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EPR examination of cellulose carbonized at 400◦C and 600◦C has been

performed. The aim of this work was to search a sample useful as the

oximetric probe in biology and medicine. The higher paramagnetic centers

concentration characterizes cellulose carbonized at 600◦C, which was found

as the sensitive oximetric probe. Quasi-chemical bonds between cellulose

molecules and paramagnetic O2 molecules decrease paramagnetic centers

concentration. A linear increase in paramagnetic centers concentration and

a linear decrease in EPR linewidth with increasing time of sample evacuation

were observed for cellulose carbonized at 600◦C. Oxygen affects spin–lattice

interactions in carbonized cellulose.

PACS numbers: 61.66.Hq, 76.30.Rn

1. Introduction

EPR spectra of organic systems strongly depend on existence of paramag-
netic oxygen molecules in the environment of the samples [1]. Oxygen O2 affects
shape, linewidths, and amplitudes of resonance curves. Spin–lattice relaxation pro-
cesses change in samples in air. Both broadening and narrowing of broad (∆Bpp:
0.50-0.90 mT) EPR lines of macerals carbonized at 300−650◦C were observed in
air [2]. Narrowing of the narrow EPR lines (∆Bpp: 0.06–0.34 mT) of thermally
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decomposed macerals dominates in air [2]. A decrease in concentration of param-
agnetic centers with narrow (∆Bpp: 0.29–0.34 mT) EPR lines caused by maceral
interactions with oxygen is known [1, 2]. A decrease in spin–lattice relaxation time
for macerals in air is also measured [2].

In this work interactions of carbonized cellulose with paramagnetic oxygen
are examined. The aim of this study was to find oxygen sensitive probe for bi-
ological systems. It is expected that thermally treated cellulose is inert for cell
cultures, whereas its EPR lines is susceptible for oxygen effect.

2. Experimental

EPR spectra of the original cellulose, and cellulose carbonized at 400◦C and
600◦C for samples evacuated 24 hours were measured. Cellulose carbonized at
600◦C and evacuated 1–5 hours were studied by EPR method.

EPR measurements were performed using an X-band (9.3 GHz) spectro-
meter with modulation of magnetic field 100 kHz. The microwave frequency was
measured. The g-factors, linewidths ∆Bpp, amplitudes, concentrations of para-
magnetic centers were obtained.

Ultramarine was used as the reference of paramagnetic centers concentra-
tion. Area under absorption curve was obtained as double integration of the first
derivative EPR line. The influence of microwave power on EPR lines was analyzed.

3. Results and discussion

To find a cellulose sample useful as the oximetric probe, the paramagnetic
centers in the original cellulose and cellulose carbonized at 400◦C and 600◦C were
tested. The original cellulose sample in vacuum reveals EPR lines with a linewidth
of 0.30 mT and low paramagnetic centers concentration (1.0× 1016 spin/g). Con-
centrations of paramagnetic centers in cellulose carbonized at 400◦C and 600◦C for
the evacuated samples were determined as 4.7×1019 spin/g and 17.7×1019 spin/g,
respectively. EPR linewidth ∆Bpp of cellulose decreases from 0.56 mT to 0.43 mT
with increasing heating temperature from 400◦C to 600◦C. The g-factors in the
range of 2.0031–2.0035 were calculated from the resonance condition. EPR lines
of cellulose carbonized at 600◦C saturate at higher microwave power than those
of cellulose carbonized at 400◦C. Faster spin–lattice relaxation processes exist in
the sample carbonized at 600◦C.

Cellulose carbonized at 600◦C was chosen as oximetric probe. Because
of higher paramagnetic centers concentration and formation of multi-ring aro-
matic structures during thermal decomposition, probability of interactions with
O2 molecules is higher for cellulose carbonized at 600◦C. The linear decrease in
paramagnetic centers concentration with increasing oxygen concentration in envi-
ronment of cellulose carbonized at 600◦C was observed (Fig. 1). Quasi-chemical
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Fig. 1. Changes of paramagnetic centers concentration in cellulose carbonized at 600◦C

with increasing time of sample evacuation.

Fig. 2. Changes of linewidth ∆Bpp of EPR line of cellulose carbonized at 600◦C with

increasing time of sample evacuation.

Fig. 3. Influence of microwave power on amplitudes (a) and linewidths ∆Bpp (b) of

EPR lines of cellulose carbonized at 600◦C for sample evacuated 1 and 4 hours.

bonds between the sample and O2 are formed. The broadening of EPR lines of
cellulose sample for higher oxygen concentrations was observed (Fig. 2).

Changes of amplitudes and linewidths of EPR lines in carbonized cellu-
lose with microwave power for samples evacuated 1 and 4 hours are presented
in Fig. 3a, b, respectively. EPR lines of cellulose carbonized at 600◦C are homo-
geneously broadened (Fig. 3). EPR lines of cellulose sample with lower oxygen
content in the environment (longer evacuated) saturate earlier than EPR lines of
the sample with a higher oxygen content in the environment (Fig. 3a).

4. Conclusions

Spin–lattice and spin–spin interactions, and paramagnetic centers concen-
tration in cellulose carbonized at 600◦C depend on the oxygen concentration in
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the environment of the sample. Paramagnetic oxygen molecules cause fastening of
spin–lattice relaxation processes in the carbonized cellulose. The linear increase
in linewidth and decrease in paramagnetic centers concentration with increasing
time of sample evacuation were observed. The electron paramagnetic resonance
results pointed out that carbonized cellulose is useful as probe in oximetry.
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