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SUMMARY

DEVELOPMENT OF A UV-VIS SPECTROPHOTOMETRIC METHOD BASED ON THE
SCANDIUM-PLUMBAGIN COMPLEX FOR THE DETERMINATION OF SCANDIUM
IN INORGANIC FERTILIZER SAMPLES

A UV-Vis spectroscopic method based on the complex formation reaction between Sc** ions and plumbagin
was developed to determine scandium content in inorganic fertilizers. The formation of the Sc-Plumbagin
complex was confirmed through UV-Vis absorption spectroscopy with a characteristic absorption band at
500 nm. Factors influencing the complex formation process and measurement were systematically
investigated; optimal conditions were determined to include pH 5.5, plumbagin concentration of 10° M,
complexation time of 5 minutes with a stability of at least 45 minutes, and an acetonitrile:water solvent
system at a ratio of 1:2 (v/v). Under these conditions, the absorbance of the complex showed a good linear
relationship with Sc®* concentration in the range of 1-45 ppm, with a correlation coefficient R* = 0.9988.
The method has a detection limit of 0.24 ppm, a quantification limit of 0.71 ppm, and the repeatability and
accuracy meet the requirements of quantitative analysis. Analysis of real-world inorganic fertilizer samples
showed that the proposed method is feasible, low-cost, and suitable for the determination of scandium by
UV-Vis spectroscopy.

Keywords: Lanthanide complexes, f—diketone; singlet oxygen.

1 PAT VAN PE c’Te xac dinh Sc3+ troPg Phafl bon vo co c6
’ . y nghia quan trong ca vé mdt khoa hoc lan
Scandium (Sc) la mgt kim loai chuyén thuc tién.

tiép thudc nhom cac nguyén t6 dat hiém,
hién duogc tng dung rong rai trong nhiéu
linh vuc cong nghi¢p va cong nghé cao
nhu ché tao hgp kim nhom-scandium, xuc
tac, linh kién dién tir va cong ngh¢ nang
luong [1]. Trong nhing nim gan day,
scandium ciing bt ddu nhan duoc sy quan
tam trong linh vuc ndng nghi¢p, dac bict 1a
trong cac loai phan bén v6 co va ché pham
b6 sung vi luong, do kha nang anh huéng
dén qua trinh sinh truong, phat trién va
trao ddi chat ctia cdy trong [2,3]. Viéc xay
dung cac phuong phap phan tich phu hop

Hién nay, vi¢c xac dinh Sc chu yéu duoc
thue hién bang cac ky thuat phan tich hién
dai nhu quang phd phat xa plasma cam
tmg (ICP-OES) [4,5], khdi phd plasma
cam ung (ICP-MS) [6,7]. Mac du cac ky
thuat nay cho dd nhay va dg chinh xac cao,
chung thuong doi hoi thiét bi dat tién, chi
phi van hanh 16n va quy trinh phén tich
tuong d6i phtrc tap. Nhimg han ché nay
lam giam kha nang ung dung rong rai cua
cac phuong phéap trén trong cac phong thi
nghiém phéan tich thong thuong.
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Plumbagin (PLB) (5 - hydroxy - 2 -
methyl - 1,4 - naphthoquinone) la mot
hop chat quinon c6 ngudn gdc tu nhién,
s0 hittu cac nhom chic hydroxyl va
carbonyl trong ciu trac phén tu, tao diéu
kién thuan lgi cho qua trinh phéi tri voi
nhiéu ion kim loai [8-12]. M6t s6 nghién
clru trude day di chi ra rang PLB c6 kha
ning tao phirc twong ddi bén véi cac ion
kim loai hoa tri cao, kém theo sy thay doi
13 rét vé dic tinh quang phd [13,14]. Viéc
tmg dung PLB nhu mét thudc thir trong
phan tich quang phd UV-Vis d6i voi ion
Sc** van con it. Trong cong trinh trudc
[14], chung t6i da phat hién da phat hién
duoc phuc chon loc cua PLB va Sc® ¢o
d6 hap thyu cuc dai ¢ budc séong 510nm.
Trong nghién ctru nay, ching tdi phat
trién phwong phap phan tich nhim dinh
lugng Sc trong cac mau phan bon vo co.
2. THUC NGHIEM

2.1. Héa chit, thubc thir

Plumbagin dugc mua tir Cong ty Sigma-
Aldrich (Singapore), cac hoa chit khac
nhu ethanol, metanol, DMSO, acetonitrile
(ACN), chat chuian dung dich Scandium
1000 ppm, HNOs;, NaOH va tit ca céac
mubi nitrat ctia cac kim loai trong nghién
ctu nay dugc mua tir Merck (Puc). Nudce
khtr ion dugc su dung trong nghién cuu
nay. PLB dung dich dugc dung trong chai
thity tinh HO phéach va giit mat. HCI hodc
NaOH lodng dung dé diéu chinh d6 pH
cta dung dich.

