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Purpose. In polymeric coatings, plasticizers are used to improve the
film-forming characteristic of the polymers. In this study, a comput-
erized method (VolSurf with GRID) was used as a novel tool for the
prediction plasticization efficiency (�) of test compounds, and for
determining the critical molecular properties needed for polymer
plasticization.
Methods. The film-former, starch acetate DS 2.8 (SA), was plasti-
cized with each of 24 tested compounds. A decrease in glass transition
temperature of the plasticized free films (determined by differential
scanning calorimeter (DSC)) was used as an indicator for �. Partial
least squares discriminant analysis was used to correlate the experi-
mental data with the theoretical molecular properties of the plasti-
cizers.
Results. A good correlation (r2 � 0.77, q2 � 0.58) between the
molecular modeling results and the experimental data demonstrated
that � can be predicted from the three-dimensional molecular struc-
ture of a compound. Favorable structural properties identified for the
potent SA plasticizer were strong hydrogen bonding capacity and a
definitive hydrophobic region on the molecule.
Conclusions. The VolSurf method is a valuable tool for predicting the
plasticization efficiency of a compound. The correlation between ex-
perimental and calculated glass transition temperature values verifies
that physicochemical properties are primary factors influencing plas-
ticization efficiency of a compound.
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INTRODUCTION

Polymeric films are used in a variety of industrial appli-
cations, for example, in pharmaceutical coatings (1), as pro-
tective coatings on fruit products (2), and in different types of
packaging (3). The main, and usually essential, additives used
in these coatings are plasticizers, which change otherwise
hard and brittle films to a more pliable and tougher form (4).
From a molecular perspective, the plasticizer penetrates into
the polymer and increases the free space between the poly-
mer chains by decreasing the cumulative intermolecular

forces along the polymer chains (5). To be compatible, the
plasticizer must be miscible with the polymer and must have
similar intermolecular forces in the component. In general,
the most effective plasticizer closely resembles the polymer it
plasticizes. Thus, it can be assumed that the plasticization
efficiency is mostly related to the chemical structure of the
plasticizer molecule, and the compatibility of the plasticizer
with the polymer. However, little is known about the molecu-
lar nature of polymer-plasticizer interactions, nor is it entirely
known why certain plasticizers are superior to others.

Plasticization generally produces a decreased tensile
strength, a lower softening temperature, and a decrease in the
glass transition temperature (Tg) of the plasticized polymer
film (5). The magnitude of these structural changes in the
polymer can be used as indicators for the plasticization effi-
ciency of the compound. This evaluation can be made by a
number of different semi-empirical tests; for example, by
measuring viscosity of the polymer/plasticizer solutions (6),
mechanical properties (7), Tg of the plasticized films (8,9), or
by predicting plasticizing efficiency with the aid of the coating
components’ solubility parameters (10). A weakness of meth-
ods based on solubility parameters is that the effects of en-
tropy or the free-volume of amorphous solids are not taken
into account. In addition, such variables are extremely sensi-
tive to experimental conditions. Other methods that are gen-
erally used in plasticization efficiency assessments are more
or less based on trial and error, and reliable predictions can-
not be made.

Because Tg has been demonstrated to be a good indica-
tor of a polymer’s structure and chain mobility, and because
the purpose of a plasticizer is to increase chain mobility, sev-
eral researchers have proposed mathematical expressions to
describe the compositional dependency of Tg for a polymer-
diluent system (11–13). However, the data needed in these
theoretical equations (e.g., “free volumes” or heat capacity of
the mixture) are seldom available and often are rather poorly
defined. In addition, the specific interactions, that is, hydro-
gen-bonding formation and charge-transfer, can alter results
significantly (14).

Novel computational methods have been developed for
the modeling and prediction of physicochemical and pharma-
codynamic properties of a compound (15,16). These methods
are based on computed interaction fields and multivariate
analysis, which correlate three-dimensional (3D) molecular
structures with the studied property. For example, blood-
brain barrier permeation (17), membrane partitioning of oli-
gopeptides (15), and intestinal absorption (18) all have been
successfully predicted with the aid of molecular modeling.
Also, the key structural properties responsible for the antivi-
ral activity of some anti-human immunodeficiency virus de-
rivatives have been characterized by chemometric tools (19).
Most of these studies were made using a newly developed
software package called VolSurf (20). The procedure is fully
automated and quite fast, enabling efficient screening of can-
didates from large collections of compounds.

