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Abstract 

In  thls paper the dmociatton of a series of a-, Pbranched and n-alkyl iod~des at different wavelengths in their A- 
baud of absorption 1s discussed. Photofragments I and I* f amed  during drsscciation are probed by the two-photon 
laser-induced fluorescence technique in our laboratory. Our ;esuits along with the data collected by others %ern to 
throu, llght on t k  overall understanding of the dissociation dynamics of alkyl lod~des m their A-band of absorption 
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I. Introduction 

Over the last three decades, photodissociation dynamics has developed into an important 
field of research1-'. Detailed information regarding the dynamlcs of dissociation is 
emerging from the experimental results on the energy partitioning among the various 
modes of the photofragments. 

Photodissociation dynamics of methyl iodide in the lowest lying A-absorption band 
(extending from 210-350 nm and peaking at 260 nm) which arises from nl -+ BC-, 
(X --t A) transition has been the subject of intense research starting from the experiment 
by Kasper and k'imentai4. Furthermore, methyl iodide can be considered a pseudo- 
triatomicS by treating the three hydrogens of the methyl group as equivalent to an atom 
of mass 3 m ~  and it has thus become a test molecule for the development of new theoreti- 
cal models for dissociation of triatomics. A systematic study of the photodissociation of a 
series of alkyl iodides offers an opportunity to understand the effect of factors such as 
alkyl radical size, structure. substituents and wavelength on the dynamics. 

The early photofragment experiments on methyl iodide were carried out by Riley and 
Wilson6 and Dzvonik et a?. The results of Riley and Wilson's experiment at 266.2 nm 
showed that at this wavelength I ( 'P~ ,~)  (henceforth referred to as I*) is the main product. 
The anisotropy parameter, P(l.81 t0.33) obtained for methyl iodide by Dzvonik et a [ . ,  
confirmed that near the peak of the A-band (260 n n )  the transition dipole is mainly 
parallel to the C-I bond. Gedanken and  owe' resolved the A-band of methyl iodide us- 
ing magnetic circular dichroism (MCD). According to them, the A-band has three com- 
ponents that are designated in Mul!iken's notation' as N -+ 'Q ! ,  N + 3 Q ~  and N -+ 'Qi 
transitions. Then N --t 3 ~ 0  is a parallel transition while the other two are perpendicular. 
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Subsequent to the MCD study on methyl iodide, several groups came up with a variety of 
techniques to investigate the photodissociation dynamics of aikyi iodides. The pho- 
tofragment infrared emission studies on methyl iodide by Baughcum et al." resulted in a 
quantum yield of 0.81 ?r 0.03 for I* production at 248 nm. Sparks and  coworker^"^'^ 
carried out another time-of-flight (TOF) experiment on methyl iodide at 266 nm. They 
extracted the v 2  (umbrella mode of methyl iodide) vibrational distribution of methyl 
fragments from the spectrum and found that it peaked at v = 2. Hermann and I,eone13 
subsequently measured the infrared emission from CH3 radicals produced from methyl 
iodide at 248 and 266 nm. Their results again showed that at 248 nm, the vibrational 
distribution peaked at v = 2, which differed from the theoretical results of Shapiro and 
J3ersohn5 who had predicted a maximum at v = 5 at that wavelength. Brewer ei  a1.I4 
measured the quantum yield of I* production for a series of alkyl iodides at 248 nm us- 
ing a two-photon laser-induced fluorescence (WLIF) detection scheme for both I and I* 
atoms. In 1984, a new TOF experiment on methyl iodide at 248 nm was carried out by 
van Veen et aLLS They found the CH3 (v2) vibrational distribution to peak at v = 2 for 
both the I and I* channels. For the I channel, the distribution was broader and contamed 
vibrations up to v = 7. Using a diode laser to probe the dissociation dynamics of methyl 
iodide at 266 nm, Hess et a1.I6 found the I* quantum yield as 0.73 + 0.04. Godwin et 
01.'' measured the quantum yield for the production of I* (@*) for a series of alkyl io- 
dides at 248 nm using the TPLIF technique and explained the @* values by adopting a 
Landau-Zener curve-crossing model. They observed that the dynamics of I* production 
varies with the alkyl radical size, structure at the a- and B-carbon atoms and substitu- 
tion. Penn et a1.l8 for the first time probed methyl iodide dissociation at a wavelength 
away from the A-band maximum, i.e., 229.4 nm and found that I* is the major product 
from methyl iodide. In 1989, Ogorzalek et al." again looked at the vibrational distribu- 
tion of CWj at 266 nm using multiphoton ionization technique for detecting CHs and 
CD3 fragments and measured their vibrational population ratio. Polarized emission 
spectroscopy was adopted by Lao et ~ 1 . ~ '  to investigate the dissociation dynamics of 
methyl iodide at 266 nm. Recently, from the photofragment spectroscopic study on 
methyl iodide, Hertz and syage2' have estimated the ratio of cross sections (oll/oL; and 
the curve-crossing probability (P) between 'QO and ' Q ,  states. Attempts have been made 
by Kang et aLz2 to understand the dynamics of dissociation of n-butyl iodide at 277 and 
304 nm using TOF spectroscopy. Multiphoton ionization detection has been employed by 
Garrett et aLz3 to study the dynamics of CH31 dissociation in the red edge of the A-band 
dsorption, i.e., in the 325-335 nm region. 

