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Abstract—The interaction of water with synthetically prepared goethite (2-FeOOH) and amorphous hyd-
rated ferric oxide surfaces was studied using ir. absorption and water vapor adsorption measurements.
IR. results show that the last traces of physically adsorbed water are removed from the amorphous
material by outgassing at 25°C. In contrast, goethite retains approximately a monolayer of physically
adsorbed water with similar outgassing. This monolayer of water on goethite, which is presumably hydro-
gen-bonded at least in part with structural hydroxyls, is readily exchangeable with D,O.

Integral entropies of adsorption were evaluated from water vapor adsorption isotherms at 15,.25 and
35°C and compared with values for mobile and immobile layers calculated through application of statisti-
cal mechanics (McCafferty and Zettlemoyer, 1970). Entropy values for both the first physically adsorbed
monolayer of water on the amorphous material and the second monolayer on goethite were about the
same as or greater than those calculated for an immobile layer, indicating strong hydrogen bonding of
water by both surfaces. The larger deviation between the entropy values for goethite and those calculated
for the immobile layer may be associated with changes in the structure of the first as well as the second
physically adsorbed water layers. Surface areas, calculated using the BET method, were 320 and 32m®
g~ ! for the amorphous material and goethite respectively. Since the unit surface activity is probably about
the same for the two materials, it follows that as the amorphous material crystallizes to form goethite,
there would be a reduction in total surface activity in proportion to the reduction in surface area.

INTRODUCTION for hematite, which he attributed to the presence of the
proton in the a-FeOOH structure.

The properties of adsorbed water on hematite, re-
sponsible for its surface activity, have been extensively
studied (Blyholder and Richardson, 1962; McCafferty
and Zettlemoyer, 1970). However, much less is known
about the properties of adsorbed water on goethite and
amorphous hydrated ferric oxide.

We have shown that a hydrated ferric oxide precipi-
tate, amorphous to X-ray diffraction, infrared absorp-
tion, and pH 3-0 ammonium oxalate extraction can be
prepared by the addition of ferric chloride to KOH
(Landa and Gast, 1973). As little as 2 per cent crystal-
linity in the amorphous precipitate can be detected by
the three methods mentioned above. This precipitate,
which remains amorphous for extended periods of
time if maintained at low pH (< 7-0) and low tempera-
ture, crystallizes to goethite («-FeOOH) within a few
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Previous studies have shown that amorphous hydrated
ferric oxide may crystallize to form goethite (Macken-
zie and Meldau, 1959; Sims and Bingham, 1968 ; Smith
and Kidd, 1949; Landa and Gast, 1973), or hematite
(Milligan, 1952) or both (Schwertmann et al., 1949). All
three of these materials occur naturally in soils and
sediments, and may contribute significantly toward
their surface behavior. For example, Blyholder and
Richardson (1962) and Jurinak (1964) have shown that
the acidity of the first physically adsorbed water on
hematite is sufficient to protonate NH; and N-butyla-
mine to form NH} and N-butyl-ammonium ions re-
spectively. In addition, Jurinak (1964) found that the
surface acidity of goethite was somewhat greater than
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stable for laboratory study. The purpose of the study
reported here was to examine the surface arga and
water adsorption properties of these synthetically pre-
pared materials.

EXPERIMENTAL
Preparation of synthetic hydroxy-iron materials

The synthetic, amorphous, hydrated ferric oxide gel
was prepared by dropwise addition of an equivalent
amount of ferric chloride to 250 ml of 220 N KOH
while stirring rapidly. The flocculated dark reddish-
brown precipitate was washed with deionized water by
centrifuging and decantation until it began to disperse.
For water adsorption studies, a portion of the amor-
phous precipitate, which had a pH of about 7, was eva-
porated to dryness at room temperature and ground to
pass through a 60 mesh sieve. The remaining portion
of the gel was adjusted to pH 120 with KOH and aged
at 60°C to form goethite, which was air-dried and
ground to pass a 60 mesh sieve. The materials were
tested for the presence or absence of crystallinity by the
pH 3-:0 ammonium oxalate method before and inter-
mittently during the water adsorption studies.

