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Abstract: Attachment of four oligomeric (MW 550) ethylene glycol chains to tetraphenylporphyrin results in a highly
viscous, room temperature met hybrid redox polyetherthat is highly concentrated in porphyrin sitesQ.4 M)

and will dissolve LiCIQ electrolyte. Microelectrode voltammetry in undiluted, free base and Co and Fe-metalated
melts yields apparent diffusion coefficients that for 1.2 M Ligkectrolyte vary by>10%-fold, from a high of 6.2

x 107° cn? s71 for the ring reduction of the free base to a low of cax 30712 cn? s~ for the Co(ll/11l) oxidation

in a Co-metalated melt. Taking the latter as measuring the true physical self-diffusivity of the porphyrins, electron
self-exchange rate constants are found for four porphyrinic redox couples (free basg @délll/I), Fe(ll/1), and
Fe(lll/Il) give 3.6 x 1CF, 1.2 x 1P, 3.7 x 10% and 1.1x 10* M~ s71, respectively). An activation study yields
large free energy activation barriers for these couples, and exponential pre-factors if®th#010s™! range. The
polyether appendages provide a weakly coordinating “solvent” for the porphyrin centers, and the introduction of
ligands like pyridine and carbon monoxide at the gas/melt interface causes changes in Fe(lll/Il) voltammetry consistent
with axial coordination in the semisolid melt. The axial coordination and voltammetric change is reversed by removing
the ligand from the bathing gas.

lonically conductive polymers (“polymer electrolytes”) con- dissolved in polymer electrolytes, in general their solubilities
sisting of polyethers with dissolved alkali metal seltave been in these media, as well as those of other interesting electroactive
widely investigated in light of their hoped-for applications in species, are limited. Studies of electroactive solutes in poly-
batteries and electrochromic devices. Our laboratory has ethers are hampered by low low solubilities, especially in
exploited polymer electrolytes as model semisolid media for a exploration of ever more solid-like phases where low concentra-
different purpose, “solid-state voltammetry”, in which various tions conspire with low diffusivities to generate small voltam-
attributes of voltammetry with microelectrodes are brought to metric currents. Poor solubilities of Fe(TPP)-Cl and Co(TPP)-
bear on the study of electrochemical phenomena in these highlyCl in polyether solvents are only partially addressed by using

viscous phase’. For example, electroactive species can be the analogous tetrakis@aminophenyl)porphyrin complexés.

dissolved in polyethers and their physical diffusion rates and

electron transfer dynamics measufed.
Electroactive molecules investigatédn polymer electrolytes

The meager solubilities of interesting electroactive species
in polyether solvents led us (among other objectives) to attach
polyethers to the redox speciéi the first case ferrocene. The

include ferrocenes, metal bipyridine complexes, viologens, and hybrid product had its own “solvent” (the attached polyether
metalloporphyrins. As solutes in fluid solutions, the electro- chain) to dissolve any necessary alkali metal electrolyte (such

chemical properties of metalloporphyrins are well documethted.
While examples of axial ligation chemis®yand dioxygen
electrocatalysfs have been observed for metalloporphyrins

as LiCIOy), and thus could be studied as andilutedredox
phase. Synthetic explorations of other species, including metal
bipyridines?ab methylviologen®®d tetrathiafulvalend¢ and
metalloporphyringf revealed further the important result that,
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This paper extends our investigation of porphyrin-based Synthesis of Tetrakisp-MePEG550-phenyl)porphyrin (T550PP)
hybrid redox polyethers beyond our pre|iminﬁnseport, to the To 200 mL of dimethylformamide was added 0.500 g (0.000737 mol)
synthesis and electrochemistry of undiluted polyetfgarphyrin of tetrakisp-hydroxyphenyl)porphyrin (Porphyrin Products, Logan,
hybrid phases in which four short poly(ethylene glycol) chains YT): 2.70 g (0.00380 mol, an excess) of MePEG550-tosylate, and 10

. _ g of potassium carbonate. The mixture was vigorously degassed with
E)ah\;/grln'v\ll\llg g;cgr?iszgzghed to tetrakidfydroxyphenyl)por nitrogen, then heated to reflux undes fér 32 h, cooled, and filtered,

and the solvent was removed by vacuum evaporation, leaving a mixture
of a solid and a dark oil. The mixture was extracted with 100 mL of
R dichloromethane, giving a dark purple solution that was filtered and
the dichloromethane that was evaporated. The remaining purple oil
was loaded onto a flash chromatography column containing neutral
alumina, eluting a tight purple band with a mixture of 5% pyridine
and 95% acetonitrile. The collected band was dried in vacuo, giving

a final dark purple oil product, at a reaction yield of approximately
lada

"T550PP"

