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Abstract. The cathodoluminescence (CL) response of commercially available
aluminium nitride (AIN) powder, plasma-synthesized AIN nanoparticles, AIN nanotubes,
and AIN nanotube/cesium iodide (CsI) composites was comparatively analysed in the
80-300 K temperature range. The nanostructured material was produced by a highly
nonequilibrium direct-current arc-plasma route and contained two characteristic nano-
tube populations: hollow tubes with diameters of approximately 25-30 nm and thinner,
frequently helical tubes with diameters of 2-3 nm; both populations had lengths on
the order of 700 nm. At 80 K the commercial AIN powder exhibited a dominant band
at 3.47 eV, whereas nanoparticles emitted predominantly near 3.66 eV. The nanotube
spectrum was substantially more complex and included components near 2.2, 3.0,
and 3.5 eV, indicating a broader distribution of defect- and surface-related radiative
channels. A single-channel Mott-Seitz treatment of the temperature-dependent 3.47
eV emission yielded an apparent activation energy of about 24 meV. The absence of a
measurable peak shift or linewidth broadening, together with the small fitted energy,
indicates that the intensity loss cannot be described as conventional thermal quenching
alone and is more consistently explained by carrier migration to non-radiative surface
states. Addition of 0.25-0.50 wt.% AIN nanotubes to CsI modified the host emission
profile, particularly at 80 K, providing spectral evidence consistent with radiative
reabsorption and/or interfacial energy redistribution. The results demonstrate that
AIN morphology strongly controls the balance between intrinsic, impurity-related, and
surface-mediated recombination and underline the potential of AIN/CsI composites
for tunable ultraviolet-visible scintillation materials.
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Introduction

Aluminium nitride (AIN) is a technologically important III-V compound combining a wide direct band gap
of approximately 6.2 eV with high thermal conductivity, low thermal expansion, chemical stability, piezoelectricity,
and transparency in the visible spectral range. These properties have established AIN as a platform material for
ultraviolet optoelectronics, high-power electronics, acoustic-wave devices, thermally conductive electrical insula-
tion, and radiation-resistant components [1-5]. In addition to its stable hexagonal wurtzite structure, AIN can occur
in metastable structural forms under highly nonequilibrium synthesis conditions. The electronic and vibrational
properties of such nanostructured phases may differ considerably from those of bulk crystals because of reduced
dimensions, high surface-to-volume ratio, curvature, local strain, and the enhanced contribution of surfaces and
interfaces.

The optical response of AIN is extremely sensitive to non-stoichiometry and residual impurities. Emission
well below the fundamental absorption edge is therefore normally dominated by point defects, impurity-defect
complexes, and surface states rather than by direct band-to-band recombination. Oxygen is one of the most common
residual impurities in AIN and has frequently been associated with blue and near-ultraviolet luminescence. Never-
theless, a particular spectral band should not be assigned to a single microscopic defect without complementary
structural, chemical, or first-principles evidence because aluminium vacancies, nitrogen vacancies, oxygen substi-
tuting for nitrogen, and their complexes may produce overlapping transitions. In nanostructures this ambiguity is
amplified by surface reconstruction and the large density of under-coordinated atoms.

Arc-plasma synthesis provides access to AIN nanoparticles and nanotubes under strongly nonequilibrium
conditions. Earlier structural investigations of the material considered here revealed a rare metastable cubic contri-
bution, size-dependent changes in infrared-active vibrations, and a vibrational density of states markedly different
from bulk AIN [1-5]. Scanning tunnelling and transmission electron microscopy further showed two characteristic
nanotube morphologies: large hollow tubes and much thinner coiled or helical tubes [2]. These structural distinc-
tions are expected to alter carrier localization and the competition between radiative and non-radiative relaxation.

A second motivation for studying AIN nanotubes is their possible use as an active nanoscale component in
scintillator composites. Cesium iodide (Csl) is a widely used ionic scintillator host with intense ultraviolet emission
and a large stopping power for ionizing radiation [6-8]. Incorporation of AIN nanotubes may introduce additional
absorption and emission channels, modify light scattering and reabsorption, and create interfacial states that re-
distribute excitation energy. However, the interpretation of composite luminescence requires a direct comparison
with both pristine Csl and isolated AIN nanostructures under the same excitation conditions.

