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NAS RK is pleased to announce that News of NAS RK. Series physico-mathematical journal
has been accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of
Science. Content in this index is under consideration by Clarivate Analytics to be accepted in the
Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
News of NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index
demonstrates our dedication to providing the most relevant and influential content of chemical
sciences to our community.

KasakcmaH Pecriybnukacbl ¥nmmbiK fbiibiM akademusicbl «KP YFA Xabapnapbl. ®u3uka-
TibIK-MamemamukariblK CepusiCbl» fblfibIMU XXypHaribiHbiH Web of Science-miH xaHanaHfFaH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeryze KabblniOaHfaHbIH Xxabap-
natdsl.  byn uHdekcmeny 6apbicbiHda Clarivate Analytics komnaHusicbl XypHarnldbl o0aH api the
Science Citation Index Expanded, the Social Sciences Citation Index xoeHe the Arts & Humanities
Citation Index-ke Kabbinday moeceneciH kKapacmbipyda. Webof Science 3epmmeywinep, as-
mopsap, 6acnawbiiap MEH MeKemeriepae KOHmeHm mepeHdiei MeH canacbiH ycbiHalbl. KP
¥FA Xabapnapbl. Xumus xeHe mexHonoaus cepusicbl Emerging Sources Citation Index-ke eHyi
6i30iH KoramdacmbIK YWiH eH 63ekmi xoHe 6e0endi XuMusirblK FblfibiMOap 60UbIHWAa KOHMEHMKe
a0arnObifbiMbI30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «Wzeecmuss HAH PK. Cepusi ¢busuko-ma-
memamudeckas» 6bii npuHam 0ns uHOekcupoeaHuss 86 Emerging Sources Citation Index,
obHoeneHHol eepcuu Web of Science. CodepxaHue 8 3amom UHOEKcUuposaHUU Haxodumcs 8
cmaduu paccmompeHus komnaHuel Clarivate Analytics 0nsi OanbHelwea0 NPpUHIMuUS XypHarna 6
the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts & Humanities
Citation Index. Web of Science npednazaem kadecmeo u asybuHy koHmeHma 0ns uccredoesa-
mersel, asmopos, usBamenel u y4dpexdeHul. BkmroueHue Wzeecmuss HAH PK e Emerging
Sources Citation Index OemoHcmpupyem Hawy npueepXxeHHoCmb K Haubosiee akmyarsb-
HOMY U 811usimesibHOMY KOHMeHmMy Mo XUMUYeCKUM Haykam Ot Haweao coobuecmea.



Bac penakrop:

MYTAHOB Faasivmkaiisip MyTaHyibl, TeXHUKa FBUIBIMIAPBIHBIH AOKTOpPBI, mpodeccop, KP ¥FA
akanemuri, KP BFM FK «AknaparTeik ®oHE ecenTey TeXHOJOTHSUIAPbl HHCTUTYThI» 0ac AUPEKTOPBIHBIH
M.a. (Anmartsl, Kazakcran) H=5

Pepakuus ankacel:

KAJIMMOJIIAEB Maxkcar Hypoaginyasl (6ac pemakTopisiH opbIHOAcaphl), (H3HMKa-MareMaTHhKa
FBUIBIMIAPBIHBIH 1OKTOpHI, mpodeccop, KP ¥FA akamemuri, KP BFM FK «AknaparTeik xoHe ecentey
TEXHOJIOTHUSIIAPBl HHCTUTYTHD) 0ac TUPEKTOPBIHBIH KeHecwTici, 3epTxana MeHrepyuici (Anmarsl, Kasakcran)
H=7

BAUT'YHUEKOB Kymanin Kana6aiiyib1 (6ac peqakToOpIbIH OpEIHOACAPH), TEXHUKA FHITBIMAAPHI-
HBIH TOKTOPHI, ipodeccop, KP ¥F A axanemuri, KubepHeTrnka xoHe aKImapaTThIK TEXHOJOTHSIIAP HHCTHTYTHI,
CarnaeB yHuBepcuteTiHiH KonmmanOanbl MexaHWKa j>KOHE WHXKEHepIHik rpaduka kadempachl, (AJIMarThl,
Kazakcran) H=3

BOMYUK Bajibaemap, TeXHHMKAa FhUIBIMIAPBIHBIH JOKTOPHl ((u3nka), JIIOGIMH TEXHOIOTHSIIBIK
yHHBepcuTeTiHiH npodeccops! (JIroomus, [Tonpra) H=23

BOLIKAEB KyanTaii ABra3biyibl, Ph.D. Teopusuisik sxoHe SaponbiK pr3uka kadeapachiHbIH TOTCHTI,
on-®apabu arerHmarsl Kazak yintTeik yHUBepeuTeTi (Anmarsl, Kazakcran) H-10