25%. NMR (in CDCly): 6 (ppm) 3.30 (s, 3H), 343.8 (multiplet,
43H), 4.02 (t, 2H), 4.44 (t, 2H), 7.32 (d, 2H), 8.12 (d, 2H), 8.90 (s,
2H). UV-visible: CHCl,, Awax/nm /M~ cm?), 422 (212000), 518
(14900), 558 (9930), 596 (4370), 650 (5410). Elemental analysis:
R =0O(CH2CH20)nCH3 calcd, C 60.89, H 8.16, N 1.69, O 29.28; found, C 59.89, H 8.09, N

n =12 on average 1.97, 0 29.40. Differential scanning calorimetry (DSQ), —56 °C;

R Tc, —33°C; Tu, 7 °C.
Synthesis of Co[tetrakisp-MePEG550-phenyl)porphyrin], Co-

The free base tetrakis-MePEG-porphyrin, (abbrev. T550PP) is (T550PP) To 80 mL of dimethylformamide was added 0.264 g
readily metalated with Fe or Co to produce the analogous (0.000094 mol) of tetrakigtMePEGS50-phenyl)porphyrin, 0.0610 g
metalloporphyrins Fe(T550PP)-Cl and Co(T550PP). Polyether- (0-00047 mol, an excess) of copper(ll) chioride, and 0.0771 g (0.00094
porphyrin derivatives have been previously prepared by other mol) of sodium acetate. The thoroughl_y degassed solution was then
groups, but with emphasis on aggrega%ﬂ?tand thermotropic refluxed for 48 h under k cool_ed, and f_||tereq, and the solve_nt was
phase behavidl® Our investigation focusses on the voltam- removed by vacuum evaporation. Redissolving the product in aceto-

. . ., nitrile and filtering again, the product was eluted as a reddish-brown
metry of the undiluted, amorphous MePEG-porphyrin hybrid band from a neutral alumina column with a solution of 120% methanol

melt phases, analyzing the results for diffusion coefficients and ang 90% acetonitrile. The product was collected and the solvents
porphyrin electron self-exchange rate constants, and demonstratevaporated in vacuo, giving a reddish-orange oil. -tisible: CHCly,
ing that voltammetrically detectable changes in the axial coordi- Ayax/nm (/M~1 cm%), 414 (199 000), 532 (11 800). Elemental
nation in a semisolid Fe(T550PP)-Cl melt can be effected by analysis: calcd, C 59.63, H 7.99, N 1.66, O 28.67, Co 2.03; found, C
partition of gaseous ligands like CO and pyridine into the por- 58.86, H 7.80, N 1.77, O 28.78, Co 1.87. DSTg, —55°C; Tc, —35
phyrin phase, and that these coordination changes are reversible’C; Tw, 6 °C.

The present electrochemical investigation is the first for _ Synthesis of Feftetrakisp-MePEG550-phenyl)porphyrin]Cl,

undiluted porphyrin melt phaseand represents a beginning ge((oT(S)(SJgggz{ﬁlol;-gfstgtgllzigglv?ggEtgélg%r?r?$3§pg?;h3rciigeg 8'726624
ff;i;ecrg';gilr'%t%itihpeor;‘i)g;n electron transfer dynamics and 5 53047 moj) of FeGl, and 0.0771 g (0.00094 mol) of sodium
) acetate. The solution was degassed and refluxed for 48 h, then filtered,

- . and the dimethylformamide was removed by vacuum evaporation. The
Experimental Section product was redissolved in acetonitrile, filtered, and then eluted from

Chemicals. Dimethylformamide (Mallinkrodt) was distilled from  a neutral alumina column as a green band with a solvent mixture of
4 A molecular sieves under reduced pressure. Monomethyl terminated10% methanol and 90% acetonitrile. This band was collected and the
oligomeric ethylene glycol (MW 550, MePEG550, Aldrich) was dried  solvents were removed by evaporation, giving a green oil. Four drops
under vacuum at 70C for 24 h. LiCIQ, was recrystallized from of concentrated HCI was added and the mixture was stirred for 20 min,
methanol and dried under vacuum at 70 for 2 days. All other by which time the oil had turned to brownish-red. The excess HCI
chemicals were used as received. and water were removed by vacuum evaporation atG@or 2 days.

