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Abstract Gallium complexes of L-glutamine have been

studied polarographically in aqueous media. The reduction

was found to be irreversible and diffusion controlled in the

presence of 0.1 M KNO3 and 0.002% Triton-x-100. The

values of kinetic parameters, transfer coefficient (an), and

formal rate constant (k0
f;h) of the electrode reactions were

calculated by Koutecky’s method. The stability constants

and composition of the gallium(III)-L-glutamine complexes

were evaluated with the help of the Deford-Hume method.

The values of stability constants of 1:1, 1:2, and 1:3 gal-

lium(III)-L-glutamine complexes are 1.35, 6.5, and 1,350 at

30 �C, respectively. The values of thermodynamic param-

eters, the free energy of activation, the enthalpy of

activation, and the entropy of activation have been deter-

mined at 30 �C. The formation of the metal complexes has

been found to be non-spontaneous, endothermic in nature,

and entropically favorable at higher temperature.

Keywords Amino acids �Metal complexes � Reductions �
Polarographic � Irreversible � Kinetic Parameters

Introduction

Amino acids are well known for their tendency to form

complexes with metals, have great significance in

biological and pharmaceutical fields, and are directly

involved in all the metabolic, enzymatic reactions. The

complexes of amino acids with metals are used in cancer

therapy, pharmacy, and industry [1, 2]. L-Amino acids are

biologically active, with considerable interest focused on

their metal complexes [3]. They have good chelating

ability with metal ions and play an important role in

biology and pharmacy, and as laboratory reagents [4].

Glutamine is the most abundant amino acid in the

bloodstream, primarily contributing to wound healing

[5–8], protection against inflammatory bowel disease

[9–13], reducing weight also in HIV/AIDS patients

[14, 15], and used in therapeutic treatment [16] for cancer

patients [17–21] and also for obesity [22]. Glutamine,

usually in the form of L-glutamine, is available as an

individual supplement or as part of a protein supplement.

Glutamine is one of the most abundant amino acids and

participates in a variety of physiological functions, namely

as a major fuel source for enterocytes, as a substrate for

neoglucogenesis in kidney, lymphocytes, and monocytes,

and as a nutrient/substrate in muscle protein metabolism in

response to infection, inflammation, and muscle trauma

[23]. Glutamine may help protect against some of the side

effects of cancer chemotherapy and radiotherapy. Gluta-

mine Schiff base copper complexes have potential use in

cancer treatment and prevention [24].

Over the past 2 to 3 decades, gallium compounds have

gained importance in the fields of medicine and electronics.

In clinical medicine, radioactive gallium and stable gallium

nitrate are used as diagnostic and therapeutic agents in

cancer and disorders of calcium and bone metabolism.

Some workers [25] studied the medical applications and

toxicities of gallium compounds. Gallium compounds,

whether used medically or in the electronics field, have

toxicities. They are involved in problems related to
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environmental pollution (Ga compounds are used in the

electronics industry) and to clinical treatments (Ga radio-

nuclides are employed to detect neoplastic lesions).

Moreover, since its chemical behavior is similar to that

of aluminum, gallium could play a role in the health

effects attributed to this element. Biologically, gallium is

able to interrupt iron metabolism. Exposure to gallium

has been shown to affect the human immune system

[26]. The trivalent gallium cation is capable of inhibiting

tumor growth, mainly because of its resemblance to the

ferric ion [27]. Gallium(III) complexes acting as potent

proteasome inhibitors [28] have a great potential to be

developed into novel anticancer drugs. Gallium com-

plexes can inhibit the tumor cellular proteasome and

induce apoptosis [29].

Recently, interest in the use of metallic compounds for

cancer treatment has been increasing since the discovery of

cisplatin as an anticancer drug [26]. Clinical studies sug-

gest the use of proteasome inhibitors as potential novel

anticancer agents, and gallium toxicity can be reduced by

complex formation.

