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Estimation of the stability of the exciplexes involving triplet oxygen
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An approximation to the excited state potential energy curve of the exciolexes
involving triplet oxygen is proposed. It is constructed essentially as a superposition
of the attractive electrostatic potential originating from exciplex charge transfer to
oxygen and the ground state repulsion potential. It offers a simple semiguantitative
explanation of the stability and reactivity of the exciplexes of triplet oxygen,

Light induced oxygenation of organic compunds has been a subjcct of ex-
tensive mvestigation over last 50 years.! The vast majority of the publications were
concerned with the reactivity of singlet oxygen reactive species in photochemical
reactions involving molecular oxygen.!

However, there i1s a number of examples? -7 where oxygenation proceeds in
such a manner that no singlet oxygen can be formed. One of the examplcs from
everyday life is the formation of hydroperoxides in rubber and similar materials
exposcd to the atr and sunlight, Other exﬂ.mplﬂs comprise many of the so called
autooxidation proczsses.

One of us has investigated experimentally the photooxygenation of steroidal
1soxazolidines2:8:9 which is an example for such reaction. The products were iden-
tified as nitro and azoxy compounds originating from the primary formed hydro-
peroxides. A possible mechanism involves a formation of a loose complex between
the triplet oxygen and the substrate.® The absorption of light cause the forma-
tion of a charge-transfer (CT) complex which then undergoes chemical transfor-
mation into the products:

Ox(Tg): - - X+hv =[O+ X+] (T;) — products

We have performed MNDQ calculations on Q;:» - NH; and O, - - - NHX
pairs of mofecules,10-12 It appears that there exists a shallow minimum on the
ground state potential energy (PE) curve (Fig. 1).

The calculations of the excited state PE curve usually require excessive com-
putational efforts. Nevertheless, there seems to be a simple way to estimate its
approximate shape.
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Fig. 1. The MNDO ground state potential energy curve for O, - - -NHj; interaction, A curve segment
expanded on the vertical scale (window) clearly shows the minimum.

Results of MNDO calculations for O, - - - NH; interaction show that HOMO
1s practically pure lone-pair orbital of ammonia and SOMO and LUMO orbitals
are localized on oxygen moiety (Fig. 2). The lowest energy electron transfer in-
volves HOMO-SOMO transition, i. e., complete eiectron transfer from ammonia

to oxygen,
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Fig 2. The MNDO MO shapes of the HOMO and the lowest SOMO orbital for O, - -NH3 super-

molecule,

Due to the triplet state of oxygen the exciton resonance is not expected to con-
tribute to any extent to the binding energy between the two moicties.!3 The sole
attraction between oxygen and substrate moicties 1s due to the London forces.
The same considerations on repulsive forces can be applied to the excited state.
However, in the excited state of the oxygen-substrate compiex there is substantial
charge transfer, and considerable electrostatic attraction between the two moietics
takes place.

The approximate shape of the excitcd state PE curve for varying distances
between oxygen and substrate can be constructed by a superposition of the attrac-
tive electrostatic potential and the ground state repulsive potential:

Vexeit(=VYyrouna(t) +1/r4+D {in a. n.}
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This ‘curve 15, of course, shifted for the energy diffcrernce (D)} between the
clectronic states. Certain refinements of the above relation can be mede by ta-
king into account different overlap between moietics at various distances, Closer
mspection reveals that at the assumed equilibrium distance for the exciplex (cg.
0.25 nm) HOMO and SOMO 1.CAO coefficients diffcr very slightly from the corre-
sponding coefficients at the ground-statc cquilibrium distance (ca. 0.43 nm). This
result provides a further support for the validity of our approximation to the
excited state PE curve,

On kg, 3 the evailuated potential for the O,. - -NH; exciplex is shown.
This curve has a very dcep minimum which can account for very high stability
of the exciplex. The cstimated depth of this minirum is over 400 kJ/mol, There-
fore, it is very likely that the cxciplex will relax through a chemical transformation
giving hydroperoxides or other oxidation products.
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Fig 3. Estimated potential energy curve for the excited state of Q-+ .NH; compiex.

similar considerations can be applied to the oxygenation in the dark, If the
energy of the HOMO of the substrate is shifted upwards (for example, when anion
15 formed) the ground-state CT PE curves may cross not very far from the ground-

-state equilibrium energy (Fig, 4), This can account for readiness of oxygenation in
basic media.
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Fig 4. Crossing of the excited and ground state potential energy curves for ;.. .NH; complex
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NPOHEHBRWMBALLE CTABUJIHOCTH EKCHHMITIIEEKCA CA
TPUIIINETHHM KUCEOHHUKOM

HBAH JYPAHHWMR w CBETO3AP P. HHKETHRH

Armbicke pucliY, Xesifokn gharvaaigeli, TIME, Vuusepruwetin v Beaipagy, Cliygendicosu R pl 16 b @ip. 550,

IiN) ! Eenipag

Tpen.ioxeHa je anpokCHaMaLAja 33 KpPHBY DTOTEHLUMJANCKE eHeprHje 33 eXKCUMNIEKCE KOjM

CAIPAHE TPHONETHN KHCeoHRK., OHa ¢ ¥ OCHOBH MOMNe KOHCTPYHCATH KA0 CYIepno3HiHja noTel-
IHjajJa elekTpOCTATHYKOr NPHBIaveha kKoje Hacraje yoaen Tpancdepa mrapAe Ha KMCOeHHK, ©
jeOHe cTpaHe, M NMOTeHL®janad oabHjama ¥ OCHOBMOM CTalby, C apyvre CTpade. OBa anpokcema-
1HNja TIPYKA [EAHOCTABHO CEMHKBAHTHTATHEHO O0j3lBEHE 32 CTADHIHOCT W PRAKTHBHOCT €KCIM-
NMEKCA €a TPHITISTHHM KHCEOHHKOM.

R

1.

il.
12,

13

( pus veno 2. ceffieswipn 1989)
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