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The full-potential linearized augmented plane wave method has been employed to determine electronic
density of states, 4 core level shifts, and totalslcore ionization energies for the isoelectronic compounds
graphite, diamond, §N,, and graphitic ¢N,. The GN, crystal structures studied are the graphitig, 3,
cubic, and pseudocubic configurations. All thesp® bonded structures have band gaps 0.5-1.5 eV smaller
than that of diamond. Only the,8l, composition of the Csp? phases has a band gap. The core level shifts
and ionization energies are compared with x-ray photoelectron energiessEmergies of C atoms connected
to zero, one, two, and three N in {8, are close to experimental XPS shifts and peak positions. Nearly all the
N 1s energies are within the experimental nitrogen XPS energy range. The iBnikation energies of the
tetrahedral carbon {l, phases are between 288.6—-289.5 eV, which is 4.0-4.9 eV higher than tisev@lug
of pure graphite3-C;N, has the highest value. This compound has two $licghization energies at approxi-
mately 400.0 and 400.6 eYS0163-18209)14239-5

[. INTRODUCTION Peaks at similar high energy positions are shown in. Refs.
10-12. The peak around 288 eV is assumed to arise from
Covalent bonded networks of carbon nitride materials areC sp® in a G;N, environmenf whereas the peak at almost
expected to possess some outstanding physical properti@90 eV is considered to belong to C—O species.
such as high bulk modulus, wide band gap and high thermal For the N Is spectra, Ronningt al. used three Lorentz-
conductivity. The GN, composition has attracted special at- ian lines to achieve a proper fit. The energy range of the core
tention since it$3 phase, consisting of carbon atoms tetrahedevel peaks is 398.2—-400.8 eV, and the positions of the peaks
drally surrounded by three coordinated nitrogen atoms, hashift with up to 1.2 eV for different samples. When the depo-
been proposed by Cohen to have a bulk modulus comparabgition temperature was kept at 350°C, the three peaks were
to that of diamond. Subsequent theoretical works have pre-located at 400.8, 399.1, and 398.2 eV, respectively. The
dicted a high bulk modulus fg8-C;N, and that GN, could  highest energy is interpreted as originating from a nitrogen
exist in different structural forms ranging from the hard andatom with three neighbors in a predominants@? chemical
dense cubic an@ phases to the soft and less dense graphiti@nvironment. The peak at 398.2 eV is assumed to belong to
phase’® The latter is assumed to be the most stable®one. two coordinated nitrogen atoms. An additional peak at ap-
Various experimental efforts have been conducted to synproximately 403—-404 eV was detected in Refs. 10—-12. It has
thesize and characterize tjfeC;N, phase. By using vapor- been assigned to a nitrogen-oxygen species.
phase deposition methods, €Nms with different amounts In the above experimental XPS studies, an appreciable
of nitrogen have been growfsee, e.g., Refs. 6-13The fraction of the C atoms are assumed toj& hybridized.
overall nitrogen concentration is usually lower than 50%.XPS observations of surface chemical structures of polyeth-
However, in some works the films are claimed to containylene and polyimide treated in,Nand NH; plasma produced
B-CsN, microcrystals embedded in an amorphous mé&fiix. similar energy ranges for the Cslpeak positions? These
These results have been questioned since the characteristiébl, structures are assumed to contairs@ mainly. Thus it
of the electron diffraction pattern and the x-ray photoelectrorseems hard to confidently connect a chemical shift with a
spectra could be explained by carbon phases and by othéefinite bonding configuration in compounds that consist of
carbon-nitrogen bonded systems than gh€;N, phase®® bothsp? andsp® hybridized carbon atoms. Especially, since
The x-ray photoelectron spectroscop¥PS technique it is difficult to synthesize well-ordered structures of CN
has been frequently used to characterize bonding configurdilms and pure crystalline forms ofs8l,;. Hence, it becomes
tion in CN, films. In a recent work, which also includes a important to use theoretical methods and models to obtain
review of previous works, Ronningt al. show that 1 to 5 further quantitative characterization and trends of the bond-
Lorentzian lines had to be used to obtain a proper fit with theéng configurations in CNstructures.
C 1s core level spectra of different sampfésThe energy The objective of the present study is to compare calcu-
range of the peak positions is 284.5—-289.9 eV. The pealated electronic properties of ;8, phases with those of
centered at the lowest energy was assigned to carbon atorgeaphite, diamond, and graphitic;{8l4. The reasons for
in a pure C environment, and it was present in all sampleschoosing graphitic GN, as one of the investigated com-
The next two peaks were close to 285.6 and 286.6 eV. Thegounds are twofold. First, it is isoelectronic with diamond
were assigned to tetrahedral carbon atoms connected to oaed GN,, and has been suggested as a potential hard
and two nitrogen atoms, respectively. The two high-energynaterial® Second, the composition is close to the carbon-
peaks at approximately 288 and 290 eV were not discusseditrogen ratio observed by e.g. Sfoomet al° for buckled
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(b)

