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ABSTRACT: The quenching of n,p* singlet-excited 2,3-diazabicyclo[2.2.2]oct-2-ene, a very weak electron acceptor,
by 26 aliphatic and aromatic amines was investigated in benzene. This photoreaction entails fluorescence quenching
through exciplex formation with subsequent hydrogen atom abstraction from the N—H anda C—H bonds of the
amines (photoreduction). The quenching rate constants for aliphatic amines lie in the range 107–109 Mÿ1 sÿ1, while
those for the aromatic amines are generally higher and reach the diffusion-controlled limit in some cases, e.g.
7.3� 109 Mÿ1 sÿ1 for N,N,N',N'-tetramethyl-p-phenylenediamine. A dependence of the magnitude of the
fluorescence quenching rate constant on the adiabatic ionization potential reveals significant scatter. Besides steric
and stereoelectronic effects, variations in the dissociation energies of the C—H and N—H bonds of the amines appear
to be responsible for the deviations, e.g., the faster quenching of secondary amines compared with primary amines is
presumably related to the weaker secondary N—H bond dissociation energy. Solvent effects, deuterium isotope
effects, and photoreaction quantum yields were determined. Copyright 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

The mechanistic understanding of the transfer of
electrons, protons and hydrogen atoms is of great
importance since many photochemical and photobiolo-
gical processes are based on these primary events. The
quenching of n,p*-excited ketones and azoalkanes by
amines which usually leads to the formation of photo-
reduction products is a prototypical reaction in this
respect. While a ‘direct’ hydrogen abstraction competes
in some cases,1 the dominant photochemical process is
assumed to involve electron transfer in the case of
ketones.2–4 The primary radical ion pair may undergo
proton transfer or back electron transfer which results in
an overall hydrogen transfer or deactivation, respec-
tively. In support of this mechanism, quenching rate
constants generally increase with decreasing ionization
potential of the quencher and increasing solvent polarity
unless specific solvation,3,5,6 steric4 or stereoelectronic
effects7,8 operate.

Alternatively, the involvement of excited charge-
transfer complexes or exciplexes, i.e. intermediates with
partial charge-transfer character, has been suggested in
the quenching of n,p*-excited ketones and azoalkanes by
amines.3,7,9–12 Since direct spectroscopic detection

through exciplex emission has not been achieved,
reduced quantum yields11,13, small or ‘inverted’ solvent
effects,9,12,14steric hindrance effects15, a low sensitivity
of the quenching rate constants on the donor propensity
of the quencher,9 and related observations for olefins and
aromatic quenchers16–21 have been taken as indirect
experimental indications for exciplexes.

The azoalkane 2,3-diazabicyclo[2.2.2]oct-2-ene
(DBO) represents an n,p* chromophore with novel,
interesting properties. These include an exceedingly long
singlet lifetime (up to 1ms in the gas phase)22 and a low-
lying reduction potential (Ep =ÿ2.8 V vs SCE).12 The
latter renders DBO a very weak electron acceptor, for
example, much weaker than triplet-excited benzophe-
none (BP). For such weak acceptors quenching occurs
below the diffusion-controlled limit,4,23 which allows
further insights into structure–reactivity relationships to
be gained. Since steric and stereoelectronic effects have
already been discussed15, the present study was focused
on structural and electronic variations of the amine
quenchers, e.g. their alkylation pattern and their donor
strength.
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EXPERIMENTAL

Materials. DBO was synthesizedaccording to the
literature.24 All amines are commercially available
(Aldrich or Fluka)andsomewerefurtherpurifiedbefore
useby distillation (11, 21), recrystallization(16, 24, 25)
or sublimation (18). Benzene(Merck, Uvasol), aceto-
nitrile (Scharlau,Multisolvent grade),n-hexane(Schar-
lau) andcyclohexane(spectroscopicgrade,Fluka) were
usedas received.D2O (>99.9%) was purchasedfrom
Glaser (Basel, Switzerland) All measurementswere
performedat ambienttemperature(24°C).

