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SYNTHESIS AND CHARACTERIZATION OF DINUCLEAR, 
BRIDGED COMPLEXES OF THE TYPE 

L,M(NC Se) &l’ (SCN) 2Li 
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(Received November 29, I 9  77; in final form July 20, I 9  78) 

L,M(NCSe),M’(SCM, (PPh,), (M = Co(II), Ni(I1); M‘ = Hg(II), Cd(II), Zn(I1); L= pyridine (py), 2,2’-bipyridyl 
(bipy);x = 4, 21 have been synthesized. Elemental analysis, magnetic moment, electronic and infrared spectral and 
thermogravimetric studies indicate that these complexes are dinuclear. The total softness of M and M‘ in the 
complexed state have also been calculated to derive certain conclusions. 

INTRODUCTION 

Bimetallic tetrathiocyanates and tetraseleno- 
cyanates > M(NCX)2 M’(XCN)2 < (X = S, Se) have 
two points of unsaturation, one at M and the other at 
M‘. The values of softness’ as calculated from the 
Klopman equation for cobalt, nickel and mercury are 
-0.22, -0.52 and -4.87 respectively. The difference 
in their softness values indicates that the two metals 
will prefer different types of ligands. We synthesized 
complexes in which two different ligands are linked 
to the two different sites. To bring an additional 
novelty we have reacted a new type of mixed dithio 
diselenocyanate, the structure of which is as shown 
in the diagram below. 

[M = Co(II), Ni(ll), M’ = Hg, Cd, Zn] 

EXPERIMENTAL 

Material and Manipulations 

AU chemicals were reagent grade and were purified 
by known methods. KSeCN,M(NCSeh [M = Co(ll), 
Ni(Il)] and M’(SCNX [M’ = Hg(lI), Cd(lI), Zn(I1)J 
were prepared and recrystallized by methods 
described elsewhere.’ >2 

Preparations of (py)4M(NCSe)2 M’(SCN), (PPh )z 
and (bipy)2M(NCSe)&(SCN)2(PPh3)2 [M = Co(II), 
Ni(II), M‘ = Hg(II), Cd(II), Zn(II)J 

The complexes were prepared by the following 
three different methods.. 

1) 3.5 ml of pyridine was dissolved in 100 ml of 
methanol. To the solution 2.69 gms of M(NCSe)2 
was added and stirred for 2 h at  room temperature. 
M(NCSe), .4py appeared in the form of a precipitate. 
This precipitate was brought in solution by adding 
a mixture of 2 ml of pyridine in 50 ml of methanol. 
To this solution a suspension of 8.4 gms of 
Hg(SCN)2 .2PPh3 or 7.52 gms of Cd(SCN)2 .2PPh3 
or 7.05 g m s  Zn(SCN)2 .2PPh3 in 100 ml of methanol 
was added and stirred for 6 h at room temperature. 
Pink precipitates were formed in each case which 
were filtered, washed with the solvent and dried 
in vacuum. Bipyridyl complexes were similarly 
prepared, by starting with a solution of 3.2 g m s  
of 2,2’-bipyridyl in 100 ml of methanol. 

2) M’(SeCN)2 .2PPh3, M(NCS)2.4py and 
M(NCSX .2bipy were prepared by the direct action of 
ligands on the respective seleno- and thiocyanates. 
Solutions or suspensions of 9.34 gms of 
Hg(SeCN), .2PPh3 or 8.46 gms of Cd(SeCN)2 .2PPh3 
or 7.99 gms of Zn(SeCN)2 .2PPh3 and 4.91 gms of 
M(NCS)2 .4py or 4.87 g m s  of M(NCS)2 .2bipy in 
100 ml methanol were mixed, 1 rnl of pyridine or 
0.5 gms of bipyridyl was added and stirred for 24 h at 
room temperature. Solid compounds were formed in 
each case, which were filtered, washed with solvents, 
and ether and dried in vacuum. 

