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Toém tit

Trong nghién cizu nay, ching toi &p dung ky thugt ID-ICP-MS dé xdc dinh ham lrong cua
Ce (LREE), Sm (MREE), va Yb (HREE) trong ba mau chudn dia chat: BHVO-2, BCR-2, va
NIST 2711a. Cac thi nghiém hiéu chudn trong ky thudz ID nhu hiéu chudn ham luong va do
phé bién dong vi twong d@si cua dung dich spike da dwoc tién hanh bang thic nghiém. Bén
Canh dé, nhiéu phé khoi, phdan doan khéi trong ICP-MS ciing duwoc khdo sét, hiéu chinh va
binh ludn. Lan dau tién tgi Viét Nam ky thugt ID-ICP-MS duwoc &p dung thanh cong dé xéac
dinh ba nguyén té dat hiém Ce, Sm, va Yb trong mau dia chat c6 nén la dd basalt (BHVO-2
va BCR-2) véi dé chinh xac va dg lap lai rat cao (< 5%). Doi véi mau NIST SRM 2711a co
nen la dat, két qua phdan tich ¢6 dé \ap lai va dé chinh x&c xap xi 10%, ngoai trir két qud
phan tich Ce véi hé sé pha lodng DF ~ 3000, 1a thdp hon gid tri théng tin cua nha san xudt
la 15.4%.

Tir khoa: Cac nguyén té dat hiém (REES); ICP-MS; Pha loang dong vi (1D).
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Abstract

In this study, we used the ID-ICP-MS technique to determine the concentration of Ce
(LREE), Sm (MREE), and Yb (HREE) in three geological, certified reference materials:
BHVO-2, BCR-2, and NIST 2711a. Calibration experiments using the ID technique, such as
concentration calibration and relative isotopic abundance calibration for spike solutions,
were conducted experimentally. In addition, mass spectral interferences and mass
fractionation in ICP-MS were also investigated, corrected and discussed. For the first time
in Vietnam, ID-ICP-MS has been successfully applied to determine three rare earth
elements Ce, Sm, and Yb in basaltic geological samples (BHVO-2 and BCR-2) with high
accuracy and reproducibility (<5%). For NIST SRM 2711a with soil matrix, the results of
the accuracy and reproducibility were approximately 10%, except for the result obtained
for Ce, with a dilution factor of 3000, which was 15.4% lower than the published value.
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1. GIOI THIEU

Cac nguyén t6 dat hiém (Rare Earth Element - REES) 1a mot nhom bao gém 15
nguyén té tir La dén Lu (trong d6, Promethium - Pm |a nguyén t5 phong xa), c6 sb tht
tu tir 57 dén 71 trong bang hé thdng tuan hoan Mendeleev (Evensen, Hamilton, &
O’Nions, 1978) va ban kinh ion giam lién tyc tir 103.2pm (cta La) dén 86.1pm (cua Lu)
(de Laeter & ctg., 2003). Trong mot sb tai lieu (International Union of Pure and
Applied Chemistry - IUPAC?Y), cac nguyén t6 héa hoc Sc va Y ciing dugc xem 12 thudc
nhém REE, tuy nhién, trong nghién ciu ndy Sc va Y 1a khdng bao gém. Pic tinh quan
trong ciia nhdm nguyén té nay 1a chiing cé cac tinh chat héa hoc va vat 1y twong ty nhau
(Evensen & ctg., 1978).

Cung véi sy phat trién khoa hoc va cong nghé ngay nay, cac nguyén té REEs
duogc sir dung rong réi trong nhiéu nganh khoa hoc ky thuat khac nhau va nhu cau vé dat
hiém ngay cang ting. Trong cong nghiép, REEs dugc ¢ng dung trong céng nghé san
Xuat cap quang, ché tao nam cham vinh ciru trong cac may phat dién, san xuat chat ban
dan, lam chat xdc tac trong céng nghé hda dau, ung dung trong cong nghé laser,...
Trong ndng nghiép, REEs dugc tng dung trong cac quy trinh san xuat phan bon vi
lugng, xtr ly hat gidng nham ting ning suat cay trong va khang sau bénh. Trong khoa
hoc, voi cac dic tinh hoa, Iy twong tu nhau, REEs dugc xem nhu 1 “chat danh dau” ty
nhién va dugc wng dung rong réi trong nghién ciu cac qua trinh tu nhién nhu sy hinh
thanh, ngudn gdc va qua trinh tién hoa ciia vat chat trong céc hanh tinh trong hé mat troi
cling nhu cc qua trinh tao dia chat trén trai dat,... (Evensen & ctg., 1978). Do d6, viéc
xac dinh chinh xac ham lugng cua REEs trong cac ddi tugng mau khéac nhau 1 rat quan
trong.

Dé x4c dinh ham luong REES, ¢6 nhiéu phuong phap da dugc sir dung nhu hap
thu nguyén tu (atomic absorption spectroscopy - AAS), huynh quang tia X (X-ray
fluorescence - XRF), phéan tich kich hoat notron (neutron activation analysis - NAA),
phat xa nguyén tir plasma cam ung (inductively coupled plasma atomic emission
spectroscopy - ICP-AES), khéi phé nhiét ion (thermal ionization mass spectrometry -
TIMS), khéi phd plasma cam ¢ng (inductively coupled plasma mass spectrometry -
ICP-MS).... Trong d6, duoc sir dung nhiéu nhat 1a cic phuong phap NAA, ICP-AES,
TIMS, va ICP-MS (Shinotsuka, Hidaka, & Ebihara, 1995; Shinotsuka & Ebihara, 1997).

Phuong phap ICP-MS, l1a mot phuong phéap phan tich hién dai c6 do nhay va do
chinh xéac rat cao, dang duoc ap dung rong réi tai nhiéu phong thi nghiém trén thé giéi.
Dic biét, ICP-MS c¢6 thé phan tich dong thoi 14 nguyén té REE véi cling mot do chinh
xac nhu nhau, diéu ndy rit quan trong trong nghién ctu cac dbi twong cu thé
(Shinotsuka & ctg., 1995). O thoi diém hién tai, ICP-MS dugc xem la mot trong nhitng
giai phap téi wu trong bai toan phén tich nguyén t6 vét (ppb) va siéu vét (ppt) va duoc
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g dung rong réi trong nghién ciru nhidu ddi twong miu nhu thién thach, dia chat, moi
trudng..., ma dic biét trong nghién ciru danh gia va phé chuan cho cac vat liéu tham
khao dugc chitng nhan (certified reference materials - CRMs) (Cao & ctg., 2017; Shirai
& ctg., 2015).

