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Abstract

The genesis of chemical clusters of the transition and main group elements has been establishedlifbelbaser

valence electronsas been demarcated with help of capping series. Using thdirass a reference, the formulas of
fragments and clustevgere generated. Also a simple general formula for cleating cluster valence electrons for systems
ranging from a single skeletal element to hundreds of them was identified. In so doing, the single elements of the periodic
table were naturally placed intbeir respective periods. The concepts of the existence of nuclei in clusters and some
having blackholes were deeply rooted. A tentative explanation of some clusters having an octahedral geometry but with
low cluster valence electron count was put forward

Keywords: black-holes, cluster nucleus, baseline, matrix, clan series, family series, genesis, capping electrons, arithmetic
progression

1. Introduction

During the analysis and study of the clusters using the 4N series method, it was found thatetisehelus three main
characteristic series. These are: the o¥0pandhdlasb gc teEr Fz e
N3, e =N1(Kiremire, 2017).The | ast series corrbeus4donds
years ago(Rudlph, 1976) and still widely directly or indirectly cited(Housecroft and Sharpe,2005). On closer scrutiny,
these series also in agreement with Wlilegos rules and PSEPT concepts of n+1, n+2 and n+3 rules -4y, i, n3
verticesser i es( Wade, 1971; Mi ngos, 1972,1984,1991). The serie
utilized to broadly classify clusters into [Mx] groups or CLANS. The [Mx] baseline corresponds to the closo series. For
instance, [M1] corresponds tdB;H.> ;[ M2 ] MB; [ M3 HYB [ M4 ] ¥, ;B[ M5] #s® ;B[ M6] Y

BeHe® ; [ M7 [Hf? ;B[ M8 JgHg; BMO JoHoY; BM1 0 dHs ¥ [BAL OHNB [ ML 1 {Hy, Y [MA2]

Y BH./ :and so on. Each of these [Mx] values has a corresponding K(n) parameteustad valence electrons
component, VE. The objective of this paper is to investigate the origin of the [Mx] series. Do the K(n) which correspond
to K(0) parameters possess cluster valence electrons?

2. Resultsand Discussion

In this section, it ismportant this stage to compare and contrast the application of the 4N series method of categorizing
and structural prediction of clusters with other literature methods by using a few selected examples as illustrations. The
analysis of clusters will be derusing skeletal numbers which have recently been introduced (Kiremire -€0The

use of skeletal numbers has been found to be easy, fast and precise and therefore it is better to have them at the begging o
the paper for ease of reference and arengindables Tand F2 for main group and transition metals respectively.

Table 1.Skeletal numbers of the Main Group Elements

1 Li Na K Rb Cs 35
2 Be Mg Ca Sr Ba 3
3 B Al Ga In TI 2.5
4 C Si Ge Sn Pb 2
5 N P As Sb Bi 1.5
6 O S Se Te Po 1
7 F Cl Br | At 0.5
8 Ne Ar Kr Xe Rn 0
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Table 2.Skeletal Numbersf Transition Metals

T-2

Sc Y La 7.5
Ti Zr Hf 7
\% Nb Ta 6.5
Cr Mo W 6
Mn Tc Re 55
Fe Ru Os 5
Co Rh Ir 4.5
Ni Pd Pt 4
Cu Ag Au 3.5
Zn Cd Hg 3

Comparing and contrasting the 4N series method with other methods

Ex-1: BHg® : K =6[2.5}-6[0.5}-2[0.]=11, n=6, K(n)=11(6), S=4n+2, K=2h Kp=C’C[M6],Ve=4n+2= 4(6)+2 = 26,
VF=6[3]+6[1]+2=26. The symbols Vend VF represents the cluster valence electrons calculated from cluster series
formula and cluster molecular formula respectively. The cluster series S=4n+2 belongs to the CLOSO cluster family and
[M6] clan of clusters. It has an ideal octahedral geonastmeported in literatundpusecroft & Sharpe, 2005).

Ex-2: BsHg: K=5[2519 [ 0. 5] =8, n= 5, K(n) =8(5),2 p=CICMEta¢lBt@isc | u st
missing one skeletal element to belong to the CLOSO clan [M6]; Ve= 4n+4 = 4(5)+4 ¥e248n2K
=8(5)-2(8)=24,Ve=4+2x+2(+1) =4+2(6)+2(51)=24, VF=5[3]+9=24.

Ex-3: Og(CO%sK=6[5]-18=12, K(n)=12(6), S=4n+0, K=2n+0, Kp =C[ M5] Yt he c| usGAPREDi s a
trigonal bipyramid. This is as found in literature(Hughes&Wade,2000).The cuadégrice content Ve= 14n+0 = 14(6)+0
=84,Ve= 18A2K = 18(6)2(12) = 84,Ve=14+2x+12(t) =14+2(5)+12(6l)= 84, VF=6[8]+18[2]=84.

Ex-4: Og(CO),” :K=8[5]-22-1=17,n=8, K(n)=17(8), S=48, K=2n+1, Kp=GC[ M6 ] -GAPFED octahedral
geometry;  Ve=142=14(8}2=110, Ve=18R2K=18(8)}2(17)=110, Ve=14+2x+12{(h)=14+2(6)+12(81)=110,
VF=8[8]+22[2]+2=110.

Ex-5: Rhy(CO)g® : K = 9[45}19-1.5=20, n= 9, K(n) =20(9), S=4hK+2n+2, Kp=CC [ M6 ] YAARRED octahedral
geometry.  Ve=14@=14(9}4=122, Ve=182K=18(9)2(20)=122, Ve=14+2x+12(nl1)=14+2(6)+12(91)=122,
VF=9[9]+19[2]+3=122. This result is the similar to the one obtained for the cluste@©@s’ : K=9[5]-24-1=20,
K(n)=20(9) which is a triply capped octahedraon (Hughes&Wade,2000).

Ex-6 There has been a practicenmdtching some geometric shapes with cluster valelweefecroft & Sharpe, 2009n

this way, the observed shape of f@0)s> was matched with Ve=12Mpusecroft & Sharpe, 2005However,
according to series, ¥d24=18R2K=18(9)2K; 2K =18(9)}124=38, K=19; hence K(n)=19(9), S=2n K=2n+1,
Kp=C*C[M7] predicts an ideal shape is aBAPPED pentagonal bipyramid.

Ex-7. HRe(CO), was found to have a structure similar to that of cyclohexane. Its K value is given
by :K=6[5.5}-2.5-24-0.5=6,n=6, K(n)=6(6), S=4n+12, K= Kp=C’ [ M1 1] Yi t bel ongs to the
[M11] with 5 missing skeletal elements; Ve= 14n+12 = 14(6)+12=98. The hydrocarbon cyclohegdng, h@s
K=6[2]-12[0.5]=6,n=6 and K(n) =6(6); thereforehelongs to the same clan and family of clusters. Hence, it is not
surprising that it has a similar skeletal shape as the rhenium didstgsecroft & Sharpe, 2009n addition, the series
method has successfully been applied to the analysis of Zmttlissters, the clusters of gold skeletal element,
Matryoshka clustersnetalloboranes andfwers (Kiremire.2016&, 2018).

The K(n) Parameter

The K value of a cluster assumes greater meaning when it is associated with its corresponding number of skeletal
elements(n). Hence, the concept of K(n) parameter was intra@icechire,2018). Let us consider the [M12] closo
cluster. It belongs to the

S=4n+2 series where K=22(12)1=23 and hence K(n) =23(12); VE =2K =8[12}2[23] =50 for the main group
elemants, VE =18A2K = 18(12)2[23] =170 for transition elements.

What happens when n=0? Do the series still possess some cluster valence electrons when n =07? In the case of [M12], the
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K(n) series are: 23(12)VY20(11) VY1a(3@8Y3Y¥aQ9o) 11g@1(8) Y
We can transform these K(n) values into required clusters. Let us use borane clusters as illustrations. The K(n) =23(12)
can be changed into series S=4n+2, the digit [4] represents a [BH] building block for borane clustard&ridse digit

[2] corresponds to [2H]. Hence the cluster is given by[BH](12)+2H =B;;H:JB:-Hi;> ]. The next K(n) value is

20(11) which belongs to the series S=4n+4. This can be corresponds to the borane F= [BH](11)14k. T

remaining successive borane clusters are as follows: K(nN=17 ( 1QB:6YB

14 (9HYBLL ( 8heYB( 7M1 B ( 66 B ( Ssh-B( 4 )aHoB4 (3 )sheB7 (2 )HeBLO( 1) Y
BiH.5-1 3 ( 0 gHX=R6H. This gives us some very important information thadrider to generate the [M12] cluster
series, we must have 26H =26e as t he BAR@HL26HNHe NVacarz. Th
also derive this value using the KN cluster valence electrons formula as follows; VE2£8@))-26= 26e or 261 or
13L(ligands) in case of main group elements. In case of transition metals, VE <2(8(8) = 26 = 26e or 13L (ligands).

The beginning is exactly the same as that of the main group elements. We can call the 26 electron component or its
equivalent ashe genesis of thpM12] cluster seriefor both the main group and transition metal elements. This value
could also have been obtained from the series formulas, S = 4n+26 and S = 14n+26 when all skeletal elerhents ha
de-capped until the [M12] closfragment has completely been dismantled (n=0). This gives us a very important natural
law of clusters.

The genesis principle of clusters: the cluster valence electrons for closo [MX] series is the same for both main group and
transtion elements when k(i3) obtainedThe objective of this paper is to examine thecdpping cluster family series
below the closo baseline.

The difference between the main group elements and transition metal then comes about as a result of the difference in the
value of the caping functions of [2e] versus [12e] which is [10e]. Hence, the series for main group elements is S =4n+q
while that of transition metals is S = [4+10]n+q = 14n+q. We can also further illustrate using boron, osmium and
palladium skeletal elements.Wfe assme the process occurs stgjse, then we generate the Schemés 1

The capping process frorx0 UP TO THE x=12The[M12] closo fragment

26 HY [*BHY [ B’A2H; 6 [BHTsH; 6 fBHTaH2 6 [BH*TsH2 ¢ [BHTeHas
BH*]7H; 6 BH*JsH2 6 [BH*loH2 6 fBH>T10H2 6 BH*T11H2 6 BH*J12Ha2s
[BH?"1Ho6=12B+12H24H+26H =B,H:= BiHy .

Scheme 1. The capping process for boron clan [M12].
The osmium analogous cluster series:

13L =13CO

13C OY [ O8.(CO)X) [ Os (JJIC)sY [ Os (JHCO)sY [ Os (JACO)sY [ Os (JX@ONsY [ Os (,CO)
]6(CONsY [ Os (J&XCOhsY [ Os (@Y [ Os (JACOhsY [ Os (J@P)sY [ Os (Ja@PhrsY [ Os (
CO)]12(C0O)13=055CO)s;

Scheme 2. The capping process for osmium carbonyl cluster clan [M12]
The palladium analogous cluster series:

13COY[ PACAIY Pd (AOkY[ Pd (LLOXY[ Pd (LOXY[ Pd (LLOXY[ Pd (0O) ]
8;13“ chg;cco)m Pd(00kY[ Pd(4C0)Y[ Pd(FQOLN[ Pd(L@OKN[ Pd(FO) ]
13Y FIZ 5

Scheme 3. The capping process for palladtanbony! clan [M12].
The capping fragments
[BH]?*; K=[2.5-0.5]+1=3; VE=2
[Os(COY); K=5-2=3; VE=12
Pd(CO); K=41=3; VE=12
The K values of equivalent or isolobal clusters of the [M12] clan series.
BiHi” ;K=12[2.5}6-1=23= [13+12(3)]=23
0s/(CO)7; K=12[5]-37=23=}13]+ 12(3)]=23
[Pdi(CO)5,K=12[4]-25=23= F13+12(3)]=23
Thus, the K values are the same and K(n) =23(12) is the same.
The K(n) valueof the CLOSO clan series [Mx], x=12 td have been tabulated in matrix form for the family series

96



http://ijc.ccsenet.org International Journal of Chemistry Vol. 10, No.4; 2018

S=4n+2 to S4n+16. These are shown in Table3. The corresponding cluster valence electrons are depicted in in matrix
form in Tables 4 for the CLAN series [Mx] x=6 t6 and clusters family series S =48 to S=4n+26 and the [Mx]
CLANS, x=2 to-8 and families S=412 toS= 4n+20 respectively.

2.1 Decapping Series

The decapping series of [M12] clan of clusters show that the starting point is equivalent to 26e,26H orels:tvon

ligands such as CO or RRApplying this knowledge to the capping process from the beginning for the clan series [M12]

for boranes, osmium and palladium we get the hypothetical fragments indicated in schemes 1 to 3 which for boranes gives
us the expected;8H,,* , osmium, Og(CO)7,and palladium, Pg(CO),s. A selected portion of K(n) deapping process

for [M7] to [MO] is shown in Table 1. The corresponding K values when n=0 are found&ddadM7], -7 for [M6], -6

for [M5], -5 for [M4], -4 for [M3], -3 fo[M2], -2 for[M1] and-1 for [MO]. When these K(0) values are translated into
cluster valence electrons are found to be +16e for [M7], +14e for [M6], +12e for [M5],+10e for [M4], +8e for [M3], +6e
for[M2], +4e for [M1] and +2e for [MO]. This information summarized in Scheme It is clear from the sequence of

these cluster valence electron values, we can formulate a general equation, folajMXhe genesis clustralence

electrons are givn bye= 2x+2electrons

2.2Decapping Electron Series

The discovery of deappingseries of electrons when n=0 for the [Mx] cluster clans, stimulated further investigations.
Knowing the fact that the capping or-dapping phenomena involves a set of [12e] at each step, a matrix Table 2 of cluster
valence electrons was easily generateg-bell program. In this discussion, let us keep Table as a reference matrix. Let us
regard, the horizontal lines labeled S =4n+q , where q is a variable determinant, as the CLUSTER FAMILIES and the
vertical lines aluster Clan Familiebased on [Mx] wire [Mx] refers to S=4n+2JJloso Claf cluster series, then it
becomes easier to analyze the sequence of the cappingapmiag series. For instance, [M6] will mean all the cluster
valence electron series in the COLUMN and centered around the clustetesalectrons 86 whose K(n) parameter is
11(6). Then [M5] will refer to the column centered around cluster valence [72] with the corresponding K(n) value of 9(5),
[ M4] Y58, K(n) =7( 4) horizomal closodaseline.familylsarias, S =88] highlighted in blue has
x=6,54,3,2,1,01,-2,-3,-4,-5 and-6. The diagonal baseline cluster valence electron baseline, ve[x] is highligted in
red The diagonal VE[x] sets are, 14[6], 12[5], 10[4], 8[3], 6[2], 4[1], 2[0J11DF2[-2], -4[-3], -6[--4], -8[-5], and-10[-2].

If this diagonal series is carefully observed, it corresponds to a nice relativiEshipx+2.

The columns represent cappingdecapping series involving sets of [12e] for each step. These columns represent clan
series. The horizontal lines represent another type of cappingaap@ég series involving sets of [14e] at each step.
These are members of cluster families anatkbgo family baseline gives the reference for categorizing clusters into clans.
All the numbers below and including those on the red diagonal are simply capjuagfieg series of [12e] electron sets
This concept is summed up in Figure 1. These basglister valence electrons which act thendation of cluster series

are shown in Tables 2 and hitighted in red. Furthermore, similar information has been extracted and presented in Table
3 for ease of reference. In order to get more information abewtecapping series, the expanded forms of Table 1 were
constructed. These are given in Tables 4 for clan series [M2]-8)] fvid Table 5 for [M2] to [ML1].

ABOVE {[Mx], xO01} CLUSTERS

Considerthe stp V E [ n ]98[7].Flas[refe}s Yo the morzapped series of octahedkased nuclear structure. The
known clusters include(Hughes&Wade,2000).%(@©),; and Re(C)(CO),®> . The next step will be 110[8]. These are
bi-capped octahedral clusters. The examples includ¢CRCO),> and Og(CO),,* . The process can go on and on.
For instance, the clustergRias(COMg(H)® ', VE(n)= 542[44], Kp= C*®C[M6] has an octahedral nucleus comprising of 6
platinum skeletagélements(Rossi &Zanello,2011All these cluster series basgpon [M6] nucleus begin with +146
genesifwhen n=0. Also, the [M1] cluster series begin with +4e. The series include VE[n]=76[6];

AueL¢®* and RRLeH1”"; Kp= C°C[M1]. Other clusters of [M1] clan include, 100[8]: Au?*, 112[9]: AuLg*", and
136[11]:Aupl 10"

If we analyze Table 2 carefully, some discerning features come out. The demarcation for capping clust€iese the
BaselineS=4n+2 highlighted in blue. The demarcation for the foundation elect@uastér Genesjsfrom where the
skeletal elements start capping is a diagonal highlighted in red.

