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The heterocyclic aromatic molecule 3-iodopyridine (CsKNI) is photodissociated and studied with state- 
selective photofragment translational spectroscopy at 266 nm and 304 nm. Angular, velocity, and translational 
energy distributions are obtained for the ground state I(2P3/2) and excited state I*(2P~12) photodissociated iodine 
atoms. For the I channel, both a fast and a slow recoil speed distribution are observed at both 266 nm and 
304 nm, which result from parallel electronic transitions. The fast I and I* distributions are proposed to 
result from an excitation to the alkyl iodide-type 3Q~(n,a*) repulsive state, in accordance with mechanisms 
proposed for the photodissociation of iodobenzene. The observed slow I distributions are suggested to arise 
from absorptions to pyridine n,n* optical doorway states which are predissociated by mixing with the alkyl 
iodide-type n,a* repulsive states. At 266 nm, the observed large increase in the relative quantum yield of 
slow iodine relative to that observed for iodobenzene correlates with the fact that the magnitude of the molar 
extinction coefficient for the 'Lb band of 3-iodopyridine is larger than that for the ILb band of iodobenzene. 
Like iodobenzene, the widths of the translational energy distributions of fast I and I* exhibit strong excitation 
photon energy dependences, which suggests a direct correlation between the rate of energy redistribution, 
which is in competition with the prompt dissociation process, and the density of pyridine-type dark vibronic 
states. Assuming that the observed correlation between the recoil velocity and the anisotropy parameter for 
the slow dissociation channel of I results from rotational depolarization, we are able to estimate dissociation 
times and rates of internal energy redistribution. We find that the rate of intemal energy redistribution (IER) 
for the indirect slow dissociation process in 3-iodopyridine at 304 nm is comparable to that observed previously 
in iodobenzene, while the rate of IER observed for 3-iodopyridine at 266 nm is significantly larger than that 
observed previously in iodobenzene. Intemal energy redistribution in the fast and slow dissociation channels 
is discussed in terms of the density of states and the coupling between the optical doorway states and nearby 
dark states. 

Introduction 
The photodissociation of aromatic iodides provides an 

interesting problem. Unlike alkyl in which the C-I 
bond is the only chromophore, aromatic iodides possess two 
chromophores: the C-I bond and the aromatic n electron 
system. Thus, if the proper photon energy is used for photolysis, 
one would expect there to be a competition for the absorption 
of the photon between the C-I bond and the aromatic system. 
Experiments by Bersohn's grouplo suggest that the photolysis 
of aryl halides is the result of an indirect dissociation, as opposed 
to the direct dissociation which is observed in alkyl 
Recent results obtained in our laboratory for the photodisso- 
ciation of iodobenzene at 218 nm and 266 nm,llaSb and at 304 
m,l lc-e clearly show that iodobenzene undergoes both a prompt 
(direct) photodissociation as well as a slow (indirect) photo- 
dissociation. The prompt dissociation process produces both 
the ground state I(2P3,2) and the spin-orbit excited state I*(2P1/2) 
iodine atoms with high recoil velocities and is attributed to an 
alkyl iodide-type excitatioddissociation process, Le., excitation 
to the alkyl iodide-type 3Qo(n,a*) repulsive state, which directly 
yields I*, followed by crossing to the 'Ql(n,a*) state which 
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produces I. The slower photodissociation process results in the 
production of I(2P3/2) with low recoil velocities and is attributed 
to excitation to a benzene-type n,n* bound "optical doorway" 
state which is predissociated by an alkyl iodide-type n,u* 
repulsive state(s). It is proposed that the benzene-type 'Lb(n,n*) 
state and a triplet n,n* state(s) are responsible for the formation 
of slow I at 266 nm and 304 nm, respectively. 

The alkyl iodide A band consists of three dipole-allowed 
(n,u*) repulsive electronic states:29 the 3Ql, 3 Q ~  and IQI, in order 
of increasing energy, with absorption maxima at about 300 nm 
( E  = 4 L/mol-cm), 260 nm ( E  = 300 Umol-cm), and 240 nm ( E  

= 70 Llmol-cm), respectively. It is well known that transitions 
to the 3Ql and 'QI states are of perpendicular polarization and 
result in the production of ground state I(*P3/2) atoms, while 
absorption to the 3Q0 state is a parallel polarized transition which 
corresponds to the spin-orbit excited state I(*P1/2) formation 
channel.2 However, it has been shown that excitation to the 
3Q0 state produces ground state iodine in some alkyl iodides 
due to curve-crossing with the IQl ~ t a t e . ~ - ~  

It has been argued that the electronic spectrum of iodobenzene 
in the 240 to 310 nm region arises from a superposition of the 
benzene 'Lb(n,n*) bound state and the repulsive alkyl iodide 
A band.'29'3 This feature seems to be consistent with the results 
of our recent photodissociation studies of iodobenzene." 
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An obvious analog of iodobenzene is the heterocylcic 
aromatic molecule 3-iodopyridine. The presence of the non- 
bonding electrons of the nitrogen atom makes the electronic 
structure of pyridine more complicated than that of benzene; 
the density of vibronic states is certainly larger. In the near- 
UV region there are five singlet and triplet n,n* states and four 
singlet and triplet n,n* states in pyridine.I4-l6 Specifically, the 
n,n* states are the 3BI (Amax = 302 nm), 'BI (Amax = 279 nm), 
3A2 (Amax = 230 nm), and the 'A2 (Amax = 228 nm) states. The 
n,n* states are the 13AI (A,,, = 302 nm), the nearly degenerate 
3B2 and 23A1 (Amax = 250 nm), the 'Bz (A,,, = 248 nm), and 
the 'A1 (A,,, = 194 nm) states. 

The electronic absorption spectra of substituted  pyridine^'^-^^ 
such as 3-iodopyridine exhibit a strong and a weak band in the 
190 nm to 300 nm wavelength region. The stronger band has 
its maximum at 228 nm and is correlated with the 'L,(n,n*) 
band, which is of IAl symmetry in pyridine.17-20 The energy 
maximum of the weaker band occurs at 264 nm and is correlated 
with the 'Lb(n,n*) band, which is of 'B2 symmetry in pyridine.I7 
Furthermore, there is a tail on the ILb band which extends past 
300 nm and is weakly absorbing at 304 nm. This absorption is 
likely due to the absorption of the C-I bond. It has been 
shownz0 that halogenation of pyridine with fluorine, chlorine, 
and bromine at the 2 and 3 positions causes a red shift of the 
first pyridine singlet n,n* transition, and a blue shift of the first 
pyridine n,n* transition (strong blue shift for 2-halopyridines, 
weak blue shift for 3-halopyridines). Although the studies that 
showed these results20 did not include the iodopyridines, it is 
expected that iodine substitution would have a similar effect 
on the electronic structure of pyridine since the electron 
repulsion strength of iodine is between that of fluorine and 
chlorine. 

In this experiment we state-selectively study the photodis- 
sociation of a heterocyclic aromatic iodide, 3-iodopyridine, at 
304 nm and 266 nm. For simplicity, we will refer to the ground 
state and excited state of iodine as I and I*, respectively. The 
photodissociation reactions studied here are 

C,H4NI + hv - C,H,N + I(2P3/2) 

and 

C,H,NI + hv - C,H4N + I*(2P,/2) 

where hv is equal to 4.66 eV (A = 266 nm) or 4.07 eV (A = 
304 nm). 

One would expect there to be qualitative similarities between 
the results for 3-iodopyridine and iodobenzene" because both 
molecules are six-membered aromatic rings with an iodine 
substituent. However, there are distinct differences between 
the two molecules which would lead one to expect there to be 
some differences in the photodissociation dynamics as well. The 
obvious differences are that 3-iodopyridine is a heterocyclic 
aromatic molecule in which there is a nitrogen atom with a 
nonbonding pair of electrons, and that 3-iodopyridine is of lower 
symmetry than iodobenzene. Consequently, because of the 
energetically nearby n,n* states, there is a higher density of 
vibronic levels in the 200-300 nm region in 3-iodopyridine 
than in iodobenzene. The lower symmetry results in the 
absorption cross section of the ILb band of 3-iodopyridine being 
significantly larger than that of iodobenzene. In this experiment 
we find that both direct and indirect photodissociation processes 
occur in 3-iodopyridine at 266 nm and 304 nm, as observed 
for iodobenzene. However, in contrast to iodobenzene, the rate 

of intemal energy redistribution (IER) increases when the 
photodissociation wavelength is changed from 304 nm to 266 
nm. 

