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Laser-Induced Infrared Multiphoton 
Isomerization of Hexadienes 

Sir: 

H has recently been demonstrated that polyatomic molecules 
can undergo chemical change as the result of multiphoton 
absorption phenomena occurring in an intense infrared laser 
field.1 Isotopic enrichment of a number of chemically and 
technologically important isotopes has been achieved by this 
technique.2 Isotope enrichment requires the selective excitation 
and reaction of one component of an isotopic mixture. Fre
quency selective excitation of polyatomics is achievable owing 
to the finite vibrational normal mode frequency shifts of dif
ferent isotopic compounds. Excitation is normally carried out 
at low pressures to avoid collision induced energy randomi
zation among absorbing and nonabsorbing isotopic molecules. 
Selective excitation and reaction of structural and configura-
tional isomers of polyatomic molecules with finite vibrational 
normal mode frequency shifts are also feasible.3 Since the 
energy barriers for isomerization processes are frequently well 
below bond dissociation energies, it should be possible to effect 
clean, nondestructive isomerization of absorbing isomers to 
nonabsorbing isomers. The vibrational energy level density in 
the energy region required for facile isomerization is signifi
cantly lower than that in the region near the dissociation en
ergy.4 This intermediate excitation region is one for which very 
few probe techniques currently exist and is a region in which 
energy-transfer phenomena are not well understood. Thus 
isomer selective multiphoton infrared excitation offers po
tential both as a synthetic technique and as a probe of molec
ular dynamics.5 

We report here the preliminary results of our investigation 
of the isomer specific infrared laser excitation and reaction of 
the three conformational isomers of 2,4-hexadiene (trans,trans, 
cis,trans, and cis,cis) and their structural isomers, the 1,3-
hexadienes (trans and cis) (Scheme 1). Among the significant 
findings of this investigation are (a) selective and nonde
structive conversion of absorbing to nonabsorbing isomers, (b) 
preparation of isomer mixtures significantly enriched in the 
thermodynamically less stable isomers, and (c) the measure
ment of single-pulse product ratios which appear to be indic
ative of two or more successive isomerization processes oc
curring within or shortly after a single laser pulse. 
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Figure 1. Infrared spectra of the hexadiene isomers in the 800-1 100-cm_l 

region. Spectra were taken at 20-Torr pressure in a 10-cm cell. Peak ab
sorption of cis,cis-2,4-hexadiene is ~40%; other isomers are on the same 
scale. 

The isomeric hexadienes were obtained from Chemical 
Samples Corp. and used without further purification. The 
isomeric 2,4-hexadienes were of >98% purity as judged by 
analytical gas chromatography on either a dimethylsulfolane 
or a /3,/3'-oxydipropionitrile column and by GC-MS. The 
major impurities were the other 2,4-hexadiene isomers. 1,3-
Hexadiene was a mixture of cis and trans isomers which was 
only partially resolved on the /3,,3'-oxydipropionitriIe column. 
Infrared absorption spectra in the 800-1100-cm_l region are 
shown in Figure 1. The most intense absorptions are attributed 
to modes with significant vinyl out-of-plane deformations.6 

Samples were contained in 10-cm path length by 2.5-cm i.d. 
Pyrex cells fitted with NaCl entrance and exit windows. 
H igh-vacuum Kontes valves were used to connect to a vacuum 
line or the gas inlet system of a flame ionization gas chroma-
tograph or GC-MS. Irradiation of samples in the 10-/U to 1-
Torr region was carried out via the output of a Rogowski profile 
double discharge CO2 TEA laser. Operation on either the 
R(18) or P(38) transition of the 10.6-ju laser branch was 
confirmed using a CO2 laser spectrum analyzer. Output pulses 
were monitored with a photon drag detector and consisted of 
a sharp (60 ns) spike containing ~70% of the pulse energy 
followed by a low intensity tail of approximately 400-ns du
ration. An unfocused beam of ~1.2-cm diameter was employed 
with the beam profile being monitored periodically via burn 
patterns on heat sensitive paper. The energy of a single pulse 
as measured by a calibrated thermopile was 1.6 ± 0.1 J and 
0.9 ± 0.1 J on R( 18) and P(38), respectively. Satisfactory GC 
analysis was possible for sample pressures as low as 10 /x fol
lowing single-pulse irradiation. 

Product ratios obtained for single-pulse excitation of the 
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Figure 2. Gas chromatogram of trans,lrans-2A-kexad\ene at 50-yu pressure 
after irradiation with 3000 pulses of the R( 18) CO2 laser transition. The 
unirradiated sample contained 99% f/\ms\r/-a/K-2,4-hexadiene with <1% 
r/.?./ra«i-2,4-hexadiene as an impurity. (1) 1,3-hexadiene, (2) tran-
.v,//-a«5-2,4-hexadiene, (3) m,rra«.s-2,4-hexadiene, (4) a's,m-2,4-hexa-
diene, (5) cyclopentadiene. 

