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EXTRAORDINARY PROPERTIES
OF ALCOHOLS FROM THE HOMOLOGOUS
SERIES OF METHANOL

1. Introduction

Non-trivial properties of thermodynamic quantities such as the density, the critical and triple
point temperatures, and their ratio, as well as the optical and dielectric properties, have been
analyzed for primary alcohols from the methanol series. The aim is to reveal relationships
among their values measured at the same temperatures for alcohols with different ordinal num-
bers m’s in the methanol series. It is shown that the non-monotonic character of the tempera-
ture dependences of alcohol densities is associated with methanol rather than ethanol, as may
seem at first glance. The critical temperature of methanol also deviates from the quasilinear
dependence of the critical alcohol temperatures on m. With the growing m, the ratio between
the critical and triple-point temperatures for alcohols is shown to tend to the corresponding
value for water. Simple linear dependences of the electronic and effective static polarizabili-
ties of alcohol molecules on m are established. The transverse and longitudinal components
of the polarizability tensor for alcohol molecules are found. The dipole moments of the clos-
est neighbor molecules in the alcohols are proved to anticorrelate, i.e. to orient in opposite
directions.

Keywords: monohydric primary alcohols, density, optical and dielectric properties.

fied either to primary alcohols (Fig. 1, a) or to their
isomers (Fig. 1, b).

In this work, we will analyze the physical proper-
ties of alcohols from the methanol series: methanol,
ethanol, propanol, and so forth. Those alcohols are
characterized by structural formulas of the type
CH;3(CHsy),,,—1OH, where m is the ordinal number
of alcohol in the methanol homologous series. Depen-
ding on the hydroxyl group location, they are classi-
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Methanol corresponds to the value m = 1, ethanol
to the value m = 2, and so on. From Fig. 1, it is
clear that primary alcohols are formed by replacing ei-
ther of hydrogen atoms in the water molecule, HoO =
= HOH, with the group CH3(CHsz),,—1. In this case,
the oxygen in primary alcohols becomes located in the
line formed by the carbon atoms (see Fig. 1, a), and
the angle between this line and the line connecting the
oxygen atom with the hydrogen one is close to 104°,
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Fig. 1. Structural formulas of monohydric alcohols

CH3(CHz2)y,—1OH: primary or normal alcohols (a), one of pos-
sible isomers or secondary alcohols (b)
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Fig. 2. Dependences of the mass (1) and number (2) densities
of alcohols from the homologous series of methanol on ordinal
number m of alcohol. Solid curve I was calculated by formula
(4), circles correspond to experimental data [3]

i.e., to the valence angle in a water molecule. Similar
values of the C—O—H angles are also typical of alcohol
isomers.

From the facts given above, it follows that there
must be a certain similarity between the properties of
water and those of primary alcohols in the methanol
series. However, it should be added at once that the
molecules of primary alcohols can only form two hy-
drogen bonds with their nearest neighbors, whereas
water molecules can form four such bonds. As a re-
sult, the molecules of water in the liquid state, at least
near the triple point, can form a spatial network of
hydrogen bonds, whereas the molecules of primary al-
cohols can only form linear chains. Those chains can
approach one another to form loops, and those loops
can cling to one another and form non-compact spa-
tial structures [1]. It is clear that the difference in
the spatial ordering of hydrogen bonds will affect, in
some way, the properties of water and primary alco-
hols. This circumstance is particularly significant in
relation to the living matter origin. It is still unclear
why water considerably differs from other liquids —
first of all, from the primary alcohols of the methanol
series — and why it is a basis of all living things.
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Taking the aforesaid into account, we will intend
to analyze the following most general properties of
water and primary alcohols:

¢ the dependences of their fractional volumes per
molecule on the ordinal number m of alcohol in the
methanol series;

e specific features in the dependence of the light
refractive index depending on m or, in other words,
the relationship between the light refractive indices
of different alcohols and the electronic polarizations
of their molecules;

e a specific character of the formation of the static
dielectric permittivity of alcohols in the methanol
series.

The research results obtained for the indicated
physical properties of certain alcohols were published
in a number of books (see, e.g., [2,3]). The most at-
tention was paid to ethanol [2-5] and methanol [3-6],
which is naturally explained by their widespread ap-
plications to chemistry, pharmacology, and cosmet-
ics. However, the dependence of the properties of in-
dicated, as well as other, primary alcohols on their
position in the homologous series remained, as a rule,
beyond consideration.

