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Abstract: Laser flash photolysis (LFP, Nd:YAG laser, 35 ps, 266 nm, 10 mJ) of phenyl azide (PA) releases
open-shell singlet phenylnitren#P(N). 1PN has a sharp absorption band at 350 nm and a very weak absorption
band at 540 nm. These bands are assigned-as,mnd a mixture of 52%r—n, and 28% gp—x* transitions,
respectively, on the basis of CASSCF and CASPT2 calculations. A CASPT2 calculation of the spectrum of
triplet phenylnitrene PN) is in very good agreement with the experimental spectrum. A sharp absorption
band of3PN at 308 nm and a broad, structured band at 370 nm are assignednggnds— transitions on

the basis of CASSCF and CASPT2 calculations. The low intensity, long wavelength b8t ¢diling to

500 nm is assigned as a mixturesofny, nc—ax* transitions. The decay dfPN in pentane was measured as

a function of temperature to obtain observed rate constants of disapped@acEhe rate constarkyps is

equal tokr + kisc, Wherekg is the absolute rate constant of rearrangemenPdf to benzazirine anlisc is

the absolute rate constant of intersystem crossing to the lower energy triple€Btdje\When it is assumed
thatkisc is independent of temperatuigyscan be dissected, and absolute valuds@ndksc can be deduced.

For PN, kisc = 3.2+ 0.3 x 1® s ! and the Arrhenius parameters fg are found to béc, = 5.6 & 0.3 kcall

mol~t andA = 101303 g1,

Introduction report an expanded study of the kinetics and spectroscopy of
IPN. We now report revised activation parameters for cyclization
of E; = 5.6+ 0.3 kcal/moft andA = 1013303 The absolute
rate constant of ISCk(sc) has been directly determined for the
first time and found to be 3.2 0.3 x 10° s™%. Furthermore,

the transient absorption spectrum!BN is interpreted with the

aid of modern computational methods.

The intermediates produced upon thermal and photochemical
decomposition of phenyl azide (PA) have long been a source
of fascination to both organic and physical chemishese
intermediates are of intrinsic interest but have many practical
applications including lithographythe preparation of electri-
cally conducting polymefsand the photoaffinity labeling of
biomolecules'

Recently, two groups have simultaneously announced theSpectroscopy of Singlet Phenylnitrene

direct detection of singlet phenylnitren#®{N) 36 The activation Laser flash photolysis (LFP, 266 nm, 35 ps, 10 mJ) of phenyl
parameters to cyclization ofPN to benzazirine A) were azide in pentane at 233 K produces the transient absorption
reported to béa = 6.2+ 0.4 kcal/mol ancA = 101360471 spectra of Figure 1. Spectrum 1 (Figure 1) was measured, point
in pentané. by point, 2 ns after the laser pulse. Spectrum 2 was obtained
1 with an optical multichannel analyzer 200 ns after a KrF laser
N N pulse (249 nm, 12 ns, 50 mJ). We have previously assigned

spectrum 1 to singlet phenylnitréfhia its lowest (open-shefl)
electronic configuration'PN) and spectrum 2 to ketenimine K
(Scheme 1§.

IpN A Spectrum 1 (Figure 1) was detected by measuring the kinetics

of 1PN using a low intensity (10 mJ) YAG laser. It depicts only

In our initial study?® it was not possible to directly measure the the most intense absorption bandBN. At temperatures below
rate constant of intersystem crossirgs€). This value was 170 K, the lifetime of!PN becomes sufficiently long that we
estimated, however, as 2510° s~L. Herein we are pleased to ~ ¢an record the spectrum of this specie using a KrF laser (249
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02047 - . ; ] 4 represents the electronic absorption spectrurfPdf in an

EPA matrix at 77 K. There is a strong, sharp band at 308 nm,
a broad, structured band at 370 nm, and a broad, unstructured
feature which tails out to 500 ngn-!

The z-system offPN is closely related to that of the benzyl
and anilino radicals. Thus, it is no surprise that the triplet
absorption spectrum 6PN is very similar to the experimental
spectra of the benzyl @ElsCH,) and anilino (GHsNH) radi-
cals!® Benzyl radical has a medium intensity feature at 316
nm and a very weak band at 452 nm. The anilino radical has a
medium intensity band at 308 nm and a weak transition at 400
nm.

