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Host/guest properties of acrylonitrile/acrylic acid copolymer (P(AN/AA)) film with
various contents of acrylic acid (AA) were examined on dendrigraft/dye 
complexes in a divergent synthetic route. The reactions were performed on

P(AN/AA) films containing 5, 10 and 20 mol% acrylic acid in feed. The products were
analyzed using 1H NMR, FTIR, UV-visible spectroscopy, density determination, 
acidimetric titration, staining and transfer printing. The results showed that for the films
based on three different amounts of acrylic acid, the relatively higher acid content
showed a lower rate of conversion due to the reduced steric hindrance. Furthermore,
the dyes were used to probe the structure of dendrigraft on the P(AN/AA) film. Staining
with methylene blue showed the interaction with the exterior end groups; while printing
with disperse dyes as guest molecules may illustrate the effectiveness of the hollow
interior spaces. In the trend of dye uptake and density versus generation numbers, the
emerging maximum dye uptake and minimum density in the first generation confirmed
that a ''dense shell'' dendritic structure is being formed. Also, the effects of acrylic acid
content and the steps number in dendrigraft structure are explained on the basis of
films characteristics with reference to the dendrigraft architecture.

INTRODUCTION

Host/guest chemistry involves the
binding of a guest molecule in a
receptor molecule as a host. The
design and construction of hosts
that are capable to bind selectively
to guest molecules requires precise
control over geometrical features
and complementary interactions
between the two [1]. The possi-
bilities for encapsulating guest
molecules in dendritic host as ideal
molecular containers were pro-
posed by Maciejewski in 1982 [2]. 

Dendritic polymers are a class
of macromolecules including 
dendrimers, dendrigrafts and
hyperbranched polymers charac-
terized by a highly branched 
structure of great regularity, a 
compact shape, a large number of
reactive end groups, and room
between the branches for taking up
guest molecules [3-6]. Among 
various characteristics of dendritic
properties, host/guest properties of
dendritic molecules have developed
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significantly and now occupy a unique position with-
in the area of supramolecular chemistry [7,8].
Specially, the interaction between the dyes and den-
dritic polymers is particularly interesting [9,10].
Concerning dendrimers and dyes; it has been found
that dyes can be used to probe the structure of den-
drimers. Froehling et al. [11] explained that it is pos-
sible to lock guest molecules physically within the
internal cavities of a dendritic host molecule that is
the so-called dendritic box, while the versatility of 
reactive end groups can be tailored to alter their
chemical properties. Therefore, they exhibit great
potential applications especially on the nanometric
scale as a nanoscale container and scaffold [12].
These applications as unimolecular container and
scaffolding appear to be a periodic property that is
specific to each dendrimer family or series. These
properties are determined by the size, shape and 
multiplicity of the construction components that are
used for the core, interior and surface of the 
dendrimer [1]. Higher multiplicity components and
those that contribute to 'tethered congestion' will 
hasten the development of container properties and
rigid-surface scaffolding as a function of generation
[3]. Consequently, selection of a generation for 
each dendritic family is necessary before any 
application. 

Furthermore, the multi-step synthesis and slow
molecular mass growth of dendrimer is often 
considered to be a major drawback hindering the use
of these materials on a large scale [13]. In contrast to
dendrimers, dendrigrafted polymers grow faster and
amplify the surface group more drastically [14,15]. In
the architecture of dendrigraft, several promising 
features including the ability to interaction, 

entrapment and release of the guest molecules are
envisaged by investigators [16].

We have recently been able to synthesize 
dendrigraft acrylonitrile/acrylic acid copolymer
(AN/AA) in the form of powder, film, wet spun and
electrospun fibres [17,18]. The experimental results
confirmed the recommended synthetic scheme and it
showed that the percentage conversion of the reaction
increases with higher specific surface area of the 
samples; furthermore, it has effects on the surface
properties [17,18]. Other parameters involved should
be determined to obtain the full benefits from the
scheme presented in the previous investigations.

