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protein are among the fastest yet measured for any six-coor-
dinate spin-equilibrium compound, the rest of which are all
synthetic in nature with spin-interconversion rate constants
ranging from ~5 X 105 to 1.5 X 107 s=1.20-24 |t is likely,
however, that there are other systems such as the [Fe!!!(dtc);],
[Fe!ll(benzac),trien]*, [Fe'll(salmeen);]*, and [Co!!
(terpy)>]2* complexes?> for which the spin-interconversion
rates are as fast or perhaps faster than for the present ferric
myoglobin hydroxide case. Thus, the low-spin = high-spin
dynamics of this spin-equilibrium heme center in a protein
environment does not seem particularly distinguished from
those operative in simple inorganic compounds. It is clear,
however, that with £’s > 107 s~! jntramolecular spin multi-
plicity changes are not expected to be rate determining in in-
rermolecular (second order) electron transfer reactions in
which spin-equilibrium enzyme centers might participate.

Finally, it should be noted that ferric myoglobin hydroxide
must undergo a stereochemical change upon a change in spin
multiplicity. Assuming that the coordination number about
Fe(111) remains six* (four porphyrin N’s, the proximal his-
tidine N and the OH~ oxygen) during the low-spin = high-
spin-interconversion process, the high-spin form is expected
to have the iron atom displaced out of the porphyrin plane
(toward the histidine moiety) by <0.5 A relative to the in-plane
low-spin form.?” Thus, if the rate determining step in the spin
conversion process is this geometry change, the rather large
k| and k_ | rate constants reflect a facile (in-plane) < (out-
of-plane) movement of the iron atom. Future studies will focus
on obtaining 4 and k_, spin-interconversion rate constant
data for synthetic spin-equilibrium porphyrin compounds to
establish the influence (if any) of the protein environment on
the spin-interconversion kinetics.
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Organic Reactions of Oxide-Free Carbon Surfaces,
an Electroactive Derivativel4
Sir:

In the absence of the usual oxides, surfaces of graphite and
related forms of carbon are quite reactive. For example, at
room temperature a highly exothermic reaction occurs with
molecular oxygen to regenerate surface oxides.!> This
chemistry is known to occur exclusively in prismatic regions,
that is, surfaces other than the basal plane, {0001}.3 Although
the structure of the reactive centers is unknown, those repre-
sented by I, I, and III seemed to us more likely on thermo-
dynamic grounds than the various alternative possibilities. By
analogy with structurally similar molecules, these surface
functions might be expected to undergo cycloaddition reactions
with olefinic substrates. Preliminary evidence presented below
tends to support this description.

Synthetic carbon fiber was freed of surface oxides by py-
rolysis at 1020 °C in a vacuum system (1073 Torr).* Samples
were allowed to cool to room temperature and were then ex-
posed to vapors of a variety of potential substrates. The total
quantity of substrate adsorbed was determined manometrically
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Table I. Irreversible Adsorption on Oxide-Free Carbon Fiber?
(VYB fiber, B.E.T. surface area 240 m?/g)

Irreversible adsorption,

Substrate mmol/g of fiber
Oxygen 0.62
Propane 0.00
Ethylene 0.02
Propylene 0.02
[sobutylene 0.25

followed by oxygen 0.43
Allene 0.63
followed by oxygen 0.09
Cyclopentadiene 0.35
followed by oxygen 0.30
Methyl acrylate 0.83
followed by oxygen 0.00
Acrylyl chloride 0.72
Vinyl bromide 0.48

2 All values were measured at room temperature and were corrected
for reversible adsorption at an ambient pressure of 20 Torr.
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at pressures <30 Torr. Correction was made for reversible,
physical adsorption by subsequent measurements following
periods of outgassing to 1073 Torr. The residual, irreversible
adsorptions are reported in Table I.

The extent of reaction with O, compares well with values
reported for other graphitic carbons.! The resulting surface
oxides can only be removed by repeating the pyrolytic de-
composition which results in liberation of CO and CO;. (We
estimate that ~20% of the total surface area is reactive.) Re-
activity toward organic substrates is remarkably selective.
Some of these react in quantities comparable with O,. That
the same surface functions are involved in all cases is indicated
by the fact that reaction with O is inhibited, roughly stoi-
chiometrically, by prior addition of the reactive organic com-
pounds. Moreover, the properties of the adducts are consistent
with the conclusion that C-C bonds are formed with atoms in
the lattice. Once “irreversibly adsorbed™, the substrates could
not be recovered by extraction with organic solvents though
they were shown to be accessible to reagents in solution.
Heating to 200 °C at 10~3 Torr likewise failed to liberate the
substrate or reactivate the surface toward O;.

More specific evidence for the formation of cycloadducts
was obtained from detailed studies of the vinylbromide adduct.
Of the total 0.48 mmol of vinyl bromide irreversibly adsorbed
by 1 g of fiber, all but 0.11 mmol of the initial adduct was found
to decompose spontaneously with loss of HBr.*> The remaining
0.11 mmol/g was significantly more stable, being unaffected
by heating for more than an hour at 200 °C and 10~5 Torr. If
the major fraction of initial reaction involved cycloaddition
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Figure 1. Kinetics of solvolytic loss of Br~ from vinyl bromide treated
carbon fiber (reaction in 0.1 M NaNOs, | M HNOj3, 75% aqueous ethanol
at 25 °C).

across the C,, C; positions of surface function I, the facile loss
of HBr would be a reasonable consequence as the reaction
would create a new aromatic nucleus at the lattice edge:

CHBv @ CHBr ~HBe ©© H
“’: - "

Since the occurrence of 1 is limited to surfaces with crystallo-
graphic orientation {112/} (or the equivalents), the observed
heterogeneity among the vinyl bromide adducts is not sur-
prising. Cycloaddition to either II or III would each provide
derivatives with bromine o to the conjugated = system of the
lattice although not located on a six-membered ring. The
“benzylic” reactivity predicted by this description was in fact
confirmed by experiment.

