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SUMMARY

We present the first sensing system for metal
tons based on the combination of eparation/
preconcentration by a permeation liquid membrane
(PLM) and fluorescence detection with an optical
fiber. As a model, a system for the detection of Cu(II)
tons was developed. The wall of a polypropylene
hollow fiber serves as support for the permeable
liquid membrane. The lumen of the fiber contains
the strip solution in which Cu(Il) is accumulated.
Calcein, a fluorochromic dye, acts as stripping
agent and at the same time as metal indicator. The
quenching of the calcein fluorescence upon metal
accumulation in the strip phase is detected with a
multimode optical fiber, which is incorporated into
the lumen. Fluorescence is excited with a blue LED
and detected with a photon counter. Taking
advantage of the high selectivity and sensitivity of
PLM preconcentration, a detection limit for Cu(1l)
of ~50 nM was achieved. Among five tested heavy
metal ions, Pb(II) was the only major interfering
species. The incorporation of small silica optical
fibers into the polypropylene capillary allows for
real-time monitoring of the Cu(Il) accumulation
process.

MG PAU

Qua4 trinh hinh thanh hgp chat du6i dang vét
(chéng han nhu kim loai néng) trong méi trusng
rat1a quan trong cho viéc gidi thich nhiing qui luat
cta chiang trong chu trinh dia héa hoc va sinh hoc.
Mot phuong phdp rat hitu ich cho viéc ddnh gis
modi truong 14 do nhay cia sgi quang hoc trén nén
tdng cha su phat huynh quang. Cho dén nay, cé
rat nhiéu biéu d6 vé kim loai nang da dugc nghién
ctu bang cach st dung su do ludng qua trinh phat
huynh quang. Mot trong nhiing nghién ctu d6 la:
“Két hop su phdt huynh quang ctia Calcein va qud
trinh két néi soi quang hoc véi mang thdm thdu
dung dich dé xdc dinh kim loai ndng”.

TONG QUAN TAI LIEU

Hai nha khoa hoc Saari va Seitz da tao ra sgi
quang hoc d€ x4c dinh nhiing ion kim loai ning.
Ho ghi nhan su phat huynh quang cta calcein trong
cellulose va cé dinh né & phia truéc diém cudi noi
chia hai nhdnh cta sgi quang hoc. Tuy nhién, do
b&i hang s6 cta phic calcein va Cu?* 16n, qua trinh
két noi kim loai 1a khong thuan nghich. Hieftje va
cong su ctia ong da thuc hién viéc trao déi dién
tich gitta rhodamine 6G va ion Nafion va su sdp
xé&p clia sgi quang hoc dé do téng s6 ham lugng
kim loai ning. Chdng han nhu Cu?*, Co?*, Cr%,
Fe?*, Fe3* va Ni?* dugce xac dinh v6i ham lugng
giéi han 1a gan bing 1 uM.

Mot phuong phap chon loc t6i uu da duge Birch
dua ra. Phuong phdp nay dua trén co sé luan
chuyén nang lugng clia su cong huéng huynh quang
(fluorescence resonance energy transfer — FRET)
giita rhodamine 800 va bu6c séng hap thu ctia phc
Cu(H,0),*gan bu6c song cha tia hong ngoai (A___ =
810nm). Khi hé s6 hdp thu cia phic la nhé, giéi
han phat hién ¢ ham lugng 5 mM.

Niessner va cong su ctia dng da tim ra su tinh
vi clia sgi quang hoc d€ phat hién nhitng kim loai
nang. Pau cta bd phan cdm bién bao gdm nim c4i
ngan dugc 1am day bang thuéc nhudm fluorogenic,
mdi ngin dung d& phat hién mot ion kim loai.
Dung dich chi thi dugc cach ly v6i dung dich mau
bing mang thAm th&u ion. Kim loai khuyé&ch tan
xuyén qua mang thAdm th&u la nguyén nhan thay
d6i su phat huynh quang. Su phat huynh quang
duoc kich thich bdi tia laser nitrogen (337 nm) va
duge do tim béi camera CCD véi nhiéu hinh dang
cua soi quang hoc. Gi6i han vé6i kha nang phat hién
ion Cu?* 1a 4,7 uM. Theo mét s6 nha khoa hoc,
mit han ché ctia hé thong 1a ty 1é khuyéch tan
cham clia nhitng kim loai qua mang tham thaiu.
Tin hiéu dat dén gi4 tri tuong duong sau 20 phit.
Tién trinh khuyé&ch tan phu thudc vao gradient
noéng do gitta dung dich mau va dung dich nhuém.
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Hinh 1. Nguyén ly ciia PLM truée khi xdc dinh ham luong ion Cu®* véi Kryptofix 22DD
nhu la chdt mang hitu co. Nhan t6 diéu khién la st dung gradient néng do ciia ion Cu®*
tu do gitta dung dich méu va ngdn chita dung dich. Ion Cu®* duoc trao doi bdng Na*.

