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From the 2°Si NMR spectrum of [(t-BuOg3SiSAg]4 with a partly resolved fine structure recorded
at 94T, the coupling constants |J(*°Si,'°°Ag)|=(4.49+0.04)Hz and |J(*°Si,'°"Ag)|=
(3.90+0.03) Hz were derived. The '°°Ag spectra at 9.4 T and at 2.1 T are single lines without fine
structure shifted to higher frequency by 6 = (725.8 +1.5) ppm relative to the resonance of the Ag”
ion in aqueous solution at infinite dilution. No hint of any {Ag, Ag}-coupling can be derived from
these spectra and from a comparison of the FID- and steady-state-signal intensities, i.e.
|J(Ag, Ag)| <1 Hz. This result is in contrast to the assumption of an Ag—Ag bond to explain the
spatial shift of the Ag atoms towards the centre of the alternating Ag,S,-eight-membered central ring
of the molecule. For the first time silver relaxation was investigated in a molecule. T, (*°°Ag) was
determined at 9.4 T and at 2.1 T and at different temperatures to separate the contributions of
different mechanisms: chemical shift anisotropy is the dominating one. T, =20.2 s at 2.1 T and at
301 K in this molecule is shorter by nearly two orders of magnitude than T, of the Ag" ion in

aqueous solution.

1. Introduction

The structure of the cyclo-tetrakis [tri-tert-butoxy-
silanethiolatosilver(I)] molecule was elucidated by
X-ray diffraction, by mass-spectroscopy, and by
29Si NMR [1]. The central Si,S,Ag, part of this
[(z-C,H,0),SiSAg], molecule is pointed out in Fig. 1
in two different views; the t-BuO groups bonded to
silicon are omitted for clarity, as the nuclei contained
in these ligands do not play a role in the present
109A¢ NMR investigations. This is also why the ab-
breviation [SiSAg], will be used in the following for
the molecule under investigation.

In Fig. 1b, the view perpendicular to the central
ring of the [SiSAg], molecule, it is pointed out that this
alternating S,Ag,-eight-membered ring is not a
square with sulphur atoms at the corners and silver
atoms in the middle of the sides. Rather the silver
atoms are shifted spatially towards the centre of this
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ring. The angle S—Ag—S with the angular point at the
Ag atom is 172.3° (mean value). A similar structure
was reported recently of the isomorphous copper
compound, the tetrameric copper tri-tert-butoxy-
silanethiolate, [(t-C,H,0);SiSCu], [2]. The S-Cu-S
bond angle is here 172.8°.

One possible explanation of this spatial shift of the
metal atoms towards the centre of the ring could be a
silver-silver or a copper-copper bond between vicinal
or between opposite metal atoms. Such binding inter-
action between Ag atoms was assumed by Jansen (3]
in Ag(I) oxides with a high ratio of cations to oxygen
to explain unusual structural features. Some physical
and chemical properties of these compounds were
cited to support this assumption of Ag—Ag bonds.
There is, however, up until now no striking proof for
such binding Ag-Ag interactions. '°°’Ag NMR pro-
vides a decisive test for such Ag—Ag bonds in
[SiSAg],, namely the investigation of homonuclear
and heteronuclear {'°°Ag,'°°Ag} and {!°°Ag,'°"Ag}
scalar couplings, as both silver nuclei '°’Ag and '°°Ag
have the spin I =1/2 and therefore very narrow NMR
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Fig. 1. The Si,S,Ag, core of the cyclo-tetrakis [tri-tert-bu-
toxysilanethiolatosilver(I)] molecule (the 12 t-BuO ligands
bonded to silicon are omitted). a) View nearly parallel to the
central plane defined by the four silver atoms. The 4 sulphur
atoms are alternatingly slightly below and above this plane.
b) View perpendicular to the central Ag, plane. The eight-
membered Ag,S, ring is not a square, rather the four Ag
atoms are shifted towards the centre of the ring. (Angle
S-Ag-§=1723°).

lines due to the missing quadrupole interaction. Simi-
lar investigations of couplings on the isomorphous
copper compound [SiSCu], will fail because of the
wide copper lines due to the quadrupole interaction of
both copper nuclei ®*Cu and ®*Cu with spin I = 3/2.
Silver-silver coupling constants J('°?Ag, '°°Ag),
J(1%°Ag,'%7Ag), and 'J(1°7Ag,'°"Ag) were deter-
mined with the aid of INEPT-techniques by Brown
et al. [4] in the range of 40 Hz. Homonuclear and het-
eronuclear {Ag, Ag} couplings weaker even more than
one order of magnitude could be detected easily in the
[SiSAg], presently under investigation.

