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The Compton profile of hexagonal boron nitride has been measured using 59.54 keV gamma rays 
and a planar Ge detector. The results are compared with theoretical Compton profiles calculated 
for various ionic arrangements and with those available from a bond orbital model, LCAO and SC 
canonical H F calculations. The LCAO calculation is in relatively good agreement with the present 
measurement. 
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I. Introduction 

B o r o n n i t r ide has r e m a r k a b l e p r o p e r t i e s a n d c a n be 
used to m a k e a ma te r i a l as h a r d as d i a m o n d . I t a l so 
behaves like an electr ic i n s u l a t o r b u t c o n d u c t s h e a t 
like a me ta l [1]. It is i soe lec t ron ic to c a r b o n a n d is 
k n o w n in cub ic as well as h e x a g o n a l p o l y m o r p h s , 
the m o s t usua l f o r m be ing the h e x a g o n a l o n e (called 
h-BN) . It is a h ighly a n i s o t r o p i c l ayered c o m p o u n d . 
T h e e lec t ron ic s t r u c t u r e in h - B N h a s been s tud ied 
extensively by op t ica l reflect ivi ty a n d a b s o r p t i o n , 
p h o t o e m i s s i o n , X- ray emiss ion , energy- loss a n d core -
level spec t ro scopy by several w o r k e r s [2]. Likewise , 
theore t ica l ca l cu la t ions e m p l o y i n g v a r i o u s m e t h o d s 
such as O P W , t ight b i n d i n g etc. h a v e been m a d e to 
d e t e r m i n e its b a n d s t r u c t u r e a n d exp la in its v a r i o u s 
opt ica l a n d o t h e r p roper t i e s . Desp i t e all th is w o r k , the 
s i t ua t ion is n o t sa t i s fac tory , as ap t ly s u m m e d by 
R o b e r t s o n [2]. 

W i t h i n t he last t w o decades , C o m p t o n sca t t e r ing 
has e m e r g e d as a p o w e r f u l too l for the inves t iga t ion of 
the b e h a v i o u r of va lence e lec t rons [3]. F o r po lyc rys -
tal l ine h - B N , C o m p t o n prof i les were m e a s u r e d in t he 
ear ly 70s us ing X- rays [4], T h e d a t a f r o m these m e a -
s u r e m e n t s a re unl ikely to h a v e g rea t phys ica l signifi-
cance owing to the we l l -known l imi ta t ions of the earl ier 
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X - r a y d a t a (see, for example , [3]). In th is p a p e r we 
p resen t y-ray C o m p t o n prof i le d a t a a n d c o m p a r e 
t h e m wi th the avai lable theore t ica l results . We h a v e 
a lso c o m p a r e d these resul ts wi th theore t ica l C o m p t o n 
prof i les fo r h - B N choos ing several m o d e l s of e l ec t ron 
d i s t r i bu t ion be tween B a n d N a t o m s wi th a view to 
e x a m i n e the effects of c h a r g e t rans fe r o n the C o m p t o n 
prof i les in th is system. T h e expe r imen ta l de ta i l s a re 
given in the next section. T h e resul ts a n d the i r d iscus-
s ion a re p resen ted in Sect ion III. 

II. Experiment 

T h e samples were pellets p r e p a r e d f r o m h i g h - p u r i t y 
(bet ter t h a n 99 .9%) polycrys ta l l ine b o r o n - n i t r i d e 
p o w d e r . T h e s t ruc tu re was c o n f i r m e d to be h e x a g o n a l 
wi th a = 2.51 Ä a n d c = 6.67 Ä by p o w d e r d i f f r ac t ion . 
Two pellets of th ickness 1.2 m m a n d 2.47 m m were 
p r e p a r e d by press ing the p o w d e r in a steel die w i th a 
hyd rau l i c p ressure of a b o u t 7 • 107 N / m 2 . T h e i r dens i -
ties were respectively 0.6 a n d 0.5 t imes the b u l k value . 
Since the detai ls of o u r C o m p t o n s p e c t r o m e t e r h a v e 
a l r eady been pub l i shed [5], on ly a brief s u m m a r y is 
given here. G a m m a - r a y s f r o m a 5 Ci a n n u l a r 2 4 1 A m 
sou rce were sca t tered by the s amp le t h r o u g h a m e a n 
sca t t e r ing angle of 160° ( + 2.5°) a n d de tec ted us ing a 
p l a n a r in t r ins ic G e de tec tor . T h e c h a n n e l w i d t h was 
a b o u t 58.6 eV, which c o r r e s p o n d s to a li t t le less t h a n 
0.1 p0 (p0 = 1 a.u. of m o m e n t u m = 1.99289 • 1 0 " 2 4 

kg m/s). A b o u t 4 • 105 a n d 8 • 105 c o u n t s / c h a n n e l 
were col lected at the C o m p t o n peak d u r i n g the s a m e 
e x p o s u r e t ime of 1.5 • 105 sec for the th in a n d th ick 
pellet, respectively. The C o m p t o n p e a k - t o - b a c k g r o u n d 
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Table 1. Theoretical and experimental Compton profiles of polycrystalline BN. All the values are normalised to 5.91 electrons 
equal to the area under 0 to + 7 p0. Theoretical values have been convoluted with the RIF. All profile data are given in 
multiples of Pq1. 