Str dung phu gia cho mang thAm thau dung dich
(PLMs) dé téng do phat hién cia ion Cu?. Dung
dich mAu (the sample solution — source) dung dé
phan tich dugc c6 can trudc khi thAm thau qua
mang PLMs vao bén trong bé chiia dung dich
(receiver solution — strip). Hai pha 16ng nay dugc
phan chia bdi mang thdm thdu dung dich
hydrophobic ma cai mang nay chia dung dich phan
tich chon loc (Hinh 1).

Qua trinh tich lily dugc diéu khién bang gradient
nong do phan tich tu do gitta dung dich mau va
dung dich c6 trong bé chita. Mang PLM c6 thé dung
dé phan tich nhiéu hop chat du6i dang vét v6i do
nhay cao chang han nhu 1a nhitng ion kim loai,
acid carboxylic va rugu. Thuén lgi cia PLM la d0
chon loc cao, dé tu dong héa, thoi gian phan tich
chinh x4c, st dung dé phan tich dugc nhiéu hop
ch4t va tranh dugc doc hai cho nguoi phan tich.

Ong soi dugc bao boc béi polypropylene dugc
st dung dé& ho trg cho mang PLM. Dung dich mau
dugc dit & bén ngoai 6ng sgi va dugc chiét vao bén
trong lumen clia 6ng sgi ma 6ng sgi nay chia dung
phase strip. Cé thé dat dugc hon 1000 tac nhan
lam giau do bédi ty 1& gitta thé tich dung dich mau
va thé tich ctia bé chita dung dich. Ty 1é gitta dién
tich bé mit va thé tich ctia phase strip 16n cling
cho dugc thong luong 16n va gidm thoi gian van
chuyén. Cho dén nay, qua trinh gia tang ham lugng
trong bé chiia dung dich chi c6 thé duge phan tich
mot cach gidn doan bing phd AAS ho#c phuong
phép dién héa nhung ton rat nhiéu thoi gian. Sau
mobi 1an tién hanh do qud trinh trudc khi co can
phai bat dau lai. Su két hgp soi quang hoc vao
trong lumen cda 6ng sgi PLM dua ra dugc huéng

gidi quyét cia vaAn dé nay. Néu bé chia dung dich
chita dung mot chat chi thi thi thoi gian phan tich
s& chinh xdc nho qua trinh 1am giau chdt phan
tich.

Mot phan cia viéc do thoi gian chinh x4c két
hgp véi viéc phat hién caa PLMs véi sgi quang
hoc s& dua dén nhiéu thuan loi. Thé tich clia ngén
strip dugce thu nhé hon thi thira s6 truée khi co
can sé cao hon. Sgi quang hoc ciing thich hop véi do
nhay cach biét. Hé thong cAm bién dau tién dat co s&
cho su két hgp cia mang thdm thau dung dich PLM
véi soi quang hoc. Su phat hién ion Cu?* bang quang
hoc dugc dung dé chiing minh tinh kha thi cia k§y
thuat nay béi vi hé thong van chuyén cia n6 da phat
trién t6t va nhiéu kinh nghiém thu lugm dugc thong
qua qua trinh hinh thanh cta kim loai nang véi PLMs
va thudc thit calcein dugc dung dé tao huynh quang
vG6i mot s6 ion kim loai nang (Hinh 2)

