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signment of geometrical proximity of spins in polycrystalline or 
glassy solids. 
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Abstract: Phenyl-substituted group 4B element-centered radicals generated by the direct photoejection from the group 4B 
element-centered anions were observed by laser photolysis at room temperature. In order to clarify the mechanism of this 
process, CIDEP study of the photolysis of the group 4B element-centered anions was carried out at 77 and 4.2 K. From the 
emissive patterns observed for the germy1 and stannyl anions after the excitation by a pulse laser, the photoejection reactions 
were most probably considered to occur from triplet anions. 

Organic anions, especially of the group 4B elements (silicon, 
germanium, and tin) have received considerable interest in syn- 
thetic chemistry and reaction Although extensive 
thermal reactions of the group 4B element-centered anions have 
been made, there are few reports on photochemical studies of these 
anions.s-10 By near-UV photolysis a t  93 K of rigid glasses of 
triphenylstannyl anions, the triphenylstannyl radical was confirmed 
to be generated from a stationary ESR measurement.8 Upon 
steady-light illumination of aromatic compounds at  room tem- 
perature in the presence of the triphenylsilyl and triphenylstannyl 
anions in tetrahydrofuran (THF), anion radicals of the aromatic 
compounds were found to be p r o d u ~ e d . ~ ~ ' ~  Although it was 
suggested that one-electron transfer would occur from the silyl 
and stannyl anions to the aromatic compounds, the resulting silyl 
and stannyl radicals have not yet been observed directly. 

On the other hand, the photoejection process from the organic 
anions, including the group 4B element-centered anions, has re- 
ceived much attention recently in relation to the intermediates 
of photostimulated SRNl reactionsl1-l5 and ion-pair phenomena.16s1' 
Among them, the key problem in this process is the identification 
of labile intermediates formed during reaction. The laser-pho- 
tolysis technique is a good method for direct observation of 
transient species generated immediately after excitation of the 
anions. Furthermore, chemically induced dynamic electron po- 
larization (CIDEP) has recently become a powerful tool for in- 
vestigating fast radical reactions. CIDEP is expected to give us 
unique information about short-lived radicals and their precursors. 

In this paper, we describe the direct observation of phenyl- 
substituted group 4B element (silicon, germanium, and tin)- 
centered radicals generated by photoejection of the corresponding 
anions with the aid of a laser-photolysis measurement a t  room 
temperature.I8 Furthermore, CIDEP spectra obtained by the 
photolysis of these anions at  71 and 4.2 K are discussed. 

Results and Discussion 
Absorption Spectra of Phenyl-Substituted Group 4B Element- 

Centered Anions. The phenyl-substituted group 4B element- 
centered anions (Ph,Me,-,,ELL 1-3 for E = Si and n = 1-3, 4-6 
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Table 1. Absorption Data of UV Spectra for Phenyl-Substituted 
Group 4B Element-Centered Anions in THF 

Am-, (nm) for E = 
compound Si Ge Sn 
PhMe,ELi 335 290 
Ph2MeELi 335 310 
Ph,ELi 335 310 3 10 

for E = Ge and n = 1-3, and 7 for E = Sn and n = 3, respectively) 
were prepared from the corresponding chlorides and lithium metal 
in THF at room temperature quantitatively. 

Li metal 
2Ph,Me3-,ECI - (Ph,Me,-,,E), (1) 

Li metal 
(Ph,Me,-,E), - 2Ph,Me3-,,ELi 

E = Si, Ge, and Sn; n = 1-3 
The formation of the anions (1-7) from the chlorides and lithium 
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wavelength, nm 

Figure 1. Absorption spectra of PhpGeCl (1.8 X lo-, M), Ph,GeGePh, 
(3.3 X lo4 M), and Ph,GeLi (4.8 X m) in THF at 23 O C .  Optical 
path length is 1 cm. 

Table 11. Photochemical Reactions of the Anions (1, 5,  and 7) at 
300 K" 

products (mmol)b 
substrate (mmoll E-H E-E 

PhMe,SiLi (1) (0.78) 0.54 0.13 
Ph2MeGeLi (5) (0.90) 0.30 0.30 
Ph3SnLi (7) (1.21) 0.52 0.41 

"Reaction carried out for 1 h .  *Hydrolysis products. Estimated 
accuracy * 5 % .  

metal can be rationalized by the dissociative electron transfer 
attachment processes. 

