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Magnitudes and Orientations of 3P Chemical Shielding Tensors in Pt(Il}-Phosphine
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3P MAS and double-quantum filteré&® MAS NMR experiments at and near the= 0 rotational resonance
condition, as well as off-magic angle spinnid® NMR experiments on two polycrystalline samples of
Pt(Il)—phosphine thiolate complexes are reported. Numerical simulations yield complete descriptions of the
two 3P spin pairs1®Pt MAS NMR spectra are straightforward to obtain but sensitively reflect only some
parameters of thé®>PtC'P), three-spin system. Based on tH® NMR results obtained and in conjunction

with a large body of literature data and irrespective of the chemical nature of the specimen, a unified picture
of the dominating motif of3*P chemical shielding tensor orientations of phosphorus sites with 4-fold
coordination is identified as a local (pseudo)plane rather than the directions of P element bond directions.

Introduction indirect heteronuclear dipolar coupling constaidts(19%Pt, 31P)
are of the order 10Hz, whereas indirect homonuclear dipolar
coupling constant8Jiso(3'P 2P) are of the order £8-10' Hz
and may have either positive or negative sigThe anisotropy

of indirect dipolar coupling'P—3P may be neglected, but the
anisotropy of indirect dipolar couplintf®Pt—31P may amount
to the order of 1®Hz and thus may exceed the magnitude of
the corresponding direct dipolar coupling constants.

The two compounds containings-PtR. fragments chosen
for this study represent one case for which the crystal structure
is not known (compound) whereas the crystal structure of
compound? is known (Figure 1)31P MAS NMR spectra with
and without double-quantum filtration (DQF), as well &#p
MR spectra obtained under off-magic-angle spinning (OMAS)

conditions serve as the basis for the determination of'&ll
NMR parameters irl and 2. In addition, we consider briefly
195t MAS NMR spectra ofl and 2 and will discuss in more
C%eneral terms the orientation P chemical shielding tensors
in molecular moieties with phosphorus in 4-fold coordination.

Small isolated spin systems play an important role in the
context of many contemporary solid-state NMR approaches,
ranging from applications aiming at structure elucidation to the
evaluation of the performance of newly developed pulse
sequences. Isolated homonuclédP spin pairs occur, for
instance, in molecular fragments-R—P in transition-metat
phosphine complexes. If M happens to be a magnetically active
isotope, then thePM—P fragment represents an isolated three-
spin system. It is usually straightforward to obtain high-quality
experimentaf!P solid-state NMR spectra of these (and similar)
spin systems in polycrystalline samples. The more challenging
aspects are concerned with the extraction of the full set of
unknown parameters describing these spin systems. Analysi
of such experimentat’P NMR spectra requires numerically
exact spectral line shape simulations in conjunction with iterative
fitting procedures. The challenge f&P spin systems mainly
arises as a consequence of the 100 percent natural abundan
of the isotope&'P, causing the need to determine simultaneously

relatively large numbers of unknown parameters even for small ] ]
spin systems. Experimental Section

Here we take thecis-PtR; fragment in two square-planar Samples. Compound1. Following a published synthesis
Pt(Il)—phosphine complexes as representative examples. Theproceduré, pure 1 was obtained in 92% vyield after recrystal-
spin‘/, isotope'**Pt has a natural abundance of 33.8%. Accord-  |iation from CHCI/EO. Solution-staté®® NMR (CD,Cly)
ingly, the PtB fragment consists of 33.8% isotopomers contain- of 1 @S = —52.2 ppm, 119 Pt3P) = 2702 Hz;13C

ing a P )(195Pt) three-spin system and 66.2%R), spin-pair - - N CS_ _ .
isotopomers. Typical orders of magnitude of the NMR interac- CP/MAS NMR of 1 (aromatic region):wis = —150.5 ppm;

_ (195 pt1 — .
tions in thecis-PtR; fragment are as follows. Chemical shielding 130.9 ppm Hisol _Pt’ SC) n63 Hz); 121_'3 ppm.
anisotropies are of the order %010* Hz CP) or 16 Hz Compouna. Reaction otis-("BusP)PtChL with an equimolar

