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General Observations about HPLC
Separations

A good separation: isinecessary: fior good
pieanalyticall quantitation.

= Reselution firom unknown Interfering
compounds stich as metaboelites and “isebaric™
compeunds with' same neminall mass but
different identity’as our analyte.

s GO separationsshavertraditionally meant a
Iong gradient and eguilibration.




[HOW! can We speed! Up our
SEPalAliIONS?

Wihat isfourtgoeal?



More Observations

AS Wellncrease the system temperature, (column
eVen, etc.) retention time decreases. Peaks my.
show! better symmetnry.

AS flow’ rate INCreases;, Peaks DECOME NarroWer.

AS, particle; size decreases, resolution| IMpreves,
pUt system| pressuké; alsor INCreases.



How' can we control these
PaliaMetersy?



Equations tor help Understand
What's goingl on...



Retention, k'

(also called Capacity Factor)
kK’ =V4-Vo/Vo

Where Vj is the volume of an unretained compound and
V4 is the volume of the peak of interest.

k' is a measure of how well a compound is retained by the
column & HPLC system.

K’ is a phisiochemical property of a given substance relative to
the stationary phase and the solvent system/gradient.

For a given system/analyte combination, k' is always the
same, regardless of solvent velocity.



Poorly Retained Compound
(“validated”, isocratic method! provided by client)

Project: 004.01 Batch Name: 5_6_06.deb

XIC of +MRM (2 pairs): 315.3/207 5 amu from Sample 410 (667ng/mL Ganaxclone, 10ul injection, spe cartridge, 70% AcN)of5_06_06_00 Max. 1.0ed cps
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Same compound after mobile phase adjustment (% organic lowered).
Method stillfisocratic.

Project: 004.01 Batch Name: 5_6_06.dsb

W XIC of +WMRM (2 pairs): 315.3/297 5 amu from Sample 652 (1/2 Cortrol A, 50Ul Plasma Std, 10Ul Plasma based |5, then 40ul NH4AC (40m. Max. 1.1ed4 cps.
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Gradient method. Same compound, but new: withi excellent retention,
better peak shape, and non-interference from Glucuronide metabolites.

Project: 004.01 Batch Name: 5_6_06.dab

W XIC of +MRM (2 pairs) 315.3/297.5 amu from Sample 656 (1/2 Control A, 50ul Plasma Std, 10uL Plasma based 1S, then 40ul NH4AG (40m hax 95ed cps
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Selectivity, o
a = kz / k1

A nighly: selective system: will diffierentiate
PELWEEN tWo: compounds: ki wWill"be far
apart firom Ks



Example of O.K. Retention and poor Selectivity.

KIC of WMRM (3 pairs) 360.0/274 .0 amu from Sample 81 (10.2.06, 1000ng/mL) of 10.3 06 wiff (Turbo Spray)

e Ballistic gradient, good peai

1.0e6 )

DUt poor se

2

5.0e5

Intensity, cps

Max. 2.0e5 cps.

or,

0.0 T T T
1.5 2.0 25

Time, min

KIC of MRM (3 pairs) 360.0/274 .0 amu from Sample 81 (10.2.06, 1000ng/mL) of 10.3 06 wiff (Turbo Spray)

2.09
2.0e5

15e3
1.0e5

5.0ed

ol
o
o
=
=
w
c
-
il
=

Max. 2.0e5 cps.

0.0 T
25
Time, min

W x(C of -MRM (3 pairs), 249.0/205.0 amu from Sample 91 {10.2.06, 1000ng/mL} of 10.3 06 wiff {Turbo Spray)

2.10
1.00e8

Intensity, cps

Max. 1.0e6 cps.

14e6

1.0e6

Intensity, cps

Max. 14eb cps.