Methods. Sampleswere preparedby dissolving the
azoalkane(ca0.1–1mM) andtheappropriateamountsof
theaminewereaddedwith aGCsyringe,eitherneator as
a stock solution. The sampleswere deaeratedby three
freeze–pump–thawcycles. Experimentaldetails of the
time-resolvedfluorescencemeasurementsweredescribed
previously.25 Thequantumyield for thereactionof DBO
in the presenceof amineswas determinedas described
previously.25 Thedecompositionquantumyield of DBO
in the particular solvent (3.3, 2.3, 0.1 and 1.3% in
cyclohexanen-heptane,benzene,waterandacetonitrile)
(M. P. Feth, G. Greiner, H. Rau andW. M. Nau,
Unpublishedresults),wasemployedfor actinometry.

RESULTS

Laserexcitationof DBO in deaeratedbenzene(351nm,
FWMH� 20 ns) populates the strongly fluorescent
singlet state (�max= 430nm, singlet energy ca
318kJmolÿ1),22 which has a lifetime of 490ns in the
absenceof quencher(t0). Successiveaddition of an
aminedecreasedthe fluorescencelifetime (tq). Kinetic
plotsaccordingto Eqn.(1) werelinear in eachcase(4–6
data points) and the slopes afforded the bimolecular
quenchingrateconstants(Tables1 and2):

�0=�q � 1� �0kq�amine� �1�

Thermodynamics of electron transfer

The driving force (DGet) for photoinducedelectron
transfercanbeestimatedaccordingto RehmandWeller
[Eqn. (2)]23 with the oxidation potential of the donor,
Eox(D), the reductionpotentialof the acceptor,Ered(A),
and the excitationenergyof the acceptor,E*. C is the
coulombterm which entailsthe electrostaticinteraction
within theradicalion pair.Thistermis solventdependent
and has a value of ÿ0.06eV for acetonitrile. The
calculated DGet values for some limiting cases are
provided in Table 3. Only for the strongestaromatic
donors,e.g.amines18and19, is electrontransferto DBO
expectedto be slightly exergonic.All otheraminesgive

positivevaluesfor DGet. Thethermodynamicsfor triplet-
excited benzophenone(BP), shown for comparison,is
exergonicevenfor theweakdonors.

�Get � Eox�D� ÿ Ered�A� ÿ E� � C �2�

Most amines used in this study show irreversible
oxidationin cyclovoltammetryowing to the fast follow-
up reactions of the resulting aminyl radical cations,
mostlydeprotonation.39 Sincetheuseof Eqn.(2) requires
reversible potentials, the values in Table 3 are con-
servativeestimates.As an alternative,more consistent
parameter than irreversible oxidation potentials the
adiabaticionization potentials(IPa) of the aminesare
usedthroughoutthis work to characterizetrendsof the
donorstrength(Tables1 and2).Thesegas-phasedataand
the electrochemicaloxidation potentials measuredin
solutionarecorrelated.38,40

Quenching rate constants

In previous studies, aromatic amines were discussed
separatelyfrom aliphatic amines.10,41 The former may
also donate electrons from their aromatic rings (‘p-
donors’),while the latter act as pure ‘n-donors.’ For this
reasonthesetwo donor classesare groupedtogetherin
Tables1 and 2, although,as will be seenbelow, sucha
separationis notrequiredonthebasisof thepresentresults.

Among the aliphatic amines, the quenching rate
constants(kq) lie in the range107–109 Mÿ1 sÿ1 (Table
1). Especiallyfor primary and tertiary aminesthe rate
constantsfall far belowthediffusion-controlledlimit (ca
1010 Mÿ1 sÿ1 in benzene).Primaryaminesarethepoorest
quenchers,while secondaryaminesquenchDBO most
efficiently (kq� 109 Mÿ1 sÿ1). This confirmsthegeneral
trend:secondary> tertiary> primary.For thearomatic
amines, fluorescencequenching is generally fast and
approachesthe diffusion-controlledlimit in somecases.
The reactivity trend observedfor the aliphatic amines,
namely secondary> tertiary, is obtainedalso for the
aromaticderivatives.Surprisingly,however,thequench-
ing rateconstantof the primary aromaticamineaniline
(26) falls into the range (3.1� 109 Mÿ1 sÿ1) of the
secondaryaromaticamines.

