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Background: Elaboration of new luminescent nanomaterials for imaging of biological materials
including cells of living organisms and their parts is highly actual. These materials must meet a number of
requirements such as low toxicity, inherence of intensive luminescence, low costs of raw material and
symple synthesis methods. AIN nanopowder is one of such prospective materials fitting the above
requirements. Our long time investigations on spectral characteristics for III group element nitrides allows
chose of doped AIN nanopowder as prospective candidate for developing of luminescent markers for
imaging of biological materials.

Objectives: The aim of the present study is spectral characterization of AIN nanopowder doped with Mn
and evaluation of its use as luminescent marker for biological materials.

Materials and methods: AIN nanopowder with average size of polycrystalline grains of 60 nm and the
same doped with Mn were sythesized in Institue of Inorganic Chemistry, Riga Technical University.
Photoluminescence and its excitation spectra of the materials were studied at room temperature using a
self-made set-up.

Results: It was found that in undoped AIN nanopowder at room temperature luminescence of native
defects forms a wide and complex band peaking at 415 nm. This blue luminescence can be excited with
ultraviolet light from two spectral regions around 315-340 nm and 260 nm. Two luminescence
mechanisms are proposed dependent on the spectral region of exciting light. The first of them results in
the intra-center luminescence, but the second one is recombination luminescence.

Incorporation of Mn atoms in the crystalline lattice of AIN nanopowder forming AIN:Mn NP results in
appearance of intensive red luminescence at 600 nm, which can be excited with light from two excitation
bands at 260 and 480 nm. Two mechanisms responsible for an appearence of the red luminescence of Mn
are proposed. They are the intra-center luminescence and recombination luminescence mechanisms. In
this case the red Mn luminiscence prevails and the blue luminescence characterizing the host material has
not been observed.

Conclusions: AIN nanopowder doped with Mn atoms is a prospective material for use as luminescent
marker for imaging of biological materials. Properties of this material are in a good agreement with the
main requirements obligated to biological materials: i) AIN NP has low toxicity; i) AIN:Mn NP
possesses intensive red luminescence at 600 nm, which can be excited either with the ultraviolet light
around 260 nm or with visible light around 480 nm; i) it is relatively cheep material and it can be
synthesized using simple synthesis methods.

KEY WORDS: aluminum nitride; nanopowder; aluminum nitride doped with Mn; photoluminescence;
excitation spectra; biological materials.

JIIOMIHICHHEHTHI AIN:Mn HAHOYACTUHKMU JJI51 OITUYHOTI'O 306PAKEHHS
BIOJIOT'TYHUX MATEPIAJIIB
b. Bep3sina, JI. TpinkJep, B. Kopcakc, P. Pycka

ITncmumym meepoozo mina, Yuigepcumem Jlameii, 8ya. Keneapaea, 8, Puea, LV-1063, Jlamsis

AkTyanabHicTh. Po3poOka HOBMX JIIOMIHECHEHTHHX HaHOMATepialiB sl Bidyamizamii 010JIOTiYHHX
MarepiaiiB, BKJIIOYAIOYM KIITHHM Ta IX CKJIagOBi, € JOCHTh akTyajpHOw. Lli marepiamu moBHHHI
BiJINIOBiJIaTH PSITy BUMOT, TaKUX K HU3bKAa TOKCUYHICTh, BUCOKA IHTCHCHBHICTh JIFOMIHECIICHIIIT, HU3bKI
BUTPATH CUPOBHHHU Ta MpocTi Meroau cuHTe3dy. Hanomoporrok AIN — oauH 3 TakuX NEpCrIeKTUBHUX
MaTepiamiB, IO BiANOBIJAIOTh BHINE3a3HAYCHMM BUMOraMm. Hamri OaraTopiudi IOCIiIKEHHS
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CHEKTPANBHUX XapaKTepUCTUK HITpuAiB emeMeHTiB Il rpymm m03BONAIOTE 00paTH  JIerOBaHWIA
Ha”omopomok AIN 1t po3poOKH TFOMIHECIIEHTHOTO MapKepa I Bidyarizamii 0i0J0Ti9HIX MaTepiaiB.
Mera poGorn. MeTa LBOrO JOCIHIIKEHHS — CIEKTpalibHa XapakTepUCTHKa HaHomopouky AlIN,
JeroBaHOro Mn, Ta OI[iHKa MOXKIMBOCTI HOTO BHUKOPHCTAHHS SIK JFOMIHECLEHTHOTO Mapkepa s
OioJOTIYHMX MaTepiaiB.

