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ABSTRACT 
A catalyst comprising a chemical or physical process with an 
enthalpy change equal to an integer multiple m of the potential 
energy of atomic hydrogen, 27.2 eV, resonantly accepts this quantum 
of energy for atomic hydrogen via radiationless dipole-dipole 
coupling.  Characteristic high-energy continuum radiation was 
observed from the transition.  The product is H(1/p), fractional 
Rydberg states of atomic hydrogen called "hydrino atoms" wherein 
n=1/2,1/3,1/4,…,1/p (p≤137 is an integer) replaces the well-known 
parameter n=integer in the Rydberg equation for hydrogen excited 
states.  The energy balance for representative power and regeneration 
reactions of hydrino catalyst systems involving exchange reactions 
were tested wherein K and NaH served as catalysts since they form 
K3+ and Na2+ ions by absorbing 3 · 27.2 eV and 2 · 27.2 eV 
respectively.  Typical parameters measured by absolute water-flow 
calorimetry were 2–5 times energy gain relative to regeneration 
chemistry, 7 Wcm-3

,
 and 300–400 kJ/mole oxidant.  The predicted 

molecular hydrino and hydrino hydride products H2(1/4) and H-(1/4) 
corresponding to 50 MJ/mole H2 consumed were confirmed by the 
solution 1H NMR peak at 1.2 ppm and XPS peak at 11 eV, 
respectively.   
 
Introduction 

Classical physics (CP) gives closed-form solutions of the 
hydrogen atom, the hydride ion, the hydrogen molecular ion, and the 
hydrogen molecule and predicts corresponding species having 
fractional principal quantum numbers [1, 2 and references therein].  
The nonradiative state of atomic hydrogen, which is historically 
called the "ground state" forms the basis of the boundary condition of 
CP to solve the bound electron.  CP predicts a reaction involving a 
resonant, nonradiative energy transfer from otherwise stable atomic 
hydrogen to a catalyst capable of accepting the energy to form 
hydrogen in lower-energy states than previously thought possible.  
Specifically, CP predicts that atomic hydrogen may undergo a 
catalytic reaction with certain atoms, excimers, ions, and diatomic 
hydrides which provide a reaction with a net enthalpy of an integer 
multiple of the potential energy of atomic hydrogen, Eh=27.2 eV 
where Eh  is one Hartree.  Specific species (e.g. He+, Ar+, Sr+, K, Li, 
HCl, and NaH) identifiable on the basis of their known electron 
energy levels are required to be present with atomic hydrogen to 
catalyze the process.  The reaction involves a nonradiative energy 
transfer of an integer multiple of 27.2 eV from atomic hydrogen to 
the catalyst followed by q · 13.6 eV continuum emission or q · 13.6 
eV transfer to another H to form extraordinarily hot, excited-state H 
and a hydrogen atom that is lower in energy than unreacted atomic 
hydrogen that corresponds to a fractional principal quantum number.  
That is, in the formula for the principal energy levels of the hydrogen 
atom: 
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where aH is the Bohr radius for the hydrogen atom (52.947 pm), e is 
the magnitude of the charge of the electron, and 

o
ε  is the vacuum 

permittivity, fractional quantum numbers: 
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replace the well known parameter n=integer in the Rydberg equation 
for hydrogen excited states.  Then, a hydrino atom also comprises an 
electron, a proton, and a photon.  However, the electric field of the 
latter increases the binding corresponding to desorption of energy 
rather than decreasing the central field with the absorption of energy 
as in an excited state, and the resultant photon-electron interaction of 
the hydrino is stable rather than radiative.  The Maxwellian solutions 
to both excited and hydrino states are given in Ref. [1]. 

