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Potential Energy Surfaces for Dissociation Reactions of High-Energy Isomers of X,
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The kinetic stability with respect to dissociation to two NO molecules was studied for several high-energy
isomers of NO, using multiconfigurational wave functions. All of these isomers are &Dkcal/mol higher

in energy than 2NO. Three ), isomers (a four-memberdd,, isomer, a plana€,, isomer, and a bicyclic

C,, isomer) are found to be kinetically stable: the estimated barriers to dissociation are about 40 kcal/mol for
the D2, isomer and about 20 kcal/mol for each of the other two isomers. Reaction paths for their dissociation
were determined using the intrinsic reaction coordinate method and multiconfigurational wave functions.

Introduction 1. Dy, 2.Cy

The possible existence of high-energy isomers of NO dimer
has been of considerable experimental and theoretical interest /0\1.3 N
recently due to their potential role as new high-energy density N{)87.6 N / 95.9 \1.431
materials (HEDM)® Stimulated emission pumping experi- \ 92'/
ments of Wodtke and co-workérand studies of photoelectron o ©
spectra of MO,~ by Arnold and Neumarkprovide indirect

65 1.247

evidence for the existence of several high-energ@\pecies. 3 Ca G
A number of metastable JO, isomers have also been predicted o e ‘47-3/0
recently in theoretical papefs® Relative energies of these o\ 1484 N)'—/N\mg?
isomers are in the range 480 kcal/mol above the energy of ) Y” /

: f : o 1.692 1.405
2NO fragments. However, in order to be useful as high- energy N—%=N o

compounds, these species must be kinetically stable; that is,
they must be separated from the lower energy isomers andfFigure 1. MCSCF(10,10)/6-31G(d) geometric parameters (bond
dissociation products by relatively high barriers on the potential '€n9ths in angstroms, angles in degrees) fgDhigh-energy isomers.
energy surfaces.

Besides the adiabatic kinetic stability,
surface crossings must also be considered, to ensure that ther
is no lower energy path to products due to nonadiabatic

couplings that can decrease the stability of such compolnds. ! : i . ; | :
An example is the high-energy asymmetric NNOO isofifer. corresponding antibonding orbitals were included in the active
This structure corresponds to a local minimum on theé space for various isomers. These active orbital choices will be

potential energy surface and is stable to the spin-allowed disgussed in more detail for each individual isomer. The secor)d
decomposition a-p0, — N;O(XIE+) + O(D). However, the active space, MCSCF(14,12), |nclud_ed two oxygen lone pair
minimum-energy crossing point for the singlet and triplet OrPitals (one on each oxygen atom) in addition to the (10,10)
surfaces lies only 2 kcal/mol above the acN isomer, leading space. Inclusion of oxygen lone pairs is necessary to obtain a

the possibility of MCSCF(10,10), included all possible configurations, consistent
with the appropriate symmetry and spin, that may be obtained

by distributing 10 active electrons in 10 active orbitals.

Generally speaking, five NO and NN bond orbitals and the five

to its predissociation to }(X'=H) + OEP) product$. Con- consistent description of some reactions.
sequently, this isomer is not a viable HEDM candidate. The stationary points on the2R), potential energy surface

In this paper, we present minimum-energy reaction paths for have been identified using analytic gradients of MCSCF
dissociation of several previously predictétiigh-energy NO» energies. These stationary points were determined to be minima,

species to 2NO fragments, including potential energy barriers transition states, or higher order saddle points by calculating
separating them and approximate minimum-energy crossingthe_ Hessian (by finite differencing analypc gr_adlents) and
points between nearby singlet and triplet states. We predict Verifying that there are 0, 1, or1 negative eigenvalues,

that some of the high-energy isomers may be kinetically stable "eSpectively. Minimum-energy paths (MEPs) were determined

with respect to the pD, — 2NO dissociation channel. using the intrinsic reaction coordinate (IRC) method with the
second-order algorithm developed by Gonzalez and ScHlegel
Theoretical Approach and a step size of 0.15 aAtibohr. Stationary point searches

. . . and IRC calculations were performed using MCSCF(10,10) and
The N,O, potential energy surfaces have been studied using MCSCF(14,12) wave functions and the-B1G(d}}° basis set.

ab initio electronic structure methods employing multiconfigu- These calculations were done using the GAMESSectronic
rational self-consistent-field (MCSC¥ave functions. MC- structure program.

