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Abstract

This paper aims to propose a simple, eco-friendly method for obtaining colloidal solutions of silver
nanoparticles (Ag NPs) by using of contact non-equilibrium low-temperature plasma in presents
carboxymethyl cellulose (CMC) as a stabilizing agent and investigation on the decolorization of
representative cationic phenothiazine dye in presence of nanocatalysts. Silver nanoparticles were
prepared in aqueous AgNOs solution by using of contact non-equilibrium low-temperature plasma
in the present of carboxymethyl cellulose as capping agent. Ultraviolet—visible (UV) spectroscopy,
X-ray diffraction, zeta potential, DLS analysis and SEM were used to study the formation and
properties of silver nanoparticles. Measurements of optical spectra showed that the surface plasmon
resonance was localized around 410-418 nm when the reaction mixture exposed to plasma for 1-5
min. The nanoparticles exhibited a good catalytic reduction for methylene blue dye in the presence
of NaBHa. It followed pseudo-first order kinetics with a rate constant of 0.16 min~!. The catalytic
degradation reaction was completed (98-99%) within 25 min. The photocatalytic activity of the
synthesized silver nanoparticles was examined by degradation of methylene blue under sunlight
irradiation. Synthesized silver nanoparticles were effectively degrading the dye nearly 98% at 70-

72 h of exposure time.

Key words: carboxymethyl cellulose; degradation; dye; catalytic; photocatalytic; nanocatalysts;

silver nanoparticles; wasterwater.
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Introduction

The last advances in material science and technology have converted nanotechnology as one of the
most promising emerging technologies of the twenty-first century, improving industrial products
and processes. Within this broad area of research, metal nanoparticles are one of the most studied
nanostructures due to their excellent properties such as large surface area and high surface
reactivity, which are useful in a wide variety of application fields (Hess 2012). Silver (Ag) NPs
have generated substantial interest not only in fundamental research and development but also at the
industrial scale owing to their excellent properties (Nowack, Krug and Height 2011).

Recently, metal nanoparticles (MNPs) have attracted attention for the treatment of wastewaters due
to their number of active sites, strong electron transfers abilities, large specific surface area, high
thermal stabilities and excellent activity and efficiency (Wijnhoven, S. et al., 2009, Dontsova, T. et
al., 2020). Different approaches have been applied for the fabrication of Ag NPs such as chemical,
physical, electrochemical, biological, etc (Kassaee, M. et al., 2008, Abdelghany, T. et al., 2017).
However, there is a growing interest to develop eco-friendly techniques to avoid the use of toxic
and hazardous chemicals as well as toxic and hazardous waste. In this sense, the known plasma-
assisted synthesis method to obtain nanoparticles is one of the innovation and studied processes in
the last decade. Plasmas can reduce silver ions and have the potential of generating AgNPs without
any harmful byproducts. Many experimental setups of plasma in liquid generation have been
reported, in which the liquid medium, electrode material, electrode configuration, electric power
source, and other parameters were varied (Saito and Akiyama, 2015). Among plasma-chemical
discharges, contact non-equilibrium low-temperature plasma (CNP) is a promising option from the
point of view of practical application (Skiba et al., 2018). Plasma discharge generated between the
electrode in the gaseous phase and solutions AgNOs is a rich source of high-energy electrons (eg")
that bombard the solution surface. After thermalization (energy loss through multibody interactions
with water molecules) of the e, from the gas phase, solvated electrons (eaq) are formed in the
liquid phase. Redox reactions mediated by the e, and other reactive species, such as hydrogen
radicals (H), hydrogen peroxide (H202), singlet oxygen (O) and hydroxyls (OH), result in particle
nucleation and the growth of AgNPs in the solution. In order to prevent precipitation and make
stable colloidal silver nanoparticles, we evaluated the effect of different protective agents or
stabilisers such as (sodium alginate, citrate, PVA, grape pomace waster) are demonstrated in other
published works (Pivovarov O.A. et al., 2017; Skiba et al., 2019, Skiba M. et al., 2020). Therefore,
this synthesis technique seems to have potential for metal nanoparticles synthesis.

