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Summary 

The 70 eV mass spectra of the series PhJ_, (C6F5)nMMn(CO)S (n = 0 to 3 
and M = Si, Ge or Sn) and PhsPbMn(CO)S have been examined and the proposed 
fragmentation schemes are supported by the observance of the appropriate meta- 
stable ions. Most of the total ion current is carried by metal-containing ions, 
particularly those containing just a Group IV metal. In all cases the initial frag- 
mentation is by the loss of one or more carbonyl groups from the molecular 
ion, followed, except in the case of the fully fluorinated silicon derivatives, by 
the cleavage of the metal-metal bond. The fragmentation of the remainder of 

the molecule is then controlled by the nature of M and the number of penta- 
fluorophenyl groups, the silicon derivatives showing a greater abundance of 
ions formed by the cleavage of the C-C, C-H or C-F bonds in the aromatic 
ring, in contrast to the tin and lead derivatives which fragment almost euclu- 
sively by the cleavage of the metal-carbon bond. The formation of metal 
fluoride species plays an important part in the fragmentation of the penta- 

fluorophenyl derivatives and becomes more important as the Group IV metal 
becomes heavier, while except for Ph3PbMn(C0)5 the abundances of the ions 
resulting from the migration of a complete aromatic ring from one metal to 
the other remain essentially constant. However, some of the observed changes 
in the fragmentation modes are not readily predicted on the basis of the ex- 
pected variation in the relative metal-carbon or metal-metal bond strengths 
since these appear to be more dependent on the stabilities of the radical 
species or on the ion species formed. The tin-metal molecular bond dissocia- 
tion energies in Ph3SnMn(C0)5 and Ph3SnFe(CO)2Cp were found to be 
61 + 8 and 54 f 9 kcal mol-‘, respectively_ 
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introduction 

Mass spectrometry of inorganic and particularly organometallic systems 
is now well established [l-4 1, but although many organometallic molecules 
have been studied, there have been relatively few studies on systems containing 
a Group IV-transition metal bond, and even fewer studies have involved 
changes in only one variable, even though such approaches have been found 
to be particularly valuable in the understanding of relative bond strengths 
[ 5, 61. The abundances and identities of the major ions have been tabulated 
for the systems Ph3-.Cl,SnFe(CO)&p [7] (n = 0 to 3), and RSGeM’(CO)&p 
[S] ( R = Me, Et and n-Pr and M’ = MO or W), as well as for some tetranuclear 
systems containing tm-manganese [9] and tin-cobalt bonds [lo]. More com- 
plete studies including attempts to measure the strengths of the metal-metal 
bonds have been carried out for hIejMMn(C0)5 [ll] (M = Si, Ge or Sn), 
Me3MM’(C0)3Cp [ 121 (M = Ge or Sn and M’ = Cr, MO or W), RCo(CO), [13] 
(R = Me,Si, Cl$i, F$i or MeF:Si) and more recently the heats of formation 
for the series Me3SiMn(CO),(PF~)j -X [ 141 (x = 1 to 5) have been reported. 
In an attempt to better understand the nature of the metal-metal bond, we 
undertook the study of a system where several variables can be changed one 
at a time, but some difficulty was encountered in the choice of compounds 
since we did not wish to pick a group of compounds all with essentially the 
same mass spectrum. Moreover, they had to be therma.Uy stable and of suffi- 
cient volatility that they could be easily sublimed. The phenyl(pentafluoro- 
phenyl) derivatives fit these last two criteria. Also, the introduction of the 
pentafluorophenyl group into the molecule introduces a characteristic aspect 
in the mass spectrum, invcJving the migration of fluorine from the aromatic 
nng to the metal atom. This feature has been observed in the spectra of 
several pentafluorophenyl derivatives of Groups IV [15-17 1, V 118, 191, 
and VI [ 201. Since spectroscopic evidence suggests that the introduction of 
a good acceptor group sucl as C,F, may lead to an increase in metal to 
metal n-bonding, this system seemed to he particularly suitable for study. 
This paper describes our ir.vestigations of Ph3-,.,(CgFj)nMMn(CO), (n = 0 
to 3 and M = Si, Ge or Sn) and Ph3PbMn(CO)j. 

Results and discussion 

The Pti 3hlhln(CO), deriuatioes 

The monoisotopic abundances of the ions, expressed as a percentage 
of the total ion current, are given in Table 1. The molecular ions are very 
low in abundance and no signals, or only very weak ones are observed for 
ions resulting from the loss of one or more carhonyl groups. However, the 
silicon and germanium derivatives did show the appropriate metastable peaks* 
for the loss of two carbony groups from Ph,SiMn(CO),” (n = 4 or 2) and 
PhJGeMn(CO);’ respectively. (See next page for equations.) 

* It is recognued that met&table transtlon data do not identify unambiguously the particular 
+pe.~~ loti. dt.b~u& It is reasonable Lo deduce the most probable species lost. as we have done 
m this disc~lon. 
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TABLE 1 

THE 70 e\’ MASS SPECTRA OF Ph3hlhln(CO)j 

Ion Relative abundance (%)a loo Rebtwe abundance (C) 

Si Ce SIl Pb SI Ge Sn Pb 

(a) Ions contarnrng h.vo metals 

Pb3hlhln(CO) j 
+- 

0.3 < 0.1 

PlqhThln(CO)q+’ 0.1 

Ph~hlhln(CO)~+’ 0.3 

Pb2hlMn(CO) 5 
+ 

Ph2hlMo(CO)4+ 

Ph2hlhIn(CO)3+ 

Ib) fom contaming one metal 

Pb3hl+ 56.2 

CISH ishl 
f 

1.0 

Ct8Htlhl 
+ 

0.7 

C ]8lighl 
+ 

0.5 

Ph2hl”’ 0.5 

C,zHghl+ 5.-l 

ClzHsh 
+ 2.0 

ClzH-th’l 
+ 

1.3 

Cio”7h’ 
+ 

1.6 

CgH7hl 
f 

0.3 

CgHj hf 
f 

0.9 

PhhlC 4.7 

C5H4 hl 
f- 

0.3 

CeHshl 
+ 

0.3 

(c) Hydrocarbon ions 

PII?+- 0.3 

CIZH~ 
+ 

0.4 

C12H8 
+. 

PhCO + 

0.5 

58.9 32.4 21.7 

1.9 
2.8 

0.9 

0.5 

0.4 

0.9 

0.2 

0.2 

10.8 24.4 7.8 

0.4 0.6 

0.6 0.3 

0.5 O.-l 

1.3 

0.4 

0.7 

1.5 

0.6 0.2 

0.2 

0.3 

0.3 

Ph3hlhln+’ 2.2 

Ph$lMn+ 

Pbhlhln+’ 

CgHajhlhln 
+ 

hlhln+ 

CbHzhl*’ 0.8 

CaH )hl 
+ 

1.1 

C?Hhl+ 1.3 

?.I +. 

Ph3hlnCO+’ 

Phshln+’ 

PbMn+’ 

hlo(CO)s+ 

hln(CO1.q + 

hln(C0)3+ 

hln(CO)z 
+ 

hlnC0 + 

hlnH+’ 

Mn+ 

0.4 1.6 1.3 

0.3 0.3 b 

0.3 0.3 0.2 

0.6 0.5 0.4 

0.6 0.5 0.4 

1.1 0.9 0.7 

0.3 0.2 0.1 

5.0 6.9 5.5 

C6H6 
+. 

