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What Do We Troubleshoot

The typical LC troubleshooting approach asks the questions:
« What's wrong with the column?
« What's wrong with the instrument?

o But separations are controlled by more than just the column
or instrument.

The better question is “Why doesn’t my separation
work as expected?

o And the answer could be there is a problem with the
column, the instrument or something else (sample, mobile
phase etc.).
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1.      So once the bonded phase is selected, rapid method development will take place if an organized method development scheme is followed.  We break ours into a few simple steps, starting with a low pH mobile phase.  We start at low pH because it provides the best peak shape, good retention and the best long-term reproducibility.  This is because at low pH the column silanols are fully protonated minimizing interactions with them.
 
Then we choose the rest of our initial conditions.  First, we typically select the StableBond C18 or C8 as our starting bonded phase.  This will provide us with maximum lifetime with a bonded phase that has a great chance of succeeding in doing a separation.  We always choose Rapid Resolution columns to start.  These are columns with shorter lengths and smaller, 3.5 um particle sizes.  These columns reduce the run time and are great for figuring out what’s working quickly and for ending up with short analysis times.
 
The starting mobile phase is pH 1 –3, and is buffered for best peak shape and reproducibility.  This is critical.  Matrix and analyte peaks can be pH sensitive so it is important that the mobile phase be buffered.  We use either acetonitrile or methanol to start.  Then run scouting chromatograms until we find an optimum mobile phase ratio for our separation.  If we don’t achieve what we are looking for with the starting organic modifier, then we change to the other – methanol or acetonitrile.  If that still doesn’t work then change the bonded phase to optimize the separation and start with what looked like a promising mobile phase composition and scout accordingly.
 
With an optimized separation then we can use elevated temperature to reduce analysis time.


Presentation Goals

» Introduce the most commonly observed column related
problems in HPLC.

» Explore the reasons for these column problems.

» Propose preventative maintenance and method
development/optimization approaches to minimize HPLC
column problems and increase column lifetimes.
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Major Areas of Column Problems -
Dramatic Changes in 3 Key Areas:

1. U/HPLC System Pressure
2. Chromatogram - Peak Shape

3. Chromatogram - Peak Retention/Selectivity
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There are 3 main categories of column problems.  They are pressure problems, peak shape problems, and retention issues.  We are going to deal with them in this order.



1. Pressure Issues

« Large
Pressure
Increase

Column

Observations

Note: Low pressure is typically a connection or LC issue; unless the column

» Plugged Inlet
Frit

e Column
Contamination

* Plugged
Packing

has been improperly used and disassembled or lost all its packing.
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The only real pressure issue with a column is high back pressure.  There are several potential problems that result in high pressure and they are a plugged frit, column contamination, and plugged packing.  This is basically the order they occur in – with a plugged frit the most common cause of high pressure.



Determining the Cause and
Correcting High Back Pressure

» Check pressure with/without column - many pressure
problems are due to blockages elsewhere in the system

If column pressure remains high:
* Rinse column (remove detector from flow path!)
— Eliminate column contamination and plugged packing

— high molecular weight/adsorbed compounds
— precipitate from sample or buffer

» Back flush column — may clear plugged column inlet frit, may
not be possible, check column info

« Change column inlet frit (not possible on many newer
columns due to loss in efficiency, so discard column)

Tip: Eliminate pressure issues — add a 0.5 or 2um
in-line filter to system
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1.      So once the bonded phase is selected, rapid method development will take place if an organized method development scheme is followed.  We break ours into a few simple steps, starting with a low pH mobile phase.  We start at low pH because it provides the best peak shape, good retention and the best long-term reproducibility.  This is because at low pH the column silanols are fully protonated minimizing interactions with them.
 
Then we choose the rest of our initial conditions.  First, we typically select the StableBond C18 or C8 as our starting bonded phase.  This will provide us with maximum lifetime with a bonded phase that has a great chance of succeeding in doing a separation.  We always choose Rapid Resolution columns to start.  These are columns with shorter lengths and smaller, 3.5 um particle sizes.  These columns reduce the run time and are great for figuring out what’s working quickly and for ending up with short analysis times.
 
The starting mobile phase is pH 1 –3, and is buffered for best peak shape and reproducibility.  This is critical.  Matrix and analyte peaks can be pH sensitive so it is important that the mobile phase be buffered.  We use either acetonitrile or methanol to start.  Then run scouting chromatograms until we find an optimum mobile phase ratio for our separation.  If we don’t achieve what we are looking for with the starting organic modifier, then we change to the other – methanol or acetonitrile.  If that still doesn’t work then change the bonded phase to optimize the separation and start with what looked like a promising mobile phase composition and scout accordingly.
 
With an optimized separation then we can use elevated temperature to reduce analysis time.


Pressure Measurement

Pressure Problem

Pressure Too High

e Column inlet frit contaminated
* Frit in purge valve contaminated
e Column contaminated

* Blockage in a capillary, particularly needle
seat capillary

Use this valve
to divide the
system

* Rotor in injection valve plugged

* Injection needle or needle seat plugged
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Column Cleaning

Flush with stronger solvents than your mobile phase
Make sure detector is taken out of flow path

Reversed-Phase Solvent Choices in Order of Increasing Strength
Use at least 10 x V_, of each solvent for analytical columns

W=

5.
6.
7.

Mobile phase without buffer salts (water/organic)

100% Organic (MeOH or ACN)

Is pressure back in normal range?

If not, discard column or consider more drastic conditions:
75% Acetonitrile:25% Isopropanol, then

100% Isopropanol

100% Methylene Chloride*

100% Hexane*

* When using either Hexane or Methylene Chloride the column must be flushed with
Isopropanol before returning to your reversed-phase mobile phase.
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Flush the column with stronger solvents than your mobile phase in order to clean it.  If you are cleaning a reversed-phase column then some appropriate solvent choices are listed here.  You should use at least 25 mL of each solvent for a standard 4.6 mm id analytical column.  Smaller volumes can be used with smaller id columns.
 
The first step is to wash the column with the mobile phase without buffer salts.  This will wash out the salts and eliminate any possibility of precipitation before going on to stronger solvents.  Methanol and acetonitrile are the most common wash solvents and the first choice would be the one in your mobile phase.  Then I like to use a mix of ACN and IPA.  It will eliminate a lot of contaminants without the pressure generated by 100% isopropanol.  Some people will jump right to 100% IPA because it is stronger.  Stronger still are methylene chloride and hexane.  If you use either of these solvents it is important to note that to get back to your mobile phase you must pass through IPA because it is miscible with these solvents and acetonitrile and methanol.
 
Note that we do not encourage washing the column with 100% water.  This does not help remove strongly retained compounds in reversed-phase HPLC and can lead to further column contamination.  Buffer salts will not precipitate if you wash with your mobile phase aqueous organic composition without the salts.



Preventing Column Back Pressure Problems

 Filter mobile phase
— Filter non-HPLC grade solvents
— Filter buffer solutions —

— Install an in-line filter between auto-sampler and column
(removes pump seal debris, ALS rotor debris, and sample
particulates). Use 2 um frit for 3.5 um/5um columns, use 0.5 um
frit for 1.8 um/2.7 columns.