All phenyl-substituted group 4B element-centered anions (1-7) 
were colored reddish brown. As a typical example, the absorption 
spectrum of Ph3GeLi (6) is shown in Figure 1 together with those 
of Ph,GeCl and Ph3GeGePh3. Each of the anions (1-7) has an 
absorption peak at 290-335 nm. The wavelengths of the maxi- 
mum absorption (Amx) observed with the THF solutions containing 
1-7 are summarized in Table I. This absorption band can be 
explained in terms of a transition from a nonbonding orbital of 
metal (E) to an antibonding orbital of phenyl group which is 
formed by pr-pr ~ v e r l a p . ' ~  As shown in Table I, Aman's of 1-7 
have the following order: &,,,(Si) > A,,,(Ge) = Amax(Sn). The 
decrease of A,,, shows the decrease of the conjugation between 
metal (E) and the phenyl group of the anions. The decrease of 
the conjugation means an increase of electron localization on E. 
Thus, the photoejection of the group 4B element-centered anion 
(Ph,Me3-,E-) used in this study is considered to occur in the order 
of E = Sn E Ge > Si. 

Photochemical Reactions of the Group 4B Element-Centered 
Anions. The T H F  solution containing 1, 5, or 7 in a quartz 
photolysis cell was degassed and then irradiated by a xenon lamp 
at room temperature for 5-120 min. The reaction products after 
hydrolysis were analyzed by gas chromatography, liquid chro- 
matography, and GC-mass spectrometry. The main products of 
this photochemical reaction were found to be the corresponding 
dimers; disilane for 1, digermane for 5, and distannane for 7, 
respectively, and hydride. These dimers are considered to be 
derived from the group 4B element-centered radicals generated 
by photoejection of 1, 5, and 7, respectively. 

(3) 

2Ph,Me3-,E' - (Ph,Me,-,E), (4) 

hu 
Ph,Me,,E- - Ph,Me,-,E' + e- 

Thus, the phenyl-substituted group 4B element-centered radicals 
are suggested to be generated as shown by reaction 3. 

On the other hand, the hydrides are considered to be produced 
by hydrolysis of unreacted anions. This fact was confirmed by 

(19) Waack, R.; Doran, M. A. Chem. Ind. (London) 1965, 564. 
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Figure 2. Plots of the absorbance at 330 nm against I observed with the 
THF solution of PhzMeGeLi (5). 
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Figure 3. Transient absorption spectra observed 200 ns after excitation 
of the THF solutions containing (A) 1, (B) 2, and (C) 3, respectively. 
The concentrations of 1-3 are ca. 1.0-2.0 X M. Insert: a second- 
order plot for decay of the absorption at 320 nm for 1. 

c 

0- 350 Loo 
300 

Wavelength, nm 

Figure 4. Transient absorption spectra observed 200 ns after excitation 
of the THF solutions containing (D) 4, (E) 5,  and (F) 6,  respectively. 
The concentrations of 4-6 are ca. 1.0-2.0 X M. Insert: a second- 
order plot for decay of the absorption at  330 nm for 5. 

the formation of the d, hydrides after hydrolysis of the reaction 
mixture with D20.  The results of photochemical reactions of 1, 
5, and 7 at  room temperature for 1 h are listed in Table 11. As 
shown in Table 11, the yields of the dimers increased in the order: 
Sn N Ge > Si. 

Laser-Photolysis Studies of the Group 4B Element-Centered 
Anions. Nanosecond transient absorption spectra measurements 
were performed on the degassed solutions containing 1-7 at room 
temperature using the fourth harmonic pulse of a Nd:YAG laser 
as an exciting light source.2o 

The time dependence of absorbance of the transient absorption 
A ( t )  was measured with each of the T H F  solutions containing 
1-7. The A ( t )  curves were measured at the wavelength region 
of 300-700 nm. Appreciable signals were obtained below 400 
nm. The signals show fast rise and following slow decay. The 
rise time was about 10 ns, which was the time resolution of the 

(20)  For example: Sakaguchi, Y . ;  Hayashi, H.; Nagakura, S. J .  Phys. 
Chem. 1982, 86, 3177.  
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Figure 5. Transient absorption spectrum observed 200 ns after excitation 
of the THF solution containing (G) 7. The concentration of 7 is ca. 1.5 
X lo4 M. Insert: a second-order plot for decay of the absorption at 330 
nm for 7. 

