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(1-Naphthoyl)diphenylphosphine oxidel)(was synthesized and characterized and its photochemistry
investigated using emission spectroscopy, pulse radiolysis, and nanosecond laser flash photolysis. Fluorescence
quantum yields are low in aprotic polar and nonpolar solvents. In methanol, as a result of hydrogen-bonding,
change of $from an ng* state to aw,7n* state leads to the decrease in the rate constant for intersystem
crossing and results, finally, in an increase in fluorescence. Preferential solvation was evaluated using the E
indicator “Reichardt’s dye” (RD)ErN values were determined by gradually increasing the concentrations of
methanol in methanol/acetonitrile mixtures. Fluorescence quantum yields correlate wiy“healues.
Photolysis ofl yields diphenyl[1-naphthoyl)oxy]phosphiné)( formed mainly via cage recombination of
radicals. No radicals were detected by either nanosecond laser flash photolysis or pulse radidlysis of
aprotic solvents. However, photolysis in methanol yields radicals vlieexcited at 266 nm. The phosphinoyl
radical can be quenched by either methyl methacrylate (MMA) or oxyger (5.0 x 10" and 5.3x 10°

M~ s71, respectively). Such radical generation most likely results from the singlet excited state.

Introduction obtain more accurate values for the kinetic behavior of the triplet
state ofl. Fluorescence and phosphorescence experiments have
Inthe past few years, acyl and bis(acyl)phosphine oxides haveconsidered the emission properties of the excited statésisf
become important UV photoinitiators for the free-radical \yg.
polymerization of acrylate$.*® Both aryl acyl and bis(acyl)- In this paper, we report the first example of an acyl phosphine
phosphine oxides undergo rapidcleavage from the triplet  oyiqe 1 that undergoes an efficient disappearance but yields
excited state producing both carbon- and phosphorus-centered,q ragicals that can be detected either by laser flash photolysis
radicals>*1¢121415The radical species form&d® have been o huise radiolysis. Compourtibehaves differently from the
detected by laser flash photolysis using both infrared and UV analogous pheny! derivatividé which are known to efficiently
detectiorf;***%time-resolved ESR} CIDNP '?and picosecond  produce radicals. The triplet state is formed in benzene on
pump-probe spectroscopy. Thus 2,4,6-trimethylbenzoyl-  transient laser excitation as confirmed by pulse radiolysis
diphenylphosphine oxide)>2"4 and bis(2,6-dimethoxyben-  experiments. Rate constants for the reactions of the diphe-
zoyl)-2,4,4-trimethylpentylphosphine oxid8){*!4 are shown  nylphosphinoyl 4) and naphthoyl radical5j with methyl
to generate both carbon- and phosphorus-centered radicals bynethacrylate (MMA) and @ have been determined. Photo-
a-cleavage of the triplet excited state. products obtained after irradiation dfhave been isolated.

Ph_Ph Results and Discussion

osg/0 Q ph ) ? { Fluorescence and PhosphorescencEhe fluorescence quan-
C_gﬁph (g_ ol tum yield ) of 1 strongly depends on the nature of the solvent
OO E (Table 1). The emission spectralbbserved in polar solvents,
M /O ®) ({

for example, acetonitrile and methanol (Figure 1), clearly
demonstrate that fluorescence is much more intense in a
hydrogen-bonding solvent than in non-hydrogen-bonding sol-

Global analysis has become a standard technique for thevents.
examination of fluorescence in biological systéfisut not for Rate constants for intersystem crossikg)(in non-hydrogen-
the evaluation of flash photolysis data. We have used this to bonding solvents, estimated according to egs 1 and 2, indicate
an efficient transition from singlet to triplet state occurs because

of the relatively low values of<? in aprotic solvents (Table
l)l18,19

@)
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TABLE 1: Photophysical Properties of 1 in Different
Solvents

cyclohexane benzene acetonitrile methanol
@2 42x10°% 94x10°% 8.1x10* 0.21
emax (N7*) (M~Lecm™l) 451 389 532
k?(s—l)b 4.5x 10° 39x10° 53x10° ~10f
Kisc (S73)° 1.0x 10° 40x 10 6.3x 10° ~108
7p (Msy 83
op° 0.033
Es (kcal/mol) 64.2 64.2 64.2 87

Zhao et al.