Noéng do [Cal] ~ 30 uM va pH = 6,5 thi sé tao
dugc phic véi ion Cu?* ¢6 hang s6 K = 10123, o clia
Cu?* trong dung dich strip cao hon trong mang
thdm thau (o 1a ty 1é gitta ham lugng tong cong
va ham luong caa Cu?* tu do trong dung dich strip).
Do vay calcein c6 thé hoat dong nhu tdc nhan tay
ria va cling nhu mot chat chi thi trong cung mot
thoi diém. Mot ly do khac dé st dung calcein 1a
tinh ch4t tao phic cia n6 bé sung vao mang tham
th&u trong qud trinh chon loc kim loai. That vay,
su phat huynh quang clia calcein hAu nhu khong
anh huéng béi nhitng kim loai khac Cu(II) vé thoi
gian thAm thau qua mang PLM nhu la Zn(II) va
Cd(I1), trong khi d6 mang PLM khong c6 hap thu
nhiing kim loai tao huynh quang qua manh d6i véi
calcein nhu la Co(II) va Ni(II).
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Kryptofix 22DD

Hinh 2. Cong thic cdu tao ciia calcein va Kryptofix 22DD
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Thoi gian

Hinh 3. Méi quan hé gitia Cy va thoi gian

Calcein va phic Cu(II) ciia né c6 thé hoa tan
dugc trong nudc ma khong tan duge trong dung
moi hitu co (toluene + phenylhexane = 1:1). Phic
cta calcein v6i Cu(Il) sé phat huynh quang 6 A=
495 nm va A__ =512 nm rat thich hgp cho do nhay
cua sgi quang hoc.

CO SG LY THUYET

C6 thé chi ra mot gia dinh réing tong ham lugng
phéan tich trong dung dich strip 1a C_ (Hinh 3).

Né&u su thdm thau xuyén qua mang giéi han béi
ty 1é thi do doc ban dau ctia duong cong ty 1& vé6i
ham lugng tu do ban dau ctia chat phan tich trong
dung dich cAn x4c dinh. Khi chat phan tich chua
tao phic thi d6 déc ban dau ty 1& véi tong ham
lugng ban dau ciia n6 (C°). N&u bé chita dung dich
chita mot tac nhan tao phdc v6i ham lugng 16n thi
tong ham lugng phan tich trong bé d6 tai diém
can bang (C_°) ciing ty 1é v6i tong ham lugng ban
dau trong dung dich mau. Do vay do déc ban dau
ctia duong cong ctia C_ va thoi gian hodc gia tri C_°
duoc stt dung dé xac dinh ham lugng ban dau ciing
nhu xdc dinh o cia chat phén tich trong dung
dich mau.

Véi nhitng chat phan tich tao phic khong bén
va khuyéch tan trong dung dich, biéu thic téng
quat dé tinh do khuyéch tan ban dau (J) la:

A
S ovadc, clo 1 | s,
A dt

Y + (1)
A Ds Dpr Dstast
Trong dé6:

- Vlathétich ctia bé chiia dung dich (strip solution)

- A:dién tich bé mit cia mang tham thiu

- C, ham lugng ctia chat phéan tich trong dung
dich miu

- 8, vad, : do khuyéch tan trong dung dich mau
va dung dich strip

- 1: @6 day cia mang tham thau

- K :hé s6 phan bd ctia Cu(Il) gitta dung dich
mau va mang thim thau.

- D,vaD_ he s6 khuyéch tan trong 16p Nernst
va trong mang tham thau.

- o, va oty 18 gitta ham lugng téng cong va
ham lugng tu do cua chat phan tich trong dung
dich mau va trong dung dich strip.

Duéi diéu kién ligand c6 nhiéu hon trong dung
dich strip (o, >> 1) va khong c6 phiic nao tao thanh
trong dung dich mau (o, = 1) thi phuong trinh (1)
dugce viét lai la:
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(2)

Thira s6 F ctia PLM dugce md t& nhu sau:

G Vg
CS Vstast + Vsas (3)
Hoac
1.6 Vu,a
F C;: Vs ast (4)
Trong d6:

- C_°: Tong ham lugng ctia chat phan tich
trong dung dich strip tai diém can bing;

- C°:ham lugng ban dau cia chat phan tich
trong dung dich miu;

- V_: thé tich cta dung dich strip;

- V_thé& tich cta dung dich ban dau.

