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Tin-I 19 Fourier-transform Nuclear Magnetic Resonance Study of 
Rhodium-Tin Complexes formed in Aqueous Hydrochloric Acid Solutions 
of RhC13 and SnCI, 
By Hiroshi Moriyama, Toshiya Aoki, Sumio Shinoda, and Yasukazu Saito,” Institute of Industrial Science, 

Rhodium-tin complexes, formed in aqueous hydrochloric acid solutions of RhCI, and SnCI,, have been investi- 
gated by ll%n Fourier-transform n.m.r. spectroscopy. Satellite peaks due to the Il7Sn isotope revealed fast intra- 
molecular scrambling of the ligands. The redox process between rhodium(ll1) and tin(ll) species to form a 
rhodium(1) complex with five tin(l1) ligands was demonstrated at a molar ratio of [Sn] : [Rh] = 6 : 1. Nuclear 
magnetic resonance properties of the rhodium(1) complex and of a series of [Rh(SnCI,),C1,-,]3- (n = 1-5) 
complexes are determined and discussed. 

University of Tokyo, 22-1, Roppongi 7 Chome, Minato-ku, Tokyo 106, Japan 

IN the course of our study on photo-enhanced catalytic 
dehydrogenation of propan-2-01 with rhodium-tin cotn- 
j)lcxes,l we intended to determine the species present in  
the aqueous hydrochloric acid solution of RhCl, and 
SnC1,. The solution, containing SnCl, in excess, has 
been used for the photometric analysis of RhC1,.2 
Furlani et u Z . ~  reported that a rhodium(1) complex, 
[ LtsPh,],[Rh (SnCl,),]-SnCl,, was isolated from solutions 
with a molar ratio of [Sn] : [Rh] as high as 100-500 : 1 
and supported the view that the rhodium(1xr) .pecks is 
reduced by tinjrr) under the preparative conditims for 
thc photometric analysis. Young and co-worker 5 4 9 5  

and Klinskava et aZ.6 suggested that the rhoclium(1) 
species are formed even for solutions in which the con- 
centration of tin is of the same order as that of rhodium. 
From solutions with a [Sn] : [Rh] ratio of 1-4 : 1, how- 
ever, Kimura et U Z . ~ - *  have isolated a series of rhodium- 
(111) complexes, [N(CH3),],[Rh(SnC1,),Cl~-,] (n = 1- 
4). *19Sn Mlissbauer spectroscopy is one of the useful 
tools for the characterization of tin cornpo~nds .~  The 
existence of rhodium(m)-tin(II) complexes of [N (CH,),],- 
[Rh(SnCI,),Cl,-,] (n = 2-5) was confirmed recently by 
this method.1° 

Tin-119 ( I  = &, natural abundance 8.68%) n.m.r. 
spectroscopy has also been applied effectively for the 
characterization of tin compounds 11-14 since the first 
report of Burke and Lauterbur.15 Spectral data for 
more than 600 organotin compounds have been reviewed 
recently by Smith and TupEiauskas.16 High-resolution 
and high-sensitivity methods in pulse Fourier-trans- 
form llsSn n.m.r. spectroscopy are particularly profitable 
for the elucidation of inorganic tin species,17 especially 
for in sitzt solution analysis. With respect to rhodium- 
tin complexes, the following additional advantages 
apply. (i) Evidence for the co-ordination of tin ligands 
to rhodium is obtained by the appearance of a doublet 
due to the spin coupling with lo3Rh ( I  = &, natural 
abundance 100 ”/) . (ii) Rhodium complexes containing 
more than one tin ligand should give satellite peaks due 
to the l17Sn isotope ( I  = 4, natural abundance 7.670,:), 
which provide information on the structure and fluxional 
behaviour of the complex. (iii) Nuclear magnetic 
resonance parameters, such as 8(llsSn), lJ(llsSn-lo3Rh), 
and zJ(11sSn-117Sn), are useful in assigning the com- 

plexes. Moreover, ( iv )  the composition of the solution 
and the stoicheiometry of the redox reaction between 
rhodiuni(~r~) and tin(I1) are ascertainable i t z  sitzt by the 
quantitative determination of tin(I1) and tin(1v) species. 

