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CHAPTER I 

INTRODUCTION 

The majority of interest in organolithium and organo-

aluminum compounds has centered around their potency as 

polymerization catalysts. However, after the advent of 

several pioneering studies within the last ten years on 

the structure of these compounds, a large emphasis has been 

placed on the molecular structure of these compounds. The 

main interest centers around the well-established fact that 

most of the organolithium compounds and some of the organo-

aluminum compounds are associated species. There are many 

good reviews and textbooks now available on both organo-

lithiums (2, 4, 7) and organoaluminums (4, 7, 26, 15). Con-

sequently, no attempt will be made here to survey the reviews 

However, some of the facts relating to the structures of 

these compounds are especially pertinent to the research. 

X-ray analysis of solid alkyllithiums in solution (2) 

indicates that these compounds are associated via electron-

deficient bridging through the alkyl groups. Similar 

analysis on short-chain, normal alkylaluminums indicates 

that they are also associated through electron-deficient 



bridge bonds (3, 15, 16). Despite the multitude of evidence 

supporting an associated species, very little work has been 

done on the nature of either the carbon-lithium or carbon-

aluminum bond since the perceptive work of Rundle (21). 

Rundle was the first to give a theoretical interpretation for 

the associated species found in organometallic compounds. 

This explanation was given in terms of electron deficient 

bonding. His treatment, based first on the tetramethylplati-

num tetramer and then expanded to the trimethylaluminum 

dimer and others, used very simple qualitative M.O. theory. 

In this treatment, Rundle explained how the atomic orbitals 

from four atoms could be combined to form a new set of 

molecular orbitals that described the- aggregate as a whole. 

If only two electron pairs were available to the four atoms, 

those electron pairs would, of course, occupy the lowest 

orbitals of this new set, and, thus, form a four-center 

bond. Rundle also pointed out that delocalized bonds are 

characterized by small metal-carbon-metal bond angles. 

Figure 1, which shows the results of Rundle's X-ray work (16) 

on the trimethylaluminum dimer, clearly illustrates this 

point. 

Only four works have been published since Rundle's 

on the theoretical interpretation of the carbon-lithium and 
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carbon-aluminum bonds. Two of the four papers {13, 25) in 

this group used only the simple LCAO-MO approximation of 

Hoffmann (14) • Golovanou and Piskanov's paper gave evidence 

for a large positive charge on the lithium atoms and an 

energy difference between the highest occupied orbital and 

the lowest unoccupied orbital of 2.5 e.v. On the contrary, 

Weiss and Lucken's calculations gave an energy value of 5 e.v. 

for the first electronic transition. The other two papers 

used the LCAO-MO-CNDO method of Pople and Segal (20). The 

paper by Cowley and White (5) involves calculations on both 

methyllithium and trimethylalurninum. The calculations in-

dicate substantial metal-metal bonding and increased carbon-

metal sigma bonding for the associated species of both these 

compounds. Cowley's treatment of methyllithium is more com-

plete than that of trimethylalurninum. In addition, he 

reported the methyllithium molecular orbital energy diagram. 

Using SCF type calculations, Cowley indicated an energy dif-

ference between the highest occupied orbital of the methyl-

lithium tetramer and its lowest unoccupied orbital of 

12.32 e.v. Using self-consistent charge calculations, on 

the other hand, he obtained a value of 3.1 e.v. for this 

transition. Cowley also noted that in the methyllithium 

tetramer the atomic charge on lithium is only +0.04. 



A charge of +0.53 was found for monomeric methyllithium. 

Peyton and Glaze (19), using similar CNDO calculations, 

reported the same trend with associated methyllithium, 

ethyllithium and vinyllithium. They also reported a sub-

stantial lithium-lithium bond order in the associated species. 

One of the more interesting aspects of these discussions 

is the inconsistency found in the electronic energy data. 

Some of the theoretical calculations predicted an absorption 

in the ultraviolet region for alkyllithium compounds and 

others did not. Unfortunately, the experimental investiga-

tion of the ultraviolet spectra of alkyllithiums and alkyl-

aluminums is in a similar situation. Some authors emphatically 

deny the fact that alkyllithiums absorb in the ultraviolet 

region (2, 24). Other authors have found evidence for such 

absorptions with considerable extinction coefficients (17, 

18, 22). In the first group, Waack (20) investigated the 

ultraviolet spectra of many lithium compounds in ether sol-

vents. He found only end absorption for alkyllithiums in 

ether solvent. However, he described these solutions as 

pale yellow.* Among those observing an ultraviolet spectrum, 

*Freshly prepared ether solutions of alkyllithium com-
pounds are water white. They turn yellow with time. This 
laboratory has found, as noted in a later section, a differ-
ence in reactivity between the clear and yellow solutions. 
Thus, it is possible that yellow solutions of alkyllithiums 
would give different spectra than the water-white solutions. 



Oliver (17, 1$) reported an absorption maximum occurring at 

about 220 millimicrons with an extinction coefficient on the 

order of 1 x 10 l/(cm mole). The spectrum.was obtained, 

using hexane as the solvent. Urwin and Reed (22), also re-

porting a spectrum for n-butyllithium, gave a much smaller 

extinction coefficient. In this case, benzene was used as 

the solvent. Also, the maximum absorption shifted from 

27$ millimicrons to 2£>2 millimicrons as the n-butyllithium 

concentration was increased. 

There have been no ultraviolet spectra reported for 

alkyaluminums, and, in general, it is thought that they do 

not absorb in this region (26). The most fundamental ques-

tions of this research problem are whether alkyllithiums and 

trialkylaluminums absorb ultraviolet light and whether upon 

the absorptions of light they undergo a chemical change. 

It is apparent that there have been only a few studies, 

and no thorough studies, on the UV absorption of alkyllithiums 

and trialkylaluminums. And, until the advent of the work 

described here, there have been no studies on the reaction 

of these compounds with ultraviolet light. However, there 

have-been two studies on the corresponding aryl compounds (S, 

23). Both of these were Communications to the Editor, con-

taining little experimental data. One of these studies 
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involved the photolysis of triphenylaluminum (S). Eisch 

reported that triphenylaluminum, irradiated with a mercury 

arc emitting mainly 2537 angstrom light, decomposed to give 

biphenyl, aluminum, and phenylaluminum hydrides. No mass 

balance was reported for the system. However, Eisch did add 

diphenylacetylene to the system during the photolysis in 

hopes of capturing a subvalent aluminum species. Obtaining 

cis-1,2-dideuteriostilbene as one of the products, on reac-

tion of the photolyzed system with deuterium oxide, encouraged 

Eisch to write the following mechanism as the main photolysis 

route for triphenylaluminum: 

C.HC C,HC C.HC 6 5 /6 5 /6 5 

A1 A1 H V CSRC - CRH • u6"5 6 5 

c6H5 C6H5 C6 h
5 

P 6H5 /°6h5 
/ 

H 5° 6 C 6H 5 C 6H 5ECC 6H 5 FL/ W 

\ / 
c=c 
\/ 
A1 

, / \ 
c6H5 c6H5 

C6H5 

D 2° H 5C 6 . C 6H 5 „ \ / 

c=c 
/ \ 



Since some monodeuteriobiphenyl was also found in the product 

mixture, the following minor mechanism was also proposed: 

H5C6 ^ 6 ^ 
G 6H 5 

/ ^ 
hir 

/ \ 

+ (C6H5)2A1H 

A1 Al' 

/ \ 

H5C6 

\ 
/ 

/ 
c6h5 C6 h

5 (c6h5)3ai 

^ (C6H5)2A1(C12H9) 

However, it should be noted that the above two reaction mech-

anisms ignored the substantial amount of trans-dideuteriostilbene 

and the cis- and trans-monodeuteriostilbene also formed in the 

reaction. The author gave no explanation for the formation 

of these products. 

The other system, studied by van Tamelen, involves the 

photolysis of phenyllithium (23). Using a high pressure mer-

cury arc for the photolysis, he reported that phenyllithium 

decomposed to biphenyl and lithium metal in SO per cent yield. 

Reporting no other data, except the fact that no biphenyl-

lithium was formed, he proposed the following reaction scheme: 

(^HfjLi) 2 h y Li + (C^H^—C^H^) Li 
.+ 

C6H5-C6H5 + Li 
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He presented no evidence, other than his own intuition, for 

supporting a radical anion intermediate. 

As can be derived from above, very little photolysis 

work on alkyllithium and alkylaluminum has been done. On 

the contrary, a great deal of experimentation on the pyroly-

sis of these compounds has been reported (9, 10, 12, 27). 

