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'X-ray Photoelectron Spectra of Nitrogen 

Complexes of Rutheniwn 

Sir: 

· The binding energies of nitrogen ls electrons are dependent on the 

. . 1 2 
chemical environment of the n1.trogen atoms. ' Consequently the chemical 

(!) K. Siegbalm, C. Nordling, A. Falhman, R. Nordberg, K. Hamrin, J. Hedman, 
G. Johansson, T. Bergmark, S. E. Karlsson, I. Lindgren, and B. Lindberg. 
"ESCA Atomic Molecular and Solid State Structure Studied by Means of 
Electron Spectroscopy,'' A1mqvist and Wiksel1s AB, Uppsa1a, 1967. 

(2) D. N. Hendrickson, J. M. Hollander, and W. L. Jolly, Ino!E_· Chern., 8, 
2642 (1969). ~ 

shifts in binding energy observed in the X-ray photoelectron spectra of 

nitrogen compounds give useful structural information. It has been shown 

that small, although significant, chemical shifts occur when nitrogen-con-

taining ligands are coordinated to transition metal ions. 2 We have now 

found that X-ray photoelectron spectroscopy is useful in elucidating the 

structures of complexes containing the Ru-N linkage. We have observed· 

the spectrum of the coordinated dinitrogen ligand. The latter spectrum 

is of interest, because structural information regarding N
2 

complexes has 

3-6 previously been obtained mainly from single crystal X-ray studies ; and 

from infrared spectroscopy. 

(3) F. Bottomley and S. C. Nyburg, Chern. Comroun., 897 (1966). ---- ~ 

(4) J. H. Encrnark, B. R. Davis, J. A. McGinnety and J. A. Ibers, Chern. 
Conrrnun., 96 (1968). 
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(5) B. R. Davis, N. C. Payne, and J. A. Ibers, Jnorg. Chern., 8, 2719 (1969). 
~ 

(6) I. M. Treite1, M. T. Flood, R. E. Hars~1, and. H. B. Gray, J. Am. Chern. 
Soc., 91, 6512 (1969). 
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The synthesis and properties of the compounds used in this research 

are reported elsewhere. 7 These compounds, [RuClN
2

(das)
2

J[PF
6

] 

(7) P. G. Douglas, R. D. Feltham, and H.· G. Metzger, Chcm. Commur~., 899 
(1970). 

[RuClNO(das) 2)c12 , and [RuN3Cl(das) 2] (das is o-phenylenebis(dimcthyl-

arsine) have a trans arrangement of ligands with only a single nitrogen-

containing ligand bound to the metal. The compound [C
6

H
5

N
2
J [BF 

4
J '\vas 

8 prepared for comparative purposes by standard methods. All of the 

(8) E. l.Jilke-Dorfurt and G. Balz, Chern. Ber., 60,115 (1927). 
'\/\, 

compounds had satisfactory analyses. The photoelectron spectra of these 

compounds were obtained using Hg Ko: X-radi~tion (1253.6 eV). The kinetic 

energies of the photoelectrons produced were obtained using a double-focusing 

magnetic spectrometer of a design previously described. The resolution was 

limited by the band widths, which ranged from 1.4 to 2.0 eV, but the posi~ 

tions of the photoelectron peaks were reproducible to+ 0.2 eV. The work 

function fo~ the spectrometer material (aluminum) was assigned the value 

of 4.0 eV. 

All of "the compounds investigated gave well-defined photoelectron peaks 

near 400 cV. These peaks are readily identified as arising from the nitrogen 

ls core electrons, because none of the other elements emit photoelectrons 

in this region of the spectrum. 1 The spectrum of trans-[RuClN2 (das)
2

][PF
6

] 

cons:i.sts of two well-resolved photopeaks at 1+02. 3 and 400.7 eV, with an 

intensity ratio of 1:1 (Table I). The observation of two photoelectron 

2 

\ 

~­
\ 



peaks of equal intensity in the dintrogen compl~ proves that the two 

J nitrogen atoms are structurally nonequivalent. The photoelectron peak 

\,.J ,. of higher binding energy is tentatively assigned to the nitrogen atom 

directly bound to the ruthenium. (Coordination of N
2 

should lead to an 

increase in the p6sitive charg~ ~n the coordinated nitrogen atom, and 

consequently to a higher binding energy for the nitrogen ls electrons 

as is observed for the coordination of ammonia. 2) HovJever, fin:!l assign-

ment must await the observation of the photoelectron spectrum of a syn~etri-

cally bridged dinitrogen complex in which both nitrogen atoms have identical 

charges. Phenyl~diazonium fluoroborate, (C
6

H
5

N
2

)(BF
4
), also has two peaks, 

at 405.1 and 403.7 eV, with an intensity ratio of 1:1. 

The ruthenium nitrosyl complex, trans-[RuClNO(das)
2
Jcl

2
, has a single 

photo~lectron peak at 399.8 eV, which is in the range found for other tran-

sition metal nitrosyl complexes. The complex trans-[RuN
3
Cl(das) 2] had bee~ 

previously identified as a dinitrogen complex because of analytical dif-

ficulties and uncertainties regarding the interpretation of the infrared 

9 spectrum. The photoelectron spectrum of this material consists of two 

(9) R. D. Feltham, 157th National Meeting of the Ameriean Chemical 
Society, INDR 49. 

photoelectron peaks at 403.9 and 399.2 eV with relative intensities 1:2, 

thus, providing the presence of the azide group. Tne photoelectron peaks 

of sodium azide and trans-ICo(N
3

)
2

(das)
2
][Cl0

4
] are also listed in Table I 

for comparison. 
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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 
behalfof 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 contractor 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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