CHEMISTRY & CHEMICAL TECHNOLOGY

Chem. Chem. Technol., 2024,
Vol. 18, No. 3, pp. 305—312

Chemistry

ADSORPTION PROPERTIES OF HYDROPHOBIC POROUS
COORDINATION POLYMERS OF ZINC-OXALIC ACID
WITH TRIAZOLE AND AMINO TRIAZOLE MIXTURE LIGANDS

Moondra Zubir"*®, Zainuddin Muchtar', Jasmidi Jasmidi', Rini Selly’,
Siti Rahmah', Putri Faradilla', Dikki Miswanda’

https://doi.org/10.23939/chcht18.03.305

Abstract. The porous coordination polymers were pre-
pared from Zn®" and oxalic acid with 2 linker ligands,
1,2,4-triazole (Taz) and 3-amino-1,2,4-triazole (ATaz).
The adsorption of N after adsorption of degassed CO; in
the pore frameworks increased by 3 times. The flexibility
of this structure is due to the interaction of CO, molecules
with the amine groups contained in it, thereby increasing
its porosity.

Keywords: adsorption, porous coordination polymers,
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1. Introduction

Porous compounds have attracted the attention of
chemists, physicists, and materials scientists due to their
unique nature of nanometer space creation and adsorption.
These compounds are also used in heterogeneous separa-
tion, storage, and catalysis" %. Recently, porous coordina-
tion polymers have been developed in addition to two
other classes of porous materials such as inorganic materi-
als (zeolites) and carbon-based materials.

The porous coordination polymers (PCPs) are com-
posed of a central atom and a linker ligand to form a 3-
dimensional structure that has special properties depending
on the properties of the central atom and the binding ligand.
PCPs were prepared for several applications, especially for
gas storage, so they can be used to eliminate harmful gases
in the environment® °. Some PCPs have many properties as
carbon dioxide gas capturers’, utilizing both the functional
groups contained in ligands and the pore structure formed
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by the formation of complexes with PCPs'’. Some PCPs
are also formed as flexible structures, with their skeletal
structure changing as a result of absorption but not chang-
ing the pore structure of the PCPs''. This is also possible
due to the presence of guest molecules in the pore structure,
which are then replaced by gas molecules adsorbed during
the physical adsorption process'* .

When using a ligand containing an amino group, for
example, aminotriazole (ATaz), no micropores appear during
Nz adsorption, but CO, can be adsorbed due to the reaction of
amino groups (NH,) and CO,'*" Previously, we have pre-
pared new PCP — [Zny(Oxac)(Taz),].(H,0),5s, obtained from
aqueous-methanol solutions of Zns(CO;),(OH)s and two
types of ligands — oxalic acid (oxac) and 1,2,4-triazole (Taz).
Oxalic acid was used as a co-ligand to form two-dimensional
structures, as well as a linker to Taz and ATaz to form three-
dimensional structures with high crystallinity. We have
found a new way to form micropores during CO, adsorption,
which consists of filling the pores with water from the syn-
thesis solvent. The adsorption of N, on CO, degassed after
adsorption increases 5 times. The interaction of CO, and H,O
molecules in the frameworks promotes the formation of
micropores” >'. There are limited reports on PCPs synthesis
in which more than two kinds of ligands are used in one
complex compound. The ratio of ligand interconnections and
the proportional strength of the resulting coordination bonds
become important for the incorporation of each ligand in the
structure™ >,

Porous coordination polymers prepared from Zn*",
oxalic acid, and a mixture of 3-amino-1,2,4-triazole (ATaz)
and 1,2,4-triazole (Taz) also were synthesized to promote
the high adsorption amount of carbon dioxide. Molar frac-
tions Taz / (Taz + ATaz) were prepared as 0.1; 0.3; 0.4; 0.5;
0.6; 0.7 and 0.9 and were compared with ATaz and Taz
ligand*'. The adsorption of nitrogen with a molar fraction of
0.5 has a high contribution to the largest surface area, which
was calculated from the stage of pore cavity fusion and the
existence of an amine group in the frameworks.
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This phenomenon indicates that the combined ef-
fects of both ligands could produce a higher amount of
carbon dioxide™.

