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Figure S10.  1H NMR of aged Pt nanoparticles.  Peak assignments for c through g are 

tentative.  (D2O, 300 MHz) δ 3.87 (d, 4H), 3.74 (e, 4H), 3.49 (g, 2H), 3.38 (c, 4H), 3.08 

(f, 3H), 1.46 (b, 4H), 0.78 (a, 4H). 

 

TGA 

 TGA was performed in air and nitrogen on as-synthesized and aged nanoparticles 

(Figure S11), on as-synthesized and annealed CCM-Pt-6 hybrids (Figure S12), and on the 

CCM-Pt-6 pyrolized and acid-treated films (Figure S13).  We assumed that only platinum 

metal remains after performing TGA in air.  We believe this is a good assumption 

because the resulting material is reflective and platinum-colored like bulk Pt.  From 

TGA, we conclude that the aging process leads to a loss of ligands from the 

nanoparticles.  Comparison of aged particles heated in air with those heated in nitrogen 
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show that 18 wt.% of the ligand remains after pyrolysis.  Also noteworthy is the fact that 

most of the mass loss occurs between 150 °C and 250 °C when heating under nitrogen.  

In contrast, pyrolysis of the PI-b-PDMAEMA block copolymer by itself (data not shown) 

occurs mostly between 320 °C and 420 °C.  Thus, two clearly defined mass loss steps are 

observed in the CCM-Pt-6 nanoparticle-block copolymer hybrids when heated under 

nitrogen (Figure S12).  When heated in air, the mass loss is greater and the difference in 

mass loss reflects the approximate mass of carbonaceous material that remains in the 

pyrolized samples.  In Figure S12, it is also evident that the annealed hybrids have less 

organic material than the as-made hybrids.  Presumably during the annealing process (2 

days at 130 °C under vacuum) the ligands partially decompose and volatilize.  Indeed, 

comparison of the as-made and annealed hybrids show that the differences in mass loss 

occur primarily at temperatures below 275 °C, which we assign to ligand decomposition 

(as noted above). 

The CCM-Pt-6 platinum-carbon nanocomposite apparently absorbs a significant 

quantity of water or other volatile species from the atmosphere; these species rapidly 

evaporate during TGA (Figure S13).  There is a small increase in mass at 200 °C which 

may arise from the partial oxidation of the carbonaceous matrix.  TGA suggests that the 

acid treatment removes nearly all combustible and volatile compounds from the 

platinum-carbon nanocomposite, consistent with EDS (Figure 4 C).  The absence of a 

significant mass loss at temperatures below 150 °C (as occurs with the platinum-carbon 

nanocomposite) suggests that the carbonaceous matrix is where the adsorbed water and 

other volatile species primarily reside. 
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Figure S11.  TGA traces of platinum nanoparticles.  For all runs, the nanoparticles were 

heated at 10 °C/min. to 550 °C under flowing N2 or air and held at 550 °C for one hour 

(black line). 
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Figure S12.  TGA of CCM-Pt-6 hybrids, before and after annealing.  For all runs, the 

hybrids were heated at 10 °C/min. to 550 °C. 
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Figure S13.  TGA of CCM-Pt-6 platinum-carbon nanocomposite and acid-treated 

sample.  Both samples were heated in air at 10 °C/min. to 550 °C. 

 

Calculations 

 To calculate the platinum and organic volume fraction in the nanoparticles, we 

assumed that the platinum nanoparticles were spherical and that the platinum core had the 

density of bulk platinum (21.09 g/cm3).  We assumed the mass loss observed when 

performing TGA in air corresponded to the total mass of ligand and that only platinum 

remained after combustion.  We also assumed that the composition of the ligand on the 

nanoparticle was the same as ligand 5 prior to the nanoparticle synthesis (see Figure S7), 
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which consisted of a mixture of chloride salt (313.9 g/mol, ~60%) and bromide salt 

(358.4 g/mol, ~40%) and thus has an averaged molecular weight of 331.7 g/mol. 

 A spherical platinum nanoparticle (metal core diameter of 1.83 nm) has a volume 

of 3.21 nm3.  This volume of metal weighs 67.7 zg (z = zepto = 10-21) and contains 209 

platinum atoms.  The as-synthesized platinum nanoparticles had a mass loss in TGA of 

43.1%.  From this we calculate that the mass of ligands attached to each nanoparticle is 

51.3 zg, which suggests that approximately 93 ligands are attached to each nanoparticle, 

on average. 
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A similar calculation for the aged nanoparticles shows that there are 65 ligands per 

nanoparticle. 

