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Abstract 

Thin films of C60 were investigated as protective coatings of Al films to preserve their 

far UV (FUV) reflectance by inhibiting or retarding their oxidation. Two methods were 

used for the overcoating of Al films with about one monolayer of C60: (1) deposition of 

a multilayer film followed by temperature desorption of all but one monolayer, and (2) 

direct deposition of about one-monolayer film. We exposed both types of samples to 

controlled doses of molecular oxygen and water vapor, and measured their FUV 

reflectance before and after exposure to evaluate the achieved protection on the Al 

films. The whole process of sample preparation, reflectance measurement, sample 

heating, and oxidation was made without breaking vacuum. Results show that a C60 

monolayer protected Al from oxidation to some extent, although FUV reflectance of 

unprotected Al films was never exceeded. FUV optical constants of C60 films, and the 

FUV reflectance of the C60 film as deposited and as a function of exposure to O2 were 

also measured. 
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1. Introduction 

 

The unparalleled normal reflectance of pure Al films in the far UV (FUV) above 83 nm 

is destroyed when Al is exposed to the normal atmosphere or even to the residual 

atmosphere of a high vacuum system. A thin film of aluminum oxide, which grows on 

Al, is responsible for the reflectance loss because it strongly absorbs radiation of 

wavelength shorter than 200 nm. Instead of Al films, other reflective materials are used 

in this spectral region, like chemical-vapor-deposited SiC, and thin films of SiC, B4C, 

and Ir. However, they have a reflectance varying from about 50% to 20%, considerably 

lower than an average of over 80% for non-oxidized Al longward of 83 nm, a spectral 

region of high interest for astrophysics. Non-absorbing coatings of MgF2 and LiF are 

regularly used as protective coatings of Al films for wavelengths above 115 and 105 

nm, respectively 1. Below their cutoff wavelengths both materials become opaque, and 

no transparent material is available with the ability to protect Al and at the same time to 

keep its high reflectance in the spectral region down to 83 nm.  

 

The development of new materials for protective coatings on Al would be obviously 

desirable for FUV reflective optics, with applications for synchrotron radiation, free 

electron lasers, and spectroscopy, and particularly for astrophysics, where higher 

reflectance is required due to the low intensity of most space sources. In order to find a 

suitable material for Al protective overcoating, several features have to be taken into 

account. Radiation absorption has to be low to allow radiation to get through the 

protective film. In practice, as all materials show a high absorption in the short FUV, 

any passivating overcoating film should be extremely thin in order to keep most of the 
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high reflectance of Al. However, the film should be thick enough to preclude oxygen, 

water vapor, and other possible contaminants from getting through the film and from 

reacting with Al. The protective material has to be stable and it also has to be able to 

grow as a smooth thin film with no pinholes to avoid oxidizing species to reach the Al 

film. All these conditions are difficult to meet. 

 

Among new materials, fullerenes have deserved a great attention in the last decade, and 

a considerable number of possible applications have been studied for them. Passivation 

of reactive materials is one of those applications. For instance, 2-3 monolayers of C60 

are able to passivate (100)Mo from oxidation with oxygen 2. Hamza et al.3 reported that 

Al films coated by films of C60 or C70 as thin as one monolayer become resistant to 

oxidation by low doses of water vapor. The method of these authors consisted of 

depositing a multilayer of C60 onto a pristine Al surface, followed by desorption of all 

but one monolayer of C60 by heating the structure up to 600 K.  

 

In the present paper we investigate the effect of overcoating Al films with C60 on the 

FUV reflectance of the films, as well as the reflectance degradation of these bilayers 

upon exposure to controlled doses of molecular oxygen, water vapor, and atmosphere. 

