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Abstract

An analysis of the bonding types (bindings) in two-component nitrides confirms
the rule that the N2sp electrons are in correlation with the electrons of the
outmost filled noble gas shell of the A atoms (c correlation). This circumstance
causes the stability of the well-known interstiizl phases (Hdgg's rule), and the
occurence of isotypic series (with changing homelogic number) observed in

A "‘IONM mixtures as MnQN,FeaN,Co4N,Ni4N. The binding proposal for KN3 reveals
that the reason for the stability of the azide ion (NB)'is the c¢ correlation,
fitting well to the linear array of N3. The stable phase ScN(NaCltype) exhibits
a collective binding, such as influences also the stability of many A™""" NM
phases and causes the so called metallic nitrides as opposed to the ionic nitri-
des Tike Mg3N2(MnFe03type) and to the covalent nitrides like AIN or 313N4, con-
taining a localized binding. In the localized binding the higher correlations b
and ¢ are trapped by c, and the trapping occurs when the b and e concentration
is sufficiently high. In AIN(ZnOtype) there are 14 ¢ sites per AIN while in ScN
there are 16, therefore in ScN a collective binding is possible but in AIN not.
In the collective binding the spin compensation is easily recognized while in
the localized binding the spin array appears to be more complicated. Many details
of stability and structure such as lacunae in TiN, tetragonal deformation of
MueN and Mn3N2.r, hexagonality of FeBN, heterotypism of CusN and AgSN, hexagona-
lity of AIN etc. are interpreted by the binding analysis and thus contribute to
the confidence into the assumed model.
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Introduction

The study of the interrelations between electron numbers and stability of chemi-
cal compounds and phases lead G.N. Lewis at the beginning of this century to the
detection of what may be called electron spin compensation (electron pairs and
octets). Another early result, W. Hume-Rothery's valence rule, was already in-
terpreted by its discoverer as an indication for a lattice-like spatial corre-
lation of electrons in crystals. Simultaneously the theory of electron motion
in crystals by F.Bloch and others revealed that the electrons are distributed
over energy bands stemming from the electron shells of the constituent atoms.

A continued pursuit of these models of bending suggests that each energy band
contains a lattice-like correlation (64Sch,86Sch 1) and this leads to the que-
stion how the various correlations of the binding might coexist. Two possibili-
ties appear in first line. In the "collective" binding the correlations con-
tribute to one and the same lattice (fluctuating in the crystal) while in the
"localized" binding there are two or more interpenetrating lattices being so
arranged that the electrons are as remote as possible from one another (87Sch 1).
The localization is caused by the proximity of the core electron correlation

(c) to the central part of an atom, while the valence electron correlation (b)
is trapped by c, instead of flowing around ¢ as in the collective binding. The
collective binding transforms with increasing homologic number to the localized
binding when the b and e electron concentration in the phases surmounts a cri-
tical 1imit.

In a recent analysis of the bindings in oxides of many elements A i.e. in
AOM phases (87Sch 1), an assumption was sought as to how the various correlations
are occupied by electrons. The result was that the 02sp electrons are in a com-
mon ¢ correlation with the A3sp electrons of a 3d component, not with the A3d
electrons as was earlier assumed with respect to the octet completion of Lewis
rule. Another uncommon result said that in 4d elements not only the Adsp elec-
trons were in correlation with the 02sp electrons but also the A3d electrons be-
cause of the high compliance of their orbitals (see also 865ch 2). Likewise in
5d elements the A4f electrons contributed to c.

It appears desirable to examine these results not only in exides but also in
ANM phases. An earlier binding analysis of these phases (82Sch 1) must be modi-
fied in the light of the recently found rules. Reviews on ANM phases by 67Gol,
68AT1,71Tot,75Jon,78Pie, report a gross classification of nitrides into ionic
{(Mg;N, e.g.), metallic (T:N), diamond-Tike (A'N) and covalent (SisN,) phases.
The donic radii in nitrides permit an estimation of the atomic distances with
0.028 precision (87Bau), but do not predict stability beyond the knowledge on
oxidation numbers. Two stability rules have been especially helpful in the ear-
lier systematics of nitrides. The rule on electron numbers by Lewis said that
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the peripheral unfilled noble gas shell of N is filled by the valence electrons
of the A component, i.e. the unpaired electron spins of A compensate the un-
paired spins of N. A rule by Hagg considering the structural geometry of the
phases said that N with the atom1c radius e 0.698 is inserted into the inter-
stices of a simple lattice of pdoeel0 atoms when ﬁN/LA(O.59. Unfortunately the
validity of both rules is limited. Therefore rules of more extended validity
must be sought and may be found by an analysis combining the earlier numerical
and geometrical considerations (865ch 1). The following analysis tries to de-
monstrate that for stable nitrides energetically favourable electron corre-
lations are possible. Therefore the spatial correlation represents an additio-
nal stability arqument supplementing the earlier rules of systematic crystal
chemistry. For symbols used in the following see 64,86,87Sch.

