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This investigation focuses on a series of pseudotetrahedral complexes of the form guiMre NN denotes

a 1,10-phenanthroline ligand with alkyl substituents in the 2 and 9 positions and the counterign. idriPthese
copper(l) systems, steric effects are of considerable interest because the electronic configuration predisposes the
reactive charge-transfer excited state to undergo a flattening distortion or to add a fifth ligand. Both effects lead
to emission quenching and a shorter excited-state lifetime. Bulky substituents inhibit these processes, but the
spatial distribution of the atoms involved is more important than the total molecular volume in determining the
influence of a substituent. According to the results of this study, the effective size decreases in the following
order: secbutyl > neopentyl> n-octyl ~ n-butyl > methyl. In conjunction with the electrochemical data, the
absorption and the emission spectra reveal three kinds of steric effects: (1) Clashes between substituents on
opposite phenanthroline ligands hindey flattening distortions in the oxidized form of the complex and in the
charge-transfer excited state of the Cu(hNjystem itself. (2) Steric interactions connected with a highly branched
substituent, like the neopentyl group, destabilize the CugNgjound state. (3) Finally, the presence of bulky
groups disfavors expansion of the coordination number. The complexsedhutyl substituents is noteworthy
because it exhibits the longest excited-state lifetimdq0 ns in CHCI,) ever measured for a Cu(NN)system

in fluid solution. In addition, it exhibits a luminescence lifetime of 130 ns in acetonitrile which is ordinarily a
potent quencher of photoexcited Cu(NN)systems.

Introduction elevates the CGd’* reduction potentiat-® Thus, the potential

of the Cu(dmpy*'* system, where dmp denotes 2,9-dimethyl-
1,10-phenanthroline, is 0.68 V vs SCE in acetonitrile while the
Cu(phen)**'* couple has a potential of 0.04VIn dimethyl-
formamide, the corresponding dmp and phen complexes have
potentials of 0.58 and 0.08 V, respectivélyOne reason for
the shift in potential is that bulky substituents in the 2 and 9
positions limit the extent of th®, flattening distortion that
occurs in the oxidized form of the complé&? In addition,

the presence of the substituents inhibits the addition of a fifth
ligand. Inthe case of the excited state, which formally involves
a copper(ll) center, Everly et al. showed that complexes with

The complexes of low-valent metal centers such as Fe(ll),
Ru(ll), or Cu(l) with chelating, heteroaromatic ligands like
1,10-phenanthroline (phen) form an important class of com-
pounds. Due to the presence of the low-enetgyrbitals of
the ligand, the adducts exhibit strong metiiand charge-trans-
fer (CT) absorption bands in the visible spectrum. For labile
metal centers such as Fe(ll) and Cu(l), the adducts are useful
in colorimetric analysis schemésin this regard, phenanthroline
derivatives with moderately bulky substituents, e.g.,

@ bulky substituents in the 2 and 9 positions exhibit an enhanced

728 N/ AR\ emission lifetime and higher energy emission relative to
2\ N Cu(dmp}* in a low-temperature alcohol gla¥s. This is a
phen consequence of a reduction in the extent of Eheflattening.

Shinozaki and Kaizu reached a similar conclusion in their studies
of Cu(dmp}™ and Cu(phen)" in the solid staté!

Sterically active substituents also influence excited-state
reactivity. Bulky substituents may enhance energy-transfer and
electron-transfer processes by reducing Frar€&ndon barri-

methyl groups, in the 2 and 9 positions are highly selective for
Cu(l) over Fe(ll). The selectivity arises because interligand
steric interactions hinder the formation of a low-spin, trischelate
complex with iron(ll), whereas pseudotetrahedral complexes
with copper(l) form with relative ease. (3) James, B. R.; Williams, R. J. B. Chem. Soc1961, 2007-2019.
Substituent groups in the 2 and 9 positions also have an (4) Hawkins, C. J.; Perrin, D. Ol. Chem. Soc1962 1351-1357.
important impact on the stability of the copper systems in the (5) Hawkins, C. J.; Perrin, D. DI. Chem. Socl963 2996-3002.
ground and the excited states. For example, the presence of ® Tamiarasan, Ry Lis, T Mol b.R. e DNA Chemisty
alkyl substituents renders the copper(l) state air stable and Society: Washington, DC, 1989; pp 488.
facilitates colorimetric procedures. Even though alkyl groups (7) Federlin, P.; Kern, J. M.; Rastegar, A.; Dietrich-Buchecker, C.; Marnot,

; P. A.; Sauvage, J. New J. Chem199Q 14, 9—12.
tend to be electron donating, the presence of these groups (8) Sanna. G.: Pilo. M. |.: Zoroddu. M. A.: Seeber, R.: Moscalnrg.