[ M6] YVE[ n]: 86[6] VY74[5] VY612[0J46[12]%3 D e¢adpzen¥]38[ 2] VY26[ 1] V
[ M5] VYVE[n]:72[5] VY60[ 4120f-BRBRESB0ebdoddng] VY24[ 1]V

[ M4A] VYVEI nY46BBE VY3 4100]-41222 8 &4dpzéns]

[ M3] YVE[ n]: 44 3] 8[§331p]23 6 &A2rénd]] Vv

[ M2] VYVE[ n]: S[0-ZR]=¥4 &A[dizgns] Y
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[ M1] Y VE[ n40ff -1[82]=1 P e-Y¥ dofen]
Scheme 4The genesis of cluster valee electron parameters for [M6] to [M1] clan series
2.3The[ Mx ]-1] QluBters:The Existancef Blackholesn Some Cluster Nuclei

Let us consider the cluster @Ol 15, VE[N]=468[39], Kp= C°C[M-1]. This means there is ONE capping of 12
skeletalelectrons [SEL] in the cluster nucleus. The 39 skeletal elements are capped outside the nucleus making a total of
40 cappings,®. The 12 electrons in the nucleus may be regarded as the number of electrons needed to stabilize the cluster
nucleus so as tdlaw the addition of skeletal elements to be added on. The CLOSO nucleus electrons of the cluster
CNE=14n+2, n=-1, CNE =14{1]+2 =-12. The ground level capping electrong=@-1+1]L= 0. Hence, the step
CNEYG12eVY0e requires an formatianof the Elustdr i thgrefore Pequjre +39Tchppings.

This corresponds to 39[12] =468&ince the nucleus requirdReto be added into it before the skeletal elements can

begin to be added on, it has a bluke.

BLACKHOLE NUCLEUS

CAPPING SKELETAL
ELEMENTS

Kp=C'+C* =C¥
A
TOTAL CAPPINGS

OME DOZEM CAPPING
ELECTRONS IN THE NUCLEUS

39 CAPPING SKELETAL
ELEMENTS EACH LOADED
WITH 12 ELECTRONS

Figure 1A hypothetical model of a cluster with a blaekle nucleus of Rg(CO)sl 16

The above explanation can be applied to other clusters which have negative nuclear indices. A selected sample of these is
given in the scheme v and illustrated in Figure*

2.4Black Holes

[M-1] YVEMP[L] YO[ O]l 1[+12]= +12e [ [+1 dozen]

[M-2] YVE[26[R] -1¥-1] 2 0] [ 2[ +12] =+24el [ +2 dozens]

M-3] YVE4B] :-28[-2] -18-1] 4 0] 1 3[ +12] =+36el[+3 dozens]

M-4] YVBAA4A] 43-3] -30[2] -181] 6 0] [ 4[ +12] =+48el [+ 4 dozens ]

IM-5] YVB8[-6] 58-4] -44-3] -33-2] -20(1] 8 0] (5[ +12] =+60el[+5 doz

M-6]1 YVEJ[6] :-70[-5] 584 ] -48[-3] -34-2] -231] -1V0[ 0] I 6[+12] = +72el [+
Scheme 5The genesis of cluste@alence electrons of [M] to [M-6] clan series

We can regard [M] as cluster with a nucleus with a bldoéle to be filled 1lith 1 dozen electrons before capping
phenomenon commences. For theZMhucleus, 2 dozens, i@ ] Y3 do#é¢ ¥<, [dMz eon.ghiscancedtiss o
illustrated in Figure***. Thus, the blaekoles are associated with negative nuclear indices.
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BLACK HOLES

[(M-2] [-3]

(W11

[M-5] M-41

Figure?2. lllustrations of black hole concept in a cluster

Other clusters with blackoles have been analyzed and@esented below.
y

+460 =Ve AusalaCli K=121, n=39, K(n) =121(39), 5=4n-86:Ve=14n-86=14[39]-86=4060

K =2n+43, Kp=C#C[M-5]
+30Au =468

S[12]=8 | gz 4L = 8e

5[12]=+60 [M-5]=+5[12] = +60e

BLACKHOLE

S| s=4n+2
S=4n=2, h= -3, Ve= 14n+2=14[3]+2= 68 —>| T

Figure 3. lllustrating the nature of a blale&le in the cluster nucleus
F= n[R]+Go= 39[Au ]+ [-4L]= Au3Rs5-8R=AUsgR31=AUseL 1,Cle*"
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Pdies(CO)eol20:K=165[41-60-30=570,n=165
K(n}=570(165)

S=4n480

K=2n+240

Kp=C2*'CW-75]

GO=[-T6+1]L=-T5L = -150e

M-TE], S 4n+2, K=2n-1 =2(-TEB)-1= -153. n=-T6
K(n)=-153(-T6)

We= 18n-2K = 18(-T6)-2(-153)=-1062

Fo=[12e]=[Pd{CO)]

1 CVE =[-1501+[1980] = 1830e
F = F=n[Fo] +Gg
+165[Pd(CO) ==[+165][12]= +1980=+1980e
Gr Go= (-7T6+1)L =-75L = -150e
F=n[Fo+Go
+912e | = 78] (12) = 165[Pd({CO)}75(C0O)

=Pdes(COo=Pdies{CO)eolzn
VE=165[101+60[2]+30[2]=1830
Ve = Ve =-1062e -S=4pn+2 n=-76. Ve=14n+2 =-1062

Figure 4 A hypothetical model demonstrating the origin of a blhole cluster nucleus

Pd 1es(C O )solzo

Kp=C2*" C[M-T 6]

MVE = -1062e

Go=[-T6+1]L=-75L =-150e

BLACKHOLE =[-150]-[-1062]B=+912e

THIS MEANMNS THE BLACKHOLE HAS TO BE FILLED WITH

+912e BEFORE [+Pd(CO}] FRAGMENTS START THE
CAPPING PROCESS.

CLUSTER MUCLEUS WITH A

BLACKHOLE FILLED
WITH + 912e

76 SETS OF 12 CAPPING
ELECTRONS. TOTAL
CAPPINGS = T6+165 =241

CAPPIMNG 165 SKELETAL

Pd ELEMENTS /

CAPPING OF 76 DOZENS OF ELECTROMNS IN THE
MUCLEUS OF THE CLUSTER

CAPPING OF 12 ELECTROMN LOADED SKELECTAL ELEMENTS
TOTAL CAPPINGS

Sketch illustrating a hypothetical model for the capping phenomenon in Pdies(CO)salan

Figure 5 Diagram showing the relationship between the capping electron sets and skeletal elements
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Table 3 Selected baseline cgonents of k(n) values f¢kMx] seriesx =12 TO x=-3

C°C[Mx] | c'c[Mx] | c*C[Mx] | C3C[Mx] | C*C[Mx] | C°C[Mx] | C*C[Mx] | C'C[Mx]
[MX] 4n+2 4n+4 4n+6 4n+8 4n+10 4n+12 4n+14 4n+16
12 23(12) 20 17 14 11 8 5 2
11 21(11) 18 15 12 9 6 3 0
10 19(10) 16 13 10 7 4 1 -2
9 17(9) 14 11 8 5 2 -1 -4
8 15(8) 12 9 6 3 0 -3 -6
7 13(7) 10(6) 7(5) 4(4) 1(3) -2(2) -5(1) -8(0)
6 11(6) 8(5) 5(4) 2(3) -1(2) -4(1) -7(0) -10(1)
5 9(5) 6(4) 3(3) 0(2) -3(1) -6(0) -9 -12
4 7(4) 4(3) 1(2) -2(1) -5(0) -8 -11 -14
3 5(3) 2(2) -1(2) -4(0) -7 -10 -13 -16
2 3(2) 0(1) -3(0) -6 -9 -12 -15 -18
1 1(1) -2(0) -5 -8 -11 -14 -17 -20
0 -1(0) -4 -7 -10 -13 -16 -19 -22
-1 -3(-1) -6 -9 -12 -15 -18 21 24
-2 -5(-2) -8 -11 -14 -17 -20 -23 -26
-3 -7(-3) -10 -13 -16 -19 -22 -25 -28
-4 -9(-4) -12 -15 -18 21 -24 -27 -30
Selected baseline cluster valence electrons
K(n)=-8(0): Ve= 18n2K=18(0)2(-8 ) = +i6&/g M7 ]
K(n)=-7(0): Ve= 18A2K = 18(0)2(-7 ) = +14&'4 M6 ]
K(n)=-6(0): Ve = 18R2K = 18(0)2(-6 ) = +12&' [ M5 ]
K(n)=-5(0): Ve= 18A2K = 18(0}2(-5) = +106Y [ M4 ]
K(n) =-4(0): Ve= 18R2K = 18(0)}2(-4 ) = +8&' [ M3 ]
K(n) =-3(0): Ve = 18A2K = 18(0}2(-3 ) =+6aYq M2 ]
K(n) =-2(0): Ve = 18A2K = 18(0)2(-2 ) = +4dY [ M1 ]
K(n) =-1(0): Ve = 18A2K = 18(0}2(-1 ) = +2&Y [ IMO ]

For a cluster clan, [Mx], Ve= 2x+2.
Scheme 6. The baseline cluster valence elecfoorike [MO] to [M6] clan series
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CLUSTER VALENCE ELECTRONS MATRIX FOR DECAPPING SERIES
T4 [ix]
~.x-12 *-11 #-10 *-9 %8 *-7 A A5 x4 ¥-3 %-2 ¥-1 X 5
2~ 16 30 a4 58 72| 86| 100 114| 128| 142| 1s6| 170| 13| 4012
=10 I 18 32 26| 60| 74| 88| 102| 116| 130| 1aa| 158| 12| 4n10
23~ -8 I3 20 32| 48| 62| 76| so| 104 118| 132| 145| 11| 408
23| 201 -6 B 2 | so| ea| 78| 92| 108| 120| 13a| 10| 4n6
46| 32| 8] 104 24| 38| 52| 66| 80| sa| 108| 122 2| “#™?| | Capping
58| -aa 30 A6 -2 12+ 26| 40| =4 68 82 96 | 110 8 A2y
70| 6| 28| . 0| 14128 42 56 70 g4| o8 7| 40 Lt
82| -68| 54| -40| 26| -1z|_ 2| 16[-30| 44| 58| 72| 86| 6]an+Z
First
5| an+a
94 -80 66 52 -38 24| 107~ 4__ 18 ..3__2__. a6 60 74 skeletal
06| s2| 78 61| 0| 28| 22| 8[~6| 20[~a3a| as| e2| 4| M6 Element
=4 emen
18| -10a| 0| 76| 62| 48| -3a| -20] 6| 8| 22[ 36| so| 3| 4mEBli-
i level
-130| -116| -102 3| 74| 60| -a6| -32| -18 4| 10| 24| a3 l/EAﬂﬁD
=
42| -128| -114| -w00| 86| 72| 58| -a4| -30| -6 2| 12| 26 1] 4n+12
154 | -140| -126| -112| sa| -s4| 70| 56| -42| 28| -4 o| 14| 0|4n+l4
166 | -152| -138| -124| -110| 96| -82| 68| 54| -40| 26| -12 2 [l
178 | -164| -150| -136] -122| -108| 94| 80| 66| 52| 38| -24| -10| -2 | 4n+181F Foundation
190 | -176| -162| -148| -134| -120| -106| 92| -78| 64| 50| 36| -22| -3 | 4n+20 || electrons
202| -188| -17a| -160] -146| -132| -118| -104] 90| 76| 62| -a8| -3a| -4|4n+22][level
14| -200| -186| -172| -158| -144| -130| -116| -102| 88| 74| 60| -46| 5| 4n+24
226 | -212| -198| -184]| -170] -156| -142| -128| -11a| -wo0| 86| 72| 58| 6| 4n+26
[Mm6]| [M5] | [M-4]] [M-3]] [M-2] | [M-1] [ [M0] [ [Mm1]] [m2] | [Mm3][ [m4a] ]| [ms5] | [M6]
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Table5. The relationship between the nuclearity index and-baseslectrongVEO)

Table6. The variation of cluster valence electron content as the nuclearity index varies

[MX] VEO [MX] VEO
20 42 -1 0
19 40 -2 -2
18 38 -3 -4
17 36 -4 -6
16 34 -5 -8
15 32 -6 -10
14 30 -7 -12
13 28 -8 -14
12 26 -9 -16
11 24 -10 -18
10 22 -11 -20
9 20 -12 -22
8 18 -13 -24
7 16 -14 -26
6 14 -15 28
5 12 -16 -30
4 10 -17 -32
3 8 -18 -34
2 6 -19 -36
1 4 -20 -38
0 2 -21 -40

[ Mx] YVE=2x +2

x-14 Xx-13 x-12 x-11 x-10 x-9 X-8 X-7 X-6 x-5 X-4 X
-26 -12 2 16 30 44 58 72 86 100 114 | 13 | 4n-12
-38 -24 -10 4 18 32 46 60 74 88 102 | 12 | 4n-10
-50 -36 -22 -8 6 20 34 48 62 76 90 | 11 4n-8
-62 -48 -34 -20 -6 8 22 36 50 64 78 | 10 4n-6
-74 -60 -46 -32 -18 -4 10 24 38 52 66| 9 4an-4
-86 -72 -58 -44 -30 -16 -2 12 26 40 54| 8 4n-2
-98 -84 -70 -56 -42 -28 -14 0 14 28 42 | 7| 4n+0
-110 -96 -82 -68 -54 -40 -26 -12 2 16 30 6] 4n+2
-122 -108 -94 -80 -66 -52 -38 -24 -10 4 18] 5 An+4
-134 -120 -106 -92 -78 -64 -50 -36 -22 -8 6 4 4n+6
-146 -132 -118 -104 -90 -76 -62 -48 -34 -20 -6 3 4n+8
-158 -144 -130 -116 -102 -88 -74 -60 -46 -32 -18 | 2 [ 4n+10
-170 -156 -142 -128 -114 -100 -86 -72 -58 -44 30 1] 4n+12
-182 -168 -154 -140 -126 -112 -98 -84 -70 -56 -42 | 0| 4n+14
-194 -180 -166 -152 -138 -124 -110 -96 -82 -68 54 | -1 [ 4n+16
-206 -192 -178 -164 -150 -136 -122 -108 -94 -80 -66 | -2 [ 4n+18
-218 -204 -190 -176 -162 -148 -134 -120 | -106 -92 -78 | -3 [ 4n+20
M-8 [ [M-7] [ [M-6] | [M-5] | [M-4] | [M-3] | [M-2] | [M-1] | [MO] | [M1] | [M2]
Table7. The extension of Table 6 upwards
x-17 X-16 | x-15 | x-14 | x-13 | x-12 | x-11 | x-10 | x-9 X-8 X-7 | x-6 | x-5 X-4 | X S
76 90 | 104 | 118 | 132 | 146 | 160 | 174 | 188 | 202 | 216 | 230 | 244 258 | 25 | 4n-36
64 78 92| 106 | 120 | 134 | 148 | 162 | 176 | 190 | 204 | 218 | 232 246 | 24 | 4n34
52 66 80 94 | 108 | 122 | 136| 150 | 164 | 178 | 192 | 206 | 220 234 | 23 | 4n32
40 54 68 82 96 | 110 | 124 | 138 | 152 | 166 | 180 | 194 | 208 222 | 22 | 4n30
28 42 56 70 84 98 | 112 | 126 | 140 | 154 | 168 | 182 | 196 210 | 21 | 4n28
16 30 44 58 72 86 | 100 | 114 | 128 | 142 | 156 | 170 | 184 198 | 20 | 4n-26
4 18 32 46 60 74 88| 102 | 116| 130 | 144 | 158 | 172 186 | 19 | 4n24
-8 6 20 34 48 62 76 90| 104 | 118 | 132 | 146 | 160 174 | 18 | 4n22
-20 -6 8 22 36 50 64 78 92 | 106 | 120 | 134 | 148 162 | 17 | 4n-20
-32 -18 -4 10 24 38 52 66 80 94 | 108 | 122 | 136 150 | 16 | 4n-18
-44 -30 | -16 -2 12 26 40 54 68 82 96 | 110 | 124 138 | 15 | 4n-16
-56 -42 | -28 | -14 0 14 28 42 56 70 84| 98| 112 126 | 14 | 4n14
-68 54| 40| -26| -12 2 16 30 44 58 72| 86| 100 114 | 13 | 4n12
-80 -66 | -52| -38| -24| -10 4 18 32 46 60| 74| 88 102 | 12 | 4n10
-92 -78 | 64| -50| -36| -22 -8 6 20 34 48 | 62| 76 90 | 11 | 4n8
-104 90 | -76 | -62 -48 | -34| -20 -6 8 22 36| 50| 64 78 | 10 | 4n6
-116 | -102| -88| -74| -60| -46| -32| -18 -4 10 24| 38| 52 66 | 9 an4
-128 | -114| -100| -86| -72| -58 | -44| -30| -16 -2 12| 26| 40 54 | 8 an2
-140 | -126| -112| -98| -84 | -70| -56| -42| -28| -14 0 14 | 28 42 | 7 4n+0
-152 | -138| -124| -110| -96| -82| 68| -54| -40| -26| -12 2 16 30| 6 4an+2
M-11 | M-120 | M-9 | M-8 | M-7 | M-6 | M-5 | M-4 | M-3 | M-2 | M-1 | MO | M1 M2
132 120 | 106 96 84 72 60 48 36 24 12 2 holes | es
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CLUSTER VALENCE ELECTROMNS MATRIX

CAPPING SKELETAL FRAGMENT S

CAPPING ELECTRONS

Figure 6.Sketch illustrating the capping concept derived from series
2.5Applyingthe Capping Principlef Cluster Genesito Derive Cluster Formulas

By having the knowledge of the foundation of a given cluster we can derive its molecular or cluster formula. If we
define the foundation cluster valence electrons g@sa@d the capping fragment ag, Bnd the number of skeletal
elements as n, then tlotuster or molecular formula F is given by F=gff&,. The value of = 2e (for main group
elements) or §= 12e for transition metals. By analyzing the seriesisGelated to [Mx] by G=[x+1]L, where L is a

two electron ligand. Hence, by adding appraigr multiples of & a required cluster formula is obtained. The derivation

of cluster formulas is illustrated by the following examplez21 More examples are provided in Table 7**.

