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Wool scoured in tapwaterwith no special degreasing and containing a balanced humidity responding to usual laboratory conditions
was irradiated by accelerated electron beam in the range of 0–350 kGy dose. Time variations of the wool structure were measured
using FTIR, Raman, and EPR spectroscopy. �e aim was to determine whether preexposure treatment of the wool, as well as
postexposure time, a�ects the properties of the irradiated wool. Reactive products such as S-sulfonate, cystine monoxide, cystine
dioxide, cysteic acid, disulphides, and carboxylates displayed a considerable �uctuation in quantity depending on both the absorbed
dose and time.Mutual transformations of S-oxidized products into cysteic acid appeared to be faster than those in dry and degreased
wool assuming that the present humidity inside the 
bres is decisive as an oxygen source. EPR results indicated a longer lifetime
for free radicals induced by lower doses compared with the radicals generated by higher ones. �e pattern of the conformational
composition of the secondary structure (�-helix, �-sheet, random, and residual conformations) also showed a large variability
depending on absorbed dose as well as postexposure time. �e most stable secondary structure was observed in nonirradiated
wool but even this showed a small but observable change a�er a longer time, too.

1. Introduction

Sheepwool is a valuablematerial with unique properties used
traditionally and especially in the garment industry. Since
only wool of high quality is utilized in the textile industry,
unprocessed wool o�en regrettably becomes waste at loading
depots. �ermal insulation of buildings using sheep wool is
not too widespread due to the serious competitors in this

eld, that is, expanded polystyrene and mineral wool.

Sheep wool is based on keratin containing more than 170
di�erent proteins and polypeptides composed of di�erent �-
amino acids structured in �-helical form, mostly cysteine
(7–20%) [1–4] along with a small quantity of lipids (0.1%)
and mineral salts (0.5%) [5, 6]. Keratin 
bres are chemically
inhomogeneous and the mixture of di�erent polypeptides is
complex [7]. So-called hard keratin inherent in wool, hair,
feathers, nails, and horns contains more than 3% of sulphur

in mass [8]. �e �-keratin dimer is stabilized by hydrogen
bonds as well as inter- and intramolecular disulphide bonds
which are responsible for a compact three-dimensional stable
structure [9, 10]. Keratin is reactive, biocompatible, and bio-
degradable [11].

E�orts to modify wool in order to improve textile prop-
erties have involved, besides chemical methods, procedures
such as plasma treatment [12–16], corona discharge [17],
microwave irradiation [18], or UV radiation [19]. Plasmatic
treatment of the wool surface is themost documented among
the mentioned modi
cations. �is process can change the
surface properties of wool without major modi
cation of the
properties inside the 
bre [20] and chemical composition
of plasma treated surface is dependent on the character
of the surrounding gaseous atmosphere [21, 22]. If plasma
atmosphere involves combination of several gases (nitrogen,
air, and water vapour), an attentive control of reproducible
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composition of the used atmosphere can be problematic.
Some di�culties can be expectable when such process should
be continual and e�cient. Microwave treatment showed only
a little improvement in 
bre dyeability due to generation
mild wrinkles on the 
bre surface without chemical change.
Application of UV radiation, as is well known, generates
toxic ozone as by-product when irradiation is carried out on
air. In general, there is a lack of information on industrial
applications of the above-mentioned processes utilizable in
the textile industry.

Within last decades, radiation technics including electron
irradiation have been used to generate free radicals in syn-
thetic polymers. Recently, as the 
rst we published a study on
e�ect of accelerated electron beam on sheep wool [23]. �e
irradiation being “dry” and nonwaste technology is of great
merit, since accelerated electron beam penetrates whole 
bre
volumemodifying it.�is is a considerable advantage in com-
parisonwith the above-mentioned technics. By contrast, con-
tinual irradiation in electron accelerator is feasible very well
and it has been applied in industry (cross-linking plastics,
sterilization of medical items, etc.). Although the modi
ca-
tion of sheep wool by electron beam is in phase of beginning
research only, the actual results have indicated possible
use of such wool for speci
c nontextile purposes due to
enhanced sorption properties [24]. However, volume of
necessary knowledge is still scarce. �at is why continuation
in the research is expected.