SCF W?\’e fl;r;ptlong, ?re necessary t‘;ort?‘ qulalltgtlvzlyt/) corkr_ect The energies of stationary points, as well as selected points
Tescrlli). '%n 0 flssoma |fon ptr.ocesses a |nv(§) veo on drea t'ng' along the MEPs, were recalculated with the multiconfigurational
WO Kinds of wave lunctions were used. ne, denoted second-order perturbation theory method (CASP)Tt2 account
: - for dynamic correlation. The CASPT2 wave functions were
T : D f Ch f Al
Bimgham AL Depanment of Ghemistry, University of AlRDAMA. ya5eq on MCSCR(10,10) (denoted as CASPT2(10,10)) and
€ Abstract published ilAdvance ACS Abstractdfay 15, 1997. MCSCF(14,12) (denoted as CASPT2(14,12)) reference wave
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Figure 2. MCSCF(14,12)/6-31G(d) natural orbitals for isonferd

orbitals are given in the—y plane; & orbitals are given in the plane

shifted by 0.2 A parallel to the&—y plane.

functions with 6-31G(d) and 6-3#1G(2d)- basis sets. These
calculations were performed using the MOLCABrogram. The

Chaban et al.

hand, the addition of dynamic correlation via CASPT2 has a
much larger effect, with corrections ranging from 8 to 23 kcal/
mol.

Results and Discussion

The four high-energy singlet isomers op®b considered in
this paper are shown in Figure 1, with the structural parameters
obtained at the MCSCF(10,10)/6-31G(d) level of theory. The
structure and energetics of isomets3 have been studied
previously at several levels of theory including the
MCSCF(10,10) and CASPT2(10,10) levels used in this paper.
The Hartree-Fock and MP2/6-31G(d) structures for isomer
4 have been reported by Arnold and NeumarkAll four
isomers are relatively high in energy: planar isontkrg, and
4 are about 50 kcal/mol higher than 2NO, and the bicyclic
isomer3 is about 80 kcal/mol above the energy of 2NO. Here
we consider the kinetic stability for each of these isomers with
respect to dissociation to two NO molecules.

Dissociation of D2, Cyclic Isomer 1. Isomerl in Figure 1
has a planar ring structure with four equat-® bonds D,
symmetry). This isomer was first reported by Chaban, Kili-
menko, and Charkit? The detailed electronic structure of this
isomer is described in ref 4. The smaller MCSCF(10,10) active
space used to study this isomer includes fo(l—0O) bonds,
four correspondinge*(N—0O) antibonding orbitals, and the
a(N—N) and z*(N —N) orbitals. An expanded (14 electron,
12 orbital) active space includes additional electrons and orbitals
that correspond to the lone pair on each oxygen that interacts
with thesxr space. The MCSCF(14,12) natural orbitals and their
occupation numbers are shown in Figure 2. Orbital labels are
given usingCs symmetry notations in order to have the same
orbital labels for the entire dissociation reaction path. There is
significant configurational mixing in this isomer, with 0.366
electrons occupying orbitals that are empty at the single
configuration level of theory. Th®,, isomer is 50 kcal/mol

effect of basis set improvement on the relative energies is small,higher in energy than 2NO molecules at the CASPT2(14,12)/

with corrections on the order of-2 kcal/mol. On the other

minimum

D2h

/92 4 o
S /

MCSCF(10,10)/6-31G(d)
geometries, A, deg.

Relative energies, kcal/mol

MCSCF(10,10)/6-31G(d) 0.0

CASPT2(10,10)/6-31G(d) 0.0

CASPT2(10,10)/6-311+G(2d) 0.0
D2h

/ ~— NJ1.370
MCSCF(14,12)/6-31G(d) N 88.1 N
geometries, A, deg. \ /

Relative energies, kcal/mol

MCSCF(14,12)/6-31G(d) 0.0
CASPT2(14,12)/6-31G(d) 0.0
CASPT2(14,12)/6-311+G(2d) 0.0

6-311+G(2d) level of theory. This energy is overestimated at

transition state dissociation products

1.381

~/ N
1.334/113,3 107.6\14344 2NO
2422
50.9 1.0
54.3 -49.0
52.2 -48.7
- o 1.377 N
2 -
1.254/ 104.8 10349\1 375 2NO
N
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47.5 -68.7
415 -48.4
394 -49.8