Bén canh k¥ thuat dudng chuan truyén thdng (external calibration - EC, con goi
la ky thuat hiéu chuan ngoai hay ngoai chuan), ky thuat pha loing ddng vi (isotope
dilution - ID) 1a k¥ thuat phan tich dinh lwong duoc st dung kha phd bién trén thiét bi
ICP-MS. Nguyén 1y co ban cua ky thuat 1D 1a dya trén ti sé déng vi ciia mot chat phan
tich (nguyén té quan tdm) dé xac dinh ham luwong caa nd trong mau phan tich. Uu diém
chinh cua ky thuat nay 1a ty sé dong vi trong dung dich do luén 1a hang sd, khong bi
thay doi theo thoi gian va khong bi anh huéng cia do trdi caa thiét bi hay su thing
giang hiéu suat trong suét qua trinh do. Ngoai ra, miu bi hao hut hay mét di trong qua
trinh phan tich ciing khong anh hudng dén két qua phan tich vi sy trao d6i dong vi giira
dung dinh mau phan tich va dung dich spike dua vao mau la duoc bao toan (Vogl,
2005). Cho dén thoi diém hién tai, c6 thé n6i rang ki thuat 1D 1a ky thuat phan tich dinh
luong nguyén t6 cho két qua chinh xéac nhat trong tat ca cac ki thuat phan tich (Cao &
ctg., 2017; Evensen & ctg., 1978; Nakamura, 1974; Shirai & ctg., 2015; Vogl, 2005).
Nhuoc diém duy nhat cua ki thuat nay 1a khong 4p dung duoc cho cac nguyén té don
ddng vi (Evensen & ctg., 1978; Shinotsuka & Ebihara, 1997).

Trong nghién ciu nay k¥ thuat pha loing dong vi (ID) trén thiét bi ICP-MS (ID-
ICP-MS) duogc khao st ap dung dé xac dinh ham luwong cua ba nguyén t6 dat hiém Ce,
Sm, va Yb trong ba mau dia chat: BHVO-2, BCR-2, va NIST 2711a. Trong d¢, Ce dai
dién cho cac nguyén té dat hién nhe (Light - LREE) tir La - Nd; Sm dai dién cho nhém
nguyén té dat hiém trung binh (Medium - MREE) tir Sm - Ho; va Yb dai dién nhom dat
hiém ning (Heavy - HREE) tir Er - Lu. Nhitng hiéu chuan lién quan nhu hiéu chuan
ham lugng, do phd bién dong vi twong dbi cua cac dung dich spike, ciing nhu cac hiéu
chinh nhidu phd khéi, phan doan khdi ciing dugc khao sét, hiéu chinh bang thyc
nghiém.

2. VAT LIEU VA PHUONG PHAP
2.1.  Mau phin tich, miu chuin, dung dich spike, va héa chit - thiét bi
2.1.1. Mdu phan tich

Dé nghién cau &p dung mot ki thuat hay phuong phép phan tich, cac mau chuan
tham khao CRMs thuong dugc st dung. Trong nghién ciru nay chung téi str dung ba
CRMs la: i) BHVO-2, Basalt, va Hawaiian Volcanic Observatory; ii) BCR-2, Basalt, va
Columbia River; va iii) NIST-2711° va Montana II Soil. Trong d6, BHVO-2 va BCR-2
la hai mau chuan dia chat thudc thé hé tha 11 (thé hé tha | 13 BHVO-1 va BCR-1 hién
nay gan nhu khong con nita) ¢6 nén 1a da Basalt, do Cuc Khao sat Pia chit Hoa Ky
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(United States Geological Survey - USGS) cung cap va mau chuan dat NIST-2711a do
Vién Tiéu chuan va Cong nghé Québc gia Hoa ky (National Institute of Standards &
Technology - NIST) cung cap.

2.1.2. Mdu chudan va spike

e Dung dich chuian da nguyén t6 REE, Sc, va Y, 10ppm va cac dung dich
chuan don nguyén t6 Pr, Sm, va Gd, 1000ppm (SPEX, Edison, NJ, M¥).
Cac dung dich chuan don nguyén t6 Ba, Ce, va Nd, 1000ppm (Kanto
Chemical Co., Inc., Nhat Ban) da duoc sir dung dé dinh lwong va hiéu chinh
phé khéi trong ICP-MS;

e Céc dung dich spike duoc pha tir chat chuan dong vi bén (dang bot oxyt)
duoc 1am giau cac dong vi *2Ce (83-92%), 14°Sm (91-97%), va Y'*Yb (87-
95%) do Phong thi nghiém qudc gia Oak Ridge (ORNL, M¥) san xuat va
cung cap.

2.1.3. Hoba chat - thiét b;

e Nudc siéu tinh khiét khir ion (MilliQ, 18 mQ); Axit HF (48%, Merck, Dtc),
HCIO4 (70%, VWR chemicals, Phap), HNO3s (65%, Charlau, Tay Ban Nha)
va HCI (37%, Charlau, Tay Ban Nha) da duoc st dung trong qua trinh pha
mau va chuan bi dung dich mau do;

e Cbc Teflon PFA 7 mL, 15 mL (-200 - 260°C, VWR, Savillex, My);

e Thiét bi ICP-MS NexION 300X PerkinElmer, gém ICP - Plasma cam ung
cao tan: Ngudn nhiét cao cung cap ion (+); MS - khdi pho ké; May quét phd
4 tir cyc; Phan mém diéu khién va xir ly phé NexION 300X version 1.5.

2.2. Phwong phap phéan tich
2.2.1. Pha madu

Céac dung dich spike lam giau cac dong vi **2Ce (7 ppm), *4°Sm (2 ppm), va
yb (0,2 ppm) duoc xac dinh chinh xac khéi lugng (theo Bang 3) va cho vao cdc
Teflon sach sau d6 dem di sdy khd & nhiét do 100°C cho dén khd hoan toan (~1 h). Sau
khi dé& ngudi bang nhiét d6 phong, can lwong mau phan tich 15mg (hoic 20mg hoic
30mg, tly theo thi nghiém) cho vao céc Teflon cung véi hdn hop gdom: 0.225mL axit
HF, 48% (theo ti I¢ 15 pL/1mg mau), 0.113mL axit HNOs, 65% (theo ti 1¢ 7.5 pL/1mg
mau) va 0.113 mL axit HCIO4, 70% (theo ti 1& 7.5 pL/1mg mau). Tiép theo, dong nap
cdc Teflon chira hdn hop (mau + axit), dit 1én bép dién va gia nhiét dén 100°C trong
nam gid, sau d6 ting nhiét d6 dén 150°C trong 12 gid tiép theo. M coc Teflon va siy &
nhiét d6 190°C cho dén khi khé (~5-10 gi®). Thém 0.225mL axit HCIO4, 70% (theo ti 18
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15 pL/Img mau), dong nap cbe va gia nhiét dén 190°C trong 12 gio. Tiép theo, mé nap
cc va sdy ¢ nhiét 6 190°C cho dén khi kho (~5-10 gid). Thém 0.225mL axit HCIOs,
70% (theo ti 1¢ 15 pL/1mg mau), mé nap coc Teflon va siy & 150°C trong nam gid, sau
d6 tang 1én 190°C trong ba gid tiép theo cho kho hoan toan. Buéc tiép theo thém
0.225mL axit HCI, 37% (theo ti 1&¢ 15 pL/Img mau) va siy & nhiét do 100°C cho dén
khd (~1 gi®), budc nay thuc hién hai lan. Tiép theo thém 0.225mL axit HNO3, 65%
(theo ti 1& 15 pL/Img mau) va siy & nhiét dd 100°C cho dén khd (~2 gio). Mau sau khi
da say kho hoan toan, thém 1.5 (hoic 2.0/3.0, tuy theo khéi lwong mau phan tich) mL
axit HNO3 3M (iing véi hé sé pha lodng dilution factor - DF~100 lan), dong nip cbc va
gia nhiét & 100°C trong mét gio. Sau giai doan nay dung dich mau c6 mau tring trong
suét va khdng c6 can lo ling khong tan.