Marepianu i metomu. Hanonopomiok AIN i3 cepenHiM po3amipoM nostikprcTaniyHux 3eped 60 HM ta Mn
TAaKOTO X PO3MIpPY 3epeH, OyB CHHTE30BaHUI B IHCTHTYTI HeopraHiuHOi XiMii PH3bKOro TEXHIYHOTO
yHiBepcutery. DOTONIOMIHECHEHIII0 Ta CHEKTpH 30Yy/DKEHHs MarepialiB BHMBYAJIM IPHU KiMHATHii
TEMIIepaTypi 3a JOMOMOT0I0 YCTAaHOBKH, BUTOTOBJICHOI B HALLIOMY iHCTHTYTI.

PesyabraTu. byno BcraHoBieHO, 10 B HejeroBaHoMy HaHonopoiuky AIN mpu KiMHaTHIN TemmepaTypi
JIFOMIHECLIEHIIISl HATUBHUX AE(EKTIB yTBOPIOE MIMPOKY 1 CKIaJHy CMYTy Ha JoBxuHI xBwii 415 um. Ll
CHHSI JTFOMIHECIIEHIIiT MOXe 30yKyBaTHCSA yIAbTPa(ioIeTOBIM CBITIIOM 3 IBOX CHEKTPAIBHUX OONacTei
npubmmzao 315-340 BM 1 260 HM. 3ampormoHOBAaHO JBa MeEXaHI3MH JIFOMIHECIEHII] 3aJIe)KHO Bij
CHEeKTpaNbHOI 00acTi 30ymKyrodoro cBiTina. [lepmuM 3 HUX € BHYTPIIIHBOIIEHTPOBA JIFOMIHECIICHITIS, a
JIPYTUM — peKoMOiHamiifHa TFOMiHECIICHITiS.

Bkitouennss aromiB Mn y KpucramiuHy pernitky HaHomopomky AIN, mo yrBoproe AIN:Mn
HaHOYACTUHKH, TIPHU3BOJUTH JO MOSBU iHTEHCHBHOI YepBOHOI JroMiHecteHmii mpu 600 HM, ska Moxe
30yIXKYBaTHCS CBITJIOM 3 JBOX CMYT 30y/pkeHHs Ha 260 Ta 480 HM. 3amponoOHOBAaHO JBa MEXaHI3MH, IO
BIINOBIAIOTH 3a TOSBY YEPBOHOI JitOMiHecueHIii Mn: BHYTpIIIHBOLEHTPOBa Ta peKoMOiHaliiHa
JIOMIHECLEHIlis. Y I1[bOMY BHIIAJKy IIepeBaka€ YepBOHA eMicii Mn 1 He CHOCTEepIraeThCsl CHHS
JIFOMiHECILIEHIIisl, 0 XapaKTepu3ye Marepian HeaeroBanuid AIN.

BucnoBkn. Hanonopomok AIN, neroBanuii atomamMu Mn, € NEpPCHEKTHBHUM MaTepiaioM s
BUKOPHCTAHHS SIK JIIOMIHECIIEHTHOTO MapKepa i 300pakeHHS OiojoriyHMX MartepianiB. BmactuBocTi
BOTO MaTepiay Ao0pe Y3roDKYIOThCS 3 OCHOBHHMH BHMOTaMH 10 OiojoriuHmx Mapkepis: i) AIN
HAHOYACTUHKN MAlOTh HU3BKY TOKCHYHICTB; i) AIN:Mn HaHOYACTHHKH MAarOTh IHTCHCHUBHY YEPBOHY
nroMiHecteHmio npu 600 HM, sIKy MOXHA 30yKyBatu abo ynbTpadioneToBUM CBITIOM Onn3bko 260 HM,
a00 BUIUMUM CBIiTIIOM OJu3bK0 480 HM; ii7) 11e BiIHOCHO JENIeBHI MaTepiall, i HOro MOKHA OTPUMATH 32
JIOTIOMOTOI0 TIPOCTUX METOJIIB CHHTE3Y.

KJIIOYOBI CJIOBA: HiTpH] aTIOMiHI0; HAHOTIOPOLIOK; HITPU AFOMIHI0, IeroBaHHA Mn; (OTOTFOMIHECIICHITIS,
CIIEKTpH 30y I KEeHHsT; Oi0JIOTiuHI MaTepiaiy.

