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(electron paramagnetic resonance) spectra of methylviologen cation radical chloride
vary markedly depending on the environment in which the radical was produced
Hethylviologen cation radical chloride was formed by allowing 0.5, 2.5 X 10' and
I.35 X 1iO- 3 M aqueous solutions of 11'-dimethyl-4,4'-bipyridinium dichloride to react
with either zinc or diethylamine. The radical formed in the presence of the highest
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Rapid exchange in the complex explains the loss of hyperfine structure in the epr
spectra. This finding may be useful in designing studies involving electron transfer
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carriers of eleceron- betnen molecular sites, thus acting as a probe for what
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I DIGEST
SThe purpose of this investigation a\s to learn more about tlhe discovery that the epr

(electronl parmlnagnletic resoanceu ) spectra of methylviologen cation radical chloride vary markedly
depending on the environment in which the radical was produced. Methylviologen cation radical
chloride was formed by allowing 0.5, 2I5 X 10-2, and 1.35 X 10-1 AlI aqueoluz solutions of'
l,1'-dtclithIyl-4,4'-blpyridinium dichloride to react with either zinc or diethylamine. The radical
formed i, the presence of the highest concentration of the bipyridinium dichlorid 2 exhibited a
single epr line, where, s that formed at the lower concentrations showed a multiline pattern. The
single epr line is attributed to a molecular association between mcthylviologen cation radical
"chloride and ll'-dimethylt4,4'bipyridinium (dichloride (methylviologen dication dichloride'. Rapid
exchange inl the complex explains the loss of hyperfine structure in the epi spectra. This finding
may be useful in designing studies involving electron transfer in many chemical and biochemical
sysiems. Viologen complexes may be helpful ai chain carriers of electrons between molecular sites,
tlims acting as a probe for what normally would be a iomnuctivc ,yste.
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PROBES OF NONRE'ACTIVE ENVI RONM tNT
II, MOLLCULAR ASSOCIATION r.F1ECTS WITH MFTI!YLVIOLOGEN

1. INTRODUCTION.

We have been interested in viologen radicals in connection with chemical detccim
mechanims Involving olectron transfer.1, 2 During the course of these studic., it was discovered that
the epr (electron paramagnetic resonance) spectra of methylvlogen cation radical chloride (1)
varied markedly. depending on ihe ileil'lonmcnt in which the radical was produced. It was of

Cl- C

int'erest to learn more about this effect because It appeared to provide a new wjcttod of probinly
molecular environment. Viologens have been used as herbicides, oxidation-reductl n indicatois,
"inhibitors of electron transfer in both the cytoehrome c;-,tn of chloroplasts and the cytochrome
chain of mitochondria, and electron carriers in eniynz e systemns, to mention a few things.

II. EXPE'RIMENTATION,

A. Reduction With Zinc.

About 700 mt of' distilled water (prepared using a Corning AG-3 distillation apparatus)
were placed In a I-liter Erleuneyer flask. The water was allowed to boil for 10 minutes; the flask
was placed In a glove bag (containing nitroger q•as) and allowed to cool while nitrogen was bubbled
through the solution, The water was usod to (ill a 250-nl volumetric flask eonttining 0.0876 grami
me1-thylviologen dichiofide (I A'-dhncthyl-4 ,4'-bipyridinium dichloride, II) giving a 1.35 X 10-3M I

3 3~/
CI_ CI-

solution. One piece of zinc shot (previously washed with dilute lICI) was placed in the flask. The
solution was stirrod magnetically. Samples were withdrawn over a 3-hour period Into el)r and
speetrophotometric absorption cells. Elpr measurements were performed lising a Varian E-3
spoetrometer; visible and ultraviolet absorption curves were obtained with a Cary 14 spectro-
photometer. Typical results are shown in figures I and 2, Time of' sampling made little difference
except for absorption intensity.

In another experiment, 1,25 grams of II was used to preparo 10 vill of 0.49 Il solution.
One zinc shot was added. Samples of solution were withdrawn at 3 and 45 minutes. Epr spectra are
given in figure 3. A visible absorption spectrum appears in figure 4.

1Poazlomok, E. J, CR.DLR 3295. Porspoctivs in iDtection, August 1965. UNCLASSIFIED Report.
'Pozioanek, E. y. CY-Ik C~alaiylic Roactics as it ATapltfrs il Chemical teiectio., Army Res. Develop. News Meg
ll,,0 (1970).



