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There have been many experimental studies of the photolysis 
of dichlorine monoxide (Cl2O),1-8 partially because it is the 
anhydride of HOCl, an important chlorine reservoir species in 
the stratosphere. A rather unusual chemical species, ClClO, was 
detected in even the very earliest studies of ClOCl. After the 
detection of two of the vibration modes (962 - 952 cm‒1 and 
368 - 377 cm‒1) of ClClO in 1967,1 the third vibration mode 
(241 cm‒1) was also reported in 1973.2 In 1995, Johnsson et al. 
investigated the properties of ClClO by using irradiation of light 
between 320 and 428 nm, refined all three of the vibrational 
properties,3 and suggested that the geminate recombination of 
ClO and Cl, which are the products of the initial dissociation 
of ClOCl, is the main photoisomerization pathway to ClClO.3 
This proposal seems to be further supported in 1999 by a re-
sonance Raman study of ClClO photochemistry in solution with 
radiation with a wavelength of 282.4 nm (4.39 eV).4

Meanwhile, the direct isomerization from ClOCl into ClClO 
through a transition state (TSS0) of S0 was also suggested in 
1998,5 as another possible explanation for the isomer, but the 
role of TSS0 in actual dynamical process has not yet been clearly 
studied theoretically. A later theoretical study in 2001 with re-
duced two-dimensional space at fixed bond angle showed that 
the initial dynamics of excited electronic states is the direct di-
ssociation of ClOCl to ClO and Cl,6 but the possibility of iso-
merization through angular motion in either the ground or the 
excited electronic state was not explicitly studied there. Neither 
the validity of the TSS0 nor the possibility of the direct isomeri-
zation has been explicitly examined yet.

In addition, Nickolaisen et al. observed unknown vibrational 
series in their absorption spectrum in the energy region of 
20,000 - 22,000 cm‒1; ‘We have identified fragmentary series 
having 110, 325, and 786 cm‒1 spacing in this region … but we 
have been unable to establish a unique origin for the bands in 
this region.’ 7 No theoretical result has been reported yet about 
the state responsible to this observation.

Since the energies of the light sources (irradiation of light 
320 - 428 nm corresponds to 3.9 - 2.9 eV) used in the detection 
of ClClO correspond to the first excited singlet state, S1 (1B1), 
of ClOCl,2,7 the detailed dynamical behavior of the S1 state of 
ClOCl and ClClO deserves to be studied too. In other word, the 
possibility of direct isomerization through the potential energy 
surface (PES) of not only the S0 state but also the S1 state de-
serve to be explored further. However, no reliable theoretical 
study of the stability, stationary structure, and vibration pro-

perties of the S1 electronic states of ClOCl and ClClO has 
previously been explicitly reported yet. Because the photolysis 
with higher photon energies opens up more complicated and 
distinct pathways,4,7-9 a clearer understanding of the charac-
teristics of S1 is an indispensable prerequisite of further rigorous 
dynamical study of the higher excited states of Cl2O systems.

To provide additional insights on the matters, i.e., the validity 
and role of the transition state structure involved in the direct 
isomerization along S0 PES from ClOCl to ClClO isomer is re-
examined in the present work by using highest level of theory 
applied so far. The stability of the first excited singlet state, S1, 
of both ClOCl and ClClO are also studied here, at first.

Details of Computations. The coupled-cluster singles and 
doubles (CCSD) method10 and its extended CCSD(T) method11 
including non-iterative triples were used for the study of the 
ground singlet state (S0), whereas the equation-of-motion cou-
pled-cluster singles and doubles (EOM-CCSD) method12 was 
used for the first excited singlet states (S1). The molecular or-
bitals (MOs) corresponding to the core atomic orbitals of O (1s) 
and Cl (1s, 2s, and 2p) atoms were frozen (dropped) in the post 
Hartree-Fock calculations. The analytic gradient method for the 
CCSD and EOM-CCSD energies with the dropped MO space 
not only for the ground state13 but also for excited states,14 as 
implemented in the ACES-2 suit of programs,15 was used in the 
present study.