0.0 T T T
05 . 15 2.0 25

Time, min

35

Printing Date: Tuesday, March 20, 2007 Polarity/Scan Type: Negative MRM
Printing Time: 7:37:37 AM Analyst Version: 1.4.1

*3N J2130201
*Repair by DJIC




Example off both good Retention and Selectivity

KIC of -MRM (4 pairs). 360.0/274.0 amu from Sample 1 (System Suit, all 4 stds a about 50ng/mL, neat) of 12.05.06.wiff {Turbo Spray) Max. 2.3e4 cps
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example of rapid gradient program that may.
provide beth: separation; and selectivity,
(dependingl on analytes)




Separation Efficiency, N

Separation: Efficiency. is ofiten defined as N, the
AUMDBEr off theoretical plates in a column.

o RIE (retention time)/ Peak - wialli

An efficient: column: will'vield narrew! peaks even
On strengly: retained compounds) that have;long
fetention times.



Peak Symmetry

[For good guantitative results, symmetrical
PEAKS are Important.

Poorly shaped peaks, (broead, split,
frenting er'tailing)! result int lack o
Precision and acelracy:and in peok
detection limits.



[Factors affecting peak shape:

llemperature
s Mass transfier and partitioning off analyte between mobile and
stationary: phase
=, Mobile phase Viscosity

Linear velocity, & off mebile phase
= Higher v yields sharper peaks...

But retention may sufifer'ifi u is too fast:
Viobile phase pH:... should be; 2 pHiunits away. firom; pKA
off compound— an Ionized compound will exnibit 1ess
tailing and sharper peaks.  Iffmobile phase Is close to
pPKA of analyte, double; peaks might eccur.



_
Van Deemter curves off column plate height (H) vs. mobile phase, flow rate (u)
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[HOW. cani we apply: the theory: te
dChleve rapid separations?

A system must be careftlly’ putitogether terachieve
optimum separations. Following is'a practical’ guide.



[Heating system

Mobile; phase ideally: will' berheated! pre
INjector and between! injector and coltmn.

\V/arious  systems are out there. Column
may. be heated inl arconstant temp:. Water
path. (One Pre-heater that works s called
“Caloratherm®” made by: Selerity
Tlechnoeloegies.)



Use high pressure components and
fittings.

Peek will'pop eut under pressure

Stainless Steel should berinstalled caresully,
{0 aveididead volume andl teraveid

preaking valves.



Mixer and System Internal Volume

Keep: system internal velumelew! Use either a
simple IF connection or the lowest Velume; mixer
you canifind.

Remove dampers fem system.  They add 72 to
I mL off internalf volume; to; system — deadly: fior
fast LC!

Eliminate excess tubing| iren system), but don't
make it so extreme; that you can't change
columns, etc.!



Pay careftl attention te ID: of
tubing ana valves!

For 1.0 mm, 1.5 mm and 2.0 mm
columns, use 0.005" ID: Stainless Steel
tUubingrior all plumbing fren mixer to
column. Valve I should be 0:006"
(0005~ b valvesiare Unavailable, but
woeuld be best. 0.004" ID valves;are
availaple, but teer small'— calse; pressurke
[NCrease in system.)



Use only pre-cut and
electropolisheal SSitubingk.

Examine endsfunder Iow! pPoWEer mICrOSCOPE to
COnfirmi perfiect; cuts. — iff not... discard.

Ends must be; cut perfiectly: square. — iff Not...
discard.

Endsimustibe flat Withrne; ridges or
Imperfections. — I not... discard.



Column Backifitishing

Backilushing Is' net pessible; oniall celtmns
— chieck with manufacturer.

Gradient: backiltushr withr acetoenitrile,
methanoel, water and’ 10%: acetic acid.



[Heart Ut Injections

Tihis type of Injection Is domne oni the
Waters Acuity™" system. It may: e
ddapted te other Injectors; stch asithe
Leap HC Pal’™ Alutesampler.



Use a smalll injection volume.
[large Injections cause band broadening.

ihe; ideal injection volume; is very: small,
andivery: concentrated. Sample should
not be sorconcentrated it willF erashi into

solUtion: before! it Is adserbed at the head
of the column.



Injection: Matrix

Should ideally:matchrmobile phase A

For small volume; injections, matrix
PECOMES! Iess Important.

Ge0d peaks are possible even withra high
Erdanic Injection matrix iffinjection velume
IS small.