C60 monolayers were deposited directly or produced by thermal desorption from 

deposited multilayers, according to the method of Hamza et al.3. We show that 

extremely thin C60 overcoatings partially protected Al films from oxidation, but the 

bilayer C60/Al was unable to exceed the FUV reflectance of bare Al, either for fresh 

films or for films exposed to oxidizing species.  We also obtained the optical constants 

of C60 films in the spectral region 53.6-174.4 nm.  
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2. Reflectance calculations of Al films protected with several materials 

 

Fig. 1 shows the calculated reflectance at 91.2 nm H line for an opaque Al film coated 

with increasing film thickness of several protective coatings. Materials were selected for 

being relatively non-absorbing, like MgF2, for growing as a smooth film without 

pinholes, like amorphous C, for having intrinsic moderately high reflectance, like 

amorphous SiC and Ir, or for its protective action in the case of C60 
3. Optical constants 

of Al were taken from Larruquert et al. 4, 5, those of MgF2 from Larruquert and Keski-

Kuha 6, those of amorphous C from Hagemann et al. 7, those of ion-beam-deposited 

(IBD) SiC from Larruquert and Keski-Kuha 8, and those of Ir from a compilation made 

by Weaver et al.9. C60 optical constants were obtained in the present work and will be 

shown below. The plot shows that a-few-nanometer thick coating of any material is 

responsible for a dramatic decrease in Al reflectance.  

 

When searching for a thin protective coating, we have to keep in mind that many 

vacuum deposited materials do not form a continuous film until they reach a thickness 

of more than about ten nanometers. Still, coatings of amorphous C as thin as 5-6 nm are 

known to form a continuous film and are regularly used to protect x-ray multilayer 

coatings from reaction to atmosphere or to prevent interactions between adjacent layers. 

However, for an overcoating thickness of 5 nm and above, FUV reflectance of a C 

protected Al film would be too low for any application. Also, it is to be noted that in 

spite of the lowest reflectance degradation shown in fig. 1 for Al coated with IBD SiC, a 

mere 3.5 nm thick SiC overcoating on Al would give a reflectance lower than a single 

opaque film of SiC, and very likely such an overcoating would not protect Al film 

against oxidation.  
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Nevertheless, results from Hamza et al. 3 show that one monolayer of C60 film is able to 

protect an Al film, as mentioned above. Thickness of one-monolayer C60 film is in the 

range of 1.0-1.5 nm. Looking at Fig. 1 we find a reflectance at 91.2 nm of about 60% 

for an Al film coated with one monolayer of C60, which is above the reflectance 

available with any stable film. Therefore, thin films of C60 look promising as Al 

protective overcoatings and that is the reason for the present research. 

 

3. Experimental techniques 

 

We used a FUV reflectometer equipped for in situ ultra high vacuum (UHV) thin film 

deposition, which is an upgraded version of the one described elsewhere10, 11. Fig. 2 

shows a schematic view of the equipment. The system incorporated a new UHV 

deposition chamber connected to the reflectometer in order to separate in different 

chambers deposition processes and reflectance measurements (in previous arrangements 

both operations were made in the same chamber). Briefly, the deposition chamber was 

provided with an effusion cell and a Ta boat for Al evaporation and C60 sublimation, 

respectively. 99.999% purity Al (Balzers) and 99.9% purity C60 (MER Corp.) were 

used. The chamber was also provided with a quartz crystal thickness monitor, an ion 

gauge, a residual gas analyzer, a radiant sample heater, and was pumped to UHV 

through an ion pump and a titanium sublimation pump. The deposition chamber was 

inserted between the reflectometer and an auxiliary chamber for sample transfer. 

Sample transfer chamber was pumped by a turbomolecular pumping system, and was 

provided with a needle valve for sample oxidation, a Penning gauge, and a gate valve to 

connect with the deposition chamber. New substrates could be loaded into the 
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deposition chamber without breaking vacuum. The deposition chamber and the 

reflectometer were baked out to 470 K. Sample transfer chamber was not baked. Film 

deposition, reflectance measurements, sample heating, and controlled oxidation were 

made in situ. All processes except oxidation were made with the sample maintained in 

UHV. Oxidation doses were large and were given in the sample transfer chamber. 