Sodium carboxymethyl cellulose (CMC), a nontoxic and biodegradable cellulose derivative, has

been used widely in biotechnology, medicine hydrogels, and other materials. Recently, CMC has
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been used as a good stabilizer in the synthesis of metal nanoparticles in an aqueous medium (Chen
J. et al., 2008, Hebeish et al., 2010). Therefore, studying of the process of obtaining silver
nanoparticles in the presence of CMC stabilizing reagent, under the action of plasma discharge, is
of scientific and practical interest.

Dyes, one of the most important industrial pollutants, inhibit sunlight penetration into the stream
and affect aquatic ecosystem (Rani and Shanker, 2017, Valter, K. et al., 2019). It is well known that
some dyes and their degradation products cause poisoning, allergy, skin irritation and cancer in
humans. Thus, the removal of dyes from effluents is very important because of their esthetic
impacts on the environment. MB dye, otherwise known as methylthioninium chloride, is a basic dye
used in various areas such as biology, chemistry and medicine. Moreover, the increasing demand
for clothing has brought adverse effect to the environment whereby textile industries have been
dubbed as one of the largest contributors of pollutants in surface water: chemicals, dyes, and heavy
metals. Conventional wastewater treatment methods fail to degrade MB because of the heterocyclic
aromatic structure, hydrophilicity and good stability against many chemicals and physical
parameters. In recent years, catalytic and photocatalytical degradation of MB by AgNP has been
studied by many researchers because of low activation energy requirement of the Kinetically
feasible process.

The main goal is to investigate synthesis of silver nanoparticles and its application for catalytic and

photocatalytic degradation methylene blue.
Materials and Methods

All the chemicals and reagents used in this study were of analytical grade. Silver nitrate (99.8%,
Kishida), carboxymethyl cellulose (Mw =90 000 g/mol), sodium borohydride, MB were purchased
from Merck Co. Ltd. (Darmstadt, Germany). Aqueous solutions of silver nitrate at different
concentration were prepared using ultrapure water (Direct-Q UV, Millipore) and were utilized as
starting materials without further purification

Synthesis of silver nanoparticles AQNPs

A simple one-step reaction was used to synthesize AgNPs. Silver nanoparticles were synthesized
using synthesis reactor (Skiba at al. 2018). AgNOs was dissolved in double distilled water to give a
solution of fixed concentration (mmol/L). CMC was dissolved in double distilled water to obtain a
solution of 1.25-2.5 g/L at heating to 90 °C. Then fixed volume of CMC was added to 40 ml
solution AgNO3z under stirring 0.1 min. The resulting reaction mixtures were 1.25%; 2.5% CMC.
No other additives were used either to promote the reaction or to protect growth Ag particles. The

resulting reaction mixture was treated in the reactor with the discharge of contact non-equilibrium
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low-temperature plasma with fixed parameters (pressure, current strength, voltage). The parameters
of plasma =120 mA, P=0.08 MPa.

Characterization techniques

Spectra of colloidal solutions were obtained by means of spectrophotometer UV-5800PC using
quartz cuvettes in the wavelength range of 190-700 nm (FRU, China). Dynamic light scattering
(DLS) and zeta potential (ZP, (-potential) analyses were performed using zetasizer (Malvern
Instruments Ltd., Malvern, England). Disperse phase of the solution obtained as a result of plasma-
chemical treatment of the solution and dried in the air 25°C was studied with the use of X-ray
diffractometer Ultima IV Rigaku. Microphotographs of nanoparticles were obtained on scanning
electron microscope JEOL JSM-6510LV (JEOL, Tokyo, Japan).

Catalytic degradation of Dye

In order to assess the catalytic action of the AgNP, the MB dye was subjected to degradation using
NaBHs. 10 mmol/L stock solution of MB were mixed with 3 mL of 1 mmol/L freshly prepared
NaBH4 solution. The fixed amount (0.05 mL, Ag* = 3.0 mmol/L, CMC 2.5%) of as-synthesized
colloidal AgNPs was further added into previously made mixture of MB/NaBH4. The final volume
of reaction mixture in all three samples was adjusted to 16 mL by adding ddH»O. The remnant MB
was estimated at regular time intervals by determining the absorbance at 664 nm.