I.R. analysis

About 5 mg of goethite or amorphous hydrated fer-
ric oxide were applied from aqueous or ethanol sus-
pension.to a 2:5 cm dia. Irtran-2 (Eastman Kodak) disk
and allowed to air-dry. The disk was mounted into a
high vacuum (about 10~% mm Hg) i.r. cell having NaCl
windows and analyzed using a Beckman model ir.-12
spectrophotometer operated in the double beam mode.
To minimize scattering and refractive index effects,
samples for infrared analysis should be ground to a
particle size below the wavelength of the radiation
used. Thus, for the Itran-2 transmission range, the par-
ticles should be reduced to less than 2 um. Since elec-
tron micrographs reveal the goethite crystals to be
about 1 ym in length (Landa and Gast, 1973), no grind-
ing was required. A sample of the air-dried amorphous
material was ground with a glazed mortar and pestle
for about 10 min under absolute ethanol to achieve the
desired particle size.

Water vapor adsorption—desorption isotherms

Water vapor adsorption—desorption isotherms were
determined with a conventional gravimetric vapor
adsorption apparatus employing mechanical- and oil-
diffusion vacuum pumps, a high precision McLeod
gauge for measuring absolute pressures, and a quartz
spring balance for determining the weight of water
adsorbed. Water vapor pressure was measured with an
oil manometer containing Apiezon-B oil with a density
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154 times less than mercury. Equilibrium vapor
pressures were determined to +01 mm oil or
+0006 mm Hg using a cathetometer. Variations in
sample weight were determined to about +0-03 mg
using a cathetometer on the quartz spring balance.
Sample sizes of goethite or amorphous hydrated ferric
oxide used ranged from 75 to 100 mg. Isotherms were
determinedat 15,25 and 35°C with sample temperatures
maintained at +0-1°C using a water jacket on the
quartz spring balance and a circulating water bath.
Samples were evacuated to constant weight before
starting the adsorption measurements. This procedure
required a few hours for geothite, but about 2 days for
the amorphous material. Approximately 30 min were
allowed between points on the isotherms although
there was no detectable weight change after 15 min.
At least two duplicate isotherms were run at each
temperature to assure reproducibility of the results.
In all cases, the samples returned to their original
weight at the end of the desorption isotherms.

Evaluation of entropies of adsorption

The primary concern of this investigation was to
determine the nature and degree of randomness of
water molecules adsorbed on surfaces of goethite and
amorphous hydrated ferric oxide. Therefore, integral,
rather than differential, entropies of adsorption were
determined, since the integral values can be directly
taken as a measure of the randomness of the adsorbed
molecules. These integral entropies of adsorption,
AS(ads.) were evaluated at constant spreading pressure,
¢, using the following expression (McCafferty and
Zettlemoyer, 1970; Hill, 1950, 1951):

| (’a In p> 3
The spreading pressure, ¢, or decrease in surface free
energy is given by the Gibbs equation:

_ AS(ads.)_

RT M

P=po
qb;RTf rdinp ©
p=o

thre T is the surface concentration of adsorbate
expressed as moles per unit area. Writing d In P =
(1/p) dp, equation (2) can be written as:

_RT 1016 oo

——| - 3
Nno 108, p

dp
where n is the mg of water adsorbed per g of adsorbent,
n, the mg of water per g in a monolayer, N Avogadro’s’
number and 10-6 the cross-sectional area of the water
molecule in 42 (McCafferty and Zettlemoyer, 1970).
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Finally, equation (3) can be reduced to:

¢ —dp “

_ 0-1303 TJ"’O n
o P

)

with ¢ expressed in ergs per cm?. This integral can be
evaluated graphically from plots of n/p vs p, but since
n/p is largest for the smallest values of p, the isotherm
must be determined very accurately at low pressures.
This effect is illustrated in Fig. 1 which shows a plot
of n/p vs p for water adsorption on goethite at 25°C.
Alternately, as McCafferty and Zettlemoyer (1970)
have illustrated, this integral can be evaluated analyti-
cally, employing the Dubinin~Radushkevich equation
for describing the isotherm in the monolayer region
and the modified Frenkel-Halsey—Hill equation in the
multilayer region. As these authors have pointed out,
the analytical approach is potentially more accurate
than the graphical integration since the latter involves
a judgement extrapolation of n/p to zero pressure. This
uncertainty was minimized by using the oil manometer
to obtain accurate measurements in the low pressure
range. In addition, repeated measurements in this
range insured accurate data. The uncertainty in the
spreading pressures in the low pressure range was
about two ergs per square centimeter.