The 2°Si spectrum recorded at 5.87 T, presented in
[1] can not be understood totally. Obviously the fine
structure (5 lines) is due to {?°Si,'°’Ag} and
(29Si,19°Ag} couplings. Therefore this spectrum
should be remeasured.

To understand the '°°Ag NMR spectra containing
couplings. the '°?Ag relaxation rates should be
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known. As the silver relaxation of Ag nuclei in
molecules has not been investigated up until now, it is
of great interest, to determine not only the total '°°Ag
relaxation rates but also the relaxation mechanisms
contributing. To evaluate these contributions to 1/7;,
relaxation measurements in considerably different
fields B, and at different temperatures are required.

2. Experimental

NMR investigations were performed using two
spectrometers with considerably different fields B,:

The 2°Si and the '°°Ag measurements at B,=
9.395T (79.5 MHz and 18.6 MHz, respectively) were
performed in Ziirich on a Bruker AM-400 wide-bore
spectrometer with a 20 mm broadband probehead
(12-100 MHz). The 2°Si and '°°Ag spectra were
recorded by applying 90° pulses with a period of 3 s
and 5, respectively. To achieve a sufficient signal/
noise ratio, 74 000 and 1320 scans, respectively, had to
be averaged. No digital filtering techniques were used,
to get an unbroadened line shape.

199A0 T, values were determined by means of the
inversion-recovery technique [5], and the following
pulse sequence was used:

{(m—7;,—n/2—AT—D),—new t;];(D—7/2),}

nfm-

The parameters used for the sample described above
were: spectral width 1500 Hz, acquisition time (AT)
=1.4s, pulse delay (D)= 5s, and the pulse sequence
repetition numbers were n = 4 (alternating phase cycle
of the receiver), i = 9 (corresponding to 9 points on the
final T, plot), and m = 32. The temperature variation
in time and the temperature gradient in the probe can
be estimated <1K in each case. Temperature effects
and changes in B, field homogeneity are effectively
averaged by use of the above pulse repetition se-
quence. The data were processed with and without the
equilibrium magnetization M, determined by the last
part of the above pulse sequence, making use of a
Gaussian fitting. The consistent data were averaged
for entry in Table 1.

All low field '°?Ag measurements were performed
in Tibingen in a field B,=2.114T produced by a
Bruker B-E 45 electromagnet externally stabilized by
the Bruker NMR stabilizer B-SN 15. The spatial ho-
mogeneity |AB,| < 107 ° T in the region of the sample
(cylinder 18 mm internal diameter, 37 mm filling
height) was achieved by 12-gradient electric shims. A
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Table 1. Results of relaxation measurements of [(t-C,H,0),SiSAg], 0.07 M in toluene.

Temp. At B,=2114T At B;=9395T
in K
Relax. time Relax. time Relax. rate Relax. time Relax. rate ax103 bx 103
ins ins ins™! ins ins! ins™! ins 'T72
T; T 1/T; T 1)T;
280 14.80 9.61 0.0676 0.739 1.353 —0.99+3.60 15.344+0.35
301 20.22 12.72 0.0495 1.101 0.908 3.66+2.55 10.25+0.24

Note: The relaxation times determined at B,=2T are affected with an uncertainty of +3% and the relaxation times
measured at B,=9 T with +2%. The absolute uncertainty of the temperatures is +1 K.

“home-built” pulse-spectrometer [6] was used, espe-
cially developed for investigations of very weak NMR
signals in the frequency range 1 to 4.5 MHz. The
109A g spectrum was recorded as well with the qua-
driga technique [7] using a pulse repetition rate of
83 Hz as by observing the free induction decay (FID)
using a pulse period T=40s> T, and the optimum
flip angle ©® = 82°. With the steady-state technique, a
signal/noise ratio of better than 60 could be attained
with 2.5 x 10° pulses in a measuring time of 8 hours
whereas the FID-technique required =~ 89 hours for
8000 pulses, and yielded a signal/noise ratio of x 25.

