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metastable peaks corresponding to the frag-
mentations 202174, 187159, 143131,
1155103, and 1313103 due to successive
losses of CO and C. The fragment at m/e= 115
seems to be typical for phenylthiophenes 7:13
and phenylfurans. Methyl 2-furylbenzoate was
hydrolysed, giving 2-furylbenzoic acid in 87 9,
yield, m.p. ca. 90°, decomp. (Found: C 69.4;
H 4.4. Cale. for C,,H,0,: C 70.2; H 4.3.) The
mass spectrum of 2-furylbenzoic acid showed
molecular ion at m/e= 188 (100) and fragments
at mje=160 (52), 159 (46), 131 (64), 115 (60),
103 (33), 77 (41), metastable peaks correspond-
ing to the fragmentations 188160, 159> 131
due to losses of CO.

Most of the arylfurans decompose slowly at
room temperature.
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ESCA and Méssbauer Investiga-
tions of Some Porous Teflon-
Active Carbon-Phthalocya-
nine Electrodes
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n a study ! on the electrocatalytic effect

of iron-phthalocyanine polymers in
porous active carbon-teflon electrodes in
acid medium for use in, e.g., metal-air
batteries it was observed that the catalytic
effect decreased with time.

Asit is of great importance to understand
the mechanism behind this decrease we
have made some spectroscopic investiga-
tions including Mossbauer and ESCA @
measurements. Four different samples were
compared, composed and treated as follows.
A: NORIT FNX +10 9, Pc-Fe(II) 280°(A)
(3 parts) and Teflon (1 part).

B: Asin A, but kept in 2.25 M H,SO, for a
week.

C: As A but kept in 2.25 M H,SO, in the
presence of oxygen for one week.

D: As A but treated as C and also used as
cathode with a 20 mA /em? current density.

Table 1. Mossbauer data (in mm/s) for samples

A~-D.
e 1% /11
IS(SS) 4Eq  IS(8S) 4B
A 1.25 3.01 0.21 0.62 0.27
B 1.24 2.98 0.18  0.60 0.28
C 1.24 2.91 0.14 0.64 0.33
D 1.24 2.99 0.16 0.60  0.30

IS(SS)=Isomer shift relative to stainless steel.
A4E o = Quadrupole splitting.

“%‘he Mossbauer spectra show two well-
resolved doublets, I and II. I can be attributed
to a high spin form, and II is most probably
due to a low spin form.

b1/1I=Ratio between the surfaces of the
bands of I and II, respectively.
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Fig. 1.

Survey of the samples A—D. The instrument correction is 9.6 eV so that the

binding energies can be calculated from Ey= 1477.0— Ey;,.

The result of the Mossbauer investigation
(Table 1) showed that no significant change
in the bonding of the iron atoms had been
caused by the treatment of samples B—D
compared to what was found for sample A.
The decrease in electrochemical activity
cannot, therefore, be caused by a change
in the phthalocyanine bonding of iron. This
important result must be remembered in
the continued discussion of the ESCA work.
Really, from the work of Berezin,® one
should expect that the iron atoms should
be set free in the rather strongly acidic
medium used. It is possible that the
structure of the phthalocyanine groups
would tend to stabilize the iron-nitrogen
bonding as well.

The ESCA-spectra were run on an AEI
ES 100 spectrometer and the samples were
applied on a copper thread mesh. The
overall picture of the results is given in
Fig. 1, presenting the four survey spectra
in the range 500 —1500 eV kinetic energy
(AlK« radiation was used for the excita-
tion). There is one major effect immediately
observed: In sample A there is a very
strong signal from carbon (active carbon)
but a rather medium-sized one from fluo-
rine (teflon). This situation is entirely
reversed in the spectra of samples C and
D where the fluorine signal is very strong
and the carbon one is markedly diminished
in magnitude. Furthermore, there appears
a second carbon line at lower kinetic energy

Acta Chem. Scand. 26 (1972) No. 8

(higher binding energy) corresponding¥to
the carbon in the CF, units (¢f. Fig. 1: 16
of Ref. 2). The spectrum of sample B
presents a picture somewhere between these
two extremes. It scems obvious, remem-
bering that the ESCA-technique is a sensi-
tive surface investigation method, that the
most profound change in going through the
series A — B —C — D is the partial oxidation
of the active carbon surface. This oxidation
is caused by the presence of free oxygen
and hydrogen peroxide in the electrolytic
solution and may probably be the cause of
the decreasing electrochemical activity as
the balance of the position of the three-
phase-zone must depend on the surface
teflon-graphite composition.*

The iron spectra (Fe 2p;,) of the four
samples are given in Fig. 2. The result
confirms the conclusion from the Méssbauer
investigation that the iron atoms are not
profoundly perturbed by the treatment
B—~C—D. The intensity is seen to be a
little greater in the spectra of samples C
and D but this may be caused by a slightly
better adhesion to the copper grid of these
two samples. Another explanation is that
there is a slight increase in surface con-
centration of iron(II) phthalocyanines in
samples C and D. The iron spectra (Fig. 2)
do not show the very sharp lines often
found,® but a very broad band. The two
bands of the 2p,;, and 2p,/, states, e.g. in
spectrum D, can be seen only with dif-
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Fig. 2. Iron 2pg,— 2p,,, spectra.

ficulty. This effect will be treated further
in a future communication. It may be noted
that a similar effect was found by Kramer
and Klein ¢ investigating KFeS, and FeS.

The only observation, seemingly con-
tradicting the above interpretation, is the
strong decrease of the nitrogen signal in
the A—B —C—D sequence (Fig. 3). If the
iron signal is constant or even slightly
increasing one should expect the same to be

T ] T

100 cps

1075 1080 1085 Egin

Fig. 3. Nitrogen ls spectra.
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the case with the nitrogen one. However,
there seems to be a slight change in position
of the nitrogen band maximum between
A and D. We suggest, therefore, that the
weak signal (showing a very broad band)
found for sample D really corresponds to
the phthalocyanine nitrogens, but that the
band observed in sample A is caused by
surface adsorbed nitrogenspecies (ammonia
from the teflon-dispersion used in the
preparation of the electrode) that are
desorbed and possibly oxidized away in the
acid medium. For the pure polymer
Pc-Fe(II) 280°A the nitrogen signal appears
at 1077.5 eV, corresponding quite well to
the position of the weak signal of sample

In conclusion, we feel that the use of
ESCA as a semiquantitative tool for surface
studies, exemplified in this work, will yield
valuable information also on other electro-
chemiecal problems.
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