199 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
1
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



200 P. P. SINGH, A. K. GUPTA AND A. K. SRIVASTAVA 

3) To a suspension of 4.97 gms of 
) M(NCS)(NCSe)Cd(SeCN)(SCN) S or 4.5 g m s  of 
) M(NCS)(NCSe)Zn(SeCN)(SCN) ( in 100 ml of 
methanol, pyridine was added dropwise with 
continuous stirring till the complex dissolved. To this 
solution a solution of 5.3 gms of triphenylphosphine 
in 100 ml of methanol was added and stirred for 24 h 
at room temperature. A pink precipitate was formed 
in each case which was filtered, washed with solvent 
and dried in vacuum. Since 
) M(NCSXNCSe)Hg(SeCNXSCN) ( was not soluble in 
pyridine, a suspension containing its 5.85 gms and 
5 ml pyridine in 100 ml of methanol was stirred with 
5.3 gms of triphenylphosphine in the same solvent. 
Bipyridyl complexes were similarly prepared by 
taking a concentrated solution of bipyridyl in 
methanol in place of pyridine. 

) Co(NCS)(NCSe)M'(SeCN)(SCN) ( was mixed 
with triphenylphosphine and stirred for 6 h. A green 
complex (PPh3 )z Co(NCSe)* M'(SCN)2 was obtained. 
To the suspension of the complexes in methanol, 
excess pyridine or bipyridyl was added and stirred 
for 24 h. at room temperature. These bases did not 
react with (PPh3)2 Co(NCSe)2 M'(SCN)2. 

Analysis of the complexes 

selenium metal, nickel as nickel dimethyl 
glyoximate, mercury as mercury sulphide and cobalt, 
cadmium and zinc as their anthranilates. Nitrogen was 
estimated by semimicro Kjeldahl m e t h ~ d . ~  The 
analytical data, the m.p. and color of the complexes 
are presented in Table 1. 

The complexes were analyzed for selenium as 

Physical Measurements 

Infrared spectra in the range 4000-350 cm-' and 
500-50 cm-' were recorded on Perkin Elmer 
model-52 1 and Polytech FIR-30 spectrophotometers, 
respectively. Spectra in the range 4000-350 cm-' 
were obtained as Nujol mulls and in 500-50 cm-' as 
polythene pellets. Electronic spectra of mulled solids 
were recorded on Carl Zeiss DMR-21 
spectrophotometer between 1800-300 nm. The 
magnetic susceptibility measurements were made at 
room temperature by Gouy's method using cobalt 
mercury tetrathiocyanate as reference: The 
diamagnetic corrections were also made using Pascal's 
constants.' The thermogravimetric analyses were 
done on a thermogravimetric analyser model- 
TGA-FCI-P & D, Sindri, attached with thermocouple 
model M & M-PCT-5 168. The samples were loaded 
manually in a platinum basket (1 cm x 1 cm) without 
using any diluent. The samples were analyzed in a 
temperature range of 20"-900°C, and only the final 
products were identified. 

RESULTS AND DISCUSSION 

All the complexes are insoluble in solvents suitable 
for molecular weight determination, hence their 
molecular weight could not be determined. We could 
not obtain single crystals for X-ray analysis. 
Therefore, the structures of the complexes have been 
proposed on the basis of conductance, electronic 
spectral, magnetic moment, infrared spectral and 
thermogravimetric studies. 

The analytical data show that four molecules of 

TABLE I 
Analytical data 

Complexes 
M.P. % Nitrogen % Selenium % Co/Ni % Hg/Cd/Zn 

Color ("0 Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. 

Pink 
brown 
Pink 
orange 
Pink 
orange 
blue 
Pink 
blue 
Pink 
Pink 
Pink 

143 
150(d) 
2 1 O(d) 
220(d) 
195(d) 
235(d) 
170 
176(d) 
184( d) 
190(d) 
182(d) 
188(d) 

7.7 7.9 11.0 11.1 3.8 4.1 13.8 14.0 
7.8 7.9 11 0 11 2 3.9 4.2 13.9 14.2 
8.2 8.4 11.7 11.8 4.3 4.4 8.2 8.4 

8.1 8.5 8.4 8.5 11.6 11.9 4.2 4.5 
8.5 8.7 12.0 12.2 4.5 4.6 4.9 5.0 
8.8 8.8 12.3 12.4 4.4 4.6 4.9 5.1 
7.6 7.9 11.0 11.1 3.9 4.1 13.8 14.0 
7.8 7.9 10.9 11.2 4.0 4.2 14.0 14.2 
8.2 8.4 11.7 11.8 4.3 4.4 8.3 8.4 
8.2 8.5 11.6 11.9 4.2 4.5 8.2 8.5 
8.6 8.7 11.9 12.2 4.5 4.6 4.8 5.0 

