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INTRODUCTION

Carbon tak e s m any diffe re nt form s (allotrope s) and h as a 
fantastic range  of prope rtie s . Diffe re nt e le ctronic 
configurations give  diffe re nt ge om e tical structure s. Th e  
"bonds'' be tw e e n atom s are  such  th at carbon atom s h ave  3 in-
plane  ne are st ne igh bours in s h e e ts of graph ite  bonde d by sp2 
orbitals and 4 ne igh bours in an sp3 bonde d diam ond lattice .  
Th e  nature  and prope rtie s of th in diam ond film s are  affe cte d 
by th e  grow th  conditions. Th e re fore  w e  e xplore  diffe re nt pure  
and m ixe d carbon allotrope s including diam ond, 
graph e ne /graph ite , am orph ous carbon and m ixture s of th e  
above . W e  plan to include  h ydroge n atom s in our sam ple s to 
study th e  th in film  grow th  proce ss.

Afte r cre ating carbon sam ple s w ith  spe cific fe ature s (such  as 
vacancie s , or graph ite /diam ond boundarie s) w e   obse rve  our 
sam ple s w ith  th e  AViz atom istic visualization pack age  and 
calculate  e ith e r th e  DOS (De nsity Of State s) or LDOS 
(LocalDOS) spe ctrum   using th e  PLATO tigh tbinding m ole cular 
dynam ics pack age .

VISUALISATION

Th e  AViz pack age  w as cre ate d by 
Ge ri W agne r and Adh am  
H ash ibon, base d on e arlie r 
Ope nGL routine s w ritte n by David 
Se ge v (Saada) and im ple m e nte d 
by Irina Rose nblum  am ongst 
oth e rs. AViz re q uire s an .xyz file  of 
atom ic coordinate s, and draw s 
balls at th e  atom ic site s and th e n 
adds bonds of spe cific le ngth s 
be tw e e n spe cific atom s, th us 
e nabling us to dire ctly obse rve  
bond le ngth s and angle s. 

EXPERIMENT

Th e  NEXAFS (Ne ar Edge  X-ray Absorption 
Fine  Structure ) spe ctroscopic te ch niq ue  
can be  use d  to m e asure  th e  unoccupie d 
de nsity of state s (DOS).
For  carbon th e  ph oton adsorption w as 
m e asure d as a function of ph oton e ne rgy in 
th e  280-320 e V range , and carrie d out in 
th e  partial e le ctron yie ld (PEY) m ode  by 
re cording th e  e m iss ion of se condary 
e le ctron of 8 e V k ine tic e ne rgy as a function 
of incide nt ph oton e ne rgy w ith  a  re solution 
of 0.1 e V. Unde r th e se  m e asuring conditions 
th e  NEXAFS m e asure s transitions from  
occupie d (C(1s)) core  le ve l e le ctronic state s 
to unoccupie d e le ctronic state s above  th e  
Fe rm i le ve l and th e re fore  it re fle cts th e  
unoccupie d local e le ctronic de nsity of state s 
(U-LDOS) in th e  ne ar-surface  re gion of th e  
solid. Just as th e  bonding be tw e e n  carbon 
atom s in diffe re nt carbon allotrope s 
(graph ite  and diam ond) is diffe re nt so are  
th e ir U-LDOS. 
Due  to th e  fact th at th e  initial state  of th e  
transition is h igh ly localize d (C(1s)) 
NEXAFS is se nsitive  to nanosize  cluste rs of 
carbon allotrope s m ak ing it a h igh ly 
se nsitive  spe ctroscopic m e th od for th e  
inve stigation of nanostructure s. NEXAFS is 
also ve ry se nsitive  to th e  pre se nce  of 
de fe cts and im puritie s .
Im m e diate ly be low  w e  s h ow  calculate d 
LDOS for graph ite  and be low  th at a se rie s of
NEXAFS for diffe re nt carbon allotrope s are  
pre se nte d.

In th is proje ct w e   com pare  th e  calculate d LDOS 
spe ctra of atom s in spe cific structure s w ith  NEXAFS 
m e asure m e nts.

