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Outline

• The chromatographic process and resolution

• Band broadening in the column – The Van Deemter equation

• The power of selectivity – How to choose an orthogonal column

• How delay volume impacts method development and transfer

• Introduction to scouting gradients
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Chromatographic Process

Partition between mobile phase and stationary phase (K = Cs/Cm)

Description of the separation:

Rs – Resolution

N – Column efficiency, plates

k, k’ – Retention factor, capacity factor  

α – Selectivity 

tret – Retention time
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Definition of Resolution

Rs =
tR-2 - tR-1

(w2 + w1)/2
=

∆tR

w

Resolution is a measure of the ability to separate two components  
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w

∆tR
=

N = Column efficiency – Column length and particle size

a = Selectivity – Mobile phase and stationary phase

k = Retention factor – Mobile phase strength

Resolution

Determined by three key parameters: 

Efficiency, selectivity, and retention 

The fundamental resolution equation
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Chromatographic Profile

Equations describing factors controlling RS

k =
(tR-t0)

t0

α = k2/k1

N = 16(tR / tW-base)2 

N = 5.56(tR / tW-1/2)2 

Theoretical plates – efficiency

Selectivity

Retention factor
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Factors That Affect Resolution

Selectivity impacts resolution the most

– Change bonded phase 

– Change mobile phase

Essentials for Good HPLC Method Development               DE31111974              7

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

R
e
s
o
lu

ti
o
n

Increasing N
Increasing Alpha
Increasing k'

Plates: 5000 10000 15000 20000                 25000

Alpha: 1.10 1.35 1.60 1.85 2.1

k 2.0 4.5 7.0 9.5 12.0

Typical analytical method development parameters

Resolution Efficiency Selectivity Retention
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Longitudinal 

diffusion

Putting It Together  
The van Deemter equation
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Linear Velocity  u

Eddy diffusion

Sum curve: van-Deemter

Resistance to mass transfer

H = A + B/u  + C u

The smaller the plate height, the higher the plate number and the 

greater the chromatographic resolution

u opt

H min
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H = L/N Large 

particle

Small

particle
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Van Deemter Curve 
Effect of particle size

Column: ZORBAX Eclipse XDB-C18 

Dimensions: 4.6 x 50 mm

Eluent: 85:15 ACN:Water

Flow rates: 0.05 – 5.0 mL/min

Temp: 20 °C

Sample: 1.0 L Octanophenone in Eluent

Volumetric Flow Rate (mL/min)

H
E
T
P

 (
cm

)

Smaller particle sizes yield flatter curves, minimal shift to higher flow rates

H = A  + B/u + Cu
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Poroshell Technology
What makes it better?
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Totally Porous Particle (TPP) Superficially Porous

• Analytes travel though the particle more efficiently: 
improving peak shape and resulting in faster run-times

• High efficiency allows you to use a larger SPP (ie. 2.7 µm) 
for nearly equivalent performance to a smaller TPP 
column (ie. sub-2.7 µm) 

• Using a larger particle allows for lower backpressure than 
comparable TPP columns, and flexible use on HPLC or 
UHPLC systems

Poroshell is made of a solid 

core with a porous outer 

layer



Factors that Affect Resolution

Selectivity impacts resolution the most

– Change bonded phase 

– Change mobile phase
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Column Choice
Evaluate different bonded phases

• Bonded phase affects selectivity (alpha)

• Different interactions for polar and non-polar compounds.

• Exploit other interactions with bonded phase (e.g., pi-pi)

• Changing the bonded phase can improve selectivity/resolution, reduce 
analysis time

• Using superficially porous particles (SPP) decreases Van Deemter band 
broadening
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Evaluating different bonded phase chemistries early can

save time in optimization and generate a more robust 

method



Selectivity Differences 
Across InfinityLab Poroshell bonded phases
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1. Hydrocortisone  2. B Estradiole, 3. Andostadiene 3. 17 dione, 4. Testosterone 

5. Ethyestradione 6. Estrone  7. Norethindone acetate  8. Progestreone
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40-80 % Methanol in 14 min, DAD 260, 80 nm 0.4 ml/min, 