The aim of this study was to generate a mathematical
model for the prediction plasticization efficiency of a com-
pound and to determine the critical molecular properties that
are responsible for polymer plasticization. The polymer cho-
sen for this study was a novel pharmaceutical film-former
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potato starch acetate DS 2.8 (SA) (21). Native potato starch
is a compound of two polysaccharides, that is, branched amy-
lopectin (80%) and linear amylose (20%) (22). SA forms a
strong and tough film structure mainly by dipole interaction
forces of the adjacent polyester chains (21). A decrease in Tg

of the plasticized free films (determined by DSC) was used as
an indicator for the plasticization efficiency (�). The correla-
tion of the 3D structural properties of 24 tested compounds
and their plasticization efficiency was tested by the VolSurf
program with GRID that calculates the molecular interaction
fields (23).

MATERIALS AND METHODS

Materials

Native potato starch was chemically modified by substi-
tuting a portion of the hydroxyl groups on the �-glucose
monomers by acetyl groups in an esterification reaction that
resulted in a DS value of 2.8 (24). SA was manufactured by
VTT, Chemical Technology, Materials Technology, Raja-
mäki, Finland.

Most of the compounds investigated in this study were
typical plasticizers that are used in pharmaceutical coatings.
The dataset included also compounds with promising molecu-
lar structures, and compounds having known incompatibles
with SA were used as negative controls. The resulting free
films were plasticized with each of 24 tested compounds:
2-pyrrolidone; �-butyrolactone; diethyl phthalate; diethyl suc-
cinate; N-hydroxy-succinimide; tributyl phosphate; triethyl
phosphate; dimethyl adipate; stearyl alcohol; and trimethyl
phosphate (all from Fluka Chemie AG, Buchs, Switzerland);
hydantoin; N-methyl-2-pyrrolidone; 2-piperidone; and cyclo-
pentanone (all from Sigma-Aldrich Chemie GmbH, Stein-
heim, Germany); triethyl citrate and acetyltriethyl citrate
(both from Reilly Chemicals, Hautrage, Belgium); triacetin
(Unichema Chemie B.V., Gouda, The Netherlands); dibutyl
sebacate (Acros Organics, Fair Lawn, New Jersey, USA);
glycerol (KEBOLab, Espoo, Finland); mannitol (Merck,
Darmstadt, Germany); cetyl alcohol; sorbitol; stearic acid;
and xylitol (Ph. Eur.). The structures of the tested compounds
are presented in Table I. Chloroform (Labscan Ltd., Dublin,
Ireland) was used as a solvent.

Preparation of Free Films

Free films were prepared by a solvent-cast method.
Among several tested solvents, chloroform was selected as
having the best solubilizing ability for SA. Initially, the poly-
mer (2% [w/v]) and the plasticizer (40% [w/w] of the total
polymer weight) were dissolved in chloroform. The SA-
plasticizer solution was cast in a Teflon mold, and the solvent
was allowed to evaporate at room temperature for 72 h, re-
sulting in a film with a thickness of 180 �m. The dried films
were peeled from the mold and were stored at a relative
humidity of 57.5% at room temperature for at least 24 h prior
to the experiments. The solvent removal from the dried films
was assured by an elemental analysis (EA 1110 CHNS-O,
ThermoQuest, CE Instruments, Milan, Italy).

The homogeneity of the content and the appearance of
the film surface and cross-section were examined by visual
observation and scanning electron microscopy (JSM 35 Scan-

ning microscope, Jeol Ltd., Tokyo, Japan), at an accelerating
voltage of 15 kV. The film samples were coated with gold
before scanning electron microscopy.

Tg Measurements

The Tg levels of both unplasticized and plasticized films
were measured by a differential scanning calorimeter (7 DSC,
Perkin Elmer, Norwalk, Connecticut, USA) with an intra-
cooler and nitrogen purge. Each film sample consisted of
8-mg discs that were loaded onto a 50-�l aluminum sample
pan with a pierced lid to allow for the evaporation of volatile
materials. The sample was first heated from 0 °C to 140 °C at
a rate of 10 °C/min, and then was cooled back to 0 °C at a rate
of 20 °C/min. This step was designed to remove moderately
bound moisture and solvent residues so that the endotherm
would not obscure the glass transition. The sample then was
reheated at a rate of 10 °C/min until the Tg had passed. The
Tg for each film type was determined from the midpoint of a
small endothermic rise of the pretransition and post-
transition baselines using three parallel thermograms. The
method was similar to the one described by Okhamafe and
York (25). The � of the compound was stated as a difference
between the Tg of a plasticized SA film and the Tg of an
unplasticized SA film (134 °C).

