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Abstract—pH-Dependent conformational changes in bisporphyrincalixarene in which the calix[4]arene core 
fixes the  tetrapyrrole chromophores in the cyclophane orientation relative to each other were studied by 
spectrophotometric titration and 1H NMR spectroscopy. It was shown that the distance between the reaction 
centers of the porphyrin fragments of the macrocycle can be controlled by varying the solution acidity. The 
ranges of reagent concentrations where functionally significant reversible conformational changes of the 
dimeric porphyrin occur were determined.  

 The problem of the development of spatially pre-
organized molecular devices having practically useful 
functional properties is extremely urgent for chemistry 
and biology [1–5]. Depending on whether the compo-
nents (molecular fragments linked by covalent bonds 
and partially preserving their properties) are ion-active, 
photoactive, or electroactive, i.e., on whether they 
participate in ion exchange, absorption or emission of 
photons, or donation or acceptance of electrons, ionic, 
photonic, and electronic devices are distinguished [6]. 

Incorporation of electronic devices into supra-
molecular systems allows, in particular, the 
development of molecular switches, “supramolecules” 
that reversibly change the steric structure under the 
action of external factors. For example, 18-crown-6 
derivative I with a long side chain bearing a terminal 
NH2 group is a pH-switchable ionophore [7]. In a 
neutral or weakly alkaline solution, this crown ether 
forms with the K+ ion a common complex II (see 
scheme). 
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 However, in acidic solutions the amino group is 
protonated, and the ammonium ion, acting like a hand, 
displaces the potassium ion from the cavity to form an 
intramolecular complex III. The K+ and NH4

+  ions 
have approximately equal size, but the entropy factor 
associated with the fixation of the alkylammonium 
group favors its binding in acid solutions. When am-
monium complex III is returned to a neutral medium 
containing excess potassium ions, the K+ ion displaces 

the ammonium group which is deprotonated in the 
process. This example demonstrates extreme 
importance of the steric configuration and relative 
spatial arrangement of the components of supramolec-
ular systems. 

 In this study, with the aim to develop controllable 
tetrapyrrole molecular devices, we examined by spec-
trophotometric titration and 1H NMR spectroscopy the 
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  ____________ 



pH-dependent conformational changes in bispor-phyrin-
calix[4]arene IV in which the calix[4]arene core holds 

the tetrapyrrole chromophores in the cyclophane 
orientation relative to each other. 
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 It was shown that the distance between the reaction 
centers of porphyrin fragments of the macroring can be 
controlled by varying the solution acidity. The ranges 
of reagent concentrations where functionally sig-
nificant reversible conformational changes of the 
dimeric porphyrin occur were determined.   

Porphyrins (H2P) containing four nitrogen atoms in 
the coordination center (two pyrrole and two pyrro- 
lenine atoms) in proton-acceptor media form mono- 
(HP–) and dianions (P2–), and in proton-donor media, 
mono- (H3P

+) and dications (H4P
2+). This fact allows 

the use of this class of tetrapyrrole compounds as pH-
controlled ionic and molecular receptors. Of indu-
bitable interest is additional chemical modification of 
the tetrapyrrole macroring with the aim to introduce 
into the molecule the fragments that themselves exhibit 
complexing power toward substrates of definite type 
[8–10]. Extremely promising in this respect are calix
[4]arenes which can form host–guest complexes with 
small organic molecules retained in the calixarene 
cavity by hydrophobic interactions [11, 12]. 

Covalent combination of porphyrin and calix[4]arene 
fragments gives supramolecules which preserve the 
electronic and steric structure of their components but, 
at the same time, exhibit essentially new properties  
(complexing, acid–base, photochemical, etc.). 

 The complexing properties of bisporphyrin supramo-
lecules toward small organic molecules have certain 
features: (1) possibility of “internal” or “external”  

+

VI

IX

VII

VIII

coordination of the substrate; (2) simultaneous addi- 
tion of two and more substrates to tetrapyrrole 
fragments. The “internal” coordination is realized in 
the case the complexing interpor-phyrin cavity of 
bisporphyrin receptor VI  and a biden-tate ligand VII 
much in size. The two-center interaction leads to the 
formation of a stable 1 : 1 complex VIII. Without size 
matching, ligand VII is coordinated on the “ex-ternal” 
side of the tetrapyrrole fragments to form 1 : 2 
complex IX, less stable than VIII. 

 Analysis of the published data [8–10] and our own 
results [13, 14] indicates that the selectivity of interac-
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tions of bisporphyrincalixarene receptors with ions 
(metal cations and halide anions) and neutral mole-
cules of various nature (alcohols, nitrogen-containing 
bases, carboxylic acids, amino acids) is largely deter-
mined by the steric arrangement of the molecular 
components of the supramolecule. In this connection, 
it is extremely topical to examine the possibility of re- 
versibly changing (“controlling”) the distance between 
the porphyrin fragments of porphyrin–calixarene con-
jugates under the action of external factors: 

molecular form does not lead to significant changes in 
the 1H NMR spectrum. 

 With the aim to obtain mono- (H6P
2+) and diproto-

nated (H8P
4+) forms of bisporphyrincalixarene IV, we 

performed spectrophotometric titration of the dimeric 
porphyrin ligand with sulfuric acid in system (3). 

kb2 
H3P

+ + H+ H4P
2+. (2) 

H2P + H+ 
kb1 

H3P
+, (1) 

 It is well known [15] that the protonation of the first 
of the two pyrrolenine nitrogen atoms of the 
coordination center of the tetrapyrrole macroring 
[formation of monoprotonated form H3P

+ from mo- 
lecular form H2P, Eq. (1)] is accompanied by distor-
tion of the macroring: The steric hindrance does not 
allow arrangement of the third hydrogen atom in the 
coordination cavity, and it is located over the macro-
ring plane. The positively charged nitrogen atom of the 
pyrrolenine fragment moves with this hydrogen atom 
out of the macroring plane. Addition of the second 
hydrogen atom [formation of the double-protonated 
form H4P

2+, Eq. (2)] leads to additional deformation of 
the macroring, so that H4P

2+ exists in the 1,3-alternate 
form in which two opposite positively charged 
pyrrolenine nitrogen atoms, owing to electrostatic 
repulsion, are placed on different sides of the 
tetrapyrrole macroring. 

H2P H3P+ H4P2+

+ H+ + H+N
N N

N+H N+H

N+ H

N

 According to [16], the formation of H4P
2+ from H2P 

for monomeric diphenylporphyrin V is accompanied 
by the downfield shift (by ~0.20 ppm) of the 1H NMR 
signals of NH and meso protons [16]. This trend 
suggests a significant increase in the intensity of the 
magnetic field induced by the macrocyclic ring current 
upon protonation of the porphyrin chromophore. The 
formation of the monoprotonated form H3P

+ from the 

H2P + 2H+ 
kb1 

H6P
2+, (4) 

kb2 
H6P

2+ + 2H+ H8P
4+. (5) 

H4P – C2H5OH – H2SO4,   (3) 

 A quartz cell was charged with 50 ml of a ~1.5× 10–5 M 
solution of a porphyrin ligand. A 0.01 M solution of 
H2SO4 in ethanol was used as titrant. In the titration 
curve (Fig. 1), there are two steps corresponding to 
equilibria (4) and (5). Changes in the electronic 
absorption spectra of system (3) occur with successive 
formation of two families of curves, with a specific set 
of isobestic points corresponding to each transition 
(Fig. 2). Determination of the coordinate of the inflec-
tion point (corresponding sulfuric acid concentration) 
in the titration curve (Fig. 1) allows us to distinguish in 
the overall pattern (Fig. 2) two sets of curves (Figs. 3, 
4) related to the progress of the first and second 
ionization steps, i.e., to the formation of the mono- 
(H6P

2+) and diprotonated (H8P
4+) forms of bis-

porphyrincalixarene IV. The threshold concentrations 
of sulfuric acid in system (3), at which the spectrum of 
H4P starts to transform into that of H6P

2+, and the 
spectrum of H6P

2+, into that of H8P
4+ are 2 × 10–5 and 

7.5× 10–5 M, respectively.  

 To study the deprotonation of the mono- and 
diprotonated forms of bisporphyrincalixarene IV, we 
examined the reaction of H6P

2+ and H8P
4+ with 

piperazine in system (6). 

H4P – C2H5OH – H2SO4 – NHС4Н8NH             (6) 

 A quartz cell was charged with 50 ml of a 7.42 × 10–5 M 
solution of IV in ethanol. The acidity corresponding to 
the maximal content of the monoprotonated ligand 
form (according to the previously determined ranges of 
existence of protonated species) was created by adding 
a 0.01 M solution of sulfuric acid in ethanol. Then the 
resulting solution of monocation of bisporphy-
rincalixarene IV was titrated with a 0.001 M solution 
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Fig. 1. Spectrophotometric titration curve of compound IV 
(C 1.5 × 10–5 M) with sulfuric acid (C 1× 10–5–4 × 10–4 M) 
at λ 496 nm (descending optical density) in ethanol at 298 K. 
(H0) Hammett constant.  

Fig. 2. Evolution of the electronic absorption spectrum of IV (1.5× 10–5 M) in the ethanol–sulfuric acid system with increasing sulfuric 
acid concentration from 1×10–5 to 4 × 10–4 M at 298 K. 

λ, nm 

A 

of piperazine in ethanol [Eq. (8)]. When the piperazine 
concentration in the cell reached 4.27 × 10–5 M, the 
electronic absorption spectrum of the monocationic 
form H6P

2+ transformed into that of the molecular form 
H4P (Fig. 5). Similarly we examined the transforma-
tion of the diprotonated form of bisporphyrincalixarene 
IV into the monoprotonated form [Eq. (7)]: 

 The solution acidity corresponding to the maximal 
(98%) content of the diprotonated ligand form 
[C(H2SO4) 1.5×10–4 M) was created by adding a 0.01 M 
solution of sulfuric acid in ethanol. Then the resulting 
solution of the bisporphyrincalixarene dication was 
titrated with a 0.001 M solution of piperazine in eth-
anol [Eq. (7)]. When the piperazine concentration in 
the cell reached 3.36 × 10–4 M, the electronic absorp-
tion spectrum of the dicationic form H8P

4+ trans-
formed into that of the monocationic form H6P

2+ (Fig. 5). 
The threshold piperazine concentrations in system (6), 
at which the spectrum of H6P

2+ transforms into that of 
H4P and the spectrum of H8P

4+, into that of H6P
2+ are 

5× 10–6 and 5× 10–7 M, respectively. 

 In all the cases, the titrant concentration was chosen 
so that the total change in the solution volume by the 
end of titration was within 1%. The solution dilution 
was taken into account with formula (9): 

(7) 
ka1  

H8P
4+ + NHC4H8NH H6P

2+ + N+H2C4H8N
+H2, 

ka2 
H6P

2+ + NHC4H8NH H4P + N+H2C4H8N
+H2. (8) 
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Fig. 4. Evolution of the electronic absorption spectrum of IV (1.5 × 10–5 M) in the ethanol–sulfuric acid system with increasing 
sulfuric acid concentration from 7 × 10–5 to 4 × 10–4 M, which corresponds to the formation of the diprotonated porphyrin. 
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Fig. 3. Evolution of the electronic absorption spectrum of IV (1.5× 10–5 M) in the ethanol–sulfuric acid system with increasing 
sulfuric acid concentration from 1× 10–5 to 7× 10–5 M, which corresponds to the  formation of the monoprotonated porphyrin. 
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Аt = А0
t/(1 + VΣ/V0),                              (9) 

where At is the running optical density after adding the 
titrant; At

0, running optical density corresponding to the 
solution volume before adding the titrant; VΣ, total 
volume of the titrant added; and V0, initial volume of 
the ligand solution in the cell.  

 The 1H NMR spectra of the molecular (H4P) and 
double-protonated (H8P

4+) forms of IV show that 
protonation of the nitrogen atoms in the tetrapyrrole 
fragments is accompanied by their moving apart from 
each other. Whereas in the spectrum of H4P the mutual 
shielding of the porphyrin fragments arranged in the 

cyclophane fashion relative to each other causes an 
upfield (compared to the H2P form of monomeric ana-
log V) shift of the signals of the NH and meso protons 
(by ~0.15 ppm), electrostatic repulsion of the double-
protonated porphyrin fragments in H8P

4+ bearing the 
positive charge leads to disappearance of their mutual 
shielding effect owing to maximal separation from 
each other (the chemical shifts of the NH and meso 
protons of H4P and H6P

2+ virtually coincide). Thus, 
conformational changes in the molecule, caused by 
protonation of the tetrapyrrole fragments of the dimer 
in going from H4P to H8P

4+, are accompanied by a 
downfield shift of the signals of the NH and meso 
protons by ~0.35 ppm. 

H4P

+ 2H+
N

N N

N+H N+H

N+ H

− 2H+N
NNH2
NN

N

N

N+H

H6P2+

+ 2H+

− 2H+ N+H

N+ H

H8P4+

Fig. 5. Electronic absorption spectrum of IV (7.42×10–5 M) in 
the system VI: (1) H4P, C(NHC4H8NH) 0 M, (2) H6P2+   

C(NHC4H8NH) 3×10–7–4.27×10–5 M, (3) H8P
4+  C(NHC4H8NH) 

4.27×10–5 M–3.36×10–4 M. 
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 In the 1H NMR spectrum of the monodeprotonated 
form (H6L

2+), the upfield shift (~0.15 ppm) of the 
signals of these protons compared to the spectrum of 
the molecular form (H2P) of monomeric porphyrin V is 

preserved. Apparently, in H6P
2+ the protonated nitro-

gen atoms of the porphyrin fragments bearing a posit-
ive charge (one charged atom per macroring) are 
arranged apart from each other, with no significant 
mutual repulsion. Therefore, transformation of the 
molecular form H4P into the monoprotonated form 
H6P

2+ is not accompanied by significant conforma- 
tional changes. 

 The 1H NMR monitoring of transformations of the 
mono- and diprotonated forms of bisporphyrincalix-
arene in system (6) shows that the first step of the 
deprotonation of the porphyrin fragments [Eq. (7)] is 
accompanied by their mutual approach: The signals of 
the NH and meso protons of H6P

2+ are shifted upfield 
by ~0.35 ppm relative to H8P

4+, i.e., in the H6P
2+ 

molecule, as in H4P, the porphyrin fragments arranged 
in the cyclophane fashion exert a shielding effect on 
each other. The lack of significant changes in the 1H 
NMR spectrum in going from H6P

2+ to H4P indicates 
that the molecule of IV upon transition from the H6P

2+ 
to H4P form [Eq. (8)] does not undergo significant 
conformational changes involving a change in the 
distance between the porphyrin fragments.   
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Our results show that the distance between the 
tetrapyrrole fragments in IV can be controlled by 
varying the solution acidity. The prospects opened by 
this phenomenon are determined by the possibility of 
developing molecular switches based on porphyrin–
calixarene conjugates, i.e., “controllable” supramole-
cules capable of reversibly changing the steric struc-
ture, properties, and functions under external actions. 
Achievements in this field open vast prospects for the 
development of new molecular technologies. 

 EXPERIMENTAL  

 5,17-Biszinc[2,8,12,18-tetramethyl-3,7,13,17-
tetraethyl-10-(3-nitrophenyl)porphyrin]-25,27-
dimethoxy-26,28-crown[6]calix[4]arene IV and 5,15-
d iphenyl -3 ,7 ,13 ,17- tet ramethyl -2 ,8 ,12 ,18-
tetraethylporphyrin V were prepared according to 
[16, 17]. Spectroscopic studies were performed with a 
Varian Cary 100 spectrometer at 298 K. The solvents 
were purified and dried by standard procedures [18, 
19].  The 1H NMR spectra were recorded on a Bruker 
VC-200 spectrometer with a working frequency of 200 MHz 
in CDCl3, internal reference TMS. Bispor-
phyrincalixarene IV: Rf 0.53 (Al2O3, eluent CH2Cl2–
C6H14, 1 : 2). Electronic absorption spectrum (ethan- 
ol),  λmax, nm (log ε): 403.3 (4.91), 505.6 (4.03), 541.5 
(3.60), 572.1 (3.73), 629.4 (3.21). 1H NMR spectrum 
(H4P), δ, ppm: 10.13 s (4H, ms-H), 7.92–7.82 m (4H, 
Arortho, porph + 4H, Arcalixarene), 7.63–7.41 m (2H, Armeta, porph + 
4H, Arcalixarene), 7.26 d (2H, Arpara, porph), 7.01 t (2H, 
Arpara, calixarene), 4.40 s (6H, OCH3), 4.31 d (4H, 
ArCH2Ar), 3.83 q (8H, CH2CH3), 3.77 m (8H, 
CH2CH3), 3.70 s (4H, OCH2CH2O), 3.64 m (16H, 
OCH2CH2O), 3.00 d (4H, ArCH2Ar), 2.03 s (12H, 
CH3), 2.12 s (12H, CH3), 0.89 t (12H, CH2CH3), 0.86 t 
(12H, CH2CH3), –3.17 s (4H, NH). 1H NMR spectrum 
(H6P

2+), δ, ppm: 10.16 s (4H, ms-H), 7.95–7.80 m (4H, 
Arortho, porph + 4H, Arcalixarene), 7.64 –7.40 m (2H, Armeta, porph + 
4H, Arcalixarene), 7.27 d (2H, Arpara, porph), 7.05 t (2H, 
Arpara, calixarene), 4.40 s (6H, OCH3), 4.31 d (4H, 
ArCH2Ar), 3.83 q (8H, CH2CH3), 3.76 m (8H, 
CH2CH3), 3.70 s (4H, OCH2CH2O), 3.63 m (16H, 
OCH2CH2O), 3.01 d (4H, ArCH2Ar), 2.02 s (12H, 
CH3), 2.11 s (12H, CH3), 0.91 t (12H, CH2CH3), 0.87 t 
(12H, CH2CH3), –3.18 s (4H, NH). 1H NMR spectrum 
(H8P

4+), δ, ppm: 10.47 s (4H, ms-H), 7.94–7.81 m (4H, 
Arortho, porph + 4H, Arcalixarene), 7.65–7.42 m (2H, Armeta, porph + 
4H, Arcalixarene), 7.28 d (2H, Arpara, porph), 7.03 t (2H, 
Arpara, calixarene), 4.41 s (6H, OCH3), 4.33 d (4H, 
ArCH2Ar), 3.85 q (8H, CH2CH3), 3.78 m (8H, 
CH2CH3), 3.72 s (4H, OCH2CH2O), 3.65 m (16H,  

OCH2CH2O), 3.03 d (4H, ArCH2Ar), 2.05 s (12H,  
CH3), 2.14 s (12H, CH3), 0.90 t (12H, CH2CH3), 0.85 t 
(12H, CH2CH3),  –2.79 s (4H, NH).  

 Porphyrin V. Rf 0.71 (Al2O3, eluent CH2Cl2–C6H14, 
1 : 2). Electronic absorption spectrum (ethanol),  λmax, 
nm (log ε): 408.1 (5.20), 511.6 (4.17), 545.7 (3.70), 
578.2 (3.87), 631.4 (3.64). 1H NMR spectrum (H2P), δ, 
ppm: 10.28 s (2H, ms-H), 7.94 d (4H, Arortho), 7.70 t 
(4H, Armeta), 7.26 d (2H, Arpara), 3.85 q (8H, CH2CH3), 
2.15 s (12H, CH3), 0.91 t (12H, CH2CH3), –3.02 s (2H, 
NH). 1H NMR spectrum (H3P

+), δ, ppm: 10.29 s (2H, 
ms-H), 7.94 d (4H, Arortho), 7.71 t (4H, Armeta), 7.27 d 
(2H, Arpara), 3.88 q (8H, CH2CH3), 2.15 s (12H, CH3), 
0.90 t (12H, CH2CH3), –3.03 s (2H, NH). 1H NMR 
spectrum (H4P

2+), δ, ppm: 10.49 s (2H, ms-H), 7.95 d 
(4H, Arortho), 7.72 t (4H, Armeta), 7.27 d (2H, Arpara), 
3.87 q (8H, CH2CH3), 2.16 s (12H, CH3), 0.92 t (12H, 
CH2CH3), –2.81 s (2H, NH). 

 ACKNOWLEDGMENTS  

 The study was supported by the Russian Foundation 
for Basic Research (project nos. 06-03-81 001-Bel, 05-
03-32 055) and by the Division of Chemistry and 
Materials Sciences, Russian Academy of Sciences 
(program no. 7, “Chemistry and Physical Chemistry of 
Supramolecular Systems and Atomic Clusters”). 

 REFERENCES  

1. Davydova, S.P., Udivitel’nye makrotsikly (Amazing 
 Macrocycles), Leningrard: Khimiya, 1989, p. 69. 

2. Dmitriev, I.S., Molekuly bez khimicheskikh svyazei 
 (Molecules without Chemical Bonds), Leningrad: 
 Khimiya, 1980, p. 121. 

3. Goodman, M. and Morehouse, F., Organic Molecules in 
 Action, New York: Gordon and Breach Scientific, 1974. 

 Translated under the title Organicheskie molekuly v 
 deistvii, Moscow: Mir, 1977, p. 395. 

4. Lehn, J.-M., Pure Appl. Chem., 1978, vol. 50, no. 3, 
 p. 871. 

5. Lehn, J.-M., Science, 1985, vol. 227, no. 6, p. 849. 
6. Cram, D.J., Science, 1983, vol. 219, no. 18, p. 1177. 
7. Pozharskii, A.F., Soros. Obraz. Zh., 1997, no. 9, p. 32. 
8. Ogoshi, H., Mizutani, T., Hayashi, T., and Ruroda, Y., 

 The Rorphyrin Handbook, Kadish, K.M., Smith, K.M., 
 and Guilard, R., Eds., New York: Academic, 2000, vol. 6, 
 p. 280. 

9. Sanders, J.K.M., The Porphyrin Handbook, Kadish, K.M., 
 Smith, K.M., and Guilard, R., Eds., New York: 
 Academic, 2000, vol. 3, p. 347. 
10. Wojaczynski, J. and Latos-Graznski, L., Coord. Chem. 
 Rev., 2000, vol. 204, no. 1, p. 133. 

pH-DEPENDENT CONFORMATIONAL CHANGES 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  78   No.  3   2008 

491 



11. Fleischer, E.B. and Shachter, A.M., Inorg. Chem., 1999, 
 vol. 30, p. 763. 
12. Gardner, M., Guerin, A.J., Hunter, C.A., Michelsen, U., and 
 Rotger, C., New J. Chem., 1999, no. 3, vol. 23, p. 309. 
13. Koifman, O.I., Mamardashvili, N.Zh., and Antipin, I.S., 
 Sinteticheskie retseptory na osnove porfirinov i ikh 
 kon’’yugatov s kaliks4.arenami (Synthetic Receptors 
 Based on Porphyrins and Their Conjugates with 
 Calix-4-arenes), Moscow: Nauka, 2006, p. 246. 
14. Mamardashvili, G.M., Mamardashvili, N.Zh., and 
 Koifman, O.I., Usp. Khim., 2005, vol. 74, no. 8, p. 839. 
15. Berezin, B.D., Koordinatsionnye soedineniya porfirinov 
 i ftalotsianina (Coordination Compounds of Porphyrins 
 and Phthalocyanine), Moscow: Nauka, 1978, p. 279. 
16. Mamardashvili, N.Zh., Abstracts of Papers, XXII-aya 
 Mezhdunarodnaya Chugaevskaya konferentsiya po 

 koordinatsionnoi khimii (XXIInd Int. Tschugaeff Conf. 
 on Coordination Chemistry), Chisinau, 2005, p. 17. 

17. Mamardashvili, N.Zh. and Koifman, O.I., Abstracts of 
 Papers, IV Int. Symp. “Design and Synthesis of 
 Supramolecular Architectures,” Kazan, 2006, p. 30. 

18. Gordon, A.J. and Ford, R.A., The Chemist’s Compa-
 nion. A Handbook of Practical Data, Techniques, and 
 References, New York: Wiley, 1972. Translated under 
 the title Sputnik khimika, Moscow: Mir, 1976, p. 541. 

19. Weissberger, A. and Proskauer, E.S., Organic Solvents. 
 Physical Properties and Methods of Purification, 
 Riddick, J.A. and Toops, E.E., Eds., New York: 
 Interscience, 1955. Translated under the title Organi-
 cheskie rastvoriteli, Moscow: Inostrannaya Literatura, 
 1958, p. 518. 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  78   No.  3   2008 

IVANOVA et al. 492 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