Because of the similarities and possible competition between 

thermo- and photo-reactions, a discussion of the pyrolysis 

of alkyllithium and alkylaluminum compounds becomes quite 

pertinent. Both alkyllithiums and alkylaluminums with 

ft-hydrogens decompose in basically the same way. Alkyllithi-

ums (1, 9) decompose thermally according to the following 

mechanism: 

R0C - CR } R C = CR0 + LiH 
| C 2 <c 

H Li 

However, in neopentyllithium, which has no /?-hydrogens, 

Glaze and Brewer (9) found self-metalation taking place: 

|H3 <jH3 

IN) H3C - C - CH2Li > (N-l) H3C - C - GH^ + C5H12_NLiH 

CHj CH 
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Although the thermal decomposition of alkylaluminums can be 

very complicated, depending on temperature and branching of 

the alkyl group (26), at moderate temperatures and using 

straight chain alkyls, the reaction gives a dialkyaluminum 

hydride and an olefin. In systems where there are no $ -

hydrogens such as in trimethylaluminum, metalation again 

occurs. The reaction eventually leads to. aluminum carbide 

in the case of trimethylaluminum. 

In this work, the photodecompositions of both a repre-

sentative alkyllithium oligomer, ethyllithium, and a repre-

sentative alkylaluminum oligomer, triethylaluminum, were 

undertaken to complement the thermodecomposition data and 

gain experimental evidence on the electronic structures of 

these types of compounds. 
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CHAPTER II 

EXPERIMENTAL SECTION 

Materials 

A study of the photochemistry of alkyllithiums and 

alkylaluminums poses a twofold experimental problem. First, 

since these compounds are extremely sensitive to moisture 

and oxygen, a great deal of care must be used in handling 

them. Whether neat or in solution, these compounds must 

be handled either In a vacuum or in an inert gas atmosphere. 

If they are used in solution, the solvent must first be 

dried thoroughly. The second major problem is one inherent 

to photochemistry. Photochemical systems are sensitive to 

small amounts of impurities that may act as either sensitizers 

or inhibitors. All solvents must be free of optical impuri-

ties that may absorb the Incident radiation in the region 

being used. It is also necessary that the glassware used 

in the photoreactions be free of material either on the 

surface or in the glass that may filter out some or all of 

the incident radiation. Thus, in the preparation and han-

dling of the materials discussed below, these restrictions 

were adhered to. 

14 
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Ethyllithium 

Ethyllithiurn was made in one-half mole quantities as 

needed from lithium sand and ethyl bromide in pentane solvent, 

The technique used has been described previously (1). The 

pentane solvent was pure grade n-pentane obtained from 

Phillips Petroleum Company. It was dried by prior distilla-

tion from lithium aluminum hydride and then stored over 

sodium metal in a pre-purified argon atmosphere until used. 

The ethyllithium formed was usually 93 per cent carbon-bound 

lithium. A description of the analytical technique used may 

be found in a later section. 

Triethylaluminum 

The triethylaluminum was purchased from Texas Alkyls 

Company in lecture size cylinders and used without further 

purification. Analysis of the cylinder contents showed 

6.2 per cent aluminum hydride, 1.1 per cent tributylaluminum 

and the remainder as triethylaluminum. 

Decane 

The decane used as a solvent in the photolysis reactions 

was purchased as 99 per cent pure grade from the Phillips 

Petroleum Company. An ultraviolet spectrum of the solvent, 

using a one-centimeter cell, showed a considerable absorbance 
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(0.3) at 2537 angstroms. The solvent was stirred with hot 

sulfuric acid for several hours, washed with a sodium car-

bonate solution, and then washed with distilled water until 

the pH value of the wash water was neutral. The decane was 

then distilled over lithium aluminum hydride into a four-

foot column of silica gel. The decane from the silca gel 

column was then stored over sodium or molecular sieve in an 

argon or helium atmosphere until used. An ultraviolet 

spectrum of this purified decane showed a much lower absorb-

ance (0.03) at 2537 angstroms. However, the procedure did 

not produce consistently pure decane, and only very rarely 

was it optically pure. 

The purified decane was also analyzed by gas liquid 

chromatography. A twenty-foot, one-fourth-inch stainless 

steel column packed with 20 per cent SE-30 on Chromosorb G 

was used. The analysis was carried out at ISO degrees 

centigrade. The chromatograph used was an Aerograph A-350B 

dual column model with thermal conductivity detectors. 

Helium was used as the carrier gas. 

Isooctane 

The isooctane used as a solvent in the photolysis work 

was purchased as spectro grade 2,2,4-trimethylpentane from 

Eastman Organic Chemicals. Its ultraviolet spectrum. 
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apparently was free from absorption in the 2537 angstrom 

region. It was dried by distillation from lithium aluminum 

hydride and stored over molecular sieve in a helium atmos-

phere until needed. 

The distilled isooctane was analyzed by gas liquid 

chromatography. The SE-30 column, described in the decane 

section, was used. However, the chromatograph used was a 

Varian Aerograph Model 200. Helium was still used as the 

carrier gas, but the detectors were hydrogen flame detectors. 

The analysis was carried out with an oven temperature of 

150 degrees centigrade and a detector temperature of 230 

degrees centigrade. 

Cyclohexane 

Spectro grade cyclohexane was purchased from Eastman 

Organic Chemicals. It was distilled and stored as described 

for the isooctane and was used as a solvent in some of the 

photochemical studies. A gas liquid chromatographic analysis 

of the cyclohexane was carried out as described in the iso-

octane section. 

Benzene 

Benzene was of spectro grade quality purchased from 

Eastman Organic Chemicals. It was distilled from LiAlH, 
4 
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and stored, as previously described, before it was used. It 

was also analyzed chroraatographically as previously described, 

Cyclohexane-d^2 

Perdeuteriocyclohexane was purchased in sealed 5 gram 

ampoules from the Stohler Isotope Chemical Company. The 

chemical was used as received without further purification. 

Benzene-d 6 

Perdeuteriobenzene used as a solvent in the photolysis 

work was obtained from Stohler Isotope Chemical Company and 

Merck, Sharp and Dohme Ltd. It was bought in either 5 or 

10 gram sealed ampoules and used without further purification, 

Experimental Methods and Techniques Used in 
the Analysis of the Chemical 

Reactants and Products 

Analysis of Ethyllithium 

The ethyllithium solutions were analyzed, before and 

after the photolysis, by a modification of the Gilman double 

titration method (7). This method is used to determine the 

total amount of lithium present in the solution as well as 

the concentration of carbon-bound lithium in the solution. 

Since this method requires two different titrations for each 

analysis, four aliquots of the ethyllithium solution were 
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generally used for each determination and the values obtained 

were averaged. 

In addition, the ethyllithium solutions were hydrolyzed 

on a vacuum line before and after the photolysis. The 

general reaction is 

RLi + HOH => RH + LiOH 

The reaction was carried out using a tube-shaped reac-

tion vessel that contained the ethyllithium solution. It 

was closed to the environment via a stopcock. Above the 

stopcock were two outer standard tapered joints, A 24/40 

standard tapered joint was in line with the reaction tube. 

The other, a 14/35 standard tapered joint, was at a 45 degree 

angle to the first. The 24/40 joint was connected to a 

vacuum system via an inner Asco 0-ring joint. An "L,r-shaped 

tube, containing about one milliliter of water was connected 

to the 14/35 joint via a 14/35 inner joint. The L-shaped 

tube was connected in its upside-down position. Both the 

water and the ethyllithium solution were frozen with liquid 

nitrogen. The entire system was then evacuated. The tube 

containing the water was turned to Its upright position and 

allowed to thaw. After the water had run down into the tube 

containing the ethyllithium solution, that tube was also 

allowed to thaw slowly. The gas produced from the reaction 
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of the water with the sample was measured in the vacuum 

system. Since the volume of the sample was known, quantita-

tive calculations could be made. The gas was then analyzed 

by gas liquid chromatography to determine the nature of the 

gas. Six-feet, one-quarter-inch diameter Poropac Q and 

Poropac S gas chromatograph columns were used to separate 

and characterize the gas. A column temperature of 30 degrees 

centigrade was used to separate the lower molecular weight 

hydrocarbon gases. However, due to the extremely long re-

tention times of the higher molecular weight gases at 

30 degrees centigrade, the analysis of these gases was con-

ducted at a column temperature of 157 degrees centigrade. 

The chromatograph used was an Aerograph dual column model 

equipped with thermal conductivity detector. The character-

ization was accomplished by comparison of retention times 

of various standards on the two different columns. 

The computation of the composition or relative percent-

age of the gases formed was accomplished by measuring their 

various peak areas. The areas were obtained by multiplying 

the width of the peak at one-half its height by the height 

of the peak. These areas were then divided by a response 

factor (4)• The response factor allowed the resulting 

adjusted areas of the peaks to be equated to mole per cent. 
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Analysis of Lithium Hydride 

The lithium hydride which was formed along with some 

lithium metal in the photolysis of ethyllithium was filtered 

from the solution, using a Millipore filter system. The 

resulting solid was transferred to a reaction vessel with 

a mercury pool. This was then connected to a vacuum system 

and evacuated while heating to about 100 degrees centigrade. 