0.9 

Ph” 0.6 

C4H3 
+ 

0.4 

CqH2 +- 0.2 

2.9 10.6 

0.1 

0.1 

0.5 

0.4 

0.7 

0.3 

1.3 

1.5 

1.4 

n.2 

0.5 

5.4 10.1 

0.4 

7.3 

13.7 

0.4 

0.3 

0.3 

0.6 

1. 2 

0.3 

8.6 

0.6 1.3 4.7 

0.5 0.9 1.8 

0.6 1.1 1.7 

0.3 0.7 0.3 

o Ln Tables I-4. relative abundances are cited as percenfages of lbe total Positive loo current. b Over- 
lapped wzt,h Ph1t8So+ 

Ph3GeMn(CO)zt’ -z Ph3GeMn+’ 
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The fragmentation paths for the remainder of the spectra do not seem to 
be dependent upon the metal-metal bond strength, since the nest step involves 
its cleavage giving in all cases the Ph3M+ ion as the base (most abundant) peak. 
This can arise by the loss of manganese from the ion Ph3MMn+’ or alternatively 
by the loss of Mn(CO)5 from the molecular ion, for which the appropriate meta- 
stable ions were observed in most cases. 

Ph3MMn” + Ph3Mf + Mn ; PhJMMn(CO)j +’ + PhxM+ + Mn(CO)5 

(M = Si, Ge or Sn) (M = Si, Sn or Pb) 

The fragmentation path of the Ph3M+ ion is largely governed by the strength 
of the M-C bond, the silicon compound showing two series of ions that arise by 
the consecutive loss of acetylene from the ions C,,H,M’and C,,H,M+, although 
the origin of both these ions was not determined. The former could conceivably 
arise by the loss of benzene (or phenyl and a hydrogen radical) from Ph3M+, 
while the latter could arise by the loss of an acetylene radical from Ph,Si+‘. 

C,oHSSi+ --CZH~, CsH,Si+ -C?H? l CgHsSi’ --C,H 2, C,H,Si+ 

Another, but relatively minor, fragmentation path for the PhSi’ion by the 
loss of one or two molecules of hydrogen, and a similar loss of hydrogen from 
PhSi’ is also observed. 

PhSi+-H’ C6H3Si- 

Although the loss of benzene from the Ph3Si+ was not supported by the 
appropnate metastable transition, the analagous transition was observed for 
the germakun derivative, and further support *that such transitions are not un- 
common for silicon-containing species was provided by the mecastable supported 
loss of benzene from Ph,Si+‘. 

PhzSi+ 
-C6H6 

I- Cb HJ Si” 

FinaIy, although the loss of acetylene, benzene and hydrogen molecules 
is the predominant fragmentation route for these and other phenylsilicon 
derivatives [4, 211, the loss of a hydrogen radical or a phenyl group can also 
occur as evidenced by the formation of the ion (C6H4)2SiC’ by two separate 
routes. 
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Ph(C6Hq)2Si+* (C6H4)ZSi+’ ; Cl2 H,Si+L(CgH4)ZSi+. 

The ion Ph,Ge+ fragments in exactly the same way as the same ion tle- 
rived from tetraphenylgermane [22]. Loss of benzene or hydrogen is observed, 
but the more important fragmentation mode is by the simultaneous loss of two 
phenyl groups, perhaps in the form of biphenyl. 

-PPh2 
Ph3Ge+-PhGe + 

The ion PhGe+ then loses acetylene as in the case of the PhSi+ ion. 

PhGe+ 
-CzHz 

-&H,Ge + 

Such a transition does not, occur with the rearrangement ion PhMn+‘, 
since there is no ion due to Cq H, Mn+ and the appropriate metastable for the 
process: 

PhMn+‘-Ph. Mn+ 

was found to be present in all other spectra, which showed fairly large abun- 
dances of this ion. 

The mass spectrum of the tin compound has been previously reported 
[23, 241, but although the identities and abundances of the ions are in good 
agreement with those in this work, onIy a few metastable transitions were 
reported previously and a detailed examination was not made. Unlike the 
silicon and germanium derivatives, the tin compound gives a spectrum which 

shows no ions due to loss of hydrogen or benzene from the Ph3Sn+ ion, and 
the successive loss of acetylene becomes unimportant. The controlling factor 
in the fragmentation of this and other tin compounds [4, 17, 251 is the cleav- 
age of the tin-carbon bond, which in this case can occur before the tin- 
manganese bond is broken. 

PhSn’ 
-PPb-,hln 

e Ph,SnMn +. -PPh2 
- PhSnMn+’ 

The PhJSn+ ion fragments by the loss of two phenyl groups to give 
PhSn+ which then loses phenyl to give the tin ion. These are exactly the same 
processes as those observed in the mass spectrum of Ph4Sn 1251. 

ph3Sn+-Ph2- phSn+-Pb- Sn+’ 

The decreasing strength of the metal-carbon bond with respect to the 
metal-metal or metal-carbonyl bond as M becomes heavier is further esempli- 
fied by the lead derivative, in which one of the phenyl groups is lost before all 
five carbonyl groups are removed, to give the series of ions PhzPbMn(CO),‘ 
(n = 0, 3, 4, or 5). A similar loss of a methyl group from the molecular ion in the 
mass spectra of the series Me,MMn(CO), [ll] is also known to occur, such 
that the abundance of the MezMMn(CO)cspecies increases in the order 
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TABLE 2 

THE 70 e\’ hIASS SPECTRA OF (C6F5)3hlhln(CO)j 

Ian Relatwe abundance (%) loo Relatwe abundance (%) 

SI Ge Sl-l SI Ge Sn 

(a) Ions contoininp two metal.3 

(CgFs)$fhln(C0)5 
+- 

0.9 

(C6Fj)3hlhln(CO)4 
l . 

3.5 

(C~F~)~hlhl”(CO)~+’ 0.7 

(C6F&hfhloCO+’ 2.0 

(C~FS)#hln+’ 16.2 
CljFlghlhln(C0)2 

+. 
0.3 

(b) Ions conlarning ona metal 

(C6Fj)3hlFf’ 

(CgFj)jXl+ 

(CbFs),hlhln(CO)a+ 
I 

0.4 

CISFISAl 
-I-. 

0.2 

CmF,G+ 0.4 

CrsFlzhl 
-I-* 

1.8 

C,,F,shl+ 0.3 

C17F11hl 
+ 

1.3 

(C,Fj)Zhl F+ 

G$=S)?hl+’ 0.5 

C,zFghl+ 1.4 

Cl IFehl 
f 

0.5 

C, ?Fshf+’ 0.6 

C6FjhlFZ 
+ 

0.2 

C6F5hlCO 
+ 

(c) Fluorocarbon ions 

C1sF13 
+ 

CI~FIZ 
+. 

0.2 

CISFI t 
+ 

0.1 

C17F1 I 
+ 

0.1 

Cn91i) 
+a 

1.9 

Cl8F9 
+ 

0.7 

C17F9 
+ 

1.1 

CISFB 
+* 2.5 

C17F8 
+- 

0.2 

C17Fi 
+ 

2.0 

Cl’lF6 
+- 

0.3 

2.2 

1.5 

1.9 

11.2 

0.5 

3.1 

0.5 

0.4 

c.3 

0.1 

a.3 

0.1 

0.7 

0.4 

+ 
5.7 C,gF,~hlhln(CO)~ 

0.5 (CbF5)2MMn(CO)j+ 

(C~F~)~Fhlhlo 
+. 

0.9 (C~Fs)~hlhlo+ 

5.1 (C~FS)F2hlhln+’ 

F3hlhln+’ 

3.0 
C,jFghl 

+ 

hlF3+ 

hlF+ 

hl+- 

0.8 

0.8 

1.1 

CgF5Mo 
i-. 

1.9 

hln(CO)s + LI 

Mn(CO1.j + 0.6 

0.9 xlo(co)J+ 0.6 

Mn(C0)2 + ~1.6 

hl”CO+ 0.9 

hl”FJ+’ 0.2 

hlnFz+ 0.2 

0.4 hlnF+’ 7.5 

0.9 hln+ 4.0 

c11F.s 
+. 

0.1 C,$-g+ 

CIIFS 
+ 

CIZFJ 
+- 

0.1 C11F4 
+* 

CI 1F3 
+ 

C6Fs.H 
i. 