(19%Pt) for common external magnetic field strengths, homo- amount of 1,2-dimercapato-benzene in?(.:H in the presence
nuclear 3P—31P and heteronuclealsPt31P direct dipolar of a small amount of NEtat ambient conditions for 12 h yielded

coupling constants both are of the orde? Hz, magnitudes of ~ crude2 after evaporation of the solvent. Puzevas obtained
ping g in 63% yield after recrystallization from MeOH &t= 243 K.

: . CS _
* Corresponding author. E-mail: sebald@e3.physik.uni-dortmund.de. Solution-state3'P NMR (CD,Cl) of 20 wig; = 5.0 ppm,

"Universita Bayreuth. _ _ Uiso(195Pt31P) = 2745 Hz;13C CP/MAS NMR of2 (aromatic
Doxrt%lfjrrzznt(?grdnr]easnsy: UniversitBortmund, Fachbereich Physik, D-44221 region): wgg = —149.8 ppm and-146.8 ppm;—129.4 ppm
§ Universita Erlangen. (*Jiso(*9%P1, 15C) = 63 Hz) and—128.5 ppm {\]iSO(l%Pt'lg_C) =

' Deceased. 68 Hz); —121.5 ppm and-120.8 ppm. Crystals a2 suitable
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Figure 2. Experimental (upper traces) and best-fit simulated (lower

tracesf'P NMR spectra ofl. The arrow indicates the isotropic region
of the €*P),—isotopomer spectrum, simulated spectra only taketR(
isotopomer into account. (&P n = 0 R MAS NMR, w¢/27 = —121.5
MHz, w/2r = 3521 Hz; (b)R-DQF 3P MAS NMR, wo/27 = —121.5
MHz, w27 = 2650 Hz,r = 3.0 ms,A = 3.5us; (c)3'P OMAS NMR,
wo/2r = —81.0 MHz, w,/27 = 2028 Hz,fr. = 56.023.

for structure determination by single-crystal X-ray diffraction
were obtained by slow crystallization from a MeOH solution
at room temperature2 crystallizes in space groupbca* the
relevant internuclear distances are—Pt, 229.4 pm, and
Pt—P2, 229.3 pm, and the PPt—P2 bond angle is 98:0The
molecular structure o2 is depicted in Figure 4.

31p and %Pt MAS NMR. 3P MAS NMR spectra were

Bechmann et al.

Figure 3. lllustration of the orientation of th&'P chemical shielding
tensors in the $tR, fragment of moleculd.

C63

Figure 4. Molecular structure of soli@ according to single-crystal
X-ray diffraction?

of 3.5-4.5 us and CP contact times of 5 m¥Pt chemical
shielding is given relative t&(*°%Pt) = 21.4 MHz5

MAS frequencies were generally in the rangé2r = 1-10
kHz and were actively controlled to withif 2 Hz. 1H c.w.
decoupling with amplitudes in the range 55 kHz to 85 kHz was
employed during signal acquisition. Special care was taken to
adjust the magic angl@r. = tanly/2 for all MAS NMR
experiments as accurately as possible by optimizing the line
shape of theé’P resonance of (EtP=S), under MAS condi-

