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An FT-EPR Investigation of the Anomalous CIDEP Observed in Photoinduced Reactions of
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CIDEP spectra from free radicals produced by the photolysis of xanthone (Xn) in 2-propanol were investigated
with FT-EPR. The spectra were assigned to the 2-hydroxypropan-2-yl (2HP) and xanthone ketyl (XnH)
radicals. In pure 2-propanol and 2-propanol containing 1098,Hhe spectra display low field emission/

high field absorption with net emission (E*/A) type polarization. The observed CIDEP pattern is mainly due
to the STy radical pair mechanism (RPM) with minor contributions from the triplet mechanism (TM) and
radical triplet pair mechanism (RTPM). Upon addition of HCI, the polarization changes to net absorption.
The rise time of the absorptive signals is determined by the response time of the spectroerBetel (8

s). Transient optical absorption measurements show that the triplet state of xariwres quenched by

HCI, and the change in spin polarization produced by HCI addition is attributed to this quenching process.
The dependence of the CIDEP pattern and triplet xanthone lifetime on HCI concentration shows that both
involve a diffusion-controlled process. The m&¥n* quenching process was found to be nonreactive, but

it is proposed that its spin selectivity produces spin polarization in the products of the hydrogen abstraction
reaction that runs in parallel with this quenching process.

Introduction reactions with phenols and alcohéfsand a cyclohexadienyl
type radical by a hydrogen abstraction reaction with sodium
borohydride!! Most of the CIDEP spectra obtained in these
studies show net emissive or E*/A polarization (low field side
emission and high field side absorption, the asterisk denoting
excess net polarization). This polarization pattern can be
accounted for in terms of a combination of two CIDEP
mechanisms: (1) the triplet mechanism (TM), stemming from

The spectroscopic and photochemical properties of xanthone
(Xn) have been a topic of considerable interest in the past three
decaded: 1" It is well-known that the close proximity of the
Sga* and Snr* states gives rise to unique features of triplet
xanthone Xn*). For example, the character of the lowest
triplet state is strongly influenced by the solvent polafit§,
and 3Xn* shows the unusual phenomenon of dual phos- ; . . .
phorescencé;35¢ Studies of photoexcited Xn have been per- 2 s:nble\_/el-de_pend_ent Intersystem crossing ('.SC) process in
formed with a variety of spectroscopic techniques such as Xn* which gives rise to emissive polarization; (2) the ST

transient absorption spectroscopy in the pico- and femtosecond'adical pair mechanism (RPM) which is responsible for the E/A
time regionsi” emission spectroscofy315 and magnetic contribution to the polarization. This explanation is supported
resonancé’.*l,Z ’ by the observation th&Xn* in a frozen matrix gives rise to a

In recent years, the time-resolved EPR (TREPR) technique 1 REPR spectrum with emissive character.
has become a well-established method for investigating pho- Recently, however, it was found that under certain conditions
tochemical reactions and properties of photoexcited species. Theradicals produced in photochemical reactions of Xn could give
phenomenon of chemically induced dynamic electron polariza- rise to CW TREPR spectra exhibiting net absorptive polariza-
tion (CIDEP) often provides valuable information not only on tion.?® Photoreduction of Xn in alcohols by irradiation at 337
spin and reaction dynamics but also on precursor excited nm gives CIDEP spectra of the xanthone ketyl radical (XnH)
statest®20 For the most part, CIDEP producing mechanisms and alcohol radicals with E/A* polarization. Moreover, upon

are now well understootf 28 addition of hydrochloric acid (HCI), spectra of these radicals
CIDEP studies have been made of a number of free radicalsbecome completely absorptive. It is noteworthy that benzophe-
produced in photochemical reactions involvid¥n*. For none, which resembles Xn in structure and chemical properties,

instance, CW TREPR spectra have been reported of aniondoes not show this unusual change in CIDEP upon addition of
radicals produced by electron-transfer reactions from donors HCI. Thus, the effect is a specific property of Xn. In the report
such as alkoxide® ketyl radicals given by hydrogen abstraction by Koga et al?®it was suggested that Xn forms a weak complex
with HCI and that excitation of this complex might generate

