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High Nuclearity Carbonyl Clusters of Rhodium. Part 2.1 Crystal and 
Molecular Structure of the Tetramethylammonium Salt of Dodeca-p- 
carbonyl -dodecaca rbonyl hydrido-po/yhedro-tridecarhodate(4- )-I -Me- 
thylpyrrolidin-2-one (1 /3) 
By Gianfranco Ciani * and Angelo Sironi, lstituto di Chimica Generale ed lnorganica dell'Universit8 e Centro del  

Secondo Martinengo, Centro di Studio per la Sintesi e la Struttura dei Composti dei Metalli di Transizione nei 
C.N.R., Via G. Venezian 21, 20133 Milano, Italy 

Bassi Stati di Ossidazione del C.N.R., Via G. Venezian 21, 20133 Mitano, Italy 

The title compound, [N(CH,)4]4[Rh,,H(C0)24]*3C5HoN0, crystallises in the triclinic space group P i  with unit- 
celldimensionsa = 22.596(11), I ,  = 14.263(7), c = 14.512(8) A, ct = 65.56(3), p = 107.58(4), y = 100.86(5)", 
and Z = 2. The structure has been solved by conventional Patterson and Fourier methods from single-crystal 
X-ray counter data and refined by least-squares methods to  R 0.061 for 3 680 significant reflections. The anion, of 
idealised C, symmetry, containing a centred twinned-cuboctahedron of  metal atoms, is similar to that of the other 
members of the family [Rh,,H,-,(CO),,]"- already studied. The mean value of the Rh-Rh bond lengths, ranging 
from 2.71 8(3) to  2.894(3) A, is 2.782 A. The Rh-C and C-0 interactions for the 12 terminal and for the 12 edge- 
bridging CO groups have mean values of 1.80, 1.1 8, and 1.97, 1.21 A, respectively. The hydride atom has been 
located in a semi-octahedral cavity, i.e. o n  a square face of  the cluster, bisected by  the ideal mirror plane. 

WE have already reported the synthesis and structure of 
two members of the _family [Rh13H5-n(C0)24]11-, namely 
the dihyclride 
[Rh,H3(C0)24]2-, both containing a centred twinned- 
cuboctahedral cluster of nietal atoms, a fragment of a 
hexagonal close-packed lattice of D3/, symmetry. 
Recently, another member of this family has been 
obtained, the monohydride [Rh13H(C0)24]4--. I t  is 
prepared, together with other products presently under 
investigation, by deprotonation of the trihydride with a 
slight excess of potassium t-butoxide in tetrahydrofuran, 
and precipitated as the tetramethylammonium salt.3 
The i.r. spectrum in acetonitrile shows carbonyl bands at  
1 960s, 1 790m, and 1 780m cm-l; the lH n.m.r. spectrum 
exhibits a complex multiplet centred at T 35.5, due to the 
interstitial hydride atom.3 Crystals suitable for X-ray 
analysis were obtained from 1 -methylpyrrolidin-2-one 
and propan-2-01 by the slow diffusion technique. 

In this paper we report the complete results of the 
X-ray investigation on the tetramethylammonium salt 
of the novel anion, which has shown the presence of 
solvated molecules of 1 -methylpyrrolidin-2-one. The 
results are discussed in comparison with those of the 
other members of the family, especially in connection 
with the location of the hydride ligand. 

[Rh,,H2(C0),,]3 - and the trihydride 

13XP E RIM E NTAL 

Cvystal Z~ata.--C',,H7,N,0z7~~li~~, iZ.1 = 2 604.9, 'l'riclinic, 
space group PI (no. 2) ,  a = 22.696(11), b = 14.263(7), c = 
14.512(8) A, O! = 65.56(3), p = 107.58(4), y = 100.86(5)", 
U = 4 048.4 Hi3, Dm = 2.12(2) g cm (by flotation), Z = 2, 
I), = 2.14 g c m 3 ,  F(000) = 2 512, Mo-I<, radiation (A = 

Intensity Measurements.-A small crystal of the com- 
pound, sealed in a capillary tube, was niountecl on a Philips 
YW 1100 automatic diffractometer. Diffraction intensities 
were collected in the range 3 < 8 < 20" by the w-scan 
method, with scan width 1.8" and scan speed 0.033 3" 0. 
'The background was measured for 10 s a t  each side of the 
scan range. Of the 7 056 reflections measured, 3 680 were 

0.710 7 A),  p ( M o - K a )  = 25.7 CIII I. 

significantly above background [ o ( / ) / l  < 0.41 and were used 
in the structure solution and refinement. Three standard 
reflections were measurecl a t  regular intervals but showed 
no crystal decay. The integrated reflections were reduced 
to F,, by correction for Lorentz and polarisation effects; no 
correction for absorption was made. 

