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Outline 

• Introduction 

• Ternary acetylides: a new class of photoemissive materials 

• Numerical calculations of electronic properties using DFT 

• Synthesis status 

• Summary 
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Introduction (1) 

• Ultra-bright photocathodes are a key technology for the development of 
future light sources.  

• It would be very interesting if one could design or tune specific photocathode 
properties for a given application, for example: 

• Work function: relaxes laser requirements if QE preserved 
• QE: improves brightness if work function preserved 
• Intrinisic emittance: improves brightness if QE is preserved 

• Reliability, robustness (vacuum, E-field, field emission): improves 
operation cost/complexity 
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Introduction (2) 

• Argonne has expertise in fabricating high-QE cesium telluride (Cs2Te) 
cathodes, routinely achieving > 10% initial QE, and Cs2Te is relatively robust. 

• Thinking of ways to modify the workfunction of Cs2Te while preserving its QE 
led to the investigation of a class of materials known as ternary acetylides. 

• Electronic properties of candidate systems have been computed using 
quantum-chemical Density Functional Theory (DFT)-based surface-physics 
calculations (PWSCF, YAMBO). 

• Next step is ongoing: 

• Synthesis: develop & test hypotheses for chemical reactions 
• Characterization: verify that the desired compound was synthesized and 

that it performs as predicted 
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[S. Lederer, et.al, Proc. FEL 2007, p. 457] 

Photoemission from Cs2Te cathode 

• Workfunction increases, by up to 1 eV, and QE decreases as Cs2Te ages. 
Typically only partial rejuvenation is achieved. 

• Pushing the Cs2Te photoemission (workfunction) to visible/infrared would 
have tremendous advantages. 
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• O2, CO2, CO, N2 and CH4 
were investigated in order 
to simulate practical 
vacuum conditions. 

• However, acetylene gas, 
C2H2 was not investigated. 

• What about reacting 
Cs2Te with acetylene? 

• Acetylene is fairly 
reactive, easily losing its 
hydrogens, which 
captures electrons from 
the material in contact. 
This forms “acetylides,” 
containing the acetylide 
anion [:C:::C:]2-, 
commonly denoted as C2

2. 
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[A. di Bona, et.al. J.Appl.Phys. 80 (5), 1996] 

Effect of small gas molecules on 
Cs2Te quantum efficiency 
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[Fig: U. Ruschewitz, Z. Anorg. Allg. Chem. 632, 705, 2006.] 

• Unique 1D substructures, 
where A=alkali metal and 
M=transition metal or 
metalloid, C=carbon.  

• All known A2MC2 are colored 
semiconductors with 2.1-2.8 
eV direct band gaps.  

• Synthesized so far: M∈[Pt,Pd] 
and A∈[Na,K,Rb,Cs]. 

• We investigated acetylated 
Cs2Te, where M=Te and A=Cs 

• Completely new class of 
materials for photophysics 
and low-work-function 
applications (e.g., field-
emission displays). 
Provisional patent application 
filed: K. Nemeth et al. 

A2MC2 Type Ternary Acetylides 
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Proposed synthesis routes 
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• Also computed were the a,b,c lattice parameters and C-C and M-C distances 
for several test systems, which compared well with experiment. 

• In the simulations, finite size effects, which can systematically distort the 
results, were avoided through averaging surface electrostatic potentials, and 
referencing all surface values to bulk values where finite size effects are 
avoided. [C.J. Fall et al, J. Phys: Condensed Matter. 1999]. 

 

J.Z. Terdik, K. Nemeth, K. Harkay, et al, 
Phys. Rev. B 86, 035142 (2012). 
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Validation of DFT (1): properties 

• Good 
agreement 
for surface 
properties 
of Cs, Te, 
Cs2Te. 

Fig. courtesy A. Michaelides, M. Scheffler 



Validation of DFT (2): band structure 

• Electronic band structure calculations, using PBE exchange-correlation functional, 
for bulk Cs2Te and Cs2TeC2. Note flat bands characteristic of high density of states, 
also seen in all ternary acetylides studied to date. 

• The PBE functional tends to underestimate the energy gap by about 1 eV, but the 
work function and DOS are consistent with experimental data for Cs2Te. 
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Cs2Te Cs2TeC2 



Density of states (DOS):  
Comparison of Cs2Te and Cs2TeC2 
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Comparison of optical absorption spectra 
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Optical 
absorption 
spectrum is the 
imaginary part 
of the dielectric 
constant. 

 

QE of Cs2TeC2 
expected to be 
comparable to 
Cs2Te. 



Calculated surface properties 
(DFT), no surface relaxation 
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• Significant φ anisotropy among 
rod-perpendicular (001) and rod-
parallel, (110) and (010), 
orientations. 

• (010) surfaces are the                  
most stable and show the        
lowest work functions. 

• Approx. 1-2 eV reduction in the 
work function between (001) and 
(010) surfaces. 

• Changing alkali atom has effect on 
work function and bandgaps. 

• Rod-perpendicular surface could 
behave like a 2D nanotip array. 
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Effect of surface relaxation 
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Effect of surface relaxation on band structure 
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Anisotropy in optical absorption 
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Status of 
Synthesis  
 
So far, reaction of A2Te 
tellurides with 
acetylene (C2H2) gas in 
suitable organic  
solvents seems most 
promising. 
 
Best synthetic material 
so far for Li2TeC2. 
 
 
 XRD, XAFS, etc  

characterization in progress. 
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• Regarding degradation of photocathode in imperfect vacuum; Cs2Te oxidizes to 
Cs2O and Cs-polytellurides Cs2Ten (n>1, purple color) : 

              Cs2Te + 1/2 O2  + Cs2Ten-1 → Cs2O + Cs2Ten 

   [D.M. Smith, J.A. Ibers, “Syntheses and solid-state structural chemistry of 
polytelluride anions”, Coordination Chemistry Reviews, 200–202 (2000) 187–205)]  

 
• Cs2TeC2 has no telluride (Te2-) ion; Te’s oxidation number is zero. No reactivity to 

oxygen is expected, as Te0 cannot give away electrons, as opposed to Te2- ion. 
 
● Acetylenic tellurides (R-C≡C-Te-R’) have been studied in organometallic chemistry: 
                                       [M.J. Dubdoub, J.V. Comasseto, “Acetylenic  

     Tellurides: Synthesis and Reactivity”,   
     Organometallics (1988), 7, 84-87.] 

 

• Cs2PdC2 and other  A2MC2 have been synthesized [U. Ruschewitz et al.] 

Chemical Reactivity of Tellurides  
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Summary 

• Ultra-bright photocathodes are a key technology for future light sources. 

• We have investigated ideas using intuition and DFT to tune photocathode 
properties to enhance future light source performance. 

• “Designer” acetylated Cs2Te – Cs2TeC2 – and other systems in this class are 
predicted to have low work functions. The QE of Cs2TeC2 is predicted to be 
comparable to Cs2Te. The rod-perpendicular orientation may exhibit low 
emittance. Robustness in imperfect vacuum also predicted. 

• Preliminary synthesis is ongoing through collaboration at IIT/ANL; results 
are encouraging. 

• Characterization using surface science techniques is planned at APS and IIT; 
also, expression of interest to use LBNL/ALS beamline ARPES system. 

• Characterization in a gun of promising cathodes is desired; expression of 
interest in collaboration at several labs (year(s) away). 

• Funding challenges; progress is proportional to funding. 
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Validation of DFT, PBE functional 
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