Chim. Actal993 208 153-158.

® Abstract published ifAdvance ACS AbstractSanuary 1, 1997. (9) Lohr, L. L., Jr.; Lipscomb, W. NInorg. Chem 1963 2, 911-917.

(1) Schilt, A. A. Analytical Applications of 1,10-Phenanthroline and  (10) Everly, R. M.; Ziessel, R.; Suffert, J.; McMillin, D. Rnorg. Chem.
Related Compound®ergamon: New York, 1969. 1991 30, 559-561.

(2) Williams, R. J. PEur. J. Biochem1995 234, 363—381. (11) Shinozaki, K.; Kaizu, YBull. Chem. Soc. Jpri994 67, 2435-2439.

S0020-1669(96)00698-2 CCC: $14.00 © 1997 American Chemical Society



Steric Effects of Cu(NN)" Systems

Table 1. Ligand Information

ligand abbrev 2,9 substituents ref
dsbp CH(CH)(CHs) 21
dnpp CHC(CHy)s 21
dop CH(CH,)6CHs 21
dbp Cl‘b(CHz)zCH3 10
dmp CH 10

ers1213 On the other hand, they should inhibit ligand addition
reactions which induce a novel type of quenching known as
exciplex quenching?1® The solvent may act as the attacking
ligand, but counterions such as BlOand CIQ~ are also
effective quencher¥. Literature data show that the introduction
of bulky phenyl substituents impedes exciplex quenchi§1°
However, with aryl substituents the CT absorption intensity

spreads over a broad region of the visible spectrum, apparently

because of a low-symmetry structure in the ground Zfate.
Systems withN-toluidinomethyl substituents in the 2 and 9
positions exhibit quite long lifetimes in a low-temperature glass
but show essentially no useful emission in solution due to an
intramolecular exciplex quenching mechanism that involves the
coordination of one of the toluidine nitrogeHs.To isolate the
steric effects more effectively, there is clearly a need to develop
1,10-phenanthroline derivatives containing sterically active, but
electronically innocent substituents in the 2 and 9 positions. The
following report deals with a series of ligands with simple alkyl
substituents. Some of the systems have remarkably long
emission lifetimes in fluid solution, even in donor media.

Experimental Section

Materials. We obtained acetonitrile, tetrahydrofuran, and methylene
chloride as Burdick and Jackson high-purity distilled in glass-grade
chemicals from Scientific Products. The laser dyes, Coumarin 440 and
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Ag electode containmn 3 M NaCl. However, we report potentials vs
ferrocene in acetonitrile.

Prior to the luminescence studies, we deoxygenated the Cy{NN)
solutions by a series of freezpump—-thaw cycles. The copper
concentration was-50 uM. For the reference solution of Ru(bg¥)
in water, we deoxygenated the cuvette with a stream of argon. A
combination of 585 and 700 nm long-wave-pass filters served to isolate
the luminescence signal for lifetime determination. We analyzed the
decays with the user-written program TAU.RES. In all cases, the
residual plots justified the use of a single exponential. The method of
Parker and Reé%yielded emission quantum yields at 2& with
Ru(bpy)?* as the standardl{ = 0.042)% For the excitation we used
a wavelength of 440 nm, and we calculated emission correction factors
on the basis of a corrected spectrum of Ru(epy}hat we obtained
from R. J. Watts of the University of California at Santa Barbara.

Instrumentation. For absorption and emission spectra we used a
Perkin-Elmer Lambda 4C spectrophotometer and an SLM SPF 500 C
fluorometer. The description of the lifetime setup is in the literatére.
The cyclic voltammetry apparatus was a Model CV-27 from Bioana-
lytical Systems, Inc.

