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F O R  T H E  C R E A T I O N  OF N E W  H A R D  A N D  S U P E R - H A R D  

M A T E R I A L S  

D.  A.  Z h o g o l e v ,  O .  P .  B u g a e t s ,  
a n d  I .  A .  M a r u s h k o  

UDC 541.5+541.6:539.2 

F r o m  cons idera t ions  of s imi l a r i t y  in e lec t ronic  s t ruc tu re ,  a procedure  has been  proposed for  
predic t ing new m a t e r i a l s  with increased  ha rdness .  It provides  a bas i s  for  de te rmin ing  the 
composi t ions  of compounds i s . e l e c t r o n i c  with diamond. Computer  p r o g r a m s  have been 
developed which make it possible  to find the concentrat ions of the components  of b inary ,  
t e r n a r y ,  etc.  s y s t e m s  i s . e l e c t ron i c  with a given sys t em.  Various two- and th ree -componen t  
compounds i s . e l e c t r o n i c  with diamond in the volume of the s imples t  cel ls  of the c ry s t a l  
have been  tabulated as p romis ing  subs tances  in the sea rch  for  new hard and s u p e r - h a r d  
m a t e r i a l s ,  

A c h a r a c t e r i s t i c  fea ture  of the e lec t ronic  s t ruc tu re  of diamond, e s sen t i a l  for  its ha rdness ,  is the p r e s -  
ence, in the valence level  of each carbon atom, of four e lec t rons  capable of taking par t  in the fo rmat ion  of four 
s t rong t e t r ahedra l ly  d i rec ted  covalent  bonds.  Thus in the s ea r ch  for new s u p e r - h a r d  m a t e r i a l s ,  it is natural  
to t r y  to reproduce  this p roper ty  of diamond. In a sense ,  this  p roper ty  is reproduced  in another  s u p e r - h a r d  
m a t e r i a l -  cubic boron  nitr ide BN. The deficit  of e lec t rons  on the boron  a toms is compensa ted  exact ly  by a 
cor responding  excess  of e lec t rons  on the ni t rogen a toms ,  so that  a c rys ta l l ine  s y s t e m  with the same  number  
of e lec t rons  as in diamond is f inally obtained (with in this  case,  the s a m e  number  of a toms) .  A significant dif-  
fe rence  which should be emphas ized  and which is important  for the subsequent d i scuss ion  is that  in boron  
nitr ide BN, four  e lec t rons  a re  present  on one a tom only on the average  (since the e lec t ron  densi ty  dis t r ibut ion 
in it does not cor respond  to the fo rmat ion  of the polar  compound B-  �9 N+; tha t i s ,  it does not co r respond  to the 
complete  t r a n s f e r  of one e lec t ron  f r o m  the ni t rogen a tom to the boron  atom). 

The next s tep in the breakdown of the m i c r o s c o p i c  s t ruc tu re  of diamond while p r e se rv ing  the fea tu res  of 
its e lec t ronic  s t ruc tu re  impor tant  for  ha rdness  may be a slight change in the s t ruc tu re  of its c r y s t a l  lat t ice 
with p r e s e r v a t i o n  of the e lec t ron ic  subsys t em as a whole. To explain th is ,  we can cons ider  the following e x a m -  
ple. We b r e a k  down the diamond c r y s t a l  into imaginary  t e n - a t o m  f ragment s ,  r emove  five carbon a toms  f r o m  
each of these  f r agment s ,  and then rep lace  t hem by four  ni trogen a toms (the posit ion of the fifth C atom 
removed  r e m a i n s  vacant).  Since four  N a toms have the s ame  number  of valence e lec t rons  as five C a toms ,  the 
c r y s t a l  made up of the n ine -a tom f r agmen t s  C~H 4 with one vacancy for  eve ry  10 s i tes  will be i s , e l e c t r o n i c  with 
the diamond c r y s t a l  (in all cases  we are  dealing only with the valence level),  The re  are  t h e r e f o r e  grounds for  
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expecting that a number of its proper t ies ,  determined pr imar i ly  by the electronic s t ructure ,  will be s imi lar  to 
the proper t ies  of diamond. 

