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Atomic volume and semiconducting 
properties in pn/ctides and chalcogenides 
o f non-transition elements 

D e v i a t i o n s  o f  t h e  a t o m i c  v o l u m e  f r o m  a d d i t i v i t y  

in  c o m p o u n d s  o f  t r a n s i t i o n  e l e m e n t s  a m o n g  t h e m -  

se lves  a n d  w i t h  n o n - t r a n s i t i o n  are  d i s c u s s e d  

[ 1 - 3 ] .  T h e  p r e s e n t  n o t e  c o n s i d e r s  t h e s e  devi-  

a t i o n s  in  b i n a r y  c o m p o u n d s  ( T a b l e s  I t o  IV)  o f  

n o n - t r a n s i t i o n  e l e m e n t s  w i t h  P,  A s ,  Sb ( p n i c t i d e s )  

a n d  S, Se ,  Te  ( c h a l c o g e n i d e s ) ,  m a n y  o f  w h i c h  are  

s e m i c o n d u c t i n g .  

T h e  p e r c e n t a g e  d e v i a t i o n  o f  t h e  a t o m i c  v o l u m e  

( V )  f r o m  t h e  s u m  o f  i t s  c o m p o n e n t s  ( ~ 2 )  is g iven  

T A  B L E I Pnictides of  germanium and silicon 

C o m p o u n d  Structure  ~ 100 Eg(ev) 

As 2 Si GeAs 2 --8 sem. 
As Si As Si --7 2.2 
As 2 Ge orth.  --6 1.1 
PSi orth.  --4 semo 
Pa Si GeAs 2 --3 1.9 
AsGe AsSi --3 0.6 
SbGe tetr. --1 - 
PGe AsSi 0 sem. 

As 2 Si cub. +15 met .  
P2 Si cub. +27 met.  
SiSi f c c +49 met.  
fi lm 
GeGe f c c +52  met .  
fi lm 

b y :  

~ 2 - -  V A V  
K = - - - V - - 1 0 0  = - r  (1) 

t h e  a t o m i c  v a l u e s  be ing  b a s e d  o n  t h e  d a t a  in  

[ 4 - 6 1 .  

T a b l e s  I a n d  II s h o w s  t h a t  m e t a l l i c  p r o p e r t i e s  in  

T A B L E  III  Chalcogenides of  non-metall ic e lements  

C o m p o u n d  Structure  ~ 100 Eg(eV) 

T% Si Cdl 2 - -  17 - 
S% P,  orth.  - -  15 - 
SsP 4 orth. - -14  - 
SgP 4 cub, - -13  - 
Se2Si S2Si - -12  - 
SsAs  4 orfft. - -11  - 
SAs monoc.  - -6  2.0 
S s As4 monoc.  - -6  - 
S 2 Si orth.  --5 - 
S s As 2 monoc.  - -4  1.6 
S2Ge orth. - -2  3.6 
Te T Sb 2 cub. 0 - 
SsAs  2 monoc.  + 2  2.5 
Te2 Sb2 hex. + 3 - 
Te s As s monoc.  + 3 1.D 
Se 2 Ge GeS 2 + 3 2.3 
TeGe NaCI + 4 0.2 
T% Sb 2 hex. + 4 0.3 
S% Sb 2 S s Sb~ + 6 1.2 
SeGe GeS + 9 1.1 
Se 4 As 4 monoc.  + 9 1.7 
S s Sb 2 orth.  + 12 1.5 
SGe orth. + 18 2.0 

T A B L E  II Pnictides o f  non-transi t ion metallic elements  

C o m p o u n d  Structure  AV100V Eg(eV) C o m p o u n d  Structure ~ 1 0 0  Eg(eV) 

a-SnSn diam. - -26  0 AsGa ~-ZnS - -9  1.4 
SbAI ~-ZnS - - I 9  1.5 SbCd orth. - -9  0.5 
As 2 Cd3 Zn 3 P~ - -  18  0 . 1  Ps T1 orth. - -  9 - 

S b I n  a-ZnS - -17  0.2 PSn hex. - -8  - 
As~ Zn mono  c. - -  17 0.9 SbZn orth. - -  7 0.5 
Sb~ Cd 3 monoc .  - -16  - P2 Cd3 Zn~ P2 --5  0.6 
AsA1 #-ZnS - -16  2.2 P4Cd m o n e t .  - -5  1.0 
As 2 Cd s tetr.  - -  15 - PGa 3-ZnS --5  2.2 
P2Cd tetr.  - -14  2.0 P in  ~-ZnS --5  1.2 