JIOMHUHUCHEHTHBIE AIN:Mn HAHOYACTHUIBI IS ONTUYECKOI'O U30BPAKEHUS
BUOJIOIT'NYECKHUX MATEPHUAJIOB
b. Bep3una, JI. Tpunkiep, B. Kopcake, P. Pycka

Hnucmumym meepoozo mena, Ynusepcumem Jlamsuu, yn. Kenzapaea, 8, Puea, LV-1063, Jlameus

AKTyajbHOCTb. Pa3paboTka HOBBIX JIIOMHHECIIEGHTHBIX HAHOMATEpUalOB Ul  BU3YAIN3alNU
OMOIOTrMYECKNX MAaTepHaoOB, BKIIOYAs KIETKH M MX COCTABISIOIINE, SBISICTCS AOBOJBHO AKTYaJTbHOH.
OTH MaTepuasbl JOJDKHBI OTBEYaTh DSy TpPeOOBaHMH, TAaKMX KaK HHM3Kas TOKCHYHOCTB, BBICOKAsS
WHTEHCUBHOCTD JIIOMUHECLEHIIMH, HU3KUE PACXOIbl CHIPbS M NPOCTBIE METOABI cHHTe3a. Hanomopomniok
AIN — onuH W3 TakUX TEPCHEKTHBHBIX MAaTepUalioB, KOTOPHIE OTBEYAIOT BBIIICYIOMSIHYTHIM
TpeboBanusaM. Hamm MHOTONIETHHE MCCIENOBAaHUS CIIEKTPAIBHBIX XapaKTEPHUCTUK HUTPHUIIOB JJIEMEHTOB
I rpymmsl MO3BONISIIOT M30paTh JIerMpoBaHHbIH HaHOMOpOIIOK AIN s pa3paboTKU JTFOMUHECHEHTHOTO
Mapkepa JUIs BU3yalu3alii OMOJIOTHYECKUX MaTepUaIoB.

Heapr padorel. Llens 3TOro HccnenoBaHusi — CHEKTpalbHas XapakTepucTHKa HaHoroporika AIN,
JIETUPOBAHHOTO Mn, U OLlEHKAa BO3MOXKHOCTU €T0 HCIIOJIb30BaHMs Kak JIIOMUHECLIEHTHOTO Mapkepa ajs
OHMOJIOrMYECKNX MaTepHaIoB.