In the present work, host/guest properties of
P(AN/AA) copolymer film with various contents of
acrylic acid in the dendritic structure are examined.
The two possibilities for binding dyes as guest 
molecules, i.e., adsorption in the exterior end groups
at the periphery using methylene blue (MB) in the
staining process and entrapment in the interior hollow
branch using disperse dyes in the transfer printing
process are considered. Furthermore, a dye is used to
probe the structure of dendrigraft on the P(AN/AA)
film and structural requirements of dendrimer are met
to promote the possibility of dyes as guest molecules.
These points have not yet been considered by other
researchers.

EXPERIMENTAL

Materials 
Acrylonitrile (AN) and dimethylformamide (DMF)
from Fluka (Switzerland) were purified by distillation
before use. Sodium metabisulphate, acrylic acid
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Scheme I. Preparation routes of the synthesis of a dendrigraft from zero to second generation
with 100% conversion.



(AA), sodium bicarbonate, citric acid (CA) and 
dicyclohexylcarbodiimide (DCC) were purchased
from Merck (Germany) and used as received.
Potassium persulphate from Merck (Germany) was
purified by recrystallization in methanol. 1,4-Dioxane
and tetrahydrofuran (THF) were purchased from Lab-
Scan (Spain) and used as received. Methylene blue
(MB) was purchased from Ciba Specialty Chemicals
(Switzerland).

Synthesis of P(AN/AA) Copolymers and
Dendrigraft Formation
P(AN/AA) Copolymers containing 5, 10 and 20 mol%
of acrylic acid in the reaction feed were prepared 
by suspension polymerization using potassium 
persulphate and sodium metabisulphate as the redox
initiator at 60 ± 1°C for 2 h [19]. These products are
designated by 5, 10 and 20% acrylic acid. The dried
P(AN/AA) powder was dissolved in DMF (10% w/v)
and filtered under vacuum. These solutions were cast
into a film with a nominal thickness of 350 μm, using
a film-casting device (Gardner, Germany).

Dendrigraft was synthesized according to the 
procedure described in the previous work [17]. In
brief, the carboxylic acid of P(AN/AA) copolymer
films was activated with DCC in a mixture of THF
and dioxane (50:50 v/v) at room temperature for 3 h.
The film was then removed and washed with pure
dioxane and was allowed to hang free at room 
temperature. Then, these activated samples were
reacted with citric acid (CA) in a mixture of THF and
dioxane (50:50 v/v), for 3 h at 60 ± 1°C to produce the
G1 product. In the succeeding reaction, G1 was used
to prepare the next product which is designated by G2.
Then, the successive compounds G3 and G4 were 
prepared. The procedures for the next generations
were similar to that of G1. Any excess of CA and 
dicyclohexylurea (DCU) as a byproduct can be
removed by simple washing and rinsing. The 
preparation routes of the synthesis of dendrigraft from
zero to second generation with 100% conversion are
shown in Scheme I.

Analytical Techniques
Fourier Transform Infrared (FTIR)  
FTIR Spectra of the samples were recorded between
400 and 4000 cm-1 by a Nicolet 670 FTIR spectro-

photometer (USA) in transmission mode. Nominal
resolution for all spectra was 4 cm-1 and there were 
32 scans for each spectrum. Proper corrections for
atmospheric water vapour and carbon dioxide in air
was made and the spectrum contains information that
is characteristics only of the sample.

The absorption bands in FTIR spectra are 
identified by several investigators [17-20]. In order to
quantify the relative amount of chemical species, the
peak absorption bands of the characteristic peaks are
divided by the height of the peaks centered at 
2240 cm-1 that is characteristic of stretching mode of
-C≡N in acrylonitrile, and it serves as an internal 
standard [19]. The film was used in FTIR 
spectroscopy without any further manipulation and
the powder sample was prepared using KBr pellets.