 Filter all samples and standards
» Perform sample clean-up (i.e. SPE, LLE) on dirty samples

« Appropriate column flushing — flush buffers from entire system with
water/organic mobile phase

« Replace buffers every 24-48 hours
— Never add to the bottle — always use a new one
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1.      So once the bonded phase is selected, rapid method development will take place if an organized method development scheme is followed.  We break ours into a few simple steps, starting with a low pH mobile phase.  We start at low pH because it provides the best peak shape, good retention and the best long-term reproducibility.  This is because at low pH the column silanols are fully protonated minimizing interactions with them.
 
Then we choose the rest of our initial conditions.  First, we typically select the StableBond C18 or C8 as our starting bonded phase.  This will provide us with maximum lifetime with a bonded phase that has a great chance of succeeding in doing a separation.  We always choose Rapid Resolution columns to start.  These are columns with shorter lengths and smaller, 3.5 um particle sizes.  These columns reduce the run time and are great for figuring out what’s working quickly and for ending up with short analysis times.
 
The starting mobile phase is pH 1 –3, and is buffered for best peak shape and reproducibility.  This is critical.  Matrix and analyte peaks can be pH sensitive so it is important that the mobile phase be buffered.  We use either acetonitrile or methanol to start.  Then run scouting chromatograms until we find an optimum mobile phase ratio for our separation.  If we don’t achieve what we are looking for with the starting organic modifier, then we change to the other – methanol or acetonitrile.  If that still doesn’t work then change the bonded phase to optimize the separation and start with what looked like a promising mobile phase composition and scout accordingly.
 
With an optimized separation then we can use elevated temperature to reduce analysis time.


2. Peak Shape Issues in HPLC

« Split peaks

* Peak tailing

* Broad peaks

* Poor efficiency (low N)
 Inconsistent response

»Many peak shape issues are also combinations —i.e.
broad and tailing or tailing with increased retention
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1.      So once the bonded phase is selected, rapid method development will take place if an organized method development scheme is followed.  We break ours into a few simple steps, starting with a low pH mobile phase.  We start at low pH because it provides the best peak shape, good retention and the best long-term reproducibility.  This is because at low pH the column silanols are fully protonated minimizing interactions with them.
 
Then we choose the rest of our initial conditions.  First, we typically select the StableBond C18 or C8 as our starting bonded phase.  This will provide us with maximum lifetime with a bonded phase that has a great chance of succeeding in doing a separation.  We always choose Rapid Resolution columns to start.  These are columns with shorter lengths and smaller, 3.5 um particle sizes.  These columns reduce the run time and are great for figuring out what’s working quickly and for ending up with short analysis times.
 
The starting mobile phase is pH 1 –3, and is buffered for best peak shape and reproducibility.  This is critical.  Matrix and analyte peaks can be pH sensitive so it is important that the mobile phase be buffered.  We use either acetonitrile or methanol to start.  Then run scouting chromatograms until we find an optimum mobile phase ratio for our separation.  If we don’t achieve what we are looking for with the starting organic modifier, then we change to the other – methanol or acetonitrile.  If that still doesn’t work then change the bonded phase to optimize the separation and start with what looked like a promising mobile phase composition and scout accordingly.
 
With an optimized separation then we can use elevated temperature to reduce analysis time.


Split Peaks

Can be caused by:

« Column contamination

* Partially plugged frit

« Column void (gap in packing bed)
* Injection solvent effects
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The first of these peak shape problems is split peaks.  Column contamination or a partially plugged frit can cause split peaks.  A partially plugged frit does not always show high pressure but can delay sample getting by that part of the frit, resulting in the split peak.
 
A column void, small or large, can cause split peaks.
 
Injection solvent effects can also cause split peaks.  This is one case of an apparent column problem being caused by other analysis conditions.



Split Peaks
Column Contamination

Mobile Phase: 60% 25 mM Na,HPO,, pH 3.0 : 40% MeOH Flow Rate: 1.0 mL/min

Column: StableBond SB-C8, 4.6 x 150 mm, 5 mm
Sample: Filtered OTC Cold Medication: 1. Pseudoephedrine 2. APAP 3. Unknown 4. Chlorpheniramine

Temperature: 35°C Detection: UV 254 nm

Injection 1
After Column Wash
with 100% ACN

2H 2 2 T
4
1
4
! 3
__L |
3
: A
5 ;0 0 5 50 5 10

10
)

Injection 1 Injection 30

Time (min Time (min Time (min)

* Column washing eliminates the peak splitting, which resulted from a contaminant on the column.
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Let’s focus on peak #3 in these chromatograms.  These chromatograms show the analysis of an over the counter cold medicine.  All we did to the sample was filer it.  We noticed that peak number 3 started out well-shaped as shown in the first chromatogram and then over time started to split as we see in the second chromatogram.  So after one group of samples was done, we flushed the column with 100% acetonitrile, which was substantially stronger than the mobile phase with 40% methanol.  The next group of samples started out with a well shaped peak again.  This indicates that column contamination was causing the split peak.



Split Peaks
Injection Solvent Effects

Column: StableBond SB-C8, 4.6 x 150 mm, 5 um Mobile Phase: 82% H,0 : 18% ACN

Injection Volume: 30 pL Sample: 1. Caffeine 2. Salicylamide
1
A. Injection Solvent B. Injection Solvent
100% Acetonitrile Mobile Phase
, 2
1
P G L
0 10 0 10

Time (min) Time (min)

* Injecting in a solvent stronger than the mobile phase can cause peak
shape problems, such as peak splitting or broadening

* Note : earlier peaks (low k) most affected by splitting, later peaks broader
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This example shows a split peak on the first component in the chromatogram on the left.  The injection solvent was 100% acetonitrile when the mobile phase was only 18% acetonitrile.  This is a lot stronger and the result is not surprising.  Notice on the second peak there is no splitting, but it is much broader than ideal.  Compare these peaks to those in the chromatogram on the right, where the injection is made in mobile phase.  Notice they are both sharp, efficient peaks.  Notice also the retention times are a little bit later.  This is normal when comparing to a chromatogram with a strong solvent injection.  The strong solvent essentially modifies the mobile phase, making it stronger, and carries some of the sample out ahead of the rest.  This effect causes the split peaks and earlier retention times.  It can be more beneficial to dilute the sample and inject more to minimize the difference between the mobile phase and injection solvent.  Many people will say – I have to inject in the strong solvent, it’s not soluble in anything else. In these cases we recommend diluting after you have dissolved it in the strong solvent.  You will not compromise detection limits because you will have a more efficient peak to offset the sample dilution.



Peak Shape Problems —
Doublets (A Form of Split Peaks)

Void Volume in Column
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* Void Volume in Column or Poor Fitting

* Partially Blocked Frit

* Only One-Peak a Doublet - Coeluting Components or one peak overloaded
 Early (low k) peaks most affected
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If all peaks in your chromatogram appear to have some form of doublet appearance then the cause is usually associated wit the column or instrument.  As the silica gel dissolves, the packing material may settle creating a void in the column.  The column void can produce poor peak shapes including tailing or doublets.  For small bore and microbore columns, the inlet frit may clog without a large change in pressure resulting in the formation of doublet peaks.  When just a few or one peak in the chromatogram appears to have a doublet appearance, the cause can be attributed to a co-eluting peak.