Analysis

L13N(H3.1,SR3.325,42.107,drw64$ch.229) is a Lewis phase melting at 1088K;
H3.1 is the structure type indicated by the symbols of 64Sch; SR3.325 and 42.107
are references to Structure Reports, volume and page; drw refers to a drawing
to be found in 64Sch p.229. The N site set is of theHl type and Li is in 2 and 3
coordination causing by the way a high ionic conductivity (8lRab). Since the
average valence electron distances in Li and N are considerably different (86Sch
Fig.2) an electron count Li 1’2NU’5 may be used. It suggests the binding a(N =3,
11)=H3.65;3.87R4bvc) . (¥3;4.7/3); here a is the crystal cell matrix of LisNi N
gives the numbers of b,c electons per a to be calculated from electron count and
structure symbol; (E"E)CH is the cell of the united b and ¢ correlation being
of the cubic primitive C type in hexagonal aspect H; (V3;4.7/3) is the symmetri-
cal part of the commensurability matrix (ng)' a, in abbreviated notation(86Schy,
the rotatory part of the commensurability matrix is not of interest and has been
omitted. The binding has the collective property, it has a good commensurability
in the basal plane of a (86Sch Tab.1l), while the non integral porperty of the
commensurability matrix in ay direction is tolerable (86Schj. The last commensura-
bility element 4.7/3 indicates by the denominator the number of ( ?"E,) Tayers
parallel to Efﬁz so that the correlation is fully occupied. The correlation is
slightly compressed in a, direction for structural reasons. [inally the binding
displays a full spin compensation and therefore stabilizes the phase.

LiN ( .3,5R33.168,drwSR33.170) is an azide, the stability of the (NE)- ion
may be understaod from the binding of KN3 below. The discussion of L'L‘l3 shall be
postponed.

NaN3,h(R1.3,3R1.276,33.168,drw645ch.239) is a D-nomeotype of NaCl with C1 re-
placed by N3. 5(5:3,69):H3.65;15.21R:(E{E)EH(2;18/3). Because of the considerable
difference of the electron distance of NaZsp and N2sp it might perhaps be that
the NaZsp electrons do not take part: §1§:3,45)=H3.65;lS.Zlﬂ:(QVE)CH(V3;18/3).
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NaN34r(L1N3,SR33.168), discussion will be postponed.

KN3.r(UZA6,SR].276,289,drw5R1‘276,64Sch.240) is homeotypic to CsCl with KI "
in the Cs site and (N3)‘ in the C1 site, E:ECSC1(/2;2)' The electron count K7
N§’5 yields the binding a(N=4,92)=6.11;7.07R=by (¥252.5/2)=c.(V1835). The remar-
kable fit of the binding to the structure (see64Sch.240) incidentally reveals the
cause for the stability of the azide ion (N3)-. Isodesmic isotypes of KN3.r are
KHF, and KCNO{SR1.279). The homecdesmism of CaCZ(Ul.Z,SRl,740),3(4,32)=3.84;6.37
R:EC(Vz;z.a)=£c(1/8;4.7) to KN, is interesting. It may be mentioned that the bin-
ding for KN3 revives an old finding of the octet theory (see Z8Eph p.120).

KNB,h(cubic,see 78Pie), §=9.6ﬂ should be further elaborated structurally.

RbN3.h(cubic,see 78Pie).3=4.35ﬂ is homeotypic to CsCl.

RbN,.r(KN,.r,SR38.187), 3(ﬁ=4,92,40)=6.31;7.52R=§ ({2;1.7)=£B(/18;10/2). The
filling in of < of KN3 to Cg occurs resumably only near the Rb atoms. Perhaps
also Rb3sp electrons take part.

CSN3.h(cubic,see 78Pie), g;ﬂ.SQR, is homeotypic to CsCl.

CsN.r(KNy.r,SR38.187), a=6.54;8.09R is isodesmic to RbN,.r.

BeqN,.h(H6.4,5R34.29) has a chch close packed N site set and Be 1ie in tetra-
hedral interstices. The electron count must be Beg’zNg’z considering the electron
distances (86Schl). 3(§=32,20):H2.84;9.69ﬁ:(EOE)CH(2;17/3)‘ The CH correlation
provides good spin compensation and favours the chch stacking following the ru-
les of 84Sch. The bvc site number is greater than in the r phase following a
general rule.

Be3N2.r(MnF903,824.16,5R3.353,drw6456h,231) has a NFl site set and Be in
part of the tetrahedral interstices. §(§;256,160):8.15ﬁ=EF(4):EF(4), i.e. a=
(bec).(8).

Mg,N,(MnFe0,,B24.16,5R38.120) , gjﬂ=96,544)=9.97ﬂ=98(4)=56(8). MgqN, is a
Lewis phase, but the spins to compensate each other belong to different correla-
tions. One electron per N is excited into the b correlation.

CazN(CdC12,R2.1,SR33.153) contains a CaF1 site set with N in octahedral holes,
it does not follow Lewis' rule. 3(ﬂ;12,63)=H3.64;18.783=§CH(1;12/3)=ECH(f3;21/3).
The good fit of b,c makes Lewis compensation unnecessary.

Ca3N2.r(H?SR3.352), E;H3.55;4.113, needs further elaboration.

CagN,.hy (MnFe0,,B24,16,5R33.50), 5@:96,544):11.4ZR=EB(4):EC(8). Although Ca
is a large atom the phase contains a Noy site set.