In the 
rst study [23], the examined wool was degreased
and kept dry in a desiccator before electron irradiation.
Related changes in primary and secondary structure were
analysed a�er a 9-day time lapse a�er irradiation show-
ing considerable variations in the monitored parameters.
Depending on the absorbed dose, the following indicators
were subjected to monitoring: functional groups involving
sulphur, hydrocarbons, portions of �-helical, �-sheet, and
random conformations in the secondary structure, and ther-
mal and mechanical properties. In this work, we focused on
wool scoured in water with no special degreasing and drying
out before being exposed in order to enhance our knowledge
about processes occurring due to electron beam irradiation.
Such wool contained balanced humidity responding to usual
laboratory conditions without targeted air-conditioning.
Time variations of the wool structure were measured using
FTIR, Raman, and EPR spectroscopy with the aim of 
nding
out whether preexposure treatment of the wool as well as
postexposure time a�ects properties of the irradiated wool.

2. Materials and Methods

2.1. Sample Preparation. �e sheep wool was taken directly
from sheep-shearing of a Tsigai-Su�olk crossbreed bred in
Middle Slovakia.�e�eecewas not selected regarding the site
taken from the part of the sheep’s body and the 
bre thickness
was in the range of 27–33 �m. Crude impurities including
excremental scraps were removed from the wool manually.
�en the wool was severalfold scoured in warmish tap water
until the rinse water was clean. Such precleaned material of a
mass of about 12 g was put into a netted pouch and washed

in tap water tempered to 40∘C using an ultrasonic bath of
5 litres in volume during 2 × 10min cycles and the water
was exchanged in each washing cycle. A�erwards, the pouch
was removed and hung on a laboratory stand to drain the
trapped water thoroughly. Finally, the sample was dried in a
laboratory oven at 40∘C for 24 h and then put into an unsealed
polyethylene bag and kept under usual laboratory conditions.

2.2. Sample Irradiation. �e irradiation of the samples was
carried out as described in a previous paper [23]. �e doses
applied were 0-16-25-40-63-117-170-250-350 kGy repeating
100 kGy cycles plus needed supplementing dose, if necessary.
Between individual irradiation cycles, the samples were
allowed to cool down for 30 minutes to maintain a tempera-
ture below 50∘C.�e absorbed doseswere checked dosimetri-
cally by radiochromic foils B3 using spectrometer GENESYS
20.

�e irradiated samples were kept in unsealed polyethy-
lene bags put in carton boxes under usual laboratory condi-
tions.

�e 
rst spectral measurement was carried out 4 days
a�er the irradiation and the next ones were within selected
time intervals.

2.3. Spectral Measurement. For FTIR spectra measurement,
the samples were deposited on a steel support and spread
to form a thin layer. FTIR spectrometer Nicolet 6700 with
a Continuum microscope was employed to take the spectra.

FTIR spectra were collected over a 650–4000 cm−1 range,
with a spectral resolution of 8 cm−1 and with 128 scans on
average. Since infrared signals of S-compounds are rather
weak, the collected FTIR spectra were converted to second-
order derivative spectra; the related signals were read and
divided by the signal for reference ethyl group at wavenumber

of 2849 cm−1 (CH2 symmetric vibrations). Comparison of
those ratios with corresponding ratios of nonirradiated wool
provided data on the relative content of the analysed compo-
nents.

