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Substituent Effect on Quinoline—Malononitrile AIE Fluorescent Properties

Xia, Zhiqing Shao, Andong Li, Qiang Zhu, Shigin Zhu, Weihong*
(Institute of Fine Chemicals, Institute of Science and Technology Information, East China University of Science &
Technology, Shanghai 200237)

Abstract As well-known, traditional luminescent dyes such as dicyanomethylene-4H-pyran (DCM) luminogens used in
biological diagnosis and therapy still exit several limitations due to their inherent molecular structures. One of the most noto-
rious phenomena is “aggregation caused quenching” (ACQ), namely that the fluorescence can be easily observed in dilute
solution, but quenched in high concentration or aggregated state. Therefore, how to understand the aggregation environment
formed by dye molecules and further utilize the aggregate itself as a potential pattern for biomedical application is highly
desirable. Since the intriguing discovery of the aggregation-induced emission (AIE) phenomenon, much effort has been paid
to exploration of AIE systems and their applications. These AIE chromophores exhibit highly bright fluorescence when ag-
gregated, and weak fluorescence when dissolved in solution, making them beneficial for improving the sensitivity of biosen-
sors and bioimaging in situ or in vivo. Herein we set out to construct a novel AIE-active quinoline-malononitrile (QM) build-
ing block, by merely replacing the oxygen atom in DCM moiety with N-ethyl group, thoroughly solving the fluorescence
quenching problems of DCM derivatives in aggregation. Five QM derivatives (QM-H, QM-F, QM-Br, QM-I and QM-N)
with different substituent groups have been successfully synthesized by Knoevenagel reaction, extending the AIE wavelength
from 528 to 614 nm in the aggregated state. A series of experiments were performed to examine the photoluminescence
properties of QM-H, QM-F, QM-Br, QM-I and QM-N. As expected, all these AIE-active compounds show weak or no fluo-
rescence in molecular state when dissolved in THF solution, but enhanced emission in solid or aggregate state along with an
increasing volume fraction of water in tetrahydrofuran/water (THF/H,O) mixtures. Moreover, their AIE-active fluorescent
properties are dependent upon the different aggregated microenvironment affected by substituent groups of QM derivatives.
Notably, the halogen atoms of QM-F, QM-Br and QM-I play important role in AIE quantum yield, while introducing electron
donor group shifts the solid fluorescence of QM-N into red emission. The substituent effect of QM derivatives with excellent
AIE properties can provide a platform to develop NIR AIE materials.

Keywords aggregation-induced emission; quinoline-malononitrile; substituent effect; luminescent quantum yield
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T AR AH T b o oy 24, SR N-&
FEIUAOR T I i Hh U 7, bt 1R Y R AR
R R AIE B & —— ¥ Ik i (quinoline-
malononitrile, QM), SZHL T AIE %SGR 4006 AT 2L MM
FEAFU IO AR T AR DAV A BEA, BT S RLT — R
ANFREUCEE ATE 16 &%) QM-H, QM-F, QM-Br, QM-I
AT QM-N (Eq. 1). ZKNEMHEA RIFHRES TR
SIS, BIFE THE VR H B A 2O, H18H
IE K E T RN, WL RIEE. BT T A
AR ITX ALE K ROGE T E5% 0, 5
KK RIET F, Br, 15 RESVOCREALRES
fE 561~571 nm Z[H], {H% 68T RR P ERK,
QM-Br ] @ {fi 5 K(13.9%), QM-F X Z.(8.7%), QM-I #¢
/N3B.A4A%). HHEFHRITMGIATTE QM BHA HITIE R
D-n-A 45%, HIERR M HER T RS IE K T RS K,
[FIN REZ Y BRAR A2, [k, T AIE 4345 ) B R IR AL
A T AT Bl T B L IR AR B A Ak, it — Pk
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Ul Eq. 1 Fis, (A% QM-H, QM-F, QM-Br, QM-I
T QM-N - #5752 it ik W bR i B4k 5 %F . 1) 05 A S TE M
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W, DAURAE /R AR, 21T Knoevenagel 4 %
MNASFH], A RESE, 8T ROKA K. AP RERER
FERES QM B SN I AR, A 4 T RN
N,N- . FF g 2 % PR S I 7 1 e . LAk 2 4 M ad ik
'H NMR, “C NMR LK HRMS ZJ3FE 8] 7 A& W45/ 1)
IERtE. £ "THNMR B, fEEa #4008 6 1.56~1.57
Wb — =, XM BEA F NCH,CH; f 2
U, 7£ 5 4.38~4.40 &b AyXt B NCH,CH; ()37 F 3k Y H U
M AL AL QM 43 T 1 LI E S A # 0N 16.0
Hz, FRW1Z2E ATE 151 1) QM 7 A9 Hh [ MF I XUEEE S5 M
ARG

