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Ultraviolet photoluminescence from SBA-15 ordered mesoporous silica

XU Haitao, WANG Yuxia, ZHAO Lei

(Department o f Materials Science and Engineering ,University of Science and Technology of China . He fei 230026 ,China)

Abstract: An ultraviolet photoluminescence emission band at 3.8 eV was found from SBA-15 ordered
mesoporous silica prepared by means of the hydro-thermal method. The optical properties of such material
were investigated by electron paramagnetic resonance (EPR) and photoluminescence (PL.) spectra at room
temperature, It was found that the PL intensity of the sample at 3. 8 eV was enhanced after exposition in
air at room temperature for 10 days. Besides, annealing experiments at different temperatures were used to
study the origin of the observed PL. emission band. The 3.8 eV band is suggested to be attributed to the
surface silanols generated from ODC([[ ) (unrelaxed neutral oxygen vacancy) and the interstitial water
molecules.
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(a) PL spectrum excited at 4.6 eV,
which was fitted by Gaussian components
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(b) The PLE spectrum of 3.8 eV emission band
1 ZEiRTHM S H PL# PLE i&
Fig. 1 Room temperature PL. and PLE spectrum of S,
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Fig. 2 Room temperature PL spectrum of S, excited at 3. 45 eV
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Fig.3 PL spectrum of the sample S, ., S,

and S; excited at 4. 6 eV at room temperature
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Fig. 4 The intensity of PL bands of S, as functions

of annealing temperature in air

WEAR O A DA i R A 5 A G R, BT ]
G3RIRE = AFERABCT EPR A, 25 R 8 R BT
IR A B GRS B 20 ) Da Wl 4 A ) T i A
IR P 5 sl MO o ) JBE A 254K, DL 22 T A
AN H ok 0 RT BRI, ke B X G B G B2 .

5 SCHR 3 L 7E P A e B I ) A5 1) A8 AL RE B
TEL DL K g oK AR AL RE U B I ER F 3.8 eV
() R TEE AR — & ML 9 A Bk 22 A i1 A 42
—MIA IR, Carbonaro 2519180 IA Sy 3k — Ab 1) & 6 AT
ek A M RFFR I A RERESE ; SR Zhang Lide 55751IA
HiX — & 6T A NBOHC. AR $iF SC ik #i wte17,
Zhang Lide 1A NBOHC 7E 600 °C A& 1 1 F /2 )i
FRUR R A B

=S—0OH—»>=S—0-+H- D
2(=S—0OH) - (=Si—0«)+(=Si+) +HO*
(2

AR LR 0 B IV i 5 L SR T X S5 FRATT BT
RENMIMBEATE. FEOIRATRE Y EPR 3% R kA
ML E NBOHC £ T g= 2. 008 4b Y 57 AF I, ik Af
PUHERS & NBOHC &G AT fiedt.

HRAEFRATHY LIRS R FRATINH 3. 8 eV YL
AIRESR FI ODCCT ) F i 7K 43 B2 Rz T8 B A ik e
B RG. TR EIRF) 400 Cidfrp, Sk AT
N

= Si+-Si=+ H,0 >= Si—OH += Si—H(3)
HRAE SCHR [ 18], 3X — S i ) B4 TG BEAR AR, Z07F 1. 8
eV E T X — RN AT LLEAT. B 1R TR B Y
FhiE X — RN AW T NI A G W R, [R) A
T RMIEFET ODCCI), FrLh 2.8 eV B & 5
JE A 3K — ek B B P A P BRI G &1 4 () BT, AR
PESCHERC19], BEAE 400~600 °ClaJIE KBT, S (3)
H A A R SRR I A B K RN
= Si—OH += Si—H —»= Si---Si=+ H,04
4
Bl 25 S N7 P AT Ak T 1) 5 4 0 b, T A 3. 8
eV Ab i &G FE FEAR. [ B i FEHTAE R T ODC
(D) s FFLATE 400~600 °C,2. 8 eV Ab & G4 Y 38 iF
B 25 18 KRB B e A R O AN, 7E IR 4 R AT
A LAMEEE] 600 “CIR K IFE A L 400 “CIB K HIRE 5
REREOY) B i fI%. 1R R BE & F 600 CHY L R (4)
HRANMR, BT 3. 8 eV I Ao BV AR, 1k,
T ODCC I ) B4R AL Bk FG T LUTE 28 Sl ok
i, YR EE TH R E 600 °CL, ODCC D) SER LR
7, Bt R RS A AR 2R T R, ODC C T ) 50 G ek 2>
FIFLL 2.8 eV & IGHR BRI, T RO Bk
F ODCCIT ) FESIE RS AT 2 BURLY BT LAFRAT]
£ EPR H IR Z5%A MEEIE S
BEAk, W28 B FE R 7E 3.8 eV IRREAL IR A



%14

B30 SBA-15 2 4h L8 K L AIRAF R o

3.6 eV By LG, ENTFAERK. i T X AL B &6
REfE 2 2500 0.2 eV, 58] B K 73 7 i 4k 3h BEAH
L BT LAFRATIN 3.6 eV ROG R REK A Ak BEIL
ARy FTRI B K 735 4R 3 Y P - 22 Th] B R -7 5
B, 3. 39 eV MHEAL M A A AR Z i iE , FAl]
YN AT RERBRBRAT G A A2 06 O Y IR R 7E A
At i 2 HH 2 T AR,