‘=6Fs 
+c 

C6F4 
-l-a 

C6F3 
+ 

CsF3 
+ 

0.5 

0.4 

0.6 

0.8 

0.3 

0.3 
0.7 

2.4 3.1 

Z1.0 28.5 

16.5 23.2 

0.3 1.8 

0.9 0.7 

2.9 2.6 

2.1 1.6 

0.8 b 

0.5 0.6 

0.9 1.3 

3.4 2.6 

2.8 2.8 

0.2 

1.5 

1.4 

0.2 

O.-? 

1.9 

0.6 

0.6 

1.0 

0.2 

0.4 

0.3 

0.2 

1.0 

0.9 1.1 0.7 

0.2 0.8 0.4 

0.9 0.5 0.4 

(continued) 
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TABLE 2 (continued) 

loll Relative abundance (%) 100 Relative abundance (%) 

Si Ge SO SI Ge .Sn 

C17Fs 
+ 

0.3 CgFz +- 0.7 0.5 0.5 

CnF9 
+ 

0.2 CsF?H + 0.4 0.2 0.6 

C,2F8+’ 0.6 1.7 0.4 CSFI+’ 0.6 0.4 0.4 

C12F7+ 2.2 0.7 CbF+ 0.5 

C11F7 
+ 

0.2 0.1 0.2 CSF+ 1.0 0.7 0.7 

C,zFb+’ 1.7 

a Ov+rLpped wilh CgF5S1 +. ’ Clverlappcd witi F’%n+. ’ Overlapped wltb hln(C0)4+. 

(c6 F5 )3sii+bin(co)j +- -- (C, F5 )3SiMn(C0)3 +- 

(M = Ge or Sn) 

(C6F5)3Mh4n(CO)4+‘~ (C6F5)3hlMn(C0)2+’ 

(M = Si or Ge) 

(M = Si, Ge or Sn) 

(C6F5)JBMnCO+’ --coI (C6Fs)3hlMn+’ 

(M = Si or Ge) 

In contrast to their hydrocarbon analogues, none of the spectra exhibited 
a metastable transition for the loss of manganese from the (C,F5),MMn+’ ion 
and only the silicon derivative showed the loss of Mn(CO)5 from the molecular 
ion. 

This suggests that in these derivatives the major mode of fragmentation is 
not by cleavage of the metal-metal bond followed by subsequent fragmenta- 
tion of the (C6 F5 )3M+ ion, but rather by fragmentation of the ion (C6F5)3MMn+‘. 
A comparison of their relative abundances tends to support this conclusion, 
since the abundances of the former are quite small even though they are not 
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particularly unstable. This can be shown from the mass spectra of the tetrakis- 
(pentafluorophenyi) derivatives of the Group IV metals [6], which show large 
abundances of the (C,F,),M* ion. Moreover, in the present case, the abundances 
of the ions containing two metals are considerably larger than those for the 
hydrocarbon analogues. The fact that the ions C6F5+ and Mn(CO)4+ have the 
same nominal mass to charge ratio caused some problems in the identification 
of some of the ions. Thus the ions (C6FS)2MMn(CO)j+ and (C, F5 )zlLlhln(CO)4 +. 
can be alternatively formulated as (C,F,),MCO+ and (C,F,),M+ respectively, 
but since the mass spectra of the compounds (C6F5)3 hIFe(CO)$p [ 261 exhibit 
peaks that can only be due to the loss of a C6F5 group an analogous process is 
assumed to have taken place in this case. This is further supported in the case 
of the silicon derivative by the appearance of the appropriate me&table peaks 
for the transitions: 

Furthermore metastable peaks corresponding to the transitions: 

(c,F,), h’~hh-l(Co)s + = (c,$s)~hlh;Itl(co)~ + 

-co 
or (C6Fs)3MCO+ - (C6Fs)3hl+ (M = Ge or Sn) 

were observed. The former is assumed to be correct since the me&table transi- 
tion for the loss of the first carbonyl go-oup from an ion containing the 
RIn(C0)5 group is generally very intense, even from weak precursor ions. The 
contribution of the (C6F5)2MMn(CO)J + ions to (CbFs)JU+ could not be mea- 

sured by an exact mass measurement since the abundances of this ion are 
too low but it is assumed that the major proportion is due to the (C6Fs)JU+ 
ion. 

However, the tin derivative did show the transition: 

C,FSSnCO+ 3 C6FSSn 
c 

and this is assumed to be correct since its alternative formulation as 
Sn!vln(CO)j + is rather unlikely and no ions or metastable peaks for the loss 
of one or more carbonyl groups were observed. 

The mass spectrum of the silicon derivative is extremely complex, thus 
makihg the assignment of some of the peaks uncertain or impossible and this 
results in a rather low total percentage abundance (81% as opposed to over 
90% for the other two derivatives). No attempts will be made to describe all 
of the metastable transitions as many of these first involve a fluorocarbon 
residue which fragmenti by the characteristic loss of F, CF?, CF3, c6 F3, 
C6 F4, Cs F etc. found in the mass spectra of other fluorocarbon derivatives 
[ 15-191. The major fragmentation route is dominated by the very intense 
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I&F, )3SiMn+’ ion, while the relatively weak (CgF5 )sSi+ ion unlike its hydro- 
carbon analogue plays a negligible role. There are two main fragmentation 
paths for the former ion, the first of which involves the loss of a silicon and 
manganese fluoride species to give a fluorocarbon ion: 

The second route is 
carbon-silicon ion: 

IC~F~)F~SIMIIF 

C,,F, + 

by the loss of a manganese fluoride species to give a fluoro- 

C,;F9Si+ 

which then further fragments by the loss of a silicon fluoride species to give a 
fluorocarbon ion. The latter is probably responsible for the very much higher 
abundances of these ions compared to those of the hydrocarbon ions formed 
in the spectra of the triphenyl derivatives. 

C,8F,,Si+z ClsF,,+’ ; C,sF,2Si+eL~ C,8F8+ ; 

C,,F, !Si+T C,,Fs + 
-slF3 

; C,,F,,Si+- C,&+ ; 

--slFz 
C, ,F&3+ - C,,F,+ ; C,,F9Si+~C1,Fa+’ ; 

C,, F,Si+ = C, , F, + ; C,,F,3Si+z C,,F, , + _ 

(C6F5)2SiC -c6F5s*F?* (C6F4)?+’ 
P 

Due to the high stability of the SiF4 and SiFz [27] species, this process 
is probably more important than the loss of a fluorocarbon radical, especially 
C6F4, which tends to become more dominant for the heavier members of 
Group IV, but nevertheless such processes were observed. 

C,, F,3Si+T C,,F, ,Si+ ; (C6F5)3Si+ -cF? - C,,F13SiC ; 

Cl2 F4Si+’ 
-CF:! 

l Cl, F2Si+- ; (C6F5)3Si+aCbFsSiF2 + ; 

(C6F5)3Si+x C12F13Si+ ; (C6Fj)xSiMn+‘x (C6F5)2FSiMn” 
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The C6 F5 Mn’ ion in this as in other cases fragmented by the loss of Cg F4 to 
give the MnF+ ion: 

C&F5 Mn+ - MnFi 

while the extremely weak (C6F, )* FSiMn+’ ion was observed to lose MnF? and 
MnF, in a similar way to that described for (C,F5),SiMn+‘. 

C,2F8Si+‘- (C6Fs)2FSiMn+. -hlnFZ l CI2F9Si+ 

The spectrum of the germanium compound is not as complex but some 
of the ions have clearly arisen by the same processes as those described for the 
silicon compound, and in parti&lar those involving the loss of a germanium 
and manganese fluoride species. 

(C6FS)3Ge+-(C3F(C6bh*. ; (C,F,),GeIlln+’ -F3Geh’“+ (C,F,),+’ 

(C6F5)2 FGeMn+’ -F3Geh’nF2 P C,? F,+’ 

However, the high abundance of the C6FSGe+ ion and the observation of the 
appropriate metastable peak for the trarwtion: 

(CbFs)3GeiVn+’ -‘C6Fs)‘h’n l C6F5Ge+ 

suggests that this route is determining the fragmentation. Unlike the silicon 
compound, there is only a small tendency for this compound to fragment by 
the loss of a germanium fluoride species, the major mode of fragmentation 
being the loss of C,F, and C,F,radicals, neither of which were found to be 
very common for the silicon derivative. 

