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TOM TAT

Cac hop chdt bién déi quang ngay cang duoc irng dung nhiéu trong
thue té, ddc biét la linh vuee cam bién héa hoc. Trong nghién ciru
nay, mot cam bzen huynh quang thong minh spiropyran azide
(SP-N3) diroc tong hop bdng cdc phan ung don gian va cau tric
héa hoc ciia hop chat ndy dwoc xdc dinh bang phé 'H, C-NMR
va HR-MS. Duwoi anh sang Vis/UV, dang dong vong SP-Ns3 khong
mau, khong phdt quang cé kha nang dong phan héa thudn nghich
thanh dang mé vong merocyanine azide (MC-N3) co mau va phat
quang tot. Hop chdt MC-Nj; thé hién kha ndng dép iing quang da
kich thich dwoi anh huong cua dung moi, tia UV/Vis, pH cua moi
trieong va ion kim logi. Mau va huynh quang ciia MC-N3 dé dang
bi ddp tat khi twong tac véi ion Fe**, do dé cam bién MC-N; duoc
img dung dé xdc dinh ham leong Fe’* trong nueée bang ca phirong
phap UV-Vis va huynh quang voi do chon loc va do nhay cao
(LOD = 1,683 va 0,690 uM).

Tir khéa: Cam bién, dip vmg da kich thich, Fe’*, hupnh quang,
spiropyran

ABSTRACT

Photo-switchable molecules have been recently utilized for many
practical applications, especially for chemo-sensors. In this
research, a smart fluorescent sensor SP-N3 was synthesized via
simple reactions and its chemical structure was characterized by
'H, BC-NMR and HR-MS spectra. Under Vis/UV light, the
colorless and non-emissive close form of SP-N3 was reversibly
photoisomerized to the colored and emissive open form of MC-N3.
MC-N; displayed multi-stimuli responsive optical behaviors under
various conditions of solvents, UV/Vis lights, pH media, and metal
ions. The red color and emission of MC-N; were easily quenched
by ferric ion interaction, which was utilized for Fe’* detection in
water with high selectivity and sensitivity (LOD = 1.683 and

0.690 uM) via UV-Vis and fluorescent techniques, respectively.
Keywords: Fe', multi-stimuli

spiropyran

Sfluorescent, responsive, Sensor,
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1. GIOI THIEU

Ion sat (1) hay Fe** 13 mot cation kim loai
chuyén tiép quan trong tham gia vao nhiéu qué trinh
sinh hoc thlet yéu khac nhau, chang han nhu chuyen
hoa oxy, tong hop enzyme, chuyén doi dién tir, din
truyén than kinh,... (Yang et al., 2016; Zhao et al.,
2017; Zhang et al., 2018). Do dé, viée thiéu hut hoéc
du thira ion Fe** déu c6 thé anh huong dén sirc khoe
con nguoi nhu rdi loan chiic ning co quan, bénh
Alzheimer va Parkinson, lodng xuong va thiéu mau
(Zhang et al., 2018; Wojtunik-Kulesza et al., 2019).
Tuy nhién, Fe** dugc xem 1a mét trong nhing chat
6 nhiém kim loai chinh trong nhiéu quy trinh cong
nghiép, giy ra cac van dé moi truong nghiém trong
(Olmez et al., 2016; Garg & Singh, 2022). T4 chic
Y té Thé gioi (WHO) va co quan Bao vé méi trudng
Hoa Ky (US EPA) di khuyén cao ndng d tbi da cho
phép ctia Fe** trong nudc ubng 1a 0,3 mg/L (5,37
uM) (World Health Organization [WHO], 2017;
The United States Environmental Protection
Agency [US EPA], 2018). Vi vay, cac phuong phap
va vat liéu méi dé phat hién ciing nhu theo doi nong
d6 Fe** trong moi truong va cac hé sinh hoc khac
nhau v4i d§ nhay, do chinh xac cao da dugc nghién
cuu va phat trién (Ma et al., 2020; Kaushik et al.,
2021; Liu et al., 2021).

Gan day, cac phan tir bién doi quang thu hit sw
chu y cua cac nha khoa hoc do ching c6 kha nang
dong phan hoa thuan nghich giira cac dang khéac
nhau dudi tac dong cuia tia tir ngoai va kha kién, mo
ra nhiéu huéng (mg dung trong céc linh vye vat liéu
thong minh (Wang & Li, 2018; Dattler et al., 2020).
Trong do, dién hinh 1a phan t&r spiropyran (SP) co
thé chuyén d6i thuan nghich giira dang dong vong,
khong phéat quang (SP) va dang mo& vong, phat
quang do (merocyanine, MC) duéi tdc dong ciia anh
sang, nhi¢t dg, pH ctia moi trudong, ion kim loai, lyc
co hoc,... Do d6, cac dan xuét cua SP da duoc téng
hop va tmg dung rong rii trong cam bién hoa - sinh
hoc, muc chéng gia, thiét bi lvu trir dir liéu quang
hoc va cac linh vuc khac (Klajn, 2014; Abdollahi et
al., 2018; Julia-Lopez et al., 2019; Kortekaas et al.,
2019). Mot s6 cam bién hoa hoc dya trén SP dung
dé xac dinh pH ctia moi truong (Klajn, 2014; Zhang
et al., 2016; Rad et al., 2022) va phat hién cac ion
kim loa1 (AP, Cr*, Fe3+ Ag’, Hg?,...) da dugc tong
hop va phat trién gan day (Zheng et al., 2018; Zhou
et al., 2020; Nhien et al., 2022).

