Chapter 6
Metal Atom Clusters (Non-Carbonyl

clusters)

Note: for Metal Atom Carbonyl clusters please see the other graduate
course Organometallic Chemistry 23523 (Chapter 6 Metal Carbonyls).



AETHL = T - 17AL BONDS mzfﬁ%f
' AT oM~ C&u%Tw\ S//@’F‘Qfmw* 0 s
i e //; /yg’ O

(Dot 15

P—}’W‘i“f dg\ac\/(%m

LLTE’/Y Mefx’d an (WM /lefr, well /ff/’;warwﬂ - g,m*&e‘w%nu

i T \ﬂ&jnﬁ) W&;ﬁjlmjﬂg ooy g@[%
W;aé W‘Me‘g 8re j‘fz{’f "‘"Mﬁ"‘g;[
) h’ﬁ%"\\—'ﬁgm :

_— ) Ao Sl
1) rfan e g /ﬂwé ,ﬁml/
fi/) /&M)W &

[cemew'c},\ (,ﬂqc/em gé;cghj j?//wwf 27—/
‘bfvxfé l‘ /‘él ’U-"—vj‘h gt@f‘ﬁ& e £ %Mkiég

‘nﬂ/*’\ elese— ey X 9 /"f'_ f)ﬁd’ﬁﬁ l«.~c—j ml‘}hté’
ﬂ/y /LD J,—,,em,»u wheg‘fi&*@ :@a-g ,\51 spg/ »fQW,JE_

/;/,'__,/}/1 /g—wﬂ 3 1\j

.’ 03 mc:-rn«\?/ Tl TLH~O g éfnwoﬁ’ ¢ Taf « FHa
& \_e,- - “Q;g st «Q«smﬂo KRN M'&@S ’,(Pe"«anvt?a,;ﬁig‘f
_J'.Jy{m;{,\ldg_{m%yaw nz}(wwe '&,ch Q—h“&'Vqu%mmv\.

. j\qc\ ,d%r Cxu s%@ﬂrﬁT%fg‘d ¢~ oved( (ed N *QMKGJ%} N -
AT S W B TR el et A 32/' eeck \“’“Lh ]
e e 3”\\\\},410 Ao ch O3 i"\J.&_C’— lcl\

’j.:.h 10{60}{ J })\%@//@g‘lt %@g g)(mﬂﬁcp@ﬁ ;r\ /ﬂ-«ﬂ/) > %rﬂ\rﬁﬂ
w/:"-(\({?ﬁ‘bn/\.emj’ emﬂ-ﬂg(‘?/ L._}“j("fap [ﬁ@_ 20/{ (QK EZ:GW’L,, >

—— e

2






Bipest s ik

Iwm&cuﬂiw

CL]t‘?/YHﬁ/Y’Ja/VL Cmam“& 553 wéﬂ /&mn-uf;*&(ﬂ%mv\
= ot ol s Qvf\'f‘v“mi:] /wiiwﬁjhufg o lossr uaf%
W1€.3_£ W{%M By .ﬂdéejmmﬂﬂ'%[
. T
BT = a”)hw@/\'mﬂ Lo
5 Y pinsia q =L /ém/
rV)ﬁ?/eM’*‘{ “& =

tt%f‘rnefr"ﬂv\ .(’xﬁﬂf’%@ﬂ ﬂgacgmj jﬁ//uv\rg M —/V
%xjw }’a/é kjf*’\.!—t hgu[‘ff_{ eﬂs'ﬂw\‘:{‘;g

v/é Nneleqy e ptexX i, Aé’,u,i" exfﬁa Mmee/ m_fjﬁv}

pj 4;_@,,\3 mnec‘}t ‘%g X«»Slﬁuﬁ.g

e e d

ke 189 %t 3, [T el LA u,agéitw\@(? % Ia( g0 ?H ()
oy o D e, S .JZ,\MMQ i 205 J<Manv¢ea{ﬁﬁga&5)
w2 b pant R SR y\‘)\(’wv-e it st e e Al o

M ;\’)A J%f C/fms '}“E/{DCYTQGO& renen eaa Mg “\‘QN\KJCQ/ %ﬁaf’
AEPY = w-ﬁ(h{’/-"\ﬁ_y\ ONE e sl A= 4A JA {e-(“f \“mxa{.{u toe ol
Wrrsf‘nw&aj Sk 34 W, BT '

