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Phase Transition Induction and Upconversion Luminescence Enhancement of
NaYy g5, YbggesEreoFs by In** Codoping
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Abstract In®" was taken as a new dopant to codope NaYF, with Er’* and Yb*>* by hydrothermal synthesis in this manu-
script. How to improve phase transition of NaYF, from cubic to hexagonal and how to improve upconversion luminescence
performance of hexagonal NaYF, are both important problems because hexagonal NaYF, is the most efficient matrix mate-
rial for upconversion. Considering these two problems, we report the study of crystal structure and upconversion emission of
In*'-codoped NaYF, to discover phase transition mechanism and upconversion luminescence properties changed with dif-
ferent In*" codoping concentration. NaY ¢, Ybg g3Ery0oF4 was tridoped with 0, 2, 4, 6, 8 and 10 mol% In*" at 170 °C for 8 h
in order to study phase transition of NaYF,. The other group of samples was prepared by the same procedure except In*"
codoping concentration was replaced as 0, 1, 2, 3, 4 and 5 mol% and the reaction proceeded at 190 ‘C for 12 h in order to
obtain pure hexagonal NaYF, for study of its upconversion luminescence. The change of morphologies and crystal structural
transition caused by In>* codoping was explored by XRD, Rietveld refinement, SEM and TEM analysis methods, while the
upconversion luminescence was characterized by emission spectra and luminescence decay curves, for the relationship be-
tween crystal microstructure and luminescence properties to be discussed in our investigation. On the basis of these charac-
terizations we found that with rising of the In®" codoping concentration, the phase transition of NaYF, from cubic to hex-
agonal was improved. The intensity of upconversion luminescence was also found to be increased to the maximum when 3
mol% In*" was codoped into hexagonal NaYF,. The analysis and discussion discovered that the phase transition of NaYF,
was correlated with the lattice distortion of cubic NaYF, improved by In*" codoping. The intensity of upconversion lumi-
nescence was proved to be increased by the asymmetry of the local crystal field changed with the In*" codoping concentra-
tion. This investigation may be helpful for design and synthesis of other functional materials.
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Figure 1 Measured and Rietveld calculated XRD patterns of Sample
A0, Al, A2, A3, A4 and A5 (color and black lines indicate measured and
calculated pattern, respectively), hexagonal NaYF, (JCPDS 28-1192) and
cubic NaYF, (JCPDS 77-2042) patterns. Dark cyan line is the difference
between measured and calculated pattern of In 0%. And red vertical lines
indicate hexagonal and cubic NaYF, peaks position
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W
Figure 3 FESEM picture of sample A0 (a), Al (b), A2 (c), A3 (d), A4 (e) and A5 (f), respectively

5 Fl i I A E(d) Ky 0.2793, 0.1917,0.3118, 0.3054, 0.1526
nm. B = FH 0 0ARE LT NaYF, [£1(200), (220)5
(111)dh1H, 5 XRD 458 A40—3, (220)1) d fEELE 5(al)
HHRES AO (9[RBT SE K. J5 W TCIEbR g A S 7 8%
757 M NaYF, [FATA §h1H, H 0.3054, 0.1526 nm 43 71/ Lt
A2 J7 NaYF, [(111)45(222) gh1f 1) d {7, JHRTEM f
A HOAF Y () DX 3R] L A A SR AR T BB AL, R
XM ANTES ] DU AT g s 4. B 5(d1) (A3) &
INRTHTBE RN T 5 R A ER(d) ol 0.2731, 0.3151,
0.2120, 0.2942, 0.2831 nm. A RTH & AT 3 kR E N S
77 NaYF, [f](200) 55 (111) & 1f7; 0.2120, 0.2942 nm AJ 53531
FR3E K7577 NaYF, [£1(201) 5 (110)841H; 0.2831 nm JGiZk
FRaE KLy 8N 77 A NaYF, (AT i . 0.2831 nm 7]
LU F7 77 NaYF, (200) 45 M Ah % L, J5 3 Az
T3 AR N7 AR AR R i A, B S(el) S s T
BT B AT LR 2 A 7N 7 AH NaYFy (1 di i, 5 HAE
5(e) 5 B S(0) T AHNY. 1) Al s 2 SCHEAR RN, A EL E 42y
Frep, AT HBES I’ B =0 n, B2 In*
YR, 77 NaYFE, ks i A48 AN s K 2 4=
)N AR AR, 375 i M 2 $ e i AR v TR B BB I
R, PR E A TS0, AR AT A TR T
TIERE B AR R AR (W R A2, RIS T NaY Fy [P
DBAE In* B2 BAE 4 mol%Ll FINBES In® B2 s
BRIy B K. T 2 mol% In* BRI, T i
ML /N, 7577 NaYFy [R5 7 305 A7 I 5 AR 1k