Experimental Section 
Details of the experimental apparatus and methodology are 

described elsewhere.*%' Briefly, a single-stage pulsed-accelera- 
tion TOF mass spectrometer is used in combination with a 
linearly polarized pulsed laser (-20 ns). Room temperature 
vapor of I2 is used to calibrate the TOF At room 
temperature, 3-iodopyridine (C5H4NI, Sapon Laboratories Divi- 
sion of Karl Industries) vapor is introduced by effusion into 
the ionization region of the apparatus. The measured pressure 
in this region is found to be 1.8 x Torr. The 3-iodopy- 
ridine is photolyzed by the 266 nm pulse (30 pJ/pulse), while 
state-selective ionization of I (I*) is achieved with the 304.67 
nm (304.02 nm) pulse (10 pJlpulse). The 266 nm light is the 
fourth harmonic generated from the 1064 nm fundamental 
wavelength of the YAG laser. The 304 nm light is generated 
by pumping a dye laser (sulfarhodamine 640) with the 532 nm 
second harmonic light of the YAG and frequency doubling the 
dye laser output. 

For the two-color (266 nm photolysis) experiment, the 
photolysis and ionization beams counterpropagate and are 
spatially overlapped in the photolysis/photoionization region of 
the spectrometer. The ionization pulse is delayed 4 ns with 
respect to the photolysis pulse, and ionization of the iodine 
photofragments is achieved via two-photon resonance plus one- 
photon ionization. The photolysis and photoionization beams 
are spatially overlapped such that the iodine ion signal was 
maximized in the presence of both pulses. Furthermore, the 
photolysis and photoionization pulse energies are adjusted such 
that each pulse alone yielded a minimized iodine ion background 
signal. Single color background spectra are collected for each 
data file in order that the single-color contribution to the two- 
color ion signal could be subtracted from the two-color 
spectrum. Additionally, laser polarizations parallel and per- 
pendicular to the detection axis (a = 0" and 90°, respectively) 
are used at each photolysis wavelength in order to obtain 
information about the angular dependence of the photodisso- 
ciation process. 

The experiment at 304 nm is a single-color, single-pulse 
experiment in which the dye laser is tuned to give either 304.67 
nm or 304.02 nm light (30 pJ/pulse) to investigate the I and I* 
channels, respectively. Photodissociation and photoionization 
occur within the same laser pulse for the single-color experi- 
ments. 

A field-free condition is maintained during a delay time t of 
1.50 ps after the laser pulse. The state-selectively ionized iodine 
atoms are then accelerated up toward the detector by applying 
a pulsed acceleration voltage (approximately -1500 V with a 
pulse duration of 1.0 ps) to the acceleration electrode. After 
traveling through a field-free drift region, the ions pass through 
a discrimination pinhole (6.0 mm diameter) and the TOF 
distribution is measured. The discrimination pinhole discrimi- 
nates against photoions with large velocity components per- 
pendicular to the detection axis (velocities in the x and y 
directions which are greater than 150 m/s).lle 

All gas phase and solution phase ultraviolet (W) absorption 
spectra were taken on a Cary 219 spectrophotometer. The gas 
phase spectrum (Figure 1) was collected in the wavelength 
region of 200-350 nm using a 10 cm path-length cylindrical 
quartz cuvette and a spectral resolution of 1 nm. The solution 
phase spectra (in hexane) of 3-iodopyridine (2.47 x lop4 M) 
and iodobenzene (2.49 x IO-, M) were taken in 1 cm quartz 
cuvettes (see Figure 2). 
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Figure 1. Gas phase ultraviolet spectrum of 3-iodopyridine taken on 
a Cary 219 spectrometer and taken in a 10 cm cell. Because vapor 
pressure data for 3-iodopyridine are not available, it is not possible to 
calculate the molar extinction coefficient from the gas phase spectrum. 
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Figure 2. Ultraviolet absorption spectra of 3-iodopyridine (upper trace) 
compared with iodobenzene (lower trace) in the lLb band region, taken 
in hexane in a 1 cm quartz cuvette. The concentrations are 2.47 x 

M for 3-iodopyridine and 2.49 x M for iodobenzene. At 
266 nm, the values of the molar extinction coefficients for each 
molecule are found to be 2560 L/mol-cm for 3-iodopyridine and 570 
L/mol-cm for iodobenzene. 

Results 
A. The I Photodissociation Channel. The lab velocity (vZ) 

distributions are presented as a and b in Figure 3 for the 
photodissociation of 3-iodopyridine at 304.67 nm and 266 nm, 
respectively. The velocity distribution for the I channel exhibits 
a relatively narrow high velocity peak and a broader low velocity 
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Figure 3. Lab velocity distribution for iodine ions in the z-direction 
for the I(*Pjn) channel following photodissociation of (a) 3-iodopyridine 
at 304.67 nm and (b) 3-iodopyridine at 266 nm. The upper trace in 
each figure is for photolysis with parallel polarized light, and the lower 
trace in each figure is for photolysis with perpendicular polarized light. 
The presence of high velocity and low velocity distributions in each 
figure indicates that multiple dissociation processes are occurring in 
the photodissociation of these molecules. 

peak of comparable intensity for a = 0". It is worth noting at 
this point that the slow velocity distribution which was 
previously observed for iodobenzene in our laboratoryl'C-e is 
much lower in intensity than the observed fast distribution. The 
velocity distribution for a = 90" also exhibits fast and slow 
velocity peaks. However, whereas the peak heights of the fast 
and slow velocity peaks are similar for a = 0", for a = 90" the 
intensity of the high velocity peak is much less than the slow 
velocity peak, indicating a strong parallel anisotropy of the high 
velocity peak. 

Figure 4a shows the total translational energy distribution, 
G(ET), and the translational energy dependence of the anisotropy 
parameter,  ET), for the photodissociation at 304 nm. These 
are obtained from the vZ distributions by correcting for the 
velocity dependence of the detection solid angle and applying 
the conservation of momentum rule. Our results suggest that 
more than one dissociation process is occurring upon the 
absorption of a single photon. A quantitative indication of this 
is given by the anisotropy parameter p, which is related to the 
lifetime of the parent molecule in its excited state. From Figure 
4a, it is clear that the photodissociation of 3-iodopyridine at 
304 nm results from a parallel electronic transition, since p- 
(ET)  > 0 throughout the spectrum, and its recoil velocity 
dependence is consistent with our dynamical interpretation based 
on the rate of internal energy redistribution and the dissociation 
time dependence of the anisotropy as will be discussed later. 
Furthermore, it is clear from translational energy distribution 
in Figure 4a that, as in iodobenzene," there are at least two 
different dynamical processes occurring during the photodis- 
sociation of 3-iodopyridine at 304 nm, since there are two 
distinct distributions present in the spectrum. The higher 
translational energy distribution corresponds to the component 
of  ET) which is independent of ET (at the peak ,!? = 1.6), 
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Figure 4. The high and low total translational energy distributions, 
G@T) and GI(ET), and the corresponding P ~ ( E T )  and /%(ET), for the 
photodissociation of (a) 3-iodopyridine at 304.67 nm and (b) 3-io- 
dopyridine at 266 nm. In each case P~(ET) is independent of the 
translational energy while PI (ET) decreases smoothly as ET decreases. 

while the lower translational energy distribution corresponds 
to the component of /I(&) which is dependent on the recoil 
speed @ = 0.1-1.2). 

From Figure 3b, it is clear that multiple dynamical processes 
are also occurring during the photodissociation of 3-iodopyridine 
at 266 nm for the I formation channel. Figure 4b presents G(&) 
and  ET) for the photodissociation of 3-iodopyridine at 266 
nm. Clearly the dynamical processes which result in the 
photodissociation of 3-iodopyridine at 266 nm result from 
parallel electronic transitions. Also, as in the case of photo- 
dissociation at 304 nm, G ( E T )  corresponds with the component 
of  ET) which is independent of E, @(ET) = 1.4 at the peak), 

while GI(&) corresponds to the component of /I(&) which is 
dependent upon the translational energy  ET) = 0.2-0.8). 

