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Introduction 

Carbon nanotubes (CNT) attracted attention of 
a large number of scientists around the world 
because of it unusual physical properties. And the 
articles related to it are increasing every day. But 
the effect of different gas impurities on the thermal 
expansion of single-walled carbon nanotube 
(SWNT) bundles is still unexplored. We should 
point that low-temperature investigations of 
thermal expansion can give us important data 
about dynamics of such systems. 

Results and discussion 
We have investigated the sample of pressure-

oriented nanotubes. According to the results of [1], 
at this pressure nanotubes become aligned in plane 
perpendicular to pressure vector if the plate height 
not exceeds 0.4 mm. The average deviation of 
nanotubes from alignment plane is ~4° in this case. 
A cylindrical sample was compressed of pressure 
(11000 bar)-oriented SWNT plates, each being up 
to 0.4 mm thick. The sample was 7.2 mm high and 
10 mm in diameter. 

Radial thermal expansion of pure and            
H2-saturated SWNT samples was investigated 
using a low-temperature capacitance dilatometer in 
temperature range of 2.2—28 K. 

Linear thermal expansion coefficient (LTEC) 
for pure nanotubes is negative below 5.5 K. This is 
because the Grüneisen coefficient of transverse 
acoustic vibrations is negative in two-dimensional 
(graphene) or quasi-two-dimensional (graphite, 
nanotubes) carbon systems. We found that at T ~ 
5.5 K the LTEC of SWNT bundles become 
positive. The formation of SWNT bundles 
generates three-dimensional features in the system. 
As a result, the negative Grüneisen coefficients of 
such system decrease in magnitude and/or become 
positive. The hysteresis of LTEC of pure SWNT-
bundles was found. Hysteresis is due to 
nonequilibrium state of the pressure-oriented 
nanotubes, and it becomes prominent on heating. 
Thermocycling within narrow temperature range 
(heating and cooling on 1—2 K) helps in achieving 
equilibrium state and makes hysteresis disappear. 

Addition of hydrogen impurity changes LTEC 

significantly. Very high increase of LTEC values 
in case of hydrogen impurity is due to contribution 
of hydrogen molecules to vibrational spectra of 
“SWNT-bundles — H2 impurity” system. 
Measurement results of LTEC of the “SWNT-
bundles — H2 impurity” system is shown of Fig. 1. 

 

 
Fig. 1. Radial thermal expansion of SWNT: 
1) with H2 impurity; 
2) after partial removal of H2 impurity; 
3) with Xe impurity; 
4) pure SWNT. 
 
It is necessary to point that doping with 

hydrogen caused the shift of the temperature 
interval where negative thermal expansion was 
observed to lower temperatures (2.2—3 K). 
Narrowing of temperature interval of negative 
thermal expansion in case of H2 and Xe impurity is 
caused by impact of impurity molecules on the 
transverse vibrations of nanotubes. The filling of 
interior sites of nanotubes with H2 molecules 
results in lowering of the amplitude and in raising 
the frequency of the transverse vibrations of 
nanotube surface atoms. This leads to lowering of 
contribution of negative part and shifts its 
temperature interval to lower temperatures. 

It is seen that LTEC values of SWNT — H2 
system is much higher than that for SWNT — Xe. 
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It shows that H2 molecules which can penetrate to 
interstitial and interior sites of nanotube makes sig-
nificant contribution to LTEC values of H2—
SWNT system, because these sites are unaccess-
ible for impurity molecules in case of Xe 
impurity[3]. 

It is also necessary to point that there is no hys-
teresis of LTEC in H2-doped SWNT bundles. 

Conclusions 
Dilatometric investigations of low-temperature 

thermal expansion of single-walled carbon 
nanotube bundles showed: 

1. Radial thermal expansion coefficient of 
SWNT-bundles rises significantly when 
doping with H2. 

2. Temperature interval of negative thermal 
expansion of H2-doped SWNT is shifted to 
low temperatures in comparison with pure 
SWNT. 
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