Computational Approach

Molecular structures were created by the sketch tool
Sybyl (version 6.6) (Tripon Inc., St. Louis, Missouri), and
further minimized using the MMFF94s force field. All chemi-
cals were modeled in their neutral form. To describe the 3D
molecular field of the compound, the GRID force field was
used (GRID program, version 18) (26). Four probes (i.e.,
hydrophilic, hydrophobic, carboxyl oxygen, and amide) were
used to characterize interaction sites around target molecules.
These probes, with eight different energy levels, were chosen
to simulate polymer-plasticizer interactions.

3D molecular field maps were transformed into 88 scalar
descriptors by VolSurf (version 2.0.6). These molecular de-
scriptors had clear chemical meanings, referring to, for ex-
ample, molecular volume (V), shape (S), surface rugosity (R)
(which is calculated from V/S ratio), molecular weight (MW),
size of the hydrophilic (W) and hyprophobic (D) regions, and
hydrogen-bonding properties (HB). A critical packing param-
eter (CP) described the ratio between the D and W part of a
molecule. Other useful descriptors were integy moments,
measuring the distribution between a molecule’s center of
mass and the position of surrounding hydrophilic (TW) and
surrounding hydrophobic (ID) regions, and capacity factors
(CW) representing the ratio between the hydrophilic regions
and the molecular surface. Also, the distances between the
best three local minima of interaction energies (D12, D13,
and D23) were determined by a water probe and were calcu-
lated by VolSurf. The number (1–8) after the abbreviation of
the specific descriptor describes the energy level used for sta-
tistical analysis and, thus, the strength of the interaction en-
ergy between molecule and probe. A more detailed represen-
tation of VolSurf descriptors has been presented by Cruciani
et al. (20).

Chemometric tools, principal component analysis
(PCA), and partial least squares (PLS) analysis were used to
compile the information obtained from VolSurf. PCA sum-
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marized information contained in the X-matrix (i.e., the mo-
lecular properties of the tested compounds) by a few principal
components (PCs). PCA also was used to find “outliers” that
differ remarkably from other compounds. PLS analysis, on
the other hand, was used to correlate the experimental data
(Y-matrix; the plasticization efficiency of the compound) with

the X-matrix. In PLS modeling, latent variables (LVs), which
are quite equivalent to the PC in PCA, were used as linear
combinations of the original X-variables. The number of sig-
nificant LVs to include was determined by cross-validation.
PLS modeling gives valuable information about molecular
properties that are critical for efficient plasticization behav-

Table I. The 15 (1–15) Compounds Used in the First Training Set Model, the 9 (16–24) Compounds Used for External Prediction, and
Measured (�) and Calculated Plasticization Efficiencies Using Datasets of Either 15 (�1) or 24 (�2) Compounds

Plasticizer Structure
� (°C)

(mean ± SD)
�1/�2

(°C) Plasticizer Structure
� (°C)

(mean ± SD)
�1/�2

(°C)

[1]
Sorbitol

17 ± 2 10/2 [13]
2-pyrrolidone

−73 ± 2 −40/−41

[2]
Stearic acid

CH3(CH2)16−

COOH
3 ± 5 0/7 [14]

Triacetin
−76 ± 1 −68/−75

[3]
Cetyl alcohol

CH3(CH2)14−

CH2OH
0 ± 0 −9/−6 [15]