TABLE 2: Nanosecond Laser Photolysis Data of 1

benzene acetonitrile methanol
71 (usp 22 18 25
kg (Oz) M~1s712 1.2x 1@ 1.3x 1 22x 10°
er(Lmol~tcm™)b 5180
¢r° 0.97+0.1
Er (kcal/moly 54.8+ 0.1

arr, triplet decay time in solvents at room temperature obtained from
laser flash photolysis and fitted by global analy$ie;, extinction
coefficients of triplet-triplet absorption by sensitized pulse radiolysis.

2 ¢r, fluorescence quantum yields in different solvents (fluorescence ¢r, benzophenone in benzene as a standardlowest triplet energy

standaré??% 9,10-diphenylanthraceng = 0.95 (CHCN), ¢ = 0.90
(cyclohexane))® k? estimated from absorption spectratdQ.nz*).
Ckise: intersystem crossing rate constant calculated by the relktion

= ¢Tk?/¢f. 4 Phosphorescence decay time in EPA (ether:isopentane:

ethanol= 5:5:2) at 77 K. Phosphorescence quantum yield in EPA
(standard? benzophenone in EPA, = 0.74 4 0.02). This number

is an estimate and was calculated frega~ 8 ns in methanol solution
of 1 at 266 nm excitation by nanosecond flash photolysis.
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Figure 1. (a) Fluorescence emission (1 and 2) and excitation (3 and
4) spectra ofl in acetonitrile (1.1x 107> M) at room temperature (1;
Aex = 322 nm; 2, Jex = 338 NnM; 3,Aem = 379 nm; 4,1em = 400 nm)

determined from triplettriplet energy transfer equilibrium with chry-
sene.

state resulting in different values. We also observed an increase
of 23 kcal/mol in singlet excited-state energy from switching
from an aprotic medium (64 kcal/mol) to a protic one (87 kcal/
mol).

Thus, the rate constants for fluorescerigeindicate it to be
dependent on surroundingfsA further explanation is based on
excited state configuration. Since the change of the solvent from
an aprotic to a protic one results in a change of the nature in
the excited state, we would expect different transit#rs.non-
hydrogen-bonding solvents, efficient spiarbit coupling be-
tween(n)* and 3(z,7)* states results in rapid intersystem
crossing. In contrast, inefficient intersystem crossing occurs
between(z,7)* and 3(w,7)* in protic solvents. Therefore,
fluorescence competes with the reduced efficiency for inter-
system crossing, which leads finally to an increasgritsimilar
effects were previously reported for naphthaldehydes.

Groups attached to the-P single bond irl can freely rotate.

As a result, at least two ground state conformations, for example
S-cis and S-trans, may exist in equilibrium at room temperature
because there is a low energy barrier. In the excited state of
this bond property may change from single bond to double bond
in a manner similarly reported for polyenes. Since rotation about
a double bond requires a higher activation energy than rotation
about a single bond, the energy barrier to interconversion of
the conformers by single bond rotation becomes higher in their
respective excited states, and an equilibrium process forming
the isomers ofl becomes impossible. Therefore, different
conformers of the ground state can be excited to different singlet
excited states and the latter are not interconvertable.

Excitation at different wavelengths into the mixedrhand

and (b) Fluorescence emission (5 and 6), delayed fluorescence (7) andy, 7* band in aprotic polar solvents (i.e., acetonitrile) clearly

excitation spectra oflL (8) in methanol (1.4x 105 M) at room
temperature (5ex = 325 nm; 6 lex = 296 nm; 7, after ks delay dex
= 296 nm; 8,lem = 372 nm). Left axis top: 3 and 4; right top: 1 and
2; left bottom: 8; right bottom: 5, 6, and 7; the intensity for delayed
fluorescence, 7, is multiplied by a factor of 450.

k? = Emaxvmaxzvllz =10%¢

@)

max

€max IS the molar absorption coefficient ofa¥, vmaxmaximum
of absorption energy, and,,; half-width of the absorption band.

ks = dr(K/¢by) )

¢t is obtained from laser flash photolysis; (see Table 2), and in
aprotic solvents thapr are assumed the same).

provides evidence for two different emission spectra (e.g. curves
1 and 2 in Figure 1), caused by depopulation of two different
excited singlet states. In contrast, changing the solvent to
methanol results, as reported above, in an increase of the energy
of excited singlet state and therefore, presumably, to the
excitation of one species.

