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Selective oxidation of cellulose, mediated by
N-hydroxyphthalimide, under a metal-free
environment

Sergiu Coseri, *a Gabriela Biliutaa and Bogdan C. Simionescua,b

Three types of cellulosic samples, including microcrystalline, never-dried sulfite pulp, and Cellets, were

selected to test the oxidative capacity of a new oxidation protocol involving the redoubtable

N-hydroxyphthalimide (NHPI) catalyst. All reactions were performed under mild conditions, at room

temperatures and at atmospheric pressure, in the presence of sodium hypochlorite and sodium bromide.

The generation of the reactive radicalic species, i.e. phthalimide N-oxyl (PINO) from its parent hydroxyl-

amine, NHPI, in the presence of sodium hypochlorite, has been firstly proved by using the UV-Vis tech-

nique, followed next by the reaction with each cellulose type sample for a designated period of time,

varying the amount of the NaClO introduced in the reaction. The main finding of this new proposed pro-

tocol resides in the elimination of any metal cocatalyst required for the generation of the non-persistent

free radical PINO, as has been previously used. The obtained amounts of the carboxylic groups after oxi-

dation, determined using potentiometric titration, are satisfactory, whereas the degree of polymerization

of the resulted products has still superior values, as compared to many other methods used today. All the

oxidized samples exhibited an increased crystallinity compared to the unoxidized samples as revealed by

X-ray diffraction experiments. This new approach not only avoids the introduction of an additional chemi-

cal reagent, but also provides an easy and convenient alternative to those existing today for the prepa-

ration of oxidized cellulose products having high amounts of carboxylic groups and remarkably, less

depolymerized.

Introduction

Due to the tremendous development of modern society, we
observe a continuous competition between industrial compa-
nies to find, produce and introduce to market new materials,
better, cheaper, healthier than those existing today. Moreover,
the consciousness of the finite character of the traditional raw
materials based on petroleum, combined with the high
concern associated with global warming, pollution, and con-
tamination of the environment, assiduously lead to the recon-
sideration of natural resources as ideal candidates to be used
for our daily life products’ fabrication. In this context, the
most abundant natural polymer on Earth has been already
implemented as a key source for a wide variety of products
ranging from food, cosmetics, secured papers, medicine, phar-
macy, flexible displays and many others.1 The cellulose used in

these applications significantly differs from those originating
from trees or tall plants, which serve as skeleton support.
Obviously, from extraction to the end-product, cellulose suffers
a long chain of processes including delignification, extraction,
purification, and often derivatization (functionalization).
Taking advantage of the presence of the many hydroxyl func-
tional groups in anhydroglucose functional groups, cellulose
is highly susceptible to chemical conversion to value-added
products, i.e. cellulose derivatives. The most common pro-
cesses involving the chemical modification of cellulose
include oxidation, esterification, etherification, amination,
and radical polymerization.1 However, the classical chemistry
applied to synthetic polymers is not suitable for cellulose,
since its chemical and physical particularities (biocompatibil-
ity, biodegradability, rigidity, high crystallinity, and insolubi-
lity in common organic solvents) are a consequence of its
specific way of production, namely biosynthesis. As for the
selective oxidation of cellulose, a lot of research has been dedi-
cated to design more economical and reliable processes for
the selective conversion of the three hydroxyl groups in the
cellulose anhydroglucose unit. Especially the primary OH
group in the cellulose unit represents a focus site regarding
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chemical oxidation research, due to its higher reactivity over
the two secondary OH groups and the importance of the
resulting carboxyl derivative. Carboxy celluloses, obtained by
the oxidation of cellulose, are amongst the most studied
derivatives of cellulose, due to their tremendous applications
including pharmaceutics, drug and gene delivery, food indus-
try, cosmetic products, polymer composites, wound dressing
gauzes, as well as the adsorption of a wide range of chemicals,
such as dyes, metals, proteins, and various polymers.2–4