The present work aimed at a systematic analysis of the morphology-dependent cathodoluminescence (CL)
of commercial AIN powder, arc-plasma-synthesized AIN nanoparticles, and AIN nanotubes. Particular attention is
paid to the temperature dependence of the 3.47 eV band and to the spectral evolution of CsI containing 0.25 and 0.50
wt.% AIN nanotubes. The purpose is not only to catalogue emission maxima but also to identify which conclusions are
directly supported by the spectra and which require additional time-resolved or excitation-selective measurements.

Materials and Methods

AIN nanotubes and nanoparticles were synthesized by a high-temperature, highly nonequilibrium direct-cur-
rent arc-plasma process described in detail in Refs. [1, 2]. The plasma route produced a broad size distribution typical
of rapid nucleation and growth from a high-temperature vapour. Electron-microscopy observations showed larger
hollow nanotubes with diameters of approximately 25-30 nm and lengths near 700 nm, together with smaller 2-3
nm tubes of comparable length. The thinner tubes frequently exhibited a helical morphology, whereas the larger
objects had a conventional hollow tubular structure. A commercial AIN powder (Aldrich, catalogue No. 24,190-3),
containing more than 98% approximately spherical particles with diameters below 10 um, was used as a bulk-like
particulate reference.

For composite measurements, AIN nanotubes were dispersed in Csl at nominal mass fractions of 0.25 and
0.50 wt.%. Pure Csl measured under the same conditions served as the host reference. In the original spectral da-
taset, the nanotube-containing composite is labelled NT03/Csl; NT03 is retained as the original sample identifier
rather than used as a scientific abbreviation.
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Cathodoluminescence spectra were recorded under electron-beam excitation with an electron energy of
9 keV and an emission current of 150 pA over the temperature interval 80-300 K. Emitted light was dispersed by
a double-prism monochromator and detected with an FEU-106 photomultiplier covering approximately 200-800
nm. The spectral energy resolution was better than 30 meV. Instrumental response was corrected using a calibrat-
ed light source. Because the displayed comparative AIN spectra are normalized, conclusions concerning absolute
photon yield cannot be drawn from those curves.

The thermal behaviour of the dominant 3.47 eV band in commercial AIN was evaluated using the conven-
tional one-channel Mott-Seitz expression:

I(T) = o / {1 + C exp[-E/(kBT)},

where I(T) is the integrated luminescence intensity at temperature T, I, is the low-temperature intensity, C
is a pre-exponential factor, E, is the apparent activation energy, and kB is the Boltzmann constant. This phenome-
nological model assumes competition between a radiative channel and a thermally activated non-radiative channel.
Its physical validity must therefore be tested against simultaneous changes in peak position, spectral width, and
line shape.

Results and Discussion

1. Morphology-dependent emission of AIN

Figure 1 compares the normalized 80 K CL spectra of the commercial AIN powder, nanoparticles, and na-
notubes. The commercial AIN powder is dominated by a relatively well-defined band centred at approximately 3.47
eV (about 357 nm). This band lies far below the 6.2 eV band gap and is therefore defect-mediated. Oxygen-related
defects are a plausible contributor because oxygen is a ubiquitous impurity in AIN and oxygen-associated blue
emission has been reported extensively [6]. At the same time, the spectrum by itself does not discriminate between
isolated oxygen substitutions and complexes involving aluminium vacancies or other native defects.

The nanoparticle spectrum is shifted to higher photon energy and is centred near 3.66 eV (approximately
339 nm). A simple quantum-confinement explanation would be inadequate because the reported particles and
nanotubes are generally much larger than the characteristic electronic length scales of AIN. More credible contribu-
tions include differences in phase content, local strain, defect charge state, stoichiometry, and surface band bending.
The higher-energy maximum may reflect a changed distribution of donor-acceptor pair separations or a different
balance between bulk-like and surface-localized recombination. The independent observation of a metastable cubic
phase and shifted vibrational modes supports this interpretation, although phase-resolved luminescence would be
required for a definitive assignment.