Kim et al.’2performed configuration interaction calculations
with all single and double excitations, but they failed to
reproduce the electronic absorption spectrum of triplet phenyl-
nitrene quantitatively. Our calculations at the CASPT2vel
predict that the vertical excitation energy to the first excited
state (2B;) will be at 432 nm (2.87 eV). This is in better
‘ agreement with the experimental data than that of Kim et. al.

T . T r = (321 nm)72 The improved correspondence is a result of the
300 400 500 combination of an improved reference description and an
Wavelength, nm adequate treatment of the dynamical electron correlation in the
Figure 1. Transient spectra produced upon LFP of phenyl azide in CASPT2 procedure. The calculated oscillator Strength at the
pentane at 233 K. Spectrum 1 was recorded point by point, 2 ns after CASPT2 level is very small, which is also consistent with the
alaser pulse (Nd:YAG 266 nm, 35 ps, 10 mJ). Spectrum 2 was recordedknown absorption spectrum 8PN (Figure 4). The transition
with an OMA 200 ns after a laser pulse (KrF excimer, 249 nm, 12 ns, consists principally of two electronic configurations. One
50 mJ). component (49%) is the electron promotion fromr §1a) to
an r (3by) orbital. Another contribution (25%) is the electron
nm) and spectral averaging with an optical multichannel analyzer promotion from an p(3by) to am* (2a,) orbital.
(OMA, Figure 2). Under these conditions (17.0 K, averaging), The second excited state JfTis the 2A, state and has a
we were able to detect the strong band of Figure 1 (SpeCt_rumverticaI excitation energy of 393 nm (3.15 eV) which is
1) and, in addition, a very weak, long wavelength absorption associated with (479%) of(2b,)—(3by) and (27%) ofz(3by)—
band at 540 nm. This absorption band, although weak, is 7*(4by) transitions. The excitation ener d oscillator st th
. . ) . 1 . gy and oscillator streng
geprodumble and is unambiguously assignedRol bt.ecause. are in good agreement with the experimental observations
PN, azepine A (_Scheme 1), and the products of their reaCt'ons(Figure 4). Since the system offPN is closely related to that
have no absorption at wavelengths above 500-fim. of the benzyl and anilino radicals, one would expect similar
behavior of this } state which is dominated by—x character.
However, it should be noted that the intensity of the absorption
band corresponding to the $tate is smaller in the benzyl and

The assignment of the transient absorption spectrum of Figureanilino radicals than that iBPN 13
1 to the open-shell singlet phenylnitreri®Kl) is supported by 3PN also has a very strong absorption band in the UV region.
the similarity of its spectrum to that of the longer-lived The maximum offPN at 308 nm exhibits a small blue shift
perfluorinated singlet arylnitrené8To support this assignment  qjative to the benzyl and anilino radicals. The CASPT2
more strongly, we have also performed high level quantum caicyiations predict that two states contribute to this absorption.
chemical calculf_mons of thtPN absorption spectrum. The 2B, state has an excitation energy of 301 nm and an

Complete active space (CASSCF) calculations were under- gsciljator strengy of 0.013. ThéB, state has a transition energy
taken to explore the vertical excitation spectra for singlet and 4t 299 nm and a larger oscillator strength (0.044). These results

triplet phenylnitrene. Additional electron correlation corrections  gre in accord with the experimental spectrum. The composition
to the CASSCF wave function (i.e., CASPT2) were also used. of the electronic configurations for théB, state is the same

Twelve electrons in twelve orbitals were utilized for the CAS 55 for the 3B, state, but the composition of the different

calculations, and the orbitals involved in the electronic transition configurations have changed considerably: 32%d.a) to ry

are presented in Figure 3. The results of the CAS calculations (31,,) and 47% from p(3by) to 7* (2a,). The transition to the
are summarized in Table 1 (triplet PN) and Table 2 (singlet 33, state consists (79%) of electron promotion from the lone
PN). We have also calculated the excited-state properties of yair electron on nitrogenfi3a) to an n(8hy) orbital. It is very
triplet phenylnitrene, as the absorption spectrurtRM is well-

known81!! These calculations will verify that our theoretical (13) (a) Land, E. J.; Porter, Grans. Faraday Sacl963 59, 2027. (b)
treatment is accurate and reasonable. Porter, G.; Wright, F. JTrans. Faraday Sacl955 51, 1469. (C) Porter,