Results

Electrochemistry and Absorption Data. The investigation
centered on the first oxidation process in acetonitrile as well as
in methylene chloride and the first reduction process for each
copper complex in acetonitrile (Table 2). The cyclic voltam-
mograms were unremarkable except for the Cu(dsipp)stem
in acetonitrile. Figure 1A shows that, after oxidation, this
complex gave a return wave that was broad with two poorly
resolved maxima in the range of 6:0.4 V (Figure 1A).
Although the free ligand did not dissolve very well in aceto-
nitrile, it was possible to run in the presence of excess dnpp.
Under these conditions, there was additional anodic current due
to free ligand near the switching potential, but the cathodic wave

Coumarin 540A, came from Laser Science, while J. T. Baker Chemical contained a §ing|e, albeit somewhat broad Peak (Figure 1B).
Co. supplied [Ru(bpy)Cl-6H;0, where bpy denotes the 2{apyridine However, during subsequent scans the cathodic wave broadened

ligand. Ferrocene came from Strem Chemical Co., and the tetrabu- further and evolved into two poorly resolved peaks once again.
tylammonium hexafluorophosphate (TBAH) came from Aldrich Chemi- The most likely explanation of the results is that ligand

cal Co. The ligand abbreviations and references for the preparationsdissociation occurs, especially after oxidation to copper(ll):

of the Cu(NN)" complexes, where NN denotes a phenanthroline ligand,
appear in Table 1.
Methods. Where necessary, we used metathetical procedures to

convert the copper complexes to the hexafluorophosphate salt. For

example, we dissolved [Cu(dnpfgI in a methanol/water mixture and
precipitated [Cu(dnpp)PFs by addition of an excess of KB@q). As
a further means of purification, we recrystallized the product from a
mixture of methanol and water. A variation of the method of Sauvage
and co-workers permitted the separation of the free NN ligand from
the copper complek.

For the cyclic voltammetry scans, the solvent was acetonitrile
containing 0.1 M TBAH, and the scan rate was typically 50 mV/s.
The working electrode was a gold disk, and the reference was a AgClI/

(12) Gamache, R. E., Jr.; Rader, R. A.; McMillin, D. R. Am. Chem.
Soc 1985 107, 1141-1146.

(13) Cunningham, K. L.; Hecker, C. R.; McMillin, D. Rorg. Chim. Acta
1996 242—243 1-5.

(14) McMillin, D. R.; Kirchhoff, J. R.; Goodwin, K. VCoord. Chem. Re
1985 64, 83-92.

(15) Dietrich-Buchecker, C. O.; Marnot, P. A.; Sauvage, J. P.; Kirchhoff,
J. R.; McMillin, D. R.J. Chem. Soc., Chem. Commui®883 513—
515.

(16) Stacy, E. M.; McMillin, D. R.Inorg. Chem.199Q 29, 393-396.

(17) Everly, R. M.; McMillin, D. R.Photochem. Photobin1989 50, 711—
716.

(18) Gushurst, A. K. I.; McMillin, D. R.; Dietrich-Buchecker, C. O.;
Sauvage, J. Anorg. Chem 1989 28, 4070-4072.

(19) Armaroli, N.; DeCola, L.; Balzani, V.; Sauvage, J. P.; Dietrich-
Buchecker, C. O.; Kern, J. M.; Bailal, A. Chem Soc., Dalton Trans.
1993 3241-3247.

(20) Ichinaga, A. K.; Kirchhoff, J. R.; McMillin, D. R.; Dietrich-Buchecker,
C. O.; Marnot, P. A,; Sauvage, J. Porg. Chem 1987,26, 4290-
4292.

Cu(dnpp)™ = Cu(dnppj" + dnpp (1)
where the assumption is that solvent molecules fill the avail-
able coordination sites. Karlsson et al. observed a similar effect
in their studies involving the 2,3,8,9-tetraphenyl-1,4,5,8-tet-
raazaphenanthrene ligaftl. According to this view, then, the
second small wave at 0.3 V corresponds to the reduction of
Cu(dnpp¥*. Once reduction occurs, reassociation of the ligand
may explain the absence of an oxidation wave for Cu(dhpp)
Copper(Il)-induced oxidation of ligand may account for the loss
of ligand that becomes apparent in subsequent scans of the
sample in Figure 1B. Consistent with the operation of eq 1 in
a coordinating solvent, the cyclic voltammogram of the
Cu(dnpp)?**'* couple showed no evidence of ligand dissociation
in methylene chloride. The results in Table 2 reveal that the
copper(ll)/copper(l) potentials all shifted to more positive values
in methylene chloride. This may be a reflection of the weak
basicity of the chlorinated solvent and the fact that the oxidized
form of the complex is prone to add a ligand. However, there
is no correlation between the shift in potential and the steric
requirements of the ligands in the series. The response for the

(21) Pallenberg, A. J.; Koenig, K. S.; Barnhart, D. Morg. Chem1995
34, 2833-2840.

(22) Parker, C. A.; Rees, W. RAnalyst (London)196Q 85, 587—600.

