
FTi.r. study on the nature of water  sorbed 
in poly(ethylene terephthalate) fi lm* 

Mitsuhiro Fukudat and Hiromichi Kawai 
Department of Practical Life Studies, Faculty of Teacher Education, 
Hyogo University of Teacher Education, Yashiro-cho, Kato-gun, Hyogo 673- 14, Japan 

and Noriko Yagi, Osamu Kimura and Toshihiko Ohta 
Research Center, Toyo-bo Co. Ltd, Ohtsu, Shiga 520-02, Japan 
(Received 13 January 1989; revised 2 March 1989; accepted 28 March 1989) 

The interaction between moisture and poly(ethylene terephthalate) (PET) was investigated by FTi.r. 
spectroscopy over a near infrared range of wavenumber 4500-8000 cm- 1 for an amorphous-isotropic film 
specimen as a function of relative humidity from dryness up to saturation at 30°C. From two water sensitive 
bands appearing at 5200 and 7000cm-1, the latter band (a combination of Va,ou and V,on) was mainly 
adopted to characterize the water sorbed in the specimen. To separate the water sensitive bands from the 
entire spectrum, two types of differential procedure were proposed: subtracting the spectrum at dryness 
from that at x% relative humidity (procedure A) and subtracting the spectrum at a given x% from that 
at (x + Ax)% relative humidity (procedure B), both as a function of x%. The moisture sorption isotherm 
determined from the area of the water sensitive bands thus separated by procedure A or B agreed well 
with that determined from a gravimetric method. The isotherm was found to follow a modified Henry's 
solution law. The 7000 cm- 1 band was resolved into three sub-bands of Lorentzian type function centred 
at 6810, 7010 and 7090cm-1, which were compared with those of bulk water centred at 6715, 6887 and 
7039 cm- ~ in terms of three kinds of water species differing in the degree of hydrogen bonding. It is obvious 
that the three sub-bands of water sorbed in PET film shift to higher wavenumber than those of bulk water, 
but do not approach the spectrum of water vapour at ~ 7200-7400 cm- 1. The relative humidity dependence 
of this blue shift was hardly found, with the exception of a slight increase of the shift at low relative 
humidities near dryness, leading to the conclusion that the water sorbed in PET is less interacted than in 
the liquid state and that few water species are strongly interacted with PET from dryness up to saturation. 

(Keywords: moisture sorption isotherm; poly(ethylene terephthalate); sorbed water characterization; near infrared 
spectroscopy; 7000 cm- 1 water sensitive band) 

I N T R O D U C T I O N  

Hydrophobic  polymers usually absorb < 1% water (g(g 
dry mater ial)-1)  under saturation moisture conditions 1. 
Nevertheless, the interaction of sorbed water with hydro- 
phobic polymers has been a significant problem because 
even such a small amount  of water affects considerably 
the physical properties of the materials, e.g. glass 
transition temperature, dielectric constant and Young's 
modulus. Poly(ethylene terephthalate) (PET) is included 
in this group of hydrophobic polymers. Recently, the 
effects of sorbed water on some physical properties 
of PET have been reported z-5. So far as the state 
and, consequently, the nature of the water sorbed in 
these hydrophobic  polymers are concerned, very little 
information has been available due to difficulty in 
characterizing the intrinsically small water content. 

Infrared spectroscopy is one of the outstanding tech- 
niques for characterizing the nature of the sorbed water 
in terms of relative absorbance and wavenumber of water 
sensitive bands, if detected. Recent progress in Fourier 
transform infrared (FTi.r.) spectroscopy has enabled us 
to detect and characterize the sorbed water in hydrophobic 
polymers, even though the amount  of sorbed water is 
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extremely small 6'7. As has been pointed out by Luck 8, 
the overtone spectroscopy in a near infrared range is very 
useful for determining quantitatively the content as well 
as the degree of hydrogen bonding. 