: - 3 - G.; Ward, B.J. Chem. Physl964 1517. (d) Land, E. J.; Porter, Grans.
Triplet Phenylnitrene (3PN). Wasserman and co-workers Faraday S061963 59, 2027. (e) Leyva, E.- Platz, M. S.: Niu, B.; Wirz. J.

established by low-temperature EPR spectroscopy that thej. phys. Cheml987 91, 1, 2293. (f) Huggenberger, C.; Fischer, Hely.

ground state of phenylnitrene has triplet multipliciFigure Chim. Acta 1981, 64, 338. (g) Zhu, Z.; Bally, T., unpublished results.
(14) (a) Anderson, K.; Roos, B. Gn Modern Electronic Structure
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Wavelength, nm

Figure 2. The transient absorption spectrum®N in pentane obtained
with an OMA at 150 K and averaged over six experiments. The
spectrum was taken over a window of 100 ns immediately after the
laser flash (KrF, 249 nm, 12 ns, 50 mJ). The calculated absorption
spectrum (CASPT2) ofPN is depicted as solid vertical lines. The
calculated oscillator strengths were used to depict the relative intensities
of the different bands after normalization between the calculated band
at 368 nm and the experimental band in that region.
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similar to a transition observed with the parent nitreféH, F_igure 3. Orbitals involved in the electronic transitions of phenyl-
which has a 336 nm absorption baidt is interesting that these ~ nitrene.
two near degen_erate states are Iarg_ely sepa_rated in triplet(gll x 107%), and 241 nm (0.4%3¢ These data are in excellent
perfluorophenylnitrene due to the fluorine substitutich. agreement with the experimental absorption spectrum for the
In the benzyl radical there exists one absorption band betweenbenzyl radical?
250 and 280 nm3' As we noted above, there is also a medium  Open-Shell Singlet Phenylnitrene ¥PN). The CASPT2
intensity feature at 316 nm and a very weak band at 452 nm calculations of the absorption spectrun?®BN are in very good
for the benzyl radical, as well. CASPT2(11,%)calculations agreement with the experimental spectrum (Figure 4). This
for the lowest 5 vertical excitation energies of the benzyl radical encouraged us to calculate the absorption spectrum of open-
yield transition energies (with oscillator strengths in parentheses) shell!PN in order to compare it to our experimental information.
of 432 (9 x 1079), 416 (6.5x 1074, 317 (3.1x 107?), 268 Calculations of!PN are more challenging than those 3N
because it is still an excited state of phenylnitrene relative to
(15) Fairchild, P. W.; Smith, G. P.; Crosley, D. R.; Jeffries, JCBem. the triplet ground staté
Phys. Lett.1984 107, 181-1 ; . ' :
%’fG) Eoz:nSk?ew?c’z, g.; Dggerﬁka’ .. Zhai, H. B.: Zhu, Z.: Hadad, The orientation of. electron spin ha§ a large effect on the
C. M.; Platz, M. S., submitted td. Phys. Chem. geometry of phenylnitrene. Via inspection of the bond lengths




Study of Singlet Phenylnitrene

Table 1. Vertical Excitation Energies of Triplet Phenylnitréne

CASSCF, CASPT2, CASPT2, osc. strength

state eVv eV nm w (4]

13A; 0.76

1°B,; 3.77 2.87 432 0.75 3410*
22A, 3.33 3.15 393 0.74 9410
2%B, 4.97 4.12 301 0.76 18102
3°B; 6.40 4.15 299 0.67 441072
13A, 5.10 4.43 280 0.76 0.0

1°B, 5.09 4.46 278 076 1910°
3*A; 4.60 4.48 277 0.74 84 10*

aUsing the CASSCF(8,8)/6-31G* geometry. Active space is (12,12)/
[2262]. The basis set is a contracted ANO with N and C (4s3pld) and

H (2s1p).w is the weight of the CASSCF wave functiohis the

calculated oscillator strength.