Pressure during controlled oxidation processes varied from 10-4 Pa to atmosphere. The 

oxidation dosing was expressed by the product of pressure and time, and measured in 

Langmuirs (1 L =10-6 torr x s, i.e., a mirror placed under a partial pressure of 10-6 torr 

for 1 second  would be exposed to 1 L;  1 torr=133 Pa).  Exposures lower than  about 

108 L were given with the turbomolecular pump on. For higher exposures the 

turbomolecular pump was turned off and the chamber pumped through a rotary pump 

provided with an oil trap. A few doses were given with no pumping and they will be 

indicated in the text. Reflectance measurements were made at room temperature. 

Uncertainty in the reflectance measurements is estimated to be within ±2%. Thickness 

of films was monitored with a quartz crystal oscillator. These thickness measurements 

were calibrated through Tolanski interferometry on different C60 samples with 

thicknesses in a range of several tens of nanometers. The uncertainty of the C60 film 

thickness is estimated to be within ±10%. For the thinnest C60 films (0.5 to 1.5 nm) 

thickness uncertainty can be conservatively raised to about ±20%. 

 

The resistive sample heater consisted of a toroidal resistance coil placed in front of the 

sample at 4.5 cm. Temperature of samples was controlled by a K thermocouple in 

contact with their surface. 
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Experiments were made as follows. A clean floated glass substrate, 50.8 mm x 50.8 mm 

x 3 mm size, was coated with a thin Al film about 100 nm thick at a rate of about 

2 nm/s.  Immediately after this deposition, the Al film was partly masked with a shutter 

and the unmasked area coated with a multilayer or a monolayer of C60. In this way an 

Al/ C60 composite film and a single Al film, both prepared on the same substrate and 

under the same conditions, were available for comparison. The C60 deposition rate was 

about 0.5 nm/s for FUV opaque films (multilayers), and about 0.03 nm/s for monolayer 

films. Both Al and C60 depositions were made on room temperature substrates. The 

sample was then transferred to the reflectometer for reflectance measurements and 

transferred back for sample heating or O2/ H2O/ atmosphere exposure, and forth for 

reflectance degradation test. Reflectance measurements were successively made in the 

Al area, and in the Al/ C60 area. Unless otherwise specified, reflectance was measured at 

5º from normal. Oxygen exposure was made by flowing 99.999% O2 through the needle 

valve. Water vapor exposure was made making use of the same valve and pump, by 

connecting the needle valve to a glass bulb containing deionized water. Pressure for 

exposure calculation was taken from the ion gauge measurement. Typical pressure at 

the different experiment stages was 3x10-8 Pa for base pressure both in the deposition 

chamber and in the reflectometer (when isolated from the lamp-monochromator), 10-6 -

10-5 Pa during Al and C60 deposition, 1-2x10-7 Pa during sample heating. Total pressure 

in the reflectometer during reflectance measurements, i.e. connected to the lamp-

monochromator, was 3x10-7 Pa. The residual atmosphere in the reflectometer when 

measuring reflectance consisted of mainly the non-oxidizing gas mixture flowing in the 

discharge lamp, which reaches the UHV reflectometer chamber through a differential 

pumping arrangement. Gas mixture is composed of 93% He, 3% Ne, 3% Ar, and 1% 

N2.  
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4. Results and discussion 

 

4.1 C60 protective monolayer produced by temperature desorption from a multilayer 

coating 

 

Typically, samples were prepared by deposition of a 100-nm thick Al film that was 

quickly overcoated with a 10-nm thick C60 film while partly masking the Al film as 

indicated in Section 3. Fig. 3 shows near-normal reflectance measurements on both 

areas of one of these samples. It corresponds to a 3-day aged sample, and consequently 

the reflectance of uncoated Al is somewhat lower than that of a fresh sample due to 

oxidation in the residual atmosphere of the reflectometer (see for comparison ref. 4). 

