing automated solvent blending (WPP214). The top set of data
(Set A) are 10 injections with a constant flow rate of 1 mlfmin. The bottom

set (Set B) was generated
0001 mlimin between eac

from 0.995 - 1.005 ml/min

Dr. Shula Levin,

reproducibility. This exper

with the same instrument by varying the flow rate

h of the 10 injections to span a flow rate range
n order to imitate poor retention time
ment was used to calculate the effects of

Precision of Area
and RT

retention time reproducibility on peak area reproducibility.

Set A

g

Conditions:

- Waters 2690
Separation Module
- Symmetry® C18
3.9 x 150mm

1 mL/min, 60:40
methanol:water,

30°C, 254nm

T
2.00

SetB

=
=

- PO standard
mixture acetone,
C2,C3.C4
alkylphenones

n=10

2.00

Minutes

T
4.00

FIGURE 1

Instability of RT and Area

Effects of Composition on Retention Time

Figure 1 upper panel shows the effect of varying the percentage of methanol in
0.2% increments from 60 to 60.6%. With Waters Alliance/PDA System (upper
panel), the retention times for this isocratic separation with automated solvent
blending are very reproducible when compared to a competitors traditional
system (Figure 1 lower panel and WPP201 and 203).

oo ) Waters
a2 M'TCE Alliance™ System
om0 N=6 Waters 2690, 998, and Millennium®
per group
0018
ot A =\Water
B= Methanol
an 1 mbLimin
0004
o000 L Symmetry® Cie 3.9x150 mm. 30C
5 w5 7 ] ] 3 PC Mixture, peak #4
Minutos
nos2 BOAER B0.0%R
ED2%B
0028
- N=G& Competitors Traditional
- per group HPLC gradient system
a0 A =\Water
ooz B= Methanol
oo 1 mL/min
0.004
nooa - Symmetryr Cie 3.9x150mm. 30C
o = - o w PC Mixture, peak #4
ratee
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FIGURE 2

Area

Effect of RT on Area

244000
. 60.0 W

Alliance system data
242000 = Average area at

% methanol, N=6 60.1
240000 [~
238000 [
236000 [
234000 |-
232000 1 . 1 1 L

5.60 5.65 5.70 575 5.80 5.85 5.90

Retention Time, minutes

0.0

-2.0

-4.0

% Area Change

Install vent line
in fume hood.

To Gradient
Proportioning Valve

Solvents’ Reservoirs

/‘f\

Vent Tube
—
.r"_.-_“_-_ —-_‘_‘—--.,_‘
[y
Sparge and -
Solvent Tubes

From Sparge Valves

&

Diffuser
Filter

Figure 2-7 Installing Sparge Lines in a Solvent Reservoir
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Instrumental and Chemical Troubleshooting

Degassing Effects Baseline Noise

Baseline Noise at Low UV: The presence of dissolved gas in the HPLC solvent can adversely effect
baseline noise at low UV wavelengths (<220 nm). Figure 2 shows excellent baseline stability at
210 nm when the HPLC solvents are degassed using either the Off-Line or In-Line technique.

0002 ot Line Sonication under Vacuum: Ave. Noise Peak Height = 221 +/- 11 uAU

AU at -W

210nm |

0.0004
| In-Line Solvent Vacuum Degasser: Ave. Noise Peak Height = 82 +/- 12 uAU

Effect of Degassing on RT and Area Reproducibility

AUCIE 8| gnica J JC UL

Peak 1 Peak 2 Peak 3 Peak 4
Mean 1.034 1.774 2.616 4.007
Std. Dev. 0.001 0.001 0.001 0.002
% RSD 0.095 0.055 0.046 0.043
Retention Time Repr ibili ing W In-Line V: m D r (N=

Peak 1 Peak 2 Peak 3 Peak 4
Mean 1.033 1.774 2.617 4.011
Std. Dev. 0.000 0.000 0.001 0.001
% RSD 0.018 0.018 0.021 0.019

Peak 1 Peak 2 Peak 3 Peak 4
Mean 819584 805535 632378 644649
Std. Dev 1370 1454 1352 1030
% RSD 0.167 0.181 0.214 0.160
Peak 1 Peak 2 Peak 3 Peak 4
Mean 859820 854044 668731 681039
Std. Dev. 2700 896 804 643
% RSD 0.314 0.104 0.090 0.094
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Pump

DRIVEN SPUR GEAR

~

H 5'['”%?“, IHI!TLLHIIH{L“L"‘J

-
T :
. '
FHlMéE:gR!VE b

T lll-li]|||1[i|l||HI[IIIIIII““"[I : NON-CIRCULAR
— DRIVE GEARS

MICROPROCESSOR
CONTROLLED
STEPFPING
MOTOR

Sapphire Plunger

Solvent Management
Flow Schematics

Eluents Degasser

Prime/Vent Valve Solvent Inline Filter

g0 w>»