In this respect, we have attempted to apply pulse 
Fourier-transform l19Sn n.m.r. spectroscopy to rhodium- 
tin complexes in aqueous hydrochloric acid solutions. 

EXPEKIMENTAL 

All chemicals were commercially available (reagent grade) 
and used without further purification. The samples for 
11. m. r. measurement were prepared as follows : KhC13*3H,0 
(0.263 g,  1.0 mmol) and a calculated amount of SnCl,*2H,O 
([Sn] : [Iih] = 0.5-10.0 : 1) were dissolved in a 3 mol dmV3 
HC1 solution (2.0 an3) and stirred a t  room temperature for 
several hours. For the case of [Sn] : [Rh] = 1 : 1, the 
following solution was also prepared according to the pro- 
cedure of Kiniura: * RhCl3*3H,O (1.00 g ,  3.8 mmol) was 
mixed with SnCl,-2H2O (0.86 g, 3.8 mmol) in 12 mol dm-3 
HC1 solution (2.0 c1-11~) and allowed to  stand on a boiling- 
water bath for 60 min. All the solutions were homogeneous. 
With increasing amounts of SnC1,.2H,O ([Sn] : [Rh] > G : l ) ,  
the colour of the solution changed from orange-red to 
purple-red. 

Tin-119 n.m.r. spectra were recorded a t  25 “C (unless 
otherwise noted) using a sample tube (10 nim in diameter) 
on a JEOL JXM-FX 100 or JNM-FX 90Q spectrometer 
with a tunable probe, operating in the Fourier-transform 
mode a t  37.1 RlHz (FX 100) or 33.34 R l H z  (1;s S O Q ) .  
The pulse interval was adjusted to allow for the quantitrttivc 
analysis of the co-ordinatecl tin (1.0 s) or the free tin(Iv) 
species (5.0 s) .  All chemical shifts are given relative to the 
external Sn(CH,), reference, where a negative sign indicates 
a shift to higher field. The number of pulses ( 6  500- 
55 000) depended on the amount of SnC1,.2H2O added. 
Since the observable spectral width \vas limited to 20 000 Hz,  
several spectra with different observation frequencies were 
necessary for the same sample. 

RESULTS AND DISCUSSION 

Change in LV.M.R. Spectrum with [Sn] : [Rh] Ratio.- 
A typical l19Sn n.m.r. spectrum of the rhodium-tin com- 
plexes is shown in Figure 1, where the solution contains 
equimolar amounts of RhC1,*3H2O (3.8 mmol) and 
SnC1,*2H20 (3.8 mmol), dissolved in 12 mol dm-3 HC1 
solution. It is obvious that the spectrum is composed 
of three main doublet peaks and two sets of satellites. 
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The doublet multiplicity of these peaks hlio\vs tliat the 
tin species is co-ordinated to rliotliuin with no inter- 
molecular exchange process on the n.1ii.r. titiit. scale." 
I t  is also apparent that the solution contains Iwither free 
tin(1r) nor tin(1v) species. No tin species other tliaik 
those mentioned above were found in t h e  solution in the 
range 6 60 to -1 050 p.p.m. When an equiniolar 

d ~ ~ i - ~  HCl solution of SnCl,. The relative intensity of 
tlir doublet peak at  6 -411.1 p.p.m. was large in the 
range of [Snl : [Rh] = 2-3 : 1 but disappeared com- 
pletely for [Sn] : [Rh] >, 6 : 1. On the other hand, the 
doublet peak at  6 8.5 p.p.m. became dominant for 
1 Sn] : rRh1 = 6 : I .  No peak was detected in the lower- 
lield range other than the peak at  6 8.5 p.p.m. 

