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Apart from the maa apactrum of tatramethyltln 

reported In general atudlaa of the fragmentation of Group IVE 

tetramethyla (1,2) there appears to ba no data available on 

the electron Impact fragmentation of.organotin compounds. 

Such information la useful not only for structure 

determination but more generally in claseifylng the 

fragmentation modes attributable to the presence of 

heteroatome. 

The principal ion specie% obeerved in the mesa 

spectra of the compound% etudled are listed in Table 1, and 

the appearance potential% and heats of formation of some 

fragment ione in Table 2. Ionization efficiency curves were 

similar to that of krypton used in calibration except for the 

Sn Ion in SnMe,.and the SnPh Ion In SnPh4. For theee a 

correction was applied for the low intensity talla following 

Warren’6 method (3). Heata of formation were obtained using 

the experimental value of &If&Me4 (4) and valuea of 

112 Koal/llole for AHf&@h4 and -56 goal/mole for L\HfSnPr4 

calculated’ by Frenklln’a method (5). The value of +Sn+ 

5291 



R
el

at
lv

o 
In

te
m

ai
tj 

of
 

O
bJ

P
O

~ 
=-

 
-3

 
=%

P
 

-4
 

I 
B

 =
 H

o 
0.

6 
10

0 
I 

II
 

P
-E

t 
3 

lo
o
 

9
1
 

II
I 

B
=
P
r 

0
.1

 
6
6
 

1
0
0
 

Iv
 

~=
B

u
o
.1

 
5
8
 

8
0
 

v
 

IL
 - 

v
i 

0
.1

 
1
0
0
 

5
8
 

V
I 

P
 .

 
m

 
0.

2 
1
0
0
 

V
II

 
m

u2
V

12
 

I 
bB

u2
V

I 

0.
1 

2 

V
II

I 
S

nE
tp

 
M

 
-3

 
11

 
4 

x 
le

aa
 

th
an

 
1s

 

2 

TA
BI

IR
 1.

 

P
rln

oi
pa

l 
P

ea
k

s 
in

 
th

e 
Y

es
a 

S
p
eo

tr
a 

o
f 

O
rg

en
o
tl

n
 

C
o
m

p
o
u
n
d
a.

 

-2
 

sn
R

I.1
2 

S
nR

 
sn

cH
j 

S
nH

) 
S

nB
 

sn
 

2
1
 

X
 

27
 

27
 

I 
6 

12
 

2 
56

 
46

 
1 

2 
40

 
15

 

I 
93

 
26

 
8 

13
 

56
 

1
6
 

1
 

1
0
0
 

2
1
 

3
 

1
4
 

4
3
 

9
 

2
7
 

1
0
 

6
6
 

X
 

X
 

2
9
 

9
2
 

4
2
 

X
 

5
7
 

X
 

X
 

X
 

7
1
 

8J
iB

uV
I2

 
S

nB
uV

IB
 

S
nV

IF
p 

sn
vl

H
2 

sn
vi

 
S

nH
) 

S
nH

 
sn

 
90

 
7
 

1
0
0
 

2
4
 

3
2
 

1
 

2
1
 

1
2
 

-2
=
 

sn
?
&

E
 

sn
lk

t2
 

S
n
B

tH
i 

S
n

E
tF

 
S

n
E

tE
2 

S
n

l!
it

 
S

n
F

 

1
0
0
 

5
 

2
 

a 
11
 

4 
5
5
 

7
4
 

B
 2 1 7 4 1 7 B

U
 

2 

sn
li

 
sn

 
E

t 

14
 

8 
28

 

m
e =

 a
 3

 
B

t-
r 

$
5
 

P
r 

=
 “

C
31

i7
 

B
P

 =
 d

4H
g 

vi
 

- 
O

H
 -O

H
 

2 
P

h-
 

C
6H

5 



No.43 5293 

from the fragmntation Of sdph4 lo In good agreement with the 

value (243 Kcal/mole) quoted by Hobrock & Kieer (1) . 

Compound 

SnMe4 

Ion 

SnMe3 

SnMe2 

t sn 

SnPr4 

sm4 

SnPr3 

SnPr2H 

sm3 

=h2 
t Slph 

Sn 

TABLE 2 

Potentiala and Heata of Formation 
Orgsnotln Fragment Ione 

Appearance n=f Beutral 
Potential (eV) (Kcal/mole) Produotm 

17.52 0.5 
t (18.1 t 0.3) 

266 

8.8 + 0.2 125 

10.620.2 161 

10.1-+0.2 279 

9.120.2 278 

16.1 20.5 288 

9.42 0.2 241 

179 

224 

rca; 

c3&i 

‘3’6 + ‘3% 

ph’ 

&2 
m 

2=2 

t L,w intenalty Type 1 tall (3). t Data of Hobrock & 
Kleer (1). 

