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SUMMARY 

Appearance potentials of ions from a series of trimethylstannanes were 
measured. Combination of these data with molecular and radical heats of formation, 
with the assumption of zero excess energy on electron impact ionization, yields a 
value of AH,[(CH&Sn] = 32 + 6. Also from these data an ionization potential of the 
trimethylstannyl radical of 6.8kO.3 eV is derived, in good agreement with direct 
measurement. The dissociation energies of the (CH,),Sn-X bonds are shown to be 
about 10-12 kcal-mole- 1 lower than in the corresponding (CH&C-X bonds. 
value of AH,[(CH3)3Sn] = 32 t 6. Also from these data an ionization potential of the 

A considerable fraction of the available data on bond dissociation energies, 
molecular ionization potentials, and free radical ionization potentials has come from 
studies ofthe behavior ofmolecules subjected to electron impact’ -5_ Such knowledge 
has proven to be of interest and importance in questions of electronic structure and 
of rates and mechanisms of chemical reactions_ However, most of this large body of 
energetic data pertains to molecules, radicals, and ions that are generally thought of 
as belonging to the realm of organic chemistry_ In the rapidly growing field of organo- 
metallic chemistry very little such energetic data is available for guidance in structural, 
mechanistic and rate considerations. Indeed, in many areas oforganometallic chemis- 
try not even the standard heats of formation of the stable compounds are known. 

In the case of organotin compounds, however. a body of thermochemical 
data is available6-I3 (although some of the older work, as recently pointed out13, is 
unreliable) and makes feasible electron impact studies directed toward the determina- 
tion of the energetic properties of the organotin molecule, ions, and free radicals. In 
this paper we describe a study on the ionization and dissociation of some trimethyltin 
derivatives by electron impact. Some preliminary results of this study were published 
previously’4-’ 5- 

EXPERIMENTAL 

The appearance potentials of the (CH,),Sn” and (CH&QiX’ ions were 
determined using the retarding-potential-difference (RPD) method16 in either a 
Bendix Model 14-101 time-of-flight mass spectrometer17V18 or a Nuclide Associates 
Model 12-9OG magnetic sector mass spectrometer. in both instruments the difference 
ion-currents were obtained for 0.1 volt changes in the retarding potential. The actual 
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potential applied to the retarding grid in the electron gun was usually of the order of 
0.2 to OS volts negative with respect to the filament, the actual value being obtained 
empirically at the start of an experiment as that potential which resulted in the largest 
change of ion-current for a 0.1 volt change in retarding potential. The appearance 
potentials of the (CH&Sn+ ion from (CH&Sn, (CH&SnC2HS and (CH&SnSn- 
(CH,), were measured with the RPD technique in both instruments and, in addition, 
with a monoenergetic electron beam (&O-O5 eV) as obtained from a 127O velocity 
selector’g-26_ The selector was constructed for another purpose and was mounted 
within a Nuclide Associates 12-90G spectrometer_ In all cases the ionizing electron 
beam current was less than 0.1 p-amperes. The results obtained are shown in Table 1. 
With the exception of the appearance potential of (CH3)3Snf from (CH,),SnSn- 
(CH& the results from the several ion sources are in excellent agreement. The 
agreement of the appearance potentials in the case of (CH,)3SnSn(CH3)3 are not in 
very good agreement, the total spread being 0.30 eV. However, it must be pointed out 
that only one determination was made with the velocity selector. Secondly, the average 
value from the two extreme values would be 9.80&0.15 which compares favorably 
with the average value of 9.82t0.15 obtained from 16 determinations using the 
RPD method in the time-of-flight instrument. Hence, we consider the values in 
Table 1 to be in satisfactory agreement_ 

In all compounds studied the intensities of the molecular ions, (CH,)&rX’, 
were very low, which precluded accurate ionization potential measurements using 
the RPD technique or the electron velocity selector_ Instead, the ionization potentials 
of the molecules were determined from the ionization efficiency curves using the 
method of Lossing er ~11.~‘. 

