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Nghién ctru nang cao do nhay nham x4c dinh ham luong mot
sO nguyén to dat hiém bang phuong phap dién di mao quan su
dung detector d6 dan khong tiép xic (CE-C'D)
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Tém tat: Nhim dap tng tot hon nhu cau phén tich thyc té, nghién ctru ndy nhim ning cao do
nhay cho viéc xdc dinh nim nguyén té dat hiém (La, Ce, Pr, Nd, Sm) bang phuong phiap CE-C'D,
trén co so ké thira va khao sat tdi wu hon vé thanh phan dung dich dém dién di ciing nhu thanh
phin dung méi hitu co thém vao dung dich dém, thoi gian bom miu, mao quan sir dung,... Diéu
kién phan tich t6i wu thu dwoc nham xac dinh dong thoi nim nguyén té dat hiém (La, Ce, Pr, Nd,
Sm) la mao quan sillica ¢c6 duong kinh trong (ID) 25um, dém Histidin/Axetat 20mM, pH=3,9,
HIBA 10mM, acetonnitril (ACN) 5%, thé tach 20kV va thoi gian bom mau 80s. Két qua gi6i han
phat hién dat dugc véi timg nguyén t6 1a La: 0,2ppm; Ce: 0,4ppm; Pr: 1,4ppm; Nd: 1,8ppm va Sm:
3,5ppm, tot hon so véi cdc nghién ctru trude day tir gan 2-6 lan. Ngoai ra, d6 chinh xdc ciia
phuong phép cung duoc cai thién, mlnh chimg thong qua két qua xac dinh ham luong nam
NTDH trong mét s6 mau quing va mau 16p phu phosphate voi sai s6 déu nho hon 10% khi thyc

hién phén tich ddi chirg véi phuong phap khdi phd cam tng plasma (ICP-MS).

Tir khod: Nguyén té dat hiém, nang cao do nhay, CE-C*D.

1. Téng quan

Céc nguyén t6 dat hiém (NTDH) dang tro
nén ngay cang phd bién véi nhiéu ung dung
trong cic linh vuc khic nhau nhu coéng nghé
cao nhu dién - dién tir, hat nhan, vii tru, vat liéu
siéu dan, siéu nam cham, luyén kim, 16p phu
kim loai, xuc tac, duogc pham, phan bén vi
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luong ché tao nam cham vinh ctru, lam ché
pham phdn bodn,... [2, 3, 4]. Bén canh céc
phwong phép thuong dugc st dung dé phén tich
cdc NTPH nhu quang phd phét xa cam tng cao
tan plasma (ICP-OES), khdi phd cam tng cao
tan plasma (ICP-MS), phuong phép dién di mao
quén ciing cho thdy rét tiém ning véi muc tiéu
phan tich cic NTDH.

V6i uu diém gon nhe, chi phi thip va dé st
dung, phuong phédp dién di mao quan su dung
detector do dan khong tiép xtic (CE-C'D) da
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dugc ung dung dé nghién ciru tich va xic dinh
ddng thoi cic NTPH. Tuy nhién, cdc nghién
ctu trude day [1, 3] méi chi tdp trung khao sat
céc diéu kién t6i wu cho viéc phan tich dong
thoi cdc NTPH ma chua chi trong dén ning
cao do nhay. Trén thuc té, cac NTPH thudong
ton tai trong mau quing hodc trong céc tmng
dung lién quan déu & mirc ham lugng nho vi chi
v6i lugng nhé cac NTPH da tao nén sy dot pha
vé chit lugng ciia san pham tuong tmg. Do d6,
nghién ctru nay tap trung thay ddi cic yéu tb
nhu thanh phan va nong d¢ dung dich dém, tic
nhin tao phtic va thanh phin dung méi nhim
tang do nhay xac dinh cic NTPH (La, Ce, Pr,
Nd va Sm) bang phwong phép CE-C*D.

