&34 B2 HY 4K, 48 L Feb. 2014
2014 &2 B Modern Chemical Industry <71 -

PVA/CaF, X E FHERR
BN CRIERLFMHR

(F R B KRFEFR, T K 400074)

FEE R ITE R G L T CaF,y 9HKASURL( CaFy NPS) ) FIR [H] 1 1Y) Cal, NPS il & — R 5 1 R LM EE(PVA) /CaF, 44
KE AWM, RA X HLATH:(XRD) FHHEH T B 4058 (SEM) Xt 4 RHIEAT RAE, 31 R H 2840 -1] Wtk (UV) Faé sk biE
(PL) XS PR S22 BT AT TS . 25 R 3B« CaFy YRITURI T 555 37 7 A O, fioR R K ZIFE 20 ~ 27 nmj CaF, K5
RS0 A HUPE PVA R ; CaF, KR EZ) 300 nm (13 2547 53R ZU I W, &2 & W AE 200 nm 1 300 nm 72 47 H 300
i 5 Caly, KUK PL 3E7E 394 nm 1790 nm [fHEA — R 5000 A& G606, 2 AR PL 5% 2B PVA (13X 3 Ry ()AL TCHL 45
) o TG B & BRI R TR 2p” AR TR nem* TR

KRR SLUUTE ; K TURL  GOK G MR RAE ;622 B

i E 43S TB383 XERARERAG A XEHS:0253 -4320(2014)02 - 0071 -03

Synthesis, characterization and optical properties of polyvinyl
alcohol/ CaF, nanocomposite films
WANG Xiao-hua, NIE Xing-xing
(School of Science, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: CaF, nanoparticles ( CaF,NPS) are synthesized with CaCl, and NH,F as raw materials by a co-
precipitation method, which are then used in the preparation of polyvinyl alcohol (PVA)/CaF, nanocomposite films with
different amounts of CaF, nanoparticles and PVA. The synthesized CaF, nanoparticles and PVA/Cal, nanocomposite
films are characterized by X-ray diffraction (XRD) ,scanning electron microscopy ( SEM). The optical properties of CaF,
nanoparticles and PVA/CaF, nanocomposite films are studied by ultraviolet-visible spectroscopy ( UV ) and
photoluminescence ( PL). The results indicate the formation of CaF, nanoparticles with the Cubic phase and the
crystalline size is estimated to be in the range 20 — 27 nm. CaF, nanoparticles with absorption bands at about 200 nm and
300 nm are uniformly distributed on the PVA film surface. The PL spectrum of CaF, nanoparticles shows a series of
emission peaks around 394 nm and 790 nm, and the PL band of the composite films show that the non-bonding 2p’
electrons of oxygen atom in free —OH groups will occur the n«—m " electronic transition in three ( syndiotactic, atactic,

and isotactic) conformers of PVA polymer molecules.

Key words: co-precipitation; nanoparticles; nanocomposite; characterization; optical properties

CaF, SRURL(CaF NPS) S—F (15 12 eV) 47
G R % e RN B4 I B4 . £ PVA
SR, CaF, 4PKIBRLI) SEH 2 B CaF NP
HEHEATITREIG, CaF, 9K IURL I —FhSOBRT
SR TR T o T IR
SRR BT 5 T 038506 1 4 RS2 5
R . LIS FAT IR B, 4 B 2 B
(RE) B T 72— RO ™, AT B
SAMRIBIL T WS FHOLR . WS
FROET T UGB FAR BT o SCH BT
PR 35 (58 200 ) B B 2 2 2
Bz

CaF, 94K TBURL AT L 1) 7 b 4 L, 40194
[ A T NET It S [
R TR AR, 0B A B I

ASIRL T o IR AE [ K 5 345 A e v o
JAR R B S B P s 0 T R AR 7 45 R e, 3¢
AR (PVA) A UG LA BB 77 | BL I 10 35 A
FIXFAAFIFRANE" . T PVA BREWMRERE
JERFE TR 1K P 9 22 A o a8 A 0 SR R
MR E R EFEMA TR ES R T
CaF,NPS, 3£ I K [7] ) CaF,NPS il % — Z& 511
WOMEBE(PVA) /CaF, 90K A M. [RIHAIFSE T
PVA/CaF, 44452 43 WM I 2 P R

1 SLEEs

1.1 CaF, gk Bi%ifn PVA/CaF, X 5 & E
A

(1) 3 1 HPTHETE A L CaF,NPS: 44 0. 01 mol
FALES (CaCly) B AE 100 mL ZEIE /K, 2R 5 A