Nuclear Magnetic Resonance 
1H NMR Spectra were recorded with samples in
DMSO-d6 using a Bruker Avance 400 MHz 
spectrometer (Germany). The 1H NMR spectra of the
P(AN/AA) film display a strong envelope between 
δ = 1.50 and 2.25 ppm with its peak at δ = 2.03 ppm
due to the methylene protons, and a triplet appears at
δ = 3.13 ppm due to -CH protons [17-20]. A broad
downfield peak at δ = 12.64 ppm is related to the 
protons of carboxylic acid [19]. The chemical 
shifts at δ = 2.50 ppm are due to the solvent (DMSO).
The resulting reaction of CA with P(AN/AA) film
leads to the methylene proton (-CH2) resonances at 
δ = 2.61-2.93 ppm in the 1H NMR spectra [21], while
they do not appear in the P(AN/AA) spectra.

Acidimetric Titration
Acid content was determined by the titration of a 
solution of 1% copolymer in DMF against 
0.01 mol.L-1 aqueous NaOH using phenolphthalein as
an indicator [20]. Acidimetric titration was used to
calculate the percentage of AA content in P(AN/AA)
copolymers which was found to be 6.12, 9.45 and
15.30% for films containing 5, 10 and 20% acrylic
acid in the reaction feed, respectively.

Density Determination
The bulk densities of the films were measured by a
density gradient column filled with a mixture of
toluene and carbon tetrachloride at 25°C, according to
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ASTM D105-68. To remove the air bobbles, before
dropping the samples into the column, the samples
were wetted with the filling solution. The density was
measured 24 h after the introduction of the films into
the column. 

Staining Process
To prepare the staining solution, 0.1 g methylene blue
(MB) was dissolved in 100 mL distilled water. Film
samples were immersed in the staining solution and
stirred for 5 min. Some samples were examined at
room temperature and some others were examined at
boiling temperature. Then, the samples were removed
from the solution and rinsed with distilled water at
50°C. The samples were dried at room temperature.
The absorption spectra of samples were recorded
using a Varian UV-visible spectrophotometer, Carry
100 (Australia). Data were collected at 5 nm intervals
between 290 to 700 nm.

Transfer Printing Process
Transfer printing is a process in which an especially
volatile dye, initially present in a printed-paper is
transferred by dry heat to a film or fabric [22]. In the
present work, a laboratory hot press (Raadex 5950)
was used to provide a uniform heating condition. The
transfer printing papers were prepared using three
disperse dyes of known structure; C.I. Disperse 
Red 1, C.I. Disperse Yellow 3 and C.I. Disperse Blue
19 with molecular weights of 314.35, 269.31 and
314.36 g.mol-1, respectively. The transfer printing
papers were placed on the films and fixed on the
lower plate of a laboratory hot press [22]. Printings
were carried out at 166°C for 180 s to ensure the
transfer of dyes into the films. The printed films were
examined with UV-vis spectrophotometer. The wave-
length of the maximum absorption intensity (λmax)
was determined from the absorption spectra of the
printed films. 

RESULTS AND DISCUSSION

Characterization
Copolymers of P(AN/AA) were synthesized in the
powder form, and then were cast into the film. The
representative FTIR spectra for the synthesized

copolymers (G0) containing 5, 10 and 20% AA
powder and film products are shown in Figures 1a
and 1b, respectively. The wavenumbers of the 
prominent peaks in the spectra are assigned according
to those characterized in the literature [17-20]. The
two characteristic peaks at 1727 and 1645 cm-1 are of
special interest. The former is attributed to the C=O
stretching mode of acrylic acid [19] and the latter
may be due to the cyclization of P(AN/AA) in the
DMF solvent [23-25]. The peak at 1645 cm-1 in the
FTIR spectra for P(AN/AA) film and its absence in
the powder sample confirms the cyclization of
P(AN/AA) in DMF solvent. Furthermore, by 
increasing the AA content in the copolymer, the peak
height due to -C=O stretching at 1727 cm-1 was
raised while the peak height at 1645 cm-1 was
depressed. The peak intensity under 1727 cm-1 was
found to be proportional to the relative contents of 5,
10 and 20% of AA in the copolymer. 

