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The preference for loss of small stable molecules rather than of radicals m 
the fragmentation of complexed orgamc rings by electron nnpact 1s ratlonahzed 
m terms of the activation energes of the possible fkagmentatron routes of the 
molecular ion 

Introduction 

In the electron unpact fragmentation of transkon metal complexes con- 
tammg organic rmgs, processes leading to the aromatlzatlon of the nngs have 
been frequently observed [l] . These reactions, mvolvmg the loss of small neu- 
tral stable molecules are observed with low efficiency m the free hgands. On 
the other hand, peaks due to the loss of a hydrogen atom from the molecular 
ion are among the most mtense in the mass spectra of the free ligands and are 
absent m the mass spectra of the complexes. It has been suggested [Z] , that in 
a-C, H, Fe(C0)3 the ehmmatlon of carbon monoxide units to leave an electron 
deficient central metal, capable of an “extra” coordmatlon, was the dnvmg 
force for the aromatization of the organic ring. However, th= proposal seems to 
be of rather limited apphcabllity. Aromatization of the organic nng has been 
also observed with n-OHC+ 0 H1 1 CI(CO)~ for which the aromatization of the 
nng to naphthalene after the loss of some CO groups does not increase the 
coordination number of the chrommm atom. We describe below a case in 
which the CO losses occur without change of the coordination number of the 
metal atom bonded to the organic moiety and the processes leading to the 
aromatzation still occur after the loss of ‘two CO groups: 
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Results anddismssion 

The monoisotopic high mass region of the 50 eV mass spectrum of ?r-tetra- 
hydronaphthalenenonacarbonyltetracobalt is shown m Fig. 1*_ Peaks of the 
type (P--n CO)* become less intense wrth mcreasmg n, whrle peaks of the type 
F(n CO t- He) and P-(n CO + 2Ha ) predommate when n > 4, the base peak 
berg (naphthalenetetracobalt j’ . In the mass spectrum of tetrahydronaphtha- 
lene the following Ions are found (relative abundances m parentheses): m/e 
132 (64.4), 131(16.6), 130 (2.0), 128 (12.6)**. 

The most mteresting drfferences between the fragmentatron of the com- 
plexed organic moiety and that of the free hgand are the absence of peaks due 
to the loss of atomic hydrogen and the increased importance of the peaks due 
to the loss of one and two hydrogen molecules. These last processes are the 
only observed fragment&on routes for the complexed ligand m the mass re- 
gron investigated. 

It 1s obvious that unsaturation of the 
the drlvmg force for the aromatlzatron of 

cobalt atom cannot be mvoked as 
the organic rmg We think that an 

IP- n co)+ 

p-b-l co + Hz)]+ 

-___-_ [f-m 00 + 2WsJ]+ 

Wg 1 Monoisotopx - Spectrum of CtoHl2Co4(COlg (50 eV) The structure glvea here has been 
susgested LP r&c_ 3 and 6_ 

*The compound was prepared as previously described 131 For the mass spectrometnc con&tlons 
see ref 4. 

**Other IO= of less unportance for the present dmusson are also observed For the more abundant 
IOnsseeref 5 
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explanation on energetic grounds 1s necessary m this case*. Approxunate 
appearance potential (AP) measurements on free hgand show that the (P--Hz )’ 
and (F_2H,)+ ions have almost identical appearance potentials, and that their 
APs are substantially lower (a 3 eV) than that of (P-H)+ ion. It was also found 
that the molecular ion requires about 1 eV to give the (P-H, )’ and (P-2Hz)+ 
ions. Even though the actwation energies for the loss of CO groups m carbo- 
nyhc complexes cover a wide range, there are several examples, especially for 
substituted carbonyls, m which 1 eV is sufficient for the loss of two CO groups, 
and only a few cases are reported m which more than 1 eV is requned for the 
loss of one CO group [S] _ We can therefore mfer that the loss of one (and 
perhaps two) CO group is a lower energy process than the fragmentation of the 
organic moiety and consequently only the less endothermrc reactrons, I e. reac- 
tions accompanied by the loss of small neutral molecules, can compete with the 
loss of CO groups. The high activation energy for the loss of a hydrogen atom 
precludes this process, since m the complex there are several other processes 
requrrmg lower energy. 

Smce the energetic factors should not drastically change m related com- 
plexes contaming different organic rmgs or different transltlon metals, the above 
explanation should be of general apphcabllity It is obvious that lowermg of the 
activation energy for the loss of small neutral molecules can be achieved if the 
formation of new x bonds m the organic nng with a possible bonding mter- 
action with the central metal results m increased stabrhzatlon of the electronic 
configuration of the transition metal, but a deficiency of the coordination 
number of the central metal cannot be considered to be responsible for the 
maJor drfferences found between the mass spectra of the free and complexed 
orgamc hgands. 
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*For a general d~~usaon on the importance of energetic factors in the fragmentations see for 
example ref 7 