recorded on Bruker MSL 100, MSL 200, MSL 300, and DSX tions® The shape of thé'P resonance of P¢Ei11)s served for
500 NMR spectrometers, equipped with standard 4 or 7 mm calibration of the spinning angle in OMAS NMR experiments.
double-resonance double-bearing CP MAS probes. The corre-For double-quantum filtration experiments the COSY-like
sponding3P Larmor frequenciessy/2r are —40.5, —81.0, sequence G — = — (n/2)y) — A — (n/2)y) — acqusition was
—121.5, and-202.5 MHz. HartmanrHahn cross polarization ~ used where¢ indicates phase cycling suitable for DQFhe
(CP) was used!{ n/2-pulse durations 2:53.5 us, recycle dur_ation of A was fixed asA = 3.5us, the duration of was
delays 3-5 s, and CP contact times 6:3.0 ms). Line shapes ~ Vvaried.
of experimentaP!P MAS NMR spectra were checked to be Definitions, Notation, and Numerical Methods. Shielding
identical when using either cross polarizatior?t single-pulse ~ notatior? is used throughout. For the interactions= CS
excitation 31p chemical shielding is quoted with respect to (chemical shielding)l = D (direct dipolar coupling), and =
wZ> = 0 ppm for the3!P resonance of 85% &PQ,. 19Pt CP J (indirect dipolar §) coupling) the isotropic part., the
MAS NMR spectra were recorded on the MSL 100 (7 mm rotor, anisotropyw’, ., and the asymmetry parameigrrelate to the
wo/l2r = — 21.4 MHz) and MSL 200 (4 mm rotoiyo/27 = principal elements of the interaction tenso% as followsi0

— 42.8 MHz) spectrometers, employifig 7z/2-pulse durations ,SO (a)XX + a) + wU)IS W’ a/l andny* = (w’yly

aniso ISO’



31p Chemical Shielding Tensors

ANy A : 2 p 2 )
- wxx)/wanisoWIth lw7, = Wisel = |Wiy — Wigel = |w;y — Wiggl-
For indirect dipolar couplingwfSO = nJso, and for direct
dipolar couplings® = ,So =0 andwa1nlso bj = — uoyivih/

(4nri®), wherey; andy; denote gyromagnetic ratios amglis

the internuclear distance between spfhandS.i,j =1, 2
refers to the homonuclea#'P), part of the $1P),(1°%Pt) three-
spin system. The Euler anglé€l; = {3, fi3, yi3} relate axis
systeml to axis systend; 1,J denote P (principal axis system,
PAS), C (crystal axis system, CAS), R (rotor axis system, RAS),
or L (laboratory axis systeni}.In the context of MAS NMR
experiments on theé?}P),(1%5Pt) spin system, it is convenient to
define the PAS ofwP: as the CAS QP = {0, 0, G. Our
procedures for numerically exact spectral line shape simulations
and iterative fitting are fully described and discussed in detail
elsewhere, in particular addressing time= 0 rotational
resonanceR?) condition for isolated homonuclear spin paitd?
variousn = 0, 1, 2R? conditions in an isolated homonuclear
four-spin systent? and different heteronuclear dipolar de- and
recoupling MAS conditions for isolated heteronuclear tfo-
and three-spin system36 For meaningful simulations of
OMAS NMR spectra, larger sets of powder angles are needed
(e.g., 700 sets of angles selected by REPULSFK9Nhan in
simulations of MAS NMR spectra (e.g., 232 sets).

Results and Discussion

The following section is organized into three parts. First, we
will discuss the experimental determination of the parameters
of the 3P spin pairs inl and 2. The second part will briefly
describe!¥Pt MAS NMR spectra ofl and2. In the third part
we will discuss general trends in the orientationd!8fchemical
shielding tensors for phosphorus atoms in 4-fold coordination.