2. Phwong phap nghién ciru
2.1. Héa chdt va chdt chudn

Céc dung dich chuan NTPH va dung mdi,
héa chat déu thudc loai tinh khiét phan tich cua
hang Merck (Puc): lanthan (La), ceri (Ce),
praseodymi (Pr), neodymi (Nd) va samari (Sm),
NaOH, HCI, arginin (Arg), histidin (His), axit
citric (Cit), lysine (Lys), axit ascorbic (Asc),
axit acetic (Axe), axit o-hydroxyl iso-butyric
(HIBA), axit lactic (Lac) va
hexabromocyclododecane (HBCD), metanol
(MeOH), acetonnitril (ACN), tetrahydrofuran
(THF) va nudc dé ion.

2.2. Phwong phdp nghién cuu

He¢ thiét bi CE-C'D do cong ty 3SAnalysis
(http://www.3sanalysis.vn/) thiét ké, ché tao
trén co s¢ hop tdc voi nhoém nghién ctu cua
GS. Peter Hauser (Pai hoc Basel, Thuy Si). Ciu
tao va cdc thong sb ky thuat cia hé thiét bi nay
c6 thé tham khao cic cong bd trude diy cua
nhém nghién ctu [3].

3. Két qua va thao luan
3.1. Khdo sdt t6i wu cdc diéu kién phan tich

3.1.1. Khao sdt thanh phan, pH, nong do
dem dién di va tdc nhén tao phirc

Két qua nghién ctru trude day [1] cho théy,
khi st dung hé dém Arginin/axit ascobic
(Arg/Asc) thi kha nang phan tich céc nguyén td
dét hiém tuong dbi tot, tuy nhién do 6n dinh cua
phép do lai giam theo thoi gian, dac biét khi
mg dung phén tich mau thyc té. Piéu nay c6
thé do axit ascorbic sir dung trong thanh phan
dém khong bén, bi gidm dan d6 6n dinh theo
thdi gian, gdy nén tin hiéu nhidu nén va gidn
rong pic cua cic NTPH. Gidi han phat hién dat
duogc trong truong hop nay 1a La: 1,17ppm; Ce:
1,11ppm; Pr: 4,87ppm; Nd: 1,56ppm va Sm:
3,81ppm. Mot Kkét qua khéc [3], hé dém st dung
duogc lya chon 1a Arg/Axe, véi LOD dat dugc
mg voi nim nguyén t6: La: 0,86ppm; Ce:
2,30ppm; Pr: 3,42ppm; Nd: 4,03ppm va Sm:
4,41ppm. Pé ting dugc do nhay trong phwong
phap CE-C'D, can phai sir dung cdc hé dém c6
do dan du thép, bén (6n dinh) va pH nim trong
khoang tir 3,9 - 4,2 [2] nhim dam bao d6 bén
ctia phirc gitta cic NTPH véi cic phéi tar nhu
HIBA. Do d6, trong nghién ctru nay, cdc hé
dém thong dung trong phuong phap CE-C'D
dugc lwa chon dé khao sit gom His/Axe,
Arg/Asc, Lys/Axe va Arg/Axe vdi cac gid tri
pH khic nhau cua tirng hé dém trong khoang tur
3,9 - 4,2. Két qua thu dugc trong hinh 1 (tai pH
t6i wu cla tung hé¢ dém) cho thiy, kha ning
phén tich t8t nhat voi nim NTPH dat duoc khi
st dung hé¢ dém His/Axe pH = 3,9. Do phéan
giai (R) gitra cdc cap pic lién ké (bang 1) déu
cho cdc gid tri 16n hon 1,5. Két qua khao st cac
ndng d6 khéc nhau cia histidin trong khoang tir
10-30mM cho thay & nong d6 20mM cho két
qué tin hiéu tot nhat v6i duong nén 6n dinh va
pic can ddi, sic nét. Do d6, hé dém His
(20mM)/Axe, pH=3,9 duoc lua chon cho cic
khdo sit tiép theo.
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Hinh 2. Két qua khao sét céc tic nhéan tao phirc.