A stable radical TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl)
has been introduced to mediate the selective oxidation of the
primary OH groups in cellulose, in the presence of sodium
hypochlorite and sodium bromide, at room temperature and
pH around 10.2–5 A TEMPO-mediated oxidation protocol, even
if it is claimed to be highly selective, suffers yet from at least
two major drawbacks: firstly, it causes a major depolymeriza-
tion of the cellulose backbone after oxidation, leading to oxi-
dized products with poor mechanical properties, and secondly,
it is a toxic reagent to aquatic life, and therefore cannot be dis-
carded into the wastewater network, being continuously accu-
mulated in the environment, raising concerns regarding its re-
cycling, thus increasing the overall costs of the process.
Alternatives to this protocol have been continuously searched
for, and N-hydroxyphthalimide (NHPI) is considered as one of
the best modern catalysts, having high oxidation performance,
when the active species, the phthalimide-N-oxyl radical (PINO)
is formed through the homolytic scission of the >N–O–H
bond.5–12 Generation of the PINO radical is possible only if a
suitable cocatalyst, able to abstract a proton from the O–H
bond in NHPI, is present. Fig. 1 schematically shows the multi-
tude of possibilities for PINO radical generation, which
include the presence of metal salts, generally transition
elements such as cobalt, manganese, lead, copper, iron,
nickel, and even their mixtures.8 Another approach consists of
the use of non-metal cocatalysts, which mainly imply the pres-
ence of peroxides, nitrogen dioxide or nitric acid, aldehydes,
anthraquinone, hexafluoroacetone, and even enzymes of the
lacasse family.8

The use of UV-vis irradiation of NHPI solutions in aceto-
nitrile, at wavelength λ = 365 nm, to obtain the PINO radical
was also reported.8 Several studies implying the use of NHPI
for cellulose selective oxidation have already been published,
and the presence of sodium hypochlorite and sodium bromide
as actual oxidants is decisive.13–19 Another study in this field
avoided the use of harmful sodium bromide owing to the pres-
ence of copper(II) salts, able to perform the oxidation of cell-

ulose in the presence of NHPI.20 Certainly, the use of mole-
cular oxygen as the ultimate oxidizing agent is highly desired,
due to its low cost, non-toxicity and avoiding many social and
environmental issues raised by the use of common polluting
and toxic oxidizing agents. In this respect, we have recently
developed an oxidizing protocol for cellulose oxidation using
NHPI and molecular oxygen.21 Unfortunately, the amount of
the negatively charged groups was quite modest and further
research in this area is needed. The utilization of an additional
reagent when using NHPI as the oxidizing agent, required for
its conversion into the active radical species, PINO, seems to
be a drawback, increasing the cost of the overall oxidation
process, and imposing a supplemental step necessary for
product separation and purification. In this paper, we propose
a new, innovative protocol for cellulose oxidation using NHPI
in a metal-free system. The generation of the active radical
species PINO becomes possible owing to the presence of
sodium hypochlorite and sodium bromide, as actual oxidants,
reagents also employed in the case of the well-established
TEMPO-mediated protocol. The hypohalides present in the
system take over the role of the metal cocatalyst, oxidizing in
the first stage of the process the NHPI to its free radical
counter partner, PINO, able to initiate the catalytic cycle of
oxidation.

Experimental
Materials

Avicel® PH 101 microcrystalline cellulose (Mc) purified, par-
tially depolymerized α-cellulose, with an average degree of
polymerization (DP) of 140, was purchased from Sigma-
Aldrich. The second used cellulose sample, i.e. Cellets 350 (C)
with a particle size distribution between 350 and 500 μm, and
a degree of polymerization of 350 has been received as a free
sample from http://www.cellets.com. Never-dried softwood
(spruce) bleached sulfite pulp (SBS) with a degree of polymeriz-
ation of 2800 having a moisture content of 88% was donated
by Lenzing AG. The pulp (50 g) was soaked before use in
diluted hydrochloric acid (4500 mL) at room temperature, and
pH ∼ 2 and for 0.5 h, and then washed repeatedly with water
by filtration. 2,2,6,6-Tetramethyl-1-piperidinyloxy radical
(TEMPO), NHPI, sodium bromide, 9% (wt) sodium hypochlor-
ite and other chemicals and solvents were of pure grade
(Sigma Aldrich), and used without further purification.

Fig. 1 Synthetic representation of the PINO radical generation from its hydroxyl precursor (NHPI) in the presence of (i) metal salts, (ii) non-metal
catalysts, and (iii) UV irradiation, followed by its powerful catalytic activity for cellulose oxidation under various environments.
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Analytical techniques

Determination of the carboxylic group contents using poten-
tiometric titration. The content of the carboxylic groups in the
oxidized cellulose samples was determined using the potentio-
metric titration method as detailed in our previous
reports.13–15 All given values are the mean values of 3 parallel
measurements, the standard deviation of measurements being
within 4%.