Figure 1. The representative FTIR spectra for the
P(AN/AA) (G0) powder (a) and film (b) containing 5, 10 and
20% acrylic acid.
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Figure 2. The representative FTIR spectra for films 
containing 5% (a), 10% (b) and 20% (c) acrylic acid from G0

through G4.

Samples of copolymer were then treated with DCC
and CA to produce G1 to G4 generations, as described
before. After the reaction with CA, the cyclized 
structures turned into nitrile groups by protonation
[17]. Thus, it is expected that the peak at 1645 cm-1

should disappear in the products of the additional 
generations. The changing trends in FTIR spectra for
the samples with 10 and 5% AA were similar to that
sample with 20% AA, except that the turning cyclized
structures into nitrile groups for 10 and 5% AA may
occur beyond the first generation. The representative
FTIR spectra of the products of different generations
Gn(n=0-4) for film containing 5, 10 and 20% AA are

shown in Figure 2. The major absorptions in the 
spectra are at 2879-3100, 2945, 2242, 1727 and 
1465 cm-1 due to the stretching of the -OH, CH2,
C≡N, C=O and bending deformation of CH2, respec-
tively. The formation of a hydrogen bonding interac-
tion between the ester groups of the CA and the acidic
hydrogen atoms of CA is evident from the FTIR spec-
tra with a band at 930 cm-1 for Gn(n=1,3) which is not
observed in the G0 product [17]. Considering the
Figure 2, the intensity of the C=O/C≡N ratio is
increased with higher generation numbers. 

UV-Visible studies further confirmed the FTIR
results with regard to the cyclization of P(AN/AA) in
the DMF solvent used for the film preparation due to
the yellow colouration of the film samples. This
raised our expectation in looking for the existence of
UV-visible absorbing units in the films. It is well
known that the intensity of the absorption bands 
is essentially proportional to the number of 
chromophoric groups in chemical structure. Then, the
conjugated double-bonds induced by the cyclized
structures and the colour of the film samples can be
quantified. 

The absorbance intensity at λmax of the film 
containing 5, 10 and 20% AA from G0 through G4 is
shown in Table 1. The wavelength of maximum
absorption (λmax) of the films appears at 205 nm and
the intensity shows decreasing trends with increase in
acid content of the G0 products. Yellow colouration of
the films probably comes from the extended 
conjugation of the double-bond due to the production
of cyclized structure [17,23]. The absorbance 
intensity at λmax decreases with the rise in the 
generation number that is in accordance with FTIR
results where it shows that the cyclized structure is 

Table 1. The UV-absorbance of films containing 5, 10 and
20% acrylic acid from G0 to G4.
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Absorbance at λmax

(205 nm)
5% 10% 20%

Acrylic acid

G0

G1

G2

G3

G4

3.761
3.412
1.465
1.326
1.445

3.732
3.300
1.164
0.956
1.021

3.353
3.302
2.754
1.364
2.183



diminished and it is disappeared after the reaction
with CA. In higher generations of the reactions (from
G3 to G4) the absorbance intensity at λmax shows
ascending trend which may be due to the increase in
the number of carboxylic acid groups and the 
subsequent increase of the molar extinction 
coefficient (ε0) of the repeat unit in the dendrigrafted
structure [26].

