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Abstract: LaF, nanocrytals with different Nd** concentration were designed, synthesized and modi-
fied by oleic acid. This kind of nanocrystals can be dissolved in many organic solvents and form a
transparent, uniform and stable solution. The structure, crystal phase and luminescence properties
of LaF,: Nd’* nanocrytals were characterized and studied. The nanocrytals show strong emission at
1 060 nm not only in solid but also in solution. This illustrates that the nanocrystal lattice can effi-
ciently protect Nd’* ions from the influence of environment on the luminescence. Meanwhile, the
absorption loss and scattering loss of LaF; nanocrystals in organic solution were tested by our own
system. The total loss coefficient can meet the requirements for laser medium material. These results

show that LaF,: Nd** nanocrystals may be used for liquid laser medium in the future.
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Fig.1 XRD patterns of the oleic acid-modified LalF,: 2% Nd

nanocrystals
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Fig.2 TEM image of LaF;: Nd nanocrystals dispersed in
CHCI,, the inset is a selected area electron diffrac-

tion pattern (SAED).
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Fig.3  FT-IR spectra of the oleic oil-modified LaF;: Nd

nanocrystals (a) and oleic oil (b)

Pl 4 ZIMERAE M LaF,: Nd 94K J5URL 19 # R T
(TGA) 1 I&] o AT B 7 R U B R AT, T
Hid 134 10 °C/min , Fe 2483 600 °C o A& iy
71, T P R S A A [ B (250 ~400 C A

100
95r
90r
85+

Weight/ %

80r
751
70

| I I 1 1
100 200 300 400 500 600
T/C

B4 R LaF;: 2% Nd QYK 0RE ) K JE i 2k
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Fig.5 Emission spectra of the oleic oil-modified LaF;:2% Nd
and LaF;:5% Nd nanocrystals in solid state ( excited
by 800 nm)
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Fig.6 (a) Decay curves of LaF;: 2% Nd nanocrystals in
solid state (the inset shows a photograph of the white
nanocrytals powder). (b) Decay curves of LaF,:
2% Nd nanocrystals dissolve in hexane ( the inset
shows a photograph ofhexane solution of nanocrystals

with 15% mass fraction).
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Fig.7 Optical loss test device of the nanocrystal in organic
solution. (a) Absorption loss test device. (b) Scat-

tered loss test device.
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Table 1 ~ Optical loss coefficient of LaF;: 2% Nd nanocrystals in hexane
Mass fraction of Absorption loss Scattered loss Total loss
Transmittance Scattered power . | )
nanocrytals coefficient/cm ™ coefficient/cm ™ coefficient/cm ™
10% 0.877 0.040 0.027 7 0.013 3 0.041 0
15% 0.838 0.089 0.027 4 0.029 7 0.057 1

4 % B

BT AT T RO TR B A AL i
Lal;: Nd AR ZZEGPKIBRIAE 1 060 nm B
A ARG RS AE Sz B, [0 A 36 44 K R 14 N
IR ICTFOA 49 pso XA AT IR G073 1

Z % X #:

TR HAT DR R 76 C e om th Nd* i1y
FOCFF RS S A ZEA, LB s REAR 4f
HuRg Nd™ S Z S FEREER HR L, 44
AIRLAEAT HLIE ) AP B & i Rk 10% ~ 15% I, )
PRI R HIFETIIR BERS T AL O T AR B ZEK,
BOZIBIARA AT ST T T ]

[1]TLuW, Yan L, Menyuk C R. Kerr-lens mode-locking of Nd: glass laser [ J]. Opt. Commun., 2001, 200 (1-6):

159-163.

[ 2 ] Cantatore J L, Kriegel D A. Laser surgery: An approach to the pediatric patient [ J]. J. Am. Acad. Dermatol. , 2004,

50(2) :165-184.

[ 3 ] Nava E, Stucchi E. Development of lasers for spaceborne Doppler wind lidar applications [ J]. Opt. Laser Eng. , 2003,

39.:255-263.

[ 4 ] Ren G G. Current situation and development trend of high energy laser weapon [ J]. Laser Optoelectron. Prog. (i #%5 %

W F &), 2008, 45(9) :62-69 (in Chinese).

[ 5] Zhou S H. The heat managements of the solid-state lasers [J]. Chin. J. Quant. Electron. (& % F 5 3&), 2005,

22(4) :497-509 (in Chinese).



134 gt % 4R 5536 %

[ 6 ] Zhou S H, Zhao H, Tang X J. High average power laser diode pumped solid-state laser [ J]. Chin. J. Lasers ( P H i
%), 2009, 36(7) :1605-1618 (in Chinese).

[ 7 ] Mei SS. Solid-state lasers marching to 100 kW—A pilot study on overseas development of high energy solid state lasers
[J]. Laser Optoelectron. Prog. (i #.5 X% -F 33 J&), 2005, 42(10) :2-8 (in Chinese).