The most striking feature of the translational energy distribu- 
tion observed for 3-iodopyridine at both 304 nm and 266 nm is 
the dramatic increase in the intensity of GI(ET) relative to G- 
(ET) (Figure 4), as compared to that observed for iodobenzene." 
The relative quantum yield of the slow I increases from 0.30 
for iodobenzenelle to 0.50 for 3-iodopyridine at 304 nm. This 
increase is even more dramatic at 266 nm, Le., from 0.13 for 
iodobenzene1Ia to 0.56 for 3-iodopyridiae at 266 nm. This is 
likely due to the fact that the molar extinction coefficient for 
the ILt, band of 3-iodopyridine, which is responsible for the 
formation of slow 1 at 266 nm, is larger than that for the 'Lb 
band of iodobenzene (see Figure 2). Perhaps triplet excitation 
responsible for the slow I formation at 304 nm is also enhanced 
in 3-iodopyridine, compared to that in iodobenzene.' Table 
1 summarizes the relevant parameters which describe photo- 
dissociation dynamics of 3-iodopyridine at 266 nm and 304.67 
nm for the I formation channel. 

B. The I* Photodissociation Channel. Table 2 summarizes 
the relevant parameters which describe the photodissociation 
dynamics at 304.02 nm and 266 nm for the I* formation channel 
of 3-iodopyridine. Figures 5a and 6a present the lab velocity 
distributions at a = 0" and a = go", and the corresponding 
G(ET) and  ET), respectively, for the formation of I* following 
the photodissociation of 3-iodopyridine at 304 nm. As was 
observed for the I* formation channel of iodobenzene at 304 
nm,llb,c the translational energy distribution G(ET) for the I* 
formation channel of 3-iodopyridine at 304 nm exhibits only a 
single, sharp peak, in contrast to the translational energy 
distribution for the I formation channel at 304 nm. Clearly, 
from Figure 6a, the formation of I* results from a parallel 
electronic transition. The relative yield of I*, F(I*), for 
3-iodopyridine at 304 nm is determined to be 0.006, in strong 
agreement with that for iodobenzene (0.005) determined at 304 
nm.Ilc The fact that the value of the anisotropy parameter is 
large @ = 1.5) and independent of the translational energy 
release evidences that I* formation in 3-iodopyridine, as in 
iodobenzene,'Ie results from a prompt dissociation which follows 
photoexcitation to the alkyl iodide 3Qo(n,o*) electronic state. 

Figures 5b and 6b presents the lab velocity distributions at a 
= 0" and a = 90", and the corresponding G(&) and /I(&) for 
the formation of I* following the excitation of 3-iodopyridine 
at 266 nm. Again, from the large value of the anisotropy 
parameter2Ia @ = 1.6 at the peak), it is evident that I* formation 
from 3-iodopyridine results from a parallel photodissociation 
process due to excitation to the 3Qo(n,a*) state. We observe 

TABLE 1: 
nm and 304 nma 

Summary of the Photodissociation Dynamics of 3-Iodopyridine for the I(2P3/2) Photodissociation Channels at 266 
~ ~~ ~ ~~~ ~ 

?, (nm) relative quantum yield (Eav]) (Et) ( E d  (E&(Ead fwhm of G(&) P t (PSI -dE,/dt 

266 
fast 0.42 46.4 27.5 f 0.4 18.9 0.41 15.7 & 0.9 1.46 0.53 
slow 0.56 46.4 9.3 f 0 . 2  37.1 0.80 10.7 f 0.4 0.8-0.2 0.78-1.45 39 
304 
fast 0.49 32.7 25.2 f 0.3 7.5 0.23 8.4 f 0.9 1.6 0.36 
slow 0.50 32.7 8.7 f 0.4 24.0 0.73 10.4 3z 0.2 1.2-0.1 0.54-1.66 22 

a Energies are in kcavmol; the rates of IER (-dEt/dt) are in kcal/mol-ps. If the fast I channel at 266 nm is taken to result from a mixed 
paralleYperpendicular transition, then PI, = 1.6 which corresponds to a dissociation time of 0.36 ps. 

TABLE 2: 
and 304 nma 

Summary of the Photodissociation Dynamics of 3-Iodopyridine for the I(zP1/2) Photodissociation Channel at 266 nm 

?, (nm) relative quantum yield @"I) (Et) (Em) (Eint)/(EavJ fwhm of G(E0 P t (PSI 

266 0.022 24.7 15.1 f 0.2 9.6 0.39 1 2 f 2  1.6 0.36 
304 0.006 11.2 9.5 f 0.6 1.7 0.15 6.8 k 0.6 1.5 0.42 

Energies are in kcaUmol. 
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kcdmol) is nearly twice that observed for the I* channel at 
304 nm, and nearly 4 kcdmol larger than the fwhm observed 
for the I* channel of iodobenzene at 266 nm.ILa These last two 
observations indicate that coupling between the alkyl iodide 
repulsive optical doorway state and the pyridine vibronic states 
strongly influences the dynamics observed in the I* channels. 

C. Time Dependence of the Anisotropy Parameter and 
the Rate of Internal Energy Redistribution. The correlation 
between recoil velocity and spatial distributions (anisotropy 
parameter) of the photodissociating fragments could result from 
a number of reasons.21b Two of these are: (1) dynamical 
processes in the excited state with lifetimes comparable with 
those for dissociation could change the dissociation direction 
of the detected iodine atoms during the dissociation process, 
e.g., molecular bending or molecular rotation processes in the 
excited state; (2) if the excited state has different angular 
disposition of the dissociated atoms with respect to the direction 
of the photoexcitation transition moment, the absorption process 
from hot bending vibrations could produce an excited state with 
different angular distribution as given by the Franck-Condon 
factors involved. If the molecule dissociates rapidly, molecules 
with different bent geometries in a given excited state produce 
fragments with a different rotational excitation (and thus with 
correspondingly different recoil velocities) as well as different 
spatial distribution. 

In case 1, the changes in the anisotropy parameter with recoil 
velocity can yield information regarding the rate of energy 
redistribution. Case 2, however, does not yield any time 
dependent information. Since our experiments are room tem- 
perature studies, the population of C-C-I vibrational modes 
is possible. The n,a* excitation most likely changes the C-I 
bond distance, and the n,n* excitation slightly expands the 
aromatic ring. Neither excitation is expected to change the C-I 
angular configuration with respect to the ring. On the other 
hand, n,n* excitation changes the hybridization of, and thus 
the geometry around, the nitrogen atom. However, the C-I 
bond is too far away from the nitrogen atom for the n,n* 
excitation to change the angle around the carbon atom to which 
the iodine atom is attached. These facts might allow us to 
assume that the observed changes in the anisotropy factor are 
due to molecular rotation rather than to bending geometry 
changes in the excited state, or from absorption from excited 
bending vibrations. In molecules like I-CN, one cannot make 
this assumption safely. Making the above assumption, we were 
able to determine the dissociation times for the I photodisso- 
ciation channels from the observed recoil speed dependence of 
the anisotropy parameter. These are summarized in Table 1. 
In this case, the anisotropy parameter P contains information 
about the dissociation time and the excited state lifetime of a 
dissociating molecule. It has been s h o ~ n ~ ~ , ~ ~  that for a 
symmetric top molecule with its figure axis coinciding with the 
dissociation axis, the value of the anistotropy parameter at some 
time t after photoexcitation, P(t), is related to the initial value 
PO = 2 (owing to depolarization effects in our apparatus, PO = 
1.8)11C-e at time zero by a rotational correlation fuction: 

PO) = PO(&&)) (3) 

The brackets denote an average over the rotational ensemble. 
This average depends on the temperature T and the asymmetry 
parameter b = ( I  - &)/Iz, where I is the perpendicular moment 
of inertia and I ,  is the moment of inertia about the symmetric 
top figure axis. As with iodobenzene,’O,ll 3-iodopyridine is 
treated as an approximate symmetric top molecule since the 
figure axis closely coincides with the C-I bond, and the two 
moments of inertia about the C-I bond are approximately equal. 
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Figure 5. Lab velocity distribution in the z-direction for the iodine 
fragments formed from the I*(2Pln) channel following photodissociation 
of (a) 3-iodopyridine at 304.02 nm and (b) 3-iodopyridine at 266 nm. 
The upper trace in each figure is for photolysis with parallel polarized 
light, and the lower trace is for perpendicular polarized light. 
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Figure 6. Total translational energy release distributions G(ET) and 
the anisotropy parameters as a function of translational energy,  ET), 
for the photodissociation of (a) 3-iodopyridine at 304.02 nm and (b) 
3-iodopyridine at 266 nm. 

that the relative yield of I* at 266 nm is 0.022, which is three 
to four times larger than that observed at 304 nm. However, 
this is still an order of magnitude lower than that observed for 
the I* channel of iodobenzene at 266 nm.’Ia Furthermore, the 
full width at half-maximum (fwhm) of the translational energy 
distribution for the 266 nm I* channel of 3-iodopyridine (12 
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Figure 7. Rotational correlation function for 3-iodopyridine as a 
function of the reduced time, f*. The reduced time is the dissociation 
time, t ,  divided by the molecular rotational time, f/tr. For 3-iodopyridine 
sr = 1.76 ps at 298 K. 

