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Using laser photoemission, we found two routes of the electroreduction of a-radicals (R,,4) adsorbed on a mercury electrode for
linear and cyclic ethers in the presence of strong proton donors (BH*), i.e., by direct one-electron transfer and with the antecedent
formation of the metastable complex [R,;-BH*].

According to laser photoemission data, the irreversible electraa-radicals. Although we found earlier using laser photoemigsion
reductiori—4 and electrooxidatict of radicals adsorbed on an that the 1,4-dioxane radical belongs to the second gigup (

electrode surface () proceedsvia two parallel pathways, = 10"dm? motls-), this sole example is probably not typical
namely, by the direct one-electron transfer because 1,4-dioxane is a diether and therefore the radical may
_ be more active than in other ethers, as was obsee:gd,
Rt «—— & — Ry + € Ve, 1) in diols* with relation to corresponding aliphatic alcohbfs.

Therefore, we decided on more typical radicals of linear and
and by the electron transfer on the antecedently formed metayclic ethers, namely, radicals of diethyl ethied ,4-dioxane2,
stable complekof R4 with a proton donor/acceptor ((RBH*]/ tetrahydrofuran (THF)3, 2,5-dimethyltetrahydrofurad and

[Rags BOH]) tetrahydropyran (THPp (Table 1). Only radicald-3 were
k, = ko[BH-] (or [BOH) studied previously by the polarography of pulse-radiolysis pro-
Rags + BH* (or BOH) . ductd? and by photomodulated voltammetdy.
: v Radicals were generated according to the following reactions:
[R.q¢BH'] (or [Rg¢BOH]) + & —=— products )
The second pathway is predominant for radicals containing active  N,0 (H+) + & _ka N, + OH + OH' (HY) 3)
functional groupse.g, carbonyl:2 carboxyl@ and hydroxyi ko
groups, or bifunctional radical§ (k, = 10/~10t dm3 mok-1 s OH' (H) + RH (k—HH)> R+ Hy0 (Hy), ()]

the second group of radic&lsSuch complexes were not found
for hydrocarbon radicals or their halogen derivafivdg <  where g, is hydrated electron; RH is an aliphatic ethigrand
< 103 dmB mol-1 s-L; the first group). kon (k) are the rate constants of reactions (3) and (4), respec-
To understand the nature of such differences, it seems impdively. The generation of radicalk-5 only by reaction (4) is
tant to investigate radicals which possess less active functionpftovided by considerable differences in the rate conskafis
groups. For example, the reactivity of C—O bonds in ethers ithe e, capture by MO, H,O* and ether molecules (6x90
much lower than that of C—O and O-H bonds in aliphatic aI002.3><1a° and < 10 dm3 mol! s-1, respectivelif) (Table 1). The
hols# Since the electronic structures and spectrophotochemic&l,O molecules are main scavengers gfa pH= 3, and the
characteristics of these two classestafdicals are similat,it H;O* cations are main scavengers gf ia more acidic solu-
is likely that their electrochemical behaviour is also similar.tions. The measurements at pH no higher than ~2 are difficult to
Electrode reactions ofi-radicalg-5.10.11 and B-radical$:.7@.®) perform because of the appearance of the anodic—cathodic wave
of alcohols were studied in detail by photoemission and othesf H near —0.6 V (SCE)and the dark discharge of,&F on
techniques based on non-electrochemical generation of intemercury, leading to a deterioration in the signal-to-noise ratio.
mediates. There is few data on the electrochemistry of ether The radicals formed in reactions (3) and (4) diffuse to an
electrode, become adsorbed on it and participate in electrode
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Figure 1 Typical TRWs of radicals at UV illumination of the electrode at __ . o
various modulation periodsa) radical5, t,, = 30 ms; b) radical4, t,, = Figure 2 Tafel plots for the rate constants of reduction and oxidafip+
=300 ms; €) radical 3, t,,= 30 ms. Stationary mercury electrode. Sup- (5) of radicals1-5, respectively. The data for the reduction of radial
porting electrolytes: aqueous buffer solutions with the addition of10.5 PH = 7.0 were taken from ref. 3. The experimental conditions are the
KCl saturated with MO; pH = 5. as in Figure 1.
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Table 1 Electrochemical properties of linear and cyclic ether radicals and the constants ofiéaptdratoms and OH radicals by the ether molecules.