* Corresponding authors. radicals that give rise to EPR spectra with absorptive polariza-
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spectroscopic evidence that ground-state complexes are formed. (a)
Therefore, further investigations are needed to clarify the 3

mechanism by which HCI affects the spin polarization. . ~ neat solvent
25048 e 10% water [

0.11 M HCl1

Fourier transform EPR (FT-EPR) offers both higher sensitiv-
ity and better spectral resolution than the CW TREPR technique.
For these reasons, FT-EPR can provide new information about
spin and reaction dynamics at the early stages of the photo-
chemical reaction of Xn with alcohols. Since the time evolution
measured by FT-EPR is free from microwave field perturbation,
an analysis of the rise and decay of the EPR signals can reveal
the intrinsic properties of the transient species more clearly. In

Absorbance

the present work we have used FT-EPR to study the time 250 300 350 400
development of transient EPR signals of 2-hydroxypropan-2- Wavelength /nm
yl (2HP) and XnH radicals produced by photolysis of Xn in (b)
2-propanol, a mixed solvent of 2-propanol andCH and 4 ‘ ' e alvem
2-propanol/HO with various amounts of HCI. In addition, S Tg;t’a‘g‘ 1
optical absorption, emission, and transient absorption measure- R N 0.11 MHCIH
ments were performed to complement the EPR data. Combining % sl A ]
the results of the EPR and optical measurements, we show that «g SLf ‘e ]
dynamic quenching otXn* by HCI plays an important role s i
and suggest a possible mechanism for the effect of this g 13
guenching process on spin polarization. 51 '
05§
Experimental Section 0 :
350 400 450 500 550 60D
FT-EPR measurements were performed at room temperature Wavelength /nm
with a lab-built spectrometer described beféfté! A XeCl Figure 1. Effect of the addition of water and hydrochloric acid on (a)

excimer laser (Lambda Physik EMG 103 MSC, 308 nm, 12 Hz absorption and (b) emission spectra of xanthone in 2-propanol. The
repet|t|on rate) was used for photoexc|tat|on Quadrature concentration of xanthone WaS kept at- 2<QI.(T4 M. The excitation
detected free induction decay (FID) signals were accumulatedanE|ength used for recording the emission spectra was 308 nm.
using the CYCLOPS phase-cycling procedure. The number of ) . )
acquisitions per spectrum ranged from 400 to 1200. FT-EPR EPR cavity. The concentration of Xn was kept at .00~
power spectra were obtained by Fourier transformation of the M, @nd the concentration of HCI ranged from O to 1.1 M. An
FID's. The time evolution of EPR signals was measured by addltlpn of distilled water kept the water content in the samples
changing the delay time between laser excitation and microwave c0ntaining HCI to 10% (v/v). _ _
pulse. The data acquisition and processing methods were the EMIission spectra were measured with a conventional fluo-
same as those reported previollyThe time resolution of ~ fescence spectrometer (Hitachi model 850 or Shimadzu RF-
the present experiments was estimated to-Bex 1078 s; this 5000). In absorption and emission experiments, samples were
value is mainly determined by the microwave and laser pulse Prepared with 2.1x 10™* M of Xn in 2-propanol. The
widths and jitter in the timing of the pulses. Because the concentration of HCl ranged from 1.0 1072 to 1.0 M, and
bandwidths of the spectra of the transient radicals far exceedtN€ amount of water was kept at 10% (v/v).
the spectrometer bandwidth, complete spectra were assembled . .
from FID’s recorded with four to six field settings. The FT- Results and Discussion
EPR spectra shown here were converted to magnetic field | Absorption, Emission, and Transient Absorption Mea-
representation (left side is low field, i.e., high frequency) for surements. Absorption spectra of Xn taken under several
easy comparison with CW TREPR spectra. conditions are shown in Figure 1a. The figure shows that
CW TREPR measurements were carried out with a modified addition of 10% (v/v) HO produces only a slight red shift and
X-band EPR spectrometer (JEOL FE-3X).CIDEP spectra  minor line broadening compared with the spectrum in neat
were recorded with a boxcar integrator (PAR model 160). A 2-propanol. The broadening is probably caused by the coexist-
XeCl excimer laser (Lumonics Hyper 400, 308 nm, 7.5 Hz) or ence of differently solvated Xn. An addition of 0.11 M HCl to
a Nd:YAG laser (Quanta-Ray GCR-170, THG 355 nm, 10 Hz) the H,O containing 2-propanol solution does not cause any