Figure 7 shows the rotational correlation function as a function 
of reduced time t*. The reduced time is related to the 
dissociation time t by 

t* = t ( Z / k T p 2  (4) 

where the quantity ( Z / I C T ) ~ / ~  is the rotation time of the molecule 
(1.76 ps for 3-iodopyridine). Thus, from our knowledge of the 
velocity dependence of the anisotropy parameter, we are able 
to estimate dissociation times for the direct and indirect 
processes. Dissociation times are presented in Table 1 for the 
fast and and slow I channels and in Table 2 for the I* channel. 

The time dependence of the anisotropy parameter also allows 
us to study the time dependence of the translational energy 
release for the indirect dissociation process. Since  ET) and 
P(t)  are known, it is relatively simple to arrive at Edt), where 
 ET(^) is the translational energy release as a function of time. a 
and b in Figure 8 present the time dependence of the 
translational energy release for the indirect photodissociation 
processes at 304 nm and 266 nm, respectively. The slope in 
each figure, d&/df, is approximately linear and represents the 
rate of internal energy redistribution (IER) into the pyridine ring 
following the initial electronic excitation. We find that the rate 
of IER to be -(dET/df) = 22 kcallmol-ps at 304 nm and 39 
kcal/mol.ps at 266 nm. While the rate of IER observed here at 
304 nm is comparable to that observed in iodobenzene"c-e (23 
kcal/mol-ps), the rate of IER observed here at 266 nm is greater 
than that observed in iodobenzenellc-e (15 kcal/mol*ps). 

D. Energy Partitioning. Upon photodissociation, excess 
energy is made available to the system for redistribution into 
translational and intemal energy modes. The excess available 
energy is given by the energy conservation relationships for I 
and I* respectively: 

and 

('*avl) = ('a,,) - Em (6) 

where hv is the photolysis photon energy, 0," is the C-I 
dissociation energy, q,, is the internal energy of the parent 
molecule, (Eint) is the internal energy of the photofragments, 
(Et) is the total translational energy released upon photodisso- 
ciation, and Es.o. = 21.7 kcal/mol is the I* spin-orbit coupling 
energy. Reasonable estimates for the C-I bond dissociation 
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Figure 8. Total translational energy release as a function of time for 
the low energy I distribution for the (a) photodissociation of 3-iodopy- 
ridine at 304.67 nm and (b) photodissociation of 3-iodopyridine at 266 
nm. The slope in each figure, dET/dt, represents the rate of internal 
energy redistribution following excitation. These rates are found to 
be 39 kcdmol-ps for 3-iodopyridine at 266 nm and 22 kcallmol-ps 
for 3-iodopyridine at 304.67 nm. 

energy and the parent molecule internal energy for 3-iodopy- 
ridine are the values used for iodobenzene.'lc-e Thus we use 
the values D: = 63.9 kcdmol for the C-I bond dissociation 
energy and grit = 2.8 kcdmol. 

From Figure 9, it is clear that the internal energies of the 
pyridine radical photofragments formed from the production of 
fast I and I* are strongly dependent on the photon energy or, 
equivalently, on (Eav$, which is much like the behavior observed 
in iodobenzene" and CF31.8c,24 Furthermore, the fwhm's 
observed for both rapid dissociation channels show a strong 
dependence on (Eav,) (Figure 10). These results indicate that 
pyridine vibrational modes are strongly coupled to the carbon- 
iodine bond dissociation coordinate as discussed for iodoben- 
zenell and CF31.8c924 These observations further indicate that 
the rates of energy redistribution in the fast channels are 
correlated with the amount of excess energy, and thus with the 
density of vibronic states, as was proposed previously for 
iodobenzene.' lash 

Discussion 
A. The Dynamics of the Electronic Excitation at 304 nm. 

As with iodobenzene," the photodissociation process which 
corresponds to the higher translational energy distribution is 
undoubtedly a result of a direct dissociation along the C-I bond. 
This is analogous to what is observed in the alkyl  iodide^^-^ in 
which the C-I bond is electronically excited from its ground 
state to a repulsive potential energy surface which results in a 
direct dissociation. In the alkyl iodides this involves the 
excitation of a nonbonding 5pn valence electron on the iodine 
atom to an antibonding o* orbital on the C-I bond.2 The fact 
that the value of the anisotropy parameter @ = 1.6), which 
corresponds to the higher translational energy distribution of I, 
is close to the limiting value of 2 for a parallel transition, and 
the fact that this value of ,f3 is independent of the translational 
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Figure 9. Plot of the photon energy dependence of (a) the internal 
energy of the pyridinyl radical following photodissociation of 3-iOdO- 
pyridine at 304 nm and 266 nm and, for comparison, (b) the internal 
energy of the CF3 radical following the photodissociation of CFJ at 
248 nm and 304 nm. The internal energy for the CF3 radical at 304 
nm is taken from ref 8c, while the internal energy of the CF3 radical at 
248 nm is taken from ref 23. The internal energy for the phenyl radical 
at 304 nm is taken from ref 11. The solid circles are for the fast I 
channel, and the open circles are for the I* channel. Note that the 
slopes of 0.83 and 0.59 determined for the curves of the pyridine radical 
fast I and I* channels, respectively, are larger than the those for the 
CF3 radical (0.57 for I, 0.56 for I*) that represents a strongly coupled 
case. This strong photon energy dependence of the internal energy of 
the pyridinyl radical indicates that, in analogy with the photodissociation 
of CF31, vibrational modes of the pyridinyl radical are strongly coupled 
to the dissociation along the carbon-iodine coordinate. 

energy release indicate that this prompt dissociation results from 
excitation to the alkyl iodide 3Q~(n,u*) state followed by 
efficient curve-crossing to the 'Ql(n,a*) state to produce I. 

In further accordance with the results observed for the 
photodissociation of iodobenzene at 304 nm,' the relative 
yield of I* is quite low (0.006 as compared to 0.005 for 
iodobenzene at 304 nm.Ilc Also, the fact that the value of the 
anisotropy parameter for the I* photodissociation channel of 
3-iodopyridine is large @ = 1.5) and independent of the 
translational energy release strongly indicates that I* production 
results from excitation to the repulsive 3Qo(n,u*) alkyl iodide 
state followed by dissociation from the same repulsive surface. 