http://sioc-journal.cn 1641



¥ F R WRIEX
5.987 =
- e e 3.516
T 5.986 - <
5 L3515
8 2.8854 L3514 £
©
2 g
= | S
& 5.984 \' F3513 =
O
e L3.512
o 2 4 6 8 10
In3* codoping concentration/mol%
(b) (d)
3.876{ =
109.14
X oL \-
3 2 B
g § 3873
£ 109.0+ 2z
3 2 3.870-
m
085 3.8674 T~
R 0 2 4 & 8 10

In3* codoping concentration/mol%

In%* codoping concentration/mol%

B4 U5 NaYF, SR fbE In® 520 & A l: ()it 34 a, o; (b)SIBARR; (o) M= B (S8 =& Tl (o) h I (R)
Figure 4 (a) cell parameter a, ¢ and (b) cell volume of hexagonal NaYF,. (c) hexagonal NaYF, crystal structure sketch, (d) the bond distance of two
interfacing trivalent ions described as “R” in (c) changed with different In*“codoping concentration

Bl 5 A0 (a), Al (b), A2 (c), A3 (d), A4 (e), A5 (DX 23 FHIEST LB IUT; (an), (b1), (c1), (dy), (er), (F1)FH R FR) FEL G5 8 o 2 E Xl R I 460 45 30

R RIS R A

Figure 5 HR-TEM pictures of A0 (a), Al (b), A2 (c), A3 (d), A4 (e) and AS (f), and (a;), (b)), (¢1), (dy), (e1) and (f;) the FFT patterns of the correspond-
ing HR-TEM red square areas, respectively

1642

http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2013, 71, 1639—1646



W F F R

B 2w it i 2 5 R T B AR A A S 1 S i
B AR A — 8, #EE I’ NS R
A4k

Kl 6 A AO~AS H175 74 NaYF, [ TEM B,
N7 AR IR AL RS 5 e T T A R v R A2 K L AR Bl
In* B E BRI, BRI AR 0’5
AR BEMEAIL HE (00 1) i T FR A5 N7 A 1) S A ) 2 A
Wl — NS BN R. BTN NaYF,
(110), (101)5O11)TH ¥ =4 & 7% % = T-(00 )T, 4
MR In* BE B2 S BB IR Y IR b4
Y3 AL E R, (110), (101)55 (01 1)1 (1) & 8% AR 15 2 1
fie 1 R P 0 LR 1 (001) THT, IR T A R #E T [110],
(o115 0117 AL, SET AKX
22 In*' #8737 NaYF, bk ik aE a5 00

NaY .0, Yboo:EreeFs 5 0, 1,2, 3,4, 5 mol% In*" 345
Z%, {E 190 CHEAR HpiE i OV 12 h A3 B ERE f 20 Sl Asd
4 BO, B1, B2, B3, B4, B5, M1 L340 s oGPk REIE Y.
NaYF, (1757 MRS T 37 5 A — AN 22 8808 1AM,
P S VAR R, S S N A ] BE RS (L33 /N U7 A Na Y Fy 1)
TERU™, FE BO~BS (=M FH & 7o 2 s i
SR BAR 2 IR, JCE M HT 4 B s Be v AR T,
XRD i1 7 fiw, B TS ae s s 12U /S 75 4