After one hour, the mixture was heated to the boiling point 

of mercury as prescribed in the method of Frazer et al. (5). 

The heating was continued for one-half hour. According to 

Frazer et al., lithium hydride reacts with mercury metal to 

form hydrogen gas and lithium amalgam. The gas formed was 

collected and measured. It was then analyzed using a ten-

foot, one-eighth-inch molecular sieve column packed with 

Linde 60-30 mesh 5~A molecular sieve. The gas was then 

analyzed with a Poropac Q column. Both chromatographic 

analyses were carried out at room temperature on an Aerograph 

dual column chromatograph equipped with a thermal conduc-

tivity detector. Helium was used as the carrier gas. The 

detection sensitivity for hydrogen is very low using helium 

as the carrier gas. It was thus very difficult to quantitate 

by gas chromatography the relative amount of hydrogen present, 
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The method was used solely as a qualitative analytical 

technique. 

The lithium hydride-lithium mixture was also reacted 

with deuterium oxide: 

LiH + D20 » LiOD + HD ; Li + DgO > + L i 0 D 

The technique was the same as used for the ethyllithium 

hydrolysis. The gas formed was analyzed by Texas Instru-

ments Inc. for H^, HD, and Dg. The basic solution formed in 

the reaction was titrated with standard hydrochloric acid to 

determine the total amount of base. 

Analysis of Triethylaluminum 

The triethylaluminum solutions were analyzed in two 

ways. Atomic absorption was used to determine the amount of 

aluminum present. Standard solutions were made by diluting 

a standard one thousand parts per million solution. The 

one thousand parts per million solution was made up using 

distilled water, aluminum wire, hydrochloric acid, and a 

drop of mercury which acted as a catalyst. A standard curve 

was obtained using 40, BO, 120, and 160 parts per million 

solutions. The solution to be analyzed was approximately 

20 per cent; thus, it was diluted by a factor of one thousand 

in order to reach the calibration range. The second method 
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used was the hydrolysis reaction 

R3A1 + 3H20 > 3RH + A1(0H)3 

The experimental technique used was the same as previously 

described in the ethyllithium section. The gases were col-

lected and measured on a vacuum line. The hydrocarbon gases 

were analyzed by gas liquid chromatography as presented in 

the section on ethyllithium. 

Analysis of Ethylaluminum Hydride 

The hydride content of the triethylaluminum solutions 

before and after photolysis was determined by both a spectro-

photometric technique and a hydrolysis reaction. The spectro-

photometry technique (8) was based on the reactions 

AIR^ + R M benzene ^ clear complex 

HAIR2 + 2 Q Q l benzene .. red complex 

In an inert atmosphere, 200 milliliters of a 2 per cent 

isoquinoline solution in benzene were transferred to a flask. 

To this was added 0.3 milliliters of the triethylaluminum 

solution to be analyzed. The reacting solution was sxvirled 

and allowed to stand for a short period of time. It was 

then transferred to a 1 centimeter quartz cell with a Teflon 

stopper. The cell was removed from the inert atmosphere, 
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and the absorbance of the solution was measured at 460 milli-

microns on a Cary 14 recording spectrophotometer. The 

hydrolysis method used is the same as that given in detail 

in the etbyllithium section of this chapter. The reaction 

in this particular case is as follows: 

%- nAlH n + D20 > (3-n)RD + (n)HD + A1(0D) 3 

The gas was analyzed by Texas Instruments, Inc., for Hg, HD, 

and D2. In this reaction, where both hydrogen and hydrocarbon 

gases were formed, the gases had to be separated for measure-

ment and analysis. This was accomplished by transferring the 

gases through four U-traps cooled with liquid nitrogen. The 

transfer was accomplished using a Toeppler pump. After the 

noncondensable gases had been measured and analyzed, they 

were pumped off. Then the liquid nitrogen was removed, and 

the remaining gases were allowed to melt. They were then 

transferred to the manometer system, measured and analyzed. 

Both mass spectrometry and gas liquid chromatography were 

used to analyze the gases. 

It should be noted that the spectrophotometric method 

and the hydrolysis method gave differing results. The 

spectrophotometric data generally gave poorer results than 

did the hydrolysis. The reason for the discrepancy is not 
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yet completely understood (3)- The spectrophotometric 

method consistently gave yields greater than 100 per cent. 

Analysis of Branched Decanes 

To analyze for and to characterize small amounts of 

highly branched decanes in isooctarxe solvent was a difficult 

task. Because of similarities in boiling points and struc-

tures, this type of homologus series is very difficult to 

separate and characterize. However, using a gas liquid 

chromatograph in connection with a high resolution mass 

spectrometer, the characterization can be greatly simplified. 

Thus, such a combination was used to analyze for the branched 

decanes. The chromatograph used was a Varian Aerograph 

Model 200. This chromatograph was equipped with hydrogen 

flame detectors. The high resolution mass spectrometer used 

was a Hitachi RMU-7 and was interfaced to the gas chromato-

graph by way of a Biemann Separator. The column employed to 

separate branched decanes was packed with 20 per cent SE-30 

on Aeropak. The column was one-fourth inch in diameter and 

twenty feet long. The samples to be analyzed were eluted 

at 150 degrees centigrade. SE-30 chromatograph columns 

separate alkanes according to the.ir boiling points. Thus, 

by using a calibration curve of boiling points versus re-

tention times, a rough estimate of the boiling points of each 
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eluted compound was made. After being eluted through the 

column,., the separated compounds were diverted to flow through 

the mass spectrometer. From the mass spectra of these com-

pounds, their molecular weights and cracking patterns were 

obtained. A quantitative determination of mole per cent of 

each compound was made by measuring its peak area on the 

chromatogram. Hydrogen flame detectors give a response 

proportional to the number of moles present for alkanes (4). 

Therefore, the peak areas, which were again obtained by 

multiplying the half-width by the height, did not need to be 

adjusted. The mole per cent was directly calculable from a 

comparison of the peak areas. 

Bis( diethylalumi.no) ethane 

Due to the unusual structure of this species, three 

different methods of analysis were used. Two of the methods, 

oxidation and deuteriolysis, were used by Wilke and Muller 

(9> 10) to characterize similar bis(dibutylalumino)hexane 

which was formed by adding two moles of dibutylaluminum 

hydride to 1-hexyne: 

(nBu)9A1 

I 
2(n-Bu)2AlH + CH^ ( CH2 J^CECH > CH^CH^-CH 

(nBu)gAl 
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They reacted this product with D20. The corresponding 

dideuteriohexane was analyzed using a mass spectrometer. 

It was not clear from the data published whether 1,1-di-

deuteriohexane was distinguishable from 1,2-dideuteriohexane. 

Wilke and Miiller also used oxidation to characterize these 

bis-aluminum compounds. Oxidation of bis(dibutylalumino)-

butane followed by hydrolysis gave butanal as the final 

product according to the following equation: 

Al(nBu)2 " OH 

O H 3 ( C H 2 ) 2 - C H ° G 0 > C H 3 ( C H Z ) 2 - C H 

Al(nBu) 2 OH 

C H 3 ( C H 2 ) 2 - C H O 

Bis (diethylalumi.no) ethane was expected to give reaction 

products analogous to those found by Wilke and Miiller in 

their work. The deuterolysis of solutions that possibly 

contained bis(diethylalumino)ethane was carried out using 

the techniques described in the ethyllithium section. A 

Hitachi RMU-7 mass spectrometer was employed for the analysis 

of the gas formed. Table I shows the fragments that could 

give a mass peak of thirty-two. The table also shows mass 

difference between these species and oxygen. Thus, it was 
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TABLE I 

THE MASS OF IONS HAVING A MASS OF ABOUT 32 

Ions Mass Mass Difference 
from O2 

1 3 C H 3 C H 2 D 3 2 . 0 5 6 5 3 0 6 . 0 . 0 6 6 7 

C H 3 C H D 2 3 2 . 0 5 9 5 0 2 $ . 0 6 9 7 

C H 4 ° 3 2 . 0 2 5 2 1 2 5 . 0 3 5 

° 2 3 1 . 9 8 9 3 2 8 2 . 0 0 

N 0 H 2 3 2 . 0 1 3 6 3 7 1 . 0 2 4 

N 2 H 4 3 2 . 0 3 7 4 4 6 0 . 0 4 7 6 

possible to analyze for dideuterioethane on the high resolu-

tion mass spectrometer since the spectrometer had a resolution 

of 1 in 20,000. It is not possible to distinguish between 

1,1-dideuterioethane and 1,2-dideuterioethane from the mass 

spectrogram. The reason is that the expected amount of 

dideuterioethane would only be about 3 per cent of the gas. 