As has been observed for the photodissociation of iodoben- 
zene at 304 nm,' I C  the overall translational energy distribution 
obtained for the I photodissociation channel of 3-iodopyridine 
at 304 nm exhibits a lower translational energy distribution as 
well as the higher translational energy distribution discussed 
previously (see Figure 4a). This distribution, as with iodoben- 
zene," arises from a parallel electronic transition since the value 
of the anisotropy parameter is always greater than zero. 
Furthermore, this distribution corresponds to an anisotropy 
parameter which is dependent on the photofragment recoil 
velocity and thus the translational energy release @ = 0.1- 
1.2). This observed correlation between the photofragment 
recoil velocity and #I indicates that a process other than direct 
dissociation from a repulsive n,u* state occurs. As stated 
p r e ~ i o ~ ~ l y , ~ ~ ~ ~ l ~ - ~ ~ ~ ~ ~ ~ ~  the photodissociation lifetime t is in direct 
one-to-one correspondence with the anisotropy parameter #I. The 

Redistribution of Excess Energy 
The Rapid Dissociation Chonnel of 3-lodopyridine 
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Figure 10. Plot of the full width at half-maximum (fwhm) versus the 
excess available energy for the fast I channel (triangles) and the I* 
channel (circles) for 3-iodopyridine. Corresponding plots from ref 1 l b  
for iodobenzene are presented for comparison (fast I = long-dashed 
line, I* = short-dashed line). The strong dependence of the fwhm on 
the excess available energy indicates that internal energy redistribution 
for both the fast I and I* channels of 3-iodopyridine becomes more 
efficient with increasing photon energy owing to stronger coupling of 
the alkyl iodide optical doorway repulsive states with the pyridine- 
type bound vibronic dark states which are increasing in density as the 
energy increases. Further evidence of the IER efficiency increasing 
with the density of vibronic states is given by the fact that the slopes 
of the 3-iodopyridine plots are both larger than those of the iodobenzene 
plots, suggesting the IER rates in the fast I and I* channels are 
increasing more rapidly with energy than are the IER rates of 
iodobenzene. 

smaller #I is, the longer the dissociation lifetime is. The fact 
that we observe #I decreasing with the recoil velocity (or, 
equivalently, translational energy) means that photofragments 
with lower recoil velocities are produced from molecules with 
longer dissociation lifetimes. We, in fact, observe a range of 
lifetimes in the low ET distribution. As t increases and 
approaches the molecular rotation time z,, more energy is 
redistributed and more molecular rotation takes place prior to 
photodissociation; Le., energy redistribution competes with 
dissociation. This is consistent with predissociation. 

A mechanism for the photodissociation of iodobenzene at 304 
nm has been proposed in which a benzene-type triplet n,n* 
state and the alkyl iodide 3Qo(n,a*) state are both excited in 
competition with each other, resulting in the observed low and 
high translational energy distributions.l'C-e In this model, the 
bound n,n* state is predissociated by an alkyl iodide-type 
repulsive state(s), resulting in the production of the slow I 
photofragments. A similar process may occur when 3-iodopy- 
ridine is photodissociated at 304 nm. In the 300 nm region, 
pyridine has both a triplet, n,n* state and a triplet n,n* state. 
Electron paramagnetic resonance dataz5 indicate that these states 
are the 3A1 (n,n*) state and the 3B I (n,n*) state. Substitution of 
an iodine atom in the 3 position on the pyridine ring would 
shift 3Al(n,n*) to a lower energy and likely shift 3Bl(n,n*) to 
a slightly higher energy, as has been observed in the other 
3-hal0pyridines.~~ For 3-iodopyridine these states will be 
referred to as the Tl(n,n*) and T2(n,n*) states. The question 
then is whether it is excitation to Tl(z,n*) or T2(n,n*) which 
produces predissociated I. 

The large intensity of the slow I distribution observed at 304 
nm, compared to that observed for the photodissociation of 
iodobenzene" at 304 nm, suggests that it is the Tl(n,n*) 
pyridine state which is excited. The TI - SO transition in 
pyridine in the 300-320 nm region is well known to be 
exceptionally In fact, Japar and Ramsay26 needed 
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a path length of about 2000 m to observe the singlet-triplet 
transition in pyridine using W absorption spectroscopy. 
However, the substitution of an iodine atom onto the pyridine 
ring ought to enhance the intensity of the lowest singlet-triplet 
transition somewhat since the C2" symmetry of pyridine is 
broken. In addition, this enhancement might also result from 
vibronic mixing of a 3A1(n,n*) charge transfer state (which 
results from the mixing of iodine px electrons with pyridine n 
electrons) with the pyridine 3A1(~,n*)  state, which is consistent 
with the observed parallel polarization of the slow I distribution. 
Also, the oscillator strengths of n,n* states are known to be 
considerably weaker than those of n,n* states. Therefore, we 
propose that the optical doorway state which results in the 
production of slow I is the triplet Tl(n,n*) state of 3-iodopy- 
ridine, which arises from the mixing of the 3Al(n,n*) charge 
transfer state and the pyridine 3A1(n,n*) state. 

Production of I via the indirect channel must then result from 
predissociation of the initially excited pyridine type bound state 
by a repulsive alkyl iodide-type n,a* state(s). The mechanisms 
proposed for the photodissociation of 3-iodopyridine at 304 nm 
can now be written as 

Freitas et al. 

hv 
'A i  - 3Qo(n,cs*) -- I*(fast) 

I fast 

t 
lQ1(n,o*) -* I(fast) 

hv 
'A i  - T,(E,~*) -- 30rl(n,0*) -- I(SIOW) 

B. The Dynamics of the Electronic Excitation at 266 nm. 
The fast I photodissociation channel of 3-iodopyridine observed 
following excitation at 266 nm is also quite similar to that 
observed in iodobenzene at 266 nm.llaSb This channel clearly 
results from a parallel transition @ = 1.4). The value of p is 
independent of the translational energy release, which is the 
same as what is observed for the photodissociation of iodoben- 
zene at 266 nm,llaSb and is lower than the value of p = 1.6 
observed for the fast I channel of 3-iodopyridine at 304 nm. 
Furthermore, it is observed that, as in iodobenzene," the fwhm 
of the high energy distribution nearly doubles as the excess 
available energy is increased upon going from 304 nm to 266 
nm (Figure 10). It has been proposed1Iasb that the production 
of fast ground state iodine in iodobenzene at 266 nm results 
from an excitation to the alkyl iodide repulsive 3Qo(n,o*) optical 
doorway state which is strongly coupled to benzene n,n* dark 
states, followed by crossing to the 'Ql(n,a*) state to produce 
fast I. 

The observation for the fast I channel that the value of p = 
1.4 at 266 nm is lower than the value of p = 1.6 at 304 nm is 
similar to the observation made for iodobenzenel'a,b at 266 nm 
Cp = 1.2). For iodobenzenella*b it was discussed that for a 
dissociation from purely repulsive state, as in CH31?-8.10a the 
value of j3 should be close to its limiting value ( f 2  for a parallel 
transition, - 1 for a perpendicular transition). Also, the value 
of /3 would likely increase as the average fragment velocity 
increases, if the dissociation dynamics are the same at the 
different excitation wavelengths. As has been discussed 
previously,Ile this is due to the fact that the parent molecule 
velocity tends to reduce the value of the anisotropy parameter 
at lower fragment velocities. The decrease in the value of j3 
for the fast I channel might therefore indicate that the production 
of fast I results from an initial excitation to the repulsive 3Q0- 
(n,a*) alkyl iodide optical doorway state which is in turn more 
strongly coupled to a pyridine bound state(s) than at 304 nm, 
resulting in a longer dissociative lifetime. However, if coupling 

or mixing of the dissociative n,a* optical doorway state with 
pyridine n,n* andor n,n* vibronic states increases the dis- 
sociative lifetime (lower j3), then we ought to observe a lower 
p in 3-iodopyridine than in iodobenzene for this fast I channel 
owing to the larger density of vibronic states in 3-iodopyridine. 
Moreover, if this would have been the case, we would have 
observed a similar lower value of p for the I* channel at 266 
nm, as opposed to our results, since I* is also produced from 
the same 3Q0 state. 

The lower value of j3 observed for the fast I channel at 266 
nm is consistent with an electronic transition which has both a 
parallel and a perpendicular polarization component. The MCD 
experiments of Gedanken and  ROW^^^ resolved the alkyl iodide 
A-band into its three optically allowed components, with the 
percent contribution of each component to the overall A-band 
intensity varying with wavelength. Further experiments by 
Gedankengb demonstrated that the intensity contribution by each 
component n,a* state also varies with the type of alkyl group 
bonded to the iodine atom. Hwang and El-Sayedsb" used state- 
selective photofragment translational spectroscopy to show that 
production of I(2P3/2) in C2FsI and cF3I at 304 nm results from 
mixed electronic transitions to the parallel 3Qo(n,a*) state and 
the perpendicular 3Ql(n,a*) state, with relative contributions 
from each state being consistent with the MCD results of 
Gedanken et aL9 for C2F5I and cF3I. The fractions of each 
polarization, and X l  for parallel and perpendicular, respec- 
tively, can be determined from 

(7) 

where = 1.8 and = -0.9 are the approximate limiting 
values of the anisotropy parameter for parallel and perpendicular 
transitions, respectively, in our apparatusllC-e and /3 is the 
experimentally observed value of the anisotropy parameter. If 
the fast I channel results from a mixed transition to the 3Qo and 
'QI states (€266 for the 3QI state is expected to be much smaller 
than that for the other states9), then from eq 7 we estimate that 
the parallel 3Qo state contributes 85% intensity to the electronic 
transition and the perpendicular 'Q1 state contributes 15% 
intensity to the electronic transition. 