. + -E+
a-Radical Koy (Kyy)/dms mok-t s-1 a (B), +0.05 EgggFNH&fﬁ)wg ;ltEV_VS Bi/&/ st atEV_VS :O?/(\’!
Ethoxyethyll (2.9-4.2)x10(4.3x10) 0.59 (0.61) 0.12 (0.132) 1.74 0.79
1,4-Dioxanyl2 (2.5-3.1)x10 (107) 0.47(0.53) 0.13 1.45 0.38
Tetrahydrofuran-2-y8 4x1@ [(3.3-7.2)x10] 0.55 (0.58) 0.13 (0.114) 1.68 0.87
2,5-Dimethyltetrahydrofuran-2-y 0.46 (0.63) 0.11 (0.13) 1.83 1.52
Tetrahydropyran-2-yb 0.54 (0.66) —£(0.142) 1.76 0.66

aData from ref. 3bThe value was obtained by extrapolation of the Tafel plje 13 s °The reduction wave of radicélis overlapped by the dark

discharge of HO* at pH < 3.5.

reactions to generate photocurrgnthe values of were ob-

as the Tafel plot was shifted towards the cathodic region from

tained by the measurements and numerical Fourier transformai.0 (radical2) to ~0.45V (radicall); for BH* = NHj, Ay is
tion of signals from a photoelectrochemical cell illuminated with~0.2-0.3 V, and the above correlation does not occur. Previ-

modulated light at the periot}, = 1.0-0.001 s. This results in

ouslyl4-17 a much lower efficiency of NHions as proton

the voltammetric time-resolved wave (TRW) of a radical. Thedonors, as compared with,&f, was found in the bulk proto-

position of the half-wavé&,,, on theE axis depends ofy, and

nation of NG-and CQ and in the electroreduction of stable

the type of R and is controlled by the competition between thanions.

characteristic time of irreversible reduction/oxidation gf Rith
the rate constantd/y/W, and the electrode illumination time.
At E=E,;;,, W=kt,, wherek=5.31 or 10.88 foW=W; or
W, respectively. Thus, the measurement§\gfvalues can be
performed in the range 5-5.8¥19. In the range 3xEo
6x10¢ s1, the values ofW; were determined from measure-
ments of the kinetics of emitted chai@e= f(t).T Typical TRWs

An analysis of the experimental results (Table 1) and a
comparison with published data demonstrate that the position
of Tafel plots for radical§—5 on theE axis correlates with the
redox potentials of paf<Egk ), .9, E9 >>E?, EJ (ref. 12),
as well as with the rates of anodic methoxylation of ethers in
the presence of solid polymer electrolyfeand, generally, with
the structure and reactivity of the corresponding molecules. For

for the oxidation and reduction of the radicals are presented iexample, the insertion of an additional Cfoup into a cyclic

Figure 1. The experimental details were described elsewtere.
It is well known that Hand OH radicals are reactive and
hence non-selective agents. Therefore, in additienradicals,
the formation off-radicals or, moreovey-radicals in the case
of THP, by reaction (4) cannot be excludegriori (such pos-
sibilities were repeatedly discussed in the literature). Howeve
the TRWs of radical&-5 demonstrated the electroreduction or

ether molecule facilitates the electrooxidation, and the replace-
ment of this group by an electronegative O atom leads to con-
siderable inhibition of the proce&sThe Tafel plot of the elec-
troreduction is analogously shifted bg 0.40 V on the replace-
ment of an O atom in radicalwith a CH, group (radicab). As

