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Remarkable Reactivities of the Xanthone Ketyl Radical in the Excited State Compared with
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The properties and reactivities of the xanthone (Xn) ketyl radical (Xnithe doublet excited state (XrH

(D,)) were examined by using two-color two-laser flash photolysis. The absorption and fluorescencesof XnH
(D,) were observed for the first time. Several factors governing the deactivation processessDXrdtdch

as interaction and reaction with solvent molecules were discussed. The remarkable change of reactivity of
XnHe(D;) compared with that in the ground state (X¢tBlo)) was indicated from the experimental results.

The rapid halogen abstraction of Xm{;) from some halogen donors such as carbon tetrachloride,CCI

was found to occur. The halogen abstraction occurred more efficiently in the polar solvents than in the nonpolar
solvents. It is suggested that the polar solvents promote the spin distribution e{Dxldf the phenyl ring
favorable to the halogen abstraction.

Introduction work, we have successfully detected the absorption and
fluorescence of a series of ketyl radicals of benzophenone
derivatives in the excited state directly using nanosecond
h picosecond two-color two-laser flash photoly%ighe absorption
spectra and lifetimes of benzophenone ketyl radicals in the
excited state were significantly affected by the number and
electronic character of substituents of the phenyl ring.

Radicals play important roles in various processes from the
viewpoints of physics, chemistry, and bioloyy? Reactions of
radicals are of interest in a variety of practical applications suc
as thin-layer synthesis, radical polymerization, and photo-
dynamic therapy9 The reactivity of radicals in the excited
state is also an interesting subject. When radicals in the ground Inth twork lied i d two-
state are excited with photoirradiation within the lifetimes, those N the present work, we applied nanoseceposecon o

in the excited state are generated. A considerable number °f§(;§;-éﬁvtoggzg: {!gf\hareg(}Tog/rzzcgon:eefcéctt?ae ;llcme-re_sr?lved
studies of the excited radicals have been carried out with : pti u P D) |

absorpion and fuorescsice specioscopc measurements (137945 SONENt. o he pestof our knautecge, i e frst
elucidate the electronic structures and chemical properties in P P P

the condensed pha3é:1° It has been reported that the reac- ;(m:'f((?;%ﬂ It cliz;r?vsgliitth:ér:ht?\ relaaﬁgvg)est;; g(n;\'e:al
tivities of radicals in the ground states are different from those f;%tcl)rls ov):ernin %he deagivationelrocesses of Xm s\ljch
in the excited state for a limited numbers of radicais!® For 9 9 P

example, some arylmethyl and stable aryl-substituted allyl as interaction and reaction with solvent molecules will be
radicals in the excited state abstract a halogen atom from thedISCUSSGd. Furthermore, itis clarified that Xl is reactive

halogen-donating molecules, while those in the ground state aretoward carbon tetrachloride (Cgland 1,1,1-trichloroethane

inert toward halogen donor molecufé€e9 Furthermore, (C2H3Cl3), resulting in halogen abstraction of XDy from
unimolecular bond cleavag® and cyclizatiorf bimolecular CCl and GH4Cls.
electron transfet hydrogen abstractioff;'°and cross-coupling
reaction$ occur for several radicals in the excited states,
although only inefficient or no reaction occurs for those in the ~ The two-color two-laser flash photolysis experiment was
ground state. For the xanthone ketyl radical (%pkt has been carried out using the fourth harmonic (266 nm) or third harmonic
predicted that the reactivity of XnHin the lowest doublet (355 nm) oscillation of a nanosecondNdv¥AG laser (Quantel,
excited state (Xnk{D,)) is different from that of XnH in the Brilliant; 5 ns fwhm) as the first laser and the second harmonic
doublet ground state on the basis of the laser-jet experirénts. (532 nm) oscillation of a picosecond RdYAG laser (Con-
However, there is no report on the fluorescence and absorptiontinuum, RGA69-10 LD; 30 ps fwhm, 10 Hz) as the second laser.
properties of Xnh(D1) due to its quite short lifetime. There is  The delay time of the two laser flashes was adjustedts fiy
also no investigation for the unimolecular and bimolecular four channel digital delay/pulse generators (Stanford Research
reactivity of XnHe(D,) in the condensed phase. Systems, model DG 535). The breakdown of Xe gas generated
Nanoseconepicosecond two-color two-laser flash photolysis by the fundamental pulse of the picosecond®NWAG laser
is a powerful method for detecting short-lived transient species Was used as a probe light. Transient absorption and fluorescence
such as higher triplet excited states and excited radicals whichspectra and kinetic traces were measured using a streak camera
can be generated by the excitation of the lowest triplet excited (Hamamatsu Photonics, C7700) equipped with a CCD camera