Cazly.h,(024.16,78Pie), 3@:48,272):17,82;11.56;3.353=9FU(6-,4;2):5HT(12;8-,3/'2).

CajNZ.p(O »78Pie}, 325.63;11.40;13.613, structure needs further elaboration

Caqq¥g(T22.16,5R34.54), 3(E;44,256):14.45;3.603=§EU(5;2/2)=5C(10;2.5). As is
seen Ca“N8 is cosely homeodesmic to Ca3N2.h1(BC2). The compression of EFU im-
proves the spin compensation.

CaN6(SrN5,SZ.12,78P19,drw645ch.241) confirms the stability of azides found in
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AINM. 3(§=16,304)=11.62:10.92;5.GGR=§FU(/B;2/2)=EHT(8;4.8/2).
SrZN(CdC]Z,RZ.1,SR38.135), 5(3712,63,60):H3.85;20.69ﬂ=§éH(1;12/3)=£BH(/3;45/3).
Srgﬂs(n ,78Pie), further elaboration is desirable.

SrN(NaC1,S5R38.169), g(ﬂ=8,52,40):5.BOR:QC(Z):EFU(4;6/2).

SrNg(S2.12,5R11.357,drw64Sch. 241), a(N=16,304,80)=11.82;11.47:6.08R=b, (¥8;2/2)
=5FU(8;6/2). The proposal is tentative as in ¢ no spin compensation is provided.

Ba3N4(H3.4,78Pie), g(ﬂ=6,44,30)=H5.22;5.50R=QCH(1;4.5/3)=5€H(¢7;7/3). The cell
content is tentative and so is the binding proposal.

BaNG(MZ.12,SR34.169,drwjb1d.), Eﬁﬂ?4’76’20):3‘63;4‘41’0‘89’0’5‘35R=EFU(2'3;1'
5;1‘3)256’(7;3;4)' C' means that C is inserted by f electrons near the Ba atoms.
The proposal can only be approximate with respect to the monoclinic symmetry.

The binding analysis for complicated structures must remain tentative because

there are very many possibilities available.

ScN(MaC1,SR1.74,139) melts at 2800K. 3(ﬁ=12,52)=4.45ﬂ=g'B(Z)=££(4), b'=bve.
Presumably b,and the d electron correlation e,and ¢ are united, bvevc=g (collec-
tive binding), so that g;gc(4), It is to be assumed that the b correlation some-
how exists in g, however, the binding analysis becomes very simple using g.

YN(NaC1,SR21.160), E(ﬂ=12,52,40)=4.88R=QB(2):58(d) or é=33(4),

LaN(NaC1,SR16.105), g(ﬂ=12,52,40)=5.303533(4). The Lewis composition A?Nl is
so favourable that no ther phases become stable.

Ti,N.h(Mg,58Han) decomposes on heating at 2623K and is homogeneously connect-
ed with Ti.r. For a recent assessment of the phase diagram see 874ri. Tidﬂ.h opens
a series of subnitrides, and a Lewis phase does not become stable as the high
number of spins in Ti moves the stability to a too high N content. If the bind-
ing g(Ti.r,§=8,16)=H2.95;4.653=(§vg"£)EH(2;6,5/3) is accepted, it must be con-
cluded that the insertion of N stabilizes the phase. E(Tin.h,§=8,18.5):H2.95;
4.68R=(bvevc)q, (2:7.5/3).

TiZN(antiTiOZ.r,Td.2,SR27.308), E(E:16,42)=4.95;3.03R=(ng)FU(VE;E.5)=5C(4;
2.5). The binding must be written g;gfu@4;3.6) as the lattice constants suggest.
TiZNl_z.m(U4.(2.4),SR43.88) is topologically not isotypic to ThSie(SR43,88)

since 53(T1)=0.268%53(Si)=0.417, rather it is a Lhtp of NaCl with ordered la-

cunae of the N site (77Mag). E(T12N1,2’N=32’88)=4'19‘8'59R=EB(2‘4)‘EC(4;8) or a

=g 0(4;8.5). The value (g-1§)33=8.5 is necessary since also N lacunae may request

c sites.

TiN(NaC1,SR27.308) melts at 3500K and has a range of homogeneity T168N32—Ti45
Ngg at 1270K,if NE<0.5 N-lacunae and if N.>0.5 Ti-lacunae are found. a(N=16,52)=
4.23ﬂ=98(2):gc(4) or g:gc{4). It must be assumed that Til.o”l.o contains lacunae
too (see 78Pie). A study of lacunae in Ti0Q by the band model (84Sch) cannot be
applied here since it does not lead to an electron count like that used above and
appearing necessary for the whole problem. For earlier band theories see 71Tot.
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ZrQN.h(Mg,SRZO.165), g(ﬁ;B,lQ,ZO):H3.2;5.ZR=(gy§vE)BH(Z;16/3).

ZrN(NaC1,SR18.253), E(E;16,52,40):4.54R=EB(2)=EB(4) or g=gﬁ(4). No lacunae
are contained (78Pie)

HE (Mg, SR26.73) g(ﬂza,19,28):H3.22;5_1sﬁ=(9v3»5)BH(2;15/3).