The nyz* band in the absorption spectrum btan easily be
distinguished from ther,7* band, Figure 2. In aprotic solvents
such as cyclohexane, benzene, and acetonitrile, one observes a
band of low intensity as a long tail around 400 nm that shifts
to the blue as the solvent polarity increases. In methanol, this
band disappears likely because of the hydrogen bonding that
leads to a further blue shift.

CompoundL exhibits phosphorescence emission with vibra-
tional fine structure in EPA (ether:isopentane:ethand:5:2)

In hydrogen-bonding solvents such as methanol, an increaseglass at 77 K upon excitation at 423 nm (Figure 3). The

of k? and a decrease @& is observed. This can be understood difference between the (0,0) and (0,1) emission bands is 1456
if one considers a change of singlet excited states in different cm™, corresponding approximately to a stretching mode in the
solvents with the nature and population of the lowest singlet IR spectrum. The (0,0) emission band at 528 nm corresponds
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EN valueg” were measured in mixtures of acetonitrile/
methanol, Figure 5. The relationship between Ey# values
and the molar fraction of solventxs given by eq 3, where
ENt and EfN? are the EN values of the pure solvent and the
index 1 refers to acetonitrile and the index 2 to methanol. The
ratio fo/f; is equal to the preferential solvation coefficient and
indicates the preferred solvation of the solute RD in the mixture.
This ratio further reports which solute possesses the better
solubility in each respective solvent. When this value approaches
unity, there is no preferred solvation; the solute is equally soluble
in either solvent.
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Figure 2. Ground state absorption spectraloin different solvents
(1.0x 1.0 M) Inset: ground state absorption spectra magnified around
400 nm in cyclohexane, benzene, and acetonitrile 1.0°X 1).
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\\ . relative preferential solvation for RD in methanol in comparison
0 IR I PR to acetonitrile (Figure 5). Furthermore, a satisfactory correlation
350 420 490 560 630 700

was found between the fluorescence quantum yieldsl of
measured in mixtures of methanol and acetonitrile, and the
solvent polarity parametétN (inset Figure 5). Th&N values
contain all parameters, including the effect of hydrogen bonding,
that describe the solvation of solutes on a microscopic scale.
Therefore, a linear change of this parameter leads to a change
to a triplet energy 54.2 kcal/mol. The phosphorescence decayof the quantity¢;. Excitation at either 338 or 296 nm yields
time is 83 ms in EPA glass, which is in the range for compounds similar results. We conclude, therefore, thas preferentially
possessing a lowes(w,7)* triplet excited state. It is well  solvated by methanol rather than by acetonitrile. After saturation,
accepted that the singtetriplet splitting, AEst, of the nzr* state the quantum yield increases more slowly, Figure 4.
is smaller than that of " states. The experimental valdeesy Nanosecond Laser Flash Photolysid.aser flash photolysis
for 1 is around 10 kcal/mol because ofmpature of lowest ¢ 1 (excitation 355 nm) shows similar transient absorption
singlet excited staté’ spectra between 280 nm-700 nm both in benzene and @ CH
With the gradual addition of methanol to a solutionloin CN (Figure 6). The peak from 350 nm to shorter wavelengths
acetonitrile the intensity of the absorption at 338 nm decreasesevidences bleaching wherk possesses strong ground state
while that of the absorption at 296 nm increases. This indicates absorption. Surprisingly, the transient species between 370 and
that the nature of the singlet excited state changes gradually700 nm with maximum absorptions at 380 and 580 nm decay
from the non-hydrogen-bonding solvent to the hydrogen-bonding on a microsecond time scale with rather different kinetics. At
solvent. Thus, the presence of the hydrogen-bonding solvent,jow laser power, the transient species at 580 nm decays
methanol, causes an increasenigr® contribution in §, and monoexponentially. We attribute this transient to the triplet of
also increaseg by a factor of approximately 26-10°. From 1. Decays at the different wavelengths were fitted by global
plots of ¢ vs [MeOH], a critical point is observed when the  analysig® with monoexponential kinetics. Transient absorption
excitation is carried out either at 296 nm or at 338 nm, Figure spectra (26 time profiles between 450 and 700 nm) were linked
4. Beyond this critical point, the fluorescence quantum yields tg one data set where only the preexponential factors were a
level off. Two lines with different slopes are obtained, and these fynction of the registration wavelength and the calculated decay
have an intersection point at about 5 wt % methanol. times were equal for each wavelength. Figure 6 shows a
A more detailed understanding of such solvent effects is representative decay fdrin benzene at a registration wave-

