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Signal compensation by the light scattering of sample aerosols in ICP-AES
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Abstract: Analytical signal from ICP was compensated by the light scattering of sample aerosols. Reference
scattering signal was generated by a He-Ne or diode laser, monitored for the amount of aerosol producing and
used for the compensation of analytical signals. The result showed that significant improvement in precision
could be achieved for the short-term signal (within 1 minute) from 3.4% to 0.9% RSD in signal and 14.9%
to 4.2% for the long-term (10 minutes) for Be, Pb and Co. This method is very useful not only for the pulse
type but for continuous type signals especially when a nebulizer is unstable. To improve long-term precision,
higher stability is required in the scattering cell and detector as well as the reduction of noise from the line
between a nebulizer and plasma.

ok A8 olojZ2Ed ot FAE AEE o]§3te] ICP A4sE BASIS AA A=ket 23
F710A A== oo]2Ed tsle] tho] L= He-Ne o)A E AME-sl] FAtghils s A3 o]
71FE0 2 sl EAAT o] Wizl tiste] BASIATE 2 A3} Be, Pb 2 Co2l 7499l short-term (1
olshell Wit Alse] RSD7F 71&2] 4 3.4% A 0.9% RSD °©Jt2 & 7i4de] Hem, 108 &
9 long-termH == 14.9%00A 42%=Z AU o] WHE BAFE Y ASEYE o} A%
NME BF7]9 QP Ao] K3t A, Aol el vl f-8-3th. Long-term®] P = 7H
A= A Y] R B AE7]9 Il B 9F SRR Afolof| A 9] oej=
= 5T g 9] Mol dask ZoF HRlr

< l:o

i

o
u

N M OET o
o
Kl

Key words: ICP, signal compensation, light scattering

% Corresponding author
Phone : +82-(0)43-230-3732 Fax : +82-(0)43-232-7176
E-mail : pakyn@knue.ac.kr

-223 -



224 Pyung Hum Yeon and Yong-Nam Pak

.M 2

ARG f—ﬂ“ﬂ/“]b o AAEFA 2 echelle v‘?’—d*
7] z28]3 A3sFA3 721Z71(CCD; charge coupled device)
o} A315Y % & 71 (CID; charge injection device)2] 7l
IR QS M2 AU EHES o] FIYAT ofF A
SRS “Achilles heel”0|2} & L& F37)
l‘o‘% Algkatar Aok wpeba] HZol|7kA] Als
o] 2847 LS MAANTIEE wEEe] 4
AT F83F A opFg] 7]7]9] who] o]
sttt A8 =Yl a&3 JUert
orow AA Ry AL AeAY 4
2 AFE AREDZ g v=
LA s ICPL%“S-J AEE] NS HEE kL
Atk BE o] g 7]%-L ICP-AES ¥ oluz} th2
o 7o FEo] 7FeE AR A7tE

QAR EHAA AT YUE M fIst =8
oz FelE Fo] Y=ol YT} ICP F R oA
Zet=ul 2pA| o] EH F-5(flicker noise)S 7413t
vt E343 v ER 0] 79 vl Ar AE By
HYate] 2lse] A ARk 71E80] 2714 &
PE71E stk dkH o2 YWREFER 'S A
shH 2139 AdrE= JjA=E 4 ) Feldman'*&
WEEFES o83l ZFE AR wgde] H|
ARE-ate] BA AT AL 23019 AEEE A
3l th. H 2ol Zachariadis'*= ICP-AESO|A] Bed} Y
FEFER AFESt B33 7] Eg oA
= HoFQ ) 3149 Horlick>& 21}
AR oH U= o vikd =
o} 33t} ICP-MS (Inductively Coupled Plasma Mass
Spectrometry)oll A= WH TFES & wo= mass
bias &7} A71A] FEE sjof SFEE H|=3 AF
I 53 7| R] G A3 AR AT a7E
oh'0 wgh =M E371E ARSSHE g WEE
T B IGE e B 5
71 AIZHES B S QA= E;ﬁ 'EL T fith o]
of et & o JHAdE ¥ =

gk A (el; Soys BAAET I A ZUEHE
= Myer-Tracy(MT)H'"18¢] 7= o] 853 Q)
Marshall "% 10% KCl 8- of| 4] SCTE: HJ—%E%
OS2 3= MT ¥