The results of 1H NMR spectra were used to 
calculate the percentage conversion of the reactions.
The 1H NMR spectra of the samples which are not
shown here were used to calculate the conversion. As
it was pointed out in our previous papers the 1H NMR
spectra of G0 display a strong peak at δ = 2.03 ppm
due to methylene protons [17,18]; furthermore, the
resulting reaction of CA with P(AN/AA) leads to
methylene proton (-CH2) resonances at δ = 2.61-
2.93 ppm in the 1H NMR spectra which were used to
calculate the percentage conversion by an equation
developed as follows [17]:

(1)

where A and B are the integrated intensity due to 
-CH2 of CA (dendritic units) and -CH2 of P(AN/AA)
(linear units of the chain) in 1H NMR spectra, 
respectively; n is the generation number and 
parameter a is the functionality of every component in
each generation which is constant and it is equal to 3
for CA. Parameter b is the percentage active content
of the core which is equal to the percentage of AA in
P(AN/AA) copolymer; and it was measured using
acidimetric titration.

Figure 3 shows the conversion percentages of the
reactions which are decreasing with successive 
generations. It also decreases with the increase in AA
content. Restricted motions and activities of the 
reacting groups that essentially exist in the solid-
phase synthesis can be a probable reason for the low
and decreasing conversion observed. Similar 
reduction in the conversion with increasing 
generations is also reported by Hirt et al. [27], for
which they suggested a modified method for 
achieving a higher conversion.

Further explanation can be thought by considering
the views of De Gennes et al. [28]. The reason for 

Figure 3. Conversion percentage of dendrigrafts calculated
using eqn (1) from the integrated intensities of 1H NMR
spectra of films containing 5, 10 and 20% acrylic acid from
G1 to G4.

higher conversion percentage of 5% AA compared
with its 10% and 20% conversions probably arises
from congestion-induced De Gennes dense packing
[1]. With increased acrylic acid content, the steric hin-
drance is increased and percentage conversion is
decreased. This means that the percentage conversion
of the film with 20% AA should be lower than the
films with 10% and 5% AA, respectively.  

Density Results 
The density of the films containing 5, 10 and 20% AA
from G0 to G3 is shown in Figure 4. The density of all
the films containing 20% AA is at highest followed by
the film containing 10 and 5% AA, as a result of 
providing better packing of AA group compared with
nitrile group. The strong dipole-dipole attraction
between the AA groups of the adjacent chains is
responsible for the higher molecular packing in 

Figure 4. Changes of density of the films containing 5, 10
and 20% acrylic acid from G0 to G3.
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P(AN/AA) films [29].
Due to the formation of dendrigraft on the film

surface, a reduction of density from G0 to G1 is first
observed, and then the density increases with higher
generation number, as shown in Figure 4. The change
of density with the reaction generations can be
explained with reference to the density distribution
and fluctuations inside dendrimers. Lescanec et al.
[30] believed that the density is at its highest value
inside the core and it monotonically decreases to the
edge; however, De Gennes et al. [28] expected the
minimum density inside the core which would 
monotonically increase towards the outer edge. 

It seems that minimum density for the first 
generation products and the monotonic increase for
the subsequent generations, as shown in Figure 4, are
consistent with the prediction of De Gennes and
Hervet's for dendrimers. The density increases as a
function of generation number due to the exponen-
tially increasing accumulation of surface groups [1].
The increase in density in samples with greater acid
content is considerably greater than the samples with
lower acid contents. This increase of density indicates
that structural units with higher acid content copoly-
mer become more packed compared with lower acid
content copolymers. 

It can be explained that the reaction in the first
generation causes little increase in the mass of the 
system and considerable increase in the volume. The
reaction in the first generation is accompanied with
the transition of the molecular shapes and opening 
of the film structure. The reaction of the later 
generations leads to a considerable increase in the
mass but a little increase in the volume leading to 
the increase in the density, which is due to the 
exponentially increasing build-up of terminal groups
[1]. These density changes were also observed for
P(AN/AA) electrospun and wetspun fibres in the 
previous work [18].