In the future, we are going to study the caloric
properties of alcohols. The researches will be based
on experimental data, including the data obtained at
Taras Shevchenko National University of Kyiv while
studying the homologous series of monohydric alco-
hols from methanol to decanol with the use of vibra-
tional spectroscopy methods [7, 8].

2. Densities of Primary
Alcohols from the Methanol Series

The most common characteristic of alcohols, as well
as all other liquids, is their mass density p (g/cm?).
The values of this parameter measured for the pri-
mary alcohols from the homologous series of methanol
at a temperature of 20 °C are plotted by curve I in
Fig. 2 as a function of the ordinal number m of alco-
hol in the homologous series. A non-monotonic char-
acter of this dependence is evident: ethanol, which
corresponds to m = 2, deviates from the monotonic
dependence formed by the densities of all other alco-
hols. However, whether the minimum in curve 1 is an
indicator of a certain specific molecular structure of
ethanol or not can be understood only after an addi-
tional analysis. First of all, it is worth changing from
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the mass density of alcohols to the number density
n = p/M, where M is the mass of the specific alco-
hol molecule (see curve 2 in Fig. 2). As one can see,
the number density of primary alcohol molecules does
not reveal any specific features: it decreases monoton-
ically with the increasing number m, which is natu-
rally explained by a decrease in the packing degree of
molecules, as their length increases.

Even more illustrative is the dependence of the re-
ciprocal number density — or the specific volume per
molecule, v, — on the number m: v,,(m) = 1/n(m)
(see Fig. 3). One may verify that the specific volumes
of primary alcohols at a temperature of 20 °C for
m-values starting from ethanol (m = 2) satisfy the
formula

om[A®] & 97 4 27.45(m — 2), (1)

in which ve, = 97 A3 corresponds to the specific
volume of an ethanol molecule. The error of relation-
ship (1) does not exceed 0.01. The application of for-
mula (1) to the determination of the specific methanol
volume (m = 1) gives the value vpetn ~ 69.48 A3,
which slightly exceeds the experimental value vyetn ~
~ 67 A3. Accordingly, formula (1) can be generalized
as follows:

U [A%] & 96.9 — 2.36 0,,1 + 27.45(m — 2), (2)

where 6,,1 is the Kronecker delta.

It should be noted that the linear increase of
the specific volume v,,, with the ordinal number m
of primary alcohols in the methanol series is nat-
urally explained by the thermal rotation of alcohol
molecules, mainly around the axis formed by the
carbon atoms and the oxygen. Qualitatively, the ro-
tation of methanol molecules around the C-O axis
has the same character, but the angular rotational
velocity is significantly higher due to a lower mo-
ment of inertia. Therefore, the role of hydrogen bonds
in the formation of a specific volume diminishes for
methanol. In works [9-11], it was shown that the ac-
count for hydrogen bonds increases the specific vol-
ume of a molecule by a few percent.

Thus, a conclusion can be drawn that the specific
volume of methanol — rather than ethanol, as may
seem from the behavior of alcohol densities — devi-
ates from the mutual dependence for primary alcohols
with higher ordinal numbers. The specific volume of
water also demonstrates a substantial deviation from
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Fig. 3. Specific volume per molecule for alcohols from the
homologous series of methanol at a temperature of 20 °C as a
function of their ordinal number m. The value m = 0 corre-
sponds to water

142 ¢

140 1

138 1 7

136

134 - /

132 ' , , .
0 2 4 6 w8

Fig. 4. Refractive indices of primary alcohols from the
methanol series as a function of their ordinal number m ac-
cording to experimental data [3]. The value m = 0 corresponds
to water

the linear dependence (1): vy, =~ 30.6 A3. But this
effect is associated with a significant change in the
rotation character of its molecules.

The minimum in the density of primary alcohols
is described by the following formulas. By definition,
the density of the m-th primary alcohol equals p =
= My, /. With regard for formula (2), as well as
Mm = meth (m - 1>M(CH2)7
where M(CHs,) is the mass of the CHy group, the

molecular mass of alcohol with the number m looks
like

M, = [32 + 14(m — 1)] x 1.66 x 10~2%.
As a result,

32 + 14(m — 1)] x 1.66

P = 960 — 2.360,1 + 27.45(m — 2) (3)

33



V.Ya. Gotsulskyi, N.P. Malomuzh, V.E. Chechko

07, 43

10 1

0 r r r r \
0 2 4 6 8 10

m

Fig. 5. Molecular polarizability of primary alcohols from the
methanol series as a function of their ordinal number m [4].
The value m = 0 corresponds to water

An agreement between the alcohol densities calcu-
lated by formula (3) and experimental data is illus-
trated in Fig. 2. As one can see, the density p,, is
minimum at m = 2.