The reduction of Ga(III) at the dropping mercury

electrode (DME) in various complexing and non-com-

plexing media [30–41] has been found. Voltametric

[42–45], potentiometric [46–50], and spectrophotometric

[51–65] studies on the complexes of gallium(III) have

been reported. In this paper, electrochemical studies on

the Ga(III)-glutamine system were carried out in order to

investigate the formation of the complexes in aqueous

solution. Several electrochemical methods have been

employed to determine the stability constants of equilibria

involving a metallic ion and ligands, but one of the most

widely used is based on polarographic determinations

when irreversibility conditions are attained. Our earlier

investigations [66–70] on the complexation process in

aqueous-nonaqueous mixtures furnished significant polar-

ographic data pertaining to the stability and composition

of the complex species. In sequence to these studies, the

gallium-glutamine system was further investigated using

aqueous media.

Results and discussion

Reduction

Ga(III) in L-glutamine ([Ga(III)] = 0.001 M, l = 0.1 M

KNO3) was initially investigated at pH 3.5 at 30 �C. The

metal ion was observed to give a well-defined, diffusion-

controlled wave in all solutions. The conventional log plots

were linear, but the resulting slopes were not found to be in

agreement with the theoretical values, thus indicating the

irreversible nature of the electrode reaction.

Effect of concentration of the ligand

It is seen from Fig. 1 that the gallium-L-glutamine reduc-

tion wave, however, remained irreversible, and diffusion

was controlled in all concentrations of the ligand

(0.01–0.03 M) corresponding to 0.001 M Ga(III) in the

presence of 0.1 M KNO3 as supporting and 0.002% Triton-

x-100 as maximum suppressor at pH 3.5. The wave nature

did not change at higher temperatures of 40 �C as well. The

number of electrons (n) involved in the electro-reduction

was determined by the millicoulometric method [71] and

was found to be 3 for Ga(III). Knowing the value of n, the

diffusion coefficient (D1/2) of the depolarizer was calcu-

lated by the Ilkovic equation (1) at different concentrations

of L-glutamine.

id ¼ 607nCD1=2m2=3t1=6 ð1Þ

The current at the end of the drop life was recorded

instead of the average current, because the determination of

kinetic parameters is based on Koutecky’s method [72],

which is more accurately reproduced by measuring the

maximum current [74]. The various criteria [74–77] of

irreversibility indicate that the electrode reaction of Ga(III)

is irreversible.

The plots of id versus h
1=2
eff were found to be linear and

passing through the origin, thereby indicating the diffusion-

controlled nature of the reduction.

Fig. 1 Polarograms of the [Ga(III)]-glutamine system at 30 �C
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Kinetic parameters

Koutecky’s treatment [72] of irreversible waves as exten-

ded by Meites and Israel [73] was applied for determining

the kinetic parameters, viz. transfer coefficient (an) and

formal rate constant (k0
f;h), for the electrode reaction by

using Eqs. (2) and (3):

Ed:e: ¼ E1=2

0:0542

an

log
id

id � i
ð2Þ

where

E1=2 ¼ �0:2412þ 0:05915

an

log
1:349k�f;ht1=2

D1=2
ð3Þ

The kinetic parameters have been thus calculated by

employing Eqs. (2) and (3).The value of an was determined

by equating the slope of plots -E1/2 versus log i/id-i to

0.0542/an, and the intercept (E1/2) was used to calculate k0
f;h

at different concentrations of ligand, after getting the

values of D1/2 from the Ilkovic equation. The effect of

increasing concentration of ligand (0.01–0.03) on

polarographic characteristics, viz. id, E1/2 and D1/2, and

kinetic parameters at 30 �C and 40 �C are summarized in

Table 1.

From the perusal of the result, E1/2 values shifted to

more negative potentials revealing complex formation. A

perusal of the values of an reveals that an decreases with

increasing concentration of L-glutamine, which implies

[78] that the transfer of electrons is made increasingly

difficult. In other words, the electrode reaction of Ga(III) is

rendered increasingly irreversible with an increase in L-

glutamine concentration. Decreasing value of k0
f;h also

indicate [79] the increased irreversibility of the electrode

reaction of Ga(III) with increasing concentrations of L-

glutamine.