We shall descr ibe  as isoelectronic with diamond those compounds which after  reduction to a lattice of the 
diamond type have an average of four electrons per lattice site. In accordance with what has been said above, 
the existence of the sys tem of te t rahedra l  saturated covalent bonds charac te r i s t i c  of diamond is possible on the 
average in these compounds. This feature,  and also the fact that all known mater ia ls  with a high hardness,  in 
par t icular  boron nitride BN, carborundum SiC, boron carbide B~C, and silicon nitride Si3N4, can be regarded as 
compounds isoelectronic  with diamond in the volume of the simplest  cells of the c rys ta l  (see below), make it 
possible to put forward the statement (or hypothesis) that one possible way of creat ing new super -hard  mate r -  
ials lies in the synthesis of multicomponent compounds, isoelectronic with diamond, f rom atoms with small  
dimensions and predominantly covalent interatomic (inter-site) bonds. In our view, f rom what has been said 
above, the importance of the determinat ion of the compositions of these compounds and the development of an 
appropriate procedure for this is sufficiently obvious. 

Mathematically,  the problem of determining the composition of a multicomponent compound isoelectronic  
with diamond involves the determinat ion of a set of solutions of indefinite equations of the form 

nAx + n•y + ncZ -}- . . . .  4N, (1) 

where n A, n B, n C . . . .  are the numbers of valence electrons in the atoms of the components,  N is an integral  
positive number, and x, y, z . . . .  are the required concentrat ions.  The problem rapidly becomes more compli-  
cated with increase  in the number of components.  We have compiled a set of FORTRAN programs  which make 
it possible to use a computer  to determine solutions to equations of type (1) for given charac te r i s t i c s  of the 
components (hA, n B, nc,  etc.) and a given value of the average electron concentrat ion for the required com- 
pound n i. The p rograms  can be a rb i t ra r i ly  divided into two groups, one of which ca r r i e s  out the analysis of a 
random set of values of the concentrat ions x, y, z ... for the i r  s imilar i ty  to the coordinates of any point of any 
of the hyperplanes descr ibing the required solid solution or  crysta l .  The p rograms  of this group which have 
now been compiled make it possible to examine compounds containing f rom three to 12 components.  The other 
group of p rograms  makes it possible to c a r r y  out the search  for the concentrat ion of one of the components of 
the solid solution or  crys ta l ,  isoelectronic with a given compound, f rom the fixed values of the concentrat ions 
of the other  components while moving along the line or  hyperplane described by Eq. (1). These programs have 
been realized (at the present  time) for compounds containing f rom two to five components.  More detailed 
information on the p rograms ,  together  with their  texts,  will be published separately .  

The solution of the problem for two-component compounds is relat ively simple. As an example, we can 
examine boron carbide BxCy in more detail. We change to a notation which is more convenient for the subse-  
quent t reatment :  

B~CN_,(p/N), (2) 

which indicates that the compound being considered can be obtained by removing 1 carbon atoms f rom each N- 
atom fragment  of the diamond c rys t a l  and introducing into it n boron atoms. The quantity p, defined as n-L, 
is the number of defects formed in the original  N-atom cell of the ideal diamond crys ta l ,  and the rat io p / N -  a 
provides a measure  of the defec t  cha rac te r  (nonstoiehiometry) of the new crys ta l  relative to the original.  The 
previous values of the concentrat ions x and y are obviously n/N and (N-I) /N respect ively .  The requirement  
that the compound BxCy be isoelectronic with diamond imposes the following res t r ic t ion  on the values of n and 
l: 4l =3n. Taking account of this feature in the determinat ion of p, we have p=n/4 and the following general  
equation for boron carbides isoelectronie with diamond: 

B,pCN-~p (piN),: (3) 

where p, since x and y are positive, may take integral positive values f rom 1 to N/3. Using Eq. (3), we can 
readily determine the formula  of boron carbide isoelectronic  with diamond and having the required degree of 
nonstoichiometry,  and subsequent variat ion of the values of N and p within the given limits generates  families 
of these compounds. 