Host/Guest Interaction
In the light of assumptions made on dendrigraft 
structure, several experimental results can be 
clarified. As dendritic structures possess exterior end
groups at the periphery and interior hallow branch or
core, they should be able to act as a host for guest
molecules. Hence, the nature of the host/guest 

interaction is varied; in this study, MB in the staining
process is employed to facilitate the interactions
between the surface of the film with functional end
groups while printing with disperse dyes as guest
molecules show the effectiveness of the hollow 
interior spaces.

Interaction with End Groups
Methylene blue (MB) is a guest molecule selected 
for the interaction with exterior end groups. The
adsorption and aggregation of MB on P(AN/AA)
copolymer films containing 5, 10 and 20% acrylic
acid from G0 to G4 were studied by UV-vis 

Figure 5. Absorption spectra of methylene blue in 5% (a),
10% (b) and 20% (c) acrylic acid films through G0 to G4.
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spectroscopy. The adsorption spectra of MB are
shown in Figure 5. The λmax at 600 nm is detected for
the films containing 5 and 10% acrylic acid, whereas
the λmax at 560 nm occurred upon 20% acrylic acid.
As a result, a special attention should be given to the
adsorption of MB by polyanions because of their
aggregation properties. By adding a polyanion the
metachromatic interaction of MB can be observed.
Therefore, λmax for free monomer, free dimer and
aggregates of MB in UV-visible spectroscopy
appeared at 664, 610 and a wavelength lower than 
590 nm, respectively [31]. Tomalia et al. [32] studied
the adsorption and aggregation of MB on anionic 
starburst dendrimers by UV-visible spectroscopy;
hence, the change of optical densities at 666, 610 and
at a wavelength lower than 590 nm for free monomer,
free dimer and aggregates of MB were observed,
respectively. They revealed that the aggregation forms
self-organizing supramolecular structures; therefore,
for starburst dendrimers of later generation the aggre-
gation occurs more readily [27]. 

As shown in Figure 5, the λmax at 600 nm, where
the MB dimer dominates the adsorption, is detected
for the films containing 5 and 10% AA, whereas the
aggregation form of MB has occurred on 20% AA,
due to its λmax at 560 nm. The results confirm the
presence of more polyanion groups by increasing
acrylic acid content which forms aggregated MB.  

The absorption spectra of the films stained with
MB at room and boiling temperatures were found and
the maximum intensities were determined. The maxi-
mum intensities are plotted against the generation
numbers in Figures 6a and 6b for samples stained at
room and boiling temperatures, respectively. It is
obvious that the adsorption of MB increases by rising
temperature as well as the increased acrylic acid con-
tent in P(AN/AA). Furthermore, it was expected to
have an increase in MB adsorption with higher gener-
ation numbers. However, as shown in Figure 6, the
adsorption is declined beyond the first generation.
The increase in the steric hindrance that leads to a
dense shell which is consistent with previous study on
different dendrigraft structures [16] will probably
reduce the adsorption of MB. Due to the formation of
dense shell in the first generation which was con-
firmed by density results, the nitrile and reminder of
AA groups (un-reacted) which could adsorb MB 

Figure 6. Staining with methylene blue on the films 
containing 5, 10 and 20% acrylic acid from G0 to G4 at λmax

(600 nm): (a) staining at room temperature and (b) staining
at boiling temperature. 

become unavailable or hidden. In addition, the steric
hindrance becomes more effective with increased
molecular weight of MB of dimerized or aggregation
form.  

Entrapment in Interior Branch
Concerning dendrimers and dyes, Froehling [10]
explained that it is possible to lock guest molecules
physically in a dendritic host molecule in so-called
dendritic box. Guest molecules were captured within
the internal cavities of the box while an outer shell has
been constructed in the presence of the guest 
molecules. 