75 A #A:2013 - 09 - 26

EEB T EFR977 ) 5 8L, BRI, NEGURE S MBS, wxhequ@ 126. com,,



S72 4K AL T

0.02 mol 1) NH,F ¥ , 3 523 4 3 4 1 2l ZU 4
2 h, B AR ASE R O AR, R)E, S
FN B AE 3 000 r/min T EL> 10 min, 3 H Y%
50l BSOS B BR R AR AR B VR T
Fo HJE B0 43RS 10 min, B CaF,NPS,

(2) PVA/CaF, 4K 45 B 045 B 3 0T 4y
B R 1% 2% F1 4% [#) CaF,NPS( 5 PVA j4
) AN AZE SRR PVA %5k (PVA 7 70°C 7K
AR ) JERE P . I WRCTE B R L 22 1, A
i 80C T4 2 h, TG TR R G2 /1y PVA/
CaF, 9K G W, HAF 2R R L2 30 wm,
1.2 CaF, 44K FAif0 PVA/CaF, YK 8 5 H &
HIRAE

FH JSM - 5900LV # 7 § i F & 3k 5 W 2%
CaF,NPS fll PVA/CaF, YK & G R X7
PertProMPD 7 x I 28 17 5 A %2 CaF,NPS 1) i 14
S5 R 5 A AT L4 OB BE 11 (UVD -2950 ) A6 il
CaF,NPS Fl PVA/CaF, 44K 52 & B8 i W OG5 5
It HAIH (LS -45) 95663 CaF,NPS Fil PVA/
CaF, 9K 55 &MY PL 5 B HEFT TIF5

2 HR5R

P CaCl, F1 NH,F 2y J5oRE, F) 000 G
Calt, ZHAKFORL(CaF,NPS) , f:H) FAS [ 5t 4t 73 20 1)
CaF,NPS i £— R 1R LMl (PVA) /CakF, gk
HAAHEE, R X SRS (XRD) FHiH 1
T (SEM) X A1 8L #EAT ZRAE , I A 52 48— 7T o6
T (UV) A5 663E (PL) XA BRI O 2% P 5 E 47
5%

2.1 CaF, ik EHif0 PVA/CaF, R ESHE
&1

K AL GTVE R G LY CaF,NPS 1y X S 2 A7 5
BN 1 Fs o AR TS 20 /0 117 i mT %0, CaF, 37
Ty A Fm3m 23 (AL A BUGE A o B0 RO R
Scherrer A 0HES: , RSP RZ5HE 20 ~27 nm,

2500

-~ &
2000} = 8
i,5!1500-
%1000- =
o —
o 9
500 g8 &
o L1

20 40 60 80
20/(°)

H1 CaF, 45 KFfr sy XRD A

FIMEE2H

AU B R AT 0 Fr . CaF, 442k
HURLF1 PVA/CaF, 49Kk &2 A B SEM & 14 53 51l
Wi 2 FE 3 s

1 pm

B2 CaF, 49k F 4ty SEM H %

(a) & PVA (b) CaF,NPS 43500 1%

8 2m

(¢) CaF,NPS Bt 40 %00y 4%
B3 PVA/CaF, 41Kk & & Wy SEM FE %

H I 2 AT LU, GROK S0RE Y 2 T LA BRIE 1Y
TEARFN— ek R 1 - HA R ZWMERE 5, X %
BBA TR B TRk /e . Rl 3 AR, 8m
PIFACES K BURLAE PVA FEFEH, OF H UL ES 48 K
WURLE 5T A3 A 7E PVA R
2.2 CaF, ik Fi4if0 PVA/CaF, ik ESHE
R F MR R

CaF, 9K J5URL Fl PVA/Cal, 44K 52 & MY
He2E WG 43 A A 4 R S Fs

2.0

1.5¢

1.0r

2 Y68 /a.u.

0.5¢

0

200 300 400 500 600
K /nm

B4 CaF, 41K BUR 09Ot % Bk i



2014 T2 B FZ=4E% . PVA/CaF, YUK

=
[
95 nm

'Q‘ 200 nm

0200 300 200 500
P /nm

1—Cal, NPS R4k 1% ;2—Cal,NPS 450k 2% ;
3—CaF, NPS [R50 4%
E 5 PVA/CaF, 41K & & & 0y ot 5 R
M4 Haf DL 7E UV g P, CaF,NPS 7
314 nm g @R R BRI . B S ATLUE Y,
FENA CaF, 4K 5] PVA 40 (4 o, 4 K & 4 v R X
JER WU T R AR fb. BT PVA IRURHE
200 nm A AT B WEME, A ER A HBE B, i+
CaF,NPS [ i, 45 5 4 W AE 300 nm 7547
RIS
CaF, 4K 5k F1 PVA/CaF, 44 % & 4 78 1 1y
BANTE AN E 6 FE T Fis .