Determining the Cause of Split Peaks

1. Complex sample matrix or many samples analyzed -
likely column contamination or partially plugged
column frit.

2. Mobile phase pH > 7 - likely column void due to silica
dissolution (unless specialty column used, polymer
base - PLRP-S, ZORBAX Extend-C18 stable to pH 11.5)

3. Injection solvent stronger than mobile phase - likely
split and broad peaks, shape dependent on injection
volume and k value.
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In order to determine the cause of split peaks you need to look at a few analysis conditions.  First, look at your sample matrix and consider how many samples have been analyzed.  A complex sample matrix with a lot of extra components, especially late eluting compounds, can result in column contamination.  Or if a lot of samples have been analyzed column contamination is likely, especially if the mobile phase is highly aqueous.
 
If the mobile phase pH > 7 then it is possible split peaks are due to a column void.  The void is a result of the silica in the column dissolving at pH > 7.  There are some specialty columns available that can reduce the likelihood of this happening and if you know this will be your best mobile phase pH then check for the best column at this pH.
 
Finally, if your injection solvent is stronger than the mobile phase then split peaks are likely with injection volumes of greater than 15 – 20 ul on a 4.6 mm id column.  Split peaks are especially likely if the injection solvent is more than 25% stronger than the mobile phase or you are analyzing compounds with limited retention. 



Peak Tailing, Broadening
and Loss of Efficiency (N, plates)

May be caused by:

. Column “secondary interactions”
. Column packing voids

Column contamination

Column aging

Column loading

© oA ®w NS

Extra-column effects
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These types of peak shape problems can have a wide variety of causes.  Many times they can be caused by secondary interactions between the column and the analyte.  Secondary interactions are those that are other than partitioning.  The most typical type of secondary interaction is between the analyte and residual silanols.  Many times these are favorable interactions that enhance the selectivity of a separation but sometimes we see peak tailing.
 
Other potential causes of peak tailing, broadening and loss of efficiency are a column void, contamination, column aging, column loading and extra-column effects.  
 
In the next few slides we are going to show some examples and discuss these in more detail.
 



Peak Shape: Tailing Peaks
First Question: All Peaks or Some Peaks?

Causes
Some Peaks Tail:

Symmetry > 1.2

= Secondary - retention effects.
g — ‘ = Residual silanol interactions.
) = Small peak eluting on tail of larger peak
Normal Tailing
All Peaks Tail:

= Extra-column effects i.e. poor
L ‘ connections, too much volume
- = Build up of contamination on column
_JU inlet (partially plugged frit)

Normal Tailing = Bad column.
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Very interesting look at two categories- some and all peaks affected. We will address these in the next few slides.


Peak Tailing
Column “Secondary Interactions”

Column: C8, 4.6 x 150 mm, 5um Mobile Phase: 85% 25 mM Na,HPQO, : 15% ACN Flow Rate: 1.0 mL/min
Temperature: 35°C Sample: 1. Phenylpropanolamine 2. Ephedrine 3. Amphetamine 4. Methamphetamine 5. Phenteramine
1
1

2 3

pH 3.0 pH 7.0

USP TF (5%) 4 ‘s USP TF (5%)
5
4- 1 I33 4 5 4- 2-35
\ \ \ \ \ \
0.0 25 5.0 0.0 25 50

Time (min) Time (min)

* Reducing the mobile phase pH reduces interactions with silanols that can cause
peak tailing; No additional mobile phase modifiers required

« Consider bonded phase with more endcapping, designed for good pH 7 performance
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As I mentioned, a second way of reducing secondary interactions with residual silanols is to lower the pH.  Using the same separation and column as the last slide we lowered the pH to 3 and the tailing factor dropped to 1.33.  This is basically the equivalent result as adding TEA to the mobile phase.  
 
Mobile phase modifiers and changing the mobile phase pH are the two most effective ways of reducing column secondary interactions.  The example we showed you here was with basic compounds and most often these are the types of compounds complained about.  But secondary interactions can occur with acidic compounds and the silanols due to hydrogen bonding types of interactions.  The approach to eliminating these is the same.  Use a mobile phase modifier that competes.  We find that TFA is one of the best choices.  Or change the mobile phase pH to eliminate the hydrogen bonding.



Peak Tailing
Column Contamination

Column: StableBond SB-C8, 4.6 x 250 mm, 5um Mobile Phase: 20% H,0O : 80% MeOH Flow Rate: 1.0 mL/min
Temperature: R.T.  Detection: UV 254 nm Sample: 1. Uracil 2. Phenol 3. 4-Chloronitrobenzene 4. Toluene

QC test forward QC test reverse QC test after cleaning
- - - - 0 o
direction direction 100% IPA, 35°C
Plates TF 3 Plates TF Plates TF 8

3
1. 7629 2.08 1 7906 1.43 1. 7448 1.06
2. 12043 1.64 5 12443 121 2. 12237 1.21
3. 13727 1.69 3 17999 119 3. 15366 1.11 ,
4 13355 1.32 4 17098 125 2 4 19067 1.17

1 1 4

Y| v, Y |1 |

f T T | T T 1
00 25 50 0.0 25 50 0.0 25 5.0
Time (min) Time (min) Time (min)
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Column contamination can cause peak tailing.  And this is one of the more likely causes if the peak tailing was not there initially but occurred over time.  This column was tested with our standard QC test mix after the customer had used it.  The test shows that every peak in the mix is tailing beyond what we would expect.  One of the first things we often do to determine what is causing this is turn the column around and test it in the reverse.  Notice in the reverse the peak tailing is much improved.  This narrows the problem down to column contamination, a column void, or in some cases a partially plugged frit.  So we cleaned the column and found that nothing improved until we cleaned it with 100% IPA at 35C.  This is a moderately strong cleaning procedure as you recall from earlier in the talk.  This really emphasizes the benefits of a guard column.  Contamination occurs in the front of the column and being able to throw away the front of your column whenever it is contaminated can really simplify troubleshooting and prolong column lifetime.  
 
Actually, I confess we opened the column to look for a void after cleaning the column with 100% acetonitrile and not seeing the improvement we expected.  When we didn’t find a void we cleaned the column a little more.



Comparison of Peak Shape at Low and High Loads
Broadening and Tailing

mu High Sample Loads give broad or broad and
I tailing peaks
60 818%)5 mg/TL
.01 mg/m . .
0T mamL - Pw=02481  Dextromethorphan is 35% broader at high load
j“ 0.005 mg/mL dextromethorphan (4.1 uL injection volume)
40 | Low sample loads provide symmetrical,
| non-tailing peaks with narrow peak
| | Pw =0.2062 i
| widths
“ W\
20 |
| \ 2.7 um, Poroshell 120 EC-C18
| \ miu /\
| \ Pw=0.1827 Js // |
| \_ Pw=0.1840 3 / Pw =0.1835
N 013
| ‘ ‘ ‘ - ‘ ‘ - 8 85 o 9.5 10 min
8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6
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Peak Tailing/Broadening
Sample Load Effects

Columns: 4.6 x 150 mm, 5um Mobile Phase: 40% 25 mM Na,HPO, pH 7.0 : 60% ACN Flow Rate: 1.5 mL/min
Temperature: 40°C Sample: 1. Desipramine 2. Nortriptyline 3. Doxepin 4. Imipramine 5. Amitriptyline 6. Trimipramine
Tailing A High Load C Broadening
Eclipse XDB-C8 x10 ' Competitive C8
USP TF (5%) Plates
A B C D
1. 1.60  1.70 by | 1. 850 5941
2. 200 1.90 | | | | | | 2. 815 7842
3. 1.56 1.56 0 T 5 10 0 5 10 3. 2776 6231
ime (min) Time (min)
4. 213 1.70 4. 2539 8359
5. 215 1.86 B. D 5. 2735 10022
6. 125 1.25 Low Load ™ 6. 5189 10725
b ‘ ‘
0 5 0 5
Time (min) Time (min)