31P NMR of Solid 1 and 2.Experimental options to generate
31P NMR spectra of polycrystalline powder samples containing
the PtR fragment include experiments on nonspinning samples,
on samples spinning under off-magic-angle (OMAS) conditions,
and on samples under MAS conditions with or without so-called
dipolar recouplinéf and/or double-quantum filtration techniques
applied. With the exception ¢tP NMR spectra of nonspinning
samples ofl and2 here all these experimental techniques are
used. Static powder patterns of samples suchlasr 2,
containing not only isolate#P spin pairs but also isotopomers
19pt@1P),, are not a suitable starting point for the full
characterization of th&P spin pair as!P spectral contributions
from both isotopomers overlap heavily. This is not a problem
for the simulation of spectra, but it would be a major problem
for the extraction of multiple parameters from experimental
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TABLE 1
1(Cp? 1 (o) 2
w.so [ppm] —60.0 —60.0 +2.1
wgosl [ppm] —60.0 —60.0 +2.5
oS> [ppm] 78.0+1 77.8+1 —57+3
g lPPM] 78.0+ 1 77.8+1 —68+3
7 0.52£0.02  0.50£0.02  0.35:0.1
nCS 0.52+£0.02  050£0.02  0.35£0.1
op [P 90+9 92+ 9 95+ 21
ﬁgsl[ o] 51+3 45+ 3 40+ 11
yP%[ b 0+3 0 43+ 30
S 90+9 —92+9 49+ 21
ﬂgsz[ ]b 231+3 88+9 130+ 10
yS2 [T 180+ 3 0 0
ZJ.SO(31P IP)[Hz] —9.3+5 —-13.0£5 —23.0+6
bia/27 [Hz] —-708+31  —683+31  —47%

aThe Euler angles‘zCslz are related by symmetry. If related k5p
symmetry: aS2 = oS =52+ 1, y5Z = — yggl + . If
related by a mirror plane: uﬁ? =— oS BT =m — o ys2 =
y52. b The Euler angle€)SS are given relative t2p2 = {0, 0, @
with the x axis of the dipolar coupling tensor taken as parallel to the
C, symmetry axis¢ Calculated from the crystal structute.

priori, in the absence of knowledge of the crystal structure of
1, we do not know which of the two symmetry operations is
present, and experimenfaP MAS NMR spectra ofl, obtained
at different MAS and Larmor frequencies, have to be fitted for
either of the two possibilities. Note that the presence @ha
symmetry element is a special case for a spin pair as it defines
the absolute orientation of the tw&P chemical shielding
tensor® whereas a symmetry plane only defines their relative
orientations, leaving free rotation of the tensors around the
unique axis of thé’P—3IP dipolar coupling tensor possible.
Figure 2a depicts &P MAS NMR spectrum ofl, together
with the corresponding final best-fit simulated spectrum. Itera-
tive fitting of various different straightforwarédP MAS NMR
spectra ofl converges to identical solutions when assuming
either of the two symmetry elements to be present. In principle
the two different symmetries are distinguishable but they turn
out indistinguishable for thé'P spin pair inl because of the
values of the Euler angles being = 90° + 9° andys2 =
0° & 3° (see Table 1). Iterative fitting of sevefaP MAS NMR
spectra ofl defines, for instance, the set of angfe§> = {87
4+ 11, 51+ 6, 0+ 6}. This result can be further improved by
additional analyses of th&P spectral line shapes obtained by
applying a COSY-like pulse sequence with double-quantum
filtration (DQF) under MAS conditions and by analyzing

spectra. Therefore, our data analysis is based on experimentaéxperimental spectra obtained under OMAS conditions. Ex-

data for which sample spinning provides a separation of the
31p spectral contributions from the two isotopomers.

(i) 3P NMR of 1. Inspection of &3C MAS NMR spectrum
of 1is a good starting point for the analysis®¥P MAS NMR
spectra ofl. Only three sharp3C resonances are observed for
the aromatic thiolate ligand, indicating molecular symmetry (see
the Experimental Section). Either@ axis or a mirror plane
bisecting the PPt—P angle are possible, both rendering the
two phosphorus sites in a molecule bfcrystallographically
equivalent. The corresponding tw8P chemical shielding
tensors thus represent a so-caltee= O rotational resonance
(R?) conditiort?18 with identical isotropic chemical shielding
values but nonidentical chemical shielding tensor orientations.
The n = 0 rotational resonanc&? condition gives rise to
complicated spectral line shapes in which the magnitudes and
orientations of all interaction tensors of the spin pair are usually
sensitively encodéd 14 at arbitrary spinning frequencies. A