2.2. Thiét bj

May UV-Vis Hitachi F-2700 (Nhat Ban).
May do pH Hana HI 2210 (My¥)

Bép dién HP-30D (Han Quéc)

Can phan tich sartorius 224i-1S (btc)
2.3. Phuong phap phéan tich

Chudn bi mau:

Mau phan bon vé co duge nghién thanh
kich thude hat 0,075 mm va déng nhét
bang phuong phap chia tu. Hai phan tu
dbi dién duoc két hop dé thu duoc mau
phan tich, trong khi phﬁn vat liéu con lai
dugc gitr lai lam phan tham chiéu. Mau
phan tich dugc nghién tiép trong cbi ma
ndo thanh bot min va siy kho ¢ 100 + 5°C
dén khdi luong khong dbi, sau do duoc
bao quan trong binh hat am.

Phén hiiy mdu:

Phin bon vo co: Can chinh x4c khoang
5,0000 £+ 0,0001 g mau phan bon vo co
chtra cac nguyén to dat hiém vao cdc thay
tinh chiu nhiét. Loai bo cac thanh phan
chinh (N, P, K) bang cach hoa tan mau
trong nudc cat dudi su khudy lién tuc.
Piéu chinh d6 pH 1én trén 7 bang
NH,OH, dan dén su két tua cua phan dét
hiém. Loc hdn hop qua glay loc min, toc
dd chay cham, va chuyen phan can vao
chén nung Teflon, sau d6 siy kho trén bép
dién.

Phan cin kho duoc lam am béng vai giot
nude, sau do6 thém 0,5 mL HCIO, 70%.
Pun néng nhe hdn hop trén bép dién cho
dén khi xuat hién khoi HClO4 day dic.
Néu van con cac hat khong tan, thém 5,0
mL HF 48% va tiép tuc dun néng cho dén
khi ngimg xuat hién khoi HCIO,. Qué
trinh ndy duoc lap lai khi can thiét. Thanh
cde duoe trang bang nudc cat, va tiép tuc
dun néng cho dén khi hét khoi trang. Sau
do, thém 5,0 mL dung dich HCI 1:1 va
lam bay hoi ba lan dé loai bé hoan toan
HCIO, va chuyén héa tat ca cac mudi
thanh chloride. Phan can chloride thu
dugc dugc hoa tan trong 20,0 mL dung
dich HC1 10% va chuyén dinh luong vao
cde 250 mL. Sau khi trang cdc bang nudc
cat, hdn hop dugc dun soi cho dén khi thu
dugc dung dich trong, sau d6 dugc loc
qua gidy loc dinh tinh chay chdm. Phan cin
duoc rira 8-10 1an v6i dung dich HCI 1%,
va dich loc dugc thu lai (Dung dich 1).
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Gidy loc chira phan cin khong tan dugc
dat trong chén nung bach kim va nung so
bd ¢ 700-750 °C trong 30 phut. Sau do,
phan cin duoc tron voi NayCOs (gip sau
lan khéi luong ctia nd) va nung chay bang
cach ting dan nhiét do tir 750 °C dén
1000 °C trong 30-40 phut. Sau khi lam
nguodi, chén nung dugc nhung ngay vao
nuée lanh, va chit nong chay dugc hoa
tan trong 100 mL nudc cat bang cach dun
nhé hra. Hon hop duoc loc qua gidy loc
nhanh, va két tua dugc rira bang dung
dich Na;CO3 1%, sau do6 hoa tan lai trong
vai mililit dung dich HCI 10% dé thu
duge Dung dich 2. Dung dich 1 va 2 dugc
tron 1an, 1am bay hoi dén gan kho, va dinh
mirc dén 20 mL bang nude ct.

Céc mau tring dugc chuan bi song song véi
cac mau phan bén vo co chira dat hiém.

