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 Printed Electronics

T. Minari, M. Kanehara, and co-workers report 
a method for the room-temperature printing of 
electronics using gold nanoparticles, enabling 
semiconductor devices to be printed without the 
application of heat. On page 4886, organic thin-
film transistors are formed on plastic and paper 
through room-temperature printing, producing 
devices with mobilities of 7.9 and 2.5 cm2 V−1 s−1, 
respectively. The proposed approach permits the 
printing of devices on any heat-sensitive sub-
strate, such as plastic, paper, or biomaterials.

Ionene Hydrogels

The topological constraints necessary to enhance 
hydrogel gelation efficiency are explored by 
C. Alemán, D. D. Díaz, and co-workers. On 
page 4893, the performance of hydrogels made 
from DABCO-containing ionene polymers is 
studied and compared based on the critical gela-
tion concentration, gelation kinetics, thermal and 
mechanical stability, optical properties, and dis-
persion ability for single-walled carbon nanotubes.

Cellular Solids

Three-dimensional printing of viscoelastic inks is 
demonstrated by E. B. Duoss, C. M. Spadaccini, 
T. S. Wilson, and co-workers on page 4905. This 
technique is shown to create porous, elastomeric 
architectures with highly controlled mechanical 
properties, exhibiting markedly distinct load 
responses with directionally dependent behavior, 
including negative shear stiffness.
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FULL PAPERS
Graphene

  P.   Šimek ,  Z.   Sofer ,*  O.   Jankovský , 
 D.   Sedmidubský , 
 M.   Pumera * .......................... 4878–4885 

Oxygen-Free Highly Conductive 
Graphene Papers

 Graphene papers  are prepared by irradia-
tion of graphene oxide papers with Ar +  
ion beam. Surface of the paper is chemi-
cally reduced and C/O ratios over 100 are 
achieved. The resulting surface is highly 
conductive and electrical Ohmic behavior 
is observed. Gases evolved during irradia-
tion process are also analyzed.

Printed Electronics  Room-temperature printed electronics  
are realized as a low-cost, large-area fab-
rication method for fl exible electronic de-
vices. Development of a π-junction gold 
nanoparticle ink enables the formation of 
fully printed organic thin-fi lm transistors 
under atmospheric conditions at room 
temperature. The printed transistor de-
vices exhibit average fi eld-effect mobili-
ties of 7.9 and 2.5 cm 2  V −1  s −1  on plastic 
and paper substrates, respectively.

  T.   Minari ,*  Y.   Kanehara ,  C.   Liu , 
 K.   Sakamoto ,  T.   Yasuda ,  A.   Yaguchi , 
 S.   Tsukada ,  K.   Kashizaki , 
 M.   Kanehara * ....................... 4886–4892 

Room-Temperature Printing of Organic 
Thin-Film Transistors with π-Junction 
Gold Nanoparticles

Ionene Hydrogels  A combined computational-experimental 
approach  identifi es the topological con-
straints necessary to enhance gelation 
effi ciency and achieve superior properties 
of hydrogels made from DABCO-contain-
ing ionene polymers. The best perfor-
mance of studied ionenes is established 
based on the critical gelation concentra-
tion, gelation kinetics, thermal and me-
chanical stability, optical properties, and 
dispersion ability for single-walled carbon 
nanotubes.

  J.   Bachl ,  D.   Zanuy ,  D. E.   López-Pérez , 
 G.   Revilla-López ,  C.   Cativiela , 
 C.   Alemán ,*  D. D.   Díaz * ...... 4893–4904 

  Synergistic Computational-Experimental 
Approach to Improve Ionene Polymer-
Based Functional Hydrogels  

Cellular Solids  Three-dimensional printing of viscoelastic inks  to create porous, elastomeric 
architectures with mechanical properties governed by the ordered arrangement of 
their sub-millimeter struts, is reported. Two layouts are patterned, one resembling a 
“simple cubic”-like structure and another akin to a “face-centered tetragonal” confi gu-
ration. These mechanical metamaterials exhibit markedly distinct load response with 
directionally dependent behavior, including negative shear stiffness.

  E. B.   Duoss ,*  T. H.   Weisgraber , 
 K.   Hearon ,  C.   Zhu ,  W. Small   IV , 
 T. R.   Metz ,  J. J.   Vericella ,  H. D.   Barth , 
 J. D.   Kuntz ,  R. S.   Maxwell , 
 C. M.   Spadaccini ,* 
 T. S.   Wilson * ......................... 4905–4913 

Three-Dimensional Printing of 
Elastomeric, Cellular Architectures with 
Negative Stiffness
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 X. H.   Hao ,  D. A.   Winkler ,  L.   Xi , 
 T. C.   Hughes ,*  J. S.   Qiu * ........4915–4921 

Ultrafast Fabrication of Covalently 
Cross-linked Multifunctional 
Graphene Oxide Monoliths

FULL PAPERS
Graphene Oxide An ultrafast cross-linking method for the fabrication of graphene oxide monoliths  

(GOM) with poly(oxypropylene) diamines as a cross-linker is reported. This method 
can form self-assembled 3D GO structures with controllable interlayer spacing. The 
covalently bonded GOM structure demonstrates high cell viability, could be molded 
into various shapes, and when hydrated behaves like an elastic hydrogel.