QUEVEDO Hemando, npodeccop, SapoibIk FeuibiMaap nHCTUTyThl (Mexuko, Mekcuka) H=28

KYCIIIOB Mapar Ag:xkanyjibl, (Qu3HKa-MaTeMaTHKa FbUIBIMIAPBIHBIH JIOKTOPBI, TEOPHSIIBIK KOHE
AaponblK Qu3nka KadeapaceiHblH Tpodeccopsl, an-dapadu  arbiHmarekl Kazak YITTBHIK YHHBEPCHUTETI
(Ammarsr, Kazakcran) H=7

KOBAJIEB Anexcanap MuxaiijioBu4, pu3nka-MaTeMaTuKa FEUTBIMIAPBIHBIH TOKTOPEI, YkpanHa YFA
akagemuri, KonmanOamer MareMaTrKa koHe MexaHnka MHCTUTYTHI (lonenk, Ykpanna) H=5

MUXAJIEBUY Aunekcanap AJieKCaHAPOBHY, TEXHUKA FBUIBIMAAPBIHBIH JOKTOPBI, IMpodeccop,
Benapycy ¥FA akanemuri (Munck, benapycs) H=2

PAMA3AHOB Tinexkkaobr1 Co0uTYIbI, (U3MKa-MaTeMaTUKa FhUIBIMIAPBIHBIH JOKTOPHI, Ipodeccop,
KP ¥YFA axamemwuri, on-®apabu areHmarsl Kazak yJITTBIK YHHUBEPCHUTETIHIH FBHUIBIMHU-MHHOBAIHSIIBIK
KBI3MET JXKOHIHAeTI TpopekTophl, (Anmarsl, Kazakcran) H=26

TAKUBAEB Hypraau KaGarayiabl, ¢usnka-mareMarvka FhUIBIMIAPBIHBIH JOKTOPHI, Ipodeccop,
KP YFA akanemuri, on-®apabu areiHgarsl Kazak ynTreik yauBepcurteti (Anmarsl, Kasakcran) H=5

TUTUHSAHY Hon MuxaiinoBu4, Gusnka-MaTreMaTuka FeUIBIMIapBIHBIH JOKTOPEI, akageMuK, Mongosa
FBUIBIM AKaJIEMUSICBIHBIH MTPE3UICHTI, MosioBa TexHUKAIBIK YHUBepcuTeTi (Kumuues, Monmosa) H=42

XAPHUH CranuciaaB HukonaeBuy, Qusnka-MaTeMaTHKa FBUTBIMIAPBIHBIH JOKTOPHI, mpodeccop, KP
YT A axanemuri, Kazakcran-bpuran rexaukanslk yauepcuteTi (Anmarsl, Kazakcran) H=10

JABJIETOB Ackap EpoyranoBuu, Qu3nka-mareMaTuka FHUIBIMIAPBIHBIH JOKTOPBI, Mpodeccop,
on-®dapabu areinaarsl Kazak ynrTeik yHuBepeuteti (Anmarsl, Kazakcran) H=12

KAJIAHAPA IInerpo, Ph.D (¢dusuka), HaHOoKypbUTBIMABI MaTepHaigapAbl 3€pTTEY HHCTHTYTHIHBIH
npogeccopst (Pum, Uranus) H=26
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IF'maBublii pegakTop:

MYTAHOB TIaaumkaup MyTaHoBUY, JOKTOP TEXHHYECKUX HayK, mpodeccop, akanemuk HAH PK,
1.0. TeHepaJIbHOro aupekTopa «MHcTuTyTa MHQOPMALMOHHBIX U BBIYUCIUTENBHBIX TexHoioruin» KH MOH
PK (Ammvatsr, Kazaxcran) H=5

PenakunmoHHass KoOJJerHs:

KAJIMMOJIJAEB Maxkcar HypaauioBu4, (3aMecTUTENh DIABHOTO PEAAKTOpa), AOKTOP (HU3HKO-
MaTeMaTHYeCKHX Hayk, mpodeccop, akanemuk HAH PK, coBeTHHK reHepanpHOTO mupekropa «HcTHTYTA
WHPOPMAIIMOHHBIX M BBIYMCIMTENBHBIX TexHonormity KH MOH PK, 3aBenmyrommii nmaboparopueit
(Ammarsl, Kazaxcran) H=7

