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Abstract 

The structure of [Pt(Et,dtc)(P,P’)]BPh, (Et,dtc = S,CNEt, and P,P’ = PhP(CH,CH,PPh&) has been determined 
from three-dimensional X-ray data. Monoclinic crystals of the complex belong to the space group P2,lc with 
cell dimensions a = 18.375(2), b = 15.724(2), c = 20.426(3) A, p = 108.85(l)“, V= 5585(3) A3, 2 = 4. Residuals are 
R = 0.034 and R, = 0.044 for 4092 observed data. The phosphine ligand is chelated via all three phosphorus atoms 
while the dithiocarbamate ligand is monodentate, through one sulfur atom, to give a distorted square planar 
arrangement about the platinum atom. The short non-bonding distance (2.754(3) A) between the platinum and 
other sulfur atom indicates there may be some interaction between these two atoms in the solid state. 

Introduction 

There have been numerous studies on the reactions 
of platinum(I1) bis(dithiolate) compounds, Pt(S-S), (S- 
S = dithiocarbamate (dtc), dithiophosphate (dtp), xan- 
thate (xan) with monodentate [l], bidentate [2-4] and 
recently tridentate [5, 61 phosphine ligands. These 
investigations have generally been carried out using 
NMR (‘H, 13C 3’P, ‘%Pt) spectroscopic methods al- 
though some c&stal structures have been determined, 
including Pt(S-S),PPh, (S-S = dtc, dtp) [l] where there 
is one bidentate and one monodentate dithiolate ligand. 

There are several reports on platinum(I1) complexes 
containing bidentate dtc ligands [l, 7-131. In contrast, 
however, there are only three [l, 7, 141 structural 
analyses on platinum(I1) compounds with a monoden- 
tate dtc ligand and only one [15] with a bridging dtc 
ligand. The crystal structure of NaEt,dtQH,O which 
contains an ionic dtc group has also been reported [16, 
171. 

The title compound has been studied previously, in 
solution, by both NMR spectroscopy [SJ and electrospray 
mass spectromeky [6] methods. The principal ion de- 
tected in mass spectrometry investigations [6] was at 
m/z 877 and confirmed the identity of the cation whilst 

*Author to whom correspondence should be addressed. 

the multi-NMR (31P and 19’Pt) spectroscopic studies 
[S] showed that, in dichloromethane solution, the com- 
plex contained the phosphine ligand coordinated to 
platinum in a tridentate mode to give [Pt(dtc)(q3- 
P,P’)] +. The coordination of the dithiocarbamate ligand 
could not be ascertained by NMR spectroscopic methods 
but monodentate coordination was suggested by com- 
parison of its NMR data with those for similar com- 
pounds. Thus in solution, the cation [Pt(dtc)(P,P’)]+ 
behaves as a four-coordinate square planar platinum(I1) 
entity. 

Crystals of the compound were grown and diffraction 
data obtained in an effort to determine its structure 
in the solid state. This paper reports the crystal structure 
of [Pt(dtc)(P,P’)]B(C,H,), which is the first for a plat- 
inum(I1) compound containing the potentially tridentate 
phosphine ligand P2P’. 

Experimental 

Preparation 
The title compound was prepared as described pre- 

viously [5]. Equimolar amounts of Pt(dtc), [2, 181 and 
PzP’ (STREM) were mixed in dichloromethane. The 
solvent was removed under vacuum and the resulting 
solid dissolved in acetone. NaB(C,H,), (BDH) in ace- 
tone was then added, the solvent removed and the 
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solid extracted into dichloromethane. The solvent was 
finally removed to yield the desired yellow crystalline 
product. 

Crystals suitable for a single crystal X-ray structure 
determination were obtained by slow evaporation of a 
dichloromethane/n-hexane solution. The yellow crystal 
used was a regular six-sided prism. 

