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[00139] The nature and composition of the sheets and finer crystallites in the 

CuO was further characterized by EDX.  EDX scans were conducted on areas of the 

large sheets and of the finer crystallites in the decomposed sample.  By EDX, the sheet-

like portion of the thermally decomposed Cu(0.5)-AC was observed to have a 

percentage of carbon atoms that was much greater than that of Cu and O atoms.  The 5 

EDX spectrum of finer crystallites of the thermally decomposed Cu(0.5)-AC exhibited 

an amount of Cu and O substantially greater than that of carbon.  The EDX spectra of 

both the sheet-like portion and the crystallites indicated the presence of significant 

amount of carbon.  The distribution of the carbon in the sample was further 

characterized by elemental mapping.  In the elemental mapping, the residual carbon was 10 

found to be distributed homogeneously throughout the sample. 

[00140] The tendency of the copper oxide to grow as sheets on the carbon residue 

of adamantane was further confirmed by TEM images (FIGS. 14A and 14B).  A 

selected-area electron diffraction pattern (FIG. 14C) was consistent with observations 

made from PXRD and SEM.  The HRTEM image of the copper oxide in FIG. 14D 15 

showed lattice fringes having d-spacings matching those reported in the literature. 

EXAMPLE 7 

Cobalt from Thermal Decomposition of Cobalt Adamantane Carboxylate Salts 

20 

[00141] The Co(0.5)-AC prepared according to Example 1 was decomposed at 

450 °C for 4 h under H2 atmosphere.  The resultant nanocomposite was characterized by 

PXRD, SEM, EDX, and TEM. 

[00142] Generally, thermal decomposition of cobalt compounds would result in 

the formation of oxides of cobalt such as Co3O4 and CoO.  In Example 7, the cobalt 25 

completely reduced to its metallic form and the intercalated adamantane carboxylic acid 

fused to form long chains of diamondoids.  The PXRD pattern of resultant cobalt 

adamantane carboxylate compound in the plot of FIG. 15 exhibits reflections at 2� 

angles of 5.30°, 13.9°, 41.78°, 44.50°, 47.61°, 51.66°, and 62.73°, which correspond to 

d-spacings of 16.6 Å, 6.36 Å, 2.16 Å, 2.03 Å, 1.90 Å, 1.76 Å, and 1.47 Å, respectively. 30 

The reflections at 5.3 and 13.9° 2� are attributed to the long chain diamondoids that 
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resulted from the melding of the adamantane carboxylic acid.  A close examination of 

the remaining reflections revealed the crystallization of cobalt in two forms: hexagonal 

and cubic.  The reflections at 2� angles of 44.5° and 51.66° are assigned to the cubic 

cobalt phase, and reflections at 2� angles of 41.78°, 44.5°, 47.61°, 62.73° are assigned 

to hexagonal cobalt phase.  The reflection at 44.5° 2� and the corresponding d-spacing 5 

2.03 Å was common to both the forms of the cobalt, the hexagonal and the cubic.  

[00143] The continued presence of adamantane inside the galleries of the formed 

nanocomposite was characterized using IR spectroscopy as shown in FIG. 16.  The 

vibrations due to the COO− group and C−H group are seen at 1736 cm−1, 1437 cm−1, 

and 3014 cm−1, 2944 cm−1 respectively.  These vibrations indicated the continuous 10 

presence of adamantane ion in the resultant nanocomposite.  The vibration at 1217 cm−1 

is assigned to the (C−O) stretch of the adamantane ion.  Additionally, FIG. 16 showed a 

weak broad vibration centered around 3464 cm−1 from the hydrogen bonded hydroxyl 

ions. 

[00144] The SEM micrographs of FIGS. 17A–17D illustrate the morphology of 15 

the nanocomposite obtained from the Co(0.5)-AC.  Thermal decomposition of Co-AC 

compounds was expected to provide mesoporous nano-oxides of cobalt supported on 

the carbon of the adamantane carboxylate residue.   

[00145] The tendency of the cobalt to grow as sheets on the carbon residue of 

adamantane was further confirmed by TEM images (FIGS. 18A−18D).  The selected-20 

area electron diffraction pattern (FIG. 18D) evidenced cobalt metal nanoparticles on the 

chains/sheets of diamondoids. 

EXAMPLE 8 

Copper from Thermal Decomposition of Copper Adamantane Carboxylate Salts 

[00146] The Cu(0.5)-AC prepared according to Example 5 was decomposed at 25 

450 °C for 4 h under H2 atmosphere.  The resultant nanocomposite was characterized by 

PXRD, SEM, EDX, and TEM. 