The sample was heated to 500 ±25 K for 3 hours in order to desorb all the C60 except for 

a monolayer in contact with Al, according to the process of Hamza et al. 3. Reflectance 

in both sample areas after sample heating is shown in Fig. 3. The sample was heated for 

a second time to the same temperature for 15 h to continue the C60 desorption, and 

reflectance measured again and plotted in Fig. 3. After first heating process, reflectance 

on the Al/ C60 area increased in the whole spectral region. Second heating, which was 

much longer in time, gave only a small extra reflectance increase. Further heating to the 

same temperature for a total of 31 h made no significant difference in reflectance. A 

short heating to 530±25 K showed no further increase in reflectance. The increase in 

reflectance after heating clearly shows that desorption of the C60 multilayer has been 

produced. 
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On the other hand, reflectance of the sample area coated with bare Al decreases when 

heated. Tentative explanations for this phenomenon are the diffusion of oxygen atoms 

to the Al volume, leaving new adsorption sites for further Al oxidation in the residual 

atmosphere, or structural changes in the heated Al film. Dymshits et al.12 observed a 

permanent FUV reflectance loss of Al films heated to temperatures exceeding 520 K, 

which was attributed to Al film recrystallization. 

 

Reflectance of both bare Al and Al/ C60 multilayer, after heated, trended towards 

reflectance values halfway between untreated Al, and Al coated with a thick C60 film. 

Reflectance of unprotected Al kept higher than that of Al/ C60 in the whole spectral 

region of high Al reflectance. 

 

In order to evaluate the protection provided to Al by the C60 film, we exposed the 

samples to increasing doses of molecular oxygen. Exposure was given after the heating 

treatments, with the samples at room temperature. Fig. 4 shows the results for O2 doses 

of 2,000 L and 65,000 L. Reflectance of both Al and Al/ C60 degraded upon exposure to 

O2 in the whole spectral region of interest between 70 and 140 nm. Reflectance decrease 

for the Al/ C60 structure was somewhat lower than for bare Al. However, reflectance of 

unprotected Al kept higher than that of the Al/ C60 bilayer in the whole interval of 

applied exposures. Current results suggest that the C60 monolayer gives some protection 

to the Al film, although this protection is insufficient to counterbalance the initial 

decrease of reflectance due to the presence of the C60 film on Al. 
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4.2 C60 protective coatings by one-monolayer film deposition 

 

As an alternative procedure, we prepared protective C60 films on aluminum by 

deposition of about one monolayer of C60. With this procedure the sample was not 

heated, and we avoided the Al reflectance loss found in the multilayer desorption 

procedure described in section 4.1. The disadvantage of depositing such a thin film is 

that the Al film might not be completely covered by C60 molecules, so diminishing the 

protective action of C60.  

 

Reflectance measured on 3 samples of Al coated with C60 films with thickness varying 

from 0.5 to 1.5 nm is shown in Fig. 5. We observe that the reflectance of the Al film 

gradually decreased with increasing C60 thickness. For thickness higher than 1.5 nm 

FUV reflectance would be too low for any practical application. 

 

Different samples were prepared in this way and they were exposed to controlled doses 

of molecular oxygen and water vapor. Reflectance of the as deposited, as well as the 

exposed sample was measured. We represent in Fig. 6 the reflectance decrease of an Al 

film coated with a 0.5-nm thick C60 film that was exposed to molecular oxygen. In this 

and the following figures, the unexposed sample is assigned an arbitrary low dose of 5 

L. For doses in the range 104-106 L, reflectance of the uncoated, and the C60-coated Al 

film took exactly the same value. Reflectance of protected Al decreased at a lower rate 

than that of unprotected Al film. 