Figure 3. Structure and energetics for tie, cyclic isomer () and the transition state for its decomposition to two NO molecules.
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Figure 4. MCSCF(14,12)/6-31G(d) natural orbitals for the transition o Lot bl L L L ‘1‘0
state for dissociation of isomér d orbitals are given in the—y plane; 4 2 0 2 Rea:mn Coorjmate bo?v amu 2
a’ orbitals are given in the plane shifted by 0.2 A parallel to xhey '
plane.
the MCSCEF level by about 20 kcal/mol. The effect of the active {c)
space on the dissociation exothermicity is very small. 60 - — o - Singlet 1A
The transition state for decomposition bto 2NO and the 5 C ——+— Triplet 3A"
associated energetics are shown in Figure 3. The transition state £ 40 [
. . . g -
geometry is predicted to ha¥® symmetry. Both active spaces £
. . . . 2 F o
predict considerable asymmetry in the transition state structure, 520k s
although there are significant differences in the structural details. r S
For example, the longest-NO distance shortens by nearly 0.4 0 *’; isomer
A upon going from the MCSCF(10,10) to the MCSCF(14,12) -
level. MCSCF(14,12)/6-31G(d) natural orbitals for the transition 20

state structure are shown in Figure 4. Note that the antibonding
o* orbital corresponding to the partially broken-XD bond (13
d) has a significant occupation number of 0.695 electrons. .
Indeed, the set of virtual orbitals that would be empty in the -4 -2
Hartree-Fock wave function contain slightly more than one Reaction coordinate, bohr amu
electron at this MCSCF(14,12) transition state structure. The Figure 5. Reaction path for decomposition Bt isomer () to 2NO:
effect of the expanded active space on the MCSCF barrier heightg';‘r)1 %C%?ni(lgﬁé?){gjl(g(g% ”?ﬁd’zit)r_‘ ?E;j mgggigiigﬁggig%
IS r_ather small (only 3 kcal/mol), but when ‘?'y”a”?'c correlation rea%tioﬂ path andgCASP'|P2(14,12)/6-§1G(d) single-poin't energies; (c)
is !nclu.deq.at the CASPT2 level, the barrier hglg_ht decreasesCASPT2(14’12),6_316(d) energies for singl®A'J and triplet FA")
quite significantly: from 52 to 39 kcal/mol. This is probably  states along the dissociation reaction path.
due to significant changes in the geometry of the transition state
upon going from the MCSCF(10,10) to the MCSCF(14,12) for this reaction at the MCSCF(10,10)/6-31G(d) level of theory,
level. and open circles correspond to single-point MCSCF(14,12)/6-
Energetics along the dissociation path- 2NO are presented  31G(d) energies at the MCSCF(10,10) geometries. The MC-
in Figure 5. Although the MCSCF(10,10) active space is SCF(10,10) transition state connects smoothly tdxhgsomer,
sufficient for a description of th®,, isomer structure and the  but the part of the IRC connecting the transition state to 2NO
net energetics of its dissociation to 2NO, the incorporation of has a discontinuity due to a change in the active space orbitals.
the two oxygen lone pairs is essential to obtain a smoothly This discontinuity reflects the incompleteness of the (10,10)
varying wave function along the reaction path that connects this active space: the active space after the discontinuity contains
isomer with 2NO. This is shown in Figure 5a, where small 6 & and 4 & orbitals while the original active space has'8 a
black circles correspond to the minimum-energy path (MEP) and 2 & orbitals. Inclusion of the two oxygen lone pairs with

"2



4286 J. Phys. Chem. A, Vol. 101, No. 23, 1997 Chaban et al.

.  2r PSDNPEE So, it is likely that singlettriplet interaction will not destroy
§ A the stability of isometl.
e 1sf We conclude that th®;, isomer is kinetically stable with
§ r respect to dissociation to two NO molecules. Other possible
5 1L dissociation channels (for example, tg i O,) are likely to
5 I contain even higher potential energy barriers since considerably
g 052_ more electronic and geometric rearrangements would be in-
g F volved; therefore, this isomer should be considered to be a
i possible candidate for isolation and use as a source of energy.
p— > 2NO Dissociation ofCy, Planar Cyclic Isomer 2. MCSCF(10,10)
Figure 6. MCSCF(14,12) natural orbital occupation numbers along and MCSCF(14,12) structures and energetics for planar cyclic
the dissociatiorl — 2NO. isomer2 and the transition state for its decomposition into 2NO
are shown in Figure 7. Isom@&ris also quite high in energy,
a' symmetry provides a complete active space’(&a4 d') about 45 kcal/mol above the two NO fragments at the highest