Photocatalytic Degradation of Dye

In typical experiment about 9 mg of synthesized silver nanoparticles was added to 100 mL of
methylene blue dye solution (10 mg/1000 mL). A control samples was without addition of silver
nanoparticles. Then the dispersion was put under the sunlight and monitored. At specific time
intervals, aliquots suspension were used to evaluate the photocatalytic degradation of dye.

Concentration of dye during degradation was calculated by the absorbance value at 664 nm.
Results and discussion

UV-Vis spectrophotometric technique was applied to confirm the formation of silver nanoparticles
in the CNP plasma-irradiated AgNO3/CMC solution. The effect of the different variables on the
one-pot plasma-induced synthesis of silver nanoparticles was investigated under normal laboratory
conditions following different experimental protocols.

Figure 1 (a, b) shows the UV-vis spectra of the AgNPs obtained using CMC in different
concentration (1.25-2.5%) at the fixed concentration of silver nitrate (3 mmol/L AgNOs3) and at
various time intervals of the reaction medium treatment with plasma discharge (the parameters of
plasma [=120 mA, P=0.08 MPa).
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Fig. 1. UV-Vis spectra of aqueous solution AgNO3z/CMC treated with plasma at different discharge
durations for various concentrations of CMC (a) 1.25 %; (b) 2.5%.

The data in Fig. 1 reveals several important findings which can be presented as follows:

(i)

(i)

treatment of the silver nitrate/CMC solution by low-temperature plasma discharge on the
spectrum results in the SPR absorption peak (Amax) t0 408-418 nm, characterizing the
formation of silver nanoparticles;

As a result of gradual increase in plasma exposure time from 0.1 to 5.0 min, the
Ag'/CMC solution evenly and gradually gets darker in color through concurrent
formation of the silver nanoparticles. For all samples at the early stage reaction duration
(<1 min.), the plasmon band is broad and weak indicating low conversion of Ag* to
AgNPs at this irradiation duration; Further increase in the irradiation time to 5 min there
is a gradual increase in the absorption intensity; This observation is accompanied by a

regular blue shift in the range of 408-410 nm. The blue shift is indicative of the
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formation of smaller silver nanostructures according to increase in reducing efficiency of
Ag" ions to metallic Ag afforded by the plasma activated CMC;

(i) the increase in intensity of UV absorption spectra indicates increase in number of silver
nanoparticles with increasing concentration of CMC from 1.25 % to 2.5 %. CMC is a salt
of strong acid and weak base, so CMS solution presents alkalescent. Therefore, CMS
with high concentration will promote the forming of Ag.O from AgNOs, which will
disturb the growth of silver nanoparticles. So CMC concentration should not be too
higher. Experimental results have revealed that the CMS concentration cannot be higher
than 2.5%.

Figure 2 shows the UV-Vis spectra for AgNPs/CMC produced with AgNOs concentrations varying
from 0.1 to 3.0 mM, a constancy of CMC concentration at 2.5% and plasma exposure time of 5
min. Similar absorption spectra were obtained at wavelength 420 nm, and the peaks intensity
increases with increasing AgNOs concentration. However, while the concentration of silver nitrate
altered from 0.1 to 0.5 mmol/L, the intensity of SPR peaks was changed slightly. This may be
explained by the exhaustion of the precursor Ag*. With the increase in Ag* concentration up to 1.0—
3.0 mmol/L, the peaks intensity increases to 2.7. Thus, in order to achieve better stability and
efficient reduction for conversion of Ag* ions to silver nanoparticles with extremely small sizes,

certain ratio of silver nitrate to CMC in the reaction medium must be ascertained.
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Fig. 2. Absorption spectra of obtained colloidal solutions of AgNPs/CMC using plasma-chemical

method.