Exceptfor thesecondaryamineskq generallyincreases
with decreasingIPa of the amine. This approximate
relationshipis shownfor the aliphatic aminesin Fig. 1
andfor thearomaticaminesin Fig. 2 (solid datapoints).
However,thereis significantscatterespeciallyin Fig. 1:
althoughthe primary aminescyclohexylamine(1) and
tert-butylamine(2) have the sameionization potential,
amine1 quenchesDBO threetimesasfast.Evenamong
thetertiaryaminessomeinconsistenciesarefound:tri-n-
propylamine(13) andN-ethyldiisopropylamine(14) have
similar donor strengthsbut amine 14 has a two times
higherquenchingrateconstant.
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Table 1. Quenching of DBO by aliphatic amines in benzene

kq/(108 Mÿ1sÿ1)b

No. Amine IPa/eVa 1DBO* 3BP*

Primary amines
1 Cyclohexylamine 8.62 0.27 3.3c

2 tert-Butylamine 8.64 0.082 0.64c

3 Benzylamine 8.64 0.42
4 sec-Butylamine 8.70 0.21 2.3c

5 n-Butylamine 8.71 0.28
Secondaryamines
6 2,2,6,6-Tetramethylpiperidine 7.59d 4 21e

7 Di-n-butylamine 7.69f 12
8 Diisopropylamine 7.73f 3.9
9 Di-n-propylamine 7.84f 11 34c

10 Diethylamine 8.01f 12
Tertiary amines
11 N-Ethyldicyclohexylamine 6.85g 2.5h 45g

12 Tri-n-butylamine 7.15 0.92i 35j

13 Tri-n-propylamine 7.18 0.85i

14 N-Ethyldiisopropylamine 7.20g 1.3h 47g

15 1,2,2,6,6-Pentamethylpiperidine 7.23d 0.89h 34e

16 Tribenzylamine 7.35k 0.58
17 Triethylamine 7.50 0.72i 17l

a Adiabaticionizationpotentialsfrom Ref. 26.
b Measuredwith time-resolvedfluorescencespectroscopy;error in datais 5–10%.
c Ref. 3.
d Ref. 27.
e Ref. 28.
f Ref. 29.
g Ref. 4; in acetonitrile.
h Ref. 15.
i Ref. 12.
j Ref. 10.
k Estimated from thevertical ionizationpotential30 by subtractionof 0.7eV.
l Ref. 31.

Table 2. Quenching of DBO by aromatic amines in benzene

kq(108 Mÿ1 sÿ1)b

No. Amine IPa(eV)a 1DBO* 3BP*

18 N,N,N',N'-Tetramethyl-p-phenylenediamine 6.20c 73
19 N,N,N',N'-Tetramethyl-1,8-naphthalenediamine 6.45d 25
20 Triphenylamine 6.86e 2.1f 7.6g

21 p-Methyl-N,N-dimethylaniline 6.95c 5.3 43h

22 N,N-Dimethylaniline 7.12c 2.4f 27h

23 N,N-Diphenylamine 7.16c 52 130i

24 Carbazole 7.57j 48
25 p-Cyano-N,N-dimethylaniline 7.60k 0.78 20h

26 Aniline 7.72c 31

a Adiabaticionizationpotentials.
b Measuredwith time-resolvedfluorescencespectroscopy;error in datais 5–10%.
c Ref. 26.
d Ref. 32.
e Ref. 29.
f Ref. 12.
g Ref. 33.
h Ref. 34.
i Ref. 1; in isooctane.
j Ref. 35.
k Estimated from Ref. 36.
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Thequenchingrateconstantsfor triplet benzophenone
(BP) are included in Tables 1 and 2 to illustrate the
diffusion-controlled nature of the quenching of this
excitedketoneby mostamines.Structuralor electronic
effectsaredifficult to recognizefor this ketoneandthis
unfortunatesituation originally motivatedour study of
the lessreactive,moreselectiveazoalkaneDBO.