MAu phan bén 14: Can chinh x4c khodng
5,0000 + 0,0001 g mau phan bén 14 vao
coe thay tinh chiu nhiét 100 mL. bé axit
hoa miu, thém 5,0 mL HNO;3 10%. Néu
xuat hién hién tuong duc, dun sbéi nhe
dung dich hodc xur Iy thém 1 mL HNO;
1:1 dé dam bao phan hay hoan toan chét
hitu co. Hon hop dugc 1am bay hoi trén
bép dién cho dén khi khong con khéi axit
nitric trang dic, cho thay luong axit du da
duoc loai bo. Phan can thu duge sau do
dugc hoa tan trong dung dich HNO3 2%
va chuyén dinh lugng vao binh dinh muc
20 mL. Dung dich cubi cing dugc dinh
muc dén vach béng nude cat, thu duge
dung dich c6 ndéng 4o axit tong thé
khoang 2% HNOs.

Mau trang duoc chuén bi tuong tur song song
v6i mau phan bén vo co chira dat hiém.

2.4. T6i wu héa cac diéu kién thi nghiém
2.4.1. Khdo sdt tin hiéu hép thu ciia phirc

Sy thay ddi tin hiéu hap thu ctia phirc Sc-
PLB theo nong dd ion Sc3+, lay lan luot
0,5 mL; 1,5 mL va 3,0 mL dung dich
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chudn Sc** 100 ppm cho vao ba binh dinh
muc 10 mL, sau d6 thém dugn dich PLB
10 M, diéu chinh pH = 4 - 7 va dinh murc
dén vach.

Phé hép thy UV-Vis ciia cic dung dich
dugc ghi nhan trong khoang 200 - 800
nm. Sy xut hién va cuong do cua cac dai
hép thu dic trung duoc dung dé danh gia
kha nang tao phuc va lya chon budc song
do thich hop.

2.4.2. Khdo sat dnh hwong ciia dung moi
va ti I¢ dung méi voi H,0O

PLB dugc hoa tan trong cac dung moi
ACN, EtOH, MeOH va DMSO. Lay 3,0
mL dung dich Sc** 100 ppm vao c4c binh
dinh muc 10 mL, thém dung dich PLB 10
¥ M twong tmg, diéu chinh pH =4 - 7 va
dinh muc dén vach. Sau 5 phut, do hép
thy UV-Vis tai 500 nm dé danh gia anh
hudng ciia dung moi. Sau khi chon dung
moi thich hop, tiép tuc khao sat anh
huong cua ti 1€ dung mo6i/H,O (1:1, 1:2,
1:3 va 1:4) trong cung diéu kién va do tai
500 nm.

2.4.3. Khdo sat anh huong cia nong dj
thuoc thur PLB

Anh huéng cia ndng d6 PLB (107°; 10™
va 10° M) dén qua trinh tao phirc dugce
khao sat bang cach cho 1,0 mL dung dich
Sc3* 100 ppm vao binh dinh mtrc 10 mL,
thém dung dich PLB 10 M, diéu chinh
pH = 4 - 7 va dinh mic dén vach. Sau 5
phut, do mat d6 quang tai 500 nm dé chon
ndéng @6 PLB phu hop.

2.4.4. Khdo sdat anh hwong cia pH

Anh huong cia pH duge khao sit trong
khoang 4 - 7 bang cach ldy 3,0 mL dung
dich Sc** 100 ppm, thém dung dich PLB
10° M, diéu chinh pH bing NaOH va
HCI, dinh muc dén vach. Sau 5 phut, do
mat d§ quang tai 500 nm dé x4c dinh pH
t6i .
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2.4.5. Khdo sdt d¢ bén ciia phirc theo
nhiét do va thoi gian

Do bén cua phirc Sc-PLB duoc khao sat
trong khoang thoi gian tir 5 dén 45 phit.
Dung dich khao sat dugc chuin bi béng
cach ldy 3,0 mL dung dich chuin Sc3*
100 ppm, thém dung dich PLB, diéu
chinh pH = 5,5 va dinh muc dén vach.
Sau cac khoang thoi gian xac dinh, mat d
quang cua cac dung dich dugc do tai budce
s6ng 500 nm.

Anh huoéng cta nhiét do dén do bén cua
phuc Sc-PLB dugc khao sat trong khoang
25-40 °C. Cac dung dich phuc dugc gia
nhiét trén bép c6 diéu chinh nhiét d6 va
duy tri & cdc muc nhiét d¢ khdo sat. Sau
do, mat d§ quang cua cac dung dich duoc
do tai budc song 500 nm. Cac diéu kién
thi nghiém khéc dugc gitr khong doi.

2.4.6. Khdo sat anh hwong cua cdc ion
kim loai khac

Lay 3,0 mL dung dich cua timg ion kim
loai khao sat (B¥, Mn?*, Mo®*, Ni?*, Ca®*,
Mg**, Fe**, zn*, cu®*, K* va SO, va
Ln**) cho vao binh dinh mirc 10 mL, thém
dung dich PLB, diéu chinh pH = 5,5 va
dinh mc dén vach. Sau 5 phut tién hanh
do mat d6 quang tai 500 nm dé danh gia
anh hudng cua cac ion can tr& dén tin
hiéu hép thy cta phirc Sc-PLB.

