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Anh hwéng cta lwc ion va mét sé ion la dén dong hoc phan tng quang
oxi héa khtr gitpa phre rutheni(ll) polypyridin va axit amin tyrosin
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Abstract

Ruthenium(1l) polypyridine — [Ru(bpy)s]Cl, complex give a maximum emission at A, = 605 nm and its excited
state decays by the first-order equation with ko = 1.64 (+ 0.01) x 10° s, Kinetics of the photoinduced electron transfer
reaction between [Ru(bpy)s]Cl, complex and acid amine Tyrosine is investigated by time-resolved molecular emission
spectroscopy. The results show that the photoinduced electron transfer rate constants (kq) vary small (~ 7 %) in the
solutions with ionic strength 1 = 0-0.05 M. However, kg -values decrease more than twice if | > 0.1 M. On the other
hand, the presence of the specific ions such as Ca?*, NH4 and PO,* in the solution does not influence the reaction

kinetics.
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1. MO PAU

Trong nhiing nam gan day phtic chat Rutheni(ll)
polypiridin nhan dwoc rat nhiéu sy quan tdm cua céc
nha khoa hoc dac biét trong cac linh vuc quang hoa
hoc [1-3], xUc tac quang héa [4], pin mat troi hiru co
[5], va dung lam dau do huynh quang phét hién mot
s6 phan ti sinh hoc [6-11]. Véi muc dich str dung
phtic nhay sang rutheni(Il) polypyridin lam dau do
phéat hién amino axit, ching tdi nghién cau dong hoc
cia phan wung quang oxi hoéa-khtr gitta phuc
[Ru(bpy)s]Cl, va axit amin Tyrosin.

Phan ung gitra phac [Ru(bpy)s]Cl, ¢ trang thai
kich thich va axit amin Tyrosin l& phan tng cho-
nhan electron (so db 1). Trong do, Tyrosin dong Va1
tro 1a chit khir cho electron (donor) va [Ru(bpy)g]
la chat oxi hoa nhan electron (acceptor). Thé oxi hoa
cua [Ru(bpy)s]**” trong nuéc khong phu thusc vao
pH cua méi truong [12]. Tuy nhién, kha nang khir
tt nhat cua Tyrosin trong méi truong kiém pH > 10
[13]. Do @6 trong bai bao nay chung tdi nghién cuu
dong hoc cua phan tng quang oxi hoa-khir trong
dung dich c6 pH 12. Trong méi truong kiém manh,
phan tir Tyrosin ton tai & dang phan ly hoan toan
(pKas = 10,1) [14] cb dién tich -2 va dién tich cua
ion phtc la +2 (hinh 1). Cac chat phan tng mang
dién tich nén mot trong cac yéu té quan trong anh
huong dén twong tac giira chung 1a lyc ion | cua
dung dich [15]. Vi vay, mét phan trong bai béo nay

ching toi trinh bay két qua nghién ctu anh huong
cua lyc ion t&éi dong hoc gitta phtc nhay sang
[Ru(bpy)s]Cl, va axit amin Tyrosin. Mat khéc,
nghién ciu khao sat anh huong cua mot sb ion la
nhu NH,', Ca?* va PO,* téi phan wng quang oxi
héa-khur ciing dugc trinh bay trong bai bao nay.

K,
* q -
[Ru'(bpy);]1**" + TyrO© ————  [Ru''(bpy),(bpy")I*" + TyrO:

[Ru”(bpy);]**

So do 1: phan tng quang oxi hoa-khir giira phirc
[Ru(bpy)s]Cl, va axit amin Tyrosin; pH 12
2+

CH,

H,N—C—COO"
H

[Ru(bpy)s]** '
Hinh 1: Cong thirc cau tao cta phic [Ru(bpy)s]Cl,
va axit amin Tyrosin, pH 12

TyrO”
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2. THUC NGHIEM

2.1. Hoa chat va thiét bi

Hoéa chat: Tyrosin (TyrOH) va [Ru(bpy)s]Cl,
(Sigma-Aldrich); NaOH, NaCl, CaCl,, NHCI,
NazPO, (Merck); nudc cit 2 lan.

Dung cu: Micropipet 10-100 pL; pipet 1, 2, 5,
10 mL; binh dinh muac 5, 10, 25, 50 mL.

Thiét bi: May do quang Aligent 8453; May do
phd phét xa phan tir trang thai dung Jobin-Yvon
Fluomax-2 (PTN Vién Héa ly — Héa ly thuyét,
TUGraz, Cong hoa Ao); hé thiét bi do phd phat xa
phén tir phén giai thoi gian (PTN Vién Ky thuat Hoa
hoc, Truong DPai hoc Bach hoc Ha Noi); can phan
tich; bé rung siéu &m; may do pH.

