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Abstract

Laser flash photolysis was used to study formation and decay of triplet states of bifunctional probes of type chromophore (naphthalen
1,8-naphthaleneimide, pyrene)-sterically hindered amine (HAS). For all types of probes, the formation of the triplet state with absorption il
the range 400-500 nm occurred after 266 nm excitation. The same triplet was formed at 355 nm excitation for probes extending absorpti
to this region. Triplet states of all probes were quenched by oxygen with rate constart@-dm* mol~ cm2. Intermolecular quenching
of triplet states of the parent probesiKyoxyl (1-oxo-2,2,6,6-tetramethyl-4-hydroxypiperidine) was effective for naphthalene type probes
and practically no effective for pyrene ones. The efficiency of intramolecular quenching in oxidised probes was determined by type of chrc
mophore. The most effective intramolecular quenching was observie(flooxo-2,2,6,6-tetramethyl-4-piperidinyl)-1,8-naphthaleneimide
in methanol. © 2001 Elsevier Science B.V. All rights reserved.

Keywords: Noxyl; Sterically hindered amine (HAS); Triplet route

1. Introduction Mechanism of inter or intramolecular quenching of ex-
cited states biN-oxyls is not unequivocally established. The

Free radicals of th&l-oxyl type attract attention for sev-  following processes are discussed.

eral reasons. They play an important role in the course of e Catalytic enhancement of intersystem crossing as a result

stabilisation of polymers, mainly polyolefins, by sterically of an increase in spin-orbital coupling due to the param-

hindered amines since each molecule is able to break several agnetic effect.

radical chains behaving as “inhibition catalysts” [1,2]. This e Catalytic enhancement of the efficiency of internal con-

feature has been explained with the ability of the aminoethers  version.

to convert back to nitroxyls by reacting with alkylperoxy e Transfer of electronic energy of resonance or exchange

radicals. This regenerative step has been recently analysed type.

experimentally and theoretically [3,4]. e Transfer of electron and formation of cation or anion
Secondly, the free radicals influence the photophysicaland  radical.

photochemical processes due to their paramagnetic effect The majority of mechanistic studies of quenching of the

[5-13]. Quenching of singlet and triplet states of aromatic singlet state of aromatic hydrocarbons withoxyl radi-

hydrocarbons and ketones was studied in detail. cals concluded that enhancement of intersystem crossing is
In the early nineties fluorescence probes were prepared inthe most probable route for dissipation of energy. Quench-

which simple aromatic chromophore was combined with a ing of a triplet state occurs through internal conversion

free radical centre of thdl-oxyl type. Formation or decay [5-13]. The photophysical process is a preferred route for

of the free radical is connected with switching off or on deactivation of excited state by intramolecular guenching as

of the chromophore emission as a result of intramolecular well [14].

guenching [14]. On the other hand, the photoinitiated intramolecular elec-
tron transfer fromN-oxyl to diimide under formation of

* Corresponding author. Tek421-754773448; fax:-421-754775923. diimide monoanion has been observed recently [15]. These

E-mail addressupolhrdi@savba.sk (P. HrdIdg)i studies indicate thal-oxyl radical is able to quench the
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excited state by different mechanisms depending on the
structure of the couple quenchee—quencher and medium.

Recently time-resolved electron spin resonance (TR-EPR)
has been used to investigate the chemically induced dy-
namic electron polarisation (CIDEP) generated between a
N-oxyl and the triplet state of thioxanthonedioxide deriva-
tives, which is in a molecules where these moieties are co-
valently linked [16]. Two mechanisms have been proposed
to explain the quenching of the triplet state Iyoxyl rad-
ical. One is radical triplet pair mechanism and another is
electron spin polarisation transfer.

Scaiano et al. [17] explored the possibility of the re-
versed process namely the photosensitised decomposition
of aminoethers as potential methods for the initiation of
“living” free radical polymerisation through-oxyls. Such
decomposition can facilitate this polymerisation at lower
temperatures. It was concluded that triplet sensitisers with
triplet level near 290 kJ mol (index) would be required for
efficient quenching and formation of fréenitroxyl radicals
to control polymerisation.

In this paper the triplet route of deactivation has
been explored for probes of aromatic hydrocarbon/amine
and aromatic hydrocarbdw/oxyl with naphthalene, 1,8-
naphthaleneimide and pyrene in solution. The intermolec-
ular quenching of probes with parent amine and related
compounds byN-oxyls was compared with intramolecular
guenching. The probes were prepared previously and their
spectral properties originating in the singlet state have been
examined [18-23].

2. Experimental

Solvents such as methanol, cyclohexane, chloroform
and methylene dichloride were used for UV spectroscopy.
Naphthalene and pyrene (Lachema Brno, CR) were zonally
refined. The free radicals 1-oxo0-2,2,6,6-tetramethyl-4-hydro-
xypiperidine (Q1) m.t.: 68—6%, and 1-oxo0-2,2,6,6-tetra-
methyl-4-piperidinyl stearate (Q2) m.t.: 378 were the
same as in [24].