perimental 3P R-DQF and OMAS NMR spectra ol are
depicted in Figure 2, panels b and c, together with the
corresponding best-fit simulation®2-DQF MAS NMR line
shapes at and near the= 0 R? condition are known to exhibit
higher sensitivities toward anisotropic interaction parameters
than conventionaR? line shaped? Spinning the sample at an
angle fr. = tan /2 (OMAS) leads to spinning sideband
patterns where each sideband represents a scaled powder pattern,
slightly different from the spinning sideband pattern obtained
when spinning exactly at the magic angfe?® With OMAS
conditions only slightly deviating from the magic angle we find
that often minima regions in error maps are more sharply defined
than based orR? or R-DQF MAS NMR line shapes. The
uncertainties of the data given in Table 1 are the combined
constraints from fitting experiment&P R2 andR2-DQF MAS

as well OMAS spectra of. Our 3P NMR data yield a PP
distance inl of 305+ 2 pm, in excellent agreement with the
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J\l J\[ g Figure 6. lllustration of the orientation of th&'P chemical shielding
tensors in the $tR, fragment of molecul&.
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Figure 5. Experimental (upper traces) and best-fit simulated (lower nx
tracesf*P NMR spectra oR. The arrow indicates the isotropic region b) ol l | l .

of the @'P)-isotopomer spectrum, simulated spectra only take3#; (

isotopomer into account. (&8P n = 0 R MAS NMR, w¢/27 = —121.5
MHz, w/27 = 2046 Hz; (b)R>-DQF 3P MAS NMR, wo/27 = —121.5
MHz, w/2r = 2740 Hz,r = 3.3 ms,A = 3.5us; (C)3'P OMAS NMR, oo ] [

wo/2r = —81.0 MHz, w/27r = 2075 Hz,fr. = 56.196. ~1000 500 o 500 10'00

. . . [Ppm]
results of X-ray diffraction studies of numerous closely related _. . .
Figure 7. Experimental (upper traces) and simulated (lower traces)

com.pounds' containing aS_S?PtFE m0|ety?4 . 195pt MAS NMR spectra ol (a) and2 (b); arrows indicate center band

Figure 3 illustrates the orientation of the t## chemical resonancespo/2n = —42.8 MHz. (2)w/27 = 7449 Hz; (b)w/27 =
shielding tensors in the molecule For the 3P chemical 7439 Hz.
shielding tensors irl, the zzcomponent represents timeost
shielded direction and is oriented along the direction of the where all orientational parameters are more sensitively encoded
respective PtP bonds. For the moment, we leave the issue of than in the conventionaR? MAS or OMAS NMR spectrd?
the 3P chemical shielding tensor orientation at this stage but Note that forl and 2 the values as well as the signs of the
will return to this topic later (see below). isotropicJ-coupling constantdJiso(31P 31P) are well defined from

(i) 3P NMR of 2. The starting point for the analysis &P the line shape analyses even if thés®uplings are not resolved
MAS NMR spectra o is the crystal structure. The molecular in the spectra and none of the splittings visible in some of the
structure of solid2 is shown in Figure 4. The two phosphorus spectra directly depict theskcouplings.
sites in the molecule are not crystallographically equivalent and  Again, just as before fot (see Figure 3), we illustrate the
will thus give rise to two slightly different!P resonances. In  orientations of the twdP chemical shielding tensors thin
accordance with the crystal structure dat¥; MAS NMR Figure 6. Also for2 the direction of thezzcomponents of the
spectra o display six!3C resonances for the aromatic ring of two chemical shielding tensors nearly coincide with the direc-
the thiolate ligand (see the Experimental Section). From the tions of the corresponding PP bond directions. However, in
known internucleaf’P—31P distance ir2, the corresponding  contrast tol, for 2 the zz components of the two chemical
dipolar coupling constant is calculated and does not have to beshielding tensors represent tleastshielded components. We
determined from iterative fitting of'lP MAS NMR spectra of will return to this seeming puzzle below.
2. Other than forl, however, in2 there is no symmetry 195t MAS NMR of 1 and 2. %Pt MAS NMR spectra ofl
relationship between the tw8P chemical shielding tensors, and2 are depicted in Figure 7. Given that we observe the X-part
and accordingly, simulations have to allow for a (small) spectrum of thé®Pt@P), three-spin systems ih and 2 and
difference in isotropic chemical shielding of the two resonances that we know all parameters of th8P parts of these spin
as well as for unrelated Euler angles describing the orientationssystems, one might expect to be able to fully characterize also
of the two 3P chemical shielding tensors. Despite the known the19Pt part of the spin systems, provided some heteronuclear
crystal structure, simulations of t#é° MAS NMR spectra of dipolar recoupling pulse sequedtes applied, or a sufficiently
2 involve more unknown parameters than was the casd.for slow MAS rate is used so that the heteronucléat—31P direct

