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Application of Electrothermal Vaporization for Inductively Coupled Plasma
Atomic Emission Spectrometry and Inductively Coupled Plasma Mass

Spectrometry

Iwao InA, Ken ISOBE, Youichi ISHIBASHI and Naoki GUNJI

Synopsis :

The use of electrothermal vaporization(ETV) as a means of sample introduction provided a lot of advan-
tages over conventional pneumatic nebulization for inductively coupled plasma atomic emission spectrometry
(ICP-AES) and mass spectrometry (ICP-MS). Compared with the nebulization method, the ETV system
needs smaller sample volume and higher sample transport efficiency can be attained.

Application of the ETV system for ICP-AES made it possible to improve the detection limits of Al, Cr,
Cu with sufficient precisions. Vaporization behavior of Cu in the presence of a large excess of Fe con-
siderably depended on the heating program and the amount of Fe. Copper in pure iron reference materials
were successfully determined by controlling the heating program and matrix matching of calibration stan-
dards.

For ICP-MS, spectral interferences arising from water and/or acids in sample solution were removed
with the ETV system. Rapid scan monitoring capability of ICP-MS made it possible to do multielemental
analysis. Sufficient sensitivity equivalent to the nebulization method was attained for the simultaneous
measurement of twenty five elements, but precisions were poor because the signals obtained with the ETV
were transient and optimum heating programs were different for each element.

Key words : inductively coupled plasma atomic emission spectrometry; inductively coupled plasma mass
spectrometry ; electrothermal vaporization ; trace analysis.
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masibE e LTk, AHE I 7 74 b7 b A HF—
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ETV-ICP-AES
{ ] L&
BAC
A : Graphite tube B : Sleeve C : Graphite
i Jl JL 2ol })__ electrode D :Helder E:Argon carrier gas
‘:zj < — F:PTFE tubing G:ICP torch H:Pyro-
F G <] W optical sensor I : Graphite rod
Fig. 1. Schematic diagram of elec-
trothermal vaporization systems for
[ ETV-ICP-MS | ICP-AES and ICP-MS.
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Table 1. ICP-AES measurement conditions. DUEBIEEL TE= Y =T 5L iaE L HES

—— HHE 2 ¥ L LAV OEZ s -T2 HEND B, hE
nductively Coupled Plasma . :
Focal Tengin " %myWM@f R S d%m* BRMETH B2, A% v v HEH
Crating. | oo . 0.16s'scan ' LEETHAH I Lh 6, AMTRUTS
RF 27. IZMH 1.0 kW e o as
Obss:\‘;;?i-on height 15 mm abo7ve load coil TCH R & 5.
gr gas plagrlr)a lg 8} min 1
Ar gas carrier | 0:27 1min 1 : 3. R EEEE
i El‘ectsrotheirma]] Vaporization = - - ‘O oul . . B
ample volume ~5 R
Drying 80~i5u8°€£%85; 3-1 ﬂﬂﬂﬁﬂ’. ICP-AES
50°C(10s
Ashi 3:1-1 AL
Wigame e A
Cr 1l 267.716 nm 900:@:&302) ETV-AAS Ti&, 777 7 4 MMINTRRE L2
L |mm s AT DB K (0, R T B ORI 5 &
Vaporization 3000°C(10s) Uﬂué’:kﬂfffjéj E’%’jﬁ% )y “H—Jﬁ'ft‘a—éﬁ‘%ﬁ‘% Z. __7:_].
ICP oig& i 75 X8 & 7EiE (6000~8000K) iy
Table 2. ICP-MS measurement conditions. BETHDLD, NASICEBATONTTELELICE
Induc}}lively Coupled Plasma 27 12 f"'ﬂ:‘?' %‘JZ‘%@ < f ’E’:f‘g ka;ﬂi%, rruay W, T
we 27.12MHz, 1.3 kW 8 PPN b o ae - . N
Reflccted power <iow LIRZDRAME L THERRL 7T Ze~BA S
Ar gas coolant 14.0 1 min ! . . R
Ar gas auxiliary 0.7 lmin~! J:b\t*%‘z Lith. Lﬁ‘L&fﬁ%, #}f}é'lé‘f@&b‘ﬁ}éﬁ&
Ar gas carrier 1.0 1-min"!
Sampling depth 10 mm , =027 naBh70l0EmEk7a 75 40 &Ek
MassSSPe‘i,trOmeter | 0 mmd orifice (Ni) ! o
n; . 1 NIVAG el -
Skimmer cone 0.7 mmé orifice (Ni) | BALETH o T |
Pres%s:t(:zt:'lg:pectrometer 5 3§{8 P fﬁ“ 3 Al, Cr, Cu O)i%ﬁ, %Eiw v— s GﬁiE{li
S e L.8x/.o 7‘%?32 — Mt@iﬁf‘ﬁéﬂ#f"u’ BIZE A ERAEETEE 2D, &
tuni =15 i . . .
Elec!l;)rltzzerr:arllgv‘aporization £ m /=Rt with the dry plasma FEUWIE N D BRAKATT B ( Fig. 2). —7i Mo, P EIxfbge
P d hi b . L
S:meple volume Oi?(gt:;te Rraphite tube Rz K& L ﬁ(’ﬁ?% (Flg 3) Mo ® T Gt 15 b))k/ﬂ:?ﬂl?l‘