. AT

™ 3 . 3 ‘-'Ii" i 4 B [ (3
3 } s | e x
[ o) [l ey S AN BRI Bl () S
. = ; F X ® (:' 0y -
= - 20 .
e L
<’ ‘;f 2 “
° <
g &
[~ -
o §o v
% ot +
» ﬂi' 1S
ALt o X . ¥
w‘m « . 2 :: \:g’ oy b= :
0 2 & !
0.2um * 3 T4 4 |02um]
— - b e e
(d) (e) |
0.5 um 0.5 um

‘e %

NaYF, (JCPDS -FH 5 28-1192), H&AH H & AbrUIH
Frhfige, RUAEAEMI/NTT NaYF, 5 A0~AS [AFf
HEAT Rietveld ¥51&, FrEMRSE 4L &N R 728/
6, THATERE L Sl BV & AR LE, Wil 7 s, d
JEZHOUIL T 8, BT IS EHRE In® LB 5 E
RS, B It B SRR IR T YR E.

BO~BS5 [ L4 R ebEreimid i 9 it bk k
SRR Rk th 2ok % 22, B 9(a) 9 G K e ] 4y
B A BA R BRI 2Hy o= *Lisn (R2520 nm), *S30—>"15,
(=544 nm)F *Fop—"T;5» (~~654 nm). XLLIE) 50
RATOREAHBE In® B B inmg ok, JFH
I B2 G N 3 mol% I ik Bl KA, R R In® 4t
BBk SN, 520, 544, 654 nm (1) _E#E
RS 3 M 2 vT LU e BOos v sk BOE A T LA, SR H AR
I (R e Ag i HL, A o AT 4 AR i 9(by),
9(cy), B 9(d)FTzR. AT LG H, ARSI 2
SEYR ST 1) OB In® 335 2% 5 = 1038 I vl s, 654
nm A5 UG 1) 9¢ 6 Pk N (1) 2 L 520 nm #1544 nm [
K. T In® B BRS8N T NaYF, &
B3 R G YE AR A v UV IR F- 40 R = AN R L J—,
NJTHI NaY .95.xYbo.osEroooFs 1 YD, Er* ' 7F NaYF, 55
B 2R Y (90 pm)ifid 88 YA E. 2 In’ 3k
T éﬁ'

| (c)

e |
o«

#k
5
-®
*
-
O
B , 0.2um
- a4 T
18
4
() < (9) /
-—/-'/
Sl
0 2 4 6 8 10
In* codoped concentration / mol%
{
0.5 um

B 6 Ffdl A0 (a), Al (b), A2 (c), A3 (d), A4 (e), A5 (DI TEM HUT; ()R K LLBH In® #5244 & S AR (L a3
Figure 6 TEM pictures focusing on the hexagonal NaYF, of sample A0 (a), Al (b), A2 (c), A3 (d), A4 (e) and A5 (f), respectively. (g) the changing trend

of the ratio of width to thickness with rising of the In*"codoping concentration

Acta Chim. Sinica 2013, 71, 1639—1646

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 1643



MR

¥ F R
‘ 1 Lo . In 5%
| A In 4%
; A 11. - In3%
>
‘é I dod4 B In 2%
g 1 ﬂ In 1%
O Y N In 0%
| 01 | | ||1| o
| I L4 JCPDS28-1192
10 30 50 70 90 110

20/(°)

B 7 Pl BO, B1, B2, B3, B4, BS i1 X STt BG40 805 Rk oy
S B S T FE A B ), In 0% bl & 5 VRN 2 R i 2R R
), 7575 M1 NaYF, (#9515 A7 5 0 (Gl (8 R £8), LA KOS5 NaYF,
(JCPDS 28-1192)FrHfE L (F £2).

Figure 7 Measured and Rietveld calculated XRD pattern of BO, B1, B2,
B3, B4, BS. Red and black lines show measured and calculated patterns,
respectively. Yellow line is the difference between measured and calcu-
lated patterns of In 0%. Blue vertical lines indicate hexagonal NaYF,
peak position. Pink line is the XRD pattern of JCPDS 28-1192