state and ground state radicals, respectiféfyin the previous ~ (Hamamatsu Photonics, C4742-98) and were stored on a PC.
To avoid stray light and pyrolysis of the sample by the probe

* Corresponding author. E-mail: majima@sanken.osaka-u.ac.jp. light, suitable filters were employed. The samples were flowed
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in a transparent rectangular quartz cell (kx®.5 x 2.0 cn¥) 0.15
at room temperature. A
Xn was recrystallized from ethanol before use. Sample .
solutions were deoxygenated by bubbling Ar gas for 30 min 5 0.10r 5
before irradiation. o S
: : <o 05-‘ o
Results and Discussion : «— —»
Generation of XnHe(Dg). XnHe was generated by the L/\/\;ﬁ"\m
photoreduc_:thn of Xn. Upon the first 266_- or 355_-nm nan(_)second- 0.00 350400450 500550 660 650 760 750800
laser irradiation, generated xanthone in the triplet excited state Wavelength (nm)
(Xn(T41)) decayed through hydrogen abstraction from a hydrogen- 015
donating solvent to produce XrHin the doublet ground state B
(XnHe(Do)) (eq 1)*?
: 0,10 S
Xn w266 or 355 Xn(Tl) hydrogen abstraction XnHe (DO) (1) 8 %
<o 05 -
The absorption spectra of XrtDo) in various solvents are ' 4_ _;.
shown in Figure 1. The spectrum of X®fo) in cyclohexane
which has peaks at 344, 391, 484, 565, and 611 nm was well 0.00
consistent with the reported o#®. The absorption spectrum 350400?3:32?3?15%?13?2;?;’ 750800
of XnHe(Dg) changed significantly depending on the solvent. 015 -’
The peak positions of XniDo) (14"®) are summarized in Table C
1, together with the relative intensities (RIs) of the absorption
peak around 610 nm for that at 480 nm in various solvents (RI . 010 Q
= AODg1dAODygg). The RI values dramatically increased in a L
polar solvents such as 2-propanol and acetonitrile (containing % “«— — |
1% cyclohexane). This apparent difference in absorption spectra 0.05
is ascribed to the change of character of %(ibb) depending M / \
on the solvent polarity. T
Fluorescence Spectra and Lifetime of Xnk(Di). The 0.00 o 56950 500 550800850 700 750 800
generated ketyl radical was excited at the visible absorption band Wavelength (nm)
using the second laser (532 nm, 15 mJ/pulse, 30 ps fwhm) with 0.06
a delay time of lus after the first laser (eq 2). D
_) —_
XnHe(Dg) ——= XnHe(D,) @) g %% i 5
V532 . IR ©
@) { 2
< [ -
Upon the excitation, Xnkishowed the fluorescence corre- 0.02} m J.' | v
sponding to the B— Dq transition. The fluorescence spectrum M,
of XnHe(D1) was almost a mirror image of the absorption "w,,w
spectrum in each solvent (Figure 1). The fluorescence from 0'00350400450500550360650760750300
XnHe in the excited state (Xn#iD,)) in various solvents was Wavelength (nm)
observed for the first time. The fluorescence spectrum of XnH 0.08
(D) exhibited a red shift with an increase of the solvent polarity. E
In toluene and 2-propanol, XrkD;) showed a larger Stokes 0.06 s
shift (vs9 than others. The fluorescence maximum of %nH . =
(429 and observedss values in various solvents are listed in Q 004} &
Table 1. The change of fluorescence properties can be attributed 9] ™
to (1) dipole-dipole interaction between solvent and solute 00zt
molecules or (2) specific solvensolute interaction such as the ff\’ M
formation of hydrogen bonding. To have a better understanding 0.0
of XnHe(D;) in the excited state, the observed was plotted 350400450500 550 600650 700750300
against the DimrottEr(30) parametel® However, vss values Wavelength (nm)
of XnHe did not show a linear correlation with ther(30) Figure 1. Absorption (black line) spectra of Xn+bbtained following