Group/Presentation Title
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All columns will show differences in peak shape at high sample load vs. low sample loads.  These peak shape issues can be either peak tailing or broadening and loss of efficiency.  These are two different C8 columns.  On the Eclipse XDB-C8 we see an increase in peak tailing at high sample load.  I think it is really important to test your sample tailing at high and low load during method development and set specifications around the high end.  But it is important to keep in mind that at low loads the tailing factor will look good.  Therefore some tailing at high loads will not reduce your detection limits, because it will not be present at low loads.  This type of tailing at high sample loads is due to secondary interactions.  At low sample loads with basic compounds you have not overloaded the residual silanols, but at high loads you can overload them and have two different separation mechanisms some partitioning and some interaction with silanols.  Therefore well made columns with low residual silanols can show more tailing at high sample loads.  This is more likely with columns with lower surface area.
 
Peak broadening can also occur with high sample loads.  This is more likely with columns with high surface area.  Notice on this competitive column how much broader the peaks are and how much efficiency is lost at high sample loads.  This is also an overloading phenomenon, but not necessarily an overloading of silanols because more are present.  At low levels the efficiency is good, also indicating that detection limits will be reasonable.  In either case always test at high and low loads with your sample.  Keep in mind that a high load of a basic compound can be several micrograms.  Much lower than most people expect.  This is because there are multiple separation mechanisms taking place.



Peak Broadening, Splitting
Column Void

Mobile Phase: 50%ACN: 50% Water : 0.2% TEA
(~ pH 11)

Initial

After 30 injections

L N

» Multiple peak shape changes can be caused by the same column problem.

* In this case a void resulted from silica dissolved at high pH
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This is a typical problem here.  Initially the peak shape was very good and then very quickly the peak became broad and started to split a little.  Quickly reviewing the mobile phase here indicated the problem.  The pH of this mobile phase was 11 and this quickly dissolved the silica and caused a void in the column.  The first sign of the void in this case is the broadening of the peak and not the splitting.  It can be either way – seeing splitting and then broadening or broadening then splitting – it all depends on how evenly across the top of the bed the silica dissolves.  In this case the person realized they forgot to adjust the pH of the mobile phase and when properly adjusted the problem went away.



Effect of pH on Peak Shape
What Happens Near the Sample pKa

Column: ZORBAX SB-C8 4.6 x 150 mm, 5um  Mobile Phase: 40% 5 mM KH,PO,: 60% ACN
Flow Rate: 1.0 mL/min. Temperature: RT

CH,CHCOOH

pH 4.4 pH 3.0 ©
|

CH,CH(CHs,),

Ibuprofen
“ pK,=4.4

X Jo U

\
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Time (min) Time (min)

* Inconsistent and tailing peaks may occur when operating close to an analyte’s pKa; mobile
phase pH should be selected to avoid this.

Agilent Technologies



 What this shows is that you do not want to work around the pKa of your analyte.  In this case the analyte is Ibuprofen, which has a pKa of 4.4.  When the pH of the mobile phase is at pH 4.4 we see a tailing peak.  But lowering the pH to more than one pH unit away from the pKa gives us very good peak shape.  This behavior may be very inconsistent and sometimes you may see more tailing than others – this is just a function of the equilibrium going on – it is impacted by many things (like temperature) and no column is going to solve this problem.  At pH 4.4 the silanols on this high purity, low acidity silica are not ionized so this is not an issue of ion exchange taking place and not taking place.  It could be at higher pH than this and that could create even more peak tailing.  So try to avoid using a mobile phase pH that is too close to any analyte pKa.  If you see peak tailing and don’t know the analyte pKa, then vary the mobile phase pH to see if that improves the peak shape.
 
(This is often seen as a column problem and the column can make it more visible depending on the actual pH, but it is not.  Over the years I have people complain about this without realizing the pKa of the analyte is the same is the mobile phase pH and the compounds and columns used – including non-Zorbax – have varied.  Unfortunately there are USP methods that set the pH of the mobile phase to the pKa of the analyte and people don’t think about this issue a lot.)



Determining the Cause of Peak Tailing

« Evaluate mobile phase effects - alter mobile phase pH
and/or additives to eliminate secondary interactions

» Evaluate column choice - try column with high purity silica
or different bonding technology

* Reduce sample load — injection volume and concentration
* Flush column and check for aging/void
« Eliminate extra-column effects — tubing, fittings, UV cell

v This is even more critical for today’s UHPLC
separations and with 2.1 mm ID columns
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So if you find your separation has unexpected peak tailing you should go back and review several things to determine the cause.  First, evaluate your mobile phase and see if by changing the mobile phase pH and the mobile phase buffer and other additives you can reduce peak tailing.  You should suspect column secondary interactions in cases where you are dealing with strong bases.  At the same time as you are evaluating your mobile phase, reevaluate your column choice.  Check the specifications of the column or ask the manufacturer if there is a similar, but better choice.  This can keep you from changing the method too much and making the improvements you need.  You may find that a change in bonding technology will do the job for you.
 
Also try reducing the sample load.  Just dilute it by a factor of 10 and reinject.  This will tell you if you have some secondary interactions.  Then you can decide what approach you want to take to eliminate the peak tailing, or if the peak tailing is a real problem at all.
 
I recommend that you wash the column and check it for aging that has caused an increase in peak tailing over time.  Check the column in the forward and reverse direction to help diagnose tailing or broadening due to a void or aging.
 
Keep in mind that sometime these problems can be due to parts of the system other than the column, including overdue sample maintenance or extra tubing.  There may be other things that can cause peak tailing and broadening, other than the column.  But starting with evaluating column conditions is good first step.



Peak Shape and Related Problems Due to Extra
Column Volume from Connections and Fittings

« ECVis volume in the LC system outside of the column.

* There will always be some in the flow path and the LC system
Is designed to minimize the impact of this.

« Connections and fittings, if made improperly, result in areas
where the flow does not move smoothly.

— These can be fittings swaged incorrectly, to the wrong depth or
incompatible fittings being used.

* These unswept or poorly swept areas will cause tailing,
broadening and loss of column efficiency

Agilent Technologies




Peak Tailing — Extra Column Effects

Poor Fitting

Problem:
All peaks tail

(top chromatogram).

DADT A, Sig=254 4 Ref=360,100 (MERCURY 20... DATA; MERCURY 2010 ECLIPSE PLUS 3X100,1.81USUYB0145300037.)