1. FszH(;

K=2[2.5]-6[0.5] = 2

K(n)=2(2)

S=4n+4

K =2n2

Kp = C'C[M3]

Go =[3+1]L=4L=8H

F=n[R]+Go

=2[BH*]+8H =2B+2H4H+8H =B,H;
2. F :B4H10

K =4[2.5}-5=5

K(n) =5(4)

S=4n+6

K=2n3

Kp =C*C[M6]

Go =[6+1]L=7L=14H

F = F =n[Rk]+Go
=4[BH?|+14H=4B+4H8H+14H =BHy,
3. F=BsHy

K=5[2.5]-4.5=8

K(n)=8(5)

S=4n+4

K=2n-2

Kp=C'C[M6]

Go =[6+1]L=7L=14H

F =n[R]+G, =5[BH?']+14H=5B+5H10H+14H=BH,
4. F =BsH1o

K=6[2.5]-5 =10

K(n) =10(6)

S=4n+4

K=2n-2

Kp = C'C[M7]

Go =[7+1]=8L =16H

F=n[R]+Ge= 6[BH*]+16H=6B+6H12H+16H=BH,
5. F= CzB7H13

K= 2[2]+7[2.5}-6.5 =15
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K(n)=15(9)

S=4n+6

K=2n-3

Kp=C?C[M11]

Go =[11+1]L=12L =24H

F=n[R]+Go= 9[BH*]+24H=9B+9H18H+24H=BH;5 =(BH),B;H,5=C,B-H:3
6. FszgHu

K =1[1]+9[2.5}-5.5=18

K(n) =18(10)

S=4n+4

K=2n-2

Kp =C'C[M11]

Go =[11+1]L=12L =24H

F=n[Cy]+Go= 10[BH"]+24H=10B+10H20H+24H=B ¢H14 =(BH3)BoH1;=SBoH1;
7. B4H8CO(Cp)

K=4[2.5]-4+1[4.52.5] =8

K(n) =8(5)

S =4n+4

K=2n2

Kp = C*C[M86]

Go = [6+1]L=7L = 14H

F= n[R]+Go = 5[BH?]+14H= 5B+5H10H+14H =BH, =(BH)B,Hgs= CB,Hs =Co(Cp)BHs
Co(Cp);K=452.5 = 21 [ C]
8. F=B,HgFe(CO)

K= 4[2.5]-4+1[5-3]=8

K(n) =8(5)

S =4n+4

K =2n-2

Kp = C*C[M86]

Gp = [6+1]L=7L = 14H

F= n[R]+Go = 5[BH*]+14H= 5B+5H10H+14H =BH, =(BH)B,Hg= CB,;Hs =Fe(CO)B,Hs
Fe(COy;K=452.5 = 2[ [ C]
9. CngH7[Fe(CO);]

K =2L2]+3[2.5]+1[5-3]-3.5=10

K(n) =10(6)

S =4n+4

K=2n-2

Kp=C'C[M7]

Go= [7+1]L=8L = 16H

F=n[Fo]+Go, =6[BH*]+16H =6B+6H12H+16H =BH,=(BH)2(BH)B;H,= C,[Fe(CO}]B;H-; Fe(CO} =[C], K=2
10. F= Os(CO)s

K =6[5]-18 =12

K(n) =12(6)

S =4n+0

K =2n+0

Kp= C'C[M5]

Go = [5+1]L=6L = 6CO

F= n[R]+Go = 6[0s(CO})] +6CO= Og(CO)s
11. F=0s(CO)

K=7[5]-21 =14

K(n) =14(7)

S=4n+0

K =2n+0

Kp= C'C[M6]

Gy =[6+1]L=7L = 7CO

F=n[R]+Go =7[0s(COY]+7CO = Os(CO);
12. F= 0s/(COk¢

K = 17[5]-36-1=48

K(n) =48(17)

S=4n28

K=2n+14

Kp =C*C[M2]

Go=[2+1]L= 3L =3CO

F=n[R]+Go = 17[0s(CO)]+3CO =0s7(CO); = O§/CO)¢*
13. F=0s¢(CO¥s

K= 20[5]-40-1 =59

K(n)=59(20)

S=4n38

K =2n+19

Kp= C*°C[M0]

G =[0+1]L=1L=1CO

F =n[R]+Go= 20[0s(CO)]+1CO =0g(COYs= O5o(CONs*
14. F= P(&4(CO)24L12

K=34[4]-24-12= 100

K(n) =100(34)
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S=4n64

K =2n+32

Kp=C*C[M1]

Go =[1+1]L=2L= 2CO

F=n[R]+Go= 34[Pd(C0)]+2CO = Pg(CO)ss = Pchs(CO)aL 12
15. F:PQ,Q(CO};GL14

K= 59[4]-36-14 = 186

K(n) = 186(59)

S=4n136

K =2n+68

Kp= C*C[M-10]

Go= [-10+1]L=9L =-9CO

F =n[R]+Go = 59[Pd(CO)]+{9CO] =P@y(CO)o= Pcbo(CO)ql 14
16. F=Aulg®

K=8[3.5]-8+1=21

K(n)=21(8)

S=4nr10

K =2n+5

Kp = C°’C[M2]

Go=[2+1]L=3L

F=n[R]+Go = 8[Au ]+3L= 8Au+4L+3L=AwL;=AusLs’", [ 8 '] =8 R=41L

17. F=Aulg™"

K = 9[3.5}8+1.5 =25

K(n)=25(9)

S=4n14

K =2n+7

Kp=C®C[M1]

Go =[1+1]L= 2L

F=n[R]+Go=9[ Au' ] +2L = 9 Ad=ARFLR=1l=Au

18. F=Ausol1,Cls>

K =39[3.5}14-3+1.5 =121

K(n)=121(39)

S=4n86

K=2n+43

Kp=C*C[M-5]

Go = [-5+1]L=-4L =-8R

F=n[R]+Go= 39[Au ]+[-8R]= 39AuU+39R8R=AlsgR3:= Alsol 14Cle*"=39AU+28R+6R3R=AlsgRs;

19. F=AuRys

K = 40[3.5}12= 128

K(n)=128(40)

S=4n96

K =2n+48

Kp= C*C[M-9]

Go=[-9+1]L=-8L =-16R

F=n[R]+Go= 40[Au ]+[-16R] = 40Au+40R16R = AuoRz4

20. F= AU102R44

K=102[3.5}22 =335

K(n)=335(102)

S=4n262

K=2n+131

Kp = C*C[M-30]

Go =[-30+1]L=-29L =-58R

F= n[R]+Go = 102[Au ]+[-58R]=102Au+102R58R =AuoRus

21. F=GHs

K=6[2]-3=9

K(n)=9(6)

S=4n+6

K=2n-3

Kp= C*C[M8]

Go =[8+1]L = 9L =18H

F=n[R]+Go= 6[C*]+18H=CHs

22. F:N2H4

K=2[1.5]-2=1

K(n)=1(2)

S=4n+6

K=2n-3

Kp =C*C[M4]

Go=[4+1]L = 5L = 10H

F= n[R]+Go = 2[C**]+10H=C,Hg = (C+1pH,=N;H,
Scheme Examples illustrating the derivation diuster formulas applying the genesis principle
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Table8. Selected examples to show the relationship between cluster valence electrons and the nuclearity index

T8
A UNIVERSE OF CAPPING ELECTRONS FOR TANSITION METAL CLUSTERS: DECAPPING SERIES
S=4n+ | 2 4 6 8 10 |12 |14 |16 |18 20 |22 |24 |26
[Mx] C
CO C] CE CS CL C'r C:J C.T Céi Cc! C]O C]] 1z
12| 170 158 146| 134 | 122 110| 98| 86 74| 62| s0| 38| 26 BASELINE
|t
11| 156 | 144| 132| 120 108| 96| 84| 72 60| 48| 36| 24 €T3 | | SERIES
10| 142 130| 128 106| 94| 82| 70| s8 46| 34| 22| 10| -2
NG L 9| 128| 116| 104| 92| 0| e8| 56| 44 32| 20 | -a|-1s
?,?CLE“‘RJ' Ft-114 | 102| 90| 78| 66| s4| 42| 30 12| 6| 6| 18] -30
7| 10088| 76| sa| s2| a0| 28| 1s 4| -8| -20| -32| -14
SERIES i
y
s| 86| 74| 62| 50| 38| 26| 14| 2| -10|-22| -34|-46| 58 —_| ™
5 72 60| 48 36 24 12 0| -12 -24 | -36| -48| -60| -72 DECAPPING
sg| 45| 34| 22| 10 2| 14| 26| 38| 50| -s2| 74| -86 SERIES
3| 44| 32| 20| = 4| -18| -28| 40| 52| -s4| -76| -82|100
2| 30| 18 5| 5| -18| -30| 42| 54| 65| 78| -s0|-102]114
1| 16 a| -8| -20| -32| -a4| 56| 58| 80| -s2| -104|-115]128
a 2| -10| 22| 34| 46| 58| -70| -82| -94|-106| -118] -130] 142
1| 12| 24| 35| 48| -s0| 72| -84 -os5| -108|-120]| -132|-144] 158
+12e +12e +12e +12e
B ——— = dfg —— Jde ——= P2z ——= Qe
+12a
n=2 .
+0s5(CO)2 +0s(CO) +12e
Os2(COJ1  w-——— Qs(CO)y = +Mde w9
n=1 =+7C0O
+0s(CO) n=0
Ds(CO)z
083(CO)1z —————=  0s4(CO}is = Oss(CO)r
+0s(COz _
n=3 n=4 n=5
+0s(CO);z
Ds:(C0ONs
n=~6

Scheme 8[M6] Osmum Lower Capping Series
2.6 Thelnfinite Capping Series
If look at the octahedral CLAN of clusters [M6], K(n) =11(6), Ve = 86, theagping series decrease by 12e each step.
In terms of K(n) series , theg 294%( ¥ )7T(@¥TheK(in)Y =67J0)'r&(esehts Y 5 ( 4
+14e. We can regard this as the GENESIS of [M6] CLAN series. From the +14e, the first metallic fragment,JOs(CO)
commences the addition until the [M6] osmium cluster R&OB), that appears in the form of Q€0)s is
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obtained. This process is presehie the scheme**. However, if we look at the capping at a deeper level, we can see
that the decapping series involving a set of 12e is indefinite as indicated by the numbers;
14Y 2 Y-1 0 2 2 BB 4 ¥ 6 ¥B8, and so on. When the capping has reached the CLOSIly f#6] represented

by F = O0gCO), and moving into the CAPPING direction, the next cluster wil be F=
0s(CO)g+Os(COLY O $(CO)y. As we know the cluster G€0),; is a MONGCAPPED octahedron.** This process

can also go on infinitely. Although this @homena has been discussed for the [M6] CLAN series, it represents all the
[Mx] clans. Some examples for generating selected cluster formulas are given in ScHé&neksiig this approach of
applying a broad and deep type of clustering, we can view @dusteerging from an infinite universe of capping
negative cluster valence electrons to positive cluster valence electrons and finally to skeletal fragment capping electrons
all comprising of sets of 12 electrons.

2.7 Derivationof Cluster Formulas

Having determined the starting point,@f a given CLAN series, we can be able to derive required cluster formula or a
series of cluster formulas. This is illustrated for a set of selected clusters given in Scheme 14 and since the units of
fragments are based aets of 12 electrons, it is easy to formulate a simple equation to determine the cluster valence
electrons VE of any clusters. The examples are given in Téble T

+12e +12e +12e +12e
-68e ————== -46g ——» -Jde —= 27p —= _10e
l +12e
n=2 +Pd(CO) +Pd(CO) +12e
Pdz(CO)e - PdCO)e =————— 314 = 42s
n=1 =+7C0O
+Pd(C0) n=0
Pdi{CO)
Pd:(COJe  —————  Pdy(CO)+ ————————= Pds(CO)z
+Pd({CO
n=3 ( ) n=4 n=8
+Pd(CO)
Pds(COY)iz
n=6

Scheme 9[M6] PalladiumLower Capping Series

+12e +12e +12e +12e
-ABe ————== -4Be -34e = 278 — = _qle
+12e
n=2 +RdH(CO) +RAH(CO) +126
RdzHz(CO)s =———— R@H(CO)s =—————— +1de =——— 42g
n=1 =+7CO
+RdH(CO) n=0
RdH(CO)
RdsHa(CO)it —————=  Rd4H4(CO)1y ———= RdsHs(CO)iz
+RdH(CO) B
n=3 n=4 n=4
+RdH(CO)

RdeHs(CO)12 =Rds{CO}1.
n=~6

Scheme 10M6] Rhodium Lower Capping Series
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+12e +12e +12e +12e
-Bfe —————= -dfg ———= 3o —= 22x —— =  _1(e
+12e
n=2 +ReH(CO) +ReH(CO} +12e
RezHz(CO}11 w———— ReH(COjz = +1de = 319a
n=1 =+7C0O
+ReH(CO) n=0
ReH{CO)z
RezHyCOhWz: —————————m Re4Hs(CO)1s » ResHs(CO)r
+ReH(CO):

n=3 |: } n=4 n=>5

+ReH{CD)z

ResHs(CO)12=Res(CO}z=
n==6

Scheme 1. [M6] RheniumLower Capping Series

Pdie(CO)rls
K= 16]4-7-6=51
K(n) =51(16)
S5=4n-38
K=2r+19
Kp=C*CM-4]
Go=[-4+1)L=-3L=-3C0O
n=23
Pd_ P
+PdL H
G 3l ——= Pd-2) ———= Pd&(-L) — - P
n=0 n=1 n=2 +PdL
n=7 +PdlL +PdL +PdL
Pdls = Pdida =————— Pdilz =—————— pgl n=4
n=>6 n=5
+PdL
Pl n=11
PdL +
+Pd_ i
Pdgls ——————= Pdils Pdioly —— Pdila
n==2a n=9 -
n="10 +PdL
n=14 +PdlL +PdL
PdisL - Fdialo = Pduls
n=13 n=12
+PdL
+PdL
Pdisliz ———— = Pdislis GEMNERATING FUNCTION=PdiLaa
n=15 n="16

Fa =[12¢€] fragment

Scheme 12Cluster formula=F=n[f}+Gy=16[PdL}3L=PdL 15 Cluster capping scheme for fd;3
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2.8 Applyingthe CappindPriciple of Cluster Genesito Derive Cluster Valence Electrons

We have seen how the capping principle based upon cluster genesis can be used to derive cluster formulas. The same
principle can be used to derive cluster valence electrons VE. Firstlyusterdls categorized into series, S=4n+q using
skeletal numbers, Then transform the series formula into a capping formula,”&p4x; where y+x=n and n is the

number of skeletal elements in a cluster formula. From the capping formula we can determimettbeof GENESIS

electrons, Vg = 2x+2. The capping fragments valence content [nd]( n = number o skeletal elements, d= capping
constant of 12 electrons are added on top the base line electreiiEhi¥ s demonstrated ifable F10which covers a

wide range of more than 150 clusters and elements. What is interesting is that the capping principle based on the genesis
of clusters when n=0, ONE SIMPLE FORMULA IS APPLICABLE TO A RANGE OF SKELETAL ELEMENTS

FROM 1 TO HUNDREDS OF ATOMS IN MOLECULES AND CLUSTER®is formula is VE= Vi+ d[n] where

VE= cluster valence electrons, MEcluster valence electrons when n=0 d= 12 for transition elements and 2 for main
group elements and n= number of the skeletal elements. The equation is a simple ARITHMETIC PROGRESSION.
What is more exciting is that the calculation also places the main group and transition elements into their usual periodic
groups of 3 to 18.