parametet? Since the linearity of this plot suggests the dipele  the first 266- (A, D, and E) or 355-nm (B and C) preparation pulse
dipole interaction between solvent and solute molecules, dipole and fluorescence (red line) spectra obtained 0.1 ns after the second
dipole interaction between solvent and B can be 532-nm excitation pulse two-color two-laser flash photolysis in

. - Ar-saturated solvents at room temperature: (A) cyclohexane; (B)
negligible. The largemss value of Xni+ in toluene can be toluene; (C) 2-methyltetrahydrofurane; (D) 2-propanol; (E) acetonitrile

attributed to ther—z interaction with toluene, as suggested by (containing 1% cyciohexane). The blank around 532 nm in the spectra
Scaiano et al?® For 2-propanol, its strong hydrogen-bonding was due to the residual SHG of the NdrAG laser.

ability should be responsible for the largeg'® Thus, the

solvent-dependeniss of XnHe can be attributed to the specific The energy gaps between the Bnd Oy states of XnH
solvent-solute interactions, that is;—s interaction with toluene (AE(D; — Dy)) in various solvents were determined from the
and the formation of hydrogen bonding with 2-propanol. fluorescence maxima (Table 1). TiadE(D; — Do) values of
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TABLE 1: Spectroscopic Data for XnHe in Various Solvents

compound solvent A" (nm) RE Afme (nm) vss(10° cm )

xanthone cyclohexane 344,391, 484, 565, 611 0.28 656 1.1
toluene 35%,396, 490, 564, 613 0.27 671 1.4
MTHF 345P 390, 497, 591, 627 0.59 671 1.0
2-propanol 338, 389, 496, 613 0.87 681 1.6
acetonitrilé 341, 387, 482, 617 1.2 668 1.2

aRelative intensity of the absorption peak around 610 nm for that at 48® fihe values were not clearly determined due to the interference
of the ground state absorptionContaining 1% cyclohexane.

TABLE 2: Dielectric Constants of the Solvents €), Lifetimes of Transient Absorption (7o) and Fluorescence £;), Rate Constants
of the Chemical Reaction k¢), Rate Constants of Radiative k) and Nonradiative (k,,) Relaxation Processes, and Energy Gaps
between XnHe(Dg) and XnHe(D,)

solvent € 70 (NS) 7 (NS) ke (1P s™Y) ki + kr (1P s7Y) AE(D1 — Do) (eV)
cyclohexane 2.0 0.3%: 0.02 0.35+ 0.02 0.72+ 0.02 2.1+ 0.1 1.88
toluene 24 0.2%0.01 0.30+ 0.01 2.0 14 1.85
MTHF 7.0 0.21+ 0.02 0.25+ 0.02 0.27+ 0.01 3.7£0.2 1.85
2-propanol 20 0.1% 0.03 0.18+ 0.02 0.19+ 0.01 5.4+ 0.3 1.82
acetonitrilé 36 0.23+ 0.02 0.26+ 0.02 1.2+0.1 2.6+ 0.1 1.86

a Containing 1% cyclohexane.

