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Supplementary Information

1 Electro-osmotic flow sidered for image processing (this window was found to be
large enough to accommodate the largest possible tramslati
Electro-osmotic flow is proportional to the applied elextri of the NW in the previous update). Every contiguous set of
field.! As shown in the cross-sectional view in Fig. 1, the sufficiently bright pixels in this window was considered as a
applied field moves the counter-ions in the Debye layer at thgossible contender of the NW image, with a pixel declared as
interface of the device and the fluid (in our experiments, thesufficiently bright if it was at least 40% as bright as the btig
fluid is water). The motion of the counter-ions moves the resest pixel in the window. The center of mass of each of these
of the fluid due to viscous drag with the flow velocity being contenders was computed, with the true NW center of mass
directly proportional to the applied electric field. (Xems Yem) declared as the one which was closest to the cen-
ter of mass estimate in the previous feedback update. The set
Sign of applied @ @ @ @ @<« Negativeionsadsorbtoceiling G, of sufficiently bright contiguous pixels, with coordinates
;’g':’sg:;m“ne +.: fiﬁ’;ﬁﬁ@ 777777 ‘.EProﬁIe of (%, Yi), having center of mas&cm,Yem) Was declared as the
& [ — flow velocity ~ current image c_)f the NW. . .
~ e e @ * Nedati when local The orientation® of the NW, defined to lie in the range
= ( o PO CINE 32":;2;?6"1 Ry = (%, %], was then estimated as the orientation of the
line passing througtxcm, yem) that was a least-squares best fit
i @ @@ @8« Negative ions adsorb to floor to the pixels in the sedyw that comprised the NW image. The

>

k
"vj/f‘ Control region % Cross section (A-B) of control region orientationd of the NW should then, due to the fit, satisfy
Fig. 1 The left panel shows the streamlines of the flow following tan(20) = 2(%Yi) 1)
the applied electric field. The flow profile in the device (along (y?) — (x?)

section A-B of the left panel) is shown in the right paferhe

naturally occurring negative?y charged ions ad%orged to the surfacewhere(x;, yi) are the pixel co-ordinates measured with respect

of the device are shielded by positively charged ions from the fluid. to the origin(Xem, yem) and{(.) denotes the averaging operator.

The ions in the thin diffuse (Debye) layer near the device-fluid Thus the orientatior® of the NW can be obtained by using

interface move under the influence of the electric field and drag the Eqn. 1 with two caveats:

rest of the fluid by viscous fprce’s]’he resulting electro-osmotic (1) If <Yi2> = <Xi2> theng = i%. This ambiguity was resolved

govg prcl)file is untif((j)rm al?ngk (?X;ep:r:?rr]thff varialtioptin the thitp | by declaringd = %r if (xy;) >0 andf = _7Zr otherwise.

ebye layer, not drawn to scale) with the flow velocity proportiona ; - - ;

to th){a apglied electric field. Objects like NWs that argspusSended in (?) Even If(yi2> 7 <Xi2>’ Eqn. 1 g'Ve.S two possible choices fr

the fluid are entrained in this flow. since tari26) = tan(26 — ). In this case, exactly one of these
choices lies in the rang@r = (=, ). The NW orientation

Spatio-temporal variations of the applied electric fieltpa Was declared to lie iRy if (x?) > (y?) and in Ry —Rx) if
tern moves the carpet of counter-ions, and consequently the?) < (y2).
fluid, along that pattern, translating an immersed objeet ov
any desired path in the same way that moving a carpet in 3
room results in the movement of furniture placed on it. EOF
is irrotational (staying with the analogy, rotating thepetris

dlsqllowed) becguse the underlying electric f|g|d Is crebf We first describe the measurement of the median NW angu-
An immersed object needs to be less symmetric than a sphe

(for example, rod-shaped) for EOF shear to be able to rotatf&r velocity imparted by electro-osmotic flow control (EOFC
it 2.3 pie, P Suring the trapping phase of the experiment (when the NW

is held at a fixed position and orientation) for the three (SU8
Si and Au) NWS. We then describe the measurement of the
2 Estimating the center of mass and orienta- rotational diffusion coefficienDg for the three NWs.
tion of NW For measuring the median angular velocity, we first esti-
mated a lis{ w(i)} of EOFC-imparted NW angular velocities
The center of maséxem,Yem) Of the NW in every feedback during each feedback updatef the trapping phase. For each
update was found by thresholding on the pixel brightnessi we substitute the applied experimental voltages, and tlze me
In every update a square window, 45 pixels on a side, censured NW position and orientation values in an EOF-physics
tered around the previous center of mass estimate was cobased map relating the NW angular velocity to the applied

