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Abstract

Catalytic activity of the complex [Co(Acac)]" is similar to the catalytic activity of the enzyme. Catalytic complex
[Co(Acac)]” acts as a mediator for electron transport between catalyst and substrate complexes and restored after
reaction. Under the effect of the catalyst complex, making the chemical reactions happed more easily, in softer
conditions than with no catalyst. Every a shift or orientation of the electron is accompanied by a certain loss of energy.
A catalyst is considered to be highly effective, as it makes the process occurs with at least an intermediate stage,
minimizing energy for the rotation or the new arrangement. This paper is the research results identify activation energy
of catalytic complex created by Co®" with Acetylacetone (Acac) in the process of catalyze is E* = 8.976 kcal/mol, as
well as determine the enthalpy is AH 5= 8.384 kcal/mol, entropy is AS” = -39.0 cal/mol, the free energy is AG = 20.01

kcal/mol and formed constant is K~ = 5.75x10" L.mol™.s™

. The research results are a scientific basis for the research

and application of complex homogeneous catalytic redox processes in the production technology.

Keywords: Activation energy of the catalytic complex, enzyme, catalyst.

1. MO DAU

Nhiéu cong trinh nghién ctru vé xuc tac dong thé
oxi hoa khur da chi ra rang: Céc ion kim loai chuyén
tiép c6 kha ning tao phirc v6i nhidu ligand khac
nhau 1a do cdu tao dic biét cua lop vo electron
nguyén tir ctia chiing, nhat 1a phan 16p d, chua dién
day electron, nén kha ning lai hoa rat cao. Nho cac
orbital lai hoa nay, ma cic Ion kim loai chuyén tiép
M*" d3 tao diéu kién thuan loi cho céc ligand dé
dang thdm nhap vao nodi cau, phdi tri tao thanh phuc
chit c6 hoat tinh xiic tic. Trong cic phan tng hoa
hoc, s c6 mét cua xuc tac phuc ion kim loai chuyén
tiép M** ¢ thé ton tai & nhiéu trang thai hoa trj khac
nhau, do d6 kha ning phéi tri ciia chung 1a rat 16n,
khi gdp ligand thich hop chiing tr¢ thanh phirc chat
¢6 hoat tinh xuc tac [1, 4, 5, 7].

Hoat tinh xtc tic cta phirc chat tao boi cac ion
kim loai chuyén tiép phu thudc vao nhidu yéu t6
khéac nhau nhu : ban chét cia ion kim loai tao phtc,
ban chét cua ligand, nhiét d§, moi truong.... Trong
d6 ion kim loai va ligand dugc xem 13 yéu té quyét
dinh dén hoat tinh xuc tac cta phuc tao thanh. Phan
g ¢6 sy tham gia cua xuc tac phtc, thi ludn ton tai
mdt chu trinh oxi hoa khir thuén nghich va phirc chat
xuc tac luén duoc phuc hdi sau phan tng. Nhu vay
dudi tac dung cia xuc tac phirc ma phan trng xay ra

dé dang hon, ¢ diéu kién mém hon khi khong c6 xitic
tac, boi vi mdi su dich chuyén hodc dinh hudng cta
cac electron, déu kém theo nhimg mit mat ning
lugng nhét dinh. Mot chit xuc tdc duoc xem nhu cb
hiéu qua cao, khi n6 1am cho qua trinh xay ra voi it
giai doan trung gian nhit, giam toi da nang luong
cho nhimg chuyén dong quay hay nhitng sip xép
moi [2, 3, 6].

Bai bao nay 1a két qua nghién ctru xac dinh ning
luong hoat héa E* ctia phtrc xuc tac tao bdi Co*" véi
Axetylaxeton (Acac) trong qua trinh catalaza, dong
thoi ciing xac dinh dugc entanpie, entropie, nang
luong tu do va hang sb tao thanh K* cua phirc xuc
tac. Hoat tinh xtic tac cia phuc [Co(Acac)]™ ciing
tuong tw nhu hoat tinh xtc tac cia enzym, phirc xuc
tac [Co(Acac)] dong vai tro 1a cau ndi trung gian dé
véan chuyén electron qua lai gitra phirc xtic tac va co
chat, phire xtc tac luén duoc phuc hdi sau phan tng.
Két qua nghién ciru 13 co so khoa hoc cho viée ting
dung xtc tac phirc dong thé oxi héa khir vao trong
c4c qua trinh cong nghé nhu phan tich chét vi luong,
XU Iy nudc thai bao vé moi truong.