To make direct comparisons with previous theoretical works, 
exactly the same two basis sets (Basis-1 and Basis-2) of them 
were used in the present study too. Basis-1 is the TZV2d sets, 
consisted of 5s3p2d and 5s4p2d contracted GTO for oxygen 
and chlorine, respectively, as used by Chaquin and colleagues 
for their B3LYP calculations.5,16 Basis-2 is the TZ2P sets having 
5s3p2d and 6s5p2d contracted GTO for oxygen and chlorine, 
respectively, and was used by Lee with the CCSD(T) method.17 
All six components of the Cartesian d-functions were included 
in Basis-1 and -2. In order to get nearest result to the one-elec-
tron basis set limit, the aug-cc-pVQZ sets (Basis-3) is used for 
the B3LYP-DFT method while the aug-cc-pVTZ sets for the 
CCSD and CCSD(T) methods. Only five pure spherical d-type 
functions were used in Basis-3 and -4.

The Ground State, S0 (X1A1, X1A'). The vibrational pro-
perties of the ground states of ClOCl and ClClO are relatively 
well established,3 with reliable theoretical results.16,18 The theo-
retical results for ClOCl and ClClO with various functional 
forms (BLYP, BP86, BPW91, B3LYP, and SVWN) of DFT 
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Table 1. Bond lengths (γ in Å), angles (∠ in degrees), vibrational 
frequencies (ω in cm‒1), and total energies (Etot in a.u.) of the ground 
electronic states (S0) of ClOCl, ClClO, and the transition state (TSS0) 
connecting the S0 states of the two isomers. The structures of the 
isomers and TS0 are depicted in Figure 1

Method- 1 2 3 4 5

Exp.bTheory B3LYP CCSD CCSD(T)

Basisa Basis-1 Basis-2 Basis-3 Basis-4 Basis-3

ClOCl(S0, X1A1)
γCl-O 1.724 1.709 1.699 1.731 1.715 1.696
∠Cl-O-Cl 112.4 112.8 111.3 110.7 110.9 110.9
ω1(asym. str.) 651 669 763 667(4) 699(1.4) 686
ω2(sym. str.) 649 657 674 624(1) 642(1.1) 640
ω3(bend) 290 294 305 288(0.1) 293(0.1) 300
Etot

c (a.u.) ‒1.5711 ‒1.6095 ‒0.4466 ‒0.3569 ‒0.4791
ΔEbind

d
 (eV) 1.25 1.38 1.23 1.26 1.44 1.40

ClClO(S0, X1A')
γCl-Cl 2.186 2.147 2.108 2.232 2.167
γCl-O 1.533 1.517 1.518 1.545 1.532
∠Cl-Cl-O 114.0 113.4 112.2 114.2 113.2
ω1(Cl-O. str.) 949 976 970 918(38) 957(56.2) 962
ω2(Cl-Cl. str.) 393 403 431 336(33) 371(45.1) 375
ω3(bend) 240 250 256 214(5) 231(5.1) 239
ΔEiso

e (eV) 0.68 0.56 0.90 0.82 0.74

TSS0 ClOCl
γCl-O 1.552 1.535 1.550 1.618 1.598
γO-Cl 2.603 2.574 2.604 2.821 2.886
∠Cl-O-Cl 76.8 77.6 76.3 114.6 113.6
ω1 (str.) 925 948 899 753 786
ω2 (str.) 227 229 211 80 64
ω3 (bend) 566 i 583 i 683 i 192 i 193 i
ΔEiso

e (eV) 2.11 2.12 2.46 1.16 1.36
ΔEbind

d
 (eV) +0.86 +0.73 +1.23 ‒0.10 ‒0.08

aBasis-1, Basis-2, Basis-3, and Basis-4 are the TZV2d, aug-cc-pVQZ, 
aug-cc-pVTZ, and TZ2P sets, respectively. bRef. 19 for bond lengths and 
angles, Ref. 22 for ΔEbind, and Ref. 3 for vibration frequencies. cThe total
energies are given with respect to ‒994.0 Hartrees. dThe binding energy 
(in eV) with respect to the dissociation limit of Cl(2P) and ClO(2Π). eThe 
relative energy (in eV) with respect to the S0 of ClOCl.

theory as well as various levels (SCF, MP2, and CCSD[T]) of 
ab initio theory have been compared there.18 The transition state 
(TS0) connecting the two ground states, S0 (1A1) of ClOCl and S0 
(1A') of ClClO has been investigated with a DFT method only, 
and the possibility of isomerization through TSS0 was suggested 
and discussed there with the DFT results for the TSS0.5