Figure 3 shows the change in the Ag"/CMC aqueous solution pH as a function of discharge

duration. It is shown in Fig. 3 that the initial pH value of Ag/CMC solution is 6.4 and the solution
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pH steadily decreased during the treatment from 5.37 to 2.28. After the rapid decrease in pH to
2.74-3.39, the pH value is stabilized and maintained. The intense reduction of the solution acidity is
likely to be due to the consumption of OH radicals to form hydrogen polyoxides and transfer of
electrons of H radicals to the solution. The CMC is an interesting pH-sensitive polyelectrolyte
similar to poly-(acrylic acid) and at these experimental condition CMC chains can collapse and
aggregate to form micropheres) at low pH in aqueous solution which leads to good stability for

AgNPs in the system.

o
N
1

W

pH
4 AL))
n W W o
T T

o

(]

W
& F
M

0 1 2

t, min

Fig. 3. The change in the AgNOs/CMC aqueous solution pH as a function of discharge duration at

concentration of AgNOz= 1.0 mmol/L.

To further characterize the AgNPs in the colloidal water systems, dynamic light scattering (DLS)
was used, which essentially consists of a technique that can be used to determine the size
distribution profile of small particles in suspensions. It can be seen from the table 1 the average
particle size is about 27-36 nm. The SEM images of the prepared Ag/CMC (same sample 2.5 %
CMC) are shown in Figures 4. The synthesized nanoparticles were generally found to be spherical
in shape.

In recent past development of silver nanoparticles and their application in the treatment of
wastewaters is becoming a major area of research. It is mainly applicable to the removal of three
major pollutants.

The catalytic activity of plasma synthesized Ag NPs was analyzed for degradation of an organic
dye, MB. The catalytic property of plasma-synthesized Ag NPs for MB dye degradation was
studied at present NaBHa4 and the results are presented in Fig. 5. After the addition of NaBH4 to MB
no reaction took place up to 25-60 min. After addition of synthesized AgNPs to MB, the absorbance
was gradually decreased which indicated the ability of NaBH4 to degrade MB in the presence of

catalytic amount of Ag NPs. The absorbance of MB decreased to minimum (~ 90-100% reduction)
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after 20-25 min. The results indicate that Ag NPs cause substantial structural changes and the

removal of chromophoric group from dye molecules.

Table 1. The particle size and polydispersity index of obtained silver nanoparticles

C AgNOs, Average Polydispersity index
mmol/L particle
size
dagnps, NM
0.1 27.0 0.21
0.5 28.6 0.26
1.0 30.0 0.27
3.0 33.1 0.35
6.0 36.0 0.38

SEM HV: 30.0 kV WD: 7.69 mm |

View field: 1.00 pm Det: BSE 200 nm
SEM MAG: 361 kx

Fig. 4. SEM-image of AgNPs/CMC prepared by discharge plasma.

53
Materials and equipment for water treatment



WATER AND WATER PURIFICATION TECHNOLOGIES. SCIENTIFIC AND TECHNICAL NEWS ISSN 2218-9300
DOI: https://doi.org/10.20535/2218-93002722020207255

2,00 e
1.30 ... 5 min

e 1,60 = -= 10min

= 140 — -+ 15 min

S 120 - 20 min

§ 1.00 = —25 min

< 040 FTT O
0,20 A g
0.00

400 500 600 700
A, nm

Fig. 5. UV-visible spectra of reduction of MB by sodium borohydride in the presence of silver

nanoparticles/CMC as catalyst.

From the Kinetic studies (Fig. 6), the results showed that the degradation of MB satisfactory
followed a pseudo-first order kinetics. That is, a rate constant k was derived from the equation In
(AdAo) = kt, where A. and A° are the absorbance of the dye at time t and 0 min, respectively, and
are proportional to the real time concentrations of the dye. The plot of In (A/Ao) versus reaction
time was fairly linear (Fig. 6), supporting the first-order nature of the kinetics, and the k value was
subsequently estimated to be 0.167 min™. Therefore, for the degradation of MB the synthesized
AgNPs may act as effective catalyst. Here, electron transfer between AgNPs and reducing agent
plays an important role in the degradation of MB. AgNPs can demonstrate the ability to function as
nanoelectrode. When AgNPs surface was charged by the addition of reducing agent, the stored
electrons in AgNPs were discharged to the MB as electron acceptor. In this case, the electrons were
transferred from AgNPs until most of the stored electrons in AgNPs were extracted. Here, AgNPs

acted as an electron relay point that behaved alternatively as acceptor and donor of electrons.
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R*=0,9814

Fig. 6. The plot of In(Av/Ao) versus time for the reduction of MB in the presence of CMC-AgNPs.

