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Abnormally narrow spectral lines have been observed in the luminescence spectra of
Y2SiO5:Pr3+ and YVO4:Eu3+ nanocrystals at the room temperature. This fact was
interpreted as the result of optical transitions dephasing processes suppression in the
nanocrystals. The general cause of the observed effect is the weakening of phonon scattering
on the impurity centre as a result of the quantum size effect in nanocrystal phonon
subsystem. At first the dependence of spectral line width on the nanocrystal size has been
shown. Unnecessary of the deep cooling for narrow optical resonances obtaining makes
these nanocrystals a potential candidate for the wide set of applications in the optical
memory and quantum computing devices.

Introduction

Electron-phonon interaction (EPI) [1] as the ubiquitous fundamental
effect of condensed-matter physics nowadays has been transformed into
potentially useful tool for modern materials with purposeful functional
properties (such as photoswitches [2, 3], phase shifting materials GeSbTe [4,
5], high-temperature superconductors [6, 7]) creation. There are several
manifestations of EPI for impurity centres result in solid matrices. At
first, EPI provides the ultra-fast relaxation of excited electronic states
for impurity centres [8]. For rare-earth (RE) ions, for instance, EPI
provides the relaxation between the Stark components of split terms and
the terms itself [9, 10]. In addition, EPI leads to temperature broadening
and spectral shift of spectral lines corresponding to impurity centers optical
transitions [11, 12]. In the low temperature range temperature broadening
makes additive contribution γ(T) to the homogeneous width of spectral
line hidden inside the inhomogeneous broadened spectral profile [10].
And in the contrary, at the room temperature phonon scattering on the
impurity centre makes dominating contribution into the homogeneous width
of spectral line exceeding the inhomogeneous broadened profile [11–
13]. Temperature broadening mechanisms for spectral lines of impurity
centers optical transitions are well-known [10]. For impurity RE ions in
solids in the range of helium temperatures Orbach mechanism of spectral
lines broadening γ(T) ~ e-Δ/kT (where Δ is the activation energy for
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corresponding Stark component, T is the
temperature, k is the Boltzmann constant) are
realizing with participation of nearest Stark
component of the split term [14] or quasi-local
oscillation [15] is common. At the higher
temperatures spectral lines broadening is
determined by the law γ(T) ~ T7 [12, 16–17].

In the paper [18] have been shown that as the
exception for impurity RE ion in the Y2SiO5:Pr3+

bulk crystal the spectral lines temperature
broadening mechanism characteristic for amorphous
solid-state matrices (glasses, polymers) [19–21] is
realized (γ(T) ~ sh-1(ΔTLS/kT), where ΔTLS is the
activation energy of two-level system).

The homogeneous linewidth of impurity centres
optical transitions is closely concerned with so-
called dephasing time (time of phase relaxation)
T2 = (πγhom)-1 [22]. For impurity RE ions at low
temperatures the value of T2  can vary in the range
of 100 ns – 100 ìs [23–24]. Dephasing time T2
plays an important part in the wide set of impurity
ions optical resonances applications. For instance,
there is important for design of optical memory
cells [25] and quantum computers [26, 27].
Practical application of optical resonances requires
the impurity crystals with large T2  [28]. Thus there
is the strong request for materials providing minimal
inhomogeneous broadening of optical transitions
and (that is the most important) the minimal
contribution to the homogeneous width determined
by the phonon-stimulated processes [28]. At the
same time for the real operation with optical
resonances in the case of doped bulk crystals the
deep cooling for phonon impurity centre scattering
suppression is required.

In this paper the abnormally narrow spectral lines
of impurity RE ions in Y2SiO5:Pr3+ and YVO4:Eu3+

nanocrystals observed even at the room temperature
are shown. The narrow optical resonances have
been analyzed and found the preliminary explanation
based on the manifestation of quantum size effect
on the phonon subsystem of the nanocrystals. At
first the dependence of spectral line width on the
nanocrystal size has been shown.

Materials and Methods

Y2SiO5:Pr3+ and YVO4:Eu3+ nanocrystals have
been obtained by means of sol gel method [29].
Detailed description of nanocrystal synthesis is
shown in [30]. Excitation and luminescence spectra
of impurity Pr3+ and Eu3+ ions were measured by
the specially created spectrofluorimeter equipped
by the microobjective [31, 32].

Results and Discussions

In the fig.1 the absorption spectrum of
Y2SiO5:Pr3+ bulk crystal and excitation spectrum
of the same nanocrystal (~20 nm) in the range of
3H4 → 1D2 Pr3+ optical transitions are shown. For
the bulk Y2SiO5:Pr3+ (as it was expected) at the
helium temperature (fig. 1a) spectral lines are well-
resolved and their full width at half maximum
(FWHM) is minimal and determined by the
inhomogeneous broadening [33, 34].