VAT LIEU VA PHUONG PHAP

Céc loai thudc thit, nguyén liéu, dung cu dugc
st dung trong thi nghiém bao gém:

Thuéc thi va nguyén liéu

- 1,10-Didecyl-1,10-diaza 18-crown-6
(Kryptofix 22DD)

- Calcein

4
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- Trans-1,2-Diaminocyclohexane-N,N,N,N-
tetra-acetic acid (CDTA)

- Acid lauric

- Toluene

- Phenylhexane

- Acid 2-(N-Morpholino)ethanesulfonic (MES)

Acid 3-(N-morpho-lino) propanesulfonic
(MOPS)

Dung cu
- beén blue LED
- Kinh loc va kinh ludng sic (set XF 115)
- Sgi quang hoc (105/125 A)
- B0 phan quang (photomultiplier H7421-50)
- Thiét bi bAm gio' va may dém CTM-05A
- 6ng s0i polypropylene Accurel ppq 3/2

So dd ciia hé thong quang hoc (Hinh 4)

Hinh 4. (a) So dé6 heé thé'ng quang hoc; 1: blue LED; 2, 8: kinh loc; 3, 5, 7: thdu kinh;
4: Kinh ludong huéng sdc; 6 Soi cdm bién (dwong kinh: 105 um); 9: Mdy dém photon.
(b) B6 phdn cdm bién: 10: Ong INOX; 11: Ong PTFE; 12: Ong mao qudn polypropylene.
(¢c) Bo phdn ngang qua 6ng mao qudn polypropylene véi soi quang hoc.

Tap chi KHKT Nong Lam nghiép, s6 1/2003
TP.HCM

Pai hoc Nong Lam



THONG TIN KHOA HOC KY THUAT

Qui trinh hoat dong ctia May phat quang

T4t cd nhitng nguyén t6 phat quang dugc dit
trén dia nhom (kich thudc 42cmx 28cm x lcm).
Anh sang cta den blue LED (A, =460 nm, fwhm=
70 nm, 3.1 V) xuyén qua kinh loc (A =475 nm,
fwhm = 40 nm) va dugc két lai thanh nhitng s¢i
quang hoc (chiéu dai 1 m, NA 0,22) qua mot kinh
luéng huéng sic. Nang luong dau ra tai diém doi
dién cudi cung ctia kinh ludng huéng sic cé budc
séng 475 nm 1a 15nW. Tai diém cudi, sgi dugce dua
vao mot cai o6ng INOX dai 5cm (dudng kinh bén
trong la 250um tuong tng véi duong kinh bén ngoai
cua sgi quang hoc dugc bao boc béi acrylic). Huynh
quang cua Calcein dugc thu nhan béi nhiing soi
tuong tu, dugc loc béi band-pass filter (A= 510 nm)
va dugc do tim vdi bd phan quang Peltier — cooled.
Dit liéu dugc 14y thong qua by phan dém gio va
tién trinh nay dugc két néi véi mot may tinh.

Ong soi lam bang polypropylene (dai 61 mm,
duong kinh trong la 600 um, duong kinh ngoai la
1 um) dugc c6 dinh ¢ 2 diém cudi dén 6ng lam
bing nhua Teflon (dai 6 cm, duong kinh bén trong
14 1 mm) v6i 1 cm dai 6ng polypropylene c6 thé co
lai béi nhiét. Mot may bom nhu dong dugce st dung
dé 1am day va ria 6ng sgi bing nhitng dung dich
thich hgp. Van four-port cho nhiing dung dich chay
qua 6ng soi polypropylene hoidc di vong qua né
(Hinh 5).

