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Four separate soft robotic fingers progre-
ssively curl to play notes on a keyboard. The 
finger-like actuators are made of a silicone 
elastomer molded from 3D printed parts by 
G. M. Whitesides and co-workers. On page 2163, 
these soft fingers are shown to be capable of 
bending fully in less than 50 ms, actuating over 1 
million cycles, and bending along different paths 
based on their rate of pressurization.

Biosensors

A hybrid material is prepared on a quartz crystal micro-
balance sensor by F. W. Scheller and co-workers. On 
page 2233, they use electrodeposition to create a sur-
face-confined molecularly imprinted polymer film. The 
fabrication is directly on a transducer surface, making it 
excellent for biosensor applications. This hybrid shows 
both high affinity for the target protein and discrimina-
tion against its analogues, which is characterized in real 
time using the quartz crystal microbalance.

Transparent Electronics

Thermally stable and transparent resistive random 
access memories (T-RRAM) are developed by 
G. Liu, R.-W. Li, and co-workers on page 2171. 
Based on ion migration and formation of metallic 
conductive filaments in an indium–tin oxide/haf-
nium oxide/indium–tin oxide sandwich structure, 
the T-RRAM device demonstrates great optical 
transmittance, a robust antithermal shock capa-
bility, and stable resistive switching behaviors that 
are promising for outer-space applications under 
extreme working conditions.
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FEATURE ARTICLES
Organic Semiconductors    Advanced characterization tools  are help-

ing the development of the different 
technologies based on organic semicon-
ductors. Here, the recent progress on the 
application of fast and non-destructive 
spectroscopic ellipsometry for the deter-
mination of the optical, structural, and 
thermodynamic properties of conjugated 
polymer fi lms, including the dielectric 
function, vertical segregation, anisotropy, 
and real time studies, is reviewed.  

  M. Campoy-Quiles,* M. I. Alonso, 
D. D. C. Bradley, L. J. Richter ...2116–2134  

   Advanced Ellipsometric Characterization 
of Conjugated Polymer Films      

Thermoelectrics

  N. A. Heinz, T. Ikeda, Y. Pei, 
G. J. Snyder* ......................... 2135–2153  

   Applying Quantitative Microstructure 
Control in Advanced Functional 
Composites      

   This article describes how to quantita-
tively control the microstructure in ad-
vanced composite materials  through a 
thorough examination of thermoelectric 
materials. It begins by describing the 
 potential structure types, then transitions 
to the methods of control relating to mor-
phology, size, and packing density of the 
resulting structures.  

FULL PAPERS
Hollow Spheres    CoS 2  and NiS 2  hollow spheres with tun-

able interiors  are obtained through a fac-
ile solution method. The obtained CoS 2  
hollow spheres demonstrate superior 
performances in supercapacitors and 
dye-sensitized solar cells.  

  S. Peng,* L. Li, H. Tan, R. Cai, W. Shi, 
C. Li, S. G. Mhaisalkar, M. Srinivasan, 
S. Ramakrishna,* Q. Yan* ... 2155–2162  

   MS 2  (M = Co and Ni) Hollow Spheres 
with Tunable Interiors for High-
Performance Supercapacitors and 
Photovoltaics      

Soft Robotics    Soft pneumatic actuators bend rapidly  by 
expanding their walls along the direction 
of bending. The improved use of the ex-
panding material minimizes the overall 
change in volume of the actuator, pro-
longs its lifespan, and increases the force 
that it exerts upon full infl ation. These 
actuators respond to different infl ation 
rates by bending along different paths, 
demonstrating a new capability of soft 
actuators.  

  B. Mosadegh, P. Polygerinos, 
C. Keplinger, S. Wennstedt, 
R. F. Shepherd, U. Gupta, J. Shim, 
K. Bertoldi, C. J. Walsh, 
G. M. Whitesides* ............... 2163–2170  

   Pneumatic Networks for Soft Robotics 
that Actuate Rapidly      
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X. X. Chen, H. W. Tan, B. L. Hu, L. Pan, 
W. H. Xue, R.-W. Li* ................2171–2179  

   Thermally Stable Transparent Resistive 
Random Access Memory based on All-
Oxide Heterostructures      

FULL PAPERS
Transparent Electronics   ITO/HfO  x  /ITO structure  is fabricated 

with promising optical transmittance. 
The all-oxide device demonstrates form-
ing-free resistive switching behaviors 
that are stable over a wide temperature 
range. The electrical switching of the 
transparent devices is attributed to the 
fi eld-induced formation and rupture of 
metal-rich conductive fi laments across 
the mixed-structure hafnium oxide 
thin fi lm, and are of great potential for 
thermally stable transparent electronic 
applications.  

  S. W. Kwok, S. A. Morin, B. Mosadegh, 
J.-H. So, R. F. Shepherd, R. V. Martinez, 
B. Smith, F. C. Simeone, A. A. Stokes, 
G. M. Whitesides* ..................2180–2187  

   Magnetic Assembly of Soft Robots with 
Hard Components      

Soft Robots   Reconfi gurable, hybrid robots  are mod-
ularly assembled from soft actuators 
and hard structural elements using 
magnetic couplers. These robots can 
be modifi ed manually, or remotely us-
ing pneumatic controls. This method 
simplifi es the integration of soft actua-
tors of different structural designs and 
material composition and, thus, it ena-
bles rapid prototyping more advanced 
robots.  