SCHEME 1: Energy Level Diagram of XnHe in the
Ground and Excited States and Transient Processes in
= Cyclohexane
s (eV)
T —3.5eV
Dpp i
e : D. |30eV 15
. . . n | {
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Figure 2. Kinetic trace of the fluorescence intensity of Xabt 672 13
nm during the two-color two-laser photolysis. The solid line is the best
fit obtained by the calculations based on the first-order kinetics. D1 42
kK,
XnHe(D1) slightly decreased with increasing solvent polarity, hVs3o kic | ke c +1
indicating the stabilization of the {tate and/or destabilization D Product
of the Dy state in polar solvents. 0 -0
The fluorescence lifetimest of XnHe(D;) in various OH
solvents were measured at the peak position of the fluorescence O . O
spectrum. All fluorescence decay curves were fitted well with o
the single-exponential decay function (Figure 2). %(iBt) XnHe

showed the relatively longer, in nonpolar solvents. The
fluorescence properties of XrtD;) such as lifetime andE(D;

— Dg) are summarized in Table 2. It is noteworthy that »nH
(D1) showed shortet, in 2-propanol than those in other solvents.

At_)sorpuon Spectrum and L'f‘?“me_ Qf XnHe(D,). Im- the ratio of bleaching and recovery of X, was signifi-
medlgtely after the second laser irradiation of X(Bb), new cantly affected by the solvent properties. The incomplete
”"’T”S'e”t absorption peaks appeared at around 35(.) and 430. nnPecovery of XnH(Dy) after the second laser irradiation indicates
(Figure 3A). The spectral shape of the new transient Speciesyha+ the jrreversible processes, such as chemical reaction with
was given by subtracting the spectrum observed during one-pq sojvent molecule and unimolecular bond cleavage, occurred
laser photolysis from that observed at 0.2 ns after the irradiation ¢ XnHe in the excited doublet states. As an example of
(_juri_ng the two-color two-laser ph_otolysis (Figure 3B). The decay jreversible processes of XmED,), the head-to-tail cross-
lifetimes (o) at the two absorption peaks at 350 and 430 Nm ¢4 pjing reaction with 2-propanol (Scheme 2) has been reported
were similar to each other, suggesting that two absorption bandsgrom the results of the laser-jet experiméiior the benzophe-
originated from a single transient species. Thealue estimated  none ketyl radical in the excited state, the intermolecular reaction
from the absorption decay (Figure 3C) was essentially the sameyyjth the solvent molecules and the unimolecular cleavage of
as ther; value estimated from the fluorescence decay. Thus, the O-H ketyl bond yielding benzophenone and a hydrogen
these transient absorption bands were attributed to the-D  atom have been reportédhus, the decay of Xn¥{D;) should
D1 transition (Scheme 1). The transient absorption spectrum of include a chemical reaction, internal conversion, and radiative
XnHe(D,) exhibited two absorption peaks, from which transition  transition processes (Scheme 1). Thealue can be expressed
energies from the Pstate to two higher doublet excited states as shown in eq 3
(Dmand D,) were estimated to be 3.5 and 3.0 eV, respectively.

The transient absorption spectrum of X4fH;) was obtained o= 1
in each solvent (Figure 4). The absorption peak of X({H) ke + K+ Ky

in the visible region was red-shifted and broadened with
increasing solvent polarity.

Upon excitation with the second laser, bleaching and recovery
of XnHe(Dg) were observed (Figure 5). It is noteworthy that

®3)
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Figure 3. Transient absorption spectra obtained following the first preparation pulse (266 nm, solid line (a)) of Xn1@.OM) and 0.2 (broken

line (b)) and 5 ns (dotted line (c)) after the second excitation pulse (532 nm) in Ar-saturated cyclohexane. The second laser was irradiated at 1
after the first laser pulse. The transient absorption spectrum ofeflhH(B) was given by subtracting spectrum a from spectrum b. The blank
around 532 nm in the spectra was due to the residual SHG of theY&G laser. Kinetic trace of absorption at 430 nm of XnHuring the
two-color two-laser photolysis (C). The solid line is the best fit obtained by the calculations based on the first-order kinetics.