In spite of the fact that methyl iodide is well studied, the literature on the higher 
branched homologs is scarce. This may be ascribed to the fact that these iodides pose 
problems in performing detailed ab-initio calculations due to their large size and struc- 
tural complexity. The early TOF experiment of Riley and wilson6 demonstrated that ra- 
propyl iodide produces I* as the major product at 266.2 nm, while isopropyl iodide gen- 
erates more of I. Donohue and Wiesenfeld" studied the broad-band photolysis of a nnm- 
ber of alkyl iodides and determined the branching ratios of I* and I using time-resolved 
atomic absorption spectroscopy. They found that the yields of I and I* depend on the 
structure of the alkyl group. The g* values obtained by Brewer er a ~ . ' ~  for a series of 
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alkyl iodides show that I* IS produced in larger quantities from the 11-alkyl iodides, than 
from the secondary or tertiary alkyl iodides at 248 nm. Godwm et nl '' have investigated 
the photodissociation dynamics of 11-propyl and isopropy! iodides at 248 nm and de- 
scribed the energy disposai by an impulsive model. ~ e d a n k e n ' ~  studied the magnetic 
circular dichroism of the higher alkyl iod~des in the A-band region and attributed 
ths  larger yield of I in i-butyl Iodide to the greater interaction between the excited states 
in this iodide, compared to that in CHii and CF;E. Photoiragmentatioi? of a series of al- 
kyl iodides has also been studied by Zhu er a / "  They obtained the LI"]/[I] branching 
ratio by mfasuring the translational energy of the reco~ling photofragments and found 
that the fraction of available energy going into the ~nternnl modes increases from 12.5% 
for methyl iodide (1" channel) to 64% for isopropyl iodide (both I and I* cilannels). In 
brief, most of the experiment5 described above were cilrried out near the A-band maxi- 
mum. 

in our l a b o r a t ~ r y ' ~ ~ ~ ' ,  the relative quantum yie!d of I* :$*) has been determined in 
the red and blue edges of A-band absorptior of a- and Pbranched iodidcs. The results 
obtained at different wavelengths and their ~nlplications to the excited state wrfaces of 
ulhy! iodides n,ill he r c \~eue i i  111 1\:1\ paper 
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2. Experimental set-op 

The appa'ratus used in our experiments is shown in Fig. I .  Briefly, a sample gas of pres- 
\"re 50-70 mtorr is maintained in an eight-port-cylindrical stainless steel chamber and 
is contlnuousiy pumped by a diffusion pump hacked hq a rotary pump. The prcssure in- 
side the chamber is monitored by an MKS Baratron gauge (modei 122 A). At the centre 
of the chamber the pump and thc probe lasers are crossed perpendicular to each other 
and the signal is detected in the t h i ~ d  perpendicular direction using a photomultipiier 
tube (PMT). Different wavelengths at which the experiments are perfbrmed are obtained 
as  follows. 