-200 -LOO -600 - 800 -1000 

amount of RhC1*3H2O (1  .O mrnol) and Sn('12*2€lz0 ( I .O 
mniol) was dissolved in 3 in01 d11-1-3 HCl  solution, sonic 01 
the peaks were broadened. 

The spectral pattern was very sensitive to the ratio of 
[Sn] : [Kh], as depicted in Figure 2, for solutiolis witli a 
ratio from 1 : 1 to 7 : 1 (3 mol dm HC1). Since the 
relative intensities for the main peaks were quit(: dif- 
ferent, each main peak should be assigned tu  a differelit 
complex. A broad doublet peak at  8 -991.6 p.p,rn. 
and another doublet peak at  6 --0 
drastically decreased, as the ratio of i Sii] : /I<lij \vds 
increased over the range 1 : 1 to 3 : I .  Very clo,ie to this 
latter peak, a set of peaks due to a diffclrent type uf tin 
species appeared for solutions with [Sn] . r l < i i :  > 3 : 1 .  
This set of peaks at ca. ---643 p.p.m. w a ~ ;  a5bignable to 
free tin(1v) species, deteriiiined by measuring the 3 niol 

1 : l  1 M 

0 -200 -400 -600 -800 -1000 

6 1p.p.m. 

FIGURE 2 Variation of the ll9Sn n.1n.r. spectrum of the aqueous 
hydrochloric acid solution of RhC1,.:3E-120 and Sn('12-2H20 with 
[Sn] : [Rh] ratio (KhCl3-3H,0, 1.0 mmol; 3 mol dm-, IICI, 
2.0 cm3). The spectra were measured at 25 "C and 33.34 MHz 
(FX 90Q) 

A broad peak at  6 -371.1 p.p.m. was assignable to 
free tin(r1) species, as confirmed with a 3 mol dnr3 HCl 
soluti,t~i C J ~  SnC1,*2H20. It is worth noting that free 
t i I i ! i I ;  ~~;~ec'it:s were not observed in the range [Sn] : [Rli] 
r: k j  : 1. \\'hen the ratio of [Sn] : [Rhj was increased 
f rmi  7 : 1 to 10 : 1 ,  the peak became large and gradually 
shifted from 8 -372.1 to 6 -403.G p.p.m., while the 
lowest double peak at 6 8.5 p.p.ni. shifted to 6 5.1 p.p.m. 
arid broadened. 

Rolt. of Sntcllite in Peak A ssignmeitt .--From the solu- 
tion with ttie [Sn] : [Rh] ratio of 1 : 1 ,  Kimura isolated 
four kinds of six-co-ordinate rhodium(II1) complexes as 
thc salts of [N(CH,),] +: [l<h(SnC13)C15]3-, cis- and 
L Y L E ~ -  r Rh ( SnC13),C1,]3-, and fac-[Rih ( SnCl3),C1,j3-. T l w  
yicltls of cis- and trans-jN(CH3),],[Rh(SnCl3),Cl4] were 
:AS high as 660/, and 20% respectively, based on tin. 

The doublet peak at  6 -914.1 p.p.m. lacked its own 
sltellite (Figure 1 ) .  Since the satellites in the l19Sn 
n.m.r. spectrum originate froin the l17Sn isotope, ttie 
doublet peak without accompanying satellites sliould 
appear only when one tin ligand is co-ordinating to 
r\iodiuiii. For this reason, the liighest-field peak 
(8 -914.1 I1.p.m.) is assigned to [Ilh(SnC1,)C1,j3-. 

With regard to [Rh(SnC1,),Cl,]3-, satellite peaks 
should be observed, assuming that the two SnC1, ligands 
contain both l19Sn and lI7Sn nuclei. On a statistical 
basis, the value of the peak intensity ratio, I(satel1ite)l 
I(niain), should be 4.2°/0; the observed value for the 
doublet peak at  6 -628.6 p.p.m. was 4.20,/,, coinciding 
well with the calculated one. 