Marepuansl n metoasl. Hanonopomox AIN co cpeHnM pa3MepoM NOJIMKPUCTAIUTMUECKHUX 3epeH 60 HM
1 Mn ¢ TakuM e pa3MepoM 3epeH, OBUT CHHTE3UPOBaH B MIHCTUTYTe HEOPTaHWIECKOH XUMUH PIkcKoro
TEXHHYECKOTO YHHBepcuTeTa. DOTOMOMHUHECIICHIINIO M CIIEKTPHI BO30Y)XKICHUS MaTepHalioB HM3ydasld
IIPH KOMHATHOM TEMIIEPAType ¢ IOMOLIbIO YCTAHOBKH, N3TOTOBICHHOM B HAIlIEM HHCTUTYTE.
Pesyabrarbl. BbUIO yCTaHOBIGHO, 4YTO B HEJIErMPOBaHHOM HaHomopoiike AIN npu KoMHATHO#
TEMIIEpaType JIIOMHHECIEHINS HATHBHBIX J€(PEKTOB 00pa3yeT MIMPOKYIO U CIOXKHYIO IIOJIOCY Ha JJIMHE
BOJIHBI 415 HM. DTa CHHSS JIOMUHECIICHIMS MOXKET BO30YXKIAThCs yIbTPa(roIeTOBBIM CBETOM U3 JIBYX
CHEKTpalIbHBIX obOnacteil npubnmsurensHo 315-340 HM m 260 Hm. Ilpennaraercs nBa MexaHHU3Ma
JIOMHUHECUEHIIMH B 3aBHCUMOCTH OT CIIEKTPAJIbHOM 00iacT BO30y)kaaromiero cBera. [IepBbIM M3 HUX
SIBJISIETCS] BHYTPEHHELICHTPOBAs! JIIOMHHECIIEHIINS, & BTOPBIM — PEKOMOWHAIMOHHAS JIIOMHUHECIICHIINSI.
Bkirouenne atoMmoB Mn B KpHUCTaUIMUYECKyIo penieTky HaHomopoika AIN, uro oOpazossiBaeT AIN:Mn
HAHOYACTUIIBI, IPUBOJUT K MOSBICHUI0 MHTEHCUBHOU KpacHOH toMuHecueHnmu mnpu 600 HM, KoTOpas
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MOXKET BO30YKIAaTbcsi CBETOM € IBYX moioc Bo30OyxkmeHus Ha 260 m 480 mM. Ilpemmaraercst mBa
MEXaHH3Ma, KOTOpbIE OTBEYAIOT 3a IMOSBJICHHE KPacCHOW JIIOMMHECLEHUMH Mn: BHYTpPEHHELEHTPOBAas U
pEeKOMOMHAIIMOHHAS JIIOMHHECICHIINSA. B 3ToM ciydae mpeoOmamaer kpacHas smuccus Mn u He
HaOII0HaeTCs CHHSS JIIOMUHECLIEHIINA, KOTOpask XapaKTepu3yeT MaTeprall HelernpoBaHHbIil AIN.
BoiBoabl. Hanomoporok AIN, gernpoBaHHbIN aToMaMu Mn, SIBISIETCS MEPCIICKTUBHBIM MAaTEPHAIIOM JIJIS
UCIIOJIb30BaHMS B KAYECTBE JIIOMHHECLIEHTHOTO MapKepa Juisd n300pakeHHss OMOJIOTHYECKUX MaTepHaIoB.
CBoOMCTBa 3TOr0 MaTepuajia XOpOIIO COTJIACYHOTCS C OCHOBHBIMU TPEOOBAaHHMSIMHU K OHOJOTHUYCCKHM
Mapkepam: i) AIN HaHOYACTUI[BI MMEIOT HHU3KYK) TOKCHYHOCTbH; i) AIN:Mn HaHOYACTHIIBI HUMEIOT
WHTCHCUBHYIO KpacHyI0 JIIOMUHecHeHIMI0 1npu 600 HM, KOTOPYHO MOXXKHO BO30YXKIaTh WM
yIbTpauoNeTOBEIM CBeTOM BOMM3M 260 HM, WM BHAMMBIM cBeToM BOxm3um 480 HM; iii) 3TO
OTHOCHUTEJIBHO JICLIEBBI MaTepHal, U €ro MOKHO MOJIYYUTh C MOMOUIbIO IPOCTHIX METOAOB CUHTE3A.
K/IFOYEBBIE CJIOBA: Hutpun aIiOMHHHS; HAHONOPOIIOK, HHUTPHI QJIOMHHHUS, JIETMPOBAaHHbBIA Mn;
(hOTOMOMHHECTIEHITHS; CTIEKTPHI BO30YKICHHUS; OMOJIOTHUECKIE MAaTEPUAIIBL.

At present elaboration of new luminescent nanomaterials is in progress due to their
suitability in different fields of application including smart technologies and life sciences.
One direction of this application can be related to biology and medicine. Due to a small size
of nanomaterials being much smaller than the dimensions of the cells of living beings, it is
possible to use the luminescent nanomaterials as luminescent markers for biological materials
or controllable agents for drug transport in medicine. In order to use a particular material as a
luminescent marker its properties must satisfy a number of requirements: i) low toxicity of the
material, i7) intensive and controllable luminescence of the material in a convenient spectral
region, iii) low costs of raw material and simple synthesis methods. Our long-time
investigations on spectral properties of III group element nitrides allow prediction that doped
AIN nanopowder in general could satisfy these requirements.

Aluminum nitride (AIN) is luminescent wide band gap solid state material with wurtzite
crystalline structure possessing a lot of excellent properties such as high thermal stability and
hardness, high thermal conductivity and low electrical conductivity [1, 2]. Different forms of
AIN material are known including bulk materials such as the single crystals and ceramics, and
nanosize ones (nano particles, nanorods, nanotubes etc.). AIN is characterized with a wide
band gap exceeding 6 eV [3-5]. Different types of defects are characteristic for this material
including point defects, which are mainly responsible for the luminescent properties of the
material [6-9]. The main point defects in AIN crystalline lattice can be related to the host
material caused by Al or N vacancies (vaj, VN, respectively), interstitials (ia;, ix) and others.
Besides, the point defects can be caused by the dopants such as oxygen and carbon atoms
substituting for the host nitrogen which are forming the so-called native defects incorporated
during the synthesis of the material or specially added dopants. All these defects are forming
their energy levels inside the band gap in thus determining optical properties of the material.