AsIn /~-ZnS - -  14 0.3 As s Sn 4 hex,  - -  1 met .  
As 2 Zn s tetr.  - -  13 0.9 SbSn NaC1 0 me t .  
As 2 Cd tetr. - -  13 1.0 Pa Sn GeP~ + 2 - 
P2 Zn  monoe.  --  12 1.3 AsSn NaC1 + 3 met .  
SbGa ~-ZnS - -12  0.7 P~ Sn 4 As s Sn,  + 3 met .  
PAl j3-ZnS - -  12 3. I PSn GeP + 5 - 
Pa Zn tetr. - -11  1.7 PSn NaCl + 8 - 
P~ Zn s tetr. - -11  1.2 Sbln tetr. + 8 met.  
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T A B L E I V Chalcogenides of non-transition metallic element s 

Compound Structure AV100 Eg(eV) Compound Structure ~ 1 0 0  Eg(eV) 
V 

TeIn 2 orth. --20 0.5 TeT1 tetr. --3 0.2 
TeCd /3-ZnS -- 16 1.4 S e31 n 4 orth. -- 3 - 
Se 6 In 5 monoc. -- 14 - S% In 2 hex. -- 3 - 
TeHg ~-ZnS -- 14 0 T% T1 s Cr 5 B 3 --3 0 
TeZn ~-ZnS -- 13 2.2 SeT1 STl -- 1 0.7 
SeCd c~-ZnS -- 13 - Te 4 In 3 hex. 0 1.6 
SeIn 2 orth. -- 13 0.8 SePb NaC1 0 0.2 
SeCd /3-ZnS -- 12 1.7 c~-S% In~ hex. + 1 - 
T% In 2 cub. -- 12 1.0 S s T12 orth. + 1 sem. 
T% In 2 t3-ZnS -- 12 1.0 S% Sn 2 tetr. + 1 - 
Seln hex. -- 11 1.8 SeSn NaC1 + l 0.9 
TeGa hex. -- 11 - SeSn GeS + 1 0.9 
TeGa monoc. -- 10 1.7 Teln NaC1 + 2 - 
SeHg /3-ZnS - - i 0  0.3 SZn /3-ZnS + 2 3.5 
SeTI~ tetr. --9 0.1 S s T12 orth. + 2 sem. 
Te a Ga~ orth. -- 8 1.1 SZn a-ZnS + 3 3.7 
Te s In 2 monoc. --8 1.3 SGa hex. + 5 2.5 
SCd c~-ZnS --7 2.5 ST1 tetr. + 5 1.6 
SeZn c~-ZnS --7 - SHg tetr. + 5 1.0 
Te a In 4 In 4 Se a --7 - Se 7 In 6 monoc. + 5 0.3 
S% A12 monoc. --7 - Se 2 Sn CdI~ + 6 2.0 
SeZn #-ZnS --6 2.6 S a T14 monoc. + 6 - 
SCd /3-ZnS --5 - SPb NaC1 + 7 0.4 
Teln tetr. --5 0.2 SSn NaC1 + 7 1.2 
TePb NaC1 --5 0.3 SSn GeS + 8 1.3 
ST12 hex. --5 sem. Sa Gaz monoc. + 8 2.0 
~-Se a In 2 hex. --4 1.4 S a In2 tetr. + 10 1.2 
TeSn NaC1 --4 0.2 Sin orth. + 11 1.9 
Te a T12 monoc. --4 0.7 S a Sn~ 0rth. + 12 0.9 

-SeGa hex. --4 2.0 S 7 In6 monoc. + 13 - 
SeGa hex. --3 - S2Sn Cd_r 2 + 16 0.2 
SeGa GaS --3 2.0 

pn ic t ides  o f  n o n - m e t a l s  are associa ted w i t h  in ten -  

sive c o n t r a c t i o n ,  whi le  in  those  o f  meta ls ,  con t rac -  

t i on ,  m a y  be  slight.  These  da ta  m a y  be  cons ide red  

as a genera l i za t ion  o f  the  famil iar  fac t  t h a t  for  the  

e l emen t s  Sn,  Si, Ge [7] ; P, As, Sb,  Bi; S, Se, Te 

p o l y m o r p h i c  t r ans i t i on  f rom the  s e m i c o n d u c t i n g  

(or  semi-meta l l ic )  to  the  meta l l i c  m o d i f i c a t i o n  is 

associa ted  w i th  in tens ive  c o n t r a c t i o n .  In  in ter -  

p re t ing  the  da ta  in  the  above  tables ,  however ,  t he  

fo l lowing  shou ld  be  b o r n e  in m i n d .  