At the same time at the room temperature
spectral lines are subject to a homogeneous
broadening [22, 28] due to phonon scattering and
the decreasing of T2 = (πγhom)-1 is observed.

At the same time in the case of Y2SiO5:Pr3+

nanocrystal spectral lines in the excitation spectrum
remain narrow even at the room temperature (fig. 1b).
Narrowness of spectral lines remains also in the
Y2SiO5:Pr3+ nanocrystal luminescence spectra
measured at the room temperature (fig. 2a).
Contrary to nanocrystal, the bulk crystal
luminescence spectrum is sufficiently blurred and
its spectral structure appears weakly (fig. 2b).

So the luminescence spectrum of Y2SiO5:Pr3+

nanocrystal (fig. 2a) looks like the spectrum of
Y2SiO5:Pr3+ bulk crystal under the deep cooling.
This peculiarity has been shown at first in [31, 32].
For the confirmation of observed spectral
peculiarities generality YVO4:Eu3+ nanocrystal has
been investigated. Spectral lines of Eu3+ ion
luminescence spectrum in YVO4:Eu3+ nanocrystals
remain narrow at the room temperature making the
spectrum well structured (fig. 3).
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Fig. 1. Absorption spectrum of Y2SiO5:Pr3+ crystal at Ò =
1.5 Ê in the range of 3H4 → 1D2 transition (a); åxcitation
spectrum of Y2SiO5:Pr3+ nanocrystal at Ò = 300 Ê in the
range of 3H4 → 1D2 transition (b)

Fig. 2. Luminescence spectra at Ò = 300 Ê of the:
à) Y2SiO5:Pr3+ bulk crystal, b) Y2SiO5:Pr3+ nanocrystal

Fig. 3. Luminescence spectra at Ò = 300 Ê of the:
à) YVO4:Eu3+ bulk crystal, b) YVO4:Eu3+ nanocrystal

Fig. 4. Dependence of the YVO4:Eu3+ nanocrystal
luminescence linewidths on the temperature: 1 – 30 nm,
2 – 5 nm
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According to well-known patterns [22, 28] it can
be mentioned that spectral lines in absorption and
luminescence spectra of impurity RE ions in bulk
crystals at the low temperature are inhomogeneously
broadened. Temperature increasing leads to
increasing of phonon scattering contribution to the
homogeneous linewidth. At the room temperature
phonon scattering contribution becomes
determinative and spectral lines are homogeneously
broadened. Optical transitions dephasing time at the
room temperature becomes too short (10–12–
10–15 s) for using of these optical resonances for
the optical memory devices and quantum computers
creation.

In the general case the contribution of the phonon
scattering processes to the homogeneous linewidth
is determined by the expression [12]:
 
( ) { }2 2 2

0

ln 1 ( ) ( )
2
dT W sh kTωγ ρ ω ω
π

∞
−= + ⋅ ⋅∫ h  (1)

where: W is the constant of electron-phonon
coupling for the impurity centre;  ρ(ω) is the phonon
state density; k is the Boltzmann constant; T is the
temperature.

Expression (1) remains correct independently on
the crystal size. Constant of electron-phonon
coupling is concerned with the impurity ion adiabatic
potential change under the photoexcitation and
determined by the ligand field structure only. It is
clear that the ligand field of the impurity centre
changes only within the first coordination sphere,
so, it is independent on the crystal size up to few
nanometers [35, 36]. Direct confirmation of this
statement was obtained in the experiment [31, 32].
In [31, 32] it have been shown that the splitting
peculiarities of impurity Pr3+ ion degenerate terms
remained the same as for the bulk crystal after
decreasing of nanocrystal size up to 20 nm [37, 38].

The main parameter in the expression (1)
critically dependent on the crystal size in the range
of nanometers is the phonon state density [39].
Depletion of nanocrystal phonon state density leads
to the suppression of the fast nonradiative relaxation
of impurity centre electron states [37–38, 40]. In
addition, in [37, 38] has been shown that nanocrystal
vibrational modes are high-Q with the low
anharmonicity. The phonon mode quantity in a

nanocrystal becomes explicitly discrete and these
modes can be expressed as the set of functions
ρ(ω) ~ 1/((ω - ωi)2+(2τph)-2), where ωi and τph are
the frequency and decay time of the phonon mode,
respectively. Thus at τph →  the integration in (1)
is performed with δ – functions leading to
minimization of γ(T). According to our interpretation
increasing of nanocrystal size must lead
unambiguously to the phonon density increasing
manifesting itself in the increasing of phonon
contribution to the impurity ion homogeneous
linewidth. The experimental results (fig. 4) totally
confirm our predictions. Spectral lines in the impurity
luminescence spectrum of YVO4:Eu3+ nanocrystal
broaden with the nanocrystal size increasing.

