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ELECT[WOUCAL GMENATION OF THE NARD NEAL ANIONIC CUSS, Sn..x 4-

(x = 0 to 9)

B. Stanley Ponsf David J. Santure and R. Craig Taylor t

Department of Chemistry, Oakland University, Rochester, M 48063

and

Ralph W. Rudolph

Department of Chemistry, University of Michigan, Ann Arbor, i 48109

Recently there has been considerable interest in the structure and

chemistry of cluster compounds of the main group elements[l] as well as the

corresponding clusters of the transition elementst2]. In our laboratories,

we have established the fluxional nature in solution of the naked metal

anionic clusters Sn Pb 4- (x = 0 to 9) by the use of 1 1 9Sn and 207 rm[n31.9-x X

These clusters are formed when alloys of composition Na/Sn/Pb are maintained

In contact with anhydrous ethylenediamine (en) for an extended period of time.

We now wish to report that these clusters may also be generated by constant

current electrolysis.

We have observed that deposition of sodium from an en solution 0.1 M in
14-

NaT at either a lead or tin cathode leads to the formation of the Pb and9
Sn9 - clusters, respectively. The lead cluster appears rapidly and quantitati-:eay

wJ th current, whereas thue dissolution of the tin cluster from the electrcde

suof~ce is considerably slower. tf the electrolytic cell ,B'd its contents nz'e

allowed to st-:.' cC, ',l rcrZus On f cur." nt passpge, tbe concentraticr. of th-

4-Sn9  cluster .incr - ." -c .ruc t no' %" - '1 '
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Exmailnat %i of the catholyte solutions by either 207pb n9r,

after rawval of an aliquot fra the cells at various electrolysis times

always reveals the sme species, i.e., Pb or Sn9 . Although other
9 n

cluster species have been observed when Na/Pb or Na/Sn alloys of varying

2- 2-
compositions have been extracted with en, notably Sn4 [4], Sn- [5)

and P5 2-"53, the electrolytic method apparently produces the nine atum

clusters exclusively regardless of the electrolyte concentration or the

current density.

In a typical experiment, a current density of 10 ma/c 2 (Hi-Tek

potentiostat) is passed between a clean tin cathode and a Pt-gauze anode

in an all glass H-cell, the two electrode ccmpartments separated by a glass

frit. The solution is 0.1 M NaI in en. Aliquots of the catholyte solution

examined by l9sn rmr gave a quintet of intensity ratio 0.045:0.311:1.000:

0.3ll:0.045 in excellent agreement with that predicted for a fluxional nine

atom tin clust.r[3]. Furthermore, the chemical shift and 1 1 9 sn - l 7Sn

coupling constants agree within experimental error with those values obtained

previously[3J. In a classic paper, Zintl and Kaiser[63 were able to produce

4-
Pb by electrolytic reduction of a lead cathode in NE{L). Surprisingly,

they observed that a tin cathode remained passive to Sng9 formation and only

plated out metallic sodium which gave the typical blue solution of the active

metal. Our present study in en provides a more convenient solvent system

which appears to give important new dimensions to electrolytic production of

naked etal cluzters. In the present situation, tin passivity is ofviously

dirinished. For this reason a variety of other metals as well za alloys are

ctwTently under invtiiation. For instance, it is observed that reduction

of Na+ at a Pb/Sn (1:1 rmlc ratio) alloy electrode produces all species in the



series SqPb4 (x -0 to 9) with the relative Intensities In the zr

spectrun ird~icating predcdnance of the least entropic species, S94

ii-and Pb 9  (Figure). In contrast, when a 1:1:1 mole ratio of N&VPb alloy
I'-is conventionally extracted with en, the most entropic species; Sn5Pb4 and

4-Sn4b5-,predcudnate[3).

It is no~t clear why these results should be dissimilar. Solvent

systemis, electrode surfaces, and the identification andi kLnetics of the

intermediates of formation are under investigation by several techniques

Including modulated specular reflectance spectrosopyW7.

*Present address: Department of Chemistry
University of Alberta
Edmonton
Alberta, CANADA T6G 2G2

t To whom correspondence should be addressed,



Acknowledgement F
BSP would like to thank the Office of Naval Research for partial

firncial support ROT would like to

thank the Matilda Wilson Fund for providing funds for the purchase of

a PFT- . R, wishes to thank the NSF for partial support of this

work (CHE 7927146).

References

1. R. J. Gillespie, Chem. Soc. Reviews. 8, 315 (.1979).

2. E. Band and E. L. Muetterties, Chem. Rev., 78*, 639 (1978).

3. R. W. Rudolph. W. L. Wilson, F. Parker, R. C. Taylor, and D. C. Young,
J. Am. Chem. Soc., 100, 4629 C1978); R. W. Rudolph, R. C. Taylor and
D. C. Young, "Fundamental Research In Hcmogeneous Catalysis," ed.,
M. Tsutsui, Plenum, New York, pp. 997-1005, 1979.

4. R. W. Rudolph, W. L. Wilson and R. C. Taylor, unpublished results.

5. P. A. Edwards and J. D. Corbett, Inorg. Chem., 16 903 (19771.

6. E. Zintl and H. Kaiser, Z. Anorg. Allgem. Chem., 211, 113 (1933).

7. A. Bewick, J. M. Mellor, and B. S. Pons, Electrochim. Acta,
in press.



Flwwe. ?i-U19 rum' sPectzrui of the catbolyt., solutioni after

cMVstan Ci~vnt electrolysis at a 1:1 rVPb alloy electrode In

0.1 N WaI In an. Species shom wre the clusters Sfg_,PbR: 4- aO 41.

CheXI*c41 Ob~fts, 1tn ppm relaty-e, to external QCHC3 tSn C&PQ1

M*l central peak of~ the &gcluster is at 29.625306 Rftz;

spectral width, 8kHz. 'Ibtal accmIznlation tim: 30.4 hi's.

Data collected on a Varian 7I'-80 NM1R. The species &,nPb, 4

(X05 - 9) have been identified by, lead-207 rim (not s1hwn).
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