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, SOME SUPERCONDUCTING PROPERTIES OF SEVERAL
'CARBIDES AND NITRIDES OF THE TRANSITION METALS

R A L. E. Toth' V. F. Zackay, J. Johnston, M. Wells, and E. R. Parker-
Inorganic Materials Research Division, Lawrence Rediation Laboratory

and Department of Minersl Technology, College of Engineering 'f”f- L
Universlity of Celifornia, Berkeley, California . o R

Abstract
':,Anaiogous to the trensition elements,“their solid solutions, and intér-i?‘E
i'-;fmetallic compounds, & correlation is shown to exist between the total number”;f;i

Lvof valence electrons and thetsupercOnducting critical temperature for transi;f

tion metel carbides and nitrides crystallizing in the NaCl structure. The '

L crit#Eal temperature increases as the totai number of valence electrons ~
hv_  intréases from eight to about ten. A number of experiments were underteken
to sﬁbstantiate the correlation. The criticel temperature of cubie molyb-.i’i
" denum carbide (NaCf structure) was found to be 13.0°K. The critical temper-  ;iK,i
ature of the two-phase mixtures of cubic and hexagon;l molybdenum carbidefl
- was found to be dependent ﬁpon the relative amounts of theltwO'phases present;?7T '
This behavior vas tentatively explained on the basis of the structural simi- ‘fﬂifé;a
' i larities of the two éhases. A critical temperature for the hypothetical .
compoﬁnd, cubic TaN, of 12°-1L°K is predicted from the &ariati¢n of the
! : 3i8riéicél temperature with composition for the cubic solld solutions of TalN
o :ja.nd.‘l'l‘a.c. ‘

Presently &t the Department of Mbtallurgy, University of Minnesota,
Minneapolis, Minnesota.‘
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- . compounds’ crystallizing in the Nacz s-tructureo As is well known, a large'¥”

i MoC (cubic and hexagonal) was related to the proportions of each phase present'

f;jtemperatures at the approximate electron-to-atom ratios of h 7 and 6 S has

';Tgf'solid solutions, and intermetallic compounds.' This Daper relates t° analogous

: T“;‘studies in the relationship of the critical temperature to the electron-to—*

bvthatom ratio in metal-nonmetal compounds such as the nitrides'and carbides.:ﬁ

’i-restricted preferably to a particular crystal structure. In conformance With

';3.this suggestion, we have chosen to study the superconducting properties of
" number of metal carbide and nitride compounds crystallize in this structuref

- in the critical temperature end the total number of valence electrons in the

" T numerous examples of widely different values for the reported transition -

‘45}been substantiated by a number of workers(v 2 3) for a variety of elements,

,AMatthias and Hulm( ) have suggested that studies of this kind should be .

phase of this study, it was found that the critical temperature of multiphase-*

T

IN‘I‘RODUCTION e

The existence of maxima in the superconducting transition critical

In the present series of-investigations, a correlation between 8, maximumﬂ
compound was found. The correlation applied equally well to both the carbides

and nitrides of the transition elements.: In the course of the experimental

Because of experimental difficulties in preparing the carbides and

nitrides, the early literature on theilr supercdnducting behavior contains -

, temperature. The strong dependence of the critical temperature upon the de~- 5-_ﬂw{]f

'i;'viation from stoichiometry has caused, in the past, a great deal of confusion.

Vi,‘,tantalum carbide, for example, is known to exist frcm TaC to '.I.‘aCo 75 (5)

The mono-carbides and mono-nitrides exist over a wide range of compositions,iy

0.99

'In 8, careful investigation of the variation of T with caxrbon content, o 131;§g«;r
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" Fig. 1). In genersl, the T, of these mono-cerbides and mono-nitrides is‘ ft EEE

’l’_ithe other two. Most of the transition metals of the left side of the per-

-doddic table form mono-cerbides and mono-nitrides with the NaCZ structure. j‘ g

-3- . | UCRL~11533 .Re_\_r.b
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Giorgi et al.(5) found that the critical temperatures decreased from 92.7° K}

to less than 1.0°K as the carbon content decreased from 0.99 to 0. 75 (see

highest as the stoichiometric 1:1 ratio is approached.
Although the cerbides, nitrides, borides, and silicides of the transi- f;;, il
tion elements are often grouped together as one broad class, there is crystal-' si;iy

chemicel evidence that the carbides and nitrides form a group distinct from. g’ﬁ*tr*’