2.4.7. Thidm dinh phwong phdp

Xdc dinh gioi han phat hién (MDL) va
gidi han dinh lwong (MQL) ciia phwong
phap

Dé danh gia giéi han phat hién (MDL) va
gi6i han dinh lugng (MQL) ctia phuong
phap, mot thi nghiém thém chat chuan
vao miu dd dugc tién hanh bang cach sir
dung miu phan bon gbc v6 co (mai:
PBG.VCO0) v6i ham lugng Sc da dugc xéac
dinh trude 13 3,10 ppm. Mot luong chuan
Sc d biét (Cspike = 1,0 ppm) dugc thém
vao mau. Mau phan bon gbc vo co duoc
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phan huy bang axit, loc va chuyén vao
binh dinh mtrc¢ 10,0 mL, sau do huat 0,1
mL dung dich chuan Sc 100 ppm va thém
nudce cat khir ion dén vach.

Tiép theo, 1,0 mL dung dich mau thu
dugc duoc hit bang pipet vao mot binh
dinh mic 10,0 mL khac, va dung dich
thude thir PLB duoc thém vao dén vach.
Sau khi cho phin tng dién ra trong 5
phut, mat d0 quang dugc do ¢ budc soéng
500 nm.

G161 han phat hién ctia phuong phap duoc
tinh nhu sau: MDL = gia tri t cta tiéu
chuan Student x d6 léch chuan (SD). Véi
do tin cay 98%, gia tri t = 3,143. MQL =
10 x SD (gan dung) [15]

Xdc nhdn gia tri MQL

Pé x4c nhan gia tri MQL, mot thi nghiém
thém chat chuan vao mau duoc thuc hién
bang cach sir dung mau phan bén goc vo
co (ma: PBG.VCO) véi ham lugng Sc da
duge xéac dinh trude d6 1a 3,10 ppm. Mau
dugc thém 1,0 ppm chat chuan Sc (Cspike
= 1,0 ppm) dé xac minh kha niang thu hoi
dinh lugng & mac MQL. Sau d6, mau
dugc thém chét chuan dugc xir Iy bang
axit, loc va chuyén dinh lugng vao binh
dinh muc 10,0 mL. Tiép theo, thém 0,1
mL dung dich chuan Sc 100 ppm vao binh
va diéu chinh thé tich dén vach bang nuéc
cat khtr ion. Sau d6, chuyén 1,0 mL dung
dich mau thu duoc vao mot binh dinh mirc
10,0 mL khac va thém dung dich thudc thi
PLB dén vach. Sau 5 phut, mat d6 quang
duoc ghi lai & budc song 500 nm.

D¢ lap lai cua phwong phap

Cac mau phan bon goc vo co duoc thém
vao ba nong do dung dich chuan Sc (1,0,
5,0 va 10,0 ppm) va dugc phan tich trong
cung diéu kién thi nghiém.

Déi voi mdi mic ndng do, tién hanh 6 1an
thi nghiém 13p lai (n = 6). Gia tri trung
binh, do 1éch chuin (SD) va d6 léch
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chuin twong ddi (RSD, %) duoc tinh toan
dé danh gia do chinh xac trong cting mot
lan chay cua phuong phap. Do lip lai
duoc danh gia theo hudng dan cia AOAC
[16] bang phwong trinh sau:

RSD; % < C%* (1)
Xidc dinh khodng tuyén tinh

Ly 0,1-4,5 mL dung dich chuan Sc 100
ppm cho vao binh dinh mirc 10 mL. Sau
d6, thém dung dich PLB dén vach dinh
mure. Sau 5 phuat, do mat d6 quang & budce
song 500 nm. Vé duong hiéu chuan bang
cach biéu dién mat do quang theo nong do
Sc (C, ppm).

