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Abstract: Silica bromide as heterogeneous reagent is prepared from the reaction of silica gel with PBr3 as a non-

hydroscopic, filterable, cheap, and stable yellowish powder that can be stored for months. The results show that the silica 

bromide is a suitable and efficient reagent for conversion of alcohols to alkyl bromides under mild conditions at room 

temperature. The easy availability of this reagent makes this simple procedure attractive and a practical alternative to the 

existing methods. 
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INTRODUCTION 

Deliberately performing chemical reactions in heteroge-

neous rather than homogeneous media was suggested by R. 

B. Merrifield [1] for use in polypeptide synthesis and by R. 

L. Letsinger [2] for polynucleotide synthesis. The classical 

idea was presented that chemical reactions should be per-

formed in a completely homogeneous medium was not nec-

essarily correct and that reactions can be accomplished even 

if one of the substrates was insoluble in the reaction media. 

The methodology of some organic synthesis has been revo-

lutionized by this idea. In that the normal procedures associ-

ated with the workup of a chemical reaction are obviated and 

replaced by a simple filtration step [1, 2], this general advan-

tage of solid-phase synthesis has been particularly exploited 

in polypeptide synthesis [3], where a polypeptide is synthe-

sized in a repetitive sequential manner on the solid phase and 

the final products are only liberated from the polymer in a 

final cleavage reaction. Another approach to using polymer 

supports in organic synthesis was outlined by Fridkin, 

Patchornik, and Katchalski [4], who showed that a polymer-

bound reagent could be used in heterogeneous reaction in 

such a way that excess reagents or by-products remain at-

tached to the insoluble resin. These unwanted materials are 

then removed by filtration and the pure product is isolated 

from the filtration [5]. 

Many specific advantages of using insoluble resins such 

as supports, reagents, or catalysts have been reviewed [6], 

which include the simulation of high-dilution [7] or pseu-

dodilution [8] conditions, the fishhook and concentration 

principle [9], selective intrapolymeric reactions [10], bulk  
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and steric effects of the polymer backbone in asymmetric 

synthesis [11], the stabilization of reactive substances [12], 

and the elimination of volatile malodorous reagents [13].  

Transformation of an alcohol function to a bromide func-

tion is one of the most described transformations in organic 

synthesis. Many reagents are commonly used to carry out 

this transformation [14]. The most widely used reagents  

are phosphorus tribromide [15], thionyl bromide [16], bro-

minated Villsmeier salt [17], Br3CCOCBr3/PPh3 and 

Br3CCO2Et/PPh3, and tertiary phosphines with different 

sources of bromide [18].
 
Thus, an efficient and practical pro-

tocol for the preparation of alkyl bromides would be valu-

able. There are relatively few conditions for the conversion 

of alcohols into bromides. Previous examples include highly 

toxic reagents such as HBr gas and Br2 or coupling reagents 

like CBr4/PPh3, Br2 /PPh3 and Br2PPh3 but HBr is always a 

by-product and high temperatures are often required [4].
 
Sil-

ica chloride [19] as the heterogeneous reagent is very closely 

to silica bromide in a functional group transformation. 

RESULTS AND DISCUSSION 

Herein, we report the synthesis and use of silica bromide 

for the mild and selective bromination of alcohols under 

mild conditions (Scheme 1).  

In order to select the best supporting bed and condition 

for preparation of a suitable silica bromide, we first reacted 

different types of silica with different amount of phosphorus 

tribromide in refluxing toluene under dry atmosphere. The 

results obtained are shown in Table 1. 

From all these reactions, the reagent which was obtained 

after filtration washing with dry dioxane and dry dichloro-

methane and drying showed a suitable weight increase. The 

amount of bromosilyl group was determined by a standard 

method [18]. The analysis of bromide on silica was identical  
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Scheme 1. Synthesis and use of silica bromide for synthesis of alkyl bromides. 

Table 1. Using of Different Support to Synthesis of Silica Bromide. 

Entry Type of Silica Gel
a 

Reaction Time (h) Amount of PBr3 (g) Amount of Bromide (mmole) 

1 Column 24 15 1.8 

2 Activated plate
b
 24 15 2.3 

3 Dried plate 24 15 2.3 

4 Plate 24 15 2.3 

5 Plate 24 12 2.3 

6 Plate 24 10 2.2 

7 Plate 24 8 2.2 

8 Plate 24 5 1.9 

9 Plate 20 10 2.2 

10 Plate 18 10 2.2 

11 Plate 15 10 2.0 

a
Plate silica gel (Merck Darmestadt, type 60, 15-40 mm, 5 g) and column silica 

gel (Merck Darmestadt, type 60, 63-200 mm, 5 g) was used. 

