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Introduction 

Extensive studles of chemical shifts associated with atomic core­

electron binding energies have been made by Siegbahn et 213 by useof th~7. 

relatively new technique x-ray photoelectron spectroscopy. Measll:!:ed 

·binding energies ha·le been correlated >·rith formal oxidation state:s and 

with fractional atomic charges calculated by a modification of Pauling's 

method. \·le have recently reported preliminary results i of a study of 

' ' 

solid nitrogen compounds by x-ray photoelectron spec:trbscopy, ~nd we have 

shmm that the nitrogen 1~ binding energies can be correlated 'i·rith 

nitrogen atomic charges calculated from c:r:mo molecular~orbital eigenfunctions. 
4 

(3) K• Siegbahn, C. Nordling, A. Fahlman, R. Nordberg, K. Han~in, J, 

Hedman, G. Johansson, T. Bergmark, s. -E. Karlsson; I. Ltndgren and 

·B. Lindberg, "ESCA Atomic; ,.:r.IolecUlar and Solid State Structure 8'l~'.1died 
•.-: 

by Means of Electron Spectroscopy,nAlmquist and\Viksells AB, 

Stockholm (1967). 

(4) J, M. Hollander, D. N. Hendrickson, a.nd W. L. Jolly, J, Chem. Phys., 
3315 

49,/\ (1968), and references therein. 

-------------

In this paper "tTe extend the correlation of the nitrogen 1~ binding 

energy data to include atomic chart;es eYaluated by the exte11ded Hlickel 

molecula.r orbital method. 1\Te use these correlations ancl. the observed 

nitr"ogen lE_ bii1ding energj_es for sodium oxyhyponitr:i.te (Na
2

N
2
o

3
) to 

establish the structure of the N
2
o
3 

2
- ion. In add:i.tion, 1ve use binding 

energy data for scme nitrogen-containing roetal-coordinatecl ljgands to 

character~:_ze t~c bonding j n these ligands. 
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Expe:rimeY'lt al 

Mg K x-radiation (1253.6 eV) vras used. The kinetic energy of the 
a. 

photoelectrons •..ras :meB.sured in an iron-free, double-·focus inc r:Jagnetic 
c; ~ 

spectrometer-' shoim schematice.lly in Figure l. The instru1ner1tal line 

width, including the contribution f:com the x-ray line, was about 1 eV, 

and the observed photoelectron ~ines had widths of 1.5-2.5 eV. 

Photoelectrons '..rej~e counted
6 

ty-pica.lly for time intervals of 12 sec. at 

each magnetic field setting, and the spectrometer current in the :r2.nge 

l.0-1.5A was ve.:r·ied in increm8nts of 0.2mA.. 

(5) J. M. HolJ.ander, M. D. Holtz, T. Novakov, and R::-L. Graham, ~'¥::iv 

. Fysi~, 2~, 375 (1965): T. Yamazaki and J, M. Hollander, NuEle~r 

Physics, ?~· > 505 ( 1966) . ; ' 

(6) A Bendix curved channel-multiplier ("Channeltron") was uBed as 
. r 

the electron detector. 

The compou11ds studied were either purchased or prepared b:;r standard 

syntheses. Spec"'.:.ron:et.er sarupJ.es · vre1·e prep9.red by brushing the povrdE-:red 

material onto double-faced e:onclucting tape attached to an alulid.num plate 

that served as a heat and electron sink. Three measu-rements >·Tere macie 

for each sample; in each case the ca-rbon ls line (arising f:corn pum}."J oil 

which fo::.·ms a. fi]..!";l on the s<;.mples) m1.s recorded. The fi11n of p1.:.r.1p oil 

p:rovides a converd ent rcfenmce pc2k a.hd probE-;,bly also a.cts to 'l'fli~Ove 

surface clnre;ine; that roc.y arise Kith i~1sulating samples. By this method 
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it is possible to locate the photoelectron peaks reproducibly to within 

0.2 eV. · 

The work function for the spectrometer material (aluminu_~) was 

assigned the value 4.0 eV. This normalization gives the best agreement 

of our nitrogen core-electron binding energies with previously me~sured 

values for the same nitrogen compounds, and makes it possible to include 

some of the binding energies of Siegbahn et a13 in the correlations w"ith 

our calculated charges. 

