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Abstract—Introduction of long-chain alkoxy substituents into molecules of styrylpyridines as potential ligands 
for photosensitive metal complexes endows them with liquid crystalline properties over a wide temperature 
range. trans–cis Photoisomerization of 4-alkoxystyrylpyridines in solution was revealed by NMR and 
electronic absorption spectroscopy, and the kinetics of transformations of their molecular forms after irradiation 
were estimated. Photoinduced trans→cis isomerization of 4-alkoxystyrylpyridines is characterized by a higher 
rate, and intramolecular cyclization of their cis isomers after irradiation is slower, as compared to unsubstituted 
analog. 

Photoprocesses, i.e. processes induced by irradia-
tion in the visible and near-UV and near-IR regions, 
are widespread in nature and extensively used in 
technics [1]. Photochromic properties of many organic 
compounds are determined by trans–cis isomerization 
of their molecules. Such compounds are promising for 
the design of recordable and rewritable optical media 
and photoswitchable molecular devices [2–6]. 

4-Styrylpyridines are typical representatives of 
compounds possessing an active C=C bond, which is 
capable of changing molecular structure by the action 
of external factors [7–9]. Variation of a substituent in 
the 4-position could give rise to heteropolar molecules 
which attract interest as potential materials for 
nonlinear optics [10–12]. Such properties of 4-styryl-
pyridines make it possible to use them as photo-

sensitive blocks in compounds possessing photo-
switchable properties, in particular, magnetic param-
eters [13]. In this connection, of particular interest are 
4-alkoxy-substituted styrylpyridines which are capable 
of forming liquid crystalline phase (mesophase) and 
acting as ligands in mesogenic spin-crossover metal 
complexes. Therefore, it was important to estimate 
differences in the kinetics of transformations of 
mesogenic and non-mesogenic 4-styrylpyridines both 
in the course of irradiation and after its termination. 

In the present article we describe the synthesis of 
mesogenic alkoxy-substituted 4-styrylpyridines and 
their photoinduced isomerization. Unsubstituted 4-
styrylpyridine (I) was synthesized according to the 
procedure described previously [14]. Its liquid 
crystalline derivatives II and III were obtained by 
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condensation of 4-methylpyridine with the cor-
responding 4-alkoxybenzaldehydes in acetic anhydride. 

The structure of the newly synthesized compounds 
was confirmed by elemental analysis, 1H NMR and 
UV spectroscopy, and MALDI-TOF mass spec-
trometry. 4-Alkoxy-substituted styrylpyridines ex-
hibited liquid crystalline properties over a wide 
temperature range. The type of mesophase was 
determined by examination of their characteristic 
textures, i.e., optical patterns observed with the aid of 
polarizing microscope in their thin films [15]. With 
rise in temperature crystalline compounds II and III 
produce smectic (E) mesophase (SE) with 
characteristic striated texture, which is converted first 
into less structured smectic (B) mesophase (SB) with 

Schlieren texture and almost parallel inverse sides 
(Fig. 1) and then into isotropic state. The phase 
transition temperatures and yields of compounds I–III 
are given in Table 1. 

Irradiation of compounds I–III with UV light could 
induce not only their trans–cis isomerization but also 
subsequent intramolecular cyclization of the cis 
isomer, as well as dehydrogenation of the cyclization 
product in the presence of an oxidant (I2, FeCl3) or 
atmospheric oxygen [5]. The photocyclization process 
of stilbene was studied in most detail [16–22]. 

Figure 2 shows two regions of the 1H NMR spectra 
of compound III. The spectra recorded in 10 h and                
30 min after irradiation coincide with each other. This 
means that a solution of III with a concentration of 

(b) (a) 

Fig. 1. Textures of mesophases formed by compound III: (a) smectic SE and (b) smectic SB. 
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1.2 × 10–3 M in 30 min reaches stationary state cor-
responding to the dihydro cyclic structure. Proton 
signals in the 1H NMR spectrum of III (Table 2) were 
assigned taking into account chemical shifts typical of 
particular groups of protons, spin–spin coupling 
constants, and signal intensities. 

Before irradiation, the chemical shifts of He and Hf 
were as follows, δ ppm: 7.26 (He, trans), 7.71 (He, cis), 
6.88 (Hf, trans), 6.33 (Hf, cis). The intensity ratio of 
these signals was 0.8 : 0.2 (trans : cis). Upon irradiation 
most part of molecules III is converted first into the cis 
isomer and then into the cyclic structure with covalent 
bond between the Cg and Cd atoms. Redistribution of 
electron density as a result of formation of the third 
ring leads to upfiedl shift of the He and Hf signals by 
Δδ ≈ 0.50 ± 0.05 ppm for the trans isomer, Δδ ≈ 
0.20 ± 0.10 ppm for aromatic protons, and Δδ ≤ 
0.05 ± 0.01 ppm from protons in the alkyl chain. 
Exceptions are signals from He and Hf of the cis 
isomer. The He signal is displaced upfield by ~1 ppm, 
whereas the Hf signal shifts downfield by ~0.05 ppm 
(Table 2). 

The cyclization process continues when irradiation 
is terminated (Fig. 2). As follows from the signal 
intensity ratio (0.85 : 0.05 : 0.1), the fraction of the 
cyclic isomer of III reaches 85%, while the 
concentrations of the trans and cis isomers decrease to 
5 and 10%, respectively. It should be emphasized that 
no dehydrogenation typical of stilbene [16–21] was 
observed in the examined system in the absence of 
oxidant (k5 = 0) for at least several hours. 

The 1H NMR spectra of compound II recorded both 
before and after irradiation were very similar to those 
of compound III, except for the intensity of the 
multiplet signal at δ 1.26 ppm belonging to methylene 
protons in the alkoxy group (8H instead of 16H). 

Table 3 contains parameters of the 1H NMR spectra 
of compound I, recorded under the same conditions as 
the spectra of III. The spectrum of I before irradiation 
coincided with the spectrum of trans-III with an 
accuracy of 0.15 ppm (with account taken of the 
absence of alkoxy group in I). This means that 
compound I exists almost exclusively as trans isomer. 
After UV irradiation over a period of 5 min, signals in 
the 1H NMR spectra of I are also displaced upfield by 
approximately the same value Δδ as that found for III. 
However, the cyclization process is complete over the 
irradiation period, and no appreciable variation of the 
1H NMR pattern of I was observed in several hours 
after irradiation. 

The electronic absorption spectra of compounds I–
III in the UV region contain several maxima (Fig. 3). 
Absorption maxima in the region λ 220–230 nm are 
obscured by the solvent (acetonitrile). The maxima at λ 
305 and 322 nm correspond to the trans isomer of III 
(Fig. 3a), taking into account that before irradiation 
most part of 4-styrylpyridine molecules in solution 
exist as trans isomers [13, 22]. The UV spectrum of II 
was identical to the spectrum of III, while absorption 
maxima in the UV spectrum of I were observed at 
shorter wavelengths, λ 298 and 303 nm. The UV 
spectrum of I in acetonitrile is usually described as a 
characteristic absorption line at λ 299 nm [13]. The 
presence of an electron-donating alkoxy substituent in 
molecules II and III is responsible for electron density 
redistribution in their molecules and red shift of the 
absorption maxima belonging to the trans isomers of 
II and III as compared to compound I (Fig. 3). 
Variation of the number of methylene groups in the 
alkoxy substituent does not lead to appreciable 
variation of the position of absorption maxima in the 
UV spectra. 

Comp. no. Phase transition temperatures, °C Yield, % 

I 129 (Сr→I) 42 

II 97 (Сr→SE), 127 (SE→SB), 165 (SB→I) 20 

III 94 (Сr→SE), 117 (SE→ SB), 161 (SB→I) 27 

δ, ppm 

OCH2 

Table 1. Phase transition temperatures and yields of 4-(4-
alkoxystyryl)pyridines I–III 

Fig. 2. Fragments of the 1H NMR spectra of compound III 
in CDCl3 (1) before irradiation, (2) after UV irradiation over 
a period of 5 min, and (3) in 30 min after the end of 
irradiation. 
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Table 2. 1H NMR parameters (chemical shifts δ, ppm, and coupling constants J, Hz) of a solution of compound III in CDCl3 

Proton Before irradiation 
After irradiation 

cis/trans A 

Ha, Hb 8.55 d (2H, J 5.8) 8.55 d (0.3H, J 5.8) 8.46 d (1.7H, J 5.8) 

Hc, Hd 7.35 d (2H, J 6.0) 7.36 d (0.3H, J 6.0) 7.16 d (1.7H, J 6.0) 

He 7.26 d (0.8H, J 16.8, trans) 
7.71 d (0.2H, J 16.0, cis) 

7.26 d (0.05H, J 16.8, trans) 
7.71 d (0.1H, J 16.0, cis) 

6.72 d (0.85H, J 12.4) 

Hf 6.88 d (0.8H, J 16.8, trans) 
6.34 d (0.2H, J 16.0, cis) 

6.88 d (0.05H, J 16.8, trans) 
6.33 d (0.1H, J 16.0, cis) 

6.39 d (0.85H, J 12.4) 

Hg, Hh 6.91 d (2H, J 8.8) 6.91 d (0.3H, J 8.8) 6.77 d (1.7H, J 8.8) 

Hi, Hj 7.47 d (2H, J 8.8) 7.47 d (0.3H, J 8.8) 7.14 d (1.7H, J 8.8) 

OCH2 3.99 t (2H, J 6.7) 3.99 t (0.3H, J 6.7) 3.93 t (1.7H, J 6.7) 

OCH2CH2 1.79 p (2H, J 6.7) 1.77 p (2H, J 6.7)  

OCH2CH2CH2 1.46 m (2H) 1.44 m (2H)  

CH2 1.26 m (16H) 1.26 m (16H)  

CH3 0.88 t (3H, J 6.7) 0.88 t (3H, J 6.7)  

λ, nm λ, nm 

(a)                                                                                                 (b) 

Fig. 3. (a) Electronic absorption spectra of a solution of compound III in acetonitrile (1) before irradiation and after irradiation with 
UV light (λ 365 nm) over a period of 5 s in (2) 10 s and (3), 2, (4) 4, (5) 6, (6) 9, (7) 15, (8) 26, (9) 37, (10) 53, and (11) 69 min. (b) 
Electronic absorption spectra of a solution of compound I in acetonitrile (1) before irradiation and after irradiation with UV light (λ 
365 nm) over a period of (2) 5 and (3) 30 s in (2) 10 s and (3) 2, 4, 6, 8, 10, 15, 20, and 30 min.  
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Irradiation of 4-styrylpyridines in solution with UV 
light (λ = 365 nm) over a period of 5 s induces 
photoisomerization, which is accompanied by 
characteristic variation of the spectral pattern, as 
shown in Fig. 3a for compound III. After irradiation 
over a period of 5 s, the absorption maxima typical of 
compound III sharply decrease in intensity. During the 
first ~5 min after irradiation, the absorption intensity 
slightly increases and then considerably decreases 
(Fig. 3a). Such kinetic pattern is not typical of systems 
where trans–cis–ring transformations occur [2, 22]; on 
the other hand, it is theoretically possible [23]: it may 
be described in terms of the scheme shown above 
provided that k2 > k1 and k4 = 0. When the irradiation 
time is prolonged from 5 to 10, 30, and 60 s, the 
isomerization processes is complete during irradiation. 
Regardless of the irradiation time, the UV spectra of 
compound III, recorded after equilibration (cyclic 
structure A and some amount of cis-III), were similar. 

A different pattern was observed for compound I. 
Figure 3b shows variations of the UV spectra of I after 
irradiation for 5 and 30 s, other conditions being equal. 
The intensities of all absorption maxima monotonically 
decreases after irradiation. However, the equilibrium 
state is determined by the irradiation time. The longer 
the irradiation period, the greater the fractions of the 
cis isomer and cyclization product A (Fig. 3b). 

Thus introduction of an electron-donating alkoxy 
substituent into 4-styrylpyridine molecule accelerates 
trans–cis isomerization upon irradiation (in 10 s after 
5-s irradiation the absorption intensities of compounds 
I and III drop down by 5 and 40%, respectively) and 
slows down the cyclization step after irradiation. The 
most probable reasons are different polarities of their 
molecules in the first case and different rates of 
thermodynamic equilibration in the system in the 
second. 

These results are consistent with the NMR data 
which indicate predominant formation of cyclic 
product A. It should be taken into account that UV 
spectra recorded from solutions with a concentration 
lower by two orders of magnitude than in NMR 
experiments. Insofar as absorption bands in the UV 
spectra of compounds I–III are considerably over-
lapped, the first derivatives of the absorption curves 
were plotted in order to describe the kinetics of 
photoisomerization on a quantitative level. This is 
quite admissible, for the absorption line width is 
almost constant. Figure 4 shows the dependences of 
the amplitudes of the first derivatives upon time. 

The kinetics of the above transformations were 
described with the aid of the following equation [23]: 
A = l1 exp{–k3 τ} – l2 exp{–(k2 – k1)τ}, where k3, k2, and 
k1 are the rate constants for the corresponding 
transitions [21], and l1 and l2 are quantities determined 
by the initial isomer ratio and irradiation parameters. 
The results of fitting for compound III are represented 
by curves 1 and 2 in Fig. 4; k3 = (27 ± 1) × 10–5 s–1,                    
k2 – k1 = (7.6 ± 2) × 10–3 s–1 for λ 322 nm; k3 = 
(57 ± 1) × 10–5 s–1, k2 – k1 = (7.0 ± 2) × 10–3 s–1 for λ 305 nm. 
The correlation coefficient for both dependences is                
|R| > 0.97. 

Table 3. 1H NMR parameters (chemical shifts δ, ppm, and 
coupling constants J, Hz) of a solution of compound I in 
CDCl3 

Proton Before irradiation After irradiation (A) 
Ha, Hb 8.59 d (2H, J 6.0) 8.48 d (2H, J 6.0) 

Hc, Hd 7.44 d (2H, J 6.4) 7.25 d (2H, J 6.4) 

He 7.35 d (1H, J 16.4, trans) 6.84 d (1H, J 16.4) 

Hf 7.04 d (1H, J 16.4, trans) 6.51 d (1H, J 16.4) 

Hg, Hh 7.40 d (2H, J 7.6) 7.24 d (2H, J 7.6) 

Hi, Hj 7.56 d. t (2H, J 7.2, 1.6) 7.26 d. t (2H, J 7.2, 1.6) 

HR 7.43 t (1H, J 1.6) 7.23 t (1H, J 1.6) 

t, s 

A, rel. units 

Fig. 4. Dependences of the amplitudes of two components of 
the first derivatives of the UV absorption curves of (1, 2) 
compound III at (1) λ 322 nm and (2) λ 305 nm and (3, 4) 
compound I at (3) λ 298 and (4) λ 303 nm upon time elapsed 
after irradiation. 
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The kinetics of transformations in the electronic 
spectra of compound I may be described by the 
simplified formula A = l exp{–k τ} for both λ 298 nm,    
k = (7.0 ± 0.6) × 10–3 s–1, and λ 303 nm, k = 
(6.8 ± 0.7) × 10–3 s–1. The results of fitting for compound 
I are represented by curves 3 and 4 in Fig. 4. The 
correlation coefficient for these dependences is |R| > 
0.99. The rate constant k3 for compound I is higher by 
almost an order of magnitude than that for compound 
III, which confirms the above qualitative conclusions. 

Presumably, the difference in the kinetics of 
photoisomerization of compounds I–III, as well as in 
the behavior of components with different absorption 
maxima, is determined to some extent by the existence 
of rotamers (i.e., conformers differing by the dihedral 
angle between the aromatic ring planes as a result of 
rotation about quasi-single CH–Cring bond) [24] and by 
the presence of some aggregated species in solution. 

To conclude, introduction of a long-chain alkoxy 
substituent into styrylpyridine molecules gives struc-
tures capable of forming liquid crystalline mesophases 
(smectic E and B) over a wide temperature range. 
According to the 1H NMR and UV spectral data, 4-(4-
alkoxystyryl)pyridines in solution undergo photoin-
duced trans → cis isomerization, and the kinetics of 
these transformations were estimated after irradiation. 
The rate of trans → cis isomerization in alkoxy-
styrylpyridines upon irradiation is considerably higher, 
while the rate of intramolecular cyclization of their cis 
isomer after irradiation is lower by an order of 
magnitude, as compared to the unsubstituted analog. 

EXPERIMENTAL 

The 1H NMR spectra were recorded at room 
temperature (20°C) on a Bruker Avance 400 spec-
trometer [operating frequency 400 MHz; 90°-FID 
followed by Fourier transform; pulse duration 9.50 μs, 
delay 7.00 s, scan width 7 kHz (14.20 to –3.30 ppm), 
scan number 8, 32 000 points per FID] from solutions 
in CDCl3 with a concentration of 1.2 × 10–3 M using 5-
mm ampules.  

Solutions of compounds I–III in organic solvents 
were irradiated with a Vilber Lourmat lamp (6 W) at 
λ 365 nm. The electronic absorption spectra were 
recorded at room temperature on a Varian Cary 100 
spectrophotometer (cell path length l = 10 mm) in the 
range from 200 to 800 nm at a rate of 600 nm/min; slit 
width d = 1.5 nm. Samples were dissolved in 
acetonitrile to a concentration of 1.4 × 10–5 M. The 

mass spectra (MALDI-TOF) were obtained on a Bruker 
Ultraflex III MALDI-TOF/TOF mass spectrometer.  

The textures and phase transition temperatures were 
determined using a Boetius VEB Nagema polarizing 
microscope equipped with a temperature-control unit. 
The temperatures were measured with an accuracy of 
± 0.1°C. 

4-Styrylpyridine (I) was synthesized according to 
the procedure described in [14]. Mass spectrum: m/z 
181.24. Found, %: C 85.09, 85.33; H 6.04, 6.39; N 
7.41, 7.66. C13H11N. Calculated, %: C 86.15; H 6.12; 
N 7.73.  

4-(4-Octyloxystyryl)pyridine (II). A mixture of 
4.42 ml of 4-methylpyridine and 11.3 g of 4-octyl-
oxybenzaldehyde in 29 ml of acetic anhydride was 
heated for 40 h under reflux. After cooling, the 
precipitate was filtered off, recrystallized from hexane, 
and washed with acetone. The product was a light 
yellow crystalline powder. Mass spectrum: m/z 309. 
Found, %: C 81.55, 81.70; H 8.77, 8.87; N 4.49, 4.89. 
C21H27NO. Calculated, %: C 81.55; H 8.74; N 4.53. 

4-(4-Dodecyloxystyryl)pyridine (III) was syn-
thesized in a similar way. The light yellow precipitate 
was recrystallized from ethanol. Mass spectrum: m/z 
365. Found, %: C 81.81, 82.10; H 9.97, 10.17; N 3.69, 
3.89. C25H35NO. Calculated, %: C 82.19; H 9.59; N 
3.84.  

ACKNOWLEDGMENTS 

This study was performed under financial support 
by the Russian Foundation for Basic Research (project 
no. 08-02-01 348).  

REFERENCES 

  1. Krasovitskii, B.M. and Bolotin, B.M., Organicheskie 
 lyuminofory (Organic Luminophors), Moscow: Khimiya, 
 1984. 
  2. Sugimoto, H., Kimura, T., and Inoue, S., J. Am. Chem. 
 Soc., 1999, vol. 121, no. 10, p. 2325. 
  3. Reddy, D.R. and Maiya, B.G., Chem. Commun., 2001, 
 p. 117. 
  4. Silva, A.P. and McClenaghan, N.D., Chem. Eur. J., 
 2004, vol. 10, no. 3, p. 574. 
  5. Budyka, M.F., Potashova, N.I., Gavrishova, T.N., and 
 Li, V.M., Izv. Ross. Akad. Nauk, Ser. Khim., 2008,          
 no. 12, p. 1. 
  6. Eremin, V.V. and Kuz’menko, N.E., Priroda, 2005,             
 no. 8, p. 3. 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  81   No.  5   2011 

TURANOVA et al. 942 



  7. Titskii, G.D., Gaidash, T.S., Matvienko, V.N., and Mat-
 veev, A.A., Teor. Eksp. Khim., 2002, vol. 38, no. 3,        
 p. 176. 
  8. Kalashnikova, I.P., Kalashnikov, V.V., Pushin, A.N., and 
 Tkachenko, S.E., Khim. Geterotsikl. Soedin., 1998,      
 no. 2, p. 280. 
  9. Horwitz, L., J. Org. Chem., 1956, vol. 21, no. 9, p. 1039. 
10. Bradamante, S., Facchetti, A., and Pagani, G.A.,            
 J. Phys. Org. Chem., 1997, vol. 10, no. 7, p. 514. 
11. Hinchliffe, A., Mkadmh, A., Nikolaidi, B., Soscun, H.J., 
 and Abu-Awwad, F.M., Cent. Eur. J. Chem., 2006,      
 vol. 4, no. 4, p. 743. 
12. Budyka, M.F., Potashova, N.I., Biktimirova, N.V., and 
 Gavrishova, T.N., Khim. Vys. Energ., 2008, vol. 42,     
 no. 3, p. 257. 
13. Hirose, S., Hayami, S., and Maeda, Y., Bull. Chem. Soc. 
 Jpn., 2000, vol. 73, no. 9, p. 2059. 
14. Chang, M.C. and Hartung, W.H., J. Org. Chem., 1945, 
 vol. 10, no. 1, p. 21. 
15. Demus, D. and Richter, L., Textures of Liquid Crystals, 
 Weinheim: Chemie, 1978.  

16. Mallory, F.B., Wood, C.S., Gordon, J.T., Lindquist, L.C., 
 and Savits, M.L., J. Am. Chem. Soc., 1962, vol. 84,     
 no. 22, p. 4361. 
17. Wood, C.S., Morgan, D.D., and Stermitz, F.R., J. Am. 
 Chem. Soc., 1963, vol. 85, no. 6, p. 829. 
18. Mallory, F.B., Wood, C.S., and Gordon, J.T., J. Am. 
 Chem. Soc., 1964, vol. 86, no. 15, p. 3094. 
19. Turro, N.J., Molecular Photochemistry, New York: 
 W.A. Benjamin, 1965.  
20. Morgan, D.D., Horgan, S.W., and Orchin, M., 
 Tetrahedron Lett., 1970, vol. 11, no. 49, p. 4347. 
21. Razumov, V.F. and Alfimov, M.V., Zh. Nauch. Prikl. 
 Fotogr., 2003, vol. 48, no. 6, p. 28. 
22. Durr, H. and Bouas-Laurent, H., Photochromism: 
 Molecules and Systems, Amsterdam: Elsevier, 2003.  
23. Kubasov, A.A., Khimicheskaya kinetika i kataliz 
 (Chemical Kinetics and Catalysis), Moscow: Mosk. 
 Gos. Univ., 2004, part 1, p. 29. 
24. Bartocci, G. and Mazzucato, U., J. Lumin., 1982,       
 vol. 27, no. 2, p. 163. 

SYNTHESIS AND PHOTOISOMERIZATION OF MESOGENIC 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  81   No.  5   2011 

943 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


