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•  Ternary Acetylides: New class of 
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•  Unique 1D substructures 
•  Quantum Chemical DFT-based calculations 
– Workfunction, surface energies, optical absorption, 

and surface relaxation 
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[S. Lederer, et.al, Proc. FEL 2007, p. 457] 	



•  The workfunction of Cesium Telluride photocathodes increases as the 
cathode is used by up to 1 eV. 

•  Only partial rejuvenation is possible. 



Effect of small gases on               Quantum 
Efficiency 	
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were  investigated in order 
to simulate practical 
vacuum condititions .	
  
•  However, acetylene gas 

was not investigated.  
•  Acetylene is fairly 

reactive, easily losing 
its hydrogens, which 
takes electrons away 
from the material in 
contact. This forms 
“acetylides,” 
containing the 
acetylide anion 
[:C:::C:]2-, 
commonly denoted as  



Proposed synthesis routes 

Top (left) and side (right) view of                . Note the hexagonal packing of                  
rods.  Dark purple indicates Cs, grey indicates C, and bronze indicated Te. 



CalculaAng	
  WorkfuncAons	
  
•  WorkfuncAon	
  is	
  the	
  energy	
  

required	
  to	
  move	
  an	
  electron	
  from	
  
the	
  bulk	
  crystal	
  into	
  the	
  vacuum:	
  	
  

where	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  the	
  rise	
  in	
  electrostaAc	
  
potenAal	
  as	
  the	
  electron	
  moves	
  
through	
  the	
  surface	
  of	
  the	
  crystal,	
  	
  
and	
  	
  	
  	
  	
  	
  	
  	
  (Fermi	
  Energy)	
  is	
  the	
  highest	
  
available	
  electron	
  energy.	
  	
  	
  

In	
  the	
  simulaAons	
  we	
  must	
  avoid	
  finite	
  size	
  effects	
  which	
  can	
  systemaAcally	
  distort	
  
our	
  results.	
  This	
  is	
  effecAvely	
  done	
  through	
  averaging	
  surface	
  electrostaAc	
  
potenAals,	
  and	
  referencing	
  all	
  surface	
  values	
  to	
  bulk	
  values	
  where	
  finite	
  size	
  
effects	
  are	
  avoided.	
  (C.J.	
  Fall	
  et	
  al,	
  J.	
  Phys:	
  Condensed	
  MaUer.	
  1999)	
  



Validation of DFT, PBE functional 



Calculated surface properties (DFT), No 
surface relaxation 

General Trends 
•  (010) surface are the most 

stable and show the lowest 
workfunctions 

•  Approximately 1-2 eV 
reduction in workfunction 
between (001) and (010) 
surfaces.  

•  Changing alkali atom has 
effect on workfunction and 
bandgaps 



Differences in Metalloid and Transition 
Metal Bond Strength 

Metalloid (Te) Transition Metal (Pd)  

Effect of Surface Relaxation on C-M bond lengths 

Rods Surface Perpendicular 



Effect of Surface Relaxation 
•  Surface relaxations 

increase the work-
function but maintain 
a  >1eV reduction 
compared to expt 
and simulated 
workfunctions of 
cesium telluride 

•  The per atom change 
in energy for surface 
relaxation is 
comparable to 
thermal energy 
indicating both 
relaxed and 
unrelaxed geometries  
contribute to 
observed 
workfunctions.  



Effect	
  of	
  surface	
  relaxaAon	
  on	
  band	
  structure	
  

Electronic	
  bands	
  of	
  surfaces	
  with	
  surface	
  parrallel	
  rods	
  (010)	
  and	
  (110).	
  Rods	
  are	
  in	
  
the	
  y-­‐direcAon.	
  The	
  occupied	
  bands	
  (E<0)	
  are	
  not	
  affected	
  by	
  surface	
  relaxaAons,	
  
however	
  surface	
  relaxaAon	
  has	
  pronounced	
  effects	
  on	
  unoccupied	
  bands	
  .	
  	
  	
  



Comparison of optical absorption spectra 

OpAcal	
  absorpAon	
  spectra	
  of	
  bulk	
  cesium	
  telluride	
  and	
  cesium	
  telluride	
  carbide.	
  
PolarizaAon	
  of	
  light	
  is	
  along	
  the	
  main	
  crystallographic	
  axis	
  (c-­‐axis	
  of	
  ceisum	
  
telluride	
  and	
  parrallel	
  to	
  the	
  rods	
  for	
  cesium	
  telluride	
  carbide.	
  	
  	
  



Anisotropy	
  in	
  OpAcal	
  AbsorpAon	
  

PolarizaAon	
  dependent	
  
opAcal	
  absorpAon	
  spectra.	
  
We	
  observe	
  an	
  order	
  of	
  
magnitude	
  increase	
  in	
  
opAcal	
  absorpAon	
  for	
  
cesium	
  telluride	
  carbide	
  
when	
  the	
  polarizaAon	
  of	
  
light	
  is	
  orthogonal	
  (boUom,	
  
red)	
  and	
  parrallel	
  (boUom,	
  
green)	
  to	
  the	
  rods.	
  No	
  
comparably	
  large	
  
anisotropy	
  is	
  observed	
  in	
  
cesium	
  telluride.	
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