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Figure S1. SEM images of colloidal (CX-3) and polymeric-like (CX-11) carbon xerogels. 

 

 

Figure S2. SEM images of carbon xerogels derived from mixtures with CoCl2 and high methanol  
content. Nanosized, interconnected gel particles create a continuous 3D macromesoporous network. 
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Figure S3. SEM images of carbon xerogels derived from mixtures with SiO2. These carbons possess large voids 
(few hundred nanometers in size) due to removal of clusters of coagulated SiO2. 

 
 

 

Figure S4. TEM micrographs of NiCl2 and CoCl2-doped xerogels. For Ni-doped CX-8-1050 characteristic 
graphitic carbon nanostructures can be seen: nanocapsules and tubular structures. Metal nanoparticles act as a 
template for development of carbon nanostructures and eventually for the creation of nanopores (meso- and 
macropores). In case of CoCl2-doped CX-11-1050, large areas of amorphous carbon (marked by circle) occur 
within carbon matrix. This result contrasts with results obtained for FeCl3-doped xerogels, where only minor ar-
eas of amorphous phase could be found. TEM micrographs of CX-11-1050 indicate phase segregation between 
amorphous and graphitic carbon. TEM investigation of xerogels derived from CoCl2-doped mixtures indicates 
that these carbons are truly biphasic materials. 
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Figure S5. XRD pattern of CX-7 obtained from NiCl2-doped 
organic xerogel. Presence of visible (004) reflection indicates a 
high degree of graphitization. 

 

 

Figure S6. XRD patterns of CX-13 derived from pyrolysis of 
a CoCl2-doped organic gel at 1050 °C before and after HCl-
treatment. Main XRD peak for CX-13-1050-HCl appears to be 
a superposition of a less intense broader peak and a narrow 
peak centred at 26 °. 

 

 

Figure S7. XRD patterns of water purified (prior to carboni-
zation) OX-2 and its corresponding CX and xerogel derived 
from CoCl2-doped organic xerogel (CX-10). 
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Figure S8. Possible trajectory of a Ni particle moving through carbon xerogel matrix. Formation of graphitic 
carbons with assistance of transition metal nanoparticles usually takes place through a so-called dissolution-
precipitation mechanism that involves dissolution of amorphous carbon into transition metal particles followed by 
precipitation of graphitic carbon (Derbyshire et al 1975). It is well known that transition metals, especially those 
from the iron subgroup, are excellent catalysts for graphitization of amorphous carbon (Oya and Otani 1979). The 
active particles’ nano-size, which lets them channel through amorphous carbon matrix is most likely a paramount 
factor contributing to catalysis occurrence at lower temperatures (i.e. below typical graphitization temperatures: 
2000–2500 °C; otherwise required in the absence of any catalyst). 

 
 
As Sutters’ research indicates (Sutter E and Sutter P 
2011), metal particles of nanometric size could give rise 
to pathways of carbon incorporation that have no bulk 
equivalent. Critical difference to a bulk metal single cry-
stal is possibility of easy mass transport between interior 
and surface, enabling transfer of host atoms by diffusion 
to surface site. 
 Name of this process ‘dissolution-precipitation’ may 
suggest solely bulk diffusion of carbon into the metal. 
However, work of Anton has shown that carbon atoms 
can be transported only along metal–graphite interface 

(Anton 2009). Additionally, atomic diffusion on metal 
surfaces is expected to be much faster than through  
bulk. 
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Figure S9. Raman spectra of Fe-, Ni- and Co-doped carbon 
xerogels. CX-1 and CX-7 exhibit more intense G bands than D 
bands. This suggests better graphitization than in case of CX-11 
for which D band is more intense than G band. 
 
 

 

Figure S10. TGA curves of carbon xerogel samples burned in 
pure O2. 

 
 

 

Figure S11. TGA curves of carbon xerogel samples burned in 
pure O2. Less stable samples: CX-13 and CX-18 are derived 
from organic xerogels doped with CoCl2. 
 
 

 

Figure S12. Nitrogen adsorption–desorption isotherms of 
nanosized carbon xerogels (i.e. obtained from OXs synthesized 
from mixtures with high MeOH content). FeCl3-doped poly-
meric-like xerogels produce carbons with drastically reduced 
microporosity and enhanced mesoporosity. 
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Figure S13. Nitrogen adsorption–desorption isotherms of 
carbon xerogel obtained from NiCl2-doped organic xerogel 
(CX-7) and organic xerogel impregnated with SiO2 sol  
(CX-15). 
 

 

 

Figure S14. Comparison of low-pressure parts of nitrogen 
adsorption isotherms (in logarithmic scale) for CX-3 carbonized 
at two different temperatures. It can be concluded that the sur-
face of the CX-3-800-HCl is to some extent less homogeneous 
than the surface of the CX-3-1050-HCl as a result of a lower 
degree of graphitization. The ideal graphitic basal planes are 
very homogeneous surfaces on which nitrogen adsorption at 
77 K proceeds via the formation of a monolayer of nitrogen 
molecules, followed by the formation of subsequent layers 
(multilayer adsorption) (Kruk et al 1999; Li and Jaroniec 2004). 
Porous graphitic carbons usually feature many defects which 
makes the surface less homogeneous with respect to adsorbed 
molecules. Consequently low-pressure adsorption properties are 
related to the degree of perfection of carbon surfaces, which is 
related to the degree of graphitization. On the other hand it has 
to be highlighted that in our case the difference between the 
low-pressure adsorption properties of CX-3-800 and CX-3-1050 
is predominantly related to the amount of amorphous carbon 
converted into graphitic carbon, and not strictly to the nature of 
surface of the samples. This conclusion is supported by TEM 
analysis which indicated some phase segregation of amorphous 
and graphitic carbon. 
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