Pz/P0 B + 3 N - 3 Bond-orbital LCAO SHF Exp. * [15] Present Pz/P0 
model experiment 

0.0 4.211 4.911 4.233 4.172 4.151 +0.008 4.378 + 0.012 
0.1 4.200 4.849 4.213 4.155 4.128 4.361 
0.2 4.163 4.716 4.157 4.101 4.064 4.294 
0.3 4.072 4.476 4.061 4.011 3.958 4.179 
0.4 3.913 4.186 3.929 3.888 3.814 4.018 
0.5 3.760 3.834 3.762 3.732 3.638 3.812 
0.6 3.392 3.465 3.561 3.545 3.422 3.566 
0.7 3.076 3.084 3.330 3.326 3.176 3.286 
0.8 2.762 2.719 3.069 3.078 2.908 2.984 
0.9 2.469 2.379 2.787 2.804 - 2.668 
1.0 2.195 2.074 2.487 2.511 2.345 2.353 + 0.008 
1.2 1.740 1.580 1.879 1.910 1.814 1.765 
1.4 1.380 1.224 1.339 1.375 1.374 1.291 
1.6 1.176 0.974 0.944 0.981 1.051 0.958 
1.8 0.887 0.788 0.711 0.741 0.828 0.747 
2.0 0.737 0.652 0.594 0.609 0.683 ± 0.004 0.615 
2.5 0.504 0.451 0.447 0.446 - 0.432 
3.0 0.357 0.339 0.334 0.335 0.361 0.328 
3.5 0.259 0.254 0.255 0.256 - 0.256 
4.0 0.195 0.194 0.196 0.196 0.221 0.197 
5.0 0.114 0.108 0.118 0.111 0.139 0.119 + 0.002 
6.0 0.065 0.066 0.067 0.067 - 0.072 
7.0 0.040 0.040 0.040 0.040 - 0.045 

* Weighted average of Jy and J± values reported by Tyk et al. [15], 
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Fig. 1. Difference (AJ) profiles for polycrystalline h-BN. The theory has been convoluted with the residual instrumental 
function. 
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r a t i o s were a b o u t 8 7 0 : 1 a n d 1650 :1 for the th in a n d 
the th ick sample , respect ively. 

Af te r the s u b t r a c t i o n of the b a c k g r o u n d , the d a t a 
were c o r r e c t e d for (i) i n s t r u m e n t a l r e so lu t ion , (ii) s a m -
ple a b s o p r t i o n , (iii) ene rgy d e p e n d e n c e of the differen-
tial C o m p t o n c ross -sec t ion a n d (iv) mu l t i p l e sca t te r ing 
as pe r the p r o c e d u r e of H a l o n e n et al. [6]. F ina l ly the 
e x p e r i m e n t a l C o m p t o n prof i les c o r r e s p o n d i n g to the 
h igh -ene rgy side a r e n o r m a l i s e d to h a v e a n a rea of 
5.91, wh ich is e q u a l t o t he n u m b e r of e lec t rons in the 
f r e e - a t o m prof i le in t he reg ion f r o m 0 to + 7 p0. 