�e Raman spectra were measured using FT-Raman
spectrometer Nicolet NXR 9650 with a MicroStage adapter
containing an integrated CCD camera tomeasuremicrosam-
ples with measuring trace of 50 �m and enabling area survey
with exciting wavelength of 1064 nm. To prevent catching

re during measurement, the wool was moulded into a
compact structure applying a force of 70–80 kNby a hydraulic
press equipped with membrane vacuum pump.�e source of
exciting radiationwasNd:YAG laser (532 nm)with optimized
power to attain a quality spectrum and avoid the risk of the
sample catching 
re. �e spectra were taken in the range of

400–4000 cm−1 and for qualitative analysis. Amide I band

(1653 cm−1, valence vibration)was used as reference band. No
second-order derivationwas used for Raman spectra process-
ing.

Spectra corresponding to each absorbed dose were taken
from three independent 
bre samples and the corresponding
relative deviations for measured absorbance data did not
exceed 5% in average.
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Table 1: Characteristic wavenumbers of functional groups for native
wool used in FTIR and Raman spectroscopy [25, 26].

Characteristic group Structure Ṽ (cm−1)

FTIR spectrometry

S-sulfonate (Bunte salt) -S-SO3
−- 1022

Cysteic acid -SO3
−- 1044

Cystine monoxide -SO-S- 1075

Cystine dioxide -SO2-S- 1128

Carboxylate -COO− 1389

Ethyl group, internal reference band -CH2- 2849

Raman spectrometry

Disul
de bond -S-S- 500–550

Amide I, internal reference band -N-H 1653

Table 2: Wavenumbers for estimation of secondary structure con-
formation [27].

Amide II band, -CONH- group
(1500–1600) cm−1

Conformation

1545 �-Helix
1540 Random

1530 �-Sheet

Both FTIR and Raman spectra were processed using the
OMNIC so�ware, version 7.3. Vibration bands are listed in
Tables 1 and 2.

EPR spectra were taken using Bruker EMX plus spec-
trometer operating at X band (9,4GHz) at room temperature
with 100 kHz 
eld modulation. �e �-factors were quoted
with an uncertainty of 0.0001 using an internal reference stan-
dard marker containing 1,1-diphenyl-2-picrylhydrazyl built
into the EPR spectrometer. Special thin cylindrical quartz
tubes were used for the measurements. At each experiment,
the sample mass was constant and that was reproducibly
inserted into the tube. �e EPR signal-to-noise ratio was
improved using multiple scans. �e spectra were processed
with the commercially available so�ware SimFonia (Bruker).

3. Results and Discussion

3.1. FTIR and Raman Spectral Measurements. Changes in
the chemical structure observed through FTIR and Raman
spectroscopy were monitored within 4 months a�er 4, 88,
and 123 days a�er irradiation (Figures 1–6). As is evident in
Figure 1, each dose gave a di�erent pattern of composition
regarding the functional groups.

In comparison with the other wool (industrially scoured
with 
bre thickness of 22–27 �m)which was prior to the irra-
diation degreased by Soxhlet dichloromethane extraction,
dried and kept in desiccator until irradiation in the same
accelerator [23], it is evident that development of analogous
parameters is considerably di�erent.�e di�erences between
them are observable despite comparable times of the 
rst
spectral measurements from the irradiation (9 days for
the degreased dry wool and 4 days for the water scoured,
resp.). While the development and �uctuating S-sulfonate
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Figure 1: Variation of relative content in disulphides, S-sulfonate,
cysteic acid, cystine monoxide, cystine dioxide, and carboxylates in
the wool with absorbed dose 4 days a�er electron beam irradiation.
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Figure 2: Development of relative content of disulphides, S-sul-
fonate, cystine monoxide, and carboxylates 88 days a�er electron
beam irradiation.
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Figure 3: Development of relative content of cystine dioxide and
cysteic acid along other species in the wool with absorbed dose 88
days a�er electron beam irradiation.
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Figure 4: Development of relative content of disulphides, S-sul-
fonate, cysteine monoxide, cysteine dioxide, and carboxylates in the
wool with absorbed dose 123 days a�er electron beam irradiation.
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Figure 5: Development of relative content of cysteic acid in the wool
with absorbed dose 123 days a�er electron beam irradiation.