Use pH asi a tool for good
Separations

HPLLC techniguess using Silicarand phases such as
C-18 or C-8/ bonded to; Silica, eveni 10 years ago
ad armuch narrower usable; pH range ofi 5/ to) 7.

Contemperary. stationary: pRases ofiten have a
usable pH range from 1 te 10. (This is an
Enormous PENENt Inf achieving good
Sepalations:)

Mobiler phase; pH shouldibe 2 piHFunits away
from the Analyte’s pKA. (ihis avoids, tailing,
proad peaks and deuble peaks:)



Normal Peak and Split Peak,
Same run, 2 compounds

KIC of +MRM {10 pairs). 206 0/215.2 amu from Sample 18 (STD 2500) of BRX AEC 3-19-07 wiff (Turbo Spray)
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pH continued

Use acidi mobile phases; fior basic melecules
(Imoest drugs).

Use basic, high' pH moebile; phases! fior acidic

Mo

If t
Mo

ecules (some drugs).
Nere s bothian acidic and al basic site; on the

ecule;, use; anracidic,mobile phase. Tihe; bhasic

site; willfbe ienized and the acidic site; willkstay,
neutrall, as Iff it were not even there. Acidic
mobile phasesiare easier on the column.



Typical Organic Mobile Phase
(RPLC)

Organic System:

s 15t choice... pure Acetonitrile

s 20dichoice:.. 50/50 Acetonitrile/Methanol
= 3@ choice... pure Methanol

s For' difficult'separations... thy adding IPA or
Ethanel (non-denatured)

s Usually, norneed! toeracidifiy o basiiy: Organic
Mobile Phase.



Mobile phase Aqueous Bufifer
Systems

Tiriflueroacetic acid pHi1.5-2.5

Use 0.02% TEA (but avoid! iff pessible;— stays! in: system
and calses|ion SUppression).

Ammenium fermate pH range; 2.8-4.8, and 8.2-10.2

Xs% 2. tor5 mM Ammoenium; Acetate with 0.5 Y% Formic
o

Ammoenium acetate pH range 3.8-5.8, and 8.2-10.2

Xs% 2 015 mM Ammoenium: Acetate withi 1.0r% Acetic
of

Formic Acid, pH 1.89, Use 0.3%) Formic Acid

Acetic Acid, pH 2.38, Use 1.0% Acetic Acid



Mobile phase Aqueous Bufifer
Systems Continued

Ammoenitun Acetate, use 2 te: 5 miv

Ammoeniun Acetate with Base, 8.2 — 10.2 pH,
titrate wy/- Ammonitm Hydrexide, tse 0.1%

Ammoenium: Hydroxide in 10 mMAmmonitm
Acetate. pH IS 8.75.

In=between: pHi= Start Wit low: piH Wiillefstirfing
and measuring realtime with' pH meter —add
pase to solvent until desired pH'is reached. I
TS I the: buffier rande, phl will change: slowly:

Outside; bufifer zoene,; rapld jumps ini pH are to be
expected.



Water

Ponituse bottlied readent water— It Is
often contaminated with bacterial

Build and maintain'a goed high purity:
Water: System:

Feed waterteither distilled Water or pre-
puritied before it enters MilliQ) system.

UV light: bacterialt growtar suppression:in
Hoelding tank.




HPLC Columns

Not made; equal.

Efficiency; varies greatily’ (by. facter o abeut!s)
petween manliiacturers.

GIven same; efificiency, Dack-pressure; also; Varies
dreatly.

Thick coluUmn Walls impede efficient heat
transfer.

The only: way te judge ai column Is to) test it and
compare with others.



Summary.

Build artight system'— no dead velume and
consistent 1 ID:

Heart cut injection. Small injection.
Jeating system: designiis crucial.

Jse the best possible HPLC colummns

Use high guality: reagents/bufifers.

Insure systemihas aismall internal veltme.

Adjust pH,, buffiers and column to; yeur analyte
for good peak shiape, good retention andlgood
Separation.




Thank you!



Many: thanks te the fellowing
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