RESULTS AND DISCUSSION
Nature of the adsorbing surfaces

When evaluating the water adsorption properties of
a material such as goethite or amorphous hydrated fer-
ric oxide it is necessary first to characterize the nature
of the adsorbing surface. LR. absorption spectros-
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Fig. 1. Plot of n/p vs p in mm Hg for water vapor adsorption
on goethite at 25°C.

copy is particularly useful in this regard: Using this
procedure, Blyholder and Richardson (1962) have
established that hematite («Fe,O3) surfaces outgassed
at 25°C terminate in a layer of chemisorbed hydroxyl
groups with little or no molecular water present. Tem-
peratures up to 425°C are required to remove these
remaining hydroxyls (Jurinak, 1964). In contrast, Yates
(1961) found that the anatase (TiO,) surface retains
residual water when outgassed at 25°C, the last traces
of which could only be removed by heating to 350°C.
As in the case of hematite, a layer of chemisorbed hyd-
roxyls remains on the surface after the last traces of
molecular water are removed. These facts indicate that
the first layer of physically adsorbed water is hydrogen
bonded much more strongly to the hydroxyl surface of
anatase than hematite. Jurinak (1964) attributes this
difference to a stronger bond between Ti** and oxygen
in anatase than between Fe*” and oxygen in hematite,
which results in a more mobile proton on the anatase
surface and stronger hydrogen bonding with water.

The ir. spectra of amorphous hydrated ferric oxide
and goethite, both air dried and after extended evacua-
tion at 10~® mm mercury, are shown in Fig. 2. In the
case of the amorphous material, the HOH bending
vibration, at about 1630 cm™! and the broad OH
stretching vibration band for water at about
3350cm ™!, present in the air-dried condition, were
both removed by 24 hr evacuation. Due to the diffuse
nature of the spectra, it was not possible to determine
whether the evacuated surface terminates in chemis-
orbed hydroxyl as does hematite and anatase.

In contrast, significant quantities of residual water
remain on the goethite surface after extended evacua-
tion as evidenced by the absorption bands at 1630 and
3350cm™!. No change in these spectra could be
observed after evacuation periods of up to 5 days at
107 mm Hg at room, temperature. Apparently then,
the first layer of water adsorbed on goethite is hydro-
gen bonded more strongly than in the case of either
hematite or amorphous hydrated ferric oxide. This dif-
ference is probably related to the presence of the struc-
tural proton in the «-FeOOH structure.

The water adsorbed on both goethite and the amor-
phous material is readily exchangeable with D,O as
shown in Figs. 3 and 4. In each case, the samples were
mounted on Irtran-2 disks and placed in a vacuum
desiccator containing a flask of D,0. The desiccator
was evacuated, and after 4 days the sample was
removed and scanned. The 3350 and 1630 cm ™! peaks
shifted by the expected factor of 1/1:37 to about 2600
and 1200cm ™! for both goethite and the amorphous
material. There was only a slight shift in the 3150 cm ™ *
peak of goethite; this absorption is presumably the O—
H stretching band for the structural hydroxyls. The
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Fig. 2. I.R. absorption spectra of goethite (top) and amorphous hydrated ferric oxide (bottom) in (a)
air dried and (b) after extended evacuation at 10~ ® mm Hg.

vibrations at 795 and 890 cm ™~ ! have been assigned to  the existing 650cm™! peak, and the D,O-shifted
O-H bending vibrations for the structural hydroxyls 795cm™ ! peak is outside the transmission range of
(Marshall and Rutherford, 1971). However, it was not  Irtran-2. For both goethite and the amorphous mater-
possible to follow shifts in these peaks on D,O ial, the H,0-D,O exchange was reversible upon reex-
exchange since the 890 cm ™! peak shift is masked by posure to water vapor.