3 4ig

AR K PGES % 1A P LA L E SBA-
15,21 PL g5 A T ODCC D) B es L g
LA T 3.8 eV ARG ERANE . 45 A AN RITEE TR
ORI EPR 2047, FATTIAN 3.8 eV &G AT g I
H A LA RE MR I AL , J& i ODCCIT ) g R 7K
I3 SN A B REBERE P AR 9 AT, A FR AT
MF 3.6 eV b, XTI e 2 Ak R 1Y B 5 ] PR
TG TSN 75 T 22 (8] 9 - 75 R 5 B 5 | A 1
1M 3. 39 eV MY &I SRkA By AL I B,

2 2% L HR (References)

[ 1] Shi Jianlin, Hua Zile, Zhang Lingxia. Nanocomposites
from ordered mesoporous materials [ J]. ] Mater
Chem, 2004, 14. 795-806.

[ 2 ] Kageyama K, Tamazawa J, Aida T. Extrusion
polymerization: catalyzed synthesis of crystalline linear
polyethylene nanofibers within a mesoporous silica [ J].
Science. 1999, 285.: 2 113-2 115.

[ 3] Stein A, Melde B J, Schroden R C. Hybrid inorganic-
organic
coming of age [J]. Adv Mater 2000, 12; 1 403-1 419.

[ 4 ] Corma A. From microporous to mesoporous molecular

mesoporous  silicates-nanoscopic  reactors

sieve materials and their use in catalysis [ J]. Chem
Rev, 1997, 97, 2 373-2 419.

[ 5] Gimon-Kinsel M E, Groothuis K, Balkus K J.
Photoluminescent properties of MCM-41 molecular
sieves [ J]. Micropor Mesopor Mater, 1998, 20: 67-76.

[6]Shen J L, Chen P N, Lee Y C, et al. Red-light
emission in MCM-41 meso-porous nanotubes [ ]J]. Solid
State Commun, 2002, 122 65-68.

[7]Glinka Y D, Zyubin A S, Mebel A M, et al
Photoluminescence from mesoporous silica akin to that
from nanoscale silicon: the nature of light-emitters
[J]. Chem Phys Lett, 2002, 358; 180-186.

[ 8] Zhang Y, Phillipp F, Meng G W, et al
Photoluminescence of mesoporous silica molecular

sieves [J1. J Appl Phys, 2000, 88: 2 169-2 171.

[ 9] Chang HJ, Chen Y F, Lin H P, et al. Strong visible
photoluminescence from SiO, nanotubes at room
temperature [ J . Appl Phys Lett, 2001, 78: 3 791-3 793.

[10] Glinka Y D, Lin S H, Hwang L P, et al
Photoluminescence  spectroscopy  of  silica-based
mesoporous materials [ J]. J Phys Chem B, 2000, 104
8 652-8 663.

[11] Zhao D, Feng J, Huo Q, Melosh N, et al. Triblock
copolymer syntheses of mesoporous silica with periodic
50 to 300 angstrom pores [ J]. Science. 1998, 279
548-552.

[12] Skuja L.
centers in amorphous silicon dioxide [ J]. Journal of
Non-Crystalline Solids, 1998, 239 16-48

[13] Yao Baodian, Shi Huazhong, Zhang Xinyi, et al.
Ultraviolet

Optically active oxygen-deficiency-related

photoluminescence  from  nonbridging
oxygen hole centers in porous silica [J]. Appl Phys
Lett, 2001, 78. 174-176.

[147] Aboshi A, Kurumoto N, Yamada T, et al. Influence
of thermal treatments on the photoluminescence
characteristics of nanometer-sized amorphous silica
particles [ J]. J Phys Chem C, 2007, 111. 8 483-
8 488.

[15] Anedda A, Carbonaro C M, Clemente F, et al. Time
resolved ultraviolet photoluminescence of mesoporous
silica [J]. J Phys Chem B, 2005, 109: 1 239-1 242.

[16] Carbonaro C M, Clemente F, Corpino R, et al
Ultraviolet photoluminescence of silanol species in
mesoporous silica [ J]. J Phys Chem B, 2005, 109;
14 441-14 444,

[17]Glinka Y D, Lin S H, Chen Y T. The
photoluminescence from hydrogen-related species in
composites of SiO, nanoparticles [J]. Appl Phys Lett,
1999, 75, 778-780.

[18] Bakos T, Rashkeev S N, Pantelides S T. H;O and O;
molecules in amorphous SiO),: Defect formation and
annihilation mechanisms [ J]. Physical Review B,
2004, 69: 195206-1-9.

[19] Glinka Y D, Lin S H, Chen Y T. Two-photon-excited
luminescence and defect formation in Si0), nanoparticles
induced by 6.4 eV ArF laser light [ ]J]. Physical
Review B, 2000, 62. 4 733-4 743.

[20] Glinka Y D, Lin S H, Hwang L P, et al
Photoluminescence from mesoporous silica: Similarity
of properties to porous silicon [J]. Appl Phys Lett,
2000, 77 3 968-3 970.

[21] He Haiping, Wang Yuxia, Zou Youming. Room
temperature photoluminescence property of boron-doped
sol-gel silica [ J]. Materials Research. Bulletin, 2004, 39
TAT-753.



