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ABSTRACT: The effects of catechin on the properties of bacterially synthesized isotactic poly[(R)-3-
hydroxybutyrate] (i-PHB) and chemosynthesized highly-syndiotactic poly[(R,S )-3-hydroxybutyrate] (s-PHB) were in-
vestigated by differential scanning calorimetry and Fourier transform infrared (FT-IR). In both PHB/catechin blend sys-
tems, the composition-dependent single glass transition temperature was observed. By using FT-IR, the formation of
intermolecular hydrogen bonds was found between the carbonyl of PHB and the hydroxyl of catechin. The strength of
intermolecular hydrogen bonds of s-PHB/catechin blends, i-PHB /catechin blends and pure catechin is in this order, i.e.,
s-PHB/catechin blends < i-PHB/catechin blends < pure catechin. The crystallization of either i-PHB or s-PHB was found
to be restrained by the existence of catechin, and both i-PHB and s-PHB are miscible with catechin in the amorphous
phase due to the intermolecular hydrogen-bonding. The effect of different stereochemical structures of i-PHB and s-PHB
on the PHB-catechin interaction has been discussed.
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Bacterially synthesized poly[(R)-3-hydroxybutyrate]
(i-PHB) is an environmentally biodegradable and bio-
compatible thermoplastic material with the physical
properties similar to those of traditional plastics. How-
ever, its wider applications have been prevented by
some obstacles such as poor mechanical property in-
duced by its big spherulites and high extent of sec-
ondary crystallization. Some methods are used to mod-
ify its thermal and mechanical properties. Especially
for the method of blending, if the intermolecular hy-
drogen bonds between two components are introduced,
usually the miscibility of the blends is increased to im-
prove the thermal and mechanical properties of the ma-
terials.

It has become clear that phenolic polymer such as
poly(p-vinyl phenol) (PVPh) and 4,4′-thiodiphenol
(TDP) possess excellent potential for hydrogen-
bonding interactions with proton-acceptor poly-
mers,1–7 since the hydroxyl group in the p-position of
the phenyl ring of the repeat unit is easily accessible.8

All these researches help a better understanding of
the relationship between the formation of hydrogen
bonds and the chemical structures of two partners.
However, the phenolic compounds, as proton-donating
components used in the study of hydrogen-bonding in-
teraction, are mainly chemosynthesized and even toxic
to human body. Using naturally produced compounds
instead of chemosynthesized compounds to modify
other polymers in industry has been encouraged due

to the emerging regulatory requirement of sustainable
development. So far as we know, there are almost
no studies in naturally produced phenolic compound
and proton-acceptor polymer blend system based on
the intermolecular hydrogen-bonding. As an attempt,
a naturally produced phenolic compound, green tea
catechin (its chemical structure is shown in Chart 1),
is selected as the candidate to substitute chemosynthe-
sized phenolic compounds like TDP. Actually, phenolic
compounds are the secondary plant metabolites found
in all fruits and vegetables, including apples, coffee
beans, grapes, prunes, and tea leaves.9 Catechin itself
is the main component of phenolic compound in tea

i-PHB

n

n

s-PHB

Chart 1. The chemical structures of i-PHB, s-PHB, and cate-
chin.
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leaves and possesses outstanding antioxidant and free
radical-scavenging properties.10, 11

