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(150 ml; Table I). After evaporation of the solvent
and treatment of the residue with water, products were
isolated via chromatography on activated alumina.
The products, usually obtained initially as oils, were
crystallized from appropriate solvents (Table I).

This work makes available a new route to silicon
compounds of ferrocene and is facile compared to
methods previously available for the synthesis of such
compounds.® The scope of the new process is under
further investigation.
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Dipole-Dipole Interactions of a Spin-!/; Nucleus with
a Quadrupole-Coupled Nucleus!
Sir:

In recent nmr experiments, the dipolar broadening
of the proton resonance in solid HMn(CO); and
HCo(CO), has been used to estimate the metal-hydro-
gen bond distance.*? The M-H bond distances thus
obtained are exceptionally short, 1.28 A for Mn-H
and 1.42 A for Co-H. However, the analyses were
based on the Van Vleck* second moment expression

(1) This research was supported in part by the U. S. Office of Naval
Research and the National Science Foundation. Oneofus(D.L. V. H.)
wishes to thank Procter and Gamble for the grant of a fellowship
supporting his work.

(2) T. C. Farrer, S. W. Ryan, A. Davison, and J. W, Faller, /. Am.
Chem. Soc., 88, 184 (1966).

(3) T. C. Farrar, F. E. Brinkman, T. D. Coyle, A, Davison, and
J. W. Faller, Inorg. Chem., 6, 161 (1967).

which assumes that the nuclei are quantized in the direc-
tion (z) of the static magnetic field H, and which there-
fore neglects any quadrupole coupling effects at the
metal nucleus. This communication describes a the-
oretical analysis and numerical calculations for a two-
spin (s, 7/5) system, having axial symmetry about the
internuclear vector r and quadrupole coupling at the
spin-’/» nucleus. It is found that the second moment
M, of the spin-1/; nucleus may be as much as 1.84 times
its value in the absence of the quadrupole coupling.
Therefore, the M-H bond distances reported pre-
viously®¢ may be as much as 1197 too small.

We start with Slichter’s expression® for the line shape
f(w) in the vicinity of wy = ~1H, when Hy > AH,.

and kT > E,, for the spin-!/, nucleus I. This is
f(w) = 2 8(E. — Ey — fiw) qy
E.>Eb

with E, and E, the final and initial Zeeman energies of
the eigenstates a and b involved in a transition of nucleus
I. The function §(E, — E, — #w) has the value zero or
one, respectively, when the argument is nonzero or
zero. Equation 1 implies that the transition prob-
abilities near w, are constant; therefore, to find f(w)
we need only the energy differences (E, — Ey).

The spin pair is heteronuclear, so the eigenfunctions,
YT, are the product functions

it = (£ ) ©))

and the ¢,’s are eigenstates of nucleus S. We are con-
cerned only with transitions of nucleus I, which requires
that

(E, — Ep): = (Ylxely) — ey (3)

where 3C is the Hamiltonian describing spin . To cal-
culate energies to first order, 3¢ must contain the Zee-
man term plus secular perturbations. However, be-
cause of the quadrupole interaction, the spin S may be
quantized with nonvanishing components away from
H,. Therefore, assuming only dipolar perturbations,
we find

2
% = —yhHl. + Z%-S—h— (1 — 3 cost OLS, —

(3 sin 8 cos OS] (4)

where 6 is the angle between Hy and r. Next, we define

Aw, = —viHo + (E; — Ep)h™! )

which is a measure of the frequency spread around wo
due to dipolar interactions with spin §. Combination
of eq 2-5 gives

Aw, = “L_I;th [(S.)43 cos? 6 — 1) +

3({S.); sin 8 cos ] (6)

with (S;..), = <¢i‘Sz-z'¢1>'

The solutions for Aw, require {S;.); which in turn
depends on ¢,. To find the ¢, we assumed the quanti-
zation axis of nucleus S to be determined by its Zeeman
and quadrupole interactions; this approximation is
equivalent to H, 3> AHy,. employed for the I nucleus in

(4) J. H. Van Vleck, Phys. Rev., 74, 1168 (1948).
(5) C. P. Slichter, “Principles of Magnetic Resonance,” Harper and
Row Publishers, New York, N. Y., 1963, p 51.
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Figure 1. Calculated, Gaussian-broadened, polycrystalline line
shapes for a spin-1/; nucleus in an axially symmetric two-spin (1/2, 7/2)
system; « is a measure of the relative Zeeman and quadrupolar
energies of the spin-7/; nucleus; the abscissa units are vyysfi/2ré =
1; the zeros of the spectra occur at wo = v1Ho.