Degree of polymerization (DP). The degree of polymerization
(DP) was determined viscometrically after dissolving the cell-
ulose samples in cuoxam, the method being described in a
previous study.21 All cellulose solutions (oxidized and unoxi-
dized) in the viscometer were employed for one measurement
only to reduce the risk of possible degradation of the sample.
The viscosity (η) was calculated using the efflux times of the
cellulose solution (t ), the blank cuoxam solution (t0), and from
the concentration of cellulose in solution (c). DP is calculated
from the specific viscosity:

ηspec ¼
η� η0
η0

ð1Þ

according to:

DP ¼ 2000�ηspec
c�ð1þ 0:29�ηspecÞ

ð2Þ

where c is the cellulose sample concentration in g L−1.
Weight loss of the oxidized samples. The weight loss (%) of

the oxidized samples was determined using eqn (3):

Wloss ð%Þ ¼ WO �WOX

WO
� 100 ð3Þ

where WO and WOX represent the weight of the initial (unoxi-
dized) and oxidized sample, respectively. The weight measure-
ments were repeated 10 times for each oxidized sample. The
presented results are the mean values of the weight loss
percentage.

UV-Vis measurements. The UV-Vis absorption spectra of
NHPI solutions in acetonitrile or water–acetonitrile 1 : 1 (vol)
mixture were recorded using a SPECORD 200 Analytik Jena
spectrometer.

FT-IR measurements. An amount of about 1 mg of dry cell-
ulose sample (or oxidized sample) was pressed into a pellet
containing 200 mg of potassium bromide. Fourier transform
infrared (FT-IR) spectra were recorded using a Bruker Vertex 70
instrument, with the accumulation of 32 scans and a resolu-
tion of 2 cm−1, in the 4000 to 500 cm−1 range.

Environmental scanning electron microscopy (ESEM) and
weight loss experiments. The ESEM microphotographs were
acquired on samples fixed by means of colloidal silver on
copper supports. The samples were firstly covered by sputter-
ing using a thin layer of gold (EMITECH K 550×). The as
obtained coated surface was then examined using an
Environmental Scanning 200 instrument, operating at 5 kV
with secondary electrons in the high vacuum mode. The mor-
phological changes that occurred in the oxidized samples, as a

result of the carboxylic groups’ introduction and also due to
the weight loss after oxidation, were carefully monitored.

Crystallinity determination by X-ray diffraction (XRD). A D8
Advance Bruker diffractometer was used for analysing the
unoxidized and oxidized samples. Analyses were performed in
the 5° to 35°2θ range with data acquisition taken at 0.02° s−1

using the reflection method. The voltage and current para-
meters were set at 30 kV and 36 mA, respectively. The crystalli-
nity of each sample was calculated using the formula (4):

Relative crystallinity ¼ ðIcrystalline � IamorphousÞ � 100%=Icrystalline
ð4Þ

where Icrystalline was identified with the intensity at 22.54°, and
Iamorphous was the intensity at 14.28°.

Methods

PINO-mediated oxidation of cellulose. The three sorts of
cellulose materials were subjected to PINO-mediated oxidation
following a procedure briefly described as follows: cellulose
(2 g, 12.3 mmol anhydroglycosyl units or AGUs) was intro-
duced in 300 mL deionized water/acetonitrile solution (5 : 1
vol) containing NHPI (0.163 g, 1 mmol) and sodium bromide
(1.65 g, 16 mmol). For the SBS sample, the amount of added
water increased up to 400 mL for smooth stirring using a mag-
netic stirrer. The pH was adjusted to 10, and then a 9% (wt)
NaClO solution (20 mmol in one series of trials or 40 mmol in
another series of experiments) was added to the cellulose
slurry, and kept at room temperature under vigorous stirring
for fixed periods of time (5 or 24 h) carefully monitoring the
pH value, maintained during the reaction at pH = 10 by using
a 0.5 M NaOH solution (to compensate for the decrease of the
pH due to carboxylic group formation).