Trong nghién ctru nay, mot dan xuét azide cta
spiropyran, SP-N3 da dugc tong hop bang cac phan
tmg don gian nham khao sat sy dap ung quang da
kich thich ctia SP-N3 duéi anh huong ctia dung méi,

117

Tdp 61, S6 24 (2025): 116-125

tia UV/Vis, pH cua moi truong va twong tac cla ion
kim loai; tir d6, tng dung dé phén tich ion Fe** trong
moi trudng nudce va day 1a diém mai ciia nghién ctru.
2. PHUONG PHAP NGHIEN CUU
2.1. Hoéa chit va thiét bi

Hoa chét: 2,3,3-trimethyl-3H-indole (98%, TCI
Japan), 2-iodoethanol (99%, TCI Japan),
S-nitrosalicylaldehyde (98%, Alfa Aesar), tosyl
chloride (TsCl, 99%, Sigma-Aldrich), sodium azide
(99,5%, Sigma-Aldrich), mot s6 hop chit v6 co va
dung méi hitu co thong dung dugc mua tir cac nha
cung cap hoéa chat (Alfa Aesar, Sigma-Aldrich,
TCI).

Thiét bi: Phd 'H, PC NMR dugc do trén may
cong hudng tir hat nhan Bruker DRX-300 va Varian
Umty Inova 500 MHz, phé HR-MS dugc do trén
may pho khdi Bruker-Impact HD (ESI mode). Pho
UV-Vis cia cac mau dugc do trén may quang pho
V-730 Jasco trong khodang budc song tir 300 dén 800
nm. Phd huynh quang ctia cac mau duoc do trén may
quang phd FP-8300 Jasco & budc song kich thich
365 nm trong khodng budc song phat quang tir 500
dén 750 nm.

2.2. Tong hop SP-N3

Cam bién hoa hoc SP-N3 dugc tong hop tir 2,3,3-
trimethyl-3H-indole dya trén cac cong bd trude day
(Raymo & Giordani, 2001; Nhien et al., 2020) c6
diéu chinh theo so @6 ¢ Hinh 1:

) ——= o T~ o
ACN, £ K ? "
1 i 2
H
OH
EtOH, © /@i

oﬁqno

Hinh 1. So' dd tong hgp SP-N3

Hop chit 1: Hon hop chira 2,3,3-trimetyl-3H-
indole (4,0 g; 24,37 mmol) va 2-iodoethanol (5,0 g;
28,20 mmol) trong acetonitrile (ACN, 9 mL) dugc
dun hoan luu trong 24 gid dudi dong khi N,. Sau khi
1am ngudi dén nhiét do phong, acetonitrile dugc loai
bo dudi ap suat kém. Tinh thé duoc rira bng diethyl
ether (3x100 mL) va say & 50 °C trong 1 gid dé thu
dugc chét rin mau hong (hop chét 1: 7,6 g; hidu suat
94,16%) dugc si dung trong budc tiép theo ma
khong can tinh ché. 'TH NMR (300 MHz, DMSO-ds,
S ppm): 7,99 — 7,94 (m, 1H); 7,89 — 7,83 (m, 1H);
7,65 — 7,59 (m, 2H); 4,60 (t, J = 5,1 Hz, 2H); 3,88

TsCl, TEA

NaN;, DMF
NO,
NO,

SP- N3
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(t, J = 5,1 Hz, 2H); 3,57 (s,1H); 2,83 (s, 3H); 1,55
(s, 6H).

Hop chit 2: Hop chét 1 (5,6 g; 16,91 mmol)
dugc khudy véi KOH (2,23 g; 33,82 mmol) trong
nudce cat (100 mL) & nhiét do phong trong 30 phut,
sau d6 chiét dung dich nay bang diethyl ether (3x30
mL). Lép hitu co duge thu gom, 1am khan bing
Na,S04 va loc. Dich loc dugc ¢ dic dudi ap suit
kém dé thu dugc hop chét 2 (chét 1ong sét mau vang
nhat; 3,11 g; hiéu suat 95,11%). '"H NMR (300
MHz, CDCls, & ppm): 7,17 — 7,06 (m, 2H); 6,95 —
6,90 (m, 1H); 6,76 (d, J = 7,8 Hz, 1H); 3,89 — 3,48
(m, 4H); 1,43 (s, 3H); 1,39 (s, 3H); 1,18 (s, 3H).