Table 2. Vertical Excitation Energies of Open Shell Singlet

Phenylnitreng

CASSCF, CASPT2, CASPT2, osc. strength
states eV eV nm w U]
1A, 0.76
1'Aq 1.19 0.77 1610 0.76 0.0
2'A, 2.20 1.62 765 0.76 0.0
1'B; 3.04 2.13 581 073 1.610*
2'A, 3.32 2.89 429 0.70 2%x10°
2'B; 5.71 3.37 368 0.70 2.9107?
1'B, 5.04 4.16 298 0.73 9.8 10°
3'B; 5.27 4.28 290 0.76 1.%x107?

J. Am. Chem. Soc., Vol. 121, No. 6, 199%

1A, state of'PN. The first two electronically excited singlet
states are both of Asymmetry (Table 2) and are calculated to

be at 0.77 (1610) and 1.62 eV (765 nm). Neither of these
transitions have been detected since both of these states have
zero oscillator strength due to symmetry considerations, and
they lie outside the wavelength range accessible to our
spectrometer.

As shown above (Figure 2), theN absorption spectrum
includes a very weak band with a maximum around 540 nm.
The CASPT2 calculations (Table 2) predict an excited state
(1'By) with a vertical excitation energy of 581 nm (2.13 eV)
and a very small oscillator strength (1x6104). This transition
consists of 52%x(1a)—nk (3by) and 28% g(3by)—x*(2ay). This
excited state (B;) shows a large red shift (0.7 eV) as compared
to the spectrum ofPN, since the configuration involved in this
excited state is similar to that #?N. This red shift is reasonable
because if the configurations that compose*Beand’B; states
are similar, then the difference in excitation energies will simply
reflect the singlettriplet energy gap between the lowest singlet
and lowest triplet states.

As in 3PN, the next excited state in the singlet manifold is
the 2A, state. This transition has a small oscillator strength
(2.1 x 1079) and a 429 nm (2.89 eV) excitation energy. This
corresponds to a 0.3 eV shift as comparetPtd. This electronic
transition should manifest itself as a medium intensity band. In
the experimental spectrum (Figure 2), however, this band seems

? Using the CASSCF(8,8)/6-31G* geometry. Active space is (12,12)/ tg be a shoulder on the tail of a strong band at 350 nm.

[2262]. The basis set is a contracted ANO with N and C (4s3p1d) and

H (2s1p).w is the weight of the CASSCF wave functiohis the

calculated oscillator strength.
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Figure 4. The absorption spectrum &PN obtained in an EPA glass
at 77 K& The calculated absorption spectrum (CASPT2FRN is

In the !PN absorption spectrum, the only intense absorption
band is localized around 350 nm (3.54 eV) which is a
pronounced shift from the 308 nm band®PN. This band has
a long tail out to 450 nm and displays some fine structure that
may be associated with the vibrations of the pheny! rintPiN
(Figure 1). The strongest absorption bandmN, predicted by
the CASPT2 method, is the transition to thB2exited state
which has a 368 nm (3.37 eV) excitation energy. It is coincident
with the spectroscopic observation (Figure 2). The main
configuration (82%) involved in this transition is similar to the
23B; state and consists of electron promotion from gi3a)
to an ry (8ly) orbital. The calculations predict that there is a
large red shift (0.8 eV) in the absorption spectrumBN
relative to®PN. The same argument advanced previously with
the 1B, state might apply to this excited state as well. We
should also note that there is a very large difference between
the CASSCF and CASPT2 excitation energies for this state,
and dynamical electron correlation is very important. The
calculations indicate that the most intense absorption band is
notszz—s in nature but instead it has-Any character. Therefore,
we predict that singlet alkylnitrenes will have similar absorptions
in the near UV spectral range.

The next transition with significant intensity involves th83
state. This transition is computed to have a large oscillator
strength (1.1x 1072) and a transition energy of 290 nm (4.28
eV). The contribution of the configurations is nearly identical
to the 3B, state of3PN. The 3B; state has a much higher

depicted as solid vertical lines. The calculated oscillator strengths were excitation energy than the'; state, and this feature differs

used to depict the relative intensities of the different bands after
normalization between the calculated band at 299 nm and the
experimental band in that region.

of 3PN and'PN,” we note that there is more delocalization in

3PN than inlPN, as the &C and G-N bond lengths are very

similar to each other. However, the structuré®N resembles

a para-quinoidal biradical, since there is a relatively sherNC

bond length and alternating long and shoft© bond lengths.
Figure 2 depicts the electronic absorption spectrum of the

from the 2B; and 3B; states.

