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Figure 1.

Table I. Isotopic Isomer Abundances for B.H,

Stoichiometry Struc-

of isotopic  ture of
isomer isomer oy Fractional abundance
4
UB.H, I 4 2(0.804)5: 0.336

4
1°BHB,H, 1I 4 2(0.804)“(0.196) =0.082

4
1°B''B H, III 1 T(O.804)“(0.196) = 0.328

4
1°B, 1B H, v 1 T(O.804)3(0.196)"'= 0.080

4
‘°B2“B3H9 A\ 1 »1—(0.804)3(0.196)2= 0.080

4
“BUBH, VI 2 —(0.804)%0.196)*=0.040

4
“ByUB;H, VI 2 5(0.804)%0.196)°=0.010

4
OBUBYH, -V 1 (0.804)%0.196)°=0.019

4
BUBH, IV 1 (0.804)%0.196)°=0.019

4
1°B,''BH, III 1 1(0.804)(0.196)4= 0.005

4
‘°B4“BH9 11 4 2(0.804)(0.196)4= 0.001

4
198 H, 1 4 4(0.196)*=0.0003
symmetry numbers.
The general formula to be used for the fractional abundance
of a particular isotopic isomer, denoted f;, is

g
fi=—a¥b*c¥. .. )
03

where ¢ is the symmetry number? of the parent molecule
considered as isotopically pure, ¢; 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 BsHg 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 9B (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-11 NMR spectrum
of BsHy is a weighted average of the spectra of the isomers
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given in Table 1. ‘

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 as f;) with the
ratio of the distinguishable’ configurations which a given
isomer may have (denoted as ¢;) to the total number of dis-
tinguishable configurations for the given stoichiometry (de-
noted as ¢t). Algebraically this is given by

¢ g
fi= ;—’—fs = ;—abecZ. .. )
t i
where
Cy =P1n (3)
¢y = 0/g (4)
fo =P "a"b Y. .. (5)

Py is the number of distinguishable permutations possible for
the isotopic atoms among the # sites and is found by evaluating
n!/wixiyl.... The rotation group of the isotopic isomer is a
subgroup of the rotation group of the parent geometry. The
ratio /g is simply the index of this subgroup and gives the
numbser of distinct cosets plus one for the subgroup itself.5 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.!2
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R. Romeo*, D, Minniti, and M. Trozzi: Uncatalyzed Cis~Trans
Isomerization and Methanol Solvolysis of Arylbromobis(triethyl-
phosphineyplatinum(IT) Complexes. A Different Role for Steric
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Page 1136. Equation 4 should read k; = kky[Y]/(k=[X] +

ky[Y]).—R. Romeo

Motoharu Tanaka: Solvent Exchange at Some Bivalent Metal Ions.

Page 2325. In the left column, first line of third paragraph,
“dissociation” should read *‘dissociative”.
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