UQ|

c~J



0.7-

-0. 3 -

4-4

o,|

500 Wavelength(nm) 7 0 0  800

Figure 2. Visible Absorption Spectrum of Methyiviologen Cation Radical Chloride (1) Obtained
Dur'aga Reduiction With Zinc of a 1.35 X 10T MAqueous Solution of

1.1 '-Diniietliyl.4,4'-Dipyridiniiuiin Dicideride (11)
x=a 603 ffi

All the operations described above (with exception of the spectral measurements) were
..........le(I it,0a ; "'-'b Pg sUlu I 'l-U1 voiI Simil i

were obtained without taking precautions to exclude air For exiample, 25 tug of zoic dust were
added to 5 nl of 2.5 X 10-2 M n aqueous 111. The resulting blueopurpie mixture was filtered
immediately. The epr spectrum is given in figure S. Spectra similar to that shown in figure 1 were
obtained when the reaction was allowed to proceed longer. When 4.2 5mg of zinc dust was added to
I ml of 0.39 Al II and the mixture placed directly into an epr cell, spectra similar to the more
intense one shown in figure 3 were obtained,

13. Reduction With Diethylamine.

To I ml of a nitrogen purged solution of 0.5 M aqueous II %k as added 2 y! diethylamine.
(This gave a solution approximately 2 X 10-2 M1 in dieihylamine.) The solution turned dark
immediately and was transferred in air to an epr cell. The first spectrum, which was obtained at 5
minutes after preparing the solutlion, showed a single line. The intensity at 65 minutes was about
five times !hat observed in the beivinning.

9
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Figure 3. EtPR Spectra of Methylviologen Cation Radical Cidoride (1) Obtained During an Initial (A) and a _

Ln ter (B) Stage of tihe Reduction With Zinc. of a 0.60 P Aqueous S olution of :

l,l'oDiniethiyl.4,4'-Dipyridiziumiii Dichloride (11) _

g -2.00.
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Figure 4. Visible Absorption Spectrumr of Methylvrollogeri Cation Raid ! Chloride (1) Obtaiined

During an Initial Stage of the Reduction With Z-inc of a 0.60M! Aqureous Solu tion ofI
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An

II another experiment it was found that a solution 2.5 X i0 2 i In I ald Q.I il in 1
diethylamine gave 0 multilllne epr pattern,

C. Mothylviologen l)ication Dichloride (II),

Comi pound II was obtained froim Gallard Schlesinger Chemical Matiiufacturiig Corpora-
tion. The sample was part of lot 2906210 with a listed redox potential (E0 ) at p11 7.0 of -0.511
volts. It was used as received for the dliethylahtine experiments and recrystallized from
fiothaiol-aoetoine for tihe zinc rulls.

ill. DISCUSSION.

A mnoilomer-dihuor eqiuilibriLnl of viologen cattion radical (equation I)

2 N-- m '.\ - 2

has been the subject of special attention during the last decade, 3 "6 Concentrntion dependence of
spectra together with previous reports on the reversibility Pf the absorption clianges with -
temperature have been used to substantiate the presence of thi equilibrium. 3 , The dhiner hlis been
presumjýed to be a dhiadical composed of two molecules. The possibility that It might be a complex
of viologen dication and a 1,1 '-dilydro-4,4'-bipyridino was eliminated because gross differences do
not exist between spectra of monomer and dimer.,

The relative strength of the epr signal from methylviologen radical in water was reported
to decrease with increasing concentration. 6 (This is in accord with the formation of a diamagnetic
dimet.) The decrease in paramagnetism was much greater than that predicted for a simple

iononier-dimer equilibrium and was ascribed to clustering. Also, it has been reported that the
nulltiline pattern of filethylviologen radical in water changes to a single line at 77'K. An excellent
summary of tile early history of viologen chemistry is available. 4

As mentioned in the introduction, we have been interested in viologen radicals :n
connection with chemical detection mechanisms involving electron transfer.,1 2 During the course of
those studies. it was discovered that tile concentration of II has marked effects on the epr spectra of
I. When I is generated in the presence of appreciable amounts of 11 in wnt.r (in 0111i..,,,...,s --

about 0.5, 1,, the ept signal appears ais a single line (figure 3), Muitiline spectra at room temperature
have been reported by other's4 ,S,7 and were found by us when the radical was prepared in aqueous