was used for photoexcitation. change in the absorption spectrum. Therefore, it can be
Transient absorption measurements were carried out with aconcluded that the ground state of Xn is not affected by the

lab-built spectrometer of conventional designsing a XeCl addition of a small amount of HCI.

excimer laser for photoexcitation. Fluorescence spectra of Xn taken under different conditions

Xanthone and 2,6-dert-butylphenol (DTBP) were com-  are shown in Figure 1b. Figure 1b shows that the fluorescence
mercially available special grade reagents used without further intensity is enhanced considerably by the addition of 1090 H
purification. 2-Propanol and 2-methyl-1-propanol were G.R. By contrast, the addition of 0.11 M HCI does not change the
grade reagents (Aldrich) used as received. Concentratedfluorescence significantly except for the appearance of a weak
hydrochloric acid was used as received from EM Science (36.5% shoulder around 450 nm. With the addition of increasing
HCI, S.S.G.) in FT-EPR measurement or Wako Pure Chemical amounts of HCI, the relative intensity of the 450 nm band
Industries (35%, S.S.G.) in the other measurements. increases. The observations indicate that the excited singlet state

For FT-EPR measurements, the sample solutions wereof Xn is not affected by the addition of a small amount of HCI
deoxygenated by purging with nitrogen gas before and during although in the presence of a large amount of HED.(L M)
the experiments and pumped through a quartz cell held in thean exciplex of Xn with HCl may be formed. This is in accord
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Figure 2. Decay of the transient absorption at 615 nm observed upon Em. 3300 3320 334.0 3360 3380
photoexcitation of xanthone in 2-propanol: (a) xanthone concentration Magnetic Field / mT

dependence of the decay; (b) effect of addition of 10% water and

hydrochloric acid. Figure 3. FT-EPR spectra of free radicals formed by photolysis of

xanthone (1.0«< 1072 M) observed for a delay time of 60 ns after the
. . . . laser pulse: (a) in neat 2-propanol, (b) in 2-propanol with 10% (v/v)
with what is known about the singlet excited state of Xn. It ater and () in 2-propanol with 10% (v/v) water and 1.1 M HCI.

has been reported that the isc rate fromtre* state of Xn in The arrows mark the resonance peaks due to 2HP.

methanol is 2.3x 10 s71.17 [f the lifetime of IXn* is on the

order of 10 ps, the rate of excimer formation at an HCI solution. The concentration dependence is presumably due to
concentration of 0.1 M should be too slow to compete with the the T—T annihilation process which increases in relative

decay of singlet excited Xn. _ ~ importance with increasing concentration3f*.33
Transient absorption experiments were carried out to examineé - Contrary to what is found for the fluorescence, the transient
the characteristics 6Xn*. The absorption spectrum 8Kn* absorption due t8Xn* is strongly quenched by the addition of

is known to have a maximum around 615 AfmFigure 28 gma|l amounts of HCI as is shown in Figure 2b. At a
shows the decay curves of the transient absorption at 615 Nmconcentration of 0.11 M HCI in a 2-propanol solution containing
following the photolysis of Xn (102 and 103 M) in neat 10% HO, the transient absorption GXn* is completely
2-propanol. The curves show an initial fast exponential decay quenched. A very drastic shortening of the triplet lifetime is
followed by a long-lived component. The long-lived component already seen by the addition of 6 103 M HCI. From the