Table 2. Different Conditions for the Reaction of Benzyl Alcohol (1 mmol) with Different Quantities of Silica Bromide at Room Tem-

perature in CH2Cl2 for 5 min. 

Entry Silica Bromide (mmol) Conversion (%) to Benzyl Bromide 

1 1 52 

2 1.5 73 

3 1.7 81 

4 2.2 100 

5 2.4 100 

6 2.7 100 

 

with that used for bromide in McDaniel's papers [20]. As 

demonstrated in Table 1, the amount of bromosilyl group in 

the cases of using plate silica gel is considerably higher. Ac-

tivation and drying of plate silica gel did not lead to a con-

siderable difference in the capacity of obtained reagent. The 

reagent which was obtained under this condition converted 

benzyl alcohol to benzyl bromide quantitatively after 3 min 

in CH2Cl2 at room temperature. 

Since the introduced filterable silica bromide showed ex-

cellent reactivity for the conversion of benzyl alcohol to 

benzyl bromide and provided a very simple and practical 

isolation of the product, we decided to study its applicability 

as a general reagent for the conversion of different classes of 

alcohols into alkyl bromides. We optimized the conditions 

for the conversion of benzyl alcohol to benzyl bromide using 

different ratio of silica bromide (Table 2). 

We then applied the optimized conditions for the reaction 

of structurally different alcohols, and found that they can be 

conveniently converted to the corresponding alkyl bromides 

under effective conditions and in high yields ranging from 

81 to 99%. Functionality of compounds such as that of 

alkene, ether, acetate, and nitro proved to be stable under the 

reaction conditions. Reaction of 1,2-diols with silica bromide 

gave a mixture of isomers. For example, 2-bromo-1-

phenylethanol and 2-bromo-2-phenylethanol was obtained 

from reaction of silica bromide with 1-phenyl-1,2-ethanediol 

(Table 3, entry 18). 
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Table 3. Conversion of Alcohols to Bromides. 

Entry Substrate Product Time
a
 (min) Yield

b
 (%) 

1 

OH

 

Br

 

3 98 

2 

OH

MeO  

Br

MeO  

3 99 

3 

OH

Me  

Br

Me  

3 96 

4 

OH

Cl  

Br

Cl  

3 96 

5 

OH

O2N  

Br

O2N  

5 90 

6 

OH

 

Br

 

5 96 

7 

OH

 

Br

 

10 94 

8 

OH

 

Br

 

7 96 

9 

O
OH

 

O
Br

 

10 95 

10 

OH

 

Br

 

5 93 

11 
OH

 

Br

 
5 91 

12 OH

 

Br

 

10 81 

13 OH
 

Br
 

10 92 

14 
OH  Br  

10 85 

15 OH
 

Br
 

10 90 

16 

O
OH

O

 
O

Br

O

 

10 89 
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Table 3. contd… 

Entry Substrate Product Time
a
 (min) Yield

b
 (%) 

17 

O
OH

O

 

O
Br

O

 

10 88 

18 

OH

OH

 

OH

Br

 

Br

OH

 

 

 

 

3 

 

 

 

82 

 

 

 

18 

Table 4. Competitive Reaction of Different Binary Mixture with Silica Bromide
a
. 

Entry 
Binary Mixture 

of Alcohols
b
 

Alkyl Bromide
c, d

 Conversion (%) 

1 

OH

 

OH

 

Br

 

Br

 

80 

 

20 

2 

OH

 

OH

O2N  

Br

 

Br

O2N  

93 

 

7 

3 

OH

 

OH  

Br

 

Br  

100 

 

0 

4 

OH
 

OH  

Br
 

Br  

90 

10 

a
2.2 Equivalent moles of silica bromide. 

b
1 Equivalent mole of each of alcohols.  

c
GC yields using n-octane as an internal standard. 

d 
The time of reaction was 5 min.  

 

In order to have more insight into the applicability of this 

method, some competitive reactions were performed be-

tween structurally different alcohols in binary mixtures. The 

results which are tabulated in Table 4 show high selectivity 

between 1
o
 aliphatic and 1

o
 benzylic alcohols, benzyl alcohol 

and 4-nitrobenzyl alcohol, and also between 1
o
 and 2

o
 alco-

hols. 