- Khéi lugng médu: 20 mg;
x - 3Ce spike (7 ppm), Sm spike (2 ppm) va "'Yb spike (0,2 ppm);
Coc Teflon - Hon hop a-xit: (15 pL/1 mg miu) HF, 48% + (7,5 mL/1 mg miu)
HNO;, 65% + (7,5 uL/1 mg mau) HC1O,, 70%.
Gia nhiét dén 100°C trong 5 h
déu, sau dé tang nhiét do dén
150°C trong 12h tiép theo

Sy & 190°C dén khé (~5-10 h)

| Thém (15 puL/1 mg miu) a-xit HC1O4, 70%
Gia nhiét dén 190°C trong 12 h

Sa"iy & 190°C dén khé (~5-10 h)
| - Thém (15 pL/1 mg man) a-xit HC1Oy, 70%
Say & 150°C trong 5 h, saudo
tang lén 190°C trong 3 h
| 4—————— [#2] Thém (15 uL/1 mg mau) a-xit HCl, 37%
Say & 100°C dén khé (~1h)

| < Thém (15 pL/1 mg miu) a-xit HNO;, 65%
Say & 100°C dén kho (~2h)

| < Thém 1,5/2,0/3,0 mL a-xit HNO: 3M (DF~100)

Gia nhiét & 100°C (~1h) )
bé ngudi
-« Thém 4,5 mL nude khir ion, DF~300
Stock solution IM HNO;

Dung dich do trén ICP-MS 1M HNO:/DF~5000.

Hinh 1. Thi tuc pha mau dia chat bang hén hep axit trong céc Teflon cé gia nhiét

Budc cudi cing cua giai doan pha méiu la chuan bi dung dich mau gbc (stock
solution) bang cach thém 3.0 mL (4.5/6.0 mL) nudc siéu tinh khiét khir ion va xac dinh
chinh xac khéi lwong dung dich mau gbc, tng véi DF~300, 1M HNOs. Mot mau tring
quy trinh (procedure blank - PB) duoc chuan bj twong ty nhu qué trinh pha mau phan
tich dé hiéu chinh cac nhidm ban cd thé co tir cc hoda chit sir dung trong quy trinh. Mot
lwong mau khoang 10, 15, va 20% thé tich cua dung dich mau géc da duoc st dung dé
pha dung dich mau do, trong wng vai hé sb pha lodng DF~3000, 4000, va 5000 lan. Hé
s6 pha lodng DF duoc chon dya trén hai yéu té: i) Mirc ham luong cua nguyén té quan
tAm trong mau sao cho sb dém cua dinh phd khdi nam trong khoang tbi vu cua thiét bi
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la 5x10%-5x10°cps (Vogl, 2005) va ii) Ham lugng téng cac nguyén té nén (matrix) 1a
nhé hon 400ppm (Shinotsuka & Ebihara, 1997). Hinh 1 trinh bay chi tiét quy trinh pha
méu dija chat bang hdn hop axit trong cdc Teflon cé gia nhiét di str dung trong nghién
chru nay.

2.2.2. Ky thudt pha lodng dong vi (ID)

Dung dich mau phén tich, trong d6, mot nguyén té quan tdm (E) véi thanh phan
ddng vi tu nhién (An, Bn) di biét nhung ham luong (Cn) cua né 1a chua biét, duoc tron
13n v&i mot dung dich, duoc goi 1a spike, chtra duy nhit nguyén té E da biét chinh xac
thanh phan dong vi (As, Bs) va ham luong Cs. Dung dich hinh thanh sau khi pha tron
duogc goi 1a blend. Trong dung dich blend, ham luong caa dong vi bi pha lodng va ty sb
ddng vi mai duoc thiét Iap, ty s6 nay nam gita ty s6 dong vi caa mau va cua spike.

e  Phuong trinh co ban cua ky thugt ID (Vogl, 2005): Trong myc nay ching
t6i trinh bay maot cach van tit nguén gdc cua phuong trinh ID dugc sir dung
trong nghién cuiru nay.

Bang 1. Cac ky hiéu va don vi ciia cic dai lwong trong biéu thirc ID

Ky hicu Pon vi Gidi thich

Nan, Nen - S6 hat cua dong vi A va B ¢6 trong mau phan tich (natural)

Nas, Nes - Sb hat cua dong vi A va B ¢6 trong dung dich spike

An, By % Do phd bién cua dong vi A va B trong mau phan tich (natural)
As, Bs % Do pho bién caa dong vi A va B trong dung dich spike, trong do,

ddng vi B duoc 1am giau

Ham luong cua nguyén t6 quan tam (E) trong mau phan tich va trong

Cn, Cs ho/g dung dich spike

Awn, Aws g/mol Nguyeén tir khéi trung binh caa nguyén té E trong mau phan tich va
trong dung dich spike

Navo mol* Hang s6 Avogadro

Mn, Ms g Khéi lwgng mau phan tich va spike thém vao mau

Rm - Ty sé ddng vi trong mau blend (do dugc tir ICP-MS)

Ropt - Ty s6 ddng vi tdi wu hoa dung dé woc luong Cs va Ms

Cpsa, CPsSs count st Tde do dém cua dong vi A va B trong mau blend

[cps]a, [cps]e count st Téc @6 dém caa dong vi A va B trong trong dung dich chuén

Rstd, R - Ty sb dong vi (A/B) trong dung dich chuan va trong tu nhién

Fc - Hé sb hiéu chinh phan doan khdi (mass fractionation)

S6 hat caa dong vi A va B trong mau (natural, N) va trong dung dich spike (S)
duogc xac dinh theo cac céng thuc sau:
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N = ANX;;XMN X N o 1)
N