Before troubleshooting

Tailing peaks

2 4
DAD1 A, Sig=254 4 Ref=360,100 (MERCURY 20... DATA; MERCURY 2010 ECLIPSE PLUS 3X10Q§.8\USUYB0145300037.D| 7DAD1 A Sig=254 4 Ref=360,100 (MERCURY 20.. AND PRESS LOAD ECLIPSE PLUS C18 3X100, 1.81USUYBO145500037 D)

mAU -
600

500%
400%
300—?
zooé

100-

L

After troubleshooting m
Symmetrical Peaks

2
DAD1 A, Sig=254,4 Ref=360,100 (MERCURY 20.

mAU
600+

500+

400+

tubing connecting ALS and column was swaged improperly on the ALS

300+

200

100

Solution:

Replace tubing (bottom chromatc

ygram).
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Flow Rate: 0.833 mL/min

Acetonitrile/Water (60:40)
Injection Volume: 2.00 µL
TCC: 26 oC
DAD: Sig=254,4nm Ref=360,100nm

Sample: RRLC Checkout Sample (PN 5188-6529) spiked w/ 50 µL 2 mg/mL Thiourea in water/acetonitrile (65:35)

Column: Agilent ZORBAX Eclipse Plus C18, 3.0 mm x 100 mm, 1.8 µm



Peak Tailing/Fronting
What Happens If the Connection’s Poorly Made ?

Wrong ... too short

Mixing Chamber

gt =

»>If Dimension X is too short, a dead-volume, or mixing chamber, will occur

»This will broaden or split peaks or cause tailing.

>t will typically affect all peaks, but especially early eluting peaks.

Agilent Technologies



Stainless Steel and Polymer Fittings

give best sealing performance throughout our LC system (use this on

Agilent uses Swagelok type fittings with front and back ferrules, which . ﬁ =
the instrument connections, i.e. valves, heaters etc)

Stainless steel fittings — can be used anywhere and are especially
popular for higher pressure connections W ]
PEEK fittings (< 400 bar) are most popular when:

» Connections are changed frequently, i.e. connecting columns %
« Bio-compatibility is needed

« Pressure is less critical “

Polyketone fittings can be used up to 600 bar

» Use this fitting on column connections with Poroshell 120 W
(PN 5042-8957)

1200 bar removable fittings are available for UHPLC type systems

Some typical column connectors shown here

~5%- Agilent Technologies




1200 Bar Removable Fittings
Description Picture

5067-4733 1200 Bar Removable Fitting
5067-4738 1200 Bar Removable Long Fitting
5067-4739 1200 Bar Removable Extra Long Fitting

Fitting Description: Stainless steel screw, internal stainless steel ferrule, and a front ferrule in PEEK

Where to Use It: Anywhere in the flow path
Ideal for the connection between the heat exchanger and the column
because it can be re-used without losing tightness.
On competitive instruments
What Does it Replace: The standard stainless steel Swagelock fitting
Why: Because the heat exchanger has to be replaced when changing the column if a non-removable

Swagelok fitting was used

Agilent Technologies




Badly Made Hybrid (SS/Polymer Ferrule) Fitting
Repeatedly, Poorly Made

Agilent Technologies



Column Datasheet - Failure to Achieve Efficiency

Each Column is individually tested
LC Column X * |In order to achieve the performance

Agilent Technologies

Performance Repor B as shown in the data sheet (UHPLC

SERIAL NUMBER: USCFX01077

L]
PART NUMBER: 695975-302 COI u I I I n ) L]

COLUMM TYPE: ZORBAX Poroshell 120 EC-C18 3 x 100 mm, 2.7 pm
PACKING LOT#  B10034

— Collect data at proper rate

MOBILE PHASE = B0% Acetonitrile / 40% Water
COLUMN PRESSURE = 2398 Bar
COLUMN FLOW = 0.30 m! / min
LNEAR VELOCTY = 0983 e rsec — Use correct flow cell
TEMPERATURE = AMBIENT {Neminally 23 °C)
INJECTION VOLUME = 2yl

QUALITY CONTROL PERFORMAMNCE RESULTS FOR NAPHTHALENE - M i n i m iZe extra COI u m n VOI u m e

TEST VALUES SPECIFICATIONS

THEORETICA pUTES - s e — Use the correct sample and method
W T Note: The LC column performance
Iy report is generated under ideal
] ; conditions minimizing the system
4 g T effect; isolating the column
] | I - contribution

THIS COLUMMN WAS SHIPPED COMTAINING ACETONITRILE AND WATER.
MATERIAL SAFETY DATA SHEETS ARE AVAILABLE UPCON REQUEST.

Agilent Technologies




Extra Column Volume = sample volume + connecting tube
volume + fitting volume + detector cell volume

Sample
Pump  Injection

Mobile Extra Column t o 7) Data
Phase Volume \\l Device

The instrument schematic above depicts where extra-column volume can
occur, thus effecting instrument and column performance.

Agilent Technologies


Using columns with smaller volumes impacts gradient performance also. 

Extra column volume and dwell volume must be kept at a minimum. The effect of excess extra column volume is to decrease plates. The effect of dwell volume is to waste time.


Use 0.12 mm Tubing Instead of 0.17 mm Tubing

Inside Diameter (mm) Length (mm) Material Color Connections Part Number Volume (ul)
0.12 180 SS Red 1 end pre-swaged G1313-87304 2.0
0.12 280 SS Red 1 end pre-swaged 01090-87610 3.2
0.12 105 SS Red 1 end pre-swaged 01090-87611 1.2
0.12 150 SS Red pre-swaged G1315-87312 1.7
0.12 105 SS Red Without fittings 5021-1820 1.2
0.12 150 SS Red Without fittings 5021-1821 1.7
0.12 280 SS Red Without fittings 5021-1822 3.2
0.12 400 SS Red Without fittings 5021-1823 4.5
0.17 180 SS Green 1lend pre-swaged G1313-87305 4.1
0.17 280 SS Green 1end pre-swaged 01090-87304 6.4
0.17 130 SS Green 1end pre-swaged 01090-87305 2.9
0.17 90 SS Green 1end pre-swaged G1316-87300 2.0
0.17 105 SS Green  Without fittings 5021-1816 24
0.17 150 SS Green  Without fittings 5021-1817 3.4
0.17 280 SS Green  Without fittings 5021-1818 6.4
0.17 400 SS Green Without fittings 5021-1819 9.1

Use lower volume RED tubing when possible




Efficiency is greatly reduced when extra-column
volume increases

. 0.12 x 105 mm Red Tubing (1.2 uL)

5 I QC Test Conditions:
\“ 55% CH,CN
2 45% H,0

2 ‘ Isocratic, 0.6 mL/min
| 1 uL injection of QC Mix

N = 10500 | 28

! "\ |

10 I I

| 254 nm
S \“‘ \‘ ‘\ | /A
A A )\ J A\
O_JF’NMN\WVW‘,M SN S U | e At et msimarstesmoens e e et e ittt i et o e e e e,
0.2 0.4 0.6 0.8 1 1.2 14 min
mU (0,25 x 700 mm Blue TUblng (344 IJL) QC Mix (in elution order):
3 1. 5 ug/mL uracil
2 2. 200 ug/mL phenol
3. 25 ug/mL 4-chloro-nitrobenzene
2 4. 40 ug/mL naphthalene
1 N _
1 A N = 4500 In 50/50 MeCN/W ater
) [ [ -
5 \ “\
O%M MMMMMMMM o e N o N -
02 o4 o6 o8 1 1.2 1.4 min

QC test of a 2.1 x 50 mm, 1.8-um Eclipse Plus C18 showing the peak broadening
when larger volume tubing is installed between the autosampler and column.
43% of the efficiency is lost with too much extra column volume

Agilent Technologies
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0.8
0.7
061
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|
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X102