The reduction of Ga(III) in L-glutamine was found

irreversible. The values of the overall formation constant Bj

were calculated by the graphical extrapolation method

[80].The experimentally determined values calculated for

Ga(III)-L-glutamine are recorded at 303 and 313 K. The

overall formation constants were obtained by extrapolation

of Fj[(X)] functions to the zero ligand concentration. The

values of stability constants of Ga(III)-L-glutamine at

303 K are b1 = 1.35, b2 = 6.5, and b3 = 1,350, and at

313 K are b1 = 0.95, b2 = 5, and b3 = 1,220.

Thermodynamic functions

The enthalpy of activation (DH�) for the electrode reaction

has been calculated by equating the slope of plot log k0
f;h

versus 1/T to -DH�/2.303R and found to be 24.87 kJ/mol

at 30 �C.

The free energy of activation (DG�) could be determined

from Eq. (4).

k�f;h ¼
kT

h
uexp

DG�

RT

� �
ð4Þ

where k = Boltzmann’s constant, h = Planck’s constant,

and u = 2.0 9 10-8 cm. The value of DG� at 30 �C was

found to be 23.86 kJ/mol.

Table 1 Polarographic data

for Ga(III)-L-glutamine

([Ga(III)] = 0.001 M,

a = 0.1 M KCl, pH 3.5)

(a) At 30 �C; (b) at 40 �C

Conc. of

ligand (M)

Intercept

-E1/2 (V)

D1/2

[(cm/s)1/2]

id (lA) an Log kf,h
0 k0

f;h (cm/s)

0.000

(a) 1.050 5.15 0.264

(b) 1.00 5.2 0.271

0.01

(a) 1.080 0.097 4.8 0.190 -4.06 8.70 9 10-5

(b) 1.020 0.103 5.05 0.195 -3.91 1.23 9 10-4

0.015

(a) 1.090 0.058 4.3 0.168 -4.00 1.00 9 10-4

(b) 1.0388 0.065 4.85 0.170 -3.83 1.47 9 10-4

0.02

(a) 1.110 0.043 4.3 0.144 -3.84 1.44 9 10-4

(b) 1.0465 0.043 4.25 0.150 -3.76 1.73 9 10-4

0.025

(a) 1.120 0.032 3.95 0.120 -3.67 2.13 9 10-4

(b) 1.0640 0.033 4.15 0.135 -3.71 1.94 9 10-4

0.03

(a) 1.150 0.026 3.9 0.110 -3.63 2.34 9 10-4

(b) 1.800 0.027 4.0 0.125 -3.70 1.99 9 10-4
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The entropy of activation of (DS�) at 30 �C calculated

from Eq. (5) was found to be 3.31 J/mol K.

DS� ¼ DH� � DG�

T
ð5Þ

Conclusions

In this article, the interaction of Ga(III) and L-glutamine at

pH 3.5 was investigated using a polarographic method. The

results indicated that current voltage curves were irre-

versible and diffusion controlled in 0.1 M KNO3 at pH 3.5

at 30 and 40 �C. The values of kinetic parameters, transfer

coefficient (an), and formal rate constant (k0
f;h) of the

electrode reactions have been calculated by Koutecky’s

method. The positive free energy change (DG�) indicates

that the reduction is endergonic, the positive values of DH�
indicated the endothermic nature of the metal-ligand

interaction, and the change in entropy (DS�) value indicates

that the system has become more disordered.

Experimental

Reagents

All chemicals used were of analytical grade, and the stock

solutions were prepared in double-distilled water. Potas-

sium nitrate (0.1 M) was used as the supporting electrolyte

and Triton-x-100 (0.002%) as maximum suppressor. The

concentration of metal ion in test solutions was 1.0 mM.

The pH of the test solution was adjusted to 3.5 using dilute

HCl or NaOH solutions. The concentration of the ligand

was varied from 0.01 to 0.03 mol/dm3.

Apparatus

An Elico digital polarograph (CL-357) was used for

obtaining the current voltage curves. The polarograph

contained a counter electrode, slandered calomel electrode,

and DME. Deoxygenation of solutions was done by bub-

bling purified nitrogen for 15 min. The potentials were

measured against a saturated calomel electrode (SCE). An

U7c-type German thermostat having an accuracy of

±0.1 �C was employed to maintain a constant temperature

throughout all the experiment work. The pH measurements

were carried out by a Toshnial CL 54 pH meter (accuracy

±0.01 pH). The instrument was calibrated using slandered

buffers of different pH values before and after each series

of measurements. The capillary had the following charac-

teristics: m = 4.66 mg/s, t = 3.0 s, and m2/3t1/6 = 3.350 at

hHg = 100 cm.

