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Progress and Status of Inductively Coupled
Plasma (ICP) Spectrometry

XIN Renxuan

(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract Inductively coupled plasma (ICP) spectrometry is one of the most commonly used technique for
inorganic elemental analysis. In this paper, the development history and main characteristics of ICP instru-
ments were introduced. Some comments were made on the status of the ICP technology and some new de-
velopments for three commercial available ICP-AES instruments, including simultaneous ICP spectrome-
ter,sequential scanning ICP spectrometer and sequential-simultaneous ICP with CCD spectrometer. A few
novel spectrometer optical sources which have good application outlook, including static high sensitivity
ICP(SHIP)optical source, high power microwave plasma source, capacitively coupled plasma source, and
short length torch for sample injection inside the torch, were described.
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Table 1

ICP

Components and parameters of simultaneous solid state detector ICP spectrometers

:F=381 mm
:RACID
iCAP6300 :52. 91 g/mm
:291. 600 :27. 12 MHz
( ) :166~847 nm
:—45 C :750~1500 W
:38 °C
. F=504 mm
. :SCD, 235
Optima7000 ;79 g/mm
. 16334 :40. 68 MHz
(Perkin Elmer) :165~850 nm
. :—38°C :700~1500 W
:38 C
:F=400 mm :CCD
700 :97. 48 g/mm : 70000 ~ 1024 X
:40. 68 MHz
(AGILENT) :175~785 nm 1024
:700~1700 W
:35 C :—35C
:F=800 mm . CID L~
Prodigy ;52 13 g/mm PADCTD :40, 68 MHz
(LEEMAN LABS) :165~1100 nm ;1026 X1026 :700~2000 W
:38 °C
:F=580 mm
;79 g/mm .CCD s
ICPe9000
:167~800 nm 01024 1024 :27. 12 MHz
(SHIMADZU)
:38°C+0.1°C :—15C ;0. 8~1 6 kw
<10 Pa
:F=750 mm
ARCOS :3600 g/mm 32
Paschen-Runge . :27. 12 MHz
(SPECTRO) :130~770 nm 3648 pixel/CCD
:750~1700 W
115 °C
:F=750 mm
GENESIS :175~770 nm
Paschen-Runge . 15 CCD :27. 12 MHz
(SPECTRO) Li,Na,K
o :750~1700 W
.15 C
2 - CCD-ICP
Table 2 Components and parameters of sequential-simultaneous CCD-ICP spectrometers
. F=640 mm
, :CCD
ACTIVA-M 04343 g/mm 2400 g/mm
12048 X512 :40. 68 MHz
(HJY) 2008 : 120~800 nm
:—30C :750~1550 W
(WAV )8 nm 16 nm
:CCD
:F=640 mm
) 12048 X256
ACTIVA-S ;4343 g/mm 2400 g/mm
:—30 C :40. 68 MHz
(HJY) : 160~800 nm
167 nm 0. 436 nm :750~1550 W
(WAV)8 nm 16 nm
800 nm 2. 09 nm
;79 g/mm CCD
OPTIMA-2000 -
. : 160~900 nm 1176 X128
(Perkin ELmer) . 750~1500 W
:_8 C
33 ICP , s s
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3 ICP

Table 3 Components and parameters of sequential scan ICP spectrometers

(  /mm)
.F=1000 mm
ICPS-8100 4960,4320,1800 :27. 12 MHz
:160~850 nm
;L 8 kW(MAX)
:0. 0045 nm
. F=1000 mm
ICPS-7510 3600,1800 :27. 12 MHz
:160~850 nm
;L 8 kW(MAX)
:F=1000 mm
ULTIMA2 :120~800 nm, 2400 :40. 68 MHz HORIBA-JY
<0. 005 nm :600~1500 W
:F=750 mm
Integra -XL. 1800 2400 :40. 68 MHz GBC
:160~800 nm
:600~1500 W
,F=20 cm
SPS8000
:175~800 nm ,F=30 cm .40, 68 MHz
FWS-1000 :F=1000 mm 3600/2400 ;40 MHz
:800~1200 W
Plasmal000 :F=1000 mm 3600/2400 :40 MHz
:800~1200 W
FWS-1000/
:F=100 0 mm 3600/2400 :40 MHz
FWS-2000
:800~1200 W
HKYT-2000 :F=1000 mm 3600/2400 :40 MHz
:800~1200 W
:F=1050 mm ,
WIYII 3600/2400 :40. 68 MHz
:200~800 nm
:800~1500 W
. F=1000 mm
DCS-ii 3600 :40. 68 MHz
:190~520 nm
:600~1200 W
1100 nm
4 ICP ’
1CP o ’
,ICP ; . ., CRS(Clocked Re-
, , combination System)
) , CCD ,
o o ) o CCD
41 ) ,
, , ICP .
:CCD 4 2
1) ( ) ’ ICP . pm .