3400 3150 2600 2360 1630 1200

! | h
i | ! |
i (
b P
' ! ]
b , : .
]
y ! v
l ! ) !
1
3 ( - } i
. ' | ~
C i | '
oS! 1 Y 1 '
7 i , i a
8 ! ; ™
€ ' b
] ; ; Do b
C ' i | /
o ! i ! -
— i | f : Cc
1
| !
| |
i
|
| ! d
] [}
1
e

| 1 1 1 A 1 i 1 1 1 n L n i I i i A I 1 1
4000 3400 3200 2800 2400 2000 1800 600 1400 1200 (00O 800
Wave number, c¢m™!

Fig. 3. Effect of D,O exposure on the ir. spectra of synthetic goethite, (a) before D,O exposure,
(b) after 89 hr over D,O, (c) after 4 hr evacuation following (b), (d) after 16 hr in 110°C oven following
(c) and (e} after 98 hr over H,O at room temperature following (d).
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Fig. 4. Effect of D,0 exposure on the ir. spectra of amorphous hydrated ferric oxide, (a) before D,0
exposure, (b) after 87 hr over D, 0, (c) after 1 hr evacuation following (b), and (d) after 90 hr over H,O
at room atmosphere following (c).

We could find no ir. evidence in the literature indi-
cating the temperature required to remove the last
traces of residual water from goethite, or the nature of
the goethite surface on removal of this water; ie. evi-
dence as to whether the goethite surface terminates in
chemisorbed hydroxyl as does hematite and anatase.
However, Jurinak (1964) has determined the change in
water adsorption on hematite, anatase and goethite
with increasing preheat or activation temperature un-
der high vacuum. He found water adsorption to in-
crease up to activation temperatures of 425, 280 and
195°C for hematite, anatase and goethite, respectively.
However, X-ray analysis showed definite evidence for
the presence of hematite in the goethite sample heated
to 195°C; presumably, hematite was not present at
150°C. The water adsorbed on the goethite sample
with 150°C activation was about 0-6 of a monolayer,
compared to the monolayer coverage measured by
nitrogen adsorption. Probably, additional water was
adsorbed on the samples activated above 150°C, which
suggests that the ir. spectra of goethite in Fig. 2,
evacuated at room temperature, reflect approximately
a monolayer of water. This conclusion is only tentative,
however, since the temperature required to remove the
last traces of adsorbed water may also result in conver-
sion of goethite to hematite. Further, the activation
process may result in removal of chemisorbed hy-
droxyl as well as residual water, as in the case of hema-
tite.

Adsorption—desorption isotherms and surface areas

Water vapor adsorption and desorption isotherms,
with relative pressure as the independent variable, for
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goethite and amorphous hydrated ferric oxide at 25°C
are shown in Fig. 5. Similar isotherms at 15 and 35°C
were essentially the same and are not shown. This is
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Fig. 5. Water vapor adsorption—desorption isotherms (rela-
tive pressure) at 25°C on goethite and amorphous hydrated
ferric oxide outgassed at room temperature.
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Fig. 6. Adsorption of water vapor on goethite and amor-
phous hydrated ferric oxide outgassed at room temperature.

further evidence that the adsorbing surfaces were
stable during the period of study. The amorphous
material adsorbed approximately three times more
water than goethite and showed a significant hysteresis
effect. In contrast, goethite showed no detectable hys-
teresis. The hysteresis displayed by the amorphous
material is probably due to capillary condensation,
since electron micrographs show the sample to consist
of large aggregates compared to the discrete goethite
particles (Landa and Gast, 1973). Surface areas of
goethite and the amorphous material, calculated by
BET theory from the 25°C adsorption data, are 32 and
320 m? g~ ! respectively, corresponding to monolayers
of 91 and 859 mg of water g~ ! of sample. The latter
value is the same as that found for synthetic goethite
by Hingston, Posner and Quirk (1968). In comparison,
Jurinak (1964) reported surface areas of about 16-4 m?
g ' for a commercial source of goethite for both
nitrogen and water vapor adsorption.

