Supplementary Information (Sl) for Materials Advances.
This journal is © The Royal Society of Chemistry 2025

Supporting Information
High-concentration Mn*" doping in boron-modified Ca;4Zn¢Al;jOss—based

phosphors: Decoding superior luminescence performances

Jiquan Huang, **® Ting Lv,? Yuqing Lin,* Zhonghua Deng,® Zhuguang Liu,® Wang Guo*®P

@ Key Laboratory of Optoelectronic Materials Chemistry and Physics, Fujian Institute of Research on the
Structure of Matter, Chinese Academy of Sciences, Fuzhou, 350002, P. R. China. E-mail: hjq@fjirsm.ac.cn
(JiQuan Huang), guowang@fjirsm.ac.cn (Wang Guo)

b Fujian Science & Technology Innovation Laboratory for Optoelectronic Information of China, Fuzhou,
350108, P. R. China



26000 (a) (e)
24000 ¢ **o-00e 26000+ MH«+H,_‘ .
o Tiga RS a  SUN B e Tiga s
€ 22000 g 1
g = 22000+
:.jﬂ 200004, _ o g
000 0 ¢4 20000
[ 4 —-0-0-9- [= [ =
W 180004 T2 *e L . ® 2000000400 *o 0o
E 2 18000475,
1600014 16000 5.
7 g
TAD00 " e M 14000 B -
100 200 300 400 500 600 700 100 200 300 400 500 600 700
Temperature (K) Temperature (K)
4000+ (b) 3400 (f)
GO0
3500 ¢ *e s e oo 0000000000000 ¢
29001 €
i 3000 @
2 2500 24007
g Q
& 2000 4 ID—I—I—I—I—IHJ—._._._._. =u E 19004 'i"—liml—.—.—.—n—r.
s 1500 0 5
a 2 1400
1000
900
5001eeseesesceccosce o090 0000000000000
B B
0 T T T T T T T T : T T T
100 200 300 400 500 600 700 100 200 300 400 500 600 700
Temperature (K) Temperature (K)
4.42] l833
c 2,944 |
i a0 (c) 292 ()l 4.80
438 830 =
La.75
4.36 ,,./ - 2.90-
m : o
54341 y g L 5283 {eseesebscssssese [4702
0 432 o r824“ o S
4.304 ; 21867 4.65
4281 L uu" el i L8.21 2.84 |
4.26] = Dg/B kl\ lg18 2.82{ —=—Dg/B 14.60
4.23 —=—C/B 280, —® (/B
4221~ ; ‘ ; , ; 8.1 = . . ; : : 4.55
100 200 300 400 500 600 700 100 200 300 400 500 600 700
Temperature (K) Temperature (K)
604(d) 60-(h)
N2
50- 50+ E y
| \\\Q;/{,/’
40 h\& 40 Q,Q“:\i 5
o] PO R o |
o 304 & b«\wé»/ 1T 30+ »
2 T 4
> E(*Ee)/B ol E(*Ee)/B
201 i -ad i L - P [
i 660K 80K 5 i
10+ A 10 i
44 /S 660K B8OK
/ g
0 T T T T 0 T T T .
0 1 2 3 4 5 0 1 2 3 4 5
Dqg/B Dqg/B

Fig. S1 Temperature-dependence of the corrected (a, €) E(?Eg)zpr, E(*Tag)zpL, and E(*Tig4)zpL, (b, f) parameters
Dq, B, and C, (c, g) Dg/B and C/B, and (d, h) Excitation/emission energies (divided by B) vs. Dq/B on the
Tanabe-Sugano energy diagram. For (a)-(d), the values of E(*T,)zp1 and E(*T}4,)zp1 Were corrected based on
the redshift of the peak position of the corresponding transition bands, and then the values of Dq, B, and C were
calculated by Eqs.(3)-(6). For (e)-(h), the values of E(*T,,)zp. Were corrected based on the redshift of the peak
position of the T, transition band, and then the values of E(*T}4,)zp1, Dq, B, and C were calculated from

E(*Eg)zp and E(*T,)zp1, by assuming the Racah parameter ratio of C/B = 4.7, proposed by Adachi (S. Adachi,

ECS J. Solid State Sci. Technol., 2020, 9, 046004).
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Fig. S2 (a) Temperature-dependent Racah parameter C calculated by formulas (5) and (7), and (b) their

divergence [(C5-C7)/C5*%100%, where C5 and C7 are the C values calculated by formulas (5) and (7),

respectively].
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Fig. S3 Dependence of the integrated PL intensity on the Mn-doping concentration for (a) the Ca;4ZngAlg gs.

2Bo.1sMn,Mg, 035 — 0.42% B,0; phosphors and (b) Ca;4ZngAl;g.2,Mn,Mg, O35 phosphors.

For Ca;4ZngAl;o.o,MnMg,Os3s phosphors, the optimal doping concentration of Mn*" is 1%. Beyond this
concentration, the PL intensity decreases as the doping concentration increases. However, by introducing B
doping and using B,0; as a flux, the PL intensity of the Ca;4ZngsAlg g5.2,Bo.1sMn,Mg,035— 0.42% B,0O; phosphors

increases with Mn** concentration (x), up to x = 0.6. This observation confirms that B-modification can effectively

reduce the crystal defects, thereby suppressing the concentration quenching.