1)etevmination and Refinement of the Stvuctuve.--'l'lw 
structure was solved by deconvolution of a three-dimensional 
Patterson map, which showed the met al-at on1 locat i on s. 
After a preliminary refinement, successive difference-Fourier 
mays indicated all the non-hydrogen atom positions. The 
presence of three independent molecules of l-methyl- 
pyrrolitlin-2-one was also observed. 

The refinements were carried out by blockecl-matrix 
least squares. Anisotropic thermal factors were assigned to  
the metal atoms only. The tetramethylammonium cations 
were refined as rigid groups (tetrahedral geometry, N-C 1.52 
A) with an average isotropic thermal factor. One of the 
four cations and the solvent molecules show rather high 
thermal parameters, due to some disorder. The resulting 
bond parameters in the solvent molecules are, therefore, of 
very poor quality. The final values of the conventional 
agreement indices R and R' were 0.061 ancl 0 . 0 7 0 ,  respec- 
tively. The weights were assigned according to the formula 
w = 1/(A + B F ,  + CFO2) where A ,  B,  ancl C, i n  the final 
cycles, had values 137.2, - 1 . 1 ,  and 3.8 x respectively, 
and were chosen on the basis of an analysis of CwA2. 
Atomic scattering factors were taken from ref. 4 for all 
atoms, those of Rh being corrected for the real and imaginary 
parts of the anomalous d i~pers ion .~  

The final difference-Fourier map showed no peaks exceed- 
ing 1.2 e A-3 in the vicinity of the metal atoms. Final 
atomic positions are reported in Table 1 ,  thermal para- 
meters and observed ancl computed structure factors in  
Supplementary Publication No. SUP 22930 ( 1  ti pp.). 

All computations were carried out on a UNIVXC 1 lOO/SO 
a t  the computing centre of hlilan University, using local 
programs. The ORTEP program $ was used for plotting 
the anion geometry. 

t For details see Notices to Authors  No. 7, J.C.S. Dalton, 1979, 
Index issue. 

$ C. K. Johnson, Publication OKN1d-3791, Oak Ritlgc National 
Laboratory, Oak Ridge, Tennessee, 1 9 7  1 .  
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TABLE 1 
I'osi tional parameters ( x 10") for tlle cotnpound 

[ N (CN :J 4J [ l i  11 H (C'( )> 34]  -3 C ,El NO * 
Atom 
Kh( 1) 
Kh (2)  
Hh(3)  

12 h ( 6) 

l ih (X )  

] i l l (  10 )  
l i h (  1 1 )  
Rh( 12) 
K h (  I 3)  
(.( 1 )  
( ) ( I )  
C(2) 
( ) ( 2 )  
C(3)  
( J ( 3 )  
c (4)  
O ( 4 )  

Hh(4) 
Kh(5 )  

l< 11 (7) 

tih(!)) 

C ( 5 )  
()(.j) 
( ' ( 6 )  
()((i) 
('(7) 
( ) ( 7 )  
( ' (S) 
( ) ( 8 )  
C' (0) 
( ) ( ! I )  
C . (  1 0 )  
( ) (  1 0 )  
C( 11)  
O (  1 I) 
C ( l 2 )  

C (  13) 
O(  12) 
C(1-t) 

C( 15) 
( )( 15) 

(!( 12) 

( )( 14) 

C(  1 (i) 
O ( 1 t i )  