On the other hand, the study on the hydrogen-
bonding of biocompatible phenolic compounds is so
important to the controlled drug delivery technol-
ogy since phenolic groups widely exist in biological
and biomedical materials. Furthermore, the proton-
acceptor polymers like polyesters or polyethers are
widely used as biomedical materials such as carriers
in drug delivery systems. It is thought that controlled
drug delivery technology represents one of the most
rapidly advancing areas of science contributing to hu-
man health care.12 Although both biodegradable and
non-biodegradable polymers have been used as carri-
ers in drug delivery systems, biodegradable systems
have gained much of the recent attention and devel-
opment because non-biodegradable systems need re-
trieval or further manipulation after introduction into
the human body. Currently biodegradable polymers at
least have two major applications: one is as biomedi-
cal polymers that contribute to the medical care of pa-
tients and the other is as ecological polymers that keep
the earth environments clean.13 The study on the inter-
molecular interaction between PHB and phenolic com-
pound seems important because PHB is thought as a
promising candidate in controlled drug delivery tech-
nology and phenolic compound widely exists in drugs.
Both i-PHB and chemosynthesized highly-syndiotactic
poly[(R,S )-3-hydroxybutyrate] (s-PHB) are reported to
be biodegradable.14 The weak self-association of these
two polymers makes them good components to study
the interaction between the carbonyl group of polyester
and the hydroxyl group of polyphenol. i- And s-PHB
share the same chemical structure but different stere-
ochemical structures as shown in Chart 1, which af-
ford them different physical properties. i-PHB is a
highly crystalline polymer with the crystallinity more
than 50%,15 while s-PHB is crystalline but almost an
amorphous polymer.16

In this light, the purpose of this study is to evalu-
ate the hydrogen-bonding interaction between naturally
produced phenolic compound catechin and proton-
acceptor polymer PHB, and then the modification of
PHB by hydrogen-bonding between the two compo-
nents would been emphasized. The processability of
PHB modified by the addition of catechin is expected.
The miscibility and thermal properties of i-PHB and
s-PHB/catechin blends will be investigated by differ-
ential scanning calorimetry (DSC). The specific inter-
action between PHB and catechin will be studied by
Fourier transform infrared spectroscopy (FT-IR).

EXPERIMENTAL

Materials
Biosynthesized isotactic poly[(R)-3-hydroxybuty-

rate] (i-PHB; Mw = 5.86× 105, Mw/Mn = 2.35) was
supplied by the courtesy of Mitsubishi Gas Co. Ltd.,
Japan. Chemosynthesized highly-syndiotactic poly-
[(R,S )-3-hydroxybutyrate] (s-PHB; diad syndiotactic-
ity is 0.6; Mw = 9.20× 104, Mw/Mn = 1.64)17 was sup-
plied by the courtesy of Takasago International Corpo-
ration, Japan. Catechin (C-1251, Lot No. 120K1194)
was purchased from Aldrich Chemical Co., Ltd. The
solvents were used as received.

Preparation of Blend Samples
The blend films of i-PHB/catechin were prepared by

casting the mixture of solution of i-PHB in chloroform
(5 wt%) and catechin in dioxane (5 wt%) to the Teflon
petri dish, allowing the solvents to evaporate at room
temperature, while the blend films of s-PHB/catechin
were prepared by casting the 5 wt% MEK solution of
both solutes. Furthermore, all the blend films were kept
in vacuum at 60 ◦C for one day to remove the residual
solvent and then kept in vacuum more than two weeks
at room temperature.

Differential Scanning Calorimetry (DSC)
DSC analysis was performed on a SEIKO DSC

220 system (Seiko Instrument, Co., Tokyo, Japan).
The polymer sample (ca. 5 mg) packed in an alu-
minum pan was heated from –50 to 200◦C at a heat-
ing rate of 20 ◦C min−1. Afterwards, the sample was
rapidly quenched by liquid nitrogen to −60◦C, and re-
heated from −50 to 200 ◦C also at a scanning rate of
20 ◦C min−1.

Melting point Tm was taken as the endothermic peak
top in the thermal diagram recorded by the first heating
scan, and the heat of fusion ∆H was calculated from
the integral of the endothermic melting peak in DSC
curve. Glass transition temperature Tg was taken as the
midpoint of the glass transition recorded in the second
heating scan.

Fourier Transform Infrared (FT-IR) Spectroscopy
The thin layers of the i-PHB/catechin and s-

PHB/catechin blends with a suitable thickness for FT-
IR measurements were prepared by casting the blend
solution (ca. 20 mg mL−1) on the surface of silicon
wafers. The maximum absorption of the samples was
lower than 1 absorbance unit to ensure the absorption
within the linearity range of the detector. The sam-
ples were placed for one day at 60◦C under vacuum
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to eliminate the solvent completely. IR measurements
were carried out on a single beam IR spectrometer
(PerkinElmer Spectra 2000) at room temperature or at
190 ◦C under N2 purging. All the spectra were recorded
from 600 to 4000 cm−1 at a resolution of 4 cm−1 with an
accumulation of 64 scans.