Ngy = w X N o (2)
N

Nps = ASX(;\ZXMS X N o 3)
s

Ngs = BSX;ZXMS X N o (4)
s

Tir cac CoOng thirc (1) dén (4), va tin hiéu thu duoc tir ICP-MS trong mau blend
ta co:

R — CPSA _ Ny +Noys
CpSg  Ngy + Ngg

m

Q)

Thay cac Cong thic tir (1) dén (4) vao Cong thic (5) va rdt gon ta co:

C. - AuxCsx My (A ~R,xB) ©
Avs xM (R, x By — Ay)

Ham luong caa nguyén té quan tam (E) trong mau phan tich bang k§ thuat ID
dugc tinh theo Cong thuc (6); hay noi cach khac, Cong thac (6) 1a phuwong trinh co ban
cua ky thugt ID. Pé udc lugng ham lugng (Cs) va khéi luong (Ms) ti uu ctia dung dich
spike dua vao mau phan tich, tir Cong thuc (6) ta rit thanh phan Cs (hoic Ms) sang vé
trai cua biéu thirc va thay Rm = Ropt ta co:

SZANSXCNXMN(ROthBN_AN) (7a)
ANNXMS(AS_ROthBS)

=ANSXCNXMN(ROthBN_AN) (7b)
Aun % Cs (A _ROthBS)

S

Trong d6, Ropt dugc xac dinh boi Cong thuc (8) (Tristan & ctg., 2013; Vogl, 2005):

A x A ()

R. =
'\ B, x B
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Hiéu chinh hiéu ing phdn doan khéi (mass fractionation - MF): Trong qué
trinh do phd khdi cua ICP-MS, do lyc day Ian nhau trong cham ion gay ra
mot hiéu tng dugc goi la phan doan khoi luong. Trong dd, cac ion nhe bi
léch nhiéu hon so v&i cac ion niang (Heumann, Gallus, Radlinger, & Vogl,
1998; Tristan & ctg., 2013). Hiéu tng nay lam ting (hoic giam) sé dém dbi
V6i cac dinh c6 khéi lwong khac nhau trong phé khéi. Do do6, viéc hiéu
chinh MF Ia rat can thiét trong thuc nghiém ICP-MS ma dic biét quan trong
trong viéc xac dinh ty sé gitra cac dong vi c6 sé khdi khac nhau ¢ng dung
trong ky thuat ID. Dé hiéu chinh hiéu tng MF trong thuc nghiém, ching ta
c6 thé sir dung mot dung dich chuan chira nguyén t6 quan tdm (E) ¢6 ham
luong tir 1 dén 25ppb (tiry theo d6 nhay thyc té cua ting thiét bi) dé do trén
ICP-MS sao cho s6 dém dinh dat duoc nam trong dai do toi wu cua thiét bi
(Vogl, 2005). Tur s6 liéu thuc nghiém ta c6 ti s6 Rsw ciia dong vi A va B
trong dung dich chuan:

Ry = P ©)

[CpS]B

Tir tai liéu ta 6 ti s6 Ry caa ddng vi A va B trong ty nhién:

R, =D (10)

X

= s (11)

Hiéu chudn thanh phan dong vi trong dung dich spike (relative abundance
calibration): Trong ky thuat 1D, ngoai viéc xac dinh ham lwgng caa nguyén
t6, do giau twong d6i (%) cua cac dong vi trong dung dich spike ciing can
phai xac dinh bang thuc nghiém. Dé thuc hién cong viéc nay, ta xem xét
truong hop sau: Gia sir trong mot dung dich spike chira nguyén té E c6 bay
dong vi véi cac sé khdi 1a E, Es, ..., Ez, trong d6, ta goi A, B, C, D, E, F, va
G lan luot 12 s6 dém (cps) do duoc tir ICP-MS caa cac dinh khdi Ey, Ez, ...,
Ez; vagoia, b, c, d, e f,vaglado giau ddng vi twong ddi (%) can xac dinh
tuong tng cua bay dong vi Ei, Ez, ..., E7 trong dung dich spike, ta ¢c6 Cong
thuc (12).

A B

B e f g 100%
c C

c d
+—F—F—F+—+=
Cc cC CcC Cc ¢ c

(12)

C D E F G a b
—F—F—F—F—=—+—
C C C C C ¢ ¢
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Tir Cong thuc (12) ta c6 thé tinh duoc d6 giau déng vi twong dbi a, b, ..., g theo
cac cbng thae don gian nhu trong (13).
100% c

;a:—xA;bZEx B:d :£>< D;e:£x E; f :£>< F;g:£xG (13)
X C C C C C C

C:

Luu ¥: Cac ky hiéu trong Cong thuc (12) va (13) khéng lién quan dén cac ky
hiéu trong cac Cong thuc tir (1) dén (11) da trinh bay phan trén.

e Hiéu chinh nhiéu phé khéi (mass spectral interferences): Trong ky thuat
do phd khéi trén ICP-MS, ton tai nhiéu hiéu wng khac nhau ma ching c6
thé anh huong dén két qua do cua nguyén té (hodc dong vi) quan tam, mot
trong s6 d6 1a nhidu phé khdi. Céc tc nhan gy nhiéu can thiét phai duoc
nhan dién mot cach day du vé ban chat va mic d6 dong gop cta ching dé
tir 6 c6 phuong phap phi hop dé hiéu chinh. Trong nghién ctu nay ching
t61 quan tAm dén tat ca cac ddng vi bén co trong tu nhién cua ba nguyén tb
Ce, Sm, va Yb. Bang 2 trinh bay tit ca cac ddng Vi c0 tiém ning dong gop
s6 dém vao cac dinh pho khéi dbi véi cac dong vi quan tam.

Vé co ban, 6 hai loai tdc nhan gay nhiéu pho khdi: Loai thi nhat 13 cac déng vi
ctia cac nguyén t6 khac nhau nhung ¢ cung sé khdi va Loai tht hai 13 trong méi truong
plasma, mot ddng vi két hop véi 180 hoac 60'H dé tao thanh maot ion cé sé khdi bang
véi d6ng vi quan tam. DSi vai loai thir nhat, phuong phap hiéu chinh 14 kha don gian
bang cach quan sat mot dinh khéi khac khéng bi nhidu cia nguyén té gay nhiéu va dua
trén d6 phd bién dong vi tu nhién cua cac déng vi nay chlng ta co thé xac dinh duoc s6
dém déng gop cuia dong vi gay nhidu vao dinh ciia nguyén té quan tim. Pon cir mot
truong hop cu thé trong nghién ciru nay nhu sau: Khi quan sat dinh khéi 142 cia Ce,
ngoai s6 dém thyc ciia **°Ce, con cd sé dém déng gop cua *2Nd. Dé hiéu chinh, ta co
thé quan sat thém dinh phd *43Nd (dinh nay khong tring vai bat cr mét déng vi nao
khéc). Tir s6 dém thu dugc qua ICP-MS (cps) cua hai dinh #2Ce(Nd), ***Nd va do pho
bién ddng vi cua *?Nd va “**Nd twong tng 1a 27.2% va 12.2% ta c6 thé dé dang tinh
toan va hiéu chinh phan sé dém cua *2Nd vao dinh 2Ce. B4i voi loai thir hai, thi viéc
hiéu chinh can phai tién hanh bang thuc nghiém. Trong nghién ctu nay, ching toi st
dung céc dung dich chuan don Ba, Pr, Ce, Nd, Sm, va Gd dé pha bén dung dich c6 ham
luong 20ppb gdm: [Ba&Pr], [Ce], [Nd], va [Sm&Gd]. Sau d6 tién hanh do cing véi cac
méu phan tich dé hiéu chinh luong dong gbp cua cac ion oxyt va hydoxyt vao dinh khoi
ctia d6ng vi quan tam.
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Bang 2. Cac dong vi ¢6 tiém ning giy nhiéu phd khdi trong ICP-MS dbi véi cac
dong vi quan tim ciia ba nguyén té Ce, Sm, va Yb