£1 QM WAL EHER ¢
Table 1 Optical data of QM compounds

Aem/nM (Dr/%)
Aabs/NM .
Ager Solid*
QM-H 432 528/561 (6.7) 584 (14.5)
QM-F 488 563 (8.7) 576 (9.7)
QM-Br 481 543/572 (13.9) 594 (15.1)
QM-I 445 570 (3.4) 593 (5.3)
QM-N 430 614 (4.1) 605 (5.2)

© 2016 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Abbreviations: Aggr=THF/water mixtures with QM-H (f,=90%), QM-F
(fw=90%), QM-Br (£,=90%), QM-I (f,,=90%) and QM-N (f,,=70%); Aaps=
absorption maximum, A, =emission maximum, and @r=fluorescence quan-
tum yield. ® Estimated using fluorescein as the standard. Note: the optical
density of the solution is <<0.05, to avoid self-absorption. ‘ Measured by an

integrating sphere.

2.2 QM L&Y AIE THBE

97 QM-H, QM-F, QM-Br, QM-I Al QM-N ¥
AIE THRE, DADYE AR /7K AE AR A R &R T
HAMEEIEARFK & B 5 e a8 k. il 1 pr
N, FrAWEYAERAE K S BN, B R8A R R
LA UG o 1k RE . 7E Al Y AR A R R, QM-H,
QM-F, QM-Br 1 QM-I A 73 FARSAFLE, EAKR A Z.
LKA BIINE 70%~80%H, 5 )5 5 3R 14 5 -
LT —/ME 5 R TIE, RBA SRS I TE BT 2 T IiE
ol R B S B, WK A e I DL 1 TR 2R T HE Ok
MK EEN 90%RT, WITREIA R RS QM-N 5t
Jeitk RIS HALE A WA R (B 1E), fEKE &
9 0%~T0%HF, PETEEIRETIE N, P 594 nm 40
B& 614 nm. IXFRH G5 FE A 7K & R RF ARG R Y 1
FAREVAR T QM-N BHARUTR SR H H 235
PN G TR R AT A, Doetag. MK S EIA
F| 80%HT, TIeuRE TR R AR, KW KER
B, QM-N H g A H AR R T e A S1 FiR), %
i BRI,
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Figure 1 (A~E) Photoluminescence (PL) spectra of QM-H, QM-F, QM-Br, QM-I and QM-N (10 ° molsL ") in H,O/THF mixtures with different vol-
ume fractions of water (1x=430 nm) (Insets show a plot of relative PL intensity against water content (f,) and fluorescence images of QM-H (0 and 90%
H,0), QM-F (0 and 90% H,0), QM-Br (0 and 90% H,0), QM-I (0 and 90% H,0), QM-N (0 and 70% H,0) under 365 nm illumination) and (F) normal-
ized photoluminescence (PL) spectra of QM-H (f,=90%), QM-F (f,=90%), QM-Br (f,=90%), QM-I (f,=90%), QM-N (f,=70%) in H,O/THF mix-
tures

