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F ew subjects in 1999 have received iments using electron spin resonance to re- 
greater press coverage than Y2K. It is solve this contmversy. 
with some shock that we have found Armed with these results for Y2, we 

the chemical literature to contain no refer- now consider the linear and T-shaped iso- 
ences to this obviously critically important mers of Y2K (see the figure). For each 
molecule. To alleviate this situation, 
we performed a quantum chemical 
analysis of diyttrium potassium 
(Y2K) to characterize its likely 
molecular and electronic structure 
(I)  and to better address the "Y2K 
problem." [Other key yttrium-con- 
taining molecules, such as YOY and 
YNOT (radioactive), also remain to 
be characterized; these may concern 
future investigators.] 

How does the computational 
chemist approach Y2K? The task 
can proceed faster (and in the case 
of the Y2K problem, timely solu- 
tions are obviously critical) if we 
apply some chemical intuition to the 
problem. Y2K may reasonably be 
exuected to be either linear or T 
shaped, with a potassium atom bound to 
an yttrium dimer. We thus take a building 
block approach, starting with the Y2 dimer 
and then introducing a K atom. We com- 
pute energies for different electronic states 
for both linear and T-shaped geometries. 

We first tested the level of electronic 
structure theory used in our study (referred to 
hereafter as the MPWl/DZVP level) (2) by 
computing properties of the related scandium 
dimer. The calculated properties of Sc2 [hy- 
perfine splitting (hfs), vibrational i?equency, 
and dissociation energy] are in good agree- 
ment with experiments (3, 4), lending confi- 
dence in the utility of the MPWl/DZVP level 
of theory for studying the Y2K problem. 

We characterized three different elec- 
tronic states for Y2; these states correlate 
with low-energy states of Y2K. The lowest 
energy (that is, ground) state is predicted to 
be a high-spin (pentet) state, in agreement 
with assignments based on photoelectron 
spectroscopy (5) and previous calculations 
(5, 6). Some experimentalists, however, 
have suggested that the singlet is the ground 
state (7). Our predicted hfs value for the 
pentet (8) may prove useful for future exper- 

Explosion: unlikely. Energies (in electron volts) for dif- 
ferent Y,K isomers relative to infinitely separated 
ground state Y, and K. The lowest energy structure 
computed forY,K is shown on the left. 
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case, we have characterized three likely 
low-energy states (see the table). The T- 
shaped isomers are best thought of as 
weak to moderate charge-transfer com- 
plexes between a K atom and Y2. The 
magnitudes of the interaction energies be- 
tween K and Y2 in the different states are 
directly reflected in their molecular dipole 
moments (see the table). Charge transfer is 
facilitated in all cases by the availability of 
a relatively low-energy empty orbital of Y2 
of appropriate symmetry. 

One of the linear states, the 6X- state, 
is a hilltop on the potential energy surface 
(a degenerate bending motion transforms 
this structure to the 6A2 T-shaped isomer). 
The predicted interaction energies be- 
tween K and Y2 in the other two linear 

isomers are similar to those for the T 
shaped isomers, suggesting that they can 
also be classified as weak or moderate 
charge-transfer complexes. 

The above results do not allow us to de- 
termine whether Y2K will be linear or T 
shaped (9). However, we are gratified to note 
that, given the modest range of isomeric 
binding energies, the ultimate anival of Y2K 
is unlikely to be the explosive event of which 
some prognosticators have warned (10). One 
caveat remains, however: Our analysis has 
been focused on molecular Y?K, but the 
phase diagram for Y/K remains b be deter- 
mined. We suspect that solid Y2K could be 
the material of the millenium. 
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