HfsNZ(RS.Z,SRBS.GS) contains a close packed Hf site set with the stacking se-
quence hchhchhch. g(ﬁ=36,102,126)=H3.21;23.263=QBH(2;72/3). The comparison of 24
g Tlayers parallel to 28, with 9 Hf layers affords the above stacking sequence
following the rule of 84Sch.

Hf4N3(V4C3,R4.3,SR35.69) displays a stacking cchhechhechh. a(N=48,141,168)=
H3.21;31.IZR:QEH(Z;QG/B). The stacking cannot obey the rule 845ch since it is
not uniformly distributed as requested in 84Sch.

HfN(NaC1,SR17.70), E(E=16,52,56)=4.523=EB(4). Curiously lacunae are preported
(78Pie).

V(W,B1,5R1.56,26.275), g{ﬂ:10,16)=3.023zgc(3). This binding evidently may be
conserved when some N is solved.

VIBN(QIG.1,ActaMet19.1971.881) has a VBl site set, 3;331(4;1;4), the insert-
ion of N deforms the tetragonal cell. g(ﬂzlGO,ZBG):IZ.14;3.04;12.50R=gc(12;3;12L
VSN(FESN,H6.Z,SR39.117,45.100,drw6450h.257) has a VH site set, g=§H2(¢3;1),
with H in octahedral interstices. 5(§=30,58)=H4.91;4.55§=§6H(f12;7/3). The strain
of gp causes the axial ratio |33iv3ﬂa14=1.605<f(8/3), and the V stacking is fa-

voured by 7/3 following 84Sch.

YN(LhtpNaC1,SR11.171), 9(ﬁ=20,52):4‘14ﬂ=§c(4). It remains to be verified that
the lacunae decrease ZN=72 down to 64.

Nb({W,SR1.754), E(§=10,16,20)=55U(3;5.1/2). This curious interpretation of the
Nb phase suggests to seek in VNb,, and NbTaM for irregularities of properties in
dependence of the mole fraction ﬂ%. It should be noted that this binding propo-
sal is homeotypic to an earlier one (82Sch2).

NbZN(NZC.h.HZ.1,5R23.99,drw545ch.267), 3(E=10,21,20)=H3.06;4.99R=3FH(3;6/3L
The high electron density chooses 9 and resigns to spin compensation.

NbyNy(T8.6,5R26,215,78Pie), a(N=40,94,80)=4.38:8.63R=g. (/18;12/2). The F cor-
relation does not contain spin compensation as has been said, presumably the
collective binding in close packing is so favourable that it compensates for this.

vaNO'a(wC,Hl.1,SR18,236,drw64Sch.267), Efﬂ=5,12,10):H2.95;2477ﬁ=gﬁH(3;3.3/2)
A UH correlation has a better spin compensation than a FH correlation, however,
it has a similar axial ratio in the hexagonal aspect

NbNy gg-h(NaCl,5R23.100), E(E=20;51,40)’4-39Réggu(4;7/2). The compression of
ey improves spin compensation. The number of sites per Nb is ﬂé?b =28.

NbND'ga(antiNiAs,SRZG.216), E(E=10’23620):H2‘97;5‘54R=ﬂﬂH(3;6‘7/2)‘ The num-
ber of sites has a Tittle increased, QS(g =30.

NBN(T1iP,H4.4,5R26.216,drw64Sch. 267), _E_(ﬂ-'?O.SZ,QO):HZ.95;11.253@6'{(3;14/2).
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The stacking sequence of atoms is ccchcech and this sequence follows from g
according to the rules of 84Sch, NgN:):31.

Ta27N(82?‘1,SR27.307). The striking influence of a mole fraction ﬁh:O.DBB on
the structure must be connected with the exact fitting of the binding in Ta, a
(Ta,ﬂ=10,16,28):3.3OR=QB(3). When 2 N are contained in ngaz7N) then gy of Ta
goes over to gy: E(T327N):10.llﬂ=gé(9;9;9+l/16) i.e. the g correlation finds a
new harmony in gf=gTa(3;3;8). The tetragonal phase to be expected occurs in
fact:

TaNo_Os(DhtpTa,Ul.1,5R22.l77), 333.31;3,38R. In this finding the rule is
contained that a 9g binding deforms tetragonally. .

TaZN(NZC.h,HZA1,SR18.245), E(E=10,21,28)=H3.04;4.91R=56H(3;6.5/2). The Uy,
correlation is homeotypic to the B correlation but closer packed and therefore
more favourable in the Ta atom with high electron density.

TaNO_as(wC,Hl.1,SR18.246), 3(ﬁ=5,12.3,14)=H2.93;2.883=gﬁH(3;3.5/2). The gy,
correlation has here a layer distance like a FH type.

TaN(CoSn,H3.3,5R23.102,drw64Sch.310), E(15,39,42)=H5.19;2.913=gﬁH(V27;3.6/2).
The g correlation is still of the ﬁH type with favourable spin array, ﬂés(5)=0‘99.

TaN.h(NaC1,SR35.121), gjﬁ:20,52,56)=4.39a=g8(4). It should be noted that 9
is less close packed than 9> it is chosen because of the high symmetry and spin
compensation.