In a previous paper  in this series of studies 9, the 
interaction of moisture with nylon 6 was investigated by 
FTi.r. spectroscopy over a near infrared range 4500- 
8000cm -1. Two water sensitive bands at around 5100 
and 6900 c m -  1, combination bands of 6on with V~son and 
of V,son with Vso., were adopted. The separation of these 
water sensitive bands from the entire spectrum was 
performed successfully by subtracting the spectrum of the 
dried specimen from that of the moisture conditioned 
one. The 6900 era-1 band thus separated for the sorbed 
water and that of bulk water were resolved into three 
components for comparison with each other. The three 
components were attributed to three kinds of water 
species differing in the degree of hydrogen bonding, from 
single to doubly hydrogen-bonded water (ice-like water) 
species. F rom red shifts of the sorbed water components 
with respect to the corresponding bulk water components 
and their humidity dependences, it was concluded that 
the water species which interacted more strongly with 
each other also interact more strongly with the water 
accessible sites in nylon 6 to form a smaller number  of 
adsorption layers in the sense of B.E.T.'s multilayer 
adsorption 1° or a core portion of water cluster in the 
sense of Hill's multimolecular adsorption 11. 
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Spectroscopy in the near infrared range rather than in 
the mid-infrared range, has the following two advantages. 
First, it is possible to use an extremely thick specimen, 
up to 2mm, which is slow enough in the change in 
moisture regain during FYi.r. measurements, even without 
any sealing of the specimen against the atmosphere 9. 
Second, the assignments of water sensitive bands in the 
liquid state are more well established for the near infrared 
range than for the mid-infrared range 8'12-15. 

In the study described here, the nature of the sorbed 
water in PET was investigated by FTi.r. spectroscopy in 
the near infrared range to characterize the sorbed water 
in comparison with that in the liquid or vapour state. 
Quite a contrast was deduced to the water sorbed in 
hydrophilic polymer of nylon 6. 

TEST SPECIMEN AND EXPERIMENTAL 
PROC EDUR ES  

Poly(ethylene terephthalate), with intrinsic viscosity of 
0.685 in p-chlorophenol at 35.0°C, was extruded at 

300°C by using a T-die device and quenched into warm 
water to form an isotropic (non-oriented) and amorphous 
original film 0.76 mm thick. The original film was cut 
into test specimens 50mm long and 25mm wide. The 
specimens were dried in a vacuum oven for 4 days at 50°C 
to prepare bone dry specimens. Under these conditions, 
the crystallization was believed to be negligibly small, if 
any, as revealed in Figure 1 by the X-ray diffraction 

L_ 

Figure 1 X-ray diffraction pattern of PET film specimen obtained by 
a flat film camera with camera distance of 50.0 mm 

pattern. The bulk density of the specimen was determined 
by a density-gradient column method using a mixture of 
n-heptane with CC1, at 25.0+0.1°C and is listed in 
Table 1. The degree of crystallinity X was calculated, as 
a weight fraction, from the bulk density p from the 
following two-phase equation: 

1/p = (1 /p , r )X  + (1/p,m)(1 - X) (1) 

where Pory and Pam are crystalline and amorphous 
densities, which were taken as 1.455 and 1.335gcm -3 
from the literature 16. The density crystallinity Xp thus 
calculated was 3.3%, as listed in Table 1. 

The moisture sorption isotherm was measured at 30°C 
by two types of gravimetric method: a weighing bottle 
method and a sorption balance method. In practice, a 
weighing bottle containing about 8 g of the bone dry 
specimen was kept in a desiccator to moisten the 
specimen at a given temperature and a given vapour 
pressure adjusted by an aqueous solution of sulphuric 
acid at a given concentration. Usually it takes as long 
as two weeks before an equilibrium of moisture sorption 
is achieved. In the present study, a set of 12 desiccators, 
with different concentrations of sulphuric acid covering 
the whole range of vapour pressure up to saturation, was 
stored in a huge air-bath thermostated by forced air-flow 
at 30°C. 