2. THUC NGHIEM

Cac hoa chét st dung dé nghiép cuu ¢o ‘d(j sach
PA; dung dich CoSO, dugc dung dé tao nguon Co™';
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chat oxi hoa Ia H202, Axetylaxeton (Acac) la ligand
tao phtc vdi ion Co*" ; nhiét d cua binh phan tng
dugc giit ¢b dinh & mdi mau thi nghiém nho may 6n
nhiét U10; pH cta dung dich phan ung dugc do trén
may pH-meter loai HANNA; diéu chinh d6 pH can
thiét bang dung dich NaOH hay HCIO,.

Phuong phap dong hoc duoc st dung dé nghién
ctru, thuc nghiém dugc tién hanh nhu sau: Cho vao
binh phén tmg cac dung dich Co®*, Acac va nude cit
2 lan, hdn hop phan tng dwoc khudy tron lién tuc
bang may khudy tir, trong khoang thoi gian tir 2-3
phut dé tao diéu kién thuan loi cho qua trinh tao
phirc chit xuc tac, didu chinh pH cua dung dich phan
tmg. Thoi diém cho H,0, vao binh phan tmg 1a mébc
bit dau tinh thoi gian cia qué trinh catalaza. Tong
thé tich dung dich nghién ctru trong binh phan tng la
30 ml. Theo dai thé tich khi O, thoat ra doc trén
Buret & cac thoi diém khac nhau, phép do tai mdi
thoi diém duoc lap di lap lai 3 lan dé léy gia tri trung
binh V2.

Khao sat sy phu thudc cia tdc dd thoat khi O,
vao nhiét do trong khoang nhiét d6 dung dich phan
g tir 15-45 °C & diéu kién:

Nong d6 cta [Co” ] = [Acac]y = 10~° M; [H,0,]
=0,1 M; pH=10,5.

Theo [4, 5] ta thdy téc d6 phan ung phu thudc
vao do giam nong do chat tham gia phan tng nhu
H,0, dugc xac dinh theo cong thure:

dC

H,0,

” (1)

Hoac toc dd phan Gng phu thudc vao sy tang

nong d6 cia san pham, tirc 1a bién thién nong do khi

oxi [Coy]o thoat ra theo thoi gian t(s) dugc xac dinh
theo cong thuc:

W02 - _

dC
W =—% | C 2
i 0, (2)
So sanh (1) va (2) ta dugc:
dc, , dC,
—2 =2 -kC 3
dt dt % ®)

Mit khéc, su bién thién ndng do oxi ty 18 voi thé
tich khi oxi thoat ra theo thoi gian tirc la:

Co, =KV* Hay dC, =K.dV>  (4)
Thay (4) vao (3) ta co:
0,
Kdv= _ KKV (5)
ot
Don gian 2 ve cia (5) ta dugc:
02
WV _ e
dt
0,
Hay: dV =k.dt (6)

Lé Van Huynh va cong sy

Tich phan 2 vé (6) ta dugc:
InV?% = k.t + const (7)

Néu dit: y=InV?2 va b = const thi (7) ¢6
dang 1a phuong trinh dudng thang:
y=kt+b (8)
Theo [1, 4] nang luong hoat hoa dugc tinh theo
phuong trinh Arrhenius:

k=4 e—E* KR.T)
E" 1
Hay nk=—-——.—+1In 4 9
y T )
Néu dat: y = Ink; x=1/T;
a=-E /R; b =InA
Phuong trinh (9) c¢6 dang :

y=ax+b. (10)
Tt phuong trinh (10), bang phuong phap db thi,
ta c6 thé xic dinh dugc hé sé goc a, ma
a=—E /R, tx d6 x4c dinh dugc nang lugng hoat
hoa E* ciia phan tmg va cac thong sb hoa 1y khac
cia qua trinh catalaza dudi tac dung cla xuc tac
phirc [Co(Acac)]".
Xac dinh entanpi hoat hoa:
AH oo = E, o — R.T
Xac dinh entropi hoat hoa:
AH"