Table I. Composition after Irradiation (Percent)" 

parent species 

1,3* 
U-2,4* 
Ct-2Ab 

c,c-2Ab 

c,c-2Ac 

1,3 

99.42 
0.86 
0.62 
0.00 
0.61 

/./-2,4 

0.12 
97.21 

0.55 
0.00 
0.00 

<r,/-2,4 

0.25 
1.24 

97.80 
0.00 
0.29 

c,c-2A 

0.08 
0.15 
0.69 

98.69 
97.67 

" Impurities present in the parent species have been subtracted out 
in reporting product compositions. They were 1,3-hexadiene (0.03% 
/,/-2,4, 0.06% c,r-2,4, 0.04% cc-2,4), //ww,/ra/w-2,4-hexadiene (0.5% 
c.t-2A, 0.04% c,c-2,4), m,/ra«j-2,4-hexadiene (0.35% /,/-2,4), 
w,m-2,4-hexadiene (0.66% 1,3, 0.03%/,/-2,4, 1.62%c,/-2,4). * After 
irradiation on the R(18) transition of the 10.6-/* laser branch. c After 
irradiation on the P(38) transition of the 10.6-jU laser branch. 

isomeric hexadienes (lOO-^i pressure, uncorrected for irradi
ated volume) are given in Table I. The R(18) laser radiation 
is absorbed by all isomers with trans or terminal double bonds, 
but not by m,cw-2,4-hexadiene. The absence of cis,cis isom-
erization upon R(18) irradiation is thus the consequence of 
insufficient excitation of this compound. However, cis.cis-
2,4-hexadiene does isomerize when irradiated using the P(38) 
laser line. Several features of the single pulse results merit 
comment. Under reported conditions, excitation of cis,trans 
isomer produces more cis,cis isomer than the thermodynami-
cally more stable trans,trans isomer.7 Furthermore in all cases 
substantial amounts of products are formed which would be 
expected to require two successive isomerization processes.8 

Additionally product ratios can be made to vary as a function 
of fluence level and quencher pressure implying that the 
isomerization process occurring in this system is not a simple 
one. Rather it is a process which may involve multiple com
petitive steps. The alteration of isomeric branching ratios as 
a function of irradiation conditions is currently being studied 
via variation of power and fluence levels as well as the addition 
of selected quenchers. We also plan to initiate time-resolved 
double-resonance studies of isomeric product formation in the 
near future. 

A gas chromatogram of the product mixture resulting from 
3000-pulse R(18) irradiation of/ra«j,/ran^-2,4-hexadiene (50 
û) is shown in Figure 2. Even though a true photostationary 

state is not attained, over 98% of the thermodynamically most 
stable hexadiene isomer has been converted into less strongly 
absorbing and/or less efficiently isomerizing species. This 
experiment again clearly indicates that simple equilibrium 
thermal chemistry cannot be occurring. Moreover the mass 
balance in this reaction is >85%, with the major dissociation 
product being cyclopentadiene. It is thus apparent that, under 
carefully controlled conditions, the extensive fragmentations 
observed in investigations of monoalkene isomerization can 
be avoided.3 While product mixtures of the type shown in 
Figure 2 are not as of yet synthetically useful, they serve to 
illustrate the potential of nondestructive isomer selective laser 
chemistry. We are currently seeking to improve the selectivity 

of formation of a single hexadiene isomer (e.g., cis,cis) via si
multaneous irradiation with two different laser frequencies. 
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Magnetic Field Effects on the Thermolysis of 
Endoperoxides of Aromatic Compounds. Correlations 
with Singlet Oxygen Yield and Activation Entropies 

Sir: 

An interesting consequence of radical reactions involving 
singlet-triplet interconversions is the possibility of observing 
a variation in product distribution and/or reaction rate with 
the application of a steady external magnetic field, / / . ' In the 
absence of significant hyperfine interactions, the external field 
may accelerate singlet-triplet evolution in a singlet radical pair. 
The rate of singlet-triplet conversion is expected to increase 
proportionally to AgH (or to some power of H).2 However, an 
appreciable effect of an external field is expected only if the 
pertinent radicals possess markedly different g factors or if 
extremely high external fields are involved. As an order of 
magnitude approximation,3 if Ag a* 10 - 2 and / / ^ 1 0 000 G, 
the rate of magnetic field induced singlet-triplet conversion 
will approach values of ~10 8 S - ' . Diradical intermediates 
possess decay rates of this order,4 so that a magnetic field effect 
on diradical reactions should be demonstrable in favorable 
cases. Since the products of a chemical reaction involving di-
radicals may depend on the presence or absence of magnetic 
nuclei that can interact with the diradical centers, a magnetic 
isotope effect5 is also possible. We report here an investigation 
and demonstration of magnetic field effects on the thermolysis 
of endoperoxides of aromatic hydrocarbons. We show corre
lations of our observations with other experimental informa
tion, and we find that our results are in good qualitative 
agreement with theoretical predictions. 

The endoperoxides studied were 1, 2, 3, and 4 (Table I). In 
an earlier study of 1-4, it was found that6 (a) each undergoes 
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