Calculations 

Molecular orbital eigenfuncttons vlere obtained from CND07 and 

8 
extended Hilckel calculations. In both cases computations were performed 

(7) 

(8) 

J; A. Pople, D. P. Santry, and G. A. Segal, J. Chem. Phys., 43, Sl29, 
Sl36 (1965). A modified CND0/1 version involving empiricallyevaluated 
repulsion integrals was used, as per P. M. Kuznesof and D. F. Shriver, 
J, Am. Chem. Soc., 90, 1683 (1968). 

R. Hoffmann, J, Chern. Phys., }2, 1397 (1963)." 

with a CDC 64oo computer using a Fortran IV program. Calculational details 
t 

and required input data for the CNDO calculations are given in Reference 7· 

In the extended Hilckel calcu_lations, the CouJ_omb integrals, H .. , were 
~~ 

approximated by the valence state ionization potentials calculated by 

Hinze and Jaffe. 9 The arithmetic mean approximation for the off-diagonal 

' 10 
elements of the H matrix vras used: 

H .. = 1.75 S .. (H .. + H .. )/2 
~J ~J . ~~ JJ 

(9) J. Hinze and H. H. Jaffe, ~· Am. Chern. Soc., 84, 5!ro (1962). 

(10) :tvi. vlolf.sberg and L. Helmholz, ~. Chem. Phys., 20, 837 (1952). 



-~-

Here S. . is the overlap integ!'al bet\Ieen the i th anr:l jth orbitals. 
l.J 

Net atomic cl1s.rges w·ere o'ot2.ined. by subjecting the extended RUckel 

molecular orbit~.ls to a Hulliken population analysis .
11 

In the Cf.IDO 

method there is no overlap population, and as such the net atomic charges 

are easj_ly obtained from the appropriate diagonal elements o:L' the~charge 

densjty matrix. 

(11) R. S. Milliken, i..· Chern. Phy~., 23, 1833, 1841, 2338, 2343 (1955). 

Cartesian coordinates for complicated systems 1·rere obtained from· 

PDQYV'7 
12 1 d "t"' . t 113 +-. t d 1 1 pr-ogram - .n -'"·'·', coup e vn 1.i experlmen a or es vlma e mo. ecu ar 

parameters. 

__ ... ___ , ____________ . -

(12) P. M .. Kuznesof', Quantu.-n Chemir.try Pr·ogram Exchange (Indiana University), 

QCPE 9~ ( 1966) · 

(13) "Table of' Interatomic Distances," L. E. Sutton ed., Special Fublicatio'J. 

No. 11., The Chemical Society, Burlington House, London, 1958;1 a.nd 

No. 18, Sv.p_plement., 1965. 

Theory 

Beca.use 1ve are dea.ling -vrith measm·ements on solid rnaterj_als, the 

calculated electron binding energies are referred to the Fermi levels 

of the sol'i.ds. rile ca.lct'.late the elec:tron binding energies, Eb, from 

the relatj_or) 

• 
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R=E -E -cp -b x-ray kin spec 

where E is the incident x-ray energy, Ek. is the kinetic energy 
x-~ay ~n 

of the photoelectron, and cp is the work function of the spect;r_ ometer 
_spec " 

material:_, aluminum. 'l'he core-electron binding energies are dependent 

en the cbe-.nical environment, and previous discussions have shmm that 

they are princ:ipally determined·by the potential associated -vrith the 
. . 

valenc·e shell electron density and the crystal field felt by the core 

electrons. 3' 14 

(14) R. Nordberg, R. G. Albridge, T. Berg,.'Ilark, U. Ericson, J. Hedm:m, · 

c. Nordling, K. Siegbahn, and B. J. Lindberg, Arkiv. ·Kemi, 28: 257 

(1968). . ' 
4,-: 

. 3,14 
:F'or binm:y salts, Siegbahn and co-vTOr-kers have formulated a 

relation between the electronic charge (q) removed from the valence 

shell of an atom and the energy shift (6E) of the core electrons of that 

atom: 

(~ - ~) q 
r R 

Here r is the radius of the valence shell, and a. is the contrj.hution 

to the :tviadd.1me; constant from the atom at the internuclear distance R. 

A relation is expected bet-vreen the measured binding energy and tb.e valence 

cha:re:e density. 
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Results a.nd Discussion 

Correlatior. ~oritl~ ~tomic:. _Chc:crges - Extended Hi.l.ckel calculations were 

completed for 28 nitrogen compounds; the calculated nitrogen atom.che:.,rges .. 
and the measured nitrogen lE_ binding energies are listed in Table I. 