Structure determination 
Integrated intensity data were measured on a RI- 

GAKU-AFC four-circle diffractometer with Cu Ka ra- 
diation (graphite crystal monochromator, A = 1.5418 A). 
The crystal data together with details of the data 
collection are given in Table 1. Accurate unit ceil 
parameters were determined by least-squares from 28 
values (35 < 20< 54”) for 25 independent reflections 
well separated in reciprocal space. The intensities were 
recorded by a 0128 scan, scan rate 2” min-‘, scan range 
(Aw) 1.2”+0.5” tan0 and 10 second stationary back- 
ground counts. Three reflections were monitored every 
50 reflections and they showed no significant variation 
in intensity during data collection. The intensities were 
corrected for Lorentz and polarisation effects and an 
analytical absorption correction was also made. 

The coordinates of the platinum atom were derived 
from the vector map. Subsequent difference-Fourier 
syntheses revealed the sites of the remaining non- 
hydrogen atoms. The hydrogen atom sites were included 
at calculated positions (C-H 1.08 A); the methyl and 
methylene H atoms were given a common isotropic 
temperature factor (8.2(7) k) and the phenyl H atoms 
were also assigned an isotropic temperature factor 
(10.6(7) A’). The atomic parameters were refined in 
two blocks with SHELX-76 [19]; one block contained 
the cation atoms (418 variables), the other block con- 
tained the platinum and anion atoms (238 variables). 
The function minimised was ZwA2 where A = (PO] - IFc]), 
and with weights (a’]F,] + 0.000556]F,,]2)-‘. An isotropic 
extinction correction of the form F,=F[l - 1.0 X 10p6- 
(F”/sin6)] was applied to the calculated structure am- 
plitudes. Complex neutral scattering factors were used, 
those for the non-hydrogen atoms being corrected for 
anomalous dispersion [20]. The major calculations were 
made on a VAX8800 computer. The atomic positional 
coordinates and equivalent isotropic thermal parameters 
are given in Table 2. Figure 1 which contains the atom 
numbering was prepared from the output of ORTEPII 

WI. 