BAUT'YHYEKOB Kymannn JKana6aeBud, (3aMeCTHTENb NIABHOTO PEJaKTOPa), HOKTOP TEXHHUECKHX
Hayk, ipodeccop, akagemuk HAH PK, MaCcTUTYT KNOEpHETHKH 1 WH(GOPMAIIMOHHBIX TEXHOJIOTHH, Kadenpa
MPUKJIaTHON MEXaHUKH U MHKeHEpHOU rpaduku, ynuBepcuteT Carnaesa (Anmarsl, Kazaxcran) H=3

BOMYUK Baabaemap, IOKTOp TeXHHYeCKHX HayK (¢us.-mar), npodeccop JlroGmmHCKOrO
TexHosorndeckoro yuusepcurera (JIroonun, [lonpma) H=23

BOLIKAEB Kyanraii AprassieBu4, goktop Ph.D, npenoaasarenb, 10ueHT Kadeapbl TEOPETUUECKON
U sipepHol (usnkn, Kazaxckuii HalMOHATBHBIN YHUBEpCUTET UM. anlb-Dapadu (Anmarsl, Kazaxcran) H=10

QUEVEDO Hemando, npodeccop, Hanmonanbublii aBToHoMHbIH yHUBepcuTeT Mekcukn (UNAM),
WucTutyT sneprbix Hayk (Mexuko, Mekcuka) H=28

KYCYIIOB Mapar A6:kaHOBHY, JOKTOp (HU3UKO-MAaTeMaTHUECKUX HayK, npodeccop kadeaps
TEOpeTHUYeCKoi U simepHor (pu3mku, Kazaxckuii HallMOHANBHBIA YHUBEpCUTET MM. alb-Dapabu (Anmarsl,
Kazaxcran) H=7

KOBAJIEB Auexcanap MuxaiijioBu4, JOKTOp (PHU3MKO-MaTeMaTHYECKUX Hayk, akaaemMuk HAH
VYkpaunsl, THCTUTYT npuKIagHONW MaTeMaTHK U MexaHuku (oneuk, Ykpauna) H=5

MUXAJIEBUY Ajekcanap AJIeKCAaHAPOBHY, JIOKTOP TEXHHYECKHUX HaAyK, Npodeccop, akalIeMuk
HAH benapycu (Munck, benapycs) H=2

PAMA3AHOB Taexka0y:n CaduToBu4, I10KTOp GU3NKO-MAaTEMaTHIECKUX HayK, IPodeccop, akaIeMUuK
HAH PK, npopekTop 1o Hay4YHO-UHHOBAaLMOHHON NIEATEIbHOCTH, Ka3axckuil HallMOHAJIbHBIN YHUBEPCUTET
M. anb-Gapadu (Anmarsl, Kazaxcran) H=26

TAKUBAEB Hypraau JKa6araeBud4, OKTOp (QU3UKO-MaTEMAaTHYECKUX HAyK, rmpodeccop, akageMuK
HAH PK, Kazaxckuii HallHOHAJIbHBIH YHUBEPCUTET UM. ainb-Dapadu (Anmarsr, Kazaxcran) H=5

TUTUHAHY Hon MuxaiinoBuy, 10KTOp (U3MKO-MATEMaTHYeCKUX HAyK, aKaIeMHUK, HPE3HUICHT
Axanemun Hayk MomnnoBsl, Texandeckuit yausepcuter Momnossl (Kummaes, Mongosa) H=42

XAPUH Cranuciap HukosaeBu4, IOKTOp (PU3MKO-MAaTEMAaTHYECKUX HAyK, Mpodeccop, aKaaeMUK
HAH PK, Ka3zaxcrancko-bpuranckuii TexHuueckuii yauepcutet (Anmarsl, Kazaxcran) H=10

JABJIIETOB Ackap EpOysnanoBu4, 10KTOp (U3MKO-MaTeMaTHUECKUX HayK, npodeccop, Kazaxckuii
HaI[MOHAJIBHBIN YHUBEpCUTET UM. anb-Dapadbu (Anmarel, Kazaxcran) H=12

KAJIAHJIPA IIwetrpo, nokrop ¢uiocodpuu (Ph.D, dusmka), mpodeccop UucTHTyTa 1O M3ydEHUIO
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PHOTOLUMINESCENT NANOMATERIALS FOR THERMOMETRY: SILICON
AND CARBON NANOPARTICLES