Some binding energlef; determined in previous studies are also given with 

the corresponding calculated nitrogen charges. A linear correlation 

between .1~ ni t::rogen binding energies and extended Hi.l.ckel calcuJ.ated 

nitrogen charges is demonstrated in Figure 2. 

The range of nitrogen l~ binding energies covered by this correlation 

plot is approximately 10 eV: extending from the nitrate ion to pyridine. 

This is about the 'same range covered by Nordberg et ·al
12 

in their 

correle.tion of nitrogen ls bi:r;ding energy 'N'ith fractional atomic ehare;e 
- 4,0: 

calcule.tcd by a modification of Pauling's method. In the case of ou~ 

extended Hiickel plot the correlation seems to be linear, whe1·eas the 

correlc..tion obtained by Nordberg et. .§!:! shovrs curvature. In addition, 

the extended Hilckel calculations assign charges to the nitrogens in 

n-amyl nitrite, n~.trite ion, cyanide ion and azide ion that fit reasonably 

well on the line, whereas thEi-r fit on the modified Pauling plot is poor. 

It will be noted that the extended Hilckel calculations give rcB.sonably 

good f'i t. f'or nitrogen molec:ules that contain sulfur or phosphorus at.o:;,!s. 

In these cases lt \·:as found (See Table I) that inclusion of 3~ orbitals 

on the sttlfi.e or phosphorus atoms did not appreciably change the calculated. 

nitrogen atom charges. 

• 

• 
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TJI.BLE I. 

'.l Nitrogen ls Binding Energies and Calculated Charges -

--------- --------·-· ._i _________ 

. Ca1culc.t ed J':itrogen 
Ator;1 Charge 

Compound Binding Energy, 

Number Compound eV. CNDO Extended HU.ckel t 
--·------·------· 

1 NaN0
3 

407-4 +0.1+29 +2.55'7 

2 NaN0
2 

4o~.l +0.100 +1.273 

3 Na2(0N~02) 403-9 +0.1~-0 +1.749 

3 N '011-~To ) 8.2\ r2-' 2 400-9 -o.195 -0.090 

4 Na(l\TNN) 4o3·T +0.09.6 +1.066 
"" .. ( 

4 Na(N:NN) .399·3 -0.5lt8 -1.033 
. "" "" 

5 Na2N
2
o2 401.3 -0.256 +0.].75 

6 KCN 399-0 -0.518 -1.181 

7 KOCN 398-3 -0-550 -1-572 

8 !?-HOC6n4No2 405·3a +0-353 +1.541 

9 c
6
H

5
No

2 
405.la +0;347 +1.613 

403. 7a. b b 
• 10 n-C~.HJ 1 ONO +0.288 +1.323 - ) --'-

11 N2H6so4 J-i-02.5 +0.094 .+o.18i1 
··~) 

!~02. ?.a 12 (CH
3

)
3

NO +0.079 +0-520 

13 }T'·l H...., 
u .. 4 ........... 

"' . .) 
402.3 +0.039 ~·0.145 

13 l'"l "JO 407.2 +0.429 +2. 55'7 lf,l. r 
3 1~-

1lr- ( CH _), IifS..,HS !~02. 2 +0.185 -0.253 
j ·~ .:. 



Compound 

Number 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2~-

25 

26 

27 

28 

Compou..rK1 

l-Jn
3

0HC1 

(CONH2) 2 

(!-lH ) CNCN 
2 2 

c
6

H
5

CN 

c
5

H
5

N 

KSCN 

:mr
3
( s) 

s
4
N

3
Cl 

NH
3
so

3 

c
6

H
5

coNH2 
(NPC12)3 

c
5
H

5
N·HC1 

BN 

Na3~P02NH) 3 
. -----·-------
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Binding EnP.rgy, 

eV. 

402.1 

4oo.o 

399·2(broad) 

398.4a 

398.oa 

398.5 

393.8 

399·6 

401.8 
• j 

399.1+ 

399-~5 

400.2 

398.2 

398·5 

a D9.ta of Siegbahn et al. 3 

CNDO 

+0.219 

-0.133 

Calculated Nitrogen 
Atom Cha:rge 

" Exter.ded Hilckel 

II 
+0.612 

. -0-550 

-0.17 to -0.31c 
,....c 

-0.71 to -1.5o 

-0.226 

-0.166 

-0.079 

+0.035 

-1.356 

-1.672( -1. 'Tll) 

-0-91!+ 

d 
-0-912, -1.03 
( -0-915' -0. 98)+) 

-0.262 (-0-307) 

-0.352 

-1.4f . 