Tributyl
phosphate

−77 ± 4 −56/−54

[4]
Xylitol

−17 ± 2 −4/−4 [16]
Stearyl
alcohol

CH3(CH2)16CH2OH 13 ± 3 −2/7

[5]
Hydantoin

−25 ± 1 −37/−36 [17]
Dibutyl
sebacate

CH3(CH2)3COO-
(CH2)8−COO-

(CH2)3CH3

−9 ± 1 −35/−22

[6]
Butyrolactone

−31 ± 0 −52/−52 [18]
Glycerol

−11 ± 1 −23/−17

[7]
N-hydroxy-
succinimide

−38 ± 3 −37/−40 [19]
Mannitol

−16 ± 3 3/−5

[8]
N-methyl-2-
pyrrolidone

−45 ± 2 −42/−43 [20]
Cyclo-
pentanone

−31 ± 1 −46/−47

[9]
Diethyl
succinate

−50 ± 1 −63/−65 [21]
Trimethyl
phosphate

−47 ± 3 −61/−57

[10]
Acetyltriethyl
citrate

−55 ± 1 −67/−73 [22]
2-piperidone

−67 ± 3 −42/−44

[11]
Triethyl
phosphate

−59 ± 2 −65/−60 [23]
Dimethyl
adipate

−67 ± 1 −55/−50

[12]
Diethyl
phthalate

−70 ± 7 −65/−64 [24]
Triethyl
citrate

−70 ± 3 −54/−62
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ior. Two PLS models were created; compounds 1–15 were
used for the prediction of the plasticization efficiencies of
compounds 16–24, and the second model considered all 24
compounds (Table I). Fractional factorial design was used to
remove irrelevant descriptors that did not have any relation-
ship to the plasticization efficiency, and, in this way, the pre-
dictive ability of the PLS model could be improved. The qual-
ity (i.e., the explanatory power, r2) and the predictive ability
(i.e., q2) of the PLS model were evaluated by cross-validation.
This validation was done by randomly dividing the com-
pounds into five groups, and then models were built by keep-
ing one of these groups out of the analysis.

RESULTS AND DISCUSSION

Appearance of the Films and Experimental
Plasticization Efficiency

Elemental analysis showed that there was some unavoid-
able solvent retention in the unplasticized SA films. However,
there was no clear evidence of solvent residue in the plasti-
cized SA films. The reason for the lower solvent retention in
plasticized SA films, compared to plain SA films, might be
due to the plasticizer replacing the solvent molecule in the
polymer (27). Thus, the method used in free film preparation
was considered to be suitable for evaluating the plasticization
efficiency of the tested compounds on SA.

A poor plasticization efficiency of the compound on SA
was noticed as a hard and brittle film structure. Compounds
incompatible with SA formed white and uneven films (an
SA-glycerol film as an example, Fig. 1A), whereas SA films
with efficient plasticizers were transparent and smooth (an
SA-2-pyrrolidone film as an example, Fig. 1B).

Glass transitions of the films determined by DSC were
apparent, and the mean standard deviation in Tg measure-
ments was lower than 2 °C. The most efficient plasticizer
depressed Tg by 77 °C (�; Table I). The compounds that were
most incompatible with SA, on the other hand, raised the Tg,
which can be described as an antiplasticizing effect (28). In
general, films were clear and transparent when the decrease
in the Tg was higher than 30 °C.

PCA

The PCA model having the first two PCs could not divide
the compounds into two separate groups, the poor plasticizers
(i.e., a decrease in Tg lower than 30 °C) and the efficient
plasticizers (i.e., the decrease in Tg higher than 30 °C) (Fig. 2).
However, efficient plasticizers grouped near the minima of
PC 1, whereas poorer plasticizers, except for hydantoin, di-
butyl sebacate, and glycerol, had higher absolute values for
PC 1. Thus, the generated PCA model satisfactorily discrimi-
nated compounds by their 3D structure, even if the applied
training model was quite small. In addition, no outliers were
found by PCA.

PLS Analysis

Initially, the quality and predictive power of the PLS
model was tested by using 15 compounds in the training set
for the prediction of the plasticization efficiency for the other
nine compounds (Table I). The relationship between experi-
mental � and calculated �1 gave an r2 of 0.71 with a q2 of 0.41.

Even with this rather small training set, the model satisfacto-
rily predicted the plasticizing efficiency of the compounds,
and, thus, the final model using the entire dataset (24 com-
pounds) could be built. The predictive power for �2 of the
final model improved remarkably, giving a q2 value of 0.58,
and also the r2 was higher (0.77), compared to the first model
(Fig. 3, Table I). The standard deviation of the first model’s
predictive ability was 18 °C, which indicates a satisfactory
accuracy in distinguishing compounds as poor, moderate, and
efficient SA plasticizers. The first LV of PLS distinguished
between the poor plasticizers (the decrease in Tg lower than
30 °C) and the efficient plasticizers (the decrease in Tg higher
than 30 °C) (Fig. 4).

