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Water absorption and dielectric changes in crystalline poly (vinylidene
fluoride-trifluoroethylene ) copolymer films
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Ducharme, and P. A. Dowben?®
Department of Physics and Astronomy, Behlen Laboratory of Physics, Center for Materials Research and
Analysis, University of Nebraska-Lincoln, Lincoln, Nebraska 68588-0111

(Received 25 September 2003; accepted 3 November)2003

Crystalline Langmuir—Blodgett copolymer films of vinylidene fluoride with trifluoroethylene
(70%:30% and 80%:20%absorb water. Water absorption is accompanied by film swelling, as
indicated by an increase in lattice spacing, sometimes by as much as 5%. This water absorption,
between 0 and 40 °C, is a result of intercalation or occupation of interstitial sites between the layers
of the film, not just water molecules filling voids and defect sites alone. An increase in the film
capacitance is observed, although the polymer chains retairiraails configuration of the
ferroelectric phase. €004 American Institute of Physic§DOI: 10.1063/1.1637137

Adsorbate interactions on surfaces have a long and rich  X-ray diffraction (XRD) studies in a water vapor ambi-
history. Water absorption studies on even hydrophobic polyent and in vacuum were undertaken to study environmental
mers are necessary due to the application of polymers ieffects on the lattice constant of the well-ordered copolymer
biomedical applications and device electrorfiés.The fims of VDF with TrFE (70%:30% and 80%:20%s fabri-
Teflon™-like polymer polyvinylidene fluoridéPVDF) and  cated by LB deposition. A small stainless steel vacuum
its copolymers with trifluoroethylen€lrFE) and tetrafluoro- chamber, with a Mylar™ window largely transparent to the x
ethylene are @ useful system for the study of 4y g \as buil much like similar chambers described in the
ferroelectricity** and heteropolymer electronic deviceBhe literaturel® and mounted in a Rigaku D/Max-B—26 x-ray

fact that these materials are supposed to be largely insomb!ﬁﬁractometer. This allowed scans of through nearly 180°
in water does not mean there is a complete absence of inter- '

. . : and determination the lattice constant in the normal direc-
action. Crystalline polymers like polytetrafluoroethyl@ne tion. The main Mvlar™ contribution to thé—2¢ diffraction
and PVDE° can absorb small amounta few percent by ) y

weight of water, but this water is usually thought to be lo- intensity was in the V'C'r_"ty of 250’ yvell away from the
cated in pores and amorphous regions of the polymer’film, P(VDF-TrFE) copolymer film contributions near 20° in the
Ultrathin ferroelectric films of copolymers like 70% vi- ferroelectric phase and 18°~19° in the paraelectric pHase.
nylidene fluoride with 30% trifluoroethylene,(WDF-TrFE Although water is not considered a standard solvent for
70:30, can be fabricated by LB deposition, can produceP(VDF-TrFE), the well-ordered &/DF-TrFE) copolymer
films with thickness ranging from 1 monolayét ML, 0.5  films swell when immersed in water. For the films annealed
nm) to over 500 ML These films are of sufficient crystal- in vacuum, there is an increase in #i4.0 lattice interlayer
linity and orientation that the induced polarization reversalspacing ranging from 4.35 to 4.45 A for the water free films
(induced by the tip bias in scanning tunneling microsgopeto as much as 4.55 A with long exposure to water. This is
can be imaged: The bulk crystallinity has been confirmed seen in the XRD measurements shown in Fig. 1. Shown are
by x-ray and neutron diffraction on films from 4 to 150 ML the annealed film{a) and after contact with liquid water at
thick 127 room temperature for 50 (), 120 h(c), and 240 Hd). Even
Two types of samples were use to study dielectriCin contact with liquid water, the copolymer films may not
anomalies due to water absorption. The capacitors used fQfach equilibrium for hours or days. While the degree of
the dielectric measurements were constructed by evaporating. expansion varied considerably among samples, all ex-

a 100 nm aluminum electrode on glass, fabricating then. : i . .
. . ibited the same trend: an increase in layer b
PIVDF-TrFE 70:30 copolymer film by horizontal LB depo- spacing by between 0.2 to 0.8 A after exﬁt&s?jre i/o wa)t/er or

sition, and evaporating a top electrode of 100 nm aluminum: o .
The samples for the present study consisted & ML LB water vapor. A larger initial lattice constant, for the annealed

copolymer film with electrodes of 1 nfmarea, and 20 ML film, Igads to greater SV\{eIIinQ)y as much as a 4%.increase

films with an electrode area of 3 ninFor x-ray studies, 100 N lattice constant For films with the smallest lattice con-

monolayer LB RVDF-TrFE 80:20 samples were used, de- Stant, there is still some increase in lattice constar%

posited, on Si11) with 1 cn? area. The sample capacitance and a decrease in thd 10 x-ray diffraction intensity. This

was measured at 1 kHz as a function of temperaturérend is summarized in Fig. 2.

