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Effect of the amount and type

of the crosslinker on the swelling
behavior of temperature-sensitive
poly(N-tert-butylacrylamide-co-acrylamide)

hydrogels

Abstract Temperature-sensitive poly
(N-tert-butylacrylamide-co-acryl-
amide) [P(NTBA-co-AAm)] hydro-
gels were synthesized by free-radical
copolymerization in a water—methanol
mixture using three types of cross-
linkers: 1,2-ethyleneglycol dimetha-
crylate, N,N-methylenebisacrylamide,
and 1,3-butandiol dimethacrylate.
These thermosensitive hydrogels were
swollen to equilibrium in water at
20°C and examined by gravimetric
measurements. The influence of type
and content of crosslinkers on the
swelling ratio, the polymer—solvent
interaction parameter (), the average
molecular mass between crosslinks
(M 0), and the effective crosslinking
density (vg) of the hydrogels were
reported and discussed. The swelling
process in water was found to be non-
Fickian diffusion. The enthalpy (AH)

and entropy (AS) changes appearing
in the y parameter for the hydrogels
were determined by using the Flory—
Rehner theory based on the phantom
network model of swelling equilibri-
um. Negative values for AH and AS
indicated that the hydrogels had a
negative temperature-sensitive prop-
erty in water; that is, swelling at a
lower temperature and shrinking at a
higher temperature. The temperature-
reversibility and on—off switching
properties of the P(NTBA-co-AAm)
hydrogels may be considered as good
candidates for designing novel drug-
delivery systems.
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Introduction

Temperature-sensitive hydrogels can swell in a solvent at
low temperatures but they shrink as the temperature is
raised above the phase-transition temperature. These kinds
of hydrogels have recently attracted a great deal of research
interest because of their rheological and technological
importance and potential biomedical applications [1-5].
The phase-transition phenomenon is associated with the
temperature dependence of hydrogen bonding and hydro-
phobic interactions [6, 7]. As the temperature increases,

pendant groups of the hydrogel become more mobile, and
the hydrophobic groups also become active, causing phase
separation at temperatures greater than the phase-transition
temperature 8, 9]. Inomata et al. [7] and others [10—12]
also suggested that the phase separation of N-isopropyla-
crylamide (NIPA) hydrogel is attributable to the hydro-
phobic interactions. These authors proposed that the good
swelling of the hydrogel at a lower temperature is due to the
hydration and water molecules forming cagelike structures
around the hydrophobic solutes. As temperature increases,
the structure around the hydrophobic groups is destroyed
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and the hydrophobic groups of polymer chains start to
associate; this leads to the phenomenon of phase separation
[13].

The chemical modification by copolymerization is a
basic route for tuning the phase-transition temperature
to a desired value. The incorporation of hydrophilic
comonomer leads to an increase in the phase-transition
temperature, whereas the incorporation of hydrophobic
comonomer leads to a decrease [14]. It is well known
that pure poly(NIPA) (PNIPA) exhibits volume phase-
transition at approximately 32 °C [7]. However, co-
polymerization of NIPA with butylmethacrylate, which
is a hydrophobic monomer in a feed ratio of 96:4 mol%,
gives a phase-transition temperature at 29 °C, while
copolymerization with acrylamide, which is a hydro-
philic monomer in a similar feed ratio, gives a phase-
transition temperature at 35 °C [15]. Oztiirk and Okay
[16] investigated several series of hydrogels based on N-
tert-butylacrylamide (NTBA). It was shown that the
hydrogels exhibit changes in their phase-transition
temperatures as a function of their comonomer compo-
sition. Yi et al. [17] showed that the phase-transition
temperature of P(NIPA-co-NTBA) copolymeric hydro-
gels decreased with an increasing mole ratio of NTBA in
the monomer feed composition.

On the other hand, crosslinking is responsible for the
three-dimensional network structures that characterize
these materials. The elasticity and swelling properties are
attributed to the presence of physical or chemical crosslinks
within polymer chains. The level of crosslinking of the
hydrogels is also important because the physical states of
the hydrogels alter with the changing of the crosslinking
level. Tlavsky and Hrouz [18] systematically investigated
the effect of the amount of the crosslinking agent N,N-
methylenebisacrylamide (MBAAm) on the properties of
poly(acrylamide) (PAAm)-based hydrogels in water/ace-
tone and water/ethanol mixtures. Recently, Xue et al. [19]
reported the effect of the nature and amount of crosslinker
on the swelling ratio and polymer—water interaction
parameter. However, further investigations of the influ-
ence of the amount and type of the crosslinker on the
properties, especially the phase-transition behavior,
responsive dynamics, and network parameters, of the
poly(N-tert-butylacrylamide-co-acrylamide) [P(NTBA-
co-AAm)] hydrogels have not been reported. Therefore,
the aim of this article is to report the findings of a
comprehensive and systematic study of the effects of the
amount and type of the crosslinker on the swelling
properties of the P(NTBA-co-AAm) hydrogels. Hydro-
gels were prepared by free-radical crosslinking copoly-
merization of NTBA and AAm in the presence of
crosslinkers. The phase-transition behavior and network
parameters of the P(NTBA-co-AAm) hydrogels with
different crosslinkers, as well as the temperature depen-
dence of the equilibrium swelling ratio and responsive
dynamics, were analyzed.