Acknowledgments We thank the Director of MNIT for providing

research facilities.

References

1. Ranju KS, Mainer S (1978) Bioinorg Chem 9:187

2. Underwood EJ (1991) Trace Elements in Human and Animal

Nutrition. Academic Press, London

3. Weinstein B (1994) Chemistry and Biochemistry of Amino

Acids, Peptides, and Proteins, chap 3, vol 16. Marcel Dekker,

New York

4. Ottaway JH, Apps DK (1984) Biochemistry, 4th ed edn.

W. B Saunders Company, London

5. Berger M, Spertini F, Shenkin A (1998) Am J Clin Nutr 68:365

6. De-Souza DA, Greene LJ (1998) J Nutr 128:797

7. Meyer NA, Muller MJ, Herndon DN (1994) New Horiz 2:202

8. Akobeng AK, Miller V, Stanton J, Elbadri AM, Thomas AG

(2000) J Pediatr Gastroenterol Nutr 30:78

9. DenHond E, Hiele M, Peeters M, Ghoos Y, Rutgeerts P, Parenter

J (1999) Enteral Nutr 23:7

10. Dieleman LA, Heizer WD (1998) Gastroenterol Clin North Am

27:435

11. Duffy MM, Regan C, Ravichandran P (1998) Dis Colon Rectum

41:399

12. Fujita T, Sakurai K (1995) Br J Surg 82:749

13. Reeds PJ, Burrin DG (2001) J Nutr 131:2505S

14. Noyer CM, Simon D, Borczuk A, Brandt LJ, Lee MJ, Nehra V

(1998) Am J Gastroenterol 93:972

15. Shabert JK, Winslow C, Lacey JM, Wilmore DW (1999) Nutri-

tion 11:860

16. Miller AL (1999) Altern Med Rev 4:239

17. Bozzetti F, Biganzoli L, Gavazzi C (1997) Nutrition 13:748

18. Decker GM (2002) Clin J Oncol Nurs 6:112

19. Decker-Baumann C, Buhl K (1999) Eur J Cancer 35:202

20. Medina MA (2001) J Nutr 131:2539S

21. Ziegler TR (2001) J Nutr 131:2578S

22. Opara EC, Petro A, Tevrizian A (1996) J Nutr 126:273

23. Kulkarni C, Kulkarni KS, Hamsa BR (2005) Indian J Pharmacol

37:148

24. Xiao Y, Bi C, Fan Y, Cui C, Zhang X, Ping DQ (2008) Int J

Oncol 33:1073

25. Chitambar CR (2010) Int J Environ Res Public Health 7:2337

26. Chen D, Frezza M, Shakya R, Cui QC, Milacic V, Verani CN,

Dou QP (2007) Cancer Res 67:9258

27. Abrams MJ, Murrer BA (1993) Science 261:725

28. Chang KL, Liao WT, Yu CL, Lan CCE, Chang LW, Yu HS

(2003) Toxicol Appl Pharmacol 193:209

29. Jakupec MA, Keppler BK (2004) Ingenta connect 4:1575

30. Dubey MC, Goel HC, Singh MJ (1979) Indian J Chem 18A:178

31. Dubey MC, Chandra K, Singh M (1981) J Indian Chem Soc

58:382

32. Dubey MC, Shakya SS, Singh M (1981) J Indian Chem Soc

58:1105

33. Dubey MC, Singh M (1982) J Indian Chem Soc 59:706

34. Sindhu RS, Pandeya KB, Singh RP (1986) J Indian Chem Soc

63:928

35. Bala I, Singh M (1982) J Indian Chem Soc 63:436

36. Kumar A, Joshi A (1990) J Electrochem Soc India 37:175

37. Kammori O, Kawase H, Inamoto I (1965) Bunseki Kagaku

14:1030

38. Lanza P, Zappoli S (1986) Anal Chim Acta 185:219

39. Almagro V, Pena MJ, Sancho J (1976) Electrochim Acta 21:175

40. Cofre P, East G, Aguirre C (1992) Talanta 39:621

484 V. Sharma, K. D. Gupta

123