The satellites of the doublet peak at  6 -411.1 p.p.ni. 

* The l19Sn Mossbauer spectrum measured for thc aqueous 
hydrochloric acid solution with [Sn] :[Rh] = 3 : 1 at liquid-nitrogen 
temperature using BarSnO,] as a source indicated the existence 
of covalcnt tin(I1) species (isomer shift = 1.83 mm s-l, quadrupolc 
split = 1.92 mm s-l) in conformity with the co-ordination t o  
rhodium .9 

http://dx.doi.org/10.1039/DT9810000639


1981 

5 .  

641 

account for 8.2% of the peak intensity, which is very 
close to the calculated value of 8.376 for [Rh(SnC1,),- 
Cl3I3-. Furthermore, i t  was confirmed that the dominant 
peak at  6 -411.1 p.p.m. for the solution with the [Sn] : 
[Rh] ratio of 2 : 1 disappeared completely after the pre- 
cipitation procedure, by which fac-[N(CH,),],[Rh- 
(SnC1,),C13j was isolated. Consequently, three main 
peaks a t  S -914.1, -628.6, and -411.1 p.p.m. are 
assigned to [Rh(SnCl,) C1,I3-, [Rh (SnC13)2C1,]3-, and 
[ Rh (SnC1,) 3C13] 3- respectively . 

Intramoleczilar Scrambling of Tin Ligands.-Although 
the cis and trans isomers of [Rh(SnC13)2C1,]3- were 
isolated from the solution, the main peaks due to these 
isomers were not detected separately in the n.m.r. 
spectrum. The peak assignment for [Rh(SnCl3),C1,j3 - 
can only be explained by fast intramolecular scrambling 
of the tin lisands. A similar situation may exist between 
tlie j ac  and n z e ~  isomers of [Rh(SnC1,),Cl,]3-, even though 
only the former was isolated from the solution. 

According to the results of Kimura,8 [N(CH3),:,- 
[Rh(SnCI,),Cl,] was isolated from a hot 3 mol drn+ FICl 
solution wit l i  a -Sn] : [Rh! ratio of 4 : 1 .  Correspontl- 
ingly, the intensity of the doublet peak at  S --204.3 
p.p.ni. became large at high probe temperature (75 'C) 
with no appreciable shift of the resonance position. Tlw 
change in t!ie peak intensity with temperature was 
reversibltb, a.; shown by measuring again after the sample 
was cooleti, to r w w  temperature. Hence, the assign- 
ment of this peak to [Kh(SnC13),Cl,j3- seems plausible. 

Provided tliat the tin ligands are fixed in the cis- 
[R\i(SnC13)4C12]3 - configuration, two resonance positions 
sliould be found, since the tin ligands are not chemically 
equivalent ; even in the case of the trans-/ Rh(SnC13),- 
C1,It3 configuration with four equivalent t in  ligands, two 
kind.; of srttc>llite peaks should be observed, due to thc 

10 I 
/d 

// (3)  

0 1  n' I I 1 I 
0 1 2 3 4 5  

Number of co-ordinated tin ligands 
Assignment of the number of tin ligands in rhodium- 

tin cornplexesbased on t h e  lI7Sn satellite peak intensity in  the  
119Sri n.m .r. spectrum ; relative intensity calculated statistically 
as a function of the number of magnetically equivalent tin 
ligands (a), rrlative intensity determined expcrimcntally (C)). 
Nurncricnl labels correspond to t h c  cornp1cxc:s i n  t Ii ( .  'I'ahlc 

500 t 
1- I I I I 

0 -200 -400 -COO -800 

Chemicai  shift I p p m 
FICI~RE 4 1'101 of 1J(ro3Rh-*iqSn) as a fuliction of llYSn chemical 

shift. S uincrica! labels correspond to thc complexes in 
the  'l-able 

1x9Sti and l l iSn niri-lei (cis and tvaizs) in this configuration 
bcitig :nagnctically tlistinct. Therefore, the observed 
spcctrcil pattern nf ju,t one set. of main and satellite 
peaks 1s a,scribccl to the magnetically equivalent be- 
haviour of the four SnC1,- ligands of the [Rh(SnCl,),- 
c'l,l3 - complex, The ~ a l u e  of I(satellitej/l(rnain) was 
found to be 1 I .Sq,. 