By means of arguments  of the same type, it is possible to obtain equations analogous to Eq. (3) for other 
two-component  sys tems  f rom the elements of the second period, isoelectronic with diamond. The cor respond-  
ing information is given in Table 1. It may be noted that, although the chemical  formulae contain only the sym-  
bols of the elements of the second period, they may equally well contain the corresponding elements of other  
periods (for example, H in place of Li, or  Si in place of C). The values of x and y are renormal ized  (without 
loss  of generality) in such a way that they remain  integral  (see the example discussed in detail for  BxCy). As 
before,  the measure  of the nonstoiehiometry a is equal to (x +y--N)/N. 
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TABLE 1. Chemical  F o r m u l a e  of Two-Component  Com-  
pounds I soe lec t ron ic  with Diamond 

S y s t e m  x v a R e s t r i c t i o n s  

BxCg 
NxC!/ 

' BexC u 
OxC u 
LixCy 
FxCI/ 
LixB~ 
BexB~ 
LixN v 
BexNy 
BxNy 
LixOss 
BexO:s 
BxO~s 
NxOzl 
LixF!j 
BexF~ 
BxF~i 
NxFu 
OxF~ 

4p 
4p 
2p 
2p 
4p 
4p 
(3p--N)/2 
3S)--N 
(Sp+X)t4 
(Sp@N)/3 
(5p@N)/2 
2(3p@N)/5 
(3p@N)/2 
2(3p@N)/3 
2(3p+x) 
(Tp+ax)16 
(Tp@3N)/5 
(7p+3N)i4 
(Tp+:~N)2 
7p@3N 

N--3p 
N--5p 
N--p 
N--3p 
N--p 
N--Tp 
(3N--p)~2 
2(m--p) 

(3N--p)14 
2(N--p)13 
(N--3p)/2 
(3Nip)15 
(N--p)/2 
(m--3p)/3 

- s p - m  
(3m-p)io 
2(N--p)15 
(m-3p)/4 

--(5p@N)/2 
--6p--2N 

o ,l~v 

pin 
v / N  

p/ 'N 

3pin 
3p,iN 
1),,':\r 
p,'N 
piN 
pin 
p/N 
p/N 
p/N 
p/N 
piN 
pin 
p IN. 
pin 
pin 
p"N 

l<~p<N/3 
]~p~N/5 
t~p~N 
t <~p~N/3 
t~p~N 
1 ~p~N/7 
N/3~p~3N 
N/3~p~N 

--N/5~p~3/N 
--N/5~p~N 
--N/5<~p<N/3 
--N/3~p~3N 
--N/3<p<N 
--N/3<p<N/3 
--N/3<p<--N/5 
--3577<p<3N 
--3N/7<p<N 
--3N/7~p<N/3 
--3N/7p<p<--N/5 
--3N/7~p<--N/3 

Of par t i cu la r  in te res t  among the la rge  va r ie ty  of compounds i soe lec t ronic  with diamond a re  the s to iehio-  
me t r i c  combinat ions ,  for  which x +y +z +. . .  =N, that  is a =0, since they permi t ,  in pr inciple ,  the cons t ruc t ion  of 
a de fec t - f r ee  d iamond- l ike  s t ruc tu re .  If we r e s t r i c t  ou r se lves  to two-component  s y s t e m s ,  the only possible  
combinat ions a re  BN, BeO, LiF,  BEN2, B20, LiN3, B3F, Be3F 2, Li203. Attention was previous ly  drawn to these  
subs tances  by Hall [1], who called them "per iodic  compounds."  