5.0 5.1 8.5 8.8 12.2 12.4 4.3 4.6 

d = decomposition 
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pyridine or two molecules of 2,2’bipyridyl and two 
molecules of triphenylphosphine are coordinated t o  
a molecule of ) M(NCS)(NCS~)M’(S~CN)(SCN) ( . 
The x-sensitive q, r, t and y (Whiffin’s bands) which 
are the characteristic absorption bands of P-C 
(aromatic) stretching and bending vibrations of 
triphenylphosphine are shifted to higher frequencies. 
These shifts indicate that the ligand is co~rdinated.~’’ 
Similarly in the case of pyridine, the in-plane ring 
vibrations and the out-of-plane modes are shifted 
towards higher energies indicating that pyridine is 
coordinated.’-’ The changes observed in the 
infrared spectra of 2,2’bipyridyl indicate that it is 
coordinated through both of its nitrogen atoms.’ ’ 
On the basis of these results a number of structures 
can be proposed:- 

(ii) Polymeric bridged or polynuclear bridged 

) ( p ~ ) ~  M(NCS)(NCSe)M’(PPh3)2(SeCN)(SCN) ( 11 

) ( P Y ~  M(NCSHNCSe)(Ph3P)z M’(PY)z 
(SCN)(SeCN) ( 111 

(iii) Monomeric bridged or dinuclear bridged 

PY PPhj 

(a. X = S, Y = Se; b.  Bridged X & Y = S ,  terminal X & Y = 

a. (py), M(NCS)(NCSe)M’(SeCN)(SCN)(PPh, ), , 
Se; c. bridged X & Y = Se, terminal X & Y = S )  

b. (PY), M(NCS), M’(SeCN), (PPh,), , c. (PY), M(NCSe), - 
M’(SCN), (PPh,), IV (a,b,c) 

I ) The complexes are very sparingly soluble in 
formamide and their dilute solutions are 
non-conducting. This rules out the possibility of any 
cationic-anionic structure. 

2) The structures 11 and 111 are unlikely, because 
in these cases either cobalt or mercury becomes eight 
coordinated, which is untenable. These observations 

rule out the possibility of polymerjc bridged 
structures. 

3) The number of IR bands in the YC-N, uC-S 
and vC-Se regions in polymeric-bridged complexes 
are two, one and one, respectively.’ The observed 
number of bands in these regions are more, which 
also indicates that complexes are not polymeric in 
nature. 

of the complexes as they satisfy the following 
requirements: 

i) The non conducting nature of the complexes 
supports a bridged structure. 

ii) The positions of infrared bands in the VC-N 
stretching region indicate the presence of terminal 
S-bonded, Se-bonded and bridging thio- or 
selenocyanates. Similarly, the number and positions 
of bands in the SNCS, SNCSe, uC-S, vC-Se 
regions also support the presence of both bridging 
and terminal thio- and selenocyanates. The number 
and position of these bands support a dinuclear 
bridged structure.’ 2-1 The bands in the range 
500-775 cm-’ have not been assigned with 
certainty as ligand bands also appear in this region.’ ’ 

iii) Octahedral coordination geometry of cobalt 
and nickel as required for the dinuclear bridged 
structure are supported by the electronic spectral 
and magnetic moment studies, which are discussed 
later. 

iv) The soft end (S- or Se-) of thiocyanate and 
selenocyanate is shown linked to M’ and the hard 
end (-N) to M. Similarly the soft triphenylphosphine 
is shown coordinated to M’ and the borderline 
pyridine to  M. These attachments satisfy the HSAB 
requirements.’ ’ The quantitative values of softness 
have been derived by solving the Klopman 
equation’ and the results are presented in Table 111. 
The quantitative values also favor linkage of 
triphenylphosphine to M’ and pyridine or bipyridyl 
to M. The linkage of the Nend to  M and X to M’ is 
also supported similarly.’ ,1 

shows the presence of M’-X (X=S, Se), M’-P and 
M-N stretching modes.”-’ The presence of these 
bands also support the proposed structure. 

vi) ) M(NCS)(NCSe)M’(SeCN)(SCN) ( form three 
type of complexes viz. cationic-anionic, dinuclear 
bridged and polynuclear bridged complexes. Our 
investigations show that the nature of the curves as 
presented in Figs. 1 and 2 is identical to the nature of 
curves of reported dinuclear bridged complexes. This 
renders an additional support to  their proposed 
structures. 

