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ABSTRACT 

The interaction between model solutes and various polymeric materials was studied chromatographically by measuring dynamic 
solute absorption. Specifically, the solutes were injected into tubing “columns” manufactured by making thin pieces of tubing out of the 
polymers of interest. Polymers investigated in this manner included a di(2-ethylhexyl)phthalate-plasticized poly(viny1 chloride), a vinyl 
acetate-vinyl chloride copolymer and a blend of polypropylene and a styrene-butadiene block copolymer. Linear relationships could be 
established between the dynamic binding constant of the solute, determined chromatographically, and its equilibrium interaction 
constant, determined by conventional shake-flask means. Similarly, the dynamic binding constant could be directly related to the 
solvent-solvent partition coefficients of the solute. The proposed methodology provides a rapid means of assessing the magnitude of 
polymer-solute interactions. 

INTRODUCTION 

Developing polymeric containers for the food 
and pharmaceutical industries requires the estab- 
lishment of container-product compatibility. Com- 
patibility revolves around two issues: binding, 
wherein the container sorbs a component of the 
product, and leaching, wherein a container compo- 
nent becomes mobilized into the product. Both is- 
sues involve partitioning of the solute, regardless of 
its initial source, between the container and product 
phases. 

Container-solution partition coefficients are usu- 
ally determined by shake-flask methods wherein the 
container and solution are equilibrated under con- 
trolled conditions and the equilibrium concentra- 
tion of the solute in the two phases is determined. 
Such an approach is time intensive (it may take sev- 
eral weeks to reach equilibrium) and must be rigor- 
ously controlled to establish (a) that solute loss ob- 
served from either phase is truly due to partitioning 
and not some other loss mechanism such as degra- 
dation and (b) that physical difficulties associated 
with the measurement [l-3] are minimized. 

Alternatively, several more or less indirect chro- 
matographic methods exist for assessing material- 
solute interactions. Inverse gas chromatography 
and high-performance liquid chromatography 
(HPLC), in which the polymer of interest essentially 
becomes the chromatographic support, has been 
used to study polymer-solute interactions [4-91. 
The use of HPLC (reversed-phase) retention char- 
acteristics to determine the solvent-solvent parti- 
tion coefficient of a solute is well documented [lO- 
131. As solvent-solvent partition coefficients can be 
directly correlated with polymer-water partition 
coefficients [l&16], such HPLC methods are direct- 
ly applicable to the determination of polymer-solu- 
tion interaction characteristics. 

The ability of the chromatographic approaches 
to predict the polymer-solution interaction rests on 
how well the chromatographic system mimics the 
container-solution couple. For methods using a 
bonded polymeric stationary phase, it is probable 
that the polymer bonded to the stationary phase 
bears little resemblance to the material in its con- 
tainer form. This is especially true for the newer 
classes of container materials which represent mul- 

0021-9673/92/$05.00 0 1992 Elsevier Science Publishers B.V. All rights reserved 



30 

ti-layered structures. For the HPLC retention time 
methods, it is also unlikely that a conventional sta- 
tionary phase could be found which would mimic 
the solution interaction of a significant number of 
the potential container materials, especially given 
the multi-modal container-solution interactions 
mechanism that occur. 

In this research, container-solute interactions 
were measured directly by using thin tubes of the 
container material of interest as the stationary 
phase in a liquid chromatographic system. Changes 
in peak size are indicative of the magnitude of the 
material-solute interaction. 

EXPERIMENTAL 

Materials 
Polymers studied included a di(2-ethylhexyl) 

phthalate (DEHP)-plasticized poly(viny1 chloride) 
(PVC) (Viaflex plastic, Baxter Healthcare, Deer- 
field, IL, USA), vinyl acetate-vinyl chloride 
copolymer (VA-VC) (Tygon tubing, Norton, 
Wayne, NJ, USA) and a blend of polypropylene 
and a styrenebutadiene block copolymer (PP). The 
VA-VC tubing had a I.D. of 2 mm and an O.D. of 
ca. 2.5 mm. PVC and PP tubing was extruded in- 
house; the PVC tubing had an I.D. of 1 mm and an 
O.D. of 1.5 mm and the PP tubing had an I.D. of 
1.5 mm and an O.D. of ca. 3 mm. For both tubing 
types prepared in-house, the sizes prepared were 
dictated by practical processing constraints. 