Experimental procedure
Materials

Monomers NTBA, AAm, the crosslinkers 1,2-ethylene-
glycol dimethacrylate (EGDMA), MBAAm, 1,3-butandiol
dimethacrylate (BDDMA), initiator ammonium persulfate
(APS), and the accelerator N,N,N',N'-tetramethylethylene-
diamine (TEMED) were purchased from Aldrich Chemi-
cal. The chemicals were used as received.

Hydrogel synthesis

P(NTBA-co-AAm) hydrogels were synthesized by free-
radical crosslinking copolymerization of NTBA and AAm
in a methanol-water mixture (1:1 v/v). APS (0.056 M) and
TEMED (0.32 M) solutions prepared in deionized water
were used as the redox initiator system. The NTBA (0.7 g),
AAm (0.3 g), APS (2.0 mL), and crosslinker (mol% of
EGDMA or MBAAm or BDDMA at 2.4, 3.0, 3.7, 4.3, and
5.0) were dissolved in methanol (4.0 mL) and the solution
was purged with nitrogen gas for 10 min. After the addition
of TEMED (2.0 mL), the solution was placed in poly
(vinylchloride) straws of 4-mm diameters and about 20-cm
lengths. The poly(vinylchloride) straws were sealed and
immersed in a thermostated water bath at 20 °C, and the
copolymerization was conducted for 24 h. Upon comple-
tion of the reaction, the hydrogels were cut into specimens
approximately 10 mm in length and immersed in large
excess amounts of water at room temperature for at least
72 h. The water was changed every several hours to wash
out any unreacted monomers and the initiator. The
hydrogel samples were then dried at 50 °C under vacuum
to a constant weight. The ratio between the mass of the
dried copolymer and the calculated copolymer mass for
100% conversion for these samples was found in the range
of 1.08-1.13. An analysis of these values shows both the
presence of bound water and the conversion of monomer to
polymer to be close to 100%. The cross-linked
N-substituted acrylamide hydrogels always contain about
10-20 wt.% of bound water, even after several months of
drying under vacuum [16].

The volume fraction of polymer network after prepara-
tion, 1,,, was calculated as:

-1
)Pz

vy = |1+ (1)

where m;, is the mass of the hydrogel after preparation and
myg is the mass of the hydrogel after drying, p, and p; are
densities of polymer network and solvent, respectively. The
values of p, and p; used were 1.10 and 1.0 g/mL,
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respectively. The density of the polymer network was
determined by a pycnometer using acetone as nonsolvent.

Measurement of the swelling ratio and pulsatile
kinetics

For the swelling dynamic studies, the hydrogels were
immersed in deionized water at 22 °C. At a prescribed time
interval, the hydrogels were taken out from the water and
weighed after wiping off the excess water from the surface
of the hydrogel. The swelling ratio of the hydrogels was
defined as follows:
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where my and m, are the masses of the dry and swollen
hydrogels at time ¢, respectively.

For the temperature-response studies, hydrogels were
equilibrated in distilled water at temperatures ranging from
510 60 °C. The hydrogels were allowed to swell in distilled
water for at least 24 h at each predetermined temperature,
controlled up to 0.1 °C in a constant-temperature water
bath (Thermo Haake K10). The gravimetric method was
employed to study the hydrogel-swelling ratio. After
immersion in distilled water at a predetermined tempera-
ture, the hydrogels were removed from the water and
blotted with wet filter paper for the removal of excess water
from the hydrogel surface; the hydrogels were then
weighed. After this weight measurement, the hydrogels
were re-equilibrated in distilled water at another prede-
termined temperature, and their swollen weight was
determined. The average values of three measurements
were taken for each hydrogel, and the equilibrium swelling
ratio ¢, was calculated as follows:
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where my is the mass of the swollen hydrogel and v, is the
volume fraction of the polymer network in the swollen gel
at the equilibrium state.

The pulsatile swelling behavior was observed in water
with the temperature alternating between 10 and 40 °C.
During the pulsatile swelling process, the weight change of
the hydrogels was measured at 5-min intervals, and the
temperature was switched every 100 min.