3. Refractive Indices
of Primary Alcohols
from the Methanol Series

The refractive index ¢ of a system is its simplest po-
larization characteristic. It is determined by the prop-
erties of electron shells in the molecules. The depen-
dence of the parameter ¢ for primary alcohols on their
ordinal number in the methanol series (see Fig. 4) is
rather complicated and does not allow the regularities
of its formation to be understood. The deviations of
the refractive indices for methanol and ethanol from
the mutual dependence are especially noticeable.
The complicated character of the refractive index
behavior arises due to the fact that it is formed (see
work [12]) by both the electronic polarizability of al-
cohol molecules a and their concentration n = p/M:

-1 _Amop

212 3 M©

From whence, it follows that the molecular polariz-
ability a of alcohol molecules may have a much sim-
pler dependence on m. This expectation is completely
confirmed by Fig. 5.

The polarizability values of alcohol molecules can
be approximated by the formula

a(m) = 1.53 + 1.845m (4)

with an acceptable accuracy. To interpret the coef-
ficient values in Eq. (4), it is pertinent to use the
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additive model [12-15] for the molecular polarizabil-
ity. According to this model, the polarizability of a
molecule can be calculated as the sum of polarizabil-
ities of its fragments,

a(m) = a(H20) + m x a(CHa,), (5)

where a(H20) and «(CHz) are the polarizabilities
of the water molecule and the CHy group, respec-
tively. The comparison of Egs. (4) and (5) makes it
possible to assert that

a(H,0) ~ 1.35 A%, o(CH,) ~ 1.845 A®.

However, the polarizability of an isolated water
molecule is somewhat higher [16],

a(H,0) ~ 1.41 A?,

whereas the polarizability of an alkyl group is some-
what lower [4]:

o(CHy) ~ 1.77 A3,

As was shown in work [15], those discrepancies in the
polarizability values can be eliminated, if two-particle
effects are taken into account.

Note that the polarizability of elongated molecules
of primary alcohols has a tensor character. In a rather
satisfactory approximation, the polarization tensor of
primary alcohol molecules can be represented in the
form

i = 00 + (o — on)ejey,

where a; and o are the transverse and longitudinal,
respectively, components of the polarization tensor,
and e is the unit vector directed along the symme-
try axis formed by the carbon and oxygen atoms. It
is clear that it is the longitudinal component of the
polarizability that is a function of m: «; = xym. The
refractive index « of the system is determined by the
polarization tensor averaged over the molecular ori-
entations: {(a;x) = ad;r. Therefore, we obtain

1 1
o= g(oq +204) = 3(20% + xm).

By comparing this expression with Eq. (4), we find
that
ap = 2.025 A%,y =5.535 A3,
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4. Static Dielectric
Permittivities of Alcohols
from the Methanol Series

As was done in the previous section, our main atten-
tion will be focused on the behavior of the effective
polarizability of alcohol molecules (see Fig. 6),

3 e—1

Qoff = — ——,
= grne+2

where ¢ is the low-frequency (static) limit of the di-
electric permittivity of the system. Let us analyze
the dependence of aeg on the temperature T and
the ordinal number m of alcohol in the methanol se-
ries. The temperature dependence of g is an impor-
tant characteristic, because it allows us to understand
the mechanism of formation of system’s static dielec-
tric permittivity.

The temperature dependences of aeg for methanol,
ethanol, and water at their coexistence curves are
shown in Fig. 6. To a certain extent, they resemble
the behavior of the effective polarizability for a gas,
whose molecules possess own dipole moments d,

t
Qeff = Qle] (1 + :) (6)

Here, ae = aei(m) is the contribution made by the
electron shells of alcohol molecules (see Eq. (4)) to
the polarizability, ¢ = T'/T, is the dimensionless tem-
perature, T is the critical temperature of the sys-
tems, and ty = |d| /(3kgT.ve1). Note that the curves
in Fig. 6 are cut off at the left side, because there are
no reliable experimental values for the dielectric per-
mittivities of alcohols at the temperatures T' < 1.5T¢.
For alcohols in the liquid state, owing to strong
electrostatic interaction between their molecules, the
values of the parameters a and b in the formula

Qoff = Qel <a + b) (7)

t
should be significantly different from the correspond-

ing values 1 and ¢4 in formula (6). By expressing the
parameter b in the form

b=(t)ta,

where .
v(t) = (1 + n + ),
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Fig. 6. Effective polarizabilities of ethanol (1), methanol (2)
and water (3) molecules at a temperature of 20 °C. Experi-
mental values for the dielectric permittivity were taken from
works [17-22] for methanol and works [23, 24] for ethanol

we obtain the values of the coefficients tq4, a, 7o, and
¢ for methanol, ethanol, and water that are quoted in
Table. The closeness of the coefficient values obtained
for alcohols supports our expectation concerning the
similarity among the temperature dependences of the
effective static polarizability for the primary alcohols
from the methanol series.