Test solutes were analytical-reagent grade (98% 
purity or better) and are listed, together with their 
solvent-solvent partition coefficients, in Table I. 
These solutes were chosen as they are analytically 
expedient, they encompass a fairly wide range in 
terms of their intrinsic lipophilicity, they exhibit a 
varying ability to interact with polymers via hydro- 
gen bonding and their polymer diffusion coefficients 
are relatively large. Other reagents used to prepare 
mobile phases and other solutions were of analyt- 
ical-reagent or HPLC grade as appropriate. Water 
was obtained from a Barnstead NANOpure II wa- 
ter purification system. 

Determination of equilibrium interaction constants 
The equilibrium interaction constant (&) for a 

polymer-solute couple was determined by the 
shake-flask method. Specifically, a known amount 
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TABLE I 

MODEL SOLUTES USED 

Model solute Abbreviation Log PO_, Log P,_, 

Dimethyl phthalate DMP 2.16 0.82 

Diethyl phthalate DEP 3.22 1.75 

Dipropyl phthalate DPP 4.05 2.67 

4-Methylbenzoic acid MBH 2.27 -0.4 

4-Ethylbenzoic acid EBH 2.97 0.4 

4-Butylbenzoic acid BBH 3.96 1.80 
Aniline AN 0.9 -0.1 

4-Methylbenzyl alcohol MBOH 1.6 0.3 
Carbazole CAR 3.59 2.18 

Ethyl 4-aminobenzoate ETBZ 2.24 -0.07 

Butyl 4-aminobenzoate BUBZ 3.37 1.14 

Ethyl 4-hydroxybenzoate’ ETPB 2.57 - I .os 
Butyl 4-butylbenzoateh BUPB 3.59 0.5 

n-Ethylhexylamine NEHA 2.00 - 1.80 

’ Ethyl paraben. 
* Butyl paraben. 

of the polymeric material (cut into small pieces to 
hasten the attainment of equilibrium) was contact- 
ed with a known amount of solution which original- 
ly contained a known amount of one or more of the 
test solutes. Replicate polymer test articles and non- 
polymer-containing control samples was stored at 
35°C for 2 weeks with constant gentle agitation. Af- 
ter this time, the solution phase concentration of the 
solute was determined by HPLC and Eb was calcu- 
lated. 

Preparation of tubing columns 
The tubing was made into chromatographic “col- 

umns” as follows. For the VA-VC copolymer, the 
following “columns” were made: coiled, in which a 
70-cm length of tubing was just loosely coiled; knot- 
ted, in which a 65-cm length of tubing was manually 
knotted (tightly but without flow stoppage); and 
knotted with beads, where a 70-cm length of tubing 
was filled with ca. 1 mm diameter glass beads and 
knotted. For PVC, a knotted “column” was made 
from a 70-cm length of this tubing. A knotted “col- 
umn” of PP was made from a 90-cm piece of this 
material; however, owing to its rigidity, the knots 
were not a tight as those obtained for the other ma- 
terials. The various polymer “columns” were fitted 
with conventional HPLC end fittings. An inert ref- 
erence “column” was made by coupling two 0.5-ml 
stainless-steel sample loops together. 
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Generation of the dynamic binding chromatograms 
The chromatographic system consisted of con- 

ventional HPLC components with the tubing serv- 
ing as the analytical “column”. Typical operating 
conditions included a mobile phase of 0.05% triflu- 
oroacetic acid at a flow-rate of 0.3 ml/min, UV ana- 
lyte detection at 215 nm and a sample size of 20 ~1. 
The acidic mobile phase was necessary to ensure 
that the acidic model solutes were completely prot- 
onated. Although the system temperature was usu- 
ally ambient, some experiments were performed at 
elevated temperature by placing the tubing in a con- 
ventional column oven and preheating the mobile 
phase in a water-bath. 

Dynamic binding experiments were performed as 
follows. A given “column” was placed in the chro- 
matographic system and equilibrated with the mo- 
bile phase. Duplicate injections of the test solutes 
(at concentrations of cu. 5 and 50 ppm) were made 
and the resulting chromatograms recorded. Suffi- 
cient time was allowed between injections so that 
the baseline was re-established. After elution of all 
the solutes, another “column” was put into the sys- 
tem and the experiment was repeated. Peak areas of 
the resulting chromatographic responses were de- 
termined by integrating computerized peak traces. 