The data preeented In Tablee 1 and 2 together with 

obaerved metastable traneltione lead to the recognition of 

three major modea of fiaelon. Fragmentation of the molecular 

ion by ellmination of a ligand radical ir oommon to all 

compounda; the elimination of either llgadl occura in 

compounda having mixed Uganda. Further elimination of 

ligand radlcale occur8 only in the epeotra of SnUe4 andSnPh4 



5294 No.43 

;s n@3 * > &Me, * > &Me 

+s”ph3 
l > .&lPh2 and :LlPh l ) I-&n 

(reactions confirmed by the appropriate metestable ions are 

indicated by a star) whilst appearance potential measurements 

support the occurrence of 

(SnMe,)+~ &n + 4Me' and (SnPh,f+&h + 3% 

Ligand loss by elimination of an unsaturated 

hydrocarbon with hydrogen rearrangement gives rise to many of 

the intense peaks observed in the spectra of compounds II, III, 

IV, V, end VII. This process is a minor one in fragmentation 

of the molecular ion but a major one in the fragmentation of 

(M-R) iona. Thereactions 

LR3 * > &$I 
+ 

+ ’ SnRI-$ 

occur in the mass spectra of compounda II, III, IV and V. 

Dibutyldivinyltin (VIII) fragments by the elimination of butene 

according to the scheme 
+ + 
SnBuRV i + > SnBuViH e &i.RR 

and 9 nRuvi* l > LlviRR 

The analogoua elimination 
+ + 
SnEtSF ,, > SnEtFR 

ia obaerved in the spectrum of triethyltinfluoride (VIII). 

In keeping with recent resulte (6,7) on hydrogen transfer in 

the fragmentation of even-electron ions, no specificity of 

hydrogen transfer is assumed in these reactions. Reactions 

involving the elimination of a neutral molecule from an 

even-electron ion are frequently observed (8) in the spectra 



w0.u 

and nuq be attributed to the relative 

even-electron ion formed. (The furthor 

or organio oompoundr 

eteblllty of the net 

procese &TUi,~~ :&R wans obeerved In thr rpeotrr of 

and III.) 

The elimlnetlon of neutral l-and pair* by the 

reactlone 
+ 
slaKej l >&Me 

Jnviy+:4nvi .&lVi~ -'f&l 

mhJ* l dkiPh2 *A 

II 

were observed In the 8peotre of oompounds I,V,VI lud VIII 

respective*. Expalrion reactiona (9) In which two roletier 

not directly bonded In 8 ~,oleoule are found oomblned in a 

fragment Ion have been obwrwd ia the f’ragmontatlon of 

araurtio (10) and .sllphetic (11) snlphldee, l eter8 of 8ryl- 

phoaphonic aoida (121, wmetlo epoxider (131, and oompoundm 

oi the type &-X-Y-Z-& (14). The limnd pair elkinrtlone 

occurring In the me88 apeotra of the organotin oompouad~ pv 

be regarded aa (~1 expulsion reaction in whloh the poeitlve 

oherge is retained on the oentrsl moiety. !F!he driving force 

for these reaotlone ma9 be derived from the ability of the 
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It may also arise from the ability of tin to form stable 

fragment ions having one or more unpaired electrone, and from 

lower energy required to eliminate a radical pair as a 

molecule. 

In contrast to the corresponding lead alkyls (151, 

the spectra of tin alkyls show a low abundance of ions from 

which part of a ligand has been lost. However the reaction 

:LlR + >:+SnCR3 

was observed in the spectra of III and IV. 

The effect of multiple metal valence on the 

fragmentation of metal co-ordination compounds has been noted 

(16). The extension of these principles to covalent tin 

compounds predicts the radical-pair eliminations observed 

but not the radical eliminations. Although there is no 

_a priori reason why the elimination of a ligand radical from 

the molecular Ion giving an even-electron ion should not 

occur In both classes of compounds, the fragmentation process 

giving a new radical-ion with a lower metal valence appears to 

occur preferentially in co-ordination compounds. In covalent 

tin compounds, the species IV&nR3, (%nR2)+’ , %LR all 

occur abundantly. 
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