2.1 x 100 mm column, 40 C, 0.1% Formic Acid in Water and 

Methanol, Agilent 1260 Method Development Solution



Importance of Alternate Selectivity Chemistries
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Three compounds

• Same molecular weight

• Only differ by positional 
location of the 
functionality

InfinityLab Poroshell 120 columns  4.6 x 50mm, 2.7um

70:30 – MeOH/H2O, 1.5 ml/min, 40o,  254nm



Polar Embedded Phase for Alternate Selectivity
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Beta Blockers

1. Atenolol
2. Pindolol
3. Naldolol
4. Metoprolol
5. Acebutolol
6. Propranolol
7. Alprenolol
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10-70 % Methanol/12 min, DAD 260 nm 0.35 ml/min, 2.1 x 100 mm 40 C 10 mM pH 3.8 Ammonium Formate Buffer and Methanol    

Polar 

embedded 

group provides 

unique 

selectivity



Improved Resolution and Peak Symmetry

On conventional media, exposed silanols can 

cause mixed mode effects and poor peak shape.

Polaris embedded phases provide additional

charge density to adjacent silanols through electron

delocalization, thereby removing

mixed-mode interactions and improving peak symmetry.
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Selectivity Can be Controlled by Changing pH

Time % Buffer % MeCN

0 10 90

5 90 10

7 10 90

2 ml/min 254 mn

1. Procainamide 

2. Caffeine

3. Acetyl Salicylic Acid

4. Hexanophenone Deg.

5. Dipyrimadole

6. Diltiazem

7. Diflunisal

8. Hexanophenone
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Instrument Impact on Column Performance
Dwell volume 

.

.

Number of Scans 

or points

Dwell 

volume

Dwell volume = volume from 
formation of gradient to the 
column
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Determining the Dwell Volume of Your System

• Look it up in the LC manual or follow the procedure below

• Replace column with short piece of HPLC stainless steel tubing

• Prepare mobile phase components
A. Water - UV-transparent
B. Water with 0.2% acetone - UV-absorbing

• Monitor at 265 nm

• Run gradient profile 0–100% B in10 min at 1.0 mL/min

• Record

• Expected dwell volume in UHPLCs – µL range!
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Measuring Dwell Volume (VD)

Best straight 

line fit through 

linear trace

Extension of original baseline

tD

• Intersection of the two lines identifies dwell time (tD)

• Dwell volume is equal to product of the flow rate and the dwell time

VD = tD x F
0 10 20

Time (min)

20 Essentials for Good HPLC Method Development               DE31111974              



Disregarding Delay Volume
• Measure instrument delay (dwell) volume; 𝑉𝐷

• Simulate larger 𝑉𝐷 with initial isocratic hold.  Simulate smaller 𝑉𝐷 with injection delay

• Model delay volume changes with simulation software, such as iSET

• Compare performance on different instruments
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Midpoint calculations

Quat with mixer V380

(~2.65-1.00) x 500 µL/min = 820 µL

Quat without mixer

(~2.15-1.00) x 500 µL/min = 570 µL 

Binary with V35 mixer (standard) (~10.45-10) 

x 500 µL/min = 225 µL



Starting Point 
Scouting gradient

A good starting point when developing a method is a scouting gradient. The 

conditions recommended by John Dolan are 5–95% acetonitrile, low pH, and are 

dependent on the column length.

Where 10 cm columns are chosen, use a 10 minute gradient. This example shows 

a 150 mm column.

“Making to the most of a Gradient Scouting Run”

LCGC North America Vol. 31,Number 1, 2013.
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Table 1:  Column volumes for various column configurations and recommended scouting 

gradient times

L (mm) dc (mm) Vm (mL) F (mL/min) tG (min)

250 4.6 2.5 1 60

150 4.6 1.6 2 20

150 2.1 0.33 0.4 20

100 4.6 1.0 2 10

100 2.1 0.22 0.4 10

50 2.1 0.11 0.5 5



Gradients are Critical Tools for Faster Methods

• Run a scouting method 5% to 95% organic (reversed phase)

• Quick evaluation: how much of the gradient is occupied

–
𝛥𝑡𝐺

𝑡𝐺
≤ 25% isocratic is recommended

–
𝛥𝑡𝐺

𝑡𝐺
≥ 40% gradient is recommended
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0 10 20 30 40

Changing Gradient Time to Affect Retention (k*) and 
Resolution

Time (min)

100% B

100% B

100% B

100% B

tg= 40

tg= 20

tg= 10

tg= 5

000995P1.PPT

0% B

0% B

0% B

0% B

1/k* = gradient steepness = b

tg F

S D%B  Vm

k* =

DF  = change in volume fraction of B solvent

S  = constant

F  = flow rate (mL/min.)

tg = gradient time (min.)