TABLE 1. Crystal data for [Pt(dtc)(P,P’)]B(C,H,), 

Formula 
Formula weight 
Crystal system 
Space group 
a (-Q 
b 6) 
c (a 
P( 

R V( ‘) 
z 
b&k (g cm-‘) 
~~~~~ (g cm-‘) 
Crystal dimensions (distance in mm 
from the centroid) 
T (“C) 
Radiation 
F P’C’) 
Absorption coefficient (cm-‘) 
Transmission factors 

28 limits 
No. reflections measured 
No. unique reflections 
Unique reflections used 
Highest residual peak (e Am3) 

:=%I&, - IFcIPWol 
Rv= [WlFol - IF,I)Z~~IF,lY 
Max. (variable shift)/(e.s.d.) 
Goodness of fit 

GHsBNPd’tSz 
1197.2 
monoclinic 
K&/c (No. 14) 
18.375(2) 
15.724(2) 
20.426(3) 
108.85(l) 
5585(3) 
4 
1.424 
1.423(5) (by flotation in aq. K,HgI,) 
i 0 0, 0.135; 1 0 0, 0.135; 0 1 0, 0.321; 
i 0 i, 0.135; i 0 1, 0.135; i i 1, 0.090 
W) 
Cu Ka, h = 1.5418 8, monochromatic 
2432 
64.64 
min. 0.2085 
max. 0.3865 
O<t?<lW 
6119 
4347 (h-15 to 15, k 0 to 13, I 0 to 17) 
4092 (I > 30(l)) 
0.55, - 0.73 
0.012 
0.034 
0.044 
0.05 
1.37 



TABLE 2. Fractional coordinates of Pt (X 10’) and B, C, N. S 
and P (X 104) and equivalent isotropic temperature factors (A’) 
for the non-hydrogen atoms of [Pt(dtc)(PZP’)]B(C,H,), with e.s.d.s 
in parentheses 

Atom x Y z Be,” 

Pt 

P(l) 
P(2) 
P(3) 
S(1) 
S(2) 
N(1) 
(31) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
‘78) 
C(9) 
ct111 
cw 
C(l3) 
C(l4) 
CW) 
CW) 
CP) 
C(22) 
~(23) 
~(24) 
W5) 
CCW 
C(31) 
~(32) 
C(33) 
C(34) 
C(35) 
C(36) 
C(41) 
~(42) 
C(43) 
C(44) 
C(45) 
C(46) 
C(51) 
c(52) 
C(53) 
C(54) 
C(55) 
C(56) 
B(l) 
CC511 
CW) 
C(63) 
co3 
C(65) 
W6) 
C(71) 
c(72) 
C(73) 
C(74) 

21694(2) 
1446( 1) 
2737(l) 
3318(l) 
1731(l) 
1263(l) 

884(4) 
1247(4) 

815(6) 
1442(7) 
494(5) 
974(6) 

3953(5) 
3774(4) 
2437(5) 
2102(5) 
3588(5) 
4027(7) 
4706(g) 
4966(7) 
4534(5) 
3851(5) 
3217(5) 
3107(6) 
3058(7) 
3100(7) 
3229(6) 
3287(4) 
2917(5) 
2877(5) 
2553(6) 
2258(5) 
2292(5) 
2634(4) 

470(5) 
230(5) 
650(7) 

1295(7) 
1542(5) 
1122(5) 

269(5) 
- 398(6) 
- 726( 6) 
- 408(7) 

256(6) 
603(4) 

6731(6) 
7859(6) 
8556(7) 
8894( 6) 
8546(6) 
7852(5) 
7503(5) 
6235(7) 
5837(g) 
5408(6) 
5395(9) 

27866(2) 
3813(2) 
3883(2) 
2096(2) 
1637(2) 
1667(2) 
421(5) 

1145(6) 

386’) 
-557(8) 

- 47(7) 
-701(&x) 
2797(6) 
3723(7) 
4885(6) 
4716(6) 
2317(7) 
2241(g) 
1821(11) 
1445(9) 
1521(7) 
1960(6) 

347(11) 
-425(10) 
-431(12) 

302( 13) 
1054(9) 
1080(8) 
4768(7) 
4881(g) 
4277(g) 
3551(7) 
3412(6) 
4032(6) 
3062(6) 
2814(7) 
3061(7) 
3545(7) 
3781(6) 
3556(6) 
3810(7) 
4128(9) 
4837( 10) 
5294(9) 
4977(g) 
4233(6) 
3069(7) 
3842(7) 
3864(9) 
3116(10) 
2375(g) 
2359(7) 
3103(6) 
1501(9) 

756(9) 
750(8) 

1432(11) 

-5185(2) 
- 1229( 1) 

146( 1) 
-42(l) 

-1319(l) 
-89(l) 

- 1031(4) 
- 826(4) 

- 1725(6) 
- 1689(6) 

- 604(5) 
- 165(6) 

597(5) 
349(5) 

- 318(4) 
- 1098(4) 
- 1302(5) 
- 1737(6) 
- 1511(9) 

- 880(10) 
-441(6) 
- 643(5) 

8(7) 
299(9) 
950( 10) 

1311(g) 
1022(7) 

358(7) 
1358(5) 
2017(5) 
2313(5) 
1953(5) 
1280(4) 

991(4) 
- 2416(4) 
- 3104(5) 
- 3521(5) 
- 3267(5) 
- 2577(5) 
- 2152(4) 

- 658(5) 
-571(6) 
- 899(6) 

- 1308(6) 
- 1404(5) 
- 1071(4) 

1530(5) 
2521(5) 
3080(5) 
3352(6) 
3093(5) 
2539(5) 
2231(4) 
1207(5) 
1247(6) 
1662(7) 
2041(9) 

2.55( 1) 
3.29(6) 
3.42(6) 
3.78(6) 
3.63(6) 
3.71(6) 
4.4(2) 
3.0(2) 
6.2(4) 
7.3(4) 