III. Results and Discussion 

T h e e x p e r i m e n t a l C o m p t o n prof i le fo r th in po ly-
crys ta l l ine h - B N is p r e sen t ed in Tab le 1 ( co lumn 7). 
Also given he re a r e the theore t i ca l va lues f r o m a ionic 
m o d e l , viz. B + 3 N - 3 , w h e r e the th ree va lence e lec t rons 
of the B a t o m a re t r a n s f e r r e d t o t he 2 p -o rb i t a l s of N . 
T h e C o m p t o n prof i les fo r the c o r e as well as the 2 p-
o rb i t a l s of t he N a t o m were t a k e n f r o m the tab le of 
Weiss et al. [7]. We h a v e a lso i nc luded in this t ab le 
theo re t i ca l C o m p t o n prof i les f r o m o t h e r ca lcu la t ions 
ba sed o n t he b o n d - o r b i t a l m o d e l of L i n d n e r [8], a n 
L C A O ca l cu l a t i on of D o v e s i et al. [9] a n d a self-con-
s is tent c a n o n i c a l H a r t r e e - F o c k ca l cu la t ion ( S H F ) of 
E u w e m a et al. [10]. It m i g h t be m e n t i o n e d tha t in 
o r d e r to o b t a i n va lence L C A O a n d S H F C o m p t o n 
profi les , the spher ica l ave rage of (100), (110) a n d (111) 
d i r ec t iona l prof i les of cub ic B N [9,10] w a s t aken us ing 
the s t a n d a r d f o r m u l a [5,11]. T h e core con t r ibu t ion was 
a d d e d to o b t a i n the to ta l C o m p t o n profile. All theoret -
ical va lues given in Tab le 1 a re n o r m a l i s e d t o h a v e a n 
a r e a of 5.91 e lec t rons a n d a re c o n v o l u t e d wi th the 
res idua l i n s t r u m e n t a l f u n c t i o n (RIF ) of o u r C o m p t o n 
s p e c t r o m e t e r [5]. It is w o r t h w h i l e t o m e n t i o n here t h a t 
the spher ica l ly ave raged C o m p t o n prof i le is a lmos t 
i n d e p e n d e n t of s t r u c t u r e as m e n t i o n e d by A h u j a et al. 
[12]. T h i s is a l so s u p p o r t e d by the w o r k of Bacalis et 
al. [13] a n d P a p a n i c o l a o u et al. [14], w h o h a v e respec-
tively a s s u m e d Ti a n d Z r t o be fee m e t a l s to ca lcu la te 
the i so t rop ic C o m p t o n prof i le of these h e p metals . In 
c o l u m n 6, t he C o m p t o n prof i le o b t a i n e d by a 1 :2 -
we igh ted a v e r a g e of the Jn a n d Jx va lues r e p o r t e d 
by Tyk et al. [15], wh ich a re s imilar , is given as a n 
a p p r o x i m a t i o n to the t r u e spher ica l ave rage [16]. T h e 
c o m p a r i s o n of the e x p e r i m e n t a l C o m p t o n profi le in 
c o l u m n 6 (Tyk et al.) a n d o u r va lues in c o l u m n 7 
s h o w s t h a t u p t o 1.0 p0 t he va lues r e p o r t e d by Tyk et 
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Fig. 2. Compton profiles of the valence electrons normalised 
to equal electron density for graphite and boron nitride. 
Experimental values for graphite (1) and graphite (2) are 
taken from [15] and [18], respectively. The solid line is the 
normalised Compton profile of a free electron gas containing 
eight electrons. 

al. a re lower t h a n those of the p r e sen t e x p e r i m e n t , a n d 
af ter 0.8 p0 the t r end is reversed. B u t the overa l l agree-
m e n t is g o o d . 

N e x t we c o m p a r e the theo re t i ca l C o m p t o n prof i les 
( co lumns 2 - 5 ) in the h i g h - m o m e n t u m region. A m o n g 
ionic profi les , only B + 3 N ~ 3 is t a k e n fo r r e a s o n s dis-
cussed la te r on . It is t o be n o t e d t h a t fo r pz > 3 p0, a 
region d o m i n a t e d by co re -e l ec t ron c o n t r i b u t i o n s , all 
theore t ica l values a re near ly e q u a l a n d a r e c lose to the 
present expe r imen ta l d a t a . In o r d e r to c o m p a r e the 
C o m p t o n profi les in the l o w - m o m e n t u m region, we 
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p lo t in Fig. 1 t he d i f fe rence (AJ) be tween convo lu t ed 
t h e o r y a n d e x p e r i m e n t fo r d i f ferent ca lcu la t ions . E r r o r 
b a r s a r e a l so s h o w n in th is f igure. Be tween 0 - 0 . 5 p0, 
wi th the excep t i on of t he b o n d - o r b i t a l (BO) mode l , all 
t heo re t i ca l va lues a r e lower t h a n the exper imenta l 
ones . T h e t r e n d is reversed in the r a n g e 0 . 6 - 1 . 4 p0 

excep t fo r B + 3 N ~ 3 . A f t e r 1.4 p0 all theore t i ca l values 
excep t t he ion ic C o m p t o n prof i le a re s imilar . F igure 1 
c lear ly s h o w s t h a t t he L C A O ca lcu la t ion represents 
t he bes t a g r e e m e n t a m o n g s t these mode l s , a fact con-
firmed a l so by t h e c o r r e s p o n d i n g x 2 values. A m o n g 
ion ic a r r a n g e m e n t s t he va lue of x 2 was the lowest for 
B + 3 N - 3 a n d h e n c e is given in the table . 