As one can see, the most non-trivial facts are as
follows: (i) the values of the coefficient a in formula
(7) are much larger than unity for both methanol
and ethanol; and (ii) the values of the coefficient b
in Eq. (7) for both methanol and ethanol are appre-
ciably smaller as compared with the corresponding
values of the coefficients a in the liquid state of al-
cohols (note that the situation for their vapors is
opposite). But a more significant fact is that they
have a negative sign. This circumstance radically dis-
tinguishes their origin from that of their vapors at
the coexistence curves. It is important to note that
the effective polarization of water demonstrates the
same features in its behavior [25, 26]. In the case
of water, such a behavior is associated with the
thermal excitation of clusters formed in water and
with strong orientational correlations that only re-
sult in the appearance of fluctuation dipole moments
in clusters.

Parameters t4, a, Yo,
and c for primary alcohols and water

Substance tq a Y0 c

Water 8.86 7.82 —0.320 —0.230
Methanol 4.075 5.82 —0.258 —0.165
Ethanol 2.834 7.64 —0.345 —0.144
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Fig. 7. Dependences of (1) aegr and (2) aegr (panel a) and daeg (panel b) on m. The squares
at m = 0 correspond to water: g = 7.156 A3, g = 6.897 A3, and daeg = 0.259 A3

The anticorrelation of dipole moments in neighbor
alcohol molecules is also supported by the Kirkwood
theory of dielectric permittivity [27]. As follows from
this theory,

vy=1+zcosO,

where z is the number of the nearest neighbors, and
cos O is the average cosine of the angle between the
dipole moments in the neighbor molecules. It is clear
that the parameter v becomes negative only provided
that

cosO < ——,
z

which corresponds to almost opposite directions of
the dipole moments in the nearest neighbor molecu-
les. This circumstance was also marked in work [28],
and it is in accordance with the requirement that the
average energy of the electrostatic field in the system
should be minimum.

Further conclusions about the values and the char-
acter of the effective polarizability of primary alcohol
molecules can be drawn from the following consid-
eration. Since the dielectric permittivities of primary
alcohols, as well as that of water, satisfy the inequal-
ity € > 1, we have

(-2
Qe = —v (1 ——4 ...
4 €

From whence, it follows that aeg looks like
Qeff = Qeff + 6aeff7

where the major contribution to the polarizability
equals

3 3
Um = — [Umeth + 27.6(m — 1)],

Cert (m) = A A7
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and the small correction daeg is the very compo-
nent that is responsible for the dielectric permittivity
value,

9 U,
Em R — ————. 8
T AT Saeg (m) (8)

Relation (8) for primary alcohols is somewhat enig-
matic today, although it is consistent with dimension-
ality considerations. Analogously, the meaning of the
equation

b 3 Unm

am + t 4w aa(m)

9)

at every temperature still remains obscured, although
it may point at a certain relation with the second
virial coefficient. This relation will be discussed in a
separate paper in more details.

The deviations of aeg-values from aeg-ones are
shown in Fig. 7. The linear character of the depen-
dences of the quantitiesaeg, e, and daeg on the
ordinal number m of primary alcohols is described by
the formulas

aefr(m) = 9.99 + 5.14m,
aerr(m) = 9.53 + 6.69m,
daeg(m) = —0.46 + 1.55m.

(10)

As a result, the dielectric permittivity of primary al-
cohols from the methanol series is determined by the
relation

9 VUmeth + 27.54(m — 1)

4w 1.09 + 1.55(m — 1)

Em R

The closeness of the corresponding polarizability val-
ues for water to the linear formulas (10) extrapolated
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to m = 0 is an extremely interesting fact, although
not entirely clear.