The nanotube spectrum has the broadest and most structured profile, with at least three components near
2.2,3.0,and 3.5 eV. The low-energy 2.2 eV band (approximately 564 nm) is characteristic of a deep recombination
channel and is likely associated with strongly localized defect states or surface-related complexes. The interme-
diate 3.0 eV component (approximately 413 nm) may originate from another family of defect complexes or from
interface-like states generated by curvature and reconstructed surfaces. The component near 3.5 eV overlaps the
spectral region of the commercial AIN powder band and may contain oxygen-related or native-defect contributions.
The coexistence of hollow and helical tubes, with diameters differing by an order of magnitude, naturally produces
a distribution of local environments and can account for the complex line shape.

Table 1 - Comparative summary of the investigated AIN-containing samples and their principal CL

features.
Sample Structural/ Main CL features Most conservative interpretation
morphological context
Commercial AIN >98% spherical particles; | Dominant band at 3.47 | Defect-mediated emission; oxygen-
powder diameter <10 um eV associated defects are plausible but
not uniquely proven
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Sample Structural/ Main CL features Most conservative interpretation
morphological context

AIN nanoparticles | Arc-plasma product; Broad maximum near | Modified defect population,
nonequilibrium phase/ 3.66 eV strain, phase content, and surface
defect structure electronic structure

AIN nanotubes 25-30 nm hollow tubes Components near 2.2, | Multiple deep, surface-related,
and 2-3 nm helical tubes; |3.0,and 3.5 eV and impurity/native-defect
length ~700 nm recombination channels

CsI+0.25 wt.% Dilute nanotube/Csl Host profile modified; | Spectral redistribution consistent

AIN nanotubes composite additional low-energy | with reabsorption and/or

contribution is visible, |interfacial energy transfer
especially at 295 K
CsI+0.50 wt.% Higher nanotube loading Broad structured Stronger contribution of nanotube/
AIN nanotubes emission at 80 K interface states; quantitative yield
not available

Figure 1. Normalized cathodoluminescence spectra of commercial AIN powder, AIN nanoparticles,
and AIN nanotubes recorded at 80 K. The commercial powder is dominated by a band near 3.47 eV,
nanoparticles emit mainly near 3.66 eV, and nanotubes show a multicomponent
spectrum with bands near 2.2, 3.0, and 3.5 eV.

2. Temperature dependence of CL

The integrated intensity and half-width of the commercial AIN powder band were analysed between 80 and
300 K. No significant temperature-induced broadening or systematic spectral shift of the 3.47 eV maximum was
observed within the resolution of the experiment. Fitting the intensity decrease with the one-channel Mott-Seitz
equation produced an apparent activation energy of approximately 24 meV. This energy is close to the thermal energy
available near room temperature and is too small to support a unique assignment to escape from a well-defined
deep defect level over the full 80-300 K interval.

More importantly, the assumptions of the simple Mott-Seitz model are not fully satisfied. Conventional
thermal depopulation of a localized emitting state often changes the relative populations of nearby states and may
be accompanied by a measurable evolution of the peak position, linewidth, or spectral shape. Their absence suggests
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that the observed intensity decrease is governed by a spatial transport process rather than by thermal emptying of
one isolated luminescence centre. Electron-hole pairs generated in the penetration volume of the electron beam
can migrate before recombination. As temperature increases, diffusion and trapping kinetics may favour migration
toward particle surfaces, where dangling bonds, adsorbates, and reconstruction-related states provide efficient
non-radiative pathways. The extracted 24 meV should therefore be regarded as an effective transport or trapping
scale, not as a definitive microscopic defect ionization energy.

The stronger room-temperature decrease observed for the nanostructured samples is consistent with this
picture. Their surface-to-volume ratio is much larger than that of the commercial micropowder, and their curved
surfaces can contain a high density of structurally inequivalent sites. Electron-phonon interactions and self-absorp-
tion may further reduce the detected emission. Separating these mechanisms would require absolute quantum-yield
measurements, temperature-resolved decay kinetics, and a controlled comparison of powders with known surface
area and oxygen content.

