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Abstract Antimony (Sb) quantum dots doped in sodium borosilicate glass are synthesized through sol-gel method
using tetraethyl orthosilicate (TEOS), boracic acid, and metallic sodium as precursors. Ultraviolet-visible (UV-vis)
absorption spectrometer shows that the surface plasma resonance absorption peak of the quantum dots glass is about
566 nm. Nonlinear optical properties of Sh quantum dots doped glass are investigated by using Z-scan technique at the
wavelength of 800 nm with femtosecond Ti: sapphire laser radiation. The values of nonlinear refraction index v,
nonlinear absorption coefficient g and the third-order nonlinear optical susceptibility X(‘“ of the glass are estimated to
be 8.59X10 " m*/W. 1.80X10 ' m/W, 4.75X10 " esu, respectively. X-ray powder diffraction (XRD) analyses
reveal that Sb quantum dots with rhombic hexahedron phase are successfully doped in glass substrate. The size and
distribution of the quantum dots are measured by transmission electron microscopy (TEM) as well as high-resolution
transmission electron microscopy (HRTEM), the results show that spherical shape have formed uniformly in the
glass, and the size of these quantum dots rang from 19 to 25 nm.
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Fig. 1 Photos of as-obtained glass doped with Sb quantum dots. (a) Diameter of the glass; (b) thickness of the glass
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Fig.2 (a) TG-DTA curve of the dry gel sample; (b) TG-DTA curve of the glass sample
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Table 1 Third-order nonlinear optical parameters of the glass at 800 nm

Parmeters y /(m*/W) Re[y™ ] /esu B/ (m/W) Im[y™® ] /esu x? /esu
Glass sample 8.59x10°" 2.61x10" 1.80X10° " 3.48X10° " 4,75x107 M
3.4 XRD & #f Scherrer 24 3 X 40K i 19 ¥ RF kAT T AL B

B 5 BB AE F ) XRD 5. #g Uchida™ %
138 42 J8 9K 4B 2 T B 58 Hh i XRD A e — fik
AAEFEHN, ER2RMAR, NE L LUE N, 7E
20 R 22° e A — A AR A R AL 0 2 i
TS AR B . JUASFBE Y /N 43 551 %55 i Sb 1 &
[ (JCPDS no. 35-0732) %y (012) ., (104) . (110)
(202),€024) ,(116) , (122) {1 i FR AL 77 55 0 L X 6
W] Sb LA g & T X AT T B A i b JF B Ry
PSR ZE AL 25 (A R-3m, Z=61, JBE 1 fir

HWEALT
K

d= Bcoi 6’
Ao d S b TR BT I R R N A R XL
A5 1 (0. 154056 nm) , Bk 45 2 £ 5 068 i 2 g
298 .0 2 Bragg it /1, K AT 58I Scherrer &
o, O K=0. 9, THEAS A0 Ak B 5 o Sh g
K db B BRAR KR 22,9 nm, 5 F I [A] — &
) TEM 43 87 45 S Wy 5 8 4f . 8k XRD 43 87 9] 46
WESE T B AE P LB AT Sh &7 45.

D

W 1 B iy 48 24 19 Sb 98 K URL 25 dh MEAR 4. R
——Sb/NBS glass
~ ——JCPDS: 35-0732
[\
S
=
&
2 - o~
E gg . €3
- 2 lhoo LS 8s¢
3 o 2
2 g ‘
- L ||
20 30 40 50 60 70
20/(°)
Bl 5 SRR &L XRD % &
Fig. 5 XRD pattern of Sb NPs doped sodium borosilicate glass sample