 

The same study was made on an Al film coated with a 1.5-nm thick C60 film, and the 

result is shown in Fig. 7. Reflectance of the Al/ C60 coating stayed nearly unchanged for 
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low doses up to 5x104 L, showing almost full protection. However, due to the thicker 

C60 film, reflectance of the protected Al film was at all times lower than that of the 

unprotected film. Results halfway between those shown in Figs. 6 and 7 were found for 

a 1.0-nm thick C60 film on Al. Again, similarly to the results obtained for the C60 film 

remaining after desorption from the deposited multilayer, we can observe that the 

presence of the C60 monolayer produced a certain protection of the Al film. Also, 

analogously to the annealed multilayer, the reflectance of the unprotected Al film kept 

higher than the reflectance of the protected one within the whole interval of 

wavelengths and oxygen exposures studied, except for the 0.5-nm thick film of C60, 

where reflectance of both coatings were the same for low doses of O2. 

 

In Fig. 6 we observe that for a dose of 4x108 L reflectance of C60-coated Al film took 

again lower values than for uncoated Al. This was an unexpected result, and will be 

discussed below in more detail. 

 

In Fig. 8 we plot the reflectance decrease of an Al film coated with a 1.5-nm thick C60 

film and its degradation after exposure to controlled doses of water vapor. Reflectance 

was almost unchanged after a water vapor dose of 5.4x104 L, indicating almost full 

protection up to this dose, in correspondence with the above results on molecular 

oxygen exposure. However, reflectance for the unprotected film was again higher than 

for the film coated with C60. For water vapor doses above 5.4x104 L, reflectance 

decreased at the same pace in both Al and Al/C60 coatings. 

 

Reflectance degradation of C60-coated Al films was also measured for samples exposed 

to natural atmosphere and compared to the samples exposed to similar doses of 
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molecular oxygen. Preparation conditions were as follows. Exposure was carried out 

once the samples were placed in the sample transfer chamber. For atmosphere exposure 

we allowed laboratory air to get into the chamber (that was isolated from pumping 

units) until pressures were equalized. For large O2 exposure we allowed O2 to flow into 

the isolated chamber until pressure given by a membrane capsule gauge reached about 

1.013x105 Pa, i.e. one atmosphere. In Fig. 9 we compare reflectance of two Al+1.5 nm 

C60 samples. One was exposed to increasing doses of molecular oxygen up to 2x109 L, 

followed by two additional exposures to atmosphere for a total dose of 2x1011 L (that 

corresponds to about 4 minutes exposure to atmosphere). The other sample was exposed 

to equivalent O2 doses. Again, as shown in fig. 6, reflectance degradation of C60-coated 

Al was larger than degradation of uncoated Al for large doses above about 109 L. 

Furthermore, the sample exposed to atmosphere underwent a larger reflectance decrease 

than the sample exposed to the same dose of molecular oxygen, even though molecular 

oxygen is only 21% in the air. We observed for other samples a similar behavior: when 

samples that had been exposed to molecular oxygen were later exposed to atmosphere, 

there was an acceleration in reflectance decrease. However, as shown in Fig. 9, the 

reflectance decrease on the uncoated Al area of the sample exposed to atmosphere did 

not show such a behavior. 

 

In order to find out why reflectance of C60–coated Al films accelerated degradation 

upon large exposures to O2, and even more to atmosphere, we investigated if this 

phenomenon was due to some kind of oxidation on the C60 film. We prepared a 30-nm 

thick C60 film deposited on another piece of the same glass substrate, and exposed it to 

controlled doses of O2 and atmosphere. Results are plotted in Fig. 10. No reflectance 

change was observed at 58.4 and 120.0 nm, whereas the short change at 91.2 and 104.8 
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nm and 107-108 L was about 1%, which is within the reflectance uncertainty. There is 

no feature in the curves resembling the dramatic change for high exposures of Figs. 6, 

and 9, or the effect of exposure to atmosphere of Fig. 9. Therefore, according to our 

experiments reflectance degradation cannot be explained in terms of either Al oxidation 

or C60 oxidation. We suggest that a certain oxidation enhancement occurs when either 

O2 or atmospheric air gets in contact with an Al film which is coated with a likely 

discontinuous C60 film that allows oxygen molecules to get through the film.  