Finally, let us briefly consider the dependence of
the intrinsic dipole moments of alcohol molecules on
their ordinal number m in the methanol series. The
values of dipole momentscorresponding to the gaseous
state of alcohols are depicted in Fig. 8. As one can see,
those values vary within a very narrow interval. This
is so, because the dipole moments d(m) of primary
alcohol molecules are determined by the sum of dipole
moments of the hydroxyl group and the molecular
skeleton S formed by the carbon and hydrogen atoms,

d(m) ~ d(OH) + d, (m).

The dipole moment of a hydroxyl group is approx-
imately equal to |d(OH)|~ 1.51 D, and the dipole
moment of the skeleton is |ds(m)|~ 0.9 D. The angle
between those two vectors is 76° (for more details, see
work [30]). Here, as was done earlier, we neglected, in
the zeroth approximation, the mutual interaction of
the OH group and S, as well as the weak dependence
of the dipole moment of the skeleton on the number
m. It is the latter dependence that leads to weak de-
viations of d(m) from the ordinal alcohol number.

5. Discussion of the Results

In this work, main attention was focused on the prop-
erties that have the simplest dependence on the or-
dinal number m of primary alcohol in the methanol
series. In particular, it was shown that (i) it is ex-
pedient to characterize the spatial distribution of
molecules within the system by the fraction volume
per molecule, which linearly depends on m; (ii) the
electronic polarizability of alcohol molecules, which
characterizes system’s response to the electromag-
netic radiation in the optical range, also varies lin-
early with m; (iii) the major contribution of alcohol
molecules to the effective static polarization is pro-
portional to their fractional volume, i.e. it increases
linearly with m. All those facts testify to a similarity
of the mechanisms governing the formation of static
dielectric permittivities € in water and alcohols, al-
though they are not identical, because the exact val-
ues of € in alcohols are determined by small deviations
from the main contribution.

Note that any characteristic of all primary alcohols
from the methanol series has to be compared at the
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Fig. 8. Molecular dipole moments of alcohols from the homol-
ogous series of methanol in the gaseous state as a function of
their ordinal number m. Symbols correspond to experimental
data from work [29]

temperatures of corresponding states [13, 14, 31],

Tm _ Tmeth
T

- Tc(meth) ’

or at the same dimensionless temperature ¢t = T'/T..
The effective polarizabilities of the methanol and
ethanol molecules, which are compared in Fig. 5, were
calculated just at such temperatures.

The values of the critical, T, and triple-point, T},
temperatures for primary alcohols, as well as the ratio
Tc(m)/TC(meth), are plotted in Fig. 9. As one can see,
the ratio TL™ /T{™°™ smoothly increases within the
interval 1 < 7™ /T{™e™) < 1 4.

Furthermore, the values of T, and T}, for primary
alcohols with m > 8 become close to the correspond-
ing characteristic temperatures for water: Tt(rW ) =
—973.15 K and T = 648.5 K. These are the m-
values at which the energy of the van der Waals in-
teraction between the skeletons of neighbor molecules
becomes comparable with the hydrogen bond en-
ergy. Here, a non-trivial circumstance consists in that
the numerical value of the ratio T\™ /7™ for
methanol (see Fig. 9, curve 3) also deviates from
the quasilinear dependence describing alcohols with
higher ordinal numbers.

Another non-trivial fact consists in that the ratio
7™ /1™ = 7 )T with the growth of the ordi-
nal number m at m > 10. In other words, the relative
width 7™ /Tt(rm) — 1 of the temperature intervals in
which the primary alcohols exist in the liquid state
tends (at m > 10) to a value that is characteristic of

water, (Tc(m)/Tt(:n)) —1—1.37. On the other hand,
if the ordinal number of alcohols decreases, the width
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Fig. 9. Dependences of the critical T; (1) and triple-point Tt (2) temperatures, the ratio
Tc(m>/TC(meth) (3) (panel a) and the ratio Tc(m>/Tt(rm> (panel b) on m for primary alcohols.
The Tc-values were taken from work [32]. The Ti,- were taken from work [33] for methanol,
ethanol, and 1-propanol; from work [34] for 1-butanol; from work [35] for 1-pentanol; from
work [36] for 1-hexanol; from work [37] for 1-heptanol; and from work [38] for 1-decanol and

1-udecanol

of the temperature interval of their liquid state exis-
tence increases and reaches a maximum value for 1-
propanol. Now, not only methanol but also ethanol,
which have the lowest molecular weights, violate the
tendency typical of senior alcohols.