Line-Shape Analysis of FT-IR Spectra
A curve-fitting program, based on the Gauss–Newton

iteration procedure,18 was applied here for the line-
shape analysis of the FT-IR carbonyl-vibration band.
With the least-squares parameter-adjustment criterion,
the band of carbonyl-vibration could be quantitatively
resolved into three parts: the amorphous, the crys-
talline, and the hydrogen-bonded components. This
fitting adjusted the peak position, the line shape, peak
width and height in such a way that the best fit with the
error less than 3% between experimental and calculated
spectra was obtained.

RESULTS AND DISCUSSION

DSC Analysis of i-PHB/Catechin and s-PHB/Catechin
Blends

DSC analysis is usually used to provide some ev-
idence of miscibility of polymer blends according to
physical phenomena such as glass transition, melting,
and crystallization. In Figure 1 are shown the DSC ther-
mograms of i-PHB, catechin and their blends in the first
heating scan. The thermogram of i-PHB has a strong
melting peak at 179.5 ◦C and the Tg is not so obvious
due to the high content of crystalline phase. Compared
to that of i-PHB, the thermogram of catechin is much
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Figure 1. The DSC curves of i-PHB and its blends with various
contents of catechin recorded during the first heating scan at the
heating rate of 20 ◦C min−1.

complex. It shows two endothermic peaks at 115.9◦C
and 152.4 ◦C, which are corresponding to the loss of
crystal water and the melting of crystalline phase, re-
spectively. What is interesting is that no melting peak
corresponding to the catechin component could be ob-
served obviously when the content of catechin in the
blends is not more than 30%. This might suggest that
the catechin component exists in an amorphous state
and its crystallization is completely suppressed in the
blends. This phenomenon is very similar to that ob-
served for TDP in the poly(3-hydroxybutyrate-co-4-
hydroxybutyrate)/TDP blend system.4 The crystallinity
of i-PBH in the blends, X∗, is estimated from the melt-
ing enthalpy, ∆H, in the first scan and the reference
melting enthalpy of 100% crystalline i-PHB, ∆Href ,

X∗ = ∆H/(Wi−PHB∆Href) (1)

where Wi−PHB is the weight fraction of i-PHB and
∆Href is 146.6 J g−1.19 The calculated crystallinity of i-
PHB is 51.6% but that in i-PHB/catechin (70/30) blend
is only 34.7%. While the content of catechin is more
than 30%, X∗ increases. It can be explained that the
melting peak of catechin overlaps that of i-PHB and
the accurate value of ∆H of i-PHB is not easy to get.
Similarly, the accurate Tm of i-PHB in the blends can-
not be got; however, it is found that the melting peak
of i-PHB obviously shifts to lower temperature with in-
creasing the catechin content. The melting temperature
corresponding to i-PHB decreases from 179.5◦C in the
pure state to about 163.9◦C in i-PHB/catechin (70/30).
It is thought that there is strong intermolecular interac-
tion between i-PHB and catechin and the existence of
catechin affects the crystallization of i-PHB.

In order to eliminate the influence of crystalline
phase of i-PHB on the glass transition of the blends, the
Tg value is measured in the second scan for the blend
quenched from the melt state, in which the component
of i-PHB is almost in the amorphous state. As shown
in Figure 2, the Tg value for pure i-PHB is 9.3 ◦C.
When i-PHB is blended with catechin, the single glass
transition is observed and it shifts gradually to higher
temperature with increasing catechin content. Usually,
the miscibility of phenolic blends depends on both the
strength of self-association of the phenolic component
and that of inter-association between the phenolic and
the other component. It is a simple and useful method
to analyze the miscibility of a polymer blend by deter-
mining the Tg as a function of the composition. The
observation of a single composition-dependent Tg that
lies between the Tg values of the pure components is
normally taken as the evidence of the blend miscibility
with dimensions of about 20–40 nm.20–22 However, the
low-molecular-weight-molecule catechin is free from
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Figure 2. The DSC curves of i-PHB and its blends with various
contents of catechin recorded during the second heating scan at the
heating rate of 20 ◦C min−1.
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Figure 3. The DSC curves of s-PHB and its blends with var-
ious contents of catechin recorded during the first heating scan at
the heating rate of 20 ◦C min−1.