The rate of moisture sorption or desorption was 
investigated by a sorption balance equipped with an 
electronic microbalance (Type GAB-l ,  Chyo Balance 
Manufacturing Co., Kyoto),  also at 30°C, which the 
moisture up-take could be detected to the order of 1/~g. 
A typical sorption/desorption cycle of the specimen at a 
given vapour pressure of 15.2mmHg* (47.8% relative 
humidity) is shown in Figure 2. An apparent diffusion 
constant for the sorption process can be evaluated from 
the initial slope of the sorption rate curve by the following 
well known Fickian equation: 

M(t) /M(oo ) = 4(Dot/~l 2)- 1/2 (2) 

where M(t)  and M(oo) are the mass uptakes at time t 
and at equilibrium, respectively, I is the thickness of the 
film specimen, and Do is the initial diffusion constant. 
The calculated diffusion constant was found to be 
1.4 x 10- 9 cm 2 s -  1 for the sorption process, in fairly good 
agreement with a reported value of 3.9 x 10-9cm2s -1 
for a Mylar A film 17. Moisture uptake at equilibrium in 
the sorption process was represented by percentage 
regain, defined as the moisture uptake per unit mass of 
the bone dry specimen. Table 1 also lists the film thickness 
and the moisture regain at 65% relative humidity (r.h.) 
and saturation. 

The infrared spectrum was measured by a transmission 

* 1 mmHg~ 133 Pa 

Table 1 Physical characterization of poly(ethylene terephthalate) film at 30°C 

Moisture regain 
Degree of 

Bulk density =, crystallinity b, Thickness at 65% r.h. at saturation 
Specification p (gcm -3) Xp (%) (mm) (%) (%) 

PET film quenched 1.3387 3.3 0.761 0.55 1.05 

° Determined by density gradient column method with mixture of n-heptane/CCl 4 at 25.0 + 0.1°C 
b Determined as a weight fraction from the bulk density by using the following two-phase relation: lip = (1/pc~y)X + (1/p~m)(1- X) and adopting 

the values P~ry = 1.455 and P~m = 1.335 (Reference 16) 
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Figure 2 Moisture sorption/desorption rates of the PET film specimen 
observed by an electronic microbalance at 30°C and 15.2mmHg 

technique using an FTi.r. spectrometer (Digilab Model 
FTS 15C) over a near infrared range 4500-8000cm -1 
on the PET specimens conditioned at various relative 
humidities at 30°C. A film specimen ~ 2 . 3 m m  thick (in 
practice a pile of the three conditioned specimens) was 
furnished for the FTi.r. measurement under a flow of N 2 
gas. As recognized from Figure 2, the moisture sorption 
or desorption rate is slow enough to prevent any 
significant change in moisture content of the specimen 
during the FTi.r. measurement with more than 100 times 
scans. In fact, sealing of the specimen against the 
atmosphere was not needed to obtain reproducible 
results. 

RESULTS AND DISCUSSION 

FTi.r. spectra of conditioned specimens 
Figure 3 shows the change in the near infrared 

spectrum of the bone dry specimen with the relative 
humidity at which the specimen has been conditioned at 
30°C. Two water sensitive bands centred around 5200 
and 7000 cm-  ~ are found to grow with increasing relative 
humidity. 

To separate the water sensitive bands from the entire 
spectrum, two types of differential procedure were 
performed: the first overtone of the C - H  stretching 
modes, a doublet at 5800 cm - 1 (Vsc n and Vascn ), was taken 
as the internal standard to normalize the entire spectrum; 
and then the spectrum at 0% relative humidity (r.h.) 
was subtracted from that at x% r.h. (procedure A) or 
the spectrum at x% r.h. was subtracted from that at 
(x + Ax)% r.h. (procedure B), both for various values ofx.  

Figure 4 shows a series of differential spectra obtained 

by procedure A from the original spectra in Figure 3. 
The near infrared spectrum of bulk water is added as a 
reference. The separation of the two water sensitive bands 
from the entire spectrum seems to be satisfactory. The 
growth of the 5200 and 7000 cm-x bands with sorption 
of moisture can be more clearly seen than in Figure 3. 

