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oxidation state cyanometallates are quite weak bases; e.g., the
dissociation constant for HFe(CN)¢* in water® is ~7 X 107. We
see this as clear evidence for the transfer of electron density from
the metal to the cyanide ligands via x-backbonding, with a re-
sultant increase in the basicity of the cyanide.

Crown ether mediated reactions of K,Ni(CN), in THF appear
to be slow and incomplete although uncomplicated by solvent
reactions. The reaction with diphenylacetylene in THF is very
slow, yielding only a few percent of product in the time that the
same reaction in MeCN goes to completion.’ Benzaldehyde in
THEF gives a small amount of a blue-green complex that has so
far proven to be too unstable to characterize.

The crown ether strategy permits carrying out in aprotic organic
solvents reactions of low-valent cyanonickelates that previously
required liquid ammonia as a solvent. Thus reactions of CO with
K Ni(CN),!"! or K Niy(CN)4!'? proceed smoothly in MeCN in the
presence of 1, to give products analogous to those previously
obtained; the reaction of K,;Ni(CN), + 1 with triphenylphosphine
in MeCN also duplicates the literature report.!

K,Ni(CN), + XS CO + 1 —,

(K-1),Ni(CN),(CO), + (K-1)CN (3)
K,Nip(CN) + XS CO + 1 —<%,
(K-1),Ni(CN),(CO), + (K-1);Ni(CN), (4)

MeCN
K Ni(CN), + P(CgHs); + 1 — Ni[P(CeHs)3ls (5)

These experiments demonstrate the utility of 1 as an efficient
solid-liquid phase-transfer reagent for promoting reactions of
low-valent nickel cyanide complexes.!* That the cyanide ligand
plays a special role in controlling the reactivity of zerovalent nickel
is indicated by the disparate reactivity behavior observed between
K Ni(CN), and isoelectronic Ni(CO), toward diphenylacetylene
and (E)-cinnamonitrile. With Ni(CO),, which requires more
stringent reaction conditions, diphenylacetylene is reported to give
hexaphenylbenzene, tetraphenylcyclopentadienone, and bis(tet-
raphenylcyclopentadienone)nickel(0);!® cinnamonitile yields the
complex bis((E)-cinnamonitrile)Ni(0).!¢  With a workable

(7) (a) Matthews, W. S,; Bares, J. E.; Bartmess, J. E.; Bordwell, F. G,;
Cornforth, F. J.; Drucker, G. E.; Margolin, A.; McCallum, R. J.; McCollum,
G. J.; Vanier, N. R. J. Am. Chem. Soc. 1978, 97, 7006-7014. (b) This
reaction has been observed for very low-valent transition-metal carbonyl
anions: Lin, J. T.; Hagen, G. P.; Ellis, J. E. Ibid. 1983, 105, 2296~2303. Ellis,
J. E.; Fjare, K. L.; Hayes, T. G. Ibid. 1981, 103, 6100-6106. Chen, Y .; Ellis,
J. E. Ibid. 1982, 104, 1141-1143. (c) A referee has suggested that “naked”
cyanide resulting from ligand displacement from K,Ni(CN), in the presence
of the crown ether should be more basic than the cyanonickelate and would
thus be the active base in this system. We consider this suggestion to be
unlikely since solutions of (K«crown)CN itself in acetonitrile are quite stable;
if (K-crown)CN were deprotonating acetonitrile to any extent, self-conden-
sation of the solvent would ensue (Kruger, C. J. Organomet. Chem. 1967, 9,
125-134). K,Ni(CN),, however, is unstable in contact with acetonitrile once
1 is added, in the absence of any additional ligands, although acetonitrile itself
might be acting as a ligand here. The IR spectrum of K,Ni(CN), provides
additional evidence for the extensive backbonding occuring in this system.
Thus vcy for K,Ni(CN), is at the exceptionally low value of 1929 cm™!
(compare K;Ni(CN),, 2128cm™!, or (K-crown),Ni(CN),, 2127cm™). (El-
Sayed and Sheline (El-Sayed, M. F. A.; Sheline, R. K. J. Am. Chem. Soc.
1958, 80, 2047-2048) report vcy for K,Ni(CN), at 1985 cm™. A peak at
this position can be observed on slightly oxidized samples.)

