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Fig. 1: Variations of lattice parameters (in Å) and volumes (in Å3) with corresponding x values in 
SrxCa0.993-x AlSiN3:Eu2+

0.007 (x = 0 to 0.9) through Rietveld refinements. [Reproduced from Ref. 3]

The Mn K-edge EXAFS spectrum 
acquired at 1 and -0.5 V of the MSO 
sample show two prominent signals at 
1.28 and 2.4 Å, which correspond to 
Mn-O and Mn-Mn bonds, respec-
tively. An additional signal about 1.8 
Å observed before the conditioning 
cycles is in accordance with an as-
sumption of Mn-O-Si bonding. The 
spectra indicate that the fundamental 
birnessite structure does not change 
within the potential ranges of the two 
charge-transfer mechanisms and is 
consistent with the SSI mechanism. In 
contrast, the spectrum acquired at -1 
V is within the TPR mechanism. The 
coexistence of domains of Mn oxides 
with disparate local structures is 
consistent with the TPR mechanism.

A novel strategy for material design is 
demonstrated to widen significantly 
(up to 2 V) the OPW of a MnO2-
based aqueous pseudocapacitive 
electrode and to enable consecu-
tive reversible charge transfer from 
Mn(IV) to Mn(II) over thousands of 
cycles. The material design involves 
forming spatially confined MnO2 
nanodomains of which the surfaces 
are surrounded by electrochemically 
inactive SiO2 with extensive interfacial 
Mn-O-Si binding. The resulting MSO 
electrode exhibits mixed pseudoca-
pacitor−battery behavior with high 
charge-storage capacity, which holds 
great promise for supercapacitor ap-
plications requiring large capacity and 
high energy. (Reported by Yu-Chun 
Chuang)

This report features the work of Nae-Lih 
Wu and his co-workers published in Adv. 
Energy Mater. 5, 1500772 (2015).
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Light-emitting diodes (LED) are the most important 
source of light in our daily life because of not only their 
great energy efficiency and energy consumption but 
also environmental compatibility. White LED can save, 
relative to incandescent light bulbs, approximately 70 
% of energy and lack hazardous mercury commonly 
used in luminescent tubes.1

Two ways to produce a white light LED are (I) mixing 
red, green and blue light, and (II) exciting a red phos-
phor with an ultraviolet or blue LED. Nitride phos-
phors, one type of red-emitting phosphor material, are 
known to be suitable for white LED. Such phosphors 
have also been studied extensively to increase the 
color-rendering index (CIE 1931), and the thermal or 
chemical stability.2 Cation substitution is a common 
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Fig. 2: (a) Raman spectrum of SrxCa0.993-x AlSiN3:Eu2+ (x = 0, 0.3, 0.6 and 0.9). (b) Schematic graph of separate 
clusters in the lattice. [Reproduced from Ref. 3]
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way to optimize photoluminescence and thermal-quenching behaviour, but the mechanisms 
are unclear in most cases.

A collaborative team led by Ru-Shi Liu (National Taiwan University), who is an expert on the 
phosphor, has reported a detailed study from a structural point of view of how cation substitu-
tion alters the structure and photoluminescence of a red-emitting phosphor.3 This report is 
published in Journal of the American Chemistry Society, 2015. In their report, the Sr-doped phos-
phor, Ca0.993-xSrx AlSiN3:Eu2+, shows a significant emission spectral shift and improved thermal 
stability. This replacement of Ca by Sr causes several modifications of structure, atomic charge 
and coordination, which eventually affect its phosphorescence. 

In this work, Rietveld refinements of synchrotron powder diffraction data, measured at 
BL01C2, show that Sr replacement causes an expanded volume of the unit cell, and also axes b 
and c due to the larger ion Sr2+ (size 1.12 Å) than Ca2+ (0.99 Å), but this replacement also affects 
the chemical bonds and geometries parallel to axis a, the distortion of the (Si/Al)N4 tetrahedral 
structure and a decreased Sr-N distance in the second nearest coordination site (Fig. 2). 

The structure of Al/SiN4 is disordered in a Sr-free sample but becomes ordered (AlN4)(SiN4) 
in Sr-containing samples because of the highly symmetric coordination sites around the Sr cen-
ter, which generates different rotation and translation interaction energies. This effect is proved 
by Raman spectroscopy. The rotation and translation interactions between the divalent site and 
the (Si/Al)4 tetrahedral framework are shown in region 350-250 cm-1 in Raman spectra (Fig. 
2). This broad line (x = 0) separates into two lines as the Sr concentration increases. Figure 2(b) 
shows the order-disorder structure of (Si/Al)4.

The Sr-replacement causes also an altered atomic charge of Eu ions. X-ray absorption spectra 
at the Eu L3-edge were measured at BL17C1 (Fig. 3). The authors found the concentration 

of Eu3+ to decrease and Eu2+ to increase in a Sr-containing sample. In this phosphor 
Ca0.993-xSrx AlSiN3:Eu2+, Eu2+ is the major emission center whereas Eu3+ is a luminescence 
killer due to a f-f transition. The size of ions Eu2+ and Eu3+ are 1.14 and 0.95 Å. Ion Sr2+ (1.12 
Å) has a size similar to that of Eu2+ (1.14 Å); both ions prefer coordination number 10. The 
Sr-containing sample thus causes some Eu3+ to become reduced to Eu2+. The changes of 
absorption lines are related to the change of axis a.

For applications, the most important properties are photoluminescence and thermal stabil-
ity (Fig. 4). Significant changes are observed as x = 0.9. Compared to Ca0.993AlSiN3:Eu2+

0.007, 
the intensity of emitted light increases more than 25 % and wavelength shifts (~ 50 nm) to 
about 600 nm. Such a shift is important to produce a white LED. The thermal stability is 
almost the same for x = 0, 0.3 and 0.6 but it is significantly improved for x = 0.9. 

In summary, Liu and his co-workers reported a detailed study of how doping with the Sr 
ion alters the local structure. The altered ionic size and coordination number influence the 
lattice and thereby induce a variation of charge. These results not only confirm the local 
structure through a subtle analytical technique but also improve phosphor properties for 
LED applications. (Reported by Yu-Chun Chuang)

This report features the work of Ru-Shi Liu and his collaborators published in J. Am. Chem. Soc. 
137, 8936 (2015).
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Fig. 3: (a) Eu L3-edge XANES spectra of 
SrxCa0.993-x AlSiN3:Eu2+

0.007 (x = 0 to 0.9). (b) Dependence of 
Eu2+/Eu3+ within the range 6970 to 6990 cm−1; the relative 
intensity of Eu2+/Eu3+ is shown in the inset. [Reproduced from 
Ref. 3]

Fig. 4: (a) Excitation (dashed lines) and emission (solid lines) 
spectra of Ca0.993-x AlSiN3:Eu2+ (x = 0, 0.3, 0.6 and 0.9). (b) 
Fitting curve for emission intensity dependent on temperature. 
[Reproduced from Ref. 3]
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