Primary
Piston
Chamber

Accumulator
Piston Chamber

Inlet
Check
Valve

A\  Pressure
Accumulator (€l \
=) Transducer
"

Primary

@\ Pressure
-~ Transducer

System
—
To Sample In-Line
Manager Filter

Dr. Shula Levin, Medtechnica




Instrumental and Chemical Troubleshooting

Plunger Seal Options

\e)

General Purpose

High Organic

High Organic

Filter the Mobile Phase Solvents
Avoid Colloids

Apparatus L N

250mL Reservoir I ’
-

1 1
L
Funnel Base | l

tH
81
SOOUmLFIask/
Cap
1
1 -

Clamp
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Instrumental and Chemical Troubleshooting

Controlling Bacterial Growth in
Aqueous Mobile Phases Summary

* Questions to ask

— Am | using 100% aqueous mobile phases? Am | abéeltl a small amount of
organic modifier to my Mobile Phase A?

— Do | filter my agueous mobile phases through OrPfilters?

— How old is my mobile phase? Do | label the bottith preparation date?

— Do | “top off” or do | prepare fresh mobile phassgry 24 — 48 hr?

— What is the quality of my water? Has the quakdgantly changed? How is my
water purification system working? When was it lsestviced?

— Am | working with pH 7 phosphate buffer (whichV&RY susceptible to bacterial
growth)?

lim- LLiimes S ixesmits’ FHitear

Inlet Housing Qutlet Housing

In-Line Filter
Element
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Instrumental and Chemical Troubleshooting

Peak’s Origin:
Contamination accumulated on pump’s inhireefiilezr
320000_5
] Pressure Jump
3000.00 .
7 : Bubble-Detection
2800.0(L_
2800.00_:
000 " " s0d " 00 " Tsod 'Qtéaa' Y 'asod U "aood 0 Tasod T
Minutes
— SampleName Mobile phase QG Date Acquired 03/01/02 10:32:07 Acq Method Set| | NEGEG:zN
0.004]
Unexpected
Baseline Perturbation
0.002_
2
0.000
ood ' "so0 " 1000 " s0d 0 o00d 0 “2sed 0 aood 00 Tasod T aood

Minutes
__ sampleName Mobile phase QC Date Acquired 03/01/02 10:32:07 Acq Method | NG

Autosampler —
Sample Management
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Instrumental and Chemical Troubleshooting

Parameters Effecting Performance

* Linearity
e Carry-over

“Rheodyne” Based Valves

——

Position: Load Position: Inject
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Example for a Sample Management

Sample Management
Flow Schematics

Transducer

Waste / Vent
Valve

\\\\\\
, &
Valve O F‘
‘alve Open v4 Needle )j .
%% . Wash Valve

Valve Closed
Needle Wash Pump e
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Instrumental and Chemical Troubleshooting

Needle Types

3
3

L

<
<

Importance of Vials’ Quality

e Glass e Cleanliness
— Type |, 33-expansion glass, — Should be tested by HPLC, runin a
containing very low detectable free gradient mode, UV detection
ion content e Chemical
* Dimensional — retains of packaged product are shelf
— dimensions of each vial should be life tested by HPLC to ensure the
uniform to help prevent damage to lack of impurities

vial or instrument
e Cap/Septum

— tested by head space GC to ensure a
very low level of silicone polymers
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Contamination from Vials' Surfaces

0.0012

00010} Non-Certified

0.0008
-0.0006
< . .

0.0004 K ‘.

» ‘.

0.0002 N

H

0.00007 : —/L
.
.

-0.000: i D i i
1.00 2.86, 300 o 4.00 5.00 6.00 7.00 8.00

0
0 .
-------

0.0014

0.0012
Change of vial brand

0.0010 )
In the same experiment!

Certified
20.0005’
0.0004 ]
0.0002 ]

0.00007

-0.0002'} - - - - - -
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

Minutes

Solutions to Carryover

Wash vial
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Carry Over in the Injector
Washed by Blank Injection
A1100 VWD AU - A1100 AU 286 nm
0.0004
0.0003
—-0.0002/
<
0.0001
0.0000 T e 5 5
-0.0001-
A1100 VWD AU - A1100 AU 286 nm
0.0004
0.0008 Blank Injection 2
oz Contamination is cleaned
0.0001
0.0000 o A AP\t o b A e e o A A e e o s N NN PSP A A M o A e A eI
-0.0001
8.00 8.50 9.00 9.50 10.00 1050 11.00 1150 12.00 1250 13.00 13.50 14.00 14.50
Minutes
Injector Linearity
2,000
o
o 1,500 1 Different
@ volumes of
g_) the same
S 1o - standard
0 R2 = 0.9999 Methods
transfer
500 [—
o
o
0 | | , | |
0 20 40
10 30 50
Injection Volume mh
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0.5
0.4
S 03
Py
w0
lw)]
0.2
0.1