The feature of showing only one kind of satellite peak 
was also ohwrved for tlie doublet peak at  6 8.6 p.p.m., 
the value of IjsatellitejllT(main) being 16.276 (Figure 2). 
This fact strongly siiggests that fast intramolecular 
scrambling of five SnC13- ligands occurs in this case too. 
As for the peak at  8 -100.5 p.p.m., which was observed 
most clearly in the solution composed of RhC13-3H20 
(0.263 g, 1.0 mmol), SnC1,*2H20 (0.338 g, 1.5 mmol), 
G mol dm-, HCl (0.5 C X T ~ ~ ) ,  and hexamethylphosphora- 
mide (1.5 C ~ I , ) ,  we again observed only one kind of 
satellite peak, corresponding to five tin ligands (see 
below). 

Satellite Peak Intensities due to Magneticalliz, Equivalent 
Lign uds . -For the rhodium-t i n complexes, exhi biting 
fast intramolecular scrambling, the satellite peak 
intensities should reflect the number of magnetically 
equivalent SnC1,- ligands. In Figure 3, the calculated 
value of I(satellite)/I(main) is plotted as a function of 
the nuni ber of magnetically equivalent SnC1, - ligands. 
The close agreement of the observed value with the 
theoretical one for each complex is obvious. The 
number of tin ligands for each rhodium complex can be 
determined in this manner. 

Covrelat im of Tin Chemical Shifts with Rhodium-Tin 
C-oz~~Zing  Constads.-In Figure 4, the value of the 
:o3Rl1-11%1 one-bond coupling constant is plotted 
against the chemical shift for a11 the main peaks observed. 

I t  was noticed that the one-bond coupling constant 
decreases as the '19Sn chemical shift moves to lower 
Geld, except for the point relevant to the peak at  the 
Iovcest fieltl (8 8.5 p.p.rn.) Tlie peak at Ti -100,5 p.p.m 

http://dx.doi.org/10.1039/DT9810000639


642 J.C.S. Dalton 
may be assigned to ~Rli(SnCl,)5C1]3-,10 because the point 
for this peak was placed along the extrapolation of the 
line joining the points for [Rh(SnC13)nC16-n]3- (n = 1-4 ) .  

As for the relation between 2J(117Sn-11SSn) * and the 
chemical shift, a trend similar to that for 1J(103Rh- 
lISSn) was observed (cf. the Table) ; an anomaly was also 
seen for the peak at  6 8.5 p.p.m. 

The RPdox Pvocess betweeu Khodiunz(rr1) a.id Ti11 (11) 

S@cics.--As stated previously, the doublet peak at  6 
8.5 p.1J.m. is due to a rhodium complex co-ordinated to 
five magnetically equivalent SnC1,- ligands. A certain 
correlation between the peak intensities of this complex 
and tin(rv) species was noticed in the spectra of Figure 2. 
In order to clarify this point, the peak intensities were 
determined accurately for the solution with [Sn] : [Rh] -= 

6 : 1 (Figure 5), in which only this complex and tin(rv) 
species are present, as is seen in Figure 2. 

From analysis of Figure 5 ,  it was confirmed that one 
mole of SnC1, was converted to tin(rv) per mole of 

not sufficient to explain the stoicheiometry suggested 
by Young and c o - ~ o r k e r s , ~  2RhC1, + 6SnC1,- - 
[Rli,Sn4C114]4- + 2SnC15-. We now believe non-exist- 
ence of this dimeric complex, a t  least in the solution 
examined by him. 

