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. . Figure 1. Transient spectra recorded 400, 800, 1200, and 3600 fs (from
The small energy gap between the lowest singlet and triplet op o bottom) after excitation of the-diazoesteD in acetonitrile with
states of many aryl carbenes leads to spin equilibration that is 3 265 nm, 150 fs pulse. All spectra have been corrected for probe chirp.
faster than the bimolecular reactions of either spin stateect The inset shows the transient spectrum recorded 100 ps after excitation
observatioh of this equilibration has been difficult due to the of a solution ofD in Freon-113.

elusive nature of singlet carbenes. Herein we report the detection
of singlet and triplet carbenes following excitationoefliazoester spectrometer, described elsewhBmas used to measure transient
D with a 150 fs UV pump pulse in room-temperature solution. spectra and single-wavelength kinetics. The instrument response
Singlet naphthyl carbene ester is formed within hundreds of was approximately 200 fs. The solution under study was replaced
femtoseconds following the laser pulse and is produced with frequently to minimize the build-up of photoproducts during data
excess vibrational energy. Thermalization occurs on a time scalecollection.
of 10 ps. Singlettriplet spin equilibration occurs at least as Transient spectra recorded in acetonitrile (acn) and in Freon-
rapidly as thermalization, and thus takes place at least 1 order 0of113 are shown in Figure 1. Two broad bands are visible: an
magnitude faster than for diphenylcarbene or fluorenylidene. intense band near 360 nm and a weaker band at longer wave-
lengths. The long-wavelength band is better resolved and notice-
N, by . ably red-shifted in acn than in the less polar solvent Freon-113.
OMe OMe Preliminary results in other solvents confirm a pronounced
OO 5 —N; bathochromic shift of the long wavelength band with increasing
s solvent polarity. The long-wavelength absorption is assigned
D C,°C to the singlet carben¥C by comparison with the results of Zhu
et al’ These authors observed a broad absorption near 420 nm
Femtosecond pumiprobe spectroscopy can be used to study in an argon matrix, in good agreement with our spectrum in
the earliest dynamics of carbenes and their photoexcited pre-Freon-113. The pronounced sensitivity of this band to solvent
cursors®* We chose the diazo ester for this study due to the  polarity is consistent with singlet absorption due to the polar nature
wealth of information recently obtained for this compound by of singlet carbene:!3
nanosecond laser flash photoly3isanosecond transient infrared A second, stronger absorption band is observed near 360 nm.
spectroscop§jow-temperature matrix spectroscopgmd ab initio INDO calculations and matrix spectrimdicate that bothC and
calculations’® In particular, electronic spectra for both the singlet 3C absorb in this region, and we assign this band to a mixture of
(!C) and triplet carbene®C) derived fromD were characterized  both spin states. In the absence of absorption cross sections for
in an argon matriX,and the singlettriplet gap was estimated to  1C and3C, it is difficult to quantify the contribution of each.
be just 0.2+ 0.1 kcal mott in CRCICFCL (Freon-113) at  Assignment is further complicated by the fact that the equilibrium
ambient temperature, with a triplet ground statéetenes can  constant for intersystem crossing is solvent dependent. In Freon-
be formed froma-diazocarbonyl compounds on the picosecond 113,3C is predicted to be the ground state, but the free energy
time scale’1° but for D this reaction proceeds at a rate of difference is just 0.2 kcal mot® and significant quantities of
2—4 x 10° s"18 Thus, ultrafast investigation dd provides an each spin state will be present at equilibrium. In the polar solvent
excellent opportunity to observe the singlet/triplet spin equilibra- acn, ab initio calculations indicate thiad is the ground statéln
tion dynamics in the absence of interfering rearrangements. Figure 1, the ratio of the maximum absorbance of the long
Solutions ofD with an optical density of unity at 265 nm were  wavelength band to the short wavelength band decreases on going
studied in a 0.4-mm-thick jet. A femtosecond transient absorption from acn to Freon-113. This is the expected trend if absorption
* Address correspondence to these authors. in th.e I_ong wavelength band i.S p”ma.‘”'y dl.j.e ll@'. an.d if the
(1) Platz, M. S.: Maloney, V. MLaser flash photolysis studies of triplet  €quilibrium constant for singletriplet spin equilibration increases
carbenesPlatz, M. S., Ed.; Plenum Press: New York, 1990. in the less polar solvent. In neat methanol, both bands decay with
C.;(ZH)eIfEfs%r:\tbgl.';ﬁe?ﬁégrl:gr;rt%’n,,\l\'/\}].5’I<Aglr(:r\%?/(/sl\lﬂi',' gu}\ﬁhel\rllc‘f’-\lﬁff‘é,\l,?ﬁpuy the _Same_flrst—prder rate constant. Singlet Carbe_nes react via
Am. Chem. Sod98Q 102 6563. OH insertion with alcohols to form far-UV-absorbing ethérs.
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this fast time constant to structural relaxation in the newly formed
carbenes. Whatever its exact nature, the subpicosecond decay seen
here and in diphenyldiazomethdreppears to be characteristic
of the ultrafast dynamics of diazo compounds.