was dominant almost to 200 kGy, it was then transformed
into other S-oxidized species (namely, into cystine dioxide
and cysteic acid) in the dry degreased wool; the wool scoured
by water shows that relative content increased over an initial
value only for cysteic acid and disulphides within the same
range of doses. Doses above 200 kGy in the dry degreased
wool generated only cysteic acid and cystine dioxide and
any S-sulfonate or cysteine monoxide was no longer found
[23], while in the water scoured wool cysteic acid, cystine
dioxide, and S-sulfonate were detected. However, the last was
no longer found at the highest dose of 350 kGy.

A common feature for both degreased and water scoured
wools is a considerable �uctuation of the analysed compo-
nents with absorbed dose. Being the generated species of
polar character, the correspondent surface energy of the 
bres
should grow. �is parameter was really determined in the
degreased and water scoured wool samples [28]. It was found
that the surface energy increased immediately already a�er
the lowest dose and became stable from 100 kGy despite the
fact that the content of polar groups continued to increase
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Figure 6: Variation of relative carboxylate content in the wool with
absorbed dose; time data mean lapse from the irradiation.

in the bulk. It indicates the ultimate presence of whatever
polar groups coming from already oxidized and transformed
species situated at the available surface area regardless of the
next doses’ e�ect. �e measured surface energy as complex
indicator re�ects conditions only at the 
bre surface and,
in addition, could not specify structural composition of the
surface polar groups. �erefore, in the presented study, such
measuring was omitted as not much informative factor.

We assume that themain reason of the di�erences in indi-
vidual structural changes for both wools is not their di�erent
origin but the di�erent humidity value as an oxygen source
inside wool. It can be said that higher humidity content
in irradiated wool suggests earlier cysteic acid generation
compared with the dry and degreased one. Our expectation
of decreasing disulphide groups already at starting doses
based on low -S-S- binding energy (214 kJ/mol) [29] was not
met (Figure 1). On the contrary, the -S-S- content increased
variably and became stabilized around the initial level just
beyond 170 kGy. �e course of the dependence indicates that
this growth for 117 kGy dose has occurred at the expense
of decreasing representation of the other S-oxidized species.
�is means that during the absorption of the dose some
reduction processes had to occur, which is rather surprising
and unclear so far. �e disulphide content was measured
using a method (Raman) independent of the other func-
tional groups (FTIR); the measuring error for -S-S-group
can be excluded. Carboxylate ions show relatively the least
�uctuation.�e summary data obtained, involving degreased
dried wool, illustrate the complexity of processes running in
irradiatedwool depending on, until now, unde
ned variables.

To obtain more information on transformation dynamics
of individual species, themeasurements were repeated within
intervals 88 and 123 days from the exposure, with the samples
being kept freely under laboratory conditions.�e results for
disulphides, S-sulfonate, cystine monoxide, and carboxylates
are displayed in Figure 2 and data for cystine dioxide and
cysteic acid are shown in Figure 3.

A�er longer postexposure interval, the enhanced content
of disulphides was no longer the case; the sulphides were
transformed progressively into S-oxidized products.
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As seen in Figure 3, a�er an 88-day interval, the increase
for cysteic acid and cystine dioxide is signi
cantly higher than
for other S-species. �is 
nding is in conformity with con-
clusions of authors dealing with wool plasma treatment [26],
wool photodegradation [19], and wool oxidation [30]. �e
above-mentioned authors considered cysteic acid to be the

nal transformation product of -S-S- formation and cystine
dioxide to be its precursor.

Our measurement of the wool a�er 123 days from the
irradiation de
nitively con
rmed cysteic acid as the 
nal
product also in the case of electron beam irradiation (Figures
4 and 5).�edependence in Figure 4 shows negligible content
of cystine dioxide beyond 63 kGy dose and a dominant
content of cysteic acid (Figure 5).