 The calculation of platinum or ligand volume fraction in the nanoparticles can be 

performed in several ways.  Perhaps the simplest method depends on finding the molar 

volume of the ligand, which can be done via bulk density measurements or computational 

approaches.   We used both approaches and found both gave very similar results.  

Optimizing the molecular structure using a variety of packages (MM2, Mopac) and 
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calculating the atomic volume yielded approximately 0.440 nm3 for the bromide salt of 5 

and 0.430 nm3 for the chloride salt of 5.  Conversion to a bulk density yields 1.3 g/cm3, 

which is identical to our measured bulk density.  Using this density, the TGA data can be 

used to calculate platinum and ligand volume fractions.  Thus we calculate that the 

platinum volume fraction is 7.5% and 10.4% in the as-synthesized and aged particles, 

respectively. 
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To calculate the volume fraction of the hydrophilic and hydrophobic components 

in the CCM-Pt-4 and CCM-Pt-6 hybrids, we converted the weights of the PI, 

PDMAEMA, and nanoparticles into volume fractions.  We assumed that the PI and 

PDMAEMA in the hybrid had densities similar to their bulk values, i.e., 0.91 g/cm3 and 

1.15 g/cm3, respectively.  Table S1 outlines the quantities and volumes for the CCM-Pt-6 

inverse hexagonal hybrid and Table S2 displays those of the CCM-Pt-4 lamellar hybrid.  

Lamellar hybrids were made from both PI-b-PDMAEMA block copolymers described in 

the polymer synthesis section, above.  It is certainly noteworthy that hybrids self-

assemble into an ordered structure during annealing and that the annealing process also 
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leads to loss of ligand.  This decreases the hydrophilic volume fraction and is accounted 

for in the second set of columns.  To determine the mass loss during annealing (15%), we 

assumed that both samples (as-synthesized and annealed) consisted solely of platinum 

following heat-treatment in air (Figure S11).  Thus we were able to equate the masses of 

the two samples at the end of the TGA run and back-calculate their relative starting 

masses (prior to the TGA analysis).  The as-synthesized hybrid retained 52.6% of its 

original mass and the annealed hybrid retained 62.0%.  Compared to the starting mass of 

the annealed hybrid (100%), the as-synthesized hybrid had a mass of 100% · 62.0% / 

52.6% = 118%.  With respect to the as-synthesized hybrid, the annealed hybrid lost 100% 

- (100% / 118%) = 15% during annealing. 

 

Table S1.  Volume fraction calculations for CCM-Pt-6.  The mass of PI-b-PDMAEMA is 

27.6 mg, of which 33 wt.% is PDMAEMA.  The mass of the aged platinum nanoparticles 

is 97.5 mg, of which 65 wt.% is Pt. 

 As-made  Annealed 

  
Density 
(g/mL) 

Mass 
(mg) 

Volume 
(mL) 

Volume 
%  

Density 
(g/mL) 

Mass 
(mg) 

Volume 
(mL) 

Volume 
% 

PI 0.91 18.4 20.2 35.5  0.91 18.4 20.2 47.6 
PDMAEMA 1.15 9.1 7.9 13.8  1.15 9.1 7.9 18.6 
Pt 21.09 63.8 3.0 5.3  21.09 63.8 3.0 7.1 
Ligand 1.3 33.7 25.9 45.4  1.3 14.7 11.3 26.7 
Hydrophilic 2.89 106.6 36.8 64.5  3.94 87.6 22.3 52.4 
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Table S2.  Volume fraction calculations for CCM-Pt-4.  The mass of PI-b-PDMAEMA is 

33.7 mg, of which 33 wt.% is PDMAEMA.  The mass of the aged platinum nanoparticles 

is 73.2 mg, of which 65 wt.% is Pt. 

 As-made  Annealed 

  
Density 
(g/mL) 

Mass 
(mg) 

Volume 
(mL) 

Volume 
%  

Density 
(g/mL) 

Mass 
(mg) 

Volume 
(mL) 

Volume 
% 

PI 0.91 22.6 24.8 44.1  0.91 22.6 24.8 56.7 
PDMAEMA 1.15 11.1 9.7 17.2  1.15 11.1 9.7 22.1 
Pt 21.09 47.9 2.3 4.0  21.09 47.9 2.3 5.2 
Ligand 1.3 25.3 19.5 34.6  1.3 9.1 7.0 16.0 
Hydrophilic 2.69 84.3 31.4 55.9  3.60 68.1 18.9 43.3 
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