The intermediate time constant of &4 ps is again not clearly

380 nm identifi.able \(vith singlet-triplet intersystem crossing since.globally
2 decaying signals are seen in Freon-143he results in acn
provide the key to assigning this time constant. Small-amplitude
signal rises are observed at wavelengths near the long-wavelength
band maximum in acn, while decays are observed on the red edge.
‘g;’(;':n:‘*‘“ (a) 500 nm (b) The decays become progressively faster at longer probe wave-
L,-n L L1 0ok k&ﬁmﬁrm-r—u—, lengths. Both observations are hallmarks of vibrational cooling
processes in ultrafast pumprobe experimentS;1° and the
measured time constants of-84 ps are reasonable for inter-
molecular energy transfer from vibrationally hot solutes to the
Figure 2. Absorbance change (circles) at the indicated probe wavelengths gg|yent. Typical bond dissociation energies for the carbon
induced by a 150 fs, 265 nm pump pulse Bbin (a) acetonitrile and (b) nitrogen bond in diazo compounds are-Z&D kcal mot,82° so
Freon-113. SQIid curves are from global fitting. The transients have been gyitation ofD with a 265-nm photon (108 kcal md) prepares
offset for clarity. an initial excited state with substantial excess energy. We propose

. ) . . that photodissociation ob gives rise to'C with considerable

broadened. Rapid narrowing occurs in a few picoseconds, excess vibrational energy. The precise amount of excess energy
followed by more subtle changes on a time scale of tens of || depend sensitively on the photodissociation reaction coor-
picoseconds. All spectral evolution ceases after approximately ginate. Even if most of the excess energy appears as kinetic energy
50 ps. Single-wavelength traces in acn and in Freon-113 (Figureof the N, photoproduct, collisions between rotationally or

2) confirm these dynamics. The solid curves in Figure 2 are from ransiationally hot N and the solvent cage could provide an
a global, nonlinear least-squares-fitting analy4ihe transients  indirect mechanism for solute heating.

were fit to the sum of three exponentials convoluted with a
Gaussian that represents the instrument response function. Th
amplitudes of the exponential functions were varied independently

for each probe wavelength, but the exponential time constants o, jjinrated before this time. The rapid appearance of the double-
were globally linked for traces in the same solvent. In both

| ] h | ¢ d peaked transient spectra (Figure 1) strongly suggests that spin
solvents, one time constant has a value of many nanosecon Sequilibration occurs more rapidly, perhaps during the initial

$hotodissociation and thermalization of the hot photoproducts.

In summary, these results indicate that appreciable quantities
of singlet and triplet carbenes are formed on the time scale of
several hundred femtoseconds with a large amount of excess

The pump pulse populates an electronically excited state of internal energy. Nitrogen loss occurs on a subpicosecond time
the diazo precursoB. Very little information is available about 9y. og . P o
scale and a lower limit for the rate of intersystem crossing is

the photodissociation dynamics of diazo compounds. The transient O 1 This i hl der of itude faster than f
spectra seen at the earliest delay times (Figure 1) are broadened1 S | IS '3. r(c)iug_ y Ian (t))r eéré?,zj“ag”.' udae als elr nan for
but otherwise similar to the carbene spectra seen at longer delay’ €¥10US y? studied diarylcarbenes: ** Ab initio calculations

times, suggesting thaC is formed within our time resolution. reveal thaBC has a planar structure like its diazo precursor, while

There is no evidence for an additional absorption band at shortthe (lestgr gorlol;th iAC |st;]otate% by 9@ 'I;Jhus, rodtzitrl]on ai)out th_et .
times that could be assigned to electronically excidedxcited- fr:ggv?br;?onal? V\(/eexirile dengzge?];]?:acr?nrer?g ar?avi dees e;srgr Q?‘;e(egr:n
state absorption dd should be distinct from the carbene spectra ism f ally X ; ist tp ith b p i
on account of the very different electronic structure of carbenes anism for spin interconversion consistent with our observations.
and their diazo precursors. Thus, our results support the notion
that N; loss occurs promptly, perhaps on the time scale of a single
C—N stretching period. Ab initio calculations have located a
variety of conical intersections for electronically excited diazo-
methane that could give rise to rapid Mss!®

A rapid decay with a time constant of several hundred
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We return finally to the question of spin equilibration. Since
Fspectral evolution ceases 50 ps after the pump pulse in both
solvents, the carbene populations must be completely spin-

>50 ps. The other time constants and twaincertainties are
0.70+ 0.09 and 13.8t 2.5 ps (acn) and 0.44 0.07 and 8.0Gt
1.3 ps (Freon-113).

Acknowledgment. M.S.P. thanks the National Science Foundation
for partial support (CHE-9613861). The authors thank Professors Hadad
and Toscano for permission to cite their unpublished work.

JA0011358

(14) Knutson, J. R.; Beechem, J. M.; Brand,Chem. Phys. Lett1983 I.; Eisenthal, K. B.Chem. Phys. Lettl981, 77, 272.

102 501. (22) Langan, J. G.; Sitzmann, E. V.; Eisenthal, K.@em. Phys. Lett.
(15) Yamamoto, N.; Bernardi, F.; Bottoni, A.; Olivucci, M.; Robb, M. A.; 1984 110, 521.

Wilsey, S.J. Am. Chem. S0d.994 116, 2064. (23) Sitzmann, E. V.; Langan, J. G.; Griller, D.; Eisenthal, K.Gem.
(16) Globally decaying pumpprobe signals could be consistent with spin  Phys. Lett.1989 161, 353.

equilibration, only if the extinction coefficient € were greater than that of (24) Grasse, P. B.; Brauer, B.-E.; Zupancic, J. J.; Kaufmann, K. J.; Schuster,

3C at all probe wavelengths. G. B.J. Am. Chem. S0d.983 105, 6833.