is attributed to light absorption by the radicals (XnH) produced Hc| concentration dependence of the decay, the quenching rate
by H abstraction from solvent molecules. The fast component -gnstant is estimated to be 2:7 10° M-* s1. This means

is ascribed te’Xn* decay and gives a rate constant of %2 that3xn* is quenched by HCI with a near diffusion-controlled
10° s for Xn (10-° M) in neat 2-propanol. The rate of triplet  rate |t is important to note, however, that quenching by HCI
decay for 10° M Xn (10°* M) in 2-propanol containing 10%  goes not enhance the long-lived absorption attributed to the XnH
H20 (cf. Figure 2b) is found to be 1.2 10°s™%. These decay  radical. Therefore, it can be concluded that the quenching of

rates are considered to represent the rate constipi} for 3Xn* by HCl is mainly due to a nonreactive process.

the hydrogen abstraction reactionfn* with 2-propanol Il. FT-EPR Measurements. (1) Xn in Neat 2-Propanol and
, Kin Z-Methyl-l-propanol._'l'he FT-EPR spectrum of radicals gener-
Xn* + PrOH— *XnH + *PrOH 0] ated by laser excitation (308 nm) of Xn in neat 2-propanol is

shown in Figure 3a. The sharp and strong lines at the low and
and establish that the hydrogen abstraction reaction is slowedhigh field sides of the spectrum are due to the 2HP radical, and
in a solution containing bO. Triplet properties of Xn, including  the multiline signal in the center of the spectrum is assigned to
kqa, are expected to depend on the structure of the solvationthe xanthone ketyl (XnH) radicl consistent with reaction

shell around®Xn*. Solvation by HO lowers thedzz* state scheme |. The spectrum shows an E*/A polarization pattern
relative to thednz* state, thereby reducing the hydrogen that can be accounted for in terms of a dominant E/A
abstraction rate. contribution generated by the 8RPM and a minor net E
Figure 2a shows that the lifetime 8Kn* is dependent on component that may be due to TM CIDEP. That the triplet
the Xn concentration. At I& M Xn the decay rates are 60 mechanism (TM) can give rise to an emissive signal contribution

10° s tin 2-propanol and 3.6« 10° s in the HO-containing can be deduced from CW TREPR measurements of Xn triplets
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Figure 4. FT-EPR spectra of free radicals formed by photolysis of 0.001 0.01 0.1 1 10

xanthone (1.0« 1072 M) observed for a delay time of 60 ns after the Delay Time / s
laser pulse: (@) in neat 2-methyl-1-propanol; (b) in 2-methyl-1-propanol rigre 5. Time development of the EPR lines of the 2HP radical (a)
with 1.1 M HCI. The arrows mark the resonance peaks due to 2MP. " eat 2-propanol and (b) in 2-propanol with 10% wafgs shows

the sum of the intensities of tid, = -1 hyperfine lines, andSshows
in frozen solution'%-12 |t is also evident from the fact that CW  the difference of the intensities of thiel and—1 lines.
EPR® and FT-EPR spectra of XnH and phenoxyl radicals o )
formed by the hydrogen abstraction reaction 3h* with laser (308 nm) as excitation source are of E*/A character, in
phenols show strong E polarization. The hydrogen abstraction @dreément with the FT-EPR results. However, the spectra
reaction giving the XnH and phenoxyl radicals is known to be 9enerated by using the third harmonic of a Nd:YAG laser (355
fasB” so that the radicals can capture the spin polarization of M) are of E/'g‘* type, in agreement with the results reported
precursor triplets. It should be noted, however, that in the xn Y Koga et ak® The results show that the CIDEP patterns in
propanol system the overall hydrogen abstraction rat % spectra of free radicals produced by photolysis of Xn in alcohols

