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The Effect of Particle Size

Van-Deemter curve for different particle sizes

45 ZORBAX Eclipse XDB-C18
4.6 x 50mm
40 «1, 85:15 ACN:Water
1.0nm. Octanophenone
0.05-5.0 mL/min
35 fw 20°C
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The Effect of Particle Size

Reducing the particle size will yield a...
a decreased H,,;, (better efficiency)
a at higher u (higher speed)

& with decreased slope (less loss of efficiency when increasing u)
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The Effect of Particle Size

Development of stationary phases
Year Particle size Plates/50 mm
1969 Q 100 pm 170
1973 @ 57 pm (pellicular) 350
1975 & 10 pm 2,000
1985 B 5.0 pm 4,000
1992 ® 3.5pm 7,500
2003 . <18pm 12,000
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The Effect of Particle Size

The big drawback of using smaller particles:

Pressure increases with the square of 1/d,

4>F>L.°h

Dp p
pd; >d?

F =flow, L, = column length, h = viscosity, d, = column diameter
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The Effect of Particle Size

Pressure dependence of length, diameter and particle size:

Pressure
[bar]

Column Length
[mm]

Particle Size
[1m]

Flow = 1 mL/min, viscosity = 0.75 cP

Group/Presentation Title

Agileml Techmologiss Agilent Restricted
Page 7 . Month ##, 200X

The Effect of Particle Size

Tricks to overcome this — optimize the particle size distribution (PSD)

300

Columns: ZORBAX SB-C18

Dimensions: 4.6 x 30mm, 1.8 mm |Narr0w 1.8nm — Narrow PSDl

Eluent: 85:15 ACN:Water

Flow Rates: 0.05 — 5.0 mL/min

Temp: 20°C

Sample: 1.0nk. Octanophenone in Eluent
Detection: UV 245nm

250

Pressure (Bar)

20% LOWER Pressure at
Optimum Flow (1.6 mL/min)
0 1 2 3 4 5

Flow Rate (mL/min)
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The Effect of Particle Size

Tricks to overcome this — optimize the particle size distribution (PSD)

Columns: ZORBAX SB-C18

Dimensions: 4.6 x 30mm, 1.8 nm

Eluent: 85:15 ACN:Water

Flow Rates: 0.05 — 5.0 mL/min

Temp: 20°C

Sample: 1.0nk. Octanophenone in Eluent
Detection: UV 245nm

7793 Plates @
1.6 mL/min
(-3.4%)

8065 Plates @
2.0 mL/min

Reduced Plate Height (h)

|Production 1.8mm — Wider PSD|

|Narrow 1.8nm — Narrow PSD|

0 2 4 6 8 10 12 1 16 18 2
Reduced Linear Velocity (n)
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How to use smaller particle sizes to
Improve existing method?

* Use a shorter column:
Compounds will elute earlier but with preserved resolution (higher
efficiency N of smaller particles).

Also, the linear velocity can be increased more than with larger particles
because lower loss of efficiency with increasing velocity of smaller particles.

* Keep column length constant:
Resolution Rs will increase with same retention time.

1
NHd— Rsu\/ﬁ

p
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How to increase the speed of a conventional method?
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Increasing speed

» Length scaling — to preserve efficiency adjust the particle size

p2

Example — present method running on a 250 x 4.6mm, 5.0um:

_ 250mm>1.847 _

So, use the closest available size — a 100 x 4.6mm, 1.8um column
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Increasing speed

* Length scaling — adjust the time

Example — scaling a 30min-method from a 250 mm to 100 mm column:
100mm:>30min )
t,=—————=12min
250mm
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Increasing speed

» If wanted, scale the diameter, too — but, adjust the flow:

Note: With a given max. flow of a LC system a higher linear velocity can only be
achieved with a smaller column ID!

Example — scaling a 1.4ml/min method from 4.6 mmiID to 3 mmiID:

_ 2. Ommg X.4ml/ min =0.595ml/min

2" e4.6mmg
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Increasing speed
* Optimizing the linear velocity (flow)

Smaller particles have an increased U, so, flow should be increased

opts

Example — increasing flow from 1.4ml/min to 3.6ml/min:
_L4aml/min>12min
3.6ml/min

Note: if the linear velocity is increased beyond the optimal velocity a reduction in efficiency must be expected!

t, =4.7min
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Increasing speed
* Optimizing the linear velocity (flow) — cont.