Results and discussion
Synthesis of PINTBA-co-AAm) hydrogels

The hydrogels made of NTBA alone were too fragile
to handle. Therefore, we added AAm to make copol-
ymers to improve the mechanical property of the
hydrogels. P(NTBA-co-AAm) hydrogels can also be
easily synthesized in methanol-water mixtures. Oztiirk
and Okay [16] showed that the addition of NTBA in the
monomer mixture decreases the rate of the reactions
significantly. This is due to the lower propagation rate
constant of the growing radicals with the vinyl group of
NTBA compared to that of AAm monomer, as well as to
the different solubilities of the monomers and the
corresponding homopolymers [16, 20]. The monomer
NTBA and the polymer synthesized from NTBA are
insoluble in water but soluble in organic solvents such as
tert-butanol, methanol, and tetrahydrofolate (THF),
whereas PAAm is soluble in water but insoluble in the
organic solvents [21, 22]. In this study, we conducted the
copolymerization reactions in several solvents including
tert-butanol, tert-butanol-water, THF, THF—water, meth-
anol, and methanol-water mixtures. Reproducible results
were obtained in the methanol-water mixture as the
polymerization solvent at 22 °C. At the end of polymer-
ization, the hydrogels appear to be translucent with
obviously fine opaque domains in the matrix, indicating
that their network structure may be heterogeneous and the
pore size within the hydrogel is probably relatively large
[23]. This may have arisen from the phase separation of
the formed P(NTBA-co-AAm) chains in the methanol—
water mixture.

Swelling kinetics

The kinetic response of hydrogels depends both upon the
history of a given hydrogel and its chemical composition,
e.g., the swelling kinetics of hydrogels are reported to
change with the initial anisotropy of the matrix, as well as
with changing the constituent of the matrix, particularly
introducing hydrophilic monomers in the parent hydrogels
[24]. In addition, the nature and type of the crosslinker
directly affects the network structure and thereby greatly
influences the swelling behavior of hydrogels [25].

To evaluate the effect of the nature of the crosslinker on
the swelling ratio of the PINTBA-co-AAm) hydrogels,
three different crosslinkers, namely, EGDMA, MBAAm,
and BDDMA, were used. The crosslinker content in the
monomer mixture was varied in the range of 2.4-5.0 mol%.
The swelling kinetics of the PINTBA-co-AAm) hydrogels
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with three different crosslinkers measured at 22 °C are
shown in Fig. 1. The data show that both the swelling ratio
and the swelling rate of all the hydrogels decreased with the
increasing amount of the crosslinker. The hydrogels with
EGDMA showed the higher swelling ratio when compared
with the hydrogels crosslinked with MBAAm or BDDMA.
However, the hydrogel with 2.4% EGDMA had an about
2.5 swelling ratio within 200 min, or 3.6 within 480 min,
whereas the hydrogel with 5.0% EGDMA had about 2.1
and 3.1 swelling ratios, within the same respective time
frames. The swelling experiments of different crosslinked
P(NTBA-co-AAm) hydrogels indicated that BDDMA
crosslinked hydrogels had lower swelling ratio values
than those of EGDMA or MBA Am crosslinked hydrogels.
This is due to the variation in the reactivity of different
crosslinkers. Due to the high-solubility nature of BDDMA,
this hydrogel forms a dense three-dimensional structure,
which ultimately reduces the mesh size, leading to lower
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Fig. 1 Swelling kinetics of the P(NTBA-co-AAm) hydrogels. The
amount and type of the crosslinkers are indicated as the insert. The
curves show the trend of the data

swelling capacity. Whereas the other crosslinkers,
EGDMA and MBAAm, are insoluble in aqueous phase,
less reactive than BDDMA, and may not form dense three-
dimensional structures in the hydrogel, leading to high
elastic behavior, thereby increasing the swelling ratio. In
addition, due to the employment of methanol in crosslinker
solutions, porosity is generated in the hydrogel, which is
further responsible for the enhanced swelling ratio. Thus,
the order of the swelling capacity of the P(NTBA-co-AAm)
hydrogels crosslinked by different crosslinkers is noticed
as EGDMA > MBAAm > BDDMA.

To determine the nature of water diffusion into the
hydrogels, initial swelling data were fitted to the following
exponential equation [26]:

“)

where F denotes the fraction of water at time ¢, M, and M,
represent the amount of solvent diffused into the hydrogel
at time ¢ and infinite time (at equilibrium), respectively; & is
a constant related to the structure of the network; and the
exponent n is a characteristic coefficient of transport. This
equation is applied to the initial stages of swelling, and
plots of /nF vs Int yield straight lines to almost a 60%
increase in the mass of the hydrogel. The values of the
diffusion constant calculated from the slopes of the lines
and the k constant values calculated from the intercept, for
the P(NTBA-co-AAm) hydrogels with various crosslinker
content, are listed in Table 1. In Eq. (4), the numerical value
of n provides information about the mechanism of swelling
kinetics. Alfrey et al. [27] distinguished three classes of
diffusion according to the relative rates of diffusion and
polymer relaxation. First, Fickian diffusion (#n=0.5) is
much slower than that of relaxation. In this case, the system
is controlled by a diffusion phenomenon. Second, the case
IT diffusion (n=1.0) process is very fast in corporation with
the relaxation process. The controlling step is the velocity
of'an advancing front, which forms the boundary between a
swollen gel and a glassy core. Finally, non-Fickian
diffusion (n=0.5-1.0) describes those cases in which the
diffusion and relaxation rates are comparable.