10° 5L, vide supra) is much too low for the TM to be effective depend on the excitation wavelength. Assuming that net
given the fact that the triplet spirlattice relaxation rate is  Pelarization is due to the TM, the wavelength dependence
expected to be-10° s'1. However, the character 3Kn* is _suggests_that the spin selgctwlty of the smgle_mlet isc process
known to be very sensitive to solvation structure as is evident 'S @ function of the vibronic state reached with laser excitation.
from the observation of dual phosphorescence. It is quite 1HiS could be the case if the isc rate is comparable to rates of
possible, therefore, th&n* molecules with different solvation v!bratlonal_deactlvanon a_nd/or mterng_l conversion W|th|n_ the
spheres have different hydrogen abstraction rates. If a Sma"_smglet excited-state manifold, a condition that may be fulfilled

fraction of triplet Xn has a reaction rate approaching the triplet In this casé.’ Further work is required to ascertain the
spin-relaxation rate, this can account for the small net E mechanism giving rise to this intriguing phenomenon.
component observed. Alternatively, the radical triplet pair '€ time evolution of the EPR lines of the 2HP radical is
mechanism (RTPM) can be the source of E polarizadféf. shown in Elgure 5. Depicted are the time devg!opments of the
Transient absorption measurements show3Kat is relatively net emissive componenf 6 sum of the intensities of thi!,
long-lived, creating conditions where the RTPM mechanism can = =1 hyperfine lines) and the RPM (E/A) signal contribution
give rise to strong emissive polarizati&h® In fact, our cw  (AS difference of the intensities of thel and—1 lines)=° If -
TREPR experiments show that the relative intensity of the net the lifetime of the radical is long compared with the spin-
emissive component is stronger at higher concentrations of Xn. rélaxation time, the time evolution of the RPM spin polarization
This is consistent with what is expected for the RTEM. is represented by the following equatfén

The polarization pattern shown in Figure 3a differs from the
E/A* pgttern previoFl)Jst found in a CV\?TREPR study of free FRPM™ Porend €XPEUT,T) — exp(kt)} +
radicals formed by the photolysis with 337 nm laser excitation e exp(—t/TlR)} Q)
of Xn in alcohols?® Moreover, as shown in Figure 4a, with
2-methyl-1-propanol as solvent, the FT-EPR spectrum shows Here,P%py andP®rpy are the initial polarization generated by
an almost symmetrical E/A pattern, whereas in previous TREPR the geminate RPM and the polarization at thermal equilibrium,
work an E/A* type spectrum was observed. To confirm these respectively. T;R is the spin-lattice relaxation time of the 2HP
results, additional CW TREPR measurements were carried outradical, andk is the rate of RPM signal growth. In deriving
in 2-propanol and 2-methyl-1-propanol at several temperatureseq 1, F-pair polarization created by radical termination reactions
and for delay times ranging from 0.5 to 248. It was found was ignored, and it was assumed tkat> 1/T;R. When the
that all CW TREPR spectra obtained by using the XeCl excimer hydrogen abstraction rate constdafa, is less than the inverse
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TABLE 1: Rate Constants of Formation and Decay of (a) 2-propanol with 10% water
FT-EPR Signals of the 2HP Radical 0.04
.04 us
k(395! Kk(AS/sT LT FRs? il
2-propanol 9.0 1* 0.53x 10° 'me f‘w
2-propanol with 10% KO 7.6x 10F 0.65x 10° "
and HCl 1.2x 102M 14 x 10° 0.63x 10°
and HCI 6.0x 102M 34 x 10F  24x 10°  0.71x 10P 0.76 s
and HCI1.2x 101M 29 x 10  20x 1°  0.66x 10F i W w
and HCI 1.1 M 37x 1P (37 x 10F)  0.57x 10° p ﬂ W
DBP in 2-propanol 3% 1062 (0.54 x 10°)2
2-methyl-1-propanol 5% 10° 0.55x 1¢°
andHCI1.1 M 22x 108 17 x 106 0.56x 10°

