
Copper clusters possess thermochromic fluorescence properties due to
their diverse structural makeup. Thermochromic fluorescence is the
ability of compounds to change color based on temperature. These
clusters can potentially be used as temperature sensors, optically active
and light-emitting materials, and biological sensors. The copper clusters
explored in this study had the general chemical formula of Cu4X4(L)4,
where X= Cl, Br, I and L= isocyanide derivatives (R-NC). Using Density
Functional Theory (DFT), the geometries of the clusters were optimized
to find the lowest energy configuration and then used to predict the
absorption spectra which includes information about the electronics of
the compounds. The results showed that the clusters likely do not
possess thermochromic fluorescence as they do not have the electronic
structures that allow for the electron transitions needed. More
computational studies are needed to explore these findings. Lastly,
experimental data is also needed to confirm our conclusions as
theoretical and actual results may vary.
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INTRODUCTION
Thermochromic Fluorescence
• Thermochromic fluorescence is the property of compounds to change

based on changes in temperature
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FUTURE DIRECTIONS

METHODS
• DFT and time-dependent density functional theory (TD-DFT) were

used to determine the geometry and electronic structures of the
copper clusters

• ORCA was the computational program used. B3LYP was the
functional used for all calculations. The def2-SVP basis set and def2/J
auxiliary basis set were used in all calculations

RESULTS

Figure 3. Cu4Cl4(CF3-NC)4 

cubane
Figure 2. Cu4Cl4(HNC)4 

stepped cubane
Figure 4. Cu4I4(HNC)4

butterfly

Compound Geometry Energy (Eh)

Cu4Cl4(HNC)4 Stepped cubane -8774

Cu4Cl4(C4H9-NC)4 Cubane -9403

Cu4Cl4(CF3-NC)4 Cubane -10121

Cu4Cl4(C6H5-NC)4 Cubane -9697

Cu4Cl4(H3COC6H4-NC)4 N/A N/A

Cu4Br4(HNC)4 Cubane -17229

Cu4Br4(CF3-NC)4 N/A N/A

Cu4Br4(C6H5-NC)4 Cubane -18152

Cu4I4(HNC)4 Butterfly -8125

Cu4I4(C6H5-NC)4 Butterfly -9048

Compound
Average Cu-Cu 

bond length (Å)
Average Cu-X 

bond length (Å)
Average Cu-C 

bond length (Å)

Cu4Cl4(HNC)4 3.2211 2.4120 1.8635

Cu4Cl4(C4H9-NC)4 3.2131 2.4757 1.8767

Cu4Cl4(CF3-NC)4 3.2575 2.4568 1.8560

Cu4Cl4(C6H5-NC)4 3.2210 2.4688 1.8716

Cu4Cl4(H3COC6H4-NC)4 N/A N/A N/A

Cu4Br4(HNC)4 3.2610 2.5911 1.8887

Cu4Br4(CF3-NC)4 N/A N/A N/A

Cu4Br4(C6H5-NC)4 3.2009 2.5934 1.8939

Cu4I4(HNC)4 2.8295 2.7776 1.9498

Cu4I4(C6H5-NC)4 2.8106 2.7865 1.9600

Table 1. Geometry Optimization Results

Table 2. Average bond lengths of Cu-Cu, Cu-X, and Cu-C (center of cluster)

• Exploring more compounds with a variety of isocyanide derivatives
will be useful to see the effects different types of ligands have on the
thermochromic fluorescence properties of clusters

• Investigating clusters containing iodine would provide insight as to
whether it is a suitable halide

• Comparing these results to data from other ligands like pyridine or
phosphines might be helpful in informing which direction the
research should progress

• Experimental data would be useful to confirm the conclusions of this
study as theoretical and actual results may vary

ABSTRACT

Electronic Structure
• Changes in relative intensities of two bands seen in solid-state

emission spectra is what leads to the color change observed
• The higher energy (HE) band is dominant at low temperatures and is

as a result of halide to ligand charge transfer (XLCT)
• The lower energy (LE) band is dominant at room temperature and is

as a result of halide to metal charge transfer (XMCT)

Figure 1. General Cubane
Structure of Cu4X4(ligand)4

Geometry
• Previous research on copper clusters showed

that they form cubane structures similar to
Figure 1

• Ligands such as pyridines and isocyanides
have π-unsaturated orbitals which has a role
to play in the electronics of clusters

• The compounds likely do not exhibit thermochromic fluorescence
properties because they do not have the electronic structures
needed

• Iodine containing complexes have the most potential in possessing
thermochromic fluorescence properties because of their electronic
structure

• There seems to be a correlation between Cu-Cu bonds being shorter
than twice the van der Waals radius for Cu(X) and their
thermochromic fluorescent properties

CONCLUSIONS

Density Functional Theory (DFT)
• Density functional theory (DFT) can provide insight into the physical

and chemical properties of compounds. Improvements on its
accuracy and efficiency has made it possible to perform calculation
on larger compounds such as copper clusters

Potential Applications
• Thermochromic fluorescent compounds could be used as

temperature sensors, optically active and light-emitting materials, and
biological sensors


