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FIELD FLOW FRACTIONATION SCHEMATICS

e An ensemble of point-like solute parti-
cles in a channel of height w (= 1) is
subject to a force f and thermal noise,
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e The resulting concentration gradient
c(y) is pushed by a parabolic flow pro-
file ¥(y)

A

e The solute moves with an average veloc-
ity (), which normalized by solvent ve-

locity is R = (V) / (v} = (v} / {¢) (v) [1]
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Strong Force Limit If A\ < 1 then

R ~ 6\

Elution Order Smaller particles elute be-
fore larger particles whenever force
is an implicit function of particle size

Conclusion Ideal retention theory for
normal-mode FFF works well for
small particles subject to a relatively
strong force

CONCLUSION

e Strong forces push the particles right
against the wall. Traditionally the anal-

ysis holds A fixed for all sizes [2, 3]

A\ =~ constant

o If finite sized particles (radius 7) are in
contact with the wall, there is steric re-
pulsion

¢ Only a fraction 1 — 27 of the channel is
accessible to finite particles
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Strong Force Limit If A < 1 then

R~ F+6X(1—7)—12)°

Elution Order Larger particles see a faster
flow profile and elute before smaller
particles [4]

Conclusion Steric-mode retention theory
describes the elution of large par-
ticles but two separate theories are
needed one for normal-mode and a
second for steric-mode

o In reality, the force isn’t fixed. It varies
with size. To replace the implicit size de-
pendence and be completely explicit let

A= AF°

o The scaling exponent o describes the na-
ture of the force: in a gravitational field
f increases with volume so o = 3; in a
cross-flow f goes with dragsoa =1
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Approximation If A < 1 then
6A
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Elution Order R is  non-monotonic.
Small, light particles elute before

larger ones but large, heavy particles
elute before smaller ones

R~ F
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Conclusion By explicitly taking into ac-
count particle size, ideal retention
theory predicts the transition from
normal- to steric-mode

o If f{ = 0 then c is homogeneous and the
excluded region leads to separation

e In a weak field, the excluded region

dominates A ]

e This is the hydrodynamic chromatogra-
phy (HC) limit of FFF

o FFF retention theory automatically in-

cludes HC if size is included by setting
A= Ar—¢

R = unchanged
F = unchanged = 67 (1 — 7)
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Approximation If A > 1 then

R~ F

(1 —27)°

Elution Order There always exists a
regime of the tiniest sizes when ther-
mal energy dominates over potential
energy and FFF operates as HC
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Conclusion Normal-mode FFF exists as a
lobe below a critical A, surrounded
by steric-mode FFF and the hydrody-
namic chromatography limit
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e We included finite size with the wall but
retained V (g) = v (y). We improve this
by using Faxén’s Law [D]

8 7 _
V@) = (1+57) 0@
e This is the result of integrating fluid
stress over the particle’s surface area

e Once again the average solute velocity
(V) = (¢V) / {¢) can be found

R = unchanged
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Approximation The Ilimits remain the
same as long as one substitutes in the
improved form of F

Elution Order A 4" FFF regime emerges
(Faxén-mode). Particles as large as
the channel reside at the centre but
sample the slow tflow near the wall.
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Conclusion The transition to Faxén-mode
FFF exists for the largest particles.
When o < 3 normal-mode is distinct
from Faxén-mode. When a < 3 nor-
mal and Faxén-mode merge

The miniaturization of FFF apparatii is a tantalizing prospect for size separation in microfluidic chips. However, traditional retention
theories deal with either point-like particles or hard particles in a field that does not depend on particle size. The theory for point-like
particles describes normal-mode FFF, in which smaller particles elute before larger particles. On the other hand, the theory for hard
particles gives the retention for stericcmode FFF in which larger particles elute before smaller particles. These theories implicitly
assume an unspecified transition from normal-mode for small solutes to steric-mode operation for large solutes.

We extended the analysis to explicitly account for particle size and used Faxén’s Law to better estimate the sample velocity. By doing
so, we arrived at a retention theory that encompasses not only both normal- and steric-mode but also predicts two additional opera-
tional modes. At the tiniest particle sizes the external force must go to zero and so we found the hydrodynamic chromatography-limit

of FFF below a critical particle size. At the other extreme, when the largest partic
portion of the particles’ surfaces must sample the slow moving velocity near t
particle size indefinably and so there is a transition to a fourth FFF operationa.

e sizes approaches the height of the channel, a large

ne walls. The retention time can not decrease with
| mode called Faxén-mode FFF. As FFF is added to

microfluidic devices, the transitions between the four modes of operation become relevant and may have a significant impact on the
ability to identity size based on retention time.
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