  K. C.   Hribar ,  Y. S.   Choi ,  M.   Ondeck , 
 A. J.   Engler ,  S.   Chen * ..............4922–4926 

Digital Plasmonic Patterning for 
Localized Tuning of Hydrogel Stiffness

Patterning Digital plasmonic patterning (DPP)  is 
developed to mechanically pattern a hy-
drogel encapsulated with gold nanorods 
in a digital fashion. DPP can provide 
orders of magnitude changes in the hy-
drogel stiffness, and can be tuned by 
laser intensity and writing speed, in ad-
dition to any digital pattern, making it a 
potentially useful technique for pattern-
ing hydrogels for various biomedical 
applications.

  N.   Frenkel ,  J.   Wallys ,  S.   Lippert , 
 J.   Teubert ,  S.   Kaufmann ,  A.   Das , 
 E.   Monroy ,  M.   Eickhoff ,* 
 M.   Tanaka * ..............................4927–4934 

High Precision, Electrochemical 
Detection of Reversible Binding of 
Recombinant Proteins on Wide Bandgap 
GaN Electrodes Functionalized with 
Biomembrane Models

Sensors Hybrid materials based on wide band-
gap GaN and cell membrane models  
can be operated as an electrochemical 
charge sensor, which sensitively de-
tects changes in the surface potentials 
caused by the reversible docking of re-
combinant proteins to the lipid anchors. 
By transferring such constructs on 
quantum dot structures, the potential 
changes can also be detected by their 
photoluminescence intensity.

  S.   Shan ,  S. H.   Kang ,  P.   Wang , 
 C.   Qu ,  S.   Shian ,  E. R.   Chen , 
 K.   Bertoldi * .............................4935–4942 

Harnessing Multiple Folding 
Mechanisms in Soft Periodic Structures 
for Tunable Control of Elastic Waves

Periodic Structures By controlling the loading direction , 
multiple pattern transformations can 
be induced by buckling in a triangular 
array of circular holes embedded in an 
elastic material. Interestingly, these dif-
ferent pattern transformations can be 
exploited to tune the propagation of 
elastic waves in the system, enhancing 
the tunability of its dynamic response.
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FULL PAPERS
Polymorphism A sulfur overrich octithiophene forms sta-

ble polymorphic crystalline microfi bers 
separately and reproducibly grown on 
glass, ITO, and an interdigitated electrode/
SiO2 surface of a bottom-contact fi eld-effect 
transistor. The effects of polymorphism 
on functional properties are reported. DFT 
calculations suggest the polymorphism to 
be conformational in nature.

  F. Di   Maria ,*  E.   Fabiano ,  D.   Gentili , 
 M.   Biasiucci ,  T.   Salzillo ,  G.   Bergamini , 
 M.   Gazzano ,  A.   Zanelli ,  A.   Brillante , 
 M.   Cavallini ,  F. Della   Sala ,  G.   Gigli , 
 G.   Barbarella * ....................... 4943–4951 

Polymorphism in Crystalline Microfi bers 
of Achiral Octithiophene: The Effect 
on Charge Transport, Supramolecular 
Chirality and Optical Properties

Quantum Dots  Anatase TiO 2  quantum dots  exhibit a 
Frenkel defect disorder when charac-
terized as loose powder in a modifi ed 
dilatometer setup, which allows electrical 
impedance spectroscopy measurements. 
In addition, lateral expansion indicates 
necessity of preconditioning to attain 
equilibrium electronic parameters by 
eliminating protonic conduction on the 
surface of the quantum dots.

  J.   Engel ,  S. R.   Bishop ,  L.   Vayssieres ,* 
 H. L.   Tuller*  .......................... 4952–4958 

In Situ Electrical Characterization 
of Anatase TiO 2  Quantum Dots

Field-Effect Transistors  A direct-writing method  is used to prepare aligned semiconducting poly(3-butylth-
iophene) (P3BT) and its blend fi lms with both optical and electrical anisotropy. An 
increased fi eld-effect mobility of aligned P3BT/polystyrene blends, as compared with 
neat P3BT, is observed in both vertical and parallel directions. The mobility and thresh-
old voltage are comprehensively tuned, from which a digital inverter with gain up to 
80 is realized.