Abstract: The article describes the features of photoluminescence (PL) of silicon and carbon nanocolloids
prepared by us using known approaches. In the course of the study, Si and C nanoparticles (NPs) were
dispersed in non-polar and polar liquids, respectively, in order to study their photoluminescent properties as
a function of temperature. For a number of samples, a bathochromic shift in the position of the PL maximum
was observed, as well as a change in the PL intensity depending on the solvent and temperature. The latter
opens up prospects for applications of PL thermometry, for example, for mapping the temperature distribution.
We calculated the temperature coefficients of changes in the PL intensity as a function of temperature, and in
addition, we found that the relatively important temperature sensitivity is associated not only with the internal
properties of Si NPs and C NPs, but also, to a large extent, with the mechanisms of the Forster resonant
energy transfer in non-polarliquids. The latter is probably realized between particles of different sizes and
significantly depends on the change in the viscosity of the liquid with decreasing temperature, which prevents
the chaotic movement of NPs and their aggregates in the solution. Presumably, the resonant transfer of Forster
energy between Si particles can be the reason that then interactions at short distances between particles of
different sizes are possible, in the cases when the NP size distribution is relatively large. Therefore, based on
the foregoing, the main directions for improvement should be the development of unified Si NPs and C NPs
to clarify the recorded effect and increase the sensitivity in luminescence thermometry using the required type
of colloidal solutions and solvent for the respective NPs. The information presented in the article is of interest
since it forms the basis for understanding the observed effects during the analysis of experimental data using
the available literature sources.

Key words: Nanoparticles, Photoluminescence, Silicon nanoparticles, Carbon nanoparticles, Temperature,
Solvents, Thermal Sensors.

Introduction. Silicon as a luminescent material is an interesting object for developing the photovoltaic
industry and microelectronics, as mentioned by Priolo F. et al. (2014). However, silicon emitting light has
ushered in a new era in photonics, as shown by Cheng K-Y.et al. (2011). Modern silicon nanoparticles (Si
NPs) exhibit improved optical properties, and they depend on particle size and how wide is a bandgap.
Potentially, due to their valuable properties, these SiNPs can occupy a significant niche in optoelectronics.
On the one hand, light absorption can be optimized by varying the particle size. However, on the other hand,
luminescent silicon nanocrystals have generated incredible attention among researchers. Over the' past two
decades, continuous research has shifted the focus target from porous silicon to colloidal Si NPs. Applications
for luminescent dots composed of Si NPs range from printed electronics to solar cells. Their size-dependent
photoluminescence (PL) shows great promise for future applications in all kinds of biomedical applications
and optoelectronic devices. According to Wen X. et al. (2015), for such nanoparticles, the exciton emission
is limited to energies below 2.1 eV, and this emission does not depend on the size of the nanocrystalline
particle. PL effect arising from quantum-limited core states can exist only in the red or near-infrared range
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with energies below 2.1 eV. Typically, blue-green PL arises from states, which are associated with the
surface layer, and exhibits a nanosecond transition. As another class of nanomaterials, C NPs have attracted
widespread attention over the past five years, as noted by ZuoP. et al. (2016). In terms of the available
properties, bright photoluminescence is the most intriguing characteristic of the C NP series. C NPs have
significant luminescence resistivity to quenching. That is why carbon NPs less than 10 nm in size have
become indispensable in tracking targeted drug delivery in the human body, in biomedical research, and
also in various therapeutic applications. Carbon NPs are well suited for in vivo and in vitro studies using
bioimaging. All these particles are biodegradable and have reduced toxicity, so they hold great promise in
biotechnological applications.

A brief review of the literature on PL thermometry withSi NPs and CNPs.

From the comparison of the literature results (Van Sickle A.R. et al. (2013); Kusova K. et al. (2012)),
it is clear that Van Sickle A.R. et al. (2013) first reported a redshift higher than the value predicted by the
Varshni model for free-standing silicon NPs. They obtained a temperature coefficient of — 0.4 meV/K at 300
K, and another group of Kusova K. et al. (2012) reported a temperature coefficient value of —1 meV/K close
to that of Hamza H. et al. (2015). In both above-mentioned cases, the Si NPs size was smaller than those
obtained by Hamza H., et al. (2015). On the other hand, for the temperature sensing with carbon NPs, Song
Z. et al. (2016) and Kalytchuk S. et al. (2017) determine the PL conditions and measuring the fluorescence
and fluorescence lifetime changes of the nitrogen (N) and sulfur (S) co-doped carbon dots (CDs) of ~3 nm
and ~ 4.5 nm. Nevertheless, the preparation and collection of small-sized CDs is still a challenging task
that requires a long synthesis time and the usage of harsh precursors. In addition, Atabaev T.S. et al. (2019)
measured the fluorescence of nitrogen-doped C NPs prepared in a short period of time by using only low-cost
and environmentally friendly precursors for temperature sensing.

Appreciating the achievements of scientists in the field of PL thermometry, the effects of media is worth
future consideration because thevaluable PL characteristics can be constantly biased by the parameters of NPs
and medium-related factors. That’s why the issues of the state, problems, and prospects for the development of
thermometers for need in-depth analysis and continued systematic studies. The main problem, which requires
attention, is the definition of the factors affectingthe use of PL of Si NPs and C NPs to detect temperature
changes. Therefore, it is important to carry out and analyze the nature of the PL effect in their solutions.