wavelength (nm)

Figure 3. Normalized phosphorescencelpfexcitation (1)lem= 529
nm and emission (2) dtx = 423 nm spectra in EPA (ether:isopentane:
ethanol= 5:5:2 in volume) at 77 K.

obtained using the solvent indicator Reichardt’'s dye (R
evaluate the solvent polarity parameka in the mixtures of
acetonitrile/methanol.

length of 580 nm. In general, the change in optical density at
each wavelength can be described by eq 4, though decay times
are almost the same at each wavelength.
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Figure 5. Nonlinear relationship dE" values of Reichardt's dye vs methanol (wt %) acetonitrile/methanol binary system with preferential solvation.
Inset: The relationship of fluorescence quantum yield in acetonitrile/methanol mixture solverEfNi{V, lex = 338 Nm; @) Aex = 296 Nm).

n the triplet state. There is a long-lived species in that region fitted

AOD(t,A) = BG(,) + ) a,(4;) exp(—4.5 x 10%) (@) by a combination of first- and second-order kinetics because of
= the overlap of the triplet absorption and that of the naphthoyl

_ . radical. The naphthoyl radical is present in small amounts and
where BG= backgroundgo are preexponential factors. o . .
) . ; is likely generated from the singlet excited state.
Evidence for formation of the triplet states dfin benzene L .
- . . . The addition of either methyl methacrylate (MMA) or oxygen
and acetonitrile was obtained from, Quenching experiments,

sensitized pulse radiolysis, and from triptétiplet energy reduced 'the decay time of.the' naphthoyl radical and rgsults in
transfer experiments. Sensitized pulse radiolysis showed thatpseudo-flrst-order decay klnet|c_s. Blmolecular_ quenching con-
the triplet absorption covered the region from 370 to 700 nm stants k) for the naphthoy radical were obtained from plots

No radical species were detected since none of the decay curvégf the pseudo-first-order rate constants for the decay of transient

behaved according to a second-order kinetic aWhe triplet absorption Keeca) v the concentration of added quenchers:
is quenched by oxygen, yielding bimolecular quenching con- Kyecay= Ko + &[Q] (5)
stants that are on the order of one-ninth diffusion control. The Y

data obtained are compiled in Table 2. O, and MMA quench this radical with bimolecular rate

The species at 380 nm decays much more slowly than doesconstants 1.1x 10° and 2.9x 10° M~1 s71, respectively.
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Figure 6. Time profile of transient absorption dfin benzene (1.0Z 10~ M) monitored at 580 nm with fit residuals on the top. Inset: time-
resolved transient absorption spectralah benzene at 355 nm excitation: after several decaygg)n

(] the radicals come from the singlet excited state. The simulta-
neous growing in of radical absorption from the triplet state is
not observed. Although the smal}-ST splitting agrees with
the presence of anait singlet, it may be that the triplet has a
large degree ofr,z* character, possibly indicated by the long
phosphorescence lifetime. This electronic configuration and the
lower electronic energy relative to the corresponding phenyl
derivatives may limit carbonphosphorus bond cleavage.

In addition, a triplet quantum yield of almost unity may
explain the inefficient formation of radicals since the formation
of the triplet can be considered as an effective deactivation
o 1 pathway of the singlet excited state that reduces the tendency
A benzophenone for homolytic bond cleavage.

Surprisingly, laser flash photolysis df in methanol after
excitation atlex = 266 nm gave a rather different transient
absorption spectrum from those obtained in either benzene or

0004 : : | | | acetonitrile (Figure 8).