Besides cysteic acid, also the presence of carboxylate ions
in wool is important especially due to interactions with basic
groups -NH2 and isoelectric point setting.More detailed time
variations in carboxylate content in the irradiated wool are
displayed in Figure 6.

It is apparent that also the carboxylate portion varies not
only with absorbed dose but also with time. �e �uctuation
can be attributed to both generation and following consump-
tion of the carboxylates in intramolecular reactions with
acidic groups of keratin, for example, -COO− with H3N

+-.
Postirradiation time available for intramolecular reactions
is one of the decisive factors. Since in the FTIR spectrum
isolated -COO− groups were measured, which does not give
a signal identical with the associated ones, a�er interaction
of the carboxylate the corresponding content estimated from
the isolated signal should be lower. Development of the -
COO− content a�er 123 days (Figure 6) shows that, with the
exception of the 40 kGy dose, the -COO− content is under the
level of the nonirradiated wool (≤1).

3.2. EPR Spectral Measurements. In general, it is accepted
that radiation can provoke the breaking of bonds, poly-
meric chains, or cross-linking due to mutual recombination
of generated free radicals [31–34]. Our EPR spectroscopic
observation provided some imagination on the generation of
free radicals in the wool a�er being irradiated by the electron
beam.�e 
rst EPRmeasurement was carried out 7 days a�er
the irradiation and then a�er 1 and 2 months (and partially
a�er 3 months, too). �ese measurements a�er these time
laps attempt to give information on the occurrence, identity,
and lifetime of originally present radicals.

�e sample of nonirradiated wool showed an unexpected
lightly intensive sharp EPR signal around 3500 Gauss. Using
10 scans, the intensity of the signal was improved and the
signal was assigned to the sample cautiously, since some trace
impurities in the sample can contribute to the signal. Some
scienti
c sources present such a signal to be due to a melanin
radical and can be found in nativewool, even inwhitewool, as
a consequence of sunlight [35].�e fact that broad line shape
for the native wool was consistent, unlike for the exposed
samples, is worth mentioning. A possible explanation for the
broad line shape could be the presence of a little amount of
iron or copper oxides superposed onto the spectrum. �e
broad line EPR spectrum of nonirradiated wool (Figure 7(a))

shows some similarity to the EPR spectrum of small quantity
of powdery rust (Figure 7(b)).

In wool, iron as well as other metal elements is normally
found at trace levels and the content varies according to
the origin and breeding conditions of the sheep. Patkowska-
Sokoła et al. [36] analysed sheep wools from Poland, Greece,
and Syria. �ey determined iron content within the range
around 22–400mg/kg and copper content of 5–10mg/kg,
respectively, calculated for dry degreased wool. Both ele-
ments are EPR active and so expectation of their EPR signals

is reasonable. In addition, Fe2+/Fe3+ and Cu+/Cu2+ transition
systems have catalytic e�ects, so they can catalyse redox pro-
cesses in wool. Such reactions would take place in the wool
and could explain the unexpected results such as the transi-
tive increase of the disulphide content in the wool 4 days a�er
the exposure (Figure 1). �is could in�uence the dynamics of
other species’ transformation.�e potential catalytic e�ect of
microelements in the wool brings another possible variable
into the e�ect of the electron beam on wool requiring further
examination.

In EPR spectra of the all irradiated samples, a narrow
singlet line was observed around 3350 Gauss (� = 2.0) with a
full width of about 25 Gauss and with peak to peak width of
approximately 9Gauss.�is is likely to be an organic in origin
radical (Figure 8). With reference to published data [35–37],
this signal (Figure 8) can be assigned to a melanin radical.

�ere appears to be a hint of 
ne structure characteristic
of pheomelanins, as opposed to eumelanins, which are
present in light hair [38]. However, closer inspection revealed
no 
ne structure, with such 
ne structure only being visible
under special conditions [38]. Regarding the commonkeratin
base of hair and wool, we consider these facts to be indicative
for our sample, too. �erefore, we assigned this signal to a
radical generated from keratin due to radiation. �e radical
was within 1-2 months fairly stable but, a�er 3 months, some
decrease was observed in its intensity. We suppose the quen-
ching was connected with transformation into some product
and since the samples were stored in open tubes accessible to
air oxygen and air humidity the transformed products were
predominantly S-oxidation species.