FIG. 1. One layer of graphitic GN, A (a), and of graphitic N, B (b).

turbostratic C\ microstructures formed at a high substrateWang!’ Both valence states and core states are calculated
temperature. Such carbon-nitrogen systems have be&elf-consistently in the FLAPW method.
proven to be both hard and elastic. They may to a large The band structures and the relative energies betwsen 1
extent consist of graphitic-like CNstructures in which ni- core levels and Fermi level&F) were obtained from unit-
trogen atoms are two and three coordinated, and where cacell calculations utilizing full symmetry. The maximum
bon is linked to different numbers of N as in the graphitic spherical harmonid value of partial waves inside atomic
C11N, models in Fig. 1. The density of electronic states andspheres was put to 10. A locsbrbital was used to improve
1s core level energies relative to the Fermi level are calcuthe flexibility of the basis set. The number kfpoints was
lated for all the structures considered. In order to provide ancreased until differences between Fermi level and core
straightforward comparison with experimental XPS energieseve| energies were less than 0.1 eV. The plane-wave cutoff
1s core ioniz_gtion energies are e_stimated for graphite, diaparameter was adjusted so that approximately 100 aug-
mond, graphitic GN4, B-C3N,, cubic GNg4, and one of the  ented plane-waves/atom were used. Test calculations with
C11N,4 configurations. The latter energies are obtained frorrhp to 200 augmented plane-waves/atom were performed for
core-hole calculations including final state relaxation effectsgome of the species with small unit cells. The energy differ-
ences between theskore level energies and the Fermi level
Il. METHODS AND COMPUTATIONAL DETAILS were always less than 0.1 eV. .
In order to calculate total core ionization energies compa-
The calculations were carried out with the full-potential rable with experimental XPS values, a core-excitation proce-
linearized augmented plane wa#€LAPW) program pack- dure was used. Thus, the core-state occupation number of the
age WIEN97.1® The electronic structures are determinedexcited atom was put to 1. The extra electron was placed in
within the density functional theoryDFT) with the local the valence band and a self-consistent energy was obtained.
spin density approximation according to Perdew andBy keeping the compounds neutral core-hole interaction be-
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tween adjacent cells is reduced and the systems are pre-
vented from being over relaxed with respect to the core-hole
potential. For graphite and diamond, both unit cell and super
cell calculations were performed. The numberkopoints
and the cutoff parameters were in accordance with the full
symmetry unit-cell calculations. Locgb functions were
added at 1.5 Ry to improve the description of the core ex-
cited state. Final energies, to be compared with experimental
XPS values, were obtained by taking the difference between
the total energies of the ground state and the core excited
state, and from this value subtract the difference in Fermi
levels between the two states. These final energies are de-
noted as the Fermi level corrected values. It should be noted
that introducing a core hole breaks the symmetry of the unit
cell. This makes these kinds of calculations computationally
demanding, and therefore some of the compounds are not
addressed with this technique. However, the non-core-hole
and the core-hole approaches complement each other, and
together they bring qualitative information about the differ-
ent bonding configurations in all the compounds.

The geometries of the {81, compounds were taken from
the theoretical work of Tetegt al® For diamond and graph-
ite experimental geometries were useg;N;; was geometry
optimized with in-plane lattice parameters equal to those of
both graphite and graphitic{8l,. The out of plane lattice
parameter was put to 3.40 A and AAA: - - interlayer stack-
ing was used. The differences in energies between the graph-
ite and graphitic gN, like unit cells were negligible.

FIG. 2. One layer of graphitic {,.

Ill. RESULTS AND DISCUSSION . . . . .
have a minor effect on the core ionization energies discussed

A. Geometries below. The total energy of th& conformation in Fig. 1 is

As previously mentioned, the equilibrium structures of the0-30 €V/unit lower thars.