Ex-1

Pdio(CO)sal 21

K =59[4]-32-21=183

K(n)=183(59)

S=4nr130

K=2n+65

Kp=C®C[M-7]

Go=[-7+1]L=-6L

F=n[Ry]+Go = 59[PdL]+[-6L]=Pdsel 55=Pko(CO)s5= Pckg(CO)sol 21

Ex-2

Pdso(CO)sel 18

K=69[4]-36-18=222

K(n)=222(69)

S=4n168

K=2n+84

Kp=C®*C[M-16]

Gy=[-16+1]L=15CO

F=69[Pd(CO)+15CO]=Pdy(CO)s~Pdso(CO)sel15

Ex-3

Phes(CO)eol-30

K=165[4]}-60-30 =570

K(n)=570(165)

S=4n480

K=2n+240

Kp=C**'C[M-76]

Go=[-76+1]L=75L

F=n[Ry]+Go =165[PdL]+[75L] =Pded 95=Pdhes(CO)60Lso
Scheme 13The derivation of cluster formuldsr selected clustem@pplying the genesis principle
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Table9. The derivation of cluster valence electréoisselected clustenssing the genesis principle
T-9

. Koo K S K Kp Go VE VF
AuypliClZ* 59 20 59(20) 4n38 2n+19 CPC[MO] 1 242 242

1
9 0Os¢COl? 59 20 59(20) 4n38 2n+19 C*°C[MO] 1 242 242
2 Augli, 65 22 65(22) 4n42 2n+21  C*C[MO] 1 266 266
3 AuyliRsXy" 71 24 71(24)  4n46  2n+23  C*C[MO] 1 290 290
4 Al R 76 25 76(25) 4n52 2n+26 C’C[M-2] -1 298 298
5  Ausl.Cl* 116 38 116(38) 4n80 2n+40 C*C[M-3] -2 452 452
6  AuglCls' 120 39 120(39) 4n84 2n+42 C*C[M-4] -3 462 462
7 AugRos 128 40 128(40) 4n96 2n+48 C*C[M-9] -8 464 464
8  AuypRu 335 102 335(102) 4n262 2n+131 C!¥C[M-30] -29 1166 1166

468 468
648 648

10 Pd(COlalig 117 39  117(39) 4n78 2n+39 C*C[M-1] 0

11 Pdy(COolis 162 54 162(54) 4n108 2n+54 C*C[M-1] 0

12 Pdy(COelis 158 52 158(52) 4n108 2n+54 C>C[M-3] -2 620 620
13 Pdig(CO)Ls 51 16 51(16) 4n38 2n+19 C*C[M-4] -3 186 186
14 Pdg(CO)ol,; 183 59  183(59) 4n130 2n+65 C°°C[M-7] -6 696 696
15 Pdgo(COlel1s 186 59  186(59) 4n136 2n+68 C®C[M-10] -9 690 690
16 Pdo(COkelis 222 69 222(69) 4n168 2n+84 C®C[M-16] -15 798 798
17 Pdig{COkolsy 570 165 570(165) 4n480 2n+240 C**C[M-76] -75 1830 1830

1. F=n[RJ+Ge=20[AU ]+1L=Au,Rs+2R=AlbRz= AUl 11= AUzl 1oCls*
2. F=n[R]+Ge=22[AU J+1L= AuyRos+2R=AlbRos= AUl 12

3. F=n[RJ+Ge=24[Au J+1L= AUyR,s+2R=AlpRo6= AUzl 15= AUzl 10RsX;"
4. F=n[R]+G=25[Au ]-1L= AU,sRos-2R=AlsRo5= Alsl 10Rs>"

5. F=n[R]+Ge=38[AU ]-2L= AusgRsg-4R=AlsgRs,= AUzgl 1sCl,*"

6. F=n[R]+Ge=39[Au ]-3L= AusgRsg-6R=AlsgRss= Auszel 1.Clg"

7. F=n[R]+Ge=40[Au ]-8L= AusRsr-16R=AlsoR,4

8. F=n[R]+Ge=102[Au ]-29L= AuyoR10-58R=AloR4s

9. F=n[R]+Gy=20[0s(CO)]+1CO =0s((CO}s= Oo(CONs*

10. F= n[R]+G¢=39[Pd(CO)]+0=Pgh(CO)e= Ptho(CO)sL 16

11. F= n[R]+G¢=54[Pd(CO)]+0=Pgy(CO)s= Pcks(COsol 14

12. F= n[R]+G¢=52[Pd(C0)}2CO =PdyCO)r= Pd(COsql 14

13. F= n[Ry]+Gy=16[Pd(C0O)}3CO =Pds(CO) 5= Pdig(CO).Ls

14. F= n[R]+G¢=59[Pd(C0)}6CO =Pdy(CO):= Pdo(CO)sl 51

15. F= n[R]+G¢=59[Pd(C0O)}9CO =Pdy(CO)r= Pdso(COsql 14

16. F=n[Fg]+Gy=69[Pd(C0O)}15CO =Pgy(CO)s= Pdho(CO)eL 15

17. F= n[RJ+Ge=165[Pd(CO)]75CO =Pgef COYo= PchssCOMaL 30

Scheme 14. The derivation dfister formulas ofelected clusters using the hypothetical model of cluster genesis
principle

Some of the data of clusters was obtained from various sources( Balyekaaia,2003;Fehlner& Halet, 2000;
Mednikov& Dahl, 2010; Hughe& Wade,2000).
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Table10.The derivation of cluster valence electrons for selected examples usgentsis principle

T-10 *

CLUSTER K(n) SERIES NAME, Kp =C'C[Mx]  [MXx] AL n n-l1  VE=A+12(nl) VF
1 Pdis5(CO)sol30 570(165) 4n480  C*'CM-76] [M-76] -138 165 164 1830 1830
2 AusoRas 335(102) 4n232 C“C[M-30] [M-30] -46 102 101 1166 1166
3 Pdsg(COsel18 222(69) 4n168  C¥C[M-16] [M-16] -18 69 68 798 798
4 Pdko(CO)sol 1 183(59) 4n130 C*C[M-7] M-717 O 59 58 696 696
5 Pdse(COsl 16 203(66) 4n142  C'*C[M-6] M-6] 2 66 65 782 782
6 Pdk(CO)sel14 158(52) 4n108 C*C[M-3] [M-3] 8 52 51 620 620
7 Pds4(COol 14 162(54) 4n108  C*C[M-1] M-1] 12 54 53 648 648
8 Pko(COal 16 117(39) 4n-78 cc[M-1] [M-1] 12 39 38 468 468
9 Pdy(COXL4 5(3) 4n+2 C°C[M3](closo) [M3] 20 3 2 44 44
10 Pd,(CO)L, 7(4) 4n+2 C°C[M4](closo) [M4] 22 4 3 58 58
11 Augol1Cl2 59(20) 4n-38 C*C[M0] [MO] 14 20 19 242 242
12 Al 1, 65(22) 4n42 C*C[MO] [MO] 14 22 21 266 266
13 090(CON? 59(20) 4n-38 C?°C[MO] [MO] 14 20 19 242 242
14 Augl, 10(4)  4n4 c’c[m1] [M1] 16 4 3 52 52
15 Augl¢®* 16(6) 4n8 Cc°C[M1] [M1] 16 6 5 76 76
16 AueLCl, 16(6)  4n8 c°C[M1] [M1] 16 6 5 76 76
17 AuglL 2" 22(8) 4n12 Cc'C[M1] [M1] 16 8 7 100 100
18 AugLg® 25(9)  4nl14 c’c[m1] [M1] 16 9 8 112 112
19 Augl it 31(11) 4n18 ccimi] [M1] 16 11 10 136 136
20 Pky(CO)al 12 100(34) 4n64 c*c[m1] [M1] 16 34 33 412 412
21 V(CO)s 0(1) 4n+4 c'c[M2] [M2] 18 1 0 18 18
22 Cr(CO) 0(1) 4an+4 c'c[m2] M2] 18 1 0 18 18
23 Mn(CO)" 0(2) an+4 c'c[m2] [M2] 18 1 0 18 18
24 Fe(CO) 0(1) 4an+4 c'c[m2] M2] 18 1 0 18 18
25 Ir(CO)™* 0(2) an+4 c'c[m2] [M2] 18 1 0 18 18
26 Ni(CO), 0(1) 4an+4 c'c[m2] M2] 18 1 0 18 18
27 CH, 0(1) 4an+4 c'c[m2] [M2] 18 1 0 18[8] 8
28 PH; 0(1) 4an+4 c'c[m2] M2] 18 1 0 18[8] 8
29 OH, 0(2) an+4 c'c[m2] [M2] 18 1 0 18[8] 8
30 FH 0(1) 4an+4 c'c[m2] M2] 18 1 0 18[8] 8
31 N, 3(2) 4n+2 C°’C[M2] [M2] 18 2 1 30[10] 10
32 CoH, 3(2) 4n+2 C°’C[M2] M2] 18 2 1 30[10] 10
33 Cry(Cp)(CO) 3(2) 4n+2 C°’C[M2] [M2] 18 2 1 30 30
34 Pd(COL3 6(3) 4n+0 c'c[M2] M2] 18 3 2 42 42
35 (AuL).Fe(CO) 6(3) 4n+0 c'Cc[M2] [M2] 18 3 2 42 42
36 (AuL)3V(CO)s 9(4) an2 C’C[M2] M2] 18 4 3 54 54
37 (AuL)sCo(CO}) 9(4) 4an2 C’C[M2] [M2] 18 4 3 54 54
38 Felr,(AuL)(CO),,Y  12(5)  4n4 c’C[m2] M2] 18 5 4 66 66
39 (AuL),Re(CO)* 12(5)  4n4 CC[M2] [M2] 18 5 4 66 66
40 Re(C)(H)(CO)> 12(5)  4n4 c’C[m2] M2] 18 5 4 66 66
41 (AuL);Mo(CO)* 21(8)  4n10 C’C[M2] [M2] 18 8 7 102 102
42 (AuL)-Co(COY** 21(8)  4n10 c’C[M2] M2] 18 8 7 102 102
43 (AuL)gPt(COY* 24(9)  4n12 Cc’'C[M2] [M2] 18 9 8 114 114
44 AugLg' 24(9)  4n12 Cc’'C[M2] M2] 18 9 8 114 114
45 0s1/(CO)¢® 48(17) 4n28 Cc*C[Mm2] [M2] 18 17 16 210 210
46 Pks(COal 15 102(35) 4n-64 c*c[m2] [M2] 18 35 34 426 426
47 Pds7(CO)pel 12 108(37) 4n-68 Cc*C[Mm2] [M2] 18 37 36 450 450
48 B2Hs 2(2) 4an+4 c'c[m3] [M3] 20 2 1 32[12] 12
49 ReH,(CO) 2(2) an+4 c'c[m3] [M3] 20 2 1 32
49a  B.Cl, 8(4) 4n+0 C!C[M3] [M3] 20 4 3 56[16] 16
50 ReHa(CO), 8(4) 4n+0 C'C[M3] [M3] 20 4 3 56
51 0s(COY 1(2) 4n+6 C?C[M4] [M4] 22 2 1 34 34
52 ResH3(CO) > 4(3) 4n+4 c'c[m4] [M4] 22 3 2 46 46
53 B.H 7(4) 4n+2 C°C[M4] [M4] 22 4 3 58[18] 18
54 Pdy(CO)L; 13(6)  4n2 C’C[M4] [M4] 2 6 5 82
55 Ptig(CO),* 52(19) 4n-28 c*C[m4] [M4] 22 19 18 238 238
56 PdiNi(CO)ol 2> 55(20) 4n-30 CC[M4] [M4] 22 20 19 250 250
56 (AU)Pcb(CO)ol 5" 64(23) 4n-36 c'*c[m4] [M4] 22 23 22 286 286
57 Pcby(COol s 64(23) 4n-36 c*c[m4] [M4] 22 23 22 286 286
58 Ausdl1.Cls* 120(39) 4n84 c*C[m4] M-4] 6 39 38 462 462
59 Os(CO), 3(3) 4n+6 C*C[M5] [M5] 24 3 2 48 48
60 BsHo 3(3) 4n+6 C2C[M5] [M5] 24 3 2 48[18] 18
61 0s(CO)4 6(4) 4n+4 c'Cc[m5] [M5] 24 4 3 60
62 05, Hy(CO)> 6(4) 4n+4 c'c[ms] [M5] 24 4 3 60 60
63 Rhy(CO), 6(4) 4an+4 c'c[M5] [M5] 24 4 3 60 60
64 ReH4(CO)s” 6(4) 4n+4 c'c[ms] [M5] 24 4 3 60 60
65 B4Hs 6(4) 4n+4 c'c[m5] [M5] 24 4 3 60[20] 20
66 CB4Hs 9(5) 4n+2 C°C[M5] [M5] 24 5 4 72[22] 22
67 B3C.Hs 9(5) 4n+2 C°C[M5] [M5] 24 5 4 72[22] 22
68 OsH(CO)s 9(5) 4n+2 C°C[M5] [M5] 24 5 4 72 72
69 Os(CO)s 12(6)  4n+0 C'C[m5] [M5] 24 6 5 84 84
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70 051o(C)(CO)s 24(10)  4n8 C°C[M5] [M5] 24 10 9 132 132
71 Rhy(CO)s” 36(14) 4n16 C°C[m5] [M5] 24 14 13 180 180
72 Rhys(CO)7™ 39(15) 4n-18 C'C[m5] [M5] 24 15 14 192 192
73 Pdis(CO)al g 42(16)  4n20 ctc[Ms] [M5] 24 16 15 204 204
74 RhyACO)g™ 45(17) 4n22 C¥C[Mm5] [M5] 24 17 16 216 216
75 Rh,(CO)7* 60(22) 4n32 CYc[m5] [M5] 24 22 21 276 276
76 0s(CO)s 5(4) 4n+6 C*C[™m6] [Me] 26 4 3 62 62
77 BsH1o 5(4) 4n+6 C*C[Mm6] [Me] 26 4 3 62[22] 22
78 OsH,(CO)e 8(5) 4n+4 c'c[me] [M6] 26 5 4 74
79 B4Hs(CoCp) 8(5) an+4 C*C[™m6] [Me] 26 5 4 74[34] 34
80 BsHo 8(5) 4n+4 c'c[me] [M6] 26 5 4 74[24] 24
81 B.HsFe(CO) 8(5) 4An+4 C*C[™m6] [Me] 26 5 4 74[34] 34
82 Os(CO)é® 11(6)  4n+2 C°C[Me] [Me] 26 6 5 86 86
83 RhsPt(CO)s 11(6)  4n+2 C°C[Me] [Me] 26 6 5 86 86
84 Re&C(CO)& 11(6)  4n+2 C°C[Me6] [M6] 26 6 5 86 86
85 B4CoHs 11(6)  4n+2 C°C[Me] [Me] 26 6 5 86[26] 26
86 Pd,(COYL, 14(7)  4n+0 C'C[Me] [Me] 26 7 6 98
87 0Os/(CO); 14(7)  4n+0 C'C[Me] [Me] 26 7 6 98 98
88 Rhy(CO)e™ 14(7)  4n+0 c'c[me] [M6] 26 7 6 98 98
89 Re,C(COp* 14(7)  4n+0 C'C[Ms6] [M6] 26 7 6 98 98
90 Pc(CO)L; 17(8)  4n2 C’C[Me] [Me] 26 8 7 110 110
91 Re&C(COY* 17(8)  4n2 C’C[M#] [Me] 26 8 7 110 110
92 Os(CO)* 17(8)  4n2 C*C[Me6] [M6] 26 8 7 110 110
93 OsH(CO)s 20(9) 4n4 C°C[M#] [Me] 26 9 8 122 122
94 Rhy(CO)6* 20(9) 4n4 C3c[Me6] [M6] 26 9 8 122 122
95 051o(CO)® 23(10) 4n6 C‘C[m6] [M6] 26 10 9 134 134
96 Rhyo(CO)i* 23(10) 4n6 c'c[m6] [M6] 26 10 9 134 134
97 0s3H2(C)(COYs 23(10) 4n6 C‘C[Mme] [Me] 26 10 9 134 134
98 Rhys(CO)H,> 32(13) 4n12 Cc’C[m6] [M6] 26 13 12 170 170
99 PdieNi(CO)pl 4> 53(20) 4n-26 c*c[me] [M6] 26 20 19 254 254
100 Pchy(COMol 10 62(23) 4n32 ct’c[me] [Meé] 26 23 22 290 290
101 Piy(CO)e* 65(24) 4n34 C'®c[m6] [M6] 26 24 23 302 302
102 Pcho(COYel 80(29) 4n44 C**C[m6] [Meé] 26 29 28 362 362
103 HPd(CO)el 1o 83(30) 4n46 C*C[M6] [Me] 26 30 29 374 374
104  AuPdhg(COel 10 83(30) 4n46 C*'C[M6] [M6] 26 30 29 374 374
105  Ptg(COW® 107(38) 4n62 C*C[Me6] [M6] 26 38 37 470 470
106  Pdi3Nig(COlilet  119(42) 4n-70 c*c[me] [M6] 26 42 41 518 518
107  PdsNizs(CONs™ 125(44) 4n74 C*®c[m6] [M6] 26 44 43 542 542
108  NizsPi(CONs® 125(44) 4n74 c®c[me] [M6] 26 44 43 542 542
109  NiggPts(CONgH™ 125(44) 4n74 Cc*c[Me] [M6] 26 44 43 542 542
109b  BClg 16(8)  4n+0 C'[M7] M7] 28 8 7 42 42
110 Os(CO)s 4(4) 4n+8 c3C[MT7] M7] 28 4 3 64 64
111  Os(CO)g 7(5) 4n+6 C*C[M7] M7] 28 5 4 76 76
112 Rh(CO)s 7(5) 4n+6 Cc?C[M7] M7] 28 5 4 76 76
113 BsHu 7(5) 4n+6 C*C[M7] M7] 28 5 4 76[26] 26
114  BgHyo 10(6)  4n+4 c'c[Mm7] M7] 28 6 5 88[28] 28
115  OsH(CO) 15(7)  4n2 C’C[M5] [M5] 24 7 6 96 96
116  Os1o(C)(COs" 22(10) 4n4 C’C[M7] M7] 28 10 9 136 136
117 Pdio(CO)als 22(10) 4n4 C’C[M7] M7] 28 10 9 136 136
118  Rhyy(COYs” 25(11) 4n6 c‘C[M7] M7] 28 11 10 148 148
119  PdNig(COYLo 46(18)  4n-20 Cc"'C[Mm7] M7] 28 18 17 232 232
120 NiyPtio(CO)o* 64(24) 4n32 cc[mT7] [M7] 28 24 23 304 304
121 AusPdhg(CO)ol 16 88(32) 4n48 C**C[M7] [MT7] 28 32 31 400 400
122 AusPd(CO)sl s 100(36) 4n-56 C*C[M7] [M7] 28 36 35 448 448
123 Pdsg(C)(COpsl 14 100(36) 4n56 c*c[m7] [MT7] 28 36 35 448 448
124 NizPti(CONs* 106(38) 4n-60 Cc¥C[M7] [M7] 28 38 37 472 472
124a  ByClg 18(9)  4n+0 C'C[M8] [M8] 30 9 8 36 36
125  Os(COMy 6(5) 4n+8 c3c[M8] [M8] 30 5 4 78 78
126 Os(CO)y 9(6) 4n+6 C*C[M8] [M8] 30 6 5 90 90
127  CBsHy 9(6) 4n+6 c?c[m8] [M8] 30 6 5 90[30] 30
128  BeHi, 9(6) 4n+6 C*C[M8] [M8] 30 6 5 90[30] 30
129  BeCiHs 15(8)  4n+2 C’C[M8] [M8] 30 8 7 114[34] 34
130  RhgC(CO)o 15(8)  4n+2 C°C[Mm8] [M8] 30 8 7 114 114
131 BgHyp, 14(8)  4n+4 c'c[m9] [M9] 32 8 7 116[36] 36
132 RhP(COR? 16(9)  4n+4 c'c[m9] [M10] 34 9 8 130 130
133 BjgHi® 19(10)  4n+2 C°C[M10] [M10] 34 10 9 142[42] 42
134  ByHus 18(10) 4n+4 c'cM11] [M11] 36 10 9 144[44] 44
135  SBgHy 18(10) 4n+4 c'cim11] [M11] 36 10 9 144[44] 44
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136 AU Nig(COYs® 102(38)  4n52 c'c[M11] [M11] 36 38 37 480 480
137 BsHis 11(8) 4n+10 c*Cc[M12] [M12] 38 8 7 122[42] 42
138 BoCoHys 20(11) an+4 C*C[M12] [M12] 38 11 10  158[48] 48
139 BioH1? 23(12) 4n+2 Cc°c[M12] [M12] 38 12 11 170[50] 50
140 B10CoHi2 23(12) 4n+2 Cc°C[M12] [M12] 38 12 11 170[50] 50
141 Sc 7.5(1) 4n11 C®5C[M-5.5] [M-5.5] 3 1 0 3 3
142 Ti 7(2) 4n-10 C°C[M-5] [M-5] 4 1 0 4 4
143 \Y 6.5(1) 4n9 C*5C[M-4.5] [M-4.5] 5 1 0 5 5
144 Cr 6(1) 4n-8 C°C[M-4] [M-4] 6 1 0 6 6
145 Mn 5.5(1) 4n7 C*5C[M-3.5] [M-3.5] 7 1 0 7 7
146 Fe 5(1) 4n-6 C'C[M-3] [M-3] 8 1 0 8 8
147 Co 4.5(1) 4n5 C3*5C[M-2.5] [M-2.5] 9 1 0 9 9
148 Ni 4(1) an4 C’C[M-2] M-2] 10 1 0 10 10
149 Cu 3.5(1) 4n3 C*5C[M-1.5] [M-1.5] 11 1 0 11 11
150 Zn 3(1) 4an-2 C’C[M-1] M-1] 12 1 0 12 12
151 Li 3.5(1) 4n3 C*5C[M-1.5] [M-1.5] 11 1 0 11[1] 1
152 Be 3(1) 4n2 C*C[M-1] M-1] 12 1 0 12[2] 2
153 B 2.5(1) 4n1 C5C[M-0.5] [M-0.5] 13 1 0 13[3] 3
154 C 2(2) 4n+0 C'C[M0] [MO] 14 1 0 14[4] 4
155 N 1.5(1) 4n+1 C°5C[MO0.5] [M0.5] 15 1 0 15[5] 5
156 o] 1(2) 4n+2 C°C[M1] [M1] 16 1 0 16[6] 6
157 F 0.5(1) 4n+3 C°5C[M1.5] [M1.5] 17 1 0 17[7] 7
159 Ne 0(1) 4n+4 c'cm2] [M2] 18 1 0 18[8] 8