KRR WIKILEEM O T IR ¥ — 7 58E 0% L wigd aiak
L7 BIWTEHRAZ ORIZIRD A 3 1 ICP ~EER S S W o b L2 F 2 — 7 & H v
TEFARELNL L. D Zb;,cﬁ,»ti(ﬁtz;@’ifx% b0, TOX)HEMETTIE Mo 50M 77 77
Fa—TORMEADL RN, AU —7THEELLDO 1 FERMEMERE LA EIR TS0 EZS
LIKAL- G b a2 i) S e L, Ml ikl ey hah P OMERTE, WEch) ARIEEREHV
B2 MR LTifive, fiohad—r@sem®EIcl 720, SVIKLEDO T T P OBEDEI S 2 L1

Wi, X5, - TMo ® P Ol T, IKIESM OEH
ICP-MS @ #ll % & (Table 2) d#@#HE DO &+ 75 4 EHEEL D
HF—EAOB EIRITM U TH b, SUFHE NI INERA HILEE QAEBRIEEZE T H L ¥ — 7 iRES IS

{t. ICP-AES oMy L Cch H. » 7, HIEDL, BREEEIREE CREWIELRENE &

T T T T T T
S Cr —n——n—n\u\u\ DB g—— = = D/u
< [ d
— Al g @O g — 3 . e e /D/
= o — Cu o o [ Ashing time(s) : Al 30; Cr, 30; Cu, 10
_jc_? o—20° o °© oo~ 8 Il Ashing temperature (°C) : Al, 1100; Cr 900; Cu
x -0 ,o/ 600 [ Vaporizing, 10s
8 b Other conditions are shown in Table 1.
o Fig. 2. Effects of ashing and vaporizing
. . ‘ X ) L conditions on the signal intensity. The
500 1000 1500 0 10 20 30 7600 3000 amounts of 20 pg of Al (@), Cr([]) and
Ash.temp,/°C Ash.time/s Vap.temp./°C Cu(O) were added, respectively:
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| Ashing time (s) : Mo, 30; P, 10

Il Ashing temperature (°C) : Mo, 900; P, 1200
It Vaporizing, 10s

Other conditions are shown in Table 1.