(23) Van Houten, J.; Watts R. J. Am. Chem. So0d975 97, 3843-3844.

(24) Karlsson, K.; Moucheron, C.; Kirsch-De MesmaekerNew J. Chem
1994 18, 721-729.
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Table 2. Physical Data

Eggleston et al.

Eo,2V vs ferrocene

2355 nm (€, M~tcm?) CH,Cl, CH:CN
complex CHCI, THF CHCN CU(NN)2H* CU(NN)2H* Cu(NN)*°

Cu(dsbpy* 455 452 452 0.68 0.50 —2.19
(6600)

Cu(dnpp)* 449 445 445 0.61 0.43
(5700)

Cu(dop)* 458 456 454 0.61 0.43 —2.18
(7200)

Cu(dbp)* 457 456 455 0.61 0.43 —2.18
(7000)

Cu(dmp)* 457 455 455 0.50 0.27
(7800)

aFormal potential in a medium containing 0.1 M TBAH.
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V vs Ferrocene
Figure 1. Cyclic voltammograms: (A) oxidation of Cu(dnpp) (B)

same as (A) with excess dnpp present; (C) truncated scan of the solution

in (A); (D) reduction of Cu(dsbp); (E) reduction of Cu(dnpgj in

The estimated erretd<D2 V.

Table 3. Emission Data from Deoxygenated Solutibns

A M (7,6 NS)
complex 16 x ¢° CH,Cl, THF CH:CN
Cu(dsbp)y” 45 690 650(400) 660 (200) 670 (130)
Cu(dnpp)* 16 715 665(260) 675(140) 685 (100)
Cu(dop)* 10 728 673(155) 683(55) 690 (50)
Cu(dbp)* 9 728 670(150) 680(50) 690 (35)
Cu(dmpy* 4 730' 690(90) ~700 ~700

aFrom uncorrected spectra except as nofdd. deoxygenated
methylene chloride. In view of the severe corrections involved, the
precision is no better thar20%. ¢ The error in a lifetime measurement
is +5%. 9 From the corrected spectrum.

to-copper(l) ratio but that Cu(dnppjs clearly present until there
is an excess of dnpp ligand. (See Supporting Information,
Figure S1.)

Luminescence. Both the solvent and substituent groups had

the presence of excess dnpp. The solvent is acetonitrile containing 0.1& profound effect on the CT luminescence. In general, the

M TBAH. On the abscissa, 0.0 V corresponds to By®f ferrocene in
the same medium.

emission maximum shifted to longer wavelength in a solvent
with a higher dielectric constant. On the other hand, irrespective
of the solvent, the data in Table 3 show that the wavelength of

Cu(dsbpy*”® couple in Figure 1D is consistent with a reversible  the emission maximum decreased as follows with a change of
ligand reduction process. The dop and dbp systems behaved;pstityent:

similarly at essentially the same potential. However, for the

dnpp complex as well as the dmp complex, the process was

highly irreversible and yielded widely separated cathodic and
anodic maxima (e.g., Figure 1E).

The position of the CT absorption maximum varied with the
substituent as well as the solvent (Table 2). The solvent effect
was generally small, and for any given complex, the wavelength
maximum was nearly the same in THF and acetonitrile. Without
exception, though, the absorption maximum shifted to a longer
wavelength in methylene chloride. Inspection of Table 2 reveals
that substituent variation induced larger changes. For a given
solvent, the wavelength of the absorption maximum varied as
follows with a change of ligand:

dnpp < dsbp< dop~ dbp~ dmp 2)
At dilute copper concentrations in acetonitrile, the absorption
spectrum of the dnpp system was quite sensitive to the presenc
of excess ligand. In particular, the system exhibited increased

absorbance at 360 nm relative to that at 445 nm in the absencel 7 . : . ;
d the radiative rate constant is larger in a complex with bulkier

of excess dnpp. This is consistent with ligand dissociation an
the formation of Cu(dnpp)in view of previous work regarding
the absorption spectrum of the monophenanthroline complex
Cu(dmp) .25 Indeed, a spectrophotometric titration shows that
Cu(dnpp)™ is the major species in acetonitrile at a 2:1 dnpp-

(25) Atkins, C. E.; Park, S. E.; Blaszak, J. A.; McMillin, D. Rorg. Chem
1984 23, 569-572.

dsbp> dnpp> dop~ dbp> dmp 3)