Xenon was used in most cases as an internal standard to calibrate the electron 
energy scale, although in a few instances, where mass interference was suspected, CS2 
was employed. It was discovered early in this work that tungsten filaments had a very 
short life in the presence of organotin compounds. On the other hand rhenium fila- 
ments were quite satisfactory and were used throughout the course of the work_ 

Very pure samples ( >99.5%) of the trimethyhin compounds were kindly 
supplied by Dr. W. J. Considine of M & T Chemicals Co., Rahway, N. J. With the 
exception of degassing, these samples were used as received. Monoisotopic stannane 
(12”SnHJ) was prepared from 98.39% pure monisotopic i”‘Sn (obtained from Oak 
Ridge National Laboratory) using the method of Schaeffer and Emilius”. Due to the 
instability of stannane, all measurements were made within 24 hours of preparation. 

TABLE 1 

COYPAR-&ON OF THREE ION SOURCES 

Numbers in paranthes+s indicate number of runs. 

Ion 
source 

Appearance potential of (CH3)jSni in eV 

(CH&SnCHx (CH&Sn-Sn(CH& 
(m/e 165) (m/e 165) 

~. 

(CH3MnC2H5 
(m/e 165) 

RPD-Bendix 
RPD-Nuclide 
EVS-Nuclide 

9.72+0.06(10) 9.82fO.15(16) 
9.74*0.03(2) 

9.49_fo.o7(g 
9.95-&0.04(4) 

9.65 (1) 9.65 (1) 9.50 (1) 
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IONIZATION AND DISSOCIATION OF TRIMJZTHYLSTANNANES 311 

RESULTS AND DISCUSSION 

Mass spectra* 

The dominating feature of the mass spectra of the alkyltin compounds is the 
isotopic distribution of tin. When the observed spectra are corrected for this isotopic 
distribution it is seen that even at 70 eV the only significant bond rupture is of C-Sn 
and Sn-Sn bonds. For example, consider the ions of interest to us in the electron 
impact spectra of (CH&Sn-i-C3H7, namely the ions (CH&Snt, (CH&Sn-i-C3Hf, 
and the parent ion (CH&Sn-i-C,Hf . Assuming that no C-H bond rupture occurs 
we can calculate the distribution of masses for the various ions simply on the basis 
of the 13C and Sn(ll_, 3 114, 115, 116. 117, 118, 119, 120, 121. 122. and 124) isotopic 
ratios. The agreement of the calculated and measured spectra, as shown in Fig. 1, 
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Fig. 1. Comparison of observed and calculated relative intensities of the (CH&Sn’ and (CH&SnC3H; 
ions in the mass spectrum of trimethyl-set-propylstannane. 

indicates that in our appearance potential measurements wc are indeed measuring 
the energetics of the simple processes 

(CH,),Sn-X + e -+ (CH&Sn+ +X + 2e 
and (CH,),Sn-X + e - (CH&~IIX’~ + CH3 t2e 

free from any interference due to C-I-I bond rupture. 

* Note added in proof; A recent paper by Bou15, Gielen and Nasielski (Btrll- Sot. Chim. Be/yes, 77 (1968) 43) 
reports 70 eV mass spectra of a number of (CH,),Sn-R compounds, where R includes CH,, C2H5, n-&H;, 
(CH,),CH, n-&H, and (CH&C. In these cases, which are the only ones comparable with our work, the 
agreement of the mass spectra is quite good. 
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Appearance potenrirrfs 
Table 2 gives all the ionization and appearance potentials measured, together 

with the average deviations of replicate measurements and, parenthetically, the 
number of determinations for each appearance potential. The reproducibility of most 
of the values is very good with only a few average deviations exceeding 0.15 eV. 
We were not able to obtain very precise data for the appearance potential of the 

TABLE 2 

1OSIZATlGX AND APPEARAKCE POIESTIALS Ih’ TRl.METFiYL7-2N COhlPVUNVS 

Numbers in parentheses indicate number of runs. 