H

oX,

B I~ N A
©Q i o
2} lo
;L

2:d
i
ﬁ

F{

ie rlo

N

oo

Omiit

i
4
|

[‘lﬂJ b
4 o ok

L to rlo

L=7}b 1081 704] A E-S BaL sl

AT WEFZEERS AMESI7F 233 LA
(Laser ablation) ICP-MSOX = ®l 3] A& =93]
Aok gron=E Ao ofefe Mol gt 2+
vEY 2] FFEHS T3] oHeH UF EF
S o8 & YA B A5l ZAAF W
TES &Z‘ st E?Jé}ﬂﬂ HAE ). uEA 04
FEA S f8le] AEY =
£ o] &3 2z BAY wf
< & A4S Bt} Furuta®s LAYA S =+
Za}k=nle](Fe ®E Ni) 4718 Z%3le] LA-ICP-MS
NN Z2HEE A5 Y ARg-stded AW 36
v H=o] L% /S o] FAATh Pang®2 FAA
WA SFIE S AEEYFE 23]
T sl g% e e 2 AFXAE laser
ablationA] A st= Al 5ol thgh AHg-S 7 8h
AEEYHFS ZUE S A5 BA AME-sh=
Zo|T} 2123

Tomokazus-2& #Akeko]| )3t =
LA/ICP-MS®|A4] Co, Mo®l| th3+ RSD SHHEE 7~60%
oA 4-18%7HA FAAIZ T T, Bakers? LA/
ICP-MS©l A4 Srol| th3k RSD OPZéEg ~20% 1 A
6~11%7F2] BA SR AlEYAte] & Abghel] <] 3t
AUENAe FFAE7F HS Z7)9] IANANE
Afojojof HlS=gt Hlo] AHYPEE KA FAkgo|
ot A& sl vt B4l Ao o HT)
I sk A EF] o3t doj2EHe 1 A7} H|
SBteg AR g BFo e FE=rE A A
2 Aoz AZET LAAAE A7 HAFE o)
2 AYHANSE A7d W2E A ot & AT
M= AE7F vt ofd A4A Feolng o o
Z ol

M e o no

B AT EHS F AL RYNEE BB
st ool Eel ol HArR AT o) e
Ee) N5E nASNT AUES AT & AT
BB, NBEYAY Fe2717t Fehxrt L 2479

Fenth 2 wol MEA o Py oujzt 9w
Tt AR mYFe] UHHA AU BAYH 7

ol o) B ATRAYE U 2 3
A
[}

2718 e AARLNR N E A REY
AT Aol Ao £ /g At Ag 4

A, NREQFE) F7hE Byl AE &
ER/lekE) e ague] AEES At

Analytical Science & Technology



Signal compensation by the light scattering of sample aerosols in ICP-AES 225

SA=Z, LAY flow injection®ll= 27|17} & 4= Y]

J’ °ﬂ AlZEd] ok o] 7‘“1]71%%(—1‘%

gzuhrh 23, Py el Fike AE S

T AT (A X‘—C’—Erﬁr =717} Frpa) 2220

9/] cross correlations %-3to] ZEl=znlel £337]9]
S BAS ST 9l Aol

TE U=

fol @ ot o

oo g N

2.4 #

2.1, Zited

A3 AAH NEFEE Fig 19] YERRATH

A BREE7) oA ey sl B ake JAgb S Ba) 1
YEHE I 2 A5E B4 5] B AM8-3lTt

B ATE 98] ARE AR E Fig 200 N
20 2 JERY A= ultrasonic nebulizer (USN)$} AF
A 2 Al Zpeto] AREsksiThH At e £
g olmdHS AFERE 3] 10.0% 10.0 x 40.0 mm]
AR AR