A slight variation of the diffusion exponent with
crosslinker content is observed, and its value higher than
0.50, indicating the diffusion of water to the interior of all
the hydrogels, follows an anomalous mechanism and
reveals the existence of certain coupling between molec-
ular diffusion and tension relaxation developed during the
swelling of the hydrogels. The highly anomalous behavior
of these hydrogels is due to the strong interchain
interactions via the formation of hydrogen bonding,
leading to a compact structure which would accentuate
the anomalous aspects of diffusion, even for a molecule as
small as water.
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Table 1 The variation of diffu-  cyogjinker Mol% of crosslinker kx10? n Dx107 cm? 5!
sion parameters with the
f‘fﬁ:‘g},g‘}ggﬁ;&iﬁ;hnk“ EGDMA 24 1.520.63 0.6320.01 2.97
hydrogels 3.0 2.14£0.57 0.5740.01 2.20
3.7 2.70+0.52 0.52+0.01 1.36
43 2.91+0.51 0.51+0.01 1.26
5.0 2.52+0.52 0.52+0.01 1.17
MBAAm 2.4 1.47+0.64 0.64+0.01 2.74
3.0 2.13+0.57 0.57+0.01 1.91
3.7 2.87+0.51 0.52+0.01 1.20
43 2.69+0.52 0.52+0.01 1.18
5.0 2.53+0.51 0.52+0.01 0.94
BDDMA 2.4 2.02+0.67 0.67+0.01 2.63
3.0 1.81+0.61 0.61+0.01 0.96
3.7 2.56+0.56 0.56+0.02 0.81
43 2.19+0.57 0.57+0.01 0.77
5.0 2.83+0.54 054+0.02 0.71

For calculating the diffusion coefficient of water moving
through the hydrogels, the following equation was
employed [26].

I 1/n
D=m*~
- (4)

where D is the diffusion coefficient of water (cm”s ') and r
is the radius of the dry gel.

The D values are also presented in Table 1. The diffusion
coefficients, D, of all the hydrogels decreased with an
increase of the crosslinker content. This is explained by the
restriction of the expansion of the network structure
resulting from the increase of the crosslinking density
[28-30]. The results also show that the D values for the
P(NTBA-co-AAm) hydrogels crosslinked by different
crosslinkers in water are in the order of EGDMA <
MBAAm < BDDMA. This shows that the rate of water
penetrating in the hydrogel is highest for the hydrogels
with EGDMA during the swelling process.

®)

Network parameters

The key parameters of crosslinked polymeric networks are
the molecular masses between crosslinks (H c) or effective
crosslinking density (vg) for a highly swollen network.
Several theories have been proposed to calculate the
molecular mass between crosslinks in a polymeric net-
work. However, in the highly swollen state, the constrained
junction theory indicates that a real network exhibits
properties close to those of the phantom network model
[31]. In this study, the experimental M, values were

calculated from equilibrium swelling ratios of the hydro-
gels by using the following Flory—Rehner equation based
on the phantom network model [32, 33]:

(1 —2/§)VipyAl vy
(ln(l — V) + Vo + XV%m)

My =— (6)

where ¢ is the number of branches originating from a
crosslink site (¢p=4), V; is the molar volume of the solvent
(18 mL/mol), and x is the polymer—solvent interaction
parameter.

The x parameter can be derived from Eq. (6) by
neglecting its elastic term and expanding the entropic term
in series. In this manner, the isolation of the y parameter
depends mainly on the mixing contribution, i.e., three
terms on the denominator of Eq. (6). Numerically, it is
found that the elastic contribution, i.e., the remaining term,
has only a slight effect on the derived value of the x
parameter because, in the present system wherein v, is
very small and M.z is very large, this is especially true,
and Eq. (6) can be reduced as follows to an excellent
approximation.

In(1 = vap) + Vo + X153, =0 @)

The expansion of the logarithmic series, followed by
truncation of term in 1/3,,,13,,,1/5,,, etc., and rearrangement
yields [19].
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Equation (8) neglects the M.z dependence of the x
parameter, and therefore, is very approximate. In addition,
of course the full implementation of Eq. (6) does allow, in
principle, the values of the y parameter to be <0.50.
However, Eq. (8) indicates that x>0.50 [19]. In fact, the
use of Eq. (8) in conjunction with the values of v,
affords values of y that lie in close accord with those
listed in Table 2. As shown in Table 2, x parameters of the
P(NTBA-co-AAm) hydrogels were found in the range of
0.533-0.544, depending on the amount and type of the
crosslinker. These values of y are in good agreement with
the value of 0.52 found from the elasticity measurement by
Gilindogan and coworkers [34].

After finding the y parameter for the present system, the
Mg value can now be evaluated using Eq. (6) together
with the experimental v, and v,,, values of the hydrogels.
The calculation results are collected in Table 2.