Mang phan tach va qua trinh do luong

Mang thdm thau dung dich dugc chuin bi theo
mot tién trinh chuin, 1ml cta 200 ml dung dich
Kryptofix 22DD trong phenylhexane tron 1an véi 1ml
cua 200 ml dung dich acid lauric trong toluene. Sau
d6 ong soi duge bao boc bdi polypropylene (nhua ding
dé boc ¢ ngoai 6ng c6 do day 200 um) duge 1am uét
bdi dung dich mang nay tir bén ngoai do dong dung
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dich chay cham v6i mot pipet Pasteur. Sau qua trinh
lam u6t, ong soi duge dat trong nude Milli-Q va lumen
dugc rita bdi nuée Milli-Q trong 10 phat d€ ma loai bo
nhiing dung dich mang khong can thiét. Sau dé dong
dung dich dugc xuyén qua lumen trong 10 phit. Diéu
ché& dong dung dich nay bing cach hoa tan 0,5mg
calcein trong 25ml ciia 10 mM dung dich dém (MES
hodac MOPS) va dung HNO, hoac NaOH tinh khiét
dé diéu chinh pH thich hgp. Truéc khi st dung dong
dung dich dugc khit bang khi nitro trong khoang 10
phuat d& ng#n chin qua trinh oxy héa. Sau qua trinh
lam u6t, ong soi duge rita béi dong dung dich & trén.
Cét quéa trinh bom nhu dong va khéa van lai. Sau dé
ong soi da dugc lam day béi dong dung dich (thé tich
17uL) duge dat trong mot dung dich cia 10 mM MES
(pH = 6.0). Ti&p theo cho thém dung dich Cu(NO,),
1mM da dugc ¢ can va huynh quang dugc ghi nhan
nhu 1a thoi gian hoat dong. D& kiém tra do chon loc,
mot phan cia dung dich mAu clia mudi nitrat cia
Pd(II), Co(II),Ni(II), Cd(IT) va Zn(II) tat ca da duoc cd
can 1mM dugc dua thém vao dung dich ban dau.
Qua tat ca cac thi nghiém ham lugng ctia kim loai
dugc co can trong dung dich khong d6i. Diéu nay
dugc kiém tra thong qua qua trinh do luong bang
quang pho AAS. Sau qua trinh do, 6ng séi dugc rita
bdi CDTA 1mM va nuéc Milli-Q mdi 1an rtta 10 phat.

KET QUA NGHIEN CUU

Qua trinh phat huynh quang cia Calcein phu
thudc vao pH cua dong dung dich. Sgi quang hoc
dugc ngdm trong 10 ml dung dich Calcein khong
c6 dung dich dém (néng d6 3uM). pH nim trong
khoang tir 2 — 13 dugc diéu chinh béi dung dich
HNO, hodc NaOH va pH cta toan by dung dich
dugc do béi dung cu do pH. Thé tich gia tang cudi
cung khoang 1%. Tin hiéu huynh quang t6i da &
pH = 8 tuong tng v6i 550.000 14n dém/gidy. Khi
ma soi quang hoc duge ngdm trong nudc Milli-Q
thi ti lé dém la 3200/ giay.
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Hinh 5. H¢ thong tién cé can, 1: 6ng sot polypropylene; 2: Sgi cdim quang (05um);
3: Dung dich calcein; 4: Mdy bom nhu déng; 5: Van four-way; 6: Ong PTFE;
7: Dung dich méu (source); 8: Binh chiia chdt thdi.
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Huynh quang cta calcein dugc tim thay khong
déi trong khoang pH = 6,5 — 9,5 (Hinh 6). Gi4 tri
pK, cia calcein dugce xdc dinh bdi mot vai nhém
nghién ctu. Trong Hinh 6 viéc tinh toan qua trinh
thém vao mot proton cia calcein trén co sG gia tri
pK, dugc xudt ban béi Iritani va Miyahara (dugc
xdc dinh qua qud trinh chudn do bang dung dich
KOH 0,1N 6 nhiét dé6 phong) dugc ban bac thém
dén viéc do huynh quang. So sanh dudng cong thuc
nghiém véi dudng cong tinh toan chi ra rang qua
trinh phat huynh quang do bdi chinh sy mat 4
proton cua calcein (H,Cal*) tai di€ém kich thich.
D€ dat dugc do nhay t6i da thi pH ctia dung dich
strip ti 6,5 dén 9,5.