It shouldbenotedthatperfluorotriethylaminewasalso
examined as an extreme case of an amine with an
exceedinglyhigh ionization potential(IPv = 12.0)42 and
the fluorescencelifetime was590ns in the neat amine.
Comparison with the lifetime in perfluorohexane
(t0 = 605 ns)22 demonstratesthat this amine does not
quenchthefluorescenceof DBO at all.

Deuterium isotope effects

Deuterium isotope effects were investigatedfor both
N—H andC—H bonds(Table4). For theprimaryamine

tert-butylamine (2) and the secondary amine di-n-
propylamine(9), significantN—H/N—D isotopeeffects
werefound,i.e. thequenchingrateconstantswerelower
for thedeuteratedamineandmostpronouncedfor amine
2 (factor of 5 difference).For triethylamine (17) and
its perdeuteratedderivative a significant C—H/C—D
isotopeeffectof 1.8wasalsoobserved(cf. kineticplotsin
Fig. 3).

Quantum yields

The reaction quantum yields shown in Table 5 are
generally low (Φr < 5%) and follow the previously
observed trend, i.e., tertiary� primary > secondary
amine,or 17� 5 > 10.11,13 Interestingly,the quantum
yield decreaseswith increasing solvent polarity, i.e.
cyclohexane� benzene> acetonitrile> water(Table5).
This trendmay bedueto the interventionof exciplexes,

Table 3. Thermodynamics of photoinduced electron transfer

DGet (eV)b

No. Amine Eox vs SCE(V)a 1DBO* 3BP*

11 N-Ethyldicyclohexylamine 0.61c �0.05 ÿ0.62
13 Tri-n-propylamine 0.71c �0.15 ÿ0.52
18 N,N,N',N'-Tetramethyl-p-phenylenediamine 0.13d ÿ0.43 ÿ1.10
19 N,N,N',N'-Tetramethyl-1,8-naphthalenediamine 0.36e ÿ0.20 ÿ0.87
20 Triphenylamine 0.85f �0.29 ÿ0.38
21 p-Methyl-N,N-dimethylaniline 0.72d �0.16 ÿ0.51

a Oxidationpotentialof theamine;Ep for 11, 13, 19; Ep/2 for 18, 20, 21; in acetonitrile.
b Driving force; estimatedaccordingto Eqn. (2) with Ered (DBO) =ÿ2.8 V12 andEred (BP)=ÿ1.83 V18 vs SCEin acetonitrile,E* = 3.3eV for
DBO12 and3.0eV for BP 18, C =ÿ0.06eV in acetonitrile.
c Ref. 15.
d Ref. 38.
e Ref. 37.
f Ref. 11.

Figure 1. Plot of log kq vs IPa for the ¯uorescence quenching
of DBO by the aliphatic amines in Table 1

Figure 2. Plot of log kq vs IPa for the ¯uorescence quenching
of DBO by the tertiary aliphatic and aromatic amines in
Tables 1 and 2
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sincea ‘direct’ hydrogenabstractionshouldexhibit no
dependenceon thesolvent.43