5.26 us

@ Rate constants for the 2,6-thrt-butylphenoxyl radical. See text m‘ i
for details on the data analysis. WWI

of the spectrometer response time and there is no quenching
process of the triplet state other than the reaction, we should
obtain kya = k. However, if the triplet concentration is

relatively high, quenching due to-IT annihilation can be (b) 0.060 M HCI

significant as shown by the transient absorption measurements m Mﬂ

(cf. Figure 2a), and in that cagga < k. The measured time 0.06 us W \ | ML
developments of the signals are well simulated by eq 1 as shown M j J\}‘ [l
for the 2-propanol solution by the solid line in Figure 5a. The i ‘l‘ H W

rise and decay rates given by least-squares fits of the data to eq

1 giveks=9.0x 10°s7%, 1/T;R = 0.53 x 10° s~ tin 2-propanol AbS. 326 us

andk = 5.7 x 106 s, 1/T;R = 0.55 x 10f s 1 in 2-methyl- ‘

1-propanol. ks = 9 x 10° st is larger than the hydrogen WWWVYWWMW WM/‘ ﬂJ\(V‘MWM”WW
abstraction rate constant (3:2 1° s1 for 103 M Xn in Ei’n‘ WW

2-propanol) determined with the transient absorption technique.

This is probably due to the effect of the—T annihilation

process, since the excitation laser power is stronger and the

concent.ratlon of Xn is h|gher. than that used in the traq5|ent . 77.5
absorption measurements. Signal decay rates agree quite well

with previously reported values of the spilattice relaxation . ) . Magnetic Field / mT
rate of the 2HP radicaP.38 Figure 6. Time evolution of the FT-EPR spectra of the xanthone ketyl

. -, . radical (a) in 2-propanol with 10% water and (b) in 2-propanol with
(2) Effect of Addition of HO. Addition of H,O to a solution 10% waEte)r and %_O%O M HCl. (b) prop

of Xn in 2-propanol causes a decrease in signal intensity and a
slight change in the CIDEP pattern (cf. Figure 3b). The time of 60 ns are shown in Figure 8. It is seen that the
spectrum shows a more pronounced E*/A character Comparedcontl’ibution of the net A polarization increases with an increase
to that found in the absence of water (Cf Figure 3a), and the in HCI concentration. At 0.01 M HCI the SpeCtrUm still has a
intensity of the hyperfine lines due to the XnH radical compared dominant E/A polarization component, but the overall signal
with those of the 2HP radical is greatly enhanced. Figure 5b intensity is reduced considerably. The change in polarization
shows that the E/AAS) contribution to the 2HP spectrum t0 net absorption occurs at low HCI concentration, and the
develops more slowly than in pure 2-propanol, reflecting a spectrum is already completely absorptive for [HEID.06 M
slower hydrogen abstraction rate. Data derived from a least- (Cf. Figure 8b). Further increases in HCI concentration leave
squares fit using eq 1 are presented in Table 1. The (small)the polarization pattern and signal intensity virtually unchanged.
net E componentXS, Figure 5b) has an instrument-controlled The time developments of the net absorptive signal contribu-
rise time consistent with a TM contribution. The net E tion (3S) and RPM signal contributionAS) to the spectrum of
component of the integrated intensity of the XnH spectrum also 2HP at four HCI concentrations are shown in Figure 9. In
rises quickly (cf. Figures 6a and 7a). From the decay of the Figure 9a the lines depict least-squares fits ofAlsalata points
emissive signal of XnH it is estimated that the spiattice to eq 1, and in Figure 9b the lines represent the fits ofjifse
relaxation time is~10 us. points to the equation for the time development of TM
(3) Effect of Addition of HCI. Addition of HCI to the polarization3*
solutions of Xn in alcohols with 10% #D causes drastic
changes in the CIDEP pattern. FT-EPR spectra of 0.01 M Xn Prm = PP ru{ exptT;") — expl—(kys + LT )} +
in the presence of 1.1 M HCI in 2-propanol (10%®) and P il — exp(—t/TlR)} 2)
2-methyl-1-propanol (10% #D) are shown in Figures 3c and
4b, respectively. Both spectra show an overall A character with Here,P°ry andP*ry are the initial polarization and the thermal
minor E/A component. Apparently, in these systems there is a equilibrium polarization, respectivelyT;" is the spinr-lattice
CIDEP mechanism that makes a dominating net absorptive relaxation time of the triplet statéya is the rate constant of
signal contribution and a small signal component stemming from the hydrogen abstraction reaction, and it is assumed khat (
the RPM. The results are in agreement with CW TREPR results + 1/T;7) > 1/T;R. It is found that kqa + 1/T17) is larger than
reported previously? the inverse of the instrument response time, so that the rate of
To obtain more detailed information, the HCI concentration net A signal growth is~3 x 10’ s™1. Table 1 gives the rate
dependence of the FT-EPR spectra was investigated. The FT-constants of signal growth and decay derived from the experi-
EPR spectra obtained at several HCI concentrations with a delaymental data.
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Figure 8. HCI concentration dependence of the FT-EPR spectra of
free radicals generated by the photoreduction of xanthone in 2-propanol
with 10% HO. The HCI concentrations are (a) 0.012 M, (b) 0.060 M,
and (c) 0.12 M. The concentration of xanthone was kept at 0.010 M.