4) Structures IV(a, b & c) are the likely structures 

v) As presented in Table 11, the far infrared region 
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TABLE 111 
Quantitative values of softness of metal ions and ligands 

Lewis Acid ( 9 oftness of  
Lewis Base ligands) (Metal Ions) metal ions) 

Pyridine 
2,2'bipyridyl 

Triphenyl- 

N(-NCSe -) 
phosphine 

N(-NCS -) 
S(-SCN -) 
Se(-SeCN -) 

~~ ~ 

-1 1.44 col+ -0 .22  
-11.47 Ni2+ -0 .52  
(when it is 

monodentate) Znl+ -1.24 
-22.94 Cda+ -2.26 
(when it is 

bidentate) Hgz+ -4.87 
- 6 . 7 8  

-8.93 
-8.10 
-5.20 
-4.41 

Each complex finally decomposes to Cog O4 or 
NiO along with CdO or ZnO through the formation 
of an intermediate. In thermogravimetric analysis 
of all these complexes we get two breaks in each case. 

a) The first break is due to  the elimination of 
ligands and it depends upon the nature of Lewis 
bases. If ligand is 2,2'-bipyridyl or triphenyl- 
phosphine, only one smooth break is observed which 
shows that these ligands are removed continuously. 
In case of pyridine two breaks are observed instead 
of one. This shows that out of four pyridine 
molecules only two are removed at a time. 

thiocyanates and selenocyanates. The thiocyanates 
are removed earlier than the selenocyanates. 

vii) Assuming C, point group symmetry for the 
structure IV(a) and C2 point-group symmetry for 
the structures IV(b and c), the number of normal 
modes for K-N, vC-S, vC-Se and GNCS, GNCSe 
have been calculated. Unfortunately the number of 
calculated bands for these two point groups in the 
region vC-N, vC-S, vC-Se, GNCS, GNCSe are the 
same. Hence structures IV(a, b, and c) could not be 
differentiated. However, these calculations support 
these three structures. It is worth noting that 
structures W(a, b and c )  are the geometrical isomers, 
hence it can be concluded that the complexes are 
either a mixture or one of these three isomers. 

b) The second break is due to the elimination of 

Electronic Spectral Discussion 

To confirm the proposed coordination geometry of 
cobalt and nickel we have recorded the electronic 
spectra as Nujol mull and magnetic moment values 
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FIGURE 1 
Hg(SCN), ; 111. (Ph,P),Co(NCSe),Hg(SCN), ; IV. (Ph,P),Ni(NCSe),Hg(SCN),. 

Thermogravimetric curves of complexes'. 1. (bipy), Co(NCSe), Hg(SCN), ; 11. (bipy),Ni(NCSe),- 
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FIGURE 2 
Co(NCSe),Hg(SCN),(PPh,), ; VI1. (py), Ni(NCSe),Hg(SCN), (PPh,), ; VIII. (bipy),Ni(NCSe),Hg(SCN), (PPh,),. 

Thermogravimetric curves of complexes' ' V. (py), Co(NCSe),Hg(SCN), (PPh,), ; VI. (bipy),- 
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of all the complexes, the results of which are 
included in Table IV. 

In the case of the cobalt complexes three bands 
are observed in the regions 9100-9800 cm-' , 
17800-18800 cm-' and 20900-22000 cm-' , which 
are assigned to the transitions 4T24 + 4Tlg(vI),  
4 A 2 g + 4 T l g ( v ~ ) a n d 4 T l g ( P ) +  Tlg(v3).Thevl is 
generally broad and v3 is a multiple band and may be 
mixed with spin forbidden transition. The v2 band is 
very weak. The positions and nature of these bands 
indicate that cobalt in these complexes is in an 
octahedral coordination geometry. Magnetic moment 
values also support this geometry. 

