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  H3O
+ decompositon processes from alcohols and ethers induced by short-pulsed intense laser 

fields (800 nm, ~ 1014 W/cm2 ) were investigated by TOF mass spectroscopic measurement.  It was 

found that H3O
+ was ejected from the metastable ion, C2H5O

+, with two time constants ~50 ns and ~ 

350 ns from the profiles of the TOF signal which have a tail extending to the longer flight time.  We 

recognized no obvious deuterium substitution effect on the decomposition time constants of H3O
+ 

while it is expected from our ab initio calculation that an intra-molecular hydrogen transfer must be 

the rate determining step, and so the decomposition rate must decrease by the deuterium substitution.  

This result suggests that some competing decay process with the H3O
+ ejection process exists, and the 

deuterium substitution effect on it is negligibly small.  We consider that the electronically excited 

states of the metastable ion are possibly involved in the H3O
+ ejection process, and its decay time may 

correspond to the observed effective time constant of the H3O
+ ejection. 

    From partially deutrated 2-propanol and 1-propanol samples, H(3-n)DnO
+ (n=0-3) decomposition 

via C2H(5-m)DmO+ were observed.  When the parent molecule is CD3CH(OH)CD3 and thus the 

intermediate ion is CD3CHOH+, H2DO+ and HD2O
+ were observed with the same ion yields.  This 

1:1 branching ratio is reproduced by considering that four hydrogen atoms in the C-C site of the 

metastable CH3CH2OH+ (partially deutrated ) are completely scrambled by the fast hydrogen 

migration prior to H3O
+ decomposition in which two hydrogen atoms are statistically selected and join 

with OH group to form H3O
+.  When the parent molecule was CH3CH(OD)CH3, H2DO+ and H3O

+ 

were observed with an ion yield ratio of 4:1.  This observation of H3O
+ means that the hydrogen atom 

of the OH group is partially exchanged with the four hydrogen atoms in the C-C site prior to the H3O
+ 

decomposition, and the fraction of the exchange is estimated to be ~ 30 % from the observed 

H2DO+/H3O
+ ratio.   

    The fraction of exchange, ~ 30 %, is much smaller than a statistically expected value, 80 %, 

assuming that the all the five hydrogen atoms in the intermediate ion, CH3CH2OH+, are 

indistinguishable and scrambled by the hydrogen migration process.  Considering that the 

H2DO+/H3O
+ ratio kept constant for several hundred nanoseconds from the rise of the H3O

+ signal, this 

small fraction is not a result of a competition between the hydrogen exchange and the H3O
+ 

decomposition but a distinguishable behavior of the hydrogen atom in the OH group from others. 