We follow the same procedure as before. After recording dipolar coupling interactions are not completely averaged out.
several different’P R? andR?>-DQF MAS as well OMAS NMR Obviously (Figure 7), experiment&®t MAS NMR spectra
spectra o and combining all results, we obtain the data given of 1 and2 are well reproduced by numerical simulations. Closer
in Table 1. These best-fit parameters yield the simulated spectrainspection of various experimental data, however, reveals that
shown in Figure 5, together with the corresponding experimental even at a low Larmor frequeneyy/2r = —21.4 MHz and at
3P NMR spectra of2. Determination of the®P chemical very slow spinning rates,/27 < 800 Hz, the only sensitively
shielding values o, representing a near = 0 3P R? spin encoded fit parameters are the anisotropy oflf#fet chemical
system, particularly gains froR*-DQF MAS NMR experiments  shielding and the isotropitcoupling constant’liso(1°%Pt, 31P).
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In addition, it turns out that the spinning angle is a highly
sensitive fit parameter: deviations from the magic angle as small
as=+0.05 lead to significant changes in the spinning sideband
patterns of thest¥®Pt MAS NMR spectra. This finding for MAS
NMR spectra of spin-1/2 isotopes with very large chemical
shielding anisotropies is familiar from MAS NMR experiments
on quadrupolar nuclei where large quadrupolar interactions also
lead to spectra being highly sensitive to the accurate setting of
the magic anglé® Even if the large!®®Pt chemical shielding
anisotropy would not be the overwhelmingly large interac-
tion parameter in thé%PtClP), three-spin systems it and

2, we may be faced with another difficulty in determining
the geometry of the PgPmoiety from 3P and 9Pt MAS
NMR experiments. The values of th&coupling constants
iso(**Pt3P) in 1 and 2 are ca. 2700 Hz. Therefore, an
anisotropy of thisl-coupling interaction of a similar magnitude

is likely to be presentw;,.,may add to, or subtract from, the
respective dipolar coupling constants, with fheoupling tensor
having an unknown orientation. This may then lead to an
apparent dipolar coupling constdnt which would not directly
reflect the internucled®>Pt—31P distances, making it impossible

to deduce these internuclear distances. In fact, it has been found
earlier for the Cdpfragment in a Cd(ll)-phophine complex  Figure 8. Orientations of thé'P chemical shielding tensors in(a)
that the heteronucleat!*Cd—3P dipolar coupling and the  and 2 (b) with the local planes defined by-@—Pt shown; the

anisotropy of thel couplingJ(*13Cd3P) essentially cancel each  directions of the intermediatgy components of the shielding tensors
other1s are perpendicular to these planes.

31p Chemical Shielding Tensor Orientations.There is a
fair number of*1P solid-state NMR studies in the literature in
which 3P chemical shielding tensor orientations have been
determined experimentallj!P NMR experiments on oriented
single crystals"26-43 as well as®P NMR studies on polycrys-
talline powder&13-1544-47 have been reported. Most often, the
31p chemical shielding tensor orientations are being discussed
by describing the orientation of certain bond directions relative
to the directions of thexx, yy, andzz components of thé'P
chemical shielding tensors. Implicitly, we have so far followed
this common practice (see Figures 3 and 6) by mentioning that
in both1 and2 the 3P chemical shielding tensors are oriented
such that the directions of theizcomponents nearly coincide
with the respective PtP bond directions. This line of argument,
however, leads to some confusion. Why should in one of these
two very closely related compounds tm@stshielded direction
coincide with PP bond direction, and why should this be the
leastshielded direction in the second compound? Obviously, it
is not the P+P bond direction that reveals the common pattern
of these3!P chemical shielding tensor orientations.