Pongvi  Bdng vi tring s6 khdi Céc ddng vi gay nhiéu phé khdi
136Ce 13634 (7.854)!

138Ce 13883 (71.698)

140Ce

12Ce 12N (27.2)

14gm NG (23.8)

147Sm

1485y, 18N (5.7) 1283 (0.101)

1495y 133Cs (100)

1505 m 15N (5.6) 1483 (2.417)

1525 152Gd (0.2) 136Ce (0.185)

1545 154G (2.18) 138Ce (0.251), 1%La (0.09), 1**Ba (71.698)
168y} 168y (26.978) 1525m (26.75), 152Gd (0.2)
170y 170Ey (14.91) 1545m (22.75), 15Gd (2.18)
171y 155G (14.8)

172y 156G (20.47), 155Dy (0.056)
173y 157Gd (15.65)

174y 174Hf (0.16) 158Gd (24.84), 15Dy (0.095)
1eyh 1761y (2.59), I6HF (5.26) 160G (21.86), 19Dy (2.329)

Ghi chi: Cac chir s6 trong ngoic don (...) 1a @6 phd bién dong vi twong ddi trong ty nhién, sé ligu
dugc trich tir de Laeter va ctg. (2003) va tir Website IUPAC.

3. KET QUA VA THAO LUAN

3.1.  Két qua tinh ton tbi wu cho cac dung dich spike Ce, Sm, va Yb

Pé ap dung ky thuat ID trong ICP-MS trén mot ddi twong mau cu thé nao do
(trong nghién ctru nay 1a mau dia chat va mau dt), truge hét ching ta can phai tinh toan
ham luong va khéi luong téi wu cho cac dung dich spike can dwa vao mau dwa trén cong
thirc 7a va 7b. Két qua tinh toan tbi wu cho ba dung dich spike Ce, Sm, va Yb ddi vai ba
mau nghién cau BHVO-2, BCR-2, va NIST 2711a dugc trinh bay trong Bang 3.

Tur két qua Bang 3 cho thay déi véi mau BHVO-2 ¢6 ham luong Cn cta Ce, Sm,
va Yb trong mau lan luot 1 38, 6.2, va 2.0ppm thi ta can cd cac dung dich spike Ce,
Sm, va Yb c¢6 ham lugng Cs tuong ung la 7.0, 2.0, va 0.2ppm. Bén canh do, tiy thudc
vao khéi luong mau dem di phéan tich My ma ching ta c6 thé xac dinh duoc khéi luong
spike Ms can pha vao mau. Trong nghién cau nay, ching tdi sir dung khéi lugng mau
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phan tich lan lwot 12 15, 20, va 30mg. Cac tinh toan, udc lugng duoc thuc hién tuong tu
dbi véi cac mau BCR-2 va NIST 2711a. Ngoai ra, dé giam thiéu sai sé trong két qua
phan tich, can phai luu y rang trong cac tinh toan, khdi lugng spike Ms dua vao mau
khong thap hon 100mg.

Bang 3. Két qua tinh toan ham lwong (Cs) va khdi lwong (Ms) toi wu cho cac dung

dich spike: Ce, Sm, va Yb d6i v6i mirc ham lwgng (Cx, ciia cac nguyén té Ce, Sm,

va Yb) thue té c6 trong mau nghién ciru va khoi lwgng miu (M») dwoc sir dung dé
phan tich twong Gng

Ce-spike/Cs: 7.0ppm  Sm-spike/Cs: 2.0ppm  Yb-spike/Cs: 0.2 ppm

CRMs
Cn, ppm  Ms, g Cn, ppm  Ms, g Cn, ppm Ms, g

Mn: 15 mg

BHVO-2 38 0.10078 6.20 0.11770 2.0 0.09844
BCR-2 53 0.14057 6.70 0.12720 35 0.17227
NIST-2711a 70 0.18565 5.93 0.11258 3.0 0.14766
Mn: 20 mg

BHVO-2 38 0.13438 6.20 0.15694 2.0 0.13125
BCR-2 53 0.18742 6.70 0.16960 35 0.22969
NIST-2711a 70 0.24754 5.93 0.15011 3.0 0.19688
Mn: 30 mg

BHVO-2 38 0.20157 6.20 0.23541 2.0 0.19688
BCR-2 53 0.28113 6.70 0.25439 35 0.34454
NIST-2711a 70 0.37131 5.93 0.22516 3.0 0.29532

3.2. Két qua hiéu chuin cac dung dich spike Ce, Sm, va Yb
3.2.1. Hiéu chudn ham lirong (Cs)

Tur dung dich spike goc ban dau, cac dung dich spike cia Ce, Sm, va Yb dugc
pha lodng téi ham lwong can thiét (7.0, 2.0, va 0.2ppm tuong tng, xem Bang 3) va gitt
qua dém dé ti sb déng vi trong dung dich spike dat trang thai can bang. Sau d6 tién hanh
ldy mAu, pha lodng cung véi dung dich chuan SPEX (dung dich chuan SPEX trong
truong hop ndy dugc xem nhu mau phan tich nhung da biét chinh xac ham lugng cua
cac nguyén t6 Ce, Sm, va Yb) dén ham luong xap xi 10ppb véi céc ti 1é twong ung R =
0,5%Ropt, 1XRopt Va 2%Ropt. Dung dich mau sau d6 duoc do trén thiét bi ICP-MS. Ham
lwong Cs cua cac dung dich spike duogc tinh bang Cong thic (7a). Phuong phap nay con
duoc goi 1a phuong phép pha lodng dong vi nghich dao (reverse ID). Két qua hiéu
chuan ham lugng trong céc dung dich spike dugc trinh bay trong cac Bang 4a, Bang 4b,
va Bang 4c.
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3.2.2. Hiéu chudn dé phé bién dong vi twong doi (As, Bs)