:yi;; 
C (  18) 
O (  18) 
C( 1 9 )  
O(19) 
C(20) 
O ( 2 0 )  
C ( 2 l )  
O(21) 
C(") 
O(22)  
C ( 2 3 )  
O( 23)  
C(24) 
W24) 
N (TI) 
C(T11) 
C(TI2)  
C(T 1 3 )  
C(T14) 
N(T2) 
C(T21) 
c (rr 2 2) 
C(T23) 
C(T24) 
Y T3) 
&(&:I 1 ) 
('(l'32) 
C(T53) 

x 
1 806( l )  
2 !JW( I) 

.-> 1 (1::) 
2 (iB 1 ( 1 ti) 
2 &5l(l:i) 

4 325(  1 0 )  
4 '08( 17) 
4 589(1::) 

:: !MO( 14) 

2 X:N(20) 

3 7ss(ao)  

2 050( 11) 
:i YUS(l4) 
4 .a?( 12) 
1 l l O ( l 5 )  

4 295( 1 3 )  
4 83!1(9) 
1 564( 17) 
1 232(14) 

4 O48( 1 5 )  

3 637( 1 (i) 

1 Y84( 15)  
978( 11) 

2 777(15) 
3 433( 14) 

2214(16)  

12) 

1701(14)  
1 440(11) 
3 709(1S) 

2 543(16) 
2 457(12) 
2 829(14) 
2 877(11) 
1 120(14) 

4 168(10) 

684( 10) 
2 l98(lB) 
2 066(10) 

- 686(8) 
- 358( 14) 

- 1 194(11) 
- 234( 13) 
4 378(8) 

- 9!39( 12) 

3 Y 4 l ( l l )  
4 930(10) 
4 033(12) 

90 1 (2( I )  
1 838(13) 

4 606( 13) 
1 176(11) 

783( 19) 

3' 
L' y 2 )  
1 6 8 2 ( Y )  

4 471(1) 
:; :I76 ( 2 )  
1 299(2) 

237 ( 2 )  
1 3 x 1  ( 1 )  
:: 4 X O ( l )  
3 00:: ( 2 )  
1 94L'(2) 

!124(2) 

3 544(2ci) 
1 l05(20) 

775( 27) 
205(  1 9 )  

3 7!Hi(2) 

2 945( 1) 

4 SlU(2ti) 
5 494( 2C )) 
S 75(i(21) 
(i 6 l4 (20 )  
3 705j2.l) 
3 9 2 q  I!)) 

XO7(2I) 
- 778(25) 

432 (24) 
- 2 0 2 (  17) 
5 285("7) 
4 7:i3(22) 
2 !36!)(2(i) 
:1 0 0 ! ) ( 2 3 )  

982 (24) 

447(.12) 
!J6(24) 

2 8!)  1 (23) 

1 8 2 3 ( 2 5 )  

4 345(23) 
4 !xi:{ ( 1 9) 

1 28.5(20) 
2 486(20) 

- 123(28) 
- BIX(2X) 
4 780(22) 

885(24) 
06X( 16) 

-408(26) 
- 1 290(20) 

4 477(23) 

2 932(23) 

2 613(25) 

!)61(25) 

- I 6?1(2'[J) 

337(!2) 

2 997(17) 

I517(1%) 

1 6O(i(25) 

2 55!1( 13) 

6 520(17) 

5 175(18) 

3 136(17) 

2 736(17) 

- 1 793(12) 
-1 956(21) 
-2  819(16) 
- 1 O N (  19) 
- 1 :358(22) 
- 2  384(12) 
- 2  161(2:{) 
- 1 686(19) 
-2 3 3 2 ( 2 2 )  

- 1 863(23) 

- 3  658(29) 

- 3  456(1.5) 
-2  907(18) 

- 2 791(33) 

3 442(1) 
4 479( 1 )  
3 273(1) 
1 038( I )  
1 184(1) 
2 444(2) 
3 477(2) 
3 342( 1 )  
2 1 8 2 j l )  

530( 1 )  

2 330( I; 

(i.58( I) 
1 674( l )  

3 664(25) 
2 837(20) 
.) /aO(?tj) 
t i  d63(1X) 
- c -  

3 (i28(26) 
3 X38(20) 
!)43( 2 1 ) 
X T O (  I!)) 