Definition and calculation of Eb and Db 
The equilibrium interaction constant, Eb, is the 

ratio of the equilibrium solute concentration in the 
polymer and solution: 

Es = (m,/ W,)l(W vY) (1) 

where m is the mass of solute in either phase at 
equilibrium, W is the polymer weight (in grams), V 
is the solution volume (in liters) and s and p refer to 
the solution and polymer phases, respectively. The 
dynamic binding constant, Db, is defined in a simi- 
lar manner: 

Db = (4 wJ(mJ v,) (2) 

where m, is the mass of solute bound by the column, 
WC is the column weight, m, is the mass of solute 
eluted from the column and V, is the column void 
volume. 

The quantities m, and m, cannot be measured di- 
rectly but rather require detector calibration. The 
detector is calibrated by injecting the samples (con- 
taining a known concentration, Ci, of the solute) 

into the inert (i.e., no solute absorption) column 
and noting the peak response (R,) of the eluted sol- 
ute. The same amount of solute is injected into the 
polymer columns, producing a detector response 
R,. If the injection volume is Vi, then m, and m, 
from eqn. 2 can be calculated as follows: 

m, = (Ci ~&l-RI&J (3) 

m, = (Ci pi) (4) 

RESULTS AND DISCUSSION 

Equilibrium interaction models 
Equilibrium interaction models (shake-flask ex- 

periments) relate Eb to the solvent-water partition 
coefficient of a solute. For many polymers, a bivar- 
iant model is applicable and takes the form 

log Eb = a(log P,,) + b(log Ph-,.,) + c (5) 

where o-w refers to octanol-water and h-w refers 
to hexane-water. The binding model is obtained by 
linearly regressing known values of Eb versus 
known solute partition coefficients for a particular 
polymer and obtaining the coefficients in eqn. 5. 

A typical equilibrium interaction model (VA-VC 
copolymer) is shown in Fig. 1 and regression coeffi- 
cients are given in Table II. An excellent correlation 
between Eb and the partition coefficients is obtained 
for the three materials studied. As shown by the 
relative magnitude of the P, and Ph_w coefficients, 

DPP 8 

w/ 

BUPB . tp l 

/ 

0.4 0.6 1.2 1.6 2 2.4 2.8 3.2 

0.56(log P,_J + 0.36(log Ph_.) 

Fig. 1. Equilibrium interaction model for VA-VC copolymer. 
Plot of log ,I& (from shake-flask methods) versus the linear com- 
bination of the octanol-water (o-w) and hexane-water (h-w) 
partition coefficients. 
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TABLE II 

VARIOUS CURVE FIT PARAMETERS 

Equilibrium interaction model constants”, eqn. 5 

Constant PVC VA-VC PP 

;: 
0.46 (0.09) 0.56 (0.13) 0.26 (0.19) 
0.30 (0.07) 0.36 (0.11) 0.61 (0.12) 

c - 2.80 (0.20) - 3.23 (0.30) - 3.41 (0.27) 
r2 0.940 0.905 0.925 

Dynamic interaction model constants”, log D, = a(log P,,) + b(log P,_J + c 

Constant PVC! VA-W? VA--VC’ PPd 

f 

0.66 (0.12) 0.65 (0.12) 0.65 (0.11) -0.01 (0.19) 
0.35 (0.10) 0.21 (0.10) 0.27 (0.10) 0.63 (0.11) 

c - 5.9 (0.28) - 5.47 (0.28) - 5.34 (0.26) - 5.30 (0.27) 
rz 0.929 0.904 0.926 0.904 

Curve fit parameters”, log D, = a(log EJ + b 

Parameter PVC VA-VC’ PP‘ 

1: 
1.28 (0.90) 0.94 (0.06) 0.83 (0.09) 

- 2.23 (0.23) -2.14 (0.20) - 2.99 (0.26) 
r2 0.949 0.952 0.898 

a Numbers in parentheses are the standard errors 
b 25°C knotted column. 
’ 25”C, column with beads. 
d 45°C knotted column. 

the VA-VC copolymer and PVC possess mixed in- 
teraction characteristics (classical lipophilic interac- 
tion plus hydrogen bonding) while the PP blend is 
dominantly hexane-like and possesses little hydro- 
gen bonding ability. 

When a model solute is injected onto the polymer 
column, two distinct effects are observed. For all 
but the most hydrophilic solutes, both peak shape 
and size (total area) are affected as the solute passes 
through the polymeric column. As the solute lipo- 
philicity increases, the total peak response decreases 
and the peak develops a pronounced tail. While 
both peak response and shape could be related to 
the polymer’s binding ability, peak area is used here 
as it is most easily and reproducibly measured. 