02
0.1

Effect of Extra Column Volume on an Isocratic
Analysis of Alkylphenones — Efficiency

DAD1 - A:Sig=254,4 NON_Opt_0-4mLmin_Iso_004.d

| Default 1290, 8.6 uL Extra-column Volume

P=227 bar
Rs;=2.38
N,=5529
1 Ng=9697
Ny=9947

DAD1 - A:Sig=254 4 OpI_IsManin_rOOQ.d

1Optimized 1290, 3.0 pL Extra-column Volume

0.9
0.8
0.7
061
051
041
03

P=230 bar

Rs56=2.77 16% increase
N,=8864 60% increase
Ng=11251 16% increase
Ng=10898 9.6% increase

I -\J\ A A

Response Units (%) vs. Acquisition Time (min)

02 04 06 08N € 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56 58 6

Agilent ZORBAX RRHD Eclipse Plus C18
2.1 mm x 50 mm, 1.8 ym, 959757-902

LC Rack System, 5001-3726
0.08 x 220 mm Capillary Tubing,
V(0)0.6 pL Flow Cell,

A: H,0; B: CH;CN

0.4 mL/min

Isocratic, 60% B

1 uL injection of RRLC Checkout Sample (PN 5188-
6529) spiked w/ 50 puL 2 mg/mL Thiourea in
water/acetonitrile

Agilent Technologies




Effect of Extra Column Volume on a Gradient
Analysis of Alkylphenones — Efficiency and Tailing

x10 127 DAD1-A:Sig=254,4NON_Opt_04mLmin_Grad_011.d Agllent ZORBAX RRHD ECIipse PIUS C18

Default 1290, 8.6 uL Extra-column Volume 2.1 mm x 50 mm, 1.8 ym, 959757-902

091 M

" Pmax=320 bar LC Rack System, 5001-3726

" Rsge=1.18

081 _'35 0.08 x 220 mm Capillary Tubing

05- Nc=

041 V(0)0.6 uL Flow Cell

031

021

014 k /\ A: H,0; B: CH,CN

0 \~_7 0.4 mL/min

102 |DAD! - A:Sig=254,4 Opt Grdient 0-mLmin 1003 ~ t (min) 0 1.2
1 - _

" Optimized 1290, 3.0 yL Extra-column Volume - o5 o5

031 P max=323 bar o

071 R35,6=2_25 91% increase 1 yL injection of RRLC Checkout Sample

Ez n.=56 60% increase (PN 5188-6529) spiked w/ 50 pL 2 mg/mL

024, Thiourea in water/acetonitrile

031 TCC: ambient

Ef /\ \ DAD: Sig=254,4nm; Ref=Off

0 A ¥ y i

Response Units (%) vs. Acquisition Time (min)

Agilent Technologies



nc = peak capacity
Extra column would need to be pre-column for the tailing to occur.  If it were post-column it would just be broader.


Extra-Column Volume effect on 2.1 mm Observed
Column Efficiency

35000

30000

3
.
*
25000 | W \ 2 :
20000
. . . : ©2.1 x50 mm, 1.8 um
z #2.1x 150 mm, 1.8 um
15000 Al

4.6 x 50 mm, 1.8 pm
10000
(]
5000 ; ; ;

H4.6 x 150 mm, 1.8 ym
0 5 10 15 20 25 30 35 40
Volume of Tubing between ALS and Column (uL)

The above scatter plots compare the effects of column length and internal diameter on
the ECV impact on efficiency; length has a lesser effect, while the column’s internal
diameter’s effect is much greater
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Effect of extra tubing volume on efficiency; comparison of 2.1 and 4.6 mm, 50 and 150 mm, 1.8 µm Zorbax Eclipse Plus C18 columns.
Larger volume columns are less effected by excess tubing (i.e. 4.6 mm ID)
Efficiency drops significantly when extra column volume exceeds 10%



Flow Cell

Flow Cells are an integral part of HPLC instrumentation.

— Choose the best one for the column used
— Don’t just use the largest one available
— Peak broadening will compromise sensitivity and detection limits

* While detector speed can compensate for excessive flow cell
dispersion, an appropriate flow cell should be used,

« The volume of a Standard flow cells for an Agilent 1100 or
1200 system is 10 pL.

* For best results, replace standard flow cells with 5 uL flow
cells (2 yL when using 2.1 mm ID columns)

Agilent Technologies




Flow Cell Choice With a 2.1 x100 mm Poroshell 120
EC-C18

Flow Cells
25000
20000 * 30% loss of efficiency with a
/;\ 10 mm standard flow cell
_ g . L
Z 1000 * With 2.1 mm columns, it is best
: /\ *k=05 to use a 3 mm flow cell.
% 10000 B k=2
U . k=3.8 Column part number 695775-902
5000 *
0
0 2 4 6 8 10 12

Flow Cell Path Length (mm)

1 ul QC Mix, Uracil, Phenol (k=0.5), 4-Chloronitrobenzene(k=2), Napthalene (k=3.8) 55% MeCN 45 % Water 0.55 ml/min micro flow cell

Agilent Technologies




Detection Issues

Recognize where the problem originates
* |s it a consequence of technique?

* |s it expected due to certain mobile phase
components?

« Can it be corrected by adjusting detector
parameters?

Answers Will Help Find a Solution!

Agilent Technologies


Slide says it all


Effect of Detector Response Time

The System is operating well-the settings were poorly made!

Slow Data Rates Can Hinder Impurity Detection and Reduce Sensitivity
Response Time

‘\ u 0.1 sec
1st peak = 1.2 sec

Agilent 1100 DAD
0.2 sec Agilent 1100 WPS with ADVR
At 20 pts/sec = 24 pts/sec ‘\ \ “ )
\p : : P , : L , , : : , Column: Poroshell 300SB-C18
2.1 X75 mm, 5 mm

0.5 sec Mobile Phase:
/L]\_ A: 95% H20, 5% ACN with 0.1% TFA

- — B: 5% H20, 5% ACN with 0.1% TFA

1st peak = 1.2 sec 1.0 sec Flow Rate: 2 mL/min
At 5 pts/sec = 6 pts ) Temperature: 70°C
\ \ \ \ \ \ \ \ | | \ Detector: UV 215 nm

Piston stroke: 20
2.0 sec
Sample:

0 01 02 03 04 05 W 01 08 09 0 1. Neurotensin3. Lysozyme
Tire i) 2. RNaseA 4. Myoglobin

e —
T 1

Adjust the response rate of your detector for best peak detection.

Agilent Technologies


The last point that is critical to doing fast analysis correctly and optimizing the LC is to set the detector response time to typically as low as it will go – around 0.1 sec.  The default in many instruments is 1.0 sec and as you can see from these chromatograms, this is way too slow.  At this response rate the number of points collected per peak is truly insufficient to define the peak and a broad, flat peak is seen.  At a correct response rate the peaks are sharp.  So do not overlook adjusting your LC for optimum gradient and isocratic results with small volume columns and rapid analysis. If you want optimal impurity detection test different data rates and choose rate appropriate to your sample.