The remainder would be monodeuterioethane. The detection of 

the CDgH from C2H^D2 fragment would be necessary to distin-

guish between the CH^CD2H and CH2DC2D. The size of the 

CD2H peak is an order of magnitude less than the molecular 

ion peak. In addition to the complication of trying to 
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detect a peak that had a relative abundance of 0.1 per cent, 

13 

the mass of the CDH2 ion is too close to' that of the CDgH 

ion for good resolution. 

Oxidation can be used to distinguish between 

(02^)^1 2^HCH^ and (CpH^ ) 2AlCHpCHpAl( 02^ ) 2 • Oxidation 

of the former followed by hydrolysis would be expected to 

give ethanal. The corresponding reaction with the latter 

would give ethylene glycol. 

Oxidation was carried out by exposing a small aliquot 

of triethylaluminum solution to the atmosphere. A drying 

tube containing Linde molecular sieve 4A was connected to 

the opening of the aliquot flask, allowing only dry air to 

come in contact with the solution. The system was allowed 

to react with the atmosphere for twenty-four hours. After 

this time, most but not all of the triethylaluminum had 

reacted. The reaction mixture was then cooled in an ice 

water bath. To this cooled mixture was added a small amount 

of water. The water mixture was then stoppered with a septum 

and put in a refrigerator. The water mixture was analyzed 

with a Varian Aerograph model 200 with hydrogen flame de-

tectors. The column used to separate the components in the 

water consisted of six feet of one-fourth-inch aluminum 

tubing packed with Poropac Q. To separate acetaldehyde from 
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ethanol a temperature of 125 degrees centigrade was used. 

A column temperature of 200 degrees centigrade was used in 

analyzing ethanol-butanol-ethylene glycol mixtures. The 

retention times of the peaks in the water mixture were com-

pared with retention times of known compounds to identify 

the unknown peaks. 

The final method used to analyze for bis(diethylalumino)-

ethane was chlorination. Chlorine reacts with organoaluminum 

compounds to form aluminum chlorides and chloroalkanes. Bis-

(diethylalumirio) ethane is expected, therefore, to react with 

chlorine to give either 1,1- or 1,2-dichloroethane. 

The chlorination was carried out. in 250-millimeter, 

3~neck, round-bottom flask. A glass'stirring rod with a 

nichrome wire stirring blade was connected through the center 

neck using an Asco Teflon Stirring Gland. A stopcock adapter 

was fitted, via a standard tapered ground joint, to one of 

the outside necks. The adapter was used to allow the argon 

purge gas to enter the reaction vessel. A mineral oil bubbler 

was attached to the purge system to allow the pressure of 

the system to be kept slightly higher than atmospheric pres-

sure. In the third neck was placed a dropping funnel with 

the alkylaluminum solution to be analyzed. The alkylaluminum 

in isooctane solution was added to the dropping funnel in a 
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dry box. The dropping funnel had a stopcock in its side arm 

to prevent air from entering when the funnel was removed 

from the dry box. The 250-milliliter flask was immersed in 

a dry-ice-acetone bath. Before the dropping funnel was added, 

a solvent was added to the flask. Several different solvents 

were tried, including 1,2-dichlorobenzene, pentane, and iso-

octane. Chlorine gas was then bubbled into the solvent by 

way of a fritted tube. When the solvent looked a deep 

yellow-green, the chlorine bubbler was removed and the drop-

ping funnel attached. The stirrer was started at a slow 

speed, and the triethylaluminum photolysis product was added 

dropwise over the period of one hour. After the addition 

was completed, the reaction flask was allowed to slowly warm 

up to ice-water temperature. During this time, vigorous 

stirring was used. If a dense, dark-red layer settled out 

after the stirring was stopped, the reaction had gone to 

completion. Further addition of chlorine gave no change in 

products. If at the end of the reaction the solution was 

light yellow-green, additional chlorine gas had to be bubbled 

directly into the reaction mixture while purging with argon 

to produce the red layer. The yellow-green solution reacts 

with additional chlorine to give a different product distri-

bution. After the "red bottom" has settled out, a sample of 
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the clear solution above this layer was withdrawn with a 

syringe and analyzed. The analysis was carried out using 

gas liquid chromatography. A 20-foot column packed with 

20 per cent SE-30 on Chromosorb G was used to separate the 

various chlorinated species. The chromatograph used was a 

Varian Aerograph Model 200 equipped with hydrogen flame 

detectors. The column temperature was maintained at 60 de-

grees centigrade. The "red bottom" layer was also analyzed 

under the same conditions. The peaks were identified by 

comparing their retention times with standard samples. To 

insure that possible volatile products such as ethyl chloride 

would not escape during the analysis, the sampling syringe 

was chilled in a refrigerator. The reaction vessel was kept 

in an ice water bath. 

Analysis of Gases Produced from the 
Photolysis of Ethyllithium and the 
Photolysis of Triethylaluminum 

The gases formed from the photolysis experiments were 

separated into two groups. One group consisted of the gases 

that are noncondensable in liquid nitrogen. The other group 

contained all of the gases that were condensable in liquid 

nitrogen. These two groups were separated by circulating all 

of the gases through four 60~milliliter U-traps. Those gases 

that did not condense out were transferred to a manometer 
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section of the vacuum system of known volume. The circula-

tion and transfer were accomplished utilizing a Toeppler 

pump. The pressure and volume of the noncondensable gas 

was noted, and a sample of the gas withdrawn by way of a 

septum. The noncondensable gas was analyzed with an Aero-

graph dual column chromatograph. A thermal conductivity 

system was used in the chromatograph. A molecular sieve 

column described in the ethylaluminum hydride section was 

used to characterize the gas. At room temperature hydrogen, 

nitrogen, oxygen, carbon dioxide, and methane could be easily 

separated. A Poropac Q column was also used to analyze the 

gas. Its main use was to see if any of the condensable gas 

products were carried over with the rioncondensables. Analy-

sis on the Poropac Q column was conducted at room temperature. 

After the noncondensable gas was analyzed it was pumped off. 

The liquid nitrogen was removed from around the traps, and 

the condensable gas was transferred to the manometer part 

of the vacuum line. The gases were separated and character-

ized using both Poropac Q and Poropac S packed columns. A 

20 per cent SE-30 column was also utilized. The condensable 

gases were also qualitatively characterized using infrared 

spectroscopy. The gases were transferred from the vacuum 

system to an evacuated 10-centimeter pathlength infrared 
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cell. A Perkin-Elmer 621-grating spectrophotometer was 

employed to record the spectra. In addition to the two 

methods mentioned, the gases from photolysis experiments 

using deuterated solvents were characterized by mass spec-

trometery. A Hitachi high-resolution mass spectrometer was 

used. Both cracking patterns and the molecular ion peaks 

were utilized in determining the nature of the gases. Low-

voltage scans with the instrument were effectively used to 

determine the molecular ions. The molecular ion peak heights 

were measured to obtain the percentage of the deuterated 

species relative to its nondeuterated counterpart. The peak 

heights wer.e corrected for the carbon-13 contribution. 

Diethyl Mercury 

Atomic absorption was used to quantitatively determine 

the concentration of mercury in the photolysis systems. A 

Perkin-Elmer Model 303 atomic absorption spectrophotometer 

was the instrument used in the analysis. The photoreaction 

solutions containing mercury in benzene solvent were reacted 

with bromine. Benzene interferes with the mercury test 

since it absorbs strongly in the 250 millimicron range. A 

bromine-carbon tetrachloride solution was added to the photo-

reacted solution. This converted hydrocarbon soluble 

organomercury compounds into insoluble inorganic mercury 
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compounds. The mixture was filtered and the solid dissolved 

2 

in enough distilled water to reach the 10 parts per million 

range. Its absorption was then measured and compared with a 

absorbance-concentration curve. The curve was obtained by-

plotting the absorbance of standard samples. If isooctane 

were used as the solvent in the photolysis, then the absorb-

ance of the mercury could be determined directly from the 

organic solvent. Atomic absorption is more sensitive to 

measurements made in organic solvents (6). Thus, some error 

will result when comparing this absorbance to that of stand-

ards prepared in aqueous solutions. 

Experimental Techniques, Equipment, 
and Procedures Used in the 
Photolysis Experiments 

The procedures, techniques, and equipment described 

here will deal mainly with the photochemical aspect of the 

research. The handling of and techniques of working with 

organometallics have been adequately discussed elsewhere 

(1, 7, 8). 

Photoreactor 

The light source used in the photolysis experiments was 

a Rayonet Photochemical Chamber Reactor, Model RP-100. It 

consisted of a circular bank of low-pressure mercury resonance 
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lamps. There are a total of sixteen lamps in the reactor. 