Scattering cell2 9]%-¢] Hlo] xpetd 4 glw= 3
24 Ho] Xz ofe] Yoz ek 2] F0 Aol
A Wol B3 gl Wo] Bzoh g Fuol 4
Aol Wl &30S Fal ke 9e ASIES 319

T}, Scattering®] 32 He-Ne laser (Transverse industries

USN || ‘Laser Desolvation| | cp
scattering apparatus
T
Photodiode
Sample ! !
Signal Recorder or
amplifier A/D converter

Fig. 1. Block diagram of the experimental set-up for the
compensation of signal with scattered light of aerosol.
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Fig. 2. Schematic diagram of scattering cell and ultrasonic
nebulization apparatus.
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Table 1. Optimal operating conditions for ICP and nebulization
system used in this experiment

Forward power kW
Argon gas flow rate
Outer : 15 L/min
Auxiliary : 1.0 L/min
Nebulizer
Ultrasonic 0.7-0.8 L/min
Pneumatic 1.0 L/min

Sample flow rate

Ultrasonic nebulizer 2.0-2.5 mL/min

Pneumatic nebulizer 1.0 mL/min
Heating temperature 140-180 °C
Condenser temperature -5.0 °C

Co., Ltd. No 305, wavelength 660-680 nm) H=+= diode
laser® AHgSEOM, AE7)RE % ol QEg )8
sto] A% ALE ST, ool 2ol B3hs QA 4
2o Zo|RE R Zehzrl ELAMA)E 150
mo]H 7Hsgh g FAl AlAFekict.

22. ICPe} ZExA

f
‘@
-
2
X
>
>,
0
A,
s 3
=
10
N HE
4
o
lr{
o
kY
2
BN
)

2.0 mL/mln, —‘%‘5}7] NS EE5E
At Bx7IA 55554 Fg2wA sE55E
Z}z} 1.0 L/min, 15.0 L/ming AF&-3F T

USNeA] 27| 854559 Al EEYEEE 59
Ao ANz MFE A8 F ot A &
A SWNAEEE HA3) el 2 AyolAe
PNO| 74 kel 2790 1.0 Uming AH3HITH
USNES AMS-E 9 ASA 7] 7F ol
A7) 93l 0.4 L/min®lA 1.0 L/min 744 H3}A]
71 A3 T USNOlAM ALe-== g-gm3t &
29 2AL AYPAFAES AFAAPE F sl
W7 L5 5 CE Y4sy #o YRrese
140-180 °C& 13 &}4Ath.

E
mlm
)
30
Kl
o
N
>
S
fot
il
1>
b
ir a2 fr «@ dpe

il

FL

= =]
Eu = =

3. Zdnt ¢ n
3.1. USNe| oHHE A}
WA Ao ALLE 244 A 2HE USNS oHA w0
tste] ZARIITE Al5e] S E= 28 oo FHe

PYEN W 4 A 7 Y TR FY

ﬂ!lﬂl



226 Pyung Hum Yeon and Yong-Nam Pak
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Table 2. Long term stability (%RSD) for USN used in the
experiment (10.0 ppm of Cd is used.)

Time (hr) Signal (arb.)

1 142327

2 162055

3 156096

4 144027

5 147503

6 139646

7 108560
Average 143942
RSD (%) 11.2%
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Table 3. Improvement of stability with the laser scattering method. (RSD in signal)

Short-term Long-term
Element Conc.:
(wavel en gth:nm) ppm Without With Without With
compensation compensation compensation compensation

Be (234.86) 5.0 10.8 1.0 11.3 43
Pb (220.35) 20.0 52 1.2 12.9 5.6
Co (238.89) 10.0 5.9 0.6 20.4 2.7
Average 10.3 0.9 14.9 42
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