The complete solid solubility that exists between the carbides and nitrides;ffw:¥7 v

v within the limits of volume restrictions or changes of‘crystal structure

suggests that the .electronic structure of the carbides and nitrides are

. served on the basis of a literature survey of the existing T values that

. the nitrides of the preceding group. (8) For example, the critical

similar. This similarity does not extend to other refractory materials such

'as the borides or silicides, which crystellize in structures different from

those of carbides and nitrides.. Little solid solubility exists, for example,

.between the carbides and borides.( ) This distinction between the carbides,

have stressed the importance of metal-to-nonmetal bonds in the carbides and -

nitrides. Nonmetal-nonmetal interactions do not occur in the carbides and
nitrides with the NaCf structure but do occur in the borides, as exemplified
by the formation of the well-known boron chains or layers.

Treating the cublc carbides and nitrides as one cless of compounds,

& close relationship'in their critical temperatures can be found. We ob- iﬂ;“~f" R

- nitrides, and borides has also been suggested by Alekseevski et al. (7) fjﬁ,ff{J-;

the critical temperatures of the cerbides of the IV (T4, Zr, HE), > v (v, Nb, Ta.) l

or VI (Cr, Mo, W) group trensition metals were neerly the same as those of
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.temperature of NbC is nearly the same as thatmof ZrN.f The.critical temper-
fboth the metallic and nonmetallic elements.' Here, the number of valence
?electrons means all the electrons beyond a- closed shell. The critical tem—
peratures of the carbides and nitrides with 8 9, and 10’ total valence elec-
'trons are snugn in Table I. The latest values of critical temperatures were
taken from the literature. ‘The ones selected were for those compositions

-~

;closest to stoichiometry. In view of the strong dependence of T on. the

*,deviation from stoichiometry, these critical temperatures should be comparedf

?'with compounds with identical metal to-nonmetal ratios.. Uhfortunately,
1kamost cases, the exact composition of the compound was not reported, thus
;%;making such an ideal comparison impossible. | B
Ji.“ The table is arrenged to. place the nitrides of the third group metals

: next to the carbides of the fourth group metals, etc., and also arranged

-“according to the row in the periodic table of the transition metal.-vAll of7
“?'ﬁthe compounds with 8 total electrons are normal (i.e., not found to be super
B conducting above about X K) for both the carbides and nitrides. All of the

r;“interstitial compounds with 9 or 10 total electrons are superconducting with

" the exception of VC.' This compound cannot be prepared stoichiometrically,

‘:_vhowever, and the composition contains only 8.5 total electrons.
. 0.88

To substantiate the correlation between the nitrides 'and carbides, a

mmbexr of experiments were undertaken. As may be seen in Table I, the -

'”}ﬁ“maximum critical. temperature of a binary compound is found for NbN with

@lo “total electrons. If the present interpretation of the band structure




Table.I'

~ Superconducting Properties of the Carbides and Nitrides with' the NaCl Structure

‘Group III nitrides Group IV cerbides
Total valence Total valence
electrons at | . : - electrons at , .
Compound stoichiometry Critical Temperature Compound stoichiometry Critical Temperaturq .
ScN 8  Normal TiC 8 ‘Normal
mw o 8_ _ Not known L ZxC ) 8 Nofmél
LaN 8 Normal HEC 8 Normal =
 Group IV nitrides Group V carbides
’ ‘ KK
TiN 5.6°K Ve 9 . Normal
ZrN 10.7°k ~ NbC 9 C11.1°K
" HEN - 6.2°K TaC 9 9.7°K ’
‘:Group V nitrides Group VI carbides
W 10 " o 8.2°k cre 10 Does not exist with
R SR - B o NaCf structure -
B O R T R 15.8°K MoC . 10 Present series of
o e o _ S o investigations
TeN 10 . Present series of WC 10 Exists at high tem-
- ' ' investigations = peratures only

* Values qpotéd are those listed by Roberts'?) and Matthias et al. | -
*% "Normal"” means not superconductlng at about l°K° Consult Roberts(9) or Matthias et al.(lo) for the -

_exact temperatures.v

=:_ corresponds to 8 5 electrons.‘f-f

(10).