[00147] The PXRD pattern of resultant copper adamantane carboxylate 

compound formed in FIG. 19 exhibits reflections at 2� angles of 5.4°, 13.76°, 42.93°, 
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and 50.06°, which correspond to d-spacings of 16.35 Å, 6.43 Å, 2.10 Å, and 1.82 Å, 

respectively. The peaks at 2.10 Å and 1.82 Å are attributable to metallic copper 

nanoparticles, however.  The reflections at 2� angles of 5.4° and 13.76° (as shown in the 

inset plot (b)) are similar to the Cu-diamondoid nanocomposite and are assigned to the 

diamondoids. 5 

[00148] The continued presence of adamantane inside the galleries of the 

nanocomposites was characterized by IR spectroscopy (FIG. 20).  The vibrations of the 

(COO−) groups appear at 1733 cm−1, 1443 cm−1, and the vibrations of the C−H groups 

appear at 3010 cm−1, 2941 cm−1. These vibrations confirm the presence of adamantane 

ion in the composition of Example 8.  The vibration at 1224 cm−1 arises from the (C−O) 10 

stretch of the adamantane ion. The IR spectra showed a weak broad vibration centered 

around 3460 cm−1, arising from the hydrogen bonded hydroxyl ions. 

[00149] The SEM micrographs of FIGS. 21A–21D illustrate the morphology of 

the resultant nanocomposite obtained from the Cu(0.5)-AC.  Thermal decomposition of 

Cu-AC compounds under a reducing atmosphere was expected to provide mesoporous 15 

nano-sized copper particles supported on the carbon of the adamantane carboxylate 

residue. Under the reducing atmosphere, the decomposition of the Cu-AC was 

controlled and yielded a nanocomposite.  

[00150] The morphology and composition of the sheets and finer crystallites in 

the resultant nanocomposites were further characterized by EDX.  EDX scans were 20 

conducted on areas of the large sheets and of the finer crystallites in the decomposed 

Sample 8.    The distribution of the carbon in the sample was further characterized by 

elemental mapping (FIGS. 23A−23D).  In the elemental mapping, the residual carbon, 

oxygen and copper were distributed homogeneously throughout the sample.  This 

homogeneous distribution of constituent components indicates the formation of the 25 

nanocomposite from the molecular level.  TEM 
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Claims 

1. A method for preparing a transition metal nanocomposite, the method

comprising: 

mixing a transition metal hydroxide and a diamondoid compound having at least 5 

one carboxylic acid moiety to form a reactant mixture;  

hydrothermally treating the reactant mixture at a reaction temperature for a 

reaction time to form a transition-metal adamantane carboxylate salt; and 

thermally decomposing the transition-metal adamantane carboxylate salt in a 

reducing atmosphere at a decomposition temperature for a decomposition 10 

time to form the transition metal nanocomposite.  

2. The method of claim 1, wherein the diamondoid compound is 1-adamantane

carboxylic acid and the transition metal hydroxide has an oxidation state of M+2, where 

M is chosen from cobalt (Co), copper (Cu), or combinations of cobalt and copper. 15 

3. The method of claim 2, wherein the transition metal hydroxide and the

1-adamantane carboxylic acid are mixed in amounts that provide a molar ratio of M2+ to

1-adamantane carboxylic acid in the reaction mixture of from 0.5:1 to 1:1.

20 

4. The method of any one of the preceding claims, wherein the reaction

temperature is from 100 °C to 180 °C and the reaction time is at least 12 hours. 

MCSLLP
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5. The method of any one of the preceding claims, wherein the transition metal

hydroxide is Co(OH)2 or Cu(OH)2 and the reaction temperature is 110 °C. 

6. The method of any one of the preceding claims, wherein thermally decomposing

the transition-metal adamantane carboxylate salt further comprises heating the 5 

transition-metal adamantane carboxylate salt from room temperature to the 

decomposition temperature at a rate of 5 °C per minute, wherein the decomposition 

temperature is at least 450 °C, and wherein the decomposition time is at least 4 hours. 

7. The method of any one of the preceding claims, wherein the transition-metal 10 

adamantane carboxylate salt comprises Co-AC. 

8. The method of any one of claims 1-6, wherein the transition-metal adamantane

carboxylate salt comprises Ni-AC. 

15 

9. The method of any one of claims 1-6, wherein the transition-metal adamantane

carboxylate salt comprises Cu-AC. 

MCSLLP