The structure of probes used in this paper is shown on

Schemes 1, 2 and 3. Their preparation has already been
partly described [18-22]. The details of the synthesis of
probes based mainly on pyrene will be given elsewhere [23].
They were prepared by using standard procedures of organic
synthesis as in [21,22]. Here, some spectral data are given
for those compounds, which have not yet been prepared [23].
The following probes based on naphthalene as chro-
mophore (Scheme 1) were used [18]: 2,2,6,6-tetramethyl-4-
piperidinyl(1-naphthoate)ium chloride (N2) m.t: 246—-2&9
1-ox0-2,2,6,6-tetramethyl-4-piperidinyl-1-naphthoate (N3)
mp 99-102C, 2,2,6,6-tetramethyl-4-piperidinyl-1-naph-
thoylamide (N4) m.t: 205.5-2068, 1-ox0-2,2,6,6-tetra-
methyl-4-piperidinyl-1-naphthoylamide (N5) m.t: 193-

J
R1 R2 m. t. Ref.
N1 H
O,
N2 COOR. ‘CK(H'HC' 246 - 249°C 18
N3
99- 101°C 18
QO
N4 CONHR:; ‘q 205. 5 - 206,5°C
NH
N5 193 - 196°C 18
NO
N6 CH.COOR 268°C 18
‘<ijH'HC| (decomposition)
N7 39-41°C
O
N8  CH.CONHR, ‘Q“H 143-145°C
N9 Qo 144 - 147°C
Scheme 1.
O
-
(o}
R1 Rz m. t. Ref.
NIl (CHg)17CHs 48 -50°C 20
NI2 20
Qm
-H 168 —170°C
NI3 -0 227 —229°C 20
Ni4 - OCOCH3 186 — 188°C 20
NI5 -COCH; 200 -201°C 20
NI6 - H.HCI >250 decomposition 20
NI7 -OH 224 - 228°C 20

196°C, 2,2,6,6-tetramethyl-4-piperidinyl(1-naphthylace-
tate)ium chloride (N6) m.t. 26& (decomposition),

Scheme 2.
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&

R1 R2 m. t. Ref.

P1 H

P2 - CHCH,CH,COOR; -H

P3 - CHs 47 -51°C 21

P4 liquid 21
‘<;(NH

P5 110 - 112°C 22
QO

P6 21
QH,HC.

P7 - CH,COOR, - CHs 99 - 92°C 23

P8 35 -40°C 23
QH

P9 47 - 50°C 23
QO

P10 -COOR - CHs 23

P11 126 — 128°C 23
4<;(NH

P12 174-176°C 23
qO

P13 - COCH.CH,COOR; - CHs 104 — 108°C 23

P14 121,5 - 23
QH 123°C

P15 95 - 99°C 23
qO

Scheme 3.

1-oxo0-2, 2,6,6- tetramethyl- 4-piperidinyl-1-naphthylacetate
(N7) m.t: 39-42C, 2,2,6,6-tetramethyl-4-piperidinyl
1-naphthylacetamide (N8) m.t: 143-245 1-ox0-2,2,6,6-
tetramethyl-4-piperidinyl-1-naphthylacetamide (N9) m.t:
144-147C.

97

din-4-yl)-1,8-naphthaleneimide (NI4) m.t: 186-188
N-(1-acetyl-2,2,6,6-tetramethylpiperidin-4-yl)-1,8-naphtha-
leneimide (NI5) m.t: 200-201, N-(2,2,6,6-tetramethylpi-
peridin-4-yl)-1,8-naphthaleneimide)ium chloride (NI6) m.t:
>250°C (decomposition)\-(1-hydroxy-2,2,6,6-tetramethyl-
piperidin-4-yl)-1,8-naphthaleneimide (NI7) m.t: 224—-2¢€83

The pyrene based probes (Scheme 3) are [21,22]:
4-(1-pyrene)butyric acid (P2), (Aldrich—Chemie, Steinheim,
FRG), methyl-4-(1-pyrene)butyrate (P3) m.t: 47261
2,2,6,6-tetramethyl-4-piperidinyl-4-(1-pyrene)butyrate (P4),
liquid, 1-ox0-2,2,6,6-tetramethyl-4-piperidinyl-4-(1-pyrene)
butyrate (P5) m.t: 110-122, (2,2,6,6-tetramethyl-4-piperi-
dinyl 4-(1-pyrene)butyrate)ium chloride (P6) m.t: 220-
230°C.