Among the nonsto iehiometr ic  compounds,  we are  in teres ted  p r i m a r i l y  in cases  where  the quantity N 
appear ing  in the equation is a mult iple  of the number  of a toms in the unit cel l  of the diamond c ry s t a l  (or equal 
to it). In the f i r s t  place, in this  s i tuat ion it is obviously possible  in principle to produce a new c r y s t a l  s t r u c -  
tu re  by the s imple  r ep lacemen t  of the unit cel ls  by o thers .  In the second place, in accordance  with what has 
been  said above,  it is this  s i tuat ion that co r re sponds  to the exis t ing hard m a t e r i a l s  B4C, Si3N4, etc.  The unit 
cell  of diamond (in the sense  adopted in solid state theory)  contains two a toms and is shown in Fig.  1. The re  
a re  seven cor responding  nonstoichiometr ic  compounds i soe lec t ronic  with diamond: Li4C(+3/2), Be2C{+I/2), Li  2- 
B2(+2/2), LisB(+~/2), BeB2(+t/2), LiaN(+2/2) and Li20(+1/2). The next l a rges t  e l e m e n t a r y  volumes which can be 
r ega rded  as s t r uc tu r a l  units of the diamond c r y s t a l  are  the f o u r - a t o m  rhombohedron  and the e igh t -a tom cube, 
r e p r e s e n t e d  in Fig.  2 (anisotropic c r y s t a l s  a re  not dealt  with here) .  The s t ruc tu ra l  units of l a r g e r  volumes can 
be obtained by the i sot ropic  expansion of these  unit cel ls .  F o r  example ,  f r o m  eight two-a tom rhombohed ra  
(see Fig.  1) it is possible  to cons t ruc t  a s ix t een -a tom (N =16) rhombohedron,  the length of whose edge is twice 
the or ig ina l  value. S imi la r ly ,  eight of the cubes  shown in Fig.  2, combined to fo rm a new cube, give a s t r u c -  
t u r a l  f r agment  of the diamond c r y s t a l  with N =64. In the genera l  case ,  the s imi l a r i t y  t r a n s f o r m a t i o n  indicates  
s imply  an ra-fold i nc rea se  in the l inear  d imension  of the unit volume,  and in the examples  which we have con- 
s idered it co r r e sponds  to the equations N = 2 m  3, N = 4 m  3, and N = 8 m  3, where m = l ,  2, 3 . . . . .  Some of the f i r s t  
( smal les t )  values  of N a re  obviously 2, 4, 8, 16, 32, 54, 64, 108, 128, 216, 250, 256. In this connection, for  s y s -  
t e m s  in the above list  of s to ich iomet r i c  compounds,  such as B20 and BEN2, it is possible  in pr inciple  to have a 
d iamond- l ike  s t ruc tu re  only at the level  of a cei l  containing 54 a toms,  or  250 a toms in the case  of B%F 2 and 
Li203. It can also read i ly  be seen  that  a d iamond- l ike  s t ruc tu re  can be rea l i zed  at N =2 for  BN, BeO, and LiF,  
and at N = 4 for  LiN 3 and BaF. 

We have also tabulated all nons to ichiometr ic  two-component  compounds i soe lec t ronic  with diamond in 
the volume of 4-,  8- ,  16-, 32-,  and 54-a tom f r agmen t s  of the c rys ta l .  The complete  l ist  is fa i r ly  large ,  so that  
we introduce an additional res t r ic t ion .  We define for  each e lement  of the second (or third) period a covalency 
index k. Since Li and F fo rm the mos t  ionic bonds, we ass ign  to them the value k = 0, and we ass ign  the value 
k = l  to the mos t  covalent  e lement  carbon.  F o r  Be, B, N, and O, l inear  interpolat ion gives k =V3, ~t3, 2/3, and 1/3 
r e spec t ive ly .  We next define the average  covalency index k for  a two-component  s y s t e m  AxBy as (xk A +YkB)/- 
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Fig. 1 Fig. 2 

Fig. I. Rhombohedral cell with two atoms (i and 2). 
The black circles show the atoms of the sublattice sit- 
uated inside the f ace -cen t e r ed  cube i l lus t ra ted .  