C;N, compounds were taken from Tetet al. These struc-
tures were determined with a pseudopotential plane-wave ap-
proach. UsingviEN97 on the same geometries, some residual
atomic forces were obtained for the graphitie; and The total electronic density of statd®OS) of all the
B-C3N, structures in Figs. 2—4. Optimizing the graphitic compounds is shown in Figs. 5 and 6. In Fig. 5 it can be seen
phase with the same lattice vectors as Teteal. gave the that the only graphitic phase that displays a band gap is
geometries in Table I. It can be seen that the two method€;N,4. For this compound the occupied states closest to the
give results that are in reasonable agreement with each othdrermi level belong to @ states of the two coordinated
In order to evaluate the possibility of having nonplanaratoms[cf. Figs.(2) and §b)]. The empty bands closest to the
graphitic systems, test calculations were carried out in whichrermi level consist of C and two coordinatddstates. The
the three coordinated N ins8l, were shifted somewhat out occupied 2 states of the three coordinatBdatoms are pre-
of the atomic layer. These calculations always produced dominately located below2 eV.
considerable energy increase. Presumably, such movementsCy;N,, which is isoelectronic with graphite andsi,,
perturb the electronic configuration of the planar six membeshould have a zero density of states at the Fermi level. How-
rings. Thus the graphitic phases are assumed to be planar, ever, if the geometry is constrained to have the same struc-
at least they should buckle in such a way that the electronitural parameters as graphite the system is metgtlicFig.
structures of the six member rings are disturbed as little aS(c)]. When it is relaxed the DOS approach zero, although
possible. there are still some states crossing the Fermi level. These are
It proved to be rather time consuming to fully optimize C 2p states mostly. The DOS would most likely drop to
the structure of ¢N,, and therefore there are still some zero if a complete geometry optimization is performed. As
residual forces acting upon the atoms. Whether this is due tfor graphitic GN, there are partial states of the two coordi-
the size and shape of the unit cell, it is not clear. Howevernated N just below the Fermi level, whereon they suddenly
the geometries in Table | are not too far from those of puredecrease to zero.
graphite and graphitic ), indicating that the systems, ac- The DOS of the Csp®> C3;N, phases in Fig. 6 exhibit
cording to their unit cells, are close to their equilibrium po- band gaps which are approximately 0.5—1.5 eV smaller than
sitions. Additional changes of the bond lengths and anglethat of diamond. The values are close to those previously
are anticipated to be small, and such changes are judged obtained® Since DFT usually produces too small band gaps

B. Total electronic density of states
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the pyramidal conformation is most prominent for N2, pre-
sumably since the distance from N2 towards its nearest
neighbor in the direction of the lone pair is 4.7 A. This is
long when compared with the other N-N distances, which are
approximately 2.4 A. As a consequerid€ has a sharp and
high DOS peak located at1 eV. The DOS closest to the
Fermi level are N1 and N4 states.

In B-C3N4 N1 is forced to have a completely planar po-
sition, whereasN2 is slightly pyramidal(cf. Fig. 4). The
N1-N1 distance is only 2.40 A, indicating a rather strong
interaction between their lone pairs. This is also reflected by
the DOS since the states closest to the Fermi levelNdrep
states.

C. 1s core level energies relative to Fermi level

The energy differences between Fermi levels and core
levels obtained from unit-cell calculations are shown in
Table 1l. The discrepancy between values calculated with
and without localp functions are generally within 0.2 eV.
The exceptions are the nitrogen atoms of the graphitic phases
for which the differences are larger. However, the relative
chemical shifts between atoms in the same compound are
stable. When comparing with experimental XPS data it is
evident that the energies of the nitrogen atoms are too low
with approximately 3—4 eV. The reason is of course the hole
potential that is created in the x-ray photoemission process.
Thus atoms with different nuclear charges cannot be com-
pared directly with each other from Fermi-level and core-

FIG. 3. @ C3N, in the 001 direction. level energies only. Furthermore, it might be dangerous to

apply this method to species with different constitutions,

they are expected to be larger. As a comparison the calcisince polarization effects might be erroneously accounted
lated band gap for diamond is 4.4 eV which is 1 eV lowerfor. It is therefore necessary to perform core-excitation cal-
than experimental valu¥. culations in order to estimate quantitative values. These are

In @-C3N, there are four different N atomgf. Fig. 3. provided in the next section. In this section a qualitative
They are all bonded in nonplanar configurations. Howeveranalysis of the chemical shifts in Table Il is presented.