The experimental crosslinking density v was calculated
via Eq. (9):

%)
- 9
VE Mg ©)

On the other hand, assuming that all crosslinker
molecules used in the hydrogel synthesis participate in
forming effective crosslinks, theoretical M. values of the
hydrogels were calculated by the following equation [10]:

(10)

Table 2 The variation of network parameters with the amount and
type of crosslinker in the PINTBA-co-AAm) hydrogels

Crosslinker ~ Mol% of X M px102  vgx10*

crosslinker (g/mol) (mol/em?®)
EGDMA 24 0.533 71 1.6

3.0 0.535 58 1.9

3.7 0.536 54 2.0

43 0.537 46 24

5.0 0.538 45 2.5
MBAAm 2.4 0.537 49 2.2

3.0 0.541 33 33

3.7 0.543 30 3.9

43 0.544 26 4.4

5.0 0.550 16 6.8
BDDMA 24 0.544 26 43

3.0 0.546 23 4.9

3.7 0.547 20 5.6

43 0.548 18 6.1

5.0 0.554 12 9.2

where X is the crosslinker ratio (mole ratio of crosslinker to
NTBA+AAm) and V7, is the average molar volume of
polymer repeat units. V,. can be calculated as:

_ Mnrpafnrea + Maamfaam
P2

v, (11)

where MnTBa 1S the molecular mass of NTBA, fyrga is the
mole fraction of NTBA, M., 1S the molecular mass of
AAm, and faa, 1s the mole fraction of AAm in the gel
system.

The theoretical crosslinking density vy was calculated
from the following equation Eq. (12):

P2
MCT

(12)

vr =

The relevant experimental parameters of the hydrogels
are also given in Table 2. As can be seen from Table 2, the
experimental M, values of all the hydrogels decreased
with an increasing amount of the crosslinker. However,
irrespective of the type of crosslinker, the theoretical M.
values of the hydrogels were calculated as 2,200, 1,700,
1,500, 1,200, and 1,000 g mol !, The experimentally found
M, values of all the hydrogels are higher than their
theoretically calculated counterparts. The difference be-
tween the theoretical and experimental M. values of the
hydrogels indicates that a significant fraction of the
crosslinkers is wasted during the crosslinking copolymer-
ization, probably due to the cyclization and multiple
crosslinking reactions [16]. The high degrees of dilution
during the hydrogel preparation, as well as the higher
crosslinker reactivity, are mainly responsible for these
reactions. In addition, the difference between the theoret-
ical and experimental M, values may also be explained
specifying that, due to a number of network imperfections,
such as chain loops and dangling ends in polymer chains,
the basic assumption of tetrafunctional crosslinks is not
satisfactory. All these network imperfections contribute to
decreasing the hydrogel elastic response.

On the other hand, it has been proposed that vE varies
with vt according to the following equation Eq. (13) [35]:
(13)

I/E:Oé—FﬁI/T

where « is the crosslinking coefficient at 0 crosslinker
content and (3 is the efficiency of the crosslinking
coefficient. The § and « values of these hydrogels were
calculated from the slopes and intercepts of the graph of v
against vr. The « values for the hydrogels with EGDMA,
MBAAm, and BDDMA were found to be 8.12x10°,
1.34x107, and 2.17x10"°, respectively. The value of « is
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the value of effective crosslinking in the absence of any
chemical crosslinker, and this value may arise from
physical crosslinking or crosslinking induced when -
radiation is used in the synthesis [35]. For the synthesis of
the P(NTBA-co-AAm) hydrogels, the radiation-induced
polymerization technique was not used. In this case, it can
only be presumed the low « values might arise either from
an extraneous form of crosslinking caused by the chain
transfer or defects in the network, such as loops, entangle-
ments, or microcrystallite, or, more probably, from the
hydrophobic physical interactions present in the hydrogel
[35]. For these hydrogels, it is reasonable to assume that
strong association should take place though the hydrophobic
interaction of the tert-butyl groups of the P(NTBA-co-
AAm) hydrogels. The parameter is a measure of cross-
linking efficiently (6 = vg/vr  when «o=0) and its
magnitude is usually 5<1.0, although one unusual case has
been reported, where 5>1.0 [35]. It was also observed that
the 3 values for the PINTBA-co-AAm) hydrogels cross-
linked with different amounts of EGDMA, MBAAm, and
BDDMA crosslinkers via chemical initiation are 0.164,
0.700, and 0.768, respectively. In this case, 84, 30, and 23%
of EGDMA, MBAAm, and BDDMA crosslinkers, respec-
tively, were wasted during the crosslinking copolymeriza-
tion of NTBA and AAm. In connection with crosslinking
efficiently, it has been observed by Mark and Dusek [36]
that gel formation in solution is often characterized by low
crosslinking efficiency due to the formation of a large
number of elastically ineffective dangling ends in the
network. In the work of Giindogan and coworkers [34], who
used MBAAm in PNIPA, the crosslinking efficiency was
reported in the range of 0.15-0.30. It is not possible to make
meaningful comparison of the present network parameters
with literature values because such values are scant for
thermosensitive hydrogels [35]. In this respect, the finding
of this report reveals that BDDMA is more efficient than
MBAAm and EGDMA for crosslinking NTBA-AAm
copolymers. This conclusion is supported by the data of
M, for the hydrogels prepared by three crosslinkers.
Table 2 shows that M,z values of BDDMA networks are
always smaller than the corresponding values when
MBAAm and EGDMA are used as the crosslinking agents
because M5 is used to determine the distance between two
successive crosslinks. The smaller value of the hydrogels
with BDDMA indicates higher crosslinking density net-
works. As the crosslinking density increases, the water
content of the hydrogels is reduced (see Fig. 1). It was also
observed that the 3 values are less than unity, which is due to
the fact that water is a good swelling agent for these
hydrogel systems. This is because /3 is a measure not only of
chemical crosslinking but also of physical interactions
between the chains when the values are higher than unity
[35].