CONCLUSION 

In conclusion, we described in this paper an original rea-

gent (silica bromide) for the bromination of primary and 

secondary hydroxyl groups. This reagent is prepared from 

the reaction of silica gel with PBr3 as a non-hydroscopic, 

filterable, cheap, and stable yellowish powder that can be 

stored for months. The reactions are very fast without the 
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production of side-products. Moreover, the isolation of the 

products from the heterogeneous mixture is easy and not 

time-consuming. 

EXPERIMENTAL 

Procedure for Preparation of Silica Bromide 

To silica gel (40 g) and dry toluene (80 mL) in a round 

bottomed flask equipped with a condenser and a drying tube, 

was added phosphorus tribromide (75 g, 0.21 mol) and re-

fluxed for 18 h. After cooling, the product was filtered and 

washed, first with dry 1,4-dioxane (2 x 20 mL) and then with 

dichloromethane (2 x 20 mL). The yellowish product was 

kept in dessicator. The amount of bromosilyl group (2.2 

mmole of Br/ g silica) was determined by a standard method 

[18, 20]. 

A Typical Procedure for the Conversion of Benzyl Alco-

hol to Benzyl Bromide 

To a round bottom flask contain a stirring mixture of sil-

ica bromide (1 g, 2.2 mmol Br/ g silica) in dry CH2Cl2 (10 

mL) at room temperature, was added benzyl alcohol (0.108 

g, 1 mmol). After 3 min, GC analysis showed the completion 

of the reaction. The reaction mixture was filtered and the 

solvent was evaporated under vacuum. Benzyl bromide was 

obtained as a colorless liquid (0.167 g, 97%, bp 195-196.5 
o
C, lit.

20
 bp 196-198 

o
C). 

1
H NMR data for selected compounds 

Product (Table 3, entry 1): 
1
H NMR 200 MHz, CDCl3): 

 4.28-4.29 (s, 2H), 7.25-7.39 (m, 5H). 

2H), 6.87-7.18 (m, 4H). 

Product (Table 3, entry 3): 
1
H NMR 200 MHz, CDCl3): 

 2.17 (s, 3H), 4.26 (s, 2H), 7.32-7.39 (m, 4H).  

Product (Table 3, entry 4): 
1
H NMR 200 MHz, CDCl3): 

 4.26 (s, 2H), 7.45-7.48 (m, 4H).  

Product (Table 3, entry 5): 
1
H NMR 200 MHz, CDCl3): 

 4.28 (s, 2H), 7.34-8.05 (m, 4H).  

Product (Table 3, entry 6): 
1
H NMR 200 MHz, CDCl3): 

 6.28 (s, 1H), 7.23-7.47 (m, 10H).  

Product (Table 3, entry 7): 
1
H NMR 200 MHz, CDCl3): 

 3.19-3.22 (t, 2H), 3.59-3.63 (t, 2H), 7.25-7.38 (m, 5H).  

Product (Table 3, entry 8): 
1
H NMR 200 MHz, CDCl3): 

 2.09-2.10 (d, 3H), 5.24-5.28 (q, 1H), 7.29-7.50 (m, 5H).  

Product (Table 3, entry 9): 
1
H NMR 200 MHz, CDCl3): 

 3.55-3.58 (t, 2H), 4.09-4.11 (t, 2H), 6.94-7.02 (m, 5H).  

Product (Table 3, entry 10): 
1
H NMR 200 MHz, 

CDCl3):  3.71-3.77 (d, 2H), 6.55-6.57 (d, 1H), 7.16-7.19 (tt, 

1H), 7.32-7.74 (m, 5H).  

Product (Table 3, entry 11): 
1
H NMR 200 MHz, 

CDCl3):  3.70-3.72 (d, 2H), 4.99-5.02 (m, 1H), 7.01-7.06 

(m, 1H).  

Product (Table 3, entry 12): 
1
H NMR 200 MHz, 

CDCl3): 1.40-1.58 (m, 4H), 1.80-1.89 (m, 6H), 4.05-4.09 (m, 

1H).  

Product (Table 3, entry 13): 
1
H NMR 200 MHz, 

CDCl3):  0.82-0.87 (t, 3H), 1.23-1.29 (m, 12H), 3.23-3.27 

(t, 2H).  

Product (Table 3, entry 14): 
1
H NMR 200 MHz, 

CDCl3):  0.82-0.87 (t, 3H), 1.24-1.29 (m, 8H), 1.40-1.45 

(md, 3H), 1.62-1.67 (t, 2H), 3.71-3.79 (m, 1H).  

Product (Table 3, entry 15): 
1
H NMR 200 MHz, 

CDCl3):  3.19-3.22 (t, 2H), 3.59-3.63 (t, 2H), 7.25-7.38 (m, 

5H).  