Experimental entropies of adsorption

Water vapor adsorption isotherms, with pressure as
the independent variable, at 15, 25 and 35°C for goeth-
ite and amorphous hydrated ferric oxide are shown in

Fig. 6. Spreading pressures, ¢, evaluated from these
results according to equation (3) are shown in Fig. 7
as_functions of water vapor pressure in mm Hg.
The integral entropies of adsorption. AS(ads.) were
in turn evaluated at 25°C from the slope of In p vs
T plots at constant spreading pressure according to
equation (1). The results are shown in Fig. 8 as
functions of fractional coverage of the surface.

As indicated earlier, the initial degassed goethite sur-
face was covered by approximately one layer of physi-
cally adsorbed water, very strongly hydrogen bonded
to the surface at least in part through the structural
hydroxyls (Jurinak, 1971). Therefore, the first water
adsorbed in this study is actually the second layer of
physically adsorbed water on the goethite surface. In
the case of the amorphous material, however, the
observed adsorption apparently is the first physically
adsorbed water layer, but the nature of the underlying
surface is less well defined.

Values of AS(ads.) for mobile and immobile layers of
adsorbed water, calculated by McCafferty and Zettle-
moyer (1970) using statistical mechanical methods, are
also indicated in Fig. 8 along with their experimental
values for the first layer of water physically adsorbed
on hematite. As in the case of hematite, the experimen-
tal values of AS(ads.) for goethite and the amorphous
material generally agree more closely with the theoreti-
cal values for immobile rather than mobile layers.
Thus, both the first physically adsorbed water layer on
the amorphous material, and the second on goethite
are localized through a hydrogen bonding mechanism.
In the case of goethite, this hydrogen bonding would
be between the first and second water layers, again ref-
lecting the very strong hydrogen bonding between the
first layer and the «-FeOOH surface. For the amor-
phous material, the nature of the hydrogen bonding
between the first water layer and the surface is less well
defined due to uncertainties in the nature of this sur-
face after evacuation at room temperature.

The AS(ads.) values for geothite especially, and to a
lesser extent for the amorphous material, are above
those calculated for an immobile layer. Experimental
uncertainties and small variations in the frequency of
vibration used in calculating the entropy values for an
immobile layer (McCafferty and Zettlemoyer, 1970),
can probably account for these deviations in the case
of the amorphous material. The larger deviation
between the values for goethite and those calculated
for the immobile layer may be associated with changes
in the structure of the first as well as the second water
layer. That is, the observed entropy values reflect any
perturbations in the sorbent surface which occur dur-
ing the adsorption process as well as entropy changes
of the adsorbed water itself.
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Fig. 7. Spreading pressure of water vapor on goethite and amorphous hydrated ferric oxide as a function
of coverage.
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Fig. 8. Comparison of experimental entropies of adsorption
at 25°C for goethite and amorphous hydrated ferric oxide
with theoretical entropies for mobile and immobile
absorbed films and experimental values for hematite
reported by McCafferty and Zettlemoyer (1970).

SUMMARY AND CONCLUSIONS

LR.absorption spectra of amorphous hydrated ferric
oxide show the surface to be free of sorbed water
after extended evacuation at 25°C. However, due to the

" diffuse nature of the spectra, it is not possible to tell

whether the evacua.2d surface terminates in a chemis-
orbed hydroxyl layer as does hematite and anatase. In
contrast, significant quantities of residual water remain
on the goethite surface after extended evacuation at
25°C, indicating that the first layer of adsorbed water
is hydrogen bonded more strongly to the surface than
in the case of either hematite or the amorphous mater-
ial.