To determine the '°°Ag relaxation times, steady-
state techniques, which are described in detail in [8, 9]
were used: Periodic, equal and coherent RF pulses
were applied with a repetition rate of 83.3 Hz. Two
kinds of experiments, the T, /7, and the (T, + T,) ex-
periment had to be combined to evaluate the desired
relaxation times 7, and T,. In the T, /T, experiment,
the dependence of the steady-state NMR signal ampli-
tude on the applied flip angle was determined for ap-
proximately a dozen different flip angles @, ranging
from 10° to 90°. For each such measurement an accu-
mulation time of 6 hours was required to achieve a
signal/noise of better than 50, thereby obtaining a
sufficiently low uncertainty of the signal amplitudes.
By a least-squares Gaussian fitting routine applied to
this set of experimental data, the ratio T,/T, as well as
the signal amplitude corresponding to the equilibrium
magnetization M, may be evaluated. In Fig. 2, a result
of an experiment of this type is pointed out. In the
(T, + T,) experiment, the development of the steady-
state was observed during a time interval of 45 s. This
period was divided into 15 segments, and the NMR
signal obtained from 250 RF pulses was accumulated
during each of these segments. Since such a time inter-
val of 3 s is far too short to obtain sufficient signal/
noise ratio, this experiment was repeated 10,000 times

AMIO) /M,
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Fig. 2. Result of the '°°Ag T,/T,-experiment at By= 2.114 T
of [(¢-C,H,0),SiSAg], 0.07M in toluene at 301 K. The
steady-state signal amplitudes determined as a function of
the flip angle ® and the theoretical function with the opti-
mum fit parameters T,/T, and M, are plotted.

and the NMR signal was acquired during each of
these 3 s intervals. To get a new well defined initial
state for the next buildup of the steady-state, the trans-
verse magnetization My was destroyed by the diffu-
sion during 2 s in the homogeneity spoiled field B,
and the longitudinal magnetization M, was inverted
by application of a n-pulse after this time interval; this
steady-state inversion recovery technique [10] enables
a higher dynamic range for the development of the
steady-state than a demagnetization of the sample
[11]. The time constant T*= (T, + T,)/2 of the expo-
nential buildup of the steady-state NMR signal was
evaluated by a Gaussian least-squares fitting routine
from the 15 measured NMR signal amplitudes. A re-
sult of the (T, + T,) experiment is presented in Fig-
ure 3.

The NMR signal between RF pulses was digitized
with the aid of a special “home built” ADC-card
(dwell-time 5 ps/channel, resolution 8 bit) in an AT-
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Fig. 3. Result of the '°?Ag (T, + T,)-experiment at B,=
2.114 T of [(t-C,H,0),;SiSAg], 0.07 M in toluene at 301 K.
The exponential buildup of the steady-state after inversion of
M, and destruction of My was determined with a block-aver-
aging technique as a function of the time 7 elapsed since this
initialization. The buildup time-constant T* was determined
by a Gaussian least squares fitting routine from the linear
signal amplitudes M. The quality of the fit is demonstrated
in the logarithmic plot.

compatible personal computer and accumulated in
the memory of this computer. Block-averaging was
achieved by switching the segment-register to the ba-
sis-address of a new block (2 K x 4 bytes) each time
after 250 RF pulses. As this switching from one mem-
ory region to the next one lasts only a few ps and no
data transfer is required, the time interval of one block
immediately adjoins the interval of the next block and
no NMR signal is lost at all. This rapid way of block-
averaging in the memory of a computer allows the
determination of relatively short time constants T*.
This computer and its clock also control the pulse
programmer as well as the frequency synthesizer
(Schomandl MG 520 M), and the homogeneity spoil
pulse. The Fourier transformation in floating point
mode as well as all further evaluation was done by a
PDP 11/73 computer.