Temperature-dependent swelling behavior

Figure 2 demonstrates the temperature-dependent swelling
behavior of the PINTBA-co-AAm) hydrogels crosslinked
by different crosslinkers when the temperature of the
aqueous media increased from 5 to 60 °C. The data show
that all the hydrogels, regardless of the amount and type of
crosslinkers, had similar swelling behaviors as a function
of temperature, and the phase-transition temperatures of
these hydrogels lay in the vicinity of 20-25 °C. This effect
could be expected in that the temperature sensitivity of the
P(NTBA-co-AAm) hydrogels was attributed to the disso-
ciation of ordered water molecules surrounding hydropho-
bic tert-butyl groups in the hydrogel. It is also observed
that the PINTBA-co-AAm) hydrogels exhibit a negative
temperature-sensitive property; that is, swelling at a lower
temperature and shrinking at a higher temperature. Under

30 - Mol% EGDMA:

25+

20 -

15 -

16

12 -

Theory

Equilibrium Swelling Ratio (g/g)

Temperature (°C)

Fig. 2 Equilibrium swelling ratios of the P(NTBA-co-AAm)
hydrogels in water shown as a function of temperature. The solid
curve was calculated using Egs. (6) and (16). The amount and type
of the crosslinkers are indicated as the insert
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an equilibrium condition, all the P(NTBA-co-AAm)
hydrogels show increasing swelling at lower temperatures,
but they deswell above their phase-transition temperatures
because of the aggregation of the network chains. When the
external temperature is increased from 5 °C toward the
phase-transition temperature, the swelling ratio or water
content inside the POINTBA-co-AAm) hydrogels decreases
slowly during the shrinkage, and the water release rate is
controlled mainly by the collective diffusion of the
hydrogel. Even though the phase-transition temperatures
of the P(NTBA-co-AAm) hydrogels were virtually not
affected by the amount and type of crosslinkers, the data in
Fig. 2 show also that, at a temperature below the phase-
transition temperature (e.g., 10 °C), the equilibrium
swelling ratios of these hydrogels were significantly
reduced from the hydrogel with 2.4 mol% crosslinker to
the hydrogel with 5.0 mol% crosslinker, and the magnitude

1,6
A Mol% EGDMA:
A m 24
D a O 30
120 & § fy e 37
@) OOSQ O 43
A 50
=P
08l @ Qn
a2
" a
04|
R .'.'f'; 8
0,0 —~ } } ; ; } :
Mol% MBAAM:
s m 24
- o 30
09l 656 ® 37
LN O 43
x aec A 50
0,6
03
1,5
1,2
0.9
0,6
03[ .

t 1 t t t t t
3,0x10° 3,1x10° 3,2x10° 3,3x10° 3,4x10° 3,5x10° 3,6x10°
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Fig. 3 Variation of the polymer—solvent interaction parameter x of
the P(NTBA-co-AAm) hydrogel-water systems with the inverse
temperature 1/7. The amount and type of the crosslinkers are
indicated as the insert

of the negative swelling slope below the phase-transition
temperature also decreased from the hydrogel with
2.4 mol% crosslinker to the hydrogel with 5.0 mol%
crosslinker. It is believed that an increase in the amount of
crosslinker from 2.4 to 5.0 mol% would reduce the free
volume within the hydrogel network structure, in which
water would reside during swelling.

There was no obvious effect of the amount and type of
crosslinker on the swelling ratio of the PINTBA-co-AAm)
hydrogels at temperatures above their the phase-transition
temperatures. This suggests that, regardless of the amount
and type of crosslinkers, all PINTBA-co-AAm) hydrogels
would collapse into similar collapsed structures at a
temperature above their the phase-transition temperatures.
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Fig. 4 Variation of the polymer—solvent interaction parameter x of
the P(NTBA-co-AAm) hydrogel-water systems with the polymer
volume fraction 15,,. The amount and type of the crosslinkers are
indicated as the insert
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Table 3 The variation of enthalpy and entropy in x parameter with
the amount and type of crosslinker in the P(NTBA-co-AAm)
hydrogels