Results and discussion

The simple introduction of NHPI in the reaction is not necess-
arily enough to promote the oxidation catalytic cycle. The key
species able to start the process is represented by the PINO
free radical, originating from its hydroxyl parent NHPI.
Therefore, the PINO radical presence is compulsory to realize
the expected oxidation process. In our approach, the introduc-
tion of sodium hypochlorite alone or in combination with
sodium bromide plays a double role: (i) ensures the conversion
of NHPI to PINO, similar to the systems that include metal
salts, and (ii) further oxidizes the PINO radical to the nitroso-
nium cation, the actual oxidant of the primary OH groups in
the cellulose unit. PINO radical formation from NHPI is a
rather slow process in the presence of sodium hypochlorite,
but becomes quite fast when sodium bromide is introduced
supplementary to NaClO. The UV-Vis experiments, Fig. 2, show
that the UV-Vis maximum adsorption band of NHPI from
300 nm is replaced by a new adsorption band, centered at
420 nm, when NaClO is added to NHPI, as a result of PINO
radical formation. This maximum band becomes more promi-
nent when sodium bromide is supplementarily introduced
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into the NHPI/NaClO mixture. Indeed, the mixing of an aceto-
nitrile solution of NHPI with an aqueous solution of NaClO/
NaBr results in the appearance of a yellow color, as a result of
PINO radical appearance.

PINO radical formation should be the result of a process
consisting of hydrogen atom abstraction from NHPI by another
species which might be already present in the system. It is
known that NaClO is able to produce ClO• radicals, able to
abstract a hydrogen atom from NHPI.22 When sodium bromide
is supplementarily introduced in addition to NaClO, the first
step consists of the formation of sodium hypobromide, which
in turn will generate BrO• radicals, much more reactive than the
ClO• radicals, see Fig. 3. Therefore, PINO radical formation
seems to represent a much more feasible process if considering
BrO• as the main radical species responsible for hydrogen atom
abstraction from NHPI. This assumption correlates quite well
with the role of HBrO and HClO in cell lysis investigation,

which reveals that hypobromide radicals cause cell lysis faster
than that induced by hypochlorite radicals at the same concen-
tration.22 Other authors found that BrO• radicals induce red
blood cell lysis about 10 times faster than ClO• radicals23 and
are also responsible for membrane modification at lower con-
centrations than hypochlorite radicals.

Once the PINO radical is formed, in the second stage of the
process the hypobromide ions present in the system oxidize
the PINO radical to form nitrosonium species, the actual cell-
ulose oxidant, Fig. 3, as extensively presented in our previous
papers.13,17,18 At this point, cellulose oxidation will selectively
occur at C6, the primary hydroxyl groups being converted into
carboxylic ones.

The presence of the nitrosonium ions in the reaction medium
is likely to induce some side reactions by reacting with hydroxyl
anions, hydrogen peroxide being thus produced. Hydrogen per-
oxide decomposition provides the existence of another reactive
free radical species, namely the hydroxyl radicals. Therefore, it
seems quite likely to have another source of free radicals, i.e. the
HO• able to perform hydrogen atom abstraction from NHPI, gen-
erating in this way the PINO radical. Concluding, two routes are
possible for PINO radical formation by H atom abstraction from
NHPI, both using free radical species, either BrO• or HO•. To
prove this hypothesis, butylated hydroxytoluene (BHT) (a radical
scavenger) was introduced in the reaction mixture. A complete
inhibition of the reaction was noted as a consequence, this con-
firming that PINO radical generation occurs following a free
radical mechanism.24 Table 1 contains the overall experiments
carried out using the proposed metal free NHPI mediated oxi-
dation of the three sorts of cellulose.

For comparison purposes, TEMPO-mediated oxidation of
all cellulose samples was carried out, following exactly the
same reaction conditions as in the case of NHPI-mediated oxi-
dation (samples denoted as: McT24, CT24, and SBST24). The
amount of carboxyl groups introduced expressed as mmol kg−1

depends on cellulose type, reaction time and the amount
of sodium hypochlorite in the reaction. The maximal amount
of the negatively charged groups formed following NHPI/
NaClO/NaBr oxidation was detected when using microcrystal-
line cellulose oxidized for 24 h with 10 g NaClO per gram of
cellulose, Fig. 4. The values do not significantly differ from
those obtained by using the alternative TEMPO mediated pro-
tocol (samples McT24, CT24, and SBST24). To have a deeper
insight into the influence of the oxidation reaction time on the
amount of carboxylic group formation and on the degree of
polymerization (DP) of the resulted products, we have done
supplementarily a study to evaluate these parameters, using
different oxidation times, in the range of 1 h to 24 h, Fig. 4.
Larger reaction times seem to be beneficial for the higher
amounts of COOH groups’ formation, but detrimental for the
DP value. A reasonable reaction time could be the choice in
order to achieve a compromise between the two parameters,
depending on the application envisaged for the oxidized
product. Moreover, on increasing the reaction time, an
increase of the weight loss of the initial sample is observed. As
an example, the weight loss varies from 12% for SBS24 to 16%

Fig. 2 UV-Vis absorption of a mixture of NHPI (0.5 mM) and NaOCl
(50 mM), in the presence (50 mM) (a) or absence of NaBr (b), in aceto-
nitrile/water 1 : 1 (vol).