Fig. 3. Effects of ashing and vaporizing
conditions on the signal intensity. The
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Fig. 4. Effect of the carrier gas flow rate on the
signal intensity. The amounts of 20 pg of Al(@)
and Cu(()) were added, respectively. Other con-
ditions are shown in Table 1.
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L, WELHEDNFAREOH AR 2T D
L.tTW&WWLf%ﬂi#Z> Zfizx LT ETV-ICP T
Aﬁtf%A%M*H<T7X7b—+« %hH L
#H%T%U ,,,,,,, SETINT L HAIIED
Gﬁﬁfﬂﬁf)b:ﬁ%ﬁTé:‘%&#t Hinh. Crk AliBiFs
Fr )T HAREDE— 7igE~OEEE Fig. 4 1R
T, Xy ) THAREOWIE £ HIZE— ZIREITH L
CHEMT 5. ThERET YT & e ICEO AW
— THTHERT A 2 & & CRRERMT 77 A=l fiE
ThHIZD, Th TP NVE— BB L R E L
TE— I @EHWMLI 2D THL. WoT, FxUT
A G AREEE TR W R e R s & L7,

P

3-1-3 EHAWROBEMERE
Al, Cr, Cu OHlI5EIC B B E K OERERIE 02

amounts of 20pg of Mo () and P (@)
were added, respectively.

Peak Height / A.U.
\\i
(e}
>

Conen. of HCI / %

Fig. 5. Effect of hydrochloric acid concentration
on the signal intensity. The amounts of 20 pg of Al
(@), Cr([J) and Cu(Q)) were added, respectively.
Other conditions are shown in Table 1.

Cr, Cu (Zxt L THCENSHBKE 2 S 10 55

Table 3. Effect of coexistent elements.
Added Found(pg)(20 pg taken)
FElement Amount ( pg) Al Cr Cu
Al 20 - 19.9 21.5
200 = 20.9 20.3
Cr 20 18.9 - 20.9
200 20.8 - 21.4
Cu 20 20.4 20.6 -
200 19.1 20.3 -
Fe 20 21.3 21.0 19.8
200 20.6 19.5 21.3
Mo 20 18.9 19.3 20.7
#4 Fig. 5 ’HiT Yalk 1~5v/v% O#iPHTIE, Al &

Cr DY — 73— THO, Cu DY — ik}
M%F*tt%b@@%mbt.w?ﬂm%ﬁbM@ﬁ
WAL v e, €= OFRCHBITEORT A L.
3-1-4 MAFHEOEHE

MAFTLEDO L 7 VAOFEEE Table 3 12054, Al
alifr LT
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(a)-1 (b)-1 {c)-1 (d)-1
] 1
. L_g PRNSR S— %\wwg&
3
5 (a)-2 (b)-2 (c)-2 ‘ (d)-2
& | '
@ i .
o« W Y Iﬁ,___Jw,_J | J@w ﬂw
- - . d)-3 Heating program : Drying, 80~200°C, 45 s
J (2)-3 ! (0)-3 (c)-3 L (c) Ashing temperature(°C) : (a) and (b) 1000; (¢) 2000
| | |‘__\fk7,_,_a' Ashing time(s) : {a) and (c) 10; (b) 20
\r" L’*""‘f ‘}"W—”"‘\L'—"’J ‘IP‘J‘"‘/LA'—"—"' \ No ashing stage in (d) Vaporizing, 3000°C, 10s
Amounts of the elements(ng) : 1; Cu, 1 Fe, 10000 2; Fe,
(a)-4 (b)-4 (c)-4 (d)-4 10000 3;Cu, 1 4; Blank (3%HCI)
- . Fig. 6. Effects of iron matrix and the heat-
] IR 4 .
l e | \WWJ ing program on the peak profile of copper
, obtained at 324.754 nm.
Time

b, WEMHIZIZIZEASEEL

ébgcukowflomo%mFe%%ﬁéﬁtm
% Fig. 6 (2%, il cIxfbx 11y (F£fF() (b)) &
IKCEE IZ B4R % ¢ Cu & Fe iZ[dBF 2 L —&KD
E—r 7 rudfiohns. KIbEE2E TS (&4
(¢)) L E— s DR A LN, Fe DERBICEKNT L
—E— 27 L FIZ Cu DERBIIEKNTHHE_E— s 215
N7z 6K L E ARG L CHAR D SR S € 5 (5
fh(d)) &, =205 id/Nhsl hbb00EE—7
DFNOE— 2 SWBIL . Tho5DFRNS, %5
D7) v 7 AHKAET B L, BIRBEOBT L AR
B GAL TR DL R EEAT R 4 5t%16n,mﬂﬁ
L&t epsicay bo— v Laifhide s v &
bhs, SS5ICMETSH Fe 85Kl 3, Feld

PALIIE LT Cu @ v 7 F VhEL %@)Ltgt
S, HROT Y v 7 AT B IR OB B
T, b M 9 PR 9y F Ly ZOLENS L.