3.5 TEM % %7

H T AP ULE Sb T SR AT B E
PORR R o B IS AE AT T TEM 43, MK
6 ()55 T TEM 1] LUF B A — S0 58 5 7 HUfE A
st PP X PR R GORIBURE  th T B 22 R G, R
A /b [mlER] UE R 43 A 2 48 i fE 19~25 nm
Z I AN 6 () iR, P ¥R F R 22,06 nm, 5 L1
() XRD 25 A W) A Ry i 22 3 S6 J00R 2 65
Sh 0L AT 155 43 BEAE S L B 5L (HRTEMD i
FE X HLF AT (SAED) , 43 5 & 6 (o) L (D s, 45
4 XRD 25 3, 0 & 7 i 4r BEE 0 4R Ul R d =
0. 3106 nm, XJ Jif Sb &} 75 fis & (012) & M (JCPDS
card no. 35-0732) , [A] A 3% X H, T A7 G 4R AL B AT
DL 31| — S s2 B AL 00 177 5 30 . R BIZ SR 2 6
(4 o 32 J b VA0 v A 555 1) A B A% i A SR AR 25 A
SEFER X R A T (R BE o, SARUER A Y d X R
2. AWM Y5 JCPDS card no. 35-0732 F Ry (012).,

(104),(202),(024) , (122) F 1 B o {8 A XF Rk
—BBUE T XRD Z5 9. X R I A Hl A3 T Sb
R

3.6 XPS &

WA B XPS A5 T R 1 T 2 AR, W 7
FF7R . 2H ORE S B 55 1 Na B, Si,O.Sb o % 1 &
FRRRT . ARG EMN O 1s XN 455 g
H 530~532 eV, Sb 3ds,, AN A B, X 5 Liu
GEUTUHGE R Sb $87% BaSnO, #EBEAL. b T HT
Sbh B 25 A ) O 1s, % 8 06 47 245 X T4
SPUERLA G S R E 8 frn ., W Sb 3d;, 5 O 1s
HAELILL Sh M A — Ml Sb 3dy, 45 6 R K
JE. 8 W1 537.2 eV S5 B HEAL XS 1 Sb 3ds, Bl
1B XN Sb M S A E M N XPS 43 Bt AR 47 ik B
T SbY AEAE T T A I B A b, X — 1
T W AEGE T A T Sh i T AP

1016001-5



i

g3

[(b)

\

S

2
8.7, 7

16 18 20 22 24 26 28
Particle size /nm

[

= = DN DN W W
[

S

Number of nanoparticles /%

S O

K6 B TEM EE. (3% TR TEM B (DRSFE; (o) HRTEM &5 () SAED [
Fig. 6 TEM images of glass sample. (a) TEM image in lighter background; (b) size distribution image;

(¢) HRTEM image; (d) SAED image

O 1s+Sb 3d

Counts (a.u.)

fNa 1s
Cls
Bls

Si 2p

W]

1200 1000 800 600 400 200 0
Binding energy /eV

B 7 SRR XPS 2%
Fig. 7 XPS full spectrum of glass sample

4 4k ®

I T I~ IS vk LI i 4 T S 2K fi 48 A
PIIREEDYES . XRD,TEM,XPS 23 #7269 . 4175 75 i
AhAH 25 F B9 Sb g 2k 5 DL ERCR B0k T2 28 20 5T 35 55
d, SE R R SE 240 22,9 nm, TR UK TE B L%
FEGRAE 566 nm A A — 55 B F 4R Mg, SR R
PP Z-scan F AR F 800 nm AL HFFE T Sb #5844 Tl
Ak 38 38 1) — Bl SR M o 2k PR AR L A e M R S A
LA e BT SR A RN L IR R R TR R R
4,75 X107 esu,

Counts (a.u.)

540 538 536 534 532 530 528 526
Binding energy /eV

8 Sb3d 1 O 1s 1y XPS A& X HHHE
Fig. 8 Narrow spectrum of Sb 3d and O 1s peak

& & X #

1 G Speranza, L Minati, A Chiasera, et a/.. Quantum confinement
and matrix effects in silver-exchanged soda lime glasses [J]. J
Phys Chem C, 2009, 113(11): 4445—4450.

2 P N Prasad. Nanophotonics [M]. Wiley: New Jersey, 2004.
129—151.

3Y Ma, J Lin, S Qin, & al.. Preparation of Ag nanocrystals
embedded silicate glass by field-assisted diffusion and its
properties of optical absorption [J]. Solid State Sci, 2010, 12
(8): 1413—1418.

4] S Parramon, V Janicki, P Dubcek, e al.. Optical and
structural properties of silver nanoparticles in glass matrix formed
by thermal annealing of field assisted film dissolution [J]. Opt
Mater, 2010, 32(4): 510—514.