 

Summarizing our results, C60 overcoatings (deposited as monolayers as well as resulting 

from desorption of multilayers) on reflecting Al thin films showed a moderate 

protective action against oxidation of the Al films when they were exposed to molecular 

oxygen or to water vapor for doses not exceeding about 106 L. For oxygen exposures in 

excess of that it seems that oxidation of the Al films proceeds at a lower rate than for 

Al/ C60 bilayers. Nevertheless, the protective action of C60 was unable to counterbalance 

the lower FUV reflectance of the bilayer Al/ C60 compared to the unprotected Al film.  

 

4.3 Optical constants of C60 

 

Finally, we obtained the FUV optical constants of C60 films deposited on floated glass 

substrates. Optical constants were obtained from reflectance measurements as a function 

of the angle of incidence on different C60 films. Reflectance measurements were made 

in one plane of incidence for 9 incidence angles varying from 5º to 80º. Radiation 

emerging from the monochromator onto the sample was partially polarized. Polarization 

degree of radiation, along with the optical constants of the glass substrate, were 

previously obtained from reflectance measurements versus the angle of incidence made 
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on floated glass samples, the same as those used for substrates. Reflectance 

measurements on glass were taken in two perpendicular planes of incidence: a 

horizontal and a vertical plane. The optical constants of glass substrates and the degree 

of polarization were used in the optical constant calculation of C60 films, that took into 

account the interface thin film/ substrate. More detailed information on optical constant 

calculation was given elsewhere4. C60 film roughness was neglected in the calculation. 

 

Optical constants were obtained for four C60 samples with thickness of 30, 150, 200, 

and 300 nm. In Figs. 11 and 12 we show the obtained optical constants n and k, 

respectively, averaged over the four samples. The error bars stand for the standard 

deviation among the different samples. To our knowledge these are the first optical 

constant data of C60 in the FUV obtained from optical measurements. In these figures 

we compared our results with the optical constant data of Sohmen et al.13 obtained from 

electron energy loss spectroscopy. Both sets of data show a good qualitative agreement. 

Refractive index n takes similar values for wavelengths below 90 nm and above 149 

nm. Between those wavelengths our values are lower. Our extinction coefficient k is 

similar to that of Sohmen et al. 13 at 53.6 nm and in the spectral region longward of 

113 nm; between these wavelengthss again we get lower values.  

 

Summary 

 

Thin films of C60 were investigated as protective coatings of FUV Al films against 

oxidation, through FUV reflectance measurements. 
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Al films coated with an FUV-opaque C60 film were heated up to 530±25 K in order to 

promote temperature desorption of most of the C60, with the aim of leaving one 

monolayer that would be tightly bound to Al. This procedure resulted in an increase in 

reflectance on the heated Al/ C60 film with respect to the initial bilayer, showing that 

C60 was desorbed. Alternatively, Al films were directly coated with thin films of C60 

about one-monolayer thick, that were not heated. 

 

The protective action of C60 overcoatings against oxidation of aluminum films was 

tested by exposing the samples to controlled doses of molecular oxygen, water vapor 

and atmosphere. When exposing annealed samples of Al and Al/ C60 up to doses of 65 

kL of molecular oxygen, the reflectance decrease of Al/ C60 was lower than that of Al, 

indicating that the remaining C60 film partly protected Al from oxidation. Nevertheless, 

Al reflectance remained always higher than that of Al/ C60, even though bare Al films 

heated in the same way that Al/ C60 bilayers experienced a decrease in their original 

reflectance 

 

As-deposited 1.5-nm thick C60 films on Al showed almost full Al protection against 

oxidation with O2 and water vapor up to doses about 50 kL, but reflectance of the 

unprotected Al film remained higher than the protected film. A 0.5-nm thick C60 film on 

Al gave partial protection to oxidation with O2 doses up to about 50 kL, and for this 

dose reflectance of the C60-coated Al film was as high as that of Al.  

