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Fluorescence and fluorescence excitation spectra of the photolysis products of perfluorophenyl azide and
perfluoro-2-naphthyl azide in-hexane ana-heptane 85 K were recorded. The spectra with (0,0) transitions

at 18 800 and 18 300 crh were assigned to perfluorophenyl nitrene and perfluoro-2-naphthyl nitrene,
respectively. A narrow spectrum with a (0,0) transition at 17 300'cwas attributed to the aryl aminyl
radical derived from perfluoro-2-naphthyl nitrene formed by abstraction of a hydrogen atom from the
surrounding solvent matrix. The experimental results are consistent with calculations using semiempirical,
B3LYP, and CASSCF/CASPT2 methods.

I. Introduction weak. Dunkin and Thomson have shown that matrix-isolated
SPFPN does not photoisomerize readiljhus, the fluorescence
intensities of perfluorinated aryl nitrenes are much stronger than
those of their nonhalogenated counterpéitge have concen-
trated most of our current efforts on PFNN and its reaction
products, which have been previously studied ambient
temperatures. PFPN was studied for comparison purposes
because its spectral properties at low temperature and ambient
temperature are knowtf In addition, semiempiric@land ab

: : , ) initio®1°molecular orbital calculations of the electronic transition
triplet nitrenes, are short-lived compounds which decay on the energies are feasible for PFPN and easily related to those of
microsecond time scale’ High-resolution spectroscopy of  q parent system phenyl nitrene (PNHgN). Calculations on
nitrenes at ambient temperature is problematic as their concen-penN are more difficult with very accurate methods, so with
tration is both small and rapidly decaying. In a cryogenic matrix, appropriate calibration, we will explore these computational

friction greatly restricts molecular motion and effectively methods in order to understand the experimental spectra of the
eliminates bimolecular reactions of aryl nitrenes. The low- peyN system

temperature conditions also inhibit most intramolecular reac-
tions. Thus, it is possible to produce an easily detectable
concentration of triplet nitrenes and to study the same sample
for several days, as long as the matrix is kept frozen.

In the present work, we report experimental and theoretical
investigations of the intermediates produced upon photolysis
of perfluorophenyl azide and perfluoro-2-naphthyl azide dis-
persed in Shpolskii matrix€of n-hexane ana-heptane at 5
K. Polyfluorination of the aromatic ring raises the barrier to
molecular rearrangement of the singlet nitren€ansequently, Materials. Perfluorophenyl and perfluoro-2-naphthyl nitrenes
both perfluorophenyl nitrene ¢EsN, PFPN) and perfluoro-2-  (PFPN'1 and PFNN) were generated by photolysis of the
naphthyl nitrene (@F/N, PFNN) relax efficiently to their triplet ~ corresponding azides (perfluorophenyl azide and perfluoro-2-

Nitrenes are among the most interesting and important inter-
mediates in organic chemisttyTheir chemistry also has many
practical applications which include both industrial procekses
and the photoaffinity labeling of biological macromolecules.

Aryl nitrenes are usually generated upon heat- or light-induced
extrusiod of molecular nitrogen from the corresponding aryl
azides. In solution at ambient temperature, singlet aryl nitrenes
have nanosecond lifetinteand their lower energy spin isomers,

Photolysis of perfluoro-2-naphthyl azide in low-temperature
Shpolskii hydrocarbon matrixes leads to two fluorescing inter-
mediates. We will provide arguments that one of these species
can be associated with a triplet nitredBENN) and the second
species with an aryl aminyl radical obtained when the triplet
nitrene abstracts a hydrogen atom from the surrounding matrix.

