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Introduction 

The report by Wong, Gatter and Kabbani [l] of 
the isolation of BloClio radical prompts us to report 
an alternative way in which this radical 1s produced, 
namely oxidation by SOCIZ. The chemistry of the 
I&B10C110-SOC12 system 1s of current interest 
because of its use as an electrolyte in lithium/SO& 
batteries [2]. Use of this electrolyte is believed to 
alleviate the ‘voltage delay’, a problem with 
these batteries [3]. A white crystalline material 
has been reported [4] to precipitate from a solution 
of Liz B10 Cl,,, m thionyl chloride. It has been sug- 
gested [4] that this precipitate was lithium chloride. 

Experimental 

Preparation of Liz B10 Cl’lo 
Bistriethylammonium decahydrodecaborate (2-) 

((NH(C~Hs)3)2BloHlo) was synthesized from deca- 
borane [5]. The sodium salt was formed by reaction 
with sodium hydroxide in water. The triethylamine 
formed in this reaction was extracted with toluene 
for safety reasons [6] and the sodium salt was chlon- 
nated in situ [6]. Blo Cl:, was isolated by precipita- 
tion as the triethylammonium salt. Reaction of this 
salt with lithium hydroxide formed Li2BloCllo. The 
Li2B10Cllo was purified by an azeotropic distilla- 
tion of a tetrahydrofuran-water mixture [8] as 
described in a patent [2]. The salt was heated to 
160 ‘?J under vacuum to remove water and 
tetrahydrofuran. This recrystallization procedure [2] 
is not ideal, but the purity of the Li2BloCllo does 
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not appear to be critlcal for studymg Its reaction with 
thionyl chloride. A preferable procedure would be 
to recrystallize the tnethylammonium salt of BloC1:o 
as previously described [6] and then make the 
lithium salt analytically as described elsewhere [8] . 

Reaction of Li2 B10 Cllo with SOC12, Isolation of LiCl 
1.3497 g (2.83 mmol) of Li2BloCllo was gently 

refluxed with 30 ml of SOC12 (supphed by MC/B) 
for 15 hours and permitted to stand for five days. 
The deep purple solution was filterered through a 
glass fnt. The precipitate in the reaction bulb and on 
the frit was washed with SOC12. The weight of the 
white solld on the frlt (0.0829 g, 1.96 mmol as LlCl) 
agreed with a total cation ion exchange analysis for 
lithium (1.93 mmol) and a Mohr titration for 
chloride (1.94 mmol). Analysis of the white solid 
still in the reaction bulb gave a total cation analysis 
in both samples of 2.35 mmol of an 83% yield of 
LiCl. No attempt was made to isolate the still dis- 
solved free radical from the possible solid reduction 
product of sulfur [9] from the SOC12. 

In a separate experiment Li2B1~Cllo was permlt- 
ted to react with SOC12 for two weeks at room 
temperature in vacuum. LiCl analyzed as described 
above was isolated from this experiment also. 

EPR spectra were recorded with a Varian E-9 
X-band spectrometer with a variable temperature 
accessory. Temperatures were measured with a 
copper-constantan thermocouple. Magnetic field 
measurements were performed with an AEG proton 
NMR field probe. Visible spectra were taken with a 
Cary-17 spectrometer. 

Results 

Upon mixing of Li2BloCllo with SOC12, the 
resulting solution gradually turns dark purple and 
simultaneously develops a broad single line EPR 
signal. A 10B2 M solution maintained at room 
temperature developed a maximum signal in about 
one week. A comparison of the signal intensity of 
this probe with that of a Cu(II)+y-picolinate refer- 
ence sample shows that the final radical concentra- 
tion is of the order of 10m2 M. The margm of error 
in this concentration measurement 1s appreciable 
due to the extremely large linewidth of the signal. 
As a consequence, it is not possible to state that there 
is a one-to-one relationship between moles of Liz B,,J - 
Cllo starting material and moles of radical product. 