(8) Jordan, J.; Ewing, G. J. Inorg. Chem. 1962, I, 587-591.

(9) Although it may present some problems in workup, N,N-dimethyl-
formamide reacts more slowly than MeCN with the K,;Ni(CN), + 1 com-
bination and may be a suitable solvent for reactions that are too slow to
compete successfully with the MeCN deprotonation. Interestingly, K,Ni(C-
N), in the absence of crown ether is reported to be stable to DMF.!°

(10) von Winbush, A.; Griswold, E.; Kleinberg, J. J. Am. Chem. Soc. 1961,
83, 3197-3200.

(11) Nast, R.; Moerler, H.-D. Chem. Ber. 1966, 99, 3787-3793. Nast, R,;
Roos, H. Z. Anorg. Allg. Chem. 1953, 272, 242-252.

(12) Nast, R.; Schultz, H.; Moerler, H.-D. Chem. Ber. 1970, 103, 777-84.

(13) Behrens, H.; Muller, A. Z. Anorg. Allg. Chem. 1965, 341, 124-136.

(14) For a review of the use of phase-transfer catalysis in organo-
tlransit'ioln-metal chemistry, see: Alper, H. Adv. Organomet. Chem. 1981, 19,

83-211.

(15) Hubel, W.; Hoogzard, C. Chem. Ber. 1960, 93, 103-115 Bird, C. W;
Hudec, J. Chem. Ind. (London) 1959, 570. Schrauzer, G. N. Adv. Organomet.
Chem. 1964, 2, 1-48.

methodology now in hand, we are further exploring the chemistry
of K ,Ni(CN), as well as the new compounds 2 and 3 and their
possible applications in synthesis and catalysis. Extension of this
synthetic methodology to other transition-metal cyanide systems
is possible and will be reported on separately.!’
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(16) Schrauzer, G. N. Chem. Ber. 1961, 94, 642-650, 650—659.

(17) Carter, S. J.; Stuhl, L. S., manuscript in preparation.

(18) A portion of this work was presented at the 185th National Meeting
of the American Chemical Society, Seattle, WA, March 21, 1983.

Transition-Metal Cluster Chemistry: Reactions of
Mn2+ with 02

P. B. Armentrout,* S. K. Loh, and K. M. Ervin

Department of Chemistry, University of California
Berkeley, California 94720

Received November 29, 1983

A great deal of attention has recently been focused on the
examination of bare metal clusters in the gas phase. Such studies
aim to elucidate the intrinsic properties of metal particles in the
absence of ligands and solvent. Much of the work to date has
concentrated on measurement of the physical properties of
clusters.!? The chemistry of metal clusters in the gas phase has
received limited attention.>* In a recent publication,? we reported
on our characterization of the manganese dimer ion using a new
ion beam apparatus. In the present study, we extend this work
to the chemistry of this cluster with molecular oxygen. This is,
to our knowledge, the first observation of reactions of a bare
transition-metal cluster in the gas phase.!?

Experimental details for production and reaction of the man-
ganese dimer ion have been published.? Briefly, electron impact
ionization and fragmentation of Mn,(CO),, produces Mn,*. By
keeping the electron energy close to the appearance potential (18.8
eV)> for this ion, we formed the dimer with less than 0.1 eV
internal energy.2 These ions are mass analyzed, formed into a
beam of well-defined and easily varied translational energy, and
passed through a reaction cell containing O,. Use of the ion beam
guide technique of Teloy and Gerlich® keeps product ion collection
efficiency high. Product ions are analyzed by a quadrupole mass
filter and detected by counting techniques. Although neutral
products are not detected directly, they can be determined un-
ambiguously via analysis of the reaction energetics.

