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Highly sensitive determination of trace rare-earth elements in
ultra pure rare-earth compounds by combining ICP-MS with
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It is very difficult to accurately quantify trace rare-earth elements (REE) in ultra-pure rare-
earth compounds by a single analysis method, such as ICP-AES, ICP-MS or electrothermal vapor-
ization (ETV)/ICP-MS. We have developed a highly sensitive and efficient method by coupling
the advantages of HPLC, ETV and ICP-MS. HPLC eliminated problems caused by matrix and
severe overlapping of oxides and hydroxides peaks coming from the main component observed
in ICP-MS. ETV greatly reduced the interference from additives contained in the eluent of
HPLC, and provided an efficient introduction method for ICP-MS. The detection limits of
other REE in pure GdsOs were 0.07 ~2 ng/g Gd. The method is applicable to analyses for 7~
8 N pure metal and compounds.
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FZORHSBHRIBIIEYS S ETFHRENL 0, BHERAT
HTEOGNTELRESRL L IEETHLEELLN
5.

KRR OESRIZ L VAL DG T EOBREIELLR
FELTwB2Y, —ICHMERABIIHN L TE—2 0BT
ST HILIZHL L, #OoPOFEORIZMALGHE
BT EPBIIORD DL LDV, SHBOWIEIIHO—
DL LT, BRTSUHi LA EDbEIZLY, AR
ROMERHRETLZEDERETH L. SITREOMELIC
ONT, HEETEOIIEEL L TETFELGN (AAS),
BERE T T ARESH (ICP-AES), ICP B &5
(1CP-MS), WS LA (NAA), #06 X #aH
(XRF) % ERFFENDL LI o TERAD, B
IR ORMY O GHILLL OB — D iED A TR
TE%\V., ICPMS WEEE, £nEEsllHvwsnai:
W, HEETEOSNHEL LTRIEbDR TV EYY,
L L, #HHETRCZEBROFRVAIEET 720, &
IR ORMAOBRILY, KBRILWEIZI - DEL
D AR Z BV, BRICEMIER L TR ORI & 58T
THEXRIZE, TALOIEENE L. BIZ, ERSICK
BIEANRT PVFHLELE LWz, DEESLETHS.

SEEEE LT, A% VSRR mEmI S S DAY,

Wk o< 757 40— (HPLC) WEiRE, Bz s
BMEH->TWA0T, HLELEOSMEE LTRG
AasnTwa’, LaL, gL tEoREatnN
WOBRRB I MEEDOIEARICHERTrE Y RKREL LD
T, WEHETEOBESHNEN, ICP-MS IZEAT 55
BT BN ITIREAME B2 B, F 72, SEERRICHED
NOBEEIIEREOAERELRLOT, MY v 7 AF
WA 0, EEE ICP-MS [CEA L THNT 5 I & 3
THbH. INLOFHIEORE L HRT B0, A
WOBMBELEREZRET A EDET L.,

AR, BERTROLE: (ETAAS) OEEEFH LT,
ICP-MS ORBEALD—2 L L THOERLALE (ETV)
MRS IN, B (FE) PHESBIRICLILTHZETS
TENRTEL L) o7z, BICEAREOR LIZLY,
EEOKRIELZHELERENT WS, ETV TRADPLD
ALY, KB A + > OEFZEL S5 & WA RE
T, TNOOERBIIATTAF—IL L HBEHEAEON
1/10 AT 52, SBHERBOSHIZE > TEEER
+5TH L. T2, FERSICEDZT N v 7 AFHS Bk
MESTETERORMBOSTIEEETH L. LAL,
ETV IIEAMBERE CHBRY 2 ER, BMETI WM
2H0, ICPMS OEBREEZMEAGDLES L, LilD
HPLC FEED/RHZ BT E AN DH 5.

AR TIREMER LEAEGW L LT G0 2 M\,
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T LI EOER L AETH S HPLC L BHIRERL A
95 ETV/ICP-MS O AEHLEIZL Y, EMER T
FHOTMY OGN H kTR L7,

2 % B

2-1 ¥ &
FHLHIUCEOSEIZIE HPLCEE (HARY 4+ —F—X
#, Waters 600) % Fv7-. SRBHEIREAIZIL 200 ul DFE
ANV —T &7z, 4r#EE 4.6 mm X 25 mm ODS 7 LA
F 2, 4.6 mm X 250 mm Z7HEH ODS 71 7 A (¥ —z )b
4z v A%, ODS3 Sorbent, 5pm k%) #HWTITo
7z. HPLC TH#EL 2B HEOFEFITCRORA NI T 4
WX, Ry (HAREERSE, Mini Chemi Pump
SP-T-2502) & WC T -V M EREz eI AV (N
FO0S5mmXEL300mm DAF Y VAF2—7) ITHEK
L& L7z,

SEEL 7oA TR EE BRSO T 200, oS
VARER (BEEETE, A2 20m) ZHW.
HTHETEOERITICPMS EE (4 a—4f v Ay
VAV EL SPQ6500) &7z, BB OE AL ETV
Bl (B4 a—A4 YAV RYVEL AT-300) %W,
BEMBEAEZTRA L2, 2B, BBOPHERL KT
57:012, 20X 70—8XT T 4P —% 5 EHEE
BAEC X B0 b AT o 72,

2.2 HE, BEEFRERCTX MK

HPLC OBERICIE, 1727 5 Y 2AVvEk B (0S,
HfbE) L ok Fafy 4 V7 FVEE (HIBA, Hi
L8 OULERTEFKICEMRL, 2M O NH,OH % H
W pH % 4.00 ZFHET L 72 ko 2 BRI O W &
Wiz, B A 001 M® OS & 0.1 M D HIBA # &1r
BWHTHY, BWEEBIZ0.01M®OS & 0.5M ® HIBA
EEULHRETHLH. RA M I ABMBHAOT VL)V 1
W, SMAME7 VeSS m (EEREER) onE
R ARICER LT L7z

BRI, SMESTESERAY (BRFEY, »
D 99.99% L) OLEREVEOMBICERL, &
2 1M OB CAR L 728l 2 BEEE (1.0 mg/ml) &
L7

B E & SIS, SRR A EE SN L
0.1 M OFEEETHIML TR L. Bl & T EEemig
FEEFROLER R S, KT L CEZEL, &
BRI A & 5 W IXEER B THIR L /2.

T4 (Gd = 1.0 mg/ml) hET AL, GdEE
B s BN L &L o VWREFROLEE 2L, Kk
THEL TR L, BHEEA THRL .

BPCERABHER I 2 BEE BV, —HELERED

T
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ETV/ICP-MS detection part

injection
0.8mL / min
pump A 1 column }

eluent B

wIo—p{ detector |—p waste

mixer A=658nm

HPLC separation part

I
!
! pump BH Arsenazolll ] ]

Post-column reaction detection part

Fig. 1 Schematic diagram of HPLC/ETV/ICP-MS system

GdoOs # P ROMMICHML, RIETMHELTEEL, &
M A CTHRL: (EroftETEeRmmLiwy) &
WTHY, b5 —HRLERD Gd0: & 1310 HEHT
FOBWEDLEOWBIHEMREL, KIRCTHE L THREL,
B A THR L2 (FroFHETHEL2RMLE) &
WTh5.

7 A FEE (GdeOs-test) B, LEED GdOs &
LBEOWBICEML, KIRTMHARL TEEL, Gd DR
A 1.0 mg/ml & 725 X9 1B A THBRL 723
ThH5.

2:3 ® B&

ERBAR (Fig. 1) X=20#% (HPLC 7B, &
2 b5 ABER, ETV/ICP-MS HIELE) » S s
5. AW R, BN A LEBERB 2T
HPLC THM+ 5. TVEF VI ZHBREL LT
HPLC 25 DB ERA LR, A V54V TRAM A
S AT 5, FAHTHETEOBRMET R EHE L7
=T, ZOBMIZ HPLC O % 1.0~ 2.0 ml FRELL,
ZDHH 20u F ETV/ICP-MS ICIEALTHIET 5.

3 RREEG

3:1 HPLC 9Bt &Y 2 T IV DRI

HPLC I X AT OSHIIIBEHRE LTOoS %
&t HIBA SR S5 A, REFFECHEARMICIT S
OFERFHB Lz, — 8, SoHBEY & Dy 045
BATATEH A, EFhofitETEOSHIIEIFTH
29, BREY R Dy OSHICBWTIE, EHELONE %
AWTHMENTE S, RFRORA ¥ MIG#E L7 BT
EBMICHOBW L TETV/ICP-MS ICEBEAT A ETH 5.
CORDEREEORWGEEE, SBELHKS % 100% $FEL
THIEHFLETHL. FHE G0 DI ER T
(Gd = 1.0 mg/ml) % &L FEEFWH Z 100 pl (100 pg Gd
DIEAR), HPLC O HED 5 2IIEA L7z, 4HEZ OS,
HIBA # &L EEW A L B2 v, 0.1 M HIBA (0.01

Pr Ce La
Tb
;‘ @ Sm
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Fig. 2 Reproducibility of HPLC separation

M OS)— 70% % 0.1 M HIBA (0.01 M OS) + 30% X 0.5 M
HIBA (0.01M OS) DHEEME 204, KIC0.5M
HIBA (0.01M OS) ¥ T#% 204", 0.5M HIBA (0.01 M
0S) W% 20 717 - 7z (Fig. 2). FHOHRM+EE
T 5720, YEOR-—&4T2 BOMRET T 2R,
Fig. 2D LI 2ARD 7 0~ b 75 AHDORITLEDRIFR
BIZIZIZFE L CTH o7z, FILEORFRERICIIRK 0.2 545
DB -7z,

Fig. 20270 b7 LDH) 5 ThDE A% Fig. 312
HRLZZA, ThbOE—FIF (R—AF 4 /I2BIF3) &
055 THolz. IPDILHEOE—-ZIFIZ05~0.70Th
Lo T, GREHEZENY -7 20 s LT
BELETH 12 G TE (1.0 ml DFHE), 1R
MOBBMLZEZRLTL OB L 2GS 100% %L HRELT X
5. YEDyZOWTIEHEDGMPA T3 L0T, Hilh
Wx 25 0HbbETHILA (2.0 ml DR

o7,

3:2 ETV CHEEDRE
HPLC T4 L CH L7 % B ICP-MS 128 A§
L, ARIENLLOWEND H. ETV XS, KILER
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Fig. 3 Expanded partof Tb in Fig. 2

Table 1 Operating condition for ETV/ICP-MS system
ICP-MS
RF power 0.80~1.4 kW
Reflected power <5 W
Plasma gas flow rate 12 1/min
Augxiliary gas flow rate 1.2 1/min
Sampling depth 12 mm
ETV
Ar gas flow rate 0.8 1/min

0.05 1/min

25T ~180C for 60 s

130C for 40 s

130~ 1300 (or 600, 1000, 1200,
1400C etc.) for 20 s
1300 (or 600, 1000, 1200,

1400C etc.) for 50 s
2500 ~27007C for 5 s

2700C for $'s

20 ul

Hp gas flow rate
Drying temperature

Ashing temperature

Vaporization temperature
Cleaning
Injection volume

THBWE 275, IKMEL TR EPTiETHY, /2
KW VRN T BEIRA & v OEREFL RIS
5%, WIZRBOERZH ARET, KEDEH AL,
ETV TOF EHITEOHH Tk — I HNO; 7 & %
BREEE WSO T, IKILEEIEE K &= < TH HNOs &

ORI RS, KILTE B0%, AHEEONE cimxﬁ

LRESBLETH S, 2D La BEER (BHR L
OEEHERIR & ISHER 2 & F 0 W IREE D 20u1%rTv Iz

VHEALT, Table 1R EMT, KILEEEZZZ, 1CP-

MSICEALTA A ORBFHMELZRMELZ. 0.1 M
HNO; B O La BEEE O A 4 » OF5HEEL 600~
1400C #iBHCITIZM L TH - 7225 (Fig. 4), 0.5 M HIBA
BHEYET La BERBEO L 4+ v OFFTHRERX 1200C
DT TIHEL, 1800C BLETEL —&ilk -7 (Fig. 5).
0.5 M HIBA BEEFL O A & ¥ D55 W E O 5 IL K LR
B 1100C 2o 72 A2 AR &Y, 1800C LETZ D 2@
HOBEBBEOA + VIEORSEIRIZIZEICho 72
(Fig. 6). COmMEL L THREHEIC XL 2ELBRETES

KAGAKU Vol. 49 (2000)
i 2000000 1 o
3) —o— 600° C

Time /s

Fig. 4 Effect of ashing temperature on signal intensity of La
in 0.1 M HNOs
La: 10 ng/ml; Injection volume of ETV/ICP-MS: 20 pl

2 1000000

2 L SR
..‘l" ’.ﬂt"‘. LTS Oc.u’,..“.

1 2 3 4

Time /' s

Fig. 5 Effect of ashing temperature on signal intensity of La
in 0.5 M HIBA

La: 10 ng/ml; Injection volume of ETV/ICP-MS: 20 ul’

I L —

1200 1300 1400
Ashing temperature / °C

30000000

25000000 -
20000000
15000000

T

Peak area

T

10000000

5000000 I
0
1000

600

T

Fig. 6 Changes in effect of the ashing temperature on peak
area of La in 0.1 M HNO; and 0.5 M HIBA

[]: 10 ng/ml La in 0.1 M HNOs, injection volume of ETV/
ICP-MS, 20 ul; B8: 10 ng/ml La in 0.5 M HIBA, injection vol-
ume of ETV/ICP-MS, 20 ul

F 72, IMWRE L RMMBEOEIKE W
&, FALREISER T 5 F TOBMEIET 0T, Ky
IRALIREERE (600C % &) DA 4 v OEFHIRY — 712

BEEASR SN (Fig. 4, 5). ZOFRRSHEEL

Z ehriro .
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#® X B, B, B, 47, IR HPLC/ETV/ ICPMS I2 & 5 i Ar 1805 0 e 5 95
100 Table 2 Detection limits obtained by ETV/ICP-MS and
HPLC/ETV/ICP-MS
ES 80 I Detection limits of Detection limits of
- Flement [ETV/ICP-MS]"/ [HPLC/ETV/ICP-MS]"/
g pgml™’ ngg ' Gd
= 60
ju La 0.1 1
8 Ce 0.1 1
8 40 r Pr 0.1 1
g Nd 0.2 2
g Sm 0.03 0.3
g T Eu 0.04 0.4
Tb 0.007 0.07
0 4 Dy 0.08 1.6
Y 0.1 2
1 2 250
0 50 00 150 00 5 Ho 0.09 ] 0.9
o Er 0.04 0.4
Temperature / C Tm 0.02 0.9
Fig. 7 The relationship between the weight reduction and Yb 0.06 0.6
Lu 0.03 0.3

the temperature upon heating for HIBA by a thermobalance
Sample: 0.2 g; Heating rate: 10C /min; Ny: 0.7 1/min

Remainder of OS , %
52323888

88

0 1 1 1 1 i ! I
0 200 400 600 800 1000 1200 1400

Temperature / °C

Fig. 8 The relationship between the weight reduction and
the temperature upon heating for OS by a thermobalance

Sample: 0.2 g; Heating rate: 10C /min; No: 0.7 1/min

BT L2002, BEERER DN TV 5 F I HIBA &
OS #HE B (TG) L7:. HIBAREHKELZ O T,
100T £ HBVDEWRE THE LEHD, #220C TR
SRS B LG h o7z (Fig. 7). Fig. 85 R A& OS
DRI ZEBTEI S, BWO 300~500C T OS 5T
O CeHy B3R L, ZDH%IC ~SONa B35 LD,
700C & SWTHESIcERE L7z, B2 1100C 6 2
DAL S 8 LIk, 1300C PLETZ ok dsi3iz
EOMLIEEZIOND., E—BROSHOLERD
55% (0S) T HD CHy, DILFEK 52% (CsHir/0S8) &
ZIZE U, HREROSHBROREEN 20% (0S) X
57F i NaS;» DI 18% (NaS;»/08) LIZIFFELTH
o7z PLEOERIC X ) EEER R O HIBA KR O3
5%, OS OGBIRELEL LeThER6 2w &8
o7z, ETVIC & 2 IKALIREE X OS D 5 IRE T

a) The detection limits estimated by using 0.1 M HNOs as
blank solution (n = 10, 30), injection volume for ETV/ICP-
MS = 20 ul; b) The detection limits for Gd:Os (injection vol-
ume for HPLC = 100 ul) sample per-unit amount (1 g), which
were calculated from the detection limits of ETV/ICP-MS.

Lbhb.

3-3 1R TR & EYRE

0.1 M HNO; B % 23R BR & LT ETV/ICP-MS {Z 20
ul Z3EA L7z, 10 B D E LE DR ETHRIETR (30)
AT L7z, Table 20 & 512 20 ul EA RO TR
0.007~0.2pg/ml TH-o7z. ZOMBTRLS, FBS
Gd 100 pg % HPLC [ZIHEA L THM T 5 & &, HHIRSEL
B2Y, Dy LCWEBT20ml, EHLOLHRIIHL
T 1oml & 55 &, EWEG GAICH L TORBTRIZ
0.07~2ng/gGd TH 5 (Table 2 DAHI).

REDIFES 2284 52012, HIRRBABRZ
WTC, BINERRBREIT- 72, HLELR 2B L 2880
(Gd =1 mg/ml, (I0DOFHTHETHE = 1ng/ml) EAHTH
THEREZBRML 2% - 728 (Gd=1mg/ml) %5412
100 pl HPLC IZVEA LT, BEAIOBHEMICL Y, Y&
Dy OE M % 58T 2.0 ml, MoFHTIEBFHEE 1.0 ml
SELLT, 20ul % ETV/ICP-MS IZIEALTA F ¥ DEH
MEEAEE L. BPERERHERE & R WIERBROK
BERPOEEL, 74~141% TH o 7z (Table 3). La,
Nd, YPADITHEIL 80~ 120% OHBIZME - 724%, =
NS 3ITROBNFITHFHFMEE IR DES Tz, 2
DELZFERIE, © B2 S BEHRR GIAER R E~DE
N, @ 578 L B E 2 ml SIERICHT B L X055
WOaRAThbEEZLND.
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Table 3 Recovery of REEs obtained from HPLC/ETV/ICP-MS system
(Gd = 100 pg injection)
Element REEs added/ Detection value Detection value Recovery,
pg after REEs added/pg before REEs added/pg %
La 100 197 56 141
Ce 100 134 21 113
Pr 100 122 7 116
Nd 100 83 9 74
Sm 100 187 67 119
Eu 100 110 5 105
Th 100 102 13 89
Dy 100 191 97 95
Y 100 100 22 79
Ho 100 90 2 88
Er 100 112 3 109
Tm 100 113 3 110
Yb 100 137 19 118
Lu 100 103 6 97
Table 4 Analytical results of high-purity GdyOs
. Eluent/pg ml ™"

Sample Gd Ostest/ug g~ Gd -

Element HPLC/ETV/ICP-MS Nebulization ICP-MS ETV/ICP-MS
La 0.90 0.10 1726 166
Ce 0.22 0.09 5 16
Pr 0.17 0.10 2 5
Nd 0.11 0.10 8 19
Sm 0.58 0.11 666 253
Eu 0.14 0.13 2 5
Th 0.47 1
Dy 0.81 0.66 12 9
Y 0.22 0.34 29 112
Ho 0.10 0.09 3 4
Er 0.11 0.10 5 4
Tm 0.12 1 1
Yb 0.27 2
Lu 0.19 1

3.4 7 X ME#
FEHs (Gd=1.0 mg/ml) % ELEEBRE (Ehodf
THEITHE 400 ng/ml) 100 ul % HPLC WA LCHEES
B, AV IALVTEA M T ARGERB LT, &4 1M

TROEHERF ERHZEEL TH D,

7 A b EE

(GdOs-test) & 100 ul & HPLC I A L CordfE L 7=,

ER (Gd=1.0 mg/ml) & &TIEBFRTHEE L%
TEOBEMMEY ERMICEDBEEEEZY, Dy T 2.0
ml, I35 1.0 ml FRELL T, 20 ul & ETV/ICP-MS (2
HEALTHIGE L7z, RERIEME L & 2 VAR 20
ul Z ETV/ICP-MS (27 EA L CHlE L7zfEIC K Et s L 72,
TS GAIC L DWEDRD, AT ITAF—% 5 HER
AFHE A ICP-MS B THHTE 22> 72 Lu, Yb, Tm,
Th ZARKETHMTE 2, RELHETH72012, 7A b
AAE (GdeOs-test) WIHAD GdyOs ZWHFRICHEMHL, %
T T AF =% B EERRE A XY MR TR

OMEZEIT-72. La, Ce, Sm, Dy M HEDEHKE
Koo, BroxERTIEFEF-HLLEIES L
(Table 4). Table 4 OFANZIZAEMETOHTETED
GHBEE ppt LXVTRLTH B0, GFEBEEROME
HRTERM TRV ES T0h, REDORMWIC L B
H, HIBAIREOBVEMN B 0I5 P EEEICL 5137
ThHAEN, )3 ko TChhoi. ZOTLRFENITHRE
PARMBETIE R L, ERRE,OOFERLELZ LN,
BEEOSIITE 5 C, HE R ERREENEFICEETH
5.

TR LAY O ST 2 AT D 7o ®, HPLC,
ETV, ICP-MS OEFTAZFIH L7228 L Wb Bk My L
72. HPLC OBBERICE TN HHIEIC X 2 15ES, ETV
Z JCP-MS ORBHEALEE LT Z itk y#Ts T L
MNTET T2, ICP-MS ~NORPEAFIHA w720,
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W X B, i, B, i, A, R HPLC/ETV/ICP-MS 2 X 2 MEH L THOEREEE 97
HPLC TS 5 B OBEBIRE O TIC X 5 REA L O Kagaku), 44, 1 (1995).
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BRAME N7z, I 7~ 8 N O Bl Ay R o 4047 28 1289 (1990).
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TEHLERLNAL. i 5) N. Shibata, N. Fudagawa, M. Kubota: Anal. Chem.,
ARG T LTV 72 72 7o SR B B 122 1S Rl o o 63, 636 (1991).
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1) /ANBESE—, JEUKIEHE, BHSNS: OWLY (Bunseki

23 g

EREET TP OB RS TIETE O 81T ICP-AES, ICP-MS KU ETV/ICP-MS 7 & DBAED Kk
PHMTHWAZTCIINEETH 5. RFFETIE HPLC, ETV ROV ICP-MS BT EORMEZFIH L C, B
B, BRI EETAFERERE L. SoFEICBWTIEL, HPLCIRERD EMERS 20852 212
X ) ICP-MS (2B B RS OB R KB E D AR PIVTFHEREE%2 L, ETV X ICP-MS
OFEEIRFBREALE LTl LIRS, BHERICETNIEHEEN SOUELZRBELZ LTS, K&
12X BEME GdoOs HOMEBER LIHITHEORE TIRIZ0.07~2ng/gGd TH Y, HME7~8N OEMER
THERB O RIC R B LEZONS.

NI | -El ectronic Library Service