5 l"léﬁj L inteest £ag éxpamOeﬁ tn )= /¥) 2 gmaﬁ?ﬁz
Xn({gjafww:i’ ewfjf?/ Wl [ﬁe#?oj Qz‘?;ﬁ_}t’_ :

e

vt alalon—clusfor o A 3*‘“”&?7 SHirtr @ et gt ol g
j ) e 8t sy ant a‘j‘?-‘e :’f’C@ /gf"ﬂﬂg 'éa){- "’Cm\i@




‘)4,4, /ﬂn.‘:t'a,(b’ A c/uﬁ’}é&/ Vg m?fdug‘f an ﬂ}'@«w’&)z{a

Frome Aﬂﬁgf'fwu cgeg 4 G 'uw{ oé- np %@m,w
, @,,\kmu-& 3 LL"!J/%'[*L/ kﬁéw‘& & ffY‘u_e /M AN b"—'*\CQ/wh_Z
"/_C wwra,/[a Sbfn

'ég%f ‘*CQ ﬂ’)*—- N 3 = /TY QLLW WL
P Pett f/ g0 C"“@( Méf@él"aﬁw el

/)<C ©

(C@ F / C{(&QJ c a

Bk e e

%‘.\,-{ \P{{:.C:v’wum-j ﬂﬁﬂ 3 (C E\) & (C’O) =Y i é O)f"
LJ‘I\'\’G» ,;O)w:..@ ‘o !M.;. ,M 19‘3‘\/&(0.4‘»,_} S .
hcbialalll e Sty

/f\/\(‘/\_’ %A/Lg }ZC’ 7i 2CC Gy .'M\ f(/ (f@)l C“ﬂ.-z;rf*’j(@f;‘ e ,‘;‘_rr,,,__rl '
/f/ff)e//r[: u,/€% (5,""—‘)91'\1 ) .r"fu s g \

1=



e e e e

M1 w08 T AU RRIIY D8
.,zﬁma e dre M\Fnzﬁm% f/{;rw—\\c,a/ -n«pé\nj vnw
JMM » @m/ %’QM. ,Zmdma waeiipes, s w8

ﬂi Xg/ :J(%\g&r\g //ﬁo g)*‘f (M (‘J{)
LG s (7 dnYL/ (73,8 0) ™
RexXq ¢ x = o)
X /’/?,/"JX? /5(/://"’6){: )qu,(f’ng Wz\é
AL e .
VLl BT PR by,

wv% 3/&()?3'& /Ka“,“x 2"1:3%‘_\”/\3// Mz/»‘;}jf_

(./”" /V'(CO)! [£1 ’1/9147,1«(1'“‘? ook ey G’L-—-Vkej

q«fvﬂ% J\ #fﬁﬁ’““&— ”E@Q By N 1MW£’W%{&%LQ . //

= ncupal TIM. vl Cﬂ}’s/ @f!)ycw Y4 @rongy Lonely Dre
Coyrocable_cui =

= a{@xwmgkﬁ/ "ﬂf&f/ﬂfajj%rrﬁr /MC/"'Q?ZLQ@% P %ﬁé

i‘ﬁ{z’/’fﬂ*g e e Tl /
s
o




s, T o e potordly valinse Gl
M @ r)g qv(n\w)ao Cf (7 B QMJ m:ruﬂ’ ro/ﬂ

,UM ; Mf/ W evchy *
‘,up’fj =z z/ Li?// MMWJ%%

<s<_ & 'ﬁr;fk‘é\”’:"‘ye-j
Mg %g o gl fFar
<
- | - \ ¢ /)\‘
: S
; s = =
£

il 7Mﬂzﬂ¢1m e ¥

. *’;H&. 2l /‘/’*—A/?*&T’*W&» "é‘)’ca’ﬂ??‘/??f



+4
TIn [}ﬂoéag] o, Awelve e Iy ’j /W*-—-/W ,weaofl ma
bk QLG €TS8 axt W“Ve"“eﬂ p M>>'