5 HG S Pereyra, J] A Alatorre, L. R Ferndndez, et al.. High

stability of the crystalline configuration of Au nanoparticles

1016001-6



5B

Sb 4t T 545 2 B Ik 8 Y = B e AR et

embedded in silica under ion and electron irradiation [ J]. ]
Nanopart Res, 2010, 12(5). 1787 —1795.

6 Ding Wenge, Lu Yunxia, Sun Xue, e al.. Temperature-
dependent photoluminescence of silicon-nanostructure thin film
[J]. Acta Optica Sinica, 2012, 32(8): 0831002.

TICHE, FRE. I FH, E YUORGES T BOEEOR G R B
R ], e, 2012, 32(8): 0831002.

7 Xu Yunli, Li Chaolong, Jiang Hao, e al.. Nanoporous
antireflective coating fabricated by organic-inorganic hybrid
nanoparticles [J]. Acta Optica Sinica, 2012, 32(1): 0131003.
VEzmi, 2. 2 . 5. AL/ T8 KR T i % 2 1L
HOEMELT]. JesEerd . 2012, 32(1): 0131003,

8 Xu Lei, Xia Haiping, Hu Minjie. Nano-copper sulfide for
absorbing ner infrared linght [J]. Acta Optica Sinica, 2013, 33
(1): 0116001.

& B, SIEUR. 9UOKREALER T 20RO LT DL Ot
24, 2013, 33(1); 0116001

9 Yang Bin, Zhang Yuepin, Xu Bo, e al.. Preparation and optical
properties of Ce-doped high lutetium-Gadolinium oxide glasses
[J]. Acta Optica Sinica, 2013, 33(2);: 0216001.
fooat. SR, IR B, . 4B 2% AL A A AL W B S ) A R
JeigERELT ] SB2EER, 2013, 33(2): 0216001.

10 S Chen, T Akai, K Kadono, et al.. A silver-containing halogen-
free inorganic photochromic glass [J]. Chem Commun, 2001,
(20): 2090—2091.

11 S Chen, T Akai, K Kadono, et al.. Reversible control of silver

nanoparticle generation and dissolution in soda-lime silicate glass

through X-ray irradiation and heat treatment [J]. Appl Phys

Lett, 2001, 79(22) . 3687—3689.

H Zeng, ] Qiu, Z Ye, e al.. Irradiation assisted fabrication of

gold nanoparticles-doped glasses [J]. J Cryst Growth, 2004, 267

(1-2): 156 —160.

F Gonella, P Mazzoldi. Metal nanocluster composite glasses [J].

1

5]

1

w

Handbook of Nanostructured Materials and Nanotechnology,
2000, 4. 81—158.

14 Chen Haiyan, Chen Cong, Chen Lilin. Research of nonlinear
single-mode fiber fabry-perot cavity ring-down [J]. Acta Optica
Sinica, 2012, 32(sl): s106004.

WRigaHe. BR BE. PRALAK. JEZerE B A B30 IR R 5
2070 JaEaedi, 2012, 32(s1): s106004.
15 D Ricard, P Roussignol, C Flytzanis.

enhancement of optical phase conjugation in metal colloids [J].
Opt Lett, 1985, 10(10): 511—513.
16 A I Ryasnyansky, B Palpant, S Debrus, e al.. Nonlinear optical

Surface-mediated

properties of copper nanoparticles synthesized in indium tin oxide
matrix by ion implantation [J]. ] Opt Soc Am B, 2006, 23(7):
1348 —1353.

17 J Olivares, J R Isidro, R D Coso, et al.. Large enhancement of
the third-order optical susceptibility in Cu-silica composites
produced by low-energy high-current ion implantation [J]. J Appl
Phys, 2001, 90(2): 1064—1066.

18 B Karthikeyan, ] Thomas, R Kesavamoorthy. Optical limiting
with off-resonant excitations in Ag nanocomposite glasses: a Z-
scan study [J]. Non-Cryst Solids, 2007, 353(13): 1346—1349.

19 L R P Kassab, R Miedzinski, 1 V Kityk, e al.. Electron beam
induced second-harmonic generation in Er*" doped PbO-GeO,
glasses containing silver nanoparticles [ J]. Mater Sci: Mater
Electron, 2009, 20(1): 87—91.