5.1(3) 
7.3(4) 
4.8(3) 
4.4(3) 
4.1(2) 
4.2(3) 
5.4(3) 
7.7(4) 
9.1(6) 
8.8(6) 
6.4(4) 
4.3(3) 
6.3(4) 
7.0(5) 
8.6(6) 
8.1(5) 
7.2(4) 
4.7(3) 
4.8(3) 
5.4(3) 
5.3(3) 
4.8(3) 
3.9(3) 
3.1(2) 
4.4(3) 
5.6(3) 
5.6(3) 
5.6(3) 
4.5(3) 
3.4(2) 
4.8(3) 
6.4(4) 
6.9(4) 
7.9(5) 
6.6(4) 
3.8(2) 
4.1(3) 
6.1(3) 
7.0(4) 
7.5(4) 
6.7(3) 
5.1(3) 
3.8(2) 
7.4(4) 
8.2(5) 
6.7(4) 

10.3(7) 
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TABLE 2. (continued) 

Atom x Y z B,” 

C(75) 5802(g) 2158(g) 1978(7) 9.9(6) 

C(76) 6240(4) 2219(7) 1569(4) 3.8(2) 

CW) 5995( 11) 4161(10) 2026(6) 17.6(8) 

CW) 5510( 14) 4835(13) 2017(7) W) 
C(83) 5270( 8) 5368(9) 1511(g) 8.7(5) 

C(84) 5487(7) 5174(10) 975(8) 9.1(5) 

C(85) 5927(6) 4457(8) 971(7) 7.5(4) 

W6) 6205(6) 3911(7) 1505(5) 5.3(3) 

C(91) 7792(7) 2981(6) 884(5) 5.5(3) 

~(92) 8039(g) 2926(7) 310(6) 7.4(4) 

C(93) 7502(11) 2879(9) - 345(8) 9.4(6) 

C(94) 6750( 10) 2907(9) -408(6) 9.6(5) 

C(95) 6484(7) 2955(7) 166(5) 7.7(4) 

C(96) 7031(6) 3010(6) 842(4) 4.9(3) 

‘B,, = 8&J,, = (8r?i3)X&Uip~aj*ai~ aj 

Fig. 1. ORTEP [21] diagram of the cation [Pt(dtc)(PzP’)]+ with 
ellipsoids scaled to 40% probability (carbon atoms are denoted 
by their number only). 

Results and discussion 

Desmption of structure 
A perspective view of the complex cation 

[Pt(dtc)(P,P’)]+ is shown in Fig. 1, while selected 
dimensions are given in Table 3. Table 4 lists some 
relevant parameters of previously reported platinum(I1) 
structures for comparison with those of the title com- 
pound. 

The platinum is coordinated to the three phosphorus 
atoms of the potentially tridentate phosphine ligand 
but to only one sulfur atom of the dithiocarbamate 
ligand, which in this case is monodentate, to give a 
distorted square planar arrangement. Although the 
second sulfur of the dithiocarbamate ligand is not 
directly bonded to the platinum, the Pt p . . S(2) distance 
of 2.754(3) 8, is indicative of a weak interaction since 
it lies between the reported values for bonded (-2.3 
A) [1,7-131 and non-bonded (*3.4A) [l, 7,141 distances 
and is significantly less than the sum of the van der 
Waal’s radii for sulfur [22] and platinum [23] (3.92 A). 
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TABLE 3. Selected dimensions (lengths (A), angles (“)) in the cation [Pt(dtc)(P,P’)]+ with e.s.d.s in parentheses 

Pt-P( 1) 2.287(3) 
Pt-P(3) 2.292(2) 

P(lW(9) 1.825(10) 

P(3)-C(6) 1.815(8) 

P(lK(46) 1.829(S) 

P(3)-C(16) 1.814(11) 

S(l)-W) 1.727(9) 

N(l)-C(2) 1.507(15) 

C(4)-c(5) 1.459(15) 

P(l)-Pt-P(2) 84.4(l) 

P( I)-Pt-S( 1) 95.8( 1) 

S(l)-c(l)-S(2) 115.7(5) 

Pt. . -S(2) 2.754(3) 

Pt-P(2) 
Pt-S(1) 

P(2)-c(7) 
C(6)<(7) 
P(lF(56) 
P(3)-C(26) 

S(2)-C(1) 
WtC(4) 

P(2)-Pt-P(3) 
P(3)-Pt-s(1) 

S(1). . .S(2) 

2.233(3) 
2.396(3) 

1.832(B) 
1..542(14) 

1.806(9) 
1.804(13) 

1.707(9) 
1.490(14) 

85.6(l) 

89.6( 1) 

2.907(5) 

P(2)-C(8) 
C(8)+9) 
P(2)-C(36) 

N(l)--W) 
C(2)-c(3) 

1.829(9) 
1.534(H) 
1.811(9) 

1.317(12) 
1.467(17) 

It is interesting to note that S(2) lies within the plane 
defined by Pt, S(1) and C(1) (Pt-S(l)-C(l)-S(2) tor- 
sional angle 2.4(5)“) and it is approximately 22” from 
the apical site of an idealised square-based pyramidal 
configuration. The S. . *S ‘bite’ distance of 2.907(5) A 