On the contrary, preservation of the rhodium(II1) 
valency was confirmed for the doublet peak at  6 -281.4 
p.p.rn. by mass balance of tin(rv) species. Although the 
identification of tlie complex is not yet conclusive, the 
co-ordination of two tin ligands was inferred on the basis 
of the satellite peak intensity. 

b'ariation of Rhodiim CojnpLex Composition.-The 
relative amount of each rhodium-t in complex is reflected 
in the area of the corresponding peak, if corrected by 
dividing by the number of co-ordinated tin atoms. 
Taking into account the total amount of added tin and 
the mole fractions of co-ordinated and unco-ordinated 
tin, the amount of rhodium co-ordinated with tin was 
calculated by summing up the above peak area. In  tlie 

Sn I V  species 

1 I I 1 1 I 1 I-I 
0 -100 -200 -300 -LOO -500 -600 -700 -800 

b I p.p.m 
FIGURE 5 Il9Sn n.m.r. spectrum of [Rh(SnC1,)J4- and tin(xv) species formed in the aqueous hydrochloric acid solution (3 mol 

Normalization was made by dm-, HC1, 2.0 cm3) of RhC1,*3H20 (1.0 mmol) and SnCl,-2H20 (6.0 mmol; [Sn] : [Rh] = G : 1).  
use of the resonance peak intensity of SnC1,.2H2O (in D,O), contained in a concentric capillary tube  

RhC1,. This we considered as being strong evidence for 
the redox process; the reduction of rhodium(II1) to 
rhodium(r), coupled with the oxidation of tin(rr) to tin(1v). 
The stoicheiometry of this reaction may be represented 
by the following: RhTrl + 6SnIX + Rh1(SnTX), f SnT\'. 
The structure of this complex in solution remains un- 
certain; t [Rh(SnC1,),I4- 21 might be a possibility, since 
the isoelectronic platinum (11) complex of [Pt- 
(SnC1,),I3- 22* 23 is well known. The rhodium ( I) complex 
was relatively unstable in solution. The peak gradually 
weakened and finally disappeared upon heating or aftcr 
a long period of standing, witli an increase in tile 
rhodium( 111) complexes. 

Although the proposal for tlie cliloro-bridged rho- 
dium(1) dimer, [Rh,C12(SnC1,)4]4-,4~5 was once supported 
by a far-i.r. we failed to detect this dimeric 
complex in our l19Sn n.m.r. measurements; if the two- 
bond lo3Rh-llgSn coupling constant is large enough to 
give second-order splitting, an analyzable but com- 
plicated spectrum should be observed. However, no 
second-order peaks were found in the spectra. More- 
over, the abundance of the observed tin(rv) species was 

* The values of 2J(117Sn-11DSn) for these complexes are very 
large in comparison with those for organotin compounds, e . g .  
SnBui,(SnEt,), (430 Hz), O(SnClBu,), (72 Hz),18 [{SnMc(OC,H,),- 
N}J (156 Hz), [(SnEt(OC,H,),N),] (220 Hz).IQ 

region of [Sn] : [Rh; 3 3 : 1, the total calculated amount 
of rhodium co-ordinated witli tin coincided with the 
total amount of added rhodium within 1 yo. Moreover, 
tlie amounts of rliodium(1) complex, [R h (SnCl3),I4 -, 
were in excellent agreement with the amounts of tin(1v) 
species. On the other hand, in the region of [Sn] : [Rh] 
< 3 : 1 ,  it was necessary to assume the existence of a 
rhodium species unco-ordinated to tin species, 1 RhC16]'-, 
in order to compromise tlie mass balance of rhodium and 
tin. 

Thus, the compositions of tlie various rliodium-tin 
complexes were determined in the 3 rnol HC1 
solution at  25 O C ,  as shown in Figure 6. I t  is important 
that the experimental conditions to isolate the com- 
plexes, [ N (CI-I,) 4]3[Rli (Sn C 1,) nC 16 - ,,] ( n = 1 -4) , 7. were 
quite adequate in view of the curves for thc composi- 
tion of the rhodium complex. 