1IN THE CACULATION OF VE, A VALUE INSTEAD OF A, WAS USED, HENCE THE TERM (1)

2.9 Arithmetic Progression

When the sequence of the cluster valence electrons are carefully analytiee with the capping series, it is found that

they follow a simple order of arithmetic progression. Thus,

[MX]: VE = VE+(n-1)d; d= 12, VE: depends on [Mx], x=1, Vg4, x= 2Y6, x=3Y8, x=4Y10,
VE,=2x+2; n depends upon the nuclearity of thester. When we define the starting point as n=0, then the GENESIS
cluster valence electrons are given by VE M, the d value = 12 for transition metals and 2 for main group elements

and the corresponding formulas become VEsMEn and VE= Vig+2n.

Examples
Table11. Derivation of cluster valence electrons of selected clusters using the genesis principle
T-11 CLUSTER K(n) SERIES=4n+q K=2n- Kp=C’[Mx] X  VE=2x+2 VE=VEg+dn VF
Y2q
1 Pd(CO)Ls 6(3) 4n+0 2n+0 c'c[M2] 2 6 6+12[3]=42 42
2 Rhe(C)(CO)18* 9(6) 4n+6 2n-3 C*C[m8] 8 18 18+12[6]=90 90
3 Rhg(CO)s6 11(6) 4n+2 2n-1 c’c[Me] 6 14 14+12[6]=86 86
4 0s5(CO)1s 12(6) 4n+0 2n+0 C'C[M5] 5 12 12+12[6]=84 84
5 0s4(CO)1& 11(6) 4n+2 2n-1 Cc°C[Mmé] 6 14 14+12[6]=86 86
6 RhgH oL ¢2* 16(6) 4n-8 2n+4 C°C[M1] 1 4 4+12[6]=76 76
7 MoeClgL¢** 28(6) 4n-32 2n+16 C'C[M-11] -11  -20 -20+12[6]=52 52
8 MoeCl14 28(6) 4n-32 2n+16 Cc'Cc[M-11] -11 -20 -20+12[6]=52 52
9 ZrClig(B)® 29(6) 4n-34 2n+17 C¥C[M-12] 12 22 -22+12[6]=50 50
10 Zre¢Clis(Bef ' 32(6) 4n-40 2n+20 C?C[M-15] -15  -28 -28+12[6]=44 44
11 ZreClig(B)* 32(6) 4n-40 2n+20 C#C[M-15] -15  -28 -28+12[6]=44 44
12 ZreCly(C) 32(6) 4n-40 2n+20 C?C[M-15] -15  -28 -28+12[6]=44 44
13 Zr¢Clig(N) 32(6) 4n-40 2n+20 C#C[M-15] -15  -28 -28+12[6]=44 44
14  Co(P)(COX? 16(9) 4n+4 2n2 c'C[M10] 10 22 22+12[9]=130 130
15  Rhy(CO)s’ 20(9) 4n-d 2n+2 C*C[M®6] 6 14 14+12[9]=122 122
16 Rhy(COY? 23(10)  4n6 2n+3 c’‘C[Me] 6 14 14+12[10]=134 134
17  RwPd(COk? 29(12)  4n10 2n+5 C°C[M6] 6 14 14+12[12]=158 158
18  FePd(H)(COR:  28(12)  4n8 2n+4 C°C[M7] 7 16 16+12[12]=160 160
19  Ni(Ge)(CO)?  23(12)  4n+2 2n1 C°C[M12] 12 26 26+12[12]=170 170
20 Co(N)(CO)sS  28(13) 4n-4 2n+2 Cc3c[M10] 10 22 22+12[13]=178 178
21 Rhy(COpHs 32(13)  4n12 2n+6 C'C[Me] 6 14 14+12[13]=1170 170
22 Rhy(COR& 36(14)  4n16 2n+8 C°C[M5] 5 12 12+12[14]=180 180
23 AlyRele® 28(14) 4n+0 2n+0 C'C[M13] 13 28 28+2[14]=56 56
24 SnisRs 27(15)  4n+6 2n3 C?C[M17] 17 36 36+2[15]=66 66
25 Pcig(CO)Le 51(16) 4n-38 2n+19 C*C[M-4] 4 -6 -6+12[16]=186 186
26 Osi/(COks” 48(17) 4n-28 2n+14 C™C[M2] 2 6 6+12[17]=210 210
27  GagRs 44(19) 412 2n+6 C'C[M12] 12 26 26+2[19]=64 69
28 Pty(CO)s" 52(19) 4n-28 2n+14 C™C[M4] 4 10 10+12[19]=238 238
29  O%(COMF 59(20)  4n-38 2n+19 CC[M0] 0o 2 2+12[20]=242 242
30  Fe(GBoHi)? 46(23)  4n+0 2n+0 c'c[M22] 22 46 46+2[23]+1[10]=102 102
31 PufCOk? 65(24)  4n34 2n+17 C¥C[m6] 6 14 14+12[24]=302 302
32 NigCo(COke’ 77(32) 4n-26 2n+13 Cc*c[M18] 18 38 38+12[32]=422 422
33 NipAsy® 78(33)  4n24 2n+12 C¥C[M20] 20 42 42+2[33]+12[10]=228 228
34  Pd(COkdl 1z 100(34) 4n64 2n+32 c¥c[M1) 1 4 4+12[34]=412 412
35 Pcbs(CO)al 15 102(35)  4n64 2n+32 Cc*c[M2] 2 6 6+12[35]=426 426
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36  Pg(CONs 107(38) 4n62 2n+31 C2C[M6] 6 14 14+12[38]=470 470
37 NigCo(COMS 95(38)  4n-38 2n+19 C*C[M18] 18 38 38+12[38]=494 494
38  PckCOlilis 117(39) 4n-78 2n+39 cC[m-1] -1 0 0+12[39]=468 468
39 Pd(COkel1s 158(52) 4n-108 2n+54 C*C[M-3] -3 -4 -4+12[52]=620 620
40 Pcb4(COWol 14 162(54) 4n-108 2n+54 C*C[M-1] 100 0+12[54]=648 648
41 Pdg(COMol 2 183(59) 4n-130 2n+65 C*C[M-7] 7 12 -12+12[59]=696 696
42 AlgRis® 162(69) 4n-48 2n+24 C*C[M44] 44 90 90+2[69]=228 228
43 Posg(COelis 222(69) 4n-168 2n+84 C*C[M-16] -16  -30 -30+12[69]=798 798
44  Pdie(COMol 30 570(165) 4n-480 2n+240 C*'C[M-76] -76  -150 -150+12[165]=1830 1830

2.10Transformingthe Series Into Isomeric Structures

The K(n) and Kp = &C[Mx] parameters can be utilized as useful guides to construct isograpbical structures.
Selected examples ofdderies are given in Figures§? The clusteRhs(C)(CO)s , K(n) = 9(6), S= 4n+6, K=248, Kp=

C°C[M8] from Table F11 belongs to an ARACHNO family of clusters and the CLAN of cluster series based on [M8]
closo baseline. The [M8] has an ideal structure gfi$ , described as a dodecahedron. According to the series, the 6
rhodium skeletal elements will be linked by 9 linkages normally taking up the ideal shape referred to as a trigonal prism as
indicated in Figre**. The clusteRhg(CO)s, K(n) = 11(6), S=4n+2(CLOSO family), Kp =°C[M6]. The cluster belongs

to the CLOSO baseline family of wwapped clusters. It has an ideal octahedral shape. On the other hand, the cluster
0s(CO)g, K(n) = 12(6), S = 4n+0, Kp£'C[M5],belongs to monaapped cluster family and the capping skeletal
element is sitting on an ideal trigonal bipyramid shape [M5]. As pointed out already [M5] is expected to have a similar
shape as that ofsBs> . These shapes are shown in Figure7.

RheH1Le?", K(n) =16(6), VE= 182K = 18(6}2(16) = 76 has been described as having an octahedra(ldbapecroft

and Sharpe,2005ccording to the 4N series approach, it belongs to the series 84+ CC[M1]. This means it is

a member of penteappectluster series centered on one skeletal element. These clusters belong to the VE[n] series such
as 16[1]1Y28[2] Y40[3] Y52[4] Y64[5] Y76[6] Y88[7] Y100
Examples include ( Kiifs@6i6]YrAeyl 22100 07[f 8}2Y A & 2 [ B Yamdiso on. The

central skeletal element [M1], obeys the S=4n+2 , KE28(1)1=1. According to the series approach, this means the
nucleus on its own can be assigned one skeletal linkage out of the total 16 lifkegefore the remaining 15 skeletal

linkages will be assigned to the skeletal structure which is shown in Figure 8 Indeed the shape appears as the conventional
octahedral shape.

There are other clusters that portray the ideal octahedral shape. ArttregefncludeMogClsLs**, K(n) = 28(6), S=
4n32,VE=14Rr32=14(6)32=52, VE=18mR2K=  18(6)}2(28)=52,VE=14+2x+12(11)=  14+2(11)+12(61)=52,
VE=VEq+dn= 2¢11)+2+12(6)=52, VF=6(6)+8+6(2)=52. The above information clearly indicates the cluster obeys the
natural laws of the series. We have also found that the negative nuclear index means the capping of electrons in the
nucleus in dozen groupings. lhig case, there will be 11 dozen electron cappings in the nucl€usp€Chence the

capping of the skeletal elements will ber@aking a total of & cappings. Does it mean that the 6 caapings identifed by

the 4N series, represent the octahedral shapena®? This seems to make sense. According to the 4N series, each
capping posses 3 linkages. Therefore the 6 cappings will correspond to 18 linkages. Therefore, we can construct a
hypothetical geometry shown in Figure 8.