Results for the reaction of Mn,* with O, are shown in Figure
1. The behavior of the total cross section with relative energy,
E(CM), is typical for exothermic ion—molecule reactions. Such
reactions often exhibit no activation energy due to the strength
of the ion-induced dipole potential. At low energies, the exper-
imental cross section decreases as E0-5*01 a5 predicted by the

(1) See, for example: Gingerich, K. A. Symp. Faraday Soc. 1980, 14, 109.
DeBoer, B. G.; Stein, G. D. Surf. Sci. 1981, 106, 84-94. Leutwyler, S,;
Herrmann, A.; Woste, L.; Schumacher, E. Chem. Phys. 1980, 48, 253.
Hopkins, J. B.; Langridge-Smith, P. R. R.; Morse, M. D.; Smalley, R. E. J.
Chem. Phys. 1983, 78, 1627.

(2) Ervin, K; Loh, S. K.; Aristov, N.; Armentrout, P. B. J. Phys. Chem.
1983, 87, 3593-3596.

(3) Several studies of the oxidation of alkali dimers have been reported.
Crumley, W. H.; Gole, J. L.; Dixon, D. A. J. Chem. Phys. 1982, 76,
6439-6441. Peterson, K. I; Dao, P. D,; Castleman, A. W., Jr. J. Chem. Phys.
1983, 79, 777-783. Figger, H.; Schrepp, W.; Zhu, X. Ibid. 1983, 79,
1320-1325.

(4) Freas and Ridge (Freas, R. B.; Ridge, D. P. J. Am. Chem. Soc. 1980,
102, 7129-7131) saw no reactions between alkanes and Mn,* or Co,* using
ion cyclotron resonance (ICR) mass spectrometry.

(5) Winters, R. E.; Kiser, R. W. J. Phys. Chem. 1965, 69, 1618. Svec,
Hl.oJx, Junk, G. A. J. Am. Chem. Soc. 1967, 89, 2836; J. Chem. Soc. A 1970,
2102.

(6) Teloy, E.; Gerlich, D. Chem. Phys. 1974, 4, 417. Frobin, W.; Schlier,
Ch.; Strein, K.; Teloy, E. J. Chem. Phys. 1977, 67, 5505.
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Figure 1. Variation in cross section for reaction of manganese dimer ions
with molecular oxygen as a function of kinetic energy in the center of
mass frame (lower scale) and laboratory frame (upper scale). Shown are
the cross section for Mn,O* (squares), Mn* (triangles), and MnO*
(circles). The total (solid line) is the sum of the three product cross
sections and has been smoothed by using a three point algorithm.

Table I. Thermochemical Data®

M AHE M) IPM)P AHE (M)
Mn 2.895¢ 7437 10.332¢
MnO 1.75 (0.17)4 8.1 (0.3) 9.85 (0.25)2

8.65(0.2) 104 (0.1)f
MnO, -1.5(1.1¥ >7.4370 >5.9 (1.1),
Mn,O 9.4 (0.4Y
Mn, 5.46 (0.30)% 6.9 (0.4) 12.38 (0.20)
0 2.558¢ 13.618 16.175¢
0, 0°¢ 12.071 12.071¢

@ All values are in eV. Uncertainties are given in parentheses.
IP = ionization potential. ® Derived from IP(M) = AH{" (M*) =
AH{" (M) except where noted. € Wagman, D. D.;Evans, W. H.;
Parker, V. B.; Schumm, R. H.; Halow, L.; Bailey, S. M.; Churney,
K. L.; Nuttall, R. L. J. Phys. Chem. Ref. Data, Suppl. 1982, 11.
d Cheetam, C. J.; Barrow, R. F. Adv. High Temp. Chem. 1967,
1, 7. ¢ Reference 11. f Reference 10. # Drowart, J.;
Goldfinger, P. Angew. Chem., Int. Ed. Engl. 1967, 6, 581-648.
? This study. { Reference 9. ¥ Kant, A.; Lin, S.; Strauss, B. J.
Chem. Phys. 1968, 49, 1983. ! Reference 2.

