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Figure S2. A photograph of Cu(OH)2 nanocages colloid before (left) and after (right) introducing
N:2Ha. Note that the color of hydrazine-treated solutions was the same at a stoichiometric N2Ha
amount and excess N2Hs added to Cu(OH)2 nanocages.
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Figure S3. TEM image of Cu20-N2H4 obtained at [N2H4]:[Cu(OH)2] = 5 at 25kV accelerating voltage at
15,000x magnification. Inset shows the effect of electron beam exposure obtained at 25kV accelerating
voltage and 70,000x magnification after 30 seconds exposure time (scale in the inset matches the

figure).
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Figure S4. A photograph of Cu20-N2Hs colloid (obtained by treating Cu(OH)2 nanocages in ethanol
with hydrazine ([N2H4]:[Cu(OH):] = 5) immediately after hydrazine addition (left) and after aging the
mixture for 2 days (right).
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Figure S5. TEM (top left) and SEM (top right and bottom) images of Cu20-N2Hs colloid (obtained by
treating Cu(OH)2 nanocages in ethanol with hydrazine ([N2H4]:[Cu(OH):] = 5) after its aging for 2
days.

Figure S6. TEM (left) and SEM (right) images of Cu20-N2Hu colloid (obtained by treating Cu(OH)2
nanocages in ethanol with hydrazine ([N2Hs]:[Cu(OH):] = 5) after its aging for 5 days.
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Figure S7. XRD patterns of Cu20-N2Hs colloid (obtained by treating Cu(OH)2 nanocages in ethanol

with hydrazine ([N2H4]:[Cu(OH):] = 5) within a day of hydrazine addition (red) and after aging the
mixture for 5 days (green).

Figure S8. SEM images of the intermediate structures observed upon treatment of Cu(OH)2 with 5-
fold excess hydrazine compared to the stoichiometric ratio ([N2Ha]:[Cu(OH):] = 1.25).
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Figure S9. TEM image of the structures obtained from Cu(OH)2 upon their reduction with 100-fold
excess hydrazine compared to the stoichiometric ratio ([N2Ha4]:[Cu(OH)2]=25).

Figure 510. SEM images of the structures obtained by the reduction of Cu(OH)2 nanocages with excess
hydrazine ([N2Ha]:[Cu(OH)2]=5) in 1-propanol (a,b) and in 2-propanol (c,d).
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Figure S11. SEM images of the structures obtained by the reduction of Cu(OH)2 nanocages with excess
hydrazine ([N2Hs]:[Cu(OH):] = 5) in water.

Composition calculations

All samples were obtained using ethanol as a solvent, and the powders for elemental analysis
and XPS were prepared directly after the reactions. Specifically, the material was concentrated using
centrifugation, the resulting precipitate was separated and dried in air for 1 h, followed by drying in
a vacuum oven at 40 °C overnight.

Elemental analysis-based calculations were made assuming: (1) the samples contained only
Cu(OH)z2, CuO/Cu20, PVP, EtOH and N:Hs; (2) due to the same work-up procedure, all samples
contained the same amount of PVP. The amount of PVP was calculated from the %N in the Cu(OH):
nanoframes containing no other sources of N. The fractions of N2Hs and EtOH were calculated from
%N and %C, respectively, correcting for %PVP. The fraction of Cu(OH): was calculated from the
residual %H. The remainder was assumed to be CuO in the case of Cu(OH)2 sample and Cuz0 in the
reduced samples.

Table S1. Elemental analysis data: weight percentages (w%) of N, C, and H in Cu(OH)2 nanocages
and structures obtained by their reduction with a stoichiometric amount and the excess of hydrazine
([N2H4]:[Cu(OH)2] 0, 0.25, and 5, respectively).

SAMPLE [N:Hsl:[Cu(OH)l: w%N w%C w%H

Cu(OH): 0 038 554 237
“Cur0” 0.25 059 534 1,35
“Cu20-N2H” 5 1,63 420 098

Table S2. Elemental analysis data converted to atomic percentages (a%) of N, C, and H, and calculated
molar fractions (in%) of the components in Cu(OH)2 nanocages and structures obtained by their
reduction with a stoichiometric amount and the excess of hydrazine ([N2H4]:[Cu(OH)2] 0, 0.25, and 5,
respectively).

SAMPLE [N2H4]:[Cu(OH)]z a%N a%C a%H O/OPVP o/oEtOH O/0N2H4 O/OCU(OH)Z O/oCl:l() %CuzO

Cu(OH): 0 048 821 4218 2.3 12.9 0 54.2 30.6 -
“Cu20” 0.25 1.06 11.14 33.83 3.2 16.8 0.9 14.2 - 64.9
Cu0- 5 336 101 2831 34 11.7 5.6 0.01 - 79.3

N2H4”
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Based on these molar fractions, up to 7% of Cu can be coordinated by -NH-: of N2H4, and up to 10%
of Cu can be coordinated by —-OH of EtOH, in the sample obtained by the reduction of Cu(OH)2
nanocages with 20-fold access hydrazine (i.e., [N2Ha4]:[Cu(OH)2]-5).
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Figure S12. The composition of Cu(OH)2 nanocages and the structures obtained upon their reduction
with a stoichiometric amount and 20-fold excess of hydrazine ([N2Hi]:[Cu(OH):] 0, 0.25, and 5,
respectively). (a) Atomic fractions of H, C, and N from CHN derived from the elemental analysis. (b)
Molar fractions of the molecular components calculated from the elemental analysis assuming (1) the
samples contained only Cu(OH), CuO/Cu:20, PVP, EtOH and N2Hs, and (2) all three studied samples
had the same amount of PVP (i.e., no loss if PVP upon hydrazine reduction).
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Figure S13. Comparison of the atomic ratios (N/O, N/Cu and O/Cu), calculated from the XPS and
CHN analyses” data for the initial Cu(OH)2 nanocages and structures obtained by the reduction
thereof with stoichiometric and excessive amounts of hydrazine ([N2H4]:[Cu(OH)2] 0.25 and 5,

respectively).
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Table S3. Comparison of atomic percentages (a%) of Cu, O, and N, obtained from XPS analysis and
calculated from the CHN data for Cu(OH):2 nanocages and the structures obtained upon their
reduction with a stoichiometric amount and 20-fold excess of hydrazine ([N2Ha]:[Cu(OH)] 0, 0.25,
and 5, respectively).

XPS CHN
IN-HsJ:[Cu(OH)2] Cu 2p, a% O1s,a% N 1s, a% Cu, a% O, a% N, a%
0 27.71 68.65 3.64 35.1 63.93 0.97
0.25 44.34 51.03 4.63 54.86 43.23 1.91
5 38.69 48.76 12.55 59.24 35.32 5.44

Based on the CHN atomic fractions, no greater than 9% of Cu can be coordinated by -NH: of
N:Ha in the sample obtained by the reduction of Cu(OH)2 nanocages with 20-fold access hydrazine
(i.e., [N2H4]:[Cu(OH)2] = 5), even if no PVP was present in the sample (i.e., assuming that all detected
N was associated with N2Ha).

A higher [Cu]:[N] ratio in XPS analysis, 32, compared to 9 in CHN (in the samples obtained at
[N2H4]:[Cu(OH)2] = 5), supports that PVP is still present at the surface of the particles.