The determination of the NMR signal amplitude
corresponding to the equilibrium magnetization M,
from the FID requires the knowledge of the initial
NMR signal amplitude immediately after the RF
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pulse. Unfortunately, during the first 2 ms after the RF
pulse, the 1°°Ag NMR signal cannot be observed be-
cause of unavoidable acoustic ringing of the sample
circuit, and this missing part of the FID can not be
restored by extrapolation, as the FID is not exponen-
tial, rather it is governed by the distribution of the spin
isochromats, i.e. by the distribution of B, in the range
of the sample. This missing part of the FID causes
a baseline distortion after Fourier-transformation,
which severely affects the maximum of the NMR line.
Taking into account however, that all spin isochro-
mats start their free precession exactly with the same
phase after the RF pulse, this missing part of the FID
can be restored with the aid of an iterative routine, i.e.
the absorption NMR signal can be corrected exactly
to that shape I, (v), which would be recorded without
any loss of NMR signal. The integral of that absorp-
tion line corresponds to the equilibrium magnetiza-
tion M:

o8

I,(v)dv=CxM,. (1)

In a steady-state experiment with the pulse period
T and the optimum flip angle © = arc cos {(T}/T,—1)/
(T,/T,+1)}, between the pulses an NMR signal of
constant amplitude can be received during the time
interval o T(0<a<1), which yields after Fourier-
transformation an absorption line with the shape

I,(v)=Cx (My/2) x /T,/T,
xsin{2na T (vp—v)}/{27 T (v,—V)}. (2)

In (1) and (2), C is the same apparative constant. By
this, an evaluation of M, is possible from both types
of experiment, taking into account the different num-
ber of pulses.

The synthesis of [(1-C,H,0);SiSAg], is described in
detail in [1]. The sample was filtered under inert gas
atmosphere directly into the sample tube of 18 mm
internal diameter, degassed by five freeze-pump-thaw
cycles and sealed under vaccum.

3. Results and Discussion
a) Relaxation

The knowledge of the relaxation rates and espe-
cially of the relaxation mechanisms is of central im-
portance for the understanding of the spectra and
especially of the coupling phenomena; therefore, this
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point should be discussed first. Relaxation rates were
determined only for the silver isotope '°°Ag in two
different fields B, at two different temperatures. Up
until now, '°°Ag relaxation rates were determined
only for the solvated Ag™ ion [12]; in this work the
first 1°°Ag relaxation investigations with a large mol-
ecule are presented. The results are given in Table 1.
The relative uncertainties of +3% and of +2% are
the standard deviations, they are mostly due to the
uncertainties of the signal intensities caused by the
noise and to the pulse angle missettings in the high-
field measurements. In this large [SiSAg], molecule
considerably shorter relaxation times T, were deter-
mined than for the '°°Ag* ion, which is extremely
slowly relaxing (7,>1000s). Such relatively high
109A o relaxation rates enable the registration of '°°Ag
NMR spectra with the usual FID-technique even in
the low field B,=2.114 T.

The results of the longitudinal relaxation in Table 1
show a strong dependence of this relaxation rate on
the field strength B,. The only relaxation mechanism,
which is affected by the strength of the static field B,
even in the extreme narrowing case, is chemical shift
anisotropy combined with molecular reorientation
(CSA) [13]. Assuming the extreme narrowing condi-
tion w; 7. <1 to be valid, the longitudinal relaxation
rate due to CSA is

TSN = {5y Bo)* (Aa)? 7, 3)
in the case of a symmetric shielding tensor with the
anisotropy

(Ao)*=0}+6}+0}—20,0,—20,0,—20,0.,

with the elements g; of the traceless, diagonal shielding
tensor and with the correlation time 7, for angular
reorientation.

The contributions of all other relaxation mecha-
nisms (dipole-dipole interaction (DD), scalar interac-
tion (SC), and spin rotation (SR)) to the relaxation
rates do not depend on the strength of the static field
B, in the extreme narrowing case. Therefore the spin-
lattice relaxation rate may be split into a field indepen-
dent part a and a quadratically field dependent contri-
bution b BZ:

1/T,=a+bB3. (4)
From the results of the longitudinal relaxation rates

determined at considerably different fields B,, as
pointed out in Table 1, the constants a and b can be
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calculated with the aid of (4). The results for different
temperatures are given in the last two columns of
Table 1. For both static fields used (B, =2.114 T and
By =9.395T) the relation a<b B} is valid, i.e. CSA is
the by far dominant relaxation mechanism. The con-
tribution of the field independent relaxation mecha-
nisms (DD, SC, and SR) to the total relaxation rates
is extremely weak; in the high field, this contribution
is far below the experimental uncertainty of the mea-
sured relaxation rates, whereas in the low field, at least
at 301 K, a significant contribution of 7.4% to the rate
1/T, was determined. At 280 K, the interval of uncer-
tainty of the constant a includes the value 0 (of course,
negative values of g, i.e. negative contributions to the
relaxation rate are, not possible!); this shows that a
significant field independent contribution to the longi-
tudinal relaxation rate could not be detected at that
temperature. The field independent contribution to
the spin-lattice relaxation rate 1/7;, i.e. the constant a,
seems to increase with increasing temperature. This
behaviour is characteristic for the SR mechanism [14,
15], i.e. among the field independent relaxation mech-
anisms, SR yields the dominant contribution to the
longitudinal relaxation rate. Because of this small field
independent relaxation rate and its high relative
statistic uncertainty, no attempt was made to separate
contributions by the DD and SC mechanisms, which
decrease with increasing temperature.

In the low field B,=2.114 T also the transverse
relaxation times T, were determined. At both temper-
atures, the ratio 7T,/T,~1.6 was measured. For the
relaxation mechanism CSA the theoretical ratio T;/T,
=7/6 was pointed out for the case of a symmetric
shielding tensor [13]; in the case of an antisymmetric
part of this tensor, a ratio T,/T, < 7/6 was predicted
[16], i.e. the measured ratio T,/T, can not be explained
by a low point symmetry of the Ag atoms under inves-
tigation in the [SiSAg],.

Although there are scalar couplings of the silver
nuclei under investigation to the neighbouring 33S
nuclei and also to the 2°Si nuclei, the mechanism of
scalar coupling of the second kind [17] surely does not
contribute to the spin-lattice relaxation rate 1/T; as
the Larmor frequencies of *3S and of 2°Si are consid-
erably different from that of '°°Ag; however a contri-
bution to the transverse relaxation is possible if the
condition |J (*°°Ag, A)| x T, (A) <1 is fulfilled:

47’ [J (1°Ag A)?
3

1/TSC(1°Ag) = S(S+1)T,(A)
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with the spin S and the longitudinal relaxation time
T, (A) of nucleus A =*3S or 2°Si. In the low field B, =
2.114 T a contribution from the {'°°Ag, *°Si} cou-
pling may surely be excluded as the product [J| x
T, (*°Si) ~ 5 will be evaluated below, however the nu-
cleus S with the spin I = 3/2 should give a consider-
able SC contribution to the transverse relaxation rate
of '1°°Ag because of its rapid relaxation due to the
quadrupole moment and because of the probably
stronger scalar coupling to '°°Ag. In the natural mix-
ture the only magnetic sulphur nucleus **S has an
abundance of only 0.76%, this means that only 1.51%
of the '°?Ag nuclei under investigation are coupled to
338, Probably the ratio T,/T, of these '°°Ag nuclei is
extremely high due to the 1/T5€ contribution, and this
may be the reason why they do not contribute to the
109A ¢ steady-state NMR signal [18] and that they do
not affect the relaxation investigations. Any SC contri-
bution to the '°°Ag transverse relaxation would affect
only a part of the silver nuclei (1.51% are coupled to
338 and 9.34% to 2°Si) and this part would give differ-
ent results in the relaxation experiments; the results as
well of the T;/T, experiment, given in Fig. 2, as of the
(T, + T,) experiment, demonstrated in Fig. 3, do not
give any hint for two different ratios T;/T, or for two
different built-up time constants T*, respectively.
Therefore SC may be excluded as mechanism to ex-
plain T,/T, x 1.6.

Rather a rapid chemical exchange must be assumed
as a reason [19, 20] for the measured ratio T,/T,, as
only the transverse relaxation rate is increased by such
an exchange and not the longitudinal one. This ex-
change mechanism could be a short lived adsorption
of the molecule under investigation to a colloidal sil-
ver particle in the sample or an exchange in the solva-
tion shell of the [SiSAg], molecule as it was pointed
our for the silver ion [12]. But it must be expressed
clearly that neither a transient development of the
relaxation rate 1/T, nor a significant amount of Ray-
leigh scattered light, as it was found for the silver ion
in aqueous solution [12], was to be detected in the
present investigations of the [SiSAg], molecule dis-
solved in toluene.