They emit approximately 1.65 x 10^ photons/sec/cm-^ of 

2537 angstrom light. This amounts to 85 per cent of all 

the light emitted. The photoreactor is equipped with a fan 

that maintained interior reactor temperature at approximately 

45 degrees centigrade. The reactor was mounted under a glass 

vacuum line system. A lab jack was used underneath the 

reactor to allow vertical movement of the reactor. 

Glass Vacuum Line System 

' The glass vacuum system used in the photolysis studies 

is shown in Figure 2. All of the stopcocks in the system, 

represented in the figure by dark circles, were Delmar-Urry 

needle valve stopcocks except stopcock a which was a three-

way glass stopcock. The traps, j, 1, m, and p each had a 

volume of approximately sixty milliliters. Joints r and v 

were Asco standard tapered 19/38 ground glass, 0-ring inner 

joints. The Toeppler pump h had a pumping volume of 500 

milliliters. The mercury manometer i. had a meter stick 

mounted in its center to read absolute pressures. A Welch 

Duo Seal Model 1402 vacuum pump was connected at z. The 

manometer volume bounded by stopcock d, a, and float valve 

f was calibrated as a function of pressure. This was nec-

essary since the volume changed as the manometer level 
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changed. The volume of bulb b was also determined. Volume 

c consisted of a 24/40, standard tapered, ground glass outer 

joint fitted with a septum stopper and a small glass tube, 

closed with a glass stopcock, that extended behind _c and is 

not shown in the drawing. The calibration of volume _c was 

accomplished by evacuating it and then filling it with water. 

The volume of water necessary to fill the space was taken as 

the volume of c. The manometer volume bounded by a, d, and 

f, was calibrated utilizing the ideal gas law. A flask of 

a known volume, filled with air at atmospheric pressure, was 

attached at c where the septum stopper had been located. 

The manometer section was evacuated. Stopcock a was turned 

to allow the gas from the flask to expand into the evacuated 

volume. The pressure of this system was measured. Then 

stopcock a was turned to allow the gas to expand into area b 

also. The pressure was again measured. This procedure was 

repeated several times. Each time a different size flask 

was utilized at c. The volumes of the flasks were measured 

with water. The results of these pressure-volume measure-

ments are shown in Table II. 

The vacuum line system was used for distillations, 

fractionations, and collection and measurement of gases. 

Most of these operations involved the same procedure. 
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TABLE II 

THE CALIBRATION OF THE VACUUM LINE SYSTEM 

Volume of 
Flask 
Plus 

Volume of 
c 

Atmos-
pheric 
Pressure 

Pressure 
in Mano-
meter 
System 

Pressure 
in Mano-
meter 
System 
Plus 
Volume b 

Volume 
of Mano-
meter 
System 

Volume 
of Mano-
meter 
System 
Plus 
Volume b 

2 9 . 6 ml 7 4 . 4 c m Hg 2 5 . 9 c m Hg 20 .6cm Hg 5 4 - 3 ml 7 6 . 3 ml 

64 .6 7 5 - 3 4 0 . 0 3 4 . 7 5 7 . 3 7 7 - 5 

1 0 g . 0 7 5 . 3 4 3 . 2 4 2 . 7 5 3 . 9 3 0 . 0 

1 5 3 . 6 7 4 . 4 5 4 - 0 4 9 . 1 6 0 . 3 8 1 . 0 

17S . 6 7 4 . 4 5 5 . 4 5 0 . 6 6 1 . 4 8 3 . 4 

Each of the numbers in the table represent an average 
of two data points. 

Distillation of liquids was accomplished utilizing the small 

vacuum manifold with openings u, v, and w. Gases were col-

lected and fractionated utilizing U-traps _j, 1, m, and p. 

Gases which were noncondensable in liquid nitrogen were 

initially separated from the condensable gases. This was 

accomplished by leaving the stopcocks on the U-traps and 

stopcock d, g, and e open. Then by operation of the Toeppler 

pump all of the gases were circulated through the U-traps 

submerged in liquid nitrogen. Stopcock d was then closed 
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and the gases transferred to the manometer section of the 

system. Stopcock o was then closed. Except for the fact 

that stopcock o was left closed, the same procedure was 

used to transfer and fractionate the condensable gases. In 

place of the liquid nitrogen baths, other cold baths were 

used. The baths, other than liquid nitrogen, commonly used 

were ice water, ice-salt, dry ice-acetone, and toluene slush 

baths. 

The Experimental Procedures Used in 
the Photolysis of Ethyllithium 

and Triethylaluminum 

The procedure used for both ethyllithium and triethyl-

aluminum was basically the same. In a dry box with a helium 

atmosphere, a known amount of organometallic solution was 

transferred via a pipette to a quartz reaction vessel. The 

vessel was either a 200-milliliter flask, 100-milliliter 

flask, or a small quartz tube. All of the vessels had an 

outside 19/3$ standard tapered ground joint. An adapter 

consisting of an inner 19/3$ standard tapered 0-ring ground 

glass joint, a Delmar-Urry stopcock, and an outer 19/38 joint 

was connected to the reaction vessel. The adapter and vessel 

were then clamped together using a Manostat standard tapered 

joint clamp. The reaction system was then taken from the 

dry box and connected to the vacuum line at r in Figure 2. 
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The vacuum line and the adapter, up to the adapter's valve, 

was evacuated. Py-Seal was melted around the vacuum line-

adapter connection. The system was checked for leaks by 

watching for a change in pressure on the manometer over a 

period of about two hours. The adapter valve was then opened 

allowing the helium gas in the reaction vessel to expand. 

The gas was allowed to expand into only a small area of the 

vacuum system which included part of the main manifold 

bounded by valves _t, y, k, and U-trap p. A Dewar flask 

filled with liquid nitrogen was brought up around the U-trap. 

The helium exerted a small initial pressure in the system 

which helped prevent the solvent from distilling into the 

U-trap. Small chunks of dry ice were placed in the bottom 

of the photoreactor to maintain its temperature below the 

normal 45 degree centigrade operating temperature. The 

photoreactor was then raised around the quartz reaction 

vessel. The lights were turned on and allowed to come to 

their full intensity before the fan was turned on, since 

mercury lamps that are very cool have a much lower efficiency 

and it is difficult to cause the lamp to arc (2). Dry ice 

was kept in the photoreactor and liquid nitrogen was kept 

around the trap until the photolysis was over. At the end 

of the photolysis time, the lights were turned off and the 
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valve on the adapter on the reaction flask closed. The 

gases formed were then transferred and analyzed. Blank 

runs were also made using exactly the same procedure except 

that the quartz reaction vessel was wrapped in black elec-

trians tape. 

Experimental Techniques Used in the 
Ultraviolet Spectrum Study 

of Ethyllithium and 
Trie thy la lumi num. 

A saturated solution of ethyllithium in isooctane was 

obtained by putting a large excess of solid ethyllithium in 

some isooctane and allowing the mixture to stand for several 

hours. The ethyllithium used was made the day before. A 

Gilman titration showed it to be 95 per cent carbon-bound 

lithium. The isooctane was spectro grade and was recently 

distilled over lithium aluminum hydride. The saturated 

solution, which was about 0.12 normal, was diluted by a 

factor of ten, one hundred, and one thousand. These solu-

tions as well as the original solution were water white. 

Aliquots of these solutions were transferred inside the dry 

box to a one-centimeter quartz cell. The cell was closed 

with a Teflon plug. Some of the isooctane solvent used to 

make up the solutions was added to a matching cell. The 

spectra were recorded on a Cary 14 recording spectrophotometer. 
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The Teflon plug was then removed. After a prolonged ex-

posure to the air, the spectrum of the solution was rerun. 

Ultraviolet Spectra of Triethylaluminum 

Solutions of the approximate desired concentrations of 

triethylaluminum in isooctane were prepared on a vacuum line. 

The triethylaluminum as received from the cylinder was dis-

tilled into the mixing vessel. The mixing vessel used is 

shown in Figure 3. It was attached to the vacuum line via 

a 24/40 Asco 0-ring standard tapered joint a. The distilla-

tion, was accomplished at room temperature by putting a 

liquid nitrogen bath around the mixing vessel and pulling a 

vacuum through the vessel at stopcock b. Isooctane solvent 

was then distilled into the mixing vessel. The solvent and 

triethylaluminum were thoroughly mixed in the vessel and 

then transferred to a one-centimeter quartz cell c. The 

quartz cell was connected directly to the mixing vessel. 

The spectra was recorded on a Cary 14 recording spectrophoto-

meter using a centimeter quartz cell filled with isooctane 

in the reference beam. The triethylaluminum solution was 

then exposed to the air. After several hours of exposure, 

the spectrum of the solution was again recorded. 
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• CHAPTER III 

RESULTS AND DISCUSSION 

The Ultraviolet Spectrum 
of Ethyllithium 

The ultraviolet absorption spectrum of ethyllithium is 

shown in Figure 4* It consists of a broad band beginning at 

about 300 millimicrons with an absorption maximum at about 

209 millimicrons. The extinction coefficient at this point 

is 2.0 x 10^ l/(mole cm}. The extinction coefficient of 

ethyllithium at 253 millimicrons is 3.$ x 10^ l/(mole cm). 