Following the C X column in Table Il downwards it can
be seen that the energy increases by almost 3 eV when going
from graphite to graphitic §N,. For the Csp® C3N,
phases additional shifts of 1—-1.8 eV are obtained. The high-
est values are for the, B8, and cubic systems. Their values
are more than 4 eV above that of graphite. This is more than
1 eV higher than previously assumed for tetrahedral C in
C;3N,,° indicating a substantial polarization of charge to-
wards the N atoms. The energy difference between the two C
in « clearly indicate that these two atoms are nonequivalent.

As a consequence of the lower nitrogen content thesC 1
values of G4N, decrease when compared with thgNg
phases. It is notable that for the C atoms bonded to two and
threeN similar shifts are estimate@f. C1 and C8 in ¢N,

A, and C1 and C2 in gN, B). There is a decrease of almost

1 eV when going to the C atoms connected to onéC in

A and C5 in B. The C atoms that are not linked to any N
exhibit different values. Some are even negative demonstrat-
ing that these atoms have acquired some charge when com-
pared with graphite. In order to find an explanation for the
variations it could be stressed that the atomic configurations
in Figs. Xa) and Xb) impose a graphiticlike §N, electronic
structure upon the GN, systems. In N, A, C3, C4, and

C7 should therefore be in nitrogenlike positions, whereas
FIG. 4. B8 C3N, in the 001 direction. C1, C2, C5, C6, andC8 should be in carbonlike positions.
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TABLE I. FLAPW geometries in Angstrom for graphitic;8, and G;N,. See Figs. 1 and 2. Values
inside parantheses refer to those of Teter and Hemley.

CiN, CiNg A CuN, B
N1-C 1.48(1.45 N1-C8 1.47 N1-C2 1.43
N1-C1 1.51 N1-C5 1.40
N2-C 1.31(1.32 N3-C8 1.34 N3-C8 1.33
N2-C1 1.31 N2-C1 1.32
N2-C2 1.38 N2-C2 1.43
c-c 1.41-1.42 c1-c3 1.48
C2-C4 1.45
£/ N2CN2 124°(124°) £/ N2C1N2 128° £/ N2C1N2 119°
£ C8N3C8 122° £ C8N3C8 125°
/ CN2C 116°(116°) £ C2N2C1 117° £ C2N2C1 123°
£ C2N1C2 115°

This coordinates fairly well with the energies in Table II, nittogen bonding configuratiortS. The wide energy differ-
since the former group has the lowest values and the lattesnce in G;N, B together with the geometries in Table |
group has the highest. The same assignments can be doneinglicate that when N is located in a local carbon graphitic
C11N4 B, and again the energies seem to follow this trend. environment it strives to give away some charge in order to
The aromatic nitrogen atoms, N2 and N3 igN; and fit into the lattice. Some of the charge may have been accu-
Ci11N4, and the three coordinated nitrogen, N1, in the samenulated on N3.
systems have the lowest and the highest 8l values, re- The variations of the N 4 energies within the carbosp®
spectively. The energy difference between these two nitrogenompounds are less then 1 eV, and the values are in between
configurations vary from 2.4 eV in graphitic;8, to 3.3 eV those of the graphitic systems. It can be noticed that the
in C;;N, B. The energy gaps are in accordance with an exnonequal nitrogen atoms i@ and 8 have different values.
perimental value of 3.0 eV for systems containing similarThus they are all subjected to somewhat different bonding
conditions. This has been previously established to be the
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TABLE II. Differences inEF—1s core-state energgeV) obtained from unit cell calculations. Graphite
is used as reference. Values inside parantheses refer to calculations with tobitals.

Atoms in C Is N 1s
Species unit cell atom energy atom energy
Graphite 4 C1 0.000.00
c2 —0.03(—0.06)
Diamond 8 C —0.18(0.00)
Graph-GN, @ 14 c 2.64(2.49 N1¢© 112.80(112.39
c? 2.60(2.42 N1 112.85(112.43

