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NpoBeseH aHanAM3 /UTEPATYPHbIX [AHHbIX O MeToAaX 3SKCMEepUMEHTA/IbHOTO UW3MepeHus
JIMHeMHbIX pa3MepoB HaHo4YacTuL,. [okasaHo, YTO pe3yJbTaTbl MIPUMEHEHUS HeKOTOPbIX METOA0B
OT/INYAKOTCSA Ha Heckosbko nopsapkoB. Mpu 3TomM Haubonblias CXOAMMOCTb pe3y/bTaTos,
a cnepoBaTesibHO, U UX [OCTOBEPHOCTb, Mpucylwia MeTofaM CKaHUpylouierd 3/1IeKTPOHHOM
MMUKPOCKONUM, HU3KOTEMNepaTypHOM apcopbuMm © [AUHAMUYECKOTro CBeTopaccesHus.
DKCNepMMEHTA/IbHO WU3y4YeHbl pacnpepeseHUs MNo pasMepaMm 4acTuu, CcycneHsuu cepebpa
C rAMuMHOM 1 npenaparta "MpoTapron” c nomowbio Npubopos Zetasizer Nano ZS n NANOPHOX.

The analysis of literature data about different methods of nanoparticle size determination
was carried out. It was shown, that particle sizes could differ in many times due to the method
of analysis. But there is a good correlation between scanning electron microscopy, low-
temperature adsorption and dynamic light scanning. Using Zetasizer Nano ZS u NANOPHOX
devices the size distributions for particles in suspension "silver - glycine" and in Protargol was

experimentally researched.

OJIBILIOM MHTepecC K MCCIef0BaHUI0 HAHOCTPYK-

TYpP Pa3/IMYHOIO0 XMMHYECKOI0 CoOCTaBa, CTPO-

eHHuS U MOpPQOJOrUH BBI3BAH HEOOBIYHBIMHU
OU3UKO-XMMHUYECKHUMHU, 3NeKTPOMArHUTHBIMH,
ONTHYECKHUMHU, MeXaHUYECKHUMHU U IPYyTHUMHU CBOH-
CTBAMH HaHOMAaTepHaJIOB, YTO OTKPBIBAET LIKPO-
KHe IepCIeKTUBLl UX IIPaKTHYeCKOro IpuMeHeHU
[1-4, 6]. YHUKA/JIbHOCTh CBOMCTB HAaHOYACTHIL CBS-
3aHa C UX MaJIBIMU Pa3MepaMHU, KOTOpbIe KoIe6IoTcs
ot 1710100 HM [5]. K HacTosiImeMy BpeMeHH pa3pabo-
TaHO OOJIBIIOe YHC/I0 aHATUTHYECKUX MeTOZoB (Tabi.1)
[UISL OIIpeJie/IeHHU sl pa3Mepa HaHOYaCTHLI.

Ka>kabpll U3 NPHBEJEeHHBIX B Tabyn.1 MeToOmOB
MMeeT KaK oIlpelejleHHble IPeHMMYIlecTBa, TakK
U OrpaHUYeHHUsI. YueHBIMHU CHOHUPCKOro rocy-
JapCTBEHHOI0 a3pOKOCMHUYECKOTO YHHUBEPCHUTETA
UM. akazg. M.®.PemeTHeBa 661U IIpOBeeHbl U3Me-
PeHHud pa3sMepa 4acTUL], Kejle3a pa3IMYHBIMU CIIOCO-
6amu (Tab6s.2). U3 maHHBIX Tab/1.2 BULHO, YTO HaU-