Trong nghién ciu nay, mang PLM dugc st dung
dé tdach va tdi cé can ion Cu?* tif mAu nudc. Thiua
s6 F clia hé thong PLM dugc xédc dinh bang do
phtc tap trong phase strip, trong ngudén o, va o,
va thé tich cta hai ngan. Néu o, » o thi thu’a SO
tru6c khi co can tai diém tuong duang phu thudc
vao ty lé thé tich V_, /V, Khi b phan lumen cta
ong soi dap Gng nhu la b& chia dung dich, mot ty
18 thé tich 16n gitta V. /V_ co thé dat dugc thiia s&
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trugc khi c6 can cang 16n. Dé dat dugc thuan loi
clia hé thong tién cb can thi o . 16n la can thiét.
Chang han nhu trong truong ho’p nay lugng calcein
dugc b can 16n. Tuy nhién tai nong do calcein 16n
hon 30 uM thi sé tao thanh mot chat két tha mau
doé bén trong 6ng sgi polypropylene. Chat két tha
¢6 dugc do qud trinh oxy héa béi oxy khong khi.
Trong truong hop dit biét huynh quang dugce tao
thanh va dan xuit cia né c6 thé bi su quang tay
rita. Tuy nhién, c6 nhiéu su gidi thich giong nhau
doi véi su tao thanh chat két tha nay. D6 1a qua
trinh hinh thanh két tia hydroxyt dong hosc phiic
calcein- hydroxide dong. Thuc ra, trong gia thuyét
nay vdi gid tri pH cao trong bé chita dung dich thi
qué trinh két tia 1a ré rang nhat. Trén co sé cia
thuc nghiém, néng do calcein 30 uM dugc chon 1a
ndng do tdi uu cho thi nghiém nay.

Thém vao mot thé tich nhé ion Cu?* trong 10
mL dung dich calcein dé xdc dinh dung dich
calcein 30uM va cuong d6 huynh quang dugc thu
nhén bdi soi quang hoc. Cudng do huynh quang la
mot dudng thang gidm dan cho dén khi dung dich
Cu?* c6 ndong do 1a 23 uM (Hinh 7).

10
0.8
Cuong do
h N ] 0.6 [
quang o4 |
(a.w) oz
0.0
o

Hinh 6. Su phu thubc giiia cuong do phat huynh quang vao pH trong dung dich calcein 30 tm
khong c6 dung dich dem. a,Hcal; b, Hyxcal'; ¢, Hical”; d,Hscal®; e, Hocal®; f, Heal”;
g cal® (p Ka: 2.1, 2.9, 4.1, 5.4, 10.1, 12.0).
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Cutbng do
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20
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Hinh 7. Méi quan hé gitia cuong do huynh quang va C, (dung dich Cu(1l)
trong 30 uM calcein va 10 mM MES (pH 6.5).
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Anh huéng pH ciia dung dich strip dén thoi
gian phan dng

Trong doan mo ta & trén, bé chita dung dich dung
calcein 30 uM hoa tan trong dung dich dém MOPS
10 mM 6 pH = 7,9. Vung nhay cdm gdm c6 mot bd
phan lam tha&m HFPLM c6 chiéu dai 61mm dugc
lam day béi bé chita dung dich. Mot soi quang hoc c6
dudng kinh 105um duoc két hgp chit ché bén trong
ong soi dé qua trinh phat huynh quang xay ra dang
thoi gian. Viée do luong dugc tién hanh béi qua trinh
nhing vao trong ving nhay cdm trong dung dich
MES10 mM c6 pH = 6. Sau d6 mdt phan ctia ion Cu?*
trong dung dich mau dugc thém vao dung dich chuan
dé dat dugc nong do Cu®* mong mudn.

Néu chu k¥ quan sat dai hon thi cudng do phat
huynh quang 1& khong thay ddi (Hinh 8). Cudng do
phat huynh quang bat dau gidm sau 10 — 25 phit
phu thuéc vao ham lugng ion Cu(Il) trong dung
dich phén tich.
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Tién hanh thi nghiém véi nhiing gia tri pH khéc
nhau ctia dung dich strip nhung khong thay déi
ham luong cta Cu(II) trong dung dich miu (C, =
400 nM) két qua dat dugc s& nhanh hon so véi
dung dich strip c6 pH thap (Hinh 9).