After the quality of the model was demonstrated, our
second area of interest was to determine the factors affecting

Fig. 1. Scanning electron micrographs of starch acetate (SA) films,
plasticized with 40% glycerol (A) and 2-pyrrolidone (B) (bar � 10
�m).
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plasticization efficiency. The fractional factorial design pro-
cedure decreased the number of VolSurf descriptors from 88
to 41. These 41 relevant descriptors could be summarized by
two LVs, which were found to be significant by a cross-
validation technique. Because efficient plasticizers had a large
negative value for �, the favorable properties for these com-
pounds were presented by descriptors having negative values
in both LVs. These advantageous VolSurf descriptors of the
model and, also, the disadvantageous ones for plasticization
efficiency, are presented as negative and positive regression
coefficients, respectively, in Fig. 5.

Surprisingly, PLS analysis showed that the SA plasticizer
molecule should not have large hydrophobic regions (descrip-
tors D1–D6 in Fig. 5), even if the polysaccharide studied has
almost all hydroxyl groups substituted by the D acetyl groups.
For example, stearic acid, cetyl alcohol, and stearyl alcohol
were too D to be miscible in SA, and thus no plasticization
effect was noticed. Also, the longer hydrocarbon chain of
dibutyl sebacate impaired the plasticization efficiency, com-
pared to that of dimethyl adipate. However, in the case of
phosphate derivatives the plasticization efficiency improved
when the side chain was increased from methyl to butyl. Thus,
some hydrophobicity is beneficial for the plasticization abil-
ity. In addition, dominating hydrophilic regions proved to be
disadvantageous for the plasticization efficiency, and only the
highest energy level with the amide probe (W8) gave a nega-
tive PLS coefficient. As a result, sorbitol, xylitol, glycerol, and

mannitol, for example, were too hydrophilic as SA plasticiz-
ers. Thus, it is impossible to predict plasticization efficiency
directly from the aqueous solubility of the plasticizer, as tri-
butyl phosphate and dibutyl sebacate, for example, both have
low aqueous solubilities, although the former is much more
efficient as an SA plasticizer. As with aqueous solubility, solu-
bility parameters of the plasticizers also proved to be useless
in plasticization efficiency predictions. Triacetin was a much
more effective SA plasticizer when compared to dibutyl se-
bacate, for example, even if the solubility parameters for both
compounds were similar (triacetin, 18.0–20.2 MPa1/2; dibutyl
sebacate, 15.7–18.8 MPa1/2 (29).

The results indicated that a potent SA plasticizer should
have both hydrophilic and hydrophobic regions and, in addi-
tion, a definitive concentration of a hydrophobic region in
only one part of the molecular surface (ID5, ID6) and a clear
attractive region determined by the hydrophilic probe (D23)
(Fig. 5). As a result, simple log P values (calculated by ACD/
log P DB, version 4.56, Toronto, Canada) could not be used
for the plasticization efficiency predictions due to the poor
correlation (r2 � 0.02) between log P and �. The strong nega-
tive PLS coefficients for hydrogen-bonding capacity with the

Fig. 2. PCA score plot with two PCs (PC 1 vs. PC 2) for the com-
pounds reported in Table I. Compounds that decreased Tg less than
30 °C (�) and compounds that decreased Tg more than 30 °C (�) are
shown.

Fig. 3. Plot of experimental � vs. calculated plasticization efficiency
(�2) for the compounds reported in Table I.

Fig. 4. PLS score plot with two LVs (LV 1 vs. LV 2) for the com-
pounds reported in Table I. (�) represent compounds that decreased
Tg less than 30 °C, and (�) represent compounds that decreased Tg

more than 30 °C.