(11)

Ky, T -~
k==L o

Hay 1n§:1n_-—+ (12)

Trong do:
Hing s6 Boltzmann K, = 1,38066.10% JK';
Ha?mg s(:i Planck h=6,62608x10"* J.s;
Hang sb khi R=1,987.cal ' K
Nhiét do ¢ 25 °C hay T =298 K;
Xéc dinh nang lu()'ng tu do hoat hoa:
AGyys=AH 5 —T. AS”
Xac dinh hang s6 tao thanh phuc Peroxo:
AG298 —~RT.InK" (14)

Céc thong s6 hoa Iy duoc biéu dién trén hinh 1
[1, 4, 6] cho thay:

- Khi phan tng & trang thai khong co chét xuc
tac thi phai cAn mot nang luong hoat hoa rat 16n dé
vuot qua hang rao nang lugng thi phan Gtng mai xay
ra duoc.

- Phan tng khi c6 mat chit xuc tac, thi chi can
mot niang lwong hoat héa nhoé hon rat nhiéu so voi
khi khong c6 chat xuc tac, lam cho phan ng xay ra
mét cach d& dang, thuan lgi hon nhiéu va ¢ diéu kién
mém hon.

(13)
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Produkte
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Hinh 1: Hang rao nang luong cua phan tng khi
khong c6 chat xtic tac va khi co chét xuc tac

3. KET QUA VA THAO LUAN

Két qua nghién ctru cho thay, khi ting dan nhiét
d6 thi thé tich V©* khi O, thoat ra ting gan nhu
tuyén tinh theo thoi gian t(s) trong khoang 60s dau
trong tat ca cac khoang nhiét d6 khac nhau duoc thé
hién trén bang 1, tic 1a tbc d6 phan tmg W phan

Nghién cuu xac dinh nang luong...

huy H,0, ting dan theo chidu ting ctia nhiét d6 duoc
thé hién trén hinh 2.

18, W.10° (mol .t s™")

15 A

12 A

(O
40 45

0

10 15 20 25 30 35

Hinh 2: Su phu thudc cta tde do phan
tmg W vao nhiét d6 t°C

Bang I: Bang s6 liéu thé tich khi oxi thoat ra theo thoi gian & nhimg khoang nhiét d6 khac nhau

t(oc)t(s) 030 | 60 | 90 | 120 | 150 | 180 | 210 | 240 | 270 | 300 | 330 | 360 | 390 | 420
15 | o o8] 1,6/ 23| 3,1 37| 43| 48] 53| 58] 63| 68| 72| 76| 8.1
20 | 0| 09 1,8] 29| 41| 52| 63| 72| 81| 88| 96/ 102] 10,8] 11,3] 11,8
25 | o | 1,1] 22| 3,6] 51| 64| 76| 88 10,1] 112] 12,3] 133] 142] 149] 157
30 | 0| 14] 29| 47] 65| 82| 97| 112] 12,6] 14,1 152] 164] 17,6] 18,6] 194
35 | 0| 1,8 3,8] 6,1] 84| 10,5] 12.4] 142] 15,7] 17,1] 18,4] 19,7] 20,6] 21,8] 22,6
40 | 0| 26| 52| 82| 10,9] 134] 15,5] 17,3] 18,9] 20,6] 21,9] 23,4| 24.4] 253] 26,1
45 | o | 36| 7.2]108] 13,6] 162] 18,3 20,3] 22,1] 23,6] 24,9] 26,2| 27,2] 27,9] 28,6

Dé x4c dinh nang lugng hoat hoa ciing nhu cac
thong s6 hoa 1y khac ciia qua trinh Catalaza, tién
hanh nghién ctru dong hoc & khoang thoi gian dau,
khi ma moi yéu t6 anh huong chwa nhiéu dén toc do
phan tng, tirc 1a trong khoang tuyén tinh. Dudi tac
dung cua xuc tac phirc [Co(Acac)]’, tdc d6 phan tng
WO phu thudc vao sy tiéu hao néng d6 H,0, hoac
néng do chét tao thanh sau phan ng, tirc la thé tich
khi oxi V®* thoat ra.

