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Carbon nanotubes (CNT) are good candidates for carriers of drug delivery system (DDS) because various
molecular nanomaterials are easily incorporated into CNTs. However, it has not been established the
method to release the molecules from CNTs. In this work, we have developed the technique of releasing
molecules from CNTs utilizing radiation defects in CNT walls. This method can control the position and
timing of releasing drug from CNTs by ON-OFF of X-ray irradiation. Therefore, our method can be developed
as the new medical techniques for cancer.

Ferrocene and single-wal led CNTs were used as model materials in this study. Ferrocene—incorporated
CNTs were prepared by a vapor diffusion method in vacuum. The ferrocene-incorporated CNTs were
X-ray-irradiated to form defects in CNTs and release ferrocene from them. Then, they were annealed at
300 °C in inert gas to recover the X-ray—induced defects

Each sample was characterized by Raman spectroscopy. D band (defect induced mode) and RBM (radial
breathing modes) of pristine, ferrocene—incorporated, X-ray-irradiated, and thermal-annealed samples
were careful ly compared. The D band analysis clearly showed that defects were formed in CNT wall by
X-ray irradiation and the defects were eliminated by thermal annealing. Moreover, from the analysis
of RBM frequency, we found that the ferrocene was released from ferrocene—incorporated CNT by formation
of X-ray—induced defects. This result corresponded to that of energy dispersive X-ray spectroscopic
analysis: the iron concentration of the ferrocene—incorporated CNTs were reduced from 0. 24 to 0. 15 atom%
after X-ray irradiation.

For realizing the new DDS techniques utilizing the radiation irradiation, we have much work to break
through. For example, the control of the amount of releasing materials and the investigation of the
radiation—irradiated effects for the incorporated materials in CNTs are important issues

Additional ly, we found the new Raman peaks der ived from the new nano—structure that grew in CNT samples
by thermal annealing of the X-ray induced defects. Therefore, radiation irradiation method is
interesting not only in DDS application but also in material science.