Langevin-Gioumousis—Stevenson model,” the close collision limit.
The experimental magnitude is 44% of the predicted value in-
dicating that the reaction rate is about half the collision rate. At
higher energies, the cross section falls off as E~**%4, The smooth
behavior of the total cross section belies the extensive structure
observed for the three observed product ions. Reactions that can
account for these products are processes 1-7. The reaction

Mn,* + O, — Mn,O* + O +0.4 (0.4) eV (1)
Mn,* + O, — Mn* + MnO, +3.5(1.)ev (2
Mn,* + O, — Mn* + Mn + O,  -0.85 (0.20) eV (3)
Mn,* + O, — Mn* + MnO + O 23 (03) eV (4)
Mn,* + O, — Mn* + Mn + 20 6.0 (0.2) eV (5)
Mn,* + O, — MnO* + MnO  +0.8 (0.4) eV (6)
Mn,* + O, — MnO* + Mn + O -2.9 (0.3) eV (7)

energetics and uncertainties, given in parentheses, are calculated
by using data in Table I. The ions O* and O,* are not observed.
This is presumably because the ionization potentials (IP) of O

(7) Gioumousis, G.; Stevenson, D. P. J. Chem. Phys. 1958, 29, 294.
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and O, are much higher than that of any metal-containing species
formed concomitantly (Table I).?

The most likely process observed, reaction 1, is exothermic as
evidenced by the monotonic rise in the cross section with decreasing
energy. This reaction is striking since it involves breaking the
strong oxygen bond, Dy°(O,) = 5.12 eV, while retaining both metal
atoms, D°(Mn,*) = 0.85 £ 0.20 eV. The exothermicity of re-
action 1 shows that D°(Mn,*-0) > 5.12 eV. This is consistent
with preliminary results® for the dimer ion reaction with CO, which
indicate a bond energy of ~5.5 eV. Interestingly, the lowest
thermodynamic pathway for decomposition of this ion is to Mn*
+ MnO rather than to Mn,* + O. These processes have energy
thresholds of 2.3 & 0.3 and 5.12 eV, respectively (Table I).
Experimentally, only the lowest energy decomposition is apparent.
This is noted by the break in the Mn,O* curve at about 2.5 eV.

Atomic Mn*, the second most likely product, can be formed
in reactions 2-5. As can be seen in Figure 1, its cross section has
a complex energy behavior exhibiting both an exothermic and
endothermic component. The exothermic component must be due
to process 2. [Presumably, the competing channel, Mn + MnO,*,
is not observed because IP(MnQ,) >> IP(Mn).!] The endo-
thermic component has a threshold most consistent with reaction
3, the collision-induced dissogiation (CID) process. The other
possible pathways, reactions 4 and 5, are not immediately obvious
due to the complexity of the Mn* cross section, but probably do
occur at higher energies. For example, reaction 4 can proceed
via formation of Mn,O, as noted above.

Production of MnO™ is apparently endothermic since the cross
section clearly shows an energy barrier. However, the threshold
is less than 0.1 eV, well below the endothermicity of reaction 7.
Thus formation of MnO* must occur via the exothermic process,
reaction 6. Several possible reasons for the observed activation
barrier exist. The origin of the barrier may simply be the com-
petition between process 6 and processes | and 2. Especially if
tight transition states are involved, diatom-diatom production is
more constrained than atom—triatom formation. Spin or orbital
symmetry restrictions might also apply; however, this possibility
cannot be adequately evaluated due to the lack of information
on the electronic states of the ions. At higher energies, the MnO*
cross section is observed to decrease. This falloff begins near the
thermodynamic limit for decomposition of this ion, 2.3 & 0.3 ¢V,
but is not particularly rapid since the MnO neutral product can
also carry away an appreciable amount of energy in internal
modes.