Dynamic binding constants and models 
Dynamic binding constants for a variety of differ- 

ent tubing configurations are listed in Table III. For 
several of the materials, Dh data are not available 
for every solute. This illustrates a practical disad- 
vantage of the dynamic binding approach, its limit- 
ed dynamic range. As the determination of Db rests 
on a differential measurement of solute elution be- 
tween an inert and polymer column, it is con- 
strained by either the ability to measure a difference 
between two peak areas or, in the case of a strongly 
interacting solute, to measure any peak response at 
all with the polymeric column. 

Dynamic binding constant models for the,three 
materials evaluated are illustrated in Figs. 2-4 and 
the regression constants are summarized in Table 
II. Although in general adequate correlations can 
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TABLE III 

EQUILIBRIUM AND DYNAMIC BINDING CONSTANTS 

Solute PVC 

Log Et, Log D, 

DMP -1.56 - 4.28 
DEP -0.53 -3.16 
DPP 0.05 -2.14 
NEHA _d - 
MBH - 1.87 - 4.36 
EBH - 1.33 - 4.22 
BBH - 0.93 -3.20 
AN -2.41 - 5.37 
MBOH -2.1 - 4.80 

CAR -0.4 - 2.65 
ETBZ - 1.82 -4.88 
BUBZ -0.85 - 3.51 
ETPB - 1.76 - 4.49 
BUPB - 0.95 -3.11 

’ 25’C, knotted column. 
’ 25°C knotted column with beads. 
’ 45°C knotted column. 
d - = Not measurable. 

VA-VCb PP 

Log Es Log D, Log -% Log D, 

-1.32 - 3.62 -2.56 -5.11 
- 0.49 -2.65 - 1.73 -4.31 

0.30 - 2.08 -0.83 - 3.30 
-2.11 - 4.20 - _ 

- 2.01 - 4.00 - 3.24 -5.51 
- 1.59 -3.43 -2.10 -4.84 
-0.85 -2.62 -1.14 -4.30 
-2.68 -4.50 - - 
-2.22 - 4.45 - - 

- 0.02 - 2.20 - 1.06 - 3.60 
-2.10 -4.21 - 2.25 - 4.99 
-1.10 -2.96 - 1.54 - 4.70 
-1.69 - 3.92 - 3.46 - 5.84 
- 0.46 - 2.36 - 2.55 - 5.20 

be obtained between Db and the solvent-solvent 
partition coefficients of a solute, the correlations 
obtained with the dynamic binding constant are not 
as good as those obtained using the equilibrium in- 
teraction constants. However, the correlation be- 

-1.8r I 

-2.2 

-3 i 

-2.6 

n DPP 
CAR* 

BUPB . /I 

-4.2 

-4.6 r 
2 

= 0.926 

I I I I I I I I I I I I I I I I II 
-5 0.4 0.6 1.2 1.6 2 2.4 2.8 3.2 

0.65(log PO_,) + 0.2l(log P,,.) 

Fig. 2. Dynamic binding model for the VA-VC copolymer. Plot 
of log D, (from the column experiments) versus the linear combi- 
nation of the octanol-water (o-w) and hexane-water (h-w) par- 
tition coefficients of the solute at 25°C. The data were obtained 
with the knotted column. 

tween Db and the partition coefficients are suffi- 
ciently strong that the dynamic binding models 
could be used to semi-quantitatively assess the rela- 
tive behaviors of several polymeric materials. 

-3.2 DPP . 

-3.6 CAR’/ 

-4 

-4.4 i 

-5.2 

-5.6 

i 
. -6 

-0.6 -0.4 0 0.4 0.6 1.2 1.6 

-O.Ol(log PO_.) + 0.63(log P,,_.) 

Fig. 3. Dynamic binding model for the polypropylene blend. Plot 
of log D, (from the column experiments) ver~u.s the linear combi- 
nation of the octanol-water (o-w) and hexane-water (h-w) par- 
tition coefficients of the solute at 45’C. The data were obtained 
with the knotted column. 
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-2 - 

-2.5 - 

. DPP 

-3 - 

-3.5 - 

0” 

z 

-4 - 

-4.5 - 

-5 - 

AN 
-5.5 - r 2= 0.929 

-6- ’ ’ I ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ 
0.4 0.8 1.2 1.6 2 2.4 2.8 3.2 3.6 

0.66(log PO_,) + 0.35(log Ph+) 

Fig. 4. Dynamic binding model for PVC. Plot of log D, (from the 
column experiments) wws the linear combination of the octa- 
nol-water (o-w) and hexane-water (h-w) partition coefficients 
of the solute at 25°C. The data were obtained with the knotted 
column. 