MEF ATV H, fEERREST, lUé‘ﬁQM
WERE A A FEUREE AR, AIE 70 T RERR
FW KA T 74 nm FILLFE (M QM-H 2] QM-N K& 5
BRZEM). MRS QM HIER, QM-H 7E £,=90%
P I T PN R AT 528 Fl1 568 nm), G HEE
Tr=ZR 6.7%; RAXALYE = IR)E, QM-F, QM-Br
QM-I 7E £, =90%H [ RS WOCEALRFFE 561~
571 nm Z [0, SR HE 7= R0 1), QM-Br
() @p 18 % K (13.9%), QM-F K2 (8.7%), QM-I i/}
(3.4%). HMZEJE T F, Br, | BT 48 K/ANRI o715
FIATREAEXT AIE A &M e K M EFRCR AT
BOKMsgma ) EE R, JUHE T ETF Rk, mhe
FHAS T AIE 2r TR B ERER, 2OGFEAK. E—2B 5]k sRi
Y HL IR NN- R SE, QM-N [ K58 6 Kk 31
614 nm, H4& T HHAREMRE. BT QM-N B D-n-A

FHE T4, FTLARER AL BRI g & B AR

<

7.
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2.3 QM L A&4I8 AIE BIIART AR

k&% QM-H, QM-F, QM-Br, QM-I fil QM-N 7E¥}
AR N EA RUFHE S RGN, SRR BRI &
ARG BT RCR AN 14.5%, 9.7%, 15.1%, 5.3%
F15.2%. FHRIHE, 40P 2 Fras, QM-H (1) [ 35 55 K A 5 ik
KR 584 nm, M5 N KR NIRRT, QM-F [E 4
PP KR E 576 nm. QM-Br A1 QM-I i) [l 25 i Kk
ALRFFAE 594 nm A A7, SR E T 2R ARMEK, QM-Br
1) & fEAE QM-I 1) 3 fi5. 4 F5EH] NN-ZH & SE
QM-N 45 BT PERE I o, W KB ZE 605 nm, [HH
HoBBRRe AR A, R E5HERRESHR IS —EL

3 g

DLFEMRE QM A AIE BHAE, &6 7 AANREFH
SO EAEY) QM-H, QM-F, QM-Br, QM-I Al
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Figure 2 Normalized solid fluorescence spectra of AIE-active QM
derivatives [Inset shows solid fluorescence images of QM derivatives
under 365 nm illumination (from left to right: QM-H, QM-F, QM-Br,
QM-I and QM-N)]

QM-N, Jfifiid '"H NMR, *C NMR L K HRMS H#il 1 45
IR IERPE. ZM AW THF %3 LA TIREAT
TERT A A 9, MBI N B KT R A AS
WHHRIE R, KR EF I AES QM-F, QM-Br Al
QM-I W RERTNIEARLREFE 561~571 nm Z[f], {H
RN T RERABNIRK, QM-Br iz K(13.9%), QM-F &
2.(8.7%), QM-I 52 /]N(3.4%). 5] A N(CHs), #.70 Al B 545
I BT, ZE QM-N (1) ATE K E 46Xk, [H
B RE AT PR . ZRREE S IO QM T &
U I B IS N A B T HR AIE 5 14540 B A it
REMAEER R, v — P H T REIEAINEESS
PCHEL.

4 SEIRERSY
41 RFRILEE

'H A1 °C NMR # i Brucker AV-400 %Y k% i SL 4R 5
WA, LA TMS 1ENPAR, 75 25 CRME; Wolosig
AR A Varian Cary 100 %5 4h—0] WSO REAL, 5%
Hit K Varian Cary Eclipse #¢ 606104, itk K A
Waters LCT Premier XE “KATHS ] FHEA; 256 A 8
(AR RN 24 i 50 9 i 5 e B Al R4k 2 .
42 QM LEYRERK