II. Experimental Methods

ground state g at low temperature®’ naphthyl azide) dissolved in frozemhexanen-heptane, and
Triplet phenyl nitrene 3PN) is quite light sensitivé. Brief perfluoron-hexane matrixes at a concentration of 10M.
photolysis of*PN efficiently converts the nitrene to a didehy- Merck Uvasolen-hexane and-heptane and Fluka perfluoro-
droazepine (ketenimine), and the fluorescencéri is quite n-hexane (purum, mixture of isomers) were used without further
purification.
N (M) N Fluorescence Spectroscopyrrozen samples were obtained
©/ / \ by rapid cooling from room temperature 6 K in order to
hv, EPA glass isolate azide precursors in substitutional sites of the matrix. The
77K — 366 nm line of an HBO 200 mercury lamp was isolated with
3PN the aid of appropriate filters and used to photolyze the sample.
The photolysis process was monitored by following the increase
* Corresponding author. E-mail: kozank@ifpan.edu.pl. Fak4g&-22) in the intensity of the nitrene fluorescence. The intensity of
8430926. nitrene fluorescence increased during the first 5 min of illumina-
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tion and was constant at longer irradiation times. On the basis
of this observation, we were not able to estimate the extent of
azide decomposition. Samples were annealed overnight, in the
dark, by slowly raising the temperature iinds K to about 100
K. The samples were cooled agami K the next day.
Fluorescence spectra were obtained by promoting the nitrenes
to their excited triplet states,,I'by using the same 366 nm
line. Alternatively, nitrenes were promoted directly to the lowest
excited triplet state, 1f by using a pulsed Lambda Physik
FL1001 dye laser pumped with an LPX100 excimer laser (308
nm). The spectra were detected at a right angle with respect to
the direction of the exciting light via a 0.25 cm Jarrel-Ash
monochromator and an EMI 9659 photomultiplier coolee-20
°C. Photon counting techniques were used in the case of
continuous wave (cw) mercury lamp excitation experiments, v kIO ani']
whereas an analog sampling technique with a Stanford Researcr’}

. igure 1. Fluorescence (fl) and fluorescence excitation (fex) spectra
SR250 boxcar averager was employed in the case of pulsedof PFPN inn-hexane at 5 K. The fl spectrum was obtained by excitation

laser excitation. Fluorescence excitation spectra were obtainedy; 57 305 cmt (366 nm line) and the fex spectrum by observation at
with a Lambda Physik FL1001 dye laser system and monitoring 16 700 cr.

the intensity of the strong (0,0) fluorescence transition, or of
less intense vibrational bands, separated with the aid of a
monochromator. During these experiments Coumarin 307 was
used as a lasing dye between 490 and 540 nm and Coumarin
153 between 530 and 590 nm.

Fluorescence decays were detected either by “time-correlated”
single-photon counting methods or by discrete sampling. In the
former case, samples were excited by 320 nm laser pulses (of
some picosecond duration) obtained as the second harmonic of
a Coherent 700 dye laser (lasing on DCM) pumped by a mode-
locked Antares 76-YAG laser. Start and stop signals were
provided by an avalanche photodiode and a microchannel plate
photomultipier (Hamamatsu R28090-07), respectively. The time
resolution of this setup is about 50 ps. In the latter case, samples !
were excited with 337 nm pulses (of 1 ns duration) of a 16‘““'"‘1'7'““"“['8““““‘l‘;‘ 2'0
homemade nitrogen laser and detected using the previously .
mentioned photomultiplier and the boxcar averager. v (10" au’]

Computational Techniques.Geometry optimizations were  Figure 2. Fluorescence (fl) and fluorescence excitation (fex) spectra
obtained with the Hyperchefand the Gaussian %¥software of PFNN in n-hexane at 5 K. The fl spectrum was obtained with

. . . . . excitation at 19 597 cnt. The fle spectrum in the spectral range of
packages. All stationary points were verified by vibrational [o%25%0 18870 o was obtained by observation at 16 905-6m

frequency analyses. However, zero-point vibrational energies anq in the spectral range 188720400 cmi* by observation at 18 835
are not included in the relative energies in order to make cm,

comparisons with CASSCF energies. (However, inclusion of
ZPE corrections changes the absolute energies by, at mb&,

kcal/mol.) Some geometries were obtained at the AM1 level Nitrene (PFPN) im-hexane &5 K are shown in Figure 1. The
with the AMPAC progrant4 (0,0) transition bands of both spectra coincide at 18 800'cm