*** VC 88 is the highest carbon ratio which ‘can be obtainei by usual techniques, this comp051t10n -,:c-

A%y EECTT-THOD
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?of these compounds is correct, e would expect th&t other carbides and

'initrides with lO or nearly lO total electrons would have critical temper-.
1vatures nearly equal to that of NbN.; The carbides and nitrides that have not1
;been tested for superconductivity and which would have lO electrons are TaN
;;vand the fourth group carbides. Uhfortunately, these compounds either do no
é?'crystallize in the NaCt structure (TaN and CrC) or crystallize in the NaC£E

. structure only at very bigh temperatures (MoC and WC) Tn the latter case

f&~the transformation from the Nacz structure to the lower temperature phase»
”:ﬂ:occurs at an extremely rapid rete. In order to retain the cubic phase,;a;
drastic,quenching te‘chnique had *do be developed which wasthen emplo.yed} to
ﬁlretain the cubic phase of MoC but failed in the case of WC. sIn'order to
g{fobtain information about the critical temperature of TaN, a solid solution
.; of" the cubic phase between TaC and TaN was formed. The latter method is,‘
;“j;:itjétfhowever’ not. applicable to CrC or WC, as these compounds form only limitedui

- ;%a;solid solubility ranges with the fifth group carbides that possess the Nacz

| structure.

} ‘ . AL ‘ . . . -

A high temperature phase at the approximate’composition MoC, with &
>-hexagon61 unit cell, has been known tofexist_for some time, 5Only recently'f
e ._' - the cubic modification (NaCZ) has been fou‘nd.., In a series of papers by .

(12)

l Rudy et al. (6,11) end independently by €Clougherty et al., it wes reported

. that the cubic a~MoC crystallizes from. the molten state at about 2600 C. At

,"'ef'approximately 2200°C cubic a-MoC transforms very repidly into the related
';ﬂ"jiﬂ«f hexagonal phase,. n=MoC. The composition of this hexagonal phase is believed &

L to be at the composition corresponding to- the formula MoC 67 and not at MoC. |




" or 1nto oil. 8 ) The results of x-ray analysis a.nd eritical temperature

o “only the hexagonal n-MoC, the samples from 2200°C were meinly n-MoC but had

.. ; in view of the large deviation from stoichiometry. For example, the critica.l f;

e :,_,.tempera.ture of NbC g is less than a degree while that of NbC 97 is a.bout 11 K.(;'S;)E

" ature and even then it has ‘never been obtained in a completely pure form.

_ in the Mo-C binary system'were quenched (from graphite cruicibles) from. five_

R different temperatures, 1650, 2200, 2320, 2415, and 2650°C into liquid tin e
. measurements are shown in Table IT. The samples quenched from 1650°C showed..v;_:_“
Vpartially transformed to cubic a-MoC, while the samples quenched from highexj e
" temperatures were mainly cubic a~MoC.
' -Little variation cou_'Ld be detected in T with a change in composition; the o
| The limited range of composition va:riation for the existence of this pha.se o
is related to its limited stability. The cu'bic form is always defective in
_' The composition limits on this phase are presently being determined.

. The nominal composition of the phase a.ctually obtained was MoC0 8 with a- tota.l

~of 9,2 velence electrons. '.L'he high critica.l temperatures (13 °%) is surprising

“ was 9.0°%. This temperature is nearly the same as the 9.26°K reported by

=T~ UCRL~-11533 Rev.

. Because the transformation from the cubic to the hexa.gona.l form. occurs very. " '

-rapidly, drastic quenches are needed to retain the cubic phase at roam temper- .__"""'

P

In the present series of investigations a series of hot-pressed samples

The critica.l temperature of the cubic molybdenum carbide quenched from

2415°C in Sn was 13.0°K with the trensition extending from 13.5° K to 12.5 K.

lack of sensitivity of Tc to composition changes 1s merely a reflection of th‘e‘[:,? TR

fé.ct!that cubic a~MoC pha.se exists only over e small range of composition. _"g?'_'f‘fg;"; o
l T

carbon content arid probably does not exist beyond the composition MoC 0.80°

The desired compound was cuble MoC with .a total of ten va.lence electrons. e

The critical temperature of the pure hexagonel n-MoC quenched fromvl650°c Sk




'éélecté

d Values of

X-Ray Fihdings_and Critical'Tempefatuféé1in:the Mb-C'Binafy

ST

Sysﬁémé?f

fNominai

composition

Mo -~

Temperature
of Quench

. - - Critical - -
temperature
at middle of

°C " transition °K

Width of
transiticn
CK . } .

