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Examples Dopant 

molecule 

Proportion of dopant 

molecule used in TNT288 

molecule 

TEMPERATURE 

[K] 

Pressure 

[GPa] 

(Si atom/C 

atom) × 100 

(%) 

1 Siline 56/288 = 0.19 3521 33 3.2 

2 SiMe4 60/288 = 0.21 3525 34 2.3 

3 SiPETN 48/288 = 0.17 3508 29 3.1 

4 Si(SiMe2OH)4 60/288 = 0.21 3528 33 32.3 

5 Si(SiMe3)4 60/288 = 0.21 3518 31 36.0 

6 C(SiMe3)4 60/288 = 0.21 3518 30 22.7 

 15 

 



 26 

 

 

 5 

-

10 

-

 

 

 15 

 

 

 20 

 

 

 25 

 

 

-  

-30 

-

 

 

 35 

-

-



 27 

-

-5 

-

-

10 

 

-

-15 

 

 

 

Added amount of 

triphenylsilanol in explosive 

BET specific surface 

area (m2/g) 

Average size of primary 

particles (nm) 

10 mass% 213 7.9 

1 mass% 232 7.2 

0.1 mass% 254 6.9 
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 5 

Sample Before treatment After treatment 

   

Mg - 0.02 

Al 0.05 0.008 

Si 6.3 0.15 

P 0.002 0.0005 

S 0.24 0.08 

Cl 0.03 0.02 

K 0.02 0.002 

Ca 0.13 0.13 

Ti 0.04 0.04 

Cr 0.02 0.010 

Fe 0.08 0.050 

Ni 0.003 0.002 

Cu 0.02 0.009 

Zn 0.01 - 
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Claims 

 

[Claim 1] 

 

A method for producing a nanodiamond doped with a Group 14 element selected from the 

group consisting of Si, Ge, Sn, and Pb, the method comprising: 

subjecting a nanodiamond composition to an alkali treatment to remove the Group 14 element 

and/or oxide thereof, wherein the nanodiamond composition comprises a nanodiamond 

doped with the Group 14 element, and a Group 14 element and/or an oxide thereof, and 

further subjecting a post treatment including gas-phase oxidation, wherein the gas-phase 

oxidation temperature is 300°C or higher, and the gas-phase oxidation time is 2 hours or longer, 

and 

 wherein the nanodiamond doped with a Group 14 element obtained by the method 

has a ratio (H/D) of a peak area (H) of a surface hydroxy group (OH) to a peak area (D) of 

diamond by Raman spectroscopy of from 0.1 to 5, and a ratio (C/D) of a peak area (C) of a 

surface carbonyl group (CO) to a peak area (D) of diamond by Raman spectroscopy of from 

0.01 to 1.5. 

 

[Claim 2] 

 

The method for producing a nanodiamond doped with a Group 14 element according 

to claim 1, the method further comprising: 

 detonating by exploding an explosive composition containing at least one explosive 

and at least one Group 14 element compound in a sealed container to obtain a nanodiamond 

doped with at least one Group 14 element selected from the group consisting of Si, Ge, Sn, 

and Pb before the alkali treatment to remove the Group 14 element and/or oxide thereof. 

 

 

[Claim 3] 

 

 The method for producing a nanodiamond doped with a Group 14 element according 

to claim 1 or 2, further including treating the nanodiamond doped with the Group 14 element 

with a mixed acid of concentrated nitric acid and concentrated sulfuric acid before or after the 

alkali treatment. 

 

[Claim 4] 

 

The method for producing a nanodiamond doped with a Group 14 element according to claim2 

or 3, wherein the explosive composition further comprises a compound comprising at least 

one third element selected from the group consisting of B, P, S, Cr, Al, Li, Na, K, Cs, Mg, Ca, Sr, 

Ba, Ti, Zr, V, Nb, Ta, Mo, W, Mn, Fe, Ni, Cu, Ag, Zn, Cd, Hg, Ga, In, Tl, As, Sb, Bi, Se, Te, Co, Xe, F, 

Y, and lanthanoids. 
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[Claim 5] 

 

A method for purifying a nanodiamond doped with a Group 14 element selected from the 

group consisting of Si, Ge, Sn, and Pb, the method comprising: 

subjecting a nanodiamond composition to an alkali treatment, wherein the nanodiamond 

composition comprises a nanodiamond doped with at least one Group 14 element, and a 

Group 14 element and/or oxide thereof, 

 wherein the Group 14 element and/or oxide thereof are removed from the 

nanodiamond composition by the alkali treatment; and 

further subjecting a post treatment including gas-phase oxidation, wherein the gas-phase 

oxidation temperature is 300°C or higher, and the gas-phase oxidation time is 2 hours or longer, 

and 

 wherein the nanodiamond doped with a Group 14 element obtained by the method 

has a ratio (H/D) of a peak area (H) of a surface hydroxy group (OH) to a peak area (D) of 

diamond by Raman spectroscopy of from 0.1 to 5, and a ratio (C/D) of a peak area (C) of a 

surface carbonyl group (CO) to a peak area (D) of diamond by Raman spectroscopy of from 

0.01 to 1.5. 

 

[Claim 6] 

 

The method for purifying a nanodiamond doped with a Group 14 element according to claim 

5, wherein the nanodiamond composition is obtained by mixed acid treatment. 

 

[Claim 7] 

The method for purifying a nanodiamond doped with a Group 14 element according to claim5 

or 6, wherein the nanodiamond composition further comprising at least one third element 

selected from the group consisting of B, P, S, Cr, Al, Li, Na, K, Cs, Mg, Ca, Sr, Ba, Ti, Zr, V, Nb, Ta, 

Mo, W, Mn, Fe, Ni, Cu, Ag, Zn, Cd, Hg, Ga, In, Tl, As, Sb, Bi, Se, Te, Co, Xe, F, Y, and lanthanoids, 

and/or oxide thereof. 

 

[Claim 8] 

 

The method for purifying a nanodiamond doped with a Group 14 element according to any 

one of claims5 to 7, wherein the nanodiamond is further doped with at least one third element 

selected from the group consisting of B, P, S, Cr, Al, Li, Na, K, Cs, Mg, Ca, Sr, Ba, Ti, Zr, V, Nb, Ta, 

Mo, W, Mn, Fe, Ni, Cu, Ag, Zn, Cd, Hg, Ga, In, Tl, As, Sb, Bi, Se, Te, Co, Xe, F, Y, and lanthanoids. 

 