& P =
Rha{Cl{COk="K(n) =5(6) Rha(CO)1s :Kin)=11{6) Oss(COJ1a :K(n)=12(8)

Kin0 = 9(6) Kin) = 11(6) Kin)=12(6)

PTANN
\
~_—

\

Trigonal prism COctahedran Mono-capped trigonal bipyramid

Selected isomeric graphical shapes of ME skeletal elements

Figure 7 Hypothetical linkage between ideal clusgeometry and cluster numbers
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RhsHiLe®™ :Kin)=16(6) MosClaLs™
K=18 /\
—_— — "
K=16 COMNVENTIONAL

OCTAHEDRAL SHAPE

ZreCls(B)>  K(n)= 29(6), Kp=C'®CM-12] — Cl2gCe
MosClis® -K(n) = 28(6), Kp=C''C[M-11] ——= C'+CE
ZrsClis(Be)™  K(n)= 32(6), Kp=C'CM-15] — = C'7+C*
ZreClis(C) K(n) =32(6), Kp=C2'C[M-15] —= C1540E
ZraClis(N) K(n}=32(6), Kp=C*'C[M-15] —= C'e+CP

THE CAPPING OUTER SKELETAL ELEMENTS — 8
Possible isomeric octahedral shape of 6 capping s keletal elements
The capping symbols‘€ C*“and C° represent dozens of capping electrons in the respective nuclei.
Figure 8 Hypothetical possible shapdsduced from the capping principle of selected clusters.
Table12.The capping series of selected range of clusters

Cll CLU CH C& C 7 Cb Cb C4 Cd C Cl CU

4n20 | 4n18 | 4nl16 | 4nl4 | 4nl2 | 4n10 | 4n8 | 4n6 | 4nd | 4n2 | 4n+0 | 4n+2 | S/[Mx]
302 290 278 266 254 242 230 | 218 | 206 194 182 170 12
288 276 264 252 240 228 | 216 | 204 | 192 180 168 156 11
274 262 250 238 226 214 | 202 190 | 178 166 154 142 10

260 248 236 224 212 200 188 | 176 | 164 | 152 140 128 9
246 234 222 210 198 186 | 174| 162 | 150 | 138 126 114 8
232 220 208 196 184 172 | 160 | 148 | 136 | 124 112 100 7
218 206 194 182 170 158 | 146 | 134 | 122 110 98 86 6
204 192 180 168 156 144 | 132 | 120| 108 96 84 72 5
190 178 166 154 142 130 118 | 106 94 82 70 58 4
176 164 152 140 128 116 | 104 92 80 68 56 44 3
162 150 138 126 114 102 90 78 66 54 42 30 2
148 136 124 112 100 88 76 64 52 40 28 16 1
134 122 110 98 86 74 62 50 38 26 14 2 0
120 108 96 84 72 60 48 36 24 12 0 -12 -1
106 94 82 70 58 46 34 22 10 -2 -14 -26 -2
92 80 68 56 44 32 20 8 -4 -16 -28 -40 -3
78 66 54 42 30 18 6 -6 -18 -30 -42 -54 -4
64 52 40 28 16 4 -8 -20 -32 -44 -56 -68 -5
50 38 26 14 2 -10 -22 -34 -46 -58 -70 -82 -6
36 24 12 0 -12 -24 -36 -48 -60 -712 -84 -96 -7
22 10 -2 -14 -26 -38 -50 -62 -74 -86 -98 | -110 -8

8 -4 -16 -28 -40 -52 -64 -76 -88 | -100 | -112 | -124 -9
-6 -18 -30 -42 -54 -66 -78 -90 | -102 | -114| -126| -138 -10
-20 -32 -44 -56 -68 -80 -92 | -104 | -116| -128| -140| -152 -11
-34 -46 -58 -70 -82 -94 | -106 | -118 | -130| -142| -154| -166 -12

2.11Selected Capping Cluster Series

As already discussed, formulas of clusters can easily be derived by applying the genesis principle of starting at n=0. The
examples based on [M7], [M6], [M2], and [M1] are given in Scheme 15. More examples of generating fragments and
clusters of osmium anghlladium are given in TablesIA to F19.

The Derivation of [M7] capping cluster series
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K(n) =13(7): K= 13, n=7, Ve= 188K =18[7}2[13] =100, K(n) = -8(0): K=-8, n= 0, Ve=18RK = 18(0}2(-8) =
16Y8 CO

The capping fragment is Os(CQO)

8CO[n=0] YOs £ CRE@.S n = DEEO) n = 3 1(Z@gn=4]Y O §(CO)e n = DKEO)[n=6]
YOsS(COpl Nn=7] ;[ beginning,(CEBLIO T ( 81 6+te2,2 The menheds@mrh the sequence:
16VY28Y40Y52Y64Y7 8paBfeon 160tke others represent the esponding clusters indicated.

Os/(CO%J n = 7 1{CONQ[8=8, Ve=112, & Y @O)[n=9, 124, ¢ Y .@30)s[n=10,136,¢ , é

The Derivation of [M6] capping cluster series

Let us consider going from the beginning n=0 to n = 10. The [12€] capping fragment is[s(CO)

K(n) = 11(6), K =11, n=6; Ve=18@AK = 18[6}-2[11] =86; and for [M6] series K(n)Z(0); Ve =18(02(-7) =14Y7CO
Decapping series: 7 C Qlh=0,%e0=,2 6 IMe®d 4 ]= \QOQ/(eSQ(BQ)Q[n 3, &s38]
Os(COxf N =3, Ve = 5CQPx] ¥h =5 Q¥ e = HEP)Jn¥6,Ve=663(appears as PEO)s ).
Os(COXN=6,Ve=86,C] Y ATOL[n=7,Ve=98,C] Y @O)n=8,Ve=110,G Y TO%In=5Ve=122,¢ Y
0s,o(CO)n=10,Ve=134,¢] , é

The majority of golden clusters belong [M1] or [M2] series. We can apply the same method as used for [M7] and [M6] to
generate corresponding series.

The Derivation of [M2] capping cluster series

K(n) = 3(2); Ve=18m2K = 18(2)}2(3) = 30

K(n)=3(0); Ve=18(0)2(-3) = 6 Y3CO =,)3L (e.g , L=PPh

We can illustrate series using gold skeletal elements. The twelve electron fragment could be AuH = Au
3L[ 6] YAQB] XA u=AuL430, C) YI Au[2C] VY AL = Au4L5[54 Cl Y Au[66C] VY
Augls® =Auelg[78,CT Y  A[90, CT YAugle® =Augl7[102,C7 Augl, Y[ 1 13Aufl,* =Aud126,C] Y
Aupls [138,C] ¥ AL =Aupl150,CY  Adig [162,CY Y AL = Aupl 174,C9

The Derivation of [M1] capping cluster series

K(n) =1(1); Ve= 18n2K =18[1}2[1] =16

K(n)=-2(0); Ve= 18R2K =18(0)}2(2 ) =4 Y2 CO=21L

2 |_[ 4] YN6CT YAuL, =Auly28,C] Y Au[M40,CT Y VY L&w Au4L4[52 Ay Y 5|_,A£s ,

Cl Y oLRu= Auls76,C1 Y  Aw[88,Cl Y Ad = Auglg100, C] Y LA [112 c Y e’ A

Ay%OL7[124 Cl VY AwW[136, CY Y A = Auplgl148, G Y Ay [160, G V AW = Aul4L9[172
C

Scheme 15. More examples illustrating the derivation of cluster formulas using the genesigprincipl
Table13. The relationship between the K(N) parameter and cluster valence electron (VE)

T-13

[M6] | CAP | PIN | G SER | IES T10
K -7 -4 -1 2 5 8 11| 14| 17| 20| 23| 26| 29| 32
N 0 1 2 3 4 5 6 7 8 9 10 11| 12| 13

VE 14 26 | 38 50 62| 74 86| 98| 110 | 122 | 134 | 146 | 158 | 170
K 32 35| 38 41 44 | 47 50| 53| 56| 59| 62| 65| 68| 71
N 13 14| 15 16 17| 18 19| 20| 21| 22| 23| 24| 25| 26

VE 170 | 182 | 194 | 206 | 218 | 230 | 242 | 254 | 266 | 278 | 290 | 302 | 314 | 326
K 71 74| 77 80 83| 86 89| 92| 95| 98| 101 104 | 107 | 110
N 26 27| 28 29 30| 31 32| 33| 34| 35| 36| 37| 38| 39

VE 326 | 338 | 350 | 362 | 374 | 386 | 398 | 410 | 422 | 434 | 446 | 458 | 470 | 482
K 110 | 113 116 119 | 122 | 125| 128 | 131 | 134 | 137 | 140 | 143 | 146 | 149
N 39 40 | 41 42 43 | 44 45| 46| 47| 48| 49| 50| 51| 52

VE 482 | 494 | 506 | 518 | 530 | 542 | 554 | 566 | 578 | 590 | 602 | 614 | 626 | 638
K 149 | 152 | 155| 158 | 161 | 164 | 167 | 170 | 173 | 176 | 179 | 182 | 185 | 188
N 52 53| 54 55 56 | 57 58| 59| 60| 61| 62| 63| 64| 65

VE 638 | 650 | 662 | 674 | 686 | 698 | 710 | 722 | 734 | 746 | 758 | 770 | 782 | 794
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Table14. Generating functions of clan series of clusters based upon the genesis principle

[MO] [M1] [M2] [M3] [M4] [M5] [M6]
GO:O+1:1 Go:1+1:2 Go =2+1=3 Go =3+1=4 Go =4+1=5 Go =5+1=6 Go =6+1=7
0s(CO} 0s(CO) 0s(CO} 0s(CO) 0s(CO) 0s(CO) 0s(CO)

F=0s(CO)pu:1

F=0s(COx+2

F=0s(CO)pu3

F=05(COs

F=0s(CO)ws

F=0s(CO)px:s

F=0s(COlw7

X=0 | CO 2CO 3CO 4CO 5CO 6CO 7CO

1| Os(CO} 0s(CO), 0s(CO} 0s(CO) 0s(CO} 0s(CO) 0s(CO}

2 Os(CO¥ Os(CO)% Os(CO) Os(CO)% Os(CO)o 0s(CO)10 Os(COM
3 Os(CO), Os(CO) Os(CO) Os(COho Os(CO)1s Os3(CO)s2 Os(COMs
4 Os(CO) Os(COho Os(COM Os(CO)» Os(COhs 0s4(CO)14 Os(CO)s
5 Os(COM Os(COho Os(COhs Os(COhs Os(COMs Os(CO)si6 Os(COx7
6 Os(COhs Os(COha Os(CO)s Os(COhs Os(COMxy Os5(CO)ss Os5(CO)so
7 Os/(CO)s Os/(COhs Os/(CO); Os/(COhs Os/(COho Os/(COo Os/(COp1
8 Os(CO)y Os(COhs Os(COho Os(COo Os(COp1 Os(CO)» Os(CO)2s
9 Os(COhso Os(CO)o Os(CO Os(CO)» 0%(CO)23 Os(CO)a Os(CO)s
10 Os1o(COMm Oso(CO)» Os1o(COxs 0s51o(COY4 Os(CO)s 0s1(COxs 05,(CO)or
11 0s1(COks 0s11(CO)a 0s11(COks 0s11(COxs 0s14(CO)r 0s11(COxs 0s11(COo
12 Os1ACOxs Os1(COs 0s15(CO)y 0Os15(COs Os12(CO)s 0s15(COo Os12(COX1
13 Os15(CO)yr Os13(CO)s Os15(COo Os15(COko O515(CO); 0s15(CO)> O515(CO)s
14 0s54COxo 0s14(COxo 0s14CO)1 0s14CO)» 0Os14(CO)ss 0514(CO4 Os14(COXs
15 Os5(CO)n Os15(CO)» Os5(COs Os15(COa Os15(COks Os15(COks Os15(CO)y
16 Os6(CO)s Os16(CO)4 Os16(COxs Os16(COxs Os16(CO)yr Os16(COxs Os16(COko
17 Os(CO)xs Os1/(COks 0s/(CO)y Os1/(COks Os1/(COkso Os1/(COho Os1/(CO
18 Os15(CO)r Osi(CO)s Os15(CO)o Os15(COMo Os15(COMs Os15(COk2 O515(COks
19 Os1o(COxo 0Os1o(COuo Os1o(CO1 Os1o(CO)» Os1o(CO)s 0s1o(COas Os1o(CO)s
20 05o(CO)as O%y(CO» O%o(COls O%o(COus Os(CO)s O%0(COxs Os¢(CONr
21 0%1(COls O091(COus O91(COs O91(COs O091(CO)r O91(COls O0$1(COso
22 O9ACOxs O%(CO)s O9ACOMr O%(COls O9(COo 0%(COo O9,(CO¥
23 O%3(COMr O53(COks O%y(COso O5(COXko O%(CO)¥: O%5(CO)k> O%4(CO¥s
24 O%4COlo 054(CO)o 0$4(CO¥1 054(CO) 054(CO)s 054(COa4 O94(CO)s
25 Os5(CO¥1 O95(CO)» O55(CO)s O95(CO¥a O95(CO)s O95(CO¥s O95(CO)y
26 Os¢(COXs O56(CO¥4 O5¢(CO¥s O56(CO¥s O56(CO), O56(CO)s O%6(CO)so
27 O$#(CO¥s O9/(CO)¥s O0$#(CO)r O7(COks O9/(CO)o O7(COko 09/(CO)1
28 Os¢(CO)r O54(CO)¥s O54(COo O54(CO)o O56(CO¥1 O54(CO)> O56(COks
29 O59(CO)s O5¢(CO)o O54(CO¥1 O5¢(CO)2 O59(CO)s O5¢(CO)sa O59(COks
30 Os(CO)1 Os3o(CO)o Os(CO)ss Os(CO)ea Os3o(COs Os(COs Os3o(CO)s7
31 0s31(CO)s 0O%1(CO)sa O0s31(CO)s Os31(CO)s 0O%1(CO); Os31(CO)s 0O%31(COkso
32 O%A(COxs O%:(COks O%ACO)r O%(COks O%5(COo O%:(CO)o Os,(COY
33 Os3(CO)r Os3(COls Os33(COo O3(COXo Os5(COYn Os3(CO)» Os5(CO)rs
34 O%4(CO)o O%4(CO)o Os4(CO1 O%4CO)» O%4(COYs O%4COY4 O%4(COY)s
35 Os5(CO)1 Os5(COY» Os5(COYs Os5(COYa Os5(COYs Os5(COYs Os5(CO)r
36 Os4(CO)s Os6(CO)a Os6(COYs Os6(CO)s Os6(CO)r7 Os6(CO)s Os6(CO)ro
37 Os7(COY)s Os7(CO)s Os7(CO)r Os3¢(COYs Os/(CO)s Os7(CO)o O57/(CO1
39 Oo(COxo O%9(COXo O%o(CO¥1 O%o(COx» Os9(COlks O%o(COk4 Os9(COlks
40 Os1(COe1 Os:o(CO)o Os1o(COks Os:o(CO)ea Os1o(CO)s Os:o(COs Os1o(CO)r
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Tablel15. Continuation of Table 14

T15 V6] M7] V8] V9] [M10]

Go =6+1=7 Gp =7+1=8 Gp =8+1=9 Go =9+1=10 Go=10+1=11

0SCO), 0s(CO) 0s(CO) 0s(CO) 0s(CO})