The second harmonic of an Nd:YAG laser is used to pump a dye laser. Rhodamine- 
6G dye in spectroscopic-grade methanol 8s used. It has an emission maximum around 
560 nm, which is frequency doubled In a uwelcngth extender using a KD*P (potassium 
dideuterated phmphate) crystal to obtain 280 nm light. Further frequency up-conversion 
co get 222 nm is achiebsd by nrixrng the dye second harnronic (280 nm) with the 
Nd:YAG fundamental ( I064 nm) in a KDP crystal. The fourth harmonic of the Nd: 
YAG fundamental, i.e.. 266 nm light, is generated by using two SHG crystak in 
the harmonic generator. The probe laser at -305 nm is obtained by frequency doubling 
the fundamental of the dye laser. The dye used In this laser is sulforhodamine-640 
in apcctroscopic-grade methanol. The dyc laser output (608-614 nm) is converted 
through a wavelengtli exrandel- to tunable UV light (304-307 nm). A typical delay 
of 400 ns  between the pump and the probe lasers is maintained to a v o ~ d  collisiolisl 
relaxation ot the nascent photofragments. The resulting iodine f r a p e n t s  are detected 
by the TPLlF technique. In this technique, initially the iodine atom is excited lo  an 
upper state by absorption of two photons. It then relaxes to an intcrmediate state by 
emitting an IR photon followed by a VUV photon to come back to the initial state. 
In o u ~  experiments the VUV floore~cence is collecied. At the -305 n n  dissociat io~~,  
probe laser alone is used. The VUV fluorescence from the I and I" fragments 
is collected by a solar blind PMT through a magnesium fluoride window. The space be- 
tween the window and the PMT is purged conti~iuousiy with dry nitrogen to a v o ~ d  
any loss of VUV fluorescence by air absorption. The signal from the PMT is amplitied 
(25 tlrr,es). averaged (over 30 shots) in a boxcar averager and fed to a strip chart 
recorder. 

The alkyl iodides are erther prepared by standard procedures or obtained commer- 
.,,% ciaily. All the iodides are decolorized with 10% sodium blsulfite, dried over magnesium 

sulfate 2nd fractionally distilled (over copper turnings) under reduced pressure prior lo 
each experiment. 

3. Results and discussion 

The TPLIF spcclra are obtained by scanning the probe laser across the two-photon ab- 
sorption liries of I (304.7 nmj and 1* (306.7 nm). Typical T P L F  spectra of I and I* are 
displayed In Fig. 2. From the spectral intemities, the rclative quantum yield for I* is 
obtained using the cxpres~ion 
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306.7 Fx; I T y p ~ c a !  TPLIF c p e c m  of ! and I*  produced 
A(nm) I l m  cihrl iodide a! 266 nm. 

,:::[I] = s 
[I]+[I ' ]  sts* ' 

The notation [ ] represents the respective concentrations and S and S*, the I and I* 
speciral intensities. Here we consider [I! and [I*]  to be direct!y pioportional to their sig- 
nal intensities. No calibration is done to our raw data. since our @* (0.79) for methyl 
iodide at 266 nm agrees well with that (0.76) found by Riley and wilson6 from pho- 
tofragment spectroscopy. The quantum yields for I* production obta~ned for n-alkyl io- 
dides are listed in Table I. From the 0" values it is clear that at 222 and 266 m i ,  I* is 
the major product, whereas at -305 nm 1 is the major product. This indicates that two 
different mechanisms for I* production are operating at these photolysis wavelengths. A 
detailed description can be found in our earlier work2x-". 