MoIecuIe 

KHdSn 
(CH&Sn-C,H5 

(CHJ)~S~-C,HJ 
(CH,),Sn-n-C&K, 
(C&)&I-i-CSH7 

(CH&Sn-C3H5 
(CH&Sn-n-C&H9 
(CHa)$in-see-C,HO 
(CH,),Sn-i-&H, 
(CH&Sn-t-C,HB 

t~z~;$n-SnWJ, 
.a 

I, 

S.76iO.O2(5) 

8.54~0.01(5) 
8x3 _tO.O! (5) 

8.27*0.01(5) 
8.34+0.02(5) 

s.osio.o~(s) 

Appearance potentials 

KH&Sn+ (CH&SnX’ 

9.7220.03(13) - 
9_495-0_07(15) 9.88 &0.02(3) 

10.44~0.11(8) 9.36t0.08( 12) 
9.5010.06(8) 9.59_tO.O7(5) 
9.17&0.14(9) LO.03 +0.04(6) 
8.68+0.02[3) 9.43 + OsrO(3) 
9.50+0.04(3) 9.67 +0.09(7) 
9.20+0.05(3) 9_76~0.19(3) 
9.79~0.12(3) 9.61t_O.O2(3) 
9.50+0_10(7) 10.9s&-O.l9(4)c 
9X5+0.16(21) s.17+0.03(3)” 

12.31+0.01(5)b - 

a (CH,),Sn-Sn(CH;)r. ’ H$%I+. ’ Probably represents formation of (CH&SnC(CH,);. 

(CH&Sn + - Ion from hexamethyldistannane because of the very low vapor pressure 
of this material. For this reason many determinations, (21), of this quantity were 
carried out over a long period of time, the result being an average value of 9.85 eV 
with an average deviation ofO.16 eV and with a maximum spread in themeasurements 
of 0.56 eV. 

The average value of four determinations of the appearance potential of the 
n2/e 207 ion From trimethyl-tert-butylstannane, namely 10.95 eV, seems to be in- 
ordinately high, even within the rather large average deviation, when compared to the* 
appearance potentials of the other (CH&kY f ions. It is to be noted that the appear- 
ance potential found for this ion lies close to the values found for the appearancepoten- 
tiats of ions formed as a result of loss of CH3 from the (CH&C gro~p~‘*~~. For 
example, A[(CH3)$J’] from (CH,),C is 10.83 eVzg and A[(CH,),CCl’] from 
(CH&CCI is 10.77 eV 3o Thus we think that the only reasonabIe rationalization of . 
the high value found for m/e 207 from trimethyl-tert-butylstannane is that it refers 

to the energy change of reaction (3), tliz.: 

(CI-f3)3SnC(CH3)3+e - (CEII,)3SnC(CH3),’ tCH3t2e (3) 
which must then be more probable than the energetically lower reaction (4)_ In sup- 
port of this point of view three of the four ionization efficiency curves ofm/e 207 showed 

(CH3LSnC(CH3)3 fe - (CH3)2SnC(CH3),+ +CH,t2e (4) 
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evidence of a very low intensity tail towards lower energies. However, again vapor 
pressure limitations of this compound made a separation of these two processes and 
a precise extrapolation of this low intensity tail impossible. Thus the value of 10.95 
reported is probably an average of the onset potentials of processes (3) and (4) that 
is weighted very heavily in favor of (3). If any meaning is to be ascribed to this value 
it should be that it lies close to the appearance potential of (3) (being most likely a 
lower limit)_ 

In the case of the molecular ionization potentials we were able to obtain 
meaningful data only on those shown in Table 2. The intensities of the molecular ions 
were quite small and hence the values of the onset potentials for these ions are quite 
subject to the influence of impurities. We made such measurements only when the 
distribution of intensities at the parent mass matched the isotopic distribution of Sn. 