The rate of solvolytic loss of Br~ from the more stable of the
two vinyl bromide adducts was found to follow first-order ki-
netics. Kinetic plots retained excellent linearity over more than
4 half-lives (see Figure 1). The rate constant, 9.8 X 1073 s~1,
is close to that for solvolysis of a-methylbenzyl bromide under
similar conditions (1.36 X 103 s~! in aqueous acetic acid).®
The fact that all of the more stable adduct reacts accordingly
to a simple first-order rate law requires that all of it was bound
in a single kind of structural unit on the surface.

In recent years several approaches have been devised to
prepare electrodes with reagents covalently bound at the sur-
face.” 19 Previous work on graphite®® has involved attempts
to derivatize the surface oxides. Such experiments are com-
plicated by the highly inhomogeneous nature of the oxide
functionalities.! Indeed, beyond analytical evidence for the
presence of chemisorbed heteroatoms,®® the constitution of
the chemically modified surface oxides remains entirely am-
biguous. Olefinic addition reaction to the oxide-free surface
provides a new route to the preparation of derivatized graphite
electrodes.

Acrylyl chloride reacts with the oxide-free surface of syn-
thetic carbon fibers in good yield. A pressure-annealed, highly
oriented pyrolytic graphite crystal.'' more suitable than the
fiber for use as an electrode, was treated similarly. A sample
was heated at 1020 °C for 10 h at 10~ Torr to remove surface
oxides. Following this it was cooled to room temperature, ex-
posed to acrylyl chloride vapor at 20 Torr, and finally excess
reagent was removed by outgassing at 10~ Torr for several
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Figure 2. Alternating current voltammetry'2 of $-aminoanthraquinone
adsorbed on acrylyl chloride treated oxide-free graphite, A, and untreated
graphite with normal surface oxides, B (potential vs. Ag/AgCl(s); numbers
indicate scan sequence).
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hours. The sample was next immersed in a stirred solution of
B-aminoanthraquinone, IV, in dry pyridine and finally washed
with fresh pyridine and acetone. The successful preparation
of surface derivative V was evidenced by the electrochemis-

try.
0
- conu
CHy
0
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The sample was mounted in a kel-F holder which masked
all but a single, edge-oriented surface. Voltammetric mea-
surements were made using the graphite as working electrode
in a three-electrode cell filled with 0.1 M tetrabutylammonium
perchlorate in acetonitrile. In conventional cyclic voltammetry
the faradaic current was poorly resolved from the very large
capacitive component. Consequently, first-harmonic ac vol-
tammetry was employed!? using phase-selective rectification
of the faradaic current.

Figure 2A shows the first four consecutive scans of freshly
prepared sample (dc potential was scanned from —0.5 to —1.4
V). The ac current peaks correspond closely to the reversible
half-wave potential for one-electron reduction of IV. (Mea-
surements with an independent working electrode could detect
no quinone free in solution before or after the experiment.) The
peak diminishes significantly between the first and second
cathodic cycles but remains constant for all successive scans.
The change is due to the fact that a fraction of quinone is only
physically adsorbed on the surface and is desorbed following
reduction to the anion radical, as demonstrated by the fol-
lowing control experiment.

The exposed surface of the sample was renewed by brief-

polishing on a ground glass plate. This process exposes fresh
edge-oriented surface which immediately becomes covered
with surface oxides, and results in complete disappearance of
the cathodic peak. A freshly resurfaced sample was treated
with the pyridine solution of IV, washed, and remounted as
before. Figure 2B shows the first three cathodic cycles. Phys-
ically adsorbed IV is detected on the first scan and is com-
pletely removed by the third. These experiments demonstrate
that the covalently bound acid chloride is required for the
chemisorption of IV.

Our continuing efforts are directed at more detailed char-
acterization of these new surface derivatives and at extending
the variety of functional groups which may be incorporated
by means of reactions at the oxide-free surface.
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Isoenergetic Hydride Transfer. A Reversible,
Phase Transition Mediated tRNA Modification
Sir:

Transfer RNAs contain an abundance of modified nucleo-
sides, the possible functions of which have been studied in-
tensively for years.! In spite of such studies, and the availability
of a detailed, three-dimensional model of one tRNA which
illustrates the relative orientations and possible interactions
of the modified nucleosides, the role of these species remains
a central, unsolved problem. We wish to report a selective,
reversible modification of tRNA by a novel, energetically
degenerate process which is accompanied by a reversible al-
teration of the biochemical activity of the nucleic acid. The
nature of the chemical and biochemical changes are in accord
with predictions based on the x-ray crystallographic structure
of yeast tRNAP" 2 and permit verification of the importance
of a single tertiary interaction in the maintenance of structure
and biochemical activity of tRNA.

7-Methylguanosine (1) is an unusual modified nucleoside
in that it exists as a zwitterion at physiological pH. The nu-
cleoside occurs naturally in ribosomal? and messenger* RNAs,
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