The aim of this study is spectral characterization of AIN nanopowder doped with Mn
together with evaluation of its use as luminescent marker for biological materials.

MATERIALS AND METHODS

AIN nanopowder (NP) consisting of polycrystalline grains with average size of 60 nm
was synthesized in Institute of Inorganic Chemistry, Riga Technical University by using
plasma-chemical synthesis [10]. Raw aluminum powder (99.4%) with particle size in the
range of 20—40 um was injected and evaporated into nitrogen (99.9%) high-frequency plasma
flow. In order to promote formation of AIN and to reduce particle growth ammonia was
introduced additionally in high temperature flow containing aluminum vapors.

AIN NP doped with Mn — AIN:Mn NP was prepared in similar way by injection of
mechanical mixture of aluminum with manganese (Fluka, 99%) into plasma flow.

Photoluminescence (PL) and excitation (PLE) spectra of AIN NP and doped AIN:Mn NP
were measured at room temperature (RT) using a home-made set-up, consisting of the
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following parts: i) a sample holder mounted inside of the sample chamber of a closed cycle
refrigerator (CCS-100/204, Janis Research Corporation); ii) a light source — a deuterium
lamp (LD-400) for luminescence excitation and iii) a luminescence recording system
containing the grating monochromator (Andor Schamrock SR-303i-B) together with the
photomultiplier (Hamamatsu H7468-03). All necessary spectral corrections related to the
measurements are taken into account.

RESULTS AND DISCUSSION

Spectral characteristics of the raw material — AIN NP and doped AIN:Mn NP have been
studied at room temperature.

AIN NP. Photoluminescence and its excitation spectra of AIN NP are shown on Fig. 1, a,
and b, respectively. As it is seen from the Fig. 1, a, irradiation of the AIN NP sample with
light from the ultraviolet (UV) spectral region results in appearance of a wide and complex
blue luminescence band peaking at 415 nm (the blue luminescence — BL). This BL can be
excited within a wide spectral region of UV light consisting of several sub-bands (Fig. 1, b).
This spectral region covering the defect-induced absorption in AIN NP can be divided into I
and II spectral intervals.

Wavelength, nm Wavelength, nm
10 600550 500 45 400 350 400 350 300 250
’ ML L L I L | T T T AL L T T T T

. AIN NP 5 1,0
2 084 PLRT @ AIN NP
> 2 08- PLE, RT
o 0,64 ]
£ a £ o8y b
[} Q
(8] c
g 047 8 04-
3 ()
8 g
£ S

0,2+ 0,2
E 3
-

00 +———F——T———
0‘0 ———————— ’ T T T T T
2.0 25 3.0 35 3,0 35 4,0 45 5,0 55 6,0

Photon energy, eV
Photon energy, eV

Fig. 1. AIN NP, RT. a— photoluminescence spectrum at 335 nm excitation at room temperature.
b — luminescence excitation spectrum.

Analysis of the spectra depicted on Fig. 1, a, and b allows revealing of two mechanisms
causing the native defect-induced BL. One of them is intra-center mechanism, when light
absorption and emission occur inside one and the same defect. This mechanism is realized
when the exciting UV light corresponds to the spectral interval I depicted on Fig. 1, b. This
assumption is based on the following facts. Firstly, the maxima of the luminescence and
excitation bands are situated very close and difference between them (the so-called Stokes
shift) does not exceed 1 eV (Fig. 1, a, and b), which is characteristic for the intra-center
processes. Secondly, our recent measurements of luminescence kinetics showed that in this
case the BL decay forms an exponential pulse with the decay time of an order of 107 s,
characterizing the intra-center luminescence [11].

When the exciting light is corresponding to the II spectral interval (Fig. 1, b) the BL
formation most credibly is caused by the recombination processes. In this case there are two
different but mutually interacting defect types, when one of them is responsible for absorption
of the exciting light, but the other one — for light emission. There are several observations
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speaking in favor of this assumption. i) As it is seen from the (Fig. 1), in this case the Stokes
shift energy is about 2 eV, considerably exceeding the value typical for the intra-center
luminescence processes. ii) Besides, it is known that irradiation of bulk AIN (ceramics) with
light from the spectral interval of 250-270 nm results in appearance of recombination
processes causing the luminescence of oxygen-related defects [12-17] together with an energy
storage in material, which can be released via thermally or optically stimulated processes [ 18—
21].