(C6F5)sGeMn 
+. -CclF4 l -CbF5 

(C, Fs )2 FGelUn”--------r (C,F, )FGeRln’ 

(C,F,),Ge+ x(CbF5)2GeFf ; C6F5Ge+-C6F4GeF+ 

The loss of (C, F5 )z Ge was also observed : 

(C6Fs)3Ge+ -‘c6F5)2Ge+ C,F,+ 

For the tin derivative, the spectrum is simplified even further and nearly 
all the ion current is carried by metal-containing ions. As for the germanium 
derivative the dominant fragmentation mode appears to be the loss of 
(C,F,),Mn from the (C6F5)3SnMn+’ ion 

(C,F,),SnMn+’ -(c6F5)2hln~ C6F5Sn+ 
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while the loss of C,F, radicals appears to be the sole process for the production 
of (C6F5)2SnFt and SnF+ ions and is thus similar to those observed in the mass 
spectra of other pentafluorophenyltin compounds [ 16, 17 j. 

(C6Fj)$3n’z (C6Fs)2SnF+ ; C6F5Sn+- SnF+ 

The ratio of the abundances of the C6 F5 M+ ions to those of the hIF+ ions tends 
to support this proposal, but although the appropriate meta.stabIe transitions 
for the formation of MnF+ ions from CgFjMn*’ were observed in the germanium 
and tin derivatives, the relatively large abundance of the MnF+ ion in the spectrum 
of the silicon derivative suggests that some other process might be responsible 
in this case. 

In contrast to the spectra of the hydrocarbon derivatives the abundances 
of the Mn(CO), + (n = 0 to 5) ion in these derivatives tended to be larger and 
in some spectra they fragmented by the successive loss of carbonyl groups. 

Mn(CO)j + -2% Tvln(CO),+ -co - hln(CO)3+ 

Although none of the compounds contain hydrogen, there are ions 
present that can only be reasonably assigned as C&F&l+’ and C6F2H+. 
Similar ions have been observed in the spectra of other fully fluorinated 
derivatives [ 17, 181 and probably arise by the scavenging of a hydrogen atom 
from the background water vapour. However, although the ions (C6Fs)3GeF 
and Ph(ChFj)?SiF observed in the mass spectrum of Ph,(C,Fj),SiMn(CO)j 
could be formed by a similar scavengmg or‘ fluorine radicals, the absence 
of the analogous ions in the spectra of the other members of the series, sug- 
gests that these ions are .7ormed by an ion-molecule reaction, or that some 
thermal pyrolysis of the sample had taken place. 

The Pfz,(C6F,)nldln(CO),, derwatives 
The relative abundances are given in Table 3. Inspection of the ion 

Identities shows that although these derivatives hear a much greater resem- 
blance to the triphenylmetal derivatives than to their fluorocarbon analogues, 
the introduction of a single pentafluorophenyl group does have a profound 
effect upon the fragmentation pattern. The molecular ions and those ions 
resulting from the loss of one or more carbonyl groups are still quite weak 
but the loss of the first carbonyl group and of Mn(CO), directly from the 
molecular ion is consistent with the observed metastabie transitions in all 
cases. 

(lb1 = Si, Ge or Sn) 

The loss of manganese from the Ph2(C,FS)MMn+’ ion was observed in the 
spectra of the silicon and germanium derivatives and probably occurs to an 
equal extent in the tin derivative since the abundance of the daughter ion is 
higher in this case while the abundances of the parent ions remain essentially 
constant. 



TABLE 3 

THE 70 eV MASS SPECTRA OF Ph~(C6F~)MMn(C0)5 

loo Relatwe abundance (%) 100 Relative abundance (%) 

SI Ge Sn Si Ge Sn 

ph2(C5F5)hlhln(C0)5 
+. 

Ph2(C6Fs )MMn(C0)4 
+- 

Pb2(C6Fs)h~hln(C0)2 
+. 

Ph2(cgFg)hlhlo+’ 

1.5 

1.5 

0.5 

6.8 

“h2tC6Fg)hl 
+ 

12.6 

C18”9FsM 
+- 

0.6 

Ci8HBFShf 
+ 

0.1 

C18HioF4hf 
+ 

Ph(C6Fs)hlF+ 

ph(c6 F~ )nf 
+. 

C12HsFahl 
+ 

CIzH4F4M 
+- 

PhZMF+ 

C12HgMF 
+. 

cI,HBhTF 
+ 

C,7H7hlF+’ 

Ph?hl+- 
+ 

C12H9M 

CIowl+ 

C8y 
+ 

Phhl 

0.6 

1.2 

16.4 

0.3 

1.6 

0.2 

0.9 

0.3 

0.3 

I .6 

CISF?HIO 
+. 

2.0 

PhCgF5+’ 1.9 

(C~F.I)(C~,H~) 
+. 

1.0 

c1zF3Hs 
+- 

0.4 

CIZFZHS 
+ 

1.2 

P&+’ 0.5 

(C6H412 
+. 

0.5 

C6FsH 
+. 

1.0 

G6 Fs 
+d 

0.4 

0.4 

0.2 

7.9 

2.0 

1.0 

6.7 

17.4 20.6 

0.5 

3.5 1.0 

5.2 

0.4 

1.9 

0.7 

0.7 

0.1 

0.3 

22.7 26.5 

1.0 

0.1 

0.7 

0.2 

0.5 

0.2 

1.0 

PhZ(F)hMn+- 4.0 2.1 

Ph(F)hlhln+ 0.2 

Fhlhlra+’ a b 

&jHxhl+ 

CaH3hl 
+ 

C2 Hhf + 

hlF+ 

hl+’ 

I& Fg hln 
+. 

hln(CO)j 
+ 

Mn(CO)q 
+ 

nio(cojj+ 

hln(CO)~+ 

hlnC0 
+ 

Phnfn 
+. 

hlnF2 
+ 

hlaF 
+. 

hlnH+’ 

hfn+ 

0.3 

0.6 2.-i 0.5 

0.2 

4.0 3.6 4.5 

4.4 

0.2 0.2 

0.1 0.2 0.4 

0.4 0.2 0.3 

0.2 0.2 c 

0.4 0.3 0.5 

0.7 0.0 0.8 

0.7 1.1 0.6 

0.2 

1.6 1.6 0.9 

0.4 0.2 0.2 

6.3 5.6 3.6 

C6F4H 
+ 

+. 
C6F4 

CsF2H 
+ 

CsF+ 
+- 

C6H6 
+ 

C6HS 
+ 

‘hHj 

C4H2 
+. 

0.6 0.3 

0.1 0.2 0.3 

0.7 0.6 0.9 

0.6 0.1 

0.6 0.3 2.1 

3.1 2.4 1.7 

1.8 1.6 1.i 

0.4 0.4 0.2 

i OverLapped with CgF4 
+- 

and Ph7’Ge+. b 
Overlapped watb Mo(C0)4+. 

OrerLpped with Ph”%n+. c Overlepped wlcb F”‘Sn+. 
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Ph,(C6F5)Mhln+‘-hln Ph,(C,F,)hI+ (M = Si or Ge) 

However, the spectrum of the silicon compound was the only one to 
show the loss of more than one carbonyl group cr of a manganese carbonyl 
species containing less than five carbonyl groups, both these transitions occurr- 
ing from the Ph,(C,F,)SiMn(CO), +. ion. 

As would be expected, the silicon compound fragments in a substantially 
different way from either the germanium or tin analogue and, as in the case of the 
hydrocarbon derivative, shows the loss of benzene and PhSi, although curiously 
enough no ions due to the successive loss of acetylene were observed. 

I 

I -Ph.% 

(C, Fj )Ph+’ 

In addition several fragmentation routes characteristic of a fluorocarbon deriva- 
ttve were also observed. as well as the loss of HF, which is characteristic of 
compounds containing both hydrogen and fluorine [ 17, 18 J. 