is similar to the ‘bite’ distances in all three reported 
Pt complexes with monodentate dtc ligands, 3.000 [l], 
2.94 [7] and 2.994 A [14] compared with the shorter 
value -2.8 A [l, 7-131 when the dtc ligand is bidentate. 
Moreover, the S. . .S distance in the title compound 
is similar to the value of 3.067 8, [16] found in 
NadtQH,O, and the S(l)-C(l)-S(2) angle is 115.7(5) 
compared with the values found in the three compounds 
with monodentate dtc ligands, 120.4” [l], 115.5” [7] and 
121.9” [14], and 120.4” in NadtQH,O [16]. 

The Pt lies 0.4 8, above the P,S plane (atoms coplanar 
to within 0.20 A) as shown in Fig. 2. The two P-Pt-P 
ligand bite angles are less than 90” (84.4( 1) and 85.6(l)“), 
no doubt a consequence of the strain due to chelation 
of the P2P’ ligand to form two five-membered rings. 
These angles are very similar in value to those observed 
in Pt(S,CO)(dpe) 86.3” [14] and Pt(dpe)Cl, 86.3” [24] 
and compare well with the P-Pd-P angles in 
[Pd(P,P’)Cl]’ 83.8 and 84.1” [25]. The two P-Pt-S 
angles in the title compound, as expected, have larger 
values, i.e. 95.8(l) and 89.6(l)“. 

The three Pt-P bond lengths range between 2.233(3) 
and 2.292(2) A. The shortest length is Pt-P(2), of the 
middle phosphorus (P’) of the ligand, consistent with 
previous observations 1141 where the truns Pt-P lengths 
are about 0.1 8, less than the cti Pt-P lengths. These 
lengths are normal and comparable to other reported 
values [l, 7, 9-12, 14, 151. It is also interesting to note 
that in [Pd(P,P’)Cl]+ [25], the Pd-P bonds are 2.22O(P’), 
2.328 and 2.344 8, which compare well with the values 
found for the title compound. The Pt-S(1) bond length 
of 2.396(3) A is marginally longer than other values 
reported for this bond involving monodentate dithio- 

carbamate ligands, e.g. Pt(dtc),(PPh,) 2.331 8, [l], 
Pt(dtc),(PMe,Ph) 2.335 A [14] and Pt(dtc),(Pchxyl,) 
2.329 8, [7]. 

The two C-S bond lengths of 1.727(9) and 1.707(9) 
8, lie approximately midway between values expected 
for single and double bonds, i.e. 1.81 A and 1.61 8, 
[26], respectively, and thus have considerable double 
bond character. The values are in accord with those 
reported for comparable structures [l, 7, 141. For ex- 
ample, in Pt(dtc),(PMe,Ph), [14], in which the dithio- 
carbamate ligands are both monodentate, the two C-S 
distances are unequal having values 1.734 and 1.692 
A, the shorter length involving the non-coordinated 
sulfur as in the complex cation under study here. The 
C-N bond length of 1.32(l) A indicates that this bond 
also has significant double bond character [27, 281. 

Comparison of solution and solid state structures 
By comparing the parameters of previously reported 

platinum(I1) complexes containing dithiocarbamate li- 
gands it is possible to ascertain that the mode of 
coordination of the dithiocarbamate ligand in the com- 
plex [Pt(dtc)(P,P’)]B(C,H,), is monodentate. There- 
fore, in the solid state the platinum atom retains its 
square planar geometry. The platinum-sulfur non-bond- 
ing distance of 2.754 8, is short indicating that there 
is some interaction in the solid state. It is well known 
that the dithiocarbamate ligand prefers to be chelated 
since chelation allows delocalisation through the C-N 