Experimental integral entropy values for the first
physically adsorbed water layer on the amorphous
material and the second layer on goethite were greater
than those previously reported for hematite, reflecting
strong hydrogen bonding and in turn increased acidity
of the adsorbed water. However, a greater total surface
activity would be expected for the amorphous material
than for goethite due to the greater surface area; ie.
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320 m? g~ ! for the amorphous material vs 32 m? g™ *

for goethite.
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Résumé—On a étudié par absorption infrarouge et mesure de Padsorption de la vapeur d’eau, l'interaction
entre I'eau et les surfaces d’'une goethite de synthése (x-Fe OOH) et d’oxyde ferrique hydraté amorphe.
Les résultats de I'infrarouge montrent que les derniéres traces d’eau adsorbée physiquement sont chassées
du matériau amorphe par dégazage a 25°C. Par contre, la goethite retient environ une monocouche d’eau
adsorbée physiquement lors du méme dégazage. Cette monocouche d’eau présente sur la goethite est proba-
blement liée par pont hydrogéne au moins en partie avec les hydroxyles de constitution; elle est facile-
ment échangeable avec D,O.

Les entropies intégrales d’adsorption ont été évaluées a partir des isothermes d’adsorption de vapeur
d’eau a 15, 25 et 35°C, et comparées aux valeurs pour les couches mobiles et immobiles calculées en appli-
quant la mécanique statistique (McCafferty et Zettlemoyer, 1970). Les valeurs de I'entropie pour la pre-
miére monocouche d’ean adsorbée physiquement sur la matériau amorphe et la seconde monocouche sur
la goethite, sont a peu prés égales ou supérieures a celles qui sont calculées pour une couche immobile,
ce qui indique de fortes liaisons hydrogéne entre 'eau et chacune des surfaces. L’écart plus grand qui existe
entre les valeurs de I'entropie pour la goethite et celles qui sont calculées pour une couche immobile peut
étre associé aux changements de structure aussi bien de la premiére que de la seconde couche d’eau
adsorbée physiquement. Les aires des surfaces, calculées selon la méthode BET sont respectivement de
320 et 32 m? par gramme pour le matériau amorphe et la goethite. Comme l'activité de la surface unitaire
est probablement du méme ordre de grandeur pour les deux matériaux, il en découle que lorsque le
matériau amorphe cristallise pour former la goethite, il y aurait une réduction de P'activité de la surface
totale proportionnellement a la réduction de Paire de la surface.

Kurzreferat—Die Wechselwirkung von Wasser mit synthetisch hergestelltem Goethit (x-FeOOH) und
amorphen hydratisierten Fe™-oxidoberflichen wurde mittels Messung der Infrarotabsorption und der
Wasserdampfadsorption untersucht. Die Infrarotergebnisse zeigen, daf} die letzten Spuren von physika-
lisch adsorbiertem Wasser von dem amorphen Material durch Entgasen bei 25°C entfernt werden. Im
Gegensatz hierzu hilt bei dhnlichem Entgasen Goethit anndhernd eine Einzelschicht physikalisch adsor-
bierten Wassers zuriick. Diese Wasserschicht an Goethit, die vermutlich wenigstens teilweise mit Gitter-
hydroxylionen durch Wasserstoffbriicken verbunden ist, kann leicht mit D, O ausgetauscht werden.

Die integralen Adsorptionsentropien wurden aus den Wasserdampfadsorptionsisothermen bei 15, 25
und 35°C berechnet und mit den Werten fiir bewegliche und unbewegliche Schichten durch Anwendung
der statistischen Mechanik verglichen (McCafferty and Zettlemoyer, 1970).

Sowohl fiir die erste physikalisch adsorbierte Einzelschicht des Wassers an dem amorphen Material
als auch fiir die zweite Einzelschicht an Goethit waren die Entropiewerte etwa dieselben oder groBer
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als die fiir eine immobile Schicht berechneten. Dies deutet auf eine starke Wasserstoffbriickenbindung
des Wassers an beiden Oberflichen hin. Die groBere Abweichung zwischen den Entropiewerten fiir
Goethit und den fiir unbewegliche Schichten berechneten Werten mag mit Verdnderungen in der Struktur
sowohl der ersten als auch der zweiten physikalisch adsorbierten Wasserschicht zusammenhéngen. Die
unter Verwendung der BET-Methode berechneten Oberflichen betrugen 320 m? fiir das amorphe Mate-
rialund 32 m?/g fiir Goethit. Da die spezifische Oberflichenaktivitit wahrscheinlich fiir beide Stoffe dieselbe

" ist, wiirde sich eine der Verminderung der Oberfliche proportionale Verminderung der gesamten Ober-
flachenaktivitit ergeben.