As 29Si is the only magnetic Si isotope (4.7% natu-
ral abundance) and has the spin I=1/2 and a rela-
tively small magnetic moment like '°°Ag, the 2°Si
relaxation should be governed by the same mecha-
nisms as the '°°Ag relaxation, i.e. CSA should also
be the predominant 2°Si relaxation mechanism. Of
course, the magnetic shielding tensor for the Si atoms
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in the [SiSAg], molecule is different from that for the
Ag nuclei. With the same chemical shift anisotropy Ao
for the 2°Si as for the '°°Ag nuclei, according to (3),
the spin-lattice relaxation rates of 2°Si and °°Ag
should behave like the squares of the gyromagnetic
ratio (y(2°Si)/y (*°°Ag))*=18.18. Assuming chemical
shift anisotropies Ac of the same order of magnitude
for 2°Si as for 1°°Ag, the *°Si relaxation times may be
estimated to be about one order or magnitude shorter
than those of 1°°Ag.

b) Y°°Ag and *°Si NMR Spectra

The '°°Ag spectrum was recorded as well at By =
2.114 T as on the high field spectrometer at B,=
9.395 T, in both spectrometers at a temperature of
300 K. At both field strengths, only a single NMR line
without any fine structure was to be detected. In the
low field spectrometer, the '°°Ag line recorded with
the FID technique had a halfwidth Av ~ 4 Hz and its
shape was due to the distribution of the field B,,
whereas the line taken with the Quadriga technique
was artificially broadened by saturation to a halfwidth
Av ~ 50 Hz, in order to get the optimum signal inten-
sity: the shape of this steady-state line is described by
(2). Even in the high field spectrometer with the
shorter relaxation times, as pointed out in Table 1, the
width of the 1°?Ag NMR line Av = 4.5 Hz was mostly
due to inhomogeneous broadening by the spectrome-
ter.

At the low field B,=2.114 T using the steady-state
technique the ratio of the Larmor frequencies of 1°°Ag
in [SiSAg], 0.07 M in toluene and of *Ge in GeCl,
was determined with the aid of the sample replace-
ment technique. Both samples had the same size and
shape and were measured at 300 K. The result is

i (109Ag)J/' y (TSGC) =1.3349877 4+ 0.0000002.

The 7*Ge resonance of the neat liquid GeCl, is a well
known standard for low-y nuclei [21]. Referred to the
Larmor frequency of the Ag ™" ion in aqueous solution
at infinite dilution [22], the '°°Ag resonance of the
[SiSAg], sample is shifted to higher frequency at the
same field B, by

0=(725.8+1.5) ppm.

The 2°Si spectrum was recorded only in the high
field spectrometer. This spectrum is presented in Fig-
ure 4a. Obviously this spectrum shows a not fully
resolved fine structure due to a scalar coupling of 2°Si
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Fig. 4. a) 2°Si spectrum at B, = 9.395 T of [(t-C,H,0),SiSAg],
0.07 M in toluene at 300 K recorded within ~ 62 hours; no
digital filtering techniques were applied in order to enable a
Gaussian fit. b) Theoretical 2°Si spectrum with the optimum
fit parameters for |J (*°Si, '°°Ag)| and T, (*°Si). ¢) Fully re-
solved theoretical 2°Si spectrum with the fictitious transverse
relaxation time T, (*°Si) = 5s. This fine structure is due to
scalar coupling of 2°Si to '°’Ag and '°°Ag in natural abun-
dance. The changed abscissa scale should be regarded.

to the two neighbouring Ag nuclei as suggested by the
intensity ratio ~1:2:1. As silver has two magnetic
isotopes '°’Ag and !°°Ag both with the spin I =1/2
and nearly equal natural abundance of 51.82% and
48.18%, respectively, the couplings to the two silver
isotopes must be considered separately. As the 2°Si is
only 4.7% abundant in the natural mixture, solely
[SiSAg], molecules with one 2°Si nucleus must be re-
garded; molecules with two or more 2°Si nuclei are so
much improbable (1.2%) that their 2°Si NMR signal
is below the noise. 26.85% of the 2°Si nuclei have two
neighbouring '°’Ag nuclei and 23.21% of the 2°Si
nuclei are coupled to two !°°Ag nuclei, whereas
49.93% of the °Si nuclei are coupled to two different
silver isotopes; therefore three types of theoretical 2°Si
spectra must be superimposed to get the experimental
spectrum plotted in Figure 4a. Taking into account
the ratio of the couplings constants