&% QM-H, QM-F, QM-Br, QM-I 1 QM-N {4
S LR 4N Eq. 1 AT,
421 RUMATEAENT A M 696 R

£ 200 mL BRI, 43 AN 4- &0 H £E-2-
FH L4 IR 75(1.00 g, 4.25 mmol). Z. (50 mL). BUR 2
FI(4.72 mmol) & IRPE(1.0 mL), ER ST, 110 C
TN 10 h, BREEFI NG, RERFET 8 (& b
[T EE, VD V=2~5 1 1).
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(E)-2-(2-78 5 55)-1- £ VB WK -4(1 H)- 25 T — I
(QM-H): s alE{k, 758 mg, 7% 55%. '"H NMR (400
MHz, CDCl3) §: 1.57 (t, J=8.0 Hz, 3H), 4.39 (q, J=8.0
Hz, 2H), 7.09 (d, J=16.0 Hz, 1H), 7.15 (s, 1H), 7.34 (d,
J=16.0 Hz, 1H), 7.43 (d, J=8.0 Hz, 2H), 7.47 (t, J=8.0
Hz, 1H), 7.58 (d, J=8.0 Hz, 2H), 7.62 (d, J=8.0 Hz, 1H),
7.78 (t, J=8.0 Hz, 1H), 9.11 (d, /=8.0 Hz, 1H); °C NMR
(100 MHz, CDCl;) J: 13.98, 43.97, 52.19, 107.99, 115.94,
118.95, 119.96, 120.11, 121.57, 124.80, 127.14, 129.07,
133.38, 134.29, 138.06, 138.32, 139.09, 147.34, 153.63;
HRMS (TOF-ESI") caled for CypH; ;N3 324.1501 [M+
H]", found 324.1498.

(E)-2-(2-(4-F 7K )5 35 - 1- £ FEWETRR-4 (1 H)- IV 3% ) 7
T (QM-F): G E AR, 523 mg, PR N 36%. 'H
NMR (400 MHz, CDCly) 6: 1.57 (t, J=8.0 Hz, 3H), 4.39
(q, J=8.0 Hz, 2H), 6.99 (d, J=16.0 Hz, 1H), 7.14 (d, J=
8.0 Hz, 2H), 7.16 (s, 1H), 7.30 (d, J=16.0 Hz, 1H), 7.47 (t,
J=8.0 Hz, 1H), 7.56 (d, J=8.0 Hz, 2H), 7.62 (d, J=8.0
Hz, 1H), 7.78 (t, J=8.0 Hz, 1H), 9.15 (d, J=8.0 Hz, 1H);
C NMR (100 MHz, CDCl;) 6: 13.98, 43.99, 51.83,
107.90, 115.99, 116.19, 116.41, 119.16, 121.57, 124.75,
127.09, 129.45, 129.53, 131.07, 133.34, 138.06, 139.01,
147.60, 153.62; HRMS (TOF-ESI™) calcd for CoH 6FN;
342.1407 [M+H]", found 342.1411.

(E)-2-(Q2-(4-TR 7 2 )73k )-1- £ FE WMk -4(1LH)- T 55) T4
“JE(QM-Br): #EGELA, 735 mg, 7% 43%. '"H NMR
(400 MHz, CDCl5) 6: 1.57 (t, J=8.0 Hz, 3H), 4.38 (q, J=
8.0 Hz, 2H), 7.06 (d, J=16.0 Hz, 1H), 7.12 (s, 1H), 7.26
(d, J=16.0 Hz, 1H), 7.43 (d, J=8.0 Hz, 2H), 7.47 (t, J=
8.0 Hz, 1H), 7.58 (d, J=8.0 Hz, 2H), 7.62 (d, J=8.0 Hz,
1H), 7.77 (t, J=8.0 Hz, 1H), 9.13 (d, J=8.0 Hz, 1H); "*C
NMR (100 MHz, CDCl;) d: 13.99, 44.06, 51.86, 107.94,
116.06, 120.10, 124.78, 127.00, 129.03, 132.35, 133.40,
133.73, 138.04, 138.93, 147.43, 153.53; HRMS (TOF-
ESI+) caled for C,H;csBrN; 402.0606 [M+H]+, found
402.0609.

