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Figure 1. 

Table I. Isotopic Isomer Abundances for B,H, 
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-(0.804)4(0.196) = 0.082 
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-(0.804)4(0.196) 0.328 
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-(0.804)3(0.196)2 = 0.080 
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-(0.804)3(0.196)' 0.080 
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-(0.804)z(0.196)3 = 0.01 0 
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-(0.804)2(0.196)3 = 0.019 
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-(0.804)2(0.196)3 = 0.019 
1 
4 
-(0.804)(0.196)4 = 0.005 
1 
4 
-(0.804)(0.196)4 = 0.001 
4 
4 
-(0.196)'= 0.0003 
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symmetry numbers. 

of a particular isotopic isomer, denoted fi, is 
The general formula to be used for the fractional abundance 

U 
fi = -awbxcY, . 

ai 
where u is the symmetry number2 of the parent molecule 
considered as isotopically pure, ui is the symmetry number of 
the particular isotopic isomer, a is the natural abundance of 
an isotope occurring w times in the isomeric species, b is the 
natural abundance of isotope occurring x times, etc. 

As an example, the NMR spectrum of B5H9 may be 
considered to consist of the spectra of all of the possible isotopic 
isomers drawn in Figure 13, where the darkened circles 
represent either 1°B (fractional natural abundance 0.196, 
nuclear spin quantum number 3) or 'B (fractional natural 
abundance 0.804, spin 3/2) .  The results of applying eq 1 to 
these data are given in Table I. The boron-1 1 NMR spectrum 
of B5H9 is a weighted average of the spectra of the isomers 

given in Table I. 
Derivation. A necessary and sufficient assumption for the 

derivation of eq 1 is that the probability of a particular isotope 
occupying any particular site is given by its fractional natural 
abundance-i.e., it is assumed that no isotopic fractionation 
has occurred in the course of compound formation and that 
random distribution of the isotopes over the various sites 
occurs. Under this assumption the abundance of any particular 
isotopic isomer will be the product of the fractional isotopic 
abundance for a given stoichiometry (denoted asfs) with the 
ratio of the distinguishable' configurations which a given 
isomer may have (denoted as ci) to the total number of dis- 
tinguishable configurations for the given stoichiometry (de- 
noted as ct). Algebraically this is given by 

where 
C t  =PIn 
ci = UIUi 

fs =Plnawb"cY..  . 

(3) 
(4) 

(5) 
Pln is the number of distinguishable permutations possible for 
the isotopic atoms among the n sites and is found by evaluating 
n!/w!x!y! .... The rotation group of the isotopic isomer is a 
subgroup of the rotation group of the parent geometry. The 
ratio g/ai is simply the index of this subgroup and gives the 
number of distinct cosets plus one for the subgroup itself.6 This 
is the number of operations producing distinguishable con- 
figurations of a given isomer. Equation 5 is commonly used 
by mass spectroscopists to calculate relative abundances of 
isotopic species from the stoichiometry alone but has also been 
used in spectral synthesis in cases where each stoichiometry 
leads to a single isomer.la 
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Page 2325. In the left column, first line of third paragraph, 

Page 2327. Reference h in Table I1 should read: H. Levanon and 
6~dissociation,, should read ~~dissociative,,, 

Page 1136. Equation 4 should read kl = k , k y [ Y ] / ( k - , [ X - ]  + Z. L i z ,  J .  Chem. Phys., 49, 2031 (1968).-M. Tanaka 