Electronic excitation energies were obtained with INDO/s BOth spectra are broad with weak vibrational components and
and CASSCF/CASPT2 methods using the Z#dand MOL- have their maxima approximately 410, 820 1210, 1590, and
CAS' programs, respectively. In the INDO/S calculations, the 2000 cnT* removed from the (0,0) transition frequency. The
p—p interaction factor was set to 0.64 for triplet states and to §hape arjd large Stokes shift of both spectra suggest that there
0.585 for singlet and doublet states. Density functional theory 'S & considerable change of the geometry of PEPN in the excited

calculations were done with the hybrid B3L¥Rmethod using  Staté, compared to theoTground state. A large change in
the standard 6-31G(d) basis &&t. geometry is predicted by theory upon T T; excitation of

For the CASSCF/CASPT2 calculations ®FPN, the active ~ iPIet phenyl nitrené. The shape of the spectrum and the
space (12 electrons in 12 orbitals) was chosen to provide afrequency position of the band maxima observed-inexane

P : t 5 K are in very good agreement with the fluorescence and
reasonably balanced weighting of the reference wave function a - .
for the different excited states. Contracted ANO basis sets for aé)g:ptlont §pectr? ?;F)Ig PN observed in etfgemtane-alcohol
C, N, and F (4s3p1d quality) were used. The basis set for H ( ) matrixes a :

was 2slp. Six pand two a & orbitals as well as twojaand Th_e fluoresce_nce decay, ot_)served at 17 250°%rts ap- .
two b, in-plane ¢) orbitals were used in the active space. proximately a single-exponential decay and has a decay time
of 16 ns.

Fluorescence and Fluorescence Excitation Spectra of the
Photolysis Product of Perfluoro-2-naphthyl Azide. 1. In

Fluorescence and Fluorescence Excitation Spectra of the  n-Hexane Shpolskii MatrixFluorescence and fluorescence
Photolysis Product of Perfluorophenyl Azide.The fluores- excitation spectra of triplet PFNN in anhexane matrix at 5 K
cence and fluorescence excitation spectra of perfluorophenylare shown in Figure 2. The spectra are composed of narrow

intensity [au.]

intensity {au.]

Ill. Results



Nitrenes in Shpolskii Matrixes

TABLE 1: Vibrational Frequencies (cm™?) in the

Fluorescence and Fluorescence Excitation Spectra of PFNN

at 5 K in Different Hydrocarbon Matrixes 2

n-Hexane

fluorescence excitation
spectrum (maximum of the
0,0 origin at 18 279 cmm)

fluorescence spectrum
(maximum of the 0,0
origin at 18 270 cm?)

178 176
267
287 292
352
371
427
454
506
524 523
1039
1314
1373 1398
1590
n-Heptane

fluorescence excitation
spectrum (maximum of the
0,0 origin at 18 281 cn)

fluorescence spectrum
(maximum of the 0,0
origin at 18 290 cm?)

279

297 291

319
455
1373
1591

aThe samples were annealed overnight at 100 K.

TABLE 2: Vibrational Frequencies (cm~?) in the

Fluorescence and Fluorescence Excitation Spectra of an
Intermediate Identified with Perfluoro-2-naphthyl Aminyl

Radical in Different Hydrocarbon Matrixes at 5 K @

n-Hexané

fluorescence spectrum
(maximum of the 0,0 origin

fluorescence excitation spectrum
(maximum of the 0,0 origin

at 17366/17240 cnt) at 17381/17248 crii)
301/307 301/305
386/394 390/397
534/544
605/602
689/700 692/699
---/790 778/794
1323/1342
1341/1367 1370/1384
1434/1443
- - -/1556
1626/1623
n-Heptane

fluorescence spectrum
(maximum of the 0,0
origin at 17 305 cm?)

fluorescence excitation
spectrum (maximum of the
0,0 origin at 17 324 cmt)

302 304
3901 393
539
695
1348 1329
1381
1443
1553
1615

intensity [a.u.]

intensity [au.]
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(a)

(b)

Figure 3. Fluorescence (fl) and fluorescence excitation (fex) spectra
of a species identified as the perfluoro-2-naphthyl aminyl radical in
n-hexane at 5 K. (a) The fl spectrum was obtained by excitation at
18 755 cnt?, while the fex spectrum was obtained by observation at
15 735 cmt. (b) The fl spectrum was obtained by excitation at 18 805
cm1, and the fex spectrum was obtained by observation at 15 608 cm
Lines in part b which are marked by * belong to the site contributing
to the spectra of part a.

the fluorescence spectrum, the width of all vibrational lines is
limited by the spectral resolution of our apparatus. The
vibrational frequencies are collected in Table 1.