For gradient separations the gradient slope S should be preserved

<. D%B _  D%B
(Rt )My (Footg) Vi,

This describes the gradient slope as D%B per number of column
void volumes (V,,).
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Increasing speed

« Finally, adjusting the injection volume

To achieve same peak heights (LOD, LOQ) the injection volume
needs to be scaled according to the column void volumes

V.

inj2 _VMz

v -

injq1 VM].

Assuming an identical injection volume, with larger columns, i.e.
with a bigger void volume, the peaks would dilute more, resulting
in a smaller peak height and a lower detection limit.

_ | e—- Same sample amount but
different height if the injection
A volume is not adjusted!
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Increasing speed

*  Summary

Decrease!
Ly du Fi /\E Lo do Fo b

Length scaling  Flow scaling ” |ncrease!
And of course: N=—%=" =const. n
d p1 p2
pd2, >(;|52 XD Max. flow F ., dependent on max. system pressure p,,,, Column ID d,
FREFRy=——"—""—"— & Length L, Particle size d,, Viscosity h and the flow resitance factor
E A, h F of the column
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How to increase the resolution of a conventional method?
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Increasing Resolution

* The resolution equation:

ey
Effect of plate number,
separation factor and
retention factor on A
3 1(N)
2
ik}
1
20000 40000 60000 800U N
1.05 110 1.5 120 «
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Increasing Resolution
Selectivity (a) helps best but:

« Is difficult to predict (experience helps, model retention)
* Requires, software supported, optimization for separation of multi-
component mixtures (ChromSword, DryLab)

Example: "
© Extend C18, ACN, pH=6.0
Same sample, 18

analyzed with
different mAU

conditions but 28 | SBCN, MeOH, pH=1.9
always same fg

temperature and °
5-95%B gradient

in the same time. mAU
23 Extend 018 ACN, pH=10

min
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Increasing Resolution

High plate number (N) by decreasing the particle size of a column provides:
* Sharp and narrow peaks
* Better detection (better S/N)
 Peak capacity to resolve complex samples

But, resolution increases only with the square root of the plate number and

plate number increase is limited by experimental conditions (analysis time,

pressure)!
=3.58
Example: RS
1.8 ym
Same sample,
analyzed on a
RS—2 13

4.6mm x 50mm
Group/Presentation Title
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Increasing Resolution

Increasing the retention factor (K)

is very helpful between 5 and 10 but beyond that only off insignificant
improvement.

In gradient separations K can be influenced by the gradient slope, i.e. flow
and/or gradient time.

o

—_ o e
1- 15 >6 >DO/0 B NM (average K for gradient separation)

*

So, by just increasing the flow in a gradient separation k becomes bigger
and the resolution will improve!
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All scaling calculations to transfer methods to sub-2um
particles are done by the Agilent MethodTranslator

| T ]

For free - P/N
5989-5130EN
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Features of the Agilent MethodTranslator

Basic mode with certain pre-set parameters:

200 Saiimm HHLD

Enter the parameters of your existing method and the parameters of the
desired column you would like to convert to.
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Features of the Agilent MethodTranslator

Advanced mode — all calculation parameters in your hands:

e Tarvn) Fanie
T
i Smaw Civvarusm
T —

F Rezutanin Conviass

ES

More to enter but much more information returned.
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Features of the Agilent MethodTranslator

Viscosity Tables

W -Hdl
ER Y —— e |

ap

et Attt | Dk |

Taimperaire Dapendent Viscesily [cP] of Waler | keelominjis Micloes

Forw [0 " T W [m W [m [
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T
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Temperature and composition dependent for H,O/ACN and H,O/MeOH
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Does it work? - Example
Analysis of impurities of an active pharmaceutical ingredient by
conventional HPLC (4.6mmID x 250mm, 5.0um):
HG ~Ct :
mAU (;g) I
40 :
< |
Main Compound n
HOL O Q@ i
# /
“] (O O ,/"f ha ? ng
Q o Impurity A ;// O ’ O [‘ o
104 Im::rityD f | oot OcHy ) oot
/// Y Impurity C Impurity B//,./// / Bromanisole
0+ _’/’/‘ L_’///f
0 25 5 75 10 125 15 175 20 min
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Does it work?
Converting to a 4.6 mmID x 100 mm, RRHT column:;

» ik G

» Tigood Oy

R [lncailmin Cyrbied
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Does it work?