-HF 
Cl2 H9Si*t--- 

-c6F4 
Ph43iF’- Phi (C, Fj )Si --SrFSc Cl8 F3H10f’ 

In the m&s spectral of the germanium and tin derivatives the major frag- 
mentatlon mode appears to be the loss of PhC6FS from the Phz(CbFj)hl+ 
ion to give the PhR;I+ ion as the base peak, although none of the appropriate 
metadable peaks were observed. However, some loss of C6F4 does occur, as k 
evident from the me&stable transitions. 

Ph,(C6FS)M+ -C6F4 -Ph2MF+ (M = Ge or Sn) 

There is no evidence that the loss of hydrogen, benzene, PhM or a metal, 
fluoride species occurs to any appreciable extent in either of these derivatives 
although the tm compound did show the loss of HF from the weak 
Ph2 (C, F5 )Sn’ ion. 

Phz(C6Fj)Snf----+ -HF Ph(C,F,)(C6H4)Sn+ 

As In the case of Ph3SnMn(CO)j, some fragmentation of the Ph2(C6FS)h,lRln+ 
ion can occur before the metal-metal bond is broken: 

Ph2(C6F5)Snl’v,Inf’~ -C6F4 Phi FSnMn+’ 
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while the analogous germanium ion showed its subsequent fragmentation by 
the loss of PhMnF or Ph, . 

PhGe’* 
-PPhhlnF -Phz 

Ph2FGeMn+‘- FGeMn+’ 

The substantial difference between the spectrwm of the silicon derivative 
and its congeners is emphasized by noting that there are no ions of the type 
Ph, FMMn+’ present in the spectrum of the silicon derivative, and this can be 
attributed to a higher M-C bond strength such that the Si-Mn bond will be 
preferentially cleaved. In both the germanium and tin derwatives the loss of 
a fluorine radical from the PhJC, Fs )M+ ion was observed and the germanium 
derivative showed its subsequent fragmentation by loss of PhGeF. 

The Ph(C6 Fj)? ill~lln(CO)~ derruatives 
The relative abundances for these derivatives are given in Table 4. As might 

be expected the spectrum of the Aicon compound is characterized by a com- 
plex fragmentation pattern that gives rise to c large number of ions that con- 
tain just hydrogen and fluorine. Once again there is a distinct contrast between 
this spectrum and those of the germanium and tin compounds which are 
dominated by the very intense PhM+ ions. As for the tris(pentafluoropheny1) 
derivatives the loss of the first carbonyl group from the molecular ion, as well 
as the loss of one or more carbonyl groups from the series Ph(CgFj)Z Mhln(COj, +’ 
(n = 0 to 4), is observed. 

Ph(C6Fj)~hlhln(CO)~+’ -co> Ph(C6F5)2MhIn(C0)3+’ (hl = Si, Ge or Sn) 

- 2co 

Ph(C6Fj)zSiMn(CO)q +-- Ph(C6F5)2SiMn(C0)2 +.z Ph(C6Fj)2SiMn+’ 

Ph(C,F,),SiMn(CO), “z Ph(C6F,)2SiMnCO+*-CO- Ph(C, F5), SiMn+’ 

Ph(C,F,)2SnMn(CO)a +*z Ph(C, F5 )2SnMn(C0)3 +. 

The metastable supported loss of manganese from the ion Ph(C6F5)?MMn+’ 
or the loss of Mn(CO)5 from the molecular ion was not observed in any of the 
spectra, although it must occur to some extent since the Ph(C,F,), M+ ions 
are quite abundant and the tin derivative did show the transition : 

The silicon derivative showed the expected loss of silicon and manganese 
fluorides from the ion Ph(C6 F, )? SibIn+’ and from its parent daughter ions: 
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Ph(C, F4 )? Si+ e 
- PhSLF? 

Ph(Cs F, )2 SiMn +------A (C6F, )2 Mn + 

I 

,a’ \ 

-SFj -hln F3 
\ , -(SiF3 + hlnFFp) 

i ’ ! 

c, BHj F’s +- j, 
:’ i \ * 

C,8 H5 F,Si+’ C,,H,F,+’ 

C, I H5 F,Si+’ 3 C,,H,F,+’ 

Unlike the spectra of other silicon derivatives in this work the losses of 
phenyl, PhSi and Ph(C,F, )Si were also observed and are rather unusual since 
these fragmentation routes are more characteristic of the heavier members of 
Group IV. 

-PhSiCbFs 
C6F3 + p Ph(C6 F4 )2 Si+ 

- PhSl 
A (C6F3)2 +- 

Ph(C6 F, )zSi+ 2 (C6F5)2Si+’ 

The abundance of the Cd F5 Mn+ ion in this spectrum was virtually zero 
and the only other fluorocarbon-manganese ion was observed to lose manga- 
nese or manganese fluoride. 

C,?F, + = (C6F4)2M~l+ --hln (C, Fa )z +* 

The spectra of the germanium and tin derivatives are very comparable, 
and by far the most important fragmentation route appears to be the loss of 
(C,F,), hln from the Ph(C6 FS )2MMn+’ ion or by the loss of (C6Fj)2 from 
the Ph(C6Fg)2M+ ion to give the very intense PhM+ ions. 

Ph(C,F, h GekIn+’ 
- (C6FS )zh”’ PhGe+ 

Ph(C6 Fs)zSn+ --(C6F’)2b PhSn+ 

Even though only one metastable transition was observed for each 
derivative it is quite probable that each occurs to an equal extent since the 
abundances of the parent and daughter ions do not vary appreciably. As 
in the other pentafluorophenyl derivatives of germanium and tin, the 
characteristic loss of C,F4 and tin fluorides was observed as well as the 
rather unusual loss of fluorobenzene from the ion Ph(C,F,)SnF+. 

Ph(C, F&M+ -C6FS, Ph(C6 F, )MF+ (M = Ge or Sn) 

C6FSSn+ 2 Ph(C6Fg)SnF+ -pPhSnF, C6FS+ 

The metastable transitions are listed in Table 5. lconcinurd on p. 179) 
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TABLE 5 

METASTABLE TRANSlTlONS (Values quoted refer to tbe most-abundant isoco~e 1% . 
2fJSi 7JGe 12QSn 

. . . 
=‘=Pb and =hIo) 

f-%j?~fdln(CO)~ derirwlirvr 
+- 

Ph$Xhln(CO)~ 

Ph3Sihln(CO)2 +- 

Ph 3Gexla(CO)2 +* 

-c Ph3Slhl”(CO)~+’ +zco 

--t Pb3SiMn 
+a 

+2co 

d PhaGeMn 
+. 

+2co 

Pb,Mhlo+- 

Ph3h!hln(C0)5 
+- 

+ Ph3M+ + hln(CO)j 

C,?H&,+ 

Clcs~7SI 
+ 

CgH$i,+ 

CloHgSi 
+ 

+ 
C8H7St 

c 
CgH9S1 

+ C,,,H7S,+ +C2H2 
+ 

- cgnjs fC2H* 

- C6H3S,+ +C,Hz 

- CsH,Sa+ +C2H2 

- C&S,: + C2H2 

+ C3H3.9 +C2H2 

Ph3Si+ 
+ 

CISH 13Sa 
mdlor Ph,S, 

+ 

PhS,+ 

- C,8H13S1 
+ 

+ H2 

- CISHIISI 
+ 

+ Hz 
+ 

- C,SH,,SI +2tiz 

4 c6H3Si -+Hz 

Ph,SI 
+- 

+ 
Ph(C,,Hq)2SI 

+- 
--c C6H4.9 + CgHg 

- v&H4 )?SI +. +Ph 

+ 
C!*H&: 

+. 
+ (C6H4),SI +H 

PhJGc+ 

Ph3Ge 
+ 

Ph3Ge+ 
+ 

PhGe 

Ph hlo +- 
+. 

Pb 3Snhfn 

Ph3Snhln 
+. 