Fig. 3 Possible reaction pathways of the PINO radical formation from
NHPI in the presence of free radical species, such as BrO• or HO•.
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for C24 and 18% for the Mc24 sample, respectively, which lead
to a diminution of the yield of the oxidized products.

Interestingly enough, when using TEMPO the weight loss
was found to be even higher for all three cellulose samples oxi-
dized for 24 h, reaching almost 30% for the McT24 sample.
Another parameter of significant importance is the degree of
polymerization of the oxidized samples. It is well known that
one of the major drawbacks of the TEMPO oxidation protocol
is the occurring sharp depolymerization affecting the oxidized

products.25 When NHPI is used in combination with NaClO
and NaBr, higher DP values are expected. Indeed, all three oxi-
dized cellulose samples still show higher DP values as com-
pared to those issued from the TEMPO mediated protocol
(Table 1, Fig. 4).

FT-IR

The first insight into the oxidation process was acquired
through FT-IR. Fig. 5 shows the FT-IR spectra of three cellulose

Table 1 Cellulose oxidation in a metal free environment, using NHPI: amount of carboxylic group formation, average weight loss and degree of
polymerization for the oxidized samples under various reaction times and volumes of sodium hypochlorite

Sample
Reaction
time (h)

Volume of NaClO/g
cellulose (ml)

Amount of negatively
charged groups (mmol kg−1)

Average weight
loss (%)

Degree of
polymerization (DP)

Mc — — 6 — 140
Mc5 5 10 196 10 ± 0.12 120
Mc5′ 5 20 288 10 ± 0.08 108
Mc24 24 10 486 18 ± 0.14 86
McT24 24 10 522 28 ± 0.22 62
C — — 12 — 350
C5 5 10 110 6 ± 0.10 310
C5′ 5 20 162 10 ± 0.12 275
C24 24 10 264 16 ± 0.21 190
CT24 24 10 285 19 ± 0.27 130
SBS — — 18 — 2800
SBS5 5 10 116 2 ± 0.07 2200
SBS5′ 5 20 264 3 ± 0.18 1980
SBS24 24 10 426 12 ± 0.24 1300
SBST24 24 10 488 16 ± 0.16 980

Mc = Avicel® PH 101 microcrystalline cellulose. C = Cellets 350. SBS = Never-dried softwood (spruce) bleached sulfite pulp.

Fig. 4 The relationship between the oxidation reaction time and the amount of carboxyl groups’ formation and the degree of polymerization, in the
oxidation reaction of 1 g Mc, C, or SBS, with: 0.5 mmol NHPI, 8 mmol NaBr and 10 mmol NaClO, at room temperature and pH = 10.

Fig. 5 FT-IR spectra of the native and oxidized cellulose samples.
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materials before and after oxidation. Before oxidation, typical
cellulose FT-IR absorption peaks are seen, as follows: a broad
peak between 3000 and 3700 cm−1, corresponding to the
stretching vibration of the plethora of O–H groups, and the
peak centered at 2900 cm−1 attributed to the C–H stretching
originating from CH and/or CH2 groups. The sharp absorption
peak at around 1640 cm−1 reveals a water –OH bending
vibration, since the characteristic peaks of the C–O–C stretch-
ing vibration are visible at 1164 cm−1, anti-symmetric, and
1059 cm−1, ring deformation, respectively. Other noticeable
absorption peaks are present at 1431 cm−1, –CH2 symmetric
bending vibration and 1373 cm−1, C–H bending vibration.

Following oxidation, the main feature of all FT-IR spectra
resides in the appearance of a new absorption peak, centered at
1735 cm−1, assigned to the CvO bond formation in carboxylic
groups. The intensity of this peak is proportional to the amount
of the introduced COOH groups. The other significant changes
in the FTIR spectra are noticed in the absorption decrease of
both peaks attributed to the C–H stretching originating from
CH2 groups, those from 2914 cm−1 and 1431 cm−1.