There are very few appearance potentials reported in the literature with which 
we may compare our results. Hobrock and Kiser3’ and Occo10witz3’ report the 
appearance potential of (CH&Sn* from (CH&Sn to be 9.9 to.15 eV and 9.7 L-0.2 
eV, respectively, in satisfactory agreement with our results. Hobrock and Kiser3’ 
also report the ionization potential of (CHa),Sn to be S-25+0.15 as compared with 
our value of 8.76kO.02 eV. We have no explanation for this disagreement, which 
lies outside of the experimental error, but in view of the concordance of our value 
with the ionization potentials of the other organotin compounds, we see no reason to 
mistrust it. Saalfeld and Svec33 reported an appearance potential of 9.9_tO.15 eV 
for SnHz from SnH, which is considerably lower than our value of 11.31 +_O_Ol_ In 
an earlier publication, however, these same authors report an appearance potential 
of 11.9 +0.2 eV for SnHf from SnH4 34 They give no explanation in their later paper - 
for this discrepancy and since our value falls between these extremes we tend to think 
it more nearly correct. 

Bond dissociation energies 
In order to calculate energetic quantities of interest in trimethylstannanes from 

TABLE 3 

MOLJXULAR. RADKAL ASD IOXIC HEATS OF FORXATION IN (CH&SnX COMPOUNDS 

X ~HJ(CH&SnXil AH,@) Reference A~JKHJ~Su+l 
(kcal-mole-‘) (kcal-mole- ‘) (kcal- mole- ‘) 

CH, 
C&l5 
CH,CH,CH, 

(CH,)KH 
CHJCHICH2CHz 

(CH&CHCHz 
CH.,CH&H-CHJ 

(CH,),C 
CHI=CH 

(CH&Su 

Found Calcd. 

-4.6&-0.6 
-7.1~0.7 - 6.55 

- 1153 
-11.2+1.1 - 1098 

- 16.51 
- 18.54 
- 1591 

-16.0+1.S - 17.04 
+22-l&-1.3 
--SA_C2.3 

32+1 
25+2 
22+3 
17&2 
16&2 
14&2 
12+2 

7+2 
65+_3 
32+6 

3 
3 
3 
3 

46 
46 
46 
47 

3 
0 

IS7 

lS8 
186 
183 
194 
193 
184 
195 
198 

a Calculated in this work. See text. 
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the data in Table 2, the standard heats of formation of the parent molecules as well as 
of the free radicals, X, produced in (1) are required. With regard to the molecular 
heats of formation, Skinner and coworkers have determined experimentally the 
standard heats of formation of (CH3)&‘2, (CH3)3SnC2H51Z, (CH&SnCH=CH2”, 
(CH3)3SnSn(CH&12, (CH3)3SnC(CH3)313 and (CH3)3SnCH(CH3)2i3_ Moreover, 
Coleman and SkinnerI have shown that the bond-energy and bond-interaction 
scheme ofAllen35*36 works reasonably well when applied to the calculation of the 
standard heats of formation of tetraalkyltin compounds. In Table 3 we present the 
heats of formation of the pertinent compounds as measured by Skinner et nL12*13 
and calculated using the data of Coleman and Skinner13 and the AlIen bond-ener,qy 
and bond-interaction scheme. In the last column of Table 3, we list the standard heats 
of formation of the (C.H&Sn+ as calculated from the thermochemical data and the 
appearance potentials of this ion shown in Table 2. In making the calculation of 
AZ$,[(CH,),Sn’] we have assumed that there is no excess energy involved in the 
dissociative ionization, (l), so that, within the validity of this assumption, the appear- 
ance potential represents the enthalpy change of the reaction. Considering, the 
uncertainties involved in the accuracy of the appearance potentials (N _t 0.1 eV) and iu 
the thermochemical data, the “constancy” of AE?J(CH3)3Sni] is satisfactory. These 

TA8LE 4 

BOSD DISSOCIATION ESERGIES IN TRIMETHYLSTA~NXNE 

X DCP=&Sn-Xl 
(kcal-mole-‘) 

E[(CH,),Sn-X] 
(kcal-mole-‘) 