?h3Sn 
+ 

l=tlsn+ 

G PhGe 
+ 

+Pb, 

+ C:H3Ge+ +CzH2 

- hln 
+ 

+ Ph 

* PbSn 
+ 

+ Phzhln 
+. 

+ PhSnhln + PhZ 

--t PhSn+ + Ph? 

* Sn +‘+Ph 

+ 
Ph,Pbhln(CO)j 

l . 
Ph3Pbhln 

Piqhln+- 

Pb3Pb+ 

Ph?Pbhln+ 

PhPb 
+ 

PhCO+ 

+ 
d Ph2Pbhln(CO)3 + 2C0 

--t PhJhln+’ +Pb 

--c PhMn 
+- 

+ Ph? 

--c PhPb+ + Ph2 

4 PbMn+ + Ph2 

+ Pb++Ph 

--* Ph++CO 

321.5 322.0 

266.5 266.5 

311.8 312.0 

hl =Si 

hf = Ge 

hl =Sn 

hl =Si 

hl =Sn 

hl =Pb 

213.6 213.5 

258.5 258.0 

303.5 303.5 

117.8 148.0 

225.6 225.0 

304.0 304.0 

132.7 132.8 

107.4 107.5 

82.2 82.0 

109.3 109.3 

81.2 84.3 

59.4 59.3 

255.0 255.0 

251.0 261.0 

231.1 251.0 

101.0 101.0 

59.4 59.3 

126.0 126.0 

179.0 179.0 

301 .o 301.0 

168.9 159.0 

74.8 74.7 

103.5 101.0 

22.9 22.8 

95.5 95.5 

156.4 156.3 

110.5 110.5 

73.0 73.0 

450.6 451.0 

165.6 165.5 

60.9 61.0 

185.0 184.3 

165.9 166.0 

101.8 152.0 

56.5 56.4 

(confmued) 
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TABLE 5 (conlmued) 

M’ cakd. IV* found 

(C6Fj)3rU.lln(C0)5 derrrmlrues 

(CgF5)3hlhln(CO)~ 
+. 

(C6F5 )~Snhln(CO).J +- 

(C6F5)3Sihln(CO)j +- 

(C6Fs )3hlhln(CO)s +- 

(C6F5)3hlhln(C0)4 
+. 

(C,5F5)3hMn(C0)4 
+. 

(C6F5)3hfhlnCO+- 

(CgF5)3StMa(C0)5 
+. 

(C6FS )3Slhln(CO)j +- 

(C(jF~)3Sfiln(CG)) 
+. 

(CgFg)2hlhln(CO)~+ 

CbFsSIlCO 
+ 

(CgF5)$31hIn 
+* 

(CgF5)3QhYn+- 

(C6F5)3Sihln+’ 

(Cg Fg )-&hl”+m 

(C~F~)3SIhl”+’ 

(C6F5 )3Slhl”+’ 

Ci8F12S’ 
+- 

c lSF13Sl 
+ 

+ 
CI~FI ISi 

C17F1 ISI 
+ 

C17FgSi 
+ 

end/or Cl I FgSi 
+ 

Cl IF7Si 
+ 

C17Fi3Si 
+ 

(C6F5)3= 

+ 
ClsF13Si 

(C6F5 )3SlC 

C,zFgSi 
+ 

(C#5)3 6I+ 

(C6F5 )3SI 
+ 

(CgF5)3Slhl"+ 

ChFghYn 
+ 

(C6F5)3!blhln(Co)_q 
+. +co 

(C6Fi)JStIhfn+’ +-tco 

(C6Fj )jSlhlfl(CG)3 
+ 

+ 2 CO 

(C&)3hlhlnCO+’ + 1 Co 

(C6F.j)3hlhln(C0)2 +- +2co 

+. 
(C6F.5 )3hlhlnCO +3co 

+. 
(CgF5)3hlhln fC0 

(C6F; )3Si+ + hTn(CO)-j 

(C6Fj)2Sfi1n(C0)?+ + C6F5 
+ 

(C6F5 )~Slhln(CO)1_ + C6F5CO 

(CbFs )2hlhln(CO)s ++co 

+ 
C6FjSn +CO 

CI#IO 
+* 

f F$XvlnF 

(C6F4 !’ +- + F3S1hln 

C12F7 + (C6F5)?F?SMnF 
+ 

C18F13Si + hlnF2 
+ 

Cl&)FI?_Si + hlnF3 
+ 

CIZFgSi +C6FjhftIF 

CISFS 
+- 

+SIFJ 

Gl8F9++61F4 
+ 

C17F9 + StF2 

Cl7F8 
+. 

+ S1F3 

C17F7:_+SiF2 

CllF8 + SiF 

CIIF3c+SiF4 

C17F9 + SiF4 

(C6F4)2+’ + C6FsSIF2 

C17FIISiz +CF2 

C17Fg3Si +CFz 

Cl 1 F7Si+ + CF? 

‘&F&F+ + (C6F4)2 

CI+l3Si++C6F2 

(C,j F5 )2 FEWIn+ + C&F4 

hlnF+ + CgF4 

hl =SI 

hl =Ge 

hl =Sn 

M =Ge 

hl =Sn 

Xl =s1 

hl =ce 

hl =SI 

11 =Ge 

x1 =Sn 

M=sI 

hl=Ge 

M = Ge 

hl =Sn 

669.0 669.0 

715.0 715.0 

760.9 761.0 

607.3 607.0 

616.3 616.0 

562.3 562.0 

607.3 607.0 

616.3 616.0 

634.2 634.0 

538.1 538.0 

583.5 583.5 

628.7 629.0 

557.3 558.0 

603.2 603.0 

385.5 385.0 

319.6 300.0 

334.9 335.0 

548.3 548.0 

595.0 595.0 

261.5 261.0 

337.5 338.0 

281.5 282.0 

131.5 131.3 

412.8 413.0 

381.5 381.5 

“01.5 202.0 

286.9 287.0 

305.0 305.0 

318.9 319.0 

287.4 287.0 

243.7 244.0 

243.7 244.0 

121.9 122.0 

293.6 293.5 

165.5 166.0 

396.0 396.0 

433.7 434.0 

250.3 250.5 

102.5 102.5 

331.9 332.0 

325.5 326.0 

24.7 24.7 

(continued) 
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TABLE 5 (conlmued) 

(CgF5)2FS&+- -b C,2FgS,+ + MnF2 

(Cg F5 jz FSA¶n 
+. -+ 

C12Ft3 
+. 

+ hlnF3 

(C&&Ge+ 

tC6F5)3GehIn 
+. 

(C6 F5 )2 FGehlo 
+. 

(Q,Fs )3GeMa 
+. 

(‘+jFs)3GeMn 
+. 

<C6Fs)2FGehlnC 

tCeFs)~Ge 
+ 

C5FsGe 
+ 

(Cg Fs )3Ge+ 

(C6F5,+Mn+’ 

(CIj F5 )3SD 
+ 

CgF5Sn 
f 

hln(CO)5+ 

h!n(co)~ 

(CgF4)3+’ +GeF3 

(CgF4)3+- _ + FqGehfn 

C12F4 
+- 

+ FjCehfnFz 

CgF5Ge+ +(C4F5)2hb 

(CgF5 )2FGehln+’ +C6F5 

F(Q,F5)Gehln+ + CgFs 

QFs)2GeF+ + C6F4 

GeF+ + Cg F4 
+ 

f&F5 + (CgFj)?Ge 

CgFjSn 
+ 

+(C6Fj)2hln 

(C&)F++ + C6F4 

S”F+ +c6F4 

nw coj4+ + co 

hlntCOlJ+ +CO 

Ph2(CgF5)bUdfn(CO)s derimliues 

f’b2(C6F~)hl%la(CO)s +* J Ph~(C6F;)h~hln(CO).a 
+. +co 

+. 
P~_T(C~F~).~~!%-I(C‘,)~ -c Pb?(CgF5.‘M + + hln(CO)j 

Pb2(C&EIh~“+- -P 

+- 
Ph2(Q,Fg)Sfifn(C0)2 -c 

Pb2(C6F~)SlMn(CO)~+’ 3 

Pb,(+&)hl+ + Mo 

Pb2(C6F5)Slhl”+’ + SC0 

Ph>(C6FS)Si+ + Mn(C0)2 

Ph2(Cf,FS)SI 
+ 

+ 
Ph?(C6Fs)Si 

Ph&jFSEI+ 

Ph~(C6F5)SI 
+ 

Ph2<C6Fj)SI 
+ 

Ph+F+ 

Ph2V&Fg)hl+ 

+ 
Ptl2(C6FS)StI 

Ph2(C6F5 )Snhln 
+. 

