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Abstract

A non-alcoholic coulometric reagent based Bmethylformamide (NMF) was shown to eliminate the severe interference effect caused by
the alcohol component of the conventional Karl Fischer (KF) reagent on the battery electrolyte lithium bis(oxalato)borate (LiBOB). For sample
amounts up to 24Qg of water, the stoichiometry of the KF reaction deviated only slightly from the ideal 1:1 ratio for the best reagent composition.
Both solid and dissolved (in acetonitrile, tetrahydrofuran (THF), and ethylene carbonate/ethyl methyl carbonate) LiBOB were titratedlguccessful
using a Metrohm 756 KF Coulometer with a diaphragm cell. The detection limit was estimated to bp.@ & ater using 100 ml of reagent in
this system.
© 2005 Elsevier B.V. All rights reserved.
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Water determination by Karl Fischer (KF) titration is an  Successful Karl Fischer titrations necessitate the mainte-
established tool for quality control of electrolyte solutions usedhance of a 1:1 stoichiometric ratio between iodine and water.
in lithium ion batteries. Lithium hexafluorophosphate (LiPl8  Considering ‘normal’ titrations of milligram water or less carried
the conductive salt typically used in lithium ion batteries. Evenout in methanolic reagents buffered with bases (B) like pyridine,
with water present at trace levels, thesPRanions tend to react imidazole, diethanolamine or acetate, deviations from the ideal
[1], thus forming HF, which may cause corrosion of the func-1:1 stoichiometry are not expecté®]. For such titrations, the
tional materials within the battery. In order to address the corroeverall KF reaction proceeds according to the following reaction
sive nature of LiPE, especially in relation to lithium manganese [3]:
spinel (LiMmO4) and lithium iron phosphate (LiFeR{pcath-
ode materials, alternative conductive salts have recently beda + CH3SO;~-BH™ +H,0 + 2B
introduced. One example is lithium bis(oxalato)borate (LiBOB) _ _
whichis the first halogen-free conductive salt suitable for lithium — CHsSO; ™ -BH' +2BH™ |
ion batterieg[2]. Water determination in LiBOB or LiBOB-

based solutions using the standard Karl Fischer technique do%c’dr-:—r[]dﬁ :/(var?g::otr;l\(/;/r?; S[ﬁga}:ys?;?ﬁﬁsdpﬁizﬁz t(\ggféi?f;?:g )

however, lead to erroneously high results due to a side reacti . . ;
of the alcohol component with the BOB anion. Thus, a methong media. P).'SO3 was gssurped to be fom.‘ed n th? fII’S.t step
ollowed by either reaction with water, forming sulfuric acid, or

is desired that allows for trace water determination in LiBOB_ . ; : :
N : ' with methanol producing methyl sulfate. The formation of this
and liquid electrolyte solutions based on LiBOB. ) . .
intermediate, P03, has been questiong8] based on exper-
imental evidence for a very slow reaction with water as well as
with methanol. Later on, Fischer et #.,6] showed, convinc-

* Corresponding author. Tel.: +46 90 7865552; fax: +46 90 7865265. ingly, that S@, (and not PYSO3 which needs quite long time
E-mail address: william.larsson@chem.umu.se (W. Larsson). for its formation) is the reaction product of the first step in the

0039-9140/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.talanta.2005.10.004



W. Larsson et al. / Talanta 69 (2006) 276—280 277

SO.I' I 2Im

I Iy I Im,I T
2B ) \ \ \ Im

H;O + SO, —/— BH + HS0;/S0;" SO; —=——= ImSO;
>—> SO \Hz(?//
2Im
HO + I; ——— 10" + 21" + 2ImH’ S0,>
\ \

Fig. 1. Some possible reaction pathways in NMF reagents. B, base; Im, imidazole.

KF reaction and that this compound reacts rapidly with bothv-methylformamide (NMF). Owing to its very high dielectric
methanol and water. This means that the stoichiometric ratio isonstant£, = 192) it is an efficient solvent for polar compounds,
governed by the difference in reaction rates between the hydroand previous unpublished investigations on coulometric titra-
ysis of S@ and the reaction between $@nd the alcohol. tions in this medium indicate a very rapid KF reaction. The use

The influence of water on the stoichiometry is more pro-of N-methylformamide in both volumetric and coulometric KF
nounced for reagents in which methanol is replaced by lesstrations has been patented by Schid?2] but no results have
reactive alcoholf3]. ScholZ3] found that the contribution from been presented so far.
the Bunsen reaction {t SO, + 2H,0 — SOy%~ + 4H* + 217) As illustrated inFig. 1, the complexity of a coulometric KF
increased from approximately 5% in 2-propanol to 12%in-  system based oiV-methylformamide is very high, involving
butanol and nearly 100% in pure pyridine.UBke[7] reported  several possible reactions for which neither the reactants nor
an extensive study of higher alcohols and found, for example, the kinetic data are known. The hydrolysis of iodine has been
4% deviation from the ideal stoichiometry using 1-propanol agproposed to take place via a highly reactiVespecieq13,14]
the solvent for the KF reagent. known to form readily in the presence of secondary and tertiary

For a non-alcoholic KF reagent based on formamide/pyridine@mines[15]. Reaction of the formed hypoiodite with sulfite or
1/4 [8,9] coulometric titrations of small amounts gave resultshisulfite would then lead to a deviation from the ideal 1:1 stoi-
corresponding to a stoichiometric KF reaction. Swenserchiometry, and so would also oxidation of sulfite and hydrolysis
and Keyworth[8] suggested the formation of a compound of sulfur trioxide. Sulfur trioxide has on the other hand been
PySQHNCOH which hinders the Bunsen reaction from taking shown to form a complex with imidazo[&6] that reacts only
place. It should be emphasized that Scl8]zecommended the slowly with water.
use of at least 40% methanol in order to attain 100% recovery
in volumetric titrations using formamide. In a study of the sto-1. Experimental
ichiometry in mixtures of formamide and 2-methoxyethanol,

Nordin-Andersson and Cedergrg¢h0] found that for small  1.1. Chemicals

amounts of water the ideal 1:1 ratio was attained relatively inde-

pendent of the concentration of 2-methoxyethanol. For larger Sulfur dioxide (puriss) and tetrahydrofuran (THF) (HPLC
amounts of water, 80% (v/v) of 2-methoxyethanol was requiredjuality) were from Fluka, imidazole was from J.T. Baker, imi-
for a stoichiometric reaction. dazolium iodide, Hydranal Coulomat AG, and AG-H were from

The rate of reaction is known to be very high in formamide Riedel-de Han, iodine (reagent grade) was from Scharlau, ace-
[8,9] and the relatively small change in stoichiometry seentonitrile (biotech grade) an&/-methylformamide (99%) were
in the results of these authors can be explained by a kinetifrom Aldrich, ethylene carbonate and ethyl methyl carbonate
discrimination of the probable side reaction betweery &  were from Tomiyama, and propyl acetate (zur Synthese) was
formamideSG; [11]) and water. For a pyridine-buffered reagent from Merck. A solution of 1 M imidazolium iodide in dried
based on dimethylformamide, the stochiometric ratio foundNMF was used as catholyte in the coulometric cell.
experimentallyf11] could be predicted theoretically in the range
1:1 to 1:8 by taking into consideration the kinetics for both the;.2. Safery considerations
KF reaction and the reaction betweenshd water.

Water determination according to the standard KF method Methanol is highly flammable and toxic by inhalation, in
suffer in many situations from interference effects caused byontact with skin and if swallowed. Imidazole is harmful by
the presence of an alcohol in the KF medium. Well-knowninhalation, in contact with skin and if swallowed. Sulfur dioxide
examples are active carbonyl compounds like aldehydes aridintensely irritating to eyes and the respiratory tract. lodine is a
ketoneq3], which produce water through the acetal- and ketapoison and may be fatal if swallowed. Acetonitrile is highly
reactions. In the case of LiBOB water is also formed due toflammable, harmful by inhalation, in contact with skin and
reaction with methanol, and therefore attempts to achieve 1:if swallowed, as well as irritating to eyes. Tetrahydrofuran is
stoichiometry were made with the promising organic solvenhighly flammable, may form explosive peroxides, and is irritat-
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