 

In short, one-monolayer C60 overcoatings (deposited as monolayers as well as resulting 

from desorption of multilayers) on Al films show a protective action against oxidation 

of the Al films when they are exposed to molecular oxygen or to water vapor for doses 
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not exceeding about 106 L. Nevertheless, the protective action of C60 is unable to 

counterbalance the lower FUV reflectance of the bilayer Al/C60 compared to 

unprotected Al. 

 

For O2 doses above 106 L, oxidation seems to be more important for the as-deposited 

Al/ C60 coatings than for bare Al films, with a rapid reflectance decrease in the former 

coating. Oxidation was even accelerated when Al/ C60 was exposed to atmosphere 

instead of O2. Similar exposures of a thick C60 film deposited on a glass substrate 

showed no effect on reflectance, suggesting that the rapid reflectance decrease for Al/ 

C60 coatings is not due to either Al or C60 oxidation, but to an enhanced oxidation of Al/ 

C60. 

 

Therefore, C60 overcoatings on Al did not succeed in extending FUV Al film durability. 

However it was shown that extremely thin C60 films give partial protection to Al films. 

This result is encouraging for new research on Al protection with thin films of other 

materials, like for instance amorphous C, IBD SiC or MgF2. 

 

Finally, we obtained optical constants of C60 films in the spectral region 53.6-174.4 nm, 

which to our knowledge are the first obtained from optical measurements. 
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Figure Captions 

 

Fig. 1. Calculated reflectance of an Al film overcoated with different materials against 

coating thickness. 

 

Fig. 2. Schematic view of the experimental equipment: C: capillary; L: lamp; M: 

monochromator; G: diffraction grating; ENS: entrance slit; EXS: exit slit; MC: modulation 

chamber; CB: chopper blade; S: aperture stop; RC: reflectometer chamber; C1, C2 and C3: 

channel electron multipliers; MP, MP2, MP3: sample manipulators; SH: sample holder; P1, 

P2 and P3: small conductance pipes; DC: deposition chamber; STC: sample transfer 

chamber; GV: gate valve. 

 

Fig. 3. Normal reflectance of a sample with a bare Al film in one area and an Al film 

coated with a 10-nm thick C60 film in other area. Reflectance of both areas after sample 

heating to 500 K for 3 and 18 hours is also shown. 

 

Fig. 4. Normal reflectance of a heated sample with a bare Al film in one area and an Al 

film coated with a 10-nm thick C60 film in other area. Reflectance of both areas after 

sample exposure to doses of molecular oxygen is also shown. 

 

Fig. 5. Measured reflectance of bare Al, and Al coated with 0.5, 1.0, and 1.5 nm C60 

films. 

 



  

Fig. 6. Reflectance degradation of an unprotected Al film and an Al film coated with a 

0.5-nm thick C60 film versus exposure to molecular oxygen. 

 

Fig. 7. Reflectance degradation of an unprotected Al film and an Al film coated with a 

1.5-nm thick C60 film versus exposure to molecular oxygen. 

 

Fig. 8. Reflectance degradation of an unprotected Al film and an Al film coated with a 

1.5-nm thick C60 film versus exposure to water vapor. 

 

Fig. 9. Reflectance degradation at 104.8 nm of an unprotected Al film and an Al film 

coated with a 1.5-nm thick C60 film versus exposure to molecular oxygen and laboratory 

atmosphere. Solid symbols state for molecular oxygen doses, whereas open symbols 

state for atmosphere doses (given after previous molecular oxygen doses). 

 

Fig. 10. Reflectance of a 30-nm thick C60 film versus exposure to molecular oxygen, 

and to laboratory atmosphere (the latter given once the molecular oxygen doses were 

completed) at 4 different wavelengths. 

 

Fig. 11. FUV refractive index of C60 films. Our results are compared to those obtained 

from electron energy loss spectra (EELS) by Sohmen et al.13. The error bars stand for 

the standard deviation among the different samples. 

 

Fig. 12. FUV extinction coefficient of C60 films. Our results are compared to those 

obtained from electron energy loss spectra (EELS) by Sohmen et al.13. The error bars 

stand for the standard deviation among the different samples. 
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