3. Luminescence of AIN nanotube/Csl composites

Figure 2 compares pure Csl with the composite containing 0.25 wt.% AIN nanotubes at 295 and 80 K. Pure
CsI shows a broad ultraviolet emission profile whose relative intensity and shape change on cooling. Introduction
of a small amount of AIN nanotubes modifies the spectrum rather than merely scaling the host intensity. At 295 K
the composite retains a host-related maximum in the ultraviolet but develops a more pronounced low-energy wing.
At 80 K the structured ultraviolet emission becomes stronger and the difference between the host and composite
remains observable. Since the AIN nanotubes themselves emit across approximately 2.2-3.5 eV, overlap exists be-
tween the Csl emission and absorption or defect-state excitation channels of the nanotubes.

The spectral modification is consistent with two non-exclusive mechanisms. First, photons emitted by CsI
may be absorbed by AIN nanotubes and re-emitted through nanotube defect states, representing radiative energy
transfer or luminescence reabsorption. Second, carriers or excitations generated close to a CsI/AIN interface may
relax through interface-mediated states before recombination. The available steady-state spectra demonstrate re-
distribution of the emitted intensity but do not independently establish the transfer pathway. A rigorous distinction
would require excitation spectra monitored at the nanotube bands, time-resolved measurements showing corre-
lated decay components, and comparison of absolute light yields after correction for scattering and optical density.

Figure 2. Cathodoluminescence spectra of pure Csl and Csl containing 0.25 wt.% AIN nanotubes at 295 K
and 80 K. The panels reproduce the original spectral data on common axes for direct comparison.
The composite exhibits a modified ultraviolet profile and an enhanced low-energy contribution.
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The 0.50 wt.% composite measured at 80 K (Figure 3) displays a broad, structured emission extending
from the near-ultraviolet toward the visible range. Compared with the lower-loading sample, the larger nanotube
fraction increases the probability that host emission or migrating excitations interact with an AIN surface. At the
same time, an excessive nanotube concentration may increase optical scattering, self-absorption, and the density
of non-radiative interfaces. The present dataset does not include an absolute intensity calibration between all com-
positions, so an optimum nanotube loading cannot yet be identified. The spectra should therefore be interpreted as
evidence of tunability rather than proof that 0.50 wt.% maximizes scintillation efficiency.

Figure 3. Cathodoluminescence spectrum of Csl containing 0.50 wt.% AIN nanotubes at 80 K.
The broad structured profile indicates simultaneous contributions from the Csl host, nanotube defect
states, and/or interfacial relaxation channels. Source: supplied poster dataset.

4. Implications for defect physics and scintillator design

The combined data show that morphology is not a secondary variable in AIN luminescence. Commercial
microparticles, nanoparticles, and nanotubes exhibit different emission maxima even under identical electron-beam
excitation and temperature. The observation is consistent with a redistribution of defects and charge states caused
by nonequilibrium synthesis and by the large contribution of surfaces. The coexistence of multiple nanotube diam-
eters and morphologies additionally broadens the ensemble response. Consequently, future optimization should
treat phase composition, oxygen concentration, surface passivation, and tube diameter distribution as independent
synthesis parameters.

For scintillator applications, a broad nanotube emission can be advantageous when spectral matching to
a photodetector is required, but it can also indicate a high concentration of deep traps that slow energy transport
or promote non-radiative loss. The most promising composite would therefore not necessarily be the one with the
strongest visible shoulder; it would be the composition that maximizes the number of emitted photons per unit
deposited energy while retaining an acceptable decay time and radiation stability. Measurements of radiolumi-
nescence under X-ray or gamma excitation, scintillation decay kinetics, thermally stimulated luminescence, and
dose-dependent stability are needed to establish this balance.