The chemistry of the atomic manganese ion!®!! contrasts
sharply with the present results. Because the number of atoms
involved is less, we expect fewer products and indeed only MnO*,
formed in process 8, is observed. This reaction, the atomic

Mn* + O, — MnO* + O (8)

analogue of reaction 1, is found to be endothermic by about 2.0
eV.!! Thus, the atomic ion—oxygen bond energy derived from this
result, D°(Mn*-0) ~ 3.0 eV, is nearly half that of the dimer
ion, D°(Mn,*-0) ~ 5.5 eV.> While no structural information
can be obtained from these experiments, the bond energy suggests
that the oxygen atom interacts strongly with both metal atoms.
It will be interesting to see how continued increases in cluster size
will affect the general reactivity and thermochemistry of metal
systems. Further work in our laboratory is directed at such studies
as well as continued examinations of other metals and chemical
systems.!?

(8) The fact that the preferred ionic product is the fragment having the
lower IP is sometimes referred to as Stevenson’s Rule (Stevenson, D. P. Disc.
Faraday Soc. 1951, 10, 35).

(9) Loh, S. K.; Armentrout, P. B., unpublished results.

(10) Armentrout, P. B,; Halle, L. F.; Beauchamp, J. L. J. Chem. Phys.
1982, 76, 2449-2457.

(11) Ervin, K.; Armentrout, P. B.; unpublished results.

(12) The referces have pointed out that Ridge has observed, using ICR
spectrometry, that Mn,* and Co,* dehydrate alcohols and dehydrohalogenate
alkyl halides (Ridge, D. P. In “Ion Cyclotron Resonance Spectrometry”;
Hartman, H., Wanczek, K. P., Eds,; Springer-Verlag New York: New York,
1982; Vol. II, pp 140-151).
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In the short period following the isolation! and crystal structure
determination® of Pt,(P,0sH,),* (Pty(pop)++), many studies have
focused on its intense luminescence*!! and the related possibility
of metal-metal bonding.>$%!~15  Although much is now known
concerning the detailed nature of the lowest luminescent excited
state, only a brief report® has appeared describing its photoredox
properties. Here we report the results of excited-state electron-
transfer quenching studies of Pty(pop),* in methanol and also
its luminescent quantum yield in aqueous solution. It is dem-
onstrated that the triplet excited state of Pty(pop)4* is reduced
to Pt,(pop),> by a series of aromatic amine quenchers and shows
great promise as a photoredox catalyst.

Quenching studies were performed by standard techniques!®
and analyzed using the Stern—Volmer equation!” to yield values
of kg, the second-order quenching rate constant. These values
are presented in Table I. To correct for diffusion and encounter
effects,!® values of k, were converted to first-order electron-transfer
rate constants k., by k., = [K(kq" — k41)]™!, where kg4 is the
diffusion rate constant for formation of the encounter complex
with equilibrium constant K.

(1) Sperline, R. P.; Dickson, M. K.; Roundhill, D. M. J. Chem. Soc.,
Chem. Commun. 1977, 62-63.

(2) Filomena Dos Remedios Pinto, M. A.; Sadler, P. J.; Neidle, S.; San-
derson, M. R.; Subbiah, A.; Kuroda, R. J. Chem. Soc., Chem. Commun. 1980,
13-15.

(3) Marsh, R. E.; Herbstein, F. H. Acta Crystallogr., Sect. B 1983, B39,
280-287.

(4) Cox, A.; Kemp, T. J.; Reed, W. J.; Traverso, O., results reported in:
Kemp, T. J. Progr. React. Kinet. 1980, 10, 301-398.

(5) Fordyce, W. A,; Brummer, J. G.; Crosby, G. A. J. Am. Chem. Soc.
1981, 103, 7061-7064.