Hop chit 3: Thém hop chit 2 (2,65 g; 13,10
mmol) vao  trong dung dich chira
S-nitrosalicylaldehyde (2,50 g; 14,5 mmol) trong
ethanol (EtOH, 40 mL), sau d6 dun hoan luu trong
3 gity dudi dong khi Ny. Sau khi 1am nguoi dén nhiét
d6 phong, ethanol dugc loai bé dudi ap suat kém,
chiét hdn hop thu duoc bang ethyl acetate (3x30
mL). Sau d06, 16p hitu co dugc thu gom, lam khan
béng Na;SO4 va lgc. Dich loc dugc c6 dédc dudi ap
suat kém dé thu dugc san pham tho. Viéc tinh ché
dugc tién hanh bang sic ky cot voi h¢ dung moi
(hexane:ethyl acetate = 10:1) dé thu dugc hop chat
3 1a chét rdn mau tim (4,10 g; hiéu suat 88,82%). 'H
NMR (300 MHz, CDCl3, 6 ppm): 8,04 — 7,99 (m,
2H); 7,22 - 7,17 (m, 1H); 7,12 — 7,09 (m, 1H); 6,93
— 6,88 (m, 2H); 6,76 (d, J = 8,7 Hz, 1H); 6,67
(d, J=7,8 Hz, 1H); 5,89 (d, J = 10,5 Hz, 1H); 3,85
— 3,70 (m, 2H); 3,51 — 3,29 (m, 2H); 1,77 (s, 1H);
1,30 (s, 3H); 1,20 (s, 3H).

Hop chit 4: Hon hop cua hop chat 3 (3,53 g; 10
mmol) va triethylamine (TEA; 6,75 g; 66,67 mmol)
trong dichloromethane khan (DCM, 50 mL) dugc
khudy & 0°C, sau d6 thém timg giot dung dich tosyl
chloride (3,89 g; 20 mmol) trong dichloromethane
(25 mL). Hon hop phan tmg dugc khudy ¢ 0°C
trong 30 phut va dugc duy tri ¢ nhiét d§ phong trong
24 gio. Hon hop phan tmg dugc thém vao thém 100
mL nudc, chiét va rira pha hiru co bang dung dich
bdo hoa NaHCO; (2x50 mL) sau d6 bang nudc
mubi. Lop hiru co duge thu gom va lam khan bang
NazS04, loc va 1am kh6 dung moi dudi ap suét kém.
San pham thd duoc tinh ché bang sic ky cot trén
silica gel sir dung hon hop dung méi (hexane:ethyl
acetate = 5:1) thu dugc hop chat 4 1a chat rin mau
vang nhat (4,1 g; hiéu suat 80%). '"H NMR (300
MHz, CDCls, 6 ppm): 8,01 — 7,98 (m, 2H); 7,70 (d,
J=28,4Hz, 2H); 7,27 (d,J = 8,1 Hz, 2H); 7,18 - 7,13
(m, 1H); 7,08 (d, J = 6,9 Hz, 1H); 6,92 — 6,89 (m,
2H); 6,69 (d, J = 9,3 Hz, 1H); 6,50 (d, J = 7,5 Hz,
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1H); 5,82 (d, J=10,2 Hz, 1H); 4,25 — 4,17 (m, 1H);
4,09-4,01 (m, 1H); 3,63 — 3,53 (m, 1H); 3,46 — 3,37
(m, 1H); 2,42 (s, 3H); 1,25 (s, 3H); 1,12 (s, 3H).

Hop chit SP-N3: Khudy hdn hop chira hgp chat
4 (3,7 g; 7,31 mmol) va sodium azide (1,43 g; 21,93
mmol) trong N, N-dimethylmethanamide
(dimethylformamide, DMF, 20 mL) trong 48 gio ¢
nhiét d6 phong. Sau do, 100 mL nude cét dugc thém
vao va chiét hdn hop nay bang DCM (3x50 mL).
Pha hitu co duge lam khan trén Na;SOs, loc va dung
moi duoc 1am bay hoi trong chan khong dé thu dugc
SP-N; 14 chit ran mau vang nhat (2,52 g; hiéu suat
91,30%).

2.3. Pha ché cic dung dich

Dung dich SP-N3 1 mM: Can chinh xac 7,548
mg SP-N; cho vao vial 20 mL, hoa tan bang 20 mL
butylene oxide (tetrahydrofuran, THF), lic déu, thu
duoc dung dich SP-N3 1 mM. Dung dich nay dugc
ding lam dung dich gdc cho cac thi nghiém tiép
theo.

Dung dich cac ion kim loai: Li*, Na*, K*, Ag",
Mg*", Mn?*, Hg*", Fe?', Sn?*, Cd**, Co?*', Cu?', Pb*",
Zn*, Nj2+, AP, Cr** va Fe?* duoc pha truc tiép tir
cac muoi nitrate, chloride, sulfate, triflate.

