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BROWNIAN MOTION

Absolute negative particle mobility

Wonse effects in technological applications, far
from being a nuisance, can be exploited with
advantage — for example, unavoidable ther
mal fluctuations have found application in the
transport and wnmgudcullmda'l pa.mr]rs :
aned biomolecules'™, Here we use a micro-
fluidic system to demonstrate a paradoxical
migration mechanism in which particles
always move in a direction opposite to the net
acting force (absolute negatrve mobality’) as
aresult ofan interplay between thermal noise,
a penodic and symmetric microstructure, and
a biased alternating-current electric field. This
counterintuitive phenomenon could be used
for bisanalytical purpases, for example in the
separation and fractionation of colloids, bio-
Togcal molecules and cells,

Newtor's second law would seem toexchude
absolute negative mability as a response by a
system an rest to a static force, However, such
paradoxical behaviour has been experimen-
tally observed in semiconductor devices” and
lh:cn'rt]m]l\_.rprtdlctﬂimstmplmcd stachastic
muodel systems™. Nonlinear dynamics are nec
essary to reconcile absolute negative mobility
with Newton's law, and the system needs to
operate far trom eguilibrizm to avoid conflict
with the secand law of thermodynamics.

To provide a proof-of-principle for absolute
negative mobility in a lab-on-a-chip, we
designed a simple microfluidic device con-
sisting of periodically arranged posts with
alternating small and large gaps (Fig. 1; for
methads, see supplementary information),
The device i3 filled with negatively charged
bewds in an aqueons buffer. Electric fields are
generated by applying a voltage along the
A-axis, 80 that a positive voltage generates a
positive force on the beads along the x-axis,
Applving an alternating voltage, U], that
switches peripdically between = [, there is
e net maotion of the beads for symmetry rea

soms, This set-up represents our unperturbed
non-equilibrium systenn at rest, But what will
be the average migration velocity vin the x
direction in response to  static perturbation
voltage, U, superimposed on U7, (1)

To answer this question, we computed the
electric field in the microstructure and,
including thermal-noise effects, simulated the
bead motion by stochastic differential equa-
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Figure 1] Absolute negative mobility of
polystyrene beads. Movemient of 2. pum
palvsryrene biads in response toa statie valtage,
L, csuperimpaosed to an alternating current
valtage that switehes hetwieen & 30V every 25a,
Red dots: experimentally measured velocities,
averafed over 40 heads and 200 5. Error hars are
aff statistical origin, but variabilitics in the heads
ana microstruciures abso combribnte, The line
shawes the theoretical respomse characteristics
abtained from memerical simualations, et
partial view {optical micrograph image) of the
palyldimethylsilozans) micrastracture showing
the rectangular posts and migrating beads
{dlark dats). In hoth the x and p directions, the
gaps hetween the posts are alternately smaller
andl larger than the bead diameter. For mavie,
wie supplemientary information,
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tigns, adapted quantitatively to the micro-
structure geometry and the experimentally
determined free diffusion and mobility of the
microbeads {see supplementary information),
The key feature of the resulting response curve
{Fig. 1} is the negative slope that is symmetri-
cal around the origin — a distinct and un-
ambiguons signature of absolute negative
maobility. We also measured the average bead
velocity by tracking the beads using real-time
video microscopy tor different values of U,
{see supplementary information) and found
that the measured experim TESPOTISE Was
in good agreement with theory {Fg. 1),

To explain how absolute negative mobility
occurs, we consider the small in the
microstructire as traps — electrical field lines
can pass through them but the beads cannot,
For 0= Ul = LI, the alternating otal voltages
* U, + Uy vield a back-and -forth motion of
the beads along the x direction. Whenever a
bead succeeds in passing through a large gap,
it is trapped by the adjacent small gap in the x
dlm[loﬂ.{]’gj |nse(},un1es.5.|[ﬂ\erm'ﬂlydn
fuses sufficiently far in the y direction to pro-
ceed through another large gap. The smaller
the voltage, the more time it has w do so
and the farther it gets before being trapped.
As |+ U+ U >| — U+ Upel. the bead
becomes trapped after moving forwands a
short distance when + L+ U >0, whereas
it travels backwards for a longer distance when

U+ U =20, resulting in absolute negative
mihility.

We find that this response by a particle is
very sensitive to particle size, even to the
extent of allowing particles of different stees o
be steered in opposite directions (our unpub-
lished results). Absolute negative maobility
therefore holds promise for bicanalytical
applications, for example in the sorting of cells,
organelles and biochemical compounds,
AlexandraRos*, Ralf Eichharny, Jan Regtmeier®,
Thanh Tu Dueng®, Pater Raimanni,

Daria Ansalmatti®

"Exgerimental Bioahysics & Applied
Marasciences, and tCondensed Matter Thaary,
Bielefeld University, 33501 Bieleteld, Germany
e-malk @exandra.ros@physik uni-bieleteld.de

1. Ramselet, |, Salome, |, dar, A & Prost, | atue 300,
AAe-2A0110),

F%hem L R Libchaber &, Foradey Toms 1, 3163- 366

4

Inanguet, ., Bugun, A, Talin, L & Silberzan, B Phys. fow

Lt 88, 68301 (2002)

Hel:lgjlb'{_rd,dm H G Sefence 288, 10RE-1029

Bad:f LS o Proc Mal] Acad Sl USA 96, 191655160

H.lru: B, Cowe, BT Aurdiny R H & Shurmy | T Amaht.

(e 75, B9E3-E067 (200E).

Kiear, B Lo o Prys. Faew (ol 75, £¥03-4106 (1996},

Eichihom, R, Resmramn, F.& Hangg, P Ffys. Rew Lell BB,

19060 {2002

Clewren, B & Vanden Broeck, C. Afys: B E&T.0551

200,

LR R - L

informmation accompanies this
commUnication on heure's website,

nancial interests doclared rone

- Today's Way To Read Publications--Digitally - Microsoft Internet Explorer

£ NATURE 08/18/2005 Section: Brief Communications Page: 928

2 @ VHTepHeT