Conclusions

A comparative analysis of commercial AIN powder, arc-plasma-synthesized nanoparticles, and AIN nano-
tubes demonstrates a pronounced morphology dependence of cathodoluminescence. At 80 K the commercial AIN
powder is characterized by a dominant defect-related band at 3.47 eV, while nanoparticles emit mainly near 3.66 eV.
AIN nanotubes exhibit a substantially more complex spectrum with components near 2.2, 3.0, and 3.5 eV, reflecting
the combined influence of deep defects, impurities, structural nonequilibrium, and surface states. The apparent
activation energy of 24 meV obtained from a one-channel Mott-Seitz fit to the commercial AIN powder intensity
should not be interpreted as a unique defect ionization energy. The lack of measurable peak shift and linewidth
broadening supports a model in which thermally assisted carrier migration to non-radiative surface sites controls
much of the intensity loss.
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Incorporating 0.25-0.50 wt.% AIN nanotubes into Csl modifies the host CL spectrum and introduces or en-
hances lower-energy emission. These changes are consistent with radiative reabsorption and/or interfacial energy
redistribution between Csl and AIN nanotubes. However, steady-state normalized spectra alone cannot quantify
transfer efficiency or establish an optimal loading. Absolute light-yield measurements, excitation-selective spectros-
copy, decay kinetics, and controlled structural and chemical characterization are required for further development.
Within these limitations, the results identify AIN nanotubes as an effective spectral-modification component and
provide a basis for designing ultraviolet-visible scintillator composites with tunable emission.
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CpaBHUTe/IbHas KaTOA0/II0OMUHECIeHIIUA HAHOCTPYKTyprpoBaHHoro AIN
U CHUHTWIAMOHHBIX KOMIO3UTOB AIN-HaHOTpYyGKHU /CsI

AHHoOTanus. [IpoBei€éH cpaBHUTEJbHBINA aHa/IU3 KaTOLOJIIOMUHECLEHLIIMM IPOMBILIJIIEHHOTO TOPOLIKa
HuTpuza aoMunus (AIN), cHHTe3MpOBaHHbBIX AYT'OBBIM I1JIa3MEeHHBIM MEeTO/JOM HaHOYACTUL, U HAHOTPYOOK
AlN, a Takxe komno3uToB AIN-HaHOTpyOKH /moaun uesus (Csl) B guanaszone temnepatyp 80-300 K. [Tpu 80 K
npoMbliiieHHbIN AIN xapakTepusyeTcst 10/10C0H ¢ MakCUMyMoM 3,47 3B, HaHOYACTHUIBI — HU3JIyYeHHEM 0KOJIO0
3,66 3B, Tora Kak ClleKTp HaHOTPYOOK COAEeP>KUT KOMIIOHEHTHI okoJso 2,2, 3,0 u 3,5 3B. Pazsinuus cBsizaHbl €
HepaBHOBeCHOU $pa30BoM U JieHEeKTHOU CTPYKTYPOU, KpUBU3HOU M BBICOKHMM BKJIAJ[OM TOBEPXHOCTHBIX COCTOSHHUM.
®opmasnbHas allllpoOKCHMal sl TeMIIEPaTypPHOTo TylleHUs noJjockl 3,47 3B mozenbio MoTTa-3eiTLa Aa/ia 3HEPTUI0
aKTHUBaALMU 0K0JI0 24 M3B. OTCyTCTBUE 3aMeTHOTO TEMIIEPATYPHOI'O CIBUTa U YUIMPEHUS N10JI0Chl TOKA3bIBAET,
YTO CHUKEHHE UHTEHCUBHOCTH HeJIb3$ OIMCATh TOJbKO OOBIYHBIM TEPMHUYECKHUM ONYCTOLIEHHEM I[eHTpPa; 6oJiee
BeposiTHA MUTPALsl HOCUTeEJEeH K 6e3bI3/Iy4aTebHbIM IOBEPXHOCTHBIM cocTOssHUAM. [Jo6aBienue 0,25-0,50 mac.%
HaHOTpy60K AIN usmeHsieT npoduib roMuHecueHuu Csl, 4To cornacyeTcs ¢ nepeussnydyeHueM, peabcopbuueit u/
iy MexdasHbIM NepepacnpesieieHieM 3HEPTUH. [l KOJIM4eCTBEHHOTO onpe/iesieHrs 3¢ eKTHBHOCTH NepeHoca
Heo6X0/JUMbI U3MepeHUsT aGCOMIOTHOTO CBETOBBIX0/IAa U KUHETHUKH 3aTyXaHUs.

