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Report:

The above experiments concern the investigation by the means of GISAXS of the 

metallic inclusion morphology in the carbon-transition metal (TM=V, Co, Ni, Cu) 

nanocomposite thin films grown by ion beam co-sputtering in the temperature range of 

RT-500° C.  The obtained results allow establishing the following tendencies which are 

summarized in Table 1.

System Growth regime
C:V granular uncorrelated at low T → granular correlated at high T
C:Co granular uncorrelated at low T → columnar at high T
C:Ni granular uncorrelated at low T → columnar at high T
C:Cu granular correlated    at low T  → columnar at high T



It can be seen  that for Co and Ni 

nanocomposites, there is a transition from a 

granular towards a columnar morphology. 

For C:Cu system, the growth at lower 

growth temperatures is granular but 

proceeds in a correlated manner, i.e. the 

renucleation occurs at relatively well 

determined distances and angles in relation 

to the substrate surface. At ~400° C, there is 

a transition towards a columnar growth. For 

C:V nanocomposites, the growth proceeds in 

a un-correlated manner at low growth 

temperatures which undergoes a transition at 

higher temperatures towards correlated 

granular growth.

The substrate type influence on the nanoparticle morphology was investigated for 

C:Ni(~15 at.%) films grown at 400° C. At this temperature, the columnar growth takes 

place which is confirmed by the GISAXS results presented in Fig. 1. In addition, it is 

observed that the substrate type plays a crucial role on the nanocolumn diameter and 

interparticle distance. The results strongly suggest that the metallic islands formed at the 

initial stages of the film growth act as trap centers for the subsequently deposited metal 

adatoms. The results on the substrate type influence have been submitted to Journal of 

Physical Chemistry.

Despite the possibility to establish the tendencies of the nanoparticle growth, the 

measurement geometry needs to be re-optimized to cover the whole morphology range, 

as for the actual experiments very often the positions of the GISAXS spot maxima were 

either behind the beam stopper or out of the detector range. In addition, the intensity to 

noise ratio for C:V was rather poor which should be attributed to low density contrast of 

VC nanoparticles in relation to the carbon matrix.

Fig. 1. GISAXS patterns of the C:Ni (~15 at.

%) films grown on the SiO2 (a), MgO (b), 

Nb2O5 (c) substrates.
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