Conclusion

Thus, rare-earth doped nanocrystals of wide-gap
dielectrics exhibit narrow optical resonances of
impurity ions at the room temperature. This effect
is closely concerned with the optical transitions
dephasing suppression due to weakening of phonon
scattering on the impurity centre as a result of the
quantum size effect in nanocrystal phonon
subsystem. Due to the properties mentioned above
doped nanocrystals can find their application in the
optical memory and quantum computing devices due
to unnecessary of the deep cooling.

Íà ñïåêòðàõ ëþì³íåñöåíö³¿ íàíîêðèñòàë³â Y2SiO5:Pr3+ òà
YVO4:Eu3+ çà ê³ìíàòíî¿ òåìïåðàòóðè ñïîñòåð³ãàëàñÿ íà-
ÿâí³ñòü àíîìàëüíî âóçüêèõ ñïåêòðàëüíèõ ë³í³é. Öå áóëî
³íòåðïðåòîâàíî ÿê ðåçóëüòàò çàãëóøåííÿ ïðîöåñ³â äåôà-
çóâàííÿ îïòè÷íèõ ïåðåõîä³â ó íàíîêðèñòàëàõ. Ïðè÷èíîþ
çàçíà÷åíîãî åôåêòó º îñëàáëåííÿ ðîçñ³þâàííÿ ôîíîí³â íà
äîì³øêîâîìó öåíòð³ âíàñë³äîê âïëèâó êâàíòîâî-ðîçì³ð-
íîãî åôåêòó íà ï³äñèñòåìó ôîíîí³â ó íàíîêðèñòàë³. Óïåð-
øå îòðèìàíî çàëåæí³ñòü øèðèíè ñïåêòðàëüíèõ ë³í³é â³ä
ðîçì³ðó íàíîêðèñòàëà. Â³äñóòí³ñòü ïîòðåáè ãëèáîêîãî çà-
ìîðîæóâàííÿ äëÿ îòðèìàííÿ âóçüêèõ îïòè÷íèõ ðåçîíàíñ³â
â³äêðèâàº ìîæëèâîñò³ âèêîðèñòàííÿ òàêèõ íàíîêðèñòàë³â
äëÿ ñòâîðåííÿ ïðèñòðî¿â îïòè÷íî¿ ïàì’ÿò³ òà êâàíòîâèõ
êîìï’þòåð³â.

Êëþ÷îâ³ ñëîâà: âóçüê³ ë³í³¿, åëåêòðîí-ôîíîííà âçàºìîä³ÿ,
íàíîêðèñòàëè

Íà ñïåêòðàõ ëþìèíåñöåíöèè íàíîêðèñòàëëîâ Y2SiO5:Pr3+

è YVO4:Eu3+ ïðè êîìíàòíîé òåìïåðàòóðå íàáëþäàëîñü íà-
ëè÷èå àíîìàëüíî óçêèõ ñïåêòðàëüíûõ ëèíèé. Ýòî áûëî
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èíòåðïðåòèðîâàíî êàê ðåçóëüòàò ïîäàâëåíèÿ ïðîöåññîâ
äåôàçèðîâêè îïòè÷åñêèõ ïåðåõîäîâ â íàíîêðèñòàëëàõ.
Ïðè÷èíîé íàáëþäàåìîãî ýôôåêòà ÿâëÿåòñÿ îñëàáëåíèå
ðàññåÿíèÿ ôîíîíîâ íà ïðèìåñíîì öåíòðå â ðåçóëüòàòå âëè-
ÿíèÿ êâàíòîâî-ðàçìåðíîãî ýôôåêòà íà ïîäñèñòåìó ôîíî-
íîâ â íàíîêðèñòàëëå. Âïåðâûå ïîëó÷åíà çàâèñèìîñòü øè-
ðèíû ñïåêòðàëüíûõ ëèíèé îò ðàçìåðà íàíîêðèñòàëëà. Îò-
ñóòñòâèå íåîáõîäèìîñòè ãëóáîêîãî çàìîðàæèâàíèÿ äëÿ
ïîëó÷åíèÿ óçêèõ îïòè÷åñêèõ ðåçîíàíñîâ îòêðûâàåò øè-
ðîêèå âîçìîæíîñòè ïðèìåíåíèÿ äàííûõ íàíîêðèñòàëëîâ
äëÿ ñîçäàíèÿ óñòðîéñòâ îïòè÷åñêîé ïàìÿòè è êâàíòîâûõ
êîìïüþòåðîâ.

Êëþ÷åâûå ñëîâà: óçêèå ëèíèè, ýëåêòðîí-ôîíîííîå âçàè-
ìîäåéñòâèå, íàíîêðèñòàëëû
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