In order to verify the validity of the previous results, especially 
for the reliability of the TSS0, we have applied five different 
methodologies, and the results are shown with some available 
experimental values and previous theoretical results in Table 1. 
The results by Method-1 (B3LYP/TZV2d) are included here be-
cause the method is what used in the previous work by Cha-
quin et al.,5,16 whereas the results by Method-4 (CCSD(T)/ 
TZ2P) are shown here because they are used as the most reliable 
theoretical values at the time.17 We have tested many different 
combinations of DFT methods and basis sets, and the results 
by B3LYP/aug-cc-pVQZ (Method-2) are included in Table 1 

as typical basis set-limit results of DFT methods. Method-3 
and Method-5 correspond to the CCSD/aug-cc-pVTZ and the 
CCSD(T)/aug-cc-pVTZ method, respectively.

The calculated bond lengths and angles as well as vibrational 
frequencies of our five methodologies are all in excellent agree-
ment with experiment values.3,19 Especially, the vibration fre-
quencies by CCSD(T)/aug-cc-pVTZ method are almost in per-
fect agreement with experimental values. Therefore, the results 
by Method-2 (B3LYP/aug-cc-pVQZ) and Method-5 (CCSD(T)/ 
aug-cc-pVTZ) correspond to the ones obtained with one of the 
highest levels of theory applied so far to these systems. The 
calculated isomerization energies (ΔEiso) shown in the middle 
part of Table 1 − 0.56 and 0.74 eV by Method-2 and Method-5, 
respectively − are all comparable to the most reliable value 
provided previously, 0.685 eV, which was obtained with the 
CCSD(T)/ANO4 method.20 The positive values of the isomeri-
zation energies correspond to the fact that ClOCl isomer struc-
ture is more stable than the ClClO isomer. The binding energy 
(ΔEbind) with respect to the dissociation limit of Cl(2P) and 
ClO(2Π) is 1.44 [1.38] eV according to the CCSD(T)/aug-cc- 
pVTZ [B3LYP/aug-cc-pVQZ] method, whereas the experi-
mental value is 1.40 eV.21 The previous theoretical study by the 
CAS-PT2-CI/cc-pVTZ+2s2p method produced 1.44 eV.22 The 
results by the DFT calculations are reasonably good so far, not 
only for the spectroscopic properties but also energetic pro-
perties, Ebind and ΔEiso.

The question about the reliability of the transition state (TSS0) 
structure connecting the stationary S0 structures of ClOCl and 
ClClO is one of the main motivations of the present work. The 
results by our five methodologies are given in the lowest part 
of Table 1. Two important facts can be noticed from the results. 
First, the structure and vibration frequencies by Method-1, 
Method-2, and Method-3 are basically all alike. The bond angles 
(∠Cl-O-Cl) are around 77o, and the magnitudes of the imaginary 
frequency are around 600 cm‒1. The results by the CCSD(T) 
method (Method-4 and Method-5), however, disclose a rather 
different structure (∠Cl-O-Cl = ~114o) and the magnitude of the 
imaginary frequency (~190 cm‒1). The second important di-
fference is the binding energy (Ebind) of the TSS0 structure with 
respect to the dissociation limit of ‘Cl(2P) + ClO(2Π)’ fragments. 
Method-1, -2, and -3 produced negative binding energies, and 
it imply that the TSS0 structure has higher energy than the di-
ssociation limit. The length of one Cl-O bond of TS0 structure is 
about 2.6 Å, about 150% of equilibrium bond length. It seems 
unreliable result, due to the limitation of DFT methods (Me-
thod-1 and Method-2) and the limitation of the single-reference 
CCSD method (Method-3). The CCSD(T) seems to remedy the 
problem, and the binding energy by Method-4/Method-5 is just 
around 0.1 eV. If we consider the possible basis-set-super-
position-error (BSSE) effect, the binding energy would become 
zero. The large Cl-O bond distance (~2.9 Å) also implies that the 
TSS0 structure by the CCSD(T) method is nothing but a kind 
of van der Waals complex between the dissociated fragments, 
Cl(2P) and ClO(2Π). More detailed study on the van der Waals 
complex should include much higher theoretical levels for elec-
tron correlation with even larger basis sets and relativistic spin- 
orbit coupling, but the study is out of the scope of the present 
work.
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Table 2. Bond lengths (γ in Å), angles (∠ in degrees), vibrational 
frequencies (ω in cm‒1), and relative energies (ΔE in eV)a of the first 
excited singlet electronic state (S1) of ClOCl, ClClO, and the transi-
tion state (TSS1) connecting the S1 states of the two isomers by the 
EOM-CCSD/aug-cc-pVTZ method.