2.4. Khao sat

lwgng nuée

anh hwéng cita ham

Dé danh gia anh huong ciia ham lugng nude dén
tinh chat quang ciia SP-N3, ndng do ciia SP-N3 duoc
¢b dinh bang 50 uM trong cac dung dich hén hop
dung mdi THF/H,O (0 — 90% nuéc) dudi diéu kién
chiéu xa UV ¢ budc song 365 nm dé thu dugc
MC-Ns. Sau d6, pho UV-Vis va phd huynh quang
cua cac dung dich dugc khéo sat, ttir 46 danh gia anh
hudng cia ham lugng nude dén kha ning hap thu va
phat huynh quang ctia SP-N3 khi dugc chiéu xa UV.

2.5. Khio sit znh hwéng cia thoi gian chiéu

xa UV/Vis

Do SP-N3 c6 chita vong spiropyran nén phan tir
nay c6 tinh chat bién ddi quang hoc, c6 nghia la
chiing c6 kha ning thay d6i mau sic khi dugc chiéu
sang, dac bi¢t 1a dudi anh sang UV hoac Vis
(Hinh 2):

-
’

SP-N,

Hinh 2. Sy dong phan héa giira SP-N3 va MC-N3

NO,

MC-N,

uv
O s
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Dé danh gia anh huong cia thoi gian chiéu xa
UV dén tinh chat quang ciia SP-N3, dung dich
SP-N3 50 uM trong THF/H,O (1:1, v/v) dugc chiéu
xa UV & budce song 365 nm trong khoang thoi gian
tir 0 dén 60 gidy. Sau d6, phd UV-Vis va phd huynh
quang cua cac dung dich dugc do, tir d6 xac dinh
dugc thoi gian chiéu xa UV t6i uu. Su bién doi tinh
chat quang thuan nghich cta SP-N3 ciing dugc khao
sat dudi anh sang kha kién.

2.6. Khao sat anh huéng cia pH dung dich

Tinh chat quang cta dung dich SP-N3 50 uM
trong THF/H,O (1:1, v/v) dugc khdo sat trong
khoang pH tir 1 dén 13 bang cac dung dich HCI va
NaOH c6 ndng d6 1 M sau khi chiéu xa UV ¢ buéc
song 365 nm. Pho UV-Vis va huynh quang ciia dung
dich MC-N; dugc do ¢ cac pH khac nhau dé danh
gi4 anh huéng ciia nd dén sy dong/md vong clia SP.

2.7. Ung dung d@é phén tich ion Fe**

Khdo sdt @ chon loc ciia ciam bién déi véi ion
Fe'*: Dung dich SP-N3 50 uM trong THF/H,O (1:1,
v/v) dugc st dung dé khao sat do chon loc ddi véi
ion Fe** va&i su hién dién cua céc cation kim loai
khac (Li*, Na', K', Ag", Mg?', Mn?', Hg*', Fe*',
Sn**, Cd*", Co*', Cu?', Pb**, Zn?', NiZ', AI*", Cr*").
Duéi anh sang UV, SP-N3 bi dong phan hoa thanh
MC-N3 c6 mau va phat quang, dung dich nay sé
duoc thur nghiém véi cac ion kim loai dé danh gia
kha néng chon loc cta cam bién d6i véi Fe3* b?mg
phuong phap quang phd UV-Vis va huynh quang.

Khdo sdt khodng bdo hoa, khodng tuyén tinh
va dwong chudn déi véi ion Fe’*: Liy chinh xac 2
mL SP-N3 50 pM trong THF/H,O (1:1, v/v), chiéu
xa UV trong 1 phut. Dung dich Fe** 10 mM dugc
thém vao véi cac thé tich khac nhau (0 — 20 uL)
tuong ting véi ndng do ciia Fe** (0 — 100 pM). Phd
hép thu va huynh quang cua cac dung dich dugc do
trén may quang pho tr d6 xac dinh dugc khoang
bio hoa, khoang tuyén tinh va dudng chuan ddi véi
Fe3+

Khdo sat gioi han phdt hi¢n (LOD) va gicoi han
dinh lwong (LOQ) doi véi ion Fe’*: GiGi han phat
hién va gidi han dinh luong cua ca hai phuong phap
dugc tinh toan dya trén d¢ 1éch chuén (SD) ctia mau
trang (blank) va hé s6 goc (k) ctia duong chuan. Do
hép thu va cudng d6 huynh quang cta 10 dung dich
SP-N3 50 uM trong THF/H,O (1:1, v/v) sau khi
chiéu xa UV dugc do trén may quang pho UV-Vis
(Amax = 545 nm) va huynh quang (Aem = 631 nm) dé
xéac dinh dugc gia tri SD (n = 10) ciia mdi phuong
phap, tir 6 tinh duge LOD va LOQ d6i voi ion Fe*
bang cic biéu thic sau (Uhrovéik, 2014;
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Association of Official Analytical Chemists
[AOAC], 2016; Nhien et al., 2022; Sabzkoohi et al.,
2023):
10 x SD

k

LOQ

K ;
3. KET QUA VA THAO LUAN
3.1. Két qua tong hgp SP-N3

Céu trac hoa hoc va khdi lugng phén tr ciia hop
chét SP-N3 duoc xac dinh bang pho cong huong tur
hat nhan 'H NMR, *C NMR va phé khéi luong do
phan giai cao (HR-MS). Dir liéu phd ctua SP-N3
dugc trinh bay tom tit nhu sau:

Hop chit SP-Ns: 'H NMR (300 MHz, CDCl;, &
ppm): 8,05—28,01 (m, 2H); 7,26 — 7,20 (m, 1H); 7,14
(d, T = 6.6 Hz, 1H); 6,98 — 6,92 (m, 2H); 6,78 — 6,75
(m, 1H); 6,65 (d, J = 7,8 Hz, 1H); 5,97 (d, J = 10,2
Hz, 1H); 3,61 — 3,33 (m, 4H); 1,32 (s, 3H); 1,23 (s,
1H). BC NMR (125 MHz, CDCls, & ppm): 160,3;
159,3; 146,4; 1457; 141,8; 141,1; 136,0; 1357,
128,4; 128,2; 127,8; 125,9; 125.6; 1254; 122.8;
122,0; 121,9; 121,6; 120,2; 120,1; 118,4; 117.9;
116,7; 115,5; 107,0; 106,6; 106,5; 99,9; 69,6; 55,8;
52,7; 50,1; 49,1; 45,.3; 43,8; 37,8; 25,8; 25,7; 21,6;
19,9. HR-MS (ESIY) [M+H]": tinh toan cho
C0H20Ns05" 12 378,1561; tim thay 378,1564.

Két qua phan tich phd '"H NMR, *C NMR trén
pht hop véi cac cong bd trude day (Nhien et al.,
2020; Zhang et al., 2020), két hop véi pho HR- MS
cho thiy rang di tong hop thanh cong hop chat
SP-Ns tu 2,3,3-trimethyl-3H-indole v6i cong thie
phan tir 1a CyH;9NsO; va phan tir lugng bing
377,1564 g/mol.

3.2. Anh hwéng ciia ham lwgng nuée

Anh huéng ctia him lugng nudc dén tinh chat
quang ctia SP-N3 vd MC-N3 duoc thé hién &
Hinh 3.

Hinh 3b cho thidy d6 hip thu cua dung dich
MC-N; ting dan va 6n dinh khi ham lugng nudc
tang tir 0 dén 50%, sau d6 c6 xu hudng giam nhe khi
tang lwong nudc 1én dén 90%. Mau cia dung dich
ciling thay doi theo phj;‘m trdm nude dugce thém vao.
Dic biét 1a c6 sy chuyén dich bude song hip thu cuc
dai vé viing 4nh sang xanh khi tdng ham luong nude
tr 0 dén 90% (Hinh 3a). Phd huynh quang cua
MC-N3 ¢ Hinh 3c,d ciing cho thay cudng d6 huynh
quang ting dan khi ting ham lugng nudc va dat cuc
dai tai 50% nudce. Tuy nhién, cuong d6 phat quang
cua dung dich gidm manh khi ham lugng nudc thay
d6i tir 60 dén 90% kém theo su dich chuyén xanh
cua budc song phat xa. Bén canh d6, Hinh 3d cho
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thay dung dich MC-N3 (THF/H,O = 1:1, v/v) phat
quang mau d6 manh & budc séng 631 nm. Hign
tugng dich chuyén xanh ctia MC-Ns duogc quan sit
thdy trong ca phd UV-Vis va huynh quang c6 thé
duoc giai thich 1a do qua trinh hydrate hoa cia nhom
phenolate tang dan khi thay d6i ham lwong nudce tir
0 dén 90%. Dya trén két qua phan tich pho UV-Vis
va huynh quang cta dung dich MC-N3, h¢ dung moi
THF/H,0 = 1/1 (Gtng véi 50% nudc) duge chon cho
céc thi nghiém tiép theo véi cuc dai hap thu va phat
xa cia MC-Ns lan lugt 1d Ame = 545 nm va
Aem

=631 nm.

B¢ hip thu (a.u)

W@ om om0
Ham lugng H,0 (%)

0
Buoc son:

Hinh 3. Phé (a) UV-Vis va (c) huynh quang, sw

thay ddi (b) cwong d hap thu va (d) cwong dd

huynh quang ciia MC-N3 50 pM v6i ham luwgng
nudce khac nhau

3.3. Anh hwéng cia thoi gian chiéu xa
UV/Vis

Anh huéng cua anh sang tir ngoai dén tinh chét
quang ctia MC-N3 dugc khao sat bang phd UV-Vis
va huynh quang trong khoang thoi gian chiéu xa tir
0 — 60 gidy.