Different UV Data Collection Rates and

MS Scan Rates in Scan Mode

Column: ZORBAX RRHD SB-C18, 2.1 x 100mm, 1.8um, 1200 bar

Sample: Green Tea

UV Data Collecti

on Rate

w012s o |
30 . .
200 ol (I \\ ;\ | PW1,2—0 018
100 “‘ “ ‘\‘\ . “ I
| \ \ | | ‘ \
0y e e \ ﬁj e \’/ \ —
0 0.25 05 075 1 1.25 15 175 min
D.25s “
300 || b -
l (- I / = )
200 | ‘\ “‘ i ‘ Il “\‘PW1/2 0-018‘\‘ I\
100 ‘ | (S A A
0 ‘/JHH‘%H*JL‘#J%‘\ — ‘ \‘V\ ‘
0 0.25 05 075 1 1.25 15 175 min
mlg's S
300 ) .
I | I = ‘
200 I ‘\\‘ (- I ‘MPW1/2 0019 )
‘ N
100 Il I R N
0 S v F=—— e
0 0.25 05 075 1 1.25 15 1.75 min
1.0s
300
200 A - “‘ PW1/2—0.025‘,\ .
f\ AT N
100 N NV A
0 N \‘7,4“ “LA S A N V. \ S L/ ‘\‘/‘ \
T . T ! T T 1
0 0.25 05 075 1 1.25 15 1.75 min
m/g'o S
300 —_
PW1/2—0.042
240
1eo NN NoA N /"/\\ AN
o0 _J \\y' \ SN J NS N \f \ ¢/ S VA AN
T T T T > T T 1
0 0.25 05 075 1 1.25 15 1.75 min

MS Scan Rate

‘ T

A

PW,,=0.024
S/N=39

PW,,=0.024
SIN=43

PW,,=0.027
S/N=86

...............
% L]
“ .

PW1/2—0 035
SIN 118

PW, ,=0.049
S/N=109

l
¥

*

RIS
RS

D2 N NI NG\ PR

- 1 T T 70 T T T T T T T T T T T T T T T 1
01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18 1.9
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A: 0.2% acetic acid in water
B: acetonitrile
1 mL/min
T	0	0.5	2
%B	10	15	21
Stop time: 2 min
Post run time: 2 min
1 uL injection of 0.006 mg/mL standard in water
TCC: 40 C
RRHD SB-C18 2.1 x 100 mm, 1.8 um
DAD: 210, 4 nm; Ref Off
MS, Pos SIM: 171, 307, 195, 291, 459, 443
dMRM transitions (frag=135):
GA: 171?109, 127 (CE=5)
(E)GC: 307?139, 121 (CE=50)
(E)C: 291?139,123 (CE=15)
Caff: 195? 138, 110 (CE=30)
(E)GCG: 459?139, 289 (CE=5)
(E)CG: 443?139, 123 (CE=40) 



Optimize Detector

Optimize detector settings by:

» Adjusting the scan rate and/or the time constant to the fastest possible
settings

» Reduce if needed so that signal-to-noise (S/N) is not reduced

Peak width control in ChemStation let’s you select the peak
width (response time) for your analysis.

» The peak width (as defined in the ChemStation software) is the width of a
peak at half height.

» Set the peak width to the narrowest expected peak in your sample.

» With Poroshell 120 column expect narrow peaks, like those on sub-2um

» Set the detector to the fastest setting, then to the second fastest setting
and evaluate if the S/N is different

Agilent Technologies




3. Retention Issues

* Retention time changes (t,)

* Retention factor changes (k’)

 Selectivity changes (alpha)



The third type of column problem is changes in retention.  Some people look at these as retention time changes, but simple retention time changes are most often system problems.  It’s more important to look at changes in retention of all components.  It’s also important to look and see if changes in selectivity have occurred.  All of these may indicate column changes.



Changes in Retention (k) - Same Column, Over
Time

May be caused by:

Column aging

Column contamination

Insufficient column equilibration

Poor column/mobile phase combination
Change in mobile phase

Change in flow rate

Change in column temperature

Other instrument issues

©® NS Ok b=
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It’s important to break retention problems down into what specifically has changed.  If you are dealing with one column only then some likely causes of changes in retention are column aging – i.e. loss of bonded-phase or column contamination causing a modified bonded-phase.  
It is also possible that insufficient equilibration is part of the problem, especially in high aqueous mobile phase.  It could also be that the combination of column and mobile phase you picked is not ideal and that more reproducible results can be obtained with a different combination.  This can easily occur with ionizable compounds and unbuffered mobile phases.  Many times changes in retention can be caused by changes in the mobile phase.  This can be something that it happening at the pump or unclear instructions or volatile mobile phase components.  There are other instrument related issues that can cause changes in retention including a change in the flow rate.



Change in Retention/Selectivity

Different column histories (aging)
Insufficient/inconsistent equilibration
Poor column/mobile phase combination
Change in mobile phase

Change in flow rate

Other instrument issues

N o o~ ODbdh -~

Slight changes in column bed volume (t, only)

Agilent Technologies



Changes in retention or selectivity are more often reported from column to column than on one single column.  This is because most people expect columns to wear out with time and some changes to take place.  But when they compare two columns they expect identical results.  But most often changes when two columns are compared are due to different column histories – or column aging.  That is someone is comparing results on a used column with extensive history to a new column that has seen no conditioning or aging under the analysis conditions.  Related to this are differences that are caused by inconsistent or insufficient equilibration.  Every mobile phase will not equilibrate in 10 column volumes. If you have multiple mobile phase additives or highly aqueous conditions equilibration can be critical and following the same procedure on two columns is important.  These are probably the two most common causes of changes from column-to-column.
 
Some other potential causes are poor column and mobile phase combination.  You may be using conditions that are not well suited to a column and this will make it harder to get reproducible results from column-to-column.  It is always best to keep in mind the limitations of a column when developing a method.  Changes in mobile phase or flow rate or other instrument issues may cause changes in retention and selectivity from column to column.  Notice that these potential causes are all basically the same as changes with one column.  It is important to learn them and how to troubleshoot them because they will help you in troubleshooting any retention or selectivity problem.  This includes problems on one column, from one to another of the same lot, and from one to another from different lots.
 
There is really only one thing that can change from column to column with the same lot of material and that is the physical amount of packing that is in the column.  This may vary slightly from column to column.  These changes in column bed volume will give you changes in retention time only.  This is why changes in retention and selectivity are very rarely related to the packed column or the process itself.



Example Change in Retention/Selectivity

Column-to-Column
Mobile Phase Variation

Column 1 Column 2 Column 2 - Fresh
mobile phase

0 4 6 0 2 3 45 6 7
Time (min) Time (min) Time (min)

JM\ M AK = M

‘I have experimented with our mobile phase, opening new bottles of all
mobile phase components. When | use all fresh ingredients, the
problem ceases to exist, and | have narrowed the problem to either a
bad bottle of TEA or phosphoric acid. Our problem has been solved.”

Agilent Technologies



Mobile Phase Variation – I picked this example because I learned as much from it as anyone else.  The customer reported that their selectivity and retention were very different on two columns and sent me the first two chromatograms.  I agreed that they looked different and investigated every angle of the column process on the two columns.  At the same time we asked the customer to make up new mobile phase with fresh reagents.  The result was a perfect chromatogram.  
 
Now, this is one of those cases where we will probably never know what it was about the mobile phase that made a difference, but there was a slight variation of some sort.  The important thing to note here is that the new column has no history, but the old column has a history with the mobile phase and has been conditioned under the customer’s conditions and is not sensitive to what ever is occurring.  This is one of those things that people insist can’t happen, but it does because every column is changed slightly by the mobile phases that are run through it.
 