H o w e v e r , even f o r t he L C A O ca lcu la t ion [9] differ-
ences of a b o u t 3 - 5 % r e m a i n in the l o w - m o m e n t u m 
reg ion . S o m e d i f fe rences m a y ar ise f r o m the samples 
h a v i n g b e e n p r e p a r e d a t h igh p res su re because then 
t he s a m p l e m a y c o n t a i n pre fe ren t ia l o r i e n t a t i o n of the 
crys ta l l i tes a n d t he d a t a can devia te f r o m the t rue 
spher i ca l a v e r a g e o w i n g to t h a t effect. 

G r a p h i t e a n d h e x a g o n a l b o r o n n i t r ide (h-BN) are 
i soe lec t ron ic c o m p o u n d s a n d h a v e s imilar layered 
s t ruc tu re s . T h e C o m p t o n prof i les for g r a p h i t e and 
h - B N a p p e a r t o b e di f ferent . In o r d e r to c o m p a r e the 
a c t u a l b e h a v i o u r of va lence e lec t rons a n d the C o m p -
t o n prof i les of t he se c o m p o u n d s , we h a v e p lo t t ed in 
Fig. 2 the equa l -va l ence -e l ec t ron -dens i ty exper imen-
ta l prof i les (in u n i t s of pz/pF, whe re pF is the Fe rmi 
m o m e n t u m ) as h a s b e e n d o n e ear l ier by Reed a n d 
E i s e n b e r g e r [17] fo r d i a m o n d , Si a n d Ge . I n the case 
of g r a p h i t e , we h a v e cons ide red t w o ear l ier measure -
m e n t s [15, 18]. T h e d a t a of Tyk et al. [15] a re used by 
t a k i n g t he a v e r a g e of J^ a n d J x as m e n t i o n e d earlier. 
I n t he o t h e r d a t a , R e e d et al. [18] have unde re s t ima ted 
t he m u l t i p l e - s c a t t e r i n g co r rec t ion . F o r this reason , we 
t h i n k t h a t t hese d a t a c a n on ly be used fo r a qual i ta t ive 
c o m p a r i s o n . As expec ted , such a scal ing gave us iden-
t ical prof i les f o r B N a n d g r a p h i t e (as can be seen in 
Fig . 2) a n d t h u s c lear ly reveals ident ica l b o n d i n g in 
these i soe lec t ron ic l u b r i c a n t c o m p o u n d s . 

I t is a lso o b v i o u s t h a t o n t he bas i s of t he ionic 
m o d e l near ly 3 e l ec t rons a re t o be t r a n s f e r r e d f r o m B 
t o N , which is a very large va lue in d i s a g r e e m e n t wi th 
o t h e r e s t ima tes of the c h a r g e t r ans fe r , viz. 1.6 e by 
K u z u b a et al. [19]; 1.15 e by G r e e n et al. [20] a n d 0.50 e 
b y Doves i et al. [9]. I t is n o t diff icul t t o u n d e r s t a n d the 
f a i lu re of the ion ic m o d e l , b e c a u s e in o u r a p p r o a c h we 
h a v e comple t e ly i gno red t he di f ferent spa t i a l be-
h a v i o u r of e l ec t rons in er- a n d rc-bands. 

IV. Conclusion 

I n this w o r k it h a s been s h o w n t h a t fo r h - B N 
t h e L C A O m o d e l , desp i te the d i f ferences in t he low-
m o m e n t u m reg ion , agrees bes t wi th o u r e x p e r i m e n t a l 
C o m p t o n prof i le . T h e a m o u n t of t r a n s f e r r e d c h a r g e 
c o m e s to be a b o u t 3 e if on ly a n ion ic m e c h a n i s m of 
b o n d i n g is c o n s i d e r e d . H o w e v e r , th i s c o n c l u s i o n is 
expec t ed to be u n r e a s o n a b l e in view of t he fact t h a t 
t h e (7-electrons, w h i c h a re r e spons ib l e fo r t h e s t r o n g 
b o n d i n g , w o u l d p r o b a b l y h a v e a d i f ferent m o m e n t u m 
d i s t r i b u t i o n t h a n the 7t-electrons, a fact wh ich h a s 
b e e n neglected here . I t w o u l d be poss ib le t o ex t r ac t the 
d i s t r i b u t i o n of e l ec t rons in these b a n d s if we k n e w 
theore t i ca l ly t he e l ec t ron m o m e n t u m d i s t r i b u t i o n s fo r 
t h e s, G a n d rc-bands ind iv idua l ly . I t is a l so c o n c l u d e d 
t h a t g r a p h i t e a n d h - B N h a v e t h e s a m e b o n d i n g . 
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