Photocatalytic activity of silver nanoparticles on degradation of dye was demonstrated by using the
dye methylene blue. The degradation of methylene blue was carried out in the presence of silver
nanoparticles at different time in the sunlight. The absorption spectrum showed the decreased peaks
for methylene blue at different time intervals. Initially, the absorption peaks at 664 nm for
methylene blue dye were decreased gradually with the increase of the exposure time and that
indicates the photocatalytic degradation reaction of methylene blue. The completion of the
photocatalytic degradation of the dyes is known from the gradual decrease of the absorbance value
of dye approaching the base line. The percentage of degradation efficiency of silver nanoparticles
was calculated as 95.3% at 72 h (Fig. 7).
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Fig. 7. Methylene blue degradation (%) by synthesized silver nanoparticles at different time in the

sunlight.

55
Materials and equipment for water treatment



WATER AND WATER PURIFICATION TECHNOLOGIES. SCIENTIFIC AND TECHNICAL NEWS ISSN 2218-9300
DOI: https://doi.org/10.20535/2218-93002722020207255

Conclusions

A straightforward and environmentally benign method for the synthesis of silver nanoparticles
(AgNPs) is reported. A sustainable and nontoxic polysaccharide carboxy methyl cellulose (CMC)
was used as stabilizer in the process of synthesizing AgNPs. Silver nanoparticles were prepared in
aqueous AgNOs solution by using of contact non-equilibrium low-temperature plasma.
Measurements of optical spectra showed that the surface plasmon resonance was localized around
410-418 nm when the reaction mixture exposed to plasma for 1-5 min. According to the results of
our findings, introduction of stabilizer promotes the increase in intensity of formation of silver
nanoparticles. The increase the silver nitrate concentration does not increase the particle size that
are formed. The catalytic degradation reaction under solar irradiation was completed (98-99%)
within 25 min. The photocatalytic activity of the synthesized silver nanoparticles was examined by
degradation of methylene blue under sunlight irradiation. The catalytic degradation of MB by
sodium borohydride in the presence of silver nanoparticles/fCMC as catalyst.

Conflict of interests
The authors declare that they have no conflict of interest.
Acknowledgment

This work was supported by a grant of the Ministry of education and science of Ukraine (grant
number 2044, 2019-2021) and program European Union (Harmonising water-related graduate

education /WaterH (www.waterh.net).

References

Hess, O.; Pendry, J.; Maier, S.; Oulton, R.; Hamm, J.; Tsakmakidis, K. "Active nanoplasmonic
metamaterials”. Nature Materials, 2012, 11 (7), 573-584.

Gudikandula, K.; Charya Maringanti, S. "Synthesis of silver nanoparticles by chemical and
biological methods and their antimicrobial properties”. Journal of Experimental Nanoscience, 2016,
11 (9), 714-721.

Nowack, B.; Krug, H.; Height, M. "120 Years of Nanosilver History: Implications for Policy
Makers". Environmental Science & Technology, 2011, 45 (4), 1177-1183.

Wijnhoven, S.; Peijnenburg, W.; Herberts, C.; Hagens, W.; Oomen, A.; Heugens, E.; Roszek, B.;
Bisschops, J.; Gosens, I.; Van De Meent, D.; Dekkers, S.;De Jong, W.; van Zijverden, M.; Sips, A.;
Geertsma, R. "Nano-silver — a review of available data and knowledge gaps in human and

environmental risk assessment"”. Nanotoxicology, 2009, 3 (2), 109-138.

56
Marepiaym Ta 00J1aJHAHHA JJI51 BOAONIATOTOBKH


http://www.waterh.net/

WATER AND WATER PURIFICATION TECHNOLOGIES. SCIENTIFIC AND TECHNICAL NEWS ISSN 2218-9300
DOI: https://doi.org/10.20535/2218-93002722020207255

Dontsova, T.; Yanushevska, L.. "Mineral-based magnetic nanocomposite sorbents". Water and
water purification technologies. Scientific and technical news, 2020, 26 (1), 27-36.