2 kYo 7 RT yF U FEICL ) AARSGHIEEREO

[=10:3 ﬁk FND Cu DB & fro 72459 % Table 4
CiRk$. 22T, Cu & Fe 2SFIERICERT L E4MT
Mg 24T, EEEE RO—E a2 B, <0y

2 20 Fe Fifiid, 000D 4-XAFN-2-RV % )~
& Cu LB L LD OBV,
3-1-5 HRINTERB L OF5EE

REDKRLTIR (Cpy) B X OHE (HISEERZE)

Table 4. Analytical results of Cu in pure iron.

N s

Sample* (Ju(fl‘{)::ge( wz:a;) ) Certified value
JSS 002-1 14.1(0.7) 14
JSS 003-1 17.6(0.4) 18

* Provided by The Iron and Steel Institute of Japan

Table 5. Detection limits and precisions.

. ETV-ICP ETV-AAS | ICP-AES | ICP-MS
Element oL* RSD*2 DL*3 DL*3 DL*?
Al 0.15 3.5 2.0 3.0 0.015
Cu 0.09 5.5 1.5 1.5 0.040
Cr 0.06 2.8 1.0 1.5 0.040
Mo 140 4.2 0(8 3)* 3.0 0.060
P 33 — - 60 -
*  Detection limit in ng*ml ™! when 30 ul of synthesized sample was

analyzed in our laboratory

Estimated from ten replicate analysis of 0.5 ng-ml ™"
Reference 5

Reference 6

% Table 5 1274, 22T, BETRIZUTO LS

EFE L.

Cpr. = kS,/ S,

S,; MATIBRED-) D 7 FIViEE

Sy, 75 V7Y T F VRE O

k; k=3

AEZE AR TRIE, ICP-MS 21345500 F
"5 A 4 — i A ICP-AES ® ETV-AAS X D> Tw
5. K ETV-AAS L 3IZR% Ch 7. 72751
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10 1107
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Fig. 7. Effects of carrier gas (a) and auxiliary gas (b) flow rate on In response at m/z
=115. Peak height () and peak area (@). Other conditions are shown in Table 2.

Mo & P 22> CHijzE DB 2 & 4 T R % id A
Y (RS WA

3-2 n#sqt ICP-MS

321 WMo R#k

ETV i TRA LZMBAERE 77 X~k T 57
HDOF v )T —H A, ZORENHONS D 7+ LK
BEACKE A Y525 (Fig. 7(a)). ii# 1.1 1-min '
PHIAAHE, BONBMERILABIET LA i,
EHEIL LD T X HREORT, XF0 7SI X<
HHEM OB EBE L TVWEHLDOEEDbNSL. 2512,
0.91min ' LFCTHlEARKOILHIZL D ¥ 7 F Lif
WIEET L, #0% 0.9~1.11'min ' O#PHATIZIT-
QLR AR (WAl v

ZHAIH L CHEB A A D #E, 0.5~2.51 min"
DEFNTIE S 7 FVREICIZE A EELYYS 2 2D
7z (Fig. 7(b)).