The high value of the anisotropy parameter Cp = 1.6) for the 
I* channel at 266 nm indicates that I* formation arises from a 
prompt dissociation following a predominantly parallel elec- 
tronic excitation (Figure 4b), which suggests that I* formation 
results from excitation to and dissociation from the alkyl iodide- 
type 3Qo(n,u*) repulsive state as in iodobenzene.lla*b However, 
in marked contrast to the 266 nm I* channel of iodobenzene,lIasb 
the relative intensity of the I* channel for 3-iodopyridine at 266 
nm is quite weak. The relative quantum yield of I* following 
the excitation of 3-iodopyridine at 266 nm is 0.022, compared 
to an I* relative quantum yield of 0.21 observed in iodobenzene 
at 266 nm.lla,b This large reduction of the I* relative quantum 
yield in 3-iodopyridine is due to the following two facts. First, 
excitation to a n,n* bound state, which yields slow I, is strongly 
enhanced in 3-iodopyridine. It is observed that there is a factor 
of ca. 4 increase in the relative quantum yield of slow I in 
3-iodopyridine compared to that in iodobenzene at 266 nm. 
Enhanced excitation of this n,n* bound state, which we identify 
as the 'Lb band discussed later, is manifested by comparison of 
UV absorption spectra of the two molecules shown in Figure 
2. Presumably the oscillator strength of the C-I electronic 
system does not change considerably in the two molecules. 
Second, in the prompt dissociation process due to the excitation 
of the 3Q0 state of the C-I electronic system, the curve crossing 
probability from the 3Qo to the IQI state, which is responsible 
for the production of fast I, is largely enhanced in 3-iodopyridine 
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at 266 nm. If we consider only the iodine photofragments which 
are produced via the prompt dissociation channel, I* and fast I, 
it is found that only 5% of the prompt iodine photofragments 
are I*, in contrast to 25% of the prompt iodine photofragments 
being I* in iodobenzene"a,b at 266 nm. This large enhancement 
of the curve crossing probability is likely due to the presence 
of the nonbonding electrons of the nitrogen atom, which affect 
coupling between the 3Qo and the 'Q1 state. 

The results for the photodissociation of 3-iodopyridine at 266 
nm suggest photodissociation mechanisms similar to those 
proposed for the photodissociation of iodobenzene at 266 
nm.''a-b An interesting difference is that the quantum yield of 
I produced in the slow I channel of 3-iodopyridine is greater 
than that observed for iodobenzene at 266 nm. Figure 1 presents 
the gas phase UV absorption spectrum of 3-iodopyridine. From 
this figure it is clear that we are exciting the ILb state of 
3-iodopyridine, just as it was the 'Lb state of iodobenzene which 
was excited in our previous experiments at 266 nm.llaSb 
Therefore, this observation is undoubtedly due to the fact that 
the molar extinction coefficient for the 'Lb band of 3-iodopy- 
ridine (E" = 2560 Wmol-cm) is larger (Figure 2) than that for 
the 'Lb band of iodobenzene (Emax = 732 Wmol-cm). Thus, 
the excitation which competes with the excitation to the 3Qo- 
(n,o*) state is an excitation to the pyridine type S2(n,n*) state 
(the ILb state in Platt's notation). However, one might expect 
to observe a perpendicular transition for the slow I channel 
because of the perpendicular polarization of the pure pyridine 

state. The fact that a parallel transition is observed strongly 
suggests that, as is observed in iodobenzene," a charge transfer 
I(n,n*) state, which is polarized along the C-I bond, mixes 
with the pyridine 'Lb(n,n*) state to give the 3-iodopyridine 'Lb 
state and results in the observed parallel polarization of this 
transition. 

As with the Tl(n,n*) optical doorway state excited at 304 
nm, the S2(n,n*) state must be the optical doorway state which 
is predissociated by an alkyl iodide repulsive state(s) to yield 
the slow I photofragments. The alkyl iodide state is most likely 
the 'Ql(n,o*) rather than the 3Q~(n,o*> state since coupling 
between two states of the same spin multiplicity is more 
probable than coupling between states of differing multiplicities. 
However, mixing with the 3Q1 state cannot be entirely dismissed 
because of the ability of the iodine atom to induce spin-orbit 
coupling. The 3Qo state is discounted as a predissociating state 
because no indirect channel is observed for the I* formation 
channel. A mechanism similar to that proposed for the 
photodissociation of iodobenzene at 266 nm is thus proposed 
for the photodissociation of 3-iodopyridine at 266 nm and 
written as 
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sion to SI occurs, followed by crossing to 'QI or 3Q1. Thus a 
modified mechanism for the photodissociation of 3-iodopyridine 
to produce slow I at 266 nm can be written as 

i 
lQl(n,o*) -* I(fast) 

It is quite possible that slow I is produced via crossing from 
the Sl(n, n*) state to the 'Ql(n,u*) state rather than from 
predissociation of the S2(n,n*) state. Internal conversion from 
S2 to SI is known to be rapid27-35 and becomes more rapid as 
the &-SI energy gap is decreased. The presence of the iodine 
atom certainly red-shifts the S2(n,n*) state and blue-shifts the 
Sl(n,n*) state and thus narrows the energy gap. Thus it is 
possible that, following excitation to S2, rapid internal conver- 

C. The Dependence of Internal Energy Redistribution 
of the Prompt I and I* Channels on Excess Energy. We 
observe a strong photon energy dependence of the internal 
energy of the pyridine radical for the fast I and I* photodisso- 
ciation channels at 266 nm (Figure 9), which, as in the 
photodissociation of iodobenzene' and CF31,8c224 indicates that 
pyridine ring vibrational modes are strongly coupled to the 
dissociation along the carbon-iodine dissociation coordinate 
in the fast I and I* channels. This strong coupling undoubtedly 
results in energy transfer from the optical doorway state to the 
dark states. This rate of energy transfer, which is the transition 
rate ~ i - [ n ]  between the optical doorway n,u* state (represented 
by the letter i) and the dark vibronic n,n* and n,n* states 
(represented by [n]), is given by Fermi's Golden Rule: 

where @(En) is the density of the n,n* and n,n* vibronic states 
at the n,o* excitation energy, and ( + n l P l + i )  is the electronic 
matrix element coupling the n,u* optical doorway state with 
the various n,n* and n,n* dark states. In comparison to 
iodobenzene, 3-iodopyridine certainly has a larger density of 
states due to the nonbonding pair of electrons, and thus it is 
reasonable to expect energy transfer to be more rapid in 
3-iodopyridine than in iodobenzene. 

The fully widths at half-maximum (fwhm's) of the transla- 
tional energy distributions for the fast I and I* channels are 
manifestations of the rates of internal energy redistribution 
described by the Golden Rule. Equations 5 and 6 state that 
during photodissociation energy will be deposited into the 
internal energy modes of the polyatomic photofragment, which 
implies that the translational energy distribution will have a 
width which reflects the excitation of rovibronic states. For 
the photodissociation of iodobenzene,llb we proposed that the 
rate of energy redistribution, which is in direct competition with 
prompt dissociation from the same electronic state, increases 
with the density of the nearby phenyl n,n* dark states. 

Figure 10 presents a comparison of the dependence of the 
fwhm on (Eav]) for the fast I and I* channels of 3-iodopyridine 
and iodobenzene. It is clear that the fwhm's for both the fast 
I and I* channels increase more with (Ea"]) for 3-iodopyridine 
than for iodobenzene. That is, the rate of energy redistribution 
increases more rapidly with the excitation photon energy for 
3-iodopyridine than for iodobenzene. This is consistent with 
the Golden Rule and correlates with the likely fact that the 
density of vibronic states in 3-iodopyridine increases faster than 
does the density of vibronic states in iodobenzene. 