The novel series of pyrene based probes include [23]:
methyl-1-pyreneacetate (P7) mp 90262 2,2,6,6-tetra-
methyl-4-piperidinyl-1-pyreneacetate (P8), m.t: 352@0
IH NMR (CDCl) 8: 1,2 (s, 6H, 2x CHs, 2 + 6 axial)
1,25 (s, 6H, 2x CH3, 2+ 6 equat) 1,3 (m, 2H, CH 3+ 5
axial) 1,9 (m, 2H, CH, 3+5 equat) 4,3 (s, 2H, C¥CO) 5,2
(m, 1H, CH-0) 7,95-8,3 (m, 9H, pyrene), FTIR (CHXI
(cm™): v(C=0) 1724, v(C-N) 1370, v(C-O) 1165,
v(pyrene) 847, UV X (nm) (loge) in methanol): 233(4,64),
243(4,81), 255(4,02), 265(4,36), 276(4,62), 312(4,00),
325(4,39), 341(4,56), 1l-oxo-2,2,6,6-tetramethyl-4-piperi-
dinyl-1-pyreneacetate (P9), mp 47=8) FTIR (CHCE)
(cm™1): v(C=0) 1727, v(C-N) 1366, v(C-O) 1163,
v(pyrene) 847, UV (methanol): 234(4,52), 243(4,75),
255(4,00), 265(4,29), 276(4,55), 311(3,95), 325(4,32),
341(4,49), methyl-1-pyrenoate (P10) mp 812832,2,6,6-
tetramethyl-4-piperidinyl-1-pyrenoate (P11) mp 126128
IH NMR (CDCl) &: 1,37 (s, 6H, 2x CHg, 2+ 6 axial);
1,45 (s, 6H, 2x CHs, 2 + 6 equat); 1,59 (m, 2H, CH
3+ 5 axial); 2,25 (m, 2H, CH, 3+ 5 equat); 5,66 (m,
1H, CH-0); 8,07-8,26 (m, 7H, 3-9 pyrén); 8,62 (d, 1H, 2
pyrene); 9,28 (d, 1H, 10 pyrene), FTIR (CHEL(cm™1) :
v(C=0) 1713,v(C-0) 1194 p(pyrene) 711, UV (methanol):
244(4,67), 273(4,34), 281(4,43), 352(4,37), 386(3,87),
1-oxo0-2,2,6,6-tetramethyl-4-piperidinyl-1-pyrenoate (P12),
mp 174-176C, FTIR (CHCB) (cm™1): v(C=0) 1715,
v(C-0) 1198,v(pyrene) 711, UV (methanol): 244(4,71),
270(4,45), 281(4,53), 352(4,37), 385(3,87), methyl-3-(1-
pyrenoyl)propionate (P13) mp 104-I@8 2,2,6,6-tetra-
methyl-4-piperidinyl-3-(1-pyrenoyl)propionate (P14), mp
121.5-1238C, 'H NMR (CDCl) §: 1,15 (s, 6H, CH,

2 + 6 axial); 1,25 (s, 6H, Chl 2 + 6 equat); 1,1-1,3 (m,
3H, CH, 3+ 5 axial +NH); 1,97 (m, 2H, CH, 3+ 5
equat); 2,9 (t, 2H, Chl CH,—CO-); 3,55 (t, 2H, CHl,
CH,—CO0O-0); 5,27 (m, 1H, >CH-0); 8,0-8,9 (m, 9H,
pyrene), FTIR (KBr) cm!: v(C—H) 3042-2900,(C=0)

The probes with 1,8-naphthaleneimide as chromophore 1733, v(C=0) 1674, v(C-0O) 1261, v(pyrene) 852, UV

(Scheme 2) are [19,20N-octadecyl-1,8-naphthaleneimide
(NI1) m.t: 48-50C, N-(2,2,6,6-tetramethyl-piperidin-4-yl)-
1,8-naphthaleneimide (N12) m.t: 168—F10) N-(1-oxo-2,2,
6,6-tetramethylpiperidin-4-yl)-1,8-naphthaleneimide (NI3)
m.t: 227-229C, N-(1-acetyloxy-2,2,6,6-tetramethylpiperi-

(methanol): 234(4,52), 242(4,56), 281(4,44), 354(4,13),
1-ox0-2,2,6,6-tetramethyl-4-piperidinyl-3-(1-pyrenoyl)pro-
pionate (P15), m.t.: 95-9@, IR (KBr) cm~1: v(C=0) 1733,
v(C=0) 1672,v(NO) 1363,v(C-0) 1155,v(pyrén) 849,
UV (methanol): 234(4,60), 242(4,62), 281(4,46), 353(4,19).
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Fig. 1. Absorption spectra of probes N1-N5 in methanol.

Absorption spectra were recorded on M40 (C. Zeiss, Jena,osciloscope (HP 54522A) and analysed on 32 bit RISC

FRG) and on UV 160 (Shimadzu, Japan). work station [25].
Transient absorption spectra in the time scale 20ns to

500us were carried out on a nanosecond laser flash pho-

tolysis LKS 60 from Applied Photophysics Ltd (London,

England). The laser excitation at 266 nm (fourth harmonic)
and 355 nm (third harmonic) from Quanta Ray GCR 130-1 3.1. Naphthalene based probes

Nd:YAG (pulse width~9 ns) was used in right angle geo-
At excitation with 266 nm pulses esters and amides of

metry with respect to the monitoring light beam. The tran-
sient absorbances at preselected wavelength were monitored-naphthoic or 1-naphthylacetic acids with 2,2,6,6-tetra-

by a detection system composed of a pulsed xenone-lampmethyl-4-hydroxypiperidine or 2,2,6,6-tetramethyl-4 amino-
(150 W), monochromator and a 1P28 photomultiplier. A unit piperidine (Scheme 1, N2—N9) are excited between intense
controlled synchronising of the pulse lamp, programmable absorption below 250nm and longest wavelength band
shutters and high voltage power supply with laser output. above 275 nm (Figs. 1 and 2). For derivatives of 1-naphthoic
The signal from photomultiplier was displayed on digital acid (N2—N5), this band exhibits maximum shifted up to