Xay dung dd thi su phu thudc InV® vao thoi
gian t(s) & cac nhiét d¢ khac nhau, xac dinh dugc hé

s6 goc k cua phuong trinh (8) cling nhu (10). Trong
do k la hang sb toc d6 cua phan ung va chinh la hé
s6 goc cna duong thiang (8) thé hién su phu thudc
tuyén tinh ctia InV®* vao thoi gian t(s).

Trong diéu kién thuc nghiém thoi gian xac dinh
trong vung tuyén tinh 1a 60s thé hién trén bang 1,
hing s6 tdc d6 phan tng dugc xac dinh 1a k =
InV%h. Bﬁng thuc nghiém dé dang xac dinh duoc hé
sd goc k. Heé s goc k chinh 13 hing sé toc do cua
phan ng tai nhiét d¢ xac dinh nao d6. Cac s6 licu
duoc thé hién trén bang 2.

Bdang 2: Bang s6 liéu x4c dinh hang s6 toc d6 phan tmg phu thudc vao nhiét 6

t, °C K X Vo2 k y
15 288 3,4722 1,6 0,007833 —4,84936
20 293 3,4130 1,8 0,009796 —4,62574
25 298 3,3557 2,2 0,013141 —4,33202
30 303 3,3003 2,9 0,017745 —4,03164
35 308 3,2468 3,8 0,022250 —3,80541
40 313 3,1949 5,2 0,027478 —3,59438
45 318 3,1447 7,2 0,032901 —3,41424
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Xay dung mbi quan hé phu thudc cia Ink vao
1/T, xac dinh dugc hé sb goc a cua (10), tor d6 xac
dinh dugc niang luwgng hoat hoa cua qua trinh
catalaza dudi tac dung cua xtc tac phirc [Co(Acac)]”
hinh 3. Dwa vao cac cong thirc tir (9) dén (12), xac
dinh dugc cac gia tri nhiét dong hoat hoa khac nhu
entanpi AH'; entropi AS"; ning luong tu do AG™ va
hang s tao thanh K" ctia qua trinh Catalaza.

Tur dd thi hinh 2, xac dinh duoc nang lugng hoat
hoa cua qué trinh Catalaza dudi tac dung cua xuc tac
phitc [Co(Acac)]" 1a:

a=-E'/R=-4,5173 suy ra:

E'=4,5173xR = 4,5173x1,987 = 8,976 kcal/mol
Thuc nghiém da chimg t6 rang: Dudi tac dung cua
xtic tac phirc [Co(Acac)]” lam cho phan ung xay ra
v6i nang lugng hoat hoa twong ddi thap E = 8,976
kcal/mol, so sanh gia tri nay thay rang rat gan voi
nang luwong hoat hod cua xuc tic men (E =179
kcal/mol) nén qua trinh phan huy H,O, dién ra de
dang hon rat nhiéu ngay ¢ diéu kién nhiét do, ap suét
binh thudng 25 °C va 1 atm.

3,1 3,2 33 3,4 3,5

27 A T.10°°
y=-45173x+ 10,832
3,2 1 R?=0,9963
37
L]

42
4,7
52 Ink

Hinh 3: Sy phuy thudc cta Ink vao 1/T

Hau nhu tit ca cac bién doi hoa sinh trong té bao
va co thé sdng déu duoc xtic tac boi cac enzym & pH
trung tinh, nhiét d6 va ap suat binh thuong, trong khi
da sd cac chat xuc tic hoa hoc khac lai chi xtc tac &
nhiét do va ap suét cao. Chinh nho viéc tao duogc
mdi trudng dic hiéu co loi nhit vé mat ning luong
dé thuc hién phan tng ma enzym c6 duoc nhitng kha
nang dac biét.