A close inspection of the (0,0) transition region of the
fluorescence excitation spectrum reveals several narrow lines.
Before annealing, the most intense lines are located at 549.3,
548.1, 547.9, and 547.5 nm; after annealing, new lines are
observed at 546.9, 546.6, and 546.1 nm. These lines can be
attributed to triplet PFNN in different matrix sites because a
similar pattern of narrow lines accompanies each vibrational
component of the fluorescence excitation spectrum.

After annealing, the fluorescence and fluorescence excitation
spectra are modified. Various bands shift to new positions (as
indicated above); however, a new spectral band is produced
which is observed at lower energy. The spectra are doubled as
shown in parts a and b of Figure 3. In the fluorescence excitation
spectrum, the frequencies of the (0,0) transition are at 17 248
and 17 381 cm. Each of these lines is accompanied by several
lines of weaker intensity, which can be assigned to the same

“The spectra were recorded after the samples were annealedspecies in different sites of the matrix. Vibrational frequencies

overnight at 100 K° Data are given for the two sites presented in parts

a and b of Figure 3.

vibrational lines with a (0,0) transition close to 18 280 ¢m

of this new species observed in the fluorescence and fluores-
cence excitation spectra are listed in Table 2.
The fluorescence decay of triplet PFNNrrhexane at 5 K,

for both fluorescence (fl) and fluorescence excitation (fex). In observed at the maximum of the (0,0) transition at 18 280'cm



5006 J. Phys. Chem. A, Vol. 103, No. 26, 1999 Kozankiewicz et al.

TABLE 3: Calculated Vertical Electronic Transitions of
SPFPN (GsFsN)?2
CASSCF CASPT2 CASSCF CASSCF  exptP INDO/S
states eV eV (cm?) w f eV (cml) eV (cnm?d)
To 0.67
= T1 3.28 2.64 0.66 0.001 2.5 2.36
& (21 294) (20200) (18 995)
z T2 3.46 3.11 0.66 0.008 3.1 3.91
z q (25 085) (25000) (31538)
£ fex T3 4.51 4.04 0.67 0.012 4.0 3.98
(32 586) (32300) (32102)
Ta 6.57 4.22 0.62 0.046 4.4 451
(34 038) (35500) (36 377)
Ts 4.83 453 0.66 0.001
(41 701)
WA ST T S S S St ) S U U O T S SR § T T T N R ST
16 17 18 aThe optimized B3LYP/6-31G(d) geometry was used for the

CASSCF/CASPT2 calculations, and the optimized AM1 geometry was
. o used for the INDO/S calculations. The CASSCF active space is (12,12),
Figure 4. Fluorescence (fl) and fluorescence excitation (fex) spectra ang the orbitals which were used are described in the Experimental
of PFNN in n-heptane at 5 K. The fl spectrum was obtained by \ethods section. The basis set is a contracted ANO for C, N, and F
excitation at 27 320 cnt, while the fex spectrum was obtained by (4s3p1d) and H (2s1pyv is the weight of the CASSCF wave function,
observation at 17 800 cmh andf is the calculated oscillator strengthThe vertical experimental
values are taken from ref 6.

v [10°an']

TABLE 4: Vertical Excitation Energies (cm 1) from the
Ground Electronic State to Four Electronically Excited
States of Triplet PFNN (CyioF;N)?
INDO/S cnt?t exptl (this work)
states (osc. str.) cm! (adiabatic)
g To
- T, 17 416 (0.005) 18 280
G T, 27 533 (0.340)
E q Ts 41 297 (0.000)
ha T4 48 543 (0.001)
a Calculated oscillator strengths are listed in parentheses. The AM1
geometry was used. The experimental value is the average of the
,,,,, et L experimental transition energy (0,0 band) which was observed in
16 17 n-hexane anah-heptane at 5 K.