From the area of the water sensitive bands thus 
separated, a moisture sorption isotherm can be com- 
posed, as plotted in Figure 5, on the assumption that the 
area is proportional to the concentration of the sorbed 
water. Although any correction due to the frequency 
dependence of the absorption coefficient TM was not made, 
quite good agreement between the isotherm determined 
from gravimetry and isotherms determined by infrared 
spectroscopy can be achieved. 

Analysis of moisture sorption isotherm 
As shown in Figure 5, the sorption isotherm is nearly 

a straight line for low relative humidity and slightly 
convex to the abscissa for high relative humidity. The 
sorption isotherm of gas or organic vapour in glassy 
polymer has been described by a dual-mode sorption 
model in terms of Henry's solution law and Langmuir's 
adsorption ~9'2°. If the concentration of Henry's law 
species dissolved in the matrix at standard temperature 
and pressure (s.t.p.)is CD (cm3(s.t.p.)(cm 3 polymer)-1) 
and that of Langmuir species in holes is Ca (cm3(s.t.P.) 
(cm 3 polymer)-~), the isotherm can be represented by 

C = C D -Jr- C H = KDp + C'nbp/(1 + bp) (3) 

where K D is the Henry's law solubility coefficient 
(cm3(s.t.p.)(cm 3 polymer)-  1 m m H g -  1), C~ is the hole 
saturation constant for Langmuir adsorption (cm3(s.t.p.) 
(cm 3 polymer)-  ~), b is the affinity constant for a gas for 
the Langmuir sites ((mmHg) -~) and p is the vapour 
pressure (mmHg). 

Mauze and Stern 21 modified the dual-mode sorption 
model to describe the up-swing isotherm, rather than the 
straight line, in the high humidity region by assuming 
that CD is a much stronger function of penetrant 
concentration or vapour pressure as follows: 

Co = [KD exp(aC)]p (4) 

where a is a parameter characterizing the concentration 
dependence of CD/p on the basis of the Flory-Huggins 
equation 22 and KD can be determined from the initial 
slope of the isotherm at p ~0 .  Equation (3) for the 
dual-mode sorption model can be modified as 

C=CD+CH=[KDexp(aC)]p+C'nbp/(l +bp) (5) 

The observed sorption isotherm at 30°C in Figure 5 
seems to contain the Co term, but not the CH term 
(Langmuir's). The following values of KD and a reproduce 
the measured isotherm, as seen by the dashed line in 
Figure 5: KD = 0.375 cm3(s.t.p.)(cm 3 polymer)- 1 mmHg-  1 
or 0.715 x 10 -2 % moisture regain/% relative humidity 
and a=0 .0204cm 3 polymer cm-3(s.t.p.) or 33.9 as a 
reciprocal of percentage moisture regain. For  CO2 
sorption in PET, it has been reported by Koros and 
Paul 23 that the dual-mode sorption model of equation 
(3) is applicable; the contribution of the Langmuir 
term decreases with increasing temperature and finally 
diminishes near the glass transition temperature. Accord- 
ing to Jabarin and Lofgren 2 and Fuzek 3, the glass 
transition temperature of PET is reduced from 73°C at 
dryness to 58°C at saturation regain, which is, however, 
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Figure 3 Change in near infrared spectrum of the PET film specimen over a range of wavenumbers 
4500-8000 cm-1 for various relative humidities at 30°C 

high enough compared with the present measuring 
temperature of 30°C. 

Although the reason why the moisture sorption iso- 
therm of PET at 30°C in the low humidity region can 
be described only by the Henry term without any 
contribution from the Langmuir term has not yet been 
clarified, it seems that there might be no 'hole' for 
adsorption sites in the sense of Langmuir monolayer 
adsorption. Several studies have reported the moisture 
sorption isotherm of PET to be represented by an almost 
linear function of vapour pressure and to be interpreted 
in terms of the Henry's dissolution law 2'17,24 

FTi.r. spectra of Water in liquid and vapour states 
It has been well established that water in the vapour 

state has three normal modes assigned to %soil, Vson and 
6on centred at 3755, 3657 and 1595cm -1, respectively. 