D¢ tai lap ciia phwong phdp

Pé danh gia do tai lap coa phuong phap,
hai loat thi nglgiém ddc lap duogc kiém tra
¢ hai t~h(‘yi diém khég nhau. Trong moi
loat, mau phén bon goc v6 co dugc thém
dung dich chuan Sc ¢ ba néng do (1,0, 5,0
va 10,0 ppm) nim trong khoang tuyen
tinh ciia duong cong hi¢u chuan. Tét ca
cac phan tich duoc thyc hién trong diu
kién thiét bi, thudc thir va thoi gian glong
hét nhau. Sau d6, két qua dugc so sanh dé
danh gia do chinh xac gitta cac 16 cua
phuong phap, dugc biéu thi bang d6 léch
chuan twong d6i (RSD, %) giita hai lan thi
nghi¢m [16].
Udc lwong dj khéng dam bao do
Mau duoc do it nhét 20 lan trong céc thoi
diém khéc nhau dé danh gia d¢ lap lai cua
phuong phap [16]. D6 khong dam bdo do
dugc tinh bang phuong trinh sau:

Ui % =tk X CV(%) (2)
Trong do:
Uy Do khong dam bao do tong (%)
CV: Hé s bién thién cua két qua do (%)
ty x: Gia tri tra bang voi muc y nghia o =
0,05; bac tr do k=n-1
n: s6 lan phan tich lap lai
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Xdc dinh hiéu sudt thu hoi

Pé danh gia hi¢u suét thu hoi cta phuong
phap d¢ xuit, cic miu phan bon _g0c Vo
co dugc thém chudn Sc & ba ndng do:
thap (1,0 ppm), trung binh (5,0 ppm) va
cao (10,0 ppm) - trong pham vi tuyen tinh
ctia dudng cong hiéu chuén. Mdi nong do
thém vao duoc phan tich sau lan trong
diéu kién thi nghiém giéng hét nhau. Phan
tram thu hoi trung binh va do Iéch chuan
twong mg dugc tinh toan dé danh gia do
chinh x4c ctia phuong phap.

Hé sd thu hdi Rm duoc x4c dinh bang
phuong trinh sau:

Hé s6 thu hoi (Rm1,Rm2,Rm3)

Vé'l Rm - Cobs — Cnative (3)
Cspike

Trong do:

Cobs: NONg do chat phén tich do dwogc sau
khi thém chuan vao mau thuc;

Chative. néng do chat phéan tich ban dau co
san trong mau;

Cspike: NONE d6 chat chuan dugc thém vao
mau.

3. KET QUA VA THAO LUAN
3.1. To6i vu héa cac diéu kién thi nghiém

Tin hi¢u hdp thu ciia phirc va dnh
hwong nong dop PLB

Trong moi truong axit, PLB tu do thé
hién budc song hap thu de_‘lc trung tai 420
nm. Khi ¢6 mit ion Sc*, cuong do hap
thu nay giam ddng thoi xuat hién sy dich
chuyén budc song cuc dai vé vung 500
nm (hinh 1a). Dung dich chuyén mau tir
vang nhat sang vang cam, cho thdy sy
hinh thanh phtrc giita Sc** va PLB.

Khi ting ndng d6 ion Sc**, cudong do dinh
hép thy tai 500 nm ting twong tng (hinh
2b), chimg to tin hiéu hip thu cua phirc
phu thudc vao ndng do Sc**. Pay 1a co s
quan trong cho viéc ung dung phuc Sc-
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PLB trong phan tich dinh lugng.

Quan sat phd UV-Vis caa phtic Sc-PLB ¢
cac ndng do PLB khac nhau (hinh 2c¢), tai
ndng do PLB 10 M, tin hiéu thu dugc rd
rang, 6n dinh va dugc chon cho tt ca cac
nghién ctru tiép theo.

H
H
&

400 500 600
Wavelength(nm)

s 4 sm0 80 S0 % s 6
Wavelength (nm)

Hinh 1. (a) Pho hap thu cua PLB va Sc-PLB trong
moi truong axit, mau trang la nuoc cat

(b) Phé hdp thu cua Sc-PLB trong moi truong axit
khi tang nong do Sc, mau trang la nudc cat;

(c) Phé hap thu cua Sc-PLB trong moi truong axit
khi tang nong do PLB, mau trang la nudc cat.
Anh hwéng ciia dung méi va ti 1¢ dung