TaSNﬁ(H10.12,3R34,168) is a close packing of N with sequence hchc, the Ta
being in octahedral holes. E(ﬂ;50,140,140):H5.18;10.BSR:EUH(V27;12.5/2). It
should be noted that in this binding also §;EH(3;6) is contained.

Ta4N5(U4.5,SR34.168) is Lhtp to NaCl. 3(ﬂ=40,114,112)=6.83;4.27ﬂ=gB(6;3.75).
With higher N content the less close 9 is favoured. In this binding is contain-
ed a=b(11852.5).

TaaNs(Ti305,06.10,SR39.91,drw645ch.275) exhibits a NFL site set with Ta in
some of the octahedral interstices. g(ﬁ=60,186,168)=3.89;10.26;10.263=QB(3.4;9;9).
The low occupancy of this binding suggests that 60+196 electrons are in a I
correlation which is centered near Ta by the f electrons.

Cr.h(W,SR1.61,20.68), 3@:12,15):2.893:5'F(V2;3/2)=£C(1/8-,2.8) perhaps.

CroN(W,C.h,H2.1,5R2. 792, druw6dSch. 267 ), g(ﬁ=12,21)=H2.78;4.4BR:E'GH(/B;MZ):
SCH(V3;7/3), b'=bve. Although the W,C.h type occurred above with collective bind-
ing, here the localized binding appears invitable. It causes the Mg-type stack-
ing following 84Sch. It is closely homeotypic to CrZAIC(H4.2.2,SR28.3] so called
H phase, with (ZCr+A1)H2, 9;3H2(1;3), and C in octahedral holes. These phases
have been discussed by 69Sta and 72Now.

CrN.h(NaC1,SR2.792), g(ﬂ;24,52)=4.15R=9'U(/5;2.6)=£§(V10;2‘6). The binding
is no longer collective. Since Q'U is a sublattice of <g selfdeformation is
possilbe.
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CrM.r(htpNaC1,78Pie), 5(5:12,26)=2.88;2.97;4.133‘ To be sure a binding ana-
lysis of such a phase should not be undertaken without full consideration of the
magnetic data.

M02N0.8.h§U4.(1.6),ActaCryst.10.833) is homeotypic to MaCl. a({N=48,80,80)=4.20;
8.01&:2'5(1/6.5;4):£*§(1/13;6.25). The binding is homeotypic to that of CrN.h(NaCl),
it shows that a cubic MNaCl structure can only be an exception. The strain of B
must be understood as a tendency to higher electron density.

MozN.h(Fl.(O.S),SR2.793) is L homeotypic to NaCl. 3(B=24,42,40)=4.163:9'ﬁ
(f6.5;2)=£'ﬁffl3;3.25). The reason for the cubic a must lie in the high tempera-
ture since at lower temperature another tetragonal phase appears.

Mo,N.r(U4.2,78Pie), g(ﬂ;48,84,80}=4.21;8.04ﬂ=y'§(J6.5;4)=g}§(J13;6.5). This
phase is identical with MoNg o-h (57Eva).

MoNI.O(HS.S,SRZS.IQY), E:MOHI(Z). g(ﬂ=48,104,80)=H5.67;5.52&=§‘FH(f12;4/3):

o gylr12:16/3).

MoN, ,(H8.8,SR18.224,26.197) htp MoN, a(N=48,104,80)=H5.73;5.61R. The cell a
is so similar to a(MoN) that no different binding appears possible. Therefore
the difference of the phases needs confirmation. Perhaps there is only a diffe-
rence of thermal treatment.

NZN(FI‘(0.5),SRZ.795,22.178)Lhtp NaCl, preparation: W powder + NH, at 1000K,
chemical analysis proved absence of H. Stability at Tower temperatures appears
to be unknown, but a reaction at 800K afforded other phases (SR22.178). a (N =24,
42,56)=4.13?=Q'E(VB;3):E'FU(4;6/2). The near homeotypism of E‘? to ¢!
by the high electron density in W.

NZN.r(H6.3,5R24.201,drwSR26.220)‘ The phase is only known from nitrided W
foils. Preparation from\ powder appears desirable. The structure has E?gi(wNo_7)
but is said to contain only 6W, this difficulty should be solved.

NNO.7(NC,H1.(0.7),SR18.225,22.178) was prepared from W powder and from W foil
at various temperatures. a(N=6,11.5,14)=H2.89;2.83R=b'c, (v¥3;2.1/3)=c’ 1, (¥3;8.3/3).
The ¢ correlation displays a favourable spin compensation. The next 3 structures
are known only from nitrided W foils and need confirmation as they do not yield
a smooth dependence of the atomic volume on the mole fraction.

WNy g5(H7.6,5R27.303), a=H2.89;23.35R,

HNy g7(HE.5,5R22.178), a=H2.89;15.308,

WNy gy (H(2.2).2,5R28.32), a-H2.89;10.80R,

w3N4(C3.4,SR15.110,18.244,31.54), g(ﬂ;18.44,42)=4.123=Q'C(f8;2.8)=5

N g(H(2.6).4,5R26.222,28.32), 3=H2.89;11‘ODR, needs confirmation.