In the liquid state, however, the spectrum becomes very 
broad and the assignments are still much disputed 15,25.26. 
The O-H stretching region contains at least two broad 
bands centred at 3490 and 3280cm-1, while the O-H 
bending band is centred at 1654cm-1. That is, the O-H 
stretching bands are shifted considerably to lower wave- 
number, while the O-H bending band is shifted to higher 
wavenumber than the corresponding wavenumbers in the 
vapour state. 

Combination and overtone frequencies of water in the 
vapour state appearing in the near infrared range from 
4500 to 8000 cm- 1 are assigned as follows: a combination 
frequency of 5332 cm- 1 as (Vasort + 6Orl); a combination 
frequency of 6874 cm-1 as (2%,or I +&on); and a combi- 
nation frequency of 7252 cm- 1 as (V,o n + Va,ort) (Reference 
27). 

As mentioned above, the O-H stretching modes shift 
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Figure 4 Change in the spectrum separated by differential procedure A with referenced relative humidity 
x%. The near infrared spectrum of bulk water is shown at bottom right for reference 

to lower wavenumber, while the O-H bending mode 
shifts to higher wavenumber, both with increasing 
interaction between water molecules. This suggests that 
the 5200 cm- 1 water sensitive band, which was observed 
for the moistened PETs and could be assigned to the 
combination of Vason with 6OH, is not suitable for 
discussion about the nature of the sorbed water from the 
frequency shift, and that the 7000 cm-1 water sensitive 
band, assigned to the combination of Vso n with Va~OH, 
can be mostly used for further discussion on the 
characterization of the sorbed water. 

Some examples of the 7000 cm- 1 water sensitive band 
separated from the entire spectrum either by procedure A 
or by procedure B, are shown in Figure 6 on an expanded 
wavenumber scale. Compared with the bottom right 
spectrum of liquid water in Figure 4, the shape of the 
7000cm-1 band of water sorbed in PET is not very 
different. The position of the band is shifted by about 

100 cm-1, as a whole, but not far enough to reach the 
wavenumbers of water in vapour state. To discuss in 
detail the nature of the water sorbed in PET, the 
differential spectrum of the 7000cm-1 band is further 
resolved into three components of Lorentzian function 
by a method similar to that described in a previous 
paper 9. 

Analysis of the water sensitive 7000 cm-1 band 
The resolution of the 7000cm -1 band into three 

components, sub-band I, I-II and II in the order of 
descending wavenumber, could be performed satis- 
factorily, as shown in Figure 6 by dotted lines. At the 
top of the figure, the centred wavenumbers of the three 
sub-bands thus resolved are indicated by thick arrows at 
7039, 6887 and 6715 cm-1, respectively, for the water in 
the liquid state (bulk water). The spectrum of water in 
the vapour state was composed of many lines, among 
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which the most intensive frequencies are indicated by 
thin arrows at 7340 and 7230 cm-  1 in Figure 6. The final 
numerical results of the resolution are listed in Table 2 
in terms of the values of the Lorentzian function 
parameters. The three sub-bands for water in liquid state 
have been attributed to water species differing in the 
degree of hydrogen bonding, from singly to doubly 
hydrogen-bonded water (ice-like water) species 9. 

Note that the corresponding three sub-bands for the 
water sorbed in PET are shifted to higher wavenumber 
by about 100 cm-1 than those of bulk water. That  is, 
sub-band I of the sorbed water lies at a higher wave- 
number than that of the bulk water, and sub-bands I - I I  
and II of the sorbed water lie between sub-bands I and 
I-II  and between sub-bands I-II  and II of the bulk water, 
respectively. These blue shifts of the bands of sorbed 
water in PET relative to those of water in liquid state 
contrast with the red shifts of the bands of sorbed water 
in a hydrophilic polymer of nylon 69. It is suggested that 
the water molecules sorbed in PET are much less 
interacted with each other, possibly with less degrees of 
hydrogen-bonding, than in liquid state. 