2.2. Thuc nghiém

Mau do dwoc chuan bi tir cac dung dich gdc
tuong tng. Dung dich mau sau d6 dugc chuyén sang
cuvet huynh quang va tién hanh suc khi Argon trong
vong 10 min dé dudi hét O, hoa tan. Toc d6 suc khi
10 ml/min. Dung dich pH 12 véi luc ion khac nhau
dugc pha tir NaOH tinh thé va thém NaCl.

2.3. Xac dinh hang sé téc dd phan wng quang oxi
hoa-khir (k;) gitra phac [Ru(bpy)s]Cl, va axit
amin Tyrosin

Hang sb toc do phan ang quang oxi hoa-khir (k)

dugc xac dinh theo phuong trinh Stern-Volmer[16]:
? o —1=kyto TyrOH (1)

Trong d6: 1o V& T twong Gng la thoi gian ton tai
(lifetime) cua phuc & trang théi kich thich khi khéng
c6 va khi c6 Tyrosin; TyrOH : néng d6 Tyrosin
trong dung dich.

Gia tri k, dugc tinh tr hé sb goc cia duong
thing biéu didn méi quan hé gira dai luong © ¢ — 1
va [TyrOH].

3. KET QUA VA THAO LUAN
3.1. Phé hap thu phan tir UV-Vis

Phé hip thu phan tor UV-Vis cua phic chat
[Ru(bpy)s]Cl; trong nudc duoc chi ra & hinh 2a. D6
hip thu cuc dai cia phic tai budc SONg Amex = 454
nm, dugc quy két cho sy chuyén doi dién tir tir ion
kim loai trung tam dén phdi tir (MLCT). Hai gia tri
Amax = 244 nM va Amax = 287 nm ung vai hai budc
chuyén doi dién tir cua phdi tir bipyridin. Hinh
2b&2c biéu dién phd hip thu phan tor UV-Vis cua
Tyrosin va hén hop phic [Ru(bpy)s]Cl+Tyrosin

Nguyén Xuén Trwong va céng Su

tuong (ng. Két qua cho thay, phd hap thy thu duoc
v6i hdn hop [Ru(bpy)s]Cl+Tyrosin (hinh 2¢) thé
hién tinh cong phé cua phic [Ru(bpy)s]Cl, (hinh 2a)
va phan tir Tyrosin (hinh 2b) riéng biét. Diéu nay
ching té khéng cé phan ng gitta Tyrosin va phuac
chat [Ru(bpy)s]Cl, & trang thai co ban (ground-
state). Pdng thoi néu kich thich dung dich chira hdn
hop phtic va Tyrosin bang ngudn séng tia ti 460 nm
thi chi c¢d phic [Ru(bpy)s]Cl, hap thu anh sang.
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Hinh 2: (a) Phé hap thu cua phirc [Ru(bpy)s]Cl, 7,5
uM; (b) axit amin Tyrosin va (c) hdn hop phic
[Ru(bpy)s]Clx+Tyrosin, pH 12

3.2. Phd phat xa phan tir trang thai dirng va phan
giai thoi gian

Hinh 3 chi ra pho phéat xa phan tir trang thai
dung (hinh 3a) va phéan giai thoi gian (hinh 3b) cua
phtrc chat [Ru(bpy)s]Cl, trong dung dich pH 12. Két
qué cho thay, cudong d6 phat xa dat cuc dai tai budc
song Aem = 605 nm. Phac ¢ trang thai kich thich
phan hiy theo phuong trinh dong hoc bac 1:

[P*]e = [P*]oe "™ (2a)

ko=1 7 (2b)
Trong d6: [P*]ova [P*], 12 nong d6 cua phic chat ¢
trang thai kich thich thoi diém t = 0 va sau thoi gian
t; ko: hing s tc d6 phan hay cua phirc chét o trang
thai kich thich.

Tu dir liéu thuc nghiém thu duogc (hinh 3b) va
phuong trinh 2, ta ¢ 1o = 610 (£ 5) ns hay ko = 1,64
(+0,01) x 10°s™.

3.3. Anh hwéng cia luc ion téi déng hoc phan
wng quang oxi hoa khir giira phic [Ru(bpy)s]Cl,
va Tyrosin

Khi c6 mét Tyrosin trong dung dich (véi | =
const), thoi gian ton tai cia phuac [Ru(bpy)s]Cl, &
trang thai kich thich (t) giam va sy phan huay van
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tuan theo quy luat dong hoc bac 1 (hinh 4).