Table 111. Transient Absorption Spectra Data for Phenyl-Substituted 
Group 4B Element-Centered Anions at 300 K 

substrate hn,, (nm) k/e  (cm s-I) 
PhMe2SiLi (1) 315 1.9 X lo6 
Ph2MeSiLi (2) 3 20 1.7 X lo6 
Ph,SiLi (3) 320 2.1 x 106 
PhMe2GeLi (4) 315 1.2 x 10' 
Ph2MeGeLi (5) 330 9.4 x 106 
Ph,GeLi (6) 330 5.2 X lo6 
Ph3SnLi (7) 330 1.7 X lo6 

present apparatus. As a typical example, the A(t )  curve observed 
with 5 at 330 nm is shown in Figure 2. In some cases, the signals 
due to biphenyl anion radical were observed at 400 and 510 nmaZ1 

Using the A(t) curves observed at different wavelengths, the 
time-resolved absorption spectra of 1-7 at the delay time of 200 
ns after laser excitation were obtained, and the results are shown 
by spectra A-G in Figures 3-5. As shown in these figures, we 
have obtained transient signals below 350 nm for all the THF 
solutions containing 1-7. From the plots of l/A(t) against t ,  the 
early stages of A(t) curves observed with these anions were proved 
to decay with second-order kinetics. As typical examples, sec- 
ond-order plots for decay of the absorption band for 1, 5, and 7 
are inserted in Figures 3-5. The peak positions of spectra A-G 
and the k / c  values a t  the peak positions were obtained, and the 
results are shown in Table 111. Here k is the rate constant of 
second-order decay and t is the molar extinction coefficient. 
Neither the absolute nor the relative value of k can be obtained 
because no information about t has been given for the group 4B 
element-centered radicals (Ph,Me,-,E'). 

Spectra A - G  can safely be assigned to the phenyl-substituted 
group 4B element-centered radicals (Ph,Me,-,E') generated by 
the direct photoejection from the anions, 1-7. 

Ph,Me3-,E- - Ph,Me,-,E* + e- 

This assignment can be derived for the following reasons. (1) The 
spectral shapes and peak positions of 3-7, respectively, agree well 
with those generated by abstraction of hydrogen of the phenyl- 
substituted silane, germanes, and stannane with tert-butoxyl 
r a d i ~ a l . ~ ~ * ~ ~  The spectra of PhMe,Si' and Ph2MeSi' have not 
yet been reported. However, the spectral shapes and peak positions 
of spectra A and B resemble those reported for PhH2Si' and 
Ph2HSi'.z3 (2) As mentioned above, the dimers were found to 
be produced upon irradiation of the T H F  solutions containing 1, 
5, and 7. The formation of the dimers is most probably interpreted 
by the dimerization of Ph,Me,-,E' as shown by reaction 4. (3) 

( 5 )  
hu 

(21) Grodzinski, J.;  Feld, M.; Yang, S. L.; Szwarc, M. J .  Phys. Chem. 

(22) Hayashi, H.; Mochida, K. Chem. Phys.  Left. 1983, 101, 307. 
(23) Chatilialoglu, C.; Ingold, K. U.; Luszttyk, J.; Narzen, A. S.; Scaiano, 

1965, 69, 628. 

J. C. Organometallics 1983, 2 ,  1332. 

The second-order decays observed in the transient absorptions are 
also in good agreement with the conclusion that the generated 
transient species are Ph,Me3-,E*. 

To the best of our knowledge, this is the first obvious observation 
of phenyl-substituted group 4B element-centered radicals generated 
by the direct photoejection of the corresponding anions. 

Since the rise times of spectra A-G were the same as the time 
resolution of the employed apparatus, the electron ejection pro- 
cesses could not be studied with the present measurement. 
Therefore, the reaction precursors and reaction rates of the 
processes could not be investigated at  this stage. Measurement 
with a transient optical absorption with a picosecond laser or a 
transient ESR technique with a nanosecond laser may be useful 
for studying these processes. Some of the results obtained in the 
transient ESR measurement will be discussed later. 

The photoejection of the stannyl and germyl anions occurred 
easily compared with that of the corresponding silyl anion. The 
driving force for such photoejection process may be considered 
to be dependent on the oxidation potentials of these anions.I2 In 
fact, the oxidation potentials of triphenylstannyl and triphenyl- 
germyl anions are lower than that of the triphenylsilyl anion.24 
This trend of the oxidation potentials of the group 4B element- 
centered anions is almost consistent with that of the absorption 
bands of these anions. 