Quan sat tir Hinh 4a cho th?iy mot dinh h?ip thu
xuit hién & budc song 545 nm sau khi dung dich
MC-N3 duoc chiéu xa UV tir 10 dén 60 gidy. bo hap
thy tang dan theo thoi gian chiéu xa va 6n dinh sau
40 giay, dong thoi dung dich tir khong mau (6 0
gidy) chuyén sang mau hong tim (Hinh 4b). Diéu
nay chirng té dudi anh sang UV 365 nm, dang dong
vong SP-N; khong mau da duoc déng phan hoa
thanh dang m& vong MC-N3 mau hong tim. Tuong
tu, phd huynh quang & Hinh 4c cho thay cuong do
huynh quang téng dan khi dung dich SP-Ns dugc
chiéu xa UV tir 0 — 60 gidy va 6n dinh sau 50 gidy.
Dong thoi dung dich tir phat xa rat yéu ¢ 0 gidy
chuyén sang phat xa mau dé manh & 60 giay (Hinh
4d). Su tang cuong huynh quang va do hap thu cua
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SP-N; sau khi chiéu xa UV chimg to sy dong phan
hoa xay ra hoan toan sau 50 gidy. Vi vay, thoi gian
chiéu xa 50 gidy dugc chon 1a thoi gian téi wu dé
chuyén héa SP-N3 thanh MC-N; cho céc khao sat

tiép theo.
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Hinh 4. Phé (a) UV-Vis va (c) pho huynh quang,
sir thay d6i (b) cwong dd héap thu va (d) cwong
d6 huynh quang ciia MC-N3 50 pM véi thoi gian
chiéu xa UV khac nhau

Ngoai ra, dang m& vong MC-Nj dé dang chuyén
hoéa thanh dang dong vong SP-Ns dudi anh sang kha
kién. Két qua ¢ Hinh 5 chi ra ring dudi anh sang kha
kién SP-N3 gan nhu khong hap thy anh sang & 545
nm va phat quang kém & 631 nm, trong khi dé cudng
d6 cuia chung dugc ting cuong manh sau khi chiéu
xa UV. Qua trinh déng phan héa thuin nghich
SP-N3 <> MC-Ns c¢6 thé duoc lap lai tot it nhat 3
chu ky chiéu xa tia UV/Vis, ching t6 SP-N3 1a mot
vét liéu cam Ung quang thong minh hira hen nhiéu
g dung trong thyc té.
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Hinh 5. Sy thay ddi (a) cwong dd hap thu va (b)
cwdng do huynh quang ciia MC-N3 50 uM theo
chu ky chiéu xa UV/Vis

34.

Anh huéng ciia pH

Phd UV-Vis & Hinh 6a va ph6 huynh quang &

Hinh 6¢ thé hién anh huong cia pH Qén tinh chat
quang cua hop chat MC-Ns. Cu the, dung dich
MC-N3 ¢6 mau tim déc trung va phat quang mau do
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manh & céc gia tri pH trung tinh va acid/base yéu
(pH = 5 — 8). Tuy nhién, dung dich nay bi mt mau
tim va huynh quang bi dép tat trong méi trudng c6
pH thap (pH < 5) hoic pH cao (pH > 8). Hién tuong
mat mau va dap tat huynh quang trong méi truong
acid ¢6 thé dugc 1y giai do su proton héa ctia nhom
phenolate (-O) trong MC-Ns, dan dén sy hinh thanh
MCH*-N; phat quang yéu. Trong khi d6, trong moi
truong kiém, MC-N; chuyén héa thanh dang dong
phan khéng mau va khong phat quang SP-Ns. Su
giam cuong do hap thu ciing nhu cudng d6 phat
quang va bién d6i mau sic, mau huynh quang cta
dung dich MC-N; tai cac gia tri pH khac nhau c6 thé
duoc quan sat rd rang & Hinh 6b,d.

=
/
/

o T
Buéic séng (nm) pH

Hinh 6. Pho (a) UV-Vis va (c) huynh quang, sy
thay ddi (b) cwong d hap thu va (d) cwong dd
huynh quang ciia MC-N3 50 uM véi pH
khac nhau

3.5. Ung dung cam bién dé phan tich ion Fe**
D chon loc ciia cam bien doi véi ion Fe’*

Do chon loc ciia cam bién huynh quang MC-N;
ddi véi ion Fe** duge khdo st bang cd hai phuong
phap quang phd UV-Vis va huynh quang v&i sy hién
dién ciia 17 ion kim loai khac nhau. Két qua pho
UV-Vis va huynh quang duogc trinh bay trong Hinh
7a,b.