(+0.5°C) and relative humidity(*2%). By gradually increasing the annealing temperature and
then annealing fio3 h at 110 °C thevater was removed from

dAuthor to whom correspondence should be addressed; electronic mail::).(VDF'_TrFI.E) thin. .ﬁlms' After anr?e.a”ng Fhe film, _b_mh the
pdowben@unlinfo.unl.edu diffraction intensities and the original, film-specific lattice
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FIG. 1. Increase in the layer lattice spacing along the film normal for crys- %
talline copolymer LB films of 80% VDF with 20% TrFE with water expo- @ 05
sure. Thef—26 XRD scans, recorded at room temperature, are shown for the z
water free film(a) and for increasing exposure to water ¢, d. The film is %
nominally 100 ML thick. T 0.0+ —
“Statt 40 50 60
In(T/ 1hv)

constant are recovered, as indicated by the inset to Fig. 1.

Thus, water absorption is reversible and does not appear ¥9G. 2. The lattice constant, peak width and x-ray peak intensity as a func-
lead to any permanent persistent changes to théDP- tion of water exposure, as abstracted from data on one of the best ordered
TrFE) thin films. 100 ML P(VDF-TrFE) copolymer LB thin films.

Although diffraction peak widths increase with increas-
ing water absorptioiiFigs. 1 and 2, the increases are small This could explain the broad pe@kin the capacitance ob-
compared to the dramatic changes in diffraction peak posiserved on heating. As the temperature is increased, the ca-
tion. Such small increases in diffraction peak widths indicatepacitance at first increases as the water infiltrates the film and
that the water is largely adsorbed uniformly throughout thethen drops above 30 °C as the water is evaporated. There was
film, not just in the surface region. Furthermore, the diffrac-usually a small peak in the capacitance on cooling below
tion peaks remain narrow and shift slowly over a period ofroom temperaturécurve 2, Fig. 3. If the temperature change
many hours, indicating that uniform water concentration isoccurs in a humidity-controlled environment, then no dielec-
rapidly established within the film and that absorption is lim-tric anomaly occurs on heating or cooling, and there is no
ited by the interfaces. Because the fractional swelling isobserved hysteresis in the change of capacitance with tem-
larger for films with the larger initial layer spacing, after the perature in a 20-ML-thick film at 40% relative humidity
first annealing treatment, defects or the registry betweefcurve 3, Fig. 3.
crystal layers may play a role in the extent and rate at which  Since the heating and cooling experiments are far from
water is absorbed, although the mechanism of water absorgquilibrium conditions, we conducted a series of capacitance
tion cannot be inferred from the present data. In spite oimeasurements at constant temperature on a 20-ML-thick
dramatic changes with water absorption, ¢h&0 diffraction  film, as the humidity was increased from 0 to 80% relative
peak positions are inconsistent with the trans-gauchéumidity at a rate of 1% relative humidity per minute and
paraelectric phad®&'?of the RVDF-TrFE) thin film. then decreased back to zero at the same(iaset to Fig. 3.

We have undertaken studies of the effect of humidity onThe capacitance increased at a rate of roughly 12.5 pF per
the capacitance of (WDF-TrFE 70:30 polymer thin-film 1% increase in relative humidity, as seen in the data taken at
samples. The sample capacitance increased with increasbkdth at 40 and 60 °Cinset to Fig. 3. There was no signifi-
humidity, likely due to the absorption of water by the poly- cant hysteresis in the capacitance in these measurements,
mer film. The humidity effects are most evident in the ca-showing that the water could be repeatedly absorbed and
pacitance while the temperature is varied frer0 to 60 °C  removed, again consistent with the XRD results. Dynamic
(Fig. 3. In a dry nitrogen environmergturve 1, Fig. 3, the  measurements show that the film capacitance, and presum-
capacitance of the 5 ML samples increased linearly with in-ably the water content, has a temperature-dependent time
creasing temperature, following the increase in the bulk diconstant of several hours at room temperature.
electric constant of the polymé&f.The same linear behavior The dc conductance of the film tracks the
was observed when the sample was in a®orr vacuum. capacitancé®®indicating that the water is absorbed in the
When the chamber had significant humidity and the 5 MLbulk of the film, and is not confined to the electrodes or
P(VDF-TrFE) sample was precooled well below room tem- interfaces. This is consistent with the results from the XRD
perature, the capacitance exhibited a large broad (ssake- measurements. Note that for samples in vacuum, dry nitro-
times more than onefrom about 10 to 35°C, as shown in gen, and controlled humidity, no dielectric anomaly is seen
curve 2, Fig. 3. We often observed condensation on thén scans of capacitance versus temperature; the capacitance
samples during measurements with high humidity, if thepeaks(curve 2, Fig. 3 are a nonequilibrium effect connected

sample was kept below 10 °C for a few minutes or morewith condensation. A similar increase of capacitance in the
Downloaded 05 Sep 2006 to 129.93.16.206. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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tion contributions from the wat&t 28 induced by the sur-
60 °C rounding PVDF-TrFE. The “anomaly” in the capacitance

151 = ; L versus temperature that we have observed is probably dy-
namic and does not necessarily signify any water-related
1.4 e 40°c transition in the film. Nonetheless, the bulk dielectric and

r ferroelectric properties of (WDF-TrFE) copolymers must
now be assessed in terms of the environment in which the
measurements are undertaken and the water content.

0 20 40 60 80 100
% Relative Humidity
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