-0.971 (-l.058)e 

• 

b Charge calcu..lated for CH
3

0NO, the structure of which is kno\m. 

c The fou.r struct·u.rally~-d.ifferent nitrogen atoms of this molecule be11r 

differcmt calculated charges. 

d There are t1vo different n:i.trogen atoms. 
0 

e Calculs.tcd for r = 1. 50A. 
p~n 



• 
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Treated approximately, see results and discussion section. 

Number in parentho:=sis is for case i·rhere 3£ orbitaJ.s a1·e included. 

. ' 
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There are q_ualifications that need be stated regarding b;o of the 

compounds. In the case of boron nitride the graphite-like structure 

was only approx:Lmated; only 24 atoms l·rere considered ir1 calc'J.1ating 

the charge on a central nitrogen atom. The crystal structure of compouc.d 28, 

Na
3 

( P0
2

NH) 
3

, -has not been reported; >·re assumed a C;)rclic anion wit}1 the 
• 0 0 

bond distances 

P-N distances, 

rN-H = l.OA and rP-O = 

1. 5 and 1. 7 A cf 1. 65A 
. 0 ( 0 

l. 5A, coupled with two dif.ferent 

for rP-N in (NPC12) 313) . The 

calcu~ations of the nitrogen charges gave for·these two cases -0.971 

and -0.984, respectively (vdthout. considering 3£ orbitals on the phofph:x·us 

atoms). 

The nitrogen charges obtained from the extended Hlickel calculat:i.o~s 

range from -·1.7 to aLuost +2.6. This range is to be contrasted 1vith the 

much smaller charge range calculated from the Cl\1DO molec"tLlar orbi tal.s 

which 1•rere obtu.tned for the sa:tne molecules (See Table I) . As not eel 

earlier 1
4 

the Cli!DO coi-relatio;~ plot (Figure 3) shovrs two l~n<2s - one 

characteristic of anions, and· t.he other characteristic of ne·utral mol-=cules 

and possibly cB.tions. Two rationalizations can be formulated: (a) the 

t1·ro lines_ are merely an artifact of the CI'IDO method due to an inherent 

overemphas~.s of electron reptllsion i.n the CNDO calculations of anionic 

molecules; (b) tl:.e hvo lines are an indication of differing lattice· 

potentials associated "1-rith a core-electron at either an anionjc o:c~ 

neutral s:i.te. 

It is difficu.lt at this time to indicate clearly th'2 cause of the 

tv:o CI'-TDO l:i . .!'les. 'l'he fact that the extended Hlickel date. shovr no tndica.t.ion 

of the same be:havio:r can probably only be taken as evidence of the 

simplicity of the Ja.tter calculat:t.on.s, at least insofar as this version 

• 
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of the extended Huck.el method is concerned. ·Previous vrork by S:i.egbahn 

and co-wo!'kers hew:= shov:n that the expected differences in crystal 

potentials do not appear in the measured values (i.e., s
2

..2 binding 

energies in a series of sulfates). This can also be seen in cur N ls 

data for the three nitrat'es, compo•mds 1, 13, and 29. Even further 
i 

·evidence for this lack of expc-:cted lattice potential influence can be 

seen in the data for the series of nitro-cobaltic aminines, compounds 

47, jl1, 37, 33, jl.~, and 36. Throughout this series the measurec. 

nitrogen lE_ binding energy for eithe·r the coordinated NH
3 

or N0
2 
~ is 

approximc.tely constant. There i:s little evidence of disc<:mtinutiy 

in the bind:in.g energies at the transition from a neutra,l to a.n anj_onic 

site. 

Character of M~ta~-f_oord~nated I.i.gan~?. - The pm-rer of the x-r<Ol.Y 
/ 

photoelectron method can be clearly seen in Figure 4, where we give the 

nit reg en }." spectrum -of tr a11:' ~o ( en) 
2

( NO 2 ) 
2 
J NO 

3
. Measurement of the 

n:i.t:rogen ls binding energy of various' metal-coordiiJ.ated ligands ce.n give 

insj_ght into the c:haractE::r of the ligands. The binding enert2;ie::> of 

some metal-coordinated alrlmoniB, groups are listed in Table II. Comparison 

of these nitrogen binding energies vli th those obtained f'or the free 

ligand a.nd fe-r the ammonhrra ion (See Table I) a,s it exists in NH4No
3 

shovs that coordination of arrJlJ.onia to Co( III), Rt1(III),. Ir(III), and 

C!·(III) gives part5.C3.1 ammonium-like character to the ammoni,a, group. A 

similar result. has been found fo:r the triphenylphosphine ligand; the· 

phosphorus 2;:~ binding energies for coordinated tr:i.phenylp!wsphine a.nd. 