Fig.  2. Cubic e igh t -a tom cell  of the diamond c rys ta l .  
The dot -dash  lines r e p r e s e n t  the bonds of the a toms of 
the second sublat t ice si tuated inside the f ace - cen t e r ed  
cube. 

(x +y). We shal l  desc r ibe  compounds for  which ~:> t/2 as predominant ly  covalent.  We are  p r i m a r i l y  in teres ted  
in sy s t ems  of this  kind (the l imit ing covalent bond is rea l ized  in diamond). Table  2 gives nonstoichiometr ic  
two-component  compounds which are  i soe lec t ronic  with diamond in the volume of 4- and 8 -a tom f r agmen t s  of 
the c rys t a l  and which sa t i s fy  the conditions: k-> t/2, lal-<t/2. It may be noted that  this group includes the 
m a t e r i a l s  B4C and Si3N 4 (C3N4) noted above. 

Among the two-component  s y s t e m s  i soe lec t ronic  with diamond in the volume of a 16-a tom f r agmen t  of 
the c rys ta l ,  we shall  r e s t r i c t  ou r se lves  to thosernade  up of the a toms of the mos t  covalent e lements  C, B, and 
N. These a re  B4C13(+~/16), B12C7(+3/16), B20C(+5/16), CllN4(-Y16), CN12(-3/16), B3NII(-~/1G), BI3N5(+~,/16). 

It should be emphas ized  that  in the preceding  and subsequent t r e a t m e n t  it is not implied that  all the com-  
pounds given in the tables  can exist  or  a r e  s u p e r - h a r d  or  hard m a t e r i a l s .  However,  they r e p r e s e n t  the set  of 
ma te r i a l s  p romis ing  in this connection, which might be subjected to d i rec ted  exper imen ta l  t e s t ing  and theore t i -  
cal  study by quan tum-mechan ica l  methods.  The ent i re  scheme of our  study is obviously const ructed on the 
t r e a t m e n t  of the compounds obtained as defect  d iamond- l ike  s t ruc tu r e s  (the values  of a given have signif icance 
only with r e spec t  to the diamond c ry s t a l  lattice) with vacancies  (a < 0) or  in te rs t i t ia l  a toms (a > 0), but this  does 
not mean that this mas t  be the final c ry s t a l  s t ruc tu re  of the ma te r i a l s  based  on them.  Thus the defect  d iamond-  
like s t ruc tu re  r e p r e s e n t s  the s ta r t ing  ma te r i a l ,  which, genera l ly  speaking, r e l axes  to an energet ica l ly  more  
favorable  s ta te ,  and as a resu l t  of the fact  that  it is i soelec t ronic  with diamond may p r e s e r v e  the quali tat ive 
cha rac t e r i s t i c  fea tu res  of the in te ra tomic  chemica l  bonds cha r ac t e r i s t i c  of the la t te r  (with a slight d is tor t ion 
and dec r ea se  in the i r  strength) and hence p r e s e r v e  a definite s imi l a r i t y  to diamond in its mechan ica l  p ro p e r -  
t i es .  The high s t rength  (hardness)  c h a r a c t e r i s t i c s  of boron  carbide B4C and s i l icon nitride Si3N 4 [2], which, as 
noted above, are  compounds i soe lec t ronic  with diamond in the volume of f r agments  with N =4 and N =8 r e s p e c -  
t ively,  indicate that these  compounds,  which have c ry s t a l  la t t ices  with rhombohedra l  and hexagonal s y m m e t r y ,  
r e p r e s e n t  the resu l t  of a t r a n s f o r m a t i o n  of this  kind. 

