Structural origins of the optical properties of the

La;_,Ce,SigcN;; phosphor

Nathan C. George, ™!l Alexander Birkel,” Byung-Chul Hong,* Alexander A.

Mikhailovsky,I Katharine Page,® Anna Llobet,® and Ram Seshadri*"#

Mitsubishi Chemical Center for Advanced Materials, University of California, Santa Barbara,
CA, 93106, Mitsubishi Chemical Corporation, Yokohama, Kanagawa 227-8502, Japan,
Department of Chemistry and Biochemistry, University of California, Santa Barbara, CA,
93106, and Lujan Neutron Scattering Center, Los Alamos National Laboratory, NM 87545,
USA

E-mail: seshadri@mrl.ucsb.edu

Phone: (805) 893-6129. Fax: (805) 893-8797

Supporting information

Materials and Methods

Optical Measurements Approximately 200 fs excitation pulses with a wavelength of

440 nm were generated by doubling the fundamental frequency of a Ti:Sapphire laser

*To whom correspondence should be addressed

TMitsubishi Chemical Center for Advanced Materials, University of California, Santa Barbara, CA, 93106

*Mitsubishi Chemical Corporation, Yokohama, Kanagawa 227-8502, Japan

IDepartment of Chemistry and Biochemistry, University of California, Santa Barbara, CA, 93106

$Lujan Neutron Scattering Center, Los Alamos National Laboratory, NM 87545, USA

IDepartment of Chemical Engineering, University of California, Santa Barbara, CA, 93106

L Materials Department and Materials Research Laboratory, University of California, Santa Barbara, CA,
93106

#Department of Chemistry and Biochemistry, University of California, Santa Barbara, CA, 93106



(Coherent Mira 900) pulses in a commercial optical harmonic generator (Inrad). The laser
repetition rate was reduced to 200 KHz by a home-made acousto-optical pulse picker in
order to avoid saturation effects. The TCSPC system is equipped with an ultrafast mi-
crochannel plate photomultiplier tube detector (Hamamatsu R3809U-51) and electronics
board (Becker and Hickl SPC-630) and has an instrument response time of about 60 ps to
65 ps. A triggering signal for the TCSPC board was generated by sending a small fraction
of the laser beam onto a fast (400 MHz bandwidth) Si photodiode (Thorlabs Inc.). The flu-
orescence signal was dispersed in an Acton Research SPC-500 monochromator after pass-
ing through a pump blocking, long wavelength-pass, autofluorescence-free, interference
filter (Omega Filters, ALP series). The monochromator is equipped with a CCD camera
(Roper Scientific PIXIS-400) allowing for monitoring of the time-averaged fluorescence
spectrum. Luminescence transients were not deconvolved with the instrument response
function since their characteristic time-constants were much longer than the width of the
system response to the excitation pulse.

Luminescence life-time measurements were performed using Time-Correlated Single
Photon Counting (TCSPC) technique.! Approximately 200 femtosecond (fs) excitation
pulses with wavelength 440 nm were generated by doubling the fundamental frequency
of fs Ti:Sapphire laser (Coherent®Mira 900) pulses in a commercial optical harmonic
generator (Inrad®). The laser repetition rate was reduced to 200 KHz by a home-made
acousto-optical pulse picker in order to avoid saturation of the chromophore. The TCSPC
system was equipped with an ultrafast microchannel plate photomultiplier tube detector
(Hamamatsu Photonics®R3809U-51) and electronics board (Becker & Hickl®SPC-630)
and has instrument response time about 60 ps to 65 ps. The triggering signal for the TCSPC
board was generated by sending a small fraction of the laser beam onto a fast (400 MHz
bandwidth) Si photodiode (Thorlabs Inc.®)). The fluorescence signal was dispersed in an
Acton Research®SPC-500 monochromator after passing through a pump blocking, long

wavelength-pass, autofluorescence-free, interference filter (Omega Filters®), ALP series).



The monochromator is equipped with a CCD camera (Roper Scientific®PIXIS-400) allow-
ing for monitoring of the time-averaged fluorescence spectrum. Luminescence transients
were not de-convolved with the instrument response function since their characteristic
time constants were much longer than the width of the system response to the excitation

pulse.