3 Scliwarz, W. M., Jr, Invostigation of Stable Free Radicals Forued by Electroroduction of N-Alkylpyridinium

Salts. Ph.1). rhesis. University of Wiscoisin. June 1961.
'lKosowor, E. M., and Cotter, J. L. The Reduction of I.Mcthyl.4,cyanopyridiniuinl Ion to Methylviologen Cation

Radical. J. Amrtir C iliom. Soo. 86, SS24.55271 (1964). "

5Blandamer, M. J., Synotis, M. C, R., and Verima, G. S. P. Ion-pair and Ion-cluster Formation Induced by Water

Structure. Chonm. Comiinai. 629-630 (1965).
6 Blandamer, M. J., Brivati, J. A., Fox, M. F., Symonsl, M. C, R., and Verma G. S. P, Solvation Spectra. Part 17.

Water-hiduced Dimerization of Various Dye and Related Paramagnetic lons Studied by Optical and Elechron

Spin Resonance Spectroscopy, Trans. Faraday Soc. 63, 1850.1857 (1967).
7 Johlisomi, C. S., Jr., and Gutowsky, K. S. High-Resolution ESR Spectra of Plheochomically Geiieiated Fre"

Radicals: Thie Viologems. J, Chenm. Phys. 39, 58-62 (1963).
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solutions containing 2.5 X 10-2 rN , or less of 1I (f•gures 1 mnd 5). Tle, stune general results wore
obtained ;:'lardless of (he method of reduction (i.e., Ilse of zinc or detehyhlunline), Discussions of the A
r'tactioll of Vliolge!AS With alluillnS aknd other bases are available. 8 9

We oIltribuN the single epr line found in the preoelit investigation to molecular association
between, zncthylviologen cation radical I and methylviologen dication 11. Rapid exchange in the
molecular complex explains tile loss of hyperlfIne structure. Epr evidence for such viologen
complexation has not been noted before. However, there Is an earlier report of the Isolation and
analysis of 11 solid complex formulated as two methylviologen diiodides and one 1,!'-dimethyl-i,!,dihdro4,4.bipridne~0 Tis complex apparently consists of two mothylviologen cation _-:-

radical iodid,-s and one methylviologen cation dilodide, Also, a complex of II with CuCI2 has been
prepared tiat in the solid state contains some viologen cation radical.1 I

The visible spectrum of I obtained concurrently with multiline epr curves corresponds to
that resorted previously by others and attributed to viologen cation radical mionomer. 3 ,4 The -

visible spectrum of I in the presence of high concentrations of 11 is explained easily on the basis of a
complex of ! with II. Flowever, tile absorption curve also corresponds to that reported3 for a
mixture of viulc'gen radical monomer and dimer. Without additional experimontation, the presence Ii
of some radical dimer cannot be ruled out unequivocally. The dirter though, is diamagnetic and
would not be expected to contribute to the epr signal from remaining mnolioner.

IV. CONCLUSIONS. 1
Methylviologen cation radical chloride trnd its parent compound, 1,1'-dinethyl-4,4'-

bipyridiniurm dichloride, form complexes exhibiting rapid inteormnoloclar exchango of electrons,

"This finding may be useful in designing studies involving electron transfer in many
chemical and biochemical systems. Viologen complexes may be helpful as chain carriers of electrons
between molecular sites, thus acting as a probe for what normally would be a nonreactive system.

I

8(orwin, A. H,, Arellano, R. R., and Chivis, A. 13. Anomalies of Vialogens in Bases and Water. Biochim, Biophys.
Acta 162, 533-i38 (1068).

')Farrington, J. A., Ledwith, A., tnd Swim, M. F. Cation-Radicals: Oxidation of Methoxide Ion with 1,1'-
I)imetiyl..|A.'-bipyridiiiuti Dichloride (Paraquat Dichloride). Chem Commun. 259-260 (!969). I

I01mmeri. B., Jingck, G., and Hffi'ner, i. Ober chinhydron-artig Verbindungen des Dihydro-y, '-dipyridyls.
Chem. Bet. 57, 1792.1797 (1924).
powut, ('. K, and Mhrray.Rust, P, Crystal and Molecular Strutctures of the NN'J-Dhuetliyl.,4'bi pyridiniul il 49

(Paraqualt Salit, with (he Chlioroinctallate anions CoCI4 2, [CuCd2d l-1 and PdC!4 -2- J, Ch.n., Soc. (A) 1520-

14A
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