The excited-state lifetimes varied in the same way. The lifetime
obtained for the dsbp system in methylene chloride is notewor-
thy in that it is the longest ever reported for a Cu(NN3ystem

in room-temperature, fluid solution. As expected on the basis
of exciplex quenching, the emission lifetime of a given complex
was shorter in a donor solvent, but the lifetime was always
greater in THF than it was in acetonitrile. The dsbp complex
was most remarkable in that it exhibited an emission lifetime
of 130 ns in acetonitrile, a solvent which virtually completely
guenches the emission of the corresponding dmp system. The
emission yield was also variable, and complexes that exhibited
the most intense photoluminescence also had the longest excited-
state lifetimes. For example, with methylene chloride as the

Solvent, the lifetime of Cu(dsbp) is ~4.5 times greater than

that of Cu(dmp)*, and there is an 11-fold difference in the
uantum vyields of emission (Table 3). This may indicate that

substituents, but this is not clear because of the uncertainties in
the measured quantum vyields. The spectrometer correction
factors are the main source of error. Indeed, the falloff in the
plot at the top of Figure 2 suggests that the reliability of the
correction factors is doubtful at wavelengths beyer®b0 nm.

An earlier report quoted an emission quantum yield of 20~

for Cu(dmp}* in methylene chloridé® The value reported in
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group has a flexible chain structure that can adopt a host of
conformations, so it is not the most effective substituent in terms
of restricting structural reorganization within the coordination
sphere of the metal center. Despite the fact thatstiebutyl
group contains fewer atoms, it consumes a more significant
region of space in the vicinity of the metal center due to the
presence of the branched carbon atom. An even greater degree
of branching occurs in the neopentyl group, but the branching
originates at theg-carbon, somewhat farther from the site of
metal binding. In the discussion that follows we will interpret
the steric effects on three levels: (1) clashes between substit-
uents on opposite phenanthrolines, (2) unfavorable interactions
between the substituents on one ligand and the core of the
opposite ligand, and (3) the barrier to the addition of a fifth
ligand.

As emphasized by Everly et &P, steric clashes between
Emission Wavelength (nm) opposing substituents of the two phenanthroline ligands in a
) o Cu(NN)* system inhibit the flattening distortion that occurs
Figure 2. Uncorrected, room-temperature emission spectra of Cu- . . .
(NN),* systems in methylene chloride. In order of increasing intensity in the CT excited state. As a result, a complex with larger

the NN ligands are dmp, dbp dop, dnpp, and dsbp. Top: spectrometer substituents undergoes less structural relaxation and exhibits
correction factors. higher energy emission. According to this criterion, the

o _ ~emission maxima in Table 3 indicate that the effective size of
Table 3 is higher almost certainly because of the quenching the substituents varies in accordance with eq 3. This trend is

effect of the nitrate counterion in the previous stddyFigure also consistent with the lifetime data because a complex with a
2 contains emission spectra of samples dissolved in methylenenigher energy excited state typically undergoes radiationless
chloride. decay less efficiently. With the elevation in lifetime, the