Crosslinker Mol% of crosslinker AH (J/mol) AS (J/mol K)
EGDMA 24 —662496 —4.940.3
3.0 —838+41 —4.5+0.2
3.7 —386+84 —2.5+0.3
43 —638491 —4.2+0.4
5.0 —639+50 —4.340.2
MBAAm 24 —951499 —6.6+0.4
3.0 —1,253+17 —6.9£0.6
3.7 —850+22 —5.3+0.1
43 —1,254+89 -7.1£0.3
5.0 —1,246+10 —7.140.4
BDDMA 2.4 —1,378+67 —7.7+£0.2
3.0 —1,375£37 —8.240.1
3.7 —1,387+£50 —7.2+0.2
43 —1,364+35 —7.4%0.1
5.0 1,371+£54  —8.3£0.2

Polymer—solvent interaction parameter

One of the basic structural parameters of crosslinked
polymeric networks is the polymer—solvent interaction
parameter (). It is well known that this parameter depends
on temperature and, for many systems, also on composi-
tion. In poor solvents, x¥=>0.7 and the equilibrium swelling
ratio is not affected at temperature variations. For good
solvents, x<0.5; however, because of increasing polymer—
solvent interactions, the equilibrium swelling ratio is
shifted to higher values [32, 37]. The y parameter is
expressed as a series expansion in powers of v, [38],

X = X1 + XaVam + XaV2, (14)

where the coefficients x, x», and y3 are the functions of
temperature and the molecular characteristics of the
polymer—solvent system. For high swelling ratios, v,y
dependence of y can be neglected, as defined by Eq. (15).
In this case, x reduces to y; and the following equation can
be obtained for y; [32]:

 AH - TAS

RT (15)

X1

where AH and AS are the changes in the enthalpy and
entropy during the swelling of crosslinked polymer in a
solvent, respectively. By using Eq. (8), x parameters of the
hydrogels were calculated from 1,, values at each
temperature. The variation of y parameter with 1/7 and
Vpm for the P(NTBA-co-AAm) hydrogels are given in
Figs. 3 and 4, respectively. Figure 3 shows that at low
temperatures, i.e., at high swelling ratios, the dependence

of x parameter on 1/T is linear. This indicates that the
enthalpy and the entropy contributions to the interaction
parameter are constant and y parameter equals x; in this
range of temperatures [Eq. (15)] [16]. The dashed lines in
Fig. 3 are the linear regression lines obtained from the low
temperature range of the data points. The slope and the
intercept of these lines give the AH and AS values
appearing in the y; parameter of the PINTBA-co-AAm)
network—water system. The calculation results of AH and
AS values of these hydrogels are given in Table 3. As can
be seen from Table 3, the signs of both quantities are
negative for all the hydrogels. The negative values for AH
and AS indicate that the P(NTAB-co-AAm) hydrogels
show a negative temperature-sensitive property in water;
that is, swelling at a lower temperature and shrinking at a
higher temperature. Almost constant AS values and
changing AH values with the variation of the amount

15
10°C  40°C  10°C  40°C 10°C "R Ecow

O A-50

12

Swelling Ratio (g/g)

Time (min)

Fig. 5 Pulsatile temperature-dependent swelling behavior of the
P(NTBA-co-AAm) hydrogels. The amount and type of the cross-
linkers are indicated as the insert
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and type of crosslinker indicate that the polymer—solvent
interactions are mainly controlled by the enthalpy factor.
Nonlinear regression analyses of the data, x, v, and T
for all P(NTBA-co-AAm) hydrogels gave the following
relationship for the dependence of x on 15, and T [16]:

b d\
X=Xyt a=5 Vm+ (€= |V,

The equilibrium swelling ratios of the P(NTBA-co-
AAm) hydrogels calculated using Egs. (6) and (16) are
shown in Fig. 2 as the solid curve plotted as a function of
the temperature. It is clearly seen that, after taking into
account the sensitive dependence of the x parameter on
both 15, and 7, the prediction of the Flory—Rehner theory
provides a satisfactory agreement to the experimental
swelling data.

(16)

Pulsatile swelling behavior

The pulsatile swelling behavior of the PINTBA-co-AAm)
hydrogels with three different crosslinkers was observed in
temperatures alternating between 10 and 40 °C, as shown
in Fig. 5. The swelling ratio of the hydrogels with temperature
changes was measured every 5 min, as temperature was
switched every 100 min. The swelling—deswelling cycles
were repeated for 10 h without observing any deformation in
their shapes. Also, their swelling processes are proved to be
repeatable with temperature changes. The hydrogels with

2.4 mol% crosslinkers respond to temperature change more
rapidly than the hydrogels with 5.0 mol% crosslinkers. These
results are in agreement with those obtained by the fast
swelling behavior of the hydrogels with 2.4 mol%
crosslinkers. On the other hand, the data also showed
that all of the hydrogels had a small swelling—deswelling
range. As the phase-transition temperature of these
hydrogels is around 25 °C, when the swollen hydrogel is
immersed in the 40 °C water, the surface of the hydrogel
immediately dehydrates to form the hydrophobic skin
layer, which blocks the inner water flow out of the
hydrogel. When the hydrogel is immersed in 10 °C water
again, the water molecules also first hydrate with the
surface of the hydrogel. Therefore, the hydration—dehy-
dration change occurs on the surface of the hydrogel in a
brief time, and it causes the small swelling and deswelling
range. In addition, the inspection of Fig. 5 also showed a
clear decrease in the swelling ratios with each cycle. Some
irreversible steps are included in this system. This may be
explained by various heterogeneous structures, such as a
polymer-rich phase and a solvent-rich phase, which were
created during the posttreatment at 40 °C. The diffusion
rate is controlled by collective diffusion coefficient and
hydrogel morphology. The resulting heterogeneous struc-
ture acts as a barrier for further water uptake and prevents
water transfer from the aqueous medium to the inner part
of the hydrogel.