that can be used consistently along the entire reaction path.|eve| of theory. This isomer has an=MN double bond, two
Although computation of such a wave function is very time- sjngle N-O bonds, and a single-@0 bond. The (10,10) active
consuming (it includes 85 212 configurations vs 9996 configu- space includes these fourand onex bond, as well as the
rations for the (10,10) space), it is necessary to obtain a correctcorresponding antibonding orbitals. As in the case of isomer
IRC. . . . 1, the (14,12) space includes two additional filledorbitals,

_ The resulting MCSCF(14,12) minimum-energy path is Shown ,ne from each oxygen atom. The transition state structure is
in Figure 5b. The barrier height for this reaction is about 40 . planar: it is twisted by about 1%due to the broken ©0
kcal/mol at the best, CASPT2(14,12)/6-31G(2d), level used bond) and has no symmetry (although it is very clos€h

here. Changes n the .MCSCF natural o_rbita_1| occupation he giryctural parameters obtained using the two MCSCF active
numbers along this reaction path are shown in Figure 6 for the spaces are quite similar

12 4, 13 4, 15 4, and 3 4 orbitals. 12 aand 15 § almost L.

doubly occupied and empty, respectively, at the isorher In Gy symmetry, t_he MCSCF(14,12) wave funcno_n includes

geometry, become two singly occupied(N —O) orbitals at 169 884 conflgurapons, so IRC cz_allculatlons_ at thls level are

the dissociation limit. In addition to this, the almost doubly EXrémely expensive. The reaction path in this case was
followed only at the MCSCF(10,10) level (19 404 configuration

occupied 3 & orbital becomes empty upon dissociation, while . ) ] . g
13 4 changes its occupation from 0o 2. Therefore, this reaction WaVe function). This reaction path is shown in Figure 8. Also

is Woodward-Hoffmann forbidden, and this leads to the high shown are CASPT2 single-point_energies for singlet and triplet
reaction barrier. states calculated at several points along the IRC path. The
Figure 5¢ illustrates the CASPT2(14,12)/6-31G(d) energies height of th(_e b_arrier is estimated to be about 19 kcal/mol. There
for the lowest singlet!d’) and triplet A") states at selected IS Iltt!e variation among the_ various levels c_>f theory. The
geometries along the ground singlet state MEP. The repulsive"€action proceeds by breaking the-O bond first and then
3A" state crosses the singlet before the transition state (that is,oreaking the N-N bond.
on the reactant side), but this crossing is predicted to occur at The lowest triplet state is higher in energy than the singlet
an energy that is about 32 kcal/mol above the reactant well. state for all points along the reaction path at the CASPT2(10,10)

minimum transition state dissociation products
Cov C1
N 1.247 N N 1.266 N 2 NO
96.0 1.375
MCSCF(10,10)/6-31G(d) / 1.431 /1052 1053 \ 1373
geometries, A, deg.
o 1.539 © o 0
ONNO=16.2 deg.
E rel. kcal/mol
MCSCF(10,10)/6-31G(d) 0.0 19.8 -41.6
CASPT2(10,10)/6-31G(d) 0.0 19.6 477
MCSCF(10,10)/6-311+G(2d) 0.0 20.2 47,0
CASPT2(10,10)/6-311+G(2d) 0.0 20.5 -53.1
Cov g
N 1.268 N N 1.287 N 2 NO
MCSCF(14,12Z6-31G(d) 52\ 10 134 f1040 ‘04-0\ 1343
geometries, A, deg.
0 1.496 0 o 0
ONNO=15.8 deg.
E rel, kcal/mol
MCSCF(14,12)/6-31G(d) 0.0 22.6 -62.3
CASPT2(14,12)/6-31G(d) 0.0 18.7 -44.2
MCSCF(14,12)/6-311+G(2d) 0.0 225 -60.6
CASPT2(14,12)/6-311+G(2d) 0.0 18.7 449