0.0 0.1 0.2 08 04 05 Three transient signals were observed in methanol as (i) an
laser energy(relative) . . .. .. .
absorption maximum at 330 nm, (ii) an emission maximum at

Figure 7. Dependence of the tripletriplet absorption ofl at 600 370 nm, and (iii) a further absorption maximum at 450 nm.
nm and benzophenone at 532 nm; optically matched deaerated benzene L
solutions (ORss = 0.5), laser powericb(532)= 8920 L mof* cm?). Second-order kinetics were observed for the 330 nm absorp-

tion (Table 2). This was assigned to the phosphinoyl radical
using the known extinction coefficieltgiving a rate constant
for decay of 70.5 M! s™1. Bimolecular rate constants for
guenching of the phosphinoyl radical by MMA ang @ere

5.0 x 10" and 5.3x 10° M~1 s71, respectively. These were
obtained by eq 5 using a similar procedure to that used with
the naphthoyl radical.

The absorption of the radical around 330 nm was not expected
because, in aprotic solvents, we observed few radicals in the
transient absorption spectra. As can be seen from Table 1, the
intersystem crossing rates. in methanol is slow £10° s™1)

0.14 —
0.12 H
0.10

0.08 —
[a]

Ol

0.06 —

0.04 -

0.02

It was possible to determine the triplet quantum yielg, of
1using the FT extinction coefficient at 600 nm obtained from
sensitized pulse radiolysis by laser excitation at 355 nm of
optically matched benzene solutions (9= 0.5) of1 and of
benzophenone (BP). BP is a known standard having af
unity3132 (eq 6)32 Plots of the intensities of the triplets df
and BP (Figure 7) as a function of laser energy extrapolated to
time zero gave slopes which, together with the known extinction
coefficients, gave @r for 1 of 0.974+ 0.1. This is clearly in
agreement with the very low fluorescence quantum yield in this

solvent. . : . .
and fluorescence ratd is fast (~107 s™%) in comparison with
_ AOD(1)egp(532) that in other solvents~10° and 16 s71). As a result, in
¢r(D) = AODT(BP)61(6OO)¢T(BP) ®) methanol ks. and kY become competitive pathways. Since

radical absorption rises at the same time as the absorption of
The results of the triplet quantum yield measurements and the triplet states, the formation of the radical most likely occurs
transient absorption spectra bfconfirm the assumption that  more often from the singlet excited state.
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Figure 9. Transient absorption measured at 580 nm after irradiation
of a deaerated benzene solution of Ch (2.8072 mol L™%) and1 (2.2

x 1074 mol L) with a 20 ns electron pulse, 2s/division, 2.0%
absorption/division A = 0.050,A. = 0. 035 (0.029 corrected for
absorption by?1*).
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(B) solution of 2-acetonaphthone (2-A; Fmol L~1) containing

1 (104 mol L) led to formation of a species with identical
spectral characteristics to that observed by laser flash photolysis
with Amax ~ 580—600 nm. The species decayed cleanly with a
first-order rate constant at low radiation dos&5 us. This
confirms the identity of the 580 nm species as the triplet state
of 1, produced here via the sequence of events summarized in

T ! ' ' ' I egs 71035 In addition, this experiment shows that the triplet
300 350 400 450 500 550 600

o])]

wavelength (nm) energy ofl is below that of 2-A (59.0 kcal mot).
Figure 8. Time-resolved transient absorption spectrd of methanol 1 . 1
(9.29 x 1075 M) at 266 nm excitation: after several decays /). B* +2-A—B+ 2-A (@)
3B* + 2—A — B + 2—A* (8)