1~ 
for a phos.phoniUJ-:1 ion Here greater than for free triphenylphos:phine. _., 
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TABLE II. 
t_: 

Nitrogen ls Binding Energies ;'~I -

-· ---------
. ' J 

Compound 

Number _Compound· Bindlng Energy(ev) 

-------
i' :; 

(Rh(NH3)6)~03) 3 29 407-3 

30 trans [co(en) 2(No2 ) 2]~93 4o6.8 

31 P-E02-c6H4coNH
2 405·9 

32 (Rh(NH
3

) 
5
Eo21 Br

2 
4o4.4 

33 Co(IiJ1I3) 3 (~02) 3 4ol~.1 

3~ (co(Ntr3) 5~oJ c12 
4o!.~.o 

35 K(Co(NH
3

) 2 (~02) 4] ~p4.o 

36 K Co(No,J 
6 

4oL~ .oe. 
. ! 3 c 

37 trans (co(?·1H3) 4 (Eo2) 21 so4 1~93· 9 

30 trans [Co( en) 2 ( ~~o2 ) 2]No
3 

403.8 

38. Nar (Fe( CN) 
5
Nol· 2H 0 2 ,_ __ 2 403-3 

39 S4N4 ~02.1 

40 (co(FH ) r:olc1 402.0 
.s 

3 5-~ "" 2 

41 c H W-f }"-:'! • }f~'"'l 6 5J".2 ,, 2 -'-' • ~Ol.4b 
\l" 

42 K {c 'c··' ··o1 
3. 1'\ ~\)5~ ') lfOO. '( 

29 (r-11(l?13~ 6] ( i:o3) 3 I-1-00. 7 

43 r 11· c··q ) c 1}'"') lroo.6 ~ Jt. 3. (;:}; v "2 
\.) 

4oo.6c lt ~~ N-!'I--13-(-2:-::-) H(CO) NO 
3 2 
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" 

' 
Compound 

Number CompounG. Binding Energy (e-.:) 

.,, 

30 trans (co(~n) 2 (No2) 2JNo3 4oo.4 

' 32 (Rh(En3) 5No2)Br-2 400.3 

45 S4N4· SbCl
5

- 4oo.2 

46. . s
7

NI1 · 4oo.2 

40 (c~(JlJ:13) 5No) c1.2 400.2 

33 Co(l-:1113) 3 ( N02) 3 
400.2 

35 K[co(~3) 2 (N02\1 4oo.o 

34 [ Co(NH
3
) 
5

No2) Cl2 4oo.o 

47 (co(l\TJ-I3) 6]2( so4)'3 1~oo .o 

4.8 [co(J'rr~3 ) 
5
c1j c12 4oo.o 

•·: 

37 trans [co(!2TH3)4 (No2) Jfo4 399·9 

49 Cr(rm
3
)6cl

3 399·9 

31 p-N02-c6H4co~ri2 399·6 

50 s4N~I\ 399·5 

51 (NPC12\ 399·2 

52 K
3 
( Cr( CN) 6) 398.6 

I) ~·2 K
3 
[cr( c~) 5 No) 398.4 

38 Na2[Fe( C!-!) 
5

1\JO) · 2H20 }98.2 
'~;; 

397·8 53 P3N5 

54 K4 \}'e( CN) 6)3H20 397·6 

55 VN 397·2d 

56 CrN 396.6 
-----~----·---·---·-. - .. ··-----~------------------. -~-------------------



a A small peak attributable to nitrate impurity vas observed. at 407 .Oev. 

b Very broad. peak. 

c Only one 1·elat j vely · shr;.rp peak obs e:rved. 

d A decomposj_ti.on product peak at 40l.Oev 'N"i::!.S observed. 

. il 

\ 

• 1: 

(I 
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(15) M. Pela.vin; D. N. Hendrickson, .J. M. Hollander, and W. I'" JoJ.J.y, 

-' ' f!6 • I) fl ' . 4-... 
~:~-'f'·"'~ :·~'JV.}. C'~u...·-"·'-. 