v [10°an'] The lowest energy transition of triplet phenyl nitrene in an
Figure 5. Fluorescence (fl) and fluorescence excitation (fex) spectra EPA glass at 77 Kwas discovered in 1986 by Leyva, Platz,
of a species identified as perfluoro-2-naphthyl aminyl radical in Persy, and Wirz (LPPW). These workers assigned the transition
n-heptane at 5 K. The fl spectrum was ob_tained by excitation at 18 710 \ith the aid of PPP SCF ClI calculations and proposed that the
cm, and the fex spectrum by observation at 15 680"tm weak long-wavelength band of triplet phenyl nitrene and the

related band of triplet perfluorophenyl nitrene are dueyte-n
was found to be nonexponential. Fitting of the decay to a two- z* and = — ny transitions. In their coordinate system, is a
exponential function led to component decay times of 4 and 50 singly occupiedr orbital in the plane of the aromatic ring and
ns. is not in conjugation with the orthogonal delocalized
2. In n-Heptane Shpolskii MatrixThe fluorescence and  framework.

fluorescence excitation spectra of PFNNrifheptane at 5 K

are shown in Figure 4, and the corresponding frequencies of

the vibrational components are listed in Table 1. The spectral

behavior is similar to that im-hexane. In this system, a new s fz

intermediate is observed after annealing the matrix. Fluorescence @

and fluorescence excitation spectra of this intermediate (with My ny

(0,0) transitions at 17 305 and 17 324 chmrespectively) are

shown in Figure 5. The frequencies are listed in Table 2. The long-wavelength transitions of triplet phenyl nitrene and

Computational Studies.The triplet perfluorophenyl nitrene  perfluorophenyl nitrene®PFPN) were confidently assigned as
(®(PFPN) system was studied with CASSCF/CASPT2 methods To— T transitions by LPPW by the observation of fluorescence
to give the results shown in Table 3. It was not possible to apply with (0,0) bands at approximately 20 000 ch{2.48 eV) and
these methods to perfluoro-2-naphthyl nitrefl@RNN) due to 18 500 cni! (2.29 eV), respectively.
its much larger size. Therefore, semiempirical methods were Kim, Hamilton, and Schaefer (KHS)studied the phenyl
used to compute the transition energies and the oscillator nitrene system with the aid of CISD calculations with a DZP
strengths in both of these larger systems. To gauge the accuracyasis set. In accord with the semiempirical study of LPPW, KHS
of the semiempirical methods wittPFNN, they were also  concluded that the longest wavelength transition-(TT;) of
applied to triplet phenyl nitrene®®N) and3PFPN and then triplet phenyl nitrene corresponds to the promotion of an electron
compared to the CASSCF/CASPT2 resiéifsThe results of from the aromaticr system “(the highest doubly occupied
INDO/S calculations on triplet PFPN and PFNN are presented orbital) to the r (higher singly occupied) orbital on nitrogen”,
in Tables 3 and 4, respectively. which is orthogonal to the plane of the aromatic ring. The
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calculated (CISDt+ Q/ DZ + d) adiabatic transition energy of & Keal / mol
18600 cm?! (2.31 eV, 539 nm) was in agreement with the ,, o
spectrum reported by LPPW. It is important to note that KHS 0| 200
predict that the T state is puckered, with a barrier to planarity — 17.6
of 8000 cnT! (~1 eV) at this level of theory. 16— 186 B
Gritsan, Zhu, Hadad, and Platz (GZHPhave recently — ,| '® 1.1 o
computed the vertical excitation energies for triplet phenyl TS =
nitrene by using CASSCF/CASPT2 methods. The first calcu- °~ e 57 58
lated vertical excited state {Jlis at 23 100 cm! (2.87 eV, 432 4- <N = "
nm) which is at slightly higher energy than the broad, ~ _— O/ > N 0
unstructured band observed 500 nm in an EPA matrig. 7 A, GN - _N
The difference in excitation energy between theory and experi- 4 - N: 7 )
ment may be due to the geometry change betweeand T, g - ©/ AN
as described by KH&This vertical transition mainly consists
of the promotion of an electron from a doubly occupiedrbital Rl S ; 3?55552"1"&}3 e
to the highest singly occupied n orbital. Overall, the CASSCF/ -16-| /169 _
CASPT?2 excitation energies and oscillator strengths reproduce_20_ 1A,