Analysis. 'H NMR spectra were recorded on a Bruker AC-250 MHz UV —visible: CHCl,, Avwax/nm (/M~1 cm?), 386 (53 000), 422
instrument, U\V-visible spectra on a Unicam UV4 spectrometer, and (107 000), 52 (11 700), 700 (2 750). Elemental analysis: calcd, C
differential scanning calorimetry on a Seiko DSC 220-CU (af@d 59.02, H 7.84, N 1.64, O 28.38, Fe 1.90; found, C 57.20, H 7.80, N
min). Elemental analysis was performed by Galbraith Laboratories, 1.77, O 28.58, Fe 1.67. DSCIg, —55 °C; Tc, —31 °C; Ty, 7 °C.
Knoxville, TN. Preparation of Films and Electrodes. Voltammetry and chrono-

Preparation of MePEG550-Tosylate. Modifying a method by amperometry were performed with either 10 or 2B diameter
Gokel et all! a solution of 7.79 g (0.0142 mol) of MePEG550 in 20  microdisk working electrodes. The cell platform was fashioned as
mL of pyridine was added slowly dropwise (over 30 min) to a solution beforé? from a 10 or 25um diameter Pt wire, 0.5 mm silver wire
of 3.00 g (0.0157 mol) op-tosyl chloride in 20 mL of pyridine at 5 (quasi-reference electrode), and 24 gauge Pt wire (counter electrode),
°C. The reaction mixture was held at’& with stirring for 2 h, and potted togethem a 6 mmdiameter cylinder of Epon 825 resin (Shell).
then warmed to room temperature and stirred for an additional 8 h, Films, typically 200um thick, of the polyether-porphyrins were cast
following which it was added to 100 mL of cold water. The water onto the electrode platform from methanolic solutions containing the
layer was extracted with two 75-mL portions of dichloromethane, which desired amount of LiClQelectrolyte. The methanol was evaporated
were combined and extracted with three 75-mL portioh6 &l HCI. under a stream of nitrogen and the electrode assembly dried in a sealed,
The organic layer was dried over sodium sulfatel @A molecular jacketed glass cell at 7€« under vacuum for 36 h before measurements
sieves, and the dichloromethane was removed by evaporation in vacuowere obtained. All measurements were performed at temperatures
NMR (*H, in acetoneds): 6 (ppm) 2.45 (s, 3H), 3.33 (s, 3H), 3-8.6 above the glass and melting transitions, so that the polyether-porphyrin
(multiplet, 44H), 3.66 (t, 2H), 4.18 (t, 2H), 7.50 (d, 2H), 7.08 (d, 2H). was always in its amorphous melt phase.

(10) (a) Aida, T.; Akihiko, T.; Fuse, M.; Inoue, S. Chem. Soc., Chem Most measurements were obtained with the electrochemical cell
Commun.1988 391. (b) Kroon, J. M.; Schenkels, P. S.; Van Dijk, M.; under active vacuum. Carbon monoxide was introduced by initial
SudHhdter, J. R.J. Mater. Chem1995 5, 1309.

(11) Schultz, R. A.; White, B. D.; Dishong, D. M.; Arnold, K. A.; Gokel, (12) Watanabe, M.; Wooster, T. T.; Murray, R. W.Phys. Chenl991
G. W.J. Am. Chem. S0d.985 107, 6659. 95, 45.
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Table 1. Diffusion Coefficients, Rate Constants, and Activation
Parameters for MePEG-Porphyrins