N b de piiv //ow et o= Mogoss
(L M= by ,

Qf—’\_/
i\f\ égd K ,Za& 12 m — P’AAVS bt mJAz ge‘f)%f‘g
56 = (‘xt’—"—

e oyl 6 b AT %M(gois"‘%'_l?f:— Lpove

1/"‘———

/ weé*/s@” byforsteomgl % 0 Voot eqeh

L Rﬁg(’/é( n[ﬂz"f)@{({g‘s 5 ea ﬁ—ff Aoy, v Ae g
R e .l #W Z(Rv&%)mu&

e

LJ%M) each RQ,-——K-?;T& 9 ,Qamb&*%mxo@

Tt o intecerhng o Raoo +hat L,—v\ap,,,({gpmmcf/g W — A7 QJW?
"‘:2”/*'@ if@’?@ % (A 5 2 (m ’r)
AT [ 457
:ﬁ ; _dzﬂ::—
%/M;Q /ﬂ"p‘/) %‘ «QAACK“""TJ‘@& °£*V‘*Q/f% Rt i
m\ig L obitald and Glasy W/? .

(45’16 J Alﬂ-fa/ ge?aé w-zl“’.'[ @—?W'@a— /1/1-‘0( Ls‘n_;p "{‘/
Femagh L,LJ .ﬂwaa e 31l bl v s ;ﬁ,.x A= ,Avwﬁfnmw
Muv}%?’f MOs, e ﬁjﬂﬁ”\j s ﬂwfr/%jo :M‘FQJT&Q



en el

P/ A

%‘é/@ fﬂﬂ@ij;ﬂ (@90 575, 0

S

' = Shoaty \;42:_(:‘&:\\'% 5 %0 H{J“&
. i : A + . . g
” : ,Zja e [_/ﬁ"'g Q{’g} “_,9,_# LL«J bol g’g#

C/QA'\-H%—Q/Y\% s+ OQM\\-O"&&‘{ g

‘ () M

-

Alling b 65 in [/w,écun\
and [T el TP e

| 6l et o el
7 (f’m“ds/\—/ﬁ’ (;fﬂ = \een i

oo é&_«-;,bfq Piw.eg) AP f;y\. if___T_/ ‘wﬁvwﬁﬁo

s ell Al 3T els  w Re—Re
e



| —
; Ke} Xq J/a'““‘?* IP&’"A.M@' Re ,_,-(-Zp_ : 7.z ﬁs;

2{ (R S C"c"\-%ﬂ‘c/ﬂr jy\& tgﬁ}a‘(z‘e’j 12’7 a el \-}é&»m-"f‘a-o——
d ecbortats by indle. gt hwds fferent “.‘Sra’.'&'s.)’#j;‘“e/yil

- T
/"".| M:g

/j’?

I CZ@’.’D oD Sl e e
4J : X“_i ;_ gﬂ _ﬁ__ﬁ_;, ‘} = | o
Ao T |

i _ “-“& 5z

i} a5ysd Z‘JI'W‘S /ﬂ‘/ﬁé .ésg‘g’ Trq.g’i—f—&& HO. wm.ﬂ\bv(’m,( sy e
Y s i lap e :/-(mj ,
) . i P L) IWWMAQQ%—/ : - ; : -

A AL [y o wedtfa i, R
% . 7 e i)
—_— T Az -y QCJS-.-?JS
_ ¢ e dpep 5 A — Al
S J,,j-r.ﬁ-xj?j%.i g[)g
o A J?’g-rjxg /j’g-rﬂ&‘s

= (J‘?w +dz%)
A7 g

I

'1’176"}7 L" ﬁ\v "%‘L ‘;9”7:/9/.{“6/-_ //Z/Z( /Vvtc"é_(_,tuﬁ.@d

10



éwqﬁfqz/e égmﬂ&

: e £ 3 ‘i—/‘"ﬁ & Lj%ﬁpz £ it ‘?ﬁ ﬂ7 v % e --‘J i{ve:ilzlm_%

i _J Voo Lk “\/Uk'g/ %f\,% ﬁ—\,‘,( 'Kf«_&[@ww m_£J
%&)_mgdmw%ﬁwﬂ//‘g B

i X':—//:"‘:—C—;%';:x

“GirXa ]
L/‘-MLQJJJ} 2D 2 00h

B, g Csjﬂ&m‘ﬁ‘ b=y 37T > 4GS Bords oy [ He
L L W, eolled Aetal— Nexal Qe deaiple bodh,
———ﬁ’“—‘—“—{____\hz