1 212(19) 

1 3 U G  ( i! ()) 

4 47%(23) 

! n q 2  I) 
:: i (25 )  

2U5( 23) 

8X( 2 3 )  
4 711(22)  

4 884("4) 
3 704( 17) 
3 0 0 5 ( 2 2 )  

3 Y24("0) 
:1 ?I*>(  l!)) 
:I 590( 15) 
3 "YO(27) 
:I 570(22) 

305(2 1) 

2 283(2Y) 
2 207(16) 
2 646(26) 

- 164(22) 

1 217(23) 

1 X40(2(i) 

4 (iXti(2.5) 
3 415(20)  

3 214(I(i) 
1:171(2((i) 

-- W.i( 2 2 )  

- 75(21) 
ti!) 7 i 3 1 ) 

5 41B( 1 6 )  

3 2 6 0 (  18) 
:i 476(24) 

- 443( 17) 

2 700(20) 

- 1 019(17) 
- 29(2!) 

-770(16) 
--490(26) 

-1 410(16) 

:I 241(12) 

3 86 l(2O) 

:I 998(l!f) 

3 6 2 0 ( 2 2 )  

4 346(20) 

87 1 (30) 
1 :I 2 (i (33) 

95 l ( 3  1 )  

2 566(19) 

2 547(19) 

3 680(12) 
4 169(21) 

2 586(14) 

1 433(18) 

J.C.S. Dalton 
TABLE 1 (Continued) 

Y 
2 fi55(92) 
3 294(38) 

- 3  316(RO) 

Y 298(42) 
3 3 1  1(36) 
1 722(32) 
1 UXG(S2) 
1 240(31) 
1 lj25(4(i) 
2 055(44) 

1 318(44) 
1 (i09(43) 

80 7 (45) 
3 0!)4(22) 
4 147(28) 
4 004(38) 
3 864(31) 
4 SM(R3) 

4 621(:15) 
4 666(35) 

- 2  5fi6(22) 
- 2  X3Y("1)) 

- 4 407(47) 
- 3  745(33) 
- 1 823(37) 

- :i 187(30) 
- 4  317(:14) 

2 

2 684( I!)) 
1 571(22) 
2 245(37) 

469(26) 
2 032(41) 

2 401(31) 
2156(45) 

1 539(43) 

1 209(32) 

2 ?55(43) 
3 G76( 43) 
:I 346(43) 

6 :323(21) 
3 597(27) 
4 543(38) 

2 788(34) 
3 306 ( 3  5 )  

050(21) 

r! 457(30) 
2 870(:1:1) 

3 0 1  l(92) 

I819(46)  

4 668(30) 
3 507(34) 

2 581 (28) 

3 149(4X) 

2 213(:37) 
* l i q t i  rnatctl stantlard dc\-iations a rc  gi\ cn i n  pnrenthcscs, 

S refer5 to atoriw of t h e  solccnt  rnolcculcs, lor 'I.ii[)l(' 2 
'I' to those of t h c  te t ra tncthpl3n~monium ions. 

I<rSITL<?'S A N D  1)ISCUSSIOS 

The crystal structure consists of discrete j Rh,,H- 
(CO),,t'~4 aniotis, I N(C€T,),j I cationc;, a i d  1 -nietliyl- 

b sin & 
n __I_) 

lk 

i 
P 

6 Y l  
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yyrrolidin-2-onr: niolecules, in tlne ratio 1 : 4 : 3, as 
illustrated in Figure 1. 

The overall anion, of idealiscd C, symmetry, is shown 
in Figure 2, while the metal-atom cluster, of idealised 

or 3 I ) .  However, siii;Lll cliffercnccs arc prcwnt due to 
the change of the anionic chargc and, cspecially, of the 
number of interstitial hydridc atoms, which will be 
described in sonic detail. 

