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1. Butadiyne monomer synthesis

The detailed synthesis protocol of the butadiyne monomer and ¹H NMR data have been reported 

in our previous publication.S1

2. Critical packing parameter

Table S1 illustrates how variations in the surfactant molecular geometry defined by the critical 

packing parameter (Ps) lead to different structures, including normal spherical, cylindrical, inverse 

spherical micelles, and lamellar.

Table S1. Surfactant assembled morphologies as a function of Ps



3. Particle size determination

According to the transmission electron microscopy (TEM) images, the carbon nanospheres have 

an average diameter of 5.4 nm (Figure S1). The carbon nanorods have an average diameter of 3.1 

nm (Figure S2). There are the hollow spheres and hollow rods with average size of 3.3 nm and 2.3 

nm in sample d (Figure S3).

Figure S1. Size distribution histogram of sample (a) obtained from TEM image.



Figure S2. Size distribution histogram of sample (b) obtained from TEM image.



Figure S3. Size distribution histogram of sample (d) obtained from TEM image.

4. Dynamic Light Scattering (DLS) 

The results show that increasing the water content slightly shifts the micelle size distribution 

toward larger diameters. However, the overall size range remains narrow. As shown in Figure S4, 

an increase in the water content from 2 to 5 results in an increase in micelle size on the order of 2 

nm.  The range of spherical micelle sizes achievable by varying the water content is too narrow to 

significantly affect the size of the resulting hollow carbon nanospheres.  



Figure S4. DLS analysis of micelle size distributions at different water contents (w = 2, 4, and 

5).

5. Energy-dispersive X-ray spectroscopy (EDS)

The chemical composition of the samples was analyzed by EDS. The results indicate that carbon 

is the predominant element in all synthesized nanomaterials. The EDS spectra obtained for all the 

samples are very similar and the spectrum of sample c is shown in Figure S5 as an example. In 

addition to carbon, signals are observed from gold and palladium, used in the coating process, as 

well as from silicon and oxygen present in the silicon wafer substrate.



Figure S5: EDS analysis of sample c.

6. X-ray photoelectron spectroscopy (XPS)

Figure S6. XPS survey spectrum for sample c. 



7. Reproducibility of the synthesis 

Figure S7. TEM images of carbon nanomaterials in different morphologies: hollow carbon 

nanospheres (a), carbon nanorods (b), carbon honeycomb-like layers (c), and a mixture of hollow 

carbon nanorods and nanospheres (d), synthesized using copper (II) fluoride as the copper source. 

While the observed morphologies are similar to those in Figure 1, this figure highlights the same 

morphological outcomes obtained using a different copper source.
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