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STATEMENT OF PROBLEM

* The goal of this research was to study the fundamental

electrochemistry of thionyl and sulfuryl chlorides

utilizing pulse voltammetric and other electrochemical

techniques, and fourier transform spectroelectrochemistry. It

had been proposed to study sulfuroxyhalides (1) as solutes in a

non-aqueous solvent, (2) undiluted, employing lithium

tetrachloroaluminate and (3) as a major component in a mixed

solvent with other non-aqueous solvents.

However, due to significant problems associated with this

research, only item (1) was carried to completion. A rather

detailed study of the reduction of thionyl chloride in

dimethylformamide was carried out. The results, summarized

below, represent new and novel findings when compared and

contrasted to past work in this area.

SUMMARY OF RESULTS

In the initial phases of this work, controlled potential

coulometry and rotating ring-disk electrode voltammetry for the

reduction of SOC1 2 were carried out at glassy carbon electrodes

in N,N-dimethylforeamide (DNF) with tetra-butylammonium

hexafluorophosphate (TBAPF6 ) as supporting electrolyte. Cyclic

voltammetry showed only one reduction wave for SOC1 2 in DMF, as

opposed to other reports which have indicated several reduction

waves at platinum electrodes. During the initial phases of the

electrolysis, coulomotry yielded an n value of two electrons per ,/ _

molecule of SOC 2 reduced. During the latter phase of ty Cndo

electrolysis, a value of n greater than two was obtained, Figure :a....... Li



1. Cyclic voltammetry on the solution during electrolysis showed

the presence of additional electroactive products which formed as

the electrolysis progressed (Figure 2). Normal pulse

voltammetric analysis of solutions containing thionyl chloride

showed two chloride ions formed in solution for each molecule of

SOC1 2 added to solution or reduced (Figure 3). The two electron

product of the reduction was examined by rotating ring-disk

voltammetry (Figure 4). The product is reasonably stable in DMF,

as indicated by both the results of the coulometry and by the

ring-disk studies, and can be reoxidized irreversibly, also in a

two-electron process, as shown by the results of Table I which

present data for the ring collection efficiency, N. yielding a

mean value 1/N of 2.74, compared to a theoretical value, based

solely on the ring-disk geometry, of 1/N = 2.6. Thus, thionyl

chloride in DMF was found to reduce in a two electron process at

a glassy carbon electrode and yield a product, ISO", which could

be reoxidized, also in a two electron process.

In a second phase of the work, normal and reverse pulse

voltammetry were used to investigate both the reduction and

oxidation of SOC12 at glassy carbon electrodes in DMF with TBAPF6

as supporting electrolyte and NMR spectroscopy was used to probe

for specific interactions between SOC1 2 and DMF. NMR spectra and

the quantitative treatment of normal and reverse pulse

voltammograms gave evidence for the displacement of C1" in SOC12

by DHF. The addition of AgNO3 to the solution was found to

remove chloride; i.e., the oxidation wave observed which

corresponds to chloride oxidation diminished, while the SOC12

reduction wave was not affected (Figure 5, Figure 6). NMR



spectra showed evidence of a specific interaction between SOC12

and DMF (Figure 7, Table II). The reactions taking place during

the reduction of SOC1 2 in DMF are probably best represented by

the solvation reaction,

SOC1 2 + 2DMF - SO2DMF2 + - 2 C1-

and the electrochemical reduction,

SO'2DMF2' + 2e ; *SON

where the product, 'SOO. may be solvated by DMF and can be

reoxidized back to the initial reactant. Analysis of normal

pulse voltammograms for the S02 reduction indicate that

the rate-determining step is a one-electron transfer, and there

is no evidence for an intermediate in the overall

electroreduction to ISO". It appears that ISO' species reacts

further in a following chemical reaction at long pulse times and

high concentrations of SOCI 2 . The oxidations of both ISO" and 2

C1- are irreversible and involve two electrons.
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Figure Captions

Figure 1. Plot of rotating disk limiting current, id, vs. number of
r

coulombs, Q, during the controlled potential reduction ot 2mi SOC12 with

0.15M TBAPF6 In DMF at 270C.
-1

Rotation rate of the electrode, 1000 rpm; scan rate, 1 mV s

o, -1.6 V; 0, -1.2 V; -, -0.7 V.

Figure 2. Cyclic voltazmogrms before and during controlled potential

coulometry o 2 m . SOC 2 in D F with TBAPF6 at 270C. Scan rate, 100 mV s.

a) before electrolysis; b) n-0.5(9C); c) n-1.2(24C); d) n-1.8(34C);

( ------- ), background.

Figure 3. Normal pulse voltammograms o the oxidation of solutions

containing a) 2 mM SC1 2 ; b) 2 m1 Cl"; o) 2 .1 SOCI 2 and 2 aM1 Cl" in D.

with 0.15 M4 TBAPF6 at 270C. Pulse width, 40 us; step height, 25 mY; delay

before pulse, 5 s; (- ), background.

Figure 4. Reducticn of 24 SOCI 2 at a glassy carbon disk electrode and

eorresponding oxidation current on the glassy carbon ring electrode at

various rotation rates in DMP containing 0.15 M 73APF6 at 27"C. Ring
q

potential: .0.7 V; Scan rate; I mV a . Notation rates given on curves.



Figure 5. Normal pulse voltamn rams for the (I) oxidation, and (Ii) reduction of

2 iH OC12 0.15 N TBAPF6 in DHF with added AgNO3. E1 a -0.050 V, tp

50 as, A a 0.071 p.2. C 0 o 0 a 0 ( 1 (A ), 2 (

3 ( >), and 4 ( ) m. td z 5 a, tp SO0as.

Figure 6. Normal pulse voltametry of 2 vM SOC 2 0.15 M TBAPF6 in VHF with added

AgNO3: dependence of i upI for the oxidation ( 0 ) and reduction

( o ) currents on the concentration of added AgNO3 . The reduction

currents are the peak currents. For the oxidation currents, slope

0.066 1 0.003 mA/sM, intercept a -0.252 2 0.005 mA, R a 0.998.

Figure 7. NMR spectrum of 170 for 2 M SOC1 2 In DMF. Peaks are labelled from the

furthest to the least downfield as A, B, and C respectively.
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