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In this communication, we demonstrate the concept of single-
use, chemically triggered, reversible tools in the form of mobile
grippers that can be used to manipulate micro-objects. Both the
closing and opening of the mobile grippers are triggered by
chemicals, namely acetic acid (CH3COOH) and hydrogen peroxide
(H2O2), respectively. The grippers close and open en masse based
on chemical etching, which results in mechanical property changes
within trilayer joints patterned within the gripper, and no external
power is needed for operation. We describe the actuation of the
gripper using a multilayer thin film model and demonstrate utility
of the gripper by picking-and-placing 200 µm diameter tubes and
beads. Our pick-and-place microgripper is a step toward the
development of functional Micro Chemo-Mechanical Systems
(MCMS), which are actuated by chemistry as opposed to electricity
[as in Micro Electro-Mechanical Systems (MEMS)].

A dominant paradigm in engineering is to fabricate microsystems
that are triggered by electrical, thermal, or pneumatic signals.1 While
actuation by these signals has achieved a high degree of control
and precision in certain applications, several limitations exist.
Electrically actuated devices, for example, typically need wiring,
thereby limiting the miniaturization, maneuverability, and the ability
to trigger many devices simultaneously when they are spatially
separated. In contrast, biological machinery widely utilizes chemi-
cally actuated triggers which enable autonomous function and high
selectivity. A classic example is the antibody-antigen binding that
triggers macrophage function.2 As compared to electrical feedback
loops, coupled chemical reactions can enable a high degree of
autonomous function as well as multistep behavior.3

We fabricated three-dimensional (3D) microgrippers in a highly
parallel and cost-effective manner using two layers of conventional
photolithography.4 The grippers were shaped like hands and have
a gold (Au, 500 nm thick) coated nickel (Ni, 6 µm thick) palm and
phalanges separated by trilayer joints. The smallest grippers had a
dimension of 700 µm when open and ∼200 µm when closed. Since
Ni is ferromagnetic, the grippers could be moved with a magnet
from distances as far away as several centimeters. The Au coating
improved the etch selectivity of the underlying Ni layer. The trilayer
joints were composed of films of the following thickness; 50 nm
chromium (Cr), 250 nm copper (Cu), and 3.5 µm of a commercial
novolac photopatternable polymeric resin (Figure 1a, and details
in the Supporting Information). The grippers were released from
the Si substrate on which they were fabricated by dissolving a water
soluble polyvinyl alcohol (PVA) sacrificial layer.

The operation of the gripper was controlled by a Cr/Cu metallic
bilayer with another layer of polymer acting as the trigger (Figure
1). Stressed bilayers have been seen to release residual stress by

bending spontaneously upon release from substrates.5 However, in
our case the grippers remained flat when released from the substrate,
since the stiff polymer prevented the spontaneous bending of the
stressed bilayer within the joints (Figure 1a-c). When CH3COOH
was added to the water, the polymer dissolved6 causing the joints
to bend and the grippers to close (Figure 1d-f). The gripper then
remained closed and could be moved around without reopening.
Subsequently, when H2O2 was added to the aqueous acetic acid
solution (1-5% w/w), the Cu layer dissolved,7 causing the Cr joint
to straighten out and the gripper to reopen (Figure 1g-i).

To understand the mechanical response of the joints, we modeled
the trilayer joint using a multilayer thin film model8 (Figure 2,
details in the Supporting Information). When the polymer is present,
the joints remain almost flat (Figure 2 a,b; state A), which agrees
with the small hinge angle (4°) predicted by the model (Figure 2c,
state A).When the polymer is dissolved, the grippers close (Figure
2 a, b; state B); the model predicts a hinge angle of ∼68° after
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Figure 1. (a) Schematic diagram of the trilayer hinge joint between two
Au coated Ni phalanges. Optical microscopy image of (b) a single
microgripper and (c) many microgrippers in water. (d) Schematic diagram
of the microgripper closing when acetic acid dissolves the polymer layer
within the hinge. Optical microscopy image of (e) a single microgripper
and (f) many microgrippers closing on addition of acetic acid (inset shows
the view from the bottom of a closed microgripper). (g) Schematic diagram
of the microgripper opening when H2O2 dissolves the Cu layer within the
hinge. Optical microscopy image of (h) a single microgripper and (i) many
microgrippers opening upon addition of H2O2.
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complete removal of polymer (Figure 2 c; state B). Hence,
CH3COOH causes the gripper to move from state A to state B
(Figure 2e).