Két qua tir Hinh 7a,c cho thay chi c6 ion Fe** anh
huong va lam giam do hip thu cia MC-N3 & 545 nm
hon 3 1an, trong khi d6 d6 hap thu cia MC-N3 hau
nhu khong thay d6i nhidu khi c6 sy hién dién cua
cac ion kim loai khac (Li", Na*, K, Ag", Mg,
Mn2+ Hg2+ FeZ+ Sn2+ Cd2+ C02+ Cu2+ Pb2+ Zn2+

NiZt Al3+ Cr). Dong thoi, mau tim ctia dung dich
MC N3 chuyén sang mau Vang nhat chi khi dugc
thém ion Fe** (Hinh 8a), di¢u nay ching to MC-N;
¢6 do chon loc cao ddi voi Fe¥*. Bén canh do, cuong
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d6 huynh quang cua MC-N3 ¢ 631 nm giam 2,5 1?m
khi ¢6 sy hién dién ctia Fe** va khong c6 sy thay doi
dang ké ddi véi cac ion kim loai khic (Hinh 7b,d).
Tuy nhién, ion Fe?" ciing anh hudng it dén kha ning
phat quang ctia cam bién MC-N3. Mau sic va cuong
d6 phat quang cua cam bién MC-N; dugc thé hién
& Hinh 8b. Qua d6 cho thdy MC-N3 phét quang mau
d6 manh trong dung dich & dang ty do v6i sy hién
dién cta 17 cation kim loai khac nhung bi dép tat
khi ¢6 mit ctia ion Fe** duoc quan sat dudi anh sang
UV 365 nm.

Buée séng (nm) ™
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NN R B I f".‘
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Hinh 7. Pho (a) UV-Vis, (b) huynh quang va (c),
(d) d¢ chon lgc cita MC-N3 50 uM doi véi Fe**
dwéi sw hi€n hién ctia cac ion kim loai khac

o
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Hinh 8. Sy thay d6i mau cia dung dich MC-N3
50 pM véi su hién dién cta cac cation kim loai
(a) dwd6i anh sang thwong va (b) dwéi den
UV 365 nm

Két qua phan tich trén cho thdy cam bién huynh
quang MC-N; thé hién kha ning chon loc cao di
vé4i Fe** khi khdo sat dudi su hién dién cua 17 ion
kim loai khac bang ca phuong phap UV-Vis va
huynh quang. Sy giam cuong do hap thu va phat xa
ctia cam bién khi c6 mit ion Fe** c6 thé dugc giai
thich 14 do sy hinh thanh lién két phdi tri giita nhém
phenolate (-O), indoline (-N) va azide (-N3) vdi ion
Fe** tao nén phirc chat MC-N3+Fe**. Sy hinh thanh
phirc chit nay lam giam sy linh dong cia cac
electron trén phdi tir dan dén giam cuong do hap thy
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va phat quang cia MC-Ns. Bén canh d6, sy giam
cudng do phét xa cia MC-N3 c6 thé 1a do sy chuyén
doi electron & trang thai kich thich gitta phéi tir va
nguyén t6 trung tim duya trén hiéu ing chuyén dién
tor quang cam ung (photoinduced electron transfer,
PET).

Khodng bdo hoa, khodng tuyén tinh va dwong
chudin xdc dinh Fe’*

B0 hip thy (a.u)
B hip thy (a.u.)
/

a0
3 0 40 S0 5% o0 60 W
Buwéc song (nm)

Hinh 9. (a) Ph UV-Vis, (b) sy twong quan giira
dd hip thu va ndng dd Fe** va (c) sw thay doi
mau cia cic dung dich chuin

Phé UV-Vis va d6 thi & Hinh 9a,b cho thay
phuong phap UV-Vis c¢6 khoang bdo hoa nim trong
khoang nong do Fe** 16n hon 50 uM
(> 50 — 100 puM) vi do hép thu cia cac dung dich
hau nhu khong thay ddi trong khoang nong do trén.
Do tuyén tinh cia phuong phap dugc xac dinh trong
khoang tir 0 dén 50 uM Fe** tuong Umg vai su thay
d6i mau cua cac dung dich chuan duoc thé hién &
Hinh 9c.

—
——y

Cudng a6 huynh quang (CP:

Néng dg (M)

Hinh 10. (a) Pho huynh quang, (b) s twong
quan giita cwong d huynh quang va nong do
Fe** va (c) sy thay d6i mau ciia cac dung
dich chuin

Tdp 61, S6 24 (2025): 116-125

Tuong tu, Hinh 10a,b cho thdy phuong phap
quang phd huynh quang c6 khoang bao hoa nam
trong khoang néng do Fe** 16n hon 50 uM (> 50 —
100 uM) vi d6 phat xa cua cac dung dich hau nhu
thay d6i khong déng ké trong khoang nong d trén.
Khoang tuyén tinh ctia phuong phép dugc xac dinh
trong khoang tir 0 &n 50 uM Fe* twong tmg vdi su
dap tat huynh quang cua cac dung dich chuan dugc
thé hién ¢ Hinh 10c. Két hop véi phuong phép
quang phd UV-Vis trén cho thiy su tao phirc ctua
MC-N3 véi ion Fe** theo ti 1& 1:1 va co ché tao phirc
dugc du doan nhu ¢ Hinh 11.

