Photo-induced convection of benzene solution of diphenylamine and carbon tetrabromide

in high magnetic fields
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The influence of vertical magnetic fields on the photo-induced thermal convection of a benzene
solution was studied qualitatively by using a photo-imaging reaction of DPA-CBry4. By applying the
magnetic field of -1200 T’m™", the thermal convection of the photo-induced colored solution is enhanced,
whereas it is suppressed by applying the field of +1000 T?m™. The effect is explainable when the magnetic
susceptibility of the colored solution is smaller than that of the bulk solution. The behavior of the colored
solution is dependent on both the solute concentration and irradiation time. These dependencies are

interpreted in terms of the photon energy absorbed by the photo-irradiated solution.
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1. Introduction

A magnetic field is a useful tool to control various chemical and physical processes [1,2]. For example,
we have succeeded to control rates of organic photochemical reactions [3] and 3-dimensional morphology
of inorganic membrane tubes [4,5], to align organic and inorganic crystals [6,7] and carbon nanotubes [8],
and to improve crystallographic quality of protein crystals [9] by using high magnetic field. In the case of
protein crystallization, the vertical magnetic fields were applied to reduce the concentration-induced
convection of the protein solution by compensating for the gravitational force with the magnetic force.
Another type of convection is the thermal convection which is equally an important process affecting
reaction rate, yield and others. The effects of high magnetic fields on the thermal convection of liquid
solution were reported [10-12]. Mogi et al. [11], for example, studied temperature distribution of water in
magnetic fields by using a thermochromic liquid crystal sheet. In a previous paper [12], we reported the
influence of magnetic fields on the transient behavior of thermal convection of a benzene solution. In that
experiment, organic photochromic reaction was used for local heating the solution and visualization of

convection. However, detailed mechanism of convection is still an open question.

In this paper, we have studied photochemical reaction of diphenylamine (DPA) and carbon tetrabromide
(CBry) in benzene, in order to clarify experimental factors affecting magnetic control of thermal convection.
The photoreaction of DPA and CBry is well known as a photo-imaging reaction [13-15]. In this reaction, a
colorless solution turns to green immediately after UV-irradiation due to the formation of a photoproduct
having a visible absorption band at about 670 nm. A part of absorbed photon energy is used to heat the
photochemically-generated colored solution. Therefore, this reaction is suitable for in situ observation of

thermal convection in magnetic fields.
2. Experimental

Diphenylamine (Wako, special grade; DPA), carbon tetrabromide (Wako, special grade; CBry), and
benzene (Nakarai Tesque, UV-spectrograde) were used as received. Benzene solution of DPA and CBr, was

deaerated by passing through argon gas for 10 min before UV-irradiation.

In situ observation of photo-induced thermal convection was carried out using a vertical
superconducting magnet (JASTEC, JMTD-LH15T40). Its room-temperature (RT) bore tube was 40 mm in
diameter. Magnetic field intensity distribution in the tube was given in Fig. 1(a). The maximum magnetic
field (Bmax) and the product ((BOB/0z)max) of the maximum field and its gradient were 15 T and 1500 T’m’,
respectively. Experimental setup for in situ observation was shown in Fig. 1(b). A 10 mm % 10 mm x 40
mm quartz cell containing a benzene solution of DPA -CBr4 was placed in a bore tube of a superconducting
magnet. The solution was irradiated from its bottom through a 6-mm hole by a UV-light from a super-high
pressure xenon lamp (Ushio, UXL-500-O) with a UV band-path filter (Sigma Koki, UTVAF-34U; 280-380
nm) and a 5-cm water filter. The experiments were carried out at room temperature. Magnetic fields were

varied by placing the cells at the different positions in the bore tube. The movement of the colored solution



after photo-irradiation was observed by a combination of a CCD camera and a video recorder and was

analyzed by a software (Library, Move-tr32).

3. Results

Influence of Solute Concentration: Upon U V-irradiation of a benzene solution of DPA-CBry, a colored

photoproduct is formed,
DPA + CBry + hv — — — Photoproduct (abs. max. = ca. 670 nm)

A photoproduct which has an absorption band maximum at ca. 670 nm was reported to be diphenylamine
cation radical or diphenylamino radical [14,15]. However, this assignment does not seem to be confirmed,
as the photochemical reaction of DPA and CBry is highly complex. Therefore, hereafter we simply call it

as a photoproduct.