Pestome — MK-ciexTpaMu IOTJIOLIEHHAS M U3MEPEHHEM aAcopOuUu¥M BOASIHOTO Iapa H3y4ajloch
B3aUMOJEHCTBHE ¢ Bomol cuHTETHYecKoro retura (a-FeOOH) ¥ aMOpdhHBIX TUAPATHBIX MOBEPX-
HOCTell OKHMCH kene3a. MK-pe3ynbTaThl MOKa3and, YTO HOCITenHHE cheapl ¢u3mdecku ancopbupo-
BaHHOM BOIBI yHNANAIOTCA ¢ aMOpP(HOro MaTepHana IEerasHpoBaHHMEM IIpH Temmneparype 25°C, u
Ha0o6OPOT NpH NOAOGHOM AEra3sUpOBAHMU TETUT COXPAHSET IIPHOAM3UTEILHO MOJIEKYJIAPHBINA CJIOM
oo KpaliHeil Mepe, 44CTHYHO CBA3aH BOAOPOZIOM €O CTPYKTYPHBIMH THIPOKCHJIAMH JIEFTKO OOMEHUM
[ Dzo.

HHTerpanbHble 3HTPONKHE ancopOUMKH OLEHHBAINUCH [I0 U30TEpMaM ancopOLMH BOOSHOrO Mapa
mpu 15, 25 1 35°C U CpaBHHBAINCH CO 3HAYCHUSMHM IJII MOOHIIbHBIX M HEMOOHIBHEIX CITOEB, pac-
CUMTAHHBIX crarucTHuecko-Mexanuueckn (MxKaddeprun u 3errnemoitep, 1970). DuTponuiiHbie
3HAYEeHMA WIA MEpBOro (GU3uveckH aicopOMpOBaHHOTO MOJIEKYJISPHOIO CJI0A BOABI HAa amMopbhHOM
MaTepHalie, Tak M JJI9 BTOPOrO MOJICKYJIAPHOTO CIIOs Ha TeTUTe OBINIH [OYTH YTO OJMHAKOBBIMH HITH
6oJiee, 4eM BEIYMCIIEHHBIE /151 HEMOOMIIBHOTO €051, YKa3biBast HA CHIIbHYIO BOLOPOIHYIO CBA3b BOAB
06enx MOBEPXHOCTEH. BOJbIIOE PACXOXKACHUE MEXKIY IHTPONMHHBIMU 3HAYCHMAMM TETHTa W 3Ha-
YEHUSIMHU, BLICUATAHHBIMH JJIs1 HEMOOHIIEHOT'O CIIOSI MOXET OBITH CBA3aHO C M3MEHEHUSMH CTPYKTYDBI
KaKk IEPBOTO, TaK M BTOPOTO (U3HueCKH aacopOHpOBaHHBIX CoeB BoAbl. ILioliand moBepXHOCTH,
paccunTanuble o Merony BET, Gbimu 320 1 32 M2/r 1 aMopdhHOTO MaTepuala ¥ reTuta, COOTBET-
cTBeHHO. TaK Kak aKTHBHOCTb €JWHHIILI MOBEPXHOCTH, IIOBUAMMOMY, HACHTHYHA OJIA 00OOWX MaTe-
pHaloB, BBIXOOWT, YTO MO MeEpe TOTO Kak aMOpbHbI MaTepHall KPUCTAJIM3UPYETCAd B TETHT,
MPOMCXOAMT ObIIee YMEHBINEHHE AKTHBHOCTH ITOBEPXHOCTH IMPONOPLMOHANILHOE YMEHBIICHHIO €€
IO AN,
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