(6) Che, C.-M.; Butler, L. G.; Gray, H. B. J. Am. Chem. Soc. 1981, 103,
7796-7797.

(7) Dickson, M. K; Pettee, S. K.; Roundhill, D. M. Anal. Chem. 1981,
53, 2159-2160.

(8) Rice, S. F.; Gray, H. B. J. Am. Chem. Soc. 1983, 105, 4571-4575,

(9) Nocera, D. G.; Maverick, A. W.; Winkler, J. R.; Che, C.-M.; Gray,
H. B. ACS Symp. Ser. 1983, No. 211, 21-33.

(10) Markert, J. T.; Clements, D. P.; Corson, M. R.; Nagle, J. K. Chem.
Phys. Let:. 1983, 97, 175-179.

(11) Che, C.-M.; Butler, L. G,; Gray, H. B.; Crooks, R. M.; Woodruff, W,
H. J. Am. Chem. Soc. 1983, 105, 5492-5494,

(12) Stein, P. In “Raman Spectroscopy; Linear and Nonlinear”; Lascombe,
J., Huong, P. V., Eds.; Wiley Heyden: New York, 1982; pp 651-652.

(13) Che, C.-M,; Schaefer, W. P.; Gray, H. B.; Dickson, M. K.; Stein, P.
B.; Roundhill, D. M. J. Am. Chem. Soc. 1982, 104, 4253-4255.

(14) Stein, P.; Dickson, M., K.; Roundhill, D. M. J. Am. Chem. Soc. 1983,
105, 3489-3494.

(15) Che, C.-M.; Herbstein, F. H.; Schaefer, W. P.; Marsh, R. E.; Gray,
H. B. J. Am. Chem. Soc. 1983, 105, 4604—-4607.

(16) Bock, C. R.; Connor, J. A; Gutierrez, A. R.; Meyer, T. J.; Whitten,
D. G.; Sullivan, B. P.; Nagle, J. K. J. Am. Chem. Soc. 1979, 101, 4815-4824.

(17) Blazani, V.; Moggi, L.; Manfrin, M. F.; Bolletta, F.; Laurance, G.
S. Coord. Chem. Rev. 1975, 15, 321-433, A value of 7.10 us for the lumi-
nescent lifetime (deaerated CH;OH, 25 °C) was determined from a pulsed-
laser experiment.

(18) Noyes, R. M. Prog. React. Kinet. 1961, 1, 129-160. Values of k4
were calculated from the Smoluchowski equation combined with the
Stokes—Einstein equation for diffusion coefficients. Radii were determined
as van der Waals values (Edward, J. T. J. Chem. Educ. 1970, 47, 261-270).
Values of X were calculated from the Eigen—Fuoss equation (Eigen, M. Z.
Phys. Chem. (Frankfurt/Main) 1954, 1, 176-200. Fuoss, R. M. J. Am.
Chem. Soc. 1958, 80, 5059-5061).

Table I. Rate Constants for Quenching of Pt,(pop),* *
by Aromatic Amines in Methanol Solution at ~25 °C

Ei . kg dm?

quencher V& mol ! 571l kg, s

N,N,N'.N’-tetramethyl- 0119 1.2x10"™ 6.8x10'°
1,4-benzenediamine, 1 i

N,N,N' N’'-tetramethyl- 0.36¢ 3.0x10°* 2.5x10°

[1,1'-biphenyl]-4,4’-diamine, 2

N,N,4-trimethylbenzenamine, 3 0.71f 3.9x107 3.2x107
N,N-dimethylbenzenamine, 4 0.78% 1.2x107 1.0x10’
N,N-diphenylbenzenamine, 5 0927 1.5x10° 1.0x10°