SCHEME 2 SCHEME 3
OH * . o] ™ \ i /
L (CHz),CHOH : P ‘\)E‘ He
OO | = (L ==L
o o CH(CHy), cage
OH l ke
diff
(XnHe*
(0]
wherekg, k., andk,, are the rate constants of a chemical reaction, 1 He
radiative relaxation, and nonradiative processes of &Bl), 0
respectively. Because the chemical reaction does not regenerate
XnHe(Dy), the sum ofk andky, is given by eq 4 SCHEME 4

OH o}
AAOD(t =) 5 hisso
1= Anopi=0) &tk @) - o

where AAOD(t = 0) and AAOD (t = ) refer to AAOD

immediately after and sufficiently after the second laser irradia- CHs CHs
tion, respectively, estimated from the curve fitting. On the other
hand,kc can be estimated from eq 5. He + Q
H
AAOD(t =)
AAOD(t = 0) = keto ®) escape from the solvent cage should vary linearly with the
inverse of the bulk viscosity (4).142Since the solvent viscosity
From these relations, the and & + kn,) values for XnH were of acetonitrile is much smaller than that of cyclohexane, the
estimated, as summarized in Table 2. generated Xn and a hydrogen atom escape easily from the
It is noteworthy that théc values of XnH(D;) in cyclohex- solvent cage, preventing the regeneration of XirHacetonitrile

ane, toluene, and acetonitrile (containing 1% cyclohexane) were (containing 1% cyclohexane) (Scheme 3). The efficiency of OH
larger than those in 2-methytetrahydrofuran (MTHF) and bond cleavage depending on solvent viscosity has been reported
2-propanol (Table 2). Since recovery of X¢(Bo) in 2-propanol by Agmon et al*? It is noteworthy that Xnki(Dy) in toluene
was almost complete, the head-to-tail coupling reaction from showed a small recovery and fastey value compared with
XnHe(D;) seems to be inefficient under our experimental those in other solvents. The unimolecular cleavage of th&lO
conditions? It is reported that the benzophenone ketyl radical ketyl bond of XnH(D;) seems to be efficient also in toluene,
in the D, state abstracts a hydrogen atom from cyclohexane. since the formation of a toluene-H-adduct is possible with the
The spin density at the hydroxy-bearing carbon atom of the generated hydrogen radical (Schemé 4).

benzophenone ketyl radical is shifted substantially to the para The ( + kn) value of XnH(D;) was significantly affected
position in the Q state’ The similar change of spin density by the solvent. Thek{ + ky) value of XnH(D;) was quite large
between the Pand D, states was reported on XefTherefore, in 2-propanol. It is known that the formation of hydrogen
XnHe(D;) could have the hydrogen abstraction ability from bonding between solute and solvent molecules promotes the
cyclohexane. Hydrogen abstraction of X¢{B,) is possible in nonradiative relaxation proce¥sThus, it is suggested that the
cyclohexane and acetonitrile (containing 1% cyclohexane). In formation of a hydrogen bond between 2-propanol and ketyl
acetonitrile (containing 1% cyclohexane), thevalue was faster ~ radicals enhances the nonradiative relaxation process.