�e noticeable exception was for the samples irradiated at
high doses of 250 and 350 kGy.�e signal (� = 2.0) with peak
to peak width of 9 Gauss approximately is a little more than
5-6 Gauss mentioned by Mamedov et al. [35] and a little less
thanwhat is presented by Zdybel et al. [37]. Initially, the sharp
organic in origin radical signal was more visibly quenched
already 1 month a�er irradiation (Figure 9).�is may suggest
that high doses of irradiation produce additional products
which scavenge the free radical. However, such faster quench-
ing of the signal only occurs when exposed to open air and
moisture. In contrast, when the wool was stored for 2 months
in a closed tube, the signal appeared with intensity similar to
themeasurements 
rst performed.�ismay suggest that high
radiation doses generated more types of products deactivat-
ing the generated radicals possibly through radical recombi-
nation mechanisms, too. �at fact could be consistent with
our previous observations [23] indicating both a moderate
cross-linking and chain breaking.
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Figure 7: EPR spectra of nonirradiated wool (a) and powdery rust (b).
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Figure 8: Variation of EPR spectra taken from wool irradiated by
electron beam (63 kGy) and measured a�er time intervals, 7 days, 1
month, and 3 months a�er irradiation; EPR spectrum parameters:
centre of magnetic 
eld, 3350 Gauss, magnetic 
eld amplitude, 1200
Gauss, and resonant frequency, 9.944GHz, 10 scans.

3.3. Secondary Structure. Beyond our original intention, we
additionally tried to utilize the FTIR spectra also for estima-
tion of the secondary structure development for individual
absorbed doses with time a�er irradiation. �is approach,
based on the di�erentiation of appropriate amide bands of
proteins, was 
rstly presented in [39]. According to our
present knowledge, the related data in scienti
c sources are
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Figure 9: Variation of EPR spectra taken from wool irradiated by
electron beam (250 kGy) and measured within time interval from
the exposure: 7 days, 1 month, and 2 months; measuring conditions
as mentioned in Figure 8.

rare and mostly deal with wool keratin dissolved and then
obtained in solid form with no chemical modi
cation [11, 40,
41], which is not the case of wool in our interest. In general,

usable bands are Amide I (1600–1700 cm−1) and Amide II
(1510–1580 cm−1). Both bands are conformationally sensitive.
�e 
tting of FTIR spectra converted to second-order deriva-
tive into Gaussian components enables us to estimate the
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portion of secondary structure conformations (�-helical, �-
sheet, and random) in wool samples assigning corresponding
portions of the 
tted band area from the whole band area.
Amide I frequency relates to backbone conformation and
characteristics of the hydrogen bonding pattern. Amide II
band is more complex than Amide I and involves in-plane
N-H bending and C-N and the C-C stretching vibrations
[42]. However, some complication can arise from the H-O-H
bending mode around 1640 cm−1 and a�ect the band inten-
sity of Amide I [27]. Sheep wool is susceptible to absorbing
humidity and the content of absorbed water during experi-
ments is di�cult to control. In addition, if chemical changes
involving the addition of oxygen into keratin molecules
occur, then also the hydrogen bonding pattern has to change
with the chemical variations. �us, the usability of Amide
I band in our case becomes doubtful. To avoid this, and
especially when Amide I band provided us with somewhat
irrational results for the irradiated samples con
rming our
supposition, we decided to use deconvolution of Amide II
band. We are aware that the applied spectral resolution of
8 cm−1 is not optimal for Amide II due to some overlapping

of individual conformational components within the Amide

II band (Table 2), although the resolution would be enough

for Amide I deconvolution. On the other hand, this handicap

is the same for all measurements and, even under such

circumstances, a certain concept of a dra�-quality variance

in the secondary structure can be deduced (Figure 10). More

details and reliable data on the wool secondary structure with

absorbed dose and postirradiation time have to be obtained

using more sensitive spectral resolution.