crystallization and shows a glass transition at 123.5◦C.
It is thought that the molecules of catechin are highly
cross-linked through self-associated hydrogen bonds,
which makes assembly of catechin molecules act as a
polymer chain-like either in the pure state or in the i-
PHB/catechin blend system.

In Figure 3, the first heating DSC curve of the
chemosynthesized s-PHB shows two small melting
peaks at 56.1 ◦C and 81.3 ◦C, respectively.16 When s-
PHB is blended with catechin, the melting peaks disap-
pear and s-PHB keeps in a fully amorphous state. As
shown in Figure 4, s-PHB shows a single Tg at 10.5 ◦C
observed in the second DSC scan, which is very close
to that of i-PHB. With increasing the content of cate-
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Figure 4. The DSC curves of s-PHB and its blends with vari-
ous contents of catechin recorded during the second heating scan at
the heating rate of 20 ◦C min−1.

chin in the blends, the single Tg of the blends shifts to
higher temperature.

Although i-PHB and s-PHB have different stereo-
chemical structures as mentioned above, they present
some common characteristics when they are blended
with catechin. Firstly, the crystallization of either i-
PHB or s-PHB is restrained by the existence of cate-
chin, which is expressed by the depression or disap-
pearance of melting peaks of i-PHB and s-PHB. Fur-
thermore, catechin keeps amorphous state in the blends
when its content is less than 40%. It is thought that
catechin intermolecularly and strongly interacts with
both i-PHB and s-PHB. Secondly, only one glass tran-
sition was observed both for i-PHB/catechin and s-
PHB/catechin blends, which means that both i-PHB
and s-PHB are miscible with catechin in the amor-
phous phase. Furthermore, i-PHB and s-PHB show al-
most the same Tg values in the pure state observed in
the second DSC scan. Both the i-PHB/catechin and s-
PHB/catechin blends show again quite similar Tg val-
ues, when the blend contains the same catechin con-
tent. Although i-PHB and s-PHB showed different
physical properties either in the pure state or in the
blends with catechin due to their different stereochemi-
cal structures, i- and s-PHB/catechin blends had similar
values of Tg when the component i- or s-PHB is almost
in the amorphous state.

The Tg of the Blends Calculated by Gordon–Taylor
Equation

Over the years, numerous equations have been pro-
posed to correlate the Tg of a miscible blend with its
composition. These equations, including the Couch-
man equation,23 the Gordon–Taylor equation,24 the Fox
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equation,25 the Kwei equation,26 and so on, have been
derived from the so-called free volume hypothesis or
from thermodynamic arguments, assuming the continu-
ity of the entropy of the mixture at Tg.

The Couchman equation (eq 2) has been widely used
to describe the relationship between the glass transition
temperature of polymer blends and their composition,
assuming that∆Cpi does not depend on the temperature.

ln Tg = (W1∆Cp1 ln Tg1 +W2∆Cp2 ln Tg2)/(W1∆Cp1

+W2∆Cp2) (2)

where Tg is the glass transition temperatures of blend,
Tgi is glass transition temperature of component i, Wi

is the weight fraction of component i and ∆Cpi is the
difference in specific heat for component i between the
liquid and glassy states at Tgi.

This equation can be reduced to several other equa-
tions, following a certain number of simplifying as-
sumptions.27 When Tg2/Tg1 is not very far from unity,
then the logarithm expansion of eq 2 can be limited
to the first term, after rearrangement, one finds the
Gordon–Taylor equation (eq 3)

Tg = (w1Tg1 + kw2Tg2)/(w1 + kw2) (3)

where k = ∆Cp1/∆Cp2. The fitting constant k is also
thought to represent the ratio of the volume expansion
coefficients of the components at the glass transition
temperature or the ratio of the heat capacity of the com-
ponents.28

The application of the Gordon–Taylor equation to
the PHB/catechin blend systems gives a good predic-
tion of glass transition behavior by taking k = 0.9645
for i-PHB/catechin blends and k = 0.8905 for s-
PHB/catechin blends as shown in Figure 5. Thus, both
the blends are considered to be miscible systems in the
amorphous phase.