F=0s(CO)pyxs7 F=0s(CO)y:s F=0s(COpx:0 F=0s(COy+10 F=0s(CO)px+11
X=0 7CO 8CO 9CO 10CO 11CO
1 0s(CO) 0s(CO) 0s(CO) 0s(CO), 0s(CO),
2 Os(CO) O%(CO). Os(COhs O(COhs Os(COYs
3 Os(CO)3 Os(COhs Os(COMs Os(COhs Os(CONy
4 Os(CO)1s Os4(CO)16 Os(CO)r Os(CO)s Os(CO)o
5 Os(CO)1r Os5(CO)18 Os5(CO)1o O(COxo Os(CO
6 Os(COMho Os5(CO)20 Os(CO)n Os(CO)» Os(CO)s
7 Os/(CO)xn 0Os/(CO)z2 Os/(CO),3 Os(COp4 Os/(COxs
8 Os(COs Os(CO)as Os(CO)s Os(CObs Os(COY7
9 Os(CO)s Os(CO)s O0s(CO)2r Os(COs Os(COhso
10 0s5o(CO)r Os1o(COs 051o(COxo Os1o(COxo 05o(CO)1
11 05:(COxo 0s11(COxo 05:(CO)1 0s14(CO)k» 05,(CO)s
12 0s5%(CO) 0s(CO)» 05,5(CO)s 0s/(CO)4 Os%(CO)s
13 Os5(CO)ks 0Os15(COx4 Os15(COxs Os15(COxs 0s5(CO)y
14 Os14(CO)s Os14(COks Os14(CO)7 0s14(CO)s O514(COks
15 Osi5(CO); Os15(COks Os15(COkso Os15(COMo Os5(COM
16 Os16(CO)o Os16(COo Os16(COW Os1¢(CO)» Os16(COs
17 057(CO)y 0%57(CO) 0%57(COs 057(COa 057/(CO)s
18 Os6(CO)s Os15(COus Os16(COs Os15(CO)s Os6(CO)r
19 Os1o(COks Os1(COs Os1o(COW7 Os1(COls O51(COMo
20 Os¢(COWr O5(COls O%o(COo 0$(COXo Osy(CO¥1
21 0%1(CO)o 0%1(CO)o 0%1(CO)1 0%1(CO) 0%4(CO):s
22 0%5(CO)1 0s5CO) 0%5(CO)s 0sCO¥4 Os5CO%s
23 O93(COks O93(CO¥a O93(CO¥%s O93(CO¥s O93(CO)7
24 0%4(CO)s 0s4(COXs 0%4CO)r Os4CO)s 0%4(CO)o
25 Os5(CO); Os5(COks Os5(COXo Os5(COko Os5(COk1
26 Os¢(CO)o O%6(COko O56(CO)1 O9¢(CO)2 O96(CO)s
27 0%7(CO): 0%7(CO)2 0%7(CO)s 057(CO4 0%4(CO)s
28 O56(CO)s O$6(CO)a O56(CO)s O$6(COs O56(CO)s7
29 Os9(COX¥s Os9(COXxs Os9(CO)r Os9(COXxs Os¢(CO%ko
30 O%y(CO)r O%o(COks O%y(COko Oso(COXo Osy(COY
31 0%1(COXkso 0s:1(CO¥o Os1(CO) Os1(CO)r2 Os1(CO)rs
32 Os3(COY Os35(COY2 Os3o(COYrs Os35(COYa Os3o(COYs
33 Os33(COYr3 Os33(COYa Os33(COYs Os33(COYs Os33(COYry
34 Os34(COYs Os34(COYs Os34(COYr7 Os34(CO)s Os34(COYro
35 Os5(COYry Os5(COYrs Os5(COro Os35(COo Os5(COk1
37 Os/(CO)1 Os7(CO)2 Os3/(CO)s Os7(COa Os3/(CO)s
38 O%5(COs O%5(CO4 O5(COks Os5(COks Os5(CO)yr
39 O%6(CO)s O5:o(COJs O%:6(CO)7 O5:(COJs O%:5(CO)o
40 Os5,(CO¥yr Os1(COs Os,(COko Os1(COxo Os5,(CO¥
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Table16. Generating of clan series of palladium cluster carbonyls

[MO] [M1] [M2] [M3] [M4] [M5] [M6]

Go =0+1=1 Go =1+1=2 Go =2+1=3 Go =3+1=4 Go =4+1=5 Go =5+1=6 Go =6+1=7

Pd(CO) Pd(CO) Pd(CO) Pd(CO) Pd(CO) Pd(CO) Pd(CO)

F=Pd(CO)os | F=Pd(CO)rs | F=Pd(CO)s | F=PG(CO¥s | F=Pd(CO)s | F=Pd(CO)rg | F=P(CO)rr
0 CcO 2CO 3CO 4CO 5CO 6CO 7CO
1 | Pd(CO) Pd(CO) Pd(CO) Pd(CO) Pd(CO) Pd(COY Pd(CO)
2 | Pa(CO) P&,(CO), PA,(CO) PA,(CO) PG,(CO), PA,(CO) P&,(CO),
3 | Pd(CO), Pd&(CO) Pd;(CO)s Pd,(CO), Pd(CO) Pd(CO) P&(CO)o
4 | Pdy(CO) Pd,(COX Pdy(CO); Pdy(CO) Pdy(CO) Pd(COho Pdy(CO)1
5 | P&(COX Pd(CO), Pd(CO)x Pd(CO) Pd(CO)o PA&(COM1 Pd(CO).,
6 | Pd&(CO) Pds(CO)s Pd(CO) Pd(CO)o Pd(COW Pa&(CO). Pds(CO)13
7 | Pd{(CO) Pd/(CO) Pd7(CO)10 Pd(CO Pd(CO), Pd/(CO)s Pd:(CO)14
8 Pds(CO)g Pds(CO)10 Pds(CO)1s Pds(CO)1, Pd(CO)s Pds(CO)14 Pd(CO)s
9 | P&(CO)so Pdy(CO) 11 Pdy(CO) 12 Pd(CO)13 P&(CO)14 P&(CO)1s Pdy(CO) 16
10 | Pdio(CO) Pd;o(CO)1» Pd;o(CO)13 Pdio(CO)a Pdio(CO)s Pdio(CO)s Pdio(CO),;
11 | Pdiy(CO)» Pdi(CO)» Pd11(CO)14 Pdi;(CO)s Pd11(CO)16 Pdi,(CO)7 Pdi,(CO)s
12 | Pdi(CO)s Pdiy(COhs Pdiy(CO)s Pdio(COMse Pdio(CO}7 Pdiy(COhs Pdiy(COxo
13 | Pdis(CO)4 Pdis(CO)s Pdi5(CO)16 Pdis(CO)y Pdis(CO)s Pdis(CO)o Pdis(CO)o
14 | Pd(CO)xs | Pdi(COxs | Pdi(CO)ls | Pdi(COxs | Pdi(CONo | Pdis(CO)so | Pchi(COMs
15 | Pdis(CO)se Pdis(CO)7 Pdis(CO)s Pdis(CO)s Pdis(CO)o Pdi5(CO)21 Pdis(CO),,
16 | Pdig(CO)y Pdig(CO)s Pdig(COM)o Pdig(CO)o Pdig(CO) Pd;6(CO),, Pdig(CO)s
17 | PdiACO)s PdiACO)o Pdi7(CO)20 Pdi/(COp Pdi«(CO)» Pdi/(CO)2s PdiA(COa
18 | Pdig(CO)o Pdig(CO)o Pdig(CO) Pdig(CO)» Pdig(CO)s Pdig(CO)a Pdig(CO)s
19 | Pdig(CO)o Pdio(CO)n Pdig(CO)» Pdig(CO)s Pdig(CO)as Pdio(CO)s Pdio(COs
20 | Pd(CO): Pdbo(CO)» Pdho(CO)s Pho(COa Pho(CO)s Pdbo(CO)s Pdbo(CO)7

0 1 2 3 4 5 6
21 | Pdy(CO)p» Ph1(CO)s Pdh:(CO)a Pd,(CO)s Pd,(CO)s Phy(CO)r Pch:(COs
22 | PdyCO)s Pho(COs Pdb(CO)s Pd(CO)s Pd(CO); Ph(CO)s Pch(CO)o
23 | Pths(COks Pd3(CO)s Pd3(CO)s Pd3(CO),y Pd,3(CO),s Pd3(CO)s Pd3(CO)o
24 | Pdy(COs Pb4(COs Phy(CO)yr Pd4(COs Pd4(CO)s Ph4(CO)so Phy(CO)n
25 | Pds(CO)s Pths(CO)y Pdbs(CO)s Pds(CO)o Pds(COko Pths(CO)n Ptbs(CO)s»
26 | Pdg(CO)y Pche(CO)s Pcbe(CO)o Pde(CO)o Pd(CO)1 Pcbe(CO)s» Pthe(CO)ss
27 | Pd#/(CO)s Ph+(CO)o Pd+(CO)o Pd+(CO): Pd+(CO)» Ph+(CO)s Ph+/(CO)sa
28 | Pdg(CO)o Phs(CO)so Pcbs(CO) Pds(CO), Pdbs(CO)s Pths(CO)sa Phs(CO)ss
29 | Pdy(CO)o Ptho(CO)n Pdbo(CO)» Pd(CO)s Pdy(CO)a Ptho(CO)s Pcho(COs
30 | Pd(CO)n Pdso(CO)s» Pdbo(CO)ss Pdo(CO)a Pdo(CO)s Pd3o(CO)s3s Pdso(CO)sr
31 | Pdy(CO)»p P1(CO)s Ps:(CO)a Pd:(COks Pd:(COks Ph1(CO)r P:(CO)s
32 | P&:y(CO)s Pky(CO)sa Pdsx(CO)s3s Pdsx(CO)ss P (CO)y Pdsy(CO)s Pdsy(CO)so
33 | Pdis(COka Pds(CO)s Pcs(CO)s Pcy(CO)sr Pcby(CO)s Pds(CO)o Pds(COo
34 | PdfCOls | Pchi(CO)ss | PchlCO)ly | Pch(COls | PchCOlo | PchCOMo | Pchu(COMt
35 | Pds(CO)ks Pds(CO), Pds5(CO)ss Pd;s(CO)s Pds(CO)o Pds(CO)y Pdis(CO),
36 | Pde(CO)y Pdke(CO)ss Pdhe(CO)so Pds(COho Pds(COMa Pd3s(CO)az Pdks(COls
37 | P&ACO)s Pd/(CO)g Pd;/(CO)40 Pd/(CO)y Pd;/(CO), Pd(COs Pd(COs
38 | Pds(CO)y Pds35(CO)40 Pdis(COs Pdss(CO)p Pdss(COs Pds(COha Pds(CO)s
39 | Pdg(CO)o Pbo(COMn Pdbo(CO)o Pdo(COs Pco(COMa Pbo(COls Pbo(COs
40 | Pdi(CO)y Pdio(COL» Pdi(COls Pdi(COha Pdi(CO)s Pdio(COks Pdio(COL7
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Tablel7. Generating functions of clan seriespafiladium continued

[M6] M7] [M8] [M9] [M10] [M11] [M12]
Go =6+1=7 Go =7+1=8 Go =8+1=9 Go =9+1=10 Go=10+1=11 | Go=11+1=12 | Go =13
Pd(CO) Pd(CO) Pd(CO) Pd(CO) Pd(CO) Pd(CO) Pd(CO)
F=Pd(CO)e; | F=PA(CO)us | F=PA(CO)us | F=Pd(CO)zo | F=PA(CO)uzs | F=Pd(CO¥oz> | F=PA(CO)uzz
0 7CO 8CO 9CO 10CO 11CO 12CO 13CO
1 Pd(CO) Pd(CO) Pd(CO)o Pd(CO), Pd(CO), Pd(CO); Pd(CO),
2 P&(CO) P&(COho P&(CO Pd(CO), P&(CO)s P&(CO)a Pd(CO)s
3 P&(CO)o P&(COM Pd(CO), P&(CO)s P&(CO)a P&(CO)s P&(CO)e
4 Pd(CO) Pdy(COM)., Pdy(COx3 Pdy(CO)a Pdy(CO)s Pdy(CO)s Pdy(CO)
5 PA(CO). Pd(COxs Pd(CO)a Pd&(CO)s PA(COMse Pd(COY7 Pd(CO)s
6 Pd&(COMs Pd(CO)a Pd(CO)s PA(COMse Pa(CO)y Pd&(CO)s Pd(COMo
7 Pd/(CO)a Pd/(CO)s Pd/(CO)s Pd/(CO); Pd/(CO)s Pd/(CO)s Pd/(COo
8 P&(CO)s Pd(CO)e Pd(CO)7 Pd(COMs Pd(COMo Pd(CO)o Pd(CO):
9 Pd(CO)16 P&(CO)17 P&(CO)1s P&(CO)10 Pd(CO)20 P&(CO)x P&(CO)2
10 | Pdio(CO)1r Pdio(CO)1s Pdi(CO)o Pcio(CO)o Pdio(CO)n Pdio(CO)» Pdio(CO)s
11 Pdiy(CO)s Pd1,(CO)1o Pdi1(CO)o Pdi,(CO): Pdi,(CO), Pdiy(CO)s Pdi1(CO)4
13 | Pdiy(CO)o Pdis(CO Pdis(CO)» Pdis(CO)s Pdis(CO)a Pdis(CO)s Pdis(CO)s
14 Pdi/(CO)n Pdi4(CO)» Pdi4(CO)s Pch/(CO)q Pdi4(CO)s Pdi4(CO)s Pci(CO)r
15 | Pdi(CO)» Pdis(CO)s Pdis(CO)as Pdis(CO)s Pdis(CO)s Pdis(CO)r Pdis(CO)s
16 Pdie(CO)s Pdig(COa Pdig(CO)s Pdie(CO)s Pdig(CO)7 Pdig(CO)s Pdig(COs
17 | PdiA(CO), PdiA(COs PdiA(COs Pdi/(CO)zr Pdi/(CO)s Pdi#(COo PdiACOko
18 | Pdig(COps Pdig(CO)s Pdig(CO)y Pdig(CO)s Pdig(CO)o Pdig(CO)o Pdig(CO):
19 | Pdio(COps Pdis(CO)r Pdig(CO)s Pdig(CO)s Pdio(COo Pdio(CO): Pdig(CO),
6 7 8 9 10 11 12
20 | P(CO)r Pcho(COs Pcho(COo Pdho(COko Pdbo(CO)k:1 Pdo(CO)» Pdo(COks
21 Py (CO)s Pb1(COo Pdb1(CO)o Pd,(CO) Phy(CO)s» Pd:(CO)s Pd(CO)a
22 | Pdy(CO)o Pcb(CO)o Pb(CO) Pd(CO) Ph(CO)s Ph(COa Pd(COks
23 Pd,3(C0O)s0 Pd3(CO)y Pd,5(CO)s, Pd3(CO)s Pdb3(CO)4 Pd3(CO)s Pd3(CO)s
24 | Phy(CO)s P&by(CO)s» Phy(CO)ss Pd4(COks Ph4(CO)s Ph4(CO)s Pd4(CO)y
25 | Pgs(CO)s Pdbs(CO)ss Pbs(CO)a Pds(COks Pchs(CO)s Ptbs(CO)sr Pds(CO)s
26 Pd¢(CO)s Pbe(CO)a Pcbe(CO)s Pd(CO)s Pche(CO)sr Pche(CO)s Pd(CO)so
27 | P0y(CO)sy Pd+(CO)s Pd+(COs Pd-+(CO); Ph+(CO)s Ph+(CO)o Pd-(COho
28 | Phg(COks Pcbs(CO)s Pcbs(CO)sr Pde(COks Pths(CO)so Phs(COMo Pdbs(COM
29 Pd,o(CO)36 Pdo(CO)s; Pdo(CO)ss Pdo(CO)g Pdo(COo Pdo(COy Pdo(CO)»p
30 | Pds(CO)sr Pdbo(CO)s Pdbo(CO)so Pdo(COMo Pdo(COMs Pdo(COLo Pdo(COs
31 | Pdy(CO)g P:(CO)o Pds:(COo Pd:(COM P1(CO)2 Ph1(COs P (COha
32 | Pd(COxo Pd(COuo Pd(COM P (CO)o Pdy(COls PA(COa Pd(CO)s
33 Pds(CO)o Pcs(COa Pcs(CO)» Pck(CO)s Ps(COus Pds(COs Pcby(COls
34 | Pdy(CO)y P4(COL» P4(COks Py(COMa Pd4(COks Pds4(COks Ps4(COy
35| Pds(CO)» Pbs(COls Pbs(COa Pds(COks Phs(COls Pcbs(CO)r Pdbs(COs
36 | Pds(CO)us Phe(COua Pdhe(COs Pds(COs Pdks(CONr Pdkes(COls Pds(COhso
38 | Pdig(CO)s Pdbs(COs Pdbs(CONr Pdbg(COs Pdks(COlo Pdss(CO)o Pdbg(COX1
39 | Pdi(CO)e Pdbo(CO)r Pdbo(COls Pdo(COMo Pcko(CO)o (%) Pdo(CO)»
40 | Pdi(CO)r Pdi(COls Pdio(COlo Pdi(CO)o Pdio(COk1 Pdio(CO)» Pdi(CO)ss
41 Pdy,(CO)s Pcy(COlo Pdi(CO)o Pdi(CO)1 Pdi(CO)> Pdi(CO)s Pdi(CO)s
6 7 8 9 10 11 12
42 Pds(CO)as Pdi(CO)o Pdi(CO)1 Pdi(CO)» Pdio(CO)s Pdio(COX4 Pdi(CO)s
43 | Pdis(COXo Pdis(CO) Pdis(CO)» Pdis(CO)s Pdis(CO)4 Pdis(CO)s Pdi3(CO)s
44 Pdi(COXk1 Pdi(COX» Pdi(CO)s Pdi(COXk4 Pdiy(CO)s Pdis(CO)s Pdi(CO)-
45 Pdis(COX» Pdis(COXs Pdis(COX. Pdis(COXs Pdis(COXs Pdis(CO)7 Pdis(COXs
46 Pdig(CO)s Pdig(CO)4 Pdig(CO)s Pdig(CO)s Pd;s(CO)s7 Pdig(CO)s Pdis(CO)e
47 PdiA(CO)s Pdi(CO)s Pdi(CO)s Pdy(CO)7 Pdi(CO)s Pdi(CO)o Pdi(COo
48 Pdis(CO)s Pdis(COs Pdis(CO), Pdig(CO)s Pdis(CO)o Pdis(CO)o Pdis(CO)1
49 Pdio(CO)se Pdi(CO)s, Pdio(CO)ss Pdi(CO)so Pdis(CO)o Pdig(CO)1 Pdi(CO)»
50 Pdo(CO)7 Pdo(CO)s Pdo(CO)o Pdo(COko Pdo(CO)1 Pdo(CO)> Pdo(CO)»
6 7 8 9 10 11 12
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Table18. Generating functions of clans series of palladium clusters