Trong phan tng cé sy xUc tac, nho sy tao thanh
phirc trung gian hoat dong Peroxo, ma co chit duoc
hoat hoa. Khi co chit duge chuyén vao ndi cau cua
phire xuc tac, két qua 1a co sy chuyén dich cia cac
electron va sy bién dang cta cac lién két tham gia
tryc tiép vao phan tmg, din toi lam thay dbi dong
nang ciing nhu thé nang cua qué trinh phan tng. Két
qua 13 1am cho phén tir co chit tr& nén hoat dong
hon, nho d6 tham gia phan tmg d& dang hon, & diéu
kién mém hon.

Lé Van Huynh va cong sy
Theo phuong trinh (11) xac dinh entanpi ctia qua
trinh catalaza & diéu kjén binh thuong nhiét d 25 °C
tuc 1a 298 K va ap suat 1 atm la:
AHy=E e — R.T
AH ,, =8,976—1,987x107> x 298
AH ., =8,384 kcal / mol .
Theo cong thic (11) xac dinh dugc entropi hoat
hoa AS” cua hé 1a:

0,013141 K, AH AS

n—=—>""" g2 2T

298 h
1,38066.10

8,384.10°  AS®
6,62608.107

1,987.298 1,987
AS”

-10,029 =23,760-14,159 +
Suy ra:
AS" =(14,159-10,029 - 23,76)x1,987 =
AS" =-19,63x1,987 = -39,0cal / mol =

AS" =-39,0cal / mol .
Theo cong thure (13) xac dinh dugc nang luong
twdo AG" cua qua trinh Catalaza la:

*

AGopy =AH,, ~TAS" =
AG,, =8,384+298x39x107

AG" =20,01kcal / mol .
Theo cong thic (14) xac dinh dugc hﬁng sb tao
thanh phirc trung gian hoat dong peroxo ctua qua

trinh catalaza dudi tdc dung cua xuc tac phuc
[Co(Acac)]" la:

Suy ra:

AG=—RT.IhK =
InK" = _&;8
RT
3
InK" = —M=—33,7935
1,987.298

Suyra: K* =5,75x107" £.mol ' 5™

Tir cac két qua tinh toan cho thiy, entanpi hoat
hoéa co gia tri 1a AH™ =8,384kcal / mol >0 va ning
lu0’ng tu do cua qua trinh la
AG" =20,01kcal / mol >0, diéu d6 chung t6 ngay
0 giai doan dé}l cua qua trinh phan Ung, cé}n mot
nang luong nhat dinh dé lam y€u cac lién két hoac
lam thay d6i cac trang thai phan bl cac electron
trong khong gian cua phén tir phirc [Co(Acac)]+, de
tao di€u kién thuan lgi cho phan tir H,O, d¢ dang
tham nhdp vao ndi cau cua phuc, tao thanh phuc
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trung gian hoat dong Peroxo [Co(Acac)H,0,]", luc
ndy trong phan tir phirc [Co(Acac)H,0,]" ¢6 sy phan
b lai electron, cac electron tir orbital © cua H,O,
dich chuyén sang orbital d(x*-y?) cia Co®" tao thanh
lién két o, ddng thoi cac electron tir orbital d(xy) cua
ion kim loai Co™, ciing dugc dich chuyén sang
orbital phan lién két 7 * cua H,0, tao thanh lién Kkét
1 nguoc, két qua lam yéu lién két trong phan tir
H,0,, nhé d6 ma H,0, d& dang bi hoat ho4 va bit
dau phan huy ngay tai trong ndi cau cta phirc xtic
tac [Co(Acac)]” lam cho téc d0 phan tng ting
nhanh, thé tich khi oxi thoét ra 16n.