eq 1. Therefore, the Hamiltonian, 3Cs, for nucleus S
in the laboratory frame is®
2
= —yshHLS, + 92 (35,2 — 52
s YshHOS: + 4ong — 1){ /4382 — §%) X

(3cos? 8 — 1) + 3/[SLS* + §) +
(St + §-)S.Isin 6 cos 6 + 3/(SH)? +
(5-)?] sin? 6} (7)

The Zeeman quantized spin functions of S were used as
a basis set; the matrix elements of 3Cs were calculated,
the matrix was diagonalized, and the transformation
matrix was obtained. The latter was used to calculate
(S;.2); and thereby Aw;.

Line shapes for a polycrystalline sample were ob-
tained from numerical values for Aw, in 400 divisions of
the interval 0 < 6 < 7, such that each line consisted of
3200 points, each point being weighted by its prob-
ability, sin 8. The lines were then folded with a rather
narrow Gaussian function. In this way line shapes
were calculated for the entire range of the parameter

a = |vsiHdeqQ/4S2S — D] (®)

with S = 7/,. Figure 1 shows lines calculated for three
values of a. The parameter « gives the relative mag-
nitudes of the Zeeman and quadrupole interactions for
the S nucleus. It is seen that as the quadrupole inter-
action becomes larger, or the Zeeman smaller, the ex-
tremities of the spectrum do not broaden; however, the
intensity is redistributed toward the wings. Also, the
line shapes for intermediate « are very asymmetric.
This reflects the fact that the Zeeman and quadrupole
terms in J3Cs depend differently on S, so that the +m,
and —m, states are affected differently. However, in
spite of the asymmetry, the zero of the first moment re-
mains at w, for the entire range of @. The asymmetry
in Figure 1 corresponds to Zeeman and quadrupole
interactions of the same sign ineq 8. The asymmetry is
reversed if they are of opposite sign, so it can, in

(6) A. Abragam, “The Principles of Nuclear Magnetism,’’ Oxford
University Press, London, England, 1961, p 233.
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Figure 2, Variation in the second moment of the spin-!/; nucleus
in the two-spin (1/s, 7/5) system as a function of a; A = (M, — M%)/
M?®, where M, is the second moment and M? is the second moment
in the absence of quadrupolar effects.

principle, be used to establish the sign of the quadrupole
coupling constant.

The second moment can be a sensitive function of «
as shown by the results in Figure 2 for the unbroadened
line. The sharpest changes occur in the region 30 >
a > 3, so line-shape and M; observations as a function
of Hy in this region might enable one to establish the
magnitude of the quadrupole coupling constant in addi-
tion to its sign. Beyond the range of « given in Figure
2, M, does not change noticeably; there are, however,
discernible changes in the line shape. The asymptotic
value of M, for large quadrupole interactions’ is 1.79
times its value in their absence. Therefore, if such ef-
fects were neglected for & = 0.3, and the observed value
of M, used to evaluate the internuclear distance r, the
true value of » would be 1.10 times the apparent value.
Thus, our treatment gives a corrected, upper limit of
1.57 A on the H-Co bond distance of HCo(CO), and
an upper-limit estimate of 1.42 A for the H-Mn bond
in HMn(CO);. These bond distances should be quite
feasible because of the large quadrupole moments of
51Co and **Mn and the resultant probably small values
of a.

At present, we are trying to fit the HCo(CO), proton
spectrum as a function of H,. Whether or not this is
successful will depend on the complications introduced
by the scalar coupling and the anisotropy of the proton
chemical shift. Similar line-shape and second-moment
analyses are planned for the spin-3/, and -%/, cases.

(7) An approximate analysis of this limiting case has been made
independently by G. M. Sheldrick, with results similar to ours. We
thank him for sending us a preprint of his work.
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The Chemistry of Bisiminium Cations. 1.
A Synthesis of 1-Deuterio Aldehydes

Sir:
Bisiminium cations (e.g., I and II) are described by
Krohnke! as reasonably stable crystalline solids easily

(1) F.Krdhnke and H. Leister, Chem. Ber., 91, 1295 (1958).
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