The absorption at 253 millimicrons obeyed the Beer-Lambert 

law. When the solution in the spectrometer was exposed to 

the air, the absorption decreased and finally disappeared. 

Because the absorption at 253 millimicrons followed the 

Beer-Lambert law and because this absorption disappeared 

when the ethyllithium solution was exposed to the air, the 

absorption band shown in Figure 4 is attributed to ethyl-

lithium. However, it should be noted that the ethyllithium 

used was 95 per cent carbon-bound lithium. This means that 

the solution also contained small amounts of alkoxide. The 

effect of the alkoxide on the spectrum is not known. Thorough 

1 £ 
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study on the ultraviolet spectrum of ethyllithium and, in 

fact, on all alkyllithiums would be very interesting. However, 

the purpose of the ultraviolet spectrum reported here is 

mainly to show that ethyllithium does absorb ultraviolet 

radiation and thus makes a study of ethyllithium photochemistry 

conceivable. 

The extinction coefficient found for the absorption 

maximum of ethyllithium is in good agreement with that found 

by Oliver (7) for alkyllithiums. However, the spectrum shown 
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in Figure 4 is in disagreement with the data reported by 

Waack (10). From his work he found only end absorption in 

the ultraviolet region for alkyllithiums in -ether solvent. 

Since it is still not clear what effect solvent plays in the 

absorption of these compounds, Waack's studies should not be 

used to infer that alkyllithiums in alkane solvents do not 

absorb ultraviolet light. From the theoretical studies of 

alkyllithiums, it is apparent that their association is the 

major reason they absorb in the ultraviolet region. Alkyl-

lithiums are often less associated in ether solvents than 

they are in alkane solvents which may explain the discrepancy 

between the spectra taken in the two different solvents (11). 

Also, Waack's work was done with pale yellow solutions. 

Freshly prepared alkyllithium solutions, however, are water 

white. They turn yellow with time. The cause of the yellow 

color is unknown and may have an effect on the spectra. It 

is quite evident that a careful and thorough study of the 

ultraviolet absorption characteristics of alkyllithiums 

should be undertaken. 

The Photolysis of Ethyllithium 

The results of the photolysis of ethyllithium are shown 

in Table III. As indicated, the photolysis time was usually 

about seven hours. It was normally necessary to run the 
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reactions this long in order to produce millimole quantities 

of gas. The number of moles of ethyllithium exposed to the 

light during a photolysis run was approximately 6 x lO-^ moles. 

Thus, for a seven hour period the overall yield was on the 

order of 10 per cent. As Table III indicates, the hydrocarbon 

gas formed from the photolysis of ethyllithium in optically 

pure solvents was primarily ethylene. The only other hydro-

carbon gas produced was ethane. It is important to note that 

no butane was formed. Van Tamelen in his work on the photoly-

sis of aryllithiums found only coupling of 'the aryl moieties. 

The absence of coupling product in the ethyllithium work means 

that the mechanism proposed by van Tamelen (9) for aryllithium 

systems (cf. Chapter I) is not operative for alkyllithium 

systems. The lack of butane and the large amount of ethylene 

formed indicates that a simple free radical pathway is not the 

predominate reaction pathway. However, the small amount of 

ethane formed could result from a secondary mechanism involving 

free radicals. Since free radicals formed In hydrocarbon 

solvents generally abstract hydrogen from the solvent, the 

ethane produced could result from the following reactions: 

C2H5Li -Jajc—» C2H5Li* 

C2H5Li* > c2h5' + L i 

C2H5- + HS » C2H6 + S-
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To determine if this mechanism was responsible for the ethane 

formation, the photolysis of ethyllithium was carried out 

using cyclohexane-d]_2 as the solvent. The mass spectrum of 

the product gases showed only a small percentage (<C 10$) of 

the ethane to be CgH^D. Thus, the ethane formed was not from 

the reaction of an ethyl radical with solvent. The only other 

source of hydrogen atoms in the system is ethyllithium. Thus, 

the ethane must be formed by an internal hydrogen abstraction 

process involving a caged or bound radical. A mechanism 

that would explain the results is as follows: 

(C2H5Li)n hv- > ( c 2 H 5 L i ) n * 

(C2H5Li)n* > •C2H5(C2H5Li)n_1 + Li 

'c2H5(C2H5Li)n-l > c2h6 + C2H4. + <c2H5Li)n~2 + Li 

The unusual idea of a bound radical is not without precedent. 

D'yachkovskii et al. (3) proposed a bound radical intermediate 

in their work on the reaction of ethyllithium with triphenyl-

methyl chloride. A substantial amount of ethane and ethylene 

was produced in this reaction, and, similar to the ethyl-

lithium photolysis, no butane was formed. Moreover, when 

the ethyllitbium-triphenylmethyl chloride reaction was run 

in perdeuterio-solvents, very little C2H5D was found. ESR 

indicated the presence of triphenylmethyl radicals in the 
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reaction. Thus, DTyachkovskii _et al. proposed an initial 

reaction as follows: 

(C6H5)3CC1 + (C2H5Li)n- > (c6H5)5C' + L i C 1 + *c2H5(c2H5Li)n-l 

The bound radical, 'CgH^CgH^Li)^-]^ then decomposed to give 

ethane and ethylene. 

Although internal disproportionation of a bound radical 

explains the ethane produced in the photolysis, such a 

mechanism cannot account for the large amount of ethylene 

formed. A blank experiment showed no thermal decomposition 

taking place; thus, the ethylene was not being formed from 

a competitive thermal reaction. However, the ethylene could 

be formed from a photochemical decomposition similar to the 

thermal reaction. The photoelimination of lithium hydride 

from ethyllithium would lead to ethylene and lithium hydride 

according to the following reactions: 

( C 2 H 5 L i ) n - ^ (C2H5Li)n* 

(C2H5Li)n" > C2H^ + LiH + (CgH^Li)^ 

As Table III indicated, lithium hydride is indeed a product 

of the photolysis of ethyllithium as demonstrated by the 

reaction with Hg metal (5) as follows: 

LiH + Hg > Li/Hg + |H2 
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However, a comparison of the yields of ethylene and lithium 

hydride could not be made because the lithium hydride photo-

lyzes at 2537 angstroms. Although the photolysis of lithium 

hydride produces lithium metal, the bound radical dispropor-

tionation reaction which leads to ethane also produces lithium 

metal. Thus, a mass balance of the individual products was 

not possible. 

It is interesting to note in Table III that when the 

photolysis of ethyllithium was carried out in optically 

impure solvent or in benzene the percentage of ethane 

increased. It is not clear how the impurities and the 

benzene effect the system. They may be acting as quenchers, 

sensitizers, or perhaps even as complexing agents. 

The results of the photolysis of solid ethyllithium 

are also shown in Table III. The reaction appears to be 

more complicated than the liquid phase photolysis. In 

addition to the products found in the liquid phase photo-

lysis, the solid phase photolysis yielded both butane and 

polymers. Mass spectral data indicated that the polymer 

was made up of various hydrocarbons in the C ^ - r a n g e . 

The percentage of ethylene formed was drastically reduced 

from that found in the solution photolysis reactions. The 

decrease in ethylene might be due to a decrease in efficiency 

of the lithium hydride photoelimination process in the solid 
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phase. However, the ethylene formed could be polymerizing 

and thus appear to be produced in a lower yield. Due to the 

complicated nature of the products and the reaction system, 

it is not feasible to write a mechanism for the reaction at 

this time. 

The Photolysis of Ethyllithium 
with Mercury 

The data shown in Table IV demonstrate the remarkable 

effect of metallic mercury on the photolysis of ethyllithium. 

Unfortunately, this system is complicated by a competing 

dark reaction, which forms diethylmercury via metal-metal 

exchange: 

Hg + 2LiC2H5 > 2Li + Hg(C2H5)2 

This reaction, which has been reported by Ziegler (13) and 

by Beinert and Parrod (1), gives very inconsistent yields 

of diethylmercury in this laboratory and is remarkably 

dependent on the presence of catalytic impurities. Old 

solutions of ethyllithium which have turned pale yellow 

react immediately and completely upon the addition of mercury. 

However, water white solutions of ethyllithium react with 

mercury to much slower extent. In a twenty-four-hour period, 

less than half of the ethyllithium had reacted with the 
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mercury when a clear solution was used. The first entry in 

Table IV illustrates the very high yield of diethylmercury 

obtained by the photolysis of ethyllithiura in isooctane. 