moi voi H,O

Anh huoéng cia d6 phan cuc dung moi
dén phan ung tao phirc gitra Sc* va PLB
dugc khao sat du tién bang cach st dung
cac dung mdi khac nhau (hinh 2a). Trong
s6 cac dung moi khao sat, acetonitrile
(ACN) cho tin hiéu hap thu cao va on
dinh, v6i do lap lai tot, dong thoi it chiu
anh hudng badi sy nhiéu cta cac ion kim
loai khac. Ngoai ra, ACN c6 d6 nhét thép
va kha ning hoa tan phu hop ddi véi phic
chat Sc-PLB, do d6 duoc lya chon lam
dung méi cho cac nghién ctru tiép theo.
Khi khdo sat anh huong cua ty 1€ dung
mdi ACN:H,O (hinh 2b), cuong d6 hip
thu dat gid tri cuc dai tai ty 1€ ACN:H,0 =
1:2 (v/v). Piéu nay cho thiy tai ty 1& nay,
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dung moi cung cép su can bang tdi uu
giita kha ning hoa tan ctia phéi tir PLB va
moi truong thudn lgi cho qua trinh hinh
thanh phuc gitra PLB va ion Sc¢®. O ty 18
ACN:H0 = 1:1 (v/v), ham lugng ACN
cao lam tang sy solvat hda cua ion Sc®
boi cac phan tr dung moéi, din dén su
canh tranh giira dung mdi va phdi tor PLB
trong qua trinh phdi hop, lam giam hiéu
qua tao phirc va do dé cudng do hip thu
thép. Nguoc lai, khi ham lugng nudc ting
1én (ty 1€ 1:3 va 1:4 v/v), d0 hoa tan cua
PLB giam va méi truong dung moi kém
thuén lgi cho tuong tac phéi hop, lam suy
giam sy hinh thanh phtic Sc-PLB, dan dén
mat do hip thu quang giam dang ké. Do
do, ty 1¢ ACN:H,O la 1:2 (v/v) da duoc
chon cho tét ca cac nghién ciru tiép theo.

——ACN:HZO 11

ACN:HZO 12
——ACN.HZO 1:3
——ACNH2D 14

SN -

Hinh 2. (a) Phé hdp thu ciia Sc-PLB trong moi
trueong axit voi cdc dung maéi khac nhau;

(b) Phé hdp thu ciia Sc-PLB trong méi truong axit
voi cde ty 1¢ ACN:H,0 khac nhau.

Anh hwéng ciia pH

Trong khoang pH tir 5,0 dén 6,0 (hinh
3a), tin ‘hi¢u hap thy thu dugc co gia tri
cao va 6n dinh, cho thay day 1a ving pH
thudn loi cho qua trinh tao phure. Dac biét,
tai pH = 5,5, phtic Sc-PLB cho cuong do
hap thu 16n nhit. O cac gia tri pH thip
hon, sy proton hoa cac nhém chirc ¢6 kha
ning phdi hop cua PLB lam suy giam
kha ning cho dién tu, tir d6 han ché su
hinh thanh phtc vé6i ion Sc**, din dén
cudng d6 hip thu thap. Nguoc lai, tai pH
cao hon, su thuy phan va tao cac dang
hydroxo cua Sc3+ c6 thé xay ra, lam giam
ndng do ion Sc** ty do tham gia phan ung
tao phirc, déng thoi anh hudng dén do 6n
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dinh cuia phtic, dan dén sy suy giam tin
hiéu hép thu. Do d6, pH = 5,5 duoc lua
chon 1a diéu kién t&i wu cho tit ca cic
nghién ctru tiép theo.

Anh huwéng ciia nhiét dp va thoi gian
phadn rng

Két qua cho thay (Hinh 3b) tin hiéu hip
thu 6n dinh sau khoang 5 phut ké tir khi
tron va duy tri gan nhu khong doi trong it
nhat 45 phut, cho thiy qua trinh tao phirc
dién ra nhanh va phuc thu duoc c6 do on
dinh tét. Khi nhiét do tang, mat d§ quang
ctia phirc giam dan (hinh 3c). Do dé, nhiét
dd phong (20-30 °C) dugc lua chon cho
cac phép do phan tich tiép theo.

Anh hwéng ciia cdc ion kim logi khéc

Két qua cho tha ay khi bd sung cac ion B**,
Mn**, Mo®, Ni Ca2+, Mg**, Fe®, zn*",
Ccu®, K" va SO4 & noéng do cao gip
mudi 1an so véi S(:3+, tin hiéu hép thu cua
phirc Sc-PLB hau nhu khong thay doi, véi
d6 1éch nho hon 5% (Hinh 3d). Ngoai ra,
anh huong cia cic ion dat hiém khéac
(Ln**) ciing dwoc danh gia (Hinh 3e) va
khong ghi nhan sy nhiéu dang ké.

Apsorbance (a.)
et

(d) (e)

PLB-SC™*

b
Absorbance (a.u.)