In many respects, the polymer binding column is 
similar to a post-column reactor used in HPLC de- 
tection. For such reactors, the effect of reactor ge- 
ometry (e.g., coiled, knotted, knitted) on the effi- 
ciency of mixing and the turbulence of the Aow 
within the reactor is well established (e.g., ref. 17). 
As the polymer binding columns used have large 
inner diameters, any column configuration which 
promotes turbulent flow will maximize soluteewall 
interactions and thus the amount of solute bound 
by the column. By inducing turbulent flow (knot- 
ting the column) and reducing the inner void vol- 
ume of the column (by filling the column with inert 
glass beads), one dramatically improves the col- 
umn’s solute binding efficiency. For the more effi- 
cient columns, the solute peak is smaller and less 
skewed. 

Factors influencing the magnitude qf the dynamic 
binding constant 

The dynamic binding process is not reversibly 
chromatographic in the sense of producing varying 
retention times as a function of column material 
and solute identity. Rather, the dynamic binding 
process is essentially an “on-the-fly” approximation 
of the equilibrium polymer-solute interaction, 
wherein a fraction of the solute is irreversibly bound 
to the polymeric stationary phase. The absolute 
amount of a solute which will partition irreversibly 
on to the binding column will be impacted by fac- 
tors that control the length of time the solute is in 
the column (e.g., flow-rate and column length), by 
factors that promote turbulent mixing in the col- 
umn (and thus promote column-solute interac- 
tions, e.g., column geometry) and by factors that 
influence the rate of diffusion of the solute into the 
column (e.g., temperature). 

While changing the column geometry will change 
the absolute magnitude of &, the effect should be 
similar for all solutes. Thus, while the absolute val- 
ue of Di, would be different for two different column 
configurations, the regression constants for Db in- 
teraction models for the same column material in 
two different column configurations should be com- 
parable. Dynamic binding models generated with 
knotted VA-VC columns either empty or filled with 
inert glass beads are statistically identical (Fig. 5). 
The unit slope of the best fit line relating Db ob- 
tained from both column configurations confirms 
that the column configuration does not impact the 

-2 r 

-2.4 

-2.6 i 

-3.2 1 

The mobile phase flow-rate directly affects the 
magnitude of solute absorption by the binding col- 
umn. As the flow-rate decreases, the amount bound 
by the column increases and in general the peak 
shape becomes more skewed. The 0.3 ml/min Aow- 
rate applied used here represents the practical lower 
limit for the polymeric materials and solutes used. 
Even at this flow-rate, it takes nearly 20 min for the 
baseline to become re-established after a strongly 
bound solute is injected into the system. 

P 

c 

-3.6 - 

-4 - 

-4.4 - Intercept: 0.19 
cl 

-4.6 / 2 

z 
r = 0.976 

-5.2 _15 L I c I I j a n I I a e a 
-4.6 -4.2 -3.6 -3.4 -3 -2.6 -2.2 

log 0 b , knotted column 

Fig. 5. Comparison of the calculated dynamic binding constants 
obtained on two different column configurations from the same 
material. The material used was the VA-VC copolymer and the 
experiment was performed at a column temperature of 25°C. 
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trend observed in D,, as a function of solute identity. 
As shown by the non-zero intercept, the column 
configuration merely impacts the absolute magni- 
tude of the 0, constant. 

Temperature impacts the ability of the solute of 
diffuse to the surface of the polymer column 
through the mobile phase and to diffuse into the 
polymeric material and thus be irreversible bound 
by the polymer column. One would expect that an 
increase in column temperature would result in a 
larger measured 0,. As shown in Fig. 6, an in- 
creased column temperature results in a reproduc- 
ible increase in the measured &. 

As the polymeric “column” irreversibly binds a 
fraction of the solute with each injection, one would 
expect that after a certain period of time the poly- 
mer would become saturated and additional solute 
binding would cease. Repetitive injections of high 
concentration sample did not cause a change in the 
solute’s elution response. Replicate injections of 
one solute, separated by the injection of other sol- 
utes, were equivalent in terms of shape and re- 
sponse. Thus column saturation was not observed 
in this research. 