Each absorbed dose provoked di�erent e�ects on the

chemical structure of the wool as seen in Figures 1–6. It

is thus reasonable to expect that this fact is re�ected by

a variable secondary structure. In fact, secondary structure

pattern changed considerably not only with absorbed dose

but also with time (Figure 10). �is con
rms the complexity

of the irradiated wool.

It is not clear yet why measurable variations, although

of the least variation, were observable also in nonirradiated

wool. Probably the variations are connectedwith the detected

free radical (Figure 7(a)) and its progressive quenching in

contact of the wool with room atmosphere inducting an

oxidative product.

�e portion of �-helix, �-sheet, and random structures

changed with every monitored time. Fluctuation in each

mentioned conformation attained a maximum up to about

80% and no conformation was dominant within the whole

period. Attempts to correlate the observed secondary struc-

ture with corresponding evidence of high content of cysteic

acid as “reference” product led to inconsistent relations.

Applying some approximation, it can be ascertained that for

postexposure times of 88 and 123 days there was some con-

nection with the high cysteic acid amount matching, except

for the lowest dose of 16 kGy, with increased presence of

random or residual structure. �is implies that chemical and

secondary structures a�ect each other indicating chemical

variation as determining and leading to amorphorization.

However, the assigning of the ongoing chemical changes to

corresponding composition of the conformations without

targeted study would be only speculation.

4. Conclusions

Sheep wool scoured in ultrasonic water bath at 40∘C dried at

the same temperature and then stored under laboratory con-

ditions without limiting the in�uence of air and air humidity

was irradiated by an accelerated electron beam in air from a

5MeV source with absorbed doses within 0–350 kGy and at

dose rate of 750 kGy/h. Variations of chemical and secondary

structure in the wool were measured by FTIR, Raman, and

EPR spectroscopy a�er a short time lapse of being irradiated

as well as a�er longer time intervals. Based on FTIR and

Raman spectral results, the reactive products S-sulfonate,

cystine monoxide, cystine dioxide, cysteic acid, disulphides,

and carboxylates displayed a considerable �uctuation in

amount regarding both absorbed dose and time. �e pattern

of the transformation variations depending on absorbed dose

was not identical with that observed for the dry degreased

wool in an earlier study [23], indicating a faster start of

oxidative product generation with absorbed dose. �is accel-

eration is assigned primarily to the e�ect of some residual

humidity as an oxygen source directly inside the 
bres.

Mutual transformation of S-oxidized species onto cysteic

acid, a dominant product, increased with the time lapse

from the sample irradiation of interest to other S-species. As

EPR results showed, free radicals generated in the samples

irradiated by lower doses are of longer lifetime compared

with the radicals induced by higher doses. �e latter are

believed to be quenched faster due to the contribution of their

recombination and/or breaking ofmacrochains. An observed

weak EPR signal in the nonirradiated wool was assigned to

melanin radical and possibly some trace amounts of iron

present in wool normally together with other microelements

which can also a�ect themonitored transformation processes

catalytically. Secondary structure of wool (�-helix, �-sheet,
and random conformations) estimated from deconvolution

of Amide II band presented massive variability depending

on absorbed dose as well as postexposure time indicating no

trend. Amorphorization of the wool occurs since oxidized

points of the macrochains hinder the formation the regular

and thermodynamically favourable �-helical conformation

even despite better mobility of chain fragments. With respect

to time, the most stable secondary structure is observed

logically in nonirradiated wool; however, this also showed a

small but observable change a�er a longer time.
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Figure 10: Continued.
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Figure 10: Variations of conformation in the wool secondary structure with absorbed dose and postirradiation time.
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