, 
In the case of 'the nitro ;Ligand, hotlever, the nitrogen l..e_ binding 

energies fOQ~d for either NaN0
2 

or for the metal-coordinated nitrite are 

approximately the same. Prob'J.bly this can be explained by the metal-to-

ligand rc back-bonding opere.t:i.ve in the metal-nitrite bond. This back-

bonding 1vould tend to keep the charge on the nitrogen atom G.pproximately 

the same in the free and coordinated ligand. Considering the more 

extensive back--bending expected in the metal-coordinated. cyanj.de :i.on, 

it is heartening to sec that the ni t.rogen l..e_ binding e:;:v;;rgy is 

apprF.:ciably lm·1er for the cyanide coordine.ted to Fe( III), Cr(I) and 

Cr(III) than for the "free" c-yanide in KCN. 

Another problem which can be. studied by the x-ray photoelectron 

method is the determination of the character of the HO groUJ:.l in various 

t 1 . . 16 
me a rn -crosyls. 

.·····-
---··-···-·· ··-·-· ........ ···· 

(16) For review, see B. Johnson and. J. McCleverty, "Nitric CF.Aide Compourds 
1:17 

of Transition Metals" in F-.co_gr~~"!. in In()E,g..?.:F:.:t.~ Chemi~~_!X, 1-J\(1966) . 

l 

--·---, --------·--

• ·There are fou_':' }lOSsible bonding situa.tions: (a) lone pail' donation to 

the metal frorr. - + NO ; (b) lone pa:i.r donation fro!n NO vd Jch the odd clec:t:ro:·t 

ret.a.:Lncd by the ~10; (c) lone p::tir donation. from NO - (d) br:7.de;e bondine; > 
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as encm.mtered in Iaetal carbonyl comf·o,..:nds. The majority of metal 

nitrosyls are belie'{ed to be best formulated l'iith the (a) type of 'bonding. 

In Table II are listed the nitrogen l.E_ binding energies for tvic 

metal nitrosyl cyanides, Na
2

[Fe( CN) 
5

No] · 2H2o and K
3 

[cr( CN) 
5

No] ·H
2
o. It 

can be seen that the CN- peak. is relatively invariant to change::> :.l;n the 

metal, vrhereas the NO :peak shifts appreciably. This agrees ·1dth 

observations _on the in~rared spectra of these compounds;17 that is, the 

CN stre~ching frequency is relatively unchanged af; e::pposed to the large 

(17) J, Le1-ris, R. J, Irving and G. Wilkinson, J. Inorg;_. Nucl. _g_!J.em., J, 

32 (1958). 

change for the NO stretch freti-0.ency from .l9lJ.l!cm -l in the formally. Fe( II) 

compound to 16L~5 cm-l in the Cr(I) compound. 14 Both of these compuunds 

. + 17 
have been formu_lated as NO c6rnpou:.r:tds,. but their NO nitrogen l~ binding 

e>:Iergi.es clearly show that there is a marked difference :;.n r.itrogen charge 

in these t•'lO cases. + It is a well-k11ovm fact that the NO ligand has an 

empty n* orbita1 available for back-bonding fl'om the metal and fm·tller 

that back-bonding is greater in compounds 1-1ith metals in lm1er oxida.tion 

states. The lo>·re:c oxidation state in the ce1se of the Cr( I) cmG.poun.d, 

ind::.cating greater back-bonding, Jdoulcl be a possible explnna:tion for the 

app:!rently less positive NO nitrogen in Cr(CN) N03-. 
5 
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However} consideration of the measi.rred NO binding energy for the 

formally Co(III) compound} ( Co(HY:
3

) 
5

No) Cl
2 

(black isom·-=r)} indicatS!s a 

certain predic2:ment. This diamagnetic CC'!npou:nd has been fOlL"'ld to h<~ve 

a. monomeric structure} 
18 

and the Co-N bond distance is reasonable for a 

·. (18) D. Hall and A. A. Taggart J i!_·, Chei~· Soc.:...} 1359 (1965); D. Dale 

and D. C. Hodgkin, J. Che:m.;:_Soc., 1364 (1965). 