(E)-2-(2-(4-Tl 2K 2,085 55 )-1- £ FE Wk -4 (1 H)- E. 3% A
“JEQM-D): B EAEE, 574 mg, 7% 30%. 'H NMR
(400 MHz, CDCl5) 6: 1.56 (t, J=8.0 Hz, 3H), 4.40 (q, J=
8.0 Hz, 2H), 7.11 (d, J=16.0 Hz, 1H), 7.13 (s, 1H), 7.30
(d, J=16.0 Hz, 1H), 7.45 (d, J=8.0 Hz, 2H), 7.49 (t, J=
8.0 Hz, 1H), 7.61 (d, J=8.0 Hz, 2H), 7.65 (d, J=8.0 Hz,
1H), 7.79 (t, J=8.0 Hz, 1H), 9.11 (d, J=8.0 Hz, 1H); "*C
NMR (100 MHz, CDCls) d: 13.97, 43.99, 51.66, 107.91,
116.02, 119.07, 119.42, 120.15, 121.57, 124.71, 127.06,
127.65, 129.14, 130.16, 133.31, 134.84, 138.08, 140.33,
147.81, 153.60; HRMS (TOF-ESI") calcd for CyH 6IN;
450.0467 [M~+H]", found 450.0475.
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(E)-2-(2-(4- — W BE 2K & 0 B )-1- & 5k e pk -
4(1H)-TEFE) A —FE(QM-N): G E ik, 1.01 g, =X
65%. "H NMR (400 MHz, CDCLy) ¢: 1.56 (t, J=7.2 Hz,
3H, CH,CH,), 3.04 (s, 6H, CH3), 4.38 (q, J=7.2 Hz, 2H,
CH,), 6.70 (d, J=8.8 Hz, 2H, phenyl-H), 6.80 (d, J=16.0
Hz, 1H, alkene-H), 7.15 (s, 1H, quinoline-H), 7.29 (d, J=
16.0 Hz, 1H, alkene-H), 7.40~7.46 (m, 3H, phenyl-H),
7.60 (d, J/=8.8 Hz, 1H, phenyl-H), 7.73 (t, J=8.0 Hz, 1H,
phenyl-H), 9.11 (d, J=8.4 Hz, 1H, phenyl-H); *C NMR
(100 MHz, CDCL3) &: 3.94, 40.16, 43.77, 49.72, 107.00,
111.95, 112.27, 113.25, 116.00, 119.70, 120.80, 121.60,
122.69, 124.37, 126.93, 129.37, 129.54, 132.93, 138.21,
141.02, 148.85, 151.65, 153.12; HRMS (TOF-ESI") calcd
for Co4H,,N, 367.1923 [M+H]", found 367.1929.

References

[11 Guo, Z. Q.; Zhu, W. H.; Tian, H. Chem. Commun. 2012, 48, 6073.

[2] Tang, C. W.; VanSlyke, S. A.; Chen, C. H. J. Appl. Phys. 1989, 65,
3610.

[3] (a) Chen, C. H. Chem. Mater. 2004, 16, 4389. (b) Zhong, H. L.; Lai,
H.; Fang, Q. J. Phys. Chem. C 2011, 115, 2423.

[4] Luo, J. D.; Xie, Z. L.; Lam, J. W. Y.; Cheng, L.; Chen, H. Y.; Qiu,
C. F.; Kwok, H. S.; Zhan, X. W.; Liu, Y. Q.; Zhu, D. B.; Tang, B. Z.
Chem. Commun. 2001, 18, 1740.

[5] (@) Kwok, R. T. K.; Leung, C. W. T.; Lam, J. W. Y.; Tang, B. Z.
Chem. Soc. Rev. 2015, 44, 4228. (b) Mei, J.; Leung, N. L. C.; Kwok,
R. T. K.; Lam J. W. Y.; Tang, B. Z. Chem. Rev. 2015, 115, 11718.
(¢) Guo, Z. Q.; Shao, A. D.; Zhu, W. H. J. Mater. Chem. C 2016,
DOLI: 10. 1039/C5TC03369A.

[6] (a) Zhang, X. Q.; Zhang, X. Y.; Yang, B.; Zhang, Y. L.; Wei, Y.
ACS Appl. Mater. Interfaces 2014, 6, 3600. (b) Wang, S.; Zhu, Z.;
Wei, D. Q.; Yang, C. L. J. Mater. Chem. C 2015, 3, 11902.

Acta Chim. Sinica 2016, 74, 351—355

© 2016 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[7] Yao, L.; Zhang, S. T.; Wang, R.; Li, W. J.; Shen, F. Z.; Yang, B.;
Ma, Y. G. Angew. Chem., Int. Ed. 2014, 53,2119.