As shown in reaction 5, an electron is considered to be ejected 
from the anions. How does the ejected electron behave? There 
are three places where the electron is going. (1) The ejected 
electron is solvated with THF. (2) The electron reduces a lithium 
cation to give a lithium atom. (3) The electron is trapped by other 
species. The solvated electron in THF has its absorption band 
at ca. 2100 nm.25 Our apparatus cannot measure such an infrared 
region. The absorption spectrum of lithium also is not expected 
to be observed in the wavelength region of 300-700 nm. As 
mentioned above, the transient absorption spectrum due to bi- 
phenyl anion radical was observed in some cases. However, its 
signal intensity depended upon the preparation processes of sam- 
ples. Biphenyl was produced as a by-product while the synthesis 
of phenyl-substituted group 4B element-centered anions could not 
be eliminated c0mplete1y.I~ However, the concentration of bi- 
phenyl was so small in the employed solutions that no biphenyl 
was detected by gas chromatography. Therefore, the ejected 
electron is considered to be partly trapped by biphenyl, but the 
places where most of the electron goes are still unclear. 

In order to clarify further the photoejection process and the 
behavior of the ejected electron, both stationary and transient ESR 
studies were carried out. 

ESR Measurement at Room Temperature. At first, stationary 
ESR signals were measured at room temperature on a T H F  
solution containing 4 in a sealed ESR tube irradiated by a mercury 
lamp. In this case, only the signals due to biphenyl anion radical 
were obtained. The signals due to PhMe2Ge' were not observed. 
This fact can be explained by the fast dimerization reaction of 
this germyl radical as observed in the transient optical absorption 
measurement. The signals due to the solvated electron and lithium 
atom were not observed. The signal intensity of biphenyl anion 
radical varied from sample to sample depending on the conditions 
of sample preparation. This is due to the trapping of the ejected 
electron by an impurity (biphenyl) as was the case observed in 
the transient optical absorption measurement. 

Next, naphthalene was added to the T H F  solution of 4 as an 
electron quencher and the stationary ESR measurement was 
carried out at room temperature. In this case, the signals due 
to naphthalene anion radical were observed and their intensities 
did not depend on the conditions of sample preparation. This 
means that all of the ejected electrons are trapped by naphthalene 
at  the final stage, With the other phenyl-substituted group 4B 
element-centered anions, ESR signals due to biphenyl and 

(24) Dessey, R. E.; Pohl, R. L.; King, R. B. J.  Am. Chem. SOC. 1966,88, 

( 2 5 )  Dorfman, L. K. Techniques of Chemisfry; Weissberger, E., Ed.; 
5121. 

Wiley-Interscience: New York, 1974; p 463. 
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Figure 6. The CIDEP spectrum observed with 5 at a time delay of 1.2 
ws after laser excitation at 77 K. 

g= 2.0065 

Table IV. g Factors of Signals Generated by the Photoejection of the 
Germvl Anions (4-6) at 77 K 

substrate g factorn ref 
PhMe2GeLi (4) 2.0088 this work 

PhzMeGeLi (5) 2.0065 this work 

Ph,GeLi (6) 2.0055 this work 

(2.0086) 28 

(2.0070) 28 

(2.0054) 28 
'The g factors were determined by reference to that of the biphenyl 

anion radical observed at room temperature. 

naphthalene anion radicals were also obtained in similar conditions. 
The existence of the ESR signals due to biphenyl and naphthalene 
anion radicals clearly indicates the fact that an electron is pho- 
toejected through reaction 5 .  

A transient ESR technique with a nanosecond laser has recently 
become very useful for investigating fast radical reactions, because 
it is expected to give us the unique informations about short-lived 
radicals and their precursors. However, the transient ESR 
measurement of 1-7 could not be carried out at room temperature. 
In fact, it was very difficult to let the sample solutions flow through 
an ESR cell, because the samples are extremely sensitive to oxygen 
and moisture. On the other hand, the excitation of each sample 
solution in a sealed ESR tube with the employed nitrogen laser 
was found to destroy the sample very quickly. Therefore, we tried 
to carry out laser flash photolysis (LFP)-ESR measurements a t  
low temperature.26 