ClOCl (S1) TSS1 ClClO (S1)

γCl-O 1.597 1.563 1.544
γO-Cl 2.206 2.904
γCl-Cl 2.993 2.395
∠Cl-O-Cl 115.5 77.8
∠Cl-Cl-O 71.5 137.1
ω1 822 768b 859 903
ω2 326 325b 675 i 270
ω3 140 110b 130 118

ΔEa (eV) 2.286 2.944 2.291
aRelative energy is defined with respect to the S0 state energy of ClOCl
by the CCSD/aug-cc-pVTZ method. bExperimentally observed values 
(Ref. 7), which were not explained before.
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Figure 1. The relative energies (in eV) among stationary structures 
and transition states of the ClOCl and ClClO isomerization.

It is now clear that the transition state structure, suggested 
in previous work,12 is just a false result due to the limitation of 
B3LYP-DFT method, and therefore, the possibility of direct iso-
merization through TSS0, suggested in earlier work,12 has to be 
dismissed. Then, the possibility of direct isomerization within 
the first excited electronic state is the next question to be ex-
plored.

The Excited Singlet States S1. The equilibrium geometry and 
vibrational properties of the first excited singlet state, S1 (1B1, 
in C2V, 1A'' in CS), of ClOCl and ClClO were studied by using 
the EOM-CCSD/aug-cc-pVTZ method. The transition state 
structure (TSS1) connecting the S1 of ClOCl and ClClO is also 
obtained by the same method, as sown in Table 2.

One of the most important fact disclosed from the results in 
Table 2 is the fact that the calculated vibration frequencies 
(822, 326, 140 cm‒1) of S1 of ClOCl are well comparable to the 
experimental values (768, 325, 110 cm‒1),7 which were not 
explained yet. Considering the fact that calculated vibration fre-
quencies with single reference CCSD method tends to slightly 
larger than experimental values, our results well match the ex-
perimental observation. Moreover, the calculated vertical exci-
tation energy of the S1 state is 2.68 eV (21615 cm‒1)21 and our 
calculated adiabatic excitation energy is 2.286 eV (18438 cm‒1). 
The values are comparable to the experimental energy region of 
20,000 - 22,000 cm‒1, and we believe that the S1 state of ClOCl 
is responsible to the experimental observation.7

According to the results in Table 2, S1 of ClClO has almost 
the same energy as S1 of ClOCl, and TSS1 locates at 2.944 eV 
above the S0 stationary structure of ClOCl, as depicted in 
Figure 1. Though the energy of the irradiation light 320 - 428 
nm, used in previous experiment, corresponds to 3.9 - 2.9 eV 
range, the calculated results (especially the relative energy of 
TSS1, 2.944 eV) should not be regarded as a suggestion of direct 
isomerization on the PES of S1 state. The reason is that the 
dissociation limit of ‘Cl + OCl’ locates only 1.44 eV above the 
S0 stationary structure of ClOCl, as shown in Figure 1. Our 
separate calculations with full CCSDT method indicate that the 
barrier of S1 PES towards the dissociation limit is just around 

0.3 eV.
Summary and Conclusions. This work was motivated by 

the unclear situation concerning to the possibility of the direct 
isomerization5,6 from ClOCl to ClClO According to our study, 
however, the transition structure (TSS0) for the direct isomeri-
zation on S0 PES, suggested in previous work by DFT methods, 
is a false, and has to be dismissed. The CCSD(T)/aug-cc-pVTZ 
results show that the TSS0 structure is nothing but a weakly 
bound complex of Cl atom and ClO radical. The stationary struc-
ture of S1 state is obtained for both ClOCl and ClClO isomers, 
at first in this work. The calculated vibration frequencies of 
ClOCl in S1 state are very close to previously reported experi-
mental observation, which was not properly explained before. 
Though the transition structure (TSS1) for the direct isomeriza-
tion on S1 PES is found in this work at first, the energy barrier 
of the Cl-O bond dissociation on S1 PES is just around 0.3 eV. 
In other word, the S1 stationary state of ClOCl corresponds to 
vibrationally predissociative state. The possibility of direct iso-
merization on both S0 and S1 PES, therefore, has to be neglected 
completely, and the recombination of the fragments is the only 
remaining possibility for the formation of the ClClO isomer. 
More rigorous study by using multi-reference methods for the 
electron correlation with the larger basis sets are under progress 
now.