Figure 7. Structure and energetics f@,, planar isomerZ) and the transition state for its decomposition to two NO molecules.
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Singlet - MCSCF(10,10)/6-31G(d)
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Figure 8. MCSCF(10,10)/6-31G(d) reaction path for decomposition
of Cy, isomer @) to two NO molecules.
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Figure 9. MCSCF(10,10)/6-31G(d) reaction path for isomerization
— 4.
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singlet, at the transition state geometry. Although the triplet
state is close to the singlet in energy in the transition state region,
the triplet energy is much higher in the reactant channel. Again,
it is unlikely that the singlettriplet crossing will prevent
detection of isome2. More careful calculations in the singtet
triplet crossing region, including determination of the nonadia-
batic interactiong,are, of course, desirable.

Stability of Bicyclic Isomer 3. Bicyclic isomer3 (Figure
1) is one of the highest isomers on theN potential energy
surface: its relative energy with respect to 2NO is about 82
kcal/mol. It has a strained structure of two three-membered
N—O—N rings with an O-N—N—0O dihedral angle equal to
107°. The MCSCF active space (10,10) used to descBbe
included the N-N and four N-O bonding orbitals and the five
corresponding antibonding orbitals. This isomer, as well as the
part of the potential energy surface connecting this isomer with
the planar ringl, was studied in detail previousfy.The two
isomers were found to be separated by a barrier of 40 kcal/
mol. Therefore, the stability of the bicyclic isomer with respect
to isomerization tdl was established.

In an attempt to find a reaction path leading to the dissociation
of the isome3, we found that breaking one of the-MD bonds
leads to a transition state connecting this isomer to another planar
isomer4. The dissociation to two NO molecules occurs here
in two steps: first3 isomerizes tal through a barrier of about
20 kcal/mol, and then, isomdrdissociates to 2NO with a rather
small barrier of about 7 kcal/mol.

The MCSCF(10,10)/6-31G(d) IRC path for the first (isomer-
ization) part of the potential energy surface is shown in Figure
9. The structures of the isome8sand4, and the structure of
the isomerization transition state, as well as their relative
energies, are shown in Figure 10. When dynamic correlation
(CASPT2) is included, isometis predicted to be 26 kcal/mol
lower in energy tha3, and the3 — 4 barrier height is 19 kcal/
mol. The lowest triplet state is about 4 kcal/mol lower than
singlet at the transition state geometry and is much higher in
energy for both isomers (see Figure 9). Therefore, the bicyclic
isomer 3 is probably kinetically stable with respect to rear-
rangement to isomet, although the barrier for this channel is
lower than for the rearrangeme®t— 1. Breaking one of the
N—O bonds of3 leads to rearrangement to isomér and
breaking of the N-N bond leads tdl. Since both processes
involve substantial barriers, the bicyclic isomer may be a good

level of theory (Figure 8). When the single-point energies are candidate for a metastable high-energy species. Its isolation,
calculated using the larger MCSCF(14,12) active space (alonghowever, may be difficult because very high energy (at least
the same MCSCF(10,10) reaction path), the CASPT2(14,12) 100 kcal/mol) has to be provided to 2NO to overcome the lowest

triplet is found to be 4 kcal/mdbwer than the corresponding

Isomer 3

Cav

(6]
/ 0\484
)
56 A
N —/—— N

1.395

MCSCF(10,10)/6-31G(d)
geometries (A, deg)

D(ONNO)=107 deg.

Retative energies (kcal/mol)

MCSCF(10,10)/6-31G(d) 0.0
CASPT2(10,10)/6-31G(d) 0.0
MCSCF(10,10)/6-311G+(2d) 0.0
CASPT2(10,10)/6-311G+(2d) 0.0

barrier leading to this isomer.

Transition state Isomer 4

Ci GCs

115.4 147.2
.0 0

1.411 1.225,

1.454 \ 61.3

(0]

N71.211

N-"1.345 N_[79 T :
1.689\ /.409
[e]

28.7 -5.2
19.0 -24.3
31.9 -4.8
19.5 -26.2

Figure 10. MCSCF(10,10)/6-31G(d) geometries and relative energies for $fie idomers3 and4 and the transition state f&— 4 isomerization.
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Isomer 4 Transition state Dissociation products
GCs Cs
;4%3/0 173.2 o 2NO
1.226 1,200,
MCSCF(14,12)/6-31G(d) N N7 204 N~ N {g4

irios (A, deq) sasy
geometries (A, deg e 1.379 1.439
o

Relative energies (kcal/mol)

MCSCF(14,12)/6-31G(d) 0.0 12.3 807
CASPT2(14,12)/6-31G(d) 0.0 7.8 518
CASPT2(14,12)/6-311G+(2d) 0.0 73 485

Figure 11. MCSCF(14,12)/6-31G(d) structure and relative energies for the isdraed the transition state for its dissociation to 2NO.