Trong nghién ctru nay ching téi pha lodng cac dung dich spike: Ce, Sm, va Yb
dén ham luong xap xi 10ppb va do trén thiét bi ICP-MS, sau dé str dung Cong thuc (12)
va (13) dé xac dinh d6 giau ddng vi twong ddi cua tat ca cac dong vi co trong dung dich
spike. Ngoai ra, dé hiéu chuan do léch khéi (MF) gitta cac dong vi, mot dung dich chuan
SPEX 10ppb ciing duoc chuan bi ddng thoi va do kém theo cac dung dich spike trén
ICP-MS. Két qua xac dinh ham luong Cs va do giau dong vi twong ddi trong cac dung
dich spike Ce, Sm, va Yb trong nghién ctru nay duoc trinh bay trong cic Bang 4a, Bang
4b, va Bang 4c. Tir két qua hiéu chuan d6i véi dung dich spike Ce trong Bang 4a, ta
thdy rang gia tri ham lugng Ce trong dung dich spike tinh todn qua qué trinh pha lo&ng
(Ly thuyét) tir dung dich spike gbc (stock solution) va gia tri hiéu chuan bang thuc
nghiém 1a rat phi hop, do sai khac (d6 léch) 1a rat nho (0.01%). Doi véi céc két qua do
giau dong vi, c&c gié tri thu duoc qua nghién ctru nay duoc so sénh véi két qua do chinh
tac gia da xac dinh trén cting mot dung dich spike goc tai phong thi nghiém Hoa Vi try,
Truong Pai hoc Thi d6 Tokyo, Nhat Ban vao nam 2016. Tir bang két qua, dé dang
nhan ra rang d6 pho bién cua hai dong vi **Ce va *%Ce xac dinh trong nghién cau nay
c6 su sai khéac rat 1on so véi nhiing gié tri twong tmg dugc xac dinh vao nam 2016 tai
Nhat Ban. Trong khi d6, két qua thu dugc d6i véi hai dong vi con lai 1a %°Ce va 1*>Ce l1a
rat phi hop so véi cac két qua thu duoc tai Nhat Ban (d6 léch < 0.5%). Su khac biét
trong két qua do gidu cua hai ddng vi **Ce va *8Ce duoc nhan dinh 1a do hai yéu t6
chinh: i) D¢ giau cua hai dong vi nay trong dung dich spike la rat thap (0.006% va
0.022%) va ii) Do nhay cua thiét bi ICP-MS tai Trung tam Phan tich, Vién Nghién ctu
Hat nhan Da Lat 1a thap hon rat nhiéu (khoang 10 1an) so véi thiét bi ICP-MS duoc sir
dung tai Nhat Ban. Tuy nhién, sy sai khac nay 1a khong anh hudng dén két qua cua
nghién ctru. Bai 18, dé st dung ki thuat ID, ta chi can biét chinh xéc gia tri vé do phd
bién ciia mot cap dong vi: i) Bong vi phd bién nhat trong ty nhién *4°Ce (88.45%) va ii)
Pong vi duoc lam giau trong dung dich spike (**2Ce, 92.8%).

Bang 4a. Két qua hiéu chuin ham lwgng Cs (ppb) va dd phd bién twong ddi (%)
cua dung dich Ce-spike

Cs, ppb Do giau dong vi tuong ddi, %
Ce-spike -

Ly thuyet  Thuc nghiem  %Ce  13¥Ce  %Ce *2Ce
ba Lat, Viét Nam 7058 7059 0.001 0.098 7.15 92.80
RSD, % 0.2 595 37 0.50 0.05
TMU! 0.006 0.022 7.17 92.80
RSD, % 47.000 6.100 0.60 0.04
Do léch?, % 0.01 -86 344 -0.30 -0.05

Ghi cha: Két qua do téc gia xac dinh tai phong thi nghiém Hoéa vii try, trudng Dai hoc Thit
d6 Tokyo, Nhat Ban (TMU), nam 2016; 2P léch (bias) dugc xac dinh theo cbng thirc:
[(gia tri do dwoc-gia tri so sanh)x100/Gia tri so sanh].
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Bang 4b. Két qua hiéu chuin ham lugng Cs (ppb) va dj phd bién twong déi (%)
cua dung dich Sm-spike

_ Cs, ppb Do gidu déng vi twong ddi, %

Sm-spike , ]

Ly thuyét  Thuc nghiém  4Sm 147Sm  48Sm  49Sm  10gm  1525m  1%4gm
ba Lat,
Viét Nam 2039 2006 0.029 0.319 0507 97500 0.562 0.695 0.341
RSD, % 0.300 5.200 0.700 1.600 0,004 0.300 1.400 1.500
TMU! 0.034 0.322 0,527 97.600 0.558 0.679 0.320
RSD, % 9.700 4500 5700 0.100 2.900 3.400 7.200
Do léch?, % -1.600 -16.000 -0.800 -3.800 -0.010 0.600 2.400 6.300

Ghi cha: Y2twong tu phan ghi chli & Bang 4a.

Tir Bang 4b cho thay, két qua hiéu chuan ham lugng cua Sm thu duoc bang thuc
nghiém la thap hon gia tri tinh todn khoang 1.6%, sai khac nay 1a khong dang ké va co
thé chap nhan duoc. Déi vai két qua hiéu chuan do phd bién tuong dbi cac dong vi caa
Sm trong dung dich spike, trong ty nhu truong hop cia Ce, dbi véi cac dong vi co do
gidu thap (< 1%) nhu *Sm (0.034%), *8Sm (0.527%), '°Sm (0.558%), °°Sm
(0.679%), va *%*Sm (0.320%), thi két qua thu dugc thuong c6 do thing giang Ion, ma
dic biét d6i véi cac thiét bi ICP-MS c6 do nhay thap. Déi véi hai dong vi con lai la
147Sm va 14°Sm thi két qua thu duoc tai Viét Nam va Nhat 1a c6 su pht hop tét (d6 léch
< 1%). Tuong tu dbi v&i Ce va Sm, gia tri ham luong Yb trong dung dich spike thu
duogc bang thuc nghiém va gié tri tinh toan 1a phd hop vai nhau trong vong sai s6; Cac
ddng vi c6 do phd bién < 1% (*68Yb, 17°YD, 176YDb) thi két qua thu duoc tai Viét Nam va
Nhat Ban 12 kha chénh léch (tir 16.8 dén 74.6%). B4i véi cac dong vi con lai két qua thu
duogc trong nghién ciru ndy 1a hoan toan pha hop vai cac két qua thu dugc tai Nhat Ban.

