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Temperature-invariant 
viscoelasticity from −196ºC 
to 1000ºC achieved in CNTs

Nano Focus

The physics of carbon nanotubes 
(CNTs) has rapidly evolved into a 

research fi eld since their discovery by 
Iijima in 1991. Since then, theoretical 
and experimental studies in various fi elds 
such as electronics, biotechnology, optic, 
and mechanics have focused on both the 
fundamental physical properties and on 
their potential applications of CNTs. Re-
cently, collaborative efforts of K. Hata 
and colleagues from the Technology 
Research Association for Single Wall 
Carbon Nanotubes (TASC), Nanotube 
Research Center, Institute of Advanced 
Industrial Science and Technology 
(AIST), and Japan Science and Tech-
nology Agency in Kawaguchi, Japan 
realized viscoelastic behavior in CNTs. 
The researchers assembled the material 
from a random network of long intercon-
nected carbon nanotubes that exhibited 
an operational temperature ranging from 
−196°C to 1000°C. 
 As reported in the December 3rd, 
2010 issue of Science (DOI: 10.1126/
science.1194865; p. 6009), the research-
ers synthesized transverse long CNTs 
with a very high density of intermittent 
physical interconnections using a com-

bination of reactive ion 
etching, water-assisted 
chemical vapor deposi-
tion (CVD), and com-
pression. These CNTs 
produced contained 
~68% double-walled 
CNTs, ~22% single-
walled CNTs, and ~10% 
triple-walled CNTs of 
0.009 g/cm3, 4.5 mm in 
height and 99.9% carbon 
purity. The researchers 
observed an intertube structure where 
CNTs transverse laterally, making in-
terconnections with other CNTs using 
a scanning electron microscope (SEM) 
(see Figure). The researchers observed a 
100% strain from a shear-mode dynamic 
mechanical analysis (DMA) with high 
nonlinearity. 
 After further looking into the mech-
anism of viscoelasticty of these tubes, 
the group concluded that the strain was 
absorbed at low level by reversible 
unfolding of the traversing CNTs and 
100% strain by an irreversible process of 
straightening, slipping, and bundling of 
CNTs. They also observed a closed hys-
teresis without abrupt changes which is 
typical for viscoelastic energy dissipative 
and highly deformable materials such as 
rubber. The CNT material synthesized 
had a similar stiffness (storage modulus 

= 1 MPa), high dissipation ability (loss 
modulus = 0.3 MPa), and damping ratio 
(0.3) than silicon rubber at room tem-
perature. These viscoelastic properties 
were measured over a wide range of tem-
perature from −196°C to 1000°C. Fur-
ther analysis at this temperature range 
demonstrated temperature-invariant 
frequency stability, and the same level 
of reversible deformation and fatigue 
resistance. 
  The CNT material not only demon-
strates thermal stability, but also provides 
temperature-invariant viscoelasticity and 
thus can be used as building blocks of 
thermally stable and viscoelastic materi-
als in various applications, from human 
tissues, shoe soles, ear plugs, and mat-
tresses to vibration isolators.
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Flexible intertube carbon nanotube material, with scanning 
electron micrograph (inset). Reproduced with permission from 
Science 330 (6009) (2010) DOI: 10.1126/science.1194865; 
p. 1364. © 2010 AAAS.

Er3+/Pr3+ co-doped 
fl uorophoshate glass shows 
emission at 2.7 μm promising for 
solid-state laser development 

The development of mid-infrared la-
sers operating in the infrared region 

around 2.7 μm is an active research fi eld 
due to its applications including military 
and remote sensing, atmosphere pollution 
monitoring, eye-safe radars, and medical 
surgery. In the search of materials for the 
development of effi cient optical devices 
based on rare-earth ions, two key fac-
tors are considered: glass host and the 
active ions. The glass host should have 
a high transparency in the mid-infrared 

region and thus should have a minimal 
absorption in the typical OH− absorption 
band at 3 μm, low-nonradiative decay 
rates, high-radiative emission rates, and 
compatibility with fi ber and waveguide 
fabrication processes. As the choice of 
ion for emission in the mid-infrared, Er3+ 
is well known for emission around 1.55 
μm and 2.7 μm. However, the 2.7 μm 
emission is usually not effi cient unless 
co-doped with other rare-earth ions such 
as Pr3+, Tm3+, Yb3+, Nd3+, or Ho3+.
 In the January 15th issue of Optics 
Letters (DOI: 10.1364/OL.36.000109; 
p. 109), Y. Tian, R. Xu, L. Zang, L. Hu, 
and J. Zhang in a joint collaboration of 
the Chinese Academy of Sciences in 
Shangai and Beijing report the obser-

vation of 2.7 μm emission from diode 
pumped Er3+/Pr3+ co-doped fl uorophas-
pate glass. They said that the good ther-
mal properties and spectroscopic charac-
teristics make this material promising for 
the development of a 2.7 μm laser. 
 The researchers have produced a 
fluorophosphate glass with the mo-
lar composition 20Al(PO3)3- 80RF2– 

3ErF3–0.6PrF3 (R = Mg, Ca, Sr, Ba). 
The thermal analysis of the prepared 
glass reveals that ΔT defi ned as Tx−Tg, 
wherein Tx is the onset crystallization 
temperature and Tg is the glass transition 
temperature, is 238.7°C. This value is 
signifi cantly higher than that reported 
for other fl uorophosphates and fl uoride 
glasses and indicates that the investigat-
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