Transient ESR Measurement at 77 K. At first, transient ESR 
measurement of the THF solutions of 4-6 was carried out a t  77 
K, and broad and emmisive signals were obtained at  the delay 
time of several microseconds after excitation with a nitrogen laser. 
As a typical example, the signal observed at  1.2 ps after excitation 
of 5 is shown in Figure 6. This signal corresponds to a para- 
magnetic species which has a g value of 2.0065. No signal was 
observed at any other magnetic field. The g values observed with 
4 and 6 are listed in Table IV. These g values were found to be 
much larger than those of usual carbon-centered radicals,27 but 
to agree well with the reported g values for the corresponding 
germyl radicals (Ph,Me,-,Ge') as shown in table IV. 

The observed ESR signals can safely be assigned to the CIDEP 
ones due to the corresponding germyl radicals from the following 
reasons. (1) Since the observed ESR signals have emmisive phase 
patterns, they should not be originated from thermal equilibrium 
spin states but from nonequilibrium ones. Such nonequilibrium 
states can be generated from molecular triplet states, radical pairs, 

(26) Mochida, K.; Wakasa, M.; Murai, H.; I'Haya, Y. J.; Sakaguchi, Y.;  

(27) Chemically Induced Magnetic Polarization; Muus, L. T. ,  Atkins, P. 
Hayashi, H. Chem. Lett. 1986, 513. 

W., McLachlan, K. A., Eds.; D. Reidel: Dordrecht, Holland, 1977. 
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Figure I. The time dependence of the CIDEP signals observed with 5 
at 71 K. 

and biradicals. (2) In the present reactions, biradicals are not 
possible to produce, but triplet states and radical pairs are possible. 
(3) The widths of the observed signals are about 20 G. These 
values are too small to be explained by triplet anions because 
molecular triplet states should have much wider ESR signals 
corresponding to their zero-field splittings. (4) Thus, the observed 
signals can safely be explained by the CIDEP signals of radical 
pairs. Since reaction 5 was confirmed to occur a t  room tem- 
perature with the transient optical absorption measurement de- 
scribed above, similar reactions are possible a t  77 K giving the 
germyl radicals and electron. ( 5 )  As shown in Table IV, the 
observed g values are almost the same as those reported for the 
corresponding germyl radicals. Moreover, the signal widths can 
also be explained by unresolved hyperfine structures as shown in 
Figure 6. Thus, the observed signals can safely be assigned to 
the germyl radicals. (6) No CIDEP signal due to counter radicals 
of produced radical pairs such as solvated electron, biphenyl anion 
radical, or lithium atom was observed. Since the relaxation time 
of solvated electron is not considered to be shorter than 1 ps, its 
signal should be observed if it existed. Thus, solvated electron 
is not considered to exist a t  77 K. On the other hand, the re- 
laxation time of the lithium atom is considered to be shorter than 
1 ps because of its fast exchange with lithium cation. Thus, the 
CIDEP signal of lithium atom may not observed even if the ejected 
electron is trapped by lithium cation. It is also difficult to detect 
the signals of biphenyl anion radical because its concentration is 
very small. 

Although many spin-polarized signals have hitherto been ob- 
tained for photoexcited triplet molecules in low-temperature 
matrices (usually at 77 K):8 no CIDEP measurement has yet been 
performed for photochemical reactions in low-temperature ma- 
trices. For the appearance of CIDEP of a radical pair, molecular 
diffusion plays an important rule. In low-temperature matrices, 
diffusive motions of usual radicals are so suppressed that no 
CIDEP has been expected to be included for any radical pair. In 
actuality, however, we have observed some CIDEP signals in the 
present reactions. This may be due to the high mobility of ejected 
electrons. To the best of our knowledge, this is the first observation 
of CIDEP in low-temperature matrices. 

The phase patterns of the CIDEP signals observed with 4-6 
were totally emissive ones. As typical examples, the dependence 
of the signals observed with 5 is shown in Figure 7. 

Since there has been no precedent for CIDEP at  low-temper- 
ature matrices, there is no established theory for explaining the 

(28) Sakurai, H.; Mochida, K.; Kira, M. J.  Am. Chem. SOC. 1976,94,929; 
J.  Organomet. Chem. 1911, 124, 235. 
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Figure 8. Plots of In (intensities) against t observed with THF solution 
containing 5. 

observed phase patterns of such CIDEP. However, the ordinary 
mechanisms for CIDEP observed in liquid solutions also seem to 
be applicable to CIDEP in low-temperature matrices. Therefore, 
we tentatively use the ordinary CIDEP mechanisms for explaining 
the CIDEP signals observed for the present reactions. 