Injector Precision

Peak Area

N=6

5 10 20 50
Injection Volume

Peak 1
Peak 2
Peak 3

The Column Oven &
Connections
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Instrumental and Chemical Troubleshooting

Parameters Effecting Performance

Connections and tubing
Temperature control

Packing quality

Chemistry of the separation

Guard column or sample preparation

Parameters Effecting Performance

» Temperature control

» Packing quality

» Chemistry of the separation

» Guard column or sample preparation
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PEEK Connectors SelfAktjjisst

Using a Union
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Instrumental and Chemical Troubleshooting

Connection of the Column

Column Connections

0.090"
—»‘ “47 Parker
0.130"

— ’47 Waters
I Style

Ry
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Instrumental and Chemical Troubleshooting

Column Connection

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

Good Seal

(]

NOTE: column inlet connector not seated propen/

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

Extra-Colurmn Band Spreadiing
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Instrumental and Chemical Troubleshooting

Extra-Colurmn Band Spreadiing
Tubing Contribution

.009"

.040" .020"

l

Extra-Colurmn Band Spreadiing

Effect of Connecting Tubing on System Bandspreading

.009"

.020"
.040"

JU JL_J¥_
&n

sample band dispersion inside tubing

Diluted/Distorted Band
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Instrumental and Chemical Troubleshooting

Extra Column Band Broadening in Fast Chromatography

Parameters Effecting Performance

e GONNEGHONS ANd tubing...... .
» Temperature control '
» Packing quality
» Chemistry of the separation

» Guard column or sample preparation
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Column Heater/Cooler

Effect of Column Temperatore on Retention Times

Dr. Shula Levin, Medtechnica
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Temperature Control in the Oven

35 9C 32.2C 36.7C
—388C
39.1C
T 38.8C
39.1C T 38.7C
39.0C
35.9C 32.4C 37.0C

Beware of INCONSISTENCY

Remember this effect when transferring

methods
Remember this effect when transferring a method fro m the 1100 to Alliance or
Breeze
0421 8|Alliance at 24 C
%9}
0.10 "é R
2 S g [
) E § 8 Rs=1.027
N ] =
0053 8 Rs=2.584 0
85
2
|7}
0.00+ T 7 &
— ——
0.15 2 A1100 Binary at 35°C
; 3
kel ~ -
0.10- S o
: 8 I
N ol/o —
0.05] 5| [§ Rs=2.648 5| 5| Rs=0.904
2 g
5 T
0.0 2 7 3

17.50 18.00 18.50 19.00 19.50 20.00 20.50 21.0C
Minutes

L e e e L B L
15.00 15.50 16.00 16.50 17.0

S
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Importance of a Constant Temperature

Importance of Temperature Control
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Parameters Effecting Performance

« Connections and tubing
i « Packing quality :
« Chemistry of the separation :
» Guard column or sample preparation

Column Collapse

voided column
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Column Collapse

Silica Pre-Satiuratim Collumm

Preventing Column Collapse

Dr. Shula Levin, Medtechnica



Instrumental and Chemical Troubleshooting

Sources 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

Typical Chromatograms for pH/Heat Failure of ani®ady Cg
Silica Column
1 2 o 1. Uracil
Initial 2. Propranolol
4 3. Naphthalene
3 5 4. Acenaphthene
/\ 5. Amitriptyline
1
2 After failure
4
3
5
J B N
40 minutes
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Instrumental and Chemical Troubleshooting

Effect of Diluent on Peak Shape

Sample solvent very different
from the mobile phase

Sample solvent slightly different
from the mobile phase

Sample solvent similar to the
mobile phase

Parameters Effecting Performance

Connections and tubing

» Temperature control

» Packing quality

» Chemistry of the separation
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Installation and Equilibration

v 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 everysg@onds until
final analytical flow rate is reached)

mobile phase flow direction

—>

- TN AT _ “N
o)) NI —— D V) D

» )
A Eo
H§

[ ]

&
&)
o

Guard HPLC Column
HPLC Pump Manual  column

Injector

Detector

Column 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 um filter
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Instrumental and Chemical Troubleshooting

Column Failure Sources

» Sample-related questions to ask

— If Iinject neat standards prepared in mobile phase do | observe
these problems?

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

— Has the quality of my samples changed over time?
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