41. Ramkrishana RS, Thuraisingham R (1973) J Inorg Nucl Chem

35:2805

42. Cofre P, East G (1993) Talanta 40:1273

43. Cofre P, Brinck K (1992) Talanta 39:127

44. Wang J, Zadeii JM (1986) Anal Chim Acta 185:229

45. Himeno S, Kitazumi I, Sano K (1999) Anal Sci 15:35

46. Bianco P, Haladjian J, Pilard R (1977) Anal Chim Acta 93:255

47. Zekany I, Toth L, Brucher E (1984) Polyhedron 3:871

48. Anderegg G, Kholeif S, Chena B (1998) Anal Chim Acta 367:261

49. Jarjayes O, Mortini F, Moulinet d’Hardemare A, Philouze C,

Serratrice G (2005) Eur J Inorg Chem 21:4417

50. Ashley K, Stephens W, Orvig C (1998) Inorg Chim Acta 273:47

51. Onishi H (1955) Anal Chem 27:832

52. Onishi H, Sandell EB (1955) Anal Chim Acta 13:159

53. Nishimura K, Imai T (1964) Bunseki Kagaku 13:518

54. Hagiwara K, Nakase M, Osumi Y, Ishit E, Miyake Y (1961)

Bunseki Kagaku 10:1379

55. Suzuki T (1963) Bunseki Kagaku 12:655

56. Vasilikiotis GS, Kouimtzis TA, Vasiliades VC (1975) Micro-

chem J 20:173

57. Singh VK, Agnihotri NK, Singh HB, Sharma RL (2001) Talanta

55:799

58. Sakuraba S (1990) Talanta 37:637

59. Kirby JR, Milburn RM, Saylor JH (1962) Anal Chim Acta 26:458

60. Uesugi K, Shigematsu T (1977) Talanta 24:391

61. Hasegawa Y, Inagake T, Karasawa Y, Fujita A (1983) Talanta

30:721

62. Doicheva R, Poova S, Mitropolitska E (1966) Talanta 13:1345

63. Saylor JH, Ledbetter JW (1964) Anal Chim Acta 30:427

64. Barragan de la Rosa FJ, Escobar Godoy R, Gomez Ariza JL

(1988) Talanta 35:343

65. Motojima K, Hashitani H (1960) Bunseki Kagaku 9:151

66. Sharma V, Gupta KD (2003) J Electrochem Soc India 52:20

67. Sharma V, Gupta KD (2004) Ultra Sci Phys Sci 16:139

68. Sharma V, Gupta KD (2004) Asian J Chem 16:1398

69. Sharma V, Gupta KD (2009) Asian J Chem 21:1398

70. Sharma V, Gupta KD (2010) Collect Czech Chem Commun

75:653

71. DeVries T, Kroon J (1953) J Am Chem Soc 75:2484

72. Koutecky J (1953) Collect Czech Chem Commun 18:597

73. Meites L (1955) Polarographic Techniques. Interscience, New

York

74. Goto R, Tachi I (1951) Proc Intern Polarogr Congr 1:69

75. Delhay P (1951) J Am Chem Soc 73:4944

76. Delhay P, Strasser JE (1951) J Am Chem Soc 73:5219

77. Kivalo P, Oldham KB, Laitinen HA (1953) J Am Chem Soc

75:4148

78. Migal PK (1962) Russ J Chem 7:675

79. Delhay P (1954) New instrumental methods in electrochemistry.

Interscience, New York

80. Gomez-Nieto MA, Cruz Soto JL, Luque de Castro MD, Valcarcel

M (1984) Talanta 31:379

Electrochemical study of gallium(III) 485

123


	Electrochemical study of gallium(III) with l-glutamine at the dropping mercury electrode
	Abstract
	Introduction
	Results and discussion
	Reduction
	Effect of concentration of the ligand
	Kinetic parameters
	Thermodynamic functions

	Conclusions
	Experimental
	Reagents
	Apparatus

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