Acknowledgments. This work was supported by the Korea 
Research Foundation under Grant No. KRF-2006-311-C00334. 
The major computation time for this work was provided by the 
KISTI supercomputing center in Daejeon, Korea.

References

  1. Rochkind, M. M.; Pimentel, G. C. J. Chem. Phys. 1967, 46, 4481.
  2. Chi, F. K.; Andrews, L. J. Phys. Chem. 1973, 77, 3062.
  3. Johnsson, K.; Engdahl, A.; Nelander, B. J. Phys. Chem. 1995, 99, 

3965.
  4. Esposite, A. P.; Reid, P. J.; Rousslang, K. W. J. Photochem. Photo-

biol. A 1999, 129, 9.
  5. Chaquin, P.; Alikhani, M. E.; Bahou, M.; Schriver-Mazzuoli, L.; 

Schriver, A. J. Phys. Chem. A 1998, 102, 8222.
  6. Collaveri, C.; Granucci, G.; Persico, M.; Toniolo, A. J. Chem. Phys. 

2001, 115, 1251.



704      Bull. Korean Chem. Soc. 2011, Vol. 32, No. 2  Notes

  7. Nickolaisn, S. L.; Miller, C. E.; Sander, S. P.; Hand, M. R.; Willi-
ams, I. H.; Francisco, J. S. J. Chem. Phys. 1996, 104, 2857. 

  8. Nelson, C. M.; Moore, T. A.; Okumura, M.; Minton, T. K. J. Chem. 
Phys. 1994, 100, 8055.

  9. Tanaka, Y.; Kawasaki, M.; Matsumi, Y.; Fujiwara, H.; Ishiwata, 
T.; Regers, L. J.; Dixon, R. N.; Ashfold, M. N. R. J. Chem. Phys. 
1998, 109, 1315.

10. Purvis, G. D.; Bartlett, R. J. J. Chem. Phys. 1982, 76, 1910; Bar-
tlett, R. J.; Stanton, J. F. Rev. Comput. Chem. 1994, 5, 65.

11. Bartlett, R. J.; Watts, J. D.; Kucharski, S. A.; Noga, J. Chem. Phys. 
Lett. 1990, 165, 513; Aghavachari, K.; Trucks, G. W.; Head-Gor-
don, M.; Pople, J. A. Chem. Phys. Lett. 1989, 157, 479.

12. Stanton, J. F.; Bartlett, R. J. J. Chem. Phys. 1993, 98, 7029.
13. Baeck, K. K.; Watts, J. D.; Bartlett, R. J. J. Chem. Phys. 1997, 107, 

3853.
14. Baeck, K. K. J. Chem. Phys. 2000, 112, 1.
15. Advanced Concepts in Electronic Structure Theory (ACES-II) ‒ 

A product of the University of Florida, Quantum Theory Project, 
developed by J. F. Stanton, et al. Integral packages included are 
VMOL (J. Almlof and P. R. Taylor); VPROPS (P. Taylor); ABA-
CUS (T. Helgaker, H. J. Ha Jensen, P. Jorgensen, J. Olsen, P. R. 
Taylor).

16. Chaquin, P.; Bahou, M.; Schriver, A.; Schriver, L. Chem. Phys. 
Lett. 1996, 256, 609.

17. Lee, T. J. J. Phys. Chem. 1994, 98, 3697.
18. Beltrán, A.; Andrès, J.; Noury, S.; Silvi, B. J. Phys. Chem. A 1999, 

103, 3078.
19. Nakata, M.; Sugie, M.; Takeo, H.; Matsumura, C.; Fukuyama, T.; 

Kuchitsu, K. J. Mol. Spectrosc. 1981, 86, 241.
20. Del Bene, J. E.; Watts, J. D.; Bartlett, R. J. Chem. Phys. Lett. 1995, 

246, 541.
21. Toniolo, A.; Persico, M.; Pitea, D. J. Phys. Chem. A 2000, 104, 

7278.
22. Renard, J. J.; Bolker, H. I. Chem. Rev. 1976, 76, 487.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