Measurement of median angular velocity and
rotational diffusion coefficient
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voltages (see Eqn. 7 of previous wéjko get{w(i)}. The  rotational Brownian motion isnot affected by the residual
zeta potential magnitude at the device-fluid interface used pressure flow. For comparison, a i x1 um cylindrical
this estimate was50 mV, viscosity of water was8.9 x 104 rod in water at room temperature, far from the device walls,
Pa.s and relative dielectric permittivity of water WeB0. For  has a theoretical rotational diffusion coefficient o4& 103
each NW, the median dfw(i)} is estimated to be the angular racP/s.® The proximity of the rod to the floor of the device is
velocity e that is available to combat rotational diffusion. responsiblé® for the & 25%) lower experimental values men-
We measuredy for each of the three same objects thattioned above. The lower values show that the residual pressu
were trapped by measuring their mean square rotational diglow does not significantly add to the rotational mean squared

placements when they were each allowed to freely move afdeviations used to estimaiy.
ter the trapping experiments. Each object was tracked tintil
drifted to the edge of the control region. In the manner de- . . @ ofuncontrolled  Rotational Motion of uncontrolled
using linear regression to the additive diffusion/noisedeio i
(B5p) = 2Dgt + (Beas), Where(63,,) is the mean squared de- / o | f \ﬂ
viation of the experimentally measured rotation g6, M“‘"WW’\M
ﬂ y “’["“ YM
such an additive noise model for diffusional motion of col- M‘H
loids is detailed in Crocker et d). This was repeated at least 0 0 30 0 30 30
three times per object (once it reached the edge of the dontro Time(s) Time (s)
center of the control region (by EOF) and allowed to freely yominated by rotational diffusion but its translation is dominated by
move once again). The rotational diffusion coefficientéedit  resigual pressure flow.
to the additive diffusion model, and averaged over the rplgti
SU8 rod, 4+1 x1073 rad®/s for the SINW and & 2 x10~3
racf/s for the AUNW. The measurement noises were measured
to be 002 rad, 001 rad and M6 rad respectively.
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scribed in Rose et af the orientation of the objects were fit 50, Tod is dominated by pressure flow rod is dominated by diffusion

# i W S
is the mean squared measurement noise (the justification f Wy W WS
region, the NW was brought back towards the center of th?:ig. 2 Rotational displacements of an uncontrolled SU8 rod is
experiments were measured to be B x 1073 rad?/s for the

5 Other forces affecting NW motion

4 Motion due to residual pressure flow Induced charge electrophoresis (ICEP) due to the appléed el

The fluid in the reservoirs of our device experience an unbalIrIC field can have a perturbatory effect on NW motion. ICEP

- 3 . . .
anced surface tension that creates a background residisal prgﬁects rotational3 but not translational, motion of nanowires

sure flow that perturbs NW motion. This perturbation, com-inan electric field. We compare the angular velocities due to

pensated by EOFC, becomes evident when control is switchel EF @nd EOF in the following. The angular velocitycep

off as is the case while measuribg. due to ICEP, can be bounded bycegp < % (see Sl of our
The perturbation has a significant translatory effect on thérevious work) wherep ande are the viscosity (8 x 10~
NW motion as can be seen by the almost linear graph of th&a.s) and relative dielectric permittivity (80) of watere-
translational displacement in Fig. 2 (a stochastic trdimslal ~ Spectively ancE is the magnitude of the local electric field
diffusion component negligibly adds to the linear compdpen strength. The local electric field strength in our devicepisrg
The strength of the NW translation due to residual pressur@n countering translation, while the electric field graditsn
flow can be compared to that of Brownian translation by com-spent on countering rotation. Since the translation besme
paring transit times in the control region. As seenin Fighg, tered is mostly due to residual pressure flow, the magnitéide o
SUS8 rod was transported by a distance of(i#8 to the edge the electric field strength needed to counter it using EOF is
of the control region withine 30 s due to the residual pressure E = 5, where the magnitude of the zeta potential at the
flow (SoVvpress, the translational velocity due to residual pres- device-fluid interface i${ = 50 mV andvpress is the transla-
sure flow, is less than Bm/s - we use/yress to estimate the  tional velocity due to residual pressure flow that is beingneo
effect of induced charge electrophoresis in the next sectio tered by EOF. Sinc®yess < 5 HM/s in our experiments, we
Without the residual pressure flow, translational diffasily  get after substituting valuesycegp < 2 x 10~2 rad/s. This is
itself would have required> 9000 s to move the rod by the |ess than 3 % of the median rotational velocity of the NWs
same distancé. observed in our experiments. Thus we conclude that ICEP
However, as shown in Fig. 2, the stochastic nature of thanegligibly affects NW rotational velocity in our device.
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