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Normal Mode .
Schematic

Equation
Examples

Normal Mode
Ideal Retention Ratio

When we have point particles in a channel of height w feeling a
force f then we can define a retention parameter A = kg T /fw and
retention ratio

p_fo_ ) ()

e (v) (o) (V)
onfeon (1) -] o (1)

i.e. constant for given force and apparatus. £ (x) = coth (x) —1/x
is the Langevin function
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Normal Mode Schematic

Equation
Examples

Some Uses of FFF
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Steric Mode

/

FIgU re€. Schematic of stericcmode FFF.
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Steric Mode

Retention Ratio

The new boundaries on the integrals give
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Phase Diagram

Steric Mode

Retention Ratio

The new boundaries on the integrals give

~ {ev)
R=10w

N 1-—2F

where F, (r,w) = 6F (1 — ).
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Schematic
Equation
Steric Mode Scaling
Nonmonoticity
Normal vs Steric Mode

iagram

Steric Mode

Even if the force is held constant for all particles sizes there is still

separation because steric effects move larger particles closer to the
centre than smaller particles.

0.002

W
0.1

%80 01 o2 03 04 05
85 01 02 03 04
7

Tyler Shendruk Gary Slater Ideal Retention Theory for . FFF



Schematic
Equation
Steric Mode Scaling
Nonmonoticity
Nor vs Steric Mode
Pha iagram

Scaling

Before

Had variation of R as function of ¥ for fixed \ i.e. fixed force f.
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Scaling

Before

Had variation of R as function of ¥ for fixed \ i.e. fixed force f.

Closer to Reality
Force will change with particle size. For instance, in sedimentation
the weight goes as the volume of the particle or A oc r=3. To be
general, let force scale as « such that the retention parameter is
ke T
= —F
uw

A

where 1 is the “strength” /coefficient of the force.
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Steric Mode

Schematic
Equation
Scaling
Nonmonoticity

Normal vs Steric Mode

Phase Diagram

| FFF-Method f [ o] A
Sedimentation %’TgApﬁ 3 %gZBp—,v_v“
Thermal 67rnDT7var 1 Mw
Magnetic %%H“ 3 % (%) -
Electrical 6mnueEr | 1 ﬁﬁ

Tyler Shendruk Gary Slater Ideal Retention Theory for . FFF




Schematic
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Phase Diagram

Retention Ratio

Retention Ratio as an Explicit Function of Size

[1 — 27] 7
21

FIgU €. Fixed A\ (equivalent to o = 0).

Tyler Shendruk Gary Slater Ideal Retention Theory for . FFF



Schematic
Equation
Steric Mode Scaling
Nonmonoticity
rmal vs Steric Mode
Diagram

Retention Ratio

A
005
002
001

0.005
0002
— oo

— 00005

— oo
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Figure: o =1.
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Phase Diagram

Nonmonotonic
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Moral of the Story: 10 .
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Figure: Ac=1.90x 1072 fora = 1.
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Schematic
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Steric Mode Scaling
Nonmonoticity
Normal vs Steric Mode
Phase Diagram

Elution Order

Recall R = (V) / (v) = to/tr

normal-mode smaller particles elute before larger particles because the force increases with size.

Figure: Normal o« = 1,2,3
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Normal vs Steric Mode
Phase Diagram
Elution Order

Recall R = (V) / (v) = to/tr
normal-mode

smaller particles elute before larger particles because the force increases with size.
steric-mode

larger particles elute before smaller particles because the exclusion region increase with size.
1ofs

Figure: Normal o« = 1,2,3

Figure: steric Mode, fixed A
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Elution Order

Recall R = (V) / (v) = to/tr
normal-mode

smaller particles elute before larger particles because the force increases with size.
steric-mode larger particles elute before smaller particles because the

exclusion region increase with size.

Figure: Normal o« = 1,2,3

Figure: steric Mode, fixed A

Figure: steric Mode, a =1
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Schematic
Equation
Steric Mode Scaling
Nonmonoticity
Normal vs Steric Mode
Phase Diagram

Normal-Steric Transition

Normal Mode when R’ < 0 smaller particles elute before larger.

Steric Mode when R’ > 0 larger particles elute earlier than smaller.
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Schematic
Equation
Steric Mode Scaling
Nonmonoticity
Normal vs Steric Mode
Phase Diagram

Normal-Steric Transition

Normal Mode when R’ < 0 smaller particles elute before larger.

Steric Mode when R’ > 0 larger particles elute earlier than smaller.
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Flgu re a=1 Flgu I€. Trace the minimum of the retention ratio.
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Normal-Steric Transition

Normal Mode when R’ < 0 smaller particles elute before larger.

Steric Mode when R’ > 0 larger particles elute earlier than smaller.
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Normal-Steric Transition

Normal Mode when R’ < 0 smaller particles elute before larger.

Steric Mode when R’ > 0 larger particles elute earlier than smaller.
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Hydrodynamic Chromatography-mode
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FIgU €. For o = 1 and mid-range A, R shows a steric-mode-like elution order at tiny F.
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Hydrodynamic Chromatography-mode
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Stress over Surface Area
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FIng €. Schematic of surface area integration of stress on particle.
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Finite-Size Effects

r_ M _ (V) _ 1 [ c)V(y)dy .
vy (v v foeldy V() = (1+ EW) v (5)
6

Retention Ratio

R—%\[l—zrw([l_;\ma) + F¢ (F)

where Fy (r,w) = 6F (1 — 37)
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Map (experimentally relevant)

Retention Parameter
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Real Units
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Verification

Map (experimentally relevant)

Retention Parameter
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FFF-Method Sedimentation Flow Thermal Magnetic
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Real Units
Microparticles
Microchannel
Microscopy
Approximations
Verification Conclusion

Our Choices

Where Particle Sizes are found on the
Retention Ratio Curve

Sedimentation of Polystyrene in 16 Channel Sedimentation of Polystyrene in 24om Chonnel
1 1 e
1.20f 5 120 o
115 ° 11 °
& & ° d
110 110
' o
e
10 © 105 °
o °
* 1 El 3 4 5 0 7 b 2 0 6 0] 10 2
r [pm] v lpm|

© Particle Sizes we have (R (um)=0.49, 0.76, 3.01, 7.75)

© Particle Sizes we are ordering (R (um)= 2.0, 6.0, 10.0)
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Verification

Microfluidic Devices

Real Units

Microchannel
Microscopy
Approximations

Conclusion

Mask Designs
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Verification Conclusion

Approximations

+ Fr

6/ . <[172;];“> 6/ . { ([1727];“> [1— 277
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Approximations
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Approximations
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