Acknowledgement This work was supported by the State Planning
Organization (Devlet Planlama Teskilati), contact grant number
2003K 120470-31.

References
1. Schild HG (1992) Prog Polym Sci 8.
17:163 Tanaka T (1991) Macromolecules
2. Kokufuta E (1993) Adv Polym Sci 24:2936
110:157 9. Bokias G, Hourdet D, Iliopoulos I,
3. Okano T (1993) Adv Polym Sci
110:179 Macromolecules 30:8293
4. Chen G, Hoffman AS (1995) 10.

Macromol Rapid Commun 16:175
5. Saito S, Konno M, Inomata H (1993) 11.
Adv Polym Sci 11:207
6. Feil H, Bae YH, Feijen J, Kim SW
(1993) Macromolecules 26:2416 12.
7. Inomata H, Goto S, Saito S (1990)
Macromolecules 23:4887

80:5170

80:1656

13. Zhang XZ, Wu DQ, Chu CC (2003)J  24.
Polym Sci B Polym Phys 41:582

14. Mueller KF (1992) Polymer 33:3470 25.

15. Kaneko Y, Yoshida R, Sakai K, Sakurai

Tokuhiro T, Amiya T, Mamada A, 17.

Staikos G, Audebert R (1997) 19.

Ulbrich K, Kopecek J (1979) J Polym 20.
Sci Polym Symp 66:209

Tanaka T, Touhara H, Nakanishi K, 21.
Watanabe N (1984) J Chem Phys

Nakanishi K, Ikari K, Okazaki S,
Touhara H (1984) J Chem Phys 23.

Yi YD, Oh KS, Bae YC (1997)
Polymer 38:3471

18. Ilavsky M, Hrouz J (1982) Polym Bull
8:387

Xue W, Champ S, Huglin MB (2001)
Polymer 42:3665

Cavell EAS, Gilson IT (1968)
Macromol Chem 119:153

Kilic S, Baysal BM (1986) J Macromol
Sci Rev C26:483

22. Ozmen MM, Okay O (2003) Eur
Polym J 39:877

Wu XS, Hoftman AS, Yager P (1992) J
Polym Sci A Polym Chem 30:2121
Biren D, Kabra BG, Gehrke SH (1992)
Polymer 33:554

Bajpai SK (2001) J Appl Polym Sci
80:2782

Y, Okano T (1995) J Membr Sci 13:101
16. Oztiirk V, Okay O (2002) Polymer

43:5017



1048

26. Korsmeyer RW, Peppas NA (1983)
Controlled release delivery systems.
Marcel Dekker, New York, p 173

27. Alfrey T, Gurnee EF, Lloyd WG (1966)
J Polym Sci C Polym Symp 12:249

28. Ruiz J, Cadiz V (2001) Polymer
42:6347

29.
30.
31.
32.

33.

Peniche C, Cohen ME, Vazquez B, San
Roman J (1997) Polymer 38:5977
Bhardwaj YK, Kumar V, Sabharwal S
(2003) J Appl Polym Sci 88:730
Erbil C, Aras S, Uyanik N (1999) J
Polym Sci A Polym Chem 37:1847
Flory PJ (1953) Principles of polymer
chemistry. Cornell University Press,
Ithaca

Mark JE, Erman B (1988) Rubberlike
clasticity a molecular primer. Wiley,
New York

. Giindogan N, Melekaslan D, Okay O

(2002) Macromolecules 35:5616

. Champ S, Xue W, Huglin MB (2001)

Polymer 42:6439

. Mark JE, Dusek K (1992) Adv Polym

Sci 44:1

. Sen M, Giiven O (1998) Polymer

39:1165

. Erman B, Flory PJ (1986)

Macromolecules 19:2342



	Effect of the amount and type of the crosslinker on the swelling behavior of temperature-sensitive poly(N-tert-butylacrylamide-co-acrylamide) hydrogels
	Abstract
	Introduction
	Experimental procedure
	Materials
	Hydrogel synthesis
	Measurement of the swelling ratio and pulsatile kinetics

	Results and discussion
	Synthesis of P(NTBA-co-AAm) hydrogels
	Swelling kinetics
	Network parameters
	Temperature-dependent swelling behavior
	Polymer–solvent interaction parameter
	Pulsatile swelling behavior

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