The n=1 state of hydrogen and the n=1/integer states of 
hydrogen are nonradiative, but a transition between two nonradiative 
states, say n=1 to n=1/2, is possible via a nonradiative energy 
transfer.  Hydrogen is a special case of the stable states given by Eqs. 
(1) and (3) wherein the corresponding radius of the hydrogen or 
hydrino atom is given by 

 H
a

r
p

= , (4) 

where p=1,2,3… .  In order to conserve energy, energy must be 
transferred from the hydrogen atom to the catalyst in units of  
 27.2 eVm ⋅ , 1, 2, 3, 4, ....m =  (5) 

and the radius transitions to H
a

m p+
. The catalyst reactions involve 

two steps of energy release [1–4]: a nonradiative energy transfer to 
the catalyst followed by additional energy release as the radius 
decreases to the corresponding stable final state.  Thus, the general 
reaction is given by 
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And, the overall reaction is 
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q, r, m, and p are integers.  
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 has the radius of the 

hydrogen atom (corresponding to the 1 in the denominator) and a 
central field equivalent to (m = p) times that of a proton, and 
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 is the corresponding stable state with the radius of 
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 that of H.  As the electron undergoes radial acceleration 



Prepr. Pap.-Am. Chem. Soc., Div. Fuel Chem. 2010, 55 (2),  xxxx 

from the radius of the hydrogen atom to a radius of 
( )

1

m p+
 this 

distance, energy is released as characteristic light emission or as 
third-body kinetic energy.  The emission may be in the form of an 
extreme-ultraviolet continuum radiation having an edge at 

2 2[( ) 2 ] 13.6 eVp m p m+ − − ⋅  or 
2 2

91.2
nm

[( ) 2 ]p m p m+ − −
 and 

extending to longer wavelengths.  In addition to radiation, a resonant 
kinetic energy transfer to form fast H may occur.  Subsequent 
excitation of these fast H(n=1) atoms by collisions with the 
background  followed by emission of the corresponding H(n=3) fast 
atoms gives rise to broadened Balmer α emission.  Extraordinary 
(>100 eV) Balmer α line broadening is observed consistent with 
predictions [3]. 

As given in Chp. 5 of Ref [1], and Refs. [3–7], hydrogen atoms 
( )H 1 /   1, 2, 3, ...137p p =  can undergo further transitions to lower-

energy states given by Eqs. (1) and (3) wherein the transition of one 
atom is catalyzed by a second that resonantly and nonradiatively 
accepts m · 27.2 eV with a concomitant opposite change in its 
potential energy.  The overall general equation for the transition of 
( )H 1 / p  to ( )( )H 1 / p m+  induced by a resonance transfer of 

m · 27.2 eV  to ( )H 1 / 'p  is represented by 
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Hydrogen atoms may serve as a catalyst wherein m=1, m=2, and m=3 
for one, two, and three atoms, respectively, acting as a catalyst for 
another.  The rate for the two-atom-catalyst, 2H, may be high when 
extraordinarily fast H as reported previously [3] collides with a 
molecule to form the 2H wherein two atoms resonantly and 
nonradiatively accept 54.4 eV from a third hydrogen atom of the 
collision partners.  By the same mechanism, the collision of two hot 
H2 provide 3H to serve as a catalyst of 3 · 27.2 eV for the fourth.  
The EUV continua at 22.8 nm and 10.1 nm (Figure 1), extraordinary 
(>50 eV) Balmer α line broadening, highly excited H states, and the 
product gas H2(1/4) were observed as predicted [3,5–7].  

Thus, a catalyst provides a net positive enthalpy of reaction of 
m · 27.2 eV (i.e. it resonantly accepts the nonradiative energy transfer 
from hydrogen atoms and releases the energy to the surroundings to 
affect electronic transitions to fractional quantum energy levels).  K 
can serve as a catalyst since the ionization of K to K3+ is about 81.6 
eV (3 · 27.2 eV).  As a consequence of the nonradiative energy 
transfer, the hydrogen atom becomes unstable and emits further 
energy until it achieves a lower-energy nonradiative state having a 
principal energy level given by Eqs. (1) and (3).  Thus, the catalysis 
releases energy from the hydrogen atom with a commensurate 
decrease in size of the hydrogen atom, rn=naH where n is given by 
Eq. (3).  For example, the catalysis of H(n=1) to H(n=1/4) releases 
204 eV, and the hydrogen radius decreases from aH to 1/4aH.  The 
corresponding molecular hydrino H2(1/4) and hydrino hydride ion H

-

(1/4) are preferred final products [3–7] consistent with observation. 