the experimental spectrum very well.
A CASSCF/CASPT2 analysis of triplet PFPN has been Figure 6. Potential energy surface of triplet phenyl nitrene and

performed (see Table 3) in a manner similar to that described related species calculated by the CASPT2 and B3LYP/6-31G(d)

by Gritsan et al8 for the parent phenyl nitrene system. This Mmethods.

level of theory predicts that the verticah 7 T transition of

SPFPN will be near 21 294 cm (470 nm). As with the parent Perfluoro-2-naphthyl Aminyl Radical. It is important to

3PN, the predicted excitation energy f&~PN is slightly higher identify the reaction product which appeared in the sample

(2.64 eV) than the observed (2.5 eV) maximum absorption in containing PFNN after the annealing procedure (when the

an EPA matrix. The rest of the calculated (vertical) excitation temperature rose overnight to about 100 K). This product has

energies and relative transition moments are in good agreemenits (0,0) transition around 17 300 cth We considered two

with the experimental band maxima in the spectra. possible carriers of this transition. One possibility is a radical
The To — T transition for triplet PEPN is due to two major ~ Which results from the reaction of PFNN with the solvent matrix.

configurations. They involve the promotion of an electron from The second possibility is a ketenimine created by rearrangement

the doubly occupied orbital (&) to the singly occupied (by) of the aromatic ring.

orbital (57%) and from the singly occupied(b;) orbital to the

unoccupiedr* (ay) orbital (19%). The nature of this transition . ! . g

is consistent with that predicted for triplet phenyl nitrene by \\N 7N
GZHP18 The calculated oscillator strength is very small, and it - _ - N A
is consistent with the very weak absorbance. According to the Pl F el
present experimental observations, the (0,0) emission band of . .

SPFPN is at 18 800 cmt which is very similar to that observed
in an EPA matrix (18 500 cr¥).6 On the basis of the CASPT2
calculations and the observations in the EPA matrix, we

coril)dently assign t?se recorded 18 800 Cnemission as the was suggested by Zhai and Pfaty analogy to the work of
To — Ty transition o _PFPN'_ Dunkin and Thomson with 1- and 2-naphthyl nitréne.

As can be seen by inspection of Table 3, the INDO/S method 14 make a meaningful comparison of the relative energies
predicts vertical §— T, transition energies GPFPN thatare o triplet nitrenes and ketenimines, the potential energy surface
lower in energy than that observed by matrix spectroscopy. The (pgs) of GHsN was calculated at the B3LYP/6-31G(d) level
oscillator strength of the oT— T transition was predicted 10 of theory and compared to a higher level (CASPT2) so as to
be very small (nearly zero), but this transition is not forbidden gauge the reliability of methods that could be applied to PFNN
by virtue of its symmetry. Thus, INDO/S and CASSCF/CASPT2 (Figure 6).
predict similar 5 — T, transition energies which are in The calculations of Karney and Borden using the CASSCF/
agreement Wth the observed (0,0) emission and low oscillator cAspT2 method€® with a triple< basis set (Figure 6) indicate
strength of this band. that singlet phenyl nitrene isomerizes over a barrier of 9.2 kcal/

As mentioned previously, CASSCF/CASPT2 calculations of mol to form an azirine which will rapidly ring open to form
triplet perfluoronaphthyl nitrené®FNN) are not feasible. Thus,  1,2-didehydroazepine, a ketenimine. The ketenimine is lower
only INDO/S results (Table 4) were obtained. By analogy to in energy by 1.6 kcal/mol than singlet PN, but it is substantially
3PFPN, we use the INDO/S prediction of a weak transition at higher in energy than triplet PN. The B3LYP/6-31G(d) method
17 416 cm! to assign the band at 18 280 ci(obtained by  gives the same ordering of intermediates. CASPT2 and B3LYP/
photolysis of perfluoro-2-naphthyl azide) to the (0,0) band of 6-31G(d) levels predict thatPN is 16.9 and 14.6 kcal/mol,
the To — T transition of3PFNN. respectively, lower in energy than the corresponding ketenimine.