The yield is higher than any observed by Beinert and Parrod 

and suggests that the ethyllithium-mercury reactions may be 

photo-accelerated. However, the yield of (CgH^gHg was 

substantially lower in the other solvents used, suggesting 

that photolysis of the solvent isooctane may be a contribut-

ing factor. Since solvent photolysis in benzene and cyclo-

hexane solutions is much slower, the primary concern of this 

discussion will be the data in Table IV associated with these 

solvents. 

It is clear from Table IV that the yields of ethane and 

ethylene were appreciably lower in the systems containing 

mercury, although the overall loss of ethyllithium during 

photolysis was higher than in the absence of mercury. In 

fact, the ethylene yield had dropped so low that it was now 

the minor product. This large decrease in ethylene, however, 

was counterbalanced by the production of a large amount of 

butyllithium. The solid formed in the photolysis was 

analyzed for lithium hydride utilizing the following reaction: 

2LiH + 2Hg > 2LiHg + Hg 
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The results of this analytical method indicated that the 

solid did not contain any lithium hydride. However, the 

solid initially contained large amounts of lithium amalgam. 

It was not clear what effect this might have on the analysis. 

Therefore, the solid was also analyzed by reacting it with 

D2O. The hydrogen gas formed contained 30.2 per cent HD. 

This indicates that some lithium hydride was present.* 

However, it is likely that even larger quantities of lithium 

hydride and ethylene were formed by a photolytic elimination 

reaction, the lithium hydride being ultimately photolyzed to 

lithium metal. The high yield of butyllithium indicates that 

the ethylene was trapped in the presence of mercury. The 

fascinating part that the mercury plays in this process is 

still not clear. Since n-alkyllithiums do not normally add 

to simple olefins, the ethyllithium-mercury system may open 

*The reaction also produced a 5 per cent yield of H2. 
Since the D20 used was 99.8 per cent pure, it is apparent that 
another source for H2 exists in the reaction. A similar 
situation was found for the reaction of D20 with triethyl-
aluminum containing a small quantity of diethylaluminum 
hydride. In that case a 12 per cent yield of H2 was found. 
A 5 per cent yield of D2 was also produced. The isotopic 
distribution of H2, HD, and D2 as determined by Texas Instru-
ments Inc. is different from that expected for both the tri-
ethylaluminum hydride system and the Li-LiH system. Dr. Adel 
Halasa of Firestone Tire and Rubber Company has suggested 
in a private communication that the hydrolysis reaction of 
alkyllithiums may proceed through radical intermediates. There-
fore the hydrogen isotope yields may not accurately represent 
the amount of hydride and metal present. 



up an entirely new realm of organolithium chemistry. 

D'yachkovskii _et al., have suggested that ethyllithium-

radical intermediates may add to ethylene to form butyl-

lithium. The mechanism they proposed was the following: 

•C2H5(C2H5Li)n + C2H4 > •C4H9(C2H5Li)n 

Thus, it may be the bound radical and not the ethyllithium 

that actually reacts in the presence of mercury to form 

butyllithium. The important role of mercury is illustrated 

by the lack of butyllithium formed in the absence of mercury 

as discussed earlier in this chapter. 

The results in Table IV show that no butane was formed 

in the photolysis. Also, it should be noted that when the 

photolysis was carried out using a deuterated solvent the 

ethane formed contained only small amounts of CgH^D. These 

facts again indicate that the ethane is formed via an internal 

hydrogen abstraction or via an internal disproportionation. 

The disproportionation would lead to equal amounts of ethane 

and ethylene according to the following reaction: 

• C 2 H 5 ( C 2 H 5 L i ) n > C Z H 6 + C Z H 4 + ( C G H J L I V I + Li 

However, it is clear from the preceeding paragraph that the 

major source of ethylene is from the lithium hydride elimination 
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reaction. The hydrogen abstraction reaction could lead to 

ethane and vinyllithium according to the following reaction: 

•C2H5<C2H5L1)n » C2H6 + C2H3Li + (C2H5Li)n-l + H' 

However, no evidence for vinyllithium was found upon hydroly-

sis of the photolyzed solutions. A hydrogen abstraction 

reaction could also lead to ethane and dilithioethane. The 

reaction would be the following: 

(°2H5L1)n* > C2H6 + C2H4L12 + (C2H5Li'n-2 

If this mechanism were operative, then the reaction of the 

photolized solution with DgO should yield some C2H^D2. 

However, the DgO reaction did not produce any CgH^Dg. 

Apparently the ethane is being produced via an internal 

disproportionation reaction. 

Finally, it is interesting that in the reactions where 

isooctane was used as the solvent no ethylene was detected. 

The reason for this is that the solvent photolyzes in the 

presence of mercury to give isooctyl radicals and hydrogen 

radicals. Any ethylene formed would immediately react with 

the hydrogen atoms to form ethane. Branched decanes were 

found in the isooctane solvent after the photolysis, while 

in the experiments conducted in benzene solvent no ethyl 
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benzene was found. Thus, the branched decanes probably-

resulted from the attack of solvent radicals on ethyllithium 

and not from the combination of ethyl radicals with solvent 

as shown by the following equation: 

C5H1?' + C2H5Li "> C10h22 + L i 

The Ultraviolet Spectrum of 
Triethylaluminum 

The electronic absorption spectrum of triethylaluminum 

in the ultraviolet region is shown in Figure 5. The spectrum 

exhibits only end absorption in this area. Since the tri-

ethy laluminum was purified on the vacuum line, and the 

absorption spectrum disappeared on exposure of the solvent 

to air, and, moreover, the solvent was optically pure in the 

region recorded, the absorption shown in Figure 5 is attributed 

to triethylaluminum. Even though the extinction coefficient 

is small in the 253 millimicron region (14*5 l/(mole cm)) a 

photochemical study of triethylaluminum is at least possible. 

The maximum of the absorption for triethylaluminum apparently 

occurs in the vacuum ultraviolet region of the spectrum. 

Since triethylaluminum has a small vapor pressure, it would 

be possible and desirable to record, the entire vapor phase 

electronic spectrum of triethylaluminum. Any interpretation 

of the spectrum shown in Figure 5 is unwarranted at this time. 
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However, as mentioned earlier the fact that triethylaluminum 

does absorb light in the ultraviolet region is enough to 

warrant a photochemical study. 

The Photolysis of Triethylaluminum 
in the Presence of Mercury-

Table V lists the relative per cent of the hydrocarbon 

products formed from the photolysis of the triethylaluminum-

mercury system. As the data in Table V indicate the only 

gaseous product is ethane. Thus, the overall photolysis 

reaction appears to be as follows: 

(C2H5)3ai 

(C2H )3A1J 

[(C2H5),A1 2 ' U T V 3 J2 

p',v- * ^2^6 + cl e a r solution 

The clear solution indicates that no solid such as aluminum 

metal was formed. 

In the neat run, shown in Table V, 0.073 mole of tri-

ethylaluminum was photolyzed for five hours to produce 

2.14 millimoles of gaseous products. As the table indicates, 

ethane was essentially the only hydrocarbon gas formed. This 

suggests that hydrogen atoms are being abstracted from the 

triethylaluminum. A portion of a solution prepared from the 

neat triethylaluminum after photolysis was reacted with 

deuterium oxide. The hydrocarbon products produced from 
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TABLE V 

THE HYDROCARBON PRODUCTS FROM THE PHOTOLYSIS 
OF TRIETHYLALUMINUM IN THE PRESENCE 

OF MERCURY 

Relative Yields 

Solvent 

Photol-
ysis 

Time in 
Hours 

% C2H4 I C2H6 * C4H10 % R2Hg 

% C2H5~ 
Solvent 
(Coupling 
Product) 

Iso-
octane 7 0.1 39.1 1.8 0 9 

Neat 5 0.1 97. S 2.1 • * # • 

Cyclo-
hexane-
d12 

2 # * 100.0 * # * « 0 

this reaction were ethane (99-1 per cent) and butane (0.9 per 

cent). The ethane consisted of 1.3 per cent ethane-d2 and 

9$.7 per cent ethane-d^ Hydrolysis of the photolyzed tri-

ethylaluminum in isooctane solutions indicated that no vinyl-

aluminum, butylaluminum, or alkylaluminum hydride had been 

formed during the photolysis. However, reaction of this 

photolyzed system with D2O also gave 02^1^2' Table VI shows 

that as the photolysis time increases, the absolute yield of 

ethane increases, and the absolute yield of CgH^Dg (after 

reaction with D2O) also increases. The yield of the CgH^D^ 

is in good agreement with the yield of C^H^. 
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TABLE VI 

D2O DERIVATIVES OF THE PHOTOLYSIS PRODUCTS 
IN THE TRIETHYLALUMINUM-MERCURY SYSTEM 

IN ISOOCTANE 

Photolysis Time 
in Hours % Yield C2H6 % Yield C2H4D2 

7 2.0 2.0 

12 3.5 2.0-3.0 

16 6.2 4.6-5.6 

36 10.0 7.0-9.0 

When the photolyzed triethylalurainum solutions were 

reacted with chlorine gas, 1,1-dichloroethane was formed. 