In all nickel complexes, three bands are observed 
in the regions 9900-1 0700 cm-' , 16800- 17700 
cm-' and 28600-29800 cm-' which are assigned 
to the transitions 3Tzg + 3Azg(v1) ,  3Tlg +- 3Azg 
(vz)  and 3T1g(P) 3 A z g ( h ) .  

nickel(I1) complexes with the help of matrices of 
Tanabe and S ~ g a n o , ' ~  using the values of v2 and v 3 .  
The electronic spectral band positions, spectral 
parameters and magnetic moment values very clearly 
indicate that nickel in all these complexes has 
octahedral coordination geometry.' ' The Dq values 
are in the range reported' ' for [(py)4Ni(NCSe)z] 
and [(bipy)z Ni(NCSe), 1. Had triphenylphosphine 
been linked to  nickel, the difference in Dq values 
would have been more. 

We have calculated Dq, B and p values of 

ATE,(M-M') $ and the complexes 

The stabilities of thiocyanate and selenocyanate 
bridges in ) M(NCSe)z M'(SeCN), (, 
) M(NCS)' M'(SCN)z ( and ) M(NCS)(NCSe)M'- 
(SeCN)(SCN) ', have been related t o  the difference in 
total softness values [ATE:(M-M')] ' of M and M'. 
It has been shown that the higher values of 
ATE,"(M-M') the greater is the stability of the 
bridge. We have now calculated the total softness 
values of M and M' in (PPh,), Co(NCSe)' Hg(SCN)' 
and (SCN), Co(NCSe)' Hg(PPh3)z, by adopting the 
following equations: 

For (PPh3)2 Co(NCSe),HdSCN), 

TEi(C0) = Ei(Co) + 2Ei(NCSe) + 2Ei(PPh3) 

TEi(Hg) = Ei(Hg) + 2Ei(SCN) t 2Ek(SeCN) 

ATE! (Co-Hg) = T E i  (Hg) - TE: (CO) 
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For (SCN), Co(NCSe), Hg(PPh3), 

TEi(C0) = Ei(Co) t 2EA(NCS) t 2Ei(NCSe) 

TEi(Hg) = E:(Hg) t 2Ei(SeCN) t 2Ei(PPh3) 

The ATE: (M-M‘) values in case of 
(PPh,)? Co(NCSe), Hg(SCN), comes to 7.55 and in 
case of (SCN), Co(NCSe), Hg(PPh3), to  7.03. Since, 
the value of ATEi(M-M’) is higher in case of 
(PPh,), Co(NCSe)? Hg(SCN),, it can be presumed 
that this is the possible reason for the attachment of 
triphenylphosphine on cobalt instead of mercury as 
shown earlier.’~~ 

The ATEi(M-M‘) values in respect of structures 

IV(a, b and c) have also been derived similarly, and 
the results are presented in Table V. 

The ATE:(M-M’) values for structure IV(c) is 
higher for every complex, as compared to  the values 
derived for alternative structures IV(a) and IV(b). 
Since the value of ATE: (M-M’ is highest in case of 
structure IV(c), it can be presumed that this is the 
most plausible structure of the complexes. 
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(PY), Ni(NCS), Hg(SeCN), (PPh, ), -62.48 -37.65 24.83 
(PY). Ni(NCSe), Hg(SCN1, (PPh,), -64.14 -37.65 26.49 
(bipy), Ni(NCS)(NCSe)Hg(SeCN)(SCN)(PPh, ), -63.43 -31.65 25.78 
(bipy), Ni(NCS), Hg(SeCN), (PPh,), -62.60 -37.65 24.95 
(bipy), Ni(NCSe), Hg(SCN), (PPh, ), -64.26 -37.65 26.61 
(py), Ni(NCS)(NCSe)Cd( SeCN)( SCN)(PPh, ), -63.31 -35.04 28.27 
(py),Ni(NCS), Cd(SeCN), (PPh,), -62.48 -35.04 27.44 
(PY), Ni(NCSe), Cd(SCN), (PPh, ), -64.14 -35.04 29.10 
(bipy), Ni(NCS)(NCSe)Cd( SeCN)(SCN)(PPh, ), -63.43 -35.04 28.39 
(bipy), Ni(NCS),Cd(SeCN), (PPh, ), -62.60 -35.04 27.56 
(bipy), Ni(NCSe), Cd(SCN), (PPh,), -64.26 -35.04 29.22 
(py), Ni(NCS)(NCSe)Zn(SeCN)(SCN)(PPh,), -63.31 -34.02 29.29 
(PY), Ni(NCS), Zn(SeCN), (PPh,), -62.48 -34.02 28.46 
(PY), Ni(NCSe), Zn(SCN),(PPh,), -64.14 -34.02 30.12 
(bipy), Ni(NCS)(NCSe)Zn( SeCN)(SCN)(PPh, ), -63.43 -34.02 29.41 
(bipy), Ni(NCS), Zn(SeCN), (PPh,), -52.60 -34.02 28.58 
(bipy), Ni(NCSe), Zn(SCN), (PPh,), -64.26 -34.02 30.24 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
1
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