D. The Time Dependence of the Translational Energy 
Release and the Rates of Internal Energy Redistribution 
(IER) in the Slow I Channel. The lifetime of the transition 
state is actually represented by a range of lifetimes, not just a 
single lifetime. This is because the redistribution of the excess 
available energy, (Eav'), into the internal energy modes is quite 
efficient and could compete effectively with the carbon-iodine 
bond dissociation. That is, predissociation from the bound state 
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competes with nonradiative processes which must be occurring 
on the subpicosecond timescale.ilc-e If we assume that the 
dependence of /I on ET is a result of molecular rotation occuning 
on the dissociation time scale, we can determine the dependence 
of ET on the dissociation time t (Figure 8). The time 
dependences of the translational energy release are roughly linear 
in the range of the low translational energy distributions 
observed at 304 nm and 266 nm, which is what is observed in 
iodobenzene." The negative of the slope of the time depen- 
dence of the translational energy release, -dET/dt, has been 
shown to be simply the rate of internal energy redistribution 
(IER),lIC-e following photoexcitation of the n,n* optical 
doorway state. 

At 304 nm, the rate of IER is found to be about 22 kcal/ 
molops, which is comparable to that observed for iodobenzene 
at 304 nm (23 kcal/mol-ps)."c-e It is surprising that the rate of 
IER observed at 304 nm in 3-iodopyridine is not larger than 
that observed in iodobenzene at 304 nmI1 since the availability 
of the triplet n,n* levels might be expected to provide for more 
efficient internal c o n v e r s i ~ n . ~ ~ - ~ ~  It is k n ~ w n ~ ~ . ~ '  that the rate 
of internal conversion between n,n* and n,n* states depends 
on the energy gap between these states; as the energy gap 
decreases, the rate of intemal conversion increases. Recall that 
in pyridine the 3Al(n,n*) and 3B~(n,n*) states are nearly 
degenerate. It is not known what the energies of the 3-iodopy- 
ridine triplet states are. However, it is likely that the 3(n,n*) 
state will shift to a lower energy and the 3(n,n*) state will shift 
to a higher energy, thus breaking the degeneracy. This 
assumption is based on studies20 in which singlet n,n* and n,n* 
states were found to blue-shift and red-shift, respectively, upon 
halogenation. Breaking the degeneracy of the 3A1 and 3Bl states 
will certainly reduce the efficiency of internal conversion 
between these states. Therefore, unlike the 266 nm region, the 
densities of states of 3-iodopyridine and iodobenzene in the 304 
nm region become comparable, resulting in comparable rates 
of IER in 3-iodopyridine and iodobenzene at 304 nm. 

At 266 nm the rate of IER dramatically increases to about 
39 kcal/mol-ps, in contrast to iodobenzene, in which the rate 
of IER decreases to 15 kcal/mol-ps at 266 nm from 23 kcal/ 
mol-ps at 304 nm." One reason is undoubtedly the higher 
density of vibronic states available for excess energy disposal 
as compared to iodobenzene. In iodobenzene in the 266 nm 
region there are the Sl(n,n*) and T2(n,n*) states available for 
IER.I4-l6 In 3-iodopyridine, the states available for IER are 
the S2(n,n*) state and the closely spaced T3(n,n*) and T&n*) 
states. Furthermore, there is the S I(n,n*) state energetically 
below the Sz(n,n*) state. As stated previously, it is well known 
that, in general, n,n* .+ n,n* internal conversion is extremely 
efficient in the nitrogen  heterocycle^.*^-^^ The energy gap 
between the Sl(n,n*) state and the S2(n,n*) state in pyridine is 
relatively small (-3500 ~ m - l ) , ~ ~  and it is reasonable to assume 
that substitution of iodine red-shifts the S2(n,n*) state and blue- 
shifts the Sl(n,n*) state,20 thus causing the energy splitting 
between these two states to be even smaller, possibly negligible, 
in 3-iodopyridine. This compression of vibronic levels certainly 
enhances the already efficient vibronic coupling between the 
Sl(n,n*) and S2(n,x*) states and is thus likely responsible for 
the larger rate of IER observed at 266 nm. 

E. Quantum Yields for Dissociative and Radiationless 
Transitions at 266 nm for the Slow I Channel.36 For each 
of the excitationlphotodissociation mechanisms proposed for 
3-iodopyridine, it is reasonable to assume that following 
excitation to the repulsive state the overall quantum yield of 
the fast I and I* photoproducts will be unity. On the other hand, 
it is also reasonable to assume that the quantum yield of slow 
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I photofragments from the predissociative pyridine n,n* optical 
doorway bound states is less than unity. That is, a fraction of 
the molecules excited to the 'Lb(n,n*) state will dissociate, and 
the remaining will undergo intemal energy redistribution via 
different competing radiative and nonradiative pathways. There- 
fore, in order to determine the quantum yields of fast I, I*, and 
slow I, we consider the transition to the repulsive state and the 
transition to the predissociated bound state separately. The 
quantum yields for fast I and I* formation, @(Ifast) and @(I*), 
respectively, are given by 

and 

@.(I*> = 1 - @&sJ (9b) 

where n(Ifast) and n(I*) are the numbers of fast I and I*, 
respectively, produced via the prompt alkyl iodide-type dis- 
sociation process only. From this treatment we find that for 
the prompt alkyl iodide-type dissociation in 3-iodopyridine 
@(Ifas,) = 0.95 and @(I*) = 0.05 at 266 nm. 

We now consider the quantum yield of slow I, @(Is~ow). and 
the quantum yield of molecules, @NR, which do not dissociate 
following excitation to the 'Lb(n,n*) bound state at 266 nm. 
From our knowledge of the relative yields of I*, fast I, and 
slow I (see Table l), and from our knowledge of the molar 
extinction coefficients of 3-iodopyridine (€266 = 2560 Wmol- 
cm) and methyl iodidella (€266 = 270 L/mol-cm), we are able 
to estimate the quantum yields of both the slow I photofragments 
and the molecules which do not dissociate following photoex- 
citation to the 'Lb doorway state at 266 nm. We have 
determined the relative yields of slow I to be F(Isiow) = 0.56 
for 3-iodopyridine. Since we consider the alkyl iodide, n,a* 
and aromatic n,n* electronic transitions to be essentially 
l o ~ a l i z e d , ' ~ ~ J ~ J ~  the absorption intensities of the respective 'Lb 
bands observed in the UV spectra of iodobenzene and 3-iodo- 
pyridine simply result from the superposition of the alkyl iodide 
and aromatic electronic absorption intensities. From this 
discussion we find that for the localized transition to the ILb 
state of 3-iodopyridine 6266 = 2290 L/mol-cm. These values 
for the extinction coefficients at 266 nm are actually larger than 
those for the absorption maxima of the 'Lb bands of pyridine 
(2000 L / m ~ l - c m ) . ~ ~  This can be explained by the fact that the 
transition to the 'Lb state is a symmetry forbidden transition 
which is weakest in benzene because of that molecule's high 
symmetry, but becomes stronger as the symmetry is lowered. 
Thus the substitution of an iodine atom onto benzene and 
pyridine lowers the symmetry of these molecules and should 
therefore enhance the intensity of the transition to the 'Lb state. 
It can be shown that 

@(Islow) = ~ ( I s ~ o w ~ ~ [ ~ ( I f a s t )  + F(I*)lXma, (loa) 

and 

where 

x,, = €266(A)/E,66(cH31) = 8.5 (1 1) 

where A = pyridine, F(Islow) is the relative yield of slow I (0.56), 
F(Ifast) is the relative yield of fast I (0.42), and F(I*) is the 
relative yield of I* (0.02). From this method of analysis we 
find that for 3-iodopyridine @(Islow) = 0.15 and @pp, = 0.85. 



Photodissociation of 3-Iodopyridine 

In this treatment, we have assumed that all of the excited 
molecules which do not dissociate decay nonradiatively; in fact, 
there are radiative decay pathways. However, since the quantum 
yields of fluorescence and phosphorescence are known to be 
much smaller than the quantum yields of nonradiative decay 
processes (internal conversion, intersystem crossing, intramo- 
lecular vibrational relaxation) in p ~ r i d i n e , ~ ~ , ~ ~  we expect this 
to be the case in 3-iodopyridine as well. Therefore, our 
nonradiative quantum yields should closely approximate the true 
nonradiative quantum yields. 