The paper is aimed at the analysis of the PL of solution of C NPs and Si NPs depending on the temperature,
studying the PL effect, identifying the main directions of changes in the solutions with temperature, as well
as estimation of trends finding reasons for them.

The hypothesis of the research is that the PL effect is strictly dependent on the temperature and by varying
the size of NPs as nanosensors it can be easy to find a method for improving their sensitivity to temperature
changes.

Methods and materials. Achieving the goals of the paper is possible through the use of research methods,
within chemical and physical approaches, during the study of the temperature-dependent PL. For this purpose,
the nitrogen-doped C NPs were prepared as those prepared earlier (Ivanov LI et al., 2021) for comparison
in the estimation of the level of thermal dependence and sensitivity. Si NPs have been made by the method
reported earlier in (Lisnyak et al. 2021) as an alternative to chemical methods which use is required starting
materials such as aminopropyl tri-methoxy-silane and its variants which are expensive (Ryabchikov et al.,
2013). These Si NPs with passivated surfaces can be also prepared by scratching off a nanoporous Si layer
made by electrochemical etching in a hydrofluoric acid: alcohol mixture (Mussabek G., et al. 2015). So, in
contrast to the Si NPs prepared from silanes, Si NPs possess moderate aqueous solubility. This solubility can
realize because presenting hydrophobic and hydrophilic groups on the surface, presumably, Si—H (Mussabek
G., et al. 2020) and Si — OH bonds, respectively.

Steady-state PL measurements of colloids were carried out employing a fluorescence LS 55 spectrometer
from Perkin-Elmer with an excitation source of 450-W Xe900 continuous Xenon arc lamp. All recorded
spectra were automatically corrected by the transfer function of the instrument. The temperature was changed
from 303 to 373 K using a thermostated module and UV transparent quartz cuvettes with liquid volumes of
1.5 mL. The X-ray diffraction pattern of passivated Si NPs was recorded using a DRON-3 diffractometer
equipped with a CuKa source. To study the silicon NPs, also used a high-resolution JEOL JEM-3000F TEM
microscope with an accelerating voltage of 300 keV.

Results and Discussion. Comparative characteristics of different NPs. As mentioned above, the
object of the study is the comparison of thermal quenching of PL in solutions with different NPs. To evaluate
the mean size of the prepared Si NPs, they were characterized by X-ray diffraction, and the resulting pattern
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confirms the presence of reflections near 32.7°, 55.3°, and 66.0°. These reflections are corresponded to (111),
(220), and (311) crystal planes of silicon for the particles with an average diameter value of 5.0 = 0.5 nm at
least. This average diameter confirms by AFM and TEM studies (Fig. 1.1). When one considers temperature-
sensing applications in diverse medium and oxidative environments, the NPs stability is a crucial parameter.
Typically, exposure to water and oxygen takes place when thermometry is used in electronic circuits. This de-
facto leads to surface oxidation of the Si NPs that can change the emission spectra. So, the conditions require,
using the more stable surface-oxidized Si NPs, which are stronger candidates for operation in the different air-
aqueous and air media directing our focus on stable surface-protected Si NPs. The PL measurements showed
that, in the colloidal suspension of luminescent NPs, the PL spectra can be dependent on the interaction
between the Si NPs. According to Hamza H. et al. (2015) and Van Sickle A.R. et al. (2013), the inner filtering
effect can be realized because of the reabsorption of the PL emitted by the smaller NPs. This PL reabsorption
at high energy can be done by the bigger silicon NPs with a smaller energy gap. This effect is shown by
quenching of the PL intensity and a red spectral shift with enhancing the concentration of Si NPs. For a
given concentration of 0.5 and 1.0 mg/ml Si NPs in octadecene, this effect will not depend strongly on the
temperature, in other words on the free motion of NPs in the solvent. Here, from the average distance between
two NPs calculation, an average distance as a function of the concentration for Si NPs with different NPs
diameters takes the value of about 80 nm. This average distance agrees well with predicted by Hamza H. et al.
(2015) for Si NPs with average dimensions. Typically, the second effect is resonant energy transfer, which is
occurred between two NPs by dipole-dipole interaction without photon emission disclosed within the Forster
Resonance Energy Transfer (FRET) mechanism in (Forster T., 1948). In this mechanism, the transfer will
realize between excited small-donor NPs and larger acceptor NPs. The transfer depends on the inter-particle
distance and will be efficient for distances of 1-to-6 nm range. For the colloidal suspensions in octadecene, we
observed a bathochromic shift with temperature increasing, the PL peak moved from 1.8 to 1.64 nm, which is
a common behavior for semiconductors. The bathochromic shift has a linear character with a slope of about
- 0.5 meV/K in octadecene solutions. This estimation is close to temperature coefficients reported by Kusova
K. et al. (2012), et al. (2015), and Sickle A.R. et al. (2013). This data well accord with the total shift model
by Hamza H. et al. (2015), which is attributed temperature sensing to the enhanced FRET mechanism with
viscosity reduction. This indicates the possibility of using non-traditional solvents for thermometry with Si
NPs.
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Figure 1. PL spectra of Si NPs (1.1), inserts AFM (lower) and TEM (upper) microphotos and of C NPs
(1.2), inserts AFM (left) and TEM (right).