In this study, we prepared PCPs using Zn>" and ox-
alic acid with 1,2,4-triazole (Taz) without amine groups
and 3-amino-1,2 4-triazole (ATaz) with amine groups as
linker ligands. We also prepared a mixture of 1,2,4-
triazole (Taz) and 1,2,4-triazole (Taz) with 0.3; 0.5 and
0.7 molar fractions of Taz / (Taz + ATaz). Nitrogen ad-
sorption and CO, adsorption were measured after CO,
degassing before CO, adsorption without pretreatment.
The flexibility of the structure due to the combination of
the presence of water and carbon dioxide groups con-
tained in the framework of the PCPs created higher CO,
molecules that could be adsorbed in these PCPs frame-
works™ .

2. Experimental

2.1. Materials

Zns5(CO3)2(OH)¢ (Alfa Aesar, Co. Ltd.), oxalic acid
(Wako Pure Chemical Industries, Ltd., WPCI), 1,2,4-
triazole (WPCI), methanol (WPCI), and distilled water
were used in this study.

2.2. Methods

2.2.1. Porous Coordination Polymers (PCPs)
Synthesis

Zn-oxac-Taz (X = 1) was prepared by the following
procedure. 0.4 g of Zns(CO3),(OH)s, 0.4 g oxalic acid, and
1.4 g of 1,2 4-triazole/Taz were added to a mixed solvent
of 12 mL of methanol and 2 mL of distilled water. The
solution was transferred to a Teflon cell and put inside the
autoclave vessel, then kept at a constant temperature of
453 K for 12 hours (Fig. 1).
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Fig. 1. Synthesis system of Zn-oxac-Taz/ATaz PCPs
with various molar fraction
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After 12 hours, the solution was cooled to room
temperature, and the white precipitated crystals were fil-
tered with a membrane filter. To obtain a pure crystal, the
solution was washed with the solvent and dried in air at
room temperature. An oxac-ATaz was prepared by the
same procedure, the weight of oxalic acid was the same
and Zns;(CO;),(OH)s was mixed with 1.6 g of 3-amino-
1,2,4-triazole (ATaz). The mixture ligands with 0.3 (30 %
Taz and 70 % ATaz), 0.5 (50 % Taz and 50 % ATaz), and
0.7 (70 % Taz and 30% ATaz) molar fractions were pre-
pared with the same amounts of Zns(COs),(OH)s and
oxalic acid as above.

2.2.2. Porous Coordination Polymers (PCPs)
Characterization

The prepared crystals of white color were analyzed
by a Rigaku X-ray diffractometer (XRD) Multiflex with
Cu-Ka at 40 kV and 20 mA to determine the differences
in the crystal structure of each PCP. The XRD pattern was
determined by EXPO 2014* to investigate the crystal
parameters of each PCP and the morphology was ob-
served by using a JEOL scanning electron microscopy
(SEM) JSM-7600 F.

2.2.3. Adsorption Measurements

N, and CO, adsorption were measured at 77 K and
303 K, respectively, by a custom-made volumetric adsorp-
tion system (Fig. 2). After each sample of ca. 100 mg was
used for adsorption, then 3 kinds of adsorption treatments
were used for N, and CO, adsorption measurements:

1. As a synthesized sample without pretreatment
(O h).

2. Pretreated at 333 K and 1 m Pa for 1 hour and
then at 383 K for 12 hours.

3. CO; adsorption. Degassing of the sample (1),
and then continuing the second adsorption for N, and CO,
adsorption.

Langmuir isotherm model was plotted to determine
the surface area based on CO, adsorption amount. The
linear equation of the Langmuir isotherm model was
placed in the equation below™":

C 1 G (1)
e K, dm am

Langmuir surface area was determined from CO,
adsorption which used the Langmuir equation:

SL=(qm -Na-a)/ M, ()
where ¢ is the number of CO, molecules adsorbed at the
monolayer of PCPs in mgg ', N, is Avogadro number ;
6.02 - 10 mol ™" , a is an occupied surface area of one

molecule of carbon dioxide (3.3 A), and M is the molecu-
lar weight of carbon dioxide in gmol ' %.
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Fig. 2. Volumetric adsorption system of Zn-oxac-Taz/ATaz
PCPs for Nitrogen and Carbon dioxide adsorption

3. Results and Discussion

3.1. XRD and Structure Analysis of PCPs

Changes in the ratio of Taz to ATaz ligand were
observed with changes in the crystal structure by XRD
(Fig. 3). The composition of 30 % Taz and 70 % ATaz
(X'=0.3) induces a similar XRD pattern to Zn-oxac-ATaz
(X = 0), which contains only the ATaz ligand, although it
shows a decrease in intensity on the PCP with X = 0.3.
This is also indicated by the absence of changes in the
crystal system for the PCPs with X = 0.3 and X = 0
(ATaz), which are formed as orthorhombic crystal sys-
tems (Table 1).