Solvent effects

We haverecentlyfound an ‘inverted’ solventeffect on
the fluorescencequenchingof DBO by triethylamine
(17).12 Additional amineswerenow alsoinvestigatedin
solvents of different polarity (hexane, benzeneand
acetonitrile) (Table 6). Except for N,N,N',N'-tetra-
methyl-p-phenylenediamine(18), the inverted solvent
effect was confirmed,i.e., the quenchingrate constant
decreasedon going from the non-polarsolventshexane
andbenzeneto thepolaracetonitrile.Amine18showeda
slight increasein reactivityuponchangingfrom benzene
to acetonitrile.Sincethis quencherreactswith the most
exergonic thermodynamics(Table 3), a full electron
transferinsteadof exciplexformationmay interfere.For
such a scenarioa normal solvent effect is expected.12

However,no definitive conclusionscan be drawnsince
the valueslie closeto the diffusion-controlledlimit and

for hexanea higher reactivity was again observedfor
amine18.

DISCUSSION

The photoreactionof n,p*-excited states by amines
usually leads to the formation of the photoreduced
chromophoreandamineoxidationproducts.11,13,43This
‘photoreduction’ is known to be inducedby an initial
charge-transferinteraction betweenthe reactants,with
the amine as electrondonor. While free ions may be
formedin thermodynamicallyfavorablecases(for strong
acceptors),the formation of exciplexes becomesthe
presumedquenchingpathwayfor weak acceptors,44–46

e.g. for the azoalkaneDBO, where free ions have not
beendetectedin thequenchingby amines.47

The observedphotoreductionproductsof the azoalk-
anes(hydrazines)13 and the low photoreactionquantum
yields (Φr < 5%, Table 5) are diagnostic for a
photoreaction,which involves a competition between
exciplex-inducedhydrogenabstractionfrom thea C—H
or N—H bonds of the amines and exciplex-induced
deactivation(Scheme1).11,13 The low rateconstantsfor
thequenchingof DBO by amines(Tables1 and2) allow
oneto examinedetailedstructuralandelectroniceffects
of the donor compoundon these reaction pathways.
Previously,theseeffectshavebeendifficult to analyze,
e.g. for ketones such as benzophenone,where the
quenching is virtually diffusion controlled (Tables 1
and2).4

Quenching by primary amines

Primaryaliphaticaminesshowthe lowestrateconstants
asthey havethe highestionizationpotentials.However,
a significant variation of the quenchingratesis noted,
e.g. kq(benzylamine)> kq(cyclohexylamine)> kq(tert-
butylamine), although the ionization potential of the
investigatedprimaryaliphaticaminesremainsessentially
constant.This behavior(‘scatter’) can be explainedby
the ease of a C—H hydrogen abstraction, i.e. the

Table 4. Deuterium isotope effects on the quenching of DBO
by amines

No. Amine Solvent kq (107 Mÿ1 sÿ1)a kH/kD

2 tert-BuNH2 H2O 0.51 5.1
tert-BuND2 D2O 0.1

9 (n-Pr)2NH Acetonitrileb 14 1.8
(n-Pr)2ND 7.6

17 (C2H5)3N Benzene 7.2 1.8
(C2D5)3N 4.0

a Measuredwith time-resolvedfluorescencespectroscopy;errorin data
is 5–10%.
b Containing10%H2O or D2O asco-solvent,respectively.

Figure 3. Kinetic plots according to Eqn. (1) for the
¯uorescence quenching of DBO by triethylamine (17) and
its perdeuterated derivative

Table 5. Reaction quantum yields for aliphatic amines in
solvents of different polarity

No. Amine Solvent Φr
a

5 n-Butylamine Benzene 0.045
10 Diethylamine Benzene 0.020
17 Triethylamine Benzene 0.044b

Cyclohexane 0.038
Acetonitrile 0.027b

Water 0.006

a Excitationat �exc> 345nm; error in datais 10%.
b Ref. 12.
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bond dissociation energy of the a C—H bonds
(BDEC—H). Hencebenzylamine(3), which hasparticu-
larly labile benzylic hydrogensavailable, is a better
quencherthancyclohexylamine(1), andtert-butylamine
(2), which hasno abstractablea C—H hydrogensat all,
is the poorestquencher.Similar argumentshave been
used previously to account for the scatter in the
correlation of log kq versus IPa for the quenchingof
DBO derivativesby olefins.21 While a C—H hydrogen
abstractionis animportantprocessfor primaryamines,it
remains difficult to decide whether this hydrogen
abstraction occurs directly �kdir