According to the ordinary CIDEP mechanisms, emission phase 
patterns can be explained by the triplet mechanism, the S-T-I 
one (triplet or free-radical precursor), and the S-T+, one (singlet 
precursor). For the S-Tu, (or S-T,,) mechanism, the selection 
rule for a nuclear spin (AMI)  should be AM, = 1 (or -1). Thus, 
asymmetric spectra should be expected from the S-T-, and S-T+I 
mechanisms. The observed spectra, however, were symmetric with 
respect to the central positions. Thus, the observed phase patterns 
are most probably interpreted in terms of the triplet mechanism. 
Thus, the photoejection of the germyl anions (4-6) at 77 K is most 
probably considered to proceed through their triplet states as shown 
below. 

hu 
Ph,Me3-,Ge- - '(Ph,Me3-,Ge-)* (6) 

(Ph,Me,-,Ge-) * - 3(Ph,Me3-,Ge-)* (7) 

3(Ph,Me3-nGe-)* - Ph,Me3-,Ge' + e- (8) 

ISC 

ISC = intersystem crossing 

The logarithms of the signal intensities observed with 5 are 
plotted against time in Figure 8. This figure shows that the decay 
of the signal can be represented by a first-order decay and its rate 
constant was determined to be 4 X IO5 s-l. This value may be 
the constant of the spin-lattice relaxation of the generated germyl 
radicals. 

Upon addition of naphthalene to the THF solution of 5 as an 
electron quencher, the observed ESR spectra showed drastic 
changes as displayed in Figure 9. Although the spectrum observed 
at an early stage (1.2 ps)  of excitation has an almost emissive phase 
pattern which is quite similar to that shown in Figure 7, the pattern 
changes to an E(emissive)/A(absorptive) one as time proceeds. 
The observed change of phase pattern from an emissive one to 
an E/A one as shown in Figure 9 indicates the existence of a 
radical pair between the germyl radical and the naphthalene anion 
radical. The g value of the germyl radical (-2.0068) is clearly 
different from that of naphthalene anion radical (-2.0028). Thus, 
the ejected electron is considered to be trapped by nearby naph- 
thalene as is the case at room temperature, forming a radical pair 
between the germyl radical and naphthalene anion radical. If the 
ordinary mechanisms for CIDEP in liquid solution are applicable 
to CIDEP in low-temperature matrices, the observed E/A phase 
pattern can be explained by the S-To mechanism which is often 
applied to CIDEP in liquid solution. According to the S-To 
mechanism of ordinary CIDEP in liquid solution, an E / A  phase 
pattern should be produced through a radical pair which has a 
negative J and which is produced from a triplet or free-radical 
precursor. 

In the present transient ESR measurement at 77 K, the signals 
due to the germyl radicals have been obtained. Without an added 
quencher, the photoejected electron at 77 K is considered to be 
trapped by lithium cation and/or impurities such as biphenyl. On 
the other hand, no CIDEP signal was observed at 77 K with THF 

10.0 ps 

Figure 9. The time dependence of the CIDEP signals observed for 5 in 
the presence of naphthalene at 77 K. 

2.008 
Figure 10. The CIDEP spectrum observed with 7 at a time delay of 3.4 
bs after laser excitation at 4.2 K. 

solutions containing 1-3. This is considered to be due to the low 
reactivity of the silyl anions at 77 K or fast recombination process 
of the generated silyl radicals with ejected electron. Although 
7 is expected to be photoejected more easily than 4-6, no CIDEP 
was observed at 77 K for 7. Since the large spin-orbit interaction 
of the tin atom is considered to bring about a very fast elec- 
tron-relaxation time of the generated stannyl radical a t  77 K, 
CIDEP studies at 4.2 K were carried out. 