3. Results and discussion

350 400
A,nm

200 250 300

Fig. 2. Absorption spectra of probes N1 and N6—N9 in methanol.
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Table 1
Kinetic data for the decay of probes based on naphthalene
Probé Cond? AS (nm) Fd ke (s1) ot (us) kg? (dmPmol~1s71) kno/knn!
N1 Air 400 M 3.58 x 10° 0.28 1.63x 10°
N 415 M 6.77x 10* 14.8
Q1/Ny 415 M 3.69x 10° 1.50 x 10°
N2 Air 430 M 2.32x 10° 0.43 1.05x 10°
N, 415 M 3.42x 10* 29.2
N3 Air 415 M 2.60x 10° 76
N> weak signal
N4 Air 415 M 2.65x 10° 0.38
N> 430 M 1.77x 104 56.5 1.20x 10°
N5 Air 415 M 3.90x 10° 0.26
N> 415 M 1.13x 1P 0.88 63.8
N6 Air 410 M 2.98x 10° 0.34 1.35x 10°
N, 410 M 3.46x 10* 28.9
B 1.02 x 10° (47%)
2.03 x 10* (53%)
Q1/N, 410 1.29x 10° 6.0 x 108
N7 Air 410 B 6.41x 10° (85%)
5.21 x 10° (15%)
N> 410 B 5.68x 10° (65%)
2.62 x 10* (35%)
N, 410 M 4.74x 10° fast 13.7
2.46 x 10* slow
N8 Air 410 M 3.32x 10° 0.30 1.51x 10°
N, 410 M 457x 10* 21.9
410 B 2.28x 10° (86%)
8.46 x 10° (14%)
QL/N, 410 M 1.82x 10° 6.82 x 10°
N9 Air 410 M 3.54x 10°
N> 410 M 6.71x 10° 14.6

aStructure of the probes according to Scheme 1.

b Experimental conditions: air-aerated solution: methat@}) = 2.2 x 10-3moldm3; N, bubbling with stream of nitrogen for 10min, Q%
2 x 104 moldn3 (1-oxo-2,2,6,6-tetramethyl-4-hydroxypiperidine).

¢ Monitoring wavelength.

d Fitting to monoexponential, M or biexponential, B.

€Rate constant of decay.

f Life-time of the excited state.

9Bimolecular rate constant of quenching by oxygen and Q1.

h Ratio of the rate constant of the oxidised and parent probe.

300 nm without any vibrational structure. Derivatives of is similar to that of naphthalene (Fig. 3). The decay of tran-
1-naphthylacetic acid (N6—N9) are in fact excited in the sient absorption of these probes containing parent amine fits
longest wavelength band with distinct vibrational structure. better double exponential than monoexponential. Especially
In this way in both structures the singlet state is generatedthe beginning of the decay is faster as it should be accord-
which transforms in triplet state in certain fraction. ing to monoexponential. In order to compare intermolec-

Transient absorption around 400 nm of naphthalene andular with intramolecular quenching, a model quencher as
other probes (N2—-N9) as well belongs to triplet absorption. 1-oxo-2,2,6,6-tetramethyl-4-hydroxypiridine (Q1) was used.
This absorption decays as monoexponential very fast in theMoreover, the 1-oxo-2,2,6,6-tetramethylpiperidine moiety is
presence of oxygen. Kinetic data obtained from decay curvespart of the more complex probe for testing the intramolecu-
for naphthalene derivatives are given in Table 1. The concen-lar quenching. For naphthalene the bimolecular rate constant
tration of oxygen in the air saturated methanol or cyclohex- of quenching with Q1 is comparable with the rate constant
ane is in the range.2 x 10~3 mol dm 2 [26]. On the other of oxygen. In quenching of naphthalene triplet state both
hand, the decay of this absorption is two orders of magni- quenching rate constants for Q1 ang &e lower by an or-
tude slower in deaerated solutions. The transient absorptionder of magnitude than the diffusion limited bimolecular rate
of all probes of this type with parent amine (N2, N4, N6, N8) constant 1-% 10°dm® mol~1s~1. The ratio of the decay
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Fig. 3. Transient absorption spectra of N6 in methanol at 266 nm excitation.

rate constants for oxidised and parent amkre/kyy for 3.2. 1,8-Naphthaleneimide based probes
couples N3/N2 and N5/N4 indicates that the intramolecular
guenching is very effective. The ratlqo/kny lies in the With 266 nm (fourth harmonic) pulses the excitation of

range 60-80. For probe N3 the transient absorption is ratherprobes with 1,8-naphthaleneimide chromophore occurs in
weak and its decay is fast. For N5 the decay is even moreminimum between two bands (Fig. 4). At 355 nm excitation
rapid. The life-time is shorter than 400 ns. Probes derived (third harmonic) the excitation at the long wavelength edge
from 1-naphtylacetic acid exhibit less effective intermolec- of the first band takes place. This excitation occurs more
ular quenching with Q1 as compared with oxygen. The ratio effectively in methanol solution where the absorption band is
of kno/knH is lower in the range 10-15 indicating less ef- broader and red shifted than in cyclohexane where this band
fective intramolecular quenching as well. It looks like that is blue shifted and better vibrationally resolved (Fig. 5). Oxi-
the presence of one methylene bridge inhibits the efficiency dation of the parent sterically hindered amine (NI2) to stable
of the intramolecular quenching (or intramolecular deacti- nitroxyl radical (NI3) and its reduction to hydroxylamine

vation) of the triplet state. (NI7) does not influence the absorption spectrum.