Figure 1.2 shows the typical PL excitation spectra of prepared carbon NPs. Upon 400 to 410 nm excitation,
the prepared carbon NPs showed the broad emission peak with a maximum at about 525 nm. The fluorescence
emission can be due to the nitrogen dopants that shift the fluorescence emission to the corresponding region.
For these carbon NPs (Fig. 1.2), one should notice the red-shifting and excitation-dependent drift of the
emission peak, typically with increasing the excitation wavelengths. As typical for carbon NPs covered with
surface groups, the fluorescence maximum depends on the addition of ionic solutions and showed a respective
decrease.

Figure 1.2 shows the typical PL excitation spectra of the prepared carbon NPs, here inserts display AFM
and TEM microphotos. One can see that the PL excitation spectra have a maximum in the range of 518-532
nm. This fluorescence emission is due to the carbon edge atoms forming carbonyl and carboxyl groups
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(Ivanov LI et al., 2021). Nitrogen skeleton atoms can also shift the fluorescence emission to the higher
wavenumbers region. For these carbon NPs, one should notice the red-shifting and excitation-dependent drift
of the emission peak, typically with increasing the excitation wavelengths. For thermometry applications, the
fluorescence of in aqueous solutions was measured from 25 to 100 °C. Figure 1.2 shows the temperature-
dependent spectra at 400 nm excitation. The PL excitation spectra showed that the fluorescence intensity
monotonically decreases with temperature increasing, as reported by Atabaev T.S. et al. (2019) for nitrogen-
doped CNPs. And, surprisingly, at higher temperatures, we observed the emission peak shifting with
increasing the temperature. Despite the weak bathochromic shift, the PL excitation spectra intensity for C
NPs in water solutions decrease has a linear character with a slope of about -0.5 in the related intensity per
K units with a good correlation coefficient of 0.99. The temperature-dependence showed good repeating and
the standard deviation was as low as 5%. The temperature-dependent PL excitation spectra of carbon NPs
could be explained by the enhanced population of non-radiative surface traps or defects states as proposed by
Song Z. et al. (2016) and Atabaev T.S. et al. (2019). Here, one can conclude that the radiative recombination
dominates at low temperatures. The non-radiative recombination becomes stronger with an increase in the
temperature decreasing the number of emitted photons.

Considering both Si NPs and C NPs PL excitation spectra, it is clear that the temperature-dependent
fluorescent properties of NPs in different solvents can be utilized for potential thermometry applications.

Conclusion. Si NPs have been dispersed in non-polar liquids to measure the PL excitation spectra
depending on temperature. Bathochromic shift of the PL excitation peak position has opens perspectives for
luminescent thermometry applications in mapping temperature distribution. Furthermore, we have confirmed
high importance of temperature sensitivity mechanism, first showed by Hamza H. et al. (2015), that depends
on both the Si NPs intrinsic properties and solvent. To a large extent to Forster resonance energy transfer
(FRET) mechanisms between particles of different sizes is dependent on the colloids viscosity which is in
tern depends temperature. The FRET takes place between donor-and-acceptor pairs having a donor-acceptor
distance of 53 A. That is why Si particles have been a reason for then short-distance FRET interactions. These
interaction and transfer between NPs of different sizes are possible for solution with a wide size distribution
of NPs. Contrasting to Si NPs the temperature-dependent PL excitation spectra of carbon NPs are depend on
the enhanced population of non-radiative surface traps, and so, the radiative recombination dominates at low
temperatures. Temperature effect can decrease the number of emitted photons because of the non-radiative
recombination which is stronger at higher temperatures.