than that in cyclohexane. Since the concentration of cyclohexane Intermolecular Reaction of XnHe(D;) with a Halogen

in acetonitrile (containing 1% cyclohexane) was 100 times Atom Donor. The reactivity of XnH(D;) toward compounds
smaller than that in neat cyclohexane, it seems that anotherwith abstractable halogen atoms such asCCHCl;, CH,Cly,
reaction occurred concomitantly with the hydrogen abstraction and GH3Cl; was examined. Although CHEand CHCI, were

in acetonitrile (containing 1% cyclohexane). The cleavage of inert for halogen abstraction, CCland GH3Cl; showed
the O—H ketyl bond generating Xn and a hydrogen atom will reactivity with XnHe(D3). In the presence of Cglthe irrevers-

be the possible reaction pathway induced by the second laseiible component in the recovery of XrtDy) increased dramati-
irradiation. According to the Noyes model, the efficiency of cally. In all examined solvents, similar change was observed.
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Figure 4. Transient absorption spectra of X#(®:) obtained following Figure 5. Second laser induced bleaching and recovery of the transient

the first 266-nm preparation pulse and 0.2 ns after the second 532-nmabsorption of XnH(Do) at 490 nm: (A) cyclohexane; (B) toluene; (C)
excitation pulse of Xn: (A) cyclohexane; (B) toluene; (C) 2-meth- 2-methyltetrahydrofurane; (D) 2-propanol; (E) acetonitrile (containing
yltetrahydrofurane; (D) 2-propanol; (E) acetonitrile (containing 1% 1% cyclohexane).
cyclohexane) in various solvents. The blank around 532 nm in the
spectra was due to the residual SHG of thé"\AG laser. eV, the energy transfer from XnkD;) to CClL(S;) or CCl-

(T1) was not included’ Additionally, the formation a of
The proportion of the irreversible component increased with complex between Xn¥{D;) and halogen donors can be ignored
increasing concentration of CLIAdditionally, fluorescence because the shape of the fluorescence spectra was not changed
quenching of XnH(D;) by CCl was observed (Figure 6). by adding a halogen donor (Figure 6). Therefore, it is suggested
Therefore, it is concluded that XrtD;) was quenched by C¢l that chlorine atom abstraction from G®ly XnHe(D;) occurred
Since the formation of the xanthonenol cation which has a strong (Scheme 5). Since XnDo) has little reactivity with the CGl
peak at 372 nme(= 3.8 x 10 M~ cm )6 was not observed  molecule, it should be noted that the reactivity of Xnhkas
after the second laser irradiation, dissociative electron transferdramatically enhanced in the excited st&fe.
from XnHe(D;) to CCl, should not occur. Since the triplet To determine the fluorescence quenching efficiency and
energy of CCJ has been reported to be between 3.1 and 3.8 solvent effect on the reactivity of halogen abstraction, the
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TABLE 3: Diffusion Coefficients of XnH e (Dxqn.), Diffusion-Controlled Rate Constants Kqit), and Quenching Rate Constants of

XnH '(D]_) by CC|4 and C2H3C|3 (kq)

XI"IHO(D]_)/CC|4 XnH-(Dl)/C2H3CI3
solvent Dyxnte (1079 m?s71) kairr (LO® M~1s7Y) kg (1P M~1s™Y) kg (1P M~1s™Y)
cyclohexane 0.62 8.2 6.1+ 0.3 0.30+ 0.04
toluene 0.89 13 6.8+ 0.4 0.048+ 0.1
MTHF 1.0 15 8.8+1 0.23+ 0.05
2-propanol 0.33 3.8 12+1 0.31+0.07
acetonitrilé 1.0” 19 17+ 1 0.39+ 0.06

aReference 20€. The D value in benzene was employed, since benzene has similar solvent properties and size to°tBktenated from the

correlation betwee® and#.2°¢k ¢ Containing 1% cyclohexane.

(a)
- (b)
o (c)
T
650 800

700 750
Wavelength (nm)
Figure 6. Fluorescence spectra of Xm¢D,) containing CCJ (0.1 (a),

0.2 (b), and 0.35 M (c), respectively) obtained following the first 266-
nm preparation pulse and 0.2 ns after the second 532-nm excitation

pulse in MTHF.
SCHEME 5

*
OH
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-2H
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fluorescence lifetime in a mixturerj was measured as a
function of the CCJ concentration in various solvents. The
halogen abstraction process leads to a reducealue of XnH

in the presence of C&IFrom the plots of reciprocal versus
CCl4 concentration (Figure 7), the quenching rate constajt (
was determined on the basis of eq 6