The nonexponential decay of the fluorescence of PFNN The B3LYP calculations underestimate this gap by 2.3 kcal/
reflects the triplet state origin of the emitting Jtate. In triplet mol, relative to the CASPT2 results. But qualitatively, similar
states, three spin sublevels can be depopulated to the singletesults are obtained with the different methods. (We should note
manifold by different intersystem crossing rates which are faster that the energy difference between #e and®A, states at the
than the spir-lattice relaxation, observed previously for car- B3LYP/6-31G(d) level is 7.9 kcal/mol and is significantly lower
benes? than the CASPT2 value.)

Let us first consider the latter possibility. The existence of
two ketenimines @F/N (A) and GoF/N (B) at low temperature
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E, Kcal / mo!
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Figure 7. Potential energy surface of PFPNsEgN) and related species
calculated by the B3LYP/6-31G(d) method.

The PFPN (@FsN) potential energy surface was also
calculated with the B3LYP/6-31G(d) meth8dFigure 7). The
B3LYP/6-31G(d) calculations predict th&FPN is 6.2 kcal/

Kozankiewicz et al.

TABLE 5: INDO/S Vertical Excitation Energies (cm~1)
from the Ground Electronic State to Four Electronically
Excited States of Singlet Ketenimines A and B (@F7/N)?

INDO/S, cnrt
states ketenimina ketenimineB
S
S 20 805 (0.024) 18 953 (0.061)
S 28 881 (0.042) 25074 (0.014)
Ss 29 740 (0.029) 29912 (0.038)
S, 32942 (0.147) 33 154 (0.003)

a Calculated oscillator strengths are listed in parentheses. The AM1
geometry was used.

perfluoronaphthyl azirine via TS1 or TS3 (Figure 8), and the
formation of the more stable ketenimide proceeds through
the higher activation barrier. Thus, based on these potential
energy surfaces, it seems very unlikely tHFNN will
isomerize thermally to either ketenimin® or B when the
temperature of the matrix is increased from 5 to 100 K. (Since
the annealing was done in the dark, we can also preclude a
photochemical transformation.)

In addition, the excited-state properties of ketenimifeand

mol lower in energy than the corresponding ketenimine. Also, B have been predicted by the INDO/S method and are presented
these calculations predict that the azirine derived from PFPN in Table 5. The calculated (verticalh S> S, transition energy

is in a deep potential energy well, and this intermediate has (18 953 cnm?) of C1oF/N (B) is similar to the (0,0) transition
been detected by Morawietz and Sander using matrix-IR frequency of 17 300 cmi of the species formed on annealing

spectroscopy?

B3LYP calculations are feasible for the PFNN potential
energy surface, and the results are shown in Figu#eT8vo
possible ketenimine#y andB, can be formed by isomerization
of PFNN. KeteniminéA still retains an aromatic benzenoid ring,
but the other ketenimine isomeB) loses aromaticity. Keten-
imine A is preferred over th®& isomer by 10.1 kcal/mol at the

the matrix. The $— S; energy separation (20 805 ci) of
Ci0F7N (A) is greater than the experimental value. Although
assignment of the second species to keteninBneppears
consistent with the calculations presented in Table 5, it is an
unreasonable assignment based on the calculated PES, as
ketenimineA is ~10 kcal/mol more stable than its isomBr
(Figure 8). And as mentioned above, formation of isorBer

