chunhyang University
- Department of Chemical Engineering

Prof. Jungkyun Im

by’

Z,,scu}

M


http://www.google.co.kr/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=vXAfbgz2b-XADM&tbnid=gfQvs9_F0hailM:&ved=0CAgQjRw4Hg&url=http://energy.korea.com/ko/archives/66704&ei=7Ig7VLK4C4yB8QWAh4GABQ&psig=AFQjCNGxv6ZkffmEXd1J-ARr-KsYE6bi6w&ust=1413274220278621
http://www.google.co.kr/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=Rx65Aeg5MCQnAM&tbnid=Qk0ihkJWJrUFKM:&ved=0CAgQjRw&url=https://play.google.com/store/apps/details?id=sch.ac.kr&ei=44g7VPTXB4Tg8AWi34L4Cw&psig=AFQjCNHjUMiq6OwHBvUy0XecO7yzdkvbZA&ust=1413274211201349

l'.

.

Expert Tips for Small Molecules

Simple DO's and DON'Ts to protect your HPLC Columns:

¢ DO use a quard cartridge.

¢ DO de-gas solvents.

¢ DO tightly cap column ends.

* DO use purified water and high purity solvents.

e DO use filters.

* Do check the purity of solvents when they arrive in the
laboratory.

e DO flush several volumes of methanol (or similar)
through the HPLC system prior to shutdown.

e DO flush several milliliters of solvent through new filters,
tubing and fittings before connection to the column.

¢ DO filter both the mobile phase and sample.

¢ DO store column at room temperature.

¢ DO protect the column from knocks and bumps.

¢ DO worry about salt build-up at fitting connections.

¢ DO atternpt to control the temperature of a column.

¢ DO rinse organic solvents from the column with 50/50
organic/agueous solvent prior to using buffers.

¢ DO use PEEK™ ferrules on one piece fingertights where
possible.

e DO contact SGE if in doubt.

I

* DON'T inject crude biological samples directly into a
column.

* DON'T let the column dry out.

e DON'T use a pH outside the manufacturer's recom-
mended range for your column.

e DON'T drop your HPLC column.

¢« DON'T use too much connecting tubing.

¢ DON'T place excessive back pressure on your column or
system.

e DON'T leave a buffer in a column or HPLC system at a
zero flow for extended periods of time.

* DON'T use low-grade solvents.

¢ DON'T encourage growth of microarganisms in agueous
buffers by preparing them days in advance.

* DON'T open the ends of the column — just to see what's
insidle.

* DON'T use a huge wrench to tighten tiny fittings.

e DON'T use stainless steel ferrules in connections.

* DON'T use high concentrations of aggressive mobile

phases. )

* DON'T top up mobile phases.
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Octanol-Water Partition Coefficients (log P Values)

» log Pis a measure of how well the neutral, unionized form of a drug
partitions between a lipid phase (e.g., n-octanol) and water

+ P is defined as the partition coefficient:

P=C,/C,
IflogP=5,C,/C,=100,000:1at equilibrium!

where C, and C,, are the equilibrium drug concentrations measured in
the n-octanol and water phases, respectively

» Traditional method for determining log P is the shake flask method:;
HPLC also widely used
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HPLC Mobile Phases — 10 bad habits to avoid

1. Measuring the pH of the mobile phase after the organic has been added

pH meters are calibrated to give the correct pH readback in agueous solution — the buffers you verify this with are aqueous. If you
measure the pH with the organic added, the pH will be different to that of measuring before organic addition.

However, the most important point is to be consistent. If you do always measure pH after the organic is added, make sure you state
this in the method so that everyone does it the same way. It won’t be 100% accurate, but at least it will be consistent. This is probably
more important than having the exact pH.

2. Not using a buffer

Buffers are present to control pH and resist a change in pH. Many other parts of method (e.g. sample matrix, CO2 in air, source of
water used for your mobile phase) can change the pH of the mobile phase causing shifts in retention, peak shape and peak response.
Formic acid, TFA etc. are not buffers.

3. Not using the buffer in its correct pH range

Each buffer salt has a 2 pH unit wide range over which it provides the optimal pH stability. Outside this window the salt is
ineffective at resisting change in pH.

Either use your buffer within the correct range or pick a buffer whose range covers the pH you require.

4. Adding buffer to organic
Mixing aqueous buffer into the organic phase carries a high risk of the buffer being precipitated — in many cases so finely that it may
not be obvious it has happened. ALWAYS add the organic to the aqueous phase, this greatly reduces the risk of buffer precipitation.