Trong  khi do entropi  hoat  hoa
AS" =-39,0cal / mol <0, ching t6 duéi tac dung
ctia xtic tac phirc [Co(Acac)]” ma phan tir H,0, di
¢6 su dinh hudng va tao diéu kién thuén loi cho viéc
van chuyén dién tur tir ion Co®" sang phan tir H,0,,
lam cho qué trinh catalaza dién ra véi toc d6 16n voi
hang s6 tao thanh phuc trung gian hoat dong Peroxo
la:

K =5,75.10" t.mol ' s7".

C6 thé biéu dién cac trang thai mirc ning luong
trén hinh 4.

Nhu vay, tbe do phan Ung hdéa hoc dugc xac
dinh bdi gia tri nidng lugng hoat hda, tirc la muc
ning luong cic chat tham gia phan ung phai dat
dugc dé cat dut lién két can thiét va hinh thanh céc
lién két méi. Nang lwong hoat hoa cang 16n thi toc
d6 phan ung cang cham va ngugc lai.

Hinh 4: Bié€u dién cac mirc nang lugng

Trong cac phan tng cé xtc tac, chat xtc tac 1am
giam nang lugng hoat hoa cuia phan ung hoéa hoc, co6
nghia 1a n6 chi tham gia vao cac phan tng trung gian
ma khong dong vai tro 1a chit tham gia phan tng.
Sau phan tng, chét xuc tac lai phuc hdi vé trang thai
ban dau dé tiép tuc xuc tac.

Lién h¢: Lé Van Huynh

Nghién cuu xac dinh nang luong...

4. KET LUAN

B'fmg thyc nghiém da xac dinh duoc nang lugng
hoat hoa qua trinh Catalaza cua phic xuc tac
[Co(Aca}c)]+ va dong thoi ciing xac dinh duge mot sd
thong so6 nhiét dong cua qua trinh Catalaza dudi tac
dung cua xtc tac phirc [Co(Acac)]” nhu sau:

- Nang lugng hoat hoa la:

E* =8,976 kcal | mol

- Entanpi hoat hoa la:

AH ., =8,384 kcal / mol

- Entropi hoat hoa la:

AS* =-39,0cal | mol
- Nang lugng tu do hoat hoa la:
AG" =20,01kcal / mol

- Hang sb tao thanh phic trung gian hoat dong
Peroxo:

K" =5,75.10" t.mol ™5™

Két qua nghién ciru 1a co so khoa hoc cho viée
ung dung xtc tic phuc [C,O(Acac)]+ vao trong cac
qué trinh cong nghé san xuat.

TAI LIEU THAM KHAO

1. D. Steinborn. Grundlagen der metallorganischen
Komplexkatalyse, Teubner Verlag (2007).

2. A. C. Frisch, M. Beller. Catalysts for Cross-Coupling
Reactions with Non-activated Alkyl Halides, Angew.
Chem. Int. Ed., 44, 674-688 (2005).

3. M. R. Netherton, G. C. Fu. Nickel-Catalyzed Cross-
Couplings of Unactivated Alkyl Halides and Pseudo
halides with Organo metallic Compounds, Adv. Synth.
Catal., 36, 1525-1532 (2004).

4. P. W. Atkins. Physical chemistry, Oxford University
Press (2002).

5. D. Powers, T. Ritter. A Transition State Analogue for
the Oxidation of Binuclear Palladium(Il) to Binuclear
Palladium(Ill) Complexes, Organometallics, 32, 2042-
2045 (2013).

6. J. Y. Wu, B. N. Stanzl, T. Ritter. 4 Strategy for the
Synthesis of Well-Defined Iron Catalysts and
Application to Regio selective Diene Hydrosilylation,
J. Am. Chem. Soc., 132, 13214-13216 (2010).

7. Yoshihito Watanabe, Takafumi Ueno, Shunichi
Fukuzumi, Shigeru Kato. Molecular mechanism of the
catalyse reaction studied by myoglobin mutants,
Journal of Inorganic Biochemistry, 96(1), 51 (2003).

Trudng Pai hoc Kinh té - Ky thuat Cong nghiép

353 Tran Hung Pao, Thanh phé Nam Dinh

Email: lehuynh1058@gmail.com; DP: 0912.208.709.

281




<<
  /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