) [LICIO 4] Dapp Kex Eact A
A 400 pA reactiod (M) (cms b (M~1s e (kImoll)d (M-1s e
Co(lIN) 04 88x10°10 52x 10 50 1x 104
/ Fe(ll/) 0.4 27x 10710 1.6x 10°
Fe(ll1/1) 0.4 29x 10710 1.7x 1P 47 3x 1018
/ T550PP/— 1.2 6.2x 10° 3.6x 1C° 40 8x 1013
T T T T T T T ] T550PP*T 1.2  (9.8x 10710 (55x 1®)f  (55) (6 x 10%)f
12 08 04 00 -04 -08 -12 -16 Co(ll) 1.2 24x 10710 1.2x10° 49 6x 1013
Co(Il/ln) 1.2 26x10°12
Fe(llN) 12  69x101 3.7x 10
Fe(l11/11) 1.2 22x 101 1.1x 10 58 2x 104
B Co(llny 16  33x 10 1.9x 10 65 1x 104
Co(IlAlr) 16 55x 10713
Fe(lIN) 1.6 39x 101 22x 10¢
400 pA Fe(l11/11) 16 34x1012 17x10° 72 3x 101
aT550PP*~ denotes the first reduction of the porphyrin ring;
T550PP"* denotes the first oxidation of the porphyrin rifgDape for

the Co(ll/lIlN) reaction is estimated from potential sweep voltammetry
by using the treatment for charge transfer irreversible electrochemical
reactions. All otheDapp values were determined by chronoamperom-
etry. ¢Calculated from eq 1, takin®pnys = Dapp for the Co(ll/Il1)
reaction, and = 16 A andC = 0.40 M. ¢ Calculated from plots like
Figure 3, whereEact = slope x R x 2.303. Temperature-dependent
80 pA data could not be obtained for the Fe(ll/l) reaction due to the long-
term instability of the Fe(ll) state in the Fe(T550PP)-Cl films.

¢ Intercepts of plots in Figure 3 in terms kfx. f Data for T550PP*

are uncertain due to chemical irreversibility, see Figure 1A.

[ T T T T T T 1
02 00 -02 -04 -06 -08 -10 -12 I) reaction gives small, broad peaks in the 00.8 V potential
E (Volts) vs. Ag QRE range (these small currents are barely discernible on the scale

Figure 1. Cyclic voltammograms (20 mV/s) in undiluted room temper- of Figure 1B; on an expanded scale the oxidation peak current

ature melts, all containing 1.2 M LiCIO (A) T550PP, (B) Co(T550PP), is ~21 pA)_. Co(l1i/ll) porphyrin Tea‘?“ons are_know_n to haye
and (C) Fe(T550PP)-Cl. The microelectrode radius is;8r0 very sluggish charge transfer kinetics and highly irreversible
voltammetry is common, particularly in a solvent that is not

evacuation of the cell, which was then backfilled with carbon monoxide. Strongly coordinating. The iron metalated melt, Fe(T550PP)-

For experiments involving pyridine, use of a flow-through electro- Cl, exhibits waves (Figure 1C) ad. —0.20 and—0.95 V which

chemical cell allowed a ligand-containing gas to pass directly over a are assigned, respectively, to the Fe(lll/Il) and Fe(ll/l) reactions.

thin (~60 um) porphyrin film. Itis evident that, although the voltammetric reactions in Figure
Electrochemical Measurements. Potential scan voltammetricand 1 are all ostensibly one electron reactions, there are wide

potential step chronoamperometric experiments were performed with yariations in the observed currents.

a high current sensitivity potentiostat of local design operating under  The differing currents for the waves in Figure 1 represent

computer control. Data acquisition was accomplished through a i . ;

Keithley DAS-HRES 16-bit analog inputioutput board in an IBM 386- @ffermg rates of charge.tranfsport to t.ht.e microelectrode surface,

i.e., different apparent diffusion coefficieni3ppp. Dapp values

33 computer with locally written software. Microelectrode potential f h fi db tential st h
sweep voltammetry was used to assess the redox potentials of the'0' €aCh reaction were assessed by potential step chronoamper-

porphyrin reactions. The apparent diffusion coefficieRisyp, were ometry, except for that of Co(lll/Il), which was evaluated from

determined with potential step chronoamperometry, analyzing the Potential sweep voltammetry by using theory for a charge
resulting currenttime curves according to the Cottrell equation for transfer irreversible reaction. Table 1 shows the results; the

linear diffusion’® Dapp results vary with the concentration of dissolved Li¢IO
_ ) electrolyte as well as with the reaction. At 1.2 M LiGlQhe
Results and Discussion chronoamperometrically measurBgpp values span a ¥ 10°%-

fold range, from 6.2x 107° cn® s~ for the ring reduction of
T550PP to 2.2x 10711 cn? s71 for the Fe(lll/Il) reduction in
the Fe(T550PP)-Cl melt tea. 2.6 x 10712 cn¥? s7! for the