Similarly, Zn-oxac-Taz/ATaz with 70 % Taz or
30% ATaz (X = 0.7) also has a similar structure to Zn-
oxac-Taz, which has only the Taz ligand, and the intensity
of the main peak of Zn-oxac-Taz/ATaz (X = 0.7) is also
lower than Zn-oxac-Taz (X = 1). Otherwise, the crystals of
the system differ from each other in that Zn-oxac-Taz is
monoclinic and Zn-oxac-Taz/ATaz (X = 0.7) is triclinic.
The difference in intensity on the XRD pattern leads to a
slight change in the orientation of the crystal structure
between these two crystals”’. For Zn-oxac-Taz/ATaz with
the same composition, significant structural changes be-
tween Taz and ATaz ligands were observed (X = 0.5),
indicating that the integration of 2 ligands with the same
composition leads to the emergence of new properties due
to the difference in the crystal system.

By using the Rietveld refinement derived from
XRD pattern, crystal system constructed by the Vesta
program’’, depicts the crystal structure (without H,O) of
the as-synthesized ZOTW,5, having a five-coordinate

Zn*" ion connected to three Taz molecules and an oxac
ion (Fig. 4). The crystal has a 3-dimensional coordination
network and micropores along the ¢ axis, the size of
which is estimated to be ca. 0.30 x 0.31 x 0.40 nm’. The
composition and crystal structure were very similar to
those of ZOATW, s prepared by using ATaz instead of
Taz, although its pore space may be filled with two sol-
vent (water) molecules instead of two amino groups, as
suggested by their compositions'” .

Intensity (a.u)
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20/°

Fig. 3. XRD patterns of PCPs with different molar fractions,
0(ATaz); 0.3; 0.5; 0.7; and 1(Taz)

Fig. 4. Polymer structure of Zn atom (light blue) connected
with oxalic acid (red) and triazole ligand (blue)

3.2. SEM Image Observation

However, Zn-oxac-Taz/ATaz (X = 0.5) induces a
change in its crystal system to a triclinic system, which is
similar to that of Zn-oxac-Taz/ATaz (X = 0.7). To verify
the homogeneity of the PCPs with this mixture of Taz and
ATaz ligands, the crystal morphology was investigated by
SEM. The SEM image (Fig. 5) shows that all the PCPs
were homogeneous, indicating that the variations in the
ratio of the Taz and ATaz ligand mixture could be formed
properly, and the particle size of Zn-oxac-ATaz (X = 0)
appears larger than that of the other PCPs.
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Table 1. Crystal parameters of PCPs with different molar fractions

PCPs Sample; X AA B, A C,A a’ B, Y,° V, A’ Crystal System
Zn-oxac-ATaz; 0 13.74 16.82 12.94 90.00 90.00 90.00 2990.27 | Orthorombic
Zn-oxac-Taz/ATaz; 0.3 13.66 16.98 12.77 90.00 90.00 90.00 2960.68 | Orthorombic
Zn-oxac-Taz/ATaz; 0.5 10.71 10.56 9.97 104.97 109.14 103.97 960.44 | Triclinic
Zn-oxac-Taz/ATaz; 0.7 13.75 9.13 8.89 90.48 103.71 106.69 1064.68 | Triclinic
Zn-oxac-Taz; 1 10.03 7.97 9.34 90.00 110.66 90.00 986.18 | Monoclinic

Fig. 5. SEM images of PCPs with various molar fraction, 0(ATaz); 0.3; 0.5; 0.7; and 1(Taz)

3.3. Nitrogen Adsorption Measurements

Nitrogen adsorption was carried out to observe the
pore structure formed for all PCPs compounds (Fig. 6, A).
Similar to the synthetic samples without pretreatment
(both temperature and pressure), no induced pore changes
were observed for Zn-oxac-ATaz (X = 0), Zn-oxac-Taz
(X=1), and Zn-oxac-Taz/ATaz (X = 0.3). The presence of
an amine group in the pores of Zn-oxac-ATaz (X = 0)
reduces the possibility of guest molecule penetration into
the pores, indicating that the amine group blocks the pore
space'®. Whereas Zn-oxac-Taz (X = 1) without pretreat-
ment has little adsorbed N, at 77 K, indicating that the
micropores are filled with water solvent, since the pore
properties are hydrophobic*” . The presence of 30 % of
the Taz group in Zn-oxac-Taz/ATaz (X = 0.3) does not
lead to the formation of open pores, as there are still 70 %
of the ATaz groups inside the pores, which affect the
ability of the N, molecule to be absorbed by the frame-
work. However, if we determine the type of adsorption, it
corresponds to type I, which indicates the formation of
micropores.