FT-IR Analysis of s-PHB/Catechin Blends and i-
PHB/Catechin Blends

FT-IR spectroscopy is quite a suitable technique
to investigate the intermolecular interaction like
hydrogen-bonding. Usually, the changes of the strength
and the position of IR absorption peaks resulting from
some characteristic functional groups, like carbonyl
and hydroxyl, can be attributed to the existence of in-
termolecular interaction. There are two main ranges in
the infrared spectra that are sensitive to the formation of
hydrogen bonds: one is the carbonyl vibration region in
1650–1800 cm−1and the other is the hydroxyl vibration
region in 3000–3600 cm−1.

In the systems investigated here, i-PHB and s-PHB
with the same chemical structure have the carbonyl in

T g
T g

a

b

Figure 5. Experimental Tg and theoretically predicted Tg of
the blends versus catechin weight fraction. (a): i-PHB/catechin
blends; (b): s-PHB/catechin blends. (+): the Tg of i-PHB/catechin
blends measured by DSC; (�): the Tg of i-PHB/catechin blends
predicted by Gordon–Taylor equation with k = 0.9645; (×): the
Tg of s-PHB/catechin blends measured by DSC; (�): the Tg of
s-PHB/catechin blends predicted by Gordon–Taylor equation with
k = 0.8905; solid line: experimental line; break line: Gordon–
Taylor equation line.

the monomeric repeating unit that yields a νC=O stretch-
ing mode near 1724 cm−1, while catechin exhibits no
absorption in the region from 1650–1800 cm−1. There-
fore, any changes observed in the FT-IR spectrum in
this region should be attributed to those in the chemi-
cal environment of carbonyls, such as the formation of
hydrogen bonds.

In Figure 6 are shown the FT-IR spectra of s-
PHB/catechin blends in the carbonyl vibration region
(a) and in the hydroxyl vibration region (b), respec-
tively, as a function of catechin composition. The car-
bonyl absorption peak of s-PHB is located at about
1739 cm−1, which shows s-PHB is an almost amor-
phous polymer, because the absorption in this high
wavenumber is induced by the carbonyl in the amor-
phous component of PHB.16 When s-PHB is blended
with catechin, not only the carbonyl absorption peak
shifts to lower wavenumber but also a new peak lo-
cated at 1713 cm−1 obviously appears especially when
the content of catechin is more than 30%, all of which
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Figure 6. FT-IR spectra of s-PHB and its blends with various
contents of catechin in the carbonyl vibration region (a) and in the
hydroxyl vibration region (b).

are thought to be the characteristic for the formation
of the intermolecular hydrogen bonds between s-PHB
and catechin. s-PHB shows a weak absorption peak at
3450 cm−1, which should be attributed to the vibration
of hydroxyl groups at the chain terminal of s-PHB.

Catechin has five hydroxyls in one molecule and
its FT-IR spectrum shows one broad band centering
at 3320 cm−1, at least a part of which should be as-
signed to the self-associated hydroxyl group because
of the low wavenumber position. When catechin
is blended with s-PHB, a new absorption peak ap-
pears at 3415 cm−1, which should be assigned to the
catechin hydroxyl groups intermolecularly hydrogen-
bonded with the carbonyls of s-PHB. The differ-
ence between the wavenumber of self-associated hy-
droxyl groups (3320 cm−1) and that of intermolecu-
lar hydrogen-bonded one could be due to the balance
between the number of broken catechin-OH. . .HO-
catechin self-associations and the number of formed
catechin-OH. . .O=C-s-PHB bonds.