1000 +~396 nm 794 nm

5 800

=

i 600

;‘% 400

#® 200

0300 400 500 600 700 800 900
K /nm
B 6 CaF, 45 KBk by %Ot 18 H

4.0

550 600 650 700
P K /nm

1—4f PVA ;2—CaF, NPS Jfi 553500 1% 5

3—CaF, NPS it /380N 2% ;4—CaF, NPS i3 50N 4%

BT PVA/CaF, 4145 4B 85 % B
H & 6 T LUA Y, A AE 394. 4 nm Zb3Z FPY
KB, AE 394 nm A1790 nm [ffE LT — R K
SPpig xS I PR AR AN [R) R R 04 T e Ak 1
A A% AL I R THI BB o 7E NPS T Hh 303X Ff 23
i 20 PL AR AT LY BB PN FEAS [R] B9 0 4 R,
&7 ATLUE G B 9K 2 A AR PL SR B L

GERNS R RIEREFIER =73

4 PVA B SR o [R] i, D3 7R PVA/CaF, 44K
AL CaF, K BORA 2 KOG, PVA R
Wiy T _CHz_C/H_ BRI L, BT
OH

BERSTAPEAE T (SRR AITERL) 3 MR 5
S5t thT—OH 1 4 4ig 2l , {75 vy 7~ 32 3 4R
%, NI PVA/CaF, 99K 4 EIEAE 600 ~700 nm
B

3 #hig

il % T PVA/CaF, 94K 5 & I 5% XRD,
SEM EAMIEIHE FZ e e i Hdb 4T T4z, SEM
B L7, CaF, 9K 5 3o A T PVA i
AR5 MR 58 0 =0T UL TE W, B2 WA
Xt T Caly 44K BURLXS S W AT 1 B 2 1 221
PTG R, 7E PVA FEFEERIN CaF, 4K Ok 1R
iy 1 Caly 2K BURL Y EBUR LR, PVA/Cal, 94
KB WL CaF, GURBURA 2 5001,

S 30k

[1] Xiaa Z,Du P. Synthesis and upconversion luminescence properties
of CaF, : Yb** | Er’* nanoparticles obtained fromSBA-15 template
[1].] Mater Res,2010,25(10) :2035 —2041.

[2] Yang J,Deng Y, Wu Q,et al. Mesoporous silica encapsulating up-
conversion luminescence rare-earth fluoride nanorods for secondary
excitation[ J7. J Langmuir,2010,26(11) :8850 — 8858.

[3] Nakhaei O, Shahtahmassebi N, Rezaceroknabadi M M, et al. Syn-
thesis and characterization of CaF, NPs with co-precipitation and
hydrothermal methods[ J].J Nanomedic Nanotechnol ,2011,2(5) :
116 - 119.

[4] Sata N, Jin-Phillipp N Y,Eberl K J,et al. Enhanced ionic conduc-
tivity and mesoscopic size effects in heterostructures of BaF, and
CaF,[J].J Solid State Tonics,2002, (154/155) :497 - 502.

[5] Dhopte S M, Muthal P L,Kondawar V K, et al. Eu®* «<>Eu®* redox
reactions in bulk and nano CaF, :Eu[ J]. ] Radiation Effects & De-
fects in Solids,2007,162(9) :651 — 658.

[6] Chen D,Wang Y, Ma E, et al. Partition, luminescence and energy
transfer of Er**/Yb®* ions in oxyfluoride glass ceramic containing
CaF, nano-crystals[ J]. J Optical Materials, 2007, (29) 1693 -
1699.

[7] Wang Q H,Setlur A A, Lauerhaas J] M, et al. A nanotube-based
field-emission flat panel display [ J].J Applied Physics, 1998 ,72
(22):2912 -2913.

[8] Wang L,Li Y. Na('Y, 5Nag 5 ) Fy single-crystal nanorods as multi-
color luminescent materials[ J]. J Nano Letter,2006,6(8) :1645 —
1649.

(F#% 75 W)



2014 F2 B

3% 5 T AR 2 (NO, —N) SR N—(1-283) -2 =
eI I 5 R B 2 (NO, —N) S JHT 2 4 43 O o
1.3 @EHEELRR

(1) et i 6 6 ik 4 P A7+ B I B8 A L
W2 L BEA— 5 Ho B A B AT R
BEK S5 K. DO iR E 2 ~ 6 m/L Ze i, ik
S AL A ] R M R I A i, 8
AL P I PEAR B RIS, 2 S, 4007 NH —
N N0, -N NO, =N ¥ i Bt i) A (e i, 55 R
LA,

(2) B K HBLE AL R 5 R 50 m'/d )
A/O REFIHLE, 450 95 A FILAS 0 95 KL
WIS A0 NH, N B S AR R 2
AR,

2 HR5R

2.1 BEBEFREELBERE

B L 0 T 2B A T LA R ) 2 3 T
SrERIET AR AR N AR A TR R i, ST T
Hh e SO B T T A A RE AT AR Ak P
Ao BARLETE AL Z B AN R] T HA 75 P ] B
ARERL e O T SEAF SR B A AR T A T B PR RE

REES B RIBHITLEEAR .75 .