¢ Reduction potentials vs. SCE from cyclic voltammetric
measurements in room-temperature CH,CN solutions containing
0.1 dm® mol™! tetraalkylammonium perchlorate. Values in
CH,OH are expected to be the same within 0.01 V (Iwa, P.;
Steiner, U. E.; Vogelmann, E.; Kramer, H. E. A. J. Phys. Chem.
1982, 86, 1277-1285. Horner, L.; Nickel, H. Chem. Ber. 1956,
1681-1690). ? Second-order quenching rate constants obtained
from slopes of Stern-Volmer plots by using 7o = 7.10 X 107¢ 5.7
¢ First-order electron-transfer rate constant for reaction within the
encounter pair. See text for explanation. d Luong, J.C.;
Faltynek, R. A.; Wrighton, M. S. J. Am. Chem. Soc. 1980, 102,
7892~7900. Values of 0.10 V€ and 0.12 have also been reported.
¢ Nocera, D. G.; Gray, H. B. J. Am. Chem. Soc. 1981, 103,
7349-7350. A value of 0.43 V (ref 16 and: Zweig, A.; Maurer,
A. H.; Roberts, B. G, J. Org. Chem. 1967, 32, 1322-1329) has
also been reported. f Reference 16. A value of 0.70 V&€ has
also been reported. € Hino, T.; Akazawa, H.; Masuhara, H.;
Mataga, N. J. Phys. Chem. 1976, 80, 33-37. Luong,].C.;
Nadjo, L.; Wrighton, M. S. J. Am. Chem. Soc. 1978, 100, 5790~
5795. Values of 0.74 V (Jones, P, R,; Drews, M. J.; Johnson,
J.K.; Wong, P. S. Ibid. 1972, 94, 4595-4599), 0.79 V (Iwa, P.;
Steiner, U. E.; Vogelmann, E.; Kramer, H. E. A. J. Phys. Chem.
1982, 86, 1277-1285), 0.80 V,'® and 0.81 V¢ have also been
reported, The large discrepancy in these values can be partly
attributed to the irreversibility of the oxidation using cyclic
voltammetry.'® ” Debrodt, H.; Heusler, K. E. Z. Phys. Chem.
(Weisbaden) 1981, 125, 35-48. Corrected for a reference
electrode difference of 0.32 V (Larson, R. C.; lwamoto, R. T.;
Adams, R. N. Anal. Chim. Acta. 1961, 25, 371-374); Seo, E. T.;
Nelson, R. F.; Fritsch, J. M.; Marcoux, L. S.; Leedy, D. W.;
Adams, R, N.J. Am. Chem. Soc. 1966, 88, 3498-3503. Values
of 0.95 V (Park, S. M.; Bard, A. J. 7bid. 1975, 97, 2978-2985),
1.00 V (Creason, S. C.; Wheeler, J.; Nelson, R. F. J. Org. Chem.
1972, 37, 4440-4446), and 1.06'® have also been reported.
! For solubility reasons, 2 was first dissolved in a small amount
of acetone and then added to methanol.

Figure 1. Plot of (RT/F) In ky vs. Ey, for the quenching of Pty(pop),**
by a series of aromatic amines in CH3;OH at ~25 °C. The solid line
corresponds to the best fit of the data to eq | assuming v, = 10" 5!, See
ref 20 for details.

The systematic variation of k. with quencher E| ;, values and
the high and nearly constant quencher triplet energies!® supports

(19) The following triplet energies are available: 1, 2.80 ¢V (Cadogan, K.
D.; Albrect, A. C. J. Phys. Chem. 1968, 72, 929-944. Kuzmin, V. A;
Darmanyan, A. P.; Levin, P. P. Chem. Phys. Lett. 1979, 63, 509-514); 2, 2.70
eV (Alkaitis, S. A.; Gritzel, M. J. Am. Chem. Soc. 1976, 98, 3549-3554);
4,299 eV (Lim, E. C; Chakrabarti, S. K. Chem. Phys. Lett. 1967, 1, 28-31);
gbgo‘ii e)V (Kuzmin, V. A.; Darmanyan, A. P.; Levin, P. P. Ibid. 1979, 63,

-514).
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