Therefore, based on the above, the main areas of improvement should be the development of unified Si
NPs and C NPs to clarify the registered effect and to improve the sensitivity of detection.
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TEPMOMETPUSATA APHAJIFAH ®OTOJIOMUHIOEHINUAJIBIK HAHOMATEPHAJIJIAP:
KPEMHU ’KOHE KOMIPTEKTI HAHOBOJIIIEKTEP

AnnHoTanus. Maxkanasa 6i3 Oenrii Tociaep/i KoiaaHa OThIPBIT JaibiHIaraH KPeMHHN j)KOHE KOMIPTEKTi
OenmekTepi 0ap HAHO KOJUIOMATAPABIH (OTO JFOMHHECHEHIUACHIHBIH (DJI) epekmienikrepi cUmaTTanraH.
3eprrey OapbIChIHIa HAHOKOJIOMATAPABIH (OTO TIOMHUHECHEHTTI KACUETTEPiHiH TeMIepaTypara ToyeIaUTiriH
aHbpIkTay MakcarbiHaa Si skoHe C HanoOemmektepi (HDB) coiikeciHime momsipibl eMec KoHE MOISPIIBIK
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CYHBIKTBIKTapJa AMcHepcTedinren OonareiH. bip karap yarinep ymin ®JI MakcuMyMbl MO3HLIHMSCBIHBIH
0aToXpoM/Ibl aybICYbl, COHBIMEH KaTap epiTKillNeH Temiieparypara OaiinanbicTbl PJI MHTEHCHUBTUTITIHIH
e3repyi Oarikamubl. Conrbichl DJI TEpMOMETPHSCHIH KOJJIaHYABIH OOJAIIBIFEI 30p €KCHIH KepceTeli,
OFaH MBICAJl pPETiHJE TeMIIepaTypaHbIH TapalybIHBIH KapTalapblH Tycipyai kKentipcek Oomanel. biz @JI
MHTEHCUBTUTITIHIH TeMIEpaTypaidblK KOd(PPHUITUESHTTEpIH TeMIiepaTypara TOYENIITIK PETIHIE EeCEeITell,
CaJBICTBIPMAJIbl MAaHBI3/IBI TEMIIEPATYPAIBIK Ce3IMTANABIKTEIH TeK Si skoHe C Hb-piniH imKki kacuerTepine
FaHa eMec, COHBIMEH Karap MOJSIPIbIK eMeC CYWBIKTBIKTapaarbl DopcTep SHEPrUsSHBIH PE30HAHCTHI
TachIMAJIBIHBIH MEXaHU3MIEPIHE TOyeI/Ii eKeHiH aHbIKTaablK. COHFBICH Op TYpJl MeJIepaeri Oenmiekrep
apachlH/Ia )Y3ere acybl MYMKIH JKOHE TEMIIepaTypaHblH TOMEH/CYI MEH CYHBIKTBIKTBIH TYTKBIPJIBIFBIHBIH
e3repyiHe OaimanbIcThl, Oy epitinaineri Hb MeH omapaplH arperaTTapblHBIH PETCi3 KO3FaJbICBIHA HKOI
Oepmetini. bizmin Oontam Ooiipramma, Si Oemmiektepi apacklHmarbl DopcTep SHEPTHICHIHBIH PE30HAHCTHI
taceiManaanysl Hb emmremzepi OolibIHINA YIECTipUTyl CalbICTBIpMANBl TYpHE ajKeH OOJIBaH Karjaina,
opTYpAi emmemai OeJIIeKTep apachlHAarbl KbICKAa KAIIBIKTHIKTa ©3apa JpeKeTTecyiHiH cebedi Oorybl
MYMKiH. COHJBIKTaH, KOFapblla alThUIFAaHFA COWKEC, JKeTULAIPYAiH HEri3ri OarbITTapblHa THICTI acep eTy
YIIiH KOJUIOWATHI EepITIHIUIEPMEH epiTKIIITEepAiH KaXKeTTI TYPiH KOJJaHa OTBIPBIIN, JFOMUHECIICHIUSITBI
TEPMOMETPHSAAFEl CE3IMTANIBIKTHI KOFApPBIIATy YIIiH Ka3blIFaH ocepii akTbuiay ymiH Oip Tyrac Si Hb
xone C Hb a3ipney xepek. Makanaia YChIHBUIFaH anapar Kosjga 0ap ome0neT Ke3aepiH KoimaHa OTHIPHI,
AKCIIEPUMEHTTIK JIEPEKTePIi Taiay Ke3iHae OaikanFaH acepiiep/ii TYCiHyTe Heri3 OOIbI OTHIp.