  G.   Lu ,*  J.   Chen ,  W.   Xu ,  S.   Li , 
 X.   Yang * ................................ 4959–4968 

Aligned Polythiophene and its Blend 
Film by Direct-Writing for Anisotropic 
Charge Transport
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 E.   Duranty ,  A. P.   Sokolov ,  G. S.   Bhat , 
 J. W.   Mays*  ..............................4969–4977 

Macroscopic Properties of Restacked, 
Redox-Liquid Exfoliated Graphite and 
Graphite Mimics Produced in Bulk 
Quantities

FULL PAPERS
Graphite Restacked, layered compounds of 

graphite, molybdenum disulfi de, and 
boron nitride  are ideal materials for elec-
tronic devices, censors, and reinforced 
materials. A high-yielding process using 
sonochemical fragmentation of precur-
sor powders with antioxidants is per-
formed to generate modifi ed restacked 
materials. The restacked powders dem-
onstrate unique chemical, thermal, dis-
persive, and electrical properties that 
are desirable for polymer composites 
and other hybrid materials.

  J. P.   Thomas ,  K. T.   Leung * .....4978–4985 

Defect-Minimized PEDOT:PSS/Planar-Si 
Solar Cell with Very High Effi ciency

Hybrid Solar Cells Interface properties of planar hybrid so-
lar cells,   PEDOT:PSS/SiO x /Si,  are infl u-
enced by the amount of surfactant and 
co-solvent in PEDOT:PSS. The three-
dimensional time-of-fl ight secondary 
ion mass spectrometry chemical images 
reveal a minimal-defect interface for the 
high effi ciency cells, in comparison with 
more micropore defects at the interface 
for low effi ciency devices. A very high 
PCE of 13.3% is achieved under opti-
mized conditions.

  D.-Y.   Kim ,  S.   Sinha-Ray ,  J.-J.   Park , 
 J.-G.   Lee ,  Y.-H.   Cha ,  S.-H.   Bae ,  J.-H.   Ahn , 
 Y. C.   Jung ,  S. M.   Kim ,  A. L.   Yarin ,* 
 S. S.   Yoon * ..............................4986–4995 

Self-Healing Reduced Graphene Oxide 
Films by Supersonic Kinetic Spraying

Self-Healing Deposition of r-graphene oxide (r-GO) 
onto a glass slide . r-GO sheets stretch 
upon impact. Pentagonal and heptago-
nal r-GO sheets undergo bond trans-
lation. The resulting “frozen elastic 
strains” heal the defects (topological 
defects, namely Stone-Wales and C 2  
vacancies) in the r-GO fl akes, which is 
refl ected in the reduced ratio of the in-
tensities of the D and G bands in the 
deposited fi lm.

  Y.   Han ,  X.   Yuan ,  M.   Zhu ,  S.   Li ,* 
 M. J.   Whitcombe , 
 S. A.   Piletsky  ............................4996–5001 

A Catalytic and Shape-Memory Polymer 
Reactor

Polymer Reactors An originally designed polymer reactor  
composed of a thermosensitive con-
trol layer and an inert substrate layer is 
reported. With the inert substrate layer 
made of poly(acrylamide), the thermosen-
sitive control layer consists of nickel nano-
particles and a unique polymer composite 
of poly(1-vinylimidazole) and poly(acrylic 
acid) that exhibit thermosensitive interac-
tions. The self-healing and dissociation of 
the thermosensitive interactions induce 
convex/concave-switchable shapes in the 
resulting reactor, which cause tunable 
access to the encapsulated metal nano-
particles. In this way, this reactor demon-
strates tunable catalytic ability.
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Hybrid Nanostructures  Size-gradient CdSe/ZnS nanocrystal bi-

layer structures  are fabricated on Si sub-
strates in a layer-by-layer architecture 
with assistance of chemical linkers. Ef-
fi cient energy transfer is demonstrated 
from photoexcited nanocrystals into the 
substrate as achieved via cascaded non-
radiative and direct radiative couplings. 
This supports the concept of excitonic 
sensitization of ultrathin Si layers from 
the adjacent nanocrystal assemblies for 
photovoltaic applications.

  W. J.   I. De Benedetti ,  M. T.   Nimmo , 
 S. M.   Rupich ,  L. M.   Caillard , 
 Y. N.   Gartstein ,  Y. J.   Chabal , 
 A. V.   Malko * ......................... 5002–5010 

Effi cient Directed Energy Transfer 
through Size-Gradient Nanocrystal 
Layers into Silicon Substrates

Biosensors  Inspired by blood coagulation, fi brin-
boned bionanocomposites are presented 
as effi cient matrices of biomacromole-
cules and nanomaterials for biosensing 
applications.  The fi brin-boned networks 
show promising properties, endowing the 
bionanocomposites with high effi ciency 
in capturing Au nanoparticles, magnetic 
nanoparticles, and glucose oxidase, even 
at 99%, 98%, and 57%, respectively, as 
well as signifi cant mass-transfer and bio-
catalysis effi ciencies.

  F.   Han ,  X.   Qi ,  L.   Li ,  L.   Bu ,  Y.   Fu ,* 
 Q.   Xie ,*  M.   Guo ,  Y.   Li ,  Y.   Ying , 
 S.   Yao  .................................... 5011–5018 

Bio-Inspired Preparation of 
Fibrin-Boned Bionanocomposites of 
Biomacromolecules and Nanomaterials 
for Biosensing