Interestingly, Zn-oxac-Taz/ATaz (X = 0.5) and Zn-
oxac-Taz/ATaz (X = 0.7) showed significant N, adsorp-
tion, confirmed by a saturation adsorption amount of ca.

85.15 mg/g and 144.98 mg/g, respectively. The presence
of 50 % and 70 % of Taz ligand resulted in few solvents
being trapped in the scaffolds due to the amine group of
the ATaz ligand, as it is easier for the guest molecule to
penetrate the scaffolds. The presence of the ATaz ligand,
which is only 30 % in Zn-oxac-Taz/ATaz (X = 0.7), also
induces an increase in adsorption, as the pore space is free
and suitable for filling with nitrogen molecules. The CO,
adsorption isotherms were determined the same as for the
synthetic samples without treatment (Fig. 6, B). Similarly
to the N, adsorption results, Zn-oxac-ATaz (X = 0) and
Zn-oxac-Taz (X = 1) did not show any adsorption, which
supports the previous explanation due to the presence of
amine groups in the pore of Zn-oxac-ATaz (X = 0), as
well as the presence of solvents in the hydrophobic pore
of Zn-oxac-Taz (X = 1). Zn-oxac-Taz/ATaz (X = 0.3) and
Zn-oxac-Taz/ATaz (X = 0.5) PCPs showed optimal CO,
absorption at 68.59 mg/g and 79.40 mg/g, respectively.
The presence of 50 % ATaz ligand of Zn-oxac-
Taz/ATaz (X=0.5) and 70 % of ATaz ligand in Zn-oxac-
Taz/ATaz (X= 0.3) which is proportional to the number of
amine groups contained in the frameworks creates a sig-
nificant contribution to the number of CO, molecules
adsorbed due to van der Waals interactions of the amine
group with CO, molecules' *°. The presence of the hy-
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drophobic Taz ligand in the amount of 50 % in Zn-oxac-
Taz/ATaz (X = 0.5) and 30 % in Zn-oxac-Taz/ATaz (X =
0.3) is not sufficient to block the penetration of CO, mol-
ecules. Even the Taz ligands that do not belong to the
amino group instead provide more space in the frame-
work, and the presence of a small amount of solvent is
likely to be blocked by the amino group originating from
the ATaz ligand.

However, it is interesting that for Zn-oxac-
Taz/ATaz (X = 0.7), which contains 70 % Taz ligands,
almost no CO, was adsorbed at 300 torr at the initial
stage, which may be due to the hydrophobic properties of
the pores due to the presence of 70 % Taz ligands. This
creates more solvent inside the pores compared to Zn-
oxac-Taz/ATaz (X = 0.5) and Zn-oxac-Taz/ATaz
(X = 0.3). However, at higher pressures above 300 torr,
CO; can gradually penetrate into the pores due to the
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presence of 30 % ATaz ligands, which have an amine
group capable of attracting CO, in the amount of
120.43 mg/g. This gating pressure phenomenon can in-
duce specific adsorption properties due to their flexible
frameworks' " '*.

To prove the presence of solvents due to the
hydrophobic properties of the framework formed in the
Taz ligand, N, adsorption was also determined by
pretreating the sample before the adsorption process
(Fig. 7, A). The pretreatment was carried out at 333 K
and 1 mPa for 1 hour, and then at 383 K for 12 hours.
Zn-oxac-ATaz still shows no N, uptake, which
confirms the previous results if the pore framework was
filled with an amine group rather than a solvent. The N,
uptake on Zn-oxac-Taz/ATaz (X = 0.3) induced a slight
increase compared to the previous treatment, from ca.
19.06 mg/g to 29.06 mg/g.
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Fig. 6. N, adsorption isotherms of as synthesized (PT; Oh) at 77 K (A) and CO, adsorption isotherm
at 303 K of all PCPs in various molar fraction (B)
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Fig. 7. N, adsorption isotherms at 77 K (A) and CO, adsorption isotherms at 303 K (B)
of PCPs in various molar fraction after 12 h pretreatment
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Similarly, Zn-oxac-Taz/ATaz (X = 0.5) adsorbed
N, from 85.15 mg/g to 144.99 mg/g, and Zn-oxac-
Taz/ATaz (X = 0.7) absorbed N, from 144.98 mg/g to
162.67 mg/g. The release of solvents from the pores can
be compared with the increase in the percentage of Taz-
ligand in the PCP compounds. A larger number of micro-
pores were formed after pretreatment for 12 hours. The
highest N, adsorption was observed for the Zn-oxac-Taz
compound, indicating that all solvents left the pore skele-
ton to form micropores that showed adsorption at the
saturation stage of 185.24 mg/g.