Kassaee, M.; Akhavan, A.; Sheikh, N.; Beteshobabrud, R. "y-Ray synthesis of starch-stabilized
silver nanoparticles with antibacterial activities". Radiation Physics and Chemistry, 2008, 77 (9),
1074-1078.

Abdelghany, T.; Al-Rajhi, A.; Al Abboud, M.; Alawlaqi, M.; Ganash Magdah, A.; Helmy, E.
Mabrouk, A. "Recent Advances in Green Synthesis of Silver Nanoparticles and Their Applications:
About Future Directions”. A Review. BioNanoScience, 2017, 8 (1), 5-16.

Saito, G.; Akiyama, T. "Nanomaterial Synthesis Using Plasma Generation in Liquid".

Skiba, M.; Vorobyova, V.; Kosogina, I. "Preparation of Silver Nanoparticles in a Plasma-Liquid
System in the Presence of PVA: Antimicrobial, Catalytic, and Sensing Properties”. Journal of
Chemistry, 2020, 2020, 1-9.

Skiba, M.; Pivovarov, A.; Makarova, A.; Vorobyova, V. "Plasma-chemical Synthesis of Silver
Nanoparticles in the Presence of Citrate”. Chemistry Journal of Moldova, 2018, 13 (1), 7-14.

Skiba, M.; Vorobyova, V. Synthesis of Silver Nanoparticles Using Orange Peel Extract Prepared by
Plasmochemical Extraction Method and Degradation of Methylene Blue under Solar Irradiation.
Advances in Materials Science and Engineering, 2019, 2019, 1-8.

Pivovarov O.A.; Skiba M.I.; Makarova A.K.; Vorobyova V.l.; Pasenko O.O. "Plasma-chemical
obtaining of silver nanoparticles in the presence of sodium alginate”. Voprosy khimii i khimicheskoi
tekhnologii, 2017, 6, 82-88.

Chen, J.; Wang, J.; Zhang, X.; Jin, Y. "Microwave-assisted green synthesis of silver nanoparticles
by carboxymethyl cellulose sodium and silver nitrate”. Materials Chemistry and Physics, 2008, 108
(2-3), 421-424.

Hebeish, A.; El-Rafie, M.; Abdel-Mohdy, F.; Abdel-Halim, E.; Emam, H. "Carboxymethyl
cellulose for green synthesis and stabilization of silver nanoparticles”. Carbohydrate Polymers,
2010. 82 (3), 933-941.

Rani, M.; Shanker, U. "Degradation of traditional and new emerging pesticides in water by
nanomaterials: recent trends and future recommendations”. International Journal of Environmental
Science and Technology, 2017, 15 (6), 1347-1380.

Valter, K.; Dontsova, T.; Nahirniak, S.; Kontseva, M. "Calculation and 3d model of the
photocatalytic panel reactor for dyes and phenol degradation”. International Journal of
Environmental Science and Technology, 2019, 24 (1), 5-15.

Received 03.07.2020
Revised 07.09.2020
Accepted 28.09.2020

57
Materials and equipment for water treatment



WATER AND WATER PURIFICATION TECHNOLOGIES. SCIENTIFIC AND TECHNICAL NEWS ISSN 2218-9300
DOI: https://doi.org/10.20535/2218-93002722020207255

OJEPKAHHS HAHOYACTHUHOK CPIBJIA TA IX BUKOPUCTAHHS B
OBPOBLI CTUYHHUX BO/l: KATAJIITUYHE TA ®POTOKATAIITUYHE
PO3KIAJAHHA METHJIEHOBOI'O CHUHBOTI'O

Y M. Cxuba, °B. Bopobiiosa, *I. Kosanenxo, *H. Maxapuenxo
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Pedepar