Bang 4c¢. Két qua hiéu chuin ham lwong Cs (ppb) va dd pho bién twong doi (%)
cua dung dich Yb-spike

Cs, ppb Do giau ddng vi tuong ddi, %
Yb-spike -

Ly thuyét Thuc nghiém  168Yb 0yp  1yp 172yp 18yp  14yp  16yp
Pa Lat,
Viét Nam 202 196 0.001 0722 832 802 123 144 0412
RSD, % 1.4 120 1.800 01 080 15 150 2700
T™MU! 0.005 0618 883 801 124 145 0.341
RSD, % 8.400 0900 01 080 1.2 1.30  1.600
Do léch, % 3.1 74600 16.800 -0.2 020 -0.6 -0.80 21.200

Ghi chi: “2twong tw phan ghi chil ¢ Bang 4a.

Tur nhitng nhan xét ¢ trén cho thay rang, trong diéu kién thi nghiém tai Trung
tam Phan tich, Vién Nghién ciru Hat nhan mac di con cé nhitng han ché nhat dinh (46
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nhay cta ICP-MS, d6 sach cua nuéc, chat luong axit, v.v..), nhung két qua thi nghiém
hiéu chuan cac dung dich spike 1a dang tin cdy va c6 su phl hop véi nhiing két qua thu
duogc tir mot phong thi nghiém chuan héa cua Nhat Ban, ngoai trir nhitng dong vi c6 do
phé bién thap dudi 1% (nhiing gi tri nay 1a khong st dung trong nghién ciru nay nhu
da giai thich ¢ trén).

3.3. Két qua phan tich Ce, Sm, va Yb trong 03 miu CRMs bang k¥ thuit pha
loding ddng vi

Bang 5 trinh bay s liéu phan tich ham luong cia Ce, Sm, va Yb trong ba mau
CRMs c6 chét nén 1a d4 basalt va dat voi cac hé sé pha lodng DF khac nhau: 3000,
4000, va 5000. Céc két qua thu duoc qua nghién ciru nay duoc so sanh Vi cac gia tri: i)
Gia tri chitng nhan (certified) (Wise & Watters, 2009) va gia tri d& nghi (recommended)
(Plumlee, 1998a, 1998b) va ii) Gia tri thdng tin mang tinh tham khao (information) cua
nha san Xuat.

e D¢ chum (precision): Trong nghién ciru nay, d6 chum cua két qua phan tich
dugc danh gia qua hai tham s6 d6 lap lai (repeatability) va do tai lap
(reproducibility). Do l3p lai cua két qua phan tich duoc xac dinh bai d6 léch
chuan noi (internal Standard Deviation - iSD, 1o) v6i n = 3. Tir dung dich
mau gbc, ba dung dich mau do duoc pha véi cing DF va do trén ICP-MS
trong ciing mot loat do, két qua duoc tinh trung binh + iSD. Trong nghién
ctru nay, do 1ap lai cua tat ca cac két qua phan tich (iSD) la nho hon 3%.
biéu nay cho thay dung dich mau goc va dung dich mau do 1a dong nhat,
cling nhu thiét bi ICP-MS str dung trong nghién ctru nay c¢6 do 6n dinh cao.
Do tai lap cua két qua phan tich dugc xac dinh bang d6 léch chuan ngoai
(external Standard Deviation - eSD, 16) v6i n = 3. Tir ba lan thi nghiém
pha mau doc lap voi khdi lwgng mau phan tich lan luot 1a 15mg, 20mg, va
30mg, dung dich mau do dugc pha véi ciing hé sé DF va dugc do trong ba
thoi diém khéc nhau trén thiét bi ICP-MS (trong Bang 5, cot SD thé hién
gia tri eSD trong nghién ctu nay). Tur két qua Bang 5, ta dé dang nhan thay
cac gia tri do tai lap tir két qua thu duoc cua hai mau BHVO-2 va BCR-2
déu < 3%. Piéu nay cho thiy, ddi voi cac mau dia chit c6 nén 1a da basalt
thi quy trinh phan tich str dung trong nghién ctru nay la hoan toan phu hop
va két qua thu dugc c6 do chum Ia rat tot. B véi miu dat (NIST 2711a),
thi gié tri do tai lap tuong ddi cua cac két qua phan tich Ce va Sm la khé tét
((e)SD < 5%); Trong khi d6, gia tri nay ctia Yb la khong dat nhu nhoém tac
gia mong doi (< 10%, ngoai trir két qua Yb véi hé s6 DF~5000 la 10.3%).
Mic du két qua ddi voi Yb 1a ¢6 thé chap nhan duogc trong diéu kién thi
nghiém tai Viét Nam, tuy nhién, can thiét phai xem lai quy trinh pha mau
dat, bai 18, ham luong Si thong thuong trong mau dat néi chung (~30%) la
cao hon trong cac mau dia chat c6 nén 1a d4 basalt (~25%);
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P chinh xac (accuracy): Do chinh xac dwgc danh gia dua trén tham sb do
léch twong d6i (%, xem cong thire tinh duoc ghi chu dudi Bang 4a) gitra két
qua thu duoc va gid tri phé chuan (certified, recommended, hoic
information). Tir két qua thu duoc trong Bang 5 cho thay, tri tuyét dbi cua
C4cC gia tri do léch twong dbi (%) cua két qua phan tich Ce, Sm, va Yb bing
phuong phap ID trong hai mdu BHVO-2 va BCR-2 1a nho hon 4%. C6 thé
noi rang day 1a mot két qua phan tich rat tt, hay noi cach khac quy trinh
phan tich da sir dung cho két qua co d6 chinh xac twong dwong voi mot sb
phong thi nghiém phan tich chuan hoéa trén thé gi¢i (Cao & ctg., 2017;
Shirai & ctg., 2015). Bbi vi mau NIST SRM 2711a, chi cd gié tri cia Sm
(5,93 + 0,28 pg. g la gia tri duoc ching nhan (certified), cac gia tri cua
Ce va Yb la nhirng gid tri thong tin (information) chi mang tinh tham khao
(Wise & Watters, 2009). Nhu cong bd trong tai liéu phé chuan caa Wise va
Watters (2009), nhitng gi4 tri thong tin ndy khong dugc nha san xuat
(NIST) danh gia va bao dam vé do xéac thuc ma chi dua vao két qua thu
dugc tir mot phuong phép phan tich duy nhat 1a INAA (Wise & Watters,
2009). Tur nhitng thong tin vira néu va két qua Bang 5, dé dang thay rang
két qua thu dwoc qua nghién ciu nay caa Sm trong mau NIST SRM 2711a
la rét tdt, d6 sai khéc 1a < 5% & ca 3 mac pha lodng 3000, 4000, va 5000.
Trong khi d6, két qua thu duoc cua Ce va Yb trong mau NIST SRM 2711a
c6 do sai léch kha 16n (4.5 — 8.4%), dac biét d6i voi két qua phan tich Ce o
DF ~ 3000 gi4 tri thu duoc thip hon gia trji thdng tin ma nha san xut céng
bé 14 15.4%. Bén canh do, tir Hinh 2 ta thay rang cac két qua phan tich ham
lugng Ce @ng véi hé sé pha lodng 5000 (74.5 + 1.9ug. g™) va 4000 (73.2 +
3.5ug. g1 1a phi hop tot véi nhau va phi hop véi gié tri thong tin cua nha
san xuat NIST (70ug. g%) trong pham vi sai s6 phan tich. Trong khi, két qua
Ce ung véi hé s6 pha lodng 3000 (59.2 + 2.1ug. g*) la hoan toan khéng phi
hop vai hai gié tri con lai (tng véi DF~4000 va 5000) cling nhu gia tri tham
khao cua NIST. Piéu nay cho thiy khi phan tich Ce trong miu dat bang
ICP-MS, dé c6 két qua tot thi dung dich do can dugc pha lodng tir 4000 dén
5000 lan tir mau rin ban dau;