Microelectrode Voltammetry and Chronoamperometry in
Undiluted Melts. Examples of microelectrode voltammetry in
undiluted MePEG-porphyrin melts containing 1.2 M LiGl&re N
shown in Figure 1. The redox reactions to which the observed CoéI.II/II) rﬁgctlon n th? (.:O.(IT‘SS.OPP)"m?lE G h
voltammetric peaks are assigned are based on previous observa- iven their structural similarities, all of the M‘?P.E -porphy-
tions of tetraphenylporphyrin complesésin dilute, fluid rins, _from free_ ba_se to Co,_shou_ld exhlblt similar rates of
solutions. The voltammetric oxidation and reduction waves in Physical self-diffusion Denvs) in their undiluted phases. The

the free base T550PP melt (Figure 1A) correspond to ring d?fferences i_n theDape values can accordingly be ascribed to
oxidation and reduction, neither of which are completely d|fference§ in eleCtron self-excha_nge_enhancement of charge
chemically reversible, the ring oxidation least so. Voltammetry transport in the mixed valent d!ffusmn layers around the
of the cobalt metalated melt Co(T550PP) (Figure 1B) displays electrode |nt¢rfapes. The coupling of mass transport and
a chemically reversible reductiona0.75 V (formal potentials ele_ctro_n hopping is descrl_bed by the Dahms and Ruff equétion,
are averages Epeax ox and Epeax reo), Which is assigned to  Which in corrected form is
the Co(ll/l) reaction, and an oxidation wave . +1.10 V,

2
which is assigned to the porphyrin ring oxidation. The Co(lll/ kexd™C

Dapp = Dppys t 6 1)

(13) (@) | = nFADapp2C/7412, (b) Bard, A. J.; Faulkner, L. R. )
Electrochemical Methogslohn Wiley & Sons; New York, 1980; p 143.  wherekgx (M1 s71) is the electron self-exchange rate constant,
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0 (cm) the site center-to-center spacing at electron transfer, and 0.4 M LiClO,
C the molar concentration of the electroactive species. The
equation shows that for melts of similar structure (i.e., similar
Drhyvs 0, andC), variations inDapp can be ascribed to variations
in the electron self-exchange dynamics, and Byt is largest
for redox couples with very fast electron self-exchanges, and 100 pA
closest tdppys for redox couples with very slow electron self-
exchanges. The latter is clearly the Co(lll/lIl) couple; electrode
kinetics for the latter reaction are known to be sfoand indeed
in a porphyrin redox polymer film we have previously wit-
nessetp the inability of the Co(lll/I) tetraphenylporphyrin self-
exchange reaction to support charge transport at all.

Taking the Co(lll/ll) reaction as measuril@pnys, values of
kex are accordingly calculated (Table 1) at 1.2 and 1.6 M LiCIO
for the various porphyrin redox couples with eq 1. A Co(lll/
I) Dpuys measurement was not accomplished in the melt
containing 0.4 M LiCIQ electrolyte; however, considering its
essentially negligible values at the other electrolyte concentra-
tions, it was assumed negligible in comparisoigp for the
purpose of evaluation d&&x for the redox couples studied there.
The other parameters employed in the calculatiokegfare o
= 16 A andC = 0.40 M6 the former value is based on a

1.6 M LiCIO,

T T T T T T T T 1

simple cubic lattice model and the measured porphyrin site 0f4 02 00 -02 -04 -06 -08 -1.0 -12 -14
concentration. All of thédex results are subject to some under-
estimation since a cubic lattice is obviously approximate for E (Volts) vs. Ag QRE