CH�or in an exciplex-
mediatedmanner�kex

CH�.48

Noteworthyis thelargedeuteriumisotopeeffectwhich
is observedfor thequenchingby tert-butylamine(2) (kH/

kD = 5.1). This is the largest reported value for the
quenchingof an n,p*-excited state by an amine. For
comparison,Inbar et al. observeda valueof 1.8 for the
benzophenone–tert-butylaminesystem.3 Thefact thatour
isotope effect approachesthe theoretically predicted
value of 749 corroboratesthe participation of N—H
hydrogenabstractionin thequenching,i.e. kdir

NH or kex
NH in

Scheme1.
The only primary aromaticamineinvestigatedin the

presentstudy,aniline (26), hasa larger quenchingrate
constant than expected from its adiabatic ionization
potential. The underlying reasonis the weaker N—H
bondcomparedwith aliphaticprimary aminesowing to
aromatic delocalization(387kJmolÿ1 for aniline (26)
versus419kJmolÿ1 for methylamine).50 Thereforeani-

Table 6. Solvent effects on the quenching of DBO by different amines

kq (108 Mÿ1 sÿ1)a

No. Amine n-Hexane Benzene Acetonitrile

11 N-Ethyldicyclohexylamine 5.9 2.5 1.9
13 Tri-n-propylamine 0.85b 0.58
17 Triethylamineb 1.4c 0.72 0.44
18 N,N,N',N'-Tetramethyl-p-phenylenediamine 130 73 95
20 Triphenylamine 4.3 2.1b 1.3
22 N,N-Dimethylaniline 2.4b 1.2

a Measuredwith time-resolvedfluorescencespectroscopy;error in datais 5–10%.
b Ref. 12.
c Value in cyclohexane.

Scheme 1
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line (26) behavesmorelike a secondaryamine,e.g.N,N-
diphenylamine(23) andcarbazole(24) (cf. Table2).

Quenching by secondary amines

Based on the ionization potentials of the secondary
aliphatic amines,one would expectthe quenchingrate
constantsto be betweenthoseof primary and tertiary
aliphatic amines. However, the values lie near the
diffusion-controlled limit andare the highestones.The
reasonfor this extraordinarybehaviorof the secondary
aliphatic aminesmust be soughtin competitiveN—H
hydrogenabstraction(kdir

NHor kex
NH, Scheme1). Indeed,the

N—H bondenergyfor secondaryamines(402kJmolÿ1)
is significantly lower than for primary amines
(431kJmolÿ1).3 The measureddeuteriumisotopeeffect
of 1.8 for di-n-propylamine(9) corroboratestheinvolve-
ment of the N—H hydrogensin the quenching.The
smaller isotope effect comparedwith amine 2 (kH/
kD = 5.1, Table 4) is presumablydue to the higher
quenchingrateconstant.

Interestingly,althoughthe ionization potentialsvary
over a rangeof ca 0.3eV for the secondaryaliphatic
amines, the quenching rate constantsremain nearly
constant except for 2,2,6,6-tetramethylpiperidine (6)
anddiisopropylamine(8). This insensitivityto thedonor
strengthmay indicatethat the ‘direct’ hydrogentransfer
pathway�kdir

NH�dominates.1 Thedecreaseof thequenching
rateconstantfor the amines6 and8 may be due to the
absenceof abstractablea C—H hydrogens(amine6) or
their unfavorableconformational arrangement(amine
8).15

Quenching by tertiary amines

The tertiary aliphaticaminesshowthe lowestionization
potentialsamongthe aliphatic amines,i.e. they are the
bestelectrondonors.Amine 11 hasthelowestionization
potential and, as expected,quenchesDBO with the
highestrateconstantamongthetertiaryaliphaticamines.
Noteworthyagainis thescatterin thecorrelationwith IPa