Béng 1. D9 phén giai ctia cdc cip nguyén td tai cac pH tdi wu clia timg hé dém

Cép nguyén to
H¢ dém

La-Ce

Ce-Pr Pr-Nd Nd-Sm

Lys/Axe (pH =3.9) 1,27
Arg/Asc (pH = 3,9) 1,17
His/Axe (pH = 3,9) 1,88
Arg/Axe (pH =4,2) 2,00

1,13 0,93 1,75
0,89 0,67 2,00
1,69 1,83 2,67
1,38 1,28 2,43

Véi dic diém 12 ban kinh nguyén t va
dién tich hau nhu rit giéng nhau nén viéc
tdch cac NTDH trong phuong phip dién di
hay sic ki thuong gip nhiéu khé khan. Vi
vay, trong phuong phdp dién di mao quén,
nguoi ta thudng st dung chét tao phirc dé
tao nén su thay d6i vé tinh chit cua hop chét
phtrc véi cdc NTDH lam cho viéc tach ching
trd nén dé dang hon. Trong nghién ciru nay,
ba tic nhin tao phirc gdm axit a-hydroxyl
iso-butyric (HIBA), axit lactic (Lac) va
hexabromocyclododecane (HBCD) da duogc
khao sit voi cdc ndng do khac nhau trong khoang
tir 5-15mM. Két qua cho thiy, sy phén tich tt
nhat dbi v6i nam NTPH dat dwoc khi sir dung
chét tao phirc HIBA 10mM (hinh 2). Do d6, tic
nhan tao phtic HIBA 10mM dugc lya chon cho
céc khao st tiép theo.

3.1.2. Khdo sdt thanh phan va ham lwong
dung moi thém vao dung dich dém dién di

Thong thuong, dé lam phuong phdp
CE-C'D. Trong nghién ctru nay, cdc dung méi
dugc lya chon dé khao sit gom MeOH, ACN
va THF. Két qua khdo sét & hinh 3 cho thiy, khi
sir dung ACN thi két qua tich va tin hiéu pic
clia ting lién két giita cdic NTDH véi HIBA va
lam giam do¢ dan cua hé dém (tir d6 sé gitp
giam gidi han phat hién (LOD)), mot lugng nhd
dung mdi it phan cuc (hon so vdi nudc) s€ dugc
thém vao dung dich dém trong cdc NTDH Ia tot
nhét, tot hon nhiéu so véi khi sit dung MeOH
va THF. Tiép tuc khao sit cdc néng do ACN
khac nhau 1a 0%, 5% va 10% cho thay kha ning
phén tich cta cic NTDH ting khi lugng ACN
tdng, tuy nhién tin hi¢u ctia cic NTDH lai gidm
dan va tai nong d6 ACN 5% cho tin hiéu Ia tdt
nhét. Do d6, dung mdi ACN 5% duogc lya chon
dé thém vao dung dich dém dién di trong céac
thi nghiém tiép theo.
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Hinh 3. Két qua khao sét thanh phin dung moi.

Nhur vy, diéu kién phan tich dong thoi nim
NTPH lya chon bing phuong phip CE-C'D
gdm: mao quan silica, chiéu dai tong 60cm
(chiéu dai hiéu dung 55cm), duong kinh trong
25um; phuong phdp bom mau thuy dong luc
hoc kiéu xiphong & d6 cao 10cm trong 80s; thé
taich: 20kV; dung dich dém dién di: His
(20mM)/Axe, pH=3,9, HIBA 10mM va ACN
10%. Trén co sé diéu kién phan tich nay, dudng
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Hinh 4. Pi¢n di d6 phan tach nam NTDH
tai nong 46 ACN khéc nhau.

chuan cta nim NTPH da dugc xiy dung véi
céc gid tri hé sb twong quan déu 16n hon 0,9995
(bang 2). Cac gia tri gidi han phat hién (LOD)
dat dugc véi timg nguyén té 1a La: 0,20ppm;
Ce: 0,40ppm; Pr: 1,40ppm; Nd: 1,80ppm va
Sm: 3,50ppm, t6t hon rit so voéi nghién ciu
trude ddy tir gan 2 dén 6 1an, t6t nhét dat dwoc
v6i nguyén td Ce (5, 7 1an).