[M-4] [M-3] [M-2] [M-1] [MO]

Go =-4+1=-3 Go =-3+1=-2 Go =2+1=-1 Go =-1+1=0 Go =0+1=1

Pd(CO) Pd(CO) Pd(CO) Pd(CO) Pd(CO)

F=P4(CO).s F=P4(CO)., F=P4(CO)s F=P4(CO)o F=P4(CO)us
0 -3CO -2CO -CO 0 CO
1 Pd2CO PdCO Pd Pd(CO) Pd(CO)
2 P&,-CO Pd, PG,(CO), PG,(CO), PA,(CO)
3 Pd, PA,(CO) PA,(CO) PA,(CO) PG(CO)
4 Pd(CO); Pd(CO), Pd(CO)s Pd,(CO), Pd(CO)
5 PA(CO), PA(CO), P(CO) P(CO), PA(CO)
6 PA(CO), PA(CO), PA(CO) Pd,(CO) PA(CO),
7 Pd,(CO) Pd,(CO), Pd,(CO) Pd,(CO), Pd,(CO)
8 P&,(CO) P&(CO) PG,(CO), PG,(CO) P&,(CO)
9 Pd,(CO) Pd,(CO), Pd,(CO) Pd,(CO) P&(CO)10
10 Pdi(CO), Pdio(CO) Pdio(CO) Pdio(COho Pdio(COM1
11 Pdi(CO) Pdi(CO) Pdi(CO)o Pdi,(COM Pdi;,(CO)»
12 Pdi(CO) Pdi(CO)o Pdi(COMm PdiA(CO)» Pdi(CO)3
13 Pdis(COho Pdis(CO)s Pdi(CO)., Pdis(COhs Pdis(CO)4
14 Pdi(COM Pdi/(CO)., Pdi(CO)s Pdi(CO)4 Pdi(CO)s
15 Pch:5(CO)» Pch:5(CO)3 Ph:5(CO)a Pth:s(CO)s Pdis(CO)e
16 Pd;6(CO)13 Pdis(CO)4 Pdis(CO)s Pdis(CO)s Pdis(CO)7
17 PdiA(COha PdiA(CO)s PdiA(COhe PdiA(COhs PdiA(COhs
18 Pdig(CO)s Pdig(CO)e Pdig(CO)r Pdig(CO)s Pdig(CO)o
19 Pdig(COMe Pdig(COx7 Pdig(COhs Pdig(COho Pdig(COo
20 Pho(CO)y Pho(CO)g Pdho(COho Pdbo(COo Pdbo(COp1
21 P (CO)s Pd:(CO)o Ph:(CO)o Phy(CO)n Pch:(CO)»
22 Pb(CO)o Ph(COo Pbo(CO) Pho(CO» Pcbo(COs
23 Pdbs(CO)o Pdhs(CO Pchs(CO)» Pdbs(COks Pths(CO)a
24 Phy(CO)1 Phy(CO)» P%hy(CO)s Pdb4(CO)s Phy(CO)s
25 Pdbs(CO)» Pdbs(CO)s Pths(CO)a Pdbs(COxs Pcbs(CO)s
26 Pde(CO),s Pde(CO)p4 Pds(CO)s Pde(CO)s Pde(CO),,
27 P&b/(COa Pdb/(COs Pd(CO)s Ph+(CO)r Pdb(CO)s
28 Pdbe(COs Pdbe(CO)s Pcbe(CO)r Pchs(CO)s Phe(CO)o
29 Pdo(COxs Ptbo(CO)r Ptho(CO)s Ptho(CO)o Ptho(CO)o
30 Pdo(CO)yr Pdo(COs Pdo(COo Pd(COko Pdo(CONk:1
31 P&y (COs Pds:(COo P1(CO)o P1(CO)n P:(CO)s»
32 Pd(COo Pd(COo Pdy(CO)n Pdky(CO)s» Pdby(CO)ss
33 Pd;3(CO)o Pd;3(CO)y Pd;3(CO), Pd3(CO)s Pd;3(CO)4
34 Pdy(CO) Pdy(CO)» Pby(CO)ss Pky(COa Pby(CO)s
35 Pds(CO)» Pdbs(COs Pbs(COa Pks(CO)s Pdbs(COks
36 Pdbs(CO)ss Pcbs(CO)a Pdke(CO)s Pdke(COks Pke(CO)sr
37 PdA(CO)4 PdA(CO)s Pd(CO)s Pd:7(CO)r Pd(CO)ss
38 Pdis(CO)s Pdis(CO)e Pdg(CO)7 Pdig(CO)s Pdis(CO)s
39 Pdo(CO)se Pdo(CO)sy Pdbo(CO)ss Pd3o(CO)39 Pdko(COo
40 Pdi(CO)r Pcio(CO)s Pdio(COko Pdio(COo Pdi(COMa

-4 -3 -2 -1 0
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Table19. Generating functions of palladium claaries

T19 [M-8] M-7] [M-6] [M5] [M4] [M-3]
n=-8+1=-7 n=-7+1=-6 n=-6+1=-5 n=-5+1=-4 n=-4+1=-3 n=-3+1=-2
Pd(CO) Pd(CO) Pd(CO) Pd(CO) Pd(CO) Pd(CO)
F=Pd(CO) F=Pd(CO)s F=Pd(CO)s F=Pd(CO)4 F=Pd(CO)s F=Pd(CO)-
0 -7CO -6CO -5CO -4CO -3CO -2CO
1 Pd6CO Pd5CO Pd4CO Pd-3CO Pd2CO Pd-CO
2 Pd-5CO Pd-4CO Pd-3CO Pd-2CO Pd-CO Pd,
3 Pd:-4CO P&:-3CO Pa:-2CO Pa-CO Pd; Pd(CO)
4 Pd-3CO Pd-2CO Pd-CO Pd, Pd,(CO) Pd,(CO),
5 Pd-2CO Pd-CO P, Pc(CO), Pc(CO), Pc(CO),
6 Pd,1CO Pd, PA(CO), Pd,(CO), PA,(CO), PA,(CO),
7 P, Pd(CO), Pd(CO), Pd(CO)s Pd(CO), Pd(CO):
8 PG,(CO) P&,(CO) PG,(CO) PG(CO) PG,(CO) PG,(CO)
9 P&,(CO), PA,(CO) PA,(CO), PA,(CO) PA,(CO) Pd,(CO),
10 Pa(CO)s Paio(CO) Pa(CO) Pa(CO) Pa((CO), Pa(CO)
11 Pdi,(CO) Pdi,(CO¥ Pdi;(COX Pdi;,(CO) Pdi;,(COXk Pdi;(CO)
12 Pdi(CO) Pdi(CO) Pdi(CO), Pdi(COX% Pdi(CO) Pdiy(COho
13 Pdi3(CO) Pdi3(CO), Pdi3(CO) Pdi3(CO) Pdi3(COho Pdis(CONs
14 Pdi(CO), Pdi«(CO) Pdi4(CO) Pdi(COMo Pd(COM Pdi(CO).,
15 Pdh5(CO) Pth5(CO) Ph:5(CO)o Pth:5(COM1 Pth:s(CO)» Pth:s(CO)s
16 Pdi(CO) Pdis(CO)o Pdis(COM Pdis(CO)» Pdis(CO)s Pdis(CO)a
17 Pdi/(CO)o PdiA(COm PdiA(COh, PdiA(COhs PdiA(COhs PdiA(COhs
18 Pdig(COM Pdig(CO)» Pdig(CO)s Pdig(CO)a Pdig(CO)s Pdig(CO)e
19 Pdig(COX» Pdig(COhs Pdig(COhs Pdig(COxs Pdig(COMe Pdig(COx7
20 Pdbo(COhs Pdbo(COha Pdbo(COXs Pdbo(COMse Pdbo(CON7 Pdo(COhs
21 Ph:(CO)a Pch:(CO)e Pch:(CO)r Ph:(CO)s Phy(CO)o Ph:(CO)o
22 Ph(CO)s Pb(CO)7 Pb(CO)g Pho(CO)o Pho(CO)o Pho(CO)n
23 Pds(CO)se Pds(CO)s Pds(CO)o Pds(COxo Phs(CO)n Pchs(CO)»
24 Pby(CON7 P%h4(COho Pb4(COo P&b4(COp1 Pdb4(CO)» Pdby(CO)s
25 Pds(CO)s Pdbs(CO)o Pths(CO)n Ptbs(CO)» Pdbs(COks Pths(CO)a
26 Pche(CO)o Pthe(CO)n Ptbe(CO)» Phe(CO)s Phe(CO)a Pche(CO)s
27 Pd(COo P&(CO)» P&(CO)s Ph(COa Ph(COa Ph/(COs
28 Phs(CO)n Phs(CO)s Phs(COa Pchs(CO)s Pchs(CO)s Pchs(CO)s
29 Ptho(CO)» Ptho(CO)a Ptho(CO)s Pcho(CO)s Pcho(CO)s Ptho(CO)r
30 Pdo(CO)s Pdo(CO)s Pdo(COs Pdo(CO)y Pd(CO)y Pdo(CO)s
31 Ps1(CO)a P:(COs Ps1(CO)r P1(CO)s Ph1(CO)s P1(CO)o
32 Pdky(CO)s Pds(CO)y Pdky(COs Pdky(COo Pdky(COo PdkA(CO)so
33 Pds3(CO)s Pds3(CO)s Pds3(CO)o Pdk3(CO)o Pdk3(CO)o Pcs3(CO)n
34 Pdky(CO)y Pky(COo Pky(CO)so Pky(CO)n Pky(CO)n Ptky(CO)sp
35 Pdbs(COs Pdbs(CO)so Pdbs(CO)n Pcks(CO)s» Pcks(CO)s» Pks(CO)ss
36 Pse(CO)o Pse(CO)n Pse(CO)so Pke(CO)s Pke(CO)s Pke(CO)a
37 Pdi(CO)o PdA(CO), PdA(CO)s PdA(CO)4 PdA(CO)4 PdA(CO)s
38 Pds35(CO)a1 Pdg(CO)s Pdis(CO)4 Pds(CO)s Pdis(CO)s Pdis(CO)s
39 Pdy(CO)» Pdky(CO)s Pdy(CO)s Pdko(CO)s Pdko(CO)s Pdko(CO)sr
40 Pdio(CO)s Pdio(CO)s Pdio(CO)s Pdio(CO)s7 Pdio(CO)s7 Pdio(CO)ss

3. Conclusion

The decapping series were investigated using the K(n) series. As a consequence,-timeg@sesis) of clusters was
demarcated. The cluster valence electron pairs when n=0 based on the capping symbiG[MpFi€given by G=

[x+1]L where L is a two electrepair ligand, or the number of cluster valence electrong=\&+2. An equation for
generating required cluster formula was established asoF£Bfwhere n = number of skeletal elements, apd =

skeletal fragment with a 12 electron content. Also a cluster valence electrons equation was developed and is given by
VE=VEy+dn where d= 12dr transition elements and 2 for main group elements. The difference of 10 originates from
the existence of 14N and 4N series. The clarity of a Htad& concept was established. A tentative explanation as to
why clusters such as MGl,,° portray an octaedral shape was made by applying the blealle concept. When the

matrix table of capping cluster valence electrons is carefully examined, the capping process extends indefinitely with
capping skeletal elements on one end and on the other, it also ¢hdsapping dozen sets of electrons indefinitely.
Clearly, the universe of possible range of chemical clusters is very, very wide. Since cluster valence electron VE
calculated from the several different equations derived from the series are precisatyetlas slaose calculated directly

from the cluster formula VF, it means that the 4N series approach of analyzing clusters including the capping principle
is quite credible.

122



http://ijc.ccsenet.org International Journal of Chemistry Vol. 10, No.4; 2018

References

Belyakova, O. A. & Slovokhotova, Y. L.(2003). Structures of largiansition metal clusters. Russian Chemical
Bulletin. Inter. Ed, 52(17), 1-29. https://doi.org/10.1023/B:RUCB.0000012351.07223.d4

Fehlner, T. P, & Halet, J F (2007). Molecular Clusters, Cambridge University Press, UK.
https://doi.org/10.1017/CB0O9780511628887

Housecroft, C. E., & Sharpe, A. G. (200B)organic Chemistry,”® Ed., Pearson, Prentice HaHarlow, England

Hughes, A. K..& Wade, K. (2000). Metaietal and metdigand strengths in metal carbonyl clusters. Co@idem.
Rev.,197, 191-229.https://doi.org/10.1016/S0048645(99)00208B

Kiremire, E M. R.(2016a). The Application of the 4n Series Method to Categorize Metallobohanels.Chem., ),
62-73. https://doi.org/10.5539/ijc.v8n3p62

Kiremire, E.M. R. (2016b). Classification of Zintl lon Clusters Using 4n Series Apprdadint. J. Chem., 33),
1731-1738.https://doi.org/10.13005/0jc/320401

Kiremire, E. M. R. (2017a). The Six Silent Laws of Chemical Clusfarser. J. Chem.(2), 21:47.

Kiremire, E. M. R. (2017b). Numerical Characterization of Fragments, Molecules, and Clusters Using Skeletal
Numbers and Nuclearity Treedm.J. Chem.,(3),7396.

Kiremire, E. M. R. (2017c). Outstanding Applications of Skeletal Numbers to Chemical Clusteds.Chem., ),
28-48. https://doi.org/10.5539/ijc.v9n3p28

Kiremire, E. M. R. (2017d). Boranes, Carboranes, Metalloborafeansition Metal Carbonyls, and Other Cluster
Formulas Obey the Law of Skeletal Numbers and Their ValeAcest. J. Chem.,(4), 113144.

Kiremire, E. M. R. (2017e). Numerical Characterization of Chemical Fragments, Molecules, and Clusters Using
SkelethNumbers and Nuclearity Treesmer. J. Chem.,(3), 7396.

Kiremire, E. M. R.(2017f). The Golden Sies and Clusters of Goldnique Shapes and Bondirigt. J. Chem., &),
38-57. https://doi.org/10.5539/ijc.vOn1p38

Kiremire, E.M. R. (2018). A New Approach to Cluster Theory of Chemical Clusters, Lambert Academic Publishing,
Germany.

Mednikov, E. G.,& Dahl, L. F. (2010). Synthesis, structures and properties of primarily-siaed homdhetero
metallic  palladium CO/PR ligated clusters. Phil.,, Trans., R. Soc. A, 368,1301:1332
https://doi.org/10.1098/rsta.2009.0272

Mingos, D. M. P.(1972). A General Theory for Cluster and Ring Compounds of the Main Group and Transition
Elements.Nature(London), Phys. Sci., 238-102. https://doi.org/10.1038/physci236099a0

Mingos, D. M. P (1984. Polyhedral Skeletal Electron Ra Approach. Acc. Chem. Res., (@), 311319
https://doi.org/10.1021/ar00105a003

Mingos, D. M. P.(1991). Theoretical aspects of metal cluster chemigttye and Appl. Chem., &), 807-812
https://doi.org/10.1351/pac199163060807

Rossi, F.,.& Zanello, P.(2011). Electron Reservoir Activity of HigRuclearity Transition Metal Carbonyl Clusters.
Portugaliae Electrochinca Acta, 295), 309327.https://doi.org/10.4152/pea.201105309

Rudolph, R. W. (1976). Boranes and heteroboranes: a paradigm for the electron requirements ofAxtgst€rssm.
Res., 912), 446452.https://doi.org/10.1021/ar50108a004

Wade, K.(1971). The structural significance of the number of skeletal bonding elgeienin carboranes, the higher
boranes and borane ionadavarious transition metal carbonyl cluster compour@isem. Commun792-793.
https://doi.org/10.1039/c29710000792

Copyrights

Copyright for this article is retained by the authonfg}h first publication rights granted to the journal.

This is an opefaccess article distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenseshil).

123


https://doi.org/10.1023/B:RUCB.0000012351.07223.d4
https://doi.org/10.1017/CBO9780511628887
https://doi.org/10.1016/S0010-8545(99)00208-8
https://doi.org/10.5539/ijc.v8n3p62
https://doi.org/10.13005/ojc/320401
https://doi.org/10.5539/ijc.v9n3p28
https://doi.org/10.5539/ijc.v9n1p38
https://doi.org/10.1098/rsta.2009.0272
https://doi.org/10.1038/physci236099a0
https://doi.org/10.1021/ar00105a003
https://doi.org/10.1351/pac199163060807
https://doi.org/10.4152/pea.201105309
https://doi.org/10.1021/ar50108a004
https://doi.org/10.1039/c29710000792