Discussion emission yield increases because the radiative pathway is more

competitive. All else the same, the closer to tetrahedral, the

Character of the CT State. By comparison with the well- more stable the copper(l) state, so the Cu(NNJ potentials
known Ru(bpyj?" system, the CT excited states of copper(l) are also consistent with the steric ranking in eq 3. There is,
complexes have some distinctive properties. Thus, in the CT however, one curious result. Everly et al. have pointed out that
excited state, a copper system tends to undergo a flatteningthe degree of flattening also has a small impact on the position
distortion due to the “hole” created in a metédigand, o-anti- of the absorption maximum in that bulkier substituents generally
bonding orbitak®!12” Previous authors have argued that this induce a shift to a shorter wavelendthContrary to a prediction
type of distortion also accounts for the low-energy shoulder in based on eq 3, Table 2 shows that the absorption maximum of
the absorption spectruf?® Be that as it may, the geometry the dnpp complex, not the dsbp complex, occurs at the shortest
change has an important influence on the energetics. In thewavelength.
case of Ru(bpyf*, Ego~ 2.1 V. whereEq denotes the energy Most of the unusual properties of the dnpp system are
separation between the lowest energy vibrational levels of prohably explicable in terms of the steric constraints that its
the ground and the emissive electronic excited states. Forypjque tertiary carbon centers impose. In particular, steric
Cu(dpp}', where dpp denotes 2,9-diphenyl-1,10-phenanthroline, jnteractions with the phenanthroline core of the opposite ligand
Ego ~ 1.8 V%1 due in large part to the geometric relaxation ngoubtedly restrict the conformational freedom of the neopentyl
that occurs in the copper system. On account of the increasegypstituents. It is therefore quite plausible that a sterically
in the formal oxidation state, either metal center will be a jnqyced increase in the average metijand separation results
stronger Lewis acid in the CT excited state. For the four- i 4 hypsochromic shift in the CT absorption maximum. Two
coordinate copper systems, however, ligand addition reactionsgther ghservations are consistent with this argument. For one,
are much more sterically feasible, and this is the basis of the the evidence for ligand dissociation in acetonitrile points to
exciplex quenching mechanism noted ab&#. The factis,  ynique steric interactions that destabilize the Cu(dsipp)
though, that the excited-state adducts relax so rapidly that theycomplex. The other indication of steric problems is the
do not accumulate in solution, and to date, they have evenjyeyersible character of the reduction of the Cu(dapsystem
escaped direct spectroscopic detection. o ata platinum electrode. Thus, the reduced form of the complex
_ Steric Influences within the Copper Systems.A priori, it decomposes on the time scale of the cyclic voltammetry
is difficult to rank the substituents we have used in terms of o heriment (Figure 1), and copper metal deposits on the working
their steric requirements. On the basis of the total atomic gjactrode. As regards the position of the emission maximum,
volume, then-octyl group is obviously the largest since it has however, the wavelength observed for the dnpp complex is in
the most atoms. However, like tirebutyl group, the octyl  5ccordance with the steric ordering in eq 3. Due to Ehe
(26) Blaskie, M. W.; McMillin, D. R Inorg. Chem198Q 19,3519-3522. flattening distortion that .ch#rs’ the Othrenf;om%'exes may also
(27) Sakaki, S.; Mizutani, H.; Kase, Ynorg. Chem.1992 31, 4575 expenence an increase In (he average ighnd separation

4581, in the CT excited state.

ggg ESQ?I?/EF:N M'-flv(lzcr,?/ls”*ﬁ%' 8' Q]j P;‘g;é %hhee”rllﬂ%%% %% gg?l}_gggg' The third manifestation of the steric consequences of the 2

(30) Bock, C. R.; Meyer, T. J.; Whitten, D. G. Am. Chem. Sod.975 and 9 substituents is apparent from the way in which they
97, 2909-2911. ' ' o influence exciplex quenching. With the copper systems this

(32) mrcyggg,l R.; Ph.D. Dissertation, Purdue University, West Lafayette, involves the attack of a fifth ligand and, most likely, the

(32) Palmer, C. E. A McMillin, D. R.: Kirmaier, C.: Holten, Dnorg. formation of a trigonal-bipyramidal coordination geometry

Chem.1987, 26, 3167-3170. where one phenanthroline nitrogen from each ligand and the
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guencher bind at the equatorial positidhsExciplex quenching Finally, the data reveal that the steric properties of the
is extremely efficient in the case of the dmp complex which is quencher are important as well. Normally, the rate of exciplex
practically nonemissive in most donor solvettd3 Indeed, guenching follows the Gutmann donor number, and stronger

this complex only shows emission in rigid matrices or in donors make better quenchéfsHowever, the results in Table
weakly donating solvents like methylene chloride or chloroform. 3 clearly show that acetonitrile is consistently a better quencher
The data in Table 3 confirm that the introduction of bulkier than THF, despite the fact that THF has a higher donor
groups in the 2 and 9 positions inhibits exciplex quenciAfng. number?* This is probably a reflection of a steric interaction
Thus, with a change of ligand, the lifetimes increase in THF that involves the carbenhydrogen framework of the THF

or acetonitrile in accordance with eq 3. In this regard the ligand.

dsbp group is particularly effective at inhibiting exciplex . . .
formation as the CT state of Cu(dsbp)has a lifetime of .Acknowledgment.. The National Science Foundation pro-
130 ns in a solvent as polar as acetonitrile. Since oxidation Vided support for this research through Grant CHE-9401238.

involves formation of copper(ll), the destabilizing effect that  g,,0rting Information Available: Plot of absorbance data that
bulky substituents have on the five-coordinate form may also gocuments the equilibria of the copper(l)/dnpp system in acetonitrile
help explain the substituent influence on the Cu(MN) (1 page). Ordering information is given on any current masthead page.

potentials.
IC960698A

(33) Buckner, M. T.; McMillin, D. RJ. Chem. Soc., Chem. Comma78
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