N(CH,)&-XI 
(kcal-mole- ‘) 

CH3 
CHJCH2 
CH&H2CH2 
CH3CH2CHICH2 
(CH,),CI-i CHZ 
(CH,),CH 
CH&H&&)CH 

(CH313C 

CH2 

Cd% 
C&&Hz 
C,H ,CHZ 
Br 

fCHd& 

6926 51 

64i6 47 

6627 49 
65 56 48 
65&6 48 
6026 43 
60&6 43 
55+6 38 
75f7 58 

7856 61 
7826 61 
54+6 37 
91+_6 74 
77-6 59 
6958 35 

79_;2 

7623 
78+3 
77&3 
75&3 
73+3 
72+_3 
68&3 
86_t3 
87k4 
87_+4 
61*4 
6254 
47-&? 

data yield an average value for this quantity of AE?J(CH3)3Snt] = 190 kcaI-mole-‘. 
with a probabIe error of &4 kcal-mole- ‘_ With this value of AHc[(CH3)3Sn+j, we 
again invoke, as an approximation, the assumption of zero excess ener,7 in the process 

(CH,),Sn-Sn(CH,), + e - (CHJ3Sni i-(CH,),Sn+2e (5) 
to calculate the heat of formation of the (CH&Sn radical. The value obtained is 
A&[(CH&Sn]=32+_6 kcai-mole-’ and is given in the 4th cofumn of Table 3. 

Given now a vaiue for the heat of formation of the trimethylstannyl radical, 
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we may calculate the bond dissociation energy for any bond, (CH&Sn-X, for 
which the standard heats of formation of the molecule and the radical X are known. 
Of course, to equate the bond dissociation energy Df(CH,),Sn-Xl to the enthalpy 
change of the reaction 

(CH&Sn-X - (CH,)3Sn+X 

requires that the activation energy for the combination of the radicals, (CH&Gn 
and X, be zero. Within our large uncertainty of +6 kcal-mole-‘, this is most likely 
true. The bond dissociation energies so calculated for a number of molecules whose 
heats of formation have been measured12*13 or calculated by the Allen scheme35*36 
are given in the second column of Table 4. In the third column of Table 4 we list the 
average thermochemical bond energies, designated E, which are computed from the 
molecular and radical heats of formation in the usual wayr2. Additional free radical 
heats of formation used to calculate the bond dissociation energies in Table 4 are as 
follows: A&(C6H5)=72+237; AE&(CsH5CH2)=42+338; AHr(Sn)=7239”.b* all in 
in kcal-mole-‘. 

Also shown in the last column of Table 4 are the bond dissociation energies 
for the corresponding compounds in which the tin atom has been replaced by a 
carbon atom. The dissociation energies in the hydrocarbons were calculated from the 
molecular heats of formation39 and the free radical heats of formation in Table 3. 
In a few instances it was necessary to estimate the molecular heat of formation and 
this was down using the method of Franklir?‘. 

It is seen that with the exception of the bromo and iodo derivatives the C-X 
bond is stronger than the Sn-X bond by about 10-13 kcal*mole-‘. The bonding of 
the Sn to the halogens is on the other hand, some 30 kcal- mole- r stronger than is the 
corresponding carbon-halogen bond. This is probably a reflection of strong Sn ‘-X- 
contributions to the bond strength that are a result of the low ionization potential of 
Sn and the high electron affinity of the halogen atom. The effect on the bond dissocia- 
tion energy of the structure of the alkyl leaving-group is seen to follow the same trend 
as for hydrocarbons. Thus, we see that when RCHr is bonded to (CH,),M we have a 
dissociation energy of 64-66 kcal-mole- ’ for M =Sn and of 75-78 for M =C, 
regardless of the nature ofR. For the case ofR,R2CH bonded to (CH&M we observe 
60 kcal -mole- ’ for M-Sn and 72-73 kcal -mole- ’ for M-C, again independent of the 
nature ofR, and R2. Finally, another decrease in the dissociation energy is observed 
when RIR2R3C is bonded to both Sn and C. CHs is a unique case and is the strongest 
bond to M in both Sn and C compounds. 