3+ -
Co -to-NO bond. The NO nitrogen in this cobalt. compound vrould be 

expected then to possess the most negative nitrogen charge of these 

three nitrosyls} but if the binding energies are indicat:i.veJ the cobalt 

compound is sor:•ewhat intermediate. Resolution of this problem ~orill be 

best attained by carrying out more nitrogen binding energy measurements 
f :. 

on metal nHrosyb) and possibly by studying the effective charges on th;:; 

metal atoms. 

Perhaps the most remarkable 

demonstration in this study of nitrogen compounds is the clear proof o1' 

the existence of structtrrally different nitrogen atoms in the oxyhypcn:i.t:ri.te 

• ~ ~T 0 2-
~0u) 11

2 3 
Various studi.e.s have been undertaken to differentiate 

bet'treen the possible structv.res of this ion, the three rr.ost :probable 

structures being 

1 II III 



/ 

10 
Addison et a1 ... co:t~c1uded that the ulta-vio1et absorption spc:ct!'um of 

N 0 
2- · d · · .. - ,_.r • c 1 · t · · 20 h · t r1 

2 3 
l.n 1.cat.ed an 1~:=:~· oond. a O!'lme .r.1.c me.::.stu·ement.s .e-ve sugges e .... 

the structure I as most probable, and the infrared spectrum has been 

interpreted as having banns indicative of an -N0
2

grouping.
21 

The 

, 
(19) C. C. Addison, G. A. Gamlen, and R. Tho!l)pson, J. Chem. §9.~, ·338 

(1952). 

(20) H. R. Hunt, .J. P.. Ccx, and J. D Ray, Ino]'_~· Che:m._, _!, 938 (1962). 

( 21) R. D. Feltham, Inorg. _gt.e~. , J, 900 ( 196l~) . 

nitrogen lE; photoelectron spectrum of Na2N,)O~ (See Fig,..u·e 5), vrith tvo 
"- ,j 

resonances, cle::.rly ru..les out structure II as a possibilit;>·· In o!.~der 

to distinguish beh·reen the t>vo remaining structures .• CNilO anl4. extem'..ed 

HU.ckel calcuJ.ations 1vecoe completed foy the t·wo geometries (varying the 

N--N bond distance in each cas~). The net nitrogen charges obtained fro:w 

the calculations are given in 'I'abJ..e III. Structt>.re I is indic<>.ted by 

these calcu..lat.5.ons; indeed structure III ·would be p:redicted to 
O)•}J.~I 

shm;A one peak, for the bro different nitrogens are predicted. to h<.'.Ve 

approxin!ate1y the same charge. Finally it can be seen in Figures 2 and 3 

th.'it the points rq:.resent:i.ng structure I do fit the corre1.at.j_on lines. 

"'' 

• 

15 Recently the oxyhy:poni trite ion has b~en shmm by as;yrrz,1etriC.: N-labclling .! 

to have t-.·ro struchu·ally-different nitrogen atoms. 
22 

-----------·--·-----
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T11 "RI.J."E! III. 

Calcu~ated Nitrogen Charges for 'I'rtlo Asymmetric 

<?xyhyponitrite Structures 

___ , ______ _ 
..... -... ---------:---

* ·calcu.latccl Nitrogen Cba.rges 

. Structure .CNDO e:x-tended H{lcke1 

. -----~---...;_ ______ _ 

I 1.30 0-133 -0.151 l-75 o .ot~o 

1.50 o.l47 -0.239 -0.090 

f,j 

III 1.30 -0.158 -0 .. 11~5 0.288 0.286 

1.50 '-0.181 -0.188 

* For each molecular orbital method the net nitrogen charges, q
1 

and q
2

, 

are given for the hro structurally diffe:cent nitroger. atoms in en.ch 

struct m·e. 

------· --'--------·-----~-----·-
-~-----------------~-------------------------------------·---~---- .... ·---
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FIGURE CAPTIONS 

Figure 1 Schematic illustration of the experimental setup. 

Figure 2 Plot of nitrogen ~ binding energies vs Extended Ruckel-

calculated charges on nitrogen atomso 

Figure 3 Plot of nitrcgen 1~ binding energies vs CNDO calculated 

charges on nitrogen atoms 

Figure 4 Nitrogen 1~ photoelectron spectrum for Trans (Co(NH2cH2cH2NH2 )2 

(No2) 2)No
3

• 

Figure 5 Nitrogen 1~ photoelectron spectrtim for Na2N2o
3

• Sodium nitride 

imp11rity22 accounts for excess area in the higher binding energy 

peak. 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, 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 informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

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