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Summary
Performant  luminophores  in  electroluminescent  devices  such  as  organic  light  emitting  diodes
(OLEDs)  are  dominated  by  coordination  entities  based  on  rare  precious  metals  (e.g.  Ir).  This
compound  class  involving  heavy  atoms  is  characterized  by  triplet  emitters  showing  intense
phosphorescence. There is an increased need to develop emitters based on cost-efficient abundant
elements. In this regard, copper(I) complexes have been discussed as photo- and electroluminescent
materials (PL and EL) showing bright emission in high quantum yields. 
Investigated compound is a robust small cationic copper cluster featuring a tetranuclear [Cu]4 unit
encapsulated by three bulky carbanionic diphosphine ligands ([Cu4(PCP)3]+(PCP=2,6-(PPh2)2C6H3).
The cluster exhibits one of the shortest Cu–Cu interatomic distances reported until today and shows
intense green PL and EL emission. The dynamic structural properties of the compound in solution
have  already  been  studied  during  photo-excitation  using  complementary  pump-probe  X-ray
techniques involving X-ray scattering (ESRF, Highlights 2020, p. 24), X-ray absorption (at SLS),
and X-ray emission (at SWISS FEL). The participation of the entire [Cu]4 rigid core in course of the
charge transfer process has thus been confirmed. 
The aim of the current experiment was to conduct multiple high-pressure (HP) single-crystal X-ray
diffraction (XRD) experiments on the crystals  of [Cu4(PCP)3][BF4].  We aimed to determine the
relationship between the distortion of the three-dimensional structure of this copper cluster induced
by pressure and its photoluminescence properties, which had also been tested in preliminary studies
up to 6.5 GPa. 

Experimental technique(s):
Multiple  HP single-crystal  XRD experiments  were performed on two types  of  crystals:  an un-
solvated complex and an isostructural solvate, respectively. Experiments were be carried out in a
membrane  high-pressure  diamond-anvil  cell  (DAC)  equipped  with  600  μm diameter diamondm  diameter  diamond
cullets. Samples were placed inside a hole drilled in a metal gasket, in a hydrostatic medium, which
uniformly transmited pressure on a sample (He gas). Diffraction data were collected in 0.5° steps in
±36°  ω-scans.  The  data  were  collected  at  pressure  ranges  from atmospheric  to  ~  12GPa  with
approx. 0.5 GPa intervals.

Beamline(s) and beam time: ID15B, 9 shifts. 6-9 November 2021

Results and their significance in the respective field of research:
Single-crystal X-ray data were successfully collected for 4 samples of the fresh, solvated form of
the investigated complex and 4 samples of the un-solvated form. The data provide insight into the
evolution of unit cell parameters over the whole pressure range and structural models up to ~ 6.5
GPa, thus yielding unique information about mechanical properties of the investigated material and
the influence of pressure on the internal metallic bond. Theoretical calculations are being performed
using the obtained structural data in order to fully characterize the luminescence mechanisms under
pressure.