, uvu)

9]

125 nm"",



4 S
, 35~38 C, 220 nm P 177 nm
. Optima 2000 ICP o
s 4.6
, , (uv) 125 nm,
s o 1100 nm,
43 (Uvuy), NN NN
(DT
, N . . N N N N ) Cs Cs
894. 347 nm , (Cs
, , 894, 347 nm) (Cs 455 nm)
s 0 600 0
, ICP 4
. Table 4 Wavelengths of prominent lines in
, (TRA) , vacuum ultraviolet spectral region for metals and
[1o-12] nonmetals and detection limits pg/L
4 4
ICP 134724 19. 0 149. 263 - 167. 080 0. 07
’ 145. 907 — 154. 065 9.0 153, 317 9. 4
R 130. 486 — 140. 045 15 140. 045 L5
441 136. 236 12 153. 039  19. 0 168 215 18
142. 510  10. 0 153, 345 2.8 164. 993 2.7
’ 164. 659 120 177. 499 Lo 174. 047 3.1
. ICPE 9000 ICP
, 4.7 ICP
4.4 2 ICP
Optima , ,
: . Vista-MPX QC L
FACT (Fast Automated Cure Fitting 4.8
Technique) ) - -
s , 90 s,1h 30
s R ’
443 ne ( ),
7s L1h 500 °
s , 49
. ICPE 9000 Meinhad
) ; , ; 5%,
45 :
, (CCN) ., (FFPN) .PFA
uUuvu ) ICP (PFA) . (HEN) MM,
, , AM . MiM e ,
As 193 nm, Pb ) , ,
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Meinhad , s
( ) , ICP s 50 Fassel
4. 10 ,
b [23] b b
; e ICP ,
’ ’ 5. 1 AILICP
R Buscher Lz
, Mermet ICP s 1, s
(Robust) R Mg(l)/Mg(l) 24 mm, 22 mm,
’ ’ ’ 40 m/so 1 L/min ’
, . Mg(ll)/Mg(l) 1400 W, 0. 4 L/min, 0. 2
(22 | L/min, 0. 6 L/min, ,
5 ICP (static high-sensitivity
1CP) SHIP 1100 W,
, ICP SPECTRO CIROS
. (BEC ) Fasell .
, Fasell ICP
s . o SHIP .
(a) 5 (b)
(a)axial view; (b)radial view
1 SHIP
Figure 1. SHIP plasma torch flame,
52 53
1ICP , 1000 MHz ,
, , 2450 MHz, ICP
, r21-30]
9 ° ’ ’ 1 L/mln
o 100 mm (DCP) ICP , ,
, 68 mm, 2, ICP , 2455 MHz
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Table 5 Comparison of the detection limits for -CID
various plasma optical sources peg/L
ICP ICP’ o
(MPT)
Al 0. 28 — 1 60 ’ ’
As 140. 00 — 7. 00 .
Ba 0. 13 5. 20 0. 05
Cd 9. 60 2. 50 0. 35
Co 5. 90 - 0. 70
Cr 0.77 2. 40 0. 90 [1] . [M].
Cu 1. 30 3. 30 1. 60 ,2005.11-46.
Mn 420 o 020 [2] Scott R H,Fassel V A,Kniseley R N,et al. Inductively
M 2. 00 4. 10 0. 90
? Coupled Plasma-Optical Emission Analytical Spectrome-
Ni 2. 40 11. 00 1. 20
Pb 5. 00 16. 90 2. 60 try[]]. Anal. Chcm. 91974946 (1) :75’80.
Se 67. 00 — 7. 00 [3]
Sr 0. 09 ¢ 22 0. 04 (1. ,1991(3) :12-15.
Zn 12. 00 3. 00 0. 35 [4] PDA ICP-AES
5 4 L. ,1991,11(6) :22-26.
) imalasirz K, Solva D, Guevetmont, Direct powder in-
1 100 MH ICP [5] Nimal K, Solva D, ( D d
0 00 z ,1C
troduction inductively coupled plasma atomic emission
’ spectrometry with a photodiode array spectrometer [ J].
Spectrochimica Acta,1991,46B(11):1499-1515.
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