Transient ESR Measurement at 4.2 K. An LFP-ESR mea- 
surement at 4.2 K was carried out upon irradiation of a T H F  
solution of 7 with a XeCl excimer laser. In this case, a weak signal 
was obtained at the delay of 2.9 ps after the excitation. This signal 
had a totally emissive phase pattern and corresponds to a para- 
magnetic species with a g value of 2.008, as shown in Figure 10. 
On the other hand, the g value of the triphenylstannyl radical was 
reported to be 2.008.29 From similar reasons as used for the 
germyl radicals, the present signal can safely be assigned to the 
CIDEP one due to the stannyl radical. Particularly, the width 
of this spectrum is so narrow that this signal cannot be assigned 
to the triplet state of 7. Since the spin-lattice relaxation time 
of the stannyl radical is expected to slow down at 4.2 K compared 
with the time at 77 K, its signal is considered to appear. From 
the observed phase pattern, this stannyl radical can tentatively 
be considered to be produced through the triplet state of 7. To 
the best of our knowledge, this is the first observation of CIDEP 
in photochemical reactions at 4.2 K. No CIDEP signal other than 
that of the stannyl radical was observed at 4.2 K. Similar results 
were also obtained at 1.4 w s  after excitation of 7 at 25 K. No 
CIDEP signal was obtained with the THF solutions containing 
1-3 at 4.2 K. 

Con c 1 us i o n 
Laser photolysis of phenyl-substituted silyl, germyl, and stannyl 

anions at  room temperature leads to the corresponding radicals, 

(29) Davies, A. G. Adu. Chem. Ser. 1976, No. 157, 26. 
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respectively. From the  emissive phase pattern obtained by means 
of CIDEP of the anions a t  77 and 4.2 K ,  the  germyl a n d  stannyl 
radicals a r e  tentatively considered to be produced through t h e  
triplet s ta te  of t h e  germyl  a n d  s tannyl  anions. 

Experimental Section 
'H N M R  spectra were recorded on a Varian FT 80A, with tetra- 

methylsilane as internal standard. GC-mass spectra were obtained with 
a JEOL JMS-DX 303 mass spectrometer. Infrared spectra were re- 
corded on a Hitachi 260-10 spectrometer. UV and visible spectra were 
recorded on a Shimazu UV-180 and a Hitachi U-3400 spectrometers. 
Gas chromatography was performed on a Shimazu GC-6A and -8A with 
2-m 20% SE-30 and 2-m 30% Apiezon L columns. Liquid chromato- 
graph was performed on a JASCO TWINCLE with Finepak SIL cI8 
column. 

Materials. PhlSnCl was commercially available. PhMe,SiCI, bp 
112-1 15 OC (36 mmHg),)O Ph2MeSiCI, bp 105-108 OC (0.9 mmHg)," 
PhlSiCI, mp 95 0C,32 PhMe,GeCI, bp 115-124 OC (24 mmHg)," 
Ph,MeGeCI, bp 135-140 OC (1 mmHg),28 and Ph3GeC1, mp 114 0C,34 
were prepared as described in the cited references. 

Solvent. Tetrahydrofuran (THF) was distilled from sodium/benzo- 
phenone under nitrogen. 

Absorption Spectra of the Anions. The phenyl-substituted group 4B 
element-centered anions are extremely sensitive to oxygen and moisture. 
A closed absorption cell was used to observe the absorption spectra of 
these  anion^.'^ The absorption cell apparatus used in these studies 
consists of a I-cm quartz absorption cell sealed to a side arm of a 
round-bottom flask. The apparatus was connected to a high-vacuum 
system for alternate degassing and flushing with argon. Access to the 
flask was through a second side arm closed by a rubber syringe cap. The 
anions were prepared by contact with lithium metal with the corre- 
sponding chlorides in highly degassed T H F  solvent in the round-bottom 
flask. The concentrations of the anions were determined as follows. The 
anions were taken out via a Hamilton syringe, protected by an argon 
atmosphere. A slight positive argon pressure was maintained when 
piercing the rubber cap. The anion was hydrolyzed with water to produce 
the corresponding hydrides. The concentrations of hydrides produced 
were estimated as those of the anion. 

Photochemical Reactions of the Anions. The T H F  solution containing 
the anion (0.5-1.0 X M) was sealed in vacuum in a quartz tube 
connected to a Pyrex tube as the upper part. The irradiation of the 

(30) Daubet, W. H.; Hyde, J. F. J .  Am. Chem. SOC. 1952, 74, 386. 
(31) Rosenburg, S. D.; Walburn, J .  J.; Ramsden, H. E. J .  Org. Chem. 