Hang s6 téc do phan tmg quang oxi hoa-khir (Kq)
gitra phuc [Ru(bpy);]Cl; va Tyrosin trong dung dich
tai mot gia tri | hiang dinh dugc xac dinh theo
phuong trinh 1 (hinh 4).
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Hinh 3: (a) Ph6 phét xa phan tir trang thai ding va
(b) phéan giai thoi gian caa phuac [Ru(bpy)s]Cl, 7,5
uM, pH 12

Bang 1 tong hop két qua xac dinh gia tri k, trong
céc dung dich véi | khac nhau. Nhan thdy, su thay
ddi luc ion cua dung dich ¢6 anh huong téi dong hoc
phan utng gita phac [Ru(bpy)s]Cl, va axit amin
Tyrosin. Dung dich véi | = 0 — 0,05 M, gia tri K,
thay d6i khong dang ké (~ 7 %). Khi 6n dinh lyc ion
cua dung dich I = 0,1 M, kq giam manh (~ 50 %) va
tiép tuc giam khi tang lyc ion caa dung dich.

Bang 1: Hang sé toc do phan (ng quang oxi hda-khir
(ka) gitra phirc [Ru(bpy)s]Cl, va Tyrosin khi | thay
doi

Lucion (1) /M ko x 10° M5
0° 1,06
0,01 1,10
0,03 1,02
0,05 1,10
0,1 0,57
0,3 0,41

*Khong thém NaCl dé 6n dinh lyc ion.

Anh hirong cua lyrc ion va mét so..
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Hinh 4: (a) Ph6 phét xa phan tir phan giai thoi gian

caa phuc phac [Ru(bpy)s]Cl; khi ting dan nong d6

Tyrosin: (b) Db thi bidu dién™ 1 — 1 va [TyrOH]:
pH 12, 1 = 0,05M. kq = 1,10x10° M*s™

Duya vao két qua bang 1, lyc ion caa dung dich
dugc on dinh 1 = 0,05 M cho cé&c nghién ctu tiep
theo.

3.4. Anh hwéng caa ion la téi ddng hoc phan ng
guang oxi héa khwr gitra phiac [Ru(bpy);]Cl, va
Tyrosin

Phé phét xa phan tir cua phic [Ru(bpy)s]Cl, khi
c6 mit cation Ca*" trong dung dich duogc chi ra ¢
hinh 5a. Nhan thay thoi gian ton tai cia phuc ¢ trang
thai kich thich (to = 610 ns) khong bi thay ddi trong
dung dich c6 chua cation Ca?*. Hinh 5b biéu dién
pho phat xa phan tr cua dung dich phuc
[Ru(bpy)s]Clo+TyrOH khi thém Ca®* 1,32 x 107 M.
Két qua cho thay, thoi gian ton tai caa phac & trang
théai kich thich khi dung dich chi c6 TyrOH va cé
hdn hop TyrOH+Ca?* 1a nhu nhau (t = 320 ns).

Thyc nghiém khao sat anh huong cua cation
NH," va anion PO,* téi dong hoc phan wng quang
oxi héa khir gitra phirc [Ru(bpy)s]Cl, va Tyrosin
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ciing thu duoc céc két qua tuong tu.

Nhu vay, sy c6 mit caa mét s6 ion la nhu Ca”,
NH;" va PO,* khdng gay anh huong téi phan tng
guang oxi héa khu gitra phic [Ru(bpy)s]Cl, va

Tyrosin.
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Hinh 5: (a) Phé phat xa phan tir phan giai thoi gian

caa dung dich phac [Ru(bpy)s]Cl, 7,5 M va
Ca’*1,32x10"° M; (b) [Ru(bpy)s]Cl> 7,5 uM +
Tyrosin 1,32x10° M va Ca?*1,32x10° M;
pH 12,1=0,05 M

4. KET LUAN

Nhu vay,

Nguyén Xuén Trwong va céng Su

khi st dung phiac nhay sang

[Ru(bpy)s]Cl, tng dung 1am dau do phat hi¢n amino
axit Tyrosin can on dinh lyc ion cuia dung dich

nghién cuu.

Loi cam on. Nghién ciu duwoc hé tro kinh phi bgi
de tai 13/2014/HD-NPT — B¢ Khoa hoc va Cong
nghé.

TAI LIEU THAM KHAO

1.

Sk

~Nghién ctu phd hap thu phan tir UV-Vis cho
thay khong c6 phan tng gitta Tyrosin va phtrc chat

[Ru(bpy)s]Cl> ¢ trang thai co ban (ground-state).

Pho phéat xa phéan tir trang théi dirng va phan giai

thoi gian chi ra cuong d6 phat xa cua phirc dat cuc

dai tai budc s6ng Aem = 605 nm, phac 6 trang thai

kich thich phan hay theo phwong trinh dong hoc bac 9.

1 v&i ko = 1,64 (£ 0,01) x 10°s™.

Hang s6 téc do phan tng quang oxi hoa-khir (Kg)
gitta phuac [Ru(bpy)s]** va Tyrosin (dang phan ly

hoan toan TyrO") giam manh khi lyc ion cua dung

10.

dich 1 > 0.1 M. Mét sé ion la trong dung dich nhu
Ca®, NH," va PO,* khdng anh huong téi dong hoc

phan (ng quang oxi hoa khir.
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