 
Figure 1.  Emission spectra (3-46 nm) of electron-beam-initiated, 
high-voltage pulsed discharges in hydrogen (solid) and helium 
(dashed) with W electrodes recorded by the EUV grazing incidence 
spectrometer showing two continuum bands.  The predicted continua 
from the transitions [ ] [ ]

H H
/ 3 / 3H * H 54.4 eVa a→ +  and 

[ ] [ ]
H H

/ 4 / 4H * H 122.4 eVa a→ +  were observed with short 
wavelength cutoffs at 22.8 nm and 10.1 nm, respectively, for 
hydrogen only. 
 

The catalyst product, H(1/p), may also react with an electron to 
form a hydrino hydride ion H

-
(1/p), or two H(1/p) may react to form 

the corresponding molecular hydrino H2(1/p).  Specifically, the 
catalyst product, H(1/p), may also react with an electron to form a 
novel hydride ion H

-
(1/p) with a binding energy BE  [1–7]: 
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where p=integer >1, s=1/2,  is Planck's constant bar, μ0 is the 
permeability of vacuum, me is the mass of the electron, μe is the 

reduced electron mass given by 
3/
4

e p

e
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m m
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μ =

+
⎛ ⎞
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⎝ ⎠

 where mp  

is the mass of the proton, a0 is the Bohr radius, and the ionic radius is 

( )( )0

1
1 1

a
r s s

p
= + + .  From Eq. (11), the calculated ionization 

energy of the hydride ion is 0.75418 eV, and the experimental value 

is 16082.99 0.15 cm−±  (0.75418 eV). 
Upfield-shifted NMR peaks are direct evidence of the existence 

of lower-energy state hydrogen with a reduced radius relative to 
ordinary hydride ion and having an increase in diamagnetic shielding 
of the proton.  The shift is given by the sum of that of an ordinary 
hydride ion H

-
 and a component due to the lower -energy state [1]: 
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where for H
-
 p=0 and p=integer >1 for H

-
(1/p) and α is the fine 

structure constant.   
H(1/p) may react with a proton and two H(1/p) may react to 

form H2(1/p)+ and H2(1/p), respectively.  The hydrogen molecular 
ion and molecular charge and current density functions, bond 
distances, and energies were solved previously [1] from the 
Laplacian in ellipsoidal coordinates with the constraint of 
nonradiation.  
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The total energy ET of the hydrogen molecular ion having a central 
field of +pe at each focus of the prolate spheroid molecular orbital is 
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where p is an integer, c is the speed of light in vacuum, and μ is the 
reduced nuclear mass [1, 7].  The total energy of the hydrogen 
molecule having a central field of +pe at each focus of the prolate 
spheroid molecular orbital is 

2

0

2

3

0

2
2

2 2

3 3

0

0

2 3

2 2 1
2 2 2 ln 2

8 2 2 1

4
2

1

1
18

28
1

2

    31.351 0.3264

o

o

e

T
e

o

o

e

a

e

a

m
pp m c

pe pe

a
a

p

p

p eV p

E

πε

πε

πε

πε

μ

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟⎝ ⎠

⎜ ⎟
⎜ ⎟
⎝ ⎠

+
− + −

−

× += −

−

+

−

= − −

⎧ ⎡⎛ ⎞ ⎤⎫
⎜ ⎟⎪ ⎢ ⎥⎪
⎣⎝ ⎠ ⎦⎪ ⎪

⎪ ⎪⎡ ⎤
⎪ ⎪⎢ ⎥
⎪ ⎪⎢ ⎥
⎪ ⎪⎢ ⎥
⎪ ⎪⎢ ⎥
⎨ ⎬⎢ ⎥⎣ ⎦⎪ ⎪
⎪ ⎪
⎪ ⎪

⎛ ⎞⎪ ⎪⎜ ⎟⎪ ⎪⎝ ⎠
⎪ ⎪
⎪ ⎪
⎩ ⎭

69 eV

 (15) 

