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Carbon-rich extended solids are a class of materials which display a variety of structures with different 

bonding and dimensionality. Among all, sp3 carbon has attracted much interest due to its advanced 

optical, mechanical, and thermal properties. In addition to cubic diamond, a variety of nanocrystalline 

carbon phases are referred to as “nanodiamonds” in the literature as many reflections in the X-

ray/electron diffraction pattern of theses phases are similar to cubic diamond [1]. However, the structure 

of these metastable forms of carbon have not been fully understood despite extensive effort due to the 

small sizes of these nanocrystals. Therefore, microscopy and microanalysis play a critical role in 

studying these carbon nanophases.  

   

High pressure solid state chemistry through cocrystals offers an alternative synthesis route for making 

new saturated carbon networks, which provides a potential pathway to access these metastable forms of 

carbon [2]. Among the cocrystal systems, cocrystal with 1:1 of acetylene/benzene is especially of our 

interest due to the reactivity of unsaturated π bonds under pressure and the simple composition of one to 

one C/H ratio. In this study, we observed that pressure induced polymerization of acetylene benzene 

cocrystal forms an extended crystalline sp3 carbon network according to X-ray diffraction (XRD) and IR 

studies. Using selective area electron diffraction (SAED) and high resolution transmission electron 

microscopy (HRTEM) techniques, we investigate the structure of these acetylene benzene cocrystal 

derived nanocrystalline carbon phases. As shown in Figure 1(a), nanocrystalline domains with sizes in 

the order of tens of nanometers are embedded into a hydrogenated amorphous carbon host due to the 

minimization of Gibbs free energy of the system [1]. The analysis of the SAED pattern displayed in 

Figure 1(a) is summarized in Table 1 under the column marked “observed” along with the literature 

reported values for c-diamond, i-carbon, and hexagonal diamond (2H-lonsdaleite). We therefore 

concluded that the major phase in the system is i-carbon [3], which has a primitive cubic unit cell with 

lattice constant a0=0.432 nm belonging to the space group P213 or P4232. High-resolution images and 

their corresponding fast Fourier transforms (FFT) in Figure 1 (b) further demonstrate the presence of i-

carbon. The inset FFT pattern is indexed as i-carbon along <011>. Figure 1(c) presents a line profile of 

the crystalline domains in the high-resolution image with 2.5 Å spacing, which agrees with the 

characteristic d-value of 111 reflection attributed to i-carbon.  
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Observed I-carbon Hexagonal diamond C-diamond 

d(Å) (hkl)-d(Å) (hkl)-d(Å) (hkl)-d(Å) 

2.48 [111]-2.49 - [110]f-2.517 

2.13 [200]-2.13 [010]-2.139 - 

2.04 - [002]-2.030 [111]-2.050 

1.81 [211]-1.78 - [200]f-1.780 

1.50 [220]-1.59 [012]-1.473 [112]f-1.453 

1.27 [311]-1.29 [110]-1.235 [220]-1.258 

1.09 [400]-1.09 [020]-1.070 [311]-1.073 

1.04 [410]-1.05 [021]-1.034 [222]-1.025 
 

Table 1. The results of the analysis of the SAED pattern of the sample along with the literature reported 

d-spacing values for c-diamond, i-carbon, and hexagonal diamond (2H-lonsdaleite). The reflection 

marked superscript f is the forbidden reflection of Fd3m cubic diamond.  

 

 

Figure 1.  (A) A TEM image with inset SAED pattern from the polymerized C2H2-C6H6 cocrystal 

sample shows i-carbon crystals embedded in hydrogenated amorphous carbon matrix. (B) <011> 

HRTEM images with inset Fourier transform suggests a cubic lattice with a0=0.432nm, which lead to 

2.1 Å and 2.5 Å interplane spacings for {200} and {111}. The cubic lattice is further demonstrated by 

(C) a line profile which shows the i-carbon characteristic 2.5 Å spacing of the {111} planes.    