N2 ¢ 110.52(110.13
N2f 110.48(110.08

a-CsN, P 28 c1 3.71 N1 111.62
Cc2 4.12 N2 110.80
N3 111.50
N4 111.47
B-C5N, © 14 C 4.28(4.28 N1 111.05(110.98
N2 111.71(111.62
cubic-GN, 14 c 4.04(4.06 N 111.34(111.29
pscub-GN, 7 C1 3.54 N 111.03
Cc2 3.53
CuN, A 15 c1 2.10(1.85 N1 113.00(112.49
Cc2 1.11(0.80 N2 110.36(109.89
C3 0.10(-0.10) N3 110.68110.1%
C4 0.20(-0.02)
C5 0.50(0.279
C6 0.57(0.39
c7 0.30(0.07
cs 2.20(1.97
CuN, B¢ 15 c1 2.05 N1 113.50
Cc2 2.30 N2 110.38
C3 —-0.10 N3 110.20
C4 0.45
C5 1.55
C6 0.72
Cc7 0.20
C8 0.85
aSee Fig. 2.
bSee Fig. 3.
‘See Fig. 4.
dSee Fig. 1.
fLayer 1.
fLayer 2.

case forB-C3N,.2° The lowest value is obtained for N2 in electrons of the cells. As the cells increase in sizes the values
which is the most pyramidal nitrogen atom in its compound.will converge. However, it is not possible to obtain con-
The low value for the planar N1 i is presumably an effect verged values. This is the reason why Fermi level corrected
of the short distance between its lone pairs. In the cubic andalues have to be used. Of course the technique inherently
pseudocubic compounds the nitrogen atoms in the latter aiecludes some errors. The main ones can be listed as follows:
the most pyramidal ones. These atoms have also rather log) core-potential inter unit-cells interactiof) inter unit-
values. cells interaction caused by the extra valence electron{@nd
intra unit-cell interaction between the extra electron and the
D. 1s core excitations and XPS energies other valence electrons. As mentioned ab¢)eis reduced
As can bee seen in Table Il the Fermi level corrected?y the presence of the extra valence electron, which keeps
values of graphite and diamond vary with the size of the unithe compound neutral. The Fermi level correction reduces
cells. This is natural since interaction between and withinthe effect of(b), and having the same number of valence
unit cells caused by the corepotential and the extra valenc@lectrons in all the unit cells investigated with the core-
electron depends on the size and the total number of valen@xcitation procedure minimizes). The difference in energy
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TABLE lll. Total energies for core excitation3,E (eV), difference in Fermi level between ground state and core excited AtRtE,
(eV), and Fermi level corrected valueBE—AEF. Values inside parentheses are relative to graphite.

Atoms in C1ls N 1s

Species unit cell TE AEF TE-AEF TE AEF TE-AEF

Graphite(C1%) 16 287.7 0.79 286.60.00

Graphite(C1?) 4 288.1 1.86 286.2( 0.40)

Diamond 32 291.5 4.43 287(D.50

Diamond 16 291.3 4.64 286(0.10

Diamond 8 291.4 5.33 286.1(0.50)

Graph-GN,” 14 290.3 0.79 289.62.87) N1 404.8 1.59 403.8116.9
N2 402.1 1.19 400.9114.2

B-C3N,° 14 294.2 2.72 291.64.89H N1 405.5 3.47 402.0115.4
N2 405.6 3.05 402.6116.0

cubic-GN, 14 293.9 2.79 291.14.42 405.3 3.29 402.0115.9

CuN, Al 15

C1 289.5 0.69 288.82.13 N1 403.6 0.80 402.8116.0)

Cc2 288.1 0.51 287.60.92 N2 401.1 0.71 400.4113.7

C3 287.4 0.76 286.5{0.10) N3 401.7 0.82 400.4.14.2

C5 287.5 0.45 287.00.39

Cc8 289.1 0.34 288.72.1))

8Unit cell coordinates 0,0,0 and 0,0,0.5.

bSee Fig. 2.

‘See Fig. 4.

dSee Fig. 1.