It is also to be noted that the average thermochemical bond energies are a very 
poor approximation to the actual bond dissociation energies, having vahtes 17 
kcal -mole- ’ smaller than the actual dissociation energies. From the measured 
energies of dissociation of the first bond, viz. : 

(CH,),Sn-X -+ (CH3j3Sn +X 

and the total thermochemical bond energy of the molecule we find the average C-Sn 
bond energy in the (CH3)3Sn radical to be only 44 kc&-mole-l. Thus in thermal 
decompositions of trimethylalkylstarmanes the tin atoms should have a tendency to 
lose all their alkyl groups. 

J. Organometal. Chem., 15 (1968) 339-348 
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I’onization potential of (CH3)$n 
An indirect evaluation of the ionization potential of the (CH,),Sn radical 

may be obtained as the difference between the heats of formation of (CH3)&ni and 
(CH,),Sn_The value we find is I,[(CI-i,),Sn] = 158 +7 kcal-mole- l or I,[(CH&Sn] 
=6.8&O-3 eV. Recently, using a double-pulsed mass spectrometric method in which 
radicals were formed by the impact of one electron beam on (CH,),Sn-Sn(CH,), 
and ionized by a second electron beam, Lampe and Niehau@ have carried out a 
direct measurement of the vertical ionization potential of (CH@n and have reported 
a value of I,f(CH,),Sn] =7.10-t0.05 eV to be compared with our indirect value of 
6-S&0.3 eV. In the work of Lampe and Niehaus41 no attempt was made to use a 
monoenergetic electron beam and it has recently been shown4”-45 that radical 
ionization potentials determined with electron beams of large energy spread are 
probably high by O&-OS eV. We therefore view our indirectly measured vaIue of 
6.8+0.3 eV as being in excelIent agreement with the directly measured value. This 
agreement lends a considerable degree of confidence to our measured heat of forma- 
tion of the (CH,),Sn radical and thus to the bond dissociation energies. 

HEZATS OF FORMATION OF IONS 

As mentioned already, the heat of folrmation of the (CH,),Sn’ ion is 190 
kcal-mole-‘_ The moIecuIar ionization potentials in Table 2 are easily convertible to 
heats of formation of the (CHJ,SnXf ions, since with the assumption of RO excess 
energy in the ionization process, the ionization potential is simply the difference 
between the heats of formation of (CH&%iXi and (CH&SnX_ As discussed in the 
experimental section, there is an ambiguity in the identity of the ions labelled (CH&- 
SnX’ since a CHL( may be lost from the alkyl groups instead of from the Sn. Only m 
the case of (CH&Sn-C2HX and (CH,),Sn-CH,(CH,)f can we be reasonably sure of 
the identity of the (CH,),SnX f ion_ For this reason we have not thought it worthwhile 
to convert the appearance potentials in the last column of Table 2 to heats of for- 
mation. 

One method of assessment of the reIative stabilities of stannyl cations to the 
corresponding carbon cations is to compare the enthalpy changes for chemical 
reactions invoIving analogous carbon and stannyl compounds. As an example we 
have the two typical reactions for (CH&MC ions: 

(CH&Zn + (CH,),C + + (CHJ3Snf + (CH,),C; 
A.&I= -22 kcal-mole-’ 

(CHJ,SnBr f- (CH,),C f + (CH&Sn * + (CHJ,CBr ; 

AH= +I8 kcal-mole-’ 

The conclusion from this is that in equilibria (at least in the gas phase) between analo- 
gous trimethylstannyl and tert-bntyl cations and their molecular precursors, thk tri- 
methylstannyl ions are energetically favored, except when unusually strong bonds to 
the Sn (such as to highly electronegative groups) must be broken. In this latter case 
the carbonium ion is energetically favored. 

J. Organometal. Chem., 15 (1968) 339-348 
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