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Large Isotope Effects on the 119Sn N.M.R. Parameters of the Stannyl lon
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The largest recorded primary (10.7%) and secondary (3.0%) deuterium isotope effects on spin—spin coupling
constants have been observed for 1J(119Sn,H) in the 119Sn n.m.r. spectrum of NaSnH5_,D, {n < 3).

In any critical comparison of theoretical and experimental
spin-spin coupling constants it is essential to take account of
the influence of vibrational averaging!—3 as Raynes and
co-workers have recently reiterated.*—% For methane they
have calculated the 13C,H spin-spin coupling constant surface
using a large basis set; their calculations indicate that the
observed (J(13C,H)) contains a zero-point vibrational correc-
tion of about 7 Hz.5 Experimentally one can assess the role of
vibrational averaging on J by examining the temperature
dependence of J and by studying the influence of isotopic
substitution on J. These techniques have been extensively
applied to study vibrational effects on nuclear shielding
constants and this work has been recently reviewed by
Jameson and Osten.” Unfortunately, in the case of methane
the temperature dependence of J(C,H) has not been investi-
gated and the primary isotope effect on J(C,H) in any given
isotopomer is comparable to the experimental error.8

In the present study we report 21H isotope effects on the
1198n shielding constant and J(Sn,H) in the stannyl ion. The
isotope effects on J(Sn,H) reported here are the largest known
isotope effects on a spin-spin coupling constant.? Also, the

1198n chemical shift of SnH;~ is reported for the first time. 10
The 119Sn n.m.r. spectrum of the SnH; ,D,~ ion at 20°C is
shown in Figure 1 and the chemical shifts and spin-spin
coupling constants are summarized in Tables 1 and 2
respectively. The sample was prepared as previously des-
cribed!!:12 using a 2:1 mixture of ND; and NH; as solvent.
The 119Sn chemical shift of SnH;~ is —634.7 p.p.m. with

Table 1. 2'H Isotope effects on !19Sn chemical shifts in SnH; ,,D,,~ at
20°C.

TASn(?'H)ops TASD(¥ H),qditiviey

Molecule /p.p.m. /p.p.m. A
SnH;~ 0.000 0.000 0
SnH,D- -3.270 —3.281 —0.011
SnHD, - —6.550 ~6.561 —-0.011
SnD;- —9.842 —9.842 0

a Estimated error <#+0.002 p.p.m. except for SnD;~ where the error
is £0.003 p.p.m.
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Table 2. 21H Isotopes effects on spin—spin coupling constants (Hz) in SnH; ,D,~ (n < 3) at 20°C.

Molecule [L7(1198n,H)|2 |J(1198n,D)|
SnH,- 101.00 % 0.05 —
SnH,D- 104.03 £ 0.10 17.68 £ 0.10
SnHD,- 106.85 £ 0.15 18.05 £0.15
SnD;- — 174 1.5

a ALJ(198n, H)[Z1H] = 3.0 + 0.2 Hz. ® (yy/yp) = 6.51440 (ref. 9).

(Ye/vp)|J(119Sn,D) [P A J(198n,H)
p

115.17 £ 0.65 11.14
117.58 £ 0.98 10.73

SnH3~

SnH,D"

SnHD,"~

SnD;”
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Figure 1. '19Sn N.m.r. spectrum of SnH;,D, (n < 3) in liquid
ammonia at 20°C.

respect to external SnCly, indicating a 119Sn shielding constant
which is ca. 315 p.p.m. greater than that found in stan-
nane.10.13,34 ]t is of interest that the tin nucleus of SnH;* is less
shielded than that of SnH, by a similar amount.14.15

Successive replacement of H by D results in greater tin
shielding, an isotope shift of ca. —3.3 p.p.m./D. This is much
greater than the corresponding isotope shift of —0.40 and
—0.05 p.p.m./D observed for stannane and the stannonium
cation.!s The experimental trend observed here indicates that
the isotope shifts and hence the chemical shift derivatives are
very sensitive to nuclear charge as recently proposed by
Chesnut.1¢ Using the procedure outlined by Jameson and
Osten,”.17 we find that the difference in mean-bond displace-
ments for a Sn—H and Sn-D bond is [{Ars,z) — (Arsap)] =
4.412 x 10-3 A, and if one ignores contributions from
differences in mean bond angle deformations and higher order
terms, [80(Sn)/dAr] = =750 p.p.m./A.

The primary isotope effect on the 119Sn, hydrogen spin—spin
coupling constant, i.e., (yu/yp)|J(119Sn,D)| — [J(119Sn,H)|, in
the SnH,D - is 11.14 + 0.65 Hz or about 10.7% of the value of
J(119Sn,H). To our knowledge this is the largest reported
primary isotope effect on a spin-spin coupling constant. The
positive sign of A,J in the stannyl ion is consistent with the
general trend noted by Jameson and Osten,? i.e., primary
isotope effects on J in hydrides are positive when the central
atom contains one or more lone-pairs (e.g., PH;, H,Se),
otherwise they are negative.

The secondary isotope effect on J(Sn,H), i.e.,
J(1198n,H),SnH,D~| — |J119Sn,H), SnH;-| is 3.03 = 0.10 Hz
or ca. 3.0% of J(119Sn,H) in SnH;~. The largest value
previously reported was 1.5% for 1J(7’Se,H) in H,Se.%-18 At

this time there appears to be no simple criterion for predicting
the sign of AJ in a particular molecule.

In summary our experimental results on the various
isotopomers of the stannyl ion demonstrate the extreme
sensitivity of J(119Sn,H) to subtle differences in the vibration-
ally averaged structure of this molecule. This observation is
not completely unexpected when one considers the range of
[7(119Sn,H)] values observed for the various tin hydrides:
SnH;+ (2907 Hz), SnH, (1933 Hz), and SnH;~ (108.5 Hz).
The small value of J(Sn,H) in SnH;~ apparently resuits from
the near cancellation of two large terms;!® thus it is not
surprising that this coupling constant will be extremely
sensitive to the vibrationally averaged structure induced by
deuterium substitution. On the basis of the previous work on
methane5.8 the zero-point vibrational correction to J(Sn,H) in
the stannyl ion could be 100% or more.

Added in proof: In principle a differential solvent effect
could contribute to the isotope effects reported here (ref. 7, p.
72). Also, the temperature dependence of U (13C, H) in
methane has recently been investigated.20
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