If we compare the electronic absorption spectraRifl and
3PN, all of the calculated and experimental band$ exhibit
a red shift compared to those #N. The calculated vertical
excitation energies ofPN are in excellent agreement with
experiment, and the vertical energies &N are reasonable.
The disagreement may be caused by a discrepancy between the
theoretical and actual geometry of the singlet phenylnitrene.
However, the agreement between the experimental and calcu-
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T T estimated to bésc = 3.2+ 0.3 x 10° s71. An Arrhenius plot

. of kr = kons — Kisc is linear (Figure 5, solid circles) and gives
the activation energy for rearrangeméht= 5.6 + 0.3 kcal
mol~! and preexponential factdr= 1031+ 0-3s~1 The barrier

to rearrangement (5.6 0.3 kcal mof?) is slightly (within
experimental error) smaller than the value we reported earlier

o 5 (6.2 & 0.4 kcal mof?)8 but remains in good agreement with
3 1000/T the barrier to azirine formation calculated by Karney and
= £ Borden?®
A 4 :
g R The value ok sc is 3 orders of magnitude smaller than those
= for aryl carbene$? There are at least three reasons why

. arylcarbenes can undergo ISC much faster than singlet phenyl-
nitrene. The rate of a radiation-less transition increases as the
energy separation between the two states goes to?%ditoe
gas-phase singletriplet splitting in phenylcarbene (PC) is4
kcal moi1,21 but it is about 18 kcal molt in phenylnitren€’.!8
7 Second, carbenes are divalent and have a bending mode with
which to couple singlet and triplet surfaces, a vibration that is,
5 6 7 of course, lacking in monovalent nitrenes. However, the most
1000/T important factor is probably the electronic structure of the
Figure 5. Arrhenius treatment of thkes data (open circles) ankk respective singlet intermediates. Singlet PC has a closed-shell
data (fiII_ec_I circles) for singlet phenylnitrene deduced upon assuming g|ectronic structure with one filled and one empty nonbonding
thatksc is independent of temperature. Insert: temperature dependenceq hital 2L In such an “ionic” singlet, spirorbit coupling (SOC)
Of Kovs data. is a particularly effective mechanism of intersystem cros3ing.
Singlet phenylnitrene, on the other hand, is an open-shell
singlet’ SOC is forbidden in this case and is ineffective in
promoting ISC.

lated spectra ofPN is still quite good and provides additional
support of our assignment of the transient absorption spectrum
(Figures 1 and 2) téPN.

Conclusions

Laser flash photolysis (LFP, Nd:YAG laser, 35 ps, 266 nm,
10 mJ) of phenyl azide generates an intermediate with a strong,
structured absorption band at 350 nm and a very weak band at
540 nm. CASPT2 calculations of the absorption spectrum of
open-shell singlet phenylnitrenéPN) are in good agreement
with the experimental spectrum of this intermediate. The
agreement between the experimental and theoretical spectra
supports our assignment of the transient absorption spectrum
to 1PN.

Singlet phenylnitrene!PN) decays in an exponential process
which can be analyzed to yield an observed rate con&tant
The magnitude ok.,s decreases as the temperature is reduced,
but it reaches a constant value of about 3210° s! at
temperatures below 170 K. Thus, the rearrangenighbf ‘PN
dominates at elevated temperatures, but intersystem crossing
(kisc) is the preferred process at low temperafift@herefore,
kobs (= kr + kisc) can be dissected intkg andkisc, assuming
that ISC, a radiation-less process, is independent of temperature.
Thus, we find an absolute rate constant of intersystem crossing
(kisc) equal to 3.2& 0.3 x 10° s~ and the activation parameters
areE, = 5.6 + 0.3 kcal mottand A = 10*31+ 03 571 for
rearrangement. This temperature dependence agrees with the
predictions of Scheme 1 and provides additional support of our
assignment of the transient &N.