( ( 4 )  Distances 
H h (  I)-Kh(2) 
K h (  1)-17h(3) 
l ih(  1)-Kh(5) 
K h (  1)-Rh(O) 
l i h  (8)-Kh (3) 
l i h (  2)-Hh (7) 
l i h  (2)-lih (8)  
17h (3)-Kh( 4) 
JCh(S)-Kh(9) 
l<h(4)-lih(*5) 
lih(4)-Kh(U) 
I< h (4)-Rh ( 10) 
l<h ( 5)-1< h (ti) 
l ih  (5)-lih( 11) 
1< h (6)-Rh (7) 
tCh(6)-Kh( 11) 
lCh( 7)- R h (  8) 
Kh(7)-Hh( 12) 
Rh(S)-Rh(Y) 
Rh(8)-Rh( 12) 
lih(9)-Rh(lO) 
f th( lO)-Kh(l l )  
Kh(lO)-Rh(12) 
K h (  11)-Rh( 12) 
Hh(lS)-Kh(l)  
17h(l3)-Rh(2) 
l ih  (1 3)-Rh( 3 )  
lth(13)--Rh(4) 
l i h  ( 13)-1ih ( 5 )  
1 C h (  13)-Rh(6) 
l i h (  13)-Rh(i) 
lCh(l3)-Rh(8) 
Rh ( 13)-Rh (9) 
Rh(l:3)-Rh( 10) 
R h ( 1 3)-R h ( 1 1 ) 
K h  (13)-Rh( 12) 

(6) A11glcs 

2.781(3) 
2.847 ( 3 )  
2.804( 3 )  
2.757 (4) 
2.792 (3) 
2.808(4) 
2.789( 4) 
2. 870( 3 )  
2.7 48 (5) 
2.800(:1) 

2.769(3) 
2.760(6) 
2.765 (4) 
2.7 73 (4) 

2.764( 3) 
2.7 7( 1 (4) 
2.763 (4) 
2.7:w(4) 
2.75 6 ( 3) 

2.802(4) 
2 . 7 5 S ( 3 )  
2 .  sox (4) 
2.82!) ( 3 )  
2.8 17(3)  
2.817(3) 

".734(3) 
2.806 (3)  

2.723 (4) 

2.781(3) 
2.760 ( 5) 

2.84R (3) 
2.767 (4) 

2.723 (4) 

2.7 18(3) 

2.7 30( 4) 

2.833 (5) 

I<h(  1)-C( 1)-O( 1) 
1711(2)-C(.)-0(2) 

1Ch (4)-C (4)-( ) (4) 
Hh(S)-C(3)-0(3) 

Rh(5)-C(5)--0(5) 
Rh(6)-C(6)-0(6) 
Rh(7)-C(7)-0(7) 
R h  ( 8)-C ( 8)-0 ( 8) 
R h (  9)-C( 9)-O( 9) 
R h (  10)-C( 10)-O( 10) 
Rh(l1)-C(l1)-O(l1) 
R h (  12)-C( 12)-O( 12) 
R h  (%)-C( 13)-O( 13) 
Rh(3)-C(13)-0(13) 
R h  ( 1)-C ( 14)-0 ( 1 4) 
R h  (2)-C( 14)-O( 14) 
l i h  (3)-C( 15)-O( 15) 
Rh(9)-C(15)-0(15) 
R h (  1)-C( 16)-O( 16) 
R h  (6)-C( 16)-O( 16) 
lih(8)-C( 17)-O( 17) 
Kh(9)-C( 17)-O( 17) 
R h  (6)-C( 18)-0 (1 8) 
lih(7)-C(18)-0( 18) 

lib( I)-C(l) 
l i h  ( 2)-c ( 2 )  
Rh(3)-C(3) 

l<h (q-c (6) 

l i h  (9)-C (9) 

1<h(4)--c(4) 
l ih (  5)-i( 5) 

l<h ( 7)-C (7) 
l t h  (8)-C( 8) 

Iih(lO)-C'(lO) 
Rh( 1l)-C( 1 I )  
I th (  12)-C( 12)  
lth(Y)-C( 1 3 )  
l<h(3-C(l:i) 
I ih (  1)-C( 14) 
lih(2)-C( 14) 
I<h(3)-C( 15) 
Rh(I))-C( 13) 
l ih  (I)-<.(  1 ti) 
Iih (ti)-C,( 16) 
l<h(8)-<'( 15) 
lth (!j)-C ( I  7) 
Iih((i)-C( 18) 
l i h (  i k C (  18) 

1.ih (5)-C (1 9) 
12 h (8)-C ( 20) 
R h (  12)--C(20) 

lih(4)-C( l!)) 

ri h ( 7)-c ( 2  1 \ 
l ih  { 1.)-C ( 2  1) 