Vm = column void volume (mL)

• S  4–5 for small molecules

• 10 < S < 1000 for peptides 
and proteins
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Disregarding Delay Volume
• Measure instrument delay (dwell) volume; 𝑉𝐷

• Simulate larger 𝑉𝐷 with initial isocratic hold. Simulate smaller 𝑉𝐷 with injection delay

• Model delay volume changes with simulation software, such as iSET

• Compare performance on different instruments
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Midpoint calculations

Quat with mixer V380

(~2.65-1.00) x 500 µL/min =820 µL

Quat without mixer

(~2.15-1.00) x 500 µL/min =570 µL 

Binary with V35 mixer (standard) (~10.45-10) 

x 500 µL/min = 225 µL



LC Columns and Supplies Resources

• InfinityLab Poroshell Columns catalog: InfinityLab Poroshell 5991-8750EN

• Agilent BioHPLC Columns catalog: BioHPLC columns 5994-0974EN

• InfinityLab Supplies catalog: InfinityLab LC Supplies (agilent.com)

• LC Handbook: LC-Handbook-Complete-2.pdf (Agilent.com)

• LC troubleshooting poster: LC Troubleshooting Guide (Agilent.com)

• Agilent Community: Agilent Community

• Consumables Community:  

• App finder: Application Finder | Agilent

• Agilent University: Agilent University

• YouTube: Agilent Channel

• Your local product specialists 

• Agilent Peak Tales podcasts: peaktales.libsyn.com

• Webinars, upcoming and recorded: LC & LC/MS Column Webinars | Agilent

Agilent Collection of Columns, Supplies, and Standards Resources -

Consumables - Agilent Community
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https://www.agilent.com/cs/library/brochures/5991-8750EN_InfinityLab_Poroshell120_brochure.pdf
https://www.agilent.com/cs/library/catalogs/public/catalog-biohplc-columns-5994-0974en-agilent.pdf
https://www.agilent.com/cs/library/catalogs/public/InfinityLab_5991-8031EN_Catalog_LR.pdf
https://www.agilent.com/cs/library/primers/public/LC-Handbook-Complete-2.pdf
https://www.agilent.com/cs/library/posters/public/5994-0709EN-poster-LC-troubleshooting-agilent.pdf
https://community.agilent.com/
https://www.agilent.com/en/promotions/applicationfinder
http://www.agilent.com/crosslab/university
https://www.youtube.com/user/agilent
peaktales.libsyn.com
https://www.agilent.com/en/training-events/eseminars/lc-lc-ms-column-e-seminars
https://www.agilent.com/cs/library/technicaloverviews/public/5991-9271EN_HILIC_method_development_TechOverview.pdf
https://www.agilent.com/cs/library/selectionguide/public/selection-guide-infinitylab-columns-5994-1982en-agilent.pdf
https://www.agilent.com/en/product/biopharma-hplc-analysis/glycan-analysis/glycan-preparation/advancebio-gly-x-technology
https://community.agilent.com/technical/consumables/w/wiki/4953/agilent-collection-of-columns-supplies-and-standards-resources


Contact Agilent Chemistries and Supplies 
Technical Support

Available in the U.S. and Canada, 8-5 all time zones

1-800-227-9770 option 3, option 3:

Option 1 for GC and GC/MS columns and supplies

Option 2 for LC and LC/MS columns and supplies

Option 3 for sample preparation, filtration, and QuEChERS

Option 4 for spectroscopy supplies

Option 5 for chemical standards

Option 6 for Prozyme products

gc-column-support@agilent.com

lc-column-support@agilent.com

spp-support@agilent.com

spectro-supplies-support@agilent.com

chem-standards-support@agilent.com

pzi.info@agilent.com
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Questions?
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