-+ 

+ 

3 

(C6HJ)(CgFg)Si++CgHg 

ICgH4)2(CgF5)Si++H~ 

C~FS’C~HI~ 
f. 

+ PhSi 

CIBFZHIO 
+- 

+ StF3 

Ph~S,F+ + C6F6 
+ 

ClaHgSi +HF 

PhzMF+ + C6F4 

Ph(C6F.$)(C6H4)So+ + HF 

Ph~FSnhln+- + C6F4 

Pb~FGehln 
-I- -c 

Ph2FGeMn+ + 

Pbz(CgF4 )Ge 
+. + 

FGehln 
+. 

- Ph2 

PbCe+ + PhMnF 

CIZFJHS +- + PhGeF 

269.8 270.0 

210.5 240.7 

342.8 343.0 

312.9 313.0 

138.1 138.0 

92.2 92.0 

368.7 369.0 

317.1 317.0 

205.9 206.0 

35.9 35.9 

48.5 49.5 

121.9 122.0 

360.3 360.0 

67.3 67.3 

143.0 113.0 

115.7 115.7 

hl =$I 

hf = Ge 

M =Sn 

31 =s 

hl =ce 

hl =Sn 

hl =SI 

hf = Ge 

489.4 489.0 

535.5 536.0 

581.2 581.0 

223.9 224.0 

264.4 264.0 

305.8 306.0 

3c1.5 302.0 

354.6 355.0 

354.8 355.0 

264.8 265.0 

210.4 210.0 

334.7 335.0 

170.6 170.5 

199.7 200.0 

116.8 116.0 

163.0 163.0 

hl=Ge 154.5 154.0 

hf ‘Sn 194.7 195.0 

401.9 402.0 

244.2 2-14.0 

72.5 72.5 

75.5 75.6 

113.5 113.5 
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TABLE 5 (contmued) 

,%I *c&d. M*found 

PhfCgF5)?,~f,~In(CO)) derivotiues 

Pb(C6F5)2SLMn(CO)4 
+. 

Ph(C6F5 )2slhlo(co)2 
+. 

Ph(C6F5 )2slhln(co)2 
+* 

Pb(C6F, )2SiMnCO+’ 

Ph(CgF5)2Gehln(CO)? 
+. 

Ph(C5 F5 )2Snhln(C0)4 
+- 

Pb(C6F5)2Snhln(CG)?+’ 

Ph(C6F512SddU 
+- 

Ph(C6F512SiMn 
+. 

Ph(CgF&Stiln+’ 

Ph(C6F5)2SLhln 
+. 

Ph(C6F4)2SI 
+ 

CI2HjF3Si 
+- 

+ 
Ph(C6F4)2Sl 

fi(C6F4)2SI 
+ 

Pb(C6F5)2Si 
+ 

(C6F4)2hln+ 

(C6F4)2h!“+ 

Ph(CgF5)2Gehln*’ 

ph(C6F5)2Sn 
+ 

Ph(C&)hl+ 

Ph(C6Fs)SnF 
+ 

Ph(C5F5)SnF 
+ 

Ph(C5F5)2h~Mn(C0)5 
+* 

+co 

Pb(C6F5 ),Sihln(C0)2 +- + 2co 

Ph(CgF5 )2SIhln 
+. 

+ 2co 

Ph(C5F~)~SlhlnCO 
-I-. 

+co 

Ph(C6F5)&hln+’ +co 

Pb(CgF5)2Gehln +- +4co 

Pb(C6F5)2Snhln(CO)3 +- +co 

Ph(C6F5)2Sn+ + hlo(CObq 

(C6F4),hl”+ + PhSiFz 

Ph(CgF4)2S,+ + hlnF2 

C1aHgF7SI 
+. 

+ MnF 1 

c18HsFs 
+. 

+ F3SlhlnF2 

C18H5F5 +- +SiF3 

C,2HSF2++SLF 

C6F3+ + Ph(C6F5)SI 

(C6F412 
-I-- 

-+ PbSl 

(C6F5 )2sI+’ + Ph 

+. 
(C6F4)2 + hln 

C12F7++ hlnF 

PbGeI + (C6F5)2hln 

PhSo + (C6F5 12 

Ph(C6F#lF+ +C6F4 

C6F5Sn+ + PhF 

C6F5 + + PhSnF 

hl =SI 579.2 580.0 

M=Ge 625.2 625.0 

hl =Sn 671.1 671.0 

499.2 499.0 

443.7 444.0 

495.0 495.0 

467.5 468.0 

147.2 447.0 

643.0 643.0 

492.0 492.0 

249.3 249.0 

295.4 295.0 

202.1 202.4 

325.5 326.0 

218.6 219.0 

149.4 149.0 

41.5 41.5 

216.6 219.0 

298.5 298.0 

249.6 250.0 

218.6 219.0 

42.0 42.0 

73.1 73.0 

hl =Ge 

hl =Sn 

234.2 234.0 

276.2 276.3 

338.5 338.4 

72.8 73.0 

Bond strength measurements 

If there is no excitational or excess kinetic energy involved in a transi- 
tion of the type: Ph3SnX+’ + Ph3Sg+ + X’ where X is a transition metal 
carbonyl species, the molecular metal-metal bond energy D(Sn-X) is 
given by the expression: 

D( Sn-X) = AP( Ph3 Sn+ ) - IP(Ph3 Sn’ ) 
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and thus by measuring the appearaxe potential (AP) of the PhsSnf Ion, 
the bond dissociation energy of the tin-manganese or tin-ion bond may 
be calculated if the ionization potential (IP) of the Ph3Sn radical is known. 
The early value of 6.0 + 0.4 eV reported by G!ockling [28] for this ioniza- 
tion potential appears to be too low since it is reasonable to espect that the 
real value should be close to tbat for Me,Sn at 6.77 eV [6, 291 and thus on 
this basis the more recent value of 6.9 +- 0.1 eV [ 30 ] appears to be more 
reliable. In this work the error weighted value between the two of 
6.85 -+ 0.1 eV was used. The effect of any excitational energy on the value 
for D(Sn-X) is difficult to measure but is probably less than 0.2 eV, but the 
absence of any excess I-:inetic energy can be deduced from Stevenson’s rule 
[31] which states that if the IP of X is greater than that for Ph3Sn then 
there is no excess kinetic energy involved. This is true in the present case 
since the IP of both MII(CO)~ (8.44 f 0.1 eV) [32] and Fe(CO)?Cp 
(7.70 f 0.1 eV) [33] are greater than that for Ph3Sn. However, processes 
other than the cleavage of the Sn-_X bond could also lead to the formation 
of the PhJSn radical and since these processes will have different energies, 
these will lead to different values in the .4P of the Ph3Sn ion. Although the 
metastable supported loss of both ivIn(CO)j and Fe(CO)lCp [26] radicals 
Tom the molecular ions was observed it has also been shown that the Ph3Sn 
ion could arise by a simultaneous or consecutive loss of all carbonyl groups 
and then manganese or FeCp radicals, respectively. However, studies on the 
similar systems Me3Si.Mn(CO)j [34] and Me3GehIo(C0)3Cp [6] show that 
the energy required for the removal of the first carbonyl group is about 
the same as that required for the breaking of the metal-metal bond and 
consequently is not hkely to contribute to the formation of the trimethyl- 
silicon or -germanium radical at least at the threshold region where AP’s 
are measured. The Ph3Sn ion could also arise by thermal decomposition 
of the sample but this again is not considered likely since studies on the 
system Me~hlM’(CO),CI) (M = Ge or Sn xqd M’ = Cr, MO or W) show no 
varlatlon in appearance _Dotential within esperimental error over a tempera- 
ture range of 100 to 15O’C [6], and a thermal pyrolysis study on 
iWe,Snhln(CO)j [34] shl3ws that thermal decomposition does not begin un- 
til a source temperature of 300°C has been reached. In view of the greater 
thermal stability of Ph,SnhIn(CO)j or Ph,SnFe(CO),Cp to either of these 
compounds, thermal decomposition of the sample can be ruied out and 
this assumption is further supported by an analysis of the shape of the 
ionization efficiency (/E) curve for the Ph,Sn ion. If this ion was being 
produced from more than one source, either by electron impact or thermal 
means, then the iE curve would erhibit a long taiJ at the point of vanishing 
ion current [35], but in both cases the IE curve for this ion was nearly parallel 
to that for the senon standard, for which only one process is possible, thus 
suggesting that only one process was responsible for its formation. 