Further discussion To investigate whether or not charge transfer occurs between Ce(1)
and Ce(2), a similar time-decay experiment was done with 400 nm excitation. However, no
change in the decay time behavior was found, suggesting neither Ce site emits in another

range besides the observed emission.
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Table 2: Crystallographic parameters and Debye temperatures (6p) calculated from atomic
displacement parameters from Rietveld refinement of 295K 11-BM synchrotron powder
X-ray diffraction (SPXD) and HIPD and NPDF powder neutron diffraction (ND) data of
Laz_,Ce,Sic_yAl,N1;. 2.5% O was included on the N sites in the refinements, and a small
(~1%) amount of LaSi;N; impurity was included. The P4bm space group was used for the
Laz_,Ce,Si¢—,Al,Ni; phase. Estimated standard deviations are given in parenthesis.

X 0.18 0.3 1.2
Lal/Cel

Uil 0.51(2) 0.89(7) 0.55(6)
Uy 0.51(2) 0.89(7) 0.55(6)
Uss 0.86(3) 0.10(9) 0.90(9)
Ui -0.02(2) 0.26(7) 0.07(6)
Uis 0.01(2) -0.20(6) -0.25(5)
U3 0.01(2) -0.20(6) -0.25(5)
La2/Ce2

Urq 0.40(3) 0.13(8) 1.1(1)
Uy 0.40(3) 0.13(8) 1.1(1)
Uss 0.31(4) 0.50(14) 0.1(1)
Ui 0 0 0

Uiz 0 0 0

Uz 0 0 0

Sil

Uil 0.31(3) 0.15(4) 0.30(3)
Uy, 0.28(3) 0.15(4) 0.30(3)
Uss 0.13(3) 0.15(4) 0.30(3)
Ui -0.04(3) O 0

Uiz -0.03(3) O 0

Uys 0.033) O 0

Si2

Uil 0.20(3) 0.09(6) 0.27(5)
Uy 0.20(3) 0.09(6) 0.27(5)
Uss 0.57(5) 0.09(6) 0.27(5)
P -0.154) O 0

Uiz 0.013) O 0

U3 0.01(3) O 0




X 0.18 0.3 1.2

N1

Upp 0.43(2) 0.37(5) 0.51(4)
Uy, 0.71(2) 0.38(5) 0.75(4)
Usz 0.63(2) 1.21(7) 0.62(4)
U, 0.10(1) -0.13(4) 0.30(3)
Uiz -0.04(2) 0.11(5) -0.08(4)
Uy; 0.01(1) 0.17(5) 0.03(4)
N2

Upp 0.45(2) 0.48(5) 0.26(3)
Uy, 0.75(2) 0.65(5) 0.75(4)
Uss 0.31(2) 0.54(6) 0.46(4)
U, -0.09(1) -0.35(4) -0.18(3)
Uiz -0.01(1) 0.05(5) -0.14(3)
Uy; 0.04(2) 0.12(6) 0.07(4)
N3

U;; 0.54(1) 0.46(4) 0.52(3)
Uy, 0.54(1) 0.46(4) 0.52(3)
Uss 0.34(2) 0.56(7) 0.40(5)
U, 0.15(2) 0.22(5) 0.104)
Uiz 0.02(1) -0.04(5) 0.07(4)
Uy 0.02(1) -0.04(5) 0.074)
N4

Upp 0.59(2) 0.43(7) 0.41(5)
Uy, 0.59(2) 0.43(7) 0.41(5)
Usz 0.88(4) 1.3(1) 1.4(1)
U, 0.13(3) -0.27(9) 0.10(7)
Uz O 0 0

Uy O 0 0
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Figure 1: Solid-state Hahn-echo 2°Si static NMR spectra of Ce3SigN;; acquired at 295K
and 18.8 T. The spectra have been offset for clarity.
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Figure 2: Solid-state 2°Si MAS NMR saturation-recovery spectra of La, g>Ceg.13SigN|; ac-
quired at 295K, 20kHz MAS, and 18.8 T. The traces at the top and bottom represent
spectra from the longest and shortest delay times, respectively.
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Figure 3: Solid-state 295{ MAS NMR saturation-recovery spectra of La;7Ce(3SigNj; ac-
quired at 295K, 20kHz MAS, and 18.8T. The traces at the top and bottom represent
spectra from the longest and shortest delay times, respectively.
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