bosee cXomUMBbIe Pe3yIbTaThl II0yUYeHbl METOJAMU
CKaHUPYIOIel 3TeKTPOHHONM MUKPOCKOIHUHU, HU3-
KOTeMIIepaTypPHOM afcopbIMKu U JUHAMHUYECKOTO
paccesHus cBeTa (POTOHHOM KOPPeNSLMOHHOU
CIIeKTPOCKONHKH). JJUHAMHUeCKOe paccessHHe CBeTa
(OPC) uMeeT psifi IpeUMYLIeCTB, II03BOJSS OIIpee-
naTh 3¢ PeKTUBHBIN THAPOAMHAMUYECKUH paguyC
YaCTHI in situ B KUAKHUX Cpefax U aBnsercsa spdex-
THUBHBIM METO/IOM MCCJIe[JOBAaHH S HaHOPa3MepPHBIX
06’beKTOB Pa3THUHOIO NPOUCXOKAeHH [9, 11]. ITOT
MeTo[ He TpebyeT KaJluOpPOBKHU, a IPobHOMOATOTOBKA
CBOAUTCS K 06eCIBIIMBAHUIO PACTBOPOB, IPHUYEM
3a4acTyo (O CUIBHO PacCeMBAIOMIUX CUCTEM) HeT
HeoOXOMMMOCTH [a’ke B 3TOM IIPOCTOH, HO BeCbMa
TpyZLoeMKOH mpouenype. CoBpeMeHHBbIe CIIEKTPO-
MeTphl [IPC OTHOCHUTE/NBHO HeLOPOTH, AOCTYIIHEL,
IAI0T BO3MOKHOCTD JOCTAaTOYHO OBICTPO IPOBECTHU
aHanu3 [2]. KoMnaKTHOCTh NPUOGOPOB IIO3BOISET
HCII0/Ib30BATh UX B 9KCIIpecc-1abopaTopusx.
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Tabauua 1. Memodbl onpedeneHus pazmepos HaHo4acmu,

MeTopabl aHanumsa

Methods of analysis

MpocBeYmBalOLLAS 31eKTPOHHAs
MUKPOCKOMKUS
Transmission electron microscopy

Table 1. Methods of determining nanoparticle size

SlBNIeHMS MM NPOLLECChI, NIeXalLve B OCHOBE MeToAa
Phenomena or processes that underlie the method

MpocBeymBaHMe 06pasLia my4KoM 3/1eKTPOHOB C OrpeaesieHeM pasMepa 1 BHYTPEHHEeM CTPYKTYPbI
YyacTum,

Transmission of an electron beam through a sample with determination of the size and internal
structure of particles

CraHvpytoLwas (pacTpoBsas) 3M1eKTPOH-
Has MMKpOCKONUsI
Scanning electron microscopy

CKaHMpOBaHKe MOBEPXHOCTM 06pasLia My4KOM 371eKTPOHOB C OAHOBPEMEHHOW permcTpaLmen
BTOPUYHbIX 3/1eKTPOHOB 1 MOJTyHeHMEe 06bEMHOr0 M306paXkeHns

Scanning the sample surface by an electron beam with simultaneous registration of secondary
electrons and obtaining the three-dimensional image

CKaHupytoLas TyHHebHas
MMKPOCKOMUS
Scanning tunneling microscopy

AHanus penbeda TOKONMPOBOASLLMX MOBEPXHOCTEN MyTeM GUKCMPOBAHWS BENMYUHBI TYHHEIbHOrO
TOKQ, BO3HMKAIOLLLEr0 MexXay OCTPMeM 30HAA M MOBEPXHOCTLIO 06pasua

Analysis of the topography of the conductive surfaces by fixing the value of tunnel current between
the tip of the probe and the sample surface

ATOMHO-C1N0BAS MUKPOCKOMNMS
Atomic force microscopy

AHanu3 penbeda 1 MexaHNYeCKNX CBOMNCTB MOBEPXHOCTEN NyTeM GUKCUPOBAHMS BENMYUHDLI BaH-
[ep-BaasibCOBbIX CV/, BO3HUKAIOLLIMX MeXy OCTPMEM 30HAA M NMOBEPXHOCTbIO 0bpasua

Analysis of the topography and mechanical properties of surfaces by measurement of van der Waals
forces generated between the tip of the probe and the sample surface

CeeTopaccesHue (MeToA CTaTU4eckoro
paccesaHus cBeTa)
Light scattering (Static light scattering)

OnpegeneHve paamMepa YacTuL, Mo MHTEHCMBHOCTM paccesHHOro CBeTa
Determination of particle size by intensity of scattered light

DOTOHHASA KOPPENALMOHHASA CreK-
Tpockonus (MeTos AMHAMUYECKOTO
paccesHus cBeTa)

Photon correlation spectroscopy
(Dynamic light scattering)

OnpepeneHvie pasmMepa YacTuL, No Ko3ppuLmeHTy Andady3nm, paccinTbLIBAEMOro UCXOAS

13 UHTEHCMBHOCTU M YaCTOTHbIX XapaKTepUCTMK pacCesiHHOMO CBeTa

Determination of the particle size by the diffusion coefficient, calculated on the basis of the intensity
and frequency of ambient light

Manoyrnosoe paccesiHie peHTreHoB-
CKMX NIy4en 1 HENTPOHOB

Small-angle X-ray and neutron
scattering

OLeHKa pa3mepa YacTuL, Mo Yr10Bo 3aBUCMMOCTN MHTEHCUBHOCTU ANDPY3HOrO paccesiHms
(B 061aCTV ManbIX Yr/10B)

Determination of particle size by angular dependence of the intensity of diffuse scattering (small
angle)

[ndpakumoHHble MeToabl (peHTreHo-
3/1eKTPOHO-HEpoHOrpacdua)
Diffraction methods (X-ray electron
neurography)

LndPy31s n3nydeHms Ha KPUCTAIIMYECKON peLleTke obpasLia C nosyyveHvem AndpakTorpaMmmbl
1 OLLeHKa Pa3mMepoB KPUCTA/II0B MO BEIMYMHE YLIMPEeHUS ANdPAKLMOHHBLIX MaKCUMYMOB
Diffusion of the radiation on the crystal lattice of the sample with the obtaining of the diffraction
pattern and estimation of the crystal size by the widening of diffraction peaks

CegumMeHTaumsa
Sedimentation

OnpeaeneHus pasmepa YacTuL, Mo CKOPOCTU X OCeAAHMS
Determination of particle size by the speed of their subsidence

ALCOPBLMOHHDIN MeToz, (B3T)
Adsorption method (BET)

OnpeaeneHne yaenbHOM MoBepXHOCTY (pa3mepa YacTuLL) 06pasLia nyTeM U3mMepeHus BeNHMHDI
HM3KOTEMMEPATYPHON aACOPOLIMM MHEPTHBIX ra3oB (a30Ta)

Determination of the specific surface (particle size) of the sample by measuring the low-temperature
adsorption of inert gases (nitrogen)

reat interest in the study of

nanostructures of different

chemical composition, struc-
ture and morphology is caused by
extraordinary physicochemical,
electromagnetic, optical, mechan-
ical and other properties of nano-
materials that opens wide pros-
pects of their practical applications
(1-4, 6]. The small size of nanopar-
ticles in the range from 1 to 100 nm
determine the uniqueness of their
properties [5]. The large number of
analytical methods is developed

(table 1) to determine the size of
nanoparticles.

Each of the methods listed
in table.1, has certain advan-
tages and limitations. Scientists
of the Reshetnev Siberian State
Aerospace University have mea-
sured the size of the iron particles
in various ways (table.2). Table 2
shows that the most reproducible
results were obtained using scan-
ning electron microscopy, low-tem-
perature adsorption and dynamic
light scattering (photon correlation

spectroscopy). Dynamic light scat-
tering (DLS) has a number of advan-
tages, allowing to determine the
effective hydrodynamic radius of
the particles in situ in a liquids,
and is an effective method of inves-
tigation of nano-objects of differ-
ent origin [9, 11]. This method does
not require calibration, the sam-
ple preparation is reduced to the
dedusting, and often (for strongly
scattering systems) this simple,
but very time-consuming proce-
dure is not necessary. Modern DLS
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Tabauua 2. Pe3yabmambl onpedeaeHus paamepa Yacmuu, Fe pas-
AUYHBIMU Memodamu
Table 2. Determination of Fe particle size by various methods

MeTopabl aHanmsa Pa3smep yacTtuu, HM

Particle size, nm

Methods of analysis

CKaHVpytoLLAs 3N1eKTPOHHas
MUKPOCKOMMSA
Scanning electron microscopy

50-80

MpocBeynBatoLLas 31eKTPOHHAS
MMKPOCKONUS
Transmission electron microscopy

300-1000

PeHTreHorpapus 20
Radiography

ManoyrnoBoe paccesHue:
HenTporpadus

Small-angle scattering, neutron dif-
fraction analysis

24-64

Hu3koTemnepaTypHas agcopbums
(B3T) 60
Low-temperature adsorption (BET)

CraTmn4yeckoe ceeTopaccesiHue

Static light scattering ST

[HaMunyeckoe cBeTopaccesiHue 70
Dynamic light scattering

KoneuHo, Kak 4 gpyrue Mmetoznsl, IPC He mHIIeHa
HeJI0OCTAaTKOB, CPeJU KOTOPhIX 3aBUCUMOCTb Pe3y/ib-
TaTa OT aJeKBATHOCTH MaTeMaTHYeCKOU MOMJE/H,
[I0JIO’KeHHOH B OCHOBY KOPPe/ISIIMOHHOTO aHa/lIHK3a,
CJIOKHOCTB Iombopa B psife caydaeB JUCIEPCHOH-
HOU Cpelbl UM HeoOXOLMMOCTh 3HAHU S ee COCTaBa,
a TaK>ke BO3MOXKHas arjioMepaliis YacTHL B UCCTIe-
JyeMBIX CycIleH3U X [7]. OLHAKO B psije cay4daes

arjomepal My MOXKHO KM36exkaTh IIyTeM 3aMeHBI JHC-
IIepCHOHHOM Cpefibl, f06aBIeHUs CTabUIN3aTOPOB,
NpUMeHeHH s AUCIeprupoBaHus [4]. Takum obpa-
30M, CylleCTBeHHBbIe JOCTOMHCTBA U He3HAUYHTe/b"
Hble HeJOCTaTKHU AenaioT JIPC ofHUM U3 Hauboiee
MIOIY/ISIPHBIX METOMOB [JIs OIlpeJle/IeHHUs Pa3MepoB
MaKpoMosneKkyn [8, 9, 11].

[IpMHLIKII OllpeJle/IeHU sl pa3MePOB YaCTHL, MeTO-
poM JIPC 0CHOBaH Ha M3MEPeHHUU U aHaIu3e QIyK-
TyallMH BO BpeMeHH HHTEeHCHUBHOCTH PacCessHHOIO
CBeTa B eMKOCTH, CoflepsKalller YaCTUIIEl B pACTBOPH-
Tese. Bnarogaps ciay4yariHoMmy (6pOyHOBCKOMY) IBU-
SKeHHUIO YaCTHL, BbI3BAHHOMY HEeKOMIIEHCHUPOBAH-
HBIMH TOJTYKAaMU MOJIeKYJl paCTBOPUTeJISI, HHTeH-
CHUBHOCTb CBeTa OCLH/IIMPYeT OTHOCUTEJILHO CBOEI0
cpenHero 3Ha4eHHU 4. I1o 4acToTe 3TUX OCUH/IISAL NI
MOXKHO IOJYYUTh HHGOPMALHIO 0 KO3bPUIIHeHTe
IubOy3sUU YacTUL, KOTOPBIM, B CBOIO OUepe/ib, 3aBH-
CUT OT UX Pa3MepoB.

Korza cBeToBOM /1y4 MafaeT Ha YaCTHULBI, IIPOKC-
XOIUT B3aHMOJeHCTBHe 3IeKTPOMaTrHUTHOU BOTHEI
C HEOOHOPOAHOM CPefoM U CBeT paccerBaeTCH.
OcHoBHoOe mpenmnonoxkeHue Teopuu JPC 3aKkiro-
4YaeTcsl B TOM, UYTO paCCeSHHBIH CBeT MMeeT Ty
JKe 4aCTOTy, YTO U BO36yKIaIOMUM 1y4d cBeTa [7].
OmHaKo JJI1s1 CTOPOHHero HabniofaTeast BO3HUKaeT
onTtuvyeckun 3¢dext Jomnaepa, o6ycsoBIeHHBI
ABHKeHHEeM 4YacTHL. YacToTa pacCesHHOIO CBeTa
CMeIaeTcss MaJAbIMHU CABUTAMH, IPOMOPLUOHA/B"
HBIMHU CKOPOCTH YacTHUL,. MHTeHCHUBHOCTD paccesH-
HOTO CBeTa He MOCTOSIHHA, HO QAYKTYHUPYeT OKOJIO
CpelHero 3HaueHHUs1. [IpOXOASIIHK CKBO3b CPelly 1y4

spectrometers are relatively inex-
pensive and allow to quickly per-
form the analysis [2]. The small
footprint of the devices allows to
use them in express laboratories.
Of course, like other methods, DLS
has disadvantages: the dependence
on the adequacy of the mathemati-
cal model that is in the basis of cor-
relation analysis; in some cases, the
complexity of selection of the disper-
sion medium or the need to know its
composition; possible agglomeration
of particles in the suspensions [7].
However, in some cases, agglom-
eration can be avoided by replacing
the dispersion medium, adding sta-
bilizer, or the use of dispersion [4].
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Thus, significant advantages and
minor disadvantages make DLS
one of the most popular methods of
determination of the size of macro-
molecules [8, 9, 11].

The determination of particle
size by DLS is based on measure-
ment and analysis of fluctuations
in time of scattered light intensity
in the capacity containing parti-
cles in the solvent. Due to random
(Brownian) motion of particles
caused by uncompensated impacts
of the solvent molecules, the inten-
sity of light oscillates about its
average value. The frequency of
these oscillations one can obtain
information about the diffusion

coefficient of the particles, which,
in turn, depends on their sizes.
The frequency of these oscillations
allows to estimate the diffusion
coefficient of the particles, which,
in turn, depends on their size.
When the light beam impinges
on the particles, light is scattered
due to the interaction of electromag-
netic waves with an inhomogeneous
medium. The basic assumption of
the DLS is that the scattered light
has the same frequency as the stim-
ulating light beam [7]. However, an
observer perceives optical Doppler
effect caused by movement of parti-
cles. The frequency of the scattered
light is shifted by small changes,
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BCTpevaeT Ha IIyTH OTPOMHO€e KOJIMYeCTBO YaCTHII,
JBIKYIIMXCS BO BCeX HAaIlPaBIeHHUSIX C Pa3/TIMYHBIMHU « 90f " E
CKOpPOCTAMH. TakuM 06pa3om, IoaydaeTcs: Helpe- I_80; :'rl.‘
PBIBHBIM CIIEKTP BePOSITHOCTH YaCTOTHBIX CIBUTOB, Q% 7.0¢ .-II
KOTOPHIM MMeeT LIeHTPOM YacTOTy Bo36ysK/Jaomero &2 6.0f R 3
nyda [7]. éé >0F SR
lnsg aHanM3a pa3MepoB HAaHOYACTHI[ HaCTO é‘é ;"85 L4
vcronb3yercs npubop Zetasizer Nano ZS (Malvern £8 Lok I'. ‘ :
Instruments, Be1uKko6pUTaHHUSI) — BEICOKOIPPEKTHUB- S 10f b | 3
HBIY IBYXYI/IOBOM aHA/JIM3aTOpP Pa3MepoB YaCTHUIl U ok . I B 3
Moinekyi (0T 0,3 HM 0 10 MKM) C ONTHKOKN HeHMHBa- 2040 ?)c;wtooqaﬁioow 400600 1000
3uBHOro obparHoro paccesHus NIBS. IIpubop npen- Particle size, fim
Ha3HaueH /s TOYHOro o6Hapy>KeHHUS arperaTtos U

H“3MepeHUs HeGONbIIKX 10 00beMy UK pa3baBiieH-
HBIX 06pasIoB, a Takke 06pPa3IOB C OUYeHb BHICOKOK
KOHIleHTpanue metogom JPC [10, 12, 13].

Eme omHUM pHOOPOM, II03BOISIONIUM YCTAHOBUTD
pasmep YacTHUI] B KUAKOCTH, ABasgeTcs NANOPHOX

(Sympatec, TepmaHHs), OCHOBAaHHBIK Ha CIIeKTPO- 100 3
CKOIIMU Kpocc-koppensiuuu doToHoB (Photon Cross- . 28
correlation Spectroscopy, PCCS). 3TOT MeTOZ [103BO/ISIET °§c\° 20 3
OTHOBPEMEHHO U3MepSATh pasMep YacTHI] U arpera- E560F
TUBHYI CTabUIbHOCTb HENPO3PAUHbBIX CYCIIEH3UH ‘:%%.;j 50 3
WJIM 3MYJIbCUHI HaHOYACTHUI] B [HUAIa30He OT 1 HM [0 ,:240 3 ,
HECKOJIBKUX MHUKPOMeTpoB. B PCCS fBa He3aBUCHMBIX §§ ;8 3
Jla3epHBIX JIy4a IIPOXOMST Uepe3 OfUH U TOT ke 00beM 2" ok E
obpasiia, co3gaBas IIPU 3TOM JIBe He3aBHCHMBIe CIIeK- ok L : | L ; 3
TpajbHble KAPTHUHBI B pPe3y/bTaTe MHOIOUYHCI€HHOIO 0,0001 0,0010 0010 0,10 1,0 10
paccesiHHUS Ha MyTH K IIPUEMHUKY. [JeTeKTHPyeMble B . MC

CUTHAJIBl CXOKH IO CBOeMY IIPOQUIII0, HO Ha HUX

HaK/IaJbIBAIOTCSI IyMbl. I3MeHeHHe UHTeHCUBHO-
CTH PeTUCTPUPYeTCs ABYMS LeTeKTOPaMHM, YyCTaHOB-

Puc.1. JugpdepeHuuanrpbHas Kpusasi pacnpedeneHus yacmuy, ce-
pebpa c 2nuLyUHOM No 06BeMy 8 3a8LUCUMOCMU 0M UX pa3mepa
Fig.1. Differential distribution in volume of the silver particles with
glycine depending on their size

Puc.2. KoppeasuuoHHas pyHKUUS 045 yacmuu, cepebpad ¢ 2AULUHOM
Fig.2. Correlation function for silver particles with glycine

which are proportional to the speed
of the particles. The intensity of
scattered light is not constant, but
fluctuates about the mean value.
Passing through the medium the
beam passes on the way to a huge
number of particles moving in all
directions with different speeds.
The beam passing through the envi-
ronment, meets the huge number
of particles moving in all directions
with different speeds. Thus, the
result is a continuous spectrum of
the probability of frequency shifts,
the center of which is the frequency
of the exciting beam [7].

To study the size of the nanoparti-
cles the Zetasizer Nano ZS (Malvern

Instruments, UK) is often used. It
is a highly effective two-angle ana-
lyzer of size of particles and mol-
ecules (from 0.3 nm to 10 pm) with
non-invasive backscatter optics. The
device is designed for accurate detec-
tion of aggregates and for measure-
ment of small-volume or dilute sam-
ples and samples with a very high
concentration using DLS method
10, 12, 13].

Another device that allows to
measure the size of the parti-
cles in a fluid, is the NANOPHOX
(Sympatec, Germany) based on pho-
ton cross correlation Spectroscopy
(PCCS). This method allows the
simultaneous measurement of

particle size and aggregate stabil-
ity of opaque suspension or emul-
sions of nanoparticles in the range
from 1 nm up to several microme-
ters. In PCCS two independent laser
beams pass through the same sam-
ple volume creating two indepen-
dent spectral pattern due to mul-
tiple scattering on the way to the
receiver. The detected signals are
similar in profile, but the noise is
superimposed on them. The inten-
sity fluctuations are observed by
two detectors positioned such that
the scattering vectors were the
same. The advantage of this method
is the possibility to compare signals
of scattered light to isolate identical
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Puc.3. JupdepeHuuanpHas Kpusas pacnpedeaeHust yacmuu,
"Mpomapzona" no obsemy 6 3agucumocmu om ux pasmepa
Fig.3. Differential distribution in volume of the Protargol particles
depending on their size
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Puc.4. KoppensiuuoHHasi pyHKUUS, nony4eHHas 0as “rMpomapzona”
Fig.4. Correlation function for Protargol particles

JTeHHBIMH TaKUM 06pa3oM, 4TO6bl BeKTOPBI pacces-
HHUS OBUIN OJMHAKOBBIMU. [IpeMyI[eCTBOM JAHHOIO
MeTO/ia IBJ/ISIeTCSl BO3MOKHOCTb CPaBHEHHU S CUTHAJIOB
PacCessHHOTO CBeTa A/ HU30JHPOBAHUS HUAEHTHY-
HBIX IIUKOB, KOTOPble TeHePUPYIOTCS eAUHUYHBIMU
B3aHMOJEHNCTBUSIMU PaCCeIHHBIX GOTOHOB C YaCTHU-
namu obpasua (puc.4). s noaydeHust He06X0IHMMOro
pesynbraTa TpebyeTcs onpesieleHHOe TeOMeTPUYecKoe
IIOJIOKeHHe JIy4deH [5].

B paMKax HaCTOSIIETo UCC/Ie0BAHHU I OBI/T BBITION-
HeH CPaBHUTEIbHBIN aHATHU3 Pa3MepoB YaCTHI] B
CycreH3usiX cepebpa ¢ ITUIIMHOM U JIeKapCTBEH-
HOro Iperapara 'Ilporapron” c IoMoIbio IIprubopoB
Zetasizer Nano ZS u NANOPHOX. O6a ycTporcTBa
paboTaloT KaK B aBTOMAaTH4YeCKOM, TaK U B pyYHOM
pekuMe. IIpoBemeHUe MIPOOONOATOTOBKU He Tpe-
OyeTcsl, Tak KaK HccaenyeMble 00pa3Ibl SKHUIKHeE.
Ha puc.l nmpeacTaBieHo [IOly4eHHOe Ha Ipubope
NANOPHOX pacmpefeneHHe HAaHOYACTHULL cepebpa
C IJITMIIMHOM B 3aBUCHMMOCTH OT HMX pa3Mepa. Ha
PHC.2 7151 TOTO Ke 06pasiia NpuBeseHa KOPpessiliu-
OHHas QyHKIIHS, OTPaskalolas BepOSTHOCTD, YTO
MHTEHCHBHOCTb PAcCesTHHOTI'O CBeTa, KOTOPas COOT-
BEeTCTBYeT OIlpefle/IeHHON KOHQUIYPALIUU MHOXKe-
CTBa M3MepsieMBbIX YaCTHUIL], JOCTOBEPHO U3MepeHa
3a KoppesiliMoHHOe BpeMs [4]. [To mpeAcTaBleHHOU
KOpeJ/ISILIUOHHOM QYHKIIMK MOXHO CYAUTb O CTa-
OMJIBHOCTH CyCIIeH3U U cepebpa ¢ ITUIMHOM.

PacnpenmeneHue 1mo 06beMy B 3aBUCHMOCTH OT
pasMepa 4acTHI] CyclieH3UHU "IIpoTapron” mpemi-
CTaBJIeHO Ha pHUC.3, a KOPpeasiiUOHHAs QYHKIIUSA
I 3Toro obpasiua - Ha puc.4. AHa/IKU3 IONTy4YeHHOM

peaks, which are generated by sin-
gle interactions of scattered pho-
tons with the particles in the sam-
ple (Fig.4). The specific geometric
position of the beams is required to
obtain the desired result [5].

In the framework of the pres-
ent study the comparative analy-
sis of particle sizes in suspensions
of silver with glycine and Protargol
using Zetasizer Nano ZS and
NANOPHOX was carried out. Both
devices operate both in automatic
and in manual mode. Sample prep-
aration is not required, as the stud-
ied samples are liquid. Fig.1 pres-
ents distribution of silver nanopar-
ticles in glycine depending on their
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size obtained using NANOPHOX
device. Fig.2 shows cross-correla-
tion function for the same sample,
which reflects the probability that
the intensity of scattered light cor-
responding to a particular config-
uration of a measured particles, is
reliable measured during the cor-
relation time [4]. Presented corre-
lation function allows to estimate
the stability of a suspension of sil-
ver with glycine.

The distribution in volume
depending on the particle size of
Protargol is presented in Fig.3, and
Fig.4 shows the correlation function
for this sample. The analysis of the
correlation function indicates the

absence of aggregation or sedimen-
tation in the Protargol.

Graphical interpretation of the
results obtained using the Zetasizer
device for silver particles with gly-
cine, is represented in Fig.5. The
results of determination of parti-
cle size in the samples are given in
table.3.

The obtained data allow to con-
clude about the adequate convergence
of results. Herewith the NANOPHOX
device is characterized by a more user
friendly software and interpretation
of results with better speed of mea-
surement. The studied samples have
a size of particles above the nano-
level in its classical sense. [
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Tabauua 3. Pasmep 4acmuy, 8 uccredyemblx 06pasuax
Table 3. Particle size in the samples

WUccnepyembiii o6pase,
Investigated sample

Mpu6op NANOPHOX

CpepHUiA pa3Mep 4acTul, HM
Average particle size, nm

MNMpu6op Zetasizer

YacTuubl cepebpa C rULUHOM
Silver particles with glycine

309,9 3217

[MpoTtapron
Protargol

502,8

KOPPeIsIUOHHON QYHKIIUU II03BOJISIeT CAeNaTh
BBIBOZ, 06 OTCYTCTBUM arperaliuy UK CeUMeHTa-
nuu B 06pasme "Tlporapromna’.

Fpad¢uyeckasi HUHTEpPIpeTALUsI Pe3ylIbTAaTOB,
IIOJTyUeHHBIX C MCII0/Ib30BAaHUEM ITpubopa Zetasizer
Ha IIpUMepe 4acTHul cepebpa C ITHUIIMHOM, IIpej-
CTaB/IeHa Ha PUC.5. Pe3yysbTaThl OllpeeeHU s pas-
Mepa YacTHI] B HCCIefyeMbIX 06pa3iax npHUBeieHbl
B Tab.3.

AHaNIU3UPYys IOJy4YeHHBIe JaHHBIE, MOKHO CJe-
JIaTh BBIBOJ, O IOCTATOYHON CXOJAHUMOCTH Pe3y/IbTa-
ToB. IIpu 3ToM, npubop NANOPHOX oTnudaercs
bonee ymoOHBIMU IPOrpaMMHBIM obecredueHHeM
U MHTepIpeTalHel pe3yIbTaToOB, a TAKKe Jy4LIel
CKOPOCTBIO HX IoNyueHHUs. Hccaenyemble 06pa3iibl
HMeIOT pa3Mephl 4acTHL 60ybllle HAHOYPOBHS B
KJIACCHYeCKOM ero IOHUMaHHUH.
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