The bond dissociation energy, ED, of the hydrogen molecule 
H2(1/p) is the difference between the total energy of the 
corresponding hydrogen atoms and ET 
 ( )(2 1 / )

D T
E E H p E= −  (16) 

where 

 ( ) 2(2H 1 / ) 27.20 eVE p p= −  (17) 
ED is given by Eqs. (16-17) and (15): 
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The calculated and experimental parameters of H2, D2, 2
H + , and 2D+  

match [1]. 
The NMR of catalysis-product gas provides a definitive test of 

the theoretically predicted chemical shift of H2(1/4).  In general, the 
1H NMR resonance of H2(1/p) is predicted to be upfield from that of 
H2 due to the fractional radius in elliptic coordinates [1] wherein the 
electrons are significantly closer to the nuclei.  The predicted shift, 
ΔBT/B, for H2(1/p) derived previously [1] is given by the sum of that 
of H2 and a term that depends on p=integer >1  for H2(1/p): 
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where for H2 p=0.  The experimental absolute H2 gas-phase 
resonance shift of -28.0 ppm [1, 3–7] is in excellent agreement with 
the predicted absolute gas-phase shift of -28.01 ppm (Eq. (20)).   

The vibrational energies, Evib, for the υ=0 to υ=1 transition of 
hydrogen-type molecules H2(1/p) are [1] 

 2 0.515902 eV
vib

E p=  (21) 
where p is an integer. 

The rotational energies, Erot, for the J to J+1 transition of 
hydrogen-type molecules H2(1/p) are [1] 
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where p is an integer, I is the moment of inertia. 
The p2 dependence of the rotational energies results from an 

inverse p dependence of the internuclear distance and the 
corresponding impact on the moment of inertia I.  The predicted 
internuclear distance 2 'c  for H2(1/p) is 
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The data from a broad spectrum of investigational techniques 
strongly and consistently indicates that hydrogen can exist in lower-
energy states than previously thought possible and support the 
existence of these states called hydrino, for “small hydrogen”, and 
the corresponding hydride ions and molecular hydrino.  Some of 
these prior related studies supporting the possibility of a novel 
reaction of atomic hydrogen, which produces hydrogen in fractional 
quantum states that are at lower energies than the traditional 
"ground" (n=1) state, include extreme ultraviolet (EUV) 
spectroscopy, characteristic emission from catalysts and the hydride 
ion products, lower-energy hydrogen emission, chemically-formed 
plasmas, Balmer α line broadening, population inversion of H lines, 
elevated electron temperature, anomalous plasma afterglow duration, 
power generation, and analysis of novel chemical compounds [3–7 
and references therein].   

 
Results and Discussion 

The energy balance for representative power and regeneration 
reactions of four classes of hydrino catalyst systems were tested [5].  
Significant excess power and high thermal regeneration kinetics and 
high yield were obtained on multiple chemical systems.  Each system 
comprised a thermally-reversible reaction mixture of a catalyst or 
source of catalyst and a source of hydrogen (KH or NaH), a high-
surface-area conductive support (TiC, TiCN, Ti3SiC2, WC, YC2, 
Pd/C, carbon black (CB), and LiCl reduced to Li), and a reductant 
(Mg, Ca, or Li).  Additionally, two systems comprised an alkaline 
earth or alkali halide oxidant, or the carbon support comprised the 
oxidant.  The reactions to propagate hydrino formation were (i) (a) an 
oxidation-reduction reaction involving hydride-halide exchange 
between NaH or KH and an alkaline earth halide or alkali halide, or 
(b) carbon served as the oxidant during the reaction with KH to form 
the intercalation compound KHCx, (ii) a hydride exchange reaction 
between NaH or KH and Mg or Li, and (iii) a dispersion reaction of 
NaH on a support.  Typical parameters measured by absolute water-
flow calorimetry were 2-5 times energy gain relative to regeneration 
chemistry, 7 Wcm-3, and 300-400 kJ/mole oxidant.  The predicted 
molecular hydrino and hydrino hydride products H2(1/4) and H