204
15

104

0, |

0 05 1 15 2 25 3 35 2

4‘.5 min
4.6 mmID x 100 mm, 1.8um Zorbax SB C18 -
H Speed Optimized
0.00 min 5%
4.33min 90%
4.98min  90%
4.99 min 5%
6.5 min 5%

OwWwww
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Does it work?

Al Conventional HPLC

40|

30

20

10

0 25 5 75 10 125 15 175 20 min
o Resolution optimized 1.8um
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Does it work? - Resolution

Agileml Techmologiss

Page 33

Best!
Rs v
25.00 7 4.6x250mm 4.6x100mm 3.0x100mm | 2.1x100mm | 2.1x50mm
5.0pm 1.8um 1.8um 1.8um 1.8um
20.00 1
W Rg(A, D)
15.00 B Rg(Main, A)
10.00 B Rg(C, Main)
B Rg(B, C)
5.00 1 I I I
000 | 6| .ol - |b| |b| e
O & o
QY @\0 é.\\/\?' S é.\(\,'?' < <& o Method
N & § > § « § «
& N K o R R K K
& < S Ny > >
N Q\e & QQ@ ,-\}0Q & & &
& N R 2° & R R R
S ) &L o
o PN <&
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Does it work? — Run Time
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Best!
[min] 1
4.6x250mm 4.6x100mm 3.0x100mm  2.1x100mm  2.1x50mm
25. 15.0um 1.8um 1.8um 1.8um 1.8um
20.00 4
15.00 +
10.00 7
L] | NN -
0007 Y o > > > >
O & o
qv &° & $ & & & &
& N > §§ N N &
> S @ R S S S
& Q S % Q S S
& © > & N > > >
N N & & &° & & &
N N R 3° & R R R
S ) &L &
9 PN <&

Method
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Does it work? — Solvent Consumption
Best!
[mL] 1
4.6x250mm 4.6x100mm 3.0x100mm | 2.1x100mm, 2.1x50mm
35.00 7 5.0pm 1.8pm 1.8pm 1.8pm 1.8pm
30.00 1
25.00 1
20.00 1
15.00 1
10.00 1
4% of
5.00 - I I I . conventional!
000 N NN > -6 S
(¥} . o
& & & K3 & & & & vethod
<8 & K ) :\{\‘4’0 R 60Q K 60Q
& & ¢°Q\\ s o S S
N < & &
() R <&
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Does it work? - Pressure Prediction of the
MethodTranslator*

Pressure
[bar]
4.6x250mm 4.6x100mm 3.0x100mm | 2.1x100mm = 2.1x50mm
600.00 5.0pm 1.8um 1.8um 1.8um 1.8um
500.00
400.00
predicted
300.00 B measured
200.00
100.00 I
0.00 T N T N N N
O QL @]
N ° & S & & & &
R R @\9 & 2 & & & & Method
& N K & R R R R
9 < > S = > >
& & & & & & & &
& & R 2° S R R R
o 6Q0 Q_0

*) calculated with the standard setting of the basic mode. Note: at very high flow rates larger deviations can be expected as the backpressure of
capillaries are not taken into account.
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The MethodTranslator - What about reality?

® You have to take additional backpressure of capillaries into account.
Smaller particles & higher Efficiencies & higher demands on dead volume, BUT:

backpressure induced by the column is proportional to dp2 but induced by capillaries
proportional to d*

® Real columns have a distribution of the particle size.

We have a higher amount of larger particles around the mean of 1.8um, other
manufactures have a higher amount of fines around their mean particle size.

® What is the real temperature of the column?

You have to consider energy lost by transmission but energy gain from friction! So, what
is the true temperature of the column, the true viscosity?