In Figure 7 are shown the FT-IR spectra of i-
PHB/catechin blends in the carbonyl (a) and the hy-

i-PHB

i-PHB
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Figure 7. FT-IR spectra of i-PHB and its blends with various
contents of catechin in the carbonyl vibration region (a) and in the
hydroxyl vibration region (b).

droxyl vibration region (b) as a function of catechin
composition. It is found that the absorption peak of car-
bonyl of the blends keeps almost at 1724 cm−1, but the
absorption strength near 1739 cm−1increases gradually.
It is thought that the absorption in the higher wavenum-
ber is induced by the amorphous part of i-PHB. i-PHB
shows a weak absorption at about 3450 cm−1, which
should be attributed to the vibration of hydroxyl groups
at the chain terminal of i-PHB as described for s-PHB.
When catechin is blended with i-PHB, a new absorp-
tion peak appears at 3375 cm−1, which should be again
assigned to the catechin hydroxyl groups intermolec-
ularly hydrogen-bonded with the carbonyl of i-PHB.
However, intermolecular hydrogen bonds cannot be
demonstrated by the absorption in the carbonyl region.
It is concluded that not only the content but also the
strength of intermolecular hydrogen bonds between i-
PHB and catechin is low. i-PHB has a high ability to
form crystalline phase even with high content of cat-
echin, which is unfavorable to the formation of inter-
molecular hydrogen bonds.

The FT-IR experiment indicated that in the
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PHB/catechin blend systems there are three kinds
of hydrogen bonds, i.e., catechin-OH. . .HO-catechin,
catechin-OH. . .O=C-s-PHB and catechin-OH. . .O=C-
i-PHB. Usually, the stronger hydrogen-bonding is, the
lower wavenumber in FT-IR spectra of hydroxyl groups
is. Therefore, the strength of intermolecular hydrogen
bonds increases as the order of s-PHB/catechin blends
< i-PHB/catechin blends < pure catechin.

Curve-fitting Analysis of FT-IR Spectra
Just as discussed above, the formation of the in-

termolecular hydrogen bonds between the ester car-
bonyl of s-PHB and the hydroxyl of catechin has been
confirmed qualitatively by FT-IR. However, the inter-
molecular hydrogen bonds between the carbonyl of i-
PHB and the hydroxyl of catechin are not shown obvi-
ously in the FT-IR spectra of the carbonyl absorption
region. It is reasonably supposed that the almost all
molecular chains of s-PHB are in the amorphous phase
and they are easy to form hydrogen bonds with cate-
chin but those of i-PHB are not so easy, because of high
crystallinity. Here, the spectra in the carbonyl region
are analyzed with a curve-fitting program based on the
Gauss–Newton iteration procedure.

In Figure 6a, the FT-IR spectrum of s-PHB/catechin
(60/40) in the carbonyl region recorded at room temper-
ature exhibits two components approximately at 1739
and 1713 cm−1, which should be reasonably attributed
to s-PHB components in the hydrogen bond free amor-
phous and hydrogen-bonded amorphous state, respec-
tively. The component corresponding to the crystalline
state is not found since s-PHB is in the amorphous state
in the s-PHB/catechin (60/40) blend as shown by DSC.
When a curve-fitting program is employed to quanti-
tatively analyze the spectrum regarding the integrated
intensity of these two separated bands, the experimen-
tal spectrum has been divided into two regions, that
is, the amorphous and hydrogen-bonded components as
shown in Figure 8a. The excellent agreement with er-
ror only about 3% between the experimental and fitted
spectra indicates the reliability of this fitting technique.