40 Heiagonél MoC

¢ Phase

1650 (Tin)

ho Hexagonal + Cubic

b1 Cubic + Trace hexagonal

2000 (Tin) -

2320 (Tin)

o415 (Tin)

Ly Cubic + Trace hexagonal-

~ﬁ0‘ ‘:Cubié,4'Tréce hexagonal

R
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A ""':"Matthias and Hulm(u) for arc-melted speéimens; 'The specimens 'quenched from{""f‘"

R 2200°C into tin ha.d critica.l temperature varying from 9 5 to 11.0 K- These
. tempera.tures are intermediate between those for the pure cubic phase and the. -
5 pure hexagonal phase. X-ray analysis showed that the critica.l temperature :
‘increased with increasing amount of NaCl structure. . S
, 'l‘antalum nitride crystallizes in a hexagona.l structure; this‘,phase ha.s V'V
iv:.'-:V‘v-'not been found to be superconducting at 1. 28°K. In an attempt to determine."‘::
i_‘the critical tempera.ture of TaN with the NaCt crystal structure , & solid .
' solution between TaC and TaN was formed. Compa.cted mixtures of the powders .’ 3
of TaC and TaN were reacted under 1 atm of nitrogen pressure. Chemical
a.nalys:Ls was used to determine the resulta.nt composition. The NaCZt structure
was found to exist‘in solid solutions of Ta(C,N) ‘to ebout 38 mole percent T&N- E
Showvn in ‘Fig.' 2 arel the median temperatures of the superconducting tra.nsij_..;‘."j:': B
] - tion témpera.tures a.nd a linear extrapolated vaiue of about 13.7°K for the 'L" SRS

- of’ pure TeN. The extrapolation is crude since it extends over 60 mole per--"

‘ cent. Furthermore » the extrapola.tion is linear and there is no & p_xggr__

‘ 'assura.nce that the verigtion should rema.in linesr, particularly nesxr the Ta.N

‘v.-':_'.‘side of the phase diagram. A linear varia.tion is found, however, in a number |
“of pseudo binary systems. such as the ZrN-Hi'N system. (13) In addition to the
7_‘__linea.r varia.tion, -another common type of variation s a. maximum in '.I.‘ . |
_ In the solld solutions NbC and TaC, a pronounced maximum in T wa.s found .
a.t gbout 60 mole percent NbC. (;h) Matthias (15) hes suggested that this maxi-}__-,f'j
' :Amum results from & gadua.l veriation :Ln the devia.tion from stoichiometry.
| l.Another maximum in witica.l temperatures occurs in solid solutions of NbC

! and NI,JN in vhich & maximmn velue for T, of lT.8°K was found a.t 80 mole percent

.77 NoN.© This ma.ximum oceurs at the electron-to-e.tom Tatio of ll— 85 which is nea.r"
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-;the optimum value for high T 'S in the transition metals. Since tantalum
"and niobium are in the same group in the periodic table; a similar maximum

_might also occur in the TaC TaN pseudo binary system._ The dotted curve for

¢the maximum in critical temperature shown in Fig. 2 was drawn assuming a
;similar variation to that found in the NbC NbN systems., The critical temper,

Jature for cubic TaN is thus estimated to lie between the end points of the

“itwo curves, i. e., 12 and lh K.

;‘i-;.‘bISCUSSIONlﬁ

7It} Correlation ' _ ’
‘ The experiments‘on Moc and TaN substantiate the proposed correlation of
?the superconducting properties of’ the carbides and nitrides.g The critical
themperature of MoC is the highest known transition temperature for any binary
'§~carbide and nearly equal to that of NbN._ The substitution of nitrigen for
fz'carbon in TaC increased T as expected on the basis of the proposed correlation.
iThe superconducting transition temperatures of the fifth group nitrides and '
;the sixth group carbides with the NaC£ structure are higher than those. of the
vnitrides and carbides of the preceding groups.~ It would be of value to obtain
tithe cubic fornm of WC and obtain its superconducting properties. Attempts to
:;do s0 Fre being continued by one of the authors (L T.). | )

lt is interesting to see whether the present correlation is consistent

fiiwith the theoretical models proposed to explain the electrical properties of

.'ggf these compounds. In general, the bonding models fall into two classes, those

' in which the interstitials act as electron donors to the dpband of the transi-

(16)

ftion metal, (Dempsey) : and those in which the interstitial 16 electronically;

'neutral but is engaged in strong metal- o-nonmetal bonding (Bilz) ( 7)

f““- ' B
(26) has proposed that the interstitial atoms contribute their

Dempsey
v'p-electrons to the d shell;of the,transition element and that the band

g i PR

;.. ,J




'7; metal- to-nonmetal bonding (17’18 19) Bilz(lT) has assumed that there is

">_’f orbitals of the transition metal.