3:2:2 A~Z PV

WEDA 77 AF =S KB ARE T, hrate
WAL BBV 5 SRR AR K EE O BB RN S
BoaFAX D, AT MNTHELDL. ZOTHOK
FE, BREHELTHZWL - —T 7L —Y 3 Vi
BAMTH 5, SO LR EIREFE OB LT
LTBOEERE LI LL#H L. ETVEZHL
BE, P TRICE T bBREY ARG ITAHIET
COFHERMIB ENFTE, RHRERILT AR
YR oMEL 7 ) 7T—T& 5,

Bl 2 1E, HEH 56 128175 PFe ~o “Ar'®Q" o
T ETV Bic X nseail@sns (Fig 8) 2 &
Hhhrb, FHEE, HiE< Yy 2 2o PV (3]

; 40 16 56
]
] Ar O Fe
@
I
c
S
Q.
3
& 55
Time

Fig. 8. Signal profile obtained at m/z=56 for
0.4ng of Fe. The ETV conditions are shown in
Table 6.

180 A5 F ) Rbifk~ b U v 2 2o Ty, "Ti, *°Ti
(50, #8'70, S0 2 1#) HMET BHTH 1 H
BoEEsNnA, 750y ARy PO (Fig. 9)
o H ETV (L TREEISEINT 55511 4 » A5
ML, Wy 2 7T FOWRRISATI TS 5.
3-2-3 M EALSN

ICP-AES O L ki, WBIEO R GHER ¥ —
YT FVERD OGN T T ST 20 EGEAL A
FCThH 72, Fe LU ONi 12004 5 Edmcibss
ft% Table 6 IZ/RY. ZOFKEMTT0.2ng'ml™" DH
MR WEUER 20 Wl & e LTIt U 72354y, AR e (R 2R
FREN21% & 2.8%Th - 7.
IDEIICTHHE I LIRS A S %
TCRERHIE Tl 2 ORESETOREsHEE 25, B
THRUEROEEEFE Lo X ) LB bk
Mo, FOREFMGLEDH I ENH LV, £ TR
b4 BEE LA L L, ZomEgRLELfbse7:

Lz, %
LA ;
&
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(a)
(b)
D: L
<
5 L
C
[=]
a |
3
o
J | I
(c)
all 'I.', W Al
0 50 100
Mass

Fig. 9. Comparison of background spectrum. (a)
and (b) were obtained by nebulizing 1% nitric acid
and 1% hydrochloric acid, respectively. (c¢) was
obtained by the ETV method under the conditions
‘shown in Table 7.

Table 6. ETV conditions for Fe and Ni measure-

ments.

56 60N
Stage

Temperature Time Temperature Time
1 0~ 100°C 5s 0~ 100°C 20s
2 100°C 115s 100~ 650°C 70s
3 100~ 350°C 5s 650°C 50s
4 350°C 70s 650~2100°C 5s
5 350~2 300°C 5s 2100°C 15s
6 2300°C " 10s 2500°C 10s
7 2500°C 15s

Wity (Table 7) @ 41 WHKKTE W OWEH % Fig. 10
RY. BEARYOLeMIITAIRE, Bohb Y —
IR EITTHREDIRT LA, ShidEeHEE bmE L
FHICERET B0, SO IEAEEEITN T OME
ARRME A, FNTERICHERT LTLE Y 2 &,
IR S 72 A P EMNIBTATTHELH B

Table 7. ETV conditions for multielement detec-
tion.

Element Ag, Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Dy,
Er, Eu, Fe, Ga, Gd, Hg, Ho, In, La, Lu, Mg, Mn, Nd,
Ni, Pb, Pr, Rb, Sc¢, Se, Sm, Sr, Tb, TI, Tm, V, Y, Yb,
Zn (2.0 ng each)

Tube Pyrocoated graphite tube

Heating program

Stage Temperature Time

1 0~75°C 5s

2 75°C 150 s

3 75~2500°C Xs

4 2500°C 10s
Detector

Scan mass range m/2=8.0~230.6

Dwell time 80 us

Number of channels 4 096

Number of sweeps Y

Data acquisition time Ts
Run X Y T Run X Yy - T
(a) 0 46 15 (d) 90 302 99
(b) 20 87 29 (e) 130 425 139
(e) 30 315 38