Product (Table 3, entry 16): 
1
H NMR 200 MHz, 

CDCl3):  0.9-0.95 (t, 3H), 1.41-1.55 (m, 4H), 3.35-3.42 (t, 

2H).  

Product (Table 3, entry 17): 
1
H NMR 200 MHz, 

CDCl3):  1.51-1.58 (m, 3H), 1.75-1.90 (m, 7H), 3.31-3.33 

(t, 2H), 3.57-3.58 (t, 2H), 3.60-3.75 (m, 2H), 4.68 (dd, 1H). 

Product (Table 3, entry 18): 
1
H NMR 200 MHz, 

CDCl3):  3.43-3.68 (d, 2H), 4.61-4.67 (t, 1H), 7.43-7.47 (m, 

5H).  

CONFLICT OF INTEREST 

The author(s) confirm that this article content has no con-

flicts of interest. 

ACKNOWLEDGEMENTS 

Declared none. 

REFERENCES 

[1] Merrifield, R.B. Solid phase peptide synthesis. I. The synthesis of a 

tetrapeptide. J. Am. Chem. Soc., 1963, 85, 2149-2154. 

[2] Letsinger R.L.; Mahade, Van V. Oligonucleotide synthesis on a 

polymer support. J. Am. Chem. Soc., 1965, 87, 3526-3527. 

[3] Erickson B.W.; Merrifield, R.B. In The proteins; Neurath, H.; Hill, 

R. L., eds.; Academic Press: New York, 1976, 2, 256-527. 

[4] Fridkin, M.; Patchornik,A,; Katchalski, E. Use of polymers as 

chemical reagents. I. Preparation of peptides. J. Am. Chem. Soc., 

1966, 88, 3164-3165. 

[5] (a) Camps, F.; Castells, J.; Font, J.; Vela, F.; Organic syntheses 

with functionalized polymers: II. Wittig reaction with polystyryl-p-

diphenylphosphoranes. Tetrahedron Lett., 1971, 12, 1715-1716. (b) 

Frechet, J.M.J.; Haque, K.E.; Polymeric reagents. Preparation of 

resins containing polyvinylperbenzoic acid units. Macromolecules, 

1975, 8, 130-134.  

[7] (a) Fridkin, M.; Patchornik, A.; Katchalski, A. A Synthesis of 

cyclic peptides utilizing high molecular weight carriers. J. Am. 

Chem. Soc., 1965, 87, 4646-4648. 

[8] Jayalekshmy, P.; Mazur, P.; Pseudodilution, S. The solid-phase 

immobilization of benzyne. J. Am. Chem. Soc., 1976, 89, 6710-

6711. 

[9] Harrison, I.T.; Harrison, S. Synthesis of a stable complex of a 

macrocycle and a threaded chain. J. Am. Chem. Soc., 1967, 89, 

5723-5724. 

[10] Kraus, M.K.; Patchornik, A. Directed mixed ester condensation of 

two acids bound to a common polymer backbone. J. Am. Chem. 
Soc., 1971, 93, 7325-7327. 

[11] Kawama, M.; Emoto, S. Asymmetric synthesis on an insoluble 

polymer support. Tetrahedron Lett.,1972, 13, 4855-4858. 

[12] Letsinger, R.L.; Kornet M.J.; Mahadevan, V.; Jerina, D.M. 

Reactions on polymer supports. J. Am. Chem. Soc., 1964, 86, 5163-

5165. 

[13] (a) Crosby, G.A.; Weinshenker, N.M.; Uh, H.S. Polymeric rea-

gents. III. Synthesis of an insoluble polymeric thioanisole and its 

utilization for the oxidation of alcohols. J. Am. Chem. Soc., 1975, 

7, 2232-2235.  



Synthesis of Silica Bromide as Heterogeneous Reagent Letters in Organic Chemistry, 2012, Vol. 9, No. 8    603 

[14] (a) Gawande, M.B.; Deshpande, S.S.; Satam, J.R.; Jayaram, R.V. A 

novel N- alkylation of amines by alkyl halides on mixed oxides at 

room temperature., Catal. Commun., 2007, 8, 576-582; (b) Gonza-

lez-Bobes, F.; Fu, G.C. Amino alcohols as ligands for nickel-

catalyzed Suzuki reactions of unactivated alkyl halides, including 

secondary alkyl chlorides, with arylboronic acids. J. Am. Chem. 
Soc., 2006, 128, 5360-5361; (c) Kamal, A.; Chouhan, G. A task-

specific ionic liquid [bmim]SCN for the conversion of alkyl halides 

to alkyl thiocyanates at room temperature. Tetrahedron Lett., 2005, 

46, 1489-1491. 

[15] Tongkate, P.; Pluempanupat, W.; Chavasiri, W. Hexabro-

moacetone and ethyl tribromoacetate: a highly efficient reagent for 

bromination of alcohol. Tetrahedron Lett., 2008, 49, 1146-1148. 

[16] (a) Caserio, F.C.; Dennis, G.E.; Dewolfe, R.H.; Young, W.G. J. 
Am. Chem. Soc., 1955, 77, 4182-4183. (b) Magid, R.M.; Talley, 

B.G.; Souther, S. K. Improvements in the hexachloroace-

tone/triphenylphosphine procedure for the conversion of allylic al-

cohols into chlorides. J. Org. Chem., 1981, 46, 824-825. (c) 

Pluempanupat, W.; Chavasiri, W. An efficient method for chlorina-

tion of alcohols using PPh3/Cl3CCONH2. Tetrahedron Lett., 2006, 

47, 6821-6823. 

[17] Munbunjong, W.; Lee, E.H.; Chavasiri, W.; Jang, D.O. Indium-

mediated mild and efficient one-pot synthesis of alkyl phenyl se-

lenides. Tetrahedron Lett., 2005, 46, 8769-8771. 

[18] (a) Meyers, C.Y.; Hou, Y.; Lutfi, H.G.; Saft, H.L. The first re-

ported halogenation of a tert-butyl group with HCl or HBr in 

CHCl3. Unexpected differences in the reactions of HCl, HBr, HI, 

and HF with sp-9-(o-tert-butylphenyl)-9-fluorenol. J. Org. Chem., 

1999, 64, 9444-9449. (b) Deno, N.C.; Potter, N. H. Mechanism of 

oxidation of alcohols by aqueous bromine. J. Am. Chem. Soc., 

1967, 89, 3555-3556. (c) Wagner, A.; Heitz, M.P.; Mioskowski, C. 

Convenient preparation of bromoalkynes from primary alkynes and 

PPh3 / CBr4. Tetrahedron Lett., 1990, 31, 3141-3144. (d) Schaefer, 

J.P.; Higgins, J. Bimolecular displacement reactions. III. Reaction 

of phenols with triphenylphosphine and bromine. J. Org. Chem., 

1967, 32, 1607-1608. (e) Wiley, G.A.; Hershkowitz, R.L.; Rein, 

B.M.; Chung, B.C. Studies in organophosphorus chemistry. I. 

Conversion of alcohols and phenols to halides by tertiary 

phosphine dihalides. J. Am. Chem. Soc., 1964, 86, 964-965. 

[19] (a) Firouzabadi, H.; Iranpoor, N.; Hazarkhani, H.; Karimi, B. Reac-

tions of silica chloride (SiO2Cl)/DMSO, a heterogeneous system 

for the facile regeneration of carbonyl compounds from thioacetals 

and ring-expansion annelation of cyclic thioacetals. J. Org. Chem., 

2002, 67, 2572-2576. (b) Firouzabadi, H.; Iranpoor, N.; Hazark-

hani, H. Ica chloride in the presence of NaI is a useful system for 

the efficient and selective conversion of TMS, TBDMS and THP 

ethers into their corresponding iodides. Tetrahedron Lett., 2002, 

43, 7139-7144. 

[20] (a) McDaniel, M.P. Surface halides of silica. 2. Bromide and io-

dide. J. Phys. Chem., 1981, 85, 537-541. (b) McDaniel, M. P. Sur-

face halides of silica. 1. Chloride. J. Phys. Chem., 1981, 85, 532-

537. 

 


	LOC_CONTENT.doc
	000-Final LOC 9-8.doc
	00-Final Graphical Abstracts
	1-Walczak MS LOC.doc
	2-Glans MS LOC.doc
	3-Lim MS LOC.doc
	4-KAWANO MS LOC.doc
	5-Imai MS LOC.doc
	6-Zawisza MS.doc
	7-Giorgi-Renault MS LOC.doc
	8-Kim MS LOC.doc
	9-Huang MS
	10-Behbahani MS.doc
	11-Jun Li MS LOC.doc
	12-Kulkarni MS LOC.doc
	13-Veisi MS LOC.doc
	14-Zhao MS.doc
	15-Sheng MS LOC.doc
	LOC_BACK.doc


<<
  /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 1.6
  /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



<<
  /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 1.6
  /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