The transient absorption at 450 nm reveals monoexponential
kinetics. Its rate of quenching by,0s on the order of one- 12— A* — 32— Ax 9
ninth diffusion control quenching, indicating it to be the triplet. 30 A% o 314
It has a similar decay to that observed in benzene and acetonitrile =AY +1—~2-A+71 (10)
(Table 2). The transient species obtained at 370 nm is located The extinction coefficient of the triplet state dfat 580 nm
in the same region as the steady state fluorescence in methandhas been determined using the technique of Bensasson and
and there is no ground state absorption in this region so this Land3! In these experiments two solutions of 2-A as above,
signal is assigned to fluorescence. After a few hundred one with and one without, were subjected to pulse radiolysis.
nanoseconds, the emission is still observed in the transientThe 32-A* and 31* yields in terms of OD at their respective
absorption spectra. Beforeis, this emission grows in; after 6  maxima, 430 and 580600 nm, were obtained by extrapolating
us, it disappears and decays at the same time as the triplet. Wetheir decays back to time zero. The rate constant for energy
assign this transient as delayed fluorescence. Tripigtlet transfer (cf. eq 10), determined to be 6&QL0° L mol~t s 1in
annihilation produces the singlet excited state, which then gives a separate experiment, and the rate constant for natural decay
this delayed fluorescence which is probably of the P-type. This of 32-A*, 2.0 x 10* s71, showed that-98% of the latter were
is supported by time-resolved delayed fluorescence using thescavenged byl. The ratio of the extrapolated OD’s and the
Spex and obtained afteris delay (Figure 1b). This emission ~known T—T extinction coefficient of 2-A (10 300 L moF
falls in the same region as regular fluorescence. lts lifetime is cm %)% thus gave a value fat of 5000 L mol* cm™* at 580
calculated as 17s after monoexponential fitting of the decay hm. Repetition using naphthalene (N);-T extinction coef-
profile at 370 nm. This is less than the lifetime of triplet. This ficient 13 200 L mot* cm™ at 425 nmi? instead of 2-A gave
postulate is further confirmed by emission spectra obtained by @ value of 5360 L mof* cm™, the average value being 5180 L
nanosecond photolysis without analyzing light. The species Mol™* cm™. ) ) o
decay monoexponentially with a lifetime 13:8, which is We have routinely determined triplet energiEs)(in benzene
nearly half the triplet lifetime. by e.sf[abllshlng equilibria for triplet energy transfer Wlth a

The kinetics at 370 nm show a fast growth of a transient sensitizer of knowrEr (cf. _ref 35 and _references therem)._A

) : - particular advantage of this method is that large error&in

absorption signal followed by a slow decay to a long-lived

) : X . ) X result in small errors iAG due to their exponential relationship.
species. This absorption signal consists of complicated processes o wwo triplets need to be within4.0 kcal mot in energy

bepause Of. the °"e”f"‘p of several species mcludmg the phos'for these experiments to work and the energy must be deposited

phinoyl radical, the triplet, and the fluorescence emission. The jiia |y within the highest energy sensitizer, i.e.; it must ideally

slow decay kinetics at 370 nm was fitted to a decay time of 21 56 py far the higher concentration by a factor of 50 or rdre.

us. This has the similar decay time as the triplet at 450 Nm.  \ye have successfully established such an equilibrium between
Pulse Radiolysis in BenzenePulse radiolysis in benzene is  chrysene (Ch) andl (cf. eq 11 and Figure 9), the former clearly

an excellent technique for producing triplet excited states of

solute molecules in high yieRP. Thus, irradiation of a benzene 3Ch* + 1=Ch+ %1* (12)
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SCHEME 1: Photochemistry of 1 (5x 10—3 M) in The contradiction is thdt has a highly efficient disappearance
Acetonitrile at 355 nm Irradiation upon irradiation but yields no radicals that can be detected by
00 laser flash photolysis. Since it also proves to be a poor
C—PPh photoinitiator3® this further implies that few radicals are
i generated. The efficient disappearancd @ attributed to the

photoreaction of both singlet and triplet excited states. That is,
the photoproducts may still arise from triplet excited state but
do so by rearrangement in solvent cage. Major prodict
suggests the primary step may be carbphosphorus bond
cleavage, but that subsequent recombination dominates in the
solvent cage rather than cage escape. Thus, one recombination
process gives both the starting material and pro6u&uch a
recombination process commonly occurs with benzene deriva-
tives 2 and 3, although both the carbonyl radical and phosphi-
noyl radical can be detected by laser flash photolysis of UV
and IR.