bond [29]. However, in the title compound it is competing 
with a much stronger chelator, the P,P’ ligand, so that 
one sulfur atom of the dithiocarbamate ligand is bound 
and the other is close to the platinum atom. It is not 
surprising that when in solution this cation acts as a 
four coordinate entity since there is free rotation about 
the C-S bond (sulfur coordinated to platinum). 



TABLE 4. Relevant parameters of previously reported platinum(I1) compounds containing dtc ligands 

Compound’ dtc coord.h P&S (A) pt...s (A) C-S (A) C-N (A) s...s (A) (SCS 0 Ref. 

m 2.396(3) 

m 2.335(2) 

m 

b 

2.331(3) 

m 

b 

b 

b 

b 

b 

b 

b 

b 

b 

mi 

2.365(5) 
2.313(3) 
2.329(4) 

2.364(3) 
2.326(4) 
2.298 
2.283 
2.349(7) 
2.294(7) 
2.372(9) 
2.368(U) 
2.347(S) 
2.299(4) 
2.378(S) 
2.342(5) 
2.377(4) 
2.359(4) 
2.368(4) 
2.352(4) 
2.330(2) 
2.327(2) 
2.300(2) 

U 2.370(7)’ 
2.292(7)’ 
2.277(6) 

i 

2.754(3) 1.727(9) 
1.707(9) 

3.392(3) 1.734(6) 
1.692(8) 

3.457(5) 1.771(17) 
1.685(19) 
1.740(18) 
1.707(11) 

4.928(5) 1.79(l) 
1.68(l) 
1.73(l) 
1.72(l) 
1.765 
1.704 
1.714(29) 
1.708(24) 
1.72(3) 
1.69(2) 
1.757(16) 
1.699(21) 
1.752(18) 
1.718(18) 
1.733(14) 
1.700(14) 
1.742(15) 
1.711(15) 
1.732(7) 
1.729(7) 
1.741(7) 
1.694(5) 
1.742(25) 
1.658(26) 

1.729(6) 
1.712(2) 

1.317(12) 2.907(5) 115.7(5) 

1.349(9) 2.994(3) 121.9(4) 

1.331(14) 3.000(8) 120.4(3) 

1.329(25) 2.835(S) 110.7(6) 

1.31(2) 2.94(3) 115.5(7) 

1.30(2) 2.83(3) 110.3(7) 

1.304 2.813 108.4 

1.289(38) 2.823(9) lllS(4) 

1.37(5) 2.865(5) 114(2) 

1.319(20) 2.842(4) 109.2(S) 

1.277(25) 2.843(7) 109.5(9) 

1.323(18) 2.851(6) 112.3(8) 

1.313(20) 2.834(7) 110.3(8) 

1.305(9) 2.805(2) 108.3(4) 

1.356(8) 3.043(3) 124.7(4) 

1.342(30) 2.822(8) 112(2) 

this work 

14 

1 

7 

8 

9 

10 

10 

11 

12 

12 

13 

15 

1.334(8) 3.067(5) 120.4(4) 16 

“dtc = S2CNR,. bR = Et. ‘R = i-Bu. dR = t-Bu. ‘R = i-Pr. ‘R = Me. gcod = cyclooctadiene. “m = monodentate, b = bidentate, i = ionic, p = bridging. ‘dtc ester. 
jSulfur bound to two platinum atoms. 
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Fig. 2. View of the square plane about the platinum(B) atom. 

Conclusions 

From the structural data obtained it is possible to 
conclude that the cation [Pt(dtc)(P,P’)]+ contains the 
platinum(B) in a distorted square planar environment 
with some interaction between it and the second sulfur 
atom of the dithiocarbamate ligand which sits closer 
to it than previous reports suggest. In the solid state 
it still retains its four-coordinate structure which is 
what has been previously observed in solution. 

Supplementary material 

Anisotropic thermal parameters (Table S.l, 2 pages); 
calculated positional coordinates for hydrogen atoms 
(Table S.2, 2 pages); bond lengths in the anion and 
phenyl rings of the cation (Table S.3); bond angles in 
the anion and phenyl rings of the cation (Table S.4, 
2 pages); selected least-squares planes (Table S.5, 2 
pages); short intermolecular contacts (Table S.6); ob- 
served and calculated structure amplitudes (Table S.7, 
14 pages); crystal packing diagram (Fig. S.1); and an 
ORTEP diagram of [B(C,H,),]- (Fig. S.2), are available 
from the authors on request. 
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