the porphyrinic shape, so the sitsite separations at electron  Figure 2. Cyclic voltammograms (20 mV/s) for Fe(T550PP)-Cl melt
transfer may be somewhat smaller than the 16 A value used.containing 0.4 M LiCIQ and 1.6 M LiCIQ. The microelectrode radius
The uncertainty from this quarter is probably less than a factor is 5.0um.
of 2. The experimental uncertainty Dpnys arising from the
poor quality of the Co(lll/ll) voltammetry is of minor conse- available electrochemically-derived heterogeneous electron trans-
quence since even a 2-fold error in the Co(lllMpys value fer rate constantsk§) for monomeric metalloporphyrins,
causes only a 2030% over-estimate of Fe(lll/llkgx, and less namely->19 porphyrin ring> Co(ll/l) ~ Fe(ll/l) > Fe(llI/I).
for the other couples. Finally, no attempt has been made to Other literature data include those by White and Muttdgr
correct for coupling between electron hopping and supporting steady state measurements on acetonitrile-bathed films of
electrolyte ion transport (electron migrat®a?), which if the electrochemically polymerized metallotetrakis{(minophen-
latter is too slow can accelerate electron hopping, and it is yl)porphyrins, which gavédex = 5 x 10, 4 x 104, 2 x 104,
possible that théex of the most facile reactions have been and 2x 10* M~ s 1 for the porphyrin ring reduction, the Co(ll/
somewhat over-estimated. Further study of the details of ion I) reaction, the Fe(ll/l) reaction, and the Fe(lll/Il) reaction,
transport (and ion pairing) in these media will be necessary to respectively. These values, which have been multiplied by six
evaluate the latter possibility. since that factor was omitted in the previous wétlare, with
Considering thekex results in Table 1 at 1.2 M electrolyte  the exception of the Co(ll/l) result, remarkably close to the
concentration, the ring-centered electron transfers are clearlyresults in Table 1 at 1.2 M LiCI©Q
the most facile. The rate difference between the ring cation Thekex results generally decrease, however, with increasing
radical and anion radical couples may be erroneous since theconcentration of LiCIQ electrolyte added to the MePEG-
chemical irreversibility of the former would deplete the mixed porphyrin melt. Figure 2 illustrates the electrolyte dependency
valency in the diffusion layer and thereby depress the degreewith microelectrode voltammetry observed in the Fe(T550PP)-
of charge transport enhancement. The rate conskapté@nd Clmeltat 0.4 and 1.6 M LiCl@electrolyte concentrations. The
activation parameters, see below) for the ring oxidation are activation results in Table luide infra) indicate that the
accordingly shown in parentheses. The ring reduction rate is decreases in room temperatukex generally correlate with
ca 12-fold larger than the metal-centered Fe(ll/1) and Co(ll/l) increases in the activation barrier energies with increasing
reductions, which have similar rates. electrolyte concentration. The detailed reason for this depen-
There are limited literature dafawith which to compare the  dency is not understood. Similar electrolyte concentration-
Table 1 results. The rate constants fall into the same order asinduced variations of electron transfer rate also occur in

(14) (a) Dahms, HJ. Phys. Chentl968 72, 362. (b) Ruff, |; Friedrich, ~ Polyether-tailed metal bipyridine complex mettsthere also,
V. J.J. Phys. Cheml971, 75, 3297. (c) Ruff, |.; Friedrich, V. J.; Demeter, ~ the change irkex could be assigned to increases in activation

K.; Csaillag, K.J. Phys. Cheml971, 75, 3303. (d) Ruff, I.; Botar, LJ. barrier energy (as opposed to the pre-exponential term of the
Chem. Physl1975 83, 1292. (e) Ruff, I.; Botar, LChem. Phys. Letl986 rate expression)
126, 348. (f) Ruff, I.; Botar, L.Chem. Phys. Lettl988 149 99. P ' o

(15) Karen Pressprich, Ph.D. Thesis, University of North Carolina at Charge Transport Activation. The temperature dependence
Chapel Hill, Chapel Hill, NC 1989. studies ofDapp values did not include the Co(llI/Il) couple so

(16) C was calculated from density measurements, which were obtained . . . .
by weighing LuL capillaries filled with the MPEG-porphyrin. those data are examined as an Arrhenius activation plot by using

(17) (a) Andreiux, C. P.; Saveant, J. M.Phys. Chenl988 92, 6761. log[Dapr] rather than logfex] (Figure 3). Our experienédin
(b) The available ionic conductivity data for the porphyrin melts is scanty;
a crude estimate from it gives an electrolyte ion diffusion coefficient in the (19) Chang, D.; Malinski, T.; Ulman, A.; Kadish, K. Mnorg. Chem.