The yields of CH^-CHClg are in good agreement with those 

found for C2H^D2. In particular, for the neat reaction 

discussed above, the chlorination reaction gave a 1,1-

dichloroethane yield of about 1 per cent. The photolyzed 

solution was also reacted with oxygen. The reaction pro-

duced acetaldehyde. No ethylene glycol was formed. Based 

on this data and that presented in Tables V and VI, the 

reaction mechanism for the photolysis of triethyaluminum-

mercury is apparently as follows: 
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|jc2H5b A1 2 C2H5) 3̂ "̂ ] 2' 

(C2H5)3ai 

H5C2s 

H5C2 

A1 

CoHr' / 2 p 

V / 
\ / 
S S 

CHo 

A1 

C2H5 

C2H5 

CH-

H5C2 / W 
c2h5 h5c2 C2H5 

H5C2 

A1 

CH 
3 

A1 

\ /» 
\ ^ 

CH2 c2h5 

-> C2H6 + 

H5C2 

A1 A1 

CH 

CH 
3 

C2H5 

When the photolysis was carried out using isooctane as 

the solvent, some branched decanes were formed. As Table VI 

indicates, the yield was usually about 9 per cent. However, 

when the photolysis time was extended to thirty-six hours, 

the branched decanes accounted for 30 per cent of the reaction. 

There are three possible sources for the branched decanes. 

The first is simply ethyl radicals combing with solvent 

radicals. The solvent radicals are formed from the mercury 

photosensitized photolysis of the solvent. However, the 
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results from the photolysis of triethylaluminum in 

indicate no free ethyl radicals are formed. Another possible 

source of the branched decanes would be the reaction of 

solvent radicals with triethylaluminum. A final source of 

the branched decanes would be the insertion reaction of a 

carbene into a solvent molecule. Carbenes are a possible 

intermediate in this system and could be formed from the 

following reaction: 

[(C2H5)3A1 2* » C2H6 + :CHCH3 + [<
 C2H5^2A1J 2 

To distinguish between the free radical and carbene mechanisms, 

the structure of the branched decanes must be known. The 

gas chromatographic analysis showed that two branched 

decanes were formed. If they were the result of a carbene 

insertion in the solvent, the two products expected would be 

2,4)4-trimethylheptane and 2,2,4-trimethylheptane as follows: 

CH^ CH3 CH3 CH3 

H3C-CH2-CH2-C-CH2-CH-CH3 ; H3C-C-CH2CH-CH2-CH2-CH3 

CH3 CH3 

On the other hand the two products expected from a free radical 

attack would be 2,2,4,4-tetramethylhexane and 2,2,4-trimethyl-

3-ethylpentane as follows: 
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CH3 CH3 CH3 CH3 

CH3-C-CH2-C-CH3 ; CH2-C-CH~CH2-CH3 

C H
3 CH2 

CH 3 

CH3CH2 

CH 3 

Utilizing high resolution mass spectrometry and gas chroma-

tography, the branched decanes were determined to be the 

latter pair. Thus, the branch decanes were formed in a free 

radical reaction similar to that described for the ethyl-

lithium-mercury system. However, in this system the fate 

of the resulting subvalent aluminum compound is not known. 

This also eliminates a carbene mechanism. 

The preparation of geminal dialuminum compounds by an 

alternate route has been discussed in the bis(diethylalumino)• 

ethane section of Chapter II. The present method may be 

cleaner and more desirable than the method of Wilke _et al. 

in certain cases. One further interesting aspect of the 

triethylaluminum-mercury photolysis system is that no alkyl-

mercury is formed. Thus, the only similarity between the 

ethyllithium-mercury system and the triethylaluminum-mercury 

system is the formation of branched decanes and the possible 

formation of bound radicals. The bound radicals evidently 

behave entirely differently in the two systems. 
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The Photolysis of Triethylaluminum 

The photolysis of neat triethylaluminum leads to equal 

amounts of ethane and ethylene. The overall reaction is as 

follows: 

fw34l hnr s 
2 * 

( C 2 H 5 ) 3 A 1 

( C 2 H 5 ) 3 A T | 2 - > C 2 H 6 + C2H^ + Clear Solution 

These results are quite different from those reported by 

Eisch (4) for triphenylaluminum. He found mainly coupling 

of the aryl moieties. He also reported aluminum and aluminum 

hydride being formed. The overall reaction he reported was 

the following: 

[ ] C 6 H 5 ) 3 A I 2" > C6H5-C6H5 + A 1 + R3-n A 1 Hn 

Apparently the trialkylaluminum photolysis is entirely dif-

ferent than the triarylaluminum photolysis. Hydrolysis of 

the triethylaluminum photolyzed solutions indicated that no 

butylaluminum or aluminum hydride had been formed. When the 

photolysis was carried out using a solvent system, hydrolysis 

of the solution gave evidence for some butylaluminum. The 

product photolysis gases also contained 3 per cent butane. 

The formation of butylaluminum paralleled the observed decrease 
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in ethylene yield. Even though the system was in contact 

with a liquid nitrogen trap, some of the ethylene formed 

apparently remained in the solution long enough to react 

with the triethylaluminum to form butylaluminum. This reac-

tion occurs quite readily in triethylaluminum-hydrocarbon 

solvent systems (6). If the liquid nitrogen trap is removed, 

the yield of ethylene decreased drastically to only a few 

per cent, and the butane found in the photolysis product 

gases increased to 9.3 per cent yield. Likewise, there was 

a large increase in the yield of butylaluminum. This adds 

additional support for a competing side reaction taking 

place in the triethylaluminum photolysis system which follows 

the equation: 

c2h4 + (C2H5)3ai » C4H9AI(C2H5)2 

This same reaction was found to take place in the thermolysis 

of trialkylaluminum (12). 

In the photolysis of neat triethylaluminum this side 

reaction is not important, but a serious mass balance problem 

still exists. Since no solid products are formed, the 

aluminum groups from which the ethane and ethylene come must 

rearrange to form stable soluble products. If ethane and 
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ethylene are removed from a dimer of triethylaluminum the 

resulting equation would be as follows: 

CH^ 

H5C2 ,CH2 ,C2H5 

\ / \ / r 
A1 A1 » 02H6 + C2H4 + 2[_A1(C2H5). 

N f
 \ 

\ / \ 
h5g2 ch2 c2h5 

CH3 

The two A1(C2H^) groups could rearrange to form the following: 

H5C2 ,C2 H5 

A! A1 

h5G2 C2H5 

This species seems very likely since the bond distance in the 

trimethylaluminum dimer is only 2.56 angstroms (2). The 

close bond distance implies some Al-Al bonding. Deuterolysis 

of the Al-Al bonded species presumably would 

produce D2 gas according to the following equation: 
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h5C2 ,c2h5 

'A1 A1 + D20 > 4C2H5D + A1(0D)3 + DAl(OD), 

' \ 

H5C2 C2H5 

DAI(OD)2 + D2O > D 2 + AI(OD)3 

The reaction of the photolyzed triethylaluminum with D20 

produced no D2 gas. This seems to eliminate the possibility 

of Al-Al bonds. The D20 reaction, also, did not produce any 

C2H4D2. This indicates that the (C2H^)2A1 groups are not 

attacking the ethyl moieties to form a bis-aluminum compound. 

Therefore, further work on this unique system is necessary 

before any conclusions on the fate of the (C2H^)2A1* sub-

valent aluminum group can be made. 
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JABBERWOCKY 

'Twas brillig, and the slithy toves 
Did gyre and girable in the wabe: 

All mimsy were the borogoves, 
And the mome raths outgrabe. 

"Beware the Jabberwock, my son! 
The jaws that bite, the claws that catch! 

Beware the Jubjub bird, and shun 
The frumious Bandersnatch!" 

He took his vorpal sword in hand; 
Long time the manxome foe he sought— 

So rested he by the Tumtum tree, 
And stood awhile in thought. 

And, as in uffish thought he stood, 
The Jabberwock, with eyes of flame, 

Came whiffling through the tulgey wood, 
And burbled as it came! 

One, two! One, two! And through and through 
The vorpal blade went snicker-snack! 

He left it dead, and with its head 
He went galumphing back. 

"And hast thou slain the Jabberwock? 
Come to my arms, my beamish boy! 

0 frabjous day! Callooh, Callay!" 
He chortled in his joy. 

fTwas brillig, and the slithy toves 
Did gyre and gimble in the wabe: 

All mimsy were the borogoves, 
And the mome raths outgrabe. 

--Lewis Carroll 
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