(Fig. 1). a C—H hydrogenabstraction,kdir
CHand kex

CHin
Scheme1, maybeonereasonfor this scatter.To testthis
hypothesis,fluorescencequenchingexperimentswere
carriedout with triethylamine(17) andits perdeuterated
derivativeanda significantkinetic isotopeeffect of 1.8
was found. Similar but smaller effects (1.2–1.3)were
reportedby Inbar et al. for the quenchingof benzophe-
noneby sec-butylamine.3 Basedon theobservationof an
C—H/C—D isotopeeffectoneexpectsthea C—H bond
dissociation energy to be an important aspect for
quenching.In line with this argument,N-ethyldiisopro-
pylamine(14) is abetterquencherthantri-n-propylamine
(13), although both have nearly the same adiabatic
ionization potential. This is expectedsince secondary

C—H bonds are weaker than primary bonds.51 The
interpretation of the scatter for the tertiary aliphatic
aminesin termsof variationsin the bondstrengthis not
universal,however,since tribenzylamine(16) with its
weakbenzylica C—H bondsquenchesDBO unexpect-
edly slowly.

Quenching by aromatic amines

For thestrongestaromaticdonors,e.g.amines18and19,
electron transfer may compete due to the exergonic
thermodynamics(Table3). Nevertheless,the quenching
data can be treatedin a similar way to those for the
aliphatic donors,and an excellentcorrelationof log kq

with IPa applies(Fig. 2). Especiallythe closely related
N,N-dimethylaniline derivatives (including 19), where
the ionization potentialcan be fine-tunedthroughpara
substitution, show an accurately linear dependence
(r = 0.995, n = 5). This provides additional, strong
evidencefor the involvementof chargetransfer.

In previousstudiesof aminequenching,large varia-
tions in the reactivity of ‘n-donors’ (Table 1) and ‘p-
donors’ (Table 2) wereobserved,a phenomenonwhich
has been referred to as ‘multiple Rehm–Weller
plots’.41,52The‘p-donors’werefoundto belessreactive
than ‘n-donors’ with the samedonorstrength.This was
attributedto achargelocalizationfor thealiphaticamines
whichresultsin amorenegativeCoulombtermand,thus,
in a significantlyhigherreactivity accordingto Eqn.(2).
In our study such a contrasting behavior was not
observed,since tertiary ‘n-donors’ and ‘p-donors’ can
be included in the same correlation (Fig. 2).53 This
supportsan exciplex quenchingmechanism,41,44 where
no free ions are formed and where the Coulomb term
playsno role.

CONCLUSIONS

Structuraleffectsof aminesbecomeparticularly impor-
tantwhenthequenchingrateconstantsfall far belowthe
diffusion-controlledlimit asfor theazoalkaneexamined
here.Thedonorstrengthof anamineis onefactorwhich
governsthe kinetics of fluorescencequenchingof the
azoalkaneDBO. For tertiary aliphatic and aromatic
amines,a correlationbetweenthelogarithmicquenching
rate constants and the adiabatic amine ionization
potential is observed. However, there is significant
scatter in this correlation, which becomesmore pro-
nounced when primary and secondary amines are
included. Unquestionably,the interplay between the
donorstrengthof the amine,steric and stereoelectronic
effects,andthebondstrengthsof bothC—H andN—H is
a complex one.10,15,54 Trends become only apparent
whena closelyrelatedseriesof aminesis compared.The
involvement of exciplexes of DBO and amines, i.e.
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partial charge-transferintermediates,42 is suggestedby
the observationof an ‘inverted’ solvent effect,12 low
photoreactionquantumyieldsandtheabsenceof ‘multi-
ple Rehm–Wellerplots’.

Acknowledgements

This work wassupportedby theSwissNationalScience
Foundationand the Fonds der ChemischenIndustrie
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