10710 cmé/s range for 1.2 M electrolyte. 1984 23, 817.
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of redox moieties suggests the possibility of a general explana-
tion in the semisolid, concentrated hybrid redox polyether melts.
Theoretical studie8 connected with solvent dynamics be-
havior (in fluid media) have pointed out the possible role of
strong friction forces (slow energy relaxation in solvent
vibrational modes) in confining nuclear coordinates in the
barrier-top region for sufficiently long times as to force adiabatic
behavior on an otherwise non-adiabatic electron transfer reac-
tion. We speculate that the electron transfers in the semisolid
hybrid redox polyether melts may be influenced by long dwell
times in the barrier-top region. This possibility will be
considered in further studies of these unusual materials.
Axial Ligation of MPEG-Porphyrin Films. Redox poten-
tials for metal-centered metalloporphyrin reactions vary with
the state of axial coordination. The formal potential of the
Fe(IlIi/) reaction in dilute, fluid solutions of the metallopor-
phyrin Fe(TPP)-CI depends on the solvent; its shift to more
positive values in coordinating solvents such as DMSO s
accounted for by stabilization of the Fe(ll) state. In contrast,
the formal potential of the Fe(ll/l) reaction of the same
metalloporphyrin in dilute solutions is relatively insensitive to
the ligating environment. The differencAKE®) between the
Fe(lli/ll)y and Fe(ll/1) formal potentials is consequently a
measure of the coordinating propensity of the solvent medium;
in a noncoordinating solvent such as £Hp, AE®' = 0.77 V,
in DMSO, AE° = 1.03 Vb The spacing between the two
waves in the Fe(T550PP)-CI melt (Figure 1C) is 0.76 V. By

hybrid redox polyether melts has been that activation plots of comparison to the dilute solution behavior, the MePEG chains
physical diffusion coefficients are typically curved and those attached to the porphyrin must bath it in a relatively noncoor-
where charge transport is dominated by electron self exchangeglinating, polyether “solvent”. Thus, the addition of other axial
are linear. The activation plots in Figure 3 are reasonably linear, ligands to the porphyrin melt should lead to observable changes
indicative of the latter condition. Values of activation barriers in the potential of the Fe(lll/Il) reaction in the melt phase.
and intercepts are given in Table 1. THg-r values are large, As solid-state voltammetric studies have previously
ranging for the Fe(lll/I) couple from 47 kJ mol at 0.4 M illustrated?*-24nonvolatile solvents (such as polyethers and the
LiCIO4 to 72 kJ mot™ at 1.6 M LiCIOs, as are (ignoring the ~ Present melts) allow volatile reagents to be introduced into and
parenthetical entry) the activation plot intercepts which are in removed from the investigated phase by partition at the melt/
the 103-10“ M~1 s71 range. gas interface. The selectivity of the axial coordination chemistry
As discussed in recent activation studies on metal bipyridine ©f the metalloporphyrins has potential usefulness in gas analysis.
hybrid redox polyether& Pactivation barrier energies measured The two following preliminary results demonstrate that changes

from rate constants obtained with eq 1 represent free energyin axial ligation in the metaIIoTM_ePEG-_porphyri_n melt phase
barriersAG* since the reactions are self-exchanges and work €N be detected. Fuller descriptions will follow in subsequent

terms are unimportant (the reaction sites are in proximal contactP2Pers-
already). Thus in the context of the classical relafon Figure 4 shows Fe(lll/ll) voltammetry of the Fe(T550PP)-
Cl melt (as a thin film covering the microelectrode) bathed first

in a stream of dry N (—) and then (---) in N containing
pyridine vapor at 10% of its saturation level (at room temper-
ature). The Fe(lll/ll) wave in dry Blis essentially the same as
seen in Figure 1C. Exposure to pyridine vapor, after a period
of equilibration, results in a 0.335-V shift of a portion of the
Fe(lll/Il) wave to a more positive potential (Figure 4 (- - -), from
—0.190 to+0.145 V). The shift is as expecte@from fluid
solution results) for stronger coordination of the Fe(ll) than the
Fe(lll) state. The formal potential of the Fe(lll/ll) reaction in
dilute solutions of the metalloporphyrin Fe(TPP)-Cl shifts
positively by 0.47 V in pyridine solvent as compared to/CH

key = Ko exp[— % @)

whereK, is the donofracceptor precursor complex formation
constant (estimated for the porphyripolyether as 1.5 M¥2 v

is the frequency factor, and is the electronic factor or
transmission coefficient. The near-unity valuekafmeans that
the activation plot intercept#\f in Table 1 can be equated with
kv (sY) of eq 2. Since a reaction withky ~ 103 s1 is
considered to be adiabafitthe intercepts in Table 1 imply
that the electron transfers in the porphyrin melts are highly golyentta