BIAEAINTT NaYF, Fa, SR Y7 /Yb'
EC IALE. B/NME In® (80 pm)Rt ik 145 A\ 2 i As
Y R B LA AL (X R, AT A R 2 A R
2 YO RN Er RS PR A B IR AR AL I
SR I’ LB A RN R, $% 8 Judd-Ofelt
HgPO o R IR UK, BN R B T
Bl i 432 5 R P P 28 A T 5. 1 X R 1 it A 3 A 5
LS9 YY B RAB AL T IRE, dkind s B
BORANATES, AT e F R e 2 't
B B D BRI, 3 EOE ) T R i, A
PR B0 JR Rl A 3 (0 AR o R s o ik /N, s
AR R S R R A BT D TS,
el A, 3 mol%h I’ EetE B A A, BhE ik
RoesmE . L=, YOt ambi In® B85 R
D TR N N = NP B 0 3 R 8 e g 7
SFHT MRS GBIEES, MM A8 S b

5.9860(a)

PR BEVESE YO T (s IR VR K. Er (1) *Hyy, *Syn A1 *Fop
PR A AT S B s K 22 B0k T LS B R)
B, AN AN ILBEE In® B A S BN
TN E LA 438 ] 200 A3 R SR P 5 i i 2
RPN, KRS R R ¥k et e R hn LA
S

3

g LRTIR, BATSIN I’ T Yo T/ES T LB 2y
NaYF,, X In* "5 NaYF, AHEEAR L b3k St %
WHEAT THTSE. WFo &), In® A5 N BESS A A% 41
i, MIMAEHE NaYF, HHA7 7 A 7S T AR, JEPERAR R
I 3 B 5 I T (A A% In® IR 3B ARIE RS /N O A
NaYF, [f] - #30 R ORI AE 3 mol% In’ 525k 3|
WeARL, [RIE 2 e i T In’ LB I8 B I i ey A% 1
WD

4 THERS

41 HE

NaY0,YboosEre0oFs 5 0, 2, 4, 6, 8, 10 mol% In*" L
BILEE S BIFRIC A A0, AL, A2, A3, A4, A5, [T T
AR RIS, LA B TR AR, K IR AR £k LA
SEHHIIMA S 0.4 mmol EDTA 445 10 mL Jhfg
) 20 mL ZK¥H . FERIZABEEE 30 min &, 1A E
WA &4 0.2 mmol NaF #10.2 mmol NH,HF, [ 25 mL
LIV, JFINN 1 mol/L HF VK pH 1 24 3.0. 4k4:
ikt 30 min JG, KRG AR K RNV E, 7
170 “CHEAFR P IR SN 8 h. 5 Jr B BT i T A 2t
LWL KA IVE 3 WK, £E 60 CHUE T, S —AES
0,1,2,3,4,5mol% In* JLBI%, 7190 CHUAH  1H i
RV 12 h, LA, DIERIFAN A NaYF,.
XARE AR bRIC S BO, B, B2, B3, B4, B5, M- 4%
R RE IR

5.9858 -
5.9856 1
5.9854 -
5.9852 -
5.9850 -

Cell parameter alA

5.9848 -

"\

N

-3.5140

-3.5135

-3.5130

0 1 2 3 4 5
In®* codoping concentration/mol%

B8 FEhh BO, BI, B2, B3, B4, BS [¥(a) i8S 4L a, ¢ 5 () MILIATA(V)
Figure 8 (a) and (b) cell parameter a, c and V' of sample B0, B1, B2, B3, B4 and BS, respectively

1644

http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

(b)
109.04 e
L]
o<
S o 109.021 \-
g '3 e
g E
g 2 109.004 \
@© >
Q=
3z &
3 108.98 1 "~
L
108.96 +— . : : : :