For identification of the defect types responsible for the BL in AIN NP, at first we can
exclude the well-known oxygen-related defects observed in bulk AIN, which also emit the
blue luminescence [16], because the total PLE spectrum of this luminescence differs from that
observed in the present investigation. We assign the native defects, which are responsible for
the BL luminescence in AIN NP to nitrogen vacancy type defects known as the so-called F-
centers [22]. This assumption is in a good agreement with the results obtained from the
theoretical studies of AIN where presence of deep energy levels within the band gap of AIN
caused by nitrogen vacancy type defects are revealed [23-25].

The BL mechanisms and involved defects are more detailed discussed in our recent paper
[31].

AIN:Mn NP. PL and PLE spectra of AIN:Mn NP measured at RT are depicted on Fig. 2,
a and b, respectively. The PL spectrum consists of a single band peaking at 600 nm, having an
asymmetric long wavelength side extending up to 800 nm, which could include several sub-
bands with low intensity. The spectral position of 600 nm for Mn luminescence is in a good
agreement with those observed by other authors [26, 27]. The PLE spectrum of Mn
luminescence consists of two main bands (Fig. 2, b). One of them at 480 nm with a shoulder
at 400 nm can be related to the direct absorption of Mn defects, whereas the PLE band at 260
nm seems to be coincident with excitation of the recombination BL band in AIN NP (Fig. 1,
b). It allows assumption that irradiation of AIN:Mn NP with 260 nm light results in 600 nm
Mn luminescence caused by recombination processes.

Wavelength, nm Wavelength, nm
800 600 400 55600150400 350 300 250

. 1,01

=
o
1

AIN:Mn NP
RT PLE

l b

T T T T 0,0 +—r———r——r—
15 2,0 2,5 3,0 25 30 35 40 45 50 55 6,0

Photon energy, eV Photon energy, eV

Fig. 2. AIN:Mn NP, RT. a— photoluminescence spectrum under 260 nm excitation. b — luminescence
excitation spectrum.
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In summary, the results observed allow conclusion that in AIN:Mn NP Mn impurity is
forming a luminescence center, which can be excited either directly by 480 nm light
absorption accordingly to the intra-center luminescence mechanism, or through absorption of
260 nm light resulting in recombination luminescence mechanism. Besides, for AIN:Mn NP
the BL at 415 nm which is characteristic for AIN NP (Fig. 1, a) is not observable. It allows
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assumption, that for doped AIN NP the impurity luminescence is usually more intensive than
that caused by the nitrogen vacancy type native defects.

Spectral properties of AIN:Mn NP emitting intensive red luminescence are clearing the
way of material for application as luminescent markers of biological objects. Besides, it is
reasonably to consider, that AIN NP is with low toxicity, because it is never mentioned in the
lists of toxic nanomaterials observable in the annual reports of leading supervising companies
[28-30]. Nevertheless, it seems reasonable to test the toxicity of AIN NP in future.

In summary, we can conclude that properties of AIN nanopowder doped with Mn atoms
are in a good agreement with the main requirements for biological sensors: i) it does not
belong to the materials with high toxicity; i) AIN:Mn NP possesses intensive red
luminescence at 600 nm, which can be excited either with the ultraviolet light around 260 nm
or with visible light around 480 nm; iii) it is relatively cheep material and it can be
synthesized using simple synthesis methods.

CONCLUSIONS

In summary, the present spectral investigations of AIN nanopowder and the same doped
with Mn atoms allow the following conclusions. i) In AIN NP the native defect-caused blue
luminescence around 415 nm appears, which can be excited either via intra-center processes
with UV light from 315-340 nm spectral region or through recombination processes caused
by the sample irradiation with light from 250-270 nm spectral region. The luminescent
defects responsible for the BL can be related to the so-called F-centers based on nitrogen
vacancies. ii)) For AIN:Mn NP the Mn-caused intensive red luminescence at 600 nm is
predominant, which can be excited either by UV light around 260 nm or visible light at 400—
480 nm. iij) AIN:Mn NP is a prospective material for use as a luminescent marker for imaging
of biological materials.
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