CO; adsorption was also determined after pre-
treatment at 333 K and 1 mPa for 1 hour and then at
383 K for 12 hours (Fig. 7, B). All PCPs adsorbed a sig-
nificantly larger amount of CO, compared to samples
without pretreatment (Fig 7, B). Zn-oxac-Taz adsorbed up
to 117.38 mg/g but Zn-oxac-Taz/ATaz (X = 0.5) and Zn-
oxac-Taz/ATaz (X = 0.7) adsorbed higher amount of CO,,
135.05 mg/g and 134.79 mg/g, respectively. Large open
pores due to the release of solvents and the interaction of
amine groups with CO, molecules become the main factor
in CO, absorption in both PCPs, which increases the
amount of CO, absorbed compared to Zn-oxac-Taz
X=1).

The flexibility of Zn-oxac-Taz/ATaz (X = 0.7) ob-
served during CO, adsorption without pretreatment (Fig.
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7B) is confirmed by degassing after CO, adsorption without
pretreatment and continued adsorption of N, and CO,. A
noticeable adsorption of N, (Fig. 8, A) was observed due to
the degassing process of CO, molecules, which led to an
induced expansion of the pore framework, confirming that
all these PCPs are flexible. Zn-oxac-Taz (X = 0), which
previously did not exhibit micropore formation, formed
type 1 micropores with a saturation adsorption value of
about 149.18 mg/g. The increase in N, uptake is propor-
tional to the decrease in the content of amine groups in each
of the PCPs. This is indicated by the highest N, adsorption
on Zn-oxac-Taz (X = 1), which is 680.75 mg/g.

Regarding the reaction mechanism, amine attacks
the CO; carbon in the first step (Lewis base), producing in
zwitterion RH,N™ —COQO", or 1,3-zwitterion, where 1 and
3 stand for the positive and negative centers, respectively.
Depending on the specific circumstances, the 1,3-
zwitterion can either undergo an intramolecular hydrogen
transfer to yield carbamic acid, or an intermolecular pro-
ton transfer with another amine (Bronsted base) to gene-
rate ammonium carbamate. When water combines with
CO,, it produces carbonic acid, which then reacts with
amine to produce carbonate or bicarbonate. Water can
also operate as a nucleophile. It might also release one
amine molecule for further reaction with CO, adsorption
over amines’".

200 T T T T T T T X
0.7

0.5
0.3

1 (Taz)

—
W
=

—
=3
=3

2

0 (ATaz)

0 100

200 300 400 500

Pressure (torr)

600 700 800

Fig. 8. Adsorption isotherms profile after degassed of CO, adsorption (PT : Oh) and continue N,
adsorption at 77 K (A) and CO, adsorption at 303 K (B) of PCPs in various molar fraction

The degassing process after CO, adsorption with-
out pretreatment is continued with CO, absorption. Zn-
oxac-Taz/ATaz (X = 0.7) showed the highest CO, adsorp-
tion of 168.68 mg/g; Zn-oxac-Taz/ATaz (X = 0.5) and Zn-
oxac-Taz/ATaz (X = 0.3) showed adsorption of 146.68
mg/g and 140.65 mg/g, respectively (Fig. 8, B). The size
of the pore formed in Zn-oxac-Taz (X = 1) contributed to
a slight increase in CO, uptake. The formation of micro-

pores and the presence of amine groups in Zn-oxac-
Taz/ATaz with molar fractions of 0.3, 0.5 and 0.7 had a
greater influence on CO, adsorption. Zn-oxac-Taz/ATaz
(X = 0.7) can adsorbed CO, with the amounts of free
pores due to the combination of the two effects. The ac-
tion of 70 % Taz ligands, which provide sufficient space
for CO, penetration, is supported by 30 % ATaz ligands
with amine groups, so the process of attracting a CO,
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molecule by an amine group takes place together with
sufficient space for penetrating the CO, molecules inside
the pores.
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Fig. 9. Langmuir surface area of PCPs with different molar
fractions without pretreatment (0 h), after 12 h of pretreatment
and after degassed CO,adsorption (PT ; Oh)

Langmuir surface area was determined from CO,
adsorption data under all conditions to observe the changes
in the framework due to CO, degassing in order to explain
the flexible properties of the structure of these five PCPs
compounds (Fig. 9). During adsorption without pretreat-
ment the surface area increases with an increase in percen-
tage of Taz ligand in the pore. Zn-oxac-Taz (X = 1) produ-
ces a small surface area of 180.86 m’g ' due to the pore
filling with the solvent. The larger surface area of
317.07 m’g ' is produced by Zn-oxac-Taz/ATaz (X = 0.7).
After 12 hours of pretreatment, Zn-oxac-Taz/ATaz (X =
0.5) produces the largest surface area of 420.78 m’g . The
same composition of the Taz and ATaz ligands provides
sufficient space for CO, to penetrate the framework after
solvent removal, and the interaction of molecular CO, with
amine groups contributes to a significant increase in adsorp-
tion. With this treatment, the surface area of all PCPs in-
creased, indicating the presence of solvent that was trapped
in the frameworks before the pretreatment changed the
orientation of the crystals (crystal size and system). The
flexibility of all PCPs was observed in the increase in sur-
face area after CO, degassing and continued to the second
adsorption without pretreatment. Zn-oxac-Taz/ATaz (X =

0.7) has the largest surface area of 457.02 m’g .

4, Conclusions

The interaction of CO, with amine groups in the
pore framework, which has slightly hydrophobic proper-
ties, produced remarkable effects for N, absorption. PCPs

contain 2 mixed ligand compositions of triazole (Taz),
which does not contain an amine group, and aminotriazole
(Taz), which contains an amine group. N, adsorption with
Zn-oxac-Taz (X' = 1) after degassed CO, adsorption gave a
3-fold increase from 185.24 mg/g to 680.75 mg/g, where-
as PCPs from Zn-oxac-Taz/ATaz mixture ligands with
X=0.3; X=0.5 and X=0.7 showed a doubled increase in
surface area, and Zn-oxac-Taz/ATaz (X = 0.7) produced
the highest increase from 162.67 m/g to 431.17 m’g .
The combined effect of empty space in the pore frame-
works due to the presence of 70 % Taz ligand without
amine group in the presence of 30 % ATaz ligand with
amine group generated CO, adsorption after degassed
CO, adsorption without pretreatment on Zn-oxac-
Taz/ATaz (X = 0.7), producing the largest adsorption
amount of 168.68 mg/g. The flexibility of the structure
due to the interaction of CO, molecules, water molecules
(H,O) from the solvent, and amine groups contained in
the frameworks increased CO, adsorption through the
pretreatment process of the sample with temperature and
pressure.
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AJICOPBIIHI BJIACTHBOCTI
T'ZIPO®OBHUX IMTOPUCTUX KOOPTUHALIIMHUX
MOJIIMEPIB [IMHK-OKCAJIATHOI KUCJIOTH
3 JICAHJIAMM CYMIIUI TPHA30.Y
1 AMIHOTPHA30.TY

Anomauin. [lopucmi koopOuHayiiiHi NORiMepU 00epIHCano 3
Zn®" ma oxcanammoi xucnomu 3 08oMa AIHKEPHUMU TNi2aHOaMu —
1,2,4-mpuazonom (Taz) ma 3-amino-1,2,4-mpuasonom (ATaz).
Adcopbyis N, nicisi adcopbyii decazosanoeo CO, 6 nopucmiti
cmpykmypi 3pocmae ympudi. 1 HyuKkicme yiei cmpykmypu 3ymoe’ie-
Ha g3aemooieio monexyn CO; 3 amiHHUMU 2DYRamMu, WO MICIAMbCS
6 Hill, 3a805IKU HOMY 30LI6ULYEMBCSL IT NOPUCTICTb.

Knrouosi cnosa: aocopbuyis, nopucmi KoopOuHayitini noi-
Mepu, IMIWAHT 1E2anOU, Mmpuasol, AMIHOMPUA3olL.