5. Using the pump to mix gradients from 0%

Modern pumps are very effective at mixing mobile phases and degassing online, however not everyone who ends up using your
method has a high quality pump. Premix your A and B starting mix to a single solution that runs at 100% on line A. e.g. Prepare the
starting mixture by mixing 950 ml aqueous with 50ml organic, then filter and degas. This reduces variability between HPLCs,
reduces the risk of bubbles and precipitation in the system. Note however that 95:5 mixed on the pump will not give the same
retention time as 95:5 premixed in the bottle — you normally need to add a few more percent organic when premixing.

5.5 Incomplete equilibration
It is recommended to equilibrate reversed phase columns with at least 10 column volumes, for buffered mobile phases with at least
20 column volumes before an analysis is initiated. Make sure all mobile phase channels are purged with the adequate mobile phase.



6. Not using the correct pH modifying acid or base for your buffer

Only use the acid or base that forms the buffer salt you are using. E.g. sodium phosphate buffers should be adjusted with only
phosphoric acid or sodium hydroxide.

7. Not stating the full information of your buffer in the method e.g. weigh 5g of sodium phosphate into 1000ml of water

The type of buffer (mono, di or tribasic) determines its pH buffering range.

The required molarity is what determines the buffer strength. 5g or anhydrous sodium phosphate and 5g of monohydrate sodium
phosphate will have different buffer strengths and will affect retention.

8. Filling lines with organic without checking what was in there before
If the previous method used buffer in line B and your method uses organic in line B there’s a good chance you will precipitate buffer in
your pump tubing / pump head. I did it in my early days and it caused a lot of damage. If in doubt — flush it out (80:20 water : organic).

9. Propping up bottles to get last drop out

It’s 5 to 5 and you’ve barely got enough mobile phase to finish the run — it’ll be running on fumes by the last few samples. Apart from
the risk or running your pump and column dry, mobile phases evaporate from the surface, so the mobile phase at the top of the bottle
will have changed composition from the bulk. This portion from the top is exactly what will be running through the column if you use
the last dregs in the bottle.

10. Using sonication to degas mobile phase
It’s great for making sure all your buffer salts have dissolved, but it’s the least effective method of degassing AND it quickly heats up

the mobile phase causing the organic portion to evaporate. Save yourself problems later — take 5mins to vacuum filter your mobile phase
— it degasses and filters in a single step.
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Quantitative Analysis



EXTERNAL STANDARDIZATION

* A Pure reference standard material
corresponding to the substance to be
determined is dissolved in a solvent at a
known concentration.

* Various quantities of this solution are injected
successively.

* The areas of each the peaks produced are
plotted versus the mass of the solute injected
and a calibration curve is produced.

INTERNAL STANDARDIZATION

5 Area

Arialyls * This is to avoid difficulty of introducing

precisely measured quantities into the
Gas Chromatography.

* |t involves two standards:

— Analytical: a pure sample of the compound to
be analyzed

T — —Internal: it is normally a substance that elutes
at a position close to the substance being
analysed and is well resolved, but it should
not be converted into analyte under normal
course of analysis.

3 Area
Int.Std.
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Calibration Curve for Absolute
Calibration Curve Method

External Standard method
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Quantitation — External standards

« Known concentrations of the

analyte using reference standards.

« Analyse unknown under the same
conditions, in the same run
sequence.

« Start with lowest concentration.
« Use bracketing technique

« Atleast5 injections per level
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Calibration Curve for Internal
Standard Method
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Advantages of Internal Standard Method

® Not affected by inconsistencies in injection volume.

10 pL
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9uL
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Internal Standard Calibration
Curve

* Internal standard is added to each
sample or standard in equal
concentration

* The Peak Area Ratio and
Concentration ratio is plotted for
each calibrant

* The Concentration ratio of the
sample is extrapolated from the
Peak Area Ration obtained

* Cs can be calculated as Cis is
known



What is Good Peak Shape and Why is it
Important ?

Good peak shape can be defined as a symmetrical or gaussian peak
and poor peak shape can include both peak fronting and tailing.

Good peak shape can be defined by....
Tailing factor of 1.0

High efficiency
Narrow peak width

Good peak shape is important for....
Improved resolution (Rs)

More accurate quantitation

Longer usable column lifetime (based on system suitability criteria)



How is Peak Shape Measured?