® Don'‘t forget about the real measured Efficiency!
The Efficiency of the column is deminished (sometimes dramatically) by extracolumn
volumes which cause bandspreading, injection volumes (not always an ideal solute can
be used) and by the detection (flow cell, acquisition rate). Depending on original method
and new method these contributions can be different!
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What is the MethodTranslator and what is it not?

The MethodTranslator is a tool to help you in converting established
methods to smaller particle size columns and utilize their advantages.
It gives you a fairly good starting point, but...

...the MethodTranslator is not a method development software like
ChromSword or DryLab!
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Summary

Sub-2um particle columns allow to get either shorter analysis times
and/or higher resolutions

® Time and solvent savings can be significant

® Transfer is very easy —the Agilent MethodTranslator is a tool to
support you

®* Nowadays, methods using sub-2um columns are as robust as
conventional HPLC methods
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For more information visit:
www.agilent.com/chem/1200rr
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Backup

*) calculated with the standard setting of the basic mode. Note: at very high flow rates larger deviations can be expected as the backpressure of

D |Length | Particle [ Flow [ Run [ Solent |\ | predicted [measured|Deviation o

lethod size Time s Conv RS (A D)Rs (Main, ARs (C, Main)[Rs (8, C) [pressure )| pressure | predicted

mm] | [mm] | (um]  imU/min]| [min] [mL] [bar] [bar] | pressure
IConventional HPLC 46 | 250 50 | 1.400 | 23.00 32.20 100% | 19.32 2.49 18.50 4.19 94.77_| 10350 | 8.43%
4.6 Simple conversion 46 | 100 18 | 1.400 | 9.20 12.88 40% 19.83 2.30 16.88 432 | 29250 | 300.00 | 5.34%
.6 Speed optimized 46 | 100 18 | 2585 | 4.98 12.87 40% 17.20 212 15.99 388 | 540.00 | 548.00 | 1.46%
4.6 Speed optimized 80° C*)| 4.6 | 100 18 | 4500 | 2.86 12.87 40% 14.53 119 12.50 341 | 540.00 | 569.00 | 5.10%
4.6 Resolution optimized 46 | 100 18 | 2585 | 9.20 23.78 74% 23.37 2.83 20.22 508 | 540.00 | 549.00 | 164%
.0 Speed optimized 30 | 100 18 | 1100 | 4.98 5.48 17% 16.77 212 16.13 376 | 540.00 | 547.00 | 1.28%
2.1 Speed optimized 21 | 100 18 | 0539 | 4.98 2.68 8% 14.62 2.07 14.83 328 | 540.00 | 514.00 | 506%
[2.1 Speed optimized **) 21 50 18 | 1077 | 1.25 135 4% 7.18 1.09 771 143 | 54000 | 51500 | 4.85%

capillaries are not taken into account.
**) Note: the resolution for the critical pair is below the usually accepted limit of 2 for such an analysis.
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Comparison of experimental kinetic plots for high temperature LC (5um, 30 and 150 °C) and high pressure UPLC
(1.7um, 40 -C). Maximum pressures: 400 and 1000 bar (UPLC), 400 bar (LC). Values for ¢°, A-C, n and D™ are listed
in Table 5. Columns and mobile phases: Blaze C18 200 (150mmx4.6 mm, 5um with 40/60 acetonitrile/water and
Acquity BEH C18 (100mmx2.1 mm, 1.7um) with 30/70 acetonitrile/water.
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Backup

0050
D.042

0047

L

0.00z - - - -
u 2 4 b B L
uy {mmis)

Theoretical plate-height curves for 5m particles, illustrating the effect of temperature on plate height and linear velocity. The plots were
calculated with Eg. (12) assuming values of: A = 0.66, B = 3.00 and C= 0.05. Diffusion coefficients for phenol in 40/60 acetonitrile/water were
calculated at each temperature according to Wilke-Chang and Egs. (11) and (13) [30,19]: 1x10-9 m2/s (25 °C), 2.4x10-9 m2/s (75 <C),
4.5x10-9 m2/s (125 <C), 7.7x10-9 m2/s (175 <C).
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