From the measured M’s of the Ph3Sn ion derived from Ph,SnlLln(CO), 
(9.00 i 0.24 eV) and Ph3SnFe(C0)2Cp (9.16 5 0.21 eV) the bond dissociation 
energies of the Sn-Mn and Sn-Fe bonds were calculated to be 61 -+ 8 and 
55 k 9 kcal moi-’ , respectively, and these values are to be compared to those 
for some similar compounds as shown in Table 6. However, as pointed out in 



lS1 

TABLE 6 

BOND DISSOCIATION ENERGIES FOR SOhlE GROUP IV-TRANSITION METAL BONDS 

Compound D(hl-hl) (kcal mol-‘1 Reference 

hlegStMn(CO)j 

hle3CeXln(CO)j 

hle3Snhln(CO)j 

hIe3PbhYn(CO)j 

hle3GeCr(CO)3Cp 

hlegSnCr(COb3Cp 

hle3Gehlo(CO)3Cp 

hle3Snhlo(C0)3Cp 

hle3GeW(CO)jCp 

hle$%W(C0)3Cp 

Ph3Snhln(CO)j 

Pb$%xFe(CO)?Cp 

57 = 7 34 
61 11 
62.5 I 8 34 
55 11 

55 + 7 34 
58 11 
J7? 12 34 

47 6 

53.5 6 

60 6 

71 6 

65 6 

76 6 

61 5 8 lhls work 

54 z 9 rhls work 

an earlier paper [36], these values are not solely responsible for the different 
behaviour of these compounds towards the halogens or hydrogen halides and 
if a realistic error in the measurement of 10 to 13% is assumed in all cases then 
these values are not substantially different from each other. Thus, the values 
of metal-metal bond energies obtained by this method are not particularly 
meaningful in correlations of data collected from other sources, in esplaining 
differences in their chemical reactivities. 

Mainly on the basis of infrared and crystallographic evidence the strength 
of the metal-metal bond in such compounds has been thought to vary ac- 
cording to the nature of the substituents on the Group IV atom and to a lesser 
estent upon the Group IV atom itself. As the latter become better electron 
acceptors, the amount of n-bonding in the metal-metal bond increases and 
this may be reflected as an increase in the overall strength of the metal-metal 
bond. However, thermochemical or electron impact experiments designed to 
probe the nature of this bond are severely limited by the availability of the 
data needed to calculate such bond strengths, and at the outset of this in- 
vestigation it was hoped that a careful analysis of the fragmentation patterns 
would at least give some indications of a variation in the metal-metal bond 
strength as phenyl is successively replaced by pentafluorophenyl and Si is 
replaced by Ge or Sn. This now appears not to be the case, since although 
some of the fragmentation routes can be ascribed to changes in the metal- 
carbon or metal-metal bond strengths, some anomalies are also apparent 
and the spectra of the germanium and tin derivatives are very similar thus 
suggesting little difference in either of the two bond strengths between the 
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two compounds. This is not unexpected, since the data given in Table 6 
show differences in Ge--M and Sn--M bond strengths which are not significant 
relative to an assumed minimum error of at least f 5 kcal mol-’ . The effect 
of replacing a methyl group with a better acceptor ligand such as fluoride or 
chloride has only been studied for some Si-Co bonds and is reported to lead 
to bond strengths in the range of 70 to 100 kcal mol-’ [13] thus tending t0 

support the hypothesis for an extensive increase in n-bonding for these com- 
pounds. However, this proposal is not supported by some molecular orbital 
calculations which show only a small amount of n-bonding in this bond 
[37] and by some hlijssbauer studies which give no evidence for any increase 
in the rr-bondong in the Sn-Fe bond as phenyl is successively replaced by 
chlorine [38]. Thus, although the change in fragmentation of the Ph3Si ion 
compared to that for the Ph3Sn or PhsPb ion can be ascribed to a relative 
weakening of the metal-carbon bond, the ready loss of PhC,F, rather than 
Ph, from the Phi(C!,Fj)M ions or the loss of (CgF5)2 from the Ph(C6 F5 )zhl 
ions (111 = Ge or Sn) is not expected. It would be reasonable to suppose that 
the CgFs--hl bond is stronger than the Ph-IV1 bond since it has been shown 
that the latter can be selectively cleaved by chlorine [36]. The larger abun- 
dances of the ions containing two metals encountered for the tris(pentafluoro- 
phenyl) derivatives could be taken as an indication of an increase in the metal- 
metal bond strength, but the subsequent fragmentation by the loss of 
(C6Fs)21Mn is not consistent with this, smce this requires the simultaneous 
breaking of three bonds, rather than of only one if the metal-metal bond was 
cleaved. If the metal-metal bond was indeed stronger then a more logical 
process would be the cleavage of the pentafluorophenyl-metal bond but the 
almost complete absence of ions of the type (CgFj)2MMn and C6F&livIn does 
not seem to support this proce_ss to any extent. Thus we conclude that, the 

fragmentation paths are more dependent on the stabilities of the ions formed 
and of the neutral species ejected rather than on the relative bond strengths 
in the ground state molel:uIes. 

Experimental 

The preparations of the compounds Ph3Mhln(CO)s (M = Si, Ge or Pb), 
Phs-, (C,F, ),MMn(CO)5 (n = 0 to 3) and (C6F5)3SiMn(CO)S were accom- 
plished by hterature procedures, and the preparation and properties of the 
other compounds have been published elsewhere [39]. Mass spectra were ob- 
taincd on an AEI MS-12 instrument operating at 70 eV and a resolution power 
of about 1000. Samples were introduced directly into the ion source by a 
direct lock insertion probe, and possible thermal decomposition was kept to a 
minimum by keeping the temperature of the ion source and probe at or a 
little below the melting point of the sample. The ion intensities were mea- 
sured in the usual way starting at m/e of 50 such that the !argest (or base 
peak) was given an arbitrary figure of 100. The patterns of all polyisotopic 
Ions were compared to those calculated fcr i ons of known composition and 
where necessary, possible overlapping species were deconvoluted by use of a 
computer program [ 34). Metastable transitions were also elucidated by the 
use of a computer program and where several possibilities for a given transi- 
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tion were found the ones that best fitted the expected or known transitions 
were chosen. Appearance potentials were determined on a Bendix Model 12 
Time of Flight instrument fitted with a Model 14-107 ion source. Samples 
were introduced via the direct lock insertion probe into an ion source at a 
temperature of 90°C and the ionization efficiency time was produced by 
the semi-automatic method of Lloyd and Stafford [40]. A set of at least siu 
ionization efficiency curves for the calibration gas (xenon) and the Ph,Sn 
ion were drawn and the curves were then analyzed by a computer program 
based on Warrens extrapolated voltage difference method, which besides 
eliminating the tedious manipulation of the results also gives a more reliable 
assessment of possible errors. 
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