The I* quantum yields derived from the TPLIF spectra of the a-branched alkyl 
iodides, viz ,  methyl, ethyl, isopropyi and I-butyl iodides are provided in Table 11. The I$' 

values indicate that for the higher a-branched alkyl iodides, l'i:., isopropy! and t-butyl 
iodides, irrespective of the  dissociation wavelength. the ground state iodine atom is pro- 
duced predominantly. At 266 nm the excitation is centred at the 'A ,  -+ 'Qo transition. 

Table I 
I* quantum yield (g*) for n - s i k ~ l  iodides at different disso- 
ciation wavelengths' 

222 nm 266 ilni -305 nm 

btethyl 0.63 i 0.02 0.79 z 0.02 0.13 i C.O! 
Ethyl 0.57 i 0 02 0.72 i 0.02 0 39 i 0 02 
n-Piopyi 0.54 i 0.02 0.66 ? 0 02 0 35 i 0.02 
n-Suty: 0.5: + 0 02 0 64 I 0.03 0.30 + 0.02 

'Taken from Uma and D I ~ ' "  " 
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withoul spin-orbit with spin-orbit FIG 3 A Sch~matic correlallon d~agrdrn of the poten- 
lial cnergy surface5 far CHII (adapted from Yabush~ta 

Molecular region Dissociation limit and ~arokuma")  

The correlation diagram obtained by Yabushita and ~ o r o k u m a ~ '  (Fig. 3) shows that this 
transition correlates to the formation of CHj t I* at the dissociation limit and hence we 
expect I* as the major product. However, as we go from methyl to t-butyl iodide, more of 
I is produced which can be explained qualitatively on the basis that the number of high- 
frequency vibrational modes is increased in :he I-butyl iodide, allowing nonradiative 
energy transfer of the excess energy after the C-I bond rupture. Also, the 'Q1 component 
of r-butyl iodide absorption is shifted to 282 nm, and a significant contribution from this 
state which leads to I at 266 nm cannot be ruled out. 

Production of substantial amounts of I* at -305 nm indicates that a simultaneous 
excitation mechanism to both -'QO and 3 ~ ,  states is operating at this wavelength. Alter- 
natively, the initial excitation at  this wavelength takes the molecule to  the Q1 state 
which has a barrier at the exit channel, resulting in only some of the molecules crossing 
the barrier to  produce I. The other molecules crossover to the 'QO state and dissociate 
forming I*. The existence of such a barrier will be revealed only when an exact multidi- 
mensional PES of the alkyl iodides becomes known. 

It is noteworthy that the $" for t-butyl iodide peaks at  222 nm, unlike other iodides. 
If we plot the absorption spectrum of t-butyl iodide and the quantum yields at different 

Table XI 
Quantum yield ( 4 9  in a-branched a l b !  iodides at different 
dissociation wavelengthst 

Methyi 0.63 f 0.02 0.79 i- 0.02 0.43 i-0.01 
Ethyl 0.57 i0.02 0.72 t0 .02  0.39 i- 0.02 
8-Prop$ 0.40 C 0.02 0.44 i- 0.03 0.19 i 0  02 
I-Buty! 0.33 i 0.03 0.20 i 0 . 0 3  0.12 i-0.03 

'Adaeted from U n a  and  as". 
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The dqnamic? of I* production from a v:lriety of alkyl iodides have been investigated in 
the11 A-band or absorption. For smaller alkyl iodides below 300 nm, i* IS  h e  major 
product from the disaociation, whereas above 300 nm, I is the dominant product. For the 
cx-branched alkyl iod~des. the change in $* in going from methyl to  t-hulyl iodide IS  

large. The dynamics is altered drastically by substituents at the a-carhon atom. More- 
over, high-frequency vibrational modes that couple to the C-I stretch (where the n -> @ 
transition is localised) seem to act as a sink for accepting excess energy after the initial 
excitation. The p-branched iodides do not exhibit any marked change in plr from the 
corresponding n-alkyl iod~des and hence we infer that the alkyl mdlde dissociation i s  

indeed direct and localised at the C-1 bond excilation over the entirc A-band in the ul- 
fraviolet. 
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