.',

75vj structure is not drastically altered by the presence of the interstitial

© atoms.
»hi.vgvthe d-band of the transition metal.

‘of two and nitrogen of three.

" end nitrides would resemble that found for the transition metals, with nearly = = |

U et 5 electrons. .

e bonding between the s-p hybrid orbital of the interstitial and the spd hybrid

- he obtained a theoretical model for the variation in the density of states vilfﬁj;;jj

" with energy.
' band from the d-bands. . The Fermi level for carbides and nitrides with 8

valence electrons, TiC, for example, lies near the minimum in the density of

-11-

Carbon would contribute two electrons and nitrogen three electrons to

Thus, carbon would have a positive chargey\”

-The density of states curve for.the,carbides S

equally sized peakc in the density of states about the midpoint in the“d-bandsyfiff:f

A number of investigators, however, have stressed the importance of the y.:;feﬁ-;

On the basis of & tight-binding calculation,uf

The bonding p-bands are separated by a low density of states

states while for carbides and nitrides with 9 valence electrons it lies in theti'>::

d band with its corresponding largervdensity'of states.

Qualitatively, the band models proposed by Bilz and Dempsey are similar}tf{w
in that they both have & minimum in the density of states. AS'seen from -
Fig. 3, the density of states in the Dempsey model would be symmetric about

this minimm. In contrast, the density of states would be asymmetric about

the minimum in the Bilz model. In both models the minimum would occur at
nearly the same number of total electrons. Since the superconducting transieqf
tion temperature depends exponentially on the density of states at the Fermi -
surface, the known critical temperatures can be used to indicate the quali-.
tative behavior of the density of states.‘ The critical temperatures indicate

that there is a minimum in the density of states at 8 electrons and that it
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;increases w1th 1ncreasing number.of total electrons.v Indeed the qualitative
:tariation in the dens1ty of states obtained from the total is very nearly the
same as proposed by Bilz or Dempsey.. As ‘can be seen from Fig. 3, the com: s
lpounds treated in the present correlation are all on the right side of the_
,minimum and here ‘the two models are qualitatively identical. We conclude |
that ‘the present correlation agrees with both.models but that - it cannot be.

'used to distinguish between them.

“:lI. The Influence of Crystal Structure on the T of Hexagonal and Cubic
Molybdenum Carbide , , : o :

T

"3During_the eXperimentszon_Mocian unusualvdependence of T, on quenching
;itemperature was observed. It was éound that the critical-temperatures ofi
" samples containing nearly.eaual amounts.oflthe cubic>and'hexagonad:forms of
.;1Mbc were»intermediate Dbetween the critical temperature of the pure hexagonal
;ifi9 0 K and that of the ‘nearly pure cubic phase, 13 0] K. ‘We believe that thesiu
-Y“fvintermediate nritical temperatures cen be explained on the basis of the'
*75;transforma+ion that -occurs in the phase change. | » .

As Matthiashand Hulm( ) pOinted out, the hexagonal crystal structure is

':fnot as favorable as is the cubic structure for the occurrence of high T s

“.phin these refractory compounds,‘ The probable explanation of the high T for

-ﬂlhexagonal 1 phase.is that'its crystal~structureris very closely related to-~

V.lthat of the cubic phase.- Nowotny et al. (20 ) have found- that this hexagonal

' phase belongs to the D6h space group with an ABCACB, ABCACB sequential ordering

s

“:g;;of the atamic planes of the Mo atoms. This unit cell contains & subcell with et

D aas?

'-s“the NaCst sequential ordering ABC, ABC The‘hexagonal unit cell is Just two

' NsCE unit cells placed on top of one another in an inverted order.

" Because of the geometric similarities in the crystal structure between :

:.lithe hexagonal and cubic phase, the transformation is one involving only & %

‘"'fchange in the sequential ordering of. the mol.vbdenum close. Packed 133’9’8'” -
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“nomenon has been observed by a_number of investigators

.'JVIII. Magnetic Measurements

Junction with Drs. H. J. Fink and A, C. Thorsen and their associlates at

. confirm the expectation that MoC is a high field type II superconductor.'