R11( 10)-C(22) 
l i h  (*5)-C (23) 
Rh (1 1)-c ( 2 3 )  

1x11 ( 4)-C ( 2 2 )  

11 h ( 1 O)-C (24) 
R h (  11)-C( 244) 

177(3) 

177(3) 

175(3) 

178(3) 

17!)(4) 
177 ( 3 )  

178(3) 

171(4) 

174(3) 
176(3) 
179(3) 
172(4) 
1:34(2) 
137 ( 2 )  
132 (3) 
13O(2) 
1 36 ( 3 )  
1 3 6 (3) 
136(3) 
134(3) 
138(2) 
1 ;3 5( 2) 
133 ( J )  
136(3) 

&I, syiiiiiietry, is illustrated in Figure 3. Bond distances 
and angles within the anion are listed in 'Table 2. Both 
the cluster geometry, a centred twinned-cuboctahedron, 
and the carbonyl stereochemistry are similar to those of 
the previously determined [Rh13H5-,(C0)24]76- ($1. = 2 I 

1.79(!) 

1.78 (3) 
1.5 (5 (4) 

1 . 8 2  ( 3 )  
l .S l (5)  

1.73 (4) 
1.79(3) 
l . W ( 3 )  

1.82(4) 
1 .so(:l) 

1 .!J8(3) 
2.01(3) 
1.9(;(3) 
1 .!11(4) 
1 .!)!J(3) 
1 .!#i ( 4 )  
1 .!K( ? I  
1 .!)5(4) 
1.9!)(3) 
1.99(3) 

1.91(4) 
1 98(3) 
1.98(3) 
2.02  (4 )  
1 .92 (3) 
1.93(5) 
1.97 (3) 
1 .!19(4) 
1 .93 (3) 
2.00( 4) 
l.!K(3) 
1 .!19(3) 

1.84( 4) 

1.82(6) 

l.!j.j(3) 

1.99(4) 

C( I)-()( 1) 
C(2)-(  ) ( 2 )  
C' (3-0 (3) 
c (4)-( )( 4) 
C(5)-( ) ( 5 )  
C(ti-O(tj) 
C(7)-0(7) 
c' (8)-0 (8) 

C (  1 0 ) - 0 (  1 0 )  
c ( 1 I)--()( 1 1) 
c'( 12)-O( 12) 

< (!))-U(!l) 

C(  I:{)-( ) (  1 3 )  

C( 1 4)-O( 14) 

c' (13)-O( 13)  

C (  lfi)-O(lO) 

C( 17)-C)( 17 )  

c ( 18)-0 ( 1 8) 

C (  l!l)-( )( I!)) 

C' ( 2 0 ) - ( )  ( 2 (  )) 

c' (2  1)-0 ( 2  I ) 

c ( 2 2 ) - 0 ( 2 2 )  

C ( 2 3 ) - 0 ( 2 3 )  

C( 24)-0(24) 

lih (4)-C( 19 j-0 ( 1 !J) 
17h (5)-5( 1 I))-( )( 1 !J) 
T i  h (  8)-(,( 2O)-O( 20) 

R h (  7)-C(2 1)-O( 21) 

l i h  (4)-C( 221-0 (22) 

lil1(5)-C(2:3)-0(2:~) 
12 h ( 1 1 )-C (23)-0 (23) 
li h ( 1 0)-C( 24)-O (24) 
R h ( l  l)-C(24)-0(24) 
Rh (2)-C ( 1 3)-Rh (3) 
Rh(  1)-C( 14)-Rh(2) 
Rh (3)-C( 15)-Rh( 9) 
Rh(l)-C(lG)-Rh(6) 
Kh(8) -C(  17)-Rh(9) 
17h (6)-C.( 18)-Rh (7) 
K h  (4)-C ( 1 9)-Iih ( 5 )  
12h(8)-C(20)-Kh( 12) 
lih(7)-C(21)-Rh(12) 
R h  (4)-C( 22)-Rh ( 10) 
Rh (5)-C( S3)-Rh (1 1) 
Rh( 10)-C(24)-Rh(ll) 

Iih (1 2)-C( 20)-0( 20) 

Rh (1 2)-C(2 1)-O(21) 