[8] (a) Hu, F.; Huang, Y. Y.; Zhang, G. X.; Zhao, R.; Yang, H.; Zhang,
D. Q. Anal. Chem. 2014, 86, 7987. (b) Xun, Z. Q.; Tang, H. Y.;
Zeng, Y.; Chen, J. P.; Yu, T. J.; Zhang, X. H.; Li, Y. Acta Chim.
Sinica 2015, 73, 819. (FHIR, HilF =, 8%, H&F, T KA,
TN, ZEUE, AL AR, 2015, 73, 819.) (c) Li, Y. D.; Zhang, H.;
Wang, X. C.; Wang, F.; Xia, Y. J. Acta Chim., Sinica 2015, 73,
1055, (Z50E, ikfE, FIM, Fi, ZHRHE, LFFHR, 2015,
73,1055.)

[9] Lu, H. G.; Zheng, Y. D.; Zhao, X. W.; Wang, L. J.; Ma, S. Q.; Han,
X. Q.; Xu, B.; Tian, W. J.; Gao, H. Angew. Chem. Int. Ed. 2016, 55,
155.

[10] Chi, Z. G.; Zhang, X. Q.; Xu, B. J.; Zhou, X.; Ma, C. P.; Zhang, Y.;
Liu, S. W.; Xu, J. R. Chem. Soc. Rev. 2012, 41, 3878.

[11] Huang, J.; Jiang, Y. B.; Yang, J.; Tang, R. L.; Xie, N.; Li, Q. Q.;
Kwok, H. S.; Tang, B. Z.; Li, Z. J. Mater. Chem. C 2014, 2, 2028.

[12] Zhang, Y.P.; Li, D. D.; Li, Y.; Yu, J. H. Chem. Sci. 2014, 5, 2710.

[13] (a) Zhang, S.; Qin, A. J.; Sun, J. Z.; Tang, B. Z. Prog. Chem. 2011,
23, 623. (KM, BRE, IhEE, BAL, ik, 2011, 23,
623.) (b) Zhao, G. S.; Shi, C. X.; Guo, Z. Q.; Zhu, W. H.; Zhu, S. Q.
Chin. J. Org. Chem. 2012, 32, 1620. GRX[E 4=, 32 )113¢, FREHT, 2k
R, KM, AAALFE, 2012, 32, 1620.) (c) Liu, P.; Chen, D. D;
Feng, X.; Shi, J. B.; Tong, B.; Dong, Y. P. Imag. Sci. Photochem.
2015, 33, 441 (in Chinese). (XK, FREH, B8, Ak, &,
#HT, BgAE 5, 2015, 33, 441.) (d) Yu, H. B,; Li, H.
L.; Zhang, X. F.; Xiao, Y.; Fang, P. J.; Li, C. J.; Hou, W. Acta
Chim. Sinica 2015, 73, 450. (T, 2403, KHE, HX, 77
i, BEG, G, IR, 2015, 73, 450.)

[14] Shi, C. X.; Guo, Z. Q.; Yan, Y. L.; Zhu, S. Q.; Xie, Y. S.; Zhao, Y.
S.; Zhu, W. H.; Tian, H. ACS Appl. Mater. Interfaces 2012, 5, 192.

[15] Shao, A. D.; Guo, Z. Q.; Zhu, S. J.; Zhu, S. Q.; Shi, P.; Tian, H.;
Zhu, W. H. Chem. Sci. 2014, 5, 1383.

[16] Shao, A. D.; Xie, Y. S.; Zhu, S. J.; Guo, Z. Q.; Zhu, S. Q.; Guo, J.;
James, T. D.; Tian, H.; Zhu, W. H. Angew. Chem., Int. Ed. 2015, 54,
7275.

[17] Yuan, W. Z.; Yu, Z.; Lu, P.; Deng, C.; Lam, J. W. Y.; Wang, Z.;
Chen, E.; Ma, Y.; Tang, B. Z. J. Mater. Chem. 2012, 22, 3323.

[18] Shen, X. Y.; Wang, Y. J.; Zhao, E. G.; Yuan, W. Z.; Liu, Y.; Lu, P.;
Qin, A. J.; Ma, Y. G.; Sun, J. Z.; Tang, B. Z. J. Phys. Chem. C 2013,
117,7334.

(Zhao, C.)

http://sioc-journal.cn 355




<<
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