This is similar to the method development experience when one column has been used for all the method development, including optimizing the mobile phase, and then a second column is tested and does not look exactly the same.  There is a lot of conditioning/aging of the column that took place on the first column that is not duplicated on the second.  With the ideal method none of this would occur.  This is going to happen most often when there are secondary interactions affecting the separation and changes in the mobile phase have affected the silica.  So using mobile phases that help limit silanol interactions can help prevent apparent changes from column to column.



Minimize Change in Retention/Selectivity
Lot-to-Lot

Evaluate:

1. All causes of column-to-column change*
2. Method ruggedness (buffers/ionic strength)
3. pH sensitivity (sample/column interactions)

*All causes of column-to-column change should be considered first,
especially when only one column from a lot has been tested.
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Every column manufacturer tries to make every batch of columns the same.  We know that reproducibility is a key parameter and don’t go changing things randomly. We also extensively QA and QC test column lots. But sometimes people see differences for their applications.  To evaluate the changes it is important to review all causes of column-to-column change because a column from another lot is still just another column.  This is even more important if only one column from a lot has been tested because it could easily be column aging/history issues.  If all column-to-column changes have been eliminated it is important to look at the method.  Most variations in behavior from lot-to-lot are related to method ruggedness issues – in particular buffers and ionic strength issues.  These variations from lot to lot take place most often when the compounds are ionizable so the chemistry of the column and the analyte must be considered together and can not be considered individually.  Buffers and ionic strength issues are the two most important here.  Also consider general pH sensitivity between the sample and the column. 


Dwell Volume

Sample
Pump  Injection B Detector

Volume

Mobile Data
Phase Device

Dwell Volume = volume from formation of gradient to top of column
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When using narrow-bore columns, instrumentation is crucial. Both Dwell Volume and Extra Column Volume (defined above) must be minimized for optimal use of narrow bore (2.1 mm ID) and microbore (1 mm, and <1mm ID) columns. 


Dwell Volume Differences Between Instruments
Can Cause Changes in Retention and Resolution

Vp=0.43mL Column: ZORBAX Rapid Resolution
Eclipse XDB-C8
4.6 x 75 mm, 3.5 ym

Mobile Phase: Gradient, 0 - 100 %B in 52.5 min.

A: 5/95 methanol/ 25 mM
phosphate
pH 2.50

B: 80/20 methanol/25 mM
. M L J\ phosphate

o 7 0 T 0 0 40" pH 2.50
Flow Rate: 0.5 mL/min

Temperature:25°C
Injection: 5puL
Detection: 250 nm

Sample: Mixture of antibiotics and
antidepressants

Upper trace simulates actual run
data entered into DryLab® 3.0

software
! {_ﬂ L j[ J\ Lower trace is simulated

o o 0 o i chromatogram for larger V,

| Vp=2.0mL
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What Do We Troubleshoot?
Let’s Look at a Complex Example and Troubleshoot

The typical LC troubleshooting approach asks the questions:

« What’s wrong with the column?
* What’s wrong with the instrument?

But separations are controlled by more than just the column or
iInstrument.

The better question is “Why Doesn’t My Separation Work as
Expected?”

And the answer could be there is a problem with the column,
the instrument or something else (sample, mobile phase, etc.)

Confidentiality Label
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Problem — Selectivity Does Not Appear the Same
from Column to Column

Details:

e 3 Columns with the same bonded phase were used

* They were the same dimensions, but with different particle
sizes (and therefore different lots of material)

» They were tested on the same day, on the same instrument,
with the same mobile phase

Problem:

* The selectivity was different on each of the columns

Confidentiality Label
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Inconsistent Selectivity between Particle Sizes of

Eclipse Plus C18, 4.6 x 50 mm,

m.p.: A: water, B: acetonitrile (60:40 A:B)
Flow : 1.5 mL/min

Temp:25C

Detection: UV 280nm,16, ref=360,20

mAlY < 8 5 Flow cell: 6mm, 5uL
E o © ) : ,
%5 . ) 2 ) T 5 um 6 5 Data rate: 0.2s
20 3 | I M - Inj. Vol 2 uL
E S [— 2 A — 2 '
7 g 8 4 A5 = 2.70 A
10~ | ¢ | | T I ) /o
i I Y| | Y | N=3800
M J S N
B \f
5 v
0 1‘ 2 é 4 5 min
g 8 Y 2
. : ;
| | I
| S 3.5um a
Q ‘ | |
|
1 | n = / N=7100
H “‘ \ || a 5’6 2 . 78 J// \
J\ I\ ) - N
T I T
1 2 3 4 5 min
maL 5 g
] Y - <
%7 g ‘ I 5
s \“ ‘M 1 -8um ;\’ N=9900

Confidentiality Label
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Problem with Proportioning Valve
One channel premixed mobile phase shows similar a

m.p.: A: water, acetonitrile (60:40 v/v)
; :  5um, UXE01033, NEP0652003

Flow : 1.5 mL/min
Temp:25C

f £ .
| i Detection: UV 280nm, 16, ref=360,20
.l' I 46 bar FI((a)vE\BICc;)I:ﬁ:I 6mm,5uEm *
l ] | I Data rate: 0.2s
1 2 Il’ I Inj. Vol 2 uL
. ‘f ll A | ’l1 0= 2.71 // \‘\
] 11 J ‘* /i \
.
) 3
, 5 1.8 um, UXG03882, B08021
: §
R — f’ 246 bar
I a=2.74 /
L
I |

min

. . Confidentiality Label
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Comparison of alpha values from proportioned and
premixed mobile phase

Column Type Alpha of peaks 5,6 Alpha of peaks 5,6 premixed
proportioned

S5um 2.70 2.71
3.5um 2.75 2.74
1.8um 2.88 2.74

*Selectivity changes from column to column and lot-to-lot are the
hardest to resolve

*Problems can be more than just the column.

*Increasing pressure can make problems harder to troubleshoot.
*Proportion of mobile phase changes with pressure.

Agilent Technologies




Conclusions:

Most HPLC column problems are evident as:

1. High pressure
2. Undesirable peak shape
3. Changes in retention/selectivity

These problems are not always
associated with the column and may be
caused by instrument and experimental
condition issues.

The LC Handbook, pub # 5990-7595EN
Contact LC Column Tech Support,

Agilent Technologies




)

The End — Thank You!




Determining the Dwell Volume (System Equilibration
Volume) For Your HPLC System

* Replace column with Zero Dead Volume (ZDV)
union

» Prepare mobile phase components

A = methanol
B = methanol with 0.2% v/v acetone

* Monitor at 254 nm

v~ Best straight linefit

* Run gradient from 0 to 100%B in 10 minutes through lineer trace

» Use flow rate appropriate with column and
HPLC system

Standard 1100 binary or quaternary system

- Bdension of arignd besdine
VD = tDX F 0 4 \ pE— \

10 20
— 4.6 mm (e.g., 1 mL/min),
Capillary HPLC system plumbed for

— 0.5 mm capillary column (10 - 20 pL/min) * Intersection o thetwo lines identifies dwell time ()

_ 0.3 mm capillary column (3 — 5 uL/min) * Dwell vdureis equd toproduct of theflow rate and the dwell timre

Agilent Technologies
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