KioueBble c10Ba: HUTPU/J, aJIIOMUHUS; HAHOTPYOKY; HAHOYACTHIbI; KATOL0IOMUHECLEHLUsI; TOBEPXHOCTHbIE
COCTOSTHUSI; MOJUJ, Lle3Usl; CUUHTUJLISIMOHHbIE KOMIIO3UTHI.
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HanokypsbuibiMabl AIN koHe AIN HaHOTYTiKIIEAepi/Cs] CHUHTU/LIALMAIBIK KOMIIO3UTTEPiHIH
CaJIbICTBIPMAaJIbl KATOAOJIIOMHHECLeHIUSIChI

Anaarna. 80-300 K TemnepaTtypa apa/blfblH/Ia 6HEPKICINTIK aqtoMUHUN HUTpUAi (AIN) yHTaFbIHBIH,
JOFaJIbIK MJ1a3MaJlbIK 9fjiclieH cuHTe3esreH AIN HaHOOeJLIeKTepi MEH HAHOTYTiKIIeepiHiH, coHpai-ak AIN
HaHoTyTikenepi/ue3nit noauai (Csl) kommnosnTTepiHiH KaTOA0/IOMUHECLEHLUSICHI CAJIbICTBIPMaJIbl TYP/ e
3eprrengi. 80 K remneparypasa enepkacinTtik AIN ywiH 3,47 5B MakcuMyM/bl 2K0J1aK, HAHOOBJIIIEKTep YILiH
uramMaMeH 3,66 3B caysie wibiFapy 6aiikasibl, ajl HaHOTYTiKuesep ciekTpinge 2,2, 3,0 xxaHe 3,5 3B MaHbIHAAFbI
6ipHewIe Kypamzac 6ap. by aliblpMalIblIBIKTap Tene-TeH eMec GpasasiblK KoHe aKay/IbIK KyPbLIbIMMeH, KUCBIKThIKIIEH
»KOHe 6eTTiK KYHJep/iH KOFaphl y/aeciMeH 6aiiaHbICThI. 3,47 3B xoJIaFbIHBIH TeMIEPATYPaJIbIK COHYiH MOTT-
3eliTy MozeniMeH GopMasibl XKYbIKTAy llaMaMeH 24 M3B 6esicenzipy sHeprusicbiH 6epAi. JKosiaK OpHbI MeH eHiHiH,
alKbIH 63repMeyi HHTEHCUBTIJIKTIH TOMeH/leyiH TeK K9/iMIi TEpMUSJIBIK, COHYMEH TYCiH/ipyre 60JMalThIHbIH
»KOHe TacbIMaJIayblIap/bIH CIyJIe LILIFAPMAaUThIH 6ETTiK Kyliepre MUTpalUsiChl MAHbI3/Ibl EKeHiH KepceTes.
Csl maTpunaceina 0,25-0,50 macc.% AIN HaHOTYTiKILe/lepiH eHri3y caysie WblFapy npoduiin esrepTesi, 6yJ1 KaliTa
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Comparative cathodoluminescence of nanostructured AIN and AIN nanotube/Csl scintillator composites

XKYTBLIY K9He /HeMece Gpa3apasiblK IHEPrUsAHbIH KaiTa 6eJiHyiMeH yiliecesi. JHEPTHs TacbIMaJIbIHbIH THIMAIIIriH
CaHAbBIK 6aFasiay YLIiH abCOJIIOTTIK XKapblK LIbIFBIMBIH XKoHE 6111y KHHETHUKAChIH oJIIIey KaKeT.

TyiliH ce3aep: alOMUHUNA HUTPU/Ji; HAHOTYTiKLIe iep; HaHOOeJIeKTeP; KAaTOA0JI0MUHeCIeHI1s]; 6eTTik
KyWJep; Lie3uil HoAUAL; CUUHTU/IALUAIBIK KOMIIO3UTTED.
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