  J. Rnjak-Kovacina, L. S. Wray, 
J. M. Golinski, D. L. Kaplan* ..2188–2196  

   Arrayed Hollow Channels in Silk-Based 
Scaffolds Provide Functional Outcomes 
for Engineering Critically Sized Tissue 
Constructs      

Tissue Engineering   Arrays of hollow channels within porous 
silk scaffolds  exhibit benefi cial charac-
teristics for engineering large, physically 
relevant tissue constructs. The hollow 
channels improve seeded cell infi ltration 
into the scaffold and enhance delivery of 
oxygen and large molecules through the 
scaffold bulk. Implanted hollow chan-
neled scaffolds improve host tissue in-
tegration and vascularization compared 
to the unchanneled controls.  

  A. Dai, Y. Zhou, A. L. Shu, 
S. K. Mohapatra, H. Wang, 
C. Fuentes-Hernandez, Y. Zhang, 
S. Barlow, Y.-L. Loo, S. R. Marder, 
B. Kippelen, A. Kahn* .............2197–2204  

   Enhanced Charge-Carrier Injection and 
Collection Via Lamination of Doped 
Polymer Layers p-Doped with a Solution-
Processible Molybdenum Complex      

Polymer Films   An ultrathin layer of P3HT p-doped 
with the soluble, oxidizing molecule 
Mo(tfd-CO2Me)3, is transferred onto 
the active layer of a device via soft-
contact lamination from a PDMS 
stamp. This novel approach can be 
used to introduce a spatially-confi ned 
highly-doped layer on a solution-pro-
cessed device, thereby creating an ef-
fi cient hole-collecting or -injecting 
contact. An application to solar cells is 
demonstrated.   
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FULL PAPERS
Bioactive Glass    ZnO-CaO-SiO 2 -P 2 O 5  bioactive nanostruc-

tured glass (ZCSP-BNG)  is an ideal im-
mobilization matrix for glucose oxidase 
(GOD). GOD molecules are spontane-
ously trapped in the highly curved ma-
cropores (200–500 nm) via multipoint 
metal ion binding in electrical double 
layers. Its unique chemical surface prop-
erties and hierarchical nanoporous struc-
ture enhance the catalytic activity of 
directly immobilized GOD.  

  W. He, D. D. Min, X. D. Zhang,* 
Y. Zhang, Z. Y. Bi, Y. Z. Yue* ...2206–2215  

   Hierarchically Nanoporous Bioactive 
Glasses for High Effi ciency 
Immobilization of Enzymes      

Biomimetics    A cell-compatible cell-lined layered 
nano-membrane  is developed. Bioac-
tive molecules are mounted on a nano-
membrane and later released to its lined 
cell sheet. The cell-lined membrane is in 
a free-standing form to regulate cellular 
functions. This methodology provides 
a versatile approach to construct biomi-
metic tissues for clinical applications.  

  J. Chen, X. Qiu, L. Wang, W. Zhong, 
J. Kong, M. M. Q. Xing*  ........2216–2223  

   Free-Standing Cell Sheet Assembled 
with Ultrathin Extracellular Matrix as 
an Innovative Approach for Biomimetic 
Tissues      

Gas Sensors    Pristine nanowires with controlled intro-
duction of metallic impurities  are dem-
onstrated to offer unique advantage for 
fi eld ionization applications due to high 
density of surface states associated with 
the impurities, geometrical fi eld enhance-
ment, and polarizabilities of gas particles 
at the semiconductor nanotips. Sensing 
devices designed using this scheme are 
capable of fi ngerprinting a broad range 
of analytes at very low voltage with high 
selectivity.  

  H. Karaagac, M. S. Islam* ... 2224–2232  

   Enhanced Field Ionization Enabled 
by Metal Induced Surface States on 
Semiconductor Nanotips      
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F. F. Bier, F. W. Scheller* ........2233–2239  

Hybrid Material for Protein Sensing 
Based on Electrosynthesized MIP on a 
Mannose Terminated Self-Assembled 
Monolayer

FULL PAPERS
Biosensors   A hybrid material is prepared on a 

quartz crystal microbalance sensor  by 
electrodeposition of a concanavalin A 
imprinted polymer on top of a mannose 
terminated self-assembled monolayer. 
The hybrid shows both high affi nity 
to the target protein and discrimina-
tion against its analogues. All steps 
are directed on the transducer sur-
face, making it excellent for biosensor 
applications.  

  A. R. b. M. Yusoff, S. J. Lee, 
H. P. Kim, F. K. Shneider, W. J. da Silva, 
J. Jang* ....................................2240–2247  

   8.91% Power Conversion Effi ciency for 
Polymer Tandem Solar Cells      

Solar Cells   An inverted tandem solar cell with 
8.91% effi ciency  is demonstrated utiliz-
ing a poly meric interconnecting layer 
along with a high fi ll factor.  
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  L. Wang, Y. Zhao, M. L. Thomas, 
H. R. Byon* .............................2248–2252  

   In Situ Synthesis of Bipyramidal Sulfur 
with 3D Carbon Nanotube Framework 
for Lithium–Sulfur Batteries      

Rechargeable Batteries   3D carbon nanotube frameworks with 
bipyramidal sulfur particles  are formed 
via a one-pot synthesis. The conducting 
frameworks enclosing both sulfur and 
sulfur-free regions maintain high elec-
tronic conductivity. Additional coating 
of the framework using conductive ad-
ditives aids in mitigating the polysulfi de 
shuttle. These structures, employed 
in cathodes for Li–S batteries, provide 
high rate stability and reversibility dur-
ing deep 100 cycles.  