FEH R 3 AN IR [ 0 £ 1 B8P R ORI i o 1) 25
F AR T 15 AT L PR BB I, 25 SR AN IET 1 s o
BT AT, A Te] 3 A b P e K s R R B
HH TRVAE A AR A B I 1) A SE S, 2 8 BTk i
B e RS PR R E, Ho2s B A B K
H R E AN [ IR T] P 14 Jo 6 4 38 e 2 g 1 LAt f
A X R T s B AR A R A AT R R
BEA TR A RIFEMFIIRE . AL FR K AP AR #h %5
o G R U 1) ) S R AT S, ELAS [ 2 A3
AN TSI PR A R R AT, A D i
TRZEBN, T ) AR ] — I 18] A 8y B A A 22
5t 5 B SN A REA T, 3000 28 R Wi e A DA I A R
S, B AR Th RUTCRE WEA PE o HTRER A
JREEWREAERT 4 h NHGESE I, Z )58 T 7%, B
1727 37 28 5 o il R £ 265 ik Vi B2 1 ok )
RE2TEARE, EESREB P SA —E R
MR ER R G M =R L AT LIE 4
SR AR A 290 39 2 S PR 5 S e JEE A L ]
PP R, 325 o A TR SRR B DR R |
B, HR R 2 /0 5 AR A B SRR B
2 DA K s B S I E] AR, RS VR
Th i Ja SUREAR , AR R 2R T BE RS T, B
AL SR A PN P A 4 T 2R A A B R AR

(E#&% 73 )

[9] Zheng Y L. Synthesis and characterization of CaF, : Yb,Er (core)/
CaF, (shell) up-conversion nanoparticles[ D ]. Thesis in Depart-
ment of Materials Science and Engineering, Singapore ; National U-
niversity of Singapore,2010:1 —87.

[10] Maushake P. Calcium fluoride crystals blanks offer highest transmis-
sion rates at 193 nm and below [ J]. J Optic & Photonic, 2008,
(2):46 -47.

[11] Polasko K J,Ehrlich D J, Tsao J Y, et al. Deep UV exposure of Ag,
Se/GeSe, utilizing an excimer laser[ J]. J IEEE Electron Device
Letters, 1984 ,5(1) ;24 - 26.

[12] Song L.,Gao J,Song R. Synthesis and luminescent properties of ole-
ic acid ( OA)-modified CaF,: Eu nanocrystals [ J]. J Lumines-
cence,2010,(130) ;1179 - 1182.

[13] Jain K, Willson C G,Lin B J. Ultrafast deep UV lithography with
excimer lasers[ J ]. J IEEE Electron Device Letters,1982,3(3)
53 -55.

[14] Hong B C,Kawano K. Luminescence studies of the rare earth ions-
doped CaF, and MgF, films for wavelength conversion[ J]. Alloys
and Compounds,2006,408 (412) ;838 —841.

[15] Wanga L, Wanga B, Wanga X, et al. Tribological investigation of

CaF, nanocrystals as grease additives[ J]. J Tribology Internation-
al,2007,(40) :1179 - 1185.

[16] Bensalah A, Mortier M, Patriarche G, et al. Synthesis and optical
characterizations of undoped and rare-earth-doped CaF, nanoparti-
cles[J].J Solid State Chemistry,2006,(179) :2636 —2644.

[17] Pandurangappaa C, Lakshminarasappab B N, Nagabhushanac B M.
Synthesis and characterization of CaF, nanocrystals [ J]. J Alloys
and Compounds,2010, (489) :592 —595.

[18] Sionkowska A, Planecka A, Kozlowska J,et al. Photochemical sta-
bility of poly (vinyl alcohol) in the presence of collagen[ J]. J Pol-
ymer Degradation and Stability,2009, (94 ) :383 - 388.

[19] Pattabi M, Amma B S, Manzoor K. Photoluminescence study of PVP
capped CdS nanoparticles embedded in PVA matrix[ J]. ] Materials
Research Bulletin 2007, (42) :828 - 835.

[20] Sang W,Qian Y,Min J,et al. Microstructural and optical properties
of ZnS; Cu nanocrystals prepared by an ion complex transformation
method[ J]. J Solid State Communications, 2002, ( 121) 475 -
478.

[21] RamS, Mandal T K. Photoluminescence in small isotactic, ataxic
and syndiotactic PVA polymer molecules in water [ J]. J Chem

Phys, 2004, (303) :121 - 128. W