adiabatic._ _ _ o _ _ The relative magnitude of the pyridine-coordinated and

The activation results, i.e., large activation barrier energies noncoordinated Fe(Ill/ll) waves in Figure 4 (- - -) indicates that
and adiabatic-like pre-exponential terms, are very similar to
those obtained in ag';lvatlon studies on m.etal blpyrldlne hybrld Heltele, H.Angew. Chem., Int. Ed. Engl993 32, 359. (c) Calef, D. F.;
redox polyether8292*where large activation barrier energies wolynes, P. GJ. Phys. Cheml983 87, 3387. Calef, D. F.; Wolynes, P.
and adiabatic-like pre-exponentials were also found in measure-G. (J <):?e)m. ng31983 78, 47OH L ch

_ 24) (a) Barbour, C. J.; Parcher, J. F.; Murray, R.Adal. Chem1991,

ments of Fe(llI/11), C.:o(.II/I), Ru(lli/n, and R.u(II/I) electron self 63, 604. (b) Parcher. J. F.. Barbour, C. J.: Murray, R. Aval, Chem.
exchange rates. Finding the same behavior with a different class) ggq 61, 584. (c) Geng, L. Longmire, M. L. Reed, R. A.; Parcher, J. F.;

Barbour, C. J.; Murray, R. WChem. Mater1989 1, 58. (d) Hardy, L. C;
Shriver, D. F.J. Am. Chem. Sod.985 107, 3823.

%

(23) (a) Mikkelsen, K. V.; Ratner, M. AChem. Re. 1987, 87, 113. (b)

(22) Newton, M. C.; Sutin, NAnnu. Re. Phys. Chem1984 35, 437.
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Figure 4. Cyclic voltammograms (50 mV/s) for the Fe(T550PP)-Cl, E(Volts) vs. Ag QRE
Fe(lll/11) couple (solid line) under a flow of dry Nand (dashed line) . .
under a flow of 10% pyridine-saturated Fbllowing equilibration for Figure 5. Cyclic voltammograms (50 mV/s) for the Fe(T550PP)-Cl,
15 min with use of a 2%m radius micro disk working electrode and ~ F€ IVl couple (solid line) under a Natmosphere and (dashed line)
1.2 M LiCIO,. under a CO atmosphere with use of a s radius microdisk working
electrode and 0.4 M LiCI®

roughly 0.2 M pyridine was partitioned into the melt film as an I'Ir';\e(;/?/zjsllglrir%g(tjra SS?S(I: Oi(g\j;;tr'tos ntgetﬁ: gﬁpﬁgfﬁvtgf t\éé
axial ligand. Additional pyridine appears also to partition into film is placed ugdgr vaguum t0 remove thge co
the polyether “solvent” part of the melt, since the voltammetric P L . .
currents exhibit a general increase. The increase in current is The voltammetry n Flgt{re S for the Fe(T550PP)-CI mqlt n
understood as a diffusion-plasticizing effect of the pyridine, the presence of COis ent|re|y_con3|stent W't.h th.e behavior of
which is a phenomenon seen before in other polyether phasedIIUte solutions o_f Fe(TPP)-Cl in a noncoordinating sqlv’ént.
solid-state voltammet#}2*studies where the redox moiety was The _glgctrochemlcqlly generated Fe(ll) state strongly plnqs C0,
a dilute solute and electron self-exchanges were thus unimpor-Stab"'Z'ng the resulting adduct toward oxidation, which in Figure
5 occurs at+0.6 V.

tant. . S
The pyridine coordination in Figure 4 (- - -) can be reversed. These two examples demonstrate that axial coordination
Bathing the melt film under a stream of dry fér several hours chemistry familiar for dilute solutions of iron metalloporphyrins
causes the Fe(lll/ll) voltammetry to revert completely to its @n fluid solv'ent's can also be seen, in qualitatively similar form,
original state (i.e., Figure 4-)). In a future publication we [N the semisolid, concentrated melt phase of the Fe(T550PP)-
will address the dynamics for de-complexation of Fe(T550PP)- CI_MeI_DEQ-porphyrln. Ong infers then that Ot“ef Interesting
Cl and of Co(T550PP) melts with pyridine and other strong axial ligation-based chemistry of metallporphyrins can be
accessed in the semisolid melt states generated by their redox

axial ligands. .
Carbon monoxide forms both mono- and bis-adducts with Pelyether hybrids.
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