Relationship between equilibrium and dynamic inter- 
action constants 

The most useful application of Db would be to 
provide a rapid estimate of E,,, which in turn is a 
parameter critical to polymer-solute interaction 
calculations. While the two factors are defined in a 

-0.5, 
1 

-( - Slope: 1.35 . 

-1.5 _ Intercept: 1.77 

2 
-2- r : 0.97 

-2.5 - 

-3 - 

-3.5 - 

-4’5 -4.6 -4.2 -3.8 -3.4 -3 -2.6 -2.2 

log D b , 25-C 

Fig. 6. Comparison of the dynamic binding constants as a func- 
tion of column temperature. The column used was the knotted 
configuration of the VA-VC copolymer. 

similar manner, one suspects that they will not be 
numerically equivalent because the solution vol- 
umes associated with both types of experiments are 
radically different. Whereas in the case of a shake- 
flask experiment used to determine Eb the solution 
interaction volume is known and fixed, in the case 
of Db the assignment of the column void volume as 
the interaction volume is more a matter of conve- 
nience (providing internal consistency for Db) than 
a matter of strict theoretical correctness. This differ- 
ence between Eb and Db, being a matter of defini- 
tion, should be species independent and constant 
and would be reflected as a non-zero intercept in a 
plot of log Db versus log E,,. 

Another reason why Eb and Db might be different 
is the variable uptake rates of the model solutes 
themselves. In the dynamic experiment, the solute is 
in contact with any given portion of the column for 
a relatively short period of time. For especially the 
more lipophilic solutes, one could envision a scena- 
rio in which there was insufficient interaction time 
at any given plate to allow for an instantaneous 
equilibrium between the solution and the column 
material in the plate to be established. If equilib- 
rium is not established at each plate within the col- 
umn, then Db will be inherently less than Eb. As one 
would expect that this effect would be most preva- 
lent for the highly bound, lipophilic solutes, one 
would expect that a log Db versus log Eb plot would 
have a slope of less than unity. 

-1.8, I 

Lrn I 
u) 

p! -2.6 . /Y I 

B 

- 
P 

-3.8 

-4.2 

Slope: 0.944 

Intacept: -2.14 
0 

-4.6 ’ 
F t ’ 

. 
2 

r = 0.952 I 
Y -51 ’ 8 8 a 8 8 * 8 a 8 3 8 0 9 8 b 8 ’ 

-2.8 -2.4 -2 -1.6 -1.2 -0.8 -0.4 0 0.4 

log E b , shake flask 

Fig. 7. Comparison of the equilibrium interaction constants and 
dynamic binding constants for the VA-VC copolymer. The col- 
umn used was knotted with beads and the experiment was per- 
formed at 25°C. 
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A typical plot of log Db WYSUS log Et, for the three 
polymers studied is shown in Fig. 7. For all three, 
the two interaction constants can be linearly related 
with a modest degree of accuracy. Curve fit param- 
eters are given in Table II. In all instances, the in- 
tercept of the best fit line is negative, indicating that 
E,, tends to be larger than Di,. This results was antic- 
ipated in the previous discussion. Slopes of the best 
fit line were less than 1 for the VA-VC and PP ma- 
terials (although the standard error is sufficiently 
large that the confidence interval for the slope in- 
cludes 1.0). For PVC, however, the slope is signif- 
icantly larger than 1. No explanation for this behav- 
ior is apparent. 

CONCLUSIONS 

Dynamic interaction constants can be reproduc- 
ibly determined for various model solutes via a 
chromatographic method involving a column made 
from capillaries of polymeric materials. The method 
requires the comparison of peak sizes when the sol- 
ute is injected on to a “column” of an inert material 
and a “column” made from the polymer of interest. 
The magnitude of the measured Db is influenced by 
the conditions employed during the experiment 
(e.g., column length, flow-rate, column geometry, 
temperature) but is relatively insensitive to solute 
concentration over the range 5-50 ppm. Thus, al- 
though Db may change as a function of changing 
operating conditions, it has proved to be reproduc- 
ible when the operating conditions are rigidly con- 
trolled. 

A material’s Db can be linearly correlated with its 
equilibrium binding constant, thus establishing the 
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dynamic binding approach as a rapid means of de- 
termining Eb. Once Eb has been determined, one 
can directly determine the magnitude of a solute- 
polymer interaction, for example, in a typical con- 
tainer configuration. 
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