M

NOPHO

hv

Conclusion

I The photochemistry ofl is dominated by a solvent cage
Ph process. Even though no radicals are detected except in
(8 Major (7) trace 8) trace methanol, the triplet has been detected by nanosecond laser flash
60% 0 o o photolysis as well as pulse radiolysis, and further characterized
Pho—b—1pn ., Ph—b—O—p—Fh by triplet—triplet energy transfer. Hydrogen bonding has a
p/ Ph pn/ ey dramatic effect on the fluorescence spectruni @fith a high
© (10) fluorescence quantum yield being observed only in methanol.
Minor This is attributed to the elevation of the singlet excited state
[ from nyz* to zr,77* which then leads to a decreasing rate constant
of intersystem crossing. The solvent indicator Reichardt’s dye
gives the relative preferential solvation in methanol as being
) 13.4 times larger than that observed in acetonitrile, and suggests
x 10_3,m°1 L™ and1 (2.2 x 10°* mol L™) resulted in he gominant nature of methanol solvation. All of these facts
immediate” formation of’Ch*, monitored at 580 nm. Since  ¢jearly demonstrate that the extension of the chromophoric
31* also absorbs at this wavelength but significantly less than system alone in aryldiphenylphosphine oxides is not sufficient

chrysene (29 8065180 L mof* cm™) a simple correction  in order to produce compounds with high quantum yields for
could be made. The decay (Figure 9) was biexponential, showing a-cleavage.

fast decay to equilibrium followed by slow bleeding of that
equilibrium. Extrapolation of the fast and slow decays to time E
zero gave optical densities corresponding to the concentrations

having the larger triplet energy. Thus, pulse radiolysis of a
deaerated benzene solution of G (& 56.6 kcal mot?; 9.8

xperimental Part

of 3Ch* initially, A, and at equilibriumAe (after correction). Materials and Solvents. (1-Naphthoyl)diphenylphosphine
Because decay to equilibrium is fast relative to subsequent decaysyide was prepared according to a literature procefuard

[Ao — Ad/[1][Ad = 22 + 5, corresponding t&A\G = —1.8 +
0.2 kcal mot?. The standard assumption of no entropy change
gives anEr value for1 of 54.8 + 0.1 kcal motL. This is in
excellent agreement with the value of 54.2 kcal Malbtained General Methods. Melting points were determined with a

from phosphorescence data. . . .

. ) Thomas-Hoover capillary melting point apparatus and are
~ Steady State Photolysis and Product AnalysisSteady state  ncorrected. NMR spectra were obtained either with a Varian
irradiation of1 in cyclohexane, benzene, or acetonitrile causes Gemini 200 NMR spectrometer or Varian Unity Plus 400 NMR
ground state bleaching and an isosbestic point in the UV spectragpectrometer. Chemical shifts are in ppm with TMS as the
at 312 nm. Quantum yields for the disappearancel,ody, internal standardd NMR and 13C NMR) or HPO; as the
determined by UV absorption spectroscopy using a standardexternal standard®P NMR). GC/MS and MS spectra were
solution 0.1 M benzophenone with 0.1 M benzhydrol in benzene optained on a Hewlett-Packard 5988 mass spectrometer coupled
with photoreduction quantum yield of 0.88possess consider-  to an HP5880A GC, interfaced to an HP 2623A data processor.
ably higher values in benzene (0.29) and acetonitrile (0.57). HPLC were taken by a Hewlett-Packard high-performance liquid
Photolysis of an aerated (0.005 M) acetonitrile solutiorilof  chromatograph with a HP 1046A UV-absorbance detector.
gives the products shown in Scheme 1. Diphenyl[1-naphthoyl)- Quantitative HPLC analysis and separation was carried out on
oxy]phosphine )3’ is the major product. 1-Naphthaldehyd@@ ( a RP-18 column and a mobile phase of a mixture of acetonitrile
and diphenylphosphine oxid8)(are minor products. Each was  and water. Infrared spectra were taken with a Galaxy series 6020
identified by comparison of NMR and GC/MS analysis with FTIR spectrometer. Thin-layer chromotography was performed
authentic samples. The structures of two isomeric diphosphoruswith Whatman silica gel coated TLC plates. Aldrich silica gel
photoproducts 4, 10) have been tentatively assigned B 60 A (70-270 mesh) was used in column chromatography.
NMR spectroscopy? Elemental analysis was performed by Atlanta Microlab, Inc.

Unless mentioned, all other chemicals and solvents (spec-
trophotometric grade) were obtained from Aldrich and used as
received.
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