J(ngi, 107Ag)/J(ZQSi, 109Ag) — 7(107Ag)/7(109Ag)
=0.870,
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the total 2°Si spectrum may be calculated, assuming
Lorentzian line shapes; the Ag relaxation may be ne-
glected in this consideration, as the Ag relaxation
rates are smaller at least by an order of magnitude
than those of 2°Si as estimated above. The experimen-
tal 2°Si spectrum was fitted with the aid of a Gaussian
least squares fitting routine, the following results for
the fit parameters were obtained: the coupling con-
stants

|J(?°Si,1°°Ag)| = (4.49 + 0.04) Hz,
|J(2°Si,'°7Ag)| = (3.90 + 0.03) Hz,

and the transverse relaxation time
T, (*°Si) = (103 + 2) ms.

In Fig. 4b the 2°Si spectrum calculated with these
optimum fit parameters is plotted, whereas in Fig. 4c,
the 2°Si spectrum calculated with T, (2°Si) = 5 s (this is
the transverse relaxation time in a field B,=13T,
assuming CSA to be the only relaxation mechanism)
is plotted in order to point out its fine structure. Dif-
ferent isotopic shifts of the 2°Si resonance due to the
silver isotopes '°’Ag and '°°Ag were not taken into
account as the experimental spectrum was not asym-
metric within the limits of error due to the noise super-
imposed.

¢) Silver-Silver Couplings

Based on the symmetry of the [SiSAg], molecule, all
four silver atoms are equivalent atoms. This symme-
try, however, is disturbed because of the isotopic mix-
ture of Ag, which consists of the isotopes '°’Ag and
109Ag  nearly with the same natural abundance
(51.82% and 48.18%, respectively). Regarding only
the silver isotopes, six different types of [SiSAg],
molecules are possible, changing the isotopes of the
four silver atoms in the central squared ring. Two
types of scalar {Ag,Ag} couplings are imaginable: a
coupling to the vicinal silver atom directly or through
the S atom at the corner of the square and possibly a
scalar coupling directly to the silver atom at the oppo-
site site of the central square of the [SiSAg], molecule.
The latter kind of {Ag, Ag} coupling should be taken
into account because of the spatial shift of the Ag
atoms towards the centre of the ring. In Table 2, all
types of couplings of an '°°Ag nucleus with the three
other silver nuclei in the central ring and their relative
quota are listed. Pure homonuclear couplings {1°°Ag,
109Agl as well as pure heteronuclear couplings
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Table 2. Possible couplings of '°?Ag nuclei under investi-
gation in the [(t-C,H,0);SiSAg], molecule to other silver
nuclei.

Quota of '°°Ag Coupled to
in %

vicinal vicinal opposite
11.51 109A 109A 109A
1215 109A§ 109A§ 10"A§
2430 l09Ag 107[4g 109‘Ag
25.66 lO‘)Ag 107Ag 107Ag
12:83 107Ag leAg IO?Ag
1355 107Ag lO‘Ag IO/Ag

{199Ag, 1°7Ag} are relatively rare, whereas most of the
'99A g nuclei are coupled as well to 1°°Ag as to °7Ag.

Such {*°°Ag, Ag} couplings of the same strength as
the {*°?Ag, 2°Si} couplings in Fig. 4, would yield well
resolved multiplets in the '°°Ag spectrum recorded in
the high resolution spectrometer at B, = 9.395 T. For-
tunately, the Ag relaxation times are longer by at least
one order of magnitude than those of 2°Si and for this
reason the Ag NMR lines should be more narrow by
this factor than the 2°Si lines. This should enable the
detection of {Ag,Ag} couplings with coupling con-
stants |J|=1.5 Hz, but not any hint for such an
{Ag,Ag} coupling can be taken from the '°’Ag spec-
trum.

The steady-state technique offers an additional,
very sensitive way to detect homonuclear couplings.
The steady-state signal amplitude is reduced consider-
ably by a homonuclear coupling with T x [J|=1%
[23]. To do this test, the equilibrium magnetization
M, was determined from the maximum of the absorp-
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