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ITERATIVE EXTENDED HUCKEL CALCULATION ON HEXAGONAL BORON NITRIDE 

Alex Zunger 

Department of Chemistry,  Tei  Av~v Unt~ersl ty,  Ramat Awv, Israel  

(Recetved t8 4uoozeat 1972 bv I$ Lo~) 

Some properttes of two-d tmensmnal  boron m t n d e  are treated m a 
t runcated crys ta l  approach, employing the t t e ranve  extended Huckel 
method m a charge s e l f - cons i s t en t  c a l c u l a t m n .  The ~alues  of 
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s e l ec ted  to yield the known w~dth of the forbidden 

gap. 2 These  methods do not take into account  m 
a cons i s t en t  way the effect of charge r ed l s t nbu t t on  
on the 77 and a bands ,  and tnus  are inadequate  for 
ca lcu la t ing  s t a b t h t y ,  equthbrtum d i s t a n c e s ,  charges 
and the d i s t ance  dependence  of the band gap. 

We report here the results of a calculatmn on 

hexagonal boron mtnde using an iteratlve, charge 

self--conslstent LCAO semlemplrmal method 

(Iteratlve Extended Huckel method - IEXH),S 
whmh takes account of these effects. This method 

treats a ftmte cluster of atoms simulating two- 

dlmenslonal hexagonal boron mtrtde (point group 

D3n) by an atomm basts set composed of Slater 
orbttals  for the va lence  s ta tes  2S, 2P:, , 2P, j , 2Pz , 

1727 

retammg all o~erlaps and mteractlons, and 
approx:matmg the off-dlagonal matrix elements of 

the effectlve one-electron Hamtltoman by 
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Ta'o'~e i .  Co'~vartsorz  ,)~ I E \ H  res,aI ts  Jot t ke  B , .  \ , .  H, .  cgu~:er  ,~ttz t ' e_~re t~c .[  ,~:zd e~per .~e - rcz  , res . : t s  

Propert~ Tight  T~ght IEXH Exper  ',~e:nod 

binding (2) binding (1) 

] l  
gap (eV) 5 4 4 6 3 0 3 6 \ - r a y  emiss ion  

3 9 absorpt:o.- ~ z 
1 2  2 2  3 2  - -  
1 3 - -  4 4 2 2 't-ray em : s sm n  ~1 

E~ - 16.2 - -  E- - 18 8 E~ * 19 4 ESCA ~ 
2 

6 6 6 0 6 2 d l e l e c t : . c  constan< 
II 8 ii 6 -- 

0 51 045 
1.5 1 a5 
80 66 

a lence  v width (eV) 

va l ence  2S width (eV) 

2Sv band maximum (eV) 
~ "  trans~tmn (eV) 
work function LeV) 

Re~(A) 
mean subhmat~on energy (eV) 

NQR 1~ 
15 

crysta l lograph~ 
thermoc'-e 'nts t ry  I~ 

d i sadvan tage  of the method l ies  m its mablh t}  

to include a large number of atoms m the ca lcu-  

latlon, and hence,  m the computat ion reported 

here hydrogens surroundmg the c lus te r  were 

employed as boundar!, condztmns.  However,  the 

s t n k m g  slmllartt~ found between the va l ence  

band of the coronen molecule  (C2.H~2 , D ~ )  and 
graphite 9 (which is ~soelec t romc to hexagonal  

boron mtrtde and p o s s e s s e s  a very s imilar  c r}s ta l  

s t ructure)  and the gradual approach of the e lec -  

tronic gap of s imple  aromatic po lyacene  molecules  

towards that of graphite ,  as the s i z e  of the mol- 

ecu le  mcreases ,~°  support  the va l id i ty  of f ini te  

c lus te r  r ep resen ta tmn  of boron mtr lde  

Tab le  1 shows the resu l t s  of c a l c u l a t m n  for 

co ronen-hke  boron m t n d e  (B,2 N, 2 H, 2 , D3a),  as 
compared with resu l t s  from other sources .  

Contarary to the s ca l ed  t ight b m d m g  ca lcu-  

lat ion,  a s~gmflcant  overlap be tween  c and 
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that referred from NQR s tud ies .  The umtera ted  
, a l u e s  of Q ;  and Q~-'" are 0 1 and i 5e respect-  
t~ely, mdma tmg  an mcomplete  charge red~str~- 

button m th~s c a l c u l a n o n .  

The ~ - -"  band gap was found to decrease  
as a function of R, approxlmatel~ as R-' ~ . Since 

the band gap at the P point  m the B n l l o u m  zone 
resul ts  mami) from the difference m atomm P~ 
energies  of boron and mtrogen,  2 Hp=S~Sp= - H ~  "~, 

this d i s tance  dependence  is due to ~ a n a t m n  of 
these  quanu t l e s  through charge red t s t r lbu tmn m 
the cr1~stal Applying the same concept  to the 

unl tera ted ca l cu l a tmn  resui ts  m a weaker R 
dependence ,  of R -~= Th:s  ~s to be compared 
w~th the d~stance dependence  of R--' ~ found for 
the band gap m tetragonal  I I I - IV  c rys ta l s ,  ~ 
resul t ing  maml~, from the ant~symmetnc gap due 
to the mte rac tmn  term H m [v p . ,p .  The effect of 

charge t terat:on on the band gap of hexagonal  
boron intrude ~s thus ~mportant m the umterated 

caiculat~on the band gap inc reases  to 5 9eV The 
effect of : t e ra tmn on the va lence  band w~dth ts 
smailer ,  resul t ing  m a decrease  of 3% from its 
umtera ted  ,. a lue 

It should be noted that m the sca led  tlght 
b inding  approach 2 the reducU~e f a c t o ~  are not 
determined se l f -cons t s ten t lv  with charge d t s t n -  

button. Moreover, s ince  m that t reatment the 

experimental  data se lec ted  to be reproduced can 
be related onlb t o r r b a n d s ,  there is no phys tca l  
way of s c a h n g  cT type in te rac t ions .  The Tr tight 

b inding of Ta? lor  and Coulson,  1 on t.~e other 
hand, employs molecular  t h e r e  t h e r e  scaled experimental   0 TD1 1 1 rg0.64 Tc0 Tw(be )  Tj 14.1632 0 TD1 1 somg0.56 Tc0 Tw(is  )  Tj 11.7680 TD1 1 1 ext  rg0.66 3l    Tw(with )  Tj 22.308 0 TD1 1 1 0.68 Tc0 Tw(other )  Tj 1 0 0 1 285.36eff  1 0.56 T80 Tw(should )  Tj 3481 1 1 rg1.20 Tc0 Tw(scahng )  Tj1 046.08 0 TD1 1 rg1.10 Tc0 Tw(dtstn- )  Tj 3181 1 1 rgcl :644bun rg0 Tc1 1 1 rg0.56 T5Tc.88 hand,  
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17. PHILLIPS J C and VAN VECHTEN J A., P~z~s Re~; B2. 2147 (1970) 

Quelques proprletes d'un crlstal bldlmenslonnel de mtrure de bore 
sont tralt~es par ia methode d'approche du crlstal tronqu@ On 
utll~se un calcu[ "self-consistent '  de charge dans Ia m6thode 
lteratlve ~tendue de Huckel. 
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