Kinetics of Singlet Phenylnitrene

Previously, the decay dPN in pentane was monitored at
350 nm (the 540 nm band is too weak to be useful in this regard)
over a temperature range of 22070 K. We have been able to
expand the range of temperature over wHieN can be studied
to 150-270 K, which allows direct measurement lo§c and
more accurate barriers to cyclization (vide infra). The disap-
pearance of singlet phenylnitrene at 298 K was faster than the
time resolution of the spectrometer. We estimate the lifetime
(7) of PN to be~1 ns under these conditions (vide infra). The
lifetime of PN is not sensitive to the presence of oxygen, in
pentane, over this temperature range.

The decay of singlet phenylnitrene is exponential and can be
analyzed to yield an observed rate constaps An Arrhenius
treatment of thek,ps data (open circles), is presented in Figure
5. The magnitude df,psdecreases with decreasing temperature
until about 170 K, whereupon it reaches a value of about3.2
1P s~ L. Below this temperatureky,s remains constant.

The photochemistry of phenyl azide in the presence of
diethylamine is temperature-depend&at.temperatures above
230 K, ketenimine K is trapped to form azepihéScheme 1§:17
When phenyl azide is photolyzed below 180 K, the azepine
productl is not produced. Instead, azobenzehes formed,
presumably as a result of the dimerization of triplet phenyl-
nitrenel-8.17

Given this background, it is natural for us now to identify (18) Karney, W. L.; Borden, W. TJ. Am. Cher)\ml' S0d997 11ha 1378.
the temperature-independent rate constant observed at Iowlgéfiég)1%%%@&3%25\3/&'-F;”_‘”Bg_;egrr iLjeE,'SBéné_;az’u}giﬁég'f_:fn&a?ﬁann,
temperature as the rate constant of ISC to the triplet ground ™ 3" ‘Schuster. G. BJ. Am. Chem. Sod.983 105, 6833.
state kisc). The rate constarisis equal tokgr + kisc, where (20) Michl, J.; Bonacic-Koutercky, VElectronic Aspects of Organic
ks is the absolute rate constant for rearrangement (see Schem&hotochemistryWiley: New York, 1990.

1). AS kovs= ks + kis it s possible to deduce valueslafas (&)@ Cramer, . ules, T 1-Am, Chens, 80904 416 767,
a function of temperature and to obtain its associated ArrheniusSoc.1996 118 1535. (c) Schreiner, P.; Karney, W.; Schleyer, P. v. R.;

parameters. The value of the temperature-independent limit wasBorden, W. T.; Hamilton, T.; Schaeffer, H. F., 10. Org. Chem1996 61,
7030. (d) Wong, M. W.; Wentrup, Cl. Org. Chem1996 61, 7022.

(17) (a) Doering, W.; Odum, R. ATetrahedron1966 22, 81. (b) (22) (a) Salem, L.; Rowland, &ngew. Chem., Int. Ed. Endl972 11,
DeGraff, B. A.; Gillespie, D. W.; Sundberg, R.J.Am. Chem. Sod974 92. (b) Michl, J.J. Am. Chem. Sod.996 118 3568. (c) Kita, F.; Nau, W.
96, 7491. M.; Adam, W.; Wirz, J.J. Am. Chem. Sod.995 117, 7, 8670.
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The excitation energies for the lowest excited valence statesstates. For the singlet and triplet states, a consistent active space (12,12)/
of 3PN and!PN were computed by CASSCF and CASPT2 [2,2,6,2] was chosen in the CASSCF and CASPT2 calculations where
methods. The individual bands of the experimental spectra of WO &, two &, six by, and two b orbitals were included (irC,,
3pN and!PN have been assigned on the basis of the theoreticalSYmmetry). The active space was chosen in order to include the
calculations. We found that triplet phenylnitrene &NtH have ~ dynamical effect of the singly occupied and lone pair electrons, so that

S o . . o . the in-plane 13aand 7h orbitals of phenylnitrene were involved in
similar excitation energies of theigany transitions. This is the