B3LYP/6-31G(d) level. We also predict that there is a large would require passage over an activation barrier@f kcal/

activation barrier E; > 20 kcal/mol) for formation of either mol.
36— E, Kcal / mol
33.8
32— — F F
TS1
N F
X F
24— * F N
21.0 20.8 ‘\\ F F TS4 / )
20 — l‘]:l — 18.7 - N
A" TS3 166 — F
16 — R .- ," 18.4 - F
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Figure 8. Potential energy surface of PFNN¢E;N) and related species calculated by the B3LYP/6-31G(d) method.
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TABLE 6: Comparison of Excitation Energies (cm™?1) from Vibrational Frequencies. An analysis of the vibrational
the Ground Electronic State to Four Electronically Excited frequencies listed in Tables 1 and 2 clearly indicates that similar
(SéatgsNo;)IZerfluoro-2-naphthy| Aminyl Radical PFNNH frequencies are observed for PENN in all matrixes studied and
o _ that slightly different frequencies are observed for the species
INDO/S cnrt exptl (this work) identified with perfluoro-2-naphthylaminy! radical. The fre-
states (osc. str.) cm (adiabatic) quency of 287297 cnt? of the main vibrational compounds
Do of PFNN is shifted to 304305 cnt? in the matrixes studied
Bl ig ggg 28'8823 17300 for the radical. The frequency of 38897 cnt!is characteristic
Dz 19 879 (0:005) of the radical. The frequencies of 1373 and 159(Tb_lin the
D. 23712 (0.032) flporescence spectra of PFNN have their correspondmg frequen-
Ds 26 762 (0.078) cies at 13431367 and 16151626 cnT?, respectively, in the

a Calculated oscillator strengths are listed in parentheses. The AM1 radical. _Th!s obse_rvatlon prp\{ldes a convincing argument that
geometry was used. The experimental value is the average of the ex-00th emissions (with (0,0) origins at 18 280 and at 17 300%¥m
perimental transition energy (0,0) which was observed in this originate from chemically different compounds, l.e., perﬂuoro-
work. 2-naphthyl nitrene and perfluoro-2-naphthyl aminyl radical,
respectively. By the same reasoning, the possibility that the
emission assigned to the aminyl radical can be assigned to the

. H H H H —1
TABLE 7: Vertical Excitation Energies (cm %) from the emission originating from the;tate of PFNN can be excluded.

Ground Electronic State to Five Electronically Excited States

of 2-Naphthyl Aminyl Radical (C10H,NH) Using the INDO/S Finally, let us mention that we also tried to identify the
Method?P products of the photolysis of 2-naphthyl azideniexane at 5
INDO/S, oscillator exptl, K. Unfortunately, we observed only a weak emission which
states cmt (eV) strengthf cmt(eV) disappeared with time. This species had a (0,0) transition at
Do 16 805 cn1l, and therefore, it is assigned to the fluorescence
D, 16 867 (2.09) 0.003 16 143 (2.0) of the 2-naphthyl aminyl radical. This observation is consistent
D, 21292 (2.64) 0.003 21778 (2.7) with previous conclusions that polyfluorination of the aromatic
Ba gé g?g gfﬂg 8-828 24108 (3.0) ring raises the barrier to molecular rearrangement, thus making
D. 27 793 (3.44) 0.049 26618 (3.3) possible the spectroscopic studies of nitréhgs.

aThe optimized AM1 geometry was useédThe experimental

vertical transition energies are from ref 20. IV. Conclusions

Photolysis of perfluoro-2-naphthyl azide in low temperature

Thus, it seems more likely that the new intermediate observed (5 K) Shpolskii matrixes results in the formation of a triplet

upon annealing PFNN is the aryl aminyl radical produced by a nitrene. Thi_s _nitrene is persist_ent at Iow_ temper_a’gures as long
hydrogen transfer reaction from the matrix host. as the matrix is frozen. Annealing a matrix containing a nitrene

leads to hydrogen atom abstraction from the surrounding matrix
Foor to create an aminyl radical, which is persistent at low temper-
F N F NH atures. To obtain a consistent theoretical description of the
OO * CeHpy  —— OO + Gy experimental results, we must assume that the fluorescence of
F F F the nitrene and the aminyl radical originate from the first excited
FooF state, T in the nitrene and Pin the aminyl radical.

The (vertical) electronic spectra of the perfluoro-2-naphthyl- . )
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