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Controlling Local Structures of Activated lons to
Improve Red and Blue Phosphors in a LED Device

Narrow-band-emitting red phosphors and thermally stable blue phosphors are developed for

high-quality illumination.

Phosphor-converted white-light-emitting diodes (pc-WLED) have

been the most promising light sources in our daily life in recent years,
because they have a long operating lifetime, robustness and small energy
consumption. Commercial pc-WLED are fabricated with a blue LED and a
yellow phosphor; white light is generated through excitation of a yellow
phosphor with a blue LED. For an illumination system of high quality, a
blue LED with red and green phosphors is used to achieve a high col-
or-rendering index (CRI). This CRI measures a light source to reveal the
colors of various objects faithfully relative to an ideal or natural light
source; light sources with a high CRI are desirable in color-critical applica-
tions. Currently used and available phosphors have some limitations. For
commercial blue-emitting phosphors (BaMgAl;;,0+7:Eu?* and
SrsMgSi,0g:Eu?*), a thermal- quenching (TQ) effect causes a seriously
decreased emission intensity when operated under a condition of high
power. Commercial red phosphors (CaAlSiNs;:Eu? and SrAlSiNs:Eu?*) have
a broad emission profile with band center 650 nm that matches poorly
the sensitivity of human eyes.

To realize a high-quality backlighting system, new red phosphors with a
narrow emission bandwidth should be developed. Mn“**-activated flu-
oride phosphors show emission between 600 and 650 nm and do not
absorb the emission from commercial green phosphors (YAG:Ce**), which
hence become a promising activated doping ion for red emission. Early
studies focused on methods of synthesis of the new compounds, but the
local coordinate environment and emission behaviors and bands were
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Fig. 1: (a) Excitation and (b) emission spectra of Na,(Si.Ge1.)Fe:Mn** and Na.(Ge,Ti1.)
Fs:Mn*. [Reproduced from Ref. 1]

less studied. A research team at
National Taiwan University, led by
Ru-Shi Liu, recently studied sys-
tematically the behaviors of the
zero-phonon line (ZPL) of Mn*+-ac-
tivated fluoride phosphors. Liu
and his co-workers synthesized
compounds in series Na,(Si,Ge,)
Fe:Mn* and Na,(Ge,Ti,)Fs:Mn*
and studied their emission profiles
as a variation of x and y in the
compound formula, as shown in
Fig. 1. The measured excitation
spectra are similar, corresponding
to spin-allowed transitions *A,

- 4T, and *A; > “T,, whereas the
emission spectra are correlated to
the spin-forbidden transition %E

- 4A,. The results show that the
intensity of the ZPL increased from
Na,SiFs to Na,GeFs. X-ray diffrac-
tion (XRD) patterns show that
Na,SiFs and Na,GeF crystallize

in a trigonal structure and Mn*
ions substitute the Si*, Ge* and
Ti* positions to form octahedral
MnF¢? moieties. Although the
emission spectra are much less
sensitive to a change of the crystal
field than the excitation spectra,
the ZPL intensity is sensitive to the
distortion in the MnF¢ moieties.
Further EPR studies indicate that
Mn* ions occupy at least two
distinct positions of high and low
local symmetry.

For development of the blue
phosphors, a joint research group
from China, led by Lixin Ning (An-
hui Normal University) and Zhiguo
Xia (University of Science and
Technology Beijing), synthesized
new phosphors of ABPO4Eu® (A =
Li, Na, K, Rb; B = Ca, Sr, Ba) with a
structure of 5-K,SO, type through
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Fig. 2: (a) Structural phase transformation model from 5-K;SO, prototype to a new phase of KBCP via varied substitution construction
on cation sites. (b) XRD and (c) SXRD profile for the Rietveld refinement result of KBCP and KBCP:9% Eu?*, respectively. (d)

Crystal structure of KBCP:9% Eu?* and occupancy rates of Eu?*. (e) XRD patterns of KBCP:xEu?* (x = 0.5-9%) as prepared.[Repro-

duced from Ref. 2]

mineral-inspired prototype evo-
lution and new phase construc-
tion methods. Within these new
phosphors, KaBaCa(PQ,),:Eu?*
was found to have a high lumi-
nescence thermal stability. X-ray
powder-diffraction measurements
show that Eu?* ions can occupy
three distinct sites and K3 (M3)
sites are more stable than K2 (M2)
sites, resulting in emissions at

465 and 438 nm, respectively, as
shown in Fig. 2. Figure 3 shows
the temperature dependence of
the emission band profile and the
intensity in KaBaCa(PO,),:Eu?* with
1%, 3%, and 5% Eu?*. Although
the luminescent intensity of all
samples decreased as tempera-
ture increased, the sample with
3% Eu? maintained intensity 95%
of that at 25 °C. This observed
behavior might reflect a balance
between thermal ionization and
recombination of Eu?* 5d excit-
ed-state centers that involves an
electron trapped at a crystal de-
fect and transported through the
host conduction band.
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Fig. 3: (a) Emission spectra of a KBCP:3%Eu?* sample in temperature range 25-300 °C.
Temperature-dependent normalized emission spectra of KBCP: xEu?* (x = 1%,
3%, 5%) in terms of emission height (b), and area (c), excited at 350 nm. (d)
Temperature-dependent normalized emission spectra of KBCP:3% Eu?* com-
pared with a commercial YAG:Ce** phosphor. [Reproduced from Ref. 2]
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In summary, novel red and blue
phosphors have been developed
through tuning the local crystal-
line environments of the activated
ions. This concept opens a way to
develop new phosphors with high
luminescent quality. (Reported by
Yu-Jong Wu)

This report features the work of (1)
Ru-shi Liu and his co-workers pub-
lished in Angew. Chem. Int. Ed. 57,
1797 (2018); (2) Lixin Ning, Zhiguo
Xia and their co-workers published

inJ. Am. Chem. Soc. 140, 9730 (2018).

TPS 09A Temporally Coherent X-ray Diffraction
TLS 01C2 SWLS - X-ray Powder Diffraction

e X-ray Powder Diffraction
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Inverse-Coordination Clusters from a Two-Electron
Superatomic Copper Nanocluster

The inverse-coordination clusters show enhanced luminescence properties and increased ionic
component of the host—guest interaction. No formal covalent bonding exists between the d'°
metal centers, only some metallophilic interactions.

he concept of inverse coor-

dination, as recently defined
by Haiduc, applies to metal com-
plexes in which the arrangement
of acceptor and donor sites is
opposite that occurring in Wer-
ner-type coordination complexes.
Inverse-coordination complexes
are formed around a non-metal
species as the central atom (ion)
surrounded by a number of metal
atoms (ions) connected or not by
internal bridging (intramolecular)
linkers. Discarding the nature of
metal-metal interactions (if any),
inverse coordination complexes
can thus be viewed simply as tran-
sition-metal clusters (with or with-
out metal-metal bonding) encap-
sulating a main-group anion.

Fig. 1: (a) X-ray structure of [Cu13{S2CN"Bua}sXal+ with N"Buz and X moieties omitted Centred cuboctahedral copper
for clarity; (b) centred cuboctahedral framework of 13 copper atoms; (c) 12 clusters have been synthesized
sulfur atoms that surround the copper core in a truncated tetrahedral geometry. and structurally characterized in a

[Reproduced from Ref. 2]

series. [Cuy5{S,CNR,}{C=CR'}.](PFs),
(R=n-Bu, R'= CO,Me) is the first
structurally characterized copper