F. Kinetics Considerations: The Nonradiative Relaxation 
Processes Observed in the Slow I Channel of 3-Iodopyridine 
at 266 nm. Upon photoexcitation of the ILb doorway state, 
dissociation competes with the redistribution of internal energy. 
Within a given translational energy release window UT, a 
fraction of the excited molecules, @(Islow), will dissociate to 
give slow iodine photofragments, while the rest of the excited 
molecules, @NR, will not dissociate. Because we are able to 
estimate the quantum yield of 3-iodopyridine molecules which 
do not dissociate following excitation to the ILb state, we are 
able to use this information in conjunction with the rates of 
IER to estimate rate constants for nonradiative decay processes 
which compete with predissociation. 

In order to estimate the nonradiative rate constant, kNR, it is 
necessary to determine the nonradiative decay time zm. From 
Figure 6b we find that for the low ET distribution GI(ET) the 
translational energy range AET is about 26 kcallmol, which is 
also the intemal energy distribution. Therefore, the time it takes 
to produce the slow I photofragments observed within the 
resolution of our experiment (Le., the time dependence of GI- 
(ET)) is the nonradiative decay time ~ N R .  From A& and the 
rate of IER, -dET/dt, ~ N R  is given by 

ZNR AE,/(-dE,/dt) (12) 
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 prediction^^^ and experimental o b ~ e r v a t i o n s ~ ~ - ~ ~  that the rate of 
radiationless transitions increases as the Sz(n,n*)-Sl (n,n*) 
energy gap decreases. In the azabenzenes, n,n* and n,n* states 
are well known29 to strongly couple vibronically. Lowering 
the energy gap between n,n* and n,n* states allows the lower 
frequency out-of-plane vibrations to become more active in 
vibronic coupling,29 with the consequence being that the rate 
of SI - SO internal conversion increases. Substitution of an 
iodine atom onto the pyridine ring will certainly red-shift the 
Sz(n,n*) state and may slightly blue-shift the Sl(n,n*) state, 
resulting in a reduction of the pyridine &-SI energy gap30 from 
about 3600 cm-I to about 2200 cm-I. However, we do not 
observe any dramatic increase in the nonradiative decay rate 
upon substitution of an iodine atom. This is because kNR 

represents energy redistribution into pyridine modes other than 
C-I modes. Energy redistribution into C-I modes results in 
predissociation, which we monitor by detecting slow I photo- 
fragments. Thus the rate of energy redistribution into the C-I 
modes is given by k(ls~Ow). The presence of the C-I n,a* 
dissociative continuum appears to have little effect on the 
nonradiative processes governing energy redistribution into the 
pyridine modes. It is therefore likely that the S2(n,n*) - 
Sl(n,Jc*) - SO intemal conversion sequence likely remains the 
dominant nonradiative mechanism for intemal energy redistribu- 
tion in 3-iodopyridine. 

Another nonradiative process which might also be enhanced 
upon the substitution of an iodine atom onto the pyridine ring 
is intersystem crossing (ISC). Intersystem crossing is well 
known to occur efficiently in the a z a b e n z e n e ~ ~ ~ - ~ ~  owing to 
the strong spin-orbit coupling observed in these molecules. 
Addition of an iodine atom will undoubtedly enhance the spin- 
orbit coupling and increase rates of intersystem crossing. 
However, because luminescence is not measured in our experi- 
ment, we are unable to differentiate between intersystem 
crossing and intemal conversion (IC) in 3-iodopyridine. Rate 
constants of ISC in azabenzenes30 are, however, typically on 
the order of 109-1010 s-l, Le., at least two orders of magnitude 
less than the rate constants for intemal conversion. Nonetheless, 
we can only say that the nonradiative rate constant kNR obtained 
above is a rate constant which includes all of the possible 
nonradiative decay processes which do not lead to the formation 
of iodine photoproducts. 

For 3-iodopyridine (AET = 26 kcaVmo1, -dET/dt = 39 kcaV 
mol-ps), we calculate the average nonradiative decay time 
following photoexcitation of the &(n,n*) state at 266 nm to be 

The rate constants for the competing dissociation and 
~ N R  = 0.67 PS. 

nonradiative decay processes are given by 

and 

where k(Islow) and kNR are the rate constants for the formation 
of slow I and the nonradiative decay of the excited molecules, 
respectively. Because of the extremely large density of states 
which results from the presence of the alkyl iodide repulsive 
continuum, we treat 3-iodopyridine in the statistical-limit 
case.30,33 From this analysis we estimate the rate constants for 
relaxation and for slow I dissociation for 3-iodopyridine at 266 
nm to be kNR = 1.3 x 10l2 sK1 and k(Is~,,) = 2.2 x 10" s-l. 

The nonradiative rate constant, which represents internal 
energy redistribution into the various pyridine vibronic modes, 
determined for the slow I photodissociation channel of 3-iodo- 
pyridine at 266 nm is comparable to, if not actually larger than, 
the observed rate of 10l2 s-I for nonradiative decay in pyridine30 
at an excess energy of 700 cm-I in the S2(n,n*) state.38 It has 
been proposed that this rate constant in pyridine corresponds 
to the rate of SI  - SO internal conversion. An increase in the 
rate of nonradiative decay would be consistent with theoretical 

Conclusions 

For the photodissociation of 3-iodopyridine at 304 nm and 
266 nm we observe multiple dynamical processes occumng at 
each wavelength in the ground state I channel and a single 
process in the I* channel. At 304 nm, it is proposed that the 
fast I and I* channels result from excitation to the alkyl iodide 
3Qo(n,a*) state, followed by crossing to the 'Ql(n,a*) state for 
fast I, while the slow I channel is proposed to result from 
excitation to the 3-iodopyridine TI (n,n*) optical doorway bound 
state which is predissociated by mixing with the an alkyl iodide 
n,a* repulsive state(s). At 266 nm, the proposed mechanism 
involves excitations to the 3-iodopyridine 'Lb(n,n*) optical 
doorway state, which is predissociated by mixing with the alkyl 
iodide 'Ql(n,a*) dissociative state to yield slow I, and to the 
alkyl iodide 3Qo(n,a*) repulsive state, which yields I* directly 
and fast I by crossing to the 'Ql(n,a*) state. 

As we proposed for the fast I and I* channels of iodoben- 
zene," in analogy with CF31,8c,24 the observed strong photon 
energy dependence of the internal energy of the aromatic ring 
indicates a strong coupling of the pyridine ring vibrational modes 
to the carbon-iodine dissociation coordinate. The strong photon 
energy dependences of the fwhm's of the fast I and I* 
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translational energy distributions indicate that the rate of energy 
redistribution which competes with the prompt dissociation 
processes conelates with the amount of excess energy, due to 
the increasing density of vibronic dark states of the aromatic 
ring. 

The observed increase in the rate of IER from 22 kcdmol- 
ps at 304 nm to 39 kcdmol-ps in the slow I channel at 266 nm 
implies the increased density of states at 266 nm compared to 
that at 304 nm due to a closer isoergicity of Sl(n,n*) and 
S~(JC,JC*)  vibronic levels. While the rate of IER at 304 nm is 
comparable to the rate of IER in iodobenzene at 304 nm,l'c-e 
the rate of IER observed at 266 nm for 3-iodopyridine is 
significantly larger than the rate of IER observed in 
iodobenzenel'"gb at 266 nm. The observations are consistent 
with the fact that while the density of states in 3-iodopyridine 
in the 304 nm region is comparable to the density of states in 
iodobenzene in the same energy region, at 266 nm the density 
of states of 3-iodopyridine is significantly larger than in 
iodobenzene. Our estimated value for the observed nonradiative 
rate constant kNR at 266 nm for 3-iodopyridine is comparable 
to the value of kNR measured by luminescence studies on 
pyridine30 at a similar excess energy, indicating the mixing of 
the pyridine-type bound states with the alkyl iodide-type n,G* 
dissociative continuum is the dominant factor which determines 
the excited state lifetime. 
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