The opening mechanism is, however, more complicated. When
H2O2 is added to the aqueous CH3COOH solution, the Cu starts to
dissolve. Initially, we observed that the grippers tighten (Figure 2
a, b; state C); this behavior is validated by the model (Figure 2 d;
state C) which actually predicts an increase in hinge angle (path
Z′, Figure 2d). In an unpatterned film, this large angle is equivalent
to bending in multiple turns. However, since the bending of the
joints in the gripper is restricted as a consequence of the phalanges
pushing into each other, the gripper merely tightens. When the Cu
is completely dissolved however, a bare Cr film remains which
causes the grippers to open (Figure 2 a,b; state D) and eventually
flatten out completely (Figure 2 a,b; state E); this behavior is in
agreement with the model (Figure 2 d; state D,E). Hence, the H2O2

causes the grippers to transition from state B to E, along path Z.
Since the gripper could be both closed and opened by chemicals,

it was used to accomplish the pick-and-place function. Pick-and-
place9 is ubiquitous in human engineering, specifically enabling
high throughput, assembly line manufacturing. The function
involves either automated or operator assisted picking up of an
object at one location and placing it at another specified location.
Briefly, this engineering task was accomplished by moving the
gripper with a magnet to place it on top of the object (with
dimensions as small as 200 µm). The gripper closing was triggered
by the addition of CH3COOH. The gripper closed and securely held
the object which could then be moved to a specified location. When
the gripper was at this location, H2O2 was added to the solution to
cause the gripper to open and release its contents (Figure 3a-d).
Experiments such as these were repeated several times with a range
of objects including glass beads, wires, and tubes.

In conclusion, we have described reversible, chemo-mechanically
triggered microgrippers that were used to pick and place objects.
Such tools do not exist at the present time, and we anticipate their
utility in laboratory-on-a-chip applications, reconfigurable micro-
fluidic systems, and micromanufacturing.

Here, the chemicals used to trigger our microgrippers are not
compatible with living organisms; actuation under biological
conditions for biopsy applications is explored elsewhere.10 This
communication represents a convincing proof-of-concept of an
MCMS pick-and-place microgripper, and other material combina-
tions of the trilayer hinges (such as the inclusion of lithographically
patterned gels and smart polymers as triggers)11 need to be explored
to enable multiuse reversible operation and actuation with other
chemicals.
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Supporting Information Available: Details of fabrication methods,
kinetics of microgripper closing with varying concentration of
CH3COOH, etch rates of Cu and Cr with CH3COOH and H2O2,
theoretical model details, and pick-and-place videos. This material is
available free of charge via the Internet at http://pubs.acs.org.
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Figure 2. (a) Schematic diagram and corresponding (b) optical microscopy
images showing the different steps during closing and opening of the gripper.
The thin film multilayer model predicts a change in the hinge angle upon
(c) removal of the polymer causing the gripper to close and (d) removal of
the copper causing the gripper to first tighten and then open. (e) Schematic
diagram chemo-mechanical actuation.

Figure 3. (a-d) Video microscopy snapshots showing pick-and-place of
a 200 µm diameter gold tube. (e) Optical microscopy zoom image of
microgripper holding on to a long 200 µm diameter gold tube. (f) Optical
microscopy image showing a smaller microgripper holding onto a 200 µm
diameter glass bead.
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