Cuong do huynh quang gidm nhanh tai nhiing gia
tri pH thap trong dung dich strip (Hinh 9) va ham
lugng Cu(II) cao hon trong dung dich mau (Hinh 8)
do béi qua trinh tao nhanh phtic dong hydroxyt hodc
12 phiic calcein — dong hydroxyt tai bé mit clia mang
PLM va dung dich strip nén phiic Cu (Cal) sé bi tat
huynh quang. Hering, Morel va Miyahara da nghién
ctu qua trinh hinh thanh phic Cu(Cal) va phtc
hydroxo — Cu(Il) véi gia tri pH >6,5 va ham lugng
Cu(II) > 10°M. K&t qua thu dugc 14 v6i mdi ham luong
Cu(II) trong dung dich mau, HFPLM dugc ngam 25
phit trong dung dich mAu da c6 chida Cu(Il), dung
dich strip c6 pH = 6,5 dugc bom nhu dong sau 25
phit dé phuc hoi. Sau dé ngiing bom va do cuong do
huynh quang. Tién trinh nay dugc mo ta & Hinh 10.
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Hinh 8. Moi quan hé giiia cuong do phat huynh quang va thoi gian doi véi nhiing ham luong Cu(Il)
khéc nhau trong dung dich phan tich. Dung dich strip gom cé calcein 30 1M trong dung dich déem
MES 10 mM, pH = 7,9. Dung dich phéan tich gbm 250 ml dung dich dem MES 10 mM, pH = 6,0
véi su théem vao ham luong Cu(ll) nhu sau: a) Khong cb Cu, b) 0,12 M Cu, ¢) 0,40 Cu, d) 1,00uM Cu
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Hinh 9. Moi quan hé gitia cudng do huynh quang va thoi gian vi tiing gié tri pH khéc nhau
ctia dung dich strip (a. pH = 8,5, b. pH = 7,9, c. pH = 6,5, ham luong Cu(Il) trong dung dich mau
trong tit cé cac truong hop la Cu2* 0,40 1M trong dung dich dem MES 10 mM)
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Hinh 10. Moi quan he giiia cuong do phat huynh quang va thoi gian véi nhiing ham luong Cu(Il)
khéc nhau trong dung dich mau (trong dung dich mau gom dem MES 10mM, pH = 6,0
voi a: khong c¢6 Cu; b: 0,02uM Cu; c: 0,05 M Cu; d: 0,15¢M Cu; e: 0,320M Cu; f: 0,641M Cu)
Dung dich strip: 30 1M calcein trong dem MES 10mM, pH = 6,5
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Hinh 11. Moi quan he giiia ham luong Cu(Il) trong dung dich strip va thoi gian
tuong ting véi tiing ham luong Cu(Il) khac nhau trong dung dich source
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Bang 1. So sanh dong chay J quan sat va J tinh toan tai thoi diém ¢t = 0

Cs ACy/At J Jtinh toan
MM  A0Y mol.em®sY) (102 mol.em®s') (102 mol.ecm®s™?)

0 0.02 0.01+0.01 0.00

20 0.29 0.11£0.05 0.06 £0.01

50 0.60 0.22 £ 0.07 0.16 £0.01
150 1.30 0.48 £0.10 0.47 £0.01
320 2.83 1.03 +0.12 1.01 +0.02
640 5.58 2.03+0.14 2.01 £0.04

Ghi chii: J duoc tinh todn theo phuong trinh 2. ACy | A duoc do dua véo bo cam bién
clia soi quang hoc (Hinh 11). Gom c6: & = 15 um, D, = 7,8.10° ecm®.s, 1 = 200 1m,
D,, =255. 107 em®.s va K, = 622).

Sai 50 trong Jynp wan duoc tinh todn tit sai sO clia cdc tham sé mang thdm thau.
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Hinh 13. Qud trinh lam tdt huynh quang ciia ion Cu(Il), Co(Il), Ni(Il), Zn(II), Pb(II),
Cd(II) doi véi calcein sau 60 phiit.