In Figure 7a, the FT-IR spectrum of i-PHB/catechin
(60/40) in the carbonyl region recorded at room tem-
perature exhibits only two components approximately
at 1739 and 1724 cm−1, which should be attributed to i-
PHB in the amorphous and crystalline components, re-
spectively. The component corresponding to hydrogen-
bonding is not found. In Figure 8b, the experimen-
tal and fitted spectra for the i-PHB/catechin (60/40)
blend in the carbonyl vibration region are illustrated.
The experimental spectrum has been divided into two
peaks for the amorphous and the crystalline compo-
sitions. When the i-PHB/catechin (60/40) sample is

a
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Figure 8. Experimental and fitted FT-IR spectra for the s-
PHB/catechin (60/40) (a) and i-PHB/catechin (60/40) (b) blends
in the carbonyl vibration region recorded at room temperature.
Expt.: experimental spectrum; Amor.: amorphous component;
Crys.: crystalline component; H-bond.: hydrogen-bonded compo-
nent; Fitt.: fitted spectrum, i.e., the sum of the amorphous compo-
nent and hydrogen-bonded component.

heated to 190 ◦C and kept 5 min, at which tempera-
ture the crystal phase of i-PHB disappears, and then the
sample is scanned by FT-IR again. As shown in Fig-
ure 9, it is found that the FT-IR spectrum also exhibits
two components, but they are approximately at 1739
and 1713 cm−1, which are just the same wavenumbers
found for s-PHB/catechin (60/40) blend [Figure 6a] and
so they should be attributed to i-PHB in the amorphous
and hydrogen-bonded components, respectively. The
component corresponding to the crystalline phase is not
found. When the curve-fitting program is employed to
quantitatively analyze the spectrum, it also shows the
excellent agreement between the experimental and fit-
ted spectra as shown in Figure 9.

The intermolecular hydrogen-bonding is not obvi-
ously observed in the carbonyl region in the FT-IR
spectrum for i-PHB/catechin (60/40) at room temper-
ature, but it shows strong intermolecular hydrogen-
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Figure 9. Experimental and fitted FT-IR spectra for the i-
PHB/catechin (60/40) blend in the carbonyl vibration region
recorded at 190 ◦C. Expt.: experimental spectrum; Amor.: amor-
phous component; H-bond.: hydrogen-bonded component; Fitt.:
fitted spectrum, i.e., the sum of the amorphous component and
hydrogen-bonded component.

bonding at 190 ◦C when all the i-PHB component is
in the amorphous state. According to the quanti-
tative analysis on the carbonyl region for s- and i-
PHB/catechin (60/40) blends, it is concluded that the
existence of crystal phase of i-PHB is unfavorable to
form the hydrogen bonds between i-PHB and catechin.
The DSC result, that i-PHB and s-PHB have no great
difference when they are in the amorphous state even
though they have different stereochemical structures, is
confirmed again by FT-IR.

CONCLUSIONS

The thermal properties including crystallinity, Tm

and Tg of i-PHB and s-PHB were greatly modified by
the addition of catechin. Furthermore, it was found
that both i-PHB and s-PHB were miscible with cate-
chin in the amorphous phase. Although i-PHB and s-
PHB showed different physical properties either in the
pure state or in the blends with catechin due to their dif-
ferent stereochemical structures, i- and s-PHB/catechin
blends had similar values of Tg when the component i-
or s-PHB was almost in the amorphous state.

Not only the content but also the strength of inter-
molecular hydrogen-bonding between i-PHB and cate-
chin is low due to the high crystallizability of i-PHB.
However, the FT-IR spectra of s-PHB/catechin blends
showed obvious characteristic for the intermolecular
hydrogen bonds. By comparing the hydroxyl region for
catechin and its blends with PHB, it is concluded that
the strength of intermolecular hydrogen bonds is in the
order: s-PHB/catechin blends < i-PHB/catechin blends

< pure catechin.
By applying a curve-fitting program for FT-IR

spectra in the carbonyl region, the spectra of s-
PHB/catechin (60/40) and i-PHB/catechin (60/40) at
room temperature and at 190◦C have been divided and
analyzed. It was concluded that the existence of crystal
phase of i-PHB was unfavorable for the formation of
hydrogen bonds between i-PHB and catechin at room
temperature.

The formation of intermolecular hydrogen bonds be-
tween PHB and catechin has been confirmed. The
properties of PHB can be greatly modified by the ad-
dition of catechin. The results indicate that it is accept-
able to use naturally produced polyphenol to modify
proton-acceptor polymers like polyesters. The effect of
hydrogen-bonding on the properties like biodegradabil-
ity and crystallization of PHB is in progress now.
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