DIAMOND 

Pe rfe ct sam ple  be low  le ft and LDOS w ith /w ith out vacancy be low  righ t.

GRAPH ENE  

A single  graph ite  laye r, im age  be low  le ft,  LDOS be low  righ t

AMORPH OUS

Am orph ous diam ond h as diffe re nt 
structural ph ase s, w h ich  can be  
distinguis h e d in m ode ls by color coding 
atom s w ith  diffe re nt  coordination 
num be rs. On th e  righ t both  im age s are  
code d using gre e n for sp2 and blue  for sp3. 
Brow n atom s form  th e  sam ple  sh e ll and are  
not colorcode d h e re . Th e  im age  on th e  far 
righ t is a de tail of th e  sam ple  ce nte r. Th e  
DOS graph  is  s h ow n low e r righ t, to be  
com pare d w ith  th e  1000e V NEXAFS.

STYLES

Anoth e r w ay to vie w  sam ple s is by color 
coding bonds only. A slice  of th e  ce nte r of 
th e  sam ple  above  is s h ow n in de tail at 
righ t be low  w ith  bond color coding.
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M IXED

W e  h ave  look e d at m ixture s of nanodiam onds and am orph ous carbon in diffe re nt 
configurations. Tw o type s are  illustrate d h e re . Above  on th e  le ft is a sam ple  w h ich  
unde r pe riodic boundary conditions w ould h ave  nanodiam ond and am orph ous re gions 
adjace nt. At th e  le ft is a diam ond sam ple  w ith  dam age  to its core , and  at th e  low e r le ft 
is an im age  of th e   ce ntral re gion of th e  sam e  sam ple   in a diffe re nt visualization style . 
 At th e  low e r righ t is its DOS spe ctrum , w h ich , as e xpe cte d, s h ow s a m ixture  of 
graph ite  and diam ond fe ature s.

PLATO

PLATO is a pack age  for Line ar-com bination of Atom ic 
Orbitals w h ich   allow s us to pe rform  m ole cular dynam ics, 
structure  optim isation, e tc. using atom ic orbital base d 
e le ctronic structure  m e th ods (tigh t binding and de nsity 
functional th e ory) in an e fficie nt form .

TIGH T-BINDING

In a tigh t-binding m ode l, inte rior 
e le ctrons are  bound to th e  nucle us.
Solving th e  Sch roe dinge r e q uation in 
th is se m i-e m pirical approxim ation m ay 
not be  as good as a full "ab-initio" 
solution, but using a se m i-e m pirical 
"tigh t-binding m ode l" e nable s th e  
introduction of e le ctronic structure s 
calculations into  m ole cular dynam ics 
s im ulations.
Tigh t-binding is a te ch niq ue  th at 
produce s th e  accuracy ne e de d to 
de scribe  com ple x syste m s w ith  a 
re lative ly sm all com putational cost for 
large -scale  sim ulations and for 
re lative ly long sim ulation pe riods.
It is a  se m i-e m pirical m e th od w h ich  
bridge s th e  gap be tw e e n ab-initio 
studie s and sim ulations base d on 
e m pirical classical pote ntials.

CONCLUSIONS

Th e  H OPG (H igh ly Orie nte d Pyrolith ic Graph ite ) 
NEXAFS graph  h as ch aracte ristics s im ilar to th e  LDOS 
of  our s im ulate d graph ite  sam ple .
Calculations for sam ple s w ith  vacancie s in th e  diam ond 
crystal pre se nt a ch aracte ristic blip w ith in th e  band gap 
sim ilar to th e  e xpe rim e ntal m e asure m e nts (not sh ow n).
Th e  diam ond film  NEXAFS pre se nt a se cond band gap 
th at can also be  obse rve d in our diam ond sam ple s DOS 
calculations.
M ixe d sam ple s (inte rm e diate  e ne rgie s in th e  NEXAFS) 
pre se nt a com bination of th e se  ch aracte ristics.