Absorbance (a.u.)
° °

520
Wavelength (nm) Wavelength (nm)

Hinh 3.(a) Anh hwéng cia pH d,‘én su tao phurc;
(b) Anh hwong cua thoi gian dén sy tao phirc,

(C) Anh hwong ciia nhiét @é dén su tao phire;
(d), (e) Anh huong ciia cdc ion can tré dén su
tao phirc
Tir cac két qua khao sat cac diéu kién t6i
uu cho qua trinh tao phtrc va do pho UV-

540 s60 580 600
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Vis cua phtic Sc-PLB dugc xac dinh nhu
sau: ndng d6 PLB 10° M; dung moi
acetonitrile voi ty 1€ ACN:H,O = 1:2
(v/iv); pH = 5,5; nhiét d6 phong (20-30
°C); thoi gian phan tmg t6i thiéu 5 phit.
Trong cac diéu kién nay, phic Sc-PLB
cho tin hiéu hap thy 6n dinh tai 500 nm va
khéng bi anh huong dang ké boi cac ion
kim loai can tr¢, chimg to phuong phap
¢6 tinh 6n dinh va chon loc tét.

3.2. Két qua thAm dinh phwong phap
phan tich

Hi¢u S}lét phan tich cua phuorn§ phap UV-
Vis dé xuat d¢ xac dinh Sc™ da duoc
tham dinh mot cach c¢6 hé thong theo cac
huéng dan ciia AOAC, bao gdm khoang
tuyén tinh, d0 nhay, d0 chinh xéc, do
ding va d¢ khong dam bao cua phép do.

Khodng tuyén tinh

Duong chuan thu duoc (hinh 4) cho thy
moi quan h¢ tuyén tlnh t6t gilta mat do
quang va nong do Sc* trong khoang 1-45
ppm. Dit liéu thuc nghiém phu hop véi
mo hinh hdi quy tuyén tinh, véi hé sb
trong quan cao (R = 0,9988), chung to
tinh tuyén tinh tot ctia phuong phép trong
khoang khao sat.

0.4

0.02938 + 0.00214
0.00702 £ 8.01864E-5
0.99883

Intercept
Slope
Adj. R-Square

0.3 4

0.2 4

Absorbance (a.u.)

0.0

6 1'0 ZI[I 3‘0 ‘ll[l 50
Nong dé Sc** (ppm)
Hinh 4. Puong cong hiéu chudn ciia
phuong phap.
D¢y nhay (MDL va MQL)

Gidi han phat hién phuong phap (MDL)
va gioi han dinh lvong (MQL) dugc xac
dinh dya trén cac tiéu chi théng ké va ty
1¢ tin hiéu trén nhiéu theo huéng dan cua
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AOAC. Két qua cho thiy MDL va MQL
lan luot 13 0,24 ppm va 0,71 ppm (bang
1), khing dinh kha néng phat hién Sc** &
ndng do vét.

D¢ chinh xac (do lap lai va do tai ldp)

Do chinh xac trong ngay (d6 lap lai) va
gilta cac ngay (d9 tai 1ap) dugc danh gia
tai cac mutrc ndng do thap, trung binh va
cao. Cac gia tri do léch chuan twong dbi
(RSD, va RSDg) déu thip hon giéi han
chap nhan cia AOAC (bang 1), cho thiy
phuong phap c6 do chinh xac tot va do
chinh xac trung gian dat yéu cau.
D¢ dung
Do ding cua phuong phap dugc danh gia
théng qua danh gia thu hdi bang cach
thém chuin Sc** & cac mirc 1,0, 5,0 va 10
ppm. Do thu hdi thu duoc dao dong tu
99,6% dén 102,2%, nam trong khoang
chap nhan cia AOAC (80-110%), chiing
td phuong phap c6 d6 diung cao va phu
hop cho phan tich mau thuye.
D¢ khong dam bao cua phép do
b6 khong dam bio do md rong cua
phuong phdp dugc xac dinh la U =
2,62%, cho théy dd tin cay cao cua két
qua phan tich.

Bing 1. Bing két qua tir qud trinh tham dinh

phwong phap

Két qui thaim dinh

Théng sb thim

TT cmn

Nong d§
thim dinh

Gid tri

thu dwgc Mikc yéu cau

MDL < spike < 10MDL
80% <H% < 110 %

Gidi han phat hién

=02
MDL MDL = 0,24

Gi6i han dinh lwong _ RSD; £ C013
- MQL ) MQL=071 80% < H% < 110 %
T Thép 1.59 <1794
3 D‘-;{ls-a]gl@‘ Trung binh 031 <624
g Cao 1.49 <562
PO Thap 1.58 < 15,89
4 bo It{a;]ljap i Trung binh 1.6 <1248
= Cao 124 <1125
Coie 99,9 80-110
1,0 ppm
N 5. Cpike
5 D¢ thu héi < 102,2 80-110
5,0 ppm
Coe 99,6 80-110