Do nhay clia hé thong da dugc nghién cdu béi
qué trinh do su thay ddi cudng do phat huynh quang
¢ nhitng ham lugng Cu(Il) khac nhau trong dung
dich mau. Ham lugng Cu(II) trong dung dich mau
16n qud trinh tit huynh quang sé nhanh hon véi
nhiing dung dich mau ¢6 ham lugng Cu thap (Hinh
10). Biéu nay do béi trang thai bao hoa nhanh cta
calcein vé6i ion Cu(Il) trong dung dich strip. Sau
khi calcein dat dén trang thai bao hoa ham lugng
ion Cu(II) tu do trong dung dich strip sé bang véi
ham lugng ion Cu(Il) trong dung dich mau va tién
trinh két thic. Méi quan hé gitta tong ham lugng
Cu(ID) trong dung dich strip (C_) va thoi gian (Hinh
11) dugc x4ac dinh ti dudng cong phat huynh quang
va thoi gian duge mé ta & Hinh 10 va Hinh 7. V6i
ham lugng calcein thap (30uM) thi qué trinh tao
phtic nhanh. Trong nhiing diéu kién nay ham lugng
Cu(II) trong dung dich strip tai diém can bang phu
thudc vao téng ham lugng calcein va pH cia dung
dich strip nhung khéng phu thudc vao ham lugng
Cu(II) trong dung dich mau. Vi vay, vé6i thong lugng
dong chay ban dau clia mot phan duong thang trong
dudng cong giiia su phat quang va thoi gian c6 thé
dung dé x4c dinh ham lugng Cu(II) tu do c6 trong
dung dich miu (Hinh 2).

Pp déc chia dudng thang ban dau AC/At cho biét
gid tri J qua mang tham thiu (vé& trai clia phuong
trinh 2). Hinh 12 chi ra ring gia tri J ty 1& v6i ham
lugng Cu(II) trong dung dich miu. Méi quan hé
nay c6 thé dugce st dung dé x4c dinh do nhay cla
hé thong.

Vé6i thi nghiém trén ham lugng Cu(Il) trong
dung dich m4u giéi han 1a 50nM. Gi4 tri J trong
thi nghiém nay dugc xac dinh ciing tuong tng véi
gidtrid, . va cing c6 thé tinh bang trung binh
cong cac thong so clia mang tham thau theo phuong
trinh 2 (Bang 1).

D& nghién ciu tinh chon loc cia hé thong, dau
clia bo phan cdm bién dugc diat vao 600 nM dung
dich cta Cu(II), Co(II), Ni(II), Cd(IT), Zn(II) va Pb(II)
trong dung dich dém MES 10mM, pH = 6,0 két
qué la dudng cong moé td moi quan hé giita cudong
do6 phat huynh quang va thoi gian duge ghi nhan.
Ngoai Cu(Il), chi ¢6 Pb(II) la nguyén nhan quan
trong lam gidm cudng d6 phat huynh quang sau 60
phat (Hinh 13).

Két qua tinh chon loc cao cia hé thong tir su
k&t hgp chon loc cta calcein va su khuyé&ch tdn
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qua mang PLM thi Cu(II) sé 1am tit huynh quang
clia calcein trong dung dich con Ni(II), Co(II) hau
nhu khong 1am dnh huéng dén qud trinh phat
huynh quang cta calcein. Trai lai, Cd(IT) va Zn(II)
chi lam gidm qud trinh phat huynh quang cta
calcein. Chi c6 Pd(II) c6 thé thAm thau qua mang
PLM va tai cung thoi gian cudng d6 phat huynh
quang cua calcein sé gidm ¢ mot chiing muc nao
dé. Can chi ¥ rang ham lugng Pb(II) ¢6 & trong tu
nhién nhé hon 1000 1an so v6i Cu(Il), nén anh huéng
ctia Pb(II) xem nhu khong dang ké. Mang PLM rat
nhay d6i véi nhiing ion tu do, o ctia Cu(IT) va Ph(II)
trong nudc thit &nh hudng dén su chon loc. Tuy
nhién, Cu(II) va Pb(II) thuong tao phic véi cung so
ligand. Do d6 c6 thé loai bé &nh huéng ctia Pb(II)

KET LUAN

Trong nghién ctu nay, da st dung mot hé cam
quang dau tién trén co sé két hgp gitta mang thAm
thau dung dich véi soi quang hoc. K&t hgp véi
nhiing thuin 191 cia sgi quang hoc nhu 1a mot bo
phan cdm bién thich hop, tro véi bic xa dién tu,
st dung 6ng mao din lam bang polypropylene nhu
mot su hd trg cho mang thAm thiu. Trong thi
nghiém nay, khi c6 mat caa ion Cu(Il) thi sé lam
tdt huynh quang cda calcain nén diung
metallofluorochromic calcein 1am ch4t chi thi dé
phat hién Cu(II). Ham lugng Cu(II) dugc phat hién
12 gan 50 nM.
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