. . the active space.
3 1
most intense absorption band®®N, PN, and®NH. Therefore, CASSCF and CASPT2 calculations for the benzyl radical utilized

similar strong absorption bands in the near UV spectra can bey,e same basis set as above. The B3LYP/6-8L@focedurd was

predicted for singlet alkylnitrenes. used to obtain the optimized geometry of the radical. The density
. ) ) functional theory calculations were performed with Gaussiai*94.
Experimental and Computational Details Eleven electrons in nine orbitals were used for the CAS calculations

Laser Flash Photolysis Methods A Nd:YAG laser (Continuum, which were performed with MOLCAS.
35 ps, 10 mJ, 266 nm) was used as the excitation light source. The The state-averaged method was used in the CASSCF calculations
laser flash photolysis setup has previously been described in Hetail. for all of the excited states, and the CASPT2 calculations led to the
The time resolution of the spectrometer was about ¥ iénetics of first-order wave function and the second-order energy. The oscillator
transient absorption decay and growth were recorded in pentane at Strengths f) of the electronic transitions were obtained from the
temperature range 15(270 K. A typlcal Solution was Contained in a CASPTZ energy diﬁerence and CASSCF State interaCtion methOd.
guartz cuvette which was placed in a quartz cryostat. Temperature was
controlled by passing a thermostabilized nitrogen stream and kept to  Acknowledgment. Support of this work by the National
within £1 K. The sample solutions were changed after every laser shot Science Foundation is gratefully acknowledged (M.S.P., CHE-
in order to avoid effects due to the accumulation of a photoproduct. 9613861; C.M.H., CHE-9733457). N.P.G. gratefully acknowl-
Transient absorption spectra were recorded using a Nd:YAG laser edges the support of the National Research Council and the
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500 nm. The absorption spectra of long-lived> 300 ns) intermediates thanks Professor T. Bally of the University of Fribourg,

were measured using an excimer KrF laser (Lumonics, 12 ns, 50 mJ, o, -
249 nm) in conjunction with & & G Princeton Applied Research ﬁivswz:zoerzggse’rfcs);;"e?:]vmg us to use the MOLCAS program on

model 1460 optical multichannel analyzer (OMA, minimal time gate
of 100 ns). JA982661Q
Quantum Chemical Calculations.Optimized geometries of the two
lowest electronic states of phenylnitrene (ground triplet state and open-  (23) (a) Becke, A. D.J. Chem. Phys1993 98, 5648 and references
shell singlet state) were taken from the CASSCF(8,8)/6-31G* study therein. (b) Lee, C.; Yang, W.; Parr, R. Bhys. Re. B 1988 37, 785. (c)
of Karney and Borde# They reported an 18.5 kcal mal(0.80 eV) Stephens, P. J.; Devlin, F. J.; Frisch, MJJPhys. Cheml994 98, 11623.

T—S energy gap. Our CASPT2 calculations (using a different basis (5(21‘]28%%52%?’ B. G Gill, P. M. W.; Pople, J. &. Chem. Phys1993 98,

set) yield 18.7 kcal mol. The detailed orbital selection in the (8,8) (24) Gaussian 94, Revision C.3, Frisch, M. J.; Trucks, G. W.; Schlegel,

active space is shown in their wotk. H. B.; Gill, P. M. W.; Johnson, B. G.; Robb, M. A.; Cheeseman, J. R.;
The excited-state energies for these two species were carried out byKeith, T.; Petersson, G. A.; Montgomery, J. A.; Raghavachari, K.;

CASSCF and CASPT2 procedures in the MOLCAS progtamll Al-Laham, M. A.; Zakrzewski, V. G.; Ortiz, J. V., Foresman, J. B

: i ioslowski, J.; Stefanov, B. B.; Nanayakkara, A.; Challacombe, M.; Peng,
energies are uncorrected for zero-point energy effects. The contractedg. Y.. Ayala, P. Y.. Chen, W.. Wong. M. W.. Andres, J. L. Replogle, E.

basis set was an ANO basis with C and N of (4s3p1d) quality and H g’. Gomperts, R.; Martin, R. L.; Fox, D. J.: Binkley, J. S.; Defrees, D. J.;

of (2slp) quality. This basis set has demonstrated a satisfactory Baker, J.; Stewart, J. P.; Head-Gordon, M.; Gonzalez, C.; Pople, J. A.,
agreement with the experimental observation for the valence excited Gaussian, Inc.: Pittsburgh, PA, 1994,