USP Tailing Factor Efficiency
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Mobile Phase Factors for Improved Peak Shape

pH

Buffers

Organic modifiers

Additional mobile phase
modifiers (TEA, TFA)



Good Peak Shape at Low pH

pH 7.0 PH 3.0
1 USP TF( 5%) ; USP TF (50/0)
2 3 2 : Column: ZORBAX Eclipse XDB-C8

4.6 x 150 mm, 5 um

Mobile Phase:85% 25 mM Na,HPO,
15% ACN

4 Flow Rate: 1.0 mL/min.
2 N Temperature: 35°C

Sample: Amphetamines
1. Phenylpropanclamine pkKa 9.4
2. Ephedrine pka 9.6
3. Amphetamine pka 9.8
4, Methamphetamine pka 10.1
5. Phentermine pka 10.1
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* These basic compounds have good peak shape when the pH is lowered and the
. silica silanols are protonated. e an




Effect of pH on Peak Shape at or Near
the Sample pK,

Column: ZORBAX SB-C8 4.6 x 150 mm, 5 pm 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 @
l CH,CH(CH,),
Ibuprofen
pK,=4.4
\L _—.LAL.-_A L— P
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01 2 3 4 5 B 7T & 9 10 61 2 3 4 &5 & T 8 @ 10
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* Inconsistent and tailing peaks may occur when operating close to an

analyte pKa and should be avoided. Slide 2
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Homovanillic Acid Equilibrium
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If the pH of the mobile phase matches the pKa of an analyte (50% ionized/50 % non-ionized), would two peaks be

present in the chromatogram, one due to the ionized form and the other due to the non-ionized form?

In reversed phase HPLC hydrophobic analytes are more strongly retained. lonic analytes are much less hydrophobic (more

hydrophilic) when they are in their ionized form and as a result their retention, k, will decrease. Analytes in their ionized

form will also show secondary interactions with the column (free silanol groups) and with the system which can result in

deleterious chromatographic peak shapes; mainly peak tailing.

Caution: High pH mobile phases can damage traditional silica based RP-HPLC columns. (working pH range: 2.5-7)

However, columns which are specifically designed to operate with high pH conditions (working pH range 1-12) are available

allowing the analysis of basic analytes using ion suppression. Traditionally the analysis of weak bases has been carried out at low

pH; essentially because the surface silanol species are non-ionized (pK a approximately 3.5)

and peak tailing is improved.

sSurface Silanol Equilibrium

- |"“-\ /"T"“x

50.00 50.00

% Mon-ionised % lonised

O —= k3w B o om =4 m 0

Non-ionized silanol groups result in the least peak tailing, whilst the ionized form

results in the worst peak shape.

At pH 3.5 the surface silanol groups are 50% ionized/50% non-ionized.

Lowering the mobile phase pH causes the acidic silanol groups to become less
ionized - below pH 1.5 the silanol groups are approximately 100% non-ionized and
peak tailing will be reduced (care should be taken at this extreme mobile phase pH

as the bonded phase may be degraded).

By raising the pH to 5.8 the silanol groups will be 100% ionized and peak tailing
will be at its worst with respect to secondary silanol retention.



The unwanted secondary silanol retention may be reduced (or even eliminated) by the addition of a small (sterically), highly surface
active base such as triethylamine (TEA), piperazine, N,N,N’,N’-tetramethylethylenediamine (TMEDA), or dimethyloctylamine
(DMOA). These bases interact with the surface silanol species in preference to the analyte molecule and are called ‘sacrificial

bases’. They are added to the mobile phase in sufficient concentration to ensure that the silica surface is fully deactivated at all times.
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Figure 36: Sacrificial bases.
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Figure 37: Improvement in basic analyte peak shape at low pH due to reduced surface silanol

interaction.



Using Triethylamine as a Sacrificial Base

4.5 Tailing Factor (Amphetaming)
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In this example the amphetamine molecule (pK a =10.01), exhibits very bad tailing with no triethylamine added (pK a =10.21), ina
mobile phase of pH 7.1. As the concentration of sacrificial base is increased, the peak shape steadily improves. The curve representing

peak tailing against TEA concentration in the mobile phase plateaus at approximately 10 mM, indicating almost total coverage

of the reactive silanol groups.



Use Buffered Mobile Phases for Best Peak Shape and
Retention

Column: ZORBAX Rapid Resolution Eclipse XDB-CB, 4.6 x 75 mm, 3.5 pm Mobile Phase: 44% A : 56% methanol
Flow Rate: 1.0 mL/min Temperature: 25°C Detection: UV 250 nm
Sample: 1. ketoprofen 2. ethyl paraben 3. hydrocortisone pKa 5.1 4. Fenoprofen pKa 4.5 5. propyl paraben &. Propranolol pKa 9.5 7. lbuprofen pka 4.4

A = pH 7.0 water A = pH 7.0, 25 mM phosphate buffer

1467

ey,

2
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« Buffered mobile phases enhance retention, resolution, and peak shape.



The End.