In [8, 9] i t  was s h o w n  t h a t  the  electr ical  and  

ga lvanomagne t i c  p rope r t i e s  o f  As~ Si, P2 Si (py r i t e  

s t ruc tu re ) ,  and  Asa Sn4 ,  P3 Sn4 are t hose  o f  me ta l s ;  

on  the  o t h e r  h a n d ,  m i n i m a  o f  the  re f lec t ion  coef-  

f ic ient  were  obse rved  at the  infra-red end  o f  the  

op t ica l  spec t rum.  (The  u l t rav io le t  was n o t  s tud ied  

for  these  c o m p o u n d s . )  In the  a u t h o r s '  view, th i s  

m a y  be  i n t e r p r e t e d  as i n d i c a t i o n  o f  a semi-meta l l ic  

charac te r ,  b u t  i t  shou ld  also be  b o r n e  in m i n d  t h a t  

m i n i m a  in the  inf ra- red  and  visible ranges m a y  also 

ind ica te  i n t e r  b a n d  t rans i t ions  as is t he  case w i t h  

Mg [10] Z n  [11] a n d C d  [ 1 2 ] .  

Tables  III  and  IV show t h a t ,  un l ike  t he  

pn ic t ides  o f  non - t r ans i t i on  e l ement s ,  t he i r  

cha lcogenides  m a y  be  s e m i c o n d u c t i n g  n o t  on ly  

u n d e r  negat ive  dev ia t ions  f r o m  addi t iv i ty ,  b u t  also 

u n d e r  posi t ive ones.  This is a p p a r e n t l y  re la ted  to  

the  fact  t h a t  in  a series o f  c o m p o u n d s  the  

cha lcogenic  e l emen t s  have h igher  valencies t h a n  

usual ,  wh ich  makes  for  in tens ive  add i t iona l  

c o n t r a c t i o n .  

C o m p a r i s o n  o f  t he  a tomic  vo lume  o f  P(V= 
19 A3),  As, Sb w i t h  those  o f  the i r  ne ighbour s  [6] 

(a l lowing for  the  excess a tomic  vo lume  in non -  

me ta l s  c o m p a r e d  w i t h  meta ls ) ,  shows t h a t  t he i r  

va lency  is 5, i.e. t h e  h ighes t  possible  for  t h e m ;  
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on the other hand, the corresponding data for S, 
Se, Te and their neighbours indicates that their 
valency is 4. It may thus be assumed that the 
valency of  the latter group, in their semi- 
conducting compounds characterized by intensive 
contraction, is 6. This supposition may probably 
be verified with the aid of  the M6"ssbaner effect. 
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Non-axial dislocations in reaction-sintered 
silicon nitride 

The exploitation of  silicon nitride as an engineer- 
ing material necessitates an understanding of  the 
deformation, creep and fracture characteristics of  
both the hot-pressed and reaction-sintered forms 
of  the material. These characterizations obviously 
require knowledge of  the defect microstructures 
that are likely to occur. This information is most 
readily obtained by the use of  transmission elec- 
tron microscopy and in the literature there have 
been several reports [1 -4 ]  of  examinations of  the 
microstructure using this technique. One common 
feature of  all these reports was the lack o f  com- 
plete unambiguous characterization o f  the dislo- 
cations that are frequently observed. Ambiguity 
arises because although these workers found it 
possible to identify dislocations with a Burgers 
vectors along the c axis they could not unam- 
biguously identify those dislocations which also 
possessed basal plane components in their Burgers 
vector. The difficulty which was encountered with 
these non-axial dislocations was the inapplicability 
of  the standard g" b = 0 invisibility due to the 
failure to obtain total invisibility of  the dislocation 
image for some reflections. This factor coupled 
with the frequent observation of  multiple images 
has led to the suggestion by Evans and Sharp [4] 
that this behaviour may be due to a dislocation 
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dissociation. Since the Burgers vector for the 
�89 (1 1 53> dislocation is large in magnitude, a dis- 
sociation would appear to be a probable occur- 
rence but it is also possible that the observed 
contrast behaviour is related to the complex 
crystal structure of  the material. It is clearly 
important to establish whether dislocations with a 
�89 (1 1 33) Burgers vector are present and if so 
whether they are dissociated since there have been 
no reports of  the presence of  the smaller Burgers 
vector �89 (1 1 2 0>. A study has therefore been made 
of  the two possible explanations of  the observed 
contrast behaviour and in this letter we report the 
results. 

The observations in this note were obtained 
from thin foils o f  reaction-sintered silicon nitride. 
Specimens suitable for electron microscopy were 
obtained by a combination o f  mechanical grinding 
and ion-beam thinning. After thinning, the speci- 
mens were lightly coated with carbon to minimize 
charging effects and then examined in a Philips 
EM300 electron microscope. 

In order to be able to unambiguously identify 
the presence of  dislocations with a non-axial 
Burgers vector, it is first necessary to eliminate 
from considerations those dislocations which 
possess Burgers vectors in the e direction. This is 
most easily achieved by imaging the dislocations 
using the six basal ( 2 0 3 0 )  and 11 130)  type 
reflections. The visibilities and invisibilities given 
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