Fig. 5. PLS coefficient plot for the correlation of VolSurf descriptors
with plasticization efficiency (�). Descriptors were defined by hydro-
philic (black bars), hydrophobic (dark gray bars), carboxyl (light gray
bars), and amide (white bars) probes. The long bar represents a
strong relationship between the descriptor and the plasticization ef-
ficiency. Abbreviations for the VolSurf descriptors are given in the
Materials and Methods section.
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carboxyl probe (HB3-HB6) meant that for a compound to be
efficient in SA plasticization, there should be hydrogen-
bonding acceptor abilities (Fig. 5). Thus, carbonyl oxygens of
esters (e.g., triethyl citrate and dimethyl adipate) are appar-
ently able to interact with the remaining hydroxyl groups
(DS, ≅0.2) of SA. Also, the accessibility of these carbonyl
oxygens is important, such that there are no bulky side groups
to reduce the possibilities for interactions (9). However, hy-
drogen bonding between the plasticizer and the polymer that
is too strong may yield a cross-linking network, with a result-
ing fall in a polymer chain’s mobility and a rise in Tg (28). The
rather weak ability of SA to accept hydrogen has been no-
ticed as insolubility in alcoholic solvents. VolSurf analysis
demonstrated that the average molecular polarizability is
meaningless when considering the plasticization efficiency of
the compound.

Besides the parameters describing different interactions
between a molecule and the selected probes (and the poly-
mer), the shape and size of the compound seemed to be
meaningful when considering its plasticization efficiency (Fig.
5). An SA plasticizer should have small rugosity, and PLS
analysis also showed that there is a correlation between the
MW and the plasticization efficiency of the compound. How-
ever, this could only be seen when the decrease in Tg was
higher than 20 °C and the MW was between 86 and 250 (Fig.
6). The only exceptions (which were excluded from Fig. 6)
were 2-pyrrolidone and 2-piperidone, which showed better
plasticization efficiency than could be predicted from their
MWs. These compounds did not fit satisfactorily in the PLS
model either (Table I, Fig. 3). A possible reason for the poor
predictability for 2-pyrrolidone and 2-piperidone could be ex-
plained by their plasticization mechanisms, which may differ
from those of other tested plasticizers. As the sampling was
rather limited in this study, the PLS model could not find the
molecular properties resulting in this unpredictably strong
plasticization efficiency. Another reason for the poor predict-
ability of the generated model for 2-pyrrolidone and 2-piperi-
done could be the higher compatibility limit (28) of these
compounds with SA compared to that of other tested plasti-
cizers.

As with MW, the effect of a single molecular property is
often parabolic, that is, the single property has an optimum
value that is favorable in polymer plasticization. When the
above-mentioned conditions were fulfilled, the efficient plas-
ticizer (e.g., triethyl citrate and tributyl phosphate in the case
of SA) was able to diffuse and strongly interact with active

groups in the polymer. As with polymer blends, this compat-
ibility (i.e., miscibility) is influenced by both the energetic
interactions and conformational rearrangements in the neigh-
borhood of the hetero-contacts (14). However, a closer ex-
amination is needed to study what forces exist between the
plasticizer and the polymer. The interaction forces can occur
through hydrogen bonding or through electrostatic or disper-
sion forces (9). In the present study, only the sum of these
interaction forces could be detected by using the Tg of the
plasticized film as an indicator for the capacity of the poly-
mer-plasticizer interaction. In addition, the quality and pre-
dictability of the developed VolSurf model was only tested at
one plasticizer concentration. Thus, the type of plasticization,
whether it is molecular or structural (30), or the compatibility
limit in the polymer for the single compound could not be
detected in this study. However, the use of a single concen-
tration of plasticizer for the prediction of its plasticization
efficiency is adequate to discriminate between poor, moder-
ate, and efficient plasticizers.

CONCLUSIONS

The VolSurf method is a valuable tool for predicting the
plasticization efficiency of a compound, because there is a
clear correlation between the 3D structure of a compound
and its plasticization efficiency (i.e., interactions between the
polymer and the plasticizer). The correlation between experi-
mental and calculated Tg values verifies that physicochemical
properties are primary factors influencing the plasticization
efficiency of a compound. In the case of the tested polymer,
starch acetate, successful polymer plasticizers were found to
have a strong hydrogen-bonding capacity and a definitive D
region on the molecule. Although the experimental data have
been presented for only one polymer in this article, this che-
mometric method can be broadly applied in the polymeric
science of other fields, for example, in the screening of com-
patible additives or solvents for different polymer applica-
tions, where the interaction of these two compounds is re-
sponsible for the matter studied. Moreover, the modeling of
the polymer itself is not needed. Thus, this approach can re-
duce the need for traditional time-consuming and expensive
preformulation, and at the same time, it is possible to receive
valuable information from different structure-activity rela-
tionships.
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