when compared with experiment is expected to be almost theehen compared with the values in Table Il, and XPS ener-
same for all the iso electronic unit cells. gies should be within 400.0-400.6 eV. Thus, the §cbre
The XPS measurements performed by Ronngt@l. ionization energies for all the Gp® C3N, compounds are
show that the energy difference between thesXdre level  supposedly within the experimental range. However, when
in the pure carbon compound and the N dore levels in  comparing with experimental results it seems difficult to cor-
CN, films should be in the range of 115.9-113.3 eV. Therelate nitrogen energies in this range with C energies located
core-ionization Fermi level corrected Nsalues in Table at 288.6—-289.5 eV, and therefore it is concluded thg¥l ,C
[l are in good agreement with this finding. It is notable thatphases are either absent or present in small amounts only.
the super cell ionization energies of graphite and diamond his is not surprising since the maximum overall N content
are close to 287 eV. This is almost 2 eV higher than then the films produced by Ronningt al. correspond to a sto-
experimental XPS value. Thus, it is suggested that all théchiometry of GN.
Fermi level corrected values in Table Il should be decreased The values of ¢N, in Table Il are in accordance with
by 2 eV when comparing with XPS energies. experimental data. The N1 energy, when shifted by 2 eV, is
The Fermi level corrected values for C in Table Il show 400.8 eV. This is the same value as Ronnatgl. assigned
that the C shift of graphitic N, is somewhat larger but to nitrogen atoms in a similar configuration in CXlms
close to that in Table Il. The XPS value should be approxi-grown at a high substrate temperature. The low value of N2
mately 287.5 eV. Shifting the N1 value by 2 eV gives 401.3correlate well with that suggested for two coordinated nitro-
eV, which is above the highest experimental value obtainegen atoms. The C values are all within the experimental
by Ronninget al. range. However, as mentioned in the introduction the experi-
The C Is shifts for 8 and cubic GN, are also above mental assignments include tetrahedrally coordinated carbon
those in Table Il. This suggests that the €values fora-  atoms bonded to one and two nitrogen atoms. Such species
and pseudocubicBl, in Table Il should be shifted to higher are not investigated here. In any case the carbon atoms in
values, and that the XPS values for€p® in C;N, environ-  graphitic G;N, can be divided into three groups yielding
ments should be between 288.6—-289.5 eV. This energy rangmergies close to the three experimental peaks. The peak at
is clearly higher than the XPS values estimated for graphiti¢che lowest energy would then be interpreted as arising from
Cs3Ny4. An explanation in accordance with the arguments incarbon atoms without any nitrogen neighbors. The next peak
Refs. 21 and 22 is that the electronic charge density 8pC  would be due to carbon atoms connected to one N and the
is less confined to the C nucleus thansip? hybridization — peak above 286 eV would belong to C linked to two and
and therefore prone to be more polarized towards the N athree N atoms. Experimentally there was a trend that when
oms. the nitrogen concentration increased the low energysC 1
The relative difference between the core excited &l 1 peak shifted to somewhat lower values. This shift was as-
values of 8 and cubic GN, have not changed considerably sumed to originate from carbon atomg® bonded to C or N
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TABLE IV. Approximate 1s core-level XPS energiggV) sug-
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gested for graphite, diamond, and graphitigNG,.

correction term is adjusted in such a way that tlsecbre-
ionization energy of C atoms in a pure carbon environment is
the same as in Ref. 13~284.7 eV). In order to suit a

Compund Cs N 1s different reference energy, all values in Table IV can be
. shifted appropriately.

G.r aphite C 284.6 From Ft)r?e g B vglues it is clear that tetrahedral carbon

Diamond C284.7 C;N, phases should be distinguishable by high idniza-

Graph-GN, C 2875 N1 401.3 tion energies. The Cdlvalues of G;N, are all lower and

N2 398.9 close to the experimental XPS peak positions of carbon at-
a-C3Ny C1288.9 N1 400.5 oms in CN films with nitrogen concentrations less the 50%.

C2289.3 N2 399.7 However, tetrahedral C connected to one and two nitrogen

N3 400.4 atoms may have similar energies. Such species was not in-

N4 400.4 vestigated, but attempts to address such bonding configura-
B-CsN, C 2895 N1 400.0 tions will be conducted.

N2 400.6 The N 1s ionization energies ofkx- and pseudocubic-
cubic-GN, C 289.1 N 400.0 C_3N4 may serve as a measure of XPS en_ergies of_pyramidal
pscub-GN, C 288.6 N 399.7 nitrogen atoms in Gp’ environments with low nitrogen _
CuN, C 286.7- 286.8% N 400.8-401.3 concentration. The reason is that in these systems the dis-

C 285.6-286.0° N 398.2-398.8 tance bet\;]veeln N atoms in the direction of the nitrogen lone

c pair is rather long.

C 284472850 The values ofB3-C3N, show that this phase can be de-
aCoordinated to two and three N. tected by C % ionization energies above 289 eV and two N
®Coordinated to one N. 1s XPS peaks at approximately 400.0 and 400.6 eV, that
Coordinated to C only. correlate in intensity with the high C peak. No such correla-
YThree coordinated. tion could be obtained in the experimental works referred to
®Two coordinated. here.

atoms. The results in Table Il support C-C bonding configu-
rations only, and that C atoms with the lowest XPS energies
are those which were previously assigned to be in N-like
positions.
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