0 1 2 3 4 5
In3* codoping concentration/mol%

Acta Chim. Sinica 2013, 71, 1639—1646



% % W SR X
a e — - trising 480 ¢
(a) —In0% - = e
—In1% g -\'§ 420 g
300 - —In 2% o \\ 3:2 %
——1In 3% S ‘i \'\: 360 %
——In 4% E 100 A S 3 340
= 200 —In5% 2 © In*codoping concentration /mol%
(] 1 7]
} o~ %
k) B =
® - >
£ 100+ & ] 107 | ot
- i ——1n2%
< —In3%
In 4%
01 k :g‘afc/:nated ‘
. : ) 1 . .
500 550 650 700 0 500 1000 1500 2000 2500 3000
Wavelength/nm Decay time/us
g g
T e terising 'uog %;on‘f R ~7w§
«tdecay l460_ E zyo] /,< \ :wm‘; .Mg.
e
1000 100 ]@ £ Nl |
_ E3 (G R i
E 3 & In3‘c?odop|ng concentratlonslmol%
2 1004 >
c @
9] c
= -.2 10
o e = —In1%
g5 104 |=00% _8: ——In2%
—1In 3% In 3%
A% ——1n 4%
——1In 5% ——In 5%
1 —— Calculated | 1 —— Calculated [ i
0 500 1000 1500 2600 2500 3000 0 500 1000 1500 2000 2500 3000

Decay time/us

Decay time/us

E 9 B0, B1, B2, B3, B4, BS ({561 44#: () &%, (b) 520 nm, (c) 544 nm, (d) 654 nm [ 58 6TEWL HIZE, (b1) 520 nm, (c1) 544 nm, (d1) 654 nm [¥)5%
fir AR A A (Rt 2y LTI T B ka2, 88 €0 it b e I 1) 5 B At 24

Figure 9 (a) Emission spectra and (b) 520 nm, (c) 544 nm, (d) 654 nm emission decay curves of sample B0, B1, B2, B3, B4 and BS5, respectively. decay

time and rising time constant changing trends of (b;) 520 nm, (¢,) 544 nm and (d;) 654 nm emissions, respectively (the black curves are changing trends of

the rising time constants, while the blue curves are those of the decay time constants)

4.2 EIE

X 2 TS XRD) B 3 FH A 40 BHA 71K X pert
ProMPD {5k, MAR4cAT: Co 4, ¥4 0.178901
nm, FIRGEE 1 (°)/min, 20 FIHEH 15°~120°. k4
14 s 55 (FESEM) I 1 /2 7 FEI Nova NanaSEM230 1
T R AEE BB, o) PEE S B (HRTEM)
JiJ&4E FEI Tecnai G2 F20 S-TWIN & 5B Hi%s |
HE, TAEHR A 200 KV, ERE i R ) 5%
W S 7E Edinburgh FSLP920 1 #% FIR 1K), & Ui
K 980 nm, ZEIHIIEN 5 Wiem?, BOGIKIH % 5 ns,
B 10 Hz, £ FHAEKR. BT RE S a4 LA —
SAFAEE W N AT

References

[1] Wang, F.; Liu, X. G. Chem. Soc. Rev. 2009, 38, 976.

[2] Heer, S.; Kompe, K.; Gudel, H. U.; Haase, M. Adv. Mater. 2004, 16,
2102.

[3] Vennerberg, D.; Lin, Z. Q. Sci. Adv. Mater. 2011, 3, 26.

[4] Chen, W. J. Nanosci. Nanotechnol. 2008, 8, 1019.

[5] Wang, M.; Mi, C. C.; Zhang, Y. X.; Liu, J. L.; Li, F.; Mao, C. B.; Xu,
S. K. J. Phys. Chem. C 2009, 113, 19021.

Acta Chim. Sinica 2013, 71, 1639—1646

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[6] Ryu, J.; Park, H. Y.; Kim, K.; Kim, H.; Yoo, J. H.; Kang, M.; Im, K.;
Grailhe, R.; Song, R. J. Phys. Chem. C 2010, 114,21077.

[7] Nagarajan, S.; Zhang, Y. Nanotechnology 2011, 22, 395101.

[8] Chen, F.; Bu, W. B.; Zhang, S. J.; Liu, J. N.; Fan, W. P.; Zhou, L. P;
Peng, W. J.; Shi, J. L. Adv. Funct. Mater. 2013, 23, 298.

[9] Righini, G. C.; Ferrari, M. Riv. Nuovo. Cimento. 2005, 28, 1.

[10] Zhou, S. S.; Deng, K. M.; Wei, X. T.; Jiang, G. C.; Duan, C. K;
Chen, Y. H.; Yin, M. Opt. Commun. 2013, 291, 138.