SEM

The microphotographs acquired by using ESEM present com-
paratively the morphological changes that occurred in cellulo-
sic materials after NHPI/NaClO/NaBr oxidation, Fig. 6. It can
be seen that after oxidation the morphology of the cellulose
surface is quite altered, the major modifications being on
sample C5. On this sample, the initial granular structure with
a mean diameter of 350 μm (sample C) is almost totally com-
promised, the oxidized sample showing crumbly residual like
fragments.

On two other oxidized samples (Mc5 and SBS5) the
occurred changes are not very obvious, especially those derived
from Mc. Regions of surface rupture are seen for the SBS5
sample, fragmentation of the microfibrils being conspicuous.
All these modifications could be to a large extent attributed
more to cellulose exposure to alkaline media rather than to the
toxicity or the harsh nature of the reactants.

X-Ray

X-ray diffraction patterns of both unoxidized and oxidized
samples are given in Fig. 7. All presented diffractograms show
typical cellulose peaks with reflections at 2θ about 14.3° and
34.8°, respectively, assigned to the (110) and (004) crystallo-
graphic planes. The reflections at 16.6° and 22.5° are assigned

to the (110) and (200) crystallographic planes in cellulose. The
great similitude in the diffraction patterns for unoxidized and
oxidized samples is a strong argument for the selective intro-
duction of carboxylic groups on the crystal surface, rather than

Fig. 6 SEM microphotographs of selected Mc (a), Mc5 (b), C (c), C5 (d), SBS (e), and SBS5 (f ) samples.

Fig. 7 X-ray diffraction patterns of original (unoxidized) and NHPI/
NaClO/NaBr oxidized samples of microcrystalline cellulose (A), Cellets
(B), and never-dried pulp (C).
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inside the crystallites. Moreover, in the unoxidized samples, a
peak at 20.6° (labeled 021), assigned to the amorphous
phases,26 can be easily detected. Following the oxidation reac-
tion, the (021) peak of the amorphous phase shows a notice-
able tendency of flattening in all oxidized samples, thus sup-
porting the hypothesis that cellulose amorphous regions are to
a large extent removed during the oxidation process.

The degree of crystallization (DC) has been calculated as
presented in the Experimental section. For the unoxidized
(Mc, C, and SBS) samples, the calculated DC has been found
to be 42%, 58% and 43%, respectively. After oxidation, an
increase of the DC has been observed, with the highest DC
values for the samples oxidized for 24 h: 52% for sample
Mc24, 64% for sample C24, and 54% for sample SBS24. The
increase of the DC value after the oxidation reaction could be a
consequence of the peeling of some fragments from cellulose’s
amorphous regions due to exposure to the alkaline medium
during the oxidation reaction, but also due to the formation of
carboxyl groups, mainly in the amorphous regions and the
surface of cellulose crystals. Nevertheless, the higher DC
values found for the oxidized samples denote a selective oxi-
dation process, occurring at C6, contrasting with the periodate
oxidation system, when the opening of the anhydroglucose
unit of cellulose leads to a sharp decrease of the DC.27

Conclusions

The high catalytic activity exhibited by NHPI to a myriad of low
molecular organic substrates, through its free radical derivative
PINO, has been expanded toward several cellulosic materials
in a simple oxidation protocol, employing sodium hypochlor-
ite and sodium bromide, under mild reaction conditions,
room temperature and atmospheric pressure.

The main finding resides in the total absence of any metal
cocatalyst, a prerequisite for the PINO radical generation via
the one electron oxidation of PINO. The designed oxidation
protocol takes advantage of the two already present reagents,
i.e. NaClO and NaBr, as efficient co-oxidizing agents for NHPI
to generate the PINO radical, able to initiate the whole oxi-
dative cycle. Under these circumstances, not only is metal par-
ticipation avoided, but also the amount of the carboxylic
groups introduced in the anhydroglucose unit of the cellulose
chain is comparable to the one obtained using the well-estab-
lished, yet more expensive, TEMPO radical. Moreover, the
degree of polymerization values determined for the oxidized
products obtained by using the newly reported protocol are
significantly higher than those produced by other oxidation
methods, improving in this way a sensitive issue, often limit-
ing the use of oxidation reactions on cellulose as a potential
functionalization pathway.
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