1x11 ( 1 0)-C( 2 2 ) - 0  (22) 

1.18(6) 
1.16(4) 
1.1 G (  6) 
1.20(4) 
I .21(5)  
1.23(4) 

1.16(5) 
1.14(6) 
1.1 8( 5 )  

1 .  rn(4) 

1.23(3) 

1.2 l (4)  

1.24(5) 

1.  I!)(:{) 

1 .24 (4) 

1 .  24(3) 

1.19(4) 
1.17( 3 )  

l . l 5 ( i )  

I .  II)(.i) 

1.2l( . i )  

1.23(3) 

1 . 1 9 ( 3 )  

1.21(4) 

'The Rh-Iih bond distances range froin 2.7 lS(3) to 
2.804(3) i$, their overall mean (2.782 A) being slightly 
lower than in the dihydride anion and in accord with a 
trend Rh,,H, > Rh,,H2 > Rh,,H (see Table 3) How- 
ever, the distribution of the Rh-Rh bonds must be 
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discussed in connection with the probable location of the 
interstitial hydride atom and its lengthening effects (see 
later). 

TABLE 3 
Comparison of mean lih-1x11 bond lengths ( A )  in the 

three anions [Rh,,H,-,,(CO),J"- 
Bonds n = 4  n = 3 n = 2  

Overall mean (36 values) 2.782 2.794 2.81 

Centre-to-surface (12 values) 2.781 2.793 2.81 
Surface 2.853 2.853 2.85 Cavity [l] Rh(1,3,4,5,13) Centre-to-surface 2.814 3.791 2.79 

Surface 2.778 2.770 2.79 Cavity [2] Rh(1,2,6,7, 13) Centre-to-surface 2.774 2.775 2.80 
{Mean 2.776 2.773 2.79 

Surface 2.773 2.774 2.7!) 
Centre-to-surface 2.777 2.794 4.79 
Mean 2.775 2.784 2.79 
Surfacc 2.763 2.773 2.78 
Ccntre-to-surface 2.775 2.787 2.81 
Mean 2.769 2.780 2.79 
Surface 2.757 2.775 2.82 
Centre-to-surface 2.773 2.790 2.84 
Mean 2.765 2.783 2.83 
Surface 2.758 4.801 2.83 
Centre-to-hurface 2.776 2.821 2.83 
&lean 3.767 2.811 2.83 

Surface edges of the occupied cavities 2.853 2.827 2.83 
Surface edges of the unoccupied cavities 2.766 2.773 2.78 
Kh-Rh CO-bridged edges 2.766 2.776 2.79 
Kh-Rh CO-unbridgcd cdgcs 2.800 2.813 2.83 

Surface (24 values) 2.783 2.794 2.81 

{Mean 2.833 2.822 2.82 

As in the other two anions, there are 12 terminal and 
12 symmetric edge-bridging CO groups, giving three 
KIi-C contacts per metal atom. The mean values of the 
Rh-C and C-0 bond lengths for the terminal and bridg- 
ing groups are 1.80, 1.18 and 1.97, 1.21 A, respectively. 
These mean values, compared with the corresponding 
ones in the trianion (1.81, 1.17 and 2.00, 1.20 W ) , l  show 
the expected moderate decrease of the Rh-C bond lengths 

and moderate increase of the C-0 distances due to  the aug- 
mentation of the anionic charge (the corresponding data 
for the dianion were of insufficient quality for compari- 
son). A discussion on the possible edge-bridging carbonyl 
geometries in these Rh13 anions has already been outlined.1 

As to the location of the hydride atom, we have followed 
the same criteria used for the other two anions, i .e .  we 
have looked for holes in the ligand disposition and for 
metal-metal bond lengthenings. As previously pointed 
out, considering the polyhedron described by the carbon 
atoms (see Figure 4 of ref. 1) ,  the largest holes are located 
within the three square faces of the cluster, Rh(1,3,4,5), 
Rh(6,7,11,12), and Rh(8,9,10,12), which can contain 
hydride ligands in semi-interstitial positions. The first 
hole is bisected by the ideal mirror plane, while the other 
two are related by the symmetry plane. In  contrast to 
the dihydride species we have found here more similar 
values of the corresponding C C contacts for the two 
mirror-related holes. 

