Accepted Manuscript

Transparent and Conductive Hybrid Graphene/Carbon Nanotube Films

Alexandra L. Gorkina, Alexey P. Tsapenko, Evgenia P. Gilshteyn, Tatiana S.
Koltsova, Tatiana V. Larionova, Alexander Talyzin, Anton S. Anisimov, llya V.
Anoshkin, Esko I. Kauppinen, Oleg V. Tolochko, Albert G. Nasibulin

PII: S0008-6223(16)30035-5
DOI: 10.1016/j.carbon.2016.01.035
Reference: CARBON 10666

To appearin:  Carbon

Received Date: 29 December 2015

Accepted Date: 11 January 2016

Please cite this article as: A.L. Gorkina, A.P. Tsapenko, E.P. Gilshteyn, T.S. Koltsova, T.V.
Larionova, A. Talyzin, A.S. Anisimov, |.V. Anoshkin, E.I. Kauppinen, O.V. Tolochko, A.G. Nasibulin,
Transparent and Conductive Hybrid Graphene/Carbon Nanotube Films, Carbon (2016), doi: 10.1016/
j-carbon.2016.01.035.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.



http://dx.doi.org/10.1016/j.carbon.2016.01.035

Transparent and Conductive Hybrid Graphene/Carbon
Nanotube Films

Alexandra L. Gorking Alexey P. TsapenKpEvgenia P. Gilshteyn
Tatiana S. Koltsoa Tatiana V. Larionova Alexander Talyzify
Anton S. Anisimo¥, llya V. Anoshkitf, Esko |. Kauppinet Oleg V. Tolochks,
Albert G. Nasibulifi®

#Skolkovo Institute of Science and Technology, Netbe, 143026, Moscow, Russia
PPeter the Great St.Petersburg Polytechnic Univgr$tolytechnicheskaya 29, 195251 St. PetersburssiRu
°Umead University, SE-901 87 Umed, Sweden
dCanatu Ltd., Konalankuja 5, 00390, Helsinki, Firdan
€ Aalto University, Department of Applied Physid30®6 Aalto, Finland

Abstract

Carbon nanomaterials (carbon nanotubes (CNTSs) eaphgne) are promising materials
for optoelectronic applications, including flexikdlansparent and conductive films
(TCFs) due to their extraordinary electrical, ogtiand mechanical properties. However,
the performance of CNT- or graphene-only TCFs s&kds to be improved. One way to
enhance the optoelectrical properties of TCFs s/twidize CNTs and graphene. This
approach leads to creation of a novel materialékhtbits better properties than its
individual constituents. In this work, the novebing CNT-graphene nanomaterial was
fabricated by graphene oxide deposition on topMT @Ims. The graphene oxide was
then reduced by thermal annealing at ambient atheyepor inHz atmosphere. At the
final step the CNT-graphene hybrids were chemiadtlged using gold(lll) chloride. As
a result, we show that the hybrids demonstrateliexteptoelectrical performance with

the sheet resistance as low ag¥3 at 90% transmittance.
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