Consideration of l19Sn N. M .  ZZ. Characteristics.--The 
l%n n.m.r. parameters for tlie rhodium-tin complexes 
are given in the Table. 

In the series of complexes, [Rh(SnC1,),C16-,]3- ( n  = 
1-5), the l19Sn i1.ni.r. resonance is deshielded as the 

isolated a purple complex 
[1ih~~~(~NH,),],[KhT(SnTrC1,),(Sn~~C1,)][Sn~~C1,]~4H20, from a solu- 
tion with [Sn] : [Rh] - 7 - 9 :  1 ,  and determined its crystal and 
molecular structure by single-crystal X-ray diffraction. 

t Recently, Kimura and Sakurai 
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r \. 1 in-119 n.1n.r. characteristics of various rhodium-tin complexes. The data were determined in 3 mol dm-3 HCI solution 

unless stated otherwise 
Number of 

Oxidation co-ordinated lJ( 103Rh-110Sn) 1 
Structure number of tin 6/p.p.m. HZ z] ( ll'Sn-'lsSn) /Hz 

L assixnrnent rhodium ligands I 7 r----h----- r , 
(1) !RhfSnC1,)C15]3- I11 1 -991.6, -932.4," -914.1 864, 860," 850' none 
(2) [ Eh(SnC1,) +3,13- r r i  2 -654.4, -637.0,a -626.0 796, 791," 780 3 056,' 3 091 ' 
(3) [Fi l l  (SnCI3) &l3]3- 111 3 -411.1 -395.4b 718 7Osb 2 804 2 840,b 2 754 c 

2 222 TI1 2 -281.4 664 
IT1 4 - 204.3 590 2 158 ( c )  [ Rh( Sn(~13),C1,]3- 

( 6 )  [Rh( hnCl3),CiI3- 111 5 - 100.5 547 1 952 
( 7) L Rh ( SnCl,) 6 ]  4- I 5 8.5 806 3 634 

pliospho~ amide solution. 

(4) d 

Concentrated residue after the separation of [N(CH3),],[Rh(SnC1J3Cl3]. 12 mol dm-3 HC1 solution (Figure 1 ) .  e Hexamethyl- 
d Structure unassigned, see text. 

nurnbcr 01 t i n  ligands is increased. The observed values 
of 6(119S1~) (-991.6 to -100.5 p.p.m.) vary widely; the 
scafterecl range is larger than the chemical-shift difference 
between Sn(('H,), and SnC1, (147.8 p.p.m.) l7 or the 
\vlioie range of S(31P) known for the phosphorus(II1) 
conipountls (-461 to 245 ~.p.rn.).~, Thus, the electronic 

0 1  1 1  2 . 1  3 : l  4 : l  5: 1 

Ratio of co-ordinated tin to rhodium 
J ' I G U K ~  6 1)istribution of rhodium complexes in 3 rnol d n r 3  

HC1 solution as a function of mole ratio of total co-ortlinated 
tin to tcltnl rhodium (1  .O  mmol). Numerical labels corresponcl 
to tile t oiul)lcxes in the Table 

properties of the rhodium-tin complexes are higlil>7 
scw\itive t o  substitution of tlie tin ligand. The cliernical 
sliifts of SnCl, dissolved in aqueous liydrochloric acid 
solution.; range over 8 -341 p.p.m. (12 mol dm-3 HC1) to 
-521 p.p.ni. (0 rnol dm-3 HCl).15 As the chemical-shift 
range cluc to the free tin(I1) species is smaller than that of 
tlic co-orclinated one, it is decided that the 119S~~ resonance 
is s1iiitt.d to  botli Iiigher and lower fields upon co-ordin- 
ation t o  rlioclium. This is in contrast to amino- 2(i-28 

and alkyl (and/or aryl) tertiary phosphine 29 ligands, 
wliic~h usu:~ll~; show a high-field and low-field co-ordin- 
ation sliiit respectively, in Group 8 transition-metal 
cornplexc.. . 