-
(1/4) 

corresponding to 50 MJ/mole H2 consumed were confirmed by the 
solution 1H NMR peak at 1.2 ppm (Eq. (20)) and XPS peak at 11 eV 
(Eq. (11)), respectively.  Product regeneration in the temperature 
range of 550-750°C showed that the cell operation temperature was 
sufficient to maintain the regeneration temperature of cells in the 
corresponding phase of the power-regeneration cycle wherein the 
forward and reverse reaction times were comparable.  

In general, these reactions demonstrate that hydrinos may be 
formed using a thermally reversible reaction of a catalyst or source of 
catalyst, a source of hydrogen, and at least one other reactant to form 
predictable products based on the corresponding maximum heat 
release Emt calculable from the known enthalpies of the reactants and 
products.  Additionally, significant energy excess Eex is due to the 
formation of hydrinos with 50 MJ/mole of H2 converted.  For the 
power and regeneration cycle, the energy balance is zero except for 

thermal losses, the energy to replace the H converted to hydrino, and 
the excess due to the hydrino contribution.  The former two are small 
<5% of Emt and ~2% of Eex considering electrolysis of water 
( ( )

2
H O

285 kJ/moleHΔ = ) using electricity generated thermally with 

a 30% energy conversion factor; whereas, Eex was observed to be 
more than 100% of Emt.  The results indicate that continuous 
generation of power liberated by forming hydrinos is commercially 
feasible using simplistic and efficient systems [8, 9] that concurrently 
maintain regeneration as part of the thermal energy balance.  The 
system is closed except that only hydrogen consumed in forming 
hydrinos need be replaced.  Hydrogen to form hydrinos can be 
obtained ultimately from the electrolysis of water with 200 times the 
energy release relative to combustion.  
 
References 
1. R. Mills, The Grand Unified Theory of Classical Physics; June 

2008 Edition, posted at http://www.blacklightpower.com/theory/ 
bookdownload.shtml.  

2. R. L. Mills, B. Holverstott, B. Good, N. Hogle, A. Makwana, 
Phys. Essays 23, 2010, 153; doi: 10.4006/1.3310832. 

3. R. L. Mills, Y. Lu, K. Akhar, Cent. Eur. J. Phys., 2009, doi: 
10.2478/s11534-009-0106-9. 

4. R. L. Mills and Y. Lu, “H(1/3) and H(1/4) Hydrino Continuum 
Transitions with Cutoffs at 22.8 nm and 10.1 nm”, 
http://www.blacklightpower.com/papers/Continuum021710S.pdf, 
submitted. 

5. R. L. Mills, G. Zhao, K. Akhtar, Z. Chang, J. He, X. Hu, G. Wu, J. 
Lotoski, G. Chu, “Thermally Reversible Hydrino Catalyst Systems 
as a New Power Source”, submitted. 

6. R.L. Mills, K. Akhtar, G. Zhao, Z. Chang, J. He, X. Hu, G. Chu, 
Int. J. Hydrogen Energy, 35, 2010, 395-419, doi: 
10.1016/j.ijhydene.2009.10.038.  

7. R. L. Mills, G. Zhao, K. Akhtar, Z. Chang, J. He, Y. Lu, W. Good, 
G. Chu, B. Dhandapani, Int. J. Hydrogen Energy, 34, 2009, 573-
614. 

8. R. Mills, G. Zhao, W. Good, M. Nansteel, “BlackLight Power 
Multi-Cell Thermally Coupled Reactor”, 
http://www.blacklightpower.com/pdf/ThermallyCoupled.pdf. 

9. R. Mills, G. Zhao, W. Good, M. Nansteel, “BlackLight Power 
Continuous Thermal Power System”,  
http://www.blacklightpower.com/pdf/ContinuousThermal.pdf.  



<<
  /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