35| ]

Aol ——— NI2 >NH

I I NI 3 >NO

25 F ;"‘ ---------------- NI 6 >NOH
2,0 | |
15 F
1,0 F
05 |-
0,0

150

Fig. 4. Absorption spectra of probes NI2, NI3 and NI6 in methanol.
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Fig. 5. Absorption spectra of probes NI2, NI3 and NI6 in cyclohexane.

The decay of transient absorption of NI1 and NI2 at process is even more rapiky(~4-5x 10° dm® mol~-1s71).

266 nm excitation in methanol is about 50 up to 100 times In this case the used probe NI3 quenches first itself because
more rapid in the presence of oxygen aroung 10°s~1 it absorbs 266 nm light as NI2 (see Fig. 5) and after then it
(Table 2) as in atmosphere 0bN1-5 x 10%). For NI3 no guenches excited states of NI1 and NI2, respectively. This
transient was observed in the presence of oxygen as wellpoints out on the extremely fast quenching occurring in NI3.
as in nitrogen atmosphere. It means that the process of in-Transient absorption of NI1 and NI2 probes exhibits maxi-
tramolecular quenching witN-oxy! for this probe is rather ~ mum at 470 nm with 266 nm excitation in methanol (Fig. 6).
fast. Since the decay process with rate constant abdwt0 At 410 nm there is a transient which decays distinctly slower
is easy to measure in this set up, the life-time of the excited indicating different structure (possibly cation radical). Since
state is shorter than 100 ns. Triplet state of NI1 and NI2 is at 266 nm there is some absorption of Q1 at higher concen-
quenched with Q1 as well with the rate slightly higher than tration above 10 mol dm2 and some other effects besides
with oxygen. Using NI3 as a intermolecular quencher the screening could take place, the 355nm excitation at the

Table 2
Kinetic data of decay of transient absorption of probes based on 1,8-napthaleneimide in methanol at 266 nm excitation
Probé Cond? AS (nm) Fd ke (sh ot (us) kq? (dmPmol~tst) kno/knn!
NI1 Air 410 M 1.60 x 10° 0.625 7.3x 10°

N2 410 M 9.92x 10° 100.8

QUN, 470 M 2.28x 10° 2.2 x 10°

NI3/N, 470 M 2.90x 1P 4.9 x 10°
NI2 Air 470 M 2.46 x 10° 0.413 1.1x 10°

N2 470 M 5.09x 10* 19.6

QLN 470 M 1.75x 1P 1.2 x 10°

NI3/N, 470 M 2.71x 1P 4 x 10°
NI3 No transient

aStructure of the probes according to Scheme 2.

b Experimental conditions: air-aerated solution: methat®}) = 2.2 x 10~3moldm3; N, bubbling with stream of nitrogen for 10 min, Q&
10~*mol dm~3 (1-ox0-2,2,6,6-tetramethyl-4-hydroxypiperidine) NI3 (quencher).

¢Monitoring wavelength.

d Fitting to monoexponential, M or biexponential, B.

€Rate constant of decay.

f Life-time of the excited state.

9 Bimolecular rate constant of quenching by oxygen, Q1 and NI3 ¥410~4).

h Ratio of the rate constant of the oxidised and parent probe.
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Fig. 6. Transient absorption spectrum of NI2 in deaerated methanol at 266 nm excitation.

long wavelength edge was employed. At 355 nm excitation phase the efficiency is lower. At 355 nm excitation, the tran-
the spectra of the transient has got the same feature as asient absorption for all 1,8-naphthalene probes decays fast
266 nm (Fig. 7) with maximum at 470 nm and slow decay in aerated solutions and slower in deaerated solutions as at
at 410 nm. The transient spectrum is nearly the same for all266 nm (Table 3). Bimolecular rate constant of quenching
N-(1-substitted-2,2,6,6-tetramethyl-4-piperidyl)-1,8-naphth- with O, is 1x10° dm® mol~1 s~ and for Q1 slightly higher
alenimides at 355nm excitation with exception of 1-oxo 1.5-2x 10°dm®mol~1s~1. As with probes based on naph-
derivatives (NI3). Although the transient of NI3 at 355nm thalene, quenching with Q1 anc@ well below diffusion

was weak, but some signal was observed probably becauseontrolled limit for these types of probes as well. The decays
excitation at this wavelength was about three times more of transient absorption fit monoexponential but in nitrogen
intense than at 266 nm. The decay was composed from twoatmosphere the decay is better described by biexponential
parts, faster with the rate constans% 10’ s~ and slower  with fast rate 2x 10°s™* and slow rate 4« 10*s~1. The