Taking into account the fact that SnC1,- is a strong T;- 

acceptor liga11d,~~ the trend in S(ll9Sn) values within the 
c-oiiip1ext.i , ECh(SnC13),,Cl~-n]3~~ (n = 1-5) may be inter- 
pretetl >iiiiply in terms of the charge on the tin atom, 
xlthougli thcmy of '19Sn magnetic shielding is still 
i n  i t5  inf:tnc\..31[6 

1 lie rtkclu(wl nuclear spin-spin coupling constant, J. 

I<xy = (27c/hiyxyu) . Jxy ,32  is convenient to compare the 
values involving different nuclei. As the number of tin 
ligands increased, the value of 1J(11gSn-103Kh) changed 
from 547 to 864 Hz, corresponding to a change in the lh' 
value from 3.88 x to 6.13 x ~ r n - ~ .  The 
reported magnitudes of lK(lo3Rh-X) (X = 31P, 15N, and 
lH) are as follows: 31P (0.48 x 1023-1.27 x ~ m - ~ ) , 2 9  
15N (0.37 x 1023--0.47 x C M - ~ ) , ~ ~  and (0.04 y 
1023-0.08 x ~ r n - ~ ) . ~ I b  I t  should be noted that the 
s electron-density term, $(0)2, of these atoms decreasvs 
in the same order (Sn: 12.680, P: 5.628, N :  4.776, and 
H:  0.55 a.u.) 29 as the reduced coupling constant. This 
is reasonable since tb(0)2 is included as a constituent of 
the Fermi contact term which is frequently considered 
as the most important one for determining the absolute 
magnitude of K .31~. 

As far as the one-bond coupling constant between tin 
and transition metals is concerned, only the following two 
tungsten complexes were examined: [W(CO),(SnCl,)- 
(thf)] (tlif = tetrahydrofuran) (1 594 Hz) and iW(CO),- 
(SnC12)(PBut3)] (1 470 H z ) . ~ ~  Their 1K(1s3W-11gSn) 
values are calculated to be 6.85 x and 7.97 x 
cm respectively. With tlie s electron densities of Rh 
(4.650 a.u.) and ?+I (8.137 a.u.) taken into con~ideration,2~ 
the s-orbital participation would be similar between the 
two kinds of transition metal-tin co-ordination bonds. 

I t  lias been observed that the value of tlie nietal- 
ligand one-bond coupling constant is a good measure of 
the strength of the metal-ligand G bonding from tlie view- 
point of t ram (and/or cis)  influence of l igand~.~ ,  Hence 
the trend of 1J(i03Rh-119Sn) within the complexes, 
rRh(SnC13),,C1,.,,]3 (n = 1--5), indicates tliat tlie rlio- 
diuni tin o-bond strength decreases as the nuniber o f  
SnC1, ligands increases. The correlation between 
'J(lo3Rh-11gSn) and 2J(117Sn-119Sn) , observed for these 
complexes ('Table) , supports this view. Tlie relatively 
large value i)f iJ(103Rh-119Sn) for tlie doublet peak at  
6 8.5 p.p.ni. may be associated with the low \dency 35 of 
rhodium for the complex jKl1 (SnC1,),j4 -. 

We are grateful to  Miss K.  Takrtda. of the l\'a\vaniura 
Institute of Chemical liesearch arid Dr. iM. Suzulci of tile 
National l<esearch Labor;ttory for Pollution ant1 1Cesources 
for tlie use of  "9Sii n.1ii.r. facilities. We also tli:tnk lh.  11.  
Sitto for the "9Sii Mijssbauer esperirnent. 

i O / l  1 . 5 0  lr'i.crivecl, Ylat J i t L - y ,  19801 
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