It must be admitted that a part of the binding proposals for AGNM phases is

Fis caused

Ful435.6/2).

not very convincing. Perhaps an important idea for these phases is Still missing
Mgy 5-n(T4.(0.3),5R2.790), a(N=28,34)=3.78;3.60R=g c(433.9). At temperatures
near 1000K the binding appears to be collective.
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MnNy ¢.h(C4.(0.6),5R21.150), a(N=28,35)= 374h= =gc(4).

MnyN(Fe,N,C4.1,5R2.790), a(N=28,37)=3. 868= b' £(2;3.5/2)=cy( (¥8;2.3). The binding
is similar as in Mn4N0_3.h but of the localized kind. A col]ect1ve binding would
not be possible because of high electron number.

M N(W,C,H2.1,5R2.791), a(N=14,21)=H2.83;4. 548 =(bve)py(2:4/3) ACH(VB 773).

The increase of ﬁé- has changed the type of c from S¥ry to [ . The odd value of
(c a)33 favours the Mg type stacking of Mn according to 84Sch

anN I(FezN 1,08.4,5R33.111,drw645ch.257), a(N=56,84)=5.67;4.91;4. 548. The an-

t1ferromagnet1c structure must be homeodesmic to anN

5-1(U3.2 »htpNaCl,SR27.27,51.68), a(}=42,68)=2.97;12. 13R= (bve)r /5 8)=cp
(fS 8 The compound transforms to Mn3N .h at 930K and decomposes at 1420K (84
Jac). From Xray data it is confirmed that no Na— is present (84Jac). The defor-
mation of cy is caused by (bue). The strain of (bve)p keeps la,l/lal independent
on Ng (sk27. 271). A second phase of this type has been described:

MngN 3. 5(LDhtpNaC1 SR16.112,27.271), a(N=28,50)=4.22;4. 138=( b”e) (Y10;2.8) =ch

/10 2:8) Mn4 15 is homeodesmic to Mn3N2-Mn4N2 7> only the commensurab111ty
has Jumped to another value. The less favourable commensurability element
(c a) 33 causes a lower maximum decomposition temperature for Mn4 3.5 than for
Mn3N2(SR27 271). Since !a I/1ay | increases with increasing Ny the existence of a
cubic phase (SR16.112) appears conceivable. The example of the Mniy, phases clear-
1y shows how helpful (although sometimestentitie) the bindings of the plural-
correlations model are for the understanding of stability in simple mixtures.
cNy 8(LhtpNaC] 78Pie), a(N=28,48,40)=3. 98R= (bve)FU(V% 5;4.5/2)= 3(113.v 5)s
E‘B is not deformed since b'=bve is not in good commensurability to c'. For
“TcN(NaCl)“ would come N=28,52,40 so that c' g would be filled too much.
eNg_43(LhtpNaCl,SRI3.142), a(N=28,41,56)=3.93R=(bve)y, (V6. 5:07/2)=c '} (V13;3.75).
The h1gh f electron contribution causes the low N content.

Fe o N.h(FhtpCu,SR15.84), a(N=32,34)=3. 64f= Jig U(VS 4.3/2)=c (f8;4,3/2). In
Fe.h (Cutype) the binding was found (87Sch2) a= bF(l) __(2)=EF(2), it is here
sh1ght1y compressed. For a recent review of FeN, see 874ri.

Fe ,N.m(FDhtph,SR15.84), a(N=16,17)=2.85;3. O§R b'~(V5 1.8) E@(/S 1.8). The
binding should be compared with the bindings of Fe.r and Fe. h1 (875ch2). The e
and ¢ correlation deform each other. The deformation cannot attain the cubic NaCl
type because of packing density. The depencence of lajl/ia lon Ny (645ch.255) is
compatible with the binding proposal.

Fe,N(C4.1,5R2.784,87Jac), gjﬂ=32,37)=3.7QR=Q'g(fﬁ;2.3)=gﬁ(fs;2.3). The bind-
ing must be twinned, of course, to yield the crystal symmetry. bee and c suffer
from self deformation (87Sch2). The partial occupation of the (bve) correlation
is compatible with the ferromagnetism of Fe,N (87Jac). While neutron diffraction
(58Fra) suggested QFB per a the present proposal yields Spig- Fe il is a member of
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the comprehensive type of perovskites discussed by 69Sta using the model of
electron pair bonds.

Fe,N(H6.2,5R2.302,drw64Sch. 257), E(ﬁ=48,58)=H4‘6?;4.373=2'FH(1/12;4/3)=§_CH
(3;7/3). If the cp correlation of Fegh is described approximately by 3=5F(2)
then in the hexagonal mesh of Fe,N four sites are accepted. In the neighbouring
Fejjthere are only three sites, but the stacking of the planes is much closer.
The same binding was observed in MnZN.

FEZN(08.4,SR11.143,drw645ch.257), 5(§;64,84)=5.52;4.83;4.432. The phase is
homeotypic to FeSN and will also be homeodesmic. Two azides, FeN6 and FeN9
have been mentioned by 87HWri.

CoN(Fe,N,5R24.128), a(N=36,37)=3.74R=b"5(V/8;2. 3)=cg ~(18;2.3)

uaN(Fe3N SR10.44), a(N=54,58)=H4.61;4. 368, is 1sodesm1c to Fe3N

CoZN(04.2,3R15.31,drw645ch.257), g(ﬂ-36,42)-2.85,4.61,4.343. Consideration
i3 postponed.

