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Ir 4f core binding energies and lS3lr Mossbauer data have been recorded for a series of (PPh,),lr(CO)X-type 
complexes and found to be fairly insensitive to variation of X. The Ir 4f and N 1 s photoelectron and Mossbauer 
spectroscopic results for several iridium-nitrosyl complexes containing iridium in different formal oxidation states 
with linear and bent Ir-N-0-groups are discussed. 

THE chemistry of (PP11,)~1r(C0)Cl and its derivatives 
has attracted much attention in recent years. Nitrosyl 
complexes have also been extensively studied because 
of their unique structural and bonding features2 We 
wish to report additional information on the bonding in 
these compounds as obtained from X-ray photoelectron 
spectroscopy (p.e.) and lg31r (73 keV) Mossbauer studies. 

The combination of both techniques has recently been 
applied to study transition metal-ligands bonds in g0ld,3 
iron: and iridium complexes. 

EXPERIMEKTAL 

Photoionisation of core electrons was accomplished by 
using Al-K, X-radiation (1486.6 eV). The kinetic energies 
of the photoelectrons were measured on an A.E.I. ES 100 
spectrometer. The powdered samples were brushed on a 
double sided Scotch tape which was pressed onto the copper 
sample holder. Iridium 4f and nitrogen Is core binding 
energies were determined with reference to the carbon Is 
line and their positions obtained from different runs agree 
within 40.15 eV. The Mossbauer transmission spectra of 
the 73 KeV y-transition in lS3Ir were recorded with both 
source and absorber cooled down to 4.2 K. The lS3Os 
activity is obtained by neutron activation of metallic 
osmium containing 98.7% lg20s. Due to the hexagonal 
structure of metallic osmium, the source emits a quadrupole 
split (q.s.) line doublet.6 This was taken into account 
during the fitting process. Since the nuclear factor 
A { Y ~ )  is known to be positive in the lg31r nucleus the 
isomer shift (is.) of the 73 keV y-line is directly proportional 
to the difference Al#(0)21 between the total s-electron 
densities a t  the nucleus in source and absorber. In 5d 
transition metal coniplexes It,h(O) I 2  mainly depends on the 
6f and 5d populations of the metal orbitals. ]$(0)j2 is 
directly increased by the 6s population and reduced by the 
5d population, which shields the s-electrons from tlic 
nucleus. The quadrupole splitting of the line is a measure 
of the interaction between the quadrupole moments of the 
lg31r nuclear ground state and the electric field gradient 
(e.f.g.) at  the nucleus. In covalent compounds the e.f.g. is 
mainly produced by the valence electrons. Its sign has 
not been determined in the present study. 
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RESULTS AND DISCUSSION 

The Mossbauer and p.e. data of the planar complexes 
tvan.~-(PPh,)~1r(CO)X~ (see Tables 1 and 2) show that 

T A B L E  1 

Mossbauer isomer shift and quadrupole splitting data 

I.s./mni s-l a Q.s./mm s-l 
6.54 & 0.63 
7.74 & 0.03 b 
6.92 3 0.03 b 

(Ph,P),Ir(CO)CI -0.51 0.02 
(Ph,P) .Jr( C0)Ct  
(Ph,P) ,Ir(CO) Br 
(Ph3P) 21r(C0)N3 -0.44 & 0.02 7-51 f 0.02 
(Ph,P) ,Ir(CO)SCN -0.46 0.03 7.42 & 0.06 

2-15 & 0-02 
(Ph3P) ,Ir(NO) -0.84 & 0.08 1.27 & 0.04 

-0.49 & 0.015 b 
-0.53 & 0.015 b 

(Ph,P) ,Ir (CO) NQ -0.57 f 0.02 

a The i.s. values arc givcn with reference to an Ir  in 0 s  
source. Data taken from H. H. Wickman and 11'. E. 
Silverthorne, Inovg. Chew. ,  1971, 10, 2333. 

TAELE 2 
Iridiuni 4f5l2 and 4f& core binding energies of iridiuin 

complexes with reference to C 1s = 285 eV 

(Ph,P) I r  (CO) X Ir 4f512 4f712 Eb/eV 
64.6 61-6 

c1 64-6 61-6 
Br a 64.5 61.4 
I "  64.5 61.4 

64.5 61.5 
K O  64.6 61-6 
NCS a 64.6 61-6 

64.6 61.6 
64.7 61.7 N4CCF, C 

(Ph,P) ,IrNO 64.6 61.6 
(Ph,P),Ir(CO)NO d 65.1 62.1 
(Ph,P),Ir(NO)HCl 65.0 62-0 
(Ph,P) ,Ir (NO) CI, c 66.3 62.4 
[ (Ph,P) ,Ir(CO) (NO) Clj+BF,- 66.3 63.5 
[ (Ph,P) ,Ir (CO) (NO) J]+BF- 9 66.3 63.6 
[(Ph,P) ,Ir(NO) HJ-Cl0,- 65-5 62.6 

X = F a  

C(CN), 
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substitution of C1- by other halides and pseudohalides 
affects only slightly the total electron density on the 
iridium atom, the s-electron density and the electric 

6 F. Holsboer, W. Beck, and €I. D. Bartunik, Cheat. PJzys. 
Lettevs, 1973, 18, 217. 

6 F. Wagner and U. Zahn, Z. Phys., 1970, 233, 1. 
7 F. Wagner, J. Klockner, H. J. Iiorner, H. Schaller, and 

Y. Kienle, Phys. Letters. 1967, 25B, 253. 
8 L. Vaska and J. W. DiLuzio, J .  Awev.  Chem. SOC. 1961, 

88, 2784; L. Vaska ant1 R. I?. Rhodes, J .  Anlev. Gkern. SOC., 
1965, 87, 4970. 

4 I. hdams, J .  M. Thomas, G. XI. Bancroft, I<. D. Butler, and 
31. Barber, J.C.S. Chain. Conzm., 1972. 751. 

http://dx.doi.org/10.1039/DT9730001828


1973 1829 
field gradient a t  the nucleus. On tlie other hand it has 
been observed that variation of tlie anionic ligands S- 
has a distinct influence on tlie i.r. intensity and stretch- 
ing frequencylO of tlie CO band. These p.e. and 
Mossbauer data point to  an essentially unchanged elec- 
tronic charge distribution around the iridium in these 
compounds. The electronic changes due to variation of 
S are obviously Compensated by the CO-ligand. The 
q.s. values for (PPh,),Ir(CO)X (X = C1, Br, N,, SCN) 
are the largest so far observed for iridium complexes. 
The e.f.g. values obtained from the 9.s. using the quad- 
rupole moments of the i.r. nuclear ground state, Q = 
1.0 5 0.5b compare well with the e.f.g. values for the 
planar ds-coniplex [Au(CN),] -, containing strong back 
bonding cyanide ligands.12 A different situation occurs, 
if X = NO. Complexes with a bent metal-NO group 
have been formulated as complexes of NO-, whereas 
linearly co-ordinated nitrosyl ligands are regarded as 
positively charged S O T  groups.2 Thus (PPh,),Ir(CO)- 
S O  can either be regarded as an IrI d8-complex contain- 
ing NO- or as an Ir-I dlO-complex with NO+ as ligand. 
The Ir-N-O-angle in (PPh,),IrNO was determined to  be 
1 80”.13 Because of tlie chemical similarity between 
(PPh,),Ir(CO)NO and (PPh,),IrNO l4 we assume that a 
5tP0 configuration also exists in (PPh,),Ir(CO)NO. 
Since NO+ is known to be a strong x-acceptor, back 
donation from the metal to the ligand will reduce the 
effective 6d population well below 5d1° and hence de- 
crease the shielding of s-electrons from the nucleus. 
Actually the i s .  and thus the s-electron density at the 
nucleus in (PPh,),Ir(CO)NO have the same values as in 
the 5ds complex (PPh,),Ir(CO)Cl. 

The i.s.-value of (PPh,),IrNO is by 0-27 nim s-l more 
negative than that for (PPh,),Ir(CO)NO, which is 
attributed to the stronger x-acceptor property of the 
carbonyl group compared to  that of the phosphine ligand. 
These different acceptor properties are also confirmed by 
the higher N Is binding energy in the carbonyl complex. 
The q.s. in (PPh,),Ir(CO)NO is smaller by 5 mm s-l 
than in the planar (PPh,),Ir(CO)X complexes and 
though larger, \yell comparable to  the q.s. in (PPh,),- 
IrSO. In the latter compound, the iridium ion is 
known to be tetrahedrally surrounded by the ligands, 
and a recent X-ray structure determination has shown 
that the complex (PPh,),Ir(CO)NO is a distorted tetra- 
hedron with an almost linear Ir-N-0-gr0up.l~ The 
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I r  ilrf biriding energies and thus tlie total electronic 
charges on the iridium in (YPh,),IrNO and (PPh,),Ir- 
(C0)NO are similar t o  those of (PPh,),Ir(CO)X. In  
(PPh,),Ir(CO)NO the iridium is found to  be even more 
positive than in the IrI complexes, i e . ,  the effect of the 
formal oxidation state on the 5d population is over- 
compensated by x-back bonding effects. 

The N 1s binding energies of a series of iridium nitrosyl 
complexes again demonstrate that the electron density 
on the NO+ is not necessarily smaller than on the NO- 
group. This explains why NO stretching frequencies 
have proven to  be an unreliable tool in determining the 
bonding mode in nitrosyl complexes (see Table 3). 

TABLE 3 
N 1s Core binding energies and NO stretching frequencies 

(Nujol mulls) of several nitrogen containing iridium 
complexes. The p.e. data are given with reference to 
C 1s = 285eV 

=\; 1s Iib/eV v(NO)/crn-l 
(Ph,P),Ir(CO)N, 403.8, 398-5 
(I’h,P) ,Ir (CO) NO a 400.5 1645, I660 
(Ph,P) +NO a 400.2 1600 
(Ph,Y),Ir(NO)Cl, 400.9 1558 
(Ph,P),~r(NO)H;ClO,- 401.1 1777 
[ (Ph,P) ,Ir(CO) (NO) Cl]+BF,- 403.4 1723 
[ (Ph .?P) ,Tr (CO) (NO) J ] +BF,- 1720 
(Ph,P),Ir(NO)HCl 401.2 1645 

403.9 

a P. Finn and W. L. Jolly ( I m v g .  Chenz., 1972, 11, 893) 
report a value of N 1s  = 400.3 eV for (Ph,P),IrNO and N 1s 
= 399.6 eV for (PPh,),Tr(CO)KO, which secnis to be inconsistent 
with the interpretation given hcrc. 

The Ir-N-0 bonding angles in [ (PPh,),Ir(CO) (N0)Clj + 

and [(PPh,),Ir(NO)H]+ are known t o  be 124 and 175”, 
respectivelyn2*l6 The p.e. data, however suggest that  
there is more negative charge on the linearly co-ordinated 
‘ NO+’  than on the ‘ b e n t ’  NO- group. Substitution 
of C1- by the stronger a-donor 14-, and of CO by the 
weaker x-acceptor PPh, increases the electron density 
on the central iridium ion, which is in part compensated 
by cz strong x-back donation into the antibonding 
(NO)Tc*-orbit als. 

Onc of us (H. D. B.) thanks the Bundesministerium fiir 
Bildung und Wissenschaft for financial support. The 
experimental contributions of Mr. I<. Schloter to this study 
are most gratefully acknowledged. 

[2/2753 Received, 5th Decembev, 19721 

1‘. G. Albano, P. L. Bellon, and hl. Sansoni, quoted in 

l4 C. A. Reed and W. R. Roper, J .  Chem. SOG. ( A ) .  1970, 3054. 
l5 C. P. Brock and J.  A. Ibers, Inorg. Chem., 1972, 11, 2812. 

D. A l .  P. Mingos and J. A. Ibers Inorg. Chem., 1971, 10, 

Table 1-11 of ref. 15. 

1479. 

http://dx.doi.org/10.1039/DT9730001828