;;'rence of superconductivity and the electron-to-atom ratio of transition

" elements, solid solutions, and intermetallic compounds., >

:e_i;exists between the total number of valence electrons and. the occurrence of

-13- . , _ UCRL~-11533 Rev.

vIt is possible that during the transformation the sequential ordering of thei{il<fig.
'.1.1.'layers of metallic atoms would vary between cubic and hexagonal. If the
transfonmation occurs on an atomic level or over distances small compared.to:;[{;fdi'
""n‘fthe mean free path; the electronic changes would average over the_structurelifffVEf!-f

fchanges.r Consistent with this suggestion, the critical temperature appeared;ﬁ;
d‘:*ﬁ_to be related to the relative proportions.of cubic and hexagonal phases .
8 'f present. AWe.believe that this.is the first observation of a gradual cnangeif;?'i;ﬁt;

o f in T, dependent upon the emount of each phase present. An analogous Phe'jxfri

(21,22,23)

film composites of nocrmal and superconducting materials.

The high noxrmal resistivity and the high eritical temperatures of the

carbides and nitrides make them promising materisels for high critical mag-:f‘;' -

. netic fields. Magnetic measurements are presently being undertaken in con-gi?'

' Atomics International, Canoge Park, California. . Preliminary results on.MoC ﬁf“""“

SUMMARY . " N

" Matthias and others have shown definite correlations between the occur-tfi;p;llﬁ*

The authors of the present;paper show that an analogous correlation -

Vtsuperconductivity for tran51tion metal carbides ‘and nitrides crystallizing in

" the NaCZ structure. Several experiments are suggested from this correlation:t

regarding the existence of new high critical temperature superconductors.

The critical temperature of metal-nonmetal compounds is shown to increase;iflje_

B with increasing total number of valence electrons. The critical temperature ﬁti%

using thin .

e e e e e e e ey e o S TS
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‘ Uf valid, it is necessery to essume that the meen free path of paired super- .

Gt

-:,appears to be a maxrmum for a total of about ten valence electrons.
f»sistent w1th these indicated trends, the critical temperature of a transitionx

| ‘metal nitride is greater than 1ts carbide.

1~the equilibrium hexagonal phase through drastic quenching, is found to be
ffsuperconducting with a critical temperature of 13 K. The high critical tem-
,'perature of this compound was predicted on the basis of its having a favorablef

j'number of total valence electrons.-

'5 h°K., The predicted high critical temperature for cubic TaN is also con--v;
f,sistent with the correlation of critical temperature with total valence 7;”

"electrons.

' electrons and the critical temperature is'not inconsistent with either the g

'féThis behavior can be tentatively explained on the basislof the sﬁmilarities

| Of the crystal structures of the two phases. For this explanation to be .

"'vconducting electrons be greater than the distance between’the average width‘
i of either phase. . Thus, the possibility exists that the eritical temperature,fﬁ' DR
B Za relatively simple- measurement, can be used to yield information about the

ij structure of superconducting materials.p,f; B

ii field type I superconductor.

A UCRL-11533 Rev.

Con-

' The cubic modification of molybdenum carbide obtained by suppression of

The critical temperature for cubic TaN is estimated to be between 12 and

(

!

~band models of Bilz and Dempsey.v>
The critical temperature of two—phase mixtures of hexagonal and cubic

MoC : wes dependent upon the relative amounts of “the two phases present.

Preliminary results on MoC confirm the expectation that MoC is 8 high
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'7ffFigure Caﬁtionee?rb

‘JFig. 1 e variatlon in the T of Nbcl L ond TeC) _ with carbon content

"(after Giorgi et al )(5)

fdsystem. The dotted 1ine is a linear extrapolation to cubic TaNﬁ

The second dotted 1ine correspbnds:to'a variation of Té with com

_jfpesition'asefound inithe NbN-NbC system,

3(a) The variation in the density of states with energy according to

(17) for the carbldes and nitrides with the NaClt structure.

';Here T refers to the sum of ‘the velence electrons of the metal

-;Vfrg??‘:_'¥ ~'L_ i and normetal atoms.

:J;3(b)i The qualitatlve variation in the density ‘of states as expected

SR . ;f;fj . from the Dempsey(l )

model

T r*fThe shaded area in both figures refers to the region dealt with.

Gl in the present correlation.
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< This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