Two-component  sy s t ems ,  although appear ing  a t t rac t ive  because  of the i r  s impl ic i ty ,  na tura l ly  open up 
compara t ive ly  few poss ib i l i t ies  in the s ea r ch  for  new hard m a t e r i a l s .  The fact  is that  highly covalent  com-  
pounds i soe lec t ronic  with diamond, such as BN, B4C, and Si3N4, a l ready exis t  in prac t ice ,  and the r ema in ing  
combinat ions,  with few except ions (see below) e i ther  include too many a toms with a tendency to f o r m  ionic 
bonds or  co r respond  to too grea t  a d is tor t ion (too large  a number  of defects)  of the c r y s t a l  s t ruc tu re  re la t ive  
to diamond, as a resu l t  of which s table  (or metas table)  fo rmat ion  can hardly  exist .  The more  complex t e r n a r y  
s y s t e m s  appear  more  p romis ing  in this connection. The p r o g r a m s  d iscussed  above have been used to tabulate  
t h r ee -componen t  compounds fo rmed by the e lements  of the nontransi t ion per iods ,  i soe lec t ronic  with diamond 
in the volume of 2- ,  4-, 8-,  and 16-a tom f ragments  of the c rys ta l .  

Of the s y s t e m s  obtained in th is  way ( severa l  hundred),  the compounds of g rea t e s t  in te res t  a re ,  f i r s t ly ,  
the s to ich iomet r ic  compounds (with a=O) fo rmed by the a toms B, C, N, and O (f rom the cons idera t ions  a l ready 
d iscussed) .  It is c l ea r  that these compounds,  made up of th ree  components ,  cannot exis t  for  N =2. Secondly, 
nonstoiehiometr ic  compounds for  which 0 <a  ~ 1/2 and in which the number  of defects  coincides with the number  
of l i thium or  be ry l l i um a toms in the chemica l  fo rmula  are  also of in teres t .  The fact is that  these  a toms are  
among the mos t  act ive e lec t ron  donors  (in the second period) and at the same t ime  the Li + and Be 2+ ions are  
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TABLE 2. Nonstoichiometr ic  Two-Component  Compounds 
Isoelectronic  with Diamond in the Volume of 4- and S-Atom 
Fragment s  of the Crys ta l  

System 

Be#. 
B~C 
LiB 
N20 
LiaC7 
B%C7 

4 
4 
4 
4 
8 
8 

ct 

+114 
+114 
+214 
--i/4 
+.318 
+i/8 

il/15 
11/t5 
5/9 
5/9 
7tt~ 

23/27 

System 

BtCs 
C~N4 
BeBlo 
BeN~ 
BgN 
N~F 

N a 

8 +I/8 
8 --i/8 
8 +S/S 
8 --J/8 
S +2/8 
8 --2/8 

u 

1t/15 
t7/21 
7/11 

13/21 
2/3 
5]9 

TABLE 3. TWO- and Three-Component  Systems 
Isoelectronic  with Diamond, Recommended for the 
Synthesis of New Super-Hard Materials  

System N a N a 

BeB~ 
BsF 
B~C5 
BgN 
LiBC 
BC~N 
B~CO 
BC~N 
BaCoN3 
B~C,O 
B3C~F 
B~NO2 
BsN2F 

§ 

§ 

System 

/2 LiBC 8 
LiB30 

I8 BeB~C 2 
/8 BeB3N 
/2 Li2BsN 

LiBC7 
BeB2C 6 
BeBsNa 

0 BeB602 
LizB~N3 
Li3Ba% 
BeaB6C~ 
D%BTN 

+114 
+t/4 
+1/4 
+t/4 
+2/4 
+t18 
+t/8 
+1/8 
+118 
+2/8 
+318 
+3/s 
+3/8 

small  and can readily penetrate into the "cavi t ies"  of the open c rys ta l  s t ruc ture  of diamond (the rat io of the 
number of "cavi t ies"  to the number of atoms in the c rys ta l  is 1 : 2). Finally, sys tems  containing fluorine also 
deserve  attention, since F atoms, as already noted, for example, in [3], in compounds with graphite act as ~r- 
e lect ron charge acceptors  and bring about corrugat ion or  destabil ization of graphite-l ike s t ruc tures .  Thus in 
accordance with the ideas discussed in [3], and also in [4], regarding the mechanisms of the synthesis of 
diamond, fluorine atoms in sys tems  isoelectronic with diamond may play a dual role,  since on the one hand 
they act as catalysts  in the synthesis ,  and on the other hand they are components of the final product. Three-  
component compounds sat isfying these res t r ic t ions  are given in Table 3 (for brevity,  compounds of this kind 
corresponding to N =16 are not given). Together  with the representa t ives  of the binary sys tems  discussed 
above, added on the bas is  of the same considerat ions,  they can be recommended as promising substances for 
the creat ion of new super -hard  mater ia l s .  It should be emphasized again that although the chemical  formulae 
include only the symbols of the elements of the second period, the partial  or  complete replacement  of the lat ter  
by the corresponding elements of the third period is possible in all cases .  

