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Abstract. A new series of 1,3,4-oxadiazole derivatives containing 2-fluoro-4-methoxy phenyl were synthe-

sized by refluxing mixture of acid hydrazide 3 with different aromatic carboxylic acids (a–e) in phosphorous 

oxychloride. These newly synthesized compounds were characterized by NMR, mass spectral, and IR spectral 

studies, and also by C, H, N analyses. The open-aperture z-scan experiment was employed to measure the  

optical nonlinearity of the samples at 532 nm, using 5 ns laser pulses. The measurements indicate that com-

pound 4a, which contains Bromine, behaves as an optical limiter at this wavelength, with potential applica-

tions in optoelectronics. 
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1. Introduction 

Recently, organic molecules with significant nonlinear 

optical (NLO) properties have gained considerable im-

portance due to their potential applications in optical data 

storage, optical communications, optical computing, opti-

cal switching, dynamic image processing, etc (Prasad and 

Williams 1991; Kanis et al 1994; Perry et al 1996; Suth-

erland 1996; Ronchi et al 2003). A large number of or-

ganic materials have therefore been investigated for their 

NLO properties. Due to their high molecular hyperpo-

larizabilities, organic materials display a number of inter-

esting nonlinear optical effects. In addition to organics, a 

variety of inorganic and organometallic molecular systems 

also have been studied for NLO activity (Kanis et al 1994). 

 In general, the design strategy, used by many with suc-

cess, involves connecting the donor (D) and acceptor (A) 

groups at the terminal positions of a p-bridge to create 

highly polarized molecules that can exhibit large molecu-

lar nonlinearity (Masraqui et al 2004). To date, the types 

of p-bridges investigated for developing efficient NLO 

materials and molecules include D–A olefines (Marder  

et al 1994; Blanchard-Desce et al 1995), acetylenes 

(Cheng et al 1991a), azo bridges (Moylan et al 1993), and 

aromatic (Cheng et al 1991b; Ruanwas et al 2010) and 

heteroaromatic rings (Rao et al 1993, 1994). Although 

push–pull polyenes generally show a large first hyperpo-

larizability, their thermal stability is not satisfactory. On 

the other hand, aromatic D–A molecules are more stable 

but they exhibit relatively lower hyperpolarizability  

values. Another observed issue is that the incorporation 

of benzene rings into the aliphatic push–pull polyenes 

results in saturation of the molecular nonlinearity (Vara-

nasi et al 1996). To overcome this problem, several groups 

(Rao et al 1993, 1994; Varanasi et al 1996) have deve-

loped NLO chromophores containing easily polarizable 

five membered heteroaromatic rings. Heterorings such as 

furan and thiophene, due to their relatively lower aro-

matic stabilization energy than benzene, are reported to 

provide more effective p-conjugation between D and A, 

resulting in larger nonlinearities (Varanasi et al 1996). 

 In search of new NLO materials among heterocyclic 

compounds, here we have used the 1,3,4-oxadiazole ring 

as a p-bridge on the grounds that its reduced aromaticity 

may offer better prospects for p-electron delocalization 

across the D–A links. Substitutions at the 2 and 5 posi-

tions of the oxadiazole core were made to ensure that  

the oxadiazole core, indeed, acts as a p-conjugated back-

bone. The third order optical nonlinearity in these  

molecules were investigated by the open aperture  

z-scan experiment. Various aromatic donors and acceptors
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Figure 1. Scheme for synthesis of oxadiazole derivatives. 

 

 

were used to tune the electronic factor and understand the 

origin of the nonlinearity in these molecules. 

2. Experimental 

Infrared spectra of all intermediate and final compounds 

were recorded on a Nicolet Avatar 5700 FTIR (Thermo 

Electron Corporation) spectrometer. The UV-Vis and fluo-

rescence emission spectra of the 1,3,4-oxadiazoles were 

measured in GBC Cintra 101 UV-Vis and PerkinElmer 

LS55 spectrophotometers respectively. 1H NMR spectra 

were obtained with AMX 400 MHz FT-NMR spectropho-

tometer using TMS/solvent signal as internal reference. 

Mass spectra were recorded on a Jeol SX-102 (FAB) 

Mass Spectrometer. Elemental analysis was performed on 

a Flash EA1112 C, H, N, S analyzer (Thermo Electron 

Corporation). 

2.1 Synthesis of 1,3,4-oxadiazoles 

2.1a Preparation of ethyl 2-fluoro-4-methoxybenzoate 

(2): To a mixture of 2-fluoro-4-methoxybenzoic acid (1, 

10 g, 0⋅0587 mol) in ethanol (100 ml) conc. sulphuric 

acid (1 ml) was added and refluxed for 5 h. The reaction 

mixture was concentrated, the solid separated was fil-

tered, washed with water, and recrystalised with ethanol 

to give 2 as white crystals (10 g, 85%) m.p. 200–223°C. 

 

2.1b Preparation of 2-fluoro-4-methoxybenzohydrazide 

(3): A mixture of ethyl 2-fluoro-4-methoxybenzoate (2, 

10 g, 0⋅0504 mol) and hydrazine hydrate (5⋅0 ml, 

0⋅1009 mol) in ethanol (100 ml) was heated under reflux 

for 8 h. The reaction mixture was concentrated and left to 

cool. The solid product obtained was filtered, washed 

with water and recrystallised with ethanol to give 3 as 

white crystals. (7 g, 89%), m.p. 240–243°C. 

 

2.1c General procedure for preparation of 2-(2-fluoro-

4-methoxyphenyl)-5-substituted 1, 3,4-oxadiazole (4): A 

mixture of acid hydrazide 3 with different aromatic  

carboxylic acids (a–e) was refluxed with phosphorous 

oxychloride (10 vol) for 3 h. Reaction mixture was  

concentrated using rotor evaporator, the residue was 

quenched with ice water and the solid separated was fil-

tered off, washed with water and further purified by  

recrystallization with ethanol to afford 5-substituted 

1,3,4-oxadiazole bearing 2-fluoro-4-methoxy phenyl 

moiety as white crystalline solid. 

2.2 Characterization data for the newly synthesized 

molecules (4a–4e) 

Compound 4a: (1⋅5 g, 78%); m.p. 290–295°C; IR (KBr) 

cm–1
 3097 (Ar-H), C=N (1594), C=C (1560), C–O (1057, 

stretch of oxadiazole ring), C–F (1093); mass m/z (M+
) 

364: 1H NMR (300 MHz-DMSO d6-ppm) δ 8⋅02–8⋅07 (m, 

1H, Ar-H), 7⋅95–7⋅98 (d, 1H, Ar-H, J = 7⋅8 Hz), 7⋅87–

7⋅89 (d, 1H, Ar-H, J = 7⋅14 Hz), 7⋅34–7⋅39 (m, 1H,  

Ar-H), 7⋅10–7⋅16 (dd, 1H, Ar-H, J = 2⋅4 Hz), 7⋅00–7⋅04 

(dd, 1H, Ar-H, J = 2⋅31 Hz), 3⋅87 (s, 3H, –OCH3), 2⋅73 

(s, 3H, –CH3) Anal. found (calc.) for C16H12BrFN2O2 

(%): C, 53⋅01 (52⋅91); H, 3⋅45 (3⋅29); N, 7⋅96 (7⋅8). 
 

Compound 4b: (1⋅6 g, 90%); m.p. 235–238°C; IR (KBr) 

cm–1
 3070 (Ar-H), C=N (1585), C=C (1580), C–O (1040, 

stretch of oxadiazole ring), C–F (1090); mass m/z (M+
) 

325: 1H NMR (300 MHz–DMSO-d6-ppm) δ 8⋅04–8⋅09 (t, 

1H, Ar-H, J = 8⋅5 Hz), 7⋅91–7⋅93 (m, 1H, Ar-H), 7⋅15–

7⋅19 (m, 1H, Ar-H), 6⋅77–6⋅89 (m, 2H, Ar-H), 3⋅9 (s, 3H, 

–OCH3). Anal. found (calc.) for C15H8F4N2O2 (%): C, 

55⋅65 (55⋅56); H, 2⋅60 (2⋅47); N, 8⋅78 (8⋅64). 
 

Compound 4c: (1⋅5 g, 81%); m.p. 222–228°C; IR (KBr) 

cm–1
 3070 (Ar-H), C=N (1545), C=C (1560), C–O (1070, 

stretch of oxadiazole ring), C–F (1050); mass m/z (M+
) 

339: 1H NMR (400 MHz–DMSO-d6-ppm). δ 8⋅34–8⋅39 

(m, 2H, Ar-H), 8⋅07–8⋅11 (m, 1H, Ar-H), 7⋅81–7⋅83 (m, 

1H, Ar-H), 7⋅67–7⋅71 (m, 1H, Ar-H), 6⋅79–6⋅89 (dd, 2H, 
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Ar-H, J = 8⋅8 Hz), 3⋅9 (s, 3H, –OCH3). Anal. found 

(calc.) for C16H10F4N2O2 (%): C, 57⋅01 (56⋅91); H, 2⋅18 

(3⋅00); N, 8⋅43 (8⋅3). 

 

Compound 4d: (1⋅5 g, 81%); m.p. 222–228°C; IR (KBr) 

cm–1
 3030 (Ar C–H), C=N (1615), C=C (1540), C–O 

(1060, stretch of oxadiazole ring), C–F (1070); mass m/z 

(M+
) 296:

 1
H NMR (400 MHz-DMSO-d6-ppm). δ 8⋅39–

8⋅41(m, 2H, Ar-H), 8⋅11–8⋅17 (m, 2H, Ar-H), 7⋅82–7⋅86 

(m, 1H, Ar-H), 7⋅14–7⋅18 (dd, 1H, Ar-H, J = 2⋅4 Hz), 

7⋅03–7⋅06 (dd, 1H, Ar-H, J = 2⋅4 Hz), 3⋅89 (s, 3H,  

–OCH3). Anal. found (calc.) for C16H10FN3O2 (%): C, 

65⋅29 (65⋅09); H, 3⋅51 (3⋅39); N, 14⋅23 (14⋅44). 

 

Compound 4e: (1⋅5 g, 92%); m.p. 222–228°C; IR (KBr) 

cm–1
 3020 (Ar C–H), C=N (1615), C=C (1540), C–O 

(1060, stretch of oxadiazole ring), C–F (1070); mass m/z 

(M+
) 299:

 1
H NMR (300 MHz–DMSO d6-ppm). δ 8⋅04–

8⋅10 (t, 1H, Ar-H, J = 8⋅52 Hz), 7⋅80–7⋅82 (d, 1H, Ar-H, 

J = 7⋅59 Hz), 7⋅24–7⋅35 (m, 2H, Ar-H) 6⋅76–6⋅88 (m, 2H, 

Ar-H), 3⋅89 (s, 3H, –OCH3), 2⋅65 (s, 3H, –CH3), 2⋅40 (s, 

3H, –CH3) Anal. found (calc.) for C17H15FN2O2 (%): C, 

68⋅65 (68⋅55); H, 5⋅38 (5⋅09); N, 9⋅64 (9⋅50). 

3. Results and discussion 

The formation of oxadiazole 4a was confirmed by recording 

its IR, NMR and mass spectra. IR spectrum of oxadiazole 

showed the Ar–H band at 3097 cm–1
, C=N band at 

1594 cm–1
, C=C band at 1560 cm

–1
 and C–F band  

at 1093 cm–1
. The stretch of oxadiazole ring appeared  

at 1057 cm–1
 due to C–O. Mass spectrum of 4a showed 

molecular ion peak m/z (M+
) 364.

 1
H-NMR spectrum 

showed multiplet in the region of δ, 7–8⋅07. A singlet  

appearing at δ, 3⋅87 is due to three protons of –OCH3. 

Scheme for synthesis of the oxadiazole derivatives is 

given in figure 1, physical data and spectral details of 

remaining compounds are presented. 

 For the z-scan, samples dissolved in chloroform were 

taken in 1 mm path length cuvettes, and irradiated by 

laser pulses of 90 microjoules energy and 5 nanoseconds 

duration at the wavelength of 532 nm. The laser pulses 

were obtained from the second harmonic output of  

an Nd 
:
 
YAG laser (Continuum, MiniLite). Of all the 

samples investigated, sample 4a, which contains Bromine, 

showed maximum optical nonlinearity. As seen from the 

open aperture z-scan curve given in figure 2, the optical 

transmission of sample 4a is reduced at higher laser in-

tensities, showing that the sample behaves as an optical 

limiter. The UV-Vis spectrum of sample 4a depicted in 

figure 3 shows a single absorption band that peaks near 

350 nm, and the absorption is very weak at the excitation 

wavelength of 532 nm. Indeed our sample had a high lin-

ear transmission of 83% at the excitation wavelength. 

This reduced to 54% at maximum laser intensity used  

i.e. when the sample was at the beam focus in the  

z-scan. It is well known that optical limiters are poten-

tially useful in protecting human eyes and other light sen-

sitive devices like cameras from accidental exposure to 

intense light. 

 Since the sample had a high transmission at the excita-

tion wavelength, from a first approximation it could be 

surmised that the cause of the observed optical limiting is 

two-photon absorption (TPA). Therefore we tried to fit 

the z-scan data to the standard nonlinear transmission 

equation for a TPA process, given by Sheik Bahae et al 

(1990). Even though a good fit was obtained, it became 

clear that absorption saturation in the sample also should 

be considered to obtain the best fit. Hence an effective 

nonlinear absorption coefficient α 

(I), given by 

0

s

( ) ,
1 ( / )

I I
I I

α
α β= +

+

 (1) 

has been considered, where α0 is the unsaturated linear 

absorption coefficient at the wavelength of excitation, 

and Is is the saturation intensity (intensity at which the 

linear absorption drops to half its original value) and βI is 

the TPA coefficient. For calculating the transmitted  

intensity for a given input intensity, we numerically solve 

the propagation equation 

 
0

d
1 ,

d
s

I I
I I

Iz
α β

⎡ ⎤⎛ ⎞⎛ ⎞
= − + +⎢ ⎥⎜ ⎟⎜ ⎟⎜ ⎟′ ⎢ ⎥⎝ ⎠⎝ ⎠⎣ ⎦

 (2) 

using the fourth order Runge–Kutta method. Here z′ indi-

cates the propagation distance within the sample. Input 

intensities for the gaussian beam for each sample position 

in the z-scan are calculated from the input energy, laser 

pulse width and irradiation area. Finally, the normalized 

 

 

 

Figure 2. The open aperture z-scan curve of sample 4a. At the 
maximum laser intensity used (z = 0), the normalized transmit-
tance of the sample has reduced to 0⋅65. Circles are data points 
while the solid curve is a numerical fit using (2). 
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transmittance is calculated by dividing the output inten-

sity with the input intensity and normalizing it with the 

linear transmittance. As seen from figure 2, there is  

excellent agreement between the experimental data and 

numerical simulation. The numerically estimated values 

of β and Is are 3⋅3 × 10
–11

 m/W and 8 × 10
12

 W/m
2
 re-

spectively. 

 It may be noted that in molecular systems the possi-

bility of excited state absorption (ESA) is much stronger 

when excited with nanosecond laser pulses, compared to 

shorter (picoseconds and less) laser pulses. Even though 

the excited state population will be low in the present 

case due to the weak absorption at 532 nm, ESA cross-

sections are much larger than genuine TPA cross-sections 

in general, and hence cannot be ignored. Therefore β will 

have contributions from genuine TPA as well as ESA 

effects. Under similar excitation conditions, NLO materi-

als like Cu nanocomposite glasses gave β values of 10–10
–

10–12
 m/W (Karthikeyan et al 2008), bismuth nanorods 

 
 

 

Figure 3. UV-Vis spectrum of sample 4a. 

 

 

 

Figure 4. The open aperture z-scan curve of sample 4b. 

gave 5⋅3 × 10
–11

 m/W (Sivaramakrishnan et al 2007) and 

CdS quantum dots gave 1⋅9 × 10–9
 m/W (Kurian et al 

2007) respectively. These values show that the present 

samples have an optical nonlinearity comparable to these 

recently investigated nanomaterials. Figures 4–7 are the 

z-scan measurements for the compounds 4 (b–e), which 

indicate that 4a is an interesting molecule. 

4. z-Scan measurement 

We employed the open-aperture z-scan experiment  

(Varanasi et al 1996) to measure the optical nonlinearity 

of the newly synthesized compounds. In the open aper-

ture z-scan, which gives information about the nonlinear 

absorption coefficient, a focused laser beam is passed 

through the sample under study. The direction of propa-

gation of the beam is taken as the z-axis. The beam will 

 

 

 

Figure 5. The open aperture z-scan curve of sample 4c. 

 

 

 

Figure 6. The open aperture z-scan curve of sample 4d. 
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Figure 7. The open aperture z-scan curve of sample 4e. 

 

have maximum energy density at the focus, which is 

taken as z = 0. The energy density will symmetrically 

reduce towards either side of the focal point (i.e. for the 

positive and negative values of z). The experiment is 

done by placing the sample in the beam at different posi-

tions with respect to the focus, and measuring the corre-

sponding light transmission. The nonlinear absorption 

coefficient can be calculated by fitting the z-scan curve to 

standard nonlinear transmission equations. 

5. Conclusions 

We have synthesized new oxadiazole derivatives which 

were characterized by IR, NMR and mass spectral stud-

ies. The optical nonlinearity of the compounds was meas-

ured at 532 nm using 5 ns laser pulses, employing the 

open aperture z-scan technique. Sample 4a which con-

tains bromine has shown a substantial optical limiting 

property, comparable in magnitude to previously investi-

gated metal nanocomposites and nanorods. This material 

may have potential applications in optical limiting devices. 

Acknowledgements 

A M I is thankful to the HOD Chemistry and Prof  

Sandeep Sancheti, Director, National Institute of Techno-

logy–Karnataka, Surathkal India for providing research 

facilities and encouragement. R P thanks C S Suchand 

Sandeep for help with z-scan measurements. 

References 

Blanchard-Desce M, Runser C, Fort A, Barzoukas M, Lehn  

J -M, Ploy V and Alain V 1995 Chem. Phys. 199 253 

Cheng L -T, Tam W, Marder S R, Stiegman A E, Rikken G and 

Spangler C W 1991b J. Phys. Chem. 95 10643 

Cheng L -T, Tam W, Stevenson S H, Meredith G R, Rikken G 

and Marder S R 1991a J. Phys. Chem. 95 10631 

Kanis D R, Ratner M A and Marks T J 1994 Chem. Rev. 94  

195 

Karthikeyan B, Anija M, Sandeep C S, Nadeer T M and Philip 

R 2008 Optics Commun. 281 2933 

Kurian P A, Vijayan C, Sathiyamoorthy K, Sandeep C S and 

Philip R 2007 Nanoscale Res. Letts. 2 561 

Marder S R, Cheng L -T, Tiemann B G, Friedli A C, Blanch-

ard-Desce M, Perry J W and Skindho J 1994 Science 263  

511 

Masraqui S H, Kenny R S, Ghadigaonkar S G, Krishnan A M 

Bhattacharya and Das P K 2004 Opt. Mater. 27 257 

Moylan C R, Twieg R J, Lee V Y, Swanson S A, Betterton K M 

and Miller R D 1993 J. Am. Chem. Soc. 115 12599 

Perry J W, Mansour K, Lee I -Y S, Wu X -L, Bedworth P V, 

Chen, C -T, Ng D, Marder S R, Miles P, Wada T, Tian M and 

Sasabe H 1996 Science 273 1533 

Prasad P N and Williams D J 1991 Introduction to nonlinear  

optical effects in molecules and polymers (New York: Wiley) 

Rao V P, Cai Y M and Jen A K Y 1994 Chem. Comm. 1689 

Rao V P, Jen A K Y, Wong K Y and Drost K J 1993 Chem. 

Comm. 1118 

Ronchi A, Cassano T, Tommasi R, Babudri F, Cardone A, Fari-

nola G M and Naso F 2003 Synth. Met. 139 831 

Ruanwas P, Kobkeatthawin T, Chantrapromma S, Fun H K, 

Philip R, Smijesh N, Padaki M and Isloor A M 2010 Synth. 

Met. 160 819 

Sheik Bahae M, Said A A, Wei T M, Hagan D J and Van Stry-

land E W 1990 IEEE J. Quant. Electron. 26 760 

Sivaramakrishnan S, Muthukumar V S, Sivasankara Sai S, 

Venkataramanaiah K, Reppert J, Rao A M, Anija M, Philip R 

and Kuthirummal N 2007 Appl. Phys. Letts. 91 093104 

Sutherland R L 1996 Handbook of nonlinear optics (New York: 

Dekker 

Varanasi P R, Jen A K Y Chandrasekhar J, Namboothiri I N N 

and Rathna A 1996 J. Am. Chem. Soc. 118 12443 

 

 
 
 



<<
  /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