The g-value of the paramagnetlc species (deter- 
mined using DPPH as a reference) is 2.00 f 0.01. 
The large uncertainty stems again from the large 
linewidth of the EPR signal under the conditions 
of the measurement (590 gauss at -85 “c). The 
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Fig. 1. Linewidth (peak to peak in first derivative spectrum) 
vs. temperature of EPR spectrum of 10d2 M solution of 
LipB&l~e/SOCl~. 

linewidth of the resonance peak shows a strong 
dependence on temperature. As Fig. 1 shows, the 
width goes from 765 gauss at -12 “C to 54.5 gauss 
at -100 “C (measured from peak to peak in the 
first distinctive spectrum). Below the freezing point 
of SOC12 the lmewidth 1s reduced sharply gomg 
from 83 gauss at -140 “C to 56 gauss at -170 “c. 
At no temperature does the srgnal show any indica- 
tion of unresolved structure. Dilution of the sample 
does not affect the linewidth and a simrlar broad 
resonance is obtained when the SOCIZ 1s distilled off 
and acetonitrile is added to the dark purple solid. 
The EPR signal cannot be saturated with micro- 
wave power levels up to 200 mW. Temperature 
variations do not appear to affect the radical 
concentration in solution. 

The visible spectrum of the blue SOC12 solution, 
which 1s the same spectrum as that already reported 
in CH2C12 [l] , has two absorption peaks, one at 575 
nm and the other at 425 nm. Since the reaction may 
not have been complete we drd not verify that 
Beer’s Law Holds. However, we estimate that the 
molar absorptivrty of the 575 nm peak is about 6 X 
lo3 1 mol-’ cm-’ and of the 425 nm peak about 3 
X lo3 1 mol-’ cm-‘. 

It has been reported [4] previously that when 
(NH(C2 H5)3)2 BroClro is dissolved m thionyl 
chloride no blue color is observed. This observation 
was confirmed. However when lithium ion (as LrAl- 
CL,) dissolved in thionyl chloride is added to thus 
solutron, a blue color begins to develop immedia- 
tely. 

Discussion 

It was reported [3] that BroC1:o anion is isolated 
unchanged from hydrolyzed solutrons of Liz Bra Clro 
m SOCls. It was concluded [3] on this basis that no 
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change occurs in the amon. Isolation of unchanged 
B&l:, can be explained by the hydrolysis of 
SOC12 (present in excess) producmg S02, a strong 
reducmg agent m water, which could reduce a 
possible BroCl& species back to BreCl~~. The fact 
that B&l:, can be recovered under these condrtrons 
with the Bra cage intact gives further support to 
the conclusion that the radical we have observed 1s 
BroCIG. Unfortunately, we have no explanation for 
the large linewidth and temperature dependence of 
the EPR spectrum. 

The fact that Li2BroCllo reacts with thionyl 
chloride has rmportant rmphcations regarding its use 
as an electrolyte in lithrum/thionyl chloride batte- 
ries. Sulfur dioxide 1s a known product of the reduc- 
tion of thronyl chloride in batteries [lo] (i.e., electro- 
chemical reductron). It is also a product of the chem- 
ical reduction [9] of thronyl chloride. We have 
noticed the development of pressure when we have 
run the reaction reported on here m closed systems 
whether in vacuum or stoppered in au. It is likely 
that sulfur dioxide is one of the reaction products. 
Unfortunately it would be extremely difficult to 
determine SO* as a minor constituent of a SOC12 
solution as SO2 1s a product of hydrolysis, oxidation 
(from decomposrtron of S02C12), and reduction of 
thionyl chloride. The presence of sulfur dioxide in 
thronyl chloride based electrolytes is also reported 
[ 1 l] to allevrate ‘voltage delay’. The reported bene- 
ficial effects of the use of Liz Bre Cllo either as an 
electrolyte in lithmm/thronyl chloride batteries 
[2, 4, 121 or as an additive to the electrolyte [13] 
m these batteries may be caused by sulfur dioxide 
formed in the reduction of thionyl chloride by 
Li2Br0Cllo. 

It has been reported that reduction of benzene 
m liquid ammonia by hthrum or m the presence of 
lithium bromide is faster than by other alkali metals 
alone [14]. The concentratron of sodium either as 
dissolved metal or as sodium chloride, appeared in 
the rate law determined for the reduction of 
dimethylformamide and dimethylacetamide in liquid 
ammonia [ 151. The observation that the free radical 
is formed in the presence of lithium ion but not in 
the presence of triethylammomum ion suggests that 
m a srmrlar manner, reduction of thronyl chloride 
may be facilitated by a strongly polarizing ion such 
as lithium possibly through an ion pairing mecha- 
nism [15]. 
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