206 P. P. SINGH, A. K. GUPTA AND A. K. SRIVASTAVA 

Vol 11, p. 186, McGraw-Hill Book Company, Inc. 186 
(1946) (1975) 

analysis”, chapter 111 (p. 256) and chapter V (p. 508, 
526,487,530,495, & 535). The English Language Book 
Society and Longman (1973) (1976) 

4. B. N. Figgis and R. S .  Nyholm, J. Chem. Soc., 4190 
(1958) 

5. B. N. Figis  and J. Lewis, “Modern Coordination 
Chemistry”, Edited by J. Lewis R. C. Wilkins, 
Interscience, New York, p. 403 (1960) 

6. G. B. Deacon and J. H. S. Green, Chem. and Ind., 1031 
(1965) 

7. R. Makh3a and R. Rivest, Spectrochim. Acta, 30A, 977 
(1974) (1966) 

8. N. S. Gill, R. H. Nutall, D. E. Scaife and D. W. A. Sharp, 
J. Inorg. N u d  Chcm., 18, 79 (1961) 

9. I .  K. Wilmhurst and H. J .  Bernstein, Can. J. Chem., 35, 
1185 (1957) 

10. A. R. Katcizky, Quart. Rev. (London), 4, 353 (1959) 
11. J. N. Smith and T. M. Brown, Inorg. Chem., 11, 2697 

(1972) 
12. R. A. Bailey, S. L. Kozak, T. W. Michelsen and W. N. 

Mills, Coord. Chem. Rev., 6,407 (1971) 
13. R. Makhija, L. Pazdernik and R. Rivest, Cun. J. Chem., 

51, 438 (1973) 

14. P. P. Singh and S. A. Khan, Inorg. Chim. Acta., 14, 143 

15. P. P. Singh, A. K. Srivastava and R. Rivest, J. Inorg. 

16. P. P. Singh and S. B. Sharma, J. Coord. Chem., 6,65 

17. A. I. Brusilovets, V. V. Skopenko and G. V. Tsintsadze, 
Zh. Neorg. Khim., 14,467 (1969) [Russ. J .  Inorg. 
Chem., 14,2 (1969)J 

18. R. G. Pearson, J. Chem Educ., 45,581,643 (1968) 
19. G. Klopman, J. Am Chem SOC., 90, 223 (1968) 
20. G. B. Deacon, J. H. S. Green and D. J. Harrison, 

21. C. W. Frank and L. B. Rogers, Inorg. Chem., 5 ,  615 

22. R. J. H. Clark and C. S. Williams, Spectrochim. Acta, 22, 

23. B. Hutchinson, J. Takemoto and K. Nakamoto, J. Am 

24. Y. Tanabe and S. Sugano, J. Phyr, Soc. Japan, 9, 753 

25. A. B. P. Lever, “Inorganic Electronic Spectroscopy” 

26. P. P. Singh, S. P. Yadav and S. B. Sharma, Aust J. Chem., 

27. This work. 

3. A. I. Vogel, “A text book of quantitative inorganic 
Nucl. Chem., 38,439 (1976) 

Spectrochim. Acta, 24A, 1921 (1968) 

1081 (1966) 

Chem. SOC., 92, 3335 (1970) 

(1954) 

Elsevier, Chapter 9 (1968) 

30, 1921 (1977) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
1
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