It was expected that the dendrigraft formed on the
surface of the film should be able to act as a host for
the entrapment of guest molecules. Then, the films
containing 5, 10 and 20% AA from G0 through G4
were transfer-printed with three disperse dyes of
known structure; C.I. Disperse Red 1, C.I. Disperse
Yellow 3 and C.I. Disperse Blue 19 with molecular
weights of 314.35, 269.31 and 314.36 g.mol-1, 
respectively. The absorbance spectra of printed films
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were obtained by UV-visible spectroscopy. The wave-
lengths of maximum absorption (λmax) of these three
disperse dyes were at 500 nm (red), 350 nm (yellow)
and 580 nm (blue), respectively. The maximum 
intensities of films containing 5, 10 and 20% AA from
G0 to G4 at λmax for three disperse dyes are shown in
Table 2. The results reveal that the absorbance
increases by increasing generation number due to the
increasing internal cavities within the interior branch
which is suitable for entrapment of guest molecules
such as disperse dyes. It is obvious that small guest
leads to better entrapment; consequently, yellow dye
with smaller molecular weight shows greater 
absorption compared with red and blue disperse dyes.

CONCLUSION

The dendrigraft structure of CA was formed on
P(AN/AA) copolymer films containing 5, 10 and 
20 mol% of acrylic acid in feed. The products were
examined by different techniques including 1H NMR,
FTIR, UV-visible spectroscopy, acidimetric titration,
bulk density, staining and transfer printing. The
results showed that the percentage conversion
declined with increased acrylic acid content due to the
steric hindrance presence in dendrigraft structure
which was consistent with the prediction of De Genne
for dendrimers. Furthermore, the properties of the
films change and this renders their ability to be used
for a specific application such as host/guest 
properties as a special functional polymer. 

In the light of the assumption of the dendrigraft
structure, several host/guest complexes can be 
clarified. Competitive binding of dyes by generation

numbers of dendrigraft structure was illustrated as a
result of exterior end groups at the periphery and 
interior hallow branch (cavity between interior
branches of a dendrite) in dendritic structure. It seems
that in the adsorption of methylene blue, due to its
large size or aggregation, only the terminal carboxylic
groups at the periphery are accessible to adsorb the
methylene blue molecules; as a result, the adsorption
intensity declines beyond the first generation, the
same generation that the density trend becomes 
minimum, which further confirms the formation of
dense shell at first generation number. In transfer
printing technique using disperse-dyes, it is an 
entrapment of relatively small molecules and it can
approach the inner sites. 
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ABBREVIATIONS AND NOMENCLATURE

P(AN/AA) : Acrylonitrile/acrylic acid copolymer
MB : Methylene blue
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Step

5% Acrylic acid 10% Acrylic acid 20% Acrylic acid

Blue
(580 nm)

Yellow
(350 nm)

Red
(500 nm)

Blue
(580 nm)

Yellow
(350 nm)

Red
(500 nm)

Blue
(580 nm)

Yellow
(350 nm)

Red
(500 nm)

G0

G1

G2

G3

G4

0.100
0.108
0.114
0.120
0.126

0.304
0.444
0.473
0.520
0.575

0.141
0.143
0.152
0.158
0.163

0.143
0.156
0.160
0.161
0.167

0.666
0.712
0.721
0.799
0.816

0.193
0.199
0.243
0.244
0.258

0.375
0.613
0.873
0.891
1.381

1.502
1.573
2.107
2.164
2.368

0.482
0.695
0.964
1.039
1.426

Table 2. The absorbance values of films containing 5, 10 and 20% acrylic acid from G0 to G4 at λmax of disperse dyes. 



AA : Acrylic acid
DCC : Dicyclohexylcarbodiimide
CA : Citric acid 
5% AA : P(AN/AA) copolymers containing

5 mol% of acrylic acid in the 
reaction feed

10% AA : P(AN/AA) copolymers containing 
10 mol% of acrylic acid in the 
reaction feed

20% AA : P(AN/AA) copolymers containing 
20 mol% of acrylic acid in the 
reaction feed

G0 : Core or zero generation
G1 : First generation
G2 : Second generation
G3 : Third generation
G4 : Fourth generation
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