Figure 7 shows plots of the centred wavenumbers of 
the three sub-bands determined by procedures A and B 
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Figure 6 Some examples of the 7000cm-1 water sensitive band 
separated by differential procedure A or B, and their resolution into 
three sub-bands.  In the top figure, centred wavenumbers  of the three 
sub-bands for bulk water and those of the two most  intensive peaks 
for water vapour are indicated by thick and thin arrows, respectively 

300 POLYMER, 1990, Vol 31, February 



Study of water sorbed in poly(ethylene terephthalate) film." M. Fukuda et al. 

Table 2 Resolution of 7000 cm- 1 band into three components of Lorentzian function 

Peak height Peak wavenumber Half-width Peak area 
(relative value) (cm-l) (cm-1) (relative value) 

Specimen code H I HI_ u H n W0! W01_ n Won W l W l ,, Wii H, x W I H, [I X W I 11 HII × WII 

10% r.h.-0% r.h. 1.00 0 . 5 8 5  0.0553 7096 7006 6821 120 124 33.6 120 72.8 1.86 
30% r.h.-0% r.h. 2.90 1.61 0.379 7103 7021 6801 133 106 41.3 385 171 15.6 
50% r.h.-0% r.h. 4.27 1.11 0.926 7084 7012 6809 164 85.4 115 699 95.0 106 
70% r.h.-0% r.h. 5.69 2.62 1.11 7087 7016 6809 146 118 95.2 833 309 105 
90% r.h.4)% r.h. 7.84 3.53 1.69 7081 7007 6814 148 128 121 1160 447 205 
95% r.h.-0% r.h. 8.57 2.65 1.92 7080 7007 6815 166 133 112 1420 352 214 

Bulk water 1.00 1.42 0.945 7039 6887 6715 175 259 398 

10% r.b.4)% r.h. 1.00 0 . 5 8 5  0.0553 7096 7006 6821 120 124 33.6 120 72.8 1.86 
30% r.h.-10% r.b. 1.64 0.338 0.425 7082 7009 6798 161 64.4 70.4 264 21.8 29.9 
50% r.h.-30% r.h. 1.31 0.886 0.356 7086 7010 6821 101 124 70.8 132 110 25.2 
70% r.h.-50% r.h. 1.26 1.55 0.207 7095 7019 6825 97.4 148 38.6 123 229 16.1 
90% r.h.-70% r.h. 1.57 1.84 0.718 7090 7021 6809 93.9 133 103 148 244 73.7 
95% r.h.-90% r.h. - . . . . . . . .  
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humid i ty  x%. The co r r e spond ing  three cent red  wave- 
numbers  of  the bu lk  wate r  and  two wavenumber s  of  the 
mos t  intensive lines for wate r  v a p o u r  are  ind ica ted  by 
thick hor i zon ta l  lines. The  blue shifts of  each of  the 
sub -bands  of  the so rbed  wate r  relat ive to those  of  bulk  

water ,  especial ly the relat ively large blue shift of the 
s u b - b a n d  I - I I  and  the relat ively small  blue shift of 
s u b - b a n d  I of  the sorbed  water ,  are obvious .  The  centred 
wavenumber s  are  sl ightly dependen t  on the relat ive 
humidi ty ,  i.e. the blue shift increases sl ightly with 
decreasing the relative humidi ty .  This behaviour  contras ts  
with tha t  of ny lon  6, for which the dependence  was the 
oppos i te  and  more  obvious :  the red shift increased 
cons iderab ly  with decreas ing relat ive humidi ty .  I t  can be 
conc luded  tha t  the sorbed  water  species in P E T  interact  
less with each o ther  than  in the l iquid state over  the 
whole range of relat ive humidi ty ,  whereas  the species in 
nylon  6, which in teract  more  s t rongly  with each o ther  
than  in the l iquid state,  also in teract  more  s t rongly  with 
the water  accessible sites with decreasing relative humidi ty .  