[11] Vetrone, F.; Naccache, R.; Zamarron, A.; de la Fuente, A. J.;
Sanz-Rodriguez, F.; Maestro, L. M.; Rodriguez, E. M.; Jaque, D.;
Sole, J. G.; Capobianco, J. A. ACS Nano 2010, 4, 3254.

[12] Li, T. G; Liu, S. W.; Zhang, H. P.; Wang, E. H.; Song, L. J.; Wang, P.
J. Mater. Sci. 2011, 46, 2882.

[13] van der Ende, B. M.; Aarts, L.; Meijerink, A. Phys. Chem. Chem.
Phys. 2009, 11, 11081.

[14] Wang, F.; Deng, R. R.; Wang, J.; Wang, Q. X.; Han, Y.; Zhu, H. M.;
Chen, X. Y.; Liu, X. G. Nat. Mater. 2011, 10, 968.

[15] Li, Z. Q.; Li, X. D.; Liu, Q. Q.; Chen, X. H.; Sun, Z.; Liu, C.; Ye, X.
J.; Huang, S. M. Nanotechnology 2012, 23, 345606.

[16] Zhang, J.; Shen, H. O.; Guo, W.; Wang, S. H.; Zhu, C. T.; Xue, F.;
Hou, J. F.; Su, H. Q.; Yuan, Z. B. J. Power Sources 2013, 226, 47.

[17] Suyver, J. F.; Aebischer, A.; Biner, D.; Gerner, P.; Grimm, J.; Heer,
S.; Kramer, K. W.; Reinhard, C.; Gudel, H. U. Opt. Mater. 2005, 27,
1111.

[18] Liang, X.; Wang, X.; Zhuang, J.; Peng, Q.; Li, Y. D. 4dv. Funct.
Mater. 2007, 17,2757.

[19] Wang, L. Y.; Li, P; Li, Y. D. Adv. Mater. 2007, 19, 3304.

[20] Mai, H. X.; Zhang, Y. W,; Si, R.; Yan, Z. G;; Sun, L. D.; You, L. P.;
Yan, C. H. J. Am. Chem. Soc. 2006, 128, 6426.

[21] Mai, H. X.; Zhang, Y. W.; Sun, L. D.; Yan, C. H. J. Phys. Chem. C
2007, 111, 13721.

http://sioc-journal.cn 1645



W F F R

MR

[22] Mai, H. X.; Zhang, Y. W.; Sun, L. D.; Yan, C. H. J. Phys. Chem. C
2007, 111, 13730.

[23] Li, C. X.; Quan, Z. W.; Yang, P. P.; Yang, J.; Lian, H. Z.; Lin, J. J.
Mater. Chem. 2008, 18, 1353.

[24] Huang, Q. M.; Yu, H.; Zhang, X. Q.; Yu, J. C. Acta Chim. Sinica
2013, 71,1071 GIEW, A, TkBar, Ared, 1w 4R, 2013,
71,1071).

[25] Chen, J.; Guo, C. R.; Wang, M.; Huang, L.; Wang, L. P.; Mi, C. C.;
Li, J.; Fang, X. X.; Mao, C. B.; Xu, S. K. J. Mater. Chem. 2011, 21,
2632.

1646  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[26] Wang, F.; Liu, X. G. J. Am. Chem. Soc. 2008, 130, 5642.

[27] Auzel, F. Chem. Rev. 2004, 104, 139.

[28] Chen, D. Q.; Yu, Y. L.; Huang, F.; Huang, P.; Yang, A. P.; Wang, Y.
S. J. Am. Chem. Soc. 2010, 132, 9976.

[29] Huang, Q.; Yu, J.; Ma, E.; Lin, K. J. Phys. Chem. C 2010, 114, 4719.

[30] Judd, B. R. Phys. Rev. 1962, 127, 750.

[31] Ofelt, G. S. J. Chem. Phys. 1962, 37, 511.

[32] Dou, Q. Q.; Zhang, Y. Langmuir 2011, 27, 13236.

[33] Lifshitz, I. M.; Slyozov, V. V. J. Phys. Chem. Solids 1961, 19, 35.

(Qin, X.)

Acta Chim. Sinica 2013, 71, 1639—1646




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