So sanh két qud véi cac gia tri da cong bé: Két qua phan tich Ce, Sm, va
Yb thu dugc qua nghién ctru nay dugc so sanh véi nhitng nghién ctru trudc
day da dugc cong bd (Bayon & ctg., 2009; Kent, Jacobsen, Peate, Waight,
& Baker, 2004) bang chuan héa CI (CI chondrite). Tir két qua so sanh tai
Hinh 3 va Hinh 4, ta d& dang thay rang két qua thu duoc qua nghién ctu
nay ddi véi Ce, Sm, va Yb ¢6 su ph hop rat tét dbi véi cac két qua da cong
b6 cua Bayon va ctg. (2009); Kent va ctg. (2004).

64



TAP CHi KHOA HQC PAI HOC DA LAT [CHUYEN SAN KHOA HOC TU NHIEN VA CONG NGHE]

Bang 5. Két qua phén tich Ce, Sm, va Yb bing phwong phap pha loing dong vi (ID)

Ce(n=3) Sm (n=3) Yb (n=3)
CRMs Cert! GTTB, . Do léch, Cert! GTTB, . D6 léch, Cert! GTTB, RSD, D léch,
1 RSD, % % 4 RSD, % y 4 o o
(Inf)?> HO.Q 0 (Inf)?> HO.9 0 (Inf)?> HG.Q 0 0
Dilution factor: 5000
BHVO-2 38 375 04 1.0 -14 (6.2) 6.04 0.04 0.7 -2.6 2) 2.04 0.06 29 1,9
BCR-2 53 53.0 0.7 14 0.1 (6.7) 6.50 0.06 0.9 -2.9 35 3.43 0.11 3.3 -1,9
NIST
97114 (70) 74.5 19 26 6.4 5.93 6.09 0.12 2.0 2.7 ?3) 2.79 0.29 103 -7,0
Dilution factor: 4000
BHVO-2 38 37.3 0.7 1.9 -1.8 (6.2) 6.03 012 1.9 2.7 2 1.99 0.09 47 -0,5
BCR-2 53 52.7 04 0.7 -0.6 (6.7) 6.54 0.07 1.1 -2.4 35 3.45 0.09 2.7 -14
NIST
2711a (70) 73.2 35 47 45 593 6.14 011 1.7 3.6 3) 2.75 0.15 55 -8,4
Dilution factor: 3000
BHVO-2 38 37.7 08 21 -0.7 (6.2) 5.99 0.07 1.2 -3.4 2 2.00 0.07 34 0,2
BCR-2 53 53.1 0.7 1.3 0.1 (6.7) 6.44 0.20 3.0 -3.9 35 3.43 0.12 35 2,1
NIST
97114 (70) 59.2 21 35 -15.4 5.93 6.06 0.10 1.6 2.3 ?3) 2.76 0.18 6.6 -8,2

Ghi cht: 'Gia tri Certified hoic Recommended; 2 Gia tri (Information)
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NIST SRM 2711a
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Hinh 3. Két qua chuan hoa CI d6i véi Ce, Sm, va Yb trong miu BHVO-2
Ngudn: Gia tri CI dwoc sir dung tir Anders va Grevessen (1989).
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Hinh 4. Két qua chuian hoa CI dbi véi Ce, Sm, va Yb trong miu BCR-2
Ngudn: Gia tri CI dwoc sir dung tir Anders va Grevessen (1989).
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4. KET LUAN

Qua nghién ciru nay chung toi da hé thdng hoa cac cong thirc cua ky thuat pha
lodng ddng vi (ID) tir nhiéu ngudn tai liéu tham khao khac nhau theo cach don gian
nhét, dong thoi dé xuat cac phuong 4n thuc nghiém can thiét dé nguoi doc co thé tu
minh 13p lai thi nghiém va &p dung k¥ thuat 1D mét cach dé dang khdng chi déi véi Ce,
Sm, va Yb, ma c6 thé ap dung ky thuat 1D cho nhiéu nguyén té khac.

Ky thuat ID-ICP-MS lan dau tién duoc ap dung thanh cong tai Viét Nam dé
phan tich ba nguyén té dat hiém Ce (LREE), Sm (MREE), va Yb (HREE) trong ba mau
dia chat: BHVO-2, BCR-2, va NIST SRM 2711a. Két qua thu duoc cd su phi hop tét
Vé6i cac gié tri dugc phé chuan (hodc dé nghi) cua nha san xuat. Déi véi hai mau co nén
1a d4 basalt BHVO-2 va BCR-2, d6 l3p lai va d6 chinh xéac cua két qua phan tich 1a duéi
5%. Dbi véi mau NIST SRM 2711a c6 nén 1a dat, két qua phan tich co d6 1ap lai va do
chinh xéac xap xi 10%, ngoai trir két qua phan tich Ce véi hé sé pha lodng DF~3000, la
thip hon gia tri théng tin ciia nha san xuét 1a 15.4%. Tir két qua nay, ching t6i dé xuat
dbi vai mau c6 nén 1a dat, khi phan tich nhém cac nguyén té dat hiém nhe (LREE) bang
ICP-MS, dung dich do can c6 hé s6 pha lodng DF tir 4000 dén 5000 lan tir mau ran ban
dau.

Nhitng két qua dat dugc trong nghién ciru nay 13 co s& dé chung toi tién dén viéc
nghién cau két hop dong thoi céc ky thuat 1D, EC, va ki thuat chuan noi (internal
standardization - IS) dé thiét lap quy trinh phan tich dong thoi 14 nguyén t6 REE trong
cac d6i twong mau quan tm khac nhau.
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Chung t6i cam on Assist. Prof. Dr. Naoki Shirai, Phong thi nghiém Hoéa Vii try,
Truong Pai hoc Tha d6 Tokyo, Nhat Ban dd cung cap cac dung dich spike géc va céac
mau chuan dia chat (BHVO-2 va BCR-2) dé thuc hién nghién cau nay. Nghién nay
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