O n  the a s sumpt ion  tha t  the a rea  of  the resolved sub- 
band  is p r o p o r t i o n a l  to the a m o u n t  of  co r re spond ing  
water  species, the relat ive a m o u n t  of  the wate r  species 
can be p lo t ted  in the mois ture  so rp t ion  i so therm,  as 
shown in Figure 8, where the dashed  line was d rawn  by 
using the Henry  so lu t ion  law with K o = 0 . 7 1 5 x  10  - 2  

(mois ture  regain/ re la t ive  humidi ty) .  The f rac t ional  ra t ios  
of the wate r  species of  sub -bands  I, I - I I  and  II  are  found 
to be roughly  60 :30 :10% at  any  relat ive humidi ty ,  
whereas  those of  the bu lk  wate r  are es t imated  to be 
20 :40 :40% 9 . T a k i n g  into  account  the blue shifts of  the 
respective sub -bands  in Figure 7, cons iderab le  skew in 
the d i s t r ibu t ion  of the degree of  hydrogen  bond ing  
t o w a r d  less in te rac t ion  may  be expected for the sorbed 
water  in P E T ,  i.e. the d i s t r ibu t ion  m a y  be mos t ly  
weighted with a degree of  hydrogen  bond ing  less than  
single for the so rbed  wate r  in P E T  and between single 
and  doub le  for the bulk  water .  

H e n ry ' s  law may  in te rpre t  the sorbed  water  to be 
r a n d o m l y  dissolved wi thou t  any  s t rong  in terac t ion  with 
po lyme r  chains.  I t  is in teres t ing to note  that  the i so therm 
of  Henry ' s  law d r a w n  with K D = 0 . 7 1 5  x 10 -2  conta ins ,  
at  least ,  all of  sub -band  I. The  water  species of  sub -band  
I mus t  be far less o rdered  than  in the l iquid state,  as 
clear ly seen by the magn i tude  of  the blue shift to higher  
wavenumber .  In  the w a t e r - h y d r o p h o b i c  po lymer  system, 
wha t  H e n ry ' s  law does  mean  is an i m p o r t a n t  quest ion.  
F r o m  the present  FTi . r .  s tudy,  at  least  the fol lowing can 
be conc luded :  water  species obey ing  Henry ' s  law have a 
degree of  hydrogen  bond ing  less than  single, but  not  so 
small  as to be c o m p a r a b l e  with water  in v a p o u r  state. 
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Figure g Resolution of the moisture sorption isotherm of PET film 
specimen at 30°C into three contributions from water species of 
sub-bands I, I-II and I I . - - - ,  Drawn by Henry's solution law with 
KD=0.715 x 10 -2 

Recently,  H a t a k e y a m a  and  H a t a k e y a m a  4 have repor ted  
tha t  there  exists 0 . 5 - 1 %  non-freezing wate r  in P E T  from 
a differential  scanning  ca lor imet r ic  s tudy,  where  non-  
freezing water  means  s t rongly  b o u n d  water .  The  present  
FTi . r .  s tudy,  however ,  indicates  tha t  there  is no  such 
s t rongly  b o u n d  water  in P E T ,  unl ike  in ny lon  6, in te rms 
of the wavenumber s  of  the resolved sub -bands  as well as 
of  their  a lmos t  absent  relat ive humid i ty  dependences .  In  
fact, ou r  ca lor imet r ic  s tudy  has  revealed tha t  the wet t ing 
process  of  P E T  in wate r  is p r imar i ly  endo the rmic  2a, as 
suggested in the present  s tudy.  A l though  the values of 
0 . 5 - 1 %  are unbel ievably  large from the v iewpoin t  of  the 
mois tu re  so rp t ion  i so therm of P E T  in equi l ibr ium,  

non-freezing water  might  co r r e spond  to the water  species 
of  s u b - b a n d  II  in this s tudy.  
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