‘417% G’”QTT*‘LQ : Mmoo L

o R N S e e B M JE 200 W

11



b Lo
\%p, iuﬁj :fi j‘h’my 5 4 B —
e \Q\Ef ' ¥
:l) SM S 2 o /Y]wr—-n/\ T 'c)}‘ﬂ\
( A calilP B bpﬁrj ___a(),XB il /E).L q,gfzdﬁtﬂﬁ'

- %%”‘ﬂ% S 1!2 QC’Q“Q"%J? gﬁw\'\&l{k({;

U"LC}I\LQA"@Q : e //
e N,
G
,4/“@ Z_-—""—L /\J—G""“w\ﬁf\-’ '“L&W ﬁ&n (%‘Q—-EQ
G &?ﬂr\fc

S Fene ;@w]g‘}) m% @ o CrMC aé@wa){k})
M UYl/A(j e %z,u) cRhie5 .

= ==
;;mw @-s !
/?e, e- Q.J,dﬂu! q’“"""ﬂ 52 d qﬂ EJ{L E—mﬁ@)
['I,Cl? ik, 5'1‘5:: e g GXMRQ-——-—-L{
/)7 aaj{ e -
lecch), Jellro «52 4 %M mas

;T.,.q,-f-*zf-g-v’uﬂfs #x2 =% & L

Aot bt wau' y M!@@ effect o M, my

s, e £odehe 4. jgmmmm wied y hon, e
o —ol 0] W M@,@ /z/lwf, g«%ﬂma*fmm&

(baoé\fz‘is e %fV&)

12



G bl oy wommde—; o

’T’jm“ﬁz,%w/gﬂ,g eI (P4 [ trs
s o} gZJ e flect e 41— %VJSMM*Q"

W {VW‘V'“"’ new‘{/":r S T g '@_-P '!éapQ&r_?«f_% = L.Jﬂ;,,, Q_J
Co ’ it e b A,nJ/QﬂM\ ety *Q%_\

(o (Prig ) ='$ % Lonnaf
(/ﬂea@(f’Mt&QE :ﬁ'g’g o = 27—'§’;

- "L =
@@e ce, crm b T qg"'g - ;,_,,_‘_’/
o oy slig Rt ‘*ﬁ{fif‘nqr&

Uﬁr\_yymﬂb—n-vwancﬂf/r' fd——s?g—-—‘? 4’07

e i ey
e s L 1T e S

| N —) ﬂp (LA.'V\ er*?ecﬁdgﬁ )
-’f.u—‘S/S 4 e 'z/-\"-t& a ngﬂ/‘F?Ml 11_3 qa e 0% e e

k.
|

"\Mm

—

e e g j""""‘"“‘?jz‘?j
s g,;;,ﬁj o bodier =} y
W e

g /g;—' , ./-?/y—ej vs. e ks Ja's'é—j 052 - - . c‘/
Z%[Mjg]{x P \Ff"?-«.)v_l < f’*’f‘z”“’p W s’

sti{/ e B
e it 6A bl jeijﬂ*bjr

—~ K5 e e'x]aecx'
'—{M‘/@- M(ﬁae,—r,n'ufv:b"g{‘j %M«uﬂ“f‘g@!g
%nd%m ¢ o
o 5 Gt S e MMPME Vi e
»‘zéoa ~ 1‘(@ a ] Comasrie

13



23)
Triplt Bondi C’

() ervbe, el of 2.& farn quaben
bt . 1 e

‘ kﬁ'\«_ *" /blf\_r 3 e
C?a/&gﬂrf@&ﬂ {ﬁei_%iii b

| S T R

e

—_—

e s 50 2.
. W = ':L’ L‘L\,_QQ 3

quzc"te(é’ﬁz)ii 6_&'1),&,

==
| 6 sl gt At i fm;..—/w,,)w 3
= j, = %\% 6” e e

E. 5 e ”p?fé- ¥ q‘ﬁa“-

q.

@}1@.(3@‘%&/»\5‘5@1} SLTQA'QQ# ——— P?’a‘—ﬁ_ A




15