with 1 x 10°s~L. In the initial phase the intramolecular transient spectra with 1,8-naphthleneimide chromophore
guenching is about 600 times more effective but in later at 355nm in cyclohexane exhibit the same features as in
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Fig. 7. Transient absorption spectrum of NI2 in deaerated methanol at 355 nm excitation.
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Table 3
Kinetic data of decay of 1,8-naphthaleneimide based probes in methanol at 355 nm excitation
Probé CondP A€ (nm) Fd ke (sh f (us) kg? dm*mol~1s7? kno/kny"
NI1 Air 470 M 2.39 x 10° 0.42 1.1x 10°
N, 470 M 9.81x 10* 10.2
470 B 2.39x 10° (71%) 2.71
4.20 x 10* (29%)
Q1/N, 2.62 x 10° 1.64 x 10°
NI2 Air 470 M 2.09 x 10° 0.48 0.95x 10°
N, 470 M 5.60x 10*
B 1.15 x 10° (62%)
2.92 x 10* (38%)
Q1/N, 1.73 x 10° 1.67 x 10°
NI3 Air 470 M 2.80 x 107 0.04 3.2x 10°
N, 470 M 3.51x 10 fast 0.03 627
470 M 1.06 x 1C° slow 0.94 19
NI4 Air 470 M 2.19 x 10° 0.46 9.96x 10°
Na 470 M 4.06x 10 24.6
B 1.07 x 10° (54%)
2.35 x 10" (46%)
Q1/N» 470 1.61x 10° 1.56 x 10°
NI5 Air 470 M 2.20 x 10° 0.46 1.1x 10°
N, 470 M 9.75x 10* 10.3
470 B 2.25x 10° (69%)
Q1/N, 470 M 4.63x 10* (31%)
2.06 x 10° 1.97 x 10°
NI6 Air 470 M 2.16 x 10° 0.46 0.98x 10°
N, 470 M 7.49x 10¢ 13.4
B 1.56 x 10° (64%)
3.79 x 10* (36%)
Q1/N, 470 M 2.23x 100 2.16 x 10°
NI7 Air 470 M 2.18 x 10° 0.46 0.99x 10°
Na 470 M 7.28x 10* 13.7
1.79 x 10° (66%)
4.03 x 10* (34%)
Q1/N; 1.98 x 108 1.91 x 10°

aStructure of the probes according to Scheme 2.

b Experimental conditions: air-aerated solution: methaf@}) = 2.2 x 10-3moldn3; N, bubbling with stream of nitrogen for 10 min, Q%
10~3 mol dn™3 (1-ox0-2,2,6,6-tetramethyl-4-hydroxypiperidine).

¢ Monitoring wavelength.

d Fitting to monoexponential, M or biexponential, B.

€Rate constant of decay.

f Life-time of the excited state.

9Bimolecular rate constant of quenching by oxygen and Q1.

h Ratio of the rate constant of the oxidised and parent probe.

methanol (Fig. 8) having maximum at 470 nm. The shoulder derivatives but rather fast decay in cyclohexane. Decay in
at 440 is more pronounced and long living intermediate at aerated solution is roughly two times faster as for other
410 is less clear. The kinetic data of decay in@»d N in probes. In inert atmosphere of nitrogen the difference of
cyclohexane are nearly the same as in methanol (Table 4)the decay is even more pronounced and represents roughly
The quenching rate constants for Q1 ang &e for the one order. Probably, some partial oxidation of NI7 to NI3
most of the probes similar in cyclohexane and in methanol. cannot be completely excluded in non polar cyclohexane,
Therefore, no solvent effect is observed on the decay of but why it does not happen in methanol is not clear.
transient absorption for most of the probes except NI3 and

NI7. The intramolecular quenching in NI3 is one order less 3.3. Pyrene based probes

effective in cyclohexane-50 as compared with methanol

~600. The other exception is NIN{1-hydroxy derivative) Using 266 nm pulses the excitation is directed betwegn S
which exhibits similar decay in deaerated methanol as other — Sz and $ — S4 absorption bands for probes containing
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Fig. 8. Transient absorption spectrum of N14 in deaerated cyclohexane at 355nm.

1-alkyl chromophore such as P1-P9 (Fig. 9). For probes con-For these probes the longest band wavelength is shifted to

taining carbonyl group im-position to pyrene (1-pyrenoyl

400 nm and therefore, the 355 nm pulses can be employed as

or 1-pyrenecarboxyl) such as P10-P15 excitation is locatedwell. Using both types of excitation, the triplet state of sub-

in short wavelength part of the bang S> Sz (Fig. 10).

stituted pyrene is formed causing transient absorption. The

Table 4
Kinetic data of decay of 1,8-naphthaleneimide based probes in cyclohexane at 355nm excitation
Probé CondP AS (nm) Fd ke (s f (us) kg? (dmPmol~ts™t) kno/knn"
NI1 Air 470 M 2.59 x 10° 0.39 1.8x 10°
N, 470 M 1.27x 10° 7.9
470 B 3.43x 10° (68%)
5.22 x 10* (32%)
Q1/N, 470 M 1.28x 10° 1.15 x 10°
NI3 Air 470 M 8.85 x 10° 0.11 1.1x 10° 48.1
N, 470 M 6.11x 10° 0.16
NI4 Air 470 M 2.43 x 10° 0.41 1.0x 10°
N, 470 M 5.54x 10* 18.1
B 1.51 x 10° (61%)
2.73 x 10* (39%)
NI5 Air 470 M 2.46 x 10° 0.41 1.03x 10°
N, 470 M 5.07x 10* 19.7
470 B 1.39x 10° (60%)
2.44 x 10* (40%)
Q1/N, 1.60 x 1C° 1.55 x 10°
NI7 Air 470 M 5.55 x 108 0.18 2.30x 10°
N, 470 M 2.34x 10° 0.43
Q1/N, 470 M 4.67x 10° 2.33x 10°

