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Table S1. Intercluster interactions present in the crystals of Cu4(oCBT)4 and Cu4(mCBT)4 with their distances. 

Table S2. A comparison of lattice parameters and density obtained from DFT calculations and experiments. 
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Figure S1. UV-visible absorption spectra of Cu4(oCBT)4 and Cu4(mCBT)4 in acetonitrile upon dissolving a few 

crystals. 

Table S3. Estimates of effective and bare Young’s moduli of Cu4(oCBT)4 and Cu4(mCBT)4, compared with 

experiments. 
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Figure S2. Solid state photoluminescence excitation and emission spectra of Cu4(oCBT)4 and Cu4(mCBT)4 crystals. 
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Figure S3. XPS spectra of Cu4(oCBT)4 crystals. Survey spectra showing the presence of respective elements of the 

cluster along with detailed spectra of C 1s (green), B 1s (pink), S 2p (yellow) and Cu 2p (orange). The Cu LMM Auger 

peak is shown within the box. Note that the x-axis is Kinetic Energy. 
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Figure S4. XPS spectra of Cu4(mCBT)4 crystals. Survey spectra showing the presence of respective elements of the 

cluster along with detailed spectra of C 1s (green), B 1s (pink), S 2p (yellow) and Cu 2p (orange). The Cu LMM Auger 

peak is shown within the box. Note that the x-axis is Kinetic Energy. 
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Figure S5. Thermogravimetric analysis of Cu4(mCBT)4 crystals showing thermal stability up to 370 oC.  The cluster 

Cu4(oCBT)4 is stable up to 380 oC. Data corresponding to Cu4(mCBT)4 crystals alone are presented as these have been 

discussed previously.1 
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Figure S6. ATR- IR spectra of heat treated Cu4(oCBT)4 crystals showing the chemical 

stability of the samples up to 150°C. 
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Figure S7. ATR- IR spectra of heat treated Cu4(mCBT)4 crystals showing the chemical 

stability of the samples up to 150°C 
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Figure S8. Face indexing of hexagonal Cu4(oCBT)4 single crystal from two different orientations. 

 

Figure S9. Face indexing of parallelepiped Cu4(mCBT)4 single crystal from two different orientations. 
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Figure S10. a) Orientation of each cluster with respect to the cluster in its upper layer showing 120° rotation along 

the axis of rotation. b) Extended packing structure of Cu4(oCBT)4 nanoclusters showing …ABCA… packing. 
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Figure S11. a) Orientation of each cluster with respect to the cluster in its upper layer showing 180° rotation along the axis of 

rotation. (Axis of rotation is perpendicular to the visible plane). b) Extended packing structure of Cu4(mCBT)4 nanoclusters 

showing …ABAB… packing. c) Shows the orientation of adjacent clusters as non-superimposable mirror images. An imaginary 

mirror plane is also shown. d) Adjacent clusters as observed along the a axis showing arrangement of clusters which are mirror 

images of each other. 
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Figure S12.  Load-controlled load-displacement curves of Cu4(oCBT)4 and Cu4(mCBT)4 crystals for a load of 500 µN with 

load functions a) 20_10_20 and b) 50_20_50. 

 

Figure S13.  Load-controlled load-displacement curves of Cu4(oCBT)4 and Cu4(mCBT)4 crystals for a load of 1000 µN 

for a), b) and c) and a load of 5000 µN for d), e) and f) with load functions 5_10_5, 20_10_20 and 50_20_50, respectively. 
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Figure S14. Displacement controlled load-displacement curves for Cu4(oCBT)4 and Cu4(mCBT)4 crystals with a fixed 

displacement of a) 100 nm and b) 500 nm. 

Figure S15. All the indentation measurements for Cu4(oCBT)4 (pink traces) and Cu4(mCBT)4 (blue traces) at varying loads; 

500 μN (a and d), 1000 μN (b and e) and 5000 μN (c and f) plotted together to show the reproducibility for the measurements. 
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Figure S16. Statistical analysis of all the indentation data collected for Cu4(oCBT)4 nanocluster crystal. a) The 

distribution of the Young’s modulus, Er, among the data sets collected. b) The distribution of Hardness, H, among the 

data sets collected. 

Figure S17. Statistical analysis of all the indentation data collected for Cu4(mCBT)4 nanocluster crystal. a) The 

distribution of the Young’s modulus, Er, among the data sets collected. b) The distribution of Hardness, H, among the 

data sets collected. 
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Figure S18. Load-displacement curves obtained by repeated indentations in the same place for a) Cu4(o-CBT)4 

and b) Cu4(m-CBT)4, showing the indentation induced hardness in the crystals of the nanoclusters. 
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Figure S19. a) Scanning probe microscopy image of the surface of Cu4(oCBT)4 crystal after three indentations showing 

residual imprints on the surface with an applied load of 500 μN. b) Height profile of indentation 2 along the blue line. c) 3D 

projection of scanning probe microscopy image. d) Distance and roughness data between the red and green points shown in 

images a) and b). 
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Figure S20. a) Scanning probe microscopy image of the surface of Cu4(mCBT)4 crystal after five indentations 

showing residual imprints on the surface with an applied load of 500 μN. b) Height profile of indentation 1 along the 

blue line. c) 3D projection of scanning probe microscopy image. d) Distance and roughness data between the red and 

green points shown in images a) and b). 
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Figure S21. a) Arrangement of Cu4 nanoclusters and ligands in the ab plane of Cu4(oCBT)4. The square planar Cu4 clusters 

lie perpendicular to the plane, in the vacant space between oCBTs. b) Motion of various atoms in an isolated Cu4(oCBT)4 

unit. 

Figure S22. A transverse section of Cu4(mCBT)4 taken along the a axis reveals loosely packed CBT molecules attached 

to Cu4 clusters. 
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