A coniparison of the Rh-Kh bond lengths in the three 
Rh,, anions is given in Table 3. This clearly shows that 
the hydride atom of [Rh,,H(CO),,]*- must be located in 
cavity [I], the largest of the six semi-octahedral cavities 
(mean edge of cavity [1], 2.833 us. 2.770 A for the others). 
The analysis also confirms the previous assignments for 
the di- and tri-hydride: in the former the occupied 
cavities are [l]  and [6], and in the latter they are [l], [5],  
and [GI. 

Rh(10) Rh(1l) 

FIGURE 3 View of the metal-atom cluster 

Some features corninon to the three anions are as 
follows. (i) The Rh-Rh surface bonds bridged by CO 
groups are, on average, shorter than the unbridged ones, 
a fact which is often observed in carbonyl cluster species. 
I t  does not, however, obscure the analysis of the hydride- 
containing cavities based on bond lengthenings as can be 
seen, for instance, by comparing the mean surface metal- 
metal bonds in cavities [4], [5],  and [6] of the dihydride. 
(ii) The Rh(7)-Rh(8) bond length is rather long, al- 
though it  is never involved in hydride-containing 

http://dx.doi.org/10.1039/DT9810000519


1981 523 

cavities. An explanation of this lengthening may be 
related to the particular disposition of the CO groups 
bound to these metals, and to their non-bonding repul- 
sions. (iii) The Rh(12)-Rh(13) bond is slightly longer 
than any other centre-to-surface bond. This was 
previously ascribed, in the trihydride, to the fact that 
this bond i s  shared by two hydride-containing cavities, 
r5] and [S].l However, the finding of the same feature 
also in the present structure might suggest that, in part, 
the lengthening is due to a structural trans influence of 
the hydride ligand lying in cavity 111 IH-Rh(l3)-Rh(l2) 
cn. lSO"]. 

The reasonable location o f  the hydride atom in the 
barycentre of the square face Rh(1,3,4,5) leads to an 
average Rli(l.,3,4,5)-H bond distance of 2.02 A and to a 
Rh(13)-H bond length of 1.96 -4. These values are 
comparable to the Ru-H bond lengths found [2.0:3- 
2.06( 1 ) A1, by X-ray and neutron-diffraction analyses, in 
[Ru6H(CO),,1-, with the H atom at  the centre of an 
octahedral cluster.6 Moreover, the contacts of the 
hydride atom with the surrounding carbonyl ligands are 
normal, the shortest H C, interaction, with the 
hridging group C@(19), being 2.62 A. An outward dis- 
placement o f  H ,  leading to the extreme situation of a 
p4-H facc-bridging ligand, seems improbable, since it 
givm 1211 -H bonds which are too long and a short H 
C(19) contact. On the other hand, a slight inward dis- 
placement cannot be excluded, although i t  gives a larger 
difference between the two types of Rh-H distances. 
In fact, an inner location would be in better accord both 
with the complete fluxionality inside the cluster of these 
hydrides, observed in the n.m.r. spectra in solution at  
morn t e r i i p e r a t ~ r e , ~ ? ~  and also with the finding in the 
anions iNi12H4-,L(C0)21]"- (n  = 2 or 3), containing H 
atoms in octahedral holes, of shorter Ni-H bonds with 
the central metal 

The family of anions [Rh13H5-,,(C0),4jn-, of which two 
other members have also been isolated, namelv [Rh,,H,- 
(CO),,] -- and [Rh13(C0)24]5-,3 shows the, a t  present, 
unique feature of semi-interstitial hydride ligands, in 
semi-octahedral (i.e. square-pyramidal) holes,* while all 
the other known interstitial hydrides are found in octa- 
hedral holes.g* 8 9 9  These ' nearly-on-surface ' hydride 
locations, due to the cluster geometry, agree well with 
the ready hydrogen exchanges and interconversions, a t  
least for the central members of the series, observed by 
their reaction with acids and bases3 

* Note added at proof. A similar situation is believed to be 
present in [Rh,,H(C0),J3- (G. Ciani, A. Sironi, and S. 
Martinengro, J. Organomet. Chem., 1980, 182, C42). 
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