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In the paper “Laser controlled magnetism in hydrogen-

ated fullerene films,”1 we reported on room temperature

magnetism of fullerenes treated with mono-atomic hydrogen.

The study was motivated by the earlier theoretical predic-

tions2,3 that unpaired spins on fullerene molecules in the

polymerized solid phases show long range exchange interac-

tion, which is strong enough to expect ferromagnetism at

room temperatures. In Ref. 1, we reported that after treat-

ment with monoatomic hydrogen and polymerization, fuller-

ene films show well pronounced magnetic hysteresis and the

saturation magnetization corresponds to 0.1–0.2 bohr magne-

ton per fullerene molecule.

The observed magnetism in our hydrogenated sam-

ples—magnetically inert before the treatment—has been

interpreted in the physical picture where the unpaired spins

are due to hydrogen atoms attached to fullerenes, C60H being

the simplest possibility as a magnetic building block. In ac-

cordance with ab initio calculations, these states are thermo-

dynamically unstable. Our treatment with monoatomic

hydrogen creates metastable complexes, which are long lived

due to a high barrier (�2 eV, in accordance with ab initio
calculations) on the path from the unstable configuration

C60H þ C60H to the stable one C60H2 þ C60.

We do not think that it is of much interest for the reader

to discuss if our results “…contradict the existing experi-
mental knowledge” of the Comment’s author. Our paper1 is

concentrated on magnetism with the structural data presented

rather sketchy, and we are grateful to the author of the Com-

ment for the opportunity to discuss structural properties and

show our data in more detail.

In Fig. 1(a), we show the Raman spectrum of a pristine

film. These data were not included in our publication,1 as the

Comment quite rightly states. In the region from 1650 to

4000 cm�1, the spectrum in Fig. 1(a) is featureless in contrast

to the spectrum of a hydrogenated film in Fig. 1(a), inset.

We emphasize that the two spectra were measured in identi-

cal conditions at the same very low laser intensity (1% of the

maximum He-Ne laser power where the full power is

50 mW/cm2).

The assignment of the Raman peaks seen in our freshly

hydrogenated samples in Fig. 1(a), inset, indeed requires

discussion. Leaving aside “…unknown effects…” suggested

in the Comment, we are aware of two mechanisms: (i)

intrinsic one, that is, due to the vibration modes related to

hydrogen(s) attached to fullerenes; (ii) second or higher

order Raman processes,4 an extrinsic mechanism in this

context.

The vibrational frequencies and the corresponding

Raman intensities have been computed in Ref. 1, and Fig.

1(b) presents the simulated spectra. The calculations predict

the C-H stretching modes in the frequency range 2800–

3100 cm�1 at the positions which turn out to be rather close

to the following second-order Raman modes: 2Hg(7); Ag(2)

þ Hg(7); 2Ag(2); Hg(7) þ Hg(8), and Ag(2) þ Hg(7). The

latter were observed in Ref. 4 on fullerene films exposed to

high laser excitation intensities. Admittedly, this near coin-

cidence creates ambiguity in the interpretation. Although

the appearance of the second order modes at the very low

laser intensity is very unlikely in our measurements, we

cannot exclude the contribution of C60 silent modes which

become weakly active when attached hydrogens reduce the

space symmetry; in a sense, this mechanism is also intrin-

sic. The peaks in the C-H stretching vibrations region are

much stronger than other features in the 1800–4000 cm�1

region,1 and we believe that the spectrum is the superposi-

tion of the mechanisms, intrinsic mechanism being a pre-

vailing one.

Further, in Fig. 1(c), we show the Raman spectrum of

pristine and hydrogenated films in the 200–1800 cm�1 range.

In this range, ab initio calculations predict the following

changes in the Raman spectra due to hydrogenation: (i) lift-

ing the degeneracy of the Hg(1), Hg(7), and Hg(8) modes,

(ii) strong enhancement of the latter mode in intensity, and

(iii) an appearance of large amount of spectral features

around the Hg(5) and Hg(6) modes. The predicted features,

although expectedly weak in intensity, can be identified

from the comparison of the spectra of pristine and hydrogen
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treated samples. Splitting of the Hg(1) mode around

270 cm�1 and the Hg(7) around 1425 cm�1 modes as well as

a threefold enhancement in intensity of the Hg(8) mode at

1575 cm�1 (marked by the ovals) are clearly seen in Fig.

1(c). Closer look at the 1000–1400 cm�1 region (Fig. 1(c),

inset) provides further arguments: below 1000 cm�1, the

spectra of pristine and treated samples are nearly identical

being noticeably different around 1100, 1200, 1250 cm�1,

i.e., in the region predicted by the theory (lower panel in the

inset).

In the hydrogenated samples, the Raman measurements

in the region from 260 to 3200 cm�1 reveal a number of

peaks that can be assigned to the predicted hydrogen modes.

As expected, these additional peaks disappear with aging of

our samples.

We emphasize that the aging effects are seen simultane-

ously in magnetic properties and the Raman spectra.2 These

findings unequivocally indicate that both magnetic and struc-

tural changes are due to the hydrogen treatment, and we

assert that the data support our physical picture.

The Comment’s author claims he is in possession of

commercial fullerene samples in which the characteristic

Raman peaks similar to that in Fig. 1(a) were seen without

any treatment. We are not in position to discuss unpublished

results obtained on uncharacterized samples by an undocu-

mented procedure. It could be that these samples contained

hydrogen-rich impurities and/or high order Raman processes

contributed to the spectra.

In conclusion, we thank the Comment’s author for atten-

tion and invaluable advices but we find no convincing argu-

ment in the Comment that makes us change the point of

view presented in Ref. 1.

This work was supported by the EU project 295180
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FIG. 1. (a) Experimental Raman spectrum of C60 film. Inset: Part of the spec-

trum of the same film before and after the hydrogen plasma treatment.

(b) Theoretical Raman spectra for C60H (upper curve) and C60H2 (lower

curve) calculated using the ab initio DFT/B3LYP/3-21 G method by PC

GAMESS version 7.0 and GAUSSIAN 03 suite of programs. (c) Experimental

Raman spectrum of C60 film before (lower curve) and after (upper curve) the

hydrogen plasma treatment. Inset: Enlarged part of the spectra of the same

films; Lower panel of the inset: Theoretical Raman spectra for C60H shown as

partial peaks.
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