UV Fer Fed*
N 0 NO, — N 4

Fe3+
3 Nsl'/
Hinh 11. Dy doén sy tao phirc cia MC-N3 véi
ion Fe**
Phuong trinh hoi quy tuyén tinh duoc xay dung
dua trén d6 hap thu hoac cuong do huynh quang voi
nong do Fe** duoc thé hién & Hinh 12 va Bang 1.
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Hinh 12. D6 thi tuyén tinh ddi véi ion Fe’* theo
phuong phap (a) UV-Vis va (b) huynh quang

Két qua phan tich cho thdy c6 su twong quan
tuyén tinh tot giita d6 hap thu va cuong d6 huynh
quang ctia cam bién MC-N3 véi nong do Fe** (0 —
50 uM) va hé sb tuong quan tuyén tinh cda ca hai
phuong phép déu dap | ung yéu cau theo quy dinh cua
AOAC. Vi vy, co thé dung MC-N; nhu la mot dau
do dé dinh luong ion Fe** bang ca hai phuwong phap
quang phd UV-Vis va huynh quang.

Gi6i han phat hién va gidi han dinh lugng cia ca
hai phuong phép dwgc thyc hién trén mau tring véi
10 lan 13p lai, két hgp v6i phuong trinh hdi quy
tuyén tinh gia tri LOD, LOQ dugc tinh toan va trinh
bay trong Bang 2.
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Bing 1. Gia tri khoang bio hoa, khoing dinh lwgng, phwong trinh hdi quy va h¢ sb twong quan déi

v6i Fe'*
] Khoang Khoang o H¢ sb twong quan
Ph h Phwong trinh h :
YONEPAP o hoa (M)  dinh lugng (M) tromg trinh 1ol qity (R?)
UV-Vi =-0,004x + 0,280 0,990
Yl > 50— 100 0-50 Y * .
Huynh quang y=-13808x + 1,32x10 0,997
Biing 2. Két qua gi6i han phat hi¢n (LOD) va giéi 4. KET LUAN
han dinh luong (LOQ) Nghién ctru nay da thanh cong trong viéc tong
Phuong phiap/  LOD = 3 xSD LOQ = 10 x SD hop cam bién huynh quang SP-N3 va cau trac hoa
Tiéu chuin k k hoc clia hop chat nay duoc xac dinh bang cic
U chu (uM) (uM) phuong phap phd hién dai. Hop chit SP-Ns/MC-Ns
UV-Vis 1,683 5,611 the hién kha nang dap ting quang da kich thich dudi
Huynh quang 0,690 2,301 tdc dong cua dung moi, tia UV/Vis, pH va ion kim
US EPA/WHO 5,37 . loai. Dudi anh sang tia UV, SP-N3 dong phan hoa

thanh MC-N3 ¢6 mau va phat quang do dugc
Két qua tinh toan cho thay, gia tri LOD va LOQ tmg dung dé phan tich ion Fe’" bang phuong phap
ciia phuong phap quang phd UV-Vis lan luot 14 UV-Vis va huynh quang. Cam bién MC-N3 c6 do
1,683 uM va 5,611 uM; phuong phap quang pho chon loc va do nhay cao ddi voi Fe** voi cac gia tri
huynh quang 1a 0,690 uM va 2,301 uM. Céc gia tri LOD (1,683 va 0,690 uM) déu nho hon ham lugng
LOD thu dugc cua ca hai phwong phap déu’ nho hon sat ti da cho phép trong nudc udng theo khuyén cao
ham luong sat toi da cho phép trong nuée udng (5,37 ciia US EPA va WHO (5,37 uM). Ca hai phuong
uM) theo khuyén céo cua US EPA va WHO. Dicu phép phén tich déu c6 phuong trinh hdi quy tuyen
ndy chi ra rang ca hai phuong phap déu co do nhay tinh tot va hé s6 twong quan cao phi hop voi yéu cau
cao dé xac dinh Fe'', tuy nhién phuong phép quang ctia AOAC, chiing to cam bién SP-Nj3 ¢6 tiém nang
pho huynh quang cho d6 nhay cao hon do tinh nhay, ung dung cao trong viéc xac dinh ham luong Fe*
dédc trung va it bi anh huong cua hién tuong phat trong cac mau thyc té.
quang. Do do, cam bién hoa hoc SP-N3/MC-Nj rat . .
¢6 tiém ning Umng dung aé phat hién va phan tich ion LOI CAM TA
Fe** trong cac mau thuc té. Dé tai nay dugc tai trg boi Truong Pai hoc Can
Tho, Ma s6: T2023-15.
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