(32) Allen, A. D.; Modena, G. J .  Chem. SOC. 1957, 3671. 
(33) Kumada, M.; Sakamoto, S.; Ishikawa, M. J.  Orgummet. Chem. 1969, 

(34) Brooks, E. H.; Glockling, F. J .  Chem. SOC. A 1966, 1241. 
(35) Waack, R.; Doran, M. A. J .  Am. Chem. SOC. 1962, 85, 1651. 

1957, 22, 1606. 

17, 235. 

sample was carried out using a Xe lamp (1 kW) of USHIO Electric Co., 
Type UXL-1000 D-0, Pyrex cylinder lens, and a 10-cm water cell filter. 
After irradiation, the reaction mixture was hydrolyzed with water. The 
organic layer was dried over anhydrous sodium sulfate. The products 
were analyzed by gas chromatography, liquid chromatography, and 
GC-mass spectrometry. 

Time-Resolved Optical Absorption. The samples contained in quartz 
cells with an optical length of 5 mm were degassed by four freeze- 
pump-thaw cycles. The concentration of the anion was ca. 1.0-2.0 X 
1 0-4 M. Laser-photolysis experiments were performed at room temper- 
ature by using the fourth harmonic (266 nm) of a Quanta-Ray DCR-I 
Nd:YAG laser as an exciting light source. The laser pulse width was -5 
ns. The details of the laser-photolysis apparatus were published else- 
where.,' The signals were monitored by a Tektronix 485 oscilloscope 
(350 MHz) and recorded by an Iwatsu DM-901 digital memory (10 
ns/point, 8 bit) controlled by an NEC PC 8801 microcomputer. 

ESR Measurement at Room Temperature. ESR spectra were taken 
on a Varian E-109 spectrometer at room temperature. About 2.0-3.0 X 

mol of the anion in T H F  was sealed in vacuo, in a Pyrex tube (6 
10 mm), carrying a quartz side arm (6 4 mm). The irradiation was 
carried out by using a Xe lamp (1 kW) of USHIO Electric Co., Type 
UXL-1000D-0, and a Pyrex lens or a Molectron UV 14 nitrogen laser. 

ESR Measurements at 77 K. ESR spectra were taken on a Varian 
E-109 spectrometer with minor modification. Two cavities were em- 
ployed: a multipurpose E-231 cavity and a bimodal E-236 cavity, the 
latter having been used to set up the condition in which the microwave 
magnetic field was parallel to the external field. A Molectron UV 24 
nitrogen laser was used for the excitation of the degassed samples with 
a repetition rate of 20 Hz. An N F  BX-531 boxcar integrator was used 
in a fixed gate mode to record the time-resolved ESR spectra. The details 
of the apparatus were published e1~ewhere.l~ 

ESR Measurement at 4.2 K. Transient ESR spectra were taken on 
a JEOL-FE3X ESR spectrometer. The ESR spectra were taken by 
feeding the output of the preamplifier of the microwave unit to a PAR 
160 boxcar integrator whose gate was open at 1.5 ps after the laser 
excitation. A Lumonics TE 861 M excimer laser with XeCl fill was used 
as the exciting light source. The details of the apparatus were published 
elsewhere.37 
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Abstract: The thermochemistry of the hydride transfer equilibrium (CD3)3C+ + (CH3)$H + (CH3)$+ + (CD&CH was 
measured by pulsed high-pressure mass spectrometry. Measurements over a wide temperature range, 145-600 K, allowed 
an accurate determination of the values: AHo = -0.57 f 0.02 kcal/mol; ASo = -0.57 f 0.08 cal/(mol.K); = -0.40 
f 0.07 kcal.mol; and K298 = 1.97 f 0.20. The direction of the observed isotope effect is consistent with C-H bond weakening 
in the ion due to hyperconjugation. The kinetics of the reaction show a slow rate and a large negative temperature coefficient, 
with k300 = 0.36 and k,,, = 0.00625 X lo-'' cm3 SCI, Le., reaction efficiencies of about 0.03 to 0.0005. The observed negative 
temperature coefficient, k = is larger than those observed for more exothermic hydride transfer reactions. The approach 
to collision rate  is abrupt. 

Hyperconjugat ion interactions between charged centers  and  
alkyl subst i tuents  a r e  assumed to  occur  in alkylated ions. For  

example, hyperconjugation in the carbonium ions C2H5+, i-C3H7+, 
and t-C4Hsf arises a s  a filled P symmetry orbital on methyl groups 
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