MCSCF(14,12)/6-31G(d) IRC path 94 (1971 13 2/ (0.030) 12" (1.980)
-—— singlet A' - CASPT2(14,12)/6-31G(d) S )
----e---- triplet A* - CASPT2(14,12)/6-31G(d)

2a"(1.974)

....................... Y 102’ (1.876)

E rel., kcal/mol

Isomer 4

o
||||||:|II|1<|D|||I|||||I||1I

L | 1 1 bl .t ) l 1 Ll 11 1 1 ol l | I T W Y W | 11 t I 1 1 1
-5 0 5 10
IRC, bohr amu 2

Figure 12. MCSCF(14,12)/6-31G(d) reaction path for decomposition
of isomer4 to two NO molecules.

O
Dissociation of Cs Planar Isomer 4. MCSCF(10,10) and

MCSCF(14,12) structures of the isomare shown in Figures

10 and 11, respectively. This isomer has short (almost double)

N—N (1.23 A) and N-O (1.20 A) bonds, one single-NO bond

(1.4 A), and one very weak NO bond (1.7 A). Our MCSCF

structural parameters are close to those found at the MP2/6-

31+G(d) level by Arnold and Neumark.This isomer is about

48.5 kcal/mol higher in energy than 2NO at the highest,

CASPT2(14,12)/6-31G(2d), level of theory (Figure 11).

The dissociation reactiod — 2NO was studied at the  frigyre 13. MCSCF(14,12)/6-31G(d) natural orbitals for the transition
MCSCF(14,12)/6-31G(d) level of theory. The corresponding state for dissociation of isomér & orbitals are given in the—y plane;
reaction path is shown in Figure 12, along with single-point &' orbitals are given in the plane shifted by 0.2 A parallel tothe
CASPT2 energies for both the lowest singlet and triplet states plane.
obtained at several selected points on the MCSCF(14,12) IRC  The triplet A") state is higher in energy than the singlet in
path. The transition state for this process is shown in Figure the region of the minimum and transition state and becomes
11. Its structure shows that the first stage of the dissociation close to the singlet state in the product (2NO) part of the reaction
process involves transfer of the (single bond) oxygen atom from (Figure 12). The small barrier for this reaction suggests that
one nitrogen atom to another. This requires only a small amount structure4 may be stable only at low temperatures. On the
of energy, resulting in a barrier height of about 7 kcal/mol other hand, this isomer has the lowest barrier for the reverse
(CASPT2). The MCSCF active orbitals at the transition state reaction, 2NO— isomer 4, and may be responsible for the
structure are shown in Figure 13. During the second part of enhanced vibrational relaxation observed by Wodtke and co-
this reaction, the NN bond breaks, with ther(N—N) and workers for excitation energies above vibrational quantum
a*(N—N) orbitals (3 & and 4 &) rearranging into two singly =~ numberv ~ 12. The barrier height is about 56 kcal/mol (2.4
occupiedr*(N —O) orbitals of the dissociation products (Figure eV), which is in the region where vibrational relaxation
14). accelerate$. Two NO molecules at large separation, with one

16 a' (0.009)
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isomer 4 2NO

Figure 14. MCSCF(14,12) natural orbital occupation numbers along
the dissociatiot — 2NO.

in its ground vibrational state and the other with the ® bond
stretched to 1.55 A (correspondingiov 15), have an energy
that is about 4 kcal/mol above the 2N© 4 reaction barrier

height. This supports the suggestion made in ref 1 that the

trajectory for collision NO¢=0) + NO(v=12) may pass near
the transition state for formation of isomdror other high-
energy isomers.

Conclusion

J. Phys. Chem. A, Vol. 101, No. 23, 1994289

We suggest that isomets 2, and3 may be good candidates
for high-energy systems and that experimental attempts should
be made to synthesize them.
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