Tyiiinai ce3gep: HanoOenmiekTep, (QOTOMOMHHECHEHINS, KPEMHUH HaHOOOIIIEKTepi, KOMipTEKTi
HaHOO®JIIIEKTEP, TEMIICPATyPa, ePITKILITED, )KbUTYy CEHCOPJIAPHI.
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®OTOJIOMUHIEHTHBIE HAHOMATEPHAJIBI )11 TEPMOMETPHUM: KPEMHU
N YITIEPOAHBIE HAHOYACTHLBI

AnHoTauus. B crarbe onmmcansl ocooeHHOCTH (poTomoMuHecTieHITHH (DJI) kpeMHUEBBIX U YIIIEPOTHBIX
HAHO KOJUIOUJIOB, TIOJIYYE€HHBIX HAMH C HCIOJIb30BAHUEM M3BECTHBIX IOAXOA0B. B X01€ ncciaenoBaHus HAHO
gactuupsl (HY) Si n C Obun AucneprupoBaHbl B HENOMAPHON M MOJSIPHON >KUAKOCTH, COOTBETCTBEHHO, C
LEJIBI0 U3YUYCHHUS UX (OTONOMHUHECLEHTHBIX CBOMCTB B 3aBUCHMOCTH OT TeMIeparypsl. J{is psina oopas3nos
HaOJro1aIcss OATOXPOMHBIN CHBUT TOJIoKeHUss Makcumyma @DJI, a Taxke M3MEHeHHWe MHTECHCHBHOCTH DJI
B 3aBUCHMOCTH OT PacTBOPUTENS M TeMmieparypsl. IlocrmemaHee OTKpHIBA€T MEPCTEKTUBBI MPUMEHEHHS
(OTONIOMUHECIEHTHON TEPMOMETPHUH, HalpuUMeEp, M KapTUPOBAaHWs pPACIpEACICHUs TEMIICPaTyphl.
Msbl paccuuTanu TemmeparypHble Ko3()duuueHTsl u3MeHeHus uHTeHcuBHOocTH PDJI B 3aBUcHMOCTH OT
TEMIIepaTypbl, H, KpOME TOTO, MBI OOHAPY>KWIJIM, YTO TEMIIEpaTypHasl YyBCTBUTEILHOCTD CBSI3aHa HE TOJIBKO
c BHyTpeHnHuMH cBoiictBamu Si HY u C HY, HOo u B Oonblueil cTeneHH, ¢ MeXaHM3MaMH PEe30HAHCHOTO
nepeHoca >Heprun Pépcrepa B HEMOJSAPHBIX KHUIKOCTAX. [lociemHee, BepOATHO, peamu3yercs MeExXIy
YacTHLAMU PA3HOTO pa3Mepa U CYIECTBEHHO 3aBUCHT OT U3MEHEHHS BSI3KOCTH JKUAKOCTH IIPU ITOHKEHUH
TEMIIEPATypPBl, UTO NMPeNOoTBpaIaeT xaotndeckoe Apmkenrne HU u nx arperaros B pacteope. [lo-Buaumomy,
pe3oHaHCHas mepenava sHeprur Pepcerepa MEKIY YaCTHLAMH Si MOXKET OBITH MPUYMHOM TOTO, YTO TOTAA
BO3MOYKHBI B3aUMOJIEMCTBHS Ha MaJIbIX PACCTOSHUSAX MEX]y YacTULAMH pa3HBIX pa3MEpOB B TEX ClIydasx,
korna pacrpenenenne HY nmo pasmepam oTHocuTenbHO Benuko. [103ToMy, MCX0Ms M3 BBIIIEH3IOKEHHOTO,
OCHOBHBIMH HAIPaBJICHUSIMH COBEPIICHCTBOBAHMUS JIOJDKHBI OBITH paspaborka yHupuiupoanusix HU Si
n HY C s yrouneHust peructpupyemMoro 3(@dexra 1 MOBBILICHUS 1yBCTBUTEIBHOCTH JIIOMHUHECLEHTHON
TEPMOMETPUH C HCIOJIB30BAHUEM HEOOXOAMMOIO THUINA KOJJIOWAHBIX PACTBOPOB M PACTBOPUTENS IS
coorBercTByromnx HY. Mudopmanms, mpencraBieHHas B CTaThe, NPEACTABISET HHTEPEC, MOCKOIBKY
SBJISICTCS. OCHOBOU ISl MOHMMAaHMs HaOIroaaeMbIX 3(p(ekToB npu aHanmu3e SKCIEPUMEHTAIBHBIX TaHHBIX C
HCIOJb30BAHNEM JIOCTYITHBIX JIMTEPATYPHBIX HCTOUHUKOB.
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KioueBble ciioBa: HaHO4YaCTHIIBI, (l)OTOJ'IIOMI/IHCCI_IeHLII/ISI, HAaHOYAaCTHULBl KpPCMHHA, YITICPOJAHBIC
HAaHOYaCTHUIbI, TEMIICPATypa, paCTBOPUTCIIN, TCPMOJATIYHUKH.
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