Ni, N(Fe,N,5R24.192), 3@:40,37):3.72ﬂ=EF(1)=gg(1/8;2.3)=_<_:_§(1/'8;2.3). The iso-
typism of MndN,Fe4N,Co4N and Nin is caused by the fact that the c correlation
is always the same, while the e correlation undergoes only slight change. The
b correlation is separated from the e correlation.

Ni N(Fe3N SR13.140), a(N=60,58)=H4.62;4. 318 s 1sodesm1c t?OFe N,

Cu (Re03;3 1,5R6.67,8.65) is a Lewis phase while in A such phases
were rare because the many free spins of the A component preferred a compen-
sation bleenA, Since it is not probable that the N2sp electrons form a corre-
lation together with the Cuds electrons because of the difference of the elec-
tron distances, the assumption must be continued that Cu3sp and N2sp form a
common correlation, i(ﬁ=3,30.29)=3.813=gr(l):gF(2)=gr(2). This proposal is only
an approximation because the spin compensation in e and c has not been taken
into account. If e and ¢ are united then a Ctype correlation is formed provid-
ing good spin compensation.

LUN4(U4.12,5R11.356,drwbdSch. 241) contains Cu- -Ny strings Tike KNj but the Cu
do not form a simple site set. a(N=8,80,184)=8.67;5. 608= by (252, 3/2 U(/ZG 4/2

AHT J40 4.7/2). The binding proposal is only tentative.

CuN_-(04.24,5R33.510), the binding analysis must be postponed.

AgQN(Fe N,SR13.142) is apparently heterotypic to Cu3N as has been proven by
mass density measurements. a{N=4,40,37,40)-4. 35R= b 1) (gvgvf) (4). The hetero-
typism must be caused by the f electrons.

AgN (P2.6,5R3.75) is D-homeotypic to KNy.r. a(N=4,40,92,40)=5.59;5.94;
5.04R= bFU W2:2.2/2)= (everf)yt /18;4.8).

In. NZ\“HFQ03|BZ4 16,5R8.104,drwb4Sch.231) shows a NF1 site set with i=iFl(2L
a(N=96,480,544)=9. 748 bFU 6)=¢ 5(8)=cc(8). b must be twinned and ¢ gives elec-

frons to e. The binding could also be written a=b,(4)=(e*c) ()
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Cd3N2(MnFe03,BZ4.16,SR8.44), 3(ﬂ=96,480,544,480)=10.79ﬂ. The isotypism of
Cd3N2 to Zn3N2 suggests that in Cd3N2 the correlation of the Cd3d electrons is
not of a high influence.

CdN6(08.4B,SR5.66) the structure appears to be unknown so far.

HgN6(04.24,SR39.137), the consideration must be postponed.

BN(H2.2,5R1.95,13.44,drw645ch.180) has depending on the preparation, slightly
different atomic sites. i(ﬂ=16=8):H2-52§5-69R?EGHQ/3;6/2):EEHCM3§12/3)- For BN
(R1.1,SR22.217) g;HZ.BO;l0.0lﬁ an isotypic binding applies. The EﬂH correlation
allows a good spin compensation. Two b sites may be occupied by impurity elec-
trons.

BN.p(ZnS,F1.1,SR21.194), gjﬁ;32,16)=3.623. The homeotypism to BN becomes appa-
rent in the hexagonal aspect: gH(§;24,12)=H2.55;6.278=95H(/3;6/2):5£H(¢@;10/3).
This may be contracted to §H=(Eu£)6H(f3;12ﬁ),a collective binding.

ATN(Zn0,H2.2,5R1.79,20.18), g(ﬂ:s,zs):ﬂ3.12;4.9gﬂ=ggH(1;7/3)=EEH(2;7/3). The

bpy and cp, correlations are strained in a; direction, and therefore igajllgl}<

/?2/3)=153. If the correlations are smeared in 1.3, direction then electrodipole
vectors in &g direction are generated that favour the Mg type stacking of the Al
layers parallel to 3553, (seeB4Sch).

GaN(Zn0,H?.2,5R6.4), E(E=6,20,26):H3.19;5.1BR=E§H(1;7/3):cBH(2;14/3).

InN{Zn0,SR6.4), 3(3;6,20,26,20)=H3.54;5.70ﬂ=gBH(¢1.OG;B/S);E'BH(Vd.25;16/3)_
The geometrical possibility of a ¥(13/4) commensurability allows the stability
of InN. Conspicuously a "TIN" has not been found so far, as a further favourable
commensurability element is not available.

TIN;(KN3,U2.6,5R38.187), g(ﬂ;12,40,92,56)=6.21;7.36&59FU(2;3/2)=EF(2;2.5)=
cpl434.7).

Si3N4.h(Hﬁ.B,SRZB.ZQZ,drwﬁbid.) contains SiN4tetrahedra sharing corners such
that a N belongs to 3 tetrahedra. Ej§;24,88)=H7.61;2.913=9CH(3;3/3)=EDH(V27;3/2).
The ¢ correlation is slightly overoccupied, this could be corrected by the homeo-
typic binding E:ECH(/31/3);3):EEH(f31;3/2). The commensurability element (Ehlg)Sa
=3/2 suggests that a r phase must be stable.