(a)
(b)
- - (c)
<
>
%
8_ L
8
(d)
bbb L.
(e)
o b bl A
0 60 120 180 240

Mass

Fig. 10. Effect of the heating program on
multielement detection. Measurement conditions
are shown in Table 7. The m/z ranges of 0~ 38,
12~23, 28~41, 80 and 231~ did not measured.
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Table 8. Detection limits and precisions.
N Detection limits (ng-ml™!)
Element | Abunda * 1 RSD (%)*3
° ETV Nebulization*?
ZQBe 100.0 0.057 0.050 2.4
2;Mg 78.6 0.040 0.018 5.3
Z7Al 100.0 0.096 0.015 5.9
\' 99.8 0.038 0.008 2.1
52Cy 83.8 0.005 0.040 1.9
55Mn 100.0 0.020 0.006 5.8
S6pe 91.7 0.031 0.580 6.6
59¢Co 100.0 0.042 0.005 4.4
SON; 26.2 0.16 0.013 3.1
63Cy 69.1 — 0.040 7.9
687n 18.6 0.17 0.035 15
69Ga 60.2 0.032 0.004 8.9
75As 100.0 0.022 0.031 4.3
85 23.5 0.16 0.370 13
85Rb 72.2 0.030 0.005 7.4
88gp 82.6 0.022 0.003 3.5
107p g 51.4 0.024 0.005 4.0
My 28.9 0.028 — 1t
1157, 95.8 0.012 0.002 6.7
133¢g 100.0 0.016 0.002 2.8
138, 7.7 0.036 0.006 5.5
200, 23.1 0.18 0.018 10
265 70.5 6.027 0.003 8.3
208py, 52.3 0.035 0.010 5.1
209B; 100.0 0.024 0.004 3.5

Detection limit (30) when 30 pl of synthesized sample was
analyzed in our laboratory

Reference 6

Estimated from five replicate analysis of 0.5 ng-ml ™! synthesized
solution

O EEZONS, FABRMR (REYE=0) T
bY— 7B XU ICHENKTAA LA, BN
BERFBEIZEINE, - 0B EEsfeEEL R
BMAFACERMTEE L EDFE—Tdh - 7.

3:2-4 KB IURIETR

STF (25 TF) FEFHEIZ B BRI TR S X U5
EHEE % Table 8 /KT, WA CHIL TR %t
TAERTIAF—HELDRRELLDD, Fe® Cr
ERARZ P LTFBHERL SRS EIC L ARENALR
. MoOTEETH, 2T IAF-FONHEAE (K
ml LENVIZHA~NTAHR(30u) ThbH 2 & 2R L,
AR TR T 3B as & &b b, B
WZowTik, VAR RLO /NS 2 HBECHE L7235
GEBOTELELLBBLR 10% LT Th 7275,
RiFridvwiawy, BUBEEHEIZIZF > LTS

DD, TFNHBE—IRTHHZ LD —HIZH b LH
AbhA. £/, MAKIEEAFZEMILL 2 & HHEK
THHH, FYPECTHILET LI — 7 LB R L
DHENASNIZ END, HEITTE R B /S
79774 MEDRUEEE Vo 2BLEREREIC LD
FN—THFETVEET A LICXY), BEEXEOR
WheHbbDLELLNSEREVPLETHS.

4. #

ICP-AES B X 0" ICP-MS ? B # A & L Tinsk
SALEZEH LT OFR 2 872,
1)ICP-AES Tl = & iomss b &t &
BALT A LICLD, 274 F—EAKIIERT, #
10 fEDRITHROM EAHR SN, #HEDRIFTH - 7.
2 )Cu DHEFEEENL, LED Fe < b)) v 7 ZAH334y
TAHBEMATACEMIC K OKESCRZY, V7 F Lo
WMEbLASh/, v v s Ao Fr 7Bl Ln 5
i Fe B Cu BEEWHETH » /7.
3)ICP-MS Tid, #7594 F—HMAIBVWTALN
HANRY MVFHBNREL SR, BELRIFTH - 7.
4) S HICEIEMEBFIE Z Az 2D, Ml
TERTH 3H DM EAA SN IzhS, KL TE L S5 %M
ETLHED TN — T e LB PLETH 5.
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