11 wfcay

Tr Tro

(6)

010 011 012 013
[CCI,] (M)

Figure 7. Stern—Volmer plots in various solvents:@) cyclohexane;
(O) toluene; @) MTHF; (O) 2-propanol; &) acetonitrile (containing
1% cyclohexane).

between the radical and the surrounding moleét#€Terazima

et al. reported that the value of the benzophenone ketyl radical
generated by photoinduced hydrogen abstraction showed 2
times smalleD values than that of the parent molecule even
though the ketyl radical and parent molecule possess nearly the
same size and shap¥. Thus, we employed thed® values of

the benzophenone ketyl radical in ref 20e Egn., Which was
measured by the time-resolved transient grating method. The
estimatedkgi values were shown in Table 3.«CI bond
dissociation energies of CLICHCl;, CH,Cl,, and GH3Cls are
reported to be 70, 79, 83, and 74 kcal miglrespectivel\f¢-21

As shown in Table 3, thig, values for CCJ in various solvents
were similar to the; values. Therefore, the halogen abstraction
reaction of XnH(D;) with CCl, occurred at the diffusion-
controlled rate constant because of the sufficient driving force.
The estimatedt, values for GH3Clz; were 10 times slower than

wherez, denotes the fluorescence lifetime in the absence of thekir values. Thek, values for CHCI, and CHC} were much

CCls. Thekq values of GHsClz were estimated by the same
method. Thek, value of CC} was 10 times larger than that of
CoHsCls. The determinedty values were summarized in Table
3.

According to the Smoluchowski equation, the diffusion-

slower than those for £13Cls. Therefore, thés, values reflect
the bond dissociation enerdy This correlation supports the
Cl abstraction reactioff.

It is noteworthy that thég value for GH3Cls increased with
increasing solvent polarity. The value for GHsClz may reflect

controlled rate constankds) was expressed as shown in eq the change of reactivity of Xn#D,) induced by the solvent

718,19

Kgift = 4TDpaec (7)

whereDpa denotes the sum of the diffusion constant between

XnHe(D1) (Dxnn.) @and halogen-donating moleculedy) and

dec is the reaction distance 5.5 A estimated from the results of

PM3 calculationsDy was estimated from the StokeEinstein
relation (eq 83819

ks T

G Al

8)

DXnH-

properties. The halogen abstraction rate constant was correlated
with sz-electron density at the carbon to which the halogen is
attached. It is reported qualitatively that excess electron density
at the carbon retards the abstraction while deficient electron
density enhances the r&&Since the charge density of XaH

(D;) should be delocalized in the polar solvents, the charge
density at the para position of the phenyl ring may be lowered
as favorable to the abstraction.

Conclusions

In the present work, we directly detected the absorption
spectra and fluorescence of X#(B,) in various solvents. The

wherekg, ra, 7, andT denote the Boltzmann constant, the radius reactivities of XnH(D1) were significantly affected by the
of the solute, the viscosity of the solvent, and the temperature, solvent properties. The dipotalipole interaction between
respectivelyt81° As for Dxnp., it is known that the diffusion of ~ XnHe(D;) and the solvent molecules was not observed. &nH
radicals was anomalously slow due to the strong interaction (D) showed the specific solvensolute interactions with the
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toluene and 2-propanol. The solvent effect on the lifetime of
XnHe(D;) was examined. The interaction and reactivity of
XnHe(D1) with the solvent molecules govern the lifetime of
XnHe(D;). The halogen abstraction of XmtD,) from CCl, and
C,H3Cl; was also found. Thig, value of the halogen abstraction
of XnHe(D;) from CClL showed correlation with the diffusion-
controlled rate constant when the anomalously slow diffusion
of radical was taken into account, while that withHzCls
reflected the reactivity of Xnk{D;) depending on the solvent
polarity.
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