SigNy.r(H12.16,5R34.166,drwibid), a(N=48,176)=H7.77;5.62R=by, (¥12;4/2)=cy, (6;
6/2). At lower temperatures the occupancy of the c correlation decreases.

GegNy- h(SigN,.h,H6.8,5R22.125), E(H;za,60,88)=H3.04;3.07ﬂ=§CH(/(31/3);#j=chJ
31;2)=cy, (V3153/2),

Ge N, r(Si Ny r,H12.16,5R22.125), a(N=48,120,176)=H8.20;5.94R is homeodesmic
to h.

PbN6(012.72,SR34.170), E=11.33;16.28;6.641,The discussion is postponed.
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Discussion

The purpose of the present investigation is to seek new valence rules in ANM Jua-
sec. The instrument for this search is the plural-correlations model (865chT)
giving an advantage over an intuitive search because it is founded on the den-
sity matrix concept. A comparison of 825chl with the present analysis shows
that many bindings have remained essentially the same (KNS,Mgaﬂz ,ScN,etc.), and
that many phases not interpreted earlier are now interpreted (Ta27N ,HZN,C04N,
Aq3N, etc.). On the other hand many phases have changed somewhat their binding
proposal due to the new electron count. The internal consistency of the inter-
pretation has thus increased. This is also confirmed by the following explana-
tions of phenomena not understood earlier.

Why alternates the direction of the (NS)- ion in KN3 when the observer pro-
ceeds in LR direction? The ¢ correlation proposed above generates at the ions
electro dipoles and quadrupoles which would have a higher energy when the di-
rection would remain the same.

Why has ScN(NaCl) no lacunae and TiN has? In botpphases applies the collect-
ive binding EFQC(4)' This would be overfilled in the case of a fully occupied
TiN, but it is completely filled in the case of ScN.

Why is Ti4N stabler than Ti.r although both phases are homogeneously con-
nected? The collective binding is essentially the same in Ti.r and Tig, but in
Ti.r it is strained and in TiAN it is not, so that its stability is higher.

Why is TazyN, a subnitride of an uncommon composition, stable? This phenomenon
is a consequence of the peculiar binding of Ta: nga,ﬂ510,16,28)=3‘30ﬁ=33(3)

The binding is completely filled and reacts sensitively to the filling in of N.
g(TaN0_037’§:10,16,37.28):3%(3;3;3.02) so that for 25 age 8*333 a new harmony is
found. It should be expected that samples may be prepared with other harmonies.

Wny has YN(htpNaCl) lacunae and TaN.h(NaCl) has not? This follows from the
bindings 3(VN,E=20,52):QC(Q) and 5(TaN,§z20,52,56)=§B(4). Only the first bind-
ing is overfilled in the ideal NaCl type.

Why is the perovskite phase FeaN(C4‘1) stable? The binding in the high tem-
perature phase Fe.y, ﬂfrl'E=32'32)=3'65ﬂ=9F(1)=9F(2):EF(2) is fully occupied in
¢ tut nas no good spin compensation. When additional c electrons are filled in
and the commensurability in a Wy direction is conserved then g will be approa-
ched. However, this would not be stable in the prgsence of e because of self
deformation (87Schf). Since S(Fu.3)=gr(2):EE(V%;Z) and 5=£B(V8;2_8) in the case
af 1 deformed B correlation, the expected binding of FeaN would be Q:EF(1)=
e qr¢8;2.4):cU(¢%;244). This is near to the binding of FeqN proposed in the ana-

iySis.
ahy are Cu N(Reoz} and AgENfFeQN) heterotypic? The bindings may be E(CU}N,&=

$030,29)=3.B1R b (1) =fevc) (4). and a(AggN,N=4,40,37,40)=4.30R=b, (1) =(evevF)(4)
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corresponding for instance to g(TiN)=gC(4) and g(ZrN):gB(ﬂ).

Why is ATN(ZnD) not of the NaCl type like ScN or of the ZnS.r type Tike A1P?
The jonic radius i(Al3+) is smaller than [(Sc3+), therefore only the Zn0 or ZnS.r
types are possible for AIN. In the case "AIN({ZnS.r)" the electron count
N=12,52, is  not sufficient for a localized correlation binding g;gc(4). There-
fore Cp must be strained and since C[lll]is the easy strain direction, the
structure becomes hexagonal. For the reasons mentioned in the analysis above
the Zn0 type is favourable,

The series of questions could be further extended, and answers become pos-
sible when there is a sufficient number of crystal chemical rules. This number
has been considerably increased by the plural-correlations model (83,865ch) and
additional rules presumably will be found by application of the model to addi-
tional classes of phases, for instance to the three component nitrides (78Pie).

It is an indication for a useful model that it not only answers numerous old
questions but also poses numerous new ones. The electrostatic implications of a
spatial correlation for instance are related to the electrostatic implications
of the electron density (Born,Madelung). But they go beyond those since they
have to do with the pair density not with the number density of electrons. It
is clear that before working on this problem at first the plural-correlations
model must be more firmly established and this is possible only by inference
from empirical data, i.e. once more by applying the model to additional classes
of phases.
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