Béng 2: Phuong trinh dudng chuan, giéi han phét hién (LOD)
va gidi han dinh lugng (LOQ) cua cac nguyén to dat hiem

Nguyén t6 Phuong trinh dudng chuén Hé s6 tuong quan (R?) z)?)g) z)?)gl)
La y=0,965x+4,478 0,9994 0,20 0,50
Ce y=0,888x+1,926 0,9992 0,40 1,5

Pr y=0,711x+2,662 0,9991 1.4 4,5
Nd y=0,525x+2,372 0,9994 1.8 5,0
Sm y=0,997x-4,450 0,9996 35 11,5

3.2. Két qua_phan tich ham leong dat hiém
trong cdc mau qudng dat hiem o Viét Nam va
cdc mau lop phu phosphate

* Két qua phén tich mau quing dit hiém &
Viét Nam

Céc mau quing dugc cung cap boi Vién cong
nghé xa hiém, quy trinh x{r Iy mau thyc hién tuong
tw nhu da cong b [3], két qua phan tich trén thiét

bi CE-C'D dugc ddi chimg v6i phuong phap ICP-
MS thé hién trong bang 3 va hinh 5.

* Két qua phan tich mau 16p phu photsphate

Quy trinh thi nghiém ché tao va xtr 1y miu
16p phu phosphate dugc thyc hién trén co so
tham khao tai liéu [4, 5] clia mau phu béi oxit
tinh khiét va miu quing. Két qua phan tich
dugc dbi ching véi phuong phap ICP-MS thé
hién trong bang 4, 5 va hinh 6.
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Bang 3. Két qua phan tich miu quing
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Hinh 5. Pién di d0 phan tich cic NTPH trong 1 20mv c
La 2

cdc mau quing khac nhau.

Trén co s& xdc dinh ham lugng cua cic
NTPH trong mau quing vi mau phu, so bo cé
thé nhan thdy ham luong va ti 16 bam dinh cua
Ce ludn cao hon so véi cic nguyén td con lai.
Ngoai viéc ning cao dugce do nhay gan 2-6 lan,
sai s& phan tich ciing nhé hon so véi cdc nghién
ctru trude day (<5% so v6i mau quing va <10%
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Hinh 6. Pién di d6 phan tich cdc nguyén t dat

hiém trong méu 16p phu.
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4. Két luan

Nghién ctru da thanh cong trong viéc xay
dung quy trinh phén tich dong thoi nam nguyén
t6 dat hiém gom La, Ce, Pr, Nd, Sm bang
phuong phiap CE-C'D cho céc két qua rat kha
quan véi céac gid tri LOD tuong tng 1a 0,2ppm;
0,4ppm; 1.4ppm; 1,8ppm va 3,5ppm, phu hop
cho céc d01 trgng mau thuc té. Két qua phén
tich mot s miu quing va phu va dugc dbi
ching voéi phuong phip ICP-MS cho thiy
phuong phip CE-C'D hoan toan phii hop va
dang tin c@y trong viéc phan tich nam NTDH
trong mau 16p phu phosphate va c6 thé mo rong
v6i cdc d6i tuong mau khéc nhau.
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Abstract: The sensitivity of the CE-C*D to detect the five rare earth elements (La, Ce, Pr, Nd, Sm)
was improved by optimizing separation conditions such as background electrolyte (BGE) composition,
sample injection time...etc. The obtain results showed that the sensitivity of the method was improved
from 2 to 6 times than that of former studies. Optimized analytical parameters are: fused sillica
capillary: 25um 1.D.; background electrolyte (BGE): 20 mM Histidine/Acetic acid pH 3.9, 10 mM
HIBA, 5% ACN; separation voltage: 20kV; and hydrodynamic injection: 80s. The limit of detections
were of 0.2ppm, 0.4ppm, 1.4ppm, 1.8ppm, and 3.5ppm for La, Ce, Pr, Nd, and Sm, respectively. In
addition, theresults are in good agreement with the confirmation using conductively coupled plasma

mass spectrometry -

ICP MS (less than 10% difference).

Keywords: Rare earth elements, Sensitivity enhencement, CE-C'D.