aStructure of the probes according to Scheme 2. NI2 not included since it is insoluble.
b Experimental conditions: air-aerated solution: cyclohexéBg) = 2.4 x 10-3moldnm3; N bubbling with stream of nitrogen for 10 min, Q
103 moldm2 (1-ox0-2,2,6,6-tetramethyl-4-hydroxypiperidine).
¢Monitoring wavelength.
d Fitting to monoexponential, M or biexponential, B.
€Rate constant of decay.
f Life-time of the excited state.
9 Bimolecular rate constant of quenching by oxygen and Q1.
" Ratio of the rate constant of the oxidised and parent probe.
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in methanol.
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Fig. 9. Absorption spectra of derivatives of 4-(1-pyrene)butyric acid P3-P6
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Fig. 10. Absorption spectra of derivatives of 1-pyrenecarboxylic acid P10-P12 in methanol.
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Fig. 11. Transient absorption spectrum of P4 in deaerated methanol at 266 nm excitation.
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Table 5
Kinetic data of decay of probes pyrene-sterically hindered amine in methanol at 266 nm excitation
Probé CondP AS (nm) Fd ke (s ot (us) kg? (dmPmol~ts™1) kno/knn"
P1 Air 400 4.67x 10° 0.21 2.1x 10°
N, 410 3.18x 10 31.4
7.88 x 10* (51%)
1.79 x 10* (49%)
P2 Air 410 M 3.68x 10° 0.28 1.67x 10°
N, 410 M 3.24x 10* 30.9
P3 Air 410 M 4.88x 10° 0.21 2.22x 10°
N, 410 M 3.11x 10* 32.2
Q1/N; 410 M 3.77x 10* ~5.2 x 10
P4 Air 410 M 4.65x 10° 0.22 2.1x 10°
No 410 M 3.12x 10* 32.1
P5 Air 410 M 4.60x 10° 0.22 2.1x 10° 3.7
No 410 M 1.22x 10°
P6 Air 410 M 4.43x 10° 0.23 2.2x 10°
No 410 M 1.85x 104 54.1
Q1/N, 6.17 x 10* 4.7 x 107
P7 Air 410 M 4.74% 1P 0.21 2.15x 10°
N, 410 M 3.11x 10* 32.2
P8 Air 410 4.40x 10° 0.23 2.0x 10°
N> 410 3.04x 10* 32.8 1.75x 107
Q1/N> 410 4.73x 10
P9 Air 410 M 4.26x 10° 0.24 1.94x 10° 2.51
N, 410 7.64x 10¢
P10 Air 410 M 4.03x 10° 0.25 1.83x 10°
N, 410 M 3.47x 10* 28.8
P11 Air 410 M 3.78x 10° 0.27 1.72x 10°
N> 410 M 2.30x 10* 435
Q1/N; 410 M 3.07x 10* 7.7 x 10
P12 Air 410 M 4.52x 10° 0.22 2.1x 10°
No 410 M 359x 10* 1.55
410 B 1.21x 10° (31%) 5.26
2.79 x 10* (69%) 1.20
P13 Air 410 M 4.58x 10° 0.22 2.07x 10°
No 410 M 4.80x 10 20.8
410 B 1.26x 10° (55%)
2.79 x 10* (45%)
P14 Air 410 M 4.32x 10° 0.23 1.96x 10°
Na 410 M 4.34x 10
410 B 1.18x 10° (50%)
2.64 x 10* (50%)
P15 Air 410 M 4.56x 10° 0.22
No 410 M 8.03x 10* 1.85
B 2.96 x 10° (38%) 2.58
6.46 x 10* (62%) 2.07x 10° 2.44

aStructure of the probes according to Scheme 3.

b Experimental conditions: air-aerated solution: metha(@}) = 2.2 x 10-3moldn?; N, bubbling with stream of nitrogen for 10min, Q&
103 mol dm23 (1-ox0-2,2,6,6-tetramethyl-4-hydroxypiperidine).

¢Monitoring wavelength.

d Fitting to monoexponential, M or biexponential, B.

€Rate constant of decay.

f Life-time of the excited state.

9Bimolecular rate constant of quenching by oxygen and Q1.

h Ratio of the rate constant of the oxidised and parent probe.
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Fig. 12. Transient absorption spectrum of P14 in deaerated methanol at 266 nm excitation.