[8]LiJD, GuoM X, Fu W Q, et al. Thermal distortion influence on single-slab heat capacity laser output [J]. Chin. J.
Lasers (P E# ), 2007, 34(1) :45-49 (in Chinese).

[ 9 ] Heller A. A high-gain room-temperature liquid laser; Trivalent neodymium in selenium oxychloride [ J]. Appl. Phys.
Lett. , 1966, 9(3) :106-107.

[10] Heller A. Formation of hot OH bonds in the radiationless relaxations of excited rare earth ions in aqueous solutions [ J]. J.
Am. Chem. Soc. , 1966, 88:2058-2059.

[11] Winston H, Marsh O J, Suzuki C K. Fluorescence of europium thenoyltrifluoroacetonate I Evaluation of laser threshold
parameters [J]. J. Chem. Phys. , 1963, 39(2) :267-271.

[12] Miao T Z, Zhang Z, Feng W X, et al. Temperature-dependent self-assembly of near-infrared (NIR) luminescent Zn,Ln
and Zn,Ln, (Ln =Nd, Yb or Er) complexes from the flexible Salen-type Schiff-base ligand [ J]. Spectrochim. Acta Part A .
Mol. Biomol. Spectrosc. , 2014, 132.205-214.

[13] Xu X D, Wang X D, Meng J Q, et al. Crystal growth, spectral and laser properties of Nd: LuAG single crystal [J]. Laser
Phys. Leti. , 2009, 6(9) :678-681.

[14] Lin J, Li C X. Hydrothermal synthesis, formation mechanisms and luminescence properties of the rare earth fluorides
nano- and micro-materials [J]. Chin. J. Lumin. (£ % 5#), 2011, 32(6) :519-534 (in Chinese).

[15] Zhuo Z, i T, Li S G, et al. A new composite YVO,/Nd: Y, ,La,, VO, crystal laser end-pumped with a fiber coupled
diode array [J]. Laser Phys. Lett. , 2009, 6(6) :445-449.

[16] Yu K H, Qiu X M, Xu X X, et al. Enhanced photoluminescence of Nd,O; nanoparticles modified with silane-coupling
agent; Fluorescent resonance energy transfer analysis [ J]. Appl. Phys. Lett. , 2007, 90(9) :091916-1-3.

[17] Yu R B, Yu K H, Wei W, et al. Nd,0, nanoparticles modified with a silane-coupling agent as a liquid laser medium
[J]. Adv. Mater. , 2007, 19.838-842.

[18] Wang G, Peng Q. Tunable photoluminescence of NaYF,: Eu nanocrystals by Sr** codoping [ J]. Solid State Chem. ,
2011, 184.59-63.

[19] Achary S N, Tyagi A K, Seshagiri T K, et al. Synthesis, powder XRD studies on LiF-BaF,/EuF; systems and thermo-
stimulated luminescence (TSL) of Eu’* doped LiBaF,[J]. Mater. Sci. Eng. B, 2006, 129 :256-260.

[20] Shen L F, Laibinis P E, Hatton T A. Bilayer surfactant stabilized magnetic fluids: Synthesis and interactions at interfaces
[J]. Langmuir, 1999, 15(2) :447-453.

[21] Kim J, Lee ] H, An H J, et al. Luminescence properties of LaF;: Ce nanoparticles encapsulated by oleic acid [J].
Mater. Res. Bull. , 2014, 57.110-115.

[22] Thistlethwaite P J, Hook M S. Diffuse reflectance Fourier transform infrared study of the absorption of oleate/oleic acid
onto titania [ J]. Langmuir, 2000, 16(11) :4993-4998.

[23] Thistlethwaite P J, Gee M L, Wilson D. Diffuse reflectance infrared Fourier transform spectroscopic studies of the adsorp-
tion of oleate/oleic acid onto zirconia [ J]. Langmuir, 1996, 12(26) :6487-6491.

[24] Nara M, Torii H, Tasumi M. Correlation between the vibrational frequencies of the carboxylate group and the types of its
coordination to a metal ion: An ab initio molecular orbital study [J]. J. Phys. Chem. , 1996, 100(51) :19812-19817.

[25] Delphine P, Yan S, Mohamed B T, et al. Optical properties of Nd** and Yb** -doped AgM (10, ), metal iodates : Trans-
parent host matrices for mid-IR lasers and nonlinear materials [ J]. J. Mater. Chem. C, 2014, 2.2715-2723.

BRES (1980 - ), T s A, 1

. +, B BEBF S 5L, 2010 4E T o R B

iy WFIT A B AR L2 o, RN
- s LK R BEST .

E-mail ; chenzhuo@ mail. ipc. ac. cn

HEE (1982 - ) &, IR I IT A, 16
€, B ST B, 2008 AF T RRBE A 5E
Az BE ARG 2, R BN 6E
MR .

E-mail ; boshuhui@ mail. ipc. ac. c¢n

—
S