In accordance with the principle of similarity, the
temperature dependences of the specific volumes of
various primary alcohols have to satisfy the relation

Umeth ()\mT)
VUmeth (293)\”1)

+27.52(m — 1)],

Um (T) = I:/Umeth (293)‘771) +

(11)

where A,, = Tc(m) /Tc(meth). Unfortunately, its care-
ful verification is impossible, since there are no de-
tailed experimental data for primary alcohols with
sufficiently high ordinal numbers.

Nevertheless, it should be noted that, as was shown
in work [13], the temperature dependences of the ra-
tio between the fractional volumes of methanol and
ethanol, on the one hand, and the fractional volume
of argon, on the other hand, Rgm)(t) = U () /var(t),
are similar at their coexistence curves. Additionally,

in agreement with Eq. (11), the R (t)-values are

(meth)

related to the Ry (t)-ones by the relation

Umeth

RO () = R{met) (1)] {1 n 276(’”1)} N

= RMeth) (1)[1 4 0.43(m — 1)].
38

In particular, we obtain: for ethanol,
RV (1) /R(Me™) (4) ~ 1.43.

For propanol,

Rl(,pr) (t)/jometh) (t) ~ 1.86,

which is in good agreement with experimental data.

To summarize, in this work, we only have consid-
ered the role of hydrogen bonds in alcohols in connec-
tion with the behavior of the alcohol density. Accor-
ding to the results of works [13,14], their contribution
does not exceed 4% for both methanol and ethanol
and should decrease with the growth of the ordinal
number of alcohol in the methanol series. We intend
to consider this issue elsewhere.

We are sincerely gtateful to Prof. Leonid Bulavin
for his support and encouragement of this work, to
Prof. Valerii Pogorelov and Dr. Iryna Doroshenko for
their fruitful and detailed analysis of the work, and to
Dr. Anatolii Fisenko for a detailed discussion of the
results obtained.
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HAI3BUYAVHI BJIACTUBOCTI
CIIMPTIB METAHOJIOBOI'O PALY

Peszwowme

AHami3y0oTbCsl HETPUBiaJbHI XapaKTEPUCTHKH TEPMOIMHAMI-
YHUX BEJMYUH I[IEPBUHHUX CIMPTIB METAHOJIOBOI'O T'OMOJIOTi-
9HOrO PsJy, B IIEpIILY 4Yepry, IX TyCTHH, TEMIIEPATyp KPHUTH-
YHOI Ta IOTPIHOI TOYOK, & TAKOXK IX BiIHOIIEHHS Ta OITH-
4qHi 1 JiestekTpuyHi osisipu3oBHOCTI. JlocmiKyeTbes xapakTep
B3a€MHOIO 3B’SI3KYy MK HHMH 32 OZHAKOBUX TEMIIEPATYD IJIs
CHUPTIB 3 PI3HUMU MOPSIAKOBUMHM HOMEDAaMH M B DSy MeTa-
Hosty. [lokazaHo, 1110 HEMOHOTOHHUI XapaKTeP TeMIlepaTypHOL

40

3aJI€2KHOCTI I'YyCTUHH CHUPTIB OOYMOBJIEHUI HE €TAaHOJIOM, SK
3/1a€ThCS Ha IEPINNil TIOIIsA T, a MeTaHoJioM. KpurtndHa TeMmie-
paTypa OCTaHHBOI'O BUIIaJIa€ 3 KBA3LIiHINHOI 3aj1e?KHOCTi 3Ha-
4eHb KPUTHUYHUX TeMmIilepaTyp cuupris Bix m. Ilokasawno, 1o
BIiJIHOINIEHHSI KPUTHUYHOI TeMIIepaTypPH CIUPTIB JI0 TEMIIEPATY-
PH IX IOTPifiHOT TOYKY 31 3POCTAHHAM 1M ACUMIITOTHYIHO IIPAMYE
0 BiAIIOBiAHOrO BiMHOIIIEHHSI JJIsI BOAW. BCTaHOBJIEHO HpPOCTi
JIiHIMHI 3aJ1€2KHOCT] Bif, M €JIeKTPOHHOI Ta eeKTUBHOI cTaTu-
9HOI MOJISIPU30BHOCTEN CUPTiB. 3HANEHO IONEPEYHy Ta II0-
3J0BYKHIO CKJIaJIOB] TEH30pa MOISIPU30BHOCTI MOJIEKYJI CIUPTIB.
JloBeneHo, 110 TUIOJIBHI MOMEHTH HANOIMKIUX CyCi/iB B criup-
TaxX aHTUKOPEJITH, TOOTO HAMAralOThCs BCTAHOBJIIOBATUCH Yy
MPOTUJIE?KHUX HAIPSIMKAX.
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