maximum of this transient absorption is around 410-420nm and in deaerated methanol about 3 The probe P6
with shoulder at 380—390 nm and less intense absorption atlives substantially longer. The rate constant of bimolecular
440-450 nm. These features have got the transient spectrunguenching by @ is about 2x 10°dm®mol~ts™1. Less
in aerated and deaerated methanol of parent pyrene anckfficient is intermolecular quenching of these probes with
probes P2—P9 (Fig. 11) (Table 5) at 266 nm excitation. For Q1 about 5x 10’ dm®mol~1s~1. The quenching with
probes P10-P15 the transient spectrum is less resolved wittthis radical was efficient for probes based on naphthalene
maximum shifted up to 430 nm, no shoulder at 380-390 nm and 1,8-naphthaleneimide. At the same time it might be
and weak absorption at 440-450 nm (Fig. 12). At 355nm expected that intramolecular quenching for probes with oxi-
excitation the same transient absorption spectrum is ob-dised amine P5 and P9 will be weaker what is confirmed by
served for probes P10-P15 (Fig. 13) (Table 6). the low value okno/kny ~2 and 5 respectively. Nearly the
Kinetic data obtained for unsubstituted pyrene and other same kinetic parameters were obtained for decay of tran-
pyrene based probes in aerated and deaerated methandalient absorption at 266 and 355 nm excitation for P10—P15.
differ by two orders of magnitude. This is similar to other The intramolecular quenching is even less effective for
probes. The life-time in aerated solution is about 82  these probes at 355 nm excitation about 1.5.
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Fig. 13. Transient absorption spectrum of P11 in deaerated methanol at 355 nm excitation.
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Table 6
Kinetic data of decay of probes pyrene-sterically hindered amine in methanol at 355 nm excitation
Probé Cond? AS (nm) Fd ke (s71) ot (us) kg? (dmPmol~1s1) kno/knn!
P10 Air 410 4.59% 10P 0.22 2.09x 10°
N> 410 3.27x 1P 30.6
Q1/N» 410 5.19x 104 1.5 x 10°
P11 Air 410 4.00x 10° 0.25 1.82x 10°
N> 410 2.54x 10* 39.4
Q1/N, 410 4.68x 10* 2.14 x 10°
P12 Air 410 4.71x 10° 0.21 2.02
N, 410 4.98x 10 20.1
P13 Air 410 M 4.62x 10° 0.21 2.1x 10°
N, 410 M 6.69x 10* 0.41
B 1.71 x 1P (62%) 19.7
3.12 x 10* (38%)
Q1/N» 410 M 7.54%x 10* 0.85 x 107
B 1.83 x 1C° (64%)
3.73 x 10" (36%)
P14 Air 410 M 4.50x 10° 0.22 2.05x 10°
N> 410 M 5.64x 10* 17.7
B 1.51 x 1C° (63%)
2.63 x 10* (37%)
Q1/N, 410 M 6.57x 10* 0.93 x 107
B 1.68 x 10° (63%)
5.32 x 10* (37%)
P15 Air 410 M 4.68x 10° 0.21 2.1x 10°
N> 410 M 7.25%x 10* 13.7 1.29
B 2.01 x 10° (62%) 1.33
3.89 x 10" (38%) 1.48

aStructure of the probes according to Scheme 1.

b Experimental conditions: air-aerated solution: methat@}) = 2.2 x 10-3moldn~3; N2 bubbling with stream of nitrogen for 10 min, Q&
10~3 mol dn3 (1-ox0-2,2,6,6-tetramethyl-4-hydroxypiperidine).

¢ Monitoring wavelength.

d Fitting to monoexponential, M or biexponential, B.

€Rate constant of decay.

f Life-time of the excited state.

9 Bimolecular rate constant of quenching by oxygen and Q1.

N Ratio of the rate constant of the oxidised and parent probe.

4. Conclusions thalene, 331, 221 kJmot [27] for 1,8-naphthaleneimide
and for pyrene 323 and 210 kJ md| respectively. The en-
The triplet route of deactivation of bifunctional probes, ergy of the singlet and triplet levels of sterically hindered
where chromophores (naphthalene, 1,8-naphthaleneimideN-oxyls has not yet been determined. Since the singlet state
and pyrene) are linked to sterically hindered amine, seemsof these donors is efficiently quenchedyoxyls, its singlet
to be a feasible way of electronic energy dissipation. It was level lies probably below 320 kJ not. The inefficient in-
clearly demonstrated that triplet state is formed and effi- termolecular and intramolecular quenching of pyrene triplet
ciently guenched by oxygen ardtoxyl type of quencher. by N-oxyls indicates that triplet levels of donor and acceptor
This quenching witiN-oxyl is equally efficient as with @ are quite similar when electronic energy transfer is involved.
for naphthalene and 1,8-naphthaleneimide but less efficient On the other hand, there might be an involvement of
for pyrene. Similarly, the most effective intramolecular electron transfer for pairs with 1,8-naphthaleneimide as
quenching is observed for probes where naphthalene wagdonor [15]. Recently, it has been determined that the rate
linked with N-oxyl and the least effective is for bonded for electron transfer from nucleotides to excited state of
pyrene. N-(3-propanol)-1,8-naphthaleneimide occurred with rate
The conclusions concerning the mechanism involved in of 2 x 10’ for guanidine 5monophosphate but with
intermolecular as well as intramolecular quenching are not other base phosphates two orders of magnitude slower
straightforward. The energy of the states taking part in the [27]. Strong solvent effect in the intramolecular quench-
system is well defined on the part of donors. The singlet ing of N13 supports involvement of electron transfer
and triplet levels are 385, 255 kJmdl [26] for naph- as well.
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In conclusion the photophysical processes seem to be [8] J.C. Scaiano, Chem. Phys. Lett. 79 (1981) 41.
more important for deactivations linked pairs naphthalene or [9] V.A. Kuzmin, A.S. Tatikolov, Chem. Phys. Lett. 51 (1977) 45.

pyrene withN-oxyl. However, the chemical process namely

electron transfer is more important for 1,8-naphthaleneimide

as donor.
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