10 ppm
B¢ khong dam bao

=2.62
do m& rong (%) U=2.62

3.3. ﬁpg dung phan tich miu phén bén
thuec te

Két qua dinh luong Sc trong cac mau thuc
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bang phwong phap UV-Vis duoc so sanh
v6i phuong phap ICP-MS bang phép
kiém t-Student cho miu ghép & mirc tin
cdy 95%. Két qua cho thay khong co su
khac biét c6 ¥ nghia thong ké giita hai
phuong phap (p > 0,05), ching t6 phuong
phdp UV-Vis cho két qua twong dwong
v6i ICP-MS. Sc** da dugc dinh luong
thanh cong trong nim mau phan bén vo
co; cac gia tri thu dugc phu hop tot voi
két qua tham chiéu bang ICP-MS (Bang
2), qua do khéng dinh d0 chinh xac va do
tin cdy cia phuong phap. Vi quy trinh
don gidn, tinh chon loc va d§ nhay cao,
cung yéu cﬁu thiét bi chi phi thap, phuong
phap d& xuét phu hop cho viéc giam sat
Sc thuong quy trong cic nén mau thuc té.

Bing 2. Bing két qua phdn tich mau dwoc so sanh
voi phuong phap ICP-MS

TT Ky hiéu mau S¢ (ppm)
ICP-MS UV-Vis
1 PBG.VCO 3,10+0,10 3,04 £0,08
2 PBG.VC1 13,20+ 0,29 13,19+ 0,35
3 PBL.VC1 1,07 £0,05 0,98 £0,03
4 PBL.VC2 1,18 0,04 1,21 =0,03
5 PBL.VC3 1,28 0,04 1,32 +0,03

Ghi chii: ki hiéu PBG.VC la phdn bén goc vé co;
ki hiéu PBL.VC la phdn bon la vé co.

4. KET LUAN

Nghién ciru da phat trién thanh cong mot
phuong phap phan tich quang phd hap thu
UV-Vis dua trén phan Gng tao phtrc gitra
ion Sc** va PLB nhim xic dinh ham
luong scandium trong phan bén v co.
Két qua cho thdy PLB tao phtic bén voi
Sc**, c6 dai hdp thu ddc trung tai budc
song 500 nm, cho phép ap dung trong
phan tich dinh lugng. Cac diéu kién tao
phuc va do quang da dugc khao sat va toi
uu hoéa, trong do6 dung moi acetonitrile
cho tin hiéu 6n dinh, pH ti wu 1a 5,5, ty
16 ACN:H,0 = 1:2 (v/v), ndng d6 thudc
the 1072 M; phtrc hinh thanh 6n dinh sau 5
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phat va duy tri do bén trong it nhat
45 phat.

Phuong phép cho mdi quan hé tuyen tinh
tbt gitra do hap thu va ndng do Sc® trong
khoang 1-45 ppm, v6i gidi han phét hién
va gi6i han dinh luong lan luot 1a 0,24
ppm va 0,71 ppm. D¢ lap lai, 46 tai lap va
hiéu suét thu hdi dap Gng cac tiéu chi
danh gia theo AOAC va phuong trinh
Horwitz, ching té phuong phap co6 do
chinh xac va d§ dung cao. Cac ion kim
loai thuong gip trong nén phan boén vo co
khong giy anh hudng dang ké dén tin
hiéu phan tich, thé hién tinh chon loc cua
phuong phap. Két qua phéan tich mau thuc
té bang UV-Vis phu hop tot voi ICP-MS.

Phép kiém t-Student cho mau ghép & muc
tin cdy 95% cho thdy khong c6 su khac
biét c6 y nghia théng ké gitra hai phuong
phap (p > 0,05), khiang dinh do tin cdy cua
phuong phap UV-Vis. Véi uu diém vé
tinh chon loc, d6 nhay va yéu cau thiét bi
don gian, phuong phap co6 tiém nang ung
dung trong kiém nghiém chat lugng phan
bon va nghién ciu sy hién dién cua
scandium trong cdc nén mau ndng nghiép.

Loi cam on: Nhom nghién ctu chéan
thanh cam on Vién Nghién ctu Hat nhan
ba Lat, Trung tam Dich vy va Phan tich
CASE, Truong Dai hoc Cong nghiép tp.
HCM di cung cdp céac dleu kién thi
nghiém va vat liéu nghién ctu can thiét.

Cam két: Toi xin cam doan day 1a cong
trinh cua nhom nghién ctru va chua gui
dang nd1 dung nay ¢ bat ky tap chi nao.
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