In spite of the fact that the compounds given in Table 3 have been obtained "by machine,,, the s imi lar i ty  
between their  e lectronic  s t ruc tures  and those of diamond and boron nitride BN is obvious. We can discuss  this 
in more detail, for example, for  LiBC, which is isoelectronie with diamond and also BN in the volume of the 
unit cell of the c rys ta l .  This contains two atoms (see Fig.  1), so that the c rys ta l  lattice of diamond consists  of 
two face-cen te red  cubic sublattiees.  In accordance with what was said at the s tar t  of the present  work, boron 
nitride BN can be regarded as result ing f rom the replacement  of all the carbon atoms of one of the sublattices 
in diamond by boron atoms, and the replacement  of nil the atoms of the other sublattice by nitrogen atoms. If 
however instead of replacing the C atoms of the second sublattice by N atoms we introduce Li atoms into the 
"cavi t ies"  of the diamond lattice, the e lectron deficit produced by the replacement  of the C atoms of the f i rs t  
subiattice by B atoms will again be eliminated, and the resul t ing product is LiBC. 

The next stage of the work involved a quantum-chemical  calculation for model f ragments  of the LiBC sys -  
tem.  The resul ts  obtained will be published in a separate  paper.  The aim of the calculations was to compare 
the electronic charac te r i s t i c s  of the lithium and boron atoms in a hypothetical diamond-like c rys ta l  LiBC and 
in the isolated state and to investigate the degree of correspondence (similarity) between the electronic s t ruc-  
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t a r e  of this c ry s t a l  and the c ry s t a l  of diamond. The des i red  picture of the red is t r ibut ion  of e lec t ronic  charge  
in LiBC co r r e sponds  in the l imit ing case to the reduct ion of the e lec t ronic  configurat ion of all  the boron a toms,  
si tuated in the diamond lat t ice s i tes ,  to the ca rbon- l ike  s tate  B- ,  and the oxidation of all  the l i thium atoms,  s i t -  
uated in the in te r s t i ces ,  to the s tate  Li  +. 

The extended Hilckel method was used to c a r r y  out calculat ions for  the c lu s t e r s  C5, C4B, C4BLi, C17, 
C16B, and C16BLi with geomet r i c  p a r a m e t e r s  cor responding  to the c ry s t a l  s t ruc tu re  of diamond. The c lus t e r s  
C 5 and C17 cor respond  to one and two coordinat ion sphe res  of the c rys ta l ,  C4B and Ci6B cor respond  to the 
r ep l acemen t  of the cen t ra l  C a tom by a boron  atom, and C4BLi and :C16BLi cor respond  to the introduction of a 
l i thium atom at the cen te r  of one of the "cavi t ies"  in the diamond c rys ta l ,  c loses t  to the boron  a tom.  Poss ib le  
d is tor t ions  of the in te ra tomic  d is tances  as a resu l t  of the r ep lacement  C ~ B or  the introduction of the Li atom 
were  ignored. An at tempt  was made to dec r ea se  the influence of sur face  effects  in the c lus t e r s  by unpair ing 
the spins of all  the " su r f ace"  e lec t rons  (that is the e lec t rons  involved in chemica l  bonds outside the c lus te r  in 
the crys ta l ) .  

The r e su l t s  of the calculat ions are  in te rpre ted  as follows. The c lus t e r  C 5 is ass igned four  doubly occu-  
pied levels ,  cor responding  to bonds between the cen t ra l  carbon a tom and the a toms of the f i r s t  coordinat ion 
sphere ,  and 12 singly occupied levels ,  which cor respond  to unsaturated bonds formed by separa t ing  the c lus te r  
f r o m  the c rys ta l .  The set  of these  levels  f o r m s  the "valence zone," and the remain ing  four unoccupied levels  
a re  in te rpre ted  as the "conductivity zone." The rep lacement  of the cen t ra l  C a tom in C 5 by boron  c r ea t e s  in the 
valence zone a hole s ta te ,  which d i sappea r s  when the Li  a tom is introduced into the c lus te r ,  with the fo rmat ion  
of, f i r s t ly ,  an additional unoccupied level  between the zones and three  additional levels  in the conductivity zone. 
Since in the tight binding approximat ion this hole state is close to one of the valence s ta tes  of the boron  atom, 
and the additional unoccupied levels  cor respond  to valence s ta tes  of the Li atom, we should expect  a d i sp lace -  
ment  of the center  of the region in which the 2s e lec t ron  of l i thium is localized in the d i rec t ion  of the boron 
atom. The same  conclusion may be reached on the bas i s  of a compar i son  of the values of the M[{lliken popu- 
lations of the boron  a tom QB in the c lu s t e r s  C4B and C~BLi. In the f i r s t  of these ,  QB =1.97, and in the second, 
QB =2.48. The low absolute values of the populations can be at tr ibuted to sur face  effects:  According to the 
calculat ions,  the carbon a toms,  which a re  " sur face  ~ a toms in the c lus t e r s  C4B and C4BLi , act as e lec t ron  charge 
accep tors  (approximately  0.2-0.3 e lec t ron  for  eve ry  C atom). An at tempt to d e c r e a s e  the influence of the s u r -  
face by the addition of a second coordinat ion sphere  did not give the des i red  resu l t s :  In the c lu s t e r s  C17 , Ci~B , 
and Ci~BLi, all  the carbon a toms  are  charge  accep tors ,  and because  of t he i r  la rge  number ,  the ove ra l l  effect  
is g r e a t e r  than that for  the c lus te r s  with one coordinat ion sphere .  In par t icu la r ,  the populations of the boron 
a toms in CisB and CI~BLi were  found to be 1.69 and 2.19 respec t ive ly .  In both cases ,  however ,  there  is a 
c l ea r ly  defined qualitative tendency for the e lec t ron  population of the boron a tom to inc rease  cons iderably  when 
the Li a tom is introduced into the c lus ter .  In our  view, this  is in good agreement  with the ideal picture  out- 
lined above for  the dis t r ibut ion of the e lec t ronic  charge  in the hypothetical  t h r ee -componen t  s u p e r - h a r d  m a t e r -  
ial LiBC. 

In conclusion, mention may  be made of the poss ibi l i t ies  for  the prac t ica l  production of the compounds 
r ecommended .  One such possibi l i ty  can be seen in the fixation of c rys ta l l ine  s t ruc tu re s ,  i s . e l e c t ron i c  with 
diamond, in a me tas tab le  phase by the appl icat ion of high p r e s s u r e .  Another route involves the dissolut ion of 
f rac t ions  i s . e l e c t ron i c  with d iamond in me ta l s  and the production of solid solutions i s . e l e c t ron i c  with meta l  
carb ides  (as for  example  in the case  of the m a t e r i a l  TiC0.5N0.4, a l ready used in pract ice) .  Final ly ,  it is worth 
consider ing the possibi l i ty  of using the above chemica l  formulae  for  a combination of compounds,  i s . e l ec t ron i c  
with diamond, f r o m  a toms of the second and thi rd  per iods  (diamond-l ike s t ruc tu r e s  fo rmed  by the a toms of the 
th i rd  period are  more  stable and hence may  "withstand" g r e a t e r  s t ruc tu ra l  d is tor t ions;  compare  diamond, 

SiC, Si or  C3N4, Si3N4). 
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