B po60Ti 3amponoHOBaHO MPOCTUH, €KOJIOTTYHO YUCTHM CIOCIO OTpUMaHHS KOJIOITHUX PO3YHHIB
HaHouyacTHHOK cpibna (HYC) 13 BUKOPUCTaHHSIM KOHTAaKTHOI HEPIBHOBAXKHOT HU3bKOTEMIIEpaTypPHOL
1a3Mu B MPUCYTHINA kapOokcumeTmentono3u (KML) sk ctabini3yrodoro areHrta Ta J0CIHiIKEHO
3HeOapBiieHHA OapBHUKa KaTioHHOro Ttuny Yy npucytHocti HYC, sk HaHokaTanmizatopa.
Hanowactunku cpibna oxepkano y BogHoMy po3unHi AgNQO3z, BHKOPHUCTOBYIOUU PO3PSN
KOHTAKTHOT HEPIBHOBAKHOI HHU3bKOTEMIIEPATYPHOT TUTa3MU B MIPUCYTHOCTI
KapOOKCUMETHJIIIEIIONO03H sIK cTabimizaTopa yrBopeHuX 4actok. Jlocmimkenas ogepkanux HUC Ta
iX BIACTUBOCTI 3MIMCHIOBATM 13 BHUKOPUCTAHHSAM HACTYITHUX METOJIB: CIEKTpodoTomMeTpis,
PEHTIE€HOCKOTIisl, JWHAMIYHE CBITJIOPO3CIIOBAaHHS Ta CKaHyro4a Mikpockoris. OpaepikaHi
CHEKTpaJbHI 3QJIEKHOCTI TOKa3aJid, N[0 IOBEPXHEBHHM IUIa3MOHHMK pe3oHanc HUC
cnoctepiraerses npu 410-418 M, mpu 06poOII peaKIiiHOT CyMIITl PO3PsAOM IUIa3MH IPOTATOM 1 -
5 xB. BMmicT HaHOYacTOK cpibia 3pocTae mpu 30UTBIIECHHI TPUBAJIOCTI il TUTa3MU Ha PO3YMH;
o0poOka mpotsarom 5 XB. 3a0e3neuye (GOpMyBaHHS CTaOUIBHUX KOJIOITHUX PO3UYHHIB
HUC. Cepenniii po3mip yrBoperrnx HUC Bu3HaueHUN METOJOM JAMHAMIYHOTO CBITJIOPO3CIFOBAHHS
Ta CKaHYI040i MIKpOCKOMii cTaHOBUTH 27-36 HM. IIpobnema ouuIIeHHS CTIYHUX BOJA 3 BMICTOM
opraniuHux OapBHUKIB HHHI € akTyanpHor. Came TOMy pO3INISHYTO KAaTaliTU4HI Ta
dorokaramiTuuHi BiacTUBOCTI onepkanux HYUC B MonmenbHHX yMmoBax Uil PO3KIAJaHHS
6apBHuKka metusieHoBoro cunboro (MC). Onepxxani HYC mnpomeMoHCTpyBalld — KaTalliTUYHY
aKTUBHICTh MO BIJHOLIEHHIO /10 OapBHMKA MeTuieHOoBoro cuuboro (MC) B mpucytHocti NaBHa.
[Ipouiec xapakTepu3yeTbCs PEaKIi€lo TCEBAO TMEepPHIOro MOPSAKY 3 KOHCTAHTOI IIBUAKOCTI
~0,16 xB 1. Posknaganus MC yepes 25 XB. y IPHCYTHOCTi HaHOKaTajli3aTopa cTaHOBUTH 98-99%.
doToKaTaliTUYHY aKTHUBHICTH cuHTe30BaHuX HYUYC mociimkyBaliyd TaKoX MUISIXOM PO3KJIaJaHHS
MC mig niero coHsSYHOTO CBiTJIa. BcTaHoBIeHO, 1m0 CTymiHb po3kiagaHHs Ha piBHi 98,0 %
nocsaraernses 3a 70-72 rog.

Knouosi  cnosa:  kapdookcumemunyenronosa, — oeepadayisi, — 0ApPEHUK,  KAMANIMUYHULL,

GomoxamanimuyHuil; HAHOKAMANI3AMOp;, HAHOYACMUHKU cpibIa.
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