20 M Yamane, Y Asahara. Glasses for Photonics [ M]. Cambridge:
Cambridge University Press, 2000.

21 D L Zhang, Z B Deng, ] B Zhang, et al.. Microstructure and

electrical properties of antimony-doped tin oxide thin film
deposited by sol-gel process [ J]. Materials Chemistry and
Physics, 2006, 98(2): 353—357.

22 J Montero, C Guillén, J Herrero. Discharge power dependence of
structural, optical and electrical properties of DC sputtered
antimony doped tin oxide ( ATO) films [J]. Solar Energy
Materials amd Solar Cells, 2011, 95(8): 2113—2119.

23 A AJ A Douri, F Y A Shakily, M F A Alias, et al.. Optical
properties of Al- and Sb-doped CdTe thin films [J]. Advances in
Condensed Matter Physics, 2010, 2010: 947684,

24 K Terashima, T Hashimoto, T Uchino, et al.. Structure and
nonlinear optical properties of Sb,O3;-B,3; binary glasses [J].
Nippon Seramikkusu Kyokai Gakujutsu Ronbunshi, 1996, 104
(11): 1008—1014.

25 K Susa, S Satoh, I Matsuyama. Optical properties of sol-gel
derived Sb-doped silica glass [J]. J Non-Cryst Solids, 1997, 221
(2). 125—134.

26 R A Zuhr, R H Magruder, T S Anderson. Optical properties of
multi-component antimony-silver nanoclusters formed in silica by
sequential ion implantation [C]. MRS Proceedings. 1995, 396
391.

27 Z Pan, S H Morgan, D O Henderson, e al.. Linear and
nonlinear optical response of bismuth and antimony implanted
fused silica; annealing effects [J]. Optical Materials, 1995, 4
(6): 675—684,

28 Weidong Xiang, Haijun Zhao, Jiasong Zhong, e al.. The
preparation and the third-order optical nonlinearities of sodium
borosilicate glass doped with CulnS; quantum dots [J]. Journal of
the America Ceramic Society, 2012, 95(5): 1588—1594.

29 SL Qu, Y W Zhang, H J Li, e al.. Nanosecond nonlinear
absorption in Au and Ag nanoparticles precipitated glasses
induced by a femtosecond laser [ J]. Optical Materials, 2006, 28
(3): 259—265.

30 M S Bahae, A A Said, T H Wei, e al.. Sensitive measurement
of optical nonlinearities using a single beam [J]. IEEE J Quantum
Elect, 1990, 26(4): 760—769.

31 M S Bahae, D ] Hagan, E W V Stryland. Dispersion and band-
gap scaling of the electronic Kerr effect in solids associated with
two-photon absorption [J]. Phys Rev Lett, 1990, 65(1); 96—
99.

32 T Kanagasekaran, P Mythili, P Srinivasan, e al.. Studies on the
growth, optical, thermal, and mechanical properties of pure and
o-nitroanilline doped benzil crystal [J]. Cryst Growth Des, 2008,
8(7): 2335—2339.

33 N Sugimoto, H Kanbara, S Fujiwara, et al.. Third-order optical
nonlinearities and their ultrafast response inBi;3-B;03-Si0O;
glasses [J7. ] Opt Soc Am B, 1999, 16(11); 1904—1908.

34 K Uchida, S Kaneko, S Omi, e al.. Optical nonlinearities of a
high concentration of small metal particles dispersed in glass:
copper and silver particles [J]. J Opt Soc Am B, 1994, 11(7):
1236 —1243.

35 M T Cuberes, B Stegemann, B Kaiser, et al.. Ultrasonic force

microscopy on  strained antimony nanoparticles [ ] J.
Ultramicroscopy. 2007, 107(10): 1053—1060.

36 H P Klug, L. E Alexander. X-Ray Diffraction Procedures [ M ].
New York: Willey, 1962, 491.

37 Q Z Liu, ] M Dai, Z L Liu, et al.. Electrical and optical
properties of Sb-doped BaSnQj; epitaxial films grown by pulsed
laser deposition [J]. J Phys D: Appl Phys, 2010, 43 (45):
455401.

EERE: KEs

1016001-7