in the case of the parent cyclic ether molectfie¢be reduction

rate of the radicals substantially increased (Figure 2) after the

electrooxidation of only one type of intermediates. Consequentlynsertion of additional electronegative substituents (O atoms),

under the experimental conditions, the fractiofs-candy-radi-
cals does not exceed 5%, similarly to the EtOEBISystent.s
Figure 2 shows the Tafel functions\\g, 4E) for radicalsl-5

and it was somewhat inhibited due to appearance of additional
electropositive (Cklor Me) groups (Table 1). This effect is most
pronounced for structurally similar radicaésg, the shifts of

at pH varied from weakly acidic to strongly basic values. It can
be seen that all of the functions are similar and have similar
slopes (Table 1)V is independent of pH in the specified range.
This fact is indicative of the similarity of mechanisms of elec-
trode processes. Direct electron transfarreaction (1) is pre-
dominant,i.e., the reduction of R to carbanions (analogously
to the radicals of alcohols, hydrocarbons and their halogen deri-
vatives-519 and the oxidation to carbocations (as in the cases
of methyl, ethyl and carboxyalkyl radical®).

The IgW;(E) functions plotted for radical$-5 are shifted
to more positiveE values on the addition of NHons and at
pH =< pH*, where pH* is a threshold value which is charac-
teristic of each of the radicalg.g, pH* ~ 3.3 for radical3
(Figure 3). The (B/dpH),, and {dE/d(-Ig[NH;])}y, values
obtained by cross-section of the Tafel plotsVé{= const
(Table 1) are close to the corresponding values oRER/a.
This fact characterises the electroreduction as a first-order reac-
tion with respect to [BH. Thus, with increasing [BH, a transi-
tion to the quasi-reversible reduction of the compleyJBH]
occurred in all of the radicals. Simultaneously the observed rate
constant was a linear or exponential function of {Bbrr E,
respectively. In contrast to radica) the slopes of the Tafel
plots for radicalsl and3-5 remained unchanged even at mini- 16 18
mum [BHt]. Thus, the transition to the discharge, which is _E/V (SCE)
limited by the rate of complex formation, occurs at observed ) ) ) )
constanis gher hall Lo, atky = Wy = 10 o (Bire 3. e e St e e . B

; 5 : .

cliglgztir%urigtg, SET?o\r/?rllljeecg&ml;ﬁgxgiwsﬁr;\ll%ﬁ\ln%l I-g;a(g?ic}r?;, show the calculations 8f4(E, pH) in terms of the modél.
respectively. In terms of the mo#ééf is possible to determine
the difference of overvoltage&n for radicals1-5 and their
complexes with BH*. For BH = H,O*, this difference decreased
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# The maximum values d&f andk, are diffusion-controlled constants of
~10t0 dm3 mok-! s-1 and the reciprocal of the lifetime ~2&-1 for a col-
lisional complex. The following averagédvalues were chosen for the
calculationk, = 7x1C® dmd mol-1 s-1 andk, = 1011 s,

T With the use of laser photoemission, radicals were generated at di§-The correspondence between the differences in the redox potentials of
tances of ~(10-100) A from the electrode; this allowed us to meWsure intermediates and the Tafel plots for their electroreduction was postulated
up to the maximum valued),, = 107 s-L. previously!
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the Tafel plots are ~0.25+0.03 V for radic#fsand 5 and
~0.15+0.03 V for radical8 and4.

Thus, thea-radicals of linear and cyclic ethers can form com-

plexes with proton donors at the rate constants 6f11010 s-1,
which depend on the nature of Bldnly slightly. In contrast,
the reduction overvoltages for the [RH;0*] and [R,;¢NH;]

complexes are substantially different. The electrochemical prog

perties of adsorbed-radicals of ethers and alcohoi%., the
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