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Introduction

Single-walled carbon nanotube (SWNT), cylindrical tubules formed by wrapping a graphene sheet, exhibit novel mechanical
and electronic properties. The unique electronic properties of SWNTs, make them an ideal system for studying correlated
electron behavior in one-dimension [1]. A breakdown of the Fermi liquid theory is generally expected in 1D systems [2] and
a Luttinger liquid can be used to calculate the ground state and low-energy excited states of such 1D systems. There is some
evidence, based on transport experiments, that a Luttinger behavior may be present in SWNTs [3]. Because the spin degree of
freedom has characteristic properties and plays a key role in a Luttinger liquid, the study of the spin degree of freedom in
such systems can shed further light on this matter and NMR is well suited for this purpose. There are theoretical predictions
on how the nuclear spin relaxation times (T;) would behave in the presence of correlations [4,5]. These studies predict a
deviation from Korringa’s law with 1/T; deviating from linearity at low temperature. Some studies also suggest the
possibility of a magnetic field dependence of T [6].

Experimental

To study the spin relaxation, we run two NMR experiments using a saturation recovery/CPMG technique in the 24.6 T,
32mm bore, higher homogeneity facility at the NHMFL. In the first experiment, we measured T, vs. temperature. For the
second experiment, we kept the temperature constant, and swept the field in order to study the field dependence of T.

Results and Discussion

The first round of experiments show a T dependence on the field at low temperatures (<120K) whereas the dependence
seems to vanish at room temperature. On the other hand, the values for T, obtained at fixed field (22T), do not seem to show
a significant deviation from Korringa’s law down to 80K. However, the precision of the data obtained in the first set of
experiments is not enough for us to say conclusively that such a deviation does not occur. Furthermore, experiments carried
out at 4.7 Tesla in our Lab at UNC-CH, show a clear deviation from Korringa’s law at 80K (and perhaps higher
temperatures), suggesting that the field strength may be playing an important role in determining the relaxation mechanisms.

Conclusions

The results of the first set of experiments clearly show deviations from the behavior expected if interactions were ignored.
However, the quality of our data isn’t yet good enough to allow us a univocal characterization of this deviation. Further
experiments are planned and will be carried out, that will allow us to characterize the low temperature behavior with more
confidence.

Acknowledgements

The authors want to acknowledge Arneil Reyes and Phil Khun (NHMFL, Tallahassee) for their invaluable help with setting
up and running these very long experiments. We also want to thank the awesome staff at NHMFL in Tallahassee for their
support during our visit. Participants from UNC-CH are supported by NSF DMR-0139452.

References

[1] Dresselhaus, M., et al., Science of Fullerenes and Carbon Nanotubes (Academic Press, San Diego, 1996).
[2] Voit, J., Rep. Prog. Phys. 58, 977 (1995).

[3] Bockrath, M., et al., Nature 397, 598-601 (1999).

[4] Bourbonnais, C., ef al., Phys. Rev. Lett. 62, 1532 (1989).

[5] Moriya, T., J. Phys. Soc. Japan 18, 516 (1963).

[6] Soda, G., et al., Le Journal de Physique 38, 931 (1977).