1and2in the light of a local plane as the determining element,
immediately reveals the common property of #e chemical
shielding tensors in these two compounds. Drawing a plane
defined by the local coordination PtR@ontaining the central

P atom in its distorted tetrahedron environment, the platinum
atom and the directly bonded carbon atom of one of the three
organic substituents of the phosphine ligand, identifies that in
both cases the direction of the intermedigfecomponent of
the 3P chemical shielding tensor is oriented perpendicular to
this idealized local plane. This is illustrated in Figure 8.

The determining role of a local plane in definifi§ chemical
shielding tensor orientations becomes particularly clear from
the example of an organic phosphate salt. $He chemical
shielding tensor in tris-ammonium phosphoenolpyrulfatas
a very small asymmetry parametgfS and the P atom is in a
nearly tetrahedral local $£0—C coordination. Chemical intu-
ition might thus suggest that the direction of the nearly unique
zzcomponent of this®P chemical shielding tensor should
approximately coincide with the chemically distinctE bond
. . . . direction in this QPO—C moiety. This is not the case as is
Here it helps to consult results in the literature which cover . o204 by?1P single-crystal NMR, again it is a local plane

a wide range in terms of chemistry, r_anging from phosphorus spanned by two of the oxygen atoms and the phosphorus atom
in organophosphates and in inorganic phosphates all the WaYthat marks the orientation of tHéP chemical shielding tensor,

to phophorus in transition-metal phosphine complexes. All these 1 directions of neither of the shielding tensor components
diverse compounds have in common that the phosphorus atom.q;cide with a bond direction in this molecule.

is 4-fold coordinated in a more or less distorted tetrahedral
PE; environment (E= C, O, S, Pt, Hg, Cd, ...). The corre-
sponding3P chemical shielding tensors also have something
in common, irrespective of the chemical nature of the com-  Combining®!P R? andR>-DQF MAS NMR and OMAS NMR
pounds. One can always find a local (pseudo)plane of symmetry,experiments provides a good database for the full characteriza-
defined by the P atom and two of its neighbored atoms, and tion of 31P spin pairs in polycrystalline powder samples by line
always the direction of one of tHéP chemical shielding tensor  shape analysis. Even if not necessary for reasons of background-
components is perpendicular to this plane. Sometimes the finalsignal suppressiof?-DQF MAS experiments and in particular
result is such that one of the remaining two components of the OMAS NMR spectra are a useful complement to conventional
31p chemical shielding tensor will actually coincide with a R2MAS NMR experiments in that these additional experiments
molecular P-E bond direction (for example, ifh and 2), but display different, and often higher, sensitivities to the various
the local plane is the dominating element in defining e anisotropic interaction parameters of the spin pair. Owing to
chemical shielding tensor orientation. Recasting our results onthe very large'®>Pt chemical shielding anisotropies and the

Summary and Conclusions
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TABLE 2: 19 Pt NMR Data of 1 and 2
1 2
wge [ppm] 338 225
Wgiso[PPM] 550 —907
cs 0.4 0.1
136195t 31P) [Hz] 2666 2708; 2772

unknown anisotropies of thé& couplingsJ(1°*Pt31P) it turns

out impossible to derive the orientation of th&Pt chemical
shielding tensor in molecular fragmentgP® from 1°%Pt MAS
NMR experiments, although good quality*Pt MAS NMR
spectra are easily obtained. From ##& NMR results ori and

2 and from numerous literature data a unified picture concerning
the dominating motif of the orientation &% chemical shielding
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