Figure 2 shows sequential photos of a 0.025 M benzene solution of DPA-CBry after UV-irradiation in
magnetic fields. Upon the UV-irradiation, a disk-like thin layer of the solution at the bottom surface of the
vessel changes its color to green due to the formation of a colored photoproduct, and the upper surface of
the colored solution, heated by photon energy, moves totally upwards, thought photos in Fig.2 are dim and
pale. At 10 T (1200 T>m™) the upper surface of the colored solution moves upwards from the radial center
of the layer faster than that at zero field (0T (0 T>’m™)). In order to show the movement of the colored
solution clearly, the vertical positions of the front of the colored solution were analyzed from the video
pictures. Figure 3 shows the movement of the front of the colored solution in magnetic fields. The
behavior of the solution is different in different magnetic fields. The time dependence of the behavior of the
solution is divided into two parts. Firstly, the solution stays on the bottom surface of the vessel for some
time and secondly the front of the solution moves upwards. At zero field, for example, it moves upwards at
a delay time of ca. 10 s after UV-irradiation start. At 10 T (-1200 T?’m™) the front of the solution moves
upwards from the bottom surface faster than that at zero field. Therefore, the behavior of the solution in
magnetic fields is characterized by using the retention time, i.e., the time of the solution staying on the
bottom surface, and the lift speed, i.e., the speed of the front of the solution moving upwards in the bulk
solution which is calculated from the slope of the curve shown in Fig. 3. Table 1 shows the concentration
dependence of the retention time and the lift speed of the colored solution in magnetic fields. At zero field,
the colored solution at low solute concentrations (0.006 and 0.0125 M) does not move from the bottom
surface of the vessel. Part of the solution at higher solute concentrations (0.025 and 0.05 M) moves
upwards from the upper surface, the retention time becomes shorter and the lift speed increases. The
behavior of the solution at 14 T (-46 T°m™") is similar to that at zero field. In good contrast to the solution
behavior at zero field, part of the solution at 10 T (-1200 T’m™") always moves upwards and with increasing
the solute concentration, the retention time decreases and the lift speed increases. At 10 T (+1000 T’m™),

part of the solution moves upwards when the solute concentration becomes higher (0.05 M). The facts that



the solution behavior at 14 T (-46 T>m™") is similar to that at zero field (0 T, 0 T’m™) and that the behavior
at 10 T (-1200 T>’m™) is different from that at 10 T (+1000 T>’m™) indicate that not a magnetic flux density,
B, but the product, BOB/0z, of the density and its gradient is responsible for the behavior of the solution in
magnetic fields. From the above results, it is concluded that thermal convection of a benzene solution can
be controlled by applying vertical magnetic fields and that there is an optimum concentration suitable for
controlling the thermal convection. At a solute concentration of 0.025 M, the thermal convection rate can
be enhanced six times by application of -1200 T?m™ or can be completely suppressed by application of

+1000 T>m™".

Influence of Irradiation Time: The influence of irradiation time was also examined for the 0.025 M

solution. Table 2 shows the influence of irradiation time on the behavior. Some interesting features of the
influence will be derived from the table, though its experimental conditions, i.e., light intensity and
magnetic flux density, are slightly different from those shown in Table 1. At zero field, the colored
solution does not move from the bottom surface at a UV-irradiation time of 4 s, while part of the solution
moves upwards at a time of > 10 s. In magnetic fields, the behavior of the solution is different depending on
the direction of magnetic force. At -1400 T°m™, the retention time and the lift speed do not change
significantly with increasing the irradiation time. The UV-irradiation, after starting the upward movement
of the colored solution, does not affect significantly the convection of the colored solution. At +1200
T’m™, the solution does not move under a short irradiation time (4-20 s) and, after the prolonged irradiation
(30 s), part of the solution moves upwards. The behavior of the solution at -57 T?m™ (14T) is similar to that
at zero field. From the above-mentioned observations, it is concluded that there is an optimum irradiation
time suitable for controlling the thermal convection of the benzene solution. In the present case, the
irradiation time between 4 and 10 s may be suitable for controlling the convection. Small differences in the
values at 4 s irradiation between in Tables 1 and 2 are due to the facts that the UV-light intensity and

magnetic flux density are slightly different in two experiments.
4. Discussion

Upon UV-irradiation, the photon energy absorbed by the benzene solution of DPA-CBry is used partly
to induce photochemical reaction of solutes, forming a colored photoproduct and partly to heat the colored
photoproduct solution. The force, AF, acting on the colored solution in magnetic fields are given by

equation (1),
AF=(pa—p)gV + (1/uo)(ys —xa)VBOB/Oz (1)

where, pa and pg are the densities of the bulk DPA-CBry solution (A) and the colored solution (B),
respectively, xa and yg are the magnetic susceptibilities of the solution A and the solution B, respectively, V'
is the volume of the colored solution, g is the earth gravity, y, is the magnetic permeability of vacuum, B is
the magnetic flux density and 0B/0z is the gradient of B in the vertical direction, z. The first term of the

right-hand side of equation (1) is the gravitational force due to the density changes of the solution induced



by photo-irradiation, consisting of the volume change of benzene due to temperature jump and that of the
solutes due to photoreaction. The second term is the magnetic force due to the magnetic susceptibility
difference, consisting of the volume change of benzene due to temperature jump and that of the solutes
induced by photoreaction. When AF becomes larger than the surface tension of the colored solution to the
bottom surface of the vessel, the solution moves upwards from the bottom surface. The lift speed of the
solution in the bulk solution is determined by the balance of AF and the friction force of the bulk solution to

the colored solution.

At zero field, the behavior of the heated colored solution is determined by the first term of the
right-hand side of equation (1). Part of the solution moves upwards because its density is smaller than that
of the bulk solution. In the presence of magnetic fields, magnetic forces affect the movement of the solution,
since magnetic susceptibility of the colored solution is different from that of the bulk solution. Therefore,
the interesting results shown in Section 3 can be explained in terms of the magnetic forces acting on the
bulk and colored solutions. The magnetic field effects on the retention time are related to the force AF and
the surface tension of the colored solution to the vessel surface, whereas those on the lift speed are related
to the balance of AF and the friction force of the bulk solution acting on the colored solution. There is a

strong relationship between the effects of magnetic force on retention time and those on lift speed.

The influence of the solute concentration shown in Table 1 can be explained by the influence of the
volume change of the photo-generated colored solution. The thickness of the photo-generated colored
solution decreases by 8 times with increasing the solute concentration from 0.006 M to 0.05 M, as the
absorbance of the DPA-CBry solution changes at least 8 times. Therefore, at a constant irradiation time, the
temperature and therefore density change of the colored solution increases by 8 times with increasing the
solute concentrations. At 0 T (0 T’m™"), the movement of the colored solution is governed by the first term
of the right-hand side of equation (1). Whether part of the colored solution moves upwards or not is
determined by the density change caused by UV-irradiation. Only when AF due to the density decrease in
the colored solution is sufficiently large, part of the colored solution can move upwards from the bottom
surface. In the presence of magnetic fields, the sum of buoyancy and magnetic force determines the
movement of the solution. The observations that part of the colored solution at -1200 T>’m™ moves upwards
at a retention time shorter than that at zero field, whereas part of the solution at + 1000 T°m™ does at a
retention time larger than that at zero field, can be explained only when yg < x4 < 0. Under this condition,
the magnetic force at -1200 T?m™ is upward, accelerating the upward movement of the colored solution,
whereas the force at +1000 T°m™ is downwards, suppressing that of the solution. With increasing
temperature, the density of benzene decreases and, as a result, the volume magnetic susceptibility of
benzene increases. Thus the observed effects may be explainable by taking into account of the magnetic
susceptibility of solutes in addition to that of solvent (benzene), though the molar ratios of the solvent to
solutes are roughly estimated to be smaller than 100: 1 in the present experimental condition. It is
interesting that small magnetic susceptibility change of the solutes affects remarkably the behavior of the

solution significantly in magnetic fields.



The effects of magnetic fields on the lift speed are explained similarly. However, the effects are not
always parallel to those on the retention time. It is because the lift speed of the colored solution is
determined mainly by the balance of AF and the friction force of the bulk solution to the colored solution,
whereas the retention time is determined by the balance of AF and the surface tension. At large AF the lift

speed reaches to a steady state value.

Influence of irradiation time shown in Table 2 is similarly explained by the influence of temperature of
the colored solution. By increasing the irradiation time, the photon energy absorbed increases and the
temperature of the colored solution increases, as the solute concentration is constant. At a short irradiation
time of 4 s, AF is not strong enough to move part of the solution from bottom surface at zero field. By
applying the upward magnetic force, part of the solution moves upwards. At the irradiation time of 10 s the
convection of the solution is controlled by the application of magnetic fields. By prolonged irradiation of
30 s, the solution becomes so hot that part of the solution moves upwards regardless of magnetic fields, the

speed being controlled by the friction force of the bulk solution to the colored solution.

Temperature change induced by UV-irradiation is not evaluated in this experiment, since the UV-light is
polychromatic, and, therefore, density and magnetic susceptibility changes induced by UV-irradiation are
not estimated. However, it is speculated that a density change of 0.6 kg m™ or so and a magnetic
susceptibility change of 5 x 10~ JTm™ or so might induce the convection of the solution in magnetic

fields, on the analogy of the previous work [12].

So far we have discussed the vertical movement of the colored solution in magnetic fields. However, the
magnetic field also affects the shape of the floating colored solution, as schematically shown in Fig. 4. At
zero field, upper surface of the colored solution moves upwards entirely. In a magnetic field of -1200 T>m™,
the solution moves upwards from the radial center of the layer. This shape change may be partly
attributable to the influence of the magnetic force in the radial direction (r ) in the bore tube. The product
(BOB /or) of the magnetic flux density and its gradient in the radial direction () in the tube is about +50 -
+100 T>m™ at » = 5 mm at the locations where effects of vertical fields are examined. Therefore, because of
this radial magnetic force, the colored solution may shrink to the radial center of the layer in magnetic

fields during the movement.

Finally the magnetic field effect on the relative yield of colored compound was preliminarily examined.
The relative yield of the colored product was obtained from its absorbance at 650 nm. The yield decreases
by about 12% by application of 2.9 T (+97 T>’m™") and decreases very slightly (3 %) by application of 2.6 T
(-102 sz'l), whereas the magnetic field of 4 T (4 sz'l) does not affect the yield. The results suggest that
not the magnetic flux density but the product of magnetic flux density and its gradient affects chemical

yields, indicating the thermal convection affects slightly the yield of photoproduct, if any.

In a previous paper [12], we examined the photo-induced thermal convection of benzene solution of a

photochromic compound, 1,2-dicyano-1,2-bis(2,4,5-trimethyl-3-thienyl)ethane. The retention time of the



photo-generated photoisomer solution is 5 s at zero field. It increases to 9 s by application of -1300 T’m™,
whereas it decreases to 3 s by application of +1000 T’m™ . These observations are opposite to the
above-mentioned results. This fact also indicates that small change in the magnetic susceptibility of solutes
seems to contribute remarkably the behavior of the thermal convection of benzene solution in magnetic

fields.

Evans et al. [16] studied the effects of magnetic field on the traveling wave formed during the reaction
of (ethylenenediaminetetraacetato)cobalt(II) and hydrogen peroxide by magnetic resonance imaging at 7 T.
The wave propagation is affected by a magnetic field gradient of ¥0.2 T m’. The magnetic force due to the
difference of magnetic susceptibility at the wave front results in the acceleration or deceleration of the wave

velocities. The phenomena observed in this study are similar to those mentioned above.

4. Conclusion

The influence of vertical magnetic fields on the photo-induced thermal convection of a benzene
solution was studied qualitatively by using a photo-imaging reaction of DPA-CBr;4. The photo-imaging
reaction is very useful to observe thermal convection of solution. By applying the magnetic field of -1200
T’m™, the thermal convection of the photo-induced colored solution is enhanced, whereas it is suppressed
by applying the field of +1000 T?m™'. The effect is explainable when the magnetic susceptibility of the
colored solution is smaller than that of the bulk solution. The behavior of the colored solution is dependent
on both the solute concentration and irradiation time. These dependencies are interpreted in terms of the
photon energy absorbed by the colored solution. The temperature difference between the bulk solution and
the colored solution results in changes of the retention time and lift speed of the colored solution in
magnetic fields. It is suggested that small magnetic susceptibility difference of solutes between the bulk

solution and the photo-irradiated solution seems to affect the behavior of the latter solution.

In this study, the influence of magnetic forces on the photo-induced thermal convection of benzene
solution is discussed qualitatively. Semi-quantitative analysis of the convection of the above solution using

a monochromatic UV-light is now in progress.
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Table 1 Influence of solute concentration on the retention time and lift speed of colored solution at a
UV-light irradiation time of 4 s.

Retention time, s (Lift speed, mm s™)

Concentration™® B (T) 10 14 10 0
M) BOB/6z (T*m™) -1200 -46 +1000 0
0.006 9.0 (0.8) — () o0 (0) o (0)
0.013 6.0 (1.7) 12 (0.3) o0 (0) o (0)
0.025 5.0(2.5) 6.5(0.3) o (0) 10.0 (0.4)
0.050 1.52.2) 1.5(2.8) 1.5 (3.6) 1.5 (2.7)

*Concentrations of DPA and CBry are the same.

Table 2 Influence of the UV-irradiation time on the retention time and lift speed of colored solution
for the 0.025 M solution.

Retention time, s (Lift speed, mm s

Irradiation B(T) 10 14 10 0
Time, s BoBloz (T*m™) -1400 -57 +1200 0
4 6.8(3.5) 15.9(0.3) o (0) o (0)
10 5.5(3.5) 8.6 (3.2) o (0) 9.3(3.5)
20 6.6 (4.0) 9.3 (4.0) o (0) 9.3(2.7)

30 55(4.0)  9.1(.9) 13.2(1.2) 9.1(2.9)




Figure Captions

Fig. 1. (a) Vertical distribution of magnetic flux density (B) and the product (BB /0z) of the density and its
gradient along the magnet bore tube axis. (b) Experimental setup for in situ observation of photo-induced

thermal convection in a magnet bore tube.

Fig. 2. Sequential photos of the photo-induced thermal convection of benzene solution in magnetic fields
(side view). The colored solution moving upwards at 0 T (0 T°m™") and 14 T (-46 T>m™) is indicated by
arrows, since its color is dim and pale. White portion in the photos are due to the scattering light from

background. Concentrations of DPA and CBr, are 0.025 M and U V-irradiation time is 4 second.

Fig. 3. Time dependence of the front position of the colored solution in magnetic fields. Concentrations of

DPA and CBr4 are 0.025 M and UV-irradiation time is 4 second.

Fig. 4. Schematic representation of the movement of the front of the colored solution in (a) the absence and
(b) the presence of magnetic field of -1200 T’m™ . Arrows indicate the movement of the front of the colored

solution.



Figure 1

ccb

Camera

Mirror

(b)

3500

3000

Z (mm)

2500

2000

1500

-15000 -10000 -5000 00 5000 10000 15000

BdB/dz (T2m)

| | ] uant

DPA+CBr,
| benzene

Photo-product

¢ 6mm UV light



14T,
-46 T°m-"

10 T,
+1000 T2m-?
0T, 3
oT2m* |

5s 7s 10 s 15s
Time after starting UV-irradiation

10T, |
-1200 T2m1 § |

Figure 2



o
o0
1

e
=)
1

0. 0250M

—4— :-1200T2m"
—e— ! —46Tm"

Distance from bottom / cm
N
T

0.2
—v— :+1000T?m"!
— 0 T2m?
0 1 2 4 1 Y 1 A 4 Y
0 10 20 30 40 50

Time after starting UV-irradiation / s

Figure 3



1 i i Colored solution

s Bottom of vessel
| .

@@B=0 (b)B=B

Figure 4




<<
  /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