Figure 7. Time development of the EPR lines of the xanthone ketyl Em.
(XnH) radical in 2-propanol (a) with 10% water and (b) with 10% water
and 0.060 M HCLy S shows the sum of the integrated intensities of
high field and low field lines ana&Sthe difference between high and
low field lines.

According to transient optical absorption measurements, the

rate constant of (mainly nonreactive) triplet quenching by HCI (a) IS

is~2.7x 10° M~1s™1 The quenching rate at 0.1 M HCI (2.7 1500 : g '
x 108 s71), therefore, is already some 2 orders of magnitude jéj}QMM

higher than the hydrogen abstraction rate in neat 2-propanol - e 88?%

and 2-propanol with 10% #D. Even so, reasonably strong EPR
signals are recorded in the presence of HCI up to a concentration
as high as 1 M. It must be concluded that HCI addition not
only introduces a path of efficient nonreactive triplet decay but
also increases the rate of free radical formation. That EPR

500

Intensity / a.u.

signals remain strong even though the nonreactive triplet decay 0T x x X
route dominates may in part be due to the fact that the reaction ‘ e ‘
rate is high enough for the radicals to capture spin polarization 0.001 0.01 De’ay%}m/us 1 10
of precursor triplets? ‘
In the presence of HCI, CIDEP spectra of the XnH radical (b) AS
also show absorptive polarization as shown in Figures 6b and 1000 , —
8b. This is consistent with the assignment of the net polarization f;(‘):}ZMM {;
to TM CIDEP. The signal intensity of the XnH spectrum 800 1 -<- 0.060 M 5 “ ]
relative to that of the 2HP radical diminishes noticeably as the oMy S XX
600 .

concentration of HCI increases. This may be due to line
broadening caused by proton exchange. The effect of proton

Intensity / a.u.

exchange is also evident in the spectrum of 2HP; a comparison 400 1
of the spectra given in Figure 3 shows that addition of HCI S0 L ]
leads to a loss of the second order hyperfine structure that is g

clearly evident in the spectra from 2HP in 2-propanol (with and o ke
without H,0). 0.001 0.01 0.1 1 10

Delay Time / us

Figures 6b and 7b show that, in a 2-propanol solution Figure 9. Time developments of the sum of the integrated intensities
containing 0.06 M HCI, the XnH spectrum shows a polarization of high field and low field lines ¥S) and the difference in intensities

inversion from absorptive to emissive with increasing time. The o the high and low field linesAS) in the spectrum of the 2HP radical
emissive polarization cannot arise from the RTPM because for various HCI concentrations.

3Xn* is already completely quenched by HCl in less than 0.1

us according to the transient absorption data. At this pointthe Ill. Reaction and CIDEP Mechanisms Generating A
cause of this polarization inversion is not understood. Polarization. At the HCI concentration required to produce a
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