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Figure S1. XRD data for nanocomposite Cx-BN. (a) XRD patterns of Cx-BN synthesized at 7.5 GPa and 2273 K from Table 1. The recovered Cx-BN samples with diamond to cBN ratios higher than 2 (i.e., C4-BN, C6-BN, C8-BN, and C12-BN) contained diamond and cBN together with appearance of graphitic phase, whereas only cubic phases appear in the C2-BN. (b) X-ray diffraction patterns of C2-BN samples synthesized at 7.5 GPa and temperature range from 1773 K to 2273 K. Peak splitting from segregated phases in diamond + cBN composite is observed for the C2-BN samples, but varies with temperature because of increased B-C-N hybridization along the sutures between diamond and cBN domains.
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Figure S2. FTIR spectrum of nanopolycrystalline C2-BN composite. The IR spectrum shows two main peaks at 1065 and 1318 cm-1 with a weak shoulder at ~1208 cm-1, corresponding to sp3 B-N bonds in cBN [Zhang et al. 2004; Zhang et al. 2003], C-N bonds within the sutures of diamond and cBN domains [Liu et al. 2014], C-C bonds in diamond [Ahmed et al. 2013], respectively.
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Figure S3. Optical photomicrographs of nanopolycrystalline C2-BN composite. (a) Following synthesis at 7.5 GPa and 2237 K for two hours. (b) fragment of a C2-BN sample that was re-annealed and 18 GPa and 2100 K for 2 hours became more transparent.
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Figure S4. Characteristic TEM image of nanopolycrystalline C2-BN composite.
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Figure S5. Corresponding SAED patterns from diamond and cBN domains in nanopolycrsytalline C2-BN composite. (a-c) SAED patterns from diamond domains. (d-f) SAED patterns from cBN domains shown in the Fig. S4. The diffraction spots enclosed in green squares result from overlapping diamond or cBN domains.
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Figure S6. Dislocations and stacking faults at the interface between diamond and cBN domains in nanopolycrystalline C2-BN composite.
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Figure S7. IXS spectrum of nanopolycrystalline C2-BN composite. IXS measurements on C2-BN were conducted with an electron beam focused to 20-µm diameter. The IXS spectrum shows edges starting at 193.7, 287.9 and 403 eV, corresponding to the characteristic K-shell ionization edges of B, C and N, respectively. Only σ* peaks, which correspond to sp3 bonds, are observed in the IXS spectra of C2-BN.
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Figure S8. IXS spectrum of sintered diamond (a) and cBN (b), synthesized at 7.5 GPa and 2273 K. In the sintered diamond spectrum (a), edge structure at 283 eV indicates the presence of sp2 bonding (π*) due to minor amount of graphitization, also observed in XRD patterns (Fig. S1).
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Figure S9. High-pressure XRD diffraction data. (a, b) optical photomicrographs of the C2-BN samples before and after compression to 42 GPa. (c) Diffraction patterns of C2-BN as a function of pressure.
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Figure S10. Equation of state of C2-BN domains up to 40 GPa at 300 K. Blue squares and red circles represent experimental points of diamond and cBN domains, while solid lines of the same color represent third-order Vinet equation-of-state (EOS) fits to the data where K0’ was not refined (fixed), see main text for details. A fit to the compression data of cBN domains where K0’ was allowed to refine is shown as the green solid line. For comparison, the equation of state for natural single-crystal diamond [Occelli et al. 2003] is shown by the blue dashed line and for nanopolycrystalline (NP) cBN [Solozhenko et al. 2012] by the red dashed line. Data from this study are given in Table S2.
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Figure S11. A resistance-versus-temperature curve for C4-BN, C8-BN and C samples produced at 7.5 GPa and 2273 K.
Table S1. Comparison of the activation energy (Eg) over different temperature ranges for boron-doped diamond, C2-BN, and BNC thin films. 

	Reference
	composition
	Eg (meV)

	
	
	100-50 K
	10-1.8 K

	1[1]
	B-diamond (0.1 at%)
	64.63
	8.67

	2[1]
	B-diamond (1-1.5 at%)
	43.27
	0.19

	3[1]
	C2-BN
	6.21
	0.94

	4[2]
	BNC film
	9.09
	/


Eg is the activation energy of dopant.
References: [1] This study; [2] Ci et al. (2010)

Table S2. Pressure-Volume data* for cBN and diamond domains in C2-BN nanocomposite.
	Pressure
	cBN
	diamond

	(GPa)
	V (Å3)
	V (Å3)

	0.6
	47.27
	45.30

	1.5
	47.12
	45.17

	2.8
	47.01
	45.05

	4.3
	46.77
	44.89

	6.34
	46.56
	44.70

	8.1
	46.39
	44.53

	10.2
	46.14
	44.29

	12.1
	45.91
	44.10

	14.1
	45.70
	43.95

	16.2
	45.48
	43.76

	18.5
	45.27
	43.58

	20.1
	45.10
	43.43

	21.9
	44.91
	43.31

	24.1
	44.70
	43.04

	25.5
	44.55
	42.97

	27.2
	44.37
	42.78

	28.7
	44.22
	42.68

	30.9
	44.02
	42.54

	32.5
	43.91
	42.35

	35.9
	43.60
	42.15

	39.0
	43.36
	41.90

	40.8
	43.21
	41.70


*Standard deviation in pressure is nominally ±0.1 GPa, and ±0.01 Å3 in volume. 
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