Reactions of fourth-period metal ions (Ca* —Zn*) with O,: Metal-oxide
ion bond energies
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guided ion beam techniques. While reactions of the ground states of Sc*, Ti*, and V* are
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cight elements. Soyrce conditions are varied such that the contributions of excited states of the.

metal ions can be explicitly considered for Mn*, Co*, Ni*, and Cu™. Results (ineV) at 0 K
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We compare thes;a D (M -0) values to those available in

» . . b
the literature and discuss the nature of the bonding in the ' State Confign Energy” % SI pop
metal oxide ions. This study represents a con?ifluation of. our  Ca+ 2g 4s 0.00 100
efforts to understand the reactivities of transition metal ions D 3d 1.70 <1
as well as periodic trends in gas-phase bond dissociation en- ~ S¢” °D 4s3d 0.01 89

'D 453d 0.32 6

ergies such as M * —C single, double and triple bonds and
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T cates that the excess energy is distributed statistically. If the
peak of the cross section occurs at higher energies than
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asog(VO ™ ) changes earlier, ~0.25 eV. These deviations are ENERGY (aV, Lab)
due to constraints in the reaction probability imposed by 0.0 10.0 20.0
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angular momentum conservation. We have previously out- t . ‘l
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howeyer nreviqus stndjes, with H.'7 and.retbane?®* haveph- ENERGY (eV, Lab)

served the reactivity of the 0.2% excited statesof Mn * pres-
ent in an SI generated beam. This is because the excited quin-
tet states of Mn ™ are much more reactive with these two
molecules than the nearly inert septet ground state.

To see if this is true with O,, reaction (1) was also stud-
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a wide range of systems.>'3>3 For the Fe* + O, system,a  TABLE IIL Metal oxide ion bond dissociation energies at 0 K (eV).
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soecttametry. 4.57 + 0.9 eV.* and anjon beam studv of __ Mn* ('S)_of 211+ 0.12 eV. Given this threshold. the ]

the reactions of Cr* with ethylene oxide, 4.54 + 0.09 thresholds for Mn* (°S) and Mn* (°D) should be ~0.9
eY % The anod agieergent between these_independent  and o0 3 _gV_resnestiyely Hieher-Jvine states (7 and
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these three bond energ_ies, 4.51 +0.15eV. Work in progress ~ datafor Mn ™ , Fig. 5, clearly show the presence of an exoth-
yields another value near this energy from a study of the  ermic reaction and also an endothermic reaction beginning
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three times more reactive than the ground state, the E, value A more detailed consideration of the contributions of
shifts up by 0.05 eV. We consider this to be our most accu-  Co™ excited states is more difficult than in the Mn system
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the uncertainty associated with the different excited state  are not very distinct (Fig. 6). In the Fe and Mn systems, we

glfar?wati'nni A ahrgryed Jﬂm!!gr‘!{gﬁ states havinarlactrom ropfimiretinog

-
1

We obtain a bond energy of DJ(MnO*)  of 3d" were about twice as reactive as ground states having
=2.95+0.13 eV (68.1 & 3.0 kcal/mol). This value is in  4s3d" ~' configurations. Here, a comparable result means
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We can also analyze the EI data for Ni* in a manner  Zine

similar to the Mn szstem. A crude analif‘sli's of the low-enerﬁ%
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efficiencies of these reactions depend strongly (factors of = MO™* thermochemistry with that previously discussed for
10-100) on the electronic state of the metal ion.'”’"’*7* M * ~CH,, species and with the better understood neutral

These differences have been explained in terms of molecular ~ metal oxides.
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ful for understanding the M+ + H, system’™ as well as 10, the MO™* BDEs exhibit the “double-humped” shape
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Ti,®* V,* and Cr.®° To make this comparison properly, we  therefore cannot be described in the same terms as the more
note that formation of a trinle bond with CH reguires nta-___covaleptly 222222 Mg + iRgg_igon the left-hand sideofthe
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