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Busyanusaumio XXUBOM KIETKM MOXHO OCYLLECTBUTb C MOMOLLbI aTOMHO-CU/I0BOM MUKPOCKOMNUU, OAHAKO
nedopmaumsa MArkom 1 YyBCTBUTE/IbHOW NMOBEPXHOCTU 06pasLa 3a cyeT B3aMMOAENCTBUSI C KAHTU/IEBEPOM
NpVBOSUT K HEKOTOPbIM 3aTpyAHeHUsM. OcCylLecTBUTb 6@CKOHTAKTHOE CKaHUPOBaHME MOXHO C MOMOLLbIO
KanuaisipHOM MUKPOCKOMMM, KOTOpasi MO3BOJISIET BU3Ya/IM3MPOBATb MOBEPXHOCTb KJIETKU C paspelueHueM
3-6 HM U NpaKTU4ecKy 6e3 cuoeoro BosaencTeus [1, 2, 3].

Living cell may be visualized using the atomic force microscopy, however, deformation of soft and sensitive
surface of a sample due to interaction with a cantilever leads to certain difficulties. Capillary microscopy allows
a contactless scanning of a cell surface with a resolution of 3-6 nm without, virtually, force interaction[1, 2, 3].

Jisl peaiu3aliuy YCTAHOBKH, B KOTOPOM PESKU MBI

30HI0BOM M KAIHJIISPHON MHUKPOCKOMIHUU

6p11H 6BI COBMeIeHbI, pa3paboTaHa KOHCTPYK-
LI 51 MOJepHU 3K POBAHHOI0 CKAHUPYIOIEro 30H0BOTO
MHKpockora "PemtoCKaH XI".

MozepHH3UPOBAaHHBIM MHUKPOCKOII COCTOUT M3 CKa-
Hepa, U3MEePUTEIbHOH TONOBKH (PHUC.2), AepsKaTes
KaIlW/UISIPA U JepsKaTessl KaHTHIeBepa. KOHCTpyKIus
MHKPOCKOIIA, KOTOPasi COBMeEIAeT PesKUMBI CKaHH-
POBaHHUS C UCIIONb30BAHHUEM KaK KaHTH/IeBepa, TaK
Y KaIlW/UISIpa, IPUBeeHa Ha puc.l.

Jlyist paboTHl B pesKHUMe KAIIU/UISIPHONR MUKPOCKO-
nuu obpaser] IOMEIIAeTCs B YALIKY C JTeKTPOTUTOM
U pasMelaeTcss Ha CKaHepe ¢ XY mepeMelleHHEM.
CTeK/JISIHHBIM WM KBapLeBBIM KaIlMJIISIP YCTaHAB-
JTHMBaeTCsl HaJ, [OBEPXHOCThIO obpasia. B kavecTBe

3JIeKTPOJIMTa MOXKET BBICTYIATh PU3HUONIOIHYeCKHUH
PacTBOp HMJIK PAacTBOP XJIOpHJa HaTpus (Kanus). Bo
BHYTPEHHIOIO [I0JIOCTh KaIlUJ/L/IPa BCTaB/IeH 3JIeKTPOJL
B BH/Ie TOHKOM Ag-TIPOBOJIOKH, IIOKPHITOM cioeM AgCl.
C BHeIIHeH CTOPOHBI KaIlWJ/L/IsIpa PaclioyaraeTcs BTO-
port Ag/AgCl-anexTpon, K KOTOPOMY IIPUK/IaAbIBAETCS
HaIpsiKeHHe CMelleHus V), IIogJep>KUBalollee HOH-
HBIM TOK MeXJy BHYyTPeHHHUM H BHEIIHUM 371eKTPO-
TaMH. Boamu oT moBepxHOCTH 06pasija HOHHBIH TOK I
MaKCHMaJIeH ¥ He 3aBUCHUT OT BeIMYKMHBI 3a30Pa MKy
06pas1oM U KOHYKKOM KaIlHI/IsIpa.

30H/, U3rOTABJIKMBAETCS U3 KBAapLEBOIO MK CTe-
KJISSHHOTO KaIlMJ/IISpa C IOMOIIbIO IIy/lepa (Sutter
Instrument). B 3aBUCMMOCTH OT YCJIOBUH Harpesa,
CKOPOCTH M YCHJIMS BBITSKKHM MOXKHO IIOJIYYHUTh
KaIIMJIJIAPBl C BEIXOAHBIM OTBepcTheM 5-100 HM.
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Puc.1. KoHcmpykyus 045 ckaHupyroweli 30H0080U U KanuAAsip-

Holl MUKpockonuu

Fig.1. Installation for the scanning probe and capillary microscopy

he improved FemtoScan XI
Tscanning probe microscope

was designed to combine probe
and capillary microscopy modes in a
single installation.

The improved microscope consists
of a scanner, a measuring head (see
Fig.1), a capillary holder and a canti-
lever holder. The design of the micro-
scope which combines both scan-
ning modes using a cantilever and a
capillary is shown in Fig.1.

In the capillary mode a sample
was placed into a cup with an elec-
trolyte and inserted to a scanner
with XY movement. Glass or quartz
capillary is placed above the sample
surface. A normal physiological solu-
tion or a saline solution (KSL solu-
tion) is used as an electrolyte. A thin
silver wire AgCl-coated electrode is
inserted into the inner cavity of the
capillary. The second Ag/AgCl elec-
trode is mounted on the external
side of the capillary and shift volt-
age V, is applied to it to support the
ion current between the inner and
outer electrodes. The ion current has

Puc.2. Vi3mepumenbHas 20A08Kd ¢ yCmMAaHo8AeHHbIM 0epxkame-

Aem KaHmunesepad (pexxum amomHo-cuA08ol MUKpOCKonuu)

Fig.2. Measuring head with the cantilever holder installed (atomic

force microscopy mode)

amaximum value far from the sam-
ple surface and does not depend on
a distance between a sample and a
capillary.

A probe is made of a quartz or
glass capillary using a puller (Sutter
Instrument). Capillaries with ori-
fices of 5-100 nm are made accord-
ing to heat, rate and drawing force
conditions. A capillary is inserted
symmetrically into the puller hold-
ers and is fixed firmly on both sides
with fasteners.

The capillary radius may be reli-
ably controlled by changing the
parameters in a puller, such as
heat, filament, velocity, delay and
pull, which allows of producing
the capillaries of desirable shapes
and dimensions. We changed the
"heat" parameter (which means
the heat transferred by the laser
to the capillary) in order to show
that the visible radius of the cap-
illary decreases with heating. It
is a well known effect used in pro-
duction of capillaries when a huge
quantity of heat permits to make

the capillaries of a smaller size.
Besides, the capillary radius may
be adjusted within the region of
7-150 nm by changing the laser
power when pulling. The adjust-
ment of other four parameters (fil-
ament, velocity, delay and pull)
leads to more precise control of the
radius to be produced.

The design of a measuring head
includes a laser, a photodiode, elec-
tronic component boards, laser and
photodiode control units, adjust-
ment screws, a cantilever holder and
a capillary holder. So, the instal-
lation operates both in a scanning
probe microscopy mode and in a cap-
illary one (see Fig.3).

Research of local chemical reac-
tions in deposited films will be pro-
longed within a frame of the joint
Russian and Iranian project. [ |

The reported study was carried out
with the financial support of the Russian
Foundation for Basic Research within
the framework of Scientific Project
No. 17-52-560001.
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Puc.3. ModepHU3UpOB8aHHbIU CKAHUPYHOWUL 30HO08bIU MUKPO-
ckon "®emmoCkaH X", ycmaHo8AeHHbIL HA UHBEPMUpPOBAH-
Hbil onmuydeckuli mukpockon Nikon TI-U

Fig.3. The improved FemtoScan XI scanning probe microscope
installed on the inverted-stage Nikon TI-U optical microscope

Kamumisip BCTaBISeTCS CHMMETPUYHBIM 06pazom
B ZlepsKaTelH IIy/Iepa U KeCTKO GHUKCHUPYETCsl C ABYX
CTOPOH KpeIeXXHbIMH 37TeMeHTaMHU.

Pafuyc KalKMJIIspa MOXKHO HaJle>KHO KOHTPOJIH-
POBAaTh [IPH IIOMOIIY H3MeHEHHUS [IapaMeTPOB BBITSI-
ruBaHus B myaepe: heat, filament, velocity, delay
u pull, KoTopsle MOTyT GBITH HACTPOEHBI AJISI IIOMTY-
YeHU s KaIlWUISIPOB C JKelaeMbIMH GOPMaMHM H pas-
MepaMH. MBI U3MeHsIH ImapaMeTp heat (temo,

coobIaeMoe J1a3epoM KaIlHLISIPY), ITOKa3bIBasl, UTO
BUJUMBIN PafiuyC YMeHbIIAeTCs C yBelHYeHHeM
Ter1a. TOT 3QPeKT XOPOLIO KM3BeCTeH IIPH IIPOH3BOJ-
CTBe KaITH/IISIPOB, Kor/ia 60IbIlee KOMTMYeCTBO TEIIOTHI
[103BOJIsIeT CO3/,ABaTh KAIlMJ/UISIPbl MEHBIIET0 pa3Mepa.
TaksKke pailyC KallHIISIpa MOKeT ObITh 3MeHEH B IIpe-
Jlenax 7-150 HM IIPOCTOI HACTPOKKOK MOIITHOCTH JIa3epa
BO BpeMsI BBITSITUBaHHUS. Fi3MeHeHHe OCTa/IbHBIX YeThl-
pex mapamertpos (filament, velocity, delay, u pull) moskeT
nath 6071ee TOUHBIN KOHTPOJIb Hal PAIHyCOM.

KOHCTPYKIMS U3MePHUTE/IbHOU T'OJIOBKH BK/IIOYaeT
nasep, GOTOAMON, IUIATHI 3IeKTPOHHBIX KOMIIOHEHTOB,
IIJIATHl YIIPaB/IeHHUS a3epoM U GOTOAHOLOM, IOCTH-
POBOUHBIE BUHTBHI, lepsKaTe/lb KaHTH/IeBepa U Jepska-
Teslb Kallkasgpa. TakuM obpa3oM, yCTaHOBKaA I103BO-
15ieT NPOBOAXTD MCC/IeJOBAHHUS KAk B PeXKHMe 30H/10-
BOK MHKPOCKOITHH, TaK ¥ KaITHI/IIPHOM MUKPOCKOIIUH
(puc.3).

C momombio pa3paboTaHHOM YCTAaHOBKU CKAaHU-
pyIoIlel 30HA0BOM U KaIlU/ISIPHONM MUKPOCKOIIHH
IIPOIOJI>KEH Bl UCCIeJOBAaHMSI JIOKAIBHBIX XUMHUYECKUX
peaKkI Ui B OCa’KJeHHBIX TOHKHX IJIeHKAaX B PAaMKax
COBMECTHOI'0 POCCHHCKO-MPAHCKOIO IIPOeKTa.

HccaedosaHue 8binoaHeno npu punarcosoli noddepskke POPU
8 pamKax Hay4Hozo npoekma N 17-52-560001.
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UCNOJ/Ib30BAHME TOHKWUX NNEHOK ANSl CONHEYHDIX MAHENEW

Mepexos OT HeBO30GHOBNSIEMON K BO30GHOBNISEMOI 3HEPrIN = 3TO TO, YTO MPO-
MCXOOWT BO BCEM MMPE 1333 HArpy3kv Ha 3KOMOrUI0, KOTOPYIO MCKOMaemoe
TOM/IMBO OKA3bIBAET HA MNAHETY. COMHEYHbIE MAHEW SBNKIOTCS OBHIM U3 HAu-
Bonee y06HbIX BAPUAHTOB PELLIEHNS, MOCKONLKY OHIN MIEHLKIAE, MPOCTbI B M3r0-
TOBEHWM (110 CPBHEHMIO C MMAPOINEKTPOCTAHLSMM), 3Heprs CONHLIA MOCTy-
MAET Ha 3eMJI0 KDK/bIA ZlEHb, 11 €€ CTOUT MCTIO/b30BaTb.

MoBbiLLeHVe 3dEKTUBHOCTY CONHEYHDIX 7IEMEHTOB YacTO BK/IKOHAET B Cebs
3aMeHy 6a30BbIX MATepUIoB, B KOTOPbIX JOCTUrAETCs bonee IQdekTmBHbIN
MEXaHW3M reHepaLuu.

[Jlpyroii TN CONHeYHbIX 6aTapei, X0Tb U He 0BMAAAIOLMIA TaKOW BbICOKON
IQOEKTUBHOCTLIO, MOXET WCMONL30BATLCS A5l MOMIOLEHNS HAMHOTO 60Mb-
LLIEro KON4ECTBA CBETA, YeM CPEAHECTATUCTUYECKWIA CONHENHDIA JEMEHT, = 3TO

HAHO MHOYCTPHA Tom 12 Ne6 (92) 2019

CONHEYHbIE JNEMEHTI, MCTIONb3yIOLLIME ONTIYECKM MPO3PadHbIe TOHKME MAEHKN.
Pa3paboTaHbl MOMHOCTbIO MPO3payHble COMHEYHbIE MaHenM. Ux 3hdeKTUBHOCTL
He TaK BbICOKA, HO OfWH U3 KIIKO4EBbIX TPHOKOB C 3TVMM MaHENAMM 3aKIMI0YAETCA
B TOM, 4TO MOZ NaHENbI0 Pa3MeLLEHO 3epKano. CONHEYHbI CBET MPOXOANT CKBO3b
MaHe/M, reHepupys JNEKTPUYECTBO, a 3aTeM OTPKAETCS OT 3epKasia 1 NPOXOAUT
Yyepe3 CONHEYHYIO MaHe/b BO BTOPOW Pa3, reHepupys JNeKTPUYECTBO MOBTOPHO.
Takvm 06pa3oM, XoTb 3QHeKTMBHOCTL MaHeNM B pacyeTe HA OAMH (OTOH Tak
BbICOKA, HO 32 CYET MOBTOPHOIO €ro 1Crob30BaHMS Pe3y/bTApYoLLAst 3deKTHB-
HOCTb M/